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ARASTIRMA MAKALESI - RESEARCH ARTICLE

Determination of in vitro Antioxidant, Antimicrobial Properties and COX-1/COX-2 Enzyme
Inhibition Activity of Capparis sicula

Capparis siculamin in vitro Antioksidan, Antimikrobiyal Ozellikleri ve COX-1/COX-2 Enzim
Inhibisyon Aktivitesinin Belirlenmesi

Nagihan ACAR, Fatih Caglar CELiKEZEN, Ibrahim Halil SAHIN, Mehmet FIRAT,

Recep KOCYIGIT, Oguz Ayhan KIRECCI

1221-1229

Farkli Bolgelerde Yetisen Mersin (Myrtus communis L.) Meyvelerinin Baz1 Fitokimyasal
Ozelliklerinin Karakterizasyonu

Characterization of Some Phytochemical Properties of Myrtle (Myrtus communis L.) Fruits 1230-1238
Grown in Different Regions

Belkis YASA, Merve GENC, Naile ANGIN, Murat ERTAS

Evaluation of the Effect of Biomarker Levels Associated with Disease Severity on Mortality in

COVID-19 Patients in Gaziantep Region of Turkey

Turkiye'min Gaziantep Bolgesindeki COVID-19 Hastalarinda Hastalk Siddeti ile Tligkili 1239-1245
Biyobelirte¢ Diizeylerinin Mortalite Uzerine Etkisinin Degerlendirilmesi

Hiiseyin GURBUZ, Sinem BAYRAKCIOnur BAYRAKCI, Hiilya CICEK

Morphological, Physiological and Biochemical Responses of Safflower (Carthamus tinctorius L.)

Exposed to Salinity Stress

Tuz Stresine Maruz Birakilan Aspir (Carthamus tinctorius L.)’in verdigi Morfolojik, Fizyolojik  1246-1252
ve Biyokimyasal Cevaplar

Bedri KELES, Filiz AKBAS

On the Presence and Distribution of Lycopus exaltatus L.f. (Lamiaceae) in Tirkiye
Lycopus exaltatus L.f.'un (Lamiaceae) Tirkiye'deki Varhigi ve Dagilim Uzerine 1253-1258
Litfi BEHCET, Hikmet CENGIZ

Pistacia atlantica Desf. Tiriinin Marmara, Ege ve Akdeniz Bélgelerinde Yayilis Alanlar1 ve

Taksonomik Ozelliklerinin Belirlenmesi

Determination of Distrubition Areas and Taxonomic Properties of Pistacia Atlantica Desf. in  1259-1267
Marmara, Aegean and Mediterranean Regions

Ajlan YILMAZ, Ergiin OZUSLU, Kamil SARPKAYA

Farkl: Yillarda Toplanan Salvia pisidica Boiss. & Heldr. ex Bentham Turiinin Sitotoksik

Etkisinin Arastirilmasi

Investigation of the Cytotoxic Effect of Salvia pisidica Boiss. & Heldr. ex Bentham Species 1268-1276
Collected in Different Years

Orhan UNAL, Serap OZKAYA, Esra AYDEMIR, Mehmet TORUN

Investigation of Antimicrobial Activities and 16S rRNA Sequences of Actinomycetes Isolated
from Karst Caves in the Eastern Black Sea Region of Tirkiye

Dogu Karadeniz Bolgesindeki Karstik Magaralardan Izole Edilen Aktinomisetlerin
Antimikrobiyal Aktivitelerinin ve 16S rRNA Dizilerinin Arastirilmasi

Enis Fuat TUFEKCI, Umit UZUN, Nagihan SAGLAM ERTUNGA, Aysenur BIBER, Inang
Alptug HIDIROGLU, ilayda TEKKILIC, Birhan ALTAY, Ali Osman KILIC

1277-1290
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Mentha pulegium Extracts Showed Strong Antimicrobial and Cytotoxic Effects in vitro.
Mentha pulegium Ekstrakti Gicli in Vitro Antimikrobiyal ve Sitotoksik Etki

Semih DALKILIC, Liitfiye KADIOGLU DALKILIC, Songiil FIDAN, Mustafa TIMURKAAN,
Liitfii UYGUR, Gokhan AKAY, Ismail KORKMAZ

Contributions to an Insect Fauna of Southeastern Anatolia Region of Turkiye: Curculionidae
(Coleoptera)

Tirkiye'nin Guneydogu Anadolu Bolgesi Bocek Faunasina Katkilar: Curculionidae
(Coleoptera) .

Halil BOLU, Mahmut ERBEY, Hakan CELIK

First Report of Root-Knot Nematode Meloidogyne hapla (Chitwood, 1949) (Nematoda
Meloidogynidae) on Petroselinum crispum (Mill.) Nym. ex A.W. Hill) in Turkey

Tiirkiye’de Meloidogyne hapla (Chitwood, 1949) (Nematoda: Meloidogynidae)'nin Petroselinum
crispum (Mill.) Nym. ex A.W. Hill)’da 11k Konukc¢u Kaydi

Aysenur YILMAZ, Taylan CAKMAK, Ugur GOZEL

Interaction of Meloidogyne incognita (Kofoid & White, 1919) Chitwood, 1949 race 3 with
Meloidogyne javanica (Treub, 1885) Chitwood, 1949 race 3 in tomato and pepper

Domates ve Biber Bitkisinde Meloidogyne incognita (Kofoid & White, 1919) Chitwood, 1949 Irk
3'tin Meloidogyne javanica (Treub, 1885) Chitwood, 1949 Irk 3 ile Etkilesimi

Betiil GURKAN, Ramazan CETINTAS

Evaluation of Some Local and Registered Varieties of Safflower (Carthamus tinctorius L.)
Based on SRAP Markers

Baz1 Yerel ve Tescilli Aspir Cesitlerinin (Carthamus tinctorius L.) SRAP Markérleri ile
Degerlendirilmesi

R. Refika AKCALI GIACHINO

Arpa Unu Ilavesinin Agik Ekmegin Baz1 Kimyasal ve Fonksiyonel Ozelliklerine Etkisi

The Effect of Barley Flour Addition on The Some Chemical and Functional Properties of “Agik
Ekmek” (Flat Bread)

Mehmet Ali ELCI, Ahmet Sabri UNSAL, Nefise Eren UNSAL, Mehmet KOTEN

Yagi Alinmis Nar Cekirdeklerinden Fenolik Antioksidanlarin Oziitlenmesinde Ultrases
Sisteminin Kullanimi

Use of Ultrasound System in Extraction of Phenolic Antioxidants from Oil-Free Pomegranate
Seeds .

Bulent BASYIGIT

Effect of Hazelnut Pulp Addition on Physical and Chemical Properties of Tarhana
Findik Posasinin Tarhananin Fiziksel ve Kimyasal Ozelliklerine Etkisi
Merve Nur OGURLU, Zekai TARAKCI

Effect of Hazelnut Skin Addition on Quality Characteristics of Functional Crackers
Findik Kabugu Ilavesinin Fonksiyonel Krakerlerin Kalite Ozelliklerine Etkisi
Tekmile CANKURTARAN KOMURCU
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Isolation and Characterization of Collagen from the Invasive Sea Urchin (Diadema setosum L.,
1778) in North-Eastern Mediterranen, Turkey
Tiirkiye Kiyilarinda Dagilim Gosteren Istilaci Denizkestanesinden (Diadema setosum L., 1778)

Kolajen Ekstraksiyonu ve Karakterizasyonu ) )
Erkan UGURLU, Onder DUYSAK, Selin SAYIN, Eytip Ilker SAYGILI, Necla BENLIER

Investigating Relationships Between Catch Per Unit Effort (CPUE) and Some Angler
Characteristics in The Turkish in Land Recreational Fisheries: A Case Study From Uluabat
Lake

Baz1 Amatér Balikgi Ozplliklerinin, Tiirkiye I¢ Su Amator Balikgiliginda Birim Cabaya Diisen
Av Miktar1 (CPUE) Tle Iliskisinin Arastirilmasi® Uluabat Goli Ornegi

Kadir CAPKIN, Mehmet CILBIZ

Aeromonas Veronii Biovar Veronii Infection in European Seabass (Dicentrarchus labrax)
ultured in Turkey

Tiirkiye'de Yetistiriciligi Yapilan Levrek Baliklarinda (Dicentrarchus labrax) Aeromonas
veronii biovar veronii Enfeksiyonu

Stiiheyla KARATAS STEINUM, Emre TURGAY, Remziye Eda YARDIMCI, Terje Marken
STEINUM

Antalyadaki Yarasa Turlerinin Akustik Olarak Arastirilmasi
Acoustic Investigation of Bat Species in Antalya
Onder COSKUN, Hakan SERT

Impact of Different Methods of Wheat Cultivation on the Occurrence of Carabidae Family
Representatives (Carabidae, Coleoptera)
Ivan ILKO, Viera PETERKOVA

Yeni Bir Tiir Tamimi ile Tirkiye’deki Mesiotelus Simon, 1897 Cinsine Katkilar (Araneae:
Liocranidae)

Contributions to the Genus Mesiotelus Simon, 1897 in Turkey, with the Description of a New
Species (Araneae’ Liocranidae)

Nurcan DEMIRCAN AKSAN

The Effects of Fipronil on Glutathione and Histology of Freshwater Snails
Tath Su Salyangozlarinda Fipronilin Glutatyon ve Histolojisine Etkileri
Pinar ARSLAN, Mehmet Zeki YILDIRIM, Aysel Caglan GUNAL

Cortinarius bovinus (Sigériimcekmantari): Tirkiye Mikotas: I¢in Yeni Bir Kayit
Cortinarius bovinus (Sigérimcekmantar): A New Record for the Turkish Mycota
Ertugrul SESLI
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ABSTRACT

Since synthetic drugs cause many side effects and have a high cost,
there has been increasing interest in the development of herbal-
based drugs that have fewer side effects and are relatively
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Research Article

inexpensive. Capparis sicula is traditionally used in the treatment of Article History .

some diseases among people. For this purpose, the antioxidant and Received 208'07'2022
antimicrobial properties of the methanol extract of the Capparis Accepted 181508:2023
sicula plant and its inhibitory effects on COX-1 and COX-2 enzymes Keywords

were investigated. In the study, the antioxidant properties of the e
Capparis sicula plant were determined by DPPH and CUPRAC Antioxidant

methods, while its antimicrobial properties were determined by the -

disk diffusion method. The effect of Capparis sicula on COX-1 and o e

COX-2 enzymes was determined colorimetrically using commercial COX-1

kits. The results showed that Capparis sicula had a significant
antioxidant effect, but did not have any antimicrobial effect on
standard strains of Staphylococcus aureus, Pseudomonas
aeruginosa, FEscherichia coli and Candida albicans. In addition, the
inhibitory effect on the COX-1 enzyme was 4.23% for the first time,
and the inhibition effect on the COX-2 enzyme was determined as
23.21%. As a result, the pharmaceutical, food and cosmetic
industries can use Capparis sicula as an important source of natural
raw materials.

Capparis siculanmin in vitro Antioksidan, Antimikrobiyal Ozellikleri ve COX-1/COX-2 Enzim

Inhibisyon Aktivitesinin Belirlenmesi

OZET Biyokimya

Sentetik ilaclar birgcok yan etkiye ve yluksek maliyete neden

oldugundan daha az yan etkisi olan ve nispeten daha ucuz olan Aragtirma Makalesi
bitkisel bazli ilaglarin geligtirilmesi artan bir ilgi gérmustiir.

Capparis sicula halk arasinda bazi hastalhklarin tedavisinde Makale Tarihgesi
geleneksel olarak kullanilmaktadir. Bu amagla sunulan g¢alismada Gelig Tarihi  : 08.07.2022
Capparis sicula bitkisinin metanol ekstraktinin antioksidan ve Kabul Tarihi :31.03.2023
antimikrobiyal 6zellikleri ile COX-1 ve COX-2 enzimleri tizerindeki

inhibisyon etkileri arastirilmistir. Calismada Capparis sicula Anahtar Kelimeler
bitkisinin antioksidan 6zellikleri DPPH ve CUPRAC yo6ntemleri ile Antiinflamatuar
belirlenirken, antimikrobiyal 6zellikleri disk difiizyon yontemi ile Antioksidant
belirlenmigtir. Capparis siculanmin COX-1 ve COX-2 enzimleri Antimikrobiyal
uzerindeki etkisi ise, ticari kitler kullanilarak kolorimetrik olarak Capparis sicula

belirlendi. Sonuglar, Capparis siculanmin 6nemli bir antioksidan COX-1

etkiye sahip oldugunu, ancak standart Staphylococcus aureus,
Pseudomonas aeruginosa, FEscherichia coli ve Candida albicans
suglar1 tizerinde herhangi bir antimikrobiyal etkiye sahip olmadigini
gosterdi. Ayrica COX-1 enzimi tizerindeki inhibisyon etkisi ilk kez
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%4.23, COX-2 enzimi tizerindeki inhibisyon etkisi ise %23.21 olarak
tespit edilmistir. Sonug¢ olarak, ilag, gida ve kozmetik endiistrileri,
Capparis sicula'yi 6nemli bir dogal hammadde kaynag olarak

kullanabilir.

To Cite :

Acar, N., Celikezen, F.C., Sahin, I.H., Firat, M., Kocyigit, R. & Kirecci, O.A. Determination of in vitro
antioxidant, antimicrobial properties and COX-1/COX-2 enzyme inhibition activity of Capparis sicula. KSU J.
Agric Nat 26(6), 1221-1229. https://doi.org/10.18016/ksutarimdoga. 1139197

Ataf Sekli: | Acar, N., Celikezen, F.C., Sahin, I.H., Firat, M., Kocyigit, R. & Kirecci, O.A. Determination of in vitro
antioxidant, antimicrobial properties and COX-1/COX-2 enzyme inhibition activity of Capparis sicula. KSU
Tarim ve Doga Derg 26 (6), 1221-1229. https://doi.org/10.18016/ksutarimdoga. 1139197

INTRODUCTION gastric mucosa, regulating platelet aggregation, and

Capparisis a plant belonging to the Capparidaceae
family, that can survive for many years and has been
used by people for centuries to heal disease and its
symptoms. The Capparis plant is also known as bubu,
gebre, kapari, kebere, and pickle herb in different
parts of Turkey (Duman & Ozcan 2014). Numerous
studies have reported that Capparis is effective in
pain relief, anti-diarrhoea, treatments for allergies,
infections, diuretic and diabetes-related symptoms
(Singh et al. 2011; Tlili et al. 2010; Tlili et al. 2011;
Argentieri et al. 2012; Arslan & Bektas 2010; Bektas
et al. 2012a; Boga et al. 2011; Husseini et al. 2013).

Capparis sicula (C. sicula) is a shrub that is widely
distributed in  Mediterranean countries. Since
antiquity, people in Greece have been using the tips
of the C. sicula to make a sauce. People living in
Mediterranean countries have used it as a condiment
for many years (Inocencio et al. 2000). C. siculais
widely used in Turkey. People in and around Adana,
a large city in southern Turkey, use its buds in
particular as an analgesic. In this region, people
crush its flower and bud parts and wrap them around
their kneecaps to alleviate joint pain. In addition, it is
used to treat rheumatic diseases and inflammation of
the lung, and C. siculahas a significant enzyme
inhibitory property (Dafni et al. 1984; Mahasneh et
al. 1996; Abbas et al. 1992; Marrelli et al. 2014). For
this reason, i1t 1s important to determine the
inhibitory effect of C. sicula on COX-1 and COX-2
enzymes.

Cyclooxygenase enzymes (COXs) catalyze two
reactions. One combines arachidonic acid (AA) with
the oxygen molecule to form prostaglandin G2 (PGGo2),
and the other 1i1s the conversion of PGG: to
prostaglandin Hz (PGHz). COXs perform an important
initial reaction in the AA metabolic pathway,
resulting in the generation of proinflammatory
prostaglandins, thromboxanes, and
prostacyclins. Prostaglandins regulate the contraction
of smooth muscles in metabolism, blood pressure, and
platelet aggregation. In addition, their overexpression
causes pain and fever (Lee et al. 2003). Three
isoforms of the COX enzyme are known, namely COX-
1, COX-2, and COX-3. Of these, COX-1, as a
constitutive enzyme, is responsible for protecting the
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synthesizing prostaglandins responsible for renal
blood flow, while COX-2 has been reported to be
prominent in oncogenesis, pain, and inflammation.
Since NSAIDs used in the treatment of inflammation
inhibit COX-1, and COX-2, they have been reported to
cause gastrointestinal ulceration, kidney damage, and
hepatic side effects in long-term use (Abdu-Allah et
al.2020; Khoshneviszadeh et al. 2016)

Inflammation is part of the body's defense
mechanisms, where metabolism 1is initiated as a
protective response against pathogens, foreign bodies,
or injury (Raikar & Shingade, 2018). It can also be a
symptom of infections that can be detected after their
symptoms have been observed (Panda et al. 2020).
NSAIDs are known to reduce inflammation. They are
used to heal some diseases caused by inflammation,
such as rheumatoid arthritis, and fever, and to relieve
daily pain (Bindu et al. 2020). There are many drugs
on the market to treat inflammatory diseases. But
very few of them are non-toxic. Gastrointestinal
problems that develop upon the wuse of anti-
inflammatory drugs are a dilemma for the medical
world, today. In this context, comprehensive studies
conducted using ethnobotanical plants with anti-
inflammatory and analgesic properties are critical for
opening new horizons in the treatment of
inflammatory diseases (Igbe et al. 2010).

Therefore, investigating plant extracts’ ability to
inhibit enzymes can help us discover compounds that
could effectively treat various diseases (Liu et al.
2018; Orhan et al. 2017). It is a very old practice to
use herbs and plant extracts to prevent infections;
however, the effects of most of them have not been
scientifically proven (Ellof 1998).In addition,
currently, there is little information available [to us]
on how and which parts of these plants are good for
treating various diseases. For this reason, it is
recommended to conduct further scientific studies to
support traditionally used plants and develop new
natural products against the harms of synthetic
products (Ozcan 2020). From the literature review, it
has been seen that the number of studies on the
biological properties and traditional use of C. sicula
1s limited.
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The present study was conducted to investigate the
antioxidant and antimicrobial properties of C. sicula
and its effect on COX-1 and COX-2 enzymes.

MATERIALS and METHODS
Plant Samples and Preparation of Plant Extracts

The plant samples were collected from the pine groves
of the region known as Kemal Hill, between
Karaomerli and Kilbag Villages in Adana Province,
between May and July 2020. The scientific diagnosis
of C. sicula was made by Mehmet FIRAT, a lecturer
at Yuziunci Yil University, Faculty of Education,
Department of Biology. Flora of Turkey and the East
Aegean Islands was the primary source for scientific
plant identification (Giiner et al. 2000).

Preparation of Plant Extracts

After the plants were dried without exposure to
sunlight, they were broken into small particles with
the help of a hand blender. Then, a methanol extract
was prepared from its flower buds (10 g 100 mL-
1). The solvent was removed from the medium with
the help of an evaporator. The ready-to-use extracts
were used fresh.

Antioxidant Assays
Free Radical Scavenging Activity (DPPH)

The free radical scavenging activity of DPPH (2,2-
diphenyl-1-picrylhydrazyl, free radical) was
performed with minor modification according to the
method specified by Brand-Williams et al. (1995). As
a free radical, 10¢M DPPH was prepared in
methanol. 0.02, 0.04, 0.06, 0.08, 0.10 g mL! and 3.9
ml of DPPH solution were added into the test tubes,
respectively, and the mixtures were incubated for 30
minutes in a dark environment at room temperature.
At the end of the incubation, their absorbance at 517
nm against the blank (methanol) was read using the
spectrophotometer. The amount of DPPH removed
from the reaction medium was calculated with the
following formula. Experiments were carried out
three times.

% Inhibition = [(A o— A 1)/A 0] x 100.

A orefers to control absorbance, A irefers to the
absorbance of the sample.

Determination of Total Antioxidant Capacity (TAC)
by CUPRAC Method

In a glass tube,1 mL of copper (II) solution,
neocuproine solution and ammonium acetate buffer
were added sequentially. 10 pL of solutions prepared
at different concentrations of C. sicula extract (0.02-
0.10 g mL-) as well as distilled water were added to
the same tube. The total volume was made up of 4
mL. The resulting solution was kept closed for 30

1223

minutes at room temperature. The absorbance value
was measured at 450 nm (Apak et al. 2004). Ascorbic
acid (AsA) was used as a standard and was prepared
as 4.4 x104M. Total antioxidant capacity was
calculated based on AsA. The experiments were
carried out three times.

Determination of Antimicrobial Properties

Antimicrobial activity was investigated according to
the disk diffusion method (NCCLS
1997). Staphylococcus  aureus (ATCC  33862),
Pseudomonas aeruginosa (ATCC 27853), Escherichia
coli (ATCC 385218), Candida albicans (ATCC 90028)
standard strains were activated by inoculating
Mueller Hinton Broth (OXOID) and fungal strains in
Sabouraud Dextrose (SD) Broth (DIFCO) and
incubated for 24 hours at 35+2°C. Their
concentrations were adjusted according to MCFarland
0.5 (108 CFU mL1) (Barry & Thornsberry
1985). Bacteria Mueller Hinton Agar (OXOID) and
yeast fungus Sabouraud Dextrose (SD) Agar (OXOID)
were left on the media for 15 minutes before being
applied with a glass baguette. 25 pl of plant extracts
were absorbed into 6 mm diameter sterile standard
discs and left in the culture medium (Barry &
Thornsberry 1985). Afterwards, the samples were
incubated for 24 hours at 37 °C and their inhibition
diameters were determined. The extract with the
highest concentration was used to determine the
antimicrobial effect. The standard strains used in the
study were obtained from the Public Health
Institution of Turkey.

Detection of COX-1 and COX-2 Enzyme Inhibition

The inhibition capacity of COX enzymes was
determined by using commercial kits (COX
ovine/human, Inhibitor Screening Assay Kit item
No. 560131). Results were read at 415 nm on a Micro
Elisa plate reader (Bio-Tek). Calculations were made
according to the Kit procedure. In the COX enzyme
inhibition experiments, the extract prepared at a
concentration of 0.10 g mL! was used by diluting 10
times.

RESULTS and DISCUSSION

The World Health Organization (WHO) reports that
80% of the world’s population benefits from medicinal
plants for their health needs. In addition, the active
substance in 20% of commercial drugs is of plant
origin (Gurib-Fakim 2006). Extraction and analysis of
plants are vital for discovering new drugs and
modernising existing formulations (Arulmozhi et al.
2019a). Alternatively, there is an increasing interest
in research on natural antioxidants because of the
toxic effects of existing synthetic antioxidants on the
liver and their carcinogenicity (Grice 1986; Wichi
1988).
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For this purpose, in the presented study, the CUPRAC tests. In the DPPH test, it was determined

antioxidant properties of methanol extracts (0.02-0.10 that the antioxidant property increased due to the
mg mL1) of the C. sicula plant prepared at different increase in concentration compared to the control
concentrations were determined by DPPH and group (Figure 1).
1
o == . B
= 7 ;=
;——E ’ {t'/
0 0.02 0.04 0.06 0.08 0.1 0.12

Concantration (g mL1)

Figure 1 DPPH scavenging activity of C. sicula plant extract at different concentrations. The average of three
measurements for each concentration was taken
Sekil 1. Farkli konsantrasyonlarda C. situla akstraktlarinin DPPH temizleme aktivitesi. Her konsantrasyon igin
li¢ ol¢timiin ortalamasi alindi.

AsA was used as a standard in the analyses determined that the C. sicula plant reached higher
performed by the CUPRAC method. A single values than AsA at the concentrations of 0.02 and
concentration of AsA was used, and the TAC value 0.04 g mL-1. These results show that C. sicula has an

was found to be 0.206 = 0.062 (mmol AsA g). It was important antioxidant capacity (Table 1).

Table 1 CUPRAC test antioxidant activity results of C. sicula extract and AsA. Each value is shown as X+SD

(n=3).
Cizelge 1. C. sicula ve AsA CUPRAC test antioksidan aktivite sonuglarr. Her deger X+SD olarak gosterilmistir
(n=3).
C. sicula (g mL) PLUG AM) PLUG
(mmol AsA /g- C. sicula) (mmol AsA /g-AsA)
0.02 0.216 £ 0.107
0.04 0.210 £ 0.096
0.06 0.142 £ 0.107 4.44x104 0.206 + 0.062
0.08 0.175+0.154
0.10 0.185+0.181
In parallel with the results obtained from the present ethanol and water extracts of C. spinosa subsp.
study, Subramanian & Ramani (2020) examined the spinosa var. spinosa, C. aegyptia, C. zoharyi, C. ovata
antioxidant activities of 4 different extractions of the subsp. ovata, C. sicula subsp. sicula and C. orientalis

Capparis brevispina DC plant, and they determined plants by DPPH and ABTS tests, it was reported that
that the ICso value of the ethanol extract was 37.23 pg the plants showed an antioxidant activity at varying

mL-1, the ICso value of the water extract was 41.78 pg rates. In the same study, the ICso value of the leaves
mL-1, the ICsolevel of the chloroform extract of the C. sicula subsp sicula grown in Tunisia was
was 42.44 pg mL-1, and hexane extract was 56.34 ng found to be 74.78 g mL-1 by the DPPH test. After the
mL-1.  Preetha et al. (2020) investigated the C. sicula subsp sicula plant was examined with the

antioxidant effect of ethanolic and hydroethanolic ABTS method, the ICs0 value of its ethanolic extract
extracts of Capparis decidua fruits in their study and was found to be 62.63 g mL-1 (Aichi-Yousfi et al.
showed that plant fruits exhibited a very good 2016). In  addition, lyophilized and methanolic

antioxidant activity compared to the control group extracts of C. spinosahave been reported to have
(Preetha et al., 2020). significant antioxidant effects (Bonina et al. 2002).
In a study examining the antioxidant activities of Assadi et al. (2021) reported that C. spinosa fruit
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extracts showed antioxidative and antidiabetic effects
in experimentally induced type 2 diabetes in rats
administered with high fat and low dose
streptozotocin. In the study conducted by Tlili et al.
(2017) on rats treated with CCls, they noted
that methanol extracts of C. spinosa leaves decreased
the level of malondialdehyde (MDA), and their results
supported the use of this herb, which is traditionally
used in the prevention of kidney and liver diseases.

Plant-based medicines have been used by humans in
the treatment of diseases for a long time. Plants have
always been the source of new medicines (Ganapathy

Table 2. Results of antimicrobial effect of C. sicula
Cizelge 2. C. situla’nin antimikrobiyal sonuglari

2017). In the last twenty years, many scientists have
discovered new antimicrobial agents from different
natural sources (Vidya et al. 2012). In recent years,
pathogenic microorganisms have become more
resistant to current antibiotics due to their
overuse. Therefore, further studies are needed to
discover more economical antimicrobial agents with
less toxicity (Arulmozhi et al. 2018).

In the presented study, methanol extracts of C.
sicula flower buds did not show any antibiotic effect

on microorganisms at the studied concentrations
(Table 2.).

C. sicula (g mL-1) Microorganism

Staphylococcus aureus (ATCC 33862)
Pseudomonas aeruginosa

0.10 g mL-!?
(ATCC 27853)
FEscherichia coli
(ATCC 35218)
Candida albicans
(ATCC 90028)

Antimicrobial Effect

Unlike the obtained data, Arulmozhi et al. (2019)
showed the antimicrobial effect of leaf extracts of the
C. zeylanica plant on six pathogenic organisms,
including Staphylococcus epidermidis, Enterococcus
faecalis, Salmonella paratyphi, Shigella dysen-teriae,
Mpycobacterium tuberculosis, and Candida albicans.
They reported that the plant had an antimicrobial
effect on all strains in the study.

Preetha et al, (2020) reported in their study
investigating the antimicrobial effect of ethanolic and
hydroethanolic extracts of Capparis decidua fruits
that plant fruits showed very good antimicrobial
effects on strains of Enterococcus faecalis, Klebsiella
pneumonia, Pseudomonas aeruginosa, Streptococcus
mutans and FEscherichia coli. Mazarei et
al. (2017) reported that Capparis spinosal. leaf
polysaccharides showed antioxidant activity in the
DPPH test.In addition, they showed that
the antimicrobial effect of the polysaccharides
on gram-negative bacteria consisting of Escherichia
coli, Shigella dysenteriae and Salmonella typhi was
higher than the effect on gram-positive bacteria
of Bacillus panis and Staphylococcus aureus. In their
antimicrobial study, Subramanian & Ramani (2020)
showed that different C. brevispina extracts had
minimal inhibition against gram-negative bacteria
(Escherichia coliMTCC 739 and Pseudomonas
aeruginosa MTCC 2453) and selected
fungi (Aspergillus niger MTCC 5889 and Aspergillus
flavus MTCC 9390). But in the same study, they
reported the presence of resistance to gram-positive
bacteria (Bacillus subtilis MTCC 2423;
Staphylococcus aureus MTCC 2940). In their study,
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Anjuma et al. (2020) investigated the antibacterial
effect of the methanolic extract of Capparis decidua
and found that the floral particles of the plant had an
antimicrobial effect on Z. cloacae (MIC 250 1g mL-1),
K. pneumonia (MIC 250 lg mL-1), S. paratyphi (MIC
1000 lg mL-Y), S typhi (MIC 500 lg mL-) and S.
marcescens (MIC 250 lg mL-1). Moreover, in the same
study, it was determined that the aerial parts of plant
had an antimicrobial effect on pathogenic
microorganisms including A. junii (MIC 250 lg mL-1),
E. cloacae MIC 250 1g mL-1), E. coli MIC 250 lg mL-
1), M. Iuteus ATCC-4617 (MIC 250 lg mL-1), P
vulgaris MIC 250 lg mL-1), P. aeruginosa (MIC 250 lg
mL-Y), S paratyphi (MIC 500 1 g mL1), S
typhimurium MIC 250 lg/mL), S. dysenteriae (MIC
250 lg mL-1), and S. aureus (MIC 500 lg mL-1). The
difference in the results of the present study may be
due to the concentration used, as well as the soil and
climatic conditions in the region where the plant
grows.

NSAIDs are drugs that are frequently used in the
treatment of pain, inflammation, and fever, and they
show an important therapeutic effect in curing
inflammatory diseases (Vonkeman et al. 2010). It is
thought that the action mechanism of these drugs
depends on the inhibition of COX enzymes (Ulbrich et
al. 2002). There are two main isoforms of the COX
enzyme. COX-1 is a structural enzyme found in
normal tissues. COX-2, on the other hand, is an
inducible enzyme that is rarely expressed under
physiological conditions and is increasingly expressed

in inflammation and tumorigenesis. Arachidonic
acid is synthesised by COX-2 to prostaglandin Ez2 and
a number of inflammatory mediators are
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synthesised. Therefore, COX-2 is an important
enzyme in inflammatory events (Zhang et al.
2013). In addition, it has been reported that
expensive and selective COX-2 inhibitors have side
effects (Emery et al. 1999). Alternatively, safer and
cheaper drugs can be developed from medicinal plants
(Gautam & Jachak, 2009).

In the present study, the inhibitory effect of methanol
extracts of C. sicula flower buds on COX-1 and COX-2
enzymes was determined for the first time. While the
C. sicula methanol extract inhibited the COX-1
enzyme by 4.23%, it inhibited COX-2 by 23.21%
(Table 3). The inhibitory effect of methanol extract on
COX-2 was 5.48 times greater than its effect on COX-
1.

Table 3. COX-1 and COX-2 % inhibition values of
methanol extract of C. sicula plant
Cizelge 3. C. sicula bitkisinin metanol ekstraktinin
COX-1 ve COX-2 % inhibisyon degerleri.

Enzyme inhibitor % Inhibition Value
COX-1 C. sicula 4.23%
COX-2 C. sicula 23.21%

Likewise, a study conducted on mice reported that
ethanol, and the water extracts of the leaves
of Capparis zeylanica  showed dose-dependent
analgesic effects and water extract was more effective
than the ethanol extract (Ghule et al. 2007). Tekulu
et al. (2020) reported that the extracts obtained from
the roots of the plant Capparis tomentosa Lam
showed anti-inflammatory effects. Bektas et al.
(2012a) investigated the anti-inflammatory effect of
the Capparis ovata plant and found that the fruits of
the plant and methanol extracts of its flower buds
showed a significant anti-inflammatory effect. In
their study, they found that both extracts showed a
significant inhibitory effect in the prostaglandin
Ezinflammation model (Bektas et al. 2012b).In a
study on mice, it was reported that natural products
obtained from Capparis ecuadorica HH (Capparaceae)
had great anti-inflammatory potential as they blocked
the inflammatory response in (LPS)-indued RAW
264.7 cells (Song et al. 2020). In their study, Rahimi
et al. (2020) reported that C. spinosa reduced brain
inflammation. In another study, it was reported that
alcoholic extracts of Capparis spinosa exhibited a
strong anti-inflammatory effect in rats. In the study,
it was stated that this anti-inflammatory activity of
alcoholic extracts was associated with the presence of
polyprenols such as cappaprenol-12, cappaprenol-13,
and cappaprenol-14 containing 12, 13, and 14
isoprenoid units, respectively (Al-Said et al.
1988). Various studies have stated that aqueous and
chloroform extracts of C. spinosaindicated an anti-
inflammatory effect on rats (Zhou et al. 2010; Ageel et
al. 1986). In addition, it has been reported that the
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leaves, stems and roots of Capparis
erythrocarpos plant have analgesic effects (Twumasia
et al. 2019).

CONCLUSION

Consequently, it was determined that the methanol
extract obtained from the flower buds of the C.
sicula plant showed a high antioxidant effect but did
not show any antimicrobial effect on the bacterial and
fungal strains used in the present study. In addition,
the inhibitory effect on COX-1 and COX-2
enzymes was detected in vitro for the first time. With
this study, the high antioxidant capacity of C. sicula
and its inhibitory effect on COX enzymes were clearly
demonstrated. C. sicula may be a good alternative for
use in the pharmaceutical, cosmetic, and food
industries. However, further studies are needed for
the safe and effective use of C. sicula.

THANKS

This study was summarized from Nagihan ACAR's
master's thesis and was supported by Bitlis Eren

University Scientific Research Projects
Coordinatorship as project numbered BEBAP
2020.007.
Contribution Rate  Statement Summary of
Researchers

The authors declare that they have contributed
equally to the article.

Conflict of Interest Statement

The authors of the article declare that there is no
conflict of interest between them.

REFERENCES

Abbas, J.A., El-Oglah, A.A. & Mahasneh, A.M. (1992).
Herbal plants in the traditionalmedicine of
Bahrain. Econ Bot, 46, 158-163.

Abdu-Allah, H.H., Abdelmoez, A.A., Tarazi, H., El-
Shorbagi, ANA. & El-Awady, R. (2020).
Conjugation of 4-aminosalicylate with
thiazolinones afforded non-cytotoxic potent in vitro
and in vivo anti-inflammatory hybrids. Bioorg
Chem, 94, 103378

Ageel, AM., Parmar, N.S., Mossa, J.S., Yahya,
M.AA., Said, M.S.A. & Tarigq, M. (1986). Anti-
inflammatory activity of some Saudi Arabian
medicinal plants. Agents Action, 17, 383-384.

Aichi-Yousfi, H., Meddeb, E., Rouissi, W., Hamrouni,
L., Rouz, S., Rejeb, M.N. & Ghrabi-Gammar, Z.
(2016). Phenolic composition and antioxidant
activity of aqueous andethanolic leaf extracts of six
Tunisian species of genus Capparis —Capparaceae.
Indus Crop Prod, 92, 218-226.



KSU Tarim ve Doga Derg 26 (6), 1221-1229, 2023
KSU J. Agric Nat 26 (6), 1221-1229, 2023

Aragtirma Makalesi
Research Article

Al-Said, M.S., Abdelsattar, E.A., Khalifa, S.I. & Al-
Feraly, F.S. (1988). Isolation and identification of
an anti-inflammatory principle from Capparis
spinosa. Die Pharmazie, 43, 640-641.

Anjuma, S., Asif, M., Zia, K., Jahan, B., Ashraf, M.,
Hussainb, S., Hayat, M.Q., Shahd, M.R. & Tabhir,
M.N. (2020). Biological and phytochemical studies
on Capparis decidua (Forssk) Edgew from
Cholistan desert. Nat Prod Res, 34(16), 2315-2318.

Apak, R., Gugli, K., Ozyiirek, M. & Karademir, S.E.
(2004). Novel total antioxidant capacity index for
dietary polyphenols and vitamin C and E, using
their cupricion reducing capability in the precence
of neocuproine: CUPRAC Method. J of Agr and
Food Chem, 52, 7970-7981.

Argentieri, M., Macchia, F., Papadia, P., Fanizzi, F.P.
& Avato, P. (2012). Bioactive compounds from
Capparis spinosa subsp rupestris. Ind Crop Prod,
36(1), 65-69.

Arslan, R. & Bektas, N. (2010). Antinociceptive effect
of methanol extract of Capparis ovata in
mice. Pharma Biol, 48(10), 1185- 1190.

Arulmozhi, P., Vijayakumar, S., Praseetha, P.K. &
Jayanthi, S. (2019a). Extraction methods and
computational approaches for evaluation of
antimicrobial compounds from Capparis zeylanica
L. Anal Biochem, 672, 33-44.

Arulmozhi, P., Vijayakumar, S. & Kumar, T.
(2018). Phytochemical analysis and antimicrobial
activity of some medicinal plants against selected
pathogenic microorganisms. Microbe Pathog, 123,
219-226.

Assadi, S., Shafiee, S.M., Erfani, M. & Akmali, M.
(2021). Antioxidative and antidiabetic effects of
Capparis spinosa fruit extract on high-fat diet and
low-dose streptozotocin-induced type 2 diabetic
rats. Biomed Pharmacother, 138, 111391.

Barry, A.L. & Thornsberry, C. (1985). Susceptibility
Tests: Diffusion Test Procedures. In:  Lennette
EH, Balows A, Hausler WJ Jr, Shadomy HJ (ed.)
Manual of clinical microbiology, 4th edn, American
Society for Microbiology, Washington, D.C. 978-
987.

Bektas, N., Arslan, R., Goger, F., Kirimer, N. &
Ozturk, Y. (2012a). Investigation for anti-
inflammatory and anti-thrombotic activitiesof
methanol extract of Capparis ovata buds and
fruits. J of Ethnopharm, 142, 48-52.

Bindu, S., Mazumder, S. & Bandyopadhyay, U.
(2020). Non-steroidal anti-inflammatory drugs
(NSAIDs) and organ damage: a current
perspective. Biochem Pharmacol 180, 114147

Boga, C., Forlani, L., Calienni, R., Hindley, T.,
Hochkoeppler, A. & Tozzi, S. (2011). On the
antibacterial activity of roots of Capparis spinosa
L. Nat Prod Res, 25(4), 417-421.

Bonina, F., Puglia, C., Ventura, D., Equino, R.,
Tortora, S. & Sacchi, A. (2002). In vitro

1227

antioxidant and in vivo photoprotective effects of a
liophilized extract of Capparis spinosa L. buds. J.
Cosmet Sci, 563, 321-335.

Brand-Williams, W., Cuvelier, M.E. & Berset, C.
(1995). Use of a free radical method to evaluate
antioxidant activity. Lebensm Wiss Technol, 251),
25- 30.

Dafni, A., Yaniv, Z. & Palevitch, D. (1984).
Ethnobotanical survey of medicinal plants in
northern Israel. J Ethnopharmacol, 10(3), 295-310.

Duman, E. & Ozcan, M.M. (2014). Physicochemical
properties of seeds of Capparis species growing
wild in Turkey. Environ Monit Assess, 186(4),
2393-2398.

Ellof, J.N. (1998). Which extractant should be used
for the screening and isolation of antimicrobial
components from plants? J Ethnopharmacol, 60,
1-6.

Emery, P.H., Zeidler, T.K., Kvien, M., Guslandi, M. &
Naudin, R. (1999). Celecoxib versus diclofenac in
long-term management of rheumatoid arthritis:
Randomized double-blind comparison. Lancet, 354,
2106-2111.

Ganapathy, S. (2017). Antibacterial and molecular
docking studies of bioactive component from leaves
of Stachytarpheta cayennensis (rich.). Vahl Res J
Phytochem, 11(1), 28-34.

Gautam, R. & Jachak, S.M. (2009). Recent
developments in anti-inflammatory natural
products. Med Pic Rev, 29, 767-820.

Ghule, B.V., Murugananthan, G. Yeole, P.G. (2007).
Analgesic and antipyretic effects of Capparis
zeylanica leaves. Phytoterapia, 78, 365—-369.

Grice, H.C. (1986). Safety evaluation of butylated
hydroxy toluene (BHT) in the liver, lung and the
gastrointestinal tract. Food Chem Toxicol, 24,
1127-1130

Giiner, A., Ozhatay, N., Ekim, T. & Baser, K.H.C.
(2000). Flora of Turkey and the East Aegean
Islands, Edinburgh Univ. Pres. Edinburgh

Gurib-Fakim, A. (2006). Medicinal plants: traditions
of yesterday and drugs of tomorrow. Mole Aspect
Med, 271), 1-9

Husseini, H.F., Hasani-Rnjbar, S., Nayebi, N.,
Heshmat, R., Sigaroodi, F.K. & Ahvazi, M. (2001).
Capparis spinosa L. (Caper) fruit extract in
treatment of type 2 diabetic patients: A
randomized double-blind placebo-controlled
clinical trial. Complement Ther Med, 21(5), 447-
452.

Igbe, 1., Ching, F.P. & Eromon, A. (2010). Anti
inflammatory activity of aqueous fruit pulp extract
of Hunteria umbellata K. Schum in acute and
chronic inflammation. Acta Pol Pharm, 67, 81-85.

Inocencio, C., Rivera, D., Alcaraz, F. & Tomas-
Barberan, F.A. (2000). Flavonoid content of
commercial capers (Capparis spinosa, C. sicula
and C. orientalis) produced in Mediterranean


https://translate.google.com/translate?hl=tr&prev=_t&sl=tr&tl=en&u=https://www.sciencedirect.com/science/article/pii/S0882401018300500
https://translate.google.com/translate?hl=tr&prev=_t&sl=tr&tl=en&u=https://www.sciencedirect.com/science/article/pii/S0882401018300500
https://translate.google.com/translate?hl=tr&prev=_t&sl=tr&tl=en&u=https://www.sciencedirect.com/science/article/pii/S0882401018300500

KSU Tarim ve Doga Derg 26 (6), 1221-1229, 2023
KSU J. Agric Nat 26 (6), 1221-1229, 2023

Aragtirma Makalesi
Research Article

countries. Fur Food Res Technol, 212, 70-74.

Khoshneviszadeh, M, Shahraki, (O
Khoshneviszadeh, M., Foroumadi, A., Firuzi, O.,
Edraki, N., Nadri, H., Moradi, A., Shafiee, A. &
Miri, R. (2016). Structure-based design, synthesis,
molecular docking study and biological evaluation
of 1, 2, 4- triazine derivatives acting as COX/15-
LOX inhibitors with anti-oxidant activities. &/
Enzym Inhib Med Chem, 31, 1602-1611.

Lee, J.L., Mukhtar, H., Bickers, D.R., Kopelovich, L.
Athar, M. (2003). Cyclooxygenases in the skin:
pharmacological and toxicological implications.
Toxicol Appl Pharmacol, 192, 294-306.

Liu, H., Zhu, Y., Wang, T., Qi, J. & Liu, X. (2018).
Enzyme-site blocking combined with optimization
of molecular docking for efficient discovery of
potential tyrosinase specific inhibitors from
Puerariae lobatae radix. Molecules, 2310), 2612.

Mahasneh, A.M., Abbas, J.A. & El-Oqlah, A.A. (1996).
Antimicrobial activity of extracts of herbal plants
used inthe traditional medicine of Bahrain. Phytot
her Res 10, 251-253.

Marrelli, M., Loizzo, M.R., Nicoletti, M., Menichini, F.
& Conforti, F. (2014). In vitro investigation of the
potential health benefits of wild Mediterranean
dietary plants as anti-obesity agents with a
amylase and pancreatic lipase inhibitory
activities. Sci Food Agric, 94, 2217-2224.

Mazarei, F., Jooyandeh, H., Noshad, M. & Hojjati, M.
(2017). Polysaccharide of caper (Capparis spinosa
L.) Leaf: Extraction optimization, antioxidant
potential and antimicrobial activity. Int J Biol
Macromol, 95, 224-231.

Orhan, I.E., Senol, F.S., Haznedaroglu, M.Z., Koyu,
H., Erdem, S.A., Yilmaz, G., Cicek, M., Yaprak,
AE., Ari, E. & Kucukboyaci, N. (2017).
Neurobiological evaluation of thirty-one medicinal
plant extracts using microtiter enzyme assays.
Clin. Phytosci, 29). https://doi.org/10.1186/s40816-
016-0023-6.

Ozcan, K. (2020). Antibacterial, antioxidant and
enzyme inhibition activity capacities of Doronicum
macrolepis (FREYN&SINT): An endemic plant
from Turkey. Saudi Pharm, 28, 95-100.

Panda, S.S., Girgis, A.S., Thomas, S.J., Capito,
J.E., George, R.F., Salman, A., El-Manawaty,
M.A. & Samir, A. (2020). Synthesis,

pharmacological profile and 2D-QSAR studies of
curcumin amino acid conjugates as potential drug
candidates. Eur J Med Chem, 196, 112293
Preetha, S., Roy, A. & Rajeshkumar, S. (2020a). In-
vitro free radical scavenging, antibacterial,
cytotoxicity of ethanolic/hydroethanolic extract of
Capparis decidua. Int J Pharm Res, 2912-2921.
Rahimi, V.R., Rajabian, A., Rajabi, H., Vosough, E.M.,
Mirkarimi, H.R., Hasanpour, M., Iranshahi, M.,
Rakhshandeh, H. & Askari, V.R. (2020). The
effects of hydro-ethanolic extract of Capparis

1228

spinosa (C. spinosa) on lipopolysaccharide (LPS)-
induced inflammation and cognitive impairment:
Evidence from in vivo and in vitro studies. ¢ of
Ethnopharm, 256, 112706.

Raikar, P. & Shingade, S. (2018). Synthesis,
characterization and screening of pyrazoline
derivatives for anti-inflammatory activity. IJPSR,
9, 2446 — 2450.

Singh, P., Mishra, G., Sangeeta Srivastava, S., Jha,
K.K. & Khosa, R.L. 2011. Traditional uses,
phytochemistry and pharmacological properties of
Capparis decidua: An Overview. Der Pharm Lett,
A2), 71-82.

Song, B.R., Lee, S.J., Kim, J.E., Choi, H.J., Bae, S.J.,
Choi, Y.J., Gong, J.E., Noh, J.K., Kim, H.S., Kang,
H.G., Hong, J.T. & Hwang, D.Y. (2020). Anti-
inflammatory effects of Capparis ecuadorica
extract in phthaliccanhydride -induced atopic
dermatitis of IL-4/Luc/CNS-1 transgenic mice.
Pharm Biol, 581), 1263-1276.

Subramanian, S.K. & Ramani, P.
(2020a). Antioxidant and cytotoxic activities of
Indian  caper (Capparis  brevispina  DC
(Capparaceae) leaf extracts. Eur J Integr Med, 35,
101038.

Tekulu, G.H., Hiluf, T., Brhanu, H., Araya, E.M,,
Bitew, H. & Haile, T. (2020). Anti-inflammatory
and anti-nociceptive property of Capparis
tomentosa Lam. root extracts. J Ethnopharm, 253,
1126542.

TIili, N., Elfalleh, W., Saadaoui, E., Khaldi, A., Triki,
S. & Nasri, N. (2011). The caper (Capparis L.):
Ethnopharmacology, phytochemical and
pharmacological properties. Fitoterapia, 8X2), 93-
101.

Tlili, N., Feriani, A., Saadoui, E., Nasri, N. & Khaldi,
A. (2017). Capparis spinosa leaves extract: Source
of bioantioxidants with nephroprotective and
hepatoprotective effects. Biomed Pharmacother,
87,171-179.

TIili, N., Khaldi, A., Triki, S. & Munne-Bosch, S.
(2010). Phenolic Compounds and Vitamin
Antioxidants of Caper (Capparis spinosa). Plant
Food Hum Nutr, 65(3), 260-265.

Twumasia, M.A., Tandohb, A., Manteb, P.K,
Ekuadzia, E., Boakye-Gyasic, M.E., Bennehd,
C.K.,, Kumadohe, D. & Woodeb, E. (2019). Leaves
and stems of Capparis erythrocarpos, more
sustainable than roots, show antiarthritic
effects. o of Ethnopharm, 238, 111890.

Ulbrich, H., Fiebich, B. & Dannhardt, G. (2002).
Cyclooxygenase-1/2 (Cox-1/Cox-2) and 5-
lipoxygenase (5-LOX) inhibitors of the 6,7-diaryl-
2,3-1H-dihydropyrrolizine type. Fur J Med Chem,
37, 953-959.

Vidya, S.M., Krishna, V., Manjunatha, B.K., Rajesh,
K.P.G., Bharath, B.R. & Manjunatha, H. (2012).
Antibacterial and molecular docking studies of



KSU Tarim ve Doga Derg 26 (6), 1221-1229, 2023
KSU J. Agric Nat 26 (6), 1221-1229, 2023

Aragtirma Makalesi
Research Article

entagenic acid, a bioactive principle from seed
kernel of Entada pursaetha DC. Med Chem Res,
21,1016-1022.

Vonkeman, H.E. & Van de Laar, M.A.F.J. (2010).
Nonsteroidal anti-inflammatory drugs: adverse
effects and their prevention. Semin Arthritis
Rheum, 39, 294-312.

Wichi, H.P. (1988). Enhanced tumor development by
butylated hydroxyanisole (BHA) from the
prospective of effect on forestomach and
oesophageal squamous epithelium. Food Chem

1229

Toxicol, 26, 7117-723.

Zhang, Y., Shi, S., Zhao, M., Chai, X,, Tu, P. &
Coreosides, A.D. (2013). Cl4-polyacetylene
glycosides from the capitula of Coreopsis tinctoria
and its anti-inflammatory activity against COX-
2. Phytoterapia, 87, 93-97.

Zhou, H., Jian, R., Kang, J., Huang, X. & Li, Y.
(2010). Anti-inflammatory effects of caper
(Capparis spinosa L.) fruit aqueous extract and the
isolation of main phytochemicals. J Agric Food
Chem, 85, 12717-12721.



KSU Tarim ve Doga Derg 26 (6), 1230-1238, 2023
KSU J. Agric Nat 26 (6), 1230-1238, 2023
httpsi//doi.org/10.18016/ksutarimdoga.vi.1248947

Farkli Bolgelerde Yetisen Mersin (Myrtus communis L.) Meyvelerinin Baz Fitokimyasal

Ozelliklerinin Karakterizasyonu

Belkis YASA!L, Merve GENC2?, Naile ANGIN3, Murat ERTAS4 <

1234Bursa Teknik Universitesi, Orman Fakiiltesi, Orman Endiistri Mithendisligi Bélimii, 16310 Bursa, Tiirkiye
thttps://orcid.org/0000-0001-8141-4579, 2https://orcid.org/0000-0001-6856-1881, 3https://orcid.org/0000-0001-9874-9236

4httpsi//orcid.org/0000-0001-9218-5513
<: murat.ertas@btu.edu.tr

OZET

Turkiye’de Akdeniz florasinda yaygin olarak bulunan, tibbi ve aromatik
bir bitki olan Mpyrtus communis L. (Mersin) giliniimiizde cesitli
fitoterapotik uygulamalarda siklikla karsilasilmaktadir. Bu ¢alismada,
Myrtus communis L. bitkisinin meyvelerinden ekstraksiyon yontemiyle
elde edilen sabit yaglarin verimleri hesaplanmis ve kimyasal
kompozisyonu gaz kromotografisi-kiitle spektroskopisi (GC-MS) ile tespit
edilmigtir. En yuksek sabit yag verimi %5.43 olarak Bursa iline ait
orneklerden elde edilmigtir. Analiz sonuglarinda yag kompozisyonu
icerisinde 11 farkli bilegsen tespit edilmigtir. Tim bélgelerde en fazla
bulunan yag asitleri sirasiyla %73.97-68.96 linoleik asit (C18:2), %16.60-
12.04 oleik asit (C18:1) ve %8.86-8.51 palmitik asittir (C16:0). Bu
calismanin sonucglar1 Myrtus communis L. meyvesinin zengin
fitokimyasal icerigi ve yiiksek besleyici 0zelligi sayesinde gida, tip ve
bir¢ok farkl alanda kullanilabilirligini ortaya koymustur.
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Characterization of Some Phytochemical Properties of Myrtle (Myrtus communis L.) Fruits Grown in

Different Regions
ABSTRACT Biochemistry
Mpyrtus communis L. is a medicinal and aromatic plant and common in
the Mediterranean flora in Turkiye. Today, it is being more prominent Research Article
thanks to its various phytotherapeutic applications. In this study, the . .
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were found as linoleic acid (C18:2) (73.97-68.96%), oleic acid (C18:1)
(16.60-12.04%), and palmitic acid (C16:0) (8.86-8.51%), respectively. The
results revealed that Myrtus communis L. fruit can be used in food,
medicine, and many different fields because of its rich phytochemical
content and high nutritional properties.
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GIRIS tedavi” anlamina gelen “Fitoterapi” terimi ise ilk defa

Tibbi aromatik bitkiler; ilag, gida, kozmetik gibi birgok
farkli alanda kullamilmaktadir. Tibbi aromatik
bitkilerin en dikkat c¢ekici 6zelligi olan tedavi amagh
kullanim1 birgok arastirma konularinda da yer
almaktadir. Bitkilerle iyilestirme, tamamlayici tedavi,
geleneksel tedavi ve dogal tedavi gibi farkli isimlerle
kullanilmaktadir (Demirezer, 2010). “T1ibbi bitkilerle

Fransiz hekim olan Henri Lecrerc (1870-1955)
tarafindan kullanmilmistir (Herndndez-Ceruelos ve ark,
2017).

Tiurkiye iklim ve bitki gesitliligi, genis yiiz 6l¢imi ve
tarimsal potansiyeli sayesinde tibbi ve aromatik
bitkiler ticaretinde o6nde gelen tlkelerden biri
konumundadir. Tirkiye'de tibbi olarak kullanmilan
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bitkilerin sayis1 kesin olarak bilinmemekle beraber,
500 civarinda oldugu tahmin edilmektedir. Bu
bitkilerin yaklagik 200 tibbi ve aromatik bitkinin ihrag
potansiyelinin oldugu bilinmektedir. Bu bilgiler
dogrultusunda, Tirkiye'nin bu alanda buyuk bir
calisma potansiyeline sahip oldugu gorialmektedir
(Faydaoglu & Siiriiciioglu, 2011).

Turkiye’de Akdeniz florasinda yaygin olarak bulunan
Myrtaceae familyasinda yer alan Myrtus communis L.
(Mersin) bitkisi tibbi olarak kullanimi1 ile &ne
cikmaktadir. Bu familyanin 3000 tirt olup, yaygin
olarak bulunan ve en ¢ok bilinenler arasinda okaliptiis
(Eucalyptus), karanfil (Syzygium) ve yenibahar
(Pimenta) taksonlar1 yer almaktadir. Myrtus
communis L. bitkisi her daim yesil, kisa boylu (1-3 m
arasinda boylanabilen) ve ¢cali formunda olan ¢ok yillik
bir bitki olarak bilinmektedir. Dogal olarak yetisme
alanlar1 arasinda Akdeniz tlkeleri, Avustralya’nin
tropikal bolgeleri, Orta Dogu tlkeleri ve Kuzey
Amerika’nin iliman bolgeleri yer almaktadir. Turkiye,
Fransa gibi tilkelerde ise yabani olarak yetismektedir.
Turkiye’'de yaygin olarak “Mersin” ismiyle bilinmesine
kargilik bilhassa Glney sahillerinde “Hambeles”,
“Murt” ya da “Adi Mersin” isimleriyle de yer
almaktadir. Myrtus communis L. bitkisinin meyveleri

Mpyrtus communis L. bitkisinin yapragindan elde
edilen esansiyel yaglarin antioksidan aktivite ve anti-
mutajenik aktivite igerdigi bilinmektedir. Ancak,
Mpyrtus communis L. bitkisi yalnizca yapraklarinda
bulunan ugucu yaglar nedeniyle degil, ayn1 zamanda
meyvelerinde bulunan yag asitleri sebebiyle de 6nemli
bir bitki olarak tanimlanmaktadir. Myrtus communis
L. meyveleri tizerine yapilan ¢aligmalarda ¢ogunlukla,
ucucu bilesenleri ve fenolikleri uzerine
odaklanilmigtir. Bununla beraber, Myrtus communis
L. meyveleri ve tohumlarinin yag asidi igerikleri
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Uzim yapisina benzer ve ¢ogunlukla morumsu siyah
renktedir (Sekil 1). Eksimsi bir lezzete sahip olan
meyveleri fazla miktarda sert ve kiigik tohumlara
sahiptir. Myrtus communis L. bitkisinin ekstraktlari
yaygin olarak hipoglisemik madde, antiseptik ve
dezenfektan ilag yapiminda kullanildigindan 6nemli
aromatik ve tibbi bitkiler arasinda yer almaktadir
(Sahin ve ark., 2020).

Son zamanlarda fenolik bilesik icerigi fazla olan bitki
turleri, coklu doymamis yag asitleri ve esansiyel
yaglar, sagligi 1iyilestirici potansiyel etkileri
(antioksidan, antikanser ve antienflamatuar vb.)
sebebiyle biiyiik ilgi goérmektedir (Messaoud &
Boussaid, 2011). Son yillarda yapilan calismalarda,
insanlarin daha saglikli olmalarinda diette bulunanan
yaglar ve igerigindeki yag asitlerinin kimyasal
yapilarinin  ve miktarlarmin iligkisini gosteren
bulgular elde edilmistir (Lauritzen ve ark., 2000). Bu
anlamda Tiurkiye'’de yaygin olarak bulunan dogal
antioksidan kaynaklarindan biri olan Myrtus
communis L. bitkisinin kullanimi ve arastirilmasi
giderek 6nem kazanmaktadir.

Cayli ve Akyiiz (2019) 1s1 perdelerinin kullanimai ile 1s1

kayiplarinin  azaltilacagini  ve 1s1  tasarrufu
saglanacagini bildirmiglerdir.

Sekil 1. Bursa-Gemlik bélgesinden toplanan Myrtus communis L. meyveleri
Figure 1. Fruits of Myrtus communis L. collected from Bursa-Gemlik region

lzerine ¢ok az ¢aligma yapildigi gériilmektedir. Kivrak
(2018), yaptign calismada Myrtus communis L.
yapraklarindan elde edilen ugucu yag ve
tohumlarindan soguk pres yontemiyle elde edilen
yagin kimyasal analizini gaz kromotografisi — kiitle
spektroskopisi (GC-MS) yardimiyla gerceklestirmistir.
Analiz sonuglarina gére ugucu yagin en 6nemli ana
bilegenleri; 1,8-cineol (%21.68), alfa-pinen (%18.02),
linalol (%14.12) olarak tespit edilirken sabit yagda ana
yag asitleri linoleik asit (%77.59) ve palmitik asit
(%10.36) olarak tespit edilmistir (Kivrak, 2018). Maxia
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ve arkadaslar1 (2011) yaptigi calismada Myrtus
communis L. esansiyel yaginin topikal anti-
inflamatuar etkisini bildirmistir (Maxia ve ark., 2011).
Mansouri ve ark. (2001) yaptig1 calismada, Myrtus
communis L. Dbitkisinin yapraklarinin metanol
ekstraktinin 6 gram pozitif ve 4 gram negatif
bakteriden olusan toplam 10 mikroorganizma
kargisinda giigli bir antibakteriyel etki gosterdigi
rapor edilmistir (Mansouri ve ark., 2001).Yapilan
bagka bir calismada ise Turkiye’den secilen dort
genotipin meyvelerinden hidrodistilasyon ile izole
ucucu yaglarin kimyasal bilesenleri GC-FID (gaz
kromotografi alev iyonlasmali dedektér) ve GC-MS
analizleri ile karakterize edilerek Myrtus communis L.

turlerinde bulunan esansiyel yaglarinin ana
bilesenleri; 1,8-Cineole  (%29.20-31.40), linalool
(%15.67-19.13), alfa-terpineol (%8.40-18.43), alfa-

pinen (%6.04-20.71), ve geranil asetat (%3.98-7.54)
seklinde tespit edilmistir (Kordali ve ark., 2016).
Tumen ve arkadaslari, Myrtus communis L. nin meyve
ve yapraklarindan elde edilen ugucu yaglarin yara
iyilestirme aktivitelerini eksizyon ve insizyon yara
modellerini kullanarak degerlendirdigi bir c¢alisma
gerceklestirmistir (T{imen ve ark., 2017).

Bu calismada, ti¢ farkli bolgede dogal olarak yetisen
Myrtus communis L. meyvelerinde bulunan yag
asitlerinin tespit edilmesi ve meyvelerinin fiziksel
ozelliklerinin sabit yag verimi tizerinde olasi bir etkisi
olup olmadigimin belirlenmesi amaclanmistir. Izmir,
Bursa ve Isparta bolgelerinden toplanan Myrtus

Cizelge 1. Numune alanlari ve toplanma zamanlar:
Table 1. Sample collection areas and collection times

communis L. Dbitkisinin meyvelerinden hekzan
ekstraksiyonu ile elde edilen sabit yaglar GC-MS ile
karakterize edilmistir. Turkiye tibbi ve aromatik bitki

zenginligi igerisinde yer alan farkli yetisme
alanlarindan toplanmis Myrtus communis L.
bitkisinin meyvelerinin fitokimyasal iceriginin
belirlenmesiyle bitkinin saghik alaninda etkin bir
sekilde kullanilmasina katk: saglayacagi
ongorilmektedir.

MATERYAL ve METOD

Materyal

Bu ¢alisma kapsaminda materyal olarak Izmir-Urla,
Bursa-Gemlik ve Isparta-Sutcller olmak uzere g
farkli sehir ve bolgeden toplanan Myrtus communis L.
bitkisinin olgunlagsmis meyveleri kullamilmigtir.
Numunelerin toplandigi koordinatlar ve toplanma
zaman1 Cizelge 1’de verilmigtir. Meyvelerin teshisi
Bursa Teknik Universitesi (BTU) Orman Fakiiltesi
Laboratuvarlarinda yapilmigtir.

Meyveler teshis edildikten sonra oda sartlarinda hava
kurusu hale gelene kadar belirli periyotlarda
karigtirilarak bekletilmis ve sonra kilitli posetlerde
muhafaza  edilmigtir. Ekstraksiyon  igleminde
kullanilan n-hekzan VWR Chemical Inc.’den %98.5
saflikta temin edilmigtir. GC-MS analizinde ve 6n
islemlerde kullanilan metil alkol ve sodyum hidroksit
(NaOH) analiz safliginda Sigma-Aldrich’ten satin
alinmagtar.

II-Ilge Koordinat (X,Y) Toplanma zamani
Izmir-Urla 38.3704234 - 26.5191641 Aralik 2022
Bursa-Gemlik 40.4715964 - 29.0113266 Aralik 2022
Isparta-Sutcgtiler 37.4347142 - 30.8976957 Aralik 2022

Sabit Yag Eldesi

Olgunlagsan meyveler laboratuvar ortaminda hava
kurusu hale getirildikten sonra havanda ezilmigtir.
Ezilirken havanda kalan yag n-hekzan ile yikanarak
numune balonuna alinmigtir. Ezilmis numuneler sabit
tartima gelene kadar yaklasik 2 saat slireyle 50 °C
sicaklikta vakumlu etiivde kurutulduktan sonra, her
bir o6rnekten yaklagik 30 gram tartilarak seliiloz
kartusa yerlestirilmistir. Yerlestirilen o6rnekler
soxhlet cihazinda (Behrotest) n-hekzan ile 6 saat
stireyle ekstrakte edilmigtir. Soxhlet ekstraksiyonu
sonunda balonda toplanan ekstraktin igindeki hekzani
uzaklagtirabilmek i¢in su sogutmali vakumlu
evaporator (Heidolph) kullanilmistir. Su banyosunda
50 °C sicaklik ve 250 mmbar vakum altinda hekzan
tamamen ugurulmus ve geriye kalan sabit yagin
agirhgr tartilarak verim hesaplanmigtir. Sabit yagin
verimi (w/w) Esitlik 1 yardimiyla hesaplanmistir.
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% Sabit yag verimi = ? x 100 (Egitlik 1)
0

Formiilde; ms = Elde edilen sabit yagin agirhig (g),
Mo = Meyvenin kuru agirhigin (g) ifade etmektedir.
Elde edilen sabit yaglar cam viallere alinmig ve
analizlerde kullanilmak tizere 4 °C’de buzdolabinda
muhafaza edilmigtir.

Gaz Kromatografisi — Kiitle Spektrometresi (GC-MS)
Analizi

Sabit yaglarin kimyasal icerikleri BTU Merkez
Laboratuvarinda bulunan Agilent marka gaz
kromatografisi/kiitle spketroskopisi (GC/MS) cihaz ile

analiz edilmigtir. Sabit yag numuneleri cihaza
verilmeden oOnce igerigindeki serbest yag asitleri
metillendirilmek suretiyle metil esterlerine
dontgstirilmustir. Bunun i¢in bir falkon tupl

igerisine sabit yag 6rnegi konulmus ve tizerine metanol
ile hazirlanan 0.2 N NaOH c¢é6zeltisi eklenmis ve iyice
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karistirilmistir. Daha sonra karisimin lizerine hekzan
eklenerek seyreltilmistir. Nihai karisim 10 dakika
santrifiijlenmis ve esterlesmis hekzan fazi wviale
alinarak analize tabi tutulmustur. Bilesenlerin tayini
i¢cin uygulanan metotta tasiyici gaz olarak Helyum
(He) gaz1, sabit faz olarak ise Agilent HP-5MS (%5 fenil
metil siloksan capraz bagli; 0.25 pm; 30 m x 0.250 mm)
kapiler kolonu kullanilmigtir. Sicaklik programi 60
°C’de 10 dk bekletilip 4 °C dk! artig hiz1 ile sicaklhigin
220 °C’ye yukseltilmesi, 220 °C’de 10 dk bekletilip yine
1 °C artis hiz1 ile 300 °C’ye yiikseltilmesi seklinde
uygulanmigtir. Calismada, enjektor sicakligr 250 °C,
iyonizasyon enerjisi 70 eV olarak belirlenmigtir.

Istatistik Analizler

Her bir bélgeden rastgele alinan 40 adet meyvenin ¢ap
ve agirhk olgimleri alinmigtir. Uzerinde durulan
ozelliklerden stirekli degiskenler ic¢in tanmimlayici
istatistikler; Ortalama, Standart Sapma, Minimum ve
Maksimum degerler olarak ifade edilirken, Kategorik
degiskenler i¢in say1 ve ylizde olarak ifade edilmistir.
Her bélge icin ayr1 ayri1 olmak tlzere cap ile agirlik
arasindaki  iligkiyi  belirlemek ve agirliktan
yararlanarak c¢ap1 tahmin etmek tiizere, Regresyon
analizi  yapilmistir. Hesaplamalarda istatistik
anlamlilik diizeyir %5 olarak alinmis ve hesaplamalar
icin SPSS (ver. 2.0) istatistik paket programi
kullanilmigtar.

BULGULAR ve TARTISMA
Sabit Yag Verimi

Uc¢ farkhh ilden toplanan Myrtus communis L.
bitkisinin sabit yag verimleri Cizelge 2’de verilmigtir.

Cizelge 2. Farkli illere ait sabit yag verimleri
Table 2. The fixed oil yields of different regions

I-Tlce Verim (%)
Izmir-Urla 3.26 £ 1.02
Bursa-Gemlik 5.43 + 0.81
Isparta-Sutgiiler 4.04 +£0.94

Mpyrtus communis L. meyvelerinin sabit yag miktar
en ylksek verim %5.43 ile Bursa bolgesinden elde
edilmigtir. Izmir bolgesinden toplanan bitkinin

meyvelerinin yag verimi  %3.26 oram ile diger
bélgelere gore daha disiik bulunmustur. Bu ¢alismada
meyvelerdeki mezokarp ve tohum yag icerigi birlikte
degerlendirilmigtir. Daha énce Mugla bolgesi Myrtus
communis L. meyvelerinin kullanildig1 ¢alismada yag
verimi mezokarp ve tohum i¢in sirasiyla %0.38 ve
%4.87 bildirilmistir (Cakir, 2004).

Sabit yag iceren meyve ve tohumlarin yag verimleri ve
iceriklerinin, genetik varyasyon, cografik lokasyon,
iklim, yagis miktari, toprak ozellikleri gibi farklh
kogullardan etkilendigi ve degisiklik go6sterdigi
bilinmektedir (Karaca & Aytac, 2007). Bu gibi
farkliliklarin biyoaktivitelerinde de degisiklige yol
acip agmamasi ve iligkili 6zellikleri yeni aragtirma
konular: olarak ilgi uyandirmaktadir.

Sabit Yagin Kimyasal Karakterizasyonu

Farkli illere ait Myrtus communis L. meyve sabit yag
orneklerinin GC-MS analizleri sonucunda 11 farkl
bilesen tespit edilmis ve analiz sonuglar1 Cizelge 3,
Cizelge 4 ve Cizelge 5'te verilmigtir.

Sabit yagin ana etken maddesi olarak linoleik asit
(C18:2) %73.97 oranla en yiiksek Bursa o6rneginde
tespit edilmis olup diger bolgelerde ise 68.96-71.16
arasinda bulunmustur. Ikinci etken madde olarak
tekli doymamis yag asidi olan oleik asit (C18:1) %16.60
oranla en yuksek Isparta érneginde tespit edilmistir.
Izmir-Urla 6rneginde %15.58 ve Bursa-Gemlik
orneginde ise %13.51 oleik asit tespit edilmistir.
Doymus yag asitlerinden Palmitik asit %8.86 ve
Stearik asit ise %3.26 oranla en fazla Izmir 6rneginde
tespit edilmigtir.

Meyvede bulunan ve GC-MS ile karakterize edilen
perikarp ve tohum yaglarinin  bilegenlerinin
siniflandirilmasi Cizelge 6’da verilmistir. Doymamis
yag asitlerinin Bursa, Isparta ve Izmir érneklerinde
sirasiyla %87.57, %86.74 ve %85.66 oranlarinda ana
fraksiyonu olusturdugu tespit edilmistir. Ug bélge i¢in
toplam doymus yag asitlerinin bulunma oram
ortalama %11.72 olup %12.12 orani ile Izmir érneginde
en yiksek tespit edilmistir. Ayrica 1,8-cineole ve alfa-
pinene basta olmak lzere érneklerin meyve yaginda
%0.43-%2.88 arasinda terpen smifin1 bilesenlere
rastlanmigtir.

Cizelge 3. Myrtus communis L. meyvesi Izmir érneginin sabit yag GC-MS analiz sonuglar
Table 3. Fixed oil GC-MS analysis results of Myrtus communis L. fruits from Izmir

Alikonma zamamni (dk) Bilesen adi

Bulunma (%) CAS- numarasi

6.74 a-Pinene 0.14 000080-56-8
10.62 D-Limonene 0.08 005989-27-5
10.74 1,8-Cineole 0.42 000470-82-6
25.39 a-Terpinene 0.12 000099-86-5
47.00 Methyl palmitate (C16:0) 8.86 000112-39-0
52.22 Methyl linoleate (C18:2) 71.16 000112-63-0
52.40 Methyl oleate  (C18:1) 15.58 000112-62-9
53.21 Methyl stearate (C18:0) 3.26 000112-61-8
Toplam Karakterizasyon Yiizdesi %99.62
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Cizelge 4. Myrtus communis L. meyvesi Bursa érneginin sabit yag GC-MS analiz sonuglar:
Table 4. Fixed o1l GC-MS analysis results of Myrtus communis L. fruits from Bursa

Alikonma zamani (dk) Bilesen adi

Bulunma (%) CAS-numarasi

6.73 a-Pinene 0.06 000080-56-8
10.62 D-Limonene 0.03 000138-86-3
10.73 1,8-Cineole 0.26 000470-82-6
21.29 B-Ocimene 0.02 013877-91-3
25.39 a-Terpinene 0.04 998044-86-7
29.70 B-Selinene 0.02 017066-67-0
47.01 Methyl palmitate (C16:0) 8.68 000112-39-0
52.28 Methyl linoleate (C18:2) 73.97 000112-63-0
52.42 Methyl oleate (C18:1) 13.51 000112-62-9
53.21 Methyl stearate  (C18:0) 3.12 000112-61-8
58.91 Methyl eicosanoate (C20:1) 0.09 001120-28-1
Toplam Karakterizasyon Yiizdesi %99.8

Cizelge 5. Myrtus communis L. meyvesi Isparta 6rneginin sabit yag GC-MS analiz sonuclari
Table 6. Fixed o1l GC-MS analysis results of Myrtus communis L. fruits from Isparta

Alikonma zamamni (dk) Bilegen ad1

Bulunma (%) CAS- numarasi

6.74 a-Pinene

8.39 B-Pinene

9.80 3-Carene

10.62 D-Limonene

10.73 1,8-Cineole

28.29 Caryophyllene

47.00 Methyl palmitate (C16:0)
52.22 Methyl linoleate (C18:2)
52.40 Methyl oleate (C18:1)
53.21 Methyl stearate (C18:0)
58.90 Methyl eicosanoate (C20:1)

Toplam Karakterizasyon Yiizdesi

0.83 000080-56-8
0.21 018172-67-3
0.24 013466-78-9
0.41 005989-27-5
0.99 000470-82-6
0.19 000087-44-5
8.51 000112-39-0
68.96 000112-63-0
16.60 000112-62-9
2.74 000112-61-8
0.11 001120-28-1
%99.79

Cizelge 6. Myrtus communis L. meyve yaglari bilegsenlerinin siniflandirilmasi
Table 6. Classification of Myrtus communis L. fruit fixed o1l components

Bilesen sinifi Izmir-Urla (%) Bursa-Gemlik (%) Isparta-Siitciiler (%)
Terpen bilegenler 0.75 0.43 2.88

Doymus yag asitleri 12.12 11.80 11.24

Doymamais tekli yag asitleri 15.58 13.60 16.70

Doymamisg ¢oklu yag asitleri 71.16 73.97 68.96

Toplam doymamis yag asitleri 86.74 87.57 85.66

Toplam 99.62 99.81 99.79

Genetik ozellikler, iklim, sicaklik, cografik konum,
toprak oOzellikleri gibi farklh kosullarin bitki igindeki
yag asit kompozisyonunda degisiklige yol actig1
bilinmektedir (Baydar & Turgut, 1999). Calismaya
dahil olan tg¢ bolgede bitkinin fizyolojik biiyiime ve
gelisme farkhiliklar1 ve yag kompozisyonunun igerigi
bu sebepler dogrultusunda farklihik gé6sterdigi
distiniilmektedir.

Mpyrtus communis L. Meyve yaginda tespit edilen ana
bilesen yag asitlerinin fonksiyonlar1 Cizelge 7’de
gosterilmistir.

Linoleik asit igerigi ile zengin ¢oklu doymamig yag asit

profili her ¢ boélgede de karakteristik olarak
saptanmigtir. Linoleik asit ve oleik asit 6nceki
calismalarda Mpyrtus communis L. meyve yag

1234

kompozisyonunda majoér yag asit bilesenleri olarak
belirtilmistir (Cakir, 2004). Linoleik asit ve oleik asitin
enflamatuar fazi hizlandirarak gerceklesen yara
tyilestirici 6zelligi bildirilmigtir (Rodrigues ve ark.,
2012). Insan organizmasinda sentezlenemeyen ve
canlilik i¢in elzem olan Linoleik asit, saghk i¢in kilit
rol oynayan Omega-6 yag asidi sinifinda
degerlendirilmektedir. 18 karbon atomu igeren
Linoleik asit, yapisindaki 2 c¢ift bagin ilki, metil
grubuna en yakin 6. karbonda bulunmaktadir. Bu
sebeple Omega-6 olarak adlandirilir (Aydin, 2004).
Omega yag asitlerinin kalp damar, kanser olusumu,
santral sinir sistemi ve beyin saglig1 tizerine etkilerini
arastiran c¢aligsmalar, diyette birlikte bulunma
oranlarinin énemini ortaya koymaktadir (Gogus &
Smith, 2010). Omega-6/omega-3 oraninin
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organizmanin fizyolojisi ile uyumlu olarak saglanmasi

(Simopoulos, 2002; Salar & Ayse, 2021). Sonuc olarak,

antioksidan Ozellik etkiler i¢in Onemlidir; diyet temel yag asitleri viicut tarafindan
icerigindeki omega-6/omega-3 orani1 2-3:1 arasi sentezlenemediginden gidalarla belli oranlarda
oldugunda inflamasyonu onledigi ve oranin 5:1 alinmasi gerekir.
diizeyini ge¢memesi gerektigi ifade edilmigtir
Cizelge 7. Myrtus communis L. meyvesinin ana bilegsen yag asitlerinin fonksiyonlari
Table 7. Functions of the main fatty acids of Myrtus communis L. fruits
Bilesen Kimyasal formil Fonksiyon
Linoleik Asit (C18:2) » Kardiyoprotektif
ot = Ateroskleroz 6nleyici
] * Beyin ve sinir sistemi gelisimi
| *  Yiiksek antioksidan
“] C1sH320: *  Anti mutajenik aktivite
l »  Cilt bariyerini gi¢lendirici
- ﬂf — e .T._,_:f?'
Oleik Asit (C18:1) sSantral sinir sistemini onarici
B N » Antitrombotik
= = Antienflamatuar
. C1sH3402
N |
Palmitik Asit (C16:0) »Cilt ve mukoza onarici
»Lipofilik biyoaktiviteyi arttirma
o e Ci6H320:2 UV 1ginlarina karsi koruma
Kolesterol diizeyi gibi bazi metabolik degerlerin, vaskuler dokuda inflamasyonu Onleyici  anti-

arteriyel kan basinci dizeylerinin uygun seviyelerde
tutulmasi, kas ve bag dokusunun gugclenmesi, cilt ve
mukoza saghgl acisindan yaglar ve yag asitleri
o6nemlidir (Lauritzen ve ark., 2000).

Beslenmede baz1 yaglarin kullanimi ise linoleik asidin
ve metabolik onculigini yaptig1 arasidonik asitin
(C20:4) tiikketiminde artiga sebep olmaktadir. Bilindigi
gibi Arasidonik asit proinflamatuvar etki gosteren
eikosanoid metabolitleri, (TXA2, PGE2, PGI2 vb.) ve
l6kotrienlerin sentezinde rol almaktadir (Imig, 2020).

Linoleik asidin kardiyovaskiler sistem {izerinde

inflamatuar etkisi bulunmaktadir (Jandacek, 2017).
Dusgsiik dansiteli kolesterol diizeylerini diisiirerek ve
hizli kan pihtilagsmasini inhibe ederek kalp krizi
riskini azaltir. Ayrica immun sistemde olumlu yonde
etki gosterir (Ozcan, 2019).

Meyvelerin ortalama, minimum ve maksimum cap ve
agirlik degerleri Cizelge 8de oOzetlenmistir. Meyve
caplar incelendiginde, g il arasinda istatistik olarak
anlamli fark bulunmustur (p=0.00). Aralarinda
anlamli fak bulunan meyve ¢aplarinin istatistik LSD
karsilastirmasi Cizelge 9'da verilmistir.

Cizelge 8. Myrtus communis L. meyvelerin ¢ap ve agirlik degerleri
Table 8. Diameter and weight values of Myrtus communis L. fruits

Ortalama Minimum Maksimum
1l Cap (mm) Agirhik (g) Cap (mm) Agirhik (g) Cap (mm) Agirhik (g)
Izmir 6.16+0.15 0.142+0.053 4.70 0.073 9.20 0.280
Bursa 5.18+0.09 0.123+0.033 4.04 0.078 6.67 0.231
Isparta 5.89+0.09 0.124+0.026 4.56 0.074 7.01 0.189

Buna gore, Bursa ili meyve ortalama c¢ap degerinin
diger illerden fakli oldugu gérilmiigtiir. Izmir ve
Isparta illeri meyve ¢ap ortalama degerleri birbirine
yvakindir. Bursa’dan toplanan 6érnekler ise ortalama
5.1840.09 mm cap degeri ile iller arasinda en kii¢cik

¢ap degerine sahiptir. Buna kargin en yiiksek verim
degeri (%5.43) Bursa érneklerinden elde edilmistir.

Diger taraftan,
ortalamasi

uc¢ bolgedeki
arasindaki farklarin

meyve agirliklar
istatistik olarak
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onemli olmadig1 goriilmiistiir (p=0.06). Meyvelerin ¢cap
ve agirliklar1 arasindaki bolgesel iligki Sekil 2, 3 ve 4’te
gosterilmigtir. Analizler sonucunda verilerin normal
dagilim gosterdigi belirlenmigtir. Meyve numuneleri,
bélgeler arasinda kiyaslandiginda meyve c¢aplar

arasinda anlamli bir fark bulunurken, agirhklar
arasinda anlamli bir farklilik yoktur. Bu sonuca gore;
meyve agirliginin sabit yag verimi tizerinde tek basina
dogrudan bir etkisi olmadig1 distintilmektedir.

Cizelge 9. Myrtus communis L. meyvesine ait ¢ap degerlerinin LSD istatistik karsilagtirilmasi
Table 9. LSD statistical comparison of diameter values of Myrtus communis L. fruits

N1:N2:N3 il p
fzmir (@) Bursa (b) 0.000*
Isparta (a) 0.112
40:40:40 Izmir (a) 0.000*
Cap Bursa (b) Isparta (a) 0.000*
Izmir (a) 0.112

Isparta (a)

Bursa (b) 0.000*

* Ortalama farklar 0.05 dizeyinde anlamlidir.

0,35
y =0.0483x - 0.1553
0,3 R?=0.743

Agirhk (g)

Sekil 2. Myrtus communis L. Izmir meyve érneklerinin ¢ap ve agirhk iligkisi )
Figure 2. The relationship between diameter and weight of Myrtus communis L. fruit from Izmir

0,25
y =0.0476x - 0.1235 ®
R2=0.7418

0,2

/g 0,15
E
o
<

S 0,1

0,05

0

0 1 2 3 4 5 6 7 8
Agirlik (g)

Sekil 3. Myrtus communis L. Bursa meyve 6rneklerinin ¢ap ve agirlik iligkisi
Figure 3. The relationship between diameter and weight of Myrtus communis L. fruit from Bursa
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0,2
0,18
0,16
0,14
0,12

0,1
0,08
0,06
0,04
0,02

0

Cap (mm)

0

y = 0.0263x - 0.0303
R?=0.3485

4

Agirlik (g)

Sekil 4. Myrtus communis L. Isparta meyve 6rneklerinin ¢ap ve agirlik iligkisi
Figure 4. The relationship between diameter and weight of Myrtus communis L. fruit from Isparta

Tum bulgular birlikte degerlendirildiginde; meyve
capinin sabit yag verimi uzerinde etkili oldugu ve cap
azaldikca yag veriminin arttig1 gézlemlenmistir. Ote
yandan; optimum yag verimi i¢in minimum c¢ap
degerine kargililk maksimum agirhiga sahip meyve
ornekleriyle calismanin endiistriyel anlamda tretim
i¢in daha uygun olacag: distiniilmektedir.

SONUC ve ONERILER

Turkiye’de Akdeniz florasinda yaygin olarak bulunan
Myrtaceae familyasinda yer alan Myrtus communis L.
bitkisi gunimuzde cesitli kozmetik ve tibbi
uygulamalarda siklikla kullanilmaktadir. Genellikle
ucucu yagi, ekstrakti ve hidrolati 6n plana ¢iksa da
mersin bitkisinin meyvelerinden elde edilen sabit
yagda da oldukea 6nemli fitokimyasallar
bulunmaktadir. Izmir, Isparta ve Bursa illerinden
toplanan Myrtus communis L. meyvelerinden sabit
yag elde edilmistir. En yluksek sabit yag verimi %5.43
olarak Bursa orneklerinden elde edilmistir, bunu
sirasiyla Isparta ve Izmir takip etmistir. Sabit
yaglarin fitokimyasal profilleri incelendiginde; GC-MS
analizleri sonucunda sabit yag kompozisyonu
icerisinde 11 farkli bilegen tespit edilmigtir. En yliksek
oranda bulunan bilesenler linoleik asit (%73.97) ve
oleik asit (%16.60) olarak tespit edilmistir. Bolgeler
arasindaki bu farklihgin genetik o6zellikler, iklim,
sicaklik, cografik konum, toprak 6zellikleri gibi farkh

kogullardan kaynaklandigi distintilmektedir. Ote
yandan meyvenin g¢ap ve agirlik gibi fiziksel
ozelliklerinin yag verimi T{izerinde etkisi olup

olmadigin1 anlamak amaciyla yapilan istatistiksel
degerlendirme sonucunda; meyve agirliginin verim
uzerinde tek basina bir etkisi bulunmadig1 ancak cap
ile birlikte degerlendirilmesi gerektigi sonucuna
varilmigtir. Bu c¢alisma Myrtus communis L.
meyvesinin sabit yaginin endustriyel ve fitoterapi
alaninda kullanilabilecegini géstermigtir.
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ABSTRACT Biochemistry
This study aimed to investigate the effect of clinical and some specific
laboratory parameters on the prognosis and mortality of critically ill Research Article
COVID-19 patients who need to be followed in the intensive care unit : :
(ICU). This is a retrospective cohort study. A total of 180 patients treated Artlc.le History -
in the ICU were included in the study. The data of clinical and levels of Received ) L5 LI 20
D-dimer, cardiac troponin I (¢Tnl), Ferritin, and CK-MB were researched. Accepted - 20.01.2023
The multivariate and univariate logistic regression models were Ke d
. . . - . . ywords
employed to investigate the risk factors affiliated with in-hospital death. COVID-19
There was a significant difference in mortality between women and men D-Dimer
(p=0.002). Hypertension was the most common comorbid disease, CK-MB
mortality was detected to be significantly greater in patients over 65 Ferritin

years of age. The serum D-dimer, ¢cTnl, CK-MB, and ferritin levels were
found to be higher in patients at risk. In the multivariate logistic
regression model, we detected that ferritin above 300 pg/l (p=0.05)
alongside cancer was associated with mortality. This study showed that
advanced age is an important risk factor as well as the mortality of
patients with cancer —especially those with a ferritin value above 300 pg/l
and patients with a high ¢Tnl value.

Tirkiye'nin Gaziantep Bélgesinde COVID-19 Hastalarinda Hastalik Siddetiyle Iligkili Biyobelirteg
Diizeylerinin Mortalite Uzerine Etkisinin Degerlendirilmesi

Cardiac troponin-I

OZET ) Biyokimya
Bu ¢alisma, yogun bakim iinitesinde (YBU) takip edilmesi gereken kritik
COVID-19 hastalarinin prognoz ve mortalitesi Uzerine klinik ve bazi Aragtirma Makalesi

ozellikli laboratuvar parametrelerinin etkisini arastirmay1 amaglamistir.

Bu retrospektif bir kohort galigmasidir. Yogun bakimda tedavi edilen Makale Tarihgesi

toplam 180 hasta ¢alismaya dahil edildi. D-dimer, kardiyak troponin I Gelig Tarihi  :15.11.2022
(cTnl), Ferritin ve CK-MB klinik verileri ve diizeyleri arastirildi. Hastane Kabul Tarihi :20.01.2023
i¢i 6limle iligkili risk faktorlerini arastirmak i¢in ¢ok degiskenli ve tek

degiskenli lojistik regresyon modelleri kullanildi. Kadinlar ve erkekler Anahtar Kelimeler
arasinda mortalite acisindan anlamh fark vardi (p=0,002). Hipertansiyon COVID-19

en sik goriulen komorbid hastalikti, mortalite 65 yas lsti hastalarda D-Dimer

anlamh olarak daha yiliksek saptandi. Risk altindaki hastalarda serum CK-MB

D-dimer, ¢Tnl, CK-MB ve ferritin dizeyleri daha yliksek bulundu. Cok Ferritin

degiskenli lojistik regresyon modelinde, kanserle birlikte 300 pg/lI'nin Kardiyak troponin-I
(p=0.05) {izerindeki ferritinin mortalite ile iliskili oldugunu saptandi. Bu

calisma kanserli hastalarda, o6zellikle ferritin degeri 300 pg/lI'min

tzerinde olanlarda ve cTnl degeri yiiksek olan hastalarda, ileri yasin

mortalitesi kadar 6nemli bir risk faktori oldugunu gostermistir. Serum

D-dimer, cTnl, CK-MB ve ferritin diizeyleri ylksek olan hastalarda

mortalite anlamli olarak daha yiiksekti.

To Cite : Giirbiiz, H., Bayrakci, S., Bayrakeci, O., & Cicek, H., (2023). Evaluation of the Effect of Biomarker Levels
Associated with Disease Severity on Mortality in COVID-19 Patients in the Gaziantep Region of Turkey. KSU
J. Agric Nat 26(6), 1239-1245. https://doi.org/10.18016/ksutarimdoga.vi.1189752
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INTRODUCTION mortality of critically ill COVID-19 patients who need

COVID-19(Coronavirus disease 2019), a member of the
family Coronaviridae, was first observed in December
2019 in Wuhan, China. Severe acute respiratory
syndrome, which soon turned into a worldwide
spreading COVID-19 pandemic, is an infection brought
about by Coronavirus-2 (SARS-CoV-2) (Doruk et al.
2021).

In SARS-CoV-2 disease, the virus mainly binds to the
receptor of the angiotensin-converting enzyme 2
(ACE2), which belongs to the cell membrane and is
expressed in the lung. The circulatory system also
becomes a target of the virus because it expresses
ACE2. Interstitial pneumonia in COVID-19, which
often causes pneumonia in the lungs, is affiliated with
a poor prognosis (Bayrakc1 2022).

The level of cardiac troponin was found to be
significantly greater in severely infected patients
hospitalized in the intensive care unit (ICU) or who
died. Myocardial damage recognized by an increased
level of troponin occurs in COVID-19 patients due to
non-ischemic myocardial processes, including severe
acute respiratory syndrome, particularly with sepsis,

hypoxia, pulmonary thrombosis, systemic
inflammation, and embolism (Imazio et al. 2020).
It 1is noted that hypertension, diabetes,

cerebrovascular disease, and ischemic heart disease
are significantly more frequent in people requiring
intensive care or dying from COVID-19. Myocardial
damage and dysfunction caused by SARS-CoV-2 are
common in COVID-19 patients followed up in ICU,
evidenced by the frequent occurrence of troponin
elevation and electrocardiographic abnormalities
(Salazar et al. 2020).

The clinical signs of COVID-19 are aggravated by the
propagation of disseminated intravascular coagulation
(DIC), thrombosis, and cytokine storms.
Coagulation/fibrinolytic abnormality, which is very
often noted in COVID-19, is associated with an
increase in D-dimer and plays a significant role in the
prognosis. However, assessing the D-dimer value by a
physician is important in supporting examination
findings (Asakura et al. 2021).

An increase in the levels of cardiac biomarkers is
observed in COVID-19 patients, including high-
sensitive cardiac troponin I (cTnI), NT-proB-type
Natriuretic Peptide (Pro-BNP), myoglobin (MB),
creatinine kinase-MB (CK-MB), as well as D-dimer. In
particular, the incidence of COVID-19 increases in
cancer patients (Huang et al. 2021).

This study was designed to investigate the effect of D-
dimer, cTnl, Ferritin, and CK-MB levels on the
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to be followed up in the ICU.

MATERIALS and METHODS

The study retrospectively analyzed the hospital
archives of COVID-19 patients who were admitted to
the ICU of Gaziantep Ersin Arslan Educational
Research Hospital between May 1 and July 1, 2021.
The study included 18-year-old and older patients who
were admitted to intensive care with a diagnosis of
COVID-19, whose c¢Tnl, D-dimer, and CK-MB were
examined within the first day in the ICU.

Demographic data, medical history, clinical data,
chronic medication, laboratory findings, comorbidities,
intubation status and duration, complications,
mortality, and data on mortality and low-dose
computed tomography of the lung (LDCT) findings
were present in the patient's electronic medical record.
The following-up period ended with the patient's
discharge or death. The data obtained by the study
team during the application hospital stay were
collected retrospectively.

c¢Tnl levels were determined by the Abbott ¢Tnl ADV
microparticle enzyme immunoassay on the Architect
i2000SR Immunoassay Analyzer (Abbott Diagnostics,
Chicago, Ill., USA). The normal cTnl level was
accepted as <34.2 ng/L in men and <15.6 ng/L in
women according to the laboratory reference data of
our hospital. High values than these were considered
to be the abnormal ¢Tnl level.

The measurement of CK-MB activity was performed
using the Abbott Architect ¢ 8000 devices using the
immune inhibition method (Abbott Diagnostics,
Chicago, I11., USA). A 25 U/L was accepted as the upper
limit of the normal.

The D-dimer activity was measured in the plasmas of
patients by using the immunoturbidimetric method on
the STA Compact Max device (Stago, France). The
threshold value we used to detect the negative D-
dimer's negative and positive predictive values was 00
mg/dl.

Ferritin measurements were made from the serum
obtained via centrifuging the blood samples at 4000
rpm for 10 minutes, using the enzyme immune assay
method (Beckman Coulter DXI 800 device of SRT
company's original kit). The threshold value we used
to determine the negative and positive predictive
values of ferritin levels was 360 ug/L.

The serums were analyzed with the Enzyme Immune
Assay (EIA) method in the CBC laboratory using the
kit of Bio Meriux Company (Ferritin EIA).
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Statistical analysis was conducted employing the
SPSS 15.0 software. Also, continuous and categorical
variables were indicated as median, mean, and n (%),
respectively. The suitability of the variables for normal
distribution was analyzed employing the figures
(probability and histogram graphs) and analytical
methods (Shapiro-Wilk tests/Kolmogorov-Smirnov).

According to the Kolmogorov-Smirnov test, the data
where the p-value was above 0.05 was considered to
show normal distribution. The differentiation between
the groups was compared using the Chi-square, Fisher,
and the comparison of numerical data that was not
normally distributed was done with the Mann-
Whitney U test. The multivariate and univariate
logistic regression models were employed to
investigate the risk factors affiliated with in-hospital
death. A p-value of 0.05 (p<0.05) was regarded to be
statistically significant.

To be able to conduct the study, necessary permission

Table 1. Demographic data of the study
Cizelge 1. Calismanin demografik verileri

was taken from the Ethics Committee for Non-

Interventional Clinical Research of Gaziantep
University (No: 2022/75).
RESULTS and DISCUSSION

A total of 180 patients, 81 (45.3%) of whom were female
and 99 (54.7%) of whom were male, were enrolled in
the study. The patient’s median age was 64 years. The
average age was 63.9+14.7 years (Range 20-94). The
difference between men and women in terms of age
was compared by the Mann-Whitney U test since age
did not show a normal distribution. There was a
significant differentiation between women and men
(p=0.002). The median age was 61 years for males and
the average median age was 60.8+15 years (Range 20-
91). The median age was 67 years for women and the
average median age was 68.4+12.7 years (Range 43-94)
(Table 1).

Parameters n Std Dev CI 95%
Gender 180
Male 99 (54.7%)
Female 81 (45.3%)
Age 63.9+14.7 (20-94) 14.7 2.16
<65 years 94 0.22 0.07
>65 years 86 0.49 0.03
Hospitalized stay 8.9+6.8 (1-37) 7.05 1.03

Mortality 96

The diagnosis result of COVID-19 was verified by PCR
in 149 (82.8%) patients and by clinical and radiological
findings in 31 (17.2%) patients. We did find no
differentiation between men and women in terms of
PCR positivity (p=0.412).

During diagnosis, a comorbid disease was present in
135 (75%) of the patients. Hypertension was the most
common comorbid disease in 35 (19.4%) patients. This
was followed by the diagnosis of type 2 diabetes
mellitus, which was detected in 28 (15.6%) patients,
and cancer, which was detected in 10 (5%) patients.
(Table 2).

The median intensive care hospitalization time of the
patients was 8.9 days and the average hospitalization
time was 8.9+6.8 (Range 1-37). Of the patients who
were followed up, 94 (53.3%) died, and 76 (44.7%)
patients were discharged. There was no difference in
gender between patients who died and survived
(p=0.170). Assessed for comorbid diseases, no
statistical difference was detected in the presence of
comorbid diseases such as type 2 DM and hypertension
(p=0.089, p=0.182, and p=0.532, respectively).
However, the presence of cancer made a significant
difference (p=0.036). Of the 10 patients with cancer,
only one was able to be discharged, while all the other
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patients died.

Advanced age is an important cause of mortality
between the mortality reasons of patients. When
patients were categorized as over and below 65 years
of age, mortality was detected to be significantly
greater In patients over 65 years of age. Also, 48
(63.15%) of the 76 patients over the age of 65 died, and
46 (46.15%)of the 104 patients under the age of 65 died.
The age differences between those discharged from the
hospital and dead patients were statistically
significant (p=0.003).

This study shows that 48.33% of COVID-19 patients
have an elevated c¢Tnl level on the first day of
hospitalization. According to our study, 60 out of 87
(68.96%) of the patients with a high ¢Tnl level (1.49)
died.

In this study, founded that the CK-MB values of 22 of
the patients in the ICU due to COVID-19 were above
the normal value. Of these 22 patients, 19 (86.36%)
cases resulted in mortality.

In this study, the D dimer level of 129 patients was
above 1.0 and the average D dimer was 5.01. Of these
129 patients, 76 ended up with mortality. D-dimer
concentrations were significantly higher in the
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decedent patients (5.41pg/mL) than in discharged
patients (1.86ug/mL). D-dimer concentrations were
above 15ug/mL in 14 of the 96 dead patients (14.58%)
and in 3 of the 84 recovered patients (3.5%).

Table 2. Statistical analysis of the study
Cizelge 2. Calismanin istatistiksel analizi

Mortality was significantly higher in 72 (60%) of 120
patients with serum ferritin above 300 pg/L, while 22
(44%) of 50 patients with ferritin under 300 pg/L died
(p=0.041).

Parameters n Mean Hospital Stay Mortality
p< % p<
Gender
Male 99 55% 57.5%
Female 81 45% 48.1%
Ages 63.9
<65 years 94 52.2% 47.8%
>65 years 88 47.8% >20 days 0.004 57.9% 0.006
Comorbidity
Yes 135 75% 56.2% 0.08
Hypertension 33 18.3% 51.5% 0.06
Diabetes Mellitus 19 10.5% 63.1%
Hypertension and Diabetes Mellitus 29 16.2% >25 days 0.005 55.1%
Malignity 11 6.1% 72.7%
Other 43 23.9% 53.4% 0.04
No 45 25% <10 days 0.03 44.4%
Data from the laboratory
CKMB (ng/ml) 3.95+2.15 0.07
Troponin (ng/L) 0.82+0.37 0.5
D-Dimer (ug/L) 3.48+1.01 0.05
Ferritin (ug/L) 784+50.8 0.08

*Mann Whitney U test was used with a 95% Confidence Interval (CI) for statistical analysis

In the multivariate logistic regression model, we found
that ferritin above 300 pg/L (p=0.05) alongside cancer
was associated with mortality

This research is a retrospective cohort research that
demonstrates the strength of predicting the clinical
progress and prognosis of patients with elevated levels
of cardiac ¢Tnl and D-dimer detected on the first day
of patients admitted to ICU due to COVID-19.

In this study, 96 of the 180 patients died during follow-
up and treatment.

This study shows that 48.33% of COVID-19 patients
have an elevated c¢Tnl level on the first day of
hospitalization. Patients with elevated troponin-I
levels were older and had greater rates of congestive

heart disease and cardiovascular risk factors
(dyslipidemia, hypertension, diabetes, peripheral
vascular disease, chronic kidney disease,

cerebrovascular disease). Cardiac troponins are used
in routine practice as sensitive and specific biomarkers
to diagnose myocardial damage in diseases such as
acute coronary syndromes or acute myocarditis
(Thygesen et al. 2010).

Elevation of cardiac troponins is seen as a prognostic
marker for predicting the negative consequences of
heart failure, even without coronary artery stenosis
(Kociol et al. 2010). In addition, cardiac troponin
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uprising has been revealed in many non-myocardial
ischemic conditions such as sepsis syndrome,
pulmonary embolism, subarachnoid hemorrhage, and
renal failure, and has been considered prognostic
biomarkers with several clinical outcomes (Freda et al.
2002). In this study, cTnl elevation was strongly
associated with poor in-hospital prognosis, including
clinical course of patients, need for ICU, and all-cause
mortality. Cordeanu et al. revealed that 34% of their
patients had a high level of Troponin-I and had a four-
fold enhanced risk of death in these patients in
comparison with patients with a normal level of
troponin-I (Cordeanu et al. 2020).

According to this study, 60 out of 87 (68.96%) of the
patients with a high ¢Tnl level (1.49) died. Patients
hospitalized in ICU due to COVID-19 and with
troponin levels above 1.00 had a high mortality rate.

Majure et al. (2021) conducted a study where troponin
was an estimator of death, involving 6247 patients
infected with COVID-19, and reported significantly
increased mortality rates in the group of patients with
high troponin quantity in comparison with patients
with normal troponin levels.

Shi et al. (2020) conducted a study on 671 patients with

verified COVID-19, the myocardial injury prevalence
determined by hs-troponin I above the 99th percentile
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was found to be 15.8%. Both cardiac troponin I>0.026
ng/ml (hazard ratio, 4.56, p = .02) and CK-MB >2.2
ng/ml (hazard ratio, 6.62, p <.001) was separately
associated with an increase in in-hospital mortality.

We found that the CK-MB value of 22 of the patients
in the ICU due to COVID-19 was above the normal
value. Of these 22 patients, 19 (86.36%) cases resulted
in mortality. This shows that the elevation of ¢Tn and
CK-MB quantities in COVID-19 intensive care
patients is associated with mortality.

COVID-19 mortality rates vary according to age and
gender all over the world. Even if the majority of
infections in China and Germany affect young age
groups, it particularly strains the elderly population.
The mortality rate in China is reported as 2.3%. The
proportion of people over 80 is only 3%. The elderly
people in Italy are even more seriously affected. Of
them, 37.6% are aged 70 and over, and the mortality
rate of 7.2% is significantly higher than in China.
Mortality in this group increases significantly with
age. Also, 12.5% of the 70-79 age group die, 19.7% of
the 80-89 age group die, and 22.9% of the very old (=90
years) group die (4, 5, 6). In the study conducted by Li
et al. on 425 patients, there were no patients under the
age of 15. Fifty-six percent of the patients were male
and the majority of them were 45 years of age or older.
In later studies, it was also observed that the disease
was more severe in older age and male patients
(Bornstein et al. 2020).

A total of 180 patients who received inpatient
treatment in intensive care between 1 May 2021 and 1
July 2021 in this hospital were assessed. Firstly, a
demographic analysis of these patients was done.
When the age of the patients is evaluated, a
statistically significant relationship of age is observed
between the deceased patients and the recovered
patients (p<0.05). Mortality in this group increases
significantly with age. Also, 12.5% died in the 70-79
age group, 19.7% died in the 80-89 age group, and
22.9% died in the very old (>90 years) age group.
Seventy-six of the deceased patients were over the age
of 65 years and the average age was 80.71 years. The
number of recovered patients was 84, and the average
age was 60.22 years. Advanced age is an important
cause of mortality when considering the mortality of
patients. Mortality is significantly greater in patients
over 65 years old when patients are categorized as over
and below 65 years of age. Of the 76 patients over the
age of 65, 48 patients (63.15%) died, while 46 (46.15%)
of the 104 patients under the age of 65 died.
According to this study, 96 patients out of 180 died and
57 (59.37%) of the deceased patients were male. This
shows us that high age and male gender were found to
be associated with mortality and the need for intensive
care in patients with COVID-19.

Diabetes and hypertension are the most common
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comorbidities for people with COVID-19 who require
hospitalization in ICU. In a study comprising 5,700
patients, conducted by Richardson S. et al., the median
age was reported as 63-year-old, and the most frequent
comorbidities were diabetes (1808; 33.8%), obesity
(1737%; 41.7%), and hypertension (3026%; 56.6%)
(Richardson et al. 2020). Recent studies show that
COVID-19 patients with hypertension have a greater
risk of mortality in general compared to non-
hypertensive patients (Zuin et al. 2020).

Retrospective cohort research comprised 126 COVID-
19 patients with pre-existing hypertension, as well as
125 COVID-19 patients of similar age and gender
without hypertension, and reported that myocardial
damage after hypertension is a worse prognosis factor
and is straightforwardly linked with higher mortality
in COVID-19 (Yang et al. 2020).

In this study, the comorbid disease was present in 135
(75%) of the patients in the course of diagnosis.
Hypertension was the most common comorbid disease
in 67 (49.52%) patients. This was followed by the
diagnosis of type 2 diabetes mellitus, which was
detected in 38 (28.14%) patients, and cancer, which
was detected in 10 (7.40%) patients. Seventy-six
(56.29%) of the 135 patients who were followed up due
to COVID-19 died, also only 15 (33.33%) of the 45
patients who did not have additional disease died.
Comorbidity significantly increases mortality in
patients in intensive care due to COVID-19.

The elevation of the D-dimer indicates a state of
hypercoagulation in patients with COVID-19. D-
dimer, a fibrin degradation product, is observed to be
high in the blood serum of patients with COVID-19.
The elevation of D-dimer in COVID-19 is the most
sensitive marker among coagulation parameters and
indicates a higher risk of developing thrombosis.

Zhang et al. (2020) emphasized that D-dimer levels
(>2mg/dl) are an important indicator in determining
mortality in COVID-19 patients with pneumonia.

Guan et al. (2020) reported the results of a large
retrospective study that for the first time
demonstrated the correlation between abnormal D-
dimer levels and disease severity in COVID-19
patients. They set a cut-off point at a D-dimer level of
more than 0.5 mg/L and revealed that a significantly
bigger ratio of individuals with the novel coronavirus
with severe symptoms exhibits abnormally high D-
dimer levels than the patients with moderate or mild
symptoms (p=0.002).

In addition, Tang et al. (2020) revealed that patients
with COVID-19 at severe disease levels showed nearly
3.5 times higher D-dimer quantities than those with
moderate or mild disease.

According to this study, D-dimer levels of patients in
intensive care were significantly higher than normal.
The reason for this is immobilization, comorbidities,
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and intense viral inflammation, and therefore we think
that vascular occlusions and microthrombi are more
common in patients who are followed up in intensive
care.

Also, in-hospital mortality was linked with elevated D-
dimer levels, demonstrating that the test could be used
as a single helpful biomarker for clinical outcomes in
COVID-19 patients.

When COVID-19 infection causes an "inflammatory
storm", not only the associated cytokines are greatly
elevated, but also some inflammatory biological
markers including serum ferritin, CRP, PCT, and SAA
are increased. CRP, Ferritin, PCT, and SAA levels
increased significantly in the severe and critical
COVID-19 cases than in moderate cases (Qin et al.
2020).

Zhou et al. (2020) reported that mortality increases in
COVID-19 patients with higher serum ferritin levels.

We found that patients with serum ferritin above 300
pg/L had significantly higher mortality, 72 (60%) of
120 patients with high ferritin died, while 22 (44%) of
50 patients with ferritin under 300 pg/L died
(p=0.041).

The outcomes of this study can make significant
contributions to clinical practice. Assessing the level of
ferritin can contribute to the early identification of
patients who need to be remedied in a more screened
environment due to the high risk of a bad result. In
addition, the assessment of ferritin could allow making
treatment decisions to prevent complications and/or
death.

In this study, we aimed to determine the determinants
of biochemical parameters that may have an impact on
the need for treatment, as well as mortality in the ICU,
of patients receiving inpatient treatment with a
COVID-19 diagnosis.

The study was conducted under some limitations.
Although a sufficient number of patients were involved
in the research, it was still a retrospective study, the
data were collected from a single center, and the
processes of comorbid diseases could not be detailed,
which constituted the limitations of the study.

CONCLUSION

Consequently, COVID-19 is a disease whose activity is
still very high and continues to spread rapidly.
Scientists are continuing to look for markers that can
help in the early detection of this disease and
determining the prognosis.

We believe that the biochemical parameters mentioned
in this study are important in determining the
prognosis of the disease and may be useful in terms of
the need for patients to be referred to the intensive
care unit after the initial examination in the
emergency department.
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As a result, given the numerous potential causes of
abnormal ¢Tnl levels, normal troponin levels may be
more valuable for clinicians. In this research, we found
out that the normal troponin quantity on the first day
of hospitalization had a high negative predictive
accuracy (99.3-91.7%) in the male and female gender
for mortality. Such a powerful biomarker can be used
during the admission of patients to the hospital to
evaluate and conduct further treatment in high-risk
people.

As a consequence, hematological and biochemical
parameters can be used as predictive markers during
the treatment process, both during the application for
diagnostic purposes and in determining the severity
and prognosis of the disease, as well as during the
follow-up of treatment.

Advanced age and comorbidities in COVID-19 patients
are linked with a poor prognosis in critical patients
with COVID-19. Also, a greater number of
comorbidities are affiliated with the higher disease
severity of COVID-19. It can help determine the
patients at high mortality risk in the COVID-19
pandemic as a model that summarizes the sum of CCI,
age, and comorbidities.
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ABSTRACT Plant Physiology
The morphological, physiological (biomass, water content-WC) and )
biochemical (proline, membrane damage-malondialdehyde-MDA, Research Article

H202 content) responses of safflower to NaClI salt stress in different

concentrations (0, 50, 75, 150, and 300 mM) were investigated for the Article History

first time in in vitro conditions in this study. At the end of the 3-week Received ) 11.10.2021
period, it was determined that NaCl had a negative effect on Accepted - 06.10.2022
germination percentages. The percentage of germination was 100% in Keywords

the control group, while it decreased to 30% in 150 mM NaCl and 5% In vitro

in 300 mM. In general, morphological development of seedlings was Malondinldenyae
significantly slowed down and seedling growth was not observed at Proline

300 mM concentration. It was determined that the WC, fresh weights, Safflower

shoot and root length decreased in all NaCl concentrations but there
was no significant decrease in dry weights. MDA, proline and H20:
contents increased in safflower seedlings in parallel with the intensity
of salt treatments. While the highest MDA and proline content was
found in 150 mM NaCl treatment, the highest H2O2 content was found
in 75 mM NaCl treatment. In the light of these data, it has been
proven that the Balc safflower variety is sensitive by showing a
negative effect on the applied salt concentrations.

Salt stress

Tuz Stresine Maruz Birakilan Aspir (Carthamus tinctorius L.) Bitkisinin Morfolojik, Fizyolojik ve
Biyokimyasal Tepkileri

OZET Bitki Fizyolojisi

Aspir tohumlarimin farkli konsantrasyonlarda (0, 50, 75, 150, 300

mM) NaClI stresine kars1 morfolojik, fizyolojik (biyokiitle, su icerigi- Aragtirma Makalesi

WC) ve biyokimyasal (proline, membran hasari-malondialdehit-MDA,

H-0: icerigi) tepkileri in vitro kogullarda ilk defa incelenmistir. Ug Makale Tarihgesi

haftalik kiltir strenin sonunda NaCl tuz stresinin ¢imlenme Gelig Tarthi  :11.10.2021
yuzdelerini olumsuz etkiledigi belirlenmigtir. Cimlenme yuizdesi Kabul Tarihi :06.11.2022

kontrol grubunda % 100 iken 150 mM NaCl'de % 30'a, 300 mM'de %
5'e dugmustir. Genel olarak, fidelerin morfolojik gelisimi 6nemli

Anahtar Kelimeler

Olciide yavaglamis ve 300 mM konsantrasyonda ise fide biiytimesi In vitro
gozlenmemistir. Tim NaCl konsantrasyonlarinda su icerigi (WC), Malondialdehit
taze agirhik, siirgin ve koék uzunlugunun azaldigi ancak kuru Prolin
agirliklarda o6nemli bir azalma olmadig1 belirlenmigtir. Aspir Aspir
fidelerinde tuz uygulamalarimin yogunluguna paralel olarak MDA, Tuz stresi

proline ve H20z2 igerikleri de artmistir. En yuksek MDA ve proline
icerigi 150 mM NaCl uygulamasinda ve en yuksek H202 igerigi 75 mM
NaCl uygulamasinda bulunmustur. Bu veriler 1s181inda, Balc1 aspir
¢esidinin uygulanan tuz konsantrasyonlarinda negatif etki gostererek
hassas oldugu kanitlanmistir.

To Cite : Keles, B.,& Akbas, F., (2023). Morphological, Physiological and Biochemical Responses of Safflower
(Carthamus tinctorius L.) Exposed to Salinity Stress. KSU Tarim ve Doga Derg 26(6), 1246-1252. DOI:
10.18016/ksutarimdoga.vi. 1008284
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INTRODUCTION

Safflower (Carthamus tinctorius L.) is an annual
bushy dicotyledonous plant with its yellow, orange,
red, cream-colored and white flowers. Firstly used as
an ornamental and dyeing plant purposes, safflower
has today become an invaluable plant with a strategic
importance in the production of two main products, oil
and biodiesel, and it will be even more valuable in the
future. Also, it has been reported that safflower seed
oil is healthier than canola and olive oils (Dajue &
Miindel, 1996). In addition to its use as an alternative
oil plant, other areas of use of safflower are animal
feed, fuel, paint industries and medical (cardiovasgular
diseases, analgesic, antipyretic, osteoporosis) (Isler,
2014; Birecikli Hamidi & Akbasg, 2018; Nadas et al.,
2023).

In ever-changing world, the environmental conditions
in which plants grow may change as a result of various
abiotic and biotic stress factors. Salinity, one of the
abiotic factors, has a significant impact on every stage
of the life cycle of plants (Culha, 2011). Increasing
salinity in the soil as a result of higher NaCl negatively
affects plant growth because this situation not only
restricts the water uptake from the soil but also
inhibits nutrient intake (Pessarakli & Szabolcs, 1999).

Revealing the stress behaviors of plants provides great
convenience in breeding varieties with high
adaptability to stress conditions. Therefore, plant
breeding programs are becoming increasingly
important (Ozen & Onay, 2013). Safflower is a plant
that is not very selective in climatic and soil demands
and has high adaptability (Kaya, 2017). It is highly
important to conduct breeding activities to produce
new varieties with high productivity, quality and
resistance to stress in order to improve the cultivation
of safflower plants which can easily adapt to different
climatic conditions.

Biotechnological methods are increasingly used to
overcome the problems that cannot be solved using
traditional methods in breeding activities and i1s an
alternative method used in salt stress factor research,
tolerance determination and variety selection (Hamidi
Birecikli & Akbasg, 2018; Kaya, 2017). However, there
are a few studies about the effect of salinity stress
factor on the safflower plant (Carthamus tinctorius L.)
in in vitro (Hosseini et al., 2010; Culha, 2011). This
study is the first that was conducted in vitro on the
effect of salt stress on the Balci safflower cultivar.
From this point of view, the morphological,
physiological and biochemical responses given against
NaCl stress of safflower (Carthamus tinctorius L.)
under 1n vitro culture conditions investigates in this
study.

MATERIAL and METHOD
In this study, the seeds of the registered Balc:
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safflower (Carthamus tinctorius L.) were used as plant
materials. After the seeds were soaked in 70% ethanol
for 30 seconds, optimum surface sterilization was
performed by soaking them in %5 NaOCl for 60
minutes. Aseptic safflower seeds were cultured in
Magenda GA-7 containing 1/4 MS medium (Murashige
& Skoog, 1962) supplemented with 0, 50, 75, 150, and
300 mM NaCl and were left to germinate in the growth
chamber. All nutrient media were supported with 30 g
sucrose and 5.458 g agar. For each application group,
4 seeds were planted in 20 Magenda GA-7 and a total
of 80 seeds were used. All salt stress applications on
the germination of safflower seeds were carried out in
the growth room where optimum conditions were
provided. The growth chamber was provided with
mercury fluorescent lamps (400 W, MBFR/U, Thorn)
with a light intensity of 30-60 pm/m2s! and a
temperature control system that keeps the ambient
temperature constant at 25+2°C. In addition, the light
period of the growth room was adjusted to be 16 hours
of light and 8 hours of dark (3000-5000 lux).

After a period of 3 weeks, the germinated ones were
determined among the seeds (n: 20) incubated with
NaCl applications. Seeds with a radicle outflow of
about 2.0 mm were considered germinated. At the end
of the 3-week culture period, the aerial/root parts of the
safflower seedlings were harvested separately and
then kept in deep- freeze (-42 °C) until the analysis was
performed. Shoot/root length and fresh/dry weight
were measured immediately after harvesting to
determine salinity effects on the growth of seedlings.
Water contents (WC) of every sample were calculated
in % according to the formula below:

WC % =(FW — DW) | FW x100 (DW=Dry weight,
FW=Fresh weight). (1)

Malondialdehyde (MDA) content was determined
according to Ohkawa et al. (1979). Proline content was
calculated spectrophotometrically by wusing acidic
ninhydrin method (Bates et al., 1973; Ghoulam et al.,
2002). H202 content was determined according to
Velikova et al. (2000).

Statistical Analysis

A completely randomized design was used to analyze
the data. Means were compared by DMRT (Duncan
Multiple Range Test) using SPSS 20.0 for Windows
(SPSS Inc.,, USA) to evaluate the presence of any
significant difference between the means. Significance
refers to the statistics at 0.05 probability level.

RESULTS and DISCUSSION

Salinity stress is known to lead insufficient water
uptake, ion toxicity, restrains in metabolic activity,
enzymatic inhibition and imbalances in plant growth
and thus prevents seed germination to a great extent
(Leblebici & Isik, 2018). It has been also reported by a
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number of researchers that increasing salt
concentrations decrease the percentage of germination
in the safflower plant (Culha & Cakirlar, 2011; Culha,
2011; Bina & Bostani, 2017). As compatible with the
literature, this study conducted on the Balc1 safflower
variety revealed that NaCl treatments had a negative
effect on the percentages of germination when
compared with the control group (p < 0.05). The seeds
were germinated 100% in the control group while they
were germinated 75% in 50 mM and 75 mM NaCl

treatment groups. It was detected that the
germination percentage decreased to 30% in 150 mM
NaCl treatment and decreased to 5% in 300 mM which
is the highest salt treatment (Figure 1). Supporting the
findings of this study, Echi et al. (2013) reported that
the salinity conditions led to a significant reduction in
the germination of safflower seeds and the

germination decreased significantly at high salt
concentrations (210 mg L NaCI) compared to the
control group.

Figure 1. A) A general view of mature seeds of Balc: safflower variety B) Control, General views of safflower seeds cultured in
C) 50 mM NaCI D) 75 mM NaCI E) 150 mM NaCI F) 300 mM NaClI groups for 3 weeks

Sekil 1. A) Balc1 aspir ¢esidinin olgun tohumlarinin genel gortiniisii B) Kontrol grubundaki C) 50 mM NaCI D) 75 mM NaCl E)
150 mM NaCI F) 300 mM NaClI grubundaki aspir tohumlarinin 8 haftalik genel goriiniimleri
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The impacts of salt stress on plants may impair the
metabolism of plants and result in a reduction in
growth. In the present study, a significant decrease

was observed in the shoots length of Balc1 safflower
seedlings compared to the control group depending on
increasing NaCl concentrations (Table 1).

Table 1 Effect of salinity stress on shoot and root length (mean =+ sd)
Cizelge 1. Tuz stresinin stirgiin ve kok boyu tizerindeki etkisi

Treatments Germination Percentage (%) Shoot length (cm) Root length (cm)
Control 100 5.22 + 2.052 1.95+ 1.972*
50 mM NaCI 75 2.38 £ 1.89p 0.51+0.71b
75 mM NaCl 75 1.79+ 0.95% 0.54+1.11b
150 mM NaClI 30 1.20 £ 0.31¢ 0.49 + 0.63p
300 mM NaClI 5 - -

Numbers given are the mean of 20 materials. Different letters in each column indicate significant difference at p < 0.05, based on Duncan’s

multiple range test.

Rakamlar 20 materyalin ortalamasimi géstermektedir. Duncan’s multiple range testine dayali olarak, her siitunda farkhh harfi alan

ortalamalar arasindaki farklilhik p < 0,05 seviyesinde énemlidir.

It was also found that all NaCl salt treatments had a
negative effect on the roots length of safflower
seedlings and caused a significant reduction compared
to control group (approximately 74%). The longest root
was obtained from the control group with 1.95 cm and
the shortest root was obtained from the 150 mM NaCl
treatment with 0.49 cm. Parallel to this study, there
are numerous studies reporting that salinity stress
causes a reduction in plant length, root length and all
growth and productivity parameters (Culha &
Cakarlar, 2011; Echi et al., 2013; Erdal & Cakarlar,
2014; Zhang et al., 2015; Toprak & Tunctiirk, 2018). It
is thought that the decrease in plant length and root
length may be a result of osmotic pressure differences,
Na* accumulation in leaves and inhibition in cell
growth (Alasvandyari & Mahdavi, 2017).

In this study, a significant decrease was detected in

fresh weights of the green parts of growing seedlings
in all NaCl treatments compared to the control group
and such decrease was statistically significant (p <
0.05). As shown in Table 2, when the effects of salt
treatments on the dry weights of green parts were
analyzed, it was detected that there was no significant
decrease when compared to the control group and to
each other and the differences were statistically
insignificant. In some studies on safflower, decreased
fresh and dry weights of shoots in association with the
increasing NaCl content were reported (Culha &
Cakarlar, 2011; Zhang et al., 2015; Toprak & Tunctiirk,
2018). It is considered that salinity stress causes a
decrease in water content, chlorophyll and carotenoid
content in tissues, inhibition of photosynthesis activity
and, as a result, weight loss in the plant (Sairam et al.,
2002).

Table 2: Effect of salinity stress on water content and fresh/dry weights (mean £ sd)
Cizelge 2. Tuz stresinin taze/kuru agirlik ve su igerigi lizerindeki etkisi

Treatments Fresh Weight (g/plant) Dry Weight (g/plant) WC (%)
Control 0.22+0.022 0.02+0.0042 89.31+1.0052
50 mM NaCl 0.16+0.01b 0.02+0.0032 87.23+1.0382
75 mM NaCl 0.15+0.03b 0.01+0.0032 87.32+0.9022
150 mM NaCl 0.16+0.01b 0.02+0.0042 83.95+1.916P
300 mM NaCl - -

Different letters in each column indicate significant difference at p < 0.05, based on Duncan’s multiple range test.
Duncan’s multiple range testine dayali olarak, her stitunda farkli harfi alan ortalamalar arasindaki farklilik p < 0,05 seviyesinde 6nemlidir.

It is reported that the first damage caused by salinity
stress in plants indicated itself with water deficiency.
The increase in salt content in culture medium reduces
the osmotic potential of water and makes it difficult for
the root to take up water, causing water deficiency in
the plant (Sairam & Srivastava, 2002). As a result of
this event which is described as physiological drought,
various metabolic irregularities and reduced growth
rate occur (Levitt, 1980). In this study, a decrease was
detected in water content (WC) compared to the control
group as a result of increased in all NaCl
concentrations. However, it was found that the
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decreases observed in 50 and 75 mM NaCl treatment
groups were statistically insignificant (p < 0.05) while
the decrease in 150 mM NaCl group was statistically
significant compared to the control group (Table 2).
Among all the tested applications, the lowest WC ratio
was determined in the cultivated safflower seedlings in
the 150 mM NaCl application group with 83.95%. In
the light of all data, it was determined that high NaCl
concentrations caused a decrease in WC ratio in Balc1
safflower cultivars and low salt concentrations were
not very effective (Table 2). Similarly, Siddigi and
Ashraf (2008) as well as Alasvandyari & Mahdavi
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(2017) reported in their studies conducted with
safflower varieties that salinity stress decreased
water-related parameters (such as relative water
content, water potential, and osmotic potential). Culha
(2011) stated in a study conducted with 3 different
safflower varieties that water content (relative and
real) decreased as a result of increased salinity stress.

Under salt stress, the active oxygen species react with
polyunsaturated fatty acids and cause lipid peroxyl
radicals to form. These radicals cause the disruption of
membrane organization and integrity (Radié et al.,
2006). As a result of the peroxidation of lipids in the
cell membrane, MDA is formed as a reaction product
(Ohkawa et al., 1979). The damage caused by salt
stress on the cell membranes of Balc1 safflower variety
was determined by analyzing the MDA content
calculated with thiobarbituric acid test (Table 3). It

was observed that NaCl applications led to an increase
in MDA content and that it continued rising in parallel
with the increased concentration compared to the
control group. In the 150 mM NaCl application group,
it was detected that MDA content was maximum (4.58
pmol g-1) and this value was statistically significant
difference from the values in both NaCl applications
and control group. In studies conducted with different
safflower varieties, it was reported that salinity stress
caused an increase in MDA content as compatible with
this findings (Culha, 2011; Erdal & Cakirlar, 2014;
Alasvandyari & Mahdavi, 2017; Kazemeini et al.,
2017). In support of the findings of this study, it has
been reported that high salt concentrations in different
plant species cause an increase in the amount of MDA
[rice (Orcan et al., 2019), and wheat (Zhang et al.,
2013).

Table 3: Changes in MDA, Proline and H202 Contents Following Salinity Stress (mean + sd)
Cizelge 3. Tuz stresinde MDA, prolin ve H202 igerigindeki degisimler

Treatments MDA (umol g1 TA) Proline (mmol g TA) H202 (umol g1 TA)
Control 2.76+0.044 0.69+0.014 14.55+0.694

50 mM NaCl 3.02+0.02¢ 0.94+0.04c 17.81+1.04¢

75 mM NaCl 3.68+0.05P 1.33+0.03b 34.03+0.872

150 mM NaCl 4.58+0.052 2.18+0.032 25.66+1.10P

300 mM NaCl - - -

Differences between means marked with different letters are significant (p < 0.05)
Her siitunda farkl harfi alan ortalamalar arasindaki farklilik 6nemlidir (p < 0.05)

Plants accumulate large quantities of low molecular
weight osmolytes in order to resist the salinity stress
factor. There are a number of studies reporting that
the content of proline, which is one of these osmolytes,
increases in plants under stress (Ashraf & Orooj, 2006;
Eyidogan & Oz, 2007). Similarly, in the present study
conducted with the Balc1 safflower variety, it was
determined that the osmotic stress resulting from
salinity stress caused an increase in proline content
(Table 3). It was observed that proline content
increased in proportionally to the NaCl concentration
and such increase was statistically significant. The
increase in proline content (0.94 mmol g') at 50 mM
concentration, which was the lowest NaCl application,
indicated a significant difference (p < 0.05) compared
to the control. 2.18 mmol g1 proline content which was
quite high compared to the control group was detected
in the 150 mM NaCl treatment group. Supporting
these findings, a number of studies were reported in
different safflower varieties that proline content
increased as the severity of stress increased (Erdal &
Cakirlar, 2014; Alasvandyari & Mahdavi, 2017;
Kazemeini et al., 2017).

It is expressed that increased H20: in plants under
salinity stress causes lipid peroxidation and disrupts
the membrane structure (Mandhania et al., 2006). In
this study, the changes in H202 contents in all of NaCl
salinity stress treatments were analyzed and a
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significant (p < 0.05) increase in H2O: content was
detected generally in all groups (50, 75, 150 and 300
mM NaCI) compared to the control group (Table 3).
Among the salt applications, the highest H2O2 content
was obtained in safflower seedlings developed at 75
mM NaClI concentration with 34.03 pmol g1, while the
lowest H202 content was found at 50 mM NaCI
application with 17.81 pmol g'!, and these values were
found to be much higher than the control group. Culha
(2011) reported in his study conducted with 3 different
safflower varieties that H2O2 content increased as a
result of the induction of oxidative stress as the NaCI
content increased. The researcher reported that
increased NaCl stress escalated not only the lipid
peroxidation but also the ion leakage and, in this case,
H202 acted as a toxic molecule, not as a signal
molecule. Chaparzadeh et al. (2004) detected an
increase in the H20:2 content of the leaves of Calendula
officinalis plant under salinity stress compared to the
control group. The researchers reported that Hz2O:
content had a significant role in the regulation of
growth in plants and their development of tolerance to
salinity stress as a result of interaction with different
enzyme activities.

CONCLUSION

Salinity which is one of the most important
environmental stress factors affects the growth and
development of plants negatively. However, responses
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to salinity stress may vary depending on the growth
stages of plants. During seed germination that known
the first stage of growth in plants, analyzing the stress
effects and responses is regarded as an important step
in determining the tolerance degree of plants to
salinity. Therefore, we analyzed and assessed in this
study the effect of various NaCl concentrations in the
germination stage of the Balc1 safflower variety. As a
result, it was detected that NaCl salt had a negative
impact on germination percentage, shoot/root length,
fresh weight of green parts but had no effect on dry
weight. In addition, significant increases were found in
MDA content, proline and Hz2O:2 content of seedlings,
particularly in high concentrations.

In order for plants to adapt to changing adverse
environmental conditions, it is important to determine
tolerant plant species and varieties that can cope with
abiotic stress factors such as salinity. In this study, for
the first time, a scientific data that can be a reference
in the selection of possible agricultural areas by
determining the sensitivity level of the Balc1 safflower
variety to salinity stress is presented. Our results
showed that Balc1 safflower cultivar is sensitive to
salinity. Planning future studies to increase the
resistance of the plant against salt stress through
elicitors will be beneficial in the cultivation of
safflower, which is an alternative oil plant.
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INTRODUCTION the distribution of only L. europaeus (Figure 4) among

Lamiaceae is one of the biggest families of flowering
plants with about 245 genera and 7.886 species
(Stevens, 2017). In addition to Clinopodium debile
(Bunge) Kuntze (Behcet & Altinsoy, 2023), the
distribution of which has been newly determined in our
country; Lamiaceae is represented by 787 taxa(608
species, 179 subspecies and varieties) belonging to 48
genera in Tirkiye, together with recently published
new taxa (Celep et al., 2022; Giiner O, 2022; Aytac et
al., 2022; Duman et al., 2023). Members of the genus
Lycopus L., which consists of about 15 species in the
world, most commonly found in Europe, Asia, and
North America. In the 7th volume of Flora of Turkey,

the Lycopus members is given and there i1s no
information about the distribution of any other
member of this genus in Tirkiye.

Although the existence of Lycopus exaltatus L.f. in
Turkiye is mentioned in the study titled Tirkiye
Bitkiler Listesi (Damarlh Bitkiler) (Dirmenci 2012); no
locality information was given for this species.

There i1s also a note in the same source that
confirmation of the existence of this species in Tirkiye
is required.

In addition, in Henderson's work on the genus Lycopus
(1962), there is an explanation as follows: L. exaltatus
ranges across Eastern Europe from Germany, Austria,
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Hungary, and Italy through Russia and Tirkiye to the
Himalayan Region of India and into Siberia. Although
Hendersen (1962) and Dirmenci (2012) mentioned the
distribution of L. exaltatusin Turkiye; Dirmenci's note
that "its presence in Turkey needs to be confirmed"
regarding this species has led to doubts about the
existence of this species in Tirkiye. From this note,
understood that there is no definite opinion about the
distribution of L. exaltatusin Turkiye. Although there
is very limited information about the distribution of
the species in Turkiye in the mentioned source, the
absence of any locality information, the absence of any
numbered herbarium specimens, requires
confirmation of its existence in Turkiye.

Lycopus is a perennial herb. Occurs mostly in low
wetland areas and distinguished by several gross
morphological characteristics such as dentate or
pinnatifid leaves, flowers in compact, sessile
verticillasters in the leaf axils, and a dry, tetrahedral,
one-seeded nutlet with corky crests (Henderson, 1962;
Moon and Hong, 2006).

An interesting Lycopus (very different from Lycopus
europaeus L., which is very well known in Tirkiye )
population found in the field study carried out in the
summer months (June/July) around the Yedisu district
of Bingol province. With the help of the literature, we
reviewed (Henderson, 1962; Mill, 1982; Ball, 1972;
Volkova, 1977), It was understood that the population
belonged to Lycopus exaltatus. However, there is not
enough data on the existence of this species in Tiirkiye.
With this study, doubts regarding the distribution of L.
exaltatus eliminated in Tiirkiye (Figure 1,3).

MATERIALS and METHODS

Interesting Lycopus specimens were collected from
Giizgili village (Yedisu, Bingdl/Tiirkiye) during
botanical trips. These specimens could not be
identified according to Flora of Turkey. (Mill, 1982).
Eventually, specimens identified as Lycopus exaltatus
L.f. using the generic account in Flora Europaea
volume 3 (Ball, 1972) and Flora of the USSR volume 21
(Volkova, 1977). The examples mentioned are; it was
also compared and checked with images of L. exaltatus
specimens (Figure 1) in Moscow University
Herbarium (MW) (Serengin 2023). Photographs of
specimens were taken in the field and morphological
observations were made using an Olympus SZ51 stereo
microscope. Specimens deposited in BIN (the
Herbarium of Bingél University, Arts and Science
Faculty).

RESULTS and DISCUSSION
Lycopus exaltatus L.f. Suppl. P1. 87 (1781) (Figure 1,3)
Homotypic Synonyms

« Lycopus europaeusvar. exaltatus (L.f.) Lej., Rev. Fl.
Spa: 7 (1825)
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Heterotypic Synonyms

Lycopus europaeus var. laciniatus Nyman, Consp.
FL Eur., Suppl. 2: 259 (1890)

Lycopus exaltatus var. ovatus Benth., A.P.De
Candolle, Prodr. 12: 180 (1848)

+ Lycopus italicus L. ex B.D.Jacks., Index Linn. Herb.:
100 (1912), not validly publ.

Lycopus laciniatus Rouy, Bull. Soc. Bot. France
20(Rev. Bibliogr.): 32 (1883), nom. illeg.

+ Lycopus pinnatifidus Pall., Reise Russ. Reich. 3: 655
(1776), nom. nud.

Turkish name: az kurtayag: (Dirmenci, 2012)

Description: Perennial; rhizome thickened, oblique,
sometimes with long creeping stolons; stem 50-100 cm
long, 4-angled, erect, simple, rarely branched, sparsely
covered in upper part with subappressed hairs and
scattered small glands; leaves oblong-ovate, short-
petioled or subsessile, deeply pinnatisect (sometimes
nearly to midvein), with lanceolate or oblong-
lanceolate, mucronate, entire or few-toothed segments,
5-10 cm long, 2-7 cm broad, punctate-glandular,
glabrous or short-haired above, the veins (especially
the midvein) covered with rather long hairs; flowers
numerous, in compact, 15-20- flowered whorls; bracts
6-9 mm; especially the outer, mostly exceeding the
whorls, lance-subulate, rigid, hispid; calyx
campanulate, 5-toothed, 3.5-4 mm long, glandular, the
teeth (1.3-)1.5(-2.0) mm, 3-nerved, the middle tooth
conspicuous, aristate; corolla white, 3.5 (4) mm long, 4-
lobed, cut to one-third into unequal lobes, the upper
lobe slightly emarginate, the lower purple-speckled;
stamens exserted one-third their length; nutlets 1 mm
long, glandular above, with thickened margins.

Flowering time: June-August

Habitat: Sand and pebble shallows and shores of river
and lakes, wood margins, riverside thickets, inundated
forests and canals.

Distribution: Lycopus exaltatusranges across Albania,
Altay, Austria, Belarus, Bulgaria, Buryatiya, Central
European Rus, Czechoslovakia, East European Russia,
Germany, Greece, Hungary, Irkutsk, Italy,
Kazakhstan, Kirgizstan, Krym, North Caucasus,
Northwest European R, Poland, Romania, South
European Russi, Transcaucasus, Ukraine, West
Himalaya, West Siberia, Xinjiang, Yugoslavia (POWO,
2022) (Figure 2).

Specimens examined: Tirkiye (B8 square), Bingdl:
Yedisu town; Glzgilu village, wet places, 22.06.2021,
1518 m, 39°25'36.50"K, 40°29'15.98"D, H.CENGIZ
3706.

Ecology: The first author collected specimens of

Lycopus exaltatus from the humid slopes 1500-1600
meters above sea level around Glzguli village of
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Yedisu town of Bingdl. The climax vegetation of
Guzgula village and its surroundings is composed of
oak forests (Quercus petraea (Matt.) Liebl.
subsp. pinnatiloba (K.Koch) Menitsky and @. libani
G.Olivier taxa are the dominant cover). Oak species in
places; woody shrub members of CrataegusL, Lonicera
L., Sorbus L., Rosa L. genera are included. The covers
of cultivated plants such as Salix alba L. and Populus

alba L. also draw attention along the streams. Taxa
such as Atriplex laevis Ledeb., Bidens tripartita L.,
Bunium simplex (K.Koch) Klyuikov, Epilobium
hirsutum L., Eremurus spectabilis M.Bieb.,
Chaerophyllum bulbosum L., Cirsium macrobotrys
(K.Koch) Boiss., Cucubalus baccifer L., Gentiana
cruciata L., Geranium divaricatum Ehrh., Inula
salicina L., Juncus atratus Krock., Lepidium latifolium
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Figure 1. General view of Lycopus exaltatus from Seregin 2023.
Sekil 1. Lycopus exaltatus’un genel goriiniimii (Seregin 2023 den)
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Figure 2. Distribution map of Lycopus exaltatus in the World (M) (from POWO 2022) and Tiirkiye (%)
Sekil 2. Lycopus exaltatus un Diinya M) ve Tiirkiye'deki (™) yayilis haritas: (POWO 2022'den)

Figure 3. Lycopus exaltatus A- habit (Photo by Hikmet CENGIZ), B- close-up view of the flowers, C- Lower (1),
median cauline (2,3,4) to upper cauline (5) leaves

Sekil 3. Lycopus exaltatus A- genel goriiniim (Fotograf Hikmet CENGIZ tarafindan), B- ¢igeklerin yakindan
gortiniimii, C- en alt (1), orta (2,3,4) ve en iiste (5) dogru gévde yapraklar:
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L., Lathyrus pratensis L., L. rotundifolius Willd.
subsp. miniatus (M.Bieb. ex Steven) P.H.Davis,
Lithospermum arvense L., Medicago Iupulina L.,
Melissa officinalis L. subsp. officinalis, Pastinaca
sativa L. subsp. urens (Req. Ex Gren. & Godr.) Celak.,
Phleum pratense L., Phlomis tuberosa L., Poa trivialis
L., Polygonatum orientale Desf., Potentilla recta L.,
Senecio mollis Willd., Stum sisarum L. var. lancifolium
(M.Bieb.) Thell,, Scutellaria galericulata L.
Tragopogon albinervis Freyn & Sint., Silene vulgaris
(Moench) Garcke subsp. commutata (Guss.) Hayek,
Stachys setifera C.A.Mey. subsp. Iycia (Gand.)
R.Bhattacharjee, S. spectabilis Choisy ex DC.
Trifolium pratense L. var. americanum Harz., Verbena
officinalis L. and Vicia sativa L. subsp. nigra (L.) Ehrh.
var. nigra, which generally prefer humid-aquatic
environments, participate in important species that
develop together with the Lycopus exaltatus.

There is no mention of a member of the Lycopus
exaltatus species in Turkiye in 11 volumes of ‘Flora of
Turkey’. However, in the book ‘Tirkiye Bitkileri
Listesi (Damarli Bitkiler) published by Giiner et al.,
2012, it i1s mentioned that there are two species of the
genus Lycopus, which are Lycopus exaltatus and
Lycopus europaeus. Although one of these species is

L el

i,
V iz A N
ew of Lycopus europaeus (P

Figure 4. General
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Lycopus exaltatus, but the author of this genus made
a note under this species, 'confirmation of its existence
in Turkey is required.' There is not enough information
about this species in the sources related to the Flora of
Turkey. The native range of this species is Europe to
South Siberia and West Himalaya. In some studies;
although it is mentioned that there is a spread of this
species in Turkiye, no details are given. Therefore, it
was necessary to confirm its distribution in the Flora
of Turkey. As a result of the literature review we made,
it was determined that the samples we collected
belonged to Lycopus exaltatus by looking at the flora
of Europe and Russia. With this study, data on the
distribution, locality, ecology and habitat of this
species in the Flora of Turkey were revealed and the
presence of this species in the Flora of Turkey was
confirmed.

Although Lycopus exaltatus is similar to L. europaeuss
it is better developed, robust and its leaves are
pinnatifid or pinnatisect from base to apex; bracts 6-9
mm; calyx-teeth (1-3-)1-5(-2:0) mm; Lycopus europaeus
leaves pinnatifid or pinnatisect at base, tooted or
shallowly lobed at apex (Figure 4); bracts 3-5 mm;
calyx-teeth c. 2 mm.

¥

hget

Sekil 4. Lycopus europaeus’un genel goriiniimii ( Fotograf Liitfi Behget tarafindan ¢ekilmistir)
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Identification key for the genus Lycopus distributed in
Turkiye:

Lower cauline leaves evenly pinnatifid with forward-
angled, linear, acute lobes.

Leaves pinnatifid or pinnatisect to the apex (not
just the leaves at the base and lower part  of
the stem); bracts 6-9 mm
................................................ L. exaltatus

Leaves pinnatifid or pinnatisect at base, tooted
or shallowly lobed at apex; bracts 3-5

................................................. L. europaeus

As a result of these studies, it was concluded that the
Lycopus specimens collected from the Yedisu district of
Bingo6l province belonged to Lycopus exaltatus, and the
presence of L. exaltatus in Tirkiye was revealed and
its distribution area was specified. With the
determination of the habitat of L. exaltatus from
Bingol, the number of taxa of the genus Lycopus in
Turkiye increased to 2 and numbered specimens of L.
exaltatus collected from Turkiye are kept in the
herbarium of BIN. We hope that it will be useful for
the Illustrated Flora of Turkey studies to be written
and for those who are interested in the subject.
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OZET Botanik

Pistacia L. turleri Turkiye floras: igerisinde dogal yayilis géstermektedir

ve P. atlantica Desf. bunlardan biridir. Bu ¢alismada P. atlanticann Aragtirma Makalesi
Marmara, Ege ve Akdeniz boélgelerindeki yayilis alanlari, turun

morfolojik karakterlerindeki farkliliklar ve varyasyonlar incelenerek Makale Tarihgesi
taksonomik durumu ve yayilis alanlarinin belirlenmesi amaglanmigtar. Gelig Tarithi  :01.02.2023
Bu arastirmada 62 Pistacia 6rnegi incelenmis olup incelenen 6rneklerin Kabul Tarihi :18.05.2023
25’inin P. atlantica turl oldugu saptanmigtir. Yaprak 6l¢limlerinden elde

edilen veriler dikkate alindiginda toplanan 25 G&rnegin yaprak Anahtar Kelimeler
uzunluklarinin 88 mm ile 171 mm arasinda oldugu, yaprak Pistacia

genigliklerinin ise 68 mm ile 137 mm arasinda degisiklik gosterdigi P. atlantica

belirlenmigtir. Orneklere ait yapraklarin incelenmesi sonucunda Taksonomi

terminal yaprakgik wuzunluklarmmin 2.5 ile 7.9 cm arasinda,
genigliklerinin ise 1.2 ile 2.5 cm arasinda degistigi, yaprak ¢ifti sayisinin
ise 2 ile 6 arasinda oldugu belirlenmistir. Bu ¢ahsmada P. atlanticanin
Turkiye’de Akdeniz bolgesinde Mersin; Ege bolgesinde Izmir, Aydin ve
Manisa; Marmara bélgesinde Balikesir ilinde dogal olarak yayilig
gosterdigi tespit edilmigtir.

Yayilis alani

Determination of Distribution Areas and Taxonomic Properties of Pistacia Atlantica Desf. in Marmara,
Aegean and Mediterranean Regions

ABSTRACT Botany
Pistacia L. species show natural spread in the flora of Turkey and P. .
atlantica Desf. 1s one of them. This study aims to determine the Research Article
taxonomic status and spreading areas by examining the differences and : :

.. . . Article History
variations of the spreading areas of P. atlanticain the Marmara, Aegean, Received : 01.02.2023
and Mediterranean regions and the morphological characters of the Aecewe d :18.05'2023
species. In this study, 62 Pistacia samples were examined. Twenty-five of Sy TR
these samples were found to be P. atlantica. When we considered the data

) . . Keywords
obtained from leaf measurements, it was determined that the leaf lengths o
were between 88-171 mm, and the leaf widths varied between 68-137 :

. P. atlantica

mm. As a result of the examination of the leaves of the samples, the Taxonomy

terminal leaflet lengths ranged between 2.5-7.9 cm and their width
ranged between 1.2-2.5 cm and the number of leaf pairs was between 2-
6. In this study, it was determined that P. atlantica naturally spreads in
Mersin, Izmir, Aydin, Manisa, and Balikesir provinces in Turkey

Distribution area

Atif Sekli:

Yilmaz, A., Ozuslu, E. & Sarpkaya, K., (2023). Pistacia atlantica Desf. tiriiniin Marmara, Ege ve Akdeniz

bélgelerinde yayilis alanlar: ve taksonomik 6zelliklerinin belirlenmesi. KSU Tarim ve Doga Derg 26 (6), 1259-

1267. https://doi.org/10.18016/ksutarimdoga.vi.1239965

To Cite : Yilmaz, A., Ozuslu, E. & Sarpkaya, K., (2023). Determination of distribution areas and taxonomic properties
of Pistacia atlantica Desf. in Marmara, Aegean and Mediterranean regions. KSU J. Agric Nat 26(6), 1259-
1267. https://doi.org/10.18016/ksutarimdoga.vi.1239965
GIRIS yayilis gosteren ve P. eurycarpa Yalt'a taksonomik

bakimdan ¢ok yakin olan Anacardiaceae familyasina
ait bir turdir (Kafkas ve ark., 2001; Kafkas ve ark.,
2002; Al-Saghir & Porter, 2012; Amara ve ark., 2020;

Atlas Sakizi olarak bilinen Pistacia atlantica Desf.
ulkemizde Akdeniz, Ege, Marmara, Karadeniz ve I¢
Anadolu Bélgelerinde taghk ve kayalik habitatlarda
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Oguz & Oguz, 2022). P. atlantica, kserofit bir tiir olup
diinyada yaygin olarak, Yunanistan, Ege Adalari,
Tirkiye, Kibris, Filistin, Urdin, Suriye, Iran, Irak,
Libnan, Misir, Tunus, Cezayir, Fas, Filistin, ispanya,
Ukrayna, Glrcistan, Azerbaycan, Afganistan ve
Pakistan'da yayils gostermektedir (Zohary, 1996; Al-
Saghir & Porter, 2012). Bu tiiriin meyveleri %60
oraninda yag icerdiginden tohumlar1 yenilmekte,
kahve olarak icilmekte, gida ve ila¢ sanayisinde,
antepfistig1 anac 1slahinda ve erozyon kontroliinde
kullanilmaktadir (Ath ve ark., 1999; Kafkas & Perl-
Tereves, 2001; Ath ve ark., 2001; Kafkas ve ark., 2002;
Barazani & Golan-Goldrish, 2004; Pourreza ve ark.,
2008; Amara ve ark., 2020).

Pistacia L. cinsinin kapsamli ilk simiflandirilmas:
Zohary (1952) tarafindan yapilmistir. Zohary, bu
calismasinda cinsin tir sayisini 11 olarak belirlemis ve
dort seksiyona aywmstir. Pistacia  cinsinin
giiniimiizde diinyada 13 tiirii tanimlanmistir (Engler,
1883; Zohary, 1952; Al-Saghir & Porter, 2012). Al-
Saghir ve Porter (2012) yaptig1 calismada Pistacia
cinsini 9 tir ve 5 alttir olarak smiflandirilmistir.
Turkiye florasinda Pistacia cinsi 6 tiir ve 2 alttur ile
temsil edilmektedir (Yaltirik, 1967 a; Yaltirik, 1967 b).

Turkiye'de Pistacia cinsinin ve P. atlantica tirinin
taksonomisinde karigikhiklar bulunmaktadir (Al
Saghir & Porter, 2012). P. atlantica, bircok iilke
florasinda farkli isimle tanimlanmig olmasinin yani
sira morfolojik karakterler bakimindan da farkliliklar
bulunmaktadir (Yaltirik, 1967 a; Yaltirik, 1967 b).
Turkiye'deki Pistacia tirlerinin simiflandirmasina
yonelik yapilan calismada, Zohary (1952)nin P.
atlantica var. kurdica olarak tanimladigi bitkiler
Yaltirik tarafindan P. eurycarpa adinda yeni bir tir
olarak tamimlanmis ve P. eurycarpa turunun P.
atlantica turinden esas olarak yaprak ve meyve
ozellikleri bakimindan farkli oldugunu ileri stirmiistir
(Yaltirik,1967 a; Yaltirik,1967 b).

Bu calisma ile P. atlanticanmin Marmara, Ege ve
Akdeniz bolgelerindeki yayilis alanlari ile turin
morfolojik karakterlerindeki farkliliklar ve
varyasyonlar incelenerek taksonomik durumu ve
yayilis alanlarinin belirlenmesi amaclanmagtir.

MATERYAL ve METOD
Ornekleme Yontemi

Calismanin materyalini Tirkiye'nin Marmara, Ege ve
Akdeniz bolgelerinde yer alan Mersin, Izmir, Aydin,
Denizli, Manisa, Canakkale ve Balikesir illerinden
2014 yilinda toplanan toplam 62 yabani Pistacia
ornegi olusturmaktadir. Toplanan 6rneklerin 58inin
teshisi yapilmigtir. 4’ yetersiz numune oldugundan
teshisleri yapilamamaistir.

Laboratuvar analizleri
Toplanan bitki 6rnekleri herbaryum teknigine uygun
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olarak preslenerek kurutulmus ve herbaryum
materyali haline getirilmistir (Se¢cmen ve ark., 2008).
Toplanan bitki o6rnekleri Antepfistigi Arastirma
Enstitisit Mudirliginde muhafaza edilmektedir.
Bitki 6rnekleri Yaltink (1967 a), Yaltirik (1967 b),
Anonim (1998) ve Al-Saghir ve Porter (2012)’den
yararlanilarak teghis edilmigtir. Tirlerin tilkemizdeki
yayilisinin daha kolay izlenebilmesi i¢in Davis
(1972)in 6nerdigi grid sistemi kullamilmistir. Bitki
isimleri verilirken Tirkiye Bitkileri Listesi Damarh
Bitkiler (Giiner ve ark., 2012), Uluslararas1 Bitki
Isimleri Indeksi (Anonim, 2022 a), Anonim (2022 b) ve
Anonim (2022 c)’ye gore kabul edilenler kullanilmistir.
Calismada toplanan bitki o6rneklerinin yaprak
uzunlugu, yaprak genigligi, yaprakcik cifti sayisi,
yaprake¢ik uzunlugu, genigligi, yaprak ucu, yaprak
kanat durumu ve meyve olgiileri cetvel ve kumpas ile
olculmiustiir.

BULGULAR ve TARTISMA

Pistacia atlantica nemli, yar1 kurak veya kurak
bélgelerde 100-2000 m rakimlar arasinda yetisebilen
yaprak doken bir aga¢ turudiur. Iran-Turan
fitocografik  bolge elemani olmasina ragmen
¢ogunlukla Akdeniz bélgesinde yayilis géstermektedir
(Zohary, 1952). Gri renkte govde kabuguna sahip olup
10 m yiikseklige kadar boylanabilmektedir (Kafkas ve
ark., 2001). Genis kiiremsi ve dagimik tac sekline
sahiptir. Yetigkin agaglarin gévdesinin ¢api 1 metreyi
gecebilmektedir (Pourreza ve ark., 2008). Pistacia
turlerinin  taksonomisinde yaprak ana damar
baglantilar, yaprake¢ik buytliklik ve sekli, yaprakegik
¢ifti sayisi, terminal yaprak¢iginin olmasi veya
olmamasi, yaprakcik ucu sekli, meyve buyukluga ve
sekli gibi morfolojik karakterler kullanilmaktadir
(Zohary, 1952; Yaltirik, 1967 a; Yaltirikk, 1967 b;
Zohary, 1987; Kafkas & Perl-Treves, 2001).

Bu calismada Akdeniz, Ege ve Marmara bélgelerinde
yapilan incelemeler sirasinda 58 bitki 6rneginden
yaprak ve meyve ornekleri alinmis ve tur igcindeki
benzerlik ve farkhiliklar belirlenmigtir. Bu 6rnekler
icerisinde toplam 25 ornegin P. atlantica oldugu
belirlenmistir. P. atlantica olarak tanimlanan
orneklerin toplandigi iller ve belirlenen tir sayilar:
Cizelge 1’de verilmistir.

Yaprak ol¢imlerinde elde edilen veriler dikkate
alindiginda toplanan 25 Ornegin yaprak
uzunluklarimin 88 ile 171 mm arasinda, yaprak
genigliklerinin ise 68 ile 137 mm arasinda degisiklik
gosterdigi belirlenmistir (Cizelge 2). Orneklere ait
yapraklarda terminal yaprakg¢ik uzunluklarinin 2.5 ile
7.9 cm arasinda, genigliklerinin ise 1.2 ile 2.5 cm
arasinda degistigi, yaprak cifti sayisinin ise 2 ile 6
arasinda oldugu belirlenmistir (Cizelge 2).
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Cizelge 1. Arastirmada toplanan ornek sayisi ve
P.atlanticanin illere gore dagilimi
Table 1. Number of samples collected in the study and
the distribution of P. atlantica by provinces

il Toplanan Ornek Belirlenen Tiir
Sayis1 Sayis1
Mersin 16 6
Denizli 5 4
Aydin 14 2
Izmir 11 6
Manisa 6 5
Canakkale 3 0
Balikesir 3 2
Toplam 58 25
Yapilan incelemelerde P. atlantica o6rneklerinin

hepsinin yapraklarinda terminal yaprak¢igin oldugu

belirlenmistir (Sekil 1; Sekil 2). Yapraklardaki
terminal yaprakciklarin buyuklaga 23, 44 ve 51
orneklerde yan yaprakciklardan kigiik, 18, 19, 35 ve
59 nolu o6rneklerde yan yaprakegiklar kadar, 1 nolu
ornekte ise yan yaprakciklardan biyik oldugu
belirlenmistir. Ug yaprake¢igin gekli 1, 18, 23, 35, 51 ve
59 nolu 6rneklerde (Mersin, Izmir, Aydin, Manisa,
Denizli, Manisa) dar eliptik, 19 ve 44 nolu érneklerde
(Manisa, Izmir) elips seklinde oldugu tespit edilmistir.
Orneklerin hepsinin yapraklarimin tiystz, yaprak
kenar geklinin diiz oldugu ve yaprak kenarlarinda
tiylin olmadigr belirlenmigtir. Yapraklarin recine
kokusu agisindan degerlendirilmesi sonucunda 1 ve 59
nolu 6rneklerin zayif, 18, 19, 23 ve 35 nolu 6rneklerin
orta, 44 ve 51 nolu oOrneklerin ise gucli regine
kokusuna sahip olduklar: belirlenmigtir.

Cizelge 2. P. atlantica olarak belirlenen 6rneklere ait yaprak 6l¢iim degerleri.
Table 2. Leaf measurement values of the samples determined as P. atlantica

Ornegin Ornek Yaprak Yaprak Terminal Terminal Bilesik Meyve Meyve
Toplandig No Uzunluk  Geniglik  Yaprakcik Yaprake¢ik  Yaprak Cifti  Uzunlugu  Genigligi
11 (mm) (mm) Uzunluk Genislik Sayis1 (mm) (mm)
(cm) (cm) (Adet)
Mersin 1 125 79 5.00 1.90 3 6.65 6.09
Mersin 6 108 90 5.20 1.60 3 4.98 4.56
Manisa 9 152 105 4.50 1.50 3 6.90 7.00
Izmir 15 100 82 5.30 1.30 2 6.92 6.66
Izmir 16 105 82 5.00 1.70 3 7.00 6.00
Izmir 18 116 88 6.50 2.50 4 6.26 5.97
Manisa 19 138 116 5.00 2.00 3 6.70 6.06
Aydin 23 88 113 5.00 2.20 4 7.22 6.58
Aydin 27 120 90 5.50 1.20 4 6.90 7.00
Manisa 28 109 95 5.60 1.70 3 6.90 7.00
Izmir 29 112 98 5.40 2.30 3 7.00 6.90
Mersin 30 135 109 5.10 1.80 3 7.60 6.80
Izmir 32 161 119 6.50 1.90 3 7.10 7.00
Manisa 35 124 82 4.00 1.00 4 6.75 6.09
Mersin 38 107 80 4.00 1.60 3 6.,90 6.20
Denizli 39 167 128 7.90 1.90 3 6.33 6.45
Mersin 43 127 93 5.30 1.40 3 7.10 6.20
Izmir 44 152 68 2.50 1.50 4 7.19 6.91
Denizli 45 133 83 5.20 2.50 3 7.10 6.10
Mersin 48 158 137 6.20 2.10 4 7.72 7.34
Denizli 49 145 105 4.70 1.60 3 5.10 6.10
Denizli 51 171 93 4.00 1.50 6 7.07 6.89
Balikesir 55 99 70 3.90 1.40 3 7.00 6.10
Balikesir 56 120 88 5.50 2.00 3 6.00 6.10
Manisa 59 104 74 4.00 1.50 4 7.44 5.94

Meyve olgimlerinde elde edilen veriler dikkate
alindiginda toplanan 6rneklerin meyve uzunluklarinin
6.26 ile 7.60 mm arasinda oldugu ve meyve
genigliginin ise 5.94 ile 7.00 mm arasinda degisiklik
gosterdigi belirlenmistir (Cizelge 2). Orneklere ait
meyvelerde yapilan incelemede biitiin 6rneklere ait
meyvelerin dig kabugunun kivamhliginin sulu oldugu,
dis kabuk pirizliliginin ise ags1 seklinde oldugu
belirlenmistir. Orneklere ait meyve seklinin dort
ornekte kiiremsi, beg 6rnekte yumurtamsi, bir 6rnekte
ise yumurtamsi-kiiremsi oldugu tespit edilmigtir
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(Sekil 3). Baslangicta sari-pembe olan meyvelerin
olgunlasinca petrol yesili ve koyu yesil renge déndigu
belirlenmistir. P. atlantica tirinin yaygin olarak
gelisim gosterdigi bolgeler igerinde agag¢ gelisimi
acgisindan bireylerin orta ve kuvvetli geligim gosterdigi
belirlenmistir (Sekil 4; Sekil 5).

Al-Saghir ve Porter (2012) yaptiklar1 calismada P.
atlanticanin yaprak olgilerini 8-17.6x5.2-14 cm,
Bilgin ve ark. (2020) 10.8-17.6x7.0-12.6 cm, Kafkas ve
ark. (2002) 13.2x9.1 cm, El Zerey-Belaskri &
Benhassaini (2016) 1.4-24.5x1.6x21.9 cm olarak
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vermistir. Yaltimk (1967 a) yaprak o6lciilerini
vermemigtir. Bu calismada ise yaprak olcileri 8.8-

Sekil 1. P. atlantica yaprag:
Figurel. P. atlantica leaf

Sekil 3. P. atlantica meyvesi
Figure 3. P. atlantica fruit

& - "\-— g S
Sekil 5. Pistacia atlantica (Haytabey Koyii, Denizli)
Figure 5. Pistacia atlantica (Haytabey village, Denizli)
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17.1x6.8-13.7 cm olarak 6l¢ilmuistiir.

Sekil 2. P. atlantica’nin yaprak ve meyvesi
Figure 2. Leaf and fruits of P. atlantica

Sekil 4. Pistacia atlantica (Candarli, Dikili, izmir)
Figure 4. Pistacia atlantica (Candarl, Dikili, Izmir)

Al-Saghir ve Porter (2012) yaptiklar1 calismada
terminal yaprak¢ik uzunlugu ve genigligini 2.7-7x0.5-
2 cm, Bilgin ve ark. (2020) ise 3.6-6.6x1.2-2.4 cm,
Yaltink (1967 a) 2.5-8x0.8-2.2 cm, Kafkas ve ark.
(2002) 4.8x1.8 cm olarak belirtmistir. Bu calismada ise
terminal yaprakcigin uzunluk ve genigligi (2.5-)4-6(-
8)x1.2-2(-2.5) cm olarak belirlenmistir.

Yaprakcik cifti sayisim Yaltirik (1967 a) 2-5 cift, Al-
Saghir ve Porter (2012) 3-5 cift, Kafkas ve ark. (2002)
2-5 ¢ift, El Zerey-Belaskri & Benhassaini (2016) 2-8
cift, Bilgin ve ark. (2020) ise 2-5 cift olarak vermistir.
Bu calismada ise 2-5(-6) olarak tespit edilmistir.
Meyve 6lciilerine bakildiginda Yaltirik (1967 a) meyve
olciimlerini 5-8x5-6 mm, Kafkas ve ark. (2002) 5.2-
7.9x5.6-7.5 mm, Bilgin ve ark. (2020) 5.2x7.9x5.6-7.5
mm olarak belirtmistir. Al-Saghir ve Porter (2012) ise
meyve Ol¢imlerini vermemistir. Bu c¢alismada elde
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edilen meyve uzunluk ve genigligine iligkin degerler
ise (5-)6-7(-7.6) x (5-)6-7 mm olarak belirlenmistir.

P. atlanticanin taksonomisinde kullanilan yaprak,
yaprakcik ve meyvelerine ait morfolojik karakter
olciileri Yaltirnk (1967 a), Kafkas ve ark. (2002), Al-
Saghir ve Porter (2012) ve Bilgin ve ark. (2020)’nin
calismalar ile kargilagtirildiginda bu dort calismanin
degerleri birbirinden fakli oldugundan tiirtin yeni bir
betiminin yapilmasi gerektigi sonucuna varilmigtir.

Pistacia turleri arasinda genetik bariyer
bulunmadigindan cinsin taksonomik akrabalik
iliskileri olduk¢a tartismalidir (Al-Saghir & Porter,
2012). Diinya’da genis bir alana yayilmis olan P
atlantica ekolojik kosullara uyum sagladigindan
morfolojik karakterleri ¢ok degiskendir. Bu da Pistacia
cinsinde oldugu gibi P. atlantica tirinin
taksonomisinde de karigikliga sebep olmaktadir
(Kafkas ve ark., 2001; Kafkas ve ark., 2002; Al-Saghir
& Porter, 2012; Amara ve ark., 2020). P. atlantica,
bircok iilke florasinda Lentiscus atlantica (Desf.)
Kuntze, Lentiscus mutica (Fisch. & C.A. Mey.) Kuntze,
Pistacia chia Desf., Pistacia atlanticavar. latifoliaDC.,
Pistacia atlantica subsp. mutica (Fisch. & C.A. Mey.)
Rech., Pistacia atlantica subsp. cabulica (Stocks) Rech,
P. mutica Fisch. & C.A. Mey., Pistacia mutica subsp.
cabulica (Stocks) Engl., P. cabulica Stocks, Pistacia

chouletter Gand., Pistacia mutica f. multijuga Engl.,
Pistacia atlantica var. cypricola H. Lindb., Pistacia
mutica var. cypricola (H. Lindb.) H. Lindb., Pistacia
atlantica f. oxycarpa Zohary olarak isimlendirilmig ve
bu isimler giiniimiizde sinonim olmustur (Yaltirik,
1967 a; Yaltirik, 1967 b; Al-Saghir & Porter, 2012).

Atl ve ark. (2001) ile Tekin ve ark. (2020) Tiirkiye'de
Pistacia mutica tirinin bulundugunu belirtmigtir.

Ancak, bu tur Turkiye Florasinda P. atlanticanin
sinonimi olarak belirtilmektedir (Yaltirik, 1967 a; Al-

Saghir & Porter, 2012). Bu kayitlar tiiriin
taksonomisinde karigiklik oldugu diiglincemizi
desteklemektedir.

P. atlanticanin Akdeniz, Ege, Marmara ve Karadeniz
bélgelerinde yayihs gosterdigi bilinmekte olup,
Turkiye Florasinda sadece Istanbul, Zonguldak,
Karabiuk, Cankiri, Mugla ve Antalya’dan kayitlar
verilmistir (Yaltirik, 1967 a). Bu calismada P
atlanticanin Tirkiye’de Akdeniz bélgesinde Mersin;
Ege bolgesinde Izmir, Aydin ve Manisa; Marmara
bélgesinde Balikesir ilinde dogal olarak yayilis
gosterdigi tespit edilmistir (Sekil 6). Calismada P.
atlantica tirinin en fazla Ege boélgesinde yayilis
gosterdigi, Akdeniz bolgesinde ikinci ve Marmara
bélgesinde tiglincii sirada yer aldigr gorulmustir
(Cizelge 3).
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Sekil 6. P. atlanticanin belirlendigi alanlar (siyah renk: bu calismada belirlenen yayilis alanlari; mavi renk: daha énceki
caligmalarda belirlenen yayilis alanlar1) 1-Balikesir, 2- Manisa, 3- Izmir, 4- Aydin, 5- Denizli, 6- Mersin, 7- Adana, 8-
Cankiri, 9- Karabiik, 10- Zonguldak, 11- Istanbul, 12- Antalya, 13- Mugla.

Figure 6. Areas where Pistacia atlantica has been identified (black colour: distribution areas determined in this study; blue

color: Distribution areas determined in previous studies) 1-Balikesir, 2- Manisa, 3- Izmir, 4- Aydin, 5- Denizli, 6-
Mersin, 7- Adana, 8- Cankir, 9- Karabiik, 10- Zonguldak, 11- Istanbul, 12- Antalya, 13- Mugla.
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Cizelge 3. P. atlantica 6rnekleri listesi
Table 3. P. atlantica examples list

1 | Pistacia atlantica, Hamamkdy, Mut, Mersin, 142 m., 01.09.2014, K363836,7 D332158,3, A. Yilmaz,
K. Sarpkaya, A. Aktan, 1001.

2 | Pistacia atlantica, Barbanli Mezarhg, Mut, Mersin, 233 m., 01.09.2014, K363920 D332434,4, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1038.

3 | Pistacia atlantica, Gezende Baraj, Mut, Mersin, 272 m., 01.09.2014, K36345,6 D331656,8, A. Yilmaz,
K. Sarpkaya, A. Aktan, 1043.

4 | Pistacia atlantica, Barbanli Mezarhig, Mut, Mersin, 233 m., 01.09.2014, K363920 D332434,4, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1030.

5 | Pistacia atlantica, Degirmendere, Silifke, Mersin, 263 m., K362538,2 D344235,3, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1006.

6 | Pistacia atlantica, Evkaf Ciftligi, Yeni su yol cati, Képri Basi, Mut, Mersin, 267 m., K36289,7
D333757,2, A. Yilmaz, K. Sarpkaya, A. Aktan, 1048.

7 | Pistacia atlantica, Aliaga Uzunhasanlar Koyl Mezarhg:, Izmir, 42 m., 04.09.2014, K384631,1 D27
454,8, A. Yilmaz, K. Sarpkaya, A. Aktan, 1018.

8 | Pistacia atlantica, Candarl, Izmir, 33 m., 04.09.2014, K385742,3 D265843, A. Yilmaz, K. Sarpkaya, A.
Aktan, 1032.

9 | Pistacia atlantica, Karakuzu Mezarhig1, Aliaga, Izmir, 196 m., K384538,9 D2970, 04.09.2014, A. Yilmaz,
K. Sarpkaya, A. Aktan, 1016.

10 | Pistacia atlantica, Kyrme Yolcati, Aliaga, Izmir, 8 m., K384529,3 D265633, 04.09.2014, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1029.

11 | Pistacia atlantica, Kyrme Yolcati, Aliaga, Izmir, 8 m., 04.09.2014, K384529,3 D265633, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1044.

12 | Pistacia atlantica, Candarh, Dikili, Izmir, 31 m., 04.09.2014, K385738,8 D2659, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1015.

13 | Pistacia atlantica, Yuntdagi Kugik Belenli, Yunus Emre, Manisa, 517 m., 4.09.2014, K384652,5
D271758,9, A. Yilmaz, K. Sarpkaya, A. Aktan, 1019.

14 | Pistacia atlantica, Yuntdag1 Camlica, Muradiye, Manisa, 268, 4.09.2014, K384450,6 D271835,8, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1028.

15 | Pistacia atlantica, Yuntdagr Camlica, Muradiye, Manisa, 268 m., 4.09.2014, K384450,6 D271835,8, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1009.

16 | Pistacia atlantica, Yuntdag1 Tirkmen koylinden sonra Karavelilier Mevki, Yunus Emre, Manisa, 320
m., 4.09.2014, K384438,1 D271237,6, A. Yilmaz, K. Sarpkaya, A. Aktan, 1035.

17 | Pistacia atlantica, Selendi-Yagci, Manisa, 16.09.2014, 694 m., K385110,2 D284722,6, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1059.

18 | Pistacia atlantica, Haytabey Koy, Denizli, 675 m., 02.09.2014, K375958,8 D29653,1, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1045.

19 | Pistacia atlantica, Haytabey Koy, Denizli, 695 m., 02.09.2014, K3804,2 D29659,1, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1049.

20 | Pistacia atlantica, Haytabey Koyu, Pamukkale, Denizli, 676 m., 02.09.2014, K 37 59 58,8 D 29 6 53,1,
A. Yilmaz, K. Sarpkaya, A. Aktan, 1051.

21 | Pistacia atlantica, Eskihisar Mezarligi, Denizli, 65 m., 02.09.2014, K375227,6 D2881, A. Yilmaz, K.
Sarpkaya, A. Aktan, 1039.

22 | Pistacia atlantica, Deliktas Koyu, Balikesir/Merkez, 403 m., 15.10.2014, K393958,3 D274911,2, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1055.

23 | Pistacia atlantica, Deliktas Koyl, Balikesir/Merkez, 399 m., 15.10.2014, K39405,2 D274922,2, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1056.

24 | Pistacia atlantica, 02.09.2014, Sultanhisar, Yagdere Girisi, Aydin, 121 m., K375354 D281237,7, A.
Yilmaz, K. Sarpkaya, A. Aktan, 1023.

25 | Pistacia atlantica, Shisar Eskihisar Mezarligi, Aydin, 65 m., 03.09.2014, K375227,6 D2881, A. Yilmaz,
K. Sarpkaya, A. Aktan, 1027.

Atli ve ark. (2001) yaptiklar: calismada P. atlantica, P.
mutica, P. terebinthus, P. palaestina ve P. lentiscusun
Akdeniz ve Giuineydogu Ege bdlgesinde yayilis
gosterdigini, Tekin ve ark. (2020) ise yaptiklar
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calismada P. atlantica, P. mutica, P. terebinthus, P.
palaestina, P. vera and P. lentiscusiun Akdeniz ve Ege
bolgelerinde, Akdeniz ile I¢ Anadolu gegis bolgelerinde
yayihis gosterdigini bildirmistir. Bilgin ve ark. (2020)
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ise P, atlanticanin Ege, I¢ Anadolu ve Akdeniz ile Ege
arasinda gegis boélgelerinde yayilis gosterdigini
belirtmistir. Bu verilerin bu c¢alisma sonuclariyla
ortustigi gorulmektedir.

Cluster analizi sonucunda elde edilen kdendogram
Sekil 7’de verilmigtir. Dendograma goére, incelenen
Pistacia atlantica populasyonunun genel anlamda
birbirine olduk¢a benzer bireylerden olustugu
anlagilmaktadir. Bununla birlikte Pistacia atlantica
genotipleri kendi aralarinda 1ki ana gruba
ayrilmaktadir. Birinci grupta Aydin 23 genotipi tek
basgina yer alirken populasyonun geri kalan bireyleri
ikinci grubu meydana getirmiglerdir. Ikinci grupta

kendi arasinda iki alt gruba ayrilirken, Denizli 51 ve
Izmir 44 genotipleri diger genotiplerden nispeten az da
olsa farkli olarak bir alt grubu olusturmuslardir.
Calismaya konu olan genotiplerin tamami da ikinci
grubun ikinci alt grubu i¢inde bir araya gelmiglerdir.
Ikinci alt grubun tyeleri olan bu genotipler incelenen
oraninda
birbirlerinin aynisidir. Analiz sonucunda belirleenen
bu durum taksonomik olarak beklenen bir durumdur.
Cunku Prstacia atlantica turu cografik olarak genis bir
Pistacia
atlantica benzer iklim kosullarinda bulunmasinin

ozellikler 1s181nda, neredeyse %100

alanda yayilis gostermektedir. Ayrica,

dogal sonucudur.
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Sekil 7. Incelenen 6zellikler dogrultusunda olusturulan benzerlik dendogrami (r=0.83).
Figure 7. Similarity dendogram created in line with the examined features (r=0.83).

SONUC ve ONERILER

Bu arastirmada 62 Pistacia 6rnegi incelenmis olup
incelenen o6rneklerin 25’inin P. atlantica turi oldugu
saptanmigtir. Yaprak oOlciimlerinden elde edilen
veriler dikkate alindiginda toplanan 25 O6rnegin
yaprak uzunluklarinin 88 ile 171 mm arasinda oldugu,
yaprak genigliklerinin 68 ile 137 mm arasinda
degigiklik gosterdigi belirlenmigtir. Orneklere ait
yapraklarin  incelenmesi  sonucunda  terminal
yaprakcik uzunluklarinin 2.5 ile 7.9 c¢cm arasinda,
genigliklerinin ise 1.2 ile 2.5 cm arasinda degistigi,
yaprak c¢ifti sayisinin ise 2 ile 6 arasinda oldugu
belirlenmigtir. P. atlanticanin Akdeniz bélgesinde
Mersin; Ege bolgesinde Izmir, Aydin ve Manisa;
Marmara boélgesinde Balikesir ilinde dogal olarak
yayihs gosterdigi tespit edilmistir. P atlantica

tirinun en fazla Ege bélgesinde yayilis gosterdigi,
Akdeniz bolgesinde ikinci ve Marmara bolgesinde
ticiincti sirada yer aldigy gérilmiistiir. Incelenen P,
atlantica genotiplerine uygulanan cluster analizi
neticesinde, gozlemlenen popilasyon her ne kadar
birbirine benzerlik gosterse de Aydin 23 genotipi bu
genotipler arasinda belli oranda farklihik ortaya

koymustur.

Sonug olarak bu c¢alisma ile P. atlantica tirinin
ulkemizdeki yeni yayilis alanlari belirlenmigtir. P.
atlantica turinin taksonomisine yonelik yapilan
¢alismalarda tiiriin taksonomisinde rol oynayan temel
bulundugu
belirlenmis olup tlriin yeni bir betiminin yapilmasi

morfolojik  karakterlerde  farkhlik

gerektigl sonucuna varilmigtir.

1265



KSU Tarim ve Doga Derg 26 (6), 1259-1267, 2023
KSU J. Agric Nat 26 (6), 1259-1267, 2023

Arastirma Makalesi
Research Article

TESEKKUR

Aragtirmanin arazi c¢alismalarinda yardimeci olan
Antepfistigi  Arastirma  Enstitisa = Muduarluga
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Tarimsal Arastirmalar ve Politikalar Mudurligiune ve
Resimli Tiurkiye Florasinda verilen girid haritasim
kullanmamiza miisade eden Prof. Dr. Adil Giiner’e
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Aragtirmacilarin Katk: Oran1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
olduklarini beyan eder.
Cikar Catismas1 Beyani
Makale yazarlar1 aralarinda herhangi bir c¢ikar

catismasi olmadigini beyan ederler.
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OZET

Kanser, genomdaki birgok mutasyonun birikimi ile ortaya ¢ikan sistemik
bir hastaliktir. Kanser tedavilerinde kullanilan farkl tedavi yontemleri
nedeniyle zamanla hiicrelerde yliksek toksisite ve ilag direncine neden
olmas1 sebebiyle tedavilerdeki basariy1 engellemektedir. Bu nedenle
kanser tedavisi i¢in dogal trinler ve bunlarin sentetik tiirevleri biyiik
bir potansiyel tasitmaktadir. Benli Salba (Salvia pisidica Boiss.&Heldr.
Ex Bentham) antibakteriyel ve antioksidatif etki basta olmak iizere
bir¢ok biyolojik aktiviteye sahiptir. Bu calismada farkl yillarda toplanan
bitkileren elde edilen su ekstraktlarinin meme kanser hiicrelerinde
sergiledigi sitotoksik etkiler incelenmistir. Calismada 24, 48 ve 72
saatlik 1inktibasyonlar MCF-7, MDA-MB-231 ve MCF10-A hicre
hatlarinda yapilmigtir. 2017, 2018 ve 2019 yillarinda toplanan S.pisidica
bitkisinin su ekstraktlar1 1-1000 ng/mL  dozlarda hicrelere
uygulanmigtir. WST-8 hiicre canliligi belirleme kiti ile sitotoksisite testi
inktibasyon streleri sonunda yapilmistir. Calismalar sonucunda MCF-7
hiicrelerinde 2017 yilina ait ekstraktin 48 saatlik inkiibasyonda IC50
degeri 1.95 ng/mL, 2019 yilina ait ekstraktin 48 saatlik inkiibasyonda
IC40 degeri 3.9 ve 1.95 ng/mL oldugu hesaplanmigtir. Daha agresif olan
MDA hiicrelerinde 2019 yilina ait S.pisidica su ekstraktinin 48 saatlik
inkiibasyondaki IC50 degeri ise 7.8 ng/mlL’dir. Elde edilen sonuglara
bakildiginda fenolik i¢eriklerin yillara baglh olarak farklilik gosterdigi ve
2017 orneginde dusik 2019 o6rneginde ise yiiksek degerlerde oldugu
bulunmustur.

ABSTRACT

Cancer is a systemic disease that occurs with the accumulation of many
mutations in the genome. Due to the different treatment methods used
in cancer treatments, it prevents the success of the treatments due to the
high toxicity and drug resistance in the cells over time. Therefore, natural
products and their synthetic derivatives have great potential for cancer
treatment. Benli Salba (Salvia pisidica Boiss.&Heldr. ex Bentham) has
many biological activities, especially antibacterial and antioxidative
effects. In this study, the cytotoxic effects of water extracts of plants
collected in different years against breast cancer cells were investigated.
In this study, 24, 48 and 72 hour incubations were made in MCF-7, MDA-
MB-231, and MCF10-A cell lines. The water extracts of S.pisidica plant
collected in 2017, 2018 and 2019 were applied to the cells at doses of 1-
1000 pg/mL. At the end of the incubation period, cytotoxicity test was
performed with the WST-8 cell viability determination kit. In the results
of the experiment, it was calculated that the IC50 value of the extract of
2017 was 1.95 ng/mL in 48 hours of incubation, and the IC40 value of the
extract of 2019 was 3.9 and 1.95 pg/mL in 48 hours of incubation in MCF-
7 cells. In the more aggressive MDA cells, the IC50 value of the 2019
S.pisidica water extract in 48 hours of incubation is 7.8 pg/mL. When the
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results obtained were examined, it was found that the phenolic contents
differed depending on the year and were low in the samples of 2017 and

high in the samples of 2019.
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GIRIS

Saglhikli yasam bitkilerde bulunan antioksidan etkili
maddelerin ve fenolik bilegiklerin etkilerine 6nem
vermektedir. Bitkiler dogal antioksidan bilegiklerin
baglica kaynaklaridir. Dogal antioksidanlarin en
onemli gruplarn ise fenolik maddelerdir. Bunlar
polifenolik komponentler olup tiim bitki kisimlarinda
gorilirler. Yaygin olan bitkisel fenolik antioksidanlar
flavonoidler basta olmak tizere kumarinler, sinnamik
asit tirevleri, fenolik asitler ve tokoferollerdir (Deveci
ve ark., 2016). Arastirmalar fenolik bilesiklerin saglik
tizerinde antidiyabetik, antienflamentuar, antialerjik,
antiviral, antimikrobiyal, antitrombotik ve
antipatojenik olmak gibi bir ¢ok yararinin oldugunu
gostermistir (Atak & Uslu, 2018).

Salvia turleri, halk hekimliginde yara iyilesmesi,
mide, karaciger ve romatizma  agrilarinin
hafifletilmesinde ve diinyanin cesitli yerlerinde soguk
alginlig1 tedavisinde infiizyon ve kaynatma seklinde
kullanilmaktadir. Bunlara ek olarak Salviadan elde
edilen ugucu yaglar, gida tatlandiricilarinda,
farmasotiklerde ve parfimeride kullanilmaktadar.
Salvia tirleri esas olarak ugucu yag ve fenolik asit,
flavonoid igeriginin yiiksek oldugu bilinmektedir.
Yapilan bir calismada toplam fenolik, flavonol
icerikleri sirasiyla 54.57mg gallik asit, 16.70 mg
kategin ve 18.19 mg rutin bulunmustur (Ozkan ve ark.,

2010). Farmakolojik  calismalar, Lamiaceae
familyasinin  bitki tirlerindeki wugucu yaglarin
antikanser veya antimitojenik/antiproliferatif

aktivitelere sahip oldugunu géstermistir (Lampronti,
2006).

Lamiaceae (Labiatae) familyas1 250 cins ve 6500 adet
tir igeren ¢ok genis bir familyadir. Familya ¢ogu tibbi
ve aromatik ozellikte olan adacay1 (Salvia sp.), kekik
(Thymus sp.), nane (Mentha sp.), mercankosk
(Origanum sp.), biberiye (Rosmarinus sp.), lavanta
(Lavandula sp.), reyhan (Ocimum sp.) gibi pek ¢ok
bitkiyi kapsamaktadir (Tastan ve ark., 2022). Salvia L.
(Lamiaceae) cinsinin Tiirkiye'de yaklasik 90 tiiri
bulunmaktadir. Bunlardan biri olan Salvia turleri
temelde ugucu yag ve fenolik igerik bulundurmaktadir
(Ozkan ve ark., 2010). Calismada kullamlan bitki,
Benli Salba (Salvia pisidica Boiss.&Heldr. ex
Bentham), Lamiaceae familyasina ait endemik bir
bitkidir (Behget, 2020). Bu tiir, menekse-mavi cicekleri
olan 14-35 cm uzunlugunda ¢ok yillik bir yar1 ¢alimsi
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bir bitkidir. Deniz seviyesinden 950 ila 1750 m
yikseklikte kuru kirectasi yamacglar1 ve tarla
kenarlarim tercih eder. Sadece Burdur, Usak, Antalya
ve Afyon ilinde yetistigi Anadolu'ya ozgudir ve
Antalya'da “ada c¢ayr” adi verilen bir bitki ¢ay1 tiri
olarak yaygin olarak kullanilmaktadir (Hedge, 1982).

Kadinlarda en yaygin goriilen ve 6liime neden olan
kanserler 2020 diinya kanser istatistiklerine goére
sirasiyla; akciger, serviks ve meme Kkanserleridir
(Ferlay ve ark., 2021). Bunlardan meme kanseri,
kadinlarda %15 oraninda 6liime neden olmakta ve tanm
konulan kanser tiplerinin %30'unu kapsamaktadir
(Siegel ve ark., 2019). Bu nedenle meme kanseri 2020
yilinda diinyada en gok tani1 konulan kanser tipi olarak
belirlenmistir (Ferlay ve ark., 2021).

Kanser tedavilerinde; kemoterapi, radyasyon ve
kombinasyon terapileri gibi bircok tedavi stratejisi
olmasina ragmen, meydana gelen yan etkiler giderek
artmaktadir (Greenwell ve ark., 2015).

Bilinen en eski tedavi sekli bitkisel kaynaklarla
tedavidir (Celik ve ark., 2007). Bitkiler insanlik tarihi
boyunca yasamin vazgecilmez temel kaynaklarindan
biridir. Bunun temel nedeni ise insanlarin bitkileri
sadece beslenme i¢in degil ¢esitli hastaliklarin tedavisi
icinde kullanmalaridir (Deveci ve ark., 2016). Ilaglarin
yan etkilerinin giderek artmasi ve diren¢ olugmasi da
dustnuldaginde bitkilerden elde edilen dogal tirtinler
ve bunlarin sentetik tiirevleri, kanser tedavileri igin
umut vaat etmektedir (Zhong ve ark., 2015).

Salvia turlerinden, S.miltiorrhiza'da meme kanserine
kars1 etkili olan ana bilesenler, dihidrotanshinon I
(DHT), tanshinone I, tanshinone IIA ve
kriptotanshinon dahil olmak {izere yagda ¢6zlinir
tanshinonlar ve salvianolik asit A, salvianolik asit B,
salvianolik asit C ve rosmarinik asit tarafindan temsil
edilen suda ¢ozlinlr fenolik asitlerdir.
S.miltiorrhiza'min etkili bilesenlerinden birisi olan
dihidrotanshinon-I, antikanser, antiinflamatuar,
kardiyoprotektif ve diger farmakolojik aktiviteleri
nedeniyle ginimiize kadar kapsamli olarak
incelenmistir (Chen ve ark., 2019). DHT'nin meme
adenokarsinomunda apoptozu ve G1 fazli hiicre
dongiisii durmasim indiikledigi rapor edilmistir (Tsai
ve ark., 2007). Salvianolik asitler, S. miltiorrhiza'da
suda c¢ozuntir bilesenlerdir. Esas olarak Sal A, Sal B,
Sal C ve RA'y1 icermektedir (Wu ve ark., 2020). Sal A,
MCF-7 hiicrelerinde proliferasyonu ve indiklenen
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apoptozu inhibe etmektedir (Cai ve ark., 2014). Sal A,
Bcl-2 ve p-Akt ekspresyonunu inhibe etmekte ve PTEN
ve Bax ekspresyonunu desteklemektedir. Ayrica
Kaspaz-3, Kaspaz-9 ve PARP bdéliinmesini
indikleyerek MCF-7 hicrelerinde apoptoza yol
acmaktadir (Cai ve ark., 2014). Sal B, Caspase-3,
Caspase-9 ve Bax ekspresyonunu artirmakta ve MCF-
7 hiicrelerinde apoptozu tesvik etmek igin Bcl-2
ekspresyonunu azaltmaktadir. Sal B, Bel-x1, Survivin
ve p-ERK ekspresyonunu inhibe etmekte ve MCF-7 ve
MDA-MB-231 hiicrelerinde Caspase-3 ve Caspase-8
aktivasyonunu desteklemektedir (Quan ve ark., 2019).

Kanser calismalarinda MDAMB-231 hicreleri, MCF7
hiicre hattindan sonra en yaygin kullanilan hiicre
hattidir. Ostrojen ekspresyonuyla hormon
duyarliliginin yiksek olmasindan  dolay1 MCF7
hiicreleri hormon bagimli ¢alismalarda tercih edilen
model olarak kabul edilmektedir. Ayni zamanda
MCF7 hiicreleri meme hiicrelerinin luminal epitelyal
fenotipinin belirteglerini protein seviyesinde ifade
etmektedir (Levenson & dJordan, 1997). MCF7nin
ifade ettigi belirtecleri MDAMB-231 hiicreleri ifade
etmez. Yiksek dizeyde vimentin igeren MDAMB-231
hiicreleri mezenkimal fenotipin bir belirteci olarak,
ucli negatif meme kanserleri icin siklikla kullanilan
bir modeldir (Mladkova ve ark., 2010). Bu ticlii negatif
meme kanserleri beyin ve akcigerler basta olmak
tuzere diger organlara metastaz yapabilmektedir.
Bundan dolayi, tekrarlama olasiligi diger meme
kanserlerine gére daha yiiksektir (Foulkes ve ark.,
2010).

Calismada farkli yillarda toplanan S. pisidicanin
sitotoksik etkisinin arastirilmasi amac¢lanmagtir.

MATERYAL ve METOD
Bitki Ekstraktlarinin Elde Edilmesi

S. pisidica c¢iceklenme doneminde Antalya, Korkuteli
ilgesinden, yaklasik 950 m yukseklikten kuru kalker
yamaclardan Mayis 2017, Mayis 2018 ve Mayis 2019
yillarinda toplanmigtir. Toplanan bitki 6rnekleri oda
sicakliginda, goélgede laboratuvar kosullarinda
kurutulmustur. Kurutulan bitki materyali gélgede bir
ogutict ile toz haline getirilmigtir. Ekstraksiyon i¢in
7.5 gr bitki materyali 100 mL su icinde 24 saat aralikli
calkalanarak islatilmigtir. Ekstraksiyon sonunda 1
No'lu Whatman filtre kagidi ile stiziilmiigtir. Stiziintd,
40 °C'de bir déner buharlastirici ile indirgenmis basing
altinda kuruyana kadar konsantre edilmistir ve bu
iglem her numune igin i¢ kez tekrarlanmistir ve
ardindan liyofilize edilmistir. Kurutulan ekstraktlar
kullanilincaya  kadar  buzdolabinda (4  °C)
saklanilmistir (Ozkan ve ark., 2010).

Fenolik Igerik Analizi (High Performance Liquid
Chromatography, HPLC)

Orneklerin  fenolik bilesiminin  analizi yiiksek
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performansli sivi  kromatografisi (HPLC) ile
gerceklestirilmistir.  Kromatografik analiz  igin

ornekler 0.45 pum’lik membran filtreden suzilip,
HPLC (SIL-20A Prominence, Shimadzu, Japonya)’ye
10 uL enjekte edilmistir. Bilesenlerin ayriminda C18
kolon (LiChroCART® 250-4 250 mm X 4 mm 5 pm
Nucleosil® 100) ve DAD dedektor ( SPD-M20A Diode
Array Detector Shimadzu, Japan) kullamilmigtir
(Torun ve ark., 2014). Mobil faz olarak su/asetik
asit/metanol (88/2/10, v/v/v) (mobil faz A) ve
metanol/asetik asit/su (90/2/8, v/v/v) (mobil faz B)
karigimi kullanilmig olup mobil faz akisi 0.9 mL/dk
olarak ayarlanmigtir. Mobil faz akis programi
baglangicta A:B 100:0 olup 15. dakikada A:B 85:15, 25.
dakikada A:B 50:50, 35. dakikada A:B 30:70, 50.
dakikada A:B 25:75 ve 55. dakikada A:B 100:0 olarak
uygulanmigtir. Bilesenler maksimum absorbansi
verdigi dalga boyunda [vanilik asit (260nm), gallik
asit, (+)-katesin, (-)-epikatesin) (280 nm), ferulik asit,
kafeik asit, klorojenik asit ve p-kumarik asit (320 nm)]
olciilmustir (Sekil 1). Orneklerin fenolik madde
bilegsenlerinin belirlenmesinde standartlar 6rneklerin
yurutildigiu kogsullarda doért farkli konsantrasyonda
tutulma zamanlar1 géz 6nline alinarak analiz edilmig
ve standartlardan hazirlanan kalibrasyon egrileri ile
hesaplamalar yapilmigtir.

Hiicreler ve Kiltiir Kogullar:

MDAMB-231 (ATCC® HTB-26), MCF-7 (ATCC® HTB-
22™)  ve MCF10A (ATTC CRL-10317) hiicreleri
ATCC'den elde edilmigtir. MDAMB-231 ve MCF-7
hiicreleri %10 fetal sigir serumu (FBS), 2 mM L-
glutamin, 1 mM sodyum piruvat ve 0.02 mM esansiyel
olmayan amino asitlerle desteklenmig RPMI 1640
ortaminda c¢ogaltilmigtir. MCF10A hitcreleri, MEMB
(Kat no: CC-3151) besiyerine MEGM singleQuats (Kat

no: CC-4136) biiyime faktorleri ilave edilerek
cogaltilmigtir.

Hiicre Canlilign Testi

96 kuyucuklu steril plaklara hiicreler 1x104

hiicre/kuyucuk olacak sekilde ekilmigtir. Besi yerler 24
saatlik inkiibasyon sonunda uzaklastirilmigtir. Her tg¢
ekstrakt %1 FBS igeren besi yeri i¢inde, 1 ug/ml olan
en yiiksek dozdan seri sulandirmalar ile dozlar (1.95-
1000 ng/ml) hazirlanmistir. Kuyucuklara ekstraktlar
200 pl seklinde eklenmig ve 37°C’lik etiivde %5 CO2'li
atmosferde 24, 48 ve 72 saat inkiibe edilmigtir. Her bir

inkiibasyon siliresinin  ardindan WST-1 hiicre
proliferasyon kiti (Roche, Cat. No. 11644807001)
kullanilarak ekstraktlarin sitotoksik etkileri

belirlenmistir (Yeh ve ark., 2018). Inkiibasyon siiresi
sonunda plaklarin absorbans degerleri 450 nm dalga
boyunda mikroplaka okuyucuda (Thermo Scientific
Multiskan Go), 6lciilerek kaydedilmistir.
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Sekil 1. HPLC’de elde edilen 6rnek kromatogram (1: Vanilik asit, 2: Gallik asit, 3: Klorojenik asit, 4: Kafeik asit,
5: Ferulik asit, 6: p-kumarik asit, 7: Rutin, 8: (-)-epikatesin)
Figure 1. Example chromatogram obtained in HPLC (1 Vanillic acid, 2: Gallic acid, 3° Chlorogenic acid, 4-
Caffeic acid, 5° Ferulic acid, 6° p-coumaric acid, 7 Rutin, 8 ( -)-epicatechin)

Tripan Mavisi Testi

Hiicre canlhligini dogrudan mikroskopta
gozlemleyebilmek i¢in kullanilmigtir. Ayrica bu test
elde edilen sitotoksisite test sonuc¢larini desteklemek
icinde kullanilmistir. Hiicre canliligi hiicre igerisine
Tripan mavisinin almip alinmamasina  gore
degerlendirilmistir. Membran hasarli hiicrelerin i¢ine
boya girdigi i¢cin bu hicreler mavi renktedir. Canh
hiicrelerin i¢ine boya girisi olmadigi i¢in hiicreler gseffaf
renklidir.

Istatistiksel Analiz
Sitotoksisite testlerinden elde edilen verileri
degerlendirmek igin Graph-pad InStat istatistik

programinda Tek Yonlii Anova ve ardindan Dunnet
¢oklu kargilagtirma testi kullanmilmistir. Elde edilen
veriler Sigma Plot 10.0 programi ile Ortalama + SEM
degerleri seklinde grafik haline getirilmigtir. Ayrica
MDA ve MCF-7 hicrelerinde yillara gore degisen
iceriklerin 1.95-1000 pg/mL dozlardaki etkilerinin
Pearson Korelasyon Analizi ve Is1 Haritas: yapilmigtir.

BULGULAR ve TARTISMA

Fenolik Icerik: Calismada kullamlan S pisidica
ekstraktlarin fenolik igeriklerinin analizi sonuglari
Cizelge 1’de verilmistir. Sonucglara bakildiginda
fenolik igeriklerin yillara bagh olarak farkhilik
gosterdigi ve 2017 6rneginde disiik 2019 6rneginde ise
yiiksek degerlerde oldugu bulunmustur.

Cizelge 1. S.pisidica Ekstraktlarinda Tespit Edilen Fenolik Bilesikler
Table 1. Phenolic Compounds Detected in S.pisidica Extracts

Fenolikler (mg/mL) (Phenolics) 2017 2018 2019
Vanillic 0.116¢+£0.00 0.148+0.00 0.2132+0.03
Gallic 0.038b+0.00 0.0432+0.00 0.031¢+£0.00
Chlorogenic 0.655¢+0.00 0.694>+0.00 1.9142+0.04
Caffeic 0.008¢+£0.00 0.012+0.01 0.0282+0.01
Ferulic 0.128b+0.00 0.109¢+0.00 0.2482+£0.01
p-Coumaric 2.273¢£0.02 2.378v+0.07 3.7972+0.05
Rutin 0.517°+0.00 0.3590.02 0.5942+0.01
(-)-Epicatechin 0.505+0.04 0.565+0.01 0.8582+£0.02
(+)-Catechin Nd nd nd
3-hydroxycinnamic acid Nd nd nd
0-Coumaric Nd nd nd

Sonuglar ortalama + standart hata, farkl iist simge harfleri olan bir satirdaki degerler énemli 6l¢iide (p < 0.05) farklidir

nd: not determined (Tespit edilemedi).

Results mean + standard error, values in a row with different superscripts differ significantly (p < 0.05)

nd- not determined.
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Sitotoksik Etkiler

S.pisidica bitkisinin 2017, 2018 ve 2019 yillarina ait su
ekstraktlarinin 24, 48 ve 72 saatlik inkiibasyonlarda
meme kanseri hiicreleri tizerindeki sitotoksik etkileri
incelendiginde, MCF-7 hiicrelerinde 2017 yilina ait
ekstraktin 48 saatlik inkibasyonda IC50 degeri 1.95

ng/mL olarak belirlenmistir (Sekil 2). 2019 yilina ait
ekstraktin 48 saatlik inkiibasyonda IC40 degeri 3,9 ve
1.95 ng/mL oldugu hesaplanmistir (Sekil 3). Daha
agresif olan MDA hicrelerinde 2019 yilina ait
S.pisidica su ekstraktinin 48 saatlik inkiibasyondaki
IC50 degeri ise 7.8 ng/mL’dir (Sekil 4).
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Sekil 2. MCF-7 Hiicrelerinde 1.95-1000 pg/mL Araligindaki Dozlarda 2017 Yilina Ait S.pisidica Su Ekstrakti Ile
Muamelesi Sonucu Kontrole Kiyasla Hiicre Canlilig1 Yiizdesi.
Figure 2. Percentage of Cell Viability in MCF-7 Cells After Treatment with 2017 S.pisidica Water Extract at
Doses in the Range of 1.95-1000 ug/mL Compared to Control.
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Sekil 3. MCF-7 Hiicrelerinde 1.95-1000 pg/mL Araligindaki Dozlarda 2019 Yilina Ait S, pisidica Su Ekstrakt: Ile
Muamelesi Sonucu Kontrole Kiyasla Huicre Canlilig: Yiizdesi.
Figure 3. Percentage of Cell Viability in MCF-7 Cells After Treatment with 2019 S.pisidica Water Extract at
Doses in the Range of 1.95-1000 ug/mL Compared to Control.

Calismada, fenolik igerikler incelendiginde yillara
bagl olarak farklhiliklar gériillmiistir (Cizelge 1).
Fenolik bilesiklerin igeriklerinin farklilik
gbstermesinin nedenleri arasinda toplanma zamani ve
cevresel faktérler etkilidir (Atak & Uslu, 2018).
Caligilan 2017 yili 6rneklerinde icerik daha az 2019
orneklerinde igerik daha fazla bulunmustur. Bunun
nedenlerinden biri &6rnegin bekletilmesi nedeniyle
fenolik igeriginin azalmasi olabilecegi

disiintilmektedir. Bir diger neden olarak bitkinin
yetistigi ortamin iklimsel faktorleri 6zellikle sicakligin
etkili olacagi dusuniulmiustir. Antalya Devlet
Meteoroloji Mudirligi’'nden alinan Korkuteline ait
2017, 2018 ve 2019 iklimsel verileri (Cizelge 2)
incelendiginde yillara bagh olarak aylik sicaklik
ortalamalarinda bir farklilik oldugu ve bir artig oldugu
goriilmektedir. Fialova ve ark. (2015)’in yapmis oldugu
calismada Lamiaceae familyasina ait Mentha L.
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Turlerinde yillara bagh olarak fenolik igeriklerinin familyasina ait Salvia officinalis L. farkh
degistigini bulmuglardir. Benzer sekilde Basgyigit & zamanlarindaki hasatlarinda fenolik bilesiklerin

Baydar (2017)’de yapmis oldugu ¢alismada Lamiaceae

miktarinin degistigini rapor etmiglerdir.
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Sekil 4. MDA Hiicrelerinde 1.95-1000 pg/mL Araligindaki Dozlarda 2019 Yilina Ait S.pisidica Su Ekstrakt: Ile

Muamelesi Sonucu Kontrole Kiyasla Hiicre Canlilig1 Yiizdesi.

Figure 4. Percentage of Cell Viability in MDA Cells After Treatment with 2019 S.pisidica Water Extract at Doses

in the Range of 1.95-1000 ug/mL Compared to Control.

Cizelge 2. Yillara Bagh Korkuteli Ilcesine Ait Sicaklik Degerleri (°C)
Table 2. Temperature Values of Korkuteli District in Years ¢C)

Aylar (Monts)

Yillar

(Years) 1 2 3 4 5 6 7 8 9 10 11 12 (()rtalama
Average)
2017 02 4 7 109 157 215 257 235 215 138 7.6 54 13.06
2018 44 65 94 148 178 204 249 24 208 145 93 43 14.95
2019 25 52 79 102 167 208 237 246 202 16 99 5  13.55

S.pisidica ile ilgili yapilmig olan bir ¢calismada (Ozkan
ve ark., 2010) toplam fenolik, flavanol ve flavonol
icerikleri, antioksidan aktiviteleri ve antimikrobiyal
aktiviteleri incelenmigtir. Calismada HPLC ile bir
fenolik profili belirlenmemigtir. Calismada HPLC ile
bir fenolik profili belirlenmis ve p-Coumaric,
chlorogenic ve rutin igeriklerinin S.pisidica su
ekstraktinin icerisinde en yliksek miktarda bulundugu
belirlenmigtir.

Salvia turleri ile yapilan literatiirde bir¢ok ¢alisma yer
almaktadir. S.tebesana turiniin petrol eteri ekstrakt:
A2780 (yumurtalik), MCF-7 (meme) ve DU145
(prostat) kanseri hiicreleri izerinde sitotoksik etki
gostermektedir (Eghbaliferiz 2019). S.dominica ve
S.triloba'dan elde edilen etanol ekstrelerinin T47D ve
MCEF-7 hicreleri tzerindeki sitotoksik etkileri
incelenmig ve sitotoksik etki sergiledigi belirtilmigtir
(Abu-Dahab 2014). Bir diger Salvia tiiri olan
S.suffruticosa ekstraktinin T-47D, MDA-MB-231 ve
MCF-7 olmak {iizere birgok meme kanseri hiicre
hatlarina yonelik giigli inhibitér etki sergiledigi

gostermektedir (Rustaie, 2018). S.verticillatanin
kloroform ve petrol eteri kok ekstrelerinin ise
sitotoksik, antioksidan ve antimikrobiyal

aktivitelerini analiz edilmig ve MDAMB-231 hiicreleri
icin IC50 degeri 30.90 ug/ml olarak hesaplanmistir
(Barjaktarevic, 2021).

Calisma kapsaminda MCF-7 ve MDA-MB-231
hiicreleri ile gerceklestirilen sitotoksisite denemeleri
sonucunda S.pisidica su ekstraktinin yillara baglh
olarak  farkh sitotoksik etkiler sergiledigi
belirlenmigtir. MCF-7 hicrelerinde 2017 yilina ait
ekstraktin 48 saatlik inktibasyonda IC50 degeri 1.95
pug/mL olarak belirlenmistir. 2019 yilina ait ekstraktin
48 saatlik inkiibasyonda ise IC40 degeri 3.9 ve 1.95
pug/mL oldugu hesaplanmigtir. Daha agresif olan MDA
hiicrelerinde 2019 yilina ait S.pisidica su ekstraktinin

48 saatlik inkiibasyondaki IC50 degeri ise 7.8
pg/ml dir.
Rutin, antikarsinojenik, sitoprotektif,

antiinflamatuar, antimutajenik etkiler dahil olmak
uzere ¢oklu farmakolojik aktivitelere bir flavonoldir
(Saleh, 2019). Yang ve ark. (2017)’de yapmis oldugu
¢alismada Rutin, MCF-7 hiicreleri i¢in 45.6 uM IC50
degerleriyle, doza bagh bir sekilde MCF-7 kanser
hiicrelerinin ¢ogalmasini inhibe ettigi gosterilmigtir.
ElKhazendar ve ark. (2019)de yapmis oldugu
calismada ise ferulik asit, 48 saatte sirasiyla 75.4
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pg/mL konsantrasyonda MCF-7 hicreleri lzerinde
sitotoksik etkiler gosterdigi belirtilmigtir.

SONUGC ve ONERILER

Sonuc¢ olarak elde edilen bu veriler ile ekstraktin
icerikleri incelendiginde ferulik asit ve rutin
miktarlarindaki degisimlerin sitotoksisitede

istatistiksel olarak anlamli bir farklilik yarattig:
gorilmektedir. Yillara gore ferulik asit ve rutin etken

maddelerinin miktarlari incelendiginde 2017 yilindaki
ekstraktlarda sirasiyla; 0.128 mg/ml ve 0.517 mg/ml;
2018 yilindaki ekstraktlarda 0.109 ve 0.359 mg/ml;
2019 yilindaki ekstraktlarda ise 0.248 ve 0.594 mg/ml
olarak belirlenmigtir. Elde edilen sonuc¢larda ferulik
asit ve rutin miktarindaki degisiklikler ile meme
kanserindeki hiicre canlhiligl arasinda negatif yonde
giiclii korelasyon oldugu gorilmektedir (Sekil 5 ve 6,
ferulik asit i¢in r=-0.71; rutin icin r=-0.98).

=3
- _ _ - E _ = ¥ L e B
PRRRRE RLRE s be 0
S EEEEEEENENEREERES: »
c | <
1000 ugimi| < 047 015 023 0.23|0.64|-0.07(0.09 0.040.06
500 ug/mi 0.44|0.40[057]0:2 0.07[08 4: 05
250 ug/mi m 0.46 0.0110.06 028 3,62
125 ug/ml 027|022 -0.03 26 0
62,5 ugimi| >< 034029 |047|-0 10/888 0 19
31,25 ugimi| < 0.24}-0.35 006(038]0.58]0 41 050 o8
15,625 ug/ml 048 013 25 0.20{0:521-0.10(0.07 |-0.06/0.04
7,81 ugimi| ><"|o.18 013
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Sekil 5. MCF-7 Hiicrelerinde Yillara gore degisen iceriklerin 1.95-1000 pg/mL Dozlardaki etkilerinin Pearson

korelasyon analizi ve 1s1 haritasi.

Figure 5. Pearson correlation analysis and heat map of the effects of year-varying contents in MCF-7 Cells at

Doses of 1.95-1000 pg/mL.
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Sekil 6. MDA Hicrelerinde Yillara gore degisen iceriklerin 1.95-1000 pg/mL Dozlardaki etkilerinin Pearson

korelasyon analizi ve 1s1 haritasi.

Figure 6. Pearson correlation analysis and heat map of the effects of year-varying contents in MDA Cells at

Doses of 1.95-1000 ug/mL.

Tum sonuglar degerlendirildiginde, iceriklerin yillara
bagli olarak iceriklerinde farkliliklar olugsmakta ve bu
farkliliklar sonucu hiicre canhligindaki etkiler de
degismektedir. Tim igerikler incelendiginde ferulik
asit ve rutin miktarlarinin hicre canlihiginda

azalmaya sebep olabilecegi diistintilmektedir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katki saglamig
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olduklarini beyan eder.

Cikar Catismas1 Beyani

Makale yazarlar1 aralarinda herhangi bir c¢ikar
catismasi olmadigini beyan ederler.
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ABSTRACT Microbiology

Considering that most antibiotics originate from actinomycete group

bacteria, especially the Streptomyces genus, it is predicted that novel Research Article
actinomycetes isolated from extreme environments such as caves may

bring novel antibiotics to the medical world. The study aimed to screen Article History

the antimicrobial activity of actinomycetes isolated from the three Received 1 31.12.2022
karst caves in Tirkiye and to identify selected isolates with Accepted 1 08.05.2023
antimicrobial activity by molecular methods. One hundred seventy-

nine actinomycetes isolated from Akcakale, Kirklar (Altintas), and Keywords

Kopribas: Caves in Guimuishane province in the Eastern Black Sea 16S ribosomal RNA
Region of Tirkiye were included in the study. The antimicrobial Actinomycetes

activity of isolates was investigated using the modified cross-streak Antimicrobial activity

agar method against seven Gram-negative bacteria, three Gram- Cave

positive bacteria, and one yeast strain. Fifty-three isolates (29.6%) had Streptomyces
antimicrobial activity against at least one of the tested

microorganisms. The rate of isolates exhibiting antimicrobial activity
against Staphylococcus aureus, Bacillus subtilis, Enterococcus
faecalts, Chromobacterium violaceum, Klebsiella pneumoniae,
Salmonella  Typhimurium,  FEscherichia coli,  Acinetobacter
haemolyticus, Pseudomonas aeruginosa, Enterobacter aerogenes, and
Candida albicans was 21.2%, 20.0%, 16.8%, 12.8%, 3.4%, 2.8%, 2.2%,
1.1%, 0.6%, 0.6%, and 0.6%, respectively. An actinomycete isolate,
TRMS 124, showed antimicrobial activity against ten test
microorganisms. The 16S ribosomal RNA (16S rRNA) sequencing was
performed for the identification and phylogenetic analysis of 26
isolates randomly selected among actinomycetes that exhibited
antimicrobial activity against at least three test microorganisms. As a
result, it was determined that 24 isolates showed homology with
various Streptomyces species and two isolates with FEmbleya
scabrispora and Couchioplanes caeruleus, respectively. These results
showed that karst caves could be good sources for isolating
actinomycetes with the potential to produce antimicrobial compounds.

Dogu Karadeniz Bélgesindeki Karstik Magaralardan Izole Edilen Aktinomisetlerin Antimikrobiyal
Aktivitelerinin ve 16S rRNA Dizilerinin Arastirilmasi

OZET Mikrobiyoloji

Guntimuzde kullanilan antibiyotiklerin buytuk c¢ogunlugunun basta

Streptomyces cinsi olmak Ttizere c¢esitli aktinomiset grubu Aragtirma Makalesi
bakterilerden orijin aldig1 disiliniildiigiinde, magara gibi ekstrem

ortamlardan izole edilecek yeni aktinomisetlerin tip diinyasina yeni Makale Tarihgesi
antibiyotikler kazandirabilecegi 6éngorilmektedir. Bu ¢alismada, g Gelig Tarithi @ 31.12.2022
farkli karstik magaradan izole edilen aktinomiset izolatlarinin Kabul Tarihi :08.05.2023

antimikrobiyal aktivitelerinin arastirilmasi ve etkili izolatlarin
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molekiiler yontemlerle tanimlanmasi amacglanmigtir. Calismaya
Turkiye'nin Dogu Karadeniz Bolgesinde bulunan Giimushane ilindeki
Akcakale, Kirklar (Altintas) ve Kopriibasi magaralarindan izole
edilen 179 aktinomiset izolat1 dahil edilmistir. Izolatlarin
antimikrobiyal aktiviteleri yedi Gram-negatif, ii¢ Gram-pozitif ve bir
maya susuna karsi ¢apraz ¢izgi yontemi ile arastirilmigtir. Elli g
izolatin (%29,6) test edilen mikroorganizmalardan en az birine kars:
antimikrobiyal aktiviteye sahip oldugu bulunmustur. Izolatlarmn
Staphylococcus aureus, Bacillus subtilis, Enterococcus faecalls,
Chromobacterium violaceum, Klebsiella pneumoniae, Salmonella
Typhimurium, FEscherichia coli, Acinetobacter haemolyticus,
Pseudomonas aeruginosa, FEnterobacter aerogenes ve Candida
albicansa kars1 antimikrobiyal aktivite sergileme orani sirasiyla
%21.2 %20.0, %16.8, %12.8, %3.4, %2.8, %2.2, %1.1, %0.6, %0.6, %0.6
seklinde bulunmustur. TRMS 124 olarak adlandirilan bir aktinomiset
izolati, 10 test mikroorganizmasina karsi antimikrobiyal aktivite
sergilemistir. En az ¢ test mikroorganizmasina karsi antimikrobiyal
aktivite sergileyen aktinomisetler arasindan randomize olarak secilen
26 izolatin tanimlanmasi ve filogenetik analizi i¢in 16S ribozomal
RNA (16S rRNA) dizi analizi yapilmistir. Buna gére 24 izolatin cesitli
Streptomyces tirleri ile iki izolatin ise sirasiyla Embleya scabrispora
ve Couchioplanes caeruleus ile homoloji gosterdigi tespit edilmistir.
Bu calismadan elde edilen bulgular karstik magaralarin
antimikrobiyal madde uretme potansiyeline sahip aktinomisetlerin

Anahtar Kelimeler

16S ribosomal RNA
Aktinomisetler
Antimikrobiyal aktivite
Magara

Streptomyces

izolasyonu i¢in dogal kaynaklar olabilecegini géstermistir.
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INTRODUCTION

Actinomycete i1s a common name given to members of
the order Actinomycetales (Prudence et al., 2020).
Their members are characterized by having high G+C
content of DNA, a Gram-positive cell wall structure,
and commonly filamentous morphology (Farda et al.,
2022). They are generally found in terrestrial and
aquatic environments and play an essential role in
maintaining the ecological balance by producing
enzymes that decompose organic materials (Devanshi
et al., 2021).

Actinomycetes produce a variety of Dbioactive
compounds with antimicrobial activity as a result of
their secondary metabolism (Selim et al., 2021). In
particular, the number of antibiotics brought to
medical use by actinomycetes is considerable. So much
so that almost two-thirds of the natural antibiotics
introduced to the medical world originated from
various actinomycetes, especially of the members of
the Streptomyces genus (Procépio et al.,, 2012).
Considering that actinomycetes are an antibiotic
factory, finding a novel actinomycetes species may
mean the discovery of a novel antibiotic. It is estimated
that many novel actinomycetes are waiting to be
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discovered in habitats that have not yet been
adequately researched worldwide, such as cave
environments (Cheeptham et al., 2013).

Cave environments are aphotic and oligotrophic
habitats with high humidity (Kovaé, 2018). In such
specialized environments, most microorganisms can
produce various biomolecules for nutrient competition.
Therefore, microorganisms adapted to the cave
conditions have the potential to be a source of novel
bioactive products, including antimicrobial
metabolites (Cheeptham et al., 2013). Actinomycetes
are the dominant members of the microbial flora in the
cave ecosystem. Therefore, it is highly probable that
cave actinomycetes are significant sources for the
discovery of novel antibiotics (Rangseekaew &
Pathom-Aree, 2019). The best example of this is
cervimycin, an aromatic polyketide derivative.
Cervimycin was obtained from an actinomycete isolate
identified as Streptomyces tendae, isolated from the
Grotta dei Cervi (Italy) cave (Herold et al., 2005).

Recently, there has been an increase in research on the
isolation of actinomycetes from various caves and their
potential to produce antimicrobial agents (Belyagoubi
et al., 2018; Long et al., 2019; Hamedi et al., 2019;
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Syiemiong & Jha, 2019; Jaroszewicz et al., 2021).
There are also studies on the 1isolation and
identification of bacteria that have the potential to
produce antimicrobial substances from caves in
Tiirkiye. For instance, Yiicel & Yamac (2010) stated
that 290 Streptomyces spp. isolates were obtained
from 19 different karst caves in western Turkiye, and
180 of these isolates were found to exhibit
antimicrobial activity against at least one of the tested
microorganisms. Yamag et al. (2011) investigated the
potential of these isolates to become novel
Streptomyces species. For this reason, the biochemical,
physiological,  nutritional, and  morphological
characters of the isolates were evaluated, and most of
them formed different clusters from the reference
Streptomyces strains. Consequently, the researchers
stated that caves are potential sources for the isolation
of novel Streptomyces species. Dogru6z-Giingor et al.
(2020) investigated the antimicrobial activity of
bacteria isolated from Kadiini Cave in Antalya,
Turkiye. The researchers reported that the isolates of
Brevibacterium spp., Bacillus spp., and Pseudomonas
spp. showed antibacterial activity against tested
Gram-positive bacteria. In another study, the
antimicrobial activity of actinomycetes isolated from
various habitats, including cave water, was
investigated in Burdur province, Tirkiye. As a result,
an isolate identified as Microbiospora spp. exhibited
antimicrobial activity against the tested
microorganisms (Bedel, 2020). However, we think that
research on the antimicrobial activity of cave
microorganisms should increase in Turkiye, which is
believed to have more than 40,000 caves and is defined
as a "cave paradise country" by many researchers. This

Figure 1.
Sekil 1.

Actinomycetes Isolation

For solid samples, a 5 g sample was weighed under
aseptic conditions and mixed in 50 mL sterile
phosphate buffer solution (PBS). For liquid samples,
about 50 mlL sample was centrifuged at room
temperature at 10,000 rpm for 5 min. The pellet was
then resuspended with 1 mL PBS. The mixtures were
then vigorously vortexed at room temperature. Then,
serial dilutions of up to 104 were prepared for each
sample, and 100 pL of each dilution was spread on
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study scoped actinomycetes isolated from three
different karst caves that have not been opened to
tourism and have not been investigated in terms of
microflora before, located in the province of
Gumiigshane in the Eastern Black Sea Region of
Turkiye. The antimicrobial activity of actinomycetes
isolates was screened against some laboratory
microorganisms, and phylogenetic analyses of selected
isolates were determined using the 16S ribosomal RNA
(rRNA) sequencing.

MATERIALS and METHODS
Sampling Area and Sample Collection

Between 14-16 October 2016, a total of 71 samples
(soil, sand, rock soil, mud, guano, lichen, and water)
were collected from the entrance, twilight, and dark
zones of Akcakale (40°26'03"N; 39°31'54"E, 1585 m
altitude, 290 m length), Kirklar (Altintas)
(40°18'16.5"N; 39°47'32.09"E, 2160 m altitude, 295 m
length), and Kopriibast Caves (40°31'14.67"N;
39°24'55.96"E, 1050 m altitude, 249 m length) in
Giimiishane province, Tirkiye (Figure 1). Of 71
samples, 31 were collected from Akcakale Cave (
Figure 2), 32 from Kirklar (Altintag) Cave (Figure 3),
and eight from Kopriibasi Cave (Figure 4). The
samples were taken aseptically and randomly from
different regions along the visitable parts of the caves.
About 50-100 g samples were transferred into sterile
containers using sterile spatulas and forceps (for solid
samples) or sterile serological pipettes and injectors
(for liquid samples), and transferred to the laboratory
in a cooler with ice packs and stored at 4 °C until
processing.

Location of the Kopriibas: Cave (A), Akcakale Cave (B), and Kirklar Cave (C)
Kopriibas: magarasi (A), Akcakale magarasi (B) ve Kirklar (Altintas) Magarasinin (C) konumu

Actinomycetes Isolation agar (AIA, Sigma-Aldrich Co.,
St. Louis, MO, USA) with supplemented nystatin (40
pg mL1) as an antifungal agent. The cultures were
incubated in the dark at 28 °C for 28 days and
examined daily. Subcultures of isolates resembling
colony formation of actinomycetes were prepared, and
Gram reactions were examined. Actinomycete colonies
classically have well-developed radial mycelium, and
cells are Gram-positive and filamentous morphology.
All actinomycetes with different colony formations
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were coded as TRMS [Tiirkiye-Magara (cave)-
Streptomyces| with a number and stored at -80 °C in
nutrient broth, including 20% glycerol.

Screening of Antimicrobial Activity

The antimicrobial activity of actinomycetes isolates
was investigated against three Gram-positive bacteria
(Staphylococcus aureus ATCC 25923, Enterococcus
faecalis ATCC 29212, Bacillus subtilis ATCC 6633),
seven  Gram-negative bacteria  (Pseudomonas
aeruginosa ATCC 27853, Acinetobacter haemolyticus
ATCC 19002, Chromobacterium violaceum ATCC
12472, Escherichia coli ATCC 25922, Enterobacter
aerogenes ATCC 13048, Klebsiella pneumoniae ATCC
13883, and Salmonella Typhimurium ATCC 14028),
and one yeast (Candida albicans ATCC 10231) strain
as representing pathogens. All strains were American

microorganisms and were obtained from the culture
collection of the Department of Medical Microbiology,
Medicine Faculty, Karadeniz Technical University.

The antimicrobial activity was screened using the
modified cross-streak agar method as described
previously (Velho-Pereira & Kamat, 2011). This
method is commonly wused to investigate the
antagonism between microorganisms. Briefly, fresh
cultures of actinomycetes were inoculated in a straight
line on Tryptic Soy agar (TSA, Lab M, Lancashire, UK)
plates and incubated at 28 °C for one week. After the
incubation, test microorganisms were adjusted to 0.5
McFarland turbidity standards and inoculated in
duplicate perpendicular to the actinomycetes. The
plates were incubated at 37 °C for 24 hours. It was
investigated whether the test microorganisms' growth
was inhibited on the actinomycetes-facing side.

Type  Culture  Collection (ATCC) standard
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Figure 2. Sampling sites of Ak¢akale Cave
Sekil 2. Akcgakale magarasi ornekleme alanlari
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Figure 3. Sampling sites of Kirklar (Altintas) Cave
Sekil 3. Kirklar (Altintas) magarasi érnekleme alanlar
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Sekil 4.

16S rRNA Gene Sequencing and Phylogenetic Analysis

The 16S rRNA sequence analysis of 26 isolates among
the actinomycetes exhibiting antimicrobial activity
against at least three test microorganisms was
performed. Firstly, genomic DNA isolation of the
isolates was performed as described by Chen & Kuo
(1993). In addition, lysozyme (1 pg mL1) was added to
the lysis buffer of the mentioned protocol and the cells
were bead-beating using 1 mm diameter glass beads
(Marienfeld, Lauda-Koenigshofen, Germany).

The 16S rRNA gene was amplified by PCR method
using the conserved primers as 27F (5"
AGAGTTTGGATCMTGGCTCAG-3") and 1492R (5™
GGTTACCTTGTTACGACTT-3). PCR reactions were
prepared to contain the following ingredients; 2 pL
DNA template, 0.8 pL each primer (10 pmol pL'1), 8 uL
55 FIREPol® Master Mix (SolisBioDyne, Tartu,
Estonia), and ultra-pure water up to 40 pL. The
thermocycler conditions were as follows: initial
denaturation at 94 °C for 2 min; 35 cycles of 94 °C for
45 s, 55 °C for 60 s, 72 °C for 60 s; final extension at 72
°C for 10 min (Tufekci et al., 2019). The amplicons
(about 1500 bp) were purified before sequencing using
the PureLinkTM Quick PCR Purification Kit
(Invitrogen, Carlsbad, CA, USA) based on the
manufacturer's instructions.

The purified amplicons were sequenced using BigDye
terminator chemistry (Applied Biosystems, Foster
City, CA, USA) on the ABI 3130 capillary DNA
sequencer (Applied Biosystems). The sequencing was
performed using primers 27F and 1492R. The results
were compared for similarity with sequences in the
National Center of Biotechnology Information (NCBI)
rRNA/ITS databases using the Basic Alignment
Search Tool (BLAST). The partial 16S rRNA sequences
were submitted to GenBank with accession numbers
OP781986-0OP7820011.

A phylogenetic tree was constructed based on the
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KOPRUBASI CAVE

69

Figure 4. Sampling sites of Képrubagi Cave
Kopriibasi magarasi ornekleme alanlari

partial 16S rRNA sequences using the Neighbor-
Joining (NJ) method (Saitou & Nei, 1987). The
evolutionary distances were calculated using the
Kimura 2-parameter method (Kimura, 1980). The
robustness of the phylogenetic tree was determined
with 1.000 bootstrap replicates, using the Molecular
Evolutionary Genetic Analysis (MEGA) 11.0 program
package (http:/www.megasoftware.net) (Tamura et
al., 2021). The bootstrap values above 50% were
indicated at the nodes of the phylogenetic tree.
FEscherichia coli was used as the outgroup in the
phylogenetic tree.

Statistical Analysis

The data were analyzed using the Pearson chi-square
test in SPSS 23.0 for Windows (IBM Inc., Armonk, NY,
USA) and the statistical significance was taken as
p<0.05.

RESULTS

A total of 179 actinomycetes were isolated from three
caves based on the morphological appearance of the
colonies (glabrous or chalky, heaped, folded), and the
colors of the aerial and substrate micelles (gray, brown,
white, yellow, beige, and orange) (Figure 5). Of them,
31 were from Akgakale Cave, 61 were from Kopriibas:
Cave, and 87 were from Kirklar Cave.

The antimicrobial activity of all isolates was screened.
Of these, 53 isolates (29.6%) showed antimicrobial
activity against at least one of the tested
microorganisms. The results are shown in Table 1.

Actinomycetes mainly exhibited antimicrobial activity
against Gram-positive bacteria. For example, 21.2%
(n=38) of the isolates showed antimicrobial activity

against S. aureus, 20.0% (n=35) against B. subtilis,
and 16.8% (n=30) against E. faecalis. However, there
was no significant difference (p>0.05) in susceptibility
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among Gram-positive bacteria. On the other hand,
12.8% (n=23) of the isolates had antimicrobial activity
against C. violaceum, 3.4% (n=6) against K
pneumoniae, 2.8% (n=5) against S. Typhimurium,
2.2% (n=4) against E coli, 1.1% (n=2) against A.
haemolyticus, and 0.6% (n=1) against P. aeruginosa
and FE. aerogenes. C. violaceum was the most
susceptible Gram-negative bacteria to actinomycetes
(p<0.05).

Figure 5. The representative image of
subcultured actinomycete isolates
Alt kiiltiirleri yapilmis aktinomiset
1zolatlarinin temsili gorintiisti

Sekil 5.

One 1isolate, designated TRMS 124, exhibited
antimicrobial activity against C. albicans. TRMS 124

was also the most potent isolate by showing
antimicrobial activity against ten microorganisms (.S,
aureus, E. faecalis, B. subtilis, E. coli, P. aeruginosa,
FE. aerogenes, K. pneumoniae, S. Typhimurium, C.
violaceum, and C albicans). The representative
images of the modified cross-streak agar test result are
represented in Figure 6.

The 16S rRNA genes (1222 to 1412 bp long) of 26
isolates were sequenced and compared with the
sequences deposited in the NCBI rRNA/ITS databases.
Twenty-four of the 26 isolates belonged to the
Streptomyces  genus. Moreover, 22 different
Streptomyces species were identified as closely related
species of the isolates. The others were closely related
to Embleya scabrispora and Couchioplanes caeruleus
species. The similarity of the isolates to their closest
strains was more than 99% (Table 2).

Based on the tree topology, we grouped 24
Streptomyces isolates into two main clusters (Figure
7). Cluster I was the largest cluster in the phylogenetic
tree and consisted of the TRMS 88, TRMS 117, TRMS
124, TRMS 539, TRMS 543, TRMS 609, TRMS 673,
TRMS 713, TRMS 714, TRMS 3120, TRMS 5515,
TRMS 5517, TRMS 5814, TRMS 6015, TRMS 6027,
TRMS 6124, and TRMS 6127 isolates related to 20
different Streptomyces species. Cluster II consisted of
seven 1isolates closely related to Streptomyces
zagrosensis and Streptomyces niveus: TRMS 6025,
TRMS 6330, TRMS 6344, TRMS 6712, TRMS 6726,
TRMS 6734, and TRMS 6736.

Figure 6.

The representative images of the modified cross-streak agar test result. A, TRMS 6615 (no

antimicrobial activity); B, TRMS 3120; C, TRMS 124 (1: S. aureus, 2: E. coli, 3: B. subtilis, 4: A.
haemolyticus, 5 P. aeruginosa, 6 E. faecalis, 7' C. violaceum, 8: K. pneumoniae, 9: S. Typhimurium,

10: E. aerogenes, 11: C. albicans)
Sekil 6.

Capraz ¢izgi yontemi test sonucunun temsili goriintiileri. A, TRMS 6615 (antimikrobiyal aktivite

mevcut degil); B, TRMS 3120; C, TRMS 124 (1: S. aureus, 2: E. coli, 3° B. subtilis, 4 A. haemolyticus,
5. P. aeruginosa, 6° E. faecalis, 7: C. violaceum, 8 K. pneumoniae, 9: S. Typhimurium, 10’ E.

aerogenes, 11 C. albicans)
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Table 1. The antimicrobial activity of the actinomycetes isolates against test microorganisms (+, positive; -, negative)
Cizelge 1. Aktinomiset izolatlarinin test mikroorganizmalarina karsi antimikrobiyal aktivitesi (+, pozitif; -, negatif)

Test microorganisms

% N
8 % 3 § o
. - E 8 Q@ g g §
Isolate name Cave Isolation Source T T T RS 8 § g 8 %
g8 8 ¥ § . §° ¥ 3 £ & §
3 8 £ ¥ 3 3 3 ] g 8 =R
X N @0 ] S N Q ] = N «
O N . I - I VI - B - B T S R S
TRMS 79 Akeakale Aaueous samnle (Samnling site R) - - - - - - - - - + -
TRMS 88* Akcakale Rock soil (Sampling site 8) + + + -
TRMS 117* Akcakale  Rock soil (Sampling site 1) + + +
TRMS 124* Akcakale  Rock soil (Sampling site 1) + + + + + + + + + +
TRMS 185 Akcakale  Guano (Sampling site 18) - - - - + -
TRMS 512 Akcakale  Aqueous sample (Sampling site 5) +
TRMS 515 Akcakale  Aqueous sample (Sampling site 5) +
TRMS 539* Kirklar Mud (Sampling site 53) + + + -
TRMS 543* Kirklar Mud (Sampling site 54) + + +
TRMS 553 Kirklar Soil (Sampling site 55) + + +
TRMS 609* Kirklar Sand (Sampling site 60) + + + +
TRMS 636 Kirklar Lichen (Sampling site 63) +
TRMS 639 Kirklar Lichen (Sampling site 63) + +
TRMS 673* Kopritbas1  Soil (Sampling site 67) + + + +
TRMS 713* Akcakale Rock soil (Sampling site 7) + + + + + + + +
TRMS 714* Kopriibagi  Soil (Sampling site 71) + + + + + + + +
TRMS 814 Akcakale Rock soil (Sampling site 8) - + - - -
TRMS 2224 Akcgakale  Rock soil (Sampling site 22) - +
TRME 2510* Akgakale Rock soil (Sampling site 25) + + + -
TRMS 2514 Akgakale Rock soil (Sampling site 25) - - - +
TRMS 3120*  Akcakale = Water (Sampling site 31) + + +
TRMC 3225* Kirklar Lichen (Sampling site 32) + + +
TRMS 4012 Kirklar Mud (Sampling site 40) +
TRMS 5515* Kirklar Soil (Sampling site 55) + + +
TRMS 5517* Kirklar Soil (Sampling site 55) + + +
TRMS 5611 Kirklar Soil (Sampling site 56) +
TRMS 5814* Kirklar Mud (Sampling site 58) + + +
TRMS 5818 Kirklar Mud (Sampling site 58) + +
TRMS 6015* Kirklar Sand (Sampling site 60) + + + + - +
TRMS 6025* Kirklar Sand (Sampling site 60) + + + + +
TRMS 6027* Kirklar Sand (Sampling site 60) + + + + +
TRMS 6124* Kirklar Soil (Sampling site 61) + + + - -
TRMS 6127* Kirklar Soil (Sampling site 61) + + +
TRMS 6131 Kirklar Soil (Sampling site 61) +
TRMS 6133 Kirklar Soil (Sampling site 61) + +
TRMS 6135 Kirklar Soil (Sampling site 61) +
TRMS 6316 Kirklar Lichen (Sampling site 63) + + +
TRMS 6323 Kirklar Rock soil (Sampling site 63) +
TRMS 6326 Kirklar Rock soil (Sampling site 63) +
TRMS 6327 Kirklar Rock soil (Sampling site 63) + +
TRMS 6330* Kirklar Rock soil (Sampling site 63) + + + -
TRMS 6342 Kirklar Rock soil (Sampling site 63) + +
TRMS 6344* Kirklar Rock soil (Sampling site 63) + + +
TRMS 6712* Képritbag1  Soil (Sampling site 67) + + +
TRMS 6721 Képriibas1  Soil (Sampling site 67) +
TRMS 6726* Képriibas1  Soil (Sampling site 67) + + +
TRMS 6732 Kopriibast  Soil (Sampling site 67) + + +
TRMS 6734* Kopriibast  Soil (Sampling site 67) + + +
TRMS 6735 Kopriibast  Soil (Sampling site 67) +
TRMS 6736* Kopriibast  Soil (Sampling site 67) + + +
TRMS 6738 Kopriibast  Soil (Sampling site 67) + + +
TRMS 6739 Kopriibast  Soil (Sampling site 67) + + + +
TRMS 6913 Képriibasi  Soil (Sampling site 69) +

*The 16S rRNA sequence analysis was performed, 'Gram-positive bacteria, 2Gram-negative bacteria, 3Yeast
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Table 2. The results of 16S rRNA sequencing analysis
Cizelge 2. 165 rRNA dizi analizinin sonuglari

Isolate Closest Strain(s) in Gene Bank
Code Accession Strain Accession Identity  Query Cover
Number Number (%) (%)
Streptomyces spororaveus NR_112469
Streptomyces nojiriensis NR_112414
Streptomyces cirratus NR_112388
TRMS 88 OP781989 Streptomyces subrutilus NR_112385 99.63 99
Streptomyces xanthophaeus NR_112294
Streptomyces avidinii NR_041132
Streptomyces vinaceus NR_041131
TRMS 117 OP781986 Streptomyces cyaneofuscatus NR_115383 100 100
Streptomyces anulatus NR_112527
Streptomyces baarnensis NR_112440
Streptomyces praecox NR_112358
TRMS 124 OP781987 Streptomyces fimicarius NR_112347 99.93 %
Streptomyces caviscabies NR_114493
Streptomyces pratensis NR_125619
Streptomyces spororaveus NR_112469
Streptomyces nojiriensis NR_112414
Streptomyces cirratus NR_112388
TRMS 539 OP781993 Streptomyces subrutilus NR_112385 99.70 100
Streptomyces xanthophaeus NR_112294
Streptomyces avidinii NR_041132
Streptomyces vinaceus NR_041131
TRMS 543 OP781994 Streptomyces cirratus NR_112388 9949 100
Streptomyces microflavus NR_103947
Streptomyces alboviridis NR_112340
TRMS 609 OP781998 Streptomyces griseus NR_112475 99.42 100
Streptomyces erumpens NR_112455
TRMS 673 OP782006 Streptomyces exfoliatus NR 041117 99.85 100
Streptomyces anulatus NR_112527
Streptomyces baarnensis NR_112440
Streptomyces praecox NR_112358
TRMS 713 OP781988 Streptomyces fimicarius NR_112347 99.86 100
Streptomyces caviscabies NR_114493
Streptomyces pratensis NR_125619
Streptomyces anulatus NR_112527
TRMS 714 OP782011 Streptomyces praecox NR_112358 100 2
TRME 2510 OP781990 Embleya scabrispora NR_112597 100 100
Streptomyces vinaceus NR_041131
TRMS 3120 OP781991 Streptomyces cirratus NR_112388 99.54 100
TRMC 3225 OP781992 Couchioplanes caeruleus NR_037054 99.35 100
Streptomyces cirratus NR_112388
TRMS 5515 OP781995 Streptomyces vinaceus NR_ 041131 99.36 100
Streptomyces vinaceus NR_041131
TRMS 5517 OP781996 Streptomyces cirratus NR_112388 077 100
TRMS 5814 OP781997 Streptomyces cyaneofuscatus NR_115383 99.85 100
Streptomyces microflavus NR_103947
Streptomyces alboviridis NR_112340
TRMS 6015 OP781999 Streptomyces griseus NR_112475 99.64 %2
Streptomyces erumpens NR_ 112455
TRMS 6025 OP782000 Streptomyces zagrosensis NR_134202 99.85 100
TRMS 6027 OP782001 Streptomyces lunaelactis NR_ 134822 99.09 100
Streptomyces spororaveus NR_112469
Streptomyces nojiriensis NR_112414
TRMS 6124 OP782002 Streptomyces cirratus NR_112388 99.69 100
Streptomyces subrutilus NR_112385
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Streptomyces xanthophaeus NR_112294

Streptomyces avidinii NR_041132

Streptomyces vinaceus NR_041131

Streptomyces spororaveus NR_112469

Streptomyces nojiriensis NR_112414

Streptomyces cirratus NR_112388
TRMS 6127 OP782003 Streptomyces subrutilus NR_112385 99.70 100

Streptomyces xanthophaeus NR_112294

Streptomyces avidinii NR_041132

Streptomyces vinaceus NR_041131
TRMS 6330 OP782004 Streptomyces niveus NR_115784 99.54 100
TRMS 6344 OP782005 Streptomyces niveus NR_115784 99.62 100
TRMS 6712 OP782007 Streptomyces zagrosensis NR_134202 99.76 100
TRMS 6726 OP782008 Streptomyces zagrosensis NR_134202 99.69 100
TRMS 6734 OP782009 Streptomyces zagrosensis NR_134202 99.69 100
TRMS 6736 OP782010 Streptomyces zagrosensis NR_134202 99.92 100

Cluster I

73| @ TRMS 6330 (OP782004)

ﬂ[‘; Streptomyces niveus strain NERL 2466 (NR 115784)
@ TRMS 6344 (OP782005)

53l @ TRMS 6726 (OP782008)

@ TRMS 6734 (OP782009) Cluster II

® TRMS 6712 (OP782007)

@ TRMS 6025 (OP782000)

59 @ TRMS 6736 (OP782010)

59 - Streptomyces zagrosensis strain UTMC 1154 (NR 134202) |

Escherichia coli strain U 5/41 (NR 024570)

100
86

—
0.01

Figure 7. The phylogenetic tree based on the partial 16S rRNA gene sequences of the Streptomyces isolates and related species.
The phylogenetic tree was constructed using the Neighbor-Joining method with 1.000 bootstrap replicates in the
MEGA 11.0 program. The isolates were highlighted with a sircular sign. The accession numbers were demonstrated
in parentheses to the right of the isolate name. Escherichia coli was used as an outgroup. The scale bar represents
0.01 substitutions per nucleotide position
Sekil 7. Streptomyces tiirleri ile yakin akrabalik gosteren izolatlarin ve ilgili tiirlerin kismi 16S rENA gen dizilerine dayanan
filogenetik agag goriintiisii. Filogenetik agag, MEGA 11.0 programinda 1.000 bootstrap tekrari ile Neighbor-Joining
yontemi kullanilarak olusturulmustur. Izolatlar siyah daire ile isaretlenmistir. Erisim numaralari, izolat adinin
saginda parantez igerisinde gosterilmistir. Escherichia coli grup disi kontrol olarak kullanilmistir. Olgek ¢ubugu,
niikleotid pozisyonu basina 0.01 baz ikameyi temsil etmektedir
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77

66

Streptomyces nojiriensis strain NBRC 13794 (NR 112414)
79 Streptomyces xanthophaeus strain NBRC 12829 (NR 112294)
Streptomyces spororaveus strain NBRC 15456 (NR 112469)
Streptomyces cirratus strain NBRC 13598 (NR 112388)
78! Streptomyces vinaceus strain NBRC 13425 (NR 041131)
Streptomyces subrutilus strain NBRC 13388 (NR 112385)

@ TRMS

® TRMS
95

—— @ TRMS 609 (OP781998)
@ TRMS 6015 (OP781999)
98 - Streptomyces microflavus strain

@ TRMS 714 (OP782011)

@ TRMS 713 (OP781988)

@ TRMS 124 (OP781987)
@ TRMS 5814 (OP781997)
@ TRMS 117 (0P781986)

Streptomyces anulatus strain

53

| @ TRMS 673 (OP782006)

@ TRMS 6027 (OP782001)

0.01
Figure 7 (Continued). Cluster I
Sekil 7 (Devam). Kiime I

DISCUSSION and CONCLUSION

The rapid spread of antibiotic resistance among
bacteria causes severe problems in the treatment of
infectious diseases, leading to economic losses and

EStreptom yees avidinii strain NBRC 13429 (NR 041132)

88 (0OP781989)

@ TRMS 6124 (OP782002)
® TRMS 6127 (OP782003)
@ TRMS 539 (OP781993)

543 (OP781994)

@ TRMS 3120 (OP781991)

TRMS 5515 (OP781995)

@ TRMS 5517 (OP781996)

DSM 40593 (NR 103947)

Streptomyces alboviridis strain NBRC 13013 (NR 112340)
Streptomyces griseus strain NBRC 15744 (NR 112475)
3! Streptomyces erumpens strain NBRC 15403 (NR 112455)

Streptomyces pratensis strain ch24 (NR 125619)

Streptomyces cyaneofuscatus strain CSSP436 (NR 115383)

NBRC 13369 (NR 112527)

Streptomyces praecox strain NBRC 13073 (NR 112358)
Streptomyces fimicarius strain NBRC 13037 (NR 112347)
Streptomyces baarnensis strain NBRC 14727 (NR 112440)
59 - Streptomyces caviscabies strain ATCC 51928 (NR 114493)
Streptomyces lunaelactis strain MM109 (NR 134822)

100 —— Streptomyces exfoliatus strain NBRC 13191 (NR 041117)

increased death rates. Therefore, there is a need for the
discovery or development of novel antimicrobial agents
(Miethke et al., 2021). Considering that two-thirds of
the natural antibiotics used today originate from
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various actinomycetes members, novel actinomycete
strains emerge as a strategic method for finding novel
antibiotics (Cheeptham et al., 2013).

Caves have harsh living conditions with a dark and
low-nutrient environment. Low nutrient levels can
encourage microorganisms to produce various
antimicrobial compounds to survive and grow (Hibbing
et al., 2010). Therefore, it is predicted that caves may
be the natural sources of microorganisms synthesizing
effective and new bioactive compounds. Studies on the
microbial diversity of caves have reported that the
microbial flora of each cave is unique and diverse.
Actinomycetes, especially the Streptomyces genus,
were nevertheless stated as predominant members of
the cave flora (Jaroszewicz et al., 2021). In the present
study, only the isolation of actinomycetes in the culture
of cave samples was focused on, and total aerobic
mesophilic microorganism counts were dismissed. As a
result, the study continued with 179 actinomycetes
isolates thought to have different colony morphology.

There are several studies investigating the
antimicrobial activities of actinomycetes isolated from
volcanic (Cheeptham et al.,, 2013) and karst caves
(Yiicel & Yamacg, 2010; Nimaichand et al., 2015;
Maciejewska et al., 2016; Belyagoubi et al., 2018;
Hamedi et al, 2019; Syiemiong & dJha, 2019;
Jaroszewics et al., 2021; Pradana et al., 2022) in the
literature. Furthermore, Yiicel & Yamac (2010),
Cheeptham et al. (2013), and Jaroszewics et al. (2021)
reported that Streptomyces strains isolated from the
cave could exhibit antibacterial activity even against
resistant strains such as methicillin-resistant .S.
aureus, vancomycin-resistant enterococci, and
extended-spectrum beta-lactamases producing E. coll.
In this study, 53 actinomycetes isolates showed
antimicrobial activity against at least one of the tested
standard microorganism strains. Besides, the
antimicrobial activity of TRMS 124, TRMS 713, and
TRMS 714 isolates against at least eight
microorganisms suggest that these isolates may be
potential sources of broad-spectrum antibiotics. Our
findings support that cave actinomycetes can be
potential sources of effective antimicrobial agents in
line with the literature.

In the current study, the number of isolates exhibiting
antimicrobial activity against Gram-positive bacteria
was higher. Some reports have also stated that
actinomycetes exhibit more antimicrobial activity
against Gram-positive bacteria, as in this study
(Maciejewska et al., 2016; Belyagoubi et al., 2018).
This might be due to the difference in the cell wall
structures of Gram-positive and Gram-negative
bacteria. Because the cell wall of Gram-negative
bacteria contains a more complex structure than
Gram-positive bacteria. Lipopolysaccharides (LPS) are
the main components found in the outer membrane of
Gram-negative bacteria. Moreover, LPS could protect
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bacterial cells against harmful molecules such as
antimicrobial compounds or toxins by providing a
structurally effective permeability barrier (Farhana &
Khan, 2022). On the other hand, actinomycetes had the
most antimicrobial activity against C. violaceum
among Gram-negative bacteria. Because C. violaceum
is one of the dominant members of the soil flora and
the competition between bacteria, it can be expected
that most actinomycetes have an antagonistic effect
against C. violaceum (Alisjahbana et al., 2021). Also,
the isolates other than TRMS 124 had no antimicrobial
activity against C. albicans.

The 16S rRNA sequence analysis of 26 randomly
selected isolates among the actinomycetes exhibiting
antimicrobial activity against at least three test
microorganisms was performed, and 24 isolates were
identified as Streptomyces spp. However, previous
studies reported that 16S rRNA sequencing alone
could be insufficient to distinguish closely related
species of the Streptomyces genus. Thus, based on the
16S rRNA sequence analysis, some isolates were found
to be closely related to more than one Streptomyces
species at the same score and percentages in this
study. Therefore, more research is needed to identify
these isolates at the species level. The researchers
recommend performing multilocus sequence analysis
(MLSA), including housekeeping genes (atpD, gyrB,
recA, rpoB, trpB) for species-level identification of
Streptomyces spp. (Guo et al., 2008; Labeda, 2011;
Rong & Huang, 2012).

The i1solates found in cluster II exhibited antimicrobial
activity against Gram-positive bacteria, while TRMS
6025 additionally showed antimicrobial activity
against S. Typhimurium and C. violaceum. TRMS
6025, TRMS 6712, TRMS 6726, TRMS 6734, and
TRMS 6736 were closely related to S. zagrosensis. In
addition, since the antimicrobial activity spectrum of
these isolates (except TRMS 6025) against the tested
microorganisms was the same, we might name TRMS
6712, TRMS 6726, TRMS 6734, and TRMS 6736 as
different strains of the same species. Moreover, the
fact that TRMS 6025 exhibited antimicrobial activity
against more test microorganisms than other isolates
with which it is closely related might suggest that
TRMS 6025 might be a different species. On the other
hand, TRMS 6330 and TRMS 6344 were closely related
to S. niveus, and these two isolates are likely to be S.
niveus strains. In addition, S. niveus is the source of
the novobiocin antibiotic which is an inhibitor of
bacterial DNA gyrase (Procépio et al., 2012). Cluster I
was a more heterogeneous group in terms of the
antimicrobial activity spectrum. This cluster also
harbored isolates with the broadest antimicrobial
activity spectrum against test microorganisms such as
TRMS 124, TRMS 713, and TRMS 714. Furthermore,
cluster I contained S. subrutilus, S. vinaceus, S.
nojiriensis, S. xhantophaeus, S. anulatus, and S.
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griseus which are the producers of antibacterials such
as hydroxystreptomycin, viomycin, nojirimycin,
geomycin, actinomycin, and streptomycin, respectively
(Selim et al., 2021). On the other hand, the
antimicrobial effects observed in this study may be
attributed to bioactive compounds such as cervimycin
A-D, undecylprodigiosin, xiakemycin A, chaxalactin B,
as well as the antibiotics mentioned above. Because
these bioactive compounds have been purified from
some Streptomyces spp. isolates with antimicrobial
activity isolated from various caves until now and have
been held responsible for the antimicrobial effect
(Rangseekaew & Pathom-Aree, 2019).

Several considerations limit this study. For example,
biochemical tests were not performed for the
characterization of actinomycetes. Antimicrobial
activity was determined using the modified cross-
streak test. Therefore, the results were presented only
as the presence (+) or absence () of antimicrobial
activity. Any quantitative data on antimicrobial
activity 1s not available. Also, antibiotic-resistant
strains were not used as the test microorganism.

This study provides preliminary data that
actinomycetes isolated from Akcgakale, Kirklar, and
Kopriibag1 Caves may be species with the potential to
produce novel antimicrobial compounds. The results
supported that caves could be the source of
actinomycetes that produce bioactive compounds, as
described previously. The antimicrobial activities of
these isolates will be further investigated in a follow-
up study wusing the disk diffusion and broth
microdilution methods. In addition, the secondary
metabolites of these isolates should be determined in
detail.
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ABSTRACT Moleculer Biology

Mentha pulegium is a medicinally important and well-known plant and

used for various purposes such as medicinal, nutritional and spice. We Research Article

are analyzed to observe the antimicrobial, antioxidant and cytotoxic

properties of M. pulegium extracts in this study. The antimicrobial Article History

activity of M. pulegium was tested using the agar well method. MIC, Received $20.10.2022
MBC and antimicrobial activity were tested on Staphylococcus aureus Accepted 127.02.2023
(ATCC 25923), Klebsiella pneumoniae (ATCC 700603), Escherichia coli

(ATCC 25322), Bacillus megaterium (DSM32) and Candida albicans Keywords

(FMC17) microorganisms. Clindamycin (2 pg) and Amoxicillin (30 pg) Antimicrobial

were used as positive control and Dimethylsulfoxide (DMSO) as negative Antioxidant

control. Cytotoxic activity of extracts at different concentrations obtained Apoptosis

from solvents such as acetone, chloroform and methanol using the 3-(4,5- Cytotoxicity
dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide MTT) test Mentha pulegium

method. Cell death patterns after exposure to different concentrations of
the extracts on human breast cancer (MDA-MB-231), human pancreatic
cancer (PANC1), human ovarian cancer (OVCAR3) and human lung
cancer (A549) cell lines were determined accordingly. As a result, it was
determined that M. pulegium extract has a strong antimicrobial activity
spectrum and cytotoxic effect.

Mentha pulegium Ekstraktinin Gigliic Antimikrobiyal ve Sitotoksik Etkisinin Invitro Olarak

Gosterilmesi
OZET Molekiiler Biyoloji
Mentha pulegium tibbi acidan énemli ve iyi bilinen bir bitkidir ve tibbi,
beslenme ve baharat gibi cesitli amaclar icin kullanilir. Bu calismada M. Aragtirma Makalesi
pulegium ekstraktinin antimikrobiyal, antioksidan ve sitotoksik
ozelliklerini gormek i¢in analiz edildi. M. pulegium'un antimikrobiyal Makale Tarihgesi
aktivitesi agar kuyucuk yontemi kullanilarak test edildi. MIC, MBC ve Gelis Tarth1i  :20.10.2022
antimikrobiyal aktivite Staphylococcus aureus (ATCC 25923), Klebsiella Kabul Tarihi :27.02.2023
pneumoniae (ATCC 700603), Escherichia coli (ATCC 25322), Bacillus
megaterium (DSM32) ve Candida albicans (FMC17) mikroorganizmalari Anahtar Kelimeler
iizerinde test edildi. Pozitif kontrol olarak Klindamisin (2 ug) ve Antimikrobiyal Antioksidan
Amoksisilin (30 pg), negatif kontrol olarak Dimetilsiilfoksit (DMSO) Apoptoz
kullanildi. 3-(4,5-dimetiltiyazol-2-il) -2,5-difenil tetrazolyum bromiir Sitotoksik
(MTT) test yontemi kullanilarak aseton, kloroform ve metanol gibi Mentha pulegium

¢oziciilerden elde edilen farklh konsantrasyonlarda ekstraktlarin
sitotoksik aktivitesi; ekstraktlarin farkli konsantrasyonlarina maruz
kaldiktan sonra pg/ml sitotoksik aktivite ve hiicre 6liim sekilleri; Aseton,
kloroform ve metanol gibi céziiciilerden 3-(4,5-dimetiltiyazol-2-i1) -2,5-
difenil tetrazolyum bromiir (MTT) test yontemi kullanilarak aseton,
kloroform ve metanol insan meme kanseri (MDA-MB-231), insan
pankreas kanseri (PANC1), insan yumurtalik kanseri (OVCAR3) ve
insan akciger kanseri (A549) hiicre hatlar1 buna gére belirlendi. Sonug
olarak M. pulegium ekstraktinin giligli bir antimikrobiyal aktivite
spektrumuna ve sitotoksik etkiye sahip oldugu belirlenmistir.
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INTRODUCTION

Since ancient times, drugs of natural origin have
formed the basis of traditional medicine in different
cultures, and today medicinal plants occupy the most
important place as a source of new drug molecules
(Hassan and Ullah, 2019; Sofowora et al., 2013). It has
been reported that approximately 400,000 plant taxa
have been identified to date, and approximately 30,000
have been used in traditional medicine for the
treatment of many diseases (Top et al., 2019; Erarslan
et al., 2020).

Cancer is a complex disease that occurs as a result of
disorders in the mechanisms regulating the basic
functions of the cell and seriously affects the human
population (Sekerli et al, 2017; Greenwell and
Rahman, 2015). There are many treatment methods
for this life-threatening disease. These are:
radiotherapy, surgery, chemotherapy-hormone
therapy, immunotherapy, gene therapy, check-point
inhibitors and angiogenesis inhibitors (Hasham et al.,
2018). Due to the fact that these treatment methods
have some side effects (such as chemotherapy) and
treatments such as immunotherapy and gene therapy
are expensive, interest in researches such as the
development of new plant-derived drug candidate
molecules and the discovery of new bioactive molecules
and the development of new treatment methods is
increasing and investments are made in this subject
(Kurt et al., 2013; Pucci et al., 2019).

The lack of easy access to primary health care and
veterinary services in many rural areas of the world
has increased the need for traditional medicine to treat
both humans and animals and has helped maintain
the use of medicinal plants (McGaw and Eloff, 2008).
The need for new, effective and affordable drugs to
treat microbial infections is increasing, especially in
developing countries of the world, where up to half of
deaths are caused by infectious diseases, which is seen
as a major challenge in global healthcare (Awouafack
et al., 2013).

The development of antibiotic-resistant bacterial
strains 1s due to a number of factors, such as the
widespread and inappropriate use of antibiotics and
the increase in antibiotic-resistant pathogenic bacteria
(Lowy, 2003). According to the data obtained, the
problem of antibiotic resistance in humans and
animals will continue for a long time (Andersson and
Hughes, 2011). However, the development of
alternative drug classes is necessary to treat such
infectious diseases. Communicable diseases represent
an important cause of death, especially in developing
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countries. For this reason, pharmaceutical companies
have focused on developing new antimicrobial drugs in
recent years, especially due to the continuous
emergence of  microorganisms  resistant  to
antimicrobials. A synergy between traditional
medicines and products derived from medicinal plants
has also been reported (Nascimento et al, 2000). As
bacteria resistant to conventional drugs are becoming
more common, medicinal plants represent an
alternative to antimicrobial action and infection
treatment (Sakagami and Kajimura, 2002).

According to the researches of the World Health
Organization (WHO), due to the great biological and
structural diversity of medicinal plant components
used for therapeutic purposes, it constitutes an
effective resource for the discovery of antibacterial,
antifungal and antiparasitic compounds (Faydaoglu
and Siriiciioglu, 2013; Ugboko et al., 2020). Plant
extracts showing antimicrobial activity are used as
preservatives, medicinal purposes, analgesic, anti-
inflammatory properties in foods and show a good
effect against pathogens (Swamy et al., 2016; Winska
et al., 2019). Nowadays, people resort to medicinal
plants because of the unavoidable proliferation of
diseases and the inadequate treatments (Erdogan et
al., 2013). The genus Mentha is from the Labiatae
family and is used as an aromatic and medicinal plant
(Gonzalez-Tejero et al., 2008). M. pulegium species is
also called pennyroyal, watermelon and filiskin . It is
a perennial, pungent-smelling plant that grows in
Western, Southern and Central Europe, Asia, Iran,
and Arab countries and grows in a wide area in Turkey
(Coteli et al., 2013). It is also used as a preservative in
the food industry (Ahmed et al., 2018). In addition, it is
known that it is loved and consumed among the people
as a natural flavor and because it is thought to be
medicinal.

The Labiatae family is one of the large plant families
used as a basis for assessing the formation of some
secondary metabolites (Wink, 2003). Plants of the
genus Mentha are a source of essential oils found in
terpenes, various phenolic compounds, tannins,
terpenoids, quinones, coumarins, flavonoids, alkaloids,
sterols, and saponins, especially in the epidermal
glands of leaves, stems, and reproductive structures
(Dorman et al., 2003). M. pulegium is rich in essential
oils in its structure and its essential oil yield varies
between 1.90% and 6.20% according to dry weight. The
majority of essential oils are composed of a substance
called Pulegon (Benlarbi et al., 2014; Giilcin et al.,
2020). At the same time, M. pulegium has traditionally
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been used in medicine for digestive problems, colds,
sinusitis, cholera, bronchitis, tuberculosis,
carminative, expectorant (Mamadalieva et al., 2020).
It is also used topically to kill germs, repel insects and
treat skin diseases, gout, venomous bites and mouth
sores (Salem et al., 2017).

Considering the problems mentioned in this study,
cytotoxic activity of M. pulegium species from Labiatae
family was determined on human breast cancer (MDA-
MB-231), human pancreatic cancer (PANC1), human
ovarian cancer (OVCAR3) and human lung cancer
(A549) cell lines. intended to be examined. In addition,
it was aimed to determine the apoptotic/necrotic
activity by double staining (Hoechst 33342 and
Propidium Iodide) method. Although the blooming
aerial part of M. pulegium is widely used for its
antiseptic properties, studies on the antimicrobial
activity of this plant have been reported so far.
(Chalchat et al., 2000; Mamadalieva et al., 2020) It was
aimed to investigate the antioxidant activity of the
extract obtained from the aerial part of the M.
pulegium plant and antimicrobial activity experiments
with the agar-well method wusing five different
microorganisms and the MIC and MBC values of the
applied extract in addition to these.

MATERIAL and METHODS

In this study; The plant M. pulegium was obtained
naturally. Gram positive (+) in the study
Staphylococcus aureus ATCC 25923, Bacillus
megaterium DSM32 and gram negative (-) Escherichia
coli ATCC 25322, Klebsiella pneumoniae ATCC
700603 bacteria and Candida albicans FMC17 as
fungus were used. Microorganism cultures were
obtained from the culture collection of Firat
University, Faculty of Science, Department of Biology,
Microbiology Laboratory.

Preparation of Extract and Test of Antimicrobial Effect

The M. pulegium plant grown in Diyarbakir and its
surroundings was collected in April-May. Above-
ground parts of M. pulegium were pounded in a
porcelain mortar and powdered, then weighed on a
precision scale and 1 g of dried M. pulegium was taken
and dissolved with 10 ml of acetone, 10 methanol and
10 ml of chloroform solvents. After keeping it at room
temperature for 72 hours, it was passed through a 0.45
pum minipore filter (Oxoid). Then, the main stock was
prepared by performing the extraction process at 55-
60°C in a rotary evaporator for 4-6 hours and
dissolving the obtained extract in DMSO (Dimethyl
sulfoxide). The extracts were stored at +4 °C (Salem, et
al., 2017; Dalkilic et al., 2020). % efficiency calculation
was made for the extract obtained (Chalchat et al.,
2020). Polar solvents are very effective in separating
polyphenols from plant tissues. For this reason,
acetone, methanol and chloroform solvents, which are
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polar solvents, were preferred for the extraction of M.
pulegium (Wink, 2003; Darman et al., 2003).

Formula 1.
% Efficiency calculation:
Amount remaining after extraction (g)

% Yield = X100

Dry amount before extraction (g)

All the materials used were sterilized in an autoclave
and the necessary labels were made. Before the
experimental study, bacteria were grown in Nutrient
Broth (Difco) and yeast were grown in malt extract
broth (Difco). The agar well method was used to test
the antimicrobial activity of M. pulegium plant,
acetone, methanol and chloroform extracts. Mueller
Hinton Agar (Oxoid) was prepared for the bacteria
used in the study and Sabouraud Dextrose Agar was
prepared for the fungus and after the sterilization
process was completed in the autoclave (15 min at
121°C), bacteria and fungi were inoculated with the
help of the loop and according to Mc Farland 0.5 (108
microorganism/ml). After it was adjusted and shaken
well, 25 ml was placed in sterile petri dishes of 9 cm
diameter and the medium was homogeneously
distributed. Petri dishes were left to solidify for 5-15
minutes at room temperature. Solidified Mdueller
Hinton Agar and Sabouraud Dextrose Agar were
sterilized and each petri dish was well drilled with cork
borer except for the negative and positive controls.
Extract at different concentrations (5 mg/ml, 25 mg/ml,
50 mg/ml and 100 mg /ml) was inoculated under
aseptic conditions, as 100 ul for each well. After the
inoculation process, the petri dishes inoculated with
bacteria were incubated at 37+0.1°C for 24 hours, and
the petri dishes inoculated with fungi for 48 hours at
25+0.1°C. Standard discs (Amoxicillin 30 pg/disc,
Clindamycin 2 ng/disc) were used for positive control
and DMSO was used as negative control. The
diameters of the inhibition zones formed at the end of
the incubation period were evaluated and recorded.
This study was carried out in 3 replications.

Minimal Inhibition Concentration

The minimum inhibitory concentration (MIC) is the
lowest concentration of a herbal extract or chemical
that markedly inhibits the growth of bacteria. Serial
dilutions of the M. pulegium were prepared at
concentrations ranging from 4 to 10,000 pglml.
Nutrient broth (100 ul) was added to all wells of the 96-
well microtitration plate. 40 pl of M. pulegium was
added to the A1-H1 wells and serial dilution was made
by taking 100 pl. Each well was inoculated (4 ul) of
tested bacteria and the 96-well microtiter plate was
then incubated (37°C for 24 hours) so far as the growth
requirement of each organism (Hemeg et al., 2020).
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Minimal Bactericidal Concentration

Mueller Hinton Agar was prepared and autoclaved
(121°C for 15 minutes) and then poured into petri
dishes. Each petri dish was divided into four sections
and each section was divided into 12 wells. 3ul of each
well of the samples in the 96-well microtiter plate, in
which the MIC was made, was taken from each well
and added to the medium containing Mueller Hinton
Agar to its own number. Then incubated in an oven at
37°C for 24 hours. The lowest medium concentration
without growth in the subculture on the agar was
accepted as MBC. (Dalkilic et al., 2020).

Statistical Analysis

It was checked whether the results showed a normal
distribution, and a paired t-test was applied on the
results. For all wvalues, p<0.05 was considered
statistically significant. All statistical analyzes were
done with SPSS version 22.

Cytotoxic Activity

MTT Assay assay: MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) Assay is a method
used to measure cell viability, proliferation and
cytotoxicity. MTT method; It is based on the principle
of reducing MTT, a tetrazolium salt that can pass
through the cell membrane, by the active mitochondria
in living cells by gaining electrons inside the cell and
transforming it into purple colored water-insoluble
formazan crystals. Then, formazan crystals are
dissolved with suitable solvents and the resulting color
change is measured by spectrophotometric methods
and the number of viable cells is determined (Talbaoui
et al., 2016; Stockert et al., 2012).

Application of MTT Assay

After the cells grown in 25cm? flasks were 90%
confluent, the medium in the flask was removed and
washed with 5 ml of sterile PBS (Phosphate-
bufferedsaline) solution. 1 ml of Trypsin-EDTA was
added to the flasks and incubated for 2 minutes at 37°C
in an oven with 5% CQO.. After the cells were separated
from the surface, Trypsin-EDTA was inactivated with
5 ml of medium. The cells were taken out of the flask
and centrifuged at 1500 rpm for 5 minutes, then the
supernatant was removed, the cell pellet was dissolved
with 1000 ul of DMEM and the cell count was made
with the Countess II automatic cell counting device.
After the calculations were made, cell dilution was
prepared with standard DMEM and 100 pL. DMEM
was seeded on 96-well plates with 5x103 cells in each
well. Only DMEM was used as a blank in the first row,
2.5 pg/ml Doxorubicin was used as positive control and
only medium was used as negative control. Then it was
incubated for 24 hours in an oven with 5% CO. at 37°C.
After incubation, the medium in the wells was removed
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and methanol, acetone and chloroform extracts of M.
pulegium prepared in DMEM were added to the cells
in 4 different concentrations of 1000, 500, 250,125
pg/ml 6 repetitions and 5% CO-: at 37°C for 72 hours. It
was left to incubate in an oven. After the incubation
period, 20 1l of MTT solution (5 mg/ml) was added to
the wells containing the cells and incubated for 4 hours
at 37°C in a dark environment containing 5% CO..
After incubation, the medium was removed and
formazan crystals were dissolved with 100 pl of DMSO
(dimethylsulfoxide). The color change expected to occur
afterwards was measured with the ELISA micro-plate
reader device at a wavelength of 570 nm. Since no
significant effect was observed when the measurement
was made, the concentrations were changed. The study
was repeated by changing the concentrations to 1000,
500, 250, 125 pg/ml, taking into account the molecular
weight of the plant we used in our study and the
compounds in its content, and significant results were
observed.

Antioxidant Activity
2,2-Diphenyl-1-Picrylhydrazil
Scavenging Capacity Method
Antioxidant activity of 100, 50, 25 and 12.5 mg/ml
concentrations of M. pulegium methanol extract 2,2-
diphenyl-1-picrylhydrazil (DPPH) was determined
according to the radical scavenging capacity method.
The solution was prepared in methanol at
concentrations of 100, 50, 25 and 12.5 mg/ml from the
lyophilized drug. 100 pl of the prepared solution was
taken and 100 pl of DPPH solution was added. 100%
Ascorbic acid was used as positive control and 100%
methanol was used as negative control. Each
concentration was studied in 3 repetitions, then mixed
until a homogeneous mixture was obtained and 30
minutes after the mouth was closed. The same
procedure was repeated for all concentrations. At the
end of this period, the absorbances of each mixture
were read in the spectrophotometer at 570, 540 and
492 nm, and the % inhibition values were calculated.

(DPPH) Radical

Apoptotic/Necrotic Activity

Double staining (Hoechst 33258 and Propidium Iodide)
method

This step; apoptotic and necrotic activity was tested
using dual staining (Hoechst 33258 and Propidium
Todide) technique.

The basis of this method is; It is based on the ability of
fluorescent dyes to bind to DNA, making the chromatin
and thus the nucleus of the cell visible. Hoechst 33258
(HO) dye is a dye that can bind to DNA and thus
penetrate through the cell membrane. It is used to
stain the nuclei of living and dead cells. Propidium
iodide (PI) stain can only be taken up by cells with
impaired membrane integrity, thus allowing detection
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of late apoptotic / necrotic cells. For apoptotic cells,
features such as smaller (pycnotic) and/or fragmented
nuclei are sought compared to normal cells, while for
necrotic cells, the nucleus is slightly larger than
normal cells and has less staining. Thus, in the
absence of pycnotic and/or fragmented nuclei: cells
with HO (+) / PI (-) observed; Alive. In the presence of
pycnotic and/or fragmented nuclei: cells with HO (+) /
PI (-) observed; early apoptotic. In the presence of
pycnotic and/or fragmented nuclei: cells with HO (+) /
PI (+) observed; late apoptotic or secondary necrotic. In
the absence of pycnotic and/or fragmented nuclei: cells
with HO (+) / PI (+) observed; It was evaluated as
necrotic (HO dye blue, PI dye red) and
apoptotic/necrotic activity was determined in this
context (Cevatemre, 2012).

Application of the double staining (Hoechst 33258 and
Propidium Iodide) method

A549 cell line, 10x103 cells in 2 ml DMEM (1% L-
Glutamine, 1% Penicillin-Streptomycin and 10% FBS
(Fetal Bovine Serum)) in a 6-well plate planted. Then,
it was incubated for 24 hours at 37°C under 5% CO-
atmospheric conditions. After the incubation, the
medium in the wells was emptied and 2 ml of medium
containing 1000 pg/ml M. pulegium extract was added
and left to incubate for 48 hours. After incubation, the
medium was removed from the wells and the cells were

washed with PBS, then 2 ml of the solution prepared
with 5-10 pg/ml HO and 1 ug/ml PI dyes (the dye
solution was prepared in 1x PBS (without Ca/Mg)) was
added. The plate was then incubated at 37 °C in the
dark with 5% CO: 5 for 30 minutes. After incubation,
cell morphologies were compared with control groups
(negative control: no drug-treated cells, positive
control: 2.5 ug/ml Doxorubicin-treated cells) and
evaluated under a fluorescent microscope.

RESULTS

Since the blooming aerial part of M. pulegium is widely
used due to its antiseptic properties, this study was
carried out to use methanol, acetone and chloroform
extracts of the aerial parts of M. pulegium as
antioxidant, antibacterial, investigated its antifungal
and anticancer properties.

Antimicrobial activity

The antimicrobial activity of M. pulegium extract is
shown in tables 1, 2 and 3.

In the acetone extract of M. pulegium, the highest
inhibition zone was observed in K. pneumoniae with
13+0.44 mm at 100 mg/ml concentration and in C.
albicans as 13+0.55. The lowest inhibition zone of C.
albicans was measured as 10 mm at a concentration of
10+0.32 mg/ml (Table 1).

Table 1. Antimicrobial effect of M. pulegium acetone extract (zone diameters mm)
Cizelge 1. M. pulegium aseton ekstraktinin antimikrobiyal etkisi (zon ¢aplar1 mm)

Microorganisms 100 mg/ml 50 mg/ml 25 mg/ml 5 mg/ml  Clindamycin Amoxicillin
E. coli 9+0.13 114+0.11 - 22 +1.65 -

K. pneumoniae 13+0.44 21+1.24 11+1.21
S. aureus 11+0.16 23 +1.88 -

B. megaterium - 20+ 1.63

C. albicans 13+0.55 10+0.32

In the chloroform extract of M. pulegium, the highest
inhibition zone was seen in C. albicans as 11+0.13 mm
at 100 mg/ml concentration, and the lowest inhibition
zone was 9+0.08 mm in Z. coli (Table 2).

It was observed that the methanol extract of M.

pulegium formed effective zone diameters in all
microorganisms at 4 different concentrations. While
the highest inhibition zone was observed as 25+1.75
mm at 100 mg/ml concentration in B. megaterium, the
lowest inhibition zone was measured as 13+0.17 mm at
5 mg/ml concentration (Table 3).

Table 2. Antimicrobial effect of M. pulegium chloroform extract (zone diameters mm)
Cizelge 2. M. pulegium kloroform ekstraktinin antimikrobiyal etkisi (zon ¢aplar1 mm)

Microorganisms 100 mg/ml 50 mg/ml 25 mg/ml 5 mg/ml  Klindamisin Amoksisilin
E. coli 9+0.08 - - 22 +£1.65 -

K. pneumoniae - 21+1.24 11+1.21

S. aureus - 23 +1.88 -

B. megaterium - - 20+ 1.63

C. albicans 114+0.13 10+0.11 -

It has been observed that M. pulegium methanol
extract has an effective antimicrobial activity on the
tested microorganisms and at certain concentrations.
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Among the positive controls, clindamycin; While it
created a zone of 22+1.65 mm diameter against ¥.coli,
amoxicillin did not show any effect against the same
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bacteria. Clindamycin; formed a zone of 21 + 1.24 mm
against K. pneumoniae and amoxicillin with a

diameter of 11 + 1.21 mm against the same bacterium
(Figure 1).

Table 3. Antimicrobial effect of M. pulegium methanol extract (zone diameters mm)
Cizelge 3. M. pulegium metanol ekstraktinin antimikrobiyal etkisi (zon ¢aplar1 mm)

Microorganisms 100 mg/ml 50 mg/ml 25 mg/ml 5 mg/ml Klindamisin Amoksisilin
E. coli 24+0.57 21+1.15 20+1.32 10+0.09 22 +1.65 -

K. pneumoniae 22+0.57 20+0.81 19+1.17 8+0.13 21+1.24 11+1.21

S. aureus 23+1.75 20+1.17 15+0.14 9+0.15 23+ 1.88 -

B. megaterium 25+1.75 17+0.11 15+0.17 13+0.17 20+ 1.63 -

C. albicans 19+0.47 16+0.10 16+0.67 12+0.14 - -

Figure 1. (a) Zones of inhibition of M. pulegium extract of E.coli in methanol solvent (b) Zones of inhibition of M.
pulegium extract of C. albicansin methanol solvent.

Sekil 1. a) M. pulegium ekstraktinin E.colfnin metanol ¢éziiciisiindeki inhibisyon zonlar1 (b) M. pulegium
ekstraktinin C. albicansin metanol ¢6ziiciisiindeki inhibisyon zonlari.

MIC and MBC activity

The most significant MIC value (512 upg/ml) in
M. pulegium extract was observed on F.coli with
acetone and chloroform extracts. The best MIC value
(512 pg/ml) in the extract with methanol was seen in

K. pneumonia. The MIC value (512 pg/ml) in the
chloroform extract had a great effect on inhibiting the
growth of B megaterium. As a result of the
antimicrobial study of M. pulegium, it was observed
that different extracts gave an effective result even at
low concentrations (Table 4).

Table 4. Minimum inhibition concentration (MIC) and minimum bactericidal concentration (MBC) values of M.

pulegium extracts (ug/ml)

Cizelge 4. M. pulegium ekstraktlarinin minimum inhibisyon konsantrasyonu (MIC) ve minimum bakterisidal

konsantrasyon (MBC) degerleri (ug/ml)

Microorganism FE.coli K. pneumonia S.aureus B.megaterium C.albicans

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
Acetone extract 512 1024 256 1024 128 256 256 512 512 1024
Chloroform extract 512 512 256 512 256 512 512 1024 512 2048
Methanol extract 64 512 512 512 32 256 32 64 256 1024
Antioxidant activity Cytotoxic activity
The antioxidant activity of M. pulegium reduced DPPH Medicinal plants are important sources of
by approximately 15% at 570 and 540 nm and 62% at chemotherapeutic drugs and are wused in the

492 nm at a concentration of 100 mg/ml. It reduced
DPPH by approximately 33% at 50 mg/ml
concentration, and by approximately 20-34% at 25 and
12.5 mg/ml concentrations, that is, it showed
antioxidant activity (Figure 2).
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prevention and treatment of cancer. (Top et al., 2019)
For this reason, the cytotoxic activity of M.pulegium
species from the Labiatae family was investigated on
human breast cancer (MDA-MB-231), human
pancreatic cancer (PANC1), human ovarian cancer
(OVCARS3) and human lung cancer (A549) cell lines.
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Figure 2. The result of DPPH analysis with M. pulegium methanol solvent measured at 3 different nm. (+ control:

Ascorbic acid, - control methanol)

Sekil 2. M. Pulegium metanol ¢oziiciisii ile 3 farkli nm’ de 6lciilmiis DPPH analizi sonucu. (+ control: Askorbik asit,

-control:metanol)

The results showed that M. pulegium extract has a
cytotoxic effect against breast cancer cell line. The
most effective cytotoxicity was determined as 29.5%
total wviable cell percentage at 1000 pg/ml
concentration prepared with chloroform. The lowest

MDA MB-
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viable cell rate was observed as 110.7% at 250 ug/ml
concentration. In the extract prepared with acetone,
50.9% cell viability was determined at 250 ug/ml. The
best result of M. pulegium methanol extract on MDA-
MB 231 cell viability was 51.8% at 1000 pg/ml
concentration (Figure 3).

231 Cell Line
126,7%
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Figure 3. Cytotoxic activity of M. pulegium on MDA MB-231 cell line
Sekil 3. MDA MB-231 hiicre hatt1 tizerinde M. pulegium'un sitotoksik aktivitesi.
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The results showed that M. pulegium extract has
cytotoxic effect against OVCARS cell line. The best cell
viability rate in the extract prepared with acetone
solvent was determined as 9.9% total viable cell
percentage at 250 pg/ml concentration. In chloroform
extract, the best cell viability rate was determined as
4.4% total viable cell percentage at 1000 pg/ml

concentration. In the extract of M. pulegium prepared
with methanol solvent, cell viability was observed
depending on the dose. The percentage of total cell
viability was determined as 9.4%, 24.3%, 53.6% and
78.5% at 1000, 500, 250 and 125 ug/ml concentrations,
respectively (Figure 4).

OVCARS3 Cell Line
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Figure 4. Cytotoxic activity of M. pulegium on the OVCARS3 cell line
Sekil 4. M. pulegium'un OVCARS3 hicre hatt1 tizerindeki sitotoksik aktivitesi

In the extract of M. pulegium prepared with
chloroform solvent, dose-dependent cell viability was
observed against the PANCI1 cell line. While 43.0% cell
viability was observed at 1000 pug/ml concentration of
chloroform, it was observed as 97.3% total viable cell
percentage at 125 pug/ml concentration. In the extract
prepared with acetone, approximately 42% of total cell
viability was observed. The best cytotoxic activity in
the methanol extract was observed at a concentration
of 1000 ug/ml with a total viable cell ratio of 46.2%
(Figure 5).

The best cytotoxic activity in acetone solvent against
Ab549 cell line of M. pulegium was seen as 20.4% total
viable cell percentage at 500 ug/ml concentration. The
best cell viability percentage in chloroform was seen as
5.7% at 250 pg/ml concentration. In the methanol
extract, on the other hand, the best cytotoxic effect was
observed at 500 pg/ml concentration as a percentage of
16.1% total viable cells (Figure 6).

The best cytotoxic activity in acetone solvent against
A549 cell line of M. pulegium was seen as 20.4% total
viable cell percentage at 500 ug/ml concentration. The
best cell viability percentage in chloroform was seen as
5.7% at 250 pg/ml concentration. In the methanol
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extract, on the other hand, the best cytotoxic effect was
observed at 500 pg/ml concentration as a percentage of
16.1% total viable cells (Figure 6).

Apoptotic/Necrotic Activity Results

The result of the double staining experiment showed
parallelism with the MTT test and a decrease in cells
was observed. The results of this test performed to
determine the mechanism of this decrease in cells are
given in Figure 7.

In line with these results; In the A549 cell line, (-)
control cells remained healthy and their number
increased. HO stain (), a dye that can pass through all
membranes and stain the nucleus, stained the cells in
the control group, but the PI dye, which can stain cells
with impaired membrane integrity and necrosis, could
not stain this group. For this reason, the cells
remained viable and reproduced as expected. Likewise,
the cells in the (+) control group, that is, the cells
treated with doxorubicin drug, were clearly decreased
in number and density and stained with PI dye, which
gave us the result that doxorubicin killed the cells by
necrosis.
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Figure 5. Cytotoxic activity of M. pulegium on PANC 1 cell line
Sekil 5. M. pulegium'un PANC 1 hiicre hatt1 tizerindeki sitotoksik aktivitesi
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Figure 6. Cytotoxic activity of M. pulegium on A549 cell line
Sekil 6. M. pulegium'un A549 hiicre hatti tizerindeki sitotoksik aktivitesi
Table 5. MDA-MB 231 cell IC50 results
Cizelge 5. MDA-MB 231 hiicresi IC50 sonuglar:
MDA-MB 231 cells
Mentha pulegium
Aseton ekstrat Kloroform ekstrat Metanol ekstrat
ICs0 452 pg/ml 125 ug/ml 235ug/ml
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Figure 7. Dual staining apoptic/necrotic activity assay images of M. pulegium on MDA-MB 231, A549 and OVCAR3
cell lines
Sekil 7. MDA-MB 231, A549 ve OVCARS hiicre hatlar tizerinde M. pulegium'un ikili boyama apoptik/nekrotik
aktivite deneyi goriintileri

Table 6. OVCARS cell IC50 results
Cizelge 6. OVCARS hiicresi IC50 sonuglar:

OVCARS3 cells

Mentha pulegium

Aseton ekstrat Kloroform ekstrat Metanol ekstrat
ICs0 156 ug/ml 482 pg/ml 483 pg/ml

Table 7. IC50 results for cell PANC1
Cizelge 7. PANCI hiicresi i¢in IC50 sonuclar:

PANCI1 cells

Mentha pulegium

Aseton ekstrat Kloroform ekstrat Metanol ekstrat
ICso 129 pg/ml 500 ug/ml 272 pg/ml

Table 8. IC50 results for cell A549
Cizelge 8. A549 hicresi i¢in IC50 sonuglari

A549 cells

Mentha pulegium

Aseton ekstrat Kloroform ekstrat Metanol ekstrat
ICso 225 pg/ml 303 pug/ml 488 ug/ml
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In M. pulegium extracts applied to cells, the most
prominent result was seen in methanol extract. The
vesicle shapes and dispersed membrane seen in the
cells represent apoptotic morphology. Likewise, not
staining with PI dye showed that these cells died by
apoptosis. In addition, the cells stained with HO dye in
the acetone extract did not give apoptotic morphology
and were not stained with PI dye, indicating that the
cells remained viable or were early apoptotic cells. On
the other hand, the cells to which chloroform extract
was applied decreased in number but were not fully
stained with either dye, indicating that the cells could
be secondary necrotic or viable cells.

IC50 values (50% inhibition of cell growth) were
calculated based on the MTT assay results as shown in
table 5, table 6, table 7 and table 8. The lowest IC50
value in MDA-MB231 cell line was observed in
chloroform extract (Table 5.), while the lowest IC50
value in OVAR3, PANC1 and A549 cell lines was given
by acetone extract (Table 6., Table 7., Table 8.).

DISCUSSION and CONCLUSION

Plant species were used as traditional medicines for
the treatment of many diseases, especially infectious
diseases (Gonzalez-Tejero et al., 2008). Considering
the biological potential of plants as a source of
antimicrobial drugs, the antimicrobial activity of M.
pulegium was tested with acetone, chloroform and
methanol solvents in this study. In this study,
antimicrobial effects of acetone, chloroform and
methanol extracts of M. pulegium against K
pneumoniae, E. coli, S. aureus, B. megaterium and C.
albicans were determined with agar wells. In addition
to antimicrobial activity, minimal inhibition
concentration and minimal bactericidal concentration
levels were also examined.

Of the five Lamiaceae species; It has been reported
that Mentha piperita, Mentha pulegium, Lavandula

angustifolia,  Satureja  montana and  Salvia
lavandulifolia have significant antimicrobial effects
against some bacteria (Streptococcus mutans,
Streptococcus sanguis, Streptococcus salivarius,

Streptococcus pyogenes, Pseudomonas aeruginosa,
Lactobacillus acidophilus, and Enterecoccus feacalis)
(Nikolic et al., 2014).

In another study, Marzouk et al. (2008) defined the
chemical composition of fresh and dried M. pulegium
L. essential oils. All oils were found to be rich in oxygen
monoterpene hydrocarbons. In M. pulegium applied to
microorganisms, gram-positive species are more
sensitive to essential oils from fresh leaves collected in
the vegetative state than dried ones (Morzouk et al.,
2008). Marzouk et al. found the maximum inhibition
zones of fungal species sensitive to the essential oil of
M. longifolia and M. pulegium in the range of 9-15 and
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8-25 mm, respectively.

Some researchers investigating the antimicrobial
effect of plant extracts have used a wide variety of
solvents for different parts of different plants (Cowan,
1999). The main solvents among these are solvents
such as acetone, ethanol, n-hexane, methanol,
chloroform and methylene chloride (Caceres et al.,
1990). It is not possible to make a preference order for
all plants and plant parts among these solvents.
However, considering the studies in the literature,
acetone, chloroform and methanol were preferred as
solvents in this study, which is generally used
extensively and considering the positive results. In this
study, F. coli formed an inhibition zone of 24, 21, 20
and 10 mm in length in the methanol extract of M.
pulegium at concentrations of 100, 50, 25 and 5 mg/ml,
respectively. The highest inhibition zone was found to
be 25 mm in B. megaterium. Based on these results, it
is possible to conclude that the essential oil has a
stronger antimicrobial activity spectrum than the
acetone and chloroform extract compared to the
methanol extract.

In many studies, DPPH has been widely used to
determine antiradical/antioxidant capacities (Soylu
and Cebi, 2017; Mensor et al., 2001; Sharma and Bhat,
2009). In the present study, the antioxidant activity of
M. pulegium essential oil and methanol extract was
determined by three different test systems: DPPH,
ascorbic acid and reducing power. It was concluded
that M. pulegium plant has high bioactive components
and depending on these values, it can be used as a
potential antioxidant source in the pharmaceutical
and food industries. It is important to carry out more
studies on the use of this plant in the prevention and
treatment of diseases, rich in bioactive components,
which have important effects on health, and also to
ensure the continuity of the researches towards
industrial  applications by  determining the
contributions of this plant in food compositions.

Since cancer is a disease for which there is no cure yet,
the development of therapeutic drugs is considered in
a special status by international health organizations.
Medicinal plants have long been a fruitful resource for
the treatment of cancer, which is predicted to be the
main cause of death this century (Shoeb, 2006; Tariq
et al., 2017). In the study, the cytotoxic activity of three
extracts (acetone, chloroform, methanol) obtained from
the above-ground part of M. pulegium was determined
by MTT test in MDA MB-231, PANC-1, OVCAR3 and
A549 cell lines. It was determined that M. pulegium
extract had a cytotoxic effect against MDA-MB-231,
PANC1, OVCAR3 and Ab549 cells at applied
concentrations. It was determined that especially M.
pulegium methanol extracts had a significant cytotoxic
effect on the OVCARS cell line. It was observed that
the solvent that showed the most important effect
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among the solvents was the chloroform solvent.

Ovarian cancer (OC) is responsible for the highest
tumor-related  mortality @ among  gynecological
malignancies (Woopen and Shrouli, 2009). In most OC
patients diagnosed with advanced stages (III and IV),
this creates panic and provokes an emergency to
explore a new therapeutic strategy. Plants with
medicinal properties attract attention because they are
enriched with various chemical compounds that have
the potential to treat various diseases. Providing
innovative and important clues to a range of
pharmacological targets for a human disease
management system is a long process (Ebona et al.,
2018; Dutta et al., 2018). Although the development of
a new drug has faced challenges and difficulties, the
emergence of combinatorial chemistry provides a new
glimmer of hope, and the effort to discover the drug and
a chemical compound has been quite successful (Liu et
al., 2001). By incorporating new cytotoxic agents, the
standard platinum-based treatment for ovarian cancer
Numerous studies have been conducted to increase its
effectiveness (Buys et al., 2005). The combination of
natural compounds with standard chemotherapeutic
drugs may exert additive or synergistic effects in
killing cancer cells, thus achieving better therapeutic
effect or allowing lower and safer drug doses to be
administered (Coskun, 2017).

As a result of the study, it was observed that M.
pulegium extract may have active substances that can
be used in the development of new drugs and that it
has a cytotoxic effect. Obtained IC50 values are 452
pg/ml, 125 pg/ml and 235 pg/ml in MDA-MB 231 cells,
225 pg/ml, 303 pg/ml and 488 pg/ml in A549 cells, 129
pg/ml , 500 pg in PANC1 cells /ml and 272 pg/m were
determined as 165 pg/ml, 482 pg/ml and 272 pg/ml in
OVCARS3 cells, showing that M. pulegium has a
promising growth inhibitory effect on cancer cells.
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ABSTRACT
In this study, individuals belonging to the Curculionidae family

Plant Protection

collected from the Southeastern Anatolia Region were examined. Research Article

Samples were collected by namely the knocking and sweep net : :

method between 1993-2019 dates. The collected specimens were Artlc.le H1story.

identified by the second author after they were turned into standard Received ) 24.06.2022
museum material. As a result of the study, 11 genera belonging to 5 Accepted + 22.08.2023
subfamilies of the Curculionidae (Coleoptera) family and 18 species Gk

belonging to these genera were determined. Among these species, 1 Curculionidae

species (Coniocleonus hollbergii Féhraeus, 1842) has been reported Fauna

as a new record for the fauna of Tiirkiye. In addition, 9 species were et ollarsts

reported as new records from the region. The distribution of the 7 -

species in the world and Turkiye, as well as their regional Stephanocleonus

distribution and hosts, are given.

Tiirkiye'nin Giineydogu Anadolu Bolgesi Curculionidae (Coleoptera) Faunasina Katkilar ve Yeni Bir
Kayit

OZET Bitki Koruma
Bu calismada, Guneydogu Anadolu Bolgesinden toplanan
Curculionidae familyasina ait bireyler incelenmistir. Ornekler 1993- Aragtirma Makalesi
2019 tarihleri arasinda atrap ve darbe yontemiyle toplanmistir. ; :
Toplanilan ornekler standart miize materyali haline getirildikten Makale T.a Itlhce.SI
sonra 2. yazar tarafindan teshis edilmistir. Calisma neticesinde Gelis Tarl}'u. :24'06'2022
Curculionidae (Coleoptera) familyasindan 5 altfamilyaya ait 11 cins Kabul Tarihi  :22.03.2023
ve bq cinslere ait 18 tur tecspit edilmigtir. B}l ti.irler icerisigdg 1 tur Anahtar Kelimeler
(Coniocleonus hollbergii Féhraeus, 1842) Tiirkiye faunasi icin yeni Curculionidae
kayit olarak bildirilmistir. Ayrica 9 tur ise bolgeden yeni kayit Fauna
olarak bildirilmistir. Tirlerin diinya ve Turkiye dagilislar: ile Konuk
. 4. .. e . cu
birlikte bolge yayiliglar: ve konukgular: verilmigtir. L
Stephanocleonus
To Cite: Bolu, H., Erbey, M. & Celik, H. (2023). Contributions to an Insect Fauna of Southeastern Anatolia Region of
Tiirkiye: Curculionidae (Coleoptera). KSU J. Agric Nat 26 (6), 1305-1311. DOI: 10.18016/ksutarimdoga.vi.
1135442.
AtifIgin:  Bolu, H., Erbey, M. & Celik, H. (2023). Tiirkiye’nin Giineydogu Anadolu Bélgesi Bécek Faunasma Katkilar:
Curculionidae (Coleoptera). KSU Tarim ve Doga Derg 26 (6), 1305-1311. DOIL: 10.18016/ksutarimdoga.vi.
1135442.
INTRODUCTION et al., 2017). All members are phytophagous and the

Curculionidae is the largest insect family in the
superfamily Curculionoidea. The members of this
family are most commonly found. Curculionidae
shows considerable variation in size and shape. The
rostrum is well developed in most species, with
capitate antennae appearing in the middle. The
Curculionidae species present a complete
metamorphosis (egg, larva, pupa, and adult) (Fuentes

group is important economically. There are many
important agricultural and forest pests within the
family. They can attack specific parts of the plant,
from the roots to the aerial parts; usually, the larvae
feed within plant tissues and adults make holes in the
fruits, nuts, and other parts (Hoffmann, 1950;
Mihajlova, 1978; Dominguez, 2006), except for
myrmecophilous, saprophagous and predatory species
(Muiiz, 1970).
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The fauna of Curculionidae (Coleoptera) of Tiirkiye is
richer, because of different climatic conditions. Both
geographic position and climatic differentiations have
some effects on fauna (Lodos et al., 2003). The
Curculionidae fauna of Tirkiye has been studied by
many scientists (Lodos, 1960; Lodos et al., 1978, 2003;
Sert, 1990, 1995; Goziiagik and Ozgen, 2005; Keskin,
2005; Pehlivan et al., 2005a, b; Gultekin, 2006; Bolu
and Legalov, 2008; Bolu and Ozgen, 2009; Erbey,
2010; Avgin and Colonnelli, 2011; Erbey and Girler,
2014; Erbey, 2015). The current study aimed to
review the collection material and to extend our
knowledge on the fauna on Curculionidae
(Coleoptera) in the Southeastern Anatolia Region of
Turkiye.

MATERIAL and METHOD

This study was carried out between 1993-2019 in the
provinces of Diyarbakir and Sanliurfa, located in the
Southeastern Anatolia Region of Tirkiye. The
collection of samples in this study; namely knocking,
sweeping net and the method of culturing by
collecting together with the plants on which
Curculionidae larvae feed were used. The samples
were prepared as standard museum material.
Specimens were collected and identified by the
authors. While making diagnoses (Caldara, 1990;
Alonso-Zarazaga, 1999; Colonnelli, 2004; Velazquez
de Castro et al., 2010; Erbey, 2010; Skuhrovec et al.,
2014; Alonso-Zarazaga et al.,, 2017; Arzanov and
Grebennikov, 2017, etc.) resources such as in
addition, diagnostic museum materials in the
collection of the second author were taken into
account.

RESULTS

Family: Curculionidae Latreille,
Ceutorhynchinae Gistel, 1848

Genus: Coeliodes Schonherr, 1837
Coeliodes ruber Marsham, 1802

Material examined: 299433, 08.IV.1993, 592243,
151V.1993, 390543,  22.1V.1993, 499644,
29.IV.1993, 599543, 06.V.1993 Sanhurfa (Multiple
samples).

1802 Subfamily:

Host plant: Pistacia vera L.

Record Host plants: Quercus spp. (Colonnelli, 2004),
Rosa (Lodos et al., 2003).

Distribution in World: Armenia, Austria, Belarus,
Belgium, Bulgaria, Czech Republic, France, Georgia,
Germany, Hungary, Italy, Moldova, Netherlands,
Poland, Romania, Russia (Europe), Slovakia, Spain,
Switzerland, Tiirkiye, Ukraine (Colonnelli, 2004).

Distribution in Southeastern Anatolia Region of
Tarkiye: Coeliodes ruber is the first record for the
fauna of Sanliurfa province. Moreover; this species is
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also the first record for the fauna of the Southeastern
Anatolia Region of Turkiye.

Genus: Mogulones Reitter, 1916
Mogulones crucifer (Pallas, 1771)

Material examined: 19134, 01.V.2002, Diyarbakir
(Dicle University Campus).

Host plant: Unknown

Record Host plants: Cynoglossum and Solenanthus
(Colonnelli, 2004).

Distribution in World: Austria, Belarus, Belgium,
Bulgaria, Canada, Denmark, Estonia, France,
Georgia, Germany, Greece, Hungary, Italy,
Netherlands, Spain, Sweden, Switzerland,
Kazakhstan, Kyrgyzstan, Lithuania, Moldova,
Norway, Poland, Portugal, Romania, Russia
(European), Serbia, Siberia (western and central),
Slovakia, Slovenia, Tiirkiye, Ukraine, (Colonnelli,
2004).

Distribution in the Southeastern Anatolia Region of
Turkiye: This species is a first record for the fauna of
Diyarbakir province. Moreover; this species is also the
first record for the fauna of the Southeastern Anatolia
Region of Tiirkiye.

Genus: Stenocarus Thomson, 1865
Stenocarus ruficornis (Stephens, 1831)

Material examined: 15, 01.V.2007, Diyarbakir (Dicle
University Campus).

Host plant: Unknown

Record Host plants: Papaver, Glaucium (Colonnelli,
2004).

Distribution in World: Austria, Belarus, Belgium,

Bulgaria, Czech Republic, Denmark, England,
France, Georgia, Germany, Ireland, Kazakhstan,
Kyrgyzstan, Macedonia, Moldova, Netherlands,

Poland, Portugal, Romania, Russia (Europe), Siberia
(western and central), Slovakia, Slovenia, Spain,
Sweden, Switzerland, Tunisia, Turkiye, Ukraine
(Colonnelli, 2004).

Distribution in the Southeastern Anatolia Region of
Turkiye: This species is a first record for the fauna of
Diyarbakir province. Moreover; this species is also the
first record for the fauna of the Southeastern Anatolia
Region of Tirkiye.

Subfamily: Curculioninae Latreille, 1802
Genus: Rhinusa Stephens, 1829
Rhinusa asellus (Gravenhorst, 1807)

Material examined: 599 53, Diyarbakir (This
species has been obtained from laboratory larval
culture) (Larvae were collected from Ergani district
on 1, 16 and 17 May 2019, and from Yenigehir district
on 8 May 2019).

Host plants: Verbascum spp.

Record Host plants: Althaea, Prunus, Verbascum
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(Lodos et al., 2003).

Distribution in the World: Austria, Bulgaria, Czech
Republic, East Palaearctic, French mainland,
Germany, Italian mainland, Near East, Poland,
Sardinia, Sicily, Slovakia, Switzerland (Anonymous,
2019).

Distribution in Tirkiye: Kayseri, Kirgehir, Konya,
Yozgat (Sert, 1995); Adana, Mersin, Nigde, Tarsus
(Erbey, 2010).

Distribution in the Southeastern Anatolia Region of
Tuarkiye: Rhinusa asellus is a first record for the
fauna of Diyarbakir province. Moreover; this species
is also the first record for the fauna of the
Southeastern Anatolia Region of Turkiye.

Rhinusa tetra (Fabricius, 1792)

Material examined: 599 5JJ, Diyarbakir (This
species has been obtained from laboratory larval
culture) (Larvae were collected from Ergani district
on 1, 16, and 17 May 2019, and from Yenigehir
district on 8 May 2019).

Host plants: Verbascum spp.

Record Host plants: Pinus, Prunus, Quercus, Sinapis,
Styrax, Triticum, Vicia, Verbascum (Lodos et al.,
2003).

Distribution in the World: Albania, Austria, Belarus,
Bosnia and Herzegovina, Bulgaria, Central European

Russia, Corsica, Croatia, Czech Republic, East
European Russia, East Palaearctic, European
Turkiye, French mainland, Germany, Greek

mainland, Hungary, Italian mainland, Macedonia,
the former Yugoslav Republic of, Near East, Nearctic
region, North Africa, Poland, Portuguese mainland,
Romania, Sardinia, Sicily, Slovakia, Slovenia, South
European  Russia, Spanish  mainland, The
Netherlands, Ukraine, Yugoslavia (Anonymous,
2019).

Distribution in Tirkiye: Adana, Elazg, Mersin,
Nigde, Tarsus (Erbey, 2010; Ozgen et. al., 2016)
Distribution in the Southeastern Anatolia Region of
Tuarkiye: Rhinusa tetra is the first record for the
fauna of Diyarbakir province. Moreover; this species
is also the first record for the fauna of the
Southeastern Anatolia Region of Turkiye.

Genus: Tychius Germar, 1817

Tychius aureolus Kieswetter, 1851

Material examined: 22913, 21.X.1998 Sanliurfa
(Tiilmen Village).

Host plant: Pistacia vera L.

Record Host plants: Amygdalus communis L., Avena
sativa L., Medicago sativa L., Onobrychis sativa
Lam., Vicia sativa L. (Bingél, 1978; Akkaya, 1995).

Distribution in the World: Central Asia, Europe,
Tiirkiye (Hoffmann, 1954; Lodos et al., 1978).
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Distribution in the Southeastern Anatolia Region of
Turkiye: This species has been recorded for the
provinces of Adiyaman, Batman, Diyarbakir,
Gaziantep, Mardin, Siirt, Sanhiurfa and Sirnak in
previous studies (Bingél, 1978; Akkaya, 1995).

Subfamily: Entiminae Schoenherr, 1823

Genus: Polydrusus Germar, 1817

Polydrusus corruscus Germar, 1824

Material examined: 82253, 15.1V.1993, Sanliurfa.
Host plant: Pistacia vera L.

Record Host plants: Salix, Populus (Lodos et el.,
2003).

Distribution in the World: Caucasus, Corsica, France,
Russia (West), Switzerland, Tirkiye, Yugoslavia
(Dalla Torre et al., 1931 to 1939; Hoffmann, 1950).

Distribution in the Southeastern Anatolia Region of
Turkiye: Polydrusus corruscus is a first record for the
fauna of Sanliurfa province. Moreover; this species is
also the first record for the fauna of the Southeastern
Anatolia Region of Turkiye.

Genus: Sitona Germar, 1824

Sitona crinitus (Herbst, 1795)

Material examined: 2292 3&, 22.1V.1993, Sanhurfa.
Host plant: Pistacia vera L.

Record Host plants: Salix, Astragalus, Malus,
Medicago, Pyrus, Prunus, Vicia (Lodos et al., 2003);
Avena sativa L., Lens culinaris L., Medicago sativa
L., Onobrychis sativa Lam., Pistacia vera L., Vicia
sativa L. (Lodos et al., 1984; Bolu et al., 2005)

Distribution in the World: North Africa, North
America, West and Central Asia, Tirkiye (Dalla
Torre et al.,, 1931-1939; Lodos et al.,, 1978;
Dieckmann, 1980).

Distribution in the Southeastern Anatolia Region of
Turkiye: This species has been recorded for the
provinces of the Southeastern Anatolia Region of
Tirkiye (Adiyaman, Diyarbakir, Gaziantep, Mardin,
Siirt, Sanhurfa) (Lodos et al., 1984; Bolu et al., 2005).

Genus: Tanymecus Germar, 1817

Tanymecus dilaticollis Gyllenhal, 1834

Material examined: 299233, 08.V.2007, Diyarbakar
(Dicle University Campus).

Host plant: Unknown

Record Host plants: Medicago, Pinus, Verbascum

(Lodos et al., 2003).

Distribution in the World: Armenia, Austria,
Avusturya, Bulgaria, Cyprus, Georgia, Greece, Iran,
Iraq, Moldovia, Romania, Serbia, Tirkiye, Ukraine
(Alonso-Zarazaga et al., 2017).

Distribution in the Southeastern Anatolia Region of
Tiurkiye: This species has been recorded for the
provinces of the Southeastern Anatolia Region of
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Tiirkiye (Adiyaman) (Bingél, 1978; Lodos et al., 2003).
Subfamily: Lixinae Schoenherr, 1823

Genus: Larinus Germar, 1824

Larinus Iatus Herbst, 1874

Material examined: 13, 08.V.2007, Diyarbakir (Dicle
University Campus).

Host plant: Unknown

Record Host plants: Gundelia tournefortii L. (Karaat
et al., 1986), Onopordum (Hoffmann, 1950; Lodos et
al., 2003).

Distribution in the World: Caucasus, Crimea, Iran,
Syria, Tiirkiye, Ukraine, (Ter-Minassian, 1978).

Distribution in the Southeastern Anatolia Region of
Tirkiye: This species has been recorded for the
province of Diyarbakir in previous studies (Karaat et
al., 1986).

Larinus onopordi Fabricius, 1787

Material examined: 19, 08.V.2007, Diyarbakir (Dicle
University Campus).

Host plant: Unknown

Record Host plants: Centaurea, Circium, Onopordum,
Pinus (Lodos et al., 2003), Echinops (Ter-Minassian,
1967).

Distribution in the World: Caucasus, Central Europe,
Greece, Hungary, Iran, Kazakhstan, North Africa,
Russia, Southern Europe, Syria, Tajikistan, Turkiye,
Turkmenistan, Ukraine, (Hoffmann, 1954; Ter-
Minasyan, 1978).

Distribution in the Southeastern Anatolia Region of
Turkiye: Larinus onopordi has been recorded for the
province of Gaziantep in previous studies (Lodos et
al., 2003). This species is the first record for the fauna
of Diyarbakir province.

Larinus sturnus Schaller, 1873

Material examined: 299333, 22.V.2014 Diyarbakir
(Dicle University Campus); 19213, 21.IV.2007
Diyarbakir (Képriikéy Village).

Host plant: Unknown

Record Host plants: Onopordum (Lodos et al., 2003),
Carduus, Centaurea, Cirsium (Compositae)
(Balalaikins and Bukejs, 2011).

Distribution in the World: Algeria, Caucasus, Central
Asia, Europe, Former Soviet Union (European part),
Iran, Tirkiye (Hoffmann, 1954; Lodos et al., 1978;
Ter-Minasyan, 1978).

Distribution in the Southeastern Anatolia Region of
Tirkiye: This species is first record for the fauna of
Diyarbakir province. Moreover; this species is also the
first record for the fauna of the Southeastern Anatolia
Region of Tirkiye.

Genus: Lixus Fabricius, 1801

Lixus cardui Olivier, 1808
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Material examined: 299 12.I11.2007, 134 26.111.2007,
19 20.IV.2007, 134 02.5.2007 Diyarbakir (Dicle
University Campus).

Host plant: Unknown

Record Host plants: Ammiaceae (Dieckmann, 1983),
Centaurea, Onopordum (Lodos et al., 2003).
Amygdalus communis L., Onopordum sp., Prunus
avium L. (Bolu et al., 2005; Cinar et al., 2005; Bolu &
Legalov, 2007).

Distribution in the World: Caucasus, Central Europe,
Hungary, Iran, Italy, Mediterranean Coast, Soviet
Union (middle and south of the European part),
Tirkiye (Hoffmann, 1954; Ter-Minasyan, 1978;
Abazzi and Osella, 1992).

Distribution in the Southeastern Anatolia Region of
Turkiye: This species has been recorded for the
provinces of Diyarbakir and Mardin (Bolu et al., 2005;
Cinar et al., 2005; Bolu & Legalov, 2007).

Lixus elongatus Goeze, 1777

Material examined: 19 23, 21.IV.2007 Diyarbakir
(Kopriikoy Village).

Host plant: Unknown

Record Host plants: Centaurea, Cirsium, Onopordum,
Tamarix, Verbascum (Lodos et al., 2003); Amygdalus
communis L. (Bolu et al., 2005; Bolu & Legalov,
2007).

Distribution in the World: Algeria, Caucasus, Central
Asia, Europe, Soviet Union (the southern part of
Europe), Tiirkiye (Hoffmann, 1954; Ter-Minasyan,
1978; Abazzi and Osella, 1992).

Distribution in the Southeastern Anatolia Region of
Turkiye: This species has been recorded for
Diyarbakir and Mardin provinces of the Southeastern
Anatolia Region of Tiirkiye (Bolu et al., 2005; Bolu &
Legalov, 2007).

Lixus recurvus Olivier, 1807

Material examined: 19, 10.IV.2007, Diyarbakir (Dicle
University Campus).

Host plant: Unknown

Record Host plants: Heracleum, Angelica, Falcaria
(Apiaceae) (Giiltekin, 2006).

Distribution in the World: Armenia, Azerbaijan,
Georgia, Iran, Russia, and Tiirkiye (Alonso-Zarazaga
et al., 2017).

Distribution in the Southeastern Anatolia Region of
Tirkiye: This species is first record for the fauna of
Diyarbakir province. Moreover; this species is also the
first record for the fauna of the Southeastern Anatolia
Region of Tirkiye.

Lixus scolopax Bohemann, 1836
Material examined: 19, 21.V.2006, 12, 15.V.2007, 13,

22.V.2007 Diyarbakir (Dicle University Campus);
2443, 21.IV.2007 Diyarbakir (Képriiksy Village).
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Host plant: Unknown

Record Host plants: Centaurea, Onopordum (Lodos et
al., 2003).

Distribution in the World: Caucasus, Mediterranean
Coast, Southern Europe, Soviet Union (the southern
part of Europe), Tiirkiye (Ter-Minassian, 1978; Lodos
et al., 1978).

Distribution in the Southeastern Anatolia Region of
Tirkiye: This species has been recorded for the
province of Gaziantep in previous studies (Lodos et
al., 2003). Lixus scolopax is the first record for the
fauna of Diyarbakar

Genus: Coniocleonus Motschulsky, 1860

Coniocleonus (Augustecleonus) hollbergii (Fahraeus,
1842)

Material examined: 13, 10.IV.2007, Diyarbakir (Dicle
University Campus)

Host plant: Unknown

Record Host plants: Rumex acetosella (Polygonaceae),
Calluna (Ericaceae) (Balalaikins and Bukejs, 2011).

Distribution in the World: Austria, Belarus, Czech
Republic, France, Germany, Hungary, Italy, Latvia,
Poland, Russia, Sweden, Siberia (Russia) (Alonso-
Zarazaga et al., 2017).

Distribution in Tirkiye: This species is the first
record for insect fauna of Tirkiye.

Subfamily: Otiorrhynchinae
Genus: Otiorhynchus Germar, 1822
Otiorhynchus sulcatus (Fabricius, 1775)

Material examined: 999, 26.1.2009 (This species has
been obtained from laboratory larval culture).

Host plant: Vitis vinifera L.

Record Host plants: Laurus, Myrtus, Rosa, Smilax
(Lodos et al., 2003).

Distribution in the World: Albania, Austria, Belarus,
Belgium, Bulgaria, Croatia, Czech Republic,
Denmark, Estonia, Finland, France, Germany, Great
Britain, Hungary, Ireland, Italy, Latvia, Lithuania,
Luxemburg, Netherlands, Norway, Poland, Portugal,
Romania, Russia, Slovakia, Slovenia, Spain, Sweden,
Switzerland, Tiirkiye, Ukraine (Lodos et al., 20083;
Alonso-Zarazaga et al., 2017).

Distribution in the Southeastern Anatolia Region of
Tirkiye: This species is first record for the fauna of
Diyarbakir province. Moreover; this species is also the
first record for the fauna of the Southeastern Anatolia
Region of Tirkiye.

DISCUSSION

When the literature is examined, there are not many
studies in the Southeastern Anatolia region in
Turkiye. Therefore, the fauna in this region is not
very well known. For this reason, the faunistic
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studies carried out here gain importance. In this
study, one species, Stephanocleonus hollbergii, was
recorded as a new record for Tirkiye. In addition, 9
species were determined as new records for the
region. As it is known, most of the members of the
Curculionidae family are harmful because they are
phytophagous. They cause significant damage to
many agricultural and agricultural products
(Hoffmann, 1950; Mihajlova, 1978. There are very
large agricultural areas in the Southeastern Anatolia
region. Therefore, the determination of the fauna in
this region 1is important in terms of control
agricultural pests. In this study, the Curculionidae
family, which is distributed in the Southeastern
Anatolia Region, was tried to be determined and the
contribution of the obtained results to the fauna was
evaluated.

CONCLUSION

In this study, 11 genera belonging to 5 subfamilies of
Curculionidae (Coleoptera) family and 18 species
belonging to these genera were determined. Among
these species, 1 species (Coniocleonus hollbergii
Fahraeus, 1842) was determined as a new record for
the fauna of Tirkiye. In addition, 9 species were
determined as new records from the region. These

species are; Coeliodes ruber Marsham, 1802,
Mogulones crucifer (Pallas, 1771), Stenocarus
ruficornis  (Stephens, 1831), [Rhinusa asellus
(Gravenhorst, 1807), R. tetra (Fabricius, 1792),

Polydrusus corruscus Germar, 1824, Larinus sturnus
Schaller, Lixus recurvus Olivier, 1807 and
Otiorhynchus sulcatus (Fabricius, 1775).
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ABSTRACT

Parsley (Petroselinum crispum) is an important culinary herb originated

Plant Protection

from the Mediterranean basin, where it still can be found in wild forms, Research Article

and is taxonomically positioned in the Apiaceae family. In Turkey, it is : :

cultivated extensively in the Mediterranean and Aegean Regions, and in Artlc.le History -

the Marmara Region. There are several diseases and pests affecting the Received : 17.01.2023
yield and quality in the parsley cultivated areas. Root-knot nematodes Accepted - 01.06.2023
are among the most important pests in winter crop production with the Keywords

ability of a wide host plant range. Root-knot nematodes weaken the Meloidoyne hapla

parsley plant, causing significant quality losses, and showing signs of Femaelmm oy
stunting and yellowing of the leaves. In this study, parsley plants with Diagnosis

typical symptoms of root-knot nematodes were detected in surveys Canakkale

conducted in Canakkale province, Tiirkiye. Pure cultures of the root-knot
nematode obtained from the roots of parsley were identified up to the
species level. Species identification and diagnosis were made by
morphological and morphometrical measurements from second-stage
juveniles and female individuals obtained from pure cultures. As a result,
Meloidogyne hapla was detected first time on parsley plants in Tirkiye.

Tiirkiye’de Meloidogyne hapla (Chitwood, 1949) (Nematoda: Meloidogynidae)'nin Petroselinum crispum
(Mill.) Nym. ex A.W. Hill)’da Ilk Konuk¢u Kayd1

OZET Bitki Koruma

Maydanoz (Petroselinum crispum), Akdeniz havzasi orijinli, halen

yabani formda bulunabilen ve taksonomik olarak Apiaceae familyasinda Aragtirma Makalesi

yer alan 6nemli bir mutfak bitkisidir. Ulkemizde de ticari olarak Akdeniz

ve Ege Bolgelerinde, genis ¢apl olarak Marmara Bélgesinde treticiligi Makale Tarihgesi
yapilmaktadir. Maydanoz ekim alanlarinda verim ve kaliteyi etkileyen Gelig Tarihi @ 17.01.2023

cesitli hastalik ve zararli bulunmaktadir. Kok-ur nematodlari, genis bir
konukgu bitki yelpazesine sahip olma yetenekleri ile kigshhk mahsul

Kabul Tarithi :01.06.2023

uretiminde en Onemli zararlilar arasinda yer almaktadir. Kok-ur Anahtar Kelimeler
nematodlari maydanoz bitkisini zayiflatarak 6nemli kalite kayiplarina Meloidoyne hapla
neden olup, bitkide bodurlasma ve yapraklarda sararma belirtileri Petroselinum crispum
gostermektedir. Bu calismada Turkiye’nin Canakkale ilinde yapilan Teghis

surveylerde Kék-ur nematodlarinin tipik simptomlarinin gézlemlendigi Canakkale

maydanoz bitkileri tespit edilmistir. Maydanoz koklerinde elde edilen
kok-ur nematodunun saf kilturleri tur diizeyine kadar teghis edilmistir.
Saf kiultiirlerden elde edilen 2. dénem larvalar ve disi bireylerden
morfometrik 6lgiimler ve morfolojik yontemler kullanilarak tiur teshisi
yapilmigtir. Calisma sonucunda Meloidogyne hapla Turkiye'de ilk defa
maydanoz bitkilerinde tespit edilmistir.

To Cite : Yilmaz, A., Cakmak, T., & Gozel, U., (2023). First Report of Root-Knot Nematode Meloidogyne hapla
(Chitwood, 1949) (Nematoda: Meloidogynidae) on Petroselinum crispum (Mill.) Nym. ex A.W. Hill) in Turkey.
KSU J. Agric Nat 26(6), 1312-1316. https://doi.org/10.18016/ksutarimdoga.vi.1237551

Ataf Sekli: Yilmaz, A., Cakmak, T., & Gozel, U., (2023). Tiirkiye’de Meloidogyne hapla (Chitwood, 1949) (Nematoda:

Meloidogynidae)'nin Petroselinum crispum (Mill.) Nym. ex A.W. Hill’da 11k Konuk¢u Kaydi. KSU Tarim ve
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INTRODUCTION

Parsley (Petroselinum crispum (Mill.) Nym. ex A.W.
Hill), a popular leaf-consumed vegetable plant in the
family Apiaceae, is commonly found in subtropical and
temperate zones of the Mediterranean Climate zone.
This family is the largest and most cosmopolitan
family among angiosperms (Pimenov & Leonov, 1993;
Hickey & King, 1997; Hancer & Urusak, 2017). Parsley
is a bright, green, pile-rooted plant with fragrant and
segmented leaves, the length of leaves varies between
30-100 cm, the seeds are 2.5-3 mm long and with a
special odour. It is produced and consumed as a
cultural vegetable in all countries of the world (Vural
et al., 2000). There are approximately 300 genera and
2500-3000 species of parsley, among which there can
be found 97 genera and 400 species in Turkey, and
many species are used as food and spicery, on the other
hand, it is also used in the pharmaceutical and
perfume industries (Secmen et al., 1986). Parsley has
an important place among the vegetables whose leaves
are consumed in terms of health, nutrition and
economy, and its production is increasing day by day
(Ben-Amotz & Fishier, 1998).

There are many pests and diseases that negatively
affect the yield and quality of the plant. Some of the
pests can be counted as Carrot fly (Psila rosae F.),
Carrot louse (Cavariella aegopodii Scop.), Gray worms
(Agrotis spp.) and Root-knot nematodes (Meloidogyne
spp.). Root-knot nematodes have symptoms such as
weakening parsley, stunting and yellowing of leaves
(Sikora & Fernandez, 2005; Mennan et al., 2011). The

damage caused by root-knot nematodes on the leaves
of the consumed part of parsley is economically
important and it is an undesirable situation for the
growers. In the previous studies conducted around the
world, it has been reported that parsley is a suitable
host for Root-knot nematodes (M. arenaria, M.
enterolobir, M. floridensis, M. incognita, M. hapla, M.
hispanica and M. javanica) (Doucet & Pinochet 1992;
Sikora & Fernandez, 2005; Mennan et al., 2011;
Quénéhervé et al., 2011; Maleita et al., 2012; Sasanelli
et al., 2015). However, this is the first report of a
parsley plant as a host for M. hapla species in Turkey.

MATERIAL and METHOD

A field survey was conducted in the areas where
parsley is grown in Canakkale in the winter period of
2021-2022. The roots of plant specimens with typical
symptoms of root-knot nematodes were brought to the
laboratory and examined under a binocular microscope
(Figure 1). After the infected plants were detected, the
female egg masses were taken from the root of each
sample with forceps and alive second-stage infective
juveniles were obtained after 48 hours on a modified
Baermann funnel, (8 cm high, 10-12 cm wide Petri
dishes were used with a sieve inside) for morphometric
measurements. After that, pure cultures were formed
by infecting tomato plants with one egg mass for each
plant which are susceptible to Root-knot nematodes.
After about 60 days, second-stage juveniles (J2s) were
obtained from female individuals eggmasses
reproduced on pure cultures for diagnostic studies.

Figure 1.
Sekil 1.
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Parsley roots infected with Meloidogyne spp. a: Sample 13; b: Sample 94
Meloidogyne hapla ile infekteli maydanoz kékleri a° Ornek 13, b: Ornek 94
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The obtained J2s were fixed in TAF solution (Courtney
et al, 1955) and then taken into pure glycerin
according to the Seinhorst (1959) method, fixed on the
slide, and made ready for species identification. The
standard measurements used in the morphological
diagnosis of second-stage juveniles were made by
Jepson (1987) and the species-level diagnosis was
made using the Leica DM1000 light microscope
according to Chitwood (1949) and Cliff & Hirschmann,
(1985). For each infected plant population, 25 root-knot
nematode second instar larvae were measured.

Obtained female individuals were cut after being kept
in 45% lactic acid and their preparations were made
between slide and coverslip in pure glycerin (Hooper,
1986). Morphological identifications of female
individuals were made according to Jepson (1987) and
Karssen (2002).

RESULTS and DISCUSSION
The results of the diagnosis performed with
morphological and morphometric measurement

methods showed that the species infecting the roots of
the parsley plant was M. hapla (Table 1, Figure 2; 3).

In Turkey, as yet, M. hapla species host reports were
detected on potato (Ozarslandan et al., 2005), sugar
beet (Alkan, 1962), pepper (Ségiit & Elekcioglu, 2000),
strawberry (Ozarslandan et al., 2021) and kiwi (Akyaz
et al., 2017).

Previous studies on the host plant of root-knot
nematodes that infect parsley in different parts of the
world were reported as susceptible to M. arenaria and
M. incognita species (Ibrahim et al., 1983; Doucet &
Pinochet 1992; Walker, 2002). In Turkey, so far only
M. arenaria species were known on Parsley (Mennan
et al. 2011).

Table 1. Morphometric measurements of Meloidogyne hapla J2s on Petroselinum crispum
Cizelge 1. Petroselinum crispum’dan elde edilen Meloidogyne hapla’ya ait J2s’lerin morfometrik ol¢iimleri

Diagnostic This Study This Study . CIliff & Hirschmann,
Characters Sample 13 Sample 94 Chitwood, 1949 1985
433.06+30.76 (382.52- 381.22 +11.61 ) )
Body lenght 496.92) (369.17-103.40) 357-467 391.6-605.2
Greatest body width 15.43+1.16 (13.14-17.79) 15'56i1()é2f2§15'06' 12.8-17.8
Body width at stylet 9.57+0.57 9.92+0.35
base (8.44-10.95) (9.19-10.40)
. 11,46+1.09 9.87+0.28
Body width at anus (9.08-13.14) (9.43-10.44)
Stylet length 15.23+1.01 (14.07-18.81) 14'74i105'4;9§14'25' 10-12 10.1-11.9
3.64+0.37 2.70+0.34
DGO (2.98-4.24) (2.16-3.28) 34 2.14.1
Tail length 52.77+4.68 (42.04-64.36) 45‘84ijé6313§42'81' 46-58 43.6-69.4
Excretory pore to 90.65+6.75 (80.88- 75.18+1.83 (72.14- 75-105.2
head end 106.36) 78.15) :
Body width at 15.76£0.93 (12.09-16.18) 14.41+0.46 (13.10-
excretory pore 14.99)
) 24.50+0.67 (23.16-
a 28.15+2.20 (24.27-35.07) 95.56)
5 3.69+0.39 4.25+0.22
(3.00-4.42) (3.77-4.66)
. 8.24+0.63 8.32+0.34
(7.25-9.57) (7.49-8.97)
o 4.62+0.45 4.64+0.18
(3.65-5.34) (4.30-4.95)

Note: All mesurements are in um (a: Body lenght/Body width, b: Body lenght/Intestine to head end, c¢: Body lenght/Tail lenght,
¢": Tail lenght/Body width at anus) and in form: mean + s.d. (range)
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Figure 2. Perineal pattern of Meloidogyne hapla from Petroselinum crispum a: Sample 13; b: Sample 94 (Scale

Bar: 20 pm)

Sekil 2. Petroselinum crispum’dan elde edilen Meloidogyne hapla’ya ait perineal pattern a’ Ornek 13, b: Ornek 94

(Olgek Cubugu’ 20 pm)

'. o - \ \"‘ o " - N .

Figure 3. J2s of Meloidogyne hapla from Petroselinum crispum a: Anterior region of Sample 13; b: posterior region
of Sample 13; c: anterior region of Sample 94; d: posterior region of Sample 94 (Scale Bar: 20 um) ;

Sekil 3. Petroselinum crispum dan elde edilen Meloidogyne haplaya ait J2s a’ Ornek 13 anterior bolgesi, b: Ornek

13 posterior bélgesi, ¢: Ornek 94 anterior bélgesi, d: Ornek 94 posterior bélgesi (Olgek Cubugu: 20 um)

From previous studies, it has been reported that M.
hapla is rarely detected in Turkey (Yiiksel, 1974;
Elek¢ioglu & Uygun, 1994; Mennan & Ecevit, 1996;
Sogit & Elekcioglu, 2000), so far M. hapla was
diagnosed on potato (Ozarslandan et al. ., 2005), sugar
beet (Alkan, 1962), pepper (S6giit & Elekcioglu, 20005
Akyaz et al., 2012), strawberry (Ozarslandan et al.,
2021), kiwi (Akyaz et al., 2017) plants.

It can be concluded that this study is the first record in
Turkiye as a host for M. hapla on a parsley plant since
the M. hapla that infects parsley has not been detected
by previous studies. In the future it is recommended to
carry out extensive survey studies on parsley growing
areas and investigations on control strategies for this
plant parasitic nematode using crop rotation, resistant
varieties and solarization applications.
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ABSTRACT

Plant Protection

More than one species of root-knot nematodes can attack field
vegetables and they can interact with each other. In this study, the
interaction of Meloidogyne incognita race 3 and M. javanica race 3 on
susceptible host plants (Falkon and Sena) were investigated in a
growth chamber under controlled conditions. Experiments were
arranged as a randomized plots design with four replications. The
incidence of two Meloidogyne species in tomato and pepper hosts were
determined by esterase phenotypes. No interaction was observed
between the species after the mixed inoculation of 1000 J2 M.
Incognita race 3 and 1000 J2 M. javanica race 3 on the susceptible
tomato plant (P<0.05). Among mixed inoculation of the two species in
the susceptible pepper, only the incidence of M. incognita race 3 was
increased, while M. javanica race 3 was not detected in host plants.

OZET

Sebze alanlarinda bir bitki kokiine birden fazla kok-ur nematodu tira
birlikte saldirabilir ve birbirleriyle etkilesim halinde olabilirler. Bu
calismada, Meloidogyne incognita irk 3 ve Meloidogyne javanica irk
3in hassas domates (Falkon) ve hassas biber (Sena) bitkileri
tuzerindeki karsilikli etkilesimi kontrollii iklim odasi kosullarinda
incelenmistir. Tesadif parselleri deneme desenine gore denemeler 4
tekerrurlu olarak kurulmustur. Iki Meloidogyne turiinin domates ve
biber bitkilerinde bulunma durumu esteraz fenotiplerine gore
belirlenmistir. Hassas domates bitkisine 1000 adet Meloidogyne
Incognitairk 3 ve 1000 adet M. javanica irk 3 ikinci donem larvasinin
karisik inokulasyonu sonrasinda, tirler arasinda herhangi bir
etkilesim gériillmemistir (P<0.05). Hassas biber bitkisinde iki tiiriin
karisik inokulasyonu sonrasinda yalnizca M. incognita irk 3 orami
artarken, M. javanicairk 3 tespit edilmemistir.
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INTRODUCTION

Root-knot nematodes which cause severe economic
losses in vegetable crops, are known to be parasitic in
a fairly high number of host plants (Mitkowski &
Abawi 2003; Moens et al. 2009; Mukhtar et al. 2013).
It has been reported that root-knot nematodes are in
close contact with their hosts and can respond directly

to their signals (Curtis 2008) and cause significant
yield losses particularly in vegetables. Giant cells
formed by these groups of nematodes in the roots are
close to the xylem and phloem tissues, consequently,
the uptake of essential nutrients and water from the
soil by the plant roots is prevented (Abad et al. 2003;
Siddiqui et al. 2014).
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Vegetable varieties are being infected by more than
one Meloidogyne species at once (Barros et al. 2018)
causing damage on plant together. Because the feeding
sites are similar, two or more coexisting Meloidogyne
species may interact and probably pressure the
population density of other species. It has been stated
that nematodes compete each other for present feeding
sites and cause similar histopathological and
physiological changes in the host (Khan & Haider
1991). It has been reported that interactions can occur
between  Meloidogyne-Meloidogyne,  Heterodera-
Meloidogyne, Rotylenchulus reniformis-Meloidogyne,
R. reniformis- Tylenchulus semipenetrans nematode
species (Eisenback 1985). The relationships between
nematode species may be beneficial for one or two
species, may have no effect (neutral), or there may be
serious competition between species with similar
feeding habits (Eisenback 1985; Eisenback and Griffin
1987). Species diversity in the field increases with
widespread dispersal and competition of nematodes
with weak species (Oostenbrink 1966). Competition
between species can occur when the reproductive
capacity of one species is greater than that of other
species (Brewer 1978). It has been stated that host
damage and nematode reproduction depend on factors
such as initial population density (Ferris 1974),
nematode species (Barker et al. 1976), plant variety
(Barker 1978), and environmental conditions (Lucas
1975). It has been reported that one of the critical
environmental conditions 1s temperature. The
interactions between Meloidogyne incognita and M.
hapla are greatly affected by temperature (Johnson &
Nusbaum 1970). As the temperature increases,
Meloidogyne hapla and M. javanica are suppressed by
M. incognita, and as the temperature decreases, M.
incognita and M. hapla are suppressed by M. javanica.
Factors other than temperature may also be important
in the dominance of a particular Meloidogyne species.
Even though Meloidogyne hapla generally prefers low
temperatures, M. hapla suppressed by M. javanica at
20 °C. It is also known that the intensity of competition
between species is important for the dominance of M.
hapla (Kinloch & Allen 1972).

Many studies on nematodes have examined the effects
of a single nematode species on a particular host plant,
but plant parasitic nematodes are usually seen in
polyspecific populations rather than being seen in a
single-species community (Ostenbrink 1966;
Eisenback 1985). These nematode communities are
dynamic and nematode individuals are in consistent
interaction with each other as well as with plants, the
environment, and other organisms (Eisenback 1985).
Therefore, in this study, in order to determine the
interaction between root-knot nematode species that
can be found in a vegetable field and can enter
vegetable roots together, the interaction of
Meloidogyne incognita race 3 and Meloidogyne

javanica race 3 on susceptible tomato and pepper
plants was investigated.

MATERIAL and METHOD
Material

In this study, the second-stage juveniles of race 3 of
both Meloidogyne incognita and M. javanica species
were used. As host plants, susceptible tomato,
Solanum Iycopersicum var. Falcon and susceptible
pepper Capsicum annuum var. Sena was grown from
seeds and were used as 3-4 leaf stage seedlings.
Polyacrylamide gel electrophoresis was used as the
separation method by using M. javanica species as
markers.

Method
Growing susceptible tomato and pepper seedlings

The experiment was conducted in a fully controlled
climate chamber with 16/8 hours of light and darkness,
60+10% relative humidity, 25+2 °C temperature. The
seeds of susceptible tomato (Falcon) and susceptible
(Sena) pepper were sown in plastic seed viol trays
containing 80% peat and 20% perlite. Due to fast
growth rate of tomato plant, tomato seeds were sown 2
weeks after pepper plant. When the tomato and pepper
seedlings in the trays reached the 3-4 leaf stage, they
were transplanted into 1.5 L volume pots containing
80% autoclaved (at 120 °C) sand and 20% peat. Trials
were assembled as a randomized plots design with 4
replications. Aphicide (Platin chemistry-
Effore/Acetamiprid) was applied once for aphid
management. Plants fertilization and irrigation were
done as necessary.

Extraction of the second-stage juvenile from M.
Incognita race 3 and M. javanica race 3

Egg masses were collected from susceptible tomato
roots under a stereo microscope (2x) (Nikon SMZ-2B)
to assemble the second-stage juveniles of Meloidogyne
Incognita race 3 and M. javanica race 3, which were
obtained and reproduced from pure culture. Obtained
egg masses were incubated for two days at 28 °C based
on the modified Baermann-funnel method (Hooper
1986). At the end of incubation, the second-stage
juveniles (J2 s) from hatched eggs were collected in the
water (distilled) under the binocular microscope and
the number of J2 s ml'! was determined.

Inoculation of M. incognita race 3 and M. javanicarace
3

By the time of susceptible tomato and pepper seedlings
reached approximately 14-15 cm in height, four holes
with 2 ¢cm in depth were formed and a mixture of 1000
Meloidogyne incognita J2 race 3 and 1000 M. javanica
J2race 3 combined were inoculated into each pot. After
inoculation, the holes were closed, and 50 ml of
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distilled water was added to soil to provide the
nematodes homogeneously. In order to determine the
inoculum viability of Meloidogyne incognita race 3 and
M. javanica race 3, 1000 second-stage juvenile from
each species were inoculated into control plants. The
irrigation, fertilization and other maintenance of the
plants were provided as needed.

Determining of Meloidogyne species

During the study, 65 days following of plant
inoculation by a mixture of two different root-knot
nematodes, all plants were removed from the soil and
the roots were carefully washed. The egg masses and
galls in the roots of tomato and pepper plants were
counted and evaluated according to the index of
Hartman & Sasser (Hartman & Sasser 1985). In
addition, the roots were dissected, and (milky white
color) and transparent females were counted under a
binocular microscope. Because the protein content is
low in transparent females, only females with high
protein content were used for the diagnosis. Single
female was placed in an Eppendorf tube containing 5
ul of distilled water. Females were kept at -20 °C for
further PAGE (Polyacrylamide Gel Electrophoresis)
studies.

Species identification of mixed population in the plant
by PAGE

Rad mini-PROTEIN II (Bio-Rad, Philadelphia, PA)
electrophoresis unit was used. Before electrophoresis,
the females were thawed and homogenized
individually in a micro hematocrit plastic tube in 10 pl
of extraction buffer. Each sample was loaded into each
well of 10 wells containing gels. The standard
Meloidogyne javanica female extract was placed into
wells number 1 and 10. The remaining 8 wells were
loaded with the protein extract of test sample females.
Electrophoresis was carried out in a discontinuous
buffer system with 8% acrylamide running gel with pH
8.8 and 4% acrylamide stacking gel with pH 6.8.
Running voltage was maintained at 80 volts for the
first 15 minutes and increased to 200 volts for the
remainder of the running period. Following
electrophoresis, the gels were removed plates and
placed in an enzyme reaction mixture to determine
esterase (Harris & Hopkinson 1976). Bands on the gel
were evaluated based on phenotype designations of
Esbenshade and Triantaphyllou, 1985.

RESULTS

Interaction of Meloidogyne incognita race 3 with
Meloidogyne javanica race 3

The diagnosis of nematode populations in susceptible
pepper and tomato roots was made based on the
Polyacrylamide Gel Electrophoresis method and it was
determined which species caused more damage to the

root. As a result of the first trial, the egg mass and
galling index in the susceptible Falcon tomato, which
was 1noculated with root-knot nematode mixture
(combination of 1000 J2 of M. incognitarace 3 and 1000
J2 of M. javanicarace 3) was found to be 4.75. The total
number of females was 65.75 and the total number of
transparent females was counted as 11.25. In order to
determine the viability of the inoculum, the number of
egg masses and galls in the roots of the Falcon tomato
inoculated by Meloidogyne incognita race 3 and M.
javanica race 3 were found as 4.00 based on the scale
of 0 to 5. A total of 27 females and a total of 9
transparent females were determined on the tomato
plant where 1000 second stage juvenile (J2) of
Meloidogyne incognita race 3 was inoculated. After
inoculation of 1000 J2 of Meloidogyne javanica race 3,
a total of 27 females and a total of 6 transparent
females were obtained. Both nematode species
multiplied on the susceptible tomato plant (Falcon).
According to the type diagnosis of the root-knot
nematodes  mixture, 21.00+4.63a  Meloidogyne
Incognita race 3 and 13.00+2.79a M. javanica race 3
were found in plant roots (Figure 1). As a result of the
first trial, since there was no difference between the
data of two nematodes according to the Duncan
multiple comparison test, it was determined that there
was no interaction between Meloidogyne incognita
race 3 and M. javanica race 3 on the roots of the
susceptible Falcon tomatoes (P<0.05) (Table 1).

As a result of the first trial of the susceptible Sena
pepper plant, based on the average of 4 replications,
the egg mass and root galling index value was 5.00, the
total number of females in the roots was 167.50, the
total number of transparent females was 40.75. After
inoculation of 1000 J2 of Meloidogyne incognita race 3
to pepper plant both egg mass and root galling index
was found to be 5.00, the total number of females was
135.00 and the number of transparent females was 6.
Overall, 65 days after the inoculation of 1000 J2 of
Meloidogyne javanicarace 3 to the pepper plant, no egg
mass and root galling were observed in the plant roots
(0.00). Therefore, the reproduction of M. javanica race
3 on pepper (Sena) was not occurred. According to the
PAGE results, it was determined that 167.50 females
and 40.75 transparent females belonged to a single
species were found (M. incognita race 3) in the pepper
plant inoculated by mixed population (Figure 1, (Table
2).

According to the results of the second trial to
determine the interaction of two mixed species in the
Falcon tomatoes, the egg mass and root galling index
was found to be 5.00 in tomato plant where mixture of
both root nematode species were inoculated. A total of
105.50 females and 69.25 transparent females were
found in the tomatoes roots inoculated by mixed
nematode populations. To determine the viability of
the inoculation, galling and root mass index of 5.00 was
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found in susceptible tomato inoculated by 1000 J2 of transparent females were counted on the tomato plant
each species. A total of 362.00 females and 45.00 inoculated by Meloidogyne incognita race 3.

Table 1. First trial results of the interaction of Meloidogyne incognita race 3 and Meloidogyne javanica race 3 on
tomato
Cizelge 1. Domates bitkisinde Meloidogyne incognita irk 3 ve Meloidogyne javanica irk 3 etkilesiminin birinci
deneme sonuglari

FALCON (Susceptible tomato variety)

REN Species Starting Egg mass Gallindex Number  Number of
population index (0-5) of females transparent PAGE result
(Pi) (0-5) females
M. incognita race 3 21.00+4.63 a M. incognita
+ 1000+1000 4.75 4.75 65.75 11.25

M. javanica race 3
13.00+2.79 a M. javanica

Control M. incognita race 1000 4.00 4.00 27.00 9.00 M. incognita
3
Control M. javanicarace 3 1000 4.00 4.00 27.00 6.00 M. javanica

0-5 egg mass and galling index, 0: no egg mass and galling, 1: 1-2 egg mass and galls, 2: 3-10 egg mass and galls, 3: 11-30 egg
mass and galls 4: 31-100 egg mass and galls, 5: >100 egg mass and gall formation (Hartman and Sasser 1985). The different
letters in the same column differ from each other according to Duncan multiple comparison test (P<0.05)

Table 2. First trial results of the interaction of Meloidogyne incognita race 3 and Meloidogyne javanica race 3 in

pepper plant
Cizelge 2. Biber bitkisinde Meloidogyne incognita irk 3 ve Meloidogyne javanica irk 3 etkilesiminin birinci deneme
sonuglari
SENA (Susceptible pepper variety)
) Starting Egg mass Gall index Number Number of
RKN Species population index (0-5) of transparent PAGE result
(Pi) (0-5) females females

M. incognita race 3

+ 1000+1000 5.00 5.00 167.50 40.75 M. incognita
M. javanica race 3
Control M. incognita race 3 1000 5.00 5.00 135.00 6.00 M. incognita
Control M. javanica race 3 1000 0.00 0.00 0.00 0.00 -

0-5 egg mass and galling index, 0: no egg mass and galling, 1: 1-2 egg mass and galls, 2! 3-10 egg mass and galls, 3: 11-30 egg
mass and galls 4: 31-100 egg mass and galls, 5: >100 egg mass and gall formation (Hartman and Sasser 1985). The different
letters in the same column differ from each other according to Duncan multiple comparison test (P<0.05)

A total of 173.00 females and 85.00 transparent determined as 5. And galling index was 4 on the control

females were formed by the second-stage juvenile of susceptible pepper plants inoculated with 1000
1000 Meloidogyne javanica race 3 inoculated Meloidogyne incognita race 3. In the control plant, the
susceptible tomato. Overall, 65 days after inoculation total number of Meloidogyne incognita race 3 females
of 1000 second-stage Meloidogyne incognita race 3 was 135.00 and the number of transparent females
juveniles and 1000 second-stage M. javanica 3 juvenile was 9.00. It was observed that Meloidogyne javanica
mixture in susceptible tomato plant, 33.00+8.59a M. race 3 did not form any egg mass and galls on pepper
incognita race 3, 26.50 + 8.18a M. javanica race 3 was roots. In the second experiment, no egg mass and galls
determined based on the results of Polyacrylamide Gel formed on roots of pepper. Thus, it was confirmed that
Electrophoresis. Duncan multiple comparison test this species could not reproduce in pepper plants. It
indicated that there was no interaction between these was determined that a total of 185.00 females and
two species in tomatoes roots (P<0.05) (Table 3). 11.00 transparent females formed in the roots of the

pepper plant where the two species mixtures were
inoculated based on the PAGE diagnosis method and
no mutual interaction of these two species was
observed in pepper host (Table 4).

In the interaction of Meloidogyne incognita race 3 and
M. javanica race 3 species on pepper host, the scale
value of 0-5 egg mass formed in the roots by the
mixture of two species was determined as 4.50 and the
galling index was 4.25. In order to determine the
viability of the inoculum, the egg mass index was
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Figure 1. Esterase isoenzyme phenotypes formed on polyacrylamide gel; standard control Meloidogyne javanica
(MJ) (L1 and L10) a) M. incognita race 3+M. javanica race 3 populations on tomato host; M. incognita
race 3 (L2, L3, L9), M. javanica race 3 (.4, L5, L7, L8), b) M. incognita race 3+M. javanica race 3
populations on pepper; M. incognita race 3 (L2 and L9), ¢) M. javanica race 3 populations on control
tomato (L2 and L9), d) M. incognita race 3 population on control pepper (L2 and L9).

Sekil 1. Poliakrilamid jel tlizerinde olusan esteraz izoenzim fenotipleri; standart kontrol Meloidogyne javanica (MJ)
(L1 ve L10) a) Domates bitkisindeki M. incognita irk 3+M. javanica irk 3 popiilasyonlar:, M. incognita irk
8 (L2, L3 L9), M. javanica irk 8 (L4,L5,L7,L8), b) Biber bitkisindeki M. incognita irk 3+M. javanica irk 8
poplilasyonlari; M. incognita irk 3 (L2 ve L9), ¢) Kontrol domates bitkisindeki M. javanica irk 3
popiilasyonu (L2 ve L9), d) Kontrol biber bitkisindeki M. incognita irk 3 popiilasyonu (L2 ve L9).

Table 3. Second trial results of the interaction of Meloidogyne incognita race 3 and Meloidogyne javanica race 3 in
tomato plant
Cizelge 3. Domates bitkisinde Meloidogyne incognita irk 3 ve Meloidogyne javanica irk 3 etkilesiminin ikinci
deneme sonuglari

FALCON (Susceptible tomato variety)

RKN Species Starting Egg Gall Number Number

population mass index (0- of of PAGE result

(Pi) index 5) females  transpar

(0-5) ent
females

M. incognita race 3
+ 1000+1000 5.00 5.00 105.50 69.25 33.00+8.59 a M. incognita
M. javanica race 3 26.504+8.18 a M. javanica
Control M. incognita 1000 5.00 5.00 362.00 45.00 M. incognita
race 3
Control M. javanica 1000 5.00 5.00 173.00 85.00 M. javanica
race 3

0-5 egg mass and galling index, 0: no egg mass and galling, 1: 1-2 egg mass and galls, 2: 3-10 egg mass and galls, 3: 11-30 egg
mass and galls 4: 31-100 egg mass and galls, 5: >100 egg mass and gall formation (Hartman and Sasser 1985). The different
letters in the same column differ from each other according to Duncan multiple comparison test (P<0.05)

1321



KSU Tarim ve Doga Derg 26 (6), 1317-1324, 2023
KSU J. Agric Nat 26 (6), 1317-1324, 2023

Arastirma Makalesi
Research Article

Table 4. Second trial results of the interaction of Meloidogyne incognita race 3 and Meloidogyne javanica race 3 in

pepper plant
Cizelge 4. Biber bitkisinde Meloidogyne incognita irk 3 ve Meloidogyne javanica irk 3 etkilesiminin ikinci deneme
sonuglari
SENA (Susceptible pepper variety)
Sveci Starting Egg Gall Number Number of
RKN Species population mass index (0- of transparent PAGE result
(Pi) index 5) females  females
(0-5)
M. incognita race 3 1000+1000 4.50 4.25 185.00 11.00 M. incognita
+
M. javanica race 3
Control M. incognita 1000 5.00 4.00 135.00 9.00 M. incognita
race 3
Control M. javanica 1000 0.00 0.00 0.00 0.00
race 3

0-5 egg mass and galling index, 0: no egg mass and galling, 1: 1-2 egg mass and galls, 2: 3-10 egg mass and galls, 3: 11-30 egg
mass and galls 4: 31-100 egg mass and galls, 5: >100 egg mass and gall formation (Hartman and Sasser 1985). The different
letters in the same column differ from each other according to Duncan multiple comparison test (P<0.05)

DISCUSSION and CONCLUSION

It has been reported in various studies that
Meloidogyne javanica did not infect pepper varieties.
All pepper lines and cultivars tested by Peixoto et al.
(1995) against Meloidogyne javanica were found
resistant.  Ozarslandan &  Elekcioglu  (2003)
determined that all 16 varieties of pepper plant were
resistant to Meloidogyne javanica race 1. Pinheiro et
al. (2020) examined the reaction of 37 pepper
genotypes (Capsicum annuum, C. chinense and C.
frutescens) against Meloidogyne javanica and found all
pepper genotypes were resistant or immune to M.
javanica. In this study, it was observed that
Meloidogyne javanica did not compete life cycle or did
not multiply in the pepper inoculated by mixed
population and nevertheless only M. incognita race 3
increased in numbers.

Current study results indicated, there was no
difference between the interaction of Meloidogyne
Incognita race 3 and M. javanica race 3 species on
tomato plant. In previous studies, it was reported that
the competition among Meloidogyne species, especially
between M. javanica and M. incognita was fairly low
(Eisenback 1985). Although the antagonistic
interactions between Meloidogyne javanica and M.
incognita are not intense, it has been reported that
such interactions can occur in nature, which will affect
the reproductive efficiency and population growth of
nematodes (Khan & Haider 1991). It has been
determined that the interaction between two
nematodes may be hostile (antagonistic) for one or both
species, may have no effect (neutral), or may be
beneficial (mutualistic) for one or both species
(Eisenback 1985; Khan & Haider 1991). In the
interactions between Meloidogyne javanica and M.
Incognita species, it was stated that these species can
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live together closely, affect each other directly or
indirectly (Norton 1978) and that one population may
not also exclude the other (Gause 1934).

In a mixed population, Meloidogyne javanica was
found to be able to survive more effectively than M.
Incognita, adapt or compete with M. incognita. Also, it
has been reported that races 1 and 2 of M. incognita
can compete life cycle more aggressively than races 3
and 4 (Khan & Haider 1991). Mixed populations of
Meloidogyne incognita all four races and M. javanica
did not have intense species interactions in tomato;
however, it was determined that there was an
intensive interaction between M. incognita races 2 and
other remaining 3 races (Khan & Haider 1991). In this
study, aggression of Meloidogyne incognita race 3
against M. javanica race 3 was not observed.

It can be thought that the fact that the two species in
the experiment did not show a dominant feature to
each other and that could be due to the fact of the
environmental conditions (25+2 °C temperature,
60+10% proportional humidity, 16/8 hours of light and
darkness) which were remained steady for 65 days. In
some studies, it was stated that Meloidogyne incognita
was dominant in tomato plants at high temperatures
and M. javanica as so at low temperatures in mixed
populations. In addition, it has been determined that
Meloidogyne javanica suppresses M. incognita and M.
hapla as the temperature decreases, and M. incognita
suppresses M. javanica and M. hapla as the
temperature increase (Minz & Strich-Harari 1959). It
has been reported that the entrance of Meloidogyne
hapla and H. schachtii into the roots of tomato were
maximized at 30°C and 26°C, respectively (Griffin
1985). From the plants inoculated with mix of
Meloidogyne incognita and M. hapla, 90% of extracted
females was M. incognita and 10% was M. hapla at



KSU Tarim ve Doga Derg 26 (6), 1317-1324, 2023
KSU J. Agric Nat 26 (6), 1317-1324, 2023

Arastirma Makalesi
Research Article

high temperatures, and only 57% that was M.
incognita at low temperatures (Chapman 1965).

Haider (1989) reported that there is dominant
interspecies interaction between Meloidogyne species
and the races. It has been stated that two nematode
species can co-exist when competition among
individuals in a species is greater than competition
between species (Brewer 1978). In this study, the
neutrality of the interaction of Meloidogyne incognita
race 3 and M. javanica race 3 may be thought to be due
to the high competition between individuals within the
species' own populations.

In nature, plant parasitic nematodes are rarely found
as mono-specific populations. Instead, nematodes
constantly interact with the plant, the environment,
and other organisms. Mixed infections of the species on
plants are common. In this study, trials for the
invasion and development of Meloidogyne incognita
race 3 and M. javanica race 3 species community on
susceptible tomato and pepper plants were equally
applied and carried out at appropriate climatic
conditions. A certain degree of temperature in the
climate chamber did not affect the dominance of the
two species against each other and did not cause an
interaction between these two root-knot nematode
species. Therefore, it can be considered that
environmental conditions are important in the
competition of a nematode with other species. In
addition, since only Meloidogyne incognita race 3 was
found in the pepper host, the coexistence of M. javanica
race 3 with a second species in the soil did not cause M.
javanica to enter the roots of a non-host plant by
competing with the other species. It can be concluded
that the damage to the plant can be reduced by using
pepper varieties in the crop rotation to manage the
Meloidogyne incognita and M. javanica species found
together in the field.
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ABSTRACT

Safflower (Carthamus tinctorius L.), a member of the Asteraceae family,
is an important plant grown in the world as a source of vegetable oil. In
addition, it is a versatile crop that is also used as biodiesel, animal feed,
spice, dye, and medicinal plant. In this study, SRAP markers were used
to determine the genetic diversity and relationships between four local
and three registered safflower cultivars for use in cross-breeding
programs. The twelve primer combinations yielded a total of 101 bands,
including 33 polymorphic bands. The level of polymorphism of SRAP
markers which were represented by the average number of total bands
(NTB) (8.4), the average number of polymorphic bands (NPB) (2.8),
polymorphic band ratios (PBR%) (34.5%), resolving power (RP) (1.48),
effective multiplex ratio (EMR) (1.17), and marker index (MI) (0.43) was
low. Conversely, polymorphism information content (PIC) (0.35), Nei’s
gene diversity (h) (0.36) and Shannon's information index (I) (0.55)
showed a significant genetic variation in the safflower genotypes studied.
The polymorphism information content of the SRAP primer combinations
used in the study ranged from 0.24 to 0.46, with an average of 0.35.
Genetic similarity was calculated according to Dice similarity and varied
from 0.12 to 0.92, with a mean genetic similarity (GS) of 0.58. The
cophenetic correlation between the Dice similarity matrix and
corresponding dendrogram obtained by SRAP (r = 0.95) revealed very
good compliance. The genetically close genotypes were Remzibey05 -
TR64702 and TR49119 - TR42630 (GS=0.91). Also, Dincer5-118 and
Yenice5-38 were the most genetically distant varieties (GS=0.12).
Dincer5-118 was very different from other genotypes (GS=0.29).

OZET

Asteraceae familyasinin bir iiyesi olan aspir (Carthamus tinctorius L.),
bitkisel yag kaynagi olarak diinyada yetistirilen 6nemli bir bitkidir.
Ayrica biyodizel, hayvan yemi, baharat, boya ve tibbi bitki olarak da
kullanilan ¢ok yonli bir bitkidir. Bu c¢alismada, melezleme
programlarinda kullanilmak tizere dort yerel ve tg¢ tescilli aspir ¢esidi
arasindaki genetik c¢esitliligi ve iligkileri belirlemek igin SRAP
markorleri kullanilmigtir. On iki primer kombinasyonu, 33 polimorfik
bant olmak tzere toplam 101 bant vermistir. Primer bagina diigsen
ortalama bant sayis1 (NTB) (8.4), ortalama polimorfik bant sayis1 (NPB)
(2.8), polimorfik bant orani (%PBR) (%34.5), ¢c6ziimleme giicii (RP) (1.48),
efektif multipleks orani (EMR) (1.17) ve marker indeksi (MI) (0.43) ile
incelenen SRAP markoérlerinin polimorfizm seviyesi dustik bulunmustur.
Aksine, polimorfizm bilgi icerigi (PIC) (0.35), Nei'nin gen cesitliligi (h)
(0.36) ve Shannon'in bilgi indeksi (I) (0.55), caligilan aspir genotiplerinde
onemli bir genetik varyasyon gostermistir. Calismada kullanilan SRAP
primer kombinasyonlarinin polimorfizm bilgi icerigi (PIC) 0.24 ile 0.46
arasinda degismis olup, ortalama 0.35 olarak tespit edilmigtir. Dice’in
benzerlik katsayisina gore hesaplanan genetik benzerlik, 0.12 ile 0.92
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arasinda degismis ve ortalama genetik benzerlik (GS) 0.58 olarak
belirlenmigtir. Dice benzerlik matrisi ile SRAP tarafindan elde edilen
dendrogram arasindaki kofenetik korelasyon (r = 0.95) ¢ok iyi bir uyumu
ortaya cikarmistir. Genetik olarak en yakin cesitler Remzibey05-
TR64702 ve TR49119- TR42630 (GS=0.91) olmustur. Dincer5-118 ve
Yenice5-38 tescilli cesitler genetik olarak en uzak c¢esitler olarak
bulunmustur. (GS=0.12). Ayrica Dinger5-118 diger cesitlerden genetik

olarak cok farkl olarak belirlenmistir. (GS=0.29).

To Cite : Giachino, R.R.A., (2023). Evaluation of Some Local and Registered Safflower (Carthamus tinctorius L.)
Varieties Based on SRAP Markers. KSU J. Agric Nat 26(6), 1325-1336. https://doi.org/10.18016/
ksutarimdoga.vi.1168608

At:f Sekli: Giachino, R.R.A., (2023). Baz1 Yerel ve Tescilli Aspir Cesitlerinin (Carthamus tinctorius L.) SRAP Markérleri
ile Degerlendirilmesi. KSU Tarnm ve Doga Derg 26 (6), 1325-1336. https:/doi.org/10.18016/
ksutarimdoga.vi.1168608

INTRODUCTION 16.000 ha compared to the previous year. During the

Safflower (Carthamus tinctorius L.) is a member of the
Asteraceae family with yellow, red, orange, white, and
cream-coloured flowers (Knowles, 1989). It has a
taproot system that can go about 2-3m deep and
secondary roots that can grow up to 60-90 cm.
Therefore, it is more suitable to grow in arid conditions
than other oilseed plants. Safflower has been used as
oil, spice, tea, medicinal, and dye plant. Safflower
seeds contain 25-45% oil, 90% of which is made up of
unsaturated fatty acids (Weiss, 2000). Its oil is highly
rich in tocopherol (vitamin E) (Weiss, 1971).
Carthamin and Carthamidin pigments in their
contents are used for food and textile applications (Yue
et al., 2013; Golkar, 2018). Moreover, because of its
chemical composition, it has pharmacological functions

that include antioxidant, anti-inflammatory,
analgesic, antidiabetic,  hepatoprotective, and
antihyperlipidemic  activities (Asgarpanah and

Kazemivash, 2013; Delshad et al., 2018). In recent
years, it has also been heavily favoured as a raw

material in biodiesel production (Yesilyurt et al., 2020;
Nogales-Delgado et al., 2019).

Safflower is one of humanity's oldest plants. It has
been cultivated in the Mesopotamian plains and the
Eastern Anatolian Region and according to
archaeological findings, its domestication is likely to
date back to about 2500 B.C.E. (Prance and Nesbitt
2005). Commercial production began only in the 1940s.
Currently, safflower is grown in different geographical
regions of the world, primarily in Kazakhstan, USA,
Russian Federation, Mexico, China, India, Argentina,
and Turkey. These countries account for about 90% of
the world's safflower production. Turkey is one of the
World's ten largest safflower producers, it ranked 8th
in 2020 with 21.325 tons of safflower seed production
in approximately 15,114 hectares of land (FAOSTAT,
2022). The average safflower seed yield in Turkey is
14.10 hg/ha, which is over a global average of 9.05
hg/ha. Safflower cultivation in Turkey fluctuates from
year to year. In the 1960s, 900-1000 ha plantation was
made, while in 2000 it fell by as much as 30 ha, and in
2009 it was planted at 21.500 ha, increasing by about
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2014-2015 cultivation seasons, safflower plantation
reached a record high with approximately 45.000 ha of
plantation and 70,000 tons of production (FAOSTAT,
2022; TUIK, 2022). This plant was brought to Turkey
via the Balkans by Bulgarian migrants in the 1940s
and was first cultivated around Balikesir, Bursa, and
Kiitahya (Baydar, 2021). Today, safflower agriculture
is mostly done in 37 provinces including Ankara, Mus,
Aksaray, Konya, Glimlshane, Nevsehir, Kayseri,
Afyon and Usak (TUIK, 2022).

The first studies of safflower plant breeding in Turkey
were 1nitiated in the early years of the Republic. In
1931, 'Yenice 5-38' safflower variety, which 1is
composite of 5 spiny safflower varieties, was developed
by the selection method. After a long time, through the
selection method, "Dincer 5-118" and "Remzibey 05"
were registered in 1977 (Kése, 2017). In 2008-20009,
safflower farming gained a lot of momentum and there
were large increases in both cultivation areas and
production, whereas breeding studies have been
limited in developing different new safflower varieties
with high grain yield and oil ratio and different oil
compositions. New varieties (Balci, Linas, Olas,
Zirkon, Olein, Safir) developed with selection and
hybridization breeding methods have been offered to
the manufacturers of safflower since 2011. Turkey has
increased safflower production by more than 50.000
tons in the years 2013-2015. The government’s
agricultural assistance for oilseed plants has been the
biggest factor in the development of safflower
agriculture. However, in 2016-2019, production
decreased by more than 48,000 tons. This unforeseen
decline is due to the marketing problem and the fact
that the producers were not able to make a profit from
safflower (Ilkdogan, 2012). Another reason is that both
seed yield and oil ratio remain low compared to other
oil plants such as sunflower, sesame seeds, and
rapeseeds with which safflower yield competes
(Baydar & Erbas, 2020). One of the main factors
necessary for increasing productivity in safflower
agriculture is the use of efficient and high-quality
improved seeding. For safflower production to be
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stable and sustainable in Turkey, alternative
cultivation and breeding methods that will increase
grain and oil yield and better cope with biotic and
abiotic stress factors should be implemented
considering the demands of producers, industrialists,
and consumers.

The variation required for breeding studies is provided
from proprietary varieties, local varieties, and wild
relatives. Therefore, it is important to reveal genetic
states of the cultivated populations for proper design
of breeding programs and successful sustainability of
populations to improve both yields and oil quality.
Molecular markers are an important tool for assessing
the levels and structure of genetic diversity and have
been used to study genetic diversity in many breeding
programs. Different molecular marker system could be
used to assess germplasm diversity including SRAP
(Sequence Related Amplified Polymorphism) markers,
which have many advantages such as simplicity,
reliability, flexibility, multiple-locus detection,
genome-wide scopes, and cost-effectiveness (Li &
Quiros, 2001; Li et al., 2013). It is a marker system that
was developed to eliminate disadvantages related to
AFLP and RAPD methods and was first used in
Brassica species. SRAP markers are dominant, simple,
and effective for amplification of open reading frames
(ORFs), based on the amplification of forwards and
reverse primers of 17-18 nucleotides. SRAP markers
have widely been used to evaluate the genetic diversity
and structure population in species, such as sesame
(Sesamum indicum 1..) (Zhang et al., 2010), soybean
(Glycin max (L.) Merr.), peanut (Arachis hypogaea L.)
(Baloch et al., 2010), safflower (Carthamus tinctorius)
(Peng et al., 2008; Talebi et al., 2012), oilseed rape
(Brassica napus L.) (Ahmad et al., 2014), flax (Linum
usitatissimum L.) (Li et al., 2009). In this research, it
was aimed to determine the relationships and genetic
diversity of local and registered safflower genotypes
and varieties to be used in crossbreeding programs
with SRAP molecular markers.

MATERIALS and METHODS
Plant Materials

The material of the study consisted of the four local
safflower genotype (TR 49119, TR 42630, TR 42670,
and TR 64702) and three registered varieties (Yenice
5-38, Remzibey 05 and Dincer 5-118) which were
obtained from the Aegean Agricultural Research
Institute, Izmir, Turkey. General information about
the plant material (Table 1) is provided in a previous
report (Giachino & Inan 2019). Molecular analyses
were carried out at the laboratory of Ege University
Application and Research Centre of Seed Technology
(TOTEM).

DNA extraction
Genomic DNA was isolated from fresh leaves using the
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GenElute™ Plant Genomic DNA Miniprep Kit (Sigma-
Aldrich). For this purpose, samples taken from the
fresh leaves of young seedlings of 10-15 cm length were
powdered with a mortar and pestle in liquid nitrogen.
DNA quality and quantity were measured through
260:280 nm absorbance ratios with a
spectrophotometer, and electrophoresis was conducted
on 0.8% agarose gel in 1x TAE buffer at 100 V for 1
hours and stained with 0.5 pg/ml ethidium bromide
(EtBr) and photographed under UV light. DNA
samples were diluted to 10 ng/mL and stored at —20°C.

Sequence-related amplified polymorphism (SRAP)
Analysis

The SRAP analyses were performed as described by Li
& Quiros (2001) with some modifications. A total of 17
primer combinations (4 forward and 7 reverse) were
screened and 12 suitable primer combinations were
selected for amplification (Table 2) provided by ECS
(Canada). The PCR reaction was performed in a total
volume of 25 ul reaction mixtures consisting of 1X PCR
buffer, 0.2 mM dNTP, 0.5 uM of each forward and
reverse primer, 2 mM MgClsz, 50 ng template DNA, 1
Unit Tag DNA Polymerase, and ddH2:0. DNA
amplification reactions were performed in a Techne
thermal cycler (Germany) using the following program:
94 °C initial denaturation for 5 min, then 5 cycles of 94
°C denaturation for 1 min, 35 °C annealing for 1 min,
72 °C elongation for 2 min, then 30 cycles of 94 °C
denaturation for 1 min, 50 °C for 1 min, 72 °C for 2 min,
followed by a 72 °C final extension for 5 min. The
amplification  products  were  separated by
electrophoresis in 2% agarose gels in 1x TAE buffer (40
mM Tris-Acetate, 1 mM EDTA, pH: 8.0) at 100 V for 2-
3 hours and stained with 0.5 pg/ml ethidium bromide
(EtBr) and photographed under UV. Also, a 100 bp plus
DNA ladder (Fermentas) was used as a standard
marker for estimating the size of the PCR products.

Data Analysis

The SRAP bands of 12 primer combinations were
graded according to their presence (1) or absence (0) in
electrophoresis, and data was converted to the binary
matrix using Microsoft Excel. For each SRAP primer
combination, the total number of scored bands, the
number of polymorphic bands, the number of
monomorphic bands, and the percentage of
polymorphism were determined. In addition,
parameters such as polymorphism information content
(PIC), resolving power (RP), effective multiplex ratio
(EMR), and marker index (MI) were calculated. The
PIC was calculated according to Anderson et al. (1993)
by using the following formula for all primers:

PIC=1-% p (1
where pr2 is the frequency of the 7 th allele. The

resolving power (RP) was calculated according to
Prevost and Wilkinson (1999) for each primer
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combination as follows:
RP=2X I ©)

where Iy is the band informativeness calculated with
the following formula

L=1-12x(0.5-p] (3)

and p is the proportion of seven genotypes containing
the band. The effective multiplex ratio is the number
of polymorphic bands detected per electrophoresis. The
marker index was calculated as noted by Powell et al.
(1996) and Milbourne et al. (1997) by multiplying PIC
with the EMR (MI = EMR X PIC). Genetic diversity
indicators such as Neis gene diversity (h) and
Shannon’s information index (I) were calculated for

each SRAP marker with POPGENE version 1.31 (Yeh
et al., 1997). The dendrogram was generated by the
Unweighted Pair Group Method Averages (UPGMA)
with the NTSYSpc-2.02 software (Rohlf, 2000) using
the Dice genetic similarity matrix (Dice, 1945). A
principal coordinate analysis (PCoA) was also carried
out using the same software. To determine the
goodness-of-fit of the clustering compared with the
basic data matrix, the cophenetic correlation
coefficient was computed using the normalised
Mantel’'s Z test (Mantel, 1967) via the COPH and
MXCOMP procedures of NTSYS-pc, version 2.0le
(Rohlf, 2000).

Table 1. General features of safflower genotypes used in the study*
Cizelge 1. Arastirmada kullanilan aspir genotiplerinin genel ozellikleri

Local Genotypes Collection Year Province District Altitude Latitude  Longitude
1-TR49119 1988 Isparta Gelendost 860 m 380715N  0310055E
2-TR42630 1980 Edirne Havsa 40 m 412054N  0265523E
3-TR42670 1980 Tekirdag Saray 240 m 412626N  0275519E
4-TR64702 1996 Mersin Anamur 850 m 360442N  0325003E
Registered Registration Breeding Colour of Plant Structure Breeding
Varieties Year Method Flower Length Institution
5-Yenice 5-38 1931 Selection Red 100-120 cm non-spiny GKTAEM
6-Remzibey 05 2005 Selection Yellow-orange  60-80 cm spiny GKTAEM
7-Dinger 5-118 1977 Selection Orange-red 90-110cm  non-spiny GKTAEM
(GKTAEM): Transitional Zone Agricultural Research Institute
*Taken from previous work by Giachino & Inan (2019)
Table 2. Sequence information of the SRAP primers used in this study
Cizelge 2. Calismada kullanilan SRAP primerinin dizi bilgisi
Forward primers 5'—8’ sequence Reverse primers  5'—>3' sequence
Mel TGAGTCCAAACCGGATA Em1 GACTGCGTACGAATTAAT
Me3 TGAGTCCAAACCGGAAT Em2 GACTGCGTACGAATTTGC
Me4 TGAGTCCAAACCGGACC Em3 GACTGCGTACGAATTGAC
Meb TGAGTCCAAACCGGAAG Em4 GACTGCGTACGAATTTGA
Emb GACTGCGTACGAATTAAC
Em?7 GACTGCGTACGAATTATG
Em8 GACTGCGTACGAATTAGC
RESULTS Me3xEm3, and Me4xEm3) to 6 (Me3xEm1) with an

Safflower genotypes were evaluated for determining
genetic diversity using SRAP primer combinations. A
total of 19 primer combinations were screened, of
which 12 primer combinations yielded evaluable
bands. The 12 primer combinations generated a total
of 101 bands, including 33 polymorphic bands. The
polymorphic band ratio is 32.6%. The number of total
bands (NTB), number of polymorphic bands (NPB),
polymorphic bands ratios (PBR %), PIC, RP, EMR, and
MI values are presented in Table 3. The NTB amplified
by each primer combination ranged from 2 (Me4xEm3)
to 11 (Me3xEm2, Me4xEml, Me5xEm5, and
Me5xEm8) with an average of 8.4, and their molecular
weights were between 80 and 1.600 bp. The NPB with
each primer combination ranged from 1 (MelxEm2,

average of 2.8. The PBR of the primer combinations
ranged from 13% (Me3xEm3) to 67% (Me3xEm1). The
average percentage of the polymorphic bands was
calculated as 34.5%. Only in 4 SRAP primer
combinations (Me3xEm1, Me3xEm4, Me4xEm3,
Me5xEm4), PBRs were found to be 50%, as well as,
greater than 50%. The PBR of the other eight primer
combinations was observed to be below 50%.

The PIC values for the 12 primer combinations varied
from 0.24 to 0.46 with an average of 0.35. The same
results were obtained for RAPD primers reported by
Giachino and Inan (2019), PIC ranged from 0.24 to 0.46
with an average of 0.38. The lowest value was observed
in three primer combinations, including MelxEm2,
Me3xEm4, and Me4xEm3, and the highest PIC value
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was seen in Me3xEm1l. Half of the SRAP primer
combinations exceeded the average PIC values (0.35)

(Table 3).

Table 3. Diversity parameters evaluated using SRAP markers to investigate the genetic diversity of safflower

genotypes

Cizelge 3. Aspir genotiplerinin genetik ¢esitliligini arastirmak i¢in SRAP belirtegleri kullanilarak degerlendirilen

cesitlilik parametreleri

Primer combination NTB NPB PBR% PIC RP EMR MI h I

MelxEm2 7 1 14 0.24 0.29 0.14 0.03 0.25 0.41
Me3xEm1 9 6 67 0.46 4.57 4.00 1.85 0.46 0.65
Me3xEm2 11 2 18 0.41 1.14 0.36 0.15 0.41 0.60
Me3xEm3 8 1 13 0.41 0.57 0.13 0.05 0.41 0.60
Me3xEm4 6 4 67 0.24 1.14 2.67 0.65 0.24 0.41
Me3xEmb 7 2 29 0.33 0.86 0.57 0.19 0.33 0.50
Me4xEm1 11 3 27 0.44 2.00 0.82 0.36 0.44 0.63
Me4xEm3 2 1 50 0.24 0.29 0.50 0.12 0.24 0.41
Me4xEm'7 8 2 25 0.33 0.86 0.50 0.16 0.33 0.50
Meb5xEm4 10 5 50 0.41 3.14 2.50 1.02 0.41 0.59
Meb5xEmb 11 4 36 0.29 1.43 1.45 0.42 0.29 0.46
Meb5xEmS8 11 2 18 0.45 1.43 0.36 0.16 0.45 0.64
AV 8.4 2.8 34.5 0.35 1.48 1.17 0.43 0.36 0.55
Min. 2 1 13 0.24 0.29 0.13 0.03 0.24 0.41
Max. 11 6 67 0.46 4.57 4.00 1.85 0.46 0.65
Total 101 33 32.6 - - - - - -

NTB: Number of total bands, NPB: Number of polymorphic bands, PBR%: Polymorphic band ratios, PIC: Polymorphism
information content, RP: Resolving power, EMR: Effective multiplex ratio, MI: Marker index, h: Nei's gene diversity, I:

Shannon’s information index

The RP ranged from 0.29 (for primer combinations of
MelxEm2 and Me4xEm3) to 4.57 (for primer
combinations of Me3xEm1) with an overall average of
1.48. Only three primer combinations (Me3xEml,
Me4xEm1, and Me5xEm4) exceeded the mean RP
value. The highest EMR was 4.0, observed in
Me3xEm1, but the lowest EMR was 0.13, obtained
from Me3xEm3, and the average value was 1.17 per
primer combination. The MI values ranged from 0.03
to 1.85, with an average of 0.43. Maximum MI was
observed in the Me3xEm1 primer combination, and the
minimum MI was obtained with SRAP primer
combinations of MelxEm2 (0.03) and Me3xEm3 (0.05).

The Nei’s gene diversity values ranged from 0.24 to
0.46, with a mean of 0.36 (Table 3). The higher gene
diversity was found in Me3xEm1 primer combination
while the lower in Me3xEm4 and Me4xEm3 as 0.24.
The Shannon’s information index ranged from 0.41 (for
primer combinations of MelxEm2, Me3xEm4 and
Me4xEm3) to 0.65 (for primer combination of
Me3xEm1) with an overall average of 0.55.

When evaluated on the basis of SRAP primer pairs; the
Me3xEm1 primer pair was the most informative by
giving highest mean values of number of polymorphic
bands (6), polymorphic band ratios (67), polymorphism
information content (0.46), resolving power (4.57),
effective multiplex ratio (4.00), marker index (1.85),
Nei’s gene diversity (0.46), and Shannon’s information
index (0.65), while the Me1xEm2 primer pair was least
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informative by reproducing low values of number of
polymorphic bands (1), polymorphic band ratios (14),
polymorphism information content (0.24), resolving
power (0.29), effective multiplex ratio (0.14), marker
index (0.03), Nei’s gene diversity (0.25), and Shannon’s
information index (0.41).

The Dice similarity matrix was generated using NT-
SYS software to analyse the SRAP data of safflower
genotypes. Genetic similarity was calculated by
making pairwise comparisons between all local and
registered safflower genotypes by this matrix. Genetic
similarity (GS) showed a wide distribution and varied
from 0.12 to 0.92, with a mean similarity of 0.58 (Table
4). Genetically, the closest genotypes were Remzibey
05 and TR64702 with a value of 0.92, followed by
TR49119 and TR42630 local genotypes with a value of
0.91, indicating a very close relationship. Dinger 5-118
and Yenice 5-38 were the most genetically distant
varieties with a wvalue of 0.12. The cophenetic
correlation coefficient, which is a measure of the
correlation between the dendrogram, and similarity
matrix calculated using the Z test (Mantel, 1967), was
found to be 0.95, indicating that the clustering result
shows very good compliance with the genetic similarity
matrix.

Figure 1 shows the dendrogram based on the SRAP
data. In the UPGMA dendrogram, safflower genotypes
clustered into two main groups based on the Dice
coefficient. Cluster I was further divided into three
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subclusters: Subcluster 1 includes 3 local genotypes:
TR 49119, TR 42630, and TR 42670. Of these, the
TR49119 and TR42630 local genotypes were observed
to be extremely similar with a coefficient of 0.91.
Subcluster 2 includes TR 64702 landrace and
Remzibey 05 cultivar which are the closest genotypes,
with Dice values of 0.92. (Table 4). Subcluster 3

comprised a single variety, Yenice5-38. Cluster II also
consisted of a single variety, Dinger5-118. The
distribution determined by UPGMA analysis also
revealed that Dinger5-118 registered variety was
genetically very different from Yenice5-38 (0.12 GS)
and from all other genotypes with 0.29 GS.

Table 4. The genetic similarity matrix based on the Dice coefficient calculated from SRAP data of safflower

enotypes
Cizelge 4.g Aspgﬂiegjt]erjnm SRAP verilerinden hesaplanan Dice katsayisina dayal genetik benzerlik matrisi
TR49119 TR42630 TR42670 TR64702  Yenice5-38  Remzibey05  Dinger5-118

TR49119 1.00

TR42630 0.91 1.00

TR42670 0.79 0.78 1.00

TR64702 0.67 0.63 0.79 1.00

Yenice5-38 0.56 0.56 0.65 0.58 1.00

Remzibey05 | 0.64 0.60 0.76 0.92 0.67 1.00

Dinger5-118 | 0.32 0.24 0.28 0.39 0.12 0.40 1.00

The bold values indicate the maximum and minimum genetic similarity values among the landraces

ey
Subcluster | TRA2eD
IR42670 Cluster |
TR
Subcluster 2
Remuibey 0%
Subcluster 3
Yrasr t 0%
Dinger 5118 Cluster Il
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Figure 1. The UPGMA dendrogram of the safflower genotypes generated from SRAP data.
Sekil 1. Aspir ¢esitlerinin SKRAP verilerinden olusturulan UPGMA dendrogrami

The results of PCoA for the SRAP data are presented
in Fig. 2. The first two principal coordinates explained
66.5% and 13.5% of the total molecular variation,
respectively. This corresponds to 80% of the total
variation. The results of the PCoA analysis were in
good agreement with the cluster analysis. The PCoA
plot of SRAP clearly showed the main clusters of
safflower genotypes.

DISCUSSION and CONCLUSIONS

In this research, the relationships and genetic
diversity between local and registered safflower

genotypes were determined by SRAP markers that are
easy to apply and reliable. Twelve primer
combinations yielded a total of 101 bands, including 33
polymorphic bands. The polymorphic band ratio is
34.5%. The level of polymorphism of SRAP markers,
represented by the average number of total bands (8.4),
average number of polymorphic bands (2.8),
percentage of polymorphism (34.5 %), resolving power
(1.48), effective multiplex ratio (1.17), and marker
index (0.43), was low. Especially, the number of
polymorphic bands detected with each primer
combination is considerably lower than Peng et al.
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(2008) (30), Talebi et al. (2012) (18.7), Mokhtari et al.
(2013) (20.3) and slightly less than Golkar & Mokhtari
(2018) (7.3). The possible explanation for the relatively
low number of polymorphic bands may be associated
with the investigated local and registered genotypes

and different combinations of loci in the present
research. The level of polymorphism is influenced by
the number of markers, population size, and the type
of plant material used in the study (Kiran et al., 2017).

JR42630

JRA9119

Figure 2. Principal coordinate analysis of safflower varieties based on the genetic similarity matrix generated from

SRAP data.

Sekil 2. SRAP verilerinden olusturulan genetik benzerlik matrisine dayali olarak aspir ¢egitlerinin temel koordinat

analizi

A low level of polymorphism in safflower is also evident
in previous studies. In our previous research with
RAPD markers conducted on the same material of the
current study, the number of polymorphic bands was
similarly low (ranged from 2 to 9 with an average of 6)
(Giachino & Inan, 2019). In addition, the number of
polymorphic bands produced by the Me3xEma3,
MelxEm2, Me3xEm2, and MebxEm8 primer
combinations is considerably lower than that produced
by the others, which may partly contribute to the low
polymorphic fragments. Lee et al. (2014) observed an
average of 2.8 alleles per SSR locus in a collection of
100 safflower accessions from different centres of
similarity. Kiran et al. (2017) reported SSR alleles per
locus ranged from 2 to 15 with an average of 3.6 in a
collection of 148 safflower accessions representing 15
countries. Small polymorphic band numbers resulted
in a relatively low average polymorphism percentage
(34.5%). Similar results were also revealed by Lei et al.
(2013) (35%). Several safflower genetic diversity
studies with SRAP markers reported a greater result
than the polymorphism ratio found in this study,
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including Peng et al. (2008) (57%), Talebi et al. (2012)
(62.2%), Mokhtari et al. (2013) (82%), and Golkar &
Mokhtari (2018) (76.3%). Also, in a previous RAPD
study of Giachino & Inan (2019), the polymorphism
ratio of the same varieties was observed as 63.9%.
Indeed, Sehgal et al. (2009) reported a low average of
polymorphic genes in the Turkish population (0.15
ratio) in a collection of 85 safflower accessions from
different regional gene pools (originating from 24
countries). Furthermore, Tongu¢ et al. (2011)
employed AFLP markers in 38 varieties and lines
including three registered varieties used in the present
study and reported that the average polymorphic
percentage was 27.5%. Also, in the same research,
AFLP analysis performed with 61 safflower ecotypes,
41 of which originating from Turkey and 13 from
different countries, exhibited that the polymorphism
ratio of the ecotypes was lesser than the polymorphism
ratio of the cultivars and lines of studies and this paper
(between 5.4-22.7% and average 14%).

The measure of PIC is an important component and
one of the key information and statistical indicators in
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the implementation of the planning of breeding
programs (Chesnokov & Artemyeva, 2015). PIC
reflects a discriminating ability of the marker and
depends on the number of known alleles and their
distribution frequency, thus representing genetic
diversity (Giachino, 2020). A classification of the
informativeness of dominant markers was proposed by
Serrote et al. (2020) based on PIC values: low (0 to
0.10), medium (0.10 to 0.25), high (0.30 to 0.40), and
very high (0.40 to 0.50). Accordingly, it is evident that
the SRAP markers used in this study have high
informative power with an average of 0.35. In addition,
half of 12 primer pairs (Me3xEm1-0.46, Me5xEm8-
0.45, Me4xEm1-0.44, Me3xEm2-0.41, Me3xEm3-0.41,
Me5xEm4-0.41) have a very high distinguishing
capacity, which may be more useful for genetic
characterization in safflower as well as in other plants.
The mean PIC was consistent with that of Golkar &
Mokhtari (2018) (0.35). The findings of Talebi et al.
(2012), Mokhtari et al. (2013), and Tonguc et al. (2011)
revealed results of 0.33, 0.28, 0.29, respectively.

The RP ranged from 0.29 to 4.57 with an overall
average of 1.48. Only three primer combinations
(Me3xEm1, Me4xEm1, and Me5xEm4) exceeded the
mean RP value. Different RP values were reported for
RAPD (2.07), ISSR (2.44) (Safavi et al., 2010), ISSR
(8.72) (Majidi & Zadhoush 2014), and RAPD (3.37)
markers (Giachino & Inan 2019) which were used on
safflower genotypes. The MI values ranged from 0.03
to 1.85, with an average of 0.43. Maximum MI was
observed in the Me3xEm1 primer combination, and the
minimum MI was obtained with SRAP primer
combinations of MelxEm2 (0.03) and Me3xEm3 (0.05).
In safflower, different mean MI values have been
reported for various RAPD, ISSR, AFLP markers
(1.41, 0.70, 18.2, respectively) (Seghal and Raina
2005).

Genetic diversity of safflower genotypes generated by
SRAP primers was measured by calculating indicators
of genetic diversity such as Nei's gene diversity (h) and
Shannon's information index (I). The average Nei’s
gene diversity values ranged from 0.24 to 0.46, with an
average value of 0.36, which compatible with previous
SRAP analysis results were reported by Mokhtari et al.
(2013) for Sixty-two safflower accessions (0.26-0.44, av.
h=0.36). Furthermore, obtained average Nei’s gene
diversity value was greater than the values found by
Talebi et al. (2012) for SRAP markers (h=0.30), Ali et
al. (2019) for IPBS- retrotransposon markers (h=0.21)
and Yildiz et al. (2022) for POGP markers (h=0.27).
Whereas Ali et al. (2020) studied 131 safflower
accessions using ISSR markers and found Nei’s gene
diversity as 0.38, which is slightly higher than the
value (0.36) obtained in this study. Shannon's
information index values ranged between 0.41 and
0.65, with an average of 0.55. Similar results were
reported by Ali et al. (2020) for ISSR markers (0.44—

1332

0.65, av. I=0.557). The mean Shannon’s information
index was found higher than previously reported
studies of Hassani et al. (2020) and Talebi et al. (2012)
revealed 0.43 and 0.17 respectively for SRAP markers
in safflower. Golkar and Mokhtari (2018) for SRAP and
SCoT markers, Ali et al. (2019) for IPBS markers,
reported a lower Shannon information index mean
(0.35, 0.33, respectively). Nei's gene diversity and
Shannon's information index values are measures of
genetic diversity, which explain the evolutionary
pressure on alleles and the mutation rate (Bonneuil et
al. 2012). Nei’s genetic diversity and Shannon’s
information index values for all primers were 0.36 and
0.55 respectively, this indicates a prominent genetic
diversity at the level of local and registered genotypes.

PCoA multivariate approach was used to complement
the information obtained from the cluster analysis
(Naik et al., 2017). The results of the PCoA analysis
were in good agreement with the cluster analysis. The
first two principal coordinates explained correspond
80% of the total variation. Accordingly, this result
indicates the appropriate distribution of SRAP
markers across the entire genome and confirms the
results of the cluster analysis. Genetic similarity
values showed a wide distribution ranging from 0.12 to
0.92, with a mean similarity of 0.58. Different genetic
similarities have been reported previously among
safflower. Peng et al. (2008) reported a mean similarity
of 0.57 among 23 safflower populations. Golkar &
Mokhtari (2018) reported that the similarity coefficient
ranged from 0.53 to 1 with an average of 0.76 among
one hundred safflower genotypes. The similarity
matrix of genotypes used in the SRAP analysis by
Talebi et al. (2012) ranged from 0.33 to 0.91, with an
average of 0.51. In the UPGMA analysis which shows
very good compliance with the genetic similarity
matrix (r=0.95), local and registered genotypes were
almost distinctly clustered. Safflower genotypes
clustered into two main groups. Cluster I was further
divided into three subclusters. Subcluster 1 includes 3
local genotypes: TR 49119, TR 42630, and TR 42670.
Of these, the TR49119 and TR42630 local genotypes
were observed to be extremely similar with a
coefficient of 0.91. TR49119 1is a local genotype
collected from the ‘Gelendost' district of ‘Isparta’
province. It is located in the transition zone between
the Mediterranean climate and the continental climate
that is dominant in Central Anatolia. It is situated on
the coast of ‘Lake Egirdir’ at an altitude of 860 m.
TR42630 was collected from the ‘Havsa’ district of
Edirne province at the altitude of 40 m (Table 1) in the
Trakya Region of Turkey. It demonstrates a hybrid
climate between the Mediterranean and Black Sea
climates, which can be considered a mild oceanic
climate (Akgiin et al., 2013). There is an altitude
difference of about 800 m and 800 km between these
two varieties. Interestingly, although they have such
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different geographical conditions, they show high
similarities. The common point here is that both
varieties are in the transitional zone. The other local
genotype TR 42670 in subcluster 1 was collected from
‘Saray’ district of ‘Tekirdag’ province, located in the
Thrace region, at an altitude of 240 m. It shows high
similarity with other local genotypes, with 0.78-0.79
GS. Consequently, varieties from different locations
are grouped in the same cluster. A possible explanation
for this may be the exchange of seeds materials among
producers at different periods in different provinces of
Turkey (Giachino, 2020). Moreover, these high
similarity coefficients may be due to the narrowing of
the genetic base by long-term selection. This is in
accordance with some of the previous studies which
concluded that local genotypes from different
geographic regions may be genetically similar (Naik et
al., 2017; Kiran et al., 2017). Subcluster 2 includes TR
64702 landrace and Remzibey05 cultivar which are the
closest genotypes, with Dice values of 0.92. That was
confirmed by RAPD markers (GS=0.85) similarly
(Giachino and Inan 2019). TR 64702 landrace was
collected from ‘Anamur’ district of ‘Mersin’ province at
850 m altitudes. Remzibey05 is a spiny variety with
yellow flowers, relatively short height, and 25-35% oil
content (with 2.5-3 times more oleic acid content than
the other two varieties (Cosge et al., 2007)). It was
improved by the selection method as a composite of
landraces (Kose, 2017). Remzibey05 cultivar is
probably from a common genetic origin with the TR
64702 local genotype. In other words, the very high
similarity between the Remzibey05 cultivar and the
TR 64702 landrace with a value of 0.92 can be
explained by the fact that these two genotypes are
descended from the same ancestor. Each of subcluster
3 and Cluster II comprised a single variety, Yenice5-
38, and Dincger5-118, respectively. The distribution
determined by UPGMA analysis also revealed that
Dinger5-118 registered cultivar is very different
genetically between themselves and from other
genotypes, with 0.29 GS. Furthermore, an extreme
variation was observed between these two cultivars,
with a similarity of 0.12 (Table 4). This is predictable
for two varieties with different characteristics, which
were registered approximately 45 years apart. These
two ancient cultivars were developed via selection as a
composite of 5 non-spiny safflower cultivars. Dinger5-
118 stands out in terms of grain yield, especially in
regions where the distribution of precipitation is
regular throughout the growing season (Kése, 2017).

In this research, the relationships and genetic
diversity between local genotypes and registered
safflower varieties were determined by SRAP
molecular markers that are easy to apply and reliable.
Different marker parameters, viz number of total
bands, number of polymorphic bands, polymorphic
band ratios, resolving power, effective multiplex ratio
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and marker index of the SRAP markers were found to
be low. In contrast, genetic diversity indicators such as
polymorphism information content (0.35), Nei’s gene
diversity (0.36) and Shannon's information index
(0.55) showed a significant genetic variation of the
studied safflower genotypes. Genetic similarity values
showed a wide distribution, and local genotypes
originating from different geographical regions were
genetically close. In addition, a very high genetic
distance was determined between the old, registered
cultivars Dinger 5-118 and Yenice 5-38. Moreover,
Dinger 5-118 was classified as quite distant from all
other genotypes. Dinger 5-118 and Yenice 5-38 can be
used as genitors in breeding studies. In future studies,
safflower breeding programs can be planned by using
more plant materials with various characteristics and
advanced molecular breeding techniques.
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OZET Gida Bilimi

Yapilan bu ¢alismada arpa unu ilavesinin Sanhurfa yoresine 6zgu

“Acik (diiz) Ekmek”in baz1 kalite 6zelliklerine etkisi arastirilmistir. Aragtirma Makalesi

Acik ekmek, duz ekmekler grubuna giren geleneksel bir ekmek

cesididir. Bu amacla, bugday ununa % 0, 20, 40, 60, 80, 100 Makale Tarihgesi
oranlarinda arpa unu ilave edilerek acik ekmek tretilmistir. Uretilen Gelig Tarithi  :19.11.2022
ekmeklerde bazi kimyasal (nem, protein, kiil) ve fonksiyonel (besinsel Kabul Tarihi :25.05.2023
lif, toplam fenolik madde, fitik asit) 6zellikler incelenmistir. Arpa unu

ilavesinin, ekmeklerin tiim kimyasal ve fonksiyonel 6zellikleri izerine Anahtar Kelimeler

etkisi 6nemli (p<0.05) bulunmustur. Arpa unu ilavesine bagl olarak Diz ekmek

ekmeklerin nem, kiil ve protein icerikleri sirasiyla %27.41-36.68, Arpa

%1.13-2.39 ve %9.41-11.97 araliklarinda tespit edilmistir. Arpa unu Fitik asit

ilave oraninin artisina bagh olarak ekmeklerin besinsel lif, toplam Protein

fenolik madde ve fitik asit degerlerinde onemli (p<0.05) artislar
olmustur. Besinsel lif degerleri %5.50-15.50 araliginda degisirken,
fitik asit degerleri 0.24-3.95 mg g1 araliginda, toplam fenolik madde
degerleri ise 0.64-1.33 mgGAE g! araliginda degismistir. Elde edilen
bulgular 1s1¢inda arpa ununun ekmek yapiminda ve diger bagka
gidalarin besinsel agidan zenginlestirilmesinde dogal bir katk: olarak
kullanilabilecegi sonucuna varilmigtir.

ABSTRACT
In this study, the effect of the addition of barley flour on some quality

Besinsel lif

The Effect of Barley Flour Addition on the Some Chemical and Functional Properties of “A¢ik Ekmek”
(Flat Bread)

Food Science

characteristics of “Acik Ekmek”, which is native to the Sanliurfa Research Article

region, was investigated. Acik ekmek is a traditional type of bread in

the flat bread group. For this purpose, agik ekmek was produced by Article History

adding 0, 20, 40, 60, 80, 100 % barley flour to wheat flour. Some Received $19.11.2022
chemical (moisture, protein, ash) and functional (dietary fiber, total Accepted :25.05.2023
phenolic content, phytic acid) properties of the produced breads were

examined. The effect of the addition of barley flour on all chemical and Keywords

functional properties of breads was significant (p<0.05). Depending on Flat bread

the addition level of barley flour, the moisture, ash and protein Barley

contents of the breads were determined as 27.41-36.68%, 1.13%-2.39% Phytic acid

and 9.41-11.97%, respectively. There were significant (p<0.05) Protein

increases in the dietary fiber, total phenolic content and phytic acid Dietary fiber

values of the breads due to the increase in the addition rate of barley
flour. While dietary fiber values ranged from 5.50% to 15.50%, phytic
acid values ranged from 0.24-3.95 mg g1, and total phenolic content
values ranged from 0.64-1.33 mgGAE gl. In the light of the findings
obtained, it was concluded that barley flour can be used as a natural
additive in bread making and for nutritional enrichment of other
foods.
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GIRIS etkileri olduguna dair arastirmalar da mevcuttur

Arpa, bugdayla beraber kiltiire alinan dinyanin ilk
tahillarindandir. Arpa basglangicta insan gidasi olarak
tiketilirken zaman igerisinde bugday ve pirince artan
talepten dolay1 arpanin insan gidasi olarak tiiketimi
azalmis ve arpa cogunlukla hayvansal yem olarak
kullanmilmistir (Baik & Ulrich, 2008). Tiirkiye’de de
2021 yili verilerine gére ekmeklik bugday Gretimi 17.7
milyon ton, arpa ise 5.8 milyon ton olarak
gerceklesmigtir. Tirkiye’'de tretilen arpanin %95e
yakini yem amach, kalan kismi malthik olarak bira
sanayinde ve gida endustrisinde kullamilmaktadir
(TUIK, 2021).

Ekmek; bugday, ¢avdar, arpa ve misir gibi tahil tane
unlarinin  su ile muamele edilen hamurun
pisirilmesiyle pazara arz edilen gidadir. Agik yassi
ekmek cesidi olan lavas ekmegi Turkiye'de o6zellikle
Dogu ve Guney Dogu Anadolu bdélgesinde gelenege
uygun yaygin Uretimi olan ekmek cesidindendir.
Guntmiuzde, Turkiye'nin tium bélgelerinde tUretim ve
tiketimi hayli artmis olan lavas ekmegi, yapisal
olarak pideden daha farkli uzun, oval, yass1 ve esnek
bir 6zellige sahiptir. Diinyada; Lavosh, Lahvosh,
Lawaash ve Paraki olarak da isimlendirilmektedir
(Akturfan, 2018). Zayif pisme kalitesinden dolay1
gidalarda ¢ok kullanilmayan arpa, protein, besinsel lif,
nisasta olmayan polisakkaritler (8-glukan, seliiloz ve
arabinoksilan), fitokimyasallar acisindan diger
tahillara nazaran daha zengin oldugundan arpanin
son yillarda gidalarda kullanimi artmaya baglamigtir.
Ekmek, kek, kurabiye gibi urlnlerin tretiminde
siklikla kullamildigr goriilmektedir (Tirker ve ark.,
2021).

Yore halkinin giinliik tiketiminde 6nemli bir yere
sahip olan acik ekmek, icerdigi mineral madde ve
proteinden dolayr 6nemli bir besin kaynagi
konumundadir. Lokanta ve restoran gibi yerlerde agik
ekmek (lavas ekmegi) tiiketimi diger ekmek cesitlerine
nazaran daha fazladir (Koéten & Unsal, 2006).
Sanliurfa’da, agik ekmek oldukc¢a yiliksek duzeyde
tiketilmektedir. Bu da ac¢ik ekmegin farkl besleyici
bilegsenlerle zenginlestirilerek tiiketiciye daha saglikh
ve besleyici bir sekilde sunulmasi gerekliligini
distindirmektedir. Yapilan bir ¢alismada, bugday
ununa kavuzsuz arpa unu ilavesinin bisktvilerde Se,
Cu, Fe, Zn ve B-glukan igeriklerini 6nemli o6l¢tde
yiikselttigi belirlenmistir (Skrbi¢ & Cvejanov, 2011).
Arpa sahip oldugu protein, diyet lif, zengin B-glukan ve
nigasta ile gida wuygulamalarinda olduk¢a ilgi
cekmektedir  (Cakir, 2020). Ayrica arpann
bayatlamay1 geciktirici, ekmegin raf omrini uzatic
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(El¢i, 2022).

Dhingra ve Jood (2002), arpa ununun %15 oraninda
bugday unu yerine ikamesiyle ekmeklerin diyet lifi ve
B-glukan icgeriginin o6nemli o&lglide arttigini tespit
etmiglerdir. Gupta ve ark. (2011), %15-20 oraninda
arpa unu ilavesiyle tiretilen bugday ekmeginin genel
aroma, gorinim ve doku 6zelliklerinin duyusal acidan
kabul edilebilir oldugunu bildirmiglerdir. Al-Attabi ve
ark. (2017) %10 oraninda arpa unu katkili ekmegin
sekil ve gozenek yapisinin bugday unu ekmegine
benzer oldugunu, %15 ve %25 oranlarinda arpa unu
ilavesiyle ekmeklerde daha diizensiz ve daha biyuk
gozeneklerin olustugunu bildirmiglerdir. Kavuzsuz
arpa ununun bugday ununa %40 oraninda
katilmasiyla ilgili yapilan arastirmada, arpa unu
ilavesiyle ekmek hacminin azaldig, toplam ve ¢éziinir
1.4 ve 1.3 B-D-glukan ile toplam arabinoksilan
oraninin arttig1 belirlenmistir (Trogh ve ark., 2004).
Arpa ununun %15-30 oraninda ilavesiyle ekmek
ozelliklerinin ¢ok degismedigi de bildirmektedir
(Ereifej ve ark., 2006).

Bu c¢alismada, Sanliurfa ve c¢evresinde hizla artan
nifusa bagli olarak tiketimi de olduk¢a yluksek
diizeyde olan acik ekmegin besinsel 6zellik agisindan
zengin olan arpa unu ile zenginlestirilmesi ve elde
edilen ekmeklerin  baz1  kalite  6zelliklerinin
arastirilmas: amacglanmigtar.

MATERYAL ve METOD
Materyal

Calismada Mardin ilinin Kiziltepe il¢esinde faaliyet
gosteren bugday pazarindan temin edilenTARM 92
arpa cesidi kullanmilmistir.,, Arpanin bazi fiziksel
ozelliklerine iligkin veriler Cizelge 1’de gosterilmigtir.
Arpanin  o6gitiilmesi AACC metod 26-50a gore
yapilmigtir  (AACC, 2010). Ogiitme, BASTAK
firmasina ait MAXI-C model, DC-4057 seri nolu 4
valsli degirmende gerceklestirilmistir. Ogitiilen arpa;
sirastyla 8 no ipek (180 mikron), 15GG (1400 mikron),
32GG (600 mikron) ve 70GG (236 mikrondan)
eleklerden elenerek % 68 randimanl arpa unu elde
edilmistir. Ekmek tiretiminde kullanilan bugday unu
(Imsa, Adiyaman, Tiirkiye), pres yas maya (Pakmaya,
Izmit, Tirkiye) ve tuz (Billur, Izmir. Tirkiye)
Sanlurfa’daki yerel bir marketten temin edilmisg ve su
olarak da sebeke suyu kullanilmigtir.
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Cizelge 1. Arpanin baz fiziksel 6zellikleri
Table 1. Some physical properties of barley

Arpa 1000 Tane Agirhig (g) Hektolitre Agirhig1 (kg hl-1) Nem (%)
Barley 1000 Kernel Weight (g) Hectoliter Weight (kg hl'') Moisture (%)
TARM 92 38.95+0.35 66.50+0.71 13.90+0.18
Metod “00:100 (F)” (w/w) oranlarinda karistirilmis ve {iretim
Deneme deseni ve ekmek iiretimi teknigine uygun olarak 6 adet acik ekmek tretilmigtir.

Calismaya ait deneme deseni Cizelge 2'de verilmistir. Ekmek u?et1m1 Kot%n ve Uns.alw(‘ZOO‘Z)). m bl%dlrdlgl
Buna gore; ekmeklik bugday unu ve arpa unu “100:0 metoda gore Sekil 1’de gosterildigi gibi yapilmigtir.

(A, “80:20 (B)”, “60:40 (C)”. “40:60 (D)”, “20:80 (E) ve Ekmek. uretimleri, acgik ((.jh%z) .ek.mek Uretimi yapan
yerel bir firinda gerceklestirilmigtir.

Cizelge 2. Ekmek hamuru formiilasyonuna ilave edilen bilesenler ve kullanim miktarlari
Table 2. Ingredients added to the bread dough formulation and their usage amounts

Bilegenler
Ingredients A B C D E F
Bugday unu (g) 350 280 210 140 70 -
Wheat flour (g)
Arpa unu (g) - 70 140 210 280 350
Barley flour (g)
Su (ml) 225 245 251 252 264 273
Water (ml)
Tuz (g) 3.5 3.5 3.5 3.5 3.5 3.5
Salt (g)
Maya (g) 5.25 5.25 5.25 5.25 5.25 5.25
Yeast (g)

A: Kontrol (%100 bugday unu); B: %20 arpa unu+ %80 bugday unu; C: %40 arpa unu+ %60 bugday unu; D: %60 arpa unu+ %40 bugday unu;
E: %80 arpa unu+ %20 bugday unu; F: %100 arpa unu

A: Control (100% wheat flour); B: 20% barley flour + 80% wheat flour; C: 40% barley flour + 60% wheat flour; D: 60% barley flour + 40%
wheat flour; E: 80% barley flour + 20% wheat flour; F: 100% barley flour

Un+Su+Maya+Tuz
(Maya tirnakli ekmektekinin yaris1 kadar konur)

!
Yogurma (~ 10 dakika)

Kitle fermantasyonu ( ~ 30 dakika)

|
Kesme- tartma (180 g. yumak seklinde)

!
2. fermantasyonu (5-10 dakika)
!
Sekillendirme
(Hamur yumagim diiz oval sekle getirme, un+su karisgtmindan olugsan bulamag siirme ~ 80 g.)
!
Pisirme (350-400 °C, 1.5-2 dakika)

By

A .

Sekil 1. Acik ekmek turetimi
Figure 1. A¢ik ekmek production

1339



KSU Tarim ve Doga Derg 26 (6), 1337-1345, 2023
KSU J. Agric Nat 26 (6), 1337-1345, 2023

Arastirma Makalesi
Research Article

Unlarda ve ekmeklerde yapilan kimyasal analizler

Ekmekler pistikten hemen sonra 10 dakika bez 6rti
arasinda oda sicakligina sogutulmustur. Daha sonra
dilimlenip oda kogullarinda kurutulduktan sonra
(Sekil 2) égiitilmiis ve 840 mikronluk elekten
gecirilerek analize hazirlanmagtir.

Bugday unu, arpa unu ve ekmek o6rneklerinin nem
(standart no 110) ve kiil (standart no 114) iceriklerinin
belirlenmesinde ICC metotlar1 kullamilmistir (ICC,
2002). Protein icerikleri Leco marka FP-528 model
cihaz ile Dumas yontemi kullanilarak ol¢iilmustiir
(Wiles ve ark., 1998).

Sekil 2. Kiyilmis ekmek 6rnekleri
Figure 2. Flat bread strips

Unlarda ve ekmeklerde yapilan fonksiyonel analizler

Besinsel lif analizi Kéten (2021)’in bildirdigi yénteme
gore yapilmigtir. Analizin yapilmasinda toplam
besinsel lif test kiti (Megazyme International Ireland
Ltd., Bray Business Park, Bray, Co. Wicklow, Ireland)
kullanilmigtir. Buna gore 6rnekler 10 ml MES-Tris
tamponunda (pH 8.2) siispanse edildikten sonra,
nigasta ve proteinlerin uzaklastirilmasi amaciyla
sirasiyla termal a-amilaz, proteaz ve amiloglukozidaz
enzimleri ile muamele edilmiglerdir. Termal a-amilaz
ile 100°C’de nisasta, proteaz ile 60°C’de proteinler

hidrolize edilmis ve amiloglukozidaz ile 60°C’de
nigastanin glukoz birimlerine pargalanmasi
saglanmistir. Nigasta olmayan polisakkaritlerin

(besinsel liflerin) coktiiriilmesi, ¢oziiniir protein ve
glukoz Dbirimlerinin ortamdan uzaklagtirilmasi
amaciyla 6rneklere % 951k etil alkol eklenmig ve 60
dakika ¢okelmeye birakilmistir. Daha sonra 6nceden
daras1 alinmis Por 3 sinter filtreli cam krozelerden
filtrasyon islemi gerceklestirilmistir. Erlenlerin
igindeki kalint1 sirasiyla % 781ik etil alkol, % 951ik etil
alkol ve aseton ile yikanarak tekrar filtre edilmistir.
Besinsel lif miktarinin belirlenmesi amaciyla cam
krozeler 105°C’de bir gece kurutulmus ve tartilmigtir.
Daha sonra cam krozelerdeki igerik 525°C’de yakilarak
bulunan kil miktar1 6nceden belirlenmis toplam
besinsel lif miktarindan ¢gikarilarak kil dogrulamas:
yapilmigtir. Daha sonra toplam besinsel lif miktar1 %
olarak kuru madde tizerinden hesaplanmistir.

Toplam fenolik madde (TFM) degerleri Cam ve Igyer
(2015)in  bildirdigi yonteme goére Folin-Ciocalteu
reaktifi kullanilarak belirlenmistir. Analiz igin
oncelikle ekstraksiyon iglemi yapilmistir. 1 gr 6rnek 10
ml % 80 metanol/su karisiminda 2 saat 200 rpm’de
37°C’de c¢alkalamaya birakilmigtir. Siire sonunda
ornekler 4100 rpm’de 10 dakika santrifiyj edilip filtre
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kagidindan gecirilen slizintiiden analiz yapilmigtir.
TFM  icerigi  i¢in  Folin-Ciocalteau  metodu
kullanilmigtir. 100 pL 6rnek tzerine 900 pL su ilave
edilip sonra 1 ml % 10 seyreltilmis Folin-Ciocalteau
ayract (Merck, Almanya)ve 2 ml % 10'luk sodyum
karbonat (Merck, Almanya) soliisyonu eklenip
karigtinnlmistir. 1 saat oda sicakliginda inkiibasyona
birakilip 765 nm’de spektrofotometrede (Biochrom
Libra S60, UK) absorbans degerleri 6l¢iilmiistiir. TFM
igerigl; okunan absorbans degerlerinin 6nceden gallik
asit ile olusturulan asagidaki
absorbans/konsantrasyon standart grafiginden elde
edilen denklemde yerine konularak hesaplanmigtir. 1
gr érnek icin mg gallik asit esdeger (GAE) miktar:
olarak belirlenmigtir.

Fitik asit miktar1 Kéten (2021)'in bildirdigi metoda
gore yapilmigtir. 0.1 gr un inceliginde 6gtitiilmiis 6rnek
15 mI'lik falkon tipiine alinmis ve tizerine 10 ml1 0.4 M
HCI (Merck 100317) icinde c¢oziindiiriilmiis %101uk
Na2804 (Merck 106649) eklenmistir. Ornek ve ¢ozelti
tam olarak karigabilmesi 1i¢in kisa bir sire
vortekslendikten sonra 3 saat boyunca 175 RPM’de,
oda sicaklhiginda yatay calkalayicida ekstraksiyona
birakilmigtir. Calkalama sonunda karisim 4600
devir/dk da 20 dakika santrifiij edilmigtir. Santrifij
sonunda siipernatant (siiziinti) kismindan 1 ml
alinarak (15 mllik falkon tiipiine) iizerine 2 ml ferik
soliisyon ilave edilmig ve sicakhigi 95°C’ye ayarh su
banyosunda 30 dakika bekletilmigtir. Sicak su
banyosundan alinan o6rnekler soguk su banyosuna
konarak oda sicakligina kadar sogutulmustur. Oda
sicakligina ulasan o6rnekler 10 dakika tekrar 4600
devir/dk da santrifiij edilmigtir. Santrifij edilen
orneklerden cam test tiplerine 1 ml alinmisg ve tizerine
3 ml 2,2 bypiridine soliisyonu eklenmistir (bypiridine
eklendikten sonra oOrnekler pembemsi bir renk
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almigtir). Olusan pembe rengin 519 nm’'de
spektrofotometrede (Biochrom Libra 860, UK)
absorbans degerleri dlgtilmustiir. Fitik asitin sodyum
tuzundan (Sigma P-8810) 0.2 g 100 ml destile suda
¢oziundirilerek olusturulan soliisyondan seyreltme ile
0, 50, 100, 200 mg L1 (0, 50, 100 ve 200 ppm) lik
standartlar hazirlanmigtir. Hazirlanan bu
satandartlarin 519 nm’de okunan absorbanslarina
gére excel programinda bir egri cizilmistir (egri x
ekseninde absorbans degerleri, y ekseninde
standartlarin ppm olarak konsantrasyonu olacak
sekilde). Egrinin denklemi bulunarak (y=ax+b
seklinde) denklemde x yerine ornekler i¢in okunan
absorbans degerleri konularak orneklerin fitik asit

Cizelge 3. Un 6rneklerinin bilesim 6zellikleri
Table 3. Composition of flour samples

miktar1 mg g1 olarak bulunmustur.

Istatistiksel analizler

Sonuglarin degerlendirilmesinde JMP 2011 paket
programi kullanilmis olup, ortalamalar arasindaki
farklilik p<0.05 6nem seviyesinde LLSD y6ntemi ile test
edilmigtir.

BULGULAR ve TARTISMA
Un 6rneklerinin bilesim 6zellikleri

Arastirmada kullanilan unlarin baz1 kimyasal ve
fonksiyonel ozelliklerine ait veriler Cizelge 3’te
verilmigtir.

Nem Kul* Protein* Besinsel Fenolik Fitik asit*
(%) (%) (%) 1if (%) Madde* (mg/g)
Moisture Ash Protein Dietary (mgGAE/g) Phytic
(%) (%) (%) Fiber (%) Phenolic Matter acid
(mgGAE g1) (mg g!)
Bugday unu 13.20£0.10  0.79£0.03  11.10+0.18  6.14+0.34 0.23+0.01 2.13+0.06
Wheat flour
Arpa unu 13.8040.20  2.20+0.08  13.79+0.30  16.91+0.44 1.00£0.10 7.16£0.25
Barley flour
*Kuru maddede hesaplanmigtir
* Calculated in dry matter
Cizelge 3 incelendiginde, bugday unu ile arpa ununun Analiz  sonuglarina gore, arpa unu ilavesiyle

nem degerlerinin  birbirine yakin  bulundugu
gorilmektedir. Kul miktarlarina bakildiginda arpa
ununun kiil degeri (%2.29) bugday ununun kiil
miktarindan (%0.79) daha yiiksek bulunmustur.
Protein igerikleri sirasiyla ekmeklik bugday ununda
%11.10 olarak tespit edilirken, arpa ununda %13.79
olarak tespit edilmistir. Saghk acisindan 6nemli bir
bilesik olan besinsel lif miktar1 ekmeklik bugday
ununda %6.14 olarak saptanmirken, arpa ununda
oldukca yiuksek bir deger olarak %16.91 seklinde
saptanmigtir. Benzer gsekilde bugday unundaki fitik
asit ve fenolik madde miktar: sirasiyla 2.13 mg gt ve
0.23 mgGAE g1 olarak o¢l¢ulirken, arpa ununda bu
degerler sirasiyla 7.16 mg g'! ve 1 mgGAE g1 olarak
daha yuksek ol¢ulmistir. Arastirmaya kaynak
olugturan arpa ununun kimyasal ve fonksiyonel
ozellikler acisindan bugday ununa goére daha zengin
bir igerige sahip olmas1 bir¢ok arastirmacinin
bulgulariyla da ortaya konmustur. (Alu'Dat ve ark.,
2012; Sharma & Gujral 2013; Blandino ve ark., 2015;
Unsal ve ark., 2016).

Ekmek o6rneklerinin kimyasal ve fonksiyonel
6zellikleri
Calisma kapsaminda tretilen ac¢ik ekmeklerin

kimyasal ve fonksiyonel o6zelliklerine ait ortalama
degerler ve olusan gruplar Cizelge 4’te gésterilmigtir.
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ekmeklerin tiim kimyasal ve fonksiyonel degerlerinin
onemli (p<0.05) derecede arttig1 tespit edilmistir.

Farkli oranda arpa unu ilaveli acik ekmeklerin nem
iceriklerinin %27.41 ile %36.68 arasinda degistigi
goriilmiistiir (Cizelge 4). Sadece bugday unuyla
yapilan kontrol ekmeginin nem igerigi %27.41 olarak
bulunurken, arpa unu ilavesiyle birlikte diger tiim
ekmeklerin nem igeriklerinin arttigi ve en yiksek nem
degerine %36.68 ile %100 arpa unu ilaveli ekmekte
ulagildig1 tespit edilmistir. Kéten ve Unsal (2006)'1n
yaptiklar: bir calismada, Sanliurfa yéresine 6zgu acgik
ekmeklerde ortalama nem igeriginin %26.53 oldugu
belirlenmis ve bu degerin kontrol ekmeklerde elde
edilen nem degeriyle uyum igerisinde oldugu
goriilmiistiir. Dizlek ve Gil (2007)in kepekli
ekmeklerle ilgili yaptiklar: bir calismada, artan kepek
oranlarina  karsilik  unlarin su  absorbsiyon
degerlerinin %57.4ten %65.7ye yukseldigi ve buna
kargsilik ekmeklerdeki nem igeriklerinin 6. saat
sonunda yapilan ol¢gimlerde % 34.7den %38.4° e
yikseldigi belirlenmistir. Bu sonug, yaptigimiz
calismada kiil ve besinsel lif igerigi yiksek olan arpa
unu ilavesiyle turetilen ekmeklerde goriilen nem
degerlerindeki artigla paralellik gostermekle birlikte
benzer sinirlar igerisinde yer aldigi gorilmektedir..
Cagliyan (2008), Izmir piyasasinda satilan bazi ekmek
gesitleri Uzerine yaptig1 bir c¢alismada kepegin,
ozellikle biiyik boyutlu kepegin su tutma
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kapasitesinin yiiksek oldugunu bildirmistir. Mevcut
calismada kontrol grubu acik ekmeklerin (A) nem
icerigi %27.41+0.20 iken, sadece arpa unu kullanilarak

iiretilen 6rneklerde (F) bu degerin %36.68+0.30 olarak
tespit edilmesi (Cizelge 4), arpa ununun kepek
iceriginin nispeten fazla olmasiyla aciklanabilir.

Cizelge 4. Acik ekmeklerin kimyasal ve fonksiyonel 6zellikleri®
Table 4. Chemical and functional properties of agik (flat) breads*

Nem Kul Protein Besinsel Iif Fenolik madde Fitik asit
Ornekler** (%) (%) (%) (%) (mgGAE/g)** (mg/g)™*
Samples Moisture Ash Protein Dietary fiber ~ Phenolic Matter  Phytic acid
(%) (%) (%) (%) (mgGAE g1) (mg gV)
A (Kontrol) 27.41+0.20¢ 1.13+0.01¢  9.41+0.10¢ 5.50+0.414 0.63+0.01¢ 0.24+0.01¢
B 32.44+0.27° 1.44+0.02¢  9.80+0.15¢ 7.62+0.40¢ 0.64+0.01¢ 2.05+0.08¢
C 34.84+0.30®  1.66+0.03¢  10.36+0.25¢¢  10.22+0.47° 0.80+0.02¢ 2.72+0.16%
D 33.32+0.23®  1.95+0.04>  10.88+0.28>  11.22+0.57° 0.81+0.03¢ 2.51+0.04b
E 35.65+0.33®  2.19+0.03¢ 11.48+0.14e>  13.87+0.23¢ 1.07+0.04° 3.41+0.11¢b
F 36.68+0.30¢ 2.39+0.06¢ 11.97+0.30¢ 14.96+0.70¢ 1.33+0.06¢ 3.95+0.21¢
D.K.(%)% 4.58 4.01 2.50 5.20 11.97 15.81
LSD (%5) 3.44 0.21 0.68 1.41 0.03 1.01

*Aym siitun icerisinde aym harfe sahip ortalamalar arasindaki fark énemsizdir (p> 0.05)
*The difference between means with the same letter in the same column is insignificant (p> 0.05)
** A: Kontrol (%100 bugday unu); B: %20 arpa unu+ %80 bugday unu; C: %40 arpa unu+ %60 bugday unu; D: %60 arpa unu+ %40 bugday unu;

E: %80 arpa unu+ %20 bugday unu; F: %100 arpa unu

** A: Control (100% wheat flour); B: 20% barley flour + 80% wheat flour; C: 40% barley flour + 60% wheat flour; D: 60% barley flour + 40%
wheat flour; E: 80% barley flour + 20% wheat flour; F: 100% barley flour

*¥*% Kuru maddede hesaplanmistir
*** Calculated in dry matter
& Degisim Katsayisi. #Coefficient of variation

Cizelge 4’e bakildiginda, farkli oranlarda ilave edilen
arpa ununa bagl olarak ekmeklerin kil iceriklerinin
arttigl, en yuksek kil oraninin %2.39 ile F 6rneginde,
en disiuk kil orani ise %1.13 ile A 6rneginde tespit
edilmistir. Tirker ve ark. (2021) arpa genotiplerindeki
kil oranmmin  %1.43-1.89 arasinda oldugunu
bildirmiglerdir. Bildirilen bu sonuglarin
bulgularimizdan daha disiik oldugu gérilmustir. Bu
farkliligin kullanilan materyalin cesit 6zelliginden
kaynaklanmis olabilecegi dustinulmektedir. Yapilan
calismalarda arpa unu ilave oraninin artmasi
sonucunda son trinde kil igeriginin de 6nemli 6l¢tide
arttig1 Unsal ve ark. (2016) ve Gakir (2020) tarafindan
rapor edilmigtir.

Ekmeklerin protein miktarlari, farkli oranlarda arpa
unu ilavesiyle dogru orantili olacak sekilde artig
gostermis ve en yuksek protein oramia %11.97 ile F
orneginde, en diisik protein orani ise %9.41 ile A
orneginde olciilmiistiir (Cizelge 4). Protein degerleri
arasindaki farklihk istatistiksel ac¢idan Onemli
(p<0.05) bulunmustur. Ekmeklik bugday ununa ilave
edilen arpa unundaki artigla beraber {retilen
ekmeklerin protein oranlarinin arttigin1 bildiren
arastirmacilarla (Dhingra & Jood, 2001; Skrbic &
Cvejanov, 2011; Alu’ dat ve ark., 2012) bulgularimiz
uyumlu bulunmustur.

Ekmeklerin besinsel lif degerleri artan arpa
miktariyla birlikte artmistir (Cizelge 4). Ekmeklerde
tespit edilen besinsel lif degerleri %5.50 ile %14.96
arasinda degismis ve bu degisim istatistiksel olarak
onemli (p<0.05) bulunmustur. En yiiksek besinsel lif
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degeri %14.96 ile F o6rneginde o¢l¢ulirken, en disik
besinsel lif degeri %5.50 ile A 6rneginde 6l¢ulmustur.
Tiirker ve ark. (2021), ekmeklik bugday ununa farkl
miktarlarda arpa unu ilavesiyle tretilen ekmeklerin
besinsel lif degerlerinin %3.00 ile %20.00 arasinda
degistigini bildirmiglerdir. Bulgularimiz Pejcz ve ark.
(2017) tarafindan yapilan calismada bulunan
sonuclarla benzerlik gostermistir. Besinsel lifin,
gastrointestinal sistemin saglikli ¢alismasina olumlu
etki yaptigim1 (Knuckles ve ark., 1997; Dhingra &
Jood., 2001; Alu’ dat ve ark., 2012) bildirmektedirler.
Ekmeklerde tespit edilen fenolik madde miktari, ilave
edilen arpa unun oran artigina bagh olarak 6nemli
derecede artmistir (p<0.05). En yiiksek fenolik madde
icerigi 1.33 mgGAE g ile F 6rneginde gozlemlenirken,
en diistik fenolik madde igerigi 0.63 mgGAE g1 ile A
orneginde gozlemlenmistir. Fenolik madde igeriginin
miktar: artik¢a gidanin besleyici 6zelliginin geligtigi ve
saghga olumlu etkisinin arttign bir¢cok arastiric
(Zengin, 2015; De Vuyst ve ark., 2017; Papadimitriou
ve ark., 2019) tarafindan bildirilmistir. Ayrica, Lee ve
ark. (2004) ve Holtekj@len ve ark. (2008), fenolik
madde igeren uriinleri tiikketmenin kardiyoviskiiler
hastaliga ile kansere yakalanma riskinin azaltica
etkisinin oldugunu rapor etmiglerdir.

Fitik asit, mineralleri, proteinleri ve nigastayi dolayli

veya dogrudan baglayabilmesi nedeniyle Dbir
antinutrient olarak kabul edilmektedir. Bu baglanma,
bu besinlerin biyoyararlanimini veya

sindirilebilirligini olumsuz etkilemektedir. Bununla
birlikte, fitik asidin antioksidan ve antikarsinojenik
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etkiler dahil olmak tizere baz1 saglikl etkileri birgok
arastirmaci tarafindan bildirilmigtir. Ancak, yararl
etkiler ortaya ¢ikarmak i¢in insanlar i¢in dozaj bilgisi
stnirhdir  (Aktas & Levent, 2018).. Cizelge 4
incelendiginde, ilave edilen arpa ununa bagli olarak
fitik asit degerlerinin yiikseldigi, en yuksek fitik asit
degerinin 3.95 mg g1 ile F 6rneginde, en dusiik fitik
asit degerinin 0.24 mg g! ile A 6rneginde belirlendigi
gorilmektedir. Fitik asit miktarinin randimanla
iligkili oldugu, artan lif ve kil icerigine baglh olarak
miktarinin  arttigi, bazi esansiyel minerallerle
kompleks olusturarak bunlarin biyoyarayishiligim
azalttigt  bircok  arastirmacilarin  sonuclarinda
goriilmektedir (Ozkaya, 2002; Sat & Keles, 2004;
Gupta ve ark., 2015; Unsal ve ark., 2020). Ayrica
¢imlenme, fermentasyon ve pigsme gibi iglemler fitat
hidrolizine neden olarak gerekli olan minerallerin
kullanilabilirligini arttirmaktadir (Bilgicli, 2002;
Steve, 2012; Ertas & Turker, 2014; Gupta ve ark.,
2015).

SONUC ve ONERILER

Ekmek, hem diger gidalara ¢ok iyl bir katik olmasi
hem de diinyanin bir¢ok tilkesinde diyetten saglanan
enerjinin blyik bir kismini olusturmasi agisindan
temel bir gida maddesi konumundadir. Ozellikle
Sanliurfa ve yoresinde yogun olarak tiliketilen diiz
ekmekler icerisinde yer alan acik ekmegin besinsel
acidan zenginlestirilmesi, beslenme konusundaki
eksikliklerin giderilmesi anlaminda da blyik 6nem
arz etmektedir.Calisma kapsaminda ekmeklik bugday
ununa farkli oranlarda arpa unu ilave edilerek
uretilen acik ekmeklerde kil, protein, besinsel lif, fitik
asit ve fenolik madde igeriklerinin arttig:
saptanmigtir. Bu sonuclar calismanin amaci olan
ekmeklerin  besinsel agidan  zenginlegtirilmesi
sonucuna ulasildigini goéstermektedir. Elde edilen
bulgular 1s181nda arpa ununun agik ekmek yapiminda
ve diger bagka gidalarin besinsel acidan
zenginlestirilmesinde dogal bir katki olarak
kullanilabilecegi sonucuna varilmigtir.

TESEKKUR

Bu makale 2022 yilinda tamamlanan “Arpa Unu
Ilavesinin Sanhurfa Acgik Ekmeginin Kalitesine
Etkisinin Arastirilmasi” baghkli Yiksek Lisans Tezi
esas alinarak hazirlanmigtir.

Aragtirmacilarin Katki Orani1 Beyan Ozeti

Yazarlar makaleye esit oranda katk:
olduklarini beyan eder.

saglamisg

Cikar Catigmas1 Beyani

Tim yazarlar makalelerinde, sonuglar1 veya yorumlar:
etkileyebilecek herhangi bir maddi veya diger asli
cikar ¢catismasi olmadiginm beyan ederler.
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Etik Kurul Karar1 Beyam

Bu calisma, klinik ve deneysel insan ve hayvanlar
uzerinde yapilan bir calisma niteliginde olmadigindan
herhangi bir Etik Kurul Karar1 gerektirmemektedir.
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OZET

Bu calismada yag: alinmis nar c¢ekirdeklerin fenolik antioksidanlarin
uygun sartlarda 6zlitlenmesine odaklanilmigtir. Bu baglamda 6ziitleme
adiminda ultrases sistemi kullanilmig ve sartlar yanit ylizey yontemi ile
optimize edilmistir. Optimizasyon igleminde, dziitleme siiresinin (5-60
dk) ve ultrases cihazinin genliginin (%20-100) toplam fenolik madde
miktar: Gzerine etkisi arastirilmistir. Maksimum toplam fenolik madde
miktar: (TFM), 6ziitleme siiresinin 52 dk ve genligin %88 oldugu noktada
elde edilmistir. Optimum kogullarda elde edilen 6zitlere ait 6zellikler
klasik yontemle (metanolik 6ziitler) elde edilen 6ziitlerle karsilastirmal
olarak verilmigtir. Ultrases sistemi kullanilarak elde edilen 6zutlerin
TFM (2.94 mg GAE g, toplam flavanoid madde miktar1 (TFMM) (0.36
mg KE g1) ve toplam hidrolize tanen madde miktar: (THTM) (22.07 mg
TAE g'!) metanolik éziitlerden (2.60 mg GAE g1, 0.27 mg KE g1, 16.73
mg TAE g1) daha yiiksek oldugu tespit edilmistir. LC-ESI-MS/MS
sonuclar: yagsiz nar ¢ekirdeklerinin gallik asit ve ellajik asit agisindan
zengin oldugunu gostermigtir. Fenolik asitlerin baskinligi FTIR
spektroskopisi ile dogrulanmigtir. Ustiin antioksidatif davranig optimum
kosullarda hazirlanan éziitlerde (DPPH: 105.26 pmol TEAC g1, ABTS:
57.65 pmol TEAC g1, FRAP: 13.03 pmol TEAC g1, CUPRAC: 8.91 umol
TEAC g) tespit edilmistir. Sonuclar, meyve cekirdeklerden biyoaktif
maddelerin o6zlutlenmesinde ultrases sisteminin efektif bir uygulama
oldugunu ortaya koymustur.

ABSTRACT

This study focused on the extraction of phenolic antioxidants from oil-free
pomegranate seeds under suitable conditions. In this context, the
ultrasound system was applied in the extraction step and the conditions
were optimized by the response surface method. The effects of the
extraction time (5-60 min) and the amplitude (20-100%) on total phenolic
content were investigated. The optimum conditions were 52 min and 88%
amplitude for providing maximum total phenolic content. The attributes
of the extracts produced under optimum conditions were compared with
the extracts obtained by the classical method (methanolic extracts). Total
contents of phenolic (2.94 mg GAE g1, flavonoid (0.36 mg CE g), and
hydrolysable tannin (22.07 mg TAE g!) in the extracts prepared using
ultrasound assisted system were superior than those of methanolic
extracts (2.60 mg GAE g1, 0.27 mg CE g, 16.73 mg TAE g!). LC-ESI-
MS/MS results indicated that defatted pomegranate seeds were rich in
gallic acid and ellagic acid. The predominance of phenolic acids was
endorsed by FTIR spectroscopy. The extracts produced in the optimum
conditions exhibited higher antioxidative behavior (DPPH: 105.26 pmol
TEAC g1, ABTS: 57.65 pmol TEAC g1, FRAP: 13.03 pmol TEAC g1,
CUPRAC: 8.91 umol TEAC g). The results indicated that ultrasound
system created awareness in terms of the effective extraction of bioactive
substances from fruit seeds.
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GIRIS
Artan niifus artist ve populasyonlarin yasam
tarzindaki  farkliliklara  paralel olarak  atik
materyallerin  degerlendirilmesi ve ekonomiye

kazandirilmasi igin son yillarda kiiresel boyutta goz
ardi edilemez bir ¢aba vardir. Atik yonetiminde, gida
igleme atiklarindan katma degerli turlnlerin elde
edilmesi bilimsel ¢aligmalar ve endiistri i¢in 6ncelikli
konular arasindadir. Daha 6nce yurutilmus
calismalar ve endustriyel tretimler de bu yaklagimi
desteklemektedir. Gelismis (680 milyar dolar) ve
gelismekte (310 milyar dolar) olan iilkelerde, gida
atiklarindan kaynakli 6nemli maddi kayiplarin oldugu
énceki calismalarda ortaya konmustur (Brito ve ark.,
2022). Kiiresel olarak ortaya cikan gida orijinli
atiklarin hacminin 1,3 ile 1,4 milyar ton arasinda
degistigi yapilan arastirmalar ile kanitlanmis olup bu
oranin 6nimizdeki birka¢ yil igerisinde 2,6 milyar
tona ulasacagl tahmin edilmektedir (Sinha & Tripathi,
2021). Gida kaynakl bu atiklarin yaklasik %25-30'luk
kismini meyve-sebzelerin igleme ve hasat sonrasi
stirecinde ac¢iga c¢ikan yan Uriinler olusturmaktadir
(Sagar ve ark., 2018). Bu atiklarin fonksiyonel 6zellik
sergileme potansiyeli olan olusumlar1 yiksek
miktarlarda yapilarinda barindirdig: onceki
calismalarda vurgulanmistir (Méndez ve ark., 2022).

Dolayisiyla  meyve-sebze  igleme atiklarindan
ekonomik degeri olan Urlinlerin retilmesi ve bu
urinlerin pazara kazandirilmasi ulusal/kiiresel

baglamda 6nem arz etmektedir.

Nar (Punica granatum L.) farkh bélgelerde kendisine
yetisme alani bulan en eski yenilebilir meyvelerden
biridir (Cam ve ark., 2014). Nar meyvesi sofralik
olarak tiiketiminden ziyade endistriyel olarak
islenmektedir. Meyve suyu, nar eksisi, recel, pekmez
ve jole narin girdi olusturdugu gidalara 6rnek olarak
verilebilir (Abid ve ark., 2018; Bou Dargham ve ark.,
2022). Narin, bu gidalara islenmesi esnasinda yiiksek
miktarlarda yan triinler (kabuk ve cekirdek) aciga
cikmaktadir (Qu ve ark., 2009). Farkhh calismalarda
nar kabugunun ve nar c¢ekirdeginin fenolik
antioksidanlar gibi biyolojik aktivite sergileyen o6zel
yapilar1  icerdigi not  edilmistir = (Paul &
Radhakrishnan, 2020; Kaderides ve ark, 2021).
Dolayisiyla bu 6zel yapilarin ilgili atiklardan uygun
yontemlerle izole edilip katma degerli drilinlere
dontstirualmesi bilimsel literatiir ve endistri i¢in
gereklilik arz etmektedir. Bu yaklagima paralel olarak
nar kabuklar1 farklh ¢aligmalarda konu olarak
islenmistir (Kaderides ve ark., 2021). Nar isleme atig1
olan nar cekirdekleri ile ilgili de farkli ¢aligmalar
mevcut olup bu ¢calismalarda daha ¢ok c¢ekirdeklerden
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yvag eldesi ve elde edilen yagin karakterizasyonuna
odaklanmilmistir (Paul & Radhakrishnan, 2020); ancak
nar c¢ekirdeklerinden yag eldesinden sonra geriye
kalan posa miktar1 da g6z ardi edilemeyecek kadar
fazladir. Posanin farkli amaclar i¢cin kullanimina
yonelik ¢alismalar kisitlidir. Bir nevi atigin atig1 olan
yag1 alinmig nar ¢ekirdeklerinden besinsel degeri olan
materyallerin eldesi literatiire farkli bir bakis agisi
kazandiracaktir. Cekirdeklerin kompleks bir yapiya
sahip oldugu ve son yillarda ¢evre dostu 6ziitleme ‘yesil
ekstraksiyon’ yontemlerinin 6n plana ¢iktig1 g6z
onunde bulunduruldugunda cekirdeklerden bu
besinsel degeri olan fonksiyonel yapilarin uygun
tekniklerle elde edilmesi 6nem arz etmektedir. Bu
teknikler arasinda ultrases destekli oziitleme
sistemlerinin  basaris1i farkli calismalarda not
edilmistir (Da Porto ve ark., 2013). Corbin ve ark.
(2015) keten tohumundan fenoliklerin éziitlenmesi ile
ilgili ylUritmis olduklar: calismada 4 farkli yontem
(ultrases destekli, mikrogalga destekli, enzimatik
destekli ve geleneksel alkali 6ziitleme) kullanmis ve
bulgular c¢ekirdeklerden biyolojik aktiviteye sahip
yapilarin eldesinde ultrases sisteminin kullaniminin
daha makul oldugunu ortaya koymustur. Bagska bir
calismada baobab cekirdeklerinden ultrases destekli
sistemler kullanilarak elde edilen 6zltlerin geleneksel
yontemlerle elde edilen oziitlere kiyasla fenolik
maddelerce daha zengin oldugu rapor edilmistir
(Ismail ve ark., 2019). Tim bu yaklasimlarin ve
sonuclarin 15181 altinda mevcut ¢alismada:

(i) yag alinmis nar cekirdeklerinden fenolik
antioksidanlari elde etmek amaciyla ultrases destekli
ozlutleme yonteminin kullamilmasi ve oOzltleme
kogullarinin yanit ylizey yontemi ile optimize edilmesi,

(ii) 6ziitlerin toplam fenolik madde miktarinin (TFM),
flavonoid madde miktarinin (TFMM) ve hidrolize
tanen miktarmin (THTM) ortaya ¢ikarilmasi,

(ii1) optimum kosullarda elde edilen yag1 alinmis nar
cekirdegi ozutlerinin fenolik madde igeriginin LC—
ESI-MS/MS ile karakterize edilmesi,

(iv) oziitlerdeki spesifik yapilarin FTIR spektroskopisi
ile tespit edilmesi,

(v) 6ziitlerin antioksidatif davraniglarinin belirlenmesi
amaglanmigtir.

MATERYAL ve METOD
Materyal

Calismada kullanilan nar c¢ekirdekleri Isparta’da
faaliyet gosteren Mavideniz Gida A.S'den temin
edilmigtir. Nar  c¢ekirdeklerini yagsiz  forma
getirebilmek i¢in laboratuvar olcekli soguk pres
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makinesi (12 kg tohum saat, tek kafa, 750 W gii¢, 12
mm ¢aph ¢ikis ucu, 12 rpm hiz ve 100 °C maksimum
cikis sicakhigl) kullamlmistir. Yagsiz cekirdekler
ogitiilmiis (300-2000 pm parcacik boyutu) ve daha
sonra Oziitleme asamasina kadar +4 °C’de muhafaza
edilmigtir. Analizde kullanilan kimyasallar analitik
saflikta olup aksi belirtilmedik¢e Sigma-Aldrich (St.
Louis, MO, ABD) ve Merck (Darmstadt, Almanya)
firmalarindan temin edilmistir.

Orneklerin Hazirlanmasi
Ultrases destekli 6ziitleme kogullarinin optimizasyonu

Ultrases destekli 6ziitleme igleminin optimizasyonu
icin 2 faktorli ve 5 seviyeli toplam 12 farkli deneme
noktasi merkezi timlesik tasarim ile yamt ylizey
yoéntemi kullanilarak olusturulmustur (Cizelge 1). Bu
asamada 60 Hz frekansa ve 665 W gilice sahip
laboratuvar tipi ultrases cihaz1 (Wiseclean WUC-
D10H) kullanilmis olup 6ziitleme siiresi (5, 13, 33, 52
ve 60 dk) ve cihaz genliginin (%20, 32, 60, 88 ve 100)
TFM tizerindeki etkileri arastirilmigtir.

IIk olarak, yagsiz nar cekirdekleri saf su ile
karistinlmistir (1:10, w/v). Daha sonra hazirlanan
soliisyonlar ultrases cihazinin ilgili boélimiine
yerlestirilmis ve 6ziitleme iglemi, olugturulan deneme
noktalar1 dikkate alinarak oda sicakliginda farkl
sirelerde (5-60 dk) ve genliklerde (%20-100)
yuritilmustir. Son olarak, her bir deneme noktasi
icin ornekler 4000 rpm’de 10 dk sire ile santrifiy
edildikten sonra supernatantlar toplanmis ve
analizlere tabi tutulmustur.

Geleneksel yontem

Geleneksel oziutleme yontemi Alasalvar ve Yildirim
(2021)e gore yapilmistir. Bunun icin yagsiz nar
cekirdekleri metanol igeren cam sigelere ilave edilmis
(1:10, w/v) ve oziitleme iglemi laboratuvar tipi bir
calkalayicida 250 rpm’de oda sicakliginda 24 s boyunca
yurutilmustir. Siire sonunda 6rnekler 4000 rpm’de 10
dk stre ile santrifiij edilmis ve slUpernatantlar
toplanmigtir. Toplanan supernatantlarda analizler
gerceklestirilmigtir.

Toplam Fenolik Madde Miktari

TFM  analizi  igin Folin—Ciocalteu  reaktifi
kullanilmistir (Singleton & Rossi, 1965). Seyreltilmig
oziitler (0.4 mL), saf su (1.8 mL) ve Folin—Ciocalteu
reaktifi (0.2 mL) ile cam tiipler icerisinde
karigtirnlmigtir. Daha sonra tlpler igerisine %7.5°1ik
(w/v) sodyum karbonat soliisyonu (1.6 mlL) ilave
edilmigtir. Karanlik bir ortamda 60 dk’lhk
inklibasyondan sonra 6rneklerin absorbansi UV—Vis
spektrofotometre ~ (Model UV-1280, Shimadzu,
Japonya) kullamilarak 765 nm’de okunmustur.
Sonuclar g érnek basina mg gallik asit esdegeri (mg
GAE g) olarak ifade edilmistir.
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Toplam Flavanoid Madde Miktar:

TFMM analizi Zhishen ve ark. (1999)a gére
yuritilmistir. On mL’lik tipler igerisindel mL
seyreltilmis 6ziit, 4 mL saf su ve 0.3 mL sodyum nitrit
(%5, wiv) karstirilmis ve karisim 5 dk siire ile
inkiibasyona birakilmigtir. Siire sonunda tiipler
icerisine 0.3 mL aliiminyum kloriir (%10, w/v) ilave
edilmigtir. Aliminyum Kklorir ilave edildikten 1 dk
sonra, hazirlanan soliisyonlarin igerisine sirasiyla 2
mL sodyum hidroksit (1 M) ve 2.4 mL saf su
eklenmigtir. Tupler  igerisindeki  karisimlarin
absorbans okumalar 510 nm’de UV-Vis
spektrofotometre ile gergeklestirilmistir. Sonuglar mg
katesin egdegeri g ornek! (mg KE g1) olarak
verilmigtir.

Toplam Hidrolize Tanen Madde Miktar1

THTM analizinin yuritilmesinde daha &nce
literatirde not edilmig bir calisma referans alinmistir
(Willis, 1998). Seyreltilmis érneklerden 1 mL alinmis
ve 5 mL potasyum iyodat (%2.5, w/v) cozeltisi ile
karigtinnlmistir. Kirmizi renkli karigimin absorbansi
550 nm’de UV-Vis spektrofotometre ile 6l¢tilmiistiir.
Nihai sonuclar g 6rnek basina mg tannik asit esdegeri
(mg TAE g) olarak sunulmustur.

LC-ESI-MS/MS Analizi

Yagsiz nar c¢ekirdegi 6zitleri, ikili gradyan pompaya,
bir otomatik enjeksiyon bloguna (SIL-20AC), bir gaz
gidericiye (DGU-20A3R) ve bir kolon termostatina
(CTO-10ASVP) sahip Nexera Shimadzu UHPLC LC—
ESI-MS/MS (Shimadzu, Japonya) cihazina enjekte
edilmeden o6nce 0.45 um goézeneklere sahip membran
filtrelerden gecirilmigtir. Yagsiz ¢ekirdeklerdeki
fenolik fraksiyonlar1 ayirmada, sicaklign 40 °C’ye
getirilmis Inertsil ODS 4 (2 pm, 2.1 x 50 mm)
kolonundan yararlanilmistir. Mobil faz olarak formik
asit-ultra saf su (%0.1, v/v) (A) ve formik asit-metanol
(%0.1, v/v) (B) kullanilmistir. Ornek enjeksiyon hacmi
ve akigi sirasiyla 2 pLi ve 0.4 mL dk? olacak sekilde
ayarlanmistir. Gradient kosullar: 0-4 dk (%95 B), 4.01-
7 dk (%95 B) ve 7.01-12 dk (%5 B).

MS tespitinde, elektrosprey iyonizasyon (ESI)
kaynagina sahip Shimadzu LC-MS/MS 8030 model
ucli tandem dort kutuplu kiitle spektrometresi
kullanilmigtir. Fraksiyonlara ayirma islemi hem
negatif hem de pozitif elektrosprey iyonizasyon
modunda yiritiilmistir. Nebulize (3 mL/dk) ve
kurutucu gaz (15 mlL/dk) olarak azot kullamilmistir.
DL sicakligi, 1s1 blogu sicakligi ve ara yiiz voltaj
sirasiyla 260 °C, 400 °C ve 4.5 kV’ye ayarlanmistir.
Verilerin degerlendirilmesinde LabSolutions
programindan (Shimadzu, Japonya) yararlanilmistir.

FTIR Spektroskopisi
Oziitlerdeki spesifik gruplar FTIR spektroskopisi
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(Shimadzu, Japonya) kullamilarak arastirilmistir.
Oziitler cihazin ilgili kismina yerlestirildikten sonra 1
cm’! ¢ozliniirliikte spektrum taramasi (4000-600 cm™)
yapilmistir (Naji ve ark., 2022).

Antioksidan Kapasite

DPPH yontemi: Seyreltme igslemi uygulanmig yagsiz
nar ¢ekirdegi 6zutlerinden 0.1 mL alinmig ve 3.9 mL
DPPH radikali (25 mg L) iceren tiipler icerisine ilave

edilmigtir. Tupler karanhk ortamda 30 dk
inkiibasyona birakilmig ve siire sonunda karigimlarin
absorbanst 515 nm’de UV-Vis spektrofotometre

kullanilarak okunmustur (Cam ve ark., 2009).

ABTS yontemi: Radikal soliisyonunu hazirlamak i¢in
0.96 mg ABTS 25 mL’lik balon joje icerisinde 15 mL saf
su ile tamamen ¢oziindirilmustiir. Balon jojeye 5 mL
potasyum persiilfat (2.45 mM) ilave edilmis ve nihai
hacim saf su ile 25 mL’ye tamamlanmagtir. Daha sonra
solisyon 16 s karanlik ortamda inkibasyona
birakilmigtir. Radikal solisyonun 734 nm’deki
absorbans1 sodyum fosfat tamponu (0.2 M, pH 7.4) ile
0.700+0.02 olacak sekilde ayarlandiktan sonra ilgili
soliisyon (2 mL) ve seyreltilmis 6ziitler (20, 40, 60 ve
80 pL) karstirlmistir. Karisimlar 6 dk karanhk
ortamda bekletildikten sonra absorbans degerleri UV—
Vis spektrofotometre ile 734 nm’de 6lciilmiistiir (Cam
ve ark., 2009).

FRAP yontemi: Oziitleri (150 uL) iceren tiiplere daha
onceden hazirlanmis 2850 pL. FRAP reaktifi (30 mM
sodyum asetat, 10 mM 2,3,5-Trifeniltetrazolyum
kloriir, 20 mM demir (III) kloriir) ilave edilmistir.
Hazirlanan karisgimlar 30 dk karanlik ortamda
inkiibasyona birakildiktan sonra absorbans
degerlerini okumak i¢in dalga boyu 593 nm’ye
ayarlanmis UV—Vis spektrofotometrenin ilgili kismina
kuvartz kiivetler icerisinde yerlestirilmistir (Benzie &
Strain, 1996).

CUPRAC yéntemi: 1 mL bakir (II) kloriir (0.01 M), 1
mL etanolik neocuproine (7.5 x 103 M), 1 mL amonyum
asetat soliisyonu (1 M, pH 7), 0.4 mL 6rnek ve 0.7 mL
saf su tipler icerisinde homojen olacak sekilde
karistinlmigtir. Karigim karanlik ortamda 30 dk’lik
inkiibasyona birakildiktan sonra UV-Vis
spektrofotometrenin dalga boyu 450 nm ayarlanmig ve
absorbans okumalar1 yapilmistir (Apak ve ark., 2008).

Antioksidan kapasite sonuglari pmol trolox esdegeri
antioksidan kapasite g'! (umol TEAC g!) érnek olarak
ifade edilmistir.

Istatistik Analizler

Uretimler ve analizler en az 2 tekerrtrlii olacak
sekilde gerceklestirilmistir. OriginPro 8 (Origin Lab
Inc.) programi kullanilarak grafikler olusturulmustur.
Verilerin istatistiksel olarak degerlendirilmesi i¢in
SPSS 22 paket programi (SPSS Inc., Sikago, IL, ABD)
kullanilmigtir. Ortalamalar arasindaki farklhiliklar t
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testi ile tespit edilmis olup P<0.05 sinmir degeri olarak
kabul edilmigtir. Oziitleme isleminin
optimizasyonunda deneme tasarimlari Design Expert
7.0 (Stat-Ease Inc., Minneapolis, MN) programi ile
olusturulmusgtur. Optimizasyon isleminde bagimh
degisken, ikinci dereceden bir polinom modeli elde
etmek ve regresyon katsayilarini belirlemek i¢in ¢oklu
dogrusal regrasyonlara yerlestirilmistir (Denklem 1).

Y =B+ XoBiXi+ TioBuXi+ X BiiXiX; (1)
Y: Bagimh degisken, S, Kesisim regresyon katsayisi,
B;: Dogrusal regresyon katsayisi, ;' Ikinci dereceden
regresyon katsayisi, f;;* Etkilesim regresyon katsayisi,

n
i=0

n-1ym
i=1 &j=i+1

X;X;* Ana degiskenler arasindaki etkilesim, n:
Degiskenlerin sayisi.

BULGULAR ve TARTISMA

Ultrases Destekli Oziitleme Kogullarinin
Optimizasyonu

Literatirde fenolik antioksidanlarin farkl

materyallerden elde edilmesi ile ilgili ¢esitli calismalar
mevcuttur (Ben Yakoub ve ark., 2018; Pandey ve ark.,
2018). Yiiriitiilen calismalarin hemen hemen hepsinde
ozltleme kogullar: degistirilerek maksimum verimde
prosesin  yuritilmesi amaglanmigtir.  Fenolik
antioksidanlarin eldesi ile ilgili calismalarda proses
{izerine 6ziitleme sicakliginin/siiresinin (Tiilek ve ark.,
2021) ve ¢oziicii tipinin/oraninin (Zhang & Lee, 2021)
etkili oldugu rapor edilmistir. Ayrica, bu biyolojik
yapilarin izole edilmesinde bagarisi ispatlanmig
metanol gibi toksik solventler yerine son yillarda
ultrases destekli, mikrodalga destekli ve siiperkritik
akigkan oziitleme yontemlerine bir yonelim vardir.
Farkl ¢alismalarda da bu tekniklerin bagaris1 ortaya
konmustur; ancak bu inovatif tekniklerde de makul bir
ozlutleme siireci i¢in cihaz sartlarimin  optimize
edilmesi gerektigi yuritilen caligmalarda
vurgulanmistir (Dairi ve ark., 2021; Mrkonji¢ ve ark.,
2021; Pinto ve ark., 2021). Tim bunlara ilaveten
bilimsel literatiirdeki yaklagimlara bakildiginda
ozellikle cekirdek gibi kompleks yapilara sahip
materyallerden fenolik antioksidanlarin izolasyon
stirecinde toksik solventler yerine bu yeni tekniklerin
kullaniminin daha makul oldugu gérulmektedir. Bu
yaklagsimlardan yola ¢ikarak mevcut ¢alismada yag:
alinmis nar cekirdeklerinden fenolik antioksidanlarin
eldesinde ultrases destekli oOzlitleme yontemi
kullamlmigtir.  Oziitleme  kosullar1  sistematik
yaklagimla optimize edilmistir. Literatir verileri ve
yapilan 6n calismalar g6z oniinde bulundurularak
oziitleme siiresinin (5-60 dk) ve ultrases cihazinin
genlik degerinin (%20-100) 6ziitlerdeki TFM {izerine
etkisi aragtirlmistir. Ozitleme sicakligi, solvent tipi
ve solvent orani gibi parametreler izolasyon siirecinde
sabit tutulmus olup olusturulan tasarima ilave
edilmemigtir. Yamit ylizey yontemi kullanilarak
olusturulan 12 deneme noktasi ve bu noktalarda
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bagimhi degisken (TFM) sonuclar1 Cizelge 1'de
sunulmustur. TFM'nin 0.11 mg GAE g1 ile 3.45 mg
GAE g! arasinda degistigi tespit edilmigtir. Genel
olarak ozlitleme sliresi ve ultrases cihazinin
genligindeki dugtsle Dbirlikte oOzitlerdeki TFM
miktarinin da disme egiliminde oldugu tespit

edilmigtir. Bu durum, cekirdek materyalinin hicre
duvarinin kisa stre ve disiikk genlikte yeterince
parcalanmamasina paralel olarak hiicre duvarinda yer
alan fenolik antioksidanlarin solvente diflizyon
oraninin sinirli olmasi ile agiklanabilir.

Cizelge 1. Yag1 alinmis nar ¢ekirdeklerinden fenolik antioksidanlarin ultrases destekli 6ziitleme iglemi ile ilgili

deneysel tasarim

Table 1. The experimental design regarding the ultrasound-assisted extraction of phenolic antioxidants from

defatted pomegranate seeds

Bagimsiz degiskenler
(Independent variables)

Bagimh degigken
(Dependent variable)

Oziitleme stiresi (dk) Genlik (%)

Toplam fenolik madde miktar: (mg GAE g'1)

(Extraction time) (min) (Amplitude) (%) (Total phenolic content) (mg GAE g-1)
33 60 1.39
33 60 1.46
33 20 2.05
52 88 2.87
33 100 3.45
33 60 1.34
33 60 1.31
13 32 0.50
13 88 1.78
60 60 2.38

5 60 0.11
52 32 2.49

GAE: Gallik asit esdegeri (Gallic acid equivalent).

Merkezi tiumlesik tasarim kullanilarak ylritilen
optimizasyon c¢alismasi ile ilgili model istatistik
sonuclar1 Cizelge 2’de sunulmustur. Her bir deneme

noktasi icin belirlenen TFM sonuglarina gore
optimizasyon 1iglemi igin uygun olan model
belirlenmigtir. Model belirleme asamasinda

istatistiksel ciktilar (R2 belirleme katsayisi, R2ag
diizeltilmis belirleme katsayisi, P degeri ve uyum
eksikligi) dikkate alinmistir. Bu parametreler
arasinda R2 ve R2Adj degerlerinin maksimum, P
degerinin O6nem derecesinin yiksek ve uygum
eksikliginin 0.05'ten daha biyik olmasi uygun
modelin se¢iminde yol gosterici olmustur. Cizelge

incelendiginde lineer ve 2FI (etkilesimli) modellerde
arzu edilenin aksine R2 ve RZ2aqj degerlerinin, P
degerinin 6nem derecesinin disiik oldugu ve ayrica
uyum eksikliginin de belirtilen smirlar igerisinde
olmadig1 gorulmektedir. Kibik modellerin
yorumlanmasina gelince program tuzerinde yapilan
degerlendirmeler sonucunda ilgili modelin
uygulanmasi ile birlikte veri kayiplarinin olabilecegi
ve bu veri kayiplar: neticesinde olusturulan grafiklerin
uygun olmayacagr tespit edilmigstir. Belirtilen
yorumlar ve model istatistik sonuc¢lar1 géz o6ntnde
bulunduruldugunda c¢alismada bagimh degisken
olarak secilen TFM’yi agiklamak i¢in en uygun
modelin kuadratik model oldugu belirlenmigtir.

Cizelge 2. Yag1 alinmis nar ¢ekirdeklerinden fenolik antioksidanlarin ultrases destekli 6ziitleme iglemi ile ilgili

model istatistik sonuclari

Table 2. Model summary statistics regarding the ultrasound-assisted extraction of phenolic antioxidants from

defatted pomegranate seeds

Bagimh degisken Modeller S;;;daart R2 R2a4j P-degeri lﬁ?ﬁigi
(Response) (Source) (Std. Dev.) (R2) (R?4q)  (P-value) (Lack of fit)
Toplam fenolik Lineer (Linear) 0.62 0.6582 0.5822 0.0080** 0.0010
madde miktari 2FI (2FD) 0.63 0.6776 0.5567 0.0229* 0.0009
(Total phenolic Kuadratik (Quadratic) 0.085 0.9956 0.9920 <0.0001*** (0.2481
content) Kiibik (Cubic) 0.080 0.9974 0.9929 <0.0001*** 0.1829

2FT: Etkilesimli (Interactive). Istatistiksel anlamlilhk dereceleri (Statistical significance degrees). *P<0.05; **P<0.01; ***P<0.001.

Mevcut ¢alisma kapsaminda bagimsiz degisken olarak
secilen 6ziitleme siiresi ve genligin TFM {izerine olan
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muhtemel etkilerini istatistiksel boyutta ortaya
koymak icin varyans analizi (ANOVA) sonuclar
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incelenmis ve ilgili sonuclar Cizelge 3’te sunulmustur.
Her i1ki bagimsiz degiskeninde TFM {izerine

istatistiksel baglamda 6nemli bir etkiye sahip oldugu

belirlenmistir (P<0.001). Benzer sekilde islem
parametrelerinin etkilesimleri (siire x genlik) de TFM
uzerine P<0.01 dizeyinde etki ettigi tespit edilmigtir.

Cizelge 3. Yag1 alinmis nar ¢ekirdeklerinden fenolik antioksidanlarin ultrases destekli 6ziitleme iglemi ile ilgili
model katsayilar1 ve varyans analizi (ANOVA) sonuclar
Table 3. Model coefficients regarding the ultrasound-assisted extraction of phenolic antioxidants from defatted

pomegranate seeds

Model katsayilari/deger

Toplam fenolik madde miktar: (mg GAE g)

(Coeftticient/value) (Total phenolic content) (mg GAE g1
Bo 1.37%**

Lineer

6:(Stre) (Time) 0.79%**

B2(Genlik) (Amplitude) 0.45%%*

FEtkilesimli

B12(Stire x Genlik) (Time x Amplitude) -0.22%%*

Ikinei derece

B1:(Siire x Stire) (Time x Time) -0.087*

B22(Genlik X Genlik) (Amplitude x Amplitude) 0.67***

GAE: Gallik asit esdegeri (Gallic acid equivalent). Istatistiksel anlamlihk dereceleri (Statistical significance degrees) *P<0.05; **P<0.01;

***P<0.001.

Model denklem (Model equation) Total fenolik madde miktar1 (7otal phenolic content) = BO + B1(Siire) (Time) + 82(Genlik) (Amplitude) +
B12(Siire x Genlik) (7ime x Amplitude)+ B11(Siire X Siire) (Time x Time) + B22(Genlik x Genlik) (Amplitude x Amplitude).

Antioksidan Kapasite Toplam Fenolik Madde, Toplam
Flavonoid Madde ve Toplam Hidrolize Tannen Madde
Miktari

Optimum kogullarda ve klasik yontemle elde edilen
yagr alinmis nar cekirdeklerinin TFM, TFMM ve
THTM ile ilgili sonucglar Cizelge 4’te verilmistir.
Optimum kosullarda elde edilen é&ziitlerin (2.94 mg
GAE g) fenolik maddelerce metanolik 6ziitlere (2.60
mg GAE g!) kiyasla daha zengin oldugu bulunmustur
(P<0.05). Benzer egilim TFMM ve THTM sonuclarinda
da tespit edilmigtir. Optimum kosullarda elde edilen
ozutler i¢cin TFMM ve THTM sirasiyla 0.36 mg KE g1
ve 22.07 mg TAE g1t iken; bu degerler metanolik
ozutlerde 0.27 mg KE g1 ve 16.73 mg TAE g olarak
belirlenmigtir.

Fitokimyasallarin 6zitlenmesinde solvent olarak su
ile karsilastirildiginda metanol kullaniminin daha
makul oldugu o6nceki c¢alismalarda rapor edilmistir
(Elfalleh ve ark., 2019). Mevcut calismada literatiir
verilerinin aksine biyoaktif maddelerin ultrases
sisteminde solvent olarak tercih edilen sulu faza
difiizyon hizinin daha fazla oldugu tespit edilmistir.
Bu durum ultrases destekli 6ziitlemenin ne kadar
etkili bir sistem oldugunu ortaya koymaktadir. Bir
bagka ifade ile toksik solventler prosese dahil
edilmeden inovatif yontemler kullanilarak sadece su
ile  biyoaktif yapilarin  efektif bir sekilde
Ozlutlenmesinin miumkin olabilecegi gorilmustir.
Bilimsel literatiirde ultrases sisteminin kullanildig:
calismalarda benzer yorumlar yapilmistir (Gisbert ve
ark., 2021).

Cizelge 4. Yag alinmig nar gekirdeklerinin toplam fenolik madde, toplam flavonoid madde ve toplam hidrolize

tannen madde miktar:

Table 4. Total phenolic, total flavonoid and total hydrolysable tannin contents of defatted pomegranate seeds

Toplam fenolik madde

Toplam flavanoid madde

Toplam hidrolize tanen madde

Ornekler miktar: (mg GAE g'1) miktar: (mg KE g'1) miktar1 (mg TAE g'1)

(Samples) (Total phenolic content) (Total flavonoid content) (Total hydrolysable tannin
(mg GAE g'!) (mg CE g!) content) (mg TAE g)

Optimum 2.94+0.032 0.36+0.012 22.07+0.862

(Optimum)

Metanolik b . b

(Methanolic) 2.60+0.07 0.27+0.03 16.73+£0.13

Aymi stitundaki farkl kiiciik harfler (a-b) istatistiksel farkliliklar: gosterir (P<0.05) (Different lowercase letters (a-b) in the
same column indicate statistical differences). GAE: Gallik asit esdegeri (Gallic acid equivalent), KE: Katesin esdegeri (Catechin
equivalent), TAE: Tannik asit esdegeri (Tannic acid equivalent).

Fenolik Fraksiyonlar: maddelerin fraksiyonlarinin da bilinmesi iizerinde
durulmasi gereken noktalardandir. Ciinkt biyoaktif

Optimum kogullarda Materyallerin icermis olduklar:
maddelerin fraksiyonlar1 ilgili materyalin biyolojik

toplam biyoaktif madde icerigi kadar bu biyoaktif
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aktivitesi ile dogrudan iligkilidir. Mevcut ¢aligmanin
bu bélimiinde LC-ESI-MS/MS ile optimum kosullarda
ve metanol kullanilarak geleneksel yontemle elde
edilen 6&ziitlerin fenolik fraksiyonlar1 (flavanoid ve
fenolik asitler) arastirilmis ve sonuclar Cizelge 5'te
sunulmustur. Her iki 6ziitte de toplam 9 farkl fenolik
fraksiyon belirlenmigtir. Yagsiz nar ¢ekirdeklerinde
tespit edilen fenoliklerin 4 tanesi flavonoid (kuersetin,
mirisetin, resveratrol ve luteolin) iken; 5 adedi fenolik
asitler (gallik asit, asetohidroksamik asit, ellajik asit,
salisilik asit ve p-hidroksibenzoik asit) grubunda yer
almaktadar. Fenolik fraksiyonlar arasinda
flavanoidlere kiyasla fenolik asitlerin dominant
oldugu tespit edilmistir. Fenolik asitlerden, ultrases
destekli sistem ve metanol kullanilarak elde edilen
oziitlerde gallik asitin (optimum: 35.49 pg gb
metanolik: 25.28 pg g1 ve ellajik asitin (optimum:

77.51 pg gl metanolik: 72.30 pg g'!) baskin oldugu
belirlenmistir. Nar ¢cekirdeklerinin gallik asit ve ellajik
asit acisindan zengin oldugu onceki ¢aligmalarda da
not edilmistir (Mesias ve ark., 2013). Bu yapilarin nar
¢ekirdeginde baskin olmasi ilgili materyal i¢in 6nemli
avantajlar1 da beraberinden getirmektedir. Cinku
gallik asitin ve ellajik asitin saglik Gizerine olan faydal
etkileri in wvitro ve In vivo calismalarda ortaya
konmustur (Andrade ve ark., 2021; Chen ve ark.,
2022). Antioksidan, antiinflamatuar,
antihiperlipidemik, antiviral, antimetastatik,
antikanser, antidiyabetik aktivite bu baglamda 6rnek
olarak verilebilir (Aishwarya ve ark., 2021). Gallik asit
ve ellajik asite ilaveten, fonksiyonel 6zellikleri farkl
caligmalara konu olmus resveratrol da yag: alinmisg
nar ¢ekirdeklerinden tespit edilmistir.

Cizelge 5. Yag1 alinmis nar ¢ekirdeklerinin fenolik fraksiyonlari
Table 5. Phenolic fractions of defatted pomegranate seeds

Optimum

S . s T .. . . -
Fenolik bilesik MF Oncii iyon ({n/z) Uriin iyon (m/2) (ug g) Metanolik ‘(pg g
. (Precursor ion (Product ion . (Methanolic (ug g
(Phenolic compound) (MP) (Optimum
(m/2)) (m/2)) (ug g 1) 7))

Gallik asit (Gallic acid) ~ C:HeO5  169.1 124.9 35.79£0.95 25.28+1.01
Kuersetin (Quercetin) CisH1007  301.1 }Zgg 0.13+0.02  0.42+0.04
Asetohidroksamik asit 58.0
(Acetohydroxamic acid) C2HsNO:2 76.1 44.0 5.52+0.46 5.52+0.74

150.9
Mirisetin (Myricetin) C15H100s  317.0 179.1 0.13+£0.03 0.22+0.02

136.9
Resveratrol 135.0
(Resveratrol) C1sH1203  229.0 1072 0.98+£0.16  0.97+0.11
Ellajik asit 228.9
(Ellagic acid) CisHeOs  301.1 145.1 77.51+1.25 72.30+1.42
Salisilik asit 93.0
(Salicylic acid) C-HsOs 137.2 65.0 1.03+0.17 0.62+0.09
Luteolin (Zuteolin) C15H1006 285.0 }ggg 0.19+£0.04 10.22+0.32
pHidroksibenzoik asit 93.1
(p-Hydroxybenzoic acid) C7HeO3 137.2 65.0 0.71£0.12 0.38+0.06

MF: Molekiiler formiil (Molecular formula).

FTIR Spektroskopisi

Oziitlerdeki spesifik gruplar FTIR spektroskopisi
aracihigiyla arastirilmis ve 6rneklere ait spektrumlar
Sekil 1° de verilmigtir. Yaklagtk 3310 cmde
gézlemlenen genis ve yayvan pik 6zltlerdeki hidroksil
(-OH) gruplarinin germe titresimine atfedilebilir.
Farkl bitkisel 6ziitler i¢in de benzer pikler ilgili dalga
sayisinda rapor edilmis ve dogrudan hidroksil gruplar:
ile iligkilendirilmistir (Santiago-Adame ve ark., 2015).
Bu dalga sayisinda absorpsiyon bantlarinin gigli
olmas1 oOzltteki fenolik bilegiklerin varlhigina
atfedilmistir (Wu ve ark., 2022). Her iki 6ziit icinde
yaklagik 2952 cm™V’de goriilen absorpsiyon bantlar: C-
H gerilmesi ile ilgili olup CH: veya CHs gruplarinin
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ozutteki varhigina igsarettir. Fenolik asitlerin varhgi ile
iligkilendirilen karboksil gruplari 1650 cmde
gorilmiistiir (Kashyap ve ark., 2022). Spektrum
incelendiginde ozutlerde bu bantlarin gug¢li oldugu
goriilmektedir ki bu durum LC-ESI-MS/MS sonuglari
ile de desteklenmektedir. Ciinku fenolik bilesikler
arasinda yagi alinmig nar c¢ekirdeklerinde fenolik
asitlerden gallik asitin ve ellajik asitin baskin oldugu
mevcut ¢alisma kapsaminda tespit edilmistir. Ayrica,
fenolik bilegiklerin varhg ile iligkilendirilen 3310 ve
1650 cmV’deki pikler optimum kosgullarda elde edilen
ozutlerde daha gugli bulunmustur. LC-ESI-MS/MS
sonug¢larina ek olarak TFM analizi de FTIR
spektrumlarimi desteklemektedir. Ozetlerdeki C=0
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karbonil ve -COOH gruplar: sirasiyla 1545 ve 1410 cm-
1 dalga sayisi civarlarinda belirlenmistir (Hashemi ve
ark., 2022; Kashyap ve ark., 2022). Fenolik yapilar
temsil eden gruplar FTIR spektrumunda da net bir

sekilde tespit edilmis olup TFM ve LC-ESI-MS/MS
sonuclar ile spektrumlar arasinda bir korelasyonun
oldugu belirlenmigtir.

= Optimum (Optimum)
Metanolik (Methanolic)

T T

T T T
500 1000 1500 2000

Dalga sayisi (cm’

T
2500

T T

L T 1
3000 3500 4000
b

(Wavenumber (cm™)
Sekil 1. Yag nar ¢ekirdegi 6ziitlerinin FTIR spektrumlar:
Figure 1. FTIR spectrums of defatted pomegranate seed extracts

Antioksidan Kapasite

Bitkisel kaynaklh materyaller sahip olduklari biyoaktif
yapilar sayesinde c¢esitli fonksiyonel 6zellikler
sergileme potansiyeline sahiptir. Mevcut calisma
kapsaminda nar ¢ekirdeklerinin icermis oldugu basta
gallik asit ve ellajik asit olmak tzere fenolik bilesikler
bu kapsamda en makul 6rnekler olarak verilebilir.
Calismanin fenolik fraksiyonlari bolimde bu biyoaktif
yapilarin farkl biyolojik 6zellikleri vurgulanmastir.

Ultrases destekli ve klasik yontemle 6ziitlenen yagi
alinmig nar ¢ekirdeklerinin antioksidatif davraniglar
bu c¢alisma kapsaminda 1n wvitro kosullarda
belirlenmigtir.  Analizler in vitro kosullarda
gerceklestirildiginden 1ilgili materyalin antioksidan
etkilerini tam olarak ortaya koymak adina tek bir
metot yerine 4 farklhh yéntem (Radikal siipiiriicii
kapasite: DPPH ve ABTS; Demir ve bakir indirgeme
giicii: FRAP ve CUPRAC) kullanilmistir. Tiim analiz
yontemleri i¢in sonuglar trolox esdegeri antioksidan
kapasite (TEAC) olarak ifade edilmis olup analiz
sonuclarni  Sekil 2de  sunulmustur. Optimum
kogullarda elde edilen 6zitlerin radikal stiptiriict giici
metanolik o6ziitlerden daha yluksek oldugu tespit
edilmistir (P<0.05). DPPH ve ABTS sonuclar1 ultrases
destekli o6ziitleme yontemi ile tretilen 6ziitlerde
sirasiyla 105.26 pmol TEAC g ve 57.65 pumol TEAC g
1 olarak belirlenmigtir. Bu degerler metanolik 6ziitler
igin 80.77 pmol TEAC gt ve 41.10 pmol TEAC g
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bulunmustur. FRAP (optimum: 13.03 umol TEAC g1
metanolik: 12.69 pmol TEAC g1) ve CUPRAC
(optimum: 8.91 umol TEAC g'; metanolik: 8.15 umol
TEAC g1) sonuclarinda ise ornekler arasinda
istatistiksel fark olmadigi tespit edilmigtir. Optimum
kogullarda elde edilen o6ziitlerde tespit edilen ustiin
antioksidan kapasite o6ziitteki daha yogun fenolik
madde oram ile agiklanabilir. Benzer yorumlara daha
once yiiriitiilmiis calismalarda da yer verilmistir (Ma
ve ark., 2021; Karacelik ve ark., 2022).

Mevcut ¢aligsma ile benzer yaklagsimin sergilendigi bir
calismada Cin’de kendisine yetigsme alanmi bulan 4
farkli nar c¢esidine ait ¢ekirdeklerde yaglar alinmis ve
yagl alinmis materyallerde antioksidatif davraniglar
arastinlmigtir. Yazarlar, yagi alinmis nar ¢ekirdekleri
i¢cin ABTS sonuglarinin 7.40 umol TEAC g1 ile 17.80
pmol TEAC gt arasinda degerler aldigini bulmustur
(Jing ve ark., 2012). Bagka bir calismada da nar
¢ekirdekleri i¢in antioksidan kapasite mevcut
¢alismada elde edilen sonuglardan daha diisiik oldugu
rapor edilmistir (Peng, 2019). Nar cekirdeklerinden
ozutlenen serbest, esterifiye ve baglh fenolik yapilarin
antioksidatif 6zelliklerinin arastirildig: bir ¢alismada
ABTS sonuglar1 sirasiyla 18.30, 11.30 ve 11.0 umol
TEAC g olarak bulunurken DPPH sonuglarinin 360,
430 ve 200 pmol TEAC g1 oldugu not edilmistir
(Ambigaipalan ve ark., 2017). Literatiir calismalarinin
birbiri arasinda ve mevcut ¢alisma ile olan farkliliklar
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kullanilan hammaddenin cesidine (fiziksel ve
kimyasal yapis1 vb.) ve oéziitleme isleminde farklh

120

yontemlerin/solventlerin kullanilmasina baglanabilir.

80

pmol TEAC/g
3
1

I
o
1

20

DPPH

ABTS

Optimum (Optimum)
Bl Wetanol (Methanolic)

FRAP CUPRAC

Sekil 2. Yagi alinmig nar ¢ekirdeklerinin antioksidan kapasitesi
Figure 2. Antioxidant capacity of defatted pomegranate seeds
Her bir antioksidan kapasite analizi i¢in farkhi kiiciik harfler (a-b) istatistiksel farkliliklar: gésterir (P<0.05) (Different
lowercase letters (a-b) for each antioxidant capacity analysis indicate statistical differences). TEAC: Trolox esdegeri antioksidan

aktivite (7rolox equivalent antioxidant capacity).

SONUC ve ONERILER

Son yillarda atik materyallerin degerlendirilip katma
degerli Urilinlere dontistiiriilmesini konu alan farkl
calismalar mevcuttur; ancak yapilan calismalarda atik
materyaller degerlendirildikten sonra geriye kalan
kistmlar1 (atigin atig)) herhangi bir prosese dahil
edilmeden bertaraf edilmektedir. Bu c¢alisma
kapsaminda atigin atig1 olan materyallerin de héala
icerisinde oOnemli yapilari barindirdigi tespit
edilmigstir. Ayrica bilimsel literatirde ve endiistride,
toksik  ozellige sahip solventlerin  proseslerde
kullaniminmi sinirlandirmak igin g6z ardi edilemez
¢abalarin oldugu bilinmektedir. Bu baglamda ¢alisma
kapsaminda inovatif tekniklerle bu problemlerin
minimize edilebilecegi sonucuna varilmigtir. Belirtilen
bu noktalardan o6tiirii elde edilen sonuclar ve
calismaya olan yaklasim ileride yuriitulecek farkl
calismalara yo6n verecek niteliktedir. Bu tarz
materyallerle ilgili calismalar: arttirmak ve bir pazar
olugsturmak igin elde edilen ozutler farkli Urin
gruplarinda girdi olarak kullanilabilir.

Aragtirmacilarin Katk: Orani Beyan Ozeti

Makale tek yazarli olup calismaya ait verilerin
toplanmasindan yazim agamasina kadar tiim siiregler
yazar tarafindan organize edilmigtir.

Cikar Catigmas1 Beyani

Yazar bu calismada herhangi bir c¢ikar c¢atigmasi
olmadigini beyan eder.
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ABSTRACT

In this study, hazelnut pulp was added to tarhana to increase its
nutritional value. For this purpose, hazelnut oil was partially extracted
by cold pressing method and hazelnut pulp was added to the tarhana
formulation at varying concentrations (5, 10, 15, 20, 25 and 30%).
According to the research data, as the hazelnut pulp ratio increased, pH
and acidity values, redness (a*) and yellowness (b*) color values of
tarhana increased, while the brightness (L*) value decreased. It was
determined that the addition of hazelnut pulp increased the foaming
capacity and foam stability of tarhana and decreased the viscosity values.
Depending on the increase in hazelnut pulp, the protein, fat and ash
ratios, total phenolic substance and antioxidant activity of tarhana also
increased.

Findik Posasinin Tarhananin Fiziksel ve Kimyasal Ozelliklerine Etkisi

OZET

Bu calismada, besin degerini artirmak amaciyla tarhanaya findik posasi
ilave edilmigtir. Bu amacla findik yagi soguk pres yontemi ile kismen
alinmis ve findik posasi belirli oranlarda (%5, 10, 15, 20, 25 ve %30)
tarhana formiulasyonuna katilmigtir. Arastirma verilerine gore findik
posasi orani arttikca tarhananin pH ve asitlik degerleri ile kirmizilik (a*)
ve sariik (b*) renk degerleri yiikselmis, parlaklhik (L*) degeri ise
dismistir. Findik posasi ilavesinin tarhananin képtirme kapasitesini ve
kopik stabilitesini arttirdigl, viskozite degerlerini dustirdugi tespit
edilmigtir. Findik posasi artigina bagh olarak tarhananin protein, yag ve
kil oranlar: ile toplam fenolik madde ve antioksidan aktivitesinde de
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INTRODUCTION of women in the labor force, the demand for ready-to-

Tarhana is a traditional fermented product made by
combining wheat flour, yogurt, yeast, and various
vegetables such as paprika, tomatoes, mint, onion, and
salt, followed by fermentation, drying, and grinding.
Tarhana is known and consumed under different
names in many countries of the world; "Kishk" in
Syria, Lebanon, and Egypt, "kushuk" in Iragq,
"tahonya, talkuna" in Hungary and Netherlands,
"tarhana" in Greece and "atole" in Scotland. The word
tarhana was first included in the words of Kipcak
Turks in the form of tarhana in Turkish words
(Cakiroglu, 2008) but also claimed to be originated
from Hittite civilization (Giiveloglu, 2019). Until
recently, tarhana was primarily produced in rural
areas of Turkiye. With the migration of people from
rural to urban areas, and the increased participation

eat foods has increased, and traditional tarhana has
taken its place among other instant soups.

The composition of tarhana changes with different
formulations and varies depending on its raw material,
the materials used in its production, and the
variability of the production methods. Tarhana, which
is usually dried and powdered, is preserved wet in
some regions without drying, and it is dried as chips
and consumed as a snack in others. In a study
conducted by some researchers, the effects of different
drying techniques such as tunnel type drying, freeze
drying, microwave drying, spray drying, and hot air
drying were investigated (Sengiin, 2006). Koca et al.
(2002) evaluated tarhana samples consisting of cow
milk yogurt, soymilk yogurt, and cow and soymilk
yogurt mixture in terms of pH, viscosity, color, and
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sensory properties. They found that the samples with
added soymilk had a higher viscosity than the samples
with added cow milk yogurt. Bilgicli (2004) examined
the effect of yeast (Saccharomyces cerevisiae), malt
flour, and phytase enzyme additive on some
nutritional parameters of tarhana. The mineral
content, phytic acid amount, and protein
bioavailability of tarhana are found to be very high,
and the natural fermentation process is sufficient in
this regard. In the study conducted by Gokmen (2009),
the effects of adding quince to tarhana were
investigated and it was found that the use of raw
quince in making tarhana is more accepted in terms of
acceptability scores. Additionally, tarhana is a product
that is fairly rich in terms of mineral and protein
content. Tarakc et al. (2013) investigated the effect of
blackberry substitution on some functional and
physicochemical properties of tarhana and concluded
that there was a decrease in acidity, dry matter, water
holding capacity, foaming capacity and foam stability
in tarhana with the addition of blackberry. They
determined that the viscosity decreased with the
temperature increase for all samples. Hazelnut pulp is
rich in protein, ash, and fat contents (Yagc1 & Gogiis,
2008) hence it is expected that inclusion of hazelnut
pulp in tarhana will enhance the nutritional and
functional properties of tarhana. The goal of this study
was to produce a new type of tarhana by incorporating
cold-pressed hazelnut pulp and adding tarhana with

nutritional, functional, aroma, and structural
properties.
MATERIALS and METHODS

For the production of tarhana samples, wheat flour,
yogurt, tomato paste, fresh yeast, mint, red pepper,
tomato, salt and hazelnut samples were purchased
from the market in Ordu city.

Production of Tarhana samples

Natural hazelnuts were first broken down and divided
into smaller pieces in a food processor. In the cold
pressed oil extraction machine, the hazelnut oil rate 1s
reduced. In the study, 0%, 5%, 10%, 15%, 20%, 25%,
and 30% Hazelnut pulps were added to tarhana
samples. The formulation specified in Table 1 refers to
the control group (0%). Tarhana varieties were
produced in 3 replicates.

Tarhana samples used in the production of tarhana are
shown in Table 1. While the hazelnut ratio increased
in the product formulations, the ratio of the other
inputs was kept constant. Before chopping the onions
in the food processor, tomato paste, dried mint, red
pepper, and salt were added, and a mixture was
obtained. After the mixture was pre-baked, water was
added and then cooked for a while. When the
temperature of the obtained mixture decreased to
20°C, flour, yogurt, yeast, and hazelnuts were added.
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To ensure a homogeneous dough structure, the
mixture was kneaded for 10 minutes. The prepared
tarhana doughs were allowed to ferment for 30 hours
at 30°C. Fermented tarhana doughs were cut into
Hazelnut-sized pieces and placed on the drying tray.
The fermented tarhana doughs were dried in a
convection oven (Nucleon, NST-120, Ankara) at 52°C
until the moisture content was 12%, ground, and
pulverized.

Table 1. Standard Tarhana formulation
Cizelge 1. Standart Tarhana formiilasyonu

Material (%) Amount (g)
Wheat Flour 50 500
Yogurt 25 250
Onion 12 120
Tomato paste 6 60
Salt 4 40
Fresh yeast 1 10
Red pepper 1 10
Dry mint 1 10

Tarhana analyses

Determination of dry matter; the drying cups were
kept at 1050C for 1 hour, tared and 5 g of sample were
weighed into the drying cups and then left to dry in the
oven (Nucleon, NST-120, Ankara) at 105°C until they
reached a constant weight. Results are expressed in %.
Ash analyses; James’s (1995) method was modified and
porcelain crucibles 3 g of sample was weighed at
550+5°C temperature until the formation of white
color.

Color analyses; Color analysis of tarhana samples was
performed with color measurement device (Minolta,
CR-400, and Osaka, Japan).

Total fat analysis; Soxhelet extraction method was
used to determine the fat content of the samples
(James, 1995). The tarhana samples were boiled by
distillation in the extraction apparatus (Velp
Scientifica, SER 148, and Usmate, Italy).

The pH analysis; a 5 g tarhana dry sample was
weighed into a beaker and the pH was measured with
a digital pH meter to determine the pH (Mettler
Toledo, Sevencompact S210) at 25°C (Ibanoglu et al.,
1995).

Titratable acidity analysis; titratable acidity was
determined by adding 1% phenolphthalein to tarhana
samples and titration with 0.1 N NaOH, and the
results were determined in terms of lactic acid per 100
g sample (Ibanoglu et al., 1999).

Protein analysis; The Kjeldahl method was used to
determine the protein content (James, 1995).

Viscosity Analysis; 10 g of dry tarhana sample was
weighed into a glass beaker and 150 ml of distilled
water was added. The solution was cooked by stirring
for 10 minutes, thereby gelatinizing the starch. The
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samples were poured into the sample cup of the
viscometer (AND, SV-10, Tokyo, Japan) while hot
(Tarake et al. 2013).

Water absorption capacity and oil absorption capacity;
tarhana (5.0 g) was thoroughly mixed with distilled
water (25 mL) or sunflower oil in 50-mL centrifuge
tubes. Dispersions were stirred at 15 min intervals
over a 60 min period and then centrifuged at 4000 X GG
for 20 min. Water and oil absorption capacity values
were expressed as grams of water or oil absorbed per
gram of tarhana (Hayta et al. 2002).

Foaming capacity and foam stability; tarhana (10 g)
was dispersed in distilled water and stirred for 20 min.
The mixture was centrifuged at 4000 X G for 20 min.
The obtained supernatant was filtered (Whatman no.
1), where it was stirred for 2 minutes on high speed.
The solution was slowly poured into a cylinder, and the
volume of the foam was recorded after 10 s. Foaming
capacity was expressed as the volume (mL) of gas
incorporated per mL of solution. Foam stability was
recorded as the time passed until half of the original
foam volume had disappeared (Hayta et al. 2002).

Total phenolic analysis: the method used by Xu and
Chang (2007) in the total phenolic content analysis
was modified. After homogenizing 3 g of tarhana with
10 ml of water, it was placed in a 25°C water bath for
30 minutes. Samples were centrifuged at 4000 x G for
10 min and filtered (Whatman no.1). After adding
300ul of the filtrate into the tubes, 4300ul of water and
100 pl of Folin Ciocalteu reagent were added and
waited for 2 minutes. Then 300 pl 7.5% (w/v) Na2COs
solution was added to the samples. The samples were
vortexed and kept in the dark for 2 hours. The
absorbance of the solutions was read at 760 nm by a
spectrophotometer (UV-VIS Shimadzu UV mini-1240).

Antioxidant analysis; for the antioxidant activity
analysis of tarhana samples, the method used by
Demirkol and Tarakc¢i (2018) was modified. Three
grams of tarhana samples were homogenized with 10
mL of methanol and then placed in a water bath of
25°C for 30 minutes. Samples that were centrifuged at
4000 rpm for 20 min were filtered through Whatman
No.1 filter paper. DPPH (1, 1-Diphenyl-2-
picrylhydrazyl radical) reagent was added to 1000 ul of
the obtained filtrate. At the end of the period,
absorbance values of the samples were measured with
spectrophotometer at 515 nm wavelength.

Statistical Analysis

One-way ANOVA method was used with Minitab 18
package program for statistical analysis of the data of
the analysis results of tarhana samples with hazelnut
addition. Tukey multiple comparison test was used to
compare the samples, which were found to be
significant as a result of variance analysis.
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RESULTS and DISCUSSION
The pH values changes in Tarhana Samples

Tarhana fermentation is performed by lactic acid
bacteria  (LAB)  (Streptococcus  thermophilus,
Lactobacillus bulgaricus) coming from yogurt and
bread yeast (Saccharomyces cerevisiae), which ensure
the tarhana its characteristic aroma, acidic taste, and
yeast flavor (Daglioglu, 2000; Bilgicli and Ibanoglu,
2007). In addition to Streptococcus thermophilus and
Lactobacillus bulgaricus during the fermentation of
tarhana, it also reported the presence of L
Lactobacillus caser, L Lactobacillus plantarum, and
Lactobacillus brevisin the product (Ozbilgin, 1983). As
a result, the metabolites produced reduce the pH of
tarhana and extend its shelf life (Koca & Taraka,
1997). There are significant differences between the
samples when the effect of hazelnut ratio on pH is
investigated. The average pH value increased as the
hazelnut rate increased and the lowest pH value was
determined in control tarhana with 4.77+0.11, while
the highest pH value was found with 5.13+0.16 and
30% hazelnut pulp (Table 3). The effect of hazelnut
ratio on the pH value of tarhana were found
statistically significant (p<0.05). In their study on the
acceptability of tarhana, Ibanoglu et al. (1995) found
that the pH value of tarhana varied between 4.3-4.8.
Temiz et al. (1991) reported that the pH of the tarhana
made by changing the type and amount of yoghurt was
between 4.0-4.3. Bilgicli et al. (2006) stated that the
final pH of the samples increased as the amount of
wheat seeds and bran added to the samples increased
in the measurements made in tarhana containing
wheat germ and bran.

Titratable Acidity Changes in Tarhana Samples

Yeast and lactic acid bacteria used in the production of
tarhana soup are responsible for acid formation during
fermentation. In our research, the acidity values of
tarhana samples were observed in the control samples
at the lowest hours at 0.46% and at the Oth hour, and
the highest acidity values were found in the samples
that used 30% hazelnut pulp (Table 2). Lactic acid
bacteria and yeasts (S. cerevisiae) explain it by
converting sugars into various organic acids (Erdogrul
& Erbilir 2006; Celik et al., 2005). The titratable
acidity value increased as the hazelnut rate increased,
and the lowest acidity value was determined in control
When the effect of hazelnut rate on acidity is
investigated, there are significant differences between
the rates (p<0.05). This can be explained by the fact
that the free fatty acids formed by hydrolysis of the oil
contained in hazelnut pulp, increase the acidity of
hazelnut pulp tarhana. Bilgicli (2009) reported that
the addition of buckwheat increased tarhana acidity in
his study. Ertas et al. (2009) stated that the acidity
value decreased in tarhana produced by using whey
instead of yogurt. Bilgicli et al. (2005) stated that the
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addition of wheat germ and bran has higher titratable

acidity values compared to the control tarhana sample.

Table 2. The pH, titratable acidity and color values of tarhana samples*
Cizelge 2. Tarhana orneklerinde pH, titre edilebilir asitlik ve renk degerleri

Samples pH Titratable acidity L a* b*
FK 4.77+0.11¢ 0.58+0.09¢ 56.35+0.032 -1.23+£0.114 30.73+0.46¢
F5 4.83+0.12¢f 0.60+0.08¢ 55.93+0.02b 0.90+0.06¢ 31.98+0.034
F10 4.90+0.13¢ 0.63+0.09¢ 54.71+0.02¢ 1.45+0.04b 32.20+0.104
F15 4.98+0.124 0.66+0.114 50.71+0.084 1.50+0.02b 32.86+0.04¢
F20 5.02+0.13¢ 0.69+0.11¢ 49.73+0.05¢ 1.55+0.02b 33.68+0.04P
F25 5.06+0.14b 0.71+0.12b 49.36+0.08f 1.99+0.012 33.90+0.02P
F30 5.13+£0.162 0.74+0.122 47.73+0.09¢ 2.01+0.012 34.74+0.022

Different superscript letters in the same column indicate a significant difference between the samples (p<0.05).
FK: 0%; F5: 5%; F10: 10%; F15: 15%; and F20: 20% hazelnut pulp containing tarhana samples

Color Changes in Tarhana Samples

In this system, L (brightness), a* (redness) and b*
(yellowness) values are measured. The results of L*
value in the samples of tarhana soup are given in Table
2. The effect of hazelnut ratio on L* value was
statistically significant (p<0.05). When the L* values
were examined, it was observed that as the ratio of
hazelnut pulp increased, its brightness decreased.
Hayta et al. (2002) demonstrated that there were
significant differences in the color measurements of
tarhana samples between the drying methods used in
their study of the effect of drying methods on the
functional properties of tarhana, suggesting that
industrial microwave drying could be an alternative to
classical drying methods. Bilgicli (2009) investigated
Tarhana with buckwheat flour and discovered that as
the rate of buckwheat flour increased, the L* value
decreased compared to control samples. L* values were
determined between 71.72 and 78.51 in the study
conducted by Erkan et al. (2006). According to the
studies, it was observed that the L* value of tarhana
supplemented with hazelnut pulp was lower.

Variance analysis results of a* values for tarhana
soups are given in Table 2. The effect of hazelnut pulp
ratio on a* value was statistically significant (p<0.05).
With the control sample, it was determined that there
were significant differences in a* values of hazelnut
pulp tarhana (p<0.05). In control samples, the mean a*
value, which is -1.23+0.11, increases with increasing
hazelnut ratio, and the highest a* value is determined
in tarhana as +2.01+0.01 for 30% hazelnut pulp. In the
study conducted by Erkan et al. (2006), the use of
barley in tarhana was investigated and stated that a
values, ranged from +3.14 to +6.46. In their study on
the use of different flours in tarhana, Kése et al. (2002)
discovered a value of a ranging from +14.41 to +18.72.
In our study, a value was found lower than other
studies.

The effect of hazelnut pulp ratio on b* value of tarhana
soups was found statistically significant (p<0.05). In
control samples, the average b value of 30.73+0.46
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increased as the hazelnut ratio increased and the
highest b* value was determined in tarhana with 30%
hazelnut pulp as34.74+0.02. (Table 3). Ertas et al
(2009) stated that in their study on the use of whey
concentrate in tarhana, the b value ranged between
20.59 and 24.28. In the study conducted by Ucok et al
(2019), quinoa flour was used in the production of
tarhana and stated that the b values increased as the
rate of quinoa flour increased (28.06-34.57). The b*
values obtained in our study are higher than those of
Ertas et al. (2009) and are similar to those found by
Ucok et al. (2019).

Viscosity changes in tarhana samples

Viscosity is a measure of the resistance of a fluid to
flow under surface tension and is one of the main
parameters for semi-liquid foods (Bourne, 2002).
Norquist et al. (2012) examined the properties of
gluten after its interaction with enzymatic hydrolysis
or heat and markedly decreased viscosity with
increasing frequency of hydrolysis. It inhibits the
interactions between starch molecules by limiting the
swelling of starch with its high-water absorption
feature. Thus, it affects the wviscosity of starch
(Ttrksoy, 2018). The viscosity measurement results for
tarhana pulp samples are shown in Table 3. The lowest
viscosity value was measured containing 10.24 cp and
30% hazelnut pulp, while the highest viscosity was
determined in control samples at 149.56 cp. According
to the results obtained, it is seen that the viscosity
value decreases as the hazelnut ratio increases.
Viscosity is an indicator of the resistance of fluidity to
followability. Viscosity changed inversely with the
addition of hazelnut pulp. The lowest viscosity value
was determined to be 24.67 cp in for samples
containing 30% hazelnut pulp, while the highest was
determined to be 105.08 cp in for control samples. With
the addition of hazelnut pulp, increased fat content,
reduced starch and gluten content, and loss of
fermentation are thought to cause a significant
reduction in baked tarhana viscosity. In their study on
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the use of quinoa flour in the production of tarhana,
Ucok et al. (2019) discovered that the viscosity
decreased as the quinoa was added, and the viscosity
values of tarhana samples ranged between 42.04 cp
and 138.26 cp. Caglar et al. (2012) reported that the
viscosity of carob tarhana samples increased with the
addition of carob, with results ranging from 98.4 to
117.65. Anil et al. (2016) measured the viscosities of
corn flour and baked corn flour tarhana and
determined that the average viscosity value in baked
corn flour was 4.13cp, while it was 121.35cp in non-
baked corn flour samples. Current findings are
compatible with the aforesaid study results.

Generally, molecules move more comfortably with

increasing temperature, and viscosity decreases due to
the decrease between intermolecular friction and thus
hydrodynamic forces (Davis, 1995) and Celik et al.
(2005). In the study conducted by Ibanoglu and
Ibanoglu (1998), the rheological properties of some
traditional soups were determined, and it stated that
the viscosity decreased with temperature. Heating can
break down molecular entanglement and bonds
stabilize the molecular structure and cause a decrease
in viscosity. As the temperature increases, instability
of protein-protein and protein-water interactions
occurs, leading to a decrease in viscosity (Hayta et al.,
2002).

Table 3. Viscosity, water-holding capacity, foaming capacity and foam stability values in tarhana*
Tablo 3. Tarhanada viskozite, su tutma kapasitesi, koptiirme kapasitesi ve koplik stabilite degerleri

Hazelnut Viscosity Water holding Foaming capacity Foam stability

ratio (%) (cp) capacity (ml g1 (ml ml) (min.)
FK 105.08+27.582 0.74+0.022 0.01+0.01f 0.01+0.028
F5 89.01+19.14b 0.72+£0.112 0.35+0.01¢ 0.35+0.03f
F10 78.19+18.04¢ 0.85+0.072 0.67+0.014 0.85+0.02¢
F15 55.15+13.744 0.82+0.082 0.78+0.01¢ 1.20+0.154
F20 43.47+11.49¢ 0.73+0.102 0.92+0.03P 1.56+0.05¢
F25 37.39+10.13¢f 0.76+0.042 0.99+0.022 1.81+0.07P
F30 24.67+7.47¢ 0.70+0.062 1.03+0.022 2.26+0.132

Different superscript letters in the same column indicate a significant difference between the samples (p<0.05).
FK: 0%; F5: 5%; F10: 10%; F15: 15%; and F20: 20% hazelnut pulp containing tarhana samples.

Water holding capacity

Water holding capacity is considered as an important
functional feature in viscous foods such as bakery
products, and sauces (Hayta et al., 2002). Many
parameters such as the size and shape of starch
granules, the distribution of protein aggregates and
pH, temperature, salt content have a significant effect
on the water holding capacity (Muir et al., 2000).
Proteins have a higher water holding capacity at pH
values above and below the isoelectric point. The salt
concentration below 1% increases the water retention
capacity of the proteins. The water retention capacities
of the proteins generally decrease with increasing
temperature (Fennema, 1985). The analysis results
regarding the water holding capacity are shown in
Table 4. The lowest water holding capacity was 0.70 ml
gl and 30% hazelnut pulp, the highest 0.85 ml g'! and
10% hazelnut pulp samples. Hayta et al. (2002)
reported that in their study on various drying
techniques, the water holding capacity, drying, tunnel
dryer and home-type microwave drying techniques
were superior in industrial microwaves.

While water-holding capacity was determined as
0.74+0.02 (ml g')) in samples without hazelnut pulp, it
was found to be 0.85+0.07 (ml g') in samples with10%
hazelnut pulp, indicating 14% increase (Table 3). It has
been reported that the water holding capacity may
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increase by approximately 10%. As a reason for this
increase, it has been observed that some hydrophobic
groups in the protein are reduced by denaturation, and
water is needed for protein hydrolysis (Fennema,
1985). The lowest water holding capacity was
determined in samples using 30% hazelnut pulp (0.70
+ 0.06 ml&1). With the addition of hazelnut pulp, the
proportional decrease in the amount of starch in the
formulation of tarhana can have an effect on water
absorption.

In the study conducted by Celik et al. (2005), the effect
of yeast on the functional properties and quality of
tarhana was investigated. The water retention
capacity, which is one of the important functional
features of yeast added samples, has decreased. Aktas
(2018) has observed a regular increase in water
absorption values as the dandruff substitution rate in
tarhana samples increased and the water absorption
values of the samples without dandruff added was 0.58
ml g1, while the water absorption average of the
samples with bran added was 15%. The values
indicated that the average increased by 44.8% to 0.84
ml g'l. This parameter is 0.62-0.65 46 ml g'!, according
to the study performed by Tarakci et al. (2013) in
tarhana. The results obtained in our study show
similarities with other studies.
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Foaming Stability and Foam Capacity

Foam is defined as a two-phase system consisting of air
cells separated by a thin layer of liquid and bubbled air
in a liquid (Makri et al., 2005). Fermentation can cause
significant or undesirable changes in the foaming
properties of grain-based foods (Ibanoglu & Ibanoglu,
1999). The foaming capacity results of tarhana
samples are given in Table 3. The foaming capacity
results were determined to range from 0.00 to 1.06 (ml
ml1). As hazelnut pulp ratio increased, foaming
capacity increased. While the foaming capacity of the
control samples averaged 0.01+0.01 (ml ml?), tarhana
with 30% hazelnut pulp was determined as 1.03+0.02
(ml ml?) and the difference between them was found
statistically significant (p<0.05). Proteins play an
active role in foaming, and the fact that hazelnut is a
protein-rich food has led to increased foaming capacity
in tarhana.

Caglar et al. (2012) reported in their study that the
foaming capacity of tarhana increased with the
addition of carob, with the highest foaming capacity of
0.91 £ 0.01 ml ml! in tarhana samples containing 8%
carob. Bilgicli (2008) discovered that complete
replacement of wheat flour with buckwheat flour
increased the foaming capacity from 0.750 £ 0.06 (ml
ml?) to 1.91 + 0.11 (ml ml?). The foaming capacity
values recorded in this study were found compatible
with other studies.

The presence and clustering of proteins as a thin layer
on the foam surface is effective in improving foam
stability. The stability increases as the small molecules
formed by the hydrolysis of the proteins spread much
better at the liquid-air interface. With fermentation,
the protein molecule is broken down and results in an
increase in the foam stability of compounds with
smaller molecules (Ibanoglu & Ibanoglu, 1999).
According to the results of foam stability given in Table
4, foam stability varies between 0.00 and 2.47 minutes.
The effect of hazelnut pulp ratio on foam stability value
was found statistically significant (p<0.05). While the
foam stability in the control samples was 0.01+0.02 on
average, this value was determined as 2.26+0.13 on the
tarhana samples with 30% hazelnut pulp (Table 3.)
and the difference between them was found to be
statistically significant (p<0.05). High foam stability is
due to the surfactant properties of continuous phase
soluble proteins (Kaur and Singh, 2007). Hayta et al.
(2002) reported that the foam stability varied between
1.37-6.17 min depending on the type of drying method,
while Gokmen (2009) found this value as 0.35 min in
tarhana. The results of foam stability obtained in our
study are similar to other studies.

Protein Changes in Tarhana Samples

It is a low-quality protein source since it contains small
amounts of amino acids such as flour, lysine,
methionine, and threonine, which are the main
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components of tarhana. As the other main component,
yogurt, these amino acids are present, so flour and
yogurt in tarhana complement each other in terms of
essential amino acids and are a source of higher
quality protein. Many researchers have attempted to
enrich tarhana with various protein sources due to the
fact that vegetable proteins derived from wheat flour
are more intense than animal proteins and have a
lower bioavailability. Since the lactic acid bacteria in
yoghurt in the composition of tarhana pre-digest the
nutrients such as protein, carbohydrate, and fat in the
environment, the digestibility and nutritional
properties of tarhana increase (Bilgicli & Tiirker,
2004). Table 4 shows the protein content of tarhana
samples. The lowest protein content was found to be
12. 21% in the control tarhana sample, while the
highest protein content was found in the sample
containing 30% hazelnut pulp. The hazelnuts ratio
effect on protein amount in tarhana samples was found
statistically significant (p<0.05). As the hazelnut pulp
rate increased, the protein amount of tarhana
increased. While the average protein amount of the
control samples was 12.211+0.2%, it was determined
as 15.117+0.08% in the samples containing 30%
hazelnut pulp (Table 5). In the study conducted by
Bilgicli and Tiirker (2004), it was discovered that the
total protein amount increased as the yeast additive
ratio increased, with the total protein amount in yeast-
free samples having the lowest value with 15.019%,
and the yeast additive yielding the highest total
protein amount with 17.050%. Kése and Cagindi
(2002) determined that protein content ranged
between 8.8 and 22.5% in their study on the use of
different flours in tarhana. Erkan et al. (2006) stated
that in their study by adding barley to the tarhana
formulation, the protein ratio varies between 10.1 and
15.9. In our study, the protein ratio in tarhana
increased by 23.8% when 30% hazelnut pulp was
added. As seen in table, hazelnut pulp contains a
higher rate of protein than wheat flour. This difference
is also reflected in the tarhana produced. In other
words, as the hazelnut pulp ratio increased in tarhana
samples, the protein content also increased.

Ash Changes in Tarhana Samples

Food ash is the inorganic part that remains after the
combustion of organic matter. When organic matter is
burned, water and CO:z are formed, leaving the
mineral-containing inorganic part. Minerals are
obtained from plants, water and animal foods. Most
minerals are found in foods due to organic matter
(protein, fat, carbohydrate). The ash contents of the
tarhana samples are given in Table 4. Control tarhana
had the lowest ash content of 1.191 %, while tarhana
with 30% hazelnut pulp had the highest protein rate of
1.778%. As the hazelnut pulp rate increased, the ash
amount of tarhana increased. The average amount of
ash in the control samples was 1.22 £ 0.02%, while the
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amount of ash in the 30% hazelnut pulp added tarhana
was 1.73 £ 0.04% and the difference was found to be
statistically significant (p<0.05). The ash amount of
the tarhana samples varies depending on the
substances used in its formulation and the amount of
these substances. In their study on cranberry tarhana,
Koca et al. (2006) discovered that the ash rate ranged
from 1.75 to 3.96%. In a study by Tamer et al. (2007),
they stated that the ash rate of tarhana is between
1.36% and 9.4%. Bilgicli et al. (2006) found that the ash
content of tarhana increased with the addition of
wheat seeds, reaching 3.26% with the addition of 50%
wheat seeds; the ash content was the lowest in the
control tarhana (1.36%). Dagc1 et al. (2008) used soy
yoghurt, which was obtained by processing soybeans,
in the formulation of tarhana. They determined the
ash content of the tarhana obtained to be 0.56%. The
results obtained in this study Koca et al. (2006) and
Tamer et al. (2007), however, Bilgicli et al. (2006) and
Dagc1 et al. (2008) was found to be higher than the
findings. This is due to the fact that the ash content of
the ingredients in the formulation varies. As seen in
the table, hazelnut pulp contains a higher rate of ash
than wheat flour. This rate was reflected in the
produced tarhana and as the rate of hazelnut pulp
increased, the amount of ash increased.

Fat Changes in Tarhana Samples

Hazelnut contains 60-70% oil. Fatty acids with various
functions and benefits are found in the composition of
the oils for our organism. Hazelnut oil constitutes
approximately 83% of the composition of fatty acids,
oleic acid, and 12% of linoleic acid (Akdere, 2003).
Table 4 shows the results of the amount of oil found in
the tarhana samples. While the amount of oil in control
tarhana was determined to be 2.39 %, the highest oil
rate was determined to be 114 % for 30
percent% hazelnut pulp added tarhana. As hazelnut
pulp ratio increased, the oil concentration of tarhana
increased. While the average amount of oil in the
control samples was 2.42+0.03%, it was 11.30+0.10%
for the hazelnut pulp added tarhana, and the
difference was found to be significant (p<0.05). Ertas
et al (2009) reported that oil concentrations ranged
between 0.87% and 6.33% in their study on the use of
whey concentrate in tarhana. Ibanoglu et al (1995)
found the fat content of tarhana between 3.7% and
5.6%. Koca and Tarakc1 (1997) investigated the use of
corn flour and whey in tarhana and found that the fat
content was between 2.49% and 5.51% in their study.
In our study, a higher rate of oil was detected than
other study findings. The reason for this is the fat
content of hazelnut pulp in the Table 4. This rate was
reflected in the tarhana produced and the amount of
oil increased as hazelnut pulp rate increased.

Total Phenolic Changes in Tarhana Samples
Phenolic compounds are substances which contain one

1364

or more hydroxyl groups, including functional
derivatives attached to an aromatic ring. Phenolics are
the most active natural antioxidants, and they achieve
their antioxidant effects by binding free radicals,
chelating metals, and inhibiting lipoxygenase enzyme.
Phenolic compounds are the most important group of
water-soluble antioxidants (Giilegci & Aygiil, 2016).
Besides being rich in fat components, hazelnut is
known to be a rich source of phenolic components with
antioxidant potential. Table 4 shows the results of the
total amount of phenolic substances found in tarhana
samples. While the amount of phenolic substance was
determined in control samples with the lowest 1.598
mgGAE g1, the highest amount of phenolic substance
was determined in 2.178 (mgGAE g1) tarhana sample
with 30% hazelnut pulp. As the hazelnut pulp ratio
increased, the total phenolic content of tarhana
increased. While the average amount of phenolic
substance belonging to the control samples was
1.64+0.01(mg GAE g sample), it was determined as
2.15+0.00 (mg GAE g'! sample) in the samples using
30% hazelnut pulp and the difference was statistically
significant (p<0.05). Demir (2018) stated that the total
phenolic content of tarhana samples varied between
714.31+14.13 and 1521.08+15.65 (mg GAE/100g).
Degirmencioglu et al. (2016) investigated the effect of
different drying methods (sun drying, oven drying,
microwave drying) on total phenolic substance content
and antioxidant activity in tarhana enriched with oat
flour in various proportions, and determined that total
phenolic content of the samples dried in kiln dryers at
55 °C was high. Kilc1 and Gé¢men (2014) added 10, 20,
30 and 40% oat crushing instead of wheat flour in the
form of tarhana. They stated that the content of
phenolic substances increased as it increased. In our
study, the amount of phenolic substance increased as
the hazelnut ratio increased. The reason for this is that
hazelnut contains high levels of phenolic substances as
seen in Table 4. The findings differed from those of
previous studies. This is due to the fact that the
tarhana ingredients contain varying amounts of
phenolic substances.

Antioxidant Activity Changes in Tarhana Samples

Single electron parts that are not paired in atomic or
molecular structures are called “free oxygen radicals”.
These molecules, which can easily exchange electrons
with other molecules, are also called “reactive oxygen
particles”. These radicals interact easily with other
molecules in the cell, causing oxidative stress.
Oxidative stress causes damage to essential cell
components and causes various ailments related to
age. Nutrition with foods with high antioxidant
content is important to protect against the effect of free
radicals. Antioxidants in foods are “substances that
have low concentrations compared to oxidizable
substrates and prevent or delay oxidation of
substrates” (Becker et al., 2004; Cagatay & Kayal,
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2006; Sénmez et al., 2010).

As the rate of hazelnut pulp increased, the antioxidant
activity of tarhana increased (Table 4). While the
antioxidant activity of the control samples was
0.15+0.01 (mgTroloxE g1), it was determined as
0.42+0.00 (mg TroloxE g1) in the samples containing
30% hazelnut pulp and the difference was statistically
significant (p<0.05). Bilgicli et al. (2006) determined
the total antioxidant amount between 10.93-22.44
(mMol TroloxE g1) in his study with the addition of
wheat germ and bran to tarhana. In the study
conducted by Ozmen (2011), different legume flours
were used in the production of tarhana and the total
amount of antioxidants were determined to be between
42.50 and 55.18 (mMol trolox g1). The reason for this
is that hazelnut contains high levels of antioxidants as
seen in Table 4. The results obtained were found
different from other studies. This is due to the fact that
the ingredients in tarhana contain antioxidant
substances in varying proportions.

CONCLUSIONS

The addition of hazelnut pulp was found to have a
significant effect on viscosity, foaming capacity and
foam stability, but not on water holding capacity. The
addition of hazelnut pulp causes a decrease in viscosity
of tarhana, while foam stability and capacity
increased. Hazelnut pulp contains a higher amount of
phenolic substances than wheat flour. It was observed
that with the increase of fermentation and hazelnut
pulp, the total amount of phenolic substance increased
together with the total antioxidant values. With this
study, it was possible to present a food product with
high antioxidant, phenolic, mineral, and protein
content to social individuals who are more conscious
about nutrition and health.
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ABSTRACT

Hazelnut skin, an innovative by-product, has been classified as one of the

Food Science

richest sources of edible phenolic compounds in recent studies. In this Research Article

study, hazelnut skin powder was used in cracker formulation at 5, 10, 15

and 20% ratios replaced with wheat flour, and some technological, Article History

chemical properties and bioactive components of cracker samples were Received 121.12.2022
determined. The hazelnut skin powder used as raw material has 5.1, 4.8, Accepted 112.04.2023
3.9, 11.6, 1244 and 20 times higher ash, phytic acid, total phenolic

content, DPPH, FRAP, CUPPRAC values than wheat flour, respectively. Keywords

Increasing hazelnut skin powder in cracker production increased the Antioxidant

darkness and redness of the cracker. High hazelnut skin powder usage Cracker

ratios improved the spread ratio and reduced the hardness of the Phenolic

crackers. Increasing use of hazelnut skin powder in cracker increased the Functional

amount of ash, fat, phytic acid and resistant starch from 1.59%, 13.63%, Snack

246.58 mg/100g and 0.97% up to 2.13%, 16.53%, 581.54 mg/100g and
2.15%, respectively. Antioxidant (DPPH, FRAP and CUPRAC) and
phenolic substances (free, bound and total) increased significantly
(p<0.05) at all hazelnut skin powder usage ratios. The high utilization
ratios (15-20%) of hazelnut skin powder negatively affected overall
acceptability of the crackers.

Findik Kabugu Ilavesinin Fonksiyonel Krakerlerin Kalite Ozelliklerine Etkisi

OZET Gida Bilimi

Yenilikei bir yan tirtin olan findik zari, son yillarda yapilan ¢alismalarda

en zengin yenilebilir fenolik bilesik kaynaklarindan biri olarak Aragtirma Makalesi
simniflandirilmistir. Bu ¢calismada, kraker formiilasyonunda bugday unu : :

yerine %5, 10, 15 ve 20 oranlarinda findik zar1 tozu kullanilmis ve kraker Makale T.a r'lhge.31
numunelerinin bazi teknolojik, kimyasal o6zellikleri ve biyoaktif Gelis Tarihi ~ ©21.12.2022

bilesenleri belirlenmistir. Hammadde olarak kullanilan findik zar1 tozu, Kabul Tarihi :12.04.2023

bugday ununa kiyasla sirasiyla 5.1, 4.8, 3.9, 11.6, 1244 ve 20 kat daha

fazla kill, fitik asit, toplam fenolik icerik, DPPH, FRAP, CUPPRAC  noaiar Kelimelor
degerlerine sahiptir. Kraker tretiminde artan oranda findik zar1 tozu Kraker

kullanimi, krakerin koyulugunu ve kirmiziligimi artirmistir. Yiksek Fenolik

findik zar1 tozu kullanim oranlari, yayilma oranmini artirmig ve Fonksiyonel
krakerlerin sertligini azaltmistir. Findik zari tozunun krakerde artan Atistirmahik

oranda kullanimi, kul, yag, fitik asit ve direncli nisasta miktarini
sirasiyla %1.59, %13.63, 246.58 mg/100g ve %0.97'den %2.13, %16.53,
581.54 mg/100g ve %2.15'e yiikkselmigtir. Tim findik zar1 tozu kullanim
oranlarinda antioksidan (DPPH, FRAP ve CUPRAC) ve fenolik maddeler
(serbest, bagl ve toplam) énemli élgiide (p<0,05) artmistir. Findik zar
tozunun yiiksek kullanim oranlari (%15-20) krakerlerin genel kabul
edilebilirligini olumsuz yonde etkilemigtir.

To Cite : Cankurtaran Komurcu, T., (2023). Effect of Hazelnut Skin Addition on Quality Characteristics of Functional
Crackers.. KSU J. Agric Nat 26(6), 1368-1376. https'//doi.org/10.18016/ksutarimdoga.vi.1222490
Ataf Sekli: Cankurtaran Kémiircii, T., (2023) Findik Kabugu Ilavesinin Fonksiyonel Krakerlerin Kalite Ozelliklerine

Etkisi. KSU Tarim ve Doga Derg 26 (6), 1368-1376. https://doi.org/10.18016/ksutarimdoga.vi.1222490
INTRODUCTION

Corylus avellana, known as hazelnut belonging to the
Betulacae family, with an annual average production

of 1 million tons, is a very popular tree nut due to its
pleasant flavors and health-promoting effects (Pelvan
et al., 2018). A small amount (10%) of hazelnut is



KSU Tarim ve Doga Derg 26 (6), 1368-1376, 2023
KSU J. Agric Nat 26 (6), 1368-1376, 2023

Arastirma Makalesi
Research Article

consumed as a snack, and the rest is used in many
different ways, including in the production of
chocolate, dessert, pastry products and cooking oil
(Platteau et al., 2011; Bozoglu et al., 2019). After being
harvested, the hazelnut goes through the stages of
cracking, peeling and roasting, and during these
processes, by-products are produced, including the
hazelnut skin (Odabas and Koca, 2016). After the hard
skin i1s removed, the hazelnut obtained is surrounded
by a brown perisperm (hazelnut skin) layer. This by-
product, which is separated as waste during the
roasting process, is responsible for 2.5% of the hazelnut
kernel weight. Hazelnut skin is a by-product rich in of
fiber (65%), polyphenolics, and proanthocyanins.
These components make hazelnut skins an important
by-product. For this reason, researchers are conducted
to evaluate hazelnut skin in the production of food
products in order to provide functional properties with
antioxidant, phenolic and dietary fiber components of
the end product (Anil, 2007; Durmus et al., 2021). In
addition, Ozdemir et al. (2014) demonstrated its
potential to be used as a brown colored functional
component in their studies. Dinkci et al. (2021) used
hazelnut shell as a functional additive in yoghurt in
their research.

Cereal-based foods, prepared in different forms such as
baked goods, pasta, snacks and others, are consumed
as staple foods worldwide to meet energy and
nutritional needs (Xu et al., 2020). Crackers are thin
and brittle products prepared by using soft wheat flour
together with fat, salt, and leavening agents,
respectively. It is a snack food that is frequently
preferred by consumers due to its unique taste, easy
preservation, and cheapness (Polat et al., 2020). Also,
as baked goods, crackers are seen as a healthy snack
over deep-fried or sugar-filled alternatives. The
increasing demand of consumers for healthy and
functionally rich foods has increased the variety in
these products, and in response to this increasing
demand, various natural raw materials such as food
industry by-products have started to take their place

in the cracker formulation (Batista et al., 2019).

The aim of this study is to reveal the nutritional and
functional properties of hazelnut skin through a snack
product. More specifically, to reveal the effect of
increased use of crust powder in cracker dough on the
chemical composition and quality parameters (texture,
diameter, thickness, spread rate and color) of crackers.

MATERIAL and METOD
Materials

Soft wheat flour, shortening, salt, powdered sugar,
baking powder and baker's yeast were purchased from
a market (Konya, Tiirkiye) and the protease enzyme
was purchased from Vatan Enzim (Istanbul, Tiirkiye).
The hazelnut skin was achieved from a local producer
(Giirsoy) in Ordu, Tiirkiye. The hazelnut skin, which
emerged as a product burned during the roasting of
hazelnuts at 150 °C, was ground to 500 um using a
coffee grinder and stored at -18 °C until use.

Methods
Cracker production

The crackers were made with minor modifications to
the procedure reported by Davidson (2016). The
ingredients of crackers are displayed in Table 1. For
control sample preparation; wheat flour (100 g),
shortening (20 g), table salt (1.6 g), powdered sugar
(1.5 g), baking powder (1.5 g), baker’s yeast (0.2 g) and
protease (0.01 g) were mixed in the kneader (Hobart
N50, Offenburg, Germany) until a homogeneous dough
was obtained. The dough was fermented in a chamber
(Fimak FMD16, Konya, Turkey) for 20 minutes at 30
°C and 75-80 % relative humidity. Then, the fermented
dough was formed into a 1 mm thick layer between two
glass plates and shaped with a 50 mm diameter biscuit
mold. It was baked in an oven (Fimak Rokon Classic
FRN10G, Konya, Turkey) for 11 minutes at 180°C.
Other crackers were formulated by replacing wheat
flour with 5, 10, 15, and 20% levels of hazelnut skin
powder. The crackers are displayed in Figure 1.

Figure 1. Samples of cracker containing 0-20% hazelnut skin powder
Sekil 1. %0-20 oraninda findik zar1 tozu iceren krakerler 6rnekleri
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Table 1. Formulation of crackers rich in hazelnut skin powder
Cizelge 1. Findik zar1 tozu agisindan zengin kraker formiilasyonu

Control Cracker with Hazelnut skin powder
Wheat flour 100 95, 90, 85, 80
Hazelnut skin powder - 5,10, 15, 20
Shortening 20 20
Table salt 1.6 1.6
Powdered sugar 1.5 1.5
Baking powder 1.5 1.5
Baker’s yeast 0.2 0.2
Protease 0.01 0.01

Color properties

Color measurement of raw and cracker samples was
performed using the Minolta CR 400 (Chroma Meter,
Osaka, Japan). The measurement was made on the
ground raw materials and at five different points on
the surface of the crackers. L* (lichtness, darkness), a*
(red, green) and b* (yellow, blue) values were
measured in raw materials and cracker samples. Hue
(color essence) value was calculated with arctan (b*/a*)
formula and SI (saturation index) value was calculated
with (a*2+b*2)12 formula.

Physical properties

The diameter, thickness, spread ratio and textural
properties of the end products were determined. The
diameter and thickness were measured using five
sample pieces by a caliper (Mitutoyo, Tokyo, Japan)
according to the AACC method 10-54 (AACC, 2010),
and values were reported in millimeters. The cracker
spread ratio was determined by dividing the diameter
by thickness.

The hardness and fracturability value of the crackers
were analyzed by three-point bending (HDP/3 PB)
tests on a TA-XT plus texture analyzer (Stable Micro
Systems, Surrey, UK) equipped with a 5 kg loading
cell. The measurement values of the texture analyzer
were as follows: pre-test speed, 1.0 mm/s; test speed 1.0
mm/s; post-test speed, 10.0 mm/s. In the hardness and
fracturability value measurements, 5 measurements
were made for each sample and it was studied in 2
replications.

Proximate composition

Hazelnut skin powder, wheat flour and cracker
samples were tested for their moisture (method 44—
19), ash (method 08-01), protein (method 46-10) and fat
content (method 30-10) (AACC, 1999). Resistant starch
value of the samples was determined using Megazyme
kit method (K-RSTAR 09/14, Megazyme International
Ireland, Wicklow, Ireland) following manufacturer’s
instructions. The phytic acid value in the raw
materials and cracker samples was extracted with 0.2
N hydrochloric acid solution and then treated with a
certain amount of Fe+3 solution and precipitated. The
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amount of iron remaining in the serum part was
determined spectrophotometrically, and the amount of
phytic acid was calculated from the results obtained.
Results are given in mg/100g (Haug and Lantzsch,
1983).

Analysis of antioxidant activity

The extraction method described by Yilmaz and Koca
(2017) was used to determine the antioxidant activities
of the samples. Extraction was performed by mixing 1
g of sample with 80% methanol, but without 1%
acidification, as in free phenolic extraction.

Three methods were used in the antioxidant activity
analysis of the samples.!For the analysis of the
samples with the DPPH  (2-2-Diphenyl-2-
picrylhydrazil) antioxidant activity method, the
method described by Beta et al. (2005) was used and
the results were calculated as mg Trolox
Equivalent/kg. 2For the analysis of the samples with
the FRAP (ferric reducing antioxidant power)
antioxidant activity method, the method described by
Gao et al. (2000) was used and the results were
calculated as pmol Trolox Equivalent/g. 3For the
analysis of the samples with the CUPRAC (cupric ion
reducing antioxidant capacity) antioxidant activity
method, the method described by Apak et al. (2008)
was used and the results were calculated as pmol
Trolox Equivalent/g.

Analysis of free, bound and total phenolic content

Free and bound phenolic content was extracted defined
to the method specified by Vitali et al. (2009). For the
free phenolic extraction; raw materials and cracker
samples (1 g) were mixed 10 ml of 1% acidified (HCI)
methanol: water solution (80:20, v/v). Extraction was
carried out by shaking the mixture at room
temperature (24+1 °C) for 2 h. After extraction, the
mixture was centrifuged at 3000 rpm to obtain the
supernatant for analysis, and the separated
supernatant was stored at -20°C for analysis. For
bound phenolic extraction; 20 ml of methanol/H2S04
(10:1) was added to the residue remaining after free
phenolic extraction and the mixture was incubated in
a shaking water bath for 20 hours at 85°C, then the
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cooled supernatant was separated by centrifugation
was stored at -20°C until analysis.

The free and bound phenolic content of each extract
was analyzed according to the Folin-Ciocalteu
colorimetric method as performed by Naczk and
Shahidi (2004). Total phenolic content was obtained by
summing the free and bound phenolic content.
Phenolic content was expressed as gallic acid
equivalents (mg of GAE/ kg).

Sensory evaluation

Sensory evaluation was performed 24 hours after
cooking by 12 people selected from the Engineering
faculty of Necmettin Erbakan University, who were
informed in advance. Sensory evaluation selected
representative features (color, taste, odor, appearance,
brittleness and overall acceptability) of crackers were
assessed. These features were evaluated using 7
hedonic scales as described by Meilgaard et al. (1999).
Scores ranged from 1 “unacceptable” to 7 “excellent”.
Informed consent was obtained from the panelist prior
to their participation in the panel, and their individual
judgments were kept confidential.

Statistical analysis

SPSS statistical program version 22.0 (SAS Institute
Inc., Cary, NC, USA) was used for statistical data
analysis. Tukey test was used to determine significant

differences. p values <0.05 were regarded as
significant.
RESULTS and DISCUSSION

The color value of raw and cracker samples

The color value of soft wheat flour, hazelnut skin
powders and crackers are shown in Table 2. The color
properties (L*, a* and b*) of hazelnut skin powder and
refined wheat flour were determined as 44.21, 8.27 and
11.90 and 93.40, -5.24 and 15.44, respectively. The
hazelnut skin powder demonstrated a lower L* and b*,
higher a* value in comparison with refined wheat
flour. Similarly, Durmus et al. (2020) stated that the
hazelnut skin color is darker than wheat flour. This
may be related to the polyphenolic compounds that
contribute to the high phenolic value of hazelnut skin.
The a* and b* color values of raw materials were used
in Hue and SI calculations, and Hue and SI for wheat
flour and hazelnut skin were found to be 108.74 and
16.31 and 63.93 and 18.82, respectively.

Table 2. Color values of hazelnut skin powder-enriched crackers!
Cizelge 2. Findik zari tozu ile zenginlegtirilmis krakerlerin renk degerleri!

L* a* b* Hue SI

Raw materials

Wheat flour 93.40+0.06 -5.24+0.04 15.44+0.08 108.74+0.02 16.31+0.09
HSP2 44.21+0.39 8.27+0.01 11.90+0.14 63.93+0.23 18.82+0.12
HSP ratio (%)

0 77.10+0.58a -2.25+0.13d 28.28+0.49a 94.59+0,24a 28.38+0,50a
5 53.85+1.01b 5.14+0.53c 16.90+0.16b 73.07+0,62b 17.67+0,19b
10 45.23+0.36¢ 5.87+0.13bc 13.61+0.30c 66.67+0,26¢ 14.82+0,27¢
15 40.55+1.14d 6.55+0.18ab 11.93+0.24d 61.24+0,20d 13.61+0,12d
20 37.75+0.16e 6.78+0.27a 10.86+0.09¢e 58.02+0,45e 12.81+0,33d

!Means with the same letter within a column are not significantly different (p > 0.05). Hue: Hue angle, SI: Saturation index. HSP: Hazelnut skin

powder.

When the color properties of the crackers were
examined, it was found that the supplementary of
hazelnut skin in the cracker formulation increased the
darkness and redness values on the other hand b*
value decreased. It has been reported that this
increase may be relevant to the color characteristics
and high phenolic value of the hazelnut skin powder
(Ha et al., 2011). Similarly, Velioglu et al. (2017)
determined that the L* and a* values of bread, cake
and cookie samples were significantly affected when
wheat flour was replaced by hazelnut skin.
Researchers reported that the use of 6% hazelnut skin
decreased the L* value and increased the a* value in
all samples.

Physical properties of cracker samples

Table 3 presents the physical properties of hazelnut
skin powder enriched-crackers. The average diameter,
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thickness and spreading ratio values of the crackers
were determined as 47.56 mm, 6.02 mm and 9.48,
respectively (Table 3). While the addition of 10% or
more hazelnut skin powder in cracker formulations
decreased the diameter and thickness values, the
spread rate increased with the use of 20% hazelnut
skin powder and reached the highest value. Decrease
in cracker diameter value was attributed to the high
water holding capacity of the hazelnut skin powder.
This situation increased the viscosity of the dough and
made it difficult to spread the cookies (Park et al.,
2015). Gluten is responsible for the increase in the
thickness of the biscuit (Handa et al., 2012), and the
decreasing gluten content may have caused a decrease
in the thickness of the crackers. The spreading rate is
a marker of cookie quality and a high spreading rate is
desired for cookies and similar products (Barak et al.,
2013). The texture properties of samples were



KSU Tarim ve Doga Derg 26 (6), 1368-1376, 2023
KSU J. Agric Nat 26 (6), 1368-1376, 2023

Arastirma Makalesi
Research Article

displayed in Table 3. The textural character of samples
are affected by the gluten strength, damaged starch
ratio and water absorption capacity of the flour (Liu et
al, 2021). The presence of hazelnut skin powder
reduced the hardness value of the crackers.
Fracturability value of the cracker containing 20%
hazelnut skin powder was lower than the control
sample. The lowest hardness values were found

numerically in the crackers with 20% hazelnut skin
powder addition, and the hardness values of the
crackers with 15% and 20% hazelnut skin powder
addition ratios were statistically in the same group.
The decreased firmness value may be related to the
insufficient formation of the gluten network due to the
competition of dietary fiber, sugar and flour proteins
for water (Kulthe et al., 2014).

Table 3. Physical properties of hazelnut skin powder - enriched crackers!?
Cizelge 3. Findik zari1 tozu ile zenginlegtirilmis krakerlerin fiziksel ozellikleri!

HSP ratio (%) Diameter Thickness Spread ratio Hardness Fracturability
(mm) (mm) (W/T) (g) (mm)

0 48.78+0.26a 8.52+0.96a 5.76+0.67c 4556.25+41.4a 36.99+0.95a

5 48.34+0.06a 6.80+0.42ab 7.14+0.41bc 3863.45+85.6b 36.30+1.41ab

10 46.68+0.25b 5.84+0.79b 8.03+1.08bc 3532.66+32.8¢c 35.41+0.15ab

15 46.44+0.34b 5.56+0.65b 8.40+0.93b 3003.31+£57.8d 34.75+1.01ab

20 46.34+0.23b 3.52+0.40c 13.20+1.36a 2945.76+6.8d 34.00+0.44b

1Means with the same letter within a column are not significantly different (p > 0.05). HSP: Hazelnut skin powder.

Chemical composition of crackers

Chemical and bioactive component of crackers are
displayed in Table 4 and 5. The moisture amount of
wheat flour and hazelnut skin powder were
determined as 10.25% and 7.52%, respectively. Ash,
fat, phytic acid and resistant starch contents of
hazelnut skin were determined considerably higher
than that of refined wheat flour. A small numerical
difference was determined between the protein
contents of wheat flour and hazelnut skin powder. The
ash, protein and fat contents hazelnut skins are in line
with Ozdemir et al. (2014) and Tungil (2020) reports.
Phytic acid and resistant starch contents of hazelnut
skin powder were 4.8 and 1.8 times higher compared
to wheat flour, respectively. Phytic acid is one of the
important bioactive components of hazelnuts.
Compared to cereal and legumes, phytic acid amount
in nuts ranges from 0.1 to 9%, while in cereal and
legumes this value varies between 0.06% - 2.2% and
0.2 2.9%, respectively. The phytate content in
peanuts is affected not only by different hazelnut
botanical varieties, but also according to factors such
as environmental conditions, soil type, farming
techniques and ripening stage (Schlemmer et al.,
2009). Chemical compositions of crackers were
compared according to ratio factor (Table 4). The
moisture value of cracker samples changed from 4.34
to 4.94%. Crackers formulated with 20% hazelnut skin
powder had the highest ash content than the other
cracker samples, which may be due to the higher ash
existence of hazelnut skin powder (2.68%) compared to
wheat flour (0.53%). The addition of increasing
hazelnut skin powder into the cracker formulation
slightly reduced the protein amount of the control
cracker from 9.41% to 9.10%, and the reduction was
statistically insignificant (p>0.05). These results
according to the lower protein content of hazelnut skin
powder (7.52%) than refined wheat flour (7.83%).
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Cracker samples prepared with hazelnut skin powder
showed higher fat content compared to control cracker
samples. As the hazelnut skin level increased in the
formulation of crackers fat content increased from
16.63 to 19.53%. The phytic acid value of cracker
samples changed between 246.58 and 581.54 mg/100 g.
The phytic acid content of cracker samples increased
with the use of hazelnut skin powder. Phytic acid
chelates minerals, especially Ca, Mg, Fe and Zn, and
limits the absorption of starch, amino acids, and
proteins (Oatway et al., 2001). For this reason, foods
with low phytic acid content are seen as more
important in terms of nutrition. However, recent
studies have reported that phytic acid contributes
significantly to antioxidant activity. Barbhai and
Hymavathi (2022) stated that phytic acid is a natural
antioxidant source that promotes health and prevents
diseases due to oxidative stress. The fact that hazelnut
skin is a better source of resistant starch than wheat
flour is also reflected in the cracker samples prepared
with hazelnut skin powder addition. Replacing 20% of
wheat flour with hazelnut skin powder increased the
RS content of control crackers from 0.97% to 2.15%.
The higher RS value of cracker samples than the raw
materials used in the formulation may be related to the
rich polyphenolics and proanthocyanins content of
hazelnut skin. Deng et al. (2021) stated that the
formation of amylose-proanthocyanidin and starch-
polyphenol complexes increased the resistant starch
content by decreasing the digestibility of starch. Khan
et al. (2013) reported that the polyphenolic content of
sorghum flour was responsible for the increase in the
resistant starch amount of pasta samples.

Antioxidant activity and phenolic content of raw
materials and cracker samples

Among the raw materials, antioxidant activity (DPPH,
FRAP and CUPRAC) free, bound and total phenolic
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content of hazelnut skin powder were found to be
higher compared to wheat flour. In the literature, it
has been stated that hazelnut by-products are rich
materials of natural antioxidants and polyphenolic
(Locatelli et al. 2010). Also, Gu et al. (2003) reported

that among the nuts, hazelnuts are rich in phenols and
especially proanthocyanidins. Alasalvar et al. (2009)
found that Turkish Tombul hazelnut skin showed high
antioxidant/antiradical activity.

Table 4. Chemical properties of hazelnut skin powder-enriched cracker!?
Cizelge 4. Findik zar1 tozu ile zenginlestirilmigs krakerlerin kimyasal ozellikleri!

Moisture Ash Protein Fat Phytic acid RS
(%) (%) (%) (%) (mg/100 g) (%)

Raw materials
Wheat flour 10.25+0.07 0.53+0.01 7.8340.13 0.78+0.03 247.24+4.92 1.04+0.03
HSP 7.52+7.52 2.68+0.03 7.524+0.18 11.37+0.04 1175.26+£14.77 1.85+0.07
HSP ratio (%)
0 4.94+0.04a  1.59+0.03d 9.41+0.31a 16.63+0.11e 246.58+8.92¢ 0.97+0.02d
5 4.79+0.02b  1.66+0.03d 9.27+0.25a 17.07+0.05d 388.27+2.46d 1.05+0.04cd
10 4.61+0.03c 1.82+0.00c¢ 9.19+0.62a 18.36+0.13c 447.47+12.31c 1.24+0.06bc
15 4.49+0.03c 1.98+0.02b 9.14+0.06a 18.92+0.31b 494.48+4.93b 1.43+0.05b
20 4.34+£0.056d  2.13+0.07a 9.10+0.25a 19.37+0.12a 581.54+2.46a 2.15+0.19a

!Means with the same letter within a column are not significantly different (p > 0.05). RS: Resistant starch, HSP: Hazelnut skin powder.

Table 5. Antioxidant activity and free, bound and total phenolic content of the hazelnut skin powder-enriched

cracker samples!

Cizelge 5. Findik zar1 tozu ile zenginlestirilmis krakerlerin antioksidan aktivite, serbest, bagli ve toplam fenolik

1gerigi!
DPPH FRAP CUPRAC FPC BPC TPC

(mg TE/kg) (umol TE/g)  (umol TE/g) (mg GAE/ kg) (mg GAE/kg) (mg GAE/kg)
Raw
materials
Wheat flour  175.96+12.87 0.47+0.09 2.32+0.02 1481.44+3.64 2856.76+67.94 4338.20+75.83
HSP 2037.15+75.10  584.69+12.54  46.99+0.19  2250.70+50.78 5526.30+48.66 16779.80+84.63
HSP
ratio(%)
0 293.24+16.68d 1.3620.08¢ 5.06+0.26e  1132.63+48.02¢  2070.49+21.35c¢ 3203.12+18.83¢
5 426.56+42.25¢ 3.20+0.17d 9.30+0.51d  1294.54+73.02d  2348.43+44.87bc  3642.98+27.82c
10 516.79+74.89c 6.55+0.20c 16.94£0.24c  1617.75+84.26c  2618.70+38.34bc  4236.45+34.69b
15 1253.81+37.13b  14.89+0.32b  46.18+1.33b  1876.97+43.97b  2878.22+98.30ab  4755.19+23.20b
20 1707.68+15.31a  26.25+0.16a  59.49+1.85a  2201.55+25.14a  3393.19+10.89a  5594.75+34.69a

IMeans with the same letter within a column are not significantly different (p > 0.05).DPPH; 2.2- diphenyl-1-picrylhydrazyl.
FRAP; Ferric reducing antioxidant potential. CUPRAC; Cupric ion reducing antioxidant capacity. FPC; Free phenolic content.
BPC; Bound phenolic content. TPC; Total phenolic content. HSP: Hazelnut skin powder.

When the antioxidant activity of crackers containing
hazelnut skin powder was compared with the control,
the use of increasing hazelnut skin powder increased
the DPPH, FRAP and CUPRAC values from 293.24 up
to 1707.68 mg TE/kg, 1.36 upto 26.25 umol TE/g and
5.06 upto59.49 umol TE/g, respectively. This may be
due to the high antioxidant activity of hazelnut skin
powder. Condensed tannins in hazelnut skin
contribute greatly to the antioxidant content of
hazelnut skin (Lainas et al., 2016). Similarly, Pelvan
et al. (2018) stated that the antioxidant component in
hazelnut skin was high as a result of the analysis they
performed on hazelnut and hazelnut skin using DPPH,
ORAC and ABTS methods. Parallel to the antioxidant
capacity values, the phenolic content of the cracker
samples increased by 1.9, 1.6 and 1.9 with the use of
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20% hazelnut skin. Pelvan et al. (2018) stated that the
roasted hazelnut skin has about 710 times more total
phenolic acid content than the roasted hazelnut, in
which most of the phenolic content is in the skin.
Hazelnut skin was rich in total phenolics than wheat
flour, which may have been reflected in the cracker
samples.

Sensorial analysis

Sensorial properties of crackers are demonstrated in
Figure 2. The color characteristics of the cracker
formulated with 5% hazelnut skin powder was higher
than the other samples. Usage of hazelnut skin powder
at a high rate (15-20%) caused a decrease in
appearance scores and the cracker sample with 20%
hazelnut skin addition was evaluated with the lowest
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score of appearance. The use of 5% hazelnut skin was
similar to the control and provided a higher taste score
than all other cracker samples. The use of 10-20%
hazelnut skin powder in formulations caused a
decrease in the odor score compared to control. The
brittleness values of the cracker samples were

M Color Taste M

[@ Appearance

Sensory score (1-7)
o
(9, ]

o
[=)

P
n

»
=}

Odor

evaluated with numerically close scores, and the
samples with 20% hazelnut skin powder addition were
found to be less brittle statistically. The use of 5%
hazelnut skin powder provided the highest overall
acceptability score among all cracker samples.

OBrittleness M Overall acceptabilty

b
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C
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Figure 2. Sensory attributes of crackers containing hazelnut skin powder.
Sekil 2. Findik zar1 tozu igeren krakerlerin duyusal 6zellikleri.

CONCLUSION

Hazelnut skin occurs as a by-product during the
roasting phase of roasted hazelnut production. Since
the hazelnut skin is rich in polyphenolic content,
consist of phenolic acids, flavonoids and flavonols,
which have a health-promoting effects, it can be
preferred for enrichment of foods. Evaluating the use
of such a valuable ingredient in food formulations is
highly valuable. The addition of hazelnut skin powder
into crackers improved the resistant starch,
antioxidant activity and phenolic content. The
significant reduction in L* and b* color value of cracker
samples might be due to the color properties of
hazelnut skin powders. With the addition of hazelnut,
the hardness values of the crackers decreased and the
spreading rate increased. The data revealed that the
addition of up to 10% hazelnut skin could be considered
a potential ingredient for producing functionally
crackers.

The results obtained from this study may be a
precursor to the use of a low-value industrial by-
product in functional food formulations that contribute
to the formation of resistant starch as a rich source of
phenolic compounds and as a natural coloring agent.
Data on chemical content obtained from analyzes of
hazelnut shells showed that this by-product is very
rich in health-promoting antioxidants and phenolics.
More studies are needed to investigate the effects of
hazelnut shell powder in different food formulations.
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ABSTRACT

In the present study, collagen was obtained from tissues of the
invasive sea urchin (Diadema setosum) rapidly spread in the
Mediterranean Sea. As a result, the yield of collagen isolated from sea
urchin was determined to be 23.78+1.33% (dry weight). As a result of
SDS-Page analysis, it was determined that it contains (al)2a2,
(Molecular Weight (MA) 124, 114 kDa) and B chains (MA 245 kDa)
similar to calfskin collagen. In the amino acid analysis of collagen, it
was determined that the imino acid (proline+hydroxyproline) content
was 196.1 residues/1000 residues. The functional bands of amide A
(3301 cm1), B (2924 cm™), I (1643 cmY), IT (1550 cm), and IIT (1242
cm) functional bands were visualized in the FTIR spectrum. These
results were like other collagen sources. Invasive sea urchin was used
as a source of collagen for the first time in the present study. An
alternative source of collagen to mammalian collagen, which is used
commercially in many industries such as biomedicine, food and
cosmetics, was isolated for the first time from D. setosum. It was
proposed that marine collagen can be used as an alternative source of
collagen and a functional component in areas including food,
cosmetics, and pharmaceutical industries.

OZET

Bu calismada, Akdeniz'de hizla yayilan istilaci denizkestanesi
(Diadema setosum) dokularindan kolajen elde edilmistir. Sonug
olarak, denizkestanesinden elde edilen kolajenin verimi %23.78+1.33
(kuru agirlik) olarak belirlenmistir. SDS-Page analizi sonucunda,
dana derisi kolajenine benzeyen (a1)zaz2, (Molekiil Agirhigi (MA) 124,
114 kDa) ve B zincirleri (MA 245 kDa) icerdigi tespit edilmistir.
Kolajenin amino asit analizinde imino asit (prolin+hidroksiprolin)
iceriginin 196.1 kalinti/1000 kalint1 oldugu belirlenmistir. FTIR
spektrumuna goére Amid A (3301 cm™!), Amide B (2924 cm™), Amide I
(1643 cm-1), Amide II (1550 cm™) ve Amide III (1242 cm') fonksiyonel
bantlar1 goriintillenmistir. Istilaci denizkestanesinden kolajen ilk
defa bu ¢alisma ile elde edilmistir. Biyotip, gida ve kozmetik gibi
birgok endiistride ticari olarak kullanilan memeli kolajenine
alternatif olarak istilac1 denizkestanesinden (D. setosum) kolajen ilk
kez elde edilmigtir. Elde edilen bu kolajeninin gida, kozmetik ve ilag
endustrileri gibi alanlarda alternatif bir kolajen kaynag ve
fonksiyonel bir bilegen olarak kullanilabilecegi 6nerilmistir.
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INTRODUCTION 123 invertebrates have been introduced from these

Collagen is found in many tissues including skin,
tendons, and connective tissues of vertebrates, and
comprise about 30% of the total protein in the body
(Muthumari et al. 2016). Approximately 29 different
types of collagens have been described with unique
amino acid orders and molecular constructions in
vertebrate tissues (Ali et al. 2018). It usually has a
triple helix (Gly-X-Y) structure wrapped around each
other, consisting of Glycine (Gly), proline (X), and
hydroxyproline (Y). Collagens are widely used in many
fields such as food, cosmetics, tissue engineering, and
the pharmaceutical industry due to their properties
such as Dbiocompatibility and biodegradability
(Muthumari et al., 2016). Collagen is obtained from the
skin and bones of terrestrial animals such as cows,
pigs, and chickens. However, since communicable
diseases such as bird flu, bovine spongiform
encephalopathy (BSE), and foot and mouth disease
(FMD) have increased in recent years, collagens
obtained from terrestrial animals cause disease
concerns (Gharagheshlagh et al., 2020). Therefore,
marine collagens have become the focus of attention to
meet the need for collagen. In addition to their use as
a food source, marine species are important resources
that can be used in fields such as agriculture, chemical
industry, and cosmetics. In recent years, there is a
tendency toward marine resources for the production
of collagen, which has been rapidly increasing for use,
especially in health and cosmetics.

Marine collagen sources are generally vertebrate and
invertebrate species such as fish, octopus, cuttlefish,
shrimp, sea cucumber, and sea urchin. Skins, tissues
or marine animal waste parts of economically
important species constitute an important part of
marine collagen resources (Ahmad & Benjakul, 2010;
Muthumari et al., 2016; Ali et al., 2018; Nurilmala et
al., 2019; Nurubhasha et al., 2019; Gharagheshlagh et
al., 2020; Li et al., 2020; Sulaiman & Sarbon, 2020).
Research on collagen production from species with low
or no economic value has increased because of the
increase in collagen use and demand (Barzideh et al.,
2014; Iswariya et al., 2018). The fact that marine
animals that do not have economic value are not used
as a resource, there is no hunting pressure on these
species, and their rapid spread creates negative effects
on the ecosystem and native marine species.

The Mediterranean region is a good example of this
case, especially due to the rapidly increasing foreign
species inflows in the last decade. The entry of foreign
species into the Mediterranean Sea can be through the
Suez Canal, the Strait of Gibraltar, or by ship
transport. However, the most intense foreign species
entry is through the Suez Canal. To date, 80 fish and
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alien marine species, which are called the lessepsian
species (Cinar et al., 2020). Pufferfish are harmful
invaders that have spread throughout the
Mediterranean Sea within the last 20 years (Kayhan
et al., 2021). In a similar way, the lionfish (Piterois
miles) has been spreading rapidly (Hiiseyinoglu et al.,
2021). One of the species that enters the
Mediterranean Sea and has a serious invasion
potential is the sea urchin Diadema setosum.

The invasive sea urchin (D. setosum) is a species of
Indo-Pacific origin and has a wide distribution in the
Red Sea (Gulf of Suez, Gulf of Agaba, Northern and
Southern Red Sea), east coast of Africa, Japan, and
Australia (Lessios et al., 2001). It was first reported on
the Turkish coasts in 2006 on the Kag Peninsula of
Antalya, and then on the Iskenderun Bay, the Aegean
Sea, and the Marmara Sea coasts (Turan et al., 2011;
Yapic: 2018; Artiiz & Artiiz, 2019). D. setosum reaches
large sizes due to its unique feeding habits and
reproductive behaviors a great threat to endemic
species with the increase in population density. Due to
the morphological structure of this species (long
spines), it damages the fishing gear used in fishing,
hindering hunting activities. In addition, its long and
black spines cause adverse effects such as painful
injury, swelling, and redness when penetrating human
skin.

The present study aimed to extract collagen from the
invasive sea urchin (D). setosum) for the first time and
to determine the physical, chemical, and structural
properties of this collagen. Thus, the collagen extracted
from the sea urchin species can be used in cosmetics,
tissue engineering, pharmaceutical industry, etc. This
invertebrate, which is not consumed in Tirkiye, will be
brought to the country's economy as a biomaterial with
high economic value.

MATERIAL and METHODS
Materials

In the study, D. setosum samples were collected with
nets from the coast of Iskenderun Bay in August 2021.
(Figure 1). The sea urchin samples collected were
brought to the laboratory in sealed plastic boxes.
Morphometric measurements of the samples were
made with the help of a digital caliper with a precision
of 0.01 mm after their weighing using a digital scale
with a precision of 0.01 g. The mean total weight,
gonad weight, test weight, and test diameter of the
individuals were calculated as 84.64+2.77 g, 3.04+0.11
g, 32.72+1.21 g, and 51.8+1.18 mm, respectively
(Mean+SD). Then all soft tissues were taken and
stored at -80°C until the time of analysis.
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Collagen Preparation

The method of Sivakumar & Chandrakasan (1998) was
modified for the isolation of collagen from the soft
tissues of invasive sea urchin (D). setosum). The whole
procedure was carried out at 4°C. Soft tissues were cut
into small pieces using scissors and kept in 0.2 N
NaOH solution for two days (NaOH solution was
changed daily). The precipitate was washed three
times with distilled water and then lyophilized. The
dried precipitate was melted in 1 M acetic acid two
days. Then 5% (w/v) pepsin (Sigma p7000), according

to the lyophilized weight was added and hydrolyzed for
48 h. The mixture was then centrifuged at 8000xg for
1h at 4 ° C, and the precipitate was collected. The
precipitate was salted by adding NaCl to a last
concentration of 0.7 M and was followed by
precipitation by adding NaCl to a last concentration of
2.3 Min 0.05 M Tris-HCI (pH 7.5). The precipitate was
divided by centrifugation at 9000xg for 1 h at 4 °C. The
precipitate was then melted in 0.5 M acetic acids,
dialyzed in contrast to 0.1 M acetic acid, distilled
water, and lyophilized.

N6 Gr-

=N 1650

Mediterranean 0 nm 0
36100 12

L2 N 3550 gl

Figure 1 A) Study area, B) Invasive Sea Urchin D. setosum species.
Sekil 1 A) Calisma Alani, B) Istilaci denizkestanesi D. setosum tiirii

Yield of collagen

The initial weight of the soft tissues of sea urchins was
used to calculate the collagen yield and was calculated
with the following Eq. 1.

Yield of collagen= (Weight of lyophilized
collagen)/(Initial wet weight of tissues)x100 (1

Proximate analysis

The ash and protein values of the samples taken from
the soft tissues of the sea urchin were determined
according to the Association of Official Analytical
Chemists (AOAC) (2000) method, the lipid analyses
according to Bligh & Dyer (1959) and the total crude
protein analysis was carried out using the Kjeldahl
method (Bligh & Dyer, 1959; AOAC 2000). All analyses
were performed in triplicate.

SDS-Page analysis

The collagen was dissolved in 5 mg mL1 0.1 M acetic
acid by agitating at room temperature for four hours.
Then it was dialyzed against PBS (phosphate buffered
saline) and loaded into the well in 100, 200, and 400 ng
wells, respectively, by denaturation using a buffer at
95 °C for 5 minutes. The sample in the first well was
100 ng of BSA (Bovine Serum Albumin). Separation gel
was 8% and no stacking gel was used. The sample was
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marked with Coomassie Brilliant Blue R250 and then
destained.

Amino Acid analysis

The amino acid analysis of collagen obtained from sea
urchin soft tissues was performed according to the
D.05.G106 (UFLC-UV) method (PITC 1999; Dimova
2003). The amino acid content was stated as
residues/1000 residues.

FTIR analysis

The FTIR spectra (SHIMADZU F-TIR-IRAffinity-1S)
of collagen obtained from soft tissues of sea urchins
were performed using the ATR method under dry
conditions. All spectra readings were performed
between 400 and 4000 cm™ and at a data acquisition
rate of 4 cm™1,

SEM analysis

A SEM device was used to examine the surface area
and internal structure of sea urchin collagen. Before
collagen imaging, the collagen was coated with gold-
palladium (Au-Pd) using a POLARON SC7620 sputter
coating device. The sample was imagined under SEM
(Scanning Electron Microscope) (JEOL JSM-6380LA)
using 15 kV.



KSU Tarim ve Doga Derg 26 (6), 1377-1386, 2023
KSU J. Agric Nat 26 (6), 1377-1386, 2023

Aragtirma Makalesi
Research Article

Statistical analyses

Data were analyzed using Microsoft Office Excel 2016.
All samples were analyzed in triplicate. All
quantitative results are given as meantstandard
deviation.

RESULTS and DISCUSSION

In the last ten years, very few studies have been found
on the study of invasive and poisonous D. setosum on
the Mediterranean coast, such as growth,
reproduction, and accumulation of metal. Previous
studies have generally been concerned with species
registration, availability, distribution in the region,
biological properties and extraction of chitin and
chitosan (Rahman et al., 2012; Fitriyani et al., 2022;
Ugurlu & Duysak, 2022). Furthermore, there are
studies on the components of nutrients (protein, lipid,
fatty acid), antibacterial effects, cytotoxic activity, and
accumulation of metals in tissues consumed such as
gonads of this species (Flammang et al., 1997
Marimuthu et al., 2015; Tulandi et al., 2021).
Examining studies on the species in Turkiye in recent
years, it was seen that they were carried out on the
Mediterranean Sea, Aegean Sea and Marmara Sea
coasts and showed only the first records (Yokes &
Galil, 2006; Turan et al., 2011; Yapic1 2018; Artiz &
Artiiz, 219; Bilecenoglu et al., 2019). There are studies
of collagen extraction on different species of sea
urchins in the literature. Collagen obtained in these
studies had two structures of fibrillar collagen (a1 and
az) structures (Trotter & Kobb, 1994; Omura et al.,
1996; Cluzel et al., 2000; Nagai & Suzuki, 2000). It has
the potential to be an alternative marine collagen
source for use in several areas such as food, medicine,
and cosmetics (Nagai & Suzuki, 2000). It is a promising
biomaterial for tissue and regenerative medicine and
is environmentally friendly and economically
sustainable (Shimizu et al., 1990). However, no
biomaterial production studies related to D. setosum
were found.

Yield in sea urchin collagen

For the collagen obtained from the soft tissues of sea
urchins, 17.5 g collagen was obtained from 75 g of soft
tissue (dry weight) (Figure 2). The mean collagen yield
was calculated as 23.78+1.33%. It has been reported
that the mean collagen yields extracted from the skin
and bones of fish vary between 2% and 29% (Ahmad &
Benjakul, 2010; Muthumari et al., 2016; Ali et al.,
2018; Nurubhasha et al., 2019; Gharagheshlagh et al.,
2020). The wide range of differences between collagen
yields was associated with the species of fish or tissues
used, their ecological environments, and different
extraction methods. Nagai & Suzuki (2000) have
reported a yield of approximately 35% (dry weight) of
the collagen obtained from the shells of purple sea
urchin (Anthocidaris crassispina). Ferrariro et al.
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(2020) have reported the mean yield of the collagen
obtained from the soft tissue of Paracentrotus lividus
as 4.93+£2.22%. The differences in collagen yields
obtained from D. setosum were associated with the
difference in species or the difference in the tissues
from which the collagen is obtained.

Figure 2 The collagen obtained from the D. setosum
(original images).

Sekil 2 D. setosum’'dan elde edilen kolajen (orijinal
goriintii)

Proximate analysis

It was determined that the total lipid and ash contents
of the collagen extracted from D. setosum were lower
than the total lipid and ash contents of the raw tissue.
This was associated with the process of removing
collagen from inorganic substances and fat. In the
present study, the protein, lipid and ash content of sea
urchin tissues were calculated as 20.99+0.33%,
15.78+0.34%, 18.35+0.56%, respectively, while the
protein, lipid and ash content of collagen was
calculated as 49.5+0.26 and 2.7+0.25% and 1.72
+0.12%, respectively.

Nurilmala et al. (2019) have reported the protein, lipid,
and ash contents of the collagen obtained from
Thunnus albacares skin as 36.09%, 1.08%, and 2.25%,
respectively. Sulaiman & Sarbon (2020) calculated the
protein, oil, and ash values of collagen extracted from
Decapterus macrosoma fish waste as 22.86%, 0.38%,
and 60.9%, respectively. Li et al. (2020) have reported
the protein, lipid and ash levels of collagen extracted
from the body wall of H. cinerascens as 10.3+0.4%,
0.3+0.0%, and 0.9+0.1%, respectively. The difference in
protein, lipid, and ash content of collagen obtained
from D. setosum was associated with the fact that it
lived in different habitats or with the difference in the
tissues from which collagen was obtained.

SDS-Polyacrylamide Gel Electrophoresis (SDS-Page)

SDS-Page analysis of collagen obtained from sea
urchin is presented in Figure 3. The collagen extracted
from the sea urchin comprised ai, az, and high
molecular weight chains B and y chains (Figure 3; Lane
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1). The molecular weight of this collagen, the a1, az, and
B chains, was determined to be approximately 124
kDa, 114 kDa and 245 kDa, respectively. In addition,
it was determined that the collagen has an (a1)202
molecular structure (Figure 3).

It has been reported that collagen obtained from the
test portion of Asthenosoma ijimai has an (ai)zaz
heterotrimer structure, like that determined in the
present study (Omura et al., 1996). Shimizu et al.
(1990) have reported that there are four a chains as a1
az a3 a4 in the A. jjimai, while Trotter & Koob (1994)
have reported that Fucidaris tribuloides cidaroid sea
urchin has heterotrimer collagen with an (a1)2a2
molecular structure. The sea urchin collagen in the
present study was found to have an (a1)202 molecular
structure, similar to the collagen of different species in
similar studies (Liu et al., 2012; Zhang et al., 2014;
Asaduzzaman et al., 2020). As a result, the a1 and az
chains in the sea urchin collagen confirm that it is like
type I collagen.

Std

BSA 1

180 kDa
130 kDa
100 kDa

al
a2

—_—
—
—_—
70 kDa

55 kDa

40 kDa
35 kDa
25 kDa
15 kDa

Figure 3 Sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-Page) of collagen from
D. setosum. Std: Protein markers; BSA: 100
ng BSA (Bovine Serum Albumin); lane 1: 400
ng collagen; lane 2: 200 ng collagen; lane 3:
100 ng collagen.

Sekil 3 D. setosum kolajenin Sodyum Dodesil Stilfat
Poliakrilamid Jel Elektroforezi (SDS-Page).
Std: Protein markir; BSA: 100 ng BSA (Sigir
Serum Albiimin); Serit 1° 400 ng kolajen;
Serit 2° 200 ng kolajen; Serit 3 100 ng
kolajen.

Amino Acid Composition of Collagens from the Soft
Tissues of D. setosum

The amino acid content of the collagen extracted from
D. setosum is shown in Table 1 as residue/1000
residues. In the present study, proline and
hydroxyproline, which are unique in their amino acid

content, were determined in collagen extracted from D.
setosum soft tissues and glycine was determined as the
amino acid with the highest amount (Table 1). In
general, the amino acid glycine comprises about one-
third of the total amount of amino acids. In the present
study, 326.94 residues/1000 residues of glycine were
found in the collagen extracted from D. setosum (Table
1).

Table 1 Amino acid composition of collagen from D.
setosum (residues/1000 resiudes).

Cizelge 1 D. setosum kolajenin amino asit igerikleri
(kalinti/1000kalint1)

Amino Acids D. setosum
Alanine (ALA) 101.6
Arginine (ARG) 35.9

Aspartic acid (ASP) 69.3
Cysteine (CYS) 0
Glutamic acid (GLU) 32.4
Glycine (GLY) 326.9
Histidine (HIS) 9.8
Isoleucine (ILE) 11.4
Leucine (LEU) 25.8
Lysine (LYS) 11.2
Methionine (MET) 15.8
Phenylalanine (PHE) 16.2
Proline (PRO) 117.5
Serine (SER) 58.2
Threonine (THR) 56.6
Tyrosine (TYR) 9.9
Valine (VAL) 22.1
Hydroxyproline (HYP) 78.6
Imino acid (HYP + PRO) 196.1
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In the literature, the amount of glycine has been
reported to be the leading amino acid in collagen
samples and comprises approximately 30-35% of the
amino acid content in Saurida spp, Mugil cephalus and
Cypselurus melanurus (Kumar et al., 2012; Veeruraj
et al., 2013; Kozlowska et al.,, 2015). It has been
reported that the ASC and PSC collagens obtained
from the scales of Saurida spp. contained 335 and 338
residues/1000 residues glycine, respectively.

In the collagen extracted from D. setosum, alanine,
aspartic acid, threonine, and serine amino acids were
found to be 101.6, 69.3, 56.6, and 58.2 residues/1000
residues, respectively. No cystine was detected in the
D. setosum collagen (Figure 4). Similarly to the present
study, Senaratne et al. (2006) did not detect cystine in
collagens extracted from different marine organisms,
and cystine was not found in amino acid analyses of
collagen material in other studies (Iswariya et al.,
2018) The amino acid content of proline and alanine of
collagen obtained from D. setosum is expected values
for sea urchin, which is a tropical and subtropical
species and explains the higher denaturation
temperatures compared to cold-climate species.



KSU Tarim ve Doga Derg 26 (6), 1377-1386, 2023
KSU J. Agric Nat 26 (), 1377-1386, 2023

Aragtirma Makalesi
Research Article

Hydroxyproline (HPRO)
Valine (VAL)
Tyrosine (TYR)
Threonine (THR)
Serine (SER)

Proline (PRO)
Phenylalanine (PHE)
Methionine (MET)
Lysine (LYS)
Leucine (LEU)
Isoleucine (ILE)
Histidine (HIS)
Glycine (GLY)
Glutamic acid (GLU)
Cysteine (CYS)
Aspartic acid (ASP)
Arginine (ARG)
Alanine (ALA)

Amino Acids

100

200 300 400

residues/1000 residues

Figure 4 Amino acid composition of sea urchin collagen.
Sekil 4 Denizkestanesi kolajenin amino asit kompoziyonlari

In the present study, proline and hydroxyproline
contents of the collagen extracted from sea urchin were
determined to be 117.5 and 78.6 residues/1000
residues, and the total imino acid content was
determined to be 196.1 residues/1000 residues. Sea
urchin collagen has higher than those of the Chrysaora
sp. (149 residues/1000 residues) (Barzideh et al., 2014),
A. ijimai (84 residues/1000 residues),
Strongylocentrotus nudus (86 residues) residues/1000
residues) and Strongylocentrotus intermedius (85
residues/1000 residues) sea urchin species (Omura et
al., 1996). Imino acid provides structural integrity in
collagen. It has been known that the reason for the
different amounts of imino acid content is due to the
habitat differences in which the animals live and
different habitat temperatures.

FTIR spectrum

The FTIR spectrum analysis of D. setosum collagen is
presented in Figure 5. The positions of characteristic
Amide A, Amid B, Amid I, Amid I, and Amid III bands
are shown in Table 2. The IR spectrum results of sea
urchin collagen showed the typical bands of Amide A,
Amide B, Amide I, Amide II and Amide III for Type I
collagen. The amide A band is generally associated
with the extending vibrations of the N-H group. A free
N-H extending vibration occurs in the range of
between 3400 and 3440 cm'!. The Amide A band of
collagen extracted from D. setosum was determined to
be 3301 cm (Table 2). A shift of the wavenumber to a
lower frequency, i.e., 3300 cm of the N-H extending
vibration, typically indicates that the N-H group has
more hydrogen bonds (Gharagheshlagh et al., 2020).

Table 2 The major peak assignments of the FTIR spectra for collagen from D. setosum.
Cizelge 2 D. setosum kolajenin FTIR spektrumu igin major pikleri.

Region Peak wavenumber (cm) Assignment
Amide A 3301 N-H stretch and H bond
Amide B 2924 CH2 asymmetric stretch
Amide I 1643 C=0 stretch/hydrogen bond coupled with COO
Amide II 1550 NH bond coupled with CN stretch
Amide III 1242 NH bond coupled with CN stretch
The Amid B band, which corresponds to the cml, is associated with extending vibrations of the

asymmetric extending of the alkanyl C-H group and
represents the NHs* group, 1s observed at a
wavelength of between 2850 and 2950 cm™. In the
present study, the Amid B band was observed at 2924
cm'! in the sea urchin collagen. The amide I band has
characteristic frequencies of between 1600 and 1700
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carbonyl group (C=0), and is the most important factor
in determining the secondary structure of a protein.
The Amide I band was observed at 1643 cm™ in D.
setosum collagen. The amide II band is associated with
the N-H bond due to C-N extending vibrations in the
range of between 1550 and 1600 cm and its shift to
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lower wavelengths indicates a hydrogen bond
formation. The Amide II band of collagen obtained
from the soft tissues of sea urchins was determined to
be 1550 cm* (Figure 5).

004~ — === "

-N');X} 3&)‘\'Xl é';)? ) 11';’
Wavenumbers
Figure 5 The FTIR spectrum of collagen from D.
setosum.
Sekil 5 D. setosum kolajenin FTIR spektrumu

Finally, the Amide III band has a characteristic
frequency between 1236 cm! and 1452 cml. It shows

the combination levels between C-H extending
vibrations and N-H deformation of triple helix collagen
and is considered a collagen fingerprint. The Amide III
band was observed at 1242 cm™ in . setosum collagen.
The present study determined that the FTIR results of
collagens obtained from different marine organisms
were similar to those reported in the literature (Ahmad
& Benjakul, 2010; Ali et al., 2018; Nurubhasha et al.,
2019; Gharagheshlagh et al.,, 2020). The FTIR
spectrum confirmed that D. setosum collagen has a
natural triple helix structure.

Scanning Electron Microscope (SEM)

The morphological structure of collagen from D.
setosum is shown in Figure 6. To the naked eye,
collagen is soft, white, and porous. However, examined
by SEM, it was determined that it consisted of
interconnected, multilayered, scaly, dense, and
irregular layers (Figure 6). Due to the excellent
properties of collagen, its three-dimensional structure
is of great importance. In the present study, the
morphological structure of collagen obtained from sea
urchin was investigated for the first time and it was
concluded that it can be utilized in many fields such as
cosmetics, tissue engineering, and biomedicine.

Figure 6. The SEM images of collagen from D. setosum.

Sekil 6. D. setosum kolajenin SEM gortintiiler:

CONCLUSION

Collagen material was obtained for the first time from
D. setosum sea urchin. The collagen obtained from D.
setosum was similar to Type I collagen, which has a
wide application area. Invasive sea urchin collagen
showed similarities to those of terrestrial vertebrates
and marine species, and it was found that it can be
used as an alternative source of marine collagen. It can
be proposed that alternative marine collagen extracted
from D. setosum can be used as a biomaterial in fields
such as biomedicine, tissue engineering, and
cosmeceuticals.

As a result, using the sea urchin, an invasive species,
as a collagen material will provide a high added value
to Turkiye's economy by meeting the need for collagen
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biomaterial, which has been a popular research topic
recently. On the other hand, in the case of its use in
different industrial areas, D. setosum will be needed
on an industrial scale, and its catch volume will
eventually increase. Thus, the sea urchin population
will be indirectly controlled. It will be ecologically
beneficial and its dangerous situation in terms of
tourism will be eliminated.
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ABSTRACT

In this study it is aimed that determining effect of some social and
demographic properties on Catch Per Unit Effort (CPUE) in Uluabat
Lake anglers. A total of 375 interview applied with angler from April
2015 to May 2016 monthly period. Mean CPUE values of each angler was
estimated as 1.36 fish/hr (0.08-5.67). Generalized additive models
(GAMs) was used for evaluating the data set. Variables used in model
were age of angler (X1), experience of angler (X2), annual total fishing
day (X3, total value of fishing equipment (X4), monthly total income of
anglers (X5), household number of anglers (X6) and CPUE of anglers ().
Effect of all variables on the CPUE were founded not significant (p>0.05),
except “Annual total fishing day” (p>0.05). The variables such as monthly
total income of anglers, experience of angler, total value of angling
equipment and annual total fishing day positively affected CPUE.
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Bazi Amator Balik¢i Ozelliklerinin, Tirkiye Ic Su Amatér Balikgiliginda Birim Cabaya Diigen Av

Miktar: (CPUE) Ile Tligkisinin Arastirilmas:: Uluabat Gélii Ornegi

OZET

Bu c¢alismada Uluabat Goli amator balik¢ilarinin bazi sosyal ve
demografik 6zelliklerinin Birim Cabaya Diisen Av Miktar1 (CPUE)
uzerine etkilerinin belirlenmesi amaclanmigtir. Nisan 2015 ile Mayis
2016 doneminde aylik olarak yiritilen saha c¢alismalarinda amator
balik¢ilar ile toplam 375 anket yapilmigtir. Ortalama CPUE her bir
balik¢t icin 1.36 balik/saat (0.08 — 5.67) olarak tahmin edilmistir.
Verilerin  degerlendirilmesinde  Genellestirilimis Eklemeli
kullanilmistir. Modelde kullanilan degiskenler; baliker yasi (X1), balike
tecriibesi (X2, yillik toplam aveilik giinii (X3), balikcilik ekipmanlarinin
toplam degeri (X4), amator balikcinin aylik gelir durumu (X5), hanedeki
kisi sayis1 (X6) ve CPUE (Y) dir. Yillik toplam avcilik giinii (X9 harig
diger tim degiskenlerin CPUFE uzerindeki etkisi istatistiksel olarak
énemli bulunmustur (p<0.05). Amatér balik¢ilarin ayhk gelir diizeyleri,
balikgilik ekipmanlarinin toplam degeri ve yillik toplam avecilik giinti
CPUF degeri tizerinde olumlu etki gostermistir.
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INTRODUCTION

In the global perspective, “recreational fishing is
defined as fishing of aquatic animals (mainly fish) that
do not constitute the individual’s primary resource to
meet basic nutritional needs and are not generally sold
or otherwise traded on export, domestic or black
markets’ (FAO, 2012). This term (recreational fishing)
identified as “A type of fisheries activity aimed for

recreation, sport or vacation, there is no goal of
financial and commercial gain and caught fish not
sold” in scope of Turkish national fisheries legislation
(Anonymous, 2020). That is very popular activity both
global and national scale. Estimated number of
recreational fishers in global scale vary widely from
220 million (World Bank, 2012) to 700 million (Cooke
& Cowx 2004). Total number of registered Turkish
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recreational fishers was reported as 245137 (Ategsahin
& Cilbiz, 2018). However, there is no legal registering
obligation for recreational fishers in Turkey, so only
45.3 % angler registered (Atessahin & Cilbiz, 2018).
Total global recreational catches is reported as 900 000
tonnes in 2014 by Freire et al. (2020). Same year total
captured based commercial marine production was
occurred as 81 549 353 tonnes and inland waters
captured production was 11 895 881 tonnes (FAO,
2016). Angling is the most common recreational fishing
technique in all around the world (Soykan & Cerim,
2018). To participants in recreational angling is
referred as anglers (Arlinghaus et al., 2007).

Recreational fisheries have crucial effect on both the
ecosystem and the economy in Tiirkiye (Soykan &
Cerim, 2018). The total annual economic value of
recreational fishing in Europe, which has a high
market share, is estimated to be over €25 billion
(Dillon, 2004; Pawson et al., 2008). Since the amount
of fish produced by commercial fishing always have
more 1importance for management authorities,
managers have mostly pushed aside amateur fishing
(Lloret et al., 2008). However, the decrease in fish
stocks, in contrast to the increase in world population,
has compelled managers to regulate amateur fishing.
Management of amateur fisheries can be enhanced
through cooperation between scientists, managers,
and recreational fisheries (Dedual et al., 2013). In
terms of management, it varies according to the
development level of the countries.

One of the most important central management goal
for both recreational and commercial fisheries is
preventing of the overfishing (Allen et al., 2013). There
are some legal regulations in Turkish inland
recreational fishing for both limitation of the catch
effort and protecting of the species, such as banned
species, minimum landing size, limitation of caught
(both number and weight), close season, banned area
and location, limitation of fishing gear (most of them
commercially used), banned fishing technique
(explosive - chemical using etc...) number of fishing
line (maximum four) and number of hook (maximum
three for each fishing line), limitation of boat length
(maximum 7.5 m) (Anonymous, 2020).

One of the most fundamental elements of fisheries
management is undoubtedly Catch Per Unit Effort
(CPUE). Any studies on the CPUEs of inland
fishermen in Tirkiye have been limited. However,
numerous studies have been conducted on this subject
in different parts of the world such as River Gallo -
Spain (Almodévar & Nicola, 1998); Kleiner Déllnsee,
Germany (Kuparinen et al., 2010); Merced River - USA
Wilberding and Hafs (2013); Lake Opinicon, Canada
(Moraga et al., 2015); Karakaya Dam Lake, Tiirkiye
(Ategsahin et al., 2015; Atessahin & Cilbiz, 2019). The
effect of the fishers' characteristics on CPUE has not
been examined in most of these studies. In one of the
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rare studies conducted on this subject, Kuparinen et al.
(2010) investigated some abiotic and fishing-related
correlates on catch rates of pike (Esox lucius) in
angling by using the generalized additive model
(GAM). Scientific investigation of the reasons that
push recreational fishers towards fishing more will be
very useful for management of fisheries.

Uluabat Lake is one of the most rich lakes of Turkiye
with plankton, bottom organism, aquatic plants, fishes
& Dbird populations, where was announcement by
Ministry of Environment as RAMSAR protected area
at 1998 (Bulut et al., 2010). Shoreline of lake shows
differences in a year connected with differences of the
water depth. Uluabat Lake is located in Bursa
province, which is fourth most crowded city of Tiirkiye
with 3 million population. Lake is very close the Bursa
city centrum (almost 40 km) so which have seriously
potential in terms of recreational fisheries.

Besides amateur fishing, commercial fishing is also
carried out by fishermen in Ulubalat Lake. 398
fishermen, with a mean age of 52, were using fiber-
boats that were 6-7 meters in length and powered by
13 HP engines to fishing in the lake (Anonymous
2013). Gillnets, trammel nets, fyke nets and longlines
are commonly used in fishing by fishermen.
Commercial fisheries based annual fish production
was almost 159.2 tonnes in 2022 (11.6 t Cyprinus
carpio; 135.6 t Carassius gibelio and 12 t Esox lucius)
in the lake.

The purpose of this study is to investigate the catch
compositions, some socio-economic characteristics, and
the effects of these variables on the CPUE of
recreational fishers that are engaged in recreational
fisheries at Lake Ulubat.

MATERIAL and METHODS
Study Area

The Uluabat Lake is located in north-western part of
the Republic of Tiirkiye (Figure 1) It is ninth-largest
lake of Tirkiye with 160 km?2 surface area, average
depth of the lake is 2.5 m (Yurtseven & Randhir, 2020).

Data collecting process

A face-to-face survey method was used for obtain of
targeted data. Simple random sampling method was
used for determining of the simple size. As a mass
population (16207), official records of Bursa
Directorate of Provincial Agriculture and Forestry was
used. The following sampling formula [/] was used to
compute the number of anglers to be surveyed (Elbek
et al. 2006).

Where;

N: mass population, £
standard normal
distribution value, &
error value for

B thp.q
" & (N-1D)+Ep.q
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population, p: likelihood,
¢- unlikelihood

The angler number was computed as 375 in the
confidence interval with 95% and margin of error 5%.
Questionnaire studies were conducted monthly (except

the close seasons) between April 2015 and May 2016,
and were administered to 375 amateur fishermen.
Survived fishermen number and age information are
given in Table 1. Used questionnaire forms were
included in some question about social, economic and
demographic status of angler besides applied fishing
pressure on fish populations of lake.

= C-al.tv,- PR
-l £
| e ‘/‘ Y— —— === —
Eskckaraalas // =
- - Gt;y}i_:n
> ‘Rtlllv
».\ C——— Axjape
Figure 1. Uluabat Lake
Sekil 1. Uluabat Golu
Table 1. Survived amateur fishermen numbers and its age distributions
Cizelge 1. Calismaya dahil olan amatér balikcilarin sayi ve yas dagilimlar:
Age

Month N Min Max Mean

January 4 26 36 32

April 54 14 62 33.407

May 69 14 67 35.725

August 54 18 71 37.167

September 50 14 64 34.2

October 55 13 72 40.964

November 60 18 67 44.167

December 29 24 63 39.069
Estimating of CPUE smoothing parameter estimation method. The

Catch Per Unit Effort (CPUE) was used evaluating of
the fishing effect. Angler statements were based for
fish production. Mean CPUE value was calculated for
each angler with formula [Z7] given below (Aydin, 2011;
Godoy et al., 2003):

>n
Y, Hook number x Y,(fishing trials x angling time) a

CPUE =

Modelling approaches

The effect of variables on the CPUFE, was examined by
means of Generalized additive models, (GAMs)
techniques (Hastie & Tibshirani, 1990). Restricted
maximum likelihood (REMI) was used as the
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statistical modeling was performed in R software using
the “mgev” package v1.8-38 (Wood, 2003; Wood, 2004;
Wood, 2011; Wood, Pya & Saefken, 2016, Wood, 2017).
Six social, economic and fisheries-based covariates
were considered for inclusion in the model, namely X7
(Age of angler), X2 (Monthly total income of anglers
(7D, X3 (Number of household members), X4
(Experience of angler (year), X5 (Total value of angling
equipment (7L), X6 (Annual total fishing day). The
finally full model for analysing the CPUE (Y) data of
anglers is represented as follows:

(Y1~ Bo+ s(X1, k=5)+ s(X2, k=5) +s(X3, k=5) +
s(X4, k=5)+ s(X5, k=5) + s(X6, k=7)) + €)

where 6o is the intercept, £/1s a random error term. k-
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index values were optimised by using "gam.check ()"
function, finally GAMs model distributional
assumptions were met as possible as. Average
exchange rate of dollar was 2.92 TL in survey period.

RESULTS

Survived fishermen number is shown significant
differences by the month (Table 1.) We did not receive
any questionnaires in February and March, and very
few in January and December. This is because these
months fall within the closed season for FE. /lucius
fishing, the main target species for amateur fishermen.
Due to this lack of homogeneity in the data across
seasons, we were unable to use the season component
in the GAMs analysis.

Angler profile

The anglers, who include in study, age range are
change between 13 and 72, mean value (*SE)
computed as 37+0.7 (Table 2). Fishing experience
(year) of anglers are founded from 1 to 62, also mean
experience (+SE) is estimated as 14+0.7 years. Most of
angler were male (99.2%) and 74.7% of married.
Considering educational status of the anglers, 44.3% of
secondary school graduate and 26.1% of primary school
graduate. Number of household members was founded
between 1-14 while mean value (=SE) was computed as
3+0.07.

Table 2. Descriptive statistic some factors used in GAMs model
Cizelge 2. GAMs modelde kullanilan baz faktorlerin tanimlayici istatistik bilgileri

Variables Code Mean Min. Max. Median
Age of angler X1 37 13 72 35
Monthly total income of anglers (71)* X2 1801.46 0.00 8000.00 1500.00
Number of household members X3 3 1 14 4
Experience of angler (year) X4 14 1 62 10
Total value of angling equipment (77)* X5 202.35 4.00 2000.00 100.00
Annual total fishing day X6 13 3 111 9
CPUE of anglers (fish/hr) Y 1.36 0.08 5.67 1

*Average exchange rate of dollar was 2.92 TL in survey period

CPUE

Mean CPUF values of each angler was estimated as
1.36 fish/hr (0.08-5.67). Estimated CPUE values were
found to range between 0.08 — 5.66 fish/hr (mean 1.36
fish/hr), and the reason for this wide range may be the
differences in preferred fishing point.

Cath compositions

Common carp (Cyprinus carpio), northern pike (Fsox
lucius) ve gibel carp (Carassius gibelio) were expressed
by angler as main target due to more delicious and
which have higher economic value relatively. These
three species consist of 53.8% total catch (8.83%,
19.73% and 25.23% for C. carpio, E. lucius and C.
gibelio, respectively). Remainder of the total catch
(46.2%) arise from shemaya (Alburnus chalcoides),
roach (Rutilus rutilus) ve rudd (Scardinius
erythrophthalmus) that have fewer commercial value
and less consumption in local community. To the
question asked about the consumption of the catch,
answered as completely consumed by 74.7% of anglers.
On the one hand, remainder part (25.3%) was
expressed that catch and released to the lake (J), gave
to other angler end of the fishing trial (/1) and sold (Z71).
As Lake Uluabat is shallow, it is very difficult for
amateur fishermen to fish from the shore due to lack
of sufficient depth. In order to overcome this problem,
amateur fishermen prefer to fish on the sides of
streams entering or leaving the lake, where the depth
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of the lake is more suitable for fishing. Fishermen who
own or rent a boat fish at the middle parts of the lake
where there is more depth. This leads to serious
differences between species composition and fishing
yields. While fish with low economic value (4.
chalcoides, R. rutilus, S. erythrophthalmus) are
generally caught where the streams connect to the
lake, more valuable species (. lucius, C. carpio) are
caught in the off shore.

Interaction between CPUE and angler characteristic

The scatter plot made to observe of interaction between
variables used in GAMs models is given Figure 2. In
generally it is seen that all correlations were observed
as weak, besides all of them were founded as
insignificant (p>0.05) except “X4-X17, “X6-X1", “X5-
X27, “X6-X4", “X6-Y” compare. CPUE value is mainly
shown a change between 0-2 n/hour, it is in increasing
trend connected with increasing of the Annual total
fishing day (X6) (Figure 2). The angler experience (X4)
is shown increasing with rising of the Age of angler
(XD). It is observed that monthly total income of
anglers (X2 is positive effected on total value of
angling equipment (X%) (Figure 2).

Used GAMs model parameters to compare CPUFE and
other response (such as, Age of angler, Monthly total
income of anglers (7L), Number of household
members, Experience of angler (year), Total value of
angling equipment (7L) Annual total fishing day) are
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given Table 3. Estimated total d.f£, REML score, AIC
factor, p and 6o value of used model were found as
12.49, 520.69, 1018.99, < 0.001 and 1.37 respectively.

x1

Figure 2. Scatter plot mat

X4

rix for predictors used GAMs

Only two response (X7- Age of angler and X6 Annual
total fishing day) shown statistical difference by angler
CPUE.

%8

Ix

analysis

Sekil 2. GAMs analizinde kullanilan degiskenlerin sagilim grafigi matrisi

Table 3. Summary of the individual contribution of selected variables to the CPUE based GAMs
Cizelge 3. CPUE'ye dayali GAMs i¢in segilen degiskenlerin bireysel katkilarina iligkin 6zet bilgiler

Response df F p

(X1)-Age of angler 1.285 3.936 0.049
(X2-Monthly total income of anglers 1.967 2.504 0.099
(X39-Number of household members 1.708 3.192 0.102
(X9)-Experience of angler 1.001 2.324 0.128
(X5)-Total value of angling equipment 1.001 0.715 0.398
(X6)-Annual total fishing day 5.624 21.526 <0.001

GAMs estimated effect of angler characteristics on
CPUEFE for Uluabat Lake recreational fisheries are
given Figure 3. Increasing of angler age have been
caused negative effect on the CPUE (Figure 3-s(X1)).
When monthly total income of anglers was fell into
between 0-3500.00 TL (0-1198.63 $USD), it has shown
that negative effect on CPUE. However, monthly total
income has shown positive effect on CPUE when in the
range of 3500.00 to 8000.00 TL (0-2739.73 $USD)
(Figure 3-s(X2)). In generally number of household
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members effect on CPUE is founded as negative, it is
modelled that there is no any effect of higher than 10
members of household on CPUE (Figure 3-s(X2)). A
liner increasing is observed in CPUE on Figure 3-s(X4)
by increasing of the experience of angler. Similarly,
total value increasing of angling equipment reflected
as positive on CPUE (Figure 3-s(X5)). Annual total
fishing day is positive effected on CPUE as certain
point ((~70 day), but after that point the effect turns
negative (Figure 3-s(X6)).
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Figure 3. The relationships between CPUF and other factors from fitted GAMs
Sekil 3. GAMs tarafindan uyarlanmig CPUE ve diger faktorler arasindaki iligkiler
DISCUSSION addition, it can be argued that factors such as the

Catch per unit effort (CPUE) is one of the basic
components for effectively manage the fish stocks
(Makwinja et al., 2021), so estimating of this value very
important both commercial and recessional fisheries.
In this study, mean CPUE values of each angler was
estimated as 1.36 fish/hr (0.08-5.67). In other studies
carried on inland waters, the CPUE value was found
to be 1.59-2.06 fish/hr (for Salmo trutta in River Gallo
- Spain) by Almodévar and Nicola (1998); 1.27 fish/hr
(for Oncorhynchus spp. in Merced River, California -
USA) by Wilberding and Hafs (2013); 0.174 — 0.307
fish/hr (for Oncorhynchus mykiss in Karakaya Dam
Lake, Tiirkiye) by Atessahin et al. (2015); 0.120- 0.136
fish/hr (for Luciobarbus mysteceus and Luciobarbus
esocinus in Keban Dam Lake, Tiirkiye) by Atessahin
(2021).When the average CPUE value of current
research is compared with the values found in other
studies, it is similar to the wvalues reported by
Almodévar and Nicola (1998) and Wilberding and Hafs
(2013), but it is higher than other studies. This may be
due to the differences in the target species, fishing
season, and the fishing area (Aydin & Ilkyaz, 2021). In
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quantity of the target species in the fishing area and
the fishing method have quite an effect on the fishing
yield. The Cyprinidae family is generally found in the
deeper parts of the lake away from the shore, except
for during reproductive season, and the CPUE value of
the anglers who fish at the shore during this period is
very low. However, as the water warms up in the
spring, these fish start to go closer to the shore where
more vegetation is found due to their reproductive
instinct, so the probability of catching them increases
during this period, increasing the CPUFE values of the
anglers.

Age range of angles were determined as 13 — 72. In a
study conducted by Atessahin and Cilbiz (2019) across
Turkiye, the age range of inland anglers was reported
to be 14 — 69. In this context, it can be stated that the
age range of the inland angers at Lake Ulubat is quite
compatible with those across Tirkiye. In this study,
which was conducted in the inland waters of Tirkiye,
it was reported that 74.7% of the survey participants
used the fish they caught for nutritional purposes.
Global freshwater systems that the consumption of
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caught fish varies by species and country, despite the
limited economic impact of recreational fishing
worldwide, it remains an important source of nutrition
for people in freshwater areas throughout the world
(Embke et al. 2022).

In the study, it was found that a higher age has a
negative effect on CPUE (Figure 3). This can be
explained by the fact that young anglers tend to be
more ambitious and eager. However, McCormick and
Porter (2014) found in their study that younger anglers
had lower fishing success compared to older angers in
rainbow trout fishing, which is contrary to our
findings. The difference between the two fishing areas
may be due to the differences in used fishing methods.
In addition, most of the older and retired anglers
merely want to have fun in their free time, while young
anglers, most of whom have jobs, use their free days to
be able to go fishing. Because of this, it is possible that
they want to make the most of the limited time they
can spare for fishing.

The average monthly income was found to be 1801.46
TL (~616.94 $USD), and a monthly income in the range
of 0-3500.00TL (0-1198.63 $USD) was found to have a
negative effect on the CPUE, while a monthly income
in the range of 3500.00 - 8000.00 TL (1198.63-2739.73
$USD) was found to have a positive effect. This may be
due to the increase in the budget allocated for angling
and purchasing and using more effective fishing
equipment in parallel with the monthly income. For
example, in the context of amateur fishing at Lake
Ulubat, boats can be used for fishing in the deeper
parts of the lake and not only the fish that come close
to the shore, but also the fish in the deeper parts of the
lake can be caught. Of course, only the amateur
fishermen who have a higher income have the
opportunity to invest in boats and can benefit from
this. By Monk & Arlinghaus (2018), combination of
fishing location and lure type may be an important
predictor of angling success.

The number of household members was found to have
a negative effect on CPUFE in the range of 0 — 5, and it
was found have no effect at higher numbers (Figure 3).
This factor was included in the model to examine
whether the number of people in the household who
need to be provided has any effect on CPUE. The fact
that the effect was found to be partially negative at the
beginning and non-existent after a certain number
may be an indication that amateur fishermen go
fishing at Lake Ulubat for fun rather than catching a
certain amount of fish. It was frequently observed that,
especially crowded angler groups, fishing or not,
turned the activity into a picnic (where they consume
beverages and eat the food they brought).

The fishing experience of amateur fishermen has a
clear positive effect on CPUE (Figure 3). It can be
argued that the experience gained over time about
matters regarding fishing gear, bait, fishing area,

1393

fishing time, etc., all of which are needed for maximum
efficiency, are effective in this respect. According to the
findings of Bellanger and Levrel (2017), amateur
fishermen with more experience and more enthusiasm
are likely to achieve higher yield rates, which is in line
with our findings. Heermann et al. (2013) reported
that “fishing experience had a large influence on
angling success, with anglers having a long history of
fishing (> 40 years) being the most successful.”

In the study, a higher budget allocated for fishing gear
was found to have a positive effect on CPUE (Figure 3).
A higher budget may have a positive impact on catch
yield since it allows purchasing modern and efficient
gear or replacing worn-out gear. Pita et al. (2018)
Galicia (Spain) reports that the budget allocated for
fishing gear corresponds to approximately 31.6% of
total angling expenses. As can be seen, the budget
allocated for fishing gear is one of the most important
expense items in angling activities.

While the total annual number of days spent fishing
was found to have a positive effect on CPUE in the
range of 0-65 days, it was found to have a negative
effect after that (Figure 3). It can be argued that this
situation is due to the ecological characteristics of the
target species and some environmental factors
(reproduction, migration, decrease in water level,
commercial fishing conflict, etc.), and the fact that
fishing is productive in some periods and unproductive
in others. The fishermen, most of whom are local
anglers, may prefer not to fish in unproductive periods,
as they know which period is productive and which
period 1s unproductive. The CPUFE of less frequent
angling activities carried out only in productive
periods will naturally be higher than the CPUE of
more frequent angling activities carried out in both
productive and unproductive periods. Another
important factor in this situation is the fishing
activities of commercial fishermen. As the increase in
fishing pressure during certain periods (for example,
market demands, fish prices, weather conditions, etc.)
will reduce the fish abundance in the lake, it is likely
to have a negative impact on CPUFE of the anglers. By
Heermann et al. (2013), angling catchability of
Eurasian perch (Perca fluviatilis) might depend on
lake’s nutrient status, size and morphometry, in
addition it should also be influenced by other ecological
factors, such as food availability or season.

In the study, it has been observed that Lake Uluabat
receives a large influx of amateur fishermen depending
on the season and especially on the weekends, due to
being very close to one of the metropolitan cities of
Turkiye. Angler CPUE is a reliable measure of fish
population abundance (Erisman et al., 2011), and in
this context, considering that the angler CPUE values
estimated for Lake Ulubat are similar to the values
found in other studies, it is thought that the
exploitation rates of target species are similar.
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Overfishing have occurred in commercial marine
fisheries in terms of high-profile cases of recruitment,
but it can also occur in freshwater recreational
fisheries (Allen et al.,, 2013; Post et al., 2002). A
recreational fisheries based on recruitment overfishing
reported by (Sullivan 2003) from Alberta lakes
(Canada) for walleyes (Sander vitreus)(Sullivan,
2003). In this direction, the CPUE data should be
monitored regularly, especially in freshwater areas
where both commercial and recreational fishery
activities are carried out simultaneously. Additional
measures may need to be taken to reduce fishing effort
in order to protect stocks of target species.
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ABSTRACT Fisheries

Fish in aquaculture systems are susceptible to infectious agents as they

are kept in a densely populated and often physically restricted Research Article
environment. Genus Aeromonas include well-known pathogens, and the

member Aeromonas veronii has been reported to cause diseases in both Article History

humans and animals, either as primary infection or as mixed infection Received $23.11.2022
with other pathogens. This study describes a low mortality epizootic Accepted 113.04.2023
caused by Aeromonas veronii biovar veronii in European seabass

(Dicentrarchus labrax) farmed in the Aegean Sea. The gills, kidneys and Keywords

livers of moribund fish were pale. Erythema, haemorrhage and Aeromonas veronii biovar veronii
superficial ulcerative lesions were detected on the skin. In addition, Dicentrarchus labrax
petechial haemorrhage was observed on the tongue, maxilla, and European seabass
operculum. The spleen was enlarged and multiple granulomas were Histopathology

detected in both the kidney and the spleen. Some fish had skin
depigmentation, ecchymosis in the liver, and a bloody exudate in the
abdominal cavity. The intestinal walls were lined with a clear yellowish
fluid. Twenty-nine motile, Gram-negative bacterial isolates were
obtained from the internal organs of diseased fish. According to
morphology, biochemical properties and 16S rRNA gene sequencing
results, all isolates were identified as Aeromonas veronii bv. veronii. All
isolates were resistant to amoxicillin and ampicillin, and sensitive to
oxytetracycline, enrofloxacin, ciprofloxacin, florfenicol, and flumequine.

OZET

Yetistiricilik sistemlerindeki baliklar, stok yogunlugu yuksek ve

Tiirkiye'de Yetistiriciligi Yapilan Levrek Baliklarinda (Dicentrarchus labrax) Aeromonas veroniibiovar
veronii Enfeksiyonu

Su Uriinleri

genellikle fiziksel olarak kisith bir ortamda tutulduklar: i¢in enfeksiy6z Aragtirma Makalesi

ajanlara karsi hassastirlar. Aeromonas cinsinin i¢inde pek ¢ok patojen . .

tur icerdigi bilinmektedir ve bu cins Uyelerinden Aeromonas veronii Makale T.ar'lh(;e‘s1

bakterisinin hem insanlarda hem de hayvanlarda birincil enfeksiyon Gelis Tan}'n' :23'11'2022
seklinde veya diger patojenlerle karisik enfeksiyon olarak hastaliklara Kabul Tarihi = :13.04.2023
neden oldugu bildirilmistir. Bu calisma, Ege Denizi'nde yetistiyilen Anahtar Kelimeler

levrek” bahklar'ln.d?:l (chentrarcbuvs ]abf"aiv) /'1'efomonas veronii blove}r e L —
veronii bakterisinin neden oldugu distik 6lim oranmina sahip bir Dicentrarchus labrax

epizoq’Eigi. tammlamaktjidlr. I-.Iast&? b.ah'klarda. solupgag, bt')brek” ve Levrek balhig

karacigerin solgun oldugu tespit edilmistir. Deride eritem, hemoraji ve ek ol

yuzeyel tlseratif lezyonlar gorulmustir. Ayrica dil, maksilla ve
operkulumda petesiyal hemoraji gézlenmistir. Dalagin biiytidiigii ve hem
bobrek hem de dalakta goklu graniilomalar tespit edilmigtir. Dalak ve
bobrekte graniilomlar gozlenmigtir. Bazi  baliklarda deri
depigmentasyonu, karacigerde ekimoz ve karin boglugunda kanl ekstida
gorulmustir. Bagirsak duvarlari berrak ve sarimsi bir siviyla kaph
olarak bulunmustur. Hasta baliklarin i¢ organlarindan 29 adet Gram
negatif hareketli bakteri izolat1 elde edilmistir. Morfoloji, biyokimyasal
ozellikler ve 16S rRNA gen dizileme sonucglarina gore tiim izolatlar
Aeromonas veronii bv. veronili olarak tanimlanmigtir. Elde edilen
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izolatlarin amoksisilin ve ampisiline direncl

ve

oksitetrasiklin,

enrofloksasin, siprofloksasin, florfenikol ve flumekine duyarli oldugu

tespit edilmigtir.
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INTRODUCTION

Aquaculture is arguably the fastest growing industry
in the global food animal production and this growth is
expected to continue in the near future. According to
the latest data published by FAO (the Food and
Agriculture Organization), the total aquaculture
production worldwide is 85.3 million tons and %66 of
this production volume (approximately 56.3 million
tons) is obtained from finfish farming. The trade
volume from marine fish farming alone has a
calculated value of approximately 14 billion US dollars
(FAO, 2021).

The intensive culture condition that is required for this
rapid growth and expansion cause, on the other hand,
some negative effects on fish health. Among these, fish
disease and mortality are notable factors that limit the
production volume in aquaculture systems. In
addition, although the mortality rate may be very low
in some diseases, the external lesions caused by these
diseases make the fish unmarketable. Many fish
disease-causing bacteria have been identified to date.
Most of them have been identified in and isolated from
farmed species rather than from wild fish. Fish in
aquaculture systems, unlike their wild counterparts,
are kept in a densely populated and often physically
restricted environment, making them much more
susceptible to pathogens (Toranzo et al., 2005; Fryer &
Rohovec, 2021).

Members of the Aeromonas genus are Gram-negative,
facultative anaerobic, non-spore forming bacteria that
are ubiquitous in both terrestrial and aquatic
environments. But the genus also includes pathogens
that have are well known to human and veterinary
medicine (Brenner et al., 2005; Janda & Abbott, 2010).
Aeromonas veronii was first isolated as a potential
causative agent from a patient by Hickman-Brenner et
al. (1987) and has been subsequently reported as a
pathogen from many organisms. This bacterium has
been isolated from many fish species to date, either as
the primary agent or in mixed infections, including
cyprinids (Rahman et al., 2002; Yu et al., 2010; Sun et
al., 2016; Zhu et al., 2016), cichlids (Dong et al., 2017),
members of Siluriformes (Rahman et al., 2002; Nawaz
et al, 2010; Cai et al., 2012; Hoai et al., 2019), gilthead
seabream (Sparus aurata) (Gashgari & Selim, 2015)
and European seabass (Dicentrarchus labrax) (Smyrli
et al, 2017). In Tiirkiye, A. veronii infections were
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reported in marine cages cultured European seabass in
the Black Sea (Uzun & Ogut, 2015) and in the Aegean
Sea (Tanrikul & Dingtiirk, 2021).

The aim of the present study was to determine the
likely cause of an epizootic that occurred in June in
European seabass (Dicentrarchus labrax) cultured in
the Aegean Sea.

MATERIALS and METHODS

The recorded mortality during this epizootic that
affected European seabass (Dicentrarchus labrax) was
less than %1. Ten moribund fish (approx. 250 g) were
sampled from offshore floating cages and examined by
standard procedures (Whitman, 2004). Sample
material was taken from liver, spleen and kidney and
streaked onto Tryptic Soy Agar (TSA) medium
containing 1.5% NaCl and incubated at 22°C for 48 h.
Pure bacterial cultures were obtained from the colonies
on primary plates by repeated streaking. Tissue
samples for histopathology were taken from gills, liver,
kidney, spleen and processed after fixation in %10
buffered formalin solution and then embedded into
paraffin blocks. Histological sections of 5um were
stained with hematoxylin and eosin, Ziehl-Neelsen
staining, and examined by light microscopy (Culling,
1963).

The morphological and biochemical characteristics of
the isolated bacteria were determined by routine
laboratory methods including API 20E Kkits
(bioMérieux). For bacterial identification, the isolates
were inoculated into Marine Broth 2216 (Difco). After
incubation overnight at 22°C, genomic DNA was
extracted from the isolates by using the GeneJET
Genomic DNA Purification Kit (Thermo) according to
the manufacturer's instructions. A universal bacteria
primer set S-D-Bact-0008-a-S-20 (5
AGAGTTTGATCCTGGCTCAG 3) and S-*-Univ-0536-
a-A-18 (5 GWATTACCGCGGCKGCTG 3) were used
to amplify a partial fragment of the 16S rRNA gene
(Suau et al., 1999).

The PCR mixture included template DNA (approx. 50
ng) 0.4 uM of each primer, PCR master mix (2X)
(Thermo Scientific) and DNase/RNase-free distilled
water (Thermo Scientific). Amplification was done
using a thermal cycler (Biometra, TAdvanced)
programmed as follows: 95°C for 3 min (initial
denaturation) followed by 30 cycles of amplification
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(95°C for 30 s for denaturation, 56°C for 1 min for
annealing, 72°C for 1 min for extension) and 72°C for
4 min for a final extension step. PCR products obtained
from the amplification were visualized by gel
electrophoresis [%1.5 agarose (w/v) in 1X TAE buffer,
containing EtBr (0.5 ug ml'1)] and running for 45 min
at 100 V. All PCR products were purified and
sequenced in both directions by a local sequencing
company. Editing and analysis of the sequences were
performed in Bioedit v7.0.0 (Hall, 1999) using the
BLASTN (v2.2.20) (Larkin et al., 2007) and ClustalX
(v2.1) (Zhang et al., 2000) algorithms. All sequences
obtained in this study have been deposited in the
GenBank database wunder accession numbers
0P522255-0P522261.

All bacterial isolates were also tested for antimicrobial
susceptibility by the Kirby-Bauer disk diffusion
method (Bauer et al., 1966). The isolates were plated
onto Mueller-Hinton agar (Oxoid) with eight
antimicrobial disks (Oxoid) (amoxicillin, ampicillin,
enrofloxacin, ciprofloxacin, oxytetracycline,
sulfamethoxazole/trimethoprim, florfenicol,
flumequine) and then incubated at 20°C for 48-96 h
and the results were interpreted according to the
guidelines of the Clinical and Laboratory Standards

Institute (CLSI, 2010).

RESULTS
Gross Pathology

In the examined fish, the gills, kidneys and livers were
pale. Erythema, haemorrhage and superficial
ulcerative lesions in the skin, petechial haemorrhage
on the tongue, upper jaw and operculum as well as in
the visceral fat were observed (Figure la-d). The
spleen was enlarged and had multiple abscesses
(Figure 1e). Some fish had ecchymosis and fatty
degeneration in the liver (Figure 1f), bloody exudates
in the abdominal cavity, and a transparent intestinal
wall. Other observations were yellowish liquid in the
intestinal tract, multiple granulomas in the spleen
(Figure 1g), and the kidney (Figure 1h).

Bacteriological Findings

A total of twenty-nine Gram-negative motile bacterial
isolates were obtained from the visceral organs of ten
diseased fish. According to their morphological and
biochemical characteristics (Table 1) and 16S rRNA
gene sequencing results (%100 similarity), all isolates
were identified as Aeromonas veronii bv. veronii.

1399



KSU Tarim ve Doga Derg 26 (6), 1397-1404, 2023
KSU J. Agric Nat 26 (6), 1397-1404, 2023

Arastirma Makalesi
Research Article

h

Figure 1. Moribund fish exhibited (a) corneal opacity, haemorrhage and superficial ulcerative lesions in the skin,
(b) petechial haemorrhage on the tongue, (c) haemorrhage, haemorrhagic ulcers on the ventral side of
the body and between the pelvic fins, mild prolapse, (d) haemorrhage on the upper jaw and operculum,
(e) multiple abscesses in the enlarged spleen, (f) pale liver with ecchymosis, (g) transparent intestinal
wall and granulomas in the spleen and (h) granulomas in the kidney.

Sekil 1. Hasta baliklarda baliklarda (a) deride korneal opaklik, hemoraji ve yiizeysel tilseratif lezyonlar, (b) dilde
petesiyal kanama, (c) kanama, viicudun ventral tarafinda ve pelvik yiizgecler arasinda hemorajik tilserler,
hafif prolapsus, (d) iist gene ve kapak¢ikta kanama, (e) genislemis dalakta ¢oklu nodiiller, (f) ekimoz ile
soluk karaciger, (g) seffaf bagirsak duvari ve dalakta graniilomlar ve (h) bobrekteki graniilomlar.

According to antimicrobial susceptibility testing
results, all isolates were determined to be sensitive to
oxytetracycline, enrofloxacin, ciprofloxacin, florfenicol
and flumequine and to be resistant to amoxicillin and
ampicillin as well as intermediate resistant against
sulfamethoxazole/trimethoprim.

Histopathological Findings

Vacuolar degeneration, haemorrhage and necrosis in
parenchyma cells of the liver, hemosiderin deposits
and depletion of white blood cells in the spleen and
hyperaemia and depletion of haemopoietic tissue in the
anterior kidney were observed in histological sections.
Other findings were melting lamellae, necrosis in the
secondary gill lamellae and epithelial cell hyperplasia
in the gills. Granulomas were observed in spleen tissue
of some of the examined fish (Figure 2 a-f). These
granulomas were stained with Ziehl-Neelsen acid-fast
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staining to determine if they contained any acid-
resistant bacilli, but no bacilli were found (Figure 2g).
In addition, a blood parasite, Trypanosoma sp., was
detected in the histopathological spleen section in one
fish.

DISCUSSION

Motile Aeromonads (MAS) are commonly found in
terrestrial and aquatic environments as natural
members of both the environment and the microbiota
of animals, including fish. In the aquaculture industry,
this group of bacteria is regarded as opportunistic and
often causes diseases under stressful conditions.
Besides that, based on disease reports, Aeromonas
veronii appears to have a wider host range than other
fish pathogenic motile Aeromonas species (Smyrli &
Katharios, 2020).
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Table 1. Morphological and biochemical characteristics of the examined Aeromonas veroniiisolates (n=29)
Cizelge 1. Incelenen Aeromonas veronii izolatlarinin morfolojik ve biyokimyasal ézellikleri (n=29)

Morphology Rod Growth on

Motility + 4°C -
Gram staining - 37°C +
Cytochrome oxidase + 44°C -
Catalase + %0 NaCl +
O/F F %1.5 NaCl +
Indole + %3 NaCl +
MR test - %5 NaCl -
VP reaction + TCBS

B-Galactosidase - McConkey agar

0/129 (10png) R Acid Production from

0/129 (150pg) R Glucose +
Arginine dihydrolase + Fructose +
Lysine decarboxylase + Lactose +
Ornithine decarboxylase + Sucrose +
Nitrate reduction + Mannose +
Esculin hydrolysis + Maltose +
Citrate utilization - Inositol -
Urease + Sorbitol -
Production of HaS - Arabinose -
API 20E profile 716712757 Xylose -

F, Fermentative; +, Positive; -, Negative; R, Resistant.

It is known that A. veroniiisolates vary phenotypically
and the species has been divided into two different
biovars: A. veroniibv. veronii and A. veroniibv. sobria.
Studies have been reported that A. veroniibv. sobria is
esculin  hydrolysis

negative for and ornithine

decarboxylase tests, whereas A. veroniibv. veronii is

positive. The latter biovar is arginine dihydrolase
negative but, produces acid from salicin and utilizes
tartrate (Abbott et al., 2003). While degradation of
urea, Voges-Proskauer reaction, esculin hydrolysis and
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Figure 2. Findings observed in photomicrographs of tissue sections: (a) vacuolation and necrosis in the parenchyma
cells and haemorrhage in the liver, (b) hemosiderin deposits and depletion of white blood cells in the
spleen, (c) melting lamella and epithelial cells hyperplasia in the gills (arrows), (d) fusion of the gill
lamella (arrows), (e) hyperaemia and depletion of hematopoietic tissue in the anterior kidney, (f)
granulomas (stars) in the spleen, (g) Ziehl-Neelsen negative staining result of granuloma in the spleen.

Sekil 2.

Doku kesitlerinin fotomikrograflarinda gozlenen bulgular (a) karacigerde hemoraji ve parankim

hiicrelerinde vakuolasyon ve nekroz, (b) dalakta hemosiderin birikintileri ve beyaz kan hiicrelerinde
bosalma, (c) solungag lamelalarinda erime ve epitel hiicre hiperplazisi (okla gdsterildi), (d) lamellar
fiizyonu (okla gosterildi), (e) én bébrekte hiperemi ve hematopoetik dokuda bosalma, (£ dalakta
graniilomlar (yildizla gosterildi) ve (g) dalakta graniilomanin Ziehl-Neelsen negatif boyama sonucunu.

ornithine decarboxylase were positive in agreement
with previous reports, our arginine dihydrolase tests
for the isolates were positive. Taken together with the
16S rRNA gene sequencing results, these isolates were
identified as A. veronii bv. veronii (Janda & Abbott,
2010; Shameena et. al, 2020).

The studied disease outbreak occurred during summer
(June), with elevated water temperature, similar to
other reports in European seabass so far (Smyrli et al.,
2019; Tanrikul & Dinctiirk, 2021). Ulcers, abdominal
distention, hemorrhage and in some cases
exophthalmia and fin rot/tail rot are reported as a
general clinical finding in disease (both in marine and
freshwater species) caused by A. veronii (Smyrli &
Katharios, 2020; Tanrikul & Dinctiirk, 2021).
However, clinical findings vary between biovar types
and is dependent on isolate virulence, co-infections and
fish host species (Smyrli et al., 2019). In fact, some
studies suggest that Aeromonas veronii bv. sobria is
more virulent than Aeromonas veronii bv. veronii
(Shameena et al., 2020).

Studies on the histopathology of diseases caused by
Aeromonas veronii in fish tissues are very limited.
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Chen et al. (2019) reported in crucian carp (Carassius
auratus gibelio) that multiple organs and tissues of the
diseased fish displayed intense hemorrhaging,
infiltrating inflammatory cells and necrosis. Severe
intravascular congestion, swelling of liver cells, cell
necrosis and karyolysis, as well as hyperplasia of the
gill lamellae have been reported. Another study, found
that the liver of largemouth bass (Micropterus
salmoides) was hemorrhagic and had necrotic lesions
Pei et al. (2021). Numerous inflammatory cells
infiltrated the kidney, as well as necrosis in the
glomeruli. The aforementioned study also found that
the spleens of diseased fish had large amounts of
hemosiderin granules, and secondary gill lamellae
were an important sign of necrosis. Similar to these
findings; we observed hemorrhages in the liver,
hemosiderin deposits in the spleen and necrosis in the
gill lamellae of diseased fish. In contrast to previous
studies, depletion and hyperemia in the hematopoietic
tissue in the anterior kidney were detected in
examined fish. Our study also revealed intravascular
hyperemia in many organ tissue sections from
diseased fish. Some other histopathological findings
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were similar to previously reported A. veronii
epizootics in European seabass described by Tanrikul
and Dingtiirk (2021). These researchers reported
lymphocytic cell infiltration in spleen tissue and
granuloma, hyperemia, hemorrhages and necrotic
tissue in the liver. They also found that the gill
epithelium had lamellar epithelial hypertrophy and
hyperplasia with degenerative changes as those
observed in the present study.

In previous disease reports, the susceptibility of A.
veronil isolates to antibiotics varies according to the
fish host and the environment. Researchers have
generally reported that A. veroniiisolates are resistant
to many antibiotics including ampicillin, amoxicillin,
carbenicillin, chloramphenicol, clindamyecin,
enrofloxacin, kanamycin, lincosamide, nalidixic acid,
pipemidic acid, teicoplanin and vancomycin (Vila et al.,
2002; Cai et al., 2012; Liu et al., 2016). Uzun and Ogiit
(2015) reported that biovar A. veronii bv. sobria
isolates were resistant to ampicillin, sulfadiazine,
tilmicosin, trimethoprim, penicillin-G, streptomycin
and vancomycin antibiotics. Herein, all A. veroni bv.
veronii isolates from European seabass were found to
be sensitive to oxytetracycline, enrofloxacin,
ciprofloxacin, florfenicol and flumequin, but, resistant
to ampicillin and amoxicillin.

CONCLUSION

In this work, we identified Aeromonas veronii biovar
veronil as the causative agent behind an epizootic that
affected European seabass (Dicentrarchus Iabrax)
cultured in Turkiye. Chronic disease characteristics
observed in histopathology are similar to previously
reported findings. Accumulated mortality below %1
support that this is a low virulence biovar. Out of the
many antibiotics tested, the examined isolates of
Aeromonas veronil biovar veronili were only resistant
to ampicillin and amoxicillin, and sensitive to
oxytetracycline, enrofloxacin, ciprofloxacin, florfenicol
and flumequine.
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difference between the total number of calls belonging to the stations and
bat species. According to the correlation analysis, it was concluded that
the indicators were related to each other at different levels.

OZET Zooloji
Bu calisma Antalya Akdeniz Universitesi Yerlegskesinin 8 farkh
noktasina ses kayit cihazi yerlestirilerek toplam 30 gin veri Aragtirma Makalesi
toplanmigtir. Ses kayitlarinin analizi ve gérsel tespitler sonucunda
yerleskede beslenen 3 farkl familyaya ait toplam 12 farkh yarasa tiria Makale Tarihgesi
tespit edilmigtir. Bunlar sirasiyla, Vespertilionidae familyasindan Gelig Tarihi  :17.08.2022
Mpyotis blythii, Nyctalus noctula, Nyctalus leisleri, Eptesicus serotinus, Kabul Tarihi :15.05.2023
Pipistrellus pipistrellus, Pipistrellus pyqmaeus, Pipistrellus kuhlii,
Pipistrellus nathusii, Hypsugo savii, Barbastella barbastellus, Anahtar Kelimeler
Miniopteridae familyasindan Miniopterus schreibersii ve Pteropodidae Yarasa
familyasindan Rousettus aegyptiacustur. Anova analizi sonuglarina Tur Cesitliligi
gore; istasyonlar ve yarasa turlerine ait toplam c¢agri sayilar: arasinda Antalya
anlaml bir farklilik olmadigi tespit edilmistir. Korelasyon analizine gore
ise, gostergelerin farklh diizeylerde birbirleriyle iliskili oldugu sonucuna
ulagilmigtir.
Acoustic Investigation of Bat Species in Antalya
ABSTRACT Zoology
In this study, a total of 30 days of data were collected by placing a voice
recorder at 8 different points of the Antalya Akdeniz University Campus. Research Article
As a result of the analysis of the sound recordings and visual
determinations, a total of 12 different bat species belonging to 3 different Article History
families were identified. These are, respectively, from the family Received 117.08.2022
Vespertilionidae Myotis blythii, Nyctalus noctula, Nyctalus leisleri, Accepted 115.05.2023
Eptesicus serotinus, Pipistrellus pipistrellus, Pipistrellus pyqmaeus,
Pipistrellus kuhlii, Pipistrellus nathusii, Hypsugo savii, Barbastella Keywords
barbastellus; from the family Miniopteridae Miniopterus schreibersii and Bat
from the family Pteropodidae Rousettus aegyptiacus. According to the Species Diversity
results of Anova analysis; it was determined that there was no significant Antalya

Ataf Sekli: Cosgkun, O., & Sert, H., (2023). Antalyadaki Yarasa Tirlerinin Akustik Olarak Aragtirilmasi. KSU Tarim ve
Doga Dergisi 26 (6), 1405-1420. https://doi.org/10.18016/ksutarimdoga.vi.1163614
To Cite : Coskun, O., & Sert, H., (2023). Acoustic Investigation of Bat Species in Antalya. KSU J. Agric Nat 26 (6),
1405-1420. https://doi.org/10.18016/ksutarimdoga.vi.1163614
GiRiS antropojenik arazi kullanimi ve kentlesme nedeniyle
Yarasalar, tarim alanlarinda potansiyel zararh tehdit altinda olabilir (Schimpp et al., 2018). Siirekli

bocekleri tiiketerek, tohumlar: dagitarak, tozlagsmay:
saglayarak ve c¢evresel degisimin biyobelirtecleri
olarak bircok ekosistemde kritik rol oynarlar.
Yarasalar tipik gece aktif hayvanlarda oldugu gibi giin
batimi sirasinda ve hemen sonrasinda ortaya ¢ikarlar
ve cok dikkat cekmezler. Hem kentsel hem de
ormanlik alanlarda yiyecek aramak i¢in tiineklerinden
giktiklarinda boceklerle beslendiklerinin ilk
saatlerinde ¢iplak gizle bile gézlemlenebilmektedirler.
Ancak yarasalarin, giin boyu saklandiklar1 tineme
alanlarinin  mevcudiyetini etkileyebilecek artan

gogalan bu tehditler géz oOniine alindiginda
biyologlarin yarasalar1 incelemek i¢cin daha fazla
alternatif yollar arastirmasi gerekmektdir (Blackburn
& Unger, 2019).

Akustik  arastirmalar  gunumtuzde, yarasalar
arastirmak i¢in maliyeti diisiik canliya en az zarari
olan yontemdir. Bu arastirmalar, yon bulma ve bécek
ararken yayillan ultrasonik c¢agrilar1 kullanan
yarasalarin biyolojisine dayanmaktadir (Fenton &
Simmons, 2014). Yarasalarda dig goriiniise bakarak
tir teshisi yapmak zor oldugu i¢in bu teknolojinin
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kullanimi oldukc¢a oOnemlidir.! Bu mnedenle, ilkel
yontemlerinden ziyade ileri teknolojiler kullanilarak
turlerin tespiti daha kolay ve zararsizdir. Uzun sire
kayit yapma ve ayni anda birgok sesi kaydetme
yetenegi, geleneksel yakalama yontemlerine kiyasla
veri toplama verimliligini biiylik 6l¢tide arttirmaktadir
(Britzke et al., 2013). Yarasa yogunluklarindaki ciddi
azalmalar, yarasalarin yakalanmasini daha da
zorlagtirmakta ve 6zellikle nesli tehlike altinda olan
turlerde rahatsizlik olusturmaktadir. Bu agidan da
akustik izleme giinimiizde oldukc¢a énem kazanmistir.

Yapilan literatir taramalarinda, bugine kadar
Antalya ilinde yarasalar ile ilgili ultrasonik ses kaydi
alinarak yapilmig bir tir tespiti c¢alismasina
rastlanilmamigtir. Bu nedenle daha 6nce herhangi bir
arastirmaya konu edilmemis Antalya Akdeniz
Universitesi kampiisii calisma alani olarak secilmistir.
Antalya sehir merkezi tim Tirkiye'de oldugu gibi
hizla betonlagsmaya dogru giden, niifusu en hizhi artan
buylk kentlerden olmasina ragmen, yer yer korunan
dogal yapisiyla kentin ortasinda yer alan Akdeniz
Universitesi yerleskesi yarasa faunasi acisindan
bilinmeyen bir boélgedir. Dolayisiyla Akdeniz
Universitesi yerleskesindeki yarasa tiirlerinin ve
aktivite yogunluklarinin miidahalesiz yontemle tespit
edilmesi olduk¢a oOnemlidir. Calismada yarasa
tirlerinin  kis uykusu siireleri g6z Oniinde
bulundurularak aktif olduklari zaman araligi olan
Nisan ve Kasim aylar1 arasinda alan c¢alismasi
gerceklestirilmistir.

Calisma sonucunda, IUCN kriterlerine gore
siniflandirilan, bélgedeki tirler ilk kez tespit edilmis
olup literatire katkis1 acisindan da ilk olma
ozelligindedir. Ayrica ¢alisma sirasinda tespit edilen,
farkinda olmadan yarasa o¢limlerine yol acan
yerleskedeki yogun tarim ilact kullaniminin da
azaltilmasi, yarasa varliginin 6neminin daha iyi
anlasilmas1 ve bu konuda lniversite yonetiminde ve
ogrencilerde bir farkindalik yaratilmasi konusunda da
etkili olacag diigtintilmektedir.

MATERYAL ve METOD
Caligma Alam

Akdeniz Universitesi yerlegkesi tilkemizin giineyi;
36°53 kuzey enlemi, 30°40 boylami ile Antalya Ili’ nin
batisinda yer almaktadir. Yerleske alaninin
biiyiikligi 360 hektar (3600 doéniim), arazi yiizél¢imii

1 Batcorder cihazi ile ultrasonik sinyalleri gercek zamanl ve
dijital olarak kaydedip, 500 kHz 6rnekleme hizinda, 16 bit
genlikte, 53 dB veya daha az sistem guriltisiiyle kayit
yapmaktadir. Tir teghisi i¢in seslerin analizi lisansh
bcAdmin, batldent ve bcAnalyze2 programlar: kullanilarak
yapilmaktadir.  Cesitli gekilde yazilimin sistemine
kaydedilmis ekolokasyon c¢agrilar1 kullanarak yarasa
turlerinin tamimlanmasi1 yardimci olur. Otomatik arama
bulucu, batldent ile otomatik kimlik (tiir ismi) icin kalite
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615.105 m%dir. Deniz seviyesinden 50-60 metre
yiksekligindedir. Makilik bitki ortisii  hakim
olmasina ragmen yer yer kultur bitkilerle alan
¢esitlendirilmigtir. Yerleske alani herdem yesil bodur
maki formasyonu ile kaplhidir (Unal & Gokgeoglu,
2003). Ayrica, yerleske icerisinde yarasalarin bocek
avlayabilecegi sehir 6zelligini temsil eden bol 1s1kli
(karanhkta bocekleri cekmesi acisindan) binalar ve
dogal barinak 6zelligi sunan, kovuk, oyuk ve kayalik
alanlar ile kiiciik magaralar tespit edilmigtir. Bu
alanda, ortaya ¢ikan ve yiyecek arayan yarasalar daha
onceden yapilan arazi calismalariyla gorsel olarak
gozlemlenmis ve bu alan caligilacak ideal bir yer
olarak secilmistir (Sekil 1).

Arazi Caligmalari

Arazi calismalar1 yarasalarin aktif oldugu zaman
aralig1 olan Nisan ve Kasim 2018 tarihleri arasinda 8
farkli noktaya, farkli zamanlarda Batcorder ses kayit
cihaz1 takilarak gerceklestirilmigtir. Cihaz her ayin
belirli tarihlerinde hava sartlar1 géz 6niine alinarak,
aksam alacakaranhigindan sabah giin dogumuna

kadar kayit alma islemi yapacak sekilde
programlanmigtir. Batcorder cihazi kullanirken kayit
alacagr alanin Ontinun agk olmasina, yarasa

tiirlerinin gériilme ihtimali yiiksek (calilik, fundalik
agaclar, magara, terkedilmis binalar, su kitlesinin
oldugu alanlar veya cevresi, sokak lambalar1 gibi) ve
gece degisen hava sartlarina karsi kayit almasinin
aksamamasi i¢in korunakli yerlere takilmasina 6zen
gosterilmigtir.

Kullanilan Ekipmanlar

Bu calismada sesleri kaydedebilmek i¢in 16-150 kHz
araliginda ultrasonik sesleri kaydedebilen Batcorder
cihazi kullanmilmigtir. Bu cihaz: Radyoya benzer bir
goriinime sahip olup, sabit bir noktaya aksamdan
sabaha kadar baglandiginda, wultrasonik sesleri
algilayip, gercek zamanh (Real-time) kaydedebilen bir
ozelliktedir. Batcorder, kaydettigi seslerin
filtrelenmesi, c¢agr1 sayilarin belirlenmesi, veri
tabanindaki ses frekanslar1 ile eslenmesi, seslerin
analizi ve seslerin tir dizeyinde teshislerini
yapabilmek i¢in lisansli bcAdmin, bcAnalyze ve
batldent programlari, programlari ¢aligtirabilmek igin
bu programlara uygun OSX 10.10.1 igletim sistemine
sahip bir lap top kullanilmistir.

gereksinimlerini en dogru ve en net sonu¢ vermek i¢in diger
sosya c¢agr1 gibi cagrilari, tiim aramalar: ayiklar. Aramalar
ve batldent sonuclari c¢cesitli araclar kullanmilarak
gorsellestirilir. Ana araytiz, hizli kontrol i¢in ¢agrilara genel
bir bakis icerir. Manuel olarak gorsellestirilen cagrilara
bakarak tiir dogrulugu hakkinda yorum yapilabilir. Ayrica
yapilan analiz sonucunda %90 oraninda sesler dikkate
alinarak ve tur dizeyinde degerlendirilmigtir.
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Sekil 1. Akdeniz Universitesi yerleskesi ve ses kaydi alinan istasyonlar (Istasyon 1; Ziraat Fak., Istasyon 2; Fen
Fak., Istasyon 3; Rektorlik, Istasyon 4; Sag.Bil.MYO, Istasyon 5; Egit. Fak., Istasyon 6; Ziraat Fak. 2,

Istasyon 7; Kek Istas., Istasyon 8 Lojman)

Figure 1. Akdeniz University campus and sound recording stations (Station 1, Agriculture Fac., Station 2; Science
Fac., Station 3; Rectorate, Station 4 Health SVS, Station 56, Education Fac., Station 6; Agriculture Fac.2,
Station 7; Partridge Station, Station 8, Housing)

Yontem

Akdeniz Universitesimdeki caligma alaminda ucus
sirasinda yarasalari dinlemek, kaydetmek ve
tanimlamak ig¢in otomatik ultrason kayit tnitesi
(batcorder) kullamildi. Miidahalesiz yéntem canliya
temas etmeden, yuvalanma alanlarina zarar
vermeden, beslenme aktivitelerine engel olmadan
turlerin teshis edilmesini saglamaktadir. Uzun sire
boyunca siirekli izlemeye izin veren otomatik ultrason
kayit {nitesi (batcorder, ecoObs) yarasalarin
aktivitesini izlemeye imkan saglamistir. Batcorder
cihaz ile ultrasonik sinyalleri ger¢ek zamanli ve dijital
olarak kaydedip (500 kHz, 16 bit) yarasa besin arama
seslerini ve diger (bdcek sesi vs.) orijinli ultrasonik
sinyalleri ayirt etmek i¢in ¢evrimigci bir analiz sistemi
kullanilmigtir. Bu sistemin avantaji, farkli cihazlar
(kalibre edilmis hassasiyet) ve mikrofonun ¢ok yénlii
sonuclarinin  karsilastirilabilmesidir  (Anonymous,
2022).
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BULGULAR

Yarasalarin kig uykusundan uyanma aktif zamanlari
olan Nisan ayindan Kasim ayina kadar (2018 yilinda)
Akdeniz Universitesi merkez yerlegkesi ve cevresinde
yapilan c¢alismalar sonucunda Chiroptera takiminin
turleri Batcorder cihazi kullanilarak toplam 30 tam
gece ultrasonik ses kayitlari alinarak turler tespit
edilmistir (Sekil 2).

Tir Cesitliligi

Yarasa tiirlerine ait toplam 49571 adet ses kaydi
alinmistir. Bu seslerden 411401 Pipistrelloid, 783t
Nyctaloid, 9'u Myotis, 1’1 Plecotus, 74’ti Barbastellus’a
ait olup 9220 ses tanimlanamamaigtir. Ses kayitlarinin
dijital analizi sonucunda 2 familyaya ait toplam 11,
gorsel olarak dogrudan goézlem ile 1 familya ait 1
yarasa tura tespit edilmigtir. Bunlar sirasiyla,
Vespertilionidae  familyasindan  Myotis  blythii,
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Nyctalus noctula, Nyctalus leisleri, Eptesicus
serotinus, Pipistrellus pipistrellus, Pipistrellus
pyqmaeus, Pipistrellus kuhlii, Pipistrellus nathusii,
Hypsugo savili, Barbastella barbastellus,
Miniopteridae familyasindan Miniopterus schreibersii’
ve Pteropodidae familyasindan FRousettus
aegyptiacustur. Ayrica analiz programinin tespit
ettigi, soy agacinda yer alan Eptesicus nilssonii
tiiriintin Tirkiye'de yayilis1 bulunmamaktadir (Sekil
2). Karsilastirmali olarak yapilan sonogram
analizlerinde Turkiye’de yayilisi bulunmayan tiirtn
aslinda Eptesicus serotinus oldugu (Widerin & Reiter,

alcathoe tirinin ise aslinda Myotis blythii oldugu
(Heim et al., 2020) tespit edilmistir.2 Bu bashk altinda,
yalnizca arastirmadan elde edilen bulgular sunularak,
konuyla ilgili daha énceden gerceklestirilmis benzer ve
dolayli ¢alismalarla atif yapmak kaydiyla bulgular
kargilagtirilir. Benzer ve farkli yanlar vurgulanir ve
yaymma sunulan c¢alismada diger c¢alismalara goére
neden farkli bir bulgu elde edildigi tartisilir. Sonrada
bu tartisma {iizerinden arastirmada elde edilen
bulgular istikametinde alanin uzmani olarak yorum
yapilir. Bu bélimde, deneysel sonuglarin net bir
sunumu yapilmahdir (Sekil 3).

2017); Antalya‘da yayilist bulunmayan Myotis
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Sekil 2. Nisan-Kasim 2018 tarihlerinde alinan ses kayitlarinin analizi sonucunda saptanan tirlere ait soyagaci
Figure 2. The pedigree of the species determined as a result of the analysis of the sound recordings taken between

April-November 2018

Ultrasonik ses kayitlar: ile 11 tur, dogrudan gézlem
ile 1 tur gozlemlenmistir. Alinan ses kayitlarinin
incelenmesi sonucunda tiirlere ait ses sonogramlari
Sekil 3’de; calisma yapilan aylar ve kaydedilen
giinlik toplam ses sayilari ile tespit edilen turler
Cizelge 1’de verilmistir.

Pipistrellus pipistrellus, %90 tahminlerle en sik ses
kaydi alinan tiur ve Rousettus aegyptiacusin en sik
dogrudan  goézlemlenen yarasa tlir oldugu
gorilmistiir. Her iki yarasa tiiri arastirma yapilan
zaman araligindaki tim aylarda goérilmustir.
Aylara gore en az ses kaydedilen yarasalar Mayis
ayinda Nyctalus noctula ve Eylil ayinda ise Nyctalus
leisleri tiirleri oldugu belirlenmistir.

2 Cihaz analizinde “M. myotis / blythii “ seklinde verilen tiirii
cihaz ayirt edemedigi i¢in c¢alisma sonucunda yer
verilmemistir. Bunun disinda “Mpyotis alcathoe” olarak

Tur teghisi i¢in seslerin analizi lisansli bcAdmin,
batldent ve bcAnalyze2 programlari kullanilarak
%90nin tizerindeki tahminler esas alinmig ve tir
diizeyinde degerlendirilmistir. Buna bagli olarak tir
gesitliligi  yeniden degerlendirilmis ve sesler
ayiklanmigtir. Tir cesitliliginde degisiklik olmaz
iken c¢agr1 sayillari ve yogunluklarn farkhilik
gbstermigtir. Istasyonlarda en fazla tiir cegitliligine
12 tir ile IT numarali istasyon, en az tir cesitliligine
tek tir ile VII numarali istasyon sahiptir. Cagri
sayilar1 agisindan; IT numaral istasyon 18738 ¢agri
sayis1 ile en yiiksek, VII numaral istasyon 2 ¢agri
sayist ile en diisiik ¢cagr1 sayisina sahiptir (Cizelge 2).

verilen tiir kargilagtirma yapilarak %90 giiven araligindaki
ses sonogramlar1 dahil edilerek tespit edilmistir (Heim ve
ark. 2020).
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Pipistrellus pipistrellus  Pipistrellus nathusii

Hypsugo savii

Eptesicus serotinus

Miniopterus schreibersii Barbastella barbastellus  Myotis blythii Nyctalus noctula
Pipistrellus pyqmaeus Pipistrellus kuhlii Nyctalus leisleri
Sekil 3. Tespit Edilen Ttrlere Ait Ses Sonogramlari3
Figure 3. Sound Sonograms of Detected Species
Sekil 4(a)’te tiirlerin cagr1 sayilar: ve istasyonlara gore aylarinda aktivitenin durma noktasina geldigi
dagilimi1 % olarak kaydedilmis olup, en ¢ok cagr1 sayisi (kislama) gozlenmektedir (Sekil 6). Akdeniz
17.09.2018 ve 18.09.2018de, en az c¢agr1 sayisi universitesi  yerleskesinde  yapilan  c¢alismalar

11.04.2018 ve 13.04.2018 ‘de kayit edilmistir (Sekil
4(b)).

Tir Yogunlugu
Turlerin yogunluklarin tespit etmek amaciyla yapilan

gozlemlerde elde edilen ses kayit siireleri %90 gliiven
araliginda tablolagtirilmistir (Cizelge 3).

Tuar yogunlugu acisindan, 19920,9 saniye ile II
numaral istasyon en yiiksek yogunlugun géruldigi
yerdir. En dusik yogunluk 2,31 saniye 1ile VII
numarali istasyonda gorilmustir. Turlerin cagri
streleri g6z oOnlne alinarak istasyonlara gore
dagilimlar: Sekil 5(a)da gosterilmistir. Kayit alinan
tarih ve istasyonlara gore aktivite yogunluklar1 Sekil
5da gosterilmigtir. Aktivite yogunluklari en c¢ok
17.09.2018 ve 18.09.2018de kayit edilmigtir. En az
aktivite 11.04.2018 ve 13.04.2018 te gerceklesmistir
(Sekil 5 (b)).

Yarasa aktivesi, Nisan-Kasim 2018 tarihlerinde
mevsimsel acgidan degerlendirilecek olursa; bahar
aylarinda aktivitenin bagladig1 (iireme), yaz aylarinda
aktivite yogunlugun en yogun haliyle gerceklestigi
(beslenme), sonbahar aylarinda aktivite
yogunlugunun azaldig (beslenme-kis hazirhgi) ve kis

3 Rousettus aegyptiacus tam bir ultrasonik ses dalgasi
cikarmayip sadece dil hareketleri ile ekolokasyon benzeri
sesler citkarmaktadir (Salles, 2022). Kullanilan cihaz sadece
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sonucunda 4 O6nemli tir tespit edilmistir. Bu tlrler
Akdeniz olgeginde TUCN kirmizi listesinde tehdit
altina girebilir (NT) kategorisinde yer alan Barbastella
barbastellus, Miniopterus Schreibersii, Myotis blythii
ve Rousettus aegyptiacus turleridir.

Istatistiksel Analizler

Calismada istatistiki analizlere ge¢meden &nce
tanimlayici (descriptives) analizler ile verilerin normal
dagilim gosterip gostermedigine Shapiro-Wilk testi ile
bakilmigtir. Ortalamalara ait varyanslarin normal
dagilmadig1 gérilmiistir (W=0.523, p<.001). Buna
gore, istasyonlar ile toplam c¢agri sayilari arasinda
farklar Anova (Kruskal-Wallis); Toplam cagri sayilari,
ortalama c¢agri sayilari ve istasyonlar arasindaki
farklar ise korelasyon testi ile analiz edilmigtir. Tim
istatiksel analizler %95 giiven araliginda yapilmigtir.

Istasyonlar ile yarasa tiirlerine ait toplam c¢agri
sayilar1 arasinda anlamli fark olup olmadigina iligkin
yapilan Non-Parametrik Tek yonli ANOVA testi
yapilmistir. Testin non-parametrik olmasinin nedeni
verilen normal dagilmamasindan (p<.001)
kaynaklanmaktadir. Buna Anova analizi sonuclar
Cizelge 4'de verielmistir (N=12).

Avrupa da Uretilip sadece Avrupa yarasalarim
kapsamaktadir. Bunda 6tiri Rousettus aegyptiacus tiiri ile
ilgili herhangi bir ses kayd1 verilmemistir.
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Cizelge 1. Yapilan calisma gunleri ve kayit alinan/gézlemlenen tirler
Table 1. Working days and registered/observed species

" 5, ~ TURLER / SPECIES
Z1I & & 24T 07 O35 Y %, 8. Be f3 % ogm 8
S - ;Q TI Sy S 8% 84 82 FF ORE RIS B 59 9
58 7 <9 ST+ 2% 28 28 2% 52 B5 £§ £% &= 2% 2-
< E - 84 X ( S' S' S". n S". ~ N2 =9 S Q <3 § E 3
T g <& & €3 &€ = T 28 ZNR =
11 15 X
e 12 45 X X
s 3 13 27 X X X
iz < 14 110 X X X X
15 190 X X X X
- 23 2563 X X X X X X X X X X
g 24 396 X X X X
%‘ p= 28 81 X X X X X X
29 76 X X X X X X
2 5 2799 X X X X X X X X X
£z
& S 6 414 X X X X X
7 910 X X X X X X
5 4053 X X X X X X X
~ 19 1466 X X X X X X X X X
N, 20 1762 X X X X X X X
g3 21 2405 X X X X X X X X
g 27 2172 X X X X X X X X X X X
& 28 2101 X X X X X X X X X
30 122 X X X X X X X X
- 1 553 X X X X X X X
§ 7] 3 2585 X X X X X X X X X X
g & 4 1836 X X X X X X X X
< 5 1327 X X X X X X X X
6 21 X X X X X
~ g 17 6286 X X X X X X X X X X
ER
> 52 18 5509 X X X X X X X
i)
~ 5 5 3487 X X X X X X X X
g= 6 3477 X X X X X X
= 5 7 2736 X X X X X X X
o
T 14 47 X X
AE
S 2
Cizelge 2. Istasyonlarda tespit edilen tiirler ve ¢agr1 sayilary
Table 2. Species detected in stations and call numbers
Tir / Species Istasyon / Station
I 1T 11T v Vv VI VII VIII
Barbarstella barbastellus 2 69 1 2 0 0 0 0
Myotis blythii 0 7 0 0 0 0 0 1
Eptesicus serotinus 8 312 218 9 3 3 0 27
Nyctalus leisleri 0 5 3 0 0 0 0 0
Nyctalus noctula 0 3 0 2 0 1 0 0
Miniopterus schreibersii 2 579 0 6 0 0 0 133
Pipistrellus pipistrellus 14 8909 4 286 1 8 0 1309
Pipistrellus pigmaeus 0 17 0 0 0 0 0 8
Hypsugo savii 0 72 0 0 0 0 0 2
Pipistrellus kuhlii 0 603 74 2 1 3 0 164
Pipistrellus nathusii 7 8162 220 111 6 23 2 1904
Toplam c¢agri sayisi 33 18738 520 418 11 38 2 3548
Total number of calls
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Sekil 4. a) Nisan-Kasim 2018 tarihleri arasinda yarasalarin biraktig cagr: sayisinin istasyonlara gore dagilimi; b)

yarasalarin biraktigi cagri sayisi

Figure 4. a) The distribution of the number of calls left by bats by stations between April and November 2018; b)

number of calls left by bats

Cizelge 3. Istasyonlara gore tiirlerin ¢agr: siireleri
Table 3. Call durations of types according to stations

Tiir / Species Istasyon / Station
I II 111 v A% VI VII VIII
Barbastella barbastellus 2.89 63.9 0.46 1.03 0 0 0 0
Eptesicus serotinus 15.7 509.08 204.12 11.83 2.29 8.47 0 42.1
Hypsugo savii 0 160.41 0 0 0 0 0 4.99
Miniopterus schreibersii 1.92 497.58 0 4.56 0 0 0 189.07
Myotis blythii 0 8.63 0 0 0 0 0 1.79
Nyctalus leisleri 0 6.58 7.06 0 0 0 0 0
Nyctalus noctula 0 3.27 0 4.88 0 0.62 0 0
Pipistrellus kuhli 0 838.9 105.78 2.39 1.48 2.45 0 401.8
Pipistrellus nathusii 8.69 9163.89 278.28 135.8 10.8 30.6 2.31 3725.4
Pipistrellus pipistrellus 14.5 8649.94 5.88 230.7 1.21 8.54 0 1885.4
Pipistrellus pygmaeus 0 18.67 0 0 0 0 0 12.47
Toplam siire (saniye) 43.6 19920.9 601.58 391.2 15.8 50.7 2.31 6263
Total time (seconds)
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0 1
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Sekil 5. a) Cagr siiresi ve tiir grafigi, b) Nisan-Kasim 2018 tarihlerinde yarasa aktivite yogunlugu
Figure 5. a) Call duration and species graph, b) Bat activity intensity between April-November 2018
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Sekil 6. Yarasa aktivitesinin aylara gore yogunlastig: saatler
Figure 6. Hours of intensification of bat activity by months

Cizelge 4. Akdeniz Universitesi kampiisiindeki istasyonlar ve yarasa tiirlerinin toplam ¢agr1 sayilarina iligkin

Anova sonuglari

Table 4. Anova results regarding the total number of calls of stations and bat species on the Akdeniz

University campus

X2 df p g2
istasyonl 10.03 9 0.348 0.912
istasyon2 10.92 9 0.281 0.993
istasyon3 9.58 9 0.386 0.871
istasyon4 10.33 9 0.325 0.939
istasyon5 11.00 9 0.276 1.000
istasyon6 11.00 9 0.276 1.000
istasyon7 11.00 9 0.276 1.000
istasyon8 10.26 9 0.330 0.933

Elde edilen bulgular 1s181nda gerceklestirilen Oone-
Way Anova (Kruskal-Wallis) testi neticesinde,
istasyonlar ve yarasa tiurlerine ait toplam c¢agr
sayilar arasinda anlamh bir farklilhik olmadig: tespit
edilmigtir.

Toplam c¢agri sayilari, ortalama cagri sayilar1 ve
istasyonlar arasindaki farklar ise korelasyon testine
iliskin veriler asagida verilmistir (cizelge 5).

Analizde 8 istasyon ve tespit edilen 12 yarasa turiine
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ait veriler kullamilmistir (N=12). Degiskenlerden
herhangi birinde kayip degere rastlanmamigtir.
Degigkenler arasindaki farkin normal dagilim gésterip
gostermedigi Shapiro-Wilk testi ile kontrol edilmig ve

verilerin normal dagilim géstermedigi sonucuna
ulagilmigtir. Bu nedenle Korelasyon testinde
degiskenleri normal dagilmadig ve oOrneklem

sayisimin az oldugu analizlerde kullanilan Kendall’s
tau-b korelasyon katsayis1 uygulanmigtir.



KSU Tarim ve Doga Derg 26 (6), 1405-1420, 2023 Arastirma Makalesi
KSU J. Agric Nat 26 (6), 1405-1420, 2023 Research Article

Cizelge 5. Toplam ¢agri sayilari, ortalama ¢agri sayilar: ve istasyonlar arasindaki farklara iligkin korelasyon testi sonuclar:
Table 6. Correlation test results regarding total number of calls, average number of calls and differences between stations

toplam ortalama
cagri istasyonl  istasyon2  istasyon3 istasyon4 istasyonb istasyon6 istasyon7 istasyon8 cagri
sayis1 sayis1
toplam ¢agr1 sayisi Kendall's Tau B —
p-value —
istasyonl Kendall's Tau B 0.622 * —
p-value 0.010 —
istasyon2 Kendall's Tau B 0.985 *** 0.594 * —
p-value <.001 0.013 —
istasyon3 Kendall's Tau B 0.508 * 0.486 0.465 * —
p-value 0.032 0.057 0.047 —
istasyon4 Kendall's Tau B 0.652 ** 0.828 ** 0.626 ** 0.539 * —
p-value 0.006 0.001 0.008 0.031 —
istasyonb Kendall's Tau B 0.596 * 0.520 0.587 * 0.852 ** 0.655 * —
p-value 0.016 0.052 0.017 0.001 0.012 —
istasyon6 Kendall's Tau B 0.528 * 0.477 0.520 * 0.654 * 0.725 ** 0.843 ** —
p-value 0.030 0.069 0.030 0.010 0.005 0.002 —
istasyon7 Kendall's Tau B 0.339 0.318 0.334 0.464 0.373 0.545 0.500 —
p-value 0.191 0.257 0.192 0.089 0.173 0.057 0.075 —
istasyon8 Kendall's Tau B 0.807 *** 0.448 0.826 *** 0.398 0.514 * 0.658 ** 0.603 * 0.428 —
p-value <.001 0.070 <.001 0.098 0.033 0.009 0.015 0.105 —
ortalama ¢agri sayisi Kendall's Tau B 1.000 *** 0.622 * 0.985 *** 0.508 * 0.652 ** 0.596 * 0.528 * 0.339 0.807 *** —
p-value <.001 0.010 <.001 0.032 0.006 0.016 0.030 0.191 <.001 —

Note. * p <.05, ** p < .01, *** p < .001
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Buna gore:

e Istaston 1 ile toplam ¢agr1 sayilari arasinda pozitif
ve iyl diizeyde korelasyon(0.622),

Istasyon 2 ile toplam ¢agr1 sayilar: arasinda pozitif
ve miitkemmel diizeyde korelasyon (0.985); istasyon 1
ile ise pozitif ve orta diizeyde korelasyon (0.594),

Istasyon 3 ile toplam cagri sayilar (0.508) ve

istasyon 2 (0.465) arasinda pozitif ve orta diizeyde
korelasyon,

Istasyon 4 ile toplam cagri sayilar: (0.652), istasyon
1 (0.828) ve istasyon 2 (0.626) arasinda pozitif ve iyi
diizeyde; istasyon 3 (0.539) ile pozitif ve orta diizeyde
korelasyon,

Istasyon 5 ile toplam ¢agri sayis1 (0.596), istasyon 2
(0.587) ve istasyon 4 (0.655) arasinda pozitif ve orta
diizeyde; istasyon 3 ile pozitif ve iyl diizeyde
korelasyon,

Istasyon 6 ile toplam ¢agr1 sayis1 (0.528), istasyon 2
(0.520) ve istasyon 3 (0.654) arasinda pozitif ve orta
diizeyde; istasyon 4 (0.725) ve istasyon 5 (0.843)
arasinda pozitif ve iyi diizeyde korelasyon,

Istasyon 8 ile toplam cagri sayilari (0.807) ve
istasyon 2 (0.826) arasinda pozitif ve miikemmel
diizeyde korelasyon; istasyon 5 (0.658) ile pozitif ve
iyi diizeyde korelasyon, istasyon 4 (0.514) ve istasyon
6 (0.603) ile arasinda pozitif ve orta diizeyde
korelasyon,

Ortalama cagr1 sayilari ile toplam cagr1 sayilari,
istasyon2 ve istasyon 8 arasinda pozitif ve
mitkemmel diizeyde korelasyon; istasyon 4 ile pozitif
ve 1yl dizeyde korelasyon; istasyon 1, istasyon 3,
istasyon 5 ve istasyon 6 ile pozitif ve orta diizeyde
korelasyon oldugu tespit edilmigstir.

12 yarasa turunden alinan verilerle toplam c¢agr
sayilar1, istasyonlar ve ortalama c¢agr1 sayilar
arasindaki iligki incelenmistir. Yukar: da verildigi gibi
gostergelerin farkli diizeylerde birbirleriyle iligkili
oldugu sonucuna ulagilmistir.

TARTISMA

Turkiyede yarasa cesitliligi en fazla olan yerler Trakya
ve Akdeniz Bolgesidir. Akdeniz Boélgesi 6zellikle 1liman
iklimi, habitat cesitliligi, icerdigi magara ve kayalk
alanlar ile yarasalar agisindan o6ne c¢ikmaktadir.
Akdeniz Bolgesinde Orta ve Dogu Akdeniz'de yarasa
cesitliligi konusunda gesitli ¢aligmalar
gerceklestirilmis olsa da Bati Akdeniz'de ozellikle
Antalya ve g¢evresindeki ¢alismalar oldukg¢a sinirlidir
(Yorulmaz, 2010; Yavuz, 2013; Yavuz & Tunc 2016).
Yavuz ve Tung (2016) Phaselis Antik Kenti ve yakin
¢evresinin memeli faunasi tizerine gergeklestirdikleri
calismada, alanda 8 yarasa tirtinin varlig
belirlenmigtir. Bu turler Rhinolophus ferrumequinum,
Rhinolophus hipposideros, Rhinolophus euryale,
Rhinolophus mehelyi, Myotis capaccinii, Miniopterus
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schreibersi,  Pipistrellus pipistrellus, Eptesicus
serotinus'tir. [IUCN kriterlerine gore tehdit durumlar:
degerlendirildiginde: 4’ diisiik risk (LC), 2’si tehdit
altina girebilir (NT), 2’si hassas (VU) kategorilerinde
yer almaktadir. Yavuz ve Tun¢ (2016) yaptig
calismada bu tiurlerden Miniopterus schreibersi,
Pipistrellus pipistrellus, Eptesicus serotinus tirleri
yerleskede miidahalesiz yontem ile de tespit edilerek
varligi  desteklenmigtir. Bu ortak tlrlerden
Miniopterus schreibersi tehdit altina girebilir (NT)
kategorisinde yer alirken diger ikisi diigiik risk (LC)
kategorisinde yer almaktadir. Yerleskede bu turlerin
yvanminda  Barbarstella  barbastellus, Pipistrellus
nathusii, Pipistrellus kuhlii, Pipistrellus pigmaeus,
Hypsugo Savii, Nyctalus noctula, Nyctalus leislerl,
Myotis blythii, Rousettus aegyptiacus turleri de tespit
edilmigtir. Bu tirlerden Barbarstella barbastellus ve
Mpyotis  blythii tehdit altina  girebilir (NT)
kategorisinde yer alirken diger 7 tiir diigiik risk (L.C)
kategorisinde yer almaktadir. Rhinolophus
ferrumequinum, Rhinolophus hipposideros,
Rhinolophus euryale, Rhinolophus mehelyi, Myotis
capacciniitiirleri Yavuz ve Tunc (2016) calisma yaptig1
alanda bulunmakta olup yerleskede bu tiirlerin
varligina rastlamilmamigstir. Bu tirlerin buradaki
varligi calisma yapildigr habitat; magara, oyuk ve
ormanlik alanlarin yaygin oldugundan kaynaklandigi
distnilmektedir. Bu tiirlerden Rhinolophus euryale
tehdit altina girebilir (NT), Rhinolophus mehelyi ve
Myotis capaccinii hassas (VU) kategorisinde yer
alirken diger iki tiirde diisiik risk (LC) kategorisinde
yer almaktadir. Yavuz (2013) Antalya ilindeki
magaralar ve yarasa ¢esitliligi lizerine gerceklestirdigi
calismada Antalya’da yarasalar igin 10 uygun
magaranin bulundugunu ve 14 yarasa tlriiniin de
bulanabilecegini  belirtmistir. Bununla  birlikte
Antalya il merkezinde yarasa c¢esitliligi hakkinda
calisma bulunmamaktadir. Bu calisma Akdeniz
Universitesi yerlegkesi ve yakin c¢evresi miidahalesiz
yontem ile yarasa cesitliliginin tespit edildigi ilk
caligmadir.

Yarasalarin tir teshisleri yapabilmek i¢in miidahaleli
ve miidahalesiz yontemler kullanilir (Flaquer et al.,
2009). Miidahaleli yontemler de dogrudan yarasa
atrap veya sis ag1 gibi araclar ile yakalanarak teshis
anahtar1 yardimiyla kulak yapisi, burun yapisi, kafa
yapisi, kuyruk yapisi, vicut buyukligi gibi
morfometrik 6l¢imler alinarak tir teghisi yapilir.
Hatta baz tirlerin teghisi i¢in yarasanin éldirilerek
kafatas1 gikartilip gerekli 6lgimler alinmasiyla tur
teshisi yapilmaktadir (Albayrak & Cogskun 2000). Bu
nedenle miidahaleli yontemler canliya zarar vermekte
ve bazen oOlime sebep olmaktadir. Bu calismada
kullanilan miidahalesiz yontemde ise yarasanin
yakalanmasina gerek olmayip ses kayitlar1 alinarak
teshis edilir ve bu bakimdan da canliya zarar
vermemektedir (Skalak et al., 2012). Bununla birlikte,
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midahelesiz yontemler yardimiyla bir alanin yarasa
¢esitliliginin ve aktivitesinin belirlenmesi ve izlenmesi
(Georgiakakis et al., 2010; Deshpande & Kelkar, 2015;
Dalhoumi et al., 2017; Widerin & Reiter, 2017),
yakalamasi miimkiin olmayan ve 6zellikle alan igin
transit gocer tiirlerin belirlenmesi (Benda et al., 2012;
Slough et al., 2014; Blejwas et al., 2014; Lausen, 2014),
insan yapimi yapilarin birey ve populasyon diizeyinde
etkisinin belirlenmesi (Lagerveld et al., 2014) gibi
farkli birey ve populasyon diizeyindeki ¢alismalarda
kullanilmaktadir. Bu bakimdan bolgede daha o6nce
tespit  edilemeyen Barbarstella  barbastellus,
Pipistrellus nathusii, Pipistrellus kuhlii, Pipistrellus
pigmaeus, Hypsugo Savii, Nyctalus noctula, Nyctalus
leisleri, Myotis blythii ve Rousettus aegyptiacus
tlirlerinin varligina dair veriler uygulanan yontemle
elde edilmigtir.

Goziitok (2022), miidahalesiz yéntem ile otomatik ve
manuel akustik ses kayit cihazlar1 kullanarak,
dogrudan ve dolayli goézlemlerinin yaninda guncel
literatiri de tarayarak Bartin ilinde 7 tiir tespit
etmistir. Bu tirler Pipistrellus pipistrellus, Nyctalus
noctula, Myotis blythii, Mpyotis daubentonii,
Rhinolophus hipposideros, Rhinolophus
ferrumequinum ve Rhinolophus euryale’dir. Bu turler
kiiresel 6lcekte TUCN kriterlerine gbre
degerlendirildiginde, Rhinolophus euryale tehdit
altina girebilir (NT) digerleri ise diisiik veri (LC)
kategorilerinde yer almaktadir. Ozetle bu ¢alismadan
farklh olarak Mpyotis daubentonii, Rhinolophus
hipposideros,  Rhinolophus  ferrumequinum  ve
Rhinolophus euryale tirleri tespit edilmigtir.

Seker & Keles (2022), Artvin ili memeli faunasu
uzerine yaptig1 calismada, dogrudan gézlem ile bir 6la
Pipistrellus pipistrellus tiiri ve literatiir taramasa ile
bélgede toplam 14 tur oldugunu belirlemigtir. Bu
turler Plecotus macrobullaris, Tadarida teniotis,
Eptesicus serotinus, Rhinolophus hipposideros,
Rhinolophus ferrumequinum, Pipistrellus pipistrellus,
Pipistrellus savii, Mpyotis myotis, Myotis blythii,
Mpyotis nattereri, Mpyotis mystacinus, Miniopterus
schreibersi, Myotis bechsteini ve Barbarstella
barbastellustur. Kiiresel Olcekte ITUCN kriterlerine
gore, Miniopterus schreibersi, Myotis bechsteini ve
Barbarstella barbastellus tehdit altina girebilir (NT)
kategorisinde, diger tiirler ise diisiik risk (LC)
kategorisinde yer almaktadir. Calismada yerleskede
tespit edilen yarasalardan farkl olarak da 7Tadarida
teniotis, Rhinolophus hipposideros, Rhinolophus
ferrumequinum, Pipistrellus savii, Myotis myotis,
Mpyotis nattereri, Mpyotis mystacinus, Myotis
bechsteini, Plecotus macrobullaris tirleri
bulunmaktadir. Artvin ilinde bulunan yarasa
turlerinden farkli olarak Pipistrellus nathusii,
Pipistrellus kuhlii, Pipistrellus pigmaeus, Hypsugo
savii, Nyctalus noctula, Nyctalus leisleri ve Rousettus
aegyptiacus turleri de yerleskede bulunmaktadir.
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Ilemin (2022), Manisa ilinde yaptig1 fauna
calismasinda 10 tur tespit etmistir. Miidahalesiz
yontem ile akustik ses kayit cihazi kullanmis ve
dogrudan gozlem ile bolgede barnabilecekleri kale,
magara, eski bina, gibi ortamlara girerek tiineklerinde
turleri ve digkilar1 fotograflamis ve literatur
taramigtir.  Calismada  tespit  edilen  turler:
Rhinolophus euryale, Rhinolophus ferrumequinum,
Rhinolophus hipposideros, Pipistrellus pipistrellus,
Eptesicus serotinus, Miniopterus schreibersii, Myotis
blythii, Myotis emarginatus, Myotis myotis ve Myotis
mystacinus olarak listelenmigtir. Bu tiirlerden
Rhinolophus euryale tehdit altina girebilir (NT)
kategorisinde, diger tiirler ise diisiik risk (LOC)
kategorisinde yer almaktadir. Aragtirmanin
gerceklestirildigi yerleskedeki yarasalardan farklh
olarak calisma yapilan alanda: Rhinolophus euryale,
Rhinolophus ferrumequinum, Rhinolophus
hipposideros, Mpyotis emarginatus, Myotis myotis,
Myotis mystacinus tirleri bulunmaktadir. Manisa
Ilinde yerleskeden farkli olarak  Rousettus
aegyptiacus, Nyctalus noctula, Hypsugo savii,
Pipistrellus pigmaeus, Pipistrellus kuhlii, Pipistrellus
nathusii, ve Barbarstella barbastellus tlrleri
bulunmaktadir.

Bas & Arslan (2021), miidahalesiz yéntem ile akustik
ses kayit cihazi (batcorder) kullanilarak Konya ili,
Selguklu il¢esinde 12 tiir tespit etmistir. Ayiklama ve

analiz calismalar1 sonrasi tur sayisi 7 olarak
saptanmistir. Bu turler Myotis myotis/blythi,
Barbastella barbastellus, Pipistrellus pipistrellus,

Hypsugo savii, Eptesicus serotinus ve Miniopterus
schrerbersii dir. IUCN kriterlerine gore Barbastella
barbastellus ve Eptesicus serotinus ¢alisilan bolgede
ilk kez kayda gecmistir. Bas & Arslan (2021)
tarafindan Myotis myotis/blythi tirleri tespit edilmis
iken yerleskede yapilan c¢alismada bu tirlere
rastlamilmamigtir. TUCN kriterlerine gore kiiresel
olcekte Mpyotis mpyotis/blythi diisik veri (LC)
kategorilerinde yer almaktadir. Bu tirlerden ITUCN
kriterlerine gore kiiresel olgekte Barbarstella
barbastellus ve Miniopterus schreibersi tehdit altina
girebilir (NT), Pipistrellus pipistrellus, Eptesicus
serotinus, Hypsugo savii tirleri disiikk risk (LC)

kategorisinde yer almakta olup, aynm yontem
kullanilarak yerleskede yapilan c¢alismada da bu
tirler tespit edilmigtir. Antalya ilinin yakin

bélgesindeki yapilan bu calisma birbirini destekler
niteliktedir.

Selcuk & Kefelioglu (2020), miidahalesiz yontem ile
otomatik akustik ses kayit cihazlar1 kullanarak
Samsun, Amasya, Tokat ve Eskigehir illerinde memeli
faunas1 izerine yapmis olduklar1 ¢aligmada 11 tir

tespit etmistir. Bu c¢alisma ile Samsun ilinde
Rhinolophus ferrumequinum, Rhinolophus
hipposideros, Myotis daubentonii, Mpyotis
emarginatus, Eptesicus serotinus, Pipistrellus
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pipistrellus turlerini, Amasya ilinde Pipistrellus
pipistrellus turini, Tokat ilinde Rhinolophus
ferrumequinum, Rhinolophus hipposideros,

Rhinolophus euryale, Myotis myotis, FEptesicus
serotinus, Pipistrellus pipistrellus, Myotis blythii,
Mpyotis aurascens tirlerini ve Eskigehir ilinde
Rhinolophus ferrumequinum, Rhinolophus
hipposideros, Myotis myotis tirlerini saptamigtir. Bu
turlerden Rhinolophus euryale TUCN kapsaminda
tehdit altina girebilir (NT) kategorisinde diger tiirler
diisik risk (LC) kategorisinde yer almaktadir.
Barbarstella barbastellus, Pipistrellus nathusii,
Pipistrellus kuhlii, Pipistrellus pigmaeus, Miniopterus
schreibersii, Hypsugo savii, Nyctalus noctula,
Nyctalus leisleri ve Rousettus aegyptiacus tirleri
yerleskede bulunmakta fakat yilinda yapilan ilgili
calismada bu turlere rastlanilmamistir. Rhinolophus
ferrumequinum, Rhinolophus hipposideros,
Rhinolophus euryale, Myotis daubentonii, Myotis
emarginatus, Mpyotis myotis, ve Myotis aurascens

tirleri Selcuk & Kefelioglu (2020 nun yaptig
calismada  bulunurken bu c¢alismada  tespit
edilememigtir.

Urker & Yorulmaz (2020) tarafindan, miidahalesiz
yontem ile otomatik ve manuel akustik ses kayit
cihazlar: kullanarak, dogrudan ve dolayli gozlemlerle
Mugla 1ili, Koycegiz-Dalyan Sigla ormanlarinda
yapilmis olan ¢alismada 13 kayit alinmig olup 2’si cins
diizeyindedir. Bu tiurlerden Myotis daubentonii,
Mpyotis emarginatus, Pipistrellus nathusii, Pipistrellus
pygmaeus, Plecotus macrobullaris ¢aligilan bolgede ilk
kez kayda ge¢mistir. Tespit edilen turler; Rhinolophus
ferrumequinum,  Myotis  daubentonii, Myotis
emerginatus, Pipistrellus pipistrellus, Pipistrellus
pygmaeus, Pipistrellus kuhlii, Pipistrellus nathusii,
Hypsugo savii, Plecotus macrobullari, Miniopterus
schrerbersii, Myotis sp., Nyctalus sp.” dir. Kiiresel
O6lcekte IUCN  kriterlerine gére  Miniopterus
schreibersii tehdit altina girebilir (NT) kategorisinde
diger tiirlerde diisiik risk (LC) kategorisinde yer
almaktadir. Yerleskedeki yarasalardan farkli olarak
calisma yapilan alanda Rhinolophus ferrumequinum,
Mpyotis daubentonii, Myotis emerginatus ve Plecotus
macrobullari turleri de bulunmaktadir.

Goziitok  (2017), Bursa ilinde yaptigni fauna
calismasiyla 14 tir tespit etmigtir. Dogrudan veya
dolayli goézlemler yaparak arazi calismalar1 ile
Pipistrellus pipistrellus ve Rhinolophus hipposideros
turlerini, literatir calismalar1 ile Hypsugo savii,
Pipistrellus kuhli, Nyctalus lasiopterus, Myotis
blythii, Myotis mystacinus, Myotis myotis, Myotis
daubentonii, Mpyotis  capaccinii, Rhinolophus
ferrumequinum, Rhinolophus euryale, Rhinolophus
blasii, Miniopterus schreibersii tirlerinin varligim
tespit etmistir. Rhinolophus euryale, Miniopterus
schreibersii ve Rhinolophus blasii yakin gelecekte
tehdit altina girebilir (NT) kategorisinde, Myotis
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capaccinii ve Nyctalus lasiopterus hassas (VU)
kategorisinde ve diger tiirler diisik risk (LC)
kategorisinde yer almaktadir. Pipistrellus pipistrellus,
Pipistrellus kuhli, Hypsugo savii, Miniopterus
schreibersii ve Myotis blythi yerlegkedeki tiirler ile
ortak iken Rhinolophus ferrumequinum, Rhinolophus
hipposideros, Rhinolophus euryale, Rhinolophus
blasii, Myotis capaccinii, Myotis daubentoni, Myotis

myotis, Mpyotis mystacinus, Nyctalus lasiopterus
tirleri Bursa’da gbzlemlenirken yerleskede
gozlenmemigtir.

Ilkbaharda 9 tiir, yaz aylarinda 9, sonbaharda 9 tiir
kaydedilmis kig aylarinda kayit alinmamistir. Biitiin
mevsimlerde Barbarstella barbastellus, Pipistrellus
nathusii, Pipistrellus pipistrellus, Pipistrellus kuhlii,
Miniopterus  schreibersii,  Eptesicus  serotinus,
Rousettus aegyptiacus tirleri goézlemlenmigtir.
Rousettus aegyptiacus turi dogrudan goézlem ile
kayitlara gecerken diger turler ses kaydi alinarak
tespit edilmistir. Pipistrellus pigmaeus turu ilkbahar
ve yaz aylarinda ses kaydi alinmigken sonbahar
aylarinda gozlemlenmemistir. Hypsugo saviive Myotis
blythii turi yaz ve sonbaharda goézlemlenirken
ilkbaharda gozlemlenmemistir. Nyctalus noctula tira
sadece 1ilkbahar, Nyctalus leisleri tiri de sadece
sonbaharda goézlemlenmistir (Cizelge 6).

Onceki calismalara bakildiginda, kisa dalga boyunda
UV 181821 yayan ve yuksek bocek yogunluklarini ¢eken
“Civa Buhar1” lambalar: gibi beyaz sokak lambalarinin
sirayla P. Pipistrellus basta olmak tizere yarasalar:
cektigi tespit edilmistir (Stone et al., 2012). Ancak yeni
nesil LED 1giklarin ise tam tersi bir etki gosterdikleri
yani yarasa faaliyetlerini azalttiklar: bilidirilmigtir
(Bolliger et al., 2020). Istasyonlara gére tiir cesitliligi
acisindan degerlendirildigi zaman en fazla tir
cesitliligi 12 tur ile II numarali istasyon sahiptir.
Bolgenin besin acisindan zengin olmasi; bina
yakininda vektér calismalarinin yapilmasi, 1sik
kaynaginin yer almasi ve agaclik ve ¢alilik alanlarin
olmas1 yarasalarin beslenmesi ac¢isindan elverigli bir
alan olusturmaktadir (Stone et al., 2012). Bu acidan
tir sayisinin fazla oldugu distinilmektedir. En az tur
cesitlihigi 1ki tur 1ile VII numarali istasyonda
gozlenmigtir. Etrafta bocek c¢ekici 1s1tk kaynaginin
olmamasi1 daha ¢ok LED isiklarinin olmasi1 nedeniyle
yarasa tir sayisimin az oldugu distnilmekedir
(Bolliger et al., 2020).

Goruldiagu gibi 1s1k kaynagina bagh olarak boceklerin
¢ekilmesi bu sebepten dolayr da yarasalarin belli
bolgelere ¢ekilmesi s6z konusudur. Ancak cesitli
kaynaklara goére bocekler ve buna bagh olarak
yarasalar belli boélgelerde yogunlagsalarda 1s1k
turlerine dalga boylarina gore belli bocek takimlar
belli 1;1k kaynaklarina g¢ekilmekte ve buraya gelen
yarasalar yalnizca bu tirlerle tek tip beslenmekte
diger boceklerin sayis1 artmaktadir (normal dogal bir
ortamda etrafta bulunan tim bécek tirleri ile
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beslenecek) (Mostafaeipour et al., 2018; Giavi et al.,
2021). Birgcok arastirmaci 1s1k kirliliginin biyocesitlik
tzerindeki olumsuz etkisinden bahsetmekle birlikte
bunun daha ¢ok arastirmaya muhtac bir konu oldugu
goriigiinde birlesmektedir (Sanders et al., 2021). Hatta

yapilan bir arastirmada 1sik kaynaklari insan yerlesim
alanlarinin  yogun oldugu bolgelerde daha fazla
bulunmakta ve buralarda da insektisit kullaniminin
yaygin olmasi ylzinden ilagli boceklerle beslenen
yarasa tiirleri zarar gérmektedir (Oliveira et al., 2020).

Cizelge 6. Yerleskedeki yarasa turlerinin aylara ve gézlem sekline gore dagilimi
Table 6. Distribution of bat species in the campus according to months and type of observation

TURLER / SPECIES ILKBAHAR  YAZ SONBAHAR GOZLEM SEKLI
SPRING SUMMER AUTUMN OBSERVATION
METHOD

w g 5 8 g 5 g

s & £ § £ ¥ &8 %3 § 3k

s & 8§ &# 5 B & & 5 &3

" B < g  &°
Barbarstella barbastellus X X X X X X X X
Pipistrellus nathusii X X X X X X X X X
Pipistrellus pipistrellus X X X X X X X X
Pipistrellus kuhlii X X X X X X X
Pipistrellus pigmaeus X X X
Miniopterus schreibersii X X X X X X X
Hypsugo savii X X X X X
Nyctalus noctula X X
Nyctalus leisleri X X
Eptesicus serotinus X X X X X X X
Mpyotis blythii X X X

Rousettus aegyptiacus X X X X X X X X X
Bu calismaya paralel bir sonu¢ Akdeniz Universitesi tahmin  edilmektedir. ~ Cok  cesitli  beslenme
yerleskesinde yapilan calismada da gbzlenmistir. aligkanhklar1 g6z oOntne alindiginda, yarasalar,

Yerlegke igerisinde bulunan yollar ikiye bélen uzun
refijlerde meyve agaclar1 bulunmakta ve bu agaclar
yaz boyunca peryodik olarak ilaglanmaktadir. Bu uzun
refijler boyunca da bocek c¢eken civa buharh
lambalarla aydinlatilma yapilmaktadir. Bu konuda bir
zehirlenme arastirmasi1 yapilmamakla  birlikte
Oliveira et al. (2020) sonuclara dayanarak tesadiifi
olarak bu yol tizerinde bir¢cok kez 6li yarasa bireyleri
bulunmasini buyuk ihtimalle zehirlenmeye
baglanabilmektedir.

SONUC ve ONERILER

Artan tarimsal tretim, diinya genelinde hem insan
hem de gevre saglhgim tehdit eden pestisit kullanimin
artirmigstir. Son arastirmalar, arilardan memelilere
kadar birgok hedef olmayan organizmanin, pestisit
maruziyetinin, davranig, gelisme ve ireme
bozukluklar1 dahil olmak tiizere ¢ok cesitli toksik
etkileri oldugunu gostermektedir. Memeliler arasinda,
yarasalar  ekotoksikolojik  caligmalar arasinda
genellikle ihmal edilen bir taksondur (Oliveira et al.,
2020).

Bocekgil yarasalar, agroekosistemlerdeki haserelerin
etkili avcilaridir. Bu hasere kontrol hizmetinin diinya
capinda tarim i¢in milyarlarca dolar degerinde oldugu

yiyecek veya su kontaminasyonu yoluyla veya
tunedikleri alanlarda dogrudan cilt temasi yoluyla
cevresel kirleticilere maruz kalirlar.

Dogal alanlarin insan faaliyetleri sonucu tahribi son
yillarda artarak hizla devam etmektedir. Ozellikle
artan nifusa bagh olarak enerji, barinma ve beslenme
ihtiyaglarinin artis1 bu sorunun temelini
olusturmaktadir. Pek ¢ok bitki ve hayvan turi bu
durumdan olumsuz etkilenmektedir. Diger taraftan,
baz1 turler de sehir ekosistemleri uyum saglayarak
sehir ekosistemlerde yasamlarin stirdirmektedir. Bu
bakimdan, sehir ekosistemleri pek ¢ok hayvan tura
i¢in barinma ve beslenme alanlari saglamaktadir. Baz1
yarasa tiirlerinin tiineller, tarihi yapilar, kopri altlari,
ahirlar, terkedilmig binalar, park ve bahcgeler vb. insan
yapimi yapilarda konakladiklar1  bilinmektedir
(Lausen & Barclay, 2006). Ozellikle genis alan
kaplayan park ve bahcgeler yarasalar igin gehir
ekosistemlerinde 6nemli yer tutmaktadir. Dahas:,
sehir 1giklandirmalar1 da yarasalarin beslendikleri
bazi bocek tiirlerini ¢ektigi i¢in yarasalar bu alanlarda
beslenmektedir (Rydell, 1992; Avila-Flores & Fenton,
2005). Bununla birlikte, sehir bitki cesitliligi de yarasa
beslenme faaliyetlerini etkilemektedir (Jung & Kalko,
2010). Sekiz aylik yapilan calisma sonucunda en cok
ses kaydi1 Eylul ve Ekim aylarinda kaydedilmistir. En
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¢ok ses 41140 kayat ile pipistreloid grubuna aittir. Tur
diizeyinde en c¢ok ses 10531 kayit ile Pipistrellus
pipistrellus’tiir. En az cagri ise 1 kayit ile Plecotus
grubundan alinmigtir. 9220 kayit ise
tanimlanamamisgtir. Rousettus aegyptiacus tiri 4
mevsim dogrudan gozlemlenmisgtir. Akdeniz
Universitesi yerlegkesi icerdigi farkli habitat tipleri,
bitki cesitliligi ve o6zellikle Fosettus aegyptiacus ve
diger tespit edilen tirlerin tercih ettigi gesitli kultir
bitkileri ile yarasalar i¢in &6nemli bir beslenme
alanidir.

Bu ¢aligma ile yerleskedeki yarasa tiirleri miidahelesiz
yontemlerle belirlenmig olup yerleskenin gerek yarasa
cesitliligi gerekse de koruma biyolojisi kapsaminda
onemli bir alan oldugu tespit edilmigtir. Sonraki
calismalarda yil boyunca akiistik kayit yaparak
yarasalarin yil boyunca aktivelerinin izlenmesi,
yarasa tlrleri hakkindaki daha genis verilere
ulasilmasimi saglayacaktir. Ayrica yarasa tiirlerinin
besin  tercihlerinin  belirlenmesi de  biyolojik
micadelede a¢sindan faydali olacaktir. Her yil belirli
donemlerde zararli bdécek miicadelesi igin gesitli
pestisitlerin yerleske icerisinde kullanildig:
bilinmektedir. Bu baglamda, bu pestisitlerin yarasalar
tuzerine olas1 olumsuz etkilerinin incelenmesi
gerekmektedir. Diger taraftan, yasayan yarasalarin
tuzerindeki zoonotik canlilarin tespit edilip insanlara
hastalik tehditi olusturup olusturmayacagi da ele
alinmasi gerekliligini ortaya koymaktadar.
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ABSTRACT

The aim of this study was to evaluate the impact of different methods of
wheat cultivation on the occurrence of Carabidae (Coleoptera,
Carabidae). The collection was carried out during a three-year period
from 2016 to 2018, on research areas in Borovce, which belong to the
Research Institute of Plant Production (VURV) in Piestany. The
collection of epigeic material was done in five variants: V1: mulching
technique; V2: conventional technique; V3: minimization technique; V4:
no-till technique; and ECO: ecological technique. During the three-year
period, we obtained 11,362 specimens from eight epigeic groups. Out of
all the epigeic groups, the dominant order was Coleoptera with the
number of individuals 7593. We addressed the Coleoptera order in more
detail. It was represented by six families, of which the Carabidae family
was dominant. We recorded 6656 specimens from the mentioned family,
of which we determined 20 species. The eudominant species were
Pterostichus melanarius (Illiger, 1798) and Pseudoophonus rufipes
(DeGeer, 1774) throughout the whole period on all types of variants.
Based on the specimens obtained, we calculated the values of dominance,
frequency, species similarity of communities, diversity of communities
and statistically evaluated the correlation of the impact of meteorological
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INTRODUCTION (DeGeer, 1774), which may indicate degrading effects

The ecology and taxonomy of beetle species 1s well
known. These invertebrates have high demands on the
habitat, which they live in, and they are very sensitive
to the changes that take place in it. This is also the
reason, why they are used as bioindicators of the
environment (Rainio and Niemeld, 2003). The
diversity and abundance of insect predators in
agricultural areas is influenced by the type of
agriculture and the presence of natural habitats
(Pfiffner and Luka, 2000). Ground beetles such as the
Carabidae family feed in agricultural ecosystems on
predators, such as ants, aphids, caterpillars or insect
eggs (Ekschmitt et al., 1997). The occurrence of this
family may reduce some populations of prey in
agroecosystems (Edwards et al., 1979; Lang et al.,
1999). Due to their sensitive response to pesticides,
herbicides, toxic substances and fertilizers, they are
used as a model group in ecological studies. Through
this group, we monitor changes in the environment, as
well as the human environment (Hérka, 1996). One of
the examples of changes in the environment is
indicated by the species Pseudoophonus rufipes

of human activity (Peterkova, 2014). Vician et al.
(2018) examined the Carabidae family in the areas
with different soil management, and found that the
ecological conditions were the most satisfactory. Soil
with agri-environmental maintenance contained more
macro and microelements, more humus and had a
more neutral pH than the conventionally cultivated
soil. The occurrence of Carabidae is also affected by the
use of agricultural sprays and fertilizers. Multiple
studies have shown that the Carabidae family is
negatively affected by heavy metals, such as zinc or
cadmium, which in Poecilus cupreus (Linnaeus, 1758)
have affected individuals' size and growth (Ermakov,
2004). The high number of species of Carabidae family
may not necessarily indicate the preservation of the
ecosystem. In agricultural areas, the number of
Carabidae species is wusually higher than in
undisturbed forest habitats. Therefore, we do not
consider the number of species to be decisive, but
rather their ecological demands. Preserved ecosystems
are dominated by species with higher ecological
demands (Bohac, 2007). The Carabidae family belongs
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to polyphagous species. Due to the predation of
invertebrates at different development stages, they
play an important role in the formation of organic
matter and the circulation of substances in the
ecosystem (Vavara, 2010). Deep plowing is one of the
agrotechnical techniques that reduce the diversity of
Carabidae on arable land (Swaminathan, 2014). The
aim of this study was to evaluate the occurrence of
Carabidae (Coleoptera, Carabidae) in various methods
of wheat cultivation.

MATERIAL and METODS

Epigeic material collection was carried out in the form
of pitfall traps, which consisted of 700 ml glass
container with a bait (soft cheese) in 2016 to 2018
during the given period (March to October) in the crops
of a hybrid of Triticum aestivum x Triticum spelta.
Pitfall traps were placed annually into the winter
wheat, whose placing was changed every year as
shown on the Figure 1. Pitfall traps placement for the
ECO area was not changed in the course of 2016 to
2018. Every research area was marked for the
respective option as V1, V2, V3, V4 and ECO. Every
trap was marked with a number - for V1 (1-6), V2 (7-
12), V3 (13-18), V4 (19-24) and for EKO (1-6). On every
research field, six traps were placed - four traps at the
ends and two in the middle of the research area.
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Consequently, the traps were emptied every 24 hours
with an instant classification of the material according
to a key (Hirka, 1996; Pokorny, 2002). Same procedure
was maintained during the whole research period. We
managed to determine the abundance, dominance,
species similarity, diversity index and frequency of
Carabidae family. Furthermore, we managed to
statistically determine the impact of meteorological
factors on Carabidae communities. The data collected
were recorded every month into a table (Microsoft
Excel), which serves as a basis for this work. The
statistically processed data were subjected to an
analysis in the Statistica Programme, version 12.

Study area

The monitored area is located in the municipality of
Borovce, district of Piestany, falling under the Trnava
self-governing region. In terms of landscape structure,
Borovce is divided into the agriculture area, forest area
and urbanised area. The research areas are located in
the mild temperature climate, in the altitude of 167 m
above sea level, with an average temperature of 9,2 °C
and average annual rainfall of 593 mm (Remenar,
2017). Average wind speed on the monitored area is
approximately 4,2 m/s, with the northwest and north
flows direction Mazur and Luknis, 1980).

Figure 1 Map of study area — Borovce

RESULTS

Species composition and dominance

During the three-year monitored period, we managed
to collect 11 365 specimens from eight epigeic groups
and six families. On every monitored area, groups of
Coleoptera were present at the eudominant level with
the average of 67,26 %, Arachnidae group with the
average of 10,66 % and Hymenoptera with the average
of 13,29 %. Other epigeic groups were present at a
lower level. No epigeic group was present at the
dominant level. Group of Larvae was present at the
subdominant level with the average of 4,58 %. Groups
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of Acarina with the average of 1,81 % and Dermaptera
with 1,73 % were present at the recedent level. The
group of Amphipoda with the average of 0,29 % and
Chilopoda 0,44 % were present at the subdominant
level. We recorded six families from the beetles
collected. On average, families of Carabidae (88,15 %)
and Staphylinidae (11,43 %) were present at the
eudominant level on all three monitored periods. Other
families were present at the subrecedent level -
Cerambicidae (0,73 %), Chrysomelidae (0,86 %),
Scarabaeidae (0,14 %) and Cicindelidae (0,11 %). In the
years 2016-2018, a total of 6656 individuals of the
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Carabidae family was collected in the research areas.
Individuals were classified into 20 species. During the
research period, we collected 1622 individuals from 19
species on the V1 area. We collected 1432 individuals
from 19 species on the V2 research area. We collected
1095 individuals from 14 species on the V3 research
area. On the V4 research area, we collected 1576
individuals from 17 species and on the ECO area, we
collected 931 individuals belonging to 14 species.
During the years 2016 to 2018, the number of species
in individual areas fluctuated. The largest number of
species was in the variant V1 in all three evaluated
years. Eudominant species in all monitored areas
during the three-year period were Prterostichus
melanarius (Illiger, 1798) and Pseudoophonus rufipes
(DeGeer, 1774). In the research area V1, the species P
rufipes was significantly eudominant during all three
years. The dominance of this species ranged from 39 to
54 %. Another eudominant species on the V1 research
area was P. melanarius. The dominance of this species
during the three-year monitored period ranged from 24
to 36 %. In the research area V2, the species P. rufipes
and Pterostichus melanarius were significantly
eudominant in all three monitored years. Their values
ranged from 32 to 46 % for P. rufipes and 33 to 43 %
for Pterostichus melanarius. Eudominant species in
the V3 research area in the three-year monitored
period were P. rufipes with the representation from 36
to 43 % and Pterostichus melanarius with the
representation from 35 to 40 %. The V4 research area
was represented by two eudominant species P. rufipes
and P. melanarius. Their values in the three-year
period ranged from 33 to 40 % for the P. rufipes species
and 31 to 38 % for the P. melanarius species. In the
ECO research area, P. rufipes was in the range of 33 to
44 % and P. melanariusin the range of 35 to 43 %. Both
species occurred as eudominant. Other species were at
a lower level on all research areas during the whole
monitored period. In Table 1, we evaluate the
comparison of the species dominance in the years 2016-
2018 in all monitored areas. The table shows that P.
melanarius and P. rufipes were characteristic species
during the monitored period for each area in all three
years.

Frequency

The highest frequency or recurrence of species of the
Carabidae family in the V1 research area was achieved
by the Pterostichus melanarius (Illiger, 1798) and
Pseudoophonus rufipes (DeGeer, 1774) species. Based
on the frequency, we can consider the P. rufipes to be
constant, in 2018 on the V1 monitored area even
euconstant. The P. melanarius species can be
considered constant, in 2017 it occurred at the
accessory level in the V1 monitored area. The highest
frequency in the V2 research area was achieved by the
P. melanarius and P. rufipes species. The data
obtained show that the frequency of P. rufipes was at

1423

a euconstant level in 2018, and in 2016 and 2017 it was
at a constant level. In the area V3, the frequency of
occurrence of P. melanarius and P. rufipes was at a
constant level during all three monitored years. In the
V4 research area, P. melanarius and P. rufipes
occurred at a constant level in the three-year
monitored period. In the ECO research area, P.
melanarius and P. rufipes were at a constant level in
all three monitored years. The data show that the P.
melanarius and P. rufipes species were constant to
euconstant in all monitored areas throughout the
observed period. To assess the differences between the
individual research areas, we calculated the Sérensen
similarity index of species. The similarity of research
areas in 2016 ranged from 86 to 100 %. The ECO
research area had the highest similarity in the given
year together with the V3 research area - the species
similarity reached the value of 100 %. In 2017, the
similarity of communities in the research areas was
lower than in the previous year, it ranged from 70 to
96 %. In the given year, the ECO research area had the
highest species similarity together with the V3 area,
reaching the value of 96 %. In the last monitored year,
the values of species similarity ranged from 80 to 100
%, similarly to 2016. Also in 2018, the ECO research
area achieved the highest species similarity together
with the V3 research area. The similarity value
between the ECO and V3 area was 100 %. Table 2
shows the results of the Sérensen similarity index on
V1-ECO areas in the three-year monitored period.

Species similarity

The Carabidae community in the research area V1
reached a similarity of 77 to 86 %, in all monitored
periods. Year-on-year similarity indices were higher in
the research area V2 than in the research area V1. The
research area V2 achieved year-on-year differences in
species similarity from 81 to 88 %. By comparing the
species similarity of Carabidae communities on the
research area V3, we found a slight decrease in the
value of the similarity index than in the previous
variants. Year-on-year similarity indices reached
values in the range of 66 to 84 %. The V4 research area
achieved similarity indices in the range of 70 to 84 %.
By comparing the similarity indices of individual
variants, in 2016 and 2017, we found the similarity
between the research areas V1 and the area V2, which
ranged from 91 to 97 %. The research areas V1 and V2
were located next to each other. Similarity in 2016 and
2017 was also achieved by areas V2 and V4, whose
similarity indices were around 91 %. The ECO
research area and the V3 research area achieved a very
high similarity index in all three monitored periods in
the range from 96 to 100 %. Based on a statistical t-
test comparison, we assessed the species similarity of
research areas V2 and V3 with the ECO area. These
areas are managed in a similar way, using deep
plowing and shallow tillage. Comparison of the V2 and
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Table 1 Comparison of species dominance in 2016-2018 on the monitored areas (ED- eudominant, D- dominant, SD- subdominant, R- recedent, SR-
subrecedent)
Species V1 V2 V3 V4 EKO
2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018 2016 2017 2018
Amara SD SD SD SD SD SD SD D SD SD D SD SD D SD
aenea
Amara D SD SD D D SD D R SD D D SD D R SD
aulica
Amara D D SD D D SD D D D D D D D D D
communis
Amara SR SR SR R SR SR SR SR R R R SR SR SR R
familiaris
Bradycellus SR SR SR SR SR SR SR R SR SR SR SR SR R SR
caucasicus
Brachinus SR SR R SR SR SR R SR R SR SR SR R R R
crepitans
Cicindela SR SR SR SR SR SR R SR SR SD SR SR R SR SR
campestris
Harpalus SR SR SR SR SR R SR SR SR SR SR SD SR SR SR
affinis
Harpalus SR SR SR SR R SR SR SR SR SR R SR SR SR SR
hospes
Lebia SR R R SR SR SR SR SR R SR SR SR SR SR R
chlorocephala
Nebra SR SR R SR SR R SR SR SR SR SR R R R SR
brevicollis
Ophonus SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR
rupicola
Poecilus R SR SR SD SR SR SR SR SR SD R R SR SR SR
cupreus
Pseudoophonus ED ED ED ED ED ED ED ED ED ED ED ED ED ED ED
rufipes
Pterostichus incommodus SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR
Pterostichus ED ED ED ED ED ED ED ED ED ED ED ED ED ED ED
melanarius
Pterostichus SR SR SR SR SR SR SR SR SR SR SR SR SR SR SR
niger
Pterostichus SR SR SR SR SR SR SR SR R SR SR SR SR SR R
nigrita
Pyrrhocoris SR R R SR SR SR R SR SR SR R R SR SR SR
apterus
Zabrus SR R R SR SR R SR SR SR R SR SD SR SR SR
tenebrioides
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Table 2 Results of the S6rens similarity index on V1-ECO areas throughout the three-year monitored period

Locality V1/2017 V1/2018 V2/2016 V2/2017 V2/2018 V3/2016 V3/2017 V3/2018 V4/2016 V4/2017 V4/2018 EKO/2016 EKO0/2017 EKO0/2018
V1/2016 86,49 86,49 91,89 97,3 84,21 81,25 75 84,85 88,89 83,33 80 81,25 72,73 84,85
V1/2017 77,78 77,78 94,44 75,68 77,42 70,97 68,75 74,29 85,71 70,59 77,42 68,75 68,75
V1/2018 77,78 88,89 86,49 70,97 70,97 87,5 74,29 74,29 82,35 70,97 68,75 87,5
V2/2016 88,89 81,08 83,87 77,42 81,25 91,43 85,71 76,47 83,87 68,75 81,25
V2/2017 86,49 77,42 77,42 81,25 85,71 91,43 82,35 77,42 75 81,25
V2/2018 75 75 84,85 77,78 77,78 85,71 75 72,73 84,85
V3/2016 84,62 74,07 86,67 80 82,76 100 81,48 74,07
V3/2017 66,67 80 80 82,76 76,92 96,3 66,67
V3/2018 77,42 70,97 80 74,07 64,29 100
V4/2016 70,59 84,85 86,67 77,42 77,42
V4/2017 84,85 80 77,42 70,97
V4/2018 82,76 80 80
EKO/2016 81,48 74,07
EKO/2017 64,29
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ECO areas in 2016 is shown in Fig 1. The graph also
shows that the difference in the occurrence of
Carabidae in these areas is not statistically significant
(p = 0.491730).

10

NV EXO20Y

Figure 1. Comparison of species similarity of V2 and
ECO research area in the monitored year
2016

By comparing the V2 and ECO areas in 2017, we
reached the same result (p = 0.334654). Fig 2 shows a
comparison of the species similarity of the research
area V2 and ECO in 2017.

VROUIT & EN0r200T

Figure 2 Comparison of species similarity of V2 and
ECO research area in the monitored year
2017

Even in 2018, we did not notice a statistically
significant difference between the V2 and ECO areas
(p =0.350437). Fig 3 shows a comparison of the species
similarity of the research area V2 and ECO in 2018.

We also compared the V3 and ECO areas in individual
years with the same test. Even by comparing these
areas, we did not find statistically significant
differences. In 2016, the value of evidence was (p =
0.726472), in 2017, we recorded the value of evidence
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(p =0.701478) and in 2018, the value of the t-test was
(p = 0.774668). These results fully correspond to the
results of the S6rensen similarity indices.

10

EXG

Figure 3 Comparison of species similarity of V2 and
ECO research area in the monitored year
2017

Diversity index

In the V1 research area, the diversity index reached
1.63 bits in 2016, 1.42 bits in 2017 and 1.45 bits in
2018. In the V1 research area, the community reached
the limit of ecological carrying capacity in 2017 and
2018, in 2016 the community was ecologically
balanced. The average value of the diversity index for
the research area V1 was 1.51 bits. Based on the
average value, we can conclude that the community in
the research area V1 was ecologically balanced. The
number of individuals in the research area V1 was 505
in 2016. In 2017, the number increased to 611 and in
2018, it decreased again to 506 individuals. The change
in the diversity index in 2016 could be due to an
increase in the number of species that year. The
diversity index on the V2 research area reached 1.58
bits in 2016, in 2017 the value was 1.51 bits and 1.51
bits in 2018. The average value of the diversity index
on the V2 research area is 1.53 bits, which indicates
ecological balance of the community. The V3 research
area reached a diversity index of 1.50 bits in 2016, 1.42
bits in 2017 and 1.47 bits in 2018. The average value
of the diversity index for the V3 research area is 1.47
bits. The community in the V3 research area was on
the verge of ecological carrying capacity. In the V4
research area, the values of the diversity index were at
the level of 1.69 bits. Based on the average value of the
diversity index for the V4 area, we can consider the
community to be ecologically balanced. The values of
the diversity index of the ECO research area reached
1.49 bits in 2016, 1.43 bits in 2017 and 1.50 bits in
2018. In the ECO research area, the Community
reached the limit of ecological carrying capacity during
the three-year monitored period. The average value of
the diversity index for the ECO research area is 1.47
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bits. Based on the average value, we can conclude that
the community in the ECO research area reached the
limit of ecological carrying capacity. Fig 4 shows the

1,8
1,7
16
15
1
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1

w

-

1,2

values of the diversity index in the V1-ECO research
areas in the observed period 2016 to 2018.

V1 V2 V3 v4 EKO

Figure 4 Values of the diversity index on research areas V1-ECO in the monitored period 2016 - 2018

Impact of Meteorological Factors

In 2016, the occurrence of Carabidae species correlated
with temperature in the research area V2, V3, V4 and
ECO. The correlation between the occurrence of
Carabidae and temperatures was highly statistically
demonstrated for the area V2 (p = 0.000), the area V3
(p = 0.000), the area V4 (p = 0.001) and the research
area ECO (p = 0.000). Another factor we assessed was
the total rainfall. In 2016, on all monitored areas, the
total rainfall did not correlate with the occurrence of
the Carabidae family. In 2017, the temperature
correlated with the occurrence of the Carabidae family
in the research area V2 (p = 0.001), the area V3 (p =
0.000), the area V4 (p = 0.001) and the ECO research
area (p = 0.000). The influence of temperature on the
abundance of the Carabidae family was highly
demonstrated in the observed year in the areas V2, V3,
V4 and ECO. The occurrence of Carabidae did not
correlate with the total rainfall on any of the monitored
areas. The correlation of the occurrence of Carabidae
with the temperature in 2018 was positive in the area
V1 (p = 0.010). The correlation of the abundance of
Carabidae with temperature was statistically
significant in the monitored area V1. The effect of
rainfall on the occurrence of Carabidae did not
mutually correlate.

DISCUSSION and CONCLUSION

In the three-year monitoring period, we recorded
11,362 specimens of epigeic groups of animals in the
research areas of the Research Institute of Plant
Production (VURV) in Borovce. Individual species
were classified into eight epigeic groups. Porhajasova
et al. (2007) report the Coleoptera order as dominant
in almost all types of ecosystems, including
agroecosystems. The data obtained by us confirmed the
dominance of the Coleoptera order (7593 individuals),
the presence of this order contributes to the increased
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diversity of agroecosystems, and at the same time,
serves as a food source for other invertebrates and
vertebrates. Out of the Coleoptera order, we
determined six families, of which the family Carabidae
(6656 individuals) had a dominant representation.
During the three-year period, we collected 6656
individuals of this family. The number of individuals
in the individual research areas ranged from 931 to
1622 species. We recorded the lowest number of
individuals in the ECO research area and the highest
in the V1 area. Melnychuk et al. (2003) also did not
note statistically significant differences in the number
of individuals, when comparing commercial and
ecological agriculture systems. During all three years
of the monitored period, we recorded two significantly
eudominant species, P. melanarius and P. rufipes, in
all research areas. The dominance values of these
species ranged from 32 to 54 % during the monitored
period. Twardovski et al. (2006) state that the impact
of intensive agriculture does not negatively affect the
presence of dominant species P. melanarius and P.
rufipes. Other species were observed as recurrent or
subrecedent, which fully corresponds to the data
obtained by us. Kos et al. (2011) identified
P.melanarius and P. rufipes as the most common
species in maize fields in three locations in Croatia.
The data obtained by us suggest a positive effect of
intensive agriculture on the predominance of 2.
melanarius and P. rufipes. We also conclude that
intensive agriculture has a negative effect on the
abundance of other species of the Carabidae family.
Lacko-Bartosova et al. (2005) came to similar
conclusions. Rusch et al. (2013) assessed the
dominance of Carabidae in agroecosystems in Sweden
before and after the introduction of a pesticide risk
reduction  programme. No different species
composition of the community was demonstrated, but
differences in species dominance and community
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functional composition were demonstrated. The data
obtained by us did not confirm the differences in the
dominance of species in ecological and conventional
agriculture, which could be caused by the surrounding
agricultural areas with conventional agricultural
management and the termination of the ECO research
area in 2018. Vician et al. (2010) identified eudominant
species of P. melanarius and P. rufipes on different
management of agricultural areas, without observing
significant differences in dominance. By evaluating the
frequency of occurrence of individual species, we
conclude that the P. melanarius and P. rufipes species
were constant during the three-year monitored period.
The probability of occurrence of these species was 30 to
43 %, the occurrence of other species was accessory or
accidental with low abundance, which could be related
to their migratory ability from the surrounding
country or accidental occurrence. Indices of species
similarity of individual variants in 2016 and 2017
reached similarity between the research areas V1 and
V2, which ranged from 91 to 97 %. The similarity in
the occurrence of Carabidae could be due to the
proximity of research areas and the migratory ability
of individuals. In 2016 and 2017, similarity was also
achieved on the areas V2 and V4, whose diversity
indices were around 91 %. The highest similarity of 96-
100 % was achieved during all three monitored periods
on the research areas V3 and ECO. Based on the
findings, we can assume that the V3 and ECO research
areas provided very similar conditions for Carabidae,
which may be related to the agrotechnological
procedures used. These results were also confirmed by
a comparison of the above areas using a t-test, whereas
we showed no statistically significant difference
between the areas in any year. Our finding
corresponds with the finding of Melnychuk et al.
(2003), who also did not find statistically significant
differences in the number of individuals in their study
when comparing commercial and organic farming
systems. Gallardo et al. (2011) argue that disturbed
ecosystems are characterized by a lower value of
species similarity. The diversity index is used to assess
the species diversity of Carabidae. Petivalsky (1993)
considers as ecologically balanced communities those,
whose value of the diversity index is in the range of
1.51-2.0 bits. Communities above 2.0 bits are
considered environmentally stable. The values
obtained by us in the three-year monitored period
ranged from 1.42 to 1.69 bits. Based on this, we can
conclude that none of the monitored research areas
represented an ecologically stabilized community. The
low value of the diversity index could be caused by
agrotechnical interventions. Sustek et al. (2011)
monitored the Zitavsky 1dh Reservation, calculating a
species diversity index of 2.5092, which represents a
highly stabilized ecosystem. Horakova et al. (2005)
monitored the Carabidae family in the areas of the
Moravian Karst Protected Landscape Area and found
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that the least anthropogenically affected areas were
characterized by the highest index of species diversity,
which represented a value of about 2.90 bits. On the
V4 monitored research area, the value of species
diversity reached the value of 1.69 bits, representing
the highest value of all monitored areas. It follows that
the no-till technique used in the V4 research area could
have had a positive effect on the species diversity of
Carabidae communities. Kosewska et al. (2014) dealt
with the impact of various agricultural techniques on
the occurrence of Carabidae in Poland. They concluded
that plowing negatively affects the species variability
of Carabidae, with zoophagous and medium-sized
species predominating. The data we found also showed
a negative impact of plowing on the diversity of
Carabidae. The low diversity on the ECO variant could
be caused by plowing, while we did not have a research
variant with no-till management in ecological
agriculture. Based on the evaluated data, we found
that the temperature was positively correlated in
individual areas with the abundance of the family of
Carabidae. The data also show that the impact of total
rainfall did not correlate in any of the monitored years
and in any research area. The effect of temperature on
the abundance of Carabidae was statistically
significant in 2018 (p = 0.010) and highly statistically
demonstrated in 2016 (p = 0.000-0.001) and 2017 (p =
0.000-0.001).

CONCLUSION and RECOMMENDATIONS

The aim of this work was to evaluate the occurrence of
brassicas in different wheat cultivation methods,
focusing on the determination of individual brassicas
species. We collected epigeic material during a three-
year period between 2016 and 2018, in research plots
in Borovce, which belong to the Research Institute of
Plant Production (RIPP) in Piest'any. The collections
were carried out within 5 variants of the research
plots: V1! mulching technique; V2: conventional
technique; V3: minimization technique; V4: no-till
technique and ECO: ecological technique with
ploughing using the earth trap method, using bait,
with 24-hour emptying.

During the 3-year study period, we collected 11362
specimens, from eight epigeic groups. Of all epigeic
groups, Coleoptera were dominant (7593 specimens).
The order was represented by six families, of which the
family Carabidae was dominant. We recorded 6656
specimens from the aforementioned family, from which
we determined 20 species. In all study plots, we
recorded two strongly eudominant species, P.
melanarius and P. rufipes, over the three-year study
period. The permanence of occurrence of these species
was 30-43%, while the occurrence of the other species
was accessory or accidental with low abundance, which
could be related to their migratory ability from the
surrounding landscape or accidental occurrence.
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The highest species similarity of the bryozoan
community, 96-100%, was recorded in all three study
periods at study plots V3 and EKO. Based on the
findings, we can conclude that research plots V3 and
research plot EKO provided very similar conditions for
sedges, which may be related to the agrotechnological
practices used. The species diversity of the sedge
communities in the research plots we monitored was
highest in plot V4, with a value of 1.69 bits. Which
means that the no-till technique used in research plot
V4 positively influences the species diversity of sedge
communities in the agroecosystem.

The data obtained by us can serve as a baseline
material for the detection of species diversity in
different wheat cultivation methods in organic farming
with subsequent comparison with the data obtained by
us. The seasonal dynamics increased in the month of
May, which corresponds to the developmental cycle of
the brassicas. Individual research plots reached their
maximum values in the months of June-August. The
decrease in values occurred in the months September-
October, which is related to the survival of imagoes and
the appearance of overwintering stages. From the
evaluated data, we found a positive correlation of
temperature in the individual plots with the
abundance of the bryozoan family. The data also
showed that the effect of rainfall was not correlated in
any of the years studied. The effect of temperature on
bryophyte abundance was statistically significant in
2018 and highly statistically demonstrated in 2016 and
2017.

Evaluating the results of our work, we conclude that
the no-till technology is the most suitable wheat
cultivation method in terms of promoting the diversity
of brassica species. Of the plots studied, the highest
similarity was achieved by abundance in plots V3 and
EKO, in these plots deep tillage with subsoiling was
used and also for this reason the abundance of sedges
as well as their species diversity was lower. The
organically cultivated area was used only with
ploughing and for this reason we could not evaluate the
abundance of sedges in the no-till variant, without the
use of chemical preparations. We recorded the highest
abundance and diversity in plot V1, where mulching is
used to aerate the soil, this confirms the assumption
that the no-till technology is more acceptable for sedge
populations.
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OZET

Bu c¢alismada Mesiotelus Simon, 1897 cinsinin yeni tiri, Mesiotelus
mersinensis sp. n., Akdeniz Bolgesi'nden (Mersin) bir erkek iizerinden
tamimlandi. Karakteristik yapilarin ¢izimleri ve fotograflari sunuldu.
Ayrica, Turkiye’de olduk¢a zayif bir dagilima sahip olan bu cinsin
Mesiotelus scopensis Drensky, 1935 turi, farkli bir lokaliteden
kaydedildi. Turlerin Tirkiye’deki mevcut dagilimi harita tizerinde
gosterildi.
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Contributions to the Genus Mesiotelus Simon, 1897 in Turkey, with the Description of a New Species

(Araneae: Liocranidae)

ABSTRACT Zoology
In this study, a new species of the genus Mesiotelus Simon, 1897,
Mesiotelus mersinensis sp. n., was described on the basis of a male from Research Article
the Mediterranean Region (Mersin). Photos and drawings of . .
h teristic structures were presented. Besides, the species Mesiotelus Article History
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scopensis Drensky, 1935 of this genus, which has a very poor distribution Received ) 16.12.2022
in Turkey, was recorded from a different locality. The current Accepted - 07.04.2023
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Liocranidae, diinya genelinde 35 cins ve 335 tiir igerir
(World Spider Catalog, 2023). Aile iiyeleri Avrupa'da
genig bir dagilima sahipken, Tirkiye'de oldukca zayif
bir dagilim sergiler. Liocranidae, Tilirkiye'de 10 cins ve
18 tiir ile temsil edilir (Damisman ve ark., 2023).
Tirkiye'den Mesiotelus Simon, 1897 cinsine ait dort
tiur bilinmektedir: Mesiotelus caucasicus Zamani &
Marusik, 2021, Mesiotelus deltshevi Naumova, 2020,
Mesiotelus scopensis Drensky, 1935 ve Mesiotelus
tenuissimus (L. Koch, 1866) (Elverici ve ark., 2013;

ve ark., 2023). Bu calismada, Tiirkiye'den Mesiotelus
cinsine ait yeni bir tiir, erkek oOrnek temelinde
tanimlanmigtir. Ayrica ilk olarak Ege Boélgesi'nden
(Mugla) kaydedilen Mesiotelus scopensis Drensky,
1935 tirid, Guneydogu Anadolu Bolgesi'nden
(Gaziantep) yeni lokalite kaydi olarak verilmistir.

MATERYAL ve METOD

Mesiotelus mersinensis sp. n., Akdeniz Boélgesi'nden
(Mersin) ve Mesiotelus scopensis Drensky, 1935


https://doi.org/
https://doi.org/

KSU Tarim ve Doga Derg 26 (6), 1431-1435, 2023
KSU J. Agric Nat 26 (6), 1431-1435, 2023

Arastirma Makalesi
Research Article

Giineydogu Anadolu Bélgesi'nden (Gaziantep) el
aspiratori ile toplanmigtir. Daha sonra % 70’ lik etil
alkol icine konularak Bayburt Universitesi biinyesinde
mize materyali olarak muhafaza altina alinmigtir
(BAYU LIO-02/01-02). Tiim c¢izimler, bir ¢izim tiipiine
sahip Olympus SZX-16 stereomikroskop araciligiyla
yapilmigtir. Fotograflar, Olympus Camedia C-5060
fotograf makinesi kullanilarak ¢ekilmigtir. Tum
O6lcimler milimetre cinsinden verilmigtir. Bacak
segmentlerinin uzunlugu dorsalden &lciilmiistiir (Ta
IV eksik oldugundan dolay1 élciilememistir) (Cizelge
1). Yeni tiiriin tanimlanmasinda, ciftlesme organi

Cizelge 1. Mesiotelus mersinensis sp. n., bacak 6l¢timleri
Table 1. Mesiotelus mersinensis sp. n., Leg measurements

yapisl ve ciftlesme organi terminolojisi
incelemelerinde Zamani ve Marusik (2021) yayim
takip edilmigtir. Turlerin Turkiye’deki mevcut
dagilimi harita tizerinde gdsterilmistir (Sekil 3).

Metin ve gsekillerde kullanilan kisaltmalar: Ale, 6n yan
g6z; Ame, 6n medyan goz; Em, embolus; Fe, femur; Ma,
medyan apofiz; Mt, metatarsus; Pa, patella; Ple, arka
yan goz; Pme, arka medyan go6z; Pt - Rt, prolateral ve
retrolateral tegular apofizler; Rta, retrolateral tibyal
apofiz; St, subtegulum; Ta, tarsus; Ti, tibya.

Holotip (&) . Toplam
Bacalslaf i Pa Ti Mt Ta (koksa and tfokanter haricg)
1 2.20 1.00 2.35 2.00 1.20 8.75
II 2.10 0.90 2.00 1.80 1.05 7.85
III 1.90 0.40 1.60 1.95 1.00 6.85
v 2.00 0.40 1.45 1.85 - -
BULGULAR ve TARTISMA dis sayis1, medyan apofizin terminal kisminin kivrilig

Mesiotelus Simon, 1897
Mesiotelus mersinensis sp. n.
Materyal: Holotip &, Tiirkiye: Mersin ili, Mut ilcesi,

Haciahmetli koy, 36°51'45"K, 33°59'21"D
19.1X.2016, 1100 m, A. Topgu.
Etimoloji: Turin adi, tirin bulundugu tip

lokalitesinden tiiretilmigtir.

Tanimlama: Toplam uzunluk 3.5; Karapaks uzunluk
1.3, geniglik 1.2. Keliser uzunluk 1.0. Abdomen
uzunluk 2.2, geniglik 1.1. G6z boyutlari: Ale: 0.12, Ple:
0.09, Ame: 0.1, Pme: 0.08. Sternum uzunluk 1.1,
geniglik 0.7.

Karapaks, sternum, keliser, maksilla ve labyum acik
kahverengi. Keliser, medyal boyunca dizilmig 3 kligiik
promarjinal dise ve 2 buyiik retromarjinal dise sahip
(biri keliser distaline yakin, digeri medyale yakin). Goz
bolgesi siyah. Abdomen bej, 6nde yogun tuylu.
Bacaklar sarims1 kahverengi (Sekil 1A-G). Bacak
segmentlerinin uzunlugu Cizelge 1'de verilmigtir.

Simbyum boyu (0.8) eninden yaklagik 3 kat daha uzun.
Retrolateral tibyal apofiz (Rta) boyu (0.3), palpal
tibyanin terminal genigliginden yaklagik 1,5 kat daha
uzun. Bulbus boyu (0.5) eninden yaklagik 2 kat daha
uzun. Medyan apofiz (Ma), bulbusun orta hattina
yerlesmis ve terminal kismi uca dogru kivrik.
Prolateral tegular apofiz (Pt) genis ve ucta sivri.
Embolus (Em) ve retrolateral tegular apofiz (Rt) sivri
uclu; Retrolateral tibyal apofiz (Rta) simbyumun
neredeyse yarisina kadar uzanmakta. Kondiiktor (Co)
yar1 saydam.

Kargilagtirma: Yeni tirin erkegi, M. caucasicus'un
erkegine uzun bir bulbus ve kiigiik medyan apofiz ile
benzer, ancak medyan apofizin yerlesimi, keliserdeki
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sekli, prolateral tegular apofizin sekli ve retrolateral
tibyal apofizin uzunlugu ile kolayca ayirt edilebilir
(Sekil 1D-G).

Ayrica, Mesiotelus mersinensis sp. n., M. caucasicus
tirinden vicut, keliser ve bacak uzunluklar ile de
ayrilir.

Dagilim: Sadece tip materyalinin bulundugu tip
lokalitesinden bilinmektedir.

Mesiotelus scopensis Drensky, 1935

Materyal: @, Tirkiye: Gaziantep ili, Islahiye ilgesi,
37°04'25"K, 36°50'07"D, 02.V.2007, 510 m, A. Topcu.
Tanimlama: Toplam uzunluk 6.0; Karapaks uzunluk
2.0, geniglik 1.6. Abdomen uzunluk 4.0, geniglik 2.0.

Karapaks kahverengi, bacaklar sari, abdomen koyu gri
renkte (Sekil 2A, B).

Tiirkiye'deki ilk kaydi Mugla ili (Elverici ve ark.,
2013).

SONUC ve ONERILER

Bu calisma ile Mesiotelus Simon, 1897 cinsinin
Turkiye’deki tir sayis1 5’e yiikselmigtir. Diinyada ise,
yeni tiirle birlikte bu cinse ait toplam tir sayis1 17'ye
ulagmigtir. Ayrica, c¢alismada, daha oOnce Ege
Bolgesi'nden  kaydedilen  Mesiotelus  scopensis
Drensky, 1935 tiiriintn farkl bir lokaliteden kayd:
verilmigtir. Yeni katkilar, Turkiye’de oldukg¢a nadir
rastlanan bu cinsin dagilimi1 agisindan 6nemlidir.
Cinsin habitat o6zellikleri goéz oOnline alindiginda
yapilacak faunistik c¢aligmalarla birlikte yeni
katkilarin artacag: dastintilmektedir
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Sekil 1. Mesiotelus mersinensis sp. n., erkek A, B. Habitus, dorsal goriiniis C. Prosoma, ventral gérunts; D. Sol palp, ventral
goriiniig; E, F. Sag palp, prolateral ve retrolateral gériiniis G. Keliser, dorsolateral goriiniis. A-C. Olgek ¢ubuklari: 0.5
mm, D-G. Ol¢ek ¢cubuklari: 0.2 mm.

Figure 1. Mesiotelus mersinensis sp. n., male A, B. Habitus, dorsal view C. Prosoma, ventral view; D. Left palp, ventral views
E, F. Right palp, prolateral view and retrolateral view G. Chelicera, dorsolateral view. A-C. Scale bars: 0.5 mm, D-G.
Scale bars: 0.2 mm.
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Sekil 2. Mesiotelus scopensis Drensky, 1935, disi A. Proso
cubuklari; A. 0.5 mm, B. 0.2 mm.

ma, dorsal goriiniis B. Epijin, ventral gériiniis. Olcek

Figure 2. Mesiotelus scopensis Drensky, 1935, female A. Prosoma, dorsal view B. Epigyne, ventral view. Scale

bars; A. 0.6 mm, B. 0.2 mm.

O Mesiotelus caucasicus
® Mesiotelus scopensis
B Mesiotelus tenuissimus

E :L:esfa‘te'fus deftsf:-evi i N 100 ko
% &0 mi
Sekil 3. Turkiye’deki Mesiotelus cinsinin dagilim1
Figure 3. Distribution of the genus Mesiotelus in Turkey
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ABSTRACT Zoology
Fipronil (C12H4CloFsN4OS, CAS No: 120068-37-3) is frequently used in
agricultural fields and veterinary medicine as an insecticide and Research Article
acaricide. It is known to contaminate aquatic ecosystems by mixing with
surface waters and to accumulate in abiotic matrices. In this study, the Article History
effects of fipronil are investigated using freshwater snails Viviparus Received $26.12.2022
contectus (Millet, 1813). After exposure of snails to 1, 10 and 100 mg L1 Accepted 07.04.2023
fipronil for 7 days, all body tissues were taken. As a result of the study of
glutathione, one of the tissue antioxidant parameters, a significant Keywords
increase was observed in the control group, which was administered 1 mg Freshwa}ter snail
L1 fipronil, compared to the other dose groups (P<0.05). Exposure to Gl.utathlone
different concentrations of fipronil resulted with degenerations and Hllstopgthology
necrosis of the digestive gland tubules of snails, histologically. The Fipronil
damages in the digestive gland tissue were increased with increasing of
the concentration. Since snails are an important species for freshwater
ecosystems, it can be emphasized that pesticides such as fipronil pose a
potential risk to these organisms.

Tatli Su Salyangozlarinda Fipronilin Glutatyon ve Histolojisine Etkileri
OZET Zooloji
Fipronil (C12H4Cl:FsN4OS, CAS No: 120068-37-3) insektisit ve akarisit
olarak tarimsal alanlarda ve veteriner hekimlikte siklikla Aragtirma Makalesi
kullanilmaktadir. Sucul ekosistemler, ytizey sularina karigsmasi yolu ile ; :
kontamine ettigi ve abiyotik matrikslerde birikim gosterdigi Makale T.ar'lhge.s1
bilinmektedir. Bu calismada, fipronilin etkileri tathh su salyangozlari Gelis Tarl}'u. :26'12'2022
Viviparus contectus (Millet, 1813) kullanilarak incelenmektedir. Kabul Tarihi  :07.04.2023
Salyangozlarin 7 giin siireyle 1, 10 ve 100 mg Ll fipronile maruz Ansahtar kelimeler
kalmasini takiben tim viicut dokular1 alinmistir. Doku antioksidan Tatl su salyangozu
parametrelerinden glutatyon incelemesi sonucunda 1 mg Ll fipronil Glutatyon
uygulanan grupta kontrol de diger doz gruplarina gore 6nemli bir artig Histopatoloji
gozlenmistir (P<0.05). Farkli fipronil konsantrasyonlarina maruz Fipronil

kalmak, salyangozlarin histolojik olarak sindirim bezi tubtllerinin
dejenerasyonuna ve nekroza neden olmustur. Konsantrasyonun
artmasiyla sindirim bezi dokusundaki hasarlar artmistir. Salyangozlarin
tathh su ekosistemleri i¢in 6nemli bir tiir olmasi nedeniyle fipronil gibi
pestisitlerin bu canlilara karsi potansiyel bir risk olusturdugu
vurgulanabilir.

To Cite : Arslan, P., Yildirim, M.Z., & Giinal, A.C., (2023) The Effects of Fipronil on Glutathione and Histology of
Freshwater Snails. KSU Tarim ve Doga Derg 26 (6), 1436-1442. https://doi.org/10.18016/ksutarimdoga.vi.

1224789

Ataf Sekli: Arslan, P., Yildirim, M.Z., & Giinal, A.C., (2023) Tath Su Salyangozlarinda Fipronilin Glutatyon ve
Histolojisine Etkileri. KSU Tarim ve Doga Derg 26 (6), 1436-1442. https://doi.org/10.18016/ksutarimdoga.vi.
1224789

INTRODUCTION pest control and prevention of pest-borne diseases

(Perkins et al. 2021; Tang et al. 2021a; Shen et al.
2022). After application of these areas, the pesticides
are transported into aquatic environments by different

The application of pesticides in agriculture, industry,
domestic and veterinary medicine is very important in
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ways including run-off water (Perkins et al. 2021). Due
to the bioaccumulation and biomagnification tendency
of pesticides and their metabolites, they are important
contaminant of the aquatic environment (Tongo et al.
2022). There are many studies in the aquatic
environment where pollutants and their metabolites
including pesticides, are encountered in water,
sediment and tissues of aquatic organisms (Arisekar et
al. 2019; Adeyeye et al. 2021; Tyohemba et al. 2021;
Arslan & Ozeren 2022; Simsek & Bilgili 2022). For
example, fipronil and its metabolites ranged from 0.5
to 1.6 ng L'l water samples, 4.05 ng g'! of fish muscle
and 19.91 ng g! of fish liver samples of River Elbe
(Germany) (Michel et al. 2016). Likewise, fipronil, an
insecticide, were found 0.69 ng g'! in sediment samples
of River Sutlej (India) (Kaur et al. 2019).

Fipronil, which is detected as a residue in different
compartments in the aquatic ecosystem, has a wide
range of use as an ectoparasite agent (Perkins et al.
2021). It shows its effect on insects by blocking the y-
aminobutyric acid (GABA)-gated chloride channel
(Michel et al. 2016). It is reported that fipronil has
toxic effects of non-target organisms such as fish and
aquatic invertebrates (Wirth et al. 2004; Nillos et al.
2009; Qu et al. 2014; Qian et al. 2017).

Pesticides including fipronil are the main producers of
reactive oxygen species (ROS) in the cells that damage
on lipids, proteins and DNA (Stara et al. 2021; Dash
and Rahman 2022; Sule et al. 2022). A multicomponent
antioxidant complex largely regulates the balance
between the production and elimination of ROS, as
well as their potential detrimental effects
(Gostyukhina et al. 2022). Glutathione, an antioxidant
defense mechanism, is a main component to protect the
cell from oxidative stress. As a reducing agent, it traps
free radicals and acts as a substrate for some enzymes
(Ali et al. 2020). Besides oxidative stress effects,
research reported that pesticides also have adverse
effects on histological alterations in the aquatic animal
tissues (Ghaffar et al. 2018; Farhan et al. 2021; Tang
et al. 2021b; Arslan & Ozeren 2022; Merola et al. 2022).

In studies with aquatic invertebrates, it has been
observed that different subjects such as their ecology,
biological properties, distribution and responses to
aquatic pollutants are emphasized (Graf & Cummings
2021; Stara et al. 2021; Arslan et al. 2022). The
freshwater snail Viviparus contectus, one of the
aquatic invertebrates, is a cosmopolitan species that
lives in freshwater ecosystems including rivers, lakes
and swamps. In addition to feeding with detritus, they
also feed by filtering the water. Thus, they show the
feature of cleaning the abiotic parts of the aquatic
ecosystem (Kocabas et al. 2022; Kutluyer & Kocabas
2022). Therefore, it may be used as an alternative non-
target organism in toxicological studies in freshwater
systems.

So far, to our knowledge, no studies have assessed the
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toxic effects of fipronil on freshwater snails. In this
regard, the present study aimed to get knowledge
about the biochemical and histological effects of
fipronil on V. contectus.

MATERIALS and METHODS
Tested Organisms and Chemical

In the current study, the freshwater snails Viviparus
contectus (Millet, 1813) was used as a model organism.
Snails were collected from Hoyran, Egirdir Lake
located in Isparta, Turkey. A total of 100 snails (mean
length 1.36+0.05 cm and mean weight 0.5+0.01 g) were
acclimated to laboratory conditions as well as
depuration period for two weeks.

24-h before the experiments, the stock solution of
fipronil (C12H4Cl2FsNsOS, CAS No: 120068-37-3,
purity 98%) was prepared in dimethyl sulfoxide
(DMSO) kept in +4°C.

Experimental Design and Samples Collection

After the acclimation and depuration period, snails
were randomly transferred to 15 L experimental
aquariums (15 organisms/aquarium). There were three
fipronil applied groups (1, 10, and 100 mg L'!) and two
control groups (control: water and snails; solvent
control: water, snails and DMSO) in duplicate. The
snails from each group were collected on the 7th day of
exposure. For the biochemical analysis, 10 organisms
in each group were dissected as whole body and
immediately frozen in liquid nitrogen. Then, the
samples were kept in -80°C until the analysis. For the
histological analysis, 5 organisms in each group were
taken as whole body in tissue cassette and fixed into
Davidson solution.

Biochemical Analysis

Frozen whole-body tissues were weighed as 100 mg on
ice and homogenized in metaphosphoric acid (0.5 M,
pH:8) using Miccra D-1 homogenizer (Germany). The
homogenates were centrifuged in a refrigerated
centrifuge (Hettich Zentrifugen Micro 220 R) at +4°C
3500 rpm for 10 min. The levels of glutathione were
evaluated according to the procedure of Ellman (1959).
The main principle of this method is to determine the
reaction of a thiol-selective DTNB reagent with free
sulfhydryl groups to form a colored product at 420 nm.
Total protein of tissues was measured at 595 nm using
bovine serum albumin (BSA) as a standard and the
Bradford method (Bradford, 1976).

Histological Analysis

After fixing the whole-bodies for 24-h, the tissues were
put into ethyl alcohol series and embedded in paraffin
blocks. The blocks were cut into 5 pm thickness and
stained with hematoxylin and eosin (Luna 1968). The
slides were observed under a light microscope
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according to Benli et al. (2008).

Statistical Analysis

The glutathione values in the graphs were expressed
as mean (ugM mg! protein) + SEM. The GraphPad
Prism program (version 5, USA) was used for the
statistical analysis. One-way ANOVA was used to
evaluate the differences between the control and
exposed (P < 0.05).

RESULTS and DISCUSSION
Biochemical Assay
Glutathione activity increased in the 1 and 10 mg L1

*kek

I *k I

*kk

i

_

fipronil exposed groups compared to the control
groups, while it decreased in the 100 mg L fipronil
exposed group. Glutathione activity was 2.8 times
higher in the low-dose fipronil group compared to the
control group (P<0.001). In addition, glutathione
activity in the 1 mg L1 fipronil exposed showed a
significant increase of 1.9 (P<0.01) and 4.3 (P<0.001)
times compared to the glutathione activities in the 10
mg L1 and 100 mg L1 fipronil exposed groups,
respectively. Similarly, 10 mg L7 fipronil exposed
group compared to 100 mg L1 fipronil exposed group
significantly increased 2.2 times (P<0.05). The
glutathione values of control and fipronil exposed
groups is shown in Figure 1.

E= Control

E&= Solvent Control
B mg L' Fipronil
[ 10 mg " Fipronil
100 mg L' Fipronil

Experiment Groups

Glutathione activity (WM mg-1 protein)

Figure 1. The glutathione activities of control and fipronil-exposed groups
(* indicates P<0.05, ** indicates P<0.01, *** indicates P<0.001)
Sekil 1. Kontrol ve fipronil uygulanan gruplarin glutatyon aktiviteleri
(* P<0.05% gosterir, ** P<0.017 gosterir, P<0.001% gosterir)

By causing oxidative stress in organisms and speeding
the generation of ROS, environmental pollutants
including pesticides have impacts on antioxidant
responses and harm cellular macromolecules (Stara et
al. 2021). The results obtained in this study showed
that the levels of glutathione, an antioxidant defense
system, occur in freshwater snail tissues. The toxic
effect of fipronil was more markedly increased in snails
exposed to the lower concentration tested. This result
obtained 1in the study differs from other
ecotoxicological studies with freshwater snails in the
literature. In a study conducted with another
freshwater snail species, Lymnaea luteola, observed
that the glutathione activities in digestive glands
decreased in the azoxystrobin exposed groups for 24-h
and 96-h (Ali et al. 2021). Similarly, another study
reported that the glutathione levels decreased in the
nanoparticle exposed groups of L. Juteola (Al-Abdan et
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al. 2021). It has been reported that a decrease in
glutathione level occurred in the freshwater snail Pila
virens exposed to a nanoparticle substance for 24-h
and 48-h (Srikanth et al. 2021). These results point to
a critical role for antioxidants in the control of cell
metabolism in the case of an imbalance brought on by
xenobiotics injury.

Histopathological Analysis

The whole tissues of snails did not show any
histological changes in the control and DMSO added
control groups. Histopathological alterations were
observed in the digestive gland tissues of V. contectus
after exposure to different fipronil concentrations
(Table 1). The control group digestive gland tissues
were normal appearance with tubules (Fig 2a). The
digestive gland tissues of snails were exhibited
degenerations of the tubules and necrosis (Fig 2b, c,
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and d) increased with increasing of the fipronil
concentrations. There was no study regarding the
histopathological effects of fipronil or xenobiotics to V.
contectus in the open literature. The digestive gland,
analogue of the liver in vertebrates, is beneficial tissue
for determination of the health and toxicological
exposures to aquatic invertebrates (Klobucar et al.
2001, Faggio et al. 2018). Exposure to toxic compounds
has also previously been resulted with tubule
degenerations in the digestive gland tissues of aquatic
invertebrates and non-specific histological alterations
to various xenobiotics (Cengiz et al. 2005, Karakas &
Otludil 2020, Tresnakova et al. 2020, Balamurugan et
al, 2021). Similar to the results of the present study,

exposure to 0.264 mgL! and 0.528 mgL! fipronil for
48-h and 7-d resulted with accumulated lipofuscin
aggregates and caused mild degeneration of digestive
tubules in freshwater mussels (Arslan & Gunal 2023).
Exposure to fipronil also resulted with some tissue
damages in other aquatic species and mamalian
organisms. Qureshi et al. (2016) determined
hemorrhagia, hyperplasia and nuclear hypertrophy of
Cyprinus carpio after exposed to 400 pugL-1 for 4 days.
Oral exposure to 6.46, 12.12 and 32.33 mgkg! body
weight/daily of fipronil for 90 days resulted with
hypertrophy of hepatocytes in Wistar albino rats
(Kartheek & David, 2019).

Table 1. Histopathological findings of digestive gland tissue of V. contectus after exposure to fipronil
Cizelge 1. Fipronile maruz kalan V. contectus’un sindirim bezi dokusunda histopatolojik bulgular

Experimental Groups

Control Solvent 1 mgL!l 10 mgL!l 100 mgL!
Histopathology control fipronil fipronil fipronil
Tubul degeneration - + ++ ++
Necrosis of digestive tubules - ++ +++

* The histopathological alterations were scored as “(-) none (no histopathological alterations), which represents normal
histological structure; (+) histopathology in > 20% of fields (mild); (++) histopathology in 20-60 % of fields (moderate) and (+++)

histopathology in < 60% of fields (severe)”
o SR »
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Figure 2. Digestive gland tissue of freshwater snail, Viviparus contectus, a) control, b) degenerations of the digestive tubules
(black arrow) after exposure to 1 mg L1 fipronil for 7 days, ¢) degeneration and necrosis of the digestive tubules (black
arrow) after exposure to 10 mg L! fipronil for 7 days d) degeneration and necrosis of the digestive tubules after
exposure to 10 mg L! fipronil for 7 days (black arrow heads) (H&E) T: tubule; N: necrosis

Sekil 2. Tath su salyangozu Viviparus contectus’un sindirim bezi dokusu, a) kontrol, b) 7 giin boyunca 1 mg L fipronile maruz

kaldiktan sonra sindirim tiibiillerinin dejenerasyonu (siyah ok), ¢) 7 giin boyunca 10 mg L fipronile maruz kaldiktan
sonra sindirim tiibiillerinin dejenerasyonu ve nekrozu (siyah ok) d) 7 giin boyunca 10 mg L fipronile maruz kaldiktan
sonra sindirim tiibiillerinin dejenerasyonu ve nekrozu (siyah ok baslary) (H&E) T tiibiil; N: nekroz
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CONCLUSION

The present study showed the first ecotoxicological
effects of fipronil on the freshwater snail V. contectus.
The glutathione activity results indicated that there
was no dose-dependent concentration correlation in
fipronil toxicity in snails. The histological results were
revealed the effects of fipronil and V. contectus can be
used as good candidates of determination of freshwater
bodies as bioindicator organisms. The future
experiments with other antioxidant stress parameters
are required to measure the toxicological effects of
fipronil on snails.

ACKNOWLEDGEMENT

The results of glutathione exposed to fipronil in this

present study were presented as oral presentation at
ESENIAS & DIAS Conference 2022.

Author’s Contributions
The contribution of authors is equal.

Declaration of Interest

The authors declare that they do not have any
competition and any conflicts of interest.

REFERENCES

Adeyeye, E. 1., Ibigbami, O.A., Adesina, A. J., Azeez,
M. A., Olaleye, A. A., Olatoye, R. A., & Gbolagade,
Y. A. (2021). Assessment of pesticides residues in
water, sediment and fish parts: case study of fish
pond in Ado-Ekiti, Nigeria. Asian Journal of
Microbiology Biotechniology Environmental
Science, 25(1), 42-50.

Al-Abdan, M. A., Bin-Jumah, M. N., Ali, D., & Alarifi,
S. (2021). Investigation of biological accumulation
and eco-genotoxicity of bismuth oxide nanoparticle
in fresh water snail Lymnaea luteola. Journal of
King Saud University-Science, 3%2), 101355.

Ali, D., Ibrahim, K. E., Hussain, S. A., & Abdel-Daim,
M. M. (2021). Role of ROS generation in acute
genotoxicity of azoxystrobin fungicide on
freshwater snail Lymnaea Iuteola L.
Environmental Science and Pollution Research,
28(5), 5566-5574.

Ali, S. S., Ahsan, H., Zia, M. K., Siddiqui, T., & Khan,
F. H. (2020). Understanding oxidants and
antioxidants: Classical team with new players.
Journal of Food Biochemistry, 44(3), e13145.

Arisekar, U., Shakila, R. J., Jeyasekaran, G., Shalini,
R., Kumar, P., Malani, A. H., & Rani, V. (2019).
Accumulation of organochlorine and pyrethroid
pesticide residues in fish, water, and sediments in
the Thamirabarani river system of southern
peninsular India. Environmental Nanotechnology,
Monitoring & Management, 11, 100194.

1440

Arslan, P., Ozeren, S.C. (2022). Physiological and
histopathological alterations in Capoeta baliki and
Squalius pursakensis after caused by some
environmental pollutants. FEnvironmental
Monitoring and Assessment, 194, 183.

Arslan, P., Giil, G. & Giinal, A.C. (2022). The effects of
invasive epibiont Dreissena polymorpha on the
narrow-clawed crayfish (Astacus Ieptodactylus,
Astacidae) in Egirdir Lake, Turkey: a case study.
Environmental Monitoring and Assessment, 194,
590.

Arslan, P., Giinal, A.C. (2023). Does fipronil affect on
aquatic organisms? Physiological, biochemical, and
histopathological  alterations of non-target
freshwater mussel species. Water, 15, 334.

Balamurugan, S., Subramanian, P. (2021)
Histopathology of the Foot, Gill, and Digestive
Gland Tissues of Freshwater Mussel, Lamellidens
marginalis Exposed to Oil Effluent. Austin Journal
of Environmental Toxicology, A1), 1033.

Benli, A.C.K., Kéksal, B., Ozkul, A. (2008) Sublethal
ammonia exposure of Nile tilapia (Oreochromis
niloticus L.): Effects on gill, liver and kidney
histology. Chemosphere, 7X9), 1355-1358.

Bradford, M.M. (1976). A rapid and sensitive method
for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye
binding. Analytical Biochemistry, 72, 248-254.

Cengiz, E.I, Yildirim, M.Z., Otludil, B., Unli, E. (2005)
Histopathological effects of Thiodan® on the
freshwater snail, Galba truncatula (Gastropoda,
Pulmonata). Journal of Applied Toxicology, 25(6),
464-469.

Dash, M. K., & Rahman, M. S. (2022). Molecular and
biochemical responses to tributyltin (TBT) exposure
in the American oyster: Triggers of stress-induced
oxidative DNA damage and prooxidant-antioxidant
imbalance in tissues by TBT. Comparative
Biochemistry and Physiology Part C: Toxicology &
Pharmacology, 109523.

Ellman, G.l. (1959). Tissue sulfthydryl groups.
Archieves of Biochemistry and Biophysiology, 82X1),
70-717.

Faggio, C., Tsarpali, V., Dailianis, S. (2018) Mussel
digestive gland as a model tissue for assessing
xenobiotics: an overview. Science of the Total
Environment, 636, 220-229.

Farhan, M., Wajid, A., Hussain, T., Jabeen, F.,
Ishaque, U., Iftikhar, M., ... & Noureen, A. (2021).
Investigation of oxidative stress enzymes and
histological alterations in tilapia exposed to
chlorpyrifos. Environmental Science and Pollution
Research, 25(11), 13105-13111.

Ghaffar, A., Hussain, R., Abbas, G., Kalim, M., Khan,
A., Ferrando, S., ... & Ahmed, Z. (2018). Fipronil
(Phenylpyrazole) induces hemato-biochemical,
histological and genetic damage at low doses in



KSU Tarim ve Doga Derg 26 (6), 1436-1442, 2023
KSU J. Agric Nat 26 (6), 1436-1442, 2023

Arastirma Makalesi
Research Article

common carp, Cyprinus carpio (Linnaeus, 1758).
Ecotoxicology, 279), 1261-1271.

Graf, D. L., & Cummings, K. S. (2021). A ‘big
data’approach to global freshwater mussel diversity
(Bivalvia: Unionoida), with an updated checklist of
genera and species. Journal of Molluscan Studies,
871), eyaa034.

Gostyukhina, O. L., Andreyeva, A. Y., Chelebieva, E.
S., Vodiasova, E. A., Lantushenko, A. O. &
Kladchenko, E. S. (2022). Adaptive potential of the
Mediterranean mussel Mytilus galloprovincialis to
short-term environmental hypoxia. Fish & Shellfish
Immunology, 131, 654-661.

Karakas, S.B. & Otludil, B. (2020) Accumulation and
histopathological effects of cadmium on the great
pond snail Lymnaea stagnalis Linnaeus, 1758
(Gastropoda: Pulmonata). Environmental
Toxicology and Pharmacology, 78, 103403.

Kaur, N., Singh, P., Bedi, J. S., & Gupta, A. (2019).
Studies on persistent organic pollutants residue in
water, sediment and fish tissues of River Sutlej,
India. Journal of Environmental Biology, 402),
258-264.

Kartheek, R.M., David, M. (2018) Assessment of
fipronil toxicity on wistar rats: A hepatotoxic
perspective. Toxicology Reports, 5, 448-456.

Klobucar G.I., Lajtner J., Erben R. (2001) Increase in
number and size of kidney concretions as a result of
PCP exposure in the freshwater snail Planorbarius
corneus (Gastropoda, Pulmonata). Diseases of
Aquatic Organisms, 44(2), 149-54.

Kocabas, F. K., Kocabas, M., & Akca, A. (2022).
Morphometric ~ Parameters  Comparison  of
Viviparus contectus (Millet, 1813) in Demirképri
Dam Lake, Turkey using multivariate statistical
methods: Morphometric Parameters Comparison.
Sustainable Aquatic Research, 1(2), 126-132.

Kutluyer, F., & Kocabas, M. (2022). Demirképrii Baraj
Goli'nde Ik Viviparus contectus (Millet, 1813)
Kaydi ve Bazi Biyometrik Parametrelerinin
Degerlendirilmesi. Kahramanmaras Siit¢ii Imam
Universitesi Tarim ve Doga Dergisi, 25(Ek Say1 1),
263-269.

Luna, L.G., 1968. Manual of histologic staining
methods of the Armed Forces Institute of Pathology.
New York: Blackiston Division, McGraw-Hill.

Merola, C., Fabrello, J., Matozzo, V., Faggio, C.,
Iannetta, A., Tinelli, A., ... & Perugini, M. (2022).
Dinitroaniline herbicide pendimethalin affects
development and induces biochemical and
histological alterations in =zebrafish early-life
stages. Science of The Total Environment, 828,
154414.

Michel, N., Freese, M., Brinkmann, M., Pohlmann, J.
D., Hollert, H., Kammann, U., ... & Hanel, R. (2016).
Fipronil and two of its transformation products in
water and European eel from the river Elbe. Science
of The Total Environment, 568, 171-179.

1441

Nillos, M. G., Lin, K., Gan, J., Bondarenko, S., &
Schlenk, D. (2009). Enantioselectivity in fipronil
aquatic toxicity and degradation. Environmental
Toxicology and Chemistry: An International
Journal, 2809), 1825-1833.

Perkins, R., Whitehead, M., Civil, W., & Goulson, D.
(2021). Potential role of veterinary flea products in
widespread pesticide contamination of English
rivers. Science of The Total Environment, 755,
143560.

Qian, Y., Wang, C., Wang, J., Zhang, X., Zhou, Z., Zhao,
M., & Lu, C. (2017). Fipronil-induced
enantioselective developmental toxicity to zebrafish
embryo-larvae  involves changes in DNA
methylation. Scientific Reports, A1), 1-11.

Qu, H., Wang, P., Ma, R. X,, Qiu, X. X,, Xu, P., Zhou, Z.
Q., & Liu, D. H. (2014). Enantioselective toxicity,
bioaccumulation and degradation of the chiral
insecticide fipronil in earthworms (Zisenia feotida).
Science of The Total Environment, 485, 415-420.

Qureshi,Z.I., Bibi, A., Shahid, S., Ghazanfar, M.
(2016) Exposure to sub-acute doses of fipronil and
buprofezin in combination or alone induces
biochemical, hematological, histopathological and
genotoxic damage in common carp (Cyprinus carpio
L.). Aquatic Toxicology, 179, 103-114.

Shen, C., Pan, X., Wu, X, Xu, J., Dong, F., & Zheng, Y.
(2022). Predicting and assessing the toxicity and
ecological risk of seven widely used neonicotinoid
insecticides and their aerobic transformation
products to aquatic organisms. Science of The Total
FEnvironment, 847, 157670.

Srikanth, K., Raju, N. V., Pamanji, R., & Nutalapati,
V. (2021). Pila virens as sentinel of silica
nanoparticles toxicity induced oxidative stress.
Materials Letters, 300, 130185.

Stara, A., Pagano, M., Albano, M., Savoca, S., Di Bella,
G., Albergamo, A., ... & Faggio, C. (2021). Effects of
long-term exposure of Mytilus galloprovincialis to
thiacloprid: A multibiomarker approach.
FEnvironmental Pollution, 289, 117892.

Sule, R. O., Condon, L., & Gomes, A. V. (2022). A
common feature of pesticides: oxidative stress—the
role of oxidative stress in pesticide-induced toxicity.
Oxidative Medicine and Cellular Longevity,
5563759.

Simsek, I., & Bilgili, A. (2022). Investigation of
monthly  residues of polycyclic aromatic
hydrocarbons in water and sediment samples from
Kirikkale Kizilirmak River Basin. Environmental
Monitoring and Assessment, 194(683), 1-11.

Tang, F. H., Lenzen, M., McBratney, A., & Maggi, F.
(2021a). Risk of pesticide pollution at the global
scale. Nature Geoscience, 14(4), 206-210.

Tang, J., Wang, W., Jiang, Y., & Chu, W. (2021b).
Diazinon exposure produces histological damage,
oxidative stress, immune disorders and gut
microbiota dysbiosis in crucian carp (Carassius



KSU Tarim ve Doga Derg 26 (6), 1436-1442, 2023
KSU J. Agric Nat 26 (6), 1436-1442, 2023

Arastirma Makalesi
Research Article

auratus gibelio). Environmental Pollution, 269,
116129.

Tongo, I., Onokpasa, A., Emerure, F., Balogun, P. T.,
Enuneku, A. A., Ethunmwunse, N, ... & Ezemonye,
L. (2022). Levels, Dbioaccumulation and
biomagnification of pesticide residues in a tropical
freshwater food web. International Journal of
Environmental Science and Technology, 193),
1467-1482.

Tresnakova, N., Glunal, A.C., Basaran Kankili¢c, G.,
Pacal, E., Uyar, R., Erko¢, F. (2020) Sub-lethal
toxicities of zinc pyrithione, copper pyrithione alone
and in combination to the indicator mussel species

1442

Unio crassus Philipsson, 1788 (Bivalvia,
Unionidae). Chemistry and Ecology, 36(4), 292-308.

Tyohemba, R. L., Pillay, L., & Humphries, M. S. (2021).
Bioaccumulation of current-use herbicides in fish
from a global biodiversity hotspot: Lake St Lucia,
South Africa. Chemosphere, 284, 131407.

Wirth, E. F., Pennington, P. L., Lawton, J. C,
DeLorenzo, M. E., Bearden, D., Shaddrix, B., ... &
Fulton, M. H. (2004). The effects of the
contemporary-use insecticide (fipronil) in an
estuarine mesocosm. FEnvironmental Pollution,
131(3), 365-371.



KSU Tarim ve Doga Derg 26 (6), 1443-1446, 2023
KSU J. Agric Nat 26 (6), 1443-1446, 2023
DOI:10.18016/ksutarimdoga.vi. 1242499

Cortinarius bovinus (Sigériimcekmantari): Tiirkiye Mikotas: I¢in Yeni Bir Kayit

Ertugrul SESLI

Trabzon Universitesi, Fatih Egitim Fakiltesi, Biyoloji Egitimi Anabilim Dali, S6giitlii, Trabzon, Tirkiye

https://orcid.org/0000-0002-3779-9704
P4 ertugrulsesli@trabzon.edu.tr

OZET

Cortinarius bovinusun bazidiyokarplar1 Tirkiye’den ilk kez
toplanmig, incelenmis ve burada ilgili fotograflar ve kisa bir tartisma
ile birlikte sunulmustur. Yeni kayit konik, digbiikey, tepe ¢ikintili,
turuncumsu, grimsi veya kirmizimsi kahverengi veya toprak boyasi
renginde ve higroskopik sapka; seyrek, genis, soluk grimsi
kahverengi, turuncumsu kahverengi veya passi1 kahverengi lameller;
comak biciminde ve tabanda sogansi sap; genis eliptik veya
yuvarlagimsi, az veya c¢ok dikenli, 8-10.5 X 5—7 pm ve acik limon rengi
bazidiyosporlar ile yakin tiirlerden ayirt edilir.

ABSTRACT

Basidiocarps of Cortinarius bovinus were collected and examined for
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GIRIS mantar biyldiik¢e genellikle ¢ok az iz birakarak

Cortinarius (Pers.) Gray cinsi icerdigi takson sayisi ile
en buyuk sapkali mantar cinslerinden birisidir. Cins
uyelerinin ortak ozelliklerinden birisi geng¢ tiyelerin
sapkas1 ile saplar1 arasinda kortinaya sahip
olmalaridir. Kortina tiul perde, Cortinarius perdeli
anlamina gelir. Kortina liflerinin ¢ogu kisa 6murlidir,
sap ve / veya sapka kenarinda gecici kalintilar seklinde
kendini belli eder ve cinsin teshisine yardimci olur.
Tim cins iiyeleri pas rengi veya kahverengimsi kirmizi
spor izi Uretir. Bazi iiyeleri yliksek oranda zehirlidir ve
tiketildigi zaman bébrek harabiyetine neden olur. Bu
nedenle bu cins mantarlar1 beslenme amacgh
tiketmemek veya c¢ok dikkatli olmak en dogrusudur.
Istisnai olarak baz tirler, 6rnegin Cortinarius
praestans (Cordier) Gillet ve C. caperatus (Pers.) Fr.
yenilebilir. I¢ zar geng tyelerde lamelleri korur ve

kaybolur. Dogada saptanan bir mantarin Cortinarius
cinsine ait oldugunu saptamak kolay olmakla birlikte,
hangi tiir oldugunu belirlemek genellikle zordur. Bu
cinsteki hemen hemen tiim mantarlar gesitli agaglar
ile mikorizal yasar. Baz1 Cortinarius tirleri renklidir
ve genellikle boya yapiminda kullanilir. Gintimiizde
Cortinariaceae familyas1 diinyada yaklagik alti bin
civarinda, Turkiye’de ise 145 kayit ile temsil
edilmektedir (Kirk ve ark., 2008; Akata ve ark., 2014;
Keles ve ark., 2014; Sadullahoglu & Uzun, 2019; Sesli
ve ark., 2020; Dogan ve ark., 2021; Uzun & Kaya,
2022). Elbette bu kayitlar gercek takson sayisini
gostermez fakat Cortinariusun mantarlar aleminin en
zengin cinslerinden birisi oldugunu ortaya koyar. Bu
c¢alismanin amaci daha o6nce Tirkiye’den rapor
edilmemis Cortinarius bovinus Fr. turine ait
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bazidiyokarplar1 morfolojik yontemlerle inceleyip
sekillerle tanitarak Turkiye mikotasina katk:
saglamaktir.

MATERYAL ve METOD

Arastirmanin materyalini Trabzon, Macka, Mataraci
Mahallesi’nden toplanan bazidiyokarplar

olusturmaktadir. Toplama sahasinda dogu ladini,
giirgen, yabani findik ve cesitli ¢alilar yetismektedir.
Ik olarak bazidiyokarplarin arazide resimleri ¢ekildi,
genel 6zellikleri ve olas1 mikorizal iligkileri kaydedildi
ve birkag tanesi toplanarak kese kagitlarina konulup
laboratuvara getirildi. Spor izleri elde edildikten sonra
geriye kalan numuneler radyatoér tizerinde birkag
saatte kurutuldu ve kataloglanarak fungaryum
dolabinda ilgili bélime yerlestirildi. Daha sonra kuru
bazidiyokarbin lamel, sapka ve sap ylizeyinden
binokiiler mikroskop altinda ince kesitler alinda.
Kesitler %5’lik amonyak c¢ozeltisi igerisinde, birkag
dakika Dbekletildikten sonra Axio Imager A2
gorintiileme sistemi sayesinde fotograflar1 cekildi,
bazidiyum, kenar hiicreleri ve sapka derisi hiflerinin
boyutlar: 6l¢ildia. Bazidiyosporlarin elde edilebilmesi
i¢cin bazidiyokarptan yaklasik bir santimetrekiiplik
bir parca kesildi, %5’lik amonyak ¢ozeltisi icerisinde 3-
5 dakika bekledildikten sonra lam tizerinde pens
yardimi ile birka¢ defa sikilip birakildi. Bazidiyospor
karakterleri incelendikten sonra mikrofotografi
sistemi sayesinde fotograflar1 cekilmigtir. Turin
teshisi ilgili kaynaklara gére yapilmistir (Breitenbach
& Kranzlin, 2000; Heiland & Holst-Jensen, 2000;
Roux, 2006; Knudsen & Vesterholt, 2008). Yeni kayda
Tirkge isim verilmesi stirecinde Ali Nihat Gokyigit
Vakfi Nezahat Gokyigit Botanik Bahgesi'nin ilgili
veritabanindan faydalanilmigtir.

Ornekleme Yéntemi

Mevcut g¢alismanin konusu olan Cortinarius cinsi
uyeleri mikorizal oldugundan materyal toplama
sahast olarak ormanlik alanlar ve c¢aliliklar
secilmigtir. Toplama alanlar rastgele belirlenmis ve
mimkin oldugunca g¢esitli gelisim asamasindaki

friktifikasyon organlarindan ayri ayri oOrnekler
alinmigtir.

Laboratuvar ¢aligmalari

Calismada makromantar teghisinde esas olan
konvansiyonel yontemler kullanilmigtar.

Bazidiyokarplarin sapka tistlinden ylizeysel kesitler ve
lamellerinden de enine kesitler alinmis, %51k
amonyak ¢6zeltisi ile islemden sonra bazidiyum, kenar
hiicreleri ve pileipellis yapilari incelenmig, sayisal
degerler teshiste kullanilmak amaci ile not edilmistir.
Bazidiyosporlarin boyutlarini belirlemek amaci ile g
ayr1 bazidiyokarptan elde edilen numunelerden 35%er
O6lcim yapilmig, kenar hicreleri ve sapka derisi
hiflerinin boyutlarini belirlemek amaci ile 20’ser 6lgiim
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yapilmis ve c¢ikan rakamlarin aritmetik ortalamasi
alinmistir. Kesitlerin alimi igin Carl Zeiss Stemi
2000C Model trinokiiler mikroskop, incelemeler igin
ise Zeiss Axio Imager A2 arastirma mikroskobu
kullanilmigtir.

BULGULAR ve TARTISMA
Cortinariaceae Singer / Oriimcekmantarigiller

Cortinarius bovinus Fr., Epicr. Syst. Mycol.: 297 (1838)
/ Sigériimcekmantari

Sapka konik, digbiikey veya nispeten diiz, turuncumsu
veya kirmizimsi kahverengi, 25—-85 mm, genellikle kiit
tepe cikintili, higroskopik; yiizeyi lifli, donuk veya
parlak goriinimde ve kenari uzun siire igeriye
kivriktir. Lameller genis, seyrek, ayrik veya sapa
genigligi  Olglisinde  bagh, soluk kahverengi,
turuncumsu kahverengi veya passi kahverengi ve
kenarlarn hafif digli goérintimdedir. Eti ince, bej
kahvesi, grimsi kahverengi veya kirli beyaz, turp
kokulu ve hafif tatlidir. Sap ¢comak bigiminde, tabanda
sogansi, dolu, 50-95 X 10-30 mm; ylzeyli grimsi
kahverengi, agagida soluk zemin tizerinde kahverengi
lifli, yukarida beyazimsidir. Yiiziik kirli veya grimsi

beyaz veya grimsi kahverengi misel kalintisi
bi¢gimindedir. Bazidiyumlar gomak bigiminde, 2 veya 4
sporlu, 30-36 X 810 pm ve kancaldir.

Bazidiyosporlar genis eliptik veya yuvarlagimsi, orta
derecede veya yogun dikenli, (6.9-)7-9.5(-10) x (4.8
)5—7(=7.2) nm ve saman rengindedir. Kenar hiicreleri
silindir veya ¢omak bi¢iminde ve 15-35 X 5—8 pm’dir.
Sapka derisi diizglin ve paralel, kancali ve ortalama 3—
10 nm genisliginde hiflerden olugmustur (Sekil 1).

Incelenen érnekler

Turkiye, Trabzon, Macgka, Mataraci, 40°50'56.85" K ve
39°37'40.19" D, 819 m, 18.10.2022. Yaz sonlarindan
sonbahar sonlarina dogru igne yapraklhi agac
ormanlarinda, ozellikle dogu ladini bazen de mese
altinda, kirecli topraklarda, ¢bekler halinde yayilis
gosterir. K. Sesli 4527.

Yeni kayit turuncumsu veya kirmizimsi kahverengi,
tepe cikintili, 85 mm biyuklige ulasabilen
higroskopik sapkasi; genis ve seyrek lamelleri; comak
bi¢ciminde, tabanda sogansi ve ytlizeyi lifli sapi; genis
eliptik veya yuvarlagimsi, orta derecede veya yogun
dikenli, 7-9.5 X 5-7 pm ve saman rengi
bazidiyosporlar; silindir veya ¢comak bigiminde ve 15—
35 X 5—-8 ym buyuklugindeki kenar hiicreleri ile yakin
tirlerden ayirt edilebilir. En ¢ok benzerlik gosterdigi
tiir Cortinarius bulbosus (Sow.:Fr.) Fr. daha kiiciik (en
fazla 60 mm) ve tepe cikintis1 bulunmayan sapkasi;
daha kiiciik bazidiyosporlar1 (6-8.5 x 4-5.5 pum) ile
farklilik gosterir. Diger benzer fakat farkli bir tir C.
brunneofulvus Fr. tepe cikintisiz, kenar1 dalgali, koyu
kirmizims1 kahverengi veya kehribar kahverengi
sapkasi;, olduk¢ca kisa c¢omak bicimindeki kenar
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hiicreleri ile farklhilik gésterir. Daha az benzer diger bir
takson C. brunneus (Pers.: Fr.) Fr. var. brunneus daha
biiytik (50-100 mm), koyu kirmizimsi, grimsi,
siyahimsi kahverengi veya bej kahvesi sapka yapisi ile
fark eder. C. damascenus Fr., C. bovinustan daha
buyik ve kirmizimsi, turuncumsu kahverengi veya
kehribar rengi sapka; u¢ kismi incelmis sap ve daha
kiiciik (6.5—-10 x 4-5.5 pm) bazidiyosporlara sahiptir.
C. duracinus Fr. var. duracinus karigik agach
ormanlarda yetigir; kirmizims1 kahverengi ve kenari
dalgali sapka ile gomak veya ig biciminde ve tabanda
koksii ve beyazimsi sap igerir. C. duracinus Fr. var.
raphanicus Mos. daha kiiciik (25-50 mm), kirmizimsi
veya bej kahvesi sapka; koke benzeyen sap ve nispeten
kiigiik (7-10 x 4.5-6 pum) bazidiyosporlara sahiptir
(Breitenbach & Kranzlin, 2000; Knudsen & Vesterholt,
2008)

SONUC ve ONERILER

Bu ¢alisma sayesinde Cortinarius bovinus Turkiye i¢in
yeni kayit olarak saptanmis ve Tiurkiye mikotasina
katkida bulunulmustur. Cortinarius grubu mantarlari
diger cinslerden ayirmak oldukca kolay, fakat cins
icerisindeki taksonlar1 birbirinden ayirt etmek hayli
zordur. Fakat dikkatli bir go6zlemle, birbirinden
olduk¢a farkli renkteki bazidiyokarplari, mikorizal
iligkileri, kenar hiicreleri, sekilleri ve uzerindeki
stisler yoninden farkl olabilen bazidiyosporlari, renk
degistirebilme 6zellikleri, sapka derisinin mikroskopik
yapisi, kokusu ve benzeri birgok kullanilabilir
karakterleri  sayesinde  teshis  edilebilecekleri
soylenebilir. Fungaryum materyali haline getirilip
uzun slre bozulmadan saklanabilmeleri kolaydir. Bu
calisma kapsaminda gercgeklestirilen gézlemlere gore
her mevsim yetigsebilmelerine ragmen en yogun olarak
sonbaharda dikkat ¢ekerler.

Sekil 1. Cortinarius bovinus: a- bazidiyokarplar, b- sapka derisi kesiti, ¢c- bazidiyumlar ve kenar hiicreleri, d-
bazidiyosporlar (6lcek cubuklari: a: 20 mm, b: 20 um, ¢ ve d: 10 pm)
Figure 1. Cortinarius bovinus: a-basidiocarps, b- section from the pileipellis, c-basidia and marginal cells, d-
basidiospores (scale bars: a: 20 mm, b- 20 um, ¢ and d: 10 um)
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