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Abstract: Parrots are birds that live in the tropical and subtropical regions of the world. The
#(: https://orcid.org/0000-0002-7764-1215 international trade of parrots is carried out according to the CITES Convention. A total of 135
parrot species were imported and 40 parrot species were re-exported between 1982 and 2016 in
Turkey. The introduction and establishment of alien species in any country is an undesirable
situation. Alien species can have a negative impact on ecosystem, economic, human health and
social factors in countries. Therefore, alien species should be monitored. In this study, the possible
impact of exotic parrots on human health and well-being is assessed, which was given in three
stages (literature search, bird watching database, ectoparasite investigation). Cage birds (pets)
were the subject of 89% of theses, 88% of WoS articles, and 92% of Dergipark articles, according
to the results. There have been several records of the sounds of the alien rose-ringed parakeet
(Psittacula krameri) (RRP) and the Alexandrine parakeet (Psittacula eupatria) (AP) having

e T s negative impacts on human well-being. Both species have had no impact on human health to date

EsraPER in Turkey, but it is possible that in the future it could be determined that they carry various

Department of Biology, Faculty of Science, microorganisms and vectors. RRP and AP individuals live in the wild as a result of intentional or

Gazi University, Teknikokullar, Ankara, accidental introductions. Besides, pet trade on these species continues in Turkey. This situation

Turkey esraper@gazi.edu.tr poses a biosecurity concern. To overcome these issues, biosecurity measures should be increased

B: esraper@gazi.edu.tr in Turkey and incorrect scientific researches should not be considered in the management of these
species.

Keywords: Alien species, biosecurity, incorrect assessment, public health, trade.

Egzotik Papaganlarin insan Saghg ve Refah1 Uzerindeki Olas1 Etkisini Anlamak

Oz: Papaganlar, diinyanin tropikal ve subtropikal bolgelerinde yayilis gésteren kuslardir.
Uluslararasi papagan ticareti CITES So6zlesmesine bagli olarak yapilmaktadir. Tiirkiye'de 1982-
2016 yillart arasinda toplam 135 papagan tiirii ithal edilmis ve 40 papagan tiirli yeniden ihrag
edilmistir. Yabanci tiirlerin iilkeye girisi ve yerlesmesi istenmeyen bir durumdur. Yabanci tiirlerin
tilkelerdeki ekosistem, ekonomi, insan sagligi ve sosyal faktorler iizerinde olumsuz etkileri
olabilmektedir. Bu nedenle yabanci tiirler izlenmelidir. Bu g¢aligmada Tiirkiye’de egzotik
papaganlarin insan sagligi ve refahi tizerindeki olasi etkisi degerlendirilmistir. Arastirma iig
asamali olarak planlanmustir (literatiir arastirmasi, kus gozlem veri tabami ile ektoparazit
aragtirmast). Tezlerin % 89'unun, WoS makalelerinin % 88'inin ve Dergipark makalelerinin %
92'sinin kafes kuglari (evcil hayvanlar) {izerine oldugu tespit edildi. Yesil papagan (Psittacula
krameri) (YP) ve iskender papagan (Psittacula eupatria) (IP)’nin seslerinin insan refah iizerinde
olumsuz etkileri olduguna dair birkag kayit vardir. Her iki tiir de Tiirkiye’de simdiye kadar insan
*Sorumlu yazar: sagligt tizerinde herhangi bir etkiye sahip degildir, ancak gelecekte bu tiirlerin cesitli
EsraPER mikroorganizmalar1 ve vektorleri tasidigi tespit edilebilir. YP ve IP, kasith veya kazara
Syl e, Hm Feldliedl, G birakilmalarinin bir sonucu olarak vahsi dogada yasiyor. Ayrica Tiirkiye'de bu tiirlerin evcil
l;g;:f;:“es}’ Teknikokullar Kampiisti, Ankara, hayvan ticareti devam etmektedir. Bu durum biyogiivenlik agisindan endise olusturmaktadir. Bu
= o el konularin istesinden gelmek i¢in Tiirkiye'de biyogiivenlik 6nlemleri artirilmalt ve bu tiirlerin
yonetiminde yanlis bilimsel arastirmalar dikkate alinmamalidir.

Anahtar kelimeler: Biyogiivenlik, halk sagli, ticaret, yabanci tiirler, yanlis degerlendirme.
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INTRODUCTION

People have been transporting parrots to various
countries around the world since the 1400s. A total of 44
species have established new populations outside of their
native ranges (Runde et al., 2007). The spread of non-
native species was facilitated by the globalization of trade
and travel. Some of these species have been established out
of the native range and cause serious environmental,
economic and human health effects (Keller et al., 2011).

Parrots are birds that locate in tropical and
subtropical regions throughout the world. The international
trade of parrots is carried out according to the CITES
Convention. According to the CITES database, 135 parrot
species were imported and 40 parrot species were re-
exported in Turkey between 1982 and 2016 (Per, 2018).
The Alexandrine parakeet (Psittacula eupatria) (AP) was
first recorded in Ankara in 1990, and the rose-ringed
parakeet (Psittacula krameri) (RRP) was first recorded in
Ankara in 1975 (Per, 2019). These species have spread and
established breeding populations in the wild in Turkey
(Kirwan et al., 2008). The introduction and establishment
of alien species in a country is an undesirable circumstance
since alien species can have an adverse impact on a
country's environment, culture, human health, and social
factors. In order to make an accurate assessment,
monitoring is required. Therefore, the Parakeet Census of
Turkey study has been conducted since 2016.

The introduction of alien species by humans, for
different reasons, has resulted in the introduction of more
species into the local environment. The low level of
quarantine measures and border controls are major issues
in this field. For economic interests, many alien species
have been deliberately introduced. Invasive alien species
have different effects on people (Mcneely, 2001). Parrots
can carry potential disease vectors, and threaten not only
native bird species but also cage birds, poultry flocks,
aviculture and human health (Runde et al., 2007). An
impact evidence-mapping database on the ecological and
social impacts of 11 non-native parrot species in Europe
has been created. This database primarily focuses on two
species: RRP (64%) and Monk parakeet (Myiopsitta
monachus) (19%). Parrots have impacts on human health
(5%) and human well-being (3%) based on this database
(White et al., 2019). The issue of human health and human
well-being in the management of introduced parrot species
is included in the socio-economic assessment.

Through enhanced international cooperation, the
Convention on Biological Diversity provides significant
opportunities for addressing the complex global challenges
of Invasive Alien Species (IAS) (Mcneely, 2001). Alien
species are considered to be a threat to overall biodiversity
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loss worldwide (Bremner & Park, 2007). An important but
often overlooked form of impact of native species is the
parasite-mediated one. The alien species can carry
parasites from their native distribution areas or receive
parasites from native species, potentially raising the risk of
parasite transmission and spread. The identification of
parasites carried by alien species is crucial for determining
and potentially avoiding negative effects (Mori et al.,
2015). There is not any general assessment of invasive
alien parakeet species and ectoparasites in the wild,
Turkey.

As a result of improvements in Citizen Science, it
is possible to effectively monitor IAS through community
engagement (Roy et al., 2018). Invasion biology focuses
on ecological effects by estimating the spread and
developing control methods rather than documenting the
economic and social impact on society. The next
generation IAS science and policy should reflect the fact
that IAS are becoming a major driver of global
environmental change with implications for biodiversity
and human welfare (Pejchar & Mooney, 2009). Public
support can be critical to the success of management
projects. Education activities can help raise public
awareness and support (Bremner & Park, 2007). The
Ministry of Agriculture and Forestry has begun to work for
the management of 1AS in marine and coastal ecosystems
in Turkey. The new management approaches for terrestrial
IAS will be developed by the ministry in the coming years.

The aim of this study is to understand the possible
impact of exotic parrots on human health and well-being,
as well as to evaluate current research and make
recommendations for future studies.

MATERIALS AND METHODS

This research was carried out in three stages. A
literature search was conducted in the first stage to
determine the impact of parakeets and parrots on public
health in Turkey, and a parrot research database was
created by using Web of Science (WoS), the digital
platform of academic journals published in Turkey
(Dergipark), and theses. The database queries were used to
make the numerical assessment.

For this database, the WoS and Dergipark systems
were searched based on studies conducted in Turkey. The
species in this database have been subjected to numerical
assessments and comparisons. The following parameters
were used to conduct database queries: “bird”, “aves”,
“parrot”, “parakeet”, “parasite”, “bacteria”, ‘“virus”,
“impact”, and “human health” for the research method,;
“article”, “guide”, “book™ and “project report” for the
research type; “year” for the completion date.
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The National Thesis Centre of the Turkish
Council of Higher Education CoHE database was searched
for master's theses and doctoral dissertations (Yoktez,
2019). The following parameters were used to conduct
database queries: “bird”, “aves”, “parrot”, ‘“parakeet”,
“parasite”, “bacteria”, “virus”, “impact”’, and “human
health”.

In the second stage, “The Turkey Parakeet Census
Voluntary Network” was established in 2016. For RRP and
AP observations, a Google Docs observation form was
developed. Observers sent their different parrot
observations by observation form. A database was
established for exotic parrot monitoring in Turkey. This
database includes information on parrots' impacts on the
ecosystem, economy (as an agricultural pest), and social
factors (disease and sound) (The Parakeet Census of
Turkey, 2019). The observation results were used to make
numerical assessment.

With the permission of the Ministry of National
Defence, fieldwork was conducted in the Anitkabir
Campus (Memorial Tomb) (39°55'33"N 32°50'10"E),
Ankara province, Central Anatolia. Anitkabir is made up
of the monumental blog containing the mausoleum and the
Peace Park. Peace Park formed by 104 different species of
plants, shrubs, and trees sent from different parts of Turkey
and various countries of the world (Afghanistan, Austria,
Belgium, Canada, China, Cyprus, Denmark, Egypt,
Finland, France, Germany, Greece, India, Iraq, Israel, Italy,
Japan, Norway, Portugal, Spain, Sweden, United
Kingdom, United States and Yugoslavia) is a symbolic
League of Nations (Culture and Tourism Directorate of
Ankara, 2013). This campus is open to the public every day
from 9:00 a.m. to 5:00 p.m. (17:00, till 4:00 p.m./16:00 in
winter).

The RRP population was observed for a year and
feathers were collected in Anitkabir Campus for the third
stage. Ectoparasite research was carried out in and around
the mausoleum. The mausoleum building is home to RRP
individuals (Figure 1).
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The Featherbase template is used to identify bird
feathers (Featherbase, 2019). Parakeets breeding on the
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mausoleum building had their contour feathers, flight, and
tail feathers collected. In the mornings, parakeets are very
active around their nests on the mausoleum building.
Meanwhile, some of their feathers fell out when they
entered and exited the nest. As soon as the feathers hit the
ground, they were quickly gathered. Each bird feather was
examined for ectoparasites. Each sample was first
examined in a petri dish using an Olympus SZX7 stereo
microscope at Gazi University, imaging procedures on the
samples. In the current study, a total of 35 feathers (wing,
tail, and body contour) (Figure 2; Figure 3) were deposited.
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Figure 2. The ectoparasite examinations on feathers.
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RESULTS AND DISCUSSION

Alien parrots have ecological and social impacts
in Europe and these effects are increasing (White et al.,
2019). The number of exotic parrot species and their
distribution areas are increasing in Turkey. The Citizen
Science is used to monitor their ecological, economic, and
cultural impacts (Per, 2019). The parrot research database
was examined. The CoHE thesis database, WoS and
Dergipark were assessed. Investigation of the publications
on this subject revealed that 89% of theses, 88% of WoS
articles and 92% of Dergipark articles are on cage birds
(pets) (Table 1). There is no research on the impact of wild
parakeets and parrots on human health and parasite
interactions. All of the research on this subject has focused
on cage birds.

Tablel. The scientific database queries

Researches CoHE thesis database % WoS % Dergipark %
Breeding parakeet 1 11 2 12 2 8

Parrot as a pet 8 89 15 88 24 92
Total 9 100 17 100 26 100
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According to the Parakeet Census of Turkey database,
there are 247 AP observation records (in 19 provinces) and
2,265 RRP observation records (in 31 provinces) in and
around urban areas. In Turkey, there are an estimated 2,000
RRP and 3,000 AP individuals. AP has established
breeding populations in Istanbul. The breeding population
of AP has increased dramatically in recent years in
Istanbul. Provinces where RRP individuals have been
observed; Adana, Adapazari, Afyon, Ankara, Antalya,
Balikesir, Bolu, Burdur, Bursa, Canakkale, Denizli,
Gaziantep, Giresun, Eskisehir, Hatay, Istanbul, Izmir,
Kastamonu, Kayseri, Kirgehir, Kocaeli, Manisa, Malatya,
Mersin Mugla, Nevsehir, Osmaniye Samsun, Sinop,
Sanlwrfa, Tekirdag, Yalova. RRP has established breeding
populations in ten provinces; Istanbul, Izmir, Ankara,
Yalova, Antalya, Sanliurfa, Eskischir, Hatay, Adapazari
and Bursa.

There is no data on the ecological, economic, or
social impact in 90% of the observation records. RRP
individuals interact with Caucasian squirrel (Sciurus
anomalus), common Buzzard (Buteo buteo), common
myna (Acridotheres tristis), Eurasian magpie (Pica pica),
hooded crow (Corvus cornix), jackdaw (Coloeus
monedula), stray cat (Felis catus) and yellow-legged gull
(Larus michahellis), while AP interacts with common
myna, hooded crow and yellow-legged gqull. The
hybridization of AP and RRP individuals was not detected
(impacts on the ecosystem). AP and RRP are widely spread
in urban areas. So far, it hasn't been seen in rural areas,
orchards and agricultural fields (no economic impact).
There have been several observations of negative impact of
both species due to their sounds (human well-being) in
Istanbul’s parks and gardens, where they roost in large
flocks (social impact). Some observation records have been
determined about AP and RRP individuals that have been
illegally captured by humans.

The Anitkabir campus is home to a wide variety
of native and non-native tree species (Culture and Tourism
Directorate of Ankara, 2013). This campus provides a
shelter for parakeets, who feed on the fruits and seeds of
the trees during the year.

The biggest breeding parakeet population of
Ankara was established in Anitkabir Campus (The
Parakeet Census of Turkey, 2019). RRP individuals in
Anitkabir have been observed for a year. Their population
reached 50 individuals in the winter season, while nine
pairs were observed during the breeding season. Their
nests are located on the top of the mausoleum building. The
height of the Mausoleum building where they establish
their nests are 17 meters (Figure 1). The feathers of the
RRP individuals were collected from here every morning.
Stereo microscopy was used to examine feather samples,
but no ectoparasites were detected. Individuals of the
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Common swift (Apus apus) and RRP are both nesting in
the same holes on the mausoleum building. However,
feathers of common swift individuals were not found in the
research field. As a result, It was impossible to determine
whether common swifts nesting in this area has
ectoparasites or not.

Ectoparasites can cause holes and structural
problems on bird feathers (Per & Aktas, 2019). There were
no structural problems observed on any of the 35 feathers
examined (flight (11), tail (4), and body contour (20))
(Figure 3 A - B). Only the wear and tear at the ends of the
tail feathers of the parakeets were observed (Figure 3 C).
They build their nests on the mausoleum building's narrow
holes. It's possible that their feathers were broken when
they entered and exited the nests. Three of the Mausoleum's
facades are home to parakeets. The 35 feathers examined
were collected from these three sites, but it's unclear how
many parakeets they belonged to.

According to the first data on the macroparasite
fauna of alien parrots in Italy, seven RRP individuals were
infested by ectoparasites. Four ectoparasite species were
identified by examining thirty-one arthropod individuals;
Neopsittaconirmus lybartota is one of them, with a native
range in India. The other three arthropod species
(Tarsopsylla o. octodecimdentata, Argas reflexus, and
Laemobothrion cf. maximum) are common and native to
Italy (Mori et al., 2015). Some ectoparasites are carried by
birds (feather mite, lice, tick, and bed bug). Feather mites
live on the bird's skin, within the quill, down and contour
feathers, flight feathers, and tail feathers, in four different
microhabitats (Gaud & Atyeo, 1996). The feather
collection is a good tool for studying feather mites, but
parakeet individuals should be examined in detail for all
ectoparasite groups. Ectoparasites carried by parakeets can
be determined in the coming years by using the catching,
marking, and releasing technique.

Parrot fever (Psittacosis ornithosis) disease is
caused by bacteria called Chlamydophila psittaci. Many
birds, especially parrots carry this bacteria species as a
microparasite (Atay et al., 2012). RRP and AP individuals
do not have any impact on human health until now in
Turkey, but various microorganisms and vectors may be
carried with alien parakeet species in the next years. There
is a need for more research on this subject. However, for
proper planning and interpretation of these studies,
multidisciplinary studies in biology, veterinary, and public
health are needed.

Psittacosis, salmonellosis, avian influenza,
Newcastle's disease avian malaria, pasteurellosis,
erysipelas, and tuberculosis are diseases that can be
transmitted by parrots to humans or other birds (Runde et
al., 2007). Introduced birds may act as a large reservoir for
parasitic infections. They have the potential to spread
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parasites to other native species (Equchi & Amano, 2004).
There is no data on this issue in Turkey. Parasitic
examinations on parakeet individuals who are spreading in
the wild and brought to veterinary faculties should be done
and also blood samples should be taken. These samples can
be used to detect internal parasites and ectoparasites of the
parakeets which are distributed in the wild in Turkey.

There is no observation, evidence, or literature to
indicate that two alien parakeet species (AP and RRP) have
a negative impact on human health in Turkey. However, a
presentation at the ESENIAS Conference was based on the
incorrect assumption that these animals have a negative
impact on human health (Oymak et al., 2017). These
species carry risks with regard to human health in Turkey
according to Oymak et al., 2017, but this is not correct
since the wrong literature review and incorrect assessment
were made with two articles. The species of parrot was not
mentioned in the first article which was used as the
literature (Tantas et al., 1987). In the second article, a
species of bacteria found on the grey parrot (Psittacus
erithacus) was investigated (Tantas et al., 1990). The word
"parrot" is used in some articles about pet parrots in
Turkey. The name of the parrot species is not written
specifically, which is a lack of knowledge. In this research
area, veterinarians should collaborate with ornithologists to
identify species. According to scientific publications, AP
and RRP species do not carry parasites as pets. Before this
research, no preliminary study has been conducted in
Turkey on ectoparasites carried by parakeets in the wild.

There are some observations about AP and RRP
individuals that have been illegally captured by humans
from breeding populations from time to time in Ankara,
Istanbul and Izmir city centres (Per, 2019). Captured birds
have the potential to get involved in the illicit trade cycle.
Biosecurity measures should be increased regarding
Invasive Alien Species in Turkey.

Nationwide controls and import bans are
important measures to control the population growth of
these alien species as well as limiting the spread of diseases
(Stafford, 2003). To avoid the spread of diseases, the
importation of wild birds from other countries into EU
countries was banned in 2007 (Commission Decision,
2007). Prior to this ban, the deadly Newcastle disease
entered Italy during shipment of parrots and finches
imported from Pakistan in 2004. As a result of this incident,
4,000 birds were culled (World Parrot Trust, 2004). As a
result of intentional or accidental introductions, RRP and
AP now exist in the wild. The Republic of Turkey Ministry
of Agriculture and Forestry banned rose-ringed parakeet
imports in 2021, although the national trade of RRP
individuals imported by Turkey in previous years will
continue for some time. There is no import ban for AP in
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Turkey. In terms of biosecurity, this is a concern and some
significant changes are required.

A new strategy should be developed for exotic
parrots in Turkey. The trade of species that have
established a breeding population should be banned in
order to prevent their distribution from expanding further
in the country. In the parrot trade, Turkey should
implement quotas and restrictions based on some parrot
species in the parrot trade. For illegally traded animals, a
risk assessment should be done (Per, 2018). The risk
analysis should be done for Invasive Alien Species based
on their ecosystem, economic and social impact in Turkey.

This study provides the following insights for
future research: firstly, Biosecurity measures should be
increased in Turkey. Secondly, the management of these
species should not be based on incorrect scientific studies.
Thirdly, a risk analysis of the potential socio-economic
impacts of parrots should be performed, and a monitoring
report should be prepared based on the results of the risk
analysis. Also, there is a need for non-profit citizen science
research to increase public awareness on this issue. Finally,
The development of new interdisciplinary studies in the
fields of public health and ecology would help in the
prevention of the introduction of invasive alien species to
new areas and the providing of rapid management
responses.
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Abstract: In the study, the phenolic components and antioxidant activities of edible and
nonedible parts of tuber of Arum italicum plant were carried out to determine in methanolic and
water extracts. In addition, the antioxidant potential of these parts of the plant was associated with
their phenolic composition. Total phenolic content, FRAP, CUPRAC and DPPH tests as radical
scavenging activity were performed to determine the antioxidant activity of the plant. The
phenolic profiles in the two parts of the tuber were determined in the prepared methanolic extracts
by RP—HPLC-UV and LC-MS/MS. The highest values of the total phenolic content, FRAP,
CUPRAC and % DPPH were measured in methanolic extracts of nonedible parts of the tuber as
164 ng GAE/mL, 878 TEAC (uM), 0.064 TEAC (uM) and 19.41, respectively. Ferulic acid was
determined as the main phenolic compound in methanolic extracts of both the tuber parts by
LC/MS-MS. However, luteolin and rutin phenolics were measured as the major compounds in
the edible and nonedible parts of the plant tuber with analysis based on RP-HPLC-UV,
respectively.

Keywords: Antioxidant activity, Arum italicum, LC-MS/MS, Phenolic, RP—HPLC-UV.

Arum italicum Miller Bitkisinin Yenilebilir ve Yenmeyen Yumru Par¢alarinin LC—
MS/MS ve RP—-HPLC-UV Analizi ve Antioksidan Aktiviteleri

*Sorumlu yazar:
Zeynep AKAR

Genetik  ve  Biyomiihendislik ~ Bolimii,
Miihendislik ve Doga Bilimleri Fakiiltesi,
Giimiishane Universitesi, Giimiishane, Tiirkiye.

DX: zeynep_iskefiyeli@hotmail.com

Oz: Bu calismada, Arum italicum bitkisine ait yumrunun yenilebilir ve yenmeyen kisimlarindan
elde edilen metanolik ve sulu ekstraktlarin, fenolik igerikleri ve antioksidan aktiviteleri
belirlenmistir. Ek olarak, bitkinin bu kisimlarinin antioksidan potansiyeli, fenolik kompoziyonu
ile iliskilendirilmistir. Bitkinin antioksidan aktivitesini belirlemek i¢in Toplam Fenolik Madde
Miktari, FRAP, CUPRAC ve radikal siipiirme aktiviteyi belirleyen DPPH antioksidan aktivite
testleri yapilmustir. Bitki yumrusunun her iki kismindaki fenolik profiller hazirlanan metanolik
ekstraktlarinda RP— HPLC-UV ve LC-MS/ MS cihazlart kullanilarak belirlenmistir. En yiiksek
toplam fenolik icerik, FRAP, CUPRAC ve % DPPH degerleri, yumrunun yenmeyen kisminin
metanolik ekstraktinda sirasiyla 164 ng GAE/mL, 878 TEAC(uM), 0.064 TEAC(uM) ve 19.41
olarak Sl¢iilmiistiir LC/MS-MS 6l¢iimlerinde her iki yumru kismunin metanolik ekstraktlarinda
ferulik asit, ana fenolik bilesik olarak belirlendi. Bununla birlikte RP-HPLC-UV 6lgiimlerinde
ise, bitki yumrusunun yenilebilir ve yenilmeyen kisimlarinda sirasiyla luteolin ve rutin fenolikleri
ana bilesikler olarak l¢iilmiistir.

Anahtar kelimeler: Antioksidan aktivite, Arum italicum, Fenolik, LC-MS/MS, RP—HPLC-UV.
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INTRODUCTION

Free radicals are formed in cells during usual
metabolic activity and also various environmental factors
such as air pollution, some chemicals, additives, and
artificial nutrition are effective in their formation. They
damage cells by breaking hydrogen atoms. However,
molecules called antioxidant substances stop or minimize
the effects of free radicals in the organism and prevent the
formation of chain reactions which can cause the
occurrence of various diseases. Thus, a balance between
free radicals and antioxidants is obligation for cells and
tissues to maintain their usual physiological activities. It is
known that free radicals increase in the body due to the
decline of the body antioxidant protective system. This
causes many diseases, mainly cancer (Uttara et al., 2009;
Valko et al., 2007). In order to maintain this system in a
balanced way it is very important to consume natural
compounds with antioxidant activity. Many plants showed
high  antioxidant, anti-inflammatory,  antimicrobial
activities due to their phytochemical compound content
(Djeridane et al., 2006; Erez et al., 2019; Hirasa &
Takemasa, 1998). Although these compounds called
secondary metabolites do not have a direct relationship
with the basic vital functions of the plant, they are chemical
substances that are at least as important as primary
metabolites such as protein, fat, carbohydrate. Plants
include compounds having antioxidant activities such as
carotenoids,  lycopenes, coenzyme-Q, antioxidant
vitamins, and phenolics (phenolic acids, flavonols,
flavonoids, anthocyanins, lignins and tannins) (Cai et al.,
2004; Mau et al., 2002; Ng et al., 2000; Xiao et al., 2000).
Plant antioxidants have an important role in reducing of
oxidative stress on organisms associated  with
industrialization and technology. Turkey, which has a rich
flora, has great potential for natural antioxidant
compounds. Consumed as food Arum italicum Miller in the
family Araceae grows naturally in the northern regions of
Turkey. Also, it is used as traditional herbal medicines to
control some illness such as hemorrhoid, eczema, cancer,
blepharitis, stye, abscess, muscle pain and antifebrile
(Akbulut & Ozkan, 2014; Bozyel et al., 2020). Generally,
the tuber part of the plant is consumed as food boiled.
However, the all of tuber part is not consumed as food by
local people in Black Sea Region of Turkey. Edible part of
the tuber is more delicious than the other part. It is the close
to stem of plant and is separated from the nonedible part by
a node. The nonedible part of the tuber is not consumed as
food due to the unpleasant. Tubers of the plant are also used
industrially due to the abundance of starch in the tubers of
the plant (Ahmed et al., 2018). There are various
antioxidant activity determination methods to detect the
antioxidant activities of natural and synthetic components
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(Gidik et al., 2019; Tosun et al., 2015). These methods can
be classified according to the type of measured
antioxidants substance (hydrophilic or lipophilic,
enzymatic or nonenzymatic), solvent character (organic or
aqueous), reactive type (radical or non-radical) and
reaction mechanism (electron transfer and hydrogen atom
transfer) (Giilcin, 2012; Huang et al., 2005).

In the study, it was aimed to determine the
antioxidant activity of methanolic and water extracts of
both edible and nonedible parts of tuber of Arum italicum
plant according to four antioxidant activity methods, which
are widely used in the literature and have different reaction
mechanisms. These methods are % DPPH Radical
Scavenging Activity (Brand-Williams, 1995). Total
Phenolic Method with Folin-Ciocalteu Separator (FCR),
Iron (1) Reduction/Antioxidant Power (FRAP)
Determination (Benzie & Strain, 1996). Copper (II)
Reducing Antioxidant Activity (CUPRAC) (Apak et al.,
2004). In addition, the phenolic contents of the methanolic
extracts of both parts were determined with RP—HPLC-
UV and LC-MS/MS devices comparatively.

MATERIALS AND METHODS

Preparation of Plant Extraction: The tuber parts
of the A. italicum plant were collected in March 2017 from
the Derecik district of Trabzon-Akgaabat province of
Turkey. The edible and the nonedible of the tuber, were
separated from each other (Table 1). After these parts were
completely dried, they were and grounded into powder
with blender. Then, edible and nonedible parts were
extracted both water and methanol for two hours in a
magnetic stirrer. Filtration of the extracts was performed
with passing filter papers and through a 0.45 syringe filter
respectively. Finally, the prepared solutions were separated
for antioxidant analysis and RP-HPLC-UV phenolic
analysis.

For LC/MS-MS, 1 g of each of the samples was
added to 10 mL solvent (75% methanol + 25%
dichloromethane) and the solutions were extracted on the
shaker for 2 hours. Then, extracts were filtered and injected
into the device with passing through a 0.45um syringe
filter.

Table 1. Abbreviations for solution extracts of tuber of A.
italicum.

1S Edible part of the tuber water extract

M Edible part of the tuber methanol extract

2S Nonedible part of the tuber water extract
2M Nonedible part of the tuber methanol extract

Determination of Antioxidant Activity

Total Phenolic Content (TPC): The total
phenolic content of the edible part and the nonedible part
of the A. italicum plant tuber was determined by using
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Folin-Ciocalteu reagent, modified according to Slinkard
and Singleton (1977) method. Firstly, 50 pL of sample
solution was diluted with 2.5 mL of distilled water and 250
pl 0.2 N Folin—Ciocalteu reagent was added. Then 750 pl
of Na,COs (7.5%) was put in the mixture and vortexed. The
tubes were incubated at room temperature for 2 hours and
the absorbance values at 765 nm were measured. The
amounts of phenolic compounds in the samples were
calculated in terms of gallic acid equivalent (GAE pg/mL)
with using the function of the line obtained from the
standard calibration graph of gallic acid prepared at six
different concentrations (starting at 1000 pg/mL).

Determination of Iron (rm
Reduction/Antioxidant Power (FRAP): Edible part and
non-edible of the plant tuber were studied at a
concentration of 100 mg/mL based on the FRAP method
developed by Benzie and Strain (1996). As in
determination of TPC, Trolox antioxidant standard was
studied in six different concentrations (starting at 1000
puM). Samples were pipetted as triplicate together with a
sample and reagent blank. After 20 minutes, the
absorbance values were read at 595 nm. The results were
calculated as uM TEAC comparing with the standard
antioxidant substance Trolox.

Copper (II) Reducing Antioxidant Activity
(CUPRAC): The method developed by Apak et al (2004)
was modified and applied in this study. Cu (II) chloride and
neocuproine solution, ammonium acetate buffer (pH = 7)
and analysis solutions were added in equal volumes
respectively. The volume of final solution was adjusted to
4.1 mL After 30 minutes, absorbance values were
measured at 450 nm. As in FRAP, the antioxidant
capacities of the samples in terms of Trolox equivalent
were calculated as pM TEAC with using values obtained
from the standard antioxidant Trolox graph studied at six
different concentrations (starting from 1000 uM).

DPPH Radical Scavenging Activity: In DPPH
scavenging activity, 100 uM methanolic solution of DPPH
radical was used to determine the activity of edible and
non-edible parts of the tuber of the plant. The antioxidant
standard and the extracts of the tuber parts of A. italicum
were conducted in triplicate. In addition, a sample and a
reagent blank were studied for each concentration of the
samples. After the incubation period (50 min), the
absorbance values of the solutions mixed with DPPH
reagent were read at 517 nm and the % inhibition (DPPHe
scavenging) values were calculated (Huang et al., 2005).
% inhibition (DPPHe cleaning) values were calculated
using the following formula.

% Inhibition (radical cleaning power) = [(ApppH —
ASampIe) / ADPPH] X 100

Aprpr: Absorbance value of the DPPH solution

Asample: Absorbance value of the sample extract
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Determination of Phenolic Components by
HPLC-UV

RP-HPLC-UV Conditions: Analysis of phenolic
compounds was carried out on HPLC (Elite LaChrom
Hitachi Japan) device. The analysis were performed with
using a reverse phase C18 (150 mm x4.6mm, Spm; Fortis)
column. In this process, the gradient program was applied
containing 2% acetic acid (pure water) in a reservoir and
70% acetonitrile (pure water) in B reservoir (Can et al.,
2015). In addition, it is optimized that the injection
volumes of the standards and samples to 20 uL, the flow of
mobile phase to 1.0 mL/min, and temperature of the
column to 30 °C were fixed. In addition, for the gradient
program the optimization was performed with passing
through reservoir A as follows: 95% for 0-3 minutes, 85%
for 5-8 minutes, 80% for 8-10 minutes, 75% for 10-12
minutes, 60% for 12-20 minutes, 20% for 20-30 minutes
and 95% for 35-50 (Can et al., 2015).

LC-MS/MS Analysis: Phenolic component
analysis was performed with LC-MS/MS Thermo
Scientific/Dionex Ultimate 3000-TSQ Quantum device.
LC-MS/MS analyzes were carried out by Hitit University
Scientific Technical Application and Research Center. The
analyses were performed using ODS Hypersil 4.6 * 250
mm, Spm column and applying a gradient program
including formic acid, water and methanol. Gradient
program with 0.1% formic acid (pure water) in reservoir A
and 100% methanol in reservoir B was applied. In addition,
it is optimized that it is optimized that the injection
volumes of the standards and samples to 20 uL, the flow of
mobile phase to 0.7 mL/min, and temperature of the
column to 30 °C were fixed. The gradient program was
optimized by passing through the reservoir 100% A for 0-
1 minutes, 5% A for 3 minutes in 22 minutes, and 100% B
for 8 minutes in 26 minutes.

RESULTS AND DISCUSSION

Antioxidant Activity of A. italicum Extracts:
There are many antioxidant activity determination
methods. In the study, to determine the antioxidant activity
of the plant tuber was used such as total phenolic content,
FRAP, CUPRAC and % DPPH scavenging activity tests.

Total Phenolic Content: Polyphenols, flavonoids
and phenolic compounds found in plants are natural
antioxidants substances which prevent the harmful effects
of oxidative stress induce by ROS. In the study, the total
phenolic content of the edible and nonedible parts of the
tuber of Arum italicum was determined using different
solvents (water and methanol). Total phenolic content of
methanolic extracts were determined higher than water
extracts. While the 2M sample showed highest phenolic
content it was followed by 1M, 2S and 1S, respectively
(Figure 1).
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Figure 1. Calibration graphic of the gallic acid standard studied at different concentrations (a) and GAE (nug/mL) values of the Total Phenolic
Content of the water and methanolic extracts of the two parts of the tuber (b).
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Karahan et al. (2006) conducted experiments the Iron (111) Reduction/Antioxidant Power and
TPC and TFC activity in the leaves of the Arum dioscoridis Copper (I1) Reducing Antioxidant Activity Analysis: The
Sm. with using different organic solvents (acetone, ethanol, reducing power of bioactive compounds is an indicator of
methanol and water). They report that the highest total the electron donating ability and this situation is related to
phenolic and flavonoid contents were in the ethanol and the antioxidant activity of the compounds (Arabshahi-
methanol extracts respectively. In our study, also the total Delouee & Urooj, 2007). The antioxidant activity of the
phenolic content was found to be higher in both methanolic plant was determined with methods of FRAP and
extracts of edible and nonedible parts. The highest total CUPRAC. In the FRAP test, antioxidant activity values
phenolic content was determined as 164 pg GAE/mL in were measured as higher in both water and methanolic
sample 2M, 112 pg GAE/mL in IM sample, 104 g extracts of the nonedible tuber part than the edible part
GAE/mL in 2S sample, 68 ug GAE/mL in sample 18S. (Figure 2).
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Figure 2. Calibration graphic of the Trolox standard studied at different concentrations (a) and FRAP values (uM TEAC) of water and
methanolic extracts of the two parts of the tuber (b).

In CUPRAC test, Cu*? reduction activity of DPPH radical scavenging method is commonly used in
methanolic extracts was measured higher than the water measuring the antioxidant activity of the phenolic
extracts. In addition, as with FRAP, the highest values of compounds or plant extracts due to its easy to operate,
water and methanolic extracts were measured for the rapid and sensitive nature (Uguzlar et al., 2012). Many
nonedible parts in CUPRAC test (Figure 3). FRAP results plant extracts have antioxidant properties because they
were determined as 878 TEAC (uM) in sample 2M, 629 contain phytocomponents such as phenolic acids and
TEAC (uM) in sample 2S, 466 TEAC (uM) in sample 1M, flavonoids (Chu et al., 2000). When DPPH activity results
and 311 TEAC (uM) in sample 1S. The CUPRAC results were examined for the all the parts of the plant tuber , %
were measured as 0.064 TEAC (uM) in sample 2M, 0.036 DPPH scavenging activity the methanol extracts was
TEAC (uM) in sample 1M, 0.024 TEAC (uM) in sample higher than that of the water extracts. In addition, as in all
28, 0.018 TEAC (uM) in sample 1S. The CUPRAC results the tests, the highest activity values of % DPPH in both
are consistent with the results for the total phenolic content. methanolic and water extracts were found in the nonedible

Antioxidant Activity Analysis with % DPPH parts of the tuber. The % DPPH scavenging activity was
Method: To determine the antioxidant activities, DPPH determined as 19.41 in sample 2M, 19.02 in sample 1M,
free radical scavenging test was applied to water and 18.23 in sample 2S, 14.78 in sample 1S, respectively
methanol extracts of both parts of the plant tuber. The (Figure 4).
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Figure 3. Calibration graphic of the Trolox standard studied at different concentrations (a) and CUPRAC values (uM TEAC) of water and

methanolic extracts of the two parts of the tuber (b).

Antioxidant Activity Analysis with % DPPH
Method: To determine the antioxidant activities, DPPH
free radical scavenging test was applied to water and
methanol extracts of both parts of the plant tuber. The
DPPH radical scavenging method is commonly used in
measuring the antioxidant activity of the phenolic
compounds or plant extracts due to its easy to operate,
rapid and sensitive nature (Uguzlar et al., 2012). Many
plant extracts have antioxidant properties because they
contain phytocomponents such as phenolic acids and
flavonoids (Chu et al., 2000). When DPPH activity results
were examined for the all the parts of the plant tuber , %
DPPH scavenging activity the methanol extracts was
higher than that of the water extracts. In addition, as in all
the tests, the highest activity values of % DPPH in both
methanolic and water extracts were found in the nonedible
parts of the tuber. The % DPPH scavenging activity was
determined as 19.41 in sample 2M, 19.02 in sample 1M,
18.23 in sample 2S, 14.78 in sample 1S, respectively
(Figure 4).
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Figure 4. % DPPH radical scavenging activity of water and
methanolic extracts of the two parts of the tuber.
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Phenolic Component Analysis by HPLC-UV and
LC-MS/MS: The plants are rich source of secondary
metabolite diversity. One of the most important groups of
this metabolite diversity is phenolic compounds (Michalak,
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2006). Phenolic compounds are present in plant parts such
as fruit, leaves and stems and available in almost all plant
parts. As their potential antioxidant properties and their
possible role in preventing oxidative stress related diseases
such as cancer, they have been attracted much attention
(Odbayar et al., 2006).

Phenolic acids consist of two subgroups which are
hydroxybenzoic acid and hydrocinnamic acid. In the study,
the phenolic compositions of the methanolic extracts of the
tuber were determined using both RP—HPLC-UV devices.
In addition, methanol and dichloromethane extracts were
prepared in LC-MS/MS devices.

The phenolic content in the samples was analyzed
using 19 phenolic acid standards in RP—HPLC-UV device
Table 2. More phenolic components were determined in
the methanolic extracts of the nonedible parts than the
edible part. In this case, the phenolic content is consistent
with those of the antioxidant activity determination tests
which are higher in nonedible part extract for all the tests.

Table 2. RP—HPLC-UV Phenolic Compounds.

Standards 1M( pg phenolic/g sample) 2M(pg ph
Gallic acid -
Protocateuic acid
p-OH Benzoic acid
Catechin
Caffeic acid
Syringic acid
Epicatechin
p-Coumaric acid
Ferulic acid
Rutin
Myricetin
Resveratrol
Daidzein
Luteolin
t-Cinnamic acid
Hesperidin
Chrysin
Pinocembrin
CAPE

*-: Not Detected

lic/g sample)

6.02
4.539

26.724
13.179
31.284
13.264
14.376
247.754

8.092

4.970 2.696

Rutin and epicatechin were major flavonoid
components and caffeic acid was determined as
hydroxycinnamic acid derivatives in the nonedible part. At
the same time, the phenolic components of the two parts of
the tuber of the plant were performed using LC-MS/MS
device with 20 phenolic standards (Table 3). While ferulic
acid, p-coumaric acid, epicatechin, vanillin, caffeic acid, p-
hydroxy benzoic acid and salicylic acid are identified as
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major components, rutin, catechin and taxipholine were
measured at low levels at both parts of the tuber.

Table 3. LC/MS-MS Phenolic Compounds.

Standards 1M( pg phenolic/g 2M( pg phenolic/g
sample) sample)
Gallic acid - -
Protocateuic acid - -
p-OH Benzoic acid 0.179 0.189
Benzoic acid - -
Catechin 0.014 0.090
Caffeic acid 0.579 0.716
Syringic acid - -
Epicatechin 1.165 0.711
Salicylic acid 0.159 0.108
Vanillic acid -
p-Coumaric acid 4.391 4.629
Ferulic acid 11.131 10.800
Rutin 0.014 0.021
Taxifolin 0.003 0.007
Protocatechuic aldehyde - -
Vanillin 1111 1.263
Rosmarinic acid - -
Ellagic acid
Oleuropein

Resveratrol
*-: Not Detected

Phenolic components defined and measured in both
RP-HPLC-UV and LC-MS/MS are compatible with each
other except for minor differences. Agalar et al (2017)
reported that the whole tuber part of Arum italicum has
hydroxycinnamic acid derivatives such as ferulic, caffeic
and p-coumaric acid in analysis with LC—-MS/MS. The
results obtained in both RP—HPLC-UV and LC-MS /MS
are similar to the results of study by Agalar et al (2017).
Agalar et al (2017) stated that ferulic acid and caffeic acid
were present in the leaves of plants belonging to the
Araceae family, also p-coumaric acid in the seeds of some
species of the same family. Hydroxycinnamic acids
containing ferulic acid, caffeic acid, and p-coumaric acid
prevent metastasis or invasion of cancer cells (Agalar et al.,
2017). It has been pointed out that rutin exhibits many
pharmacological  activities such as  antitumor,
antimutagenic, antibacterial, anti-inflammatory, antiulcer,
antidiarrheal, vasodilator, hepatoprotective activities and
immunomodulator (Janbaz et al., 2002; Kamalakkannan &
Prince, 2006). In our study, rutin was detected in the
nonedible part of the tuber with both RP—HPLC-UV and
LC-MS/MS devices. It is known that this phenolic prevent
ulcer in stomach where widespread in recent years. Ferulic
acid was determined as 14.376 pg phenolic/g sample in 2M
part with RP—HPLC-UV, 10.800 in 2M sample and 11.131
ug phenolic/g sample in 1M sample by LC-MS/MS. It has
been reported that ferulic acid can be useful in the
treatment of chronic diseases with its biological activity (de
Oliveira Silva & Batista, 2017). In China, herbs rich in
ferulic acid have been used in the repair of blood vessel
damage and in the treatment of thrombosis diseases for
many years (Ou & Kwok, 2004). In addition, it has been
reported that ferulic acid has very high antimicrobial
activity, showed particularly strong inhibitory effects on
the growth of some human gastrointestinal pathogenic
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microbiota including Helicobacteria pylori and Shigella
sonnei (Lo & Chung, 1999; Nilsson, 1999; Tsou et al.,
2000).

CONCLUSION

It has been determined that the nonedible part of
the tuber showed higher antioxidant activity than the edible
part consumed as food in Arum italicum plant. Also, the
phenolic profile determined by HPLC-UV and LC-
MS/MS devices is richer in the nonedible part. According
to these results, although nonedible tuber part has a bad
taste it can be concluded that the part can be consumed as
food and used for treatment in alternative medicine.
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Oz: Bu calismada Van ilindeki alti adet gokkusagi alabaligi kulugkahanesinde bulunan damizlik
populasyonlarinin yumurta ve sagim ilgili bazi fenotipik 6zellikleri ile 6rneklenen yumurtalarin
ayni cevresel sartlarda kulugkalanmasiyla yumurta ve larva kalite kriterlerinin belirlenmesi
amaglanmustir. Bu amagla kuluckahanelerde bazi su kalite kriterleri, damuzliklarla ilgili
kuluckahane yonetim parametreleri, damizliklarm yumurta ve sagim ile ilgili fenotipik 6zellikleri
ve farkli kulugkahanelerden orneklenen yumurtalarin ayni gevresel sartlarda (10,1+0,14°C)
kulugkalanarak yumurta ve larva kalite kriterleri belirlenmistir. Kuluckahane su kalite
kriterlerinin literatiirde verilen araliklarla uyumlu oldugu ve damuzlik refahini olumsuz
etkileyecek diizeyde olmadigi goriilmistiir. Kulugkahanelerdeki toplam damuzlik sayisi, yasi,
boyu ve agirligr ile toplam ve nispi fekonditeleri her bir kulugkahane i¢in farkli olup bakim ve
beslemelerinde de farkliliklar goriilmistiir. Damizliklarin sagim mevsimi ve sagim performansi
da her bir kulugkahane igin farkli olup kulugkahanelerden birinde Kasim basinda sagilan
damizliklar gézlenmigtir. Ayni ¢evresel sartlar altinda yapilan deneme diizeneginde ise
yumurtalarin gozlenme orami ve larva cikis oram istatistiksel olarak farkli ve Onemli
bulunmustur(P<0,05). Sonug¢ olarak tiim parametreler incelendiginde kulugkahaneler arasinda
fenotipik farkliliklar oldugu goriilmiistiir. Bu durumun nedeni kuluckahanelerdeki su kalitesi ve
damizlik ydnetim parametrelerinin farkli olmast olabilir. Ancak bu farkliliklarin nedeni
kuluckahanelerin biinyelerinde farkli damizlik hatlar1 bulundurmalari ve damizliklar arasinda
olan genotipik farkliliklar da olabilir. Bu nedenle genotipik farkliliklarla ile ilgili detayli
caligmalara ihtiyag¢ vardir. Yetistiricilik agisindan ise kulugkahanelerden sadece birisinde bulunan
ST e ve erken sagima gelen damizliklardan, erken sagilan hat elde etmek miimkiindiir. Daha ekonomik
Boran KARATAS bir yetistiricilik i¢in damizliklarda yumurta sayisin1 ve kalitesini artirmaya yonelik besleme
Van Yiiziineii Y1l Universitesi, Su Uriinleri yontemleri uygulanmalidir. Ayrica damizlik stok populasyonlarinda homozigotlugu diistirmek
gfu;;erzlﬁllﬁa’sgxhygdu - icin disi erkek damizlik orami kulugkahanelerde esitlenmeli ve erkek damuzlik ihtiyact
! o porsiyonluk baliklardan karsilanmamalidir.

“"5: https://orcid.org/0000-0003-4353-1293
: https://orcid.org/0000-0002-2462-6441

Anahtar kelimeler: Damizlik stok, fenotip, gokkusagi alabalifi, kulugkahane, larva, yamurta.

Some Phenotypic Characteristics of Broodstock Populations Different in Rainbow Trout
(Oncorhynchus mykiss) Hatcheries and Quality Criteria for Eggs Sampled from Different
Broodstocks in the Same Environmental Conditions

Abstract: This study aims to determine some phenotypic characteristics of the broodstock
populations in six rainbow trout hatcheries located in Van province and their egg and larval
quality criteria by incubating the sampled eggs under the same environmental conditions. For this
purpose, some water quality criteria, hatchery management parameters related to the broodstocks,
phenotypic characteristics of the broodstocks were determined, and eggs sampled from different
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hatcheries under the same environmental conditions (10.1+0.14°C) were incubated for
determining egg and larva quality criteria. In the present study, it was observed that the water
quality criteria were compatible with the ranges given in the literature and it was not at a level
that would negatively affect the broodstock welfare. In addition to the differences observed in the
feeding of broodstocks in these hatcheries, the total number of broodstocks, their age, height,
weight, total and relative fecundities were also found different in each hatchery. The stripping
season and performance of the broodstocks were also different in each hatchery, and the
broodstocks stripping in early November was observed in one of the hatcheries. In the
experimental setup conducted under the same environmental conditions, the eyeing rates of eggs
and the hatching rates of larvae were found to be different and statistically significant (P<0.05).As
a result, it was observed that when all parameters were examined, there were phenotypic
differences between these hatcheries. These differences could be the result of the differences in
water quality and broodstock management parameters in each hatchery. The reason for these
differences, however, could be that the hatcheries different broodstock lines and genotypic
differences between broodstocks. Therefore, detailed studies on genotypic differences are
required. In terms of breeding, it is possible to obtain an early broodstock line from early stripping
broodstocks in only one of the hatcheries. For a more affordable breeding, different broodstocks
feeding methods should be applied for increasing the number and quality of eggs in broodstocks.
Moreover, the ratio of female to male in broodstocks should be equalized in the hatcheries to
reduce homozygosity in broodstock populations and the male table fish should not be used for
male broodstock requirement.

Keywords: Broodstock stock, egg, hatchery, larva, phenotype, rainbow trout.

GIRiS

Gokkusagi alabaligt  (Oncorhynchus mykiss),
Tiirkiye’de ve diinyanin birgok iilkesinde genis gevresel
kosullar altinda yetistirilmekte ve i¢ su baliklar
yetistiriciliginin biiylik bir kismimi olusturmaktadir (Balta,
2020; Karatas vd., 2017). Gegtigimiz son yirmi yilda,
gokkusagl alabaligr yetistiriciligi diinyada biiylik 6nem
kazanmis ve 2017 yilinda 811.590 tonu asan yetistiricilik
miktar1 ile diinyanin en 6nemli kiiltiir baliklarindan biri
haline gelmistir (FAO, 2019). Ancak gokkusagi alabaligi
kulugkahanelerinin siirdiiriilebilirligi i¢in diizenli olarak
yiksek kaliteli yumurta ve larva temini gerekmektedir.
Cinki kaliteli yuomurta ve larva iiretimi basarili bir su
yetistiriciligi  i¢in  Oncelikli  gerekliliktir.
Dolayisiyla kulugkahanelerin onemli bir hedefi, eldeki
damuzliklardan yiiksek miktarda ve Kkalitede yumurta ve
larva elde etmektir. Bu durum ise her bir kulugkahanede
kullanilan damizliklarin fenotipik ozelliklerinin ortaya
¢ikarilmasi  ile miimkin  olabilir. Bu nedenle
kulugkahanelerdeki damuzliklarin fenotipik ozelliklerini
bilmek ve kuluckahane vyonetiminde bu ozellikleri
kullanmak, elde edilecek yumurta ve larva Kalitesi
acisindan 6nemlidir (Bromage vd., 1992).

Damizliklarin ilgili ~ fenotipik
ortaya koyabilmek icin; damizliklarm
fekonditesini, yaslarini, boy ve agirliklarini, damizliklarm
sagim mevsimini (sagimin baglangi¢ ve bitis zamani) ve
sagim performansini (her sagimda sagima katilan damizlik
sayisi) belirlemek saglikli bir kuluckahane ve damizlik
yonetimi olugturulmak icin gereklidir. Damizliklarin sagim
mevsimi, sagim performansini, yumurta ve larva kalitesi
ile sayisi iizerine; su kalite kriterleri, stoklama yogunlugu,
yemleme orani, yem miktar1 ve kalitesi, damizliklarin yas1

uriinleri

treme ile
ozelliklerini
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ve biiyiikliigii direk ya da dolayli olarak etkilidir (Arabaci,
2007; Okumus, 2002). Bu nedenle gokkusagi alabalig
yetistiriciligi yapan kulugkahanelerde fenotipik verileri
degerlendirebilmek parametrelerin  de
bilinmesi ve izlenmesi 6nemlidir (Laird & Needham, 1988;
Stevenson, 1987). Ayrica damuzliklarin fenotipik
ozelliklerinin ~ bilinmesi;  ilk  damuzlik  stoklarmn
olusturulmasi, damizlik stoklarmin verim o&zelliklerinin
arttirilmasi, seleksiyon ve 1slah gibi ¢alismalar igin gerekli
ilk adimdir. Bu baglamda tilkemizdeki gokkusagi alabaligi
kulugkahanelerindeki damizlik stoklarinin yumurta ve
sagim ile ilgili fenotipik 6zelliklerinin bilinmesi, yumurta
ve larva Kalitesinin belirlenmesi agisindan 6nemlidir.
Gegmis yillarda bazi arastiricilar tek bir kuluckahaneyi ele
alarak Tirkiye’deki gokkusagi alabaligi damizliklarinin
yumurta ve sagim ile ilgili 6zelliklerini bildirmislerdir
(Gliner & Tekinay, 2002; Kanyilmaz vd., 2016; Kurtoglu
vd., 1998; Ozgiir & Bayir, 2013). Ancak gen kaynag
iilkemizde olmayan gokkusagi alabaliginin siirdiiriilebilir
iiretimi i¢in damizliklarinin yumurta ve sagmm ile ilgili
fenotipik ozelliklerinin belirlenmesine yonelik daha ¢ok
calismaya ihtiyag vardir.

Bu calismada, Van ilinde alti adet gokkusagi
alabaligi kulugkahanesinde kullanilmakta olan damizlik
stoklarm baz1 fenotipik &zelliklerinin  belirlenmesi
amaclanmistir. Damaizliklarin bulunduklari
kulugkahanelerdeki ¢evresel sartlarin birbirinden oldukga
farklilik gostermeleri beklenmekle birlikte bu ¢alismada;
(1) Kuluckahanelerde kullanilan sularmm bazi su kalite
kriterleri, (i) Kulugkahanelerin damizliklara yonelik bazi
kuluckahane yonetim parametreleri, (iii) Damizliklarin
bulunduklari ¢evresel sartlarda yumurta ve sagim ile ilgili
baz1 fenotipik oOzelliklerin belirlenmesi amaglanmisgtir.
Ayrica calismada (iv) Kulucka performanslarinin

igin  gevresel
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kiyaslanabilmesi amaciyla, farkli kulugkahanelerin, farkli
damizlik stoklarindan sagim yoluyla elde edilip dollenen
yumurtalar, ¢evresel etkileri minimize etmek igin ayni
cevresel ortamda ve sartlarda kuluckalanmis ve kulucka
performanslari sayisallastirilarak kaydedilmistir.

MATERYAL VE METOT

Bu ¢alisma, Van il smirlar1 i¢inde bulunan Tarim
ve Orman Bakanligina kayitli 6 adet gokkusag: alabalig
kulugkahanesinde Ekim 2017—Mart 2018 tarihleri arasinda
yapilmigtir. Caligmada kulugkahaneler YSU (Yesilsu),
BSU (Beyazsu), KCM (Kirk¢esme), ELF (Elfa), OCK
(Ozgatak) ve SFA (Sifa) kisaltmalar1 kullanilarak
isimlendirilmistir.

Kuluckahanelere ait bazt su kalite kriterlerinin
belirlenmesi: Calismada kuluckahanelere ait su kalite
kriterleri kuluckahanelere her hafta yapilan 6rnek toplama
ve Ol¢lim ziyaretleri ile belirlenmistir. Caligmada damizlik
refah parametresi olarak (Maclntyre vd., 2008) damizlik
havuzlarmm c¢ikis suyundaki ¢oziinmils oksijen (O2)
konsantrasyonu, su sicakligi (oC) dijital oksijenmetre (Y SI
Pro 20) ile belirlenmistir. Kulugckahane suyunun pH’si
dijital pH metre (Thermo, Orion Star A211),
kulugkahanenin rakimi ise GPS cihazi (Garmin, eTrex
Legend) ile belirlenmistir. Ayrica kulugkahane suyunun
total sertligi Egemen, (2006)’e gore ve debisi Arabaci,
(2007)’e gore belirlenmistir.

Damuzliklarla ilgili bazi kuluckahane yonetim
parametrelerin belirlenmesi: Hedef kuluckahanelerde
damizlik  stok yogunlugu, damizlik beslemesinde
kullanilan ticari yem markasi, damizlik besleme sekli,
giinliik besleme sayist ve giinliik verilen yem miktari gibi
parametreler kaydedilmistir. Damuzlik stok yogunlugu
kulugkahanede bulunan toplam damizlik sayisina,
damizlik  biyiikliigiine ve havuz hacmine gore
hesaplanmistir (Yilmaz & Arabaci, 2010). Ayrica her bir

kulugkahanenin toplam damizlik sayist,
kulugkahanelerdeki  disi/erkek  damuzlik oram1 ve
kulugkahanelerde  dollemede  kullanilan  disi/erkek
damizlik orani belirlenmistir. Kulugkahane yo6netim

parametreleri isletmecilerin beyanlari ve elde edilen veriler
dogrultusunda belirlenmistir.

Hedef  kuluckahanelerdeki  damuizlhiklarin
yumurta ve sagun ile ilgili baz fenotipik ozelliklerinin
belirlenmesi: Calismada kuluckahanelerdeki damizliklarin
sagimt ile ilgili fenotipik ozellikler sagim mevsimi
(sagmmin baslangi¢ ve bitis zamani) ve sagim performanst
(her sagimda sagima katilan damizlik sayisi) ile
belirlenmistir (Arabaci, 2000). Ayrica her hafta sagim
yapilan kuluckahanelere gidilerek sagilan damizliklarda
yas, boy, agirlik ve dollemede kullanilan disi/erkek
damizlik orani belirlenmistir. Sagim dénemi sonunda ise
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biitin ~ kuluckahanelerden elde  edilen veriler
degerlendirilerek her bir kuluckahanede sagilan damizlik
sayisi, sagima katilmayan damizlik sayis1  ve

kulugkahanelerdeki disi/erkek damizlik orani belirlenerek
damizliklarin sagim ile ilgili fenotipik ozellikleri ortaya
konulmustur. Calismada kulugkahanelerdeki damizliklarin
yumurta ile ilgili baz1 fenotipik &zelliklerini belirlemek
icin her hafta sagim yapilan kuluckahanelere gidilerek
sagilan damizliklarda yumurta gapi, toplam fekondite ve
nispi  fekondite belirlenmistir. Gokkusagi alabalig
damizliklarindan sagilan yumurtalarin ¢aplari Von Bayer
sayim teknesi ile ortalama olarak hesaplanmistir (Arabaci,
2007; Bromage vd., 1992; Huang & Gall, 1990).

Hedef kuluckahanelerden orneklenen dillenmis
yumurtalarin  kulucka performanslari: flde farkh
kulugkahanelerde, farklt damizlik stoklardan iretilen
dollenmis yumurtalarin ayni ortamda kulugkalanmasiyla,
kulugkahanelerin yumurta ve larva geligim
performanslarinin karsilastirilmasi amaglanmugtir.
Orneklenen yumurtalar ayni cevresel sartlar altinda
(10,1£0,14 °C) kulugkalanmistir. Ornekleme icin her
kulugkahaneden 6 disi damizlik rastgele 6rneklenmis ve
damizliklarin her biri yediser adet erkek damizliktan alinan
sperm sivist  karigimi ile  dollenmistir.  Dollenmis
yumurtalardan her bir damizliga ait rastgele 100 adet
yumurta Ornegi alinmistir. Alinan yumurtalar tagima
kabina yerlestirilerek ayn1 giin iginde sabit sicaklikta (10,0
°C), ortam sartlar1 sabit olan, kaynak suyu kullanilan ve su
sicakligt yi1l boyunca 10,1+0,14 °C arasinda degisen
Kirkcesme Alabalik Tesisindeki (Van) deneme diizenegine
getirilerek ayni inkiibatérde kulugkalanmistir. Kulugka
tavalar1 Ornekler getirilmeden Once alt1 esit parcaya
bolinmils ve her bir tavaya tek bir kuluckahanenin
ornekleri konulmustur. Yumurtalar burada gézlenme orani,
yumurtadan ¢ikan larva orani ve larvalarin yeme baglama

orant belirlenene kadar gozlemlenerek her bir
kulugkahanenin yumurta ve larva kalite kriterleri
hesaplanmistir.  Yumurtalarin ~ déllenme  oranit ise

yumurtalart strese sokmamak i¢in hesaplanmamuistir.
Caligsmada hesaplamalar oransal olarak degerlendirilmistir.
Her bir damizliktan Grneklenen 100 adet yumurtadan
gozlenenlerin oransal degeri belirlenerek yumurtalarin
gozlenme orani hesaplanmistir. Larva ¢ikis orani ise
gozlenen yumurtalardan ¢ikan larvalarin oransal degeri
belirlenerek hesaplanmistir. Yeme baslama oraninda ise
yumurtadan ¢ikan larvalardan yem almaya baslayanlarin
orani hesaplanmistir (Arabaci, 2000).

Verilerin degerlendirilmesi: Calismada farkli
kulugkahanelerdeki farkli damizliklarin yumurta ve larva
kalite kriterleri ile ilgili sonuglarin degerlendirilmesinde
SAS 9.4 istatistik paket programimndan yararlanilmigtir.
Kulugkahaneler arasindaki farkliligi test etmek amacryla
oncelikle elde edilen verilerin normal dagilim gosterip
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gostermedigine bakilmis ve verilerin normal dagilim
gostermedigi  goriilmistir. Bu nedenle  verileri
karsilastirmak igin Non-Parametrik test olan Kruskal-
Wallis ¢oklu karsilagtirma testi kullanilmis ve sonuglar
P<0,05 6nem seviyesine gore anlamli kabul edilmistir.
Kulugkahaneler arasindaki farkliligin istatistiki olarak
onemli ¢ikmasi durumunda bu farkliligin  hangi
kuluckahanelerden kaynaklandigini tespit etmek icin ¢oklu
karsilastirma testi Bonferroni diizeltmesi yapilmigtir.
Bonferroni diizeltmesine gore kulugkahaneler arasi

Tablo 1. Gokkusagr alabaligi kulugkahanelerine ait su kalite kriterleri*.

Table 1. Water quality criteria for rainbow trout hatcheries*.
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farkliliklar degerlendirilmis ve farklar a, b, ¢ olarak
gosterilmistir.

BULGULAR

Hedef kuluckahanelerin su kalite parametreleri:
Calismadaki gokkusagi alabaligi kulugkahanelerine ait su
kalite kriterleri Tablo 1’de verilmistir.

Kuluckahaneler/Parametreler YSU BSU KCM ELF OCK SFA
Havuz ¢ikis suyundaki ¢oziinmiis oksijen 7,240,91 7,940,40 8,240,42 7,140,55 7,540,28 8,5+1,03
konsantrasyonu (mg/L)
Su sicakligi (°C) 8,7+0,43 8,5+0,35 10,1+0,14 7,5+0,17 8,5+0,23 6,9+0,46
pH 8,45 8,3 7,9 7,7 7,78 7,7
Su sertligi (mg/L) 164 148 340 148 220 396
Rakim (m) 1626 1672 1664 1804 1628 1751
Su debisi (L/sn) 517 320 1201 1019 480 1000
*2017-2018 yili Ekim-Mart ay1 ortalamalar (+ standart sapma)
Damizhiklarla ilgili kuluckahane yénetim fenotipik 6zellikleri Tablo 3’de verilmistir.
parametreleri:  Caligmadaki  gokkusagi  alabalign Caligmadaki gokkusagi alabalig
kuluckahanelerindeki damizliklarla ilgili kuluckahane kulugkahanelerindeki damizliklarm yumurta ile ilgili
yonetim parametreleri Tablo 2’de verilmistir. fenotipik 6zellikleri Tablo 4’de verilmistir.
Kuluckahanelerdeki damizhklarin yumurta ve Kuluckahanelerden  orneklenen  dollenmis
sagim ile ilgili fenotipik ozellikleri: Calismadaki yumurtalarin  kulucka performanslan: ilde farkli
gokkusagr alabaligi kuluckahanelerindeki damizliklarin kulugkahanelerde, farkli damizlik stoklardan {iretilen
sagim mevsimi ve sagim performansi Sekil 1’de yumurtalarin ayni ortamda kulugkalanmasiyla
verilmistir. kuluckahanelerin yumurta  ve larva gelisim
Calismadaki gokkusagi alabaligi performanslarinin karsilastirilmasi Tablo 5’de verilmistir.
kulugkahanelerindeki damuzliklarin = sagim ile ilgili
Tablo 2. Damizliklarla ilgili kulugkahane yonetim parametreleri.
Table 2. Hatchery management parameters related to broodstocks.
Kuluckahaneler/Parametreler YSU BSU KCM ELF OCK SFA
Toplam damizlik say1si 636 324 700 555 540 543
Disi/Erkek damizlik orani 2/1 1/2 3/1 9/1 1/1 2/1
Dollemede Disi/Erkek orani 2/1 1/2 1/3 3/1 21/3 172
Damuzlik stok yogunlugu (adet/m?) 2,33 54 5,18 2,02 2,72 2,94
Beslenmede kullanilan ticari yemler Avyemi A ve B yemi Avyemi A ve D yemi C yemi C ve D yemi
Damuzlik besleme sekli Ad libitum Ad libitum Besleme tablosu Besleme tablosu Ad libitum Ad libitum
Giinliik besleme sayisi (Yaz/Kis) 3/2 212 2/1 212 2/1 3/2
Giinliik kilogram veya oransal olarak  25/15 50-75 %0,4 %0,2 25/15 35/35
verilen yem miktart (Yaz/ Kis)
Tablo 3. Damuzliklarin sagim ile ilgili fenotipik 6zellikleri*.
Table 3. Phenotypic characteristics of brootstocks related to stripping.
Kuluckahaneler/Parametreler YSU BSU KCM ELF OCK SFA
Damuzlik yas1 (y1l) 4 3 2 3 4 2
Damizlik boyu (cm) 58,6+5,01 51+7,36 48+7,00 53+6,90 56+5,90 46+6,34
Damuzlik agirlig: (gr) 3391+845 2658+902 1889+859 2267+868 3436+904 1616+566
Sagilan damizlik sayist 627 311 693 530 529 533
Sagima katilmayan damizlik sayisi 9 13 7 25 11 10
Sagima katilmayan damizlik orani %1,4 %4 %1 %4,5 %2 %1,8

*(ortalama + standart sapma)
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Figure 1. The stripping performance of the target hatcheries in terms of time and the stripped number of broodstocks.

Tablo 4. Kulugkahanelere gore damizliklarin yumurta ile ilgili fenotipik ozellikleri*.
Table 4. Egg-related phenotypic characteristics of broodstock according to hatcheries.

Kuluckahaneler/Parametreler YSU BSU KCM ELF OCK SFA
Yumurta gapt (mm) 540,35 4,7+0,41 4,9+0,17 4,9+0,30 5,1+0,34 4,5+0,47
Toplam fekondite (adet/damizlik) 4861+1003 4802+1248 3811+401 3859+833 4707+878 3232+1104
Nispi fekondite (yum/kg) 143340,29 1806+0,46 2017+0,21 1702+0,36 1370+0,25 2000+0,68
*(ortalama + standart sapma)
Tablo 5. Kulugkahanelere gére yumurta ve larva gelisim performanslart*.
Table 5. Egg and larvae development performance according to hatcheries.
Kuluckahaneler/Parametreler YSU BSU KCM ELF OCK SFA **n.
Gozlenme orani (%) 78+13¢ 9442 96+22 92+320c RYEL 83427 0,001
Yumurtadan ¢ikis orani (%) 78+5¢ 91462 89920 91482 74+21b° 84+21 0,021
Yeme baslama orani (%) 99+22 99+12 99+12 98+12 99+12 98422 0,735
*(ortalama + standart sapma)
**Kruskal-Wallis Testine gore anlamlilik diizeyi; a,b,c: Coklu karsilastirma testi Bonferroni diizeltmesine gore gruplar arasi farki gosterir (P<0,05)
TARTISMA VE SONUC 8,5 mg/L arasinda degistigi goriilmektedir. Gokkusagi

alabaligi yetistiriciliginde damizlik ve yumurtalarin
ihtiyacini karsilamak i¢in havuz ¢ikis suyundaki ¢oziinmiis
oksijen miktarinin 7 mg/L’den

Bu calismada gokkusagi alabalig
kuluckahanelerinin ~ ¢6ziinmiis  oksijen  degerlerine
bakildiginda kulugkahanelerdeki damizlik havuzlarmin su
¢ikislarindaki ¢oziinmiis oksijen degerlerinin 7,1 mg/L ile

gerekmektedir  (Arabaci,
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¢Oziinmiis oksijen miktar1 referans alinarak damizliklarin
bazi su kalite kriterleri degerlendirildiginde bir¢cok noktada
damizliklarin ortam kosullarinin birbirlerine benzer ve iyi
durumda oldugu ayrica damizlik refahimi olumsuz yonde
etkileyecek diizeyde olmadigi goriilmiistir (Tablo 1).
Yapilan diger c¢alismalara bakildiginda da birgok
arastirmacinin gékkusagi alabaligi damizliklari i¢in benzer
su kalite kriterlerini bildirdikleri goriilmustiir (Alabaster &

Lloyd, 1980; Emre & Kiiriim, 2004; Laird &
Needham,1988; Stevenson, 1987).
Diger taraftan gokkusagi alabalig

yetistiriciliginde su kalite kriterleri kadar, damizliklarla
ilgili kulugkahane yonetim parametreleri de &nemli
cevresel parametrelerden  birisidir. Damizlik  stok
yogunlugu, beslemede kullanilan yemler, damizlik
besleme sekli, giinlik besleme sayis1 ve giinliik verilen
yem miktar1 damizliklarin gelisimini etkileyebilir ve bu
durum yumurta {iretimi ve yumurta kalitesi {izerinde direk
ve dolayl etkilere sahiptir (Arabaci, 2007). Gokkusagi
alabalig1 damizliklar1 i¢in stoklama yogunlugu esas olarak
su sicakligi ve ¢dzlinmiis oksijene bagli olmakla beraber
kulugkahane rakimi ve suyun pH’s1 da 6nemlidir. Damizlik
havuz c¢ikiglarindaki ¢6ziinmiis oksijen miktarinm 7
mg/L’nin tizerinde olmast damizlik refahinin iyi diizeyde
oldugunu gostermektedir.

Calismada gokkusagi alabaligi damizliklarmin
beslenmesinde kullanilan yem markalarma bakildiginda,
kulugkahanelerde genellikle ii¢ farkli yem markasinin
kullanildigr goriilmiistir. Her zaman kullanilmamakla
beraber bazi dénemlerde kullanilan D yemi (ithal) ise
fiyatinin diger yemlere oranla daha diisiik olmasindan
dolay1 bazi kuluckahanelerde kullanildigi belirlenmistir.
Damizliklarin  beslenmesinde kullanilan yem marka
sayisinin az olmasinin nedeni, bolgedeki bayilerin yaygin
olarak tercih ettikleri yemlere yogunlagsmasi ve yem
bayilerinin sadece bu  yemleri satmasindan
kaynaklanmaktadir. Ancak bolgeye gelen ve satilan
yemlerin yol masraflari, kargo ticretleri gibi nedenlerden
dolayr diger bolgelere oranla daha yiiksek fiyatlardan
satilmasi kulugkahanelerin daha ucuz olan ithal D yemini
tercih etmelerine sebep olmaktadir.

Calismada  damuzliklarm  besleme  sekli
karsilastirildiginda  ise  kuluckahanelerden  dordiiniin
damuzliklar1 ad libutum besledigi, ikisinin ise (KCM ve
ELF) besleme tablosundan yararlanarak yemleme yaptigi
goriilmistiir (Tablo 2). Ancak kulugkahanelerden birisinde
(BSU) her ne kadar ad libutum yemleme yapilsa da
kulugkahanenin toplam damizlik sayisi ve damizliklarin
ortalama agirliklar1 (Tablo 3) dikkate alindiginda
damuzliklara verilen yem miktarinin normalden daha fazla

oldugu  gorilmiistir. Ancak bu  kulugkahanenin
damuizliklart fazla yem ile beslemesi yumurta ve larva
kalitesini ~ arttrmadigi  gorilmistir  (P>0,05). Bu
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kulugkahanenin (BSU) bu durumu g6z Oniinde
bulundurmasi ve gerekli énlemleri almast daha ekonomik
bir {iretim yapabilmesi agisindan énemlidir. Bu nedenle bu
kulugkahanenin (BSU) damizliklara verilen fazla yemi
azaltarak yem maliyetini diisiirmesi gerekmektedir. Cilinki
kulugkahanelerin en biiyiik girdilerinden olan yemin fazla
kullanilmasi isletme maliyetini arttrmaktadir (Hogsu vd.,
2003). Ayrica damizliklara fazla yem verilmesi
damizliklarda yaglanmaya ve gamet performansmin
diismesine neden olabilmektedir. Diger taraftan tiim
kulugkahanelerde bir sonraki sagim déneminde yumurta
sayisini ve kalitesini arttirmaya yonelik damizlik besleme

yontemlerinin ~ uygulanmasit  daha  ekonomik  bir
yetistiricilik  agisindan ~ 6nemlidir.  Bu  nedenle
kulugkahanelerde ad  libutum  yemleme  yerine

damizliklarda yumurta sayisimi ve kalitesini arttirmaya
yonelik besleme yapilmasi ekonomik ve sagliklt bir
kulugkahane ve damizlik yonetimi olusturmak i¢in gerekli
bir adimdir (Arabaci, 2007).

Caligmada damizliklarin sagim ile ilgili fenotipik
ozelliklerine bakildiginda genel olarak sagim zamanmin
Kasim ayinin basinda basladigi ve Mart aymin ortasinda
bittigi  gorllmiistiir.  Ancak  damizliklarin = sagim
mevsiminin her bir kulugkahane i¢in farklilik gésterdigi
goriilmiistiir. Damizliklarin sagim performansi
incelendiginde ise gokkusagi alabalig
kulugkahanelerindeki damizliklarin sagim performansi
kulugkahaneler arasinda farklilik gostermekle beraber
Aralik aymin son haftasi ve Ocak ayr boyunca
kulugkahanelerdeki damizliklarin biyiik ¢ogunlugunun
sagildig1 goriilmiistiir.

Sekil 1°de damizliklarin sagim performansina
bakildiginda iki kuluckahane (YSU ve KCM) hari¢ diger
kulugkahanelerde her hafta sagim  gerceklestigi
belirlenmistir. Ancak YSU ve KCM kulugkahanelerinde
baz1 haftalar hi¢ sagim yapilmadig goriilmiistiir. Bu durum
kulugkahanelerdeki damizliklarm bir ihtimal farkli hatlara
ait olmasindan ve sagim zamanlarinin farkli olmasindan
kaynaklanabilir.  Karatas  (2019), Van ilindeki
kulugkahanelerin farkli damizlik hatlar igerdigini yaptigi
bityiime hormonu gen ekspresyonu ve genetik polimorfizm
ile ilgili ¢alismasinda gostermistir. Sagim zamaninin en
erken YSU  kulugkahanesinde  baslamasi, YSU
kulugkahanesinde erken sagima gelen bir gokkusagi
alabalig1 hattinin oldugunun gostergesi olabilir. Bu durum
erken yumurta almak isteyen kuluckahaneler ve kis
sartlarmin agir gegtigi bolgelerde olan kulugkahaneler icin
onemlidir.

Tiirkiye’de yapilan calismalarda alabaliklarin
kiiltiir sartlarinda sonbahar sonu ve kis aylarinda sagim
sezonuna geldikleri bildirilmistir (Giiner & Tekinay, 2002;
Kurtoglu vd., 1998). Ayrica Serezli vd., (2010), Tiirkiye'de
gokkusag1 alabaliklarinda sagim zamanmin Kasim ay1
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sonunda bagladigimm1 ve Nisan ayma kadar siirdiigiinii,
ancak sagimlarin biiylik ¢ogunlugunun Ocak-Subat
aylarinda gergeklestigini rapor etmislerdir. Bu ¢alismada
ise Van ilindeki gokkusagi alabaligi kulugkahanelerinde
sagim zamaninin Kasim ay1 basinda bagladigi ve Mart
aymin ortasinda bittigi gorllmistir. Yapilan diger
calismalar ile bu calisma birlikte degerlendirildiginde
sagim mevsimi diger bolgelerde yapilan calismalardan
farkli olmasinin nedeni kulugkahanelerin kuluckahane ve
damizlik  yonetim parametrelerinin  farkli  olmasi,
kuluckahanelerin biinyelerinde bir ihtimal farkli damizlik
hatlar1 bulundurmalar1 ve damizlik arasinda olan genotipik
farkliliklar olabilir.

Calismada kulugkahanelerin damizlik stoklari
kargilastirildiginda kulugkahaneler arasinda farkliliklar
oldugu goriilmiistiir. Kulugkahanelerdeki toplam damizlik
sayisi, damizlik yasi, damizlik boyu ve damizlik agirliklart
her bir kulugkahane i¢in farkli bulunmustur. Disi/erkek
damizlik oranlarina bakildiginda ise bir kulugkahane harig
(OCK) diger kulugkahanelerin hepsinde disi/erkek
damizlik oraninin esit olmadigi belirlenmistir (Tablo 2).
Ancak damzliklarda disi/erkek orani elde edilen dollerde
akrabaligin ve homozigotlugun artmasini énlemek igin esit
tutulmas1 6nemlidir (Arabaci, 2007; Okumus, 2002;
Salihoglu vd., 2013). Disi/erkek damizlik orani esit
olmayan kulugkahanelerin disi/erkek damizlik oranlarini
dollerde akrabaligin ve homozigotlugun artmasini 6nlemek
icin  esitlemeleri  populasyonda  heterozigotlugun
korunmasi i¢in 6nemlidir. Diger taraftan kuluckahanelerde
homozigotluga neden olabilecek baska bir faktor de
porsiyonluk baliklardan erkek damizlik kullanilmasidir
(Arabaci, 2007). Calismada kulugkahanelerin birisinde
(ELF) erkek damizhik ihtiyacinin  ¢ogunlugunun
porsiyonluk baliklardan karsilandigi goriilmistiir. Bu
uygulama akrabaligi arttiracagindan homozigotlugu
arttiran bir faktordir (Arabaci, 2007). Bu kulugkahane
homozigotlugu arttirmamak igin Ozellikle erken cinsi
olgunluga erisen erkek baliklari kullanmamali ve esit erkek
disi damizlik oranini korumalidir. Ayrica kulugkahanelerin
tamaminin etkin damizlik sayisini1 da dikkate alarak orta ve
uzun vadede homozigotlugu arttirmamak i¢in performans
Ozelligi iyl bilinen, biiyime Ozellikleri iyi ve
heterozigotlugu yiiksek populasyonlardan kan tazelemesi
saglikli  bir yaklasim olacaktir. Nitekim  farkl
populasyonlardan yapilan kan tazelemenin gelecek
kusaklarda  heterozigotlugu arttirdigr  bilinmektedir
(Arabaci, 2007; Diizgiines vd., 1996; Emsen, 2003).

Calismada damizliklarin yumurta ile ilgili diger
fenotipik ozellikleri incelendiginde ise damizliklardan elde
edilen yumurtalarm, yumurta capmnin 4,5+0,47 mm ile
5,1£0,34 mm arasinda degistigi goriilmiistiir. Konu ile
ilgili Tirkiye’de yapilan diger ¢caligmalara bakildiginda bu
calismada elde edilen yumurta ¢aplarinin Kanyilmaz vd.,
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(2016), Kurtoglu vd., (1998) ve Serezli vd., (2010)
tarafindan yapilan calismalar da elde edilen yumurta
caplar1 ile benzer aralikta oldugu goriilmistir. Giiner &
Tekinay, (2002) ve Ozgiir & Bayir, (2013) tarafindan
yapilan ¢alismalarda ise yumurta ¢aplar1 bu ¢aligmada elde
edilen yumurta c¢aplarindan daha Dbiyiikk olarak
bildirilmistir. Yapilan diger calismalar ile bu g¢alisma
birlikte degerlendirildiginde = damizliklarin  yumurta
caplarindaki farklillk damizlik yaglar ile ilgili olabilir.
Gokkusagr alabaliklarinda yumurta ¢apt ve damizliklarin
yasglar1 dogru orantili olarak artmaktadir (Bromage &
Cumaranatunga, 1988).

Diger yandan damizliklarin toplam
fekonditelerine bakildiginda ise toplam fekonditesinin
3232+£1104 adet/damizlik ile 4861+1003 adet/damizlik
araliginda oldugu goriilmiistiir. Konu ile ilgili yapilan diger
calismalara bakildiginda bu ¢alismada elde edilen toplam
fekonditenin Giiner & Tekinay, (2002), Kurtoglu vd.,
(1998) wve Serezli vd., (2010) tarafindan yapilan
calismalardan daha yiiksek oldugu, Kanyilmaz vd., (2016)
ve Ozgiir & Bayir, (2013) tarafindan yapilan ¢alismalardan
ise daha diisik oldugu goriilmiistir. Yapilan diger
calismalar ile bu calisma birlikte degerlendirildiginde
damizliklarin toplam fekoditelerindeki farklilik yumurta
caplarinda oldugu gibi damizlik yaslari ile ilgili olabilir.
Ciinkii gokkusagi alabaliklarinda toplam fekondite de
damizliklarin yaslari ile dogru orantili olarak artmaktadir
(Bromage & Cumaranatunga, 1988). Ancak nispi
fekontide icin bu durumu séylemek uygun degildir. Ciinkii
nispi fekondite 1 kg canli agirliga diisen yamurta miktarini
belirtigi i¢in damizlik yasi ile ters orantilidir (Arabaci,
2007). Bu calismada damizliklarin nispi fekonditeleri
incelendiginde ise nispi fekonditesinin 1370+0,25
yumurta/kg ile 2017+0,21 yumurta/kg araliginda oldugu
goriilmiistiir. Konu ile ilgili yapilan diger caligmalara
bakildiginda bu ¢alismada elde edilen nispi fekonditenin
ise Serezli vd., (2010) tarafindan yapilan ¢alismadan daha
diisiik oldugu goriilmistiir. Giiner & Tekinay, (2002),
Kanyilmaz vd., (2016), Kurtoglu vd., (1998) ve Ozgiir &
Bayir, (2013) tarafindan yapilan ¢alismalar da elde edilen
ile nispi fekonditelerin ise bu ¢alisma ile benzer aralikta
oldugu goriilmiistiir.

Calismada farkli kulugkahanelerdeki farkli
damizliklardan Grneklenen déllenmis yumurtalarin ayni
cevresel  sartlarda yumurta ve larva  gelisim
performanslarina bakildiginda ise damizliklarin yumurta
ve larva gelisim performanslari arasinda farkliliklar oldugu
goriilmiistiir. Hem yumurtalarmn gbézlenme orant hem de
yumurtadan larva ¢ikis orami agisindan damuzliklar
arasindaki fark istatistiksel olarak &nemli bulunmustur.
Damizliklardan &rneklenen yumurtalarin gézlenme orani
incelendiginde gézlenmenin %78+13 ile %96+2 arasinda

degistigi  goriilmiistir. Yapilan diger c¢alismalara
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bakildiginda bu ¢aligmada elde edilen goézlenme oranimnin
Kanyilmaz vd., (2016) tarafindan yapilan ¢alismadan daha
yiiksek oldugu goriilmiistiir. Baki & Kalma (2011), Giiner
& Tekinay, (2002), Kurtoglu vd., (1998) ve Ozgiir & Bayur,
(2013) tarafindan yapilan c¢aligmalar da elde edilen
gozleme orani ile ise benzer aralikta oldugu goriilmiistiir.

Diger taraftan larvalarin yumurtadan ¢ikis orani
incelendiginde ¢ikis oraninin %74+21 ile %9148 arasinda
degistigi  belirlenmigstir.  Yapilan diger c¢aligmalara
bakildiginda bu ¢alismada elde edilen larva ¢ikis oranmin
Giiner & Tekinay, (2002), tarafindan yapilan ¢alismadan
daha yiiksek oldugu goériilmistiir. Baki & Kalma (2011),
Kanyilmaz vd., (2016), Kurtoglu vd., (1998) ve Ozgiir &
Bayir, (2013) tarafindan yapilan ¢alismalar da elde edilen
larva ¢ikig orani ile ise benzer aralikta oldugu goérilmiistiir.
Caligmada larvalarin yeme baslama oranina bakildiginda
ise larvalarin yeme baglama oranmin %98+1 ile %99+2
arasinda degistigi goriilmiistiir. Yapilan diger ¢aligmalara
bakildiginda bu caligmada elde edilen yeme baslama
oraninin Giiner & Tekinay, (2002), tarafindan yapilan
calismadan daha yiiksek oldugu tespit edilmistir. Baki &
Kalma (2011), Kurtoglu vd., (1998) ve Ozgiir & Bayr,
(2013) tarafindan yapilan ¢aligmalar da elde edilen yeme
baglama orani ile ise benzer aralikta oldugu goriilmiistiir.

Bu c¢alismada ele aliman tiim parametreler
incelendiginde kuluckahaneler arasinda sagim mevsimi,
sagim performansi, gozlenme orani, yumurtadan cikis
orani, serbest yiizmeye ve yem almaya baslama oraninda
farkliliklar oldugu gorilmiistir. Bu durumun nedeni
kulugkahanelerdeki su kalitesi ve damizlik ydnetim
parametrelerinin ~ farkli  olmasi,  kulugkahanelerin
biinyelerinde farkli damizlik hatlar1 bulundurmalart ve
damuzliklar arasinda olan genotipik farkliliklardan
kaynaklandig diisiiniilmektedir.

Sonu¢ olarak elde edilen veriler yetistiricilik
acisindan degerlendirildiginde; (i) Daha ekonomik bir
yetigtiricilik igin damizliklarda yumurta sayisini ve
kalitesini  arttrmaya yonelik besleme yontemleri
uygulanmalidir, (ii) Kuluckahanelerin birinde bulunan ve
sagima erken gelen damuzliklar, erken sagilan hat elde
etmek igin  kullamlabilir, (iii) Damizlhik  stok
populasyonlarinda homozigotlugu diigiirmek i¢in disi
erkek damizlik orani kulugkahanelerde esitlenmeli ve
erkek  damizlik ihtiyact  porsiyonluk  baliklardan
karsilanmamalidir, (iv) Ayrica damizliklar arasindaki
genotipik  farkliliklar1  belirlemeye yonelik detaylt
genotipik ¢aligmalar yapilmalidir.
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Oz: Moda tasarimu 6grencilerinin meslek hayatina atildiklarinda tekstil isletmelerinin doga dostu
iretim faaliyetlerine katki saglayabilmeleri igin, ¢evre egitimi konusunda kendilerini yeterli bilgi
ile donatmalar1 gerekmektedir. Cevre kirliliklerinin olusturdugu tehlikeler hakkinda bilgisi
olmayan bir tasarimcinin, ¢alisacag tekstil isletmesinde ¢evre dostu bir {iretim saglayamayacagi
asikardir. Bu diistinceden hareketle yapilan ¢alismada; son yillarda tiim {ilkeler icin 6nemli bir
sorun haline gelen ¢evresel kirliliklerin olusturdugu tehlike boyutlarini; moda tasarimi
Ogrencilerinin anlama, farkinda olma ve bilgi sahibi olma diizeyleri ile &grencilerin tekstil
dirtinleri tasariminda gevreye yonelik tutumlari arastirilmustir. Arastirmada veriler, 2017-2018
egitim-ogretim yili Kasim ayinda toplamda 124 moda tasarimi 6grencilerine uygulanan anket
formu araciligl ile toplanmustir. Anketin birinci bdlimiinde; 6grencilerin sosyodemografik
ozellikleri, ikinci boliimiinde ¢evre ve insan saghiginda risk olarak diisiindiikleri cevresel
kirlilikleri ve risk diizeyleri ile tasarimda ¢evreye yonelik tutumlari belirlenmistir. Aragtirmadan
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Abstract: When fashion design students start their professional life, they need to equip
themselves with sufficient knowledge of environmental education in order to contribute to eco-
friendly production activities of textile enterprises. It is clear that a designer who is not familiar
with the hazards caused by environmental pollution cannot provide eco-friendly production in the
textile enterprise. In this study based on this thought, fashion design students' attitudes towards
environment in textile products design and their understanding, awareness and knowledge levels
about the extent of the danger caused by environmental pollution, which has become an important
problem for all countries in recent years, were investigated. The data were collected through a
survey applied to 124 fashion design students in November 2017-2018 academic year. In the first
part of the survey, the sociodemographic characteristics of the students and in the second part the
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GIRIS

Giinliimiizde ¢evre ve insan saglhigi bilincinin
artmasi, tlim sanayi kollar1 ile beraber tekstil sektoriinii de
etkilemistir. Tekstil mamullerinin ¢evre ve insan sagligina
zarar vermeden firetilmeleri 6nem kazanmistir (Akdeniz
Ar, 2009). Cevre kosullardaki hizli bozulma ve diinyanin
sinirlarma yaklasildigi endisesi, isletme yoneticilerinin
ekolojik ¢cevreye bakis agilarini bir an 6nce degistirmelerini
ve isletme faaliyetleriyle ilgili kararlar alirken ekolojik
cevreyi Onemli bir faktdr olarak degerlendirmelerini
gerektirmektedir (Nemli, 2001). Cevrenin korunmasi
konusunda tiiketicilerden gelen talepler de isletmeleri
cevreye karst daha duyarli olmaya yonlendirmektedir
(Stead & Stead, 1996). Tiiketiciler, daha az kirlilik ve atik,
daha fazla geri doniisim istemekte, yenilenebilir
kaynaklarin daha fazla kullanimin1 ve iiriinlerin ekosistem
icin daha giivenli olmasmi talep etmektedirler. Isletme
yoneticileri de degisimin gerisinde kalmamak icin bu
yondeki talepleri stratejik kararlarda dikkate almak ve
cevreye karst daha duyarli bir yonetim anlayis1 gelistirmek
durumundadirlar (Nemli, 2001). Giiniimiiz toplumlarinda;
iklim degisikligi, yesil kimya, su kithig1 ve insan haklari
hususlarindaki konular tekstil ve giyim sektoriinde de
giiclii bir sekilde yerini almaktadir (Bostrdm & Micheletti,
2016).

Moda ve tekstil endiistrisi bugiin ¢evreye en fazla
zarar veren sektorlerden birisi olarak kimya endiistrisi ile
ayni derecede yargilanmaktadir. Sektér ¢ok biiylik
miktarlarda kaynagi tiketmektedir ve hizla degisip
tiikketimi koriikleyen trendlerin egemenligindedir. Uretim
icin gerekli tim kaynaklar ile iiretim, kullanim ve ortadan
kaldirilma asamalarinda ortaya c¢ikan atiklar, tekstil
yasam  dongiisiinii  olusturmaktadirlar
(Tirkmen, 2009). Engellenebilir ve engellenemeyen
atiklarla birlikte mevcut kaynaklarin da kullanilamaz hale
gelmesinde olumsuz etkilere neden olan hazir giyim
endiistrisinin konu ile ilgili farkindaliginin artirilmasi igin
tasarim, tiretim, kullanilan hammadde, tekstil yan
malzemeleri ve lriin iretim proseslerinin incelenmesi
gerekmektedir. Sektorii meydana getiren isletmelerdeki
tasarimcilarin, tretimde kullanilan kaynak, malzeme ve
proseslerden sorumlu oldugu da dikkatten kagmamalidir
(Koca vd., 2019). Tasarimcinin dikkate almasi gereken
konulardan biri de moda dongiisiiniin iiretim-tiiketim
stirecinde ¢evre ve insan saglhigma verdigi zarardir. Bu
noktada moday1 yonlendiren tasarimcilar bu hizl iiretim-
titketim iligkisinin neden oldugu zararlar konusunda biling
kazanmak durumundadir (Sahin & Odabasi, 2018).

Tekstil endiistrisi iilke ekonomisine sagladigi
fayda anlaminda 6nemli bir yer teskil etmektedir. Tekstil
sektoriinde 6nemli derecede su, boyarmadde ve kirlilik
yaratacak diger kimyasallar kullanilmakta olup bunun
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neticesinde kirlilik yiikii ¢ok yiiksek olan atiksular ortaya
cikmaktadir. Tekstil endiistrisi kaynakli atiksular, alici
ortamda negatif etkiler meydana getirirken ayn1 zamanda
iretim  proseslerinde geri kullanmim  potansiyelini
azaltmaktadir. Alici ortamda estetik sorunlar, sucul
ekosisteme zararli etkiler gibi pek ¢ok istenmeyen etkiye
de neden olmaktadir (Gergin & Cuci, 2017). Tekstil
endiistrisinin olusturdugu atiksu ¢oziinmiis kat1, yiiksek
KOI, BOI, giiclii renk ve tuz gibi karakteristik 6zellikleri
nedeniyle yiiksek miktarda kirlilik yiikii ihtiva etmektedir
(Kama, 2019). Tekstil atiksularindaki 6nemli kirleticiler
temel olarak organikler, renk, toksik maddeler, inhibitdr
bilesikler, yiizey aktif maddeler, klorlu bilesikler (AOX),
pH ve tuzlardir (Sandhya & Swaminathan, 2006). Tekstil
sektoriinde kullanilan 100.000'den fazla ticari olarak temin
edilebilen boya mevcuttur ve yilda 7x105 tondan fazla
iiretilmektedir. Bu boyalarm %10-15'inin atiksuya karistig1
tahmin edilmektedir. Artilmadan dogaya desarj edilen
atiksulardaki boyalarin
tizerinde toksik etkilerinin yanisira insanlarda alerjiye,
tahrise, kansere ve hatta mutasyona neden oldugu
bildirilmistir (Kalipci vd., 2016; Namal & Kalipci, 2019;
Namal & Kalipci, 2020).

Tekstil endiistrisinin kapsam ve tedarik zincirinin
genisligi  dolayisiyla iiretim nedeniyle atmosferik
kirleticilerin ¢iktis1 da yiiksektir (Coskun & Dogan, 2021).
Ornek verilecek olursa; kumas iiretim islemlerinin pek
cogunda sera gazi emisyonu (CO; ve metan (CHa) gazlar
vb.) ortaya ¢ikmaktadir (Keskin vd., 2017; Akhtar vd.,
2017). Kiiresel karbon emisyonunun % 10’unu olusturan
tekstil ve moda endiistrisi, diinyayr ve ¢evreyi kirleten
bununla birlikte suyu en fazla tiiketen ikinci endiistri
dalidir (Lee, 2016). Yalnizca 1 adet pamuklu tisort
iiretebilmek i¢in 2700 litre suya ihtiya¢ oldugu géz oniine
alindiginda bu sonucun kaginilmaz oldugu goriilmektedir
(Necef vd., 2020). Tekstil sanayi yiiksek su tiiketiminin
yani sira ayni zamanda ¢ok gesitli kimyasal kullanimina ve
cesitli atiklara sahip bir sanayi dalidir. Sivi ve kati atiklar
hava emisyonuna neden olmakta ve kati atiklar c¢evreyi
cesitli sekillerde etkilemektedir. Atilan bazi kimyasallar
dogada toksik etkiler gosterebilmektedir. Bazi atiklarin
sulu ortama atilmasi, suda olabilecek toksisite nedeniyle
¢ozilinmiis oksijenin azalmasma neden olabilmekte ve suda
yasayan canlilar ve daha sonra bu suyu kullanan kisiler igin
tehdit unsuru olmaktadir (Ozdogan vd., 2007). Endiistriyel
sektorler arasinda yer alan tekstil endiistrisi; atiksu
kompozisyonu ve desarj hacmi dikkate alindiginda yiiksek
kirleticiler olarak derecelendirilir. Ozellikle tekstil sanayi,
suyu biiylik oranda tiiketerek kayda deger oranlarda boyali
atiksular tiretmektir (Dizge vd., 2008; Wang & Li, 2005).
Tekstil sanayiinde kullanilan maddelerden atiksulara
karisan ve endiistrisine 0zgii Ozelliklere sahip en tipik
kirleticilerden biri renk parametresi olup bu parametre
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canlilar lizerinde toksik ve kanserojen etkilere yol agarken
ayn1 zamanda desarj sahalarindaki sularda olusturdugu
renk degisimi fotosentezi yavaglatmakta ve her yonden
ekolojik dengeyi bozmaktadir (Karagiray, 2019). Reaktif
boyalar, insanlarmn karaciger, sindirim sistemi ve merkezi
sinir sisteminde ciddi hasara yol agabilmekte ve yeralti
sular1 ile tarimsal yetistiriciligi etkileyebilmektedir
(Dhanapal & Subramanian, 2014).

Cevre sorunlari, 19. yy’da baslaylp yirminci
yiizyllda yayginlik kazanmis olmakla birlikte, muhtemel
olarak 21.yy toplumlarmin ¢6zmek zorunda kalacagi en
onemli sorunu olusturacaktir. Diger bir tanimla modern
diinyanin irettigi sorunlari, post-modern diinya ¢ézmek
zorunda kalacaktir (Ceritli, 2001). Cevre sorunlart ile etkin
sekilde miicadele etmek igin sadece teknolojiyi ve
kanunlar1 kullanmak, sorunlar1 ¢6ziime kavusturmada tek
basina yeterli degildir. Cevresel sorunlarla miicadele
edilebilmesi ve ¢Oziim {iretilebilmesi, ancak egitimli,
duyarli ve  bilingli bireylerin  yetistirilmesi ile
¢cozlimlenebilir (Yener & Kalipci, 2007). Cevreye karsi
olumsuz tutuma sahip bireylerin ¢evre sorunlarna duyarsiz
olacag1 ve hatta ¢evreye sorun yaratmaya devam edecegi
stiphesizdir (Uzun & Saglam, 2006). Cevresel kirliliklerin
olusmasma neden olan bireylerin, bu tarz kirlenmelerin
olusmasmin neden ve sonuglar1 ile nasil giderilecegi
hakkinda bilgi sahibi olmalari saglanmalidir. Cevreye
yonelik biitiin sorunlar; kayitsiz insan davranigindan
kaynaklanmakta, bu davranislarin sonucunda ortaya ¢ikan
konusunda  bilinglendirilmeyen  insanlar
kendilerini dogrudan etkilemedigini diisiindiikleri olaylara
kars1 duyarsiz kalmaktadirlar (Ozmen vd., 2005).

Bu diisiinceden hareketle yapilan ¢alismada;
egitimlerini tamamladiklarinda tekstil isletmelerinde
calisarak, isletmenin ¢evre ve insan sagligina zarar
vermeden iretim saglamasinda soz hakki olacak moda
tasarimcilarinin ilkdgretimden baglayarak su anki egitim
stireci igerisine kadar gecen zaman diliminde c¢evre
konularna ilgileri ve sahip olduklar1 bilgi seviyeleri ile
ogrencilerin tekstil {irlinleri tasariminda ¢evreye yonelik
tutumlarmin tespit edilmesi amaglanmustir.

sorunlar

MATERYAL VE METOT

Bu aragtirma; 6zel durum ¢alismasi olup, tarama
modelinde yapilmistir. Arastirmanin ¢alisma grubunu,
2017-2018 egitim-6gretim yilinda Giresun Universitesi
Moda Tasarimi programinda 6grenim goren toplamda 124
tane moda tasarimi 6grencileri olusturmustur.

Arastrmada veriler, rastgele se¢ilmis olan
toplamda 124 moda tasarimi Ogrencilerine uygulanan
anket formu aracilifi ile toplanmigtir. Anketin birinci
boéliimiinde moda tasarimi 6grencilerinin sosyodemografik
yapilarinin tespitine yonelik 12 adet agik uglu ve 2 adet de
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5°li likert tipi olmak iizere toplamda 14 adet soruyu
cevaplamalar1  istenmistir. Ikinci  boliimiinde ise
Ogrencilerin {iriin tasariminda gevreye yonelik tutumlarini
belirlemek i¢in 5 adet agikuglu soru ile ¢evre ve insan
sagligi icin risk olarak diigiindiikleri ¢evresel kirlilikleri ve
risk diizeylerini belirlemek i¢in ise 36 adet ifade verilmis
ve hig risk olusturmaz/diisiik risk olusturur/orta diizeyde
risk olusturur/ileri risk ve ¢ok ileri diizeyde risk olusturur
seklinde 5°li Likert skalasiyla degerlendirilmistir.
Arastirmada, diisiik olarak belirtilen risk algilama diizeyi
hi¢ ve diisiik tanimlamalar1 birlestirilerek, ileri olarak
belirtilen diizey ise ileri ve ¢ok ileri tanimlamalar
birlestirilereck elde edilmistir. Anket formunun ilk
bolimiinde bulunan, moda tasarimi &grencilerinin
sosyodemografik dzelliklerini belirlemeye yonelik sorular;
Erten, (2005) Beyhun vd., (2007) ile Erten, (2002)’nin
daha onceden kullanmis olduklari anket ¢aligmalarmdan
almarak kismen degistirilmis ve modifiye edilerek
hazirlannustir. Tkinci boliimiinde yer alan sorular ise, Oztas
ve Kalipci, (2009) ile Beyhun vd., (2007)’in yapmis oldugu
calismalardan esinlenerek gelistirilmis ve hazirlanmistir.
Bu anket, ¢aligmanin temel araci olup moda tasarimi
Ogrencilerine 2017-2018 oOgretim yili Kasim ayinda
uygulanmistir. Moda tasarimi 6grencileri anket formunu
gozlem altinda doldurmuslardir ve sorular1 okumadan
cevaplamalarini engellemek i¢in uygulama yapilmadan
once konunun Snemi anlatilmistir. Ayrica moda tasarimi
ogrencilerine bunun bir sinav olmadig belirtilmis ve bu
anketi tamamlamalari i¢in yeterli siire verilmistir. Bu test
cevre egitimi alaninda uzmanhg bulunan 3 Ggretim
iiyesine kontrol ettirilmistir. Yapilan anket c¢alismasi
sonucunda testin giivenilirligi hesaplanmistir. Arastirma
sonuglarmin degerlendirilmesi yiizde ifadeler ve hazir
istatistik paket programi SPSS kullanilarak yapilmistir.
Sonuglar literatiir bilgisi ile karsilastirilmis ve Oneriler
sunulmustur.

BULGULAR

Arastirmaya katilan moda tasarimi 6grencilerinin
sosyodemografik ozellikleri Tablo 1’de verilmis olup;
anketin birinci boliimiinde yer alan sorulara verdikleri
cevaplara gore: katilimeilarin 118’1 (%95) kiz, 6’s1 (%5)
erkek’tir. Moda tasarimi Ogrencilerinin %55'1 "Meslek
Lisesi", %40’1 "Anadolu Lisesi", %5’i "A¢ik Lise
mezunudur. Yas ortalamast 21,0 £1,0 (ortanca 21)’dir.
Annelerin %73l (n=91), babalarm %70’i (n=87) Lise ve
istli egitim almistir. Ailelerin %10’unun (n=12) gelir
seviyesi 2000 TL ve altinda, %74 iiniin (n=92) 2000-5000
TL arasinda ve %16’smin (n=20) 5000 TL ve
izerindedir.

Ankete katilan moda tasarimi 6grencilerinin iiriin
tasariminda g¢evreye yonelik belirlemek

ise
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amactyla sorulan, ‘Tekstil iiretiminden kaynakli atiklari
yeni {irlin tasarimimda kullanmayr diisiiniir miisiiniiz?
Neden?’ sorusuna; 6grencilerin %79’u kullanabilecegini
kullanma nedeninin ise tasarruf amachi oldugunu
belirtmistir.  Ogrencilerin %21 ise atik malzemeleri
yeniden kullanmayacaklarmni bildirmistir. Atiklar1 yeniden
kullanacagimi belirten %79’unun ise sadece %23’liik
kesimi geri doniisiim bilinci ile kullanilmasi gerektigini
gerekee olarak belirtmistir.

Tablo 1. Moda tasarimi dgrencilerinin sosyodemografik ozellikleri.
Table 1. Sociodemographic characteristics of fashion design students.

Ozellikler n %
Cinsiyet Erkek 6 5
Kiz 118 95
Yas <24 112 90
>24 12 10
Annenin egitim seviyesi Ortaokul ve alt1 33 27
Lise ve tistii 91 73
Babanin egitim seviyesi Ortaokul ve alt1 37 30
Lise ve tistii 87 70
Ailenin gelir seviyesi 2000 TL ve alt1 12 10
2000-5000 TL 92 74
5000 TL ve tizeri 20 16
Cevre ile ilgili yapilan Hayir katilmadim 86 69
konferans, toplanti vb. Cok istedim ama katilamadim 29 23
katilm durumu Evet katildim 9 7
Universitede gevre koruma Evet 2 2
ile ilgili bir ders alma Hayir 122 98

durumu

‘Ureteceginiz iiriinlerde ekoetiket uygulamasinimn
gerekli oldugunu diisiiniiyor musunuz? Neden?’ sorusuna
ogrencilerin %65°1 gerekli olmadigimi belirtmistir. Gerekli
oldugunu belirten Ogrencilerin  %72’si
pazarlamasini kolaylastiracagini diisiindiigiini belirtmistir.

‘Tasarimlarmizda pazar kaygisi giitmeden cevre
kirliliklerine farkindalik olusturacak iiriinleri tasarlamayi
diisliniir miistiniiz?” sorusuna, dgrencilerin sadece %32’si
‘tasarimlarinda pazar kaygisi giitmeden ¢evre kirliliklerine
farkindalik olusturacak tirtinleri tasarlamayi
diistindiiklerini” beyan etmistir. %68’1 {rliniin satig
rakamlarinin daha 6nemli oldugunu vurgulamislardir.

‘Cevreye duyarli bir {iretim prosesinin {iriin
pazarlanmasint  kolaylagtiracagini  diisliniir miisiiniiz?’
Neden? sorusuna ogrencilerin %82’si irlinii i¢ piyasada
tiketenlerin ~ sadece  fiyat ve kalite acisindan
degerlendirecegini, ¢evreye duyarli bir proses ile iretilip
iretilmediginin tiiketici a¢isindan &nemli olmadigini
distindiiklerini beyan etmislerdir.

‘Tekstil isletmesinden kaynaklanan ¢evresel
kirlilik yaratan unsurlar nelerdir?” sorusuna Ggrencilerin
sadece %38’1 eksiksiz olarak cevap vermislerdir.

‘Uriinlerinizde ~ kullanacaginiz  hammaddeyi
alternatifinizin olmasi durumunda pahali olan dogal
hammaddelerden mi? yoksa uygun olan sentetik
malzemelerden mi segersiniz? Neden? sorusuna
ogrencilerin %89’u {irliniin maliyet fiyat1 diiseceginden
daha kolay satilabilecegi gerekcesiyle olan
hammaddeyi tercih edecegini bildirmistir.

ise Uriinin

ucuz
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Moda tasarimi 6grencilerinin ¢evresel kirliliklerin
olusturdugu tehlike boyutlarini algilama diizeyleri Tablo
2’de verilmistir. Yapilan arastirmada moda tasarimi
Ogrencileri tarafindan ileri veya ¢ok ileri derecede risk
faktorii olarak algilanan c¢evresel faktorler sirasiyla;
kiiresel 1sinma (n=99, %80), iklim degisikligi (n=96, %77),
ormanlarin azalmast (n=93, %75), ozon tabakasmin
delinmesi (n=91, %73), sularin kirlenmesi (n=89, %71),
icme suyu miktarinin azalmasi (n=86, %69), pestisitlerin
kontrolsiiz kullanilmasi (n=64, %52), topragin kirlenmesi
(n=55, %44), atik piller ve akiiler (n=55, %44), erozyon ve
¢ollesme (n=54, %44), yeralti kaynaklarmin bilingsiz
tilketimi (n=54, %44), kimyasallarin yaygin kullanimi
(n=52, %42) olarak tespit edilmistir. Caligmada bulunan
sonuglar Kalipci vd., (2009) tarafindan yapilan arastirma
ile benzerlik gostermektedir.

Kiiresel iklim  degisikligi, ozon
tabakasmin delinmesi, ormanlarin azalmasi, gibi ¢evresel
faktorlerin ankete katilan ogrenciler tarafindan ileri veya
cok ileri derecede risk faktorii olarak goriilmesinin
nedenlerinin, son yillarda  sicakliklarm
normallerinin iistiinde olmasi, mevsim gecislerinde
yasanan ani hava degisimleri ve yagis anormallikleridir.
Bunun yan sira kiiresel 1smma, iklim degisikligi, orman
yanginlar1 vb. konular ile ilgili televizyon ve gazetelerde
haberlerin siklikla yayinlanmasi da moda tasarimi
ogrencilerinin bu konularm &ncelikli ¢evre sorunu oldugu
izlenimini uyandirdig1 diistiniilmektedir. Moda tasarimi
ogrencilerinin, ormanlarin azalmasini ileri derecede tehlike
olarak gdrmesinin bir diger nedeni ise; ormanlarin
azalmasiyla birlikte yagis miktarmin da azalacagin
diisinmeleridir. Kimyasallarin yaygin kullanilmasimin,
ozon tabakasina zarar verecegini diislinerek kiiresel
1sinmanin artacagi kanaatinde olduklari goriilmistiir. Yine
bulunan bu sonuglarda; Oztas ve Kalipci, (2009) tarafindan
iiniversite 6grencileri ilizerinde yapilan bir arastirma ile
benzerlik gostermektedir. Beyhun vd., (2007) tarafindan
238 Tip Fakiiltesi 6grencisi lizerinde yapilan bir diger
aragtirmada; ankete katilanlarm  9%76,9 unun
tabakasmin delinmesini, %64,8’inin kiiresel 1sinmayi ileri
veya ¢ok ileri diizeyde risk faktorii olarak algiladiklart
tespit edilmistir. Kiiresel 1smma ve ozon tabakasinin
delinmesi ile ilgili bulunan sonuglar da yine Beyhun vd.,
(2007) tarafindan yapilan arasgtirma ile paralellik
gostermektedir.

Moda  tasarimi  Ogrencilerinin  hi¢  risk
olusturmadigini1 veya diisiik derecede risk olusturdugunu
disiindiikleri cevresel faktorler ise sirasiyla; goriinti
kirliligi (n=100, %81), kiy1 ve sit alanlarinin yok olmasi
(n=85, %69), irlinlerin depozitolu ambalajlarda
satilmamas1 (n=85 %69), 151k kirliligi (n=80, %65),
metallerin ambalaj malzemesi olarak kullanilmasi (n=80,
%64), glriltd kirliligi (n=80, %064), toplu tasima
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araglarmin yeterince kullanilmamasi (n=80, %64), ¢oplerin
ayr1 toplama ve kompostlama yapilmadan bertaraf
edilmesi (n=75, %60), tibbi atiklarin diger ¢oplerle birlikte
bertaraf edilmesi (n=70, %56), plastik iriinlerin
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kullanilmast (n=67, %54), koku kirliligi (n=63, %51), atik
yaglarin ayr1 toplanmamasi (n=62, %50), gecekondulagma
(n=60, %48) olarak tespit edilmistir.

Tablo 2. Moda tasarimi 6grencilerinin gevresel kirliliklerin olusturdugu tehlike boyutlarini algilama diizeyleri.
Table 2. Perception levels of fashion design students about hazard dimensions caused by environmental pollutions.

Risk diizeyleri

Hig risk olmaz veya diisiik
derece risk olusturur

ileri veya ok ileri derece

Orta derece risk olusturur .
risk olusturur

Kirlilik tiirleri ve diger faktorler n % n % n %
Kiiresel 1sinma 5 4 20 16 99 80
Elektromanyetik Kirlilik (cep telefonlari, bilgisayarlar, mikrodalga firmlar vb.) 35 28 60 48 29 23
Sularn kirlenmesi 10 8 25 20 89 71
Kentlerde yasanan hava kirlilikleri 27 21 55 44 42 34
Gortinti kirliligi 100 81 14 11 10 8
Kiy1 ve sit alanlarimin yok olmasi 85 69 30 24 9 7
Sera etkisi 68 55 35 28 21 17
Niifus artis1 22 18 58 47 44 35
Pestisitlerin kontrolsiiz kullanilmas1 10 8 50 40 64 52
Topragin kirlenmesi 20 16 49 40 55 44
Ozon tabakasinin delinmesi 8 6 25 20 91 73
Asit yagmurlar 15 12 67 54 42 34
Carpik ve plansiz kentlesme 25 20 55 44 44 35
Geri doniisiimii olmayan tiriinlerin kullanilmast 20 16 72 58 32 26
Erozyon ve ¢ollesme 22 18 48 39 54 44
Isik kirliligi 80 65 30 24 14 11
Kati atik (¢op) kirliligi 30 24 72 58 22 18
iklim degisiklikleri 6 5 22 18 96 7
Ormanlarin azalmasi 5 4 26 21 93 75
Atik piller ve akiiler 29 23 40 32 55 44
Enerji tiiketiminin bilingsizce yapilmasi 32 26 71 57 21 17
Bitki ve hayvan tiirlerinin azalmasi 31 25 56 45 37 30
Giirtilti kirliligi 80 64 30 24 14 11
Plastik tirtinlerin kullanimi 67 54 37 30 20 16
Koku kirliligi 63 51 42 34 19 15
Gecekondulagsma 60 48 27 21 37 30
fgme suyu miktarinin azalmasi 8 6 30 24 86 69
Kimyasallarin yaygin kullanimi 20 16 52 42 52 42
Tibbi atiklarin diger ¢oplerle birlikte bertaraf edilmesi 70 56 46 37 8 6
Metallerin ambalaj malzemesi olarak kullanilmasi (6r. metal kutular) 80 64 35 28 9 7
Suni giibrelerin kullanilmast 30 24 58 47 36 29
Uriinlerin depozitolu ambalajlarda satilmamast 85 69 32 26 7 6
Atik yaglarin ayri toplanmamast 62 50 40 32 22 18
Toplu tasima araglarmin yeterince kullanilmamast 80 64 30 24 14 11
Yeralti kaynaklarinin bilingsiz tikketimi 20 16 50 40 54 44
Coplerin ayri toplama ve kompostlama yapilmadan bertaraf edilmesi 75 60 45 36 4 3

Bu sonuglara gére de; moda tasarmmi
ogrencilerinin bahsedilen bu kirlilik tiirlerinin g¢evresel
etkileri hakkinda bilgilerinin yeterli diizeyde olmadigi
rahathkla soylenebilmektedir. Ornegin; moda tasarimi
ogrencilerinin bilyiik ¢ogunlugu kiiresel 1sinma ve iklim
degisikligini ileri veya g¢ok ileri derecede risk faktorii
olarak belirtirken, ayn1 zamanda da %55’1 (n=68)
tarafindan sera etkisinin yaratacagi ¢cevresel riskin, hig risk
olusturmayacagint  veya diisiik risk olusturacagini
belirtmistir. Plastik atiklar binlerce y1l dogada ¢iiriimeden,
bozunmadan kalarak kirlilik olusturmasina ragmen, moda
tasarimu  Ogrencilerinin = %544 plastik  {riinlerin
kullanilmasmim hi¢ risk olusturamayacagini veya diisiik
risk olusturabileceklerini belirtmiglerdir. Ayni sekilde
giirtiltii kirliliginin insan viicudu {izerinde olusturdugu
psikolojik, fizyolojik ve sosyal yagama olan olumsuz
etkilerine ragmen moda tasarimi Ogrencilerinin %64l
tarafindan hi¢ risk olusturmayacagi veya diisiik risk
olusturabilecegi belirtilmistir. Atik piller ve akiilerin
igerisinde bulunan kursun, nikel, kadmiyum vb. agir
metallerden dolayr su kirliligi, toprak kirliligi gibi son
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derece 6nemli kirlilikler olustugu bilinirken, moda tasarimi
Ogrencilerinin yine %231 hig riski olmadigm veya diisiik
risk  olusturdugunu belirtmiglerdir. Toplu tagima
araglarmin yeterince kullanilmamasi kaynakli hava kirliligi
ve giiriilti kirliligi olusabilecegi bilinirken, 6grencilerin
yine %64’0 toplu tagima araglarmm yeterince
kullanilmamasinimn hi¢ riski olmadigmi veya disiik risk
olusturdugunu belirtmislerdir.

Moda tasarimi 6grencilerinin orta derecede risk
olusturdugunu disiindiikleri ¢evresel faktorlerin ise
sirastyla; geri doniisiimii olmayan {irlinlerin kullanilmasi
(n=72, %58), kat1 atik (¢6p) kirliligi (n=72, %58), enerji
tiikketiminin  bilingsizce yapilmast (n=71, %S57), asit
yagmurlar1 (n=67, %54), elektromanyetik kirlilik (n=60,
%48), niifus artist (=58, %47), giibrelerin
kullanilmast (n=58, %47), bitki ve hayvan tiirlerinin
azalmas1 (n=56, %45), carpik ve plansiz kentlesme (n=55,
%44), kentlerde yasanan hava kirlilikleri (n=55, %44)
olarak tespit edilmistir.
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TARTISMA VE SONUC

Yapilan bu c¢aligma sonucunda; ankete katilan
moda tasarimi dgrencilerinin %98’inin Universitede gevre
koruma ile ilgili herhangi bir dersi almadigi, %92’sinin ise
cevre ile ilgili yapilan herhangi bir konferans veya benzeri
bir toplantiya katilmadigini beyan etmesi ogrencilerin
cevre farkindaliklarini olusturacak bir egitimi Universite
yasamlarinda almadiklarini gostermektedir.

Ogrencilerin tekstil iiriinleri tasariminda gevreye
yonelik tutumlarma iligkin sorulara verdikleri cevaplardan;
tekstil endiistrisi atiklarmi degerlendirme noktasinda ¢evre
bilinci ile hareket etmedigi, geri doniisiim ile yeniden
kullanilmast gerektigi bilincinde olanlarin sayisinin ¢ok az
miktarda oldugu, iriin tasariminda artik malzemeleri
tasarruf  amachi  kullanma  bilincinde  olduklar1
anlasilmaktadir. Yine; Ogrencilerin %65’inin ekoetiket
uygulamasina gerek olmadigmi diisiinmeleri ve gerekli
oldugunu belirten &grencilerin %72’sinin ise {iriiniin
pazarlamasi kolaylastiracagini belirtmeleri, dgrencilerin
zihinlerinde {irlin tasarimi yaparlarken agirlikli olarak
ekonomik maliyeti dislindiikleri, ¢evreye yonelik
kaygilarmimn oncelikli olmadiklar1 anlagilmaktadir. Ayrica;
ogrencilerin sadece %32’sinin ‘tasarimlarinda pazar
kaygis1 gilitmeden ¢evre kirliliklerine  farkindalik
olusturacak tiriinleri tasarlamayi diigiindiiklerini’ ve %89’u
maliyet fiyati diiseceginden daha kolay
satilabilecegi gerekgesiyle ucuz olan hammaddeyi tercih
edecegini belirtmesi bu durumu da desteklemektedir.
Ogrencilerin; iiriiniin gevreye duyarli bir proses ile iiretilip
tretilmediginin tiiketici ag¢isindan &nemli olmadigini
diistindiiklerini beyan etmeleri de bunu agiklamaktadir.

Ogrencilerin “‘Tekstil isletmesinden kaynaklanan
cevresel kirlilik yaratan unsurlar nelerdir?” sorusuna
sadece %38’inin eksiksiz olarak cevap vermesi ¢alisacagi
sektordeki isletmenin ne gibi gevresel etkileri olacagmin
bilincinde olmadigin1 gostermektedir. Moda tasarimi
ogrencilerinin ¢evresel kirliliklerin olusturdugu tehlike
boyutlarini algilama diizeylerine ait sorulara verdikleri
cevaplara gore; Ogrencilerin ¢evre kirlilikleri hakkinda
yeterince bilgi sahibi olmadiklarini, bilgi sahibi
olmamalar1 nedeniyle de kirlilik yaratabilecek unsurlarin
etkilerinin neler olacagi konusunda farkindaliklarmin
olusmadigi sdylenebilir.

Sonug¢ olarak; moda tasarimu Ggrencilerinin
meslek hayatina atildiklarinda tekstil isletmelerinin doga
dostu iiretim faaliyetlerine katki saglayabilmeleri igin;
cevre bilinci ve farkindaligr konusunda yeterli bilgi ile
donatilarak mezun edilmeleri gerekmektedir. Sanayiye
doniik tiim endiistri kollarinda ¢alisan bireylerde cevreye
yonelik olumlu davraniglarin  olusturulabilmesi i¢in,
egitimin ilk kademesi olan anaokullarindan baglayarak
iniversite egitimine kadar her yil bir adet zorunlu ve
uygulamali ¢evre egitimi dersinin miifredata konulmasi

uriiniin
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gerekmektedir. Teorikte Ogretilen bilgilerin uygulamali
olarak giinliik yasantida aligkanlik haline
doniistiiriilmesinin ¢evre ile ilgili olugabilecek problemleri
anlama, farkinda olma ve bilgi sahibi olma diizeylerine son
derece yarar saglayacagi diisiiniilmektedir.
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Oz: Bu ¢alismada, gebe sigirlara uygulanan inaktif Escherichia (E.) coli agisinm kolostrum ve buzag:
kan serumlarmdaki immunoglobulin (Ig) G seviyelerine olan etkisinin arastirilmasi amaglandi. Bu
amagla, gebeliklerinin farkli dénemlerindeki sigirlara (son 60 ve 30 giin) ticari bir inaktif E. coli agis1
uygulandi. Asilanan sigirlarin  kolostrumu ve bu kolostrumlarla beslenen buzagilarm kan
serumlaridaki IgG seviyeleri ELISA ile incelendi. Asilama gruplar1 ve kontrol grubu arasinda I1gG
seviyelerindeki farkliliklar olgiilerek, gruplar arasindaki IgG degerleri karsilastirildi. Kolostrum
orneklerine ait veriler incelendiginde, kontrol grubu ile tek doz ve iki doz asilanan hayvanlara ait IgG
seviyeleri arasindaki farkin 6nemli (p<0,001) oldugu belirlendi. Benzer sekilde buzagi serumlarina ait
veriler degerlendirildiginde; tek doz ve iki doz as1 yapilanan sigirlarin buzagilarinda dlgiilen kan serum
IgG degerlerinde kontrol grubuna gore onemli oranda artig tespit edildi (p<0,001). Diger yandan
*Sorumlu yazarin: kontrol grubundaki 7 buzagmnin tamaminda (%100), tek doz asilanan sigirlara ait 7 buzagmnin 5’inde
Timur GULHAN ) (%71,4) pasif transfer yetersizligi (PTY) goriiliirken, iki doz asilanan 7 buzagnmn hi¢birinde PTY
Oimilationes Wles Witvrriicr, VESIRGIES belirlenemedi. Boylece asilanan hayvanlarda PTY oranlarinda énemli oranda diisiis saglanmis oldu.
Fralkiltesi, Mikrobiyoloji Anabilim Dal, Sonug olarak, gebe sigirlara uygulanan inaktif E. coli agis1 ile olusturulan immun yanitin pasif olarak
55220 Atakum, Samsun, Tiirkiye > . Yi pasit olara

X: timur.gulhan@omu.edu.tr buzagilara transfer edildigi,gebe sigirlarin gebeliklerinin son 60 ve 30. giiniinde iki doz agilamanin, tek

doz asilamaya gore daha etkili oldugu kanaatine varildi.
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Effects of Inactive Escherichia coli Vaccine on IgG Levels in Colostrum and Calf
Blood Serum in Pregnant Cattle

Abstract: In this study, it was aimed to investigate the effect of inactive E. coli vaccine administered
in pregnant cattle on immunoglobulin (Ig) G levels in colostrums and calf blood sera. For this purpose,
a commercial inactive E. coli vaccine was administered in cattle at different stages of their pregnancy
(last 60 and 30 days).The colostrums of vaccinated cattle and 1gG levels in blood serum of calves fed
with these colostrums were analyzed by ELISA. Differences in IgG levels between vaccination groups
and control groups were measured and IgG values between groups were compared. When the data of
the colostrum samples were evaluated the differencesamong control group, animals vaccinated with
single dose, and animals vaccinated with two doses werefound to be significant (p <0.001). Similarly,
when the data of calf sera were evaluated; significant increase was observed in blood serum IgG values
measured in calves of cattle receiving single dose and two doses of vaccine compared with the control
group (p <0.001). On the other hand, passive transfer failure (PTF) was observed in all 7 calves (100%)

*Corresponding author’s: in the control group and in 5 (71.4%) of the 7 calves vaccinated with a single dose, while PTF could
Timur GULHAN not be determined in none of the calves vaccinated with two doses. Thus, a significant decrease in PTF
Ondokuz Mayss University, Faculty of rates was achieved in vaccinated animals. As a result, it was concluded that the immune response

Veterinary Medicine, Department of
Microbiology, 55220 Atakum, Samsun, Turkey
DX timur.gulhan@omu.edu.tr

generated by the inactive E. coli vaccine administered in pregnant cattle was transferred to calves
passively, and two doses of vaccination on the last 60 and 30 days of pregnancy were determined to be
more effective than single dose vaccination.

Keywords: Blood sera, bovine, colostrums, ELISA, inactive E. coli vaccine, 1gG.
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GIRIS

Neonatal (yenidogan) buzag hastaliklar1 ve bunlara
bagli buzag kayiplart Veteriner Hekimlik agisindan 6nemli
bir konudur. Bir ayliga kadar olan buzagilar neonatal olarak
siniflandirilmaktadir. Sigirlarda, plasenta yapist anne ile
yavrusu arasinda smirli gegirgenlik O6zelligi gostermesi
nedeniyle (epitelyokordial), prenatal veya intrauterin
dénemde immunoglobulinlerin buzagiya gecisi s6z konusu
degildir. Bu nedenle yenidogan buzagilar hipo veya
agammaglobulinemik olarak diinyaya gelirler. Hayatlarmm
en zaylf donemlerinde buzagilar anneden aldiklari
kolostrumla bagisiklik kazanirlar. Bagisikligin istenilen
diizeylerde olabilmesi igin yiiksek kaliteli ve koruyucu
diizeyde immunoglobulin konsantrasyonu (>1500 mg/dl)
igeren kolostrumla yeterince beslenme sarttir (da Silvavd.,
2006).

Dogum sonrasi 24 ve 48. saatlerde kan IgG seviyesi
10 mg/ml’den az olmast buzagilar igin pasif transfer
yetmezligi (PTY) olarak kabul edilmektedir. PTY her ne
kadar bir hastalik olmasa da, buzagilarin hastaliklara olan
direncini diisiirerek, biiylime oranlarinda azalma, iiretkenlik
kaybi, yemden yararlanmada azalma gibi ekonomik
kayiplara neden olmaktadir. Dogal kosullar altinda neonatal
buzagilarda PTY oranmin %10-35 oldugu bilinmektedir
(McGee ve Early, 2019).

Enterotoksijenik E. coli (ETEC) suslar1 insan ve
hayvanlarda ishallere neden olmaktadirlar. ETEC, ciftlik
hayvanlarinda E. coli kokenli ishal vakalarmdan en fazla
izole edilen bakteridir. Ozellikle ruminantlarda yasamn ilk
12 saatinde bulunan ve 12. saatten sonra kaybolan
fimbrialadhezinlerespesifik reseptorler, dogumdan sonra 1-2
saat ETEC suglarmin barsak yiizeyine tutunmasiyla buzagi
septimesine sebep olmaktadir. ETEC, barsaktaki sivi
salgisinda artigtan sorumlu enterotoksinler ve barsak
kolonizasyonu  i¢in  spesifikenterosit  reseptorlerine
baglanmasmi saglayan adezinler/kolonizasyon faktorlerini
iretebilmektedir. Adezinler igerisinde en iyi bilinenler F4
(K88), F5 (K99), F6 (987P), F17, F18 ve F41 fimbriya
tipleridir. Bakterinin ince barsak epitel hiicrelerine
yapismasmi saglayan F5 (K99) fimbrial antijeni, ishalli
buzagilardan izole edilen klasik ETEC izolatlarinda en
yaygin saptanan antijenik yapidir (Piccovd., 2015). ETEC,
diger enteropatojenlerle birlikte, ilk 4 giin ile 2 haftalik yasa
kadar olan buzagilarda yeni dogan ishallerine neden
olmaktadir. ETEC’in hayvanlara bulagmasi genellikle
sindirim sistemi yoluyla olmaktadir(Mohammedvd., 2019).

K99 antijeninin 6zellikle ETEC suslarininjejunum
ve /veya ileum epitelyum yiizeyindeki gilikoproteinlere
tutunmada adherens antijeni olarak goérev yaptigi ortaya
konulmustur. ETEC'in bagirsak epiteline siki bir sekilde
yapismasi, etkili toksin {iretilmesine olanak saglar. Barsak
limeninde su ve elektrolitlerin salgilanmasi toksin
aktivitesinden kaynaklanir. Ishal, % 10'dan az kuru madde

319

Anadolu Cev. ve Hay. Dergisi, Y1l:6, No:3, (318-324), 2021

iceren yumusak diski olarak tanmimlanmaktadir. Asirt sivi
kaybina neden olur. Oliimciil ETEC infeksiyonlar1, dzellikle
ilk 24 saat igerisinde, ciddi dehidrasyon ve elektrolit
dengesizligi sonucu ortaya ¢ikmaktadir (Dezfoulievd.,
2019).

Veteriner asilarmin temel amaci, evcil hayvanlarin
sagligimmi ve refahini iyilestirmek, maliyeti diistirerek canli
hayvan iiretimini etkin bir sekilde artirmak ve zoonoz
hastaliklarin hem evcil hayvanlardan hem de yabani
hayvanlardan insana ge¢isini 6nlemektir (McGee veEarley,
2019).

ETEC fimbrialarina yonelik yapilan ¢alismalar, bu
organellerin  biyolojisini ve patogenezdeki roliinii
detaylandirmis, boylece yeni tani teknikleri, profilaktik ve
terapotik araglar gelistirilmistir. Fimbrialarm yiiksek oranda
immiinojenik proteinler oldugu, maternalimmiinizasyon ile
indiiklenen kolostral antikorlarn patojen E.
colisuslarmimenterositlere yapismay1 ve barsak
kolonizasyonuna onleyerek neonatal yavrulari korudugu
bilinmektedir. E. coli anti-adheziffimbria asilari, veteriner
as1 sektoriinde oldukca basarili bir sekilde kullanilmaktadir.
Bu amagla F4 (K88), F5 (K99), F6 (987P), F41 gibi antijenik
yapilar tercih edilmektedir (Crouchvd., 2001; Dubreuilvd.,
2016).

ETEC salgmlarmin onlenmesinde
fimbrialantijenlerin yani sira farkli toksijenik (ST, LT vs.)
alt yapilar kullanilarak da asilar elde edilmektedir. Farkli
hayvan tiirleri i¢in s6z konusu antijenlerin purifikasyonu
veya atteniiasyonu ile gelistirilmis ¢ok sayida ticari asi
bulunmaktadir. Ulkemizde, ozellikle buzagilarm E.
coliinfeksiyonlarindan korunmasi amaciyla iretilen asilar
bakterinin K99+F41+STa viriilensprofiline uygun olarak
hazirlanmaktadir. Ancak, pek ¢ok iilkede yaygin olarak
kullanilan asilama siireci iilkemizde saglikli bir sekilde
stirdiiriilememektedir. Gebe sigirlarin neonatal
septisemilerin Onlenmesi amaciyla agilanmasi ve takip
edilmesi, saha uygulamalarindaki yetersizlik, hayvan
yetistiricilerinin yeterince bilingli olmamasi gibi faktérlere
bagli olarak tam kapsamli bir sekilde yiiriitilememektedir.

Bu calismada, gebeliklerinin son 30 (tek doz) ve 30.
ve 60. giinlerinde (iki doz) inaktif bir ticari E. coliagis1 ile
agilanan sigirlarin - kolostrum ve bu hayvanlara ait
kolostrumla  yeterince  beslenen  buzagilarm  kan
serumlarindaki  IgG ~ miktarlarindaki  degisikliklerin
izlenmesi amaglandi. Asilanan hayvan gruplar1 ve kontrol
grubundaki hayvanlar arasinda kolostrum ve buzagi kan
serumu IgG seviyelerindeki degisikliklerin izlenmesi ile
sinirli dahi olsa PTY miktarlarinin 6lgiilmesi hedeflendi.
Ayrica  sigir  yetistiricilerinin = neonatal ~ buzagi
septisemilerinin Onlenmesinde gebe sigirlart agilanmast
konusunda bilinglendirilmesi ve bu konuda farkindalik
olusturulmaya calisildi.
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MATERYAL VE METOT

Calisma plant ve hayvan materyali: Calisma
kapsaminda Sivas ili Susehri il¢esindeki bir igletmede yar1
intansif olarak yetistirilen, klinik olarak saglikli, 21 Simental
ki gebe sigir (3 yas ve lizeri) ve bu hayvanlara ait 21
buzagidan (1 giinliik) olusan 42 hayvan kullanildi. Calisma
kapsaminda asilanacak hayvanlara yerel etik kurul
(14.11.2019 tarih ve 68489742-604.01.03-E.25438nolu izin)
ve hayvan sahibi onam belgesi (07.11.2019) dogrultusunda
islem yapildi. Caligmada kullanilan gruplardaki hayvanlar
miimkiin oldugunca benzer 6zellikte (yas, 1k, klinik durum,
onceki asilama programi vb. acidan) secildi ve standart
rasyon ile beslendi. Bu siirecte asilanan hayvanlarin hig
birinde hayvanin sagligini bozacak klinik semptom ve
olumsuz degisiklik belirlenmedi. Arastirma kapsaminda
gebe sigirlara ticari bir inaktif E. coli asis1 (VBR K99 E. coli
bakterin, Ata Fen) yapildi. Bu amagla, her grupta 7'ser gebe
inek ve 7'ser buzagidan olusan 3 grup olusturuldu. Birinci
gruba gebeligin son 60 giiniinde ilk as1, izleyen 30 giin sonra
ikinci as1 yapildi. Ikinci gruptaki sigirlara ise gebeligin son
ayinda tek doz asi uygulandi. Asilama islemi inaktif ticari

e
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asinin 2 ml'si gebe sigirlara deri alt1 (SC) yolla yapild.
Kontrol grubundaki gebe sigirlara ise herhangi bir asilama
yapilmadi. Tiim gruplardaki hayvanlardan dogumu takiben
kolostrum ornekleri (2’ser ml) alindi. Diger yandan her
guruptaki buzagilarin yeterince (2,5 litre) kolostrum almast
saglandi. Kolostrumla beslenen buzagilardan 24 saat sonra,
hayvanlara herhangi bir zarar vermeden klasik yontemlerle
yiiksek lisans Ogrencisi veteriner hekim tarafindan vena
jugularisten, kan ornekleri (5’er ml) alindi. Alman kan
orneklerinden c¢ikartilan kan serumlar1 ve kolostrumlar -
20°C'de stoklandi.

Ticari ELISA: Kolostrum ve kan serumu
orneklerinde IgG seviyelerinin belirlenmesinde ticari sigir
IgG ELISA kiti (Bovine Ig ELISA Kit, EB0001, FineTest,
Wuhan Fine Biotech Co., Ltd., Cin) kullanildi.

Test Tretici firmanin Onerileri dogrultusunda
gercgeklestirildi. Bu amagla tiim soliisyonlar oda 1sisina
getirilerek istenilen oranlarda sulandirildi. Test igeriginde
sunulan standartlarin sulandirmalar1 yapildi. Standartlar 135
pg/ml - 7,5 pg/ml olacak sekilde sulandirildi ve elde edilen
standart egri Sekil 1°de verildi.

- Gp. 1

Sekil 1. ELISA standart egri.
Figure 1. ELISA standard curve.

ELISA pleytinin ilk 6 kuyucugunda50’ser pl
standart sulandirmalar1 olacak sekilde, 7. kuyucuk blank
amaciyla bos birakildi. 8. kuyucuktan baglanarak her
kuyucuga 40 pl ornek dilisyon buffer eklendi. 8.
kuyucuktan itibaren buzagi serum ve kolostrum ornekleri

100
Concentration []
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10 pl eklenerek karistirildi. Pleyt 37°C’de 30 dk inkiibe
edildi. Inkiibasyondan sonra pleyt, ytkama solusyonu ile 5
defa yikandi. Blank haricinde tiim kuyucuklara 50 pl HRP-
Konjugat eklendi. Benzer sekilde pleyt 37°C’de 30 dk
inkiibe edildi. Inkiibasyon siiresi sonunda pleyt, ytkama
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solusyonu ile 5 kez yikandi. Tim kuyucuklara 50 pl
Kromojen A soliisyonu ve 50 pul Kromojen B soliisyonu
eklendi. Pleyt 37°C’del5 dk 1sik almayacak sekilde
birakildi. Bu
kuyucuklara50 pl stop soliisyonu ecklendi. Boylece
kuyucuklardaki renk maviden sariya donmesi saglandi.
Pleyt 450 nm’de ELISA reader cihazina yerlestirilerek
sonuglar okutuldu.ELISA ile elde edilen OD degerleri
standart sulandirmalardaki IgG miktarlar1 (135 pg/ml—7,5
pg/ml) ile karsilastirilarak her 6rnek igin IgG miktarlari
(ug/ml) saptandi (Al-Alo, vd., 2018).

Istatistiksel Analiz: Arastirmadan elde edilen
verilerin varyans analizi (Tek Yonlii Varyans Analizi) ve
ortalamalar arasindaki farklilik (Duncan testi) SPSS 20.0
paket programi kullanilarak yapildi (IBM Corp., 2011).

inkiibasyona strenin  sonunda  tiim

BULGULAR

ELISA  Sonuglari:  Kolostrumla  beslenen
buzagilardan 24 saat sonra alinan kan serumu ve kolostrum
orneklerine ait ELISA sonuglar1 Tablo 1, Tablo2, Sekil 2
ve Sekil 3’te sunuldu.

Tablo 1. Buzag kan serumlarina ait ELISA sonuglarimin gruplara

gore dagilimu.
Table 1. Distribution of ELISA results of calf blood sera by
groups.
N Kontrol Tek Doz As1 iki Doz As1
1 6,2083 7,0833 32,85
2 5,6667 45417 354
3 6,735 4,6667 24,265
4 5,4167 10,666 21,565
5 5,755 7,556 26,325
6 5,235 8,253 22,353
7 6,3333 6,7917 23,253
Ortalama 5,907° 7,080° 26,5732
Standart Hata 2,232
P 0,000

a, b: Ig degerleri agisindan gruplar arasindaki farkliliklar istatistiksel olarak 6nemlidir (P<0,001)

Tablo 2. Kolostrum 6rneklerine ait ELISA sonuglarinin gruplara
gore dagilimi.
Table 2. Distribution of ELISA results of colostrum samples by

groups.
N Kontrol Tek Doz Ast iki Doz As1
1 52,5 53,7 68,842
2 46,65 429 74,842
3 56,1 46,05 75,365
4 46,45 78,947 82,325
5 45,25 66,253 80,256
6 43,25 63,235 78,654
7 4545 56,25 66,325
Ortalama 47,9500 58,191° 75,2302
Standart Hata 3,055
P 0,000

a, b: Ig degerleri agisindan gruplar arasindaki farkliliklar istatistiksel olarak onemlidir (P<0,001)
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Sekil 2.Gruplara gore buzagi kan serumu ELISA sonug¢larmin
dagilimu.

Figure 2. Distribution of calf blood serum ELISA results by
groups.
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Sekil 3. Gruplara gore kolostrum ELISA sonuglarinin dagilimu.
Figure 3. Distribution of colostrum ELISA results by groups.

Serum IgG seviyesine gore IgG seviyesi 8
pg/ml’den daha az olan buzagilar ile kolostrum
orneklerinin IgG seviyelerine gore IgG konsantrasyonu 32
pg/ml ve altinda olan 6rnekler PTY olarak degerlendirildi.

Buzagi serumlarina ait
degerlendirildiginde, tek doz ve iki doz as1 yapilanan
sigirlarin buzagilarinda 6lgiilen kan serumu degerlerinde
kontrol grubuna goére 6nemli oranda artig tespit edildi
(p<0,001). Benzer sekilde kolostrum drneklerine ait veriler
incelendiginde, kontrol grubu ile tek doz ve iki doz
agilanan hayvanlardan elde edilen sonuglar arasindaki
farkin 6nemli (p<0,001) oldugu belirlendi. Diger yandan
iki doz asilanan 7 buzaginin higbirinde PTY
belirlenemezken, tek doz asilanan sigirlara ait 7 buzaginin
5’inde (%71,4) ve kontrol grubundaki 7 buzagnin
tamaminda (%100) pasif transfer yetersizligi (PTY)
saptandi.

Diger yandan c¢alisma  populasyonundaki
hayvanlarin uygulama sonrasi klinik takiplerinde gruplar
arasinda Onemli farkliliklar  kaydedildi. Kontrol
grubundaki 7 buzagmmn 6’sinda, tek doz asi yapilan
hayvanlara ait 7 buzagimin 3’inde ishal belirtileri
goriiliirken, iki doz asilanan sigirlara ait 7 buzagmin
hicbirinde ishal semptomlar1 saptanmadi.

veriler
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SONUC VE TARTISMA

Buzagilarda ETEC kokenli ishal ve 6liim vakalari
genellikle dogumu takiben ilk birka¢ giin igerisinde
sekillenmektedir. Bu donemde yapilacak antibiyotik
tedavisi etkisiz kalabilmektedir. Ciinki antibiyotik
tedavisinin etkili olabilmesi ig¢in en az 3-4 giin
gerekmektedir. Bu nedenle buzagilar i¢in kritik olan bu
donemde maternal antikorlar hayati &neme sahiptir.
Kolostral antikorlar aracilig1 (pasif transfer) ile buzagilarda
bagisiklik olusturmanin 6nemli oldugu ve disik IgG
seviyelerine sahip buzagilarda oliim oranlarinin daha
yiiksek oldugu bilinmektedir. E. coli’nin farkli antijenik
yapilart kullanilarak gerceklestirilen calismalarda; gebe
sigirlarm asilanmast sonucu buzagilardaki neonatal
ishallere bagli ishal ve 6liim oranlarinda 6nemli diisiisler
kaydedilmistir (Figueiredo vd., 2004).

Saglikli ve ishalli buzagilarin kan serumlarindaki
anti-E. coli antikor titreleri arasinda 6nemli farkliliklar
oldugu, ishalli buzagilardaki antikor titresinin saglikli
olanlardan daha yiiksek oldugu belirlenmistir. Diger
yandan ishalli buzagilarda total IgG konsantrasyonunun
saglikli  buzagilara gore daha diisik seviyelerde
olabilmektedir. Benzer sekilde, kolostral anti E. coli
antikorlar1 ile buzagi kan serumlarmndaki anti E. coli
antikorlar1 arasinda yiiksek seviyelerde pozitif korelasyon
saptanmistir. Bu durum, ishallerin 6nlenmesinde maternal
antikorlarla birlikte, anneden yavruya pasif (maternal)
olarak aktarilan sitokinler gibi hiicresel komponentlerin
o6nemini gostermektedir (Al-Alo vd., 2018).

Gebelik donemlerinde asilanmamis sigirlardan
dogan ve annelerinden maternal antikor almayan
buzagilarin neonatal dénemde agilanmalarinda daha diisiik
basarilar elde edilmistir (Deluyker vd., 2004). Bu nedenle
neonatal koliseptisemilerin 6nlenmesinde en etkili yol
gebe sigirlarin farkli dénemlerde asilanmasi ve annede
olusan maternal antikorlarin buzagilara kolostrum yoluyla
aktarilmasidir.

Bu amagla E. coli’nin farkli antijenik yapilarmdan
olusan as1 kompozisyonlar1 ile rota,
parvaviriislerden olusturulan kombine as1 segenekleri
kullanilarak hazirlanan ticari asilarin etkinligini belirlemek
icin ¢ok sayida arastirma yapilmistir. Arastirmalarin
bazilarinda antikor titresinde artis saglanmasma ragmen,
buzagi ishallerinin ve O6liimlerinin dnlenmesine yonelik,
koruyuculuk elde edilememistir (Waltner-Toewsvd., 1985;
Snodgrass, 1986). Diger yandan c¢aligmalarin ¢ogunda
basarili sonuglar alinmis, agilama ile olusturulan anti K99
kolostral antikorlarin buzagilara yeterince aktarildigi ve
koruyucu seviyelerde oldugu (Wieda vd., 1987; Crouch
vd., 2001), deneysel E. coli enfeksiyonlarina karsi tam
korunma saglandigi (Collinsvd., 1988), buzag: 6liimlerinin
ontine gegildigi (Mensikvd., 1989) asmin gebe sigirlarda

corona V€

322

Anadolu Cev. ve Hay. Dergisi, Y1l:6, No:3, (318-324), 2021

hi¢bir yan etkisinin olmadigi (Yano vd., 1995) rapor
edilmistir. ilave olarak tek doz as1 uygulanan gruptaki
hayvanlardan elde edilen antikor seviyeleri, kontrol grubu
ile karsilastirildiginda énemli bir artig belirlenemezken, iki
doz as1 yapilan gruptaki hayvanlarmn kolostrum ve kan
serumu  Orneklerinde  kontrol  grubundakilere gore
istatistiksel ~anlamda artis saptandigir  bildirilmistir
(Figueiredo vd., 2004).

Bu caligmada, gebeliklerinin farkli dénemlerinde
(doguma 30 ve 60 giin kala) tek ve iki doz seklinde inaktif
bir ticari E. coli asisi ile asilanan sigirlara ait kolostrum
orneklerinde ve bu kolostrumlarla beslenen buzagilardan
dogumu takiben 24 saat sonra alinan kan serumlarinda
sekillenen IgG miktarlar1 ELISA ile olgiildii. ELISA
verileri kontrol grubundaki verilerle karsilastirildiginda,
asilanan sigirlarda  olusturulan  immunoglobulinlerin
buzagilara pasif transferinin gergeklestigi, 6zelikle iki doz
asilama sonrasi sekillenen antikor titresinde tek doz as1 ve
kontrol grubuna gore dnemli derecede artis belirlendi ve
aradaki farkin istatistiksel olarak 6nemli (p<0.001) oldugu

saptandi. Diger yandan gruplar PTY agisindan
karsilagtirildiginda iki doz asilanan hayvanlara ait
buzagilarda PTY gorilmezken, tek doz asilanan

hayvanlarda PTY %71.4, kontrol grubundakilerde ise
%100 olarak kaydedildi.

Konuyla ilgili yapilan literatiir taramasinda
gecmisten giiniimiize kadar en giincel calisma verileri
yorumlanmistir. Ancak gebe sigirlarda yapilan ast
calismalarma ait ¢ok giincel verilere ulagilamamistir. Bu
nedenle tartisma mevcut literatiir gore
yapilmustir. Onceki ¢alismalarm genellikle as1 etkinligini
tespit etmek ve bir kisminin olusturulan antikorlarin
deneysel enfeksiyonlara karsi koruyuculuk seviyelerini
belirlemek amaciyla yapildigi  goriilmektedir. Bu
caligmada inaktif E. coli asis1 ile olusturulan IgG
seviyelerinin kontrol grubu hayvanlardaki IgG seviyeleri
ile karsilastirilarak asilamanin total IgG seviyelerine olan
etkisi arastirildi. Asillama sonrasi deneysel enfeksiyon
olusturularak, buzagilara pasif olarak aktarilan maternal
anti-K99 antikorlarinin koruyuculuk seviyeleri 6l¢iilmedi.
Ast igeriginde olan antijenlere (K99/F41/F17(Fy)) tek tek
spesifik antikor artisi incelenmedi. Bu yoniiyle c¢alisma
agtya ait spesifik bir IgG artisin1 ortaya koymakta smirl
kalmaktadir. Ancak agilanmamis hayvanlardan olusan
kontrol grubundaki hayvanlara ait verilerle agilanmig
hayvanlardan elde edilenler arasinda istatistiksel olarak
anlamli farkliliklar Dbelirlenmesi, klinik olarak asili
gruptaki buzagilarda ishal sayilarinda Snemli diisiiglerin
tespit edilmesi aginin koruyucu olduguna isaret etmektedir.
Boylece sinirli hayvan iizerinde dahi olsa as1 etkinligi ve
PTY oranlarinda 6nemli seviyelerde azalma goriildiigii
ortaya konulmus oldu.

verilerine
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Bu arastirmada elde edilen verilerin sunulan ast
calismalarinda belirtilen ve sigirlarin gebeliklerinin farkl
donemlerinde o6zellikle iki doz seklinde gergeklestirilen
deneme sonuglari ile uyumlu oldugu gériildii. Her ne kadar
bazi ¢alisma sonuglari ile farkliliklar olsa dahi, genellikle
sonuglarm paralellik arz ettigi goriilmektedir. Diger
arastirmalarda da belirtildigi gibi sonuglar arasimdaki
farkliliklar, ¢alisilan hayvan populasyonlar1 arasindaki, irk,
yas, bakim-besleme sartlar1 vb. degiskenlere ve taramada
kullanilan yontem farkliliklaridan
kaynaklanabilmektedir.

Sonug olarak bu g¢alisma kapsaminda neonatal
buzag ishallerinin dnlenmesine yonelik pilot bir asilama
calismasi gerceklestirildi. Asilanan hayvanlarda asilama
sonrasi herhangi bir yan etki goriilmedi. Tiim gruplardaki
hayvanlar beklenen zamanda dogum yapt1 ve buzagilarin
yeterince  kolostrum almasi  saglandi.  Arastirma
sonuglarma goére asilanan gruplar ile kontrol grubu
arasinda IgG seviyeleri agisindan onemli farkliliklar
saptandi. Ozellikle gebeliklerinin son 60 ve 30. giiniinde
iki doz seklinde gergeklestirilen inaktif E. coli agilamasinin
hem kolostrum hem de buzagi kan serumlarindaki IgG
seviyelerinde o6nemli derecede artis ve PTY’lerin
onlenmesine ydnelik basar1 sagladigi kanaatine varildi
Calisma populasyonundaki hayvanlarin uygulama sonrasi
klinik takiplerinde gruplar arasinda &nemli farkliliklar
kaydedildi. Kontrol grubundaki 7 buzagmimn 6’sinda, tek
doz a1 yapilan hayvanlara ait 7 buzaginmn 3’tinde ishal
belirtileri goriilirken, iki doz asilanan sigirlara ait 7
buzagmin higbirinde ishal semptomlari saptanmadi. Ancak
bu arastirma g¢ok siirh  bir hayvan
gerceklestirildigi i¢in, E. coli kokenli neonatal buzagi
septisemilerinin engellenmesine yonelik daha fazla hayvan
populasyonunda gerceklestirilecek kapsamli calismalara
ihtiyag duyulmaktadir. Boylece buzagi ishallerinden
kaynaklanan ekonomik kayiplarin 6niine gecilmesi adina
6nemli adimlar atilabilecektir.
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Abstract: This study provides information on the distribution and ecology of Callinectes sapidus

*'& : https://orcid.org/0000-0002-9522-7050 in Turkey, as well as its maximum daily catch in set nets (trammel nets and gillnets), and its
: https://orcid.org/0000-0003-1830-0733 commercial fishery in lagoons. Data were collected in 2020 by utilizing a telephone based
questionnaire survey. Responses were gathered from fishermen (n = 6) who fish in the lagoons

and the head or members of fishery cooperatives (n = 104) in 28 cities, including the coastal

regions of the Mediterranean Sea (Levantine), Aegean Sea, Sea of Marmara and the Black Sea in

Turkey. The results showed that C. sapidus is commonly distributed along the Levantine and the

southern Aegean coasts of Turkey, whilst it is rarely observed in the Sea of Marmara and the

Black Sea. Fishermen stated that C. sapidus has been seen in the Black Sea for the last decade.

The maximum daily catch of blue crab in set nets showed a significant difference in the Levantine

*Corresponding author’s: and Aegean coasts. The_z results indicated _that the species was mair_lly produced in the lagoons,

Fikret ONDES whereas many coastal fishermen returned it as discard and 79% of fishermen emphasized that C.

fja?“"yfszgllf.“is’ I?"‘g Kka“l’ Celebi sapidus shred the nets and caused an economic loss. Ovigerous females have been observed
niversity, Cigli, Izmir, Turkey - - . .

= (T @@ st between March and October and we have discussed related management issues including current

fishery season.

Keywords: Callinectes sapidus, fisheries management, invasive species, lagoon fishery, local
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Balik¢ilarin Lokal Ekolojik Bilgilerine Gore Mavi Yengecin (Callinectes
sapidus Rathbun, 1896) Tiirkiye’deki Dagilimi ve Balik¢ihgi

Oz: Bu ¢alisma, Callinectes sapidus’un Tirkiye’deki dagilimi, ekolojisi, uzatma aglarindaki
(fanyali ve sade aglar) giinliik maksimum avi ve dalyanlardaki ticari balik¢iligr hakkinda bilgi
saglamaktadir. Veriler, 2020 yilinda yapilan telefon anketleri ile toplanmustir. Dalyanlarda
balik¢ilik yapan 6 balikgt ve Tirkiye’nin Akdeniz, Ege, Marmara ve Karadeniz kiyilarim
kapsayan toplam 28 ildeki su iiriinleri kooperatifi bagkanlar1 ya da kooperatif iiyeleri (6rneklem
sayist = 104) anketleri cevaplamigtir. Bulgular, C. sapidus tiiriiniin Tirkiye’nin Akdeniz ve
Giiney Ege kiyillarinda yaygin oldugunu, Marmara ve Karadeniz kiyilarinda ise nadiren
gozlemlendigini gostermistir. Balik¢ilar, C. sapidus’un Karadeniz’de son 10 yildir goriildigiini
belirtmislerdir. Uzatma aglarindaki giinliik maksimum yenge¢ avi Akdeniz ve Ege Denizi’nde

*Sorumlu yazar: anlaml fark gostermistir. Bulgular, bu tiiriin ¢ogunlukla dalyanlarda iiretilirken, ¢ogu kiyt
FikeetONDES balik¢isinin 1skarta olarak suya geri biraktiklarmi gdstermis ve kiyr balikgilarimin %79°u C.
IFZ;Q;;It’::itlli’zgzlre?ﬁgﬁ“':mes" Sin Wit sapidus tiiriiniin aglar1 pargaladigini ve ekonomik kayba neden oldugunu belirtmistir. Yumurtalt
X fikret,.ondes:@ikcu?;du.tr disiler Mart ve Ekim aylar1 arasinda gozlemlenmis olup, mevcut balik¢ilik sezonu dahil olmak

tizere yonetim ile ilgili konular degerlendirilmistir.

Anahtar kelimeler: Balik¢ilik yonetimi, Callinectes sapidus, dalyan balikeiligi, denizel istila,
istilaci tiirler, lokal ekolojik bilgi.
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INTRODUCTION

Callinectes sapidus Rathbun, 1896, is commonly
known as blue crab or Atlantic blue crab and is regionally
entitled as “Chesapeake blue crab” around the western
Atlantic Ocean and the Gulf of Mexico (Taybi &
Mabrouki, 2020). C. sapidus is one of the 100 worst
invasive species and causes damage to nets and target fish
species caught by nets (Streftaris & Zenetos, 2006). This
species has been transported to Japanese and European
waters via ballast waters of vessels and appeared in the
Baltic, North, Mediterranean and Black Seas (Nehring,
2011). Like many other non-indigenous species, the
distribution and adaptation of C. sapidus in Europe has
been influenced by climate change (Nehring et al., 2008).

C. sapidus prefers the sandy and muddy habitats
(Hill et al., 1989) and the depths between 0 to 90 m
(Stasolla & Innocenti, 2014). This species exhibits a
migration pattern; after mating females migrate to areas
where salinity level is higher (Eggleston et al., 2015). C.
sapidus mainly feeds on molluscs, arthropods, fishes and
polychaetes, whereas algae species are rarely consumed
(Belgrad & Griffen, 2016; Hines, 2003; Laughlin, 1982;
Reichmuth et al., 2009). It was reported that C. sapidus can
reach a maximum size (carapace width (CW)) of 20.9 cm
in males and 20.4 cm in females (FAQ, 2020).

Estuaries are major areas for C. sapidus
populations (Tireli, 1999). Some environmental features
including depth and salinity influence the population
structure of C. sapidus in these areas (Jivoff et al., 2017).
Adult individuals of C. sapidus generally mate in these
areas then migrate to lower estuaries or offshore waters to
spawn and hatch their eggs (Fitz & Wiegert, 1992). C.
sapidus also can be a dominant species in lagoons within
relatively short periods. For instance, Kampouris et al.,
(2019) stated that specimens of C. sapidus feed on
economically important molluscs, fishes, and crustaceans
in the Thermaikos Gulf and Papapouli Lagoon in Greece,
and have negative impacts on the Greek national fisheries
and aquaculture.

Despite negative effects cited above, it was
noticed that blue crab meat has high nutritional quality and
various blue crab products have been sold in markets in the
US and Europe (Celik et al., 2004). The global capture of
blue crab was reported as 97 896 t in 2016 and it was
mainly caught around the western Atlantic coast (FAO,
2020). The decrease of C. sapidus population in certain
regions might be related to overfishing, reduced freshwater
inflow into estuaries, and problems in larval recruitment
(Weatherall et al., 2018). The main fishing gear used in the
capture of blue crab is a crab trap, however they are also
caught by trawls and set nets (Hammerschmidt et al.,
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1998). In spite of the fact that crab traps are known as
selective fishing gears, due to storms, vandalism and vessel
propellers, these gears can be lost at sea, which is
commonly known as ‘ghost fishing’ (Anderson & Alford,
2014; Havens et al., 2008). The minimum landing size of
C. sapidus is 127 mm CW for hard crabs and harvesting
egg-carrying females is prohibited in the Chesapeake Bay
(Carver, 2001). On the other hand, blue crab is
commercially fished in Turkey and Greece (Gokge et al.,
2007; Mancinelli et al., 2017). Regarding the management
of blue crab fishery in Turkey, there are some restrictions
including, the minimum landing size (MLS) is 130 mm
CW and the fishery closed season is between 1% May and
30" September. However, the Ministry of Agriculture and
Forestry gives permission rights to its Provincial
Directorates; hence the fishermen operating in respective
provinces may also get special permissions during closed
seasons to operate in lagoons (Anon., 2020a). Regarding
recreational fisheries, the MLS is 130 mm CW and there is
a bag limit which is 1 kg. In contrast to commercial coastal
fishers, recreational fishers can fish blue crab throughout
the year in Turkey (Anon., 2020b).

It was reported that C. sapidus introduced to the
northern Aegean Sea between 1935 and 1945 (Artiiz, 1990;
EnzenroB et al., 1997). Then, the occurrence of C. sapidus
was reported in different regions of Turkey; Aegean Sea
(Kocatas, 1971; Tuncer & Bilgin, 2008), Mediterranean
Sea (Levantine coasts) (Enzenrof3 et al., 1997), Sea of
Marmara (Zaitsev & Oztiirk, 2001) and the Black Sea
(Aydin, 2017; Bilgin, 2019; Ceylan, 2020; Yagloglu et al.,
2014). However, previous studies reported this species
from one or several localities. The distribution of C.
sapidus in all Turkish coasts and its fishery have not been
evaluated comprehensively yet. In addition, the negative
impacts of C. sapidus on native species and ecosystem in
the Mediterranean has not been sufficiently addressed
(Czerniejewski et al., 2020). This study provides
information on C. sapidus in Turkish waters including;
geographical distribution, some bio-ecological
characteristics (e.g. egg-carrying period, habitat and depth
selectivity), and fishing techniques in lagoons as well as
estimated maximum daily catch in the small-scale fisheries
(trammel nets and gill nets) in Turkey. There is no doubt
that an understanding of the ecological and socio-economic
impacts of invasive species in their new ecosystems will
help to manage aquatic resources more effectively.

MATERIALS AND METHODS

Data sampling: The objective of the
questionnaire based study was to obtain information on
spatial distribution, ecology and fisheries characteristics of
C. sapidus in Turkey. The questionnaire mainly consisted
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of the open-ended questions. Telephone based
questionnaires were applied in 2020 to commercial fishers
(president of fishery cooperatives) who is actively
performing small-scale fisheries. If the president of the
fishery cooperative did not fish actively, we could apply
the questionnaire to other members of the fishery
cooperatives. The fishers (n = 104) who completed the
questionnaire surveys reported using fishing gears
including trammel nets and gillnets to catch many different
target species. The data were collected from 28 cities
including 110 fishing grounds, in order to reliably
represent the coastal regions of Turkey (Figure 1a). The
questionnaire provided information on; i) some
demographic characteristics of fishers (age, gender, fishing
experience), ii) bio-ecological characteristics of C. sapidus
(e.g. distribution, depth and habitat selectivity, temporal
trends in abundance, estimation of spawning and molting
periods), and iii) fishery characteristics (e.g. determination
of the fishing gears types caught blue crabs, estimated
maximum daily catch in 2019). If C. sapidus did not
emerge in the fishers’ fishing grounds, they were exempt
from answering some questions. Additionally, another
questionnaire was applied to fishers (n = 6) who produce
blue crabs in lagoons with barrier traps, wire pots and fyke
nets. This second questionnaire included identical
questions to the first one, with the addition of questions
related to the lagoon fishery.
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Data analysis: The SPSS (version 20.0) was used
for the statistical analyses in this study. A Mann Whitney
U test was utilized to ascertain whether the maximum daily
catch of blue crab shows a difference in Levantine and
Aegean or not.

RESULTS

The age of fishers who participated in the
questionnaire survey ranged between 25 and 70 with a
mean value of 49 £ 9 years. All of them were male and their
fishing experience ranged between 7 and 56 years, while
the mean fishing experience was 32 + 11 years.

Distribution and some ecological characteristics
of Callinectes sapidus: Concerning the occurrence of C.
sapidus, 100 %, 72 % and 46 % of fishermen who fish
around the Levantine coasts, Aegean coasts and Sea of
Marmara (excluding Canakkale Strait), respectively
reported that they detected this species at least once in their
nets. While only 17 % of fishermen have encountered with
C. sapidus in the Black Sea to date. In other words, C.
sapidus is commonly distributed around the southern and
western coasts of Turkey, whereas it has rarely been
observed in the Sea of Marmara and the Black Sea (Figure
1b).

»=z
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'
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Figure 1. a) Spatial distribution of respondents, b) Spatial distribution of the recorded observations of Callinectes sapidus in Turkey.

In order to evaluate whether this distribution has
changed over the years or not, fishermen with more than
20 years of experience were asked; “how long have you
seen C. sapidus in your fishing grounds?” The answers
related to this question proved that many fishermen around
the Levantine coast of Turkey have seen this species for
more than 20 years, whereas this species just started to be
encountered in the Black Sea over the last several years
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(Table 1). Concerning the current status of C. sapidus
population, 73 % of fishermen who fish around the
Levantine coasts considered that its population has had
stable characteristics for the last 10 years, whereas 44 % of
fishermen who fish around the Aegean Sea reported an
increased trend (Table 1). Meanwhile, a decreasing
population was mainly detected by fishermen who fish
around the northern Aegean Coast.
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Table 1. Fishers’ observations on the occurrence and population

trend of Callinectes sapidus in Turkey.
How long have you seen

Population trend for the last 10

C. sapidus? years

Fishing <10 10-20 >20 Decrease  Increase  Stable
ground years years years (%) (%) (%)

(%) (%) (%)
Levantine 0 8 92 18 9 73
Aegean 20 64 16 31 44 25
Sea
Sea of 90 10 0 NA NA NA
Marmara
Black Sea 100 0 0 NA NA NA

The main habitats of C. sapidus were determined
as muddy and sandy sediments by 94 % of fishermen. It
was reported that this species was also rarely found in
vegetated and rocky habitats. Based on commercial
fishermen’s responses who mainly fish at depths less than
200 m, C. sapidus was distributed in depths between 0.5 m
to 40 m and was mainly caught in depths between 0.5 m to
10 m around Turkish coasts. In this study, ovigerous
females were reported by trammel netters and gill netters
from Levantine and Aegean coasts for the period between
March and October, and March and September,
respectively. Similarly, egg-carrying crabs were reported
from lagoons between May and September. Even though
we asked the question on molting periods of male and
female crabs to fishermen, they could not clearly identify
the molting periods. Furthermore, only a few fishermen
who fished in the lagoons identified molting period as
between May and August. However, they could not
identify aforementioned period separately for male and
female crabs.

Commercial fisheries

Coastal fishery: The results showed that C.
sapidus was mainly caught by trammel nets and gillnets as
a by-catch species. No fishermen identified the blue crab
as the main target species. Fishermen who used these
fishing gears noted that their main target species are red
mullet, striped red mullet, shrimp, common sole, grey
mullet, sea bass, blue fish and Atlantic bonito. Fishermen
reported that C. sapidus was also rarely caught by
encircling nets. In this study, a total of 9 fishermen
indicated that they sold caught crabs, whereas others
preferred to return them to the sea or, in rare cases,
consume them. It was noticed that both male and female
crabs were sold at the fishery cooperatives. The prices of
C. sapidus ranged from 5 to 30 Turkish Lira (TL)/kg (0.56-
3.36 €/kg) in 2020. There was a statistically significant
difference in the reported maximum daily catch of C.
sapidus between the Levantine and Aegean Sea (U =
48,000, P = 0.002). The higher daily catch values were
found around the Levantine coasts (Figure 2).

In this study, 79 % of fishermen, used trammel
and gill nets, expressed that C. sapidus causes damage to
their fishing gears (e.g. shred the nets) and results in
economic loss. Additionally, only 27 % of fishermen
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reported that C. sapidus has a negative impact on the
aquatic ecosystems. Regarding blue crab fishery
management in Turkey, all fishermen who sell blue crabs
had information about the fishing season.

:
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Figure 2. Reported maximum daily catch of Callinectes sapidus
in set nets (combined data from trammel and gill nets) in
Levantine coasts and Aegean coasts of Turkey in 2019.

Lagoon fishery: Blue crab fishery has been
performed actively in several lagoons in Turkey. In
addition to blue crab, gilthead seabream, European seabass,
mullet, and European eel were stated by fishermen as the
main target species in these lagoons. The blue crab has
been fished at depths ranging from 0.5 to 2 m. Fishermen
noticed that the main habitats of these lagoons were
reported as muddy and sandy. In these lagoons, crabs have
been caught mainly by barrier traps (Figure 3a). Scoop nets
have been used to capture blue crabs in these barrier traps.
In addition, other traps such as pots and fyke nets have been
also used for catch. The pots used were mainly rectangular
in shape with hexagonal wire mesh (Figure 3b) and the
commonly used mesh bar size varied from 20 to 25 mm.
Fish species including sardine, carp, mullet, smelt and also
chicken were used as bait in traps. C. sapidus has been
landed throughout the year in lagoons. In particular, the
highest production period for blue crab was reported as
between May and August. The maximum daily blue crab
catch in lagoons was between 60 and 600 kg. Although the
estimated annual production in these lagoons was between
1 and 15t due to limited demand, fishermen estimated the
stock size of blue crabs can reach up to 150t in one lagoon
in the eastern Mediterranean. Fishermen notified that the
mean CW of sold crabs ranged from 13 to 16 cm in lagoons
and all fishermen had information on the minimum landing
size. Fishermen acknowledged that the ovigerous (sponge)
was not sold from in the lagoon fishery. Both male and
female crabs were exported live, however some fishermen
noted that females were more resistant in transportation.
Fishermen declared that these crabs were exported to China
and the Netherlands and also some of them were sold at
domestic markets and restaurants in Adana, Antalya,
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Mugla and Istanbul. The prices of exported blue crabs
ranged from 7 to 9 €/kg, while the prices of crabs sold to
domestic markets ranged from 0.34 to 2.24 €/kg in 2020.
All fishermen reported that blue crab causes damage to
fishing nets and half of them believed blue crab also
damaged other species in lagoons.

il

Figure 3. Fishing gears used in the lagoons; a) barrier traps, b)
rectangular hexagonal mesh wire trap (photos by Gokhan Gokge).

DISCUSSION

The occurrence of C. sapidus in Europe (Atlantic
coast of France) has been detected since the earlier periods
of the 1900°s (Czerniejewski et al., 2020). The first record
of C. sapidus in the Mediterranean was given by Giordani
Soika, (1951). Due to the ballast waters, the species
expanded rapidly (Mancinelli et al., 2017; Oztiirk et al.,
2020). C. sapidus was also reported from the Black Sea
(Bulgurkov, 1968) and the northern Aegean Sea (Artiiz,
1990). Then it spread to the Aegean and Mediterranean
coasts of Turkey (EnzenroB et al., 1997). New records of
C. sapidus found in different locations of Turkish waters
were reported by Turkish Scientists (Aydin, 2017; Bilgin,
2019; Ceylan, 2020; Kocatas, 1971; Tuncer & Bilgin,
2008; Yaglioglu et al., 2014). The present study provided
the most comprehensive information about the distribution
of C. sapidus in Turkey. It should be noted that local
ecological knowledge (LEK) is a valuable source to
evaluate the distribution of invasive species in large
geographical areas. Our results highlighted that the
population size of C. sapidus was high throughout the
Levantine coasts and some areas of the Aegean Sea,
whereas this species was rarely observed by fishermen in
the Sea of Marmara and the Black Sea (Figure 1b). This
species was also recorded in some sites of the eastern Black
Sea (Trabzon and Ordu-Fatsa) according to the previous
studies (Bilgin, 2019; Ceylan, 2020).

The mating success and fecundity may be
considered as important indicators for the adaptation of
non-native species to new environments. C. sapidus
exhibits high fecundity; ovigerous specimens can produce
8 million eggs per spawn in Chesapeake Bay (Prager et al.,
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1990). Previous studies showed that the Mediterranean
population of C. sapidus also represented relatively high
fecundity; which ranged from 244,000 to 7 million eggs in
Iskenderun, Turkey (Tiireli, 1999) and from 742,652 to
7,359,642 eggs in Kdycegiz Lagoon, Turkey (Giilgahin,
2007). The success of reproduction and distribution of C.
sapidus were dependent on water temperature (Nehring,
2011) and the optimal spawning conditions were noted as
19 — 22 ° C and 0 — 8 hr of darkness (Bembe et al., 2017).
Thus, water temperature condition is proper for the
reproduction and growth of C. sapidus in the Levantine
coasts of Turkey, and this situation supports the highest
catch that can be considered as relative abundance has been
found in that region in the present study. However, due to
the increasing trend of water temperature in the Sea of
Marmara and the Black Sea, the recorded exotic species
number has increased over the last years (Erdogan Saglam
et al., 2010; Oztiirk et al., 2020; Turan et al., 2018). Hence,
the abundance of both the blue crab and other exotic
species may show a dramatic increase in the Sea of
Marmara and the Black Sea ecosystems in the future.

The present study revealed that, based on many
fishermen’s perspective, the population of C. sapidus was
stable for the last 10 years around the Levantine coasts,
whilst increase and decrease trends were reported from
some fishing grounds of the Aegean Sea. Similarly, Cerri
et al., (2020) collected data from recreational fishermen in
Italy and reported that many fishers evaluated the
population trend as “stable or fluctuating” (43.5%) or
“increasing” (40.3%). On the other hand, the distribution
area of C. sapidus widened; for instance, Mancinelli et al.,
(2017) noted that the number of blue crab records increased
in the Mediterranean Sea and southern European waters in
the last years.

Some invasive species have strong negative
ecological and economic effects and cause damage to
fishing gears (Galanidi et al., 2018). In the present study,
many trammel netters and gillnetters (79%) reported that
C. sapidus shredded the nets and caused significant
economic loss in some fishing grounds, and 27% of coastal
fishermen highlighted that this species has a negative
influence on aquatic ecosystems. There is no doubt that the
impact level of exotic species on fisheries depends on their
abundance. For example, Cerri et al., (2020) evaluated the
potential environmental consequences of C. sapidus in
Italy, Croatia and Montenegro and many of the
questionnaire survey participants did not have clear ideas
about the environmental consequences, and few
respondents believed C. sapidus has a negative effect on
the environment and fishery. Besides, the economic
impacts of C. sapidus in the small-scale fishery should be
studied as a further study. However, it should be noted that
not only blue crab but also other aquatic animals such as
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pufferfishes, dolphins and sea turtles can cause damage to
nets, such as shredding.

Our results showed that although some fishermen
caught blue crab by trammel nets and gillnets around the
Levantine and southern Aegean coast, due to its relatively
low price compared with native species (e.g. red mullet,
striped mullet, shrimp) and limited demand, this species
has been mainly considered as a ‘by-catch species’
depending on catch rate in the coastal fishery. Hence, there
is no standardized fishing gear and mesh size for the fishery
of blue crab in Turkey. The size selectivity of traps and
escape rates of C. sapidus in Turkey was evaluated in
previous studies (Atar et al., 2002; Gokge et al., 2007
Ozdemir et al., 2015). For instance, Atar et al., (2002)
compared the catch per unit effort (CPUE) of traps and
hoop nets and noted that the mean CPUE of hoop nets was
significantly higher than the mean CPUE of traps. Based
on a laboratory study Gokge et al., (2007) compared the
escape success of C. sapidus in traps using three different
square mesh barriers (35, 40, and 45 mm bar length). They
reported that L50 for the 35, 40, and 45 mm bar length
(mean + s.e.) was 8.09 + 0.12, 9.32 +. 0.09, and 10.56 +
0.11, respectively. Similarly, Ozdemir et al., (2015)
investigated the size selectivity in traps using four different
mesh sizes (30, 35, 40, 45 and 50 mm) and they ascertained
that using a 50 mm square mesh demonstrated high
selectivity with a high escape rate of immature individuals.

The results of the present study demonstrated that
the production of blue crab is mainly provided by lagoon
fishery in Turkey. According to previous studies, the
exploitation and management of C. sapidus in Turkey
started in the early 1990°s (Oztiirk et al., 2020; Zaitsev &
Oztiirk, 2001). The present study also noted that the annual
production of C. sapidus in one lagoon can reach up to 15
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t. The abundance of blue crabs and its interactions with
other species in lagoons should be studied in the future.

The MLS of C. sapidus increased from 8 to 13 cm
CW in Turkey (Anon., 2020a; Anon., 2020b; Gokge et al.,
2007). The size onset of sexual maturity (SOM) of C.
sapidus in the south coast of Turkey was determined by
Tiireli (1999) and the aforementioned study reported that
females mature at 6.05 cm carapace length (CL), whereas
males mature at 4.48 cm CL. It was reported that SOM of
crabs show a difference depending on geographical areas
(Gokge et al., 2007; Tireli, 1999). Thus, to understand
whether the current MLS is available or not more
observations related to the SOM in the different sites of
Turkey should be performed.

Another management measure related to the blue
crab is fishery closed season for coastal fishery in Turkey.
The current closed season of blue crab fishery (between 1st
May and 30th September) spans across a relatively large
period (Anon., 2020a) but according to our results
ovigerous crabs can be captured from March to October. In
addition, Tiireli (1999) investigated the reproduction of C.
sapidus in Yumurtalik (the southeastern coasts of Turkey)
and noted that sponged females were observed from March
to end of September (Table 2). Similarly, the ovigerous
individuals were observed from May to October in
Koycegiz Lagoon, Turkey (Giilsahin & Erdem, 2009). On
the other hand, the landing of ovigerous and soft crabs has
not been prohibited in Turkey yet and the fishermen can
fish blue crab with special permit throughout the year in
lagoons. To develop the effective management tools, a
priority should be given to investigate the ecological
impacts of this invasive species on native species and the
economic loss caused by C. sapidus in the small-scale
fisheries.

Table 2. Temporal distribution of the ovigerous individuals of Callinectes sapidus and its current fishery closed season in Turkey.

Geographical area (Study) Jan Feb

Mar

Apr May Jun Jul  Aug Sep Oct  Nov Dec

Yumurtalik (LE) (Ttireli, 1999)
Koycegiz(AS) (Giilsahin & Erdem, 2009)
Aegean Sea (This Study, 2021)
Levantine (This Study, 2021)

Current fishery closed season

The abbreviations; LE: Levantine, AS: Aegean Sea

Consequently, the knowledge on spatial
distribution of C. sapidus in Turkey has expanded over
recent years. Due to the decline in stocks of native species
in Mediterranean, some exotic species may be considered
as an alternative food source for this region in the future.
The blue crab is one example that started to be an
economically important crustacean species of Turkey’s
lagoon fishery, whereas it causes monetary loss in gillnet
and trammel net fishery and relatively few fishermen
caught it as a secondary target species. More studies are
required to reveal ecological and economic impacts of C.
sapidus on the Mediterranean ecosystem.
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heilmannii, insanlarda mukoza iligkili lenfoid doku lenfomasi (MALT)’mn olast nedenleri arasinda

gosterilmektedir. Simdiye kadar yapilan ¢aligmalarda insanlardaki H. heilmannii insidansmnin kedilere

nazaran daha az oldugu ve bulagsmanin genellikle kedilerden insanlara dogru seyir gosterebilecegi

goriisii yayginlagmaktadir. Zoonotik karaktere sahip olan H. heilmannii klinik belirtiler agisindan diger

gastrik kokenli helikobakterlere benzerlik gosterebilmektedir. Enfekte kedilerde klinik olarak

insanlardakine benzer tipik kronik aktif gastritis belirtileri goriilebilmektedir. Helikobakter kdkenli

enfeksiyonlarm teshisinde cesitli yontemler bulunmaktadir. Erken donemdeki teshiste Ure nefes testi,

PCR, iireaz testi ve gastrik biyopsi yontemlerinin yaygmn olarak kullanildigt bilinmektedir.

Helicobacter heilmannii’nin ise etkene ait karakteristik morfolojisinin belirlenmesinde mikrobiyolojik

S . tan1 yontemlerinden olan boyama yontemleri kullanilmaktadir. Helicobacter heilmannii’den kaynakli
orumlu yazarin:

Giiveng GOKALP gastritislerin tedavi prosediirleri ise diger helikobakter tiirlerinden kaynakli gastritis tedavilerine
Yozgat Bozok Universitesi Veteriner benzerlik gostermektedir. Son olarak ise hastaligin takibi a¢isindan uygulanan tedavi prosediirlerinin
Fakiiltesi I¢ Hastaliklart Anabilim Dals, i¢ ay araliklarla etken taramasi yapilarak tekrarlanabilecegi unutulmamalidir. Bu derleme makalesi

Yozgat, Tiirkiye

kedilerde bulunmasi muhtemel ve zoonoz olabilen H. heilmannii’nin halk sagligi agisindan 6nemine
DX: guvenc.gokalp@yobu.edu.tr

vurgu yapmay1 amaglamaktadir.

Anahtar kelimeler: H. heilmannii, kedi, malt, tedavi, teshis, zoonoz.

Significant Zoonotic Bacteria of Cats: Helicobacter heilmannii

Abstract: The incidence of Helicobacter heilmannii bacteria, which has a zoonotic character in cats,
in both animals and humans has only been reported in the literature within the scope of the cases, and
a wider disease and agent screening has not been performed. The presence and possible prevalence of
this bacterium in people who share the same environment with cat owners or cats should not be ignored.
According to the findings obtained, H. heilmannii is shown as one of the possible causes of mucosa-
associated lymphoid tissue lymphoma (MALT) in humans. In studies conducted so far, it is widely
believed that the incidence of H. heilmannii in humans is lower than that of cats and that transmission
can generally progress from cats to humans. H. heilmannii, which has a zoonotic character, may be
similar to other gastric-derived helicobacteria in terms of clinical symptoms. The typical chronic active
gastritis symptoms clinically similar to those in humans can be seen in infected cats. There are various
methods for diagnosing Helicobacter infections. It is known that Urea breath test, PCR, urease test and
gastric biopsy methods are widely used in early diagnosis. Staining methods, one of the microbiological

*Corresponding author’s: diagnosis methods, are used to determine the characteristic morphology of Helicobacter heilmannii.

Giiveng GOKALP The treatment procedures of gastritis caused by Helicobacter heilmannii are similar to the treatments
Yozgat Bozok University, Faculty of for gastritis originating from other helicobacter species. Finally, it should be kept in mind that the
Veterinary Medicine, Department of Internal treatment procedures applied in terms of the follow-up of the disease can be repeated by screening

Medicine, Yozgat, Turkey

L GG e agents at intervals of three months. This review article aims to emphasize the importance of H.

heilmannii in terms of public health, which can be found in cats and may be zoonotic.

Keywords: Cat, diagnosis, H. heilmannii, malt, treatment, zoonosis.

333


doi:%20https://doi.org/10.35229/jaes.477726
https://doi.org/10.35229/jaes.891405
https://orcid.org/0000-0001-9249-3567
https://orcid.org/0000-0002-3405-6040
guvenc.gokalp@yobu.edu.tr
file:///C:/Users/R.T.E.Ü/Google%20Drive/JAES/JAES%202021/JAES%206(3),%202021/guvenc.gokalp@yobu.edu.tr

Gékalp & Gékalp, (2021)

GIRIS

Helikobakter tiirlerinin kolonizasyonu ile gastritise
ve mide llserine sahip hasta kopek ve kediler arasinda
birebir baglanti bulunmamaktadir. Insanlarda ve evcil
hayvanlarda goriilen Helicobacter pylori, gastrit ve mide
iilserinin 6nemli bir nedeni olarak goriilse de H. pylori
disindaki Helikobakter tiirlerinin képek ve kedilerde mide
patojeni olarak rolii daha az bilinmesine karsin yaygin
goriilebilmektedir. Buna bagli olarak, Helikobakter
tirlerinden H. heilmannii, H. pylori, H. felis ve H.
bizzozeronii etkenleri ise farkli derecelerde gastritisli
kopeklerden ve kedilerden izole edilebilmektedir (Tolbert &
Gould, 2020). Helicobacter heilmannii sensu lato grubu,
hayvanlarin midesini dogal olarak kolonize eden uzun, spiral
sekilli bakteri bakterilerden olusmaktadir (Liu vd., 2014).
Hasebrouck vd., (2011) yaptiklar1 ¢alismada, H. heilmannii
sensu lato terimi tiim H. pylori olmayan helikobakterler
(NHPH )’in ifade edilmesinde Onerilmistir. Bu etkenler
insan ve hayvan midesinde histopatoloji, elektron
mikroskobu ve ham taksonomik DNA tabanl verilerle tespit
edilmistir. Helicobacter heilmannii sensu stricto terimi ise
tir diizeyindeki bakteriyi ifade etmektedir (Hernandez vd.,
2016). NHPH’lerin mide sagligi acisindan klinik onemi
giderek artmaktadir. Bu bakteri grubunun, kediler, kdpekler,
domuzlar, primatlar, kemirgenler, ¢italar ve tavsanlar dahil
olmak iizere evcil ve vahsi hayvanlarin midesinde
yasayabilen, hayvanlar ve insanlar arasinda gegis yapabilen

zoonotik ozellikteki mikroorganizmalar oldugu
bilinmektedir (Nakamura vd., 2016).
Spiral sekilli olmayan, H. pylori disindaki

Helikobakter tiirlerinin insan mide mukozasini da kolonize
ettigi belirlenmistir. Insanlarda gériilme sikliklar1 ise %0, 1
ile 6,2 arasinda degismektedir (Berlamont vd., 2020).
Helicobacter heilmannii ise insan midelerinde nadirde olsa
%0,1-2 oranlarda goriilebilen bakteriyel bir ajandir (Ostahi
vd., 2017). Van den Bulck vd., (2005) yaptiklar1 ¢aligmada
bulunan en yaygn tiirtin H. suis (%37) olmasmnin yaninda
bunu H. salomonis (%21), H. felis (%15), H. heilmannii
(%8) ve H. bizzozeronii (%4) izlemektedir (Flahou vd.,
2016). Helicobacter heilmannii enfeksiyonu insidansi,
insanlar arasindaki tiim Helikobakter enfeksiyonlarmin
yaklasik %!1'ini olustursa da sosyoekonomik durumu zayif
ilkelerde goriilme sikliginin ¢ok daha yiiksek oldugu
bilinmektedir (Majumber vd., 2020). Yapilan ¢aligmalarda
ise H. heilmannii insanlarda semptomatik hastalarin
%>5’inde bulunmasina karsin H. heilmannii tarafindan
olusturulan kolonizasyonlardaki farkliliklar ile pylori negatif
ve pylori pozitif hastalar arasindaki iligkinin baz alindig:
herhangi bir ¢alisma yapilmamistir (Nakamura vd., 2016;
Mladenova vd., 2017; Mohammadi vd., 2019).

Etiyoloji:  Helikobakter tiirleri ),
mikroaerobik, hareketli, fuziform, spiral sekilli veya spiral
¢ubuk morfolojisine sahip olabilen bakterilerdir. Farkli

Gram
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tiirleri arasinda sayist ve bulundugu yere gore degiskenlik
gosteren flagellalarini kullanarak hareket edebilmektedir
(Hong vd., 2015). Yiiz elli omurgali hayvanlardan alinan
disk1 6rneklerinde Polimeraz Zincir Reaksiyonu (PZR) ile
45 Helikobakter tiirii tespit edilmistir (Elyasi vd., 2020).
Helicobacter heilmannii ise %20-100 arasindaki prevalans
oranlar1 ile kopek ve kedilerin mide mukozalarini dogal
olarak kolonize edebildigi bilinmektedir (Kubota vd., 2017;
Matos vd., 2020). 16S rRNA gen dizilerinin analizi sonucu
%396,6 benzerlik oranlarina ragmen H. heilmannii tip 1 ve tip
2 olarak smiflandirilma yapilmis, morfolojik agidan benzer
organizmalar genellikle kedilerdeki H. felis, kopeklerdeki H.
bizzozeronii ve H. salomonis, domuzlardaki ise H. suis
olarak adlandirilmistir (Ulgen vd., 2016).

Helicobacter heilmannii ve H. felis’in dahil oldugu
H. pylori digindaki Helikobakter tiirleri, H. heilmannii
benzeri organizmalar (HHLO'lar) olarak da
adlandirilmaktadir  (Goji  vd., 2015). Gastrospirillum
hominis’in gastrik kékenli olan H. heilmannnii’nin ilk ad:
oldugu bilinmektedir (Mladenova vd., 2017). Helicobacter
heilmannii ismi yapilan sekans analizleri sonucu bulunan
16S rRNA geni ile bu bakterinin  mide
mikroorganizmalarmdan Helikobakter cinsine ait oldugu
belirlendikten ~ sonra  verilmistir  (Joosten,  2017).
Helicobacter heilmannii mikroskobik tanim agismndan H.
pylori’nin sahip oldugu spiral morfolojiye benzemektedir.
Helicobacter pylori 2,5-4 mm uzunlugunda iken, H.
heilmannii ise 7-10 mm uzunlugundadir. Helicobacter
heilmannii ise hiicre bagina dort ile alt1 doniisli spiral yapiya
ve kutup basina 12 flagellaya kadar sahip olabilmektedir
(Hernandez vd., 2016).

Kedilerde H. heilmannii: Kedilerdeki ana gastrik
Helikobakter tiirleri 6ncelikle H. heilmannii ve H. felis'tir.
Bu iki tiirlin kedilerde prevalansinin %57 ile 100 arasinda
oldugu bildirilmistir (Hong vd., 2016). Helikobakter
enfeksiyonlarmin kopek veya kedi gruplari arasindaki
bulagsmasi kesinlik kazanmamasina bagl olarak rezervuar
konakgilar1 da tanimlanmamistir. Insanlarda Helikobakter
enfeksiyonlarina bagh elde edilebilen morbidite ve mortalite
oranlart  zoonotik  bulagsma riskinin  artabilecegini
gostermektedir (Blois, 2020).

Kedi ve kdpeklerde yaygin olarak goriilebilen ve H.
heilmannii tip 2 grubunda bulunan H. salomonis’in insan
midesinde de sik¢a kolonize olabildigi bilinmektedir (Liu
vd., 2014). Helicobacter spp prevalansinin %41-100
oranlarinda olmasina karsin baskimn tiirler olan H. heilmannii
ve H. felis , subglandiiler ve gastrik mukozada hafif veya
siddetli diffuz lenfoplazmasitik infiltrasyona neden
olabilmektedir (De sousa vd., 2019).

Helicobacter heilmannii’nin Helicobakter spp.
pozitif vakali olan kedilerle, gastrik hastaligr olan hasta
insanlardan izole edilen Helikobakter tiirleri arasinda % 99
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oraninda sekans benzerligi tespit edilmistir (Kubota vd.,
2017). Helicobacter heilmannii enfeksiyonu kronik aktif
gastrit ile iliskilendirilmis olsa da kopeklerde ve kedilerde
gastrit, peptik Ttlserasyon ve kronik kusma agisindan
degerlendirildiginde bu hayvan tiirleri i¢in patojenik 6nemi
netlik kazanmamigtir ancak etkenin susuna bagli olarak
enfeksiyonun patojenitesi degiskenlik gosterebilmektedir
(Matos vd., 2020).

Helicobacter heilmannii enfeksiyonu ile birlikte
MALT lenfoma: H. heilmannii sensu lato grubu
bakterilerinin insan mide biyopsi 6rneklerinin %0,2-6’sinda
gozlendigi ve insanlarda kronik gastrit, peptik ilser ve
gastrik diisik dereceli mukozayla iliskili (MALT) ile
iligkilendirilmektedir (Liu vd., 2014). Helicobacter
heilmannii’nin yiiksek diizeydeki metabolizmasma bagli
olarak ¢ok yonlii ve farkli gevresel etkilere tepki verme
yetenegine sahip olmasi insanlarda H. heilmannii
enfeksiyonunun zoonotik dogasinin temelini olusturdugunu
gostermektedir (Mladenova vd., 2017). Helicobacter pylori
disindaki Helikobakter tiirleri bir¢ok hayvanin midesinde
kolonize olsa bile ancak bazilar1 zoonotik potansiyel
gosterebilmektedir. Ozellikle kedi ve kdpeklerle bulunabilen
H. suis ve H. heilmannii etkenleri, gastritis, mide veya
duodenum iilseri veya MALT Ilenfomasi olan hasta
insanlarda tespit edildigi bilinmektedir (Berlamont vd.,
2020). Helicobacter heilmannii etkeni H. pylori'ye kiyasla
gastrik MALT lenfomalarmin olusumunda daha fazla rol
oynamaktadir. Helicobacter pylori esas olarak mukozal
tabakayr kaplarken, H. heilmannii ise antral bezlerin
derinliklerine kadar yayilim gosterebilmektedir (Shafaie vd.,
2020). Nodiiler yapili gastritis vakalarmm %40’ mda, MALT
lenfoma vakalarmm %?24’iinde, kronik gastiritislerin
%17’sinde ve gastroduodenal iilser vakalarmm %33’tinde
Helikobakter tiirleri acgisindan pozitiflik  saptandigi
bildirilmektedir (Nakamura vd., 2020). insanlarda ise benzer
semptoma sahip hastalara yapilan mide biyopsilerinin %8-
19’unda H. heilmannii’ye rastlanilmaktadir (Bahadori vd.,
2018; Matos vd., 2020).

Nakamura ve arkadaslarinin yaptiklari bir ¢alisma
ise farelerde deneysel olarak olusturulan H. heilmannii
iliskili gastritisin sadece midede degil ayni1 zamanda hepatik
ve pulmoner kokenli MALT lenfomay1 da tetikleyebildigini
gostermektedir (Sikiric & Brzozowski, 2020). Tedavi
protokollerinde kullanilan antibiyotiklerden, 6zellikle
klaritromisinin potansiyel immiinomodiilatér veya hatta
dogrudan anti-neoplastik etkilerinin olabilecegi ve bu yolla
eradikasyon  tedavisi  acgisindan  Onemli  katkida
bulunabilecegi bildirilmektedir. Ayrica kullanilan bu
antibiyotiklerin, ayn1 zamanda MALT lenfoma gelisimi ile
baglantihi olan H. heilmannii gibi H. pylori disindaki
mikroorganizmalari da ortadan kaldirabilecegi
ongoriilmektedir (Jung vd., 2021).
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Klinik Bulgular: NHPH enfeksiyonlari ile iligkili
klinik semptomlar arasinda akut veya kronik epigastrik agr1,
mide bulantisi, dispepsi, refli 6zofajit, mide eksimesi,
kusma, hematemez, abdominal agri, diizensiz digkilama,
diski kivaminda ve istahta azalmanmn eslik ettigi disfajinin
bulundugu bilinmektedir (Flahou vd., 2016). Bu
semptomlarin yanisira ot yeme, sarkik pozisyonda kalma,
kaprofaji, allotriofaji, anokreksi, ruktus ve meteorizm
gozlenmektedir (Ulgen vd., 2016). Helicobacter heilmannii
enfeksiyonu sadece klinik bulgulara bakilarak gidaya duyarl
enteropatiler, bakteriyel hipertrofi, IBD (Yangisal Barsak
Hastalig1) veya parazitik enteropati gibi olgularla
karistirilabilmektedir  (Rychlik & Kaczmar, 2020).
Helicobacter heilmannii enfeksiyonu ile gézlenen gastrit, H.
pylori'ye bagh olandan daha az siddetli olma egilimindedir
(Mladenova vd., 2017).

Mide kaynakli helikobakterler, midede herhangi bir
klinik semptom gostermeden bulunabilmekte, ancak safra
kanalinda firsatg1 patojen oOzellik kazanabilmektedir
(Takemura vd., 2019). Hem saglikli hem de hasta képek ve
kedilerde Helikobakter'in yiiksek prevalans gostermesi, bu
hastaligin klinik 6nemi ve teshisi agisindan kopek ve
kedilerde belirsizlige neden olabilmektedir (Blois, 2020).
Kronik kusma, Helikobakter enfeksiyonundan muzdarip
kediler ve kdpekler igin agiklanan temel klinik bulgudur.
Insanlarda oldugu gibi kedi ve kopeklerde goriilebilen
Helikobakter tiirleri, kronik aktif gastritis ile gastrik kokenli
lenfoma ise H. heilmannii  enfeksiyonu ile
iligkilendirilmektedir (Joosten, 2017).

Tani: Helikobakter enfeksiyonunu saptamak igin
farkli diizeylerde duyarlilik ve 6zgiilliikte invaziv veya non-
invaziv tekniklerin kullanildig1 cesitli teshis yontemleri
gelistirilmistir. Invaziv yontemler, histoloji, kiiltiir ve mide
doku biyopsilerinin kullanildigi hizli {ireaz testi ile
endoskopik yontemlerden olusmaktadir. invaziv olmayan
testler arasinda tire nefes testi ve fekal antijen testleri biyopsi
temelli tekniklerle karsilastirilastirildiginda dogru sonuca
hizli ulasabilen teshis prosediirleri olarak goriilmektedir.
Ayrica, bu testlerin tedavi siirecinin takibi agisindan tercih
edilebilecek yontemlerden oldugu bilinmektedir (Sabbagh
vd., 2019).

Enfeksiyoz etiyolojilerin  histopatolojik  veya
immiinohistokimyasal acidan tanimlanmasini
gerekmektedir. Kedilerde ve kopeklerde Helikobakter ile
iligkili gastritis mide biyopsilerinden yapilan floresan in situ
hibridizasyon (FISH) PZR uygulamalari kesin tan1 agisindan
onemini korumaktadir (Tolbert & Gould, 2020). Diski
antijen testi, Helikobakter eradikasyonunu dogrulamakta
yararli goriilse bile poliklonal antikorlarin kullanildig: test
tipinin tanisal dogrulugu diger tan1 yontemlerine gore diisiik
olabilecegi diisiiniilmektedir. Digki antijen testi’nin, iire
nefes testi kadar tanisal acidan benzer dogruluga sahip

olabilmesi i¢in test tipinde monoklonal antikorlarin
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kullanim1 6nerilmektedir (Shiotani vd., 2016). Kubota vd.,
(2005) yaptiklar1 bir ¢alismada H. heilmannii tanisina
gitmek i¢in yapilan ureAB genlerinin sekans analizleri
sonucu H. heilmannii etkeninin neredeyse tiim
Helikobakter-pozitif vakalarda biiyiikk oranlarda tespit
edildigi ve bu nedenle farkli NHPH ile enfekte olgular
arasinda gastrik histopatolojik tanilarin bir
kargilagtirmasinin yapilamayacagi bildirilmektedir (Kubota
vd., 2017). Kopeklerde ve kedilerde kronik enfeksiyon
seklinde seyreden gastrointestinal sistem hastaliklarinda
gastroduodenoskopi ve kolonoskopi ile kombinasyon
halinde uygulanabilen endoskopik yontemlerin teshis
acisindan etkili oldugu bilinmektedir (Rychlik & Kaczmar,
2020). Endoskopik yontemler, ozellikle peptik {lser
olgularma  baghi  olarak  Helikobakter  varliginin
belirlenmesinde kullanilan en etkili yontemlerdir. Bununla
birlikte, endoskopi, non-invaziv testlerden daha riskli
olabilmekte ve uygulama esnasinda birgok hasta igin
rahatsizlik verebilmektedir (Alzoubi vd., 2020). Hizli {ireaz
testleri mide biyopsilerinde bakteriyel iireaz {iretiminin
saptanmasina bagl olarak Helikobakter varligmin tespitinde
kullanilan testlerdir. Ancak, hizli {ireaz testleri gibi biyopsi
temelli olan histopatolojik testler ise tanisal agidan hizh
iireaz testlere nazaran daha duyarli ve spesifik testlerdir
(Blois, 2020). Hizli iireaz testlerinin prensibi bakteriyel
tireazin {ireyi amonyak ve karbondioksite ayristirmasi
ozelligine dayanmaktadir. Bu yontemde Helikobakter iceren
bir mide biyopsisi iire iceren bir ortama yerlestirildikten
sonra bakteriyel iireaz tarafindan iiretilen amonyagin pH'
yiikseltmesi ile birlikte pH indikatériinde renk degisikliginin
olusmasma bagli olarak bakteri varligi tespit edilmektedir
(Shiotani vd., 2016).

Ure Nefes Testi: Ure nefes testi (UNT),
Helikobakter kokenli enfeksiyonlarin tanisinda en g¢ok
onerilen, invaziv olmayan, yiiksek duyarlilik ve 6zgillige
sahip bir yoéntemdir (Hong vd., 2016). UNT, yaklasik
%95°lik duyarlilik ve o6zgiilliik gosterebilen dogru teshis
yontemi olarak kabul edilmektedir (Atkinson & Braden,
2016). UNT, patojenin yok edilip edilmediginin
belirlenmesinde giivenilir ve degerli bir yontem oldugu
bilinmektedir. Testin uygulanmasinda 6ncelikle isaretlenmis
izotop igeren iire agiz yoluyla verilmektedir. Daha sonra,
Helikobakter etkeni varliginda midede firetilen bakteriyel
ireaz Ol¢limi yapilmaktadir. Bunun yaninda, kanda ve
solunum havasindaki karbondioksit miktarlar1 ise Kkiitle
spektrofotometre yontemiyle Olciilebilmektedir (Sabbagh
vd., 2019). Kiitle spektrometresinin yanisira dagilmayan
izotop secici kizilotesi spektroskopi yontemi de iire nefes
analizinde kullanilabilmektedir (Atkinson & Braden, 2016).
Bunun yaninda, Helikobakterin tireyi hidroliz edebilme
ozelligine  dayanan  isaretlenmis  karbon  atomu
uygulamasinda radyoaktif izotop olan C'* veya radyoaktif
olmayan C izotoplar1 kullanilmaktadir. Bu izotoplarla
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isaretli iire etkenin {irettigi {ireaz enzimi ile par¢alanmasi
sonucu agiga c¢ikan karbondioksitin solunum havasinda
saptanmasi esasina dayalt bir yontem de bulunmaktadir
(Gokalp, 2013).

Genellikle, H. pylori etkenli enfeksiyon teshisi igin
kullanilan UNT, H. heilmannii ile enfekte hastalarda negatif
cikabilmektedir. Bu durum NHPH bakterilerinden kaynakli
enfeksiyonlarinin, H. pylori enfeksiyonlarmin aksine, daha
siklikla fokal yolla bulagmasindan ve agirlikli olarak
midenin antrumunda bulunmasindan dolayi bu test tiirler
arasindaki smirh tanisal degerleri ortaya koyabilmektedir
(Joosten, 2017). NHPH kaynakli oldugu bilinen
enfeksiyonlarda UNT’inin hem negatif hem de zayif pozitif
sonuglar verebilmesi iire nefes testinin NHPH kaynakli
enfeksiyonlarin tespitinde uygulanmasini zorlastirmaktadir
(Nakamura vd., 2020). Agiz boslugu veya mideden izole
edilen Klebsiella pneumoniae, Staphylococcus aureus,
Proteus mirabilis, Enterobacter cloacae ve Citrobacter
freundii gibi cesitli mikroorganizmalar da iireaz aktivitesi
gostermekte ve yanlis pozitif sonuglar vermektedir (Sabbagh
vd., 2019). UNT’i, képek ve kedilerde Helikobakter tedavi
slirecinin takibinde kullanilmaktadir. Kombine uygulanan
tedavi prosediirlerinden sonra kusma ve benzeri belirtilerin
tekrar etmesi halinde tedavi siirecinin kontrol edilmesi
agisindan yeniden uygulanacak olan UNT’rinin yaninda
mide biyopsisi temelli uygulamalar da yapilmalidir
(Takemura vd., 2019). Enfeksiyon i¢in uygulanan tgli
tedavi prosediiriinii bitirdikten yaklasik 6 hafta sonra
eradikasyonun saglanip saglanilmadigini 6grenebilmek icin
UNT’i ile diski antijen testlerine ihtiya¢ duyulmaktadir
(Alzoubi vd., 2020). Bazi calismalar UNT’inin gastritis,
6zofagus patolojileri iilserlerin varligini
dogrulayamadigimi belirtmesine ragmen, bu test hastaligin
erken teshisi ve tedavi siirecinin etkin olabilmesi acisindan
diskr antijen testi de dahil olmak iizere diger bir¢ok invazif
olmayan testler arasindan tercih edilmektedir (Sabbagh vd.,
2019).

veE

Mikrobiyolojik Tani: Helikobakter tiirleri arasinda
ilk olarak kedilerin midesinden izole edilen ve kdpeklerde de
spiral seklinde kolonilesmeyi yapan tir H. felis’tir
(Nakamura vd., 2016). Helicobacter heilmannii ile benzerlik
gosteren H. felis’in yaninda H. bizzozeronii ve H. salomonis
de kedi ve kopeklerden izole edilmektedir (Mladenova vd,
2017). 16S rRNA dizisinin analizi ile H. heilmannii’in tip 1
ve tip 2 alt smiflandirmalarinin yapilmasidan sonra, H.
suis’in H. heilmannii tip 1’i temsil eden tek tiir oldugu ve
H.felis, H. bizzozeroniii, H. salomonis, H. cynogastricus, H.
baculiformis ve asil H. heilmannii tirlerinin ise H.
heilmannii tip 2’ yi temsil ettigi bildirilmektedir (Hernandez
vd., 2016). H. heilmannii, H. pylori ile karsilastirildiginda H.
heilmannii’nin oldugu daha uzundur ve insandaki
karakteristik morfolojisi ise hematoksilin-eosin, Giemsa
veya gimils boyama ile goriilebilmektedir. H.
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heilmannii’nin 6zellikle midenin antrumunda bulundugu ve
touch smear sitoloji ile daha iyi teshis edilebildigi
bilinmektedir (Ostahi vd., 2017).

PZR analizlerinde H.pylori ve NHPH (H. suis, H.
heilmannii, H. felis, H. bizzozeronii ve H. salomonis ) ‘lere
ait DNA ekstraksiyonlar1 kullanilmaktadir. H.pylori i¢in
ureC geninin amplifikasyonu, NHPH tiirleri i¢in de ureA
geninin amplifikasyonu uygulanmakta ve DNA varligimin
dogrulanmasi i¢in de pozitif olan tiim orneklerde sekans
analizi yapilabilmektedir (Bahadori vd., 2018). Helikobakter
ile enfekte hayvanlarm mide dokusunda, sirasiyla CagA
proteinini kodlayan cagA ve ureC sekanslar1 ve iireazin alt
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birimi C, Polimeraz Zincir
edilebilmektedir (Gonciarz vd.,

Reaksiyonu ile tespit
2021). Antibiyogrami
yapilmis kedi izolatlarinin ¢ogunda ampisilin, klaritromisin
ve tetrasikline karst direng goriilmesine ragmen H. felis
pozitifligi olan orneklerde ise metronidazole karst direng
goriilmektedir (Goldstein & Abrahamian, 2015). Gastrik
biyopsi muayenesinin morfolojik yonden teshiste 6nemli
oldugu bilinmektedir.  Helicobacter  heilmannii’nin
karakteristik morfolojisi ise Hematoksilen-Eozin, Giemsa
veya Warthin-Starry ile boyanmis biyopsi orneklerinde
tanimlanabilmektedir (Goji vd., 2015)

Tablo 2. Helicobacter heilmannii’nin diger gastrik Helikobakter tiirlerine kiyasla morfolojik ve biyokimyasal 6zellikleri (Joosten vd., 2016).

Helikobakter Tiirleri ~ Uzunluk(um) Periplasmik fibril Flagella dagilimi Ureaz aktivitesi Nitrat iiretimi Alkalin Fosfataz
aktivitesi
H. heilmannii 3-6,5 - Bipolar + + -
H. felis 5-7,5 + Bipolar + + +
H. bizzozeronii 5-10 Bipolar + + +
H. salomonis 5-7 - Bipolar + + +
H. pylori 2,5-55 - Monopolar + - +
Bahadori vd., (2018) yaptig1i calismada, Tedavide kullanilan proton pompasi inhibitorleri,

histopatolojik analiz i¢in alman biyopsilerin %10 fosfat
tamponlu formalin’de sabitlendikten sonra, rehidre edildigi
ve 5 um'de kesitli parafin iginde gomiildiikten sonra
parafinden arindirilarak hematoksilin ve eozin (HE) ile
boyanarak 1stk mikroskobik altinda incelendigi ve elde
edilen boyanmis gastrik biyopsilerde ise egri sekilli veya
spiral sekilli formlarda helikobakterlerin  varligmin
gozlemdigi bildirilmistir (Bahadori vd., 2018). Diski
antijen testinde ise digski Orneklerindeki Helikobakter
spesifik antijeni, bir immiinoassay veya
immiinokromatografi kullanilarak bakteri varligi agisindan
saptanabilmektedir. Immiinokromatografik  &zellikteki
diskr antijen testlerinde laboratuvar ekipmanina ihtiyag
duyulmamaktadir. Monoklonal disk: antijen test kitlerinin
duyarliligi poliklonal teknikten daha yiiksek oldugu ise
bilinmektedir (Atkinson & Braden, 2016).

Tedavi: Helikobakter etkenleri etkin
antimikrobiyal tedavinin yoklugunda mideyi kolonize
ettikten sonra bir 6miir boyu konakgida yasayabilmektedir
(Joosten vd., 2017). Helikobakter enfeksiyonlarinda
uygulanan gastrik biyopsi muayenesi enflamasyon
derecesinin belirlenmesinde, enflamatuar ve neoplastik
lezyonlarin (iyi huylu veya kotii huylu) ayirt edilmesinde
ve uygulanan herhangi bir tedavi prosediiriiniin
degerlendirilmesinde kullanilabilmektedir (Rychlik &
Kaczmar, 2020). Helikobakter enfeksiyonlarmin tedavisi
icin antibiyotikler ve asit baskilayicilardan olusan
kombinasyon tedavi 6nerilmektedir. Kdpek ve kedilerdeki
Helikobakter kaynakli enfeksiyonlar igin uygulanacak
tedavi sekilleri ise Helikobakter varliginda ortaya ¢ikabilen
uygun klinik semptomlar ve mide lezyonlarinin birlikte
degerlendirilmesine gore degiskenlik gosterebilmektedir
(Blois, 2020).
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antibiyotikler ve bizmut bilesikleri kombinasyonu yaniltici
negatif sonuglara neden olabilmektedir (Sabbagh vd.,
2019). Helicobacter heilmannii tedavisi, ciddi klinik
bulgular1 ve patolojisi olan insan hastalar i¢in de endike
olabilecegi bilinmektedir. Giiniimiizde H. heilmannii
tedavisi H. pylori eradikasyonu i¢in kullanilan tiglii tedavi
prosediirii ile aynidir. Uglii terapi prosediirii metronidazol
veya amoksisilin ile birlikte iki antimikrobiyal ajan olan
klaritromisin ve tetrasiklin ile omeprazol gibi bir proton
pompast inhibitdriinii icermektedir (Joosten, 2017). Kopek
ve kedilerdeki gastrik Helikobakter spp. enfeksiyonlarinin
tedavisinde insanlardakinden farkl olarak asit supresyon
takviyesine gerek duyulmadigi ancak bizmut tiirevlerinin
tedaviye  dahil  edilmesinin  gerekli  olabilecegi
belirtilmektedir (Gokalp, 2013). Kedi izolatlarmm g¢ogu
ampisilin, klaritromisin ve tetrasikline duyarlidir, oysa iki
Helikobakter ~ susu  metronidazole  karst  direng
gostermektedir (Goldstein & Abrahamian, 2015). Bizmut
veya bizmut icermeyen terapi modelinin (proton pompa
inhibitorii, tetrasiklin, metronidazol ve bizmut tuzu)
klaritromisine veya metronidazole karsi direncin oldugu
durumlarda yararli olabilecegi bilinmesine ragmen bu
modeldeki ¢oklu antibiyotik kullaniminda tedavi siirecinin
uzamasma bagli olarak da antimikrobiyal direncin
artabilecegi bildirilmektedir (Garcia vd., 2021). Tedavinin
degerlendirilmesinde hasta hayvandan alman diski
orneklerinden genomik DNA ekstraksiyonu
uygulanmaktadir. Etkende bulunan {ireaz B geninin
cogaltilmasinda icin de bir multipleks Helikobakter
spesifik PZR testi yapilmaktadir. Hastaligin takibi
acisindan bu uygulama hasta hayvanlarda antibiyotik
tedavisinden ii¢ ay sonra tekrarlanabilmektedir (Hong vd.,
2015).
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Zoonotik  Onemi:  Kedilerden  insanlara
bulagabilecek veya muhtemelen kediler ve insanlarin ortak
yasam alanlarindan kaynaklardan edinebilecekleri ¢ok
sayida hastalik bulunmaktadir. Bununla birlikte, evcil
kedinin heniiz tanimlanmamis birgok zoonoz igin
potansiyel rezervuar olabilecegi bilinmektedir (Goldstein
& Abrahamian, 2015). Helicobacter heilmannii’nin
gelismis ilkelerde 90,5, Dogu Avrupa ve Asya
ilkelerinde ise  %1,2-6,2 arasinda degisebilen diisiik
prevalanslara sahip oldugu bilinmektedir (Mladenova vd.,
2017). Kedilerin ve kopeklerin, gastrik Helikobakter tiirleri
icin rezervuar konak olmasindan dolay1 zoonotik
potansiyel gostermektedir. Kopek ve kedilerde goriilen H.
pylori  disindaki  helikobakter tiirlerinin  zoonotik
potansiyeli bir dizi vaka ¢aligmasi ile belirlenmektedir.
Helicobacter heilmannii’deki zoonotik potansiyel ise bu
etkenin kedilerden sahiplerine dogrudan temas yoluyla
bulagabilmesinden kaynaklanmaktadir (Joosten, 2017).

Tablo 3. Kedilerde gorillen Gastrik Helikobakter tiirleri ve
bulundugu konaklar (Joosten, 2017).

Takson Dogal Konak Zoonotik Potansiyeli
H. baculiformis Kedi Bilinmiyor

H. bizzozeronii Kedi, Kopek Var

H. felis Kedi, Kopek,Tavsan Var

H. heilmannii Kedi, Kopek, Domuz Var

H. salomonis Kedi, Kopek,Tavsan Var

Helicobacter heilmannii’nin goriilme sikliginin
degiskenligi bulagsma kaynagi acisindan cesitliligin
oldugunu gostermektedir. Ote yandan, H. heilmannii’nin
insanlarda goriilen gastrointestinal hastaliklar ile baglantili
oldugu ve bunun histopatolojik bulgularla
desteklenebildigi bilinmektedir (Shafaie vd., 2020). Evcil
hayvanlarin midesinde, siitinde ve etinde insanlarda
goriilen helikobakter tiirlerindeki vacA genotiplerine
benzer yiiksek miktarda suslarmin bulunmasi hayvansal
kaynakli gidalardan da Helikobakterlerin bulasabilecegini
gostermektedir (Park vd., 2020). Gastritise ait klinik
belirtiler ~gdsteren insanlarda yapilan endoskopik
muayenelerde biyopsi sonucu Helikobakter tiirlerinin
tespit edildigi ve bu tlrler arasinda H. heilmannii’ye
rastlanildigi belirtilmektedir (Majumber vd., 2020). Ayrica
H. heilmannii tip 1 olarak adlandirilan H. suis, insana en
¢ok bulasan H. pylori disindaki Helikobakter tiirlerinden
oldugu bilinmektedir. Kedi ve kdpeklerde baskin halde
bulunan ve H. heilmannii tip 2 olarak adlandirilan H. felis,
H. bizzozeroniii, H. salomonis, H. cynogastricus, H.
baculiformis ve asil H. heilmannii tiirlerinin ise H.
heilmannii tip 1’e gore daha az oranda zoonotik etkisi
oldugu belirtilmektedir (Nakamura vd., 2016).

Korunma: Helikobakter enfeksiyonunu veya
bununla iliskili patolojileri 6nlemeye yonelik bazi yeni
yaklasimlarm oldugu ve bu baglamda Saccharomyces,
Lactobacillus ve Bifidobacterium spp. gibi probiyotik
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kullanimlarinin proflaktik etki yaratabilecegi
dogrulanmaktadir. Gelecekteki arastirmalarda,
Helikobakter enfeksiyonu ile iligkili hastaliklarin

6nlenmesinde ve tedavisinde yeni stratejilerin potansiyel
degerlerinin  belirlenmesi ve antimikrobiyal direng
konusuna durumlara odaklanmanin 6nemi bilinmektedir
(Pere  Vedrenne wvd., 2017). Immunoglobulin G
antikorlarinin tedaviden sonraki aylarda saptanabilmesi ve
bu nedenle bakteriyel klirensten sonra bile pozitif sonug
verebilmesi dikkate alinmaktadir (Sabbagh vd., 2019).
Tedavide kullanilan antimikrobiyal ajanlarin etken
direncini arttirmasi eradikasyon tedavisinde yillar boyunca
daha az basar1 elde edilmesine ve asilama benzeri alternatif
yaklagimlara ihtiya¢ duyulmasmma neden olabilmektedir
(Pan vd., 2018). Profilaktik ve terapétik agilamanin,
gastrik. Helikobakter enfeksiyonlarmm &nlenmesi ve
tedavisi i¢in en umut verici alternatif yaklasim oldugu
ongoriilmektedir. (Joosten, 2017). Kanitlar, asilamada
agilarm, farkl yollar, farkli antijenler ve adjuvantlardan
olugtugunu gostermektedir. Bu uygulamann ise ilser ve
mide kanseri riskinin azaltilmasinda kullanilabilecegi
sOylenmektedir. Tabii ki, asilar soz konusu oldugunda,
bazi agilama stratejilerinin insanlarda test edildigi, ancak
neredeyse higbir zaman eradike edici bagisikliga
ulagamadigi bilinmektedir (Sabbagh vd., 2019).

Sonu¢: Sonu¢ olarak, Helikobakter kokenli
enfeksiyonlarn  etken ve konak diizeyinde 1iyi
smiflandirilmasi gerekmektedir. Bunun i¢in de saglikh
yanisira  teshis  metotlarmm, insidans
aragtirmalarinin, tedavi yaklagimlarinin ve zoonotik
potansiyellerinin ciddi sekilde ele almmasi 6nemlidir.
Kedilerde goriilen H. heilmannii’nin degerlendirilmesinde
kedilerin yasadigi c¢evre kosullar1 ve beslenme
aliskanliklar1 g6z oOniinde bulundurulmali hem kedi
sahiplerinin hem de kedilerin saghgm tehdit edebilen
zoonoz Kkarakter kazanmis olan H. heilmannii kokenli
enfeksiyonlarin Oniine gegebilecek etkin teshis ve tedavi
protokolleri olusturulmalidir.
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Abstract: Kizilca Pond has the most intensive population of Giant Spring Minnow fish
(Pseudophoxinus anatolicus). To draw attention to the distribution area of the Anatolian endemic
species, this pond was chosen as the study area and this preliminary study was carried out on one-
time zooplankton species diversity in July 2018. Zooplankton samples were taken from the
pelagic part of the lake at 8 m depth (sampling just once from this depth). Also, samples were
collected with Hydro-Bios model plankton net with 55 pum mesh size. Physicochemical
parameters of the lake (pH, conductivity, water temperature, dissolved oxygen concentration,
saturation of dissolved oxygen) were measured. The zooplankton fauna of the pond consist of
Rotifera (87%) and Cladocera groups (13%). The dominant species were recorded as Asplanchna
priodonta, Keratella cochlearis and Testudinella patina.

Keywords: Cladocera, freshwater, kizilca pond, physicochemical parameters, rotifera.

Kizilca Goleti (Konya-Seydisehir/Tiirkiye) Zooplankton Faunasi Uzerine Bir

*Sorumlu yazar:

Meral APAYDIN YAGCI

Su Uriinleri Arastirma Enstitiisii Miidiirliigi,
Egirdir, Isparta, Tiirkiye

DX: meralyagci@gmail.com

On Cahsma

Oz Kizilca Géleti en yogun yag baliklar: (Pseudophoxinus anatolicus) popiilasyonuna sahiptir.
Anadolu endemik tiirliniin yayilis alanina dikkat ¢ekmek amaciyla galisma alani olarak bu gélet
secilmis ve bu 6n ¢aligma Temmuz 2018'de tek seferlik zooplankton tiir cesitliligi iizerinde
gergeklestirilmistir. Zooplankton ornekleri 8 m derinlikte (bu derinlikten sadece bir kez
ornekleme) goliin pelajik bolgesinden alinmistir. Ayrica, 6rnekler 55 um goz agikligindaki
Hydro-Bios model plankton kepgesi ile toplanmistir. Goliin fizikokimyasal parametreleri (pH,
iletkenlik, su sicakligi, ¢oziinmiis oksijen konsantrasyonu, ¢Oziinmiis oksijen doygunlugu)
Ol¢ililmistiir. Goletin zooplankton faunasi Rotifera (%87) ve Cladocera gruplarindan (%13)
olusmustur. Baskin tiirler Asplanchna priodonta, Keratella cochlearis ve Testudinella patina
olarak kaydedilmistir.

Anahtar kelimeler: Cladocera, fizikokimyasal parametreler, kizilca goleti, rotifera, tatlisu.

INTRODUCTION

In the lake ecosystem, zooplanktonic organisms (Apaydin Yagci etal., 2015; Bulut & Saler, 2018; Tasevska
transfer carbon and energy from the primary producers to et al., 2017). Some zooplankton types, especially Rotifers,
the living beings at higher trophic levels, such as are used as indicators to determine the water quality of
invertebrates, fish and waterfowl, and limit the presence of freshwater ecosystems (Jeppesen et al., 2011; Saksena,
phytoplankton. Rotifera is a large group of zooplankton 1987).

341


doi:%20https://doi.org/10.35229/jaes.477726
https://doi.org/10.35229/jaes.894232
file:///C:/Users/R.T.E.Ü/Downloads/meralyagci@gmail.com
file:///C:/Users/R.T.E.Ü/Downloads/meralyagci@gmail.com
https://orcid.org/0000-0002-2108-1853
https://orcid.org/0000-0003-1613-6650
https://orcid.org/0000-0001-8881-2932
https://orcid.org/0000-0002-7897-1734

Apaydin Yagci et al., (2021)

J. Anatolian Env. and Anim. Sciences, Year:6, No:3, (341-344), 2021

Turkey inland zooplankton checklist consists of a
total of 661 taxa including 417 Rotifera, 103 Cladocera and
141 Copepoda (Ustaoglu, 2015). In Turkey, there are
studies on zooplankton fauna in some ponds such as
Tadim, Beytepe, Topbogazi, TMI 12, Alig, Seker-
Resadiye-Zincidere, Orduzu, Kaldirim and Halikan,
Kegiborlu and Kapiagmaz (Apaydin Yagci et al., 2017;
Bozkurt & Dural, 2005; Bulut, 2018; Bulut & Saler, 2016;
Giiher & Erdogan, 2008; Giirel & Saler, 2015; Kaya et al.,
2009; Korkmaz & Korkmaz, 2002; Saler & Arslan, 2007;
Saler & Sen, 2002). The purpose of this study is to conduct
zooplankton study for the first time in Kizilca pond and to
contribute to the biodiversity of zooplankton in Turkey.

MATERIAL AND METHOD

The body height of the Kizilca pond, which was
built for irrigation purposes in Seydisehir District Kizilca
Village by the Konya special provincial directorate of
administration in 2010, is 22 m, its body length is 294 m,
the maximum water elevation is 15 m and its area is 14.55
ha. The average depth is 6-8 m. Length of the pond: 943 m,
width of the pond: 186 m (KOP, 2011). Classified as
endangered in The IUCN Red List of Threatened Species,
Giant  Spring Minnow or Anatolian Minnow
(Pseudophoxinus anatolicus Hanko, 1925) has a range that
includes the Beysehir-Seydisehir / Konya region (Figure
1).

e ,
Figure 1. Anatolian endemic Giant Spring Minnow fish (Pseudophoxinus
anatolicus).

Zooplankton samples were taken from the pelagic
part of the lake at 8 m depth (from this depth, one time) in
July 2018 (Figure 2, 3). The samples were collected
horizontally with Hydro-Bios model plankton net with 55
pm mesh opening and fixed with 4% formaldehyde
solution. Then they have been checked and diagnosed in
invert, stereo and research microscope using the related
resources for zooplankton species (Koste, 1978; Negrea,
1983; Nogrady & Segers, 2002; Segers, 1995; Smirnov,
1996; Ustaoglu, 2004; Ustaoglu et al., 2012; Ustaoglu,
2015).

Figure 3. Kizilca pond.
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RESULTS

At the end of the study, a total of 15 species, 13
from Rotifera and 2 from Cladocera, were identified. The
distribution of the identified species is provided in Table 1.
In the pond, pH 8.58, conductivity 194 umhos/cm, water
temperature 27.1 °C, dissolved oxygen 7.9 mg/L, and
dissolved oxygen saturation was measured as 94%.
Zooplankton species show a distribution in two groups.
Rotifera (87%), Cladocera (13%) (Figure 4).

Table 1. Kizilca pond zooplankton species.
Species Density
Rotifera
Ascomorpha sp. A
Asplanchna priodonta AAA
Colurella sp.
Keratella cochlearis
Keratella testudo
Lecane bulla
Lecane luna
Lecane ludwigi
Lecane lunaris
Polyarthra dolichoptera
Synchaeta pectinata
Testudinella patina
Trichocerca similis
Cladocera
Bosmina longirostris
Daphnia cucullata

A A A: Most Abundant; A A: Abundant; A: Few

> > >
|

>> >

The maximum number of species was identified
in the Rotifera group (13 species). Dominant species were
identified as A. priodonta, K. cochlearis and T. patina from
Rotifera.

+ ROTIFERA

' CLADOCERA

Figure 4. Distribution of zooplankton groups in Kizilca Pond.

DISCUSSION AND CONCLUSION

Biotic and abiotic factors have been reported to be
effective in the density and distribution of zooplankton
species. Of these factors, especially temperature, oxygen,
nutrients, competition and predation affect zooplankton
(Tasevska et al., 2017). Zooplankton is important in the
change of ecological and trophic conditions of lakes related
to nutrient elements and changes caused by climate in lakes
(Jeppesen et al., 2011). Among the Zooplankton species,
especially the Rotifera group organisms are used as
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indicators of lakes (Gannon & Stemberger, 1978). In the
study on zooplankton fauna (Giirel & Saler, 2015) in the
Orduzu (Malatya) pond, a total of 47 zooplankton species
were reported, 7 of them (A. priodonta, K. cochlearis, L.
luna, L. lunaris, P. dolichoptera, S. pectinata, T. similis
and B. longirostris) are compatible with the zooplankton
fauna of Kizilca pond. Additionally, a total of 24 species
were identified in the seasonal change study of
zooplankton in the Kapiagmaz pond (Kovancilar, Elaz1g),
among which A. priodonta, K. cochlearis, L. luna, P.
dolichoptera, S. pectinata and B. longirostris species were
also identified in Kizilca pond (Bulut, 2018). In the study
conducted on the Rotifera species of zooplanktonic
organisms in some of the wetlands of Kayseri, Resadiye-
Seker and Zincidere ponds, K. cochlearis, L.luna, L.
lunariis, P. dolichoptera and S. pectinata species were also
detected in Kizilca pond (Kaya et al., 2009). Polyarthra sp,
Keratella sp, Lecane sp, Bosmina sp and Daphnia sp
species detected at the genus level in Beytepe (Ankara)
pond are also similar to zooplanktonic organisms detected
in Kizilca pond (Korkmaz & Korkmaz, 2002). In the study
conducted on the Kaldirim and Halikan ponds, a total of 52
zooplankton species were identified in the Kaldirim pond,
and 45 zooplankton species were identified in the Halikan
pond, and 11 zooplankton species identified in the
Kaldirim and Halikan ponds (A. priodonta, K. cochlearis,
L.luna, L. bulla, L. lunaris, P. dolichoptera, S. pectinata,
T. similis, B. longirostris and D. cucullata) have also been
identified in the Kizilca pond (Bulut & Saler, 2016). In the
research conducted in the Ugpinar (Usak) pond, a total of
30 zoplankton species were identified, and P.dolichoptera
and T. similis species were also found in the Kizilca pond
(Ertosun et al., 2010). The zooplankton study conducted in
Kizilca pond is the first one and all of the determined
zooplankton species contributed to the region and
zooplankton species diversity. It has become important that
the biodiversity of the Kizilca pond ecosystem be studied
thoroughly in the future in terms of ensuring the
sustainability of the population of Anatolian endemic Giant
Spring Minnow fish, which has a dense population in the
region.
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Abstract: The insect repellent DEET (N,N-diethyl-m-toluamide) is one of the most common
organic chemical pollutants in water in a wide range of countries around the World. In this study,
surface water samples were collected seasonally, from 7 stations in Seyhan River, following a

*Corresponding author’s: period between December 2016 and November 2017. The DEET concentrations in Seyhan River
Evsen YAVUZ GUZEL

*1: https://orcid.org/0000-0002-8029-9254

& i - were detected between 18.55-334.71 ng/L. DEET was detected in all seven sampling stations and
ukurova University, Faculty of Fisheries, A X A . X

Department of Basic Sciences, Adana, Turkey detection frequency was 100%. Results obtained in autumn were higher than in summer.
B: eguzel@cu.edu.tr According to the environmental risk assessment, DEET in the Seyhan River, has no

environmental risk (all measured RQ values were lower than 0.01).

Keywords: Environmental risk assessment, insect repellent, pesticide, seyhan river, water
pollution.

Seyhan Nehri’nde DEET (N, N-dietil-m-toluamid) Pestisitinin Bulunurlugu ve
Cevresel Risk Degerlendirmesi

Oz: Bocek kovucu DEET, diinyadaki ¢ok cesitli iilkelerde suda bulunan en yaygin organik
kimyasal kirleticilerden biridir. Bu caligmada, Aralik 2016 ile Kasim 2017 tarihleri arasinda,

S — Seyhan Nehri'ndeki 7 istasyondan mevsimsel olarak yilizey suyu ornekleri toplanmustir. Seyhan

Evsen YAVUZ GUZEL Nehri'ndeki DEET konsantrasyonlar1 18,55-334,71 ng/L arasinda tespit edilmistir. Yedi
Cukurova Universitesi, Su Uriinleri Fakiiltesi, ornekleme istasyonunun tamaminda DEET tespit edilmis olup, tespit frekanst % 100°diir.
Temel Bilimler Boliimii, Adana, Tiirkiye . " . .

5: equzel@cu.edu.tr Sonbaharda elde edilen sonuglar yaz aylarina gére daha yiiksek bulunmustur. Cevresel risk

degerlendirmesine gére Seyhan Nehri'ndeki DEET'in g¢evresel riski yoktur (6lgiilen tim RQ
degerleri 0,01'den diisiik bulunmustur).

Anahtar kelimeler: Cevresel risk degerlendirmesi, bocek kovucu, pestisit, Seyhan Nehri, su

kirliligi.
INTRODUCTION
Personal care products (PCPs) are compounds body and are therefore not subject to metabolic changes.
used in lotions, toothpastes, soaps, fragrances and Consequently, large amounts of PCPs enter the
sunscreen products. The classes of PCPs include insect environment through regular use (Brausch & Rand, 2011).
repellents, preservatives, disinfectants, fragrances, and UV PCPs are considered as environmental emerging pollutants
filters. PCPs are products for external use on the human due to their sustained release into the aquatic environment
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and the persistence of ecotoxicological impacts (Calza,
Medana, Raso, Giancotti, & Minero, 2011).

Insect repellents are organic synthetic chemicals
that can be applied on garments, skin or other surfaces to
prevent the effects of insects and insect bites. Mosquito,
fly, fleas and spiders are the most common insect bites.
Bites can produce many side effects such as skin irritation,
allergic reactions, infections, fever or encephalitis. And
even western Nile fever, malaria, dang can cause diseases
such as spread (Molins-Delgado, Garcia-Sillero, Diaz-
Cruz, & Barcel6, 2018). DEET (N,N-diethyl-m-toluamide
or N,N-diethyl-3-methylbenzamide) is the most widely
used insect repellent for the prevention of bites from
insects (Calza et al., 2011; Guzel, Cevik, & Daglioglu,
2017).

DEET was developed in 1946 by the US military
to protect against mosquito bites related diseases during
World War 1lI. In 1957, DEET was made available for
public use. EPA has declared this product safe for normal
use. However, there is still a debate on whether DEET
constitutes a significant risk for people, animals and the
environment (Campos et al., 2016; Merel, Nikiforov, &
Snyder, 2015).

DEET is sold in a wide variety of products
including lotions, sprays, and wristbands. The formulations
used can vary from 4% to 95% of the active ingredient.
Agricultural use of DEET has also been reported (Aronson,
Weeks, Meylan, Guiney, & Howard, 2012). As of 2017, 27
companies in the United States reported that about 119
consumer products containing DEET were in use (Keith et
al., 2017). However, such data could not be found for
Turkey.

The presence of DEET in the aqueous
environment contains many and potentially complex
pathways. DEET can be released directly or indirectly to
the environment by its presence in commercial products.
There is no known natural source of DEET known to be
environmentally important. Due to recreational activities
such as swimming (via skin or clothing of swimmers or
indirectly over spraying), DEET can directly enter surface
waters. Although often neglected, domestic waters
(through human activities such as showering and bathing)
are now expected to be the major source of DEET in the
aquatic environment (Keith et al., 2017; Merel & Snyder,
2016). These aquatic environments being often used as
drinking or tap water sources. So DEET can be detected in
water for human consumption (Merel et al., 2015; Merel &
Snyder, 2016).

The insect repellent DEET is one of the most
common organic chemical pollutants in water in a wide
range of countries from all around the world (Merel &
Snyder, 2016).
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The first studies about the occurrence of DEET in
the aquatic environment was in samples of Swedish
municipal landfill leachate and in Mississippi river (USA)
were published in 1993 (Oman & Hynning, 1993; Pereira
& Hostettler, 1993). DEET has been identified and
quantified in different aquatic environments, such as
surface water (Bartelt-Hunt, Snow, Damon, Shockley, &
Hoagland, 2009; Calza et al., 2011; Costanzo, Watkinson,
Murby, Kolpin, & Sandstrom, 2007; Guzel, Cevik, &
Daglioglu, 2018b; Ma et al., 2016; Yoon, Ryu, Oh, Choi,
& Snyder, 2010), ground water (Sorensen et al., 2015;
Stuart, Lapworth, Crane, & Hart, 2012), drinking water
(Benotti et al., 2009), seawater (Dsikowitzky et al., 2014)
and wastewater treatment plants (Bartelt-Hunt et al., 2009;
Costanzo et al., 2007; Glassmeyer et al., 2005). Studies on
the presence of DEET in surface waters have increased
significantly since 2000. The reason for this is that the
sensitivity of the analytical methods used to detect DEET
has increased over the last two decades (Aronson et al.,
2012). With the present methodology, DEET can detect
even at concentrations of <0.1 ng/L. European studies
about the occurrence of DEET are limited to Western
countries. And Asian studies are mostly dominated by
China but highest DEET concentrations were also reported
for Indonesia (Dsikowitzky et al., 2014; Merel & Snyder,
2016).

Numerous reviews and researches have been
published investigating toxicity (Legeay, Clere, Apaire-
Marchais, Faure, & Lapied, 2018; Martinez, Vélez, Mayo,
& Sastre, 2016; Swale, Sun, Tong, & Bloomquist, 2014;
Weeks, Guiney, & Nikiforovz, 2012) and occurrence of
DEET in aquatic environments (Bartelt-Hunt et al., 2009;
Benotti et al., 2009; Guzel et al., 2018b; Sandstrom,
Kolpin, Thurman, & Zaugg, 2005). But less attention has
been paid to identify the environmental risk assessment of
PCPs especially insect repellents release on aquatic
environments (Aronson et al., 2012; Sun et al., 2016).

In the Seyhan River Basin, there are freshwater
marshes, salt marshes and reed marshes suitable for
proleferiation of mosquito species (TUBITAK MAM,
n.d.). Although the municipalities in the basin apply
pesticides to combat mosquitoes, mosquito populations can
be quite intense in some areas close to wetlands.

The present study aims to investigate the
occurrence of DEET pesticide in Seyhan River surface
water samples for assessing seasonal and spatial variations
(seasonal sampling over one year) in seven stations. And
the other aim of this study is to calculate the risk quotient
(RQ) with the measured concentrations of DEET obtained
from Seyhan River and to determine the environmental
risks. To our knowledge this is the first study about the
occurrence and environmental risk assessment of DEET in
Seyhan River, Turkey.
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MATERIALS AND METHODS

Chemicals and materials: Methanol (MeOH),
methyl tert-butyl ether (MTBE) and water were gradient
grade for liquid chromatography and purchased from
Merck Millipore, Germany. Solid-phase extraction (SPE)
cartridges (Oasis HLB, 500 mg, 6 cm3), SPE extraction
manifold (20-positions) which combined with vacuum
pomp were purchased from Waters (Millford, MA, USA).
DEET (<98%) was purchased from Sigma-Aldrich
(Steinheim, Germany). Internal standard diazepam-d5
(99%) was obtained from Lipomed (Switzerland). Glass
fibre filter disks (GF/C, pore size 1.2 um) were purchased
from  Whatmann (VWR,  Belgium).  Allure®

Pentafluorophenylpropyl (PFPP) column (50 mm x 2.1
mm, 5 pum) was purchased from Restek (Bellefonte, PA,
ABD).

4SEY:04
4SEY-05]

v\ Googlegarti
b SN v

iz T

Figure 1. Geographic location of Seyhan River in Turkey and
sampling stations.

Sampling site and sample collection: The Seyhan
River is the longest river in Turkey that flows into the
Mediterranean Sea. It is located in the Seyhan Basin, south
Turkey, and this basin has the total drainage area of 20.600
km?. The total length of the Seyhan River is approximately
560 km. According to population and area information,
population density is 83 person/km?. Surface water
samples were collected seasonally, from 7 stations in
Seyhan River, following a period between December 2016
and November 2017. First two stations (SEY-01 (37°
1'59.94"N, 35°20'29.66"E) and SEY-02 (36°58'45.92"N,
35°20'5.90"E) are dominated by a large city centre (Adana)
where 1.7 million inhabitants living. SEY-03
(36°55'6.59"N, 35°21'16.66"E), SEY-04 (36°47'4.66"N,
35°  3'47.58"E), and SEY-06 (36°45'39.10"N,
34°57'20.16"E) surrounded by a variety of land uses
including  agriculture  and  industry.  SEY-05
(36°45'29.03"N, 34°58'36.87"E) is located on a drainage
canal near Baharli Village that carries waste water. SEY -
07 is located in the region where Seyhan River and
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drainage channel are mixed and poured into the
Mediterranean Sea. Surface waters were sampled from a
depth of approximately 25 cm. Water samples were
transferred in a cooler bag to the laboratory. In the autumn
season sampling, no sample was taken at SEY-03 station,
as there was no water.

Sample preparation and extraction: Water
samples were filtered through glass fibre filters (GF/C) and
H>SO4 was added for pH adjustment (pH=2+0.1). Solid
phase extraction (SPE) was used for sample preparation
before instrumental analysis. 1 L filtered surface water
samples were loaded through preconditioned (Oasis HLB
cartridges) SPE cartridges at a flow rate of 15 mL/min
using a vacuum extraction manifold (Waters 20-Position
extraction manifold (Milford, MA, USA)).

Instrumental analysis: Chromatographic
analyses were carried out with ultra-fast liquid
chromatography  (Shimadzu CBM-20A), automatic
sampling system (Shimadzu SIL-20A/HT) and mass
spectrometry (Shimadzu 8030, Kyoto, Japan). DEET was
separated chromatographically on PFPP column (at 40 °C,
flow rate of 0.4 mL/min) using ultra-pure water with 10
mM ammonium formate (eluent A) and methanol (eluent
B), with the gradient program started with 10% eluent B
and was held for 10 min at a flow rate of 0.4 mL/min.
Multiple reactions monitoring (MRM) mode was used for
the determination of DEET (precursor: 192.2, products
91.1 and 119.1). Total method run time was 18 minutes.
The retention time was 7.78 minute. The area ratio of the
ions and retention time were compared by using the
standard solutions under identical conditions. The limit of
quantification (LOQ) was 0.3 and the limit of detection
(LOD) was 0.2 ng/L for the DEET method. The correlation
coefficients for calibration curve was higher than 0.99.

Environmental risk assessment calculations:
Risk quotient (RQ) was calculated for the environmental
risk assessment. The hazard and environmental risk level
of DEET compound in the receiving environment can be
determined by calculating the RQ value. PNEC value is
calculated by using the smallest NOEC value calculated for
many different species in ecotoxicology studies and the
assessment factor (AF) suitable for the recipient
environment (Aronson et al., 2012; Guzel, Cevik, &
Daglioglu, 2018a). RQ formula is:

RQ=MEC/PNEC

In this formula, MEC is the measured
environmental concentrations and PNEC is the no effect
concentration in the surface water. If RQ values; < 0.1
means insignificant risk (no adverse effect expected), =
0.1-1 means low risk (potential adverse effects), = 1-10
means moderate risk (probable adverse effect) and > 10
means high risk (Ma et al., 2016). The PNEC value for
DEET is 47000 (ECOSAR (Ecological Structure Activity
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Relationship) class program Version 1.11 was used to
obtain the pNEC value).

RESULTS

DEET was detected in all sampling stations,
concentrations in Seyhan River were between 18.55 ng/L
and 334.71 ng/L and detection frequency was 100%. Mean,
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median, maximum and minimum concentrations were
listed in Table 1.

The lowest DEET concentration was found as
18.55 ng/L in winter and highest concentration was found
as 334.71 ng/L in autumn. The mean concentrations of
DEET were found as 32.58, 78.31, 81.46 and 171.66 ng/L
in winter, spring, summer and autumn respectively (Fig.2).

Table 1. DEET concentrations in surface waters of Turkey and other countries.

Study Area Mean Median Min. Max. References
(ng/L) (ng/L) (ng/L) (ng/L)
Seyhan River, Turkey 88.01 75.89 18.55 334.71 *This study
Ceyhan River, Turkey 12.45 441 0.57 40.41 (Guzel et al., 2018b)
Konya Basin Lakes, Turkey 3.92 3.57 341 4.79 (Guzel et al., 2018b)
Antalya Basin Lakes, Turkey 343 2.73 154 .77 (Guzel et al., 2018b)
Ceyhan Basin Lakes, Turkey 3.45 2.56 0.64 14.22 (Guzel et al., 2018b)
Seyhan Dam Lake, Turkey 5.50 1.78 1.01 17.43 (Guzel et al., 2018b)
USA - 55 13 660 (Brausch & Rand, 2011)
The Northern River, Germany - 0.11 1.09 (Weigel et al., 2002)
Po River, Italy - 0.6 155.55 (Calzaet al., 2011)
Schwarzbach, Modau, Winkelbach, and 124 <LOD 1292 (Quednow & Piittmann, 2009)
Weschnitz Rivers, Germany
Zhujiang, Shijing Rivers, China 0.2 107 (Yang et al., 2013)
Jakarda River, Indonesia - - 30 24000 (Dsikowitzky et al., 2014)
Han River, South Korea 160 190 120 - (Yoon et al., 2010)
5 stream sites, USA - - 30 180 (Mottaleb, Usenko, Brooks, & Chambliss, 2009)
Assunpink Creek, USA - - 45 340 (Alvarez et al., 2005)
139 stream sites, USA - 60 - 1100 (Kolpin et al., 2002)
<LOD: lower than the limit of detection
SEY-07
Autumn SEY-06
5 § sev.os
§ Summer é mSpring
@ - E SEY-04 W Summer
Spring % sevoz |(IEL) = Autumn
v Winter
Winter SEY-02
0 50 100 150 200 sevo1 . .
Concentration (ng/L) 0 100 200 300 400 500 600
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Figure. 2. Seasonal comparison of DEET concentrations (ng/L)
in Seyhan River

In Figure 3, the cumulative distribution of DEET
concentrations measured in Seyhan River by stations was
shown. DEET detected higher where there was the
possibility of wastewater contamination, via human,
industrial, and agricultural sources, entering the streams
and near urban areas during summer and late winter
(autumn). The station where the highest DEET
concentration measured was SEY-06 was under the
influence of the influent wastewaters of Seyhan wastewater
treatment plant (WWTP), which is the largest WWTP in
Adana Province, and during the field studies, it was
observed that the mosquito population around the station
was very high in autumn. Recent studies indicate that the
highest DEET concentration in aquatic environments
correlates with its increased application during the summer
months and late winter (Keith et al., 2017; Merel et al.,
2015; Sandstrom et al., 2005).
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Figure 3. Cumulative and spatial comparison of DEET
concentrations (ng/L) in Seyhan River

A study which was a summary of latest studies in
surface water samples published in 2011 reported
concentrations ranging from 13 to 660 ng/L for DEET
throughout the USA (Brausch & Rand, 2011). In another
review which reported worldwide DEET concentrations in
water samples ranging from 40-3000 ng/L (Costanzo et al.,
2007). Along the northern River, Germany DEET
concentrations was between 0.11 to 1.09 ng/L (Weigel,
Kuhlmann, & Huhnerfuss, 2002).DEET concentrations in
Po River water samples were between 0.6 to 155.55 ng/L
(Calza et al., 2011). Water samples taken from the
Zhujiang and Shijing Rivers, concentrations of DEET were
minimum 0.2 ng/L and maximum 107 ng/L. And in
Assunpink Creek in Trenton, New Jersey DEET was
detected at levels of 45-340 ng/L (Alvarez et al., 2005).
DEET was detected in 74.1% of the water samples
analyzed at a maximum concentration of 1100 ng/L
(Kolpin et al., 2002). In Table 1, DEET concentrations in
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Seyhan River compared with Ceyhan River (Turkey),
Konya Basin Lakes (Turkey), Antalya Basin Lakes
(Turkey), Ceyhan Basin Lakes (Turkey), Seyhan Dam
Lake (Turkey), The Northern River (Germany), Po River
(1taly), Schwarzbach, Modau, Winkelbach, and Weschnitz
Rivers (Germany), Zhujiang and Shijing Rivers (China),
Jakarda River (Indonesia), Han River (South Korea), 5
stream sites, Assunpink Creek and 139 stream sites (USA).
Highest DEET concentrations in Turkey were detected for
Seyhan River. Among the studies in the world, the highest
DEET concentration was measured in Jakarda River,
Indonesia (max: 24000 ng/L) (Dsikowitzky et al., 2014),
followed by the results of Winkelbach, and Weschnitz
Rivers (1292 ng/L) in Germany (Quednow & Piittmann,
2009), and the results of 139 stream waters (1100 ng/L) in
the United States (Kolpin et al., 2002).
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Risk assessment calculations were made for each
station and season using DEET concentrations measured in
the Seyhan River. According to the environmental risk
assessment, DEET in the Seyhan River, pose no
environmental risk (all measured RQ values were lower
than 0.01, means no environmental risk) (Table 2).
However, toxic effects may be higher when all pollutants
behave together in natural environment.

As a result, DEET pesticide has been detected in
all surface waters collected seasonally over a year from the
Seyhan River, with concentrations varying between 18.55-
334.71 ng/L. Aquatic organisms are thought to be affected
asresult of chronic exposure to DEET. The results obtained
for Seyhan River were found lower than in USA (4700 ng
L in surface waters) and Europe. According to the risk
assessment calculations, it was determined that the current
concentrations of DEET pesticide do not pose an
environmental risk.

Table 2. Measured environmental concentrations (MECs) and risk quotient values (RQs) of DEET detected in Seyhan River.

MECs (ng/L) RQs

Spring Summer Autumn Winter Spring Summer Autumn Winter
SEY-01 74.749 82.096 124.964 36.125 0.002 0.002 0.003 0.001
SEY-02 59.99 75.886 116.257 24.185 0.001 0.002 0.002 0.001
SEY-03 38.491 77.952 - 18.547 0.001 0.002 - 0.000
SEY-04 33.388 52.065 108.089 21.457 0.001 0.001 0.002 0.000
SEY-05 189.121 110.308 100.505 54.985 0.004 0.002 0.002 0.001
SEY-06 97.414 87.849 334.713 36.898 0.002 0.002 0.007 0.001
SEY-07 54.985 84.047 245.442 35.894 0.001 0.002 0.005 0.001

CONCLUSION Bartelt-Hunt, S. L., Snow, D. D., Damon, T., Shockley,

This study was one of the first and most
comprehensive studies in the region. The results obtained
in autumn were found higher than in summer. It was
unexpected, but it provides clue about the season that
mosquitos are found more. The results obtained for Seyhan
River were found lower than in USA and Europe. In future
studies, bioaccumulation of DEET should be added to such
research. Because DEET can accumulate in aquatic
organisms and damage as a result of continuous exposure.
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Oz: Glukosinolatlar (Gls), brassica sebzelerinde bulunan ekonomik agidan énemli olan ikincil bitki
metabolitleridir. Glukosinolatlar ve bunlarin hidroliz tirlinleri insanlar ve hayvanlar lizerinde birgok
faydali etkiye sahiptir. Gls, bitki iceriginde ve bagirsak mikroflorasinda bulunan mirosinaz enzimi ile
hidrolize edilir ve bu sekilde biyolojik aktiviteleri ortaya c¢ikarabilmektedir. Glukosinolatlarin
pargalanma {iriinlerinden biri olan izotiyosiyanatlar bazi kanser tiirlerinin 6nlenmesinde 6nemli roller
oynamaktadir. En ¢ok incelenen izotiyosiyanat onciil maddesi siilforafan, memeli hiicre koruyucu
enzimlerinin giiclii bir uyaricist olarak brokoli dzlerinden izole edilmektedir. Siilforafanimn, bir sican
memeli timdr modelinde, timérlerin boyutunu indirekt bir antioksidan olarak g¢alisarak kiigiilttiigii
bildirilmistir. Niikleer faktor eritroid 2 ile iligkili faktor 2 (Nrf2), antioksidan ve detoksifiye eden
genlerin ekspresyonunu diizenleyen, spesifik bir gen tarafindan kodlanan bir transkripsiyon faktoridiir.
Nrf2, birgok Faz I ve Faz Il ilag metabolize edici enzimlerin ekspresyonunu kontrol etmektedir. Ayn1
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*Sorumlu yazarmn: zamanda, Kelch-benzeri ECH birlestirici protein 1 (Keapl) sistein aminoasitlerce zengindir ve
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The potential effects of sulforaphane hydrolyzed from glucosinolates and
relationship between Nrf-2 Keap-1 signal pathway

Abstract: The glucosinolates (Gls) are economically important secondary plant metabolites which
occur in all of brassica vegetables. Glucosinolates and their hydrolysis products have many beneficial
effects on humans and animals. Gls are hydrolyzed by myrosinase enzyme found in plant or produced
in intestinal microflora, in this way it can appear their biological activities. One of breakdown products
of Gls called isothiocyanates and they have an essential role in prevention some cancer types. The most
studies on isothiocyanate, sulforaphane (SFN) was isolated from extracts of broccoli as a potent inducer
of mammalian cytoprotective enzymes. It is reported that sulforaphane reduced the size of tumors in a
rat mammary tumor model by acting as an indirect antioxidant. NF-E2-related factor 2 (Nrf2) is a
transcription factor encoded by a specific gene that regulates the expression of antioxidant and
detoxifying genes. Nrf2 controls the expression of many Phase | and Phase Il drug-metabolizing
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GIRIS

Glukosinolatlar (Gls), Brassicaceae ailesinin
ekonomik olarak dneme sahip, siilflir igeren ikincil bitki
metabolitleridir. 120°den fazla farkli glukosinolat cesidi
yan-zincir  yapisinin  degisiklige ugramasiyla elde
edilmektedir (Belenli vd., 2016; Chen wvd., 2001).
Glukosinolatlarin genel kimyasal yapisi, p-D-tiyoglukoz
grubu, bir siilfonlanmis oksim parcast ve metiyonin,
triptofan veya fenilalaninden tiiretilen degisken bir yan
zincirden olusur (Tripathi vd., 2007).

1970'lerden beri glukosinolatlar ve bunlarm
hidroliz iriinlerinin, insan ve hayvan beslenmesi iizerine
faydali ve Dbiyolojik etkileri iizerine ¢aligmalar
yapilmaktadir. Ayrica Brassica sebzelerinin karakteristik
tat ve lezzetinden kismen sorumlu olduklar1 bulunmustur.
Brassicaceae ailesi, brokoli, briiksel lahanasi, lahana, yesil
lahana, karnabahar, salgam ve tere gibi sebzeleri
icermektedir. Bu sebzeler diinya capinda yaygin olarak
yetistirilmekte ve tliketilmektedir. Bu sebzeler igerisinde
yer alan brokoli, ayr1 bir 6neme sahiptir ve brokolinin
diizenli tiiketimi ile bazi kanser tiirlerini onlemedeki
etkileri bir¢ok bilimsel galigmada arastirilmistir (Belenli &
Polat, 2018; Cartea, 2008). Glukosinolatlar, bitkinin tiim
kisimlarnda  bulunur ve fiziksel olarak mirosinaz
(tiyoglukozit glukohidrolaz, EC 3.2.3.1) enzimi ile hidroliz
riinlerine ayrilir. Bitkiye 1sil islem uygulanmasi veya
viicuda alindiktan sonra sindirim sirasinda  bitki
dokularinin zarar gérmesi ile mirosinaz enzimi aktive olur
boylece glukosinolat ve biyolojik etkilere sahip hidroliz
triinlerinin aciga c¢ikmasi saglanmis olur (Tripathi vd.,
2007). Glukosinolatlar, hem bitkide bulunan hem de
bagirsak mikroflorasi tarafindan iiretilen mirosinaz enzimi
tarafindan hidrolize edilir ve parcalanma tirinleri serbest
hale geger (Bernardi vd., 2003; Cheng vd., 2004; Fenwick
vd., 1983; Finiguerra vd., 2001; Mithen, 2001).

Glukosinolatlarin (Gls) hidroliz {irtinleri, bir¢ok
hastaliga karst koruma ve savunma saglayan biyolojik
aktivitelere sahiptir (Halkier vd., 1997). Hidroliz iiriinleri
seker igermeyen bir aglikon boliimi, glikoz ve siilfattan
olusur. Aglikon kismu1 kararsizdir ve Gls'in yapisina bagh
olarak izotiyosiyanatlar (ITC), tiyosiyanatlar, nitriller,
oksazolidin tiyonlar ve epitionitriller gibi hidroliz
iriinlerinden olugmaktadir. Glukosinolatlarin biyolojik
aktivitelerinin neredeyse tamami, pargalanma firtinleri,
ozellikle izotiyosiyanatlar tarafindan gerceklestirildigi
bildirilmistir (Vig vd., 2009).

Izotiyosiyanatlardan Izole Edilen Siilforafamn
Biyolojik Etkileri: Paul Talalay vd., (2003) tarafindan
izotiyosiyanatlarla ilgili kabul goren ilk ¢alismalar, faz 1
enzimlerinin inhibe edilmesi ve sitoprotektif (hiicre
koruyucu) faz Il enzimlerinin  transkripsiyonunu
indiikleyerek, DNA’y1 mutasyona ugratacak olan mevcut
kanserojenlerin seviyesinin azaltilmasi yoniinde olmustur.
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Yapilan ilk caligmalarla elde edilen bu kesif, murin
Hepalclc7 hiicrelerindeki NAD(P)H:-kinon
oksidorediiktaz-1’in  (NQO1) artan transkripsiyonuna
dayanan indiiksiyon yeteneklerini taramak i¢in kantitatif
bir biyoanalizin gelistirilmesine isaret etmistir. En ¢ok
calisma yapilan izotiyosiyanatlardan biri olan siilforafan,
brokoli ekstraktlarindan, memelilerdeki sitoprotektif
enzimlerin giclii bir indiikleyicisi olarak izole edilmistir.
Siilforafan, brokolinin ekstraksiyonu sonucu izole edilen,
temel aktif bilesigidir (Dinkova-Kostova vd., 2012).
Izotiyosiyanatlardan elde edilen siilforafanin
¢esitli memeli patojenlerine karst aktivitesi (Ornegin
Escherichia coli, Salmonella typhimurium, Candida sp.)
yiizyillardir yaralarin tedavisinde kullanilmakta ve anti-
tiimor ajanlar olarak biyolojik ozellikler gdstermektedir
(Fahey vd., 2001). Memeli dokular1 mirosinaz enzimi
icermemesine ragmen, memelilerde glukosinolatlarin
izotiyosiyanatlara doniisiimii, gastrointestinal sistemin
bakteriyel —mikroflorasinda bulunan mirosinaz ile
gerceklesmektedir (Dinkova- Kostova vd., 2012). Goniilli
insanlarda, siilforafan ve bitkisel
kaynaginin sindirim sonrast metabolizmasi incelenmis ve

izotiyosiyanatin,

her iki calismada da, glukosinolatlardan izotiyosiyanatlarin
hidrolizinde sindirim sistemindeki mikrofloranin 6nemli
rolii oldugu goriillmistir (Shapiro vd., 2001).

Bitki ekstraktlarindan izotiyosiyanatlarin eldesi,
genel olarak yiiksek performansh sivi kromotografisi
(HPLC) kullanilarak gergeklesmektedir (Zhang vd., 1992;
Kore vd., 1993). Giiniimiizde, HPLC igin bu teknigin
modifikasyonu ile bitki ekstraktlar1 gibi kompleks
biyolojik sivilarda 10 pmol’den az izotiyosiyanat
Olgiilebilmektedir (Zhang vd., 1996). Glukosinolatlardan
ekstrakte edilen izotiyosiyanatlarda,  saflagtirilmig
mirosinaz enzimi ol¢iimii, belirlenen toplam glukosinolat
titresi ve iyon ¢ifti kromatografisi teknikleriyle dogrudan
olgiilen glukosinolat seviyeleri arasinda miikemmel bir
korelasyon bulunmaktadir (Fahey vd., 1999).

Son yillarda, bir¢ok kanser tiiriiniin goriilme
sikligint  azaltmak igin meyve ve sebzelerinden
yararlanilmaktadir.  Ozellikle  turpgil ~ (Brassica)
sebzelerinin tiikketiminin artmasiyla bu konudaki ¢aligmalar
kanit niteligi kazanmaktadir (Doll, 1992; Fahey & Talalay
1999; Michaud vd., 1999; Steinmetz & Potter 1991,
Verhoeven vd., 1996). Bu sebzelerin kanser kemoprotektif
aktivitesinin en azindan bir boliiminiin glukosinolat
icermelerinden kaynaklandigina inanilmaktadir (Fahey
vd., 2001). Bu sebzelerin en onemli Ozelligi, Faz II
enzimlerinin indiikleyicileri olarak, apoptozu uyarir ayni
zamanda redoks regiilatorii olarak gorev yapar ve Faz I
enzimlerini inhibe ederek, metabolitlerin kanser 6nleyici
olmasini saglar. Siilforafan, sigan meme tlimori modelinde
(Fahey vd., 1997; Zhang vd., 1994), indirekt antioksidan
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etki gosterir (Fahey & Talalay, 1999). Bunun yaninda
kolon kanseri hiicrelerinde in vitro olarak segici sitotoksik
etki yapip (Gamet-Payrastre vd., 1998), sitokrom p450’yi
inhibe ederek memeli hiicrelerindeki tiimoriin insidensinde
ve biiyiikliigiinde azalmalar saglamaktadir (Maheao vd.,
1997; Morel vd., 1997). Ayrica, in vitro olarak insan kolon
kanseri hiicrelerinde, hiicre siklusunu durdurarak apoptozu
indiiklemektedir (Gamet-Payrastre vd., 2000).
Izotiyosiyanatlarm, sigan ve fare tiimoér modellerinde,
akciger ve yemek borusu kanserinin uyarilmasini da inhibe
ettigi tespit edilmistir. Bu etkiler, sitokrom p450
mekanizmasinin da kuvvetli bir sekilde inhibe edildigini
gostermektedir (Fahey vd., 1997).

Nrf2—Keap-1  Sinyal Yolagt ve Kanser
Arasindaki Iligki: Nikleer faktor eritroid-2 ile iliskili
faktor 2 (Nrf2), oksidatif strese direng gosteren ve gesitli
cevresel stres Onciilerine karsi uyumlayict bir yaniti
gerceklestirebilen bir transkripsiyon faktoriidiir. Kelch-
benzeri ECH ile iligkili protein (Keap 1) ile Nrf2 iliskisi,
kansere neden olan somatik mutasyonlarm biyolojik
onemini gostermektedir (Hayes & Dinkova-Kostova,
2014). Keap1, 624 amino asit igerisinde, 25 sistein kalintisi
bulunan, ¢inko metalloprotein grubuna ait uyaricit bir
sensordiir. Keapl’in sistein agisindan zengin olmasi,
oksidatif stresin varligma gore hareket edebilme 6zelligi
kazanmasini saglamaktadir. Hiicresel strese karsi savunma
mekanizmalarinin ana diizenleyicisi olarak kabul edilen
Nrf2/Keapl sinyal yolagi, hasarli makro molekiillerin
onariminda veya ortadan kaldirilmasinda gérev alan cesitli
hiicre koruyucu protein aglarina ait gen ekspresyonlarini
diizenleyerek, hiicrenin stres kosullarinda hayatta
kalmasin1 saglamaktadir. Hiicre koruyucu proteinleri
kodlayan genlerin ¢ogu, Keap1-Nrf2 ve antioksidan yanit
elementi ‘ARE’ yolagi aracilifiyla transkripsiyonel
regiilasyonda ortak rol oynamaktadirlar (Dinkova-Kostova
& Kostov, 2012). Nrf2, sitoplazmada Keapl'e baglidir.
Reaktif oksijen tirleri (ROS), endojen antioksidan
kapasitenin tistesinden geldiginde Keap-1, Nrf2'yi serbest
birakir ve bu daha sonra, diger transkripsiyon faktorleri ve
ARE’nin de yardimiyla Nfr2 c¢ekirdege gecer. Bu olay,
glutatyon (GSH) sentezinden sorumlu olan baslica anahtar
antioksidanlarin ve sitoprotektif proteinlerin ve enzimlerin
transkripsiyonel aktivasyonuna neden olur (Kavian vd.,
2018).

Izotiyosiyanatlar, ~Keapl spesifik sistein
kalintilar1 ile reaksiyona girer ve ubiqutinasyon ve
degradasyon gerceklestirmek i¢in Nrf2'yi hedefleme
kabiliyetini ortadan kaldirirlar.  Sitozolde Nrf2’nin
ubiqutinasyonunun ve proteozomal degredasyonunun
onlenmesiyle Nrf2’nin niikleusa translokasyonu saglamis
olur (Mitsuishi vd., 2012). Insan ve fare dokularinda in vivo
olarak Nrf2 transkripsiyon faktorii, ilag metabolize eden
enzimleri kontrol ederek, ekspresyona ugramaktadir. Nrf2-
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Keapl sinyal yolunun, oksidatif strese hiicresel yanitta
o6nemli rollere sahip oldugu tespit edilmistir. Nrf2'nin
aktivasyon mekanizmasi kapsaml bir sekilde ¢alismalar
devam etmektedir (Dinkova-Kostova vd., 2005). Normal
kosullar altinda, Nrf2 sitoplazmaya yerlesir ve burada aktin
baglayici protein, Keapl, Nrf2 ile etkilesime girer ve onu
aktive eder. Stresin arttig1 durumlarda, Keapl daha sonra
hiicre ¢ekirdegine gog eden ve ARE’yi azaltmak igin
DNA’ya baglanan Nrf2’yi aktive eder ARE daha sonra
cesitli giliclii antioksidan enzimleri ve detoksifiye edici
proteinlerin  tekrar  diizenlenmesini  gergeklestirir
(Kobayashi & Yamamoto, 2005). Nrf2 hedef genlerinin
promotor bolgesindeki ARE dizisine 6zgii bir sekilde
baglanir ve ila¢ detoksifikasyonu, antioksidan cevap,
NADPH rejenerasyonu ve metabolizmanin
diizenlenmesinde rol oynayan genlerden protein
kodlanmasini saglar. Nrf2 hedef genleri, genis bir
antioksidan agl, ksenobiyotik
detoksifikasyonunda  yer proteinler, hasarli
proteinlerin onarimi ve uzaklastirilmasi, enflamasyonun

enzimler
alan

inhibisyonu ve diger transkripsiyon faktorlerinden olusur
(Yang vd., 2016). Son yillarda, sitoprotektif gen
ekspresyonunun diizenleyicisi roliiniin bir pargasi olarak,
Nrf2'nin mitokondriyal islevi etkiledigi ortaya ¢ikmustir.
Artan Nrf2 aktivitesi, mitokondriyal toksinlere karsi
koruma saglar (Holmstrdm vd., 2016). Paul Talalay vd.
(2003) fare dokularinda Nrf2’nin, Faz I ve Faz II ilag
metabolize eden enzimlerin ekspresyonunda rol oynadigini
gOstermistir. Masayuki Yamamoto vd. ise Nrf2 negatif
farelerde, GST (Glutatyon peroksidaz) ve NQOL1'i
uyardigini tespit etmistir (Belenli & Polat, 2017; Dinkova-
Kostova & Kostov, 2012).

Oksidatif Stres
Serbest Radikaller

Kanser Onleme

Sitoplazma

Fazllve
Antioksidan Nrf2

Enzimleri‘\
ARE

Sekil 1. Nf2-Keap 1-ARE Sinyal Yolag.
Figure 1. Nf2-Keap 1-ARE Signal Pathway.

Niikleus

Keapl, Nrf2’nin baslica baskilayicisidir ve bu
durum farelerde Keapl’in miktarinin  azalmasinin
gozlenmesi ile desteklenmektedir. Keapl’in, Nfr2
transkripsiyon faktoriiniin - miktarint  ve aktivitesini
arttirmak icin yeterlidir. Ayrica, Keapl’deki somatik
mutasyonlar, akciger, meme ve kolon kanseri olan bazi
hastalarda Keapl  promotériinin  hipermetilasyonu
seklinde timorlerdeki Nrf2'nin up-regiilasyonuna neden
olmaktadir (Hayes & Dinkova-Kostova, 2014).
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SONUC

Ozellikle glukosinolatlarm hidroliz iiriinii olan
stilforafanin kimyasal karsinojenlere karsi kemoprotektif
ozellikleri kanitlanmugtir. Nrf2, sitoplazmada Keapl'e
baglidir. Siilforafan tiiketimi ile uyarilan Keap-1 harekete
gecer ve Nrf2'yi serbest birakir. Daha sonra, Nfr2

cekirdege gecer ve boylece Faz II  enzimlerinin
ekspresyonu saglanmus olur. Faz Il enzimlerinin
ekspresyonu ile Nrf2-Keap-1-ARE sinyal yolunu
indiiklenerek  antioksidan  etkilerinin  gdsterilmesini

saglanir ve oksidatif hasara karsi koruma ve birgok kanser
turtinli  O6nleme gergeklesmis olur. Bu derlemede,
siilforafan dahil olmak {izere diizenli olarak brassica
sebzeleri ve dzellikle brokoli tiiketiminin bazi hastaliklarm
zararl etkilerini azalttig1 kanisina varilmistir.

Glukosinolatlarin ve hidroliz iriinlerinin detaylt
etkilerini incelemek igin daha fazla arastirmaya ihtiyag
duyulmaktadr.
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Benfloreks: Dost mu, Diisman mi1? Deneysel Diyabette, Benfloreksin Beyindeki
Oksidatif Olaylara Etkileri

Oz: Benflureks, antidiyabetik ve antihiperlipidemik 6zelliklere sahip farmakolojik bir ajandir. Bu
caligmada, uygulanan diyabetik siganlarda benfloreks tedavisinin beynin oksidatif ve enzimatik
olmayan antioksidan durumu iizerindeki etkileri arastirilmistir. Deneysel prosediirler igin,
kontrol, diyabet (streptozotosin ile indiiklenen) ve benfloreks ile tedavi edilmis diyabetik siganlar

*Sorumlu yazar: (benfloreks 21 giin boyunca intragastrik 50 mg/kg dozda uygulanmustir) olarak 18 Wistar albino

Emine Gilleri GULEC PEKER siganindan olusan {i¢ grup kullanlld%. Be}fin NOx, TBARS, GSH, ‘A.A seviye}eri ve MPO
Giresun Universitesi, Saglik Bilimleri aktivitesi spektrofotometrik olarak belirlendi. Benfloreks uygulamasi, lipid peroksidasyonunu ve
;ﬁkgt“is Hemsirelik Bolimu, Giresun, MPO aktivitesini azaltirken; enzimatik olmayan antioksidan seviyelerini ve NOx diizeylerini
é‘r gﬁf(;eri.peker@giresun.edu.tr artttrmistir.  Bu  sonuglar, benfloreks tedavisinin, diyabet swrasinda beyinde lipid

peroksidasyonunu ve enzimatik olmayan antioksidan durumu olumlu etkiledigini géstermistir.

Anahtar kelimeler: Benfloreks, beyin, diyabet, lipid peroksidasyonu, enzimatik olmayan
antioksidanlar, nitrik oksit.

INTRODUCTION importance and popularity. DM becomes resulting from

that either deficiency in insulin secretion from the beta ()

Diabetes mellitus (DM) is a metabolic disease cells of the pancreatic islets of Langerhans or breakdown

which is one of the most important causes of morbidity and in the susceptibility of the insulin hormone or both of
mortality worldwide (Ong et al., 2018). Therefore, the together exists.  Streptozotocin (STZ, 2-deoxy-2-[3-
diabetes-related in vivo and in vitro studies remain its methyl-3-nitrosoureido]-D glucopyranose) is one of the
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most used pharmacological agents in order to create
experimental diabetes. The diabetic effects of STZ are
caused by the devastation of B pancreatic cells by natural
killer (NK) cells (Szkudelski, 2001).

It is a known fact that increased Reactive Oxygen

Species (ROS) production breaks down tissue homeostasis
and it causes tissue damage. Particularly, lipids are
vulnerable to ROS damage. Resulting of diabetic
processes, hyperglycemia stimulates ROS generation from
a variety of sources such as cytochrome P450
monooxygenases, nitric oxide synthase (NOS), oxidative
phosphorylation, nicotinamide adenine dinucleotide
phosphate oxidase, lipoxygenase, and glucose auto-
oxidation (Pandey et al., 2010). ROS formation leads to
devastation and injury on cell membranes by lipid
peroxidation (Halliwell, 1994). Oxidative stress appears
when ROS are produced in excess amounts or when
antioxidant defense systems are impaired. Oxidative stress
is the one of the causes in the pathogenesis and progression
of complications from diabetes (Piero et al., 2014).
In every aerobic organism has antioxidant defense system
existing of non-enzymatic antioxidant substances and
antioxidant enzymes to protect the physiological activities
of organisms against oxidative stress. Ascorbic acid (AA)
and Glutathione (GSH) are a part of the non-enzymatic
antioxidant that their cycle is known to act a fundamental
role in the keeping of cellular redox homeostasis (Noctor
et al., 2002).

The brain is one of the major organs of the body
which responsible for maintaining of neuronal and
hormonal processes and homeostasis. It is vulnerable to
oxidative stress induced by diabetes consequence of its rich
oxidizable polyunsaturated fatty acids content, high rate of
oxygen consumption the existence of redox-active metals
(Cu, Fe), and low defending of enzymatic antioxidant
(Montilla et al., 2005; Uzar et al., 2012).

Benfluorex was an amphetamine derivative drug
widely medicated by Type Il diabetes patients through
worldwide due to both lipid-lowering and
antihyperglycemic effects until withdrawn in 2010
(Tribouilloy et al., 2012). In contrast to other antidiabetic
drugs, the nonexistence of gastrointestinal side effects of
benfluorex has increased the possibility of its preference
(Moulin et al., 2009). Nevertheless, after the publication of
several reports suggesting the link between the
administration of benfluorex and serious cardiac valve
regurgitation, it was withdrawn from the European market
in 2010 (Rafel Ribara et al., 2003; Noize et al., 2006;
Boutet et al., 2009; Frachon et al., 2010; Tribouilloy et al.,
2010; Le Ven et al., 2011). The drug-induced cardiac side
effects of benfluorex are caused by serotoninergic
mechanisms via its metabolite norfenfluramine which has
the ability to activate 5-HT2g serotonin receptors in the
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heart valve, where it plays a role in the synthesis of
glycosaminoglycans and collagen (Rothman et al., 2000;
Roth, 2007; Tribouilloy et al., 2012). Besides known their
cardiac and pulmonary adverse effects, amphetamines and
their derivatives also could produce several neurological
changes such as intracerebral vasculitis, ischemic stroke,
and cerebral hemorrhage (Galvan-Arzate & Santamaria,
2002). On the other hand, there is no finding pointing to
the effect of benfluorex on brain oxidant-antioxidant status
during diabetes.

In this context, the present study was carried out to
put forth the effects of benfluorex treatment on brain
oxidative events throughout the diabetic process.

MATERIALS AND METHODS

Animals and Groups: Male adult Wistar albinorats
were use in experiments (18, weighing 190-200 g). All
animals were held in a temperature-controlled room with
12 hours of light and 12 hours of the dark cycle, in separate
cages with access to water and food. All animal studies
were performed in accordance with international ethical
rules, and all animal procedure were approved by the
Animal Experimentation Ethics Committee of Giresun
University (Report no: 2019/06).

The animals have divided into three different
groups as 1) Control (n=6) 2) Diabetes (n=6) and 3)
Diabetes+benfluorex (n=6), randomly. Rats of the control
group were given only an injection of 0.1 M, 1 ml citrate
buffer at pH 4.5. On the Diabetes group, disease model was
created by intraperitoneal injection of a single dose of STZ
(Serva 35503) (45 mg/kg body weight) dissolved in 0.1 M,
1 ml citrate buffer at pH 4.5 (2). Rats were accepted
diabetic if their fasting blood glucose (FBG) levels
exceeded 200 mg/dl at 48 h after STZ injection. Rats of
Diabetes+benfluorex group were treated with benfluorex
(Sigma B-7522) intragastric (1G) 50 mg/kg daily for 21
days (Brindley et al., 1988; Serradas et al., 1993). The
equal volume of tap water was 1G delivered to control and
diabetes groups for the same period.

After FBGs and body weights were measured, on
day 22 of the experimental protocol, rats were sacrificed
with taken blood from the heart under anesthesia. The brain
tissues were removed rapidly and instantly freeze in liquid
nitrogen and stuck at —80 °C until use.

Determination of TBARS: Lipid peroxidation in
tissues was determined by the formation of TBARS (Casini
et al., 1986). Brain tissues homogenized in cold
trichloroacetic acid and centrifuged at 3000 rpm for 15
minutes. The supernatant then added to the tube containing
an equal amount of thiobarbituric acid of 0.67% (w/v) and
boiled at 100°C for 15 minutes. The absorbance of the
samples determined at 535 nm.

Determination of GSH: The GSH levels of
tissues were measured by the modified EIman method
(Aykag et al., 1985). Brain tissue samples homogenized in
trichloroacetic acid solution and homogenate then
centrifuged at 3000 rpm for 10 min. Supernatant added on
the tube containing 0.3 mol/L Na;HPO4-2H,O solution.
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After, the dithiobisnitrobenzoate solution added in the tube
and the absorbance was determined at 412 nm.

Determination of NOx: The Griess method was
used to determine total nitric oxide (NOx) values in the
brain tissues (Green et al., 1982). Tissue samples were
homogenized in cold phosphate-buffered saline (pH = 7.5)
then centrifuged at 3000 rpm for 5 min. Supernatant added
to a tube containing 0.3 M NaOH. After 5% (w/v) ZnSO4
was added for deproteinization, mixture incubated for 5
min at room temperature, then centrifuged at 14,000 rpm
for 5 min. The nitrate levels in brain tissues were measured
spectrophotometrically by method of Miranda et. al.
(Miranda et al., 2001). The Griess reaction was used to
determine nitrite levels of tissues.

Determination of AA: Total ascorbate levels of
brain tissues were measured by the modified Roe and
Keuther method (Berger et al., 1989). Brain tissues
homogenized on cold in 35% perchloric acid and
centrifuged at 12,000 rpm for 3 min. Supernatants were
combined with color reagent (0.6% copper sulfate, 5%
thiourea, and 2,4-dinitrophenlyhydrazine at 1:1:20, v/v/v)
and mixtures incubated 3 h at 37°C in a water bath. After
they were cooled to 0°C, 65% (v/v) sulfuric acid was added
and absorbances were measured at 515 nm.

Determination of MPO activity: MPO activity
was measured by method of Glowick and Kaplan (1955).
Tissue samples homogenized in cold phosphate buffer (pH
7.5). After centrifuged at 3000 g for 10 minutes at 4°C,
supernatants were added to tubes containing 0.5 M
phosphate buffer, 30% H.O,, 1% o-dianisidin, H.O
(10:1:2:3 v/v/ v/v). Mixtures incubated at 37°C for 30
minutes then HCI was added. One unit (U) of enzyme
activity was defined as the amount of MPO present that
caused a change in absorbance of 1.0/min at 410 nm and
37°C.

Statistical analysis: All data were submitted as
the mean =+ standard deviation. Evaluation of the values for
all experimental groups was used by ANOVA variance
analysis and nonparametric Mann—Whitney U test. The p-
value less than 0.05 was well-considered significant.

RESULTS

The NOXx levels of the brain in the control group
were found to be 145.63 + 14.88 umol g, while, they were
101.46 + 7.61 pmol g in the diabetes group and 115.06 =
9.30 umol g* in the benfluorex treatment group. In Figure
1, NOx levels are shown as diagrams. While the NOx
levels were found to be significantly reduced in both
groups than in the control group (p<0.05). In the
benfluorex treatment group, NOx level was found to be
significantly increased than the diabetes group (p<0.05).

The brain TBARS value in the control group was
found to be 261.47+32.18 nmol g?, while they were
430.07+46.12 nmol g?' in the diabetes group, and
262.65+44.74 nmol gt in the benfluorex treatment group.
In Figure 2, TBARS values are shown as diagrams.
TBARS level of the diabetes group was found to be
elevated significantly compared to the control group
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(p<0.05). However, benfluorex treatment was significantly
reduced TBARS levels compared to the diabetes group
(p<0.05).
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Figure 1. The effects of benfluorex administration during diabetes on the

brain NOx levels.
2p < 0.05 compared to the control group; ® p < 0.05 compared to the diabetes group.
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Figure 2. The effects of benfluorex administration during diabetes on the
brain TBARS levels.

p < 0.05 compared to the control group; ® p < 0.05 compared to the diabetes group.

GSH levels of the brain were found to be
respectively 3.86+0.36 pmol g?, 2.96 = 0.49 umol g and,
4.48 + 0.89 pmol g? in the control group, in the diabetes
group and, in the benfluorex treatment group. In Figure 3,
GSH levels are shown as diagrams. GSH level was found
to be significantly decreased in the diabetes group
compared to the control (p<0.05). Whereas with
benfluorex administration, GSH level was shown to be
significantly increased compared to the diabetes group
(p<0.05).

The brain AA levels in the control group was
3.49+0.29 mg g, while they were 2.98+0.21 mg g in the
diabetes group, and 3.48+0.16 mg g in the benfluorex
treatment group. In Figure 4, AA levels are shown as
diagrams. AA level was found to be significantly reduced
in the diabetes group compared to the control (p<0.05).
Although in the benfluorex treatment group AA level was
found to be significant enhancements than diabetes group
(p<0.05).



Giileg Peker et al., (2021)

GSH LEVEL
(nmolg* tissue)

N\

>

Control Diab Di benflourex

Figure 3. The effects of benfluorex administration during diabetes on the
brain GSH levels.
2p < 0.05 compared to the control group; ® p < 0.05 compared to the diabetes group.
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Figure 4. The effects of benfluorex administration during

diabetes on the brain AA levels.
2p < 0.05 compared to the control group; ® p < 0.05 compared to the diabetes group.
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Figure 5. The effects of benfluorex administration during

diabetes on the brain MPO activities.
2p < 0.05 compared to the control group; ® p < 0.05 compared to the diabetes group.

MPO activity of the brain was found to be
respectively 0.29+0.01 U g™ tissue, 0.31+0.02 U g tissue
and, 0.26 + 0.04 U g tissue in the control group, in the
diabetes group and, in the benfluorex treatment group. In
Figure 5, MPO activities are shown as diagrams. MPO
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activity of the diabetes group was found to be increased
significantly compared to the control group (p<0.05). But,
benfluorex treatment was significantly reduced MPO
activity compared to the diabetes group (p<0.05).

DISCUSSION

This was the first study to show brain oxidative
status, non-enzymatic antioxidants levels and MPO
activity between diabetic rats who were treated with
benfluorex compared with untreated diabetic rats.

Several studies have indicated that the altered
oxidative state due to hyperglycemia may be induced to the
diabetic nerve damage (Aragno et al., 2000; Ates et al.,
2006; Ates et al., 2007; Zhang et al., 2008). One of the
underlying causes of this damage has been that increased
intracellular  glucose concentration, therefore, the
excessive formation of ROS originating from auto-
oxidation. (Piero et al., 2014). Different investigators have
been revealed that lipid peroxidation was elevated in the
brain, arising from diabetes (El-Akabawy & El-Kholy,
2014; Muriach et al., 2014; Ogunyinka et al., 2016;
Ibrahim, 2016; Fheem & Askary, 2017; Giirel-Gokmen et
al., 2018). The results of this study showed that TBARS
levels were increased in the brains of diabetic animals than
in controls as demonstrated in other studies. Additionally,
in the current results, non-enzymatic antioxidants GSH and
AA levels, the inverse of rising lipid peroxidation, were
found decreased in the diabetic group. Antioxidant defense
system including antioxidant enzymes and non-enzymatic
antioxidant compounds may be affected by diabetic
processes (Kurutas, 2016). Evaluation of TBARS and non-
enzymatic antioxidant levels of the diabetic group has been
suggested that excessive ROS production via both
hyperglycemia and increased auto-oxidation of glucose
during diabetes may cause lipid peroxidation. Also, it has
been thought that of GSH and AA radical scavenging
properties may be used to prevent from oxidative damage.

It has been demonstrated that several vascular
complications related to diabetes may result from changes
in the production and action of endothelially derived NO
(Avogaro et al., 2006). In the literature, contradictory data
about the amount of NO in diabetes have been reported. In
the animal model of STZ-induced diabetes, some
investigators have found to be increased NO levels in the
cerebral cortex, hippocampus, cerebellum, brain stem, and
spinal cord (Ates et al., 2007; Xu et al., 2015), although in
another study it was reported that NO levels were
decreased in the hippocampus (Kino et al., 2004).
However, Gurel-Gokmen et al. (2018) have observed that
NO levels did not change in the brains of diabetic animals
induced by STZ. According to the results of this study, the
NOx levels of the brain during diabetes were found
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decreased significantly compared to the controls. This
situation may be elucidated by the raised catabolism of NO
or the reduced production of NO by endothelial
dysfunction due to diabetes.

Myeloperoxidase (MPO) is an important pro-
oxidant enzyme that is physiologically released in
circulating neutrophils, monocytes and some tissue
macrophages including microglia as also described an
inflammatory marker (39,42). When discharged to the
extracellular environment as a component of inherent host
defense, tissue damage can occur via MPO-derived
oxidants (Lazarevi¢-Pasti et al., 2015). MPO can also
debilitate lipoprotein  function, initiate endothelial
dysfunction, and disrupt synthase of inducible NO
(Avogaro et al., 2006). Consistent with other findings, the
activity of MPO was found increased in diabetes group,
and also at the same time, NO level was found the decrease
in diabetic animals because of MPQ’s probably effect of
triggering endothelial dysfunction.

Benfluorex was shown to have hypolipidemic and
antihyperglycemic effects in diabetic animal models and in
humans (Ravel & Laudignon, 1996). However, there has
been never examined the relationship between benfluorex
administration with oxidative events in the brain during
diabetes. In the current study, the consequences of
benfluorex treatment on the brain oxidative status were
found to be interesting. According to the results of this
study, benfluorex application was reduced TBARS level
and MPO activity, but it was increased NO, GSH and AA
levels. In the previous studies, benfluorex has been shown
to reduce hepatic glucose production, ameliorate binding
of insulin to its receptor, and increase aerobic glucose
utilization in skeletal muscle (Bianchi et al., 1993; De Feo
et al., 1993; Riccio et al., 1993; Kohl et al., 2002). Also,
that has been showed that benfluorex affects the expression
of genes encoding enzymes related to both glucose and
fatty acid metabolism, resulting in inhibition of
mitochondrial [-oxidation, that resulted reduces in
gluconeogenesis (Kohl et al., 2002). On the other hand, it
has been known that fenfluramine derivatives including
benfluorex initiate serotonergic mechanisms via increasing
synaptic levels of 5-HT. Because, norfenfluramine, a
metabolite of benfluorex, has a strong agonistic effect for
the 5-HT2g receptor (Rothman et al., 2000). Furthermore,
it has been established that 5-HT, receptor activation
promotes glycogenolysis, which halted the process of
gluconeogenesis. (Darvesh, & Gudelsky, 2003). The
cumulative effect of all these metabolic paths constitutes
both the antidiabetic and antihyperlipidemic effects of
benfluorex. Based on our results, it may be suggested that
hypolipidemic properties of benfluorex decrease lipid
peroxidation, which as a result of changing lipid
metabolism due to inhibition of beta-oxidation. In addition,
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its antidiabetic effects, in turn, may alleviate some
metabolic and physiologic abnormalities associated with
diabetes such as endothelial dysfunction, preternatural
inflammation and, tissue damage via excessive ROS
production. These facts about benfluorex affect mechanism
may explain that the reason for decreased levels of TBARS
and MPO activity, and also increased levels of NOx, GSH
and AA in the brain during experimental diabetes.

CONCLUSION

Consequently, in this study, besides the known
life-threatening cardiac side effects; from a different
perspective, the effects of benfluorex on the brain during
diabetes were examined. Taken together, the present study
suggests that brain tissue with its inflammatory enzymatic
process, ROS production, lipid peroxidation, and its non-
enzymatic antioxidant capacity were affected by
benfluorex treatment while experimental diabetes.
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Abstract: This study aimed to determine some biological parameters such as age, growth
condition factor, length-weight relationship, and sex ratio of Beysehir daces (Squalius anatolicus)
sampled from Oymapinar dam lake between March 2016 and February 2017. A total of 422
Beysehir daces were sampled using 100 m long and 2,5 m depth monofilament gillnets (20, 30,
40, 50 mm mesh size) from the Oymapinar dam lake. The ages of the Beysehir daces ranged
between 11 and VIII. The oldest age for females was V1l and V11 for males. The sex composition
of the sampled fish showed that 47.39 % of the samples were females and 52.61% were males. It
was determined that the fork lengths of the females varied between 20.0 cm and 55.1 cm and the
weights varied between 93.37 g and 2307.88 g. VVon Bertalanffy growth parameters for all
individuals were determined as L. = 60.57 cm, W, = 3260.79 g, k = 0.160 and to = -0.877 The b
values of the length-weight relationship for females, males and all individuals were 3.202, 3.185
and 3.194, respectively. The average condition factor (Cr) for all individuals was calculated as
1.278 +0.006. The findings of this study will aid in the development and implementation of long-
term management plans for the Beysehir dams in this lake, as well as serve as the foundation for
future research on the biological parameters of fish living in this lake.

Keywords: Age, growth, oymapinar dam lake, Squalius anatolicus.

Oymapinar Baraj Golii’ndeki (Antalya, Tiirkiye) Beysehir Tathsu Kefalinin (Squalius
anatolicus Bogutskaya, 1997) Yas, Biiyiime, Boy-Agirhk Iliskisi ve Kondisyon Faktorii

*Sorumlu yazar:

Zehra Arzu BECER

Akdeniz Universitesi, Su Uriinleri Fakiiltesi,
Su Uriinleri Temel Bilimler Boliimii,
Konyaalti, Antalya, Tiirkiye

D4: abecer@akdeniz.edu.tr

Oz: Bu ¢alismada; Oymapinar Baraj Golii'nden Mart 2016 - Subat 2017 tarihleri arasinda
orneklenen Beysehir tatlisu kefali (S. anatolicus)’nin yas, biiylime, kondisyon faktorii, boy-
agirlik iliskisi ve cinsiyet orani gibi bazi biyolojik parametrelerin belirlenmesi amaglanmustir.
Oymapinar Baraj Golii’'nden 6rneklenen 422 Beysehir tatlisu kefalinin yaglari II-VIII arasinda
dagilim gostermis, drneklerin % 47,39’nu disiler, % 52,61’ini erkekler olusturmustur. Disilerin
catal boylarinin 20,0 cm ile 55,1 cm arasinda, agirliklarinin ise 93,37 g ile 2307,88 g arasinda
degistigi saptanmustir. Tiim bireyler icin Von Bertalanfty biiyiime parametreleri L = 60,57 cm,
W= 3260,79 g, k= 0,160 ve to= -0,877 olarak belirlenmistir. Bu ¢alismada baliklar i¢in elde
edilen b degerleri, izometrik b degerinden (3,0) istatistiki olarak 6nemli bulunmustur. Yakalanan
en biiyiik disi VIIL, erkek VII. yasindadir. Tiim bireyler i¢in ortalama kondisyon faktorii (KF)
1,278+ 0,006 olarak hesaplanmistir. Bu ¢alismanin sonuglari, géldeki beysehir tatlisu kefali i¢in
stirdiiriilebilir yonetim planlarinin olusturulmas: ve uygulanmasina yardimci olacak ve golde
yasayan baliklarin biyolojik parametreleri ile ilgili gelecekte yapilacak calismalara temel
olusturacaktir.

Anahtar kelimeler: Biiyiime, oymapinar baraj golii, Squalius anatolicus, yas.
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INTRODUCTION

Squalius anatolicus (Bogutskaya, 1997) is a
member of the Leuciscidae family and is commonly known
as "Central Anatolian Pike Chub or Beysehir dace", which
is endemic to Turkey (Freyhof, 2014; Cigek, 2018,
Baycelebi et al., 2020). The population of the Beysehir
dace is limited in distribution and is predominantly found
in the Beysehir lake, Saltlake, and Manavgat river basins
(Ozulug & Freyhof, 2011, Cicek, et al., 2018).S.
anatolicus is nutritious and appreciated by many people as
a source of animal protein.

Studies on fish population are very important in
resolving the management of fishing related issues (Polat
et al., 1999). It forms the basis for calculations leading to
knowledge of the growth, mortality, recruitment, and other
fundamental parameters of fish populations. Growth is one
of the most critical measurable characteristics of
individuals, stocks, and species, and it is fundamental to
our understanding of the life histories, demographics,
ecosystem dynamics, and sustainability of fisheries (Pardo
et al., 2013). Thus, knowledge of biological parameters
such as the age, condition factor, growth parameters, length
— weight relations and sex ratios of fish are important in
understanding, the present and future status of the species
due to environmental changes and the appropriate stock
management measures to be taken (Wang et al., 2017).

There are some biological studies on S. anatolicus
in Turkey (Aydogdu et al., 2015, Baygelebi et al., 2020).
But there is no previous study on the biological
characteristics of S. anatolicus living in the Oymapinar
dam lake.

In this study, the age, length and weight
distribution, age-length, age-weight and length-weight
relationships, sex distribution, growth parameters and
condition factor of S. anatolicus were investigated to reveal
the growth characteristics of the population. The results
from this study will help in planning and implementing
sustainable management plans for the Beysehir daces in
this lake and will also act as the base for future studies on
the biological parameters of fishes living in this lake.

MATERIALS AND METHODS

Study Area: This research was conducted at the
Oymapnar Dam Lake in Antalya. Oymapinar Dam is
located 76 km from the centre of Antalya province. It is a
dam built on the Manavgat river from 1977 to 1984 for
electric energy generation (Anonymous, 2021). The lake
lies between latitude 36.908628°N and longitude
31.531694°E in the Antalya province of Turkey. Fish
samples were collected from seven stations spread across
different parts of the dam lake. Fish samples were collected
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from seven (7) sampling stations. The sampling stations
were located at the points where the various sources of
water enter the Oymapinar Dam Lake. The sampling point
coordinates are presented in Table 1 and the sampling
locations are shown in Figure 1.

Table 1. Sampling point coordinates.

Sampling Point Latitude (°N) Longitude (°E)
Power plant (1) 36.909 31.532
Kizlica Stream (2) 36.917 31.534
Tepekli Stream (3) 36.923 31.537
Manavgat River (4) 36.921 31.549
Karpuz Stream (5) 36.908 31.57
Koprii Stream (6) 36.907 31.576
Aygir Stream (7) 36.903 31.576
///
Tepekli Stream ((3) ///
Manavgat River (4)
Kizlica sneam/(zr' .
xe ) e
%Vf;,rp'g’"' 4] Karpuz Stream (9), &)
A
g \\\ Aygir Stream (7)
A\
e %
A . i
Legend N
Y Sampling Station W ,:Gl-) E
|- Roads / )
|| oymapinar Dam Lake s
Water Lines o 0.75 1.5 Km

Figure 1. Oymapinar Dam Lake map showing sampling stations.

Fish Sampling and Measurements of Length
and Weight: This study was conducted between March
2016 and February 2017. A total of 422 Beysehir daces
were sampled using 100 m long and 2.5 m depth
monofilament gillnets (20, 30, 40, 50 mm mesh size) from
the Oymapmar dam lake. Beysehir dace was collected
through random sampling from various points that could
represent the lake. The nets were collected the next day
after being thrown. The fork lengths (FL) of the samples
were measured to the centimetre (0.1 cm) by placing them
on the measuring board. Body weights were weighed with
an electronic scale with an accuracy of 0.1 g.

Determination of Growth Parameters

Age Determination: The scales of the Beysehir
dace samples were used in age determinations according to
the method specified in Lagler (1966) and Nikolsky
(1963). Scales of fish were collected using dissecting
scissors and forceps. The scale samples were cleaned and
stored in small envelopes. The age of fish was determined
from the scale using the profile projector tool at a 17.5X
magnification.

Absolute and Proportional Growth: Growth was
determined in terms of length and weight by sex, absolute
and proportional growth. Fish samples were grouped
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according to their age, average length, and weight
(Cetinkaya et al., 1989). Absolute growth is determined as
the length and weight attained at any age, and proportional
growth is the growth in a certain period, the percentage of
length or weight at the beginning of the period (Erkoyuncu,
1995).

The absolute length increase (AFL) and absolute
weight increase (AW) were calculated as follows:

AFL= (Lt - I—t—l) and AW = (W[ - Wt-l)

While proportional length increase (PFL) and
proportional weight increase (PW) values were calculated
using the equations suggested by Chugunova, (1963):

PFL = [(L¢ - L¢-1) / Lea] * 100 and PW = [(Wi - W) / W
1] * 100.

In the equations, “L{” is the average absolute
length (cm) at any age, “Lt.1” is the average absolute length
(cm) in the previous year, “W;” is the average absolute
weight (g) at any age, while “W.1” is the average absolute
weight (g) in the previous year.

Age-Length and Age-Weight Relationships: The
age-length and age-weight relationships were determined
by the von Bertalanffy Growth (VBBD) model (Beverton
and Holt, 1957). For age-length and age-weight growth
equations were used; Lt = L, (1-e*¢-©) and Wt = W.." (1-
et - 0 respectively (Lugart et al., 2016). In the
equations, "Lt" is the expected length (cm) at a given time
(1), "t"is the age, "Wt" (g) is the weight at a given time (t),
"L." is the asymptotic length (cm) of the fish, "W." is the
asymptotic weight (g) of the fish, "k" is the growth
coefficient, "to" is the age at which the fish’s length is
theoretically zero, and “b” is the slope of the weight/length
relationship.

Length—Weight Relationship: The length-weight
relationship was calculated according to Le Cren's (1951)
equation, W = aL®, by using the measured length and
weight values of every individual. In this relationship, if
the logarithms of both sides are taken to base 10, the
relationship becomes a linear (logW= loga + b.logL)
equation, where “W” is the fish weight (g), “L” is the fork
length (cm), “a and b” are the regression coefficients.

Condition Factor: Lagler's (1966) isometric
growth equation was used to calculate the condition factor
(Cg), known as the nutritional coefficient of individuals.
Cr = (WI/L® * 100 where Cr = Condition factor, W =
weight (g), L represents length (fork length, cm) (Nikolsky
1963; Cetinkaya 1989).

Sex ratio: The sex ratio is defined as being the
proportion of male or female individuals compared to the
total number of individuals. It also gives an idea regarding
the balance of the sexes within the population. The sex
ratio is calculated as follows:

SR =F/ (M + F) x 100 where F= number of females, M =
number of males.

366

J. Anatolian Env. and Anim. Sciences, Year:6, No:3, (364-371), 2021

Statistical Analysis: The data were subjected to
statistical analysis using the computer package programs
Microsoft Office Excel, and the IBM Statistical Package
for Social Science (SPSS) version 21. All statistical
analyses were considered significant at P <0.05 and, all
means are given with + standard errors (SE).

The Chi-square (y?) test was used to compare sex
ratios in age groups. The paired t-test was used to compare
the mean lengths, weights, and condition factors of the
female and male fish in age groups, and the paired t-test
was used to compare the measured lengths and weights and
the lengths and weights obtained by calculation (Kaptan,
1995). The student’s t-test was used to test the statistical
deviation of the obtained b values from the isometric range
of 3.0 for fish.

RESULTS

Population Structure

Age, Length and Sex Distribution: The results of the
age and sex distribution show that of the 422 Beysehir
daces that were sampled from Oymapmar dam lake,
47.39% (200) were female and 52.61% (222) were male
and the ages ranged from age groups Il to VIII. The fork
lengths of the 422 Beysehir daces sampled from the
Oymapinar dam lake were measured and the lengths varied
from 20 cm to 55.1 cm. Individuals in the 26 cm and 30 cm
length groups were found to have the highest proportion
with 47.16% of the population (Table 2). The fork lengths
of the female fish varied between 20 cm and 55.1 cm, and
the fork lengths of the male fish ranged from 20 cm to 51
cm. The female-to-male sex ratio was 0.90: 1.00. It was
observed from the results that the most dominant age group
in the population for both sexes was age group Il. Sex
distributions according to age groups are given in Table 2.
The Chi-square (3?) test showed the differences between all
age groups and, the sex ratio of Beysehir daces in total were
not statistically significant (P > 0.05) Table 2).

Distributions of Weight Among Sampled Species:
The weight of the 422 Beysehir daces examined varied
between 93.37 g and 2307.88 g. Females weighed between
101.95 g and 2307.88 g while the weight of the males
varied between 93.37 g and 2010.99 g. As shown in Table
3, the predominant weight class in the sampled population
for female and male was 300 g with a rate of 15.88% for
females and 21.33% for males. When females and males
were mixed, the 300 g weight class had a rate of 37.20%,
followed by the 100 g, 500 g and 900 g weight classes at
27.3%, 17.30%, and 5.69% respectively (Table 3).

Growth in Length: The average length, annual
absolute length, and proportional length increase values of
Beysehir daces in each age group sampled between March
2016 and February 2017 are presented in Table 4. The
fastest growth rate in both sex groups occurred in age class
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Il. The proportional increase in length of male fish was
greater than that of females (Table 5). The “t” test analysis
showed that there was a significant difference between the
average length of male and female fish in age class VI (P <
0.05).

Population growth: The growth of Beysehir dace
was mathematically examined using the VBBD model and
the growth parameters and growth equation obtained are
presented in Table 5. The calculated Length values for both
sex and age groups according to VBBD are shown in Table
4. In sex groups, it was observed that the difference
between the measured length and the length obtained by
calculation was not statistically significant according to the
t-test analysis (P > 0.05).

Table 2. Sex distribution of Beysehir daces by age group

Female Male 1 test Female + Male
Age
N N N N%) N N (%)
1 71 16.82 85 20.14 0.891 (P>0.05) 156 36.97
{1 44 10.43 60 14.22 0.371 (P>0.05) 104 24.64
v 40 9.48 51 12.09 0.254 (P>0.05) 91 21.56
Vv 10 2.37 11 2.61 0.329 (P>0.05) 21 498
VI 7 1.66 13 3.08 0.130 (P>0.05) 20 474
Vi 22 5.21 2 0.47 0.293 (P>0.05) 24 5.69
\alll 6 1.42 - - - 6 1.42
Total 200 47.39 222 52.61 0.700 (P>0.05) 422 100.00

J. Anatolian Env. and Anim. Sciences, Year:6, No:3, (364-371), 2021

Table 3. Dstribution of Beysehir daces by sex and weight classes

. Female Male Female + Male
Weight Classes (g) N N N N N N%
100 55 13.03 62 14.69 117 27.73
300 67 15.88 90 21.33 157 37.20
500 36 853 37 8.77 73 17.30
700 8 1.90 12 2.84 20 474
900 13 3.08 11 261 24 5.69
1100 6 1.42 5 1.18 11 261
1300 7 1.66 3 0.71 10 237
1500 3 0.71 1 0.24 4 0.95
1700 1 0.24 0 0.00 1 0.24
1900 1 0.24 0 0.00 1 0.24
2100 2 0.47 1 0.24 3 0.71
2300 1 0.24 0 0.00 1 0.24
Total 200 47.39 222 52.61 422 100.00

Table 5. Growth Parameters and Equations of von Bertalanffy
Calculated in terms of Length with Respect to Sexes of Beysehir

daces.
Growth Parameters

Sex Lo K to Growth Equations
Female 66.18  0.140  -0.984  Lt=66.18 [1- 0140 (+0984]
Male 57.15 0170 -0.837 Lt = 57.15 [1- g0170 (+0837)]

Female + Male 60.57 0160 -0.877 Lt = 60.57 [1- g0160 (+0877)]
L, = asymptotic length, k = growth coefficient, to =
hypothetical age

Table 4. Average fork lengths (FL, cm), Standard Errors (SE), Minimum and Maximum Length Values, Annual Absolute (AFL) and Proportional Length

Increase (PFL) Values in Beysehir daces by Sex and Age Groups

Female Male Female + Male
Age  — FLSE o pRLw N FLESE AFL PFL%  Ttest N FLESE SFL PFL %
(min — max) (min — max) (min — max)

T T B a1 ——

n 44 %286611201%? 4.94 20.87 60 %56727202%) 500 2149 P>%.10556 104 ?56732025 503 2125
IV 40 ?2292.;;2%.254)1 423 14.79 51 ?23935220738; 455 1582 P>1i§).gg o1 ?;’9151207%? 441 1537
D O W i SO R B
YR T A
Vil 22 4(243?:2‘75)0 394 1000 2 4(94;51*_;14)4 706 1662 JMZ . 45('23201')59 424 1027
VIll 6 2865*51511‘)‘ 8.69 20,21 ; ; ; ; - 6 28658*51511‘)‘ 6.15 1351

FL = Fork Length, SE = Standard Error, Min = Minimum, Max = Maximum, AFL = Absolute Fork Length and PFL = Proportional Fork Length

Growth in Weight: The average weight (g),
absolute weight (AW) and proportional weight increase
(PW) of the Beysehir daces, which were examined
according to age and sex groups, are shown in Table 8. The
“t” test analysis showed that the difference between the
average weights of female and male fish in age class |11 and
IV was statistically significant (P < 0.05).

The calculated von Bertalanffy weight growth
parameters and equations are given in Table 6. The b
values of 3.200, 3.186 and 3.195 obtained for female, male
and female + male respectively was statistically different

from the isometric b value range of 3 (P < 0.05). The
calculated largest obtainable weight (W.) value for
females (4294.08 g) is larger than that of males (2692.69
), but the k value for the female is lower than that of the
male. The measured weights (g) of the Beysehir dace and
calculated weight using von the Bertalanffy growth
equation are shown in Table 7. In the sex groups, it was
observed that the differences between the measured
weights and the calculated average weights statistically
insignificant (P > 0.05).

Table 6. Calculated von Bertalanffy weight growth parameters and equations based on sex in Beysehir dace.

Growth Parameters

Sex Wo, k to b t-test Growth Equations
Female 4294.08 0.140 -0.984 3.200 0.000, P < 0.05 Wt = 4294.08 [1- g0-140 (t+0.984)]13.200
Male 2692.69 0.170 -0.837 3.186 0.001, P < 0.05 Wt = 2816.17 [1- 0170 (t+0837)]3.186
Female + Male ~ 3260.79 0.160 -0.877 3.195 0.000, P < 0.05 Wt =5303.27 [1- g0-160 (t+ 0877 )]3.195

W., = asymptotic weight, k = growth coefficient, to = hypothetical age, b = is the slope of the weight/length relationship
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Table 7. Measured weights (g) and calculated weights of the Beysehir dace using von Bertalanffy growth equation.

Age Female Male Female + Male
N Weighed (W) Calculated (W) N Weighed (W) Calculated (W) N Weighed (W) Calculated (W)

1 71 166.12 137.91 85 167.70 126.25 156 166.93 134.94

1l 44 297.11 283.05 60 301.77 258.44 104 299.80 277.25

\Y 40 455.49 474.16 51 481.45 426.07 91 470.04 460.29

\ 10 648.43 699.99 11 793.17 615.74 21 724.24 670.66

Vi 7 843.39 948.63 13 1088.44 815.23 20 1002.67 895.46
Vil 22 1130.20 1209.13 2 1725.96 1014.77 24 1179.84 1123.93
Vil 6 1951.63 1472.35 - - - 6 1951.63 -

Table 8. Average weight (W, g), standard errors (SE), minimum and maximum weight values of Beysehir dace based on age groups and
sexes, annual absolute weight increase (AW) and proportional weight increase (PW) values.

Female Male Female + Male
A\ WSE AW PW (%) N WSE AW PW (%) ttest N WSE AW PW (%)
(min - max) (min - max) (min — max)
mn n 166.12+4.64 ~ ~ g5 167.70+4.37 0.058 156 166.93+3.17
101.95-248.76 93.37-247.45 (P>0.05) 93.37-248.78
T b 13099 7885 60 poai T 13407 79.95 (P(ioo‘q’_gs) 104 Frigishd 13287 79.60
V40 PRyl 15838 5331 51 ey 17968 59.54 (P(ioé’_és) o1 ey 17024 56.78
VoL gosarea 1284 @B U gonganth o Swm o ens o Upoe 2 gooiger 62 5408
VIOT Tmiewes 199 007 1 gnlute w7 wm o QNG 0 gy 74 B
N
I R o Eenst mo e
= Weight, SE = Standard Error, Min = Minimum, Max = Maximum, AW = Absolute Weight, PW = Proportional Weight
Length — Weight Relationship: The length- 3000
weight relationship equation of Beysehir dace sampled 2500 w:R?fJge;;_;zoz
from Oymapinar Dam Lake is given as follows; W= 0.0064 - e &
FL 3202 (R2=0.982) for females (Figure 2), W= 0.0068 FL ;
3185 (R2= 0.981) (Figure 3) for males and males and =
W=0.0066 FL31%4 (R?= 0.982) for both females and males § 1000
combined (Figure 4). The b value obtained from the g 5w
regression equations used to determine the length-weight - 0
0 10 50 60

relationship was close to 3, indicating that there is positive
allometric growth in the Beysehir population under study
(Ricker 1968). The correlation coefficient in the
relationships was found to be as high as 0.98. It was
observed that in the first year, the growth in weight was
faster than the growth in length in the sampled Beysehir
dace population.

Condition Factor (Cr): The calculated average,
maximum and minimum condition factors, and standard
errors for each age class of the Beysehir dace samples are
given in Table 9. In the Beysehir dace population sampled
from Oymapmar dam lake, the average Cg values
according to age classes and sex groups. The sum of female
- male Beysehir daces varied between 1.237 and 1.410 in
females. It was observed that the average Cr values
generally increases with age. The difference between the
average Cr values of Beysehir daces at the age class VII
was statistically significant (P < 0.05). The average
calculated Cr value of Beysehir dace for female, male and
female-male combined was 1.284, 1.273 and 1.278,
respectively.
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Figure 2. Length —weight relationship in female Beysehir daces.
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Figure 3. Length — weight relationship in male Beysehir daces.
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Figure 4. Length — weight relationship in both female and male
Beysehir daces combined.
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Table 9. The calculated average, minimum and maximum Cr values of Beysehir daces based on age classes and sex.

Female + Male

Age N

Female Male

Cr£SE
(min - max)

N

Cr+SE
(min — max)

t-test

N

CrtSE
(min — max)

1] 71
1 44

1.237 £ 0.01 (0.902-2.469)
1.254 + 0.02 (1.095-1.560)

85
60

\% 40 1.275 £ 0.02 (1.089-1.536) 51

\% 10 1.343 + 0.04(1.115-1.583) 11
Vi 7 1.414 + 0.05 (1.342-1.551) 13
Vil 22 1.411 + 0.02 (1.240-1.550) 2
Vil 6 1.405 + 0.05 (1.325-1.482) -
Total 200 1.284 + 0.09 222

1237 + 0.01(1.017-1.503)
1256 + 0.01(0.983-1.512)
1284 + 0.01(0.997-1.616)
1401  0.04(1.286-1.534)
1.417 + 0.03(1.189-1.613)
1.405 + 0.10(1.294-1.516)

1.273 £ 0.09

0.705P >0.05
0.004 P <0.05
0.620 P > 0.05
0.896 P > 0.05
0.547 P > 0.05
0.000 P <0.05

0.228 P > 0.05

156
104
91
21
20
24
6
422

1237 + 0.01 (0.902-2.469)
1255+ 0.01 (0.983-1.560)
1.280+0.01 (0.997-1.616)
1.373+0.03 (1.115-1.583)
1.416+0.03 (1.189-1.613)
1.410+0.02(1.240-1.550)
1.405:0.05(1.325-1.482)
1.278+0.006

Ce = Condition Factor, SE = Standard Error, Min = Minimum, Max = Maximum

DISCUSSION

The understanding of variation in sex ratio is
critical because it is a major factor in population fecundity.
Unbalanced sex ratios can drive sexual selection, affect the
mating system, and influence population persistence and
conservation status, owing to the effect of the sex ratio on
effective population size (Clutton-Brock 2007, Wang et al.,
2017). The sex ratio of male to female in this study was
0.90:1, which is close to the 1:1 expected for most fish
species (Bagenal & Tesch,1978). The ratio of females to
males recorded in this study does not agree with the studies
of Ozcan & Serdar, (2019) that reported 1:0.9, female to
male for the chubs living in Lake Yenigaga, Bolu, Turkey
Kilig¢ & Becer, (2016) also reported a higher female ratio
in their studies. However, similar to the report, Benzer
(2013) found a higher male to female ratio for chubs living
in the Kirmir stream of the Sakarya River in Turkey.
Carbonara et al., (2012) stated that differences in sex ratio
are due to ethological behaviour responsible for the over-
dispersion and segregated distribution of the sexes.
Variation in sex ratio could be caused by several factors,
such as offspring sex ratio, sex differences in mortality and
migratory rates, and differ according to age at maturity
(Donald 2007) and even due to environmental factors
including temperature and toxicants (Wang et al., 2017).

The age classes of the sampled Beysehir daces
varied from Il to VIII. Out of the 422 sampled Beysehir
daces, 156(36.97%) belong to age class 1l while age class
Il and IV followed closely with 104(24.64%) and
91(21.56%). In the studies of Balik et al., (2004), most of
the samples were also in age class Il for Cildir Lake and
Isikli Lake. However, the oldest age class for females in
this study was found to be age class VIII and age class VII
for males. Kili¢ & Becer (2016) reported a similar age
range for chubs in Lake Yenicaa, Bolu, Turkey, but Ozcan
and Serdar (2019) reported age class VI, the oldest age
class for chubs in the Karasu River (East Anatolia,
Turkey).

The average fork length of the individuals
sampled varied between 23.67 cm and 51.68 cm. Fish
lengths were grouped into a class interval of 4 cm, and the
predominant length group was found to be 26 cm with
25.12% in the sample. The average length of Beysehir
observed in this study is greater than the average length of
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chubs observed in Keban dam lake by Colak in 1983 and
those observed by Kara and Solak in (2004) from chubs
sampled from Sir dam lake. The main reasons for the
differences in the average length of Beysehir daces found
in the study and studies conducted in other regions might
be due to the different environmental conditions of the
habitat and the differences in geographical conditions.

In the determination of the age — length relation of
the Beysehir dace population in Oymapmar dam lake
Beysehir dace, the calculated maximum theoretical length
(L) value was found to be 66.18 cm and 57.15 cm for
females and males, respectively. When the females and
males were combined, the calculated theoretical maximum
length was found to be 60.57 cm. The values for the
asymptotic length (L) in this study are lower than the
values obtained by Colak (1983) for the same species in
Keban dam lake and those obtained by Kara & Solak
(2004) in Sir dam lake. While the L., values obtained in this
study is close to the L values reported by Timgelir et al.,
(2007) for Beysehir lake, they tend to be higher than the L.,
values reported by Sast & Balik (2003), Balik et al., (2004),
and Kilig, (2011) for studies carried out for Squalius
anatolicus in Topcam dam lake, Isikli lake, and Yenicaga
lake, respectively. The higher L values obtained in this
study may be due to better environmental conditions, water
quality or diets available to the lake Squalius anatolicus
population in the Oymapinar dam lake (Muchlisin et al.,
2017).

The average weights recorded in this study for S.
anatolicus population in Oymapmar dam lake are close to
those reported by Tumgelir et al., (2007) for Squalius
anatolicus population in Beysehir Lake until age class V
but lower than the average weights reported in Sir dam lake
by Kara & Solak, (2004). From the reports of Kara &
Solak, (2004), the chub population of Sir dam lake has a
better growth performance than the Beysehir dace
population in the Oymapimar Dam Lake. The average
weight values reported on Topgam dam lake (Sas1 & Balik,
2003), Isikli lake (Balik etal., 2004), Yenicagal lake (Kilig,
2011) and Keban dam lake (Aydin et al., 2015), are lower
than the average weights recorded in this study. According
to Kirankaya & Ekmekgi, (2007), besides climatic and
geographical differences, the fact that the dam lakes are in
different ontogenic stages, and the natural lakes and
artificial lakes undergo different ontogenic developmental
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processes might contribute to the different growth rates in
the populations of different water bodies.

The asymptotic weight (W.,) of the Beysehir dace
population in Oymapmar dam lake from this study was
4294.08 g, 2692.69 g and 3260.79 g for females, males,
and all individuals, respectively. The W, values reported
for female chubs in Sir Dam Lake by Kara and Solak,
(2004) were higher than the values recorded in this study.
The slope coefficient "b" of the regression in the length-
weight relationship of Beysehir daces sampled from
Oymapinar dam lake was found to be 3.195 for total
individuals. The “b” values obtained in this study deviated
statistically from the isometric b value range of 3.0 for fish.
The “b” values obtained in this study are in agreement with
the “b” values obtained by previous studies by other
researchers from other lakes. It can be stated that the S.
anatolicus population has a positive allometric growth
between length and weight (Ricker 1968).

The condition factor is a useful index for the
monitoring of feeding intensity and growth rates in fish
(Oni et al. 1983). It is strongly influenced by both biotic
and abiotic conditions and can therefore be used as an
index to assess the status of the aquatic ecosystem in which
fish live (Anene 2005). The average “Cg” value of female,
male, and combined female and male Beysehir daces were
calculated as 1.284, 1.273, and 1.278, respectively. The
“Cg¢” values obtained in this study are lower than those
reported by Benzer, (2013), and Kili¢ & Becer, (2016).
From the condition factors obtained in this study, it can be
said that Oymapinar dam lake has a good nutrition level for
the survival of fish. When the condition factor value is
close to 1.00 and 1.00 above, it indicates that the nutritional
level of the fish is good (Unver & Tanyolag 1999).

CONCLUSION

This study carried out on Oymapinar dam lake
contains extremely important information about this
species, which has been renamed within the framework of
taxonomic regulations. It is seen that the information
required to determine the protection and management
strategies of Beysehir dace is very limited and no
biological studies have been carried out for the Beysehir
dace population in Oymapmar dam lake. This study is
important in that it is the first research done on the growth
characteristics of S. anatolicus in Oymapinar dam lake. A
long-term study of the growth and reproductive biology of
local fish species living in the reservoir environments is
important in terms of monitoring the changes in the growth
of these species and determining the best stock
management system based on the results obtained. Also, it
is believed that soon, pollutants will affect the life of
aquatic creatures in this lake and contribute to future
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studies, as the water inputs into the dam lake are from
streams close to settlements and agricultural areas.
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Abstract: In this study, it was aimed to investigate the presence of Klebsiella pneumoniae and
phenotypically carbapenemase, extended-spectrum B-lactamase (ESBL), acquired-AmpC beta-
lactamase, and multiple antibiotic resistance of the isolates in the faeces of budgerigars and
parrots. A total of 96 faecal samples belonging to 54 budgerigars and 42 parrots were used in the
study. Cultivation was performed on various media for the identification of K. pneumoniae from
the collected stool samples. Biochemical properties of the presumptive isolates were determined
by conventional methods. Besides, antibiotic susceptibility tests and ESBL, carbapenem,
acquired AmpC screening and confirmation tests were applied to the identified isolates to
phenotypically determine beta-lactam resistance. Beta-lactam, aminoglycoside, fluoroquinolone,
tetracycline, chloramphenicol, and sulphonamide groups were used to determine the multidrug
resistance. Isolates with resistance to 3 or more of the antibiotic and sulphonamide groups were
accepted as multidrug-resistant isolates. K. pneumoniae was isolated from 2 (3.7%) of 54
budgerigars, and 1 (2.3%) of 42 parrot faecal samples from 3 (3.1%) of 96 faecal samples in total.
No phenotypic resistance was detected in any of the isolates as a result of screening and
confirming tests for ESBL, carbapenem, and acquired-AmpC resistance to determine phenotypic
antibiotic resistance of the isolates. Multidrug resistance was detected in only one isolate. The
presence of multi-resistant K. pneumoniae in cage birds that have close relationships with humans
has been revealed.

Keywords: Budgerigar, faeces, Klebsiella pnemoniae, multidrug resistance, parrot.

Muhabbet Kusu ve Papaganlarda Klebsiella pneumoniae Varhginin ve Fenotipik Direng
Profillerinin Saptanmasi, Istanbul, Tiirkiye

*Sorumlu yazar:
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Istanbul Universitesi-Cerrahpasa Veteriner
Fakiiltesi Mikrobiyoloji Anabilim Dali,
Biiyiikgekmece, Istanbul, Tiirkiye

DX ilginkekec@iuc.edu.tr

Oz: Bu calismada, muhabbet kusu ve papagan diskilarinda Klebsiella pneumoniae varliginin ve
fenotipik karbepenemaz, genisletilmis spektrumlu B-laktamaz, kazanilmig- AmpC, beta-laktam
ve ¢oklu antibiyotik direncinin belirlenmesi amaglanmustir. Calismada, 54’1 muhabbet kusuna,
42’si papagana ait toplam 96 diski 6rnegi kullanildi. Toplanan digki 6rneklerinden K. pneuomiae,
cesitli besiyerleri kullanilarak izole edildi. Siipheli izolatlarin biyokimyasal ozellikleri
konvansiyonel yontemlerle belirlendi. Ayrica beta-laktam direncini fenotipik olarak belirlemek
icin belirlenen izolatlara antibiyotik duyarlilik testleri ve ESBL, karbapenem, edinilmis AmpC
tarama ve dogrulama testleri uygulandi. Coklu ilag direncini belirlemek igin beta-laktam,
aminoglikozid, florokinolon, tetrasiklin, kloramfenikol ve siilfonamid gruplari kullanildi. 3 veya
daha fazla antibiyotik ve siilfonamid grubuna direngli izolatlar ¢oklu ilag direncine sahip izolatlar
olarak kabul edildi. K. pneumoniae, 54 muhabbet kusu digki 6rneginin 2’sinden (%3,7), 42
papagan diski 6rneginin 1’inden (%2,3) olmak iizere toplamda 96 digki 6rneginin 3’tinden (%3,1)
izole edildi. Izolatlarin fenotipik antibiyotik direncini belirlemek icin ESBL, karbapenem ve
edinilmis AmpC direncinin taranmasi ve dogrulanmasi sonucunda izolatlarin higbirinde fenotipik
direng saptanmadh. Yalnizca bir izolatta ¢oklu ilag direnci tespit edildi. Insanlarla yakin iliskileri
olan kafes kuslarinda ¢oklu ilag direncine sahip K. pneumoniae'nin varligi ortaya konuldu.

Anahtar kelimeler: Coklu ila¢ direnci, digki, Klebsiella pneumoniae, muhabbet kusu, papagan.

372


doi:%20https://doi.org/10.35229/jaes.477726
https://doi.org/10.35229/jaes.938912
mailto:ilginkekec@iuc.edu.tr
mailto:ilginkekec@iuc.edu.tr
https://orcid.org/0000-0002-0821-8376
https://orcid.org/0000-0002-3067-9937
https://orcid.org/0000-0002-1736-093X
https://orcid.org/0000-0002-6687-8401

Kekec et al., (2021)

INTRODUCTION

Companion birds like budgerigars and parrots are
high in the ranking of popular pets worldwide. They have
an important place for supporting children's love for
animals, are preferred by families due to their close
relationship with people and ease of feeding. Therewithal,
the practice of keeping birds as pets has increased globally
as these animals are used as companions, enjoyment, or
psychological support (Ahmed et al., 2021). Resistance to
antimicrobials frequently encountered among pathogen
and commensal bacteria of animal origin is a growing
concern in both veterinary and human medicine (Teuber,
2001). Bacterial pathogens carried by companion birds are
considered a risk for birds, pet owners and also potential
risks remain for human beings who come into close contact
with companion birds in the home environment. The
spread and contamination of commensal bacteria is thought
to pose a risk to the release of caged birds, and also factors
such as defecation in the home environment, frequent
kisses by their owners, and oral feeding increase this risk.
Klebsiella pneumoniae is considered one of the most
important Gram-negative opportunistic pathogens and
worrisome multidrug-resistant bacteria in nosocomial
infections. The presence of K. pneumoniae in psittacines
can create a potential risk to other birds and human beings
(Davies et al., 2016). The increase in bacterial
antimicrobial resistance is a natural phenomenon, an
outcome of evolution (Fedorka-Cray et al., 2005).
Unavoidable increase of antimicrobial resistance (AMR) in
companion animals continues to be studied worldwide.
However, a limited number of studies have been observed
focusing on the resistance profiles of Kilebsiella
pneumoniae isolates in budgerigars and parrots belonging
to the Psittaciformes family, which are considered among
the most common and popular pet bird species in close
contact with humans (Rueanghiran et al., 2019; Sigirci et
al., 2020; Yame et al., 2017).

Considering these reasons, it was aimed to
determine the presence of K. pneumoniae in the faeces of
healthy and unhealthy budgerigars and parrots from home
care centers, petshops, and veterinary clinics in Istanbul
and to determine their antibiotic resistance profiles.

MATERIALS AND METHODS

Samples: Between April 2018 and January 2019,
a total of 96 faecal samples from 54 budgerigars and 42
parrots were collected by visiting 9 sales focus, Faculty of
Veterinary Medicine Animal Hospital and also 12 home
care centers, in Istanbul. The samples were stored at +4 °
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C until reaching the laboratory and were cultivated the
same day.

Culture: The samples were cultured in Triptic
Soy Broth (TSB; Merck, 1.05459)and incubated at 37 °C
for 24 h. After incubation, a loopful of each culture was
subcultured onto MacConkey agar (HiMedia, M081) with
and without 1 mg/L cefotaxime (HiMedia), and incubated
at 37 °C for 24 h. A presumptive colony was randomly
selected and subcultured. Isolates were identified by
routine conventional methods as K. pneumoniae (Krieg &
Holt, 2005) and were confirmed with API 20E system
(BioM¢érieux).

Antibiotic Susceptibility Tests: The antibiotic
susceptibility tests were performed according to the Kirby-
Bauer method recommended by the Clinical Laboratory
Standards Institute (CLSI) to select the optimal
antimicrobial agent for treatment. Isolates were tested for
antibiotic susceptibility to 15 different antimicrobials from
8 distinct classes: amikacin (30 pg), amoxicillin-clavulanic
acid (30 pg), ampicillin-sulbactam (20 pg), aztreonam (30
pg), chloramphenicol (30 pg), ciprofloxacin (5 ng),
gentamicin (10 pg), kanamycin (30 pg), levofloxacin (5
ng), nalidixic acid (30 pg), norfloxacin (10 pg), ofloxacin
(10 pg), streptomycin (10 pg), sulfamethoxazole /
trimethoprim (1.25/23.75 pg) and tetracycline (30 pg)
(CLSI, 2014; EUCAST, 2015). Also, Extended-spectrum
beta-lactamase (ESBL) production, carbapenem, acquired
AmpC screening and confirmation tests were applied to the
identified isolates to phenotypically determine beta-lactam
resistance. The results were based on CLSI breakpoints
(CLSI, 2018). For quality control, E. coli (ATCC 25922)
and K. pneumoniae (ATCC 4352) were used. Beta-lactam,
aminoglycoside, fluoroquinolone, tetracycline,
chloramphenicol and sulphonamide groups were used to
determine the multidrug resistance (MDR) defined as
resistance at least three different antimicrobial classes (de

Jong et al., 2018).
RESULTS

K. pneumoniae was isolated from 2 (3.7%) of 54
budgerigars and 1 (2.3%) of 42 parrots and in total from 3
(3.1%) of 96 faecal samples. All isolates were detected
from different petshops and clinically healthy birds.
Antibiotic susceptibility results for all isolates are shown
in Table 1.

No resistance was found in any of the isolates as
a result of screening and confirming tests for ESBL,
carbapenem, and acquired-AmpC resistance to determine
phenotypic antibiotic resistance of the isolates. Multidrug
resistance was detected in only one isolate from
budgerigar.
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Table 1. Antibiotic susceptibility results for the isolates

Sources
OF
CIP
LEV
NOR
NA
AK
GE
ST
KA
TE
KL
SXT
AMC
SAM
AZ

Budgerigar

Parrot
[%2]
[%2]
w
w
w
w
[%2]
[%2]
[%2]
[%2]
w
w
w
w
(%2}

Budgerigar

Of: Ofloxacin; Cip: Ciprofloxacin; Lev: Levofloxacin; Nor: Norfloxacin; Na: Nalidixic acid; AK:
Amikacin; Ge: Gentamicin; Strep: Streptomycin; Ka: Kanamycin; Tet: Tetracycline; Kl:
Chloramphenicol; SXT: Sulfamethoxazole-Trimethoprim; AMC: Amoxicillin-Clavulanic acid;
SAM: Ampicillin sulbactam; AZ: Aztreonam, S: Susceptible, R: Resistant

DISCUSSION

Although many articles are investigating the
presence and antibiotic profiles of Enterobacteriaceae
conducted on cage birds, the data about K. pneumoniae is
scant. (Horn et al., 2015; Rueanghiran et al., 2019; Sigirci
et al., 2019; Steger et al., 2020). Most studies focused on
K. pneumonia, have been associated with companion
animals, howbeit caged birds have been included in the
category of companion animals in recent years.

A limited number of studies have paid attention to
the presence of K. pneumonia from companion birds.
Machado et al. (2015) reported that 6 of 79 samples
obtained by cloacal swab method isolated K. pneumoniae.
Yame (2017) reported 19 strains of Klebsiella spp. isolated
from respiratory secretions of 46 diseased psittacines, 16
(16/19) were identified as K. pneumoniae, and three (3/19)
were identified as K. oxytoca. It was reported that 3 strains
of K. pneumoniae isolated from 100 parakeets, 23 parrots,
12 canaries, 12 Indian nightingales, 2 European
goldfinches (Sigirci et al., 2019). Further, Rueanghiran et
al. (2019) show that a total of 80/376 psittacine cases
(21%) was diagnosed to have a respiratory problem and K.
pneumoniae 7 isolates (8%) were obtained from 53
respiratory cases. Steger et al. (2020) was reported that 86
K. pneumoniae isolates from 811 birds of 20 zoological
orders (mostly Psittaciformes 61.8 % and Passeriformes
145 % and from alive patients or pathological
examinations) were found. Ahmed et al. (2021)
emphasized that 17.6 % of the pet birds and 12.9 % of the
human contacts were positive for K. pneumonia. Unlike
previous studies, K. pneumoniae isolation rates were lower
in the current study.

The authors pointed that K. pneumonia has
become the most successful and modern pathogen by
producing Extended Spectrum f-Lactamase (ESBL) and
also shows high resistance to a broad spectrum of
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antibiotics including B-lactam antibiotics,
fluoroquinolones, and aminoglycosides (Riwu et al.,
2020). Davies et al. (2016) reported that the susceptibility
profile of K. pneumoniae strains revealed a high resistance
to ampicillin, nalidixic acid, sulphonamides and
tetracycline. Further, Yame (2017) emphasized the
antimicrobial susceptibility profile demonstrated high
resistance to ampicillin (89.5%) and three strains of K.
pneumoniae were positive for extended-spectrum beta-
lactamase production. In another study conducted in our
country, it was reported that the isolated K. pneumoniae
species were all sensitive to the antibiotics tested and no
resistance was observed (Sigirci et al., 2019).

In the current study, resistance was not detected
in any of the isolates as a result of screening and confirming
tests for ESBL, carbapenem and acquired-AmpC
resistance to determine phenotypic antibiotic resistance.
Besides, resistance to only chloramphenicol was detected
in one of the two isolates taken from budgerigars, and it
was observed that this isolate was susceptible to all other
antimicrobials. However, the second isolate obtained from
the budgerigar was resistant to all antimicrobials except
aztreonam. Furthermore, it was observed that the only
isolate detected from the parrot was susceptible to all the
antimicrobials analysed. The reason for these differences
in the findings between previous studies could be explained
by the small sample sizes and the presence of geographical
variants.

The complex hazard of AMR transmission from
companion animals to humans has not been fully
established. Consequently, studies on AMR and MDR,
performed in various countries, unceasingly continue to
provide more information. Unfortunately, data regarding
MDR in companion birds are limited (Rueanghiran et al.,
2019, Sigirci etal., 2020, Yame et al., 2017). According to
the numerous reports, the MDR profiles of the K.
pneumoniae strains reported between  25%- 57%,
respectively (Ahmed et al., 2021, Ajayi & Egbebi, 2011,
Davies et al., 2016, Rueanghiran et al., 2019). In the
present study, MDR was noticed in only one isolate then
this result is promising on its own.

As a result of this current study, the presence of
antimicrobial resistance has been revealed in cage birds
that have close relationships with humans. There are a
limited number of studies on the antimicrobial resistance
profiles of caged birds. Hence, monitoring pet birds as
potential reservoirs of zoonotic bacterial pathogens is
crucial to sustaining human health and it is necessary to
develop routine analysis. Further studies are needed to
evaluate risk factors, follow-up programs to prevent
resistance. Because of the possibility that companion
animals may act as reservoirs, the assessments must
include commensal bacteria as well as pathogenic bacteria.
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Especially the possibility that healthy animals contribute to
the transmission of antibiotic resistance markers without
being noticed makes the reports of antibiotic resistant
isolates important.
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Abstract: Aloe vera is one of the medicinal plants whose importance has been better understood
recently with its antibacterial, antimicrobial, antioxidant and anticancer properties. Although it is
known that the aloe vera family has protective effects on neurons, the neuroprotective effect of
the aloe barbadensis miller plant has not yet been fully explained. Glufosinate is structurally
similar to glutamate and is an herbicide that blocks glutamine synthesis. Glutamate has been
shown to induce cyclooxygenase-2 (COX-2), which causes toxicity. In the present study, neuron
culture was exposed to Aloe vera barbadensis Miller plant extracts plant (25, 50, 100, 200, 400,
800, and 1600 pgr/ml doses) for 24 hours to protect against glufosinate (200 mM) and glutamate
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Zﬁ“{?é%}%%g‘é‘gﬁ%mowm (105 mM) toxicity. After 24 hours, MTT, TAC, and TOS analyzes were performed and the results
Ali Taghizadehghalehjoughi, Faculty of were revealed. In our study, it was seen that the aqueous extract of aloe barbadensis miller plant,
Veterinary Medicine, Department of glufosinate, and glutamate, could preserve the vitality of neurons (89% protection in AVB 400
Pharmacology and Toxicology, Ataturk pgr/ml group). At the same time, it was seen that while increasing the antioxidant level in neurons,
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- ali i it decreased the oxidant level. The group that increases the antioxidant value best is AVB 400
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pgr/ml (the group that increases it 1.4 times). When the findings were evaluated, it was concluded
that aloe vera and its components may have a neuroprotective effect.

Keywords: Aloe vera barbadensis Miller, glufosinate, glutamate, neuron.

Aloe vera barbadensis Miller Yapragi Ekstraktinin Glutamat ve Glifosat Kaynakl
Toksisite Uzerindeki Etkilerinin Arastirilmasi: In Vitro Calismasi

Oz: Antibakteriyel, antimikrobiyal, antioksidan ve antikanser gibi 6zellikleriyle son zamanlarda
onemi daha da iyi anlagilan Aloe vera sifali bitkilerden biridir. Aloe vera ailesinin néronlar
tizerinde koruyucu etkileri oldugu bilinmesine ragmen aloe barbadensis miller bitkisinin
noroprotektif etkisi heniiz tam olarak acgiklanamamustir. Glufosinat, yapisal olarak glutamata
benzer ve glutamin sentetazi bloke eden bir herbisittir. Glutamatin toksisiteye neden olan
siklooksijenaz-2'yi (COX-2) indiikledigi gosterilmistir. Ayrica noronlarda oksidatif strese neden
oldugu bilinmektedir. Mevcut ¢alismada, néron kiiltiirii, glufosinat (200 mM) ve glutamat (10
mM) toksisitesine kars1 korunmak amaciyla 24 saat siireyle Aloe vera barbadensis Miller bitkisi
ekstraktlarina (25, 50, 100, 200, 400, 800 ve 1600 pgr/ml) maruz birakilmis olup, 24 saat sonunda
MTT, TAC ve TOS analizleri yapilmgtir. Caligmamizda aloe barbadensis miller bitkisinin sulu

ekstraktinin, glufosinat ve glutamat toksisitesine karst ndron canliligim koruyabildigi
*Sorumlu yazar:
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Atatiirk Universitesi, Veteriner Fakiiltesi, seviyesini arttirirken oksidan seviyesini azalttigi gozlemlenmistir. Antioksidan degerini en iyi
Farmakoloji ve Toksikoloji Bolimi, Erzurum, artrran grup AVB 400 pgr/ml (1,4 kat artiran grup) olarak tespit edilmistir. Elde edilen bulgular
e ) degerlendirildiginde, aloe vera ve bilesenlerinin ndroprotektif etkisi olabilecegi sonucuna
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INTRODUCTION

Aloe vera barbadensis Miller (AVB), one of the
well-known medicinal plants recently, is preferred because
of its multiple effects. This medicinal plant belongs to the
Liliaceae family and is widely used in traditional medicine.
The compounds found in aloe gel mainly contain
polysaccharides that reduce inflammation and induce skin
growth and regeneration. Recent studies have also shown
that it has antibacterial, antimicrobial, antioxidant and
anticancer properties (Khanal et al., 2021, Mahboubi,
2021). Although it is known that the aloe vera family has
protective effects on neurons, the neuroprotective effect of
the Aloe vera barbadensis Miller plant is not yet well
known. Aloe vera and its components contain various
properties. For example; salicylic acid, campesterol, -
sitosterol and C-glucosyl chromone are anti-inflammatory,
vitamins A, C and E are anti-oxidant, anthraquinones and
phorbol myristic acetate are anti-tumor, aloin and emodin
are anti-microbial (Klaikeaw et al., 2020).

The use of pesticides in agriculture, industry, and
domestic applications results in increased exposure to these
chemicals (Sevim et al., 2019). As a result of acute
exposure, it has been observed that human health is highly
affected. Glufosinate is one of the most widely used
herbicide-based pesticides worldwide (Comakli et al.,
2019). Glufosinate, which is one of the main pollutants of
rivers and various water resources, has a toxic effect not
only on organisms, but also on food, feed and ecosystems
(Singh et al., 2020). The European Chemicals Agency
concludes that there are insufficient scientific data to
classify glufosinate as a carcinogen, mutagen or
reproductive toxicity for certain target organ toxicity
(Levine et al., 2020, Matozzo et al., 2020, Pereira et al.,
2021). Glufosinate toxicity was done by induction
glutamate toxicity in inter synaptic area.

Glutamate is the principal excitatory
neurotransmitter in the central nervous system. Elevated
extracellular glutamate levels induce neuronal damage
(Kumagai et al., 2019). In cerebral hypoxia/anoxia, and in
the majority of nervous system diseases, glutamate
transporter function is impaired, and extracellular
glutamate levels increase and result in irreversible neuronal
damage (Tehse & Taghibiglou, 2019). In addition, by
attaching to N-methyl-d-aspartate (NMDA) and AMPA
receptors for longer than physiological levels, glutamate
causes Ca*™ and Na* influx. Strong evidence also exists that
glutamate toxicity is significantly associated with NMDA
receptors. These receptors are also significantly involved
in the central sensitization processes associated with
hyperalgesia (Zhao et al., 2019).

Previous studies of maternal exposure to
Glufosinate have shown that pre- and postnatal exposures
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lead to calcium overload and glutamate excitotoxicity in
the immature juvenile hippocampus (Cattani et al., 2017).
The purpose of the present study was to evaluate different
doses of Aloe vera barbadensis neuro protective effects
against to Glufosinate and glutamate toxicity in vitro
model.

MATERIALS AND METHODS

Chemicals: Aloe vera barbadensis (1000 mg
film-coated tablets), was obtained from (Izmir, Turkey).
Glufosinate, glutamate HCL, Dulbecco’s modified Eagle’s
medium (DMEM), Fetal calf serum (FCS), Neurobasal
medium  (NBM),  3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyltetrazolium Bromide (MTT), phosphate buffer
solution (PBS), antibiotic antimitotic solution (100x), B27,
L glutamine and trypsin—-EDTA and dimethyl sulfoxide
(DMSO) were obtained from Sigma-Aldrich (St. Louis,
MO, USA).

In vitro studies

Cell cultures: Briefly, frozen cortex neuron cells
were used for the study (Gibco™ Primary Rat Cortex
Neurons, Catalog no: A1084001). The cryotube was open
rapidly and centrifugation was done at 1200 rpm for 5 min.
The collapsed cells were suspended with fresh medium
(Neurobasal medium, FBS 10%, B27 2% and antibiotic
0.01%) and then the cells were seeded in 24-well plates
(Corning, USA). The plate was stored in an incubator (5%
COg; 37 °C) (Varmazyari et al., 2020).

Glutamate and Glufosinate toxicity induction):
Adequate branches were observed to have formed in the
cells by day 10. Glutamate 10> mM and Glufosinate 200
mM were used for toxicity induction. After 20 min, ABV
different concentrations (50, 100, 200, 400, 800 and 1600
pgr/ml) were added to each well and incubated for 24 h
(5% COgy 37 °C). These selected concentrations were
added as a result of the literature search (Kang et al., 2014;
Kaithwas et al., 2014; Klaikeaw et al., 2020). In addition,
150 puL of NBM only was added as a negative control,
while the two positive controls each one contained
separately 10° mM glutamate and 200 mM glufosinate (
Singh et al., 2020).

3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetra-
zolium Bromide (MTT) assay: MTT assay was according
to the commercial kit protocol. Briefly, MTT reagent (10
uL) was added to the each well and incubated (5% CO2; 37
°C) for 4 h. The medium was removed, then 100 puL of
dimethyl sulfoxide was added to each well. The optical
density was evaluated at 570 nm using a Multiskan™ GO
Microplate Spectrophotometer reader (Thermo Scientific,
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Canada, USA) (Taghizadehghalehjoughi et al., 2019). the
cell viability (%) was calculated using the formula.
Viability % ratio: Sample Absorbance/control group
absorbancex100.

Total oxidant status (TOS): TOS assay was
done according to the commercial manufacture kit
protocol. Briefly, 500 pl Reactive 1 solution was added to
wells and the initial absorbance value at 530 hm. then 25
ul Reactive 2 solution was added to the same well, and
the second absorbance was read at 530 nm. TOS levels
were determined as H,O, mmol equiv/immol™.

The evaluation was done according the formula.

TOS =A example/AST2%20

A ST2 (A standard 2 = ST2 second reading - ST2 first
reading), A Sample (A Sample= Sample second reading-
Sample first reading)

Total Antioxidant Capacity (TAC): TAC assay
was done according to the commercial manufacture kit
protocol. Briefly, 500 pl Reactive 1 solution was added to
wells and the first absorbance was read at 660 nm. Next,
75 wl Reactive 2 was added to the same wells and the
second absorbance value was read at 660 nm. TAC levels
were expressed as mmol equiv/immol-1.

The evaluation was done according the formula;

TAC =(A ST1-A example)/(A ST1-A ST2)

A ST1 (A standard 1 = ST1 second reading - ST1 first
reading), A ST2 (A standard 2 = ST2 second reading - ST2
first reading), A Sample (A Sample = Sample second
reading- Sample first reading)

Statistical analysis: The analysis of the data of
our study was evaluated with SPSS 21.0 program and One
Way Annova method and P<0.05 was considered
significant.

RESULTS AND DISCUSSION

In our study, the protective effects of Aloe vera
barbadensis on neuronal cells against glutamate and
glufosinate were investigated. For this purpose, MTT,
TAC and TOS analyzes were performed 24 hours after the
application and the results were shown in the figures.

When the MTT test in Figure 1 and 2 were examined,
it was seen that AVB protected neuron viability against
glutamate and glufosinate depending on the increasing
dose. The best protection was seen in the AVB 400 pgr/mL
(89%) group against glutamate, which caused a 31%
decrease in viability. The highest protection against
glufosinate toxicity was seen at the AVB 200 dose (85%
protection). The neuroprotection rate of the same group
against glufosinate toxicity (reduces viability by 36%) is
82%. While it was observed that the AVB 800 (86%) and
1600 (83%) pgr/mL groups also protected neuron cells
against glutamate, the viability was decreased compared to
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the AVB 400 pgr/mL group. In glufosinate toxicity,
viability was 8% (78%) lower in the AVB 800 pgr/mL
group and 13% (70%) in the AVB 1600 pgr/mL group
against glutamate toxicity.

MTT
110
u Control
105
- 100 u Glufosinate
2 9 AVB 25 pgr/ml
=
g zg e ® AVB 50 pgr/ml
2 AVB 100 pgr/ml
§ 80 it
= 75 AVB 200 pgr/ml
° 70 ® AVB 400 pgr/ml
65 ® AVB 800 pgr/ml
60
Groups B AVB 1600 pgr/ml

Figure 1. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay results for the Glufosinate induced toxicity in the neuron cell
line after 24-h AVB treatment

* P<0.05, ** P<0.001 compared to control group.

MTT

= Control

100 ® Glutamate

**
o *xFR
80
75
70
65
60

Groups

AVB 25 pgr/ml
B AVB 50 pgr/ml

AVB 100 pgr/ml

AVB 200 pgr/ml

Cell Viability Ratio %
&

B AVB 400 pgr/ml
B AVB 800 pgr/ml
B AVB 1600 pgr/ml

Figure 2. 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT) assay results for the Glutamate induced toxicity in the neuron cell
line after 24-h AVB treatment

* P<0.05, ** P<0.001 compared to control group.

When the antioxidant results in Figure 3-6 were
examined, it was seen that AVB increased the antioxidant
level in a dose-dependent manner against glutamate. The
highest antioxidant value was observed in the AVB 400
pgr/mL group (1.4-fold increase in antioxidant value
against glutamate). When the antioxidant effects of AVB
against glufosinate toxicity were examined, it was
determined that the AVB 200 pgr/mL group increased
antioxidant by 1.3. When the TOS results in Figure 3 were
observed, it was determined that the oxidant level
decreased depending on the increasing dose. It was
determined that the best protection against glutamate
toxicity was in the AVB 200 and AVB 400 pgr/mL groups,
which reduced the oxidant level by 1.5 times. When the
TOS results in glufosinate toxicity were examined, we
found that the AB 200 pgr/mL group decreased the oxidant
level 1.5 times.
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Glufosinate TAC level
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é 25 AVB 200 pgr/ml
E 2

Groups B AVB 400 pgr/ml

Figure 3. Total antioxidant capacity assay results for the Glufosinate
induced toxicity in the neuron cell line after 24-h AVB treatment.
* P<0.05, ** P<0.001 compared to control group.
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Figure 4. Total oxidant status assay results for the Glufosinate induced
toxicity in the neuron cell line after 24-h AVB treatment.
* P<0.05, ** P<0.001 compared to control group.
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Figure 5. Total antioxidant capacity assay results for the Glutamate
induced toxicity in the neuron cell line after 24-h AVB treatment
* P<0.05, ** P<0.001 compared to control group.
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Figure 6. Total oxidant status assay results for the Glutamate induced
toxicity in the neuron cell line after 24-h AVB treatment
* P<0.05, ** P<0.001 compared to control group.
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DISCUSSION

In our study, the protective effects of Aloe vera
barbadensis on neuronal cells against glutamate and
glufosinate were investigated. Traditional medicine plays a
critical role in the treatment of various types of diseases
(Chinchilla et al.,, 2013). Nowadays, the use of
complementary medicine and natural products has been
increasing rapidly worldwide because they are effective
and inexpensive and have fewer side effects. AVB contains
several biologically active constituents, including
vitamins,  minerals,  saccharides, amino  acids,
anthraquinones, enzymes, lignins, saponins, and salicylic
acids (Mahboubi, 2021).

Medicinal plants contain various types of constituents,
such as vitamins, amino acids, carbohydrates, and phenolic
compounds. These compounds are active in controlling or
neutralizing the reactive oxygen species (ROS). AVB also
has function like an antioxidant through free radical- and
superoxide radical-scavenging activities and anti-
inflammatory activities (Pandhair et al., 2011; Parmar &
Jasrai, 2009,).

Recent studies have shown that the application of
glutamate to cortical and hippocampal axon terminals
triggered exocytotic process, which appeared to be, at least
partially, mediated by the efflux of Ca?* ions from internal
stores (Tarasenko etal., 2012). In light of the latest findings
showing a close relationship between spontaneous
transmitter release, Ca?* efflux from internal stores and
reactive oxygen species (ROS) generation (Martinez-
Sanchez et al., 2020). The TAS and TOC tests were
showed AVB 200 and 400 pgr/mL increased antioxidant
activity while decreased oxidant status. Environmental
stressors that are well known to induce oxidative stress and
alterations to the cellular redox balance have been widely
shown as apoptosis regulators (Peng et al., 2019). There are
many evidence that glufosinate and glutamate induces
cytotoxicity, oxidative damage, and apoptosis.

Examined, it was seen that AVB protected neuron
viability against glutamate and glufosinate depending on
the increasing dose. The best protection was seen in the
AVB 400 pgr/mL (89%) group against glutamate, which
caused a 31% decrease in viability. The neuroprotection
rate of the same group against glufosinate toxicity (reduces
viability by 36%) is 82%. While it was observed that the
AVB 800 (86%) and 1600 (83%) pgr/mL groups also
protected neuron cells against glutamate, the viability was
decreased compared to the AVB 400 pgr/mL group. In
glufosinate toxicity, viability was 8% (78%) lower in the
AVB 800 pgr/mL group and 13% (70%) in the AVB 1600
pgr/mL group against glutamate toxicity.

When the antioxidant results in Figure 3-6 were
examined, it was seen that AVB increased the antioxidant
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level in a dose-dependent manner against glutamate. The
highest antioxidant value was observed in the AVB 400
pgr/mL group (1.4-fold increase in antioxidant value
against glutamate). Kaithwas et al. also stated that the
antioxidant effects of aloe vera increased depending on the
dose, and they observed the best antioxidant effect
especially at the highest dose they used, 120 pgr/mL
(Kaithwas et al., 2014). In our study, when the antioxidant
effects of AB against glufosinate toxicity were examined,
it was determined that the AVB 200 pgr/mL group
increased the antioxidant by 1,3. When the TOS results in
Figure 3 were observed, it was determined that the oxidant
level decreased depending on the increasing dose. It was
determined that the best protection against glutamate
toxicity was in the AVB 200 and AVB 400 pgr/mL groups,
which reduced the oxidant level by 1.5 times. When the
TOS results in glufosinate toxicity were examined, we
found that the AVB 200 pgr/mL group decreased the
oxidant level 1.5 times. Kang et al., in their study with Aloe
vera barbadensis miller component on Vero cells, seems
to protect cell viability against AAPH-induced cell death
(400 pgr/mL group). Again, protection was found in cells
against AAPH-derived ROS products (Kang et al., 2014).

When high doses of AVB (400 and 800 pgr/mL) were
examined, no effective protection was observed in
neuronal cells against toxicity. In various studies, negative
conditions such as decreased central nerve activity, slower
growth, and diarrhea have been detected in rats as a result
of high-dose aloe vera application (Herlihy et al., 1998;
Herlihy et al., 1998; Shah et al., 1989).

CONCLUSION

Aloe vera, which has been used since ancient
times, is very common, especially for skin, inflammation,
and diabetes. With today's studies, its anti-cancer, anti-
oxidant properties have made it an even more important
compound. Although its effect on healthy and cancer cells
is little known, its protective effect on neurons has not been
clarified yet. Our study especially reveals its effect on
neurons and hopes to be a pioneer for future studies. In our
study, the protective effects of aloe barbadensis against
toxicity (glutamate and glufosinate) especially on neurons
were revealed. It has been demonstrated with its
antioxidant effects that it can be used to reduce side effects
against any component with known toxic properties. In
summary, the protective effects of aloe barbadensis can be
used both in practice and inspire future studies.
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Abstract: Gelevera Creek was chosen as the sample area in this study, which aims to detect antibiotic and
heavy metal resistance in water resources that threaten human, animal and ecosystem health on a global scale.
For this purpose, surface water and sediment were collected monthly from four different stations starting from
April 2017 and ending in March 2018. After the Gr (-) and Gr (+) bacteria isolation in selective media, the
325 isolated were tested for their resistance against 4 different heavy metals. The resistance levels of these
bacteria against to cadmium, copper, lead and manganese resistance were detected respectively as 89%,
60.16%, 33%, 29.8% (Cd > Cu > Pb > Mn). The 82 isolates with high resistance against heavy metals in each
station were also tested for their resistance against antibiotics. The levels of resistance against antibiotics of
these isolated strains were found respectively as follows: cefazolin: 69.6%, cefuroxime: 59.4%, nalidixic acid:
51.7%, ampicillin: 46%, cefotaxime: 39.1%, meropenem: 31.4%, amikacin: 21.7%, erythromycin: 13%, and
chloramphenicol: 3.3%. In our study, two isolates with high antibiotic and heavy metal, using the Vitek-II
Compact System were identified as Serratia marcenscens (99%) and Enterococcus avium (91%).
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Su Kaynaklarinda Antibiyotik ve Agir Metal Direncinin Kiiresel Sorunu:
Gelevera Deresi’nin Incelemesi (Giresun, Tiirkiye)

Oz: Kiiresel boyutta mevcut olan, insan, hayvan ve ekosistem sagligim tehdit eden antibiyotik ve agir metal
direncinin su kaynaklarinda tespitinin amag¢ edinildigi bu ¢alismada Ornek alan olarak Gelevera Deresi
secilmistir. Buamagla, Gelevera Deresi'ndeki dort istasyondan alinan yiizey suyu ve sediment drnekleri Nisan
2017-Mart 2018’a kadar aylik olarak toplanmustir. Segici bir sekilde Gr (-) ve Gr (+) bakteri izolasyonun
ardindan izole edilmis olan 325 bakterinin 4 farkli agir metale kars1 direng diizeyleri tespit edilmistir. Bu
izolatlarin kadminyum, bakir, kursun ve manganese karst direng diizeyleri % ifadesiyle sirasiyla; %89;
%60,16; %33; %29,8 (Cd >Cu >Pb >Mn) olarak tespit edilmistir. Her bir istasyonda agir metal direng
diizeyleri yiiksek olan izolatlarin ilaveten antibiyotik direng diizeyleri de saptanmistir. izole edilen bu suslarin
antibiyotik direng diizeyleri sirastyla; sefazolin: %69,6, sefuroksim: %59,4, nalidiksik asit: %51,7, amfisilin:
%46, sefotaksim: %39,1, meropenem: %31,4, amikasin: %21,7, eritromisin: %13 ve kloramfenikol: %3,3
olarak saptanmustir. Arastirmamizda antibiyotik ve agir metal direng diizeyi yiiksek olan iki izolat Vitek-11

+Sorumlu yazar: Kompakt Sistem ile identifiye edilerek Serratia marcencens (%99) ve Enterococcus avium (%91) olarak
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INTRODUCTION

Water, an essential element for organisms to
continue their lives, is one of our most important natural
resources. Water is the most basic compound that is
difficult to replace for life because it contains all the
features related to life in its structure. Deterioration of the
quality or balance of water in an environment for various
reasons also leads to water pollution. It is assumed that
80% of all diseases in the developing world are caused by
a lack of healthy water and cleaning conditions. More than
5 million people die each year from water pollution and
more than half of them are children (Anonymous, 2007).
Pathogenic bacteria, viruses, and parasites are among the
harmful biological factors that can exist in water and
endanger human health (Lawa, 1998). Although the first
thought that awakens in our minds about the cause of
microbiological pollution in the aquatic environments in
question is fecal-based contamination, emergency action
plans have been prepared for the 'Antibiotic Resistance’,
which seems to be the most important problem nowadays,
and 'Antibiotic Resistance' has also been added among the
reasons to make all people more sensitive about this issue.
According to the report published by World Health
Organization, medicine has regressed before the antibiotic
age in the fight against bacteria and that many antibiotics,
most of which are used for therapeutic purposes, do not
work effectively, therefore a great disaster awaits in the rest
of human life (Anonymous, 2014).

Nowadays, resistance is identified as a major
problem in the path of new drug synthesis, reducing
antibiotic resistance is aimportant public health issue in the
world. (Hayder & Aljanaby, 2019). The four main forms of
antibiotic resistance develop as; natural resistance
(intrinsic, structural), the usage of antibiotics is not because
of the resistance but is caused by the bacteria's structural
particulars. (Kadhum & Hasan, 2019). This happen a result
of intrinsic resistance, or microorganism which doesn't
follow the goal antibiotic structure, or antibiotics which
due to its characteristics do not encounter its goal
(Waglechner & Wright, 2017).

Gained resistance; irrespective of resistance
development due to change in the genetic features of
bacteria, an gained because it is not affected by the
antibiotics it was beforehand sensitive to it (Andersson et
al., 2020). The source of this form of resistance generally
comes from the main chromosome or extrachromosomal
structures. (plasmids, transposons, etc.) (Aljanaby &
Aljanaby, 2018).

The main reason for the quick increase in
antibiotic resistance is the unconscious take of antibiotics.
For this reason, a bacterium becomes resistant to the
activity of an antimicrobial drug. As a result of the
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unconscious prescribing of antibiotics and their systematic
application as growth accelerators in animal husbandry,
this has worsened over the past decade (Acharya & Wilson,
2019). On the other hand, aquatic environments have
contributed to the formation of antibiotic-resistant bacteria
in humans and animals, particularly by the fact that
drinking water can be obtained from surface water and
antibiotic-resistant genes can enter non-pathogenic water
bacteria (Akduman et al., 2020; Baquero et al., 2008; Sahin
et al., 2021). The main reason for the growth of antibiotic-
resistant genes in marine and freshwater ecosystems is the
improvement of a long-term resistance reservoir (Di
Cesare et al., 2015).

Heavy metal-resistant bacteria may develop in
aquatic environments due to the presence of metal, mostly
caused by anthropogenic activities and environmental
factors (Altug & Balkis, 2009; Nadimpalli et al., 2020).
Heavy metals can be described as metals with a density
large than 5 g/cm?. Heavy metals are not biodegradable and
are considered an environmental pollutant associated with
potential toxicity. A few important heavy metals such as
iron, nickel, copper, and zinc are necessary for metabolic
reaction and very important as trace elements for
organisms. Other heavy metals, such as silver, cadmium
and mercury, have no biological role in organisms and
harmful effects on them even at very low concentrations
(Alam et al., 2011).

Heavy metals are elements not dissolving
biologically due to their high stability, and therefore they
are environmental pollutants that have settled for a long
time. They arise from the use of anthropogenic sources
such as mines, power plants, smelters as heavy metal
sources, as well as pesticides and fertilizers consisting of
metal and mud (Zhu et al., 2013). In the world heavy metal
pollution is increasing day by day in many developed and
growing countries because of rapid industrialization,
mining activities, discharge of industrial wastes, long-term
use of low-quality water for irrigation, and intensive
agricultural practices (Rizvi et al., 2019). Heavy metal
resistance frequently exists in bacteria exposed to metals in
a variety of habitats and environments. (Pal et al., 2017).
Water pollution caused by heavy metals results in the
spread of integron-like Gene structures, which are
described to play an important role in the development of
multiple resistance to antibiotics (Marinescu et al., 2017).

The first step to being taken to protect the natural
structure of aquatic environments and ensure that water is
healthy and safe for the continuation of the vital activities
of people is to determine the pollution standards and the
factors that will harm the health of living things. For this
reason, this study aims to determine the current antibiotic



Isik & Akkan, (2021)

and heavy metal resistance levels of isolates isolated from
Gelevera Stream, one of the freshwater resources used for
agricultural, drinking, and use purposes in Giresun
province located in the Eastern Black Sea Basin, which is
one of the most important basins of our country.

MATERIALS AND METHODS

Study Area: This study was conducted between
April 2017 and March 2018 to determine the heavy metal
and antibiotic resistance level in the bacterial flora of the
Gelevera Stream, located within the borders of the Black
Sea Region Giresun (Figure 1). The other name of
Gelevera Creek is Ozliice Creek. It is fed by the Karadona,
Karaovacik and Cukur creeks that originate from the
Balaban Mountains in the province of Giimiishane, as well
as by streams and rivers with small flow rates. Gelevera
Stream is 14 km away from the coastal part and has an
estimated surface area of 351 km?. The Gelevera Basin,
which has a length of 80 km, is surrounded by Tirebolu,
Giicii and Dogankent districts in the East, Yaglidere Basin
in the West, Black Sea in the North and Kurdiin in the
south. Gelevera Creek passes through the villages of
Sapmaz, Ericek, and Direkbuku and flows into the sea from
the east of Espiye district in Giresun province. It is known
that the flow rate of the water is also fast due to the high
slope of the stream bed. In addition, Gelevera Stream, one
of the most important drinking water resources of Giresun,
is under constant pressure from HEPP for energy
production, domestic wastes, and quarries (Fig.1).

Black Sea Black Sea

g ;’GirESU'n kg

.

Figure 1. Sampling Area (atlas.gov.tr).

Collection of Surface Water Samples: To ensure
the isolation of bacteria, previously sterilized dark glass
sample bottles and water samples were taken in a sterile
manner (250 mL) from 20 cm below the stream surface and
brought to the laboratory within 2 hours after being stored
with cold chain application (APHA, 1992).
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Bacteria Isolation: Gr (+) and Gr (-) bacteria
isolation was performed from 1 mL water sample taken
from surface water samples using the petri dish spreading
technique on Nutrient Agar, PCA Agar, MacConkey Agar,
and EMB Agar by serial dilution in sterile distilled water.
1 gr of the sediment samples was homogenized in 9 ml
sterile water, and a serial dilution up to 107 was prepared
in sterile water and plated. After confirming that the
isolated bacteria are Gr (-) and Gr (+) by Gram staining and
some biochemical tests, stock cultures were prepared in
Plate Count Agar and Nutrient Agar.

Performing Bacterial Identification and
Antibiotic Susceptibility Test: Isolates with high antibiotic
and heavy metal resistance were determined.
Microorganisms were identified by the Vitek-II
(Biomerieux) automatic bacteria identification system. 9
different antimicrobial discs were used (KZ; cefazolin,
CXM; cefuroxime, NA; nalidixic acid, AMP; ampicillin,
CTX; cefotaxime, MEM; meropenem, AK; amikacin, E;
erythromycin and C; chloramphenicol) through the disk
diffusion method (Bauer et al., 1966) for determining
antibiotic resistance profiles of isolated strains. To enrich
the bacteria, it was incubated at 37°C for 24 hours by
sowing with the help of a loop into the LB broth medium.
The incubated samples were placed in Nutrient Agar with
the help of sterilized swabs and antibiotic-impregnated
discs after the surface was dried with a sterile dispenser.
The antibiotic resistance profiles of the bacteria were
determined by measuring the zone diameters formed after
the 24-hour incubation process.

Multiple Antibiotic Resistance Index (MAR):
The multiple antibiotic resistance (MAR) index is
calculated by the ratio of the number of antibiotics to which
the test organisms are resistant to the total number of
antibiotics tested (Ehindimu, 2003). If the isolate has been
heavily exposed to antibiotics of human or animal origin, a
MAR index value is greater than 0.2 results. However, if
the antibiotic was used very rarely or not at all, the MAR
index value is observed to be less than or equal to 0.2
(Krumperman, 1985).

Determination of Heavy Metal Resistance:
Minimal inhibitory concentrations (MIC) of 4 different
heavy metals were calculated for each isolated strain.
Heavy metal resistance of bacteria was determined in
Miiller Hinton Agar medium containing heavy metals Cu*
2, Cd*2, Pb*2 and Mn*2 at concentrations of 100, 200, 400,
800, 1600, and 3200 pg/mL. If the bacterial strain studied
can grow in an environment higher than the MIC of the
control organism, it is considered resistant. E. coli K12
standard strain was used as a control organism according

to (Table 1).
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Table 1. Heavy Metal Resistance Levels of E. coli K12
(Akinbowale et al., 2007).

Heavy Metal Name MIC Value

Cadmium 100 pg/mL

Copper 200 pg/mL

Lead 1600 pg/mL

Manganese 1600 pg/mL
RESULTS

Seasonal change values of heavy metal resistance
levels of Gelevera Stream water and sediment samples
according to stations; the heavy metal resistivity numbers
of 77 isolates were isolated from the first station were
determined as Cd: 60, Cu: 35, Mn: 7, and Pb: 7,
respectively. Resistant isolates as a percentage were
determined as Cd: 77.9, Cu: 45.5, Mn: 9.1, and Pb: 9.1,
respectively. Also, 81 isolates isolated from the second
station were determined as Cd: 71, Cu: 55, Mn: 17, and Pb:
12, respectively. As a percentage, the number of resistant
isolates was determined as Cd: 87.7, Cu: 67.9, Mn: 21, and
Pb: 14.8, respectively. Likely, the heavy metal resistance
numbers of 84 isolates from the third station are as follows;
Cd: 66, Cu: 56, Mn: 10, and Pb: 9. As a percentage, the
number of resistant isolates was determined as Cd: 78.6,
Cu: 66.7, Mn: 11.9, and Pb: 10.7, respectively. And, the
heavy metal resistance levels of 83 isolates from the fourth
station are as follows; Cd: 66, Cu: 60, Mn: 14, and Pb: 14.
Resistant isolates as a percentage were determined as Cd:
79.5, Cu: 72.3, Mn: 16.9, and Pb: 16.9, respectively (Fig.
2).

Heavy Metal Resistant Isolate

1. Station 2. Station 3. Station 4. Station
mCd “Cu mMn mPb

Figure 2. Stational changes value of heavy metal resistance
levels.

Seasonal change values of the antibiotic resistance
levels of Gelevera Creek water and sediment samples
according to stations; antibiotic resistance levels of 11
isolates with high heavy metal resistance at the First
Station were determined as follows: KZ: 81.8%, CXM:
63.3%, NA: 54.5%, AMP: 54.5%, MEM: 36.4%, CTX:
33.3%, AK: 18.2%, and E: 9.1%. Also, all isolates were
determined of chloramphenicol sensitivity. Heavy metal
resistance numbers of isolates with antibiotic resistance
were determined as Cd: 11, Cu: 5, Mn: 3, and Pb: 2,
respectively. Resistant isolates as a percentage were
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determined as Cd: 100 Cu: 45.5 Mn: 27.3 and Pb: 18.2,
respectively. Also, antibiotic resistance levels of 33
isolates with high heavy metal resistance in the Second
Station were determined as follows: KZ: 54.5%, NA:
51.5%, AMP: 45.5%, CXM: 42.4%, CTX: 24%, 2, M:
21.2%, AK: 21.2%, MEM: 15.2%, and C: 3%. Heavy metal
resistance numbers of isolates with antibiotic resistance
were determined as Cd: 29, Cu: 25, Mn: 15, and Pb: 10,
respectively. Resistant isolates as a percentage were
determined as Cd: 87.9, Cu: 75.8, Mn: 45.5, and Pb: 30.3,
respectively. Likely, antibiotic resistance levels of 18
isolates with high heavy metal resistance at the Third
Station were as follows: KZ: 72.2%, CXM: 66.7%, NA:
55.6%, AMP: 38.9%, CTX: 38.9%, MEM: 38.9%, AK:
22.2%, E: 16.7%, and C: 3% Heavy metal resistance
numbers of isolates with antibiotic resistance were
determined as Cd: 15, Cu: 8, Pb: 7 and Mn: 3, respectively.
Resistant isolates as a percentage were determined as Cd:
83.3, Cu: 44.4, Pb: 38.9, and Mn: 16.7, respectively. And,
antibiotic resistance levels of 20 isolates with high heavy
metal resistance at Station Four are KZ: 70%, CXM: 65%,
CTX: 60%, AMP: 45.9%, NA: 45%, MEM: 35%, AK:
25%. C: 10% and E: 5%. Heavy metal resistance numbers
of isolates with antibiotic resistance were determined as
Cd: 17, Cu: 15, Pb: 9, and Mn: 6, respectively. Resistant
isolates as a percentage were determined as Cd: 85, Cu: 75,
Pb: 45, and Mn: 30, respectively.

CmE mAK CTX " MEM mAMP mNA uCXM mKZ

4. Station

3. Station

2. Station

1. Station

0% 20% 40% 60% 80% 100%

Figure 3. Stational changes value of antibiotic levels (%).

E |

AK
MEM
CTX
AMP
NA
CXM
Kz

0% 20% 40% 60% 80%

Antibiotics

Figure 4. Antibiotic Resistance Levels (%).
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During the study, resistance to at least 2
antibiotics was detected in 66 of the 82 isolates isolated and
it was determined that 80.5% of the MAR Index reference
range was exceeded (Table 2).

Table 2. MAR index value results of the isolates.

Number of antibiotics 9 8 7 6 5 4 3 2 1 0
Number of resistant isolates 1 0 0 6 16 15 16 12 10 6
MAR>0.2 N=82 66 (%80.5)

DISCUSSION and CONCLUSION

When we look at the findings of the studies on
antibiotic and heavy metal resistance levels of bacteria
isolated from water resources worldwide, India, West
Bengal, Kolkata, Dhapa, isolated from municipal waste
Bacillus sp. heavy metal tolerant and antibiotic-resistant
microorganisms were detected. In the presence of Cd*?>
Cr*6> Ni*2> Co*? metals, respectively, the resistance ratios
and antibiotic resistance of the isolates are determined by
many factors such as kanamycin (30 pg / disk), ampicillin
(25 pg/ disk) and methicillin (5 pg / disk). It has also been
observed to be resistant to antibiotics (Samanta et al.,
2012). Resistant bacteria were investigated in sediment and
seawater samples taken from the Aegean Sea between 2011
and 2013. All bacteria isolated from sediment samples
showed 100% resistance to rifampicin, sulfonamide,
tetracycline and ampicillin. It was noted that 98% of
bacteria were resistant to nitrofurantoin  and
oxytetracycline, and bacteria isolated from sediment had
higher antibiotic and heavy metal resistance than seawater
samples. Among the isolates, the highest bacterial metal
resistance was reported as 58.3% against copper, 33.8%
against zinc, 32.1% against lead, 31% against chromium
and 25.2% against iron (Altug et al., 2020).

Antibiotic and heavy metal resistance of bacteria
isolated from different wastewater contaminated areas in
Bucharest and its surroundings in Romania are 40%
resistant to amoxicillin-clavulanic acid, 30% to cefazolin
and tetracycline, 25% were resistant to cefoxitin and
ceftazidime, 20% to ceftriaxone and sulfamethoxazole,
that 15% were resistant to aztreonam, ciprofloxacin,
piperacillin and imipenem, 10% to tobramycin and 5% to
cefotaxime and amikacin respectively. It has been
determined that 15% of the heavy metal resistance ratio of
the isolates are resistant to mercury, 40% to copper, 75%
to chromium and 80% to zinc, and 100% of all isolates are
resistant to cadmium and aluminum (Marinescu et al.,
2017). Antibiogram test of P. shigelloides (n = 182)
isolated from 3 rivers of South Africa was performed. In
this study, freshwater P. shigelloides isolates were tested
against 24 antibiotics and it was determined that they have
multiple resistance against cephalosporins, quinolones, and
fluoroquinolones. 13 EUCAST (ERA) and 11 non-
recommended antibiotics (NA), used as first-line agents in
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the treatment of gastroenteritis and extraintestinal
infections, were tested. Resistance to ERAs cefoxitin
37.9%, cefuroxime 35.1%, cefepime 31.8%, ceftriaxone
29.6%, ciprofloxacin 18.1%, trimethoprim-
sulfamethoxazole 10.4%, piperacillin 8.7%, ertapenem
4.9%, norfloxacin 4.4%, levofloxacin 2.7%, meropenem
1.1% and imipenem 0.5%. Although isolates have higher
resistance (>36.07) to NA's, it has been reported that they
are susceptible to amikacin 67.5%, gentamicin 73%, and
tetracycline 80.7% (Ekundayo & Okoh, 2020). In their
study aiming to determine the antibiotic and heavy metal
resistance of S. aureus associated with animal husbandry,
which was first isolated from South African livestock
production systems, heavy metal resistance is determined
as cadmium 90%, zinc 88%, lead 86%, and copper 84%.
When antibiotic resistance was examined, it was reported
that 90.8% of the S. aureus isolates were resistant to at least
three antibiotics and therefore were classified as multidrug-
resistant and 98% of the tested isolates were resistant to
penicillin G (Dweba et al., 2019). Compared to the findings
of the studies carried out, the findings in our study have
some similarities in terms of the isolates in the antibiotic
and heavy metal resistance levels. Exposure to antibiotic-
resistant bacteria poses a public health problem as it is
directly linked to disease management. There can be
several ways of dealing with resistant bacteria. Hospital
and city wastewater appear to play an important role in
spreading bacteria and antibiotic resistance genes to our
environment (Aali et al., 2014).

In terms of determining sea fish 134 isolated
Enterobacteriaceae antibiotics and heavy metal resistance
levels, the findings indicated that antibiotic resistance
levels of; erythromycin: 85%, cefazolin: 79.8%,
cefotaxime: 78.3%, cefuroxime axetil: 71.6%, nalidixic
acid: 60.4%, ampicillin: 58.9%, amikacin: 53.7%,
tetracycline: 47.7% and streptomycin: 17.9%. In addition,
it was determined that the rate of isolates exceeding the
CAA reference value was 88% and the isolates had a high
level of heavy metal resistance (Sipahi et al., 2013). Fecal
bacterial density and resistance to antibiotics of a total of
232 Gram-negative bacteria isolated in Kiiciikcekmece
Lagoon (Istanbul) are as follows: ampicillin 76.3%,
amoxicillin-clavulanic acid 36.9%, streptomycin 20.7%,
nalidixic acid, and tetracycline 16.8%, ceftazidime 16.4%,
chloramphenicol 9.4%, imipenem 6.8% and amikacin
6.4% (Sivri et al., 2012). In another study, similar results
were acquired by Mercimek Takci et al., (2021) who stated
that MAR and MHMR index of 21 E. coli strains isolated
from Seve Dam and Konak Pond, Kilis were recorded as
0.187 and 0.202, respectively. Resistance rates of
Enterobacteriaceae isolates isolated from Batlama Creek
(Giresun) are reported as follows: ampicillin: 75%,
erythromycin: 64%, nalidixic acid: 48%, tetracycline:
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39%, amikacin: 34%, cefazolin and chloramphenicol:
33%, cefuroxime: 32%, and cefotaxime: 23%. In the study,
it was reported that 77% of the isolates exceeded the MAR
reference limit and two isolates were resistant to all
antibiotics tested (Akkan, 2017).

Antibiotic resistance profiles were determined as
amoxicillin 77.5%, ampicillin 100%, cefazolin 65%, and
cefoxitin 65% in isolates isolated from 6 different drinking
water sources open to the public in Kilis (Sahin, 2018).
Current antibiotic resistance development of E. coli
isolated from different stations seasonally for 1 year from
the central Batlama Creek of Giresun has been determined
as follows: ampicillin 59%, tetracycline 50.8%, nalidixic
acid 44.4%, erythromycin 42.9%, chloramphenicol 38.1%,
cefazolin 36%, cefuroxime 35.9%, cefotaxime 28.4%. The
ratio of multiple antibiotic resistance values (MAR) was
reported as 73.28% (Topkaraoglu, 2018). In the study
conducted to determine the frequency of antibiotic and
heavy metal resistance from water samples taken from
Lake Sapanca between 2008 and 2010, the highest
bacterial resistance among 84 isolates was found to be
90.4% to vancomycin, 88.1% to ampicillin, and 64,2% to
amoxicillin-clavulanate. When the resistance was
examined, rates varying between 10.7% and 59.5% were
found against cefuroxime, kanamycin, aztreonam,
ceftazidime, cefotaxime, and oxacillin. In terms of heavy
metal ions, the highest frequency was recorded as 74.1%
against nickel; and heavy metal resistance against copper,
zinc, mercury, and cadmium were 52.3%, 46.4%, 33.3%,
and 26.1%, respectively (Tiiretken et al., 2019).

The resistance levels of 325 bacteria against 4
different heavy metals were determined after the selective
isolation of Gr (-) and Gr (+) bacteria. Resistance levels of
325 bacteria isolated in total to Cd, Cu, Pb and Mn heavy
metals were determined as 89.0%, 60.16%, 33.0%, 29.8%
(Cd> Cu> Pb> Mn), respectively. In addition, antibiotic
resistance levels of the isolates with high heavy metal
resistance levels were determined at each station. The 82
isolates with high resistance against heavy metals,
antibiotic resistance levels of these isolated strains are as
follows: cefazolin: 69.6%, cefuroxime: 59.4%, nalidixic
acid: 51.7%, ampicillin: 46.0%, cefotaxime: 39.1%,
meropenem: 31.4%, amikacin: 21.7%, erythromycin:
13.0%, and chloramphenicol: 3.3%. In our study, two
isolates with high antibiotic and heavy metal isolate no 55
and 642 showing high resistance were identified by Vitek-
Il Compact System and defined as Serratia marcescent
(99%) and Enterococcus avium (91%). In addition, the rate
of multiple antibiotic resistance values (MAR) in surface
water sample isolates is 80.5%. As a characteristic member
of the Enterobacteriaceae family and supplementary to its
competence for survival, S. marcescens characteristically
exhibitions a tendency to express antimicrobial resistance.
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S. marcescens are uniformly resistant to a great range of
antibiotics involving narrow-spectrum-penicillins and
cephalosporins, cefuroxime, cephamycins, macrolides,
tetracycline, nitrofurantoin, and colistin (Stock et al.,
2003). The region around the Sangam region of Allahabad,
Uttar Pradesh, India has shown a large variety of
microorganisms out of which S. marcescens has shown
significant antibiotic and heavy metal resistant patterns. To
survive these metal stressed terms, microorganisms have
developed to withstand the uptake of heavy metal ions.
(Nies and Silver, 1995). S. marcescens is ubiquitous and
can be found in water, soil, plants, insects, and animals
(Abbott, 1999). Distinct strains of Serratia have shown
different resistant patterns suggestive of plasmid-borne
transfer of resistant genes or pump effluxing systems. But
it has been proposed that increasing antibiotic resistance of
Gram-negative bacteria is primarily because of mobile
genes on plasmids that can easily travel through bacterial
populations (Kumarasamy et al., 2010).

In conclusion, this study shows that isolates taken
from Gelevera Creek (Giresun) have high resistance to
commercially used antibiotics and heavy metals, and this
suggests that there is antibiotic and heavy metal pollution
on drinking water sources. When compared to the studies
in the literature, it is concluded that the antibiotic and
heavy metal resistance levels of the bacteria isolated from
the Gelevera Course are at a considerable level and the
current situation must be checked with a regular
monitoring program.
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Oz Bu ¢alisma bildircin diyetlerine ilave edilen betainin performans, karkas randimani ve bazi
¢ https://orcid.org/0000-0002-5003-3383 i¢ organ agirliklart ile duodenum villus uzunluklan {izerine etkilerini incelemek amaci ile
yapilmistir. Deneme 1 giinliik yastaki 150 adet japon bildircini ile yiiriitiilmiistiir. Arastirmada
hayvanlar 1 kontrol ve 2 deneme grubu olmak iizere toplam 3 gruba ayrilmustir. Gruplar, her
birinde 10 civciv bulunan 5 alt gruba ayrilmistir. Denemede kontrol grubu sadece bazal diyetle
beslenirken deneme gruplarina sirasiyla; %0,3 ve %0,8 betain HCL eklenmistir. Deneme
rasyonlar1 izokalorik ve izonitrojenik olarak hazirlanmistir. Hayvanlara yem ve su ad-libitum
verilmigtir. Caligma 35 gilin siirdiiriilmiistiir. Elde edilen verilere gore betainin bildircin
diyetlerine ilavesiyle canlt agirlik, canlt agirlik artigi, yem tiiketimi, yemden yararlanma orani
ile duodenum villus uzunlugu lizerine istatistiksel olarak olumlu etkiler gosterdigi belirlenmistir

*Sorumlu yazarin:
Miikremin OLMEZ
Kafkas Universitesi Veteriner Fakiiltesi

Hayvan Besleme ve Beslenme Hastaliklart (P<0,05). Karkas randimani ve bazi i¢ organ agirliklar iizerine etkisinin olmadig tespit

%B_D, Kkars, _Tﬁﬂldyc ol edilmistir (P>0,05). Sonug¢ olarak; bildircin diyetlerine %0,8 diizeyinde betain ilavesinin

- mukremin.olmez@hotmail.com biiylime performansi ve bagirsak sagligini iyilestirdigi ve giivenle kullanilabilecegi sonucuna
varilmigtir.

Anahtar Kelimeler: Betain,bildircin, karkas, performans, villus.

Effects of Betain Using on Growth Performance, Carcass and Duodenum Villus Length in
Japanese Quail Diets

Abstract: This study was aimed to examine the effects of betaine supplemented to quail diets
on performance, carcass yield and some visceral weights and duodenal villus lengths. The study
was conducted with 150 one-day-old Japanese quails. In the study, animals were equally
divided into 3 groups as 1 control and 2 experimental groups. Groups were divided into 5
subgroups of 10 chicks each. While the control group was fed only basal diet, the experimental
groups were fed with; 0.3% and 0.8% betaine HCL were added in the trial. Diets were prepared
as isocaloric and isonitrogenic. Feed and water were supplied ad-libitum. The study was lasted
for 35 days. According to the data obtained, betaine was found to have statistically positive

*Corresponding author’s: effects on body weight, body weight gain, feed consumption, feed conversion rate and duodenal
gﬁﬁgfgﬁ‘gf%ﬁdnfj,\mﬂiﬁon and Nutritional villus length with the supplementation of quail diets (P <0.05). It was found that it had no effect
Diseases, Faculty of Veterinary, Kafkas on the carcass yield and some visceral weights (P> 0.05). It was concluded that 0.8% betaine
University, KARS, Turkey supplementation to quail diets improved growth performance and intestinal health and could be
D}: mukremin.olmez@hotmail.com used safely.

Keywords: Betaine, carcass, quail, performance, villus.
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Betain, protein ve enerji metabolizmasinda
onemli rol oynayan ii¢ metil grubundan olusan amino asit
tirevidir (Ratriyanto vd., 2009). Kanatli organizmasinda
betain metil donorii ve ozmoprotektan olarak iki dnemli
fonksiyona sahiptir (Metzler-Zebeli vd., 2009). Bunun
yaninda betainin sindirim kanalindaki besin maddelerinin
sindirilebilirligini arttirdigi bilinmektedir (Eklund vd.,
2006). Betain, kolin ve metiyonin ¢iftlik hayvanlarmin
rasyonlarinda 3-metil grubu saglayicilaridir. Metiyonin
protein sentezinde birincil kaynak olarak kullanilirken geri
kalan kismi metil grubu reaksiyonlarinda
degerlendirilmektedir (DasSarma vd., 2006). Kolin,
asetilkolinin sentezinde kullanildiktan sonra geri kalanm
betain molekiiline doniistiiriilmektedir (Niculescu &
Zeisel, 2002). Betain,
olusturdugu  homosisteine  metil  grubu
transsiilflirasyon ile metiyonin veya sisteine doniismesini
saglar. Betain metiyonin doniisiimiiyle protein sentezinin
artmasini ve bdylece kanathlarda biiylime performansmnin
daha yiiksek olmasini saglayabilmektedir (Rao vd., 2011).
Hayvan beslemede karma yemlere betain ilavesinin kolin
ve metiyonin ihtiyacini azalttifi, kolin

metiyonin metabolizmasinin
vererek

ve metiyonin
yararlanabilirligini arttirdigi belirtilmistir (Eklund vd.,
2005). Kanatli diyetlerine betain ilavesinin canli agirlig1 ve
yemden yararlanma oranmi iyilestirdigi bildirilmekle
birlikte Ayrica mineral emilimini ve kaslarin su tutma
kapasitesini arttirarak canl agirlik ve karkas agirligini
arttirdign da tespit edilmistir (Esteve-Garcia & Mack,
2000).

Betainin hiicrede birikmesi, ozmotik dengenin
daha az enerji ile kurulmasini saglamaktadir (Remus,
2001). Betain ozmotik etkisiyle bagirsak epitel hiicrelerini
koruyarak villus gelisimini destekledigi ve bagirsakta
bulunan  mikroorganizmalar1  destekleyerek  besin
maddelerinin sindirilebilirligini arttirmaktadir (Dos Santos
vd., 2019; Ratriyanto vd., 2017).

Bu calismada Japon bildircin diyetlerine farkli
diizeylerde ilave edilen betainin biiyiime performansi,
karkas, i¢ organ agirliklari ve duodenum villus uzunluklart
iizerine etkilerinin degerlendirilmesi amaglanmustir.

MATERYAL VE METOT

Hayvanlar, Deneme Dizayni ve Yem: Bu calisma
Kafkas Universitesi Hayvan Deneyleri Yerel Etik
Kurulu’nun KAU-HADYEK/2020-159 kodlu onayryla
yapildi. Calisma 35 giin siirdiiriildii. Hayvan materyali
olarak bir giinliik yasta 150 adet Japon bildircin1 (Coturnix
coturnix japonica) kullanildi. Calisma 1 kontrol ve 2
deneme olmak iizere {i¢ grupla yiiriitiildii. Her bir deneme
grubu igerisinde on hayvan bulunan bes alt gruba ayrildi.
Aragtirmada kontrol grubuna bazal diyet verilirken deneme
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grubu diyetlerine %0,3 ve %0,8 betain HCL ilave edildi.
Her alt gruptaki bildircinlar 60x20x100 c¢cm oOlgiilerine
sahip tiire 6zel olarak diizenlenmis kafeslerde barindirildi.
Caligmadaki tiim gruplar %24 HP ve 2950 kcal’kg ME
iceren diyetle beslendi (Tablo 1). Diyet formiilasyonu
NRC’ye gore hazirlandi (Dale, 1994) ve AOAC’ye gore
besin madde analizleri yapildi (AOAC, 2019). Hayvanlara
yem ve su ad libitum olarak sunuldu. Caligma siiresince
tim hayvanlar ilk ii¢ giin boyunca 32-33 °C sicaklikta
tutulduktan sonra sicaklik her hafta 1-2 °C diisiiriilerek 25
°C’ye sabitlendi. Kafeslere 24 saat/glin aydinlatma
saglandi. Arastirmada kullanilan betain 6zel bir ticari
firmadan (Betamar®, Vimar A.S.- Istanbul) tedarik edildi.

Tablo 1. Beslemede kullamlan rasyonun besin madde ve
kimyasal analiz icerigi.
Table 1. Nutrient and chemical analysis content of the diet.

igindekiler %
Misir 56,11
Soya kiispesi (%48 HP) 40,20
Bitkisel yag 1,00
Mermer tozu 1,33
Dikalsiyum fosfat 0,60
Tuz 0,25
L-lizin siilfat 0,15
L-treonin 0,11
Vitamin - Mineral karigimi* 0,25
Toplam 100

Besin madde analizi
Ham protein (%)
*Metabolize enerji (Kcal/kg)

23,80
2950

*Kalsiyum (%) 119
*Fosfor (%) 031
*Lizin (%) 1,33
*Metiyonin (%) 0,80
*Treonin (%) 1,02
*Triptofan (%) 0,33

*Hesapla bulunmustur.

Performans: Canli agirlik (CA) ve yem tiiketimi
(YT) tim alt gruplarda haftalik olarak belirlendi. Yapilan
tartimlar sonucu elde edilen farklardan canli agirlik artist
(CAA) ve yemden yararlanma orani (YYO) hesaplandi
(YTICAA).

Karkas Parametreleri: Denemenin sonunda,
karkas Ozelliklerini incelemek igin her gruptan rastgele 10
adet bildircin segilip a¢ birakildiktan sonra tek tek tartilip
kesim agirliklart belirlenerek kesildi. Kesilen hayvanlarin
kan1 bosaltildiktan sonra tiiyler yolundu. I¢ organlar (kalp,
karaciger ve taslik) cikarilarak karkas ve i¢ organlar
tartilip  agirhiklart belirlendi. Sicak karkas randimani
hesaplandi.

Histolojik ~ Analizler:  Calisma  sonunda
bildircanlardan alinan duodenum doku ornekleri %10°luk
formol soliisyonunda tespit edildikten sonra rutin histolojik
islemlerden gegirilerek parafinde bloklandi. Bu bloklardan
alinan 5Sp’luk kesitlere duodenum dokusunun genel
yapisini incelemek amaci ile Crossman’mn {iglii boyama
teknigi (Triple Boyama) uygulandi (Luna, 1968). Tim
gruplarin duodenum dokusunda villus uzunluk 6lgiimleri
i¢in image-j (vI. 501) software programi kullanildi. Villus
uzunluk o6l¢timleri her bir grupta 4 farkl kesitteki toplam
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40 alandan yapildi (Akgiil vd., 2015).

Istatistik Analiz: Elde edilen performans ve
karkas parametreleri ile villus uzunluklar1 SPSS 20.0
(IBM-USA) istatistik programimda degerlendirildi.
Gruplara ait sonuglar arasindaki farklilik tek yonlii varyans
analizi (ANOVA) ile belirlendi. Gruplar arasindaki ikili
karsilastirmalarda Duncan ¢oklu karsilastirma testi
kullanildi. Onemlilik P<0,05 derecesinde belirlendi.

BULGULAR

Bildircin diyetlerine betain ilavesinin performans
tizerine etkileri Tablo 2' de verilmistir. Deneme sonu CA,
CAA, YT ve YYO betain igeren gruplarda istatistik olarak
onemli derecede etkilenmistir (P<0,05).

Tablo 2. Betainin performans parametreleri tizerine etkisi

Table 2. Effect of betaine on performance parameters
Parametreler Kontrol B1 B2 P

Cikim, g 8,30+0,02 8,29+0,02 8,28+0,03 0,833
CA-35.giin, g 172,29+0,77° 180,27+1,08° 179,20+1,28° 0,001
CAA, g/giin 4,69+0,02° 4,910,03 4,88+0,04° 0,001
YT, g/giin 16,45:0,11° 17,07£0,112 16,79+0,15% 0,009
YYO, g/g 3,51+0,03° 3,48+0,00% 3,44+0,00% 0,016

CA: Canliagirhk, CAA: Canli agirlik artisi, YT: Yem tiiketimi, YYO: Yemden yararlanma orani.
ab; Ayni satirda farkli harflerle ifade edilen ortalamalar arasindaki farkliliklar nemlidir (P<0,05).

Calisma sonuclarina gore karkas randimani, kalp,
karaciger ve tashk agirliklari betain ilavesinden
etkilenmemistir (P>0,05) (Tablo 3).

Tablo 3. Betainin kesim parametreleri {izerine etkisi
Table 3. Effect of betaine on slaughter parameters

Parametreler Kontrol 0,3% Betain 0,8% Betain P
Karkas Randimani, % 64,28+1,99 65,01+2,68 67,12+1,86 0,647
Kalp, g 1,66+0,07 1,52+0,04 1,51+0,08 0,716
Karaciger, g 4,53+0,33 4,22+0,29 4,34+0,17 0,409
Tashk, g 2,93+0,38 3,18+0,20 3,44+0,15 0,507
Histolojik parametreler incelendiginde %0,8

diizeyinde betain HCL ilave edilen grupta duodenum villus
uzunlugunun diger gruplara goére daha yiiksek oldugu tespit
edilmistir (P<0,05) (Tablo 4).

Tablo 4. Betainin duodenum villus uzunlugu iizerine etkisi

Table 4. Effect of betaine on duodenal villus length
Parametre Kontrol 0,3% Betain 0,8% Betain P
Villus uzunlugu (um) 1309,60+53,25°  1214,09+59,68°  1640,58+76,98% 0,001

#b: Ayni satirda farkh harflerle ifade edilen ortalamalar arasindaki farkhiliklar nemlidir (P<0,05).

TARTISMA VE SONUC

Bu arastirma bildircin diyetlerine ilave edilen
betain katkisinin CA, CAA, YT, YYO, karkas randimani
ve i¢ organ agirliklari ile duodenum villus uzunluklar

iizerine olan etkilerini tespit etmek amaciyla
yiritilmistir.

Betain ilavesinin calisma sonunda performans
parametrelerini  istatistik olarak O6nemli derecede

iyilestirdigi bulunmustur. Deneme sonu CA ve ortalama
ginliik CAA incelendiginde betain ilave edilen iki grupta
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da kontrol grubuna gore daha yiiksek canli agirlik degerleri
elde edilmistir. Glinliik ortalama en yiiksek YT nin %0,3
betain HCL igeren grupta oldugu belirlenirken en iyi YYO’
nun ise %0,8 betain HCL igeren grupta oldugu tespit
edilmistir.

Sunulan ¢alismanin sonuglari
degerlendirildiginde bazi calismalarla uyum igerisinde
oldugu goriilmiistiir. Betainin etlik piliglerde performans
parametrelerinin degerlendirildigi bir caligmada diyete
%0.8 diizeyinde ilavesinin CA ve CAA’y1 arttirdig
bildirilmistir (Sahin vd., 2020). Chand vd., (2017) ise etlik
pilic diyetlerine betainin 2g/kg diizeyinde ilavesi ile YT ve
YYO’yu olumlu diizeyde etkilendigini belirtmiglerdir. El-
Husseiny, (2007) de broiler diyetlerine 0.75 g/kg
diizeyinde betain ilavesinin YYO’yu iyilestirdigini
belirlemistir. Mevcut ¢alisma sonuglart diger bazi literatiir
bildirigleriyle de benzerlik gostermistir (Liu vd., 2019;
Sakomura vd., 2013b). Arastirmalardan elde edilen
performans parametrelerinde goriilen iyilesmenin betainin
etkisiyle artan besin madde sindiriminden
kaynaklanabilecegi ifade edilmistir (Sakomura vd.,
2013Db). Yine betainin enerji ve protein metabolizmasini
etkileyerek bilyiime performansini destekleyebilecegi
tespit edilmistir (Eklund vd., 2005).

Waldroup vd., (2006)’nin betain ilavesiyle
performans parametrelerinde herhangi bir degisiklik
olmadigi yoniindeki bildirisi ile Schutte vd., (1997)’nin
betainin etlik pili¢lerde performansi diisiirdiigii yoniindeki
bildirisi mevecut ¢alisma sonuglari ile farklilik arz etmistir.
Betainin etkinliginde goriilen farkliliklarin rasyonlarin
protein ve enerji icerigine bagl olabilecegi bildirilmistir
(Lawrence vd., 2002).

Yapilan arastirmalarda betain ilavesinin karkas
randimani ile kalp, karaciger ve taslk agirliklar {izerine
etkisinin olmadigini bildiren sonuglar mevcut c¢alisma
sonuglar1 ile benzerlik gostermektedir (El-Shinnawy,
2015; Sahin vd., 2020). Benzer sekilde Uzunoglu ve
Yalcin, (2019) betain ilavesinin etlik piliglerde karkas
randimanini etkilemedigini bildirmislerdir. Bu
calismalarin aksine betain ilavesinin su tutma kapasitesini
artirarak, karkas randimanini yiikselttigi  yOniinde
arastirma sonuglar1 da bulunmaktadir (Chand vd., 2017;
Waldroup & Fritts, 2005). Baska bir ¢alismada ise etlik
piliclerde betain ilavesinin karkas randimanini arttirdigi,
ancak karaciger Tlzerine olumsuz etki gosterdigi
belirlenmistir (Jahanian & Rahmani, 2008). Etlik pili¢lerde
yapilan bir ¢aligmada ise betainin 100 mg/kg diizeyinde
ilavesinin karkas randimani {izerine iyilestirici etki
gosterdigi tespit edilmistir (Esteve-Garcia & Mack, 2000).
Sonuglarda goriilen farkliliklarin beslenme sartlariyla
birlikte betainin kullanim dozu ile iliskili oldugu
diigtiniilmektedir.

Bagirsaklarda goriilebilecek bozukluklar veya
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hasarlar  besinlerin  emiliminin  azalmasma, epitel
gegirgenliginin  artmasina, hastaliklara karsit direncin
azalmasma ve bunun sonucunda da kanatlilarda
performansin diigmesine yol agmaktadir (Wijtten vd.,
2011). Bu agidan bakildiginda bagirsak morfolojisi genel
anlamda bagirsak sagligi hakkinda arastirmalara 1sik
tutabilmektedir. Bagirsak villus biitlinliigiiniin ve epitel
hiicrelerinin aktivitesinin korunmast patojen
mikroorganizmalarin girisini Onleyeceginden bagirsak
sagligmin iyilestirilmesinde onemli rol oynamaktadir
(Wang vd., 2020). Nitekim mevcut ¢aligmada, betain
ilavesinin  duodenum villus uzunlugunu arttirdigi
belirlenmistir. Bagirsaklarda betain birikimi, enterositlerin
su tutma kapasitesini gelistirdiginden bagirsak epitel
hiicrelerinin yapisinin korunmasinda etkili oldugu ve
kanatlilarda bagirsagin gerilme mukavemetini artirarak
villus uzunlugunu olumlu etkiledigi ortaya konmustur
(Kettunen vd., 2001a). Betaninin bu sayede kanatlilarda
besin emilimini ve yemden yararlanma oranmni arttirarak
performanst iyilestirdigi diisiintilmektedir. Dos Santos vd.,
(2019) etlik pili¢lerde betain ilavesinin, duodenum villus
genisligini azaltip, uzunlugunu artirdigmm1 bunun da
duodenumda  emilim  kapasitesini  iyilestirdigini
bildirmislerdir. Baska bir ¢alismada ise betainin iyonofor
antikoksidiyallerle birlikte kullaniminin bagirsak sagligini
korudugu belirtilmistir (Kettunen vd., 2001b). Eklund vd.,
(2005) betainin etlik piliglerde bagirsak villus biitinliigiini
koruyarak daha iyi besin emilimi ve sindirilebilirlik
sagladigini tespit etmislerdir. Betainin 1s1 stresi altindaki
etlik piliglerde villus uzunlugunu etkilemedigini bildiren
¢alismalar da bulunmaktadir (Sakomura vd., 2013a).
Ortaya ¢ikan bu farkliligin olusturulan 1s1 stresinin boyutu
ve siiresi ile diyete katilan betain diizeyine bagh
olabilecegini diisiindiirmiistir.

Sonu¢ olarak; betain %0,8 diizeyinde canli
agirhik, canl agirlik artis;, yemden yararlanma orani ve
duodenum villus uzunlugunu iyilestirmistir. Kanath
diyetlerine betain ilavesinin bagirsak sagligini olumlu
etkileyerek performansi artirabilecegi ancak kesim
parametrelerini artirict etkinliginin arastirilmasi gerektigi
kanaatine varilmustir.
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Abstract: Staphylococcus spp. are the important bacterial agents of subclinical and clinical
mastitis cases. This study was aimed to determine the vancomycin resistances, antibacterial
resistance profiles, some virulence genes, and pheno- and genotyping of staphylococci from
mastitis. For this aim, 121 staphylococcal isolates were analyzed. The identifications of isolates
were confirmed with PCR for being Staphylococcus spp. and Staphylococcus aureus. The
antibiotic resistance patterns were determined by Kirby-Bauer Disc Diffusion Tests and
according to the resistance profiles, the isolates were antibiotyped. The vancomycin resistance
genes were determined by PCR for investigating the vanA, vanH, vanR, vanS, vanZ, vanY and
vanX genes. The vancomycin resistant isolates were genotyped with RAPD-PCR. The nuc gene
was detected in 86 of 121 staphylococcal isolates examined and named as Staphylococcus aureus.
The remaining 35 isolates were defined as Staphylococcus spp. S. aureus isolates were found to
be resistant to penicillin G, amoxicillin/clavulanic acid, oxacillin, tetracycline, cefoperazone,
teicoplanin, vancomycin and trimethoprim-sulfamethoxazole at 50% (43/86), 40.7% (35/86),
34.9% (30/86), 23.3% (20/86), 22.1% (19/86), 18.6% (16/86) 10.5% (9/86) and 8.1% (7/86)
respectively. On the other hand, 4 (11.4%) of 35 Staphylococcus spp. isolates were resistant to
penicillin G, 3 (8.6%) to amoxicillin/clavulanic acid, 2 (5.7%) to trimethoprim-sulfamethoxazole,
1 (2.9%) to oxacillin, cefoperazone, teicoplanin, while all isolates were sensitive to vancomycin
and tetracycline. Of the 9 S. aureus isolates that were phenotypically resistant to vancomycin,
vanA gene was detected in 2 and vanR gene in 3 isolates. Multiple resistances to three or more
antibiotics were determined in 42 of 86 S. aureus isolates. In addition, coa gene was detected in
61 (70.9%) of 86 S. aureus isolates. 10 different gene polymorphisms were detected in coa gene
positive isolates. While the spa gene was determined in all S. aureus isolates, it was revealed that
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*Corresponding author’s: they had 4 spa gene polymorphisms. Nine different genotypes with a similarity between 51-75%
Alper CIFTCI were detected in the genotyping of vancomycin resistant 9 isolates. In conclusion, multiple
Ondokuz Mayss University, Faculty of antibiotic resistance rates in S. aureus isolates investigated were found to be important for mastitis
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Microbioiogy, Samsun, Turkey treatment. The results obtained from this study show that milk and dairy products containing these
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derived Staphylococcus strains.
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Mastitisli Sigirlardan izole Edilen Stafilokoklarda Antibiyotik Direnci ve Viriilens
Gen Profilleri

Oz: Staphylococcus spp. subklinik ve klinik mastitis olgularinin 6nemli bakteriyel etkenleridir.
Bu ¢alismanin amaci, mastitis kaynakli stafilokoklarin vankomisin direnglerini, antibakteriyel
direng profillerini, baz1 viriilans genlerini ve feno- ve genotiplendirmesini belirlemektir. Bu
amagla 121 stafilokok izolatimn analizi yapilmustir. Izolatlarm Staphylococcus spp. ve
Staphylococcus aureus olmak tizere identifikasyonlari PCR ile ve antibiyotik direng paternleri de
Kirby-Bauer Disk Diflizyon Testleri ile belirlendi. Izolatlar direng profillerine gore
antibiyotiplendirildi. VanA, vanH, vanR, vanS, vanZ, vanY ve vanX genlerinin PCR ile

[ This study was produced from the master thesis.
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arastirilmast sonucunda vankomisin diren¢ genleri belirlendi. Vankomisine direngli izolatlar,
RAPD-PCR ile genotiplendirildi. Incelenen 121 stafilokok izolatinin 86'sinda nuc geni saptandi
ve Staphylococcus aureus olarak identifiye edildi. S. aureus izolatlarimin penisilin G,
amoksisilin/klavulanik asit, okzasilin, tetrasiklin, sefaperazon, teikoplanin, vankomisin ve
trimetoprim-sulfamethoxazole sirasiyla %50 (43/86), %40.7 (35/86), %34,9 (30/86), %23,3
(20/86), %22.1 (19/86), %18,6 (16/86) %10,5 (9/86) ve %8,1 (7/86) oraninda direngli bulundu.
35 adet Staphylococcus spp.'nin 4 (%11,4) penisilin G'ye, 3 (%8,6)’ti amoksisilin/klavulanik
aside, 2 (%5,7) 'si trimetoprim-siilfometaksazole, 1 (%2,9) 'i oksasilin, sefaperazon, teikoplanine
direng gosterirken, tiim izolatlar vankomisin ve tetrasikline duyarliydi. Vankomisine fenotipik
olarak direngli olan 9 S. aureus izolatindan 2'sinde vanA, 3'iinde vanR geni saptandi. 86 S. aureus
izolatinin 42'sinde ii¢ veya daha fazla antibiyotige karsi ¢oklu direng belirlendi. Ayrica 86 S.
aureus izolatinin 61 (%70.9) 'inde coa geni tespit edildi. coa geni pozitifizolatlarda 10 farkli gen
polimorfizmi tespit edildi. Tim S. aureus izolatlarinda spa geni belirlenirken, 4 spa gen
polimorfizmi goriildii. Vankomisine direngli 9 izolatin genotiplendirilmesinde %51-75 arasinda
benzerlik gosteren dokuz farkli genotip tespit edildi. Sonug olarak, arastirilan S. aureus
izolatlarinda ¢oklu antibiyotik direng oranlart mastitis tedavisi igin dnemli bulunmustur. Bu
caligmadan elde edilen sonuglar, bu faktorleri igeren siit ve siit {irlinlerinin mastitis kaynakl
Staphylococcus suslarinda vankomisin direncinin belirlenmesi nedeniyle halk sagligi agisindan
risk olusturdugunu gostermektedir.

Anahtar kelimeler: Coa, inek, mastitis, RAPD-PCR, spa, Staphylococcus, vankomisin direnci.

INTRODUCTION

Bovine mastitis is a costly and multifactorial
disease for businesses and producers due to reduced milk
production, increased treatment costs, culling and
mortality rates in dairy farms. More than 130 different
types of microorganisms have been isolated in cow milk
with mastitis. Staphylococcus aureus might be present in
both subclinical and clinical mastitis cases as one of the
most common chronic mastitis factors (Monistero et al.,
2020). It has been reported that there are many factors
involved in virulence of S. aureus strains that cause
mastitis. Coagulase, DNAse, protein A, toxins
(enterotoxins, leukotoxins, toxic shock syndrome toxin,
exulsive toxin, etc.), hemolysins, fibrinolysins, and biofilm
formation were responsible for the formation of S. aureus
originated mastitis (Momtaz et al., 2010; Kot et al., 2016)

Although the discovery of effective agents used in
the prevention and treatment of infections caused by
bacteria and other pathogenic microorganisms is one of the
most important developments in modern medicine,
substances with anti-infective potential have actually been
used for thousands of years. With the introduction of
penicillin in the 1940s, the mortality rate due to
staphylococcal infections decreased rapidly. However,
shortly after, S. aureus strains started to produce
penicillinase enzyme and developed penicillin resistance
and these resistant strains spread rapidly. In the late 1950s,
approximately 50% of strains became resistant to
penicillin. At the same dates, strains of S. aureus, which
showed multiple  resistance  to  tetracycline,
chloramphenicol and erythromycin, were reported
(Schwarz et al., 2018). Methicillin, the first semisynthetic
penicillinase resistant antimicrobial agent, entered clinical
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use in 1959. Two years later, in 1961, the first methicillin-
resistant S. aureus (MRSA) isolates were reported from the
UK (Jevons, 1961) and later became a problem in Europe
in the 1960s and the USA in the 1970s (Hartstein &
Mulligan, 1986). MRSA strains showing multiple
resistance to antibiotics spread all over the world in the late
1980s and 1990s (Schmitz & Jones, 1997). MRSA s still
among the most common nosocomial pathogens in
hospitals of various sizes all over the world. Due to the
increase in infections due to multiple resistant MRSA
strains, vancomycin has been used for the treatment of
staphylococcal nosocomial infections for the last 25 years.
Vancomycin resistance was reported in clinical isolates of
coagulase negative staphylococci in 1987 (Schwalbe et al.,
1987). Clinical failures due to the selection of teicoplanin
resistant isolates were reported after treatment of S.aureus
infections with teicoplanin in 1990 (Kaatz et al., 1990). The
emergence of MRSA isolates with reduced sensitivity to
the vancomycin of Japan, USA and France in 1997 is very
worrying (CDCP, 1997; Hiramatsu et al., 1997). These
strains are resistant to most other antimicrobial agents and
are isolated from patients who do not respond to
vancomycin therapy. Vancomycin is a narrow-spectrum
bactericidal antibiotic that was first isolated from
Streptomyces orientalis on Borneo Island in 1956. Shortly
after its isolation, it was purified in 1956 and entered
clinical use. It lost importance after use of meticillin due to
the impurity the preparations used in the first years and
frequency of side effects, but gained importance with the
first reporting of a methicillin-resistant S. aureus isolate in
1961 and the increasing MRSA infections since 1982.

In this study, it was aimed to investigate the
vancomycin resistances, antibacterial resistance profiles,
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some virulence genes, pheno-
staphylococci from mastitis.

and genotyping of

MATERIAL AND METHOD

Bacterial isolates: Within the scope of the study,
121 Staphylococcal isolates from bovine mastitis milks
were examined. For the molecular identification, DNASs
were extracted from fresh colonies by boiling method as
described previously and their concentrations were
equalized to 50 ng/microliter (Sezener et al., 2019). PCR
was performed for the identification of isolates as
Staphylococcus spp. and/or S. aureus. S. aureus specific
nuc gene (279 bp) and Staphylococcus spp. specific 16S
rRNA gene (756 bp) were investigated (Table 1) (Ciftci et
al., 2009).

Table 1. Oligonucleotide primer sequences used for
identification.
Oligonucleotide sequence (5’-3°) Band size (bp)

Staph756F AAC TCT GTTATT AGG GAA GAA CA 756
Staph756R CCACCTTCC TCCGGTTTG TCACC
nuc 1 GCG ATT GAT GGTGATACG GTT 279
nuc 2 AGC CAA GCC TTG ACG AAC TAAAGC

Antibiotic sensitivity  tests: Antibiotic

susceptibility tests of all isolates were performed under the
conditions recommended by the Clinical and Laboratory
Standards Institute (2013) by Kirby Bauer disc diffusion
technique. For this purpose, standard antibiotic discs
[oxacillin (10 pg), vancomycin (30 pg), teicoplanin (30
pg), trimethophrim-sulfamethoxazole (25 pg), tetracycline
(30 pg), penicillin G (10 pg), cefoperazone (75 pg),
amoxicillin-clavulonic acid (20/10 pg)] were used. The
results were evaluated as sensitive (S), intermediate (1), and
resistant (R) (CLSI, 2018).

Determination of vancomycin resistance level:
Broth microdilution technique recommended by the
Clinical and Laboratory Standards Institute (CLSI, 2018)
was used to determine the minimal inhibition
concentrations (MIC) of vancomycin resistance in
staphylococcal strains. MIC values for staphylococci
against vancomycin were evaluated as 4 pg/ml for
susceptible, 8-16 pg/ml for intermediate susceptible
(VISA), >32 pg/ml for resistant (VRSA).

Genotypic  determination of vancomycin
resistance: Vancomycin resistance genes of isolates which
were determined to be resistant to vancomycin by diffusion
method were determined by PCR. PCR was performed for
these genes using specific oligonucleotides for the vanA,
vanH, vanR, vanS, vanZ, vanY, and vanX genes (Table 2)
in the vanA gene cluster of staphylococcal isolates
(Dezfulian et al., 2012). Amplification products were
visualized with UV transilluminator after 1.5% agarose gel
electrophoresis.
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Determination of virulence genes: Coagulase
(coa) and protein A (spa) virulence genes of all isolates
were determined by PCR. coa and spa genes presences and
polymorphisms were detected by the method reported by
Ciftci etal. (2009). The polymorphisms of the isolates were
determined according to the band sizes displayed, and the
isolates were typed with respect to their band sizes.

Table 2. Oligonucleotide primer sequences used to identify

vancomycin resistance genes.
Primer Oligonucleotide sequence (5°-3°)

Band size (bp) \nnealing (°C)

vanR1 F  AGCGATAAAATACTTATTGTGGA’ 645 53
vanR2 R CGGATTATCAATGGTGTCGTT

vanSl F  TTGGTTATAAAATTGAAAAATAA 1155 47
vanSs2 R TTAGGACCTCCTTTTATC

vanHL F  ATCGGCATTACTGTTTATGGAT 943 55
vanH2 R TCCTTTCAAAATCCAAACAGTTT

vanAl F  ATGAATAGAATAAAAGTTGCAATAC 1029 50
vanA2 R CCCCTTTAACGCTAATACGAT

vanXl F  ATGGAAATAGGATTTACTTT 609 46
vanx2 R TTATTTAACGGGGAAATC

vanYl F  ATGAAGAAGTTGTTTTTTTTA 912 47
vanY2 R TTACCTCCTTGAATTAGTAT

vanZl F  TTATCTAGAGGATTGCTAGC 454 51
vanzZ2 R AATGGGTACGGTAAACGAGC

Genotyping and phylogenetic analysis: RAPD-
PCR was performed using M13 (5'-AAG TAA GTG ACT
GGG GTG AGC G-3) primer for genotyping of
vancomycin resistant isolates (Findik et al., 2011). The
similarities and numbers of the bands among RAPD
patterns were determined based on the Dice similarity
coefficient. To create a dendrogram that graphed genetic
relatedness among isolates, “Unweighted Pair Group
Method with Arithmetic Averages (UPGMA)” was
employed using CHEF-DR® 111, Quantity One® Software
(Bio-Rad Laboratories, Hercules, CA).

RESULTS

Genotypical identification of isolates: It was
determined to contain Staphylococcus spp. specific 16S
rRNA gene of all isolates and confirmed to be
Staphylococcus spp. The nuc gene was detected in 86 of
121 staphylococcal isolates examined and named as S.
aureus. The remaining 35 isolates were identified as
Staphylococcus spp.

Antibiotic sensitivity test results: The resistance
profiles of the isolates examined in the study are shown in
Table 3-5.

Table 3. Antibiotic susceptibility profiles of S. aureus isolates.

VA TEC OX SXT TE PEN-G CEP AMC
R 9 16 30 7 20 43 19 35
| 0 10 5 14 16 6 18 6
S 7 60 51 65 50 37 49 45

S: sensitive; I: Intermediate; R: resistant. VA: vancomycin; TEC: teicoplanin; OX: oxacillin; SXT:
trimethoprim-sulfamethoxazole; TE: tetracycline; PEN-G: penicillin G; CEP: cefoperazone;
AMC: amoxicillin / clavulanic acid

Table 4. Antibiotic susceptibility profiles of Staphylococcus spp.

isolates.
VA TEC OX SXT TE PEN-G CEP AMC
R 0 1 1 2 0 4 1 3
| 0 2 3 4 3 2 4 1
S 35 32 31 29 32 29 30 31
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Vancomycin resistance level results: MIC values
were determined for 9 isolates that were determined to be
vancomyecin resistant by the disc diffusion technique. As a
result of the evaluation, 7 isolates were found to be
resistant to 32 pg/ml and 2 isolates to 64 pg/ml
vancomycin.

Table 5. Multiple antibiotic resistance profiles of isolates.

Number of antibiotics with resistance S. aureus (n) Staphylococcus spp. (n)

8 9 0
7 6 0
6 7 0
5 9 0
4 6 0
3 5 2
2 11 6
1 16 5
0 17 22

Genotypic  determination of vancomycin
resistance: Vancomycin resistance genes of 9 isolates
determined to be resistant to vancomycin by disc diffusion
method were determined by PCR method. As a result of
PCR, it was determined that 2 isolates gave positive band
for vanA (1029 bp) and 3 isolates for vanR (645 bp) gene.
In 4 isolates resistant to vancomycin, the genes examined
could not be determined.

Virulence gene results: coa and spa virulence
genes of all S. aureus isolates (n = 86) included in the study
were determined by PCR method. As a result of PCR
performed to detect coa gene, 61 of isolates were found to
be positive. The band profiles of the isolates for coa were
presented Table 6.

Table 6. Coa polymorphism profiles of S. aureus isolates.

Coagroup Band size (bp) Number of isolates
1 950 2
800, and 400
550
800
550, and 500
820, and 250
250
820, 620, and 580
120
negative

BO©O~NoaswN
NEENvwwoo s~~~

As a result of PCR with the presence of spa gene,
86 isolates were found to be positive. The band profiles of
the isolates for spa were presented in Table 7.
Table 7. Spa polymorphism profiles of S. aureus isolates.

spa group Band size (bp) Number of isolates
1 130 26
2 200 31
3 290 16
4 310 13

Genotyping and phylogenetic analysis results:
As a result of RAPD-PCR for genotyping of vancomycin
resistant isolates, 9 different genotypes with a similarity
between 51-75% were detected (Figure 1 and 2).
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Figure 1. RAPD-PCR profiles of S. aureus isolates.

0.68

Fig. 2. Phylogenetic proximity analysis of S. aureus isolates.
DISCUSSION

Bovine mastitis is the most costly disease to the
dairy industry worldwide as well as in Turkey. S. aureus is
an important etiologic agent of mastitis in ruminants and
also has an economical importance in cattle industry. There
are many enzymes involved in the virulence of
staphylococci. Coagulase is an extracellular proenzyme
that coagulates the plasma by converting the fibrinogen to
fibrin. Detection of this enzyme, which is accepted as a
pathogenicity criterion for S. aureus, is routinely used to
differentiate pathogenic staphylococci. Of the 121 isolates
examined in the study, 73 were found to be coagulase
positive and all of the positive isolates were S. aureus. It
was observed that 13 S. aureus examined did not
synthesize coagulase enzyme. The expression of the
coagulase enzyme depends on the presence of the coa gene,
and for this purpose, the presence of coa gene in the S.
aureus isolates and the polymorphism in the gene were
investigated for this purpose. As a result of PCR performed
to detect coa gene presence and polymorphism, 61 isolates
were found to be positive for coa gene and the remaining
25 isolates were found to be negative. The isolates found
to be coa positive were grouped according to the band
profiles they showed as a result of polymorphism occurring
in the gene and 10 profiles were determined. While 25 of
the isolates did not contain the coa gene, 2 isolates
produced a band of 950 bp. On the other hand, we were
determined that formed three isolates 800 and 400 bp 2
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bands, 7 isolates 550 bp single band, 4 isolates 800 bp
single band, 6 isolates 550 and 500 bp 2 bands, 3 isolates
820 and 250 bp 2 bands, 3 isolates 250 bp single band, 31
isolates 120 bp single band and 2 isolates formed 820, 620
and 580 bp size 3 bands. These results were found to be
compatible with previous study (Karahan & Cetinkaya,
2007; Xu et al., 2015; Oliveira et al., 2016) data indicating
that polysorphisms in terms of coa gene in mastitis isolate
bacteria show that this shows diversity in mastitis isolate S.
aureus.

The colonization process of S. aureus begins with
its attachment to the host cell surface, and this takes place
through the adhesins contained in the bacteria. Most of the
adhesins contained in S. aureus are proteins found in cell
peptidoglycans called Protein A (spa). Protein A is used as
an important reagent in immunology and diagnostic
laboratory technology for its properties such as binding to
the 1g molecule and agglutinating bacteria against specific
bacterial antigens. The gene responsible for the synthesis
of protein A is the spa gene. As a result of the study, 86
gene isolates were found positive in terms of spa gene
presence and PCR after polymorphism of isolates
identified as S. aureus. It was determined that the isolates
carrying the spa gene formed a band of different sizes and
thus showed polymorphism in 4 different groups. It was
seen that 26 of the isolates were 130 bp, 31 were 200 bp,
16 were 290 bp and 13 were 310 bp. As a result, it was
determined that all mastitis isolates S. aureus carry the spa
gene but there are polymorphisms in terms of gene. As this,
spa genes are also common in several other studies on
bovine mastitis, it can be assumed that these genotypes are
prevalent among dairy cows (Schabauer et al., 2018;
Pichette-Jolette et al., 2019)

The discovery of effective agents used in the
treatment of infections caused by pathogenic bacteria is
considered one of the most important developments in
modern medicine. Like many other bacterial agents, there
are antibiotics that staphylococci are resistant.
Staphylococcus strains resistant to antibiotics cause
problems in the treatment of bovine mastitis as in other
diseases (Schwarz et al., 2018). There are many studies
(Guimardes et al., 2017; Haubert et al., 2017; Sezener et
al., 2019) showing that resistance to most antibiotics such
as methicillin, vancomycin, used in the treatment of cattle
mastitis of staphylococcal origin has developed over time.

In this study, S. aureus isolates were found to be
resistant at penicillin G, amoxicillin/clavulanic acid,
oxacillin,  tetracycline,  cefoperazone, teicoplanin,
vancomycin and trimethoprim- sulfamethoxazole 50%
(43/86), 40.7% (35/86), 34.9% (30/86), 23.3% (20/86),
22.1% (19/86), 18.6% (16/86) 10.5% (9/86) and 8.1%
(7/86) respectively. On the other hand, 4 (11.4%) of 35
Staphylococcus spp. isolates were resistant to penicillin G,
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3 (8.6%) to amoxicillin/clavulanic acid, 2 (5.7%) to
trimethoprim- sulfamethoxazole, 1 (2.9%) to oxacillin,
cefoperazone, teicoplanin, while all isolates were sensitive
to vancomycin and tetracycline. Penicillin resistance is
probably the best known antimicrobial resistance property
of S. aureus and its frequency in the current study is in
accordance with other studies that examined antibiotic
susceptibility patterns of staphylococci isolated from cases
of bovine mastitis. Resistance to penicillin among S.
aureus from bovine mastitis has been encountered with
increasing frequency throughout the world. However, the
reported prevalence rates have varied extensively in
different geographical regions. The percentage of penicilin
resistant S. aureus isolates was found to be as high as 87%
in China (Shi et al., 2010), 61% in Estonia (Kalmus et al.,
2011), 50% in Turkey (Sezener et al., 2019), 45.3% in
Kenya (Antok et al., 2020), 41% in Poland (Jagielski et al.,
2014) 25% in 9 country cited by vetpath study group (de
Jong et al., 2018).

Besides, MIC values of vancomycin-resistant S.
aureus isolates were determined as 32 pg/ml for 7 isolates
and 64 pg/ml vancomycin resistant (VRSA) for 2 isolates.
Of the 9 S. aureus isolates that were phenotypically
resistant to vancomycin, vanA gene (1029 bp) was detected
in 2 and vanR gene (645 bp) in 3. In 4 isolates resistant to
vancomycin, the genes examined could not be determined.
Multiple resistance to three or more antibiotics was
determined in many of S. aureus isolates (48.8%, 42/86). It
was determined that S.aureus isolates were resistant to 8,
7, 6,5, 4, 3, 2and 1 antibiotics at 10.47%, 6.98%, 8.14%,
10.47%, 6.98%, 5.81%, 12.79% and 18.60% respectively.
Seventeen isolates were also found to be sensitive to tested
antibiotics. This shows the emergence of antimicrobial
resistance in S. aureus isolated from bovine mastitis
samples in Turkey. Recently, an increase in the number of
antimicrobial resistant bacteria from bovine mastitis has
been recognized, similar to the results obtained in this
study (de Jong et al., 2018; Sezener et al., 2019). When
evaluated in terms of multiple resistance, 5.71% of the
Staphylococcus spp. isolates were found resistant to 3
antibiotics, 5.71% to 2 antibiotics and 17.14% to 1
antibiotic. Twenty-two isolates were found to be sensitive
to all antibiotics tested. Multiple antibiotic resistance was
found to be higher in S. aureus compared to other
staphylococci. As a result, it was concluded that due to its
multiple antibiotic resistance, mastitis originated S. aureus
posed a risk both in the treatment of the animal and in terms
of public health.

Molecular typing of bacterial isolates is done due
to variations in chromosomal DNA structure (Goh et al.,
1992; Carter et al., 2003). As with other bacterial species,
Staphylococcus strains have many subtypes. Accurate
identification of clones with high virulence or
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epidemiologically spreading is considered important
(Frenay et al., 1994; Frenay et al., 1996). Molecular typing
systems have many advantages such as high performance
and easy applicability compared to conventional methods.
Although Pulsed-Field Gel Electrophoresis (PFGE), which
is one of the molecular typing methods, is accepted as the
“golden standard”, PCR-based methods are frequently
used for their quick results, ease and economy (Sabat et al.,
2006). RAPD-PCR typing, which is one of the PCR based
methods, is a typing method based on the principle of
replicating DNA in short sections under the primer and
variable reaction conditions that are randomly bound to
DNA. This method is often used to determine genetic
affinities among the isolates. It provides comparison of
bacterial species depending on the regions to which the
primer is attached (Qu et al., 2019).

Correct and fast typing of staphylococci is
important in controlling the infection (Hookey et al., 1998).
There are many subtypes of staphylococci, especially S.
aureus, that vary depending on their virulence genes
(DaSilva et al., 2006). Determining the genetic variation
and heterogeneity in these bacteria is important for
determining rational and effective strategies for
staphylococci that cause mastitis (Kapur et al., 1995). In
this study, as a result of RAPD-PCR performed using the
M13 primer for genotyping of vancomycin resistant 9
isolates, 9 different genotypes with a similarity between
51-75% were detected. This detected diversity showed that
there was diversity in mastitis-derived S.aureus strains and
the clones causing infection were not closely related.
Similar results were reported in other studies, with 2
predominant RAPD types of 6 representing 71% (Wang et
al., 2016) and 60% (Qu et al., 2019) S. aureus isolates.
Therefore, particular S. aureus strains might transmit more
from cow to cow.

In conclusion, multiple antibiotic resistance rates
in S. aureus isolates investigated were found to be
important for mastitis treatment. The results obtained from
this study show that milk and dairy products containing
these factors pose a public health risk due to the
determination of vancomycin resistance in mastitis-derived
Staphylococcus strains. Very close genetic relationship
could not be detected in Staphylococcus isolates isolated
from bovine mastitis. This status indicates that there is a
polymorphism genotypically among the isolates. Further
studies are needed with Staphylococcal isolates from cattle
with more mastitis.
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Abstract: The present study aims to investigate the condition, length-weight (LWRs) and length-
length relationships (LLRs) of four introduced freshwater fish species (Carassius gibelio,
Cyprinus carpio, Gambusia holbrooki, and Pseudorasbora parva) inhabited in the inland waters
of Gokgeada (Canakkale, Turkey). Fish samples were collected using electroshocker from one
lentic (Biiyiik Stream) and four lotic (Aydincik, Derekdy, Gokgeada, and Ugurlu Reservoirs)
ecosystems in September 2019, April 2020, May, 2020, and July 2020. The calculated values of
parameter b in the LWRSs were 3.275 and 3.230 for G. holbrooki (Ugurlu and Biiyiik populations,
respectively), 3.031 and 2.937 for C. carpio (Aydincik and Derekdy populations, respectively),

*U: https://orcid.org/0000-0002-1268-0379
- https://orcid.org/0000-0001-6861-6221

*Corresponding author’s:
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Bir Ada Ekosistemindeki (Gokceada, Tiirkiye) Dort A§1lanm1§ Tathsu Bahg
Tiiriiniin Kondisyon, Boy-Boy ve Boy-Agirhk Iliskileri

Oz Bu calisma, Gokceada (Canakkale, Tiirkiye) i¢sularinda yasayan dort agilanmuis tatlisu baligt
tirtiniin (Carassius gibelio, Cyprinus carpio, Gambusia holbrooki ve Pseudorasbora parva)
kondisyon, boy-agirlik iliskileri (BAI) ve boy-boy iliskilerini (BBI) incelemeyi amaglamaktadir.
Balik 6rnekleri Eyliil 2019, Nisan 2020, May1s 2020 ve Temmuz 2020 aylarinda bir lentik (Biiyiik
Dere) ve dort lotik (Aydincik, Derekdy, Gokceada, ve Ugurlu Baraj Golleri) ekosistemden
elektrosok cihazi kullanilarak toplannustir. BAI kullanilarak hesaplanan b parametresi degerleri
G. holbrooki igin 3,275 ve 3,230 (sirasiyla Ugurlu ve Biiyiik populasyonlart), C. carpio i¢in

*Sorumlu yazar: 3,031 and 2,937 (sirastyla Aydincik ve Derekdy populasyonlari), C. gibelio igin 3,129 ve P. parva
Zevafll(kA?%AMf_RM it e icin 3,047°dir. Fulton’un kondisyon faktorii (K) degerleri 1,72 + 0,23 (P. parva, Gokgeada
anakkale Unsekiz art Universitesi, H H . oo o . . o L.
Giokeeada Uygulamals Bilimler Y iksekokulu, pczpulasypnu) ile 3,60.# Q,33 (C. carpio, Derekoy populaS)'/onu) "arfc.l51nda"deg1§1.k{1k “gosterrfnstlr.
Gokeeada, Canakkale, Tiirkiye Tiim BBI denklemleri i¢in korelasyon katsayilari (r) 0,95'ten biiyiikk ve 6nemli 6l¢iide dogrusal
4: agdamars@gmail.com olarak belirlenmistir. Bu ¢aligma, Gokgeada'da tespit edilen dort agilanmus tatlisu balig tiirii i¢in

secilen biyolojik parametreler hakkindaki ilk bilgileri saglamaktadir.

Anahtar kelimeler: Ada ekosistemi, biyolojik 6zellikler, dogal olmayan tiir, icsular.

INTRODUCTION

Biological invasions are natural events and native species into new areas either intentionally or
essentially point out range expansions of species into novel unintentionally (Copp et al., 2005). When these
environments (Censky et al., 1998). One of the events for introductions are accomplished and end up with biological
underlying biological invasions is an introduction of non- invasions, they have the possible to lead significant
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economic and biodiversity losses, such as been sighted
globally (Pimentel et al., 2005). Successful biological
invasions include complicated relationships between the
introduced species and the physical and/or biological traits
of the novel environments (Hayes & Barry, 2008). It is
important to determine some biological indices (e.g.
condition factor, and length-weight relationships) and to
evaluate these indices in order to track the invasion success
of introduced species. The success of introduced fish
species has been correlated with the spatial variability of
life-history traits (Havel et al., 2005). Such variabilities
support introduced species due to higher toleration to
changes in biological indices and plasticity of life-history
traits such as condition factor and length-weight
relationships (Marchetti et al., 2004).

Condition factors (K), length-length relationships
(LLRs), and length-weight relationships (LWRs) are
significant instruments in fish biology, ecology, fisheries
management, and conservation (Froese, 1998). Condition
factors (K) are widely utilized for measuring the condition,
fatness, or well-being of fish (Tesch, 1971). Fish condition
is a cursor of recent physical and biological states (Le Cren,
1951), therefore, the condition factor ensures significant
knowledge about present and future population success
with its relationship via growth, reproduction, and survival.
Length-weight relationships (LWRs) can be used to change
the length to weight and the opposite. Length can be
detected more readily than weight during the field surveys.
Thus, weight can be determined after field surveys using
LWR. Furthermore, LWR is helpful for comparing the life
history of an organism in different environments and
seasons (Gongalves et al., 1997) which can be utilized for
morphological comparison of species and populations
(Petrakis & Stergiou, 1995). Length-length relationships
(LLRs) are used for different varieties of fish length
measurements in ichthyological explorations. Briefly
stated, standard length (SL) is used in taxonomic research,
whereas total length (TL) and fork (FL) length are
generally utilized for the determination of fish growth
(Moutopoulos & Stergiou, 2002). So, it is important to
determine these LLRs to be helpful in comparing the
results of different studies that use different measurement
types in length.

Due to the absence of any native fish species
except one species, reservoir ecosystems of Gokceada are
"empty" in terms of native fish species and it is indicated
that introduced fish species have successfully filled all
these empty niches. Hence, the aim of this study was to
identify the K-values, LLRs, and LWRs for four introduced
freshwater fish species gibel carp (Carassius gibelio
Bloch, 1782), common carp (Cyprinus carpio Linnaeus,
1758), eastern mosquitofish (Gambusia holbrooki, Girard,
1859), and topmouth gudgeon (Pseudorasbora parva
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Temminck & Schlegel, 1846) in the lentic and lotic
ecosystems of Gokgeada Island. Growth parameters of the
introduced fish species currently living in the inland waters
of the island were studied in order to discover the impact
of the alterations in the fish composition in view of fish
introductions in the inland waters. On the other hand, long-
term survey is necessary to track the impacts of alterations
in the fish composition on fish populations. The findings of
this study would ensure a source for further assessment of
the changes in fish growth following deliberately or
accidentally introduction of non-native species into the
insular ecosystems.

MATERIALS AND METHODS

Fish samples were collected using electrofishing
(SAMUS-1000 portable electroshocker; frequency 50-55
Hz) from one lentic (Bilyiikk Stream) and four lotic
(Aydincik, Derekdy, Gokgeada, and Ugurlu Reservoirs)
ecosystems of Gokceada between September 2019 and
August 2020 (Figure 1). Data on the sampling sites and
sampling dates were listed in Table 1. The map was created

using QGIS wver. 3.4 software available from
http://qgis.org.
.
GOKCEADA a
oe -
L
4

Figure 1. The study area and the sampling stations (1: Biiyiik
Stream, 2: Aydincik Reservoir, 3: Derekdy Reservoir, 4:
Gokgeada Reservoir, 5: Ugurlu Reservoir).

Table 1. Data on the sampling sites and dates of four introduced fish

species in Gokgeada.
Sampling Areas

Locality Locality Coordinate Sampling Dates
No

- 40° 13' 24" N,
Biiyiik Stream 1 250 531 44" E September 2019
Aydincik 2 40° 8' 53" N, September 2019; May 2020; July
Reservoir 25°55'42"E 2020
Derekoy 40° 8' 26" N, X
Reservoir 3 250 441 0" September 2019; July 2020
Gokgeada 4 40° 10'45" N, September 2019; April 2020;
Reservoir 25°51'57T"E May 2020; July 2020

- . 40° 8' 12" N, X
Ugurlu Reservoir 5 September 2019; July 2020

25°42'49"E

Statistical Analysis: The fish samples were
measured for total (TL), fork (FL) and standard length (SL)
to the nearest 0.1 cm and weighed for total body weight
(W) on a digital balance with a 0.01 g accuracy. The length-
weight relationship was calculated using the equation:
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W=aL?®, where W is the total weight (g), L is the standard
length (cm), a and b are regression parameters (Le Cren,
1951). The equation (W=alP) was converted into the
natural logarithmic  form  (InW=Ina+bInSL)) and
parameters a (regression intercept) and b (slope) were
calculated by the regression analysis (King, 2007). 95%
confidence intervals (Cl) of parameters a and b were
estimated by the equation: 95%CI=x+(to0s%SE) (x: a or b;
t: table value of t (t-test at 95% confidence); SE: standard
error value of a or b) (King, 2007).

The length-length relationship was calculated
using linear regression analysis for being comparable to the
results of different studies, which will use different length
measures (Gaygusuz et al., 2006). The fish condition was
assessed with Fulton’s Condition Factor (K=(W/L?)x100)
(Ricker, 1975).

RESULTS

In total, 288 specimens of four introduced fish
species were collected from one lentic and four lotic
ecosystems of Gokgeada Island (Table 1). The average
standard length (SL + SD) and body weight (W + SD) of

J. Anatolian Env. and Anim. Sciences, Year:6, No:3, (403-408), 2021

G. holbrooki were 1.9+0.4 cm and 0.18 £ 0.12 g for Biiyiik
population and 2.3 £ 0.7 cm and 0.37 = 0.53 g for Ugurlu
population, respectively. For C. carpio, the average SL +
SD and W + SD were 4.5 £ 1.2 cm and 3.84 + 5.40 g for
Aydincik population, and 4.8 = 2.5 cm and 8.46 +24.20 g
for Derekdy population. The average SL = SD and W + SD
of C. gibelio were calculated as 11.8 + 0.8 and 52.54 +
12.36 g for Gokgeada population, and they were calculated
as 4.7+ 1.4 cmand 2.18 + 1.71 g for P. parva in the same
population. The estimated LWRs and condition factors of
four species were listed in Table 2. The calculated values
of parameter b in the LWRs were 3.230 and 3.275 for G.
holbrooki (Biiyiik and Ugurlu populations, respectively),
3.031 and 2.937 for C. carpio (Aydincik and Derekdy
populations, respectively), 3.129 for C. gibelio and 3.047
for P. parva (Figure 2). Fulton's condition factor varied
between 1.72 + 0.23 (P. parva, Gokgeada Reservoir
population) and 3.60 + 0.33 (C. carpio, Derekoy
population). The estimated LLRs of four species were
summarized in Table 3. The coefficients of correlation (r)
for all the LLR equations were greater than 0.95 and
significantly linear.

Table 2. The descriptive statistics, estimated parameters of length-weight relationships and condition factor values of four introduced fish
species living in Gokgeada (n: number of individuals, SL: standard length, W: body weight, Min: minimum, Max: maximum, a: intercept,
b: slope, 95% CI: 95% confidence limit, r: coefficient correlation, K: condition factor, SD: standard deviation).

Species Locality n ﬁ/ll_lncnl\]/lax \&’”?Max Regreasion Paraineters 950 CL of a 959 CL of b r K &SD)
combucia rolroo BuyUK Strcam ER 1130 0.020.56 0,018 3230 0,016 0,021 3057 3403 000 214022
Ugiurlu Reservoir 89 1350 0.03-3.40 0.016 3275 0.015 - 0.018 3168 3.381 099 202+032
Cyprins carpio Aydmeik Reservor 47 21100 0283874 0.031 3,031 0.025 0,038 28943168 000 3272032
Derckdy Reservoir 51 26-165 063 162.45 0.039 2037 0.035 - 0.044 2.863 3.010 099 3.60+0.33
Carassius gibelio Gokgeada Reservorr 33 104139 3512 86.68 0.023 3.129 0.0060.079 26033635 092 3132029
Pseudorashora parva__ Gokgeada Reservoir 30 2070 012 657 0.016 3.047 0.0120.020 2880 3.004 099 1725023

Table 3. Relationships between total, fork and standard length for four introduced fish species living in Gokgeada (n: sample size, TL:

Total length, FL: Fork length, SL: Standard length, a and b are the parameters of linear regression analysis).

Species Locality

n

SL=a+hTL

SL =a+bFL

FL=a+bTL

Biiyiik Stream

Gambusia holbrooki Usurlu Reservoir

38
89

SL=-0.022+0.771 TL (r=0.97)
SL =-0.094 +0.815 TL (r=0.99)

Aydincik Reservoir

Cyprinus carpio Derekdy Reservoir

47
51

SL=-0.132+0.794 TL (r = 0.99)
SL =-0.149 +0.806 TL (r = 0.99)

SL =-0.130 +0.887 FL (r = 0.97)
SL =-0.174 +0.906 FL (r = 0.99)

FL =-0.011 +0.896 TL (r = 0.99)
FL =0.026 + 0.890 TL (r = 0.99)

Carassius gibelio Gokgeada Reservoir

33

SL=0.755+0.732 TL (r = 0.97)

SL =0.254 + 0.838 FL (r =0.98)

FL =0.616 + 0.872 TL (r=0.98)

Pseudorashora parva Gokgeada Reservoir

30

SL =-0.066 +0.812 TL (r = 0.99)

SL =-0.058 +0.885 FL (r = 0.99)

FL =-0.008 +0.918 TL (r = 0.99)

070 Wig)

Species: Gambusia holbrooki
Locality: Biyik Stream

W =0.0394 SL2838
r=09934

Species: Cyprinus carpio
Locality: Derekby Resenoir

SL (em)

SL{em)

oo Wi

W =0.016 5132
r=09781

10 20 30 40

Species: Gambusia holbrooki
Locality: Ugurlu Resenvoir

Wia)

W =0.0226 513123
r=0.8413
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Figure 2. Diagram of the length-weight relationships of four introduced fish species living in Gokgeada inland waters.
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DISCUSSION

Biological parameters have been used for
ichthyological studies since the beginning of the last
century (Froese, 2006) as a basic instrument to evaluate the
well-being of species. The parameter of condition factor
evaluates the condition of fish and can also be utilized to
respectively distinguish and measure the impacts of length
condition and other relevant factors (Le Cren, 1951). In the

present study, values of K (see Table 2) varied between
1.72 for P. parva and 3.60 for C. carpio (Derekoy
population). The condition factors of examined species
found in this study were strikingly higher than the values
reported in the previous studies (Table 4). Condition
factors of >1 show a good status of feeding and suitable
environmental factor (Ujjania et al., 2012). The K-values
of all examined populations in the present study were >1
showing their proper environmental conditions of habitats.

Table 4. The comparison of K and b values of the current study and previous studies.
Species K References Species b References
2.02 This study 3.230 This study
214 This study 3.275 This study
G. holbrooki 113 Eagderi & Radkhah (2015) G. holbrooki 3.230 Oztiirk & Ikiz (2004)
128 Ergiiden & Ergiiden (2008) ’ 2.945 Ilhan & Sar1 (2015)
138 Ergiiden (2013) 2.960 Ergiiden (2013)
2.866 Kurtul & Sari (2020)
3.27 This study 2.937 This study
3.60 This study 3.031 This study
C. carpio 187 Demirkalp (2007) C. carpio 3.140 Tarkan et al. (2006)
1.34 Karatas (2007) 3.319 Karatas et al. (2007)
1.97 Yilmaz et al. (2010) 3.010 Colakoglu & Akyurt (2011)
313 This study 3129 This study
C. gibelio 249 Bostanci (2007) C. gibelio 2.856 Birecikligil et al. (2016)
2.68 Yazicioglu (2013) -9 2.870 Reis et al. (2019)
2571 Ergiiden (2015)
172 This study 3.047 This study
P. parva 0.96 Klrankaya"et al. (2014) P. parva 3.324 Kirankaya et al. (2014)
0.95 Arslan & Ozeren (2019) ’ 2.867 Benzer et al. (2016)
3.121 Benzer & Benzer (2020)

In the present study, the coefficient of correlation
(r) values for all the LLRs of four introduced fish species
were greater than 0.95 (see Table 3) and these results
would be useful for comparative growth studies of the
same species. On the other hand, the b values in LWRS
determine the growth type of the fish and when it is 3, the
increase in weight is isometric (Bagenal & Tesch, 1978),
otherwise it is allometric (positive allometric if b>3,
negative allometric if b<3; see King, 1996). Additionally,
this value usually estimated in fishes is within the range of
2.5-3.5 (Froese, 2006). In this study, the estimates of b
values varied between 2.937 (C. carpio, Derekoy
population) and 3.275 (G. holbrooki, Ugurlu population)
for examined fish species (see Table 2) and these values
are in the expected range. According to these findings, C.
gibelio, C. carpio, and P. parva showed isometric growth
(b=3), whereas G. holbrooki showed positive allometric
growth (b>3). When these findings are compared with the
results in the literature for the same ecosystems in Turkey,
for the examined fish species in this study, the b values
found in this study was both lower and higher than those
reported by different authors (Table 4). Different
environmental conditions in the habitat of fish have
negative or positive impacts on growth (Nikolsky, 1963).
This may clarify same fish species in different habitats can
exhibit differences on growth. The other reasons for these
differences could be the different TL ranges and different
sample sizes (more small or large individuals) of the
statistical populations examined in the different researches
(Froese, 2006). Additionally, sex, health condition, gonad

maturity, and stomach fullness could be thought the other
factors that would be effective on these differences.

In conclusion, introduced species are able to
survive a broad diversity of environments and adapt to high
levels of habitat disruptions, being able to inhabit
ecosystems that many other species are incapable to
tolerate (Aradjo et al., 2003). Thus, introduced species are
in good status in terms of condition and other growth
parameters. The results of this study stated that introduced
species can be survived to different environmental factors
by regulating their growth model. On the other hand, this
study presented the first information about the selected
biological indices (i.e. K and LWR) for four introduced
fish species in Gokgeada that would be useful for
researchers to better understanding its phenotypic
plasticity in lotic and lentic ecosystems of the island.
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Abstract: Disease transmission via semen is an extremely adversarial situation in terms of
animal husbandry and reproductive productivity. Artificial insemination is the most widely used
method in reproductive biotechnology. The main purpose of artificial insemination is to make
genetic improvements. Millions of semen doses produce and distributed throughout the world.
With this method, semen obtained both domestically and abroad affects animal husbandry
throughout the country. Therefore, absolutely semen should be free from all kinds of disease
factors. Control strategies should be determined and implemented in the entire process, from
semen procurement to storage. Serious measures should be taken in semen production facilities;
breeding animals should be checked regularly. Semen obtained from breeding animals in sperm
stations should be investigated for various pathogens. Care should be taken to vaccinate the
animals, and disease-free herds should be created. The purpose of this review is to review the
importance of diseases via semen and the determination of control strategies.

Keywords: Cattle, control, disease, semen, transmission.

Hastaliklarin Sperma Yoluyla Bulagsmasi: Onemi ve Kontrol Stratejileri, Tiirkiye
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Oz: Sperma yoluyla hastalik bulagmas1, hayvancilik ve iireme verimliligi agisindan son derece
olumsuz bir durumdur. Suni tohumlama, ilireme biyoteknolojileri arasinda yaygin olarak
kullanilan yontemdir. Suni tohumlamanin temel amaci genetik iyilestirme saglamaktir.
Milyonlarca doz sperma diinya ¢apinda iiretilmekte ve dagitilmaktadir. Bu yontemle hem yurt
icinden hem de yurt disindan elde edilen sperma ile tim {iilke genelinde hayvancilik
etkilenmektedir. Bu nedenle sperma her tiirlii hastalik faktoriinden ari olmalidir. Spermanin
alinmasi, iglenmesi ve depolanmasina kadar tiim siiregte kontrol stratejileri belirlenmeli ve
uygulanmalidir. Sperma iiretim tesislerinde ciddi 6nlemler alinmali, damizlik hayvanlar diizenli
olarak kontrol edilmelidir. Sperma {iretim istasyonlarinda damizlik hayvanlardan elde edilen
sperma, cesitli patojenler yoniinden diizenli olarak taranmalidir. Hayvanlarin agilanmasina 6zen
gosterilmeli ve hastaliktan ari siiriiler olusturulmasi saglanmalidir. Bu derlemenin amaci sperma
yoluyla bulasan hastaliklarin ve kontrol stratejilerinin 6nemini degerlendirmektir.

Anahtar kelimeler: Bulasma, hastalik, kontrol, sigir, sperma.

INTRODUCTION

Cattles, due to their high reproductive capacity,
are essential for meat and milk production. Artificial
insemination is used for most modern dairy cattle breeding

(Givens & Marley, 2008).

insemination’s primary goal is to achieve continuous
genetic improvement and prevent or eliminate venereal

disease. As the most frequently used procedure today,
artificial insemination (AI) has had and continues to have
a tremendous impact on the various animal breeding
industries. Today millions of semen doses produce and
distributed for livestock improvement and easy application
of artificial insemination throughout the world. Artificial
insemination includes significant advantages such as
disease control, reproductive

cattle, artificial

genetic  advancement,
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management, and cost savings. Some of these advantages
can also be considered disadvantages. This technology may
cause the spread of genetic defects and some infections
(Wentink et al., 2000). Diseases of a bull’s testicle,
epididymis, vas deferens, ampulla, seminal vesicle,
prostate, urethra, penis, or prepuce or migration leakage
infected blood cells into the male reproductive tract can
readily contaminate semen. These conditions may detect
the infectious pathogen in the semen, cattle via natural
breeding or artificial insemination. Semen used for Al must
therefore be free of infectious agents (Givens, 2018).
Transmissible diseases that have the potential for severe
and rapid spread, irrespective of national borders, are of
serious socio-economic or public health consequence,
which is of significant importance in the international trade
of animals and animal products (Eaglesome & Garcia,
1997). At the international level, guidelines are published
by the Office International des Epizooties (OIE) to enable
the health of animals in Al centers to be maintained and
facilitate the global distribution of semen free of specific
pathogenic organisms. National standards for semen
production and distribution are usually based on regulatory
programs to ensure that disecases of importance are
identified and appropriate tests are applied to all sires
entering and residing in artificial insemination centers.
Therefore necessitates daily testing of frozen semen under
the most hygienic conditions (OIE, 2017). This review
aims to determine potential semen-transmitted diseases
and prevention strategies for these diseases, which play an
important role in genetic progression.

The Role of Sperm in Genetic Development and
the Importance of Semen Production Facilities: Genetic
development to satisfy global demand is put a greater focus
on bull semen production facilities in order to increase the
reproductive potential of bull. Testicular capability, daily
sperm production (DSP) (Amann, 1970), daily sperm
output (Amann et al., 1974), ejaculate ability in the
laboratory, and timely bull management decisions all
contribute to ample product production. Any sperm-
producing company's goal is to optimize sperm yield while
reducing the risk of injury to bulls and employees. To meet
consumer demands for artificial  insemination
organizations to provide abundant products at a fair
production cost and compete globally, it is necessary to
taking advantage of bulls reproductive capability. A valid
certification can be ensured by a periodic testing program
of a representative number of animals in the region for the
absence of diseases. When diseases are endemic, however,
inquiries into the animals' be free from these diseases one
month after semen collection seem to be inevitable. Fresh
sperm is extremely dangerous and should be avoided at all
costs (Lanyon et al., 2012).
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The regular testing of semen donors under official
veterinary supervision has been adopted by governments
worldwide as a means of avoiding the spread of pathogens
and reducing excessive contamination of semen by
ubiquitous bacteria. National standards for semen
production and distribution are usually based on regulatory
programs to ensure that diseases of importance are
identified, and appropriate tests are applied to all sires
entering and residing in artificial insemination (AI) centers
(Sanderson, 2009). These programs take into account the
national health status as well as the health status of the
herds and flocks of the semen donors. In interpreting health
status, prime considerations include the sensitivity and
specificity of tests, particularly when they are applied to
individual animals, and the risk of latent infections. Testing
programs need to be continually improved and updated as
new information on the epidemiology, pathogenesis, and
control of traditional diseases becomes available (Sibley,
2010). As hew infectious diseases emerge, these additional
challenges and risks must also be met. The Office
International des Epizooties (OIE) publishes guidelines at
the international level to ensure the protection of animals
in Al centers and to promote the global distribution of
semen that is free of unique pathogenic species (Bayvel,
2004).

Diseases Transmissible through Semen: Several
pathogens can lead to various diseases in bulls or result in
transmission through semen. The rate at which diseases are
transmitted to other animals is determined by various
factors, including the pathogen, the host, and the animal-
to-animal contact structure. The number of animals
infected by one typical infectious animal over the course of
its infectious duration is a significant parameter in
transmission. This number is highly dependent on the
number of effective animal contacts. A contact is effective
while the pathogen is transmitted when one of the animals
is infectious (above the minimal effective dose excretion
titer). These contacts may be direct (animal-animal) or
indirect (by air, people, equipment, etc.) (Wentink et al.,
2000). Viruses, bacteria, protozoa, and parasites can all be
spread by bovine sperm. Infections of the testicles,
epididymis, vas deferens, ampulla, seminal vesicle,
prostate, urethra, penis, or prepuce, as well as the
movement or leakage of infected blood cells into the male
reproductive tract, can easily contaminate semen. Major
viral pathogens have been researched in terms of
transmission by sperm. Below is a summary of viral
diseases through semen in Table 1 (Eaglesome & Garcia,
1997; Givens, 2018; Hornizek, 1990; Wentink et al., 2000)
and bacterial and protozoon diseases through semen in
Table 2 (Benchimol et al., 2008; BonDurant, 2005; Givens,
2018; Karlsson et al., 2010; Peter, 1997).



Kaya et al., (2021)

Table 1. A summary of viral diseases through semen.
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Viral Diseases Etiology Incubation Period

Characteristic symptoms

Disease Risk via Semen Diagnosis

Bovine Herpes Virus

BR/IPV —— 2-5 days
Bovine viral Disease Pestivirus 2-15 days
Leukosis Oncovirus Up to 35 days
Blue Tongue Orbivirus 3-6 days
Foot-Mouth Disease Aphtovirus 2-8 days
Rinderpest Morbillivirus 4-15 days
Malignant Catharral Herpes virus (BHV3) From a few days to
fever year
Akabene virus Akabanevirus -
Schmallenberg virus Orthobunyavirus 1-5 days

Fever, nasal discharge,
Balonopostitis

Fever, erosion of the oral and
nasal mucosa

Enlargement of superficial
lymph nodes

Fever, cyanosis on tongue

Fever, viesicles in mucosa of
mouth

Nasal and ocular discharge,
diarrhoea

Fever, keratitis

Congenital abnormalities

Fever, diarrhoea

Cornell semen test
Virus isolation
(SNT, ELISA or PCR)
Virus isolation
(ELISA or PCR)
Symptoms and lesions
Virus identification (ELISA,
AGID, PCR)
Symptoms and lesions
Virus identification (ELISA or
PCR)

Symptoms and lesions
Virus identification
(CFT or SNT)
Electronmicroscopy
Virus identification (ELISA or
PCR)

Symptoms and lesions
Virus identification
(PCR)

Serology,

Culture techniques
Symptoms and lesions
Virus identification
(PCR)

Transmission by semen is possible

The primary source of infection is persistently
infected animals present in a herd

Transmission by semen is very unlikely

Temporary infertility in bulls and shedding of
BTV in semen may ocur

Transmission by semen is very unlikely

Transmission by semen is possible
Transmission by semen is very unlikely

Transmission by semen is very unlikely

This virus can be detected in seminal plasma early
in acute infections

Table 2. A summary of bacterial and protozoon diseases through semen.

Bacterial Diseases Etiology Characteristic sy

Disease Risk via Semen Di

P

2!

Fever, dyspnoea, coughing, nasal discharges,

CBPP Mycoplasma mycoides ssp. and anorexia Transmission by semen is possible Culture techniques
. L . . P Serology
Brucellosis Brucella abo.rtus’. Orchm_s,_ epldldymltls,_se_mmal vgswul}t}s, Transmission by semen is possible (CET or BUA),
Brucella melitensis ampullitis, decreased libido, and infertility . .
Specific skin test
Mycobacterium bovis, Serology (ELISA),

Bovine Tuberculosis Mycobacterium

tuberculosis

Mycobacterium

Johne’s disease .
paratuberculosis

edema

Leptospirosis Leptospira hardjo

blood-tinged urine
Campylobacter fetus ssp.

Bovine genital campylobacteriosis . Infertility
venerealis
Cp. abortus,
Chlamydiaceae Cp. pecorum, i S
Cp. psittaci endometritis, vaginitis
Query fever Coxiella burnetti Infertility
Haemorrhagic septicaemia Pasteurella multocida Fever

Coughing, lymph nodes develop

Diarrhea, emaciation, and submandibular

Fever, icterus, hemorrhages, uremia, and

Polyarthritis, encephalitis, intestinal infection,

Transmission by semen is possible N -
Serology

(ELISA or CFT),
Specific skin test
Culture techniques,
PCR

Transmission by contaminated semen or semen from
contaminated bulls has never been demonstrated

Transmission by semen is possible

Mating and/or semen are the main causes of

- Culture techniques
transmission

Serology

Transmission by semen is possible (CET or ELISA), PCR

Protozoon Diseases Etiology

Characteristic symptoms

. P . Serology
Transmission by semen is limited or unlikely (CFT or ELISA)
Transmission by semen is very unlikely Culture techniques

Disease Risk via Semen D

8!

Bovine genital trichomoniasis Trichomonas fetus Infertility

Transmission by semen is possible Culture techniques

Matters to be Considered in Semen Production
Facilities and Quarantine Procedure: First of all,
preventive measures should be broad and applicable. A
high transmission ratio in Al stations will be reached when
the number of influential contacts is loud and the length of
the incubation term is short. For protective measures, only
disease-free animals should be admitted, have optimal
sanitation for humans entering the premises, do 48-hour
storage periods or disinfection of materials before entry
into the station, and have to use piped water only and
vermin eradication. Entries and exits of the personnel
working in the center should be kept under strict control
(Villarroel et al., 2007). Working personnel should wear
special clothes at the breeding sperm production site, while
workers should wear overalls and boots. However,
infectious particles carried by air or birds remain a risk
factor. In this situation, only long distances (greater than 1
km) between the Al station and other cattle in the region
would suffice (Wentink et al., 2000). Care should be taken
to ensure that technically competent persons who can
control the spread of any disease, properly trained in
disinfection procedures and hygiene techniques, are
assigned at the production facilities (Collins & Stabel,
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2011). Besides, the breed, date of birth, pedigree
information of each animal, all health checks and
vaccinations in the center will be kept in the health file, and
this information should be checked during the inspections
by the veterinarian (Mathevon et al., 1998).

The tests for the existence of infectious agents in
the sperm are based solely on the sensitivity of the test
methods since they are based on a single investigation.
Consecutive investigations are used to continuously
monitor semen donors for infectious diseases before and
after semen collection, increasing the reliability by the
application using several tests. Checking for the donor's
freedom from infectious diseases 28 days after semen
collection is without a doubt the best strategy for ensuring
the health protection of the sperm (Sanderson, 2009). In
terms of the lengths of incubation and infectious times, the
amount of virus excreted, and the number of contacts
made, all infectious animals are treated the same (Hage et
al., 1996). The next move is to reduce the adverse effects
of unintended agent introduction into Al stations. Disease
agents that may be transmitted by sperm must be tested
regularly , and animals that test positive must be isolated
immediately (Wentink et al., 2000). In an Al station,
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however, this is unlikely to happen because the animals are
quarantined for four weeks and serologically checked
before entering the stud. If the disease is spread through
aerogenic transmissions, such as from a neighboring farm,
several bulls can be infected right away (Sibley, 2010). In
this situation, the chances of the initial infection spreading
by chance are smaller, and more animals would have
displayed seroconversion at the following sampling,
raising the chances of detection (Colenbrander et al.,
1993). The results are highly reliant on seroconversion.
Medical symptoms will be apparent in many epidemics, the
virus will be detected sooner, and semen will be withheld
from trading. Furthermore, when assessing the protection
of imported sperm, the endemic situation should be taken
into account.

Moreover, diseases with a high transmission rate
within the bull herd and an increased risk of transmission
through semen should be regularly checked to ensure
healthy goods. The best option for this group will be to test
the animals before releasing the sperm 28 days after
production (Sanderson, 2009). Clinical and serological
tests of the health status may be done before release by
using this protocol. Al stations in areas where specific
diseases are declared to be eradicated should be able to
deliver sperm without having to test the bulls (Hage et al.,
1996).

CONCLUSION

Most pathogens can cause a variety of diseases
and can potentially be transmitted by sperm.
Understanding the specific infectious, bacterial, protozoal,
and parasitic pathogens contaminating bovine sperm can
help advance animal husbandry worldwide. In bulls,
infection is not accompanied by either pathological lesions
or modifications in the characteristics of the semen.
Therefore quarantine of bulls before herd entry and
adequate diagnostic testing during quarantine are wide
musts used to avoid pathogen entry when specific
pathogens are a concern. Efficient control protocols for
entry of new bulls into herds for natural breeding and the
importation of helpful novel genetics by artificial
insemination can be established due to a thorough study of
the characteristics of diseases that may trigger disease
transmission semen. Adhering to disease control
recommendations provided by CSS and the OIE can
prevent pathogen transmission via semen.
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Oz:Harsit Cayr'nin epilitik alg kompozisyonu ve mevsimsel degisimleri, Eyliil 2018 ile Agustos
2020 tarihleri arasinda bes istasyondan toplanan tas Ornekleri kullanilarak incelenmistir.
Belirlenen bes istasyondan aylik periyotlarla toplanan tas Orneklerinin sayimi ve teshisleri
yapilmustir. Boylece alglerin mevsimsel degisimleri belirlenmistir. Harsit Cayi epilitik alglerinde
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*Sorumlu yazarmn:

Bengii TEMIZEL Bacillariophyta (54 takson), Chlorophyta (7 takson), Cyanobacteria (4 takson), Charophyta (1

Giresun Universitesi, Fen Bilimleri takson) ve Cryptophyta (1 takson) divisiosuna ait toplam 67 takson tespit edilmistir. Ayrica bu

E?Slt(iﬁﬁSﬁ, Biyoloji Anabilim Dali, Giresun, bes istasyondan alinan su 6rneklerinden sicaklik, pH, elektriksel iletkenlik ve TCMM (toplam
urkiye

¢cozliinmils madde miktar1)dl¢limleri de aylik olarak ol¢iilmiistiir. Tiim bu verilere goére Harsit
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Cay1’nin kirlenme riski tagidig1 goriilmiistiir.

Anahtar kelimeler:Epilitik algler, harsit cay1, flora, mevsimsel degisim, kirlilik.

A Study on the Seasonal Variation of Epilithic Algae of Harsit Stream (Giresun, Turkey)

Abstract: The composition and seasonal variations of the epilithic diatoms of Harsit Stream were
studied using samples collected from five stations between September 2018 and August 2020.
The counting and identification of the stone samples taken periodically from the five determined
stations were made. Thereby, seasonal variations of the algae were determined. A total of 67 taxa

ST e were identified belonging to divisio of Bacillariophyta (54 taxa), Chlorophyta (7 taxa),
Bengii TEMIZEL ) Cyanobacteria (4 taxa), Charophyta (1 taxa) and Cryptophyta (1 taxa) in the epilithic algae of
Giresun University, Natural Sciences Harsit Stream. In addition, the amount of temperature, pH, electrical conductivity and TDS (total

Institutes, Biology Division, Giresun,

Tt S s el e e T dissolved solids) measurements from water samples taken from these five stations were calculated

monthly too. As a result, it has been seen that Harsit Stream is at risk of pollution.

Keywords:Epilitic algae, harsit stream, flora, seasonal variation, pollution.

GIRIS

Ulkemizdeki igsularin hidrobiyolojik grubudurlar ve su igerisinde bentik (bagimli) veya
ozelliklerinin  bilinmesi, bu su  kaynaklarindan fitoplankton (serbest) olarak yasamaktadir. Bagimli algler
yararlanmada ekolojik dengenin korunmasi agisindan bitki iizerinde (epifitik), hayvanlarin {izerinde (epizoik), tas
biiyiik 6nem tasimaktadir (Ertan vd, 1997). Algler, ve sert yiizeyler iizerinde (epilitik), sediment ve kum
akarsularda besin zincirinin birincil ireticileridir. Sucul tizerinde (epipelik) yasamaktadirlar. Bentik algler akarsu
ortamin oksijen ihtiyacini karsilarlar ve besin kaynaklarini ve g0l ekosistemlerinin olduk¢a zengin tiir cesitliligine
olustururlar. Bu nedenle i¢ sularimizdaki algler ve bunlar1 sahip tyeleridir. Bentik algler su kirlilik derecelerinin
etkileyen faktorlerin iyi bilinmesi Dbiiyilkk 6nem belirlenmesinde indikatdr olarak kullanilmaktadirlar.
tasimaktadir (Palmer, 1980). Round (1993)’a gore epilitik diyatomlar suyun kalitesinin

Algler, sucul ortamda en yaygin bulunan canl belirlenmesinde ve su Kalitesindeki degisimleri izlemede

UMBu ¢alisma, doktora tezinden iiretilmistir. [IThis study was produced from the doctorathesis.
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uzun vadede kullanilan 6nemli organizmalardir.

Akarsudaki besin zincirinin primer {ireticileri ve
ekosistemdeki degisiklikleri yansitmada biyomonitdr
organizmalart olan algler, yapilarinda bulundurduklar
pigmentler sayesinde su ortamindaki besin degerinin ve
¢Oziinmiis oksijen oraninin artmasini saglarlar (Round,
1973). Algler, organik karbon bilesiklerinin temel
iireticileridirler ve yasamin temelini olusturmaktadirlar
(Durgut, 2017). Diinyadaki toplam karbon fiksasyonunda
biliylik bir 6neme sahip olmalarinin yani sira organik
kirliligin ve otrofikasyonun biyoindikatorii olarak ¢ok iyi
sonug verirler. Kirli sularin temizlenmesinde siizgeg gérevi
gorerek bir ¢esit dogal aritma yapmaktadirlar. Yapilan
caligmalar neticesinde alglerin o&zellikle agir metal
gideriminde de kullanildiklari ve oldukg¢a olumlu sonuglar
alindig1 tespit edilmistir (Herreroet et al., 2006; Perales-
Velaet et al., 2006;Satohet al., 2005; Vijayaraghavanet al.,
2005).

Besin degeri yiiksek olan algler, sucul
organizmalar i¢in besin, vitamin ve iz elementlerin en
onemli kaynagi olarak kabul edilirler. Alg gruplar arasinda
onemli bir yere sahip olan diatomeler ¢ok ¢esitli limnolojik
ve cevresel degiskenler ile degisen fiziksel, kimyasal ve
biyolojik ¢evre sartlarina karsi olduk¢a duyarlidirlar
(Moser et al., 1996). Silisli hiicre duvarlar1 sayesinde,
kolayca orneklenebilir ve korunabilirler. Bu sayede kisa
veya uzun vadeli degisimi degerlendirmek igin
kullanilabilecek kalici bir kayit saglarlar (Smol,1992).

Bu c¢alismanin amaci, Giresun il smirlar
icerisinden Karadeniz’e dokiilen Harsit Cayi’ndaki epilitik
alg floras1 ve mevsimsel degisimini belirlemek suretiyle
mevcut akarsuyun su Kirlilik potansiyelini belirlemektir.
Bu caligma ile Harsit Cay1’ndaki biyogesitlilik belirlenerek
Tiirkiye alg florasina katki saglanmasi amaglanmistir.

MATERYAL ve METOT

Calisma Alanmmin Tamimi:  Harsit  Cay,
Gilimiighane il sinirlarindaki Vavuk Yaylasi'ndan dogar,
Giinyiizii yakinlarinda il topraklarina girer ve Tirebolu'nun
dogusunda denize dokiiliir. Il sinirlar igindeki uzunlugu 50
km olup toplamda 160 km ile ilin en uzun akarsuyu olma
Ozelligini tasimaktadir. Harsit Cay:1 iizerinde Dogankent |
ve II hidroelektrik santralleri bulunmaktadir. Cayin debisi
232 m?sn’dir. Harsit Cayr 178 hm® yillik tath su
potansiyeline sahip olup il igin en Onemli tatli su
kaynaklarindandir. Bu ¢alismada Harsit Cayt’nin
Karadeniz’e desarj oldugu noktadan, il sinirindan ¢ikis
yaptig1 Glinylizii mevkiine kadar, 5 farkli noktadan tag ve

su ornekleri toplama islemi gergeklestirilmistir (Sekil 1).

KARADENIZ

Sekill. Calisma alant
Figure 1. Study area

Calisma Alamimin Iklimi: Giresun, tilkemizin en
cok yagis alan bolgesi olan Dogu Karadeniz Bolgesi'nde
yer almaktadir. Yil genelinde 1lik ve yagish iklim
gozlenir. Genel
sonbaharda, en az yagis ilkbaharda gortiliir.

Giresun ili Meteoroloji Miidiirliigii'nden alinan
verilere gore hazirlanan Eyliil 2018- Agustos 2020 tarihleri
arasindaki Giresun ili sicaklik-yagis grafigi Sekil 2' de
goriilmektedir.

ozellikleri olarak en fazla yagis
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Sekil 2. Giresun ili sicaklik-yagis grafigi.
Figure 2. Temperature-precipitation graph of Giresun Province.

Ornek Toplama Istasyonlari: Harsit Cay1’nin
epilitik alg florasi ile mevsimsel degisimi incelemek
amactyla 5 istasyon belirlenmistir. Istasyonlara ait bilgiler
Tablo 1°deki gibidir.

Suyun Fiziksel Degiskenlerin Tespiti: Harsit
Cayr’'nda belirlenen 5 istasyondan Eyliil 2018- Agustos
2020 tarihleri arasinda alinan su 6rneklerinin bazi fiziksel
ozellikleri (sicaklik, iletkenlik, ¢oziinmiis oksijen, pH,
TCMM) yiizey suyu Orneklerinde, 6rnek alma sirasinda
YSI 556 MPS cihaz1 kullanilarak yapilan analizlerle tespit
edilmistir (Tablo 2).

Istatistiksel Analiz: Harsit Cay1 yiizey suyu
orneklerinin toplandig: Istasyonlar arasindaki farkliliklarm
tespiti amaciyla Varyans analizi, One Way ANOVA
yapilarak, Tukey ¢oklu kargilastirma testi kullanilmustir.
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Tablo 1. Ornek toplama istasyonlaria ait 6zellikler.
Table 1. Features of sample collection stations.

istasyon  Enlem- Ozellik
Boylam
1 41°0'33.01"K Karadeniz’e desarj noktasii kapsamakta olup,
38°50'41.92"D  dip yapisi gamurludur. Evsel, kii¢iik ¢apli sanayi
ve tarimsal aktivite atiklarmin yogun etki ettigi
lokasyonu igermektedir.
2 40°53'50.97"K  Dip yapisi ¢amur ve az miktarda kiiciik ¢akildir.
38°51'10.37"D  Dere yatag: yakinindaki yore halkinca evsel ¢op
atiklar1 birakilmakta, ayrica istasyon yakininda
kum ve ¢akil isletmeleri bulunmaktadir.
3 40°49'34.89"K  Dip yapist kum ve kiigiik c¢akillardan
38°54'24.40"D  olusmaktadir.
4 40°46'47.41"K  Dip yapist taghdir.
38°56'5.53"D
5 40°45'50.92"K  Dip yapist tashdir. Harsit Cayr’nin Giresun il

38°57'34.75"D  smurlar igerisine giris yaptigi Glinyiizii mevkii

yakinlarin1 kapsamaktadir.

Tablo 2. YSI 556 MPS 6zellikleri (Akkan, 2013).
Table 2. Specification of YSI 556 MPS.

Degisken Sensor Tipi Arahk Hassasiyet
N 0ile 500 (%) 9401 hava
Coziinmis Polarografik hava doygunlugu
Oksijen (CO) doygunlugu
0 ile 50 mg/L 0,01 mg/L
L Sicaklik Termistor -5 ile 45 °C 0,1 °C
= iletkenlik 4 Elektrot 0ile 200 0,001 ile
§ hiicresi ms/cm 0,1 mS/cm
5 pH Cam elektrot Oile 14 0,01
> Toplam
Coziinmiis iletkenlik ve
Madde sicakliga gore 0 ile 100 g/L 4 Dijit
Miktari hesaplama
(TCMM)
Algolojik Ozellikler

Epilitik Alglerin Toplanmast ve Incelenmesi:
Harsit Cayr’ndaki epilitik alglerin incelenmesi igin tas
ornekleri Eyliil 2018- Agustos 2020 tarihleri arasinda
belirlenen 5 istasyondan aylik periyotlarla alinmistir.
Ornek alman tiim aylarda taslarin esit sayida toplanmasina
ve dig yiizeylerinin kaygan olmasina dikkat edilmistir.
Taslarin iizerindeki algler arazi sirasinda firca yardimiyla
kazmarak 100 ml'lik plastik kaplara toplanmustir. Daha
sonra toplanan bu 6rnekler lugol ve % 4'liik formaldehit ile
fikse edilmistir. Labarotuvara getirilen su 6rneklerin teshisi
icin gecici ve kalict preparatlar hazirlanmistir. Diyatome
haricindeki alg tiirlerinin gegici preparatlarda 6n sayimlari
yapilmigtir. Gegici preparat igindeki tiirlin teshisi igin
OLYMPUS BX51 marka mikroskop kullanilmistir. Kalict
preparatlarin hazirlanmasinda Round (1973)’un metodu
kullanilmigtir. Diyatomelerin teshisinde kullanilan rafe ve
stria gibi yapilarin net olarak incelenebilmesi i¢in asit ile
kaynatma metodu kullanilmistir. Bu yontemde ornekler
once 1:1 oraninda H>SOs ve HNOs karisiminda
cekerocakta 120°C' de 15 dakika kaynatilmistir.
Kaynatilan 6rneklere 7 giin boyunca saf su ile seyreltme
Daha sonra o&rnekler entellan
preparat  haline  getirilmistir.
Sayimlarda, her istasyon i¢in ii¢ saymmin ortalamasi
alinmigtir (Sladeckova, 1962). Alglerin incelenmesi ve
sayimi i¢in x40, x100 biiyiitmeli OLYMPUS BXS51 marka
mikroskop kullanilmis ve mikrometrik okiiler yardimiyla

islemi uygulanmistir.
kullanilarak ~ daimi

ebatlar1 belirlenmistir.

Harsit Cayi’nda bulunan alglerin teshisi igin;
Krammer ve Lange-Bertalot, 1991a, Krammer ve Lange-
Bertalot, 1991b, Krammer ve Lange-Bertalot, 1999a ve
Krammer, Lange-Bertalot, 1999b ve John et. al. (2003)
eserlerinden  yararlanilmigtir.  Ayrica teshis edilen
tiirlerinsinonim durumlar1 ve kategorileri, Algaebase veri
tabanindan (Guiry and Guiry, 2021) kontrol edilerek
siniflandirilmasgtir.

BULGULAR

Harsit Cay1 epilitik alg florasin1 belirlemek
amaciyla belirlenen bes istasyondan Eyliil 2018-Agustos
2020 tarihleri arasinda aylik periyotlarla tas ornekleri
alinmustir. Harsit Cayi epilitik alglerinin teshis ve sayimlari
yapilmis, tespit edilen taksonlarin mevsimsel degisimleri
incelenmistir. Arastirma alaninda epilitik alg florasina ait
toplam 67 takson belirlenmistir. Baskin divisio
Bacillariophyta olarak belirlenmis; Asterionella formosa,
Cymbella helvetica ve Ulnaria ulna tiirleri sik bulunan
taksonlar olmuslardir. Tespit edilen taksonlar Tablo 3’de
verilmistir.

Harsit Cayi’nda alinan su ornekleri iizerinde de
bazi fiziksel dlgiimler yapilmistir. Bu fiziksel analizlerin
sonuglar1 Tablo 4°de gosterilmistir.

Harsit Cayi’nda alinan su orneklerinde yapilan
fiziksel Olciimler sonucunda; calismalar boyunca su
sicakligi en diisiik Ocak 2019 tarihinde 5. istasyonda 6,35
°C olarak olgtilmiistiir. En yiliksek sicaklik ise Agustos
2019 tarihinde 4. istasyonda 27,49 °C'dir. Suyun sicaklig1
arttikca tasidig1 oksijen miktar1 azalmakta ve bu durum o
suda yasayan canlilari olumsuz etkilemektedir (DSI,
2014). Harsit Cayr’nda yapilan c¢aligmalar boyunca
¢Oziinmiis oksijen degeri en diisiik Eyliil 2019 tarihinde 4.
istasyonda 7,06 mg/L, en yliksek ¢6ziinmiis oksijen degeri
ise Aralik 2019 tarihinde 5. istasyonda 12,79 mg/L olarak
Olcililmiistiir.

Harsit Cayi’nda en diisik pH degeri Mart 2020
tarihinde 4. istasyonda 7,26 olarak 6l¢iilmiistiir. En yiiksek
pH degeri ise Temmuz 2020 tarihinde 4. istasyonda 8,24'
diir. Harsit Cayi’'nda elde edilen verilere gore en diisiik
elektriksel iletkenlik degeri Ekim 2019 tarihinde 3.
Istasyonda 274uS/cm, en yiiksek de Agustos 2019
tarihinde 4. istasyonda 498uS/cm olarak oOlgiilmistiir.
Harsit Cay1’nda ¢alisma siiresince elde edilen verilere gore
en disik TCMM degeri Aralik 2018 tarihinde 2.
istasyonda 170mg/L, en yiiksek deger de Agustos 2019
tarithinde 4. istasyonda 631mg/L olarak ol¢iilmiistiir.
Ayrica, Harsit Cay1 yiizey suyu oOrneklerinin fiziksel
degiskenlerinin istasyonlara gore degisiminde istatistiksel
olarak anlamli bir fark goriilememistir (p>0,05).

416



Temizel & Soylu, (2021) Anadolu Cev. ve Hay. Dergisi, Yil: 6, No: 3, (414-420),2021

Tablo 3. Harsit Cayi’nda Tespit Edilen Epilitik Algler
Table 3. The list of epilitlic diatoms in Harsit Stream

Habitat Epilitik Habitat Epilitik
istasyon 1. 2. 3 4 5 istasyon 1. 2. 3 4
Alg Florast Alg Florasi
Divisio: Bacillariophyta Ordo: Bacillariales
Classis: Bacillariophyceae Familya: Bacillariaceae
Ordo: Thalassiophysales Hantzschia amphioxys (Ehrenberg) Grunow + + +
Familya: Catenulaceae Nitzschia acicularis (Kiitzing) W. Smith + +
Amphora ovalis (Kiitzing) Kiitzing + + + + + Nitzschia linearis W.Smith + +
Ordo: Tabellariales Nitzschia palea (Kiitzing) W. Smith + + + +
Familya: Tabellariaceae Ordo: Stephanodiscales
Asterionella formosa Hassall + + + + + Familya: Stephanodiscaceae
Diatoma moniliformis (Kiitzing) D.M.Williams + + + + Cyclotella meneghiniana Kiitzing + +
Diatoma tenuis C.Agardh + + Pantocsekiella ocellata(Pantocsek) K.T.Kiss&Acs + + + +
Diatoma vulgaris Bory + + + Ordo: Surirellales
Meridion circulare (Greville) C.Agardh + + Familya: Surirellaceae
Odontidium hyemale (Roth) Kiitzing + + Cymatopleura elliptica (Brébisson) W.Smith +
Odontidium mesodon (Ehrenberg) Kiitzing + Surirella angusta Kiitzing +
Ordo: Cocconeidales Surirella librile (Ehrenberg) Ehrenberg + + + +
Familya: Cocconeidaceae Surirella minuta BrébissonexKiitzing + +
Cocconeis pediculus Ehrenberg + + + + + Ordo: Licmophorales
Cocconeis placentula Ehrenberg + + + + Familya: Ulnariaceae
Ordo: Fragilariales Ulnaria ulna (Nitzsch) Compére + + + +
Familya: Fragilariaceae Divisio: Chlorophyta
Fragilaria capucina Desmaziéres + + + Classis: Trebouxiophyceae
Fragilaria crotonensis Kitton + + Ordo: Trebouxiales
Fragilaria tenera var. nanana (Lange-Bertalot) + + + Familya:Botryococcaceae
Lange-Bertalot&S.Ulrich Botryococcus braunii Kiitzing + + + +
Ordo: Naviculales Ordo: Sphaeropleales
Familya:Naviculaceae Familya: Selenastraceae
Navicula cryptocephala Kiitzing + + + Ankistrodesmus falcatus (Corda) Ralfs + +
Navicula gregaria Donkin + + Ankistrodesmus spiralis (W.B.Turner) Lemmermann + + +
Navicula radiosa Kiitzing + + Familya:Scenedesmaceae
Navicula rhynchocephala Kiitzing + 4+ Desmodesmus abundans (Kirchner) E.H. Hegewald + +
Navicula veneta Kiitzing + + + + Classis: Chlorophyceae
Familya: Diploneidaceae Ordo: Chlamydomonadales
Diploneis ovalis (Hilse) Cleve + + Familya:Chlamydomonadaceae
Familya: Pinnulariaceae Chlamydomonas globosa J.W.Snow + + +
Pinnularia borealis Ehreneberg + + Classis: Chlorellales
Pinnularia intermedia (Lagerstedt) Cleve + + Ordo: Chlorellales
Pinnularia viridis (Nitzsch) Ehrenberg +  + Familya:Oocystaceae
Ordo: Cymbellales Oocystis pusilla Hansgirg + +
Familya: Cymbellaceae Classis: Ulvophyceae
Cymbella affinis Kiitzing + + + + Ordo: Ulotrichales
Cymbella aspera (Ehrenberg) Cleve + + Familya:Ulotrichaceae
Cymbella cistula (Ehrenberg) O.Kirchner + + Ulothrix tenuissima Kiitzing + +
Cymbella cymbiformis C.Agardh + + + + Divisio: Cyanobacteria
Cymbella helvetica Kiitzing + + + + + Classis: Cyanophyceae
Cymbella lanceolata C.Agardh + + Ordo: Chroococcales
Cymbella proxima Reimer + 4 Familya: Chroococcaceae
Cymbella tumida (Brébisson) Van Heurck o + 0+ + o+ Chroococcus minor (Kiitzing) Nageli FI——
Didymosphenia geminata (Lyngbye) Mart.Schmidt in + 0+ + o+ Chroococcus turgidus (Kiitzing) Nageli + +
A'W"_:'S‘:hm'dt _ Familya: Microcystaceae
Ordo: Rhopalodiales Microcystis aeruginosa (Kiitzing) Kiitzing o+ 4
Familya: Rhopalodiaceae Ordo: Oscillatoriales
Ep!them!a adnata (Kiitzing) Brébisson + + + Familya: Oscillatoriaceae
Epithemia sorex Kiitzing + + Oscillatoria limosa C. Agardhex Gomont + o+ o+
Familya: Rhoicospheniaceae Divisio: Charophyta
Rhou_:osphenla abbreviata (C.Agardh) Lange-Bertalot + + Classis: Zygnematophyceae
Familya:Gomphonemataceae Ordo: Desmidiales
Encyonema silesigcum (Bleisch) D.G.Mann + + Familya:Closteriaceae
Encyonema vent_rlcosum (C. Agardh) Grunow + Closterium moniliferum Ehrenbergex Ralfs +
Gomphonella olivacea (Hornemann) Rabenhorst + + Divisio: Cryptophyta
Gomphonema angustum C.Agardh + + + + + Classis: Cryptophceae
Gomphonema gracile Ehrenberg + + + Ordo: .Cr ytrc))mgnadales
Gomphonema parvulum (Kiitzing) Kiitzing o+ o+ o+ o+ e 3:’:) " g
Gomphenema truncatum Ehrenberg o+ o+ o+ o+ amilya: tryptomonadaceae
Reimeria sinuata (W.Gregory) Kociolek&Stoermer + + + Cryptamonas ovata Ehrenberg ha * *
Ordo: Melosirales
Familya: Melosiaceae
Melosira varians C. Agardh + + + +
Tablo.4.Yiizey suyu 6rneklerinin fiziksel degisimleri
Table.4. Physical properties of surface water samples
Parametreler 1.istasyon 2. istasyon 3. istasyon 4. istasyon 5. istasyon
Ort. (+SH) Total
Min.-Max.
o 13,88 (x1,401) 14,14 (£1,369) 14,17 (£1,397) 14,15 (+1,480) 14,22 (+1,490) 14,11 (+0,628)
Su Sicakhgi (°C) 6,41-26,03 6,71-26,12 6,75-26,72 6,73-27,49 6,35-27,38 6,35-27,49
7,61 (+0,044) 7,68 (£0,044) 7,73 (+0,048) 7,70 (£0,049) 7,66 (0,052) 7,68 (£0,021)
pH 7,36-8,12 7,49-8,14 7,42-8,17 7,26-8,24 7,33-8,2 7,26-8,24
e . 9,23 (+0,282) 9,19 (+0,284) 9,55 (+0,332) 9,39 (+0,364) 9,38 (+0,372) 9,34 (+0,145)
Coziinmiis Oksijen (mg/L) 7,16-77,98 7,34-12,22 7,11-12,36 7,06-12,45 7,12-12,79 7,06-12,79
L . 380,20 (+11,527) 392,04 (£9,976) 376,08 +12,014) 394,75 (+11,033) 395,83 (£10,492) 387,78 (+4,906)
Elektriksel Iletkenlik (S/cm) 275-489 286-445 274-487 289-498 289-479 274-498
TCMM(mg/L) 305,04 (+£32,578) 306,43 (+33,876) 310,26 (+£33,304) 309,56 (£33,218) 310,91 (£33,221) 304,34(+14,616)
171-614 170-621 171-609 172-631 173-623 170-631
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TARTISMA VE SONUC

Harsit Cay1 epilitik alg florasim1 belirlemek
amaciyla Eylil 2018-Agustos 2020 tarihleri arasinda
belirlenen bes istasyondan aylik periyotlarla tag 6rnekleri
alinarak epilitik algler incelenmistir. Epilitik alg florasinda
Bacillariophyta divizyosu iiyeleri tiir sayis1 ve yogunlugu
bakimindan baskindir. Harsit Cay1 epilitik florasinda
Bacillariophyta (54 takson), Chlorophyta (7 takson),
Cyanobacteria (4 takson), Charophyta (1 takson),
Cryptophyta (1 takson) divizyolarina ait toplam 67 takson
tespit edilmigtir. Bacillariophyta’ya ait Asterionella
formosa, Cocconeis pediculus, Cymbella helvetica ve
Ulnaria ulna tiirleri tiim istasyonlarda g¢alisma siiresi
boyunca devamli mevcut olarak bulunmuslardir.

Tim istasyonlarda yiiksek sayilarda goriilen
Ulnaria ulna sudaki kirlilige karsi hem hassas hem de
toleranslt bir tiirdiir. 2019°da da 2020°de de o6zellikle 1.
istasyonda ev atik sularindan kirlendigi yaz aylarinda daha
yogun oldugu goézlemlenmistir. Bu da denize yakin
konumdaki 1. istasyonun belirli zamanlarda kirlilik tehdidi
altinda oldugunu gdstermektedir.

Asterionella formosa o6zellikle sonbahar ve kig
aylarinda daha yogun olmakla birlikte, her mevsim tiim
istasyonlarda yaygin olarak goriilmiistiir. Kozmopolit bir
yayilis gosteren ve otrofik gollerde yogun olarak bulunan
Asterionella formosa (Husted, 1985), ilkbahar ve
sonbaharda diizenli artislar gostermektedir (Lee, 1999).
Yaz mevsimlerinde bollugu azalan bu tiiriin, 0,5-24 °C
arasinda en iyi gelisim gosterdigi bildirilmistir (Goldman
& Horne, 1983). Yaptigimiz ¢alismada da Asterionella
formosa su sicakligmin diisiik oldugu kis aylarinda ortaya
ciktigt ancak asirt  yiksek sayilara ulasamadigi
gozlenmistir. Reynolds vd. (2002) tarafindan &trofik
sularda bulundugu bildirilen Asterionella formosa nin
ayrica sularda fosfor miktarindan etkilendigi de
belirtilmistir (Ak¢aalan vd. 2007; Rott ve ark., 1999).
Benzer sekilde Hargit Cayi’nin farkli noktalarinda yil
boyunca toplanan su Orneklerinde anyonik yiizey aktif
madde kirliliginin  tespiti literatiir ve arastirma
bulgularimizi destekler niteliktedir (Akkan, 2017).

Caligma boyunca devamli gorillen Cymbella
helvetica‘nin akarsularin oligotrofik-6trofik bolgelerine
uyumlu, yiiksek elektriksel iletkenlige sahip olan sularda
stkga goriilen, sudaki kirlilige hassas ve yaygin bir tiir
oldugu belirtilmistir (Cox 1996).

Alkalinite diyatomeler icin etki
gosterebilmektedir. Harsit Cay1 pH degerleri 7,26 ve 8,24
arasinda degismektedir. Olgiilen bu degerler derenin hafif
alkali 6zellikte oldugunu gostermektedir. Istasyonlara gore
pH degerleri ortalamasi ilk istasyondan itibaren sirasiyla
7,61, 7,68, 7,73, 7,70 ve 7,66 olarak belirlenmistir.
Herhangi bir sekilde kirletilmemis olan g6l sularinda pH

siirlayici

degerinin 6-9 arasinda degistigi belirtilmistir (Tanyolag,
2000). Karadeniz Bolgesi’nde arastirilan gol ve
akarsularda 6lgiilen pH degerleri, sularimizin genel olarak
hafif alkali 6zellikte oldugunu gdstermektedir (Yazict ve
Goniilol,1994; Maraslioglu vd., 2005; Soylu, 2011; Altiirk,
2015; Memis, 2019). Suyun elektriksel iletkenligi, sudaki
iyonlarin  derisimine ve sicakliga bagli olarak
degismektedir. Sudaki iyonlarin derisimi ve sicaklik
arttikca elektriksel iletkenlik de artar (MEB, 2011). Harsit
Cay1’nda yapilan bu ¢aligmada elde edilen 6l¢iim verileri
bu durumu desteklemektedir. Harsit Cayi’nda elde edilen
verilere gore en diisiik elektriksel iletkenlik degeri Ekim
2019 tarihinde 3. istasyonda 274uS/cm, en yiiksek de
Agustos 2019 tarihinde 4. istasyonda 498uS/cm olarak
Ol¢iilmiistiir. Dahasi, akarsu hatti boyunca var olan ¢ok
sayidaki kum ve gakil tesisleri nedeniyle de suyun
cogunlukla bulanik aktig1 gézlemlenmistir. Ayrica, Harsit
Cay1 tlizerine kurulmus HES’lerin su tutup birakmalari,
Harsit Cayr’na akan kanalizasyon sular1 ve evsel atiklar, 1.
istasyon civarindaki hayvan kesim alani, tarimsal giibre
faaliyetleri gibi nedenlerle Harsit Cayr’nin kirlenme
tehdidi ile kars1 karsiya oldugu goriilmiistiir. Nitekim
Harsit Cay1’ndan toplanan su numunelerinde agir metal ve
deterjan kirliliginin tespit edildigi ¢alismalar da bu durumu
desteklemektedir (Akkan, 2017; Mutlu vd., 2018).

Sonug olarak bu calisma ile Harsit Cayi’nda
bulunan epilitik alg taksonlart ve bu taksonlarin deredeki
dagilimlar: ile bu dagilimi etkileyen suyun bazi fiziksel
ozellikleri belirlenmistir. Olgiilen pH degerlerine gore hafif
alkali olan Harsit Cay1’nda sik goriilen tiirlerin de kirlilige
toleransli ve az da olsa kirli sularda yasayan tiirler oldugu
tespit edilmistir. Bir biitiin olarak ele alindiginda Giresun
ili ve iilkemiz i¢in son derece 6nemli olan Harsit Cay1’nin
algal olarak da kismi diizeyde kirlenme tehlikesi altinda
oldugu goriilmekle birlikte; ileriye yonelik koruma ve
yonetme c¢alismalarinin en hizli sekilde planlanip hayata
gegirilmesi gerekmektedir.
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Abstract: The present study investigates the planktonic communities through metagenomics sequencing
during a mucilage event in the Canakkale Strait (Dardanelles), Turkey. Mucilage samples were collected in
May 2021 during an intense period of mucilage formation in three different stations of Dardanelles (Station
1: 40°9'8.09"N, 26°24'16.19"E; Station 2: 40°6'21.62"N, 26°22'41.25"E; Station 3: 40°6'42.78"N,
26°23'57.00"E). The dominant planktonic eukaryotes, at the phylum level, were Dinoflagellata (38.57%),
Protalveolata (15.03%), Diatomea (12.41%), Nematozoa (8.44%), Apicomplexa (6.79%) and Chlorophyta
(5.43%), which constituted 86.68 % of the total number of sequences. The most dominant OTUs (>10%),
were Alexandrium and Syndiniales Group I1. other dominant OTUs (>2%) were Viscosia sp., Lankesteria,
Arcocellulus, Thalassiosira and Nannochloris. This study has clarified the situation of planktonic
communities during a mucilage event in the Canakkale Strait (Dardanelles), Turkey. As a result, the most
dominant genus was Alexandrium, which has been known to produce mucilage. Some Alexandrium species
can produce toxins, cause severe impacts on human health, and lead to bivalve, shrimp, and fish mortality.
Therefore, a more detailed study is needed to determine the Alexandrium toxins in the mucilage structure. In
addition, the heavy metal content of the obtained mucilage was investigated, and the concentrations of the As
and Cr are above the disposal limits in the landfill sites. Therefore, collected mucilage from the sea surface
should be checked before sending it to landfill sites in terms of the heavy metal content.

Keywords: Canakkale strait (dardanelles), eukaryotic biodiversity, heavy metal, metagenomic sequencing,
mucilage.

Canakkale Bogazi'nda (Dardanel) Miisilaj Olusumu Sirasinda Planktonik Topluluklarin
Metagenomik Karakterizasyonu, Tiirkiye

*Sorumlu yazar:

Sevdan YILMAZ

Canakkale Onsekiz Mart Universitesi
Deniz Bilimleri ve Teknolojisi Fakiiltesi
Canakkale, Tiirkiye

DX sevdanyilmaz@comu.edu.tr

Oz: Bu calismada Canakkale Bogazi'nda (Dardanel) miisilaj olusumu sirasinda planktonik topluluklarin
kompozisyonlar1 metagenomik yaklasimla arastirilmistir. Miisilaj 6rnekleri, Canakkale Bogazi'nin ti¢ farkli
istasyonunda (Istasyon 1: 40°9'8.09"K, 26°24'16.19"D; Istasyon 2: 40°6'21.62"K, 26°22'41.25"D; Istasyon
3: 40°6'42.78"K, 26°23'57.00"D) yogun miisilaj olusumu gozlemlenen Mayis 2021'de toplanmustir. Filum
diizeyinde toplam sekans sayisinin 86.68% ini kapsayan baskin planktonik oOkaryotlar, Dinoflagellata
(%38,57), Protalveolata (%15,03), Diatomea (%12,41), Nematozoa (%8,44), Apicomplexa (%6,79) ve
Chlorophyta (%5,43) olarak belirlenmistir. En baskin OTU'ler (>%10), Alexandrium ve Syndiniales Group Il
olup, diger baskin OTU'lar (>%?2) ise Viscosia sp., Lankesteria, Arcocellulus, Thalassiosira ve Nannochloris
olmustur. Bu ¢aligma, Tiirkiye'de meydana gelen bir miisilaj olay1 sirasinda Canakkale Bogazi'nda planktonik
topluluklarin durumunu netlestirmistir. Sonug olarak, en baskin cinsin miisilaj iiretme kabiliyeti oldugu
bilinen Alexandrium oldugu belirlenmistir. Baz1 Alexandrium tiirleri toksin tiretebilir, insan saglig: tizerinde
ciddi etkilere neden olabilir ve ¢ift kabuklu, karides ve balik dliimlerine yol acabilir. Bu nedenle miisilaj
yapisindaki Alexandrium toksinlerinin belirlenmesi i¢in daha detayli bir ¢alismaya ihtiyag vardir. Ayrica elde
edilen miisilajin agir metal igerigi arastirilmistir. Miisilajin yapisindaki As ve Cr konsantrasyonlar atiklar
i¢in belirlenen diizenli depolama sahalarina bertaraf etme sinirlarinin iizerindedir. Bu nedenle deniz
yiizeyinden toplanan miisilajin diizenli depolama sahalarina génderilmeden 6nce agir metal icerigi kontrol
edilmelidir.

Anahtar kelimeler: Agir metal, canakkale bogaz (canakkale), metagenomik dizileme, miisilaj, ékaryotik
biyocesitlilik.
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INTRODUCTION

The Dardanelles (Canakkale Strait), a strait that
separates Asian and European continents and connects the
Aegean Sea and Sea of Marmara, is a significant
watercourse for the international vessels. There are two
major currents in the strait. The first one is a surface current
flowing from the Black Sea to the Sea of Marmara through
the Bosphorus and the Agean Sea through the Dardanelles.
The second one is the undercurrent which flows from the
Agean Sea to the Black Sea (Artiiz et al., 2007; Yiicel &
Tarhan 2019). The pollution load of the Sea of Marmara
increased incrementally, thus affecting the Dardanelles.
The growth of population and industrialization on the
seaside, insufficient treatment of domestic and industrial
wastewater (Artiiz et al., 2007; Okus et al., 2008), climate
change, and global warming (Balkis et al., 2011) led to
severe biologic problems in the marine environment.
Consequently, intense mucilage has been found in Turkish
seas in recent years for the first time. The mucilage
problem, which was recorded in the Sea of Marmara
(Aktan et al., 2008; Tiifekei et al., 2010; Balkis et al., 2011)
and the Dardanelles (Yentiir et al., 2013) between 2007-
2008 for the first time, reached a critical level to affect
fishery, tourism, and social life in the first two quarters of
2021.

It has been reported that mucilage remarkably
decreased the density of zooplankton groups, which are
critical nutritional sources for larvae of marine species both
in the Bosphorus (Okyar et al., 2015) and the Dardanelles
(Yentiir et al., 2013). Besides, research conducted between
December 2020 and March 2021 reported the impacts of
mucilage on endangered coral Cladocora caespitosa,
which are essential for the Dardanelles and coral-rich
habitats in Eceabat and Nara regions, which result in coral
mortalities (Ozalp, 2021).

It was reported that Chrysophaeum taylorii, which
spreads through tropical and subtropical Atlantic and
Western Pacific shores and produces mucilage in benthic
areas, produced mucilage for the first time in the benthic
area in the Aegean Sea in May 2011 (Aktan & Topaloglu
2011). In another study conducted on the shores of
Biiyiikada Island (the Marmara Sea) in 2008, it was
detected that Clindrotheca closterium, Pseudo-nitzschia
sp., Skeletonema costatum, Thalassiosira rotula, and
Gonyaulax fragilis species were the dominant species in
the mucilage structure (Balkis et al., 2011). In June 2007,
when mucilage structure is observed in the north-eastern
Sea of Marmara, it was observed that Gonyaulax hyalina
and Thalassiosira gravida species, which are known to
cause mucilage, were dominant (Tas et al., 2020).
Moreover, the research conducted in the Sea of Marmara
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and the Gulf of izmit between October 2007 and February
2008 reported that Gonyaulax fragilis, Skeletonema
costatum and Cylindrotheca closterium were the dominant
species of the mucilage structure (Tifekgi et al., 2010). Yet
information on the diversity of planktonic communities in
the mucilage structure from the Sea of Marmara ecosystem
is limited only to microscopic descriptions.

This study researches metagenome analysis of the
mucilage structure reaching a critical level in the
Dardanelles in the first two quarters of 2021, distribution
of planktonic communities, and heavy metal content of the

mucilage.
MATERIALS AND METHODS

Samples and Heavy Metal Analysis: Sampling
was performed as part of three nearly simultaneous
expeditions to different regions of the Dardanelles (Station
1: 40°9'8.09"N, 26°24'16.19"E; Station 2: 40°621.62"N,
26°22'41.25"E; Station 3: 40°6'42.78"N, 26°23'57.00"E) in
May 2021. Sampling points in the Dardanelles is shown in
Figure 1. Samples were collected using a 5L Niskin bottle
at the maximum depth of 2 m according to the 1ISO 5667-9
method for the analyses by means of the Turkish Coast
Guard ship in Canakkale (ISO 5667-9, 1992). The
mucilage samples were concentrated after centrifuging
(Hettich, Rotofix 32A, Germany) at 6000 rpm for 10 min
and then filtered through a pre-weighed glass fiber filter
(Merck Millipore, AP40, Germany). The filter was heated
to constant mass at 70 + 1° C for 24 h and then weighed to
determine the dry solid. The filters and a blank filter with
9 ml HNO;3 and 1 ml of H,O, were digested in pressurized
digestion vessels using a microwave oven (CEM, MARS-
6, USA). The temperature was ramped to 210 °C within 15
minutes and held for 20 minutes at a constant microwave
digestion temperature. Digested samples were diluted after
cooling and centrifuging for soluble metal analysis.
Soluble heavy metals in the diluted samples were analyzed
by an inductively coupled plasma-optical emission
spectrometry (ICP-OES / Agilent 5110 Dual View, USA).

DNA Extraction, PCR Amplification and
Bioinformatics Analysis: Total DNA was extracted from
the mucilage samples using GeneMATRIX Kit (EURX
Poland) according to the manufacturer's instructions. The
eukaryote nuclear 18S rRNA gene was amplified by PCR,
using the eukaryotic-specific  primers 18S-566F
CAGCAGCCGCGGTAATTCC and 18S-1200R
CCCGTGTTGAGTCAAATTAAGC (Hadziavdic et al.,
2014).
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Figure 1. Sampling points in the Dardanelles (Google Earth
Map).

The first PCR amplification was performed in 25 pL
volume, containing 10 pL of 2X KAPA HotStart
ReadyMix (Roche, Switzerland), 5 pL of each primer (1
uM), and 2.5 pL of template DNA. Thermal cycling
conditions were: 95 °C for 3 min followed by 25 cycles of
95 °C for the 30s, 55 °C for 30's, 72 °C for 30 s, and a 5
min extension at 72 °C and a final hold at 4 °C. The second
PCR amplification was performed in 50 uL volume, and
reactions contained 25 pL of KAPA HiFi HotStart
ReadyMix, 5 uL Nextera XT1 (N7xx), 5 uL Nextera XT2
(S5xx), 5 uL of cleaned PCR product and 10 pul PCR Grade
water. The second thermocycling conditions were: 95°C
for 3 min followed by 8 cycles of 95°C for 30 s, 55°C for
30 s, 72°C for 30 s, and a 5 min extension at 72°C and a
final hold at 4°C. The sequencing (2 %250 bp) was
performed on the MiSeq platform. The processing and
quality control was conducted using DADA2 (Callahan et
al., 2016). Chimera check was conducted with DADAZ2.
Amplicons with a quality score of more than 20 were
retained, and amplicons were filtered and trimmed with
DADAZ2. Taxonomic classification was performed against
the SILVA 138 ribosomal RNA gene database (Quast et
al., 2012).

RESULTS AND DISCUSSION

Planktonic community compositions: The
dominant planktonic eukaryotes, at the phylum level, were
Dinoflagellata  (38.57%), Protalveolata  (15.03%),
Diatomea (12.41%), Nematozoa (8.44%), Apicomplexa
(6.79%) and Chlorophyta (5.43%), which constituted
86.68 % of the total number of sequences (Figure 2).
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Figure 2. Planktonic community compositions during the
mucilage event.

The most dominant OTUs (>10%) (Table 1) were
Alexandrium with 25442 reads (35.36%),
Syndiniales_Group_Il with 7958 reads (11.06%). Other
dominant OTUs (>2%) (Table 1) were Viscosia sp with
6305 reads (8.76%), Lankesteria with 4217 reads (5.86%),
Arcocellulus with 3719 reads (5.17), Thalassiosira with
2133 (2.96) and Nannochloris with 1753 reads (2.44%).

Table 1. Top seven of planktonic eukaryotes. Results are given at
species level or a higher taxonomic level if the sequences could
not be assigned to a species.

Dominant OTUs (%)

Alexandrium (Dinophyceae) 35.36
Syndiniales_Group_II (Protalveolata) 11.06
Viscosia sp (Enoplea) 8.76
Lankesteria (Apicomplexa) 5.86
Arcocellulus (Diatomea) 5.17
Thalassiosira (Diatomea) 2.96
Nannochloris (Chlorophyta) 2.44

A plethora of studies has been conducted on
planktonic communities in water sources with
metagenomic approaches. In the present study conducted
in May 2021, when intense mucilage was observed, the
dominant group was found to be the Alexandrium genus.
Among many dinoflagellate species, the Alexandrium
genus, in particular, produces toxins resulting in problems
on human and environmental health as well as tourism
economies (Vingiani et al., 2020). It was reported that
Alexandrium species have the capability to produce
mucilage and lead to shrimp and fish mortality in regions
with algae bloom (Landsberg et al., 2002; Lewis et al.,
2018). Alexandrium minutum is the most common toxic
species in the western Mediterranean Sea (Vila et al.,
2001). It caused larval mortality of some bivalve species
and reduced valve gape and clearance rate of large-sized
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class bivalves (May et al.,, 2010). The presence of
Alexandrium species in the water column and sediment in
the Gulf of Gemlik (the Sea of Marmara) between 2011-
2012 was reported (Balkis et al., 2016; Balkis & Tas 2016).
A. minutum cysts were determined in the sediments of
Izmir Bay (Aydm et al., 2011; Aydin & Uzar, 2013).
Moreover, vegetative forms of A. minutum were reported
from the Marmara Sea (Balkis, 2004; Tiifekgi et al., 2010).

This study reports the second most dominant
group as Syndiniales Group_I1: endosymbionts of tintinnid
ciliates, crustaceans, fish, protozoa, algae, and other
dinoflagellates in particular (Luo et al., 2016). All the
Syndiniales species identified have been reported to kill
their hosts, including other protists and metazoans, and
then release dinospores (Coats & Park., 2002; Guillou et
al., 2008; Clarke et al., 2019). For this reason, Syndiniales
species can potentially affect plankton population
dynamics and biogeochemical cycling. The research in the
literature has demonstrated that parasitic Syndiniales
species assume the role of biological control agent on
dinoflagellates that increase by algae bloom (Chambouvet
et al., 2008; Mazzillo et al., 2011). As proof of this finding
and parallel to the present study, 27.70% dinoflagellata and
12.81% parasitic Syndiniales Group | were dominant
groups in polluted waters (Thessaloniki Bay, Greece)
(Tsipas, 2020).

In this study, free-living marine nematode
Viscosia sp. was detected in mucilage structure. In asimilar
vein, it was found among dominant nematode species in
the Ligurian Sea, North-West Mediterranean (Moreno et
al., 2009), Strait of Sicily, Central Mediterranean Sea
(Sandulli et al., 2015), Aegean Sea, Eastern Mediterranean
(Lampadariou & Eleftheriou, 2018) and the Black Sea
(Urkmez et al., 2016).

Gregarines, a large group of Apicomplexans, live
in the body cavities of invertebrates, and some species
attach to the epithelial tissues of the host, invading the
intestinal lumen. In contrast, others invade the reproductive
systems (Leander et al., 2016). As a member of this group,
Lankesteria was found present in the mucilage structure at
a rate of 5.86%. Lankesteria species were isolated in
ascidians on the Central California Coast (Levine et al.,
1981), and they were reported to cause large-scale
infection in the ascidian Ciona intestinalis species (Mita et
al., 2012). No report of Lankesteria species has been found
in the literature for the Sea of Marmara and the Aegean
Sea. However, the closest information to the present study
area is Lankesteria metandrocarpae species in Varna Bay
(the Black Sea) (Dzhembekova et al., 2017).

In this study, two Diatomea genus Arcocellulus
and Thalassiosira, were detected in mucilage structure.
Similarly, they were dominant groups during algae bloom
periods in the Mediterranean Sea (Percopo et al., 2011).
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Thalassiosira species were reported among the most
abundant diatom species forming resting stages (Montresor
et al., 2013). Parallel to the present study, Tsipas (2020)
reported that Thalassiosira was found among the dominant
groups in polluted Thessaloniki Bay (Greece) at a rate of
2.41%.

It has been reported that the green algae
Nannochloris genus belonging to the chlorellaceae family,
identified among the dominant groups in the mucilage
structure in the present study, contains species that lead to
ecosystem disruptive algae blooms (Zhang et al., 2015;
Mercado et al., 2021). Dzhembekova et al. (2017) detected
the presence of Nannochloris sp. in Varna Bay (the Black
Sea), though not intense, in their research on harmful algae.
However, there has been no report of an algae bloom
caused by Nannochloris species in Turkish waters in the
literature.

This study determines planktonic communities in the
mucilage structure, which started to be observed in
Turkey's water column, surface, and bottom at the
beginning of 2021 and reached severe levels as of May.
The finding is that the Alexandrium genus, a dinoflagellate,
and the Syndiniales Group_lI, which is known to act as a
biological control agent on the species belonging to this
genus, are among the dominant groups is particularly
significant. Alexandrium species have been known the
capability to produce mucilage. Some Alexandrium species
can cause severe impacts on human health and lead to
bivalve, shrimp and fish mortality. Therefore, a more
detailed study is needed to determine the Alexandrium
toxins in the mucilage structure.

The heavy metal content of the mucilage: There is
limited information on the heavy metal concentration of
mucilage in the literature. Therefore, the heavy metal
content of the obtained mucilage from the Dardanelles was
defined in this study. On the other hand, the collected
mucilage from the surface of the Marmara Sea was sent to
the landfill site for disposal. Thus, the concentration of the
heavy metals in the obtained mucilage is crucial for
environmental concerns. The microorganisms in the
mucilage, such as microalgae and bacteria, have negative
functional groups on their surface. These groups are more
like to bind positive ions (i.e. heavy metals) in the sea. Due
to this reason, the accumulation of heavy metals in the
mucilage can occur. The heavy metal concentration of the
mucilage and limitations for landfilling are given in the
Table 2. The limit concentrations of heavy metals in non-
hazardous waste in the Regulation on Landfilling of
Wastes by the Republic of Turkey Ministry of
Environment and Urbanization are 2, 100, 1, 10, 50, 0.2,
10, 10, 10, 0.5 and 50 mg/kg dry solid for As, Ba, Cd, Cr,
Cu, Hg, Mo, Ni, Pb, Se and Zn, respectively (TMEU,
2019).
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Table 2. The heavy metal concentration (mg/kg) of the mucilage and limitations for landfilling

Stations As Ba Cd Cr Cu Hg Mo Ni Pb Ba Zn
Station 1 3.10 0.03 0.18 10.80 13.12 0.14 5.59 7.67 2.37 ND 0.77
Station 2 4.45 ND 0.12 21.77 1.08 0.18 7.96 7.22 2.06 ND ND
Station 3 ND* ND ND 6.72 6.09 ND 4.73 3.71 ND ND ND
Limit Conc. ** 2.00 100.00 1.00 10.00 50.00 0.20 10.00 10.00 10.00 0.50 50.00

*ND: under the detection limit
** Limit concentrations of heavy metals in landfilling of non-hazardous waste

The third sampling point (Station 3) is very close
to the residential area. The water movement is very limited
in that area as well; thus, the heavy metal content of the
Station 3 could be lower than the other stations. According
to the results, the total concentrations of all heavy metals
in the mucilage complied with the regulation, except for As
and Cr. Therefore, the collected mucilage from the sea
surface should be checked before sending it to landfill sites
in terms of the heavy metal content.
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Oz: Bu galismada iilkemizde 6zellikle Dogu Anadolu’da siklikla tiiketilen Gundelia tournefortii
(Kenger) bitkisinin gen¢ saplarinin AMES/mikrozom testi ile antimutajenik aktivitesinin ve
antimikrobiyal aktivitesinin belirlenmesi amaglanmistir. Oda sicakliginda ve nemsiz ortamda
kurutma islemi gergeklestirilen kenger bitki ekstraktlar1 su, metanol ve hekzan ile ekstrakte
edilmistir (1:10 (w/v)). Evaporatdrde yogunlastirtlan 6rnekler, son konsantrasyonlart 1000 mg
ml- olacak sekilde metanol ile ekstrakte edilmistir. Ekstraktlarin Bacillus cereus ATCC 11778,
Staphylococcus aureus ATCC 25923, Escherichia coli ATCC 25922, Pseudomonas aeruginosa
ATCC 27853, Salmonella typhimurium ATCC 14028 kars1 in vitro antimikrobiyal 6zellikleri
arastirilmistir. 1000 mg ml metanol ekstraktinin metisilin direngli Staphylococcus aureus ATCC
25923 susuna karst 15 mm ¢apli antimikrobiyal etki gdsterdigi saptanmistir. Kenger bitkisinin su
ekstraktlarmin 21 mg ml?, 43 mg ml?, 87 mg ml! ve 175 mg ml? konsantrasyonlarmin
antimutajenik aktiviteleri Ames yontemi ile tespit edilmistir. 21 mg ml* konsantrasyondaki su
ekstresinin S9 varlginda ve yoklugunda gii¢lii diizeyde antimutajenik aktivitesi belirlenmistir.

Anahtar kelimeler: Ames/mikrozom testi, antimikrobiyal aktivite, antimutajenik aktivite,
Gundelia tournefortii (Kenger).
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Abstract: In this study, it was aimed to determine the antimutagenic activity by using the
AMES/microsome test and antimicrobial activity of the young stems of the Gundelia tournefortii
(Kenger) plant, which is frequently consumed in our country, especially Eastern Anatolia. The
plant extracts, dried at room temperature by without humidity, were extracted with distilled water,
methanol and hexane (1:10 (w/v)). After evaporation, the samples were extracted with methanol
at final concentration of 1000 mg ml. In vitro antimicrobial properties of the extracts against
Bacillus cereus ATCC 11778, Staphylococcus aureus ATCC 25923, Escherichia coli ATCC
25922, Pseudomonas aeruginosa ATCC 27853, Salmonella typhimurium ATCC 14028 were
investigated. It was determined that 1000 mg mlI-* methanol extract had an antimicrobial effect
with a diameter of 15 mm against methicillin resistant Staphylococcus aureus ATCC 25923
strain. Antimutagenic activities of 21 mg ml?, 43 mg ml?, 87 mg ml? ve 175 mg mi?
concentrations of distilled water extracts of Kenger plant were determined by Ames method. The
strong antimutagenic activity for 21 mg ml water extract was observed in the presence and
absence of S9.

Keywords: Ames/microsome test, antimicrobial activity, antimutagenic activity, Gundelia
tournefortii (Kenger)
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GIRiS

3000’i endemik olmak tizere yaklagik 12000 bitki
taksonuna sahip iilkemiz bitki biyogesitliligi agisindan
olduk¢a zengindir. Ozellikle besinsel ve fonksiyonel
ozelliklerinden dolay1 yabani yenilebilir bitkiler geleneksel
olarak halk arasinda kullanilmaktadir (Konak vd., 2017).
Yenilebilir kisimlarimin  vitamin, mineral ve besin
elementleri agisindan zengin olmasimin yani sira yararl
fitokimyasal igerik miktarlarna gore antioksidan,
antimikrobiyal,  antiviral,  antikarsinojenik,  anti-
inflamatuar, anti-parazit ve antimutajenik gibi biyolojik
aktiviteleri de ortaya konulmus yabani bitkiler insan sagligi
acisindan Onemli rol oynamaktadir (Konak vd., 2017;
Sarag vd., 2019).

Asteraceae familyasina ait Gundelia tournefortii
kenger otu, kenger sakizi, sakiz otu, ¢adir dikeni ve kanak
sakiz1 gibi ¢esitli adlarla bilinen yenilebilir yabani bir bitki
Kenger, iilkemizde Anadolu’da Karaman,
Ermenek, Toros daglar (Giilek civar1), Bayburt, Elazig,
Antalya (Yayladag1), Gaziantep, Silitke, Diyarbakir vb.
bolgelerde farkli rakimlarda yetisebilen ve enginara
benzeyen bascig1 ve geng saplart nedeniyle sebze olarak
yenilebilmekte, yem bitkisi olarak kullanilmakta ve
govdesinden sizan kivamli siit kenger sakizi olarak
bilinmektedir (Karatas vd., 2014). Dondurma iiretiminde
iyi bir stabilizator olarak kullanilmasina ek olarak, K, Ca,
P, Na, Fe, Mg ve Zn gibi mineraller, yag asitleri, tokoferol
ve sterolleri de igerdiginden yiiksek besinsel igerige
sahiptir (Al-Kadhi vd., 2020; Okcu ve Kaplan, 2018;
Karaaslan vd., 2014).

20-30 cm boyunda, tek tohumlu, dikenli, ¢ok
yulik otsu bir bitki olan kenger bitkisinin viicut kismi
hepatoprotektif ve kan temizleyici olarak, Dogu
Anadolu'da ise kuru tohumlar vitiligo tedavisinde, taze
tohumlar: idrar soktiiriicii olarak, tohumlar ve diger
kisimlar yiiksek antioksidan potansiyele sahip olup halk
arasinda tibbi olarak kullanilmaktadir (Ozaltun ve Dastan,
2019; Sarag vd., 2019; Ceylan vd., 2019). Ayrica, karaciger
iltihabi, hipoglisemik, safra yolu iltihabi, siroz, kabakulak,
ishal, bronsit ve kronik karaciger hastaliklarina kars: etkisi
de bildirilmistir (Haghi vd., 2011; Rafii vd., 2017; Sarag
vd., 2019).

Insanoglunun  yasami  boyunca  gevresinde
karsilastigi pek ¢ok mutajenik ve karsinojenik ajanlara
karst genomun korunmasi olduk¢a hayati Onem
tagimaktadir. Genomun kendi onarim sistemleri diginda,
bitkilerden elde edilen antioksidan, antimutajenik 6zellige
sahip biyoaktif bilesenlerle desteklenerek korunmasi da
miimkiindiir. Bu agidan gliniimiizde yabani yenilebilir bitki
tirlerinin ¢ogu antimutajenik potansiyelleri yoniinden
arastirilmaktadir. Bu nedenle ¢alismamizda Gundelia
tournefortii  (kenger) bitkisinin gen¢ saplarina ait
kisimlarinin -~ Ames/mikrozom testi ile antimutajenik

tiridiir.
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aktivitesi ve antibakteriyel aktivitesinin belirlenmesi
amacglanmistir. Ulkemizde kenger bitkisi ile yapilmis
antimutajenite  aktivite caligmasinin  bulunmamasi
sebebiyle bu projemiz ilk rapor
tagimaktadir.

olma niteligini

MATERYAL VE METOT

Bitki Ekstraktlarimin Hazirlanmasi:  Kenger,
Gundelia tournefortii bitkisi Mart ve Nisan aylar1 boyunca
Urfa il pazarindan toplanmigtir. Elde edilen bitkiler oda
kosullarinda golgede kesilip kurutulmus ve analizlerde
kullanilana kadar karanlik siselerde muhafaza edilmistir.
Bitki kisimlart ev tipi 6giitiicide (Argelik K 3104) toz
haline getirilmistir. Ekstraksiyon i¢in 30 gr toz haline
getirilmis kenger bitkisi kullanilmistir. 72 saat oda
sicakliginda galkalamali kosullarda su, hekzan ve metanol
¢oziiciileri (1:10 (w/v)) kullanilarak ekstraksiyon basamagi
stirdiirilmiistiir. Ekstraksiyon islemi tamamlanan 6rnekler
filtre kagidindan (Whatman filter paper No.1) siiziilmiis ve
coziiciilerin uzaklastirilmasi i¢in evaporator kullanilmistir.
Evaporasyon sonrast drneklerin son konsantrasyonu 1000
mg ml! olacak sekilde metanol igerisinde siispanse
edilmistir. Antimutajenite ¢aligmalari i¢in ise sadece su
faz1 ekstresi test edilmistir. Antimikrobiyal analizler igin
1000 mg ml? hekzan, saf su ve metanol ekstraktlari
kullanilmustir. Ekstraktlar biyolojik aktivite analizlerine
kadar renkli siselerde -20°C'de stoklanmustir.

Antibakteriyel ~ Analizler:  Kenger bitkisi
ekstraktlarmin bakterilere karsi biyolojik aktivitesini
belirlemek amactyla Kirby-Bauer disk difiizyon yontemi
kullamlmistir ~ (Bauer vd., 1966). Caligmada,
laboratuvarimiz kiiltiir koleksiyonunda bulunan standart
bakteriler (Bacillus cereus ATCC 11778, Staphylococcus
aureus ATCC 25923, Escherichia coli ATCC 25922,
Pseudomonas aeruginosa ATCC 27853, Salmonella
typhimurium ATCC 14028) test edilmistir. Bakterilere
kars1 belirlenecek aktivite igin CLSI standartlarina uygun
olarak Mueller Hinton Agar (MHA) besiyerleri
kullamilmistir. McFarland 0,5 standart bulanikliginda
bakteri silispansiyonlar1 hazirlanmis ve steril ekiivyon
c¢ubugu ile Mueller Hinton Agar yiizeyine inokiile
edilmistir. 6 mm ¢apli steril blank disklere her bir kenger
ekstrelerinden 10 pL emdirilip steril penset yardimi ile
agar ylizeyine esit araliklarla yerlestirilmistir. Escherichia
coli, Salmonella typhimurium ve Bacillus cereus igin
Tetrasiklin (30 mcg/disk); Staphylococcus aureus igin
Metisilin (5 mcg/disk); Pseudomonas aeruginosa igin
Polimiksin B (300 unite/disk) antibiyotikleri standart
olarak kullanilmistir. Negatif kontrol olarak steril blank
disklere 10 pL metanol emdirilmistir. 37°C’de 18-24 saat
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inkiibasyonu takiben disklerin etrafinda bakterilerin
iremedigi seffaf zonlarin varligi incelenmistir.

Antimutajenite Analizleri: Maron ve Ames
(1983) tarafindan gelistirilen Salmonella / mikrozom
deneyi, kenger ekstraktinin  antimutajenitesini
saptamak i¢in analiz edilmistir. Analiz 6ncesi Salmonella
typhimurium TA98 (HisD3052, pKm101, rfa, uvrB) ve
TA100 (HisG46, pKm101, rfa, uvrB) suslarinin mutajen
Ozellikleri test edilmistir. Sitotoksisite analizi i¢in 21 mg
ml?, 43 mg ml, 87 mg ml?, 175 mg ml*mg/plak kenger
konsantrasyonlart ~ kullanilmustir. ~ Sitotoksik ~ dozun
belirlenmesi i¢in, 100 puL kenger ektsrakti ve gece boyunca
biiyiitiilen 100 pl bakteri suslar1 (yaklagik 1-2x10°cfu/mL),
2 mL iist agar iceren test tiipleriyle karistirilmis ve Nutrient
agar plagma dokiilmiistiir. 37°C'de 24-72 saat inkiibe
edilen plaklarda test ve kontrol plagindaki koloni sayisi
kargilagtirilarak toksik olmayan doz tespit edilmistir.
Mutajenite deneyi, se¢ilen dozlarla siirdiiriilmiistiir.

Kenger bitkisinin antimutajenitesi karaciger S9
fraksiyonun varhginda ve yoklugunda test edilmistir.
Karaciger S9 karisimi, tarafindan agiklanan
prosediire gore hazirlanmistir. (Maron ve Ames, 1983).
Tiim testlerde, suslara gore negatif kontroller (damitilmis
su) ve pozitif kontroller (S9 yoklugunda TA100 igin
sodyum azid (Spg/plak), TA 98 susu i¢in 4-nitro-o-
fenilendiamin (5pg plak™); S9 varliginda TA100 igin
sodyum azid (5 pg plak™?), TA98 susu icin 2-Aminofloren
(7.5 pg plak)) pozitif direkt mutajen olarak kullanilmistir
(Ekmekei, 2010).

100 pl pozitif mutajen madde ve 100 pl gecelik
bakteri kiiltiirii (yaklagik 1-2x10° cfu/mL) top agara ilave
edilmistir. Tipler karistirilarak MGA  besiyerlerine
dokiilmiis ve 37°C’de 48-72 saat inkiibe edilmistir.
Inkiibasyon sonrasi koloni sayimi yapilmistir. Negatif ve
pozitif kontroller de deneye paralel olarak yapilmustir.
Pozitif kontrol igin 500 pl sodyum-fosfat tamponu+100 pl
pozitif mutajen madde+100 pl bakteri kiiltiirii top agara
ilave edilmistir. Negatif kontrol i¢in 500 ul sodyum-fosfat
tamponu+100 pl su veya DMSO+100 pl bakteri kiiltiirii
top agara ilave edilmistir. S9 yoklugundaki tiim islemlerin
asamalar1 ayni sekilde yiiriitilmiigtiir. Sadece farklilik
olarak S9 yoklugunda top agara eklenen 500 pl fosfat
tamponu yerine 500 pl S9 karisimi eklenmistir. Tim
analizler 3 tekrarl1 yuritilmistir.

sulu

Ames

BULGULAR VE TARTISMA

Kenger bitkisinin 1000 mg ml* hekzan, saf su ve
metanol ekstraktlarinin standart test izolatlar1 (Bacillus
cereus ATCC 11778, Staphylococcus aureus ATCC
25923, Escherichia coli ATCC 25922, Pseudomonas
aeruginosa ATCC 27853, Salmonella typhimurium ATCC
14028) iizerindeki antimikrobiyal aktivitesi Tablo 1’de
verilmistir.
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Tablo 1. Kenger bitkisinin antibakteriyel aktivitesi (mm
cinsinden).
Table 1. Antibacterial activity of the Kenger (terms of mm).
Negatif Pozitif Su Hekzan Metanol
Kontrol Kontrol Water Hexan Methanol
Negative Positive
Control Control
S. aureus
ATCC 25923 - - - 150
P.aeruginosa
ATCC 27853 - 150 - - -
B. cereus
ATCC 11778 - 28+2 - - -
S.typhimirum
ATCC 14028 - 19+2 - - -
E. coli _
ATCC 25922 - 17,5£0,05 - -

Tablodaki verilere gore Kenger bitkisinin sadece
test mikroorganizmalarindan Staphylococcus aureus
ATCC 25923 susu iizerinde metanol ekstraktinin
antibakteriyel aktivite gosterdigi belirlenmigtir. 2.
dereceden bakteriyemi etkeni ve hastane enfeksiyonu
acisindan 6nemli bir enfeksiyéz bakteri olan metisiline
kars1 direngli S. aureus iizerinde gozlenen antibakteriyel
aktivite metanol ekstraktinin biyolojik etkinligine isaret
etmektedir.

Kenger bitkisinin su ve hekzan ekstraktlarinin

denenen test organizmalar1 iizerinde herhangi bir
antimikrobiyal aktivitesi saptanamamustir (Sekil 2).
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Sekil 2. Standart 1zolatlara kars1 kenger bitki ekstratlarmm
antibakteriyel etkisi.

Figure 2. Antibacterial effect of kenger plant extracts against
standard isolates.

Asadi-Samani vd., (2013) tarafindan Gundellia
sp. tirii tizerinde yapilan ¢alismada, metanol ekstraktinin
cesiti  mikroorganizmalara  karst  antimikrobiyal
etkinlikleri bildirilmistir. Sara¢ vd., (2019) kenger tohumu
su ekstraktinin bazi bakteriler {izerindeki etkisini
inceledikleri ¢alismada, 8 farkli mikroorganizmaya karsi
zayif nitelikte aktivite saptanirken g¢alismamiza benzer
olarak sadece S. aureus ATCC 29213 bakterisi iizerinde
0,3125 mg/mL degeriyle orta diizeyde bir etkinligin oldugu
gozlenmistir. 8 adet standart sus lizerinde test edilen diger
bir ¢alismada ise kenger bitkisinin kok, yaprak ve ugucu
yag ekstrelerinin  antimikrobiyal  aktivitesi
incelenmigtir. Caligmamizin sonuglarmi destekler nitelikte
test mikroorganizmalar1 iizerinde genelde zayif ve 6nemsiz
aktivite belirlenirken, sadece S. aureus ATCC 29213
susuna karsin 1hmlh diizeyde (0,5 mg/mL) etki tespit
edilmistir (Ozaltun ve Dastan, 2019). Kenger bitkisinin
tiim kisimlari ile yapilan diger bir caligmada ise, ¢oklu ilag
direnci gosteren Escherichia coli ve Pseudomonas

sulu
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aeruginosa’ya karsi antibakteriyel aktivite gbzlenmistir.
Ancak bu aktivitenin penisilin G ve eritomisin ile kenger
bitkisinin  kombinasyonu sonunda belirlendigi rapor
edilmistir (Darwish ve Aburjai, 2010). Diger bir ¢aligmada,
kenger bitkisinin metanolik  ekstraktlarinin  farkli
antibiyotiklerle kombinasyonu ile direngli S. aureus susu
iizerinde antibakteriyel aktivite gdzlenmistir (Darwish vd.,
2002).

Literatiir caligmalari ve projemizin sonuglari bazi
bitki bilesenlerinin direngli standart suslari iizerindeki
antibakteriyel etkinliginin yapisal farkliliklardan dolay1
onemli diizeyde degisiklik gosterdigini vurgulamaktadir.

Kenger sulu faz ekstresinin antimutajenite
aktivitesinin belirlenmesi i¢in oncelikle suslarin mutant
karakterleri ve kendiliginden geri donen koloni sayis1 test
edilmistir. S. typhimurium TA98 ve TA100 suslarinin
kendiliginden geri donen koloni sayisi agsagidaki Tablo
2’de belirtildigi gibidir. Bu kendiliginden geri donen
koloni sayis1 her sus i¢in olmasi gereken limitler araliginda
bulunmustur.

Tablo 2. S. typhimurium TA98 ve TA100
kendiliginden geri donen koloni sayisi.

Table 2. Number of spontaneously returning colonies of S.
typhimurium TA98 and TA 100 strains.

suslarinin

Suglar Referans degerleri Kendiliginden geriye
donen koloni sayist

S. typhimurium TA98 20-50 30,5

S. typhimurium TA100 80-200 168,5

Antimutajenite deneylerinde kenger bitkisinin 21
mg ml?, 43 mg ml?, 87 mg mlt ve 175 mg ml?!
konsantrasyonlarindaki su ekstraksiyonlar1 ¢alisildi. Elde
edilen verilere gore kontrol plaklarindaki koloni sayilari ve
kenger bitkisinin bu konsantrasyonlarindaki koloni sayilar1
sayillamayacak kadar fazla oldugundan kenger bitkisinin
bu konsantrasyonlarinin sitotoksik etkilerinin olmadigi
belirlendi.

Pozitif kontrollerin mutajenite oranlart %100
(yani %0 antimutajenite) kabul edilerek, kenger bitki
ekstraktlarinin antimutajenite oranlari [(A-B)/(A-C)]x100
formiiline gore hesaplanmistir. (A= Bakteri+mutajen
iceren besiyerinde geri donen koloni sayisini; B=
Bakteri+mutajen+ekstrakti igeren besiyerinde geri donen
koloni sayisini; C= Sadece bakteri igeren besiyerinde geri
donen koloni sayisini ifade etmektedir). Inhibisyonun
aktivite yok veya zayif antimutajenite olarak kabul
edilmesi %0-25 araligi baz alinarak, orta derece
antimutajenite i¢in %26-40 aralig1 baz alinarak ve giiclii
antimutajenite i¢in ise %40 ve tizeri aralik baz alinmistir
(Uysal vd., 2016).

Kenger bitki ekstraktlarinin antimutajenite test
sonuglar1 Tablo 3 ve 4’de verilmistir. Kenger bitki
ekstraktlarinin antimutajenik etkisi plak bagina diisen
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revertant koloni sayilarinin ortalamasi ve bilinen
mutajenlere karst belirlenen % inhibisyon oranlar1
degerlendirilerek belirlenmistir. TA98 susu iizerinde S9
yoklugunda sadece 21 mg ml? kenger ekstraktlar1 orta
dereceli (%38,41) antimutajenik aktivite gosterirken diger
konsantrasyonlarin zayif antimutajenik etki gosterdigi
gozlenmistir. TA100 susu iizerinde ise S9 yoklugunda 87
ve 43 Kkenger ekstraktlart orta dereceli (%28-36)
antimutajenik aktivite gosterirken 21 mg ml? kenger
ekstraktinda ise giigli antimutajenik aktivite (%43,21)
tespit edilmistir.

S9 varliginda ise TA98 susu lizerinde test edilen
kenger konsatrasyonlarinin timii i¢in % inhibisyonun
arttig1 saptanmistir. 21 mg ml kenger konsantrasyonunda
S9 yoklugunda belirlenen orta dereceli (%38,41)
inhibisyon, S9 varliginda ise gii¢lii antimutajenik aktivite
(%44,87) ile sonuglanmigtir. S9 varliginda TA100 susuna
karsin etkinligin 21 mg ml? ve 43 mg ml? kenger
konsantrasyonlarinda artig gosterdigi tespit edilmis olup,
87 mg mlt ve 175 mg ml?' konsantrasyonlarda %
inhibisyonda azalma gbzlenmistir. Buna gore S9 varliginda
TA100 susu i¢in en yiiksek mutajen inhibitor etki %63,35
glicli antimuajenik aktvite ile 21 mg ml?! kenger
konsantrasyonunda rastlanmustir.

Analizlerimizin sonuglari S0z konusu
antimutajenik aktivitenin madde konsantrasyonu artigina
bagli olarak % inhibisyonun artmadigini ortaya
koymaktadir. Buna gore her iki sus i¢in S9 varliginda ve
yoklugunda en giicli aktivite 21 mg ml? kenger
konsantrasyonunda gbzlenmistir.

Kanser, giinlimiizde
Olimlerin ana nedenlerinden biri olarak kabul
edilmektedir. Bilim adamlari, DNA dizisi ve

strekliligindeki genetik materyalin hasar

endiistriyel ~ diinyada

gormesi,
genlerdeki mutasyon ve kromozomal yapilardaki diger
genetik  degisikliklerin  karsinogenezde ©nemli rol
oynadigina inanmaktadir. Giinlilk yasamda antimutajen ve
antikarsinojen kullanimi, insan kanserini ve genetik
hastaliklar1 onlemede en etkili prosediir olarak
goriilmektedir (Sarac, 2015).

Bitki tiirlerinin ortaya c¢ikardigi antimutajenik
ozellikler, insan saglhiginda ¢ok ¢esitli ileriye doniik
uygulamalara sahiptir. Aktif bigsenler igeren bitkisel ilaglar
DNA'ya elektrofil (6rnegin, serbest radikaller gibi)
saldirisinin yaglanma ve kanser gibi yaygin sonuglarina
kars1 koruma saglamak igin gelistirilmektedir. Kanserin
ortaya c¢ikma oran1 diinya c¢apinda artmakta olup,
kemopreventif veya kemoprofilaksi  bilesiklerinin
belirlenmesi kanser riskini azaltma ¢abasinda 6nemlidir.
Antimutajenite gosteren bir bitki 6ziitii, bir antikarsinojen
degildir; ancak, bu tiir amaglar i¢in potansiyel adaylarin bir
gostergesidir (Sarac, 2015).
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Tablo 3. Kenger bitki ekstraktlarinin S9 yoklugunda TA98 ve TA100 suslari iizerinde belirlenen antimutajenik etkileri.
Table 3. The antimutagenic effects of Kenger extracts on TA98 and TA100 strains in the absence of S9.

Konsantrasyon TA98 TA100
(mgml?) S9 (-) His* revertant koloni % S9 (-) His* revertant koloni %
Concentration(mgml) say1s1 Inhibisyon say1s1 Inhibisyon
S9 (-) His + revertant colony Inhibition (%) S9 (-) His + revertant colony Inhibition (%)
count count
Negatif Kontrol 100pl/plak 24+7" T7+8¢
Negative Control
Pozitif Kontrol 200png/plak 484,5+1,5° %0 369,5+0,5 %0
Positive Control
175mg/ml 43942° %9,88 376,5+1,5° %2,39
87 mg/ml 607,4+1,4° -%0,26 264,8+0,8° %35,7
43 mg/ml 408,3+0,3¢ %16,5 283,3+1,3° %29,47
21 mg/ml 307,6+2,7° %38,41 243,1+3,1¢ %43,21

Negatif Kontrol: Su (100ulplak™) TA98 ve TA100 suslari igin S9 yoklugunda negatif kontrol olarak kullamldi.

Pozitif Kontroller: S9 yoklugunda TA 98 susu igin 4-nitro-o-fenilendiamin (5pgplak), TA100 i¢in sodyum azid (Spgplak) pozitif direkt mutajen olarak kullamldi.
abedeA vy siitundaki farkli harflere sahip gruplar arasindaki fark istatistiksel olarak 6nemlidir (p< 0,05).

Tablo 4. Kenger bitki ekstraktlari S9 varliginda TA98 ve TA100 suslari {izerinde belirlenen antimutajenik etkileri.
Table 4. Antimutagenic effects of Kenger extracts on TA98 and TA100 strains in the presence of S9.

Konsantrasyon

TA98

TA 100

(mgmL™)

Concentration(mgml) sayist

S9 (+) His* revertant koloni

S9 (+) His + revertant

colony count

% Inhibisyon
Inhibition (%)

S9 (+) His* revertant koloni
sayis1
S9 (+) His + revertant

% Inhibisyon
Inhibition (%)

colony count

Negatif Kontrol 100ul/plak 43+3" 106+25¢ -
Negative Control
Pozitif Kontrol 200png/plak 632,5+17,5° 347,5+5,5° -
Positive Control
175mg/mL 593,5+19,5° %6,61 343492 %1,86
87 mg/mL 538,5+1,5¢ %15,95 296,5+3,5° %21,12
43 mg/mL 495,5+16,5¢ %23,24 246+3¢ %42,03
21 mg/mL 368+9° %44,87 194,5+6,59 | %63,35

Negatif Kontrol: Su (100 pl plak™) TA98 ve TA100 suslari igin S9 yoklugunda negatif kontrol olarak kullanildi.
Pozitif Kontroller: S9 varliginda TA 98 susu igin 2-Aminofloren (7,5 pg plakt), TA100 igin sodyum azid (5 pg plak™) pozitif direkt mutajen olarak kullanildi.
abede Ay siitundaki farkln harflere sahip gruplar arasindaki fark istatistiksel olarak énemlidir (p<0,05).

SONUC VE ONERILER

AMES, maddelerin kanserojen ve mutajenik
potansiyelleri arasindaki iliskiyi arastiran en 6nemli in
vitro test sistemidir. Ancak son yirmi yilda yapilan
arastirmalar,  mutajenik  olmayan  kanserojenleri
belirlemeye yoneliktir. Sonug olarak bir test maddesinin
genotoksik etkileri, bakteriyel gen mutasyon analizini
takiben mikroniikleus, komet, kardes kromatid degisimi,
kromozomal anormallikler ve transgenik sigan mutasyonu
gibi in vitro ve in vivo test sistemleri ile aragtirilmali ve bu
literatiir verilerine dayanarak, ileriki ¢alismalarimizda bu
test sistemlerinde kenger bitkisi ile ilgili daha fazla ¢aligma
yapilacaktir.
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Karasu Nehri‘nden (Erzincan) Elde Edilen Sazan (Cyprinus carpio, L., 1758) ve Turna Bahig:
(Luciobarbus esocinus, H., 1843) Farkh Dokularindaki Baz1 Agir Metal Diizeylerinin Belirlenmesi

Oz: Agir metaller kisa ve uzun vadede insan sagligina zararli olabilir. insan hayatindaki en
onemli protein kaynaklarindan biri olan balik tiiketimi, agir metallere maruz kalmanin en yaygin
yollarindan biridir. Bu ¢alismada bazi agir metallerin (Li, Na, Mg, Al, K, Ca, Cr, Mn, Fe, Co, Ni,
Cu, Zn, As, Se, Ag, Cd, Pb ve U) farkli dokulardaki konsantrasyonlarinin belirlenmesi i¢in Yukari
Firat Havzasi boyunca uzanan Karasu Nehri'nden (Erzincan, Tiirkiye) toplanan sazan (Cyprinus
carpio, L., 1758) ve turna baligi (Luciobarbus esocinus, H., 1843) kas, karaciger ve solungag
dokular1 Kasim 2019 - Ekim 2020 tarihleri arasindan aylik olarak toplanmistir. Agir metal analizi,
m ICP-MS -Bruker 820-MS ile gergeklestirilmistir. Dokulardaki agir metallerin sonuglar1 kabul
issrg;ﬁnékvf;ar: edilebilir uluslararasi smirlarla karsilastirilmistir. incelenen metallerin her mevsimde 6nemli
Giresun Universitesi, Fen Bilimleri Enstitiisii, diizeyde bulunmasi, Karasu Nehri biyotasinin 6zellikle agir metal alimma karsi savunmasiz
Biyoloji ABD, Giresun, Tiirkiye oldugunu gostermektedir. Sonug olarak, arastirmalar ¢esitli unsurlar arasinda giiglii bir baglanti
B<: ismmmail@gmail.com oldugunu gostermistir ve ayrica insan saghgi risk degerlendirmesi (HHRA) balik tiiketimi i¢in
tehlikeli oldugunu ortaya koymaktadir.

Anahtar kelimeler: Karasu nehri, agir metal, balik, halk saghi.

INTRODUCTION foods which has amino acid that humans consume (Attia et

al., 2020; Kaushik & Seiliez, 2010; Mariotti & Gardner,

Fish is excellent and healthy source of protein, 2019). Due to its acceptability, tastiness, and low

and its amino acid contents are richer in cysteine than other cholesterol and low-fat, it is highly used for human
UMBu ¢alisma, doktora tezinden iiretilmistir. [IThis study was produced from the doctora thesis.
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consumption. It is also the cheapest protein source and
other vital components for urban and semi-urban poverty
regions. In recent years anthropogenic pollution sources
emit heavy metals into aquatic environments, constantly
(Akkan et al., 2018; Cornelis et al., 2005; Mutlu et al.,
2020; Sipahi et al., 2013; Yilmaz, 2006). Metallic
pollutants reach the aquatic environment through air
deposition, by erosion of the geological matrix, or human
sources, such as industrial effluents, mining wastes, and
even food processing by-products (Borah et al., 2020;
Bundschuh et al., 2020). These metals may be components
of both food and pollution, such as the pesticide residue
found in food. Field and laboratory research have
investigated the bioaccumulation of trace metals in fish,
combined with the underlying processes. Industrial
operations and industrial waste, often from rubber and oil
palm mills, are mostly responsible for the pollution (Ke et
al., 2017; Newman & Watling, 2007; Tariq et al., 1996;
Zhao et al., 2021).

The amount of heavy metal each individual fish
has varies based on several factors such as how fast it
grows, how much it consumes, and how it feeds (Al-
Weher, 2008; Y1ilmaz, 2006; Yavuzcan Yildiz et al., 2017).
An issue to consider is the variation in life cycle patterns
across species and how it is related to their tropic and
geographic distribution of life stages (Hunnam, 2021;
Palomera, 2007; Petitgas et al., 2013). When a person
exceeds the prescribed limit for trace metals, that person
may become toxic (acute, chronic, or subchronic), which
may cause neurotoxicity, carcinogenicity, mitogenicity, or
teratogenicity (Abro & Gomez-Aguilar, 2019; Dzugan,
2010; Silbergeld, 2003; Tchounwou et al., 2019).
According to a recently published studies, among of the
most common symptoms reported for humans who have
been exposed to the toxic metals include vomiting,
convulsions, paralysis, ataxia, gastrointestinal disorders,
diarrhea, stomatitis, depression, and pneumonia (Ayenimo
et al., 2010; Ayua et al., 2020; Bashir, 2018; Flora, 2014;
Guérin et al., 2011; Onakpa et al., 2018; Rweyemamu &
Nkansah, 2021; Singh et al., 2017; Shelar et al., 2021).

In this study, it is aimed to determine the
concentrations of some heavy metals in different tissues of
Cyprinus carpio and Luciobarbus esocinus which are
preferred as a nutrient by local people and affects to human
health from different locations of Karasu River (Upper-
Euphrates). It is expected that the results of this research
will assist in acquiring information about the level of toxic
metals in this area.

MATERIALS AND METHODS

The Euphrates, a river in Western Asia, is one of
the longest in the region, on the eastern side of Anatolia
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(Kalender & Ugar, 2013). It joins the junction of the Karasu
River and the Western Euphrates at 340 km point (211
miles) and the Murat River, which is an expansion of the
Eastern Euphrates 650 km (400 miles of river). The Karasu
River is located on Upper-Euphrates which is in Upper
Euphrates Basin at Erzincan city in the North-East part of
Anatolia (Bilen, 1994; Kalender & Ugar, 2013). It feeds
Karakaya Dam Lake (KDL) which is the third largest
reservoir in Turkey, located in the borders of Diyarbakir
city in the east Anatolia region (Kalkan, 2008; Varol et al.,
2017). For the study fish samples consisted of 30
individuals common carp (Cyprinus carpio, L., 1758) and
21 individuals pike barb (Luciobarbus esocinus, H., 1843)
specimens collected from different parts of Karasu River
between November 2019 and October 2020 on monthly
basis (Ozgiir, 2016). The specimens were caught using cast
nets and stored on ice until arrival at the laboratory.

All tissue samples (muscle, gill, and liver) were
prepared with a preliminary digesting process (samples 0.5
g, 8 mL of HNO3 (65%) via a CEM MARS-5 model
microwave instrument. The Heavy metal analysis was
performed by ICP-MS-Bruker 820-MS. The reference
materials were used to check the accuracy and reliability of
the method. Metals concentrations are expressed in pug g-1.
The estimated daily and weekly intakes (EDI-EWI) were
calculated by Yilmaz et al. (2016), also The target hazard
quotient (THQ) was finally calculated using formula:
THQ: EDI/Reference Dose (mg/kg/day). One-way
ANOVA and Tukey test were performed to test the
differences of the metal levels among the specimens
(significance level p<0.05). All statistical calculations
were performed with SPSS 16.0 for Windows.

RESULTS AND DISCUSSION

The present study is about common carp and pike
barb in Karasu River and supplies valuable information
about metal contents in different tissues. The accumulation
values of the respective metals in various tissues of
common carp were as follows Li, gill > muscle > liver; Na,
gill > liver > muscle; Mg, gill > muscle > liver; Al, muscle
> gill > liver; K, muscle > liver > gill; Ca, gill >muscle >
liver; Cr, gill > liver > muscle; Mn, gill > muscle > liver;
Fe, gill > liver > muscle; Co, gill > liver > muscle; Ni, gill
> muscle = liver; Cu, gill > liver > muscle; Zn, gill > liver
> muscle; As, gill > muscle > liver; Se, gill > liver >
muscle; Ag, muscle > liver > gill; Cd, muscle > gill > liver;
Pb, muscle > liver > gill; U, liver > gill > muscle. The
accumulation values of the respective metals in various
tissues of pike barb were as follows Li, gill > liver >
muscle; Na, gill > liver > muscle; Mg, gill > muscle > liver;
Al, gill > muscle > liver; K, muscle > liver > gill; Ca, gill
> muscle > liver; Cr, muscle > liver > gill; Mn, gill > liver
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> muscle; Fe, gill > liver > muscle; Co, gill > liver >
muscle; Ni, gill > muscle = liver; Cu, gill > liver > muscle;
Zn, gill > liver > muscle; As, gill > muscle > liver; Se, gill
> liver > muscle; Ag, gill > muscle = liver; Cd , liver >
muscle = gill; Pb, liver > gill > muscle; U, liver > gill >
muscle.

The mean concentration Li, Na, Mg, Al, K, Ca,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Ag, Cd, Pb and U in
different tissues of common carp and pike barb were given
in Table 1. 30 individuals common carp and 21 individuals
pike barb were analyzed in this study. The highest metal
concentrations were found in the gill on common carp
samples. Especially Cu, Fe and Zn were the most abundant
metals in the liver with the concentrations of 52250, 12060,
7.508, 48.160, 152.023 ug g-1, respectively. The second
highest metal concentrations were found in the muscle. Al,
Ag and Pb were the most abundant metals in the muscles
with the concentrations of 518.9, 0.679, 2.80 pg g-1,
respectively. Liver values showed dramatically lowest
level of concentration throughout the study on common
carp samples. Except U all metal concentrations in livers
were lower than others.

There were significant differences among
different tissues of pike barb. For the pike barb samples,
the highest rates were found on gills, too. The differences
were especially on Al, Cd, Mn, Fe, Co, Ni, Zn, As and Se
values with the concentration of 674.71, 126290, 42.631,
30731.9, 18.052, 123.747, 511.457, 143.645, 258.389 ng
g-1 for the liver samples. The second highest metal
concentrations were found in the liver. Cd and Pb were the
most abundant metals in the muscles with the
concentrations of 0.524 and 2.532 pg g-1, respectively.
With the concentration of 18497.25 pg g-1, heavy metal
values in muscle exhibited lower rates than the amounts
found in pike barb gills and liver, except K.

The total concentrations of Li, Na, Mg, Al, K, Ca,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Ag, Cd, Pb and U in
common carp were 1.293 (£0.270), 3013.621 (+507.339),
874.574 (£131.135), 102.094 (£40.903), 10580.74
(£982.242), 8117.244 (£4496.401), 21.004 (£1.795), 6.781
(£1.267), 2186.789 (x1017.546), 1.453 (+0.615), 5.666
(4.199), 25.638 (£2.770), 124.822 (£36.402), 9.997
(£5.369), 36.677 (x11.651), 0.066 (£0.056), 0.019
(£0.013), 1.026 (+0.207), 0.055 (£0.004) pg g-1,
respectively. For the pike barb the total concentrations
were found as Li: 1.049 (+0.193), Na: 2901.3 (+382.0),
Mg: 1458.3 (+381.3), Al: 94.1 (£53.8), K: 10892.6
(+1083.6), Ca: 25261.5 (+11556.4), Cr: 23.565 (+1.246),
Mn: 10.964 (+3.363), Fe: 6426.4 (+2819.0), Co: 3.904
(£1.703), Ni: 23.449 (x12.251), Cu: 37.077 (£6.565), Zn:
143.930 (+43.760), As: 28.379 (£12.995), Se: 65.585
(£23.014), Ag: 10.541 (£10.538), Cd: 0.124 (£0.065), Pb:
1.255 (£0.205) and U: 1.049 (+0.193) pg g-1 in this study.
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Zafarzadeh et al (2018) reported that the
accumulation of heavy metal concentrations in common
carp muscle samples as Zn: 120.90 (477), Cd: 0.02 (0.14),
Pb: 5.84 (21.86) and Cu: 7.92 (39.43) ng g-1. Bat &
Oztekin (2018) were found that Zn was the highest in
muscles and livers of C. carpio Altinkaya Dam Lake of
Samsun Province as 9.85 and 25 pg g-1, respectively. Cu
showed also high concentrations on the Common carp
muscle and liver samples 0.90 and 7.6 pg g-1, respectively.
Metal concentrations in carp from Euphrates river were
found in as: 124.8(291), Cd: 1,29(2,02), Cu: 0,78 (0,97, Pb:
17.93(38.76), and Zn: 12.33(18.04) ppm (Varol & Siinbiil,
2017). Kaymak et al, (2021) were reported the higher
concentrations of Cu, Fe, Zn, Pb and Cd in common carp
gill samples from Sapanca Lake as 4.67, 201.18, 1414.15,
1.09 and 1.02 pg g-1, respectively. The higher
concentrations of Cu, Fe, Zn and Cd values were also
reported 20.76, 53.69, 31.06 and 0.32 in muscles of
common carp; 100.81, 631.97, 603.75 and 1.69 pg g-1,
respectively (Kaymak et al, 2021). Giildiren & Tekin-Ozan
(2018) reported that the heavy metals concentration from
Carp Seyhan Dam Lake (Adana) were found in muscle;
Cd: 0.38, Cr: 4.06, Cu: 48.89, Fe: 875.21, Mn: 36.52, Mo:
0.38, Ni: 178.93, Pb: 1.7, Se: 5.9, and Zn: 1129.36, liver;
Cd: 45.86, Cr: 30.15, Cu: 210.51, Fe: 1048.89, Mn: 14.87,
Mo: 2.41, Ni: 105.83, Ph: 1.84, Se: 12.72, and Zn: 2554.08,
gill; Cd: 1.46, Cr: 3.43, Cu: 12.17, Fe: 745.61, Mn: 36.77,
Mo: 0.51, Ni: 127.24, Pb: 1.72 Se: 7.7, and Zn: 1872.38 ug
g-1. In this study the results of heavy metal total
concentrations on common carp as mean (max.); Li: 1.293
(3.486), Na: 3013.6 (6267.6), Mg: 874.6 (1859.4), Al:
102.1 (518.9), K: 10659.9 (18219.9), Ca: 8117.2
(52249.9), Cr: 21.004 (36.119), Mn: 6.782 (17.901), Fe:
2186.8 (12059.7), Co: 1.454 (7.508), Ni: 5.666 (48.160),
Cu: 25.638 (47.197), Zn: 124.822 (386.821), As: 9.997
(58.204), Se: 36.677 (152.023), Ag: 0.067 (0.680), Cd:
0.019 (0.136), Pb: 1.026 (2.800), U: 0.055 (0.087) pg g-1.
According the mean concentrations of heavy metals on this
study, K is the highest and Cd is the lowest values in all
tissues of common carp samples. The highest mean
concentration showed on K and Ca in gill samples. A total
heavy metals concentration was found in this study
K>Ca>Na>Fe>Mg>Zn>Al>Se>Cu>Cr>As>Mn>Ni>Co>
Li>Pb>Ag>U>Cd. Moreover, there is a significant positive
correlations between Al and Li; Ca and Mn; Mn and Al; Fe
and Mg, Ca; Co and Mg, Fe, Ca, Ni and Mg, Ca, Fe; Cu
and Mg, Ca, Fe, Co, Ni, Zn and Ca; Fe, Co and Ni, As and
Mg, Ca, Fe, Co, Ni, Zn; Se and Ca, Fe, Co, Ni; Cd and Al,
Mn found in carp tissues (p<0.01).

Varol & Siinbiil (2018) were reported maximum
values of As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn in Pike
barb muscle samples from Keban Dam Lake as 297.6, 2.52,
1.81, 1.58, 2.16, 17.0, 1.49, 1.55, 133.9 and 14.6 pg g-1,
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respectively. In comparison to the other fish species, pike
barb and common carp muscle samples had the highest
amount of Co values (Varol & Siinbiil, 2018). Heavy metal
trainings obtained from L. esocinus samples taken from the
Euphrates river showed values as Cu: 0.52, Fe: 16.08 and
Zn: 9.01 pg g-1 (Disiikcan et al, 2017). In this study the
results of heavy metal total concentrations on common carp
as mean (max.); Li: 1.049 (2.932), Na: 2901.3 (5353.0),
Mg: 1458.3 (4552.8), Al: 94.1 (674.7), K: 10892.6
(18497.3), Ca: 25261.5 (126290.0), Cr: 23.565 (31.762),
Mn: 10.964 (42.631), Fe: 6426.4 (30731.9), Co: 3.904
(18.053), Ni: 523.449 (123.747), Cu: 37.077 (93.714), Zn:
143.930 (511.457), As: 28.379 (143.645), Se: 65.585
(258.390), Ag: 10.541 (126.464), Cd: 0.124 (0.524), Phb:
1.255 (2.532), U:1.049 (2.932) ug g-1. Analyses of the
heavy metal levels in all tissues of fish samples showed
that, on average, Ca is the highest and U is the lowest. The
highest mean concentrations of Fe and Ca were found in
the Pike barb gill samples. A total heavy metals
concentration was found in this study
Ca>K>Fe>Na>Mg>Zn>Al>Se>Cu>As>Cr>Ni>Mn>Ag>
Co>Pb>Li>Cd>U. In addition, the pike barb tissues also
showed significant positive correlations between Mg and

Na; Al and Mg; Ca and Li, Na, Mg; Mn and Mg, Al; Fe
and Li, Na, Mg, Ca; Co and Li, Na, Mg, Ca, Fe; Ni and Na,
Mg, Ca, Fe, Co; Cu and Li, Na, Ca, Fe, Co, Ni; Zn and Na,
Mg, Ca, Fe, Co, Ni, Cu; As with Li, Na, Mg, Ca, Fe, Co,
Ni, Cu and Zn; Se with Li, Na, Mg, Ca, Fe, Cu, Ni, Cu, Zn
and as; Ag with Li, Ca, Fe, Co, Ni, Cu, Zn, As and Se
(p<0.01). As a result, heavy metal accumulation levels in
various tissues of fish captured in the Karasu River are an
extremely high level when compared to previous
researches in the literature. In addition, that; its
dramatically increase according to Human health risk
assessment of heavy metals in muscle showed that the
estimated daily and weekly intakes (EDI-EWI) for Ni, Zn,
As, Cd, and U were above the reference doses for oral
exposure (Table 4). The mean concentrations of heavy
metals analyzed in the muscle of common carp were higher
than the maximum permitted concentrations proposed by
FAO (1983). Likely, the THQ showed that for health risk
through ingestion, Mn (common carp and pike barb) had
the lowest THQ value and Cr (common crap), Cr, Ni, and
Ag (pike barb) had the highest potential for risk with a
value >1.

Table 1. The heavy metal concentrations in different tissues of Common Carp (ug g%).

Mean.+SE (Max.-Min.)

Common Carp

- - Total
Muscle Liver Gill

Li 1.435+0.732 (0.204-3.486) 1.262+0.380 (0.620-2.338) 1.181+0.330 (0.559-2.101) 1.293+0.270 (0.204-3.486)

Na 1380.2+122.4%(1089-1680) 2697.7+252.6%(2209-3402) 4962.9+750.5° (3620.4-6267.6) 3013.6+507.3 (1089.0-6267.6)

Mg 841.6+76.9® (678.7-1020) 496.5+55.788%(339.6-582.2) 1285.7+275.3° (700.4-1859.4) 874.6+131.1 (339.6-1859.4)

Al 153.7£122.3 (9.505-518.9) 49.0+12.808 (24.7-83.7) 103.6+38.2 (51.8-216.8) 102.1+40.9 (9.505-518.9)

K 14395.7+1351.3° (11917-18220) 9253.5+714.4*(7576-11043) 8330.5+1075.32(6087.1-10581) 10659.9+982.2 (6087.1-18219.9)

Ca 1237+272.4% (516.9-1808) 794.4+167.2% (553.7-1264.7) 22320.2411018.1° (2377.2-52250) 8117.2+4496.4 (516.9-52249.9)

Cr 18.687+2.355 (13.857-24.306) 20.137+2.361 (15.717-26.793) 24.188+4.350 (17.187-36.119) 21.004+1.796 (13.858-36.119)

Mn 6.64243.77 (1.937-17.9) 5.958+1.133 (2.845-8.270) 7.746+1.281 (4.729-10.116) 6.782+1.268 (1.937-17.901)

Fe 486.2+135.9%(190-842.9) 618.2+116%(408.8-896.1) 5456.0+2451.7° (891.3-12059.7) 2186.8+1017.5 (190.0-12059.7)

Co 0.371+0.143% (0.035-0.653) 0.496+0.066° (0.310-0.606) 3.493+1.433° (1.305-7.508) 1.4540.615 (0.035-7.508)

Ni 0.000+0.000 (0.000-0.000) 0.000+0.000 (0.000-0.000) 16.999+11.391 (0.000-48.160) 5.666+4.199 (0.000-48.160)

Cu 21.658+2.930 (14.777-28.273) 26.182+2.57 (22.46-33.46) 29.074+7.742 (10.639-47.197) 25.638+2.771 (10.639-47.197)

Zn 25.675+0.558%(24.34-27.068) 113+37.477% (68.78-225.18) 235.772+75.795° (84.560-386.821) 124.822+36.402 (24.340-386.821)

As 1.589+1.274%(0.000-5.343) 0.768+0.43%(0.000-1.953) 27.635+12.636° (2.776-58.204) 9.997+5.369 (0.000-58.204)

Se 18.401+1.847 (14.09-21.667) 23.023+13.574 (3.859-62.522) 68.607+28.145 (31.772-152.023) 36.677+11.651 (3.859-152.023)

Ag 0.17+0.170 (0.000-0.680) 0.029+0.029 (0.000-0.114) 0.002+0.002 (0.000-0.007) 0.067+0.056 (0.000-0.680)

cd 0.034+0.034 (0.000-0.136) 0.000+0.000 (0.000-0.000) 0.024+0.024 (0.000-0.095) 0.019+0.013 (0.000-0.136)

Pb 1.357+0.618 (0.242-2.8) 0.898+0.106(0.689-1.191) 0.824+0.143 (0.567-1.116) 1.026+0.207 (0.242-2.800)

U 0.048+0.004 (0.037-0.057) 0.067+0.008(0.051-0.087) 0.049+0.006 (0.035-0.059) 0.055+0.004 (0.035-0.087)
Horizontally. letters a. b and ¢ show statistically significant differences (p < 0.05). Vertically. letters x. y. z and w show statistically significant differences (p < 0.05). nd: not detected
Table 2. The heavy metal concentrations in different tissues of Pike barb (ug g?).

Mean.+SE (Max.-Min.)
Pike barb Total
Muscle Liver Gill

Li 0.735+0.067 (0.596-0.879) 0.900+0.169 (0.603-1.382) 1.513+0.513 (0.735-2.932) 1.049+0.193 (0.596-2.932)

Na 1589.3+96.1 (1384.7-1826.7) 2601.0+192.8 (2200.6-3121.5) 4513.7+297.3 (3978.6-5353.0) 2901.3+382.0 (1385-5353.0)

Mg 885.3+100.6 (697.7-1078.8) 453.1447.3 (325.8-554.3) 3036.6+557.1 (2111.2-4552.8) 1458.3+381.3(325.8-4552.8)

Al 30.5+6.8 (18.5-49.7) 24.7+4.2 (16.9-36.7) 227.0+151.5 (31.0-674.7) 94.1+53.8 (16.91-674.7)

K 15442.7+1392.8 (12700.8-18497.3) 8840.6+706.0 (6777.5-9976.6) 8394.5+305.7 (7767.3-9231.6) 10892.6+1083.6 (6777-18497.3)

Ca 1881.2+428.0 (1320.3-3137.9) 858.9+165.1 (572.2-1218.7) 73044.4+18085.3 (45699.8-126290.0) 25261.5+11556.4 (572.2-126290.0)

Cr 24.033+2.859(18.004-31.762) 23.385+2.5872(16.178-27.909) 23.275+1.447% (20.262-26.193) 23.565+1.246 (16.178-31.762)

Mn 3.595+0.523 (2.460-4.887) 6.384+0.818 (5.208-8.764) 22.914+7.124 (8.629-42.631) 10.964+3.363 (2.460-42.631)

Fe 523.9+114.9 (351.1-860.1) 678.1£91.6 (488.7-927.2) 18077.1+4417.9 (10158.6-30731.9) 6426.4+2819.0 (351.1-30731.9)

Co 0.336+0.063 (0.188-0.487) 0.341+0.035 (0.258-0.420) 11.035+2.545 (5.944-18.053) 3.904+1.703 (0.188-18.053)

Ni 0.000+0.000 (0.000-0.000) 0.000+0.000 (0.000-0.000) 70.346+23.480 (21.610-123.747) 23.449+12.251 (0.000-123.747)

Cu 22.130+2.218 (19.401-28.734) 28.436+7.855 (17.343-51.229) 60.665+11.077 (47.504-93.714) 37.077+6.565 (17.343-93.714)

Zn 23.727+4.522 (13.274-34.246) 100.241+27.64 (31.580-157.411) 307.824+76.641 (148.345-511.457) 143.930+43.760 (13.274-511.457)

As 4.130+2.154 (0.000-9.220) 1.127+0.667 (0.000-2.910) 79.881+22.906 (35.015-143.645) 28.379+12.995 (0.000-143.645)

Se 9.19142.536 (4.471-15.599) 29.113+9.652 (4.519-51.218) 158.450+36.720 (100.422-258.390) 65.585+23.014 (4.471-258.390)

Ag 0.000+0.000 (0.000-0.000) 0.000+0.000 (0.000-0.000) 31.622+31.614 (0.000-126.464) 10.541410.538 (0.000-126.464)

Cd 0.000+0.000 (0.000-0.000) 0.373+0.125 (0.000-0.524) 0.000+0.000 (0.000-0.000) 0.124+0.065 (0.000-0.524)

Pb 0.672+0.306 (0.238-1.550) 1.513+0.411 (0.561-2.532) 1.578+0.176 (1.199-2.048) 1.255+0.205 (0238-2.532)

U 0.735+0.067 (0.596-0.879) 0.900+0.169 (0.603-1.382) 1.513+0.513 (0.735-2.932) 1.049+0.193 (0.596-2.932)
Horizontally. letters a. b and ¢ show statistically significant differences (p < 0.05). Vertically. letters x. y. z and w show statistically significant differences (p < 0.05).  nd: not detected
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Pike Barb
Li Na Mg Al K Ca Cr Mn Fe Co Ni Cu Zn As Se Ag Cd Pb U Mo
Li 1 0.692° 0401 0054 -0401 0765 0038 -0.009 0.741° 07100 0.663° 0755  0.678° 0736 0.773° 0888~ -0.284 0.163 0.226
Na  -0.280 1 0.731" 0381 -0.655" 0.887" -0.085 0.579° 0.885" 0.884" 0.802” 0.844™ 0.882™ 0.850™ 0.900™ 0584" -0.147 0418 0.168
Mg 0016 0.397 1 0.826™ -0.303 0.808™ -0.028 0.849” 0.827” 0.820” 0.893™ 0.678" 07827 0789 0847" 0412 -0438 0220 -0.379
Al 0738 -0.229 0.055 1 -0.268 0419 -0.165 0852 0463 0448 0668 0310 0514 0421 0557 0095 -0222 0128 -0.619
K  -0293 -0438 -0.114 -0.103 1 0419 0180 -0.435 -0428 -0429 -0401 -0433 -0.506 -0.386 -0.512 -0214 -0.221 -0.439 -0.104
Ca 0127 0405 0.893™ -0.082 -0.421 1 0.095 0485 0998 09957 09417 0903" 09357 09917 0966~ 0795 -0.368 0.189 -0.003
Cr -0.378 0500 -0.166 -0.184 -0.012 -0.196 1 -0.113 0091 0099 0059 0068 0016 0100 0042 0192 -0.118 0.129 0434
2 Mn 0560 0080 0406 0.758" -0.226 0292 -0.223 1 0518 0529 0607° 0365 0526 0460 0566 -0.063 -0.217 0360 -0.415
§ Fe 0138 0426 08917 -0.056 -0453 0998 -0195 0330 1 09977 09587 090L" 0950" 0993” 09747 0.784” -0.350 0.195 -0.030
c Co 0166 0480 0867 -0.068 -0442 09877 -0112 0317 0988~ 1 0945" 0884 09407 0993 09617 0755 -0.364 0190 -0.031
€ Ni 0163 0348 0860" -0.122 -0.363 0.986" -0.239 0288 0.981" 0.980 1 0.835™ 0943 09477 0968 0744 -0332 0152 -0.199
E Cu 0007 0349 0620 -0330 -010L 0719”7 -0227 0199 07207 0750 0788" 1  0921" 0878 0893" 0784 -0128 0371 0.103
O Zn -0056 0677° 0.705° -0.243 -0.489 0.787” 0036 0271 0795" 0.806" 0.780" 0.650" 1 0.938™ 0951 0764 -0.085 0.285  0.003
As 0057 0471 0907" -0.120 -0.421 0985~ -0.196 0286 0.984" 0966~ 0966~ 0.691" 0.832" 1 0955 0.806™ -0.366 0.139 -0.022
Se 0360 0237 0644° -0002 -0547 0875”7 -0.150 0137 0867 0868~ 0864~ 0520 0569 0.822" 1 0.762" -0.333 0.286  -0.055
Ag 0033 -0272 -0112 -0111 0293 -0.143 -0377 -0.328 -0.160 -0.144 -0.134 0004 -0.262 -0.166 -0.187 1 -0.174 -0.024  0.189
Cd 0483 0056 0341 0725 0046 0084 -0.303 0826~ 0108 0089 0080 -0.006 0182 0140 -0.094 -0.156 1 0.197  0.365
Pb 0526 -0.264 0060 0672° 0298 -0.117 0052 0627° -0.106 -0.079 -0.082 0025 -0.185 -0.190 -0.078 -0.279 0.546 1 0.236
U  -0224 -0025 -0515 -0.062 -0.100 -0.419 0281 0029 -0.38 -0.383 -0.412 -0.068 -0.356 -0460 -0.391 -0.279 -0.315 0.105 1
Mo -0227 -0.086 -0.203 -0.112 0.035 -0.139 -0.127 -0.019 -0.131 -0.141 -0.123 0.017 -0.109 -0.169 -0.256 -0.107 -0.132 -0.149 0.358 1

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

Table 4. Summary of health risk assessment for metals in fishes from Karasu River.

Metal THA" THA? TGA® Total common carp HHAYHGA)® / THQ Total pike barb HHAYHGA)® / THQ
Li 418 (60) /0.5 411 (59) /0.04
cr - - - 5056 (722) / 3.4 4447 (635) / 3.03
Mn 9809 68.600 9800" 2506 (358) / 0.04 5968 (853) /0.1
Co - - - 1051 (150) /0.1 2527 (361) /0.3
Ni 359 2450 350° 6742 (963) /0.7 17325 (2475) /1.8
Cu 3500 245000 35000 6608 (944) /0.3 13120 (1874) / 0.7
Zn 70002 490000 70000 54155 (7736) / 0.4 71604 (10229) /0.5
As 8149 (1164) 20110 (2873)
Se 21283 (3040) 36175 (5168)
Ag 95 (14) / 0.04 17705 (2529) / 7.2
cd 7 490 70 19 (3)/0.04 73(10)/0.2
Pb 258 1750 250 392 (56) /0.2 355 (51) /0.2
U 12 (2) 9(1)

* provisional Permissible Tolerable Weekly Intake (PTWI) in Ig/week/kg body weight.
Mean weekly fish consumption in Turkey is 0.14 kg per person (FAO. 2005).

2 (FAO/WHO. 2004).

b PTWI for 70 kg adult person (Ig/week/70 kg body weight)

€ PTDI. permissible tolerable daily intake (Ig/day/70 kg body weight).

d EWI. estimated weekly intake in lg/week/70 kg body weight.

CONCLUSIONS

In this study, the accumulation of metals detected
in fish samples obtained from the Karasu River was
compared with the acceptable values determined by
national and international standards. It was determined that
some metals in fish tissues were above acceptable values.
This negative situation originated by agricultural fields,
mining and iron-steel factory along the Karasu River.
Especially the wastes of the mines and iron-steel factory in
the region, pesticides and fertilizers used in agricultural
activities contain heavy metals. These metals reach The
Karasu River especially through climate patterns (rains,
snow melting etc.). In addition, the sewage and household
wastes of the settlements around the river are mixed into
the river. Especially, the local people living around the
river, as well as the authorities in the region, should be
made aware of these issues; the discharge of mine and iron-
steel factory wastes into the aquatic ecosystem should be
avoided; and they should be informed about the contents of
fertilizers and the treatment of domestic waste.
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© EDI. estimated daily intake in Ig/day/70 kg body weight.

fWHO recommends a TDI (tolerable daily intake) of 5 Ig/day/kg body weight. i.e. 350 Ig/day for a 70-kg person
(WHO. 1993).

9 Calculated for a week (Ig/week/kg body weight).

" EPA recommends a RfD (reference dose) of 0.14 mg/day/kg body weight. i.e. 9800 Ig/day for a 70-kg person (EPA.
2008).
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Abstract: Salinity, which is a significant abiotic stress factor, is among the most important factors
that limit product quality and yield. In this study investigated phenological and physiological
changes that occurred in three different safflower varieties that were exposed to KCI stress at
concentrations of 0, 50, 100 and 150 mM. It was found that, based on increasing salt
concentrations, the most significant decrease was in all phenological parameters at the
concentrations of 100 and 150 mM KCI. The SOD and CAT activities showed a significant
increase at high salt concentrations in the Balci and Dinger varieties. The APX and GR activities
showed a parallelism in all safflower varieties, and they showed a significant increase based on
increased concentration at the applications of 100 and 150 mM KCI. Among the three safflower
varieties, the most resistant variety to salt application was Dinger, while the most sensitive one
was Remzibey. The Balc1 variety was closer to the Dinger variety in terms of its tolerance against
salt stress.

Keywords: Antioxidant enzymes, phenological parameters, safflower, salt stress, seedling.

Tuz Stresinin (Potasyum Kloriir) Aspir (Carthamus tinctorius L.) Cesitlerinin Ekolojik ve
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Fizyolojik Ozelliklerine Etkisi

Oz: Onemli bir abiyotik stres faktorii olan tuzluluk, bitkilerde iiriin kalitesini ve verimini ciddi
sekilde sinirlandirmaktadir. Bu ¢aligmada, 0, 50, 100 ve 150 mM KCI uygulanan ii¢ farkli aspir
cesidinde meydana gelen fenolojik ve fizyolojik degisiklikler incelenmistir. Artan tuz
konsantrasyonlarina bagli olarak en 6énemli azalmanin tiim fenolojik parametrelerde 100 ve 150
mM KCI konsantrasyonlarinda oldugu belirlenmistir. Balc1 ve Dinger ¢esidinde yiiksek tuz
konsantrasyonlarinda SOD ve CAT aktiviteleri 6nemli bir artig gostermistir. APX ve GR
aktiviteleri tiim aspir ¢esitlerinde paralellik gostermis, 100 ve 150 mM KCl uygulamasinda
onemli bir artis gostermistir. Ug Aspir cesidi karsilsatirldiginda tuz stresine en dayanikli ¢esidin
Dinger, en hassas ¢esidin Remzibey oldugu; Balci ¢esidinin ise tuz stresine tolerans bakimindan
Dinger ¢esidine daha yakin oldugu tespit edilmistir.

Anahtar kelimeler: Antioksidan enzimler, aspir, bitki gelisimi, fenolojik parametreler, tuz stresi.

INTRODUCTION

stress, and high competition against weeds (Danicic et al.,
2016; El-Shourbagy et al., 2017; Gengmao et al., 2015).

Safflower, which is an important industrial plant,
has an important potential in bringing barren and poor
areas into production (Danicic et al., 2016). Safflower is
one of the alternative products to be evaluated in dry and
irrigated farming areas due to its better adaptation to arid
regions, tolerance to high and low temperatures and salt

Soil salinity is an important abiotic stress factor
that causes a decrease in agricultural production and is
effective in the distribution of wild species. The salt
tolerances of plant species and even varieties belonging to
the same species show great variation (Elouaer and
Hannachi, 2012). High amounts of salt negatively affect
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seed germination, plant morphology, early development
stages and later stages of growth (Acosta-Motos et al.,
2017). Salinity reduces the amount of water in the seed by
first removing the osmotic potential, and in the second
stage, it causes a change in enzyme activity along with
toxicity (Elouaer and Hannachi, 2012). It prevents plant
development by affecting cell division and growth. It
causes a decrease in mitotic activity and cell division rate
in the root and stem in plants (Fahad et al., 2015). In the
early development stage of the embryo, it directly affects
the structural organization or synthesis of proteins.
Besides, high KCI concentrations affect water and ion
transport, disrupting plant nutrient status, ionic balance and
physiological processes (Golldack et al., 2014). The
growth and development of the plant is significantly
affected, the growth slows down, and this process results
in plant death (Elouaer and Hannachi, 2012).

Salinity causes oxidative stress through the
increased formation of reactive oxygen species (ROS) like
other abiotic stresses (Singh et al., 2015; Sourour et al.,
2014). Excessive accumulation of ROS is highly cytotoxic
due to their reactivity with wvarious basic cellular
components (Sharma et al., 2012; Sourour et al., 2014).
High ROS concentrations adversely affect intracellular
ionic  homeostasis, activation of proteases and
endonucleases, cell membrane integrity, protein synthesis,
enzyme activities and photosynthesis efficiency (Gengmao
etal., 2015; Golldack et al., 2014; Hussain and Al-Dakheel,
2018). This collective effect can lead to cell death (Kumari
et al., 2015). Therefore, plants activate enzymatic and non-
enzymatic antioxidant systems to prevent excessive ROS
accumulation. The most common enzymatic antioxidant
systems are superoxide dismutase (SOD), catalase (CAT)
and ascorbate peroxidase (APX). These enzymes work in
different parts of the cell and catalyse various reactions
when cells are exposed to stress (Culha Erdal & Cakirlar,
2014; El-Shourbagy et al., 2017; Golldack et al., 2014).
SOD converts free oxygen radicals produced by xanthine
oxidase into oxygen and hydrogen peroxide. SOD is
recognized as a crucial intracellular antioxidant defence
against free radicals (Stephenie et al., 2020). Catalase, an
enzymatic antioxidant, plays a critical role in preventing
cellular damage by efficiently reducing hydrogen peroxide
(H20,) to water and oxygen (Sharma et al., 2012).
Ascorbate peroxidase is a central component of the AsA-
GSH cycle, and it plays a crucial role in controlling
intracellular ROS levels. APX uses two AsA molecules to
reduce H,O, to water and two monodehydroascorbate
(MDHA) molecules (Sharma & Dubey, 2016). Glutathione
reductase (GR), an enzyme linked to NAD(P)H, catalyses
the reduction of GSSG to GSH, thereby maintaining a high
cellular reduced/oxidized glutathione (GSH/GSSG) ratio.
(Couto et al., 2016).
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The purpose of this study is to i) evaluate the
effect of salt (KCI) stress on three varieties of safflower
plants at the germination and seedling stages, ii) identify
salinity-tolerant safflower varieties and iii) determine some
phenological and physiological characteristics of safflower
varieties with different salt concentrations.

MATERIALS AND METHODS

Phenological Parameters: This study used three
different Safflower (Carthamus tinctorius L.) varieties as
Balci, Dinger and Remzibey. The seeds to be used in the
experiments were randomly selected. The selected seeds
were sterilized by keeping them in 10% sodium
hypochlorite (NaOCI) for five minutes (Jabeen & Ahmad,
2012). To conduct the germination experiments, a control
group containing distilled water and groups containing 50,
100 and 150 mM KCI were prepared. The experiments
were carried out with three replications. The seeds that
were sown were kept in a 16-hour light/8-hour night
photoperiod at 25°C and 60% humidity in a climatized
room for 21 days. At the end of the 21 days, for the
germinated individuals, the germination rate, root and
shoot lengths, root and shoot fresh-dry weights, root and
shoot biomasses and seed vigour indices were determined
(Figure 1).

Flgure 1. Plant samples a) Control groups, b) 150 mM KCI
applied groups.

The total protein  concentration and
determination of antioxidant enzyme activities: The total
protein contents in the leaf samples were determined using
the Bradford (1976) method. To determine the total protein
contents, 20 pl of the enzyme solution was put onto 780 pl
dH;0. 200 pul of 5 X Bradford solutions was added to this
mixture. The mixture was kept in the dark and at room
temperature for 5 minutes before the absorbance values
were measured in triplicates in the spectrophotometer at the
wavelength  of 595 nm. SOD activity was
spectrophotometrically determined based on the method
depending on photoreduction of Nitro blue tetrazolium
(NBT) (Beyer & Fridovich, 1987). CAT activity in the leaf
samples was determined according to the method reported
by Tepe and Aydemir (2011), GR activity was determined
according to the method reported by Rao et al. (1996),
while APX activity was determined by using the method of
Cervilla et al. (2007).
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Statistical analysis and evaluation of results:
Experimental results with control groups and safflower
cultivars exposed to three different concentrations of KCI
(50, 100 and 150 mM) were statistically evaluated by using
Tukey tests and one-way ANOVA (SPSS 21.0).

RESULTS

In the study, the results of three different KCI
concentrations were compared with the control group of all
three safflower cultivars. Experimental groups with
statistically significant differences at the p<0.05 level were
determined. Considering the germination rate of the
safflower varieties used in the study, it was seen that this
rate decreased based on increased KCI concentrations
(p<0.05). When the varieties were compared, it was
determined that the highest germination rate at the 100 mM
and 150 mM salt concentrations was in the Dinger variety
(respectively 90%+4, 86%3), while the lowest one was in
the Balci variety (respectively 88%=3, 82%=2) (Figure 2).

100 - | . % =

e

60

mination Rate (%)
Gimlenme Oram (%)

c 50 mM 100 mM 150 mM € 50 mM 100 mM 150 mM c 50 mM 100 mM 150 mM

Bala Dinger Remzibey

Figure 2. Seed germination rates for Safflower varieties
(%) (*p<0.05).

In the comparison of the seed vigour index, the
lowest seed vigour index was at the concentration of 150
mM KCl in Dinger (75.8), while the highest was at 50 mM
KCI in Remzibey (92). Among the varieties, the highest
seed vigour index (92) was in Remzibey, while the lowest
(75.8) was in Dinger (Figure 3).

g HTHITHI

c 50 mM 100 mM 150 mM c 50 mM 100 mM 150 mM c 50 mM 100 mM 150 mM

Bala Dinger

Figure 3. Seed vigor indices for Safflower varieties.

Remzibey

Based on increased salt concentrations, the root
lengths of all varieties were shortened significantly
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(p<0.05). The Remzibey variety was the most affected by
the KCI salt application, and it had the shortest root length
at the 150 mM concentration (0.98+0.07 cm) (Figure 4).
The shoot lengths of all cultivars decreased significantly,
depending on the increasing salt concentrations (p<0.05).
The Dinger variety was the most affected by the KCl salt
application, and it had the shortest shoot length at the 150
mM concentration (0.87+0.04 cm) (Figure 4). In all three
safflower varieties, the reduction in the root and shoot
lengths that occurred in the application of 100 mM and 150
mM KCI in comparison to the control group was found to
be statistically significant (p<0.05) (Figure 4). It was
determined that the root and shoot fresh-dry weight was
negatively affected by the increased KCI concentration and
decreased significantly (p<0.05). The decreases in the
Balci variety at the 100 and 150 mM salt applications in the
root fresh weights (0.134£0.004 and 0.07+£0.001 g), in the
Dinger variety at the 50, 100 and 150 mM salt applications
in the root fresh and dry weights (respectively 0.23+0.004-
0.04+0.001 g, 0.18+0.003-0.03+0.005 g, 0.05+0.002-
0.01+0.003 g) and in the Remzibey variety at the 50 mM
salt application in the root fresh weight (0.12+0.005 g) and
at 100 and 150 mM in the root fresh and dry weight
(respectively  0.05+£0.004-0.02+0.001 g, 0.03+0.004-
0.01+0.004 g) were found to be statistically significant
(p<0.05) (Figure 5). The shoot fresh weight in the Balci
variety at 100 and 150 mM (0.67+0.01 and 0.52+0.03 g),
the shoot fresh weight in the Dinger variety at 50, 100 and
150 mM (1.47+0.04, 1.24+0.01 and 0.6140.04 g) and the
shoot fresh weight in the Remzibey variety at 100 and 150
mM (0.65+0.01 and 0.43+0.02 g) were significantly lower
than those of the controls (p<0.05) (Figure 6).
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Figure 4. Root and shoot lengths for Safflower varieties (cm)
(*p<0.05).

When the root and shoot biomasses of the control
groups of the varieties were compared, the highest root
(626.1x5.75 g hal) and shoot (3521.7+42.26 g ha™)
biomass was in the Dinger variety, while the lowest root
(321.7+5.50 g ha?) and shoot (2739.1+47.08 g ha™)
biomass was in the Remzibey variety. The reduction in the
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root and shoot biomass in the Balci and Remzibey varieties
at 100 and 150 mM (respectively 195.748.41, 132.8+6.41
g haland 126.8+4.87, 99.4+3.66 g ha) and the reduction
in the Dinger variety in the root (respectively 300.3£7.51,
250.443.50 and 93.4+8.83 g ha') and shoot biomass
(2465.246.41, 2817.3+34.55 and 1408.7+26.48 g ha) in
all KCI concentrations were found to be statistically
significant (p<0.05) (Figure 7).
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Figure 5. Root fresh and dry weights for Safflower varieties (g)
(*p<0.05).
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Figure 6. Shoot fresh and dry weights for Safflower varieties (g)
(*p<0.05).

The SOD activity showed a significant increase at
100 and 150 mM KCI in the Balci variety based on the
increasing salt concentrations (p<0.05). As opposed to the
Balc1 variety, the Dinger variety showed a decrease in SOD

activity based on the increasing salt concentrations. The
reduction in the Dinger variety at 100 mM and 150 mM
was Statistically significant (p<<0.05). The most significant
increase in SOD in the Remzibey variety was determined
at 150 mM (Figure 8a). In the Balci variety, the CAT
activity showed a decrease in comparison to the control as
the salt concentration increased, and the reductions at 50
mM and 100 mM were statistically significant (p<0.05)
(Figure 8b). In the Dinger variety, there was a remarkable
decrease in the CAT activity as the KCI concentration
increased (p<0.05). While there was a significant decrease
at 50 mM in the Remzibey variety in comparison to the
control, a statistically significant increase was found at 100
mM and 150 mM KCI (p<0.05) (Figure 8b).
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Figure 7. Root and shoot biomasses for Safflower varieties
(9/ha) (*p<0.05).
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In the comparison of the safflower varieties, it was
determined that the APX and GR activities increased based
on the increasing KCI concentrations (Figure 9a, 9b). The
increase in the APX activity was significant at 100 and 150
mM in the Balci variety and at all concentrations in the
Dinger variety. In the Remzibey variety, a significant
increase was detected only at 150 mM KCl (p<0.05)
(Figure 9a). In terms of the GR activity, the increases at
100 and 150 mM in the Balci and Dinger varieties and at
150 mM in the Remzibey variety were significant (p<0.05)
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Figure 8. a) SOD and b) CAT activities for Safflower varieties (*p<0.05).
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Figure 9. a) APX and b) GR activities for Safflower varieties (*p<0.05).

DISCUSSION AND CONCLUSIONS

Potassium chloride is the most widely used
potassium source for agricultural crops, and CI is
considered an essential micronutrient for optimum growth
(Zaman et al., 2012). However, KCI, which causes
salinity, creates an osmotic potential outside the seed. This
situation either inhibits water absorption or leads K and ClI
to create a toxic effect. Thus, it causes a negative effect on
seed germination. Salt tolerance in safflower is related to
the ability to limit the uptake and transport of ions from the
roots to the shoots. Safflower is a moderately salinity-
tolerant species, but it has been reported to be sensitive to
salinity at the germination stage (Elouaer and Hannachi,
2012). It has been reported that salinity-affecting
germination causes insufficient imbibition, ion toxicity,
inhibition of metabolic activity, imbalance in growth
regulators or induction of oxidative stress and prevents
germination of seeds (Ahanger et al., 2017; Liang et al.,
2018). In our study, it was determined that the germination
rate decreased based on the increase in the salt
concentration in the Balci, Dinger and Remzibey varieties.
In particular, a statistically significant decrease was
detected in all three safflower varieties at 100 and 150 mM
KCl (p<0.05). There are many studies in the literature
about the effects of salt stress on the germination rate.
Similar to our study, Chen et al. (2021) reported that 150
mM KCI and NaCl application reduced the seed
germination rate in their study with sorghum (Chen et al.,
2021). In the study conducted by Karimi et al. (2011), 0,
50, 100, 150 and 200 mM NaCl was applied on five
different safflower genotypes, and a short-term toxicity
experiment was performed. It was reported that the
percentage of germination decreased due to the increase in
concentration at all salt concentrations except the control
(Karimi et al., 2011). In a study conducted with six
safflower genotypes, five different NaCl concentrations
were applied (0, -0.3, -0.5, -1 and -1.5 MPa), where the
lowest germination rate was determined at -1.5 MPa
(Khodadad, 2011).
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In our study, the seed vigour index, which is
another parameter related to germination, was compared
among different varieties. In all three varieties, it was
determined that the seed vigour index decreased at high salt
concentrations, and the lowest seed vigour index was at the
concentration of 150 mM KCI. Numerous studies in the
literature have shown that salt stress significantly reduces
seed vigour in many species, inhibiting germination and
early seedling growth (Chen et al., 2021; Elouaer and
Hannachi, 2012; Isik & Leblebici, 2016; Zaman et al.,
2012).

Salt stress imposed during this period prevents
plant growth by affecting cell division and elongation. It
causes a decrease in mitotic activity and cell division rate
in the root and stem. It inhibits the growth of the primary
root system as a result of suppressing the cell cycle.
Moreover, root hairs exposed to high salt concentrations
become damaged and lose their activity (Sulus &
Leblebici, 2020). In our study, Dinger and Remzibey
varieties were the most affected in the high KCI
application. The decrease in the root and shoot length at
100 and 150 mM KCI in all three safflower varieties was
found to be statistically significant in comparison to the
control group (p<0.05). Similarly, it was determined that
the root-shoot wet and dry weights decreased as a result of
being negatively affected by the increasing KCI
concentrations. As in other parameters, both root and stem
biomass decreased based on the increasing KCI
concentrations. The decrease in the root and shoot biomass
of the three varieties at 100 and 150 mM KCI was found to
be statistically significant (p<0.05). There are many studies
in the literature on salt stress and phenological parameters.
However, in many of these studies, NaCl has been used as
a stress factor, and studies using KCI have been very rare.
The results of studies in the literature have supported the
data we obtained. In their study with sorghum, Chen et al.
(2021) reported that 150 mM KClI application significantly
reduced root length, shoot length, root fresh weight, shoot
fresh weight, root dry weight and shoot dry weight by salt
stress (Chen et al., 2021). In another study, 5 NaCl
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concentrations of 0, -0.3, -0.5, -1 and -1.5 MPa were
applied on six different safflower varieties. It was stated
that root-shoot length and the root/shoot length ratio
decreased significantly at -1.5 MPa (Khodadad, 2011).
Five different safflower genotypes were used in the study
of Karimi et al. (2011). 0, 50, 100 and 200 mM NaCl was
applied on plant samples. It was reported that application
of 100 and 200 mM KCI significantly reduced root-shoot
length and root-shoot wet and dry weights (Karimi et al.,
2011). In the study of Gengmao et al. (2015), 0, 50, 100
and 150 mM NaCl was applied on safflower seedlings for
30 days. The authors reported that the plant height, root
length and plant dry weight of the samples were not
affected at salt concentrations below 100 mM (Gengmao et
al., 2015). Javed et al. (2014) used six safflower varieties
in their study. They observed that salt stress significantly
reduced the fresh and dry weights of the plant samples.
They found that plant height and root length decreased
depending on the increasing NaCl concentration (Javed et
al., 2014). Studies with safflower have stated that root and
stem biomass decreased at high salt concentrations, similar
to the results of our study (Gengmao et al., 2015; Hussain
& Al-Dakheel, 2018; Siddigqi etal., 2011; Zao et al., 2021).

Plants counteract stresses caused by changing
ecological conditions by increasing their ROS production.
Changes in ROS levels are controlled by the efficient work
of antioxidant enzymes. Inadequate functioning of the
antioxidant system leads to cellular degradation,
occurrence of abnormalities in the metabolism, and
ultimately, ROS-induced oxidative stress (Acosta-Motos et
al., 2017; Ahanger et al., 2017; Golldack et al., 2014). In
our study, depending on the increasing salt concentrations,
the SOD activity increased in the Balci and Remzibey
varieties, but it decreased in the Dinger variety. While the
CAT activity decreased in the Balci and Dinger varieties, it
increased in the Remzibey variety. The APX and GR
activity increased in all varieties depending on the
increasing salt concentrations. In particular, the increases
at 100 and 150 mM KCI in the SOD, APX and GR
activities and changes at all concentrations in the CAT
activity were found to be statistically significant (p<0.05).
In a study, 5 different NaCl solutions at concentrations of
0.06 mol L, 0.12 mol L%, 0.18 mol L, 0.24 mol L and
0.30 mol L"* were applied to two safflower varieties (TSF1
and SM). It was reported that SOD, CAT and APX activity
increased in parallel with an increase in the NaCl
concentrations. Additionally, it has been determined that
the increase in the enzyme activities in the tolerant variety
TSF1 was higher than that in the sensitive variety SM (Tian
et al., 2019). Gengmao et al. (2015) applied 0, 50, 100 and
150 mM NaCl on safflower plants along 30 days. They
reported that SOD and CAT activities increased
significantly at all NaCl concentrations in comparison to
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the control. The authors stated that plant samples are
resistant to medium-dose NaCl application (Gengmao et
al., 2015). It was determined that SOD, CAT and POD
activities were increased in safflower treated with 150
mmol L NaCl (Siddiqi et al., 2011).

In a study which used the Arak, Isfahan, Horasan,
C111, AC-Stirling and Saffire varieties of safflower, 5
different NaCl concentrations of 0, 50, 100, 150 and 200
mM were applied on the varieties. It was reported that SOD
and APX activities differed between the genotypes. It was
determined that the SOD and APX activity of the Isfahan
variety increased at 200 mM, and the superior genotype
was Isfahan (Golkar & Taghizadeh, 2018). In a study
conducted with the Dinger, Yenice and Remzibey varieties,
it was stated that SOD activity increased significantly in
Dinger and Remzibey at 75 mM NaCl and higher salt
concentrations. In the high-dose salt application, while the
APX and GR activity of the Dinger variety increased, the
APX activities of the other varieties decreased. The lowest
SOD, APX and GR activity was determined in the
Remzibey variety (Culha Erdal & Cakirlar, 2014). In the
study by Karimi et al. (2011), five different NaCl
concentrations (0, 50, 100, 150 and 200 mM) were applied
on eight safflower varieties. It was reported that CAT
activity decreased in most varieties grown under salt stress,
and there were significant differences in the responses of
the safflower varieties to salt stress (Karimi et al., 2011).
In another study in which the Kairouan and Tazarka
safflower varieties were used, 0 and 50 mM NaCl
concentrations were applied on these varieties. It was
reported that SOD, CAT and POD activity increased in
Tazarka, and POD activity increased in Kairouan (Karray-
Bouraoui et al., 2011). These examples in the literature
have revealed that enzyme activities may differ in different
varieties of the same species in their processes of coping
with stress. In our study, in parallel with the literature,
differences in SOD and CAT activities between varieties
were determined.

As a result, the first visible effects of salt stress,
which is naturally present in the soil or caused by the
secondary effect of global warming, appear on
morphological parameters. In this study, it was determined
that the germination rate, seed vigour index, root-shoot
length, root-shoot wet and dry weight and root-shoot
biomass decreased depending on the increasing KCI
concentrations in three different safflower varieties (Balc,
Dinger and Remzibey). The change in the activities of
antioxidant enzymes that are involved in the scavenging of
ROS caused by osmotic stress is one of the most important
factors for the plant to cope with stress. In our study, it was
determined that the SOD, CAT, APX and GR activities
increased in high salinity in all three safflower varieties.
However, it was determined that there was a difference
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between the Balci and Dinger varieties in terms of their
SOD and CAT activities. Thus, it was demonstrated that
different varieties of the same species may have different
responses to stress. Considering the phenological and
physiological results, it was determined that, among the
three safflower varieties, the most resistant variety against
the salt application was Dinger, while the most sensitive
one was Remzibey. The Balci variety was closer to the
Dinger variety in terms of its tolerance against salt stress.
In safflower cultivation in salty soils, the Dinger variety
may be recommended first, and the Balci variety may be
recommended as the second.
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Abstract: The ever-increasing world population indicates that it is inevitable to consider insects
1 - https://orcid.org/0000-0002-5412-5728 such as Tenebrio molitor, which are used as live feed and even human food in some countries, as
an alternative food source. Especially T. molitor larvae are a source of food with high nutritive
value for including high lipid and protein. This study seeks answer to the question “will the insect
continue to keep its lipid sources during the periods in which it is kept in the cold, or will it
continue to use its energy sources since the physiological adaptations it develops are not enough?”
The main material of this study was T. molitor cultures. Flour: wheat flour (250 g: 250 g) in a
ratio of 1:1 was used as food. 25 g wheat germ and 5 g dry yeast was put in it. Larvae at stages
13-15™ were grouped as control and trial groups and kept for 5, 10, 15 and 20 days at specified
temperatures. The weights, total lipid content and percentages of the larvae whose storage period
was over were determined. This study evaluates the total lipid amount and percentages of T.

*Corresponding author’s: molitor larvae stored in refrigerator for different periods. Total lipid amount and percentages of
e he l d in the cold for 5, 10 and 15 d found to be higher wh d with
Sinop University, Faculty of Education, the larvae stored in the cold for 5, 10 an ays were found to be higher when compared witl
Department of Mathematics and Science the control group. A tendency to decrease was observed in larvae kept for 20 days. As a result, it
Education, Sinop, Turkey is recommended for producers not to keep in the refrigerator for more than 15 days. Otherwise,

>4: esonmez @sinop.edu.tr it should be considered that there may be a decrease in important energy and food sources.

Keywords: Fat, low temperature, mealworm, rearing insects, temperature physiology.

Farkl Siirelerde Sogukta Depolamanin Tenebrio molitor (Coleoptera: Tenebrionidae)
Larvalarimin Toplam Lipid Miktarina Etkisi

Oz: Gittikge artan diinya niifusu Tenebrio molitor gibi canli yem hatta bazi iilkelerde insan
yiyecegi olarak kullanilan bdcekleri alternatif besin kaynagi olarak degerlendirmemizin
kagiilmaz oldugunun habercisidir. Ozellikle T. molitor larvalar1 fazlaca yag ve protein
icermesinden dolay1 besleyici degeri yiiksek bir besin kaynagidir. Bu ¢alisma ‘sogukta
bekletildigi siirelerde bocek lipit kaynaklarimi korumaya devam mi1 edecektir ya da gelistirdigi
fizyolojik adaptasyonlar yeterli kalmayip enerji kaynaklarimi kullanmaya devam mu1 edecektir’
sorularma cevap aramaktadir. Bu ¢alismanin ana malzemesini T. molitor kiiltiirleri olusturdu.
Besin olarak 1:1 oraninda un:bugday unu (250 g:250 g) kullanild:. Igerisine 25 gr riiseym, 5 gr
kuru maya konuldu. 13-15. larval agamadaki larvalar kontrol ve deneme gruplar olusturularak
belirtilen sicakliklarda 5, 10, 15 ve 20 giin siire ile bekletildi. Depolama siireleri biten larvalarin
agurliklar, toplam lipid miktart ve yiizdeleri tespit edildi. Bu g¢alismada farkli siirelerde

x5 . buzdolabinda depolanan T. molitor larvalarinin toplam lipid miktarlar1 ve yiizdeleri
orumlu yazar:

Evrim SONMEZ degerlendirildi. Sogukta 5, 10 ve 15 giin depolanan larvalarin toplam lipid miktarlart ve
Sinop Universitesi, Egitim Fakiiltesi, yiizdelerinin kontrol grubuna gore daha fazla oldugu belirlendi. 20 giin bekletilen larvalarda ise
Matematik ve Fen Bilimleri Egitimi Blimt, azalma egilimi gozlendi. Sonu¢ olarak yetistiricilere 15 giinden fazla buzdolabinda

Sinop, Tiirkiye

5: esonmez@sinop.edu.tr bekletmemeleri Onerilmektedir. Aksi takdirde lipid gibi énemli enerji ve besin kaynaklarinin

azalabilecegi g6z Oniine alinmalidir.

Anahtar kelimeler: Yag, diisiik sicaklik, un kurdu, bocek yetistiriciligi, sicaklik fizyolojisi
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INTRODUCTION

It is estimated that the world population will
exceed 9 billion by 2050 (Mirzaeva et al., 2020). This
situation increases the demand for alternative food sources
(Sogari et al., 2019). Tenebrio molitor (Coleoptera:
Tenebrionidae) is used as both live feed for pets and also
as human food for humans in some countries due to its high
nutritional value and easy farming (Adamkova et al., 2017;
2020). It is the most farmed insect in Europe among edible
insects (Costa et al., 2020; Kelemu et al., 2015;
Ravzanaadii et al., 2012). Considering the rapidly
increasing world population, it is no longer just a dream
that in the future our food sources will be obtained mostly
from insects rather than traditional meat sources (Belluco
et al., 2013; Halloran et al., 2014).

Tenebrio molitor is actually an insect that
damages stored products. It may take up to 18 months for
larvae, which emerge 10-12 days after hatching, to mature
depending on temperature and humidity. Adults may reach
a weight of 300 mg and they live up to 2-3 months.
Temperature and humidity are very important
environmental factors especially in their life cycles (Finkel,
1948; Liu et al., 2009; 2020; Mirzaeva et al., 2020
Siemianowska et al., 2013). The insect needs 28 °C for its
optimum growth, it can live only 48 hours in under 10°C
(Mirzaeva et al., 2020). Low or high temperatures cause
important physiological reactions in insects, as in other
living beings (Dooremalen & Ellers, 2010; Helgadottir et
al., 2017). They can change the protein, carbohydrate or
lipid amounts or compounds they contain (Rathee & Ram,
2018; Zou et al., 2010). This situation is one of the most
important adaptations they gain to survive in changing
climatic conditions (Duman et al., 1991; Lee et al., 1996).
During the mass farming of this insect, producers keep
larvae and their pupae with cold storage method when there
is no demand from consumers during the periods when
population is high (Levie et al., 2015; Tiencheu et al.,
2013). Cold storage method extends the shelf life of
insects. However, prolongation of cold storage period has
negative effects on insects’ life cycles (Errico et al., 2021).
In addition to its negative effects such as larval and pupal
development time, adult weight, deformation rate, it also
affects important energy sources such as carbohydrate,
protein and lipid. Cold storage can prolong the
development time and adult weight of insects. It also can
increase the rate of deformation. Substances such as
carbohydrates, fats and proteins may also decrease or
increase depending on the low temperatures and
developmental stages to which they are exposed (Melis et
al., 2018; Mirzaeva et al., 2020; Rathee & Ram, 2018).

Adipose tissue plays a very important
physiological role in the life of insects. It regulates a large
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number of physiological and metabolic activities (Arrese
& Soulages, 2010). Lipid metabolism is essential for
growth and reproduction and it provides the energy needed
during periods when feeding is stopped (Lee et al., 1996).
Insects store their energy reserves in the form of glycogen
and triglyceride in the main fat cells adipocytes (Arrese &
Soulages, 2010). In addition, they synthesize most of the
metabolites in the circulation with adipose tissue
hemolymph proteins (Graham et al., 2000). The lipid
content of insects can vary according to rearing conditions,
temperature, feed content and developmental stages.
Especially temperature is a factor that has a direct effect on
insects’ developmental stages and the energy sources they
include (Aman et al., 2017; Azeez et al., 2014; Pant &
Gupta, 1979; Patterson & Duman, 1978). They react to
changes in temperature by providing different
physiological adaptations specific to species. In low
temperatures, they slow their metabolism and generally
increase their energy stores such as lipid and protein
(Sinclair & Marshall, 2018).

Tenebrio molitor larvae have been found to
include more fat than pupae and adults (Jaji¢ et al. 2019;
2020). Morales-Ramos et al., (2015) found 32.1% lipid in
pupae and 35.9% lipid in larvae. The amount of lipid they
contain may differ according to developmental stages,
food, humidity and temperature (Stanley-Samuelson et al.,
1988; Van Broekhoven et al., 2015). Van Broekhoven et
al., (2015) found that T. molitor larvae fed with low quality
food in terms of protein and starch content also reduced the
lipid reserves required for energy. Jones et al., (1972)
found total lipid percentage as 14.96% in larvae. Kroncke
et al., (2019) found lipid amount as 27.13 g in 100 g when
fresh, as 27.27 g when rock oven dried, as 29.57 g when
vacuum dried and as 26.80 g when freeze dried. Mléek et
al., (2019) found lipid rate by dry weight as 16.7 g,
Siemianowska et al., (2013) found as 22%, Jaji¢ et al.,
(2019) found as 25.19%, Danthine et al., (2013) found as
30% in those sold in the market and as 36% when bred in
laboratory, Ravzanaadii et al., (2012) found as 32.7%,
Finkel, (1948) found as 0.24 g, Adamkova et al., (2017)
found as 24.56%. Selaledi & Mabelebele, (2021) found the
content of sun-dried larvae higher than those oven-dried or
freeze-dried. There are a large number of studies on the
total lipid amount and the fatty acids contained in T.
molitor in literature. However, the number of studies on
how the cold storage period affects the total lipid content
of this species during mass production is limited. The
hypothesis in this study is that the weights, total lipid
amount and percentages of larvae will not change during
the period they are kept in the refrigerator. This is because
temperature is one of the factors that affect insect
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metabolism most. Therefore, it is expected that the
metabolism of insect will slow and lipid amount will not
change in low temperature. However, it is not known
exactly what will become of these lipid sources with the
prolongation of storage time. Will the insect continue to
keep its lipid sources or will it continue to use its energy
sources since the physiological adaptations it develops will
not be enough? For this reason, the present study evaluated
the effects of storage time on the weight, total lipid amount
and percentages of T. molitor larvae and the points that
should be considered by mass producers.

MATERIALS AND METHODS

This study was carried out in the Biology
Laboratory of Sinop University, Faculty of Education,
Sinop-Turkey in 2021. The main material of the trials
consisted of T. molitor cultures which were available in the
laboratory since 2017. Flour : wheat flour (250 g:250 g) in
aratio of 1:1 was given to the larvae and adults as food. 25
g wheat germ and 5 g dry yeast was put in it.

Trials were performed at 28 + 2 and + 4 °C, 60 +
5% relative humidity and continues darkness. The insects
were reared in plastic containers (size 30 x 20 x 5 cm).
Wooddust was added in the containers to ease movement
on the foodstuff. Small pieces (2 for each container, 4 x 4
x 6 cm) were cut from egg boxes for providing
convenience for adults to mate and lay eggs. While the
plastic containers were covered to prevent entrance of other
living beings, small holes were opened on the top side to
enable gas exchange. Potato was used for humidity (3 % 3
x 3 c¢cm). They were wrapped into aluminium foil in order
to prevent their contact and moisturing and decaying the
food. The potatoes were changed every 3 d for the food
layer not to get mouldy. The food layer was adjusted 4 - 5
cm thick. The food was renewed with intervals of 10 d. The
larvae in the old food were separated by using a sifter and
they were transferred on the new food. The containers were
checked every day.

After 130-160 mg (in larval stage of 13-15™)
larvae were obtained, they were weighed one by one.
Control groups were also weighed. This was called the
“first weighing’. They were put in separate petri dishes one
by one and given food. Control groups (0, 5, 10, 15 and 20
days) and trial groups (5, 10, 15 and 20 days) were formed.
They were stored under specified laboratory conditions and
in the refrigerator. The larvae, storage period of which was
over, were taken out of the refrigerator and weighed.
Control groups were also weighed. This value was called
‘second weighing’ and they were put in the freezer (Profilo
6600) until they were analyzed. The method applied by
Folch et al., (1957) was used to find out the total lipid
amount larvae included. Each larva was homogenized (Pro
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2000) in 1:2 chloroform-methanol solution. The solution
obtained was filtered with Whatman 41 paper. The volatile
solution was evaporated under nitrogen gas. The sample
obtained was weighed (‘initial value’) and placed in a
desiccator containing silica gel. It was weighed until
constant weigh (‘final value’). At constant weigh, the total
lipid amount was calculated in mg from the difference
between the ‘initial value’ and the ‘final value’. Total lipid
percentage was found by dividing the mg value of the total
lipid calculated to the ‘first’ and ‘second’ weight values of
the larvae. Each trial group was replicated three times. 10
larvae were used for each trial. A total of 270 larvae were
used for the whole study.

Statistical Analysis: SPSS 21.0 was used to
evaluate the data. Data were tested for normality. They
were found to be normally distributed according to
Shapiro-Wilk test. It was found with One-way Anova
whether there were differences between groups and with
Tukey HSD test between which groups (control, cold
storage for 5, 10, 15, 20 days). Paired comparisons between
the “first’ and ‘second’ weighing of the control group and
cold storage groups were determined with Independent
samples t test (P < 0.05 was considered as significant).

RESULTS

In the control group, there was a statistical
difference in the “first weighing’ (Control 1) from day 5
(Fs260= 5.188, P<0.001, Tukey HSD), in the ‘second
weighing’ (Control 2) from day 15 (Fs,e0= 14.373,
P<0.001, Tukey HSD) (Figure 1). Although there was no
difference in the cold storage group (CS1 and CS2, Tukey
HSD), a difference was found between “first weighing’ and
‘second weighing” (F= 0.290, df=58, P= 0.009,
Independent t test) (Figure 1).
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Figure 1. The effects of different periods of cold storage on larval weight
before trial and after cold storage (mg). There is no statistical difference
between the same uppercase and lowercase letters. Uppercase letters were
used for comparison of days 0, 5, 10, 15 and 20 (Tukey HSD). Lowercase
letters were used for ‘first’ and ‘second’ weighing groups (for exp.
comparison of day 15 control group and day 15 cold storage, Independent
t test). Control 1, Control 2, CS1: Before cold storage, CS2: After cold
storage.
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Figure 2. The effects of different periods of cold storage on total lipid
amount of Tenebrio molitor larvae (mg). There is no statistical difference
between the same uppercase and lowercase letters. Uppercase letters were
used for comparison of days 0, 5, 10, 15 and 20 (Control and Cold Storage
group, Tukey HSD). Lowercase letters were used for the comparison of
control group day 15 and cold storage day 15 (Control/Cold Storage,
Independent t test). C: Control, CS: Cold Storage.

Total lipid amounts of the control group were
found to decrease depending on time (Figure 2). This
shows that the control group uses lipids for their metabolic
needs, perhaps making the required preparation for
pupation. While total lipid amount was 15.6 = 5.0 mg on
day 0, it was found to be 7.8 £ 5.5 mg on day 20 (Fs145=
35.688, P<0.001, Tukey HSD). Although there was no
statistical difference in the cold storage group, there was a
slight tendency to decrease on day 20 in total lipid amount
(Fa,145=, P=0.248, Tukey HSD). These values were found
as 15.6 +5.0,16.5+4.4,15.8+6.4,153+4.8,14.0+4.1
on days 0, 5, 10 and 20, respectively. When the control
group and the cold storage group were compared, a
statistical difference was observed starting from day 15
(Figure 2) (F=1.173, df=58, P<0.001, Independent t test).

Aa LCIW

2 ACDa
| | | I I | | |

Ea DEa ©
Control 2
W0 W5 m10 W1

Cold storage penods [davs)

Figure 3. The effects of different periods of cold storage on total lipid
percentage of Tenebrio molitor larvae (%). There is no statistical
difference between the same uppercase and lowercase letters. Uppercase
letters were used for comparison of days 0, 5, 10, 15 and 20 (Tukey HSD).
Lowercase letters were used for first and second weighing groups (for
exp. comparison of day 15 control group and day 15 cold storage,
Independent t test).
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In the ‘first weighing’, a statistical difference was
found starting from day 15 (Fs 261= 24.887, P<0.001, Tukey
HSD). No difference was found between the cold storage
groups (CS1). Statistical difference was found in the
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‘second weighing’ in control group. A decrease was found
in total lipid percentage on day 20 in cold storage group
(Fs26:= 31.009, P<0.001, Tukey HSD). No statistical
difference was found when the first and second weighing
were compared with each other (Figure 3) (F= 0.106, df=
58, P=0.877, Independent t test). While lipid percentages
decreased in parallel with the storage time in control
groups (Control 1 and 2), a slight increase was found in the
cold storage group on day 5, 10 and 15 (Figure 3).

DISCUSSION

The present study evaluated the effects of
different periods of cold storage on the weights, total lipid
amounts and percentages of T. molitor larvae. It was found
that the weights of larvae in the control group decreased
until day 20, while no difference was found in the cold
storage group (Figure 1). In the control group, lipid use
continued for metabolic needs. Resources required for
survival and pup formation may have decreased depending
on time. The differences between the ‘first’ and ‘second’
weighing in the cold storage group suggest that although
the larvae slowed their metabolism in the cold, growth and
development continued, even though partly. In addition,
water loss, which is a method of adaptation to low
temperature, might have caused a slight loss of weight. On
the contrary, the fact that weights of T. molitor larvae
stored in the cold for 5, 10, 15 and 20 days suggests that
this group did not have enough time to use their reserves.
In addition, it is known that insects slow their metabolism
in the cold. This decreased metabolism is for protecting
energy sources. In the control group, a time dependent loss
of weight was seen although they were given food. This
result shows that the control group used lipids for its
metabolic needs and prepared for pupation, while on the
other hand the cold storage group slowed their metabolism
and tried to protect their existing sources. In a study
conducted on Cnephasia jactatana (Lepidoptera:
Tortricidae) by using three different temperatures,
Ochieng-Odero, (1992) found that the females reared at 15
°C were heavier. The reason for this was explained with
insects at 15 °C having a slower growth rate.

Edible insects have received increasing attention
as a food product in recent years (Errico et al., 2021). They
can be an alternative source of protein and lipid when
compared with traditional sources of meat (Costa et al.,
2020). The amount of lipid in insects varies depending on
orders and species. In terms of dry matter, the highest total
lipid amount was found in Lepidoptera and Coleoptera (up
to 30%), while the lowest lipid amount was reported in
Orthoptera and Odonata (less than 20%) (Dreassi et al.,
2017). T. molitor larvae are generally rich in fat. Some
insects store higher amount of lipid in the early stages of
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life (Morales-Ramos et al., 2015; Paul et al., 2017). Jones
etal., (1972) found total lipid percentage as 14.96% in their
98.66 mg T. molitor larvae. Ml¢ek et al., (2019) found lipid
ratio as 16.7% g by dry weight. These results are close to
the results of the present study. In the present study, lipid
amounts of day 0 control groups was found as 15.6 = 5.0
mg and 10.4% (Figure 2 and 3). Interestingly, while the
highest amount of lipid in the cold storage group was found
as 16.5 £ 44 mg in day 5 group, the highest lipid
percentage was found in the day 5 cold storage group as
12.5% + 0.2. In the present study, while a decrease was
found in the lipid amount of the larvae in the control group
depending on time, no changes were found in the cold
storage group (Figure 2). When we look at the lipid
percentages, there is a slight tendency for increase in the
cold storage group (Figure 3). This result shows that the
lipids, which will facilitate survival in the cold and work as
a source of energy, are protected and even increased
(Azeez et al., 2014; Dooremalen & Ellers, 2010).

Panta & Gupta, (1979) found a significant
increase in the protein, total lipid, phospholipid and
triacylglycerol amounts of silkworm (Philosamia ricini)
(Lepidoptera: Saturniidae) larvae at low temperature. In a
study they exposed the larvae of Hepialus sp. (Lepidoptera:
Hepialidae) insects to low temperature (0-3 °C), Zou et al.,
(2010) found that as unsaturated fatty acids increased in the
total lipid content, saturated fatty acids decreased. They
also reported that linoleic acid synthesis increased in
larvae. In a study conducted with Aedes aegypti (Diptera:
Culicidae) larvae, Sasmita et al., (2019) found that while
the developmental period of larvae farmed at low
temperatures decreased, energy reserves increased. The
data of the present study also support the hypothesis that
larvae increase their lipid reserves at low temperature,
while they decrease energy consumption. However, it was
found that with the prolongation of storage time, the larvae
could not continue this resistance they developed.

Larval, pupal or adult developmental stages of the
insect are also effective on this resistance (Irwin & Lee,
2003). They can store different amounts of lipid, protein or
carbohydrates according to different developmental stages,
or even if they are in the same developmental stage, large
pupae, larvae or adult insects store more lipid (Scaccini et
al., 2019). Therefore, the insect has more energy reserve
and can easily overcome these extreme conditions (Irwin
& Lee, 2003; Sinclair & Marshall, 2018). In a study
conducted at very low temperatures in Mid-Western North
America, it was found that Eurosta solidaginis (Diptera:
Tephritidae) spent less energy when compared with those
insulated under a layer of snow (Irwin & Lee, 2003). It has
been found that Woolly Bear Caterpillar (Pyrrharctia
isabella) (Lepidoptera: Noctuoidae), which is a freezing-
resistant species, suppresses lipid consumption and
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metabolic speed in extremely low temperatures (Marshall
& Sinclair, 2012). The lipids stored in larval period were
found to continue their presence until adult (Aguila et al.,
2007). These results show that protecting energy and lipids
is one of the most important components of the success of
surviving in low temperatures. In a study which examined
the fatty acid compound of membrane and storage lipids of
two different life stages (larvae and adult) of Orchesella
cincta (Collembola: Entomobryidae) at low temperature, it
was found that adult biomembranes had much more fatty
acid compound than the larvae (Dooremalen & Ellers,
2010). The ability to adjust lipid compound to changes in
ambient temperature is an improved adaptation to
literature.

CONCLUSIONS

In this study, of the hypotheses, only the
hypothesis that weight of larvae would not change with the
prolongation of cold storage period was supported. With
the prolongation of storage period, a slight decrease was
found especially in the total lipid percentages of insects
stored for 20 days. According to these data, the
physiological adaptations developed by the insect did not
show resistance to prolonged storage period. In the total
lipid amount and percentages of cold storage groups, it was
found that especially the insects stored on days 5, 10, and
15 slowed their metabolism, increased or kept their
existing sources of energy. There was a slight tendency to
decrease in total lipid amount and percentages only after
day 15. It is an important result that the total lipid amount
and percentages tended to decrease as of day 20 for mass
producers. Considering that the amount of lipid started to
decrease after day 15 and the quality will decrease in terms
of the lipid amounts they included, it is recommended not
to store these larvae for periods longer than 15 to 20 days.
For this reason, future studies should store in longer
periods of time and compare the total lipid amount in
different developmental stages (for exp. pupa and adult). It
will be useful for understanding how they react to low
temperature at which stage and to understand the
physiology of the insect. However, considering that they
keep their lipid content until day 15, it can be thought that
T. molitor larvae stored up to 15 days can be used as live
feed and even become a source of lipid for humans in the
future.
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Oz Deformasyon &lciimleri, yogun niifuslu yerlesim alanlarinda en énemli mithendislik etiit
faaliyetlerinden biridir. Mithendislik yapilari, tektonik hareketler, heyelanlar ve yeralt: suyu
seviyesi gibi faktorler nedeniyle ya da ana kayadaki sicaklik, yaglanma ve dis etkenlerle
deformasyona ugrarlar. Deformasyonlarin Slgtimleri ve analizi, dogru aragtirma ekipmani ve
dogru analiz yontemlerinin kullanilmasini gerektirir. Hassas konumlandirmaya izin veren ve 24
saat yart otomatik veri isleme saglayan Kiiresel Navigasyon Uydu Sistemi (GNSS) araglari,
deformasyon uygulamalarinin izlenmesinde, yerkabugunun yer degistirmesinin hesaplanmasinda
yaygin olarak kullanilmaktadir. Bu galigmada, baraj deformasyonlarinin sebepleri, deformasyon
tirleri ve deformasyon izlemede GNSS araclarinin kullanimi arastirilmustir. Ayrica baraj

*U: https://orcid.org/0000-0001-6099-4850
: https://orcid.org/0000-0002-9041-5570

*Sorumlu yazarin:

Niikhet KONUK derformasyonlari Irak’ta yer alan Al Kut Baraji 6rneginde incelenmistir. 2017 yilinda yapilan ilk
Ondokuz Mayis Universitesi, Miihendislik g6zlem ile 2019 yilinda yapilan son gdzlem arasindaki diisey fark 0.00683 m, mesafe farki ise
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Anahtar kelimeler: Baraj deformasyonu, deformasyon olgiimleri, Kiiresel navigasyon uydu
sistemi (GNSS), dl¢me.

Dam Deformations and the Case of Al Kut Dam (Iraq)

Abstract: Distortion measurements are one of the most important engineering survey activities
in densely populated residential areas. The engineering structures are submitted to deformation
due to the various factors such as tectonic movements, landslides and groundwater level, or due
to the temperature, aging and external factors. As a results of the deformation measurements are
directly related to the integrity of engineering structures and human life. avoiding
misinterpretation of the displacements, a suitable distortion monitoring network must be
established, and the data received from the distortion monitoring network should be carefully
evaluated. Distortion measurements and analysis require the correct research equipment and
correct analysis methods. GNSS instruments, which enable extremely accurate positioning and
provide 24-hour semi-automatic data processing, are widely used in monitoring deformation
applications and calculating the displacement of the Earth's crust. In this study, the factors
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GIRIS

Insanligin ihtiyact olan igme ve kullanma suyu
temini, sulama suyu, su lirtinleri {iretimi, enerji iiretimi i¢in
barajlara gereksinim duyulmustur. Miihendislik yapilar1
olan barajlardaki degisimin izlenmesi, belirlenmesi ve
yorumlanmasi olduk¢a énem arz etmektedir. Baraj, tiinel
gibi miihendislik yapilarinda ¢esitli etkilerle olusan boyut
degisimlerine deformasyon, bu deformasyonlarin 6l¢iim
yontemleri ile belirlenmesine de deformasyon olgtimleri
adr verilir (Yildirim, 2007). Baraj, iilke ekonomisindeki
onemli altyapilardan biri olarak tanimlanabilir ve ulagim
ag1, su depolama ve elektrik liretiminde dnemli baglantilara
sahiptir (Jaafar, 2017).

Barajlar i¢ ve dis yiiklerden etkilenmekte ve
deformasyona ugramaktadir. Yikler sabit degildir ve
zamanla degisiklik  gosterebilmektedir. Bir tankin
hidrostatik basinci, barajin merkez hattina dik olarak kalic1
yatay deformasyona neden olabilmektedir (Okiemute vd.,
2018). Barajm agirlig1 ve tankin hidrostatik basinci gibi su
kuvvetleri, yapilarin diisey hareketine yol ac¢maktadir.
Kaya dolgu barajda elastik davranig daha kiiciiktiir (Galan
vd., 2013; Tase¢i, 2008).

Deformasyon tiirlerinin ana nedenleri olarak
degisen sicakliklar (yazin 1sinmasi ve kisin sogumast),
dogal deformasyonlar (yer kabugunun deformasyonlart),
depremler ve volkanlar sayilabilmektedir (Abdulkahdum,
2015). Depremler genellikle yeraltindaki kayanm aniden
bir fay boyunca kirilmasiyla olmaktadir. Meydana gelen
ani enerji salinimi, yerin sarsilmasma neden olan sismik
faaliyetlere yol agmaktadir (Barzaghi vd., 2018). Sismik
faaliyetler, levha sinirlar1 diizeyinde gergeklesmektedir
(Al-Husseinawi vd., 2018). Ardindan, olusan basing
nedeniyle kayalar kirilarak deprem meydana gelmektedir
(Burgmann ve Dresen, 2008). Deprem sirasinda veya
sonrasinda kaya plakalar1 veya bloklar1 hareket etmeye
baslamakta ve tekrar sikisana kadar hareketine devam
etmektedir (Jansen, 1983; Séco e Pinto, 2010). Toprak
dolgu ve kaya dolgu barajlarin depreme tepkisi, hareketin
ivmesi ve hizina gore farklilik gostermekle birlikte, barajin
jeolojik yapisma baghdir (Anastasiadis vd., 2004). lvme
yeterince bilyilk oldugunda, sarsinti gecici bir diisey
harekete neden olmaktadir (Li vd., 2019). Baraj
deformasyonlarinda diger bir kritik faktor de ingaat
kalitesidir. Diigiik derecede sikigsmaya sahip barajlar,
depremlerde oldukga biiyiik zarar goérebilmektedir.

Yeryiizii c¢esitli hareketlere ve deformasyonlara
maruz kaldigindan, bu deformasyonlar1 farkli dlgeklerde
izlemek onem arz etmektedir (Abdullahi, 2016) . Jeodezik
hesaplamalarla kiiresel levhalarin hareketi ile temsil edilen
jeodinamik  mekanizmalar1  6lgmek  miimkiindiir
(Rodrigues vd., 2020).

Deformasyon iki sekilde belirlenebilmektedir. (i)
bir, iki veya ii¢ boyutlu yer degistirme ya da cografi
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referansli hareketleri 6lgmek ig¢in Total Station, Nivo,
Kiiresel Navigasyon Uydu Sistemi (GNSS) kullanimin
iceren jeodezik Ol¢iim cihazlari, (ii) yag cubugu, yiiksek
basing dlgerler, yagmur Slgerler, termometre, barometre,
egim, ivme Olcer, deprem Olgcer ve digerleri gibi bazi
araclarin kullanimini igeren geoteknik 6lglim cihazlari ile
olgiilebilmektedir (Okiemute vd., 2018).

Barajlarda deformasyon, yapinin boyutuna, tiiriine
ve deformasyonun nedenine baglhdir. Ornegin, yiik altinda
veya yeni basglayan dengesizlik altinda yapmin temelinde
deformasyona neden etkiler farkli biiyiikliikk ve sekillerde
olabilir (Moore, 1992). Yer degistirme egilimleri jeoteknik

araglardan  tahmin edilerek insaat  projelerinde
belgelenebilir (USACE, 2002).
Deformasyonlarin  izlenmesinde farkli araglar

kullanilmaktadir. Literatiirde bu araglar ile ilgili farkli
stniflandirmalar mevcuttur. Ornegin Moore (1992), dikey
hareketler, egim (sakiil dis1), yatay hareketler ve catlaklar
gibi 6l¢iimlerin tiiriine gére izleme yaklagimlarinin ilkesini
belirlemistir. Diisey hareketler i¢in hassas tesviye, egim
icin lazer sistemi ve hassas optik sakiiller, yatay hareketler
ve GNSS sistemleri i¢in teodolit ve Elektronik Mesafe
Olgiim Cihazlar1 (EDM) 6nerilmistir.

Hill ve Sippel, (2002), deformasyon izlemede
kullanilan aletleri etiit, jeoteknik ve meteorolojik olarak ti¢
gruba ayirmistir. Hill ve Sippel (2002)'e gore tek boyutlu
Olcimler  jeoteknik ~ ve  meteorolojik  aletlerle
saglanabilirken, lic boyutlu Olgiimler, 6lgme sensorleri
kullanilarak yapilmaktadir. Olgme yontemi igin olarak
Total Station ve GNSS odaklanilmustir.
Ekstansometreler, egimdlgerler, piyezometreler, gerinim
olgerler, basing hiicreleri, egim sensorleri ve ¢atlak Slcerler
gibi jeoteknik sensorler izleme igin yaygin olarak
kullanilmaktadir. Meteorolojik aletler; sicaklik, bagil nem,
barometrik basing, riizgar hizi, riizgar yoni, kiiresel
radyasyon (gilines enerjisi) ve yagis hakkinda veri
toplarken genellikle diger sensorleri kalibre etmek igin
kullanilmaktadir.

USACE, (2002) ve Kalkan vd., (2010) ise izleme
sensorlerini  jeodezik sensorler ve jeodezik olmayan
(jeoteknik) sensorler olmak tizere iki gruba ayirmistir.
Buna gore jeodezik yontemlerde hassas teodolitler, lazer
optik, Elektronik Mesafe Ol¢iim Cihazlar1 (EDM), Kiiresel
Konumlandirma Sistemi (GPS), GLONASS ve GALILEO
alicilari, lazer tarayicilar; jeodezik olmayan yontemlerde
ise egimdlcer, yerlesim siitunu, ekstansometre,
pivezometre, ters sarkag¢ kullanilmaktadir.

Park vd., (2007) yaptiklar1 calismada; islevsel
olarak izlemede kullanilan sensorleri gruplandirmislardir.
Gtivenligi kontrol etmek ve servis kolaylig1 saglamak i¢in
kullanilan sensorler, gerinim Olgerler gibi giivenlik
sensorleri, ivmedlgerler ve GNSS gibi servis verilebilirlik

lizerine
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sensorleridir. Bununla birlikte, fotogrametri teknikleri gibi
giivenlik ve servis kolaylig1 i¢in kullanilan gérme tabanli
sensorler de bulunmaktadir.

Chanard vd., (2018) yaptiklar1 ¢aligmada; elastik
diinya modeline dayali olarak, yatay ve dikey yer
degistirmelerin, gbzlemlenen yiizey kiitle farkliliklarindan
tiiretildigini ve bu yiizey kiitle farkliliklarinin da dncelikle
kitasal su depolamasi, atmosferik basing ve okyanus
sirkiilasyonu ile ilgili oldugunu belirtmislerdir. Ayrica,
calismada diger atipik fiziksel etkiler, GNSS gozlemleri ile
yiikkleme modeli tahminleri arasindaki kalan farkliliklar:
aciklamaya katkida bulunabilecegi ortaya ¢ikmaktadir .

Xiao vd., (2019) yaptig1 calismada; deformasyon
siirecinin dolgu malzemesinin homojenligi, su seviyesi ve
sizintidan etkilendigi agiklamislardir. Ayrica calismada,
rezervuardaki su  seviyesi ile baraj ylizeyinin
deformasyonu arasinda, su seviyesindeki degisikliklerin
barajin deformasyonuna katkida bulunan ana faktoér olmasi
gerektigini  gosteren Onemli bir
¢tkmaktadir.

Li vd., (2019) yaptiklar1 calismada; Yar1 dinamik
veri dogrulugunu korumak i¢in  elektronik GNSS
sisteminin yar1 dinamik veri ile entegre edilmesini
onermiglerdir. Yar1 dinamik referans noktasindaki yilizey
deformasyon modeli, kontrol noktalarmim ger¢ek zamanl
giincellenmis koordinatlarini saglayabilir. e-GNSS'den
gozlemlenen koordinatlarin zaman serileri ile yiizey
deformasyon modelinden hesaplanan koordinatlarin
zaman serileri arasindaki karsilagtirma, yar1 dinamik
referans noktasinda ylizey deformasyon modelinin
dogrulugunun izlenmesine yardimei olmaktadir

Bu calismada, baraj deformasyonlarmin sebepleri,
nasil gerceklestigi ve deformasyon izlemede GNSS
araclarmm  kullanimi  arastirilmistir.  Ayrica, baraj
derformasyonlari Irak’ta yer alan Al Kut Baraji 6rneginde
incelenmistir.

korelasyon ortaya

MATERYAL ve METOT

Calismada, deformasyonu izlemek ve 6lgmek igin
Irak'in Wasit ilindeki Al Kut Baraji se¢ilmistir. Wasit ili,
Irak-iran sinirnda, depreme maruz kalan levhalarin
birlestigi noktada yer almaktadir. Sekil 1’de Wasit ilinin
konumu gosterilmektedir.

Al Kut Baraji, Bagdat'in 180 km giineyinde, Dicle
Nehri kiyisindaki Al Kut sehrinde bulunmaktadir. Irak'taki
en uzun barajlardan biridir. Baraj, 1939'da Ingilizlerin
gozetiminde insa edilmigtir. FElektrik iiretmek igin
kullanmanimn yani sira su depolamaya da katkisi nedeniyle
Irak'in 6nemli barajlarindan biri olarak kabul edilmektedir.
Al Kut Baraji, Dicle Nehri iizerindeki en énemli sulama
tesislerinden biridir, ¢linkii bu baraj, suyun Irak'in
giineyindeki illere dagitimini saglamakta ve illerdeki tarim
projeleri i¢in sulama imkani sunmaktadir. 550 metre

uzunlugunda olan Al Kut Baraji, her biri 6.00 x 6.50 m
boyutlarinda, 56 adet manuel ve elektrikle ¢alisan dikey
kapilardan olugmaktadir. Sekil 2°de Al Kut barajna ait bir
goriintli sunulmustur.

Sekil 1. Wasit ili konumu.
Figure 1. Wasit province location.

Sekil 2. Kut Baraji.
Figure 2. Kut Dam.

GPS ve Nivo cihazi ile  Olglimler
gerceklestirilmeden Once, baraj disindaki sabit temeller
veya platformlar iizerindeki referans istasyonlar1 igin
uygun noktalar1 se¢mek ve baraj {izerindeki izleme
noktalarimni belirlemek i¢in ¢aligsma alani ziyaret edilmistir.
Barajda, nivo kullanarak dikey izleme noktalar1 ve DGPS
kullanarak yatay izleme noktalar1 olmak iizere iki takim
gozlem noktasi belirlenmistir. Belirlenen noktalarda beton
civilerle tutturulmus isaretleyiciler araciligiyla ayirt edici
gbzetleme noktalar1 kalici hale getirilmistir. Izleme
noktalarmin mekansal kontrolleri Wasit Valiligi ve Su
Kaynaklari Bakanligi ile  koordineli olarak
gerceklestirilmistir. Sabit referans igin kalict bir izleme
noktasi tanimlanmustir.

DGPS notlari, TOPCON TOOL yazilimi
kullanilarak bilgisayar sistemi klasoriine indirilmis,
indirilen veriler islenip ve diizeltilip gercek koordinatlara
doniistiiriilmiis ve ¢izilmek lizere AutoCAD programina
aktarilmigtir. Sekil 3’te, GPS cihazmin sabit noktasinin
(Best) konumunu ve bir Rover cihazi ile barajin
merkezindeki deformasyonu izlemek i¢in kullanilan diger
nokta gosterilmektedir.
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Sekil 3. Sabit noktanin (Best) ve Rover cihazi ile barajin
merkezindeki deformasyonu izlemek icin kullanilan diger
noktanin konumu.( Google Earth, 2020)

Figure 3. The location of the fixed point (Best) and the other
point used to track the deformation in the center of the dam with
the Rover device.

Olasi yer degistirmeyi izlemek ve 6lgmek i¢in Al
Kut Baraj1 jeodezik ag izlenerek Su Kaynaklar1 Bakanligi
/ Etiit Genel Miidirligi tarafindan periyodik olarak
kontrol edilir. Bu ag, baraj ylizeyine yerlestirilmis
kolonlardan olusmaktadir. Bu calisma, yiiksek o6l¢lim
dogruluguna wulastigi icin GPS kullanilarak yatay
deformasyonun diizenli izlenmesini ve nivo kullanilarak
dikey seviyelendirmeyi saglamaktadir. Ciinkii baraj
deformasyon siireci yavastir ve kisa sirede ya da
dogrulugu diisiik cihazlarla gergeklestirilememektedir.

Geleneksel arastirmalar bir "goriis hattt"
gerektirmektedir ve siirekli gézetimsiz saha operasyonlari
(yiiksek ornekleme oranlari ve entegre ag baglantilari
kullanarak) GPS kadar uygun degildir. Geleneksel 6lgme
sistemlerinde verilerin silinmesi GPS ile
karsilastirildiginda daha az karmagsik olsa da, yiiksek
hassasiyetli GPS analizinin giivenilir otomasyonu artik
makul dlgiide rutin hale gelmistir.

Calismada, detayli yatay konumsal bilgileri
stirekli dogrulukla elde etmek igin GPS sistemi
kullanilmistir. Kullanilan Leica GPS sistemi, yatay: 2 mm
+ 0,5 ppm’ ye kadar siirekli bir ¢ozliniirliikte ayrintili yatay
konum bilgileri elde etmek i¢in kullanilmaktadir. Yiiksek
dogrulukta sonuglari elde etmek i¢in uzun siireli
gozlemlerden yararlanilmus, ti¢ yillik bir donem igin (2017-
2018-2019) yillik gozlemler yapilmistir. Tiim gozlemler,
her nokta igin iki saatlik bir siire boyunca her yilin Eyliil
ayinda gergeklestirilmistir. Barajin su seviyesinin diigmesi
ile barajin deformasyonu arasinda dogrudan bir iligki
bulunmaktadir. Barajdaki su seviyesi azaldiginda, barajin
tepesindeki noktalar kaynaga dogru kayma egilimindedir.
Ters hareket durumunda, baraj eksenindeki noktalar

asagiya dogru kayma egilimindedir. Bu durumda olugacak
hatanin iistesinden gelmek igin noktalar dl¢lilmiis ve su
seviyesi diger gozlemlerden yaklasik olarak almmusgtir.
Barajda meydana gelen deformasyonu belirlemek igin,
calisma yapilacak tesisten 900 metre uzakta, ¢alisma sahasi
disinda, biri sabit referans (Best) olmak tizere iki nokta
secilmistir. Boylece, gelecekteki oOlglimler yapilirken
nokta, referans igin giivenli bir sekilde sabitlenecektir.
Sabit referans noktasi, Ger¢ek Zamanl
Kinematik (Real Time Kinematic (RTK)) yontem
kullanarak, izlemede kullanilan ikinci nokta ise, Rover
kullanilarak belirlenmistir. Mithendislik uygulamalarinda
aplikasyon ve detay alimi sirasinda noktalara ait
konumlarm  gercek zamanli olarak  belirlenmesi
gerekmektedir. Bu nedenle nokta konumlarmi gergek
zamanli cm mertebesinde belirleyen RTK ydntemi
gelistirilmistir  (Arslanoglu, 2002). RTK ydnteminde
konumu yiiksek dogrulukla bilinen bir referans istasyonu
ve bu istasyona en fazla 15-20 km kadar uzaklikta bulunan
bir ya da daha fazla gezen aliciya ihtiya¢ duyulmaktadir.
(inal vd., 2014). Sekil 4’te uydu gériintiisii iizerinde sabit
nokta ve hareket noktasimin konumunu gosterilmektedir..

Sekil 4. 2020 yilina ait Google Earth goriintiisii tizerinde sabit
nokta ve hareket noktasinin konumu

Sekil 4. Position of fixed point and departure point on Google
Earth image for 2020.

Her nokta GPS cihazi kullanilarak iki saat siireyle
izlenmistir. Ayni seansta RTK yontemi ile araglarin
hareketinden kaynaklanan hatanin giderilmesini saglamak
icin ¢ok yiksek dogrulukta bir yatay
gerceklestirilmistir. Bu amagla her 30 dakikada bir hareket
etmeden ayni frekansta ve ayni noktada bagimsiz 4 gézlem
yapilmistir. Diisey hareket ise, irtifanin dogrulugunu
saglamak, faz sistemi hatalarindan ve dalgalardaki
bozulmalardan etkilenmemek i¢in dijital nivo kullanilarak
belirlenmistir.

Tablo 1°de dlgiilen yatay ve dikey koordinatin iig
yilik  gozleminde yildan yilla bir fark oldugu
goriilmektedir.

izleme
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Tablo 1. 2017, 2018 ve 2019 yillarinda gézlemlenen noktanin
koordinatlari.

Table 1. Coordinates of the point observed in 2017, 2018 and
2019.

Gozlem Tarih Dikey koordinat Yatay koordinat Yiikseklik

2017 3596010.215 576806.222 22.41379
2018 3596010.216 576806.213 22.41723
2019 3596010.223 576806.206 22.42062
BULGULAR VE TARTISMA
Elde edilen sonuglardan, hem yatay diizlemde
hem de disey diizlemde esit olmayan farkliliklar

gozlenmigtir. 2017 ve 2018 gozlemleri arasindaki fark,
yatay diizlemde (0.009 m) ve diisey diizlemde (0.00344 m)
olarak belirlenmistir. 2018 ile 2019 yillar1 arasindaki fark
ise yatay diizlemde (0.007 m) ve diisey diizlemde (0.00339
m) olmustur. 2017 yilinda yapilan ilk gozlem ile 2019
yilinda yapilan son gozlem arasindaki fark ise yatayda
(0,016 m) ve diiseyde (0,00683 m) olarak belirlenmistir.

Yatay koordinatlardaki farkin (izleme ile sonraki
arasindaki kayma ve bozulma), AutoCAD programindaki
goriintimii Sekil 5’te gosterilmistir.

Sekil5. AutoCAD programina gére goézlemlenen noktalarin
konumlarindaki fark.

Figure 5. The difference in the positions of the observed points
according to the AutoCAD program.

Kismi tasiyict faz oOnyargist ve uydu saat
varyasyonunu igeren uydu sinyaline bagli hata kosullart
giderilmistir. Ardindan diisiik giiriiltiileri sayesinde ham
tastyici ¢ift fazli sinyaller olarak L1 ve B1 kullanilmigtir.
Gecikmenin dagilmamasimi saglamak igin 15°’lik bir dar
ac1 kullanilarak elimine edilen yayilma ortamu ile ilgili hata
kosullarinin yami1 sira ¢ift farkliliklar1 gozlemleyerek
hafifletilmistir.

Noktanin gozlem tarihlerine gore yillara gore yer
degistirmeleri 2017-1018 yillar1 arasinda 0.0091 m, 2018-
2019 willart arasinda, 0.0099 m ve 2017-2019 yillarina
bakildiginda ise 0.0179 m oldugu goriilmektedir. Bu
deformasyona barajin taban seviyesindeki sicaklik farki,
deprem gibi doga olaylarinin yani sira, yapt malzemeleri,
su akisinin hizi ve yonii de neden olmaktadir. Tablo 2’de
gozlem yapilan noktanin yillar arasindaki mesafe farki
gosterilmistir.

Tablo 2. Noktanin yillar arasindaki mesafe farki.
Table 2. Measurement difference between years.

Gozlem Tarihi Mesafe Farki (m)
2017-2018 0.0091
2018-2019 0.0099
2017-2019 0.0179

Tablo 3.’de Ol¢iim yapilan noktadaki yillar arasinda
gozlem farki verilmistir. Tablo 3°ten de goriilecegi lizere,
2017-2019 yillar1 arasinda dikey koordinat farki 0.008 m,
yatay koordinat farki 0.016 m, yiikseklik farki ise 0.00683
m olarak belirlenmistir.

Tablo 3. Olgiim yapilan noktadaki yillar arasindaki gzlem fark.
Table 3. Observation difference between years at the
measurement point.

Gozlem Dikey koordinat Yatay koordinat Yiikseklik fark:
Tarihi farki (m) farki (m) (m)
2017-2018 0.001 0.009 0.00344
2018-2019 0.007 0.007 0.00339
2017-2019 0.008 0.016 0.00683

Yatay ve dikey eksenlerdeki koordinat farklar:
karsilastirildiginda; dikey yondeki koordinat farklarmin,
yatay yondeki koordinat farklarinin yaklagik iki kati
oldugu ve bunun sonucunda da su akis yoniiniin dikey yone
paralel oldugu sdylenebilir. Sekil 6’da gbzlem yapilan
noktanmn yillar iginde Olgiilen degerlerinin farki grafik
olarak gosterilmistir.

m Dikey koordinat farki
B Yatay koordinatfarki

Yikseklikfarki

| 2017.2018 20182019  2019-2017

Sekil 6. Gozlem yapilan noktanin yillar iginde Olgiilen
degerlerinin fark grafigi.

Figure 6. The difference graph of the measured values of the
observed point over the years.

SONUCLAR VE ONERILER

Sonug olarak ¢alismada Irak'in Wasit ilindeki Al

Kut Barajindaki deformasyon GNSS araglar1 kullanilarak

incelenmistir. Incelenen sonuglara gére, hem yatay

diizlemde hem de diisey diizlemde esit olmayan farkliliklar

gozlenmistir.  Deformasyondaki  bu  farkliliklarin

nedenlerinin asagidaki dogal ve fiziksel faktorlerden
kaynaklandig1 diistintilmektedir;

e Doga olaylar1 (2017 yilinda Iran'da

meydana gelen (7,6) biiylikliigiindeki

deprem, yatay diizlemde ve diisey
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diizlemde etkinin belirginlestigi biyiik bir
deformasyona neden olmustur. Bu
depremin, basta smir bolgeleri olmak
iizere Irak bolgelerinde de ¢ok biiyiik etkisi
olmustur).

e [s1 faktorii: (Barajdaki mevsimsel sicaklik
degisiklikleri)

e  Yiikler: (sabit ve olii yiikler)

e Su basmct ve suyun hareket yoni.
(Rezervuardaki su seviyesi ile baraj
yiizeyinin deformasyonu arasinda onemli
bir korelasyon vardr. Bu da su
seviyesindeki  degisikliklerin  barajin
deformasyonuna neden olan ana faktor
oldugunu gostermektedir).

e  Barajin beton malzemelerinin oksidasyonu
ve zayiflamasidir.

Barajlarin giivenligini saglamak ve bunlar1 biiyiik
bir finansal maliyet veya miihendislik ¢abasi ve ¢alisma
tehlikesi olmadan izlemek igin, baraj gdvdesine sabit
sensorlerin takilarak anlik degisimlerinin gozlenmesi
tavsiye edilmektedir. Ayrica hidrolik yapmmn farkh
boliimlerindeki dolgu malzemeleri de dikkate alinmasi
gerekmektedir.
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ERRATUM

In the original article titled “A New Trout Species from Southern Marmara Sea Drainages (Teleostei: Salmonidae)”
published in the Journal of Anatolian Environmental and Animal Sciences, Vol: 6, Issue: 2, pp: 232-239, June 2021, a new
fish species for the world was introduced. Zoobank numbers of the species and article have been corrected by adding them

as follows. It is kindly submitted to your information.
Journal of Anatolian Environmental and Animal Sciences Editorial Board.

The zoobank code of the article: http://zoobank.org/urn:Isid:zoobank.org:pub:9832CB94-8F6A-4CE4-A9B3-25B448B3A389
The zoobank code of Salmo duhani: http://zoobank.org/urn:lsid:zoobank.org:act:C050C743-3FE3-40AD-9A65-DF97DB09FFD8

DUZELTME

Anadolu Cevre ve Hayvancilik Bilimleri Dergisi, Cilt: 6, Say1: 2, s: 232-239, June 2021 sayisinda yaymlanan “A New
Trout Species from Southern Marmara Sea Drainages (Teleostei: Salmonidae)” baslikli 6zglin makalede diinya igin yeni bir
balik tiirii ileri siiriildiigiinden tiiriin ve makalenin Zoobank numaralar1 asagidaki gibi eklenerek diizeltilmistir. Bilgilerinize arz

olunur.
Anadolu Cevre ve Hayvancilik Bilimleri Dergisi Yayin Kurulu.

Makalenin zoobank kodu: http://zoobank.org/urn:lIsid:zoobank.org:pub:9832CB94-8F6A-4CE4-A9B3-25B448B3A389
Salmo duhani tiiriiniin zoobank kodu: http://zoobank.org/urn:lsid:zoobank.org:act:C050C743-3FE3-40AD-9A65-DF97DB09FFD8

How to cite: Turan, D. & Aksu, S. (2021). A New Trout Species from Southern Marmara Sea Drainages (Teleostei: Salmonidae). J. Anatolian Env. and

Anim. Sciences, 6(2), 232-239. DOI: 10.35229/jaes.903810
Atif yapmak igin: Turan, D. & Aksu, S. (2021). Marmara Denizi'nin Giiney Drenajindan Yeni Bir Alabalik Tiirii (Teleostei: Salmonidae). Anadolu Cev. ve

Hay. Dergisi, 6(2), 232-239. DOI: 10.35229/jaes.903810
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