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Abstract: The family Clubionidae, referred to as sac spiders, comprises numerous genera and species. These
spiders are widely distributed worldwide. Clubiona Latreille, 1804 is the largest genus in the family
Clubionidae, with 528 species. The genus has 47 species distributed in Europe. The genus, which has many
species worldwide, has only 14 species in Tirkiye. The detailed study of these species contributes
significantly to our understanding of the biodiversity in the region. To make new contributions to the genus
Clubiona, specimens were collected and systematically studied in Bayburt province. Samples were collected
from bushes, between the plant roots and under the stone. The species were examined and measured using an
Olympus SZX-16 stereomicroscope. This study reports some members of the genus Clubiona from Bayburt
province. C. diversa O. Pickard-Cambridge, 1862 is recorded for the first time from Tiirkiye. Together with
the new record, C. brevipes Blackwall, 1841, C. neglecta O. Pickard-Cambridge, 1862 and C. pseudoneglecta
Wunderlich, 1994 are given as new locality records from Bayburt province. Morphological characters and
photos of the species are presented with a detailed description of the new record. In addition, the world
distribution of the new record is shown with a map.

Keywords: Bayburt, biodiversity, Clubiona diversa, sac spiders.

Yeni Bir Kayit ve Tlave Notlar ile Tiirkiye'deki Clubiona (Araneae: Clubionidae) Cinsine Katkilar

*Sorumlu yazar:

Nurcan DEMIRCAN AKSAN

Bayburt Universitesi, Saglik Hizmetleri
Meslek Yiiksekokulu, Gengosman
Mahallesi, 21 Subat Caddesi, Dede Korkut
Kiilliyesi, 21/A, Merkez/Bayburt, Tiirkiye
P<: nurcandemircan@bayburt.edu.tr

Oz: Kese oriimcekleri olarak adlandirilan Clubionidae ailesi, cok sayida cins ve tiir igerir. Bu 6riimcekler
diinya ¢apinda genis bir dagilima sahiptir. Clubiona Latreille, 1804, 528 tiir ile Clubionidae familyasinin en
fazla tiire sahip cinsidir. Bu cinsin Avrupa'da dagilim gosteren 47 tiirli vardir. Diinyada ¢ok sayida tiirii
bulunan cinsin, Tirkiye’de yalnizca 14 tiirii bulunmaktadir. Bu tiirlerin detayli bir sekilde incelenmesi
bolgedeki biyogesitliligi anlamamiza dnemli katkilar saglayacaktir. Clubiona cinsine yeni katkilar saglamak
amactyla Bayburt ilinden 6rnekler toplanmis ve sistematik agidan incelenmistir. Ornekler ¢aliliklardan, bitki
koklerinin arasindan ve tas altindan toplanmugtir. Tiirler Olympus SZX-16 stereomikroskop kullanilarak
incelenmis ve 6lgiimleri yapilmistir. Bu ¢alismada, Bayburt ilinden Clubiona cinsinin bazi iiyeleri rapor
edilmistir. C. diversa O. Pickard-Cambridge, 1862 Tiirkiye'den ilk kez kaydedilmistir. Yeni kayitla birlikte
C. brevipes Blackwall, 1841, C. neglecta O. Pickard-Cambridge, 1862 ve C. pseudoneglecta Wunderlich,
1994 Bayburt ilinden yeni lokalite kaydi olarak verilmistir. Tirlerin morfolojik karakterleri ve fotograflari,
yeni kaydin detayli tanimryla birlikte sunulmustur. Ayrica yeni kaydin diinya dagilimi harita ile gosterilmistir.

Anahtar kelimeler: Bayburt, biyogesitlilik, Clubiona diversa, kese ériimcekleri.

INTRODUCTION

The family Clubionidae, known as sac spiders,
comprises 665 species of 18 genera (World Spider Catalog,
2025). In Tirkiye, 15 species of this family are recognised,
14 belonging to the genus Clubiona (Danisman et al., 2024;
Nentwig et al., 2025). These species are: C. brevipes
Blackwall, 1841, C. caucasica Mikhailov & Otto, 2017, C.
comta C. L. Koch, 1839, C. corticalis (Walckenaer, 1802),

C. frutetorum L. Koch, 1867, C. golovatchi Mikhailov,
1990, C. lutescens Westring, 1851, C. marmorata L. Koch,
1866, C. neglecta O. Pickard-Cambridge, 1862, C.
pseudoneglecta Wunderlich, 1994, C. pseudosimilis
Mikhailov, 1990, C. reclusa O. Pickard-Cambridge, 1863,
C. similis L. Koch, 1867 and C. terrestris Westring, 1851
(Avezbayeva & Tiirkes, 2022; Cosar et al, 2022;
Danisman et al., 2012; Danigman et al., 2018; Danigsman et
al., 2024; Helsdingen, 2013; Marusik & Kunt, 2010;
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Russell-Smith, 2009; Tiirkes & Atli, 2022). In this study,
four species of the genus Clubiona were identified as the
first locality records for Bayburt province, with one species
being a new record for the araneofauna of Tiirkiye.

MATERIAL AND METHOD

Samples were collected from the bushes, through
the plant roots and under the stone using a hand aspirator
and stored in 70% ethanol. The samples were examined
and measured using an  Olympus  SZX-16
stereomicroscope. The female genitalia were removed and
cleared with 10% KOH before illustration. The examined
specimens were deposited in the Arachnology Museum of
the Bayburt University (BUAM). All measurements are
given in millimetres (mm). The world distribution of the
species is based on the World Spider Catalog (2025).
Habitus and copulatory organs were taken by means of an
Olympus SP-810UZ digital camera and compared mainly
with Almquist (2007), Azheganova (1968), Bosmans et al.
(2017), Brendegaard (1966), Gajdos et al. (2020),
Gaymard and Lecigne (2018), Locket and Millidge (1951),
Merrett (2001), Pozzi and Héanggi (1998), Reimoser
(1937), Roberts (1998), Sterghiu (1985) and Wiehle
(1965). Leg measurements of Clubiona diversa O.
Pickard-Cambridge, 1862 are given in Table 1.

The following abbreviations are used in the text:
Fe, femur; Pt, patella; Ti, tibia; Mt, metatarsus; Ta, tarsus;
E, embolus; Ta, tibial apophysis; Co, copulatory opening;
Re, receptacles.

RESULTS

Family: Clubionidae Simon, 1878

Genus: Clubiona Latreille, 1804

Clubiona brevipes Blackwall, 1841

Material Examined: 19, (BUAM CLU-01/01),
Bayburt Province, Aksar Town, around Korgan Bridge,
40°20'8.6"N 40°00'5.0"E, 1636 m., 02.11.2024, among the
bushes, leg. N. Demircan Aksan.

Description: Female (Figure 1A-C) Total length
5.0. Carapace length 2.2, width 1.3. Abdomen length 2.8,
width 2.0. Carapace and chelicerae dark brown. Legs
yellowish. Abdomen brownish with dark median pattern.
Epigyne and vulva are shown in Figure 1B, C.

Distribution: Europe, Caucasus, Japan (World
Spider Catalog, 2025).

The first record of the species in Tiirkiye was
reported from the Marmara region (Helsdingen, 2013). In
this study, C. brevipes Blackwall, 1841 is identified as the
first locality record for Bayburt province (Eastern Black
Sea).

Figure 1. Clubiona brevipes (?), A. Habitus, dorsal view B. Epigyne,
ventral view C. Vulva, dorsal view (Scale: A. 1.0, B-C 0.2).

Clubiona diversa O. Pickard-Cambridge, 1862

Material Examined: 299, 244 (BUAM CLU-01/02),
Bayburt Province, Aksar Town, around Korgan Bridge, 40°20'8.6"N
40°00'5.0"E, 1636 m., 23.11.2024, between the plant roots around the
rocks, leg. N. Demircan Aksan.

Description: Female (?) (Figure 3A-D). Total length 3.7.
Carapace length 1.4, width 0.8. Abdomen length 2.3, width 1.0. Carapace
brown, darker anteriorly with dense fine hairs. Chelicerae dark brown.
Sternum light brown. Legs brown. Abdomen yellowish-white with dense
fine hairs. Epigyne with single copulatory opening (Co). Each pair of
receptacles (Re) close to each other.

Male (3) (Figure 3E-I). Total length 3.1. Carapace length 1.3,
width 1.0, brown. Abdomen length 1.8, width 0.8. Carapace brown,
darker anteriorly with dense fine hairs. Chelicerae dark brown. Sternum
light brown. Legs brown. Abdomen yellowish-white with dense fine
hairs. Palp pale brown with dark cymbium. Tibial apophysis (Ta) pointed
towards the tip. Embolus (E) long with curved distally.

Distribution: Europe, the Caucasus, Russia (from Europe to
the Far East), Kazakhstan, Pakistan, Korea and Japan (World Spider
Catalog, 2025).

In this study, C. diversa is recorded for the first time from
Tiirkiye.
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Figure 2. Worldwide distribution map of C. diversa (GBIF, 2025)

Table 1. Clubiona diversa, total body length and leg measurements (3/9)
Male / Female Total body length  Leg Fe Pt Ti Mt Ta Total
| 0.9 0.2 0.9 0.5 0.4 29
1] 0.9 0.3 0.9 0.5 0.4 3.0

g 31 nm_ 09 02 05 07 02 25
IV 11 02 09 10 02 34
1 09 03 08 07 03 30
09 03 09 07 03 31
Q 3.7

11l 0.8 0.2 10 06 0.2 28
v 12 0.3 1.0 12 0.3 4.0
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Figure 3. Clubiona diversa (9, &), Female, A. Habitus, dorsal view B.
Habitus, ventral view C. Epigyne, ventral view D. Vulva, dorsal view
(Scale: A, B. 0.5, C, D. 0.1). Male, E. Habitus, dorsal view F. Habitus,
ventral view G. Palp, ventral view H. Palp, retrolateral view; I. Bulbus,
ventral view (Scale: E, F. 0.5, G-1. 0.2).

Clubiona neglecta O. Pickard-Cambridge, 1862

Material Examined: 19, (BUAM CLU-01/03),
Bayburt Province, Demir6zii District, around Demirdzii

Dam, 40°07'46"N 39°53'54"E, 1720 m., 09.11.2024, under
the stone, leg. N. Demircan Aksan.

Description: Female (Figure 4A-C), Total length
5.5. Carapace length 2.5, width 1.7. Abdomen length 3.0,
width 2.0. Carapace and legs brown. Chelicerae dark
brown. Abdomen reddish brown with median dark pattern
and light dots. Epigyne and vulva are shown in Figure 4B,
C.

Distribution: Europe, Tiirkiye, the Caucasus,
Russia (from Europe to South Siberia), Iran, Central Asia,
China and Korea (World Spider Catalog, 2025).

The first record of the species in Tiirkiye was
reported from the Mediterranean coast (Russell-Smith,
2009). In this study, C. neglecta is presented as the first
locality record for Bayburt province (Eastern Black Sea).

Figure 4. Clubiona neglecta (?), A. Habitus, dorsal view B. Epigyne,
ventral view C. Vulva, dorsal view (Scale: A. 1.0, B-C 0.2).

Clubiona pseudoneglecta Wunderlich, 1994

Material Examined 19, (BUAM CLU-01/04),
Bayburt Province, Aksar Town, 40°20'8.6"N 40°00'5.0"E,
1645 m., 23.11.2024, among the bushes, leg. N. Demircan
Aksan.

Description. Female (Figure 5A-C). Total length
5.0. Carapace length 2.0, width 1.2. Abdomen length 3.0,
width 1.8. Prosoma brown. Legs yellowish brown.
Abdomen brownish with median dark pattern. Epigyne and
vulva are shown in Figure 5B, C.

Distribution:  Morocco, Algeria,
Caucasus, Iran (World Spider Catalog, 2025).

The first record of C. pseudoneglecta in Tiirkiye
was reported from the Marmara region (Helsdingen, 2013).
In this study, C. pseudoneglecta is given as the first locality
record for Bayburt province (Eastern Black Sea).

Europe,
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Figure 5. Clubiona pseudoneglecta (9), A. Habitus, dorsal view B.
Epigyne, ventral view C. Vulva, dorsal view (Scale: A. 1.0, B-C. 0.2).

DISCUSSION

In this study, a total of 7 specimens belonging to
the genus Clubiona were examined, and 4 species were
identified. Among these species, C. diversa is reported
from Tiirkiye for the first time, increasing the number of
known Clubiona species in the country to 15. Additionally,
C. brevipes, C. neglecta, and C. pseudoneglecta, which are
widespread in Tiirkiye, are recorded for the first time from
Bayburt province in this study. Thus, the study provides
both a regional contribution with species whose
distribution is already known in Tiirkiye and a new record
for the country.

C. diversa has a Palearctic distribution, ranging
from Europe to the Far East and typically inhabits
heathland of dunes, as well as litter and grass on limestone
(Almquist, 2007; World Spider Catalog, 2025). The
species was found only in one locality, among plant roots,
during the survey. It has been observed that C. diversa is
largely consistent with previously described specimens in
terms of its morphological characteristics.

These new records contribute significantly to the
expansion of the geographical range of Clubiona species in
Tiirkiye. The results highlight the importance of continued
field surveys to document the biodiversity of spiders,
especially in less-explored areas such as Bayburt province.
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Oz: Bu calisma, yetiskin kizil tilkilerde ossa coxae’nin morfolojisini tanimlamak ve radyografi
* https://orcid.org/0000-0002-4403-8663 kullanarak pelvisin morfometrik degerlendirmelerini yapmak amaciyla yapildi. Bu amagla 4
* - https://orcid.org/0000-0002-2401-1500 erigkin erkek tilki kullanildi. Diseksiyonlari yapildiktan sonra makro-anatomik olarak da
* https:/forcid.org/0000-0002-1857-2256 incelendi. Bu incelemelere gore genis bir incisura acetabuli mevcuttu. Acetabulum’un
cranialinde, m. rectus femoris'in orijini igin piiriizlii bir kabart1 bulunmaktaydi. {lium i¢biikey bir
kanada sahipti. Tuber ischiadicum tek bir ¢ikintidan olusmaktaydi ve os pubis craniocaudal olarak
dar ve dorsoventral olarak basikti. Daha sonra ossa coxae’nin dorsal, lateral ve ventral yonlii
*Sorumlulyazarn: olarak radyografileri ¢ekildi ve goriintii izerinde 11 6lgiim noktasi belirlendi. Bu dl¢iimlere gére
Yesim ASLAN KANMAZ tilkinin pelvis uzunlugunun en biiyiik uzunluk (GL (Greatest length)) ortalama 90,44+5,9 mm, en
Furat Universitesi Veteriner Fakiiltesi Anatomi kiigiik genislik ise (SB (Smallest breadth)) 5,48+0,97 mm idi. Tiir ayrimi noktasinda énemlilik
Anabilim Dali, Elaz1g/Tiirkiye _L . . o
S s S T T T arz edecegi 1spatlanm1§t1r: Elde edilen bulgul'at, mer:ut bilgi tabanina katkida bulunmakta ve
farkli arastirma ve mesleki uygulama alanlari i¢in pratik ¢ikarimlar sunmaktadir.

Anahtar kelimeler: Kizil tilki, morfometri, ossa coxae.

Morphometric and Radiographic Investigation of Ossa Coxae in Red Foxes (Vulpes vulpes)

Abstract: This study was conducted to describe the morphology of the ossa coxae in adult red
foxes and to make morphometric evaluations of the pelvis using radiography. For this purpose, 4
adult male foxes were used. After dissection, they were examined macro-anatomically. According
to these examinations, a large incisura acetabuli was present. Cranial to the acetabulum, there was
a jagged ridge for the origin of the m. rectus femoris. The ilium had a concave wing. The tuber
ischiadicum consisted of a single ridge and the os pubis was narrow craniocaudally and flattened

. dorsoventrally. Radiographs of the ossa coxae were then taken in dorsal, lateral and ventral
*Corresponding author’s:

Yesim ASLAN KANMAZ directions and 11 measurement points were determined on the image. According to these

Firat University, Faculty of Veterinary measurements, the greatest length (GL (Greatest length)) of the pelvic length of the fox was

}’;’:Edifi/QEi' EePaftme"t of Anatomy, 90.44+5.9 mm and the smallest width (SB (Smallest breadth)) was 5.48+0.97 mm. It proved to
az1g/Tiirkiye

be important for species distinction. The findings contribute to the existing knowledge base and

D4 yesim.aslan@firat.edu.tr . N . . . .
have practical implications for different areas of research and professional practice.

Keywords: Morphometry, ossa coxae, red fox.

GIRIS parametrelere ihtiyag duymaktadir (Bisaillon & Deroth,
1979).

Kizil tilki (Vulpes vulpes) kiirk tagtyan bir hayvan Kalca kemigi veya os coxae; os pubis, os ilium ve
olarak  biiyilk bir ekonomik degere sahiptir. os ischii kemiklerinden olugmaktadir. Bu {i¢ kemigin
Osteoarkeologlar ve yaban hayati ile ilgilenler, popiilasyon corpusu acetabulum adi verilen bir oyuk olusturur ve
yonetimi ¢aligmalar1 i¢in veya arkeolojik alanlardaki femurun caput ossis femoris ile eklem yapmasini
kemik kalmtilarinin tanimlanmasi1 amaciyla osteolojik saglamaktadir. Sag ve sol tarafta ossa coxae ve symphysis

pelvina tarafindan olusturulan pelvis, bu kemiklerin
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ventralde birlesmesiyle ve ayrica sacrum ve dorsalden ilk
birkag caudal vertebra (coccygeal) ile meydana
gelmektedir. Pelvis kemikleri tarafindan ¢evrelenen bogluk
cavum pelvis olarak tanimlanmaktadir (Binici, 2005;
Konig & Liebich; 2015;Bahadir & Yildiz, 2016; Dursun,
2008; Liebich vd.,2007).

Farkli yaban hayvani iskeletleri iizerine ¢ok
sayida calisma yapilmistir (Yilmaz vd., 1999; Yilmaz vd.,
2000; Ozdemir & Karan, 2001; Atalar & Ozdemir, 2002;
Atalar & Yilmaz, 2004; Oziidogru vd., 2012; Karan vd.,
2016; Pagh vd., 2018; Oziidogru vd., 2018; Rizwan vd.,
2021). Ancak, gelisen goriintiileme teknikleri ile alinan
morfometrik veriler; taksonomik siniflandirilma, tiirler
arasindaki farkliliklarmm aywt edilmesi, zooarkeoloji
alanindaki ¢alismalar i¢in degerli bilgiler saglamaktadir
(Sporri vd., 1994; Dyce vd., 2009).

Pelvis kemiklerinin degerlendirilmesinde manuel
olarak  kullanilan pelvimetreden baglayan siireg,
gorlintiileme tekniklerinin ilerlemesi sonucunda yerini
daha net goriintiiler verebilen X-ray, bilgisayarli tomografi
(BT), manyetik rezonans goriintileme (MRG) ve
ultrasonografi (USG) gibi goriintiileme sistemlerine
birakmugtir (Sporri vd., 1994; Dyce vd., 2009). Pelvis
morfometrisi arkeoloji ve adli bilimlerin yani sira obstetrik
ve jinekoloji alaninda da oldukg¢a 6nemlidir (Monteiro vd.,
2013;Federle vd.,1982; Ohlerth &Scharf, 2007; Decker
vd., 2011; Duetsch & Peterson, 2012).

Bu calismanin amaci, yetigkin erkek kizil tilkinin
ossa coxae’smin morfometrik Ozelliklerini, radyografi
kullanilarak degerlendirmelerini ortaya koymaktir.

MATERYAL VE METOT

Bu ¢aligsma anatomik bir ¢alisma olup gézlemsel
bir tasarima sahiptir. Caligma, hem Tarim ve Orman
Bakanlig1 Doga Koruma ve Milli Parklar Genel Miidiirliigi
24.06.2024-494637, hem de Firat Universitesi Hayvan
Deneyleri Yerel Etik Kurulu 17.10.2024-28157 tarih ve
sayilli kararlarina uygun olarak yiiriitilmistir. Bu
calismada toplam 4 adet erigkin erkek (ortalama 6.3 kg
agirhiginda) tilkinin  pelvis radyografik goriintiileri
kullanilmustir.

Dogada oOlmiis halde 0Ogrenciler tarafindan
bulunan Kizil Tilkiler toplanarak Anatomi Anabilim dalina
getirilmistir. Diseksiyon islemlerini takiben makro-
anatomik yapilari incelenen kemikler birlestirilerek iskelet
olusturulmustur.

Tilki iskeletlerinin radyoloji goriintiileri Firat
Universitesi Hayvan Hastanesinde cekilmistir. Rontgen
masasina yerlestirilen kemikler cranio-dorsal, dorso-
medial ve ventro-lateral pozisyonda konumlandirilarak
goriintiileri alinmustir.

Terminolojide Nomina Anatomica Veterinaria
(World Association of Veterinary Anatomists, 1973)
kullanilmustr.

Gorlintiilerin ~ dl¢imleri, anatomik referans
noktalari kisaltma ve tanimlariyla Tablo 1 de gosterilmistir.
Pelvis metrik 6l¢iim noktalarina (Von Den Driesch, 1976)
dayali olarak 11 o6l¢lim noktasinda (Tablo 1)
gerceklestirilmistir.

Tablo 1. Tilki coxa’siin dorsal, ventral ve lateral yiizeylerinden elde
edilen dl¢lim parametreleri

Table 1. Measurement parameters obtained from the dorsal, ventral and
lateral surfaces of the fox coxa.

Kisaltma Tanm

GL Greatest length (En biiyiik uzunluk)

LA Length of the acetabulum (Acetabulum uzunlugu)

LAR Length of the acetabulum on the rim (Acetabulumun kenar tizerindeki
uzunlugu)

LS Length of the symphysis (Symphysis uzunlugu)

SH Smallest height (En kiigiik yiikseklik)

SB Smallest breadth (En kiigiik genislik)

LFo Length of foramen obturatum (Foramen obturatum uzunlugu)

GBTc Greatest breadth across the tubera coxarum (Tubera coxarum boyunca en
biiyiik genislik)

GBA Greatest breadth across the acetabula (Acetabula boyunca en biiyiik
genislik

GBTI Greatest breadth across the Tubera ischiadica (Tubera ischiadica boyunca
en bityiik genislik)

SBI Smallest breadth across the bodies of the ischia (Ischia gévdeleri boyunca
en kiigiik genislik)

BULGULAR

Makro-anatomik incelemelere gore; uzun bir
kemik olan os coxae’da kemiklesmis bir sympyhysis
pelvina bulunmaktaydi. Acetabulum olduk¢a derin ve
plirlizsiiz olan facies lunata’nin medialinde genis bir
incisura acetabuli mevcuttu. Oval sekle sahip foramen
obturatum’un craniomedial kenart tirtikli, diger kenarlar
diizenli ve piiriizsiiz oldugu goriildii.

[lium’un icbiikey bir kanada sahipti. Kemigin
govdesi kalindi ve acetabulumun cranialinde, m. rectus
femoris'in orijini i¢in piirlizli bir kabarti bulunmaktaydi.
Area lateralis m. recti femoris ve area medialis m. recti
femoris belirgin degildi.

[lium’un craniodorsal kenar1 disbiikeydi. Ilium'un
dorsal kenarin cranial yaris1 icbiikeydi ve incisura
ischiadica major mevcuttu. Spina ischiadicay1
olusturduktan sonra daha yiizeysel bir incisura ischiadica
minor goriilmekteydi. Sacropelvinal yiiziin caudalinde
facies auricularis, craniodorsalinde de kiicik bir
tuberositas ilaca mevcuttu.

Os ischii kaln bir goévde ve ince bir ramus
seklindeydi. Kemigin caudolateral kisminda belirgin ve tek
bir ¢ikintidan olusan tuber ischiadicum mevcuttu.

Os pubis craniocaudal olarak dar ve dorsoventral
olarak basikti. Belirgin bir eminentia iliopubica
bulunmaktaydi.

Pelvislerin 6l¢iim noktalart hem pelvis iizerinde
(Sekil 1 ve Sekil 2), hem de radyografi iizerinde (Sekil 3
ve Sekil 4) isaretlenmistir.
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Sekil 1. Dorsal ve Lateral Pelvisin Olgiim Noktalari.
Figure 1. Measurement Points of the Dorsal and Lateral Pelvis.

Sekil 2.Ventrolateral pelvisin 6l¢iim noktalari.
Figure 2 .Measurement points of the ventrolateral pelvis.

J

{ L

o A . L ] ! ikt L
Sekil 3.Pelvisin dorsal ve lateral Olgiim noktalarmin radyografik
goriintiilenmesi.

Figure 3. Radiographic visualization of the dorsal

measurement points of the pelvis.

and lateral

Tilkilerin pelvislerinin uzunluk ve genislik 6l¢limlerine
dayali olarak 11 parametre Ol¢iim ortalamalari
hesaplanmistir ve Tablo 2 de sunulmustur.

Sekil 4.Pelvisin dorsoventral yonde 6l¢lim noktalarinin radyografik
goriintiilenmesi

Figure 4. Radiographic visualization of the dorsoventral measurement
points of the pelvis

Tablo 2. Tilkinin os coxa’sinin 6l¢iim noktalarinin ortalama degerleri

(mm)
Table 2. Mean values of the measurement points of the os coxa of the fox
(mm)
Olgiim noktalar Ortalama Standart Sapma (£)
GL 90,44 5,9
LA 13,87 0,55
LAR 14,47 0,70
LS 28,62 5,83
SH 11,68 1,79
SB 5,48 0,97
LFo 21,79 2,35
GBTc 48,60 4,29
GBA 47,59 4,54
GBTi 69,49 1,42
SBI 47,69 6,62

Tablo 2’ye gore tilkinin pelvis uzunlugunun en
biiyiik uzunluk (GL (Greatest length)) ortalama 90,44+5,9
mm, en kiigiik genislik ise (SB (Smallest breadth))
5,48+0,97 mm olarak Ol¢iilmiistiir. Tubera ischiadica
boyunca en biiyiik genislik de (GBTi (Greatest Breadth
across the Tubera ischiadica)) ikinci en yiiksek deger
olarak belirlenmistir.

Tubera coxarum boyunca en bilyiik genislik
(GBTc), Acetabula boyunca en biiylik genislik (GBA) ve
ischia govdeleri boyunca en kiigiik genislik (SBI)
Olciimleri de birbirlerine ¢ok yakin degerler oldugu
goriildii (Tablo 2).

Acetabulum uzunlugu (LA), Acetabulumun kenar
iizerindeki uzunlugu (LAR) ve en kiiciik yiikseklik (SH)
degerlerinin de birbirlerine yakin oldugu tespit edildi.

TARTISMA VE SONUC

Hayvan pelvislerinden elde edilen osteometrik
veriler, taksonomik smiflandirma, tiir i¢i morfolojik
varyasyonlarin  incelenmesi ve cinsel dimorfizm
ozelliklerinin ~ belirlenmesi  i¢in  yaygin  olarak
kullanilmaktadir. Ayrica, elde edilen bu osteometrik
veriler, evrimsel ¢aligmalar, gelisimsel aragtirmalar ve adli
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bilimler gibi 6nemli bilimsel alanlara 6nemli bilgiler
sunmaktadir  (Pitakamnop  vd.,2017; Yimaz &
Demircioglu, 2021). Etgillerde pelvisin morfometrik ve
morfolojik 6zelliklerinin incelenmesi, bu tiirlerin filogenik
ve allometrik Ozelliklerinin belirlenmesi, lokomotor
davraniglarinin ortaya konmasi, ekolojik gesitliliklerinin
belirlenmesi ve pelvis bolgesi ile ilgili ¢esitli dogumsal
veya edinsel patolojik degisikliklerin degerlendirilmesi
acisindan oldukg¢a 6nemlidir (Jurgelenas, 2015; Fealey vd.,
2017; Nganvongpanit vd., 2017).

Atalar ve Ozdemir (2002)
ischiadicum’un tek ¢ikint1; Ozdemir ve Karan (2001) ise
porsukta iki cikintiya sahip oldugunu bildirmislerdir.
Vasaklarda (Karan vd.,2016) ise ¢alismamizdaki gibi tuber
ischiadicum bir ¢ikintiya sahiptir.

Spina ischiadica Kkiittiir; caudal ucu ischiadica
minor'a dogru kalinlagsmaktadir. Eminentia iliopubica,
symphysis pelvinanin 6n ucu ile corpus ossis ilii
arasindaki mesafenin merkezinde yer almaktaydi. Fossa
acetabuli derin, incisura acetabuli ise genig bir ¢entik
seklindeydi. Bu veriler literatiirlerle (Miller vd., 1964;
Ozdemir & Karan, 2001;Atalar & Ozdemir, 2002; Parés-
Casanova, 2014) uyumluluk gostermekteydi.

Kizil tilkinin apendikiiler iskeletinin morfolojisi
kutup tilkisi (Miller vd., 1964) ve evcil kdpeginkine
benzerdir (Hildebrand, 1952). Kizil tilkinin uzuv kemikleri
belirli bir hareket tarzi i¢in kendine 6zgii bigim 6zellikleri
gostermez, ¢iinkii olagandist morfolojik  6zellikler
gbzlemlenmemistir.

Nganvongpanit ve arkadaslar1 (2017) tarafindan
Retriever cinsi kopeklerin pelvik osteometrik olgiimleri
iizerine yapilan bir ¢alismada GL, GBTc, GBTi, LS, LFo
Olgiim degerleri erkeklerde sirasiyla 161,50 mm, 88,44
mm, 105,22 mm, 47,15 mm, 29,13 mm iken disilerde
145,93 mm, 80,05 mm, 98,93 mm, 42,33 mm, 27,11 mm
olarak bulunmustur. Pitakarnnop ve arkadaglar1 (2017)
tarafindan evcil kedilerin pelvik morfometrik 6lgiimleri
iizerine yapilan bir bagka calismada, bu 6l¢iim degerlerinin
erkeklerde sirasiyla 79,46 mm, 42,97 mm, 37,23 mm,
16,70 mm, 18,01 mm; disilerde ise 74,61 mm, 39,73 mm,
39,58 mm, 18,21 mm, 18,41 mm oldugu bildirilmistir.

Van kedilerinde (Yilmaz & Demircioglu, 2021)
bu degerler sirasiyla 80,40 mm, 43,54 mm, 46,06 mm,
31,73 mm, 20,01 mm; erkeklerde 76,64 mm, 41,36 mm,
43,47 mm, 29,38 mm, 19,76 mm olarak tespit edilmistir.
Genel olarak bu degerler arasinda kiigiik farkliliklar
olmasinin tiir, yas, boy, irk ve viicut agirligi 6zelliklerinden
kaynaklandig1 disiiniilmektedir. Erkek kizil tilkilerin
pelvik  osteometrik  Ol¢limlerinin ~ Retriever
kopeklerinden disiik, Van kedisi ve evcil kedilerden ise
yiiksek degerde oldugu goriildii.

Rakun kopeklerinde yapilan bir g¢aligmada
(Jurgelenas, 2015) Rakun kopeklerinde GL disilerde

sansarda tuber

cinsi

92,31mm iken erkeklerde 94.91mm, LAR disilerde 15.29
mm iken erkeklerde 15.55 mm, SB disilerde 6,01 mm iken
erkeklerde 5,95 mm, LFo disilerde 16,79mm iken
erkeklerde 17,69mm, GBTc disilerde 56,89mm iken
erkeklerde 57,28mm, GBA disilerde 53,10mm iken
erkeklerde 53,33 mm, GBTi disilerde 58,47 mm iken
erkeklerde 59,29mm, SBI disilerde 44,60 mm iken
erkeklerde 45,22 mm ‘dir. Erkek kizil tilkilerde ise LFo,
GBTi ve SBI haricindeki tiim degerlerin Rakun
kopeklerinden daha yiiksek oldugu goriildii.

Bu veriler, erkek rakun kdpeklerinde ilium safti
arasindaki genisligin kizil tilkilerden daha fazla oldugunu
gostermektedir. Schutz ve diger yazarlar (2009), taz1 gibi
hizli kosan kdpeklerin, daha kiigiik, daha kisa ve daha genis
pelvik kemiklere sahip olan Amerikan Pit Bull Terrier gibi
daha kisa bacakli kdpeklerden daha biiyiik, daha uzun ve
daha dar pelvik kemiklere sahip oldugunu bildirmistir
(Schutz vd., 2009;Macdonald, 2004). Rakun kd&pekleri
daha kisa bacaklara sahip yavas hayvanlar iken, kizil
tilkiler saatte 48 km hizla kosabilen hizli hayvanlardir
(Schutz vd., 2009;Macdonald, 2004). Ayrica, kizil tilkinin
uzun kemiklerinin rakun kopeginden daha uzun oldugu
tespit edilmistir ki bu da kisa bacakli kopeklerde pelvik
kemiklerin daha genis oldugu yoniindeki yukaridaki
oneriyi dogrulamaktadir.

Yine ayni ¢aligmada (Jurgelanas, 2015) kizil tilki
Ol¢timleri ise GL disilerde 92,24 mm iken erkeklerde 99,57
mm, LAR disilerde 14,05 mm iken erkeklerde 15.06 mm,
SB disilerde 5,77 mm iken erkeklerde 5,96 mm, LFo
disilerde 20,17 mm iken erkeklerde 22.00 mm, GBTc
digilerde 49,65 mm iken erkeklerde 52,45 mm, GBA
disilerde 49,35 mm iken erkelerde 52,43 mm, GBTi
disilerde 66,79 mm iken erkeklerde 70,58 mm, SBI
disilerde 45,96 mm iken erkeklerde 48,12 mm ‘dir.
Yaptigimiz calismada ise erkek kizil tilkideki bazi
degerlerin Jurgelenaz’in oOlgtimlerindeki disilerle daha
uyumlu oldugu goriildii.

Ozkadif ve Haligiir (2022) yaptig1 calismada kizil
tilkilerde GL degeri dislerde 80,30 mm iken erkeklerde
120,09 mm, LFo degeri disilerde 18,29 mm iken
erkeklerde 26,65 mm, LS degeri disilerde 28,09 iken
erkeklerin 59,12 mm olarak bulunmustur.

Bu caligmaya istinaden dlglimlerimizin disilerle
erkeklerin  Olgliimlerinin  arasinda bir deger oldugu
belirlendi.

Cinsiyetlere ve tilirlere iliskin
karsilagtirilmasinda oldukc¢a 6nemli foramen obturatorum
uzunlugu farkliliklari tespit edilmistir. Sajjarengpong ve
arkadaglar1 ~ (2003) kopeklerin -~ foramen
obturatorumlarinin erkeklerde digilere gore ¢ok az daha
biliyiik oldugunu ve aradaki farkin istatistiksel olarak
Oonemsiz oldugunu belirlemiglerdir. Evans (2012) evcil
kopeklerde ovalden iliggene kadar ¢esitli foramen obturator

verilerin

evcil
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formlar1 belirlemistir. Calismamizda foramen obtoratum
evcil kopeklerdeki gibi oval seklindeydi. Foramenin
obturator uzunluk O&l¢limlerinin cinsiyetler ve tiirler
arasinda ayrim yapmak i¢in yetersiz oldugu belirtilmistir.

Jurgelénas (2015); kizil tilki, rakun kopegi ve
evcil kdpek ayni familyaya (Canidae) ait oldugunu, ancak
cinsiyetler arasindaki farklar tiirlere gore degiskenlik
gosterdigini bildirmistir. Ayrica Kizil tilkilerin pelvik
kemik ol¢iimlerindeki farkliliklar ¢ok belirgin, ancak rakun
kopekleri ve evcil kopeklerde bu farkliliklar ¢ok az
oldugunu belirtmistir. Pelvik kemikle 1ilgili
dimorfizm birgok memeli tiiriinde bildirilmis olmasina
ragmen, bazi sonuglar cinsiyetler arasinda
iligskilendirilmemistir.

Parés-Casanova (2014) atlarda pelvik kemiklerin
cinsiyetler arasinda onemli Ol¢iide farkli olmadigini
bildirmistir. Bu sebeple yapilan ¢aligmalara bakildiginda
yapilan  Olclimlerin  disi ve erkek ayrimi ile
iliskilendirilmesinde  kullanilamayacagi  yoniindedir.
Ancak buna istinaden tlir ayrim1 noktasinda 6nemlilik arz
edecegi yine ¢alismalarla ispatlanmistir.

Sonug olarak, bu ¢alismada kizil tilkilerde ossa
coxae’sinin  osteometrik  Ol¢limlerini  belirlemek  ve
uzunluk/geniglik oranlarin1  hesaplamak igin X-ray
goriintiileri kullanilmistir. Bu ¢alismanin bulgulari, kizil
tilkilerin taksonomik simiflandirilmasi, tiirler arasindaki
farkliliklarin  ayirt edilmesi, zooarkeoloji alanindaki
calismalar ve klinik uygulamalarda veteriner hekimlere
yardimct olmak gibi ¢esitli uygulamalar icin degerli
olabilecek temel morfometrik veriler saglamaktadir. Bu
bulgular, mevcut bilgi tabanina katkida bulunmakta ve
farkli arastirma ve mesleki uygulama alanlar i¢in pratik
¢ikarimlar sunmaktadir.
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Abstract: Rats have increasingly been employed as biodetector animals due to their keen olfactory
capabilities, similar to dogs, for tasks including disease diagnosis, search-and-rescue operations, and
detecting hazardous substances such as explosives and prohibited materials. This preliminary study
aimed to develop a reliable and efficient training protocol for biodetector rats by integrating classical
and operant conditioning methods. Ten female Sprague Dawley rats were trained using classical and
operant conditioning paradigms within a specially modified Skinner box. The animal was expected to
ring the bell in the odor chamber, then was rewarded. Following the socialization phase, a training
procedure was prepared including a clicker as a conditioned stimulus at each stage and reward food
which functioned as an unconditioned stimulus and later served as a positive reinforcer. Training
sessions were conducted for 15 minutes daily, five days per week, with rats receiving a 60% reduction
in their food intake 24 hours prior to training to increase motivation. The frequency of target behaviors
and non-target behaviors was recorded, showing a significant increase in target behavior realization by
628 % and an increase in non-target behaviors by 98 %. These findings demonstrate that integrating
classical and operant conditioning is an effective and practical approach for training biodetector rats.
Future studies are planned to incorporate advanced technology such as machine learning and artificial
intelligence to further refine training methodologies and enhance outcomes.

Keywords: Biodetector, rats, biodetector training, skinner box.

Biyodedektor Sicanlar Icin Etkili Bir Egitim Protokoliiniin Gelistirilmesi: Bir On Cahsma

*Sorumlu yazar:

Nilay Seyidoglu

Tekirdag Namik Kemal University, Faculty of
Veterinary Medicine, Department of
Physiology, Tekirdag, Tiirkiye

DX nseyidoglu@nku.edu.tr

Oz: Sicanlar, képeklerde oldugu gibi iistiin koku alma yetenekleri nedeniyle hastalik teshisi, arama-
kurtarma operasyonlar1 ve patlayici veya yasak maddelerin tespiti gibi ¢esitli gorevlerde biyodedektor
hayvan olarak giderek daha fazla kullanilmaktadir. Bu 6n ¢aligmada, klasik ve operant kosullanma
yontemlerini entegre ederek biyodedektor sicanlar igin giivenilir ve verimli bir egitim protokolii
gelistirmek amaglanmistir. On adet disi Sprague Dawley sicani, 6zel olarak modifiye edilmis bir
Skinner kutusu iginde klasik ve operant kosullanma paradigmalari kullanilarak egitilmistir. Hayvanin
koku odasindaki zili ¢almasi beklenmis ve ardindan ddiillendirilmistir. Her egitim asamasinda kosullu
uyarict olarak tiklayici kullanilirken, yiyecek odiilleri baslangicta kosulsuz uyarici islevi gérmiis ve
ardindan istenilen davranigin pozitif pekistiricisi olarak gorev yapmustir. Egitim seanslar1 haftada bes
giin, her sigan i¢in giinde 15 dakika olarak uygulanmis ve siganlarin motivasyonunu artirmak amaciyla
seanslardan 24 saat 6nce gida alimlar1 %60 oraninda azaltilmistir. Egitim prosediirii, zili her iki
penceyle ¢alma davranisini hedefledi. Hedef davranislarin ve hedef dis1 davraniglarin gerceklesme
sikliklar1 kaydedilmis; hedef davranislarin gergeklesmesinde %628, hedef dis1 davraniglarda ise %98
oraninda artiy gorilmiistiir. Elde edilen bulgular, klasik ve operant kosullanma yontemlerinin
biyodedektor siganlarin egitimi igin etkili ve pratik bir yaklagim oldugunu gostermektedir. Gelecekte
yapilacak calismalarda, egitim yontemlerini daha da gelistirmek ve sonuglari iyilestirmek amaciyla
makine dgrenmesi ve yapay zeka gibi ileri teknolojilerin kullanilmasi planlanmaktadir.

Anahtar kelimeler: Biyodedektér, sicanlar, biyodedektor egitimi, skinner kutusu
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INTRODUCTION

Throughout rat training processes, animals
acquire novel skills and behaviors required to perform
detection tasks in response to specific targets, as
documented in previous studies. To effectively address
research questions, understanding learning and memory
mechanisms during the training process is critical.
Learning and memory are the major issues in neuroscience
(Mayes & Roberts, 2001). Learning is defined as the
acquisition of knowledge and skills, and it is also
considered a change in behavior resulting from
experiences. Memory can be classified according to
motivational context as reward-based or punishment-based
memory. Furthermore, memory is divided into relational
and non-relational categories based on its structural
characteristics. Relational memory involves the
experiencer organizing and controlling relationships and
responses between stimuli, while non-relational memory
pertains to creating conditions conducive to specific
responses. Classical and operant conditioning paradigms,
commonly observed in behavioral research, fall within the
non-relational memory category (Quillfeldt, 2006).

Commonly employed training methodologies
include the open field habituation test, passive avoidance
test, contextual fear conditioning, two-way active
avoidance test, maze tests, and novel object recognition
tests (More et al., 2016; Quillfeldt, 2006; Tanila, 2018).
Pavlov’s classical conditioning studies primarily focused
on involuntary responses elicited by known stimuli. In
contrast, Skinner's operant conditioning research
concentrated on voluntary behaviors and their associations
with consequences, where stimuli may be less explicit
(Skinner,  1938). Operant conditioning involves
establishing  associations between behaviors and
subsequent outcomes. The Skinner box, developed by
Skinner, is a pivotal experimental apparatus for observing
operant conditioning processes (Skinner, 1938). Operant
conditioning comprises repeated trials where behavior
frequency is either increased or decreased based on the
outcomes. Positive reinforcement, involving pleasant
stimuli, increases behavior probability, while negative or
aversive stimuli can temporarily suppress behaviors. While
pleasant stimuli or effects are positive reinforcements for
the behavior, unpleasant stimuli have a meaning as
punishment and can stop the behavior for a certain period
of time. According to studies focused on memory and
operant conditioning, training experimental animals
significantly enhances research validity (Dalkiran et al.,
2022).

Skinner advocated for the incorporation of
auditory stimuli in behavioral training, citing their
perceptibility across various distances and contexts, a

distinct advantage over visual stimuli (Skinner, 1961).
Presently, training methods that employ clickers or
auditory cues are acknowledged as efficacious techniques
in animal training within the realm of behavioral
psychology. These methods are particularly noted for their
effectiveness in marking and reinforcing desired behaviors
(Feng et al., 2016). A standard clicker is usually a small
plastic apparatus containing a metal piece that emits a brief,
sharp, dual-tone click when pressed. This auditory signal
typically precedes the immediate provision of food
reinforcement.  Research examining the correlation
between clicker cues and food intake remains limited,;
while some studies find no substantial differences when
compared to exclusive food reinforcement, others have
noted improved response rates (Pfaller-Sadovsk et al.,
2020; Martin & Friedman, 2020).

In recent years, there has been a growing interest
in biomaterials and engineering technologies aimed at
enhancing system quality while simultaneously reducing
operational costs. Among these, biosensors represent a
particularly promising avenue for the analysis of both
biological and non-biological systems. Biosensors are
analytical devices that translate biological signals into
quantifiable outputs, such as volatile organic compounds
(VOCs). These VOCs, also referred to as odorant
molecules, are distinct chemical entities produced by
biological systems. Various types of chemical and
biological analyzers have been developed to detect and
interpret these molecules. Several studies have highlighted
the potential applications of biosensors in applied sciences
and medical diagnostics (Oh et al., 2015). Nevertheless,
analytical instruments currently in use are reported to have
significant limitations, including high costs, slow response
times, operational complexity, substantial power
requirements, and the need for extensive optimization (Oh
et al., 2015; Tomsic & Musevic 2013; D’Amico et al.,
2010). Given these constraints, there is a need for
alternative and innovative sensory tools—particularly
those involving biodetector animals. Animals such as dogs,
rats, insects, and honeybees, which possess exceptionally
sensitive olfactory systems, have been employed for
biodetection purposes in recent years. Notably, the
olfactory sensitivity of dogs and rats has been shown to
exceed that of humans by up to several hundred thousand
times (Berg et al., 2024).

Rats have long been utilized as model organisms
in scientific research; however, their olfactory capabilities
have remained relatively underexplored. Recent studies
have begun to investigate their potential as biodetector
animals in a wide array of applications, including the
diagnosis of diseases and pathological conditions, search
and rescue operations, and the detection of flammable,
explosive, or prohibited substances—similar to the roles
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traditionally assigned to dogs (Poling et al., 2011;
Schoenberg et al., 2019; Leidinger et al., 2017). To
effectively employ an animal as a biodetector, the
implementation of an appropriate behavioral training
protocol is essential. In this context, behavioral modeling
conducted in conjunction with structured training
programs plays a critical role. Biodetector rats, in
particular, must be capable of executing a series of task-
specific behaviors acquired through such training. The
present study aimed to develop a refined training model
using a modified Skinner box, integrating classical and
operant conditioning paradigms to assess and address gaps
in behavioral training. Furthermore, the study sought to
construct optimized behavioral models for biodetector
training by systematically identifying and correcting
deficiencies encountered during the training process.
Ultimately, this research also serves as a preliminary
investigation into the feasibility of utilizing rats as
biodetector animals.

MATERIAL AND METHOD

Animals and housing: In the study, 10 female
Sprague Dawley rats, 1-2 months old, 150-250 g live
weight, were used as experimental animals. The rats were
housed in Bursa Uludag University Experimental Animal
Application and Research Center. All necessary approvals
were obtained from the University Experimental Animals
Local Ethics Committee (Ethics Committee Decision No:
2024-06/03).

The animals were kept for 1 week to get used to
the environment before the experiment. Each rat was
housed individually in boxes measuring 20x30x55 cm.
The cages were outfitted with enrichment materials,
including tunnels, ladders, running wheels, and platforms
constructed from wood and metal, to promote physical and
mental stimulation for the animals. Additionally, compact
cotton material was provided to facilitate nesting behaviors
(Figure 1). The rats were kept under standard lighting (12
hours light / 12 hours dark) and room temperature (22-23
°C) conditions during the study. Sufficient standard pellet
food and water were available ad libitum.

Skinner training box: A Skinner box was
modified and designed for the experiment. The box was
rectangular prisms measuring 30x30x40 cm, crafted from
transparent materials to allow for unobstructed observation
of the interior by the operator. There was a bell, a bait and
an odor chamber inside the box. The chain with the bell
attached hangs from the top of the odor chamber. The bell
was used as a discriminative stimulus that the subjects
interacted with during the operant conditioning phase. The
bait and the odor chamber were in a location that is
accessible from the outside (Figure 2).
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Figure 2. Modified skinner box

Reward food: Solid biscuit pieces were given as a
reward food. This reward food served as a reinforcer for
the rats when they successfully performed the target
behavior in the study.

Clicker: A standard commercial model clicker
was used. It was held in a plastic or metal housing, had a
piece that was depressed at one end, returned to alignment
when released, and maked a sharp "click" sounded each
time it was depressed.

Test procedure: The overall procedure for
training rats consisted of two phase: (i) a socialization
phase, followed by (ii) a continuous training phase, in
which reward was delivered via classical and operant
conditioning paradigms.

Socialization  phase: The initial phase
encompassed the adaptation and socialization process. This
phase was designed to help the rats acclimate to the
experimental environment, enhance their confidence in
interacting with humans, and promote their effective
participation in the experimental procedures. To achieve
this, a 7-day socialization protocol was implemented for
the rats. Throughout this process, no food restrictions were
imposed on the animals. Following the adaptation and
socialization phase, the rats' food intake was reduced by
60%, while water intake remained unrestricted for 24 hours
before the training sessions.
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Training phase: The training schedule involved
one session per animal per day, conducted five days a
week, with each session limited to 15 minutes. The training
protocol was meticulously developed by integrating and
adapting the core principles of classical and operant
conditioning paradigms.

Target and non-target behaviors were recorded
across all training stages. Additionally, the percentage
changes in the frequency of these behaviors were
calculated and analyzed. The observed behaviors during
the training sessions included: circling the cage, waiting in
the reward chamber, inspecting a corner of the cage
unconsciously touching the bell, unintentionally touching
the bell, and ringing the bell with both forepaws that
modified by literatures (Rautio et al., 2024; Figure 3-7). In
the study, “ringing the bell with both forepaws” behavior
was targeted for the training procedure. Non-target
behaviors were defined as any actions that deviated from
the specified target behavior. Furthermore, to monitor the
welfare of the rats throughout the training process,
indicators of anxiety-specifically spontaneous urination,
defecation, and vocalization-were systematically recorded.

a. First stage: In the initial phase of the training
procedure, the odor chamber was physically separated
from the section designated for reward delivery using a
partition. During this stage, the rats were subjected to
classical conditioning, wherein a commercial clicker was
employed as a conditioned stimulus. The food reward was
administered immediately following the click sound to
establish the association between the auditory cue and
reinforcement.

b. Second stage: In the second and subsequent
stages, the partition separating the odor chamber from the
reward area was removed. When the animal made contact
with the bell—using a paw, its nose, or another part of the
body—the clicker was activated, and the food reward was
immediately delivered. Through repeated trials, the rats
began to form an association between bell activation, the
clicker sound, and the subsequent reward. At this stage,
however, there was no odor awareness.

c. Third stage: During this stage, the rats were
reinforced for touching the bell with either one or both
forepaws. The aim was for rat to learn to lift its body. The
partition remained removed during this stage to maintain
environmental continuity and facilitate learning.

d. Fourth stage: In this final stage, the rats were
required to assume an upright posture with their noses
oriented toward the odor chamber and ring the bell using
both forepaws. Upon successful execution of this specific
behavior, the clicker was sounded and the food reward was
delivered. This stage represented the complete acquisition
of the target behavior in the context of the training
apparatus.

|
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Figure 4. Waiting in the reward chamber.

Figure 5. Inspecting a corner of the cage
unconsciously touching the bell.

Figure 7. Ringing the bell with both forepaws.

Statistical analysis: Statistical analyses were
conducted using GraphPad Prism version 5. Analysis of
variance (ANOVA) will be used to determine the effects of
operant conditioning protocols on the number of shaping
trials, and the frequency of target and non-target behaviors.
Response rates will be calculated with the application of
the conditioned stimulus. Parameters were grouped and
means and standard errors were calculated.

Prior to hypothesis testing, the Kolmogorov—
Smirnov and Shapiro-Wilk tests were applied to evaluate
the normality of data distribution. For data exhibiting
normal distribution, Levene’s test was used to assess
homogeneity of variances. Depending on the outcomes of
these preliminary tests, either parametric methods—
including ANOVA and the paired samples t-test—or non-
parametric methods—such as the Kruskal-Wallis test and
Mann-Whitney U test—were used for group comparisons.
A p-value of less than 0.05 was considered statistically
significant.
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RESULTS

Target behaviors were successfully performed,
and non-target behaviors were recorded throughout all
stages of the training phases (Figure 8). Percentage
changes in behavior frequencies were calculated by
comparing data from the beginning and end of the study
(Figure 9). No statistically significant difference was
observed between the overall frequencies of target and
non-target behaviors across all rats (p:0.209; 41.29+6.71 ve
24.574£9.61). However, the target behavior realization rate
increased markedly by 628%, while the frequency of non-
target behaviors showed a more moderate increase of 98%.

Target and Non-target Behavior Counts
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Figure 8. The counts of target and non-target behaviors during traning
(p>0.005; Mean + S.E; n=10).
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Figure 9. The percentage differences between target and non-target
behaviors during traning (p>0.005; Mean + S.E; n=10).

Following the socialization phase, initial training
(Stage 1) began, during which the association between the
clicker sound and food reward was established. Some rats
successfully learned this association by Day 3, while others
required up to Day 6. Although each stage was structured
to occur over one training day, rest intervals were
incorporated between stages. As a result, Stage 1 training
was conducted between Days 6 and 12.

Stage 2 commenced on Day 12, at which point rats
were introduced to the bell. On Days 12 and 13, food
rewards were given when the rats rang the bell

unintentionally. By Day 14, however, the animals had
begun to associate bell-ringing—whether performed with
a paw, the nose, or another part of the body—with the
clicker sound and the subsequent reward.

On Day 15 (Stage 3), the rats began receiving
rewards only when they touched the bell with either one or
both forepaws. By Day 18 (Stage 4), all animals were able
to perform the full target behavior—ringing the bell with
both forepaws in response to the odor stimulus—followed
by the clicker sound and reward delivery.

Throughout the training process, no signs of
distress, such as urination, defecation, or vocalization,
were observed in any of the rats, with the exception of one
instance of urination on Day 1 by a single animal.

DISCUSSION AND CONCLUSION

In this study, we demonstrated a fundamental
training approach in which rats successfully learned to
perform a sequence of novel behaviors involving bell
ringing, auditory cues (clicker), and food reinforcement.
The animals observed high performance and learning
success during the study. Previous studies have reported
that the effects of clicker training with several species,
including dogs and horses. Early research on clicker-based
methodologies was firmly grounded in behavioral analysis,
particularly in the context of reinforcement learning.
However, it has been noted that key terms commonly used
in clicker training—such as cueing, bridging, and
conditioned  reinforcement—are  often  interpreted
inconsistently across different studies, which complicates
the analysis of behavioral outcomes. The earliest device
resembling a modern clicker—a buzzer—was developed
by McCall and Burgin (2002), who found that bell training
paired with food rewards was more effective in horses than
providing food alone. Similarly, a study by Thorn et al.
(2006) investigated whether a clicker paired with food was
more effective than verbal praise in dog training. Their
findings suggested that verbal praise elicited higher levels
of sustained response than the clicker. In contrast,
Chiandetti et al. (2016) found no significant difference
between clicker-plus-food, verbal praise-plus-food, and
food-only conditions, highlighting ongoing inconsistencies
in the literature. Given the limited but growing body of
research exploring the association between clicker cues
and food reinforcement (Pfaller-Sadovsky et al., 2020;
Martin & Friedman, 2020), one of the most notable
findings in the present study is that training success was
achieved across all individual rats, reinforcing the utility
and reproducibility of this conditioning model in a rodent
population.

In the present study, the initial and most critical
step involved training the rats to associate the clicker sound
with the subsequent food reward—a key phase

234



Yilmaz et al., (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (230-236)

representing the completion of classical conditioning. The
success of this association was found to be influenced by
the individual rats’ engagement and responsiveness to
training. Despite the incorporation of rest periods between
training stages, most rats were able to establish the clicker—
reward connection between the 3rd and 6th training days.

In subsequent stages, particularly Stage 2—when
the partition was removed—rats began to unintentionally
contact the bell using various parts of their bodies. Upon
doing so, they received both the clicker sound and the food
reward.  This phase represented the second major
milestone of the study, as it marked the beginning of the
operant conditioning process. Repeated reinforcement led
the rats to gradually associate the act of bell-ringing with
the reward mechanism.

By Day 12, although inconsistently, rats began to
actively ring the bell. By Day 14, most animals had learned
to associate the clicker sound and food reward with
physical contact with the bell, whether through one or both
forepaws, their nose, or other body parts. From Day 15
onward, food rewards were only administered when the
bell was touched using one or both forepaws. Notably, by
Day 18, the animals consistently performed the complete
target behavior—ringing the bell using both forepaws—
successfully linking it to the clicker cue and the ensuing
reward.

The behavior of “ringing the bell with both
forepaws” represented the most critical component of the
training process, as it served as the primary action through
which a clear association between the behavior and the
reinforcement could be established. It was observed that
rats acquired this target behavior relatively quickly,
regardless of the trainer’s level of experience. Notably,
efficient training outcomes were achieved even under the
guidance of less experienced trainers.

Previous studies have reported common errors in
clicker training, such as reinforcing inappropriate
behaviors or failing to present the food reward promptly
following the clicker cue (Leidinger et al., 2017). In the
present study, similar mistakes were identified during the
early training stages—particularly the initial failure of
some rats to respond to the clicker before the association
was learned. However, these issues were progressively
resolved as the training advanced.

The individual temperament of rats constitutes an
uncontrollable variable in the training process. Although
all animals in the present study were born and raised under
identical environmental conditions, they nonetheless
exhibited a wide range of behavioral characteristics.
Previous research has highlighted such variability, noting
differences in taste preferences, appetite, and exploratory
behavior among individual rodents (Crawley, 2007; Loos
et al., 2015; Leidinger et al., 2017).

Based on the current findings, the type of food
reward emerged as another critical factor influencing
training outcomes. Although solid food rewards were
employed in this study, training effectiveness appeared to
be affected by individual differences in taste preference
and feeding behavior. Moreover, the use of solid rewards
was found to reduce motivation in some animals, likely due
to the longer time required for consumption. Therefore, it
is proposed that utilizing liquid food rewards may enhance
the acquisition of target behaviors and improve overall
training efficiency.

A key limitation of this study is that it was
conducted using only one rat strain. Considering that
behavioral traits such as learning ability, stress response,
and reward sensitivity can differ significantly between
strains, future studies should include additional strains to
enhance the generalizability of the findings (Loos et al.,
2015; Leidinger et al., 2017). Moreover, further research is
warranted to evaluate the broader behavioral repertoire and
physiological stress responses associated with the training
process, in order to better understand both performance and
animal welfare outcomes.

In conclusion, this study demonstrated that the
application of a clicker-based operant conditioning
protocol in female Sprague Dawley rats is both practical
and effective. Despite certain limitations, including a
modest sample size and individual learning variability, the
findings offer a clear proof of principle for training
paradigms based on observational and operant learning in
rodents. The high success rate observed across the majority
of subjects highlights the reliability of the model. Looking
ahead, future studies will aim to refine the behavioral
framework further and explore the integration of
automated systems, including machine learning and
artificial intelligence, to enhance precision, efficiency, and
scalability in biodetector training protocols.
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Abstract: Aquaculture is gaining importance due to the increasing population and food demand.
However, one of the biggest challenges in the sector is the need for innovative technologies.
Artificial intelligence (Al) offers important solutions in environmental process management,
early disease detection, water quality monitoring and optimizing feeding strategies. This study
examines the evolution of Al in aquaculture by analyzing 202 publications in the Web of Science
+12): https://orcid.org/0000-0002-3854-6047 database between 1998 and 2024. Academic productivity has increased rapidly in recent years,
reaching 64 articles in 2024. The most common document types are “Articles” (124) and
“Reviews” (41), with research focused on environmental disciplines such as Fisheries (41) and

" . s Marine Freshwater Biology (29), as well as technical fields such as Engineering Electrical
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Hamdi AYDIN Electronics (26) and Computer Science (25). The leading journals are Aquaculture and
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Sciences, Department of Biology, lzmit, with Li Daoliang (7 publications) being the most prolific author. Keyword analysis reveals central
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I: aydin@kocaeli.edu.tr themes such as “Aquaculture” (66), “Artificial Intelligence” (61), and “Machine Learning” (36),

while concepts such as “Smart Fish Farming” and “Sustainability” indicate a shift toward
technology-driven green solutions. Citation networks reveal strong connections but some
fragmentation. The findings suggest that Al is increasing its role in the industry, encouraging
sustainability and collaboration.
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Web of Science'da Yayimlanan Su Uriinleri Yetistiricilizinde Yapay Zekanin Kullanimi
Konusundaki Yayinlarin Kapsamh Analizi

Oz: Su iiriinleri yetistiriciligi, artan niifus ve gida talebi nedeniyle 6nem kazanmaktadir. Ancak
sektordeki en biiylik zorluklardan biri, yenilik¢i teknolojilere duyulan ihtiyactir. Yapay zeka
(YZ), cevresel siireglerin yonetimi, hastaliklarin erken tespiti, su kalitesinin izlenmesi ve
beslenme stratejilerinin optimize edilmesi gibi konularda onemli ¢oziimler sunmaktadir. Bu
calisma, 1998-2024 yillar1 arasinda Web of Science veri tabanindaki 202 yayini analiz ederek
yapay zekanin su {iriinleri yetistiriciligindeki evrimini incelemektedir. Son yillarda akademik
tiretkenlik hizla artmus, 2024’te 64 makaleye ulasmistir. En yaygin belge tiirleri "Makaleler"
(124) ve "Incelemeler" (41) olup, arastirmalar Balikcilik (41) ve Deniz Tatli Su Biyolojisi (29)
gibi ¢evre disiplinlerinin yani sira Miihendislik Elektrik Elektronigi (26) ve Bilgisayar Bilimi (25)
gibi teknik alanlarda yogunlagmstir. Aquaculture ve Computers and Electronics in Agriculture
en onde gelen dergilerdir. Cin (52) ve ABD (28) en fazla katki saglayan iilkeler olup, Li Daoliang

;Soré'_mA'i%ﬁla" (7 yayn) en iiretken yazarlardandir. Anahtar kelime analizi, "Su Uriinleri Yetistiriciligi" (66),
amdi M " " . AL L o .

Kocaeli Universitesi, Fen Edebiyat Fakiiltesi, Yapay .Ze.ki. (61") ve “M“akzr{e. O.g';:e;?zn_u" (36) gibi merkegl temalari ortqyg. lfgyarken,."‘Ak'zllf
Biyoloji Béliimii, Izmit, Kocaeli, Tiirkiye Balik Ciftligi" ve "Siirdiiriilebilirlik" gibi kavramlar teknoloji odakli ¢evreci ¢oziimlere yonelimi
><: aydin@kocaeli.edu.tr gostermektedir. Atf aglari, gilicli baglantilar olsa da bazi pargalanmalarin siirdiigiinii ortaya

koymaktadir. Bulgular, yapay zekanin sektordeki roliinii artirarak siirdiiriilebilirlik ve is birligini
tesvik ettigini gostermektedir.

Anahtar kelimeler: Akilli balik ¢ift¢iligi, atiflar, bibliyometrik analiz, su hayvanlari, VoSviewer.

237


https://doi.org/10.35229/jaes.1644688
https://doi.org/10.35229/jaes.1644688
https://doi.org/10.35229/jaes.1644688
https://doi.org/10.35229/jaes.1644688
https://orcid.org/0000-0002-3854-6047
aydin@kocaeli.edu.tr
aydin@kocaeli.edu.tr

Aydin, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (237-246)

INTRODUCTION

Aguaculture production has gained significant
momentum on a global scale due to factors such as the
rapidly increasing world population, the need for sustainable
food sources, the spread of healthy eating habits,
technological innovations and the decrease in natural
aquaculture stocks. This increase is of vital importance for
humanity due to the multidimensional benefits of
aquaculture, such as contributing to food security with its
high nutritional value, supporting economic activities,
encouraging environmental sustainability and having a
cultural value for many societies.

Aquaculture, the cultivation of aquatic organisms,
is vital for global food security and an important source of
protein (Boyd et al., 2022). As the global population
increases, there is an urgent need for sustainable expansion
in aquaculture. In 2022, global aquatic animal production
reached 185 million tons, of which 94 million tons were
derived from aquaculture activities. It is estimated that this
increase in aquaculture production will continue in the
coming years and will increase by 10% by 2032 and reach
205 million tons (FAO 2024).

In recent years, the increasing world population and
the need for sustainable food sources have brought about
significant growth in aquaculture production. This growth
has necessitated not only the efficient use of natural
resources but also the integration of innovative technologies
that will optimize production processes. Atrtificial
intelligence (Al), in particular, draws attention with its
versatile applications in the aquaculture sector, such as
increasing production efficiency, reducing environmental
impacts, improving stock management and improving
quality control processes.

The term "Artificial Intelligence” was first
introduced at the 1955 Dartmouth Conference, where John
McCarthy proposed a study based on the hypothesis that "
every aspect of learning or any other feature of intelligence
can in principle be so precisely described that a machine can
be made to simulate it" (Zha, 2020). Artificial intelligence,
one of the main areas of computer science today, has
penetrated into such diverse areas as education, healthcare,
finance and manufacturing due to its ability to very quickly
address problems that humans cannot solve. Today, Al
technologies are widely used in areas such as increasing
efficiency, improving decision support systems, and
encouraging innovation, leading to a continuous expansion
of Al's sectoral applications.

The first study on the use of Al and aquaculture, "
A fuzzy logic application to aquaculture environment
control” was written by Lea et al. (1998). Lee, (2000) in his
article titled "Process Control and Artificial Intelligence
Software for Aquaculture,” reported that aquaculture farmers
recognized that by controlling environmental conditions and
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system inputs (such as water, oxygen, temperature, feed rate,
and stocking density), they could regulate the physiological
rates of reared species and the final process outputs (such as
ammonia, pH, and growth). Chen et al. (2003) reported how
they developed a neural network model-based approach to
more accurately predict nitrogen content in treated
wastewater used in wastewater recycling and how the model
was useful in evaluating the groundwater recharge process
by increasing cost-effectiveness. In the following years,
Carbajal and Sanchez (2008), Hernandez et al. (2010) and
Hernandez et al. (2011) published articles on the use of
artificial intelligence in shrimp farming.

Wangle et al. (2020) conducted a comprehensive
review on the integration of machine learning and remote
sensing for water quality monitoring, emphasizing the
effectiveness of RS-based geospatial data and machine
learning ML algorithms, particularly support vector machine
regression and artificial neural networks, in accurately
estimating water quality parameters and improving real-time
decision-making in aquaculture.

Karimanzira  and Rauschenbach (2021),
investigated innovative solutions such as digitalization,
advanced technologies and double water recirculation
system (DRAPS) to overcome the stability, standardization
and economic profitability problems of large-scale
aquaponic systems and evaluated the potential to increase
the efficiency and sustainability of these systems.

Zhao et al. (2021) reviewed the machine learning
algorithms applied in smart fish aquaculture in the past five
years, detailing their applications in areas such as fish
biomass assessment, fish identification and classification,
behaviour analysis, and water quality parameters prediction.
Wang et al. (2021a) conducted a review examining the
integration of Al in aquaculture, its applications to key
challenges for the industry, existing commercial Al
products, technical and financial barriers to Al use, and
suggesting future research directions to increase efficiency
and sustainability in aquaculture systems.

Vo et al. (2021) carried out an extensive review of
smart aquaculture, evaluating 100 research articles from the
last ten years to explore the methodologies, findings, and
progress in machine learning applications within the field.

In order to reduce feed waste and water pollution in
fish farming, Chiu et al. (2022a) developed an artificial
intelligence objects (AloT)-based precision feeding
management system that automatically adjusts the feed
amount by detecting fluctuations on the water surface and
revealed that this system reduces aquaculture costs by
optimizing the fish feeding process.

Lim et al. (2022) examined the microalgae biomass
production process and evaluated the contributions of 10T
and artificial intelligence integration to microalgae
agriculture, and discussed the transition to smart microalgae
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agriculture, especially by addressing the stages of loT
hardware installation and process optimization with machine
learning. Nguyen et al. (2022) compared the accuracies of
multi-trait genomic prediction models (ssGBLUP), Bayesian
(BayesCpi), random forest (RF) and multilayer perceptron
(MLP) in a commercially important population of banana
shrimp (Fenneropenaeus merguiensis), showing that
machine and deep learning-based models provide higher
prediction performance compared to the traditional
sSGBLUP method and that the BayesCpi model in particular
is more effective in large-scale genetic improvement
programs.

Lu et al. (2022), emphasizing the importance of
water quality in aquaculture, designed a low-cost and
artificial intelligence-supported buoy system that measures
parameters such as dissolved oxygen, salinity, water
temperature and flow rate in real time and evaluated the
effectiveness of this system in terms of wireless data
transmission, short-term water quality predictions and cost-
effectiveness.

Emphasizing the importance of water quality in fish
farming, Guo et al. (2023) generated a dataset of 5203
images based on water colour and developed a deep transfer
learning-based classification model, proposing an automatic
water quality monitoring system that provides higher
accuracy (99%) compared to traditional observational
methods.

Bi et al. (2023) developed a new artificial
intelligence-based method due to the labor-intensive process
of manual control of buoys in mussel farms in New Zealand
and provided automatic detection of buoys using image
processing and a convolutional neural network (CNN) and
reported that this proposed method performed Dbetter
compared to other baseline methods.

Abdullah et al. (2024) reviewed various loT
applications in aquaculture, covering water quality
monitoring, feeding strategies, and smart health monitoring,
and highlighted the potential of 10T in aquaculture by
focusing on sensor advancements, artificial intelligence (Al)
integration, and increased productivity.

In this study, 202 publications in the Web of
Science database between 1998 and 2024 were analysed to
evaluate the evolution, current trends and impacts of
artificial intelligence in aquaculture and to suggest future
research directions.

MATERIAL AND METHOD

The data were collected from WoS databases viz.,
Science Citation Index Expanded (SCI Expanded),
Conference Proceedings Citation Index (CPCI-S), Emerging
Sources Citation Index (ESCI), Book Citation Index-Science
(BKCI-S) and Social Sciences Citation Index (SSCI) for the
period between 1989-2024. Advance search was adopted
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and use the following keywords for searching and retrieving
data “aquaculture ” and “artificial intelligence ”.

The query path is; TS=("aquaculture” and "artificial
intelligence™). The query link is:
https://www.webofscience.com/wos/woscc/summary/4a2b8
33d-aefe-4b8c-abf6-e0adb3e158ab-013bc4a758/times-cited
-descending/1. Data on publications related to “aquaculture”
and “artificial intelligence” include publication trends,
publication types, contribution of countries, most productive
authors, most cited publications, most publication titles,
research fields, Web of Science Index and publication
languages. 202 bibliographic records were retrieved and
bibliographic records were analyzed and mapped using the
VoSviewer version 1.6.20 and Microsoft Excel 2016.

RESULTS

Evolution in Publication Trends: This subsection
focuses on the number of publications on aquaculture and
Al, document types, and overall participation of authors,
institutions, journals, and countries. The analysis shows that
a total of 202 publications were published in the Web of
Science from 1998 to December 31, 2024 (Figure 1).

70
60
50
40
30
20

Publication Count

10

Figure 1. Number of publications on aquaculture and Al use recorded in
WoS between 1998 and 2024.

The first publication on the use of Al and
aquaculture, " A fuzzy logic application to aquaculture
environment control” was written by Lea et al. (1998). The
data in the Table 1 show that there has been a significant
increase in the number of publications over the years,
especially since 2020. While a limited number of
publications were published between 1998 and 2019, this
number increased rapidly after 2020 and reached 64 in 2024.
This indicates a significant acceleration in academic
productivity in recent years.

Publication types: When the distribution of
publications on the use of aquaculture and Al between 1998
and 2024 is examined according to their types, among the
document types, the most published ones are "Article" with
124 and "Review" with 41. These are followed by
"Proceedings Paper" with 37, "Early Access" with 3, "Book
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Chapter" with 2 and "Editorial Material™ with one "Data
Paper” each. This distribution shows that the research
outputs largely consist of articles and compilation studies
(Figure 2).

Article

Review
Proceedings Paper
Early Access B 3
Book Chapter 1 2
Editorial Material 1

Publication Types

Data Paper 1

40 60 80 100 120 140

Publication Count

Figure 2. Distribution
aquaculture and Al.

of publication types and their counts about on

Research areas: The research findings show that
technical disciplines such as Computer Science (57) and
Engineering (55) have the highest density, while
environmental fields such as Fisheries (41), Agriculture (29)
and Marine Biology (29) hold an important place, with other
fields exhibiting a lower but balanced distribution (Figure 3).

Computer Science 57
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oII
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o

20
Publication Count
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Figure 3. The 15 most published research areas and number of publications
on aquaculture and Al.

Publication titles: Figure 4. lists the top 15
publication titles with the most publications on aquaculture
and Al. The journals with the most publications are
Aquaculture and Computers and Electronics in Agriculture,
each with 9 publications. Other important journals include
Sensors (6), Aquacultural Engineering, Fishes, Frontiers in
Marine Science, Journal of Marine Science and
Engineering, and Reviews in Aquaculture (5 publications).
Additionally, Aquaculture International, IEEE Access (Inst.
Electrical Electronics Engineers Inc.), and Scientific
Reports have 4 publications, while Aquaculture Research,
Applied Sciences Basel and Agriculture Basel have 3
publications. These data provide an overview of the journals
in which academic studies in the relevant field are
concentrated.
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Figure 4. Top 15 journals titles and publication count in which studies on
aquaculture and Al.

Countries’ contribution

Analysis of the Web of Science database showed
that the country with the most publications in the field of
aquaculture and Al is the People's Republic of China (52
publications), followed by the USA (28 publications) and
Taiwan (16 publications). Among other prominent countries
on the list, Brazil comes in fourth place with 11 publications,
followed by Australia 10 publications and India with 10
publications, respectively. Table 1 shows that Peoples R.
China has taken an important leadership role in scientific
publications covering aquaculture and artificial intelligence
(Table 1).

Table 1. Ranking of countries with a minimum of two publications or more
in the fields of aquaculture and artificial intelligence.

No Countries Publication Count No Countries  Publication Count
1 Peoples R China 52 23 Scotland 4
2 USA 28 24 South Africe 4
3 Taiwan 16 25 Tunisia 4
4 Brazil 11 26 Denmark 3
5 Australia 10 27 Egypt 3
6 india 10 28 Finland 3
7 England 9 29 indonesia 3
8 Japan 9 30 ireland 3
9 Mexico 9 31 Poland 3
10 Spain 9 32 Thailand 3
11 South Korea 8 33 Tiirkiye 3
12 ftaly 7 34 Vietnam 3
13 Norway 7 35 Chile 2
14 France 6 36 fran 2
15 Malaysia 6 37 iraq 2
16 Philippines 5 38 Nepal 2
17 Qatar 5 39 Nigeria 2
18 Bangladesh 4 40 Palestine 2
19 Canada 4 41 Peru 2
20 Germany 4 42 Russia 2
21 Greece 4 43 Singapore 2
22 Saudi Arabia 4 44 Slovenia 2

Most productive authors: The top 15 most
productive authors publishing on aquaculture and Al are
shown in Figure 5. According to the data in the table, the
researcher with the most publications in the field of
aquaculture and artificial intelligence is Li Daoliang with 7
publications. He is followed by C. Cheng S., Chang Chin-



Aydin, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (237-246)

Chun and Ubina Naomi A.with 5 publications each. Ranjan
Rakesh., Good Christopher., Hsun-Yu Lan., Tsukuda Scott
and Sharrer Kata have 4 publications each. Among the other
researchers, Sanchez-Fernandez Luis Pastor., Hamzaoui
Mahdi., Xu Xianbao., Dupont Charlotte., and Li Juan and
Wu Junfeng have contributed with 3 publications each.
These data show the contributions of leading researchers
who are actively working in the relevant field.

Li, Daoliang 7
C. Cheng, S. 5
Chang, Chin-Chun 5
Ubina, Naomi A. 5
Ranjan, Rakesh
Good, Christopher
Hsun-Yu Lan
Tsukuda, Scott
Sharrer, Kata
Sanchez-Fernandez, ..
Hamzaou1, Mahdi
Xu, Xianbao
Dupont, Charlotte
Li, Juan
Wou, Junfeng

Researchers
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Figure 5. Top 15 most productive authors involved in aquaculture and Al.

Most cited articles: According to WoS data; of the
202 articles published on aquaculture and Al, 42 articles
were not cited at all, while 155 articles were cited between 1
and 158. The most cited publication was Yang et al. (2021a)
with 158 citations, Zenger et al. (2019) came second with
145 citations, and Yang et al. (2021) came third with 125
citations. The data in the table show the differences in the
ranking, number of citations and number of links of the
documents. "Yang et al. (2021a)", which has the highest

number of citations, has 158 citations and also attracts
attention with 28 links. In second place is "Zenger et al.
(2019)", which has 145 citations but zero links. In third place
is "Yang et al. (2021b)" with 125 citations and 16 links
(Table 2).

Table 2. Highly cited articles on aquaculture and Al in WoS.

Rank Documents Citations ¥ Links
1 Yang et al. (2021a) 158 28
2 Zenger et al. (2019) 145 0
3 Yang et al. (2021b) 125 16
4 Lu et al. (2022) 114 0
5 Zhao et al. (2021) 111 3
6 Fernandes et al. (2020) 89 0
7 Wang et al. (2021a) 76 13
8 Chen et al. (2003) 60 1
9 Mustapha et al. (2021) 58 10
10 Gladju et al. (2022) 53 1
11 Wang et al. (2021b) 53 2
12 Lim et al. (2022) 49 0
13 Jinetal. (2021) 45 0
14 Lee (2000) 43 3
15 Chiu et al. (2022b) 42 1
Citation network  of  publications:The

bibliographic citation network of publications in aquaculture
and Al researches is shown in Figure 6. This figure created
using WoSviewer, based on data from the Web of Science
Database, assessed on January 5, 2025, presents a network
analysis of bibliographic citation across 202 publications.
Publications that received at least 1 citation were included in
the visualization. Of the 202 documents, 156 meet the
threshold. The largest set of connected documents consist of
items. The network illustrates the relationships between
documents, with the distance between nodes indicating their
bibliographic relatedness and the node sizes representing the
frequency of citation occurrences within each document.

hu (2024)
cha‘ﬂg.LZOZZ)
musta% (2021)
dupoqﬁiom) : ® vzhang (2023a)
lafori2019) yang (2021 b)
rathem(2024) wang (2021b)
lindholm-lehto (2023) zhao (2021 )
o kaur(2023) vo (2021) fernanéez gambin (2021)
yan 1a)
w@? xuan@2023) W,
xie (2023)

chen (2003) o Uubina(2022)
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Figure 6. Citation network of publications featuring aquaculture and Al with at least 1 or more citations
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Citation network of authors’ total link strength:
Table 3 and Figure 7, created using WoSviewer, presents a
network analysis of the total link strength among 937
authors. Author with at least 1 publication were included
in the visualization. The minimum number of citations for
an author is calculated as 5. For each author, the total
strength of citation connections to other authors was
calculated and the authors with the largest total link
strength were selected. It was calculated that some of the
432 authors in the network were not connected to each
other and the largest connected item cluster consisted of
61.

The data in Table 3 and Figure 7 presents the
metrics such as the number of publications, number of
citations, nd total link strength of the authors. Song Zhang
stands out with 270 citations and 135 link strength despite
having only two publications. Daoliang Li is the author
with the most documents with 7 publications and has a
significant impact with 385 citations and 132 link strength.
Authors such as Shuanglin Dong, Qinfeng Gao, Jintao Liu,

gladjuy, j.

cheng, shyi-chyi

dup C Otte
= o
li, dgeliang wagunfeng
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aas, grete hansen
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Xinting Yang, and Chao Zhou stand out with high citations
(158) and link strength (123) with a single publication.
Xianbao Xu has high link strength (63) with 3 publications
and 130 citations. Other authors with lower link strength
metrics include Jincun Liu, Dean R. Jerry, David B. Jones,
and Mehar S. Khatkar.

Table 3. Scientific performance and total link strength of the citations 15
most influential researchers publishing on aquaculture and Al.

Author Documents Citations  Total link strength ¥
1 Zhang, Song 2 270 135
2 Li, Daoliang 7 385 132
3 Dong, Shuanglin 1 158 123
4 Gao, Qinfeng 1 158 123
5 Liu, Jintao 1 158 123
6 Yang, Xinting 1 158 123
7 Zhou, Chao 1 158 123
8 Xu, Xianbao 3 130 63
9 Liu, Jincun 2 149 17
10 Jerry, Dean R. 1 145 0
11 Jones, David B. 1 145 0
12 Khalilisamani, Nima 1 145 0
13 Khatkar, Mehar S. 1 145 0
14  Raadsma, Herman W. 1 145 0
15  Zenger, Kyall R. 1 145 0

acharya, krighina prasad

Figure 7. Citation network of authors’ total link strength of publications in aquaculture and Al.

Analysis of the most used keywords: Table 4 and Figure 8
show the analysis results of 91 keywords used in articles
written in the field of aquaculture and Al. When the 15
most frequently used keywords in Table 4 are examined, it
is revealed that artificial intelligence and related
technologies are increasingly used in the field of
aquaculture. The data shows that the most frequently used
keyword is "Aguaculture" (66 times, 156 connection
strength). This is followed by advanced technologies such
as "Artificial Intelligence" (61 times, 144 connection
strength), "Machine Learning" (36 times, 96 connection
strength) and "Deep Learning" (26 times, 68 connection
strength). Applications such as "Computer Vision" (15
times, 42 connection strength) and "Internet of Things™ (14
times, 40 connection strength) stand out especially in smart
fish farming and precision aquaculture applications. In
addition, environmental factors such as "Water Quality"
(11 times, 34 connection strength) and "Sustainability" (7
times, 15 connection strength) play an important role in the

development of aquaculture technologies. These findings
show that a technology-oriented and environmentally
aware transformation process is taking place in the
aquaculture sector.

Table 4. The 15 most used keywords in articles published on aquaculture
and Al

Keyword Occurrences  Total Link Strength ¥
1 Aquaculture 66 156
2 Artificial Intelligence 61 144
3 Machine Learning 36 96
4 Deep Learning 26 68
5 Computer Vision 15 42
6 Internet Of Things 14 40
7 Water Quality 11 34
8 Atrtificial Intelligence 11 13
9 Precision Aquaculture 8 24
10 Fish 8 23
11 Sustainability 7 15
12 Convolutional Neural Networks 6 20
13 lot 6 20
14 Smart Fish Farming 6 17
15 Object Detection 6 15

In Figure 8, keywords of scientific research
conducted in the field of aquaculture and Al were analysed

242



Aydin, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (237-246)

via VOSviewer. The findings show that the terms
Aguaculture and Machine Learning are at the center of the
research and have strong relationships with many other
keywords. In addition to advanced artificial intelligence
techniques such as Deep Learning, Computer Vision and
Object Detection, technological approaches such as the
Internet of Things and Automation are also frequently used
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in aquaculture applications. In the analysis, where
environmental sustainability themes also draw attention, it
is seen that keywords such as Water Quality, Dissolved
Oxygen and Sustainability have an important place. In
addition, when the time scale is examined, it is determined
that the interest in Smart Fish Farming and Environmental
Monitoring has increased in recent years.
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Figure 8. Analysis of keywords in articles published on aquaculture and Al.

DISCUSSION

The analysis of publication trends in aquaculture
and artificial intelligence (Al) from 1998 to 2024 reveals a
dynamic evolution in this interdisciplinary field. Between
1988 and 2019, research in the field of artificial
intelligence and aquaculture initially focused on fuzzy
logic and process control systems, but over time, it has
become integrated with advanced technologies such as big
data, signal processing, machine learning, and the internet
of things (lIoT) (Lea et al. 1998; Lee, 2000). In the early
2000s, the use of artificial intelligence software in
aquaculture management increased, and after 2010, water
quality monitoring systems and artificial intelligence-
supported analyses came to the fore. During this period,
information fusion, image processing, and loT-based
systems were used in areas such as disease detection, smart
feeding, and real-time water monitoring, and processes for
smart aquaculture were developed (Dupont et al. 2018).

The modest beginnings, marked by the pioneering
work of Lea et al. (1998) on fuzzy logic for aquaculture
environmental control, have translated into a significant
increase in academic output after 2020, reaching 60
publications in 2024. This acceleration is in line with
global advances in Al technologies such as machine

learning (ML), deep learning (DL), and the Internet of
Things (10T), and reflects their increasing integration into
agricultural and environmental sciences. The dominance of
“Articles” (120) and “Reviews” (41) among publication
types suggests a solid original research base supported by
synthetic overviews, facilitating knowledge dissemination
and consolidation in the field.

In the 2010s, advanced technologies such as
information fusion, image processing, and loT-based
systems transformed the industry by offering innovative
solutions such as disease detection, real-time monitoring,
and smart feeding systems. In the 2020s, advanced Al
techniques such as deep learning (DL) and computer vision
(CV) have become widely used in areas such as fish
behaviour analysis, biomass estimation, and remote
monitoring of aquatic ecosystems (Hu et al., 2020; Chen et
al., 2020). In particular, the integration of autonomous
systems and underwater unmanned vehicles has made
aquaculture processes more efficient and sustainable.
These developments indicate a transition from approaches
focused on the analysis of specific parameters in previous
years to ecosystem-based, multi-data source solutions (Uz
et al., 2020).

Studies published in 2021 and 2022 have shown
that Al, ML, loT, and CV technologies are playing an
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increasing role in aquaculture (Zhao et al., 2021; Wu et al.,
2022). Applications such as smart fish farms, water quality
monitoring, and automatic feeding systems have provided
higher accuracy and efficiency compared to traditional
methods, while AloT-based solutions have created new
opportunities in monitoring environmental impacts (Chiu
et al., 2022b). In 2023, more complex and integrated
systems such as digital twin technologies, Al-assisted fish
health monitoring, and water pollution analysis have come
to the fore (Ubina et al., 2023; Igwegbe et al., 2023). This
year stands out as a transition period in which technologies
offer interactive and data-driven solutions compared to
previous periods.

Studies from 2024 show that Al and ML
techniques are becoming more widespread in aquaculture
and their sectoral applicability is expanding (Cai et al.,
2024; Alprol et al., 2024). While deep learning algorithms
increase operational efficiency in areas such as fish
counting, behavioural analysis, and disease diagnosis,
AloT solutions have provided optimized processes in
precision feeding and water quality management. These
technologies have significant potential for the future of
aquaculture by reducing labour costs and supporting
environmental sustainability.

The distribution of research areas highlights a
synergy between technical disciplines (e.g., Computer
Science, 57; Engineering, 53) and applied fields like
Fisheries (41) and Marine Biology (29). This
interdisciplinary nexus underscores Al’s role as a
transformative tool in addressing practical aquaculture
challenges, such as water quality management, species
monitoring, and precision farming. The concentration of
publications in leading journals like Aquaculture and
Computers and Electronics in Agriculture (9 each) reflects
the field’s maturation, with these outlets serving as key
platforms for advancing both theoretical and applied
insights. However, the diversity of journals, including
Sensors and Frontiers in Marine Science, indicates a
broadening scope, encompassing sensor-based
technologies and marine ecosystem sustainability.

Geographically, the dominance of the People’s
Republic of China (52 publications) and the USA (28)
points to significant investments in Al-driven aquaculture
research, likely driven by economic stakes in seafood
production and technological innovation. Emerging
contributions from countries like Taiwan (16), Brazil (11),
and India (10) suggest a globalizing trend, potentially
fuelled by regional needs for sustainable aquaculture amid
growing food security demands. This aligns with the
prolific output of researchers like Li Daoliang (7
publications), whose work exemplifies leadership in
integrating Al into aquaculture systems, and the high
citation impact of authors like Zhang Song (270 citations),

indicating influential contributions despite  fewer
publications.

Citation analyses further illuminate the field’s
intellectual structure. The most cited articles, such as Yang
et al. (2021a) with 158 citations and Zenger et al. (2019)
with 145, highlight seminal works that have shaped
discourse, likely due to their innovative applications of Al
in precision aquaculture and genetic prediction. The
citation network (156 connected publications) and authors’
link strength (e.g., Li Daoliang, 132) reveal a tightly knit
research community with robust knowledge exchange,
albeit with some fragmentation, as 432 authors formed a
largest cluster of only 61. This suggests opportunities for
greater collaboration to enhance connectivity and impact.

Keyword analysis reinforces the technological
and ecological priorities driving this field. "Aquaculture”
(66 occurrences) and "Artificial Intelligence" (61) anchor
the research, while "Machine Learning” (36), "Deep
Learning" (26), and "Computer Vision" (15) reflect the
adoption of cutting-edge tools for applications like fish
detection and behaviour analysis. The prominence of
"Water Quality" (11) and "Sustainability” (7) underscores
an environmental consciousness, aligning with global
sustainability goals. The temporal shift toward "Smart Fish
Farming" and "Environmental Monitoring" in recent years
indicates a maturing focus on automation and real-time
ecosystem management, consistent with broader trends in
smart agriculture.

These findings demonstrate that Al in aquaculture
has evolved from rudimentary applications in the late
1990s to a sophisticated, technology-driven field by 2024.
The rapid post-2020 growth reflects not only technological
advancements but also increasing recognition of Al’s
potential to enhance efficiency, reduce labour costs, and
promote sustainable practices in aquaculture. However,
challenges remain, including the need for broader adoption
in less-represented regions and the integration of
fragmented research efforts into cohesive frameworks. The
reliance on technical disciplines also suggests a need for
greater involvement of social and economic perspectives to
address scalability and accessibility issues.

The integration of Al into aquaculture has reached
a pivotal stage, characterized by significant academic
productivity, interdisciplinary collaboration, and a focus
on sustainability. The leadership of countries like China,
the influence of key researchers, and the dominance of
technology-oriented journals and keywords collectively
signal a transformative trajectory. Future research should
prioritize bridging regional disparities, enhancing cross-
disciplinary collaboration, and addressing practical
barriers to large-scale implementation. By doing so, Al can
fully realize its potential to revolutionize aquaculture,
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contributing to global food security and environmental
resilience in an increasingly digitalized world.

As a result, Al applications in aquaculture have
evolved from simple systems to complex and integrated
technologies in an evolutionary process that extends from
the 1980s to the present. Today, the combination of deep
learning, 10T, and autonomous systems is making the
sector more efficient, sustainable, and digital. However,
more research is needed on issues such as standardization,
cost-effectiveness, and infrastructure requirements for the
wide-scale applicability of these technologies. In the
future, Al-supported aquaculture systems have a high
potential to contribute to global food security and
environmental sustainability goals. In this context,
increasing academic and industrial collaboration stands out
as a critical element that will accelerate the sectoral
adaptation of the technology.
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Abstract: This study provides the evidence-based confirmation of historical records of the prawn
species Penaeus kerathurus on the Black Sea coast of Tirkiye, highlighting a notable
geographical extension of its known distribution range. A female (12.81 cm in TL) and a male
(13.56 cm in TL) were captured 22 days apart using a gill net at a depth of 8 meters off the coast
of Fatsa district (Ordu, Black Sea). Although the species is known for its adaptability and
ecological significance, the findings suggest that its presence in the Black Sea is more likely due
to anthropogenic factors, particularly introduction via ballast water from ships, rather than active
swimming through the Turkish Straits System. Its rare occurrence in the Marmara Sea further
supports this hypothesis. The specie’s high fecundity and adaptability may facilitate its
colonization in the Black Sea, while the low salinity and cooler sea water temperatures may
challenge its long-term establishment.

*U5: https://orcid.org/0000-0003-1163-6461
- https://orcid.org/0000-0002-8674-1461
: https://orcid.org/0000-0002-5827-0404

*Corresponding author’s:

Mehmet AYDIN

Department of Fisheries Technology
Engineering, Fatsa Faculty of Marine Sciences,
Ordu University, 52400 Ordu, Tiirkiye

DX: maydin69@hotmail.com

Keywords: Range expansion, alien species, Penaeidae, ballast water, Tiirkiye.

Karadeniz'in Tiirkiye Kiyillarinda Yabanci Karides Tiirii Penaeus kerathurus'un
Kanita Dayalh Dogrulanmasi

Oz: Bu galisma, Penaeus kerathurus karidesinin Tiirkiye’nin Karadeniz kiyilarindaki tarihi
kayitlarin1 kanita dayali olarak dogrulamakta ve tiiriin bilinen dagilim alaninda dikkate deger bir
cografi geniglemeyi ortaya koymaktadir. Toplam uzunlugu 12,81 cm olan bir disi ve 13,56 cm
olan bir erkek birey, Fatsa ilgesi (Ordu, Karadeniz) agiklarinda, 8 metre derinlikte fanyali ag
kullanilarak 22 giin arayla yakalanmigtir. Yiiksek adaptasyon yetenegi ve ekolojik onemi ile
bilinen bu tiiriin Karadeniz’deki varliginin, Tiirk Bogazlar Sistemi iizerinden aktif gogten ziyade,
biiyiik olasilikla gemilerin balast suyu yoluyla insan kaynakli tasinmadan kaynaklandig:
diistiniilmektedir. Marmara Denizi'ndeki sinirli dagilimi da bu hipotezi desteklemektedir. Bu
tiriin yliksek iireme kapasitesi ve adaptasyon yetenegi, Karadeniz’de kolonilesmesini
kolaylastirirken, diisiik tuzluluk ve daha soguk deniz suyu sicakliklar1 uzun vadeli yerlesimini
zorlastirabilir.
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Mehmet AYDIN
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INTRODUCTION 90 meters (d’Udekem d’Acoz, 1999). The caramote prawn
is considered a valuable species in small-scale fisheries
The caramote prawn, Penaeus kerathurus (Sartol et al., 2018; Sen, 2025).

(Forsskal, 1775), is a prominent member of the family The geographical distribution of the caramote

Penaeidae. This species predominantly inhabits shallow
estuarine and marine environments, preferring sandy,
muddy, and shell gravel substrates at common depths
ranging from shoreline to 40 meters and occasionally up to

prawn extends across the eastern Atlantic, from southern
England to Angola, including Mauritania, and Morocco and
throughout the Mediterranean Sea (Gonzalez & Santana,
2014). In Turkish seas, it was also distributed in the Aegean
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Sea and the Sea of Marmara (lhsanoglu, 2020). This study
presents a validated record of caramote prawn in the Turkish
Black Sea, occurring eight years after the first confirmed
report by Goniilal and Tiiretken (2019). This confirmation
contributes significantly to our understanding of the species'
potential establishment and persistence in the Black Sea.

MATERIAL AND METHOD

Two specimens of the caramote prawn were caught
as bycatch during commercial fishing operations off the
coast of Fatsa district, Ordu, in the Black Sea on October 3,
2024 (Specimen 1; 41°02'16"N — 37°30'01"E), and October
25, 2024 (Specimen 2; 41°02'21"N 37°29'37"E),
respectively. The sampling point was very close to the Fatsa
Pier, 200 m away from where ships in international
circulation load and unload. Both specimens were caught at
a depth of 8 meters using a 40 mm mesh size (stretched
measure) monofilament gill net deployed during routine
commercial fishing activities. Identification of the
specimens was performed using taxonomic keys specific to
Penaeus prawns (Fischer et al., 1987; Galil et al., 2002). The
scientific name was further cross-referenced with
SealL ifeBase (Palomares & Pauly, 2024). Morphometric
measurements included total body length (TL in cm) and
carapace length (CL in cm). TL was measured in a stretched
condition from the tip of the rostrum to the end of the telson
while CL was measured from the tip of the rostrum to the
mid-posterior dorsal margin of the carapace using digital
Vernier caliper (Conides et al., 2008). Total body weight
(TW in g) was recorded using a digital scale with an
accuracy of 0.01 g. Sex was determined based on the
presence of a petasma in males and a thelycum in females
(Conides et al., 2008; Ihsanoglu et al., 2021).

RESULTS AND DISCUSSION

The captured specimens of the caramote prawn
included a female (Specimen 1) and a male (Specimen 2).
The female measured 12.81 ¢cm in TL, 5.03 cm in CL, and
weighed 14.27 g in TW. The male measured 13.56 cm in TL,
5.21 cmin CL, and weighed 15.35 g in TW (Figure 1).

Froglia and Scanu (2023), through an extensive
literature review, revealed that the first two records of
caramote prawn reported in the Black Sea (one in 2005 and
the other in 2014) were initially misidentified as P.
semisulcatus. These records were later retrospectively
confirmed as P. kerathurus, with the individuals likely
introduced into the Black Sea as larvae or post-larvae via
ballast water discharge from ships. Subsequently, in 2017,
Goniilal and Tiiretken (2019) reported the first confirmed
record of P. kerathurus along the Turkish coast of the Black
Sea. However, no additional data have been presented

regarding the species’ presence, population continuity, or
ecological impact. This study provides a verified record of
caramote prawn in the Turkish Black Sea, confirming its
presence eight years after the initial documented report by
Goniilal and Tiiretken (2019).

While some Penaeidae members have a notable
swimming capacity, estimated at approximately 100 km per
month (Klima, 1963; Altuve et al., 2008), the rare presence
in the Marmara Sea, region it would have needed to traverse
to reach the Black Sea, makes the hypothesis of natural range
expansion highly unlikely. The Ordu coast of the Black Sea,
located over 2500 km away from the species' established
populations in the Levantine and Aegean Seas, presents a
significant geographical barrier to direct swimming. This is
further supported by the lack of rare historical or
contemporary records of the caramote prawn in intermediate
regions, despite extensive fisheries activities that would
likely have detected the species. Both specimens in this
study were captured near the Fatsa pier, an active hub for
maritime cargo operations, further reinforcing the likelihood
of introduction via anthropogenic vectors. Ships operating in
international waters often serve as vectors for invasive
marine species, particularly through ballast water discharge.
During transport, larval stages, such as nauplius, zoea,
mysis, or early post larvae, can survive and later establish
populations upon release into favorable habitats. The
proximity of the collection site to an active pier increases the
probability that these specimens were transported as larvae
or juveniles in ballast tanks or potentially attached to the
hulls of ships. Froglia and Scanu (2023) also highlighted that
the prior observations of the caramote prawn in the Black
Sea involved a juvenile specimen likely introduced to the
Black Sea via ballast water from ships.

The discovery of mature female, with body size (5.3
cm in this study) exceeding CLso thresholds for reproductive
maturity (3.9 cm for females) (lhsanoglu et al., 2021),
suggests that the specimens had time to settle and grow
following their introduction to the Black Sea. This
observation implies that the introduction occurred some time
ago, allowing the shrimp to adapt and mature in their new
habitat. Furthermore, environmental changes driven by
climate change may have facilitated the establishment of this
non-native species. The process of Mediterraneanization,
characterized by warming sea temperatures and other
climatic shifts, has been increasingly documented in the
Black Sea (Oguz & Oztiirk, 2011). These changes have
supported the introduction and proliferation of various alien
migrants and other non-indigenous species in recent years
(Oztiirk, 2021; Eyiiboglu, 2022; Aydin et al., 2024). In this
context, the ongoing warming of the Black Sea likely created
more favorable conditions for the survival and establishment
of the caramote prawn, which thrives in a broad range of
environmental conditions.
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a

Figure 1. The male Penaeus kerathurus specimen caught on 25 October 2024 (a) with distinctive rostrum (b)

The potential for the caramote prawn to colonize
the Black Sea remains uncertain, as it depends on several
environmental and biological factors. Body size of
specimens confirm the presence of sexually mature
individuals, highlighting the potential for reproduction and
further establishment of the species in the Black Sea,
provided environmental conditions are favorable. The
presence of opposite sexes in the population increases the
possibility of reproduction, as the caramote prawn exhibits
high fecundity (approximately 156,000 oocytes/g)
(Conides et al., 2008). This reproductive capacity may
provide the foundation for the species to establish a
population in the Black Sea. However, the ability of the
species to complete its life cycle under the Black Sea's
environmental conditions is less certain. The Black Sea's
low salinity and relatively low winter temperatures could
pose significant challenges, particularly during the larval
stages. Therefore, while the high reproductive potential
and adult adaptability of the caramote prawn suggest it
could colonize the Black Sea under favorable conditions,
its long-term establishment and population sustainability
remain uncertain.

The introduction and presence of the caramote
prawn in the Black Sea could lead to significant ecological
and economic impacts. These effects can be both direct and
indirect, influencing native ecosystems and fisheries in
various ways. The caramote prawn dominates the
ecosystem among the prawn species due to its carnivorous
behavior. Its introduction may increase competition for
resources with native prawn species and other benthic
fauna, potentially leading to declines in native populations.
If the species becomes established and thrives, it could
emerge as a target species for fisheries due to its high
economic value. Given its high market value and
desirability, the establishment of the caramote prawn in the

Black Sea could provide an alternative income source for
fisheries.

CONCLUSION

This study documents the first record of the
caramote prawn on the Turkish Black Sea coast, marking a
significant milestone in its geographic range expansion.
The findings underscore the species’ ecological
adaptability yet strongly support the hypothesis that its
introduction occurred via ballast water discharge rather
than active migration through the Turkish Straits System.
Despite its high fecundity and resilience, the Black Sea's
unique environmental conditions, such as lower salinity
and cooler temperatures, may limit the species' potential
for long-term establishment. To mitigate risks and
capitalize on potential benefits, continued monitoring,
coupled with genetic studies, is essential to track its
population dynamics and inform management strategies
for both ecological conservation and fisheries
sustainability.
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Abstract: This study evaluated the effectiveness of adding oral Vitamin A to the standard
treatment for crop candidiasis in budgerigars. A total of 60 budgerigars aged 1-4 years with
confirmed crop candidiasis were divided into two groups. Group 1 received Nystatin,
Metoclopramide, and Enrofloxacin, while Group 2 received the same treatment along with oral
Vitamin A for 14 days. Clinical scoring was used to assess symptoms pre- and post-treatment on
a scale of 1 to 5. Statistically significant improvements were observed in both groups (p<0.05).
However, post-treatment clinical scores showed a significantly greater improvement in Group 2
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VR LR, ey o Gl ur treatment protocol for crop candidiasis leads to faster recovery and a lower recurrence rate. The
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(- cagatay.esin@omu.edu.tr aim of the study was the investigation of the potential benefits of incorporating Vitamin A in

managing crop candidiasis in budgerigars.
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Muhabbet Kuslarinda Kursak Kandidiazisi Tedavi Protokoliine Ek Olarak Verilen
A Vitamininin Rolii ve Onemi

Oz: Bu ¢alismada muhabbet kuslarinda kursak kandidiyaz icin standart tedaviye oral A Vitamini
eklenmesinin etkinligi degerlendirildi. 1-4 yas aras1, kursak kandidiazis tanist konan 60 muhabbet
kusu iki gruba ayrildi. Grup 1, Nystatin, Metoclopramid ve Enrofloksasin alirken, Grup 2 ayni
tedaviyi 14 giin boyunca oral A Vitamini ile birlikte aldi. Semptomlari tedavi 6ncesi ve sonrasi
1'den 5'e kadar bir dlgekte degerlendirmek igin klinik skorlama kullanildi. Her iki grupta da
*Sorumlu yazar: istatistiksel olarak anlaml farklar gézlendi (p<0,05). Tedavi sonrasi klinik skorlama Grup 2'de
igatay ESIN anlamli derecede daha fazla iyilesme gosterdi (p<0,05). Hastalifin tekrarlama oran1 Grup 1'de
wdokuz Mayss Universitesi Veteriner %33,3 iken, Grup 2'de 365 giin i¢inde sadece %13,3 idi. Bu sonuglar, kursak kandidiazisi i¢in
g:i;‘;ﬁm’#ifrg;imhkla“ Anabilim Dal, standart tedavi protokoliine A Vitamini eklenmesinin daha hizl1 iyilesmeye ve daha diisiik bir
I: cagatay.esin@omu.edu.ir tekrarlama oranina yol agtigini gostermektedir. Caligmanin amaci, muhabbet kuslarinda kursak
kandidiazisinin tedavisinde A Vitamini kullaniminin potansiyel faydalarinin incelenmesidir.

Anahtar Kelimeler: Muhabbet kusu, kandidiazis, tedavi, A vitamin.

INTRODUCTION Crop candidiasis in budgerigars is one of the
common diseases of the gastrointestinal system (Terry and

There are various gastrointestinal system diseases Campbell, 2017). Candidiasis is a mycotic disease seen in

in budgerigars (Hollwarth and Prieto, 2024). These include the upper digestive system (mouth, esophagus and crop) of
stasis or dilatation of the esophagus and crop, neoplasms, budgies. The disease is also called moniliasis or crop
gastrointestinal system foreign bodies, bacterial, viral, mycosis. The most commonly isolated species in patients
parasitic diseases, diarrhea, constipation and cloacal is Candida albicans (Talazadeh et al., 2022). Poor hygiene

prolapse.
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in the bird's environment and food preparation, prolonged
use of antibiotics, concurrent immunosuppressive
conditions (e.g., malnutrition, debilitation), failure to clean
excess formula from the skin or mouth of hand-reared
chicks, high concentrations of sugar in fruit and hand-
rearing formula, which provide an ideal medium for yeast
growth, and alkaline crop contents, which are observed
when crop stasis occurs for any reason, are reported to be
predisposing factors for overgrowth of the agents
(Doneley, 2018). Pigeons, turkeys, chickens, geese,
pheasants, quail, parrots, budgerigars, guinea fowls, and
other birds have all been found to have candidiasis
(Samanta, and Bandyopadhyay, 2017). Another
contributing factor is nutritional inadequacies, particularly
a lack of vitamin A, which can affect the body's defense
processes as a mediator of resistance against major diseases
and cause candidiasis (Velasco, 2000).

The disease can occur as primary or secondary in
birds, with secondary bacterial infections also
accompanying the infection. In patients with candidiasis,
yellow-white necrotic plaques in the mouth are seen in the
form of lines (Ladds, 2009). In the chronic phase,
thickening and irregularity of the crop mucosa are
characteristic. Crop mucosa is covered with exudate
ranging from catarrhal to mucoid. The clinical signs of the
disease varies depending on the factors that cause
predisposition and the pathogenicity of the agent. Crop
candidiasis is usually characterized by weight loss, slow
growth, crop thickening, enlargement, delayed crop
emptying, regurgitation, hoarseness or abnormal
vocalization (Talazadeh et al., 2022; Garces, 2023).

By detecting Candida species on a Gram,
Romanowsky-type, or methylene blue stain of the
excrement, crop contents, or regurgitated material,
candidiasis can be diagnosed. In extreme situations where
tissue invasion has taken place, the budding yeast will
create hyphae that are visible in feces or scrapings taken
from the throat or crop (Ibrahim, 2020).

Treatment of candidiasis includes the
administration of antifungal agents. Additionally, the use
of metoclopramide (0.5mg/kg for 5 days) may help
promote crop motility and prevent regurgitation
(Apsemidou et al., 2020; McCready, 2024). Nystatin (10
mg/kg every 12 hours for 14 days), an antifungal drug, is
the most commonly used drug in treatment due to its low
cost and low toxicity (Kafrashi and Babazadeh, 2022;
Garces, 2023). In addition, antibiotic use is recommended
against secondary bacterial infections. For this purpose,
enrofloxacin can be used at a dose of 10 mg/kg body weight
for 5 days. Patients may also be given vitamin A for its
positive contribution to the treatment process. (Kurtdede et
al., 2008).

Vitamin A is a micronutrient that is essential for
supporting growth and development and maintaining the
integrity of mucosal epithelial cells. Furthermore, because
of its vital role in boosting immune function by controlling
humoral and cellular immunological processes, vitamin A
is referred to as an anti-inflammatory vitamin (Huang et al.,
2018). Vitamin A is one of the antioxidant vitamins that
neutralizes free radicals by reducing them in the body
(Blaner et al., 2021). Oxidative stress occurs as a result of
various diseases (Chatterjee, 2016). Oxidative stress
reduces antioxidant levels due to increased production of
reactive oxygen species (Esin et al., 2024). Therefore, in
situations that create oxidative stress, the antioxidant
properties of vitamin A can be used. Secretory
immunoglobulin A (IgA) is an antibody that plays an
important role in the immune function of mucosal
membranes. It is found in all mammals and birds. It is one
of the main lines of defense of our body. It is found in all
mucosal membranes in our body. In vitamin A deficiency,
IgA production is negatively affected. Therefore, in
vitamin A deficiency, IgA production, especially in
mucosal membranes, is disrupted and the immune system
is negatively affected (Li and Chen, 2020). In addition,
from this point of view, vitamin A will have positive
effects on the healing process in diseases, especially
mucosal diseases (Kurtdede et al., 2008). Vitamin A
deficiency also hinders the maturation and proliferation of
T and B lymphocytes, lowers the generation of natural
killer cells, monocytes, and macrophages, and influences
the release of cytokines and antibodies (Munteanu and
Schwartz, 2022).

The aim of this study was to investigate the
contribution of vitamin A added to the routine treatment
protocol used in budgerigars with crop candidiasis on the
healing process.

MATERIAL AND METHOD

The study material consisted of 60 budgerigars
aged between 1 and 4 years old, brought to Ondokuz Mayis
University Animal Hospital with complaints of anorexia,
weight loss, crop dilatation, hoarseness/abnormal
vocalization, regurgitation and vomiting, and diagnosed
clinically with crop candidiasis. As a result of physical
examination, crops of birds suspected of crop candidiasis
were gently massaged and some crop content was taken.
The diagnosis was confirmed by the observation of
blastospores and pseudohyphae in the native examination
of smear preparations prepared from crop content, and by
the observation of the agent itself or pseudohyphae in
Giemsa staining of smears (Figure 1). A clinical scoring
chart was made for the budgerigars with crop candidiasis
included in the study. Clinical scores ranged from 1 to 5
based on symptom severity. The clinical score criteria were
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based on the five most commonly observed clinical signs
in crop candidiasis:  anorexia, weight loss,
regurgitation/vomiting, crop distension, and abnormal
vocalization. (Table 1). In this study, a clinical scoring
system was developed to assess clinical signs associated
with crop candidiasis in budgerigars, inspired by
previously established scoring systems for feather
condition and sedation levels in psittacine species (Abreu
etal., 2024; van Zeeland et al., 2013). Clinical scoring was
performed on both groups before and after treatment.

Table 1. Clinical scoring table for budgerigars included in the study.

Symptoms No Yes
Anorexia 0 1
Weight loss 0 1
Regurgitation/vomiting 0 1
Crop distension 0 1
Abnormal vocalization 0 1

The study consisted of two groups consequently,
treatment 1 group and treatment 2 group. Treatment 1
group received nystatin (10 mg/kg for 14 days),

metoclopramide (0.5mg/kg for 5 days) and enrofloxacin
(10 mg/kg for 5 days). Treatment 2 group received oral
vitamin A 8.0001U/kg (Zhang et al., 2023) for 14 days in
addition to these drugs. The same diet was applied to both
groups during the treatment period. The treatment duration
was 14 days in both groups.

Figure 1. Microscopic appearance of Candida albicans in a smear from a
budgerigar under 400x magnification (40x objective). The yeast cells
appear as loosely aggregated clusters, indicative of fungal overgrowth
(Black arrows).

Statistical Analysis: Clinical scores for both
groups were recorded as numerical data before and after
treatment. The data were analyzed using the IBM SPSS
Statistics for Windows (IBM Corp., Armonk, N.Y., USA).
Quantitative data were assessed for normality using the
Shapiro-Wilk test. Since the data has a normal distribution,
before using the independent t-test, the two groups were
assessed for equality of variances. For this purpose,
Levene's test was used to determine whether the standard
deviation of the treatment 1 group was expected to be the
same as the standard deviation of the treatment 2 group.
Independent t-test was used because the data values had a

normal distribution and showed variance equality. Paired
sample t test the was used for comparative statistics of pre-
treatment and post-treatment clinical scores within the
group. For continuous variables, means and standard
deviations are given. P values less than 0.05 were
considered significant.

RESULTS

The statistical evaluation results of pre and post
treatment scores in the groups were shown in table 2. In
within-group measurements, the clinical score of
budgerigars with crop candidiasis in treatment 1 group was
4 + 0.83 before treatment, but with the decrease in
symptoms after treatment, the clinical score decreased to 1
+ 0.83, and this difference was found to be statistically
significant (a, b) (p<0.05). In within-group measurements,
the clinical score of budgerigars with crop candidiasis in
treatment 2 group was 3.9 + 0.75 before treatment, while
the clinical score after treatment was 0.4 & 0.24, consistent
with improvement, and this difference was found to be
statistically significant (c, d) (p<0.05). When the
measurements between the groups were examined, no
statistically significant difference was found between the
pre-treatment clinical scores of the treatment 1 group and
treatment 2 group (p>0.05). However, the difference
between the post-treatment clinical scores of the treatment
1 group and treatment 2 group (1 £0.53 and 0.4 +0.24,
respectively) was found to be statistically significant
(p<0.05).

The recurrence rate of the disease within 365 days
after treatment was evaluated in both groups. In the
treatment 1 group, recurrence was observed in 10 out of 30
budgerigars (33.3%), whereas in the treatment 2 group,
recurrence occurred in 4 out of 30 budgerigars (13.3%).
(Table 3).

Table 2. The statistical evaluation results of pre and post treatment scores
in the groups.
Groups

Pre-Treatment Score Post-Treatment Score

Treatment 1 4+0.832 1+0.53°
Treatment 2 3.9+0.75¢ 0.4 +0.24¢
P Value >0.05 <0.05

The P value in the table shows the statistical difference in measurements between groups. Different
lower case letters (a, b and ¢, d) show the statistical difference in measurements within groups.

Table 3. Disease recurrence rates among groups within 365 days after
treatment.

Treatment 1 (n:30) Treatment 2 (n:30) P Value
Recurrence 10 4 <0.05
Percentile (%) 33.3 133
DISCUSSION

Candida spp., a type of yeast, is a disease that
affects almost all bird species. Symptoms of candidiasis in
avian species are similar, including anorexia, weight loss,
crop enlargement, hoarseness/abnormal vocalizations,
regurgitation, and vomiting (Gibbons, 2020; Schmidt et al.,
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2024). In our study, budgerigars with crop candidiasis
showed symptoms consistent with similar publications.

In diagnosing crop candidiasis, oral, vomitus,
crop, or fecal content can be used to diagnose Candida
agents microscopically (Kurtdede et al., 2008; Ibrahim
2020). In addition, the diagnosis can be supported by the
‘honeycomb' appearance of the crop with contrast
radiography (Kurtdede et al., 2008; Krautwald et al., 2017).
In addition, yellow-white necrotic plaques can be seen in
the oral mucosa of birds with crop candidiasis (Hauck,
2024). The disease can be diagnosed with these diagnostic
tools. In this study, candidiasis diagnose was comfirmed by
observing blastospores and pseudohyphae in the natural
examination and Giemsa staining of smears prepared crop
content similar to previous studies in patients.

The most commonly preferred antifungal drug for
avian crop candidiasis is nystatin (McCready, 2024).
Nystatin binds to a compound called ergosterol in the cell
membrane of Candida species. Ergosterol is a structural
component of the cell membrane of fungi/yeasts and is
necessary for the integrity of the fungal membranes (Rai et
al., 2022). Nystatin also binds with ergosterol to create
holes (pores) in the cell membrane. These holes in the cell
membrane disrupt the normal ionic balance between the
cell's internal and external environment. These holes cause
substances contained in the cell (such as potassium, water,
and other ions) to leak out. This leads to cell death or loss
of growth ability (Prasad et al., 2016). As a result, nystatin
prevents Candida species from multiplying in the crop,
which makes it effective in the treatment of crop
candidiasis. In crop candidiasis, the use of metoclopramide
can help increase sluggish crop motility and prevent
regurgitation. Therefore, it finds a place in the treatment
protocol (Apsemidou et al., 2020; McCready, 2024).

Talazadeh et. Al. (2022), reported that, using
vitamin A in crop candidiasis in birds has positive effects
particularly in the immune system and potential benefits in
treating fungal infections (Talazadeh et al., 2022). Vitamin
A has important role associated with functions such as
protecting mucosal tissues, strengthening the immune
response, and healing epithelial cells (Ozkanlar et al.,
2016; Stephensen and Lietz, 2021). Therefore, it is thought
that vitamin A supplementation may be a potential
treatment tool against infections of mucosal surfaces such
as the crop. Considering these effects, vitamin A was added
to the treatment protocol in this study.

Vitamin A supports the regeneration of crop
epithelial cells and their healthy structure. The crop
mucosa is an important part of the digestive system and the
epithelial cells found here play a critical role in digestion
and protection from infections (Kieronczyk et al., 2016).
Vitamin A increases the durability of the mucosal barrier
by helping cells differentiate and proliferate properly. In

addition, strengthens the mucosal immune response by
helping to increase the production of IgA antibodies.
Vitamin A can increase the resistance of the crop mucosa
to fungi (Bos et al., 2022). Diseases such as crop
candidiasis, especially caused by yeasts such as Candida
spp., are common in birds with weak immune systems.
Adequate vitamin A intake can increase protection against
such infections and can help heal mucosal damage by
reducing inflammation during fungal infections (Campione
et al., 2020). Probably, faster and better regression was
observed in the symptoms in the vitamin A treatment group
compared with the other treatment group for these reasons
and the lower recurrence rate of the disease in the group
using vitamin A can be explained, as well.

CONCLUSION

In this study detected that, vitamin A was added
to the routine treatment protocol in the treatment of crop
candidiasis, it provided faster and more effective recovery.
In addition, when vitamin A was used, a significant
decrease was observed in the recurrence rate of the disease.
Therefore, the use of vitamin A in addition to the treatment
of crop candidiasis in birds is recommended as a result of
this study.
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Abstract: In this study, the fatty acid profiles of three mulberry species white (Morus alba L.),
black (Morus nigra L.), and floppy mulberry (Morus nigra pandula L.) cultivated in Sanlurfa in
2021 were analyzed. Oils were extracted from the seeds using the Soxhlet method, and the fatty
acid compositions were identified through gas chromatography. A total of ten different fatty acids
were detected in the mulberry seeds. Among them, linoleic acid was the most abundant across all
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Sanhurfa flinde Yetistirilen Morus alba L. (Beyaz dut), Morus nigra L. (Siyah dut) ve Morus
nigra-pandula L. (Sarkik dut) Tiirlerinin Tohumlarinda Yag Asitlerinin Belirlenmesi

Oz: Bu calismada 2021 yillinda Sanlurfa’da yetistirilen beyaz (Morus alba L.), siyah (Morus
nigra L.) ve sarkik dut (Morus nigra pandula L.) tiirlerinin yag asitleri kompozisyonu
belirlenmistir. Dut ¢ekirdeklerinden sokshelet ekstraksiyon yontemiyle yaglar ekstrakte edilmis
ve gaz kromatografisi yontemiyle yag asidi bilesimleri tespit edilmistir. Dut meyvelerinde toplam
on farkli yag asidi tanimlanmustir. Her iig tiirde de linoleik asit en yiiksek oranda tespit edilen yag
asidi olmustur. Palmitik asit, oleik asit ve stearik asit tespit edilen diger 6nemli yag asitleridir.

* . K
sorumlu yazar: Caligmada ayrica aterojenik ve

Mustafa ASLAN .. . .. . < . C .
Harran Universitesi Egitim Fakiiltesi, trombojenik indeksler de belirlenmistir. Elde edilen degerlerin 6nerilen limitin olduk¢a altinda
Matematik ve Fen Bilimleri Egitimi Blimi, oldugu saptanmistir. Sonuglar her ii¢ dut ¢esidinin de esansiyel bir yag asidi olan linoleik asit

Sanlwurfa/Tiirkiye

52 mustafaaslan@harran.edu.tr bakimindan onemli bir kaynak oldugunu ve gida, ilag¢ ve kozmetik gibi alanlarda

kullanilabilecegini gostermistir.

Anahtar kelimeler: Beyaz dut, siyah dut, sarkik dut, Sanlurfa, yag asidi.

INTRODUCTION elevated oleic acid levels (Pritchard et al., 2006). High

_ o temperatures negatively impact the synthesis of linoleic and

Fatty acid composition in plants can vary even linolenic acids but enhance the production of oleic acid

among individuals of the same species. An increase in (Weiss, 1983; Stryer, 1986; Rébbelen et al., 1989). In
temperature during seed development tends to reduce sesame populations, stearic and oleic acid contents increase
linoleic acid levels while raising the concentrations of oleic, from northern to southern latitudes, while palmitic and
palmitic, and stearic acids (Samanci & Ozkaynak, 2003). linoleic acid contents decrease. These shifts are largely
Research has shown that seeds produced in colder climates  jattributed to environmental differences such as climate and
generally contain higher levels of linoleic acid (Nagaraj & soil conditions across different ecological regions

Reddy, 1997), whereas seeds from warmer climates have (Uppstrom, 1995; Cuniberti et al., 2004; Fatwa & Namzer,
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2023). The fatty acid profiles of seeds are influenced by a
variety of factors, including ecological, morphological,
physiological, and agricultural conditions, as well as genetic
variation (Anastasi et al., 2000). Furthermore, the ongoing
changes in fatty acid distribution from seed formation
through maturation are referred to as ontogenetic variability
(Baydar, 2000; Baydar et al., 2006). The Moraceae family
includes 24 species of mulberry. Plants of the Morus genus
are either monoecious or dioecious, milky-sapped, and can
be either deciduous trees or shrubs. Their leaves are typically
alternate, though they can occasionally be opposite, simple,
or palmately lobed. The flowers are arranged in cymes, and
they produce aggregate fruits of various shapes (Davis,
1982). Mulberries thrive in temperate, tropical, and
subtropical climates, adapting to a wide range of
environmental and soil conditions. They have become
naturalized across Asia, Europe, and the Americas, with
major cultivation regions including the Middle East, East
and Southeast Asia, Africa, Europe, and the Americas
(Ercisli & Orhan, 2007; Hussain et al., 2017; Zhang et al.,
2018; Ustun-Argon et al., 2019). In Turkey, mulberry
cultivation has a history spanning over 400 years, with
Morus alba (white mulberry), Morus nigra (black
mulberry), and Morus rubra (red mulberry) being the most
commonly grown species. Mulberries are enjoyed fresh and
are also processed into products such as molasses, pestil
(fruit leather), kéme (a walnut-filled fruit roll), marmalade,
juice, and liqueur (Aydin et al., 2015; Gecgel et al., 2011;
Hussain et al., 2017; Ustun-Argon et al., 2019). Between
2017 and 2021, Turkey’s annual mulberry production across
15 provinces averaged 73,383 tons, with specific yearly
outputs of 66,647 tons in 2018, 69,317 tons in 2019, 70,620
tons in 2020, and 69,475 tons in 2021.

Mulberry fruits have long been used in traditional
medicine across Turkey and many other countries for
various purposes, including as an antihelminthic, treatment
for toothaches, expectorant, laxative, emetic, and remedies
for sore throat, fever, thirst, dysentery, and oral lesions
(Turan et al., 2017; Ustun-Argon et al., 2019). They are also
recognized for their potential pharmacological benefits in
managing cholesterol, diabetes, oxidative stress, and obesity,
owing to their rich content of polyphenolic compounds
(Chan et al., 2016; Turan et al., 2017; Zhang et al., 2018).
Mulberry seed oil is a source of linoleic and linolenic acids
essential fatty acids that humans cannot synthesize and must
obtain through diet. These fatty acids are vital for building
cell membranes, supporting brain and nervous system
development and function, and regulating hormone
production (Sonta et al., 2021; Ercisli & Orhan, 2007;
Hussain et al., 2017). The purpose of this study was to
analyze the fatty acid profiles, as well as the atherogenicity
(Al) and thrombogenicity (TI) indices, of oils extracted from
three mulberry varieties White mulberry (BD) (Morus alba
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L.), Black mulberry (KD) (Morus nigra L.), and Flanking
mulberry (SD) (Morus nigra-pendula L.) and to assess their
potential health impacts

MATERIAL AND METHOD

On May 20, 2021, samples of white mulberry, black
mulberry, and drooping mulberry were collected from trees
located at the Osmanbey Campus of Harran University. The
collected plants were assigned collector numbers: white
mulberry as Aslan 5044, black mulberry as Aslan 5045, and
drooping mulberry as Aslan 5046. Photographs of the
mulberry samples are shown in Figure 1. The sampling area,
Osmanbey settlement, lies north of the Harran Plain, where
the plain meets the Germiis Plateau (Benek et al., 2016), as
shown in Figure 2. Seeds were separated from the mulberry
fruits by washing with water and subsequently dried. A
sample of 5-10 grams of dried and ground seeds was placed
into a filter paper cartridge and loaded into an extractor
connected to a balloon. The cartridge was set up to enable
the circulation of petroleum ether. After six hours of
extraction, the petroleum ether was recovered through
distillation. The resulting oil, contained in a glass flask, was
placed in an oven at 103°C to evaporate any remaining ether,
then cooled in a desiccator and weighed. The oil content was
calculated relative to the dry weight of the seeds (Uylaser
and Basoglu, 2000). The oils from the ground seeds of the
mulberry varieties were extracted using the Soxhlet
extraction method.

f ‘. T [}

Figure 1. Morus alba (White mulberry), b; Morus nigra (Ick mulberry)
¢; Morus nigra-pandula (Flanking mulberry)

All laboratory analyses in this study were
conducted at the Central Laboratory of Harran University
(HUBTAM). A 100 pL oil sample was placed into a 20 mL
test tube, and 2 mL of isooctane was added. The tube was
sealed and shaken thoroughly. Next, 200 uL. of 2 N KOH
solution in methanol was added to the tube and vortexed for
1 minute. After approximately 30 minutes, the upper clear
layer was transferred into a vial. A 1 pL sample was
extracted using an injector and injected into the GC-FID
device (TS-EN ISO 12966-2, 2017). The analysis was
performed using a Thermo Trace GC Ultra model gas
chromatograph with FID.
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Figure 2. Osmanbey campus area whre
(Map by Benek et al., 2016)

A Flame lonization Detector (FID) was used for the
analysis. A 60 m HP-88 column was employed to separate
the fatty acids. The temperatures for the detector and
injection block were set at 280°C and 250°C, respectively.
A temperature program was applied to the column, starting
at an initial temperature of 100°C. This temperature was
raised by 10°C/min to 180°C, then by 5°C/min to 220°C,
where it was held for 5 minutes. The split ratio was set at
1/100, and the injection volume was 1 pL.

Atherogenicity (Al) and thrombogenicity (TI)
indices are used to evaluate the potential effects of fatty acids
on cardiovascular health. These indices are widely
recognized and reliable for assessing fats in both solid and
liquid forms. Analyzing these indices provides valuable
insight into the different impacts of individual fatty acids on
human health, particularly concerning atherosclerosis, blood
clot formation, increased risk of atheroma, and thrombus
development (Tilami, 2022). The indices were calculated
using the formulas proposed by Ulbricht (1991).

AI=(4xC14:0+C16:0)/(XMUFA+YPUFA);

TI=[(C14:0+C16:0+C18:0)/(0.5xY MUFA+0.5x¥ n6

PUFA+3xYn3 PUFA+(n3/n6))].

A computer program was employed to statistically
analyze the results. The outcomes from three replicates are
presented as the mean value (X) and standard deviation (SD).
Fatty acids were evaluated using analysis of variance
(ANOVA), and mean comparisons were conducted using the
Tukey test. Differences between means were considered
significant at p<0.05.

RESULTS AND DISCUSSION

The fatty acid components of the 3 mulberry
varieties used in our study are given in Table 1.

Table 1. Fatty acid compositions and Al and Tl indices of mulberries of BD, KD and SD cultivars.

Fatty acids (%) White mulberry (BD) (%tss)

Black mulberry (KD) (¥+ss) Drooping mulberry (SD) (xss)

Myristic Acid (C14:0) 0.057+0.012 0.047+0.006 0.050+0.010

Palmitic Acid (C16:0) 10.843+0.230° 10.287+0.225° 8.777+0.129°
Palmitoleic Acid (C16:1) 0.090+0.010? 0.073+0.015% 0.057+0.006"
Heptadecanoic Acid (C17:0) 0.063+0.006 0.073+0.012 0.073+0.006

Heptadecanoic Acid (C17:0) 0.063+0.006 0.073+0.012 0.073+0.00

Heptadecanoic Acid (C17:0) 0.063+0.006 0.073+0.012 0.073+0.006

Heptadecenoic Acid (C17:1) 0.037+0.006° 0.027+0.006* 0.030+0.000%
Stearic Acid (C18:0) 3.520+0.070% 3.393+0.086% 3.560+0.070°
Oleic Acid (C18:1n9c) 8.003+0.675% 9.280+0.735" 9.463+0.225°
Linoleic Acid (C18:2n6c 76.733+0.469 7.,307+0.856 76.987+0.180
a-Linolenic Acid (C18:3n3) 0.443+0.0212 0.413+0.015% 0.813+0.050°
Arachidic Acid (C20:0) 0.147+0.006" 0.090+0.020% 0.137+0.006"
SFA 14.630+0.140° 13.890+0.123° 12.597+0.047%
MUFA 8.130+0.6712 9.380+0.755" 9.550+0.229°
PUFA 77.177+0.461 76.720+£0.862 77.800+0.226
®3 0.443+0.0212 0.413+0.0152 0.813+0.050°
w6 76.733+0.469 76.307+0.856 76.987+0.180
®3/ 06 0.006+0.000? 0.005+0.000% 0.011+0.001°
Al 0.130+0.003¢ 0.122+0.003° 0.103+0.002°
Tl 0.329:+0.004° 0.311£0.004° 0.27140.002°

Sybols:  a-b: Different letters indicate significant differences in column SFA: saturated fatty acids.

MUFA: monounsaturated fatty acids PUFA: Polyunsaturated fatty acids among species.

A total of 10 distinct fatty acids were found in
mulberry seed oils. The most prevalent fatty acids were
linoleic acid, palmitic acid, oleic acid, and stearic acid.
Linoleic acid had the highest concentration among the
species, ranging from 76.307% to 76.987%. The linoleic
acid content in BD (76.733%) aligns with the values
reported by Ustun-Argon, ilhan, Gokyer, Ozturk, and
Koparal, Rahman (2019) and Sanchez-Salcedo et al.
(2016), but is higher than those found by Ercisli & Orhan
(2007). The linoleic acid levels in KD are similar to those
reported by Gecgel et al. (2011) and Sanchez-Salcedo et al.
(2016), though they exceed the values from Ercisli &
Orhan (2007).
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The palmitic acid content was highest in SD
(10.843%) and lowest in BD (8.777%). The BD values in
this study align with those reported by Rahman and
Sanchez-Salcedo et al. (2016). However, Ustun-Argon et
al. (2019) found lower values, while Ercisli & Orhan
(2007) observed higher values. The KD values in this study
were consistent with those of Gecgel et al. (2011), but
lower than those reported by Ercisli & Orhan (2007) and
Sanchez-Salcedo et al. (2016). The lowest oleic acid
content was found in BD (8.003%), and the highest in SD
(9.463%). In comparison, Zhang et al. (2010), Ustun-
Argon et al. (2019), and Sanchez-Salcedo et al. (2016)
reported lower values for BD, while Ercisli & Orhan
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(2007) reported higher values. For the KD species, the
oleic acid levels reported by Gecgel et al. (2011) and
Sanchez-Salcedo et al. (2016) were lower, while those
from Ercisli & Orhan (2007) were higher. Stearic acid
values were similar across species, averaging around 3.5%.
In BD species, the values from Ustun-Argon et al. (2019)
and Sanchez-Salcedo et al. (2016) matched those of this
study, while they were lower than those reported by
Rahman and Ercisli & Orhan (2007). For KD species, the
values were similar to those of Sanchez-Salcedo et al.
(2016) but lower than those from Gecgel et al. (2011) and
Ercisli & Orhan (2007). No significant differences in
polyunsaturated fatty acids (PUFA) were found between
species, although saturated fatty acids (SFA) were higher
in BD, and monounsaturated fatty acids (MUFA) were
higher in SD.

The Al and TI indices are values that reflect the
interactions between various fatty acids and their impact on
human coronary health. The Al value represents the
potential to prevent plaque aggregation, reduce cholesterol
and phospholipid levels, thereby protecting against
coronary diseases. On the other hand, the TI index
indicates the blood's tendency to clot (Ulbricht, 1991;
Busova & Dorko, 2021). Consuming foods with low Al
and TI values is advantageous for cardiovascular health,
with recommendations suggesting these values should be
below 1 (Ouraji et al, 2009; Karsli, 2021). The Al and TI
indices for the current study are provided in Table 1, which
shows that both indices are below the recommended value
of 1. The Al index was lowest in SD (0.103) and highest in
BD (0.130). Similarly, the TI index was lowest in SD
(0.271) and highest in BD (0.329). Our literature review
did not find any studies on this topic related to mulberry
seed oils. However, Tilami (2022) found that the Al and TI
values for most seed oils were under 1 in his research.

CONCLUSION

This study analyzed the fatty acid profiles of
white, black, and drooping mulberry varieties, as well as
their atherogenicity (Al) and thrombogenicity (T1) indices.
The main fatty acids identified were linoleic, palmitic,
oleic, and stearic acids, with linoleic acid—an essential
polyunsaturated fatty acid—being the most prevalent,
making up over 76% of all varieties. The Al and TI values
were notably lower than the recommended threshold of 1,
suggesting positive health implications. These results
imply that mulberry varieties could be a valuable natural
source of essential fatty acids, particularly linoleic acid. In
comparison, previous studies on fig and mulberry seed oils
reported different fatty acid compositions, including
palmitic acid (6-7%), oleic acid (15-16%), linoleic acid
(29-31%), and linolenic acid (41-42%) (Duman & Yazici,
2018). In contrast, this study found higher levels of linoleic

acid (76-77%) and linolenic acid (44-52%) in mulberry
seeds, while palmitic and oleic acid levels were slightly
higher and lower, respectively. These findings suggest a
distinct fatty acid composition in mulberry kernel oil
compared to fig kernel oil, with mulberry oil being
especially rich in linolenic acid. Overall, the fatty acid
profile and the balance between saturated and unsaturated
fats are consistent with existing research. Linoleic acid,
known for its cardiovascular benefits, is particularly
noteworthy (Boelhouwer, 1983; Slama et al., 2020; Akgiin
& Baghan, 2024). Similar variability was observed in the
seed oil of Opuntia ficus indica, which contains 9.32%
palmitic, 3.11% stearic, 16.8% oleic, and 70.3% linoleic
acid (Ennouri et al., 2005). This highlights that fatty acid
profiles can vary among plant species and may change
depending on various factors. Understanding these
differences is crucial for evaluating oil quality and
determining the best uses. Thus, knowledge of fatty acid
composition can aid in cultivating specific mulberry
varieties suited for particular applications and
environmental conditions.
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Abstract: In the study, some chemical properties of packaged natural mineral water sold in Sivas were
researched and compared with sticker values. The paired t-test statistic was used for comparisons between
the sticker and laboratory findings. There were statistically significant differences for fluoride (p=0.042%*),
magnesium (p=0.009**) and sulfate (p=0.000**) between sticker and laboratory findings. The maximum
values were observed to be as pH (8.30), calcium (85.60 ppm), chloride (6.60 ppm), fluoride (0.12 ppm), iron
(0.03 ppm), magnesium (21.10 ppm), potassium (1.50 ppm), sulphate (8.00 ppm) in sticker findings and pH
(8.14), calcium (39.98 ppm), chloride (4.00 ppm), fluoride (0.01 ppm), iron (0.30 ppm), magnesium (23.97
ppm), potassium (0.00 ppm), sulphate (0.00 ppm) in laboratory findings for water samples. These results
obtained from all packaged natural mineral water samples were below the proposed standards of national and
international for drinking water. At the same time, the fluoride content of packaged natural mineral waters in
Sivas was determined to be fairly small which may be detrimental in the health of local inhabitants for dental
carries. Hereby, the people of Sivas should be selective when deciding which packaged natural mineral waters
to drink.

Keywords: Health, mineral, natural, packaged, water, quality.

Sivas (Tiirkiye)’da Satilan Ambalajlanmis Dogal Mineralli Sularin Bazi Kimyasal Ozellikleri icin

*Sorumlu yazar:
Seher DIRICAN
Sivas Cumhuriyet University, Faculty of
Science, Department of Biology 58140 Sivas,
Tiirkiye
D4: sdirican@cumhuriyet.edu.tr

Karsuastirmali Bir Calisma

Oz: Bu galigmada, Sivas’da satilan ambalajlanmis dogal mineralli sularin bazi kimyasal &zellikleri
arastirilmig ve etiket degerleri ile karsilastirilmustir. Etiket ve laboratuvar bulgular arasindaki karsilastirmalar
icin eslestirilmis t-testi kullanilmustir. Etiket ve laboratuvar bulgular arasinda floriir (p=0.042*), magnezyum
(p=0.009**) ve siilfat (p=0.000**) i¢in istatistiksel olarak énemli farklar bulunmustur. Maksimum degerler,
etiket bulgulari i¢in pH (8.30), kalsiyum (85.60 ppm), kloriir (6.60 ppm), floriir (0.12 ppm), demir (0.03 ppm),
magnezyum (21.10 ppm), potasyum (1.50 ppm), siilfat (8.00 ppm); laboratuvar bulgular1 i¢in pH (8.14),
kalsiyum (39.98 ppm), kloriir (4.00 ppm), floriir (0.01 ppm), demir (0.30 ppm), magnezyum (23.97 ppm),
potasyum (0.00 ppm), siilfat (0.00 ppm) olarak belirlenmistir. Tiim ambalajlanmis dogal mineralli su
orneklerinden elde edilen bu sonuglar, igme suyu i¢in 6nerilen ulusal ve uluslararasi standartlarin altindadur.
Ayni zamanda, Sivas’da ambalajlanmis dogal mineralli sularin floriir igeriginin olduk¢a diisiik oldugu
belirlenmistir ve bu da yerel halk sagligma dis ciirtimeleri seklinde olumsuz etkiler yapabilir. Bu vesile ile
Sivas halki, hangi ambalajli dogal mineralli sular1 icecegine karar verirken segici davranmalidir.

Anahtar kelimeler: Ambalajlanmis, dogal, kalite, mineral, saglik, su.

INTRODUCTION

One of the most

important

importance. Water, which is of vital importance for people
and is also of great importance for health, must first of all be

reasons  that reliable. In this regard, individuals generally turn to

distinguishes the Earth from other planets and why it is a
living environment for living things is the presence of water.
Water is one of the indispensable needs of human life on
earth. There are no calories, sugar, oil, cholesterol and
caffeine in water. Water is of increasing strategic

consuming packaged water (Karakus et al. 2016). Water
consumption per capita in the world is around 800 m? per
year on average. Approximately 1.4 billion people,
corresponding to approximately 20 percent of the world’s
population, lack adequate drinking water, and 2.3 billion
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people long for healthy water. Some estimates show that
more than 3 billion people will face water scarcity by 2025.
According to The Food and Agriculture Organization, in
2025 the ratio of the population experiencing water scarcity
and water stress to the world population is estimated to
increase by 34 percent and 15 percent, respectively (Tiimer
et al. 2016). Packaged waters are a source of drinking water
that is increasingly used in both developing and developed
countries. Due to the excessive variability in the mineral
content of packaged waters, the public should have access to
information about the minerals, since the total dissolved
solids range from almost zero to several thousand milligrams
per liter (WHO, 2009). Despite its economic costs and
environmental damage, the use of packaged water is
increasing worldwide. This is linked to the accessibility of
packaged water, its convenience, taste and the belief that it
is safer than tap water. Packaged water production in
Tiirkiye in 2020 is 4.6 billion liters and this production
amount is expected to increase year by year (Ulvi et al.
2022). Unfortunately, Tiirkiye is a country on the verge of
water scarcity. Tiirkiye’s rainfall rate is below the world
average, and rapid increase in migration and climate changes
cause the picture to gradually deteriorate. For this reason,
water management must be in a way that eliminates the
problem within the country (Ogenler and Okuyaz, 2017).

The quality of consumed water directly affects
health (Savik et al. 2012). Packaged drinking waters in
Tiirkiye are defined in four different classes. These are
natural spring water, drinking water, processed drinking
water and natural mineral water. The natural mineral water
is usually seen as a product that has medical value because
of the high amounts of dissolved mineral (Giiler, 2007).
Natural mineral water is the groundwater, which is naturally
occurring under suitable geological conditions at various
depths of the earth’s crust, is extracted by one or more
sources from the earth spontaneously or by technical
methods, is defined by mineral content, residue elements and
other components and protected against all kinds of pollution
risks. The most important feature that separates natural
mineral waters from other drinking waters is that they
contain a specific amount of mineral at the time they are
obtained from the source. Natural mineral waters have
different chemical compositions and their mineralization can
range from a few milligrams to several grams per one liter of
water. Due to some substances and minerals they carry,
mineral waters have additional positive effects on health as
compared to spring waters (Karagiille, 2004). To date, no
studies have been conducted regarding the quality of
packaged natural mineral waters sold in the province of
Sivas. In the study, some chemical properties of six different
brands of packaged natural mineral water widely consumed
by the people of Sivas were researched and compared with
sticker values.
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MATERIAL AND METHOD

Description of Study Area: The study area is Sivas
province located in the central Anatolian part of Tirkiye.
According to the 2018-year address based population
registration system, the population of the province center is
470589. The province covers an area of 27202 square
kilometers. The altitude of the province is about 1285 meter.
It is bordered by Erzincan to the east, Yozgat to the west,
Ordu and Tokat to the north, Kahramanmaras and Malatya
to the south, Giresun to the northeast and Kayseri to the
southwest. Tiirkiye’s road and railway network linking the
four side passes through Sivas. In Sivas, agriculture,
husbandry, weaving, leatherwork, mining and small
handcrafts are the most important sources of income (Dogan,
2007). Sivas is one of the coldest provinces in Tiirkiye. The
winter months are freezing cold and the average winter
temperature is around 0 °C in Sivas. It is observed that the
temperature decreased to -36.4 °C. In summer the
temperature is usually above 19 °C. However, it is seen that
the temperature in summer is over 38 °C. As can be
understood from this, the annual temperature difference
shows a big difference of 74 °C. The average number of days
the temperature drops below 0 °C is 132 days in Sivas (Piirld,
2013).

Sampling Design and Procedure: Brands of
packaged natural mineral waters were bought through
randomly sampling from local markets and shops in Sivas
province of Tiirkiye. All water samples were collected
during May 2018 - April 2019. Container sizes of the
collected samples are 0.5 L. The packaged mineral water
samples of six different brands were collected in Sivas.
Water samples are given a code number between 1 and 6 to
keep their brand names secret. Permite numbers of packaged
natural mineral water samples were recorded as MS.66.01
for brand number of 1, MS.54.08 for brand number of 2,
MS.01.01 for brand number of 3, MS.80.01 for brand
number of 4, MS.54.01 for brand number of 5 and MS.54.05
for brand number of 6. Similarly, permission dates of
packaged natural mineral water samples were determined as
08 September 2009 for brand number of 1, 03 February 2012
for brand number of 2, 09 January 2010 for brand number of
3, 26 October 2016 for brand number of 4, 06 October 2009
for brand number of 5 and 20 July 2010 for brand number of
6. The analysis results on the stickers of the packaged
mineral water samples were used as comparison data.
Packaged water sticker values are the license values obtained
from Provincial Health Directorates of the Tiirkiye Ministry
of Health. Provincial Public Health Directorates make taken
water samples analyzes. The consequences of the analysis
are based on the mineral water samples taken from the final
filling point, which is the last point to be used for water
consumption in the labels of the natural mineral waters.
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Concentrations of parameters are in ppm, except pH. In this
study the amount of pH, calcium, chloride, fluoride, iron,
magnesium, potassium, sulphate of six different brands were
analyzed and compared with labeled values. The pH of the
packaged mineral water samples was measured by a digital
HI 2211 Hanna pH meter. Fluoride and iron were measured
by colorimetric method using Chembio test kits CB5100 and
CB5090 respectively. Potassium and sulphate of the
packaged water samples were analyzed by titrimetric method
using Chembio test kits CB5390 and CB5450, respectively.
Chloride and total hardness were measured by titrimetric
method using Aquamerck test kits 1.11106.0001 and
1.08039.0001 respectively. Calcium and magnesium of the
packaged water samples values were reckoned according to
the formula of total hardness change (H61l, 1979;
Kasimlioglu & Yilmaz, 2014). Also, laboratory and sticker
values of six packaged natural mineral water samples widely
consumed in Sivas were compared and discussed with the
international drinking water regulations (ECDWD, 1998;
TWRHC, 2005; EPA, 2014; CDWQ, 2017; WHO, 2017).

Statistical Analysis: The dependent sample paired
t-test was performed to assessment the differences of
packaged natural mineral waters in Sivas between the sticker
and laboratory findings. The Kolmogorov Smirnov test was
used to evaluate the normal distribution of observations.
Statistical analyzes were performed with IBM SPSS 22.0
package program. There was a statistically significant
difference between the laboratory and sticker values in cases
p<0.05 (at 95 percent confidence level) and p<0.01 (at 99
percent confidence level).

RESULTS AND DISCUSSION

Nowadays, people drink bottled waters by buying.
Water is very important for human health. But it is even
more important to know what is the property of drinking
water is. However, it is very difficult to know the nature and
property of the water flowing through the creek, fountain or
any resource. The characteristics of packaged water are
written on the stickers. Drinkers of packaged water should

read the stickers well and know what they drink. The natural
mineral water is rich in mineral content. Minerals in these
waters help to meet the body’s mineral needs. This type of
water in the stickers “Natural Mineral Water” is written in
capital letters. In addition, what are the minerals in these
waters and their quantities are written on the stickers. When
the natural mineral water is consumed, the body’s water
needs are mixed. In addition, the essential minerals in the
body help us to meet our daily mineral needs by getting into
the blood through rapid absorption in the intestines. It is not
possible to supply water with other liquids and foods.
Nothing replaces the water. The most important supporting
evidence for this is that all minerals in natural mineral waters
are present in certain proportions. The packaged natural
mineral water is widely used for drinking due to its potential
benefits. All of the samples researched packaged natural
mineral water is produced in different cities of Tiirkiye.
There is no packaged natural mineral water company in
Sivas. Sold in Sivas, the mentioned packaged water
resources are mostly located in Sakarya province of Tiirkiye
followed by Adana, Osmaniye and Yozgat provinces.
Samples of six brands of packaged natural mineral water of
0.5 litres capacity were collected randomly from Sivas.
Descriptive statistics and comparisons of sticker and
laboratory findings of some chemical properties in packaged
natural mineral water samples are summarized in Table 1.
The highest pH (8.30), calcium (85.60 ppm), chloride (6.60
ppm), fluoride (0.12 ppm), potassium (1.50 ppm) and
sulphate (8.00 ppm) levels were determined in sticker
findings of packaged natural mineral water, whereas the
highest iron (0.30 ppm) and magnesium (23.97 ppm) levels
were measured in the laboratory findings of packaged
natural mineral water in Sivas (Table 1). It was found that
calcium was the highest parameter in the sticker and
laboratory findings. Also, sticker mean findings of pH,
calcium, chloride, fluoride, potassium and sulphate were
found to be higher than laboratory mean findings. However,
sticker mean values of iron and magnesium were determined
to be lower than in laboratory mean findings.

Table 1. Descriptive statistics and chemical of sticker and laboratory findings of packaged natural mineral waters.

Sticker Findings

Laboratory Findings Paired t-test

Parameters

Min Max Mean +SD Min Max. Mean +SD t-value p-value
pH 7.55 8.30 8.05 0.27 7.53 8.14 7.89 0.21 1.217 0.278
Calcium 19.37 85.60 39.36 23.66 18.56 39.98 29.75 8.11 0.955 0.384
Chloride 1.07 6.60 2.69 2.23 1.00 4.00 2.00 1.26 1.680 0.154
Fluoride 0.00 0.12 0.06 0.04 0.01 0.01 0.01 0.00 2.712 0.042"
Iron 0.00 0.03 0.01 0.01 0.00 0.30 0.10 0.12 -2.022 0.099
Magnesium 1.70 21.10 6.48 7.26 11.13 23.97 17.83 4.86 -4.098 0.009™
Potassium 0.00 1.50 0.36 0.56 0.00 0.00 0.00 0.00 1.581 0.175
Sulphate 2.74 8.00 5.83 1.77 0.00 0.00 0.00 0.00 8.052 0.000™

Min: Minimum, Max: Maximum, SD: Standard Deviation, Asterisks Notation (*: p<0.05; **: p<0.01) indicate the significance level of the comparisons in the Table 1.

According to the ECDWD (1998), TWRHC
(2005) and EPA (2014) standards the tolerable range of pH
in drinking water should be 6.50-9.50 unit. The pH ranged
from 7.53 to 8.30 in sticker and laboratory findings in Sivas

(Table 1) it also observed within the ECDWD (1998),
TWRHC (2005) and EPA (2014) standards for drinking
water. According to the results of the dependent sample t-
test conducted to test whether the difference between the
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mean values of the sticker and laboratory values of the
chemical parameters were statistically significant (Table
1), there was no significant difference in pH between the
sticker and the laboratory mean values (p=0.278). The
mean pH (8.05+0.27) was determined in the stickers,
whereas the mean pH (7.89+0.21) was measured in the
laboratory (Table 1). Therefore, packaged natural mineral
water samples are alkaline in Sivas. One of the most
important factors determining the valuable of water for the
body is pH. In recent years, various drops and carbonates
have been recommended to make drinking water alkaline.
On this subject, a comment can be made by reading the pH
value of water in stickers. Alkaline water to pH 9.5 means
that it is healthier for the body. In other words, the pH value
of the packaged waters should be from 7.1 to 9.5 for public
health. There is no need to use such drops and carbonates
to make the water alkaline. When buying packaged natural
mineral water, the pH value of 7.1 and above should be
preferred for drinking. Therefore, it is crucial to check the
pH value of the packaged natural mineral water in stickers.

In this study, calcium cation ranged from 18.56 to
85.60 ppm were determined in sticker and laboratory
findings, whereas magnessium cation ranged from 1.70 to
23.97 ppm were determined in sticker and laboratory
findings for packaged natural mineral water samples
(Table 1). Calcium and magnesium are very important for
human health. Calcium and magnesium help the vessels
and muscles work regularly. Insufficient intake of the
calcium and magnesium may adversely affect health. Food
is the main source of calcium and magnesium. The
available proof shows that, due to food habits, many people
in most countries are unable to obtain the recommended
intake of one or both of these nutrients from their diet.
Calcium and magnesium concentrations in drinking water
vary significantly from one source to another. In some
populations, rich mineral drinking water can contribute
significantly to the total intake of these nutrients (WHO,
2009). For calcium and magnesium have not suggested any
guideline value by the WHO (2017). According to the
results of the dependent sample t-test conducted to test
whether the difference between the mean values of the
sticker and laboratory values of the chemical parameters
were statistically significant (Table 1), the mean difference
between the sticker and the laboratory values of the
magnesium value was found to be statistically important at
the 99 percent confidence level (t=-4.098; p<0.01). For
magnesium in Sivas, the sticker mean value (¥=6,48) is
lower than the mean of the laboratory value (¥=17,83).
However, there was no significant difference in calcium
between the sticker and the laboratory mean values
(p=0.384).

According to the by ECDWD (1998), TWRHC
(2005), EPA (2014), CDWQ (2017) and WHO (2017)

standards of chloride anion should not exceed 250 ppm for
drinking water. High levels of chloride cause a salty taste
in water and beverages. The taste levels for the chloride are
due to the associated cation. Chloride values exceeding 250
ppm increase the likelihood of taste detection. A guideline
value is not suggested for chloride (WHO, 2017). In this
study, chloride anion varied from 1.00 to 6.60 ppm in
sticker and laboratory findings for packaged natural
mineral water samples (Table 1). The results show that the
chloride anion in Sivas is below the standard limit.
According to the results of the dependent sample t-test
conducted to test whether the difference between the mean
values of the sticker and laboratory values of the chemical
parameters were statistically significant (Table 1), there
was no significant difference in chloride between the
sticker and the laboratory mean values (p=0.154).
According to the ECDWD (1998), TWRHC
(2005), CDWQ (2017) and WHO (2017) standards the
permissible guideline value of fluoride anion should be
1.50 ppm for drinking water. Fluoride is an element that
has harmful effects on the body in its deficiency and
excess. Low amounts of fluoride have negative effects on
dental health, while high amounts of fluoride accumulate
in teeth and bones and cause a disease known as fluorosis.
The most important feature of fluoride is the protective
effect against dental caries. Addition of fluoride to water
sources at levels above 0.6 ppm indicates a decrease in
tooth decay in children. Optimum beneficial effects of
fluoride are realized at about 1.0 ppm. The parametric level
for the fluoridated supplies is 1.0 ppm. However, the
parametric level for the supplies with naturally occurring
fluoride is 1.5 ppm (EPA, 2014). Fluoride is widely used
in areas of high sugar intake to reduce tooth decay. These
are tablets, mouthwashes, toothpaste, varnishes or gels. In
addition, fluoride can be added to table salt or drinking
water to provide protection against tooth decay. The
amounts added to the drinking water are generally between
0.5 and 1 ppm. Above 1.5 ppm increase the risk of dental
fluorosis. Higher levels cause skeletal fluorosis (WHO,
2017). According to Dissanayake (1991), if fluoride falls
below 0.5 ppm in drinking water, it causes dental caries; If
fluoride is between 0.5 and 1.5 ppm, it is optimal for dental
health; if fluoride is between 1.5 and 4 ppm, it causes
fluorosis in the teeth; If fluoride is between 4 and 10 ppm,
it causes dental and skeletal fluorosis and if fluoride is
above 10 ppm, it causes crippling fluorosis. In this study,
fluoride anion varied from 0.00 to 0.12 ppm in sticker and
laboratory findings for packaged natural mineral water
samples (Table 1). The results show that the fluoride anion
in Sivas is below the standard permissible limit by
ECDWD (1998), TWRHC (2005) and WHO (2017).
According to the results of the dependent sample t-test
conducted to test whether the difference between the mean
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values of the sticker and laboratory values of the chemical
parameters were statistically significant (Table 1), the
difference of fluoride value between the sticker value and
laboratory value was found to be statistically significant at
95 percent confidence level (t=2.712; p<0.05). For fluoride
in Sivas, the sticker mean value (¥=0,06) is higher than the
mean of the laboratory value (¥=0,01). Such a low fluoride
level may adversely affect public health because it is
necessary for the body. The mean value of fluoride of
packaged natural mineral waters samples in Sivas was
found to be remarkably lower than the proposed level by
Dissanayake (0.5-1.5 ppm) the best for dental health. Since
the mean value of fluoride anion is low in Sivas, the use of
these packaged natural mineral waters as a continuous
drinking water can lead to an increase in frequency of tooth
decay for the population. This should be seen as a warning
on the stickers, or the addition of fluoride to the water,
providing the best standard of 0.5-1.5 ppm necessary for
the inhibition of tooth decay.

According to the ECDWD (1998), TWRHC
(2005) and EPA (2014) allows maximum allowable level
of iron cation is 0.20 ppm for drinking water. The iron is
between 0.5 and 50 ppm in natural fresh waters. Although
turbidity and color can be present, there is usually no
noticeable taste at iron levels below 0.3 ppm. A guide value
for iron was not suggested (WHO, 2017). In this study, iron
cation observed from 0.00 to 0.30 ppm in sticker and
laboratory findings for packaged natural mineral water
samples (Table 1). The results show that the iron cation in
Sivas is below the standard limit. Table 1, indicates there
was no significant difference in iron between the sticker
and the laboratory mean values (p=0.099).

In this study, the potassium anion observed from
0.00 to 1.50 ppm in sticker and laboratory findings for
packaged natural mineral water samples (Table 1).
Potassium is important for health in humans. Potassium in
drinking water is rarely found in alarming levels in
drinking water. It was not necessary to create for potassium
a health based guideline value in drinking water (WHO,
2017). Table 1, indicates there was no significant
difference in potassium between the sticker and the
laboratory mean values (p=0.175) in Sivas.

According to the ECDWD (1998), TWRHC
(2005) and WHO (2017) standards have based 250 ppm as
the highest acceptable level of sulphate anion. Sulfate may
cause a significant taste in drinking water. High levels of
sulfate can have a laxative effect on consumers. The taste
disorder varies according to the associated cation. The taste
disorder is minimal below 250 ppm. No value was
recommended for the sulphate (WHO, 2017). In this study,
the sulphate anion observed from 0.00 to 8.00 ppm in
sticker and laboratory findings for packaged natural
mineral water samples (Table 1). The results show that the

sulphate anion in Sivas is below the standard limit for
ECDWD (1998), TWRHC (2005) and WHO (2017).
According to the results of the dependent sample t-test
conducted to test whether the difference between the mean
values of the sticker and laboratory values of the chemical
parameters were statistically significant (Table 1), the
mean difference between the sticker and the laboratory
values of the sulphate value was determined statistically
significant at the 99 percent confidence level (t=8.052;
p<0.01). For sulphate in Sivas, the sticker mean value
(x=5,83) is higher than the mean of the laboratory value
(%=0,00).

Also, a narrow variability of price was determined
in the all samples of Sivas that the 0.5 L price of packaged
natural mineral water ranged from a minimum of 0.50
Turkish Lira to a maximum of 1.00 Turkish Lira, while the
average with standart deviation was 0.71+0.24 Turkish
Lira. Even though it brings a financial burden, packaged
natural mineral waters are one of the appropriate ways to
meet the water needs of consumers in Sivas.

Most of the mean sticker values were higher in
packaged natural mineral water samples than the mean
laboratory values (Table 1). The comparison of the
analyzed and recorded data using the dependent sample
paired t-test indicated that the sticker findings were
significantly higher than the laboratory findings for
Fluoride (t=2.712; p=0.042") and sulfate (t=8.052;
p=0.000"). Conversely, according to the results of the
dependent t-test comparison, laboratory findings were
significantly lower than the label findings for magnesium
(t=-4.098; p=0.009""). However, the pH (t=1.217,
p=0.278), calcium (t=0.955; p=0.384), chloride (t=1.680;
p=0.154), iron (t=-2.022; p=0.099) and potassium
(t=1.581; p=0.175) in the sticker findings were not
determined statistically different from laboratory findings.
The water quality properties in the stickers are normally for
water obtained at the resource, but the resource can change
according to the quality over time. These differences
between sticker and laboratory concentrations of packaged
natural mineral water components presumably indicate that
they are affected by post-packaging conditions. Especially,
considering the low and high temperature in Sivas province
may be as low -36.4 °C and high 38 °C, it may affect the
concentrations of water components in packaged natural
mineral water. Therefore, this study shows that packaged
natural mineral water needs to be more strictly controlled
in determining and monitoring its quality. Relevant
authorities should strictly monitor the post-packaging
conditions and quality of packaged natural mineral water
provided to consumers to protect public health. In addition,
further studies on microbiological tests and analysis of
heavy metals are recommended for packaged natural
mineral water.
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CONCLUSION

Natural mineral waters contain many minerals
such as calcium, magnesium, chloride, fluoride, iron. In
this way, many minerals needed by the body are taken with
drinking water. Because of the mineral content, natural
mineral waters are a positive contribution to human health.
This study highlighted that all packaged natural mineral
water samples sold in Sivas were appropriate for drinking.
Results like pH, calcium, chloride, fluoride, iron,
magnesium, potassium and sulphate were in the range
proposed by the ECDWD (1998), TWRHC (2005), EPA
(2014), CDWQ (2017) and WHO (2017). On the other
hand, the fluoride content of packaged natural mineral
waters in Sivas was found to be significantly lower than the
recommended level by Dissanayake (<0.5 ppm), and
causing dental caries. For this reason, it is beneficial to pay
attention to this situation when buying packaged natural
mineral water in the province of Sivas.
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Abstract: In this study, 1579 Merlangius merlangus were obtained from bottom trawling operations (12

*& https://orcid.org/0000-0002-9995-0377 mm cod mesh size) using the research vessel ‘Karadeniz’ at depths between 5 m and 60 m off the coasts of
: https://orcid.org/0000-0002-7924-3536 Rize, Southeastern Black Sea. The collected samples' growth, recruitment, and stock structure were assessed
using the ELEFAN-1, Y/R, B/R, VPA, and Thompson and Bell models within the FISAT-11 software package.

The von Bertalanffy growth parameters, including asymptotic length (L), growth constant (K), and to, were

calculated as 40.89 cm, 0.10 cm, and -1.1411 cm, respectively. The first catch length (Lcso) varied between

11.82 cm and 13.40 cm. Total, natural, and fishing mortality rates were estimated at 0.85, 0.29, and 0.56,

respectively. Three distinct recruitment periods were identified, occurring in March, August, and November.

Based on VPA data, the fixed biomass was estimated at approximately 569.620,7 tonnes. The analysis

]’;Ch""esil’L"“‘!ii‘g author’s: suggests that the maximum sustainable yield (MSY) for whiting could be reached with an exploitation rate of
Rrecz];)gray%j E[rjdogan Uteshion T 0.66. At the current exploitation level, calculated at 449.70 tonnes using the Thompson and Bell method with
Maritime Faculty, 53900 Rize-Tiirkiye an F-factor of 0.56, the blomas_s has decreasiad. An F—fac_tor of 1.0, representing the MOSY, corresponds to
B: erhan.ciloglu@erdogan.edu.tr 498.180 tonnes. At the current fishing rate (F = 0.56), the biomass has been reduced by 25% (168,026 tonnes)

from its unfished state of 666,206 metric tonnes.

Keywords: Whiting, maximum sustainable yield (MSY), relative yield per recruit (Y'/R), relative yield per
biomass (B'/R), stock, southeastern black sea.

Giineydogu Karadeniz Balik¢ihginda Mezgit (Merlangius merlangus) Bollugu ve Stok
Y onetimi

Oz: Bu galigmada, 1579 Merlangius merlangus, Giineydogu Karadeniz, Rize sahillerinde 5 m ile 60 m
arasindaki derinliklerden aragtirma gemisi ‘Karadeniz’ kullanilarak yapilan dip trolii operasyonlarindan (12
mm morina ag1 boyutu) elde edilmistir. Toplanan 6rneklerin biiyiime, yeni birey katilimi ve stok yapisi
FISAT-II yazilim paketindeki ELEFAN-I, Y/R, B/R, VPA ve Thompson ve Bell modelleri kullanilarak
degerlendirilmistir. Toplanan 6rneklerin bilylime, stoka katilim ve stok yapist FISAT-II yazilim paketindeki
ELEFAN-I, Y/R, BIR, VPA ve Thompson ve Bell modelleri kullanilarak degerlendirilmistir. Asimptotik boy
(L, biiyiime sabiti (K) ve to dahil olmak {izere von Bertalanffy biiyiime parametreleri sirasiyla 40,89 cm,
0,10 cm ve -1,1411 cm olarak hesaplanmustir. Ilk yakalama boyu (Lcsop) 11,82 c¢m ile 13,40 cm arasinda
degismistir. Toplam, dogal ve balik¢ilik 6liim oranlari sirastyla 0,85, 0,29 ve 0,56 olarak tahmin edilmistir.
Mart, Agustos ve Kasim aylarinda meydana gelen ti¢ farkli katilim donemi tespit edilmistir. VPA verilerine
dayanarak, sabit biyokiitlenin yaklasik 569.620,7 ton oldugu tahmin edilmistir. Analiz, mezgit i¢in maksimum
siirdiiriilebilir verime (MSY) 0,66'lik bir somiirii orani ile ulasilabilecegini gostermektedir. Thompson ve Bell
yontemi kullanilarak 0,56 F faktorii ile 449,70 ton olarak hesaplanan mevcut sémiirii seviyesinde biyokiitle
azalmistir. MSY'yi temsil eden 1,0k bir F faktori 498,180 tona karsilik gelmektedir. Mevcut avlanma
oraninda (F = 0.56), biyokiitle avlanmamis durumdaki 666,206 metrik tondan %25 (168,026 ton) azalmistr.

*Sorumlu yazar: Balik¢ilik gabalari mevcut seviyede devam eder veya artarsa, M. merlangus stoklarmin énemli olgiide

Erhan GCILOGL! . s : PP .
ArDé;an(S;S OGLU azalmasi beklenmektedir. Balik¢ilik verimliligindeki bu diisiisiin, M. merlangus popiilasyonlarina zarar
B<1: erhan.ciloglu@erdogan.edu.tr verebilecek asir1 avlanma veya siirdiiriilemez uygulamalara isaret etmektedir. M. merlangus'un uzun vadeli

silirdiiriilebilirligini saglamak igin balik stoklarinin ve balikgilik faaliyetlerinin etkin yonetimi gereklidir.

Anahtar kelimeler: Mezgit, maksimum siirdiiriilebilir verim (MYS). stoklara katilim basina nispi verim

(Y'/R), biyokiitle basina nispi verim (B’/R), stok, giineydogu karadeniz.
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INTRODUCTION

Whiting (Merlangius merlangus) is widely
distributed throughout the eastern Atlantic, including the
North, Baltic, Black, and Mediterranean Seas. Its stock
status varies regionally, with this cold-water species
adapting to the temperate waters of the Black Sea, where it
is commonly found in sandy, muddy substrates at depths of
60-80 meters and temperatures between 5-16 °C (Karahanl,
2024; Ross et al., 2018). Whiting's spawning peaks between
January and August, though it can occur year-round (Murua
& Sabarido, 2003; Ciloglu et al., 2001). Its distribution is
dynamic as the fish move in and out of spawning grounds
(Heino et al., 2005). Numerous studies have focused on
whiting's reproductive patterns, population parameters, and
distribution within Tirkiye and globally (Yildiz &
Karakulak, 2018; Ross et al., 2018; Salihoglu et al., 2017;
Raykov et al., 2008; Prodanov & Bradova, 2003).

Small-scale fishing is crucial for Black Sea
nations, and whiting is a significant catch. In the 1960s, 26
fish species were economically fished in the Black Sea, but
this has since declined to 21 due to decreased production of
valuable species along the coasts of Bulgaria, Romania,
Ukraine, Georgia, and Tiirkiye, which share Black Sea
fishery resources (Zengin, 2019; 2000). Black Sea fisheries
have traditionally focused on pelagic stocks, but ecological
changes and fishing pressure have caused stock declines.
With pelagic stocks collapsing, fishing efforts have
increasingly shifted to limited demersal stocks through trawl
modification (Avsar, 1998). In Tiirkiye, whiting production
was 30.488 tonnes in 1988 but dropped to 9.074 tonnes by
2023 (BSGM, 2023), reflecting increased fishing pressure
and ecological shifts that have raised serious sustainability
concerns (Bat et al., 2005; Giicii et al., 2017). Whiting, a
semi-pelagic species, is caught with bottom trawls in
Turkey's central and western Black Sea coasts. In contrast,
bottom trawling is prohibited in the Eastern Black Sea,
where whiting is fished using trammel nets, handline, and
gill nets. In this region, whiting is a primary target species
for small-scale fisheries (Bat et al., 2005; Erdem et al., 2006;
Kalayc1 & Yesilcigek, 2014; Aydin & Hacioglu, 2017).

Research by Gonener and Ozdemir (2013) and
Gonener and Bilgin (2010) indicated that whiting dominated
total biomass in the Black Sea's coastal waters, crucial data
for understanding the ecosystem's dynamics and guiding
sustainable fishery management. Another study revealed
that whiting accounted for 98.8% of the fish caught in the
Black Sea, underscoring its dominance in the region's fishery
(BSGM, 2023). Global studies on whiting biomass and stock
sizes also indicate recent increases in Black Sea whiting
stocks, which may benefit the fishing industry and
ecosystem. However, further research is necessary to

understand this trend's drivers and potential effects (Nedreas
et al., 2014). This study evaluates the stock status,
management practices, and population structure of whiting
in the Eastern Black Sea, given its economic importance for
Tiirkiye and neighbouring Black Sea countries.

MATERIAL AND METHOD

Sampling area and data source: This study was
conducted along Tiirkiye’s southeastern Black Sea from
March 2017 to February 2018 (Figure 1). For stock
assessment, 1579 Merlangius merlangus were obtained from
depths between 5 m and 60 m along the Rize coast of the
Southeastern Black Sea (Figure 1). The samples were
obtained from bottom trawling operations (12 mm cod mesh
size) using the 'Karadeniz Arastirma' vessel of Recep Tayyip
Erdogan University.
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Figure 1. Study area mm.

Bottom trawling is prohibited across extensive
sections of Turkey's Black Sea coastline to safeguard the
marine environment. Whiting is exclusively fished beyond
the restricted trawling zones (BSGM, 2024).

Laboratory examinations and data analysis: The
length of each sample was recorded in the frequency data set
after being measured with a precision of 1.0 cm; electronic
scales with a precision of 0.01 grams were used to measure
body weights. The following non-linear equation was used
to establish the relationship between total length and weight
for both sexes: W = alP (Ricker, 1973). The allometric
equation was considered when calculating the length-weight
relationship. W stands for body weight (g), L for total length
(cm), "a" for the regression coefficient, and "b" for the
allometry coefficient (Ricker, 1973).

Population dynamics model: The Virtual
Population Analysis (VPA) software, integrated into the
FISAT Il package, was utilized to process the data. The
FISAT Il package facilitated data analysis (Gayanilo et al.,
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1997). By using the ELEFAN-I software included with
FISAT II, we determined the asymptotic length (L.) and
growth coefficient (K) (Saeger & Gayanilo, 1986). This
estimation was made with the ELEFAN-I tool, part of the
FISAT Il package (Saeger & Gayanilo, 1986).

The value of ty was calculated using Pauly's
empirical equation (Pauly, 1979).

log,o(—to) = —0.3922 — 02752log,,Loo — 1.038log, K

The length-converted catch curve method was used
to determine total mortality (Z) (Pauly, 1984). The natural
mortality rate (M) was calculated using the empirical
relationship below (Pauly, 1986).

10g1oM = —0.0066 — 0.279l0g,oLoo + .06543log, oK + 0.4634log,,T

Where L. represents the asymptotic length (cm), K
denotes the VBGF growth coefficient, and T indicates the
average annual temperature (°C). The required input for the
study months was an average seawater temperature of 16.3
°C for 2017 and 2018 (Anonymous, 2023).

Fishing mortality (F) was calculated using the
following relationship:

F =7 — M (Avsar, 2005).
F is fishing mortality, Z is total mortality, and M is natural mortality.

The exploitation rate (E) was determined using
Gulland's formula:

E =F/, (Gulland, 1971).

The length at first capture (Lcso) was calculated
from the length frequency by applying the length-converted
catch curve approach in the FISAT-Il software. The
ascending left arm of the length-converted catch curve was
used to determine the capture probability of each length class
using the FISAT-II package. By plotting the cumulative
probability of capture against the mid-length of the
generated curve, the length at the first capture (Lcso) was
determined. Additionally, the lengths of the 25% and 75%
catches were determined to represent the 25% and 75%
cumulative possibilities, respectively. The Thompson and
Bell method used the first capture lengths (Lcso) and (L¢7s) as
inputs.

The NORMSEP (Normsep component separation
of normally distributed length-frequency samples) module
attached to the FISAT-II package was used to determine the
recruitment pattern of the M. merlangus population using the
maximum probability method.

Y'/R and B'/R were determined using the "Beverton
and Holt Y'/R Analysis" method integrated into the Fisat-1l

software. The capture probabilities LC/ Loo and M / x values
for the various length classes were used to determine the
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relative yield per recruit (Y'/R) and the relative biomass per
recruit (B/R).

The Beverton and Holt method provides the
framework for the relative yield per recruit for the stock
model given below (Beverton & Holt, 1966).

Relative yield-per recruit (y’/R) = EUM/K[1 - 3U/(1 rm) 3U3(1 +m))

1-E

Where U =1—(L¢/; );m = W
K

=K/ E=F/,
Relative biomass per-recruit = (Y'/R)/F

The first derivative of this function was used to
determine Eg1, Eos, and Emax. The linearised capture curve
used to calculate Z was then estimated backward using the
natural mortality rate (M) as an input in the FISAT-II
package. Pauly's catch-curve analysis estimates the capture
probability by projecting parameters and using moving
averages (Jones & Van Zalinge, 1981).

Moving average PLimew) = Pri-1 + Pricotay T Pr+1)/3

Length-based virtual population analysis (VPA) is
an appropriate approach for population reconstruction using
fishing data. The VPA was computed using Whiting's
length-based data.

The length-based virtual population analysis (VPA)
provided fishing estimates of population densities by length
class. The FISAT-II package used M, F, L, and K parameters
as inputs (Pauly, 1984; Jones & van Zalinge, 1981).
Thompson and Bell Yield-Stock estimation software is
connected to the FISAT Il package.

RESULTS AND DISCUSSION

Growth analysis: As this study aimed to estimate
the whiting stock, no distinction was made between male and
female samples. A total of 1579 whiting were sampled. Total
length and weight ranged from 7.5 to 32.6 cm (mean
14.08+2.88) and 2.71 to 281.25 g (mean 25.19+£20.79 S),
respectively. When examining the sex of all specimens, 668
were identified as male (42.30%), 877 as female (55.54%),
28 as immature (1.77%), and 6 as of undetermined sex
(0.37%). The female-to-male ratio was 1.31:1, and a Chi-
square test indicated this ratio significantly deviated from an
even 1:1 distribution (y* df=1 28.72; p<0.05).
Additionally, the Kolmogorov-Smirnov (K-S) test revealed
a significant difference in the size distribution between
males and females (p<0.05). The regression coefficient (a)
and coefficient of allometry (b) in whiting growth were
calculated as 0.0047 and 3.171, respectively (Table 1).
Applying Pauly's empirical formula, to was -2.14111 (Pauly,
1979).

Probability of capture : The length at first capture
(Leso) for whiting was 13.04 cm. In this sequence, the
probabilities of L¢s and Lers were estimated at 11.82 and
14.26 cm, respectively (Figure 2).
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Table 1. Growth and population parameters of Merlangius merlangus in the southeastern Black Sea.
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Figure 2. Logistic selection curve for the probability of capture,
displaying 25, 50, and 75% selection lengths for Merlangius merlangus.

Mortality: Using the length-converted catch curve
method, the total mortality rate (T), the natural mortality
rate (N), and the fishing mortality rate (F) of the whiting in
the southeastern Turkish waters of the Black Sea were
estimated to be 0.85, 0.29, and 0.56, respectively. The
exploitation rate (E) was estimated to be 0.66 using the
same method (Figure 3, Table 1).

Length-Converted Catch Curve
(for Z=0,85; M (at 16,3°C)=0,29; F=0,56; E=0,66)
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Figure 3. Length-converted catch curve for Merlangius merlangus.
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Recruitment: Whiting recruitment peaked on the
southeastern coast of the Black Sea, Turkish waters in
March (16.28%), August (13.13%), and November
(14.74%), respectively. However, recruitment fluctuates
continuously throughout the year (Figure 4).

20

Recruitment (%)

",

Jan Feb Mar. Apr. May fun July Aug Sep. Oct Nov.Dec

Figure 4. Recruitment pattern for Merlangius merlangus.

Length-based Virtual Population Analysis
(VPA): Maximum natural mortality (M) and fishing
mortality rates (F) in length classes were found to be
between 7.5 cm and 11.5 cm and 12.0 cm and 14.5 cm,
respectively (Figure 5). The largest length classes most
affected by fishing were estimated to be between 14.0 cm
and 16.5 cm, 20.0 cm and 25.5 cm, and 32.0 cm and 32.5
cm, respectively (Table 2). Based on the VPA data, the
estimated steady-state biomass was 103,384.8 tons.
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Figure 5. The length-structured VVPA for Merlangius Merlangus in the
southeastern Black Sea
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Table 2. Length-based virtual population analysis (VPA).

. Catch Population Fishing mortali Steady-state Biomass
Mid-Length (cm) (in numbers) p(N) g(F) v y(mnnes)
75 16000000 6469807104 0.0169 1348.45
8.0 13000000 6179201024 0.0142 1604.75
85 36000000 5899979776 0.0405 1881.88
9.0 29000000 5606476288 0.0338 2178.28
9.5 51000000 5328914944 0.0618 2491.16
10.0 70000000 5038520832 0.0885 2809.96
105 50000000 4739102720 0.066 3141.18
11.0 71000000 4469475840 0.0981 3480.95
115 119000000 4188539136 0.1737 3794.78
12.0 151000000 3870826240 0.2358 4060.01
125 178000000 3534120192 0.3011 4267.09
13.0 223000000 3184689664 0.4158 4385.25
135 220000000 2806158592 0.4595 4413.73
14.0 238000000 2447311872 0.5657 4353.71
145 256000000 2087304704 0.7106 4167.95
15.0 210000000 1726830208 0.6912 3914.78
155 226000000 1428725504 0.9011 3586.73
16.0 146000000 1129993088 0.7099 3253.44
16.5 106000000 924352064 0.6127 3017.99
17.0 59000000 768182272 0.3938 287351
175 61000000 665738048 0.4641 2764.55
18.0 46000000 566620672 0.4004 2642.94
185 46000000 487301344 0.459 2514.94
19.0 31000000 412240192 0.354 2392.04
195 35000000 355845728 0.4586 2264.01
20.0 35000000 298715232 0.5397 2085.14
20.5 23000000 244909264 0.4171 1917.76
21.0 20000000 205918560 0.422 1779.76
215 18000000 172172880 0.445 1636.62
22.0 14000000 142443664 0.4066 1498.99
225 13000000 118457904 0.4453 1364.98
23.0 3000000 96991744 0.1171 1284.8
235 4000000 86560672 0.1716 1251.39
24.0 6000000 75801064 0.291 1183.5
245 9000000 63822060 0.5218 1057.13
25.0 3000000 49820300 0.2067 948.6
255 2000000 42611216 0.1552 897.22
26.0 0 36873016 0 873.55
26.5 0 33451282 0 869.77
27.0 5000000 30244536 0.5303 786.96
2715 0 22510468 0 705.01
28.0 0 20199908 0 694.5
28.5 0 18050504 0 681.5
29.0 0 16056726 0 666.03
29.5 1000000 14213023 0.1772 624.05
30.0 0 11576899 0 580.79
30.5 0 10133417 0 559.84
31.0 1000000 8813233 0.2568 504.21
315 0 6684111 0 449.48
32.0 2000000 5727488.5 0.8384 341.72
325 2000000 3035714.25 0.56 537.47
Total 284.800.000.0 761.520.529,34 103.384,83

Yield per—recruit (Y'/R) and biomass per—recruit
(B/R): The study concludes that the Maximum
Sustainable Yield (MSY) for whiting can be achieved with
current fishing at an exploitation rate of 0.66. E0.1, the
exploitation level, led to a marginal increase of 10% in
relative yield per recruit, reaching 0.507. The study
confidently estimates that the exploitation level at EQ.5,
equivalent to 50% of the relative biomass per recruit of the
unexploited stock, is 0.311. Implementing proper
management measures, such as adjusting fishing gear
selectivity for larger fish, is essential to minimize the
catches of small fish. Relative yield per recruit (Y'/R)
analysis results for whiting in the Turkish seas off the
eastern Black Sea indicate that increased fishing efforts
will yield minimal additional harvest, suggesting a slight
economic gain. Moreover, the study findings on biomass
per recruit (B'/R) demonstrated a dramatic decrease as the
exploitation rate increased (Figure 6).

Stock structure: The VPA analysis based on fish
length was utilized for Thompson and Bell's long-term
prediction (Thompson & Bell, 1934). This analysis
produced the F-factor array, which provides yield,
biomass, and values. The current level of fishing
(approximately 449.70 tonnes) was predicted by an F-

factor of 0.56. An F-factor of 1.0 corresponds to the
maximum sustainable yield (MSY) of 498,180 tonnes
(Table 3). As fishing pressure increased, the amount of
product decreased inversely. However, after reaching the
fishing level with an F-factor of 1.0, the amount of product
declines by an average of about 2.0-2.5 tonnes for each
incremental increase in the fishing level (F-factor) (Table
3). At the current fishing level (F = 0.56), the biomass is
reduced by 25% (168.026 tonnes) of the unexploited
biomass (666.206 tonnes). In terms of value, the maximum
economic return is achieved at an F-factor of 1.0 and then
declines (Figure 7).
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Figure 6. A) Relative yield per recruit, relative biomass per recruit (B’/R),
and B) Yield isopleth per recruit (Y'/R) of Merlangius merlangus in the
southeastern Black Sea.

Table 3. Predicted yield and biomass for different fishing mortality rates
of Merlangius merlangus by the Thompson and Bell method.

F-factor Yield (tonnes) Mean biomass (tonnes)
0.0 000.000 666.206
0.2 279.567 431.246
0.4 411.701 298.624
0.5 447.349 254.901
0.6 470.860 221.129
0.7 484.853 194.763
0.9 497.101 157.308
1.0 498.180 143,852
1.2 495,037 123.695
1.4 488.295 109.522
1.6 480.219 99.096
1.9 467.806 87.785
2.0 463.814 84.798
22 456.186 79.656
2.3 452.563 77.423
2.4 449.071 75.375
2.6 442.469 71.744
2.8 436.348 68.617
3.0 430.669 65.889
32 425.388 63.485
34 420.466 61.345
3.6 415.866 59.426
338 411554 57.692
4.0 407.502 56.115
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Figure 7. Merlangius merlangus vyield-stock prediction in the
southeastern Black Sea via the Thompson and Bell method.
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Our study examined the growth and population
parameters of M. merlangus, which are essential for
practical stock assessment. The length distribution
observed in our research ranged from 7.6 cm to 32.9 cm. In
comparison, Samsun and Akyol (2017) reported a length
range of 8.8 cm to 22.8 cm, while Saglam and Saglam
(2012) found it to be between 10.0 cm and 26.0 cm. More
recently, Sahin et al. (2021) documented a length range of
7.5 cm to 32.6 cm along Turkey's Eastern Black Sea coast,
which closely matches our findings. In contrast, the results
from Samsun and Akyol (2017) and Saglam and Saglam

(2012) were narrower. Additionally, a study conducted in
the Marmara Sea by Erdem et al. (2006) reported a length
distribution for Whiting between 8.89 cm and 24.72 cm,
which is more limited than our observed range. These
variations may be due to differences in nutrient
availability, temperature, and predator presence (Salihoglu
et al., 2017). Importantly, our growth estimates for the fish
population provide valuable insights for fisheries
management, enhancing understanding of population
structure, size distribution in catches, and the size at
maturity during fishing.

Table 4. Growth and population parameters of Merlangius merlangus in different habitats

Study area L W.. K to Y4 M F E Emax Yo MSY Biomass (1000 t) Literature
Marmara sea 35.74 0.124 -1.338 135 0.34 11 0.75 Karadurmus, 2022
Black sea 31.87 271.01 0.130 -3.071 Sahin et al., 2021
Western Baltic sea z;g if g%
North sca 742 ﬂ 016 Ross et al., 2018
57948 0.19
Western Black sea 37.05 0.106 -1.63 1.19 0.37 0.82 0.69 Yildiz et al., 2018
SE Black sea 33.05 0.13 -2.93 0.98 0.22 0.76 0.77 Kasapoglu, 2018
Northeast Atlantic Ocean ZSH ‘1 gg: :(1132 Barrios et al.. 2017
Black sea 4.941 Salihoglu et al.. 2017
Mid. Black sea 28.69 0.21 -1.91 0.97 0.50 0.47 0.48 Samsun and Akyol, 2017
0.87-2.50 (Feur)
Mediterranean and Black sea Fmsy/Fcurr=1.06-4.14 over exploited Cardinale and Osio, 2013
Fmsy/Feurr=1.06 0.37 (Four) over exploited
SE Black sea 33.56 0.141 1.68 0.27 141 0.84 Saglam and Saglam, 2012
20.29 ¢ 0.805 -0.76 .
Southeast Black sea 18.95 0.900 024 Bilgin et al.. 2012
Southeast Black sea 40.421 Gonener and Bilgin, 2010
Western Black sea 595.6-606.966 51-68 Raykov et al.. 2008
Northeast Atlantic 8 (mill.t) Heino et al.. 2005
Black sea 10-40 Unliiata, 2005
Marmara sea 385 431.0 0.15 -1.47 Erdem, 2006
US and Canadian Pacific waters 190.400 1.851.400 Ishimura, 2003
Bulgarian waters 26.63 1413 0.1981 -1.81 Bradova and Prodanov, 2003
Western Black sea 2.870,6 Prodanov and Bradova, 2003
Black sea 39.1 0.15 -1.53 1.63 0.39 124 30188 ismen, 2002
Q —
Southeast Black sea gifg ; g:g?i jg: Giloglu et al.. 2001
Southeast Black sea 40.89 605.8 0.10 -2.14 0.85 0.29 0.56 0.66 0.61 25255 450.98 666.206 This study

mill.t: million tonnes, mt: Metric tonnes, MYS: maximum sustainable yield, *SSB: Spawning stock biomass (mt).

A study conducted along Tiirkiye’s Black Sea
coast determined the von Bertalanffy seasonal oscillatory
growth parameters as L., =39.1 cm, K=0.15, to=-1.05, C
=0.23, and t; = 0.48, revealing differences in growth rates
between males and females. Females grew faster and
achieved a greater maximum length than males (Ismen,
2002). Similarly, research by Ciloglu et al. (2001) on the
southeastern Black Sea reported asymptotic length (L)
and growth constant (K) values of 52.50 cm and 37.19 cm
for males and females, respectively, with to calculated as -
1.75 for males and -2.39 for females.

Aksu (2020) provided further insights into
whiting growth parameters and length-weight relationships
in the Central Black Sea region. For males, the length-
weight relationship was W = 0.0047L3.1694 (r> = 0.97),
while for females, it was W = 0.0058L3.077 (1> =0.96). The
study estimated von Bertalanffy growth parameters for all
sexes as L, = 30.57 cm, K =0.937 y!, to = -2.0407, and a
growth performance index (¢) of 2.9423. Another study by
Mazlum and Bilgin (2014) on the southeastern Black Sea
highlighted that the Gompertz model was the most
effective method for estimating whiting growth. Female
growth parameters were determined as L., = 32.3 cm, K =
0.1414 y', to = -4.69, and ¢ = 2.258, while combined-sex
estimates were L, =22.3 cm, K=0.2668 y!, to=3.87, and
¢ = 2.123. Saglam and Saglam (2012) found that male
whiting can live up to 5 years, while females can reach 4
years of age. They calculated the weight-length

relationship as W = 0.0064L°.0441 and described the von
Bertalanffy growth equation for both sexes as L = 33.56(1
— e %1#1(t+2.654)). The study also determined mortality
rates, with total mortality (Z) at 1.68, natural mortality (M)
at 0.27, and fishing mortality (F) at 1.41. In another study,
Yildiz and Karakulak (2018) found that most of the whiting
population consisted of individuals aged 1 to 2 years. They
calculated growth parameters for all individuals as L. =
7.05 cm, K=0.10 y!, and to = -2, with mortality rates of Z
=1.19y',M=037y", F=0.82 y!, and an exploitation
rate (E) of 0.69 y .

Bilgin et al. (2012) investigated whiting growth
and reproductive biology on the southeastern Black Sea,
calculating von Bertalanffy growth parameters as L., =
18.95 cm and K = 0.900 for males and L., = 20.29 cm and
K = 0.805 for females. These studies collectively
emphasize the significance of understanding the growth
dynamics of whiting to support effective fishery
management and conservation efforts in the region.

Research on fish growth parameters along
Tiirkiye's Black Sea coast has highlighted consistent trends
across multiple studies. For example, Ismen (2002)
observed that females generally grow faster and reach
larger sizes than males, with von Bertalanffy seasonal
growth parameters recorded as L., = 39.1 cm, K = 0.15, to
=-1.05, C = 0.23, and t, = 0.48. Similarly, Ciloglu et al.
(2001) studied the southeastern Black Sea and reported
asymptotic lengths (L) of 52.50 cm for males and 37.19
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cm for females, with growth rates (K) of 0.0092 and 0.114
and to values of -1.75 for males and -2.39 for females. On
the southeastern Black Sea, Erdem et al. (2006) estimated
an L., of 31.87 cm, an asymptotic weight (W.,) of 271.01
g, and a growth rate (K) of 0.130. These findings are
broadly consistent with studies along Tiirkiye's Black Sea
and the eastern Black Sea region (Radulescu, 2023; Sahin
etal., 2021; ismen, 2002; Ciloglu et al., 2001). In contrast,
studies conducted in the Bulgarian and Turkish waters of
the Western Black Sea revealed lower growth parameter
values (Bilgin et al., 2012; Bradova & Prodanov, 2003).
This discrepancy underscores the need for further research.
For instance, Barrios et al. (2017) studied the Northeast
Atlantic region and reported asymptotic lengths (L.) of
44,77 cm for males and 36.11 cm for females, with
identical growth rates (K) of 0.35. The to values were
calculated as -0.95 and -1.06 for males and females,
respectively. Meanwhile, a study in the Western Baltic
reported higher L. values for females, attributed to
environmental factors such as water temperature, nutrient
availability, and predation pressure (Ross et al., 2018).

Numerous studies have also highlighted the
negative impact of intensive fishing on M. merlangus
populations in the Black Sea, the Sea of Marmara, and the
Mediterranean Sea (Yildiz et al., 2018; Kasapoglu, 2018;
Cardinale & Osio, 2013; Erdem et al., 2006). Samsun and
Akyol (2017) reported mortality rates for fish in the Central
Black Sea, with total mortality (Z) at 0.97, natural mortality
(M) at 0.50, and fishing mortality (F) at 0.47. In the eastern
Black Sea, Saglam and Saglam (2012) reported higher
rates: total mortality (Z) at 1.68, natural mortality (M) at
0.27, and fishing mortality (F) at 1.41, resulting in
exploitation rates (E) of 0.48 and 0.84, respectively.
Similarly, Kasapoglu (2018) found mortality rates in the
southeastern Black Sea of 0.98 for total mortality (Z), 0.22
for natural mortality (M), and 0.76 for fishing mortality (F).

In the Marmara Sea, Karadurmus (2022) observed
mortality rates of 1.35 for total mortality (Z), 0.34 for
natural mortality (M), and 1.10 for fishing mortality (F),
with an exploitation rate of 0.75. ismen (2002) reported
similar trends in the Black Sea, with total mortality (Z) at
1.63, natural mortality (M) at 0.39, and fishing mortality
(F) at 1.24. A separate study in the Sea of Marmara
recorded a natural mortality rate (M) of 1.35 and fishing
mortality (F) of 1.10, resulting in an exploitation rate (E)
of 0.75 (Karadurmus, 2022). Our study found lower total
mortality (M) and fishing mortality (F) rates than previous
research, aligning closely with other studies on M.
merlangus populations. This consistency highlights the
significance of our findings in advancing the understanding
of fish population dynamics and informing fisheries
management.

The alarming trend in the Black Sea is driven by
increasing pollution, the negative impacts of climate
change on fish populations, the global decline in fish
stocks, and the simultaneous reduction in fishery products.
This study also assessed the relative yield and biomass per
fish based on initial catch length. The maximum
exploitation rate (Emax), representing the highest relative
yield per juvenile fish (Y'/R), was calculated as 0.61, which
fell short of the expected value of 0.66. Additionally, the

current exploitation rate (Ecur) for M. merlangus exceeded
Gulland's optimum exploitation rate of 0.50 (Gulland,
1971). Although M. merlangius catches were high in the
eastern Black Sea until 2017, the western Black Sea was
reported to have provided more catches after 2017
(Samsun, 2024).

These findings indicate that the M. merlangus
stock in the study area is being exploited beyond
sustainable levels, emphasizing the urgent need for
effective fisheries management measures. Modifying
fishing gear is recommended to enhance selectivity for
larger fish and raise the minimum catch size to reduce the
bycatch of smaller fish. The study also identified seasonal
peaks in fish recruitment occurring in March, November,
and August, underscoring the importance of accounting for
seasonal  fluctuations when  designing  fisheries
management strategies to protect fish populations during
critical life stages.

A study conducted in Bulgarian coastal waters
revealed that the biomass and food web dynamics of
whiting, which share similar breeding periods and depths
with sprat, significantly impact sprat consumption along
the coast. During the breeding season, whiting was
observed to feed on giant ten-legged crabs and sprat,
highlighting substantial competition between these species
for shared food resources. Since 1985, reduced
replenishment rates for both species have contributed to
declining stocks of whiting and sprat (Prodanov &
Bradova, 2003).

The survival of M. merlangus sperm is heavily
influenced by environmental conditions, as it cannot
persist in low-salinity, low-oxygen waters. Consequently,
the recruitment of eastern Baltic whiting stocks was
reported to be poor during periods of water stagnation.
Strong year classes, supported by favorable environmental
conditions in the late 1970s, were linked to a peak in
spawning stock biomass (SSB) of nearly 700,000 metric
tons in the early 1980s. However, this was followed by a
steady decline, reaching approximately 100,000 metric
tons in 1992-the lowest level recorded since 1966 (FAO,
2005).

Continuous recruitment monitoring is vital for
evaluating the health and sustainability of fish populations.
It offers critical insights for fisheries managers to
implement effective harvest regulations and conservation
strategies. A study by Henderson (2019) in Bridgwater
Bay, UK, identified an intriguing pattern: haddock
recruitment peaked five times annually between June and
October, with the most pronounced peak occurring in June.
This unique finding raises questions and warrants further
investigation. Whiting recruitment, influenced by nutrient
availability, habitat conditions, predators, and water
temperature factors, adds another layer of complexity to
marine ecosystems (Henderson, 2019).

In the Pacific waters off the USA and Canada,
whiting biomass was estimated at 1.851.400 metric tons
(Mt) (Ishimura, 2003). By comparison, our study recorded
a whiting stock biomass of 666,203 Mt. The discrepancy
between these findings could be attributed to differences in
habitat size, water temperature, nutrient levels, fishing
pressure, predator presence, and other ecological factors.
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The biomass of Merlangius merlangus along the
Bulgarian coast was recorded as 27,273 tonnes in 1976,
10,893 tonnes in 1988, and 16,072 tonnes in 1991
(Prodanov & Daskalov, 1995). These fluctuations were
attributed to findings that the natural reproduction of
whiting was severely impacted between 1987 and 1989
(Arkhipov & Rovnina, 1990), leading to a notable decline
in juvenile fish after 1987. Similarly, research conducted
in the northern Black Sea reported that whiting biomass in
the coastal waters of Ukraine and Romania ranged from
595.6 to 606,966 tonnes (Raykov et al., 2008).

In contrast, studies on the west coast of North
America reported a whiting yield of 264,000 tonnes, with
a maximum sustainable yield (MSY) estimated between
127,000 and 193,000 tonnes (Hollowed & Francis, 1987).
The present study estimated whiting biomass of 666,206
tonnes and an MSY of 498,180 tonnes, significantly higher
values than those observed along the Bulgarian coast
(FAO, 2022; Arkhipov & Rovnina, 1990).

Variations in biomass across regions can be
attributed to factors such as pollution, temperature
fluctuations, nutrient availability, and predation pressures.
Understanding these influences is essential for effective
fisheries management and conservation. For example, a
study in the Pacific Ocean involving the USA and Canada
reported a whiting yield of 264,000 tonnes, with a stock
surplus ranging from 127,000 to 193,000 tonnes (Hollowed
& Francis, 1987). Furthermore, two studies conducted in
the Black Sea estimated that whiting biomass and yield
range between 10 and 40 tonnes (Gonener & Bilgin, 2010;
Unliiata, 2005). These differences highlight the importance
of environmental factors such as prey availability, habitat
temperature, predator dynamics, and fishing pressure,
underscoring the relevance of this research in
understanding regional and global variations in whiting
populations.

CONCLUSION

The resources of M. merlangus are being
exploited to their maximum capacity, and any increase in
fishing efforts is unlikely to lead to higher production. If
fishing efforts continue at the current level or increase, M.
merlangus stocks are expected to decline significantly.
This decline in fishing efficiency indicates overfishing or
unsustainable practices that could harm M. merlangus
populations. Effective management of fish stocks, and
fishing activities is essential to ensure the long-term
sustainability of M. merlangus. Balancing fishing and
sustainability will require implementing fishing limits,
establishing protected areas, promoting responsible fishing
methods, and monitoring population health.
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Abstract: The oil of hazelnuts collected from a hazelnut garden in Piraziz District of Giresun
Province in two different years, 2022 (called as S1) and 2023 (called as S2), was obtained and
the polycyclic aromatic hydrocarbon (PAH) levels, known to have carcinogenic effects, were
analyzed depending on the storage time and condition. The optimum parameters were maintained
and analyzed by GC-MS. The highest total concentration of polycyclic aromatic hydrocarbons
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S e G e naphthalene. Notably, benzo[a]pyrene (BaP), a known carcinogen, was not detected in either

sample.
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Depolama Sonrasi Findik Yaglarindaki Polisiklik Aromatik Hidrokarbon (PAHs)
Diizeylerindeki Degisimlerin Belirlenmesi

Oz: Giresun ili Piraziz Ilgesindeki bir findik bahgesinden; 2022 (S1 olarak kodlanan) ve 2023
(S2 olarak kodlanan) iki farkli yilda toplanan findiklarin yag: elde edilmis ve bekleme siiresine
ve kosuluna bagl olarak, kansorejen etkisi bilinen polisiklik aromatik hidrokarbon (PAH)
degisimleri Olglilmek istenmistir. Optimum parametreler saglanarak GC-MS ile analizler
gerceklesmistir.  Polisiklik aromatik hidrokarbonlarin  (£Z16PAH) en yiiksek toplam

*Sorumlu yazar:

Bengii TEMIZEL konsantrasyonu S1 6rneginde 8,483 + 0,032 ng/kg ve S2 drneginde 6,075 + 0,024 ng/kg olarak
Giresun Universitesi Merkez Arastirma bulunmustur. PAH standart karisimi igerisinde, en fazla miktardaki analit olan naftalinin bulunma
Laboratuvari Uygulama ve Arastirma miktar1 digerlerinden daha yiiksektir. Toplam PAH miktari, S1 drneginin %92,35'inin ve S2

Merkezi, Giresun, Tiirkiye.

w2 A X y . ; - - X
S g T R Orneginin  %87,82'sinin naftalin oldugunu goéstermektedir. Bilinen bir kanserojen olan

benzo[a]piren (BaP) her iki 6rnekte de tespit edilmemistir.

Anahtar kelimeler: GC-MS, Findik yaglari, Polisiklik aromatik hidrokarbonlar (PAH'lar), SPE numune

hazirlama.

INTRODUCTION the production and transportation chain. Similarly, foods can
become contaminated by bacteria and other microorganisms,
The quality and safety of food are significant global pesticides, food packaging materials, detergents,
concerns, with data on foodborne clinical incidents reaching disinfectants and other cleaning agents. Among the chemical
alarming levels and posing a serious threat to human health. hazards that threaten human health are polycyclic aromatic

To ensure the safety of the food supply, it is essential to hydrocarbons (PAHs) (Balcioglu and Ceylan, 2019).
obtain, process and protect food in environments that do not Hazelnuts are among the most widely cultivated
adversely affect human health or create environmental hard-shelled fruits in the world. Turkey, one of the few
problems. Nutrient contamination can occur at any stage of countries in the world with favorable weather conditions for
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hazelnut production, is at the forefront of world hazelnut
production (FAO, 2017). Approximately 2/3 of hazelnut
production and exports, which are among the traditional
export products, are provided by Turkey (Yildiz, 2020),
hazelnut oil is also produced in Turkey. The fat content of
hazelnuts, which are rich in macronutrients and
micronutrients, varies between 50% and 73% depending on
the region, soil and hazelnut variety (Kesen et al., 2016).
Hazelnut, which is a nut with a high fat content (~60%), is
very rich in oleic, linoleic and palmitic fatty acids.
Considering the content of hazelnuts and their effects on
human health, they play a key role in human nutrition
(Topgu, 2022). Hazelnuts contain high amounts of single and
multiple fatty acids known to be effective in preventing heart
disease (Crews et al., 2005) and are also good sources of high
levels of minerals and B vitamins (B1, B6), vitamin E and
natural antioxidants (Alasalvar et al., 2003; Koksal et al.,
2006). Hazelnut is a good source of protein containing
essential amino acids, mainly arginine, leucine,
phenylalanine and valine, in addition to its high-quality oil
content. The Hazelnut protein ratio is reported to vary
between 9.3% and 22.5% g/100 g (Amaral et al., 20064a;
Cetin et al., 2020; Koksal et al., 2006; Sahin et al., 2022;
Venkatachalam and Sathe, 2006). They are also
characterized by a high fat content with triacylglycerols as
the main component and a high proportion of
monounsaturated fatty acids, giving hazelnuts high
nutritional value. The production of hazelnut crude oil
involves the use of physical processes and extraction
techniques, which do not involve chemical processing. The
high oleic acid content facilitates digestion within the body.
The amino acids present in hazelnuts have been
demonstrated to exert anticancer, antidiabetic and
arteriosclerotic effects (Alasalvar et al., 2003). Hazelnut oil
is distinguished by its high content of oleic acid, a
monounsaturated fatty acid (Alasalvar et al., 2006; Amaral
etal., 2006a; Cetin et al., 2020; Crews et al., 2005). Hazelnut
oil, which contains high levels of unsaturated fatty acids and
small amounts of saturated fatty acids, has also been
demonstrated to exert beneficial effects on human health,
including a reduction in the risk of developing
cardiovascular disease (Alasalvar and Shahidi, 2009;
Magden, 2023; WHO, 2019).

Polycyclic aromatic hydrocarbons (PAHSs) are
recognized as hazardous organic pollutants with the
potential to cause cancer, genetic mutations and
teratogenesis (Sakshi and Haritash, 2020). PAHSs are organic
compounds comprising at least two benzene rings arranged
in angular, linear or cluster chains (Akinpelu et al., 2019;
Bianco et al., 2023). Soil quality is a critical factor for plant,
animal and human life, and soil pollution has detrimental
consequences for a wide range of living organisms, with
serious implications for human health as humans are the last
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link in the food chain. The levels of PAHSs present within soil
are influenced by various factors, including proximity to the
source of pollution, temperature, and prevailing climatic
conditions (Ortiz et al., 2012; Bozlaker et al., 2008; Chen et
al., 2011; and Tasdemir and Esen, 2007a). In industrial areas,
anthropogenic burning activities and atmospheric deposition
constitute an important source of PAH pollution in soils
(Smith and Harrison 1996; Lee et al., 2001). In urban areas,
the use of fossil fuels for heating purposes and traffic density
cause the PAH concentrations in the soils of the region to
increase day by day (Nadal et al., 2004; Bozlaker et al.,
2008).

PAHs are complex mixtures of light and heavy
compounds in various categories of foods and beverages
(Purcaro et al., 2013). PAHs are derived from the incomplete
combustion of organic matter during industrial processes
and other human activities (Bansal and Kim, 2015). Food
processing, such as smoking, grilling, roasting and frying,
can lead to the formation of high amounts of PAHs (Kim et
al.,, 2021; Zelinkova and Wenzl, 2015). Unfortunately,
edible vegetable oils, in addition to many other nutrients, are
highly susceptible to organic contaminants due to their
hydrophobic nature, and PAHs with high lipophilicity are
considered a type of food contaminant commonly found in
edible oils (Galeotti et al., 2017; Jing et al., 2021). PAH
compounds have the potential to contaminate crops through
air, water and soil in areas with industrial production. Many
vegetable oils are contaminated by the environment during
seed growth and coexist with hazardous substances such as
mycotoxins, heavy metals, PAHs and pesticide residues (Ji
et al., 2023). PAHs enter the human food chain extremely
easily through the consumption of vegetable oils, posing a
serious threat to human health. In recent years, serious
concerns have been raised by consumers and health
professionals about the presence of various toxigenic PAHs
in foods.

In recent years, there has been considerable interest
in PAH studies in Turkey, as well as worldwide. A
substantial body of research has demonstrated that edible
oils are susceptible to contamination by polycyclic aromatic
hydrocarbons (PAHSs). This finding has been corroborated
by studies conducted by Camargo et al., (2012), Tfouni et
al., (2014), Molle et al., (2017) and Ji et al., (2022).
Furthermore, numerous studies have been conducted to
characterize the lipid fraction of hazelnuts and evaluate its
stability during shelf storage (Ciali¢ Rosso et al., 2021;
Ghirardello et al., 2014; Savage et al., 1997; Turan, 2018).
This study focuses on hazelnut plants and hazelnut oil, which
are among the most important plants in our country, with
production and export shares of over 70% worldwide. For
this purpose, hazelnut samples were obtained from a garden
in the Piraziz district of Giresun Province, It was aimed to
monitor the PAH changes that may occur in the oil of
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hazelnuts, which are expected to depend on the storage time
and condition, and analyzed by GC-MS in this line. In
addition to the analysis of the fatty acid methyl ester content
of the hazelnut oil (FAME analysis), an attempt was made to
determine the PAH content and accumulation.

MATERIAL AND METHOD

Chemicals and standards: The solvents hexane,
dichloromethane, and acetone, which were grade for liquid
chromatography, and all other chemicals used were
purchased from Merck (Darmstadt, Germany). A PAH
standard mixture that contained 16 compounds (100 ng/mL;
96-99.9% purity) was obtained from Sigma-Aldrich
(Missouri, USA). (St. Louis, MO, USA). These compounds
included naphthalene (Nap), acenaphthene (Ace), fluorene
(Fle), phenanthrene (Phe), anthracene (Ant), fluoranthene
(Flu), pyrene (Pyr), benz(a)anthracene (BaA), chrysene
(Chr), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene
(BKkF), benzo(a)pyrene (BaP), dibenz(a,h)anthracene
(DahA), indeno(1,2,3-cd)pyrene (lcdP) and
benzo(g,h,i)perylene (BghiP). Deionized water (resistivity
of 18.2 MU cm-1) was produced by a Milli-Q water
purification system (Millipore Co., USA).

Standard Preparation and Calibration Curves:
The standard PAH solution (100 ng/mL) was diluted and
stored in the dark at -20 °C. The six-point calibration curves
corresponding to the PAH compounds were prepared at
different concentrations because the concentration of each
PAH analyte in the standard mixture is different. Each point
was the average of three injections, and the target analytes
were quantified via the external calibration method.

Sample collection and preparation for PAHSs:
Hazelnut samples were collected from the same nut trees in
the Piraziz district of Giresun, Eastern Black Sea Region,
during the harvest periods of 2022 (S1) and 2023 (S2) (Fig.
1) and extracted with hexane for 8 hours by Soxhlet to obtain
oil. S1 hazelnuts were kept in a sack in the warehouse for a
year, as the people did. A 5 g oil sample was weighed into a
10 mL volumetric flask, diluted to volume with n-hekzan
and sonicated in an ultrasonic bath. Then, a 1.0 mL sample
was extracted in an SPE cartridge previously washed with 20
mL of dichloromethane, dried completely by means of
vacuum, and conditioned with 20 mL of n-hexane. The
mixture of n-hexane: dichloramethane was 70:30 (v/v).
PAHs were eluted, and the first 8 mL of eluent was
discharged. The following 8 mL fraction was collected and
concentrated under N to approximately 20-30 pL, and the
last residue was dissolved in 100 pL. ACN and run in a GC-
MS analysis system (Ergoniil and Sanchez, 2013; Teixeira et
al., 2007).

Apparatus and GC-MS System: The samples were
filtered with SPE cartridges packed with a silica phase
(Chromabond C18, octadecyl-modified silica, Germany)
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PAH mixture, and the samples were analyzed by a GC-MS
instrument system (Agilent-Model 7890A-5975C inert
MSD) in selected ion monitoring (SIM) acquisition mode.
The method conditions of the chromatographic system were
as follows: carrier gas, helium; flow rate, 1.5 mL/min; and
initial injection port temperature, 30 °C. One microliter of
the sample was run in pulsed splitless mode. An Agilent 5%
HP-5MS phenyl methyl Silox column (30 m x 250 um x
0.25 pm) was used, and the pressure was 18.635 psi. The GC
oven parameters were set to increase from 55 °C for 1 min,
then 25 °C/min to 320 °C for 5 min, and finally increased to
320 °C at 16.6 min. The mean recovery of PAHs ranged from
85.23% to 101.36% in this study (Table 1). Each standard
mixture at different concentrations was analyzed in
triplicate, and the standard deviation was < 5%.

Fig 1. Locations of the hazelnut samples.
Sekil 1. Findik 6rneklerinin yerlesim yerleri.

RESULTS AND DISCUSSION

PAH analysis: Table 1 shows the results for the RT,
LOD and LOQ ranges. The detection limits ranged from 0.25
ng/g to 0.43 ng/g. The mean recovery of PAHSs ranged from
85.23% to 102.64% in this study (Table 2).

Table 1. Methodical description of PAH standard.

PAH RT (min) Identification (ion) LOD (ng/g) LOQ (ng/g)
Nap 5.544 (128) 129.127.102 0.21 0.50
Acy 6.306 (152) 151.150.153 0.22 0.55
Ace 6.486 (153) 154.152.151 0.25 0.60
Flu 6.977 (166) 165.167.163 0.35 0.70
Phe 7.898 (178) 176.179.152 0.36 0.72
Ant 7.941 (178) 176.179.152 0.31 0.65
Flua 9.049 (202) 203.200.101 0.24 0.58
Pyr 9.266 (202) 203.200.101 0.33 0.68
BaA 10.427 (228) 226.229.113 0.35 0.70
Chr 10.468 (228) 226.229.113 0.41 0.80
BpF 11.408 (252) 253.250.126 0.43 0.82
BkF 11.430 (252) 253.250.126 0.40 0.78
BaP 11.683 (252) 253.250.126 0.25 0.60
Inp 12.730 (276) 138.274.277 0.32 0.68
BghiP 12.997 (278) 276.279.139 0.34 0.69
DahA 13.021 (276) 138.274.277 0.30 0.62

Generally people who own hazelnut gardens prefer
to keep hazelnuts for 1 year and sell them to be more
economically profitable. Hazelnut samples collected in 2022
and 2023. PAH changes were investigated and analyzed. The
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effects of 1 year of storage on the PAH contents and the total
PAH contents are given in Table 3.

Table 2. Certified and observed concentrations (ng/mL) and % recoveries
of all PAH analytes.

PAH Certified Observed % Recovery
Nap 998.6 992.4 99.38
Acy 2000.2 1830.2 91.50

Ace 995.4 1002.5 100.71

Flu 198.6 201.3 101.36

Phe 98.7 95.6 96.86

Ant 99 98.1 99.09
Flua 196.2 197.5 100.66

Pyr 98.5 101.1 102.64
BaA 100.3 100.6 100.30
Chr 99.7 100.2 100.50
BpF 199.4 196.5 98.55

BkF 99.9 99.4 99.50

BaP 99.6 99.4 99.80

Inp 99.9 85.14 85.23
DahA 199.8 200.6 100.40
BghiP 199.2 201.4 101.10
Table 3. PAH16 components of the samples (ng/kg).

ng/kg S-1 S-2
Naphthalene 7.834+0.015 5.335+0.021
Acenaphthylene 0.152+0.010 0.144+0.013
Acenaphthene 0.015+0.001 0.036+0.012
Fluorene 0.022+0.012 0.018+0.015
Phenanthrene 0.057+0.000 0.042+0.016
Anthracene ND ND
Fluoranthene 0.024+0.001 0.027+0.014
Pyrene 0.024+0.001 0.025+0.045
Benzo(a)anthracene 0.008+0.001 0.052+0.051
Chrysene 0.008+0.001 0.062+0.014
Benzo(b)fluoranthene 0.116+0.014 0.120+0.027
Benzo(k)fluoranthene 0.059+0.001 0.061+0.014
Benzo(a)pyrene ND ND
Dibenzo(a.h)anthracene 0.076+0.001 0.104+0.029
Benzo(g.h.i)perylene 0.088+0.001 0.047+0.010
Indenol(1.2.3-CD)pyrene ND ND
X16PAHs 8.483+0.032 6.075+0.024

The samples were harvested during the 2022 (S1) and 2023 (S2) seasons.

The detection rate of naphthalene was the highest
among the PAH concentrations (S-1: 7,834 and S-2:5,335).
Naphthalene was the most abundant PAH analyte, with
92.35% in sample S1 and 87.82% in sample S2. The
sensitivity of hydrocarbons to microbial adsorption varies
according to differences in their structure. These sensitivities
can be listed in the following order: n-alkanes > branched
alkanes > small-molecular-weight aromatics > cycloalkanes
(Perry, 1984). The highest degradation rates were observed
for the soluble compounds. This is followed by light
aromatic compounds and high-molecular-weight aromatic
compounds (Jobson et al., 1972). Occurrence rates of high-

Response [mV]

1 2 3 4 5 6

Fig. 3. Fatty acid composition of sample S2 (2023 harvest)

molecular-weight  polycyclic aromatic  hydrocarbons
including naphthalene and phenanthrene were found to be
associated with their dissolution in water rather than the total
substance concentration (Thomas et al., 1986). The high
level of naphthene observed in our study can be attributed to
the factors like these (Jobson et al., 1972; Perry, 1984;
Thomas et al., 1986). The £16PAH concentration in S1 was
higher than that in S2 (Table 3). This may be due to the fact
that all samples were selected from the same orchard; a one-
year holding period would include samples collected from
different areas and with different storage conditions, giving
results that can be assessed statistically. In a study fifteen
vegetable oils and butters were analyzed to determine the
PAH4 (benz[a]anthracene, chrysene, benzo[b]fluoranthene
and benzo[a]pyrene) contents of butters and vegetable oils
(olive oils, palm oil, sunflower oil, almond oil, hazelnut oil
and coffee oil) offered for sale in the Turkish market. The
highest amount of PAH4 (20.76 pg kg*) was detected in
sunflower oil, followed by olive oil (9.51 pg kg1), palm oil
(6.05 ug kg, coffee oil (5.25 ng kg™) and hazelnut oil (1.95
ug kg1). In another study, HPLC analysis was performed for
the detection of benzo(a)pyrene (BaP) in 40 oil samples, and
the concentration of BaP was calculated as 4.80 + 0.01 ppb
for hazelnut oil (Giilten et al., 2007). The SCF recommended
the use of benzo(a)pyrene (BaP) as a marker for the presence
and effects of carcinogenic PAHs in food, based on the
evaluation of PAH profiles in food (European Food Safety
Authority, 2008). According to the law, the maximum BaP
level is 2 ug kg, but BaP was not detected in either oil
sample.

Fatty acid composition: Fatty acid composition
was determined according to the methods of Oliveira et al.
(2008), and Thermo Scientific Application Notes with some
modifications. A sample of 100 pL of oil was used for fatty
acid methyl esterification with 1 mL of methyl esterification
reagent (2 N KOH solution in CH3zOH). The fatty acid profile
was analyzed by an Agilent GC-7890 instrument with a
chromatographic column (Thermo, 10 m x 0.10 mm ID X
0.20 pm film, Agilent, USA). The results are expressed as a
percentage of the fatty acid composition.
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Table 4. Changes in fatty acid composition (%).
Tablo 4. Yag asidi bilesimindeki degisimler (%).
% Fatty acids S1 S2

Palmitic acid (C16:0) 5.95+0.01 4.61£0.02
Stearic acid (C18:0) 2.55+0.02 2.24+0.05
Oleic acid (C18:1) 84.2+0.12 82.81+0.13
Linoleic acid (C18:2) 7.3+0.02 10.05+0.06
Avrachidik acid (C20:0) - 0.09+0.01
Linolenic acid (C18:3. n-6) 0.07+0.01
Eicosanoic acid (C20:1) 0.13+0.01

The values are expressed as the means + SDs (n = 3). (S1: 2022 harvest. S2: 2023 harvest).

Other researchers have reported similar results
with respect to the fatty acid composition of other hazelnut
oils (Amaral et al., 2006; Turan, 2018). The concentration
of palmitic acid was found to be significantly greater in the
oil of hazelnuts that had been stored for one year. A similar
trend was observed for oleic acid, stearic acid and arachidic
acid. Linolenic acid and eicosanoic acid were not detected
in the oil of hazelnuts that had been stored for one year.
Fresh hazelnut oil was used. The concentrations of these
three fatty acids did not exceed 0.2% (Table 4). The extent
of the degradation of linoleic and linolenic acids to
monounsaturated acids was greater than that of oleic acid
during the specified period. This result is consistent with
those previously reported by Guillén et al., (2009) in which
linoleic acid was oxidized throughout the oxidation process
of sunflower oil, resulting in an increased oleic acid
content.

CONCLUSION

A review of the literature revealed a limited scope
of PAH analyses in hazelnut oil. In particular the 16-
component PAH analysis was not identified as a topic of
investigation within the literature. The objective of this
study was to analyze the nature of the change in the PAH
content of hazelnut oil as a result of storage with the aim of
providing a reference point for hazelnut owners.
Benzo[a]pyrene, a known carcinogen, was not detected in
either sample, however naphthalene formation increased
the amount of X16PAH. Furthermore, the variation in fatty
acid composition was also examined. This condition was
determined to be a consequence of the hazelnut being
stored in a sack for one year in an environment with
uncontrolled humidity. It is thought that storing hazelnut
samples in temperature and moisture controlled stores will
prevent the formation of naphthalene.
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Abstract: Bayburt Province has been insufficiently studied in terms of its spider fauna until now. As a result
of this study conducted in Bayburt Province, three new records for Tiirkiye were identified. These species are
Agyneta fuscipalpus (C. L. Koch, 1836), Micaria lenzi Bosenberg, 1899 and Synaphris lehtineni Marusik,
Gnelitsa & Kovblyuk, 2005. The genus Synaphris Simon, 1894, belonging to the family Synaphridae, which
has a very rare distribution, is represented by 11 species worldwide. Only 4 of these species are distributed in
Europe. Synaphris lehtineni is extremely important as it represents the first recorded species of the family
Synaphridae in Tiirkiye. The genus Agyneta Hull, 1911, belonging to the family Linyphiidae, one of the most
diverse spider families in the world, comprises 201 species globally. Of these, 43 are also found in Europe.
Agyneta fuscipalpus has been added as a new record to the genus, which previously had only three species in
Tiirkiye. The genus Micaria Westring, 1851, of the family Gnaphosidae, which has a wide distribution, is
represented by 124 species worldwide. Of these, 34 are also found in Europe. Prior to this study, 11 species
of this genus had been identified from Tiirkiye. With this study, Micaria lenzi has been recorded for the first
time in Tiirkiye. The specimens were collected from rocky habitats and beneath stones. The specimens were
identified using a stereomicroscope and photographed using a digital camera. The morphological
characteristics and photographs of the new records are presented with their detailed descriptions.

Keywords: Araneae, Bayburt, fauna, new records, Tiirkiye.

Tiirkiye'nin Oriimcek (Arachnida: Araneae) Faunasi icin Uc Yeni Kayit!"]
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Oz: Bayburt ili, 6riimcek faunasi acismdan bugiine kadar yeterince calisiimanustir. Bayburt ilinde
gergeklestirilen bu calisma sonucunda Tirkiye igin {i¢ yeni kayit tespit edilmistir. Bu tiirler; Agyneta
fuscipalpus (C. L. Koch, 1836), Micaria lenzi Bosenberg, 1899 ve Synaphris lehtineni Marusik, Gnelitsa &
Kovblyuk, 2005°dir. Oldukg¢a nadir yayilis gosteren Synaphridae familyasina ait Synaphris Simon, 1894 cinsi
diinya genelinde 11 tiir ile temsil edilmektedir. Bu tiirlerden yalnizca 4’ Avrupa’da dagilim gostermektedir.
Synaphris lehtineni, Synaphridae familyasinin Tiirkiye’de kaydedilen ilk tiirii olmasi agisimdan son derece
6nemlidir. Diinyadaki en gesitli 6riimcek familyalarindan biri olan Linyphiidae familyasina ait Agyneta Hull,
1911 cinsi diinya genelinde 201 tiir igermektedir. Bu tiirlerin 43’ Avrupa’da da bulunmaktadir. Tiirkiye’de
yalnizca {i¢ tiirii bulunan cinse, Agyneta fuscipalpus tiirii yeni kayit olarak dahil edilmistir. Genis bir dagilima
sahip olan Gnaphosidae familyasinin Micaria Westring, 1851 cinsi diinyada 124 tiir ile temsil edilmektedir.
Bu tiirlerden 34’ Avrupa’da da bulunmaktadir. Bu ¢alismadan 6nce Tiirkiye’den bu cinse ait 11 tiir tespit
edilmisti. Bu galima ile Micaria lenzi Tiirkiye’den ilk kez kaydedilmistir. Ornekler kayalik habitatlardan ve
tas altlarindan toplanmustir. Ornekler stereomikroskop kullamlarak teshis edilmis ve dijital kamera ile
fotograflanmistir. Yeni kayitlarin morfolojik &zellikleri ve fotograflari, detayli tanimlari ile birlikte
sunulmustur.

Anahtar kelimeler: Araneae, Bayburt, fauna, Tiirkiye, yeni kayitlar.

INTRODUCTION

Based on the most recent data, there are 1282
spider species belonging to 57 families in Tirkiye

(Danigman et al., 2024).

The family Linyphiidae is represented by 4940
species belonging to 640 genera in the world (World Spider
Catalog, 2025). In Tiirkiye, it contains 156 species
belonging to 74 genera (Danigman et al., 2024). While the

201 species in the world, there are only three species of the
genus in Tiirkiye. These species are Agyneta innotabilis (O.
Pickard-Cambridge, 1863), Agyneta punctata Wunderlich,
1995 and Agyneta rurestris (C. L. Koch, 1836) (Cosar et
al.,, 2012; Danisman et al., 2024). Another species
belonging to this genus was recorded from Tiirkiye by this
study.

The family Gnaphosidae is represented by 2479
species belonging to 153 genera in the world. In Tiirkiye,

genus Agyneta belonging to this family is represented by
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it contains 163 species belonging to 34 genera. While the
genus Micaria belonging to this family is represented by
124 species in the world, there are 11 species of this genus
in Tirkiye. These species are Micaria albovittata (Lucas,
1846), Micaria bosmansi Kovblyuk & Nadolny, 2008,
Micaria coarctata (Lucas, 1846), Micaria dives (Lucas,
1846), Micaria formicaria (Sundevall, 1831), Micaria
fulgens (Walckenaer, 1802), Micaria pallipes (Lucas,
1846), Micaria pulicaria (Sundevall, 1831), Micaria
rossica Thorell, 1875, Micaria silesiaca L. Koch, 1875 and
Micaria sociabilis Kulczynfiski, 1897 (Cosar & Danigman,
2021; Danigsman et al., 2024; Demir et al., 2014; Demircan
Aksan & Topgu, 2022; Demircan Aksan & Topgu, 2024;
Efil et al., 2012; Topgu et al., 2007). With a new record
from Bayburt Province, this number has increased to 12.

The family Synaphridae is represented by 13
species belonging to three genera in the world. The
presence of the family Synaphridae in Tiirkiye is indicated
by a genus record (Synaphris sp.) (Marusik & Kunt, 2011;
Danigman et al., 2024). In this study, Synaphris lehtineni
Marusik, Gnelitsa & Kovblyuk, 2005 was identified as
both the first species record of the family and a new record
for Tiirkiye.

MATERIAL AND METHOD

The specimens in this study were collected from
Aydintepe, Merkez and Demir6zii Districts of Bayburt
Province in 2024. Agyneta fuscipalpus and Synaphris
lehtineni were collected from rocky areas, while Micaria
lenzi was collected from under stones. The specimens were
examined using an Olympus SZX-16 stereomicroscope.
Photographs of the new records were taken with a Canon
EOS 500D camera and edited with PhotoScape.
Measurements are given in millimetres (mm). The new
records were preserved in 70% ethanol. The locations
where the species were collected from Bayburt Province
are shown in Figure 1. The online databases Nentwig et al.,
(2025) and World Spider Catalog, (2025) were used for
identification and zoogeographic distribution of spider
species. Copulatory organs of A. fuscipalpus were mainly
compared with Lee and Merrett, (2001), Thaler, (1983),
Thaler and Noflatscher, (1990) and Wiehle, (1956); The
epigyne and vulva of M. lenzi were primarily compared
with Heimer and Nentwig, (1991), Marusik et al., (2014),
Reimoser, (1937) and Roberts, (1998); The pedipalp of S.
lehtineni was mainly compared with Lecigne, (2023) and
Marusik et al., (2005).

RESULTS

Family: Gnaphosidae Banks, 1892
Genus: Micaria Westring, 1851
Micaria lenzi Bosenberg, 1899

Material Examined: (BUAM GNA-04/04),
Tirkiye, Bayburt Province, Demirdzii  District,
surroundings of Demirézii Dam, 19, 40°07'46.19"N
39°53'53.76"E, 1720 m., 15.07.2024, collected from
beneath stone, leg. N. Demircan Aksan.

Description: Female (Figure 2a-e). Total length
3.0. Carapace length 1.2, width 0.8. Abdomen length 1.8,
width 1.1. Prosoma and chelicerae reddish brown. Legs
yellowish brown with dark brown femur. Abdomen brown.
Epigyne and vulva as in Figure 2d, e.

Distribution: Caucasus, Europe, Russia (Europe
to South and north-eastern Siberia), China, Iran, Central
Asia (World Spider Catalog, 2025).

Aydmtepe
o

m]
Demirézii

Figure 1. Collected locations of new records from Bayburt Province o
Micaria lenzi Bosenberg, 1899 e Agyneta fuscipalpus (C. L. Koch, 1836)
o Synaphris lehtineni Marusik, Gnelitsa & Kovblyuk, 2005.

Figure 2. Micaria lenzi Bosenberg, 1899 (?) Habitus, a. dorsal view b.
frontal view c. lateral view; Epigyne d. ventral view e. dorsal view (Scale:
a-c. 0.5 mm, d, e. 0.1 mm).
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Family: Linyphiidae Blackwall, 1859

Genus: Agyneta Hull, 1911

Agyneta fuscipalpus (C. L. Koch, 1836)

Material Examined: (BUAM LIN-01/03),
Tiirkiye, Bayburt Province, Merkez, Aksar Village road,
around Korgan Bridge, 1£, 40°20'11.04"N 40°00'03.68"E,
1636 m., 29.08.2024; Bayburt Province, Merkez, Yoncali
Village road, 13, 40°29'38.47"N 40°33'42.26"E, 2300 m.,
01.09.2024; Bayburt Province, Merkez, surroundings of
Danigment Pond, 13,39, 40°14'48.91"N 40°09'59.77"E,
1650 m., 14.09.2024, collected from the rocky area, leg. N.
Demircan Aksan.

Description: Male (Figure 3a, c-e) Total length
2.1. Carapace length 0.9, width 0.7. Abdomen length 1.2,
width 0.6. Prosoma and chelicerae brown. Legs yellowish
brown. Abdomen dark brown. Pedipalp with broad lamella
characteristica as in Figure 3c-e.

Figure 3. Agyneta fuscipalpus (C. L. Koch, 1836) (&, Q) Habitus, a. male,
lateral view b. female, lateral view; Pedipalp c. ventral view d. retrolateral
view e. dorsal view; Epigyne f. ventral view g. dorsal view (Scale: a, b.
0.5 mm, c-g. 0.1 mm).

Female (Figure 3b, f-g) Total length 2.5. Carapace
length 0.8, width 0.9. Abdomen length 1.7, width 1.1.
Prosoma and chelicerae brown. Legs yellowish brown.
Abdomen dark brown. Epigyne and vulva as in Figure 3f-
g.

Distribution: Azores, Cape Verde, Europe, North
Africa, Caucasus, Russia (Europe to South Siberia),
Central Asia, Iran (World Spider Catalog, 2025).

Family: Synaphridae Wunderlich, 1986

Genus: Synaphris Simon, 1894

Synaphris  lehtineni Marusik, Gnelitsa &
Kovblyuk, 2005
Material Examined: (BUAM SYN-01/01),

Tiirkiye, Bayburt Province, Aydmtepe District, around
Aydmtepe Plateau, 13, 40°25'47.62"N 40°07'47.77"E,
2240 m., 14.07.2024, collected from rocky and sparse
vegetation, leg. N. Demircan Aksan.

Description: Male (Figure 4a-f) Total length 1.0.
Carapace length 0.4, width 0.5. Abdomen length 0.6, width
0.5. Prosoma and chelicerae brown. Legs yellowish brown.
Abdomen dark brown. Pedipalp with long embolus as in
Figure 4d-f.

Distribution: Bulgaria, Romania,
Greece (World Spider Catalog, 2025).

Ukraine,

Figure 4. Synaphris lehtineni Marusik, Gnelitsa & Kovblyuk, 2005 (J3)
Habitus, a. dorsal view b. frontal view c. lateral view; Pedipalp d.
prolateral view e-f. retrolateral view (Scale: a-c. 0.2 mm, d-f. 0.1 mm).

CONCLUSION

As a result, this study has provided important
contributions to the araneofauna of Tiirkiye. Three new
records have been added to the spider fauna of Tiirkiye in
the current study. It is expected that the microclimatic
characteristics of Bayburt Province will significantly
contribute to the spider diversity with the studies to be
carried out.
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Abstract: The seasonal dynamics of reptile species and their responses to fluctuations in environmental

*U5: https://orcid.org/0009-0004-6063-7537 temperature play a crucial role in their overall ecological functions. Reptiles are ectothermic organisms,
 https://orcid.org/0000-0003-0834-5081 meaning their activity levels are largely influenced by external temperatures. While most reptile species in
 https://orcid.org/0000-0002-0498-0208 temperate regions enter a state of hibernation during colder months, some exceptions may occur as a result of

environmental changes. In this study, an unusual instance of winter activity was documented in M. xanthina
(Ottoman viper) in the Karalan-Eskisehir region of Tiirkiye. A single individual was observed on November
2, 2024, at an ambient temperature of 18.6°C. This observation provides valuable insights into the winter
behavior of reptiles, which are generally considered inactive during this time of year. A review of existing
literature reveals no prior records of M.xanthina exhibiting activity in November or during any other winter
*Corresponding author’s: month. Therefore, this study presents the first known documentation of winter activity in this species, raising
(Gl IBAVIAN R important questions about the potential effects of climate change on reptilian seasonal behavior. Rising
Institute of Science, Hacettepe University, e N . . : . A
R temperatures _ar)d shlft_lng seasonal patterns may be altering the_hlbernatlon strategies of r_eptlles, leading to
B<1: Cagatayb2@gmail.com extended activity periods. Such changes could have ecological consequences, affecting predator-prey
interactions, reproductive cycles, and overall species distributions.

Keywords: Climate change, hibernation, reptiles, temperature,winter behaviors.

Seritli Engeregin (Montivipera xanthina) Tiirkiye'deki Olagandis1 Kis Aktivitesi

Oz: Siiriingen tiirlerinin mevsimsel dinamikleri ve gevresel sicaklik dalgalanmalarina verdikleri tepkiler,
onlarin ekolojik islevleri agisindan 6nemli bir rol oynar. Siiriingenler ektotermik organizmalardir, yani
aktiviteleri biiyiik olgiide dis sicaklik tarafindan belirlenir. Iliman bélgelerde yasayan ¢ogu siiriingen tiirii
soguk aylarda ki uykusuna girerken, cevresel degisimlere bagli olarak bazi istisnalar goriilebilir. Bu
calismada, Turkiye’nin Karalan-Eskisehir bolgesinde M.xanthina (Osmanh engeregi) tiiriine ait alisilmadik
bir kis aktivitesi belgelendirilmistir. Tek bir birey, 2 Kasim 2024 tarihinde, 18.6°C ortam sicakliginda
gozlemlenmistir. Bu goézlem, genellikle bu doénemde hareketsiz oldugu diisiiniilen siiriingenlerin kig
davranislarma dair 6nemli bilgiler sunmaktadir. Mevcut literatiir incelendiginde, M.xanthina'nin Kasim
aymda veya diger kis aylarinda aktivite gosterdigine dair herhangi bir kayit bulunmamaktadir. Dolayisiyla,
- bu galisma, bu tiirde bilinen ilk kis aktivitesi kaydin1 sunarak, iklim degisikliginin siirlingenlerin mevsimsel
Cagatay BAYRAM .. . . o : -
Hacettepe Universitesi, Fen Bilimleri davranislari iizerindeki potansiyel etkilerine dair sorular ortaya ¢ikarmaktadir. Artan sicakliklar ve degisen
Enstitiisii, Beytepe, Ankara, Tiirkiye mevsimsel diizenler, siiriingenlerin kis uykusu stratejilerini degistirerek daha uzun aktivite dénemlerine yol
B<: Cagatayb2@gmail.com acabilir. Bu tiir degisiklikler, av-avci etkilesimleri, ireme dongiileri ve tiirlerin genel dagilimi gibi ekolojik
sonuglar dogurabilir.

*Sorumlu yazar:

Anahtar kelimeler: iklim degisikligi, hibernasyon, siiriingenler, sicaklik, kis davranisi.

INTRODUCTION Sahin, 2024). Consequently, snakes inhabiting temperate

regions and higher latitudes enter hibernation during the

Ectothermic animals, such as reptiles, are highly winter and become active during warmer periods (Brito,
dependent on seasonal temperature fluctuations to carry 2003; Zuffi et al., 1999). During active periods, they
out their daily functions, as their body temperatures are engage in activities such as reproduction, feeding,
determined by the surrounding environment (Kurnaz & biological functions, and escaping predators. However, in
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colder seasons, physiological processes are impeded by
low temperatures, rendering them incapable of performing
these activities (Nordberg & Cobb, 2017). Hibernation
enables them to survive the winter with minimal energy
expenditure by sheltering underground or in suitable
refuges until the next temperate season (Kurnaz & Sahin,
2024).

In recent years, rising temperatures due to global
climate change have significantly impacted the behavior
and biology of many reptiles (Lopez-Alcaide and Macip-
Rios, 2011; Batum et al., 2025). High temperature
fluctuations during winter months cause reptiles to awaken
prematurely and exhibit unusual behaviors (Zuffi et al.,
1999).

The Ottoman viper (Montivipera xanthina [Gray,
1849]) is a robust viper species, reaching lengths exceeding
one meter. Its dorsal ground color is gray-brown, adorned
with black zigzag-shaped bands. It has vertical pupils and
venom that can be dangerous to humans (Baran et al.,
2021). This species is found in Western, Central, and
Southern Anatolia, as well as on some islands in the
Aegean Sea within Greece, at elevations ranging from sea
level up to 2000 meters (Yalcin et al., 2014). It prefers open
slopes, valley sides, rocky and stony habitats (Gidis &
Bagkale, 2020). It is primarily found in lowland areas or
low-altitude open hills and can also be observed in
agricultural lands (Cattaneo, 2022). Montivipera xanthina
is listed as Least Concern (LC) on the IUCN Red List.

Numerous taxonomic, systematic, phylogenetic,
and distributional studies have been conducted on M.
xanthina. However, the majority of research has focused
on its valuable venom (Nalbantsoy et al., 2013; Yalcin et
al., 2014; Jablonski et al., 2015; Stiimpel et al. 2016; Afsar
etal., 2019). Montivipera xanthina has adapted to a narrow
thermal range and mesophilic (temperate 20-35°C)
environments. During the hot summer period, it exhibits
more nocturnal behavior. The species is typically active
from March to October (Cattaneo, 2022).

This study presents an observation of the winter
activity of Montivipera xanthina in this region.

MATERIAL AND METHOD

A specimen of M. xanthina was observed near
Karalan-Eskisehir by an individual who reported the
sighting to us. GPS coordinates and a photograph of the
observation were provided (39° 38.977'N, 30° 26.107'E,
altitude: 884 m)(Figure 1).At the time of observation, the
air temperature was recorded as 18.6°C. Temperature data
were obtained from the website www.timeanddate.com
(accessed on: 29 January 2025). The specimen was
identified through direct observation and was determined
to be an adult based on visual assessment (Figure 2).

igure 1. The location of the Ottoman viper (Montiviéra xa{nt'hinéjd
observation on the map (Google Earth).

Figu 2. A visual of the Wterctii
(Montivipera xanthina).

RESULTS

An adult M.xanthina was observed on 2
November 2024 at 14:22. The specimen was spotted on a
road during a journey. The soil surface temperature at the
observation site was measured at 20.3°C, while
temperatures at depths of 6 cm and 10 cm were recorded as
19.2°C and 18.9°C, respectively. The humidity at the site
was 35%, and the air pressure was recorded as 1019 mbar.

DISCUSSION

Ectothermic organisms, such as M.xanthina and
other reptiles, are required to undergo hibernation during
the winter months due to their limited activity levels. Their
metabolism, which depends on ambient temperature,
hinders their physiological functions, predation, and ability
to evade from predators. This can lead to increased
mortality and reduced body mass due to caloric deficiency
in viper species (Zuffi et al., 1999; Brito, 2003; Kurnaz &
Sahin, 2024).

To date, no studies on the winter activity of M.
xanthina have been documented in Central Anatolia
region. This study presents the first report of this species'
activity in November. The observation of an air
temperature of 18.6°C at the site is a significant factor
contributing to this winter activity. Montivipera xanthina
particularly favors temperate climates. The highest
recorded daytime temperature of 19°C closely aligns with
this viper’s preferred temperature range (Cattaneo, 2022).
Moreover, environmental activity temperatures for many
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reptile species have been reported to range between 10C°
and 25°C (Mori & Ota, 2002).

Global climate change has adverse effects on
reptiles. According to the Turkish State Meteorological
Service, the average winter temperature anomaly for 2024
was recorded at +3.3°C. The seasonal average temperature
for the region normally 6°C. On the observation date, the
average air temperature was 6°C, but just five days later,
on 7 November 2024, the daily average temperature
dropped to -6°C (www.timeanddate.com). These data
suggest that fluctuations in daily air temperatures during
winter months may causes reptiles to become active when
conditions temperatures are sufficiently warm (Ozgiil et
al., 2022; Kurnaz & Sahin, 2024; Batum et al., 2025).

A study by Ahmadi et al. (2019), projected
significant habitat losses for M. xanthina by 2050 and 2070
due to climate change . These projections indicate 35% to
50% reduction in suitable habitat and a range contraction
to ward higher altitudes. However, habitat fragmentation
and anthropogenic barriers are expected to limit these
shifts. Additionally, the species' low genetic diversity
restricts its adaptive capacity, increasing its vulnerability
to climate change. Climate change may also disrupt the
reproductive cycles of this species, thereby affecting its
demographic rates.

In conclusion, the disruption of hibernation cycles
in reptile species poses a significant threat to their survival.
These temperature fluctuations, combined with habitat loss
may place the species at greater risk. Further field-based
investigations are required to validate these findings and to
elucidate the ecological mechanisms underlying winter
activity in ectothermic reptiles.
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Abstract: The level of naturalness of terrestrial ecosystems is the degree to which they are exposed to human
*U5: https://orcid.org/0000-0002-6864-5564 influence. The high level of naturalness reflects low human impact and high biodiversity. Determining the
level of naturalness of terrestrial ecosystems is extremely important for long-term land planning and
conservation, sustainability, and resource management. This study examined the naturalness level of
natural/anthropogenic areas within the administrative borders of Bartin province. Six spatial factors were
used. These are settlement density, population density, road density, land cover/use, Normalized Difference
Vegetation Index (NDVI), and Topographic Roughness Index (TRI). These six essential factors were inverted
into the spatial fuzzy memberships using Geographic Information Systems (GIS). A final map was obtained
*Corresponding author’s: by overlaying the fuzzy memberships in the fuzzy overlay model (FOM). According to this resulting map,
Celalettin DURAN . the city center and its surroundings have a high anthropogenic impact and a low level of naturalness. The
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5: cduran@Kastamonu.edu.tr degradation has expanded due to road construction, mining, and forestry activities. Uncontrolled economic
activities constitute potential areas of human-induced degradation.
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Bartin ili (Tiirkiye’nin Kuzeyi) Karasal Alanlarinin Dogallik Diizeyi

Oz: Karasal ekosistemlerin dogallik diizeyini, insan etkisine maruz kalma derecesi belirler. Yiiksek dogallik
diizeyi, diisiik insan etkisini ve yliksek biyolojik gesitliligi yansitir. Karasal ekosistemlerin dogallik diizeyinin
belirlenmesi, uzun vadeli arazi planlamasi ve korunmasi, stirdiiriilebilirlik ve kaynak yonetimi agisindan son
derece 6nemlidir. Bu ¢aligmada, Bartin ili idari simirlar i¢indeki dogal/antropojen alanlarin dogallik diizeyi
incelenmistir. Alt1 mekansal fakt6r kullanilmistir. Bunlar, yerlesim yeri yogunlugu, niifus yogunlugu, yol
yogunlugu, arazi ortiisii/kullanimi, Normalize Edilmis Fark Bitki Ortiisii indeksi (NDVT) ve Topografik
Piiriizliiliik Indeksidir (TRI). Bu alt1 temel faktor, Cografi Bilgi Sistemleri (CBS) kullanilarak mekansal

*Sorumlu yazar: bulanik iyeliklere doniistiiriilmiistiir. Sonug haritasi, bulanik iyelerin fuzzy overlay modelinde (FOM) iist
Celalettin DURAN uste cakistirilmasiyla elde edilmistir. Ortaya ¢ikan bu haritaya gore, kent merkezi ve cevresi yiiksek
Kastamonu Universitesi, Beseri ve Sosyal antropojenik etkiye ve diisiik dogallik diizeyine sahiptir. {lin dogusundaki Kiire Daglar1 Milli Parki (KMNP)

Bilimler Fakiiltesi, Cografya Boliimii,
Kastamonu, Tirkiye
4 cduran@kastamonu.edu.tr

ve giineyindeki engebeli dag siralari, antropojenik etkiden uzak olmalari nedeniyle yiiksek bir dogalliga
sahiptir. Antropojenik arazi bozulmasi, yol yapimi, madencilik ve ormancilik faaliyetleri nedeniyle
genislemistir. Kontrolsiiz ekonomik faaliyetler, insan kaynakli bozulmanin potansiyel alanlarini olusturur.

Anahtar Kelimeler: Bartin, Bozulma, Bulanik Cakistirma, Haritalama, Dogallik Diizeyi.

INTRODUCTION referred to as anthropogenic areas (under strong human

influence). Naturalness, or the level of naturalness, estimates

Naturalness or natural area has been defined as a gradual transition from less natural to more natural

being remote from human influence (Angermeier, 2000; (Angermeier, 2000; Ekim et al., 2021). The boundaries
Povilitis, 2002). The level of naturalness describes the among the different natural environments are fuzzy.

degree of the influence of humankind on the natural Human impact on natural ecosystems, based on

environment (Potapov et al., 2017; Carver et al., 2013). balance and order, can be traced back at least 3000 years.

Areas where naturalness has been disrupted or is in the During this period, the anthropogenic transformation of

process of being disrupted due to human intervention can be terrestrial ecosystems, particularly, has reached a global

292


https://doi.org/10.35229/jaes.1659880
https://doi.org/10.35229/jaes.1659880
mailto:cduran@kastamonu.edu.tr
https://doi.org/10.35229/jaes.1659880
https://doi.org/10.35229/jaes.1659880
https://orcid.org/0000-0002-6864-5564
file:///C:/Users/R.T.E.Ü/OneDrive%20-%20Recep%20Tayyip%20Erdoğan%20Üniversitesi/JAES/JAES%202025/JAES%2010(3),%202025/cduran@kastamonu.edu.tr
cduran@kastamonu.edu.tr

Duran, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (292-300)

scale (Ellis, 2015; Newbold et al., 2015; Ellis, 2021). In the
history of human civilization, migrations, wars, agricultural
and livestock systems, and the establishment and collapse of
civilizations have all been significantly influenced by the
natural environment. It is not possible to adequately explain
the course of historical events and the establishment of
archaeological sites and early settlements without
considering the relationships between humans and the
natural environment or without sufficient knowledge of the
characteristics of the natural environment (Atalay, 2022).

Anthropogenic impacts on the natural environment
have various effects that lead to a decrease in biodiversity
and the degradation of natural resources. Human-caused
degradation of water resources is particularly significant.
This situation, combined with human-induced climate
change, is expected to have much more significant impacts
in the future (Findell et al., 2017; Morelli et al., 2020). The
degradation of the natural environment humans use for their
well-being and consumption inevitably has negative
consequences for their future.

Land use/cover degradation is also directly related
to population growth and industrialization (Duran & Giinek,
2007; Findell et al., 2017). Approximately 41% of the Earth's
surface has been subjected to human-induced land
degradation. One-fifth of the affected land is in sub-Saharan
Africa. South Asia is the most affected region, with 41% of
its land area affected, and 70% of the affected area is
severely degraded. This is followed by Southeast Asia, West
Asia, and South America. These estimates do not include
deserts. Human-induced degradation affects 34% of
agricultural land. Expanding agricultural land into marginal
areas leads to soil erosion and decreased soil-bound
biodiversity. The intensive use of inorganic fertilizers in
agricultural lands affects drainage systems and contributes
to the degradation of water resources (FAO, 2024).

The Global Human Footprint Index (GHFI) is
widely utilized in fields such as environmental research,
natural resource management, the analysis of human impact,
and the spatial assessment of habitat loss (Venter et al.,
2016). However, the GHFI operates on a global scale. There
are also different scientific studies on human-caused natural
area degradation (Lambin et al., 2001; Reba et al., 2016; De
Jong et al., 2021; Duran, 2024). Additionally, studies on
natural areas need to be protected (Turoglu & Ozdemir,
2005; Sen & Erkan Bugday, 2015; Tunckol et al., 2020;
Altunel et al., 2021). However, these studies do not include
a study on spatial density reflecting human impact. A
comprehensive geographical study within the administrative
boundaries of Bartin province was not found.

This study investigates the spatial relationships
between the natural environment and anthropogenic
activities in Bartin province. The administrative border of
the province was determined as the study area.

Administrative boundaries are generally precisely defined
units. It provides advantages in terms of conservation,
resource management, and sustainability. Official
(standardized) environmental data are typically collected by
considering administrative boundaries, which allows for a
comparative analysis of temporal and spatial changes. Multi-
dimensional (integrated) plans and land-use policies can be
implemented more effectively by decision-makers within
these defined administrative units. The primary objective of
this research is the gradual (fuzzy) determination of the
naturalness level in Bartin province. It is also designed to
serve as a basis for investigating future spatial changes. It
also aims to identify spatial localities where human-induced
degradation is intense and to develop sustainable
management strategies. It will contribute to the literature by
providing an example of studies that aim to reveal the level
of naturalness in a local area.

MATERIAL AND METHOD

Study area: Bartin province is located north of
Turkey and on the Black Sea coast. The geographic location
of the province lies approximately between 41°17'00"-
41°50'56" North latitude and 33°31'00"-32°06'20" East
longitude. The administrative boundaries of Bartin cover an
area of about 2120 km2. Its rough terrain is situated in parts
of the Eastern and Southern. The Bartin River forms the
western border of the Kiire Mountains. The western part of
the Kiire Mountains National Park (KMNP) is located in this
section. Bartin River flows north-south direction through the
city center of Bartin. The valleys and lowlands formed by
the Bartin River and its tributaries also include plains.

Bartin  province  comprises  four  district
administrations (including the central district), four towns,
and 260 village settlements. The total number of settlements
established in the province is 268. According to the Turkish
Statistical Institute data (TurkStat, 2023), the total
population is 207238. Bartin province is one of the leading
provinces in terms of natural areas. Bartin shares the Black
Sea's climatic condition, which is found in the region of
North Tiirkiye. The province has humid climate conditions.
Bartin province shares administrative borders with
Kastamonu, Zonguldak, and Karabiik (Figure 1). Analyzing
naturalness levels based on administrative boundaries
provides a suitable foundation for sustainability by directly
integrating it into management plans.

Method: This study aimed to assess the human
impacts on the natural environment of Bartin province using
a Geographic Information System (GIS). Various spatial
data, including topographic maps, digital elevation models,
land use/cover data, road data, and socioeconomic data, were
integrated to create a comprehensive spatial database.

Six key indicators of human activity - settlement
density, population density, road density, land use/cover,
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Normalized Different Vegetation Index (NDVI), and
Topographic Roughness Index (TRI)-were selected and
inverted into fuzzy membership functions to account for the
inherent uncertainties and gradual transitions in human-
environment interactions. These fuzzy layers were combined
using a fuzzy overlay method (FOM) to produce a spatial
map delineating the extent and intensity of human impacts
across the study area. Compared to traditional brutal
classification methods, this approach provides a more
nuanced understanding of the complex relationships
between human activities and the natural environment
(Figure 2). The study is similar to the "GHFI". The factors
that better represent the local area were selected
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Figure 1. Location map of the study area
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This study utilized open-source ESA Sentinel-2
imagery (processed-licensed by Esri 2021) and land
use/cover data. Open-source land use/cover data provided by
Esri offers a publicly accessible spatial dataset for
characterizing the Earth's surface. This resource facilitates
various environmental and geographical analyses. This
study classified settlements and agricultural areas as land use
areas exposed to human impact. Forests were categorized as
areas remote from human influence. Pastures, open areas,
and sparse vegetation areas were classified as areas with a
secondary level of human impact.

As human settlements increase, naturalness
decreases. High settlement density exacerbates human-
induced degradation of the natural environment. Areas with
concentrated settlements in the spatial distribution of

settlements also reflect human impact. The study area was
mapped using kernel density interpolation in a GIS layer.
The Kernel Density method calculates the density of
settlement features (point features) in the study area. Areas
with high population density indicate high human impact,
while areas with decreasing population density are remote
from human influence.

As the distance between rural settlements
decreases/increases, the number of people per km? also
decreases/increases. To determine population density, a
specific area needs to be defined. Thiessen polygons are a
simple and commonly used method for delineating the
boundaries of rural settlements. This study also employed
them to define the spatial density of rural population density.
Boundaries were established at an equal distance between
the village settlement center (point layer) and other
neighboring settlements. All the sample points are connected
to form a series of triangles. Then, the perpendicular
bisectors of the triangle sides are drawn. Population data
obtained from the address-based population registration
system of TurkStat were divided into areas of Thiessen
polygons (the population density per km?). Thus, a
population density layer was created in the GIS. The
obtained layer was converted into a fuzzy membership layer.

Another factor is road network density. Road
networks, which provide human accessibility, were
identified as artificial surfaces. In areas with low road
density, human impact is typically lower. High road density,
however, indicates fragmentation of natural areas and
widespread human influence. Line density interpolation was
used to define this factor in a GIS layer. The road data
obtained from the Open Street Map was corrected by
checking with platforms that provide open-access satellite
imagery (with high-resolution images of Google Earth). The
road network density using the line density tool was created
by weighting the significant primary, secondary, and other
roads.

NDVI is a standard index that measures the amount
and health of vegetation using remote sensing data (usually
satellite imagery). It is an index of dense vegetation and non-
vegetation. High (positive) NDVI values indicate high levels
of naturalness, while low (negative) NDVI values indicate
low levels of naturalness. NDVI image is obtained by using
4, 5 bands of Landsat9 satellite imagery (=Bant 5 — Bant 4)
/ (Bant 5 + Bant 4).

The morphology of the land also limits human
impact. Rough terrain limits human activity. As the
roughness increases, naturalness increases. The decrease in
roughness means a decrease in naturalness. TRI determined
morphological roughness in the study area. TRI was
calculated as the difference between a cell's maximum and
minimum values and eight surrounding cells. TRI performed
better than the Topographic Position Index (TPI). DEM data
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"Produced using Copernicus data and information funded by
the European Union - EU-DEM layers with 25 m
resolution.”"(OpenDEM)

The naturalness level of the study area was
determined using the fuzzy logic method. Fuzzy logic is
preferred for identifying uncertain or intertwined situations
without definite boundaries in the real world (Kainz, 2007).
FOM is based on set theory, where a set generally
corresponds to a class. The combining analysis step in FOM
analysis quantifies each location's possibility of belonging to
specified sets from various input rasters. The equation fuzzy

Settlernent and

Gaussian function is used. Spread defines the membership of
the Gaussian function. It generally ranges from 0.01 to 1.
Increasing the spread causes the fuzzy membership curve to
become steeper. FOM quantifies the possibilities of each cell
or location to a specified set based on membership value
(Baidya et al., 2014; Cakit & Karwowski, 2018; Tennakoon
et al., 2023). It has advantages over set theory thanks to its
membership process and flexible use. The analytical
Hierarchy Process was not applied in the study. This
assumes that the impact of each parameter on the output is
equal.
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Figure 2. Flow chart of the FOM used to create the level of naturalness map.

RESULTS

Settlement density: Increased density in
settlement areas results in the loss and fragmentation of
natural habitats, consequently reducing biodiversity
(McKinney, 2002; Seto et al., 2012). The settlements in the
province are primarily located in mountainous, rugged
terrain, coastal areas, and flatter lands around
watercourses. The settlement pattern is generally dispersed
throughout the province. The densest settlements are found
along the courses of the Bartin Stream (central district
settlement) and the Arit Stream, formed by the confluence
of these two streams. Settlements established on the coast
and nearby areas also constitute another high-population-
density region. The construction of second homes for
summer use in coastal areas has also contributed to the
expansion of settlements (Figure 3).

Settlements are spread over larger areas on
alluviums carried and deposited by rivers from highlands.
Rural settlements have less infrastructure compared to
urban settlements. In recent years, human-induced
degradation of the natural environment has increased
significantly. Natural risks such as landslides, floods, and
earthquakes can be prevented with plans that will reduce
the negative impact of settlements on nature.

Legend
Kernel Density
High: 0,33

Low : 0 0 10 20

—
®  Settlement Source: TurkStat (2023)

Figure 3. Kernel density estimation map of human settlements.

Population density: Population growth and
density are central to research on the sustainability of
natural resources (Crist et al., 2017). Natural ecosystems
experience greater pressure in regions with high population
density (McKee et al.,, 2003). Population density is
typically calculated by dividing the total population of a
settlement by its total area (or administrative boundary).
However, in this study of Bartin province, geographic
Thiessen polygons, which reference distance rather than
administrative boundaries, were constructed to determine

295



Duran, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (292-300)

population density. Boundaries between neighboring rural
settlements were defined by bisecting the distance between
them. The population density of the Bartin city center and
its surrounding settlements is remarkably high. Amasra,
Kurucasile, Kumluca, Abdipasa, and Ulus settlements also
have high population density (Figure 4).

Legend
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* Settlement
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Figure 4. Population density map created with Thiessen polygons.

Road network density: The road network causes
habitat fragmentation by breaking up natural landscapes.
The differential effects of various road types and traffic
volumes on habitat fragmentation and species movement
have been identified (Fahrig & Rytwinski, 2009; Grilo et
al., 2021). The road network in Bartin province is irregular
due to the province's rugged topography. Road density was
calculated using line density analysis. Road density
generally includes significant roads from the city center to
other district centers. Village roads connected to major
roads have Secondary road density. The road density
increases significantly along the corridor SW-NE and NW-
SE directions within these routes. The road network and
density decrease as distance from the coast and central
settlements increases (Figure 5).

Line density

w High : 39,4
9 0 10 20

— — T
Source: OSM

Low:0
Figure 5. Line density estimation map of road network.

Land use/cover in Bartin province: The human-
caused transformation of natural areas leads to habitat loss,

biodiversity decline, and the degradation of ecosystem
functions. Numerous studies have emphasized the
importance of preserving natural land cover for
sustainability (Foley et al., 2005; Sala et al., 2000). Global-
scale land use projections have identified critical regions
for future biodiversity losses (Rosa et al., 2023). It is the
factor that directly affects how natural an area is. Land use
in Bartin province is significantly influenced by its
topography. Agricultural and settlement areas have been
created on the foothills of mountainous terrain, on
alluviums deposited by streams, and in irrigated areas. The
slopes of the high mountain ranges are covered with forest
cover. There are uses such as sparse/degraded vegetation,
bare land, and pasture between forest and agricultural
areas. Most artificial surfaces are around residential areas.
Agricultural areas created around settlements are also areas
where human activity is high. The areas with the lowest
level of human impact are forest areas (Figure 6).

Legend
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Figure 6. Actual land use in Bartin province.

Normalized Different Vegetation Index (NDVI):
The NDVI measures vegetation density on the ground. The
index is a value between -1 and 1. A positive (1) index
value indicates dense vegetation, and a negative (-1) value
indicates no vegetation. NDVI1 is high when green plants
cover the entire pixel and low when there are no green
plants. It also eliminates the effects of different solar
angles. Decreased vegetation cover and degraded
ecosystems due to human intervention have been observed
to result in lower NDVI values (Goward et al., 1994;
Lambin & Ehrlich, 1997). Human activities on natural
environments, the impacts of climate change, and land
degradation in arid and semi-arid regions are monitored
using NDVI and trend analyses (Wang et al., 2021; De
Keersmaecker et al., 2023). The NDVI in the study area
ranges from -0.134 to 0.767. The negative index indicates
artificial surfaces such as settlements, agriculture, and road
networks without vegetation. A high positive index
indicates natural areas with dense vegetation (Figure 7).
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Figure 7. NDVI map in Bartin Province.

Topographic Roughness Index (TRI): The
influence of landforms on terrestrial ecosystems is
versatile, including ecosystem patterns, the spatial
distribution of vegetation, and soil erosion. The TRI
measures variability in the landscape surface. Topographic
roughness is the land surface variability of a particular area
and is a proxy for describing the potential of terrestrial
propagation (Stambaugh & Guyette, 2008). The
combination of difficult accessibility and rugged terrain
keeps forests relatively undisturbed by human activities.
High TRI (1) indicates a rugged terrain surface. A low TRI
value (0) is a low, rugged terrain surface. TRI in the study
area varies between 0.028 and 0.97. The low index is in the
river network and its surroundings. The high index is a
mountainous, hilly area (Figure 8).

Topographic
Roughness Index
o High 1 0,97

T Low 10,028
Source: DEM (25m)

Figure 8. TRI map in Bartin Province

The Naturalness Levels of Bartin Province:
Environmental degradation can be defined based on the
presence of anthropogenic factors. Areas that overlap with
various human-induced factors exhibit a high degree of
degradation. Conversely, the absence of human-induced

factors indicates a low level of spatial environmental
degradation.

The naturalness level of any given land parcel can
be determined based on the presence or absence of
influential factors. Consequently, multi-criteria decision-
making methods are widely employed for such
assessments. Spatial clustering of these criteria aids in the
classification of foreground regions/sub-regions. This
study is similar to the GHFI, but it better describes the local
characteristics of the province. This study identified six
fundamental spatial criteria-land use/cover, population
density, settlement density, road density, NDVI, and TRI-.
Each criterion was converted into a fuzzy membership
(Figure 9). The analytical hierarchy method (AHP) was not
used. All factors were considered equally weighted.
Overlaying these memberships resulted in a final map. The
map range defines values from 0 to 1, where zero values
are mainly formed from artificial surfaces. High values
indicate naturalness (values approaching 1). According to
this  map, human-induced land change areas
(anthropogenic areas) are concentrated in the central and
coastal regions of the province. Remote from human
influence, natural areas are found in rugged, high-elevation
areas. Due to their functions in preserving naturalness,
water, and soil, these rugged terrains are continuously
covered by vegetation (absolute forest) and thus require
protection. Semi-natural areas, with limited human impact,
are potential degradation areas. Increasing human
influence could transform these areas into anthropogenic
ones. Fuzzy logic enables a more gradual visualization of
spatial definitions. It is impossible to establish definite
boundaries between natural and anthropogenic areas.
Today, human accessibility and technological capabilities
make conserving natural areas more challenging (Figure
10). Areas with a high level of naturalness are priority areas
for sustainable land management and protection services.

Figure 9. The six main factors are: a. Fuzzy member of the land use, b.
Fuzzy member of the NDVI c. Fuzzy member of the population density
d. Fuzzy member of the settlement density e. Fuzzy member of the TRI f.
Fuzzy member of the road density
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FigureAlo. The naturalness level of Bartin province. (Combih‘efj pattern
of six fuzzy members in the FOM).

32°10'0"

CONCLUSION

Bartin province, renowned for its diverse physical
geography, exhibits a high degree of naturalness due to
limited human influence. However, the very attractiveness
of its natural environment poses a risk of future
degradation. To ensure sustainable land use and
management, identifying priority areas for conservation
and assessing the spatial sensitivity and direction of natural
degradation processes are crucial. Furthermore, this study
contributes to restoration efforts in human-induced
degraded areas.

Topographic variations shape land use classes in
Bartin province. Alluvial plains formed by rivers are
intensively used for agriculture. The high mountainous
regions in the east and south (West of the Kiire Mountains)
are covered with forests. Agricultural and settlement areas
represent human-transformed landscapes, while forests are
relatively undisturbed by human activities. Pasturelands,
sparsely vegetated areas, and bare rocks constitute natural
or human-induced semi-natural areas.

In conclusion, the naturalness level of a specific
area can be correlated with human impact. Areas with high
human influence exhibit low naturalness. Using the FOM,
this study identifies Bartin's naturalness levels. Spatial
results indicate that steep, rugged areas are priority
conservation zones with high naturalness. Areas with
moderate slopes, often covered by sparse vegetation, are
semi-natural and moderate-level natural. A mix of
settlements and agriculture areas characterizes flat and
near-flat areas, typically found on alluvial deposits. These
areas have non-natural and low-level naturalness. Steep
and rugged terrains are less susceptible to socioeconomic
pressures such as agriculture and grazing. Additionally,
these areas offer pastoral and recreational opportunities.

The selected factors reflect the diverse impacts of
human activities on natural environments. Therefore, their
combined evaluation provides a scientifically justified

approach to understanding an area's naturalness level and
predicting future changes. Land use planning and policies
should incorporate multi-faceted management models,
especially in ecologically constrained areas, to ensure
ecosystem  sustainability, productivity, and rural
development.
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Abstract: Today's cities face many problems, such as excessive population growth, environmental pollution,
transportation, housing, economy, climate change, and natural disasters due to rapid urbanization. Due to
these problems, the nature-human relationship in cities is also deteriorating. To regulate this relationship, it
is necessary to create healthy and livable cities by integrating practical resources, energy, and water use with
nature. At this point, ecological design criteria emerge in urban planning. Ecological design criteria create
nature-friendly designs within the city. By providing energy and resource conservation in urban areas, it
creates spaces that are close to nature and climate-friendly. At this point, many areas are suitable for ecological
design in cities. University campuses are also suitable places for determining and implementing ecological
design criteria. Campuses are areas where academic activities are carried out and also offer essential living
spaces where environmental sustainability can be ensured. Therefore, campuses must be designed in line with
ecological criteria to create a model for city centers. At this point, one of the campuses that is ecologically
self-sufficient produces and uses its energy and offers sustainable solutions to increasing environmental
problems, which is examined within the scope of the study. Thus, the KTU Kanuni campus, located within
the borders of Trabzon City, was selected as the study area. The current situation of the study area was
evaluated according to ecological design criteria. Thus, the importance of how much university campuses'
current potential contributes to a city's sustainability and ecology was emphasized.

Keywords: Ecological design, ecological design criteria, university campuses, KTU kanuni campus.

Yerleskenin Ekolojik Peyzaj Tasarim Kriterleri A¢isindan incelenmesi: KTU Kanuni Yerleskesi
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Oz: Giiniimiiz kentleri, hizla kentlesme bagli olarak asirt niifus artis1, cevre kirliligi, ulasim, barmma,
ekonomi, iklim degisikligi ve dogal afetler gibi bircok sorunla kars1 karsi kalmaktadir. Bu sorunlara bagl
olarak kentlerde doga-insan iliskisini de bozulmaktadir. Bu iliskinin diizenlenebilmesi i¢in etkin kaynak,
enerji ve su kullamimlarini doga ile biitiinlestirerek saglikli ve yasanabilir kentler olusturulmasi
gerekmektedir. Bu noktada kentsel planlamada ekolojik tasarimlar kriterleri ortaya ¢ikmaktadir. Ekolojik
tasarimlar kriterleri, kent icerisinde doga dostu tasarimlar olusturmaktadir. Kentsel alanlarda enerji ve kaynak
korunumu saglayarak, dogaya yakin ve iklim dostu mekanlar olusturmaktadir. Bu noktada kentlerde ekolojik
tasarim igin uygun birgok alan bulunmaktadir. Universite kampiileri de, ekolojik tasarim kriterlerin belirlenip
uygulanmasi agisindan uygun mekanlardan bir tanesidir. Kampiisler, sadece akademik faaliyetlerin
yurlitildigii alanlar degil ayn1 zamanda ¢evresel siirdiiriilebilirligin saglanabilecegi onemli yasam alanlari
sunmaktadir. Bu nedenle kent merkezlerine model olusturabilmek adina kampiislerin ekolojik kriterler
dogrultusunda tasarlanmasin olduk¢a Onemlidir. Bu noktada ¢aligma kapsaminda ekolojik olarak kendi
kendine yetebilen; kendi enerjisini iireten ve kullanan, artan ¢evre sorunlarina siirdiiriilebilir yaklasimlarla
¢oziimler sunan kampiislerden bir tanesi incelenmektedir. Bdylece ¢alisma alani olarak Trabzon kenti
simrilan igerisinde bulunan KTU Kanuni kampiisii secilmistir. Caligma alan1 mevcut durumunu ekolojik
tasarim kriterlerine gore degerlendirilmistir. Boylece tiniversite kampiislerinin mevcut potansiyellerinin bir
kentin siirdiiriilebilirligine, ekolojisine ne kadar katki sagladiginin 6nemi vurgulanmustir.

Anahtar kelimeler: Ekolojik tasarim, ekolojik tasarim kriterleri, iiniversite kampiisleri, KTU kanuni
yerleskesi.

INTRODUCTION

Cities are a structuring that consists of small units
where people perform functions such as accommodation,

settlement, education and recreation (Keles, 1998). Today,
this structure of cities has become unsustainable cities
where environmental quality has decreased, nat-ural
resources have been depleted, and the natural environment
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has deteriorated (Leitmann, 1999). However, a positive
effort was made for the concept of sustainability, which
first appeared in the Brutland report in 1987. In this respect,
planning approaches that aim to transfer the sustainability
of today's conditions to future generations and support the
harmony between human and ecology should be kept at a
high level (Yalginer Ercoskun, 2007).

The creation of sustainable cities is ensured by
ecological urban designs compatible with nature.
Protection of the environment and resources, rural-urban
space planning, pedestrian-vehicle road organization,
environmental impact assessments are among the subjects
of sustainable ecological cities (Erdogan & Oztiirk, 2019;
Yasar & Diizgiines, 2013). The ecological planning
approach is provided by incorporating natural processes
into small and large-scale planning for a sustainable
planning. Since this process will be difficult in cities,
especially due to the scarcity of natural areas, nature and
ecological designs have gained importance in order to
protect my existing resources (Korkut et al., 2017).

Ecological urban designs: It is to ensure the
continuity of natural resources as a part of social, economic
or urban ecological systems that provide continuity (Kartal,
2009). The basic principles of ecological designs McHarg
(1969) developed the concept of ecology and is included in
today's planning and design decisions, keeping its
currency. According to McHarg (1969), the development
processes of cities should be evaluated over time ac-
cording to current conditions by including natural
processes in planning and design studies. Especially since
the places where the city users are will change over time
according to their needs and environmental conditions,
they should be designed with sus-tainable approaches by
making plans according to the future climate and
environmental conditions. Ecological designs are very
effective in solving the current problems of the city and its
region. The spaces designed in this context positively
affect the environmental air conditioning and air quality,
ensure water conservation, and make water reusable,
protect and develop the biological diversity in the city by
supporting the existence of natural plants, and provide
natural resource conservation with the use of natural
materials compatible with nature (McHarg, 1969;
Selim,2021 Tregay, 1986).

Ecological landscape design: It aims to minimize
energy consumption by protecting natural resources to
make the city and its immediate surroundings more livable.
In this way, it is an approach based on obtaining maximum
benefit by mediating minimum re-source use in cities.
However, with such design approaches, existing resource
potentials are preserved, increasing the level of use and
controlling the change over time (Alpay et al., 2013; Leitdo
& Ahern, 2002). The change of human use in cities with

the understanding of design, the evaluation of current
approaches to the solution of ecological problems in the
city, and the establishment of human-nature relationship
can be achieved with ecological landscape design (Cranz,
2000). Campuses are the most suitable places where
ecological design criteria can be applied (Li et.al.,2018;
Aksoy et.al.,2024). Campuses, like cities, are areas where
social structure is created by creating a biological and
physical network (Corbaci et al.,2005; Ahern, 2007).
Because campuses are compact city models by including
all the factors that cities contain. In both areas, vital
activities such as shelter, rest, transpor-tation, and work; as
well as sustainable elements such as social, ecological and
economic (Dober, 2000; Ertekin & Corbaci, 2010; Sahin
Kormegli, 2022). While revealing the dynamic structure of
cities and the human-nature relationship, campuses create
an innovative and ecological lifestyle thanks to their users,
mostly young people(Chen et.al., 2018; Cano et.al., 2023).

In this study, ecologically self-sufficient; It is
aimed to create campuses that produce and use their own
energy and offer solutions with sustainable approaches to
increasing environmental problems. Campus areas, which
can be considered as a small model of cities, are discussed.
For this purpose, university campuses were examined in
terms of ecological criteria. KTU Kanuni campus, which
was determined as the study area, was evaluated according
to the ecological design criteria within this scope.

MATERIAL AND METHOD

Materials: The study was carried out at the
Kanuni Campus of Karadeniz Technical University in
Trabzon. Trabzon city is in the Eastern Black Sea Region,
between 40° 33' and 41°07' northern latitudes and 39°07'
and 40°30' east longitudes, the part not including the
coastline is mountainous and hilly. The climate structure of
the city is rainy in all seasons, hot in summers and warm in
winters winters (Bayramoglu, 2016). The study area, on the
other hand, has the characteristics of the climate and
topographic structure of the city due to its location. The
campus has a sufficient level of open green space in terms
of its natural and cultural structure and ecological and
functional aspects (Bayramoglu, 2016; Giineroglu &
Bekar, 2017).

Established in 1995 within the city of Trabzon, the
campus includes 49 undergrad-uate and 36 associate
degree programs in 12 faculties, 1 college, 8 vocational
colleges; It has an area of 1,053,839 m? with 92 master's
and 61 doctorate programs in 6 institutes (Karadeniz
Technical University, 2023). With the vegetative presence
of the open green areas on the campus, it not only meets
the social needs of the campus user, but also provides an
ecological environment on the campus. The campus is very
rich in terms of natural plant existence and distribution
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balance in the region. In this context, in order to evaluate
the ecological planning criteria as a working environment,
the KTU campus area was chosen and evaluated due to its
location (Figure 1), density of use and the presence of open
green areas.

Figure 1. Study area KTU Campus area.

Method: The methodological setup of the study is
shown in the Figiire 2. In this direction, the
methodologically used elements in the study are visualized.

Methodology of The Study

In the first stage of the study, qualitative research methods were used and the
following analyscs were made regarding the study.

Qualitative Research Methods

-Document Scanning Model

-Document Analysis

-Descriptive Analysis

In the second stage, the KTU Campus area, which was determined as the
study area in line with the criteria, was evaluated, and the necessary activitics
for the ecological de-sign goals were put forward.

Evaluated Ecological Design Criteria

-Structural Components

-Plant Applications

-Hard Floor Applications

Figure 2. Methodology of The Study.

In the first stage of the study, document scanning
model, one of the qualitative re-search methods, was used
as a method. Qualitative research methods allow the
researcher to access the data source directly. It provides
detailed explanations necessary for a thorough
understanding of the facts and context and generalizations
in the light of the information obtained as a result of
synthesis (Biiyiikoztiirk, 2011). Document analysis was

used in the process of obtaining and interpreting data
within the qualitative research model. Document analysis
is defined as the systematic handling of both printed and
web-based in-formation and documents (Bowen, 2009).
Descriptive analysis was performed to determine eco-
logical design criteria. Structural components, vegetative
application and hard-ground applications are discussed
from ecological design criteria. According to Yildirim and
Simsek (2008), In descriptive analysis, themes are
predetermined, and data are summarized and interpreted
according to these determined themes. In descriptive anal-
ysis, direct quotations are frequently used, and it is aimed
to reflect the data requested to be researched in a striking
way. descriptive analysis: It is important in terms of
ensuring that the findings obtained are presented in an
organized and interpreted way.

In the second stage, the KTU Campus area, which
was determined as the study area in line with the criteria,
was evaluated, and the necessary activities for the
ecological de-sign goals were put forward. Suggestions
were developed by determining the ecological design
criteria. Evaluated ecological design criteria;

e Structural components; Bicycle path used for
transportation, pedestrian and vehicle roads, all
circulation routes, parking areas and roadside
parking areas, permeability status of floor
coverings.

e Plant applications; existence of natural plant
species, wind curtain and shading ef-fect of plant
tissue creating an ecological corridor, balance of

plants' water needs in terms of water
conservation, use of appropriate maintenance
techniques.

e Hard floor applications; the use of ecological
and recyclable materials in structural designs, a
design approach suitable for the climatic
conditions of the region, and ener-gy-efficient
design approaches (water, wind and sun).

FINDINGS AND DiSCUSSION

First, the current situation and analysis of the
KTU Kanuni Campus area, the scope of which was
evaluated, was made. For this purpose, the campus area
was evaluated according to the vegetative and hard floor
applications criteria determined in the method section. By
analyzing the determined criteria, suggestions were
developed according to the ecological campus design at the
campus city scale.

Structural components: The entrance and exit
points of the education and admin-istration buildings in the
KTU Campus area operate according to their general
functions and functions. Campus main entrance, A, B, C,
D gates and vehicle and pedestrian en-trances are provided
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by security controls. Vehicle roads provide the skeleton
transporta-tion of the campus on the main arterial road.
This road route serves public transportation vehicles and
all other vehicle roads are connected to this main
transportation network (Figure 3). The fact that public
transportation vehicles are only on the main axis is positive
in terms of reducing air and noise pollution. Vehicle roads
are positioned to serve education and administration
buildings. The vehicle road also provides opportunities for
pedestrian transportation. There is a pedestrian access
system on campus to building entrances, activity areas and
dormitories (Kalayci Onac et.al., 2021). As Oner 1999
stated, pedestrian paths should carry pedestrians to
assembly areas by providing uninterrupted circulation.
Similarly, the pedestrian access in the campus area
provides access to the assembly areas. However, although
the festival area on the campus is sufficient in terms of use,
it has problems in terms of transportation. The separation
of pedestrian and vehicle roads is not clear. When the
safety of pedestrian roads at night is examined, while night
lighting is sufficient for areas with intensive use, the access
roads on secondary roads, especially dormitories, are not
sufficiently illuminated.

ey - k. GH
Figure 3. Structural components in the KTU Campus area (roadside
parking lot).

There is no bike path on campus. This type of
transportation vehicles come to the fore in sustainable
planning approaches that provide great convenience in
transportation and aim to reduce motorized transportation
vehicles from the most important ecological trend to
pedestrianization. The use of the BinBin Scooter, which is
used as an alternative to cycling on campus and in the city,
has also become widespread. The scooter, which provides
pleasant, environmentally friendly and fast transportation
to the campus, is also economical. However, the KTU
Campus area does not have a suitable transportation
network for scooter use. Using vehicle roads poses a
security threat. It is aimed to reduce the use of vehicles,
which is considered as an ecological planning approach, to
increase the possibility of public transportation and to
reduce carbon dioxide emissions with pe-destrian-oriented
transportation. For this purpose, vehicle use should be
reduced, espe-cially in campuses where pedestrianization
would be most appropriate.

The other structural component is parking areas.
Tireyen (2002) states that the parking areas within the
campus should be in suitable numbers in suitable areas
where vehicle roads and pedestrian roads meet (Figure 4).
Similarly, the campus area is arranged near the educational
buildings and in connection with the pedestrian paths.
However, the parking areas on the campus do not meet the
number of academic and student vehicles. Vehicles are
parked along the main transportation axis of the road. This
situation negatively affects the constantly flowing traffic,
pedestrian transportation, bicycle and scooter use.

Figure 4. Structural components @estrian, bicycle and scooter
transportation) in the KTU Campus area.

Within the scope of the study, completing the
deficiencies of the structural components of university
campuses in line with the ecological design principles
would contribute to the spatial sustainability of the
campuses (Telli & Aydin, 2024). Elements such as open
and green areas, water elements, vehicle-pedestrian
circulation systems, and building density stand out among
the structural components on university campuses. Each of
these elements has been seen to play a critical role in
energy efficiency, conservation of natural resources,
biodiversity, and user health, which are the basic principles
of ecological design. Studies on this subject have been
conducted in the literature. Interest in applying ecological
planning principles to educational areas such as campuses
has increased. Agikay, 2025 and Ardicoglu et.al., 2024,
especially in the studies carried out on the campus
scaleemphasized the necessity of correlating spatial criteria
such as ecological infrastructure, green area continuity, and
building-green ratio. Yilmaz & Askan (2024) stated that
green infrastructure on campuses is essential not only for
aesthetics but also for increasing microclimatic comfort
and supporting ecosystem services. As a result of the study
conducted by Kawali (2021), it was seen that the
widespread use of pedestrian-first transportation networks
throughout the campus was effective in reducing the
carbon footprint. Orenstein et.al., 2019 emphasized that
many existing campuses are under urban growth pressure
and that sustainable land use and transitional zoning
strategies should be developed for their structural
components. In this direction, this study revealed the
necessity of conducting user experience-based evaluations

304



Bayramoglu et al, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (301-308)

by considering the structural elements of campus areas
quantitatively and qualitatively. It was argued that
campuses should be evaluated not only as educational areas
but also as an active part of the urban ecosystem. While
this approach requires rethinking ecological design in the
context of structural components, it also reveals the
importance of multidisciplinary collaborations in campus
planning.

Plant applications: In ecological landscape
design criteria, the selection of species used in plant
designs, healthy, well-grown, very little maintenance and
application methods gain importance. Because the plant
elements in the open green areas soften the climate of the
city, provide permeable floors, and add an aesthetic
dimension to the city. Vegetal designs should be planned
sustainably, and the existing vegetation should be
preserved and continue in accordance with the new
designs. In herbal designs to benefit from the sun in winter;
broad-leaved and dense-textured trees, evergreen, dense-
textured tree-tree and shrub groups that aim to save energy
by creating a shadow effect in summer should be used in
plant designs. Climbing and climbing ivy species on the
walls, gradual vegetation and creating a shielding effect for
the winds provide heat gain (Biris¢i et al., 2012). To cut the
wind; Designs that are dense and sequential in the direction
of the blowing wind, taking into account the seasonal
prevailing wind directions, forming mounds and hillocks
should be included (Alpay et al., 2013).

Figure 5. Plant applications in the KTU Campué area.

Kaya Sahin et al., (2020) determined that there are
natural plants with high value in their study of plant taxa
on campus. However, according to the study, the number
of exotic plants was found to be close to the number of
natural plants. In the study of Giineroglu and Pektag (2022)
to determine the presence of edible fruit plants on campus
(Figure 5), 46 different plant taxa with aesthetic and
functional properties were identified. For this reason,
nature-compatible plant groups should be preferred by
giving place to more natural plant groups on campus.
Because natural plant species do not require much
maintenance, support sustainable design and are sensitive
to current climatic conditions. At the same time, the water
demands of natural plant groups are compatible with the
climate of the region. Bayramoglu (2016) examined the

water demand levels of the plants in the main artery in
accordance with xeric landscaping principles in KTU
Kanuni Campus, and concluded that only 10 of the 53 plant
species detected had low water de-mand, 13 had
low/moderate water demand and 4 had high water demand.

Ecologically, one of the appropriate design
criteria in plant applications is the selection of plant species
that consume less water (Corbaci & Ozyavuz, 2024). Grass
areas are the most consuming plant in landscaping
applications. In the study conducted by Bayramoglu
(2016), she stated that grass mixtures are used extensively
in herbal applications on campus. For this purpose,
alternative species suitable for landscaping in terms of
aesthetics and functionality should be preferred instead of
these species. As an alternative to grass, instead of large
grass surfaces, mulch, rubber, colored stones and glass
shards can be used to cover the soil surface by keeping it
moist. In terms of water management, applications that use
and store water on campus and then use in open green areas
should be preferred.

This study has revealed that plant applications
should be evaluated in line with ecological design
principles to contribute to spatial sustainability and
ecosystem services on university campuses. Scientific
studies, especially those on a campus scale, have also
emphasized the importance of plant applications in campus
system services.

Sar1 & Karasah, in their 2023 study, evaluated the
ecosystem services provided by 147 woody plant taxa used
in campus landscaping. The study revealed that campus
plants provide cultural services such as air quality
regulation, erosion control, pollination, aesthetic values ,
and education. Ozdemir, in his 2024 study, showed that
plant practices are essential in increasing spatial quality in
an analysis conducted in the context of biophilic design
principles on various university campuses in Tiirkiye. Tuna
(2006) proposed a conceptual model for sustainable
landscape planning on campuses. In the model developed
within the framework of the green design approach, plant
practices were evaluated in terms of their water
management, energy saving, and habitat creation
functions. These studies show that integrating plant
practices with ecological design principles on university
campuses can increase environmental sustainability, user
satisfaction, and education quality. Considering factors
such as local climate conditions, water consumption,
maintenance requirements, and aesthetic wvalues in
planning plant arrangements will contribute to creating
sustainable and functional campus areas.

Hard floor applications: Material selection and
design features of floor coverings also gain importance in
ecological planning approaches. Floor coverings cause the
surface temperature to increase even more in hot regions.
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For this reason, it also increases the urban heat island effect
in spaces. For this reason, it is necessary to prefer to use
materials that will reflect and absorb heat, especially in hot
climatic regions. In humid and rainy areas, permeable floor
coverings should be used to prevent surface water flow.
Especially in these regions, the use of grass joint coating is
appropriate. Since the study area is located in a rainy
climate zone, permeable materials that prevent surface
water flow and bring water together with underground
water resources should be used. From this point of view,
the campus area is insufficient in terms of permeable
flooring materials. Vehicle roads are asphalt and walking
paths consist of cobblestones. In certain periods when
precipitation is high, water flows from sloping elevations
and accumulates on vehicles and walking paths and
threatens security (Bliyiikkurt, 2019).

In terms of environmental sustainability and user
comfort on university campuses, hard floor applications
should be integrated with ecological design principles. The
widespread use of hard surfaces with impermeable
materials causes problems in rainwater drainage, increases
the heat island effect, and negatively affects biodiversity
(Ardigoglu et al., 2024). At this point, applications such as
sustainable material selection and permeable surface use
are of critical importance in terms of the ecological
performance of campuses. Hersek & Korkut, (2021)
examined the xeriscape approach on the Tekirdag Namik
Kemal University campus and stated that microclimatic
comfort decreased and green area continuity was disrupted
due to the high impermeable rates of hard surfaces. In this
study, it was suggested that permeable paving materials be
spread by ecological design principles. Ak & Apaydin
(2022) evaluated the hard floor covering materials used in
landscape architecture according to visual impact and
naturalness criteria and revealed the effects of user
perception on material selection. This evaluation draws
attention to the importance of a hard floor design that meets
functional but also aesthetic and psychological needs.
Agikay emphasized the functional roles of hard floors in
terms of user orientation, spatial definition, and pedestrian
circulation in his study conducted in 2015, and stated that
these components should be planned together with the
plant texture and within ecological integrity. Finally, in the
study of Ardigoglu et al. (2024), different campus
typologies were compared regarding sustainability criteria,
and the distribution of hard floors throughout the campus
was evaluated regarding accessibility and water
permeability. In this study, it is recommended that the rate
of hard floors in campus design be reduced and natural
materials used. These studies show that hard floor
applications play critical roles not only in terms of spatial
comfort and orientation functions, but also in terms of
microclimate regulation, water cycle management and

visual quality. Therefore, permeable, natural and user-
friendly hard floor strategies that support ecological design
on university campuses are indispensable for achieving
sustainability goals.

CONCLUSION

Urban ecosystems are environments that construct
the nature-human relationship in a heterogeneous and
dynamic structure. Cities are spatial structures in which the
foundations of sustainability are processed, and ecological
functions are included in the design concept. Process and
harmony are important in spatial planning for ecological
functions to reach abiotic, biotic and cultural goals (Ahern,
2007).

Campuses are compact spaces of cities where
natural and cultural elements come together. For this
reason, it should be included in the planning with a holistic
approach as a part of the cities, not separately from the
cities. Campuses for educational purposes should be
provided with opportunities where nature education can be
practiced. For this purpose, campuses are also described as
natural exhibition areas. When campuses are evaluated
according to ecological criteria, they should be handled
according to campus design components. Structural
components, hard ground and vegetative applications
should be planned and applied in this sense. In terms of
architecture, energy use in buildings, plant preference
suitable for the climate and floor coverings should be
preferred.

Considering transportation from an ecological
point of view, it is necessary to in-crease transportation
with public transportation, reduce the use of private
vehicles, and encourage users to use pedestrianization and
bicycles. For transportation purposes, ed-ucation and
management institutions should be designed in accordance
with pedestrian transportation. For the ecological planning
approach, facilities should be provided for non-motorized
vehicles such as walking and bicycles. In order to save
energy, the existing transportation route should be
provided with ring services within the campus by in-
creasing the public transportation opportunity, and the use
of existing scooters should be made safe.

In addition to the presence of natural plants,
natural plant species should be pre-ferred to reduce
maintenance and cost costs in other planting designs.
Water conservation approaches in cities should be adapted
to campuses and supported for rainwater collection, storage
and use in recreational activities.

Considering the intensity of use of campuses at all
times of the year and every hour of the day, energy
consumption is high. For this reason, energy use should be
reduced, and renewable energy use should be supported.
Wind, sun and rainwater should be used actively.

306



Bayramoglu et al, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (301-308)

Reinforcement elements should be supported with solar
panels, wind turbines and electricity generation should be
provided in short-term use. Electrical energies to be used
for lighting purposes should be evaluated within this scope.
In addition, the use of water in the irrigation of open green
areas should be provided from rainwater. Trans-portation
is one of the most basic components on campuses. It is
necessary for people to reach their desired destination
safely and in a short time. For this reason, pedestrian, bi-
cycle paths, wide structural grounds should be considered
within the ecological im-provement model.

As a result; Measures should be taken to ensure
energy efficiency in line with the principles of ecological
campus planning.As the measures to be taken for this
purpose provide energy savings during the operation
process, they are capable of meeting the investment cost.
While reducing energy consumption, which is one of the
primary causes of global warming, ecological solutions
will be obtained at the same time. As a result of the im-
provement model developed on campuses, it will reduce
the consumption of natural resources and preserve the
qualities of existing resources. In the campuses, which are
formed with ecological improvement activity targets, the
targets of "energy efficient landscape design", "natural
resource protection™ and "bio comfort" are achieved.

REFERENCES

Acikay, S.H. (2015). Kent i¢i iiniversite kampiislerinin
ekolojik peyzaj tasarim ilkeleri kapsaminda
irdelenmesi. Yiiksek Lisans Tezi, Istanbul Teknik
Universitesi.
https://polen.itu.edu.tr/items/edbcccea-08d2-
4c4c-943b-b4b69b9319be.

Ahern, J. (2007). Green infrastructure for cities: the
spatial dimension. Cities of the future towards
integrated sustainable water and landscape
management edit by Vladimir Novotny and Paul
Brown, IWA Publishing, London, UK, Sf. 267-
283, ISBN: 1843391368.

Ak, M. K., & Apaydin, G. (2022). Peyzaj mimarliginda
kullanilan sert zemin ddseme malzemelerinin
gorsel etki degerlendirmesi. Diizce Universitesi
Orman Fakiiltesi Ormancilik Dergisi, 18(1), 104-
124,

Aksoy, O., Demir, S., Ersoz, N. D., & Gokkaya, M. D.
(2024). Assessment of an effective quantitative
model with multi-criteria  decision-making
method for sustainable campus. Environmental
Science and Pollution Research, 31(9), 13230-
13245.

Alpay, C.O., Kalayci, A. & Biris¢i, T. (2013). Ekolojik
tasarim kriterlerine goére kent parki iyilestirme
modeli Izmir Kiiltiirpark 6rnegi, TMMOB 2. zmir
Kent Sempozyumu,28-30 Kasim 2013, Izmir,
Tirkiye, 328-343.

Ardicoglu, R., Cilek, M. U., & Ozkan, E. C. (2024).
Yaygin plan tipli {niversite kampiislerinin
sirdiiriilebilir ~ tasarim  Olgiitlerine  gore
degerlendirilmesi. Artium, 12(1), 94-111.

Bayramoglu, E., (2016). Siirdiiriilebilir peyzaj diizenleme
yaklasimi: KTU Kanuni Kampiisii’niin xeriscape

acisindan  degerlendirilmesi.  Artvin  Coruh
Universitesi Orman Fakiiltesi Dergisi, 17(2), 119-
127.

Birisci, T. (2012). Ekolojik bir sorun olarak isik kirliligi.
Peyzaj ekolojisi ders notu, Ege Universitesi,
Ziraat Fakiiltesi, Peyzaj Mimarlig1 Bolimii.

Bowen, G. (2009). Document analysis as a qualitative
research method. Qualitative Research Journal,
9(2), 27-40.

Biiyiikoztiirk, S. (2011). Sosyal bilimler i¢in veri analizi
el kitabi. Ankara: Pegem Akademi Yaynlart.

Biiyiikkurt, U. (2019). Siirdiiriilebilir kampiislerde su
tasarrufuna yonelik ¢calismalar Karadeniz Teknik
Universitesi Kanuni Kampiis. Yiiksek Lisans
Tezi, Karadeniz Teknik Universitesi Fen
Bilimleri Enstitiisii, Trabzon, Tirkiye, 97s.

Cano, N., Berrio, L., Carvajal, E., & Arango, S. (2023).
Assessing the carbon footprint of a Colombian
University Campus using the UNE-1SO 14064-1
and WRI/WBCSD GHG Protocol Corporate
Standard. Environmental Science and Pollution
Research, 30(2), 3980-3996.

Chen, C.W., Wang, J.H., Wang, J.C., & Shen, Z.H.
(2018). Developing indicators for sustainable
campuses in Taiwan using fuzzy Delphi method
and analytic hierarchy process. Journal of cleaner
production, 193, 661-671.

Cranz, G. (2000). Changing roles of urban park: from
pleasure garden to open space. San Francisco
Planning and Urban Research Association, SPUR,
USA.

Corbaci L., Giilez S., & Topay M. (2005). ZKU Merkez
Kampiisii 1s1 merkezi yolu ve cevresi peyzaj
rekreasyon projesi. Journal of The Bartin Faculty
of Forestry, Bartin Orman Fakiiltesi Dergisi,
7(7), 24-34.

Corbaci, O.L. & Ozyavuz, M. (2024). Kentsel yesil
alanlarin siirdiiriilebilir yonetimi, editor: kenan
ince, kentsel a¢ik yesil alanlarda kurak¢il peyzaj
(xeriscape) ¢alismalart, pp. 108-170, ISBN: 978-
625-367-138-9, Iksad Yayinlari, Eyliil, Ankara,
2024,

Dober, R.P. (2000). Campus landscape functions, forms,
features. John Wiley & Sons, Inc, US.

Erdogan, G., & Oztiirk, B. (2019). Siirdiiriilebilir
kentlesme: dokuma kenti Buldan 6rnegi. Journal
of Architectural Sciences and Applications, 4(1),
51-68. DOI: 10.30785/mbud.443568

Ertekin, M., & Corbac,, O.L. (2010). Universite
kampiislerinde  peyzaj tasarimi  “Karabiik
Universitesi Peyzaj Projesi Ornegi”. Kastamonu
Universitesi Orman Fakiiltesi Dergisi, 10(1), 55-

67.
Giineroglu, N., & Bekar, M. (2017). Déniisiim ve kimlik
kavrami:  Trabzon  Ornegi.  Kastamonu

307


https://polen.itu.edu.tr/items/edbcccea-08d2-4c4c-943b-b4b69b9319be
https://polen.itu.edu.tr/items/edbcccea-08d2-4c4c-943b-b4b69b9319be
https://doi.org/10.30785/mbud.443568

Bayramoglu et al, (2025)

J. Anatol. Env. Anim. Sci., Year:10, No:3, (301-308)

Universitesi Orman Fakiiltesi Dergisi, 17(4), 580-
593.

Giineroglu, N., & Pektas, S. (2022). Yenilebilir meyve
0zelligi olan odunsu bitki taksonlarinin peyzaj
mimarhgidaki énemi: KTU Kanuni Kampiisii
ornegi. Turkish Journal of Forestry, 23(1), 79-89.

Hersek, G., & Korkut, A. (2021). Tekirdag Namik Kemal
Universitesi

yerleskesinin  kurak¢il  peyzaj
tasarimi baglaminda irdelenmesi. Artium, 9(1), 1-
10.

Kalayci Onac, A., Cetin, M., Sevik, H., Orman, P.,
Karci, A., & Gonullu Sutcuoglu, G. (2021).
Rethinking the campus transportation network in
the scope of ecological design principles: case
study of Izmir Katip Celebi University Cigli
Campus. Environmental Science and Pollution
Research, 28(36), 50847-50866.

Kartal, B. (2009). Istanbul daki tarihi saray bahgelerinin
peyzaj mimarligi agisindan incelenmesi. Yiksek
Lisans Tezi, Istanbul Teknik Universitesi Fen
Bilimleri Enstitiisii, Istanbul, Tiirkiye 239s.

Kaya Sahin, E., Bekar, M., & Giineroglu, N. (2020).
Tirk findig1 (Corylus colurna L.)’nin peyzaj
mimarliginda kullanim olanaklari, Bartin Orman
Fakiiltesi Dergisi, 22(1): 91-99.

Kalawi, D. (2021). Istanbul Gelisim Universitesinde
bulanik ¢ok kriterli karar verme yontemleri
kullanarak siirdiiriilebilir kampiis modeli tasarimi
Yiiksek Lisans Tezi, Istanbul Gelisim
Universitesi Lisansiistii Egitim Enstitiisii.

Keles, R. (1998). Kent bilim terimleri sozliigii. Imge
Kitabevi.

Korkut, A., Kiper, T., & Ustiin Topal, T. (2017). Kentsel
peyzaj tasarimda ekolojik yaklagimlar. Artium,
5(1), 14-26

Leitmann, J. (1999). Sustaining cities: environmental
planning and management 1 urban design,
McGraw Hill, Professional Architecture. 25-49,
105-131.

Leitao, A. B., & Ahern, J. (2002). Applying landscape
ecological concepts and metrics in sustainable
landscape planning. Landscape and Urban
Planning, 59(2), 65-93.

Li, Y., Gu, Y., & Liu, C. (2018). Prioritising performance
indicators for sustainable construction and
development of university campuses using an
integrated assessment approach. Journal of
Cleaner Production, 202, 959-968.

McHarg, I.L. (1969). American museum of natural
history. design with nature, 7-17. New York:
American Museum of Natural History.

Orenstein, D.E., Troupin, D., Segal, E., Holzer, J.M., &
Hakima-Koniak, G. (2019). Integrating
ecological objectives in university campus
strategic and spatial planning: a case study.
International Journal of Sustainability in Higher
Education, 20(2), 190-213.

Ozdemir, H. (2024). Integrating Nature into Academic
Spaces: Biophilic Campus. PLANARCH-Design
and Planning Research, 8(2), 210-224.

Sari, D., & Karasah, B. (2023). Kampiis
yerlesimlerindeki odunsu peyzaj bitkilerinin
sagladiklar1 ekosistem hizmetleri: ACU Seyitler
Yerleskesi Ornegi. Artvin Coruh Universitesi
Orman Fakiiltesi Dergisi, 24(2), 129-139.

Selim, C. (2021). Bitki tercihleri ve bitkisel tasarim

kriterleri ~ agisindan  otopark alanlarinin
degerlendirilmesi: Akdeniz Universitesi
Yerleskesi 6rnegi. Journal of Architectural

Sciences and Applications, 6(1), 165-177.

Sahin Kérmecli, P.(2022). Universite yerleskelerinde
ulasim aginin mekan dizimi ve cografi bilgi
sistemleri ile degerlendirilmesi: Cankirt 6rnegi.
Journal  of  Architectural  Sciences and
Applications, 7(1), 248-262. DOIl:
10.30785/mbud. 1074617

Telli, S. G., & Aydin, S. (2024). Universitelerde ekolojik
zihniyet doniigiimii ve siirdiiriilebilir tiniversiteler.
Journal of University Research, 7(2), 83-92.

Tregay, R. (1986). Design and ecology in the mangement
of nature like plantations. In Bradshaw, Ecology
and design in Landscape, Blackwell Scientific
Publications, Oxford.

Tuna, G. (2006). Universite kampiislerinde peyzaj
planlamast  i¢cin  kavramsal bir  modelin
olusturulmasinda yegsil tasarim yaklagiminin
degerlendirilmesi. Yiiksek Lisans Tezi, Istanbul
Teknik Universitesi.
https://polen.itu.edu.tr/handle/11527/10116

Tiireyen, M.N. (2002). VYiiksekogretim —kurumlari-
kampuslar. Tasarim Yayin Grubu.

Karadeniz Technical University. (2023).
https://www.ktu.edu.tr/ktu-tarihce, 20.03.2023

Yalciner Ercoskun, O. (2007). Sirdiiriilebilir kent icin
ekolojik-teknolojik (eko-tek) tasarim: Ankara-
Giidiil ornegi. Doktora Tezi, Gazi Universitesi
Fen Bilimleri Enstitiisii, Ankara, Tiirkiye, 227s.

Yasar, Y., & Diizgiines, E. (2013). Peyzaj tasarimina
stirdiiriilebilirlik kavraminin entegrasyonu: bir
stiidyo calismast. Inénii Universitesi Sanat ve
Tasarim Dergisi, 3(7), 31-43.

Yildirim, A., & Simsek, H. (2008). Sosyal bilimlerde nitel
arastirma yontemleri. Nobel Yaym Dagitim,
Ankara.

Yilmaz, H., & Askan, G. (2024). Erzincan Binali Yildirim
Universitesi  Yalnizbag ~ Yerleskesinin  iklim
degisikligine kars1 duyarliliginin belirlenmesi ve
baz1 yesil altyapt Oneri senaryolari. Diizce
Universitesi ~ Orman  Fakiiltesi — Ormancilik
Dergisi, 20(Ozel Say1), 293-329.

308


https://doi.org/10.30785/mbud.%201074617
https://doi.org/10.30785/mbud.%201074617
https://polen.itu.edu.tr/handle/11527/10116
https://www.ktu.edu.tr/ktu-tarihce

r:.

JAES

Journal of Anatolian Environmental and Animal Sciences Year: 10, No: 3, 2025 (309-320)

(Anadolu Cevre ve Hayvancilik Bilimleri Dergisi) A EH
DOI: https://doi.org/10.35229/jaes.1673028 C

Yil: 10, Sayz: 3, 2025 (309-320)

ARASTIRMA MAKALESI RESEARCH PAPER

Soguk Depolama Siirecinde Gokkusagi Alabahginda (Oncorhynchus Mykiss, L. 1758) Meydana Gelen
Fizikokimyasal Degisimlerin Gida Giivenligi ve Besin Kalitesi Perspektifinden Incelenmesi [’

Mustafa YILDIZ* Candan VARLIK?
1*‘I'stanbul Sabahattin Zaim Universitesi, Doga Bilimleri ve Miihen. Fakiiltesi, Gida Miihendisligi Boliimii, Halkalz Kampiisii, K. Cekmece, l:stanbul, Tiirkiye.
2jstanbul Aydin Universitesi, Giizel Sanatlar Fak., Gastronomi ve Mutfak Sanatlar: Béliimii, Bes yol Mah. Inénii Cad. No:38, K.Cekmece, Istanbul, Tiirkiye.

Gelig Tarihi: 09.04.2025 Kabul Tarihi: 09.05.2025 Basim Tarihi: 31.05.2025
Atf yapmak i¢in: Yildiz, M., & Varlk, C . (2025). Soguk Depolama Siirecinde Gokkusag1 Alabaliginda (Oncorhynchus Mykiss, L. 1758) Meydana Gelen
Fizikokimyasal Degisimlerin Gida Giivenligi ve Besin Kalitesi Perspektifinden Incelenmesi. Anadolu Cev. Hay. Bil. Derg., 10(3), 309-320.
https://doi.org/10.35229/jaes.1673028

How to cite: Yildiz, M., & Varhk, C . (2025). Investigation of Physico Chemical Changes in Rainbow Trout (Oncorhynchus Mykiss, L. 1758) During Cold
Storage from the Perspective of Food Safety And Nutritional Quality. J. Anatol. Env. Anim. Sci., 10(3), 309-320. https://doi.org/10.35229/jaes.1673028

Oz: Bu calismada, Gokkusagi Alabaliginin (Oncorhynchus mykiss, L. 1758) 4+1°C’de depolama siirecinde
«15): https:/forcid.org/0000-0002-8232-5655 meydana gelenv ﬁziks.el., kin}yasal, biyolojik degisimler incﬁelenerekwbe‘zsip kalitesi ve gida gliivenlié“;i
bakimindan degerlendirilmesi amaglanmustir. Bu kapsamda agirlik degisimi (g), % (nem , protein, yag)
degisimi, TBV-N (mg/100g), yag asitleri ve aminoasit kompozisyonlar1 incelenmistir. Depolama siiresinde
agirhk 110,95+0,55g —104,20+0,35g ve nem orant %79,10+£0,35-77,10+10 arasinda degistigi tespit
edilmistir. Serbest yag asitligi (FFA % oleik asit olarak ) %1,5+0,05-% 4,50+0,10; peroksit degeri 6,30+0,2—
14,50+070 meq/kg; TVB-N degeri 15,30+0,02-32,23+0,15 mg/100g arasinda degistigi ve depolama boyunca
yiikseldigi belirlenmistir. Yag asitleri kompozisyonunda ~SFA (toplam doymus yag asitleri) %24,34+0,18;
XMUFA (toplam tekli doymamis) %31,45+1,05; XPUFA (toplam ¢oklu doymamus) %47, 42+1,13;
dokosaheksaenoik asit (DHA) (C22:6n-3) 10,63+0,18 - 8,97+0,15, eikopentaenoik asit (EPA) (C20:5, n-3)
%10,05+0,13- 3,38+0,15 olarak tespit edilmistir. Esansiyel aminoasitlerin esansiyel olmayan aminoasitlere
orant (XEAA/ X NEAA) 0,66 olarak belirlenmistir. Sonug olarak, Gokkusagi alabaliginin 4+1°C'de soguk
depolamanin 4’iincii giin de fizikokimyasal reaksiyonlarin FFA (%), peroksit (meq/kg), iist smnir1 asan
degerler bulunmustur. Kimyasal bozulma ve tazeligin degerlendirilmesinde énemli bir indikator olan TVB-
N(mg/100g) uygun olmayan simnira yakin deger tespit edilmistir. Kimyasal bozulma parametrelerinde artig
depolama siiresince devam etmistir. Biitlinciil bir degerlendirme yapildiginda Gokkusagi alabaliginin 4’tincii
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Investigation of Physico Chemical Changes in Rainbow Trout (Oncorhynchus Mykiss, L. 1758)
During Cold Storage from the Perspective of Food Safety And Nutritional Quality [']

Abstract: In this study, it was aimed to evaluate the physical, chemical and biological changes in rainbow
trout (Oncorhynchus mykiss, L. 1758) during storage at 4+1°C in terms of food quality and food safety. In
this context, weight change (g), % (moisture, protein, fat) change, TBV-N (mg/100g), fatty acids and amino
acid compositions were analysed. It was determined that the weight ranged between 110,95+0,55g -
104,20+0,35g and moisture content ranged between 79,10+0,35-77,10+£10% during the storage period. Free
fatty acidity (FFA % oleic acid) ranged between 1,5+0,05%-4,50+0,10%; peroxide value ranged between
6,30+0,2-14,50+070 meq/kg; TVB-N value ranged between 15,30+0,02-32,23+0,15 mg/100g and increased
during storage. In fatty acid composition, XSFA (total saturated fatty acids) were 24,34+0,18%; TMUFA
(total monounsaturated) were 31,45+1,05%; XPUFA (total polyunsaturated) were 47, 42+1,13%;
docosahexaenoic acid (DHA) (C22: 6n-3) was 10,63+0,18 - 8,97+0,15, eicopentaenoic acid and (EPA)
(C20:5, n-3) was 10,05+0,13 - 3,3840,15 %. The ratio of essential amino acids to non-essential amino acids
(XEAA/ X NEAA) was 0.66. As a result, FFA (%), peroxide (meq/kg) and FFA (%) of physicochemical
reactions of rainbow trout on the 4th day of cold storage at 4+1°C were found to exceed the upper limit. TVB-

*Corresponding author’s: N (mg/100g), which is an important indicator in the evaluation of chemical spoilage and freshness, was found
Mustafa YILDIZ to be close to the limit. The increase in chemical spoilage parameters continued during storage. When a
Istanbul Sabahattin Zaim University, Faculty of holistic evaluation was made, it was determined that rainbow trout could not be recommended for human
Natural Sciences and Engineering, Department consumption in terms of nutritional quality and food safety after the 4th day. Within the scope of these data,

DRI A TES i |l G, | it was observed that cold storage at 4+1°C had a very limited effect on the preservation of rainbow trout.
Cekmekey, Istanbul, Tiirkiye.

X m.yildiz@izu.edu.tr However, it is recommended to use more effective methods such as freezing for long-term preservation in
terms of nutritional quality and food safety.

Key words: Amino acid composition, Fatty acid, Peroxide, Protein, Rainbow trout, TBV-N.
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GIRIS

Su {irlinleri besin bilesimleri bakimindan saglikli
beslenmenin vazgecilmez en 6nemli kaynaklarindan biridir.
Balikta bulunan elzem besin dgeleri ve yiiksek kalitedeki
protein, balig1 cok kiymetli bir gida haline getirmektedir.
Balik sadece bir hayvansal protein kaynagi olarak kalmayip
bir porsiyon balik (150g) ergin bir bireyin giinliik protein
ihtiyacinin yarisindan fazlasimi karsilamaktadir (Oksiiz vd.,
2018). Ozellikle beslenme bilincinin artmasi ve gelisen refah
diizeyi balik ve balik iiriinlerine olan talebi arttirmistir. Bu
nedenle su friinlerinin gelecekte saglikli beslenmedeki
O6neminin giderek artacagi Ongorilmektedir (Lymbery,
2000). Balik, igerik olarak su, protein, yag, vitamin ve
minerallerden olusmus bir gidadir.  Iyot, vitamin D,
kalsiyum, fosfor, potasyum, selenyum ve folik asit gibi
vitamin ve mineraller ile viicut i¢in esansiyel olan omega yag
asitleri ve amino asitlerce zenginbir kaynaktir. Protein dahil
tiim besin bilesenlerinin biyoyararlilig1 yiiksektir. Bununla
birlikte balik yaginin doymamis yag asitleri oraninin yiiksek
olmasi, esansiyel yag asitleri orant n-6/n-3 dengeli igermesi
balik yagmmi saglikli beslenme bakimindan degerli
yapmaktadir. Dengeli bir esansiyel yag asitleri oranin (n-6/n-
3), balik yaginda yiiksek oranda bulunan omega bazli uzun
zincirli eicosapentaenoic acid (EPA) ve
docosahexaenoicacid (DHA) gibi yag asitleri besinsel olarak
onemli olduklar1 kadar kardiyovaskiiler ve kanser gibi
hastaliklarin 6nlenmesinde etkili olduklar1 belirtilmistir
(Foran, vd., 2005; Marchioli vd., 2009).

Protein, aminoasit, yag ve yag asitleri
kompozisyonu bakimindan 6nemli bir besin kaynagi olan
balik fizyolojik olarak diger gida kaynaklardan farkli
olmasindan dolay1 hizla bozulabilmektedir. Balik kalitesi;
balign tiirii, avlama bolgesi, avlama teknikleri, avlanmadan
sonra uygulanan muhafaza teknikleri, 6n islemler, personel
hijyeni, isleme ve depolamaya kadar gecen siire gibi
faktorler tarafindan etkilenmektedir (Ozden & Gokoglu
1997). Baliklarda bozulma avlama sonrast baglayan
kimyasal, biyokimyasal (enzimatik) ve mikrobiyal olarak
gelisen karmasik reaksiyonlar zincirinden meydana
gelmektedir (Hisar vd, 2004). Balik kas dokusundaki makro
besin bilesenleri; protein, yag, karbonhidrat ve suya bagl
olarak meydana gelen oksidatif reaksiyonlar da baligin
bozulmasinda etkili olmaktadir. Depolama sartlarina bagh
olarak yagda meydana gelen hidroliz ve peroksidasyon
yaninda, protein oksidasyonun da meydana gelmesi
depolama siirecinde kalite kayiplarina neden olmaktadir
(Celik vd., 2008; Oguzhan vd., 2006; Tung, 1994; Sengér,
2020). Genellikle ¢ig ve islenmemis yiiksek protein igeren
(%17-25) balik kas dokusunda protein oksidasyonu bozulma
reaksiyonlarmin gizli ve 6nemli nedenlerinden biri oldugu

belirtilmigtir (Pearce vd., 2011). Protein oksidasyonunun
genellikle lipid oksidasyonu ve biyokimyasal (enzimatik)
reaksiyonlar gibi diger oksidatif reaksiyonlarla iliskili
oldugu ifade edilmistir (Soladoye, 2015). Su {iriinlerinde
fiziksel, mikrobiyolojik, biyokimyasal ve kimyasal bozulma
reaksiyonlarimin hizin1 azaltmak ‘Su’dan — sofraya’ gida
giivenligini saglamak soguk zincir icerisinde muhafaza
edilmeleri ile saglanabilmektedir (Ertas, 1978; Gokoglu &
Varlik, 1992). Su {irlinlerin muhafaza edilmesinde yaygin
olarak sogukta muhafaza, dondurarak muhafaza ve buzda
saklama gibi sogutma teknikleri uygulanmaktadir. Baligin
taze olarak hizli tiiketim zincirinde uygulanan en yaygin
muhafaza tekniklerinden biri soguk muhafazadir. Etkili bir
soguk muhafaza igleminin yapilmasi i¢in; baligin avlandigi
andaki mikrobiyolojik yiikii, yasadigi suyun sicakligi,
depolama siirecine kadar gecen siire ve yapilan 6n islemler,
depolama sartlar1 (sicak, bagil nem, depo atmosferinin
bilesimi) gibi parametrelerin kontrol altinda tutulmasi 6nem
tagimaktadir (Varlik vd., 2004).

Bu caligmada; kiiltiir balik¢iliginda yaygin olarak
yetistirilen su {iriinlerinden biri olan Gokkusagi1 Alabaliginin
hizli tiiketim zincirinde 4+1 °C sogukta depolama siirecinde
meydana gelen fizikokimyasal ve biyolojik degisimlerin
besin kalitesi ve gida giivenligi acisindan degerlendirilmesi
amaclanmistir.

MATERYAL VE METOT

Materyal: Calismada kullanmilan  Gokkusagi
Alabaligi  (Oncorhynchus mykiss, L. 1758) Istanbul
Universitesi Su Uriinleri Fakiiltesi Sabanca Balik iiretme
giftliginden temin edilmistir. Caligma kapsamina alinan
baliklarin ayni yas grubuna ait olmalari, ortalama
agirhiklariin boylarinin  ayn1  olmasina
gosterilmigtir. Baliklarin Once i¢ organlari temizlenmis,
yikanip kurulandiktan sonra esit agirlikta olacak sekilde

ve Ozen

ornekler aliiminyumla kaplanmis karton iizerine dortlii
gruplar halinde dizilerek stregle filmle kaplanmistir.
Baslangi¢ analizleri icin (fiziksel, kimyasal) Ornekler
ayrilmis diger Srnekler 4 +1 °C ve %95 nem ortaminda
soguk depolamaya alinmistir.

Metotlar

Agwrlik Degigimi: Depolama siiresinde Gokkusagi
alabaligindan iki giin ara ile numune alinarak hassasa
terazide ( Sartorius, 1615MP) tartilarak yapilmistir.

NemTayini: AOAC, (1990 a), Memmert UM400
model etiiv (Nirnberg,, Almanya) ile tayin edilmistir.
Kiyilmig homojenize edilmis balikdan hassas olarak sabit
agirhiga getirilmis petri kapma 3,5 g ornek tartilmigtir. 105
°C’de 1sitilmig etiivde sabit tartima ulasilincaya kadar
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kurutulmus ve drlinin nem miktart agirlik kaybindan
hesaplanmigtir.

Toplam Yag Tayini: AOAC, (1990b), toplam yag
igerigi asit hidroliz yontemi ile belirlendi. Bir santrifiij tiipii
icerisine kiyilmis 6rnekler (1,5 g) tartilmistir. Tiip icerisine
seyreltik hidroklorik asit ( Merck, Almanaya) (5 ml) ile ilave
edilerek yaklastk 45 dakika su banyosu iizerinde
karistirilarak 1sitilmigtir.  Elde edilen karisim  iizerine
metanol (2,5 ml), dietil eter (7,5 ml) ve petrol eter (7,5 ml)
ilave edilerek ¢oziicii kombinasyona ile su banyosu iizerinde
karistirma ve 1sitma islemi devam ettirilerek (30dakika)
yagin eter fazina gegmesi saglanmistir. Daha sonra karigim
santrifiij edilmis, eter-yag (iist faz) karisimi dnceden darasi
alinmis bir yag balonuna aktarilmistir. Geri sogutucuda eter
buharlastirildi ve 6rnekdeki yag igerigi hesaplanmistir.

Protein Tayini: Protein igeriginin hesaplanmasinda
kiyilmis hohojenize edilmis balik eti 6rnegi kullanilmustir.
Protein igerigi, Gerhardt yar1 mikro Kjeldahl yontemi
AOAC, (1990c), ve yanma yontemine dayali Leco CHNS
932 aparati kullanilarak, AOAC, (1990d) distilasyon ve
titrasyon yapilarak azot miktari tayin ediglmistir. (N x 6,25)
kullanilarak protein orani hesaplanmustir.

Peroksit  degerini (PV): Peroksit degerini
belirlemek i¢in, Gokkusagi alabaligindan elde edilmis yag
ultra-turrax ile homojenize edilir, homojenize edilen yagdan
bir erlene 5g tartilarak tizerine kloroform: asetik asit karisim
¢ozeltisi (2:3) eklenirek 3 dakika galkalanir. Uzerine 1,5 mL
doymus potasyum iyodiir (KI) (Merck, Almanaya) ¢ozeltisi
eklenir ve 1 dakika calkalanir, karanlikda 5 dakika
bekledilir. Daha sonra, lizerine 30 mL distile su eklenerek
bir dakika daha calkalanir. Daha sonra karigimin iizerine
%1’lik nisasta g¢oOzeltisinden 1 mL ilave edilerek, 0,1 N
sodyum tiyosiilfat ¢ozeltisi (NaS;0s3) ile titre edilir. Bu
isleme paralel olarak bir kor (6rnek olmayan) titrasyon
yapilir AOCS, (1994), Cd-5a-40). Titrasyonda harcanan
sodyum tiyosiilfat miktar1 (mL) dikkate alinarak peroksit
degeri meq/ kg olarak hesaplanir.

Serbest Yag Asitligi (FFA% oleik asit): Serbest
yag asitligi AOCS, (1990), Ca-5a-40 standart titrasyon
metoduna gore yapilmistir. Erlen 2,5g balik yagi hassas
olarak tartilir. Uzerine sicak 50mL sicak alkol ilav edilir,
2mL fenolfitalein(ff) indikatorii eklenerek 0,1N NaOH (
Merck, Almanya) ile uguk pembe renk verinceye kadar titre
edilir. Harcanan NaOH miktar1 (mL) dikkate alinarak serbest
yag asitligi hesaplanir.

Yag Asitleri Kompozisyonu: TUPAC (1987), yag
asitleri kompozisyonu, International Union of Pure and
Applied Chemistry Method 2. 301 talimatlar1 izlenerek
belirlenmistir, 0.150- 0.200 g yag 6rnegi tartilarak {izerine 5
ml 0,5 N metanolik sodyum hidroksit (NaOH) (Merck -
Almanya) ¢ozeltisi eklenmistir. Devaminda 90 °C'de geri
sogutucu altinda su panyosu sabunlastirma islemi
gerceklestirilmis, boron trifloriir-jmetanol kompleksi (BF3)

(Sigma Aldrich 8.01663, Darmstadt, Germany) ile
metilasyon saglanmig ve yag asidi metil esterleri n-heptan
fazina almarak gaz kromatografisi (GC) (Shimadzu 2010,
Japonya) cihazina enjekte edilmistir.

GC cihazinin galisama sartlari;

Enjektor sicakligi: 220 °C,

Kolon sicakligi: (75 °C, den 4°C /dak, artirilarak
200 °C g¢ikarilmugtir)

Dedektor
sicakligi: 250 °C

Tastyict gaz olarak helyum (He) (akis 30mL/dk),
Split 1: 25.

Kolon (Supelco silica capillarry colon) (Uzunluk;
100m, film 0,20pm, yart cap 0,25mm, Model SPTM-2380;
Bellefonte, PA, USA).

Flame Ionization Detector (FID)

Yag asitlerinin  tanimlanmasi ise, alikonma
zamanina gore yag asidi metil esteri standartlar1 kullanilarak
yapilmistir.

Toplam ugucu bazik azot (TVBN) tayini: Kimyasal
analizlerden TVB-N (toplam ugucu bazik azot) analizi
Antonocopoulos tarafindan modifiye edilmis, Lucke ve
Giedel'e gore yapilmistir (Schormuller, 1968).

Aminoasit Kompozisyonu: Ornegin hazirlanmast;
0,1-1,0 g homojenize edilmis drnek 50 ml’lik agz1 kapalt
analiz sisesi igerisine alinir ve 6 N hidroklorik asit
¢oOzeltisinden 20 ml ilave edilir, sise igine azot gazi verilerek
agzi sikica kapatilir ve 24 saat 110°C etiivde hidroliz edilir.
Ormnek, oda sicakhigma getirilerek adi filtre kagidindan
stiziiliir. Siizintiiden 0,2 ml deney tiipiine alinarak azot gazi
altinda 50°C’de ugurulur ve iizerine 0,5 ml asetonitril
konarak ucurma islemi tekrarlanir. Tip icindeki kalintiya
yaklasik 0,5 ml asetonitril:metanol:trietilamin karigimi ve
0,1 ml tiirevlendirme ¢ozeltisinden ilave edilerek 40°C
etiivde 30 dakika siireyle tiirevlendirilir. Azot gazi altinda
40°C’de ugurulduktan sonra {izerine 0,2 ml asetonitril ilave
edilir ve azot gazi altinda tekrar ugurulur. Uzerine 5 ml 0,02
M amonyum asetat ¢ozeltisi ilave edilir. 0,2 pm filtreden
stiziilerek UFLC (Ultra hizli likit kromatografi)’ye enjekte
edilir (Dimova, (2003).

UFLC Calisma kosullari:

Mobil Faz A: 1 L’lik balon jojeye 0,78 g sodyum
dihidrojen fosfat dihidrat ve 0,88 g disodyum hidrojen fosfat
dihidrat tartilir ve deiyonize su ile hacimine tamamlanir.
Tampon ¢dzeltisinin pH degeri 6,8-6,9 arasinda olacak
sekilde ayarlanir ve siiziiliir.

Mobil Faz B: Asetonitril

Kolon Sicakligi: 40°C

Dedektor: UV

Dalga Boyu: 254 nm

Enjeksiyon Hacmi: 10 pl

Akis Hizi:1 ml/dakika

Kolon: Agilent, Eclipse XDB-C18,5 um, 4x6x150
mm
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Istatistik Analiz: Bu cahismada 4 depolanan
Gokkusagr alabaliginin farkli gilinlerde dlgiilen fiziksel,
kimyasal parametrelerin ve kalite 6zelliklerinin zamana
bagh degisimini degerlendirmek igin istatisitksel analiz
yapilmigtir. Parametrelerin gilinler arasindaki farkliligini
belirlemek i¢in varyans analizi ( ANOVA) uygulanmis ve
anlamlilik dizeyi %95 giiven araliginda (p<0,05)
degerlendirilmistir. Anlamli farkliligin  hangi gruplar
arasinda oldugunu belirlemek i¢in LSD testi uygulanmus,
sonuclar ortalama =+ standart sapma seklinde verilmistir.
Tiim analizler, IBM SPSS 26 yazilim programi kullanilarak
3 tekerriirli (n:3) yapilmistir.

BULGULAR VE TARTISMA

Baliklarin depolanma siirecini etkileyen 6nemli
parametrelerin basinda kas dokusunda buliunan nem ve yag,
protein, karbonhidrat gibi makro besin bilesenleridir. Nem;
kimyasal, enzimatik reaksiyonlarn ve mikrobiyolojik

bozulmanin meydana gelmesinde onemli bir indikatordiir.
Balikta’da nem i¢ farkli sekilde bulunmakatadir;
makromolekiil bilesikleri ile yakin iligkili olarak bulunan
bagli su, organize protein yapilari iginde yer alan immobilize
su ve ekstra-miyofibriler iginde bulunan serbest su seklinde
bulunur (Pearce, vd., 2011). Sun vd., (2018) tarafindan
yapilan ¢alismada baligin 441 °C soguk depolama sirasinda
protein ve su etkilesimi nedeniyle depolamanin erken
asamasinda bagli su ve serbest su arasinda belirgin gecisler
gbzlenmistir (Wang vd., 2018). Wang vd., (2019) yapilan
calismada 4+1 °C’de somon baliginda depolama siiresinin
uzamasiyla birlikte kas dokusundaki bagli su oranin da
azalma olurken serbest su oraninda artiy meydana geldigi
bunun kas dokusunda yumusamaya ve kas proteinlerinde
kayiplara neden oldugu ifade edilmistir. Nem kaybinin
ayrica kas dokusunun fiziksel 0&zelliklerini
etkiledigi, proteinlerde kismi denatiirasyona ve kas
dokusunun su tutma kapasitesinin azalmasina neden oldugu
belirtilmistir (Hultmann & Rustad, 2002).

olumsuz

Tablo 1. Gokkusag: alabaliginin sogukta depolama (+4 +1 °C) siirecinde (giin) meydana gelen, Agirhik degisimi(g), % (nem, protein, yag, serbest yag asitligi),

peroksit meg/kg, TVB-N mg/100g fizikokimyasal degisimler.

Tablel. Weight change (g), % (moisture, protein, fat, free fatty acidity), peroxide meq/kg, TVB-N mg/100g physicochemical changes in rainbow trout during

cold storage (+4 + 1 °C)

Degiskenler 0 2(glin) 4(giin) 7(glin) 10(giin) 12(giin) 14(glin) 17 (giin) F p

Agirhk degisimi 110,95+0,552 109,80+0,60% 109,00+0,20% 107,35+0,75° 105,80+0,20¢ 105,10+0,30% 104,60+0,05¢ 104,20+0,35¢ 99,215  0,000*
Nem (%) 79,10+0,35% 78,70+0,10% 78,400,052 78,60+0,572 77,80+0,05° 77,35+0,05¢ 77,250,054 77,100,059 27,280  0,000*
Protein(%) 21,13+0,212 20,15+0,05° 19,150,900 19,330,490 18,95+0,05° 18,92+0,03° 18,600,209 18,600,109 14,731 0,000*
Yag(%) 3,80+0,10 3,75+0,15 3,75+0,05 3,70+0,20 3,75+0,05 3,80+0,10 3,72+0,10 3,70+0,10 0,346 0,919
Serbest yag asitligi 1,15+0,05¢ 1,60+0,10° 4,10+0,107 3,300,200 3,60+0,10° 4,25+0,252 4,15+0,152 4,50+0,107 439,178  0,000*
Peroksit ( (meqg/kg 6,30+0,20f 10,85+0,65° 17,60+0,40% 10,30+0,25¢% 11,85+0,359 16,80+0,30° 17,20+0,20% 14,50+0,70¢ 276,021  0,000*
TVB-N (mg/kg) 15,30+0,02¢ 14,85+0,15° 20,10+0,30¢ 12,306,32f 21,75+0,25¢ 24,98+0,03° 25,10+0,10° 32,23+0,152 25,282 0,000*

P<0,05; sonuglar ortlama+ standart sapma(n:3) olarak verilmis olup; ayni satirda farkl harfleri (a, b, ¢, d, e, f) tasiyan ortalamalar arasindaki fark 6nemli dir.

Tablo. 1°’de Gokkusag alabaliginin makro besin
bilesenlerinde meydana gelen fiziksel, kimyasal ve
biyolojik degisimler verilmistir. Agirlik degisimi; 2,10 ve
12, nem; 2,7, 10, 12, serbest yag asitligi; 2, 4 ,7, 12,
peroksit degeri; 2, 4,7, 10 vel2, protein; 2, 10,12 vel4,
TVB-N degeri; 4, 7,10, 12 ve 17 giinleri arasinda meydana
gelen degisimler istatistiksel olarak ( P<0,05) gore dnemli
oldugu belirlenmistir.

Agwrhk degisimi: Orneklerde 17°nci giin sonunda
en diistik agirlik % 104,20+0,35 (g) olarak tespit edilmistir
(Tablo 1). Orneklerdeki ilk agirliga gére 110.95+0.55; F =
99.215, (p = 0.000), 17 giinlitk depolama sonunda toplam
agirlik kaybinin 6,75 + 0.20 g oldugu tespit edilmistir.

Nem (su) kaybi: Baliklarin kas dokusunun nem
tutma kapasitesi etin sertligi, yumusakligi, ¢oziinme
sirasinda damlama ve depolama ve tagima sirasinda agirlik
kaybmi etkilemesinden dolayr &nemli bir Kkalite
parametresidir. Nem tutma kapasitesi ve nem kaybindaki
degiskenlik balik dokusunu olumsuz etkilemekte ve kalite
kaybina neden olmaktadir (Duun & Rustad, 2007; Davson,
vd. 2018).

Calismamizda nem oranlarindaki degisim ise;
depolama baslangicinda nem orani1 %79,10+0,35 oldugu
17. Giin sonunda %77,10+£0,05 distiigii belirlenmistir.

Nem kaybi baligin tazeligi hakkinda karar verilmesinde
onemli bir parametre olmasi yaninda kimyasal
bozulmalarin da tamamlayicist olarak da
degerlendirilmektedir (Tung, 1994). Ozden (2005); Celik
& Kiigtikgiilmez (2008) tarafindan yapilan g¢alismalarda
taze gokkusagi alabaliginda nem oranlar1 sirasiyla
%76.23£2.02 ve %71.65+0.076 olarak belirlemistir.
Bulgularimiz her iki ¢alismada bulunan nem oranlarinin bir
miktar (%79.10 £ 0.35) {izerinde bulunmustur.

Yag Oraminda degisim: Bir¢cok ¢alismada
baliklarin dondurarak depolanmasi sirasinda yag igeriginin
azaldigint  belirtmistir (Omotosho & Olu, 1995).
Arannilewa, vd, (2005) tarafindan yapilan ¢alismada
Tilapia baligmin toplam yag iceriginin 60 giinlik
dondurulmus depolama sirasinda %9,72'den %7,20'ye
diistiigiinii tespit etmislerdir. Gokkugagi alabaliginin soguk
depolama siirecinde yag oraninda anlamli bir degisiklik
olmamistir (P<0,05). Ancak kismi bir azalma meydana
gelmistir. (%3,80+0.10- 3.70+0.10). Ellahamy vd., (2023),
tarafindan yapilan ¢alismada Giimiis ve Sazan baliklarinda
depolama sirasinda toplam yag oranlarinda ¢ok az bir
oldugunu bunun hidroliz ve oksidasyon
reaksiyonlart sonucu pargalanmadan ileri geldigini
belirtmiglerdir. Calismamizda gokkusagi alabaliginda

azalma
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depolama siirecinde yag oraninda meydana gelen
azalmanin ayni nedenlerden ileri geldigi diistiniilmektedir.
Serbest yag asitliginde degisim (FFA%): Balik
yaglar1 yliksek oranda doymamis yag asitleri icermeleri
nedeniyle hidroliz ve oksidasyon reaksiyonlarina karsi
asir1 hassastirlar. Yagda meydana gelen oksidasyon ve
hidroliz reaksiyonlar1 sonucu olusan, aldehid ve ketonlar
gibi bilesikler istenmeyen tat ve koku olugmasina, besin
degerinin diismesine ve depolama siiresinin kisalmasina
neden olurlar (Boran vd., 2006). Secci ve Parisi, (2016)
tarafindan yapilan ¢aligmada taze yagli baliklarin buzda
depolanmas1  sirasinda, yaglarda meydana gelen
oksidasyon reaksiyonlarinin agirlikli olarak kimyasal
bozulmay1 etkiledigi, buzdolab1 kosullarinda depolanan
baliklarda ise mikrobiyolojik (bakteriyel) bozulmanin
hidrolitik reaksiyonlar1 etkiledigi belirtilmistir. Ozyurt,
vd., (2007), tarafindan kefal baliginin +4 °C buzdolabinda
depolanmasinda serbest yag asitliginin 7’nci glinde %5.26
yiikseldigi  belirtmiglerdir. Tablo. 1’de Gokkusagi
alabaliginda  depolama baglangicinda  serbest yag
asitliginin (FFA) %1,15 £0,05 tespit edilmis olup, 4. Giin
sonunda %4,10+0,10’ yiikselmistir. Depolamanin 17.giin
sonunda FFA %4,50+0.10 yiikseldigi belirlenmistir.
Peroksit degerinde (meq/kg) degisim: Yaglarda
meydana gelen oksidasyonun belirlenmesinde o6nemli
parametrelerden biri de peroksit degeridir. Balik yaginin
yiikksek oranda uzun zincirli yag asitlerini igermesi
okisdasyon egilimini artirmaktadir. Okisadsyon c¢oklu
doymamis yag asitlerinde geliserek baligin besin kalitesi
ve raf dmriinii olumsuz etkilemektedir (Chakrabarty, 2003;
Taheri, vd. 2012). Balikta bulunan uzun zincirli asir
doymamus eikosapentaenoik asit (EPA, 20:50-3),
dokosaheksaenoik asit (DHA, 22:6w3) ve PUFA gibi yag
asitlerinin oksidasyona kars1 asir1 duyarliik géstermeleri
sonucu olusan oksidasyon flirtinleri (aldehitler, ketonlar ,
krbonil bilesikler) balik’da metalik ve acimsi tatlarin
gelismesine neden olmalari sonucu baligin  besinsel
kalitesinin bozuldugu ifade edilmigtir ( Wen vd., 2023).
Boran vd., (2006) tarafindan farkli balik tiirlerinin yag
kalitesi lizerinde depolama sicakliginin etkileri incelemis
sicakligin balik yaginin debpolama siiresi lizerinde 6nemli
etkiye sahip oldugunu belirtmislerdir. Ozyurt vd., (2007)
farkli yas gruplarinda kefal baligmin (+4°C'de)
depolanmasi sonucu baligin peroksit degerini 17.26
meg/kg — 19.73 meq/kg arasinda degistigi ve tazeligini
kaybettigini belirtmiglertir. Calismamizda peroksit degeri
baslangigtan itibaren siirekli artig géstermis oldugu 4’tincii
giinde (17,60 = 0.40 meq/kg) diizeyine yiikseltigi tespit
edilmigtir.
Proteinlerde  meydana  gelen  degisimler:
Proteinler balik kas dokusunda bulunan 6nemli organik
bilesiklerden biridir. Depolama sirasinda bu bilesikler hem
endojen hem de mikrobiyal enzimlerin etkisi ile

pargalanmasi sonucu kas dokusunun su tutma kabiliyetinin
bozulmasmma ve kalite kaybmna neden olduklar
belirtilmistir (Benjakul vd., 1997; Zhuang, vd, 2023). Su
iriinlerinde soguk depolama sirasinda meydana gelen
enzimatik reaksiyonlar ve bakteriyolojik faaliyetler sonucu
protein igeriginde ve kalitesinde diisiimeye neden oldugu
belirtilmektedir (Fallah vd., 2015; Wu & Bechtel, 2008).
Caligmamizda gokkusagi alabaliginin soguk depolama
stirecinde protein degerleri taze 6rnekte %21.13+0.21 ve
17 giin sonunda %18,60=0,10 olarak belirlenmistir. (F =
14.731, p = 0.000) gore dnemli bir azalma oldugu tespit
edilmistir. Depolamanin 2, 10, 12 vel4. giinleri arasinda
protein degerlerinde istatistiki olarak p<0, 05 diizeyinde
onemli bir degisiklik (azalma) tespit edilmistir. Gokkusag1
alabaliginda depolama siirecinde proteinlerde meydana
gelen degisimlerin kismen kas dokusundaki serbest su
oranindaki artigtan ve enzimatik, bakteriyolojik faaliyetden
kaynaklanabilecegi diistiniilmektedir.

Toplam ucucu bazik azot (TVBN) meydana
gelen degisim: TVB-N, balik ve balik diriinlerinin
kalitesini ve raf omriiniin belirlenmesinde yaygin olarak
kullanilan bir parametredir (Fernandez, vd. 1997;
Fernandez-Segovia vd. 2012; Rizo vd. 2015).
Trimetilamin, amonyak ve dimetilamin gibi ugucu
bilesikler ve mikroorganizmalarin faaliyetleri sonucu
olusan toplam ugucu bazik azot (TVB-N) olarak
tanimlanir. Deniz {iriinlerinin kalitesini ve gida giivenligini
izlemek icin kullanilan en 6nemli indikatorlerden biridir
(Ozogul & Ozogul, 2000). Ayrica TVB-N degerinin balik
iriinlerinde tazeliginin ve tiiketim i¢in uygunlugun
belirlenmesinde kimyasal yontemlerin en dnemlilerinden
biridir (Lang, 1979; Gokoglu & Varlik, 1992; Fatih &
Yesim, 2000). Soguk depolama sirasinda TVB-N
degerindeki artig, esas olarak enzimatik reaksiyonlar ve
mikrobiyal aktivite ile proteinlerin par¢alanmasi sonucu

olusan alkali Ozellikteki (amonyak, trimetilamin,
dimetilamin ve diger ugucu bazik azotlu) maddelerinden
kaynaklandig1r belirtilmistir  (Otero, 2019). TVB-N

parametresi, baliklarin tazeligini etkileyen proteinlerin
bozulma diizeyini degerlendirilmesinde kritik Oneme
sahiptir (Chu vd., 2023; Karsli vd., 2021). Farkli ambalaj
tipleri ile ambalajlanan sazan balig filatolar1 nin +4 °C
soguk depolamasi sirasinda elde dilen TVB-N sonuglari,
farkli ambalaj tipleri, depolama siiresi ve protein
oksidasyonu arasindaki iligkiyi gostermesi bakimindan
o6nemli oldugunu belirtilmistir (Ramadhan vd., 2025). Ayni
calismada, acik atmosferik ambalajlarda mikroorganizma
faaliyetlerinin yiiksek olmasi nedeniyle proteinlerin amino
asitler ve diger polipeptitleri parcalanma oranmin da
yiiksek oldugu buna bagli olarak TVB-N degerininde
yiiksek oldugu belirtilmistir.

TVB-N degeri taze baliklarda 5-20 mg /100 g
arasinda, buzda saklanan baliklar i¢in TVB-N degerinin
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30-35 mg /100 g arasinda olmasi kabul edilebilir smnir
deger oldugu belirtilmistir (Connell, 1995). Ozogul &
Ozogul (2000) tarafindan gokkusag: alabaliginda TVB-N
degeri 9 giinde 40mg/100g, Ozden vd, (2007), tarafindan
levrek baligimin +4 °C de depolanmasi sirasinda TVB-N
degerinin 7’nci giinde 27,54 mg / 100g yiikseltigini tespit
etmiglerdir.  Calismamizda  Gokkusagi  alabaliginin
baslangic TVB-N degeri 15.30+0.02 mg/100 g olarak
belirlenmistir. Depolama siirecinde 4, 7, 10, 12, ve 17.
giinlerde degisim (p<0.05) 6nemli bulunmustur. TVB-N
degeri 17’nci giin’de 32.23+0.15 mg/100 g’a yiikseldigi
tespit edilmistir. Metin & Varlik, (1997), tarafindan
yapilan ¢aligmada sogukta depolanan alabaliklar i¢in TVB-
N degeri 25 mg/100 g iist sinir olarak kabul edilebilecegi
belirtmislerdir. Bu degerlendirmeye gore calismamizda
gokkusagi alabaliginin soguk depolama siirecinde TVB-N

degerleri bakimindan 12/14 giinlerde ileri diizde bozulmus
olduklar1 ve TVB-N degeri bakimindan iist sinir1 agmis
oldugu tespit edilmistir.

Bilgin vd., (2006) tarafindan yapilan ¢aligmada
pismis ve ¢ig olarak +4+1 °C muhafaza edilen karideslerin
duyusal, kimyasal ve mikrobiyolojik analiz sonuglarina
gore, cig karideslerin 2 giin, pismis karideslerin 4. giin
bozulmadan saklanabildigini, 5’inci giiniinden itibaren
kimyasal, mikrobiyolojik ve duyusal olarak bozulmanin
oldugunu belirtmislerdir. Calismamizda 4 ‘lincii giinde
FFA, peroksit, TVB-N degerleri birlikte
degerlendirildiginde oksidasyonun basladigi ve krtik
seviyeye geldigi belirlenmistir. Depolama siirecinde bu
degerlerde artis devam etmis ve istatistiksel p<0.05 olarak
bu artiglar 6nemli bulunmustur.

Tablo 2. Gokkusagi Alabaliginin Soguk Depolama Siirecinde (+ 4 °C) Yag Asitleri Kompozisyonunda Meydana Gelen Degisimler (%).
Table 2. Changes in Fatty Acid Composition (%) of Rainbow Trout during Cold Storage (+ 4 °C).

Parametreler 0 2 4 7 10 12 14 17 F p

Miristik (C14:0) 3,60°£0,05 3,38°+0,16 4,25°+0,10 4,65%+0,26 4,77%+0,13 4,13°+0,06 4,47%4+0,32 4,95%+0,13 27,901  0,000*
Palmitik (C16:0) 14,88°+0,20 14,85°+0,13 15,422+0,20 15,65%+0,13 15,502+0,30 15,430,31 16,00%+0,26 16,932+0,15 26,606  0,000*
Stearik (C18:0) 5,97°+0,21 5,60°+£0,26 5,52¢+0,10 5,77°+0,15 5,57°+0,37 5,78%£0,08 6,570+0,42 7,27%£0,15 18,253  0,000*
YSFA 24,349+0,18 23,839+0,36 25,184+0,15 26,06°£0,07 25,83%£0,45 25,34%+0,30 27,03°+0,49 29,15%£0,23 110,178  0,000*
Miristoleik (C14:1, n-7) 0,53°+0,10 0,73%+0,10 0,77°+0,15 0,83%:0,08 0,93%+0,15 0,75P+0,14 0,60°+£0,05 0,53%£0,06 6,580 0,001*
Palmitoleik (16:1, n-7) 5,95%0,23 5,33°40,10 4,72+0,08 5,43°+0,15 5,23°+0,08 5,20°+0,10 4,78°40,13 4,7840,18 25,672 0,000*
Oleik (C18:1, n-9) 19,37°+0,74 20,67°+0,31 20,9720+0,21 21,18%0,23 21,35%0,40 21,27%£0,32 21,40%0,36 21,15%:0,59 7,979  0,001*
Eikosanoikasit (C20:1, n-9) 3,68%£0,13 3,07°+0,15 2,60°+0,26 2,47°40,15 2,35%0,15 2,35%+0,22 3,25%+0,31 2,93%+0,15 15,728  0,000*
Dekasoneik asit (C22:1, n-11) 1,93+0,13 1,70+0,10 1,95+0,10 1,47+0,18 2,27+0,68 1,8+0,10 1,75+0,15 1,87+0,03 2,382 0,079
YMUFA 31,45+1,05 31,50+0,09 31+0,22 31,53+0,63 31,97+0,83 31,37+0,46 31,65+0,71 31,27+0,55 0,682 0,686
Linoleik (C18:2, n-6) 18,38%+0,71 18,18%+0,10 18,25%+0,05 17,68°+0,23 18,722+0,13 17,65°+0,05 17,57°+0,28 16,90°+0,20 10,904  0,000*
Linolenik (C18:3, n-6) 5,35+0,23 5,4040,05 5,18+0,10 5,32+0,08 5,20+0,10 5,25+0,15 5,22+0,13 5,10+0,17 1,364 0,293
Stearidonik asit (C18:4, n-3) 2,10°+0,20 2,55%£0,15 2,320+0,13 2,03°+0,13 2,48%0,16 2,53%0,1 1,85%+0,28 2,42°+0,18 6,025 0,002*
Eikopentaenoik (C20:5, n-3) 3,05%+0,13 3,45"+0,13 2,97°+0,21 4,15%+0,23 4,05%+0,18 3,90%£0,18 3,43%+0,08 3,38%+0,15 19,466  0,000*
Dokosapentaenoik (C22:5, n-3) (EPA) 2,28%:0,20 2,022+0,10 1,92+0,08 1,820+0,10 1,77°+0,10 1,68°+0,08 1,63°£0,08 1,52°+0,13 13,825  0,000*
Dokosaheksaenoik (C22:6, n-3) (DHA) 10,63%+0,18 10,43%+0,13 10,13%+0,08 9,78°+0,16 9,60°+0,23 9,32¢+0,18 9,20°+£0,26 8,97°+0,15 52,198  0,000*
ZPUFA 47,42%£1,13 46,80%£0,23 45,325+0,56 44,72%°+0,45 46,43%£0,67 44,48°+0,38 43,90°¢1,18 43,08°+0,29 12,506  0,000*
>n-3 22,65P+0,88 23,85%£0,43 22,52°+0,16 23,10°+0,35 23,10°+0,25 22,68°+0,33 21,33°+0,49 21,38%0,35 9,510 0,000*
Xn-3/ Xn-6 1,27°+0,03 1,31%£0,03 1,23%+0,01 1,30%£0,04 1,23°+0,02 1,28%+0,03 1,21°+0,02 1,2620+0,04 5,130 0,005*
TPUFA/ ZSFA 1,9424£0,04 1,96%£0,03 1,80°+0,02 1,73%£0,03 1,79°+0,04 1,750+0,01 1,629+0,07 1,47%£0,02 62,152  0,000*

(P<0.0 5) giiven arahiginda sonuglar; ortalama+ standart sapma(n:3) olarak verilmis olup; ayni satirda farkli harfleri (a, b, ¢, d,) tasiyan ortalamalar arasindaki farklar 6nemlidir. Not: SFA: doymus yag asitleri;
MUFA: tekli doymamis yag asitleri; PUFA: ¢oklu doymamis yag asitleri; EPA: Eikosapentaenoik asit; DHA: dokosahekzaenoik asit

Yag asitleri kompozisyonunda meydana gelen
oksidasyon ve degisimler: Balik yaginin yag asitleri
kompozisyonu agirlikli olarak uzun zincirli ve ¢oklu
doymamis yag asitlerinden olusmaktadir. Yag asitleri
kompozisyonu beslenme, mevsimsel degisim, su sicakligi
gibi  birgok  faktore  bagli  olarak  degisiklik
gosterebilmektedir (Williams & Hazel, 1992; Biderre, vd.
2000). Ayrica tatli su baliklari, deniz baliklarindan daha
fazla n-6 yag asiti igermekte, buna karsilik daha az n-3 yag
asidi icermektedirler. Bununla birlikte su dirtinleri
yetistiriciliginde elde edilen baliklarin n-6 yag asiti icerigi
balikgilikla elde edilenden daha yiiksektir (Kocatepe &
Turan, 2018). Balikk yagi saglikli beslenme igin
vazgecilmez Onemli olan n-6, n -3 ve DHA
(dokosahekzaenoik asit), EPA (Eikopentaenoik asit) gibi
yag asitlerinin dogal kaynagi durumundadir (Konar&
Kopriicti, 2002; Bayrakli vd., 2019). Ozellikle c¢oklu
doymamis yag asitleri (PUFA) insanlar iizerindeki
farmakolojik ve fizyolojik etkileri bilinmektedir (Singer &
Calder, 2023; Duyar & Bayrakli, 2023).

Balik yaglarinda doymus yag asitleri orant
oldukga diisiiktiir ve bir¢ok ¢alismada balik yaglarinda
doymus yag asitlerinin (SFA) palmitik (C16:0), stearik
(C18:0), miristik (C14:0) asitlerden olustugu belirtilmistir
(Karsli, 2021; Bayrakli, 2023).

Tablo 2’de Gokkusagr alabaliginda soguk
depolama siirecinde yag asitleri kompozisyonunda
meydana gelen degisimler (p <0.05) gliven araliginda
degerlendirilmistir. Taze durumda yapilan yag asitleri
kompozisyonu, XSFA (toplam doymus yag asitleri)
%24,34+0,18, XMUFA (toplam tekli ~doymamis)
%31,45+£1,05, XPUFA (toplam ¢oklu doymamis)
%47,42+1,13 olarak tespit edilmistir. Depolama siiresinde
doymus yag asitleri %24,34+0,18 ‘den % 29,15+0,23
(p<0.05) gore anlamli artis oldugu tespit edilmistir.
YMUFA degisim ise %31,45+1,05’ den %31,27+0,55
p<0.05 gore dnemli bir degisimin olmadigt belirlenmistir.
YPUFA %47,42+1,13’den % 43,08+0,29 azalma oldugu
bulunmustur. Kardiyovaskiiler hastaliklardan korunmak
icin XPUFA/ XSFA orant minimum 0.45 olmasi
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onerilmektedir (HMSO, 1994; Harper vd., 2005). Tablo
2’de gokkusagi alabaliginda XPUFA/ XSFA orani
depolama siiresince  %1,94+0,04-1,47+£0,02 oldugu ve
referans degerin ¢ok {lizerinde (3, 4 kati) oldugu
belirlenmistir. Bu verile 1518inda gokkusagi alabaligin
kardiyovaskiiler hastaliklarin 6nlenmesinde 6nemli etkiye
sahip oldugunu soylenebilir. Calismamizda ZPUFA yag
asitlerinde meydana gelen azalmanin oksidasyona hassas
olmalar1 nedeniyle parcalanmalar1 ve kismen doymus yag
asitlerine doniismeleri sonucu oldugu Ongoriilmektedir.
Baliklarin depoilanmasi ile ilgili yapilan bir caligmada
baliklarda  bulunan  eikosanoik asit (EPA) ve
dokosaheksaenoik (DHA) gibi yiiksek doymamis yag
asitlerinin depolama siiresine ve sicakligina bagh olarak
azalma gorildigi Dbelirtilmistir (Chaijan vd., 2006;
Tenyanga vd., 2017). Calismamizda Gokkusagi alabaligin
soguk depolama siirecinde yag asitleri kompozisyonundaki
degisimlerin literatiir bulgular1 ile uyumlu olduklari
gOrlilmistiir.

Aminoasitlerde meydana gelen degigimler:
Gokkusagr alabalig birgok esansiyel aminoasitin kaynagi
durumundadir (Wesselinova 2000; Li, vd.2009). Amino
asitler geleneksel beslenme bakimindan esansiyel
aminoasitler (EAA) ve esansiyel olmayan (NEAA)
aminoasitler olarak siniflandirilmistir (Wu, 2010). Arginin,
sistin, histidin, 16sin, lizin, metiyonin, treonin, triptofan,
tirozin ve valin EAA' lerdir. Aspartik asit, serin ve alanin

NEAA' lerdir. Esansiyel amino asitler diyetteki
proteinlerden elde edilir ve diyet proteininin kalitesi bu
proteinlerin  varligina ve bulunma oranina gore

degerlendirilir. Bu nedenle, gidalarin besinsel kalitesinin
belirlenmesinde yapilarindaki proteinin esansiyel amino
asit (EAA) oranm1 6nemli indikatordiir (Young & Pellett,
1984). Gidalarin amino asit bilesiminin bilinmesi,
potansiyel besin degerlerinin belirlenmesinde onemli bir
parametredirler. Ayrica, gidalarin hazirlanmasi, islenmesi
ve depolanmasi sirasinda ortaya c¢ikabilecek besin
degerindeki degisikliklerin ortaya konulmasina da imkan
saglayabilirler (Williams, 2005). Son yillarda yapilan
calismamalarda fonksiyonel amino asit (FAA) kavrami
ortaya konulmustur. Arginin, sistin, 10sin, metiyonin,
triptofan, tirozin, aspartat, glutamik asit, glisin, prolin ve
taurin  insan  beslenmesi igin  FAA olarak
siiflandirilmislardir. FAA su iiriinlerinde besin kalitesi ve
lezzetin yani sira depolama sirasinda tazeligin karakterize
edilmesinde de 6nemli rol oynadiklar1 belirtilmistir (Wu,
2013). Alvarez, vd (1999), tarafindan dondurulmus
depolamanin baliklarin amino asit tizerindeki etkisini
belirlemek i¢in yaptiklari ¢aligmada 4 ay boyunca -12°C'de
depolanan Hake baliginda (Merluccius sp.) lizin
aminoasitinde azalma tespit emislerdir.

Gokkusagr alabaligt FAA olarak tanimlanan
aminoasitlerin ~ biiyiikk  bir  boliimiinii  yapisinda
bulundurmaktadir. Iwasaki & Harada (1985) tarafindan
yapilan ¢alismada alabalikta aspartik asit, glutamik asit ve
baslica  kaynagi  oldugunu
belirtmiglerdir. Ayrica alabaliklarda avlanma zamani ve

lizin aminoasitinin

yasam bolgesi aminoasit kompozisyonu iizerinde etkili
oldugu belirtmistir (Wesselinova 2000).

Tablo 3. Gokkusagi alabaliginin soguk depolama (+4 £1 °C) siirecinde aminoasit kompozisyonu degisim (mg/100 g)
Table 3. Changes of amino acid composition (mg/100 g) of rainbow trout during cold storage (+4 + 1 °C).

Degiskenler 0. giin 2. giin 4. giin 7. giin 10. giin 12. giin 14. giin 17. giin F p
Alanin 1115.005.009 1155.00.£5.00° 1240.00+10.00% 1130.00+5.009 1190.00+ 5.00° 1215.005.00° 1190.00+10.00¢ 1205.005.00° 164.211  0.000**
Arginin 1020.00+20.00° 1020.0010.00° 1175.00+5.00% 1030.00+30.00° 1050.0010.00° 1040.0010.0°0 1040.00£10.00° 993.33£15.28¢ 32.882 0.000*
Aspartik asid 1780.00+5.00¢ 1880.00+5.00° 2025.00+10.002 1865.005.00° 1865.00+20.00° 1860.0010.00° 1870.00£10.00° 1855.00£15.00°  106.521 0.000*
Fenilalanin 705.00+5.00° 703.33+7.64¢ 780.00+10.00% 730.00+20.00° 720.00+10.00° 700.00+5.00° 715.00+5.00° 715.00+15.00° 14.845 0.000*
Glisin 930.00+10.00¢ 985.00+5.00° 1165.00+5.002 895.00+5.00° 1085.00+5.00° 1075.00+5.00° 990.00+5.00° 905.00£5.00° 719.862 0.000*
Glutamik 3130.00+10.00¢ 3265.00+5.00¢ 3604.00+4.00% 3320.0010.00° 3335.00+10.00° 3320.00+5.00° 3245.00+5.00¢ 3295.00+5.00°  1098.763  0.000*
Histitin 535.0045.00° 545.00+5.00° 615.00+15.002 590.00£10.00% 605.00+5.002 550.00+10.002 550.00+20.00% 520.00+20.00° 19.729 0.000*
Lizin 1725.00+5.00¢ 1715.00+15.00° 1915.00+15.00% 1780.0010.00° 1815.0015.00P 1770.0010.00° 1785.00+5.00° 1740.00+20.00¢ 65.747 0.000*
Losin 1305.00+5.00¢ 1276.67+66.582° 1420.00420.00? 1345.00+5.00° 1310.00+10.00° 1325.00+5.00° 1330.00+5.00° 1365.00+5.00%° 8.085 0.001*
Metionin 440.00+10.00° 455.00+£5.00° 520.0010.002 520.00+£20.002 510.00+10.002 490.00+10.00° 540.00+10.002 515.00+5.00° 27 0.000*
Prolin 3150.00+10.00% 1395.005.009 1390.00+5.00¢ 1040.00+5.00¢ 1445.00+5.00¢ 1630.0010.00° 1590.0010.00° 1625.00£5.00°  19917.13  0.000*
Serin 413.33+£297.38 630.00+10.00 700.0010.00 600.00+15.00 650.00+£50.00 650.00+50.00 650.00+25.00 595.00+5.00 1.902 0.145
Treonin 750.00+£10.00¢ 810.00+10.00° 895.00+5.002 800.0010.00° 810.005.00° 820.0010.00° 800.005.00° 770.00+5.00° 77.827 0.000*
Triozin 420.00+10.00¢ 425.00+5.00° 470.0010.00°° 445.00+5.00° 440.00+10.00° 450.00+10.00% 515.00+5.00? 440.00+20.00° 22.91 0.000*
Valin 990.005.00° 1025.00+5.00? 1133.33+44.812 1035.00+5.002 995.00+5.00° 980.005.00° 1038.33+62.12% 985.00+5.00° 9.558 0.000*
izolosin 740.00+10.00° 730.00+5.00° 790.0010.002 740.00£10.00° 710.00+10.00° 760.00+10.00%° 765.00+5.00° 795.00+5.00% 31.672 0.000*

*Ayni satirda farkli harfleri (a,b,c) tastyan ortalamalar arasindaki farklar istatiktiksel olarak énemlidir (P<0.05).
(P<0.0 5) giiven araliginda sonuglar; ortalama+ standart sapma(n:3) olarak verilmis olup; ayni satirda farkli harfleri (a, b, ¢, d,) tasiyan ortalamalar arasindaki farklar 6nemlidir.

Tablo 3’te Gokkusagi alabaliginda +4 +1 °C
soguk depolama sirasinda aminoasit kompozisyonunda
verilmistir. Ozellikle alanin, arginin, aspartik, glutamik ve
fenilalanin gibi amino asitlerin depolama siirecinde
degiskenlik  gosterdigi  belirlenmistir. ~ Gokkusagt
alabaliginda taze olarak yapilan aminoasit analizlerinde
esansiyel amino asitler; losin 1305.00+5.00 mg/100 g,
tronin 750.00+10.00 mg/100g, metionin 440.00+10.00
mg/100 g, lizin 1725.00£5.00 mg/100 g, valin,
990.00£5.00 mg/100 g, histitin, 535.00+5.00 mg/100 g,

fenilalanin 705.0045.00mg/ 100 g oldugu tespit edilmistir.
Gokkusagi alabaliginda esansiyel olmayan amino asitlerin
esansiyel amino asitlere oram1 TEAA / INEAA: 0.66
olarak tespit edilmistir. Sabetian, vd. (2012) tarafindan
alabaligin aminoasitleri tizerinde yaptig1 ¢alismada bu oran
vd. 0.73 olarak bulunmustur. Depolama siiresi boyunca
arginin 1020.00+20.00 mg/100g - 993.33+15.28 mg/100 g,
parolin 3150.00+10.00 mg/100 g - 1625.00+5.00 mg/100
g, histitin 535.00+5.00mg/100- 520.00+20.00mg/100g,
glisin 930.00+10.00 mg/100 g-905.00+5.00 mg/100 g
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arasin da degistigi bu degisimlerin p<0.05 goére Snemli
oldugu belirlenmistir. aminoasitlerde  goriilen
azalmanin protein oksidasyonuna kars1 hassasiyet
gostermelerinden ileri geldigi 6ngoriilmektedir. Castrillon
vd., (1996) tarafindan yapilan calismada Sardalya'nin
(Clupea pilchardus) amino asit bilesiminin -20°C'de
dondurulmus depolama sirasinda bile degistigini, 6zellikle;
kiikiirt iceren amino asitlerinin (histidin, tirozin, 16sin, lizin
ve fenilalaninin)  depolama  sirasinda  azaldigim
belirtmislerdir. Ayni c¢alismada donmus depolama
sirasinda amino asitlerde gozlemlenen degisimlerin,
oksidasyon, de aminasyon yoluyla bir amino asitten
digerine gecisinden kaynaklaniyor olabilecegini ifade
edilmistir.  Calismamamizda +4°C soguk depolama
stirecinde aminoasit kompozisyonunda meydana gelen
degisimlerin literatiir
bulunmustur.

Bazi

verileri ile uyumlu oldukari

SONUC

Sonug olarak, verilerin birlikte degerlendirilmesi
durumunda soguk depolamanin (4+1°C'de) Gokkusagi
alabaliginin muhafazasinda ¢ok sinirli bir etkiye sahip
oldugu gorilmiistiir. Soguk depolama siirecinde 4’lincii
giiniin sonunda fizikokimyasal parametrelerde % FFA%,
peroksit (meq/kg), smir1  asan  degerler
bulunmustur. Tazelik ve kimyasal bozulmanin 6nemli bir
indikatorii olan TVB-N (mg/100g) iist sinir degerine ¢ok
yak1 oldugu tespit edilmistir. Depolama siiresince fiziksel
kimyasal bozulma parametrelerinde artisinin devam
etmigtir. Tiim veriler birlikte degerlendirildiginde 4.’iincii
giinden sonra Gokkusagi alabaligimin besinsel kalite ve
gida giivenligi  bakimindan insan tiketim igin
Onerilemeyecegi gozlemlenmistir. Soguk muhafaza (+
4°C£1) enzim aktivitesi ve mikroorganizma gelisimini
kismen yavaglatmasi bakimindan hizl tikketim igin ucuz ve
kolay uygulanabilir bir yontem oldugu igin tercih
edilebilecegi, ancak uzun siireli gida giivenligi ve besinsel
kalitenin korunmasi bakimindan uygun olmadigi, bunun
yerine donmus muhafaza gibi daha etkin ydntemlerin
uygulanmasi dnerilmektedir.
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Abstract: The use of entomopathogenic fungi as biological control agents against storage pests has become

an effective method to reduce postharvest losses. This study aimed to determine the insecticidal effect of

) Beauveria bassiana, an important entomopathogenic fungus, on Sitophilus zeamais adults, known as the most

* https://orcid.org/0000-0002-7187-7825 important storage pest in maize. B. bassiana ET 10 isolate prepared in three different spore suspensions (10°,

107 and 108 conidia/ml + Tween 80 (0.02%)) was applied to S. zeamais adults by the spraying method. The

experiment was set up in three replicates according to the randomized plot design. For each suspension, one

experimental group was set with corn grains and 10 adult S. zeamais adults, the number of dead insects was

recorded every 24 hours and the data was recorded until the conclusion 264 hours. As a result of the

*Corresponding author’s: application, mortality were observed in all suspensions from the first 24 hours, reaching 100% in the 10°

IX‘:\;?: gfﬁﬁi’;zgg Ali Nihat Gokyigit conidia/ml suspension at the 144" hour. At the end of 264 hours, the mortality rates were recorded as 26.7%

Botanik Baheesi Uygulam’a T N— for ;06 gonldlalml, _36.7% for 107 cpnldla/ml, 100%_f9r 108 conidia/ml. The most effectlv_e dose among the

Merkezi, Artvin, Tiirkiye application suspensions was determined to be 108 conidia/ml. It has been proven that B. bassiana ET 10 isolate

PXI: nasibetekiner@artvin.edu.tr can be used as a potential bioagent as an alternative in the biological control of S. zeamais and that biological
control with entomopathogenic fungi can be a correct and positive strategy.
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Sitophilus zeamais (Mots.) (Coleoptera: Curculionidae)’in Biyolojik Miicadelesinde
Beauveria bassiana ET 10’nun Kullanilma Potansiyeli

Oz: Entomopatojen funguslarin depo zararlilarina karst biyolojik miicadele ajani olarak kullanimi, hasat
sonrasi kayiplari azaltmak igin etkili bir bir yontem haline gelmistir. Bu ¢alismada misirda en 6nemli depo
zararlisi olarak bilinen Sitophilus zeamais (Mots.) (Coleoptera: Curculionidae)’in erginleri tizerinde 6nemli
bir entomopatojen fungus olan Beauveria bassiana’nin insektisidal etkisinin belirlenmesi amaglanmistir. Ug
farkl1 spor siispansiyonunda (10°, 107 ve 10® konidi/ml+ Tween 80 (%0.02)) hazirlanan B. bassiana ET 10
izolat1 spreyleme yontemi ile S. zeamais erginlerine uygulanmustir. Deneme tesadiif parselleri desenine gore
ti¢ tekerriirlii olarak ytiriitiilmistiir. Her stispansiyon igin musir taneleri ile 10 adet ergin S. zeamais bireyi
iceren deney grubu hazirlanmis, her 24 saatte bir 6lii bocek sayilart kaydedilmis ve 264 saatin sonuna kadar
*Sorumlu yazar: veriler kaydedilmistir. Uygulama sonucu ilk 24 saatten itibaren tiim siispansiyonlarda dliimler gozlenmis,
Nl MELIINER AVIDIR o 144, saatte 10® konidi/ml siispansiyonda %100’e ulagmistir. 264 saat sonunda dliim oranlar1 10° konidi/ml
et e L icin %26.7, 107 konidi/ml i¢in %36.7, 10° konidi/ml igin %100 olarak kaydedilmistir. Uygulama
otanical Garden Application and Research ”, R T 8 o . . .. . .
Center, Artvin, Tiirkiye suspan_s1y0nlar1 arasinda en etkili dozun 10° konidi/ml oldugu belirlenmistir. B. bassiana ET 10 izolatinin S.
B<: nasibetekiner@artvin.edu.tr zeamais’in biyolojik miicadelesinde alternatif olarak potansiyel bir biyoajan olarak kullanilabilecegi ve
entomopatojen funguslarla biyolojik miicadelenin dogru ve olumlu bir strateji olabilecegi kanitlamustir.

Anahtar kelimeler: Beauveria bassiana, biyolojik miicadele, misir biti, §liim orani, Zea mays L.

INTRODUCTION ~1.2 billion tons (annual grain) globally and ~8.5 million
tons domestically (FAO, 2024).

Corn (Zea mays L.), is one of the important Corn, which has a very important place in human
agricultural products in the family Gramineae (Poaceae) that  nytrition, is used as a raw material in many different sectors
can be cultivated almost everywhere in the world except other than agriculture (Sahin, 2001). The nutritional content
Antarctica (Babaoglu, 2019). The production of corn, which  of corn is 72% starch, 10% protein and 4% fat, providing 365
is the most cultivated product after wheat and rice, has been kcal of energy per 100 grams. Corn is used as the main
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component of various products such as flour, sweeteners, oil,
beverages, adhesives, industrial alcohol and fuel ethanol
(Orhun, 2013; Ranum et al., 2014).

From the production of the corn plant to the public
offering process, significant economic losses occur due to
many diseases and pests. Approximately 15% of annual
post-harvest yield losses are losses that occur during the
storage process (Gwinner et al., 1996; Scheepens et al.,
2011; Chenetal., 2018). Losses that occur during the storage
process are caused by microorganisms, insects, mites and
rodents (Casas, 1987). Insects are the most important of
these pests (Ertugay & Certel 1991; Rajendran, 2002; Keskin
& Ozkaya, 2013; Chen et al., 2018). Species belonging to the
orders Coleoptera, Lepidoptera and Psocoptera cause
significant damage to stored products (Rees, 2004).
Approximately 130 species of insects that cause postharvest
economic losses have been recorded to the present day, and
the majority of these are species belonging to the Coleoptera
and Lepidoptera orders to the present day (Khare, 1994;
Hagstrum & Subramanyam, 2009; Morales-Quiros et al.,
2019). Among these species, the maize weevil Sitophilus
zeamais (Motschulsky) (Coleoptera: Curculionidae) stands
out as the species that causes the greatest damage to corn
grains during storage in the world (Danho et al., 2002; Costa
et al., 2006; Carneiro, 2019; Sebayang et al., 2023). In
addition to corn, this pest also attacks many other stored
agricultural products such as sorghum, rice, wheat, pasta and
processed food products such as biscuits (Sebayang et al.,
2023). The maize weevil, S. zeamais, is so harmful that it is
reported to cause damage ranging from 20-90% in corn if
precautions are not taken (Denning et al., 2009; Issa et al.,
2011; Noosidum & Sangprajan, 2014). S. zeamais consumes
the endosperm and/or germ of the corn grain during the
larval stage and eats the grain from the outside during the
adult stage, causing weight loss, decreased in nutritional
value, and deterioration of quality (Keskin & Ozkaya, 2013).
Some studies report that this pest can cause 18-20% loss in
corn, and in high water content conditions, the damage rate
can reach up to 30-40%. This pest attack reduces product and
nutritional quality, seed weight and germination percentage,
which reduces the market value of the product (Sebayang et
al., 2023).

Proper storage conditions and use of chemical
pesticides have been shown to be control methods that can
reduce postharvest insect reproduction in stored corn (Arthur
& Subramanyam, 2012; Karim et al., 2017; Sikirou et al.,
2018). Due to residues from chemical pesticide applications,
the development of resistance of pests to pesticides, and
harmful effects on non-target organisms, human health and
the environment, many researchers have intensified the
search for alternative environmentally friendly strategies
(Udo, 2005; Salem et al., 2007; Mahdi & Rahman, 2008;
Phillips & Throne, 2010; Wakil et al., 2021). Among
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alternative control methods, the use of entomopathogenic
fungi in the control of stored product pests is a promising
strategy that has the potential to eliminate the negative
effects of pesticides, provides long-term protection, has a
high ability to adapt to different environmental conditions, is
reliable for human and environmental health, has a high
reproductive capacity, and has a low risk of developing
resistance (Nboyine et al., 2015; Sinha et al., 2016; Abd-
Elgawad, 2019; Baker et al., 2020; Azhar et al., 2023; Khan
& Khan, 2023). Entomopathogenic fungi penetrate the
cuticle layer of the pest insect with their mycelium through
both physical and enzymatic mechanisms, reach the internal
organs and kill the pest (Altinok et al., 2019). The potential
of entomopathogenic fungi to be used in different
environments and against different pests has been
demonstrated by many studies (Athanassiou et al., 2008;
Kavallieratos et al., 2014; Abdel-Raheem et al., 2015; Mbata
et al., 2018; Ak, 2019; Tozlu et al., 2019; Ugar et al., 2020;
Wakil et al., 2021; Khan & Khan, 2023; Tekiner et al., 2023;
Yaman & Giivendik, 2024). Beauveria bassiana (Bals.-
Criv.) Vuill. (Hypocreales: Cordycipitaceae) is one of the
most widely used and commercially produced
entomopathogenic fungi with proven activity against a wide
range of pests (Lord, 2001; Meyling et al., 2018; Karaborkli,
2022a; 2022b).

The aim of this study to determine the insecticidal
potential of different spore concentrations of B. bassiana ET
10 against adult S. zeamais in vitro conditions.

MATERIAL AND METHOD

Maize weevil rearing: Insects obtained from the
stock culture of S. zeamais (Atatiirk University Faculty of
Agriculture, Department of Plant Protection, Erzurum,
Tiirkiye) were reared on cracked corn in the laboratory at
27+2°C and 65-75% humidity under 16:8 hours (h)
light/dark photoperiod.

Production of conidia of Beauveria bassiana ET
10 isolate: The entomopathogenic fungus B. bassiana ET 10
isolate used in this study was isolated from Sphenoptera
antiqua (Coleoptera, Buprestidae) adults that damage
Onobrychis sativa L. (Fabacea), plant, was used as an
entomopathogenic fungus (Tozlu et al., 2017). B. bassiana
ET 10 isolate was obtained from the fungus culture
collection of the Mycology Laboratory in the Plant
Protection Department of Ataturk University Faculty of
Agriculture. B. bassiana ET 10 isolate, which was preserved
in Sabouraud Dextrose Agar (SDA, BD Difco), was
transferred to petri (90 mm) dish containing Potato Dextrose
Agar (PDA, BD Difco) and grown in an incubator for 2
weeks at 25+1°C for conidia production. Fungus spores were
then collected in 10 ml of sterile water containing Tween 80
(0.02%). Three different spore dosses (108, 107 and 102
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conidia/ml) were prepared using a hemocytometer (0.100
mmx0.0025 mm?) under light microscope (Quesada-Moraga
& Alain, 2004).

Insecticidal activity assay: For each application, 10
adult maize weevil S. zeamais were placed on corn seeds in
a petri dish (90 mm) containing sterile filter paper (Whatman
No. 1). Then, 108, 107 and 108 conidia/ml suspensions of the
B. bassiana ET 10 isolate were sprayed onto 10 S. zeamais
adults. As a control, sterile water containing 0.2 ml/l Tween-
80 was applied. The treated petri dishes were covered with
parafilm and incubated at 27+2°C with 65-75% humidity
and 16:8 hour light/dark photoperiod. The laboratory
experiment was designed in a randomized design with three
replications. The counts were continued for 264 h at 24 h
intervals from the application and during which the number
of dead adult insects was recorded.

Percentage mortality rate (%) = 100 X Number of
dead adults in the application / Total number of adults, in the

application, calculated according to the formula (Abbott,
1925). According to Koch's Postulates, re-isolation was
performed on infected insect adults with spores of the
entomopathogenic fungus and the results were recorded.

Statistical analysis: The data obtained from the
experiment conducted under controlled conditions in the
laboratory were statistically analyzed using the JMP 5.0.1
program and the means were separated with LS Means
Student’s tests (P<0.01). Differences between the
applications were recorded after the analysis.

RESULTS AND DISCUSSION

In the study conducted to determine the insecticidal
effect of B. bassiana on S. zeamais adults, data were
recorded by counting dead and live insects between 24 and
264 hours (Table 1).

Table 1. Insecticidal effects of three different spore doses of Beauveria bassiana ET10 against Sitophilus zeamais adults under laboratory conditions.

Percentage Mortality Rate (%)

Spore doses/hour (h) 24 48 72 96 120 144 168 192 216 240 264 Average
10° Conidia/ml 6.7 6.7 10 13.3 13.3 13.3 13.3 13.3 233 26.7 26.7 15.15+6.87 B
107 Conidia/ml 6.7 6.7 6.7 10 10 133 13.3 13.3 26.7 36.7 36.7 16.37+10.9 B
108 Conidia/ml 133 60 80 83.3 83.3 100 100 100 100 100 100 82.12425.4 A

Control 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 33 383 383 0.9+1.47 C
CV: 049
LSD: 11.37

According to the obtained data, the mortality rate
of the treated insects was found to be significantly higher
than that of the control group. It was determined that all
different spore suspensions of B. bassiana ET 10 isolate
had an insecticidal effect on S. zeamais. The insecticidal
activities of the three different conidia suspensions tested
were determined to be statistically different from the
control at 11 different times and according to the results of
the statistical variance analysis. The difference between the
treatments was found to be statistically significant
(P<0.01). The differences between the groups were also
determined using the LSMeans Differences Student’s test
(Percent mortality rate of S. zeamais F treatment: 48.8913,;
CV: 0.49; LSD treatment: 11.37; P<0.01).

When the insecticidal effect of B. bassiana ET 10
isolate on S. zeamais is examined in terms of mortality rate,
it was recorded that the effect started within the first 24
hours. At 144 h (6" day) B. bassiana ET 10 isolate's
mortality rate in 108 conidia/ml suspension was 100%. The
lowest mortality rate was observed in the control group.

It was observed that the mortality rate of S.
zeamais treated with B. bassiana ET 10 isolate increased
with increasing concentrations. When three different spore
suspensions were evaluated, it was determined that the
most effective dose was 102 conidia/ml (82.12%) and the
least effective dose was 108 conidia/ml (15.15%). It was
also revealed that the insecticidal effects of different spore
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doses of the B. bassiana ET 10 isolate varied compared to
the control (Table 1).

Entomopathogenic fungi are reliable alternative
control agents that do not threaten the ecosystem,
environment and human health in the control of stored
product pests (Aminaee et al., 2010; Tozlu et al., 2017,
Karaborklii, 2022b). B. bassiana is one of the most
widespread and extensively studied species among
entomopathogenic fungi and is the active agent of
biopesticides that are in use and under development
worldwide (Zimmermann, 2007; Mascarin & Jaronski,
2016; Javed et al., 2019; Tozlu et al., 2019; Tekiner et al.,
2023; Erol & Erdogan 2024).

Many researchers have applied B. bassiana
against various storage pests and observed different
mortality rates (Meikle et al., 2001; Kassa et al., 2002; da
Paz Junior et al., 2012; Athanassiou et al., 2017; Batta,
2018; Ugcar et al, 2020; Acheampong et al., 2023).
Different researchers have reported that many factors (host
specificity, physiological condition of the host,
entomopathogenic fungus species, virulence of the
entomopathogenic fungus species, application method and
environmental factors) affect different levels of
effectiveness (Wakefield, 2006; Padmini & Padmaja,
2010; Abdel-Raheem et al., 2015). Kaoud (2010) reported
that after the death of insects treated with
entomopathogenic fungi, the fungus can grow on the insect
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and produce more spores, which can increase the mortality
rate of other mobile insects in the same environment.

Adane et al. (1996) recorded the insecticidal effect
of B. bassiana against S. zeamais with a mortality rate of
approximately 88% on the eighth day. In this study, a
mortality rate of 100% was recorded by the sixth day at a
concentration of 108 conidia per ml of B. bassiana ET 10
isolate. Similar to our results, other researchers also
confirmed that B. bassiana was effective against S. zeamais
and reported that periodic counts were made for 24 h or
longer (Meikle et al., 2001; Barra et al., 2013; Mbata et al.,
2018). In Teshome and Tefera (2009), a single dose (10%
conidia/ml) was used under laboratory conditions to
determine the effectiveness of 11 local M. anisopliae and 6
B. bassiana isolates against S. zeamais and the most
virulent isolates. They noted that the most virulent isolates
(3 M. anisopliae, 2 B. bassiana) achieved a mortality rate
between 84.4% to 98.3%.

Karaborklii  (2022b) applied 108, 107, 108
conidia/ml doses to adults of B. bassiana YK23 and YK26
and M. anisopliae YK41 and YKA45, S. zeamais and
Acanthoscelides obtectus by spraying and counting the
dead insects for 10 days. B. bassiana and M. anisopliae
caused 100% mortality against A. obtectus at the lowest
dose (10° conidia/ml), while it was found that it caused
100% mortality in S. zeamais at higher doses (106, 107
conidia/ml). The effectiveness of B. bassiana has also been
proven useful in the biological control of S. oryzea, a rice
storage pest belonging to the same genus as the corn pest
(Kavallieratos et al., 2014; Er et al., 2018; Atmaca et al.,
2022). Rehman et al., (2019) reported that the application
of 108 conidia/ml of B. bassiana and M. anisopliae by the
immersion method showed 100% and 96% mortality rate
against S. oryzae under controlled conditions. In our study,
it was determined that the most effective dose against S.
zeamais was 108 conidia/ml and, this finding was similar to
other studies in the literature.

In addition to being effective against storage pests
of different Sitophilus genera, B. bassiana has been
reported to effectively control important maize storage
pests of different genera (Prostephanus truncatus and
Tribolium spp.) with high mortality rates by different
researchers (Meikle et al., 2001, 2002; Kassa et al., 2002;
Acheampong et al., 2016; Akmal et al., 2020; Tekiner et
al., 2023).

Isolates of the species B. bassiana are also used in
the control of insects that damage different plants in
addition to storage pests. Tozlu et al., (2020) tested fungal
and bacterial biological control agents under controlled
conditions on nymphs and adults of the pouched cochineal
(Icerya purchasi), which is harmful to mimosa plants
(Acacia dealbata). The fungal bioagent B. bassiana ET 10
was shown to cause mortality of up to 100% in nymphs and

80% in adults. Similarly, in the biological control of the
boxwood moth, which damages boxwood trees, Tozlu et
al., (2022) used bacterial (Bacillus cereus FD-63, B. brevis
FD-1 and Vibrio hollisae FD-70) and fungal (B. bassiana
ET 10) biological control agents, recording 100% mortality
after 8 and 9 days in 108 conidia/ml suspension under
laboratory conditions.

As a result, it has been demonstrated that
entomopathogenic fungi have high potential if they are
offered for commercial use in environmentally friendly
pest management. In this way, dependency on pesticides
can be reduced. In recent years, there has been a need to
identify novel entomopathogenic fungi or to investigate
more effective isolates in the biological control of stored
product pests. According to the data obtained in this study,
testing the storage applications of ET 10 isolate against S.
zeamais in future studies by considering different
temperature and humidity conditions in future studies (the
effectiveness of entomopathogenic fungi may vary
depending on the conditions) may be an important
alternative method to control this pest. In addition, it has
been concluded that ET 10 isolate is effective against many
different pests and has a promising potential in this respect.
It can be used as an alternative mycoinsecticide to chemical
insecticides.
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