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Atif yapmak i¢in: Yiiksek, T. (2022). Farkli Besleme Materyallerinin Eisenia fetida Kullanilarak Olusturulan Vermikomposttaki Bazi Besin Elementleri ve
Agir Metal Degisimine Etkisi. Anadolu Cev. ve Hay. Dergisi, 7(2), 100-104.

Abstract: The aim of this study was to determine the influences of different feeding materials on
*1 https://orcid.org/0000-0003-2964-1760 the physico-chemical parameters of vermicompost using Eisenia fetida (Savingy, 1826). In this
study, four treatments, with the same conditions in terms of organic wastes type were prepared to
produce vermicompost from hazelnut husk (% 100), tea plant waste (%100), hazelnut husk (A)
(% 50) + tea plant waste (B) (50%), hazelnut husk (A) (30%) + tea plant waste (30%) + cow dung
(20%) + sawdust (15%) + waste newspaper (%5) using earthworms. The standard laboratory
analysis methods were used to determine the physical and chemical parameters in the different
produced vermicomposts. The mean N content in the growing medium A, B, C, and D was 1.41%,
2.5%, 1.96%, and 1.47% respectively. The mean phosphorus content in the growing medium A,
B, C, and D was 807.69 mg/kg, 1748.25 mg/kg, 1491.25 mg/kg, and 1410.75 mg/kg respectively.
The mean potassium in the growing medium A, B, C, and D was 11244.69 mg/kg, 7790 mg/kg,
6884.25 mg/kg, and 8006.25 mg/kg respectively. Compared to the initial vermibed mixture, the

}C°rr$8;"§g§g author: N, P, and K content was higher in all the growing mediums. The Pb, Cd and As content was lower
uran . . . . . e ey . - - . .

Recep Tayyip Erdogan University, Department in all the growing mediums in the final compost than the initial vermibed mixture. Eisenia fetida
of Landscape Architecture, Rize/Tiirkiye is very effective in converting some waste materials into a high-quality compost and decreasing

DX turan.yuksek@erdogan.edu.tr . . . N e . .
yuleekerdag the heavy metal content in the final vermicompost more than in the initial vermibed mixture.

Keywords: Hazelnut husk, heavy metal, nutrients, red California worm, tea waste.

Farkh besleme materyallerinin Eisenia fetida kullamlarak olusturulan vermikomposttaki
bazi besin elementleri ve agir metal degisimine etkisi

Oz: Bu galismanin amaci, farkli besleme materyalleri ile Eisenia fetida (Savingy, 1826) nin
beslenmesi sonucunda olusan vermikomposttaki bazi fiziko-kimyasal parametrelerin tespit
edilmesidir. Bu amagla, findik kabugu (A) (%100), ¢ay bitkisi atig1 (B) (%100), findik kabugu
(©) (%50) + cay at1g1 (%50), (D)findik atig1 (%30) +gay atig1 (%30) +inek giibresi (%20) +talas
(%15) + atik kagit (%5) olusan besi ortamlarinda rastgele yonteme gore dort tekrarli denemeler
kurulmugtur. Aragtirma sonucunda elde edilen vermikomposttaki bazi fiziko-kimyasal
parametreler standart laboratuvar testleri ile tespit edilmistir. Arastirma sonucunda A, B, C ve D
yetistirme ortamlarindan elde edilen ortalama N igerigi sirastyla %1,41, %2,5, %1,96 ve %1,47
dir. A, B, C ve D yetistirme ortamindaki ortalama fosfor icerigi sirastyla 807,69 mg/kg, 1748,25
*Sorumlu yazar: mg/kg, 1491,25 mg/kg ve 1410,75 mg/kg’dir. Vermikomposttaki Pb, Cd ve As igerigi, tiim
Turan YUKSEK ) yetistirme ortamlarinda baslangigtaki besi ortamia kiyasla daha diisiik seviyede oldugu ortaya
&iﬁfrﬁ ayyip Erdogan Universitesi, Peyzej konulmustur. Eisenia fetida’nin bazi atik maddelerin yiiksek kaliteli kompost haline
g1 Bolumii, Rize/Tiirkiye . . . R .
B<: turan.yuksek@erdogan.edu.tr doniistiirilmesinde ve son vermikomposttaki agir metal igeriginin azalmasinda etkili oldugu
tespit edilmistir

Anahtar kelimeler: Agir metal, atik kagidi, cay atig1, findik atig1 kirmizi Kaliforniya solucani.
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Yiiksek, (2022)

INTRODUCTION

The recycling of waste materials in order to
vermicast and vermiwash production is one of the popular
methods for sustainable waste management (Yiiksek,
2019). Recently, studies on vermicomposting of different
types of organic wastes, such as agricultural residues (Lim
et al., 2015) and animal wastes (Lalander et al., 2015),
plant waste (Abassi et al., 2015) food wastes (Yiiksek et
al., 2019), municipal solid waste (Singh et al., 2011)
through sewage sludge (Sinha et al., 2010; Yadav & Garg,
2011) and industrial wastes, with the help of earthworms,
have been increased. Worm-based processing of organic
waste is known as vermicomposting, a process developed
in the late 1970s (Furlong et al., 2017). Vermicomposting
can be defined as the biodegradation process of organic
waste materials with the help of specific bacteria and
enzymes found in the intestines of worms, which cause the
changes in the physico-chemical properties of the waste
(Jorge & Edwards, 2011). As a result of the
vermicomposting process, the nutrient content of the waste
materials increased and converted into a higher quality and
valuable soil regulator product (Lim et al., 2014). The
vermicomposting process is easy for an inexpensive,
natural and environmentally friendly method (Garg et al.,
2012) and uses low technology (Ndegwa & Thompson,
2001). In addition, as a result of the vermicompost process,
no waste product, which may be a threat to the
environment, is formed. The use of the products (e.g.
worm, vermiwash tea, vermicast, etc.) obtained as a result
of vermicomposting in different areas (e.g. soil
improvement, plant nutrition, fish nutrition, health, etc.) is
increasing (Orhan, 2019; Orhan vd., 2019; Yiiksek et al.,
2019; Ariman et al., 206; Ariman et al., 2020).

The Turkish hazelnut and tea industries are
growing rapidly, and quickly becoming a significant
agriculture-based industries in this country. Turkey has a
total of over 702 628 hectares of hazelnut plantations
(Anonymous, 2017a) and 76241hectares (Anonymous,
2017b) (The existing tea plantations along with
unregistered tea plantations constitute about 100,000
hectares of tea plantations). Tea plant and hazelnut husk
wastes are biodegradable wastes that originate from plant
sources. In this study, 232 kg of hazelnut husk was
obtained from 1 ton of shelled nut production. Turkey's
shelled hazelnut production varies between 350 000 and
800 000 tons. Accordingly, the amount of hazelnut husk in
Turkey varies between 80500 tons and 184 000 tons. Tea
plant wastes and hazelnut husk wastes have been difficult
to manage due to the fact that the factories are scattered and
spread widely in the northern Black Sea region. There is no
planned waste management in hazelnut husk and tea waste.
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Leaving these wastes decaying indiscriminately outside or
in tea gardens and in hazelnut gardens can cause the
pollution of soil and water resources and deterioration of
ecosystem health. Another important issue is that these
wastes are released during the decay and cause unpleasant
odors that spread and cause visual pollution. Additionally,
all these pollutants may cause human diseases. This clearly
shows that with agricultural development, environmental
pollution has become an increasingly serious issue in
northern Turkey. Although, using earthworms in the
recycling of wastes and the production of organic fertilizers
has been increasing in Turkey in recent years, as well as in
the rest of the world, to date no study has been devoted to
the vermicomposting process of biomass residues
generated from hazelnut husk and the tea industry.

The aim of this study is to recycle different types
of feeding materials (hazelnut husk (% 100), tea plant
waste (100%), hazelnut husk (A) (% 50) + tea plant waste
(B) (% 50), hazelnut husk (A) (30%) + tea plant waste
(30%) + cow dung (20%) + sawdust (15%) + waste
newspaper (5%) into compost using Eisenia fetida, and to
determine the influences of different feeding materials on
the physico-chemical parameters and the heavy metal
content of vermicompost.

MATERIAL AND METHOD

Earthworm and collection of organic wastes:
The earthworms of Eisenia fetida used in this study were
provided by the Lazutim Organic Agriculture and
Livestock Trade Company. The research was carried out
in a special room in the Lazutim Trade Company. The tea
wastes used in the experiments were supplied from the
general directorate of Turkish tea operations, the Hemsin
organic tea plant. The hazelnut husk wastes were supplied
from a private hazelnut farm located in the Yomra province
in Trabzon, Turkey. The cow dung was supplied from
animals grazing on the highlands in Ardahan in Turkey.
Sawdust waste were supplied from the wood processing
plant located in Pazar, in Turkey. Tea waste, hazelnut husk
wastes, and sawdust waste was decayed in special cups for
three months. In this study, four different combinations of
waste mixture, consisting of hazelnut husk (HH), Tea plant
waste (TPW), cow dung (CD), sawdust and waste
newspaper (Table 1) were prepared in different chemical
structures (Table 2).

Table 1. Type of feeding materials.

Treatment

Feeding materials

A Hazelnut husk (HH) (%100)

B Tea plant waste (TPW) (%100)

C Hazelnut husk (HH) (%50) + Tea plant waste (TPW) (%50)

D Hazelnut husk (HH) (%30) + Tea plant waste (TPW) (%30) + Cow dung

(CD) (%20) + sawdust (%15) + waste newspaper (WN) (%5)
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Experimental set up: The study was carried out
in four replicates of 40 cm x 40 cm length x 20 cm deep in
a plastic box according to the random sampling method.
The type of feeding materials is presented in Table 1.
About 1000 g of each of the feeding materials (dried to
weigh basis) was placed into the experimental box. Thirty
earthworms (Eisenia fetida) with an average weight of 0,30
+ 0,03 g per worm were introduced into each experimental
box. The feedstock was moistened with tap water to obtain
an appropriate moisture level for the earthworms to
survive. Besides, the moisture content was maintained at
50-55 % by the periodic sprinkling of an adequate quantity
of tap water (Table 3) on the feedstock throughout the
study. The experimental boxes were kept in the dark at
room temperature of 23 + 2 °C. The composting process
lasted 84 days (12 weeks), and then the worms were
removed from the growing containers. The vermicompost
samples were sieved through a two mm sieve after being
air dried and sent to the Gumushane University Central
Research Laboratory for analysis.

Table 2. Initial physico-chemical characteristics of initial waste mixtures.

Parameters A B (03 D

N (%) 0.89 £ 0.08 2.25+0.24 1.59 £0.101 1.12 +£0.06
P20s (mg/kg) 4031 +71.39 1399 £9.07 2735+48.21 1876 £25.11
K (mg/kg) 7015 +51.62 4245 +20.88 5640 +56.12 4999 + 12.05
Ca (mg/kg) 1412 £41.18 18786 + 899 10029 + 204 7936 + 6.24
Mn (mg/kg) 374+ 17.69 248 + 18.90 312+ 14.04 236 +3.05
S (mg/kg) 961 + 33.60 1898 +25.94 1435 +32.86 1029 +9.00
Al (mg/kg) 3255+ 90.00 7576 + 18.71 5455 +37.68 4151 +5.56
Fe?* (mg/kg) 121+9.29 8626 +27.01 4366 +£9.29 3362 +6.03
As (mg/kg) 0.65 +0.03 1.91+0.11 1.28 £0.01 0.77 +0.03
pH (mg/kg) 5.95+0.17 5.67+0.14 5.78 £0.07 4.61+0.08
E.C. (uS/cm) 355+ 6.50 538 +18.33 465+ 17.61 345 +£5.50
Pb?* (mg/kg) 4.43+£0.05 54.09 +4.02 28.72+0.72 17,92 +0.07
Cd?* (mg/kg) 0.188 £0.02 0.117 +0.01 0.157 +0.01 0.103+0.01
Cr?* (mg/kg) 6.69 +£0.14 2.73+0.04 4.70 +0.01 3.71+0.10
Cu?* (mg/kg) 6.72 +0.03 64 +1.01 35.00+0.32 22.60 + 0.46

Ni2* (mg/kg) 6.35+0.31 3.88 £0.02 5.12+0.01 3.94+0.03
A: Hazelnut husk (%100); B: Tea plant waste (%100); C: Hazelnut husk (%50) + Tea plant waste (%50); D: Hazelnut
husk (%30) + Tea plant wast (%30) + Cow dung (%20) + sawdust (%15) + waste newspaper (%5)

Table 3. Some parameters of tap water used for the earthworms
to survive (Yiiksek vd.,2017).

Parameters Tap water Apropriate range
Water temperature (°C) Appropriate 4-25
Dissolved oxygen (mg/l) Appropriate >5

pH 7.81 6.5-9.5
Calcium (mg/l) 4.80 4-160
Magnesium (mg/l) 2.86 0-50
Nitrite nitrogen (mg/l) 0.020 <0,50
Nitrate nitrogen (mg/l) 0.80 0-50

TDS* (mg/l) 92.40 -

E.C** pS/cm 214.6 100-2500

*TDS: Total Dissolved Solids, E.C**: Electrical conductivity

Laboratory Analysis: The analysis of the metals
and other elements (Pb, Cd, As, etc.) was conducted
according to the NMKL 161, NMKL 186 and NMKL 191
methods using ICP-MS after burning with microwaves
(Standart methods 3125). The nitrogen analysis was carried
out according to the methods of AOAC 990.03 TS 8337
ISO 11261 based on the method of Kjeldal (TS 8337 ISO
11261). The total content of calcium, magnesium,
phosphorus and potassium were measured with the ignition
method using an atomic absorption spectrophotometer.
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The pH and electrical conductivity were measured using a
digital pH meter and an electrical conductivity meter,
respectively AOAC 981.12 TS EN 159332 (AOAC
Official Method). All the analyzes were performed
according to standard analysis methods.

Statistical Analysis: The effect of the feeding
materials on the physio-chemical content of the
vermicompost was analyzed with ANOVA. The
differences among treatment averages were compared
using the Duncan’s test. The significance was set at p <
0.05. The SPSS software version 23 was used for the data
analysis.

RESULTS

It can be concluded that during the process of the
vermicomposting, significant physical and chemical
changes occurred in the raw materials of the solid waste
due to the biodegradation of the organic matter and the
interactions between the earthworms and microorganisms.

Variations in nitrogen (N): The average nitrogen
content was the highest for the B growing media at 2.53 %
followed by the C growing media. In terms of the nitrogen
content, the differences between the growing mediums A
and B, and the growing mediums B and D were statistically
significant (p < 0.01) (Table 4). The total nitrogen content
was greater in the final vermicomposts than in the initial
vermibed mixture in all the growing mediums. Compared
to the initial vermibed mixture, the highest increase in the
nitrogen content was found in the growing medium A at
36.88 % in the final vermicompost (Table 2, 4).

Table 4. Variation of some nutrients in the vermicompost obtained from
different feding materials.

Vermicompost

Parameters A B C D

N (%) 1.41° 2,532 1.96%° 1.47°
P205 (mg/Kg) 807.25¢ 1748.25% 1491.25" 1410.75°
K (mg/Kg) 11244.69* 7790 6884.25¢ 8006.50%
Ca (mg/Kg) 9646.19° 12942.75% 14249.50° 11175.75%
Mn (mg/Kg) 223.09¢ 1626.50° 1022.15° 600.76°
S (mg/Kg) 677.97° 1478.50° 1366.25° 1117.50°
Al (mg/Kg) 2112.41° 6259.75° 56022 4367.50°
pH 7.59 6.36" 6.36° 7.412
E.C. (uS/cm) 578? 437.75% 604,25 636.25°

A: Hazelnut husk (%100); B: Tea plant waste (%100); C: Hazelnut husk (%50) + Tea plant waste (%50); D: Hazelnut
husk (%30) + Tea plant waste (%30) + Cow dung (%20) + sawdust (%15) + waste newspaper (%5). Means in the
same row followed by the same lowercase letter are not significantly different at P<0.05.

Variations in Phosphrous (P): Phosphorus was
greater in the final vermicomposts than the initial vermibed
mixture in the feeding materials of A and B because of the
phosphorus mineralization. The highest amount of
phosphorus was obtained from the growing medium B at
1748.25 mg/kg; while the lowest amount of phosphorus
was found in the growing medium A at 807.69 mg / kg. In
terms of the phosphorus content, the difference between A
and B, Aand C, Aand D, B and C, and B and D mediums
was statistically significant (p < 0.001) (Table 4).
Compared to the initial vermibed mixture, the highest
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decrease in the phosphorus content was found in the
growing medium C at 45.48 % in the final vermicompost
(Table 2 and 4).

Variations in Potassium (K): The highest amount
of potassium was obtained from the growing medium A at
11244.69 mg/kg; while the lowest amount of potassium
was found in the growing medium C at 6884.25 mg/kg. In
terms of potassium content, the difference between the A
and C growing medium was statistically significant
(p<0.05). The total potassium was greater in the final
vermicomposts than the initial vermibed mixture in all the
feeding materials because of the potassium mineralization
(Table 2 and 4). Compared to the initial vermibed mixture,
the highest increase in the potassium content was found in
the growing medium B at 4550 % in the final
vermicompost.

Variations in Calcium (Ca): The highest amount
of calcium was obtained from the growing medium C at
14249.50 mg/kg; while the lowest amount of calcium was
found in the growing medium A at 9646.19 mg/kg.
Although the total calcium was increased more in the final
vermicomposts than in the initial vermibed mixture in A, C
and D growing mediums, the calcium content in the
growing medium B was decreased at 45.16 % compared to
the initial vermibed mixture. Compared to the initial
vermibed mixture, the highest increase in the calcium
content was found in the growing medium A at 85.36 % in
the final vermicompost. In terms of calcium content, the
difference between the A and B, A and C growing
mediums was statistically significant (p < 0.05) (Table 4).

Variations in Manganese (Mn): The highest
amount of manganese was obtained from the growing
medium B at 1626.50 mg/kg; while the lowest amount of
manganese was found in the growing medium A at 223.09
mg/kg. Compared to the initial vermibed mixture, the total
manganese was increased in B, C and D growing mediums;
while the manganese content in the growing medium A
was decreased at 40.35 % in the final vermicompost. In
terms of the manganese content, the difference between the
AandB,AandC, Aand D, B and C, and B and D growing
mediums was statistically significant (p < 0.001) (Table 4).

Variations in Sulfur (S): The highest amount of
sulfur was obtained from the growing medium B at
1478.50 mg/kg; while the lowest amount of sulfur was
found in the growing medium A at 677.97 mg/kg.
Compared to the initial vermibed mixture, the total sulfur
was decreased in A, B and C growing mediums while the
sulfur content in the growing medium D was decreased
(Table 2 and 4). Compared to the initial vermibed mixture,
the highest decrease in the sulfur content was determined
in the growing medium A at 29.45 %. In terms of the sulfur
content, the difference between A and B, A and C, and A
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and D growing mediums was statistically significant (p <
0.01) (Table 4).

Variations in Aluminum (Al): The highest
amount of aluminum was obtained from the growing
medium B at 6259.75 mg/kg; while, the lowest amount of
aluminum was found in the growing medium A at 2112.41
mg/kg. Compared to the initial vermibed mixture, the total
aluminum was decreased in the A and B growing mediums;
while the aluminum content in the growing medium C and
D was increased (Table 2 and 4). Compared to the initial
vermibed mixture, the highest decrease in aluminum
content was determined in the growing medium A at 35.11
%; while the highest increase in aluminum content was
determined in the growing medium D at 4.97% in final
vermicompost. In terms of the aluminum content, the
difference between the A and B, and A and C growing
mediums was statistically significant (p < 0.05) (Table 4).

Variations in Iron (Fe2*): The highest iron value
was found in the growing medium C at 3699.25 mg/Kkg;
while the lowest iron was found in the growing medium B
at 2336.25 mg/kg. Compared to the initial vermibed
mixture, the iron content was lower in the growing
mediums B, C, and D; while it was higher in the growing
medium A in the final vermicompost. The highest decrease
in iron content was found in the growing medium B at
72.91 %. In terms of iron content, the difference between
growing mediums was not statistically significant (p <
0.05) (Table 5).

Table 5. Heavy metals concentration in the vermicompost obtained from

different feeding materials (as mg/kg).
Vermicompost

Parameters A B C D

Pb 2.40% 1.35° 2.312 1.62°
Cd 0.087 0.095 0.070 0.097
Cr 2.77° 4.36% 3.41%® 3.68%
Cu 7.91° 13.07* 12.72* 9.17°
Ni 2.77° 4.63* 4.06* 3.66%
Fe 2768.60° 2336.25¢ 3699.25% 2989.25b
As 0.42 0.27 0.76 0.64

A: Hazelnut husk (%100); B: Tea plant waste (%100); C: Hazelnut husk (%50) + Tea plant waste (%50); D: Hazelnut
husk (%30) + Tea plant waste (%30) + Cow dung (%20) + sawdust (%15) + waste newspaper (%?5). Means in the
same row followed by the same lowercase letter are not significant.

Variations in pH: The highest pH was found in
the growing medium A at 7.59; while the lowest pH value
was found in the growing media B and C at 6.36.
Compared to the initial vermibed mixture, the pH increased
in all the growing mediums. The highest increase was
found in the growing medium D at 37.79%; while the
lowest increase was determined in the growing medium C
at 9.12%. In terms of the pH content, the difference
between A and B, Aand C, B and D, and C and D growing
mediums was statistically significant (p < 0.01) (Table 4).

Variations in electrical conductivity (E.C): The
highest E.C. was found in the growing medium D at 636.25
puS/em; while the lowest E.C was found in the growing
medium B at 437.75 uS/cm. Compared to the initial
vermibed mixture, the E.C content was greater in the
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growing mediums A, C, and D; while it was lower in the
growing medium B. The highest increase in the E.C was
determined in the growing medium D at 45.77%; while it
was decreased in the growing medium B at 18.63%.
However, in terms of the E.C content, the difference
between A, B, C, and D, the growing mediums was not
statistically significant (Table 4).

Heavy metals concentrations

Lead (Pb?"): The highest lead value was found in
the growing medium A at 2.40 mg/kg; while the lowest
lead was found in the growing medium B at 1.35 mg/kg.
Compared to the initial vermibed mixture, the lead content
was lower in all the growing mediums A, B, C, and D. The
highest decrease in lead content was found in the growing
medium B at 97.50 %. In terms of lead content, the
difference between A and B, A and D, and C and D
growing mediums was statistically significant (p < 0.05)
(Table 5).

Cadmium (Cd?*): The highest cadmium value
was found in the growing medium D at 0.097 mg/kg; while
the lowest cadmium was found in the growing medium C
at 0.070 mg/kg. Compared to the initial vermibed mixture,
the cadmium content was lower in all the growing
mediums A, B, C, and D. The highest decrease in the
cadmium content was found in the growing medium C at
55.41 %. In terms of the cadmium content, the difference
between the A, B, C, and D growing mediums was not
statistically significant (Table 5).

Chromium (Cr?*): The highest chromium value
was found in the growing medium B at 4.36 mg/kg; while
the lowest chromium was found in the growing medium A
at 2.77 mg/kg. Compared to the initial vermibed mixture,
the chromium content was lower in the growing mediums
A, C, and D; while it was higher in the growing medium B
in the final vermicompost. The highest decrease in the
chromium content was found in the growing medium A at
58.59 %. In terms of the chromium content, the difference
between the A and B growing mediums was statistically
significant (p < 0.05) (Table 5).

Copper (Cu?"): The highest copper value was
found in the growing medium B at 13.07 mg/kg; while the
lowest copper was found in the growing medium A at 7.91
mg/kg. Compared to the initial vermibed mixture, the
copper content was lower in the growing mediums B, C,
and D; while it was higher in the growing medium A in the
final vermicompost. The highest decrease in the copper
content was found in the growing medium B at 79.58 %. In
terms of the copper content, the difference between the A
and B, Aand C, B and D, and C and D growing mediums
was statistically significant (p < 0.05) (Table 5).

Nickel (Ni2*): The highest nickel value was found
in the growing medium B at 4.63 mg/kg; while the lowest
nickel was found in the growing medium A at 2.77 mg/kg.
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Compared to the initial vermibed mixture, the nickel
content was lower in the growing mediums A, C, and D;
while it was higher in the growing medium B in final
vermicompost. The highest decrease in the nickel content
was found in the growing medium A at 56.38%. In terms
of the nickel content, the difference between the A and B,
A and C growing mediums was statistically significant (p
<0.05) (Table 5).

Arsenic (As): The highest arsenic value was
found in the growing medium C at 0.76 mg/kg; while the
lowest arsenic was found in the growing medium B at 0.7
mg/kg. Compared to the initial vermibed mixture, the
arsenic content was lower in all the growing mediums in
the final vermicompost. The highest decrease in arsenic
content was found in the growing medium B at 85.86 %. In
terms of the arsenic content, the difference between the
growing mediums A and B, C and D was not statistically
significant (p < 0.05) (Table 5).

DISCUSSION

Earthworms infiltrate organic wastes through the
digestive tract, causing physical, chemical and biological
changes (Suthar, 2010). Earthworms can boost the nitrogen
levels of the substrate during digestion in their gut adding
their nitrogenous excretory products, mucus, body fluid,
enzymes, and even the decaying dead tissues of worms in
vermicomposting subsystem (Suthar, 2007). The structure,
the amount of nitrogen content and mineralization of the
organic waste is effective on the nitrogen output in the final
vermicompost. In previous studies it was reported that, the
enhancement of N content in vermicompost was probably
due to mineralization of the organic matter (Bansal &
Kapoor, 2000; Kaushi & Garg, 2003; Malafaia et al., 2015;
Amouei et al., 2017). In addition, the increasing nitrogen
content value could be due to nitrogenous metabolic
products of earthworms, which were returned to the
vermicompost as casts and urine (Muthukumaravel et al.,
2008). The results are in accordance with previous studies
(Garg et al., 2006; Adi & Noor, 2009; Amouei et al., 2017,
Mousavi et al., 2017).

The phosphate content is attributed to the
mineralization and mobilization of phosphorous due to the
earthworm activity. It is thought that the content and
quality of the raw materials consumed by worms and the
vermicomposting process are effective in changing the
amount of phosphorus in the growing media. Earthworms
play an important role in the release of phosphates in
organic matter (Ansari & Rajpersaud, 2012).

The increase in K of the vermicompost in relation
to that of the simple compost and substrate was probably
because of the physical decomposition of organic waste
matter due to the biological grinding during passage



Yiiksek, (2022)

through the gut, coupled with enzymatic activity in the
worm’s gut, which may have caused its increase (Rao et
al., 1996). The microorganisms present in the worm’s gut
probably converted insoluble K into the soluble form by
producing microbial enzymes (Kaviraj & Sharma, 2003).

As a result of the research, it was determined that
the pH value increased in all the feeding materials in the
final vermicompost. The highest increase (37.78 %) in the
pH value occurred in the D growing medium with a
different mixture composition. This research showed that
Eisenia fetida and microorganisms are effective in
changing the pH in the waste materials, and the differences
in the pH of the final vermicompost are directly dependent
on the type and content of the raw materials used for
vermicomposting. Suthar et al., (2015) reported that during
the vermicomposting process, the microbial activity and
decomposition of organic matter resulted in the formation
of ammonium and increased the pH. Compared to the
initial values, the E.C content values increased in the
feeding materials A, C, and D, while it decreased in the
feeding material B in the final vermicompost. The biggest
change in the E.C values occurred in the D feeding
materials, which had 4 different feeding material mixes. It
can be concluded that the differences in the growing
mediums, earthworm activity in different growing
mediums, and the decomposion of organic waste materials
are effective in the changing of electrical content. Amouei
et al., (2017) reported that some minerals can accumulate
in the earthworms’ bodies, and consequently, reduce
amount of minerals in the vermicompost.

As a result of the vermicomposting process, the
Pb, Cd and As content in all the feeding materials was
decreased. The highest decrease in the Pb content was
determined in the feeding material B (97.5 %), while the
lowest decrease was determined in the feeding material A
(45.82 %). The highest decrease in the Cd content was
determined in the feeding material C (55.41%), while the
lowest decrease was determined in the feeding material D
(5.82 %). The highest decrease in the As content was
determined in the feeding material B (85.86 %); while the
lowest decrease was determined in the feeding material D
(16.88 %). The change of Cr, Cu and Ni content in the
vermicompost obtained from the different feeding
materials was irregular. The mean Cr content decreased by
58.59 %, 27.45 % and 0.8 % in the feeding materials’ A, C
and D respectively; while the Cr content increased by 57.71
% in the feeding material B. The mean Cu content
decreased by 79.58 %, 63.65 %, and 59.42 % in the feeding
materials’ B, C, and D; while it increased by 7.71 % in the
feeding material A. The mean Ni content decreased by
56.58 %, 20.70 %, and 7.10 % in the feeding materials’ A,
C, and D; while it increased by 19.33 % in the feeding
material B. Our research showed that Eisenia fetida can
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accumulate a significant amount of metals in their tissues
during vermicomposting. In many studies, it has been
found that earthworms can accumulate heavy metals in
their tissues during the process of vermicomposting
(Hopkin, 1989; Hopkin & Spurgeona, 1999; Malley et al.,
2006; Nahmani et al., 2007; Singh et al., 2014; Kizilkaya
& Tirkay, 2014; Tang et al., 2017). The type and content
of the feeding materials is also thought to have an effect on
the heavy metal’s accumulation in the earthworm tissues.
However, during the vermicomposting process, a group of
heavy metals in the feeding materials leached to
vermiwash. In a study conducted by Yiiksek et al., (2017)
Eisenia fetida were fed with fermented cow dung for 60
days, and vermiwash was harvested in day 60. As a result
of their study, compared to initial feeding material (cow
dung), the mean Cd, Pb, and As content increased by 96,84
%, 79,37%, and 75,08% in the vermiwash; while the Cu
and Ni content decreased by 64%, and 22% in the
vermiwash when compared to the initial feeding material.

CONCLUSION AND RECOMMENDATION

This research has clearly shown that Eisenia
fetida is very effective in the recovery of organic wastes
and increasing the N, K, and pH content in the final
vermicompost. Moreover, Eisenia fetida was very
effective for the reduction of the bioavailability of the
heavy metals (especially, Pb, Cd, and As) during the
vermicomposting of the husk material, husk and tea waste
materials, and husk material mixed with tea waste, cow
dung, sawdust and waste paper materials.

The agricultural wastes in the northeastern Black
Sea, located in the Trans- Caucasus corridor, can be
converted into vermicomposts in small enterprises. In this
way, while the conservation of both soil and water
resources is ensured rural development and women's
employment might be increased. We believe that, it may be
very beneficial for the environment to conduct other
research to show how to maximize the level of macro
nutrients in organic wastes, how to reduce heavy metals in
organic wastes to the lowest level, and what quantities of
the heavy metals are trapped in the worm tissues.
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Egirdir Golii’nden 10 Bahk Tiiriiniin Boy-Agirhk iliskisi

Oz: Bu calismada; Egirdir Golii’nde 10 balik tiiriinde (Cyprinus carpio (pullu ve aynal sazan),

*Sorumlu yazar: Anatolichthys iconii, Atherina boyeri, Carassius gibelio, Pseudophoxinus egridiri,

Meral APAYDIN YAGCI

Koyunculuk Arastirma Enstitiisi Midirligi, Pseudorasbora parva, Sander lucioperca, Seminemacheilus ispartensis ve Vimba vimba) boy-
T.C. Tarim ve Orman Bakanhg, Bandirma, agirlik iligkisi degerlendirilmistir. Tirkiye'de Egirdir Golii'nden Ocak 2010'dan Haziran 2011'e
ey, Minye: kadar aylik olarak numuneler almmistir. Ayrica ilk kez belirlenen 3 Anadolu endemik tiirii (A.

B meralyagei@gmail.com iconii, S. ispartensis ve P. egridiri) i¢in yeni maksimum uzunluklar kaydedilmistir.

Anahtar kelimeler: Biiyiime tipi, Egirdir golii, fishbase, kirmizi liste, nesli tiikenmekte olan
balik, Tiirkiye.

INTRODUCTION is isometric or allometric (Le Cren, 1951; Ricker, 1975;
Pe’rez-Bote & Roso, 2012).

Egirdir Lake, which is a tectonic lake, is located Length-weight relationship parameters (a and b),
at about 924 m from sea level with a total surface area of gives the possibility to estimate the size of fish by weight,
500 km?and the second largest freshwater in Turkey (Lahn, the calculation of the index condition, in different habitats
1948; Numann, 1958). Information of length-weight populations of morphology and to compare their life cycle
relationships are principal in fisheries sustainability and (Britton & Davies, 2007; Yilmaz et al., 2007; Yilmaz et al.,
population dynamics (Tarkan & Vilizzi, 2016). In addition, 2010; Pe’rez-Bote & Roso, 2012; Giosa et al., 2014;
length-weight relationship with the expressed fish growth Alagoz Erguden, 2015; Yogurtguoglu & Ekmekgei, 2015;
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Sa¢ & Okgerman, 2016; Sungur Birecikligil et al., 2016;
iThan & ilhan, 2018). Up to now, several studies regarding
the fish fauna in Egirdir Lake were conducted (Kiiciik et
al., 2009; Gii¢ld, 2012; Yerli et al., 2013; Yagci et al.,
2016). The present study decribes the length-weight
relationships for ten fish species (3 native, 4 introduced and
3 endemic) inhabiting the Lake Egirdir. This resarch
reports the new length-weight relationships for two
endemic (S.ispartensis and P.egridiri) species for Lake
Egirdir in Turkey.

MATERIAL AND METHOD

Fish specimens were collected monthly from
January 2010 to June 2011 in Lake Egirdir. Fish measured
for total length (TL) to the nearest centimeter and weighed
(W) to the nearest gram. Fish were collected using different
mesh size (10x10, 16x16, 20x20, 25x25, 30x30, 35x35,
40x40, 45x45, 50x50, 55x55, 60x60, 65x65, 70x70, 80x80,
100x100 mm) gillnets that one of them length (10x10 mm)
were 25 meters, fifteen of them length were 100 meters and
seine-net (mesh size: 0.9 mm). For each species, the length-
weight relationship was calculated using the expression:
LogW= Log a+ b Log L, where “W” is the weight (g) and
“L” the total length (cm), “a” is the intercept of the
regression and “b” is the slope or regression coefficient
(i.e, “a”is a coefficient related to body form and “b” is an
exponent indicating isometric growth when equal to 3 and
indicating allometric growth when significantly different

J. Anatolian Env. and Anim. Sciences, Year:7, No:2, (105-109), 2022

from 3) (Le Cren, 1951; Froese, 2006). Whether the b
values obtained from the length-weight relationship of the
samples were different from 3 was determined using the t-
test. The t-test results of b values were taken into account
while determining the growth types of the species. In
addition, 95% confidence intervals (95%CI) of a and b
values for species were also calculated (Zar, 1999). The
ethics committee report of the project was obtained from
the Siilleyman Demirel University (SDU) Animal
Experiments Local Ethics Committee and was approved by
the SDU Animal Experiments Local Ethics Committee
(Date 25.12.2018 and Decision No: 01).

RESULTS

A total of 7670 specimens from ten fish species
(Table 1), each belonging to a different family, were
analyzed. A. boyeri was caught with the seine-net and
gillnet, other fish species were caught with the gillnets. The
parameters of the LWR of the ten fish species are
presented. Also, according to the information in FishBase
length-weight relationships and maximum total lengths for
three endemic species are reported here for the first time
(Table 1). The most abundant species included Carassius
gibelio and Atherina boyeri. Length and weight data were
plotted for each species (Figures 1a, 1b, 1c, 1d, 1e, 1f, 1g,
1h, 1i, 1j).

Table 1. The length-weight relationship parameters for ten fish species from Lake Egirdir, Turkey

IUCN th Growth

Category Length (TL,cm)  Weight (g) Parameters aClosw bCLgsos r type
Family/species N Min Max Min Max a b Min Max Min Max
Cyprinidae
Cyprinus carpio (Common carp/native) VU 305 9.3 65.7 124 5622 0.0140 3.0834 0.0120 0.0160 3.0507 3.1173 .9907 3,02° A+
Cyprinus carpio (Mirror carp/ introduced) VU 30 15 53 55.9 2633 0.0110 3.1580 0.0069 0.0151 3.0518 3.2642 .9924 4,85° A+
Carassius gibelio (Prussian carp/introduced) LC 3987 6.9 38.2 37 1266 0.0108 3.1711 0.0110 0.0110 3.1573 3.1847 .9793 23,44° A+
Pseudophoxinus egridiri (Egirdir minnow/endemic) EN 551 4.7 10 2.4 17.4 0.0182 2.9425 0.0141 0.0219 2.8579 3.0421 .8808 1,24¢ A-
Pseudorashora parva (Topmouth gudgeon/introduced) LC 88 6.1 111 35 255 0.0080 3.3215 0.0060 0.0010 3.1652 3.4788 .9530 4,04° A+
Vimba vimba (Vimba bream/native) LC 334 12.2 359 182 5765 0.0057 3.2116 0.0060 0.0060 3.1748 3.2492 .9891 11,42 A+
Atherinidae
Atherina boyeri (Big-scale sand smelt/ introduced) LC 2098 2.7 104 012 942 0.0048 3.1729 0.0040 0.0040 3.1886 3.2474 9663 14,479 A+
Cyprinodontidae
Anatolichthys iconii (Icon toothcarp/endemic) NE 47 43 6.1 225 32 02086 1.6168 0.0918 0.3262 1.2694 19646 .6630 8,05 A-
Percidae
Sander lucioperca (Pike-perch/introduced) LC 166 16.3 66.4 105 3091 0.0055 3.136 0.0051 0.0129 2.8871 3.0909 .9872 4,89 A+
Balitoridae
Seminemacheilus ispartensis (Southern pond loach/endemic) VU 64 6.7 122 443 17.3 0.0286 2.5398 0.2763 0.3037 2.3185 27615 .8900 4,06/ A-

a, (t-test, tw>tr 005,30=1,70); b, (t-test, tw<ty o5, 305=1,65); C, (t-test, tu>tr o0s.3007=1,64); d, (t-test, tu>tr o0s,5:1=1,65); €, (t-test, tu<tr o5, 5=1,66); T, (t-test, tw>tr 05 334=1,65); 9, (t-test, tu>tr 005, 2006=1,65); h, (t-test, tu<tr o5, 7=1,68); i, (t-test, tu>tr 00s,166=1,65);

j, (t-test, t>tr 05, :=1,67)

N, number of individuals; a, intercept of the relationship; b, slope of the relationship; r?, coefficient of determination; CL, confidence limits;

A+, allometric positive; A-, allometric negative. New maximum lengths data in bold

DISCUSSION AND CONCLUSION

The “a” value in the length-weight relationship
equation in fish shows the average condition of the
individuals, while the “b” value shows the shape of the fish
according to the conditions it is in (Avsar, 2005). In
general, for all species estimated “b” values, fell within
expected range of 2.7-3.4 (Froese, 2006). It has been
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reported that the length-weight relationship was strong
(r>=0.988) in Carassius gibelio samples captured from
Lake Ladik, and the calculated b value was different from
3 (b>3) and the result was positive allometric (Yazicioglu
et al., 2013). In the present study, the correlation
coefficient (r?) was found to be 0.990 while for Cyprinus
carpio (common carp), Zencir Tanir (2020) recorded a
correlation coefficient 0.972 in Tercan Dam Lake
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(Turkey). The value of growth coefficient (b) was
estimated as 3.083 which not differed significantly from
value of 3, indicating a positive allometric growth for the
C. carpio. Saylar & Sanli Benzer, (2014) have informed
negative allometric growth for C.carpio in Mogan Lake,
with b values 2.8. However, positive allometric growth for
C.carpio has been reported by Karatas et al., (2007) who
reported b value 3.31 in Almus Dam Lake. The exponent
of the length-weight relationship for Sander lucioperca
indicate positive allometric growth (b=3,13) in this study.
While S. lucioperca showed positive allometric growth in
2004 (b= 3,14 ; Balik et al., 2004) in Lake Egirdir in
Turkey, it showed negative allometric growth in another
study conducted in 2006 (Izci & Kusat, 2006). Length-
weight relationship in Turkey (Ablak & Yilmaz, 2004)
(b=3,07), in Tunisia (M'Hetli etal., 2011) (b=3,06) indicate
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isometric growth. Atherina boyeri is found in freshwater,
lagoon and marine environments. With the b value
obtained in this study, A. boyeri showed positive allometric
(b=3.17) growth. With previous studies in the lake (b=3.25,
Bostanci et al., 2014; b=2.78, Innal & Engin, 2020) and
studies conducted in different ecosystems in Turkey
(b=3.29, Gengoglu and Ekmek¢i 2016; b= 3.20, Ozeren
2009; b=2.90, ilhan & Sar1, 2015; b=2.94, innal & Engin,
2020) showed similar growth. The b value of
Pseudorasbora parva fish was determined as 3.32 in this
study (positive allometric). It was reported as 3.03-2.97 in
Hirfanli dam lake (Benzer & Benzer, 2020), 2.83-2.94 in
Mogan lake (Benzer et al., 2016) 3.1 in Tajan River
(Aazami et al., 2015) and 3.047 in Island ecosystem
(Gokgeada) (Agdamar and Gaygusuz, 2021).
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Figure 1. Total length and weight plotted for: Cyprinus carpio (common carp) (1a); Cyprinus carpio (mirror carp) (1b); Carassius gibelio
(1c); Pseudophoxinus egridiri (1d); Pseudorasbora parva (1e); Vimba vimba (1f); Atherina boyeri (1g); Anatolichthys iconii (1h); Sander

lucioperca (1i); Seminemacheilus ispartensis (1j)

The lowest “b” value found for the species
Anatolichthys iconii could be attributed, among others, to
the narrow length range of captured specimens (4.3-6.1
cm). All regressions were strong relationship (with r? >
0.890, only except A.iconii (with r>>0.663). According to
one way t-test of specimens, P. egridiri, isometric;
A.iconii, and S.ispartensis, negative allometric; other
species showed positive allometric growth type (Table 1).
A.iconii, S.ispartensis and P. egridiri were listed in the
Turkey species Red list in 2014 categorized as an Near
Threatened, Vulnerable and Endangered in Fishbase. In
conclusion, this research provides new information on the
biology of freshwater fish belonging to Anatolian
endemics on this Red list species in Turkey and
information on the length-weight relationships of 10 fish
species from the Lake Egirdir. Finally, our study will be
contribute for endemic species, especially S.ispartensis
and P. egridiri, A.iconii, awareness, management and
conservation.
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Abstract: Wildlife is an important source of many infectious agents for domestic animals and
humans. Increasing interactions between humans, domestic animals, and wildlife may cause the
infection of contagious agents between the species. Domestic animals can be easily infected with
Salmonella serovars as a result of its asymptomatic presence in the intestinal flora of wild animals
and its spreading around. The presence of Salmonella species in the feces of red deer (Cervus
elaphus), which is an important member of wildlife in Turkey, was investigated in the present
study. A total of 240 fecal samples were collected in sterile dry plastic containers from free-
ranging deer at the Deer Breeding Farm in Istanbul Belgrad Forest, once a month for a year. The
samples collected were examined through conventional culture and molecular methods (PCR).
Salmonella spp. was not isolated from the samples examined. As a result, considering that wildlife
may pose a potential health risk in terms of domestic animals and public health, it will be
beneficial to conduct studies on both Salmonella agents and all bacterial agents in deer in terms
of wildlife and public health.

Keywords: Deer, feces, isolation, PCR, Salmonella.

Istanbul’da Bulunan Kizil Geyiklerin (Cervus elaphus) Diskilarinda
Salmonella spp. Varhginin Arastirilmasi

*Sorumlu yazar:

Cansu ENGIN

Istanbul Universitesi-Cerrahpasa, Lisansiistii
Egitim Enstitiisii, Mikrobiyoloji Anabilim
Dali (Veteriner), Avecilar, Istanbul, Tiirkiye
DX: cansu.engin@ogr.iuc.edu.tr

Oz: Yaban hayati, hem evcil hayvanlar hem de insanlar icin bir¢ok infesiyz etkenin énemli bir
kaynagidir. Insanlar, evcil hayvanlar ve yaban hayat1 arasindaki artan etkilesimler, infeksiyoz
etkenlerin tiirler arasi bulagsmasina neden olabilmektedir. Salmonella serovarlarinin yaban
hayvanlarinin barsak florasinda asemptomatik olarak bulunmasi ve ¢evreye yayilmasi sonucu
kolaylikla evcil hayvanlara bulasabilmektedir. Bu ¢aligmada Tiirkiye’de yaban hayatinin 6nemli
bir iiyesi olan kizil geyik (Cervus elaphus) diskilarinda Salmonella tiirlerinin varligi arastirildi.
Istanbul Belgrad Ormani’ndaki Geyik Uretim Ciftligi’nde serbest halde yasayan geyiklerden bir
yil boyunca her ay bir kez olmak iizere steril kuru plastik kaplara toplamda 240 diski 6rnegi
toplandi. Toplanan 6rnekler konvansiyonel kiiltiir yontemleri ve molekiiler yontemler (PCR) ile
incelendi. incelenen drneklerden Salmonella spp. izole edilmedi. Sonug olarak yaban hayatinin,
evcil hayvan ve halk saghigi agisindan potansiyel bir saglik riski olusturabilecegi goz Oniine
alindiginda geyiklerde sadece Salmonella etkenlerinin degil tim bakteriyel ajanlarla ile ilgili
¢aligmalarin yapilmasi hem yaban hayatt hem de halk saglig1 agisindan yararli olacaktir.

Anahtar kelimeler: Diski, geyik, izolasyon, PCR, Salmonella.
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INTRODUCTION

Wildlife is an important source of infectious
diseases with which humans can be infected. These
diseases may include rabies, avian flu, cryptosporidiosis,
Lyme disease, and salmonellosis, which are important for
human life (Jijon et al., 2007). Salmonellosis is one of the
important food-borne infections (Scallan et al., 2011). It is
known that Salmonella species are enteric zoonotic
pathogens that are widely found in the environment,
wildlife, and domestic animals. Salmonella species are a
member of the Enterobacteriaceae family and they are non-
spore-forming and Gram-negative facultative anaerobic
bacilli (Cakin et al., 2020). It has approximately 2600
serovars, of which most belong to the Salmonella enterica
subspecies (Albufera et al., 2009; Botti et al., 2013; Rubini
et al., 2016).

Salmonellosis is a globally significant disease
caused by Salmonella species that emerges by vectors or
by spreading between the species. Many serovars within
the Salmonella species are pathogenic only in animals,
only in humans, or in both animals and humans.
Salmonella spp. can widely infect numerous living beings
from domestic animals to reptiles, wild birds, and
mammals. Moreover, it can be isolated from the intestinal
contents of birds and mammalians. Infectious pathogens
originating from wildlife are attracting attention all around
the world, mostly due to their zoonotic potential in the
breeding and health of farm animals (Hilbert et al., 2012).

Most of the domestic and wild animals with
colonized Salmonella species carry this agent in their
gastrointestinal system without showing any clinical
symptoms and contaminate the environment (Sanchez et
al., 2002). Wild animals have important ecological roles.
As an example, their carrier and protective functions can
be specified for the identification of infectious agents,
which are important in terms of environmental health,
showing that wild animals have global importance in the
epidemiology of salmonellosis. Thus, wildlife is important
in the One Health concept (lovine et al., 2015).

When considering the effect of wildlife on
carrying and contaminating the pathogenic agents such as
Salmonella spp. to humans and domestic animals, the
number of studies examining Salmonella species from wild
animals in Turkey is limited. In the present study, the
presence of Salmonella spp. was investigated in the fecal
samples taken from the free-ranging deer at the Deer
Breeding Farm at Istanbul Belgrad Forest.

MATERIAL AND METHOD

In this study, a total of 240 fecal samples,
including 20 samples per month, were collected from free-
ranging wild red deer (Cervus elaphus) in an area of 100
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hectares in Bah¢ekdy Deer Breeding Farm, under the body
of the General Directorate of Nature Conservation and
National Parks of the Ministry of Agriculture and Forestry
in Istanbul Belgrad Forests between April 2019 and March
2020 for the isolation and identification of Salmonella.
Fresh fecal samples collected every month regularly from
different regions of a 100-hectare land were taken into
sterile dry vessels containing feces and delivered to the
laboratory as soon as possible within cold chain (Carroll et
al., 2015).

Among the samples, isolation of Salmonella
species were performed according to the Protocol of the
World Health Organization on Salmonella spp. isolation
from Food and Animal feces (WHO 2010). The samples
delivered to the laboratory were incubated for 18-20 hours
at 37°C in Buffered Peptone Water for pre-enrichment.
After the pre-enrichment process, cultures were passaged
into Tetrathionate Broth (Oxoid) and Rappaport-
Vassiliadis Soya Broth (Hi-Media) for selective
enrichment and incubated for 18-24 hours at 37°C and
41.5°C, respectively. Hektoen Enteric Agar (Condalab)
including novobiocin (15 pg/ml final concentration) and
MacConkey Agar (Hi-Media) were used for the selective
agar for isolation (Cakin et al., 2020). Black colonies on
Hektoen Enteric Agar and lactose-negative semi-
transparent yellowish colonies on MacConkey Agar were
passaged to obtain pure cultures. As a result of the
biochemical tests performed from the pure cultures, the
isolates which were urease negative and methyl red, citrate
positive, and formed H.S and gas in Triple Sugar Iron
Agar, were evaluated as presumptive Salmonella spp.
These isolates were examined by PCR by using
Salmonella spp.-specific invA gene region primer-139
(5°GTG AAA TTA TCG CCA CGT TCG GGC AA3’) and
primer-141 (5’TCA TCG CAC CGT CAA AGG ACCC3’)
(Rahn et al., 1992).

As a positive control, Salmonella Typhimurium
ATCC 14028, from the culture collection of Department of
Microbiology, Faculty of Veterinary Medicine, Istanbul
University-Cerrahpasa, was used. Salmonella spp.-specific
gene region was sought in the electrophoresis that was
conducted after the DNA extraction and DNA
amplification procedures.

RESULTS

According to the colony morphology, 67
presumptive- Salmonella isolates were detected in 240
fecal samples examined. As a result of the biochemical
tests conducted on these isolates, 14 Salmonella spp.-
suspicious isolates were found. No invA gene region was
found in the isolates as a result of the PCR applied for the
invA gene region. Salmonella spp. was not isolated in the
240 fecal samples examined.
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DISCUSSION AND CONCLUSION

Wildlife is an ecosystem formation that naturally
hosts plants and animals. It is possible to classify the
animals in this formation as mammalians, birds, reptiles,
and invertebrates (Ogurlu, 1988). Deer, one of the most
well-known members of wildlife, are animals that identify
the Cervus genus in the family Cervidae in the class
mammals (Linnaeus, 1758) (ITIS, 2012).

Among the important bacterial diseases affecting
deer, various infections such as bovine tuberculosis,
paratuberculosis, yersiniosis, leptospirosis, brucellosis,
pasteurellosis, anthrax, colibacillosis, malignant edema,
tetanus, and soft kidney disease can be regarded.
Tuberculosis, brucellosis, salmonellosis, and anthrax are
also important infections in terms of public health
(Mackintosh et al., 2002; Ayanegui-Alcerreca., 2007;
French et al., 2010; Sieber et al., 2010). Salmonella
species, members of Enterobacteriaceae family, are
primarily colonized in small intestine of different animal
types and they are non-spore-forming and Gram-negative
bacilli (Popoff & Le Minor, 2015). Rapid spreading of
Salmonella serovars among the animals and their zoonotic
characters are important risk factors in terms of human and
animal health. Salmonella species can affect many
mammalians, including deer (Sato et al., 1999).

The number of studies conducted for the presence
of Salmonella species in deer is quite limited throughout
the world. Renter et al. (2006) isolated Salmonella serovars
in five of 500 fecal samples (S. Lithfield, S. Dessau, S.
Infantis and S. Enteritidis) and Sato et al. (1999) isolated S.
Typhimurium from the internal organs of 7 deer that died
in a park with 30 deer in total. While Henderson and
Hemmingsen (1983) did not isolate Salmonella spp. from
3810 deer feces collected from farms, Lillehaug et al.
(2005) did not isolate Salmonella spp. from 618 deer feces.
The limited number of studies have revealed that isolation
of Salmonella agents from the deer feces is relatively low
(Henderson & Hemmingsen 1983; Sato et al., 1999; Renter
etal., 2006). Besides, Sato et al., (1999) highlighted that S.
Typhimurium may be responsible for the deaths in deer
depending on both agent isolation and histopathological
findings. The presence of Salmonella agents in other
members of wildlife is also striking. While Simpson et al.
(2018) identified S. Paratyphi B Java and S. Wangata
serovars from wild mammals, birds, and reptiles, Gorski et
al. (2011) reported that they detected S. Give, S.
Typhimurium, S. Montevideo, S. Kumasi, S. Kentucky,
and S. Infantis serovars from wild birds, jackals, deer, wild
boars, and skunks. Farias et al. (2014) examined 225 fecal
samples of wild animals and isolated Salmonella enterica
serovars in 56 of them (S. Typhimurium (64.3%), S.
Newport (32.1%), and S. Heidelberg (5.3%)). Onbiiyiik et
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al., (2020) examined 180 fecal samples of wild birds and
detected Salmonella serovars in 16 (8.9%) feces.

In the present study, Salmonella spp. was not
isolated from the deer feces that were collected from the
free ranges of the deer living at Bahgekdy Deer Breeding
Farm at Istanbul Belgrad Forest. Other studies, in which
Salmonella agents were not isolated, reported that deer
cannot carry these agents for a long time, which may be
associated the absence of gallbladder in deer (Henderson
& Hemmingsen 1983). A study conducted in 2010 reported
that Salmonella agents can be carried and colonized
through the gallbladder tissue and gallstones, which
supports these hypotheses (Crawford et al., 2010). Another
study was stated that direct PCR from feces, in addition to
bacteriological culture study, may be effective in
increasing the chance of identification (Renter et al., 2006).

The number of deer, which has decreased due to
overhunting and the destruction of their habitats, has been
increased by the studies carried out in deer breeding centers
established in various regions of Turkey. Increasing the
number of deer may pose a risk in terms of both human
health and domestic animal health and also food hygiene.
Factors increasing the contact of humans with wildlife,
such as the expansion of urban borders and the destruction
of forest areas, can affect the spread of infectious agents
and the epidemiology of zoonotic agents (Dos Santos et al.,
2020). Although there is no direct contact with infected
animals, various insects, reptiles, and birds may infect
humans, domestic animals, and animal food products with
Salmonella agents (Skov et al., 2008). In addition, hunting
activities can also pose a risk to human health (Paulsen et
al., 2012). It is thought that the presence of Salmonella
serovars in wildlife may be responsible for the infected
domestic animal herds and human activities (Sato et al.,
1999; Scallan et al., 2011). When the Salmonella cycle
between wildlife, humans, and domestic animals is
examined, it is thought that wildlife may have an important
role as a transmission vector for salmonellosis seen in
humans. These transmission pathways include direct
contact of wildlife with humans, relation with farm animals
as a vector of accumulation and contamination, and
contamination of food and food production units. Free-
range of farm animals and free land conditions, which are
one of the requirements of organic agriculture, increase the
contact of farm animals and wildlife as a part of this cycle.
Bi-directional contamination seen as a result of this contact
causes the spreading of Salmonella agents. In addition, it is
thought that the wild animals that carry the agent to the
water resources such as irrigation ponds, canals, and dams
may have a direct or indirect role in the contamination
cycle of Salmonella agents (Henderson & Hemmingsen
1983; Hilbert et al., 2012; Dos Santos et al., 2020).
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The study conducted by Carillo-Del Valle et al at
the wild animal breeding center in Mexico (2016) reported
some pathogenic Escherichia coli serotypes in the feces of
red deer. Interestingly these strains were similar to human
strains detected in Mexican people, suggesting wildlife
may cause a potential health risk for domestic animals and
public health.

Considering the factors such as the limited
number of studies on bacterial diseases of deer in Turkey,
growing of animal population, increasing wildlife and
human interaction, it will be beneficial to conduct studies
on both Salmonella agents and all the bacterial agents in
terms of wildlife and public health.
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Abstract: Ranunculus gracilis rhizomes were picked from Yenice Forests Karabiik province in

+(1): htps:forcid. org/0000-0003-1420-8729 Turkey. E_thanol was chosen for_ gxtractlon_solvent. Disc o_Ilffusmn method mcIudmg_flIamentous
- https://orcid.org/0000-0002-5772-9463 and non-filamentous Gram-positive bacteria, Gram-negative bacteria, and yeast strains was used
: httos://orcid.ora/0000-0001-5155-5784 to evaluate the antimicrobial activity of the extract. 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical scavenging activity and ferric reducing antioxidant power analysis were performed to

determine antioxidant activity. The Folin-Ciocalteu method for determining the total phenolic

amount and the AICIs method for the total flavonoid content of the extract was chosen. Mean

diameters of inhibition zones (1ZD) of the bacteria were found in the range of 8.2 mm to 24.45

mm. This value was measured as 17.82 mm and 18.69 mm for yeasts. The total antioxidant

activity value of the extract was calculated as 7.08 mg AAE/g extract. The IC50 value was found

as 9.097 mg/mL for DPPH free radical scavenging activity. The FRAP value indicated that the

reducing power of 1 gram of sample was equivalent to 4.66 pmol of Trolox. The total phenolic

content of ethanol extract of R. gracilis rhizomes was determined as 0.414 mg GAE/g, while the

*Corresponding author: flavonoid content was calculated as 0.68 mgQE/g. This study is the first report demonstrating the
LTI biological activities of R. gracilis in the literature. The analyzed ethanolic extract of R. gracilis
Ordu University, Department of Math and i . i . i . i
Science, Faculty of Education, Ordu, Turkey rhizomes demonstrated that the biological activity level could be considered significant according
e to the obtained results.

Keywords: Antibacterial effect, antifungal activity, antioxidant, pathogenic actinomycetes.

Ranunculus gracilis Clarke Rhizomunun In Vitro Biyolojik Aktiviteleri

Oz: Ranunculus gracilis rizomlar1 Tiirkiye'nin Karabiik ili Yenice Ormanlaridan toplanmistir.
Ekstraksiyon ¢oziiciisii olarak etanol se¢ilmistir. Ekstraktin antimikrobiyal aktivitesinin
degerlendirilmesinde filamentli ve filamentli olmayan Gram-pozitif bakteriler, Gram-negatif
bakteriler ve maya suslarini igeren disk diflizyon yontemi kullanilmistir. Antioksidan aktiviteyi
belirlemek igin 2,2-difenil-1-pikrilhidrazil (DPPH) serbest radikal temizleme aktivitesi ve ferrik
indirgeyici antioksidan gii¢ analizi yapilmistir. Toplam fenolik miktari belirlemek i¢in Folin-
Ciocalteu yontemi ve ekstraktin toplam flavonoid igerigi i¢in AICl3 yontemi se¢ilmistir.
Bakterilerin ortalama inhibisyon zonlar1 (IZD) ¢aplari 8.2 mm ile 24.45 mm arasinda
bulunmustur. Bu deger mayalar i¢in 17.82 mm ve 18.69 mm olarak dl¢iilmiistiir. Ekstraktin
toplam antioksidan aktivite degeri 7.08 mg AAE/g ekstrakt olarak hesaplanmistir. DPPH serbest
radikal siipiirme aktivitesi i¢in IC50 degeri 9.097 mg/mL olarak bulunmustur. FRAP degeri, 1

*Sorumlu yazar: gram numunenin indirgeme giiciiniin 4.66 pmol Trolox'a esdeger oldugunu gostermistir. R.
EWfCIL ) L gracilis rizomlarinin etanol ekstraktinin toplam fenolik igerigi 0.414 mg GAE/g, flavonoid igerigi
Ordu Universitesi, Matematik ve Fen Bilimleri N . . - . .S

Bolamu, Egitim Fakiiltesi, Ordu, Turkiye ise 0.68 mgQE/g olarak hesaplanmistir. Bu ¢aligma, literatirde R. gracilis'in biyolojik
X: elifcil@odu.edu.tr aktivitelerini gosteren ilk rapordur. Elde edilen sonuglara gore, R. gracilis rizomlarinin analiz

edilen etanolik 6zii, biyolojik aktivite seviyesinin 6nemli olarak kabul edilebilecegini gostermistir

Anahtar _kelimeler: Antibakteriyal etki, antifungal aktivite, antioksidan, patojenik
aktinomisetler.
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INTRODUCTION

For human diseases, medicinal plants have been
used for centuries because of their components which have
therapeutic value. At the same time, the potential of the
chemicals obtained from these plants in the research of new
drug discovery cannot be ignored (Nostro et al., 2000).
Thanks to its flower diversity, our country has a positive
potential in medicinal plant research (Ceylan et al., 2019;
Kasapoglu et al., 2020; Ozturk et al., 2018).

Turkey is one of the leading countries on trade in
medicinal and aromatic plants, whereby geographic location,
climatic characteristics, plant diversity, agricultural potential
and large surface area (Pakdemirli et al., 2021). Due to
Turkey's climatic and ecological features, many medicinal
and aromatic plants can be collected from nature or
cultivated in agricultural areas (Tirkis 2018, Wang et al.,
2020). Besides, plant extracts in the food, pharmacology,
and cosmetics fields are becoming more common. This
increasing demand shows that it is crucial to investigate
medicinal plants systematically (Wang et al., 2020).

Ranunculaceae are distributed throughout the
northern hemisphere and temperate regions in the southern.
In Turkey, this family comprises twenty genera, and eighty-
four species and twenty-eight subspecies represent the
genera of Ranunculus. Twenty-two of them are endemic
(Giiner et al., 2012). R. gracilis Clarke is not an endemic
species. The plant naturally spreads in the Balkans and
Turkey. Itis seen on slopes, scrubs, and fields. Its local name
in Turkey is narin yag ¢gicegi.

It is reported that some Ranunculus species have
been used for their health benefits. This family has been used
to treat rubefacient, antirheumatic, cough and asthma,
urinary infections, intermittent fever commonly (Nazir et al.,
2013; Raziq et al., 2020). For instance, in Kazakhstan, R.
grandifolius is used to treat tuberculosis, and in Jordan, R.
asiaticus is used in rheumatic treatments (Ryabushkina et al.,
2008). Also, it is published that In Umbria, Italy, R. ficaria's
rhizome, young leaves, and flower parts are used in teeth and
mouth cleaning (Ranfa & Bodesmo, 2017). In Turkey, young
leaves and tubers of R. ficaria L. subsp. calthifolius is
consumed as food (Elmas et al., 2017). R. arvensis is used as
a folk remedy for arthritis, asthma, high fever, gout, and
psoriasis in the Far East (Akbulut et al., 2011).

It is known that natural products obtained from
medicinal plants are chemically balanced and effective.
Compared to synthetic drugs, it is considered to have the
most negligible side effects and the least harmful (Bhatti et
al., 2015). Due to different environmental conditions, the
active substances produced by plants may vary in content
and density (Vita et al., 2018). Free radicals can cause some
health problems. By completely blocking or reducing the
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formation of free radicals, antioxidants protect people from
their harmful effects and help prevent the development of a
wide variety of diseases (Bhatti et al., 2015).

The rhizome is the plant organ where concentrated
active ingredients such as macro-micro and essential
components are stored (Jabborova et al., 2021; Parzych et
al., 2015). On the other hand, these parts can be poisonous.
Although the poison is neutralized chiefly by heat treatment,
these plants should be used as food and medicine with
extreme caution (Elmas et al., 2017).

Our literature review found that species highly
related to R. gracilis were reported to be used as food and
medicine. But studies on R. gracilis have remained
untouched. In the literature survey, there is neither
antimicrobial  susceptibility nor antioxidant activity
investigation for this plant. Therefore, in this study, the
antioxidant and antimicrobial activities of the ethanolic
extract of the rhizome part of the R. gracilis plant were tried
to be determined for the first time.

MATERIAL AND METHOD

Material: R. gracilis rhizomes were picked from
Yenice Forests Karabiik province in Turkey during 2014-
2016 (Figure 1). Collected samples were pressed in the field,
and the species identification was made by Sevda TURKIS,
using Davis et al., (1988)'s book named "Flora of Turkey and
The East Aegean Islands Vol. 10". The voucher specimen
was deposited at the herbarium of Ondokuz Mayis
University, Samsun, Turkey (OMUB Herbarium N0:8847).

x

@

(b)

Figure 1. () The photo of R. gracilis was taken by Sevda TURKIS
(b) The location of Yenice Forest. Ethanol extract of R. gracilis was
prepared according to the modified methods of Wandscheer et al.,
(2004) (Cil et al., 2021).

Preparation of extracts: Whole plant parts were
cleared of soil residues and dried at room temperature for 2
weeks. In the study, it was preferred to use ethanol as a
solvent due to its non-toxicity. The powdered plant material
was percolated using 95% ethanol in the ratio of 1:10 (w/v)
at room temperature for one night and supernatant was
collected. This process was repeated for 3 days, and the
supernatant was collected in a separate bottle. Then the
whole ethanolic extract was filtered through 125 mm
quantitative filter paper discs. The solvent was evaporated
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by rotary evaporator under reduced pressure and temperature
(30°C). The crude extracts were stored at —20°C until used.

Antimicrobial activity: Since the rhizome part of
the R. gracilis plant remains underground, we chose to use
the pathogenic microorganisms to be used in the study
predicting that the extract obtained from the rhizome part
may have an effect on soil-borne opportunistic pathogenic
organisms. In the study, we studied with actinomycetes,
which are opportunistic pathogens found in soil In addition,
Gram-positive and Gram-negative hospital pathogens,
which are frequently encountered in the literature, were
used.

The selected microorganisms and their culture
collection numbers are listed in Table 1. The fresh culture of
each microorganism was transferred to sterile test tubes
containing Brain-Heart Infusion (BHI) broth under aseptic
conditions. The bacterial and fungal density in the tube was
adjusted to 0.5 and 1 McFarland respectively, using
McFarland Densitometry. Six mm diameter sterile blank
discs (Oxoid) were placed on agar to load 50 pl of extract
solution. Antimicrobial activity tests were performed with
the disc diffusion method according to the M100 (2021),
MO02 (2018), M60 (2020) Clinical and Laboratory Standards
Institute (CLSI) procedures.

Table 1. List of microorganisms used in the study.
Microorganism Culture Collection Number

Bacillus subtilis” NRRL B-209"
Candida albicans* DSM 13867
Escherichia coli* ATCC®259227
Enterococcus faecalis” ATCC®194337
Micrococcus luteus® NRRL B-1018"
Nocardia abscessus® DSM 444327
Nocardia cyriacigeorgica® DSMZ 444847
Proteus vulgaris® NRRL B-1237
Saccharomyces cerevisiae* ATCC®97637
Salmonella enterica subsp. enterica * ATCC®439717
Staphylococcus aureus* ATCC®65387
Streptomyces murinus$ ISP 50917

*Non-filamentous Gram-positive bacteria *Filamentous Gram-positive bacteria
* Gram-negative bacteria *Yeast

A digital caliper measured inhibition zone
diameters of different microorganisms to estimate the
potency of antimicrobial activity after incubation at 37°C for
24-48 h. The study was conducted in three replicates. The
obtained results were the mean of three measurements.

Total phenolic content: The total phenolic content
of the rhizome extract was determined using Folin-Ciocalteu
(Singleton & Rossi, 1965). In this method, it is essential to
spectrophotometrically measure the intensity of the blue
color of the complex formed by reducing the phenolic
content in the extract to the phosphomolybdic-
phosphotungstic component contained in the Folin-
Ciocalteu reagent. Using the standard calibration curve
prepared with gallic acid, the total phenolic content was
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determined in terms of gallic acid (GA) equivalent (mg
GAE/g extract).

The flavonoid content: The flavonoid content of
the extract was determined according to the method used by
Arvouet-Grand et al., (1994). According to this method, 1
mL of 2% AICI; solution prepared in methanol is mixed with
the same volume of extract or various concentrations of
quercetin. After 10 minutes, absorbances were measured at
415 nm against the prepared blank, and the total flavonoid
content of the sample was calculated as quercetin equivalent
(mg QE/g extract).

Total antioxidant capacity: The total antioxidant
capacity of the prepared sample was determined
spectrophotometrically at 695 nm  using the
phosphomolybdenum method, which is based on the
reduction of Mo(VI) to Mo(V) by the studied extract used,
resulting in  the  formation of  green-colored
phosphate/Mo(V) compound (Prieto et al., 1999). Total
antioxidant activity was expressed as ascorbic acid
equivalent (mgAAE/g extract).

DPPH free radical-scavenging activity: The
rhizome sample's DPPH free radical scavenging efficiency
was determined according to the method used by Sanchez-
Moreno et al., 1998. For this purpose, different amounts of
the extract were combined with the DPPH solution prepared
in methanol, and at the end of 30 minutes, absorbances of
each tube content nm against methanol were recorded at 517.
The scavenging activity (%) values calculated using the
following equation for each extract concentration were
plotted against the concentration. The SC50 value (the
extract concentration that scavenges 50% of the free radicals
in the environment) was determined from the graph.

Scavenging  Activity (%) (ABSplank-
ABSsammple)/ABSblank x 100

Ferric Reducing Antioxidant Power (FRAP): The
FRAP method, based on the principle of reducing of a ferric
2,4,6-tripyridyl-s-triazine complex (Fe**-TPTZ) to its
ferrous coloured form (Fe?*-TPTZ) in the presence of
antioxidants, was performed by applying the method
previously described by Slinkard and Singleton (1977). The
FRAP reagent used for the test containing 2.5 mL of a 10
mM TPTZ (2,4,6-tripyridyl-s-triazine) solution in 40mM
HCI, 2.5 mL of 20 mM FeCls and 25 mL of 0.3 M pH 3.6
acetate buffer is prepared daily and kept in the dark at 37° C.
Sufficient amount of extract was combined with FRAP
reagent and after 30 minutes incubation at 37°C, all tube
contents were recorded at 593 nm, including trolox standards
of different concentrations exposed to the same conditions.
A calibration curve was drawn with the absorbance values
were compared with different concentrations of trolox, and
the FRAP value of the sample was calculated as trolox
equivalent (umol TXE/g extract), using the straight-line
equation of the curve.
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Statistical analyses: Statistical Package for the RESULTS
Social Science Predictive Analytics SoftWare Statistics
(SPSS) version 26 was used for statistical analyses in this Antimicrobial activity: This study investigated the
study. First, the normality of the data was checked. Then it antimicrobial effect of R. gracilis rhizome were tested on
was checked whether the data were homogeneously filamentous Gram-positive, non-filamentous Gram-positive,
distributed, and the analysis of variance was started. The and Gram-negative bacteria and yeast strains. The results

results were evaluated in the confidence limit of 0.05.

obtained using the disk diffusion method, which is the oldest
and most popular antimicrobial activity method, are given in
Table 2 in alphabetical order.

Table 2. Antimicrobial activities of R. gracilis ethanolic extract based on inhibition zone diameters (1ZD).

Tested Microorganisms Microorganism groups X 1ZD (mm) Sf300* Nystatin (0.5 mg/mL)
B. subtilis NFG+ 20.58+0.9% 33.98+0.5 NIZ
C. albicans Y 17.82+0.39%f NIZ 32.89+0.2
E. coli G- 19.98+0.9% 36.42+0.6 NIZ
E.faecalis NFG+ 8.2+0.19 34.56+0.5 NIZ
M. luteus NFG+ 24.45+0.6* 40.99+0.2 NIZ
N. abscessus FG+ 16.7+0.2¢ 32.30+0.9 NIZ

N. cyriacigeorgica FG+ 20.23+0.07" 31.40+0.7 NIZ

P. vulgaris G- 21.840.5° 30.90+0.2 NIZ

S. cerevisiae Y 18.69+0.3%% NIz 30.25+0.5
S. enterica subsp. enterica G- 19.31£0.5% 24.05+0.2 NIz

S. aureus NFG+ 16.27+0.7° 29.89+0.3 NIZ

S. murinus FG+ 19.48+0.034% 31.95+0.5 NIZ

*Oxoid Sulfafurazole Antimicrobial Susceptibility Disks 300pug NIZ: No inhibition zone. % NFG+: non-filamentous Gram-positive FG+: filamentous Gram-positive G-:Gram-negative Y: Yeast

Normality and homogeneity of the data were
checked with Shapiro-Wilk and Levene statistics,
respectively. Since the significant value (p) for both tests
was greater than 0.05, it was concluded that the data were
both normally and homogeneously distributed, and
parametric analyzes were started. A One-Way analysis of
variance (ANOVA) was used to determine whether there
was a statistically significant difference between the
groups due to the antimicrobial activity test. According to
the results above, at least two microorganism groups were
statistically different from each other. The highest
inhibition zone diameter value was calculated for M. luteus
and the lowest one was E. faecalis and also P. vulgaris and
S. aureus inhibition zone diameter values were differed
statistically ~ significantly from the others F(11,
24)=91.403; p<0.05 (Figure 2). When the antimicrobial
activity results were examined, it was seen that Gram-
negative and filamentous Gram-positive bacteria were
more sensitive than Gram-positive non-filamentous
microorganisms F(3, 32)=5.385; p=0.004.

Total Phenolic and Flavonoid Contents: Total
phenolic amount of the rhizome part of the R. gracilis
Clarke ethanol extract was calculated as 0.414 mg GAE/g
extract according to Folin-Ciocalteu method. The total
flavonoid content of the same extract was recorded as
equivalent to 0.68 mg quercetin used as standard for 1 g of
the extract.

Total Antioxidant Activity: The antioxidant
activity of the plant extract, whose phenolic and flavonoid
content was revealed, was first evaluated by the

phosphomolybdenum method. This method is quite
suitable for estimating the antioxidant activity of crude
extracts on a total basis. The result was expressed in
comparison with the widely used standard antioxidant
ascorbic acid and calculated value was 7.08 mg AAE/g
extract.

(d)

Figure 2. Antimicrobial activity of ethanolic extract of R. gracilis
rhizome photos was taken by Elif CIL. (a) C. albicans (b) S.
enterica subsp. enterica (c) M. luteus (d) S. aureus

Antioxidant Activities: Apart from total
antioxidant capacity assay, antioxidant activity methods
support each other were also carried out. Antioxidant
activities correlate the antioxidant power of the tested
substance with its ability to transfer electrons. Firstly, the
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effect of saving the tested sample from being a radical form
by presenting an electron atom to the DPPH radical in the
medium was tested. The result was calculated with the SCsp
value, that is, the concentration of the extract that
scavenges half of the radical in the medium. SCso value was
obtained as 9.097 mg/mL. The iron ion reducing power,
namely FRAP value, known as trolox equivalent and a
widely known antioxidant, was also calculated as 4.66
pmol TXE/g extract.

Table 3. Total phenolic and flavonoid contents and antioxidant
screening of R. gracilis rhizomes.

Assays Measurement Unit Values
Total phenolic content (mg GAE/g extract) 0.414
Total flavonoid content (mg QE/g extract) 0.68
Total antioxidant activity (mg AAE/g) 7.08
DPPH (ICs0;mg/mL) 9.097
FRAP (umol of TXE/g extract) 4.66

DISCUSSION AND CONCLUSION

Although there are some Ranunculus species that
have been used in Asian traditional medicines, there have
been no reports about R. gracilis yet. This study is the first
report of in vitro biological activity of R. gracilis rhizomes
in the literature. So, antimicrobial activity and antioxidant
assay methods were combined to evaluate the biological
activities of the rhizome.

Antibacterial and antifungal activity are two
important steps to screen antimicrobial activity. When
many studies investigating the antimicrobial activity of an
extract in the literature are examined, it has been found that
researchers prefer to use only Gram-positive and Gram-
negative bacteria such as S. aureus and E. coli which are
frequently encountered in hospitals (Aladesanmi et al.,
2019; Masood et al., 2020; Onalan et al 2021; Mulat et al.,
2022). There is a need for the discovery of new
antimicrobial agents for some filamentous bacteria such as
Nocardia, which are known as opportunistic pathogens
that can cause nosocomial infections in hospitals. In
addition to being the first study reported in the literature,
the other unique aspect of the study is that it also includes
opportunistic pathogens of filamentous actinomycete
strains.

In their study conducted in 2018, Atci and
Karagéz compared the antimicrobial activities of R.
sericeus extracts with methanol and acetone. The inhibition
zone diameters they obtained were 15 mm for B. subtilis,
13 mm (acetone), 12 mm (methanol) for E. fecealis, 11 mm
(acetone) and 14 mm (methanol) for S. aureus. Except for
E. fecealis, the inhibition zone diameters obtained in that
study were smaller than ours (Table 2). When evaluating
the results obtained by the disk diffusion method, the
inhibition zone diameter of 15 to 19 mm can be considered
as medium, and the inhibition zone diameter of 20 mm and
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above can be considered as strong antimicrobial activity
(CLSI 2018). Therefore, our results can be evaluated on a
scale ranging from intermediate to strong, except for E.
facialis. It is expected result because the rhizome, which is
the main structure to be protected in geophyte plant
species, remains under the ground. It would not be
surprising that these parts produce antibiotic-like
secondary metabolites in order to protect them from
pathogenic bacteria and the other living things in the soil.

When the literature is examined, it is seen that
(same as antimicrobial activity screening), the phenolic and
flavonoid contents and their antioxidant activities of the
leaves, roots, and flower parts of different Ranunculus
species except R. garcilis are investigated. Therefore, the
present study aimed to biochemically investigate the
rhizome part of R. gracilis, which is thought to be
incomplete in the literature.

As aresult of this study, it was figured out that the
ethanolic extract prepared from the rhizome of the plant
had a phenolic content using the gallic acid equivalent and
a flavonoid content as well using the quercetin equivalent.
Both the DPPH radical scavenging ability and the trolox
equivalent FRAP value were examined in addition to the
total antioxidant activity test. The obtained values are
moderate when compared with similar studies (Deghima et
al., 2020). Deghima et al. (2020) investigated antioxidant
activity of different solvent fractions from the roots of R.
macrophyllus Desf and obtained the best results in the
ethyl acetate fraction. Similarly, Bhatti et al. (2015), who
made post-extraction examinations in different solvent
combinations such as single, double or triple, obtained the
highest values for R. arvensis in case of methanol extract,
and the presented values are quite consistent with the
present study.

Among the studies on the total phenolic contents
and antioxidant activities of the extracts of the leaf, root,
and flower parts of R. laetus species prepared with different
solvents, the methanol extract of the flower part especially
stands out (Masood et al., 2020). Such reports common in
the literature have led us to study only alcohol extract. The
antimicrobial potential of R. gracilis rhizome, combined
with the promising antioxidant activity detected, makes it
a strong candidate for further research to find future drugs
where such activity is required. However, the plant parts
seemed to deserve other detailed investigations of their
individual biologically active components, which may be
an attractive source of nutraceuticals and medicinal
additives.

In a study, in which the polyphenol profile and
antioxidant activities of four different Ranunculus species
collected from Romania were examined after two different
extraction techniques. It was concluded that both the plant
part and the extraction solvent created a significant
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difference. Especially, the difference in species
significantly caused variability in the antioxidant activity
and phenolic content (Neag et al., 2017).

Furthermore, the rhizome part of R. gracilis
seemed to deserve other detailed investigations of their
individual biological active components, which may be an
attractive source of nutraceuticals and medicinal additives.
On the other hand, The fact that the International Union of
Conservation of Nature (IUCN) category of the
populations of R. gacilis in Turkey has not been determined
shows our lack of information about the conservation status
of this species. Our study emphasizes the biological
activity of the species and thus its importance. Although
we have obtained promising antimicrobial activity data
from R. gracilis, it may not be correct to recommend it for
pharmacostatic studies. At this step, the population
distribution and conservation status of the species in
Turkey are unknown because these plants are the genetic
heritage we will leave to our future generations.
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Oz: Bu calismada, Mersin Korfezi’'nde kullanilan fanyali siibye uzatma aglarnin av
kompozisyonu belirlenmeye ¢alisilmigtir. Bu amagla 01.11.2019-15.02.2020 tarihleri arasinda
toplam 15 deniz seferi ger¢eklestirilmistir. Calisma sonunda 4 sinif, 25 familya, 34 tiire ait toplam
6084 adet ve 701,14 kg ornek tespit edilmistir. Av kompozisyonunda 2285 adet ve 522,10 kg
birey ile en fazla avlanan tiiriin (%74) Siibye (Sepia officinalis) oldugu tespit edilmistir. Bulgular
toplam avin agirlik olarak %74’tinii hedef tiir, %19’unu tesadiifi tiirler ve %7’sini ise 1skarta
tiirlerin olusturdugu goéstermektedir. Adet olarak ise toplam avin %37’sini hedef av, %26’sin1
tesadiifi av ve %37 sini ise 1skarta avin olusturdugu tespit edilmistir. Hedef, tesadiifi ve 1skarta
tiirlerin birim ¢abada yakalanan av degerleri sirasiyla agirlik olarak 0,6961, 0,1776 ve 0,0612
kg/100 m /giin, adet olarak ise 3,047, 2,094 ve 2,970 adet/100 m/giin olarak hesaplanmustir.
Iskarta tiirler arasinda 6 tiiriin Uluslararas1t Dogay1 Koruma Birligi (IUCN) tarafindan hazirlanan
kirmiz1 listeye giren tiirler oldugu tespit edilmistir. Sonug olarak, tespit edilen bu tiirlerin yillar
icerisindeki degisiminin siirekli izlenmesi ile siirdiiriilebilir balik¢ciliga nasil bir katki
saglayabilecegi tartisilmistir.

Anahtar kelimeler: Birim cabaya diisen av_miktar1, Dogu Akdeniz, 1skarta, kiiciik olcekli
balike¢ilik.

Catch Composition and By-Catch of Commercial Trammel Nets for Cuttlefish (Sepia
officinalis, Linné, 1758) in Mersin Bay (North-Eastern Mediterranean)
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Abstract: In this study, 15 sea trials were carried out between 01.11.2019-15.02.2020 in order to
determine the catch composition of cuttlefish trammel nets used in Mersin Bay. At the end of the
study, a total of 6084 samples with the weight of 701.14 kg belonging to 4 classics, 25 families
and 34 species were determined. It was determined that the most caught species (74%) was
Cuttlefish (Sepia officinalis) with 2285 samples (in total 522.10 kg) in the catch composition. The
findings in terms of weight show that 74% of the total catch is target species, 19% is incidental
species, and 7% is discarded species. In terms of number, it was determined that 37% of the total
catch is target species, 26% is incidental catch, and 37% is the discarded catch. The catch values
per unit effort of target, random and discards species in weight was faund to be 0.6961, 0.1776
and 0.0612 kg/100 m/day respectively. In terms of nummer, it was found to be 3.047, 2.094 and
2.970 pieces/100 m/day, respectively. It has been determined that 6 of the discarded species are
on the red list prepared by the International Union for Conservation of Nature (IUCN). Finally, it
has been discussed how these species can contribute to sustainable fisheries by constantly
monitoring the changes over the years.

Keywords: Catch per unit effort, Eastern Mediterranean, discard, small scale fishery.
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GIRiS

Uzun yillardan beri denizlerin asir1 bir sekilde
somiirtildiigl bilim adamlar: tarafindan dile getirilmektedir
(Armstrong et.al., 1998; Pauly and Zeller 2003; Teixeira, et
al., 2020). Akdeniz, degerlendirilen balik stoklarmin
%90"1ndan fazlasinin asir1 avlandigi, diinyanin en yogun
somiiriilen denizlerinden biridir (Lucchetti 2020). Ayrica
Akdeniz Tiirkiye de balik¢ilik agisindan av verimi en diigiik
deniz olmasina ragmen, tiir ¢esitliligi fazladir (Begburs &
Kebapgioglu, 2007). Mersin Korfezi ise balik¢ilik agisindan
bolgenin en elverigli sahalarindan biridir (Coker & Akyol,
2014).

Akdeniz’de bir¢ok balik tiiriiniin yaninda kafadan
bacaklilar (Cephalopod) avciligi da yapilmaktadir. Kafadan
bacaklilara ait tiirler, yiiksek besin degerine sahip olmalari
ve yiiksek ticari degerleri nedeniyle yogun olarak tiim diinya
denizlerinde avlanmaktadirlar (Erzini vd., 2006; Bilen vd.,
2010; Duysak vd., 2013). Siibye (Sepia officinalis)
Akdeniz’de fanyali uzatma aglari ile aveiligl yapilan en
o6nemli tirlerden biridir (Belcari vd., 2002; Maynou, vd.,
2011; Cilasin vd., 2015; Gil vd., 2018; Duysak & Ugurlu
2020; Tiralongo vd., 2021). 2020 verilerine gore Tiirkiye’de
960,5 ton siibye avcilig1 yapilmakta olup bu miktarin %62’si
Akdeniz kiyilarimizdan elde edilmektedir (TUIK, 2020).
Mersin Korfezi ’de bu tiiriin aveiliginin yapildigt nemli
yerlerden biridir. Bélgede bu tiiriin aveiligin da kullanilan en
onemli av araclarindan biride uzatma aglaridir. Burada
kullanilan aglar fanyali uzatma aglaridir. Bu aglar ile siibye
aveilign Ekim- Kasim aylarinda baglar ve Ocak-Subat
aylarina kadar devam eder (Bozaoglu, 2012).

Akdeniz i¢in tiir cesitliligin fazla olmasi, aveilik
operasyonu sirasinda av aracinin daha fazla hedef dist tiir ile
etkilesime girmesine neden olmaktadir. Akdeniz i¢in kiigiik
olcekli balik¢iligin neden oldugu 1skarta av iizerine sinirlt
¢aligma bulunmakla birlikte 1skarta av miktarinin kullanilan
av aract ve balik¢ilik sahasina gore degisiklik gosterdigi
bildirilmistir (FAO, 2018). Bununla birlikte kiigiik 6lgekli
balik¢ilik i¢in tim GFCM alt bolgelerinde genel olarak
1skarta av miktarinin agirlikga %15’in altinda oldugu rapor
edilmistir (FAO, 2018).

Stibyenin ortalama 2 yil gibi ¢ok kisa bir yasam
dongiisii vardir (Bilen vd., 2010). Bu nedenle siirdiiriilebilir
bir balik¢ilik politikasi izleyerek bu tiirden maksimum
sekilde faydalanilmasi gerekmektedir. Son yillarda iskarta
av balikgilikta Onemli bir sorun olarak karsimiza
¢ikmaktadir (Hall ve Mainprize, 2005; Tsagarakis vd., 2014;
Roda vd., 2019; Tiralongo vd., 2021). Ozellikle ticari tiirlere
ait yavru bireylerin ve nesli tehlike altindaki tiirlerin 1skarta
olarak ¢ok fazla miktarlarda yakalanmasi bu tiirlerin stoklar
icin olumsuz bir durum olusturmaktadir. Bu nedenle
balik¢ilik yonetiminde biitiinciil bir yaklagim igin yalnizca
hedef tiiriin degil, avcilik operasyonu sirasinda yakalanan
diger tiirlerinde av kompozisyonu igerisindeki durumunun
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belirlenmesi gerekmektedir. Bu kapsamda bu calisma ile
Mersin Korfezi’nde fanyali uzatma agi ile yapilan siibye
aveilig icin av kompozisyonu belirlenerek, ileride konu ile
ilgili yapilacak ¢aligmalara 151k tutulmasi amaglanmustir.

MATERYAL VE METOT

Deniz seferleri ii¢ farkli ticari balikgr teknesi ile
01.11.2019-15.02.2020 tarihleri arasinda
gerceklestirilmistir. Aglar, boyu 8§, 8,5 ve 9 m uzunlugunda
olan 75, 105 ve 125 beygir motor giicline sahip tekneler ile
denize atilmistir. Arastirmada ag gz acikligit 64 mm olan
210 d/3 numara ip kalinliginda ve 0,5 donam faktorii ile
donatilmig aglar kullanilmistir. Kullanilan aglarm teknik
plant Sekil 1°de verilmistir. 3 teknede de ayni 6zelliklere
sahip aglar kullanilmistir. Operasyonlar sirasinda her tekne
50 posta (5000 m) ag kullanmistir. Mersin Ko6rfezi Camlibel
balik¢1 barinagi ile Karaduvar balik¢i barinagi arasinda kalan
bolge av sahasi olarak belirlenmistir (Sekil 2). Bu bolgede,
7-15 m derinlikler arasinda toplam 15 operasyon i¢in veri
alinmigtir. Sabah giin dogarken atilan aglar, denizde 24 saat
bekletilmistir. Ayrica siibye aglar1 ile yakalanan avlar
aragtirmacilar tarafindan tiirlerine ayrilmis ve her tiir icin
adet ve agirlik verileri kaydedilmistir. Tiirlerin tespitinde
Ekingen (2004)’iin yayinlamis oldugu tani anahtarindan
yararlanilmstir.
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Sekil 1. Siibye uzatma agmin teknik plani.
Figure 1. Technical plan of cuttlefish trammel net.
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Sekil 2. Arastirma Bolgesi.
Figure 2. Study Area.

Tir bazinda birim cabada yakalanan av miktari
(CPUE) degerleri asagidaki formiile gore hesaplanmistir.
(Godoy vd., 2003).
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CPUE; = —

ni si

Bu formiilde; ¢ i=i. ag grubunun yakaladigi toplam
birey sayisi, (ya da agirhign),

n i=i. ag grubundaki ag sayis1 ve

s 1 = 1. ag grubunun kullanildig1 giin sayisini ifade
etmektedir.

Iskarta ve tesadiifi av yiizdeleri ise 1skarta veya
tesadiifi olarak yakalanan tiirlerin adet (a) ve agirlik (b)
olarak miktarlar1 toplaminin yakalanan toplam av miktarina
boliinmesiyle elde edilmistir. Burada bahsedilen iskarta
tanimi, hedef dist av icerisindeki hayvansal kokenli toplam
organik materyalin her hangi bir sebeple denize geri
birakilan ya da atilan kismi olarak kabul edilmistir (Kelleher,
2005). Tesadiifi av tanim1 ise hedef dis1 yakalanip ticari
degeri bulunan ve satiga gonderilen tiirler igin kullanilmigtir.

BULGULAR

Arastirma sonucunda ticari olarak kullanilan
fanyal1 siibye uzatma aglari ile 4 sinif, 25 familya, 34 tiire ait

toplam 6084 adet ve 701,14 kg 6rnek elde edilmistir.
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Toplam avin tiirlere gore dagilimi Tablo 1’de
gosterilmistir. Tiir bazinda adet ve agirlik olarak en fazla
hedef tiir olan siibyenin yakalandigi tespit edilmistir.
Yakalanan tiirlerden toplam 19’unun tesadiifi av oldugu ve
satiga gonderildigi, 14’tniin ise 1skarta edildigi tespit
edilmistir. Ekonomik degere sahip ve tesadiifi olarak
yakalanan tiirlerden adet ve agirlik olarak en baskin iig tiiriin,
ispinoz (Pelates quadrilineatus) cipura (Sparus aurata) ve
jumbo karides (Penaeus semisulcatus) oldugu tespit
edilmigtir. Iskarta tiirler i¢erisinde adet ve agirlik olarak en
baskin ii¢ tiiriin ise kare yenge¢ (Goneplax rhomboides),
terzi yenge¢ (Charybdis longicollis) ve karavida (Rissoides
desmaresti) oldugu saptanmustir (Tablo 1).

Bu calismada Uluslararas1 Dogayr Koruma Birligi
(IUCN) tarafindan hazirlanan ve kirmizi listede belirtilen 6
tiriin  yakalandig1r tespit edilmistir. Bunlar kemane
(Rhinobatos rhinobatos) (EN Nesli Tehlikede, dikenli vatoz
(Raja clavata) (NT Nesli tehdit altina girebilir), folya
(Myliobatis aquila ) (NT Nesli tehdit altina girebilir), eskina
(Sciena umbra) (VU Hassas ), minekop (Umbrina cirrosa)
(VU Hassas ) ve lahoz (Epinephelus aeneus) (NT Nesli
tehdit altina girebilir) olarak tespit edilmistir.

Tablo 1. Toplam avin tiirlere gore dagilimu.
Table 1. Distribution of the total catch by species.

Tiir W+SH CPUE (W) %W N+SH %N CPUE(N)
Siibye Sepia officinalis® (Linné, 1758) 522,10+13,82 0,6961 74,46 2285+42,12 37,56 3,047
ispinoz Pelates quadrilineatus® (Bloch, 1790) 44,70+0,48 0,0596 6,38 1004+11,49 16,50 1,339
Cipura Sparus aurata® (Linnaeus, 1758) 23,50+2,38 0,0313 3,35 58+5,76 0,95 0,077
Jumbo karides Penaeus semisulcatus® (de Hann, 1844) 15,50+0,58 0,0207 2,21 21746,99 3,57 0,289
Terzi yenge¢ Charybdis longicollis? (Leene, 1938) 8,60+0,17 0,0115 1,23 468+5,83 7,69 0,624
Sargoz Diplodus sargus! (Linnaeus, 1758) 8,20+0,65 0,0109 1,17 5243,96 0,85 0,069
Karavida Rissoides desmaresti? (Risso, 1816) 8,10+0,39 0,0108 1,16 375+9,84 6,16 0,500
Dil Solea solea (Linnaeus, 1758) 7,90+0,57 0,0105 1,13 55+3,11 0,90 0,073
Liifer Pomatomus saltatrix* (Linnaeus, 1766) 7,60+1,08 0,0101 1,08 19+2,63 0,31 0,025
Dikenli Vatoz Raja clavata? (Linnaeus, 1758) 7,50+0,49 0,0100 1,07 16+1,03 0,26 0,021
Minakop Umbrina cirrosa® (Linnaeus, 1758) 6,70+0,66 0,0089 0,96 23+2,29 0,38 0,031
Kum yengeci Portunus pelagicus? (Linnaeus, 1758) 5,70+0,44 0,0076 0,81 3542,66 0,58 0,045
Ahtapot Octopus vulgaris! (Cuvier, 1797) 5,00+0,59 0,0067 0,71 540,62 0,08 0,007
izmarit Spicara smaris? (Linnaeus, 1758) 4,30+0,43 0,0057 0,61 55+5,08 0,90 0,073
Kemane Rhinobatos rhinobatos? (Linnaeus, 1758) 3,70+0,31 0,0049 0,53 10+0,90 0,16 0,014
Elektrikli Vatoz Torpedo nobiliona? (Bonaparte, 1835) 3,20+0,37 0,0043 0,46 10£1,12 0,16 0,014
Lahos Epinephelus aeneus® (Saint-Hilaire, 1817) 2,40+0,34 0,0032 0,34 4+0,59 0,07 0,005
Kare yenge¢ Goneplax rhomboides? (Linnaeus, 1758) 2,22+0,04 0,0030 0,32 1210+23,87 19,89 1,613
Folya Myliobatis aquila? (Linnaeus, 1758) 2,20+0,22 0,0029 0,31 6+0,63 0,10 0,008
Barbunya Mullus barbatus® (Linnaeus, 1758) 2,10+0,18 0,0028 0,30 30+2,33 0,49 0,040
Mavi yenge¢ Callinectes sapidus? (Rathbun, 1896) 1,40+0,16 0,0019 0,20 10£1,17 0,16 0,014
Domuz bahg Balistes capriscus® (Gmelin, 1789) 1,10+0,16 0,0015 0,16 5+0,72 0,08 0,007
Eskina Sciaena umbra® (Linnaeus, 1758) 1,10+0,19 0,0015 0,16 3+0,56 0,05 0,004
Balon balig Lagocephalus spadiceus?(Richardson1845) 1,10+0,14 0,0015 0,16 12+1,57 0,20 0,016
Kirlangi¢ Chelidonichthys lucerna® (Linnaeus, 1758) 0,90+0,13 0,0012 0,13 11+1,83 0,18 0,015
Kaya yengeci Charybdis hellerii?(Milne-Edwards,1867) 0,80+0,07 0,0011 0,11 13£1,46 0,21 0,017
Kalamar Loligo vulgaris® (Lamarck, 1798) 0,75+0,14 0,0010 0,11 3+0,56 0,05 0,004
Tiryaki Uranoscopus scaber? (Linnaeus, 1758) 0,60+0,11 0,0008 0,09 3+0,56 0,05 0,004
Karabiga Melicertus kerathurus® (Forskal, 1775) 0,50+0,06 0,0006 0,07 14+1,94 0,23 0,019
Trakonya Trachinus radiatus? (Cuvier, 1829) 0,50+0,09 0,0006 0,07 3+0,56 0,05 0,004
Sar1 barbun Upeneus molucensis! (Bleeker, 1855) 0,40+0,06 0,0005 0,06 740,99 0,12 0,009
Tekir Mullus surmuletus! (Linnaeus, 1758) 0,30+0,06 0,0004 0,04 3+0,56 0,05 0,004
Pul bahg Leignathus klunzingeri? (Steindachner, 1898) 0,27+0,03 0,0004 0,04 57+7,02 0,94 0,076
Ot barbunu Upeneus pori! (Ben-Tuvia&Golani, 1989) 0,20+0,04 0,0004 0,03 3+0,56 0,05 0,004
Toplam 701,14 0,9349 100 6084 100 8,111

N, toplam birey sayis1, %N, toplam av igerisindeki orani, W, toplam birey agirligi, %W, toplam av igerisindeki orani, CPUE (W), agirlik olarak birim ¢abada yakalanan av, CPUE (N), adet olarak birim ¢abada

yakalanan av, SH, standart hata.
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Arastirma sonucunda toplam avin agirlik olarak
%74’linii hedef av, %19’unu tesadiifi av ve %7’sini ise
1skarta avin olusturdugu tespit edilmistir. Toplam avin adet
olarak %37’sini hedef av, %26’s1n1 tesadiifi av ve %37 sini
ise 1skarta avin olusturdugu saptanmustir (Tablo 2). Hedef,
tesadiifi, 1skarta ve toplam avin aylara gére miktarlar1 ise
Sekil 3’ de gosterilmistir.

Tablo 2. Toplam avin hedef, tesadiifi ve 1skarta tiirlere gore
dagilimu.

Table 2. Distribution of the total catch by target, bycatch and
discard species.

Tir W=SH W%  CPUE (W) N=SH N% CPUE (N)
Hedef tiir 522,10£1382 74 0,6961 2285:42,12 37 3,047
Tesadiifi tir 133,150,938 19 0,1776 1571£1533 26 2,094
Iskarta tiir 45,89+0,32 7 0,0612 222842284 37 2,970
Toplam 701,14£6,31 100 0,9349 6084+31,60 100 8,111

N, toplam birey sayis1, %N, toplam av igerisindeki orani, W, toplam birey agirhigi %W toplam av
icerisindeki orani, CPUE (W), agirhik olarak birim ¢abada yakalanan av, CPUE (N), adet olarak
birim ¢abada yakalanan av, SH, standart hata.
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Sekil 3. Adet ve agirlik (kg) olarak hedef, tesadiifi ve 1skarta
tiirlerin av miktarlari.

Figure 3. Catch amount of target, bycatch and discard species (in
terms of number and weight).

Hedef, tesadiifi ve 1skarta avlarin hem adet hem
de agirlik olarak birim ¢abaya diisen av miktarlart giinliik
olarak, (1 posta (100 m) agda avlanan av miktari)
hesaplanarak Tablo 3’te gosterilmistir.

Tablo 3. Adet (adet/100 m/giin) ve agirlikca (kg/100 m/giin)
giinliik olarak birim ¢abada yakalanan hedef, tesadiifi ve 1skarta
av miktarlart.

Table 3. The catch amount of catch per unit effort by daily for
target, bycatch and discard in number (humber/100 m/day) and

weight (kg/100 m/day).
Giin Hedef tiir Tesadiifi tiir Iskarta Hedef tiir Tesadiifi tiir Iskarta
(CPUE) (CPUE) (N) (CPUE) (CPUE) (CPUE) (CPUE)
() ) w) ) W)
1 3,04 0,92 4,42 0,60 0,16 0,12
2 2,40 0,32 3,22 0,49 0,04 0,09
3 3,68 0,42 4,12 0,73 0,10 0,12
4 2,70 0,72 3,88 0,55 0,08 0,13
5 2,88 0,80 4,98 0,58 0,14 0,10
6 1,46 0,84 4,28 0,30 0,13 0,11
7 2,62 0,76 4,38 0,53 0,13 0,14
8 2,96 0,84 3,24 0,61 0,14 0,05
9 2,24 0,56 4,28 0,49 0,05 0,13
10 4,42 1,28 5,18 1,17 0,25 0,16
1 4,58 0,52 3,74 1,20 0,08 0,07
12 2,64 118 4,96 0,59 0,23 0,12
13 3,46 0,96 4,60 0,92 0,11 0,11
14 3,98 1,02 3,66 1,13 0,14 0,10
15 2,64 1,02 4,70 0,55 0,11 0,10

N, adet olarak birim gabada yakalanan av miktar1 W, agirlik olarak birim ¢abada yakalanan av miktari.
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TARTISMA VE SONUC

Siibye avciliginda kullanilan fanyali uzatma aglari
Mersin Korfezi’nde kis aylarinda yogun olarak kullanilan
o6nemli bir av aracidir. Arastirma sonucuna gore siibyenin
toplam av igerisindeki oraninin %37 oldugu tespit
edilmistir. Ganias vd. (2021) Kuzey Ege denizinde yaptig1
arastirmada yakaladig1 avin %43,2’sinin siibye oldugunu
bildirmektedir. Ayni1 calismada, avlanan siibyenin Ocak
ayinda en yiiksek degere ulasip, daha sonra Temmuz
ayinda kademeli olarak minimum degere diistiiglini
belirtilmistir. Bu ¢aligmada ise siibye en fazla Ocak ayinda
ve sonra Subat ayinda avlanmustir. Ege denizinde yapilan
¢alismada (Ganias vd., 2021) Temmuz ayina kadar avcilik
devam ederken bu ¢alismada Subat ayindan sonra bu
bolgede siibye yakalanmadigi igin aveilik
yapilmamaktadir. Siibye avlanma alanlarinin
somiiriilmesinde mevsimlerin  etkileri s6z konusu
olabilmektedir (Denis ve Robin 2001). Siibye
yumurtlamak ve kiglamak i¢in siirekli gé¢ halindedir. Bu
nedenle gevresel faktorlerin etkisiyle birlikte siibye aveiligi
bolgelere gore mevsimsel farklilik gosterebilmektedir.

Calisma sonucunda toplam 34 tiiriin yakalandigi
tespit edilmistir. Buna karsin Bozaoglu, (2012) Mersin
Korfezi'nde ayni av  aracimt  kullanarak  yaptigi
calismasinda 32 adet 1skarta tiir tespit etmistir. Ganias vd.
(2021) Kuzey Ege denizinde siibye avciliginda kullandigt
aglarda 1skarta edilen tiirlerin 73’iiniin omurgasiz, 25’inin
balik ve 1’inide de deniz kusu tiri oldugunu
bildirmektedir. Calismalar arasinda 1skarta edilen tiir sayis1
ve tiir cesitliligi farkliligin sebebinin av araci, derinlik,
farkli zaman araliklan ve bdlgesel farkliliktan
kaynaklandig1 diisiiniilmektedir.

Aragtirmada tesadiifi tiir olarak en fazla ispinoz,
¢ipura ve jumbo karides avlanmustir. Ganias vd., (2021)
Kuzey Ege denizinde siibye avciliginda kullandig1 aglarda
hedef dis1 av arasinda en yiiksek biyokiitleye sahip tiirler
olarak ahtapot, Octopus vulgaris, misk ahtapotu, Eledone
moschata ve eskina, Sciaena umbra baligi avlandigim
bildirmislerdir. Caligmalarda yakalanan tiirler arasindaki
farkliliginin en 6nemli sebebinin avciligin farkli bolgelerde
gerceklesmis olmasindan kaynaklandig diigiiniilmektedir.
Bu caligmaya benzer olarak Bozaoglu, (2012) Mersin
Korfezi’nde yaptigi ¢alismada en baskin iskarta tiiriin
karavida oldugunu belirtmistir. Bu ¢alismada ise kare
yengecin en baskin iskarta tiir oldugu tespit edilmistir.
Akdeniz’de balik stoklar1 asir1 avlanmaktadir. Ayrica
Akdeniz diinyanin en yogun sdmiiriilen denizlerinden
biridir (Lucchetti 2020). Bu kapsamda yengeg ile beslenen
slibye ve ahtapot gibi tiirlerin asirt avlandigi i¢in bu
azalmayla birlikte kare yenge¢ popiilasyonun da bir artig
oldugu kanaatindeyiz.
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Deneme sonunda 1skarta tiirlerden karavida, terzi
yenge¢ ve kare yenge¢ baskin olarak yakalanmistir.
Uzatma aglarinda en 6nemli sorunlardan bir tanesi 1skarta
tirlerin agdan c¢ikarilmasi i¢in harcanan emek ve is
giiciidiir (Bozaoglu, 2012). Ayrica bu tiirler aga
yakalandiklarinda aglar1 pargalayarak aga ciddi zararlar
vermektedirler. Bunun i¢in aglarin alt bolimii ile kursun
yaka arasimna sardon ve branda benzeri tasarimlar ile
1skartanin azaltilmasi miimkiin olabilmektedir (Gokge,
2004; Metin vd., 2009; Aydin vd., 2013; Gokge, vd., 2016;
Eryasar, vd., 2021). Bir diger sorun ise nesli tehlike
altindaki tiirlerin 1skarta olarak yakalanmasi ve denize
atilmasidir. Bu durum bu tiirlerin stoklarini olumsuz yonde
etkileyebilmektedir. Bu calismada Uluslararasi Dogay1
Koruma Birligi (IUCN) tarafindan hazirlanan kirmizi
listeye giren 6 tespit edilmistir. Bu tiirlerin
yakalanmamasi adina farkli tasarimlarin uygulanmasi ile
birlikte, alan ya da mevsim yasaklamalar1 ile hassas

tir

tirlerin stoklari1 korumaya yonelik tedbirlerin hayata
gecirilmesi 6nerilmektedir.

Calismada hedef tiir olarak avlanan siibyenin
birim cabadaki av verimi 3,05 adet/100 m /giin ve 0,7
kg/100 m/giin olarak saptanmistir. 2012 yilinda yine
Mersin’de yapilan ¢aligmada ise siibyenin birim ¢abadaki
av verimi 4,49 adet/100 m /giin ve 0,9 kg/100 m/giin olarak
bildirmistir (Bozaoglu, 2012). Elde edilen bulgular ile bu
calisma ile birbirine paralellik gostermekle birlikte av
veriminde azda olsa bir azalig goériilmektedir. Bu azalig
yukarida ifade edildigi gibi bolgedeki asir1 avciliktan
kaynaklandig diisiiniilmektedir.

Sonug olarak Mersin Koérfezi’nde fanyali uzatma
aglan ile siibye avciligi iizerine yapilan ¢alisma sayisi
kisitlidir. Siibye ¢ogu kafadanbacaklilar gibi kisa omiirlii
olup, yasamlar1 boyunca sadece bir kez iirerler ve sonra
olirler (Akyol vd., 2011). Cok kisa bir yasam dongiisiine
sahip olmasi nedeniyle siirdiiriilebilir bir balikgilik
politikas1 izleyerek bu tirden maksimum sekilde
faydalanilmas1 gerekmektedir. Bu kapsamda bentik
ekosistem igin bolgede zamanla meydana gelecek olast
degisimlerin tespiti ve bunlarin ekosistem {izerine olan
etkilerinin incelenmesi i¢in bu c¢aligmanin, ilerleyen
yillarda bolgede yapilacak diger c¢alismalara katki
saglayacagi kanaatindeyiz. Son yillarda 1skarta ciddi bir
sorun olarak karsimiza ¢ikmaktadir. Iskartayir azaltmanin
en iyi yolunun onu yakalamamak oldugu bilim adamlari
tarafindan bildirilmektedir (Uhlmann vd.,2019). Bu
nedenle bu ¢aligma ile birlikte siibye avciliginda kullanilan
fanyali uzatma aglarinin yani sira bélgede kullanilan diger
av araglarmin da hedef, hedef dist ve iskarta av
kompozisyonlarinin tespit edilmesi ve av aracinda
yapilacak modifikasyonlarla 1skartanin azaltilmasi ile
birlikte siirdiiriilebilir balikg¢ilik ydnetim politikalarinin
belirlenmesine bir katki saglayacag: diigiiniilmektedir.
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GIRIS kadin sayis1 artmis, beslenme aligkanliklart da 6nemli oranda

degismistir. Insanlar daha kolay hazirlayp tiiketecekleri ve

Hayat var oldugundan beri, insanlar gidalarin besin kalitesi agisindan Onemli gidalart  tiiketme

korumak i¢in ¢aba harcamuslardir (Gram ve Dalgaard, 2002). arayisindadirlar. Bunun yaninda islenmis gida teknolojisi de

Giiniimiizde teknolojinin gelismesi ile 6zellikle calisan gelismis ve gidalar1 daha uzun siire saglikli muhafaza
'l Bu makale, Nuri TUNGTAS in yiiksek lisans tezinden hazirlanmistir. This manuscript was produced from Nuri TUNCTAS's master thesis.
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edebilme yontemleri ile kalitenin korunmasi da
amaclanmistir (Erdem vd., 2017).

Su uriinleri, 6zellikle balik ve baliktan elde edilen
iiriinler giiniimiiz sartlarinda gerek saglik yoniinden gerekse
lezzetindeki ayricalik sebebiyle diger hayvansal kaynakli
gidalardan daha 6nemli bir yere sahiptir (Colakoglu, 2006).
Balik son derece hassas bir gida maddesi olmasi nedeni ile
avlandig1 andan itibaren fiziksel ve ¢evresel faktorlerden
stiratle etkilenir. Bu durumda avlanmayi takiben kisa siire
icinde tiiketilmeli veya uygun kosullarda muhafaza edilerek
tiiketiciye en iyi kalitede ulastirilmas1 saglanmalidir (Ozden
vd., 2001).

Tazelik, balik kalitesinin belirlenmesinde en 6nemli
Olciit olup, bu Ozelligin  belirlenmesinde  giivenilir
yontemlerin gelistirilmesi ¢ok eski donemlerden beri
arastirmalarin  temel amacii olusturmustur. Tazelik
degisimlerinin  belirlenmesinde  kullanilan  yontemler;
fiziksel, kimyasal, mikrobiyolojik ve duyusal yontemler
olarak smiflandirilmaktadir. Tazelik kaybi ve sonucunda
olusan bozulma, mikrobiyolojik, fizyolojik, kimyasal ve
biyokimyasal siireclerin  birbirleri ile etkilesimleri
sonucunda ortaya ¢ikmaktadir (Verrez-Bagnis vd., 2001).

Su {irlinleri ¢abuk bozulabilir gidalardan olup raf
omiirleri kisadir; triiniinii baslangi¢ kalitesinin korunmasi
ise ¢ok onemlidir. Ayrica icerdikleri yiiksek su aktivitesi
nedeniyle istenmeyen tat kayb1 ve koku olusabilmektedir. Su
triinlerinde kalitenin muhafaza edilebilmesi igin birgok
isleme yontemi kullanilmakla birlikte islenen iiriiniin
paketlenmesi de {iriin kalitesinin belirli siireler boyunca
korunmasinda olduk¢a onemlidir. Bunun igin iirlinlerin en
uygun paketleme materyali ile paketlenmesi gerekmektedir.

Bu caligma ile su iriinlerinde yaygin olarak
kullanilan paketleme yontemleri, kullanim alanlari, faydalar
konusunda bilgiler verilecek, gelisen teknoloji ile birlikte
paketleme yontemlerindeki son gelismelerden bahsedilecek
ve oksijen emici etiketlerin su iriinlerinde kullanimina
deginilecektir. Calisma, su {riinlerinde yaygmn olarak
kullanilan paketleme yontemleri ve kullanilan etiketler
hakkinda ayrintili bilgi veren derleme arastirmasidir.
ve Paket Tiirleri: Su
iiriinleri avlandigi andan itibaren, karsilastig: tiim fiziksel ve
gevresel faktorlerden ¢ok hizli bir sekilde etkilenmesi
nedeniyle, avlamanin hemen ardindan en kisa siirede
tiiketilmeli ya da en uygun kosullarda muhafaza edilerek
tiketiciye en 1iyi kalitede ulastirillmasi saglanmalidir.
Paketleme teknigi ile iiriiniin fiziksel, kimyasal ve biyolojik
zararlilardan korunmasi saglanmakta, bdylece olasi
bozulmalar  geciktirilerek dayanma

Paketleme Yontemleri

iiriiniin stiresi
arttirilmaktadir. Ayrica paketler lizerinde bulunan etiketler
ile irlin hakkinda firma bilgileri, iiretim yeri, tarih, icerik,
katki maddeleri gibi genel bilgiler icermesi agisindan
onemlidir. Paketleme islemi, iiriiniin kalitesinin korunmasi,

raf Omriiniin uzatilmasi, pazarlanmasi ve dagitilmasinda
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kolaylik saglamasi, sonucta tiketicinin iriine duydugu
giivenin arttirilmasi amacini da tagimaktadir (Bykowski &
Dutkiewicz, 1996). Hemen tiiketilemeyecek deniz
tirtinlerinin, saglikli sartlarda saklanarak, av mevsiminden
sonra da tiiketici begenisine sunulmasi amaglanmaktadir.
Paketlemede kullanilan malzemelerin nem ve oksijen
gecirgenliginin diisiik, yag ve suyun emilmesine karsi ise
direngli olmas1 gerekmektedir. Iyi bir paketlemede, paket
icerisinde hava bosluklar1 ve siskinliklerin en aza
indirilmesi, ambalajin iriin ile reaksiyona girmemesi ve
ambalajin iriinii tam olarak kaplamasi gerekmektedir
(Yilmaz vd., 2009).

Su iiriinlerinde yaygin olarak kullanilan paketleme
metotlar;; Kontrollii Atmosferik Paketleme, Modifiye
Edilmis Atmosferde Paketleme Teknigi (MAP), Vakum
Paketleme, Yenilebilir Film Kaplama, Akilla Paketleme ve
Aktif Paketlemedir.

Kontrollit Atmosfer Depolama: Bu paketleme
teknigi, biiylik miktarlarda depolanacak {irlinler icin
uygulanmaktadir. Depolama siiresince mevcut atmosferik
ortamda meydana  gelebilecek degisimler
ayarlanmakta ve boylece depolanan iiriinlerde mikrobiyal
ireme faz1 geciktirilmektedir (Arashisar vd., 2004).
Kontrollii atmosferik depolama ile ortamdaki O oranin
azaltilip, CO; oran1 yiikseltilerek solunumun yavaslatilmasi
ve ortam kosullarinin siirekli kontrol edilmesi ile atmosfer
kompozisyonun sabit tutulmasi saglanmaktadir. Bu
yontemin kiicik c¢apli depolamalar igin kullanilmast

biitiin

verimlilik agisindan tavsiye edilmemektedir (Oriing vd.,
2016).

Uriinlerin muhafaza edildigi depolarda, normal
sartlarda nem ve sicaklik kontrolii yapilmaktadir, bu yontem
ile depo igerisindeki atmosfer bilesimi de kontrol altina
alinarak, depo ortamindaki oksijen oranimnin azaltilip
karbondioksit miktar1 artirilmaktadir. Bdylece (iiriiniin
enzimatik ve mikrobiyal gelisim hiz1 yavaslatilarak, daha
uzun siire kalitesi korunmus olur. Atmosferde normal
sartlarda azot %78, oksijen %20, karbondioksit %0,2
oraninda bulunmaktadir. Kontrollii atmosfer depolama ile
depo ortaminda CO; gazinin miktari artirilarak Oznin %2
seviyelerde tutulmasi amaglanmaktadir. Bu oranin sabit
kalabilmesi i¢in depo iginde o6zel izolasyon maddeleri
kullanilir, ayrica kapilarin da gaz sizdirmaz olmasi gerekir.
Kontrolii atmosfer ile depolamada gaz oranlari, iriiniin
¢esidine ve tiiriine gore ayarlanmalidir (Anonim, 2022a).

Modifiye Edilmis Atmosferde Paketleme (MAP):
Temel olarak su iiriinlerinin saglikli bir sekilde korunmasi
icin kullanilan metotlar; dondurma, konserve teknolojisi,
tuzlama, kurutma ve dumanlamadir. Teknolojinin gelismesi
ile birlikte muhafaza siiresini uzatmak amcaciyla MAP
teknolojisi yagin olarak kullanilmaya baglanmigtir. MAP;
yaygin olarak islem gormemis taze su lriinlerine
uygulanmaktadir, fakat islenmis bazi iiriinlerle ile kombine
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edilerek de uygulanmasi yayginlagsmaktadir. Ozellikle
dondurulmus, dumanlanmig, haslanmis, marine iiriinlere,
balik salatalarina, kurutulmus iriinlere, midye dolma veya
midye tavaya, balik eti ya ad surimi gibi {irlinlere yaygin
olarak MAP uygulamasi kullanilmaktadir (Kocatepe &
Turan, 2011).

Son yillarda tiiketicilerin uzun raf dmriine sahip
olan ve tiiketime hazir gidalar1 tercih etmesinden dolayi,
balik iirtinleri de dahil olmak iizere taze ve kismen iglenmis
gidalarin biiyliik c¢ogunlugunun raf Omriinlin arttirilmasi
amactyla depolama, tasima ve ambalajlanmasinda MAP
teknigi yaygmn olarak kullanilmaktadir. MAP teknigi,
gidalarin  dayanma uzatmak, mikrobiyolojik
gelismeyi azaltmak ve enzimatik bozulmayr onlemek
amactyla, ambalaj i¢i atmosferin farkli gaz karigimlari igeren
modifiye edilmis atmosferle yer degistirmesi ve iiriiniin
yapisina uygun Ozellikteki ambalaj materyalleri ile
paketlenmesi teknigidir (Turan & Kocatepe, 2013). Bu

siiresini

amagla karbondioksit, azot ve oksijen gazlarimin miktarinda
oynamalar yapilarak paketlenmektedir.

Kisa raf Omriine ve buna bagli olarak ciddi
ekonomik kayiplara neden olan mikrobiyolojik aktivite;
deniz iirtinlerinde, bozulma derecesine bagli olarak kotii
koku, renk ve aroma olusumu seklinde olmaktadir. MAP
tekniginin avantajlar1 iriiniin raf Omriinlin uzamasina
yardimci olmasi ve paket igindeki iiriiniin goriinimiindeki
parlakliktan  dolayr tiiketici tarafindan daha ¢ok
begenilmesidir. Dezavantaji ise; paket hacminin diger
paketleme tiirlerine gore daha fazla olmasindan dolay1
depolamada ve dagitimda zorluklarla karsilagilmasidir
(Ozogul vd., 2006).

Modifiye atmosfer paketleme (MAP) yapilmis
iriinlerde Oz, N2> ve CO; gazlarimin farkli varyasyonlari
kullanilmaktadir. Balik tiiriine, iiriin gesitliligine, saklama
kosullarina gore oranlar degismektedir. Yapilan bilimsel
caligmalarda gaz karigimlari farklilik gostermektedir; %60
COz2, %40 N2; %75 CO2, %25 N2; %40 CO2, %60 N2, %40
COz2, %30 N2 ve %30 O2; 30% O, 30% CO. ve 40% No;
%60 CO> ve %40 Oz; %5 Oz +% 35 CO2 +% 60 N, veya
%30 CO2 +%70 N2 (Erkan vd., 2000; Kocatepe vd., 2015).
Ayrica gelisiminin  engellenmesinde, protein
yapisinin  korunmasinda, enzim aktivitesi {izerine etki
etmesinde ve mikroorganizma faaliyetlerini
sinirlandirmasinda  MAP  uygulama onemlidir (Farber,
1991). Yiiksek CO: diizeyi, iriinlerde kalite kayiplarina
(renk, tat bozulmasi, ambalajda bombaj olusumu vb.) neden
olmakta ve bunun yaninda artan CO, miktar1 aneorobik
mikroorganizmalarin gelisimine uygun ortam saglamaktadir
(Sivertsvik vd., 2002). MAP’I1 iiriinlerde herhangi bir zararl
etkiye sahip olmayan azot gazi oksijene alternatif olarak
kullanilmakta, oksidasyonu onleyerek su iiriinlerinin
bozulmas: geciktirilmektedir (Celikkol, 2011; Corapg1 &
Kocatepe, 2019; Farber, 1991; Sivertsvik vd., 2002).

mantar
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Vakum Paketleme (VP): Besinlerin saklanmasi,
korunmasi, taginmasi ve daha iyi goriinmesini saglamak
amaciyla kullanilan tekniklerden bir tanesi de vakumlu
paketleme teknigidir. Bu teknikte, iiriiniin konuldugu
paketin igerisindeki hava herhangi bir gaz ya da gaz
karigimlari ile yer degistirilmeden vakumla bosaltilmakta,
hemen ardindan paketin agzi hava gegirmeyecek sekilde
kapatilmaktadir. Vakum ile paketlemede, paketler igerisinde
serbest oksijen minimum seviyede olacagi igin aerobik
bakterilerin ¢ogalmasi ve oksidasyon firiinlerin olusmasi
daha uzun bir siire alacaktir (Cakli, 2008). Ayrica, iiriiniin
atmosferik oksijen ve nem ile temasini dnleyerek depolama
Omriiniin uzatimasimna da yardim etmektedir (Gogis &
Kolsarici, 1992). Paketleme materyali olarak kullanilacak
olan malzemenin hava  gecirgenliginin  olmamasi
gerekmektedir. Balik ve balik iriinlerinde enzimatik,
oksidatif ya da mikrobiyal bozulmalar olabilir. Paket
icerisindeki oksijen miktarinin azaltildigi bu teknik
sayesinde, bozulmaya neden olan aerobik bakterilerin
cogalmast Onlenmekte ve iriiniin raf Oomriiniin uzamast
saglanmaktadir. Fakat Clostridium botulinum gibi anaerobik
organizmalarin ¢ogalmasi ve toksin {iretmesi i¢in uygun bir
ortam olusabilmektedir. Bu nedenle, su lirtinlerinin denizden
yakalanmasindan  paketlenmesine kadar olan
asamalarda, hijyen ve sanitasyon kurallarina ¢ok dikkat
edilmesi gerekmektedir (Randall vd., 1991; Rajesh vd.,
2002).

tlim

Yenilebilir Film Kaplama: Yenilebilir film
kaplamalar, giday1 koruyan ve raf dmriinii uzatan, giday1
ince bir film seklinde saran ve tiiketilebilir 6zellikteki dogal
kaplamalardir. Gida paketleme teknolojisinde gidanin taze
tutulmasi 6nemli bir dlgiit iken, gidanin &zelliginin paket
iizerinde ayrintili olarak verilmesi de tiiketiciler agisindan
o6nemlidir (Sirengil & Kiling, 2011). Degisen is hayati
nedeni ile tiiketiciler kolay hazirlanabilecek gidalara
yonelmektedirler. Tiketici ihtiyaglarmi karsilayabilecek

yenilebilir  film kaplama {rlinleri  gelistirilmektedir
(Kokangiil & Fenercioglu, 2012). Yenilebilir film
kaplamalarin tercih edilmesinin nedenleri arasinda;

mikroorganizma gelisiminin engellenmesi, iiriin neminin
sabit  tutulabilmesi, gazlarinin  olusmasini
geciktirmesi, duyusal olarak renk, koku, tat ile goriiniisii

ugucu

muhafaza edebilmesi, oksijen gegirgenligini azaltmasi ve
cevreye zarar vermemesi gibi Ozellikleri
(Korkmaz, 2018).

Polisakkarit filmler, alginat, kitosan, pektin, agar,
seliiloz, nisasta gibi {iriinlerden elde edilirler. Kahverengi
deniz alglerinden elde edilen alginat, besi yeri olarak
kullanilmasinin yaninda gida iiretiminde yenilebilir film
olarak ¢okea kullanilir. Fakat yenilebilir kaplamalarda, bol
ve ucuza temin edilmesi, antioksidan ve antimikrobiyal
Ozellige sahip olmasindan dolay1 nisasta, yagin olarak

kullanilan dogal polisakkariltir (Dursun & Erkan, 2009).

sayilabilir
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Kitosan, kabuklu su iirtinlerinin (yengeg, istakoz
midye, karides) kabuklarinda bol miktarda bulunur. Bakteri
ve mantar gibi mikroorganizmalarin hiicre duvarlarinda
bulunan ve dogada en bol polimerlerden birisi olan kitinin
deasetilasyonu ile kitosan elde edilebilmektedir. Insan
saghigr i¢in zararli etkisi yoktur, alerji yapmaz ve
parcalanabilmesinden dolayr yenilebilir film olarak
kullanilmasinda 6nemli etkenlerdir (Cakli & Kiling, 2004).

Protein filmler, gidalarin besin degerini artirdiklar
icin yenilebilir film olarak aranan &zelliklere sahiptirler.
Elde edilmelerinde farkli yontemler kullanilabilmektedir. En
yaygin olarak kullanilanlari; ¢esitli ¢oziiciiler ile polipeptid
zincirinin denatiirasyonu, ¢apraz baglanma yapan elektrolit
ilavesi ile ve farkli sicaklik uygulmalan ile elde edilirler
(Dursun ve Erkan, 2009). Protein fimlerinin kalitesini;
proteinin kaynagi, protein pH’s1, film kalinligi, elde etme
kosullar1 gibi faktorler belirlemektedir (Jongjareonrak vd.,
2008).

Kompozit filmler; yenilebilir filmler dogal olarak
heterojen ozellikte polisakkarit, protein ya da yaglarin
birlestirilmesi ile olulturulabilir. Degisik 6zelliklerdeki
polisakkaritler bir araya getirilerek, farkli ozellikleri ve
faydalar1 bir araya getirilerek kullanilmaktadirlar. Boylece
her bir film materyali 6zelliklerinin kombine edilmesi
saglamaktadir (Kester and Fennema, 1986). Film elde
ederken proteinler ile karbonhidratlar, proteinler ile lipidler
ya da lipidler ile karbonhidratlar, dogal veya yapay
polimerlerin kombinasyonlart kullanilarak kompozit film
kaplamalar iiretilmektedir (Anonim, 2022b).

Gida ambalaj teknikleri her gegen giin geligsmektir.
Nanoteknolojiyle  {iretilen  ambalajlar,  biyobozunur
ambalajlar, aktif ve akilli paketleme sistemleri, su irtinleri
paketlemede de kullanilan  gelismis  ambalajlama
teknikleridir. Akilli ambalajlar diinyanin bir¢ok iilkesinde
yaygin olarak kullanilmaktadir. Akilli ambalaj kullaniminin
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standart hale getirilmesi icin spesifik bir yonetmelik olan
450/2009/EC  yonetmeligi, akilli ambalajlarin  dogru
kullanimi, glivenligi ve pazarlamasina yonelik yeni yasal
dayanag1 olusturulmasini saglamstir (Restuccia vd., 2015).

Akilli Ambalajlar: Gidalarin iretildikten sonra
tilketiciye ulagincaya kadar gegen siire iginde {iriinde
olusabilecek degisiklerin erken zamanda fark edilebilmesi
icin akilli ambalaj teknolojisi 6nem kazanmaya baslamustir.
Akilli ambalajlar; gaz sensorii, sizint1 sensort, florasan bazl
sensorler, tazelik konusunda bilgi veren akilli etiketler

(RFID), sicaklik zaman indikatorleri olarak
siiflandirilmaktadirlar.
Gida ambalajlanmasinda kullanilan sensorler;

tirtinlerin tazeligini, {irlinlerde mikrobiyal bozulma olup
olmadigini, oksidatif acilasmayr ve sicakliga bagh
degigmeleri gostermektedir (Anonim, 2022c¢).

Gaz sensorleri (Sekil 1, Sekil 2), paketlenen iiriiniin
icinde bulunan ya da firlinlerin depolandigi ortamlardaki
gazlarin 6zelliklerini ve miktarini tespit eden ekipmanlardir.
Sensorler; amperometrik oksijen sensdrleri, potensiyometrik
karbondioksit sensorleri, oksijen sensorleri gibi sistemlerden
olusurlar. Elektrokimyasal oksijen sensorleri gibi geleneksel
kullanimlarda uygulanan kisitlamalardan dolayr optik
oksijen sensorleri yaygilagmistir. Optokimyasal sensorler,
gidalarda mikrobiyal bulagsma sonucunda veya farkli
kimyasal bozulmalar sonucu olusan hidrojen siilfit,
karbondioksit ve diger aminli bilesikleri algilayarak trlin
kalitesi hakkinda bilgi sahibi olmaya yardimci olurlar.
Optokimyasal sensorler, pH degisimlerine duyarli fliloresans
bazli sistemler, renk degisimlerine duyarli sensorler ve
fluorometrik bazli sensorler olarak smiflandirilirlar.
Florasan Bazli Gaz Sensorii; Paketlenmis triinlerde tepe
boslugunda olusan gazlarin uzaktan ol¢limiini saglayan
sistemdir (Anonim, 2022c; Gok, 2007).
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Sekil 1. Oz indikatorii (Mohebi & Marquez, 2014).
Figure 1. Oz indicator (Mohebi & Marquez, 2014).
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Sekil 2. Florasan Bazli Gaz Sensérii (Ocal & Karapinar, 2016).

Figure 2. Fluorescent Based Gas Sensor (Ocal & Karapinar,
2016).

Biyosensorler; ambalajlanmis gidalarda meydana
gelen biyolojik reaksiyonlari belirleyen, kaydeden ve ileten
cihazlara biyosensér denir. Biyosensorler de bir
biyoreseptdr ve enerjiyi degistiren doniistiirliciilerden
(transducer) olugmaktadir. Ampermetre olarak kullanilan
biyosensorler, hidrojen peroksit olusumunu belirlemek igin
platin elektrotlart ve enzim hareketlerini takip etmeye
yonelik cihazlarin gelistirilerek, sensorlerin ¢alismasi
hedeflenmistir (Huang vd., 2011). Sensorler, gelecegin
akilli paketleme sistemleri i¢in en umut verici ve yenilikgi
teknoloji olarak kabul edilmektedir sistemlerdir (Sekil 3)
(Takma & Nadeem, 2019).
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Indikatérler

Sizint1 Indikatérii; bunlar modifiye atmosfer
ambalajda kullanilan bazi gazlarin varhgmi ya da
yoklugunu gosteren sistemler olup, ambalaj biitiinliigii ve
sizintilart hakkinda bilgi vermektedir. Sizint1 indikatdrleri,
kimyasal ve enzimatik reaksiyonlarin bir sonucu olarak
renk degistirirler. Oksijen ve karbondioksit indikatorleri
olmak iizere iki g¢esit sizint1 indikatorii kullanilmaktadir.
Indikatorler; tablet, etiket, bask1 seklinde olabildigi gibi,
polimer film kaplanarak da formiile edilebilmektedir
(Karagoz & Demirdéven 2017).

Tazelik  Indikatori;  tazelik  indikatorleri,
mikrobiyolojik bozulma ile ortaya c¢ikan organik asitler,
etanol, ugucu azot bilesikleri ve karbondioksit gibi
metabolitlerin etkisi ile ambalaj igerisinde etiketin renk
degistirme prensibine gdre ¢aligmaktadir. Ozellikle
MAP’11 iiriinlerde kullanilmaktadir. Tazelik indikatorleri,
pH degisimine, ugucu azot bilesiklerine, hidrojen siilfiire
(H2S), veya mikrobiyal metabolitlere duyarli olmak iizere
calisma  prensiplerine  gére 4  farkli  sekilde
kullanilmaktadirlar. Su iiriinlerinin depolanmasi sirasinda
gerekli kosullarin ihlali ve mikrobiyolojik bozulmalar
neticesinde meydana gelen metabolitlerin (CO2, SO2, NH3,
H.S, aminler, organik asitler, etanol, toksin veya enzim) ve
degisen gaz konsantrasyonlarinin tespiti esasina gore
caligan sistemlerdir (Takma & Nadeem, 2019).

Sicaklik—Zaman Indikatérii; gida giivenliginin ve
kalitesinin devamini saglamak, dagitim ve depolama
stirecindeki sicaklik degisimlerini izlemek i¢in hazirlanan
etiketlerdir Uriin ambalajlarinin iizerine yerlestirilen bu
etiketler istenen sicakliktan sapma sonucu iiriiniin
tazeligini ve giivenligini kaybettigi durumda renk
degistirerek bu gelisimi gostermektedir (Sekil 4) (Anonim,
2022d).
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Sekil 4. Sicaklik- zaman indikator 6rnegi ve galisma prensibi (Anonim, 2022d).
Figure 4. Example of temperature- time indicator and its working principle.

Radyo frekansh tanima (RFID) Etiketler: RFID
etiketleri (Sekil 5), radyo dalgalari ile tanimlama yapan ve
riini uzaktan izleme imkani veren bir sistemdir. Su
tirlinlerinde bu etiketlerin kullanimu, {iriniin avlama yeri ve
tarihini gosterirken, tasima ve depolama boyunca iiriinde
meydana  gelebilecek  degisimlerin  izlenebilirligini
saglamaktadir. Radyo Frekans1 Tanimlama (RFID)
etiketleri veya elektromanyetik tasiyicilari, yakindaki
okuyuculara veri almak, depolamak ve bu verileri iletmek
icin diigik gilicli radyo dalgalar1 kullanan kiigiik
devrelerdir (Sekil 6). RFID etiketleri meydana getiren ana
bilesenler: bir mikrog¢ip veya entegre devre (IC), bir anten
ve tim bilesenleri bir arada tutan bir alt tabaka veya
koruyucu malzeme katmanidir. RFID etiketleri paket
lizerine yapistirilabilir ve farkli biiytikliiklerde olabilir.
Ayn1 zamanda seffaf etiketler, kagit etiketler, sert etiketler,
plastik kartlar ve ¢ip benzeri &zelliklere sahiptirler.
Ozellikle su iiriinleri gibi cabuk bozulan gidalarda gida
giivenligi ve gida takibi a¢isindan 6nemlidirler (Karagoéz &
Demird6ven, 2017).

N

\

RFID Tag

Chip

Antenna

\\\\ l'JI /)

Sekil 5. RFID etiket (Anonim, 2022¢).
Figure 5. RFID label.

Oksijen Tutucu-Emici Etiketler (Freshcare):
Oksijen gida ve ozellikle su iiriinlerinde meydana gelen
bozulmanin temel nedenidir. Ambalajdaki ¢ok diisiik
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miktarlardaki oksijen bile iiriin kalitesini etkileyecek ve
iiriiniin bozulma hizin arttiracaktir. Modifiye atmosfer ile
paketlemede bile (azot ve karbondioksit
kullanarak) asla oksijenin tamami uzaklastirilamaz.
Freshcare gida {iriiniiniin ambalaji ig¢indeki tim oksijeni
emmek lizere tasarlanmis bir aktif paketleme yontemidir.
Raf 6mriinii dogal olarak ve ¢ok etkin bir sekilde uzatan bir
yontem oldugu kamitlanmistir. Freshcare oksijen emici
paketler Asya'da onlarca yildir kullanilmaktadir. Asya'da
yilda yaklagik 200 gesit ve 10 milyar kadar tiiketim
iiriininiin ~ paketlenmesinde oksijen paketler
kullanilmaktadir. Son on yildir, oksijen emici paketler
Avrupa'da da gida ve ilag driinlerinde kullanilmaya
baslanmistir (Brandon vd., 2009).

Oksijen emici etiketler gida ambalajindaki tiim
oksijeni emerek tamamen oksijensiz bir ortam yaratan
yiiksek kaliteli bir oksijen emicidir. Modifiye atmosfer ile

gazlari

emici

paketleme, vakumla paketleme, 151l islem ile paketleme
yontemleri ile yapilan paketlemelerde, tamamen oksijensiz
bir ortam yaratmak miimkiin degildir. Oksijen emici
etiketler kullanilan paketlerde iiriiniin dogal tadi korunur
ve raf Omriinii uzatir. Gelistirilen bu yeni teknoloji
sayesinde, Oksijen emici etiketler gida ambalajimin
icindeki oksijen seviyesinin %0,1’in altina inmesini saglar
ve boylelikle kiif olusumu, renk degisimi, yag oksidasyonu
ve aerobik mikroorganizma gelisimi Onlenir. Gida
iriinlerinde oksijen, kif ve bakteri olusumunu ile
acilagsmanin (ransidite) nedenidir. Bozulma hizi, ortamdaki
serbest oksijen varligi ve miktar1 ile dogru orantilidir.
Oksijen emici etiketler ortamdaki oksijeni biinyesinde
toplar ve boylece gidalarin uzun siire korunmasi saglanmis
olur (Demirhan, 2012).

Oksijen emici etiketler poset ya da etiket
formatindadir. Her iki iiriin tipi de aym giigte oksijen emme
etkisine sahiptir. Hem poset hem de etiket formatindaki
oksijen emiciler otomatik ya da manuel olarak
uygulanabilir. Etiket formatindaki oksijen emiciler gida
ambalajinin i¢ yiizeyinde istenilen bir yere yapistirilabilir
(Sekil 6).
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Sekil 6. Oksijen emici etiketlerin genel goriinimii (Anonim,
2022f).
Figure 6. General view of oxygen absorber labels.
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Tuz, seker, asitler ve anti-oksidanlar gibi dogal ve
sentetik koruyucularin daha az kullanilmasi ile daha
saglikli gida tirtinleri iiretilebilir. Aerobik mikroorganizma
geligimini yavaglatmak i¢in seker, tuz ve asit dengesiyle
oynama gerekliligine gerek kalmamaktadir. Doymamis
yag asitleri, tereyagi, vitaminler gibi kolayca okside olan
katkilarin kullanimina imkan verir. Bu sayede oksijen
emici etiketler ile tad1 ve aromasi daha iyi korunmus daha
saglikli dirtinlerin tiiketiciye sunulmus olur. Daha az katki
maddesi kullanilan ya da tamamen katki maddesiz, dogal
ve saglikli gida iriinleri ile yeni pazar taleplerinin
kargilanmasina olanak saglar (Brody vd., 2001). Bazi
gidalarda Oksijen emici etiketlerin etkileri Sekil 7’da
verilmistir:

Kuruyemisler

Kategori (':'}R::U Duyusal etkileri Katki Maddesi Kullanimi

Unlu Asitler ve diger dodal kif dnleyiciler dahil tim

Mamuller x4 Daha iyi tat koruyucu katki maddelerinin kullanimini birakmak
miimkindir.

p - X2 Daha iyi tat, koku ve Tim koruyucu katki maddelennin kullammin

eynir garindm birakmak mimkindir.

i_;lenmig Et X2 Daha yi renk ve daha dogal | Nitrit kullanimim belli bir élciide azaltmak

Uriinleri gaoranam mimkinddr.

Kurutulmus -

meyve ve X2 Daha iyi tat, koku ve Yoktur

goérinam,acilasma yok

Daha iyi tat, koku ve

Asitler ve diger dogal kif énleyiciler dahil tim

hEe > @<W

Tortilla x4 gerinGm kn_!'l.lyu_f:u Ifatkl maddelerinin kullanimini birakmak
mimkdndr.
Kahve x2 Daha iyi aroma Yolktur
Asitler ve dider dodal kif dnleyiciler dahil tim
Ekmek x3 Daha iyi tat koruyucu katki maddelerinin kullamimim birakmak

mimkindir.

Sekil 7. Oksijen emici etiketlerin kullanmanin faydalar1 (Cichello, 2015).
Figure 7. Benefits of using oxygen absorber labels (Cichello, 2015).

Oksijen emici etiketler kullanim alanlarin unlu
mamuller, dondurulmug gidalar, pizza, peynir, islenmis et
iiriinleri, kuruyemisler, kurutulmus meyveler ve sebzeler,
makarna, ekmek, kahve ve birgok gidada kullanilir. Son
yillarda iglenmig su iriinlerinde  kullanimi  da
yayginlagsmaya baslamistir (Mexis vd., 2009).

Oksijen emici paketlerinin gida {iriinlerinde
kullanimina Avrupa Birligi ilkelerinde ve simdi
Tirkiye'de izin verilmektedir. Oksijen emici etiketler
Avrupa Birligi EC 1935/2004 sayili diizenlemede ve 29
Mayis 2009 Tarihli Avrupa Birligi Komisyonu EC-
450/2009 say1l1 diizenlemesinde, gida ile direk temas eden
aktif ve akilli ambalaj malzemeleri smifinda yer
almaktadir. Tiirkiye'de ise 04.10.2011 tarihinden itibaren
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bazi 6zel firmalar tarafindan Tarim ve Orman Bakanlig1
izni ile ithal edilmektedir ve gida iiriinlerinde giivenle
kullanilabilmektedir. Oksijen emici etiketler toksik
degildir, kokuzusdur ve kaza ile tiiketilmesi halinde
zararsizdir. Oksijen emici igerisindeki demir tozu
yanliglikla tiiketilirse, mide bulantis1 gibi ¢ok nadir
belirtiler ortay cikabilir. Oksijen emici etiketin gorevi
ambalaj icerisindeki oksijeni tutmasidir. Hava ve nem
gecigine izin veren, demir tozunun disartya ¢ikmasina
engel olan bir paket icerisinde imal edilmislerdir.
Dolayisiyla besin maddeleriyle temasi veya ayni ortamda
bulunmasinin saglik agisindan bir zarar1 yoktur (Anonim,
20229).
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SONUC

Su iiriinlerinin muhafazasinda kullanilan temel
metotlar dondurma, konserve, dumanlama, tuzlama ve
kurutma iken gliniimiizde su firiinlerinin taze muhafaza
sliresinin artirllmast amaciyla vakum ve modifiye atmosfer
paketleme  teknolojisinden  yararlanilmaktadir.  Su
iiriinlerinin modifiye atmosfer paketleme teknolojisi ile
muhafazasi, hizla gelisen ve yenilenen bir uygulamadir.
Modifiye atmosfer paketleme; taze su iiriinleri disinda,
haslanmig, tuzlanmis, soguk dumanlanmis, marine gibi
yar1 korumali, ya da midye dolma, balik salatasi, surimi
balik koftesi gibi islenmis su tirlinlerine de uygulanabilir.
Marketlerde satilan birgok taze iiriiniin (pasta, tatli, kirmizi
et, dumanlannmig  balik, salam, sosis  vb.)
ambalajlanmasinda sikga kullanilan ve tiiketici tarafindan
benimsenen bu teknoloji, Griiniin kalitesini gelistirmekte,
tazelik ve raf Omrilinii uzatmakta, tiiketiciye kolaylk
saglamakta ve iiriiniin degerini artirmaktadir.

Glinlimiizde paketleme tekniklerinin gelismesiyle
tiketime hazir saglikli gidalar elde edildigi gibi {irliniin
tazeligi konusunda tiiketici bilgilendirilmektedir. Aktif
etiketleme yoOntemleri, akilli ambalajlarla ambalajlama,
modifiye atmosferde ambalajlama ve oksijen emici
etiketler su riinlerinde de yagin olarak kullanilmaktadir.
Yapilan g¢alismalarda paketleme yontemlerinin etkinligi
ayrintili olarak ortaya konmaktadir Son yillarda oksijen
emici etiketler ve nem emiciler kullanilirken tazelik
indikatorleri su {irlinleri sanayiinde yayginlagsmaktadir.
MAP ile birlikte akilli paketleme uygulamalar1 su
iriinlerinin kalitesini korumada ve raf Omriine katki
saglamadaki etkinligi agiktir. Gidalarin raf Omriiniin ve
giivenliginin arttirilacagi kesindir. MAP paketlemenin
yaninda oksijen emici etiketi de kullanilmasi muhafaza
uzatacaktir. Paketlenmis gidalar
oksidatif bozunmadan degil, mikrobiyal bozunma tiirlerine
kars1 da koruyabilen yeni ajanlar gelistirilmektedir, ancak
oksijen emiciler, yiiksek bariyerli ambalajlara sahip

stiresini yalnizca

kiiresel gida koruma sistemi olarak, oOzellikle su
iriinlerinde daha yagin olarak kullanilmaya devam
edecektir.
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Abstract: In this study, the length-weight relationship (LWR) of 14 fish species including

*: hitps://orcid.org/0000-0002-0991-6395 Merlangius merlangus (Linnaeus, 1758),Trachurus trachurus (Linnaeus, 1758), Mullus barbatus
: https://orcid.org/0000-0002-9959-1829 Linnaeus, 1758, Gobius niger Linnaeus, 1758, Scorpaena porcus (Linnaeus, 1758), Arnoglossus
kessleri Schmidt, 1915, Uranoscopus scaber Linnaeus, 1758, Serranus hepatus (Linnaeus, 1758),

Sygnathus thyphle Linnaeus, 1758, Aphia minuta (Risso, 1810), Trachinus draco Linnaeus, 1758,

Parablennius tentacularis (Briinnich, 1768), Callionymus risso Lesueur 1814, Pomatoschistus

marmoratus (Risso, 1810) caught from the western Black Sea coasts of Turkey was investigated.

;iﬂ:fiﬁi?ﬁ'gg;ﬂ‘g; Sampling was carried out between 2017-2018 with a beam troll net with a span of 2 m. The
Recep Tayyip Erdogan University, Faculty of sampling depth was between 10 m and 30 m. The minimum and maximum lengths and weights,
?‘jrhke;}'/es W] (GBS SEETEES, BRI R length-weight relationships, a and b parameters and growth type (isometric or allometric) of the
B<: ahmet.gozler@erdogan.edu.tr samples were determined. The b parameter of the length-weight relationship was determined

between 2.58 and 3.586. A total of 3615 individuals belonging to 14 species were examined in
the study. The most caugth species were M. barbatus (1118 individuals) and G. niger (1077
individuals). The coefficient of determination r? value ranged from 0.79 (T. trachurus) to 0.99 (S.
hepatus). It was determined that three species showed isometric growth, 4 species showed
negative allometric growth and 7 species showed positive allometric growth.

Keywords: Fish, length-weight, western black sea.

Tiirkiye’nin Bati Karadeniz Kiyillarindan 14 Balik Tiirii I¢in Boy-Agirhk fliskisi

Oz: Bu galismada Bat1 Karadeniz kiyilarindan yakalanan 14 balik tiiriiniin Merlangius merlangus
(Linnaeus, 1758), Trachurus trachurus (Linnaeus, 1758), Mullus barbatus Linnaeus, 1758,
Gobius niger Linnaeus, 1758, Scorpaena porcus (Linnaeus, 1758), Arnoglossus kessleri Schmidt,
1915, Uranoscopus scaber Linnaeus, 1758, Serranus hepatus (Linnaeus, 1758), Sygnathus
thyphle Linnaeus, 1758, Aphia minuta (Risso, 1810), Trachinus draco Linnaeus, 1758,

*Sorumlu yazar:

Ahmet Mutlu GOZLER Parablennius tentacularis (Briinnich, 1768), Callionymus risso Lesueur 1814, Pomatoschistus
Recep Tayyip Erdogan Universitesi, Su marmoratus (Risso, 1810) boy-agirlik iligkisi belirlenmistir. Ornekleme 2017-2018 yillari
Ei";:leTri;r‘l’jyi“ e hi el el e, S (1LY arasinda 2 m agikliga sahip beam troll agiyla yapilmustir. Ornekleme derinligi 10 m ile 30 m
- f;Ihmet.gozler@erdogan.edu.tr arasindadir. Orneklerin minimum ve maksimum boy ve agirliklari, boy-agirlik iliskileri, a ve b

parametreleri ve biiyiime tipi (izometrik veya allometrik) belirlenmistir. Boy-agirlik iliskisinin b
parametresi 2.58 ile 3.586 arasindadir. Caligmada 14 tiire ait toplam 3615 birey incelenmistir. En
¢ok yakalanan tiirler M. barbatus (1118 birey) ve G. niger (1077 birey) olmustur. Belirleme
katsayis1 r2 degeri 0.79 (T. trachurus) ile 0.99 (S. hepatus) arasinda degismektedir. Ug tiiriin
izometrik, 4 tiriin negatif allometrik ve 7 tiiriin pozitif allometrik bilyiime gosterdigi tespit
edilmistir.

Anahtar kelimeler: Balik, bati karadeniz, boy-agirlik.
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INTRODUCTION

The Black Sea is located between latitudes 40°
55°N to 46° 32°N and longitudes 27° 27’E to 41°42’E in the
east-west, the Pontic Mountains to the south and the
Caucasus Mountains to the northeast. Black sea with an
average depth of 1240 m, is the world's largest anoxic basin
(Degens & Ross 1974). It is reported among the most
polluted seas in the world due to the fact that 23 countries
directly or indirectly carry the pollution load, so does the
discharge of wastes transported by ships (Goktepe, 2002).
Uncontrolled industrial and domestic wastewater, climate
change, and overfishing are important factors affecting
Black Sea biodiversity (Borysova et al., 2005). The western
Black Sea is the most important trawling shelf in Turkey
(Kara, 1980). In the western part of the Black sea, fishing
operations takes second place in the Turkish seas. Trawl
fishing is prohibited in the Black Sea within 3 miles from the
coast to the sea.

Length-weight relationship (LWR) is of great
importance in fishery assessments (Goncalves et al., 1997).
Length-weight relationships are also originally used to
provide information on the condition of fish and may help
determine whether somatic growth is isometric (b=3) or
allometric (negative allometric: b<3 or positive allometric:
b>3) (Ricker, 1973; Spiegel, 1991). These measurements
can give information on the stock composition, life span,
mortality, growth and production (Bolger & Connoly, 1989;
Moutopoulos & Stergiou, 2002).

This study aims to provide data on the length-
weight relationship for the 14 fish species captured by beam
trawl from the coastal waters of the Western Black Sea.
Examining the length-weight relationships is important for
the conservation and management of fish in the Black Sea.
It will contribute to the decisions to be taken for the Black
Sea fisheries in the future.

MATERIAL AND METHOD

Study Area and Fish Sampling: Samples were
collected from the Western Black Sea using beam trawl
seasonally between 2017-2018 with 2 m aperture. Although
beam trawling is prohibited in the sampling area, sampling
was carried out with a special permission from the Ministry
of Agriculture and Forestry. Study area and sampling points
are given in Figure 1.

For sampling, the research vessel named R/V
KARADENIZ RESEARCH was used. The depths of the
surveys were ranged from 10 m up to 30 m. Samples were
obtained by operating an experimental beam trawlnet (15
mm mesh size) at a constant speed of 1,7 knots. The samples
were placed in large plastic containers and transported to the
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laboratory. Species at each station were examined separately
and species identifications were made based on
morphological characteristics according to Whitehead,
(1985). Coordinate and location information of the sampling
points are given in Table 1.
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Figure 1. The map of sampling points

Table 1. GPS coordinates of stations the sampling point
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Length- Weight Relationship (LWR): Fish were
measured to the nearest cm (total length) and weight to the
nearest g. The length and weight relationship of fish were
calculated using the exponential relationship (Ricker, 1973)
(Equation 1) using the least-squares method:

W=axTLP

where W is the total weight, L is the total length,
“a” is the intercept, and “b” is the slope. Comparison of the
difference of slope value from b = 3 (isometric growth) for
all species, Pauly’s t-test was applied (Pauly, 1984). Pauly’s
t-test was calculated as:

t:§9ﬂ£lﬁlﬂ.

vn-2
SdIogW V1- r2

where Sd logTL is the standard deviation of the log
TL values, Sd logW is the standard deviation of the log W
values, and n is the number of fish species used in the
computation. The value of b is different from 3 if the t value
is greater than the tabled t values for n-2 degrees of freedom
(Pauly, 1984; Mazlum & Turan, 2018).

RESULTS AND DISCUSSION

In the present study, the length-weight relationships
for 14 species including Merlangius merlangus (Linnaeus,
1758),, Trachurus trachurus (Linnaeus, 1758), Mullus
barbatus Linnaeus, 1758, Gobius niger Linnaeus, 1758,
Scorpaena porcus (Linnaeus, 1758), Arnoglossus kessleri
Schmidt, 1915, Uranoscopus scaber Linnaeus, 1758,
Serranus hepatus (Linnaeus, 1758), Sygnathus thyphle
Linnaeus, 1758, Aphia minuta (Risso, 1810), Trachinus
draco Linnaeus, 1758, Parablennius tentacularis (Briinnich,
1768), Callionymus risso Lesueur 1814, Pomatoschistus
marmoratus (Risso, 1810) were examined.

For each species, the sample size, length and weight
ranges (minimum-maximum and average), parameters of
length-weight relationships (a and b), 95% confidence
intervals of b and the coefficient of determination (r?) and
growth type are given in Table 2. According to the results of
this study, the “a” value ranged from 0.0006 to 0.049 while
the “b” wvalues varied between 2.58 and 3.586. The
coefficients (r?) ranged from 0.79 (T. trachurus) to 0.99 (S.
hepatus). A total of 3615 individuals belonging to 14 species
were used in the analysis. The most abundant species were
M. barbatus (1118 ind.) and G. niger (1077 ind.).
Concerning the type of growth, isometric growth in 3
species, negative allometry in 4 species, and positive
allometry in 7 species were obtained.
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Length-weight relationships for 14 species
presented here were discussed deeply within previous
studies (Table 3). The parameter b calculated in the present
study found to be different compared to the previous studies
(M. merlangius, T. trachurus, A. kessleri, C. risso, P.
tentacularis, T. draco, S. typhla) (Table 2). In the remaining
7 fish species, b values were found to be in accordance with
previous studies. These differences may be the result of
sampling methods, selectivity of fishing gear or sample size.

M. merlangius, T. trachurus, A. kessleri, M.
barbatus, Uranoscopus scaber, Sygnathus thyphle, Aphia
minuta,  Trachinus  draco, Callionymus  risso,
Pomatoschistus marmoratus, species obtained in this study
are compatible with the data of previous studies in different
regions. It is seen that the lenght data of the Gobius niger
species are higher than those stated in the literature, and the
lenght and weight measurements of the Scorpaena porcus
species are less. It is seen that while the weight
measurements of the Serranus hepatus species are higher,
the weight measurements of the Parablennius tentacularis
species are less. It has been stated that the length-weight
relationship may vary based on several parameters including
the sampling sites, sampling method, salinity, sex,
temperature, time of year as well as the stage of maturity
(Karakulak et al. 2006; Ricker, 1973). In addition, excessive
fishing pressure that exists on the coast of the Black Sea
(Knudsen et al., 2010) may lead to pressure alteration in the
length-weight relationship. The high fishing mortality brings
some changes to the biology of the species, such as a
decrease in total length and first sexual maturity length
(Jennings et al., 1999).
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Table 2. Descriptive statistics of length-weight relationship of 14 fish species in the Western Black Sea, Turkey.

. 95%Confidence Interval ) 5
Species n Total Length (cm) Total Weight (gr) a b b(:SE) r Pauly’s t-test P
Min-Max Mean+SE Min-Max Mean+SE
Arnoglossus kessleri 365 3.2-12.8 5.80+0.031 0.28-20.85 2.01+0.04 0.0091 3.0502 2.977-3.0122 (+0.037) 0.9101 1.36 > 0.05 Isometric
Mullus barbatus 1118 4.3-15.3 7.5+0.38 0.71-37.73 4.31+0.09 0.049 3.2945 3.2389-3.3499 (+0.0282) 0.924 10.41 <0.01 + Allometric
Gobius niger 1077 2.9-286 7.4+0.050 0.18-31.63 3.28+0.1 0.0091 3.057 3.009-3.1054 (+0.0245) 0.9355 2.09 <0.05 + Allometric
Callionymus risso 48 2.8-6.6 4.60+0.128 0.18-3.35 0.98+0.09 0.0048 3.4216 3.1325-3.7106 (+0.1436) 0.925 2.93 <0.05 - Allometric
Parablennius tentacularis 13 4.8-9.8 6.76+0.362 1.1-6 3.21+0.41 0.0218 2.58 2.093-3.066 (+0.2183) 0.987 2.02 <0.05 - Allometric
Pomatoschistus marmoratus 44 3.0-7.8 4.50+0.1560 0.15-7.5 0.93+0.22 0.0079 2.8789 2.5579-3.1999 (£1.590) 0.8863 0.75 > 0.05 Isometric
Trachinus draco 53 5.6-21.5 10.69+0.4597 1.52-101.73 4.3142.48 0.0174 2.6572 2.4523-2.8619 (+0.1020) 0.93 3.33 <0.001 - Allometric
Uranoscopus scaber 120 5.7-22.8 12.00+0.2267 1.63-178.45 31.4+2.40 0.0108 3.1501 2.990-3.309 (+0.0805) 0.9284 1.86 <0.05 + Allometric
Merlangius merlangus 332 3.9-12.2 7.70+0.089 0.52-14.26 3.72+0.13 0.0082 2.9241 2.8530-2.9952 (+0.0179) 0.952 2.1 <0.05 + Allometric
Scorpaena porcus 18 3.6-16.1 7.80+0.8202 0.83-82.50 16.74+4.64 0.0182 3.0783 2.7477-3.409 (+0.156) 0.9605 4,95 <0.001 + Allometric
Serranus hepatus 9 4.5-25.2 7.00+2.59 1.44-220.05 118.75+£29.36 0.0136 3.0496 2.8467-3.2525 (+0.085) 0.9944 0.47 >0.05 Isometric
Syngnathus typhle 9 13.0-30.5 25.4+4.81 0.53-13.75 7.83+1.23 0.0006 3.5845 2.9683-4.2005 (+0.2605) 0.9643 29.96 <0.001 + Allometric
Aphia minuta 14 3.3-49 4.3+0.1187 0.15-0.69 0.40+0.03 0.0021 3.586 2.9768-4.1951 (+0.279) 0.932 28.92 <0.001 + Allometric
Trachurus trachurus 395 4.9-12.5 8.4087+0.03757 0.81-16.7 4.68+0.07 0.0143 2.7068 2.57204-2.8415 (+0.0068) 0.7987 39.24 <0.001 - Allometric
Table 3. Previous literature indicating the result of length-weight relationship for fish species in different area.
Species L (min-max) W (min-max) n a b r Area References
7.5-23.4 3.7-113.8 1891(C) 0.010 2.90 0.93 Central Black Sea Samsun et al., (2017)
8.8-22.7 4.18-79.69 480(F 0.007 3.01 0.96 .
8.1-22.4(E) 353-65.43 400((M)) 0084 293 094 Middle Black Sea Kalayc et al., (2007)
Merlangius merlangus 7.8-22.7 2.67-76.28 318(C) 0.006 3.01 0.96 Western black sea Tiirker & Bal., (2018)
6.40-24.02 1.75-106.07 1287(C) 0.0058 3.07 0.96 Marmara denizi Daban et al., (2020)
5.7-24.9 1.13-111.49 1444(C) 0.0063 3.04 0.97 Eastern Black Sea Onay & Dalgig (2021)
3.9-12.2 0.52-14.26 332 0.0082 2.9241 0.9284 Western Black Sea Present study
6-15.7 1.75-44.32 267(C) 0.004 3.24 0.94 Eastern Black Sea Ak et al., (2009)
11.5-18.3 12.19-47.38 358(F 0.0095 2.9467 0.94 .
Trachurus trachurus 10.3-17.8 0.47-45.48 383((M)) 0.0079 3.0128 0.96 Middle Black Sea Kalaycr et al., (2007)
8.0-16.6 3.03-38.3 489(C) 0.0056 3.12 0.98 Western Black Sea Tiirker & Bal (2018)
7.80-18.10 3.79-50.01 286(C) 0.0102 2.90 0.91 Marmara Sea Daban et al., (2020)
4.9-125 0.81-16.7 395 0.0143 2.7068 0.7987 Western Black Sea Present study
e R B0 e 2 o
Mullus barbatus 9.0-18.4 7.97-71.29 663(C) 0.004 3.36 0.92 Western Black Sea Tirker & Bal. (2018)
7.90-20.20 5.54-83.77 44(C) 0.0149 2.87 0.89 Marmara Sea Daban et al., (2020)
5.2-23.6 1.15-129.21 2930(C) 0.005 3.23 0.98 Eastern Black Sea Onay & Dalgig, (2021)
6.8 14.6 432(C) 0.0051 3.24 0.97 Demirhan & Can, (2007)
4.3-15.3 0.71-37.73 1118 0.049 3.2945 0.924 Western Black Sea Present Study
5.6-15.7 1.69-45.0 208(C) 0.009 3.04 0.88 Eastern Black Sea Akeet al., (2009)
8.0-24.8 5.37-165.7 122 (F 0.015 2.89 0.96 .
Gobius niger 9.0-25.3 8.18-168.7 105(5\/& 0.017 284 0.96 Middle Black Sea Kalayer et al., (2007)
6.20-14.20 2.85-36.25 331(C) 0.0095 3.08 0.90 Marmara Sea Daban et al., (2020)
5.7-13.5 1.91-24.78 427(C) 0.0112 297 0.93 Eastern Black Sea Onay & Dalgig, (2021)
2.9-286 0.18-31.63 1077 0.0091 3.057 0.9355 Western Black Sea Present Study
65208 1300172 a5 006 305 0% il Black ea Kalayer et (2007)
5.0-34.2 2.1-406.1 351(C) 0.009 3.27 0.88 Eastern Black Sea Aket al., (2009)
Scorpaena porcus 5.4-25.5 3.4-305.56 32(C) 0.032 2.84 0.96 Western Black Sea Tirker & Bal, (2018)
5.5-25.9 3.03-49.58 219(C) 0.014 311 0.99 Eastern Black Sea Onay & Dalgig, (2021)
46 17.5(C) 0.012 3.19 0.94 Demirhan & Can, (2007)
38238 1.01-335.12 316(C) 0.015 8.10 0.97 Middle Black Sea Samsun & Erdogan Saglam, (2018)
0.019 298 0.93 ?
3.6-16.1 0.83-82.50 18 0.0182 3.0783 0.9605 Western Black Sea Present Study
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5.2-8.9 32(C) 0.0017 2.68 0.86 Tiirker Cakir et al., (2008)
6.0-8.9 76(C) 0.0179 2.60 0.87 Bayhan et al., (2008)
Arnoglossus kessleri 4.3-9.8 1.2-8.94 60(C) 0.021 2.98 0.72 Eastern Black Sea Ak et. al., (2009)
2,076 682(C) 0.008 3.00 0.916 Bilgin & Onay, (2019)
4.90-13.00 0.79-20.43 917(C) 0.0081 292 0.85 Marmara Sea Daban et al., (2020)
3.2-12.8 0.28-20.85 365 0.0091 3.0502 0.9101 Western Black Sea Present Study
1.8-56.4 1.01-551.51 620(C) 0.008 3.22 0.81 Eastern Black Sea Ak et al., (2009)
10.81-147.85
9.1-20.8 244(M) 0.014 3.05 e )
73055 6.03-326.66 271(F) 0.009 3.20 0.96 Eeastern Black Sea Yesilgigek et. al., (2015)
9.20-21.00 13.30-176.83 22(C) 0.0133 3.12 0.98 Marmara Sea Daban et al., (2020)
Uranoscopus scaber N R
P 4.8-24.2 2.31-263.45 264(C) 0.017 2.96 0.97 Eastern Black Sea Onay & Dalgig, (2021)
6.6-25.5 4.28-312.65 189(C) 0.009 32 0.98 Western Black Sea Tiirker & Bal, (2018)
53-21.8 45 (F) 0.014 3.07 0.98 .
57.15.2 - 22(M) 0014 309 097 Southeastern Black Sea Demirhan & Can, (2007)
5.7-22.8 1.63-178.45 120 0.0108 3.1501 0.9284 Western Black Sea Present study
3.9-12.3 - 2410(C) 0.013 3.11 0.96 izmir Bay Soykan et al., (2013)
5.2-11.7 1.89-24.97 603(C) 0.015 2.99 0.97 izmir Bay Bilecenoglu, (2009)
Serranus hepatus 2.4-10.5 0.25-22.05 584(C) 0.016 3.02 0.97 Northeastern mediterranean Cigek et al., (2006)
6.0-11.1 204(C) 0.009 322 0.95 zmir Bay Giirkan & Bayhan, (2010)
4.,5-25.2 1.44-220.05 9 0.0136 3.0496 0.9944 Western Black Sea Present Study
40-258 0.01-8.2 125(C) 3E-07 242 0.96 izmir bay Giirkan & Taskavak, (2007)
Sygnathus thyphle 1.61-22.7 0.08-3.48 61(C) 0.0004 2.98 0.86 Aegean Sea Giirkan et al., (2020)
¥o ¥p 5.4-28.6 0.05-8.95 70(C) 0 2985 097 Gokgeada Island Altm et al.., (2015)
13.0-30.5 0.53-13.75 9 0.0006 3.5845 0.9643 Western Black Sea Present Study
Aphia minuta 2.9-5.8 0.11-1.81 308(C) 0.0025 3.49 0.82 Southeastern Black Sea Van et al., (2019)
P 3.3-49 0.15-0.69 14 0.0021 3.586 0.932 Western Black Sea Present study
5.0-35.0 1.01-549.2 338(C) 0.004 3.43 0.884 Eastern Black Sea Ak et al., (2009)
Trachinus draco 9.5-22.5 5.34-75.84 319 (M) 0.0079 2.95 0.93
10-25.8 6.96-131.76 306 (F) 0.0064 303 0.96 Eastem Black Sea Ak & Geng, (2013)
5.6-21.5 1.52-101.73 53 0.0174 2.6572 0.93 Western Black Sea Present Study
1.40-14.50 15.84-41.46 2 - - - - Kasapoglu & Diizgiines, (2014)
7.1-11.6 72 0.01370 2.763 0,979 Southern Agean Sea Bilge et al., (2014)
parablennius tentacularis 9355;205 6 307584 64 0.0072 3.125 0.973 Erdek Bay,Sea of Marmara Keskin & Gaygusuz, (2010)
10-25.8 6.96-131.7 Ak & Geng, (2013)
4.8-9.8 1.1-6 13 0.0218 2.58 0.987 Western Black Sea Present Study
11.6-18.2 10.13-38.60 15 0.00790 2.929 0.99 Northern Sea of Marmara Bok et al., (2011)
. . 35-7.4 43M 0,00820 2.844 0.931 Southern Agean Sea, Bilge et al., (2014)
Callionymus risso .
3,2-7.0 13 0.01370 2.705 0.938 Erdek Bay,Sea of Marmara Keskin & Gaygusuz, (2010)
2.8-6.6 0.18-3.35 48 0.0048 3.4216 0.925 Western Black Sea Present Study
3.7-9.0 71 0.0004 2.522 0.721 Erdek Bay,Sea of Marmara Keskin & Gaygusuz, (2010)
Pomatoschistus marmoratus 25-6.5 0.11-1.81 553 0.00566 3.0931 0.93 Southeastern Black Sea Van et al., (2019)
49-7.1 1.05-7.1 13 0.00050 3.3286 0.917 Western Black Sea Yildiz et al., (2018)
3.0-7.8 0.15-7.5 44 0.0079 2.8789 0.8863 Western Black Se Present Study
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Oz: Tarihte ¢ok sayida pandemik hastalik ortaya ¢ikmig ve bu hastaliklar milyonlarca insanda hastalik
ya da oliimlere yol agmustir. Ozellikle tarihe damga vuran pandemiler icerisinde kara 6liim (black
death) olarak bilinen veba diinya niifusunun % 17-54’{iniin 6liimiine yol agmasi ile kayitlara gegmistir.
Tarihteki salginlara benzer olarak 2019 yilinda ortaya ¢ikan ve koronaviriis ailesine ait olan SARS
CoV-2 viriisiiniin salgin olusturmasi ve pandemik bir enfeksiyona doniismesi ile birlikte 483 milyondan
fazla insanda viriis tespit edilmis ve 6,1 milyondan fazla insanin 6liimiine neden olmustur. Ortaya ¢ikan
bu biiyiik salgin halen daha etkilerini devam ettirirken basta vizon (Neovison vison) olmak iizere kopek,
kedi gibi evcil hayvanlarda da pozitif vakalar oldugu bildirilmistir. Ozellikle Danimarka, Hollanda ve
Finlandiya gibi iilkelerde COVID-19 pozitif ¢ikan hayvanlar itilaf edilmektedir. Onceki pandemik
salginlardan farkli olarak COVID-19 pandemisi daha genis cografyalara dagilmis ve ¢cok sayida hayvan
tirtini etkiledigi bildirilmistir. SARS-CoV-2’nin ilk olarak yarasalardan insanlara gectigine dair
raporlar bulunmasi ile birlikte etken zoonotik olarak kabul edilmistir ancak yarasalar diginda diger
hayvanlardan insanlara gecisi konusunda tam olarak bir bulasma yolu gosterilmemistir. Insanlar
arasinda basta solunum yolu ile bulagsma gosteren viriisiin hem evcil hayvanlardan hem de tiiketilebilir
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Muhammed DUMAN gidalardan insanlara gegisi konusunda biiyiik bir risk olmadigi bildirilmektedir. Karasal hayvanlarda
Bursa Uludag Universitesi Veteriner Fakiiltesi ¢ok sayida rapor olmasina ragmen sucul hayvanlarda veya akuatik ¢gevrede SARS-CoV-2’nin varligt
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16059, Tiirkiye.

bl e e calismada SARS-CoV-2’nin akuatik ortamda canliligi, sucul ekosisteme ve su hayvanlarina gegisi ve

dolayistyla su ya da su iiriinleri yoluyla insanlara olusturacag: riskler derlenmistir.
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Existence of Severe Acute Respiratory Syndrome causing Coronavirus-2 (COVID-19)
on Aquatic Animals and Aquatic Products: A Review

Abstract: Many pandemic diseases have emerged in the history and millions of people affected from
these diseases. Among the marked pandemics in history, the plague, known as the black death, was
recorded to cause the death of 17-54% of the world population. Similar to previous pandemics, as the
SARS CoV-2, which emerged in 2019 and belonged to the coronavirus family, caused an epidemic and
turned into a pandemic infection, positive cases were detected in more than 483 million people, and
more than 6.1 million people died. While this emerging epidemic is still continuing its effects, it has
been determined that there are positive cases in pets such as dogs and cats, especially in mink (Neovison
vison). Especially in Denmark, Netherlands and Finland, positive animals for COVID-19 were
accepted. Unlike the pandemic until today, the COVID-19 has spread to broader geographies and
affected many animal species. With the reports that the SARS-CoV-2 - was first transmitted from bats
to humans, this viral agent has been accepted as zoonotic, but a complete transmission route has not
been shown for its transmission from other animals to humans except bats. It is reported that there is

S Corresponding authar: no significant risk of transmission of the virus, which is transmitted primarily by the respiratory route,

Muhammed DUMAN from both pets and edible foods to humans. Although there are many reports in terrestrial animals,
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Medicine, Department of Fisheries Diseases, transmission in aquatic animals have doubts. Here we reviewed the viability of the SARS-CoV-2 - in
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0 e the aquatic environment, transmission to the aquatic ecosystem and aquatic animals, and therefore the

risks to humans through water or aquatic products.
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GIRiS
Koronaviriis  hastaigt 2019  (COVID-19),
giiniimiizde akut solunum yolu sendromuna neden olan ve
1918 yilindaki influenza pandemisinden sonra diinya
capinda hizla yayillan en onemli kiiresel salgin haline
gelmistir (CDC, 2021). Yapilan ¢aligmalar viriisiin enfekte
damlaciklar ve aerosoller yoluyla bulastigin1 gésterse de,
virlisiin semptomatik ve asemptomatik enfekte hastalarin
digskilarinda ve atik sularda bulunmasi, etkenin fekal-oral
yolla bulagma olasiligina dikkat ¢gekmistir (Polo vd. 2021).

COVID-19 pozitif insanlarla yakin iligkili evcil
hayvanlar, ¢evresel kontaminasyon veya insan-hayvan
etkilesimleri yoluyla viriise maruz kalmaktadir. Calismalar
COVID-19'un Cin'in Wuhan kentindeki canli bir hayvan ve
deniz iriinleri pazarindan kaynaklandigini = gostermesi
nedeniyle, gida olarak kullanilan su hayvanlarinin -COVID-
19‘un bulag kaynagi oldugu konusunda belirsizlikler
mevcuttur (Zhou vd., 2020).

Su tiriinleri, 6zellikle viriisle enfekte olan insanlar
tarafindan ele alindiginda, diger yiizeyler gibi SARS-CoV-2
ile kontamine olabilmektedir. Bu hayvanlar arasinda kemikli
baliklar (sazan, yayin baligi, somon, vb.), kabuklular
(yengeg, karides vb.), yumusakcalar (istiridye vb.) ve
amfibiler (kurbaga) Onemli risk grubu igerisinde yer
(Bondad-Reantaso vd., 2020). COVID-19
salgini, su hayvanlarin1 gelir kaynagi olarak kullanan
ve/veya ortalama yillik su {irtinleri tiiketimi yiiksek olan
toplumlar i¢in (Grénland, Norveg ve Portekiz gibi) gecim
kaynaklarmi, gida giivenligini ve beslenmeyi direkt
etkileyebilmektedir (Bondad-Reantaso vd., 2020).

Viriisiin veya genetik materyalinin su hayvanlari

almaktadir

veya ¢ift kabuklu yumusakgalarla temasi dahil olmak {izere
potansiyel ¢evresel bulasin yani sira gida niteliginde olan su
iriinlerine insan miidahaleleri de ele almmasi gereken
onemli konulardir. SARS-CoV-2 su hayvanlarinda ve
balik¢ilik Tirtinlerinde varliginin ve yayginliginin tespiti
konusunda olduk¢a sinirli bilgi bulunmaktadir ve insan
sagligr acisindan kontaminasyon riski heniiz agikliga
kavusturulamamustir (Polo vd., 2021). Bu g¢alismamizda
2020 yili sonrasinda diinyay: etkisi altina alan ve diinyada
6,1 milyondan fazla insanin Gliimiine neden olan SARS-
CoV-2’nin su {iriinlerinde varligi ve insan sagligina etkileri
konusunda Scopus, Web of Science ve PubMed’de taranan
son ii¢ yildaki giincel literatiirler olmak {izere ayrica
Koronaviriis hakkinda detayli literatiir incelemesi ele
alinmustir.
SUCUL-GIDA KAYNAKLI VIRUSLERIN

Gida Kaynakli Akuatik Viriisler: Diger tim canli
gibi, Dbaliklar da tarafindan
enfekte/kontamine olabilmektedir. Agirlikli olarak balik

organizmalar viriisler
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patojenleri olarak tanimlanan bu virlisler arasinda
rabdovirtisler, birnaviriisler, herpesvirtisler, iridoviriisler,
reoviriisler, ortomiksoviriisler ve retroviriisler bulunur
(Bondad-Reantaso vd., 2020). Bu viriisler genellikle
kontamine gidalarin tiiketimi yoluyla insanlara ii¢ ana
yoldan bulasabilmektedir: (1) Enfekte personellerin gidai
tirtinleri kontamine etmesiyle, (2) Hayvanlarin enfekte viicut
stvilarmin gidai iiriinlerle temast (zoonotik bulasma), veya
ortam havasinda bulunan viriis partikiillerinin gidai iiriinleri
kontamine etmesi (3) Enfekte hayvanlardan elde edilen gidai
riinlerin  tiikketime sunulmasidir  (zoonotik bulagma)
(Koopmans & Duizer, 2004; Godoy vd. 2021).

Su hayvanlar1 viriislerinin (Tablo 1), birincil
replikasyon mekanizmalari enfeksiydz siirecleri,
sicakkanlt omurgalilarinkiyle benzerlik go6stermektedir
(Kim & Leong, 1999).

ve

Tablo 1. Su hayvanlarinin baslica viriisleri (OIE, 2020; Bondad-
Reantaso vd., 2020)
Table 1. Main viruses of aquatic animals (OIE, 2020; Bondad-
Reantaso vd., 2020)

Kemikli bahklarinin viriisleri

Carp edema viriis (CEV)*

Channel catfish viriis (CCV)

Epizootic haematopoietic necrosis viriis (EHNV)
Grouper iridoviriis (GIV)*

Infectious pancreatic necrosis viriis (IPNV)
Infectious haematopoietic necrosis viriis (IHNV)
Infectious salmon anaemia viriis (ISAV)
Infectious spleen and kidney viriis (ISKNV)

Cins

Poxviridae ailesi
Ictalurivirus
Ranavirus
Ranavirus
Aquabirnavirus
Novirhabdovirus
Isavirus
Megalocytivirus

Koi herpesviriis (KHV) Cyprinivirus
Salmonid alphaviriis (SAV) Alphavirus
Spring viraemia of carp (SVC) Sprivivirus
Tilapia lake viriis (TiLV)* Tilapinevirus

Viral nervous necrosis (VNN)*

Eklem bacakh hayvanlarin viriisleri

Covert mortality nodaviriis (CMNV)*

Decapod iridescent viriis 1 (DIV1)*

Infectious hypodermal and haematopoietic necrosis viriis (THHNV)
Infectious myonecrosis viriis (IMNV)

Macrobrachium rosenbergii nodaviriis (MrNV)

Betanodavirus

Nodaviridae ailesi
Decapodiridovirus
Pestyldensovirus
Totiviridae ailesi
Nodaviridae ailesi

Taura syndrome viriis (TSV) Aparavirus
White spot syndrome viriis (WSSV) Whispovirus
Yellow head viriis (YHV) Okavirus

Cift kabuklu hayvanlarin viriisleri
Ostreid herpesviriis 1 (OSHV-1)*
Abalone herpesviriis (AbHV)

Ostreavirus
Aurivirus

Simdiye kadar, baliklar1 enfekte eden viriislerin
insan saglig1 i¢in risk olusturmadigi bildirilmis olsa da bu
konuda yeterli sayida ¢alisma yapilmamis olmasi halen daha
su lirlinleri ya da su hayvanlari yoluyla viral enfeksiyonlarin
ve Koronaviriis’iin 6nemini sakli tutmaktadir (Boylan,
2011).

CORONAVIRUS

Akuatik Hayvanlarda Koronaviriisler:
Coronaviridae ailesinin tiyeleri evrimsel olarak birbirleri ile
yakin iliski gostermektedirler ve beseri ve veteriner
hekimlikte Coronaviridae aile ve tiyeleri oénemli bir rol
oldugu bilinmektedir. Coronaviridae ailesi Nidovirales
takimina aittir ve Letovirinae, Orthocoronavirinae ve
Pitovirinae olarak ii¢ alt aileye ayrilir (ICTV, 2021) .
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Akuatik hayvanlardan izole edilen koronaviriisler az sayida
rapor edilmigtir ve bunlardan biiyiik ¢ogunlugu da fok
(Alphacoronavirus cinsi), siseburunlu yunus ve beluga
balinas1 ~ (Gammacoronavirus  cinsi)  gibi  deniz
memelilerinden bildirilmistir (Wartecki & Rzymski, 2020).

Coronaviridae ailesi, solunum, gastrointestinal,
kardiyovaskiiler ve norolojik hastaliklara neden olan 6nemli
beseri ve veteriner patojenleri de dahil olmak iizere bir¢ok
cins ve tirii icermektedir. Koronaviriislerin ana ozelligi,
zarfin yiizeyinden belirgin olarak goriinen peklomerlerin tag
benzeri (tag=corona) ¢ikintilar olusturmasidir(Wartecki &
Rzymski, 2020). Koronaviriisler baslangicta antijenik
iliskilerine ve konak tiirlerine gore siniflandirilmis olmasina
ragmen son yillarda ¢ok sayida  koronaviriis
izolatlari/genomlar1 tamimlanmis ve siniflandirmalar bu
ozelliklerine gore revize edilmistir (Schiitze, 2016).

Balikk  nidoviriislerinin ~ tiimii  daha  Once
Coronaviridae ailesinde, Torovirinae alt ailesinde ve
Bafinivirus cinsinde yer almaktaydi (Schiitze, 2016). 2018
ICTV (International Committee on Taxonomy of
Viruses)’nin onayiyla yapilan degisikliklerle birlikte
Torovirinae ailesinde yer alan balik viriisleri Tobaniviridae
adli Bu nedenle, balik

yeni bir aileye tasinmistir.

nidoviriisleri artik Coronaviridae ve Tobaniviridae olmak
tizere iki aileye ayrilmigtir (Mordecai ve Hewson, 2019).
Deniz habitatlarinda bulunan koronaviriisler Mordecai vd.
(2020) tarafindan incelenmis ve su hayvanlarinda bulunan
bu koronaviriislerin hi¢birinin zoonotik karakterde olmadigi
insanlarda goriilen

bildirilmigtir. Buna ilave olarak

Cases

1 .674.5?3 ;
83556 505
6132461

Sekil 1. COVID-19 vaka yayilist (Diinya Sagllk Orgiitii, WHO)
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de  akuatik
belirlenmistir

viriislerle
olmadig1

Coronaviridae  ailesindeki
koronaviriislerin  yakin iligkili
(Mordecai & Hewson, 2020)

Diinya Capinda SARS-CoV-2 (Siddetli Akut
Solunum Sendromu Koronaviriisii Tip 2): Siddetli akut
solunum yolu sendromu koronaviriis tip 2'nin (SARS-CoV-
2) neden oldugu ve son derece bulasict COVID-19, 2019'un
sonunda (Khan vd. 2020) Cin'in Wuhan kentinde bulunan
Huanan deniz iriinleri pazarindan ortaya ¢iktigi
bildirilmigtir (Khan vd., 2020). Mart ay1 ortasindan itibaren
tim dinyayr etkisi altina almig olan ve Rhinolophus
yunnanensis'ten izole edilen viriisiin bir tiirii olan SARS-
CoV-2’nin, BatCoV RaTG13 ile benzerliginin %96,2 kadar
yiiksek oldugu rapor edilmistir (Zhou vd., 2020). Bu
nedenle, yeni koronaviriisiin en olast kaynagi yarasalar
olarak tahmin edilmistir (Zheng vd., 2020). Bu ¢alismalara
ek olarak, SARS-CoV-2 viriisiiniin ara konagi halen daha
aciga kavusturulamamis, bazi ¢alismalarda pangolin, yilan
ve kaplumbagalarin olast ara konaklar olabilecegi
bildirilmistir (Ji vd. 2020; Liu vd. 2019). Nisan 2021
itibartyla, viriis 483 milyondan fazla bireye bulagmis ve
global olarak 6,1 milyondan fazla kisinin dliimiine neden
oldugu bildirilmistir (Sekil 1) (Jhu & COVID-19 Map,
2020). Hiicre giris reseptorii -anjiyotensin donistiiriicii
enzim Il (ACE2)- hem SARS-CoV hem de 2019-nCoV
tarafindan kullanilmaktadir. Bu da, SARS-CoV-2'nin
SARS-CoV ile aymt konak araligina sahip olabilecegini
gostermistir (Zhou vd., 2020).

Figure 1. Outbreak of COVID-19 in the World (World Health Organization, WHO)

Tiirkiye'de SARS-CoV-2: Tirkiye'de ilk kayith
vaka 11 Mart 2020'de, ilk 6liim ise 15 Mart'ta bildirilmistir
(T.C. Saglik Bakanlig1, 2021). Bugiin itibari ile Tiirkiye’de
toplam COVID-19 vaka sayisi 15 milyona yaklagmus,
toplam &liim sayis1 ise 97.000 olarak bildirilmistir. Gegen
bir yili askin siirede giinliik test sayis1 giinliik 300 binin
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iizerinde olmus, agilama calismalarinin da baslamasiyla
niifusun %84’ agilanmustir (T.C. Saglik Bakanligi 2021).

SARS-CoV-2’nin Bulasma Yollari: SARS-CoV-
2'nin ara konak olarak hayvanlarla temasi sonucunda
insanlara gec¢iginde siipheler bulunmaktadir (Day vd.
2020). SARS-CoV-2'nin neden oldugu ilk akut pndémoni
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hastasinin ~ kiilmes  hayvanlari, yarasalar, yilanlar,
kurbagalar, kirpiler, marmotlar ve diger egzotik canli
hayvanlarin da satildig1 Cin'in Wuhan Kentindeki Huanan
Deniz Uriinleri Toptan Satis Pazari ile baglantili oldugu
rapor edilmistir (Godoy vd., 2021). Salgin bir pandemiye
dontistiikge, insanlar arasinda direkt temas yoluyla yayilim
viriislin ana bulagma yolu haline gelmistir (Liu vd., 2019).
Daha sonra ithal dondurulmus gidalar ve bunlarin ambalaj
malzemeleri tizerinden izole edilen SARS-CoV-2'nin,
Cin'in Pekin kentinde yeniden ortaya ¢ikan iki COVID-19
hastasi ile baglantisinin tespit edilmesiyle (Liu vd., 2019),
kontamine soguk zincirli gida kaynaklarimin ilkeler ve
bolgeler arasinda  SARS-CoV-2  bulagma  riski
dogurabilecegi varsayilmistir (Han vd. 2021). Bununla
birlikte, SARS-CoV-2 enfeksiyonu ve gida tiiketimi
arasinda dogrudan bir baglanti kurulmamistir (Desai &
Aronoff, 2020).

SARS-CoV-2'nin  Zoonotik Onemi:
zoonotik 6neminde, hedef doku ve organ hiicrelerinde
viriis reseptorlerinin varligi, viral enfeksiyonunun konak
araligini, doku tropizmini ve virlisiin patogenezini
belirlemektedir.  SARS-CoV-2, “S”  glikoprotein,
viriistiniin hiicre reseptorii ACE2'ye baglanmast yoluyla
konak hiicrelere girmekte (Hoffmann vd., 2020), ardindan
transmembran serine proteaz 2 (TMPRSS2) (Matsuyama
vd., 2010) tarafindan S proteininin bdlinmesi, fiizyon
peptidi serbest birakilmasi ve konak hiicre girisine izin
verilmesi seklinde gergeklesmektedir (Sekil 2) (Millet &
Whittaker, 2015). ACE2'nin S proteini ile etkilesimine
aracilik eden bu viral giris, SARS-CoV-2'nin tiirler arasi
iletiminin en 6énemli sinirlayict faktérii olmaktadir (Zhao
vd., 2020). Damas vd. (2020), in-siliko analizini
kullanarak, SARS-CoV-2 S proteinine baglanma egilimleri
icin memeliler, kuslar, baliklar, siirlingenler ve amfibiler de
dahil olmak iizere 410 omurgali tiirden ACE2 dizilerini
incelemis ve sadece memelilerin orta ile ¢ok yiiksek
kategorilere karsilik gelen baglama derecelerine sahip
oldugunu bildirmiglerdir. Bu analiz, kuslarin, baliklarin,

Virisiin

stirtingenlerin ve amfibilerin ACE2 proteinlerinin SARS-
CoV-2 S proteinini baglama olasiliginin olmadigini
ongormiis ve bu da memeliler disindaki omurgali siniflarin
SARS-CoV-2 igin bir ara konak¢1 veya rezervuar olma
olasiligimin olmadigimn gdstermistir. Yapilan ¢aligmalarda
hayvanlarda bulunan ACE2 reseptér proteinlerinin
varligina gére SARS-CoV-2 i¢in bes baglanma kategorisi
tamimlanmis ve bu bes kategoriden de SARS-CoV-2’nin
baglanmasinda hayvanlarda en riskli gurubun catarrhine
primatlar1  oldugu bildirilmistir (Damas vd., 2020).
Koronaviriis pandemisinin 6ncesinde siseburun yunuslarda
Gammacoronaviriis varhigr tespit edilmis, bunun da
memeli koronavirisleri ile ayr1 bir tiir oldugu bildirilmistir
(Woo vd., 2014). Dahasi, Boni vd. (2020) tarafindan

yapilan analiz, SARS-CoV-2 ile ilgili viriislerin
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Rhinolophus spp. yarasalarinda uzun sitiredir ¢ok sayida
rekombinasyon ile viriisiin yayildigin1 géstermistir (Godoy
vd., 2021).

SARS-CoV SARS-CoV-2
«‘ ’ SARS Hastalik COVID-19
S 2 > 2Ki152002  Ciasdonemi  Kis 2019
.y ‘s 8,096 Vaka sayis1 483 milyon+
70N 774 Olim 6.100
£ :
d x Etkilenen iilke sayis1 222
Reseptor protein ey
ACE2 ~ /*\* & o “ ACE2
Spike Protein
TMPRSS2 TMPRSS2
Hastaliktan iyilesenlerden
tiretilen antikorlarin notralizasyon etkisi
\ p N
Yiiksek : Orta
0-®: X
5
-

Sekil 2. SARS-CoV ve SARS-CoV-2’nin konakg1 hiicre girisi
(Hoffmann vd., 2020).

Figure 2. The entrance of SARS-CoV and SARS-CoV-2 to the
host cell (Hoffmann vd., 2020).

Koronaviriisler memelilerde, kuslarda ve su
hayvanlarinda da bildirilmektedir (Li vd., 2020; Mordecai
& Hewson, 2020). SARS-CoV-2, genis bir memeli konak
araligina sahip zoonotik bir viriis olarak rapor edilmistir
(Mahdy vd. 2020; Tiwari vd., 2020). OIE (2020), SARS-
CoV-2'yi gelismekte olan bir patojen olarak kabul eder ve
bu nedenle iiye iilkelerin, iilkelerindeki hayvanlarda
dogrulanmis  enfeksiyonlar1  OIE'ye  bildirmelerini
istemektedir. Tablo 2'de listelendigi gibi, hayvanlardan
bazilari COVID-19 pandemisi sona erdiginde rezervuar
gorevi gorebilecegi (Santini & Edwards, 2020) ve bu
nedenle veteriner halk saglig1 riskleri devam edebilecegi
rapor edilmistir (Mahdy vd., 2020). SARS-CoV-2'nin tiir
spesifitesinin genisledigi ve ¢iftlik vizonlarinda, evcil
kedilerde, kopeklerde ve evcil kaplanlarda, pumalarda ve
aslanlarda ters zoonoz sergiledigi bildirilmistir (Mahdy
vd., 2020; Sharun vd. 2021). Vizonlar bir¢ok tilkede ticari
amagcla yetistirildikleri i¢in ayrica bir endise kaynagi
olmaktadir. Vizonlarin SARS-CoV-2’ye karsi oldukga
hassas oldugu ve enfekte
vizonlarin kolayca enfekte oldugu belirlenmis (Anderson
vd., 2021; OIE, 2020; Oreshkova vd., 2020; Santini &
Edwards, 2020) ayrica vizonlarda tiir i¢i bulagin kolaylikla
oldugu bildirilmistir (Godoy vd., 2021; Sharun vd., 2021).
Dahasi, SARS-CoV-2'nin vizona 06zgili bir varyanti,
Danimarka ve Hollanda'da rapor edilmis olup, vizon
yetistirme ¢iftliklerinde SARS-CoV-2'nin vizondan insana

insanlarla temas sonucu
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bulastigina dair kanitlar bulunmaktadir (ters antroponoz)
(Munnink  vd., 2021; Sharun wvd., 2021), fakat
hayvanlardan insanlara yayilma riskinin genellikle diisiik
oldugu kabul edilmektedir. Ciftlik vizonlarindaki SARS-
CoV-2 enfeksiyonu ABD, Hollanda, isveg, italya,
Danimarka, Fransa, Kanada, Yunanistan, Litvanya,
Ispanya (Sharun vd., 2021) ve Polonya'da (OIE, 2020)
rapor edilmis ve viriisiin vizonlara tek bulas kaynaginin
insan oldugu ortaya konmustur. COVID-19 pandemisi
sona erdiginde vizonlarin rezervuar gorevi gorebilecegi
ihtimaliyle SARS-CoV-2'nin vizon popiilasyonunda
enzootik hale gelme olasiigi veya SARS-CoV-2
pandemisini panzootik hale doéniigme riskini ortadan
kaldirmak i¢in hastaliktan etkilenen vizon ¢iftliklerindeki
onemli kontrol 6nlemleri alinmaya ¢aligildigi bildirilmigtir
(Oreshkova vd., 2020).

Su hayvanlar1 sogukkanli canlilardir
(poikilotermik) ve genellikle 37°C'nin altindaki su
sicakliklarinda  yagar ve cogalabilmektedirler. Su
hayvanlar1 genellikle suda yasamalar1 ve sogukkanli
olmalar1 sebebiyle memeli ve kus viriislerine karsi dogal
olarak direngli olma egilimindedirler. Bununla birlikte,
FAO raporunda "SARS-CoV-2'nin, tiiketilebilir su
hayvanlarini (balik, kabuklular, yumusake¢alar, amfibiler)
enfekte edebilecegine dair bir bildirim yapilmamugtir (El
Masry vd., 2020). Bu hayvanlarin COVID-19'un insanlara
yayilmasinda epidemiyolojik bir rol oynamadigi sonucuna
varilmistir (Bondad-Reantaso vd., 2020). V'kovski vd.
(2020), SARS-CoV-2 ve SARS-CoV'un replikasyon
kinetigini sirasiyla insan iist ve alt solunum yollarinin
taklit ederek 33°C ve 37°C'de
arastirmis ve yaptigi caligmada her iki viriisiin de 37°C'de
benzer titrelerde replike olurken, SARS-CoV-2, SARS-
CoV'un aksine, 33°C'de daha giiglii bir sekilde replike
oldugunu (37°C'den 10 kat daha yiiksek) ve SARS-CoV-2
enfekte hiicrelerinin fraksiyonu SARS-CoV'a kiyasla
33°C'de 6nemli dlclide arttigi rapor edilmistir (V’kovski
vd., 2020). SARS-CoV-2mnin 33°C'de  gelismis
replikasyonu, SARS-CoV'a kiyasla iist solunum yollarinda
artan replikasyonunu ve artan bulasma oranini
desteklemektedir. Bununla birlikte, SARS-CoV-2 veya
yakin iligkili viriislerin in vitro replikasyonunun minimum
sicakligi  hakkinda ayrintih  bir  rapor
bulunmamaktadir. Bunlara ilave olarak da hastalik kontrol
ve onleme merkezi (CDC, Centers for Disease Control and
Prevention) tarafindan 2019 yilinda yayinlanan raporda
SARS CoV-2’nin
onemli bir rol oynamayacagi 6zellikle belirtilmis ancak bu

ortam sicakliklarini

heniiz

insanlara yayiliminda hayvanlarin

konuda daha ayrintili ¢aligmalar yapilmasi gerekliligi de
vurgulanmustir (CDC, 2021). Bu veriler, diinyanin en sicak
bolgeleri disinda, ektotermik su hayvanlarinda SARS-
CoV-2 replikasyonun ol(a)mayacagi konusunda giiglii bir
destek olmaktadir.
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Tablo 2.Farkh
duyarliligi®
Table 2. Susceptibility of other animals except for aquatic species
to SARS-CoV-22

Duyarh hayvanlar®

hayvanlarin SARS-CoV-2 enfeksiyonuna

Yaprak Burunlu Yarasa (Rhinolophus sinicus);
Maskeli misk kedisi (Paguma larvata); Meyve
Yarasast (Rousettus aegyptiacus); Yerli kedi;
Ciftlik vizon; Gelincik; Altin Suriye hamsteri
(Mesocricetus auratus); Rakun; Sincap; Tavsan,
Koyun; Sigir; At; Pangolin Makaklar (Macaca
fascicularis ve Macaca mulatta); Evcil kaplan ve
Aslanlar; Maymun

Képek; Domuz

Diskordans duyarhhga
sahip hayvanlar
Duyarh
hayvanlar

Kopek; Kiimes Hayvanlar (tavuk, 6rdek, hindi,
kaz, giivercin); Fare; Rat; Rakun; Kirpi; Kobay;
Fil; Kanguru faresi; Mirket; Sucul hayvanlari
(baliklar, ¢ift kabuklular, yumusakgealar,
amfibiler)¢

olmayan

a: COVID-19 pandemisi sona erdiginde rezervuar olarak veya SARS-CoV-2
enfeksiyonlar1 i¢in hayvan modellerinde kullanilabilecek risk altindaki hayvanlar
(Godoy vd., 2021); b: SARS-CoV-2’nin varlig1 heniiz ortaya konmamis ancak risk
altindaki hayvanlar (Chen vd., 2020a; Chen vd., 2020b; Godoy vd., 2021; Santini &
Edwards, 2020; Shi vd., 2020; Wan vd. 2020; Wang vd. 2020a; Zhou vd., 2020); c:
ACE2 ve giris aktivator TMPRSS2 bulunmayan veya ACE2 reseptorii SARS-CoV-
2 tarafindan kullanilmayan veya ACE2 reseptor benzerligi insanlarinkiyle diisiik
olan hayvanlar (<61%) (Chen vd. 2020c, d; Wan vd., 2020); e: Deneysel
enfeksiyonlarda ayni tiirler arasinda bulagsma gosterir (Anderson vd., 2021; OIE,
2020; Shi vd., 2020).

SARS-CoV-2'nin Farkli Ortamlarda Hayatta
Kalabilmesi: Bir viriisiin stabilitesi ve canliligini korumasi
ortamin sicaklik, pH, bagil nem ve viriisiin 6zellikleri
(zarfsiz veya zarfli pargacik) gibi faktorlere baglh
olmaktadir (Liu vd., 2019). Kampf vd. (2020) cansiz
yiizeylerde koronaviriislerin (zarfli virtisler) kalicilig1 ve
kimyasal dezenfeksiyon ile inaktivasyonu hakkindaki bir
degerlendirme yapmis ve SARS-CoV, MERS-CoV ve
HCoV gibi insan koronaviriislerinin yiizeylerde 9 giine
kadar aktif olarak kalabildiklerini bildirmislerdir. Fakat
SARS-CoV-2’nin %62-71 etanol igerisinde 1 dakikada,
%0,5 hidrojen peroksit veya %0,1 sodyum hipoklorit ile 1
dakikadan daha kisa siirede inaktive edilebildigi
belirlenmistir (Kampf vd., 2020). Taylor vd. (2020),
SARS-CoV-2 ve SARS-CoV'un aerosollerde ve 21-23°C
sicaklik ve % 40 bagil nem igeren g¢esitli ylizeylerde
(paslanmaz ¢elik, bakir ve karton) stabilitesini inceledikleri
calismalarinda; her iki viriisiin de aerosollerde en az 3 saat,
plastik ve paslanmaz ¢elik yiizeylerde 72 saat aktif olarak
kaldigini bildirmislerdir. Karton yilizeyde 24 saat sonra
SARS-CoV-2’nin, 8 saat sonra da SARS-CoV’un
aktivitesini siirdiiremedigi tespit edilmistir (van Doremalen
vd., 2020).

Ank Sularda SARS-CoV-2 Varlhigi: SARS-
CoV'un diski, idrar ve sudaki stabilitesi ve viriisiin atik
sudaki kimyasal inaktivasyonun incelendigi ¢aligmalarda
hastane, evsel kanalizasyon sular1 veya musluk suyunda iki
giin (yedi giin boyunca viral RNA), diskida {i¢ giin, fosfat
buffer tuzlarinda (PBS) 14 giin, ve 20°C'de idrarda 17 giin
virlisiin canliliini stirdiirdiigii bildirilmistir (Godoy vd.,
2021; Wang vd., 2005) SARS-CoV-2’nin 4°C'deki atik su
orneklerinde 14 giin, disk1 ve idrar 6rneklerinde ise 17 giin
canliligimi siirdiirdiigii bildirilmistir (Wang vd., 2005).
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SARS-CoV-2'nin sindirim sistemi ile bulasi konusunda
heniiz ayrintili bir rapor bulunmamaktadir. SARS-CoV'un
attk sularda varligina iliskin  Onemli ¢aligmalar
bildirilmekle birlikte (Kocamemi vd., 2020)atik sularda
virlisin ne kadar siire enfektif kalacagi konusunda
calismalara ihtiya¢ duyulmaktadir (Wartecki & Rzymski,
2020). Wartecki ve Rzymski (2020), su ortamlarinda ve
atik sularda koronaviriislerin canlilik potansiyellerini
aragtirdiklar1 ¢aligmalarinda dort temel durum iizerinde
durmuslardir:

(1) Su sicaklig1 yiikseldikge viriistin hayatta kalma
stiresi azalmaktadir; (2) Dezenfeksiyon amaciyla
Ultraviyole sistemlerinin kullanilmasi (UV-B) SARS-
CoV-2’nin pargalanmasina yol agmaktadir; (3) Su ve atik
sularda organik madde seviyesi — askida kati madde
miktar1 virlis pargaciklarinin adsorpsiyonlarini arttirarak
virlisiin canliligini siirdiirmesine yardimci olabilirken, bu
sularda bulunan antagonistik mikroorganizmalarin varlig
viriisii inaktif hale getirebilmektedir; (4) Atik sularda
bulunan diger canlilar (balik, ¢ift kabuklu, yumusakga)
ve/veya protozoalar da viriisiin canliliinin devamina katki
saglayabilmektedir (Feichtmayer vd. 2017).

SARS-CoV-2’nin Soguk Hava Kosullarinda
Canliigri:  Baliklarda  yapilan  soguk  depolama
uygulamalarinda SARS-CoV-2'nin canlilig1 incelenmis ve
virlisiin 4°C depolanan somon balig1 dokularinda 8 giin,
25°C'de depolananlarda ise 2 giin canliligini siirdiirdiigii
bildirilmistir (Dai vd., 2021). Fisher vd. (2020), ii¢ farklt
sicaklikta (4°C, -20°C ve -80°C) 21 giin boyunca
depolanan somon, tavuk ve domuz etlerinde kiiltiire
edilmis SARS-CoV-2'nin (6.00 logic DKID so/ml)
dokulardaki stabilitesini incelemis, viriis titresinin hem
buzdolab1 kosullarinda (4°C) hem de dondurulmus (-20°C
ve -80°C) 6rneklerde degismedigini bildirmislerdir (Fisher
vd., 2020). Bu iki ¢alisma, SARS-CoV-2'nin uluslararasi
deniz iriinleri ticaretiyle iliskili nakliye ve depolama
kosullarinda canliligini siirdiirebilecegini gostermis (Dali
vd., 2021; Fisher vd., 2020) ayrica kontamine soguk zincir
gidalarin Pekin'de SARS-CoV-2’nin yeniden ortaya ¢ikisi
konusunda spekiilasyonlarmi desteklemistir (Godoy vd.,
2021; Pang vd., 2020).

SARS-CoV-2'nin  Su Araciligiyla
Bulasmasi: Su iirinlerinin ¢iftlikten sofraya kadar SARS-
CoV-2 ile olas1 kontaminasyonu sekil 3’de gdsterilmistir
(Bondad-Reantaso vd., 2020; V. Doremalen vd., 2020).
Taze ve dondurulmus sucul hayvansal gidalar, SARS-
CoV-2 ile enfekte sular veya kontamine atik sularla daha
yakin iligki igerisinde olmasit ve igeriklerinde yiiksek

Uriinleri

oranda su bulundurmalar1 nedeniyle bu iriinlerin kiiresel
ticareti, viriisin hayatta kalmasi ve uzun mesafelere
taginmast i¢in elverisli bir ortam olugturmaktadir (Bondad-
Reantaso vd., 2020; N. van Doremalen vd., 2020). Global
Aquaculture Alliance (“GAA’s COVID-19 Blog: CBs
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May Grant Audit Extensions On Case-By-Case Basis™), su
iiriinleri alanindaki ¢aliganlarini ve tiiketici topluluklar1 bu
risklerden korumak adina deniz {irtinleri isleme tesisleri
i¢in bir rehberlik belgesi hazirlamistir (“GAA’s COVID-
19 Blog: CBs May Grant Audit Extensions On Case-By-
Case Basis”). Ilk COVID-19 vakas: Wuhan kentindeki
Huanan deniz {iriinleri toptan satis pazarii ziyaret eden
kisilerde olmasina ragmen, Cin hayvan pazarindaki deniz
iiriinleri ve baliklarin salginla iligkili olduguna dair heniiz
bir bulgu bildirilmemistir (Godoy vd., 2021). Cin'in
baskenti Pekin'de COVID-19 vakalarinin yakin zamanda
yeniden ortaya ¢ikisinda, biiyiik 6lgekli Xinfadi Pazarinin
baglantisi bildirilmistir (Pang vd., 2020). Pekin’de yeniden
salginin ortaya ¢ikisi sonrasinda SARS-CoV-2 testi pozitif
¢ikan ilk 53 kisiden 48'inin bu pazarda ¢alismis ve tigiiniin
ise deniz lriinleri pazarindan aligveris  yaptigi
belirlenmigtir (Wang & Yu, 2020b). Yine ayni deniz
tirlinleri pazarinda SARS-CoV-2 varligi yoniinden test
edilen ¢evresel numuneler arasinda, ithal edilen somon
baliklarinin iglenmesi igin kullanilan kesme tahtalarindan
alinan numunelerde SARS-CoV-2 tespit edilmistir (Caiyu,
2020; Caiyu & Hui, 2020; Wang & Yu, 2020b). Xinfadi
Market satis reyonundaki 14 stant {izerinde yapilan
arastirmada, viriis kaynagi olarak S14 numarali standin
kontaminasyon kaynag1 olabilecegi belirlenmis ve somon
balig1, bu stantta satilan tek ithal iiriin olarak bildirilmistir
(Pang vd., 2020). Bu vaka sonrasinda Xinfadi Pazari'ndaki
soguk hava deposunda bulunan orijinal miihiirlii paketli
tiim somonlarin (toplamda 3582) incelemesi yapilmus, alti
numunenin SARS-CoV-2 RNA ig¢in pozitif oldugu ve bu
baliklardan besinin ise 30 Mayis 2020'de 14 uncu stantlara
somon tedarik eden sirketten temin edildigi belirlenmistir
(Pang vd., 2020). Yapilan bu ¢aligsmalar sonucunda somon
baliklarindan izole edilen viriisin genom dizilimi bu
suslarin Avrupa SARS-CoV-2 viriis susu oldugunu ortaya
cikartmugtir (Pang vd., 2020). ithal somon islemek igin
kullanllan dograma tahtalarinda SARS-CoV-2 tespit
edildikten sonra (Caiyu, 2020; Caiyu & Hui, 2020; Wang
& Yu, 2020b), Cin SARS-CoV-2 RNA varlig1 yoniinden
tiim dondurulmus gida ithal {iriinlerini test etmeye baslamis
ve sevkiyattan alinan altt numunenin dig ambalajinda viriis
ya da viral RNA tespit edilmistir. Bu belirlemeler
sonrasinda Ekvator bolgesinden satis yapan ii¢ iireticiden
karides ithalati askiya alinmustir (Korban & Welling,
2020). Ekvatorda yapilan karides ambalajinda ayrica bir
SARS-CoV-2’ye iliskin RNA tespit vakasi Cin’in yapmis
oldugu bu kisitlamalardan bir hafta sonra bildirilmistir
(Korban & Sapin, 2020).

Gidalarla birlikte ne kadar ¢ok viriis tiiketilirse,
viral hastaligin ortaya ¢ikist o kadar artmaktadir (Todd vd.
2008; Tokur ve Korkmaz, 2021). Gida kaynakli viriis
enfeksiyonlari, genellikle ishalli digki veya vomitte (ml ya
da gda 10° ila>10'? enfeksiyoz partikill) bilyiik
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miktarlarda viriis partikiillerinin atilimina neden olmakta
ve kontamine olmus gidanin tiiketilmesiyle kolayca
enfeksiyona yol agabildigi bildirilmektedir (Todd vd.,
2008). Viriisler canlt olmayan hiicrelerde
¢ogalmadigindan, sindirim sistemi yoluyla aktarilan
bulasict SARS-CoV-2 miktarinin hastalik olusturmasi igin
oral tiiketimde bulagmaya yetecek kadar ¢ok sayida viriis
icermesi gerekmektedir. Bu durum yalnizca su triinleri ile
ilgili degil tiim gida triinlerinde bildirilmektedir. Su
iiriinleri tiiketimi diinyanin birgok tilkesinde farkli pigirme
yontemleri kullanilarak olmaktadir. Diger gida {irlinlerine
gore pisirilerek tiiketimi daha ¢ok olan su iiriinleri ise yine
tiim gidalar arasinda sindirim sistemi yoluyla SARS-CoV-
2’nin insanlara bulagsmasinda en diisiik risk igeren gidalar
arasinda yer almaktadir.

Fekal-Oral

1 = A~ 1 €

e S — S0 1Y

Sekil 3. nCOVID-19 viriisiiniin sucul ortama, su hayvanlarina ve
su tirlinlerine potansiyel bulagma yollari.

Figure 3. The transmission routes of nCOVID-19 virus to aquatic
environment, aquatic animals and aquatic products.

FAO, COVID-19'dan etkilenen iilkelerde dogal,
¢iftlik, evcil hayvanlarda ve ayrica su hayvanlarinda
SARS-CoV-2'ye maruz kalma olasiligint degerlendirmis,
insanlarin veya hayvanlarin su hayvanlarindan temas
yoluyla SARS-CoV-2'ye maruz kalma olasihigini ihmal
edilebilir olarak bildirmistir (El Masry vd., 2020). SARS-
CoV-2 su hayvanlarinda "sogukkanli" olduklar1 ve farkli
bir ACE2 hiicre reseptoriine sahip olduklart igin
replikasyon gosterememektedir. Damas vd. (2020)
tarafindan yapilan in-siliko analizde, kuslarin, baliklarin,
stiriingenlerin ve amfibilerin ACE2 proteinlerinin SARS-
CoV-2 “S” proteinini baglama olasiliginin olmadigi
ongoriilmiis ve bu da memeliler disindaki omurgali
smiflarin SARS-CoV-2 i¢in bir ara konakg1 veya rezervuar
olma olasiliginin yiiksek olmadigimi gostermistir. Capraz
kontaminasyonun meydana geldigi Codex Alimentarius
gida  hijyen  standartlari  (Alimentarius,  2009)
karsilamayan kosullarda pazarlarda veya perakende satis
magazalarinda islenen ve satilan sucul hayvan ham
driinlerin  ellenmesiyle olusan kontaminasyonda bu
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iiriinlerin yeterince 1sil islem gormiis olmasi, sindirim
yoluyla enfeksiyona maruz kalma olasilig1 azaltmaktadir
(Caiyu & Hui, 2020; EI Masry vd., 2020).

Polo vd. (2021) c¢aligmalarinda, bir deniz
organizmasinda SARS-CoV-2 RNA'sinin ilk bildirimini
yapmig, SARS-CoV-2 virionlarinin veya RNA'larinin kiy1
sularma ulasabilecegini gostermistir. Indirekt viabilite testi
ile elde edilmis sonuglar, viriisiin bulagict olmayan bir
formunu ve niikleik asidinde yiiksek derecede bozulmay1
ortaya koymustur. Bu rapor kabuklu deniz iirtinleri
tiketiminden SARS-CoV-2 izolasyon riskinin diisiik
oldugunu géstermistir (Polo vd., 2021).

SONUC
COVID-19'un insanlara

yayllmasinda epidemiyolojik olarak diger hayvansal
gidalara gore daha diisiik bir rol oynamaktadir. Herhangi

Su Uriinleri,

bir kontamine yilizeyde oldugu gibi, su iiriinleri de viriisii
aktif olarak yayan kisiler tarafindan kontamine edilen
iiriinlerle potansiyel olarak SARS-CoV-2 ile bulasabilir.
SARS-CoV-2’nin soguk saklama kosullarinda daha diisiik
canliliga sahip oldugu ancak viriisiin uluslararasi gida
ticareti ile iligkili nakliye ve depolama kosullarinda
yayilabilecegine yonelik veriler uluslararasi {irlinlerin
ticareti igin gelismis tarama protokolleri gerektigini
gostermektedir. Kontamine iriinlerle ilgili mevzuatlar
bulunsa da, onerilen hijyen ve gida giivenligi kosullarina
uygun olarak hazirlanip servis edildigi siirece deniz
iiriinlerinin tiiketilmesi giivenilirligini korumaktadir. "Tek
Saglik" konseptinden yola ¢ikilarak tiim hayvanlar ¢evre
ile iligkilidir; bu nedenle, tiim hayvansal iriinler igin
ciftlikten sofraya tiim hijyenik kosullar uygulanmalidir.
Bugiine kadar, halen daha SARS-CoV-2 ile ilgili pek ¢ok
bilinmeyen bulunmaktadir. Bu nedenle su hayvanlarinin
COVID-19 salginindaki rolii izerine daha fazla galismaya
ihtiyag vardir.
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Oz: Kentsel acik ve yesil alanlarin en 6nemli unsuru olarak bitkiler kent ekosistemine sunduklar1 birgok
6nemli faydanin yani sira sahip olduklar1 baz1 6zellikler ile ¢evrelerine olumsuz etkilerde de bulunabilirler.
Istila ettikleri ekosistemde yerel tiirlerin dagilimmi ve gesitliligini olumsuz yonde etkileyerek ekolojik
problemlere ve ekonomik zararlara neden olan istilact bitki taksonlar1 bu konuda verilebilecek en dnemli
orneklerdendir. Istilaci bitki tiirleri; ekolojik faktor icin toleranslarnin yiiksek olmasi, hizhi bilyiime
gostermeleri, yasam dongiilerinin kisa olmasi ve tireme kapasitelerinin oldukga yiiksek olmasi gibi nedenlerle
diger tiirlere gore daha rekabetcidirler. Bu bitkiler kisa siirede bolgede hakim konuma gecer ve popiilasyonlar:
salgin olusturacak seviyelere ulasir. Bu nedenle, istilact bitkilerin tespit edilmesi ve kontrol altina alinmasi
gerekmektedir. Ozellikle kentsel alanlarda kullanilacak bitkiler segilirken estetik ve fonksiyonel 6zelliklerinin
yani sira istilac1 olup olmadiklari da dikkat edilmesi gereken 6nemli bir kriterdir. Tiirkiye’de istilac1 bitki tiir
ve gesitliligine yonelik yeterli bir veri tabani bulunmamaktadir. Caligma kapsaminda, Tiirkiye nin egzotik
bitkiler tarafindan en ¢ok istila edilen bolgesi olan Karadeniz Bolgesi’nin zengin bitki Ortiisiine sahip
illerinden Rize’nin istilaci bitki taksonlariin belirlenmesi amaglanmustir. Rize kentsel agik yesil alanlarinda
istilact ozellige sahip toplam 85 farkli bitki taksonu tespit edilmistir. Bu taksonlar; familyalari, dogallik-
egzotiklik durumlari ve bulunduklar bélge 6zellikleri bakimindan degerlendirilmistir. Bu degerlendirme
sonucunda ¢aligma alanlarinda en gok (7 bitki taksonu) Rosaceae familyasinin gézlemlendigi, 85 bitkiden; 32
tanesinin dogal, 53 tanesinin egzotik oldugu ortaya konmustur. Ayrica, bu bitkilerin peyzaj mimarlig
¢aligmalarinda kullanimlar ile ilgili ¢esitli 6neriler gelistirilmistir

Anahtar kelimeler: istilaci bitkiler, kentsel acik yesil alanlar, Rize.
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Abstract: Plants, as the most important element of urban open and green areas, can have negative effects on
the environment with some of their features, as well as many important benefits they offer to the urban
ecosystem. Invasive plant taxa, which cause ecological problems and economic damage by negatively
affecting the distribution and diversity of local species in the ecosystem they invade, are the most important
examples that can be given in this regard. Invasive plant species are more competitive than other species due
to their high tolerance for ecological factors, rapid growth, short life cycles and high reproductive capacity.
These plants become dominant in the region in a short time and their populations reach epidemic levels.
Therefore, it is necessary to detect and control invasive plants. Especially when choosing plants to be used in
urban areas, in addition to their aesthetic and functional properties, whether they are invasive or not is an
important criterion to be considered. There is not an adequate database of invasive plant species and diversity
in Turkey. Within the scope of the study, it was aimed to determine the invasive plant taxa of Rize, one of the
provinces with rich vegetation of the Black Sea Region, which is the most infested region of Turkey by exotic
plants. A total of 85 different plant taxa with invasive properties were identified in Rize urban open green
areas. These taxa were evaluated in terms of family, naturalness-exoticness status and location properties. As
a result of this evaluation, it has been revealed that the Rosaceae family is the most common family (7 plant
taxa) in the study areas, 32 of 85 plants are natural and 53 are exotic. In addition, various suggestions have
been developed regarding the use of these plants in landscape architecture applications.

Keywords: Invasive plants, urban open green areas, Rize.
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GIRiS

Gilinlimiizde diinya niifusunun yarist kentsel
alanlarda yagsamini siirdiirmektedir ve bu oranin 2050 yili ile
birlikte %70’e varacagi tahmin edilmektedir (Bokaie vd.,
2016). Dinamik biyocografya ortamlar1 olarak tanimlanan
kentlerde yasam kosullari ¢ok hizli degismekte ve bazi
bitkiler ya da hayvanlar hizli bir sekilde gelisme olanagina
sahip olmaktadir (Seyhan & Bayramoglu, 2021).
Kentlerdeki parklar, bahgeler, oyun alanlari, orman
kalintilar1, yol kenarlari, refiijler, eski ya da yeni yerlesim
alanlar1 ile terk edilmis alanlar canli yasami acisindan
cezbedici olabilmektedir (Douglas, 1987; Yilmaz vd., 2017;
Yilmaz vd., 2018; Tarak¢t Eren vd., 2020). Ozellikle
kentlesme nedeniyle kirsal alanlarin kentsel alanlara
doniismesi sonucu biyogesitlilik, ekosistem fonksiyonlari ve
actk yesil alan peyzaj kalitesi de Onemli Olgiide
etkilenmektedir (Agbor & Makinde, 2018; Giilgin, 2019;
Giil¢in & Yilmaz, 2021).

Dogal bitki ortiisii, cografik bir alanda antropojen
etkiler altinda kalmadan biitliniiyle dogal faktorlerle olusan
bitki ortiisii olarak nitelendirilmektedir (Bayramoglu, 2016;
Yilmaz vd., 2019). Yayilabildigi alanlar, taksonun dogal
yayilim alanmi olarak kabul edilir (Niemiera & Von Holle,
2009; Zohary vd., 2012; Alp, 2017). Onen, (2015) “yabanci
tir” kavramini; “Belirli bir ekosistemin dogal flora veya
faunasinda bulunmay1p disaridan tasinan herhangi bir tiir ya
da bunlarin tohum, yumurta, spor veya iireme yetenegine
sahip diger biyolojik materyalleri” olarak tanimlamstir.
Gegmisten gliniimiize ¢ok ¢esitli 6zelliklerinden dolay1 bazi
bitkilerin tiir ve ¢esitleri (takson) insan eliyle dogal yayilim
alanindan veya bahgelerden alinarak bagka ekolojik alanlara
tasinmustir. Taginan bu bitkiler sahip olduklart 6zellikleri
kullanarak, bulunduklari alanin toprak, iklim ve diger
gevresel kosullarina uyum saglayarak alana yayilmaya
baslar ve yayildiklart bu alanlar taksonlarin ikinci dogal
yasam alanini olustururlar (Grimshaw, 2002; Niemiera &
Von Holle, 2009; Alp, 2017).

“Egzotik” kelimesi genellikle insanlarin kasitli ya
da kasitsiz eylemleri yoluyla bir tiirlin dogal olarak yayilis
gosterdigi bir alandan dogal olarak yayilis gostermedigi bir
alana taginan tiirler i¢in kullanilir (Pimentel vd., 2000;
Agrawal & Kotanen, 2003). Yeni tasindiklar1 cografyada
farkli ekolojik kosullarla karsilasan egzotik tiirlerden
bazilar1 hizla yayilim gostererek ekosistemleri istila
edebilmektedir. Onemli sayidaki egzotik bitki taksonunun
ruderal gibi davranarak Ozellikle tahrip edilmis
ekosistemlerde istilac1 6zellik ortaya koydugu belirlenmistir.
Ancak istilac1 ya da zarar verici higbir etkisi olmayan egzotik
tiirler de mevcuttur (Gider, 2013).

Pimentel vd., (2000) “istilac1 yabanci tiirler”
kavramini; “Bulundugu alana gesitli yollarla giris yapan
yabanct tiirlerden insan sagligi icin tehdit olusturan,
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ekonomik ya da cevresel/ekolojik problemlere neden olan
ve/veya zarar vermesi muhtemel olan tiirler” seklinde ifade
etmistir. Istilact bitki tiirleri; ekolojik faktér igin
toleranslarinin yiiksek olmasi, yasam dongiilerinin kisa
olmasi, hizli biiyiime gostermeleri, derin kok sistemlerine
sahip olmalari, ¢imlenme sonrast 151k rekabetinde iistiin
gelmeleri, tireme kapasitelerinin yiiksek olmasi, allelopatik
etkileri, adaptasyon kabiliyetlerinin fazla olmasi gibi
nedenlerle diger tiirlere gore daha rekabetgidirler. Bu
ozelliklere ek olarak herbivorlardan kaginma ve vejetatif
iireme stratejilerini kullanmalar1 sayesinde agresif olarak
geliserek diger bitki tiirlerine karsi dstiinlik saglama
ozelliklerine sahiptirler. Bu bitkiler yeni tagindiklari alanda;
besin dongiisiinii
fonksiyon/siireglerini olumsuz etkilemenin yani sira yerli

elementi ve ekosistemin
tiirlerin sayisinda ve yogunlugunda azalmaya neden olurlar
(Mehrhoff, 1998; Yang vd., 2012; Onen, 2015).

Kisa siirede popiilasyonlar1 salgin olusturacak
seviyelere ulagarak bolgede hakim konuma gegen istilact
bitki tiirleri her yil sadece ABD’de 700.000 ha. dogal alani
isgal etmektedir (Pimentel, 2002). Zamanla ekosistemdeki
yerel tiirlerin ¢esitliligini ve dagilimmi olumsuz yonde
etkileyerek ekolojik problemlere ve ekonomik zararlara
neden olmaktadirlar. Istilac bitki tiirleri ayrica tehdit ve
tehlike altindaki tiirlerin habitat kullanimin1 azaltir (Wilcove
vd., 1998). Istila siiregleri mevcut ekosistemin yapist ile ilgili
olan istilact yabanci bitki tiirleri igin yerli tiirlerden
kaynaklanan rekabetin ortadan kalkmis olmasi nedeniyle
tahrip edilen ekosistemler son derece uygun kosullar
olusturmaktadir (Onen, 2015). istilaya ugranus alanlarda
istilact bitkilerin istila kapasitelerinin fazlalagmas1 biyolojik
cesitlilik  tizerine dolayisiyla
biyogesitliligin azalmasina neden olmaktadir (Vila vd.,
2010).

etkisinin artmasina ve

Tirkiye’de istilaci bitki tiir ve gesitliligine yonelik
yeterli bir veri tabanmi bulunmamaktadir ve bu nedenle
Tiirkiye Ulusal Biyogesitlilik Stratejisi ve Eylem Plani’nda
bu bitkilere yonelik énem yeterince vurgulanmamaktadir
(Pezikoglu, 2016). Ayrica Karadeniz Bolgesi, Tiirkiye’ nin
egzotik bitkiler tarafindan en ¢ok istila edilen bolgesidir
(Ozaslan vd., 2016).

Bu c¢alisma kapsaminda; Tiirkiye’nin Dogu
Karadeniz Bolgesi’nde yer alan Rize ilinin kentsel agik yesil
alanlarindaki mevcut istilaci taksonlar incelenmistir. Ayrica
bu bitkilerin Rize ilinde yol agtig1 ¢evresel ve ekonomik
zararlardan da bahsedilerek taksonlar arasi karsilagtirmalar
yapilmustir.

MATERYAL VE METOT

Aragtirmanin ana materyalini ¢aligma alani olarak
secilen Rize ili kentsel agik yesil alanlarindaki mevcut bitki
varligt olusturmaktadir. Bu alanlarda bitki varligin



Gorbaci vd., (2022) Anadolu Cev. ve Hay. Dergisi, Yil:7, No:2, (156-162), 2022

olusturan tiim agac, agagcik, cali ve yer Ortiicii bitkiler
calisma kapsaminda yer almistir. Ayni zamanda
aragtirmanin ana konusunu olusturan istilac1 bitkilere
yonelik  literatiir ~de arastirma  materyali  olarak
degerlendirilmistir.

Calisma kapsaminda incelenen kentsel agik ve yesil
alanlar belirlenirken igerisinde en fazla takson barindiran
alanlarm  segilmesine dikkat edilmistir. Bu baglamda,
Corbaci vd., (2019) tarafindan yiiriitilen Recep Tayyip GoogleEarty
Erdogan Universitesi Bilimsel ~Aragtirmalar  Projesi : :
kapsamindaki “Rize Ili Park ve Bahgelerindeki Bitki Sekil 1. Caligma alanlarinin konumu (URL 1).
Tiirlerinin Envanteri (Proje kodu: FBA-2017-824)”, adli ~Figure 1. Location of study areas.
calismadan da yararlanilmistir. Calisma kapsaminda
incelenen kentsel agik ve yesil alanlar Tablo 1°de verilmistir.

Caligma alanlarindaki taksonlarin belirlenmesinde
fenolojik gozleme dayali yontem kullanilmigtir. Daha sonra,

Tablo 1. Calisma kapsamina alinan kentsel agik ve yesil alanlar. elde edilen bitki 6rnekleri Recep Tayyip Erdogan

Table 1. Urban open and green areas included in the study. Universitesi  Zihni ~ Derin ~ Kampiisi'nde yer alan
No Parkin Adi Takson Sayist herbaryumda botanik alaninda uzman ekip tarafindan
1 28 Agustos Fetih Parki 29 incelenerek taksonlar halinde listelenmistir.
2 Isirlik Tabiat Park: 64
3 gec.ep Tayyip El.’dogan Universitesi Zihni 116 BULGULAR
erin Yerleskesi
4 Sahil Parki/Mesut Yilmaz Parki 87 ) .
5  Tuzcuoglu Memis Aga Parki 19 Calisma kapsaminda, Rize kentsel agik ve yesil
6  Ziraat Botanik Parki 125 alanlarinda kullanildig: tespit edilen istilact bitki taksonlar:
ve bu taksonlarin; familyalari, anavatanlar1 ve bulunduklari
Calisma kapsaminda incelenen kentsel agik ve yesil bolgeler Tablo 2’de verilmistir. Bitki taksonlarinin
alanlarin konumlar ise Sekil 1°de verilmistir. bulunduklar bolgeler ise Tablo 1°e gore verilmistir.

Tablo 2. Caligma kapsaminda tespit edilen bitki taksonlar1 (Blundell, 1992; Mosango vd., 2001; Radosevich vd., 2007; Dawson vd., 2008;
Kohli vd., 2008; Dharani & Yenesew, 2010; Bhatt vd., 2011; Obiri, 2011; Edmonds, 2012; Witt, 2017; Witt & Luke, 2017; Atasoy & Corbaci,
2018; Sar1, 2019; Sar1 vd., 2020).

Table 2. Plant taxa detected within the scope of the study.

No Latince Ad1 Familyast Anavatam Bulundugu Bolge
IBRELI AGACLAR ve AGACCIKLAR

1 Chamaecyparis lawsoniana (A. Murray) Parl. CUPRESSACEAE Kuzey Amerika 1,3,4,5,6

2 Cryptomeria japonica (Thunb. ex L.f.) D.Don CUPRESSACEAE Orta ve Giiney Japonya, Cin 1,2,3,4,6

3 Picea abies (L.) H.Karst. PINACEAE Avrupa 34,6

4 Pinus pinaster Aiton PINACEAE Fransa, {spanya, Portekiz 1,34

5 Pinus sylvestris L. PINACEAE Kuzey Avrupa, Kuzey Asya, Tirkiye 6

6 Pseudotsuga menziesii (Mirb.) Franco PINACEAE Kuzey Amerika 3
GENIS YAPRAKLI AGACLAR ve AGACCIKLAR

1 Acacia dealbata L. FABACEAE Avustralya 2,46

2 Acer negundo L. SAPINDACEAE Kuzey Amerika 2,4

3 Acer palmatum Thunb. ‘Atropurpureum’ SAPINDACEAE Japonya, Cin 3,6

4 Acer pseudoplatanus L. SAPINDACEAE Bat1 Asya, Tiirkiye 3

5 Aesculus hippocastanum L. SAPINDACEAE Avrupa, Tiirkiye 4

6 *Ailanthus altissima (Mill.) Swingle SIMORIBACEAE Cin 34,6

7 Albizzia julibrissin Durazzo FABACEAE Asya 23

8 Alnus glutinosa (L.) Gaertn. BETULACEAE Avrupa, Kuzey Afrika, Bat1 Asya, Tiirkiye 2,346

9 Alnus orientalis Decne. BETULACEAE Tiirkiye, Kibris, Suriye 2,3,4,6

10 Betula pendula Roth BETULACEAE Avrupa, Asya, Tiirkiye 234

11 Diospyros lotus L. EBENACEAE Asya, Tirkiye 23

12 Eriobotrya japonica (Thunb.) Lindl. ROSACEAE Dogu Asya 1,2,3,4,6

13 Eucalyptus camaldulensis Dehn. MYRTACEAE Avustralya 4

14 Ficus carica L. MORACEAE Akdeniz’den Orta Asya’ya, Tiirkiye 3,4,6

15 Hibiscus syriacus L. MALVACEAE Giiney Cin, Tayvan 1,3,4,6

16 Koelreuteria paniculata Laxm. SAPINDACEAE Cin 3

17 Lagerstroemia indica L. LYTHRACEAE Cin, Hindistan, Himalayalar, Japonya 3,4,6

18 Ligustrum japonicum Thunb. OLEACEAE Asya 1,356

19 Melia azedarach L. MELIACEAE Asya 3

20 Morus alba L. MORACEAE Cin 2,4,6

21 Nerium oleander L. APOCYNACEAE Avrupa, Asya, Tiirkiye 1,3,4,6

22 Paulownia tomentosa Steud. PAULOWNIACEAE Asya 2,4

23 Phyllostachys aurea A. & C. Riviere POACEAE Asya 2,6

24 Phyllostachys nigra (Lodd. ex Lindl.) Munro POACEAE Asya 3

25 Populus alba L. SALICACEAE Avrupa, Orta Asya, Tiirkiye 4

26 Populus nigra L. subsp. italica (Duroi) Asch.et Graeb. SALICACEAE Avrupa’dan Akdeniz’e, Tiirkiye 3

27 Prunus avium L. ROSACEAE Avrupa, Kuzey Afrika, Tiirkiye 46

28 Prunus cerasus L. ROSACEAE Avrupa ve Giineybat1 Asya 3

29 Prunus persica (L.) Batsch ROSACEAE Cin 4
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30 Ricinus communis L. EUPHORBIACEAE Afrika, Tiirkiye 3
31 *Robinia pseudoacacia L. FABACEAE Kuzey Amerika 2,3,4,6
32 Salix caprea L. SALICACEAE Bat1 ve Orta Asya, Avrupa, Tiirkiye 23
33 Tamarix tetrandra Pallas TAMARICACEAE Dogu Avrupa, Asya, Tiirkiye 2,6
GENIS YAPRAKLI CALILAR
1 Abutilon x hybridum Hort. MALVACEAE - 2,56
2 Berberis thunbergii DC. ‘Atropurpurea’ BERBERIDACEAE Japonya 1,2,6
3 Berberis vulgaris L. BERBERIDACEAE Avrupa’dan fran’a, Tiirkiye 2,4
4 Buddleja davidii Franch. BUDDLEJACEAE Cin 1,2,6
5 Cestrum elegans (Brongn.) Schitdl. SOLANACEAE Meksika 2,6
6 Cestrum nocturnum L. SOLANACEAE Bati Hint Adalart 2,6
7 Clerodendrum bungei Steud. VERBENACEAE Cin, Kuzey Hindistan 2,6
8 Cortaderia selloana Schult. POACEAE Amerika 2,34
9 Datura stramonium L. SOLANACEAE Amerika 5
10 Elaeagnus pungens Thunb. ‘Maculata Aurea’ ELAEAGNACEAE - 2,3,6
11 Euonymus alatus (Thunb.) Siebold CELASTRACEAE Giiney Sibirya’dan Dogu Asya’ya 2,3
12 Hydrangea macrophylla (Thunb.) Ser. HYDRANGEACEAE Dogu Asya 1,2,3,4,56
13 llex aquifolium L. AQUIFOLIACEAE Bati ve Orta Avrupa, Kuzey Afrika, Bat1 Asya, Tiirkiye 2,3
14 Kerria japonica (L.) DC ROSACEAE Orta ve Giiney Cin, Japonya 2,6
15 Lantana camara L. VERBENACEAE Orta ve Giiney Amerika 2,46
16 Lonicera tatarica L. CAPRIFOLIACEAE Orta ve Dogu Asya, Sibirya 2,3
17 Pyracantha coccinea M.Roem. ROSACEAE Orta ve Giiney Avrupa’dan iran’a, Tiirkiye 1,24
18 Rhododendron ponticum L. ERICACEAE Bulgaristan, Liibnan, Kafkaslar, Tiirkiye 2,3,4,6
19 Ribes rubrum L. GROSSULARIACEAE Avrupa, Tiirkiye 23
20 Tecomaria capensis (Thunb.) Spach BIGNONIACEAE Giiney Afrika 3
21 Viburnum opulus L. ADOXACEAE Avrupa, Asya, Kuzey Afrika, Tiirkiye 2,4
PALMIYELER
1 Chamaerops excelsa Thunb. (syn. Trachycarpus fortunei (Hook.) H.Wendl.) ARECACEAE Dogu Asya 3,56
2 Phoenix canariensis Hort. ARECACEAE Kanarya Adalar1 3,4,6
SUKKULENTLER
1 Agave americana L. ASPARAGACEAE Orta Amerika 3,6
2 Opuntia ficus indica (L.) Mill. CACTACEAE Orta ve Giiney Meksika 6
YER ORTUCULER
1 Bellis perennis L. ASTERACEAE Avrupa, Tiirkiye 3,6
2 Canna x generalis L.H. Bailey & E.Z. Bailey CANNACEAE - 4,6
3 Carpobrotus edulis (L.) N.E.Br. AIZOACEAE Giiney Afrika 3
4 Hemerocallis fulva L. ASPHODELACEAE Asya 3,6
5 Lampranthus roseus (Willd.) Schwantes AIZOACEAE Giiney Afrika 2,36
6 Mirabilis jalapa L. NYCTAGINACEAE Orta ve Giiney Amerika 3,6
7 Ornithogalum orthophyllum Ten. ASPARAGACEAE Giiney Avrupa, Kuzey Iran, Kafkasya, Tiirkiye 1,2,3,4,5,6
8 Phytolacca americana L. PHYTOLACCACEAE Kuzey Amerika, Tiirkiye 6
9 Solanum nigrum L. SOLANACEAE Giiney Amerika, Tiirkiye 6
10 Tagetes erecta L. ‘Giant Orange” ASTERACEAE - 3,6
11 Tagetes patula L. ASTERACEAE Meksika, Guatemala 3,6
12 Taraxacum officinale (L.) Weber ex F.H.Wigg. ASTERACEAE Avrupa, Asya 1,2,3,45,6
13 Tussilago farfara L. ASTERACEAE Avrupa, Bati ve Orta Asya, Tiirkiye 1,2,3,4,5,6
SARILICI VE TIRMANICILAR
1 Hedera helix L. HEDERACEAE Avrupa, Tiirkiye 3,6
2 Lonicera japonica Thunb. CAPRIFOLIACEAE Dogu Asya 2,3
3 Parthenocissus quinquefolia L. VITACEAE Kuzey Amerika 3,6
4 Passiflora edulis Sims PASSIFLORACEAE Brezilya 6
5 Polygonum perfoliatum L. POLYGONACEAE Asya, Tiirkiye 3,6
6 Rubus fruticosus L. ROSACEAE Kuzey Amerika, Tiirkiye 4
7 Vinca major L. APOCYNACEAE Asya, Tirkiye 3,4,6
8 Wisteria sinensis Sweet. FABACEAE Cin 1,3,4,56

*Bu taksonlar egzotik olmalarina ragmen Tiirkiye’de olduk¢a yaygin olarak kullanilmis olmast ve istilaci 6zelliklerinden dolay: dogallasmig/yari dogal takson olarak kabul edilmektedirler. (-): Bu taksonlar melez

olduklar i¢in anavatanlari belirtilmemistir.

Calisma alaninda istilac1 6zellige sahip toplam 85
farkli bitki taksonu tespit edilmistir. Bu bitkilerin 6 tanesi
ibreli agag-agaccik, 33 tanesi genis yaprakli agag-agaceik,
21 tanesi genis yaprakli cali, 2 tanesi palmiye, 2 tanesi
sukkulent, 13 tanesi yer Ortiici ve 8 tanesi sarilici-
tirmanicidir. Ayrica, tespit edilen 85 bitkiden; 32 tanesinin
dogal, 53 tanesinin egzotik oldugu belirlenmistir. Sekil
2’de goriildiigi lizere calisma alaninda tespit edilen istilact
bitki tiirlerinin %38’inin dogal ve %62’sinin egzotik bitki
oldugu belirlenmistir. Buna gore, ¢caligma alanlarinda tespit
edilen bitkilerin dogallik ve
degerlendirildiginde egzotik bitki tiirii kullaniminin yogun

oldugu ortaya ¢ikmaktadir.

takson),

Sekil 3’te goriildiigii tizere galisma alaninda tespit
edilen bitkiler familyalarina gore degerlendirildiginde en
fazla takson bulunan familyalar sirasi ile Rosaceae (7
Asteraceae ve Sapindinaceae (5 Takson),

egzotiklik  durumlar

Fabaceae, Pinaceae ve Solanaceae (4 takson) seklindedir.
Calisma alanlarinda Rosaceae familyasi en fazla istilaci
ozellik gosteren familya olarak on plana ¢ikmaktadir.

u Dogal Bitki
Taksonlar1

m Egzotik Bitki
Taksonlar1
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Sekil 2. Caligma alanlarinda tespit edilen bitkilerin dogallik ve
egzotiklik durumlari.
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Figure 2. Naturalness-exoticness status of the plants in the study
areas.

Takson Sayisi
O R N WA U OO N

Asteraceae ve
Sapindinaceae

Familya

Rosaceae Fabaceag, Pinaceae ve

Solanaceae

Sekil 3. Caligma alanlarinda istilact 6zelliklere sahip en fazla
takson bulunan familyalar.

Figure 3. Families with the most taxa with invasive properties in
the study areas.

Sekil 4’te goriildiigii tizere galisma alaninda tespit
bitkiler bolgelere gore
degerlendirildiginde en ¢ok istilact bitki taksonunun Recep
Tayyip Erdogan Universitesi Zihni Derin Yerleskesi’nde
(55 takson) bulundugu belirlenmistir. Bu kentsel agik ve
yesil alani sirasi ile Ziraat Botanik Parki (53 takson), Isirlik
Tabiat Parki (39 takson), Sahil Parki/Mesut Yilmaz Park1
(38 takson), 28 Agustos Fetih Parki (15 takson) ve
Tuzcuoglu Memis Aga Parki (10 takson) izlemektedir.

50
40
20

edilen bulunduklar:

Takson Sayisi
&

Recep Ziraat Isirhik Sahil 28 Agustos Tuzcuoglu
Tayyip Botanik Tabiat Parki Parki/Mesut Fetih Parki Memis Aga
Erdogan Park1 Yilmaz Parki

Universitesi Parki
Zihni Derin
Yerleskesi

Kentsel A¢ik Yesil Alanlar

Sekil 4. Istilact dzelliklere sahip bitkilerin en ¢ok bulundugu
kentsel agik yesil alanlar.

Figure 4. Urban open green areas with the most taxa with
invasive properties.

Calisma alanim1 kapsayan park ve bahgelerde
istilact Ozellikleri ile Hydrangea macrophylla (Thunb.)
Ser., Ornithogalum orthophyllum Ten., Taraxacum
officinale (L.) Weber ex F.H.Wigg. ve Tussilago farfara L.
6 farkli kentsel agik yesil alanda da gézlemlenmistir.

SONUC VE TARTISMA

Kentsel acik ve yesil alanlarin en 6nemli unsuru
olarak bitkiler kent ekosistemine sunduklari birgok 6nemli
faydanin yani sira sahip olduklart bazi &zellikler ile
cevrelerine olumsuz etkilerde de bulunabilirler. Tstila
ettikleri ekosistemde yerel tirlerin dagilimmi ve
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cesitliligini  olumsuz  yonde etkileyerek ekolojik
problemlere ve ekonomik zararlara neden olan istilact bitki
taksonlart bu konuda verilebilecek en  6nemli
orneklerdendir. Kentsel acik ve yesil alanlarin
slirdiiriilebilir ve miimkiin oldugunca dogal ekosistemlere
zarar vermeden yonetilebilmesi Onem tagimaktadir
(Tarak¢t Eren vd., 2018; Sari, 2019; Tarakg¢t Eren vd.,
2021). Bu nedenle, istilac1 bitkilerin tespit edilmesi ve
kontrol altmma alinmasi gerekmektedir. Bu kapsamda,
kentsel alanlarda kullanilacak bitkiler segilirken estetik ve
fonksiyonel ozelliklerinin  yan1 sira istilact  olup
olmadiklar1 da dikkat edilmesi gereken 6nemli bir kriterdir.
Istilact bitkilerin kullanim alanlara dzen gosterilmelidir
(Tarake¢1 Eren & Diizenli, 2017).

Dogal ekosistemlerin siirdiiriilebilirligi a¢isindan
kentsel alanlarda yapilacak olan bitkisel uygulama
calismalarinda dogal bitki taksonlarimin kullanimi biiyiik
onem tasimaktadir (Alp vd., 2010; Tarak¢t Eren, 2019).
Calisma kapsaminda ozellige sahip oldugu
belirlenen 85 bitkiden; 32 tanesinin dogal, 53 tanesinin
egzotik oldugu tespit edilmistir. Egzotik bitkiler yeni
tagindiklar1 cografyada ¢ok farkli ekolojik faktorlerle karst
karsiya kalirken bu tiirlerden bazilar1 hizla yayilip zamanla
oradaki dogal bitki tiirlerinin yerini alarak tagindiklar1 yeni
ekosistemleri istila edebilirler. Egzotik bitki varliginin
fazlalig1 dogal ekosistemlerin siirdiiriilebilirligi agisindan
biiyiik riskler tasimaktadir. Bu nedenle, Rize ilinde dogal
bitki kullaniminin tesvik edilmesi oldukga 6nemlidir.

istilact

Calisma alaninda yapilan yerinde gozlemler
sonucunda ibreli agaclar ve agagciklardan; Cryptomeria
japonica (Thunb. ex L.f.) D.Don, genis yaprakli agaclar ve
agacciklardan; Ailanthus altissima (Mill.) Swingle, Alnus
glutinosa (L.) Gaertn., Alnus orientalis Decne.,
Phyllostachys aurea A. & C. Riviere, Phyllostachys nigra
(Lodd. ex Lindl.) Munro, Eriobotrya japonica (Thunb.)
Lindl. ve Robinia pseudoacacia L. genis yaprakli
calilardan; Clerodendrum bungei Steud., Hydrangea
macrophylla (Thunb.) Ser., Kerria japonica (L.) DC ve
Lantana camara L., palmiyelerden; Chamaerops excelsa
Thunb., yer ortiiciilerden; Bellis perennis L., Ornithogalum
orthophyllum Ten., Taraxacum officinale (L.) Weber ex
F.HWigg. ve Tussilago farfara L., sarilict ve
tirmanicilardan; Polygonum perfoliatum L ve Vinca major
L. taksonlar1 bulunduklar1 alan1 ¢ok ¢abuk kusatabilmekte
ve istenmeyen tasarimlara neden olabilmektedir. Ozellikle
Rize bolgesinde dogal olarak yasayan Alnus cinsi alanlari
tamamen istila edebilmektedir. Bu nedenle, bu taksonlarin
peyzaj tasarimlarinda kullanimlarina tasarimin niteligine
gore 6zen gostermek ve istilact ozelliklerinin ¢ok fazla
oldugunu g6z 6niinde bulundurmak gerekmektedir.

Tirkiye’de istilaci bitki tiir ve ¢esitliligine yonelik
yeterli bir veri tabani bulunmamaktadir. Kapsamli bir
istilact tiir listesinin olusturularak {ilkemize ihracati
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yapilacak bitki tilirlerinin istilac1 6zelliklerinin bilinmesi ve
konu ile ilgili yasal diizenlemelerin yapilmasi
gerekmektedir.  Ayrica, ilgili paydaslarin  toplumu
bilinglendirecek ¢esitli caligmalar gergeklestirmesi de son
derece yararli olacaktir.
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Abstract: Marine sediments are the important reservoirs of antibiotics and resistant genes.
Antibiotic resistance becomes a global concern today and bacteria from marine sediments show
resistance to multiple microbial agents. This study investigates antibiotic resistance of Gram-
negative heterotrophic bacteria from the marine sediment of the Black Sea. The samples were
gathered from various sampling locations on the marine environments of the Black Sea between
May 2019 and February 2020. The VITEK 2 system was utilized to detect the MIC values against
different antibiotics automatically. The MIC values were ranged from 0.12 pg/ml to 80 pg/ml.
The highest resistance ratios among all antibiotics were detected as 90% in CLSI and 81% in
EUCAST against cefazolin. In general, the resistance ratios were determined as 13.4% in CLSI
and 26.1% in EUCAST. All isolates were detected as susceptible to meropenem, cefepime,
ceftazidime, colistin, ertapenem, and piperacillin/tazobactam. MAR indexes were ranged

- https://orcid.ora/0000-0002-5110-5609

e between 0 and 0.45. MAR index were detected above or equal the value of 0.2 as 27% in CLSI
Recep Tayyip Erdogan University, The and 81% in EUCAST among all isolates. This study shows that EUCAST may be better than
E?;:’"%’u‘;{(:fhe”es i AGETE S CLSI in terms of showing the antibiotic exposure among natural isolates and the MAR indexes
IX: samet.kalkan@erdogan.edu.tr may be a useful tool for defining the environmental status. The results of this study indicate that

antibiotic resistance may be a serious concern in sediments of the Black Sea.

Keywords: Antibiotic, bacteria, black sea, CLSI, EUCAST, sediment.

Karadeniz Sedimentlerinden lzole Edilen Deniz Bakterilerinin Antibiyotik
Direnci-CLSI ve EUCAST Karsilastirmasi

Oz: Deniz sedimentleri, antibiyotiklerin ve direngli genlerin énemli rezervuarlaridir. Antibiyotik
direnci giiniimiizde kiiresel bir sorun haline gelmektedir ve deniz sedimentlerinden gelen
bakteriler, ¢oklu mikrobiyal ajanlara diren¢ gostermektedir. Bu g¢alisma, Karadeniz'in deniz
sedimentlerinden izole edilen Gram-negatif heterotrofik bakterilerin antibiyotik direncini
aragtirmaktadir. Ornekler, Mayis 2019 ile Subat 2020 arasinda Karadeniz'deki cesitli 6rnekleme
istasyonlarindan toplanmustir. VITEK 2 sistemi, farkli antibiyotiklere karst MIC degerlerini
otomatik olarak tespit etmek i¢in kullanilmistir. MIK degerleri 0,12 pug/ml ile 80 pg/ml arasinda
degisiklik gdstermistir. Tiim antibiyotikler arasinda en yiiksek direng oranlar1 sefazoline karst
CLSI'de %90 ve EUCAST'da %81 olarak tespit edilmistir. Direng oranlar1 genel olarak CLSI'de
%13,4, EUCAST da ise %26,1 olarak belirlenmistir. Tim izolatlarin meropenem, sefepim,
seftazidim, kolistin, ertapenem ve piperasilin/tazobaktama duyarli oldugu tespit edilmistir. MAR
N ) indeksleri 0 ile 0,45 arasinda bulunmustur. Tiim izolatlarda 0,2 degerinin iizerinde veya esit olan
Si;;ﬁﬂ[:g&f&' MAR indeksi CLSI'de %27 ve EUCAST'ta %81 olarak tespit edilmistir. Bu ¢alisma, dogal
Recep Tayyip Erdogan Universitesi, Su izolatlar arasinda antibiyotik maruziyetini gosterme agisindan EUCAST'in CLSI'den daha iyi
Urtinleri Fakilltesi, Deniz Biyolojisi olabilecegini ve MAR indeksinin gevresel durumu tanimlamada yararli bir ara¢ olabilecegini
ISR, [, TR belirtmektedir. Bu ¢alismanin sonuglar1, Karadeniz sedimentlerinde antibiyotik direncinin ciddi
BX: samet.kalkan@erdogan.edu.tr . . _ . e .
bir endise kaynagi olabilecegini gostermektedir.

Anahtar kelimeler: Antibiyotik, bakteri, CLSI, EUCAST, karadeniz, sediment.
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INTRODUCTION

Marine sediments are the significant reservoirs of
various pollutants, antibiotics, and resistance genes. Bacteria
from marine sediments may play a crucial role in the
transfering of antibiotic resistance between different
ecosystems around the world (Yang et al., 2013). Some
bacterial species can become resistant to antibiotics by
adapting to environmental conditions. Issues such as climate
change may also increase the resistance of bacteria. Human
activities and climate change accelerate the resistance of
pathogens to antibiotics. The spread of pathogens carried by
water and other factors may lead occurring of diseases in
humans and other organisms (MacFadden et al., 2018;
Cavicchioli et al., 2019). Today, bacterial species that have
become resistant to antibiotics through natural selection are
getting stronger by making the mechanism of action of drugs
dysfunctional. The World Health Organization (WHO) has
taken many initiatives in this regard. WHO has announced that
active measures should be taken against danger of the
antibiotics immediately. Rational use of antibiotics was
advised in 2005 and all countries were invited to take
precautions against antibiotic resistance. It is estimated that
large numbers of people will die from antibiotic-resistant
pathogens by 2050 (WHO, 2015).

As a result of antibiotic tests applied to bacteria of
clinical origin that can cause various diseases and infections
in hospitals, it was determined that these bacteria gained
resistance to various types and doses of antibiotics (Ug &
Ceylan, 2003; Mikolay et al., 2010; Limade Silvaetal.., 2012;
Yamina et al., 2014; Siitterlin et al., 2018). Antibiotics cannot
be completely absorbed in the human and animal digestive
tract. These antibiotics are mixed into the environment and
then into the sea through hospital wastes, wastewater, human
and animal feces. According to the antibiotic types, these
antibiotics mix with groundwater and seas (Schlusener &
Bester, 2006; Kim et al., 2011; Matyar, 2012). These bacteria
which can reach the seas in various ways can endanger
fisheries and public health. Besides, it is known that the
resistance of bacterial species increases due to antibiotics and
chemicals used in fish farms (Akinbowale et al., 2007).
Moreover, it has been reported that there is antibiotic pollution
in rivers and streams (Miranda & Castillo, 1998; Pathak &
Gobal, 2005; Ozaktas et al., 2012; Xu et al., 2019). It has been
also reported in the publications that antibiotic-resistant
bacteria reaching the marine environment have multiple
plasmids that enable them to acquire a resistance mechanism
and carry their genes by transferring them by conjugation
(Thavasi et al., 2007).

Turkey ranks first in terms of antibiotic
consumption. According to the Organisation for Economic
Co-operation and Development, the antibiotic resistance ratio
of Turkey in 2015 was reported as 35% which was the highest
among the member states. This ratio was detected as seven
times higher than the lowest ratio in the organization. The
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Ministry of Health in Turkey has set rules to decrease the
usage of antibiotics such as ceftazidime, carbapenem,
cefepime, glycopeptides, and piperacillin/tazobactam. In the
comparison of antibiotic resistance against the eight most
important antibiotic combinations between OECD and non-
OECD countries in 2015, the country with the highest rates
was India with 58%, while Turkey ranked 7th in the world.
Turkey was the highest resistance rate among OECD countries
(38.8%) and it took first place as the country with the most
antibiotic drug use. Despite the 15-year hospital antibiotic
restriction program, it was emphasized that health policies
should be reviewed urgently and an effective prevention
program should be implemented (Altunsoy et al., 2011; Isler
et al., 2019). These antibiotics which reach the sea in various
ways threaten public and ecosystem health. For this reason, it
is essential to monitor the antibiotic resistance of the bacteria
from marine environments constantly. Furthermore, bacterial
activities on the marine ecosystem and marine sediments
should be determined to develop measures against
deterioration in the environment.

Previous researches have indicated that the Black
Sea especially coastal areas is under the pressure of
bacteriological pollution and antibiotic resistance (Altug et al.,
2008; Terzi and Isler, 2019; Kalkan and Altug, 2020, Sabatino
et al., 2020; Prekrasna et al., 2022). Several studies have also
revealed that bacterial isolates obtain from fish farms and
other species were resistant to various antibiotics (Durmaz et
al., 2012; Ustiinakin et al., 2015; Rakici et al., 2021; Kayzs et
al., 2021). Despite this, very few studies have focused on
resistance of marine sediment bacteria in the Black Sea.

In this study, antibiotic resistances of Gram-negative
heterotrophic bacteria from the marine sediment of the Black
Sea against the commonly used hospital and veterinary
acquired antibiotics were investigated. Resistance ratios were
evaluated and compared based on different organizations’
guidelines for antibiotic testing. In particular, the spread of
antibiotic misuse which is still up to date has been interpreted
and the risks it carries for human health and ecosystem
functions in the marine ecosystem and especially in the marine
sediments have been defined.

MATERIAL AND METHOD

Sampling location: The marine sediment samples
were gathered from various sampling locations on marine
environments of the Black Sea on a seasonal basis between
May 2019, and February 2020 (Figure 1).

38°E 40°E

Figure 1. The locations of the stations in the Black Sea.



Kalkan, (2022)

Ekman grab sampler was utilized to take samples
from surface sediment layers (0-5 c¢cm). Different kinds of
sediments from various depths were analyzed (Figure 2).

j \ K. 3,
Figure 2. Ekman grab sampler and different sediment structures.

Eleven environmental isolates which were identified
on the marine sediment samples of the Black Sea (as
laboratory stocks) were tested against different antibiotics.
Gram-negative environmental isolates used in this study were
summarized by giving detailed information and accession
numbers (contains coordinates, stations, etc.) located on the
GenBank (Table 1).

Table 1. Tested Gram-negative environmental isolates and
accession numbers.

No Code Matched bacteria species Isolation area  Accession number
1 SK-6 Acinetobacter calcoaceticus Ordu 0OL839957
2 SK-7 Serratia nematodiphila Rize 0L839958
3 SK-14 Serratia marcescens Rize 0OL839965
4 SK-15 Pseudomonas monteilii Sinop 0L839966
5 SK-17 Hafnia paralvei Samsun 0L839968
6 SK-18 Pantoea agglomerans Ordu 0L839969
7 SK-19 Pseudomonas moraviensis Samsun 0OL839970
8 SK-20 Pantoea agglomerans Ordu 0L839971
9 SK-24 Pseudomonas moraviensis Samsun 0L839975
10 SK-36 Achromobacter deleyi Giresun 0L839987
11 SK-38 Leclercia adecarboxylata Trabzon 0L839989

Antibiotic susceptibility test (AST) and Multiple
antibiotic resistance (MAR) index: The VITEK® 2
Antimicrobial Susceptibility Tests (AST) were used to
determine antibiotic resistance of clinically important bacteria
species isolated from marine sediments. AST-N325 cards
were utilized to detect the Minimum Inhibitory Concentration
(MIC) values and breakpoints. The VITEK® 2 Systems AST
test is an automated test approach based on the MIC technique
(MacLowry & Marsh, 1968; Gerlach 1974). The AST is
essentially a compacted version of the microdilution method
for MIC values (Barry, 1976).
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64 microwells contain specified antimicrobials at
various concentrations with dried culture medium on each
AST card. Each AST card contains different types of
antibiotic groups. Amikacin, ampicillin, cefazolin, cefepime,
cefoxitin, ceftazidime, ceftriaxone, cefuroxime, cefuroxime
axetil, ciprofloxacin, colistin, ertapenem, gentamicin,
meropenem, piperacillin/tazobactam, tigecycline,
trimethoprim/sulfamethoxazole were tested depending on the
species. Pure cultures depends on species were incubated on
Trypticase Soy Agar with 5% Sheep Blood (TSAB) and
Columbia Sheep Blood Agar (CBA) at 35°C to 37°C (aerobic
and non-CO; conditions) for 18 to 24 hours. Pure cultures at
between 0.5-0.63 McFarland turbidity concentration were
inoculated to plastic test tubes filled with 3.0 ml of sterile
saline solution (0.45% NaCl). 145 pl of this homogenous
suspension was transferred in a second tube containing 3.0 ml
of saline solution for manual dilution of AST-GN cards. The
bacterial growth of each well was monitored after 24 hours
automatically. The program measured the growth patterns of
each organism in the existence of the antibiotic to the growth
control well. Multiple factors depending on growing
conditions were considered to assess the MIC and qualitative
assessment. The MIC value for each antibiotic and species
was calculated by defining the smallest concentration at which
there was no growth (Weinstein et al., 2018). MIC values were
interpreted based on the breakpoints declared by European
Committee for Antimicrobial ~Susceptibility = Testing
(EUCAST) and Clinical & Laboratory Standards Institute
(CLSI) (CLSI, 2018; EUCAST, 2021).

The multiple antibiotic resistance index (MAR) is
effective in identifying the potential for contamination in
high-risk environmental environments. MAR index values
were calculated according to Krumperman (1983). Multiple
antibiotic resistance index (MAR index) was measured
according to the a/b formula. In this formula, “a” is the number
of the resistant isolate against all antibiotics, and “b” is the
number of all antibiotics tested on the isolate (Krumperman,
1983). The MAR index greater than 0.2 indicates a high risk
of contamination, especially with fecal pollution from human-
made wastes and animals, while the MAR index of less than
0.2 indicates a low risk of pollution of animal origin, where
antibiotics are used very little or not at all (Krumperman,
1983; Matyar et al. 2008; Erdem et al., 2015).

RESULTS

MIC values of Gram-negative isolates against
different antibiotic groups were summarized in Table 2. The
MIC values were ranged from 0.12 pg/ml to 80 pg/ml. The
highest MIC value was detected as 80 pg/ml against
trimethoprim/sulfamethoxazole on SK-15 (Pseudomonas
monteilii). The lowest MIC values were determined as 0.12
pg/ml against cefepime, ceftazidime, and ertapenem on
different strains. 38 antibiotic tests (20%) in a total of 187
antibiotic tests were not applicable to some of the isolates.


https://www.ncbi.nlm.nih.gov/nuccore/OL839957
https://www.ncbi.nlm.nih.gov/nuccore/OL839958
https://www.ncbi.nlm.nih.gov/nuccore/OL839965
https://www.ncbi.nlm.nih.gov/nuccore/OL839966
https://www.ncbi.nlm.nih.gov/nuccore/OL839968
https://www.ncbi.nlm.nih.gov/nuccore/OL839969
https://www.ncbi.nlm.nih.gov/nuccore/OL839970
https://www.ncbi.nlm.nih.gov/nuccore/OL839971
https://www.ncbi.nlm.nih.gov/nuccore/OL839975
https://www.ncbi.nlm.nih.gov/nuccore/OL839987
https://www.ncbi.nlm.nih.gov/nuccore/OL839989
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Table 2. MIC scores (ng/ml) against to various antibiotics of Gram-negative bacteria isolates on the marine sediments of the Black Sea.

© ~ N 3 S 5 2 § N 8 8
No Antibiotics X X X X X P X X X X X
1 Amikacin <=2 <=2 <=2 4 <=2 <=2 4 <=2 <=2 4 <=2
2 Ampicillin - >16 >16 - <=2 16 - 16 - <=2
3 Cefazolin >32 >32 >32 >32 <=4 32 >32 32 >32 32 <=4
4 Cefepime 8 <=0.12 <=0.12 2 <=0.12 <=0.12 2 <=0.12 2 8 <=0.12
5 Cefoxitin 16 >32 - <=4 8 - 16 - - <=4
6 Ceftazidime 8 0.25 0.25 2 0.25 <=0.12 2 <=0.12 2 0.25 <=0.12
7 Ceftriaxone 16 1 <=0.25 - <=0.25 1 - 0.5 - - <=0.25
8 Cefuroxime - >32 >32 - <=1 16 - 16 - - <=1
9 Cefuroxime Axetil - >32 >32 - <=1 16 - 16 - - <=1
10 Ciprofloxacin <=0.25 <=0.25 <=0.25 <=0.25 <=0.25 <=0.25 <=0.25 <=0.25 <=0.25 2 <=0.25
11 Colistin <=0.5 - - - - - - - - <=0.5 -
12 Ertapenem - <=0.12 <=0.12 - <=0.12 <=0.12 - <=0.12 - - <=0.12
13 Gentamicin <=1 <=1 <=1 <=1 <=1 <=1 <=1 <=1 <=1 <=1 <=1
14 Meropenem <=0.25 <=0.25 <=0.25 1 <=0.25 <=0.25 0.5 <=0.25 1 <=0.25 <=0.25
15 Piperacillin/Tazobactam 8 <=4 <=4 8 <=4 <=4 8 <=4 8 <=4 <=4
16 Tigecycline <=0.5 1 1 2 <=0.5 <=0.5 1 <=0.5 1 <=0.5 <=0.5
17 Trimethoprim/Sulfamethoxazole <=20 <=20 <=20 80 <=20 <=20 <=20 <=20 40 <=20 <=20

SK-6: (Acinetobacter calcoaceticus), SK-7:(Serratia nematodiphila), SK-14: (Serratia marcescens) SK-15: (Pseudomonas monteilii), SK-17: (Hafnia paralvei), SK-18: (Pantoea agglomerans), SK-19: (Pseudomonas moraviensis), SK-20: (Pantoea

ans), SK-24: (Pset

Interpretation of MIC values regarding CLSI and
EUCAST, and calculated MAR indexes regarding the
number of total and resistant strains against antibiotics
were summarized in Table 3. The highest resistance ratios
among all antibiotics were detected as 90% in CLSI and
81% in EUCAST against cefazolin. All isolates except SK-
38 (Leclercia adecarboxylata) and SK-17 (Hafnia
paralvei) which were determined as susceptible and
increased exposure were resistant to cefazolin. In general,
the resistance ratios general were 13.4% (20 tests) in CLSI
and 26.1% (39 tests) in EUCAST among 149 applicable
tests for each antimicrobial susceptibility testing
organization.

moraviensis), SK-36: (Achromobacter deleyi), SK-38: (Leclercia adecarboxylata).

The lowest resistance ratios among all antibiotics
were measured as 0% both in CLSI and EUCAST against
meropenem, cefepime, ceftazidime, colistin, ertapenem,
and piperacillin/tazobactam. All isolates were detected as
susceptible to meropenem. In general, the susceptibility
ratios were 80.5% (120 tests) in CLSI and 51.6% (77 tests)
in EUCAST among 149 applicable tests for each
antimicrobial susceptibility testing guideline. 9 tests (6%)
were identified as intermediate in CLSI. 19 tests (12.7%)
were interpreted as susceptible, increased exposure (1*) in
EUCAST.

Table 3. Calculated MAR indexes and Interpretation of MIC values regarding CLSI and EUCAST.

< wn ~ [ee] (=2} o < ©o ool -

N ~ N < < < < o R NA A <~

X X X X X X X X X X X &R

7] 7] 7] 7] 0 7] 7] 175] 7] 175] 175) |- RS>
= = = = = = = = = = = =
2] [%2] 2] [%2] [%2] 1] 1] 2] (%2} 2] 12} 12}
_ < —_ < _ < —_ < _ < - < - < - < — < — < — < — <
0 S} %) ] 7] S} %) ] 7] ] 7] ] 7] ] 7] [ 7] ] 0 [ " ] 0 ]
- | 5 1 S | 5 1 S | S | > | > | > _| > _l > _l > 4 35
No Antibiotics O m O W © @m © @ O @w O @ ©O @ ©O @© O @ © @©® © @ ©O @m
1 Amikacin S S S R S R S S S S S S S S S S S S S R S S 0 27
2 Ampicillin - - R R R R - - R S | R - - | R - - - - S S 50 66
3 Cefazolin R R R R R R R R R I* R R R R R R R R R R S I* 90 81
4 Cefepime S 1* S S S S S 1* S S S S S 1* S S S I* S [ S S 0 o0
5 Cefoxitin - - | * R * - - S * S * - - | * - - - - S * 6 0
6 Ceftazidime S 1* S S S S S 1* S S S S S 1* S S S I* S S S S 0 o0
7 Ceftriaxone R R S S S S - - S S S S - - S S - - - S S 14 14
8 Cefuroxime - - R R R R S I* | R | R - - S I* 33 66
9 Cefuroxime Axetil - - R * R * - - S S | R - - | R - - - S S 33 33
10 Ciprofloxacin S S S S S S S I* S S S S S [ S S S * | R S S 0 9
11 Colistin S S - * - * - - - - - - - - - - - - S * - - 0 0
12 Ertapenem - - S S S S - - S S S S - - S S - - - - S S 0 0
13 Gentamicin S S S R S R S R S S S S S R S S S R S R S S 0 54
14 Meropenem S S S S S S S S S S S S S S S S S S S S S S 0 0
15 Piperacillin/Tazobactam S S S S S S S I* S S S S S [ S S S I* S S S S 0 0
16 Tigecycline S S S R S R S R S S S S S R S S S R S S S S 0 45
17 Trimethoprim/Sulfamethoxazole S R S * S * R * S R S S S * S S S * S R S R 9 45

MAR Index 016 025 025 035 031 035 020 0.30 0.2 0.06 0.06 0.25 0.10 0.30 0.06 025 0.10 0.30 0.09 0.45 0.00 0.06

S=Susceptible; I=Intermediate (CLSI); I*= Susceptible, increased exposure (EUCAST); R=Resistant; —=not applicable; *=Categorising the susceptibility of the organism is not possible. There is no approved method and breakpoints have not been

determined (EUCAST)

SK-6: (Acinetobacter calcoaceticus), SK-7:(Serratia nematodiphila), SK-14: (Serratia marcescens) SK-15: (Pseudomonas monteilii), SK-17: (Hafnia paralvei), SK-18: (Pantoea agglomerans), SK-19: (Pseudomonas moraviensis), SK-20: (Pantoea
agglomerans), SK-24: (Pseudomonas moraviensis), SK-36: (Achromobacter deleyi), SK-38: (Leclercia adecarboxylata), RPAI: Resistance percentageFor all isolates

MAR indexes were ranged between 0 and 0.45
regarding isolates, antibiotics, and interpretation guidelines.
MAR indexes were detected above or equal the value of 0.2
among 3 isolates (27%) in CLSI and 9 isolates (81%) in
EUCAST. The highest MAR index was measured as 0.45 in
SK-36 (Achromobacter deleyi) regarding EUCAST and The
lowest MAR index was calculated as 0.00 in SK-38 (Leclercia
adecarboxylata) regarding CLSI. The MAR indexes were
computed higher in EUCAST than CLSI except SK-17
(Hafnia paralvei).
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DISCUSSION AND CONCLUSION

Interestingly, antibiotic  resistance  researches
conducted on sediments of the Black Sea are limited
specifically in the research area. Recent evidence suggests that
the Black Sea contains effective antibiotic resistance genes
especially in the water columns. It is also reported that
resistance genes abundance was higher in deep layers below
100 meters surprisingly (Sabatino et al., 2020). According to
Ozcan et al., (2013), marine actinomycetes isolates are more
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active than soil isolates in producing antimicrobial
compounds. In the study of Gul-Seker and Mater, (2009),
isolates from the Bosphorus entrance of The Black Sea water
column show multiple antibiotic resistance to several agents
up to 5 antibiotics such as trimethoprim-sulfamethoxazole.
Erdem et al., (2017) reported isolates from Kilyon coasts in
the Black Sea were detected as resistant to penicillin (93%)
and ampicillin (48%) while susceptible to gentamicin (90%)
and amikacin (90%). Ture et al., (2018) reported that sediment
bacteria gain noticeable resistance abilities because of fish
farming in the Black Sea. Akkan and Mutlu (2016) revealed
that isolates from seawater of Giresun Coast in the Black Sea
show resistance to cefazolin (46.50%), amikacin (41.50%),
cefuroxime (35.50%), and ampicillin (15.50%). They also
reported that the MAR indexes above 0.2 were higher in 91%
of all isolates. According to the study by Kimiran-Erdem et
al., (2007), bacterial isolates from the Bosphorus and entrance
of The Black Sea have resistance to amikacin (25%),
ampicillin (6%), and gentamycin (2%). Similarly, the current
study found that bacteria from the marine sediments of the
Black Sea show resistance to commonly used antibiotics such
as cefazolin and ampicillin although the current study was
unable to detect whether the resistance is natural or acquired.
However, the findings of this study would seem to suggest that
the same species such as SK-18, SK-20 (Pantoea
agglomerans), and SK-19, 24 (Pseudomonas moraviensis)
show different resistance and MIC values against to same
antibiotics may be a piece of evidence that antibiotic
resistance is not natural, but acquired later. Taken together,
these findings suggest that there may be a concerning
antibiotic exposure and contamination in marine sediments of
the Black Sea.

On the other hand, Akkan’s (2017) findings show
that isolates from the Batlama Creek were resistant to
ampicillin (75%), amikacin (34%), and cefazolin (33%).
Akkan (2017) also revealed high MAR indexes (in 77% of all
isolates) which indicates antibiotic pollution in the
environment. Isik and Akkan (2021) reported that isolates
from the Gelevera Creek show resistance to cefazolin
(69.6%), cefuroxime (59.4%), ampicillin (46%), and amikacin
(21.7%). Their MAR index ratio (80%) reveals that the
Gelevera Creek which is discharge to the Black Sea carries
tremendously resistant bacteria against common antibiotics.
Previous studies have also demonstrated that bacteria from
fish species also show resistance to ampicillin,
sulfamethoxazole, trimethoprim (Kayis et al., 2009; Capkin et
al., 2015; Ture & Alp, 2016). Rakici et al., (2021) reported
that Gram-negative bacteria isolated on frog species from the
Eastern Black Sea are resistant to ampicillin and cefazolin.
Therefore, it can be assumed that the creeks, streams, rivers,
and organisms also may be important antibiotic transporters to
the sediments of the Black Sea. It could conceivably be
hypothesized that resistance in sediment may be even higher
than seawater, coastal areas, and rivers regards the
accumulation and persistence of antibiotics without sufficient
degradation.
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Multiple antibiotic resistance is a concerning issue
for human health. MAR index is an important index to indicate
antibiotic exposure in the source of animals and humans. In
the research of Gul-Seker and Mater (2009), MAR indexes
were found between 0.250 and 0.625. Erdem et al., (2017)
revealed that high MAR values show antibiotic contamination
because of the human effects. Likewise, in the current study,
the MAR indexes showed high-risk fecal contamination from
human-made wastes and animals. It can thus be suggested that
the MAR index may be a useful tool for defining the resistance
levels as well as the environmental status for the
anthropogenic impacts.

In recent years, there has been an increasing interest
in comparing CLSI and EUCAST standarts (Mendes et al.,
2010; Sader et al., 2021). While CLSI standards were used in
Turkey before, institutions and organizations in Turkey have
started to use EUCAST standards with the widespread
acceptance of EUCAST standards with the advice of the
European Union. In this context, the values found in the
EUCAST limit tables have gained importance. It has become
necessary to determine the MIC values of bacteria to
understand whether there is a dangerous situation for the
ecosystem and public health in terms of the effects of
antibiotics (Gur et al., 2016). Since most of these antibiotics
originate from hospitals, it is important to detect possible
pollution risks from hospitals to the sea. It is known that
Turkey is at the top of the misuse of antibiotics and antibiotic
misusage is increasing dramatically. Resistant sediment
bacteria against common antibiotics may infect people and
cause serious illness in long term. Even new generation
antibiotics may become ineffective against these wild and
evolved bacteria that have gained resistance and pose serious
problems for human health. The results of this study also show
that EUCAST may be better than CLSI in terms of showing
the antibiotic exposure not only in clinical and but also in
environmental isolates and marine sediments as well.

Super-bacteria (superbugs) are defined as bacteria
that are almost resistant to all known antibiotics and cannot be
killed by antibiotics, and their importance in antibiotic
resistance approaches is increasing day by day (Arias &
Murray, 2009; Duarte-Neto, 2019). Super-bacteria which
have been found to be resistant to B-lactam and all its
derivative antibiotics started to cause panic by posing a danger
to public health with the reporting of new clinical cases since
2010 (Chung & Lee, 2011; Jacome & Gonzales-Zubiate,
2019). The current research was not specifically designed to
evaluate super-bacteria skills. However, the evidence from
this study suggests that antibiotic-bacteria in sediments of the
Black Sea may evolve to super-bacteria with the increase of
excessive antibiotic exposure in time and damage human
health and marine ecosystems.

Although the One Health approach is a concept that
has recently started to be used today its history dates back to
ancient times. One Health emphasizes the importance of
multidisciplinary work to create optimal health for the public
and the environment at the national and international level.
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Emerging epidemics have led us to use interdisciplinary
sciences for challenging health problems. The One Health has
come popular because of intersectoral and interdisciplinary
approaches which give extra advantages. An important point
in the single health approach is antibiotic misuse and
resistance (Léger et al., 2018; Riiegg et al., 2018). The One
Health perspective is advised by the scientists and several
communities to tackle emerging problems such as antibiotic
resistance. Approximately 700,000 people in the world die
annually due to antibiotic-resistant pathogens. It is estimated
that this number will reach ten million people by 2050 and the
financial loss will be 100 trillion dollars. In this case, the
damage of antibiotic resistance will leave cancer behind. It has
long been known that antibiotic resources are wasted. It is
stated that urgent action should be taken to reverse current
trends in antibiotic resistance with a single health approach
(Zinsstag et al., 2009; Collignon, 2015; Robinson et al., 2016;
Kingsley & Taylor, 2017; European Commission, 2017;
McEwen & Collignon, 2018). The results of this research
suggest the idea that the marine environments and especially
sediments may play a crucial role in terms of showing
antibiotic resistance and exposure in the aspect of the One
Health concept.

The results of this study has indicated that antibiotic
resistance may be a serious concern in sediments of the Black
Sea. More research is required to determine the impact of
resistant marine sediment bacteria on One Health approach.
Further investigation using shotgun metagenomic sequencing
to define antibiotic resistance in better aspects is strongly
recommended. Also, future research needs to examine more
closely the links and similarities in terms of resistance
between clinical human pathogens and marine sediment
bacteria.
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Oz: Bu calisma, 2019-2020 yillar1 arasinda Samsun ilinde bulunan Gic1, Tatli, Balik ve Uzun

*5 https://orcid.org/0000-0003-3259-0175 gollerinde yiiriitiilmiistiir. S.S. Yoriikler Su Uriinleri Kooperatiflerinin kuruldugu yil, avlanma
: https://orcid.org/0000-0002-0294-3702 alanlari, balik¢1 sayisi, tekne sayisi, balikgilarin kullandigi teknelerin dzellikleri, av araglari,
avlanan su {irinleri miktari, tiirleri ve balik¢ilarin sosyo-demografik 6zelliklerine yonelik veriler

belirlenmistir. Caligma sonucunda; Samsun Bolgesi’nde aragtirma yapilan gollerde S.S. Yoriikler

Su Uriinleri Kooperatifi’ne bagl 400 kayitli {iye ve 34 kayith teknenin bulundugu tespit

edilmistir. Avlanan toplam su {irtinleri miktarinin 176,502 ton/yil oldugu, su {irtinleri avciliginda

kullanilan ag uzunlugunun 26400 m ve pinter aglarmin 1020 adet oldugu belirlenmistir.

Aragtirma bolgesinde en fazla yakalanan balik tiirlerinin Kefal (Mugil cephalus, Linnaeus, 1758),

Sudak (Sander lucioperca, Linnaeus, 1758), Israil sazan1 (Carassius gibelio, Bloch, 1782), Sazan

;Corre;’ﬁ’ggg%?\l“gféLAM (Cyprinus carpio, Linnaeus, 1758) oldugu goriilmiistiir. Balikgilarin %36,4’i 50-59 yas
F;csg'eDeniZ Bilimleri Fakiiltesi, Ordu araliginda, %68,2’si ilkgkul mezunu, %4‘15.,5’i 30.y11 ve l’iz.eri bahk.gzl.hk tecrﬁbe.sine sahip,
Universitesi, Ordu, Fatsa, Tiirkiye %40,9°u 20 yil ve lizeri kooperatif iiyeligine sahip, %81,8’i ev sahibi, %68,2’si ekonomik
>4 nes-34@hotmail.com kosullar nedeniyle balik¢ilik yaptig: tespit edilmistir.

Anahtar kelimeler: Sosyo-demografi, i¢su balik¢ilig1, Samsun, su iiriinleri kooperatifi.

Research of Fishing in Gicl, Tath, Balik and Uzun Lakes in Samsun []

Abstract: As a result of the study, it was determined that Yoriikler Fisheries Cooperative has 400
registered members and 34 registered boats in the lakes of the Samsun Region. It has been
determined that the total amount of fisheries caught is 176.502 tons/year, the length of the net
used in aquaculture is 26400 m and the fyke nets are 1020 pieces. The most commonly caught
fish species in the study area were Mullet (Mugil cephalus, Linnaeus, 1758), Sudak (Sander

*Sorumlu yazar: lucioperca, Linnaeus, 1758), Israeli carp (Carassius gibelio, Bloch, 1782), Carp (Cyprinus

Naciye ERDOGAN SAGLAM carpio, Linnaeus, 1758). 36.4% of the fishermen are in the 50-59 age range, 68.2% are primary
Ordu University, Faculty of Fatsa Marine school graduates, 45.5% have 30 years or more fishing experience, 40.9% have a cooperative
Sciences, , Ordu, Fatsa, Turkey membership of 20 years or more, 81.8% are homeowners, It was determined that 68.2% of them

B nes-34@hotmail.com were fishing due to economic conditions.

Keywords: Inland fisheries, fisheries cooperative, socio-demographic, Samsun.

GIRIS Birlesmis Milletler Tarim ve Gida Orgiitii (FAO)
verilerine gore, diinya su iirtinleri iiretimi 2019 yilinda, son
Su {irtinleri sektorti, dinamigi yiiksek bir sektor on yildir ilk defa azalma gdsterirken, 177,9 milyon ton
olup gerek protein kaynagi olmasi gerekse istihdam olarak belirtilen diinya iiretiminde, bir onceki yila gore
saglamas1  bakimindan iilke ekonomisine katkida %33,4 payla en yiiksek artig Tiirkiye nin olmustur (FAO,
bulunmaktadir (Celikkale vd., 1999; Dartay vd., 2009). 2021).
U Bu ¢alisma, Turgut KULAK "in yiiksek lisans tezinden iiretilmistir. This study was produced from the master thesis prepared by Turgut KULAK.
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Tirkiye’de su triinleri iiretimi 2020 yilinda bir
onceki yilla gore %6 oraninda azalarak 785.811 ton
(364.400 ton avcilik, 421.411 ton yetistiricilik) olarak
gerceklegmistir. Aveilik iiretiminin %91°1 denizlerden,
%9’u i¢ sulardan elde edilirken yetistiricilik iiretiminin
%69’u denizlerden %31°i i¢ sulardan saglanmistir.
Denizlerde yetistiricilikle gergeklestirilen {iretimin %2,5°1,
ic sularda yapilan {iretimin  %4,0’t  Samsun’da
gerceklesmistir (TUIK, 2021). Tiirk sularinda 2019
verilerine gore 18.055 ruhsatl balik¢r teknesi bulunmakta
olup bunun 2740 adedi i¢ sularda faaliyet gostermektedir
(BSGM, 2020).

Kizilirmak  Deltas1  (41020'-41050"  kuzey
enlemleri ve 35030'-36014' dogu boylamlar1) dogal yapisi
biliylik oranda korunabilmis ve Karadeniz kiyisindaki
uluslararasi 6nemi bulunan tek sulak alanimizdir. Samsun
il merkezinin batisinda olup, 19 Mayis, Bafra ve Alacam
ilgeleri smurlar1 igerisindedir (Anonim, 2004). Deltanin iki
yakasinda bulunan ve deniz kiyisina paralel uzanan Balik
(1389 ha), Cernek (589 ha), Uzun (293 ha), Liman (322
ha), Gici (125 ha), Tatli (52 ha), Karabogaz (295 ha) kiy1
set golleri arasinda yer alan ¢ok sayida ufak su havzalari
yaz aylarinda kurumaktadir (Anonim, 1997a). Balik, Uzun,
Gict ve Tatli Golleri dogal ve suni kanallarla siirekli bir
baglant1 halinde iken Cernek ve Balik Lagiinleri arasinda
da yaz aylarinda kuruyan bir baglanti s6z konusudur.
Gollerin  Karadeniz’le baglantilar1 Uzun  Goli’niin
giineydogu kosesinde bulunan tek dogal kanalla olurken,
Uzun ve Balik Golleri’nin kuzey kosesindeki suni kanalla
saglanmaktadir (Anonim, 1997b).

Balik¢ilik kaynaklarmin siirdiiriilebilir yonetimi,
balik¢ilarin varliklarini devam ettirebilmeleri, stoklarin
devamliligi ig¢in dogru ve etkin yonetim modellerinin
uygulanmasi ve sosyo-ekonomik verilerin diizenli takibi
gerekmektedir. Bu ¢aligmanin amaci, Samsun ili smirlart
icerisinde kalan Gici, Tatli, Balik ve Uzun géllerindeki
balikgilik  faaliyetlerinin = belirlenmesi,  bolgedeki
kooperatiflesme  durumu, balikgilik  faaliyetlerinde
kullanilan av araglar1 ve balik¢1 teknelerinin teknik
ozellikleri ve balik¢ilarin sosyo demografik 6zelliklerinin
Arastirma, bolgedeki igsu balik¢ilik
potansiyelinin ortaya konmast ve yonetim hedeflerinin
belirlenmesi agisindan 6nemlidir.

belirlenmesidir.

MATERYAL VE METOD

Bu c¢alismada, Karadeniz Bolgesi’nde bulunan
Samsun ili Bafra ilgesi siurlari igerisindeki Gici ve Tatl
golleri ile bir kism1 Bafra bir kismi da 19 Mayis ilgelerinde
bulunan Balik ve Uzun gollerindeki 2019-2020 yillart
arasindaki balik¢ilik faaliyetleri incelenmistir (Sekil 1).
Aragtirma, bolgede bulunan S.S. Yériikler Su Uriinleri
Kooperatifinin 6zel izni ile bagkan ve tyelerle yiiz yiize
goriismeler yapilarak gerceklestirilmistir. Aktif olarak
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balikcilik yapan 90 balik¢idan 22 kisi ile goriistilmistiir.
Balik¢1 teknelerine ait bilgiler kayitli 34 adet teknenin
21’inden elde edilmistir. Su iiriinleri kooperatifinin genel
yapisi, bolgede avcilik yapan Dbalikgilarin - sayisi,
balik¢ilarin yaslari, ¢ocuk sayilari, egitim durumlari,
sosyal gilivence durumlari, gelir memnuniyetleri,
balik¢ilig1 se¢gme nedenleri gibi sorular irdelenmis, su
aveilign  icin  kullanilmakta olan  baliket
teknelerinin teknik ve fiziksel 6zellikleri, av malzemeleri
ve Ozellikleri, avlanan su iriinii tiirleri, avlak bdlgesinin

urtinleri

durumu yiiz ylize goriismeler yapilarak kaydedilmistir.
Ayrica, arastirma kapsaminda Samsun 11 Tarim ve Orman
Miidiirliigii’'nden ve 19 Mayis ilce Tarim ve Orman
Miidiirligi’nden de kooperatif ve balik¢ilarin istatistiki
verileri alinmstir.

o S
Bulgaristan” %"

Sel . Caligma Sahasi.
Figure 1. Study Area.

BULGULAR

Kooperatif ve Teknelere Ait Bulgular: Samsun ili
siirlar igerisinde yer alan Gici, Tatl, Balikk ve Uzun
gollerini kiralayan kooperatiflere ait bilgiler Tablo 1’de
verilmistir.

Tablo 1. Su Uriinleri Kooperatiflerine Ait Bilgiler.
Table 1. Information on Fisheries Cooperatives.

Kooperatifin ad1 Kayith Uye AKktif Uye Kayith Kurulus Yih
Sayisi Sayis1 Tekne Sayisi
S.S. Yériikler Su 200 90 24 1968

Uriinleri Kooperatifi

Arastirma kapsaminda su driinleri avciliginda
kullanilan teknelerin 21 adeti incelenmis olup, teknelerin
boyu 3,2-5,1 m, eni 0,52-1,83 m, derinligi 0,40-1,44 m,
tonaj1 0,31-2,39 ton arasinda degismektedir. S.S. Yoriikler
Kooperatifinde su aveiliginda  kullanilan
teknelerin 7 tanesi ahsap, 14 tanesi ise fiberglas
malzemeden yapilmustir.

Incelenen teknelerde Lombardini, Palmera,
General Power, Loncin, Pancar, Solax, Katana, Kama,
Honda, Strong, Gumot marka olmak tizere 11 tip motor
markas1 kullanildig1, motor giiglerinin 6-12 Hp arasinda
degistigi tespit edilmistir (Tablo 2). Tiim tekneler mazotla
calistirnlmaktadir. Bir giinliik avcilik i¢in yaklasik 5 litre

urtinleri

yakit tiiketimi olmaktadir.
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Tablo 2. S.S. Yériikler Su Uriinleri Kooperatifinde Kullanilan Av  Araglarina  Ait  Bulgular:  Arastirma
Teknelerin Mqtor Tipleri. o . bolgesindeki Gici, Tath, Balik ve Uzun gollerinde
Table 2. Engine Types of Boats Used in Yoriikler Fisheries . . s .
Cooperative. balik¢ilik  faaliyetlerinde ~ bulunan  su  firiinleri
Motor Tipi Aget Motor(igcﬁ (Hp) kooperatiflerine kayitli balik¢ilarin  kullandiklar1  av
Lombardini 1 7 araglar1 ve miktarlar1 Tablo 3°te verilmistir. Avcilikta
2 9 ‘g .
Palmera 1 10 kullanilan sade aglarin goz genislikleri 45-65 mm arasinda
General Power : 20 degismekte olup, 1 takim agin uzunlugu 200 m’dir.
boncar : 5 Avcilikta kullanilan pinterlerin ag géz genislikleri 30-35
Solax 1 9 -
Katana 1 12 mm arasinda, cember agizlar1 40-65 cm arasinda
fame : b degismektedir. 1 takim pinterin uzunlugu 2 metredir.
Strong 1 9
Gumot 1 9

Tablo 3. S.S. Yériikler Su Uriinleri Kooperatifine Kayith Kullanilan Av Araglarina Ait Bilgiler.
Table 3. Information on the Fishing Vehicles Registered to the Yoriikler Fisheries Cooperative.

Fanyah Ag Sayisi (adet) Toplam Ag Tor Aglarin Goz Fanya Goz Pinter Ag goz Aakhg Cember Agzn
(1Tk:200 m) Uzunlugu (m) Agikliklari (mm) Ac¢ikhigi (mm) (Adet) (mm) (cm)
S.S. Yorikler Su Uriinleri Kooperatifi 132 26400 45,50, 60, 65 80, 100, 125,150 1020 30,35 40, 65
Avlanan Balik Tiirlerine Ait Bulgular: Calisma %68,2’si ilkogretim mezunudur. Balike¢ilarin %65,5’inin
bolgesinde 2018-2019 av sezonunda S.S. Yoriikler Su SGK, %31,8’inin Bag-Kur, %9,1’inin Yesil Kart ve
Uriinleri Kooperatifinde avlanan balik miktar1 176,502 %13,6’sinin da herhangi bir sosyal giivencesi olmadigi
ton’dur. tespit edilmistir. Balik¢ilarin %81,8’i ev sahibidir (Tablo
Arastirma  bolgesinde  balikgilarla  yapilan 5).
goriismelerde en fazla yakalanan balik tiirlerinin; Kefal
(Mugil cephalus, Linnaeus, 1758), Sudak (Sander Tablo 5. Gici, Tatli, Balik, Uzun Gollerindeki Balikgilarin
lucioperca, Linnacus, 1758), Israil sazani (Carassius Sosyo-Demografik Ozellikleri. o i i
ibeli loch . . . Table 5. Socio-Demographical Characteristics of Fishermen in
gibelio, Bloch, 1782), Sazan (Cyprinus carpio, Linnaeus, Gic, Tath, Balik, Uzun Lakes.
1758) oldugu belirlenmistir. Avlanan tiim baliklar S.S. Ozellikler N %
Yoriikler Su Uriinleri Kooperatifi tarafindan satin ;; s 7 2
alinmakta ve yine kooperatif araciligiyla pazarlanmaktadir. ;‘g;‘z ;‘ ézi
Tablo 4te S.S. Yériikler Su Uriinleri Kooperatifinde 60 ve izeri 6 273
avlanan balik tiirleri ve ortalama fiyatlar1 verilmistir. il - —
Kadin 0 0
Tablo 4. S.S. Yériikler Su Uriinleri Kooperatifinde Avlanan E/\I,Tidem durum o 00
Balik Tiirleri ve Fiyatlandirilmasi. Bekar 0 0
Table 4. Fish Species and Price in Yoriikler Fisheries Egitim durumu
H Ilkokul 15 68,2
Cooperatﬂlv?. i Ortaokul 3 136
Balik Tiirii Fiyat (TL/Kg) Lise 2 182
Sazan (Cyprinus carpio) 8 Cocuk sayist
Kefal (Mugil cephalus) 9 1 1 45
Sudak (Sander lucioperca) 8 2 10 455
Israil Sazan1 (Carassius gibelio) 1 3 7 318
4 3 13,6
Yok 1 4,5
Calismanin yiritildigi Gici, Tatl, Balik ve :"Gsli*"gﬁve"“d“r“'““ - -
Uzun gollerinde S.S. Yériikler Su Uriinleri Kooperatifine Bag-Kur 7 318
iye balikgilarla yapilan anket calismasi sonucunda, oart : e
Sazangillerin (1 Nisan-30 Haziran), Sudak baliginin (15 Ev miilkiyet durumu
. . . o o Kiraci 4 18,2
Mart-30 Nisan ve Sazangillerin avciliginin yasak oldugu Ev sahibi 18 818
donem) ve diger tiirlerin (zaman yasagi getirilmemis tiirler
icin sazangillere getirilen av yasagl zamanlari) 5-50 yil arasinda is deneyimine sahip olan
avlanmasinin yasak oldugu donemler hari¢ aveilik iyelerin %45,5°1 30 y1l ve lizeri mesleki tecriibeye sahiptir.
yapildig tespit edilmistir. Balik¢ilarin ~ kooperatife  tyelikleri  incelendiginde
Balik¢ilarin Sosyo-Demografik Ozelliklerine Ait %40,9’unun 20 yi1l ve {izerinde, %31,8’inin 10 ile 19 yil
Bulgular: Yagslar1 32 ile 71 arasinda degisen balikg¢ilarin arasinda ve %27,3’linlin 5 ile 9 yil arasinda tyelikleri
%36,4 ile cogunlugu 50-59 yas arasindaki balik¢ilardan oldugu; %50’sinin gelir memnuniyetinin iyi, %31,8’inin
olusmakta olup tamami erkek ve evli bireylerden orta, %18,2’sinin ise kotii oldugu belirlenmistir. %22,7’si
olugmaktadir. %45,5 ile ¢cogunlugu 2 ¢ocuk sahibidir. En mazot masrafini karsilayamadan dondiigiinii ifade etmistir
yiiksek diizeyde ilkokul 6grenimine sahip olan balik¢ilarin (Tablo 6).
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Tablo 6. Gici, Tatli, Balik, Uzun Gollerindeki Balikgilarin
Mesleki Durumu.
Table 6. Professional Status of Fishermen in Gici, Tatli, Balik,

Uzun Lakes.
Balik¢ilik tecriibesi
10 y1l ve az 2 9,1
11-19 yl 5 22,7
20-29 yil 5 22,7
30 y1l ve tizeri 10 455
Kooperatif iiyelik siiresi (Y1l)
5-9 6 27,3
10-19 7 31,8
20 ve lizeri 9 40,9
Gelir memnuniyeti
Cok iyi 0 0,0
Tyi 11 50,0
Orta 7 31,8
Katii 4 18,2
Mazot masrafimi karsil dan doniiyor ?
Evet 5 22,7
Hayir 17 77,3
Balikcihiktan baska gecim kaynag
Ciftci 14 63,6
Emekli 6 27,3
Esnaf 1 45
isci 1 45
Balik¢ihigi secme nedeni
Baba meslegi 1 45
Ekonomik sartlar 15 68,2
Deniz tutkusu 6 27,3
Availikta gecirilen giin sayisi
100°den az 4 18,2
100-200 16 72,7
200’den fazla 2 9,1
Giinliik ¢calisma siiresi (saat)
4-6 5 22,7
6-8 16 72,7
8 ve tizeri 1 45
Balik¢ilig birakmay diisiiniir miisiiniiz?
Evet 3 13,6
Hayir 19 86,4
Cocugunuzun balkeihk y ister misiniz?
Evet 6 27,3
Hayir 16 72,7
Ailede bahkeihik yapan kisi sayist
1 14 63,6
2 7 31,8
3 1 45

Baraj golleri civarindaki kdylerde ikamet eden
balik¢ilarin  %63,6°s1  ¢iftgilik ile balik¢iligt beraber
yiriitmektedir. Katilimeilar balik¢iligt segme nedenini,
%068,2’si ekonomik sartlar, %27,3’1 deniz tutkusu, %4,5’i
ise baba meslegi oldugu igin seklinde belirtmislerdir
(Tablo 6).

Balik¢ilarin %72,7’sinin denizde 100-200 giin,
%18,2’sinin 100 giinden az, %9,1’inin 200 giinden fazla
zaman ge¢irdigi; %72,7’sinin glinliikk calisma siiresinin 6
ile 8 saat arasinda degistigi, %22,7’sinin 4-6 saat arasinda,
%4,5’inin ise 8 saatten fazla kaldiklar1
belirlenmistir (Tablo 6).

Anketlerden elde edilen sonuglara gore %86,4’1
balik¢iliga devam edeceklerini belirtirken, agir galisma
kosullart ve gelir memnuniyetsizligi sebebiyle %72,7’si
cocuklarinin  balik¢ilik yapmaya devam etmelerini
onaylamadiklarini bildirmislerdir (Tablo 6).

denizde

TARTISMA VE SONUC

Bozaoglu, (2020) Agri Balik Goéli’nde yaptigi
caligmada teknelerin ortalama yasinin 11,14£5,03 yil,
ortalama boyunun 5,54+0,34 m, ortalama motor yaginin
11,614£3,97 y1l ve ortalama motor giiciiniin 9,50+1,80
oldugunu bildirmistir. Bozaoglu ve Akkus, (2019) Nazik
Goli’ndeki aragtirmalarinda  teknelerin  ortalama yasi
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12,404£5,04 yil, ortalama boyu 6,50+1,34 m, ortalama
motor yas1 11,61£3,97 yil ve ortalama motor giicii
14,11+6,08 BG olarak belirtmislerdir. I¢ Anadolu
Bolgesi’nde yapilan ¢aligmada su iiriinleri kooperatiflerine
kayith 159 teknenin boylarinin 3,5-7,5 m, enlerinin 1,2-1,7
m, derinliklerinin 0,4-1,4 m, tonajlarinin 0,1-3,5 ton, motor
giiclerinin 7-25 Hp arasinda oldugu, teknelerin 139
adedinin fiberglass malzemeden, 20 adedinin ahsap
malzemeden yapildigi, teknelerin 134 adedinin motorlu, 25
adedinin ise motorsuz oldugu belirtilmistir (Demir ve
Samsun, 2020). Adiyaman ili balik¢iliginin incelendigi
calismada, 169 teknenin il genelinde balik¢ilik
faaliyetlerinde bulundugu, boylarmin 3,80-8,00 m, motor
giiclerinin 3,73-16,42 HP, 155 adedinin sag, 14 adedinin
fiber malzemeden yapildigi, bunlarin 88 adedinin motorlu,
81 adedinin ise motorsuz olarak kullanildig belirlenmistir
(Bayhan ve ark., 2014). Dogu ve Giineydogu Anadolu
Bolgelerini kapsayan ¢aligmada ise 472 adet tekne
incelenmis ve boy dagiliminin 4-12 m arasi, motor giicii
araliginin 4-11 HP ile 100 HP arasinda degistigi, 400 adet
sac, 60 adet agac ve 12 adet fiberglas malzeme ile yapilmis
tekne oldugu bildirilmistir (Ural ve Canpolat, 2009). Elazig
ili su drlinleri kooperatiflerine kayitli 23 adet teknenin
boylarinin 4-10 m, enlerinin 1,2-2,5 m, derinliklerinin 0,5-
0,8 m, motor giiglerinin 9-10 HP, tonajlarmin 1-3 ton
arasinda, teknelerin 6 adedinin ahsap materyal iizerine
fiberglasla kapli oldugu, 17 adedinin ise sac materyalden
oldugu ve teknelerin 8 adedinin marsh sistemle, 15
adedinin ise kol ile caligtirildig: bildirilmistir (Orsay ve
Duman, 2005). Samsun ili Bafra Goller Bolgesinde
bulunan Gici, Tatli, Uzun ve Balik Gollerinde yapilan bu
calismada, S.S. Yériikler Su Uriinleri Kooperatifine kayitl
34 adet tekne incelenmis olup, tekne boylarinin 3,2-3,1 m,
tonajlarinin  0,31-2,39 ton, motor giglerinin 6-12 HP
arasinda degistigi belirlenmistir. Incelenen teknelerin 7
tanesi ahsap, 14 tanesi ise fiberglas malzemeden yapilmis
olup tiim tekneler mazotla ¢alismaktadir. Bu ¢aligma ile
daha yapilan c¢aligmalarda belirtildigi
balik¢ilikta kullanilan teknelerin boylarinin birbirine yakin
oldugu goriilmiigtiir. Bunun nedeni olarak benzer avcilik
yontemlerinin  kullanilmasi yaninda avlak
biiyiikliiklerinin, ekonomik ve bakim idamesi kolay olarak
kullanilabilecek tekne ve motor tipinin bu araliklarda
olmasi diistiniilebilir.

ic Anadolu  Bolgesi’ndeki calismada
kooperatiflerde en ¢ok kullanilan tekne motor markasinin
Lombardini (pancar) motoru oldugu (Demir ve Samsun

once lzere

sahasinin

2020), Dogu ve Giineydogu Bolgesi’ndeki illerdeki
calismada, balik¢i teknelerinde farkli yapida ve markada
olan Lombardini, Siiperstar, Pancar, Jonhson, Onan,
Kohler, Perkins, Wiskose, Ford, Tames gibi motorlarin
kullanildigi, en yaygin olarak kullanimda olan markalarin
ise pancar motor (225) ve lombardini motor (160)
oldugunu (Demir ve Samsun, 2019) bildirilmistir. Bu
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aragtirmada ise sirasiyla Lombardini ve Palmera
motorlarinin kooperatifte en fazla kullanilan tekne motor
markalar1 oldugu belirlenmistir. Motor markasi tercihinde
bazi balikgilar kaliteli olmasint bazi balikgilar ise
ekonomik olmasini tercih etmektedir.

Agrn Balik Goli’nde multifilament fanyali uzatma
aglar (140, 150 ve 160 mm ag g6z agikligina sahip) (E=0,4)
ile monofilament sade uzatma aglar (80 ve 100 mm ag goz
acikligina sahip) (E=0,4) kullanilmaktadir (Bozaoglu,
2020). Nazik Goli’'nde balik aveiliginda fanyali uzatma
aglarinin (140 mm ag goz acikligina sahip) (donam faktorii
0,4) kullanildig1 (Bozaoglu ve Akkus, 2019), i¢ Anadolu
Bolgesinde yapilan ¢aligmada fanyali ag, sade ag, pinter ve
manyat tipi av araglarimin kullanildigr (Demir ve Samsun
2020), Adiyaman ilinde 36-250 mm goéz genisligi,
donatilmis halde ortalama 85 m uzunlugunda, 50-100 goz
yiiksekliginde olan multifilament ve monofilament PA
sade uzatma aglarinin kullanildig: bildirilmistir (Bayhan ve
ark., 2014). Bu c¢alismada Kooperatif {iyelerinin
kullandiklar1 132 takim/26400 m fanyali aglarin, tor ag g6z
acikliklart 45-65 mm, fanya goz acgikligni 80-150 mm
arasinda degistigi, 1020 adet pinterin ag goz acikliginin 30-
35 mm, ¢ember agzinin 40-65 cm oldugu tespit edilmistir.
Kullanilan av araglarinin sayr ve biiyiikliikleri, avlanan
balik tiirii, av blgesinin derinligi ve av verimliligine bagl
olarak degisim gostermektedir.

Agrt Balik Goli’'nde yillik 6326 kg (Bozaoglu,
2020), Nazik goliinde ise 55316 kg balik yakalandig1 rapor
edilmistir (Bozaoglu ve Akkusg, 2019). Demir (2019) 2016-
2017 yili av sezonu icin yaptigi ¢alismasinda sirastyla
Kirsehir (1045 ton), Yozgat (765 ton), Kayseri (464.8 ton),
Aksaray (178 ton) ve Nevsehir (20 ton) illerinde tath su
dretiminin yapildigini1 ve bu iller i¢in avlanan baliklarin
2017-2018 yillar1 ortalama perakende satig fiyatlarinin
0,80-15 TL/kg arasinda degistigini bildirmistir. Bafra
Balik Golleri’nde toplam 11 balik tiriniin  (Mugil
cephalus, Mugil souiy, Liza ramada, Cyprinus carpio,
Carassius gibelio, Chalcalburnus chalcoides, Neogobius
fluviatilis,  Scardinius  erythrophthalmus,  Sander
lucioperca, Proterorhinus marmoratus ve Vimba vimba)
yasadigi bildirilitken (Ugurlu, 2006) S.S. Yoriikler Su
Uriinleri Kooperatifinde avlanan balik tiirlerinin Cyprinus
carpio, Mugil cephalus, Sander lucioperca, Carassius
gibelio oldugu belirlenmistir. Mevcut galigmada, 2018-
2019 avlama sezonunda S.S. Yériikler Su Uriinleri
Kooperatifinde avlanan balik miktarinin 176,502 ton
oldugu ve yillik ortalama perakende satis fiyatinin 1-9
TL/kg arasinda oldugu tespit edilmistir. Farkli bolgelerde
yapilan c¢alismalarda iretim miktarlarinda goriilen
farkliliklarin nedeni olarak gdllerin/avlak sahalarmin
biiyiikliigii, karakteristigi, verimliligi ya da barindirdiklar
tiirlerin say1st ve bollugu ile bolgedeki balik¢1 sayilar: ve
balik¢ilar tarafindan kullanilan av araglarinin sayisi etkin
rol oynamaktadir.
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Agrt  Balik Goli'nde yapilan c¢aligmada
balik¢ilarin  %68’inin ilkokul, %18’inin ortaokul ve
%14’tinin lise mezunu, ortalama yasimin 36,03+8,16,
%93’liniin evli ve ortalama ¢ocuk sayisinin 3,89+1,77
oldugu bildirilmistir (Bozaoglu, 2020). Nazik Golii’ndeki
balik¢ilarin %78 inin ilkokul, %22’sinin ortaokul mezunu
oldugu fakat lise veya universite mezunu olmadigi,
balik¢ilikla gegimini saglayanlarin  ortalama yasinin
36,44+10,04 oldugu, %83’iiniin evli ve ortalama c¢ocuk
sayisinin 4,2742.98 oldugu belirlenmistir (Bozaoglu &
Akkus, 2019). I¢ Anadolu Bolgesi’nde yapilan calismada
balik¢ilarin yaslarimin en ¢ok 40-49 (%37,5) araliginda
dagilim gosterdigi, %93,7’sinin evli oldugu, %66,3’iiniin
ilkdgretim mezunu, %29,3 liniin lise, %3,8’inin ilkogretim
terk ve %0,5’inin liniversite mezunu oldugu belirlenmistir
(Demir, 2019). Dartay ve Canpolat (2017), Keban Baraj
Goli’nde yaptiklar1 caligmada, yaglari 20-69 arasinda
degisen balik¢ilarin, cogunlukla 40-49 (%36,5) yas
grubundan olustugunu, %95,1’inin evli oldugunu,
tamaminin okur-yazar olmakla birlikte %67’sinin ilkokul
mezunu oldugunu bildirilmiglerdir. Yigit ve ark., (2009),
Sakarya ili Poyrazlar Golii balikgilarinin yas dagilimlarinin
en fazla 40-49 (%40) yas araliginda oldugunu, balik¢ilarin
%80’inin  evli, %]10’unun bekir ve %I10’unun dul
oldugunu, hane halki sayisinin 2-6 arasinda degistigini ve
en ¢ok 4 (%50) kisiden olustugunu bildirmislerdir. Egitim
durumuna bakildiginda %80 ile ¢ogunlugun ilkokul
mezunu, %10’unun lise mezunu ve %10 unun {iniversite
mezunu oldugu belirtilmistir. Aym1 calismada Biiyiik
Akgo6l Golii balik¢ilarinin yag dagilimlarinin en fazla 40-
49 (%34,04) vyaglart arasinda oldugu, balik¢ilarin
%387,23 iniin evli, %4,26’sinin bekar ve %8,51’inin dul
oldugu bildirilmistir. 2-10 kisi arasinda degisen hane halki
sayisinin en fazla 3 ve 4 (%23,40) kisilik ailelere sahip
oldugu, tamamiin okur-yazar olmakla birlikte
%80,85’inin ilkokul mezunu oldugu tespit edilmistir.
Uzmanoglu ve Soylu, (2012), Yeni Karpuzlu Baraj
Golii’nde yapilan ¢alismada balik¢ilarin yaslarinin 20-59
arasinda degistigi ve c¢ogunlugun 40-49 (%40,91)
yaslarinda  oldugu, balik¢ilarin = %90,91’inin  evli,
%95,45’inin  ilkdgretim ve %4,55’inin lise mezunu
oldugunu bildirilmistir. Balik¢ilarin %68,18’inin  hane
halki sayisinin 2-4 kisi arasinda olup ilk sirada yer aldigi,
%13,64’linilin 5-7 kisi, %4,54 {inlin ise 11-14 kisi oldugunu
bildirmislerdir. Samsun Tli’nde Gici, Tatli, Balik ve Uzun
gollerinde yiiriitiilen bu ¢aligmada balik¢ilarin yaslarinin
en ¢ok 50-59 (%36,4) yaslar1 arasinda, en az ise 30-49
(%18,2) yas araliginda dagilim gosterdigi tespit edilmistir.
Tamami evli olan balik¢ilarin, %68,2’sinin ilkdgretim,
%18,2’sinin lise ve %13,6’sinin ortaokul mezunu oldugu
belirlenmistir. Balik¢ilarin %45,5’inin 2, %31,8’inin 3
cocuk sahibi oldugu tespit edilmistir. Mevcut ¢alisma ile
diger caligmalar arasinda tespit edilen egitim durumlar1 ve
yas farkliliklarin farkli bélgelerdeki sosyal ve ekonomik
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kosullarin degiskenliginden kaynaklandig: diisiiniilmekte
olup, balik¢ilarin en fazla 50-59 yas aralifinda dagilim
gostermesi ve ¢cogunlukla ilkogretim mezunu olmalari orta
yas grubunun daha yogun olarak balik¢ilik yaptigini
gostermektedir. Ayrica, balik¢ilarin tamaminin evli olmast
bolgedeki orf ve adetler nedeniyle erken yasta evlenmeden
kaynaklandig diisliniilmektedir.

Bozaoglu, (2020) Agrt Balik Goli'ndeki
calismasinda balik¢ilarin tamaminin yesil kart sahibi
oldugu, %59’unun ¢ocuklarmin balikgilik meslegine
devam etmesini onaylamadigi, tamamimin balik¢iligt
birakmay1 diistinmediklerini ancak balik¢ilarin hepsinin
baska bir isinin (insaat is¢isi, hayvancilik gibi) daha
oldugunu bildirmistir. Bozaoglu ve Akkus, (2019) Nazik
Goli'nde balikgilik  yapanlarin = %61’inin  balik¢ilig1
birakmay1 diisiindiiklerini, balikgilarin tamaminin insaat
isciligi, tarim ve hayvancilik gibi ikinci bir islerinin
oldugunu bildirmislerdir. i¢ Anadolu Bélgesi’nde yapilan
calismada balik¢ilarinin %69,7’sinin sosyal giivencesinin
oldugu, %75’inin balik¢ilik disinda bir ge¢im kaynagi
oldugu ve balik¢ilarin sosyal ve ekonomik durumlarinin
istenilen diizeyde olmadigi, %46,1’inin ¢ift¢i, %17,8’inin
emekli, %5,7’sinin esnaf, %2,9’unun is¢i, %1,4 liniin
turizm sektoriinde, %0,5’inin memur ve %0,5’inin ticaretle
ugrastiklar: bildirilmistir (Demir, 2019). Ayni ¢alismada
balik¢ilik meslegi deneyimlerinin 1-42 yil arasinda
degistigi, %89,4’liniin 5 yil ve {lizerinde deneyime sahip
oldugu belirlenmistir. Dartay ve Canpolat, (2017) Keban
Baraj Goli'nde yaptiklar1 caligmada  balikgilarin
%86,5’inin sosyal giivenceye sahip oldugunu, %67 sinin
issizlik nedeniyle balik¢iligi sectigini ve %8,5’inin asil
mesleginin bagka olup ek gelir olarak balikgilikla
ugrastigini belirtmiglerdir. Mevcut ¢alismada incelenen
balik¢ilarin = %77,3’liniin  sosyal oldugu,
%9,1’inin yesil kart sahibi oldugu tespit edilmistir.
Balik¢iligin yani sira %63,6’simin  gift¢i, %27,3’tinlin
emekli, %4,5’inin esnaf ve %4,5’inin is¢i oldugu
belirlenmistir. Balik¢ilarin %68,2’sinin ekonomik sartlar,
%27,3’tinlin deniz tutkusu ve %4,5’inin baba meslegi
oldugu i¢in balik¢ilik yaptig1 tespit edilmistir. %86,4’liniin
balik¢ilik meslegini  birakmay1 diisiinmedikleri tespit
edilirken, %72,7’sinin ¢ocuklarinin balik¢ilik meslegini
yapmasini istemedikleri belirlenmistir. Bu da gerek
balikgilar gerekse aileleri ve yakin gevrelerinde bulunan
kisiler tarafindan balik¢ilik mesleginin bugiinkii ve
gelecekteki durumunun iyi ya da cazip goriinmediginin bir
gostergesidir. Balikeilik, genellikle babadan ¢ocuklarina

giivencesi

ogretilerek gecen ve tecriibe edildik¢e deneyim kazanilan
mesleklerden biridir. Glinliimiizde balik¢ilarin mesleklerine
olan bakislarinin olumsuzlugu, gelecek nesillere olan bilgi
aktarimini azaltacaktir. Meslegin bilingsiz ve tecriibesiz
kisiler sadece ekonomik kazan¢ olarak
goriilerek yapilmasi g¢evreye ve balik popiilasyonlarina

tarafindan
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zarar vererek, sirdirilebilir olumsuz
etkilenmesine neden olacaktr.

Balikgilar %72,7’sinin aveilikta gecirdigi giin
sayisinin 100-200 arasinda oldugu, %72,7’si giinliik 6-8
saat arasinda ¢alistig1, %50 sinin gelir memnuniyetinin iyi
oldugu ve %77,3’linlin mazot masrafin1 kargilayarak
dondiigii tespit edilmistir. Benzer konuda yapilmig tiim
calismalarda oldugu gibi bu c¢alismada da balikgilarin,
balik¢ilik disinda baska gelir kaynaklari oldugu da
goriilmiistiir. Cogunlugu goller c¢evresindeki kirsal
kesimlerde ikamet eden, tarim ve hayvancilikla ugrasan
ciftcilerden olusmaktadir.

Ulkemizde yapilan balik¢ilik arastirmalari daha
¢ok deniz balik¢ilig1 iizerine yogunlasmaktadir. i¢ sularda
yapilan balik¢iligin yonetimi ve korunmasi agisindan bu
bolgelerde kullanilan av araglarinin, balik¢i teknelerinin
miktar ve oOzelliklerinin belirlenmesi yine balik¢ilarin

balik¢iligin

sosyo-ekonomik durumlarmin ve c¢alisma kosullarinin
tespit edilmesi 6nem arz etmektedir. Mevcut ¢alisma bu
anlamda bolgedeki balik¢iligin durumunu ortaya koyarak
literatiire katki saglayacaktir.

Arasgtirma sonucunda bolge balik¢ilarinin karsilastigi en
temel sorunlar;

- Yakalanan iiriinlerin pazarlanmasi ve islenmesi

- Kagak avciligin 6niine gecilememesi

- Kooperatiflerin pasif durumda olmast

- Ekonomik kosullarin  yetersizligi  seklinde

belirlenmistir.

Kaynaklarimizdan verimli ve etkili yararlanabilmek
icin su {rlinleri kooperatiflerinin daha aktif hale
getirilmesi, ¢evre bilincine sahip ve balik¢ilik yonetimini
balik¢ilarla  Grgiitlenme kokli
degisikliklere gidilmesi gerekmektedir. Kooperatiflerin
etkin hale getirilmesi ile sektor c¢alisanlarinin genel
sorunlarindan olan pazarlama, isleme, bilgili eleman
ihtiyaci, yiliksek maliyetler (mazot, maas, sigorta) gibi
sorunlarin ¢6ziimii de kolaylasacaktir.

bilen konularinda

Bolge balikgilari, balik¢iligr severek yapmalarina
ragmen en 6nemli sorunlarindan birisi de kagak avciligin
oniine gegilememesidir.  Kagak avciligin dnlenmesi
amactyla yetkili kurum ve kuruluslarca kontrol ve
denetimlerin arttirilmasi da olduk¢a onemlidir. Balik¢ilik
yapanlarin  sosyo-ekonomik kosullarinin  daha iyi
seviyelere getirilmesi ile hem daha saglikli iiretim elde
edilebilecek hem de cevreye balik¢iligin
yapilabilmesi saglanabilecektir.
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Abstract: Phenylketonuria (PKU) is a disease caused by phenylalanine hydroxylase enzyme deficiency
in newborn infants and is the most important cause of treatable mental retardation. One of the causes
of the disease comes from the defects of the PTPS in the metabolic pathway of phenylalanine
metabolisms. Treatment of the disease is not feasible, and life-time tetrahydrobiopterin loading is
performed in chronic patients. Today, tetrahydrobiopterin is chemically synthesized. Biological
production is a different point of view due to the long duration of chemical synthesis, costs, and
exposure to chemical pollutants. NH2TP is a difficult substance to obtain in studies that are difficult to
synthesize and need to be used as a substrate. In this study, it was aimed to clone the gch-I gene from
the thermophilic A. flavithermus bacterium and to investigate the activity of the enzyme for the
enzymatic conversion of NH2TP, which is the substrate of many enzymes and is difficult to synthesize
chemically. Fort his purpose, it was aimed to clone the gch-1 gene from a thermophilic bacteria,
Anoxybacillus flavithermus, and investigate the Kinetic activity for enzymatic conversion from GTP as
an alternative to the production of NH2TP. For this reason, the gch-1 gene from the thermophilic A.
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Anoxybacillus flavithermus DSM 26417 Bakterisinin Termofilik GCH-1 Enziminin
Klonlanmasi ve Kinetik Aktivitesinin Belirlenmesi

Oz: Fenilketoniiri (FKU) yenidogan bebeklerde fenilalanin hidroksilaz enzim eksikliginin neden
oldugu bir hastaliktir ve tedavi edilebilir zihinsel geriligin en 6nemli nedenidir. Hastaligin
nedenlerinden biri, fenilalanin metabolizmasmin metabolik yolundaki PTPSmin kusurlarindan
kaynaklanmaktadir. Hastaligin tedavisi mimkiin degildir ve kronik hastalarda yasam boyu
tetrahidrobiyopterin yiiklemesi yapilir. Bugiin, tetrahidrobiyopterin kimyasal olarak sentezlenir.
Biyolojik iiretim, kimyasal sentezin zaman alict olmasi, maliyetler ve kimyasal kirleticilere maruz
kalma nedeniyle farkli bir bakis acisidir. NH2TP, kimyasal sentezi gii¢ olan ve substrat olarak
kullanilmasi gereken caligmalarda temini zor bir maddedir. Bu ¢alismada, bir ¢ok enzimin substrati
olan ve kimyasal yolla sentezlenmesi gii¢ olan NH,TP’nin eldesinde alternatif olarak GTP’den
enzimatik doniisiimii igin termofilik A. flavithermus bakterisinden gch-I geninin klonlanmasi ve
enzimin aktivitesinin aragtirilmasi amaglanmistir. Bu amag dogrultusunda, termofilik A. flavithermus
DSM 2641™den gchl geni PCR ydntemi ile tamimlandi. 603 bp olan gchl genini klonlandi ve agik
*Sorumlu yazar: okuma gergevesi 200 amino aside sahip oldugu tespit edildi. Afgchl geni, 6xHis etiketleri ile pET28a(+)
Fatih Saban BERIS ekspresyon vektoriine klonlandi ve 1 mM IPTG indiksiyonu ile eksprese etmek i¢in E. coli
Recep Tayyip Erdogan Universitesi, Fen BL21(DE3)pLys konak¢1 hiicrelerine transforme edildi. Ni-NTA afinite kromatografisi ile
?ﬁe]l(’?yat Fakiiltesi, Biyoloji Bolimi, Rize, saflastirildiktan sonra GCH-I’in 24 kDa, optimum pH’sinin 8,0 ve optimum sicaklik isteminin 65°C
urkaye oldugu belirlendi. Optimal kosullar altinda GCH-I, K- Ve Vinax- degerleri sirastyla 243 +23,25 uM ve
L i B 100,93 + 3,5 nM/dak/mg protein olarak tespit edildi.

Anahtar kelimeler: A. flavithermus DSM 26417, BH4, GCHI, FKU, termofilik bakteri.

"1 This study was produced from the master thesis prepared. Bu calisma yiiksek lisans tezinden iiretilmistir.
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INTRODUCTION

Currently, phenylketonuria (PKU, or
hyperphenylalanemia, HPA) is the most studied congenital
metabolic disease, characterized by the absence of
phenylalanine hydroxylase enzyme activity, characterized by
severe motor and mental retardation when not treated early
(Muntau et al., 2002; Ozer, 2004). One of the primary causes
of PKU or HPA formation is the impairment of
tetrahydrobiopterin (BH4) metabolism (Hizal, 2013; Kure et
al., 1999; Muntau et al., 2002; Spaaen et al., 2001). These
disorders can also be described as dihydropteridine reductase,
GTP cyclohydrolase-1 (GCHI), pterin-4-8-carbinolamine
dehydratase, and 6-pyrovyl tetrahydropterin synthase (PTPS)
defect and are affected by liver, kidneys, brain and blood
tissue (Blau & Burgard, 2005). The overall incidence of
diseases due to metabolism disorders of tetrahydrobiopterin,
this ratio is 15% in Turkey, while 1-3% of the World (Hizal,
2013). This result shows that PKU is quite common in our
country. According to available data, 58% of BH4-dependent
defects in congenital diseases are caused by defects in ptps,
4% in gchl, and 0.9% in spr genes (Ponzone et al., 2004). BH4
is an essential cofactor for many enzymes including nitric-
oxide synthase and phenylalanine hydroxylase (Wang et al.,
2011). In addition, this cofactor has been implicated in a vast
array of physiological roles including
hyperphenylalaninaemia, cellular proliferation, vascular
dysfunction, and various neurological disorders. Cells form
BH4 in two different ways. In the de novo biosynthesis
pathway, GTP is used as a precursor, whereas in the Salvage
path, dihydropterins which are already present in the medium
are used. The de novo biosynthesis pathway takes place with
three major enzymes, and the same is true in vivo and in vitro.
These enzymes are respectively GCHI, PTPS, and SPR
(Moens & Kass, 2006; Celik, 2018).

The chemical synthesis of BH4 is very difficult, the
complexity of the methods used, the application of many
synthetic steps, the cost of using expensive materials is quite
high. Due to the difficulties of chemical synthesis, BH4
production can be achieved by bacterial pathways. The work
to be done in this direction is to make bacterial production
using homologs of enzymes involved in this pathway in
humans.

The GCHI enzyme (EC: 3.5.4.16) is the precursor
enzyme of BH4 biosynthesis (Blau et al., 2001). It was
obtained from many different organisms (bacteria, fungi, flies,
chicken, human) and examined. The enzyme converts GTP to
dihydroneopterin triphosphate (Fig. 1). GCHI is an enzyme
coded from a single copy with 30 kbp in size in human. The
enzyme containing 250 amino acids is similar in other living
things (Blau et al., 2001; Woo et al., 2002). Dihydroneopterin
triphosphate (NH2TP), the product of GCH-1, is the substrate
of 6-carboxytetrahydropterine synthase, dihydroneopterin
triphosphate diphosphatase, dihydroneopterin triphosphate
aldolase, PTPS, and dihydroneopterin triphosphate 2'-
epimerase.
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Figure 1. Reaction pathway of GCH-I (revised form Maita et
al., 2002).
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As an alternative to the chemical synthesis of BH4,
the production of microorganisms using target genes can be
demonstrated. The first step is to find the gchl gene. The only
study on this subject was by Yamamoto et al. (2003). In this
study, ptps and spr genes were cloned and evaluated together
with a homologous gene instead of gchl. The genes source
from mice for PTPS and SPR, and from B. subtilis for GCHI
analog (mtrA) were used. This can be achieved at a lower cost
by means of a recombinant plasmid to be formed. As in the
example here, thermophilic bacteria, A. gonensis G2, which
has many advantages in industrial applications, were used as
a gene source for the bacterial production of BH4. Today,
thermophilic ~ organisms are  frequently used in
biotechnological applications. The resistance of enzymes in
thermophilic bacteria to harsh industrial applications is a
preferred element. These factors can be listed as follows:
reactions occurring at elevated temperatures, reduced risk of
general mesophilic contamination of the environment, no
unwanted by-product formation, increased solubility of
substrates and products, and increased stability by generating
preferred equilibrium changes in endothermic reactions
(Celik, 2018; Kalemci, 2020).

Anoxybacillus flavithermus DSM 26417 is an
thermophilic bacteria with optimum growth contidions of 55-
60°C (Saw et al., 2008). This bacteria is a facultatively aerobic
heterotroph. Anoxybacillus species have become very popular
in industrial research (Celik, 2018). In this report, we describe
the expression and characterization of GCHI from the
thermophilic bacteria Anoxybacillus flavithermus DSM 26417
in E. coli BL21(DE3)pLys. In this study, cloning and
biochemical characterization of the GCH-1 enzyme from a
thermophilic bacterium for the production of NH2TP was
performed.

MATERIAL AND METHOD

Microorganism, Chemicals and Other Materials:
Anoxybacillus flavithermus DSM 26417, E. coli DHSa, and
BL21(DE3)pLys were obtained from our laboratory stocks.
Modifying enzymes such as DNA polymerase, DNA ligase,
restriction endonucleases, and dNTPs were purchased from
ThermoScientific (USA). The purification kits for PCR
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products or DNA restriction fragments from agarose gels were
obtained from Wizard® SV Gel and PCR Clean-Up System
(Promega Co., Medison, USA). Plasmid and genomic DNA
isolation kits were purchased from Thermo Sci. (Genelet
Plasmid Miniprep Kit) and Promega Co. (Wizard® Genomic
DNA Purification Kit), respectively. All other chemicals and
reagents were obtained from Sigma & Aldrich Inc. (St. Louis,
MO, USA) and Merck GmbH (Germany). All primers for
PCR were synthesized by Macrogen Inc. (Amsterdam,
Netherlands).

Strains and  Their  Growth  Conditions:
Anoxybacillus flavithermus DSM 2641™ was cultivated under
aerobic conditions at 55°C in Luria-Bertani (LB) medium
containing 1% (w/v) bacto-tryptone, 0.5% (w/v) yeast extract,
0.5% (w/v) NaCl. Escherichia coli DH5a and
BL21(DE3)pLys used as a host for cloning and expression
studies were grown in LB medium. And also, LB medium
with ampicillin (100 pg/mL) or kanamycin (30 pg/mL) was
used in clonal selection and expression studies, respectively.

Cloning of Afgchl gene: Genomic DNA isolation
from A. flavithermus was performed by Promega Wizard
Genomic DNA Purification Kit (Promega Corporation,
Madison, WI, USA) according to the manufacturer’s protocol.
To obtain Afgchl gene by PCR from A. flavithermus, we
designed a pair of primers (forward, adding with Ncol

restriction site, AfgchF: 5-
CCATGGTAGAATCGGATTACG-3’ and reverse, adding
with Xhol restriction site, AfgchR: 5’-

CTCGAGCTATTTAATCAGCGC-3") according to NCBI
GenBank data of gchl gene from A. flavithermus WK1 (NCBI
Reference Sequence: CP000922). The PCR conditions were
as follows: one cycle of the first denaturation at 94°C for 1
min, 30 cycles of denaturation at 94°C for 1 min, annealing at
50°C for 2 min, extension for 72°C for 1 min, and final
extension at 72°C for 4 min. After gel extraction with
Wizard® SV Gel and PCR Clean-Up System (Promega Co.,
Medison, USA), the 603 bp PCR product of Afgchl was ligated
into pGEM®-T/Easy Vector (Promega Co., Medison, USA)
according to manufacturer’s protocol. This vector was
transformed into chemically competent E. coli DH5a host
cells. The obtained colonies containing the recombinant
plasmids were identified and confirmed by restriction
digestion with suitable enzymes, PCR, and DNA sequencing.
The recombinant plasmid was obtained from the same enzyme
and cloned into pET28a(+) and introduced into E. coli
BL21(DE3)pLys for expression.

Expression and Purification of Recombinant
Enzyme: One colony was inoculated into 3 mL LB broth
containing kanamycin (30 pg/mL) and incubated overnight at
37°C with shaking at 150 rpm. A sufficient aliquot of the
overnight culture was added into 400 mL LB medium with 30
pg/mL kanamicin and incubated at the same conditions. When
the optical density at 600 nm of the cultures reached 0.5, cells
were induced with 1 mM IPTG. After 4 hours, the pellet of the
cultures was obtained by centrifugation at 8000 rpm for 10
min at 4°C. The pellet was resuspended and purified His
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Link™ Protein Purification System (Promega, Medison, WI,
USA) according to the manufacturer’s protocol. Then purified
protein was checked by SDS-PAGE (12% wi/v). Then, the
protein concentration of the dialyzed sample was determined
by the Bradford methods (Bradford, 1976).

Enzyme Assays and Determination of Kinetic
Parameters: Enzyme activity was determined using Tanaka et
al. (2005) with minor modification. In this method, the
incubation temperature was used as 55°C. The reaction
mixture (100 pL) comprised S0 mM Tris-HCI (pH 8.0), 0.1 M
KCI, 2 mM MgClz, 1 mM GTP and about 0.2 uM enzyme
(AFGCHI). Reactions were performed at 55°C for 1 hour and
terminated by the addition of an oxidation solution comprising
1% Iz and 2% K1 in 1 N HCI for 15 min in dark condition. The
product (NH2TP) was oxidized to neopterin triphosphate by
the iodine. Excess iodine was reduced by the addition 15 pL
2% ascorbic acid. The fluorescence of neopterin triphosphate
was measured with excitation at 350 nm and emission at 450
nm using a SpectraMax spectrofluorimeter (Molecular
Devices, CA, USA). We use a neopterin as standart.

Characterization of AFGCHI

Effects of pH and temperature on AFGCHI
activity: The pH and temperature effects on the activity were
determined in the pH range of 5.5-9.0 and 37-85°C. The
buffers were MES for pH 5.5 and 6.0, potassium buffer for pH
5.8, 6.6, 7.2, and 8.0, Tris-HCI for pH 7.5, 8.0, and 8.8, and
also glycine-NaOH for pH 9.0. After determining the
optimum pH, the reaction was done between 37-85°C for
optimum temperature experiments.

Determination of Kinetic Parameters: The Kn and
Vmax values of the AfGCHI, were determined using 10-50,
100-500 pM, and 1, 3, 5, and 10 mM GTP by the optimized
conditions. The kinetic values were determined from the
results using Origin 8.0 program.

RESULTS AND DISCUSSION

Cloning of Afgchl: In this study, we completed the
characterization of AFGCHI enzyme belonging to A.
flavithermus bacteria which is a thermophilic character. Data
from the gene encoding the enzyme was obtained using NCBI
data from A. flavithermus WK1 bacteria, whose genome
analysis was completed previously. Based on these data, the
primers designed by PCR were found to be 603 base pairs as
in the original strain. It has a total size of 200 amino acids.
Cloning the gene, p6xHis-Afgchl was constructed and
successfully expressed in E. coli BL21(DE3)pLys cells. After
expression with 1 mM IPTG at appropriate time according to
the manufacturer’s protocol, the cells were collected and
sonicated. A heat treatment of cell extract at 60°C at 30 min
eliminated most of the host cell’s proteins. Then, a Ni-NTA
affinity chromatography was used to purify the AfGCHI and
dialysis was performed. SDS-PAGE analysis (12%) showed
that the purified protein was homogeneous with a molecular
mass of 24 kDa (Fig 2).
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Figure 2. 12% SDS-PAGE profiles of AfGCH-I (Crude extract on
the left after IPTG induction, Ni-NTA purified AFGCH-I on the
right).

The aminoacid sequences of the gene have similar to
A. kamchatkensis, A. sp. DT3-1, and A. sp. SK3-4 (98%),
Geobacillus sp. WCH70 (89%), G. sp. Y4.1MC1, G.
thermodinitrificans NG80-2, and G. thermoglucosidasius
(87%), Bacillus cereus, B. thrungiensis, G. kaustophilus
HTA426, G. thermoleovorans CCB_US3 UF5 and G.
caldoxylosilyticus (86%), B. cytotoxicus NVH 391-98, B.
thuringiensis HD-771, B. cereus ATCC 14579, and B.
thuringiensis str. Al Hakam (85%), and B. megaterium WSH-
002 (83%). These organisms are closely related to A.
flavithermus. Comparing the amino acid numbers, Bacillus
anthracis strain A0248, B. cereus strain Q1 and AH820, B.
weihenstephanensis strain KBAB4, B. huringiensis subsp.
konkukian strain 97-27 and 189, B. amyloliquefaciens strain
FZB42, B. subtilis strain 168 has 190 amino acids, G. sp. strain
WCH70 has 188, B. halodurans strain ATCC BAA-125 has
299 amino acids. In the other thermophilic bacteria, we see
different numbers of amino acids of the gene, for examples,
Thermotoga maritima strain ATCC 43589, Thermotoga
neapolitana strain ATCC 49049, and DSM 4359 have 259,
Thermodesulfovibrio yellowstonii strain ATCC 51303 and
DSM 11347 have 188, Thermoanaerobacter
pseudethanolicus strain ATCC 33223 has 188 (BRENDA
data, see https://www.brenda-
enzymes.org/enzyme.php?ecno=3.5.4.16).

The optimal pH for AfGCHI was 8.0 with GTP as
substrate. The enzyme shows <10% of the activity at pH 5.8
(Fig 3a). According to BRENDA data, this value was 8.0 for
G. sterothermophilus, 8.0 for B. subtilis, 8.5 for Thermus
thermophilus, and 6.5 for Methanococcus janashii (Suzuki et
al., 1979; De Saizieu et al., 1995; Tanaka et al., 2005;
Grochowski et al., 2007; respectively). The optimal
temperature for AfGCHI was 65°C. At the optimum bacterial
growth temperature (55°C), the enzyme shows 75% of the
original activity (Fig 3b). In other studies, we see that the
optimum temperature value differs depending on how it
works, i.e. 42°C for E. coli, 37-78°C for G. sterothermophilus,
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and 37°C for B. subtilis, (Yim & Brown, 1976; Suzuki et al.,
1979; De Saizieu et al., 1995, respectively).
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Figure 3. a. Determination of optimal pH of AfGCHI, b.
Determination of optimal temperature of AfGCHI.

Kinetic futures of AfGCHI: The enzyme had the
Vmax and Km for 100.93 + 3.5 nM/min/mg protein and 243 +
23.25 pM for GTP (Fig 4). Compared to the literature, Km
values of Thermotoga maritima COG1469 are 0.0023-0.0053
pM (El Yocoubi et al., 2006), 2.9 uM in E. coli (Yim &
Brown, 1976), 4.2 uM of Thermus thermophilus (Tanaka et
al., 2005), 4.0 uM of B. subtilis (De Saizieu et al., 1995), 80
uM of Streptomyces tubercidicus (Yo et al., 1998), and 980
uM for Geobacillus stearothermophilus (Suzuki et al., 1979).
As it is known, as an enzyme’s interest in the substrate
increases, its Km value decreases. According to the literature
data, the Km value of our enzyme is low in the substrate when
compared to GCH-I enzymes obtained from different sources
studied. It is high only compared to the same enzyme of G.
stearothermophilus, which has a similar thermophilic
character.
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Figure 4. Lineweaver-Burk plots of AfGCHI under optimal
conditions.
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DISCUSSION AND CONCLUSION

As aresult, AFGCHI is one of the enzymes that must
be used to make bacteria as an alternative to the chemical
synthesis of BH4, which is used in the treatment of
phenylketonuria disease, which has a prevalence of 1/4500 in
our country and one of 20-25 children is caught each year. The
enzymes are thermophilic character previously mentioned
reasons it is preferred for industrial applications (Andrade et
al., 1999; Hartley et al., 2000; Taylor et al., 2004; Hizal,
2013). This study showed that the human homologous GCHI
enzyme can be cloned from a thermophilic bacterium, thus
NH2TP can be obtained without chemical synthesis. The
pathway can be completed by similarly cloning and
characterizing other enzymes.
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Abstract: The proximate composition and fatty acid profiles of the selected fish feeds
*2: https://orcid.org/0000-0003-2940-6592 (S, A, G3, and G6) prepared with different rations were investigated. The results showed
that the crude protein, moisture, crude lipid and crude ash level in feeds were in the
range of 44.07% — 46.69%, 6.54% — 8.41%, 15.72% — 18.32%, and 7.44% — 11.37%,
respectively. The percentages of total saturated fatty acids (SFA) and total
polyunsaturated fatty acids (PUFA) were higher in group A than in all other group,
whereas the corresponding total monounsaturated fatty acids (MUFA) content was
lower. All of the feeds had higher levels of polyunsaturated fatty acid (PUFA). The
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=i . Therefore, it was concluded that these fish feeds are suitable as a balanced food choice
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for aquaculture.
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Ticari Ballk Yemlerinin Besinsel Kompozisyonu ve Yag Asidi
Profillerinin Belirlenmesi

Oz: Farkli rasyonlarla hazirlanan balik yemlerinin (S, A, G3 ve G6) besinsel
kompozisyon ve yag asidi profilleri incelenmistir. Caligmadan elde edilen sonuglar
yemlerdeki ham protein, nem, ham yag ve ham kiil diizeylerinin sirastyla % 44,07 — %
46,69, % 6,54 — % 8,41, % 15,72 — % 18,32 ve % 7,44 — % 11,37 araliginda oldugunu

*Sorumlu yazar: gostermistir. Toplam doymus yag asitleri (SFA) ve toplam ¢oklu doymamus yag asitleri

Koray KORKMAZ (PUFA) oranlar1 A grubunda diger tiim gruplara gore daha yiiksek iken, buna karsilik
Ordu Universitesi. Fatsa Deniz Bilimleri . - e

F;kl_‘i‘he:;,v];;‘ﬂf;‘hk?‘TZino‘iz}izsi tlimierl toplam .tekh doymamisg yag asitleri (MUFA) igerigi daha duguk plara}k bulunmustuf.
Miihendisligi B6liimii, Ordu, Tiirkiye Yemlerin tamaminda yiiksek oranlarda ¢oklu doymamis yag asitleri (PUFA) tespit
B koraykorkmaodu@gmail.com edilmistir. Analiz edilen yemlerin n6/n3 oram 1,15-1,98 araliginda bulunmustur. Elde

edilen veriler, n3 PUFA'larin % kompozisyonlarinin G3 yemi i¢in daha diisiik oldugunu
gostermistir. Bu yemlerin iyi birer EPA (% 3,13-% 4,57 araliginda) ve DHA (% 3,41-
%38,50 araliginda) kaynaklar1 oldugu tespit edilmistir. Bu nedenle, bu balik yemlerinin
su iriinleri yetistiriciligi i¢in dengeli bir besin se¢imi olarak uygun oldugu sonucuna
varilmistir.

Anahtar kelimeler: Yag asitleri, balik yemleri, besinsel kompozisyon, MUFA, PUFA, SFA.
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INTRODUCTION

Today, the importance of seafood in human
nutrition has increased considerably and the rise of
aquaculture has become inevitable. In recent years, due to
the rapid development of the aquaculture sector in Turkey,
the demand for fish feed has increased significantly, as well
(Ertor & Ortega-Cerda, 2019; Bayrakli & Duyar, 2019).
Aquaculture is becoming more and more attractive due to
the increase in market prices as a result of increasing
aquaculture demand and supply-demand imbalance, and
the ability to meet the demand in the desired time, quality
and amount through aquaculture. The aquaculture sector
has a great socio-economic importance in terms of being
an important source of animal and vegetable protein,
creating a wide employment area and providing an
important foreign currency inflow (Dogan, 2003; Giimiis
& Yilmaz, 2011). The gradual increase in the number and
production amount of aquaculture enterprises and the
accompanying increase in the demand for fish feed
encourage the development of the aquaculture feed
industry (Deng et al., 2021). While production via
aquaculture was approximately 60 thousand tons in 1999,
fish feed production was 38 thousand tons; while
aquaculture production was 240 thousand tons in 2015, fish
feed production was recorded as 375 thousand tons.
Aquaculture production increased by 13% compared to the
previous year and amounted to 421,411 tons. According to
the data of the Ministry of Agriculture and Forestry,
General Directorate of Food Control, feed prices increased
by 23% in 2020 compared to the previous year. More than
50% increase in feed prices in 2018 and 2019 is due to the
exchange rate difference (TUIK, 2021). However,
reducing production costs is a serious issue and has
increased its importance (Hossu et al., 2012; Korkut et al.,
2004; Kutlu & Celik, 2010).

Nowadays, most of aquaculture manufacturer use
mixing feed. These mixing feeds contain components of
both plant and animal sources. The most commonly used
grains are wheat and corn. In addition, beer pulp, corn
gluten meal, cottonseed meal, hazelnut meal, soybean
meal, rice bran and various wheat industry by-products are
the most widely used another plant-based industrial by-
products. Among the raw materials of animal origin, blood
meal, hydrolyzed feather meal, fish meal, poultry meal,
shrimp meal are the most common fish feed ingredients.
Mixed feeds for fish can be prepared as complete or
complementary mixed feed (Admasu & Wakjira, 2021;
Aydin & Giimiig, 2016).

As in the whole animal husbandry sector, one of
the most important issues in aquaculture is feeding.
Nutrients are the most important factor that determines the
vital activities of living things (Dawood, 2021). Nutritional
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demands vary according to the breed, age and environment
of the breed. Both the gradual increase in the amount of
aquaculture and the addition of new species to the
aquaculture system encourages the enrichment of the
demanded feed in terms of quantity and quality (Shah et
al., 2022). The fact that feed is the most important input
item in aquaculture and feed costs constitute 40-60% of the
production cost, carries the feed industry to a very
important position in terms of aquaculture (Orinda et al.,
2021). As the formulas made from feed rations cannot be
developed further, the development of fish slows down in
formulas made from herbal products such as soy, causing
them to reach market size in a much longer time and
increase the rate of feed utilization. Feed quality directly
affects egg quality, hatching rate, survival rate, growth
performance, meat quality, rearing time and price of the
final product (Majdoubi et al., 2021). For this reason,
quality control analyzes should be done very carefully and
precisely for the development of aquaculture, to increase
the competitiveness (Altmigne, 1992), to increase the
quality of the feed and final product (Giindiiz, 2002), to
ensure development in a short time (Mueller, 2004), to
increase the welfare of the animal, low cost, high profit and
global traceability and validity (Skoog et al., 2007).

In fish feeding, it is difficult to predetermine the
time required to reach the desired fatty acid composition
by applying a special diet. While it is possible to see the
effect of dietary fatty acids on the fatty acid composition of
the fish in a very short time in fast growing young fish. But,
the initial fatty acid composition continues its effect
strongly until the final compound is formed in large fish
with low weight gain. Concentration of fatty acids in
tissues is modulated by many different metabolic factors.
The final composition of fatty acids varies depending on
the initial fatty acid content, the amount of dietary fatty
acids, growth rate and duration (Robin et al., 2003).

The nutritional and commercial value of fish
depends on the structure of different fish and seafood meats
and edible parts. The main chemical components of fish
meat are water, protein and fat. These components
constitute 98% of the fish meat and affect the nutritional
value, sensory quality and storage stability of the fish. The
other 2% consists of carbohydrates, vitamins and mineral
substances. The chemical structure of fish varies depending
on species, age, sex, living environment and season. The
protein amount of fish meat is quite constant and does not
show any deviation between different species, but the
effect of the nutrition and maturity level of the fish is
observed (Varlik et al., 2004). The distribution of fatty
acids in fish (especially polyunsaturated fatty acids; n-3
fatty acids) is of great importance for human health. Feed
making and the use of related raw materials, which have an
important share in the rapidly developing aquaculture
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production in recent years, are in an important position
especially for the businesses related to the subject. Many
studies have been conducted on feeds containing 40-65%
of the cost in aquaculture. The purpose of these is generally
to reduce feed costs and to evaluate them. In this study, it
was aimed to reveal the nutrient composition and fatty acid
profiles of different commercial feeds used in aquaculture.

MATERIAL AND METHOD

Sampling: The feed samples used in this study
were obtained from a commercial company located in
Ordu, Turkey. The name of feeds were S, A, G3 and G6.

Proximate Composition Analysis: The Kjeldahl
method was used to determine the protein content (AOAC,
1984). To evaluate the crude lipid content, Bligh and Dyer,
(1959) method was used. Moisture and ash analysis were
carried out according to the methods of AOAC 920.153,
(2002) and 950.46, (2002) respectively. As mentioned in
the methods, samples were used for each group of feed as
1 g in protein analysis, 5 g in lipid analysis and 3 g in
moisture-ash analysis. Each analysis was performed in
triplicates.

Fatty Acid Methyl Ester Analyses (FAME): To
determine fatty acid profiles, fatty acid methyl esters from
the extracted lipid were made according to the method of
Ichihara et al., (1996). 25 mg of the extracted oil sample
was added with 4 ml of 2M KOH and 2 ml of n-heptane.
Then, it was stirred in a vortex for 2 minutes at room
temperature and centrifuged at 4000 rpm for 10 minutes
and the n-heptane layer was taken for analysis on a gas
chromatography (GC) instrument.

Gas Chromatographic Condition: atty acid
composition was analyzed using a Gas Chromatography
(GC) Clarus 500 device (Perkin—Elmer, USA), one flame
ionization detector (FID) and SGE (60 m X 0.32 mm ID
BPX70 X 0.25 um, USA) column. Injector and detector
temperatures were set as 260 and 230 °C, respectively.
During this time, the furnace temperature was kept at 140
°C for 8min. After that, it was increased by 4 °C per minute
until 220 °C, and from 220 to 230 °C by increasing the
temperature 1 °C per minute. It was kept at 230 °C for 15
min to complete analysis. Sample scale was 1 pL and
carrier gas was controlled at 16 psi. For split flow 40 mL
min‘t (1:40) level was used. Fatty acids were identified by
comparing the retention times of FAME (Supelco,
Catalogue No: 18919) with the standard 37-component
FAME mixture. Three replicates of GC analyses were
carried out and the results were expressed in GC area % as
mean value + standard deviation (SD).

Statistical Analysis: Statistical analyses were
performed using SPSS 22.0 (SPSS Inc., Chicago, IL,
USA). ANOVA (Duncan’s New Multiple Range Test) was
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used to determine the significant differences in fatty acid
profiles between the groups (p <0.05). For each group,
triplicates were compared.

RESULTS and DISCUSSION
Proximate Composition of Fish Feeds:
Nutritional composition of four different fish feeds

prepared with different formulations are given in Table 1.

Table 1. Proximate composition of fish feeds.

Groups
S A G3 G6
Protein 45.210.60° 45.43+0.23° 46.69+0.18° 44.07+0.02°
Lipid 15.72+0.39% 16.31+0.57° 16.63+0.58° 18.3240.35°
Moisture ~ 7.9240.04° 6.54+0.09° 8.410.021 6.67+0.09°
Ash 7.4440.08° 11.3740.05¢ 10.27+0.15° 9.30+0.20°

Different letters (a—d) in the same columns for each groups significant differences (p<0.05). Were
the protein, lipid and ash values calculated on dry weight of samples.

The results showed that the crude protein, crude
lipid, moisture and crude ash level in feeds were in the
range of 44.07% — 46.69%, 15.72% — 18.32%, 6.54% —
8.41% and 7.44% — 11.37%, respectively. Among the 4
different commercial fish feed diets, the highest crude
protein ratio was found in G3 (46.69%) and the crude
protein content of all diets was within the recommended
recommendable range (40-45%) for commercial fish
(NRC, 1983). The protein requirement of commercial fish
is influenced by a variety of factors, including fish size,
water temperature, feeding rate, availability and quality of
natural foods, and overall digestible energy content of the
diet (Satoh, 2000; Wilson, 2000). Watanabe et al., (1990)
observed that fish production could be increased and more
profitable by using a high protein (>35%) ration in their
diet. Protein ratio of 34-55% and lipid ratio of 14-38%
were determined in salmon rearing and rearing feeds in
European countries (FAO, 2007). Increasing protein
retention from the diet, quality and mix of different
proteins and the inclusion of partially pre-digested proteins
have shown good results (Calheires, 2003; FAO, 2004,
Lunger et al., 2007).

Protein deficiency will mean slower growth,
while overfeeding will incur the cost. For this reason, feeds
are formulated to contain the right amount of protein
(Wilson, 1994). In the studies carried out, the researchers
determined the protein ratio in the rations to be between
40-60% (Aniebo et al., 2008; Atteh & Ologbenla, 1993;
Fasakin et al., 2003; Ugwumba et al., 2001). The highest
lipid ratio among the groups was found to be 18.32% in the
G6 feed. 40% of the total energy in the ration can be met
with fats. Fat level in the ration can be in the range of 15-
25%. Trout starter feeds should contain 12-16% oil, grower
feeds should contain 8-10% and breeder feeds should
contain 6-8% oil. Harel, (1992) revealed that the lipid
composition in the tissues of sea bream rootstocks is equal
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to the lipid composition in the feed, even in a 15-day
feeding. Lipids are an important source for fish. It helps
transport energy and fat-soluble vitamins and steroids.
Essential fatty acids support normal larval development
and play an important role in fish growth and reproduction
(Mishra & Mukhopadhaya, 1996). According to the results
of the analysis for 4 feed rations, the highest moisture
content was found to be 8.41% in G3 feed. Compared to
low humidity, high humidity fish food molds easily. It is
vulnerable to bacteria and parasites and therefore should be
stored well (Awoniyi et al., 2004). The highest ash rate was
found to be 11.37% in the group of A feed. The minerals
in a food provide a measure of the total amount. Fish need
the same minerals for tissue formation and other metabolic
functions.

In determining the nutritional value of the feed,
giving the energy needed by the fish in the fish feed ration;
macronutrients  consisting of protein, fat and
carbohydrates, and micronutrients and additives consisting
of various vitamins and minerals (Erteken & Hagimoglu,
2007). The required protein quality is an important factor
regarding feed raw materials, and the differences in protein
content of plant-based and animal-origin raw materials
should be well examined and should be kept
complementary in feed rations when necessary (Korkut &
Yildirim, 2003).

Fatty Acids Profiles of Fish Feeds: Fish farming
has rapidly developed in recent years with the increasing
world population. However, the production of fish feed
makes it very expensive and difficult to obtain fish farming
in some countries. In 2018, global fish production reached
approximately about 179 million tonnes (FAO, 2018). 55%
of this production is obtained by fishing and 45% by
aquaculture. The general opinion is that fishing will not
increase in 15-20 years but it will be increase further. This
situation shows that fishing production will not meet the
nutrient needs of the people after a while and that the deficit
will be covered by aquaculture production. Accordingly,
fish feed production and raw material supply gain
importance (FAO, 2015). Again, the selection of these raw
materials according to the nutritional needs of the fish
species and their return to the feed cost gained importance.
Fish oil is one of the raw materials used in fish feeds and
contains the most omega 3 fatty acids such as EPA and
DHA. Fatty acid profiles of four different fish feeds
prepared with different formulations are given in Tables 2-
5.

26 different fatty acids were identified in the feed
samples. The major fatty acids in all feeds are C14: 0, C16:
0, C18: 0, C16: 1, C18: 1n-9, C20: 1n-9, C18: 2n-6, C18:
3n-3, EPA and DHA. The percentages of saturated fatty
acids (SFA), monounsaturated fatty acids (MUFA) and
polyunsaturated fatty acids (PUFA) of feed samples were
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determined between 19.45-23.42%, 31.74-44.29% and
29.28-38.12% respectively.

SFA values of feed samples are shown in Table 2.
Total SFA level of feed S was the lower than those of the
other 3 feeds. Among the SFAs, myristic acid (C14: 0),
palmitic acid (C16: 0) and stearic acid (C18: 0) were found
to be the highest fatty acids in all groups. While the highest
levels of palmitic acid (13.84%) and stearic acid (4.05%)
were detected in group A, the lowest level (11.08% and
3.10%, respectively) was observed in group S. The level of
myristic acid, which is another important SFA, was
determined to vary between 2.89-2.11%. The highest level
of myristic acid was determined in group A (2.89%) and
the lowest in G3 group (2.11%). Statistically significant
differences were observed among myristic, palmitic and
stearic acid value of groups (p <0.05).

Table 2. SFA contents of fish feeds.

Groups
Fatty
Acids S A G3 G6
C14:0 2.61£0.08° 2.89+0.01¢ 2.11+0.012 2.46+0.04°
C15:0 0.28+0.01% 0.38+0.01° 0.02+0.00% 0.11£0.14%®
C16:0 11.08+0.45% 13.84+0.04¢ 12.05+0.04° 11.91£0.05°
C17:0 0.27+0.01° 0.21£0.012 0.24+0.00° 0.27+0.00¢
C18:0 3.10+0.113 4.05+0.02° 3.66+0.04° 3.61+0.23°
C20:0 0.38+0.03° 0.78+0.01°¢ 0.0140.00% 0.01+0.00%
C22:0 0.64+0.03¢ 0.43+0.012 0.57+0.01° 0.67+0.00°
C24:0 1.10£0.11° 0.87+0.012 0.93+0.012 1.1120.00°
Y'SFA 19.45+0.54° 23.42+0.04° 19.58+0.06% 20.1440.47%

Different letters (a—d) in the same row represent significant differences (p < 0.05) for each group

In contrast of SFA, total monounsaturated fatty
acids (MUFA) level of feed G6 was significantly (p<0.05)
higher than those of the other feeds (Table 3). The major
FA in MUFA for all groups was oleic acid (C18:1n-9)
followed by eicosenoic acid (C20:1n9) and palmitoleik asit
(C16:1). There were statistically significant differences in
these fatty acids for all groups (p <0.05). Oleic, eicosenoic
and palmitoleic acid levels were in the range of 25.00-
35.81% (G6>S>G3>A), 1.85-3.85% (S>G6>G3>A) and
2.74-3.16% (G6>A>S>G3), respectively.

Table 3. MUFA contents of fish feeds.

Fatty Groups

Acids S A G3 G6
Cl4:1 0.11+0.00° 0.06+0.01° 0.03+0.012 0.03+0.00*
C15:1 0.03+0.012 0.01+0.01%® 0.010.00%® 0.00+0.00?
C16:1 2.90+0.11° 2.96+0.01° 2.74+0.012 3.16+0.04¢
C17:1 0.17+0.012 0.25+0.009 0.19+0.00° 0.20+0.0°
C18:1n9 33.68+1.53  25.00+0.03? 32.39+0.06° 35.81+£1.12°
C18:1n7 1.99+0.012 1.414+0.022 1.5140.022 1.42+0.472
C20:1n9 3.85+0.199 1.85+0.012 2.91+0.02° 3.30+0.01°
C22:1n9 0.48+0.04¢ 0.21+0.012 0.33+£0.01° 0.3740.00°
C24:1n9 0.13+0.01° 0.01+0.00% 0.0140.00% 0.01+0.00%
YMUFA  43.31+1.26° 31.7440.06% 40.09+0.10° 44.29+0.62°

Different letters (a—d) in the same row represent significant differences (p < 0.05) for each group.

Total polyunsaturated fatty acid (PUFA) levels of
feed A (38.12%) were higher compared with the other feed
groups (p<0.05), followed by groups G3 (33.98%), S
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(31.70%) and G6 (29.28%), respectively (Table 4). The
main FA in PUFAs was linoleic acids (C18:2n-6) which is
the highest to lowest was observed in groups G3>A>G6>S.
The highest PUFAs after linoleic acid were linolenic acid
(C18:3n-3), EPA (C20:5n-3), and DHA (C22:5n-3). EPA
and DHA are crutial fatty acids essential for human. Main
resource of these essential FAs is seafood. In this respect,
the amount of these fatty acids is very important in feed
rations used in fish feeding. The highest level of EPA and
DHA were observed in the group A followed by S> G6>
G3 groups, respectively. While the highest EPA was
determined in group A with 4.57%, the lowest EPA was
determined in G3 group with 3.13% (p<0.05). DHA which
is an important fatty acid was detected in the range of 3.41-
8.50% in fish feeds.

Table 4. PUFA contents of fish feeds.

. Groups
Fatty Acids 3 yy a3 Go
C18:2n6 14.55+0.932 19.56+0.06°  20.55+0.12°  15.03+0.05%
C18:3n6 0.130.04° 0.05+0.012 0.08+0.00®  0.110.00°
C18:3n3 5.43+0.36° 3.63+0.012 4.61+0.06° 4.45+0.06°
C20:2 cis 0.92+0.06° 0.46+0.00% 0.67+0.01° 0.85+0.01°¢
C20:3n6 1.72+0.34° 1.23£0.012 1.47£0.01% 1.64+0.02%
C20:4 n6 0.04+0.007 0.04+0.00% 0.02+0.00% 0.03+0.012
C20:5n3 3.44+0.252 4.57+0.01° 3.13+0.022 3.23+0.012
C22:2 cis 0.02+0.012 0.09+0.00° 0.060.00° 0.1120.009
C22:6 n3 5.46+0.58° 8.50:£0.00° 3.41£0.012 3.84+0.012
YPUFA 31.70£1.79%  38.12+0.04°  33.98+0.16°  29.28+0.13%

Different letters (a—d) in the same row represent significant differences (p < 0.05) for each group

Yildiz (2008) reported that the 15 different fatty
acids were determined for 14 fish feeds commonly
available in Turkey for marine fish species, particularly sea
bream and sea bass (juvenile, adult, and broodstock). The
researcher found that n-3 HUFA levels in juvenile, adult,
and broodstock fish feeds were in the range of 2.5-3.9%,
1.5-3.5%, and 2.1-4.9%, respectively. Similarly, DHA
levels in these dry feeds were in the range of 1.4-2.3%, 0.5-
1.8%, and 1.2-3.0%, and EPA levels were in the range of
1.1-1.5%, 1.0-1.6%, and 0.8-1.8%, respectively.
Arachidonic acid (C20:4n-6) levels as percentage of total
fatty acids in juvenile, adult, and broodstock fish feeds
were 0.5-0.9%, 0.5-0.8%, and 0.6-0.9%, respectively.
Similar results were found in our current study.

Table 5. YPUFA/SFA, Y16, Yn3, >n6/yn3 and DHA/EPA
contents of fish feeds.

. Groups
Fatty Acids 3 = a3 Go
SPUFA/SFA  1.63+0.05 1.63+0.00° 1.74+0.01° 1.45+0.012
>'n6 16.44+0.542  20.87£0.06°  22.11£0.13°  16.80+0.04°
>n3 14.33£1.20°  16.70£0.02°  11.15£0.028  11.52+0.082
> n6/n3 1.154+0.06% 1.25+0.00° 1.98+0.019 1.46+0.01¢
DHA/EPA 1.59+0.05° 1.86+0.009 1.09+0.00% 1.19+0.00°

Different letters (a—d) in the same row represent significant differences (p < 0.05) for each group.

YPUFA/ESFA, Xn-3, Xn-6, n-6/n-3 and
DHA/EPA comparatively contents of fish feeds are given
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in Table 5. Statistical differences were observed between
groups in terms of EPUFA/XSFA (p<0.05). The highest
YPUFA/ZSFA ratio (1.74) was determined in the G3
group, while the lowest value (1.45) was determined in the
G6 group. HMSO, (1994) reported that the PUFA/SFA
ratio should be at least 0.45.

The results obtained from our study were above
this threshold. Therefore, it is predicted that fish fed with a
balanced PUFA/SFA ratio will have a similar
accumulation in muscle tissue. While n-6 amount was
highest in G3 group with 22.11%, the lowest value was
observed in S group with 16.44%. When investigate the
amount of Xn-3, which constitutes an important part of the
lipids found in fish muscle, it was determined that it was in
the range of 11.15-16.70% in all groups. Xn-6/Xn-3 ratios
were found to be highest in G3 group (1.98) and lowest in
S group (1.15). The UK Department of Health
recommended a maximum n6/n3 ratio as 4 (HMSO, 1994).
None of the results we obtained were observed to exceed
this threshold value. The DHA/EPA ratio was a good
indicator of the lipid quality of the product, which was in
the range of 1.09-1.86, and statistical differences were
found between the groups (p <0.05). Yildiz, (2008)
reported that the DHA/EPA rates for juvenile, adult, and
broodstock fish feed were in the range of 1.1-1.5%, 0.5-
1.4%, and 0.7-1.6%, respectively. These results were
consistent with our study. Parpoura and Alexis (2001)
reported that European sea bass has a minimum
requirement of 1.35% EPA + DHA (EFA) for optimum
performance. In our study, the lowest amount of EFA was
found in the G3 group (6.54%) and the highest in the A
group (13.07%).

CONCLUSION

Feed making which have an important share in the
rapidly developing aquaculture production in recent years,
are in an important position especially for businesses that
are related to the subject. Many studies have been
conducted on feeds containing 40-65% of the cost in
aquaculture. The purpose of these is generally to reduce
feed costs and to evaluate them. Various companies are
researching to produce feeds with less cost and higher feed
conversion ratio by using alternative protein sources for
fish feed production. In conclusion, it may be concluded
that these feeds are suitable items in the aquaculture diet.
These feeds were good sources of EPA and DHA.
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Abstract: In this study, it was aimed to investigate the effects of the difference in the breeding

environment (pH, temperature, salinity, oxygen content and saturation) of rainbow trout grown in dam

*= hitps://orcid.org/0000-0001-5384-2381 and sea water on the levels of some minerals (calcium, magnesium, zinc, iron) and biochemical
* https:/orcid.org/0000-0002-5043-4726 parameters in the serum. The study material consisted of 20 rainbow trout (Oncorhynchus mykiss)
weighing about 800-1000 gr in the dam water of Samsun (Derbent Dam) and the Black Sea water

(YYakakent). Blood samples were taken from both groups on the same day in December and the pH,

temperature, oxygen content and saturation levels of the waters were determined by Y SK oxygen meter,

and salinity was determined by refractometry. Total protein (TP), albumin (Alb), cholesterol (TK),

glucose (Glu), urea, creatinine (Cre), uric acid (UA), aspartate transaminase (AST), alanine

aminotransferase (ALT), triglyceride (TG), calcium (Ca), magnesium (Mg), iron (Fe), zinc (Zn) and

ALT, AST enzyme activities were determined by spectrophotometric method in an autoanalyzer. The

salt, oxygen, and saturation levels of the sea water were found to be higher than those of the dam water,

while the pH and temperature were similar. It was determined that TP, Alb, Alb/Glo, TK, TG, UA and

Ca levels in rainbow trout raised in the dam were significantly higher than those raised in the sea

*Corresponding author: (P<0.05). Glu, UA, Cr, Mg and Fe levels were found to be higher in the blood serum of the rainbow

Giilay CIFTCI trout raised in the sea (P<0.05). Zn, urea, AST and ALT levels of rainbow trout raised in sea and dam
University of Ondokuz Mays, Faculty of were similar. The differences in the salinity and dissolved oxygen levels of the water in fish farming
Veterinary Medicine, Department of caused changes in some biochemical parameters in fish, and it was concluded that the choice of fish

Biochemistry, 55220 Atakum, Samsun, Turkey

5 geiftci@omuedutr according to the nutritional environment in fish consumption may be important in diseases related to

human lifestyle (obesity, gout, diabetes and hyperlipidemia).

Keywords: Biochemical parameters, mineral, rainbow.

Baraj ve Deniz Suyunda Yetistirilen Gokkusagi Alabahginin Kanindaki Bazi
Biyokimyasal Parametreler ve Mineral Degerlerinin Arastirilmasi

Oz: Bu ¢alismada, baraj ve deniz suyunda yetistirilen gokkusag: alabaligmim yetistirme ortamindaki
(pH, sicaklik, tuzluluk, oksijen igerigi ve doygunluk) farkliligin serumda bazi mineraller (kalsiyum,
magnezyum, ¢inko, demir) ile biyokimyasal parametre diizeyine etkisinin arastirilmasi amaglandi.
Caligma materyalini Samsun'da baraj suyu (Derbent Baraji) ve Karadeniz suyu (Yakakent) iginde
yaklagik 800-1000 gr agirhiginda 20 adet gokkusagi alabaligi (Oncorhynchus mykiss) olusturdu. Aralik
aymnda ayni giinde her iki gruptan kan Ornekleri alindi ve suyun pH, sicaklik, oksijen igerigi ve
doygunluk diizeyi YSK oksijen 6lger ile tuzluluk ise refraktometri ile belirlendi. Toplam protein (TP),
alblimin (Alb), kolesterol (TK), glukoz (Glu), iire, kreatinin (Cre), iirik asit (UA), aspartat transaminaz
(AST), alanin aminotransferaz (ALT), trigliserit (TG) kalsiyum (Ca), magnezyum (Mg), demir (Fe) ve
¢inko (Zn) ile ALT, AST enzim aktiviteleri spektrofotometrik yontemle otoanalizérde belirlendi. Deniz
suyunun tuzluluk, oksijen ve doygunluk diizeylerinin baraj suyundan daha yiiksek oldugu ve pH ile
sicakligin birbirine yakin oldugu gozlendi. Barajda yetistirilen gokkusagi alabaliginda TP, Alb,
Alb/Glo, TK, TG ve Ca diizeylerinin denizde yetistirilenlere gore onemli Olgiide yiiksek oldugu
*Sorumlu yazar: belirlendi (P<0.05). Denizde yetistirilen Gokkusagi alabaliginin kan serumunda Glu, UA, Cre ve Mg
Giilay CIFTCI diizeyi daha yiiksek bulundu (P<0.05). Deniz ve barajda yetistirilen gokkusag: alabaligmn Zn, iire,
Ondokuz Mayis Universitesi, o AST ve ALT diizeyleri benzer bulundu. Balik yetistiriciliginde suyun tuzluluk ve ¢dziinmiis oksijen
Veteriner Fakiiltesi, Biyokimya Anabilim P . . . P <
Dalt, 55220 Atakum, Samsun, Tirkiye. seviyesindeki fark}lhk baliklarda bazi b}yoklmyasal parametr.elerde dgglslkhkle@ nefie.n oldpgu ve
B: geiftci@omu.edu.tr bunun sonucunda insan yasam tarzina bagl hastaliklarda (obezite, gut, diyabet ve hiperlipidemi), balik
tiiketiminde baliklarin beslenme ortamina gore tercihin 6nemli olabilecegi kanaatine varildi.

Anahtar kelimeler: Biyokimyasal parametreler, gokkusagi alabaligi, mineral.

' This study was produced from the master thesis.
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INTRODUCTION

Fish is a low-cost, high-nutrient, low-cholesterol
source of animal protein (Odoh et al., 2019). Fish should
be ingested on a regular basis (i.e. 1-2 servings weekly),
according to the World Health Organization (WHO, 2020)
and the American Heart Association (AHA, 2020). As a
result, increasing the supply of protein-based foods for an
ever-growing population through sustainable fish farming
is necessary to ensure food security (Onyekuru et al.,
2019).

The geographic location and existing natural
resources of Turkey provide suitable opportunities for
fisheries and aquaculture production. Turkey is surrounded
by the Black Sea, Aegean and The Mediterranean Seas and
surrounds the Marmara Sea, an interior sea, each having
specific characteristics and different production potentials.
There are 33 river systems 26 of which are major, 200
natural lakes, 822 dam lakes and 507 ponds (DGSHW
2019). Rainbow trout originally inhabited the Pacific coast
of North America. Rainbow trout is the most common
member of the Salmonidae family in Europe, and found
both in the wild and in trout farms. Its adaptability to water
conditions and economic value has made it an important
subject for scientific studies (Calta, 1999). In the
physiological diagnosis of fish, plasma biochemical
parameters are generally used to determine their general
health status (Davis, 2004; Kavitha et al., 2012). Blood
electrolytes are widely used in the determination of
physiological status of fish, toxicity tests and control of
health status (Celik, 2006). The carbohydrate content in
fish is usually very low and is considered practically zero
(Payne et al., 1999; Anthony et al., 2000). Fish contain
between 18-20% of good quality protein, and the protein in
fish is an excellent source of nutrients due to its amino acid
composition and digestibility (Louka et al., 2004). Calcium
(Ca), component of bones and teeth, regulates of nerve and
muscle functions. It regulates some important
physiological and biochemical events such as blood
coagulation, membrane integrity, enzyme reactions,
hormones (Murray et al., 1993). Magnesium (Mg) is an
intracellular electrolyte that affects muscle and nerve
stimulation and response. Muscle function, including
muscle contraction, is highly dependent on the availability
of Mg (Murray et al., 1993; Adam, 2000). Cholesterol is an
important sterol that acts as a precursor to physiologically
active compounds, including sex hormones, adrenal
corticoids, bile acids, and vitamin D (Sheen, 2000).
Cholesterol has been reported to be an essential nutrient for
good growth and survival of crustaceans (Holme et al.,
2006). High alanine aminotransferase (ALT), aspartate
aminotransferase (AST) activity in the blood usually
indicates the weakened or damaged normal liver function

192

J. Anatolian Env. and Anim. Sciences, Year:7, No:2, (191-200), 2022

in fish species (Kim & Lee, 2009). Zinc (Zn) is necessary
for the proper functioning of the immune system and the
activation of more than 80 enzymes, DNA and RNA,
protein, insulin and sperm synthesis (Alloway, 2009). Iron
(Fe) is the element that has an important function in
respiratory events. Hypochromic anemia usually occurs in
fish due to Fe deficiency (Akyurt, 1994). It is known that
seasons, disease and osmoregulation, stress, toxic factors,
salinity, temperature, nutritional status, pH and water
quality are effective to the blood electrolytes in fish (Chen
et al., 2002). In this study, it was aimed to determine the
ALT and AST enzyme activities, mineral levels, and some
blood biochemical parameters in the blood serum of
rainbow trout raised in dam and sea water.

MATERIAL AND METHOD

Determination of pH, temperature, salt, oxygen
content and saturation levels of dam and sea water: The
pH levels of the dam water (Derbent Dam) and Black Sea
water (‘Yakakent), where rainbow trout are raised in
December, were determined with a pH meter. The oxygen
content, oxygen saturation and temperature levels of the
water were determined with the YSK oxygenmeter device
(YSI PRO 20 Polarographic Do Field Electrode Portable
Oxygen Meter 10). The salinities of the water were
determined with a refractometer.

Experimental animals: This study was conducted
by Ondokuz Mayis University, Faculty of Veterinary
Medicine, Department of Biochemistry, with the approval
of Ondokuz Mayis University Animal Experiments Local
Ethics Committee (dated 01.03.2019, 2019/10).

The study material consisted of 20 rainbow trout
(Oncorhynchus mykiss) weighing approximately 800-1000
g, which were grown for feeding in the dam water (Derbent
Dam) and the Black Sea water (Yakakent) in Samsun.

Two groups were formed in the study. Group 1
consisted of 10 rainbow trout, which were grown in cages
in the dam water and collected post-harvest blood. Group
2, on the other hand, consisted of 10 rainbow trout, which
were grown in cages in seawater and blood drawn after
harvest.

The blood, which is the study material, was
obtained from both groups on the same day in December.
Trout grown in sea water until harvest time, 3.5 nautical
miles from Samsun Yakakent port, in HDPE cages with 22
meters’ diameter, in nets of 15+1 depth and with ready-
made pellet feed (crude protein 45%, crude oil 20%, crude
ash 9.5%, raw cellulose 1.6%, Ca 1.8%, P 0.7%). Samples
were obtained from diploid rainbow trout fed 24 h before
harvest in December by blood sampling from each post-
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harvest. Trouts grown in the dam water were fed with
ready-made pellet feed (crude protein 45%, crude oil 20%,
crude ash 9.5%, crude fiber 1.6%, Ca 1.8%, P 0.7%) until
harvest time in Derbent Dam. Postharvest blood was drawn
from each diploid rainbow trout fed 24 hours prior to
sampling.

Blood collection from the fish was performed
approximately 12 h after the feeding was ended. After
harvesting, the blood samples of 20 rainbow trout
(Oncorhynchus mykiss) grown in dam and sea water were
taken from the gill region of the fish with a syringe and
transferred to glass tubes to obtain serum (Watson et al.,
1989). The blood samples taken were centrifuged at +4 C°
for 10 minutes at 1550 x g (Niive NF80OR) on the same
day, and their serum was removed and divided into
aliquots. The serums were stored at -20 °C until used in the
analysis.

Determination of Ca, Mg, Fe and Zn levels in
serum of rainbow trout: Ca, Mg, Fe, Zn levels were
measured spectrophotometrically in an autoanalyzer
(Biosistem A25, Spain) using the Biosistem kit (Barbour &
Davisdon, 1988).

Determination of TP, Alb, TK, TG, Urea, UA,
AST, ALT levels: The levels of Ca, Mg, Fe, Zn, TP, Alb,
TK and TGs in blood serum were measured by
spectrophotometric method using an autoanalyzer device.
TK, TP, UA and urea levels were directly measured with
an autoanalyzer (Biosistem A25, Spain) using the
Biosystem kit (Fossati et al., 1980; Sacks, 1999).

Determination of Alb levels: The amount of Alb
in blood serum was measured in an autoanalyzer device
using the Biosistem-ALB autoanalyzer kit. Quantitative
3,3',5,5"-tetrabraom, cresol sulfonphtlalein (BCG) binding
in serum was used to determine the amount of Alb in blood
serum samples using the kit (Grant & Kachmar, 1976).

Calculation of Alb/Glo ratio: Glo was found by
subtracting Alb from TP value and Alb/Glo ratio was
calculated by dividing Alb level by Glo.

Statistical evaluation: Data analysis was
performed using the Statistical Package for the Social
Sciences for Windows 22.0 (SPSS 22) (IBM, New York,
USA). The datas were tested for normality with the
Kolmogrov-Smirnov Test, homogeneity tests with the
Levene Test and Mann-Whitney U test, and the t test.
Differences were considered significant at P < 0.05. All
variables were expressed as mean and standard error (SE)
(Rao, 1973).

RESULTS

Breeding and feeding conditions of rainbow
trout in sea and dam water: Temperature, pH, oxygen
content, salinity and saturation levels of sea and dam water
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in which rainbow trout grown are presented in the table
(Table 1).

Table 1. pH, salinity, temperature, oxygen contents, and
saturation rates of dam and sea water.

Sea water Dam water
pH 8.4 8.6
Heat (°C) 12 11
Oxygen Amount(mg/dL) 9.57 7.4
Saturation (%) 88.77 67.26
Salinity (%o) 18 0.68

Some biochemical parameter levels in fish blood
serum: The mean and standard error values (mean+SE) of
TP, Alb, Glo, Alb/Glo levels in the sera of the groups are
presented in Table 2.

Table 2. TP, Alb, Glo, Alb/Glo levels in blood serum of rainbow
trouts raised in dam (Group 1) and sea water (Group 2).

Group 1 Group 2 P
TP (g/L) 6.49+0.1 5.54+0.14 0.705
Alb (g/L) 2.48+0.07 2.01+0.01 0.01**
Glo (g/L) 4.11+0.16 5.04+0.16 0.705
Alb/Glo 0.62+0.03 0.57+0.02 0.279

*P<0.05, ** P<0.01

It was determined that TP (P>0.05), Alb level
(P<0.05) and Alb/Glo ratio (P>0.05), in blood serum of
rainbow trout raised in dam water were higher than
rainbow trout raised in sea water, but Glo level was lower
(P> 0.05). The mean and standard error values (mean+SE)
of Glu, TK, TG, UA, Cre, AST and ALT levels in blood
serum of rainbow trout raised in dam and sea water in
Samsun are presented in Table 3 and Figure 1.

Table 3. Some biochemical parameter levels in blood serum of
rainbow trouts raised in dam (Group 1) and sea water (Group 2).

Group 1 Group 2 P
Glu (mg/dL) 67.6+11.21 135.3+20.74 0.014*
TK (mg/dL) 563.62+37.85 300.6+18.93 0.001***
TG (mg/dL) 189.77+14.82 106.9+7.86 0.003**
Urea (mg/dL) 6.33+0.5 6.3+£0.47 0.966
UA (mg/dL) 1.15+0.08 1.84+0.11 0.001***
Cre (mg/dL) 0.15+0.06 0.61+0.12 0.011*
ALT (U/L) 2443.55 24.4+7.23 0.413
AST (U/L) 207+14.71 169.28+13.12 0.083
*P<0.05, ** P<0.01, *** P<0.001
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Figure 1. Glu, TK, TG levels in blood serum of rainbow trout
raised in dam (Group 1) and sea water (Group 2).

The Glu level in the blood serum of rainbow trout
raised in the sea was statistically significantly greater than
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the Glu level in the blood serum of rainbow trout raised in
the dam (P<0.05). Rainbow trout grown in dam water had
considerably greater TK and TG levels than those bred in
sea water (P<0.001).

The level of urea in rainbow trout farmed in dam
and sea water did not alter, according to the findings. When
rainbow trout raised in sea water were compared to those
raised in dam water, the UA level was found to be
statistically substantially higher (P<0.05). It was
determined that AST and ALT enzyme activities were
close to each other in rainbow trout raised in dam and sea
water, and the difference was not statistically significant.

Some mineral levels in serum: The mean and
standard errors (mean+SE) of Ca, Mg, Fe, Zn levels in
blood serum of rainbow trout raised in dam (Group 1) and
sea (Group 2) water are presented in Table 4.

Table 4. Ca, Mg, Fe, Zn levels in blood serum of rainbow trout
raised in dam (Group 1) and sea water (Group 2).

Group 1 Group 2 P
Ca (mg/dL) 37.81+4.45 22.6+1.8 0.026*
Mg (mg/dL) 5.2+0.32 7.33+£0.91 0.029*
Fe (ng/dL) 53.5£12.9 83.8+16.06 0.155
Zn (mg/dL) 1.421£163.3 1.371£66.13 0.183

*P<0.05

When rainbow trout grown in dam water were
compared to rainbow trout farmed in sea water, the Ca
level was found to be statistically substantially higher
(P<0.05). The Mg level in rainbow trout farmed in sea
water was found to be statistically substantially higher than
in rainbow trout farmed in dam water (P<0.05). Rainbow
trout farmed in sea water had a higher Fe level than
rainbow trout farmed in dam water, and rainbow trout
farmed in dam water had a higher Zn level than rainbow
trout farmed in sea water, but the difference was not
statistically significant.

It was determined that although the Ca and Zn
mineral level distribution was lower in the blood serum of
rainbow trout raised in dam (Group 1) water, Mg and Fe
levels were higher than those raised in sea water (Figure 2).

100% -
80%

60% 1 - Group 2

% Group 1

40% -

20% -

0%

Ca (mg/dl) IMg(mg/dl)l Fe (ug/dI) ' Zn(mg/dl) '

Figure 2. Percent distribution of Ca, Mg, Fe, Zn levels in blood
serum of rainbow trout raised in dam (Group 1) and sea water
(Group 2).
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Total Mg and Fe levels in blood serum of rainbow
trout raised in sea water were higher than those raised in
dam water.

DISCUSSION

The production of rainbow trout (Onchorynchus
mykiss, Walbaum 1792) in aquaculture in natural lakes,
large dam lakes, rivers and seas is increasing day by day.
Fish can derive minerals from the diet and ambient water.
Blood parameter indicators are accepted as indicators of
physiological and health status of fish in response to
nutritional supplements (Kader et al., 2010). Fish farming
conditions and water content can cause bioaccumulation of
metals in fish (Baldisserotto et al., 2005). It is very difficult
to compare metal concentrations in the same tissue of two
different species and in different tissues of the same species
due to factors such as different feeding habits, differences
in aquatic environment, growth rates of species, and tissue
types analyzed (Yilmaz et al., 2010). In a study, it was
reported that the level of elements and harmful metals in
the carp body might varied depending on the culture
method; water quality and feed type (Borucka-Jastrzebska
& Protasowicki, 2006). In this study, it was aimed to
determine and compare the effects of the different habitats
(pH, temperature, salt, oxygen content and saturation) of
rainbow trout reared in dam and sea water on the levels of
some mineral (Ca, Mg, Zn, Fe) and biochemical
parameters (TK, urea, Cre, UA, ALT, AST, TG) in the
serum. Water temperature affects all aspects of
metabolism. High temperatures affect fish health and fish
welfare by increasing metabolic rate, alkalinity, acidity and
pH (Ross & Ross, 2002). Based on these datas, it was
reported that water temperature may have an effect on fish
growth (Dikel, 2009). The province of Samsun, where this
study was conducted, has a rich water potential with its
rivers, lakes and dam lakes, and the Kizilirmak Delta,
which has an international importance, constitutes an
important water treasure of this region. In the province of
Samsun, rainbow trout is produced in cages created in the
sea, as well as trout in net cages belonging to different
enterprises in Derbent Dam Lake. Derbent Dam is one of
the most important dams on Kizilirmak, between the
coordinates of 41° 25' 6" N, 35° 49' 52" E, 15 km south-
west of Bafra district center (Anonymous, 2002). It has
been reported that the temperature of the waters where
trout farming will be carried out should be below 20 °C
(Celikkale, 1994). In our study, blood samples were taken
from rainbow trout farmed in dam and sea water in
December. The pH and temperature values of the dam and
sea waters were 8.6-11 °C, 8.4-12 °C, respectively. In a
previous study, it was reported that the pH in Derbent Dam
Lake varied between 7.1 and 8.6, and the average value
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was 7.98. It has been reported that the pH value should be
between 6.5 and 8.5 in the waters where trout farming will
be carried out (Celikkale, 1994) and it is appropriate to
breed trout in lakes with a pH of 8 (Atay, 1987). The pH of
the dam and sea water was obtained as an example in our
study is slightly alkaline, and the water quality is suitable
for trout farming. In a study, it was reported that the pH of
Derbent dam water was 8. The temperature was 8.1 °C and
the amount of dissolved oxygen was 10.3 in December
(Tas, 2006). In our study, it was determined that the
amount of dissolved oxygen in December was 7.4 mg/dl.
The ideal pH range varies per species; however, for fish
culture, the pH range of 6.5-9.0 is widely accepted (Zweig
et al., 1999). An increase or decrease in pH disrupts acid-
base balance, ion regulation and ammonia excretion
(Wood, 2001).

Alkaline conditions (pH > 9) may contribute to
fish mortality through gill damage, decreased plasma ion
concentrations and decreased NH3 elimination (Lease et
al., 2003) Salinity refers to the amount of salt dissolved in
water. The salinity in water is due to NaCl rather than
chloride (Cirik & Gokpinar, 1993). Plasma ion values and
mortality rates were compared in rainbow trout
(Oncorhynchus mykiss) after a direct transfer of
approximately 18 ppt from fresh water to Black Sea water.
+10 mM/l) was much higher. Therefore, most of the fish
died, possibly as a result of inability to adapt to seawater
(Gorie, 1992). In the study investigating plasma ion values
and mortality rate, plasma Na+ concentrations were
measured in rainbow trout (Oncorhynchus mykiss) after
direct transfer from fresh water to Black Sea water, and it
was found to be much higher in sea water than in rainbow
trout grown in fresh water (Yigit et al., 2004). In
December, when the study samples were collected, the
salinity ratio of the dam water was 0.68 %o and that of sea
water was 18 %o. It was observed that there was a positive
relationship between the dissolved oxygen amount and the
salinity ratio. Parallel to our study, it was determined that
the salinity ratio in the Black Sea ranged between 17-20 %o
(Svennevig et al., 1996). In the study conducted by
Agiragac and Buyukhatipoglu (1998) in the Black Sea, the
temperature, dissolved oxygen, salinity and pH samples
taken from the Black Sea water between 29 December and
2 March were reported to be 9.41+0.93 °C, 7.61+£0.4 mg/It,
18.5120.83 %o, 8.15+0.01, respectively. In a study by Cirik
and Cirik (1999), it was reported that while the salt
concentration of water increased, the amount of dissolved
oxygen decreased. The solubility of oxygen in water can
be increased by factors such as decreases in temperature,
wavy surface of the lake, high moisture content, seasonal
differences. Stanek et al. (2014) reported that the average
Ca contents of fishes were 3.175, 0.516 and 2.498 g/kg in
Gorecreckie, Strzeszynskie and Wedromierz lakes,
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respectively. In the study performed on juvenile tilapia
(Oreochromis niloticus x O. aureus), grass carp
(Ctenopharyngodon idella) and Atlantic salmon, it was
observed that the Ca level in the plasma was not affected
by dietary Ca supplementation, and Ca homeostasis was
provided (Berntssen et al., 2003). In another study, when
Ca was added to the diet of Japanese sea bass, it was
observed that the serum Ca concentration increased
significantly, and reached to a maximum level (7.71
mmol/L) (Song et al., 2016). It was concluded that the
plasma Ca level of various fish species can vary
significantly with dietary Ca levels (Urasa & Wendelaar
Bonga, 1987). In a study, it was observed that tilapia larvae
were not affected by environmental Ca levels during
development or growth stages. It was reported that the
body Ca content in the low Ca groups constituted
approximately 90-95% of the high Ca groups, and
adaptation to the low Ca environment was achieved by
stimulating Ca uptake. Kulkarni (2015) determined the
blood Ca levels as 9.00+0.30 mg/dL (Bheema), 8.69+0.50
mg/dL (Kagina) and 8.39+0.45 mg/dL (Saradgi) in his
study of Notopterus notopterus fish living in different
waters. In a study conducted with male and female rainbow
trout, Ca levels were 6.8+£0.6, 6.7+0.9 mg/dL (P>0.005),
respectively (Charoo et al., 2013). Manera (2006)
determined a higher Ca level as 9.92 mg/dL in his study. In
our study, it was found that Ca level of the blood serum in
rainbow trout farmed in dam and sea water was different.
It was determined that the rainbow trout reared in dam
water was higher than the rainbow trout farmed in sea
water, and this high level was statistically significant
(P<0.05). Similarly, in the study, it was stated that while
fish can meet their needs through uptake mechanisms in
waters with high Ca or in sea water, they can’t meet the
requirements of fish in waters with low Ca or fresh waters,
and the Ca level in the diet should be increased to meet fish
requirements (Vonck et al., 1998). Studies in low Ca
environments have shown an increase in the Ca carrying
capacity of teleosts (McCormick et al., 1992). It was
observed that weight gain decreased in rainbow trout fed
with a diet with low Ca content, and the skeletal structure
of salmonids was impaired at low pH and low Ca levels
(Baldisserotto et al., 2004). After acute thermal stress,
plasma total protein levels, as well as chloride, sodium,
calcium, and potassium ion concentrations, increased
somewhat in the experimental group (Balta et al., 2017).
Unlike mammals, fish obtain a significant part of their
daily Ca requirement by directly absorbing Ca from the
aquatic environment, especially from the gills. Since the
salinity of sea water and Ca level is higher than fresh water,
it was thought that the Ca level in the blood serum of
rainbow trout, which is grown in the sea, may be lower in
order to ensure the ion balance.
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Charoo et al. (2013) reported in their study that
the Mg concentrations of male and female rainbow trout
were 4.1+0.6, 3.6+0.7 mg/dL, respectively. In another
study, the Mg concentration in rainbow trout was found to
be 3.1 mg/dL (Hrubec, 1999; 2000). In our study, it was
determined that the Mg level was statistically significantly
higher (P<0.05) in rainbow trout reared in sea water than
dam water. For this reason, it was thought that the
consumption of rainbow trout raised in sea water could be
protected from diseases such as eclampsia, preeclampsia,
and cardiac arrhythmia by providing a better intake of Mg
mineral, which is necessary for muscle contraction and
energy formation. It has been reported that the level of Zn
for rainbow trout in hard water (390 mg CaCOs/L) is 27
times more toxic than soft water (31 CaCQO3 / L) (Bradley
& Sprague, 1985). It was observed that the amount of Zn
was higher in brown trout in soft water than in hard water
(Spry & Wood, 1988; Everall et al., 1989). It has been
reported that the amount of Zn in waters with close pH
values is less affected by water quality than many other
metals (Stumm & Morgan, 1966; Bradley & Sprague,
1985; Alsop et al., 1999). Zn is a very common metal in
fresh waters due to its relatively high solubility. In our
study, it was determined that the Zn level in rainbow trout
farmed in dam water was slightly higher than in rainbow
trout farmed in sea water, but this difference was not
statistically significant (P>0.05). It has been stated that if
the fish are exposed to the toxic effect of Zn during their
juvenile period, they will not be able to have a productive
breeding period, so the fish may face the extinction of the
new generation (Sonmez & Cetinkaya, 2003). In our study,
it was observed that the Zn level of rainbow trout grown in
sea water was lower in blood serum than those raised in
dam water, and this result suggested that the seawater is
cleaner for aquatic organisms to grow.

Fe is an important element with essential roles in
cellular biochemistry and metabolism. Fe takes an active
role in both oxidation-reduction reactions and electron
transport system. Fe deficiency usually causes
hypochromic anemia in fish. Quantitative Fe requirement
of many fish species is not yet known. It is reported that
the need for Fe in eels is 17 mg/kg. In a study, it was
observed that when iron sulfate was added to the water
containing aquarium fish, the growth of the fish accelerated
(Akyurt, 1994).

The increase in TP, Alb and Glo ratios in fish is
an indication of a weakened immune system (Al-Dohail et
al., 2009). Manera (2006) found an Alb level of 1.38+0.05
(g9/dL) in rainbow trout with an average weight of 240 g.
Also, Velisek (2004) reported a value of 0.4 g/dL. In our
study, we determined that TP level and Alb/Glo ratio in the
blood serum of rainbow trout were higher than those of sea-
raised rainbow trout, and Glo level was lower (P>0.05). We
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determined that there was a statistically significant increase
in Alb level in rainbow trout raised in dam water compared
to rainbow trout farmed in sea (P<0.001). Kopp et al.
(2011) reported that the increase in water temperature and
chloride increased the Alb and TP content in the plasma.
Also; it was reported that with the increase in nitrogen, P
and dissolved oxygen levels, the levels of Alb and TP
decreased. There was an inverse relationship between
them. In our study, it was determined that although the
dissolved oxygen amount in sea water was higher than in
dam water, the amount of Alb and TP was lower than in
rainbow trout raised in dam water. Torre et al. (2000)
reported that the decrease in the protein level in the tissues
may be due to the fact that the fish provide the energy
necessary to overcome the stress caused by the metal effect
by the stimulation of protein catabolism. In a study
conducted with Cyprinus carpio, it was suggested that the
decrease in the amount of protein may be due to the use of
the catabolic products of muscle tissue proteins in protein
synthesis in the liver and for this purpose the free amino
acids to pass into the circulatory system (Cicik, 1995). The
Alb level was lower in rainbow trout raised in sea water.
According to the Alb level, it was thought that the
digestibility of rainbow trout grown in sea water could be
easier, and those with digestive system problems could
consume rainbow trout raised in the sea more easily.

One of the main physiological indicators
measured in most scientific experiments is the blood
glucose concentration, which expresses the general health
of the fish. It is an essential source of energy and carbon
for most vertebrates, including fish. Glucose is obtained
from food, but since fish can’t make it, it is necessary to
use dietary carbohydrates e.g. mammals use glucose
produced by the processes of gluconeogenesis and
glycogenolysis (Polakof et al., 2012; Kamalam et al.,
2016). Glu level varies depending on size, age, nutrition
and reproductive status (McDonald, 1992). Charoo et al.
(2013) were determined the Glu levels as 5.6+0.7, and
4.0£0.8 mg/dL in male and female rainbow trout,
respectively. In our study, the Glu amount of rainbow trout
grown in sea water was found to be significantly higher
than those grown in dam water (P<0.05). The amount of
Glu in the blood serum is a significant indicator for the
stress level of the fish. It was thought that the high Glu level
of rainbow trout grown in the sea may be caused by
environmental conditions and stress factors.

Serum TK levels vary within fish species due to
changes in the diet and sexual development of the fish
(McDonald, 1992). In our study, it was determined that TK
and TG levels were statistically significantly higher in
rainbow trout raised in dam water compared to those raised
in sea water (P<0.001). When evaluated in terms of
coronary heart disease risks, it was concluded that rainbow
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trout grown in the dam should not be preferred in those
with cardiovascular disease risk due to their high TK and
TG values.

Cre is found in muscle, brain and blood in free
form, as well as in the form of creatine phosphate
creatinine. Cre is excreted by the kidney in fish, and an
increase in Cre concentration is interpreted as an indicator
of kidney failure (Shell, 1961). Charoo et al. (2013) were
found the Cre concentration as 0.46-0.9 mg/dl in male
rainbow trout. Besides; Rehulka (2004) reported that the
Cre concentration was 0.31, 0.41 and 0.46 mg/dL in
rainbow trout, trout and brown trout, respectively. Also,
Manera (2006) reported a serum Cre concentration of 0.29
(mg/dL) for rainbow trout. A decrease in TP, Kre, TG, TK
activity levels and an increase in serum ALT and AST
activities were observed in cold water Atlantic salmon
(Waagho et al., 1988). Racicot et al. (1975) drew attention
to the increase in activity in AST and ALT values in
Aeromonas infections in rainbow trout. As a result of our
study, there was no significant difference in ALT and AST
activity in rainbow trout grown in sea and dam water.

Blood urea nitrogen is related to the amount of
nitrogenous residues removed by the kidney and is used as
an indicator of gill and kidney function. In fish, urea is the
second most important waste product after ammonia. In
our study, it was determined that the urea level did not
change in rainbow trout farmed in dam and sea water. It
was determined that the UA level was statistically
significantly higher (P<0.001) in rainbow trout raised in
sea water compared to those raised in dam water. It was
thought that the higher UA values of rainbow trout grown
in sea water compared to the other group may be due to the
kidney function disorders of the fish grown in this group or
the high salinity of the sea water. Besides the type of fish,
blood electrolyte values; It can also be affected by gender,
spawning, nutritional status, water pollution, water
temperature, salinity, seasons, disease, toxic substances,
stress and hypoxic conditions. Thus, as the effects of these
factors are investigated, standardization of electrolytes and
properties in fish blood, and therefore fish health control
criteria, can be developed (Celik, 2006). Aquaculture is
important for the country's economy due to its contribution
to human nutrition, employment creation, raw material
supply to the industry and high export potential. It is
thought that this study will contribute to aquaculture
activities by determining the differences between some
biochemical parameters and mineral levels of sea water and
dam water environment in rainbow trout farming.
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(yaprak madenci sinegi) (Liriomyza sp.), baklagil tohum bocegi (Bruchus sp.), domateste zarara

neden olan Lasioptera sp., sigir biti (Bovicola bovis) ve kanatli kirmizi akarinda (Dermanyssus

gallinae) endosimbiyotik Arsenophonus, Cardinium, Hamiltonella, Rickettsia, Spiroplasma ve

. . Wolbachia taramasi gergeklestirilmistir. Taramalar sonucunda bu zararlilarda endosimbiyotik
orumlu yazar:
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Screening of Maternally Inherited Bacteria in Various Agricultural and Livestock Pests

Abstract: Pests that pose a risk in terms of agriculture and livestock cause economic losses
directly or indirectly. However, some pests are also vectors of various diseases that threaten the
health of living things, especially of humans. Therefore, the detection of maternally inherited
reproductive manipulator endosymbiotic bacteria is important in the development of alternative
strategies to chemical methods in the fight against pests. In this study, the endosymbiotic

* Corresponding author: Arsenophonus, Cardinium, Hamiltonella, Rickettsia, Spiroplasma and Wolbachia in gallery fly
Eﬁ’::}?ir%fé i Universitv. Faculty of (leaf miner fly) (Liriomyza sp.), legume seed beetle (Bruchus sp.), tomato pest Lasioptera sp.,
Vi Vi Y, ulty - . . . . . .
Engineering and Architecture, Department of cattle louse (Bovicola bovis) and winged red mite (Dermanyssus gallinae) scanning was carried
Environmental Engineering, Kirsehir, out. As a result of the scans, we could not detect any of the endosymbiotic bacteria studied. This
Tiirkiye study includes the first known data from Anatolia regarding maternally inherited reproductive

B4 tkaya@ahievran.edu.r manipulator endosymbiotic bacteria in Liriomyza sp., B. pisorum, B. bovis and D. gallinae pests.

Keywords: Endosymbiotic bacteria, B. bovis, D. gallinae, Bruchus sp., Lasioptera sp., Liriomyza

sp.

GiRiS tarlada baglar, {riinlerin depolanmasi sirasinda da devam
eder (Srivastava ve Subramanian, 2016). Hayvanlarda ise
Diinyada en yaygin canli grubu olan bdcekler, genel olarak hematofag beslenme rejimleri dolayisiyla
bitki, hayvan ve insanlar1 dogrudan veya dolayli yollarla zararlilar  kansizllk basta olmak {izere bircok
etkiler (Parrella, 1987; Otter vd., 2003; George vd., 2015; komplikasyona neden olur. Bununla birlikte zararlilar
Foba vd., 2016; Inci vd., 2016; Madhav vd., 2020; Monica bitkilerde ve hayvanlarda c¢esitli hastaliklarin da (viral,
vd., 2021). Fitofag zararlilar vejetatif yapilarda oldugu gibi fungal, bakteriyel, protozoon) vektoridiir (Parrella, 1987;

tohum gibi generatif yapilarda da zarara neden Inci vd., 2016; Madhav vd., 2020).

olabilmektedir. Dolayisiyla bazi bdcek tiirlerinin zarari
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Galeri  sinegi, Liriomyza sp. (Dipter;
Agromyzidae), kozmopolit bir yayilisa sahiptir ve
domates, biber, fasulye, kabak, sogan gibi bir¢ok bitkiyi
konak olarak kullanan polifag bir zararlidir. Erginleri
yapraklardan bitki 6z suyu ile beslenirken, larvalar
yapraklarin iki zari arasindaki etli kisim ile beslenerek
zarara neden olur. Zarar goren yapraklar nedeniyle bitkide
gelisme yavaglar, lirlinde verim ve kalite kaybina neden
olur. Jenerasyon siiresi ve siireci sicakliga bagli olarak
degistiginden insidansi ve dolayisiyla zarar seviyesi
artmakla birlikte c¢esitli viral hastaliklarinda vektorii
durumundadirlar (Parrella, 1987; Foba vd., 2016; Sadiq &
Mahdi, 2019; Monica vd., 2021). Baklagil tohum
bocekleri, Bruchus sp.  (Coleoptera; Bruchidae),
kozmopolit bir yayilisa sahiptirler ve baklagillerdeki
hasarin 6nemli bir kismindan (20%) bocekler sorumludur
(Deutsch vd., 2018). Asil zarar tohumlara birakilan
yumurtadan ¢ikan larvalar nedeniyle olur. Tohumla
beslenen larvalar hem {iriiniin kalite ve besin degerini
diistiriir hem de ¢imlenme yetenegine etki eder (Nikolova
& Georgieva, 2015). Tiirkiye’de 6zellikle domateste tespit
edilen Lasioptera sp. bitkinin meyve ve govdesinde zarara
neden olmaktadir. Ozellikle gévdedeki hasari seralarda
goriilmektedir. Ergin, gévdede koltuk alinan yerlerde
agilan yaralara yumurta birakmakta, yumurtadan g¢ikan
larvalar iletim demetlerinde galeriler agarak beslenmekte,
bitkinin zayiflamasina neden olmaktadir (Anonim, 2013;
Topakc1 & Yiikselbaba, 2016; Biiyilikoztirk, vd., 2016).
Kanatli kirmizi akari (gece biti, tavuk akar1), Dermanyssus
gallinae (Acarida; Dermanyssidae), olarak bilinen zararh
ise kozmopolit bir yayilisa sahip olup &zellikle kiimes
hayvanlarinda goriilmekle Dbirlikte insan ve diger
memelilerde de etkili olan bir ektoparazittir. Genelde
geceleri aktif olan bu zararlimin biyolojik aktivitesi,
beslenmeyi takiben yaklagik 6 ay kadar devam eder.
Bununla birlikte uygun kosullar altinda ¢ok hizli (yaklasik
1 haftada) ergin hale gelebilir. Dolayisiyla miicadelesi
oldukg¢a zorludur. Konagindan kan emerek beslenen bu
zararli, kanatlilarda anemiye ve hatta Oliime neden
olmaktadir. Ayrica gesitli bakteriyel ve viral hastaliklarin
potansiyel vektoriidiir (Moro vd., 2009; George vd., 2015;
Konyali & Savas, 2016). Biiyiikbas besi hayvanlarinda
goriilen ve  kozmopolit bir yayilis  gosteren
ektoparazitlerden olan Bovicola bovis, genel olarak
partenogenetik (bazen erkekleri de goriilen) bir tiirdiir
(Durden, 2019). Hayvanlarda bitler deri hasar1 nedeniyle
kalitesiz postlarin elde edilmesine (Coles vd., 2003), bazi
bitlerin istilast sonucu ise stres nedeniyle kilo kayiplarina
neden olur ve siit verimine olumsuz etki eder (Otter vd.,
2003).

Son yillilarda tarim ve hayvancilikta zararlilar ile
miicadelede kimyasal yontemlere alternatif, doga dostu ve
stirdiiriilebilir biyoteknolojik ydntemlerin gelistirilmesi
icin  c¢alismalar  yapilmaktadir. Bu  kapsamda
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eklembacaklilardaki simbiyotik iliski incelenmektedir.
Ozellikle de biitin eklembacaklilarm % 40-60’1nda
bulunan maternal kalitilan endosimbiyontlar (Brelsfoard &
Dobson, 2009; Zug & Hammerstein, 2012) {izerinde
durulmaktadir. Bu endosimbiyontlarin en iyi bilinenleri
Arsenophonus, Cardinium, Hamiltonella, Rickettsia,
Spiroplasma ve Wolbachia’dir. Bu bakteriler tiir i¢inde
dikey ve taksonlar arasinda yatay olarak aktarilirlar. Gen
transferinde rol oynamalar1 nedeniyle ozellikle genetik
cesitlilige de katkida bulunurlar (Duron, 2013; Chrostek
vd.,2017). Bununla birlikte konaklarmin savunma ve
beslenmesinde gérev alirlar. Ayrica viriilens ve patojenik
faktorlerin bulagmasinda da etkileri bulunmaktadir. Diger
yandan bu bakteriler konaklarinda erkek oldiiriiciiliik,
partenogenezisi  tesvik,
feminizisayonu tesvik seklinde fenotipe etki ederler
(Duron vd., 2008; Bourtzis, 2008; Brelsfoard & Dobson,
2009; Duron, 2013). Konaklarindaki etkileri nedeniyle
ozellikle de tibbi ve tarimsal zararli tiirlerde
endosimbiyotik bakteri kompozisyonun belirlenmesi hem
biyolojik cesitlilik hem de zararlilara karsi alternatif
miicadele stratejilerinin belirlenmesi agisindan 6nemlidir
(Bourtzis, 2008; Hancock vd., 2011; Madhav vd., 2020).
Bu kapsamda fakli cografyalarda ve eklembacaklilarda
endosimbiyotik bakterilere yoOnelik tarama ve tespit
caligmalar1 gerceklestirilmektedir (Duron vd., 2008;
Asimakis vd., 2019; Ipekdal & Kaya, 2020). Ancak cografi
konumu ve iklim yapist dolayisiyla zengin biyolojik
cesitlilige sahip Tiirkiye’de endosimbiyotik bakterilere
iligkin veriler sinirlidir. Bu ¢aligsmada bitki ve hayvanlarda
zarara ve ekonomik kayiplara neden olan bes taksonda
galeri sinegi, baklagil tohum bocegi, domateste zarar neden
olan Lasioptera sp., sigir biti ve kanatli kirmizi akarinda
endosimbiyotik bakteri taranmasi hedeflenmistir.

sitoplazmik uyumsuzluk ve

MATERYAL VE METOD

Zararli  Ornekleri: Cahismalar  kapsaminda
endosimbiyotik bakteri florasi taranan zararlilar Kirsehir
ve Antalya’dan toplanmus, detaylar1 Tablo 1°de verilmistir.
Galeri sinegi (yaprak madenci sinegi), galeri tespit edilen
yapraklardan elde edilmistir. Bunun igin yapraklar
kavanoza alinmig, uygun kosullarda (24°C ve %60 nispi
nem) muhafaza edilmis ve elde edilen ergin ¢alismalarda
kullanilmistir. Baklagil tohum bocegi tohumluk olarak
ayrilan bezelyeden elde edilmistir. Lasioptera sp.
orneklemi serada lretimi gergeklestirilen domates
govdelerinden yapilmistir. Kanath kirmuzi akari ahsap
tavuk tiineklerinden alinmustir. Sig1r biti ise inek tiiylerinin
diseksiyon mikroskobunda incelenmesi ile elde edilmistir.
Biitiin 6rnekler % 70 alkol ile 30 saniye sterilize edilmis,
steril distile su ile yikanmig ve kullanilana kadar alkolde -
20 ° C'de muhafaza edilmistir. Galeri sinegi, baklagil
tohum bdcegi ve Lasioptera sp.’nin teshisi karakteristik
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ozellikleri dogrultusunda (Anonim, 2013; Thomas &
Goolsby 2015; FAO, 2016; Kingsolver vd., 2017)
diseksiyon mikroskobu kullanilarak yapilmistir. Kanatl
kirmizi akar1 ve sigir bitinin tanimlamasi ise molekiiler
yontemlerle yapilmistir. Bunun i¢in Folmer vd.,(1994)
tarafindan Onerilen mitokondriyel sitokrom ¢ oksidaz
subunit I (COI) bolgesini amplifiye eden primerler
(LCO1490-F ve HC0O2198-R) (Tablo 2) kullanilmustir.

Tablo 1. Maternal kalitilan bakteri taramasi yapilan zararlilar ve
orneklem bilgileri (n: birey sayist).

Table 1. Maternally inherited bacteria screened pests and sample
information (n: number of individuals).

Lokasyon Tarih Koordinatlar Konak Zararh (n)
Hiziragil, Agustos, 39.64242 P
Kirschir 2018 34.93540 Fasulye Galeri sinegi (15)
Degirmendere, Temmuz, 39.85173 Bezelve Baklagil tohum
Kirgehir 2019 34.44778 Y bocegi (8)
Kumluca, Agustos, 36.22397 Lasioptera  sp.
Antalya 2021 30.16131 Domates (20)
Degirmendere, Agustos, 39.85173 Tavuk Kanath  kirmizi
Kirgehir 2020 34.44778 akari (10)

Ozbag, Haziran, 39.13439 N L
Kirsehir 2021 34.08409 Sigir Sigr biti (14)

Total DNA izolasyonu, PCR ve Dizi analizi:
Zararli bocekler ile endosimbiyotik bakteri tarama ve
tanimlanmasi icin total DNA izolasyonu CTAB yo6ntemi
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(Doyle & Doyle, 1990) kullanilarak gergeklestirilmistir.
Her bir bireyden elde edilen total DNA spesifik primerler
ile amplifiye edilmistir. Arsenophonus, Cardinium,
Hamiltonella, Rickettisa, Spiroplasma ve Wolbachia
teshisinde kullanilan primerler ve 6zellikleri Tablo 2'de
verilmistir. PCR amplifikasyonlar1 ipekdal & Kaya (2020)
tarafindan Onerilen sekilde 20 pl’lik reaksiyon ortaminda
gergeklestirilmistir. Reaksiyonlar sonucunda elde edilen
PCR iriinleri (5 pl), negatif ve pozitif kontrollerle % 1
agaroz jelde yiiritilmistir. Agaroz jeller UV
Transilluminatorde (ThermoScientific) goriintiilenmistir.
Pozitif kontrol ile ayn1 pozisyonda elektroforetik bantlarin

durumuna goére endosimbiyotik bakterileri varligi
incelenmistir.
Elde edilen PCR iriinlerinin ¢ift yonli

(ileri/forward ve geri/reverse) sekanslamasi, Macrogen
Inc., Hollanda tarafindan gergeklestirilmistir. Elde edilen
cift yonlii sekans verilerinden BioEdit (Hall, 1999) Clustal
W 2.0 algoritmasi (Thompson vd., 1994) kullanarak
konsensiis dizileri olusturulmustur. Konsensiis dizileri
NCBI veri tabanlarinda BLAST (Altschul vd., 1990)
edilerek tanimlamalar1 yapilmustir.

Tablo 2. Arsenophonus, Cardinium, Hamiltonella, Rickettisa, Spiroplasma ve Wolbachia endosimbiyontlarinin taranmasinda ve zararli

teshisinde kullanilan primerler ve 6zellikleri.

Table 2. Primers used for screening and pest diagnosis of Arsenophonus, Cardinium, Hamiltonella, Rickettisa, Spiroplasma and Wolbachia

endosymbionts and their properties.

Primer Dizi (5>-3°) Hedef cins ve gen bolgesi PCR iiriinii (bp) Annealing (°C) _ Referans

hccglzig%; ?ﬁ;iéﬁ.:é‘:g (;r gﬁgﬁé@fﬁ;ﬁg‘éi Cytochrome c oxidase | subunit (COI) 710 52 Folmer vd.,(1994)

MeR2  GTAGCCCTROTCOTAAGGGCC M S TRNA 00 2 Duonvi. 000

CorcoseTeTamTaeoTs e 5 wewn

e ToRoTAMCTOTCOARTCTC 5 zoran e mow 2

B SCocHteece o, 5 e

'?'iES-R ?ﬁg;’éggggﬁTcéTAggffAMC ngsc’f;f,f‘rf 450 55 Fukatsu ve Nikoh (2000); Mateos vd.,(2006)

T TR bk 5 e
BULGULAR ve TARTISMA

Kanatli kirmizi akar1 ve sigir bitlerinden elde
edilen PCR iiriinlerinin ¢ift yonlii sekans konsensiis dizileri
GenBank veri tabanindaki BLAST taramalar1 sonucunda;
%100°Tiik benzerlikle, Dermanyssus gallinae
(MWO044618) (Sekil 1a) ve Bovicola bovis (MH001191)
(Sekil 1b) olarak tanimlanmistir (Sekil 1). Diger yandan
galeri sinegi Liriomyza sp. (Sekil lc), baklagil tohum
bocegi Bruchus sp. (Sekil 1d) ve domatesten elde edilen
Lasioptera sp. (Sekil le) ise morfolojik Ozellikleri
dogrultusunda cins diizeyinde tanimlanmustir.
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Sekil 1. Endosimbiyotik bakteri taramasi yapilan bitkisel ve
hayvansal zararlilar. a. Kanath kirmizi akari Dermanyssus
gallinae, b. sigir biti Bovicola bovis, c. galeri sinegi Liriomyza
sp., d. baklagil tohum bécegi Bruchus sp., e. domates zararlist
Lasioptera sp.

Figure 1. Plant and animal pests screened for endosymbiotic
bacteria. a. Winged red mite Dermanyssus gallinae, b. cattle louse
Bovicola bovis, c. gallery fly Liriomyza sp., d. legume beetle
Bruchus sp., e. tomato pest Lasioptera sp.
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Bu zararlilarda maternal olarak kalitilan iireme
manipiilatdrii endosimbiyotik bakteriler spesifik primerler
ile taranmigtir. Taramalar sonucunda D. gallinae, B. bovis,
Liriomyza sp., Bruchus sp. ve Lasioptera sp.’de
endosimbiyotik Arsenophonus, Cardinium, Hamiltonella,
Rickettisa, Spiroplasma ve Wolbachia bakterilerinin
bulunmadigi goriilmiistiir. Zarara ve dolayisiyla ekonomik
kayiplara neden olan bu zararlilarda iireme manipiilatorii
endosimbiyotik bakterilere yonelik elde edilen bu sonuglar
Tiirkiye’den ilk veri durumundadir.

Maternal olarak kalitilan bu endosimbiyotik
bakteriler 6zellikle son yillarda potansiyelleri nedeniyle
bir¢ok zararlida taranmaktadir (Bourtzis, 2008; Hancock
vd., 2011; Asimakis vd., 2019; Madhav vd., 2020; ipekdal
& Kaya, 2020; Xu vd., 2021). Nitekim zararlilar tarim ve
hayvancilik agisindan birer risk kaynagidir ve bunlarla
miicadelede kimyasal yOntemlere alternatif yeni
stratejilerin  gelistirilmesi igin iireme manipiilatorii
bakteriler, yenilik¢i bir arag olarak degerlendirilmektedir
(Madhav vd., 2020). Ancak bu bakterilere iligkin bazi
zararl tiirlerinde heniiz bir veri bulunmazken, bazilarinda
ise Ozellikle en iyi bilinen Wolbachia bakterisine iligskin
bildirimler yapilmistir (Kondo vd., 2011; Tagami vd.,
2006; Parish vd., 2017; Xu vd., 2021). Baklagil tohum
bocegi (Bruchus sp.), sigir biti (B. bovis) ve domateste
zarara neden olan Lasioptera sp.’de maternal kalitilan
bakterilere yonelik, bilindigi kadariyla, herhangi bir veri
bulunmamaktadir. Her ne kadar daha 6nce Bruchidae iiyesi
adzuki fasulyesinde zarara neden olan Callosobruchus
chinensis’te Wolbachia enfeksiyonu bildirilmigse de (Ijichi
et al., 2002) bu ¢aligmada Bruchus sp.’de endosimbiyotik
bakteri enfeksiyonlarmmin bulunmadigi belirlenmistir.
Tirkiye’de ilk olarak 2016 yilinda domateste tespit edilen
(Topaker &Yiikselbaba, 2016; Biiyiikoztiirk, vd., 2016) ve
ekonomik kayiplara neden oldugu i¢in miicadelesine
yonelik smirli sayida ¢aligma bulunan Lasioptera sp.
(Doganlar vd., 2011; Biiyiikoztiirk vd., 2020) hakkinda ¢ok
az veri bulunmaktadir. Bununla birlikte baz1 Lasioptera sp.
iyelerinin zararl1 ve/veya istenmeyen bitki tiirlerinin
kontrolii i¢in kullanilabilecegi rapor edilmistir (Thomas &
Goolsby, 2015). Dolayisiyla hem zarari hem de biyolojik
miicadele ajani olarak degerlendirilen Lasioptera sp.’de
bilindigi kadariyla ilk kez bu ¢aligmada maternal kalitilan
bakteri kompozisyonu incelenmistir ve bu
endosimyontlarin  bulunmadigi  belirlenmistir. Diger
yandan Liriomyza sp. tirlerinde (L. huidobrensis, L.
chinensis, L. bryoniae, L. brassicae, L. sativae, L.
chenopodii, P. plantaginis, L. trifolii, ) ise Wolbachia
bulundugu rapor edilmistir (Tagami vd., 2006; Xu vd.,
2021). Bununla birlikte bazi Liriomyza sp. tiirlerinde
Wolbachia frekansinin popiilasyonlar arasinda farklilik
gostermektedir (Xu vd., 2021). Bunun bir gostergesi olarak
degerlendirilebilecek sekilde L. sativae’de Wolbachia
enfeksiyonunun bulunmadigi da bildirilmistir (Parish vd.,
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2017; Xu vd., 2021). Benzer sekilde bu ¢aligmada taranan
Liriomyza sp.’lerde Wolbachia bulunmamaktadir. Diger
taraftan D. gallinae’de Cardinium (De Luna vd., 2009;
Hubert vd., 2017), Spiroplasma (De Luna vd., 2009),
Rickettsia (Hubert vd., 2017) ve Wolbachia (Hubert vd.,
2017) bildirilmistir. Buna karsin D. gallinae’de Wolbachia
bulunmadigini rapor eden galismalar da (De Luna vd.,
2009) mevcuttur. Her ne kadar elde edilen sonuglar 6nceki
calismalarla uyumlu olsa da, bu zararlilarda maternal
kalitilan endosimbiyotik bakterilere yonelik daha fazla
calismaya ve veriye ihtiyag vardir. Oyle ki, iireme
manipiilatorii endosimbiyotik bakterilerin iklim, cografya
ve konak yayilisindaki farkliliklar gibi nedenler dolayisiyla
ayn1  tirlin  farkli  popiilasyonlarindaki  prevalansi
degiskenlik gosterebilmektedir (Pollet vd., 2020; Xu vd.,
2021).

Sonug¢ olarak, burada sunulan verilerin zararl
yayilist ve risklerine karsi stratejilerin gelistirilmesine
katki sunacag diisiiniilmektedir. Ozellikle artan niifus ve
kiiresel 1sinma kaynakli kuraklik tehdidi nedeniyle azalan
bitkisel ve hayvansal iiriinleri, zararlilara karsi koruma
giiniimiiziin en onemli sorunlarindandir. Ancak gerek
cografi konumu gerekse iklim kosullart nedeniyle dinamik
ve zengin bir biyolojik cesitlilige sahip Anadolu’da,
endosimbiyotik bakterilere yonelik daha genis drnekleme
sahalarinda gerceklestirilecek ¢aligmalara ihtiyag vardir.
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Oz: Son on yilda, yiizey sularinda tespit edilen, mikroplastik olarak da bilinen, mikro
boyutlu plastik ¢oplere yonelik farkindalik artmistir. Antropojenik kaynakli bu
kirleticiler, kanalizasyon araciligiyla atiksu aritma tesislerine taginmakta devaminda ise
aritilmis sularin desarj edildigi noktalardan alici ortam ile bulugmaktadir. Bu nedenle
atiksu aritma tesisleri, su ortamindaki mikroplastiklerin birincil kaynagi olarak
goriilmekte ve mevcut tesislerdeki proseslerin aritma verimlerinin belirlenmesi tizerine
caligmalar gergeklesmektedir. Ancak mikroplastikler giiniimiiz kosullarinda tesis
tasarim kriterlerinden biri olmadigt i¢in giderim verimleri istenilen seviyelerde
olmamakta dolayisiyla alternatif aritma metotlarin belirlenmesine ihtiyag
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verilmistir.
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Evaluation of Microplastic Removal Efficiency Via Advanced Wastewater Treatment Methods

Abstract: Over the past decade, there has been increased awareness of micro-size
plastic litter found in the surface water. Microplastics, an anthropogenic pollutant, pass
to wastewater treatment plants through sewage and then meet with the receiving
environment. For this reason, wastewater treatment plants are seen as the primary
source of microplastics in the aquatic environment and studies are carried out to
determine the treatment efficiency of processes in existing plants. However, since it is
not one of the microplastic facility design criteria, the removal efficiencies are not at

*Co;responding author: the desired levels, so it is necessary to determine alternative treatment methods. In this
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GIRiS

Kiiresel plastik iiretimi y1lda yaklasik 350 milyon
ton’dur (PA, 2018). Ancak plastik atiklarin yonetimi
istenilen seviyede degildir. Ambalaj atiklarinda geri
kazanim oranlar1 %40’1 bulsa da ortalama geri kazanim
orant %10’u ge¢cmemektedir (EU, 2019; NG, 2021).
Dolayisiyla dogru yonetilemeyen plastik atiklar alict
ortamlarla bulugsmaktadir. Plastiklerin okyanuslarda,
denizlerde ve diger su sistemlerinde, karasal topraklarda ve
hatta havada bulundugu tespit edilmistir (Barnes vd., 2009;
Shim ve Thompson, 2015; Gasperi vd., 2018). Ozellikle
son yillarda mikroplastik (MP) ad1 verilen 5 mm’den kiigiik
plastik pargalarinin kirlilik seviyeleri oldukc¢a artmistir
(Vuori & Ollikainen, 2022). Yapilan hesaplamalara gore su
ortamindaki plastik miktar1 milyonlarca tonu gecmektedir
(Lebreton vd., 2018).

Mikroplastik kirliliginin en kritik sonuglarindan
biri, ekosisteme dahil olduktan sonra tekrar ortamdan
uzaklastirmanin oldukga zor olmasidir (Barnes vd., 2009).
Mikroplastiklere alici ortamlarda, birincil ve ikincil
mikroplastikler seklinde rastlanilmaktadir (Talvitie vd.,
2017). Daha ¢ok kisisel bakim iiriinlerinde (sampuan, dus
jelleri, yliz temizleme jelleri vb.) ve ¢esitli sentetik tekstil
iriinlerinde kullanilan mikro boyutlardaki plastikler,
birincil mikroplastik olarak ifade edilmektedir (Akdogan
& Guven, 2019; Liu vd., 2021). Dogada ultraviyole
radyasyon, mekanik stres ve biyolojik bozunma gibi ¢esitli
faktorlerin etkisiyle pargalanma ve ayrigma sonucunda ise,
ikincil mikroplastikler olugsmaktadir (Lu vd., 2018; Guo
vd., 2020; Liu & Wang, 2020). Mikroplastiklerin bu
sekilde siniflandirilmasi kaynaginin belirlenmesi ve ¢6ziim
oOnerisinin sunulmasina katki saglamaktadir (Talvitie vd.,
2017). Degredasyona ugrayan ikincil mikroplastikler o
kadar ufak olabilmektedirler ki buharlagsma siirecinde
havaya karisabilmektedir (Blackburn & Green, 2021).
Mikroplastiklerin alict ortamlardaki dongiisii Sekil 1°de
ifade edilmistir.

Diinya genelinde modern bir atik yoOnetim
planlamasi olmamas1 nedeniyle mikroplastikler Antartika
(Ross vd., 2021), Yagmur Ormanlari (Alvarez-Lopeztello
vd., 2021) ve Everest (Napper vd., 2020) dahil olmak {izere
diinyanin herhangi bir noktasina bulunabilmektedir. Her
bir ornekleme noktasindaki mikroplastiklerin kaynagi
farklilik gosteriyor olsa da genel olarak mikroplastiklerin
en Onemli kaynagmin atiksu aritma tesisleri oldugu
goriilmektedir (Akarsu vd., 2020).

Bir¢ok calisma, atiksularin aritilmasi sirasinda
mikroplastiklerin yiizdesel ifadelerde yiiksek olarak
degerlendirilebilecek  bir verimde giderilebilecegini
gostermigtir (Lares vd., 2018; Hidayaturrahman & Lee,
2019; Yang vd., 2021). Yapilan bir arastirmaya gore,
MP'lerin konsantrasyonu ham atik su i¢inde 10.044 MP.L-
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! jken, atik su aritmasindan sonra 450 MP.L-1'nin altina
diigmiistiir (Sun vd., 2019). Yine bagka bir ¢aligmada atik
su aritma tesislerinin giris sularindaki mikroplastik
konsantrasyonlarmin 10% ila 108 MP.m degerleri arasinda
degisebildigi ispatlanmistir (Carr vd., 2016; Murphy vd.,
2016; Hidayaturrahman ve Lee, 2019). Atiksu aritma
tesislerinin mikroplastik giderim verimleri %40 gibi diisiik
seviyelerde olabilecegi gibi %99 gibi oldukga yiikksek MP
giderim verimine sahip oldugu bildirilmistir (Magnusson
vd., 2014; Leslie vd., 2017). Giderim oranlarindaki bu fark,
atiksu kalitesi, MP'lerin boyutu ve yapisal oOzellikleri,
kullanilan aritma prosesleri gibi bircok degiskenden
etkilendigi bilinmektedir.

+
+
or . +
+ +

Ruzgar lle Taginim )\) Riiagar e Taginim
- 4 A
\ - =% Mikroplastik Y

. + * : '

Sekil 1. Alict ortamdaki mikroplastik dongiisii.
Figure 1. Microplastic cycle in the environment.

Literatiir arastirmalarinda, bu degiskenlerin
etkisini en aza indirecek alternatif atiksu aritma prosesinin
belirlenmesine yonelik ¢alismalara dncelik verilmistir. Bu
derleme calismasinda da son yillardaki atiksu aritma
tesislerinde mikroplastiklerin gideriminde kullanilabilecek
alternatif aritma prosesinin belirlenmesine yonelik yapilan
caligmalar {izerine genel analiz gergeklestirilmistir. Bu
kapsamda daha oOnce birgok kirleticinin gideriminde
kullanilan hem konvansiyonel hem de ileri atiksu aritma
prosesleri ile mikroplastik giderim verimleri incelenmis,
diinya genelinde 21 iilkede 67 farkli aritma teknolojileri
giderim mekanizmalar1 {izerinden degerlendirilmistir.
Tartisma asamasinda mikroplastik giderim veriminde
belirleyici faktorler olan sekil, polimer yapisi ve boyut

O0zelinde uzaklastirma verim ve  mekanizmalari
kiyaslanmustir.

Calisma  kapsaminda incelenen  yaymlar,
Sciencedirect veritabanindaki “mikroplastik”, “atiksu

aritma”, “giderim” kelimelerinin Ingilizce karsiliklari
kullanilarak gergeklestirilen tarama sonucunda tespit
edilmistir. Arama Mart 2022’ye kadar mevcut olan
yaymlart igermektedir. Sekil 2.’de verildigi
mikroplastik giderim metotlarinin belirlenmesi iizerine
gerceklestirilen galismalarda her yil bir artis gdzlenmistir.
Bununla birlikte tespit edilen her ¢alisma bu ¢alismanin

lizere
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amacina uygun olmadigi i¢in her bir yayin, baslik, 6zet ve

icerigi goéz Oniinde bulundurularak detayli sekilde
incelenmistir.
7 Diger 1
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Sekil 2. Mikroplastik giderim galigmalarinin yillara gére dagilim
grafigi.

Figure 2. Distribution of microplastic removal studies .

Atiksu aritma tesislerinde mikroplastik
bollugu ve aritim basamaklarinin mikroplastik giderim
verimlerine etkisi: Aritma giris  suyundaki
mikroplastik bollugundaki farkliliklar, hizmet verilen
niifus, niifusun ekonomik durumu ve yasam tarzi, tesis tipi
(evsel veya kentsel) gibi karmasik faktorlerden
kaynaklanmaktadir (Okoffo vd., 2019). Mason vd. (2016)
gergeklestirdigi  ¢alisma ile atiksudaki mikroplastik
konsantrasyonunun dogrudan niifus ile orantili oldugunu
dogrulamigtir. Evsel atiksularda mikroplastik
konsantrasyonu 0,28 MP.L™ ile 6,10x10?> MP.L! arasinda
degismekte iken bu say1 endiistriyel atiksu da kabul eden
kentsel atiksu aritma tesislerinde giris suyu i¢in 1,60 MP.L"
Lile 3,14x10* MP.L?! araliginda degistigi tespit edilmistir
(Liu vd., 2021).

Bununla birlikte literatiirdeki diger ¢aligmalarin
birbiri ile karsilagtirilarak genel degerlendirilmesi arzu
edilen dogruluk ve hassasiyette yapilamamaktadir.
Ornekleme ve tespit yontemlerinde uygulama farkliliklari,
caligmalarin kisa ornekleme siirecinde simirli atiksu
numune hacimlerinde gerceklestiriliyor olmast gibi
nedenlerden dolayr mikroplastigin bollugunu etkileyecek
metodoloji farkliliklarina literatiirde siklikla
karsilasiimaktadir (Okoffo vd., 2019). Benzer bir sekilde
meteorolojik kosullar da belirleyici faktdr olarak
belirlenmis, Almanya’da gerceklestirilen bir calismada
yagish giinlerde mikroplastik konsantrasyonu 5900 MP.m"
% bulunmusgken yagissiz havada bu sayisinin 3000 MP.mp
®e diistiigli tespit edilmigtir (Wolff vd., 2018). Bu
sorunlardan  dolayr  attksu  aritma  tesislerinde
mikroplastiklerin akibetini arastirma ve proses kiyaslama
caligmalarinda gesitli zorluklar yagsanmaktadir. Ancak, her
caligmada atiksu aritma tesisi giris ve ¢ikis noktalarindan

tesisi

209

Anadolu Cev. ve Hay. Dergisi, Yil:7, No:2, (207-215), 2022

ornek alma ve analiz basamaklar tutarlilik gdsterdigi icin
giderim verimleri lizerinden kiyaslama yapilmasi miimkiin
olmaktadir.

Bu kapsamda Tablo 1.’de atiksu aritma tesisi
giderim verimi tespit caligmalarina yer verilmistir.
Caligmalarin tamaminda aritma tesislerinin giris sularindan
alman oOrneklerde mikroplastik varligi raporlanmistir.
Konvansiyonel aritma tesislerinin, mikroplastikleri etkili
bir sekilde giderebildigi goriilse de, tesislerin yiiksek debi
isletiyor olmasindan dolay1 giinliik mikroplastik desarjlart
da yiiksek c¢ikmaktadir. Lee & Kim, (2018)’in Kore’de
gerceklestirdigi calismada her bir tesisin yilda dort
milyardan fazla mikroplastik desarj ettigi iddia edilmistir.
Benzer bir sekilde Amerika’da atiksu aritma desarj
sularinin giinde 500 milyon ile 1 milyar adet mikroplastigin
alic1 ortama verildigi hesaplanmistir (Conley vd., 2019).

Bununla birlikte uygulanan aritim
basamaklarinda  desarj sularindaki ~ mikroplastik
konsantrasyonuna  dogrudan  etkisi  bulunmaktadir.

Ornegin, Birincil ve ikincil aritim uygulayan atiksu aritma
tesisi ¢ikig sularindaki mikroplastik konsantrasyonu 9x10°
4 ile 447 MP.L? araliginda iken iigiinciil aritim yapan
tesislerde bu say1 0 ile 51 MP.L! araliginda degismektedir
(Wagner vd., 2018). Dolayisiyla aritim basamaklarini ifade
eden prosesler ve bunlarin mikroplastik giderim
verimlerinin belirlenmesi iizerine yapilan ¢aligmalar 6nem
arz etmektedir.

Birincil Arifim: Atiksu aritma tesislerinde birincil
aritim basamaginda ¢ogunlukla 1zgaralar, kum tutucular ve
on  ¢oktirme  tanklarindan  bir veya  birkagt
kullanilmaktadir. Aslinda bu i{i¢ prosesin ayni anda
kullanildig: takdirde atiksuda ihtiva eden mikroplastikleri
%98’¢ ulasan oranlarda giderilebildigi ispatlanmistir
(Talvitie vd., 2017; Yang vd., 2021). Bununla birlikte
partikiil sekil, boyut ve yogunlugu giderim verimini
belirleyici faktor gorevindedir. Ornegin ipliksi bir sekle
sahip mikroplastik pargasi 1zgaralarin arasindan kolaylikla
gecebilmektedir. Yine kum tutucular genellikle partikiil
yogunlugu 1,5 gmlPe kadar olan partikiillerin
gideriminde yiliksek verim gostermektedir. Ancak bazi
mikroplastiklerin yogunlugu 2,3 g.ml*’e varan degerlere
¢ikmaktadir. Dolayisiyla PTFE gibi mikroplastiklerin
giderimi miimkiin olmayabilmektedir. On ¢oktiirme
tanklarinda ise yine yogunluk faktorii devreye girmektedir.
Bilindigi iizere bu tanklarda yogunlugu 1,1 g.ml*’den
kiigik ve 1,5 gmlPden biiyiik partikiillerin
uzaklagtirllmas1  gergeklestirilmektedir. Ancak birgok
mikroplastigin yogunlugu bu araliktadir. Dolayisiyla
atiksu aritma tesislerinde en sik rastlanilan polipropilen ve
polietilen gibi mikroplastiklerin 6n ¢oktiirme tankinda
giderilmesi ¢ogunlukla miimkiin olmamaktadir.

Ikincil Arntim: Ginimiiz artim  siireclerinde
ikincil ~ aritimda  kirleticilerin =~ mikroorganizmalar
aracilifiyla parcalanmasi sonucu giderimi saglanmaktadir.
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Bilindigi {izere plastiklerin kisa siire icerisinde bio-
degredasyonu miimkiin olmamakta, bu nedenle atiksu
aritma tesislerinden ancak mikororganizmalarin hiicre dist
salgist ile tutulabilmektedir. Dolayisiyla ikincil aritim
stirecinde mikroplastik giderimi birincil aritima kiyasla
oldukea diisiik kalmakta, verim %2 ile %55 oranlarinda
degismektedir (Carr vd., 2016; Lv vd., 2019).

Uciinciil Aritim: Her aritma tesisinde yer almasa
da figilinciil aritim, ikincil artimdan c¢ikan atiksulardan
organik ve inorganik maddeler ile birlikte azot ve fosforun
daha fazla uzaklagtirllmast amaciyla isletilmektedir.
Uciinciil aritim  prosesinde genellikle koagiilasyon-
flokiilasyon, membran filtrasyonu veya denitrifikasyon-
nitrifikasyon proseslerinden biri kullanilmaktadir. Ugiinciil
artim  siirecinde ileri aritim teknolojilerinden biri
kullanilmadig1 siirece giderim verimleri %5 ile %20
arasinda degistigi bilinmektedir (Talvitie vd., 2017; Magni
vd., 2019). Tiim bu {i¢ aritim siirecine dahil olan atiksudan
mikroplastik % 82 ile %99 oraninda giderilebilmektedir.
Son 5 yil igerisinde yapilan, farkli aritma asamalarinda
mikroplastik giderim verimliligi arastirmalari Tablo 1’de
verilmistir. Aritma asamalar1 g6z oniinde bulundurularak
konvansiyonel atiksu aritma tesisine ait akig diyagrami
Sekil 3°te verilmistir.

ATIKSU ARITMA TESiSi PROSESLERI

<+— Birincil Antm —>

Liﬁ,]ml - f{ o

+— ikincil Amtim  —> «— Ugiincill Artim / ileri Arttim —

B Prosesi | Klorlama

Ozonlama Gikas
w
MBR

Mikroplastik o
v

Gamur Giderimi

Sekil 3. Aritma tesisi akis diyagrami.
Figure 3. Treatment plant flow diagram.

Yukaridaki
asamalarindan ¢ikan suyun igerdigi polimer yapilarin da
degistigi tespit edilmistir. Magni vd., (2019) 6n ¢oktiirme
tanki ¢ikisinda  attksuyun  mikroplastik  igeriginin
degistigini  raporlamustir.  Cikis
ylizdesinde azalmig olsa da polyester, polipropilen ve
poliamidlerin konsantrasyonlarinda sirasiyla %23, 11 ve
11 oraninda artis gézlemlemistir. Bagka bir ¢calismada ise
polivinilkloriir, epoksi regine ve polioksimetilen gibi bazi
mikroplastiklerin yalnizca atiksu ¢ikis noktasinda tespit
edilebildigi raporlanmigtir (Talvitie vd., 2015). Polimer
ylizdesindeki bu arttis bagka c¢alismalarda da
gozlemlenmistir. Gilindogdu vd., (2018) tarafindan
gerceklestirilen calismada aritma tesisi giris suyunda
polyester yiizdesi %50,8 iken ¢ikis suyundaki polyester
konsantrasyonu %68,8’¢ yiikseldigi tespit edilmistir.
Benzer sekilde Vollertsen & Hansen, (2017)
caligmalarinda aritma ¢amurunda tespit edilen poliamid,

etmenlerden farkli olarak aritim

suyunda kopolimer
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polietilen ve polipropilen tiirevlerinin atiksularda tespit
edilemedigini bildirmistir.

Mikroplastik boyutu ve aritma basamaklar
giderim verimi agisindan degerlendirildiginde ise oOn
aritmanin giderim veriminin &zellikle 300 pm’den biiyiik
boyuttaki mikroplastiklerin gideriminde etkili oldugu
raporlanmustir (Talvitie vd., 2017). Vogelsang vd., (2018)
ise yeterli alikonma siiresi saglanildig: takdirde ¢oktiirme
tanklarinin fiber ve boyutlar1 20-100 pm arasinda degisen
diger mikroplastiklerin gideriminde oldukca etkili bir
proses olacagini bildirmistir. Bunu destekler nitelikte
yapilan ¢alismalarda atiksu icerisindeki mikroplastiklerin
camura kiyasla daha kiigiik boyutta oldugu belirlenmistir
(Murphy vd., 2016). Bunun nedeni ise daha kiigiik
partikiillerin siv1 igerisinde askida kalirken, daha biiyiik
boyuttakilerin ¢okeltme sonrasi gamura gegiyor olmasidir.
Mikroplastik boyutuna bagl ileri aritim prosesleri
incelendiginde ise avantajlar1 oldugu kadar
dezavantajlart oldugu da raporlanmistir. Lv vd., (2019)
gerceklestirmis  oldugu calismada mekanik siirecler
sirasinda  biiylik  boyuttaki plastiklerin  daha kiigiik
boyutlara pargalandigini raporlamistir. Benzer sekilde UV
ile dezenfeksiyon siirecinde de plastiklerin degredasyon
olmas1 nedeniyle mikroplastik konsantrasyonunda artis
oldugu belirlenmistir. ilging olan ise bu sonuglar
konvansiyonel arittm proseslerinde tam tersi yonde
belirlenmis olmasidir. Yapilan bir¢ok ¢alismada c¢ikis

bazi

suyundaki mikroplastik boyut ortalamasinin giris suyuna
kiyasla daha biiyiik oldugu belirtilmistir (Estahbanati &
Fahrenfeld, 2016; Akarsu vd., 2020). Bu durum
konvansiyonel aritim proseslerinin kiigiik boyuttaki
mikroplastikleri tutma veriminin daha yiiksek olmasindan
kaynaklanmaktadir. Long vd., (2019) gergeklestirdigi
calismada boyutlar1 43-125 pm araliginda degisen
mikroplastiklerin %95,3 oraninda giderildigi, bu oranin
daha biiyiik boyuttaki mikroplastikler i¢gin maksimum %80
oldugu belirlenmistir. Lee & Kim, (2018) ise 106 —300 pm
boyut araliginda mikroplastiklerin flok ve biyofilm
olusumuna bagli olarak daha biyik boyuttaki
mikroplastiklere kiyasla daha yiiksek oranda giderildigi
belirtmistir.

lleri atiksu aritma metotlart ile mikroplastik
giderimi: Diinya genelinde entegre atiksu desarj
standartlarinda yasanan giincellemeler nedeniyle atiksu
aritma tesisleri icin alternatif olusturacak prosesler {izerine
yapilan c¢aligmalar her gegen gilin artmaktadir. Bu
proseslerin basinda da membran biyo-reaktor (MBR)
gelmektedir (Brepols vd., 2008). MBR sistemlerinde
genellikle gézenek boyutu 0,1-50 pm araliginda degisen
mikrofiltrasyon (MF) veya 0,001-0,1 um arasinda degisen
ultrafiltrasyon (UF) membranlar kullanilmaktadir (Zhang
vd., 2020).
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Tablo 1. Farkli aritma proseslerinin mikroplastik giderim verimi kiyaslamalari.
Table 1. Comparison of microplastic removal efficiency of different treatment processes.

I — T oy e
Ulke Giris MPs/L Cikis MPs/L ('\;/Igfil;,:]rin e (X1% m.gun Aritma Basamag Kaynak
Almanya - 5,9 - 0,1 Ikincil Wolff vd., 2019
Almanya - 2,14 - 6,3x10* Ugiinciil Wolff vd., 2021
Amerika - 0,023 - 2,16 Ikincil Dyachenko vd., 2017
Avustralya 0,76 2,8x101-1,54 66-90 4600 Ugiinciil Ziajahromi vd., 2017
Avustralya 11,8 2,76 76,6 4,8x10* Ikincil Raju vd., 2020
Cin 6,55 0,59 91 1,2 Ikincil Long vd., 2018
Cin 79,9 28,4 64,4 0,2 Ikincil/Ugiinciil Lvvd., 2019
Danimarka 7827 120,3 98,5 7670 Tkincil Simon vd., 2018
Finlandiya 6,9 5x107° - 3x10°* 40-99,9 - Ugiinciil Talvitie vd., 2017
Fransa 244 2,84 98,8 0,8 Ugiinciil Kazour vd., 2019
Giiney Kore 5840 66 99 0,21 Ugiinciil Hidayaturrahm & Lee, 2019
Hollanda 5-220 20-225 72 432 Ugiinciil Leslie vd., 2017
Hong Kong - 0,27-0,4 60,4-86,9 0,83-18,31 Ikincil Ruan vd., 2019
Hong Kong 10,36 = - 9,3x10* Tkincil Cao vd., 2020
Ingiltere 7011 15,7 99,8 3,1x10* ikincil Horton vd., 2021
Iran 12,67 0,42 0,22 Ikincil Alavian Petroody vd., 2020
Iran 9,2 0,58 93,7 2,9x10* Ikincil Takdastan vd., 2021
Ispanya - 0,44 - 0,4 ikincil Alvim vd., 2020
Ispanya - 12,8 - 4,5x10* ikincil Edo vd., 2020
Israil 64,78 1,97 97 3x10* Ugiinciil Ben-David vd., 2021
Isvigre 533 4 99,2 3,7x10° Ugiinciil Rasmussen vd., 2021
Italya 25 0,4 4,0 Ugiinciil Magni vd., 2019
italya 18 0,2 88,9 1,8x10* Ikincil Pittura vd., 2021
Kanada 31,1 5x107 99 5,49 Tkincil Gies vd., 2018
Kanada - 1,76 - 8x107 Ikincil Prajapati vd., 2021
Polonya 195,78 0,34 99,8 0,15 - Wisniowska vd., 2018
Slovenya - 21,7 - - ikincil Kalcikovaa vd., 2017
Tayland 12,2 2 83,6 1,3x10° Ikincil Hongprasith vd., 2020
Tiirkiye 31 16 48 15 Ugiinciil Akarsu vd., 2020
Tiirkiye 2,6 0,7 73 0,12 ikincil Akarsu vd., 2020
Baresel vd., (2019) gerceklestirdigi calismada UF gerceklestirilen  caligmalarda; Perren vd., (2018)
ile mikroplastik giderimi %100 olarak belirlemislerdir. mikroplastik gideriminin %99,24’¢ ulastigini
Talvitie vd., (2017) gergeklestirdigi ¢alismada da birincil bildirmislerdir. Shen wvd., (2022) tarafindan yapilan

aritimdan ¢ikan sudaki mikroplastiklerin MBR prosesi ile
%99,9 oraninda giderildigini bildirmistir. Ayn1 ¢aligmada
MBR’m isletilmedigi aktif ¢amur prosesi
sonrasinda hizli kum filtresi veya disk filtre kullanildig
sartlarda giderim oraninin maksimum %98,5 oldugu tespit

yerine

edilmistir. Yine benzer bir proses kiyaslamasi da Lares vd.,
(2018) tarafindan gerceklestirilmistir. Giris atiksuyunda
mikroplastik konsantrasyonun MBR prosesi ile 57600
MP.m**ten 400 MP.m*’e diisiiriildiigii klasik aktif camur
prosesin ise ancak 1000 MP.m®e diisiiriilebildigi
raporlanmistir. Tabi bu aragtirmacilar i¢in yeni bir
endisenin kaynagi olmustur. Clinkii MBR’lar daha biiyiik
boyuttaki partikiilleri tutarken ¢ok daha kiigiik boyuttaki
partikiillerin desarjim1 direkt alict ortama miimkiin
kilmaktadir (Ogonowski vd., 2018).

Mikroplastik tutma verimi arastirilan diger bir
proses ise  elektrokoagiilasyon  (EC)’dir.  EC,
konvansiyonel koagiilasyon ve aktif ¢amur prosesinde
kullanilan veya  mikroorganizmalara
dayanmayan basit bir atitk su aritma prosesi olarak
tanimlanabilmektedir (Shen vd., 2018). Birgok kirleticinin
atiksudan giderilmesi siirecinde basartyla uygulanmistir
(Chou vd., 2010; Weisbart vd., 2020). Proses siirecinde
ayni anda hem ¢oktiirme hem de yiizdiirme ile kirletici
giderimi miimkiin oldugu i¢in mikroplastik gideriminde de

kimyasallara

oldukga basarili sonuglar tespit edilmistir. Bu baglamda
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calismada polipropilen igin %99,9 giderim verimi
raporlamistir. Benzer bir ¢aligma, elektrokoagiilasyon ve
membran  filtrasyon proseslerin  entegre  edilerek
mikroplastik giderim veriminin belirlenmesi {izerine
gerceklestirilmis ve %100 giderim verimi elde edilmistir
(Akarsu vd., 2021).
Arastirmalar ~ Ozellikle  kiigiikk  boyuttaki
mikroplastiklerin atiksudan uzaklagtirilmasinda manyetik

ekstraksiyonun umut verici oldugu ifade etmektedir. Demir

bazli nanopartikiillerin kullanildig: proseste
mikroplastikleri ortamdan uzaklagtirmak i¢in manyetik
¢ekim  kuvvetinden yararlanilmaktadir.  Hidrofobik

nanopartikiil lizerinde plastiklerin bag olusturabilecegi bir
molekiiler yap1 olusturulmakta ve manyetik ¢ekim kuvveti
ile nanopartikiil ile birlikte ortamdan uzaklastiriimaktadir.
[lk sonuglar 10-20 pm boyut araligindaki mikroplastiklerin
%92’sinin giderildigini gostermektedir (Dey vd., 2021).
Bu proses ozellikle kiigiik boyutta mikroplastik iceren
atiksular icin umut vaat edici sonuglar sunmaktadir.
Mikroplastiklerin sucul ekosistemlerdeki bollugu
iizerine yapilan tespitlerden sonra, biyolojik olarak
degredasyonu daha  spesifik  c¢aligmalari
beraberinde getirmistir. Caligmalardan ilki Russell vd.,
(2011) tarafindan gerceklestirilmis ve Portekiz kiyilarinda
olduk¢a yaygin olan Zalerion maritimum ortamdan
soyutlanarak

uzerine

laboratuvar  ortaminda  mikroplastik
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degredasyon  verimi  aragtirilmistir.  On  sonuglar
mikroplastiklerin = %43’tinii  giderebildigi yoniindedir.
Benzer sekilde galigmalar mikroalg ve bakteriler i¢in de
denenmis olsa da denemeler mikro 6l¢ekte kalmistir (Gong
vd., 2018; Moog vd., 2019). Bununla birlikte, var olan
proseslerin modifikasyonu da diger bir alternatif
olusturmaktadir. Bu amagcla Liu vd. (2020) ikincil aritim
stirecinde diger kirleticiler ile birlikte mikroplastik
gideriminin de saglanmasi amaciyla 6zel bir biofiltre
gelistirmislerdir. Altt farkli katmandan olusan bu yeni
biofiltre standartlarina gére %79 daha fazla mikroplastik
giderebildigi tespit edilmistir.

Tiim bu detaylar ile birlikte mikroplastik giderim
teknolojileri heniiz gelisme asamasindadir ve ticari 6lgekte

olusturulmug giivenilir bir aritim metodu heniiz
geligtirilmemistir.  Gilinlimiiz ~ sartlarinda ~ mevcut
konvansiyonel metotlar yiiksek olarak

degerlendirilebilecek giderim verimlerine ragmen ¢ok
miktarda MP ¢ikis sular1 ile birlikte alict ortama
verilmektedir. Bununla birlikte konvansiyonel proseslerin
sebep olabilecegi ikincil mikroplastik kaynaklar1 hakkinda
heniiz yeterince bilgi birikimi olusamamistir. Yukarida
belirtilen metotlardan biyolojik olarak degredasyon gergek
6lcekli uygulanabilmesi igin olduk¢a yavastir dolayisiyla
mikroplastiklerin kimyasal olarak degredasyonu iizerine
¢aligmalarda artis olmasi gerekmektedir. Ayrica manyetik
ekstraksiyon ve koagiilasyon gibi kimyasal siiregler umut
verici sonuglar sunuyor olsa da kullanimlar1 oldukga sinirli
olabilmektedir. Dolayisiyla hibrit aritma teknolojileri
seklinde kullanilmalarina ihtiya¢ vardir. Bunun i¢in en 6ne
¢ikan metot membran filtrasyon olsa da bu proses kendi
icerisinde  yiizey  yiikd, malzemesi,
transmembran basinct gibi olumsuz etkenler nedeniyle
daha fazla ¢alisma yapilmasi gerekmektedir (Sekil 4).

membran

o
_.A.e.a\-3

B Kimyasal yok
Gevre dostu

MP degredasyonu

olay kullanery
Diik maliyet

Digilk basing  Kiigidk MP giderim  Kikgidk MP giderim 100 pum> MP giderim
Viksekverim

Kolsyigetme  Digikmaiet  Disikmaiyet

o
Eﬂ.sl‘m Dilik verim
o kincil MP olugumu

Uzun altkanma siresi
Gamur bertaraf soruny

incil MP olugumu
Nanoplastkolugumu
Yksek maliyet

Sekil 4. {leri atiksu aritma prosesleri ile mikroplastik gideriminin
degerlendirilmesi.

Figure 4. Evaluation of microplastic removal by advanced
wastewater treatment processes.

Gelecege yonelik ihtiyaclar: Temel giderim
mekanizmalar1 eski olsa da graniiler aktif camur prosesi
attksu arttiminda kullaniminda artig  gdstermektedir.
Graniiler aktif camur prosesi yiiksek biyokiitle ihtiva
etmesinden dolayi organik gideriminde oldukg¢a basarilidir
(Li vd., 2019). Bununla birlikte proses gideriminde hiicre
dis1 polimerik madde temel rol oynamaktadir. Bu da
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makalenin tist metninde tartisildig1 iizere mikroplastiklerin
camur igerisinde birikime ugramasi ile giderimini miimkiin
kilmaktadir. Graniiler aktif ¢amur prosesi ile mikroplastik
giderimi {izerine herhangi bir ¢alisma gergeklestirilmemis
olsa da, mikroplastik varliginin organik ve azot giderimi
tizerine etkisi aragtirilmis ve ¢amur yapisina zarar verdigi
i¢in giderim veriminin belirli oranda diistiigii belirlenmistir
(Qin vd., 2020; Zhao vd., 2020). Baz1 ¢alismalar spesifik
mikroorganizma kullanimi nedeniyle ANAMMOX prosesi
ile mikroplastik gideriminin 6nemine de vurgu
yapmaktadir (Zhang vd., 2020). Bu yonde arastirmacilarin
daha fazla calisma yapilmasina ihtiya¢ duyulmaktadir.

Bununla birlikte ¢alismalarin birbirleri ile kiyaslanabilmesi
icin  mikroplastik  6rnekleme ve karakterizasyon
stireglerinin  standardize edilmesi gerekmektedir. Bu
calismada giincel literatlir arastirmalarina yer verilmis
olmakla birlikte, literatiirdeki arastirmalarin  belirli
boyutlar 6zelinde c¢aligmalar1 gergeklestirdigi goriismiis,
50 m’den kiigiik mikroplastiklerin mevcudiyetinin
belirlenmesi iizerine daha ¢ok ¢alisma yapilmasi gerektigi
goriilmektedir. Bu sayede daha Kkiigiikk boyuttaki
mikroplastiklerin diger kirleticiler ile etkilesimleri iizerine
de daha  belirgin varilabilecektir.
Mikroplastiklerin diger kirleticiler ile olan etkilesimleri ve
ckosistem  sagligi  iizerine etkileri  belirsizligini
korumaktadir. Halihazirda hem atiksu aritma tesisi
basamaklarinda hem de ¢amurda bulunan mikroplastik

sonuglara

bollugu iizerine c¢alismalar gerceklestirilmis olsa da
metotlarin standardizasyonu sonucu ortak bir sonug elde
edebilmek adina tekrardan gergeklestirilmesine ihtiyag
duyulacaktir. Bu ayni zamanda siiregelen kirliligin takibine

de imkan saglayacaktir.
Aritma  tesisleri  giris, ¢ikis ve ara
basamaklarindaki ~ mikroplastik  bollugu  {lizerine

aragtirmalar devam etmekle birlikte proses siirecinde
mikroplastiklerin pargalanarak ikincil mikroplastik olusma
potansiyeli {izerine arastirmalar olduk¢a azdir. Ayrica
proses igerisinde mikroplastik  bollugunun diger
kirleticilerin giderim verimine olan etkisi de belirsizligini
korumaktadir. Bu dogrultuda gergeklestirilecek ¢aligmalar
stirecin daha iyi anlasilmasina katki saglayacaktir.

SONUC

Yapilan ¢aligmalar atiksu aritma tesislerinin
mikroplastik giderim verimini etkileyen bircok faktor
oldugunu ortaya koymustur. Bu faktorlere bagli olarak bazi
iilkelerin atiksu aritma tesislerindeki aritim prosesleri %99
verime ulagiyor olsa da biiyiik bir ¢ogunlugu bu verimi
yakalayamamaktadir. Dolayistyla literatiir
arastirmalarinda belirtildigi iizere her giin milyarlarca
mikroplastik alict ortamlara desarj edilmektedir.

Birincil aritim siirecinde mikroplastigin biiyiik bir
cogunlugunun gideriliyor olsa da arastirmalar, verimin
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basarili olmasini

membran

kritik seviyelerde
koagiilasyon/flokiilasyon,
dezenfeksiyon gibi {igilinciil
sagladigini raporlamaktadir. Proses iyilestirme veya yeni
yapilan aritma tesisi proseslerine dahil edilebilecek
alternatif aritma proseslerinin mikroplastik giderim
tizerine laboratuvar Olgekli

filtrasyon  ve
aritim  basamaklarinin

veriminin  belirlenmesi
deneysel ¢aligmalar gergeklestirilmis ve bir gogunda %95
ile %100 araliginda giderim verimi tespit edilmistir.
Laboratuvar 6lg¢ekli sonuglar membran prosesinin
mikroplastik gideriminde olduk¢a bagarili olabilecegini
gosteriyor olsa da gercek dlgekli tesis verileri bu konuda
baz1 belirsizliklerin olugmasina sebep olmaktadir (Akarsu
vd., 2021). Bu nedenle g¢alismalarin pilot o6lgekli
gergeklestirilmesi verilerin temsil edebilirligi agisindan
onem arz etmektedir.

Bununla birlikte bu proseslerde mikroplastikler
fiziksel olarak tutuldugu icin raporlarin bir¢cogunda aslinda
gerceklestirilen ¢oktiirme, yiizdiirme, adsorpsiyon ve
filtrasyon gibi siireglerin kirleticinin sudan uzaklastirilip
camur igerisinde  hapsedildigini  vurgulamaktadir.
Mikroplastiklerin tek basina ¢amur ciiriitme {izerinde
olumsuz etkisinin olmadig1 belirlenmis olsa da yapisinda
toksik bilesenler bulundurmasi nedeniyle bu ¢amurun
yonetilmesi konusunda bazi sikintilar yaganabilecegi
ongoriilmekte ve bu konuda ¢alismalar yapilmaya devam
edilmektedir.
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security, enterprise development, foreign exchange earnings, livelihoods of many rural people and nutrition.

Over 10% of the world population are economically dependent on fisheries as a source of employment, of

which the majority are females. In Nigeria, over 1.477.651 people are reportedly engaged in the fisheries

sector. The fisheries subsector contributed 1.09% to the national GDP in 2020 and 0.97% in the Q3 of 2021.

The Nigerian fisheries sector is dependent on the artisanal fishers that produce over 74% of the nation’s total

domestic production. It is an indication that this sector is not well utilized and developed. Nigeria is the

world’s fourth-largest importer of fish products in terms of quantity. Nigeria imported and exported about

$876 million and $106 thousand worth of frozen fish (excluding fish fillets and other fish meat) respectively

) in 2020, which makes Nigeria a net importer of fishery products. In 2019, a shortfall in fish supply of about
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The lack of attention in the fisheries sector is costing Nigeria the economic benefits this sector provides.
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Nijerya Balik¢ilik Sektoriiniin Ekonomik Analizi: Bir incelemesi

Oz: Bu derleme, balik bagimliligi ve su tiriinleri driinlerinin balik ithalat1 iizerindeki ekonomik etkilerini
belirlemeyi amaglamistir. Calisma ikincil kaynaklardan elde edilen bilgilere dayanilarak yapilmstir.
Balike¢ilik sektori, istthdam, gida giivenligi, isletme gelistirme, doviz kazanci agisindan diinya ekonomisi
sektoriiniin 6nemli bir yonidiir ve birgok kirsal insanin geg¢im kaynaklari ve beslenme agisindan 6nemlidir.
Diinya niifusunun %10'undan fazlasi ve ¢ogunlugu kadmlarin olusturdugu bir istthdam kaynagi olarak
balik¢iliga ekonomik olarak bagimlidir. Nijerya'da 1477651 den fazla kisinin balik¢ilik sektoriinde calistig
bildirilmektedir. Balikeilik alt sektorii, 2020'de ulusal GSYTH'ya %1,09 ve 2021'in {igiincii ceyreginde %0,97
katkida bulunmustur. Nijerya balik¢ilik sektorii, iilkenin toplam yerli {iretiminin %74' iinden fazlasmi {ireten
zanaatkar balik¢ilara bagimlidir. Bu sektoriin yeterince kullanilmadigimin ve gelismediginin bir gostergesidir.
Nijerya, hacim bakimindan diinyanin dérdiincii en biiyiik balik triinleri ithalatgisidir. Nijerya, 2020'de
sirastyla yaklagik 876 milyon dolar ve 106 bin dolar degerinde donmus balik (balik filetosu ve diger balik
etleri harig) ithal ve ihrag etmistir ve bu da Nijerya'y1 net su triinleri ithalat¢is1 yapmaktadir. 2019 yilinda
*Sorumlu yazar: yaklagik 1,3 milyon mt balik arz agig: ithalat yoluyla karsilandi. ilgili rakamlar, Nijerya niifusunun artan
Zehra Arzu BECER . bilyiime hizina atfedilen balik ithalatinin degerinin artmaya devam ettigini gostermistir. NBS raporlar1, baligin
Akdeniz Universitesi, Su Uriinleri Fakiltesi, en yiiksek ithalat faturalarina sahip baslica gida iiriinlerinden biri oldugunu gosterdi. Ulusal balik talebini
iitl;]m;ﬂ?&ﬂz?zel IR, kargilamak igin ithalatin anlami, saghiktan sosyoekonomik etkilere kadar uzanmaktadir.. Ulusal balik
5 al})let’:er@alzdeniz.edu.tr ihtiyacini karsilamak icin ithalatin etkisi sagliktan sosyoekonomik etkilere kadar uzanmaktadir. Balik¢ilik
sektoriindeki ilgi eksikligi, Nijerya'ya bu sektoriin sagladigi ekonomik faydalara mal olmaktadir.

Anahtar kelimeler: Balikcilik, ekonomi, ithalat, ihracat, su iiriinleri yetistiriciligi, iiretim.
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INTRODUCTION

Fisheries involve all the activities involved in
producing fish and other aquatic resources for the basic
purpose of providing human food, although other aims are
possible (such as sport or recreational fishing) or obtaining
ornamental fish or fish products such as fish oil (Fletcher
et al., 2002). Commercial fisheries include wild fisheries
and fish farms, both in freshwater (about 10% of all catch)
and the oceans (about 90%). Over 10% of the world
population are economically dependent on fisheries as a
source of employment, of which most are women (OECD,
2020).

The world population is presently over 7.8 billion
with a projection of about a 25% increase in the next 30
years which will make the world population 9.9 billion by
2050 (Population Reference Bureau, 2021). Nigeria, the
7th most populated country globally with a population of
211 million people makes up 2.64% of the global
population (Population Reference Bureau, 2021). While
the global population is projected to increase by 25% by
2050, Nigeria's population is projected to be 401.3 million
(99.82% increase) by 2050 (Population Reference Bureau,
2021). This rapid increase in Nigeria and the world
population in general, has led to high competition for
natural resources, especially food resources. To attain
global food security, the fisheries and aquaculture sector
has been identified as an important sector (FAO, 2020).
The Fisheries and aquaculture sector provides food for
hundreds of millions of people around the world daily.
While over half a billion is employed by the fisheries sector
globally, over 1.477.651 people were reported to have been
engaged in the fisheries sector of Nigeria in 2014 (FAQ,
2021, WorldFish, 2022). Fishery production is significant
to the Nigerian economy given its importance in providing
a cheap source of food/nutrition security, income,
employment and serves as a source of foreign exchange
particularly those of the riverine communities (NBS, 2017)

Nigeria has a continental shelf area of 43,514 km2
(Sea Around Us, 2016) and a continental coastline length
of 853 km (Nwilo & Badejo, 2007), be it as it may, Nigeria
is not utilizing its full fisheries resources potential. The
fisheries sector contributed 1.09% GDP of the country’s
total GDP in the year 2020 and 0.9% in the Q3 of 2021
(NBS, 2022). Nigeria is considered a net importer of
fishery products. In 2020, the county spent over
$876,081,485.00 million on the importation of frozen fish
(excluding fish fillets and other fish meat) and only
generated $106,964.00 thousand in export
(TrendEconomy, 2021). It is not a hidden fact that fish is a
major source of animal proteins in the diet of most
Nigerians, especially those living in rural areas. According
to the Nigerian Minister of Agriculture and Rural
Development, Nigeria's total fish production is estimated
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at 1.123 million metric tonnes (Vanguard, 2021), to which
marine catches contributed 36 per cent, inland waters catch
contributed 33 per cent and aquaculture 31 per cent (FAO,
2021). Akinsorotan et al., (2019) reported that the yearly
fish demand of Nigeria is about 2.1 million metric tons
with Nigeria only able to meet up just about 38.1% of its
fish needs and depends on imports to cover the shortfall of
about 61.9% of its population need yearly. In 2021, the
Nigerian Ministry of Agriculture and Rural Development
put the fish demand of the country at 3.6 million metric
tonnes of which the country only meet up about 31.19%
and depends on importation to meet up the huge gap of
about 68.80% (Vanguard, 2021). The foregoing
necessitated this work, the economic analysis of the
fisheries sector of Nigeria to determine the economic
implications on the dependence of fishery products
importation to meet the national fish need.

This study was conducted based on information
obtained from secondary sources. All the data were
obtained from the Food and Agriculture Organization
(FAO), the Nigerian Bureau of Statistics, Nigeria Federal
Ministry of Agriculture, scientific research articles and
grey literature published in various forms (examples. peer-
reviewed journals, periodicals and government gazettes).
The information was obtained through the available online
database by using the following keywords ‘Nigerian
fisheries resources’, ‘Fish exportation and importation’,
Fisheries and  GDP, ‘Commercial  Fisheries’,
‘Aquaculture’, ‘Inland and Marine fisheries’, ‘Population
growth’, Per capita fish demand’, were analysed and
presented in tables and chats.

Fish Production in Nigeria: The estimated
annual average per capita fish consumption for Nigeria is
13 Kg (Saweda, et al, 2020; FAO, 2021), although the
Directorate of Agriculture and Rural Development —
ECOWAS Commission, (2020) reported a lower estimate
of 8.33 Kg. Fish remains an important dietary element for
Nigeria, especially in the southern part of the country
where fish is highly valued and one of the cheapest sources
of animal protein available to many Nigerians (FAO,
2021). The fishery sector is 1.09% of the national GDP in
2020 and 0.97% in the Q3 of 2021 (NBS, 2021). DARD-
ECOWAS Commission report 2020 on the Nigeria fishery
sectors shows that between 2015 and 2020, 6,861,700
tonnes of fish had been produced. In the same report, the
fishery sector tends to have done better in 2017 with the
highest tonnes of fish produced of about 1,212,480 tonnes
which comprise 17.67% of the total tonnes of fish produced
within the years in considerations; the second-highest
tonnes of fish produced were recorded in 2020 while the
least was recorded in 2015 (DARD-ECOWAS
Commission, 2020). The total amount of fish produced for
each of the years in consideration is presented in Figure 1.
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Figure 1. Tonnes of fish were produced in Nigeria from 2010 to
2015. (Source: DARD-ECOWAS Commission, 2020).

The artisanal small-scale fishers produced over
74.09% of Nigeria’s total domestic fish production from
mainly coastal, inshore, creeks of the Niger Delta, lagoons,
inland rivers, and lakes while aquaculture and industrial
fisheries contributed only 24.91% and 1% respectively of
the total fish produced in 2018 (Subasinghe et al, 2021) as
shown in Figure 2. This is an indication that the Nigerian
fish industry is not well utilized and developed. The small
migratory Bonga (Ethmalosa fimbriata) is the principal
catch (FAO, 2021). Some initial progress has been made in
developing an industrial fisheries sector, but the fleet and
infrastructure are ageing. According to the 2017 report on
Nigeria’s fish production by the National Bureau of
Statistics, out of 5.79 million tonnes of fish produced
between 2010 and 2015 in Nigeria, industrial production of
fish and shrimp was just 204,403 metric tons. As seen in
Table 1 and Figure 3, when compared with fish production
from the other sectors — artisanal and aquaculture,
industrial fishing contributed only 4%.

The aquaculture sector is driven by the private
sector, with feed and seed provided by private businesses.
Owing to recent significant investments of private capital
and a renewed political will to empower the private sector
in aquaculture development, Nigeria is the largest
aquaculture producer in Sub-Saharan Africa and this
importance is steadily increasing (Machena & Moehl,
2001). From 6028 tonnes in 1980, aquaculture production
has grown steadily to 325,550 tonnes in 2020 according to
the government as shown in Figure 4 (DARD-ECOWAS
Commission; FAQ, 2021). This growth is expected as the
population of Nigeria within the same time frame increased
from 73.42 million in 1980 to 206.14 million in 2020 (The
World Bank, 2022).
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Figure 2. Contributions to Fish Production in Metric tons and
percentage for the year 2018 (Subasinghe, 2021)

4000000
3500000
3506865
3000000
2500000

2000000

1500000
1383680

Agquaculture

Figure 3. Contributions to fish production between 2010 and
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The total production of fish from the aquaculture
subsector started declining after 2015. In 2015, the
production from aquaculture was 316,727 metric tons in
the year 2019, it decreased to 289,543 metric tons (FAO,
2021) but increased again to 325550 tons in the year 2020
(DARD-ECOWAS Commission; FAO) while production
from capture fisheries started to decline after 2017 as seen
in Figure 5. When these figures are compared to the
population growth from 2015 to 2019, a great disparity
exists between growth in fish production and population.
The decline in fish production from the aquaculture
subsector is very alarming as the country need more fish
production from the aquaculture subsector to augment the
capture fishes from the wild in other to be able to meet the
national fish need of its population.

The decline in the fish production in Nigeria, has
a direct impact on the per capita fish supply in Nigeria.
While the per capita fish consumption in the world have
been on the increase since 1984 in the world, that of
Nigeria have been on fluctuating and started to decrease in
the year 2011. In 2011, the per capita fish consumption in
the world was 18.9 Kg, that of Nigeria was 15.2 Kg while
the per capita consumption of fish and fishery products for
the world increased to 20.5 Kg in 2018 that of Nigeria
reduced to 13 Kg (FAO, 2020, WorldFish, 2018).
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Table 1. Fish Catch Per Sector (Source: NBS, 2017)
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S/ No Sectors Year
2011 2012 2013 2014 2015
1 Avrtisanal Coastal & Brackish Water 346,381 370,918 418,537 435,384 382,964
Inland: Rivers & Lakes 292,105 297,836 326,393 324,444 311,903
Sub-Total 638,486 668,754 744,930 759,828 694,867
2 Aquaculture Sub-Total 221,128 253,898 278,706 313,231 316,727
3 Industrial Fish (Inshore) 19,736 27,977 37,652 29,237 10,727
(Commercial
Trawlers) Shrimp (Inshore) 13,749 17,654 22,219 20,715 4,737
EEZ - - - - -
Sub-Total 33,485 45,631 59,871 49,952 15,464
Grand Total 893,099 968,283 1,083,507 1,123,011 1,027,058
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Figure 4. Total Capture and Aquaculture Production for the Federal Republic of Nigeria (Tonnes) from 1980 to 2015 (Source: FAO FishStat)
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Figure 5. Total Capture and Aquaculture Production for the Federal Republic of Nigeria from 2015 to 2020 (Tonnes) (Source: DARD-

ECOWAS Commission, 2020; FAO, 2021)

The fish production from Inland waters, Marine
and aquaculture were almost equal in 2015 and 2016 while
the highest production from the aquaculture sector was
recorded in 2015. The highest production for Inland waters
and Marine were recorded in 2017 (Figure 6)

Increased Fish Demand/Impacts of Fish
Importation on the Nigeria Economy: Nigeria is the
world’s fourth-largest importer of fish and fishery products
in terms of volume (5.4% of global imports) after China,
Japan, and the US, but only 23rd in value terms or 0.8%
(Trademap, 2018). Angola, Democratic Republic of
Congo, Cameroon, Ghana, Cote d’Ivoire, Egypt and
Nigeria are fish and fishery products trade deficit countries
with Nigeria alone importing an average of US$ 1,245,394
worth of imports with a trade deficit >US$750 million
(AU-IBAR, 2018). Unlike imports, export volumes grew
by some 5% annually between 1976 and 2008 while import
values increased at a faster rate of close to 7% on average
per year. With total fish imports amounting to about USD
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1.2 billion and exports valued at USD 284 390 million in
2013, Nigeria is a net importer of fishery products (FAO,
2021).

Fish Production (Tons)

Sources

Figure 6. Comparison of production from Aquaculture, Inland,
and Marine waters (Source, FAO, 2021).

According to Towers, (2014), Nigeria produces
about 600,000 tons of fish annually from aquaculture and
capture fisheries, but the country’s fish supply shortfall is
about 900,000 million tons. Akinsorotan et al., (2019)
reported a shortfall of about 1.3 million tons in the fish
supply of Nigeria. Although WorldFish, (2018) put the
domestic production of fish in Nigeria at 1 million metric
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tons and a shortfall of about 800,000 metric tons. The gap
in fish supply is met through imports of mainly mackerel,
herring, horse mackerel, croaker, and blue whiting
(sourced via capture fisheries) from Europe, Latin
America, and Asian countries. The imports increased
$480.2million from S789.74million to $1.27billion
between 2019 and 2020 giving a 38 per cent increase in
fish and fishery products importation into the Country
(Dauada, 2021).

Nigeria’s top 5 suppliers of fish and fish products
in the year 2020 were Russia ($253.6 million), Netherlands
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($212.02 million), Chile ($138.7million), Iceland ($100.2
million), Norway ($92.3 million). Nigeria's top supply of
fish and fish products in Africa in the year 2020 was
Mauritania with a supply worth of $53.3million (Dauada,
2021).

The relevant figures indicated that the value of
fish imports keeps increasing and this has been attributed
to the increasing growth rate of the Nigerian population
and the need to meet up with the country's present per
capita fish demand of 13.3 Kg according to WorldFish,
(2022) (Table 2).

Table 2. Fish supply-demand and population projection for Nigeria (2010-2025)

Year Projected Population Projected Fish Projected Domestic Projected Fish Projected Total Fish % Fish Supply Gap
(million) Demand (Mt) Fish Production (Mt) Importation (Mt) Consumption Deficit
2010 158,503,200 3,020,000 817,520 1,330,690 2,147,910 28.88
2011 162,805,080 3,110,000 856,610 1,589,400 2,423,600 22.07
2012 167,228,790 3,211,000 922,650 1,083,210 1,996,590 37.80
2013 171,765,820 3,320,000 1,000,060 868,040 1,804,530 45.65
2014 176,404,930 3,420,000 1,073,060 991.02 2,064,040 39.65
2015 181,137,450 3,280,000 1,027,060 866,980 1,890,980 42.35
2016 185,960,240 3,380,000 1,041,500 593,710 1,635,210 51.62
2017 190,873,240 3,490,000 1,212,470 466,930 1,679,400 51.88
2018 195,874,680 3,610,000 1,169,480 582,390 1,751,870 51.47
2019 201,042,520 3,730,000 1,199,410 484,280 1,683,680 54.86
2020 206,310,940 3,850,000 1,211,780 506,140 1,717,840 55.38
2021 211,705,770 3,970,000 1,264,390 478,720 1,742,840 56.10
2022 217,235,370 4,100,000 1,287,470 484,320 1,771,210 56.80
2023 222,902,500 4,230,000 1,323,190 472,190 1,794,750 57.57
2024 228,713,570 4,370,000 1,355,980 475,560 1,831,100 58.10
2025 234,671,680 4,510,000 1,399,840 472,530 1,872,110 58.49

Sources: (FDF, 2018; DARD-ECOWAS Commission, 2020)

As shown in Figure 7, Nigeria accounted for 63%
of the total value of fish and fishery products imported into
the West Africa Region. The leading importers of fish and
fishery products in West Africa in 2020 were Nigeria
(leading with 63%), Ivory Coast (14%), Ghana (12%),
Burkina Faso and Benin with 3% each. In terms of export
from the West Africa Region to other parts of the world,
Senegal was the leading exporter with 74%, followed by
Cape Verde (7%), Ghana (6%), Sierra Leone with 4%.
Nigeria which happened to be the leading importer of fish
and fishery products in the region only contributed 3% to
the total export of fish and fishery products from the region
(Figure 8).

Global inland production was estimated at 12.02
million tons in 2018, of which Africa contributed about 3.0
million tonnes (Figure 9) this makes Africa a major
importer and not an exporter. In 2018, Uganda displaced
Nigeria as the leading inland capture producer country in
Africa by producing 440,000 tonnes of inland fish
compared to the 390,000 tonnes produced by Nigeria as
presented in Figure 10 (FAO, 2020).

In the year 2010, Nigeria spent }97 billion
($642,384,105) on fish and fish products importation at the
exchange rate of $1 to ¥151 (FMARD, 2011), this value
rose to ¥125 billion ($625,000,000) per annum on the
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importation of 1.90 million metric tons of fish in 2015
(Agbo, 2015). In 2020 the import value of fish and fishery
products was $1.27 billion, and the importation value stood
at N500 from

Other Benin
ECOWAS = Nigeria
Countries
9
Burkina Faso 5% = Ghana
3%
Ivory Coast
¥ Ivory Coast

14%

Ghana
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= Burkina Faso
Benin

Other ECOWAS
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Figure 7. ECOWAS Region Share of total fish imports from the world in
the year 2020 (DARD-ECOWAS Commission, 2020)

January to November 2021 (Dauada, 2021)
despite all the endowed marine resources, rivers lakes, and
creeks of the nation. The most affordable source of animal
protein in Nigeria is frozen food and its consumption is
increasing as the population of the country increase
(International Trade Administration, U.S. Department of
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Commerce, 2021). The country is a potential market for
approximately 2.5 million metric tons of fish valued at $3
billion (International Trade Administration, U.S.
Department of Commerce, 2021). With these figures,
Nigeria has been considered the largest consumer in Africa
and among the largest fish consumer in the world with the
largest fish and fish products importation in the developing
world (FAO, 2021).

This means that money that is supposed to use to
develop the fishery sector and other sectors of the Nigerian
economy is being channelled to fish importation thereby
slowing the economic growth of the nation.
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Figure 8. ECOWAS Region Share of total fish exports to the
world in the year 2020 (DARD-ECOWAS Commission, 2020)
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Figure 9. Inland capture fisheries production by continent in 2018 (FAO, 2020)
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Figure 10. Africa Top 5 inland water capture producers (FAO, 2020)

The Impact of Fish Importation Nigeria: The impact
of Fish importation can be viewed from two angles: Health
Impact and Socioeconomic impacts:

Health Impact: Fish is the most susceptible to tissue
decomposition and microbial spoilage because they begin
to deteriorate as soon as they leave the water among all
flesh foods. Therefore, a lot of imported fish are preserved

by freezing and applying preservatives such as sodium
tripolyphosphate  (also  known as  Pentasodium
Triphosphate or STPP) and sodium benzoate (Oluwarore,
2018). These make fish and other seafood appear firmer,
glossier, and smoother. It is generally assumed to be a safe
product if used according to Good Manufacturing Practice
(GMP), research by Ritz et. al., (2012) has revealed that
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STPP is a health risk as it may harm normal renal function
in the body and worsen the incidence of kidney diseases in
humans. Since the release of this report, various health and
food safety agencies have made calls for careful
consideration and public education of the health impacts of
these preservatives. Furthermore, in Nigeria, it has been
reported severally that smugglers without an import license
flood the market with contraband and compromised frozen
fish through Nigeria’s porous land borders. It was being
reported that smuggled fish products are very common in
Nigeria due to oversight, importers avoiding import duty
fees and corruption of some customs officers.
The president of Fishery Association of Nigeria
Dr Ayinla as reported by Oluwarore, (2018) acknowledged
these smuggling practices affirming that a lot of imported
fish being sold in the market were smuggled. Most times,
the smuggled fish may have been compromised such that
they do not meet quality control standards in terms of
production, storage, and quality. It may be that the fish
were improperly stored, have passed storage time limits, or
were stored with a counterfeit preservative like formalin.
Selling such unhealthy fish for public consumption
exposes Nigerian consumers to potential health problems.
Socioeconomic Impact: Nigeria imports about 45
per cent of its net domestic fish supply. Imported fish
include pelagic fish such as mackerel, horse mackerel,
hake, herring, blue-whiting, stockfish (dried cod) and
stockfish heads from various exporting countries, such as
Russia, Japan, Netherland, Denmark, Norway and China
(Subsinghe et al., 2021). It is worth noting that while the
money spent on the importation of frozen fish (excluding
fish fillets and other fish meat) increased by 42.98% in
2020 when compared to 2019, the value of exportation of
the same frozen fish decreased drastically by 78% as
shown in Figure 11 (TrendEconomy, 2021).
Approximately 1.2 billion dollars was spent by the
country on the importation of fish and fish products in the
year 2020 (Dauada, 2021). While the export by the
Nigerian fisheries sectors has been relatively stagnant, the
import of fish and fish products is on the increase (Figure
12). By such a massive amount of money importing fish
annually, Nigeria loses foreign exchange and continues to
harm her economy. According to Dr Olaifa, “if this
remarkable amount of money spent on importation could
be channelled for internal trade within the local fish
industry, it would bolster the industry’s efforts and
generally boost our economy” (Oluwarore, 2018).
Importance of the Fishery Sector to National
Development: The importance of the fishery sector to a
nation’s development cannot be overemphasized. A nation
with a robust fishery sector will have robust citizens which
will, in turn, lead to a robust economy for the nation. The
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following are some of the roles played by the fishery sector
in the development of a nation.
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Figure 12. Total imports and exports of fish and fishery products
for the Federal Republic of Nigeria (USD 1000) (Source: FAO
FishStat, 2019).

Provision of Employment: As the world
population increases, food production also increases to
meet up with food demand, especially protein. This has led
to an increase in fish production, thereby leading to a
continuous increase in employment in the fisheries and
aquaculture sector in many countries including Nigeria
(Rabo et al., 2014). Many people had engaged in fishing
and fish farming as a full-time occupation (Jim 2001).
Employment in the primary capture fisheries and
aquaculture production sector has remained relatively
stable since 1995 and an estimated was estimated at 59.5
million in 2018 as reported by FAO, (2020). More than 820
million people throughout the world are estimated to
depend on fish for all or part of their income (FAO, 2022).
According to the WorldFish report on Nigeria, in 2021,
1,477,651 were reported as engaged in the fisheries and
aquaculture sector of the country. The industrial fisheries
sector that involves the use of trawlers for fishing and
shrimping currently employs about 9000 Nigerians.
Although the actual number of people engaged in the
fishery sector in Nigeria cannot be ascertained due to the
lack of comprehensive data in this field.
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Fisheries Resources in International Trade
and Foreign Exchange: Fish products are among the most
widely traded foods, with more than 11% of total
agricultural exports (excluding forestry), which equals 1%
of total merchandise exports (Emam, 2021). As reported by
the FAO, the global export value of fish and fishery
products has increased remarkably in recent decades, from
US$15 billion in 1980 to US$ 164 billion in 2018, about
50 per cent of that total comes from the developing world,
where the net export revenue that these countries receive
from fish trade is larger than their exports of tea, rice, cocoa
and coffee combined (FAO, 2019; 2020). It is worthy to
note that available estimates for 2019 revealed there was
about a two per cent contraction in both value and quantity
compared with 2018 values. And these values are expected
to contract more due to the Covid19 outbreak (FAO, 2020).
The increasing demand for seafood has led to a complex
global system of trade in fisheries products. In the year
2020, the European Union was the largest importer of fish
and fishery products worldwide with an import value of
about 56.5 billion U.S. dollars (2021). Some fishery
products exported by countries include dried fish, fresh or
ice fish, canned fish products, Salmon roll (eggs) and sea
urchin roll and shrimps. Others include useful leather and
polishing materials and oil made from the skin of some
cartilaginous fishes (example, chondrichthyes like dogfish,
sharks). In 2018, exported 480,000 Tons of fish were
valued at US$671.3 million, the majority of which was
exported to the Ivory Coast (AU-IBAR, 2018).

Citizens’ Wellbeing and Food Security: Fish and
Fishery products are a major source of food security and
livelihood in a. growing world population. The United
Nation’s Food and Agriculture Organization (FAO) opined
that global production from capture fisheries and
aquaculture remains very significant for global food
security, providing more than 17 % of the total animal
protein supplies in the year 2017 and at least 20 per cent of
animal protein and minerals to an estimated 3.3 billion
people globally (FAO, 2020).

The wunited nation’s food and agriculture
organization estimated that half of the world’s seafood
demand will be met by aquaculture in 2020, as wild capture
fisheries resources are overexploited and in decline. The
share of the total world’s harvest produced through
aquaculture has steadily increased over the past two
decades from contributing just about 14.64% between
1986 and 1995 to total world fish production to 45.99%
(FAO, 2020). In Nigeria, fish farming is projected to
exceed 127 million metric tons by the year 2030 (FAO,
2020; DARD-ECOWAS Commission, 2020).

Fish accounts for around 40 per cent of the
country’s protein intake of Nigerians (WorldFish, 2022).
The availability and access to fish within a family can
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therefore be an important determinant of its members’
well-being. At the household level, the consumption
pattern may depend on the financial status of the family,
belief, the primary activity of the household and social
structures and customs of the people (Quagrainie & Engle,
2006; Gomna & Rana 2007).

Fishery Products in Recreation: Ornamental
fishes can be described as attractive colourful fishes which
are kept as pets in home aquaria, offices, recreational parks,
public aquaria or elsewhere for aesthetic and recreational
purposes (Tregaskis, 2012). These fishes include numerous
varieties of species varying in different sizes, colours and
shapes. Angelfish, Barbs, Goldfish Loaches and Danios are
examples of common and popular ornamental fishes.
Fishes kept in aquaria also add beauty to offices and
laboratories. They are used in schools and colleges for
learning. Some ornamental exotic fishes include the
Japanese koi fish and Goldfish, which are kept for their
attractive colours. Also, for years, pond owners have been
adding beautiful fishes to their ponds for the enjoyment and
relaxation of observers (Rabo et al., 2014). Fish kept in
aquaria can also be a source of tourist attraction, like the
tunnel aquarium in Antalya, Turkey, the largest tunnel
aquarium in the world which attracts thousands of tourists
every year (https://www.goturkeytourism.com/things-to-
do/antalya-aquarium-antalya-turkey.html)

Ornamental fish farming has contributed to the
international fish trade. The ornamental fish trade was
valued at $322 million in the year 2020 (TrendEconomy,
2022). The top exporter of ornamental fish in the year 2020
was Japan with 14.3% of the world exports valued at $46
million while the top importer was the United States of
America with 23% of the world imports valued at $67
million (TrendEconomy, 2022). The ornamental fish
industry is also developing in Nigeria and has reached an
appreciable level in Lagos as it is involved in the export of
locally bred species (Rabo et al., 2014).

Improvement of the Nutritional and Health
Status of a Nation’s Population: Fish contains a large
proportion of protein and is one of the best animal sources
of protein. Fish is a very important source of complete
protein, it is fresh and tender due to bundles of muscle
fibres which are tight together by fibrous materials largely
made up of a protein called collagen, therefore an excellent
dish for the old and diabetic patients. Fish also contains
considerable amounts of vitamin B, Vitamin E, nutrients
like niacin and minerals such as Copper, lodine, Iron, and
Phosphorus. Canned Salmon and Sardines are good
sources of Calcium. Fish make a vital contribution to the
survival and health of a significant portion of the World’s
population. In some of Asia’s poorest countries, people
derive as much as 75% of their daily protein from fish
(Gomna & Rana, 2007; Rabo et al., 2014).
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Meat and fish are an integral part of the diet of
Nigerian people and are essential protein food also serving
as a focal point for the family meal (Gomna & Rana, 2007,
International Trade Administration, U.S. Department of
Commerce, 2021). Fish alone account for about 42.54 % of
animal protein in Nigeria (Benneth et al, 2018). In rural and
fishing communities in Nigeria, fish is known to play a
significant role in the diet providing up to 75 % of the total
animal protein intake. The nutritional value of fish and
meat in terms of both protein and micro-nutrients in child
development is well documented (Addis 2004). For
instance, aiding in bone and teeth formation, also
combating malnutrition. Cod liver oil is of high medicinal
value in children.

Eating deep-sea fishes like Tuna and Salmon are
highly valued for their cholesterol removing abilities,
thereby preventing the condition of atherosclerosis. In fact,
supplementation of omega 3 polyunsaturated fatty acids
prevents an increase in arterial stiffness, especially in post-
menopause women with coronary artery diseases. Also,
vitamin E not only helps in the elimination of cholesterol
and prevents inflammation, but it also increases the
flexibility and fluidity of your blood vessels so that they
respond well to any change of pressure (Erkkila et al, 2004;
Cardiovase, 2013) thereby reducing the risk of
cardiovascular diseases. Tregakis, (2012) states that the
bass and bluefish in ponds are predators of mosquitoes,
insect Larvae and Algae helping to keep the population in
balance. Also, the bottom-dwelling darter thrives on small
snails and insect Larvae, thereby keeping vectors borne
diseases in check.

CONCLUSION

In the developing world, the fisheries sector
remains the major source of nutrition and provides the
basis for the livelihood of millions of people and a major
source of foreign exchange for many developing
economies like Nigeria. Notwithstanding its importance,
the fisheries sector is not given the needed attention it
deserves by governments and policymakers in developing
countries. Nigeria is blessed with a large coastal area and
freshwater resources, be it as it may, Nigeria spends
billions of dollars every year in fish importation. Nigeria is
considered a net importer of fishery products. The Nigerian
fisheries sector is sustained by artisanal small-scale fishers.
The artisanal fishers produced over 74.01% of Nigeria’s
total domestic fish production from mainly coastal,
inshore, creeks of the Niger Delta, lagoons, inland rivers,
and lakes while aquaculture and industrial fisheries
contributed only 24.98% and 1% respectively of the total
fish produced. The lack of attention in the fisheries sector
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is costing Nigeria the huge economic benefits this sector
provides.

There is, therefore, an important role for
developing countries governments to play, both in
managing capture fisheries to prevent stock depletion and
in regulating the development of aquaculture to ensure that
it is both environmentally sustainable and pro-poor. Under
such conditions, fisheries and aquaculture can realize their
potential as an important and growing source of economic
development in rural areas. In addition, to harness the great
economy potential the fisheries sector provides, the
government and policymakers have responsibilities to
develop the fisheries sector by providing the needed
conducive environment, fishing gear, processing and
storage facilities and financial assistance to those engaged
in the fisheries sector.
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Abstract: Itisanimportant issue to investigate the water resources necessary for the continuation

#=': https://orcid.org/0000-0003-2532-5517 of life and the creatures living in these ecosystems. Algae living in aquatic ecosystems are
: https://orcid.org/0000-0003-3268-0189 necessary organisms for the creatures with which they share the same environment to survive, as
they provide oxygen to their environment and constitute the first step of the food chain. In

addition, algae are creatures that have the potential to be used in the food and pharmaceutical

industries due to their pigment content and antioxidant properties. Due to these importance, many

studies are carried out on microalgae. In this study, it was aimed to determine the chlorophyll-a,

chlorophyll-b, total carotenoids content and antioxidant activities of some green algae species

isolated from the benthic algae flora of Altinapa Dam Lake, which is one of the important drinking

water sources of the city of Konya. Three Chlorophyta (Chlorella vulgaris, Acutodesmus

obliquus, Monoraphidium minutum) species showing high growth potential under culture

conditions were selected and studies were carried out with these species. The highest chlorophylI-

a and chlorophyll-b values were detected as 62.4+0.8 ug mL? and 18.5£1.0 pug mL? in

Acutodesmus obliquus species, respectively, and the highest total carotenoids value was detected

Gl i as 40.3+0.4 pg mL* in Monoraphidium minutum species. In addition, 1Cso values close to the
Baran ASIKKUTLU s . . . . . . .
St e, sty o Setnes, reference antioxidant ascorbic acid were obtained in Monoraphidium minutum species.
Department of Biology, Konya, Tiirkiye According to the results obtained in this study, the economic usability potentials of the studied
B<: baranasikkutlu@selcuk.edu.tr microalgae were determined.

Keywords: Microalgae, Pigment, Antioxidant Activity, Altinapa Dam Lake.

Altinapa Baraj Gélii'nden (Konya/Tiirkiye) izole Edilen Bazi Chlorophyta Tiirlerinin

Pigment Icerigi ve Antioksidan Aktivitelerinin Belirlenmesi

Oz: Yasanun siirmesi i¢in gerekli olan su kaynaklarinin ve bu ekosistemlerde yasayan canlilarin
arastirtlmas1 onemli bir konudur. Sucul ekosistemlerde yasayan algler, bulunduklart ortama
oksijen saglamalar1 ve besin zincirinin ilk basamagini olusturmalar1 nedeniyle ayni ortami
paylastiklar1 canlilarin yasamlarini siirdiirebilmesi ig¢in gerekli organizmalardir. Ayrica algler
pigment igerikleri ve antioksidan &zellikleri nedeniyle gida ve ilag sektorlerinde kullanim
potansiyeli olan canlilardir. Bu Onemlerinden dolayr mikroalgler iizerinde birgok caligma
yapilmaktadir. Bu ¢alismada, Konya sehrinin 6nemli igme suyu kaynaklarindan biri olan Altinapa
Baraj G6lii'niin bentik alg florasindan izole edilen bazi1 yesil alg tiirlerinin klorofil-a, klorofil-b,
toplam karoten igerigi ve antioksidan aktivitelerinin belirlenmesi amaglanmustir. Kiiltiir
kosullarinda yiiksek ¢ogalma potansiyeli gosteren {i¢ Chlorophyta (Chlorella vulgaris,
Acutodesmus obliquus, Monoraphidium minutum) tiirii secilmis ve c¢aligmalar bu tiirlerle
gergeklestirilmistir. En yiiksek klorofil-a ve Klorofil-b 6l¢iim degeri Acutodesmus obliquus
tiiriinde sirastyla 62.44+0.8 ug mL* ve 18.5£1.0 pg mL, en yiiksek toplam karoten 6lgiim degeri
gifgrfgﬂ%izgalj Monoraphidium minutum tiirinde 40.3£0.4 pg mL? olarak tespit edilmistir. Ayrica
Selguk Universitesi,Fen Fakiiltesi,Biyoloji Monoraphidium minutum tiirinde, referans alinan antioksidan askorbik asite yakin ICso degerleri
Boliimii, Konya, Tiirkiye elde edilmistir. Bu aragtirmada elde edilen sonuglara gore ¢alisilan mikroalglerin ekonomik
B: baranasikkutlu@selcuk.edu.tr agidan kullanilabilirlik potansiyelleri belirlenmistir.

Anahtar kelimeler: Mikroalg, Pigment, Antioxidan Aktivite. Altinapa Baraj Golii.
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INTRODUCTION

The majority of the earth's surface is covered with
salty waters, and there are much less wetlands, such as
streams and lakes, which are composed of fresh water.
These scarce fresh water resources need to be protected
(Moss, 2010). Algae often live in the water. These waters
can be fresh, salty and brackish. In their habitats, algae are
the primary producers in the food chain and produce
organic materials using sunlight, carbon dioxide and water.
In addition to forming the main food source in the food
chain, they produce the required oxygen for consumer
organisms (Lee, 2008). Algae are important indicators for
monitoring changes in aquatic ecosystems, although they
are often ignored (McCormick & Cairns Jr, 1994). It has
been shown in studies on microalgae which has been one
of the most important bioresources used in bioindustry
studies. However, despite the importance of its industrial
applications, the main field of research on the long-term
preservation of microalgae culture has not received much
attention (Yim et al., 2021). The fact that algae produce
half of the total oxygen production in the period we live in,
that the ancestors of the land plants that make up our
nutrition source are green algae, that they have an
important potential in the production of biofuels, and that
they are a source of active pharmaceutical compounds
against drug-resistant bacteria reveal the reason for the
importance of researching these living things (Chapman,
2013).

There are many studies about microalgae in the
world and in our country. In terms of their seasonal
changes, identification, culture, element content,
carotenoids found in the structure, studies on the
production of algae for food support and for use in the
pharmaceutical industry are remarkable (Atict & Obali,
2002, Pulz & Gross, 2004, Atic1 & Caliskan, 2007, Wijffels
etal., 2013, Keskinkaya et al., 2020). In recent years, there
has been a significant interest in obtaining antioxidants
from natural sources. This source may be algae that
synthesize, metabolize, accumulate and secrete a wide
variety of primary and secondary metabolites, including
carotenoids, phenolic compounds, phycobilins, sulfated
compounds and vitamins. All these compounds have
applications in the health and food industries. These
antioxidant compounds have great potential to be used in
the pharmaceutical and other industries. (Munir et al.,
2013). Pigments such as chlorophyll, carotenoids and
phycobiliprotein cause algae in different amounts to appear
in green, yellow, red and brown colors. In recent years,
with the awareness of harmful substances in humans, the
use of algae containing natural dyestuffs in its structure
instead of synthetic ones in food additives has been
increasing. Algal pigments are used in the cosmetic and
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pharmaceutical industries with their natural coloring
properties. In addition, these creatures are consumed as
food supplements because they provide a healthy life
opportunity (Prasanna et al., 2007). Algae are a good
source of pigments, minerals and vitamins and available
foods can be naturally enriched with their use. (Kraan,
2013). Free radicals and oxidants are both toxic and useful
compounds because they can have harmful and beneficial
effects on the body. They arise from normal cellular
metabolisms or from external sources such as any pollution
or drugs. Free radicals cannot be destroyed gradually if
overloaded. Their accumulation in the body causes a
condition called oxidative stress, which plays an important
role in the development of cancer, autoimmune disorders,
aging, cardiovascular and neurodegenerative diseases. The
human body can resist oxidative stress by producing
antioxidants through different mechanisms. These are
either naturally produced or supplied through external
foods or supplements. (Pham-Huy et al., 2008). Among the
tests used to determine the total antioxidant capacity from
natural extracts, the 2,2'-diphenyl-1-picrylhydrazil (DPPH)
radical scavenging assay is a common test. The results of
this test are often expressed as ICsp values (Martinez-
Morales et al., 2020). Brand-Williams et al. (1995)
reported that a low 1Cso value indicates a high level of
antioxidant activity.

Algae, which have an important position as a
primary producer in aquatic ecosystems, have the potential
to be used as a food supplement or in the drug sector,
depending on their pigment content and antioxidant
activity. Studies on the systematics of algae that live in
aquatic ecosystems are maintained in Turkey for a long
time. In addition to these studies, studies on the industrial
usability of algae are increasing. For these reasons, it
constitutes the necessary conditions for the examination of
these living beings. In this study, it was aimed to identify
the algae in Altinapa Dam Lake belonging to the benthic
Chlorophyta phylum morphologically and to investigate
the pigment content and antioxidant activities of the algae
that can be grown in single cell culture in order to use them
in the food and pharmaceutical industry. As a result, it is
aimed to contribute to the studies and literature on these
living beings.

MATERIAL and METHOD

Research Area: The Altinapa Dam Lake in
Konya city, which constitutes our study area, is located at
the 16th kilometer of Konya-Beysehir road. The most
important stream that feeds the dam is Meram Stream. The
study materials were collected from four stations that could
characterize the entire lake. Coordinates of sampling
stations given in Table 1. Satellite view (Google, 2016) of
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Altinapa Dam Lake and sampling stations are given in
Figure 1.

Table 1: Coordinates of sampling stations.

Station Coordinate

1 37°53"41"N 32°17'13"E
2 37°53'15"N 32°18'25"E
3 37°52'42"N 32°17'54"E
4 37°53'22"N 32°17'20"E

e ) 4
5% SN
X, Wy

Figure 1: Satellite view of Altinapa Dam Lake and s
stations.

Identification of Microalgae: Benthic algae
samples belonging to Chlorophyta phylum, were collected
from 0 to 5 m area in the coastal zones of four stations
determined in seasonally conducted field studies in April
2014, July 2014, October 2014 and January 2015.

Benthic algae were examined with a Nikon brand

Eclipse 80i model microscope, and morphological
characterization was made according to Prescott, (1973),
John et al., (2002) and Algaebase site (Guiry & Guiry,
2021).

Scanning electron microscopy (SEM) images of
some algae samples in single cell cultures were made by
Zeiss brand LS10 model electron microscope in the
laboratories of Selguk University Advanced Technology
Research Application Central Directorate.

Isolations and Cultures of Microalgae: In order
to make cultures of benthic algae samples, at first a
medium has been formed which allows the development of
algae under laboratory conditions. For this medium, BG-
11 medium was selected as described by Rippka (1988).
Bg-11 is a medium that can be used for both Cyanobacteria
and Chlorophyta (Atici, 2020, Qing et al., 2020).

Benthic algae found on stone, plant or sediment
were morphologically detected with microscope then
single cell cultures were made by using a pastor pipette
with a Prior CM-110 inverted microscope. After that cells
were transferred in sterile conditions to 100 mL erlens
containing BG-11 media prepared as liquids. Cells were
allowed to reproduce at a temperature of 25 °C under 3000
lux light, 12 hours light, 12 hours dark cycle (Katircioglu
et al., 2008). After 20-25 days of incubation, samples were
taken from the media which showed green color and
examined in the microscope and studies were continued
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with the samples which were observed to be single cell
culture without contamination.

Chlorophyll-a, Chlorophyll-b  and  Total
Carotenoids Analysis of Microalgae: It has been shown in
studies that algae extracts containing carotenoids have
antioxidant effects (Abe et al., 2007). The total reducing
capacity, which shows the antioxidant effect, was found to
be higher in the stationary growth phase at the end of the
logarithmic growth phase. (Zamani & Moradshahi, 2014).
Algae samples were started to be studied around 20-25
days when the growth rate of the cells was fixed and the
maximum biomass was produced (Hamidian & Zamani,
2022). Rapidly growing single-celled species were selected
from cultured benthic algal specimens for this study. For
each species, a total of 6.5 L cultures were obtained from
single cell culture stocks in sterile conditions. Following a
20-25 day incubation period, samples were transferred to
balloon slides and lyophilized for 2 days with a Scanvac
CoolSafe-110 model lyophilizator. Then the sample mass
of each species was measured and 50 mL, acetone (100%)
was added to 1 gram of samples. Then it was homogenized
on a Bandelin brand UW-2070 homogenizer at a maximum
level for 3 minutes. After homogenization of the samples,
extractions were carried out at 37 °C for 30 minutes on a
Heidolph brand Unimax 1010 heated mixer. Subsequently,
taken samples in 50 mL eppendorf tubes were centrifuged
at 4000 rpm for 5 minutes using a model NF-800R model
centrifuge. The liquid part of the samples, except for the
precipitate in the bottom was taken to the ependorf tubes
and measurements were made on a Biochrom brand Libra
S22 model spectrophotometer (Dere et al., 1998). Three
measurements were made for each sample. The absorbance
values and formulas used in the measurements were taken
from the work done by Lichtenthaler and Wellburn (1983).
The following formulas are given below;

C,=11.75 A%2 - 2,35 A%

Cp = 18.61 A - 3,96 A%%?

Cy+c= 1000 A*70 - 2.27 C, - 81.4 Cyf 227

(Ca: Chlorophyll a, Cy,: Chlorophyll b, Cy.: Total carotenoids)

Antioxidant Activity Analyzes of Microalgae: In
order to determine the antioxidant activities of benthic
algae extracts, DPPH free radical scavenging effect method
as described by El-Agbar et al. (2008), has been modified.
Acetone was evaporated from benthic algae extracts at 37
°C using Heidolph brand Hei-VAP rotary evaporator.
Samples were placed in 2 mL eppendorf tubes. 98%
methanol was added to the final concentration of each
sample as a 5 mg mL* stock solution. Stock solutions were
prepared by diluting in the range of 500 pg mL? to 3.90625
ug mL. The ascorbic acid, designated as the standard
solution, was diluted at 100 ug mL*? to 0.78125 pg mL™*
and placed in 96-well plates. The diluted solutions were
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mixed with DPPH free radical (0.003%) and methanol.
Then 1 mL of these solutions was taken and mixed with 1
mL of solution containing the samples. The mixture was
read in Biotek brand Epoch model microplate reader at 517
nm wavelength. After 30 minutes, the samples kept in the
dark were read again on the device and the results were
recorded. 1 mL of methanol and 1 mL of DPPH (0.003%)
solution were used as blank samples. Concentration
inhibition graphs were drawn from the results obtained
using benthic algal solubles and standard solutions and ICsg
(ng mL-1) values, which is the amount of sample required
to decrease the absorbance of the DPPH free radical by
50% is calculated from these graphs. Three measurements
were made for each sample. % inhibition values were

determined by Bors et al. (1992), calculated according to
the formula given below:;

% of inhibition of DPPH activity = A-B/A x 100
(A: optical density of the blank, B: optical density of the sample)

RESULTS

Light Microscope and Scanning Electron
Microscope Images of Single-Cell Cultured Microalgae:
Among the benthic algae samples, light microscope images
were taken of the species which showed reproducing with
the BG-11 medium. Three taxa belonging to the
Chlorophyta phylum were isolated and cultivated. A list of
these species is given in the Table 2. Light microscope
images of cultured Chlorophyta species were and Figure 2.
Scanning electron microscope images of cultured,
Chlorophyta species were and Figure 3.

Table 2: List of isolated and cultured microalgae species identified by light microscope.

Superregnum Eukaryota
Regnum Plantae
Divisio Chlorophyta
Classis Chlorophyceae
Ordo  Sphaeropleales
Familia Scenedesmaceae
Genus Acutodesmus
Acutodesmus obliquus (Turpin) Hegewald & Hanagata
Familia Selenastraceae
Genus Monoraphidium
Monoraphidium minutum (Négeli) Komarkova-Legnerova
Classis Trebouxiophyceae
Ordo Chlorellales
Familia Chlorellaceae

Genus Chlorella

Chlorella vulgaris Beyerinck (Beijerinck)

Figure 2: Light microscope image of isolated and cultured
Chlorophyta species. a- Acutodesmus obliquus (Turpin)
Hegewald & Hanagata, b- Monoraphidium minutum (Négeli)

Komarkova-Legnerova, c- Chlorella vulgaris Beyerinck
(Beijerinck) (Scale: 10 um).
Chlorophyll-a,  Chlorophyll-b  and  Total

Carotenoids Analysis Results of Microalgae: The
chlorophyll-a, chlorophyll-b and total carotenoids average
values obtained from the algae are given in the Table 3.

SoWATWSEG) BNTSZION g 200kx I
A H

SpwAnPSE@ BTSBON - aiokx
Wos100mm

@@ e sy e
Figure 3: Scanning electron microscope images of some cultured
Chlorophyta species. a- Acutodesmus obliquus (Turpin)
Hegewald & Hanagata, b- Monoraphidium minutum (Négeli)
Komarkova-Legnerova (Scale: 2 um).

Table 3: The chlorophyll-a, chlorophyll-b and total carotenoids
average values of cultured benthic algae (ug mL™?).

Total

Chlorophyll- a Chlorophyll- b .
Carotenoids
Chlorella vulgaris Beyerinck
. 11.240.2 4.9+0.6 2.8+0.2
(Beijerinck)
Acutodesmus obliquus (Turpin)
62.4+0.8 18.5£1.0 23.5+0.3
Hegewald & Hanagata
Monoraphidium minutum
62.0+0.9 12.5+1.2 40.3+0.4

(Nigeli) Komarkova-Legnerova
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Antioxidant Activity Analysis Results of
Microlgae: The 1Cso measurement results of reference
ascorbic acid and cultured bentic algae species are given in
Table 4.

Table 4: The ICs, measurement results of ascorbic acid and cultured
bentic algae species (ug mL™).

1Cso Results
Ascorbic Acid 1.228+0.12
Chlorella vulgaris Beyerinck (Beijerinck) 1.759+0.007
Acutodesmus obliquus (Turpin) Hegewald & Hanagata 1.507+0.012
Monoraphidium minutum (Négeli) Komarkova-Legnerova 1.398+0.017

DISCUSSION and CONCLUSION

In Altinapa Dam Lake, 8 Chlorophyta taxa were
isolated from benthic algae and these taxon were cultured.
Apart from these taxon, a large number of taxon have been
isolated but not reproduced when they have been
transferred to the medium and have not been able to obtain
successful results from their cultures. Since the obtained
taxa conformed to the culture conditions, they showed
reproduction and studies continue with these species. Light
microscopy images of the reproducing taxa were taken
from detailed images by scanning electron microscopy of
some of them. When the detection results of similar studies
in Turkey are examined, the benthic algae detected in
Altinapa Dam Lake showed similarities with the benthic
algae belonging to Chlorophyta phylum determined in
other studies. In addition, some types of scanning electron
microscope images were taken in order to take more
detailed pictures. It is envisaged that microscopic identified
benthic algae in our study will contribute to the other algal
flora studies. As a result of studies to determine the
amounts of chlorophyll-a, chlorophyll-b and total
carotenoids synthesis, the highest amount of chlorophyll-a
was found to be 62.4 + 0.8 pg mL* for Acutodesmus
obliquus species and the lowest amount found 11.2 = 0.2
ug mL* for Chlorella vulgaris species. The highest amount
of chlorophyll-b was determined as 18.5 + 1.0 ug mL"* for
Acutodesmus obliquus and the lowest amount found 4.9 +
0.6 ng mL? for Chlorella vulgaris. The highest total
carotenoids amount was found to be 40.3 = 0.4 pg mL* for
Monoraphidium minutum and the lowest amount found 2.8
+ 0.2 pg mL* for Chlorella vulgaris. ICsp values were
calculated as 1.228 + 0.12 ng mL™* for ascorbic acid that
have strong antioxidant properties, lowest value as 1.398 +
0.017 pg mL?! for Monoraphidium minutum that
calculated. According to these results Monoraphidium
minutum was found to have the highest antioxidant
activity.

When the results obtained are compared with the
results of other studies, Dere et al. (1998), in the study used
methanol solvent, determined the amount of chlorophyll-a
in Chlorophyta members macroalgae taken from fresh
water for Cladophora glomerata as 60.7 pg g They
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determined the amount of chlorophyll-a in Chlorophyta
members macroalgae taken from salt water for Ulva rigita
species as 54.6 pg g, for Codium tomentosum species as
49.0 pg gt for Phaeophyta member Cladostephus
verticillatus species as 51.3 pg g'. When the data are
compared, the results we obtained are higher than
Chlorella vulgaris species and similar compared to other
species. In the same study, determined the amount of
chlorophyll-b in Chlorophyta members macroalgae taken
from fresh water for Cladophora glomerata as 23.0 ug g2,
in Chlorophyta members macroalgae taken from salt water
for Ulva rigita as 24.1 pg g2, for Codium tomentosum as
21.8 pug gt In the same study used methanol solvent,
determined the amount of total carotenoids in Chlorophyta
members macroalgae taken from fresh water for
Cladophora glomerata as 19.2 ug g, total carotenoids
amount in Chlorophyta members macroalgae taken from
salt water for Ulva rigita as 20.8 pg g, for Codium
tomentosum as 24.7 ng g?, for Phaeophyta member
Cladostephus verticillatus species as 33.8 pg g*. When the
data are compared, the results we obtained are higher than
Chlorella vulgaris species and similar compared to other
species.

Seyfabadi et al. (2011) found the highest
chlorophyll-a value of 13.25 pug mL™! in different light
regimes of the microalgae species Chlorella vulgaris the
sample we studied, and it has been determined that the
result is close to the 11.2 pg mL* value we obtained.

Fabrowska et al. (2018) determined the amount of
chlorophyll-a for Cladophora glomerata species as 16.9 ug
mL!, for Cladophora rivularis species as 5.9 ng mL ™!, for
Ulva flexuosa species as 17.6 pg mL™!' in different
extraction methods in Chlorophyta members macroalgae
taken from fresh waters and it was determined that they
found lower results than the values we calculated. In the
same study, they found the highest amount of chlorophyll-
b in Chlorophyta members macroalgae for Cladophora
glomerata as 9.9 ug mL™!, for Cladophora rivularis as 2.6
pg mL™!, and fot Ulva flexuosa as 20.1 ug mL™' species. In
the same study, they found the highest total carotenoids
amount in Chlorophyta members macroalgae for
Cladophora glomerata species as 3.0 pug mL™!, for
Cladophora rivularis species as 1.0 pg mL™" and for Ulva
flexuosa species as 2.2 ug mL™!, and they found lower
results compared to the values we obtained.

In the study of Durmaz et al. (2008), the amount
of chlorophyll-a was found in Chlorophyta members
macroalgae for Ulva sp. species, as 706.8 pg g, the total
amount of carotenoids was found in the same species as
311.0 pg gt and when the data were compared, the results
we obtained were found to be lower.

In the study of Duygu et al. (2019), the amount of
chlorophyll-a was found in Chlorophyta members
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macroalgae taken from fresh waters for Cladophora
glomerata as 5.07 pg mL, Mougeotia sp. as 1.47 pg mL-
1, the amount of chlorophyll-b for Cladophora glomerata
as 3.99 ug mL*, Mougeotia sp. as 0.71 pg mL?, the
amount of total carotenoids for Cladophora glomerata as
756.4 ng mL, Mougeotia sp. as 196.4 ug mL* and when
the data were compared, the results we obtained for
chlorophyll-a and chlorophyll-b were higher and total
carotenoids was lower.

Yigitkurt et al. (2020) examined 12 different
species taken from salt water and determined the highest
amount of chlorophyll-a and total carotenoids as 0.319 mg
g* and 0.532 mg g?, respectively, in the Chlorophyta
member Chaetomorpha linum and when the data were
compared, the results we obtained were found to be lower.

Liu et al. (2017) stated that extracts with low ICsp
values show stronger antioxidant activity. In the study, in
which the antioxidant activity of brown algae was
evaluated and two different extraction methods were used,
ICso values were determined as 0.0063 mg mL? for
Ascophyllum nodosum species, as 0.0038 mg mL* for
Fucus vesiculosus species, as 0.74 mg mL for Laminaria
digitata species, as 0.09 mg mL™ for Alaria esculenta
species and as 0.62 mg mL for Saccharina latissima
species. The ICso value determined as the positive control
was calculated as 0.051 mg mL?' for butylated
hydroxytoluene and as 0.0063 mg mL™ for ascorbic acid.
The studied Fucus vesiculosus species gave lower 1Cspthan
the reference ascorbic acid, while the Ascophyllum
nodosum species gave the same ICsg value as ascorbic acid.

Souza et al. (2011) evaluated the antioxidant
potential of red algae, and the I1Cso values in the methanol
extract were determined as 0.76 mg mL for Gracilaria
birdiae and as 0.86 mg mL™ for Gracilaria cornea. The
ICso value determined as the positive control was
calculated as 0.48 mg mL"* for butylated hydroxytoluene.
The studied species gave ICsp values close to the reference
butylated hydroxytoluene.

Coulombier et al. (2021), according to the data
about the table in the review article that which they
evaluated many studies on the antioxidant compounds of
microalgae, they reported the ICso value of Chlorella
vulgaris and Chlamydomonas reinhardtii species as 55-73
pug mL?, and the 1Cso value of ascorbic acid, which was
determined as positive control, as 127.5 ug mL™. Also,
according to the author, the antioxidant activity of the
Chlorella genus has been proven by several researchers.
According to the study, it was stated that Chloromonas sp,,
Botryidiopsidaceae ~ sp.,  Scenedesmus  obliquus,
Haematococcus pluvialis, Dunaliella salina, Galdieria
sulphuraria, Ettlia carotinosa, Neochloris texensis,
Chlorella minutissima, Chlorella vulgaris, Schizochytrium
limacinum, Stichococcus bacillaris and Crypthecodinium

232

J. Anatolian Env. and Anim. Sciences, Year:7, No:2, (227-234), 2022

cohnii species gave interesting results. When the data were
compared with the results in our study, the 1Cso value of
1.398 pg mL* obtained from Monoraphidium minutum
species gave very close results to the ICso value of 1.228
ug mL* obtained from the reference antioxidant ascorbic
acid.

Consequently, in our study, Chlorophyta species
which are studied for the determination of chlorophyll-a,
chlorophyll-b and total carotenoids amounts, especially the
species Monoraphidium minutum and Acutodesmus
obliquus produced remarkable results. In our study,
Monoraphidium minutum and Acutodesmus obliquus
species showed that they have high antioxidant activity by
giving approximately the same 1Cs value due to their high
pigment content, which causes high antioxidant activity.
Since Monoraphidium minutum and Acutodesmus obliquus
species belonging to the Chlorophyta phylum give ICso
values that were close to the highly antioxidant ascorbic
acid that is taken as reference, it is concluded that,
especially these species from the studied microalgae has a
potential to contribute economically when they are
produced under suitable conditions for use in the food and
pharmaceutical industries.
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Oz: Fenol ve tiirevleri ¢evrede yaygin olarak bulunmakta ve su kalitesinin 6nemli bir
gostergesi olarak kabul edilmektedir. Sucul ortamlarda fenollerin varlig1 ayn1 zamanda
ortamdaki petrokimya, zirai, endiistriyel ve belediye atik sulariyla da iligkilidir. Fenol,
kirlilik olusturdugu sucul ekosistemler basta olmak iizere, insana kadar uzanan tiim
besin zincirinde biyobirikim ve toksisiteye neden oldugundan, izlenmesi gereken bir
degiskendir. Bu c¢alismada, Aksu Deresi’ndeki toplam fenol konsantrasyonunun
mevsimsel acidan tanimlanmasi ve nicellestirilmesi hedeflenmistir. Bu amaglar
dogrultusunda Aksu Deresi’nden mevsimsel drnekleme ile {i¢ farkli noktadan toplanan
yiizey suyu numunelerinde fenol konsantrasyonlari arastirilmigtir. Su 6rneklerinin
toplam fenol konsantrasyonlarinin 0,069 mg/L ile 1,125 mg/L arasinda oldugu rapor
edilmigtir. Ayrica, istasyonlara gore fenol birikiminde anlamli bir farklilik
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A Study on Phenol Pollution in the Aksu Creek (Giresun, Turkey)

Abstract: The phenol and its derivatives are widespread found in environment and
accepted as an significant indicator of water quality. Presence of phenols in aquatic
environments is also associated with petrochemical, agricultural, industrial and
municipal wastewater in environment. Phenol is a variable that should be monitored
since it causes bioaccumulation and toxicity in the entire food chain extending to
people, especially in aquatic ecosystems where it pollutes. In this article, it is aimed to
define and quantify total amount of phenol concentration in Aksu Creek in terms of
seasonal periods. Total phenol concentrations of water samples has reported between
0.069 mg/L and 1.125 mg/L. Moreover, it is noted that there is no substantial difference
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GIRiS

Giinimiizde dogal kaynaklarda meydana gelen
farkli nitelikteki  kirlenmelere ek olarak, salgin
hastaliklardaki artis ile kiiresel c¢apta yasanan

sosyoekonomik yapidaki degisimler de bir¢cok sorunu
beraberinde getirmektedir. Insanoglu da bu degisim
stirecinde saglikli ve siirdiiriilebilir bir yasam parolasi
arayis1 igerisindedir. Bu baglamda ele alinan dogal
kaynaklar arasinda su oldukg¢a 6nemli bir yere sahiptir. Su
kaynaklarindaki kirlenmenin kdkeni her ne olursa olsun,
basta sanayi devrimi ve beraberinde getirdigi niifus artisina
paralel olarak artan gida ihtiyacin1 karsilama noktasinda
tercih edilen zirai ilaglara dayali kontrolsiiz tarim
faaliyetlerinin dogal su kaynaklarimiza vermis oldugu
zarar da dikkat ¢eker bir hal almistir (Mutlu vd., 2018; Bat
vd., 2021; Yicel & Cam, 2021). Bununla birlikte
cagin  gereksinimleri  dogrultusunda
antropojenik  aktivitelerden kaynaklanan ¢ok farkli
nitelikteki  kirletici dikkat ¢ekmekte ve
arastirmacilar tarafindan izleme programlar ile siirekli
kontrol edilmektedir (Minareci & Bazer, 2019; Acar vd.,
2021; Giimiis, 2021; Sukatar vd., 2021; Verep & Mutlu,
2022).

yasadigimiz

unsurlar

Su kaynaklarinin kalitesi ve kirlenme probleminin
irdelenmesinde birden ¢ok siniflandirma mevcut olup,
ozellikle insan sagligina dogrudan olumsuz etkisi oldugu
tespit edilmis ve dolayisiyla limit degerleri belirlenmis
olan degiskenler oncelikli parametreler kapsaminda ele
alinmaktadir. Bu kapsamda degerlendirilen Fenol, renksiz
ve kristal bir yapidadir. Dogal olarak komiir katraninda
bulunan fenoller, ayn1 zamanda sentetik iiriin olarak da
mevcudiyetini slirdiirebilmektedir. Farkli nitelikteki birgok
ticari faaliyette 6zellikle, petrol, plastik, ilag, boya, recine
ve deterjan proseslerinde fenol veya fenollii bilesiklerin
kullanimi s6z konusudur. Fenol veya tiirevlerinin bu
endistriyel kullanimi esnasinda su kaynaklarina bulasinin
yani sira; agag¢ urilinlerinin dogal bozunumu ile tarim ve
hayvancilik faaliyetlerinden ve evsel atik su desarjlarindan
da cevreye bulag1 s6z konusudur (Nemerov vd., 2009).
Fenol ve tiirevleri, su ortamlarinda birikerek zayif bir asit
gibi davranabilir. Dahasi, biiyiik o6lgiide yiikseltgenebilir
olduklarindan sudaki ¢6ziinmiis oksijeni azaltirlar (Basha
vd., 2010). Zayif biyolojik bozunabilirlikleri, yliksek
toksisiteleri ve ekolojik yonleri nedeniyle endiistriyel atik
sulardaki baslica tehlikeli bilesiklerdendir. Eliminasyonu
oldukg¢a zor olan bu bilesikler ciddi ¢evresel problemlere
neden olmakla birlikte sucul yasam, insan ve bitki yasami
icin ytliksek toksisite icerigi nedeniyle de bilinen tehlikeli
bir kimyasal grubudur. Toksik etkileri nedeniyle ABD
Cevre Koruma Ajansit (EPA), Avrupa Birligi (AB) ve
Diinya Saglik Orgiitii (WHO) gibi farkl1 diinya kuruluslari
tarafindan Oncelikli kirleticiler olarak listelenmektedir.
Bilinen en tehlikeli organik Kirleticilerden olan fenol ve
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tirevlerinin  toksisitesi, esas  olarak  hidrofobik
karakterlerinden ve ayrica serbest radikal olusturma
yeteneklerinden ileri gelmektedir (EPA, 1978). Fenoliin
sucul ekosistemlerde tim organizmalar icin LC 50
degerleri, 0,26 ila 1204,6 mg/L araligi gibi genis bir
yelpazede degismekte olup, bu durum fenoliin kimyasal
toksisitesinin tiirden tiire de degistigini gostermektedir
(Duan vd., 2018).

Dogal bozunmaya kars1 direngli ve biyoakiimiile
yetenegi fazla olan polisiklik aromatik bilesikleri yapisinda
barindirmasi; insanlarda ve yiiksek organizasyonlu
memelilerde kanserojenik, teratojenik ve mutajenik
potansiyelini gostermektedir. Konsantrasyon seviyesi ve
maruz kalma siireSine bagl olarak, fenollerin ve/veya
tirevlerinin timorlere neden oldugu, lireme sistemini
etkiledigi ve bagisikligin azalmasina neden oldugu
bilinmektedir. Fenolik kirleticilerin, insan viicudunu
mukoza, sindirim sistemi, solunum yolu ve deri yoluyla
istila eden ve viicuttaki proteinlerle kimyasal olarak
reaksiyona giren oldukga toksik organik kirletici oldugu,
protein denatiire ettigi, pihtilagmaya sebebiyet vererek
hiicre inaktivasyonu ile siireci sonlandirdig: bilinmektedir
(Sun vd., 2022). Benzer sekilde, giiclii penetrasyon
yetenegi nedeniyle dokuya niifuz ederek hayvanlarda ve
insanlarda sistemik zehirlenmelere, hatta agir vakalarda
6lime neden olabilecegi ifade edilmektedir (Hansch vd.,
2000). Fenolik organik kirleticilerin insanda akut toksisite
etkileri tahris, kusma, ishal, zihin karigikli§i ve mide
bulantis1 seklindedir. Viicut sicakliginin artmasi, asiri
terleme, koordine olmayan hareket, kas segirmesi ve koma
ek yan etkilerdir. Fenolik organik Kkirleticiler ile temas
(6zellikle buhar seklinde) cildi, gozleri ve agzi tahris
edebilir (Adeola vd., 2018).

Fenol ve tiirevlerinin sadece sucul ekosistemlerde
degil, besin zincirinin tiim halkalarinda mevcudiyetini
stirdlirebilmesi ve canli yagamini tehdit etmesi, mutlak
suretle izlenmesini ve kontrol altinda tutulmasini zorunlu
kilmaktadir. Bu nedenle caligmada Dogu
Karadeniz Bolgesi’nin tatli su rezervleri bakimindan

mevcut

onemli bir yere sahip, Giresun ilinin en onemli tath su
kaynaklarindan biri kabul edilen ve aynmi zamanda il
merkezinden Karadeniz’e desarj olan Aksu Deresi’ndeki
toplam fenol konsantrasyonu arastirilmistir.

MATERYAL ve METOT

Calisma Alan ve Istasyonlar: Karadeniz Bolgesi
Giresun ili Merkez ilge (Duroglu Beldesi) smirlari
igerisinde yer alan Aksu Deresi, kaynagini Giresun
Daglari’ndan almaktadir. 3107 m yiikseklikte Karagdl
bolgesinden dogup, Kiziltas, Sartyakup, Pinarlar ve Guidiil
bolgelerindeki birgok dere ile beslenerek 60 km mesafe
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aldiktan sonra Merkez ilgenin dogu sinirindan Karadeniz'e
dokiiliir. Aksu Havzasi glineyinde Kili¢ Dagi (3107 m) en
yiiksek alani olusturmaktadir. Yiikselti farki 3107 m ile
oldukga fazladir, egim degerleri 0° ile 90° arasinda degisir.
Aksu Deresi’ne su toplayan havzamn alan1 731 km?, gevre
uzunlugu 129,4 km, maksimum yiiksekligi 3107 m, ana
kanal uzunlugu 58,8 km ve egimi de %4,5’tir. Havza
medyan degeri 2102,3m, akarsu derecesi 4, drenaj
yogunlugu 0,48 km? ve kanal frekans: ise 0,16 su
yolu/km?’dir. Sogucaksu, Kargilimacun, Tehnelli, Karpuz,
Kiigiikaksu, Kirkgegit, Bafadan, Tatlicay, Cobandzi,
Egrioz, Hayitli, Karganli, Asar, Naneli, Kuzgun dereleri
gibi yan kollardan olusur (Anli, 2003). Akarsu yiizeyi 250
ha ve debisi 562,0 hm*/yil’dir. Giresun ilinin yiizey suyu
toplam su kaynagi potansiyeli 4373 hm?/y1l olup, bunun
562,0 hm*/yili Aksu Deresi’nden saglanmaktadir. Aksu
Deresi’nin meydana getirdigi aliivyal dolgular ayrica, yer
alt1 suyu akiferlerini de olusturmaktadir. Giresun Merkez
ilce igme suyunun temin edildigi Etbasoglu ve Duroglu
kuyular1 Aksu Deresi ile beslenmektedir. Mevcut
kuyulardan temin edilen suyun ise sadece klorlanarak
sebekeye verildigi bilinmektedir (il Cevre Durum Raporu,
2020).

Giresun il merkezinin en Onemli tath su
rezervlerinden biri olan Aksu Deresi, basta HES
faaliyetleri olmak iizere, dogrudan ve/veya dolayli olarak
madencilik, tarimsal faaliyetler, yogun evsel atik ve sanayi
atiklarina maruz kalmaktadir (il Cevre Durum Raporu,
2020). Su numunelerinin 6rneklendigi 1 nolu istasyon,
antropojenik baskinin diger bolgelere nazaran daha diisiik
oldugu ve derenin karakteristigini temsil eden bdlgeyi, 2
nolu istasyon Dereli ilge merkezinin Giresun istikameti
¢ikisindaki bolgeyi ve 3 nolu istasyon Aksu Deresi’nin
Karadeniz’e desarj oldugu ancak tatlisu kiitlesinin deniz
suyu ile karigmadig1 bolgeyi kapsamaktadir.

KARADENIZ

P

e S dedi| B A
Sekil 1. Ornek toplama istasyonlari (Google Earth).
Figure 1. Sample collection stations (Google Earth).

Su Orneklerinin Toplanmast ve Analiz Asamast:
Su 6rneklerinin toplanmas1 amactyla ¢aligmada kullanilan
numune kaplari operasyon Oncesinde; sirasi ile normal
yikama, zayif asit banyosu ve deiyonize sudan gegirilerek
temizlenmis ve etlivde kurutularak kullanima hazir hale
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getirilmistir. Su numunesi toplama iglemi TSE standardina
uygun olacak sekilde, koyu renkli cam siseler aracilig ile
mevsimsel olarak 2018 yili igerisinde 3 farkli istasyondan
toplanmistir. Her bir istasyonu temsilen, o istasyonun {i¢
farklt noktasindan ayni hacimde toplanan Ornekler
birlestirilmistir. Toplanan su 6rnekleri 2 saat igerisinde
soguk zincir altinda laboratuvar ortamina tasinarak
bekletilmeden analiz edilmistir.

Yiizeysel su oOrneklerinde fenol tayini igin
kolorimetrik yontem kullanilmistir. Fenoliin alkali ortamda
potasyum ferrisiyanit varliginda 4-aminoantipirin ile
reaksiyonu sonucunda turuncu bir rengin meydana gelmesi
prensibinden faydalanilmistir. Numunelerdeki kalinti fenol
konsantrasyonu, olusan rengin 500 nm dalga boyunda
absorbsiyonuna dayali olarak hazirlanan standart egriye
gore hesaplanarak mg/L cinsinden 6lglim kaydedilmistir
(Baler vd., 2017). Tim islemler 3 tekrarli olarak
gerceklestirilmistir. elde
degerlerin istatistiksel hesaplamalar1 SPSS 25 paket
programu ile gergeklestirilmistir.

Analiz  sonucunda edilen

BULGULAR ve TARTISMA

Aksu Deresi’nin ii¢ farkli noktasindan mevsimsel
olarak tespit edilen toplam fenol miktarindaki degisim
grafigi Sekil 2°deki gibi kayit edilmistir.

Fenol
_|

'

Sonbahar Kig

T =

Ilkbahar Yaz

Mevsimsel

Sekil 2. Toplam fenol konsantrasyonun mevsimsel degisimi
(mg/L).

Figure 2. Distribution of seasonal variation in total phenol
concentration (mg/L).

Istasyonlara  gdre mukayese yapildiginda
ilkbahar, yaz, sonbahar ve kis mevsimlerinde toplam fenol
konsantrasyonu sirastyla; 1. istasyonda: 0,103 mg/L, 0,069
mg/L, 0,218 mg/L ve 0,504 mg/L; 2. istasyonda: 0,205
mg/L, 0,125 mg/L, 0,373 mg/L ve 0,544 mg/L; 3.
istasyonda 0,235 mg/L, 0,266 mg/L, 0,685 mg/L ve 1,125
mg/L olarak belirlenmistir (Sekil 3). Su 6rneklerinde tespit
edilen fenol konsantrasyonlari arasinda istasyonlara gore
anlamli bir farklilik tespit edilememistir (p>0,05). Ayrica,
kiimeleme analizi sonucunda fenol konsantrasyonun
ilkbahar ile yaz mevsimi ve sonbahar ile kis mevsimi
arasinda yakin iliskili gruplar olusturdugu rapor edilmistir
(Sekil 4).
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Fenol

1 2 3
istasyonlara
Sekil 3. Istasyonlara gore toplam fenol konsantrasyonu degisimi
(mg/L).
Figure 3. Distribution of stational variation in total phenol
concentration (mg/L).

Dendrogram using Ward Linkage
Rescaled Distance Cluster Combine
s 10 15 20 25
1 h 1 N

ilkbahar

Kis

Sekil 4. Hiyerarsik kiimeleme (HCA) analizi sonuglart.
Figure 4. Results of hierarchical clustering (HCA) analysis.

Suda olduk¢a ¢6ziinebilir olan fenol, eger su
klorlanmayacak ise 100 pg/L konsantrasyona kadar kabul
edilebilir  (Nemerov vd., 2009). Ancak klorlama
neticesinde olusabilecek yan iriinler nedeniyle suda
toplam fenol igerigi 1 pg/L konsantrasyonun altinda
olmalidir (De Zuane, 1990). AB standartlarina gore fenol,
“yiiksek miktarda bulunmasi istenmeyen maddeler”
arasinda listelenmis ve en yiiksek izin verilebilir
konsantrasyon 0,5 pg/L CeHsOH olarak belirlenmistir
(klorla reaksiyon vermeyen fenoller hari¢ olmak iizere).
Diinya Saglhk Orgiiti (WHO) kilavuzlarina gore ise, igme
suyunda izin verilen fenolik konsantrasyonu 0,001
mg/L’dir (Rao vd., 2010; Aghav vd., 2011; WHO, 2011;
Rosales vd., 2016; Nasiri vd., 2018; Othmani vd., 2022).
Kiiresel Olcekte yapilan caligmalarda fenol
konsantrasyonunun, Singapur nehirlerinde 0,12 pg/L ile
5,9 ng/L araliginda (Tang vd., 2013), Polonya'da 0,02 pg/L
ile 7,07 pg/L araliginda (Michatowicz vd., 2011), Moskova
Nehri (Rusya)'nde 0,9 pg/L ile 10,8 pg/L araliginda
(Filipov vd., 2002), Almanya'da 43 pg/L ile 138 pg/L
araliginda (Montero, 2005), Cin nehirlerinde 0,18 pg/L ile
135,5 png/L araliginda (Zhong vd., 2018), Yunanistan’daki
bazi dogal su kaynaklarinda ise: Tripotamos: 19,4 ng/L,
Koutikas: 10,2 pg/L, Arapitsa: 12 pg/L, Fdeseos: 11,9
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pg/L, Sakolevas: 11,1 pg/L oldugu belirlenmistir. Yine
ayni caligmada farkli noktalardan Ornekleme yapilan
nehirlerdeki ortalama fenol degerleri degisimini ise yine
pg/L diizeyinde; Aliakmon: 8,5 ile 11,2, Axios: 10,4 ile
11,2, Loudias: 12,4 ile 15,0 ve Strymon: 11,7 ile 13,2
araliginda Olgiimlendigi rapor edilmistir (Sofonio vd.,
2000). Konsantrasyon araliklar1 arasindaki farklarm, bu
fenolik bilesiklerin farkli {lkeler arasindaki tliketim
modelindeki degisimlerinin yan1 sira iklim ve su kalitesi
farkliliklarini da yansittig1 ifade edilmektedir (Ramos vd.,
2021).

Ulkemizde, Mudurnu Nehri’nde yapilan bir
arastirmada en yiiksek ve en diisiik fenol degerleri sirasiyla
0,6 mg/L ve 0,1 mg/L olarak tespit etmislerdir. Caligmada
ortalama en diisiik fenol degeri 0,15 mg/L, en yiiksek fenol
degeri ise 0, 27 mg/L olarak rapor edilmistir (Bayraktar,
2007). Degirmendere Deresi (Trabzon) fenol igeriginin
0,005-0,007 mg/L araliginda oldugu bildirilmistir (Boran
ve Karagam, 1996). Aksu Deresi’nde ¢calismamizdan daha
once DSI 22. Bolge Miidiirliigii (Trabzon) tarafindan 2014
yili boyunca gerceklestirilen analizlerde en yiiksek fenol
konsantrasyonu 0,012 mg/L olarak rapor edilmis olup, bu
deger bizim en kii¢iik bulgumuz olan 0,069 mg/L’den gok
daha dusiik olarak kayit edilmistir. Literattir galigmalariyla
yapilan mukayeseye gore Aksu Deresi suyunda tespit
edilen toplam fenol miktarinin oldukga yiiksek diizeyde
oldugu ortaya c¢ikarilmigtir. Sucul ekosistemlerdeki fenol
miktarindaki artisin, dereye yapilan evsel ve endiistriyel
kaynakli atik su desarjinin artmasi veya insan ve hayvan
atiklarinin suya karigmast sonucunda meydana geldigi
bilinmektedir (Bayraktar, 2007).

SONUC ve ONERILER

Fenollerin, farkli sucul ekosistemlerde ve
endiistriyel atiklarda siklikla bulunmasina ek olarak,
sadece suda degil aym1 zamanda toprakta, gida
maddelerinde, kara ve deniz hayvanlarinda da birikimleri,
toksisiteleri ve biyokonsantrasyon kapasiteleri nedeniyle
analizleri ve kontrolleri birinci derecede 6nem tasimaktadir
(Liu vd., 2012). lyi su ¢oziiniirliigii ve hareketliligi
nedeniyle, fenollerin igme suyuna bulagi muhtemeldir ve
diisiik konsantrasyonlarda bile canli popiilasyonlar icin
biliyilk riske neden olabilir. Ayrica, fenollerin ¢esitli
biyolojik siirecler iizerinde olumsuz etkileri oldugu da
bilinmektedir (Othmani vd., 2022). Sucul ekosistemdeki
fenolik kirleticilerin etkili bir sekilde tespitinin ve giderimi
kiiresel bir sorun haline geldigi ortadadir (Wu vd., 2022).
Bu nedenle ¢calismamizda, Giresun ilinin en 6nemli tatl su
rezervlerinden biri olan ve Karadeniz’de sonlanan; enerji,
tarimsal faaliyet ve giinlik kullanim gibi insani
gereksinimlerden dolayr farkli bir¢ok amag igin suyu
kullanilan Aksu Deresi’ndeki toplam fenol mevcudiyeti

arastiritlmistir.
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Mevsimsel olarak gerceklestirilen bu ¢aligmada
analiz edilen her yiizeysel su numunesinde toplam fenol
miktar1 tespit edilmistir. Ustelik su numunelerinde tespit
edilen konsantrasyonlarin referans degerin oldukga
iizerinde seyretmesi konunun 6nemini daha da arttirmakta
ve mutlak suretle onlem alinmasi gerektigi sonucunu
ortaya ¢ikarmaktadir. Ayrica, literatiir ¢aligmasinda da
tespit edilen fenol kirlilik diizeyinin dramatik bir sekilde
arttiginin tespit edilmesi, bir an 6nce gerekli tedbirlerin
almmasini zaruri kilmaktadir. Literatiir bulgularinda fenol
kirliliginin genellikle petrol rafinerisi, komiir isleme,
petrokimya, ilag ve diger endiistriyel desarjlar ile sucul
ortama bulastiginin tespitine ilaveten, ilimiz 2019 yih
Cevre Durum Raporu’nda Aksu Deresi’ni alici ortam
olarak kullanan isletmelerin de bu kirlilige katkida
bulunabilecegi diisiincesini ortaya ¢ikarmistir. Bu durum,
Aksu Deresi’nin ve desarj oldugu Karadeniz’in fenol
degiskeni bakimindan mutlak suretle siirekli izleme
programlari ile daha hassas ve ayrintili yontemlerle kontrol
edilmesi gerektigi sonucunu da ortaya ¢ikarmaktadir. Aksi,
halde yasanacak Dbiyobirikim ve/veya
bozulma sonucunda insanlar da dahil olmak {izere tiim

ekosistemde

canlilari
ka¢inilmaz olabilir.

olumsuz etkileyecek durumlarin yasanmasi
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