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TURK DOGA VE FEN DERGISI

Amag

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanan Bing6l Universitesi Fen Bilimleri Enstitiisiine ait ulusal ve
hakemli bir dergidir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin her
alaninda Ozgiin, yayimlanmamus, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi ¢aligmalarin bilim alemine sunulmasi amaciyla kurulmustur.

Kapsam

Tiirk Doga ve Fen Dergisinde Miihendislik, Ziraat, Veterinerlik, Fen ve Doga Bilimleri alanlarindan olmak iizere Tiirkce
ve Ingilizce hazirlanms orijinal makale, derleme ve sempozyum degerlendirmesi gibi galismalar yayimlanir. Tiirk Doga
ve Fen Dergisi sadece online sistemde yaymlanmakta olup ayrica kagit baskis: bulunmamaktadir.

Merhaba...

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanmakta olup Bingl Universitesi Fen Bilimleri Enstitiisiine
aittir. Bahar ve giiz donemi olmak {izere yilda iki defa ¢ikarilan ulusal hakemli bir dergi olarak ilk sayisin1 2012 bahar
doneminde yayimlamistir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin
her alaninda 6zgilin, yayimlanmamis, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi caligmalarm bilim alemine sunulmasi amacityla kurulmustur. {lk sayisindan bugiine kesintisiz olarak
faaliyetlerini siirdiirmektedir.

Tiirk Doga ve Fen Dergisi sadece online sistemde yayinlanmakta olup ayrica kagit baskist bulunmamaktadir. Dergimize
gelen her ¢aligma 6ncelikle Turnitin intihal programinda taranmaktadir. Dergimizde editorlerin, hakemlerin ve yazarlarin,
uluslararasi yayim etik kurallarina uymasi ve makalelerin yazim kurallarina uyumlu olmasi zorunlulugu vardir.

Yazarlar yayimlanmak tizere dergimize gonderdikleri c¢alismalari ile ilgili telif haklarin1 zorunlu olarak Bing6l
Universitesi Tiirk Doga ve Fen Dergisi’ne devretmis sayilirlar. Yazarlardan herhangi bir iicret talep edilmemektedir.
Yazarlarin degerlendirmeleri, dergimizin resmi goriisii olarak kabul edilemez. Calismalarin her tiirli sorumlulugu
yazarlarina aittir. Arastirma {irlinleri igin etik kurul raporu gerekli ise, ¢alisma {izerinde bu raporun alinmig oldugu
belirtilmeli ve kurul raporu sisteme kaydedilmelidir. Arastirma ile ilgili intihal, atif manipiilasyonu, sahte veri uydurma
vb. suistimallerin tespit edilmesi halinde yayim ve etik ilkelerine gére davranilir. Bu durumda ¢alismanin yayimlanmasini
onlemek, yayimdan kaldirmak ya da bagka islemler yapmak i¢in gerekli igslemler takip edilmektedir.

Dergimizde, kaynak gosteriminde uluslararasi Vancouver sistemine gegilmistir. Ayrica dergimiz, Creative Commons ile
lisanslanmak suretiyle dergimizde yayimlanan makalelerin paylasimi, kaynak gdsterimi ve yayimlanmasinda dergi ve
yazar haklarim1 korumaya almistir. 2018 yili giiz doneminden itibaren makaleler, uluslararas1 yazar kimlik numarasi
ORCID No’su ile yayimlanmaktadir.

Dergi ekibi, dergimizin ulusal ve uluslararasi indekslerce taranan bir dergi olmasi yoniinde ¢aligmalarimi titizlikle
stirdiirmektedir. Dergimize gosterilen ilgi bu yonde bizleri tesvik etmeye devam edecektir.

Bing6l Universitesi Fen Bilimleri Enstitiisii tarafindan yayimlanmaktadir



EDITORLER (YAYIN) KURULU
BASEDITOR
Dog. Dr. Ekrem DARENDELIOGLU

Bingdl Universitesi, Fen-Edebiyat Fakiiltesi, Molekiiler Biyoloji ve Genetik
Boliimi
E-Mail: edarendelioglu@bingol.edu.tr

EDITOR YARDIMCILARI
Dog¢. Dr. Adnan AYNA

Bingdl Universitesi, Fen-Edebiyat Fakiiltesi, Kimya Boliimii
E-Mail: aayna@bingol.edu.tr

Dr. Ogr. Uyesi Ali ERCETIN

Bandirma Onyedi Eyliil Universitesi, Denizcilik Fakiiltesi
E-Mail: aercetin@bandirma.edu.tr

EDITORLER
Fen ve Doga Bilimleri
Doc. Dr. ikram ORAK

Bingol Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve
Teknikler
E-Mail: iorak@bingol.edu.tr

Prof. Dr. Selami SELVi

Balikesir Universitesi, Altmoluk Meslek Yiiksekokulu, Bitkisel ve Hayvansal

Uretim Boliimii
E-Mail: sselvi2000@yahoo.com

Prof. Dr. Refik KESKIN

Sakarya Universitesi, Fen-Edebiyat Fakiiltesi, Matematik Boliimii
E-Mail: rkeskin@sakarya.edu.tr

Prof. Dr. Halim OZDEMIR

Sakarya Universitesi, Fen-Edebiyat Fakiiltesi, Matematik Boliimii
E-Mail: hozdemir@sakarya.edu.tr



mailto:edarendelioglu@bingol.edu.tr
mailto:aayna@bingol.edu.tr
mailto:iorak@bingol.edu.tr
mailto:sselvi2000@yahoo.com
mailto:rkeskin@sakarya.edu.tr
mailto:hozdemir@sakarya.edu.tr

Prof. Dr. Zafer SIAR

Bingol Universitesi, Fen-Edebiyat Fakiiltesi, Matematik Boliimii
E-Mail: zsiar@bingol.edu.tr

Prof. Dr. Ugur CAKILCIOGLU

Munzur Universitesi, Pertek Sakine Geng Meslek Yiiksekokulu, Bitki Morfolojisi
ve Anatomisi Bolimii
E-Mail: ucakilcioglu@yahoo.com

Doc¢. Dr. Kamuran DILSIZ

Bingol Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Boliimii
E-Mail: kdilsiz@bingol.edu.tr

Dog. Dr. Siikkran KONCA

Bakircay Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Temel Bilimler,
Matematik Bolimu
E-Mail: sukran.konca@bakircay.edu.tr

Doc. Dr. idris YAZGAN
Kastamonu Universitesi, Fen Edebiyat Fakiiltesi, Biyoloji

E-Mail; idrisyazgan@gmail.com

Dog¢. Dr. Abdulcabbar YAVUZ

Gaziantep Universitesi, Miihendislik Fakiiltesi, Metalurji ve Malzeme Miihendisligi
E-Mail: ayavuz@gantep.edu.tr

Dog. Dr. Biinyamin ALIM

Bayburt Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Elektrik ve Enerji
Bolimi
E-Mail: balim@bayburt.edu.tr

Dr. Ogr. Uyesi Mustafa Siikrii KURT

Erzurum Teknik Universitesi, Fen Fakiiltesi, Temel Bilimler
E-Mail: mustafa.kurt@erzurum.edu.tr

Dr. Ogr. Uyesi Sinan SAGIR
Karamanoglu Mehmetbey Universitesi, Fizik

E-Mail; sinansagir@kmu.edu.tr / sinan.sagir@cern.ch



mailto:zsiar@bingol.edu.tr
mailto:ucakilcioglu@yahoo.com
mailto:kdilsiz@bingol.edu.tr
mailto:sukran.konca@bakircay.edu.tr
mailto:idrisyazgan@gmail.com
mailto:ayavuz@gantep.edu.tr
mailto:balim@bayburt.edu.tr
mailto:mustafa.kurt@erzurum.edu.tr
mailto:sinansagir@kmu.edu.tr
mailto:sinan.sagir@cern.ch

Do¢. Dr. Murat AYDEMIR
Erzurum Teknik Universitesi, Fen Fakiiltesi, Temel Bilimler

E-Mail: murat.aydemir@erzurum.edu.tr

Miihendislik Bilimleri
Doc. Dr. Ozgiir OZGUN

Bingol Universitesi, Saglik Bilimleri Fakiiltesi, Is Saglig1 ve Giivenligi Boliimii
E-Mail: oozgun@bingol.edu.tr

Prof. Dr. Figen KOREL

[zmir Yiiksek Teknoloji Enstitiisii, Gida Miihendisligi Boliimii
E-Mail: figenkorel@iyte.edu.tr

Prof. Dr. Kubilay ASLANTAS

Afyon Kocatepe Universitesi, Teknoloji Fakiiltesi, Makine Miihendisligi Béliimii
E-Mail: aslantas@aku.edu.tr

Prof. Dr. Hamit Ozkan GULSOY

Marmara Universitesi, Teknoloji Fakiiltesi, Metalurji ve Malzeme Miihendisligi
Boliimi
E-Mail: ogulsoy@marmara.edu.tr

Prof. Dr. Ali Adnan HAYALOGLU

Inonii Universitesi, Mithendislik Fakiiltesi, Gida Miihendisligi Boliimii
E-Mail: adnan.hayaloglu@inonu.edu.tr

Prof. Dr. Barbara SAWICKA

University of Life Sciences in Lublin, Department of Plant Production Technology
and Commodities Sciences
E-Mail: barbara.sawicka@gmail.com

Prof. Dr. ibrahim GUNES

Giresun Universitesi, Miihendislik Fakiiltesi, Insaat Miihendisligi Boliimii
E-Mail: ibrahim.gunes@giresun.edu.tr



mailto:murat.aydemir@erzurum.edu.tr
mailto:oozgun@bingol.edu.tr
mailto:figenkorel@iyte.edu.tr
mailto:aslantas@aku.edu.tr
mailto:ogulsoy@marmara.edu.tr
mailto:adnan.hayaloglu@inonu.edu.tr
mailto:barbara.sawicka@gmail.com
mailto:ibrahim.gunes@giresun.edu.tr

Doc. Dr. Sirma YEGIN

Ege Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi Boliimii
E-Mail: sirma.yegin@eqge.edu.tr

Doc. Dr. Hasan OGUL

Sinop Universitesi, Mimarlik ve Miihendislik Fakiiltesi, Niikleer Enerji
Miihendisligi
E-Mail: hogul@sinop.edu.tr

Do¢. Dr. Murat YILMAZTEKIN

Inénii Universitesi, Miihendislik Fakiiltesi, Gida Miihendisligi Boliimii
E-Mail: murat.yilmaztekin@inonu.edu.tr

Dog. Dr. Ferhat AYDIN
Sakarya Uygulamali Bilimler Universitesi, Teknoloji Fakiiltesi, Insaat
Miihendisligi Boliimii
E-Mail: ferhata@subu.edu.tr

Dr. Ogr. Uyesi Nurullah DEMIR

Bing6l Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Gida Miihendisligi
Boliimi
E-Mail: ndemir@bingol.edu.tr

Dr. Ogr. Uyesi Ahmet GUNER

Bingél Universitesi, Miihendislik ve Mimarlik Fakiiltesi, Elektrik ve Elektronik
Miihendisligi Bolimii
E-Mail: aguner@bingol.edu.tr

Dr. Ogr. Uyesi Tahir AKGUL
Sakarya Uygulamali Bilimler Universitesi, Teknoloji Fakiiltesi, insaat
Miihendisligi Bolimi
E-Mail: tahirakqul@subu.edu.tr

Dr. Erhan Sulejmani

University of Tetova, Faculty of Food Technology and Nutrition
E-Mail: erhan.sulejmani@unite.edu.mk



mailto:sirma.yegin@ege.edu.tr
mailto:hogul@sinop.edu.tr
mailto:murat.yilmaztekin@inonu.edu.tr
mailto:ferhata@subu.edu.tr
mailto:ndemir@bingol.edu.tr
mailto:aguner@bingol.edu.tr
mailto:tahirakgul@subu.edu.tr
mailto:erhan.sulejmani@unite.edu.mk

Dr. Hacéne Medjoudj

Larbi Ben M'Hidi University of Oum El Bouaghi, Food Science Department
E-Mail: medjoudjh@yahoo.com

Dr. Avinash Lakshmikanthan

Nitte Meenakshi Institute of Technology, Department of Mechanical Engineering,
Karnataka, India
E-Mail: avinash.laksO1@gmail.com

Dr. Manjunath Patel GC

PES Institute of Technology and Management, Department of Mechanical
Engineering, Karnataka, India
E-Mail: manju09mpmO5@gmail.com

Saghk Bilimleri
Doc. Dr. Aydin Siikrii BENGU

Bingol Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Tibbi Hizmetler ve
Teknikler
E-Mail: abengu@bingol.edu.tr

Dr. Ogr. Uyesi Dilhun Keriman ARSERIM UCAR

Bingol Universitesi, Saglik Bilimleri Fakiiltesi, Beslenme ve Diyetetik Boliimii
E-Mail: dkucar@bingol.edu.tr

Dr. Ogr. Uyesi Abdullah TUNC

Bingol Universitesi, Saglik Bilimleri Fakiiltesi, Is Saglig1 ve Giivenligi Boliimii
E-Mail: atunc@bingol.edu.tr

Dr. Ogr. Uyesi Ramazan GUNDOGDU

Bingol Universitesi, Saglik Hizmetleri Meslek Yiiksekokulu, Eczane Hizmetleri
E-Mail: rgundogdu@bingol.edu.tr

Dr. Alexander HERGOVICH

UCL Cancer Institute, Faculty of Medical Sciences, Department of Cancer Biology,
UCL, London, UK
E-Mail: a.hergovich@uc.ac.uk



mailto:medjoudjh@yahoo.com
mailto:avinash.laks01@gmail.com
mailto:manju09mpm05@gmail.com
mailto:abengu@bingol.edu.tr
mailto:dkucar@bingol.edu.tr
mailto:atunc@bingol.edu.tr
mailto:rgundogdu@bingol.edu.tr
mailto:a.hergovich@uc.ac.uk

Dr. Valenti GOMEZ

UCL Cancer Institute, Faculty of Medical Sciences, Department of Oncology,
UCL, London, UK
E-Mail: valentin.gomez@ucl.ac.uk

Veterinerlik Bilimleri
Doc. Dr. Ciineyt CAGLAYAN

Bilecik Seyh Edebali Universitesi, T1p Fakiiltesi, Temel Tip Bilimleri Boliimi,
T1bbi Biyokimya Anabilim Dali
E-Mail: cuneyt.caglayan@bilecik.edu.tr

Prof. Dr. Fatih Mehmet KANDEMIR

Atatiirk Universitesi, Veteriner Fakiiltesi, Veteriner Hekimligi Temel Bilimler
E-Mail: fmehmet.kandemir@atauni.edu.tr

Dog¢. Dr. Akin KIRBAS

Bozok Universitesi, Veteriner Fakiiltesi, Klinik Bilimler Boliimii
E-Mail: akindahiliye55@yahoo.com

Do¢. Dr. Emrah Hicazi AKSU

Atatiirk Universitesi, Veteriner Fakiiltesi, Klinik Bilimler Boliimii
E-Mail: emrahaksu@atauni.edu.tr

Ziraat Bilimleri
Prof. Dr. Kagan KOKTEN

Bingol Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii
E-Mail: kahafe1974@yahoo.com

Prof. Dr. Mustafa SURMEN

Adnan Menderes Universitesi, Ziraat Fakiiltesi, Tarla Bitkileri Boliimii
E-Mail; mustafa.surmen@adu.edu.tr

Prof. Dr. Banu YUCEL

Ege Universitesi, Ziraat Fakiiltesi, Hayvan Yetistirme Anabilim Dali, Zootekni
Bolimii
E-Mail: banu.yucel@ege.edu.tr



mailto:valentin.gomez@ucl.ac.uk
mailto:cuneyt.caglayan@bilecik.edu.tr
mailto:fmehmet.kandemir@atauni.edu.tr
mailto:akindahiliye55@yahoo.com
mailto:fmehmet.kandemir@atauni.edu.tr
mailto:kahafe1974@yahoo.com
mailto:mustafa.surmen@adu.edu.tr
mailto:banu.yucel@ege.edu.tr

Doc. Dr. Hakan INCI

Bingol Universitesi, Ziraat Fakiiltesi, Zootekni Boliimii
E-Mail: hinci@bingol.edu.tr

TEKNIK EDITORLER
Dr. Ogr. Uyesi Miicahit CALISAN

Bingdl Universitesi, Teknik Bilimler Meslek Yiiksekokulu, Bilgisayar Teknolojileri
E-Mail: mcalisan@bingol.edu.tr

Dr. Ersin KARAKAYA

Bingol Universitesi, Ziraat Fakiiltesi, Tarim Ekonomisi Boliimii
E-Mail: karakayaersin1982@gmail.com

Dr. Nimetullah KORKUT

Bingol Universitesi, BINUZEM, Bilgisayar Teknolojileri
E-Mail: nkorkut@bingol.edu.tr

DiL EDITORU
Ogr. Gor. Dr. Ahmet KESMEZ
Bingol Universitesi, Yabanci Diller Yiiksekokulu, ingilizce Boliimii
E-Mail: akesmez@bingol.edu.tr



mailto:hinci@bingol.edu.tr
mailto:mcalisan@bingol.edu.tr
mailto:karakayaersin1982@gmail.com
mailto:nkorkut@bingol.edu.tr
mailto:akesmez@bingol.edu.tr

Tr. Doga ve Fen Derg. Cilt 11, Say1 3, 2022 — Tr. J. Nature Sci. Volume 11, Issue 3, 2022

Tiirk Doga ve Fen Dergisi AP
Turkish Journal of Nature and Science . 4 )

www .dergipark.gov. tr/tdfd

ICINDEKILER/CONTENTS

Investigation of Bread Wheat Genotypes with Different Characteristics by Physiological
and Quality Traits

Mehmet KARAMANY, Firat KURT?, Yasar KARADAG?, Mahir BASARAN?

Mus Alparslan University, Faculty of Applied Sciences, Mus, Tiirkiye
2GAP International Agricultural Research and Traning Center, Diyarbakir, Tiirkiye
Mehmet KARAMAN ORCID: 0000-0002-6176-9580
Firat KURT ORCID: 0000-0003-0172-1953
Yasar KARADAG ORCID: 0000-0002-0523-9470
Mahir BASARAN ORCID: 0000-0002-9655-0992

*Corresponding author: m.karaman@alparslan.edu.tr
(Received: 29.04.2022, Accepted: 28.06.2022, Online Publication: 29.09.2022)

In silico Prediction and In vitro Antioxidant Activities of Two Jujube Fruits from
Different Regions

Fatih UCKAYAY

! Alanya Alaaddin Keykubat University, Health Science Faculty, Nursing Department,
Antalya, Tiirkiye

12
Fatih UCKAYA ORCID No: 0000-0003-0905-2010
*Corresponding author: fatih.uckaya@alanya.edu.tr

(Received: 06.05.2022, Accepted: 04.07.2022, Online Publication: 29.09.2022)

Prediction of Epidemic Disease Severity and the Relative Importances of the Factors for
Epidemic Disease Using the Machine Learning Methods

Hiiseyin KUTLUY, Cemil COLAK? Cagla Nur DOGAN?, Mehmet TURGUT*

! Adiyaman University, Besni Ali Erdemoglu Vocational School, Computer Tec. Department,
Adiyaman, Tiirkiye
2 Indnii University, Medical Faculty, Biostatistics and Medical Informatics Department,
Malatya, Tiirkiye

% Cukurova University, Medical Faculty, Child Health and DiseasesDepartment, Adana,
Tiirkiye

# Adiyaman University, Medical Faculty, Child Health and Diseases Department, Adiyaman, 24

Tiirkiye

Hiiseyin KUTLU ORCID No: 0000-0003-0091-9984
Cemil COLAK ORCID No: 0000-0003-1507-7994
Cagla Nur DOGAN ORCID No: 0000-0003-1507-7994
Mehmet TURGUT ORCID No: 0000-0002-2155-8113

*Corresponding author: hkutlu@adiyaman.edu.tr

(Received: 27.04.2022, Accepted: 27.07.2022, Online Publication: 29.09.2022)



http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd
http://www.dergipark.gov.tr/tdfd

Cloneable Jellyfish Search Optimizer Based Task Scheduling in Cloud Environments
Miicahit BURKUK", Giingor YILDIRIM'
Firat University, Engineering Faculty, Department of Computer Engineering, Elazig, Tiirkiye
Mucahit BURKUK ORCID No: 0000-0002-4974-0590
Giingor YILDIRIM ORCID No: 0000-0002-4096-4838

*Corresponding author: gungor.yildirim@firat.edu.tr

(Received: 31.05.2022, Accepted: 27.07.2022, Online Publication: 29.09.2022)

35

Thermal Conductivity and Thermal Rectification in Various Sequences of Monolayer
Hexagonal Boron Nitride/Aluminum Nitride Superlattice Nanoribbons

Yenal KARAASLAN#

!Department of Fundamental Sciences, Air NCO Vocational HE School, Turkish National
Defence University, 35415 Izmir, Tiirkiye
?Department of Mechanical Engineering, Eskisehir Technical University, 26555 Eskisehir,
Tiirkiye
Yenal KARAASLAN ORCID No: 0000-0001-8483-4819

*Corresponding author: ykaraaslan@msu.edu.tr, yenalkaraaslan@gmail.com

(Received: 28.03.2022, Accepted: 29.07.2022, Online Publication: 29.09.2022)

44

Evaluation of the Levels of Metalloproteinases as well as Markers of Oxidative Stress and
Apoptosis in Lung Tissues After Malathion and Rutin Administrations to Rats

Cihan GURY", Fatih Mehmet KANDEMIR?
! Atatiirk University, Veterinary Faculty, Biochemistry Department, Erzurum, Tiirkiye
2 Aksaray University, Medicine Faculty, Medical Biochemistry Department, Aksaray, Tiirkiye
Cihan GUR ORCID No: 0000-0001-6775-7858
Fatih Mehmet KANDEMIR ORCID No: 0000-0002-8490-2479

*Corresponding author: cihan.gur@atauni.edu.tr

(Received: 17.06.2022, Accepted: 02.08.2022, Online Publication: 29.09.2022)

51

Utilization of Demolition Waste for Treatment of Acid Mine Drainage and
Immobilization of Heavy Metals Released from Copper Flotation Tailings

Gulsen TOZSINY, Ercument KOC?, Banu YAYLALI? Haci DEVECI®

IAtaturk University, Faculty of Engineering, Department of Metallurgical and Materials
Engineering, Erzurum, Tiirkiye
2Ataturk University, Faculty of Engineering, Department of Mechanical Engineering, Erzurum,
Tiirkiye
$Karadeniz Technical University, Faculty of Engineering, Department of Mining Engineering,
Trabzon, Tirkiye
Gulsen TOZSIN ORCID No: 0000-0001-5653-9919
Ercument KOC ORCID No: 0000-0002-9804-4620
Banu YAYLALI ORCID No: 0000-0002-9488-3910
Haci DEVECI ORCID No: 0000-0003-4105-0912

*Corresponding author: gulsentozsin@gmail.com

(Received: 19.04.2022, Accepted: 03.08.2022, Online Publication: 29.09.2022)

58



mailto:ykaraaslan@msu.edu.tr

Effect of Alkali Modulus on the Compressive Strength and Ultrasonic Pulse Velocity of
Alkali-Activated BFS/FS Cement

Murat DENER*
1 Bingol University, Engineering and Architecture Faculty, Civil Engineering Department,
Bingol, Tiirkiye
Murat DENER ORCID No: 0000-0001-6430-8854

*Corresponding author: mdener@bingol.edu.tr

(Received: 20.05.2022, Accepted: 16.08.2022, Online Publication: 29.09.2022)

63

Investigation of the Role of CYP1A1 and CYP1B1 Expressions in Obesity Susceptibility

Fatih POLAT', Hakan BULUS?, Pinar KAYGIN®, Onur DIRICAN?", Giilgin Giiler
SIMSEK®, Sezen YILMAZ SARIALTIN®, Nurdan GURBUZ?, Can YILMAZS, Serpil
OGUZTUZUN?®

tUniversity of Health Sciences, Van Training and Research Hospital, General Surgery
Department, Van, Tiirkiye
2University of Health Sciences, Kegidren Training and Research Hospital, General Surgery
Department, Ankara, Tiirkiye
$Kirikkale University, Faculty of Science, Department of Biology, Kirikkale, Tiirkiye
“University of Health Sciences, Gulhane Training and Research Hospital, Department of
Pathology, Ankara, Tiirkiye
SAnkara University, Faculty of Pharmacy, Department of Pharmaceutical Toxicology,Ankara,
Tiirkiye
®Van Yiiziincii Yil University, Faculty of Science, Department of Molecular Biology and
Genetics;Van, Tirkiye

Fatih POLAT ORCID No: 0000-0001-5969-9811
Hakan BULUS ORCID No: 0000-0001-7439-8099
Piar KAYGIN ORCID No: 0000-0003-0127-1753
Onur DIRICAN ORCID No: 0000-0003-0511-6611
Giilgin Giiler SIMSEK ORCID No: 0000-0001-7710-4631
Sezen YILMAZ SARIALTIN ORCID No: 0000-0002-8387-4146
Nurdan GURBUZ ORCID No: 0000-0003-1685-4644
Can YILMAZ ORCID No: 0000-0002-0028-6614
Serpil OGUZTUZUN ORCID No: 0000-0002-5892-3735

*Corresponding author: soguztuzun@yahoo.com

(Received: 27.04.2022, Accepted: 16.08.2022, Online Publication: 29.09.2022)

69

Predicting Traffic Accident Severity Using Machine Learning Techniques
Ali CELIiK", Onur SEVLI?

! Burdur Mehmet Akif Ersoy Universitesi, Fen-Edebiyat Fakiiltesi, Fizik Boliimii, Burdur,
Tiirkiye
2 Burdur Mehmet Akif Ersoy Universitesi, Egitim Fakiiltesi, Bilgisayar ve Ogretim
Teknolojileri Egitimi Boliimii, Burdur, Tiirkiye
Ali CELIK ORCID No: 0000-0001-8218-6512
Onur SEVLI ORCID No: 0000-0002-8933-8395

*Corresponding author: ali.celik@cern.ch

(Received: 27.06.2022, Accepted: 18.08.2022, Online Publication: 29.09.2022)

79




Evaluations on the Use Potential of Some Woody Plants Naturally Growing in Elaz1g
Flora in Landscape Architecture

Musa Denizhan ULUSAN?, Ridvan POLAT?
1Siileyman Demirel University, General Secretariat Unit, Isparta, Tiirkiye
Bingol University, Faculty of Agriculture, Department of Landscape Architecture, Bingdl,
Tiirkiye

Musa Denizhan ULUSAN ORCID No: 0000-0001-9040-5025
Ridvan POLAT ORCID No: 0000-0003-0261-3671

*Corresponding author: rpolat@bingol.edu.tr

(Received: 11.06.2022, Accepted: 19.18.2022, Online Publication: 29.09.2022)

84

The Antinociceptive Effect of Adalimumab, A TNF-Alpha Inhibitor, in a Formalin
Induced Inflammatory Pain Model in Mice

Mehmet OZ", Hasan SIMSEK®
! Department of Physiology, Faculty of Medicine, University of Aksaray, Aksaray, Tiirkiye
Mehmet OZ ORCID No: 0000-0003-4167-2623
Hasan SIMSEK ORCID No: 0000-0001-5573-4923

*Corresponding author: ozmhmt@gmail.com

(Received: 29.07.2022, Accepted: 29.08.2022, Online Publication: 29.09.2022)

89

The Use of Rheum Ribes (Isgin) Extracts for Copper Protection in Acidic Media
Fatma KAYA! Ramazan SOLMAZ?, ibrahim Halil GECIBESLER?

! Bing6l University, Science and Letters Faculty, Chemistry Department, 12000, Bingdl,
Tiirkiye
2 Bingol University, Health Sciences Faculty, Occupational Health and Safety Department,
12000, Bingol, Tiirkiye
Fatma KAYA ORCID No: 0000-0003-0783-5652
Ramazan SOLMAZ ORCID No: 0000-0002-9295-1203
Halil Ibrahim GECIBESLER ORCID No: 0000-0002-4473-2671

*Corresponding author: rsolmaz@bingol.edu.tr; rsolmaz01l@gmail.com

(Received: 25.08.2022, Accepted: 05.09.2022, Online Publication: 29.09.2022)

94

Determination of Silage Quality of Fenugreek (Trigonella foenum-graecum L.) with Oat
(Avena sativa L.) and Rye (Secale cereale L.) Mixtures

Mehmet Arif OZYAZICI™, Seyithan SEYDOSOGLU’, Semih ACIKBAS!
1Siirt University, Faculty of Agriculture, Department of Field Crops, Siirt, Tiirkiye
Mehmet Arif OZYAZICI ORCID No: 0000-0001-8709-4633
Seyithan SEYDOSOGLU ORCID No: 0000-0002-3711-3733
Semih ACIKBAS ORCID No: 0000-0003-4384-3908

*Corresponding author: arifozyazici@siirt.edu.tr

(Received: 15.09.2021, Accepted: 06.09.2022, Online Publication: 29.09.2022)

102




Biosynthesis, Characterization and Determination of Sun Protection Factor (SPF) of Iron
Nanoparticles With Bee Bread

Biisra BILDIR?, Zeynep DEMIRKAN?, Biilent KAYA?"

! Bee and Bee Products Department, Institute of Science, Bingdl University, Bingdl, Tiirkiye
2Molecular Biology and Genetics Department, Science and Art Faculty, Bingol University,
Bingol, Tiirkiye
Biisra BILDIR ORCID No: 0000-0002-5631-1946
Zeynep DEMIRKAN ORCID No: 0000-0002-8101-8194
Biilent KAYA ORCID No: 0000-0002-1216-6441

*Corresponding author: bkaya@bingol.edu.tr

(Received: 11.08.2022, Accepted: 12.09.2022, Online Publication: 29.09.2022)

110

Influence of Layer Thickness on Magnetoresistance Properties of Multilayered Thin
Films

Taner KALAYCIY
! Bandirma Onyedi Eyliil University, Medical Services and Technique Department, Bandirma,
Tiirkiye
Taner KALAYCI ORCID No: 0000-0002-6374-2373

*Corresponding author: tanerkalayci@bandirma.edu.tr

(Received: 06.08.2022, Accepted: 12.09.2022, Online Publication: 29.09.2022)

118

A Generalized Thermoelastic Behaviour of Isotropic Hollow Cylinder
Mehmet EKERY, Durmus YARIMPABUC?

! Tarsus University, Faculty of Engineering, Department of Mechanical Engineering, Mersin,
Tiirkiye
2 Osmaniye Korkut Ata University, Faculty of Arts and Sciences, Department of Mathematics,
Osmaniye, Tiirkiye
Mehmet EKER ORCID No: 0000-0002-6785-1710
Durmus YARIMPABUC ORCID No: 0000-0002-8763-1125

*Corresponding author: mehmeteker@tarsus.edu.tr

(Received: 23.06.2022, Accepted: 14.09.2022, Online Publication: 29.09.2022)

123

Topographic, Morphological and Morphometric Investigation of Mandible in Norduz
Sheep

Semine DALGAY, Ugur AYDIN? Tansel CAL!
'Kafkas University, Veterinary Faculty, Anatomy Department, Kars, Tiirkiye
2K afkas University, Veterinary Faculty, Surgery Department, Kars, Tiirkiye
Semine DALGA ORCID No: 0000-0001-7227-2513

Ugur AYDIN ORCID No: 0000-0001-5756-4841
Tansel CAL ORCID No: 0000-0002-3034-5814

*Corresponding author: seminedalga@kafkas.edu.tr

(Received: 08.04.2022, Accepted: 14.09.2022, Online Publication: 29.09.2022)

129




On Travelling Wave Solutions of Dullin-Gottwald-Holm Dynamical Equation and Strain
Wave Equation

Seyma TULUCE DEMIRAY?Y, Merve DAVARCI YALCIN?

! Osmaniye Korkut Ata University, Department of Mathematics, Osmaniye, Tiirkiye
2 Osmaniye Korkut Ata University, Department of Mathematics, Osmaniye, Tiirkiye
Seyma TULUCE DEMIRAY ORCID No: 0000-0002-8027-7290
Merve DAVARCI YALCIN ORCID No: 0000-0002-4862-7836

*Corresponding author: seymatuluce@gmail.com

( Received: 06.04.2022, Accepted: 15.09.2022, Online Publication: 29.09.2022)

134

Railway Security System Design Using Unmanned Aerial Vehicle Image Processing and
Deep Learning Methods

Muzaffer EYLENCE?, Mehmet YUCEL', M. Meliksah OZMEN?, Bekir AKSOY*"

1 sparta University of Applied Sciences, Technology Faculty, Mechatronic Engineering
Department, Isparta, Tiirkiye
Muzaffer EYLENCE ORCID No: 0000-0001-7299-8525
Mehmet YUCEL ORCID No: 0000-0002-4100-5831
Mustafa Meliksah OZMEN ORCID No: 0000-0003-3585-0518
Bekir AKSOY ORCID No: 0000-0001-8052-9411

*Corresponding author: bekiraksoy@isparta.edu.tr

(Received: 06.05.2022, Accepted: 15.09.2022, Online Publication: 29.09.2022)

150

New Amino Acid Chalcone Conjugates: Synthesis, Characterization and Dielectric
Properties

Eray CALISKAN*

1Bingol University, Faculty of Science and Arts, Chemistry Department, Bingdl, Tiirkiye
Eray CALISKAN ORCID No: 0000-0003-2399-4100

*Corresponding author: ecaliskan@bingol.edu.tr

(Received: 23.08.2022, Accepted: 16.09.2022, Online Publication: 29.09.2022)

155

Fabric Defect Detection Using Customized Deep Convolutional Neural Network for
Circular Knitting Fabrics

Mahdi HATAMI VARJOVI™, Muhammed Fatih TALU !, Kazzm HANBAY?
Y Inonu University, Engineering Faculty, Computer Engineering Department, Malatya, Tiirkiye
2 Inonu University, Engineering Faculty, Software Engineering Department, Malatya, Tiirkiye
Mahdi HATAMI VARJOVI ORCID No: 0000-0001-6442-7175

Muhammed Fatih TALU ORCID No: 0000-0003-1166-8404
Kazim HANBAY ORCID No: 0000-0003-1374-1417

*Corresponding author: mahdi.hatami.v@gmail.com

(Received: 24.04.2022, Accepted: 16.09.2022, Online Publication: 29.09.2022)

160



https://orcid.org/0000-0001-7299-8525
https://orcid.org/0000-0002-4100-5831
https://orcid.org/0000-0003-3585-0518
https://orcid.org/0000-0001-8052-9411

Evaluation of the Biological Activities of Royal Jelly on Prostate and Breast Cancer Cells
Adnan AYNA'*, Ekrem DARENDELIOGLU?

! Bingol University, Science and Letter Faculty, Chemistry Department, Bingol, Tiirkiye
2Bingol University, Science and Letter Faculty, Molecular Biology and Genetics Department,

Bingdl, Tiirkiye 166
Adnan AYNA ORCID No: 0000-0001-6801-6242
Ekrem DARENDELIOGLU ORCID No: 0000-0002-0630-4086
*Corresponding author: aayna@bingol.edu.tr
(Received: 27.07.2022, Accepted: 19.09.2022, Online Publication: 29.09.2022)
Viscometric Investigation of Compatibilizer Effect on Polyvinyl chloride/Polystyrene
Blends
Ersen YILMAZY, Ali BOZTUG?
! Munzur University, Tunceli Vocational School, Machinery Department, Tunceli, Tiirkiye
2 Cumhuriyet University, Science Faculty Chemistry Department, Sivas, Tiirkiye 171
Ersen YILMAZ ORCID No: 0000-0002-8567-1668
Ali BOZTUG ORCID No: 0000-0003-2922-4481
*Corresponding author: ersenyilmaz@munzur.edu.tr
(Received: 24.06.2022, Accepted: 19.09.2022, Online Publication: 29.09.2022)
Comparison of traditional Zivzik pomegranate vinegar against commercial pomegranate
vinegar: antioxidant activity and chemical composition
Abdulkerim AYBEK!, Ebru AKKEMIK"?*
1 Siirt University, Faculty of Engineering, Food Engineering Department, Siirt, Tiirkiye
2 Siirt University, Science and Technology Application and Research Center, Siirt, Tiirkiye 178
Abdulkerim AYBEK ORCID No: 0000-0002-9543-8659
Ebru AKKEMIK ORCID No: 0000-0002-4177-4884
*Corresponding author: eakkemik@siirt.edu.tr
(Received: 05.05.2022, Accepted: 13.06.2022, Online Publication: 29.09.2022)
Sweet Plant Proteins and Their Recombinant Production
Shokoufeh Yazdaman ASR’, Nergiz YUKSEL?® Seyhan ICIER® Burcu KAPLAN
TURKOZ**
'Ege University, Graduate School of Natural and Applied Sciences, Department of Food
Engineering, Izmir, Tiirkiye
2Aydin Adnan Menderes University Germencik Yamantiirk Vocational School Aydin, Tiirkiye
3Ege University, Graduate School of Natural and Applied Sciences, Department of 186

Biotechnology, Izmir, Tiirkiye
*Ege University, Faculty of Engineering, Department of Food Engineering, izmir, Tiirkiye
Shokoufeh Yazdanian ASR ORCID No: 0000-0002-3468-7045
Nergiz YUKSEL ORCID No: 0000-0002-1334-051X
Seyhan ICIER ORCID No: 0000-0002-0627-733X
Burcu KAPLAN TURKOZ ORCID No: 0000-0003-3040-3321

*Corresponding author: burcu.kaplan.turkoz@ege.edu.tr

(Received: 26.11.2021, Accepted: 22.06.2022, Online Publication: 29.09.2022)




Cilt 11, Say1 3, Sayfa 1-11, 2022 Volume 11, Issue 3, Page 1-11, 2022

Aragtirma Makalesi

A
,'O\
O

2007

TONIVEN
Ly

https://doi.org/10.46810/tdfd.1111203 Research Article
Tiirk Doga ve Fen Dergisi P
Turkish Journal of Nature and Science ‘\ Y Z

www.dergipark.gov.tr/tdfd = UELRL

Investigation of Bread Wheat Genotypes with Different Characteristics by Physiological and

Quality Traits

Mehmet KARAMANY, Firat KURT?, Yasar KARADAG!, Mahir BASARAN?
Mus Alparslan University, Faculty of Applied Sciences, Mus, Tiirkiye

2GAP International Agricultural Research and Traning Center, Diyarbakir, Tiirkiye

Mehmet KARAMAN ORCID: 0000-0002-6176-9580
Firat KURT ORCID: 0000-0003-0172-1953
Yasar KARADAG ORCID: 0000-0002-0523-9470
Mahir BASARAN ORCID: 0000-0002-9655-0992

*Corresponding author: m.karaman@alparslan.edu.tr

(Received: 29.04.2022, Accepted: 28.06.2022, Online Publication: 29.09.2022)

Keywords
Bread wheat,
Stability,
Correlation,
Biplot

Abstract: Instruments measuring spectral reflectance are very important to determine the
relationship between grain yield (GY), quality and physiological traits of bread wheat genotypes at
different developmental stages. This study was carried out under rain-fed conditions in 2019-2020
and 2020-2021 growing seasons in Mus province. The experiment was set up in a Randomized
Blocks Experimental Design with 3 replicates. Except to flowering stage chlorophyll content (FSC),
statistically significant differences were determined among genotypes at the level of p<0.01 in all
examined characteristics. More explicitly, G6, G8, G10, Miifitbey, Hanli and Metin in terms of GY;
Cemre, Kenanbey and Bezostaja 1 as regards quality traits; Ekiz, G8, and G9 with regard to
physiological traits were found as significant genotypes. Biplot model analysis, used to determine
the relationship genotype-trait and stability, showed that thousand grain weight (TGW) and plant
height (PH) were positively associated with both GY and Normalized Difference Vegetation Index
(NDVI). GY was found to be related to canopy temperature (CT) and heading time (HT) negatively.
Notably, NDVI were positively related to protein ratio. Hanli, Metin, G6, G8, and G10 were
established as the high-yielded stabile genotypes which are least affected from environmental
conditions.

Farkh Karakterli Ekmeklik Bugday Genotiplerinin Fizyolojik ve Kalite

Ozellikleri yoniiyle Incelenmesi

Anahtar
Kelimeler
Ekmeklik
bugday,
Stabilite,
Korelasyon,
Biplot

Oz: Bugdayin farkli gelisim dénemlerinde, fizyolojik 6zellikler ile tane verimi ve kalite 6zellikleri
arasindaki iliskiyi belirlemek amaciyla spektral yansima aletleri farkli arastiricilar tarafindan yogun
bir sekilde kullanilmaktadir. Calisma, Mus ilinde yagisa dayali kosullarda 2019-2020 ve 2020-2021
sezonlarinda yiiriitiilmiistiir. Deneme, Tesadiif Bloklar1 Deneme Deseninde 3 tekrarlamali olarak
kurulmustur. Cigeklenme dénemi klorofil igerigi (FSC) harig, incelenen tiim 6zelliklerde genotipler
arasinda p<0.01 diizeyinde istatistiki olarak Onemli farkliliklar belirlenmistir. Varyans analizi
sonuglarina gore, tane veriminde (GY); G6, G8, G10, Miifitbey, Hanli ve Metin, Kalitede; Cemre,
Kenanbey ve Bezostaja 1, Fizyolojik ozelliklerde; Ekiz, G8 ve G9 genotipleri dne g¢ikmistir.
Genotip-ozellik ve stabilite biplot modeline gore; bin tane agirligi (TGW) ve bitki boyu (PH)’nun
hem GY ile hem de Normalize Edilmis Vejatasyon indeksi (NDVI) ile pozitif iliskili oldugu
gorilmiistiir. GY’nin  bitki ortiisii sicakligi (CT) ve basaklanma siiresi (HT) ile negatif iligkili
oldugu belirlenmistir. NDVT ile protein oran1 (PR) arasinda pozitif iligki goriilmesi dikkate degerdir.
Giincel caligmada; Hanli, Metin, G6, G8 ve G10 hem yiiksek verimli hemde degisen cevre
kosullarindan en az etkilenen kararli genotipler olarak one ¢ikmustir.
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1. INTRODUCTION

Bread wheat (2n= 42) is one of most cultivated staple
crops in Turkey and around the world because it has
higher adaptive capacity and grows in various soils and
environmental conditions. It is known that grain yield
(GY) and quality traits of wheat show a considerable
variation in terms of years and ecological factors [1-3].
In order for wheat genotypes to be classified at best
category, the traits such as GY, thousand grain weight
(TGW), and protein ratio (PR) should be in a certain
range.

TGW and PR are affected by ecological conditions along
with inheritance and the results of the studies conducted
in various ecologies indicated that PRs of the wheat
changes between 9.8 and 16.2 % [4-6, 1, 3]. The
measurement these mentioned parameters along with
physiological traits in plant breeding programs increase
the success of the breeding [7, 8].

Chlorophyll content (represented as SPAD readings),
normalized difference vegetation index (NDVI), and
canopy temperature (CT) are used widely in field studies
as selection parameters to determine the relationships
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between physiological traits, and GY and quality trait
(QT) [9-13]. SPAD readings under stress conditions
help determine the performances of genotypes and flag-
leaf chlorophyll content in plant breeding studies since
there is a positive correlation between increase of GY
and chlorophyll content [14, 15]. Likewise, the highest
CT values are observed before heading time and the CT
values show higher correlations in determining the GY
potential during grain filling stage [16, 17].

The effects of morphological, physiological,
phenological, agronomic, genetic and ecological factors
over GY, NDVI, CT, SPAD values are taken into
consideration in the wheat cultivation and affect the
success of the wheat breeding programs [17]. Therefore,
in the present study, it is aimed to identifying the best
genotypes for Mus ecological conditions based on GY,
physiological, and quality traits.

2. MATERIALS AND METHODS
The study was conducted in 2019-2020 and 2020-2021

growing seasons under rain-fed conditions in Yildiz
Farm in Mus, Turkey (Figure 1).
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Figure 1. The map showing the location of the trial area

The materials used in the trial were consisted of 25
wheat genotypes with different characters (winter,
alternative, spring) (Table 1). The trial was setup on the
6 m? plots which are comprised of 6 rows having 20 cm
row spacing in 5 m long. The seeds were sown between
15 October and 15 November. According to soil
analysis, the trial area had insufficient organic matter
with moderately alkaline pH. Also, it was determined

that the soil structure was clayey and the phosphorus
content was insufficient (Table 2). Therefore, 9 kg da* N
and 5 kg da® P,Os were applied to the soil. Nitrogen
fertilization was given in two stages as 2.3 kg da* during
sowing and as 6.7 kg da* at the end of tillering stage
Zadoks 26 [18], respectively, whilst all phosphorus
fertilization was applied at once during sowing. Each
plot was harvested during July with a plot combine.
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Table 1. The origins and pedigrees of the genotypes used in the study

Genotypes Character Origin

Cemre Spring GAP International Agricultural Research and Traning Center
Bezostaja 1 Winter Maize Research Institute

Hanl Spring Maize Research Institute

Metin Alternative Maize Research Institute

Konya-2002 Winter Bahri Dagdas International Agricultural Research Institute
Beskoprii Alternatif Maize Research Institute

Syrena odes'ka Winter Yildiz Plant Productions, Seed, and Agricultural Industry Crop
Yildirim Winter East Anatolian Agricultural Research Institute

Miifitbey Alternative Transitional Zone Agricultural Research Institute
Ahmetaga Winter Bahri Dagdas International Agricultural Research Institute
Sénmez 2001 Winter Transitional Zone Agricultural Research Institute
Ayyildiz Winter East Anatolian Agricultural Research Institute

Bayraktar 2000 Alternative Field Crops Central Research Institute

Kenanbey Winter Field Crops Central Research Institute

Ekiz Winter Bahri Dagdas International Agricultural Research Institute
Gl Winter IWWIP

G2 Winter IWWIP

G3 Winter IWWIP

G4 Winter IWWIP

G5 Alternative IWWIP

G6 Winter IWWIP

G7 Alternative IWWIP

G8 Alternative IWWIP

G9 Alternative IWWIP

G10 Alternative IWWIP

IWWIP: International Winter Wheat Improvement Program

Table 2. The soil properties of trial area

Texture

salt (%)

pH CaCO;3 (%)

Saturation (%)

P,Os (kg da?) Organic Matter (%)

Clay

0.2

8.2 7.96

3.21 1.74 77

Source: Anonymous [19]

The precipitation and temperature data are given in
Table 3. The precipitation in 2019-2020 (749.6 mm) was
similar the long-term average (762.9 mm) while lower

2019-2020 growing season was approximately two-fold
the long-term average. The temperature values, other
than observed in October, December, and January of

(386.6 mm) than the long-term average in 2020-2021. 2020-2021, were higher than those in 2019-2020.

Notably, the precipitation of March and May during

Table 3. The climate data of experimental area during 2019-2021 seasons

Precipitation of Mus (mm) Temperature of Mus (°C)

Months

2019-2020 2020-2021 Long-Term 2019-2020 2020-2021 Long-Term

September 0.0 1.2 14.7 19.9 23.8 20.0
October 37.0 0.0 63.5 16.7 16.2 12.6
November 27.2 38.2 94.1 6.9 9.8 45
December 74.4 16.6 89.7 4.2 -2.3 3.0
January 36.8 94.0 86.0 -1.7 -8.1 -7.4
February 89.2 49.8 100.4 -3.8 2.7 -6.1
March 198.0 166.4 103.3 37 39 0.6
April 117.0 7.8 107.4 11.2 14.6 9.0
May 113.2 11.6 69.0 17.6 19.1 14.9
June 29.0 0.6 28.2 20.5 23.0 20.2
July 27.8 0.4 6.6 254 275 25.3
Total 749.6 386.6 762.9 - - -

Source: Anonymous [20]

2.1.2. Heading time (HT): Heading time was the total
number of days beginning from the emergence of the
plants until the 70% of the plants in each plot were
spiked at the rate of 5.

2.1. The Investigated Parameters

2.1.1. Grain yield (GY): After harvesting and threshing
of each plot, the grains were weighted in a scale (£0.001
g) and the yields were expressed as kg da.
2.1.3. Plant height (PH): After selecting plants with 10
spikes in dough developmental stage, each plant’s height
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was measured from soil surface to the upper most
spikelet and expressed as cm.

2.1.4. Flag-leaf chlorophyll content (represented as
SPAD values): A total of two chlorophyll content were
measured made during flowering (FSC) and milk stages
(MSC) to determine the chlorophyll content of flag leaf
using SPAD 502 Chlorophyll-Meter (Minolta, Osaka,
Japan). Values were determined by reading from the
middle of the flag leaf between 10.00-12.00 hours of the
day [21].

2.1.5. Normalized Difference Vegetation Index (NDVI):
It was measured using GreenSeeker (Handheld crop)
instrument between 11.%0-15.% in a day of flowering
stage when weather was open, without wind and sunny,
and plant surface was dry.

2.1.6. Plant canopy temperature (CT): it was measured
using infrared thermometer (91KB JPG) between 12.00-
14.% in a day of flowering stage and expressed in Celsius
(°C) [22].

2.1.7. Thousand grain weight (TGW): Four samples each
of which consisted of 100 seeds were weighted in grams

(g). After the mean weight of all samples were
calculated, it was multiplied by 10.

2.1.8. Protein ratio (PR) (%): PR was measured on wheat
grains using NIT (IM 550) instrument.

2.2. Statistical Analyses

The statistical analyses were conducted using JMP 13.0.
The differences among means were determined by LSD
method (p<0.01 and p<0.05) [23]. Genstat 12" was
employed for graphical visualization.

3. RESULTS AND DISCUSSION

ANOVA results of GY, physiological traits, and other
agricultural parameters obtained from the trial which
was conducted with 25 genotypes (15 varieties and 10
lines) with three replicates in 2019-2020 and 2020-2021
growing seasons are given in Table 4. Except to FSC, In
terms of the genotypes all parameters were found
significant at p<0.01 level, while year and year*genotype
interaction was significant only in some parameters
(p<0.05 or p<0.01) (Table 4).

Table 4. Analysis of variance results for traits of the examined in bread wheat genotypes

Variance Resources df GY HT PH FSC NDVI

MS F MS F MS F MS F MS F
Year 1 341324  11.9* 10651.3  4318.1** 15080.1  440.3**  4201.9 8.0* 0.038 11.0*
Rep.[Year]&Random 4 2861.1 2.6 25 2.0 34.3 1.6718 524.1 56.9 0.003 2.0
Genotype 24 8083.5 7.4%* 445 35.7** 174.3 8.5** 119ns 13 0.006 3.3**
Year * Genotype 24 8856.1 8.1** 16 13 52.9 2.6** 10.6 11 0.003 15
Error 96 1089.6 - 12 - 20.5 - 9.3 - 0.002 -
CV(%) 13.8 0.6 6.4 6.8 6.4

CT MSC TGW PR

MS F MS F MS F MS F
Year 1 240.3 2.6 923.1 27.7** 5925.2 607.3**  360.6 106.6**
Rep.[Year]&Random 4 93.2 57.5 33.3 5.9 9.8 25 3.4 19.5
Genotype 24 4.8 3.0%* 17.0 3.0** 25.7 6.5** 25 14.1**
Year * Genotype 24 25 15 8.8 16 8.9 2.3** 24 14.0**
Error 96 1.6 - 5.6 - 3.9 - 0.2 -
CV (%) 4.0 4.9 6.3 - 2.8

GY: Grain yield; HT: Heading time; PH: Plant height; FSC: Flowering stage chlorophyll content; NDVI: Normalized difference vegetation index;
CT: Canopy temperature; MSC: Milk stage chlorophyll content; TGW: Thousand grain weight; PR: Protein ratio; Rep.: Replication; df: degrees of
freedom; MS: Mean of squares; *: p<0.05; **: p<0.01; n.s: not significant

Table 5. Mean values of wheat genotypes tested in different years with relation to parameters of GY, HT and PH

GY HT PH
Cemre 2813 ¢ 1808 ¥ 2311 ' 209.0 %f 1933 ¢fo 2012 cde g40 b9 g57 bed 748 be
Bezostaja 1 240.8 ©9 1231 * 1819 k 2107 bd 1920 9i 201.3 cd g57 bf gq7 be 752 bed
Hanli 266.3 be 3075 &d 2869 P 2077 T 1910 "k 1993 T 763 9 610 %" 687 ™
Metin 237.1 ¢ 309.2 &d 2731 b 2077 T 1927 foh 2002 ¢ 803 ©¢' 573 v ggg ™
Konya-2002  174.6 K 2397 eh 2072 ok 2107 bed 1923 f+ 2015 <« 737 M 623 49 ggQ ™
Beskoprii 184.6 M 2821 e 2333 dt 2080 € 1890 '™ 1985 ¢ 807 °' 627 9 717 ©F9
ié’gesrl‘(f; 2644 e 2081 M 2363 ©h 2097 % 1920 ¢ 2008 % 700 | 577 v 638
Yildirim 195.4 Tk 2806 ¥ 2380 <M 2100 @ 193.0 f9 2015 ¢ 867 bd 57 g 717 <9



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 1-11, 2022

e-h

abc

abc

Tr. J. Nature Sci. Volume 11, Issue 3, Page 1-11, 2022

b

Miifitbey 3213 2 2483 2848 P 2117 195.7 203.7 97.0 @ 647 bt gog @
Ahmetaga 169.2 K 2106 ™ 1899 k 2120 @ 1950 b€ 2035 b 753 M 567 v ggo M
Sénmez 2001 2717 4 1344 J 2031 Mk 2103 Pd 1940 °f 2022 ¢ 863 Pt 530 4§ 697 eh
Ayyildiz 1853 o1 2722 ©f 2288 T 2130 @ 1960 ® 2045 ® 920 @ @7 bd 793 @
?gggaktar 1828 *' 3483 @ 2656 bf 2017 ' 1860 " 1938 ' 850 Pf 730 & 790
Kenanbey 2421 ©f 2572 d&h 2497 bf 2130 @ 1973 @ 2052 @ 873 B¢ 627 °©9 750 bed
Ekiz 2133 ¢k 3008 @&d 2571 bf 2117 ac 1953 bed 2035 b 787 ¢ 590 &t 688 ™
Gl 135.0 ' 2688 ©9 2019 Nk 2007 d 1937 %9 2017 ¢ 817 ¢°h 27 <9 722 °f
G2 2638 ¢ 2417 eh 2527 bf 2097 d 1930 f9 2013 cde 723 4 483 J 60.3 |
G3 160.8 K 2238 f 1923 & 2077 f 1907 ™ 1992 fo 780 e 547 ' 663 M
G4 196.9 Tk 2183 ¢ 2076 9k 2103 Pd 1933 €9 2018 @ 773 F 550 M g2 M
G5 2117 ¢k 2738 ©f 2427 ©9 2097 % 1930 T 2013 cde g77 bc 703 d 790 W
G6 239.4 " 3044 &4 2719 b 2077 f 1903 K 1990 fo 743 M 590 &' 667 oM
G7 2225 4 3121 a¢ 2673 be 2077 f 1893 Km 1985 9 747 M 580 f 663 M
G8 3229 @ 3342 @ 3285 @ 2057 9 1880 ™ 1968 M 850 ©Of g7 ac 768 abc
G9 180.0 M 2121 M 1960 Yk 2127 @ 1953 bd 2040 ® 757 ¢ 580 668 &
G10 2575 cde 2829 be 2702 bed 2037 M 1883 M 1960 " 780 ¢ 640 ©f 710 ¢
Min. value 135.0 123.1 189.9 201.7 186.0 194 70.0 48.3 60.3
Max. value  322.9 3483 3285 213.0 197.3 205 97.0 73.0 80.8
General Mean 224.8 255.0 239.9 209.2 192.4 201 80.9 60.9 70.9
LSD (0.05) 56.2%*  52.1** 37.8** 1.9%* 1.8** 1.3** 8.5%* 6.2** 5.2%*
CV(%) 15.2 12.4 13.8 0.6 0.6 0.6 6.4 6.1 6.4

3.1. Grain Yield (kg dal)

Significant differences were found between years and
genotypes in terms of GY (Table 4 and 5). G8 yielded
the highest GY (322.9 kg da') in 2019-2020. Cemre,
Miifitbey, Sonmez 2001 were placed in the same group
with G8. Bayraktar 2000 (348.3 kg da™) yielded the best
GY in 2020-2021 and was in the same group with Hanli,
Metin, Ekiz, G6, G7, and G8. When the means of GY
was evaluated by years, 30.2 kg da’ less GY was
obtained despite the higher rainfall in 2019-2020
growing season (Table 3 and 5). This situation is
probably stemmed from the water logging (or flooding)
stress occurred as a result of rainfalls which are
accompanied by snow-melting of March and May in the
first growing season. The combined analysis results
indicated that G8, Hanli, and Miifitbey were significant
genotypes with relation to GY. GY results in this study
were similar to those of Fagnano et al. [24], Aydogan ve
Soylu [6], and Ulker [25], who obtained 213-362 kg da™,
154.58-258.43 kg dat, and 164-301 kg da?, respectively.

3.2. Heading Time (day)

The earliest heading variety was identified as Bayraktar
2000 (201.7 and 186.0 day) in both growing seasons
whereas the latest heading varieties were Ayyildiz (213.0
and 196.0 days) and Kenanbey (213.0 and 197.3 days),
which were in the same group. The heading time was

shortened 16.8 day, when the means of growing seasons
were compared, due to the drought conditions in 2020-
2021. Combined means of HT showed that there was a
considerable variation (194-205 day) among genotypes.
Moreover, Bayraktar 2000 was the earliest variety
whereas Kenanbey, Ayyildiz, and G9 were the latest
genotypes sharing the same group (Table 5). When HT is
compared to GY, the inheritance was more effective
over HT than ecological conditions [26]. In regions
where heat or drought stress is seen in the late period,
early varieties may be more productive with the
advantage of escaping from stress. Indeed, some
researchers reported that early varieties were more
productive [27, 28].

3.3. Plant Height (cm)

Year (environment) and genotype were found to be
effective over PH and a wide-range variation among
genotypes were established (Table 4 and 5). Miifitbey
(97.0 cm) were identified as the tallest genotype whereas
Syrena odes’ka (70 cm) was the shortest in 2019-2020.
Bayraktar 2000 (73.0 cm) were found to be the tallest
whereas G2 (48.3 cm) was the shortest genotype in
2020-2021. When mean values of PH were compared by
years, PHs in 2020-2021 were 20 cm were shorter. This
may be originated from the drought effect in the season.
According to the results of the combined analysis, PHs
changed in a range of 60.3 cm - 80.8 cm. Miifitbey,
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Ayyildiz, Bayraktar 2000, G5, and G8 were the tallest
genotypes involved in the same group whereas G2 was
the shortest genotype. In the studies conducted in
different regions by different authors related to the PH, a
wide range results were obtained. In this regard, Aydin
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et al. [29], Aydogan and Soylu [6], Caglar et al. [30], and
Demirel et al. [31] found bread wheat PHs as follows:
68.1-95.6 cm, 79.5-108.2 cm, 72.5-99.3 cm, and 52.16-
96.66 cm, respectively.

Table 6. Mean values of wheat genotypes tested in different years with relation to parameters of FSC, NDVI, and CT

FSC NDVI CcT
Genotype 2019- 2020- Mean  2019-  2020- Mean 2019- 2020- Mean
2020 2021 2020 2021 2020 2021

Cemre 39.20 46.10 K 42,65 0677 0.623 er 0650 ©f 3760 @ 3173 @ 3467 2
Bezostaja 1 4330 49.77 % 4653 0.643 0.677 e 0,660 be 3238 be 3080 be 3159 bh
Hanh 4357 5233 &d 4795 0.660 0.700 b 0680 ad 3490 @ 3042 ©f 3266 bod
Metin 4217 4917 €k 4567 0673 0.617 el 0645 ¢g 3347 bed 3218 & 3283 be
Konya-2002 37.13 50.03 ©I 4358 0.643 0.560 y 0.602 o 3242 be 3048 ©f 3145 b
Beskoprii 4133 4920 kK 4527 0.707 0.647 bf o677 @d 3345 bed 30925 of 3785 b
Syrenaodeska 39.23 5357 2 4640 0.600 0.647 bt 0623 & 3445 bed 3008 of 3227 DO
Yildirmm 39.10 4813 Uk 4362 0.667 0.603 i 0635 d¢h 3047 © 3048 ©f 3048 N
Miifitbey 39.67 5170 af 4568 0.690 0.693 abe 0692 abc 3192 cde 3017 of 3104 foh
Ahmetaga 3883 5123 D1 4503 0643 0.603 i 0623 N 3400 bed 3182 @ 3291 b
Sénmez 2001  41.90 4830 Nk 4510 0.663 0.623 &1 0,643 d¢h 3225 be 3020 ©f 3123 dh
Ayyildiz 38.87 49.13 ¢k 4400 0.713 0.690 ad 0702 @ 3222 be 2987 ef 3104 foh
Bayraktar 2000 38.13 51.43 *0 4478 0.623 0.623 er 0623 &M 3260 Dt 2078 f 3119 eh
Kenanbey 37.77 4860 Tk 4318 0.680 0.670 ae 0675 ad 3233 be 3007 cof 3120 ¢h
Ekiz 38.97 4923 9 4410 0.710 0.717 a 0713 2 3288 P 3098 bc 3193 bh
G1 39.60 47.97 k4378 0673 0.580 o 0627 &M 3467 b 3062 cde 3264 D
G2 3750 5037 i 4393 0.673 0.623 &1 (0648  ©9 3403 bed 3097 be 3250 bf
G3 3597 5140 & 4368 0617 0.627 d¢h 0622 &M 3175 d 3060 cde 3718 fon
G4 39.73 50.17 ©I 4495 0683 0.620 i 0652 ©f 3240 b 3108 bc 3174 Dbh
G5 36.80 4840 9% 4260 0.660 0.613 ej 0637 &h 3330 bcd 2945 F 3138 ©h
G6 40.13 5223 ¢ 4618 0.657 0.630 g 0643 4N 3232 be 2975 ef 3703 o
G7 40.23 53.00 @c 4662 0.660 0.557 j 0608  foh 3250 be 2978 ef 3114 Toh
G8 4083 49.07 Tk 4495 0670 0.667 af 0668 ae 3228 be p9gg  def 3708 foh
G9 40.07 4970 % 4488 0.700 0.653 af  ge77 20 3217 be 3095 bed 3356 DN
G10 40.03 5447 2@ 4725 0.630 0.563 hj 0597 M 3268 bt 2975 ef 3120 dN
Min. value 36.00 46.10 4260 0665 0557 0.649 3047 29.45 30.48

Max. value 4360 54.47 4795 0713 0717 0.713 37.60 32.18 34.67

General Mean ~ 39.60 50.19 4490 0665  0.633 0.649 33.02 30.49 31.75

LSD (s ns  3.1%* n.s ns 0.07** 0.05%* 2.8* 11% 1.5%

CV(%) 97 38 6.8 6.4 6.3 6.4 5.1 2.2 4.0

n.s: not significant

3.4. Flowering Stage Chlorophyll Content (FSC)

There is no statistical difference among genotypes in
term of the results of combined analysis and of 2019-
2020 season. However, the differences among genotypes
were found significant in 2020-2021 and the G10 was
identified as the genotype with the highest FSC (54.47
mg/m?). FSC in 2020-2021 was found 10.59 mg/m?
higher compared to the previous year and it changed
from 42.60 to 47.95 mg/m? in terms of two-year data
(Table 6). In a study carried out by Dalkili¢ et al. [17] in
Kahramanmaras, it was reported that FSC in durum

wheat showed a variation between 46.9 and 52.3 mg/m?2,
FSCs were found between 42.6-47.95 mg/m? in the
present study.

3.5. Normalized Difference Vegetation Index (NDVI)

NDVI values of genotypes showed no statistical
significance in 2019-2020. Nonetheless, a significant
differences was found among genotypes in 2020-2021
growing season and combined analysis. Ekiz (0.717 and
0.713) variety had the highest NDVI value (Table 6).
When means of the years were compared, the NDVI



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 1-11, 2022

Tr. J. Nature Sci. Volume 11, Issue 3, Page 1-11, 2022

values during 2019-2020 were 0.032 higher. Before
flowering 20 days and after 10 days, the maximum leaf
area forms in wheat and therefore, it is stated that there is
a positive relationship between NDVI readings and GY
[32, 33]. Nevertheless, no relationship was established
between NDVI readings and GY in this study (Figure 2).

3.6. Canopy Temperature (°C)

Genotypes showed significant differences in terms of
CT. Yildirim variety (30.47 °C) in 2019-2020, and G5
(29.45) genotype in 2020-2021 were significantly kept
their leaves cool. CT values in 2019-2020 growing
period were 2.53 °C higher than those in 2020-2021
(Table 6). According to the results of combined analysis,
Yildinm, Miifitbey, Ayyildiz, G6, and G8 were the
significant genotypes in keeping their leaves cool. These
results were similar to those of the study carried out by
Fahlani and Assad in Iran [34], in which CT values of
bread wheat genotypes showed significant difference at
the stem elongation, booting, and flowering stages. In
another study, conducted with 15 bread wheat genotypes
under Mediterranean conditions for three years, CTs did
not differ significantly in the period between the
beginning of the heading and of the milk stages [35, 17].
However, in a study conducted in Diyarbakir conditions
in landraces bread wheat, it was reported that there was a
negative and significant relationship between CT and
GY during the heading time period [36].

3.7. Milk Stage Chlorophyll Content (MSC)

The flag leaf chlorophyll content is an important
indicator in showing photosynthetic activity and GY
potential [37]. The effects of years and the genotypes
were found significantly different in the present study.
Sénmez 2001 in 2019-2020 (49.10 mg/m?), G7 (53.37
mg/m?) and G9 (53.57 mg/m?) in 2020-2021 had
significantly more high MSC (Table 7). The comparison
of the means of the growing years indicated that MSC
was 4.96 mg/m? higher at the milk stage in 2020-2021.
According to the combined analysis results, Beskopri,
G4, G7, G9, and G10 were in the same group and having
the highest chlorophyll content. In a study conducted on
durum wheat in rainfed and irrigated conditions in
Diyarbakir province, a positive and significant
relationship was found in both environments between the

chlorophyll content in the milk stage and grain yield
[38]. In our study, no relationship was found between the
chlorophyll content of the milk production period and
the grain yield (Figure 2).

3.8. Thousand Grain Weight (TGW) (g)

TGW was found significantly different in terms of years
and genotypes. G8 (43 @) had the highest TGW,
followed by G1 which was involved in the same group in
2019-2020. On the other hand, Konya-2002 (29.25 g)
genotype had the highest TGW in 2020-2021. It shared
the same group with Cemre, Miifitbey, Ayyildiz, Ekiz,
G5, and G8 (Table 7). According to the means of the
TGW, lower value 12.6 g was obtained in 2020-2021
(Table 7). This result may be explained by the effect of
the drought. The combined analysis showed that Cemre,
Konya-2002, Yildirim, Miifitbey, Ayyildiz, G5, and G8
were shared the same group with the highest TGWs. In a
study conducted with 14 bread wheat genotypes for three
years in Yozgat, Turkey, TGW values showed changes
between 29.2 and 38.4 g [39]. TGW values in this study
was ranged between 27.63 - 34.58 g. The differences
among genotypes are usually explained by inheritance
and environmental factors. Additionally, genotypes
benefiting from the ecological conditions after heading
stage usually have better TGWs [40, 41].

3.9. Protein Ratio (PR) (%)

PR is an important quality parameter for flour mill
owners to make decision to which product of (flour,
semolina, pasta, and etc.) wheat will be processed [42,
43, 41]. According to the PRs of genotypes, Cemre in
2019-2020 and Kenanbey in 2020-2021 had the highest
PR as 1557 % and 19.57 %, respectively. The
comparison of the means by years showed that PR was
3.10 % higher in 2020-2021 compared to the previous
year. Moreover, Cemre and Kenanbey had the highest
PRs as 16.45 % and 16.32 % at the combined analyse,
respectively (Table 7). PRs of the wheat genotypes are
affected by ecological conditions and are genotype-
specific, and range between 6-22 % depending on the
ecological conditions [44, 39]. In the present study, PRs
of the studied genotypes were between 13.97 % and
16.45 %.

Table 7. Mean values of wheat genotypes tested in different years with relation to parameters of MSC, TGW, and PR

MSC TGW PR
Genotype 2019- 2020- Mean 2019- 2020- Mean 2019- 2020- Mean
2020 2021 2020 2021 2020 2021

Cemre 4237 def 4803 def 4520 fo 3783 bed 2900 @ 3342 abc j557 @ 1733 b 1645 2
Bezostaja 1 4650 ®d 5073 @e 4862 ad 3783 bed 2492 b9 3138 of 1417 o 1743 P 1580 b
Hanli 4627 ¢ 4950 bf 4788 af 3550 d9 2375 eh 2963 fOh 1323 Mk 1617 eh 1470
Metin 4250 ©f 4877 of 4563 €0 3392 O 2467 ©9 2029 fOh 1257 Imn 1603 foh 1430 vk
Konya-2002 4630 ¢ 5113 @d 4872 ad 3992 b 9925 a 3458 @ 1280 Km 1603 foh 1442 Nk
Beskoprii 4790 @ 5207 @c 4998 @ 3483 eh 2442 ©0 2063 foh 1307 Uk 1577 g 1442 MK
Syrenaodeska 4130 f 5280 a 4705 bf 3825 bed 2467 0 3146 ©f 1363 e 1627 eh 1495 efy
Yildirim 4573 e 4747 f 4660 99 4008 b 2500 b9 3254 ad 1377 49 1663 OF 1520 cde
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Miifitbey 4760 @ 5103 @¢ 4932 abc 3992 b 2850 @ 3421 a 1180 ©° 1727 bed 31453 9]
Ahmetaga 4663 ac 5143 ad 4903 ad 3267 h 2325 eh 2796 O 1223 M 1570 M 1397 K
Sénmez 2001 4910 @ 5003 ¢ 4957 @ 3683 °f 2500 P9 3092 def 1243 M 1657 9 1450 9
Ayyildiz 4770 @ 5153 @d 4962 @ 3750 be 2775 ad 3263 ad 1p50 Imn 1797 bod 1483 eh
Bayraktar 2000 44.67 bt 4877 ¢f 4672 ©9 3917 b 2467 ©9 3192 cd 1323 Mk 1493 1408 I
Kenanbey 4637 ®® 5097 @& 4867 ad 3692 ©f 2175 9 2933 foh 1307 vk 1957 a 1632 @
Ekiz 4707 ® 5150 ad 4928 ad 3667 9 2625 af 3146 ©f 1283 Km 1691 be 1487 eh
G1 4697 ® 4910 ©f 4803 @& 4025 @ 2425 dh 3225 be 1480 b 1650 Ch 1565 e
G2 4230 °f 5177 e 4703 bFf 3867 b 2308 &N 3088 def 10093 K 1677 bf 1485 eh
G3 4260 ©f 5157 ad 4708 bf 3417 foh 2075 M 2746 M 1423 ¢ 1610 ©&h 1517 def
G4 4850 ® 5133 ad 4992 a 3575 49 2495 dh 3000 efg 1430 °© 1670 bf 1550 bod
G5 4240 9 4600 f 4420 9 3925 bc 2792 abc 3358 abc 1387 of 1647 dh 1517  def
G6 4723 ® 5140 ad 4932 abc 3975 b 2433 ©h 3p04 be 1337 91 1497 ' 1417 K
G7 4770 @ 5337 @ 5053 @ 3817 bed 2375 eh 3096 def 1330 i 1613 eh 1472
G8 4490 b 5177 abc 4833 & 4300 @ 2650 @€ 3475 @ 1350 1 1643 4N 1497 efo
G9 4643 ¢ 5357 @ 5000 @ 3250 M 2275 foh 2763 M 1293 K 1687 Of 1490 ef
G10 4747 ® 5290 @ 5018 @ 3825 bed 229y eh 3958 def 1407 cde 1497 1452 9]
Min. value 413 46.0 44.2 32.50 20.8 27.63 11.8 14.97 13.97

Max. value 49.1 53.37 50.5 43.00 29.00 34.58 15.6 19.57 16.45

General mean 45.78 50.74 48.3 37.50 24.90 31.22 13.37 16.47 14.92

LSD .05 4.18** 3.58** 2.7%% 2.8%% 3.6%* 2.3%* 0.5%* 0.9%* 0.5%*

CV(%) 5.6 4.3 4.9 4.6 8.8 6.30 2.0 3.2 2.80

3.10. The Stability of Yield and The Associations
Among Traits by Using the GGE Biplot Model

The relationships genotype-trait, GY, GY stability, and
many binary or multiple comparisons, made by using
many parameters, can be visualized and presented using
GGE biplot. The angle (<90° positive relationship, >90°

Scatter plot (Total - 58.56%)

PC2-27.91%

PC1-30.65%
Figure 2. GGE biplot model show the relationships genotype-trait.

The GGE biplot model is given in Figure 2 and it
accounts for genotype-trait relationships in the study as
30.65 %, 27.91 %, and 58.56 % for PC1, PC2, and
PC1+PC2, respectively (Figure 2). According to Figure

negative relationship, =90° no relationship) between
vectors and the positions of the vectors are important for
interpretation of genotype-trait relationships the model
[45]. Additionally, the lengths of the vectors give ideas
about the variations among genotypes. In this regard,
whilst the short vector indicates lower variation, the long
vector shows higher [46-48].

Ranking biplot (Total - 100.00%)

Stability Line_|
®

o
2
=
= (CD =D
™ Bayraktar AR
o Ekiz G2
= Kenanhey
G5 Syrena Odes’ka
L b CEMTE
Ryynar’
Gl Konya 202 Sonmez 2000

Ee ]
G3 Ahmetaga Bezostaya 1

PC1-52.31%

Figure 3 . Ranking biplot model show the stability of genotypes based
on GY

2, a positive relationship was observed among GY,
TGW, and PH. The relationship between TGW and PH
were found stronger. On the other hand, there was a
negative relation GY, and HT, CT, PR. FSC and MSC
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had the negative relationship with NDVI. In terms of
quality parameters, PR was negatively associated with
GY, FSC and MSC. When yield and quality parameters
were taken into consideration, the genotypes G8,
Bayraktar 2000, and Miifitbey were prominent according
to GY whilst Cemre stood out in terms of PR.

The ranking biplot, the stability plot of the examined
genotypes, indicates that genotypes above X axis have
higher GY whereas below x axis have lower GY than the
average of GY (Table 5 and Figure 3). The G8 genotype,
located in the utmost right side of the stability line, was
found as moderately stabile genotype with the highest
GY. Mifitbey, Hanli, Metin, G6, and G10 were
established as genotypes with higher GYs following G8.
G1, Bezostaja 1, and Sonmez 2001 were found as
instable genotypes with lower GYs.

Ideal genotype was described as a stabile genotype with
higher GY which does not change from one
experimental field to another (YYan and Kang, 2003) [40].
Miifitbey was found as a genotype having higher GY
with low stability. On the other hand, although Hanli and
G10 genotypes are not as high yielding as G8, they were
established as genotypes with higher stability. G9 and
Ahmetaga genotypes were stabile genotypes; however,
their GY's were much below the trial averages.

4. CONCLUSION

Negative or positive relationships were found between
GY and other traits in the study conducted with 25
genotypes having different characters in rain-fed
conditions in Mus. G8, Hanli, Miifitbey, G10, G6, Metin
and Kenanbey were the best genotypes in terms of GY.
Cemre, Kenanbey, Bezostaja 1, Konya-2002, Miifitbey,
and G8 were the established as significant genotypes
according to quality traits. GYs of Cemre, Bezostaja 1,
Beskoprii, Yildirim, Sénmez 2001, Ayyildiz and Gl
genotypes were below averages and instabile. Metin,
Ekiz, G5, G6, and G7 had GYs above the trial averages
and were found as moderately stabile under
environmental conditions. Although Bayraktar 2000 had
higher GY above the trial average, it was highly affected
by environmental conditions. Hanli, Kenanbey, G6, G8,
and G10 were the most stabile genotypes whose GYs
were above the trial average. Notably, NDVI readings
were found correlated with PR in the study. The
genotypes with higher GYs were found to keep CT
lower levels compared to other genotypes. To elaborate
this important result, different studies should be
conducted examining the relationship between CT and
GY at different stages of the generative period.
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Abstract: Jujube is a fruit rich in antioxidant compounds and vitamin C. In this way, it can prevent
cell damage by fighting free radicals. In the study, antioxidant activities, total phenolic and total
flavonoid compound amounts of methanolic extracts of jujube fruits were determined. In addition,
their biochemical compositions were determined using HPLC. Also, an in silico prediction study of
the identified active ingredients was performed to evaluate antioxidant, antiradical, antibacterial,
antifungal, anti-inflammatory, antimutagenic, and membrane integrity antagonist properties. For the
determination of antioxidant capacity, ferric reducing power (FRAP) and cupric ion reducing
capacity (CUPRAC), DPPH radical scavenging activity and B-carotene-linoleic acid assay were
used. The amounts of total phenolic and the total flavonoid compounds of the extracts were
determined as gallic acid equivalent (GAE) and as quercetin equivalent (QE). The methanolic
extract of jujube collected from Antalya contains 580 pg GAE.mg™ and 240 pg QE.mg™, and the
methanolic extract of jujube collected from Denizli contains 900 ug GA.mg™ and 380 pg QE.mg™.
The ICso values of Antalya and Denizli methanolic extracts according to the DPPH scavenging
assay were 10.34 and 9.82, respectively. Gallic acid, catechin, caffeic acid, coumaric acid, ferulic
acid and cinnamic acid were detected by HPLC. In addition, the in silico effects of these molecules
were estimated with the PASS online prediction program. As a result, it was seen that Denizli
jujube had a higher antioxidant effect than Antalya jujube.

Farklh Bélgelerden iki Hiinnap Meyvesinin In silico Tahmin ve In vitro Antioksidan

Aktiviteleri

Anahtar
Kelimeler
Antioksidan
aktivite,
DPPH,
FRAP,
CUPRAC,
PASSonline,
Ziziphus
jujuba.

Oz: Hiinnap, antioksidan bilesikler ve C vitamini acisindan zengin bir meyvedir. Bu sayede serbest
radikallerle savasarak hiicre hasarini Onleyebilir. Calismada hiinnap meyvelerinin metanolik
ekstraktlarinin antioksidan aktiviteleri, toplam fenolik ve toplam flavonoid bilesik miktarlari
belirlendi. HPLC kullanilarak biyokimyasal bilesimleri belirlendi. Ayrica, antioksidan, antiradikal,
antibakteriyel, antifungal, antienflamatuar, antimutajenik ve membran biitiinliigli antagonist
ozelliklerini degerlendirmek i¢in tanimlanan aktif bilesenlerin in silico tahmin ¢aligmasi yapildi.
Antioksidan kapasitenin belirlenmesi i¢in ferrik indirgeme giicii (FRAP) ve bakir iyonu indirgeme
kapasitesi (CUPRAC), DPPH radikal siipiirme aktivitesi ve B-karoten-linoleik asit testi kullanildi.
Ekstraktlarin toplam fenolik ve toplam flavonoid bilesik miktarlar1 gallik asit esdegeri (GAE) ve
kersetin esdegeri (QE) olarak belirlendi. Antalya'dan toplanan hiinnapin metanolik ekstrakti 580 pg
GAE.mg? ve 240 ug QE.mg?, Denizli'den toplanan hiinnapin metanolik ekstrakti ise 900 pg
GA.mg*? ve 380 pg QE.mg* icerir. DPPH siipiirme tahliline gdre Antalya ve Denizli metanolik
ekstraktlarinin ICso degerleri sirasiyla 10.34 ve 9.82°dir. HPLC ile gallik asit, katesin, kafeik asit,
kumarik asit, ferulik asit ve sinnamik asit tespit edildi. Ayrica bu molekiillerin in silico etkileri
PASS online tahmin programi ile tahmin edilmistir. Sonug¢ olarak Denizli hiinnabinin Antalya
hiinnabina gore daha yiiksek antioksidan etkiye sahip oldugu gortildii.
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1. INTRODUCTION

Free radicals are one of the most emphasized issues in
recent years. Cellular sources of free radicals, the
reactions they take place in, and the resolution of
antioxidant mechanisms that prevent free radical damage
are extremely important for many diseases. A free
radical is an atom or molecule with an odd number of
electrons in its outer orbit [1]. They exist as both organic
and inorganic molecules. Free radicals cause the atom
they affect, and accordingly, the substance in which that
atom is located to not be able to function. Depending on
the biological significance of the affected substance and
whether it can be repaired, temporary or permanent
effects are observed [2, 3].

The importance given to antioxidants is increasing day
by day due to their positive contributions to health.
Antioxidants, which are one of the most popular
supplements of the last period, have become used by
everyone thanks to their effects that prolong life, reduce
the risk of diseases such as cancer and heart diseases,
and delay aging. Oxygen, which is indispensable for our
life, can harm our body in some cases. The reason for
this possible damage of oxygen is the formation of
reactive oxygen species as a result of metabolic reactions
in our body using oxygen. These molecules, known as
free radicals, can damage lipid, protein, DNA and
similar cell components. Then, problems such as
premature aging, cancer, cardiovascular diseases may be
encountered [4]. Antioxidant defense systems developed
in aerobic respiration organisms control the formation of
free radicals that contain an unpaired electron in their
structure and prevent the harmful effects of these
molecules. Thus, the cell is not damaged and is protected
from diseases. However, there may be cases where the
existing antioxidant defense system can not completely
prevent the effects of free radicals. That's when the
condition called oxidative stress occurs due to the
increase of free radicals. Antioxidants are widely used to
treat brain damage caused by the brain's vulnerability to
oxidative stress. It is known that antioxidant compounds
that can be used in treatments prevent cell death and
neurological damage by preventing oxidative stress in
nerve cells [5].

Jujube (Ziziphus jujuba Mill.) is a fragrant, 4-5 m high
thorny tree, red bark, hard core, large olive-shaped plant
that blooms yellow flowers between April and May. The
outermost wall is leathery and thin, the pulp is yellow,
sweet and delicious. The trunks of the tree are
cylindrical, with brown bark and many branches. The
leaves are in two opposite rows, with a short stem, and
two small leaflets in the form of thorns. The sepals are
five-part and green in color. The petals are yellow,
curved and have five parts. It is thought to have spread
from North Africa and Syria to India and China.
Although the tree is adaptable to many climates, it needs
hot summers to bear fruit well. It is located in Marmara,
Western and Southern Anatolia in Turkey. In addition,
different species are seen in the Eastern Black Sea
Region and especially in the Coruh Valley Basin. The
plant has been used as an emollient, expectorant and
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diuretic since ancient times. It is very useful in diseases
such as cardiovascular stiffness and shortness of breath.
It is also used as a cholesterol and lipid lowering agent
[6, 71].

In the study, ferric ion reducing power (FRAP), cupric
ion reducing capacity (CUPRAC), DPPH radical
scavenging activity and [B-carotene-linoleic acid
emulsion methods were used to determine the
antioxidant activity of jujube plant. Total phenolic and
flavonoid substance amounts of the extracts were
determined as equivalent to gallic acid and quercetin,
respectively. In addition, the phenolic compounds of the
methanolic extract of the fruit were determined by
HPLC. Also, in silico some biologic avtivity prediction
of the determined active substances was applied with the
PASS online program.

The aim of this study is to evaluate the phytochemical
structure and antioxidant activity of the methanolic
extract of jujube fruit in order to determine the beneficial
effects and the components responsible for these effects.
In addition, it is to perform in silico study of the
identified active ingredients to understand their
antioxidant, antiradical, antibacterial, antifungal, anti-
inflammatory, antimutagenic, and membrane integrity
antagonist properties.

2. MATERIAL AND METHOD
2.1. Materials
2.1.1. Chemicals

The Folin reagent and 1,1-diphenyl-2-picryl-hydrazil
(DPPHe) used in the study were from Sigma-Aldrich and
Na,COs, methanol, gallic acid, butylated hydroxyanisole
(BHA), butylated hydroxytoluene (BHT), chloroform
(CHCls), p-carotene, lineolic acid, Tween 20, FeCls,
potassium ferrocyanate, trichloroacetic acid (TCA),
CuCl2.2H,0, ammonium acetate and trolox were
obtained from Merck.

2.1.2. Fruits

The two jujube fruits used in the study were collected
from two different regions of Turkey. One was collected
from Alanya, Antalya, located in the Mediterranean
region, from 36°30'07" north latitude and 31°38'40" east
longitude coordinates (ZJA). The other was collected
from Civril, Denizli, which is located in the Aegean
region and from 38° 18’ 5” North latitude and 29° 44’
19" east longitude (ZJD). The fruits were identified as
Ziziphus jujuba Mill based on the book "Flora of Turkey
and the East Aegean Islands" by PH Davis.

2.1.3. Devices

Devices used in the analysis: Shimadzu UV 1700
spectrophotometer for absorption measurements, Inolap
brand pH meter for pH measurements, Precisa XB 220A
precision balance for weighing, Niive brand incubator
for heating and drying processes, Heidholph brand

13




Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 12-23, 2022

evaporator and Lancome brand lyophilizer to remove the
solvent after extraction.

2.2. Methods
2.2.1. Jujube fruit extraction

Jujube fruits were collected, cut into small pieces and
dried. Then approximately 50 g of each was taken and
placed in the soxlet cartridge. In the literature review, it
was decided to use 100% methanol. It was extracted in
methanol solvent at 30°C for 6 hours. In order to remove
the solvent of the obtained extract, it was subjected to
40°C under vacuum in the evaporator. After evaporation,
it was taken into vials and stored at 4°C for analysis [8].

2.2.2. Determination of total phenolic and total
flavonoid contents

The amount of phenolic compounds in the methanolic
extract prepared from the jujube fruits used in the study
was determined by the Folin Ciocalteu method [9].
Gallic acid was used as the equivalent standard phenolic
compound. A calibration graph of gallic acid was drawn.
Using the equation obtained from this graph, the total
phenolic compound amounts of the jujube samples were
determined. In the study, absorbances were read at 760
nm. Results were calculated in pg in gallic acid
equivalent (GAE).

The amount of flavonoid compounds in the methanolic
extract prepared from jujube fruits was determined by
the aluminum nitrate method [10]. Quercetin was used as
the standard flavonoid compound. A calibration graph of
Quercetin was drawn. The total flavonoid content of the
jujube samples was calculated using this calibration
graph. Absorbances were read at 415 nm. Results were
calculated in pg in quercetin equivalent (QE).

2.2.3. DPPH free radical scavenging activity

DPPH free radical scavenging activities of extracts
prepared from jujube fruits used in the study were
carried out according to the method developed by Blois
[11]. DPPH was used as a free radical. Absorbance
measurements were read at 517 nm. Ethanol was used as
a control.

Inhibition (%) = [(Acontrol - Asample)/ Acontro1] X100

The plant extract concentration (ICsg) values at the time
of scavenging half of the DPPH free radical were
calculated for each sample. It was compared with the
synthetic antioxidants BHT and BHA.

2.2.4. p-Carotene/linoleic acid bleaching method

Lipid peroxidation was carried out according to the
method developed by Miller [12]. A solution of (-
carotene in chloroform was used. Synthetic antioxidants
BHA and BHT were used as standard. Absorbances were
read at 470 nm. One measurement was read at the first
time and the other measurements were read every 15
minutes for 120 minutes. Based on this absorbance, the
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rate of change in absorbance and, accordingly, the %
oxidation inhibition coefficients were calculated.

R=In(a/b)
Here; In is the natural logarithm, a is the initial
absorbance, b is the absorbance after 120 minutes of
incubation.

|nthItI0n (%) = [(Rcontrol* Rsample)/Rcontrol]XlOO
2.2.5. Ferric ion reducing antioxidant power (FRAP)

Ferric ion reducing antioxidant power of extracts
prepared from jujube fruits used in the study was applied
according to Benzie and Strain [13]. The FRAP reagent
was used and freshly prepared before use. Absorbances
were read at 593 nm. Ethanol was used as a control.
BHA and BHT were used as positive standards.

2.2.6. Cupric ion reducing antioxidant capacity
(CUPRAC)

The copper Il ion-reducing antioxidant capacities of the
extracts prepared from the jujube fruits used in the study
were determined according to the method developed by
Apak et al. [14]. Absorbances were read at 450 nm.
Ethanol was used as a control. BHA and BHT were used
as positive standards.

2.2.7. HPLC analysis

For HPLC analysis of phenolic compounds in fruit
extracts, an analysis method was developed by drawing
the calibration graph of 15 different phenolic compound
standards separately [15]. After 20 mg of the samples
were weighed and dissolved in 1 mL of methanol, 20 pL
of the solutions were injected into the HPLC. First of all,
standard phenolic substances were injected. Results are
given as pg.g-1 with 95% confidence interval.

2.2.8. Insilico toxic risks prediction by PASSonline

A computer-based program PASS (Prediction of Activity
Spectra for Substances) was used to screen the
antimicrobial and antioxidant potential of the phenolic
compounds that the fruit's methanolic extract contains at
the highest rate. The software is used to predict the
biological activities of chemical structures, including
phytochemicals, based on the structure-activity
relationship with a known chemical entity. Besides the
desired pharmacological effect, it predicts molecular
mechanisms of action and undesirable side effects such
as mutagenicity, carcinogenicity, teratogenicity and
embryotoxicity [16]. It compares the structure by
utilizing a library of molecules containing more than
205,000 compounds exhibiting more than 3750
biological activities. Activity is estimated in terms of Pa
(probable activity) and Pi (probable inactivity).
Structures where Pa is greater than Pi denote compounds
considered for a particular pharmacological activity [17].
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2.2.9. Statistical analysis

Statistical differences between groups were determined
by Tukey post-hoc test and one-way ANOVA. Data
were expressed as a mean of 7 standard deviations for
three independent determinations. In ANOVA tests,
p<0.05 values were accepted as the limit of significance.
Analyzes were performed using GraphPad Prism 9.0 for
Windows (GraphPad Software, San Diego, CA, USA).

3. RESULTS

In recent years, many studies have been carried out on
the therapeutic properties of plants. This therapeutic
feature of plants is due to the fact that they contain
antioxidant substances. Antioxidants provide the
removal of radicals formed in normal ways in human
metabolism. The most important antioxidants found in
plants are flavonoid, carotenoid and phenolic
compounds. Various spectroscopic and chromatographic
methods have been developed for the identification of
these compounds, and many antioxidant substances such
as catechin, gallic acid, rutin, quercetin can be
determined in plant and food samples. However, these
methods are both expensive and it can not be fully
commented on whether they can give antioxidant
properties after the molecules are defined. For
antioxidant determination, total antioxidant activity
determination, total reducing capacity, DPPH
scavenging, [-carotene and CUPRAC method, total
flavonoid substance determination and similar methods
are frequently used [18].

The increasing availability of life-saving drugs such as
antibiotics has led to advances in the world of advanced
medicine. However, the widespread use of these
synthetic drugs has led to life-threatening side effects
and the development of resistant strains of deadly
pathogenic microorganisms [19, 20]. The development
of new antimicrobial drugs that overcome these
problems is therefore a major imperative for the
pharmaceutical industries. Plant-derived antimicrobials
and antioxidants have a long history of providing much
needed safe and new therapeutics [21-23]. Plants
constantly interact with rapidly changing and potentially
harmful external environmental factors such as microbial
attack and oxidative stress. This interaction involves
alternative defense strategies, including the synthesis of
a wide variety of chemical metabolites that counteract
these stress factors. According to the World Health
Organization, plants are the best source of various
biologically active drugs [20]. To date, only 10-15% of
plant species have been studied for their therapeutic
potential for various ailments [17].

3.1. Total Phenolic and Total Flavonoid Substance
Results

The most important antioxidant compounds are phenolic
compounds. Phenols can donate electrons and hydrogens
due to the functional groups they carry in terms of their
structure. These groups eliminate radicals and oxidizing
groups. Phenolic groups are rich in OH groups. These
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groups add polarity to them and increase their
antioxidant properties [24].

Table 1. Total phenolic and flavonoid contents of Ziziphus spp. and
statistic analysis®

Total Phenolic Contents Total Flavonoid Contents

Samples (ng GA.mg* extract)® (ng QE.mg™ extract)°
ZJIAY 580+0,014 240+ 0,27
ZJD® 900 + 0,068 380+ 0,55

aStatistical analyzes were performed using One Way Anova test and
Tukey test in GraphPad Prism 9.0 program. According to the results,
significant differences were found between four groups (p<0.05,
F=58.17). "GA, gallic acid equivalents. °QE, quercetin equivalents.
9ZJA: Z. jujuba extract collected from Antalya. °ZJD: Z. jujuba extract
collected from Denizli.

In this study, the total phenolic substance determination
was made according to the Folin-Ciocaltaeu method. The
total amount of flavonoid substances was determined by
a method based on aluminum chelation. For the
calibration curves of gallic acid and quercetin, which are
used as standards, solutions of these substances in
methanol at five different concentrations were prepared.

2,5
e 2 y = 6,2354x + 0,1016
; R2=0,9951
R 15
g
s 1
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£ 05
0
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Figure 1. Calibration curve of gallic acid

The concentrations of total phenolic compounds in Z.
jujuba extracts were calculated as gallic acid equivalent
from the graphic equation obtained from the calibration
curves of gallic acid methanol solutions given in Figure
1. The resulting graphic equation was found to be y =
6,235x + 0,101. According to the results given in Table
1, it was observed that the methanolic extract of ZJD
contained a higher amount of phenolic substances than
the methanolic extract collected from ZJA.

1,6
14
1,2
1
0,8
0,6
04
0,2
0

0 2 4 6 8 10 12

Quercetin, 106 M

y =0,1527x - 0,021
R2=10,9998

Absorbance, 415 nm

Figure 2. Calibration curve of quercetin

The concentrations of total flavonoid compounds in Z.
jujuba extracts were calculated as equivalent to the total
amount of flavonoid substance quercetin from the
graphic equation obtained from the calibration curves of
quercetin methanol solutions given in Figure 2. The

15



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 12-23, 2022

obtained graphic equation was found as y = 0,152x —
0,021. According to the results given in Table 2, it was
observed that the methanolic extract of ZJD contained a
higher amount of flavonoid substances than the
methanolic extract collected from ZJA. As a result of the
examinations, it has been determined that the total
phenolic and total flavonoid substance amounts of the
ZJD are higher than the ZJA.

3.2. DPPH Free Radical Scavenging Results

The radical scavenging activities of antioxidants are very
important for the biological system and the food
industry. Excessive formation of free radicals accelerates
lipid peroxidation. This is an undesirable situation in
foods and causes some diseases in humans. These
diseases include premature aging, cancer, and
forgetfulness [18].

In this method, DPPHe radical scavenging activity assay
of methanol extract of Z. jujuba and standard antioxidant
compounds which is BHA and BHT were determined.
Calibration curve of DPPH in methanol was drawn.
From the graph equation obtained (y = 0.013x + 0.006),
ICso values of extracts and standarts were calculated.

—e—ZIA

—e—ZJU

Absorbance, 517 nm

0 0,2 0,4 0,6 0,8 1
Concentration, mg.mL*
Figure 3. DPPH free radical scvenging activity graph of Z. jujuba

methanolic extract collected from Antalya (ZJA), Z. jujuba methanolic
extract collected from Denizli (ZJD), standart BHA and standart BHT.

The DPPH radical scavenging activity was determined
for different concentrations of Z. jujuba methanolic
extract, BHA and BHT. For this purpose, inhibition
values at each concentration were calculated from the
absorption values obtained and plotted against the
concentration (Figure 3). As seen in Figure 3, there is no
significant increase or decrease in the DPPH radical
scavenging activities of methanolic extracs of ZJA and
ZJD. In addition, it was observed that there was not a
very large concentration difference between the two
extracts.

3.3. B - Carotene Lineolic Acid Emulsion Assay
Results

When free radicals attack the fat molecules in the cell
membrane, the fat molecule undergoes a change. When
fats are changed in the body, the structure and functions
of the cell membrane are damaged. Therefore, the cell
membrane cannot transfer nutrients, oxygen and water
for a long time. It also cannot regulate the disposal of
spent products. Continuing the attacks of free radicals
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for a long time causes the breakdown of the oils in the
structure of the cell membrane, the rupture of the plant
membrane and the disintegration of the cell components
[25].

—eBHT —e—BHA

£
c
o
~
<
53
e
g
5]
2 04
<

0

0 20 40 60 80 100 120

Time, min

Figure 4. B-Carotene linoleic acid emulsion assay graph of Z. jujuba
methanolic extract collected from Antalya (ZJA), Z. jujuba methanolic
extract collected from Denizli (ZJD), standart BHA and standart BHT.

B-Carotene-lineclic acid emulsion method is based on
the disappearance of the yellow color over time, which is
formed by the reaction of the radicals formed as a result
of the oxidation of lineoic acid in the emulsion with j-
carotene. The presence of antioxidants prevents the color
from lightening. In the B-carotene lineolic acid system,
the fact that the yellow color did not fade immediately
during the test period (120 min) indicates the presence of
a high potential antioxidant (Figure 4).

In this method, antioxidant activities of ZJA extract and
ZJD extract were measured and compared with the
antioxidant activities of synthetic antioxidants BHA and
BHT. As a result of the analyzes, it was found that the
methanolic extract of ZJD showed higher antioxidant
activity than the methanolic extract of ZJA according to
the B-carotene lineoleic acid emulsion method. In
addition, it was observed that two extracts showed
higher activity than the standards.

3.4. CUPRAC Results

In the method, Cu (ll) chloride solution, neocuprine
solution and ammonium acetate (pH=7 buffer) solution
are mixed. Antioxidant solution to be determined is
added to the solution, and after 30 minutes, absorbance
values are measured at 450 nm against the reference
without antioxidant.
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Figure 5. Cupric ions reducing capacity assay graph of Z. jujuba
methanolic extract collected from Antalya (ZJA), Z. jujuba methanolic
extract collected from Denizli (ZJD), standart BHA and standart BHT.
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The cupric ion reduction potential results of Z. jujuba
extracts according to the CUPRAC method are given in
Figure 5. The results were obtained by measuring the
absorbance of methanol solutions of the samples at 450
nm. When Figure 5 is examined, it has been observed
that the sample of ZJA reduces more cupric ions to
cuprous than the sample of ZJD. It was determined that
both extracts had similar reducing power with standard
BHA and BHT.

3.5. FRAP Results

In the method, the yellow color of the solution turns into
green in different shades due to the reduction activities
of the antioxidant substances in the solution. In the
presence of antioxidants, the ferricyanide (Fe**) complex
is reduced to its ferrous form (Fe?*). The KzFe(CN)s
complex gives a maximum absorbance at 593 nm by
forming a complex of Fes[Fe(CN)s]s with added FeClI3
and Perl's prussian blue (Ak Tuba, 2006).

—a—ZJA —e—2ZJU
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Figure 6. Ferric reducing antioxidant potential assay graph of Z. jujuba
methanolic extract collected from Antalya (ZJA), Z. jujuba methanolic
extract collected from Denizli (ZJD), standart BHA and standart BHT.

The ferric ion reducing power results of Z. jujuba
methanol extracts according to the FRAP method are
given in Figure 6. As seen in figure, Z. jujuba extracts
showed a lower antioxidant effect than the standard
antioxidants BHT and BHA. It was found that there was
not much difference in value between the two extracts at
a concentration of 1 mg.mL", but the methanolic extract
of ZJD showed slightly higher antioxidant activity than
the methanolic extract of ZJA.

3.6. HPLC Results

Some of the phenolic and flavonoid compounds that
provide antioxidant properties to Z. jujuba extracts were
determined qualitatively and quantitatively by high
performance liquid chromatography. These analyzed
components and the amount of these components in each
of the methanolic extract are given in Table 2. The
chromatogram for the analysis of all standards is given
in Figure 7(A). Also, Figure 7(B) shows the
chromatogram of ZJA and Figure 7(C) shows the
chromatogram of ZJD. As a result, all antioxidant
molecules analyzed in Z. jujuba extracts contributed to
their antioxidant capacity. The greatest contribution was
made by the high levels of gallic acid, catechin, p-
coumaric acid, cinnamic acid and ferulic acid molecules.
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However, caffeic acid from these molecules was found
only in the ZJA extract, while quercetin was not found in
any of the extracts. However, it is possible that there are
some unanalyzable antioxidant substances in each
extract.

Table 2. HPLC results of phenolic compounds from two Z. jujuba
species*

Samples ZJA? ZJDP
Gallic acid 6,39 31,20
Catechin 3,90 20,75
Caffeic acid 2,15 ND*®
p-Coumaric acid 1,36 1,76
Ferulic acid 2,56 5,01
Cinnamic acid 0,43 0,98
Quercetin ND*¢ ND¢

*Results are given in pg.g™t with 95% confidence interval. ®Z. jujuba
extract collected from Antalya. ®ZJD: Z. jujuba extract collected from
Denizli. °ND, Not detected.

3.7. In Silico Prediction Analysis Results

The hydroxyl and ketone groups in the structures of the
molecules enable them to be interactive. The number of
these groups and their bonding angles affect reaction
rates and activities. The structural formulas of the active
ingredients determined by HPLC in the ziziphus sample
collected from both places are given in Figure 8.

Calculations using PASS software are widely used to
verify and correlate the biological activities of chemical
molecules [26, 27]. The results are confirmed by a
structural study of the same molecules using software
that works on the principle of structure-based
comparison of key molecules of jujube fruit with
existing antioxidant, antimicrobial, anti-radical, anti-
inflammatory, anti-mutagenic and antifungal
compounds. Gallic acid showed the highest Pa value for
antibacterial activity, cinnamic acid showed the highest
Pa value for anti-inflammatory potential, as catechin
showed antioxidant activity, antifungal activity,
antimutagenic activity, the highest scavenging effect
against free radicals and the highest membrane
integration antagonist. Significant inhibition effects of
these molecules against oxidation, bacteria, fungi,
inflammation and mutation have been detected. Catechin
was found to be the molecule with the most extensive
action. Catechin can be shown as the general factor of
biological activities in experimental studies.

4. DISCUSSION AND CONCLUSION

In the study, the total phenolic compound content, total
flavonoid compound content, scavenging effect of
DPPHe radical, pB-carotene lineolic acid emulsion
system, copper ion reducing capacity, iron ion reducing
power of methanolic extracts of ZJA and ZJD were
determined. The results obtained were compared with
the synthetic antioxidants BHA and BHT for both
extracts separately.

The first study on the determination of total phenolic
substances was done in 1965 by Singleton et al [28].
They used the Folin-Ciocalteu @ Method for
determination. Atanassova and colleagues examined the
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total phenolic content of Melissa officinalis, Salvia
officinalis and Mentha piperita. They found 48.86 mg
GAE.100g™* for Melissa officinalis, 27.94 mg GAE.100g
! for Salvia officinalis and 45.25 mg GAE.100g* for
Mentha piperita [29]. Javanmardi et al. studied the total
phenolic content of different species of the plant called
Ocimum basilicum. As a result, they found values
ranging from 22.9 mg GAE.g™ to 65.5 mg GAE.g* [30].
In the study, the amount of phenolic substances
contained in 2 mg.mL* methanol extracts of Z. jujuba
was calculated as equivalent to gallic acid. The phenolic
contents of the ZJD and ZJA were found to be 0.90 mg
GAE.g* and 0.58 mg GAE.g, respectively.

The first study on the determination of total flavonoid
compound was done by Moreno et al. in 2000 [10]. They
applied the calorimetric method for the determination.
Atanassova et al. examined the total phenolic content as
well as the total flavonoid content of M. officinalis, S.
officinalis and M. piperita. They found the total
flavonoid contents of 45.06 mg CE.100g' for M.
officinalis, 27.54 mg CE.100g* for S. officinalis and
25.17 mg CE.100g-1 for M. piperita, respectively [29].
Chang et al. examined the total flavonoid compound
content in propolis, as a result, they found values ranging
from 10.38 mg QE.g* to 24.91 mg QE.g? [31]. In the
study, the amount of flavonoids contained in Z. jujuba
extracts was calculated as equivalent to quercetin. The
flavonoid contents of ZJD and ZJA was found to be 0.38
mg GAE.g ! and 0.24 mg GAE.g?, respectively.

The determination of DPPH free radical scavenging
activity was first made by Blois in 1958 [11]. After
Blois, the method was frequently applied because the
process was short-lived and easy. Bencheraiet et al.
applied the DPPH method to determine the antioxidant
activity of Ammi visnaga. They found the ICso value of
the plant as 8.77£0.2 pg.mL? and the ICso value of
Rutin, a standard, as 3.01£0.2 pg.mL™ and compared
with each other. Accordingly, they detected the
scavenging activity of DPPH radical [32]. In the study,
ICso values of the methanolic extract of Z. jujuba were
calculated at a concentration of 1 mg.mL* (ZJA = 5.17
pgmL?, ZJID =491 pg.mL?, BHA =3 .5 pyg.mL?, BHT
= 1.5 ug.mL?). The DPPH radical scavenging activities
of the extracts and synthetic antioxidants were listed as
BHT >BHA > ZJD > ZJA.

The B-carotene lineolic acid emulsion method was first
performed by Miller in 1971 [12]. In this method,
antioxidant activity is determined by measuring the
oxidation of linoleic acid in the presence of B-carotene.
Tirkoglu et al. applied the B-carotene lineolic acid
emulsion method for the determination of the antioxidant
activity of Laetiporus sulphureus and found the
inhibition value of the extract to be 82.2% [33]. In the
study, the inhibition value of 1 mg.mL? Z. jujuba
methanolic extract was found to be 94.49% for the
sample collected from Denizli, and 88.83% for the
sample collected from Antalya. In addition, inhibition
values of BHT and BHA, which are synthetic
antioxidants, were calculated with this method.
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Inhibition values for BHT and BHA were obtained as
84.2% and 81.4%, respectively.

Benzie and Strain applied the ferric ion reducing power
method for the first time in 1996 [13]. They used the
reduction calorimetric method. They determined by
measuring the absorption of 100 pmol.L* bilirubin and
280 pmol.L* albumin at 593 nm. In the study, the ferric
reducing power was determined according to the Oyaizu
[34] method. The reducing capacity of the methanolic
extract of Z. jujuba at 1 mg.mL* was determined as
20.16 mg TEAC for ZJD and 19.63 mg TEAC for ZJA.

Apak et al. applied the CUPRAC method for the first
time in 2004 [14]. The method is based on the reduction
of cupric ions to cuprous ions in the presence of
antioxidants in the compounds. Cikrikci et al. applied the
CUPRAC method to determine the antioxidant activity
of Curcuma longa [35]. Curcumin and turmeric were
used in the determination. The CUPRAC.TEAC™ value
for curcumin is 0.8 mg TEAC.g?', while the
CUPRAC.TEAC value for turmeric is 0.7 mg TEAC.g
1. In the study, CUPRAC.TEAC! values of 1 mg.mL?
ZJA methanolic exract and 1 mg.mL? ZJD methanolic
extract were calculated for the determination of
antioxidant capacity by CUPRAC method. According to
this method, trolox equivalent amounts of ZJA extract
and ZJD extract were obtained as 9.15 mg TEAC.g™* and
6.95 mg TEAC.g, respectively.

It was observed that the reducing capacity of Z. jujuba
extracts increased with increasing concentration as well
as antioxidant activity. The reducing power may be an
important factor in the antioxidant activity of a
compound, but the antioxidant property of any pure
substance can be explained by different mechanisms. In
summary, antioxidant compounds can exhibit their
antioxidative properties by different mechanisms such as
binding transition metals, breaking down peroxides, and
removing radicals.

The p-carotene lineolic acid method is based on
hydrogen atom transfer. Electron transfer-based methods
measure the capacity of antioxidants as a result of
reduction of oxidants that change color when reduced.
This event can be in the form of an increase or decrease
in absorbance. The degree of color change is related to
the total antioxidant concentration of the sample. In fact,
reactions based on hydrogen atom transfer and electron
transfer are intertwined in a sense and there are no
insurmountable boundaries between them.

In this study, gallic acid, catechin, p-coumaric acid,
cinnamic acid, ferulic acid, caffeic acid and quercetin
were determined qualitatively and quantitatively in the
extracts by HPLC analysis. From the obtained
chromatograms, it was seen that the HPLC values of the
methanolic extract of ZJD were higher than the
methanolic extract of ZJA. Gallic acid is the highest in
both extracts, followed by catechin. While the gallic acid
value in the extract obtained from ZJD is 31.20 pg.g?, it
is 6.39 pg.g! in the ZJA extract. When the catechin
values are examined, ZJD extract is 20.75 pg.g* and
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ZJA extract is 3.90 pg.gt. Likewise, it was found that
the extract obtained from ZJD was higher than that
obtained from ZJA in other values.

Gallic acid is an antioxidant and phenolic acid found in
varying amounts in most plants. As an antioxidant, gallic
acid can defend the body against free radicals and
oxidative damage. When cells are exposed to free
radicals, they damage their proteins and cell membranes
and die faster than normal. The anti-inflammatory
property of gallic acid is effective in curing
inflammation. The use of ointments containing it for skin
diseases such as arthritis and psoriasis significantly
reduces inflammation [36, 37]. Caffeic acid is an organic
compound belonging to the hydroxycinnamic acid class
[38]. Caffeic acid is widely available in the human diet
[39]. p-Coumaric acid is an organic compound belonging
to the hydroxycinnamic acid class. It has three isomers.
1) ortho-coumaric acid, 2) meta-coumaric acid, 3) para-
coumaric acid [40]. p-Coumaric acid is found in
esterified or free acid form in the cell wall of grasses,
cereals, fruits and vegetables (40, 41). Cinnamic acid is
found naturally in most plant sources [42]. It is usually
encountered in balms from cinnamon or storax tree [43].
These molecules are phenolic compounds detected in
high amounts in methanolic extracts of Z. jujuba. Thanks
to these molecules, the extract acts against oxidation. In
addition to in vitro analyses, some biological effects of
these molecules were investigated in silico. As a result of
in silico prediction analysis, it was determined that gallic
acid and catechin had the highest effect, while the others
had potential at certain levels.

Antioxidant molecules have been reported to hold a
growing attention owing to their defensive
functionalities in food products, fruits, vegetables, bee
products and drug products against oxidative damage.
Investigation of antioxidant activities of plants and plant
derivated substances demand appropriate procedures that
discourse the machineries of antioxidant oroperties.
Several studies evaluating the antioxidant activity of
various samples of research interest using different
methods in food and human health have been carried out
(44, 45, 46, 46, 47).

Consequently, the biochemical composition of the
methanolic extracts of ZJA and ZJD was determined by
HPLC analysis. The total amount of phenolic substances
and total flavonoid substances were determined in the
same extracts. As a result of both HPLC and phenolic
and flavonoid substance determination methods, it was
found that the amount of phenolic substance in plants
was higher than the amount of flavonoid substance. For
the determination of antioxidant capacity, (-carotene
lineolic acid emulsion method and CUPRAC method
were applied to the methanolic extracts of ZJA and ZJD,
and then the iron ion reducing power and DPPH radical
scavenging activities of the extracts were determined.
The biological activities of the phenoclic compounds
contained in the extract were estimated with the PASS
online program. When the results obtained are compared
with standards and in silico prediction analysis data, it
can be said that Z. jujuba methanolic extract is effective
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against oxidation, free radicals and lipid peroxidation, as
well as metal reduction potentials and its fruits can be
used as a potential antioxidant in medicine,
pharmaceutical and food industries.
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Appendices

Appendix A.
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Figure 7. A) Standard chromatogram, B) Chromatogram of Z. jujuba collected from Antalya, C) Chromatogram of Z. jujuba collected from Denizli.
*Molecular numbers given in the chromatogram; 1: Gallik acid, 2: Catechin, 3: Caffeic acid, 4: p-Coumaric acid, 5: Ferulic asid, 6: Cinnamic acid, 7:
Quercetin.
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Figure 8. Molecular structures of the major components of both jujube fruits
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Table 4. Pharmacological activities predicted for major phenolic compounds of Z. jujuba methanolic extracts

p-Cumaric

Gallic acid Catechin Cafeic acid id Ferulic acid Cinnamic acid
Activity aci

Pa* | Pi* | Pa* | Pi** | Pa* | Pi* | Pa* | Pi** | Pa* | Pi** | Pa* | Pi**
Antioxidant 0520 | 0,006 | 0847 | 0,003 | 0,603 | 0,005 | 0553 | 0,005 | 0540 | 0,005 | 0489 | 0,007
Free radical 0570 | 0,007 | 0827 | 0002 | 0647 | 0005 | 0627 | 0,005 | 0731 | 0004 | 0497 | 0,010
scavenger
Antibacterial 0418 | 0026 | 0360 | 0041 | 0,358 | 0041 | 0343 | 0045 | 0,333 | 0,048 | 0312 | 0,056
Antifungal 0,398 | 0,050 | 0561 | 0,002 | 0450 | 0,039 | 0451 | 0,039 | 0430 | 0044 | 0401 | 0,049
Antiinflammatory 0548 | 0044 | 0616 | 0028 | 0651 | 0023 | 0641 | 0024 | 0604 | 0031 | 0656 | 0,022
Antimutagenic 0597 | 0,010 | 0917 | 0002 | 0845 | 0003 | 0,886 | 0,002 | 0900 | 0,002 | 0817 | 0,004
g’r'l‘:amgt;rn"’};‘ Integrity 0543 | 0035 | 0971 | 0,002 | 0955 | 0003 | 0954 | 0,003 | 0276 | 0,130 | 0,774 | 0,014

*Pa: Probable activity; **Pi: Probable inactivity. Pa > 700: probable activity greater than 70%. The PASS prediction results were interpreted and used
as follows: (i) only activities with Pa > Pi are considered as possible for a particular compound; (ii) if Pa > 0.7, the chance to find the activity

experimentally is high.
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Abstract: Epidemic disecases have been seen frequently in recent years. Today’s, thanks to
advanced database systems, it is possible to reach the clinical and demographic data of citizens.
With the help of these data, machine learning algorithms can predict how severe (at home, hospital
or intensive care unit) the disease will be experienced by patients in the risk group before the
epidemic begins to spread. With these estimates, necessary precautions can be taken. In this study,
during the COVID-19 epidemic, the data obtained from the Italian national drug database was used.
COVID-19 severity and the features (Age, Diabetes, Hypertension etc.) that affect the severity was
estimated using data mining (CRISP-DM method), machine learning approaches (Bagged Trees,
XGBoost, Random Forest, SVM) and an algorithm solving the unbalanced class problem
(SMOTE). According to the experimental findings, the Bagged Classification and Regression Trees
(Bagged CART) yielded higher accuracy COVID-19 severity prediction results than other methods
(83.7%). Age, cardiovascular diseases, hypertension, and diabetes were the four highest significant
features based on the relative features calculated from the Bagged CART classifier. The proposed
method can be implemented without losing time in different epidemic diseases that may arise in the
future.

Makine Ogrenimi Yontemlerini Kullanarak Salgin Hastalik Siddetinin ve Salgin Hastalik

Faktorlerinin Goreceli Onemlerinin Tahmin Edilmesi

Anahtar
Kelimeler
Makine
Ogrenmesi,
Veri
Madenciligi,
XGBoost
Salgin
Hastaliklar,
CRISP-DM,
SARS-COV-2

Oz: Salgin hastaliklar son yillarda siklikla gériilmektedir. Giiniimiizde gelismis veritabam
sistemleri sayesinde vatandaslarin klinik ve demografik verilerine ulagsmak miimkiindiir. Bu veriler
yardimiyla makine &grenme algoritmalari, salgin yayilmaya baslamadan once risk grubundaki
hastalarin hastaligin ne kadar siddetli (evde, hastanede veya yogun bakim {initesinde) yasayacagini
tahmin edebilir. Bu tahminler ile gerekli dnlemler alinabilir. Bu g¢alismada, COVID-19 salgim
sirasinda Italya ulusal ilag veri tabanindan elde edilen veriler kullanilmistir. COVID-19 siddeti ve
siddeti etkileyen ozellikler (Yas, Diyabet, Hipertansiyon vb.), veri madenciligi (CRISP-DM
Metodu), makine ogrenmesi yaklasimlar1 (Bagged Trees, XGBoost, Random Forest, SVM) ve
dengesiz siif problemini ¢6zen bir algoritma (SMOTE) kullanilarak tahmin edilmistir. Deneysel
bulgulara gore Torbali Siniflandirma ve Regresyon Agaclari (Bagged CART), diger yontemlere
gore (%83,7) daha yiiksek dogrulukta COVID-19 siddeti tahmin sonuglar1 vermistir. Torbali CART
smiflandiricisindan hesaplanan goreli 6zelliklere dayali olarak yas, kardiyovaskiiler hastaliklar,
hipertansiyon ve diyabet en énemli dort 6zellik olarak tahmin edilmistir. Onerilen yontem ileride
ortaya ¢ikabilecek farkli salgin hastaliklarda zaman kaybetmeden uygulanabilecektir.
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1. INTRODUCTION

An epidemic is when the amount of disease in a
population exceeds the expected number [1]. An
epidemic can be local (an outbreak of disease), more
general (epidemic), or even worldwide (pandemic) [2].
As a result of the destruction of living spaces and climate
changes, epidemic and pandemic diseases have been
observed frequently in recent years [3]. SARS-COV-2
(2019), ZIKA (2015), EBOLA (2013), MERS (2012),
H1IN1 (2009), SARS (2002) are some of these diseases
[4]. In many of these epidemics, the healthcare
community has faced an unheard-of situation. Intensive
care units (ICUs) and emergency were full, and doctors
had to make extremely difficult decisions. In a situation
where resources are limited and doctors have to make
fast and accurate decisions for patients, doctors need
machine learning-based decision support systems. As the
number of infected patients increases, data about the
disease increases in parallel. In addition, it is possible to
extract information from the patient’s past health records,
such as the national drug database. By making use of
developing software and hardware technologies, this
data (demographic and clinical) can be recorded in a
database management system. From this data,
classification and predictions can be made with the help
of machine learning. Epidemics spread from one region
(A) to another region (B). Before a disease spreads from
region A to region B, necessary measures can be taken in
region B with the information obtained from data
collected from region A and analyzed by machine
learning.

The process of obtaining valuable information from a
database, or large datasets, is called data mining. Data
mining algorithms are implemented for revealing the
covered relationships and hidden patterns in the
databases to make accurate predictions about the tasks of
interest. Data mining's primary goal is to discover the
relevant information for systems called decision support
mechanisms after specific methods and processes are
performed. Researchers use data mining methods to
conduct their studies in many fields such as artificial
intelligence, machine learning, database management
systems and decision support systems [5]. With rapid
technological development, decision support systems
have an important place in health sciences [6-8].

The CRISP-DM methodology is a well-established and
reliable methodology that provides a systematic
approach to designing a data mining project. Cross-
Industry Process for Data Mining (CRISP-DM) is an
acronym for Cross-Industry Process for Data Mining.
The model is an idealized sequence of activities, and
some of the tasks can be performed in any order, and it
would be appropriate to return to earlier tasks and
replicate those acts from time to time. There are several
steps to mining data and gaining insights from it. Several
procedures were suggested for data mining researchers
in order to maximize the likelihood of success in
undertaking data mining programs (workflows or basic
step-by-step methods) [9-10].
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There are many studies in the literature with data mining
in epidemic diseases. John et al. [11] aimed to identify
the main factors influencing MERS recovery in the KSA
(Kingdom of Saudi Arabia). With the demographic and
clinical data collected from the website of the KSA
Ministry of Health, the main factors affecting recovery
MERS disease were determined by machine learning
method. In the study, machine learning models such as
conditional inference tree support vector machine, J48
and naive Bayesian were modeled to identify important
factors. Forna et al. [12] in their study, they used data
from the reports of the WHO EBOLA Response Team.
In their study with these data, they estimated the case
fatality rate (CFR) value and how this value changed
according to age and other demographic data with the
Boosted regression tree model. Colubri et al. [13]
applied multivariate logistic regression to investigate the
survival outcomes of 470 patients admitted to five
different Ebola treatment units in Liberia and Sierra
Leone during 2014-16. They reported that viral load and
age were the most important predictors of death. Hu et
al. [14] aimed to construct an explainable machine
learning (ML) model to predict mortality in influenza
patients from clinical/biology data using the real-world
severe influenza dataset. The proposed model predicted
cumulative feature importance. in the fluid balance
domain (0.253), ventilation domain (0.113), laboratory
data domain (0.177), demographic and symptom domain
(0.140), management domain (0.152) and severity score
domain (0.165) respectively. Patel et al. [15] proposed a
model for pediatric asthma that predicts disease level and
hospital status. Demographic and clinical data obtained
from the retrospective analysis of patients from two
pediatric emergency departments over 4 years were used
in the study. They applied machine learning algorithms
to these data. They reported that after patient vital signs
and acuity, age and weight, followed by socioeconomic
status and weather-related characteristics, were the most
important in predicting hospitalization.

After the COVID-19 pandemic was declared, many
studies were carried out to combat the virus using data
mining and machine learning approaches. Ahamad et al.
[16] proposed a method that predicts the COVID-
19status (positive or negative) with the XGBoost
algorithm with machine learning algorithms (XGBoost,
GBM, Random Forest, and SVM). They predicted the
COVID-19 situation (positive or negative) with 85%
accuracy for age groups and also reported the relative
significance values of the chosen important features in
the data set. Banerjee et al. [17] proposed a COVID-19
prediction method (positive or-negative) from blood cell
count data (monocytes, leukocytes, eosinophils) using
machine learning algorithms  (Artificial Neural
Networks, Random Forest, GLMNET), Logistic
Regression). The model they proposed successfully
predicted COVID-19 (with AUC 84%) and also
predicted where patients (at home - in the normal
service) would receive treatment with 94% AUC. In the
study conducted in [18], the effect of variables such as
temperature, sun exposure time, humidity, wind speed,
population, age, density, fertility, Intensive Care Unit, an
urban percentage on deaths from COVID-19 was

25




Tr. Doga ve Fen Derg. Cilt 11, Say1 3, Sayfa 24-34, 2022

investigated using machine learning algorithms. It has
been observed that the relative relationships of
temperature, sun exposure and humidity with COVID-19
capture and death are high. In the study conducted in
[19], dietary habits on the mortality rate from COVID-19
were investigated with several machine learning
algorithms. It has been reported that in countries with a
high risk of death, the consumption of animal products,
animal fats, milk, sweeteners and meat is higher, and
grains are higher in those with a lower risk of death.
Kirvrak et al. [20] proposed a method that predicts death
status with predictive machine learning using the same
data set as the data set used in this study. Random
Forest, XGBoost, Knn and deep learning methods were
used in the proposed method. In the study, the death
status was estimated with 97.5% classification accuracy
using the XGBoost algorithm.

In this study, we studied with the data of another
pandemic disease, COVID-19. This study aims to predict
COVID-19 severity (home, hospital, intensive care) from
demographic (age, gender) and clinical data (diabetes,
hypertension, Chronic Obstructive Pulmonary Diseases,
Cancer, Renal Disease, Cardiovascular Disorders, ACE,
ARBs) using the proposed approach integrated with
machine learning methods. Another goal of the study is
to evaluate the potential impacts of epidemic diseases
with data mining and machine learning techniques. We
anticipate that the proposed methods that increase the
prediction performance in this study can be used in
similar data sets and future studies situations.

2. MATERIAL AND METHOD

2.1. CRISP-DM Methodology Implemented in This
Study

In this study, CRISP-DM data science management
methodology was implemented in predicting the
COVID-19 severity based on the demographic and
clinical features. The CRISP-DM stages include, Data
Understanding, Business  Understanding, Data
Preparation, Modeling, Deployment and Evaluation.
Machine learning algorithms were used in the modeling
phase of the methodology [21]. The steps of the CRISP-
DM methodology are shown in Figure 1.

Mastineis — Dats

Urderslanding i Undsriianding |
AP - v
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=
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e prbirgTrenit

Mdeling

Figure 1. Steps of the CRISP-DM methodology
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This study estimates the severity of COVID-19 with
demographic and clinical data and evaluates the effect of
these data on COVID-19 severity using machine
learning techniques. In the reported studies conducted
for this purpose, Bravi et al. [23] examined the data
presented in their research and concluded that highly
accurate COVID-19 severity prediction and the effects
on COVID-19 severity could be obtained with data
mining techniques. These processes constitute the
Business Understanding step, which is the first step of
the CRISP-DM methodology. In the Data Understanding
step, it was analyzed whether the data was suitable for
the targets or not. In the results, it was observed that
there was an unbalanced class problem in the data set.
However, since the CRISP-DM is a model with possible
returns, the next step has been taken. In the Data
Preparation phase, the following operations were applied
to the data, respectively.

1. Determining the Variable Type and Role
(output: COVID-19 Severity; inputs: Factors in
Table 1),

2. Processing for missing values (missing value
analysis by random forest),

3. Outlier / extreme observation by Local outlier
factor (LOF),

4. Data transformation (Z-transform).

For these operations, knowledge discovery process
software developed by our team [22] was used in the
related stages. In the modelling step, the machine
learning methods described in title 3 were applied to the
data of interest. In the evaluation step, it was observed
that the model did not reach the desired goal according
to the metrics described in the title 2.5. Therefore, from
this step, the business understanding step has been
returned. In the data understanding step, the Random
Oversampling process described in title 2.3 was applied
to the data. Then the other steps were applied in order.
When it comes to the Evaluation step again, the
performance of the model was calculated according to
the metrics, and it was seen that it reached the desired
goal, the model with the highest classification
performance was selected, and the next step was taken.
In the deployment phase, the recommended method was
tested with the validation data set. It has been observed
that the model has achieved its purpose. The Diagram of
the proposed method is shown Figure 2.
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Figure 2. The diagram of proposed method.

2.2. Dataset

The dataset used in the study was obtained from the
survey of Bravi et al. [23]. From this dataset, twelve
variables, which are described in Table 1, are used in
accordance with the purpose of the study. The data set
includes data from 1603 patients suffering from COVID-
19-19. The disease information of the patients was
obtained from the Italian national drug database.
Angiotensin 11 receptor blockers (ARBs) (C09C and
C09D),  Angiotensin-converting  enzyme  (ACE)
inhibitors (anatomical therapeutic chemical classes:
C09A and C09B) and other anti-diabetic or insulin drugs
used by patients in the last two years national drug data
set was taken from the base and integrated with the
clinical data table. The related data on age, gender, and
pre-existing conditions of all subjects were collected via
data link with hospital discharge summaries (ltalian
SDO), which were questioned from the day of diagnosis
until January 1, 2015. Two physicians, who are authors
of [23], manually analyzed all admission data. The

Table 1. Variables used in the stud
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following conditions were included in the analysis:
malignant tumours (cancer), major cardiovascular
disorders (myocardial infarction, heart failure and stroke
[CVD]), renal disease (renal), type Il diabetes mellitus
(diabetes), and chronic pulmonary obstructive disorders
(pneumonia, bronchitis, emphysema [COPD], and
asthma)). The variables used in the current study are
presented in Table 1. In the data set, the patients were
divided into three classes. These classes are described
below;

A. Mild (0): asymptomatic infection or mild illness
defined as fever or malaise plus at least one of
the following: sore throat, myalgia, shortness of
breath, dry cough, headache, conjunctivitis, and
diarrhoea

B. Severe (1): serious illness  requiring
hospitalization, not in an intensive care unit;

C. Very Severe (2): A situation that requires
admission to an intensive care unit.

Abbreviation Explanation Role
age Age Information Input
gender Gender Information (O=female, 1=male) Input
Diabetes Diabetes (1=presence, 0=absence) Input
hpertension Hypertension (1=presence, O=absence) Input
cvd Cardiovascular disorders (heart failure, myocardial infarction and stroke-CVD) Input
copd Chronic Obstractive Pulmonary Diseases (bronchitis, pneumonia, asthma and emphysema) Input
cancer Cancer Diseases (1=presence, 0=absence) Input
renal Renal Diseases (1=presence, 0=absence) Input
ace Angiotensin-Converting Enzyme (ATC Classes:C09A and C09B) Input
arbs Angiotensin Il Receptor Blockers (C09C and C09D) Input
acearbs ACE or ARBs Input
COVID-19-Severity SARS-COV-2 Severity (0=mild, 1=severe, 2=very severe) Output
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2.3. Over-sampling Techniques

Unbalanced datasets are a significant challenge in
supervised Machine Learning (ML). It is known that the
accuracy of many classification algorithms suffers when
the data is unbalanced (i.e., when the distribution of
instances across classes is severely skewed). Traditional
classifiers cause limitations in processing multi-class
unbalanced datasets because they are initially designed
to handle a balanced distribution.

In this study, Random Oversampling, SMOTE, and
ADASYN methods, which are among the three popular
oversampling approaches, were applied to the data of
interest to solve the class imbalance issue. The data set
that was classified with the highest accuracy was the
Random Oversampling method.

Random oversampling is a sampling method that
increases the number of observations by adding random
records to the minority class again. In the first case, the
majority class has more data than the minority class,
while in the last case, the number of minority class
observations increases and becomes equal to the
majority class. One of the disadvantages of this method
is that it increases the processing time while classifying
the target attribute concerning the relevant data. Details
of the relevant method are described in the paper of
Menardi and Torelli [24].

SMOTE is another method that has been successful in
many studies [25 - 26]. Smote technique proposed by
Chawla et al. [27] generates artificial data according to
the gaps in the property space between the observations
of the minority class. Consider k nearest neighbours of a
particular observation, each x; € Xpinciass for the
subset of Xpinciass € X - The Mpinciass—1 EUcClidean
distance between X, cass—1 and x; is calculated.
Within this distance i ciass—1 » the element k of
Xmin.class—(i} 9IVing the least distance is the nearest k
neighbor. One of these k neighbors is chosen randomly
in this process. The vector difference corresponding to
the selected neighbor is multiplied by a random number
between 0 and 1, and synthetic data are generated. The
generation of new data is shown in equation 1.

Xnew =X + (X —x;) *x & (1

It is the observation of minority class x; € Xmin.ciass IN
equation 1. x; is one of the closest neighbours found for
x;. 6 is a random number between 0 and 1. Synthetic
data x,,.,, derived in this equation are on a line between
x; and x. If the sample is created somewhere near rather
than above the line, the ADASYN method [28], a
particular version of SMOTE, is applied to relevant data.

2.4. Machine Learning Methods for Modeling
Six machine learning methods that stand out in the

modelling phase of the study were introduced under
subheadings.
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2.4.1. Random forest

Random Forest is a classifier developed by Breiman [29]
and makes modelling with many decision trees it creates:
the ensemble of decision trees. The bootstrap sampling
method divides the data set into subsets. It trains each
tree that makes up the ensemble with these subsets.
Random Forest classifier uses the classification and
regression trees (CART) method to generate trees. One
of the evaluation criteria of the Random Forest method is
the GINI index. Each decision tree that forms the
ensemble structure uses a classifier. A prediction is
obtained from each classifier, and these predictions are
called votes. The majority vote estimates the group,
which reduces the error rate and bias in estimates.
Random Forest classifiers are fast working classifiers
besides being resistant to over-fitting problems. The
Random Forest classifier, which is resistant to lost data,
can also make a robust classification in missing data.
The process steps of the Random Forest classifier are
shown in Figure 3.

- O/'O f Decision 1 I\
[ Et—
\

| Sample 1 q Majority Random Forest
- - fDE(\siDnZi‘ ¥ Vote Prediction
Boostrap &
Sampling O A
pa— Sample 2 /
ata Set -ﬁ/
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-_ o —

Sample n )
n decision tree

Figure 3. Steps of Random Forest Classifier
2.4.2. Extreme gradient boosting (XGBoost)

Extreme Gradient Boosting (XGBoost) has been
proposed by Chen and Guestrin [30] for classification
and regression problems. Improved implementation of
the Gradient Boosting Trees (GBT) algorithm is
designed for speed and performance. The algorithm has
been strengthened by adding new trees to correct the
trees' errors in the GBT algorithm. XGBoost uses an
ensemble of K classification and regression trees
(CARTS), each of which has K: nodes (i refers to the
numbers 1 to K). The final prediction is the sum of the
prediction scores for each tree. The advantages of the
XGBoost algorithm over the GBT algorithm are that
overfitting can be avoided using both Lasso and Ridge
regularization. The hyperparameters of the XGBoost
model are the number of segments, maximum depth, and
learning speed determined by the grid search
optimization algorithm.

2.4.3. Support vector machines

SVM is a machine learning model based on the
supervised learning model [31]. The primary purpose of
SVM algorithms is to find an optimal hyperplane for
classifying new data points. Linear SVM, as shown in
Figure 4, creates hyperplanes using the closest training
data points of each class. SVM draws a line to separate
the data in the plane. It aims at having the maximum
distance from the data of the two categories. Besides
linear classification, SVMs are also useful in nonlinear
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classification problems with kernel functions. Many
kernel functions such as Radial Basis Function (RBF)
kernel, polynomial kernel, and sigmoid kernel are used
for the SVM classifier. Also, SVMs can be used in
binary and multi-class classifications. For this purpose,
many SVM classifier types such as multi-class SVM,
radial SVM, and least square SVM have been shown to
increase this classifier's ability to distinguish linear and
nonlinear data [32].

7 xl

Figure 4. Diagram of support vector machines

2.4.4. Bagged classification and regression trees
(Bagged CART)

CART is a popular machine learning method. Since it is
a non-parametric method, it does not depend on the type
of distribution of the data and develops binary trees.
Breiman [33] introduced bagging used in various
classification and regression techniques to improve
predictions by reducing the variance associated with the
prediction. Rather than a weighted averaging method,
bagging uses simple averaging of results to improve

Table 2. Baseline characteristics of the sample

Tr. J. Nature Sci. Volume 11, Issue 3, Page 24-34, 2022

estimates. Models with an unstable classification process
can be packaged for better estimates [34].

2.5. Performance Metrics

In order to evaluate the accuracy of the models, a 10-fold
cross-validation method was implemented in the
performance evaluation of all classifier models. K-Fold
Cross Validation is one way to split the dataset into
appropriate parts for evaluating and training the
classification models. K-fold cross-validation divides the
data into equal portions according to a specified number
of k, allowing each component to be used for both
training and testing. In 10-fold cross-validation, related
models are trained and tested ten different times, and
then the average of performance metrics ( i.e., accuracy,
precision, etc.) is given at the end of the process [35].
Model performances were calculated based on accuracy,
precision, sensitivity, specificity, classification error, and
kappa metrics [36].

3. RESULTS

First of all, whether there is missing data in the data set
was analyzed by the random forest assignment method.
The missing data in the data set was completed with this
method. Then, whether there were extreme and outlier
values in the data set was examined using the local
outlier factor (LOF) method. It was determined that there
was no outlier in the dataset. Z transformation method
was applied to the quantitative variables in the dataset.
Table 2 shows the statistical analysis results by
variables.

Variables Samples Mild Severe Very Severe
n 1603 957 454 192

Mean age in years (X+SD) 58.0+20.9 50.4+20.2 66.4£16.9 76.2+12.9
Male gender (Count (%)) 758 (47.3) 407 (53.7) 241 (31.8) 110 (14.5)
Diabetes (Count (%)) 194 (12.1) 65 (34) 75 (37.7) 54 (28.3)
COPD (Count (%)) 97 (6.0) 28(28.9) 42(43.3) 27(27.8)
Cancer (Count (%)) 122 (7.6) 49 (40.2) 46 (37.7) 27 (22.1)
CVD (Count (%)) 258 (16.1) 66 (25.6) 122 (47.3) 70 (27.1)
Renal Disease (Count (%)) 86 (5.4) 23 (26.7) 40 (46.6) 23 (26.7)
Hypertension (Count (%)) 543 (33.9) 207 (38.1) 207 (38.1) 129 (23.6)
ACE inhibitors (Count (%)) 251 (15.7) 107 (42.6) 88 (35.1) 56 (22.3)
ARBs (Count (%)) 228 (14.2) 86 (37.7) 90 (39.5) 52 (22.8)
ACE and ARBs (Count (%)) 450 (28) 183(40.6) 163 (36.2) 104 (23.1)

As a result of the statistical analyses conducted on the
data set, it was determined that there was a class
imbalance problem in the data set. Classification
performances were examined by applying oversampling
and undersampling methods to the related data to solve
the imbalances between classes. Table 3 shows the
performance of random forest classifiers on data sets.

Results obtained from dataset balancing studies are
shown in Table 3. According to these results, it was
decided to use Random Oversampling method, one of
the Oversampling methods, to balance the data set.

After the data set was balanced, the modelling phase was
started. Many models have been tested in the modelling

phase. Four models, Random Forest, XGBoost, CART
and SVM, were constructed for the prediction. The
classification accuracy rates of these models are given in
Table 4.

The hyperparameter values of the model developed with
Random Forest, Bagged CART and XGBoost model
were calculated with the grid search optimization
algorithm.
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Table 3. Random Forest Classification accuracy of different datasets that output of oversampling and undersampling algorithms (z transform is

applied to the datasets)

Data Set Training Data Accuracy (%) Testing Data Accuracy (%)
Original 82.4 74.7

SMOTE (Oversampling) 85.7 76.8
ADASYN (Oversampling) 84.3 74.0
Borderline SMOTE (Oversampling) [37] 85.2 77.6

SVM SMOTE (Oversampling) 85.4 79.8

SMOTE NC (Oversampling) 80.8 77.3

Random Oversampling 87.5 83.7

Near Miss (Undersampling) [38] 87,3 74,7
Condensed Nearest Neighbour (Undersampling) [39] 87.3 74.4

Random Undersampling [40] 87.3 74.7

Table 4. Baseline characteristics of the sample

Model Balanced Accuracy | Accuracy Precision | Sensitivity | Specificity | F1 Score | Kappa
Bagged CART 84.7% 75.6% 90.1% 67.0% 69.6% 71.5% 63.4%
Random Forest 83.5% 74.3% 91.1% 67.5% 64.4% 68.3% 61.5%
XGBoost 82.6% 72.8% 87.4% 67.0% 63.9% 65.6% 59.2%
SVM 80.9% 69.1% 83.2% 67.0% 57.1% 62.4% 53.7%

According to the performance metrics of the models in
Table 4, Bagged CART classification algorithm gave the
most successful result. Random Forest, XGBoost and
SVM are listed after Bagged CART. In kappa statistics
that measure statistical fit reliability, Bagged CART and
Random Forest approaches represent substantial fit with
values of 0.63 and 0.61, described the moderate fit with
the XG boost algorithm (0.59) and SVM (0.53) values.

Figure 5 shows the pseudo-codes of the Bagged CART
algorithm that gives the best result in predicting COVID-
19 severity based on demographic / clinical factors.

d=0, endtree=0
Note(0)=1, Node(1)=0, Node(2)=0
while endtree<l1
if
Node(2¢ - 1) + Node(2%) + ...
5 endtree = |
6 else
7 doi=2¢-1,29,...,2¢" -2
8 if Node(i) > -1
9 Split tree
10 else
11 Node(2i + 1) =-1
12 Node(2i +2) = -1
13 end if
14 end do
15 end if
16 d=d+1
17 end while

Figure 5. Pseudo code of the Bagged CART algorithm

N

+Node(2*"! -2) =2 - 24!

Table 5 shows the importance levels of variables related
to COVID-19 severity in SARS-COV-2 patients in
bagged CART, XGBoost and random forest modelling.

Bagged CART algorithm calculated the relative
importance of variables as follows, respectively. 1. age
(100 - 62.41%), 2. cvd (15.84 - 9.88%), 3. hypertension
(12.07 - 7.53%), 4. diabetes (9.6- 5.99%), 5. ace arbs
(6.80 - 4.24%), 6. Gender (5.52 — 3.44%), 7 arbs (3.15 —
1.96%), 8. ace (2.63 — 1.63%), 9. cancer (2.49 — 1.55%),
10. copd (2.11 — 1.31%) , 11. renal (0 — 0%).

XG BOOST algorithm calculated the relative importance
of variables as follows, respectively. 1. age (100 —
80.45%), 2. gender (5.69 — 4.58%), 3.cvd (4.53 —
3.64%), 4. hypertension (4.49 — 3.61), 5. diabetes (4.17 —
3.35%) ,6. acearbs (2.44 — 1.96%), 7. cancer (1.69 —
1.36%), 8.ace (1.06 — 1.07%) ,9. copd (0.10 — 0.11%)
,10. arbs (0.09 — 0.10%) 11. renal (0.0 - 0.0%).

Random Forest classifier calculated the relative
importance of variables as fallows, respectively. 1.age
(100- 76.15%), 2. gender (7.63- 5.79%), 3. cvd (5.78-
4.41%), 4. diabetes (5.45- 4.16%), 5. hypertension (4.34
— 3.31%), 6. cancer (3.43 — 2.61%),7. copd (1.81 —
1.38%), 8. renal (1.73 — 1.32%), 9. ace (0.78 — 0.60%),
10. arbs (0.35 — 0.27%),11. acearbs (0.0 — 0.0%)

Table 5. Variable importance values for the Bagged CART, XG Boost and Random Forest Algorithms.

Bagged CART XG BOOST Random Forest

Variable Relative Importance % Relative Importance % Relative Importance %
age 100 62.41 100 80.45 100 76.15
cvd 15.84 9.88 453 3.64 5.78 441
hypertension 12.07 7.53 4,49 3.61 4.34 3.31
diabetes 9.60 5.99 4,17 3.35 5.45 4.16
acearbs 6.80 4.24 244 1.96 0.00 0.00
gender 5.52 3.44 5.69 458 7.63 5.79
arbs 3.15 1.96 0.09 0.10 0.35 0.27
ace 2.63 1.63 1.06 1.07 0.78 0.60
cancer 2.49 155 1.69 1.36 3.43 2.61
copd 211 131 0.10 0.11 1.81 1.38
renal 0.00 0.00 0.00 0.00 1.73 1.32

According to the confusion matrix specified in Table 6,
the Bagged CART algorithm's true positive rate is
75.33%, while the true negative rate is 86.29%. While
the true positive rate of the random forest algorithm is

74.22%, the true negative rate is 86,02%. While the true
positive rate of the XG Boost algorithm is 72.54%, the
true negative rate is 84.79%. The true positive rate of the
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SVM algorithm is 69.70%, while the true negative rate is

82.28%.

Table 6. Confusion matrix of the models

Tr. J. Nature Sci. Volume 11, Issue 3, Page 24-34, 2022

The graphic representation of the confusion matrix for

the constructed models is given in Figure 6.

Bagged CART True Mild True Severe True Very Severe Class Precision
Mild 128 42 9 71.508%
Severe 50 133 10 68.912%
Very Severe 13 16 172 85.572%
Class Recall 67.016% 69.634% 90.052%
RANDOM FOREST
Mild 129 48 12 68.254%
Severe 33 123 5 76.398%
Very Severe 29 20 174 78.027%
Class Recall 67.539% 64.398% 91.099%
XG BOOST
Mild 128 53 14 65.641%
Severe 44 122 10 69.318%
Very Severe 19 16 167 82.673%
Class Recall 67.016% 63.814% 87.435%
SVM
Mild 128 52 25 62.439%
Severe 28 109 7 75.694%
Very Severe 35 30 159 70.982%
Class Recall 67.016% 57.068% 83.246%
W True Mild True Severe True Very Severe Class Precision

200
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Figure 6. The graphical representation of the confusion matrix for the models.

4. DISCUSSION AND CONCLUSION

As epidemics increase, the occupancy rates of
emergency and intensive care units generally increase,
and resources become limited. These situations force
health managers and doctors to make quick and accurate
decisions. Doctors need decision support systems to
identify their patients at risk. At this point, data mining
and machine learning algorithms come into play.
Diseases often arise not from a linear interaction
between most specific factors, but from nonlinear
interactions between observable determinants (genetic,
biological, clinical, demographic, etc.). This creates the
application areas of machine learning algorithms. The
most important step in traditional machine learning
algorithms is the selection of features to enter the model.
The relative importance of each of the features included
in the model on the course of the disease can be
determined by machine learning algorithms. As the
number of infected patients increases in an epidemic,
information about the disease increases. With the

S

V5 M 5 V5

XG BOOST SVM

developing technology, both demographic and past
clinical data of individuals living in a society are
recorded in databases. With these data, the effect of this
disease on an individual who has had an epidemic
disease can also be recorded. With these data,
predictions can be made in another region that is just at
the beginning of the epidemic. Outbreak management is
not just about estimating the number or condition of
patients. The duration and amount of use of medical
equipment (respirators, ventilators, etc.) to be used
during the epidemic can also be predicted by machine
learning algorithms. In order for machine learning
algorithms to give accurate results, they need to access
sufficient data that is similar to the data expected in the
clinical scenario. In some algorithms, the model makes
thousands of parameter updates while learning. As the
number of parameters to be updated increases, the model
needs more training data. In order for machine learning-
based systems and software to be used correctly in
medical decision making, health institutions need to
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store their medical data quickly and accurately by
labeling, and make the data public.

The unbalanced dataset is a common problem in
healthcare. In the classification of medical data, the
number of healthy patients is generally higher than that
of unhealthy patients. This situation causes at least one
of the classes to be in the minority. It is challenging to
train classifiers on unbalanced data because they become
biased against a range of classes, resulting in a decrease
in classifier performance. Collecting sufficient and equal
numbers of data, especially in disease classification
problems that occur suddenly, such as COVID-19, will
cause both labour and time loss. Many studies with
COVID-19 have sought a solution to the unbalanced data
set problem. In [25], the authors applied the outlier-
SMOTE Oversampling algorithm to Covid-19 data. It
has been reported that the performance of the algorithm
on the COVID-19 dataset is more successful than the
traditional SMOTE method. Yavas et al. [41] proposed a
technique that detects COVID-19 from laboratory test
results. In the study, they proposed a technique using
SMOTE and Artificial Neural Networks model. At [42],
researchers compared the ICU admission rates of
hospitalized mild/moderate COVID-19 patients. The
authors applied a SMOTE and Bootstrap resampling
approach to their data sets and COVID-19 data. In their
study, Rohila et al. [43] utilized the random
oversampling algorithm while detecting COVID-19 from
lung computed tomography images. They achieved
94.9% accuracy with the deep learning-based ReCOV-
101 method they suggested.

In this study, the estimation of the severity of the disease
and the determination of the relative importance of the
disease factors in the treatment of epidemics with
machine learning were carried out. The COVID-19
dataset, which is the dataset of the last pandemic, was
used as the dataset. A model that predicts COVID-19
severity from demographic and clinical data is proposed.
The research was carried out by following the CRISP-
DM steps, one of the data mining process models.
Within the study's scope, the problem of unbalanced
data, one of the main issues of machine learning, is
discussed. After the data set is balanced, algorithms such
as Bagged CART, XGBoost, Random Forest have been
tested. Algorithms were evaluated with performance
metrics. THE bagged CART algorithm has achieved the
highest performance. Besides, the relative importance of
the features has been analyzed within the scope of the
study. The variables that determine the COVID-19-19
severity are listed relatively. With the method proposed
within the study, health-makers can estimate the severity
of the disease and take early precautions on issues such
as hospital capacity, intensive care capacity, and
personnel needs. People with chronic illnesses or their
relatives can take more radical measures against the
disease.

Epidemics have emerged frequently in recent years.
With the developing technology, demographic and
clinical data of individuals are stored in databases. With
these data, before the epidemic comes to a region, the
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people who will suffer from the disease and the severity
of the disease can be predicted by machine learning
methods. In addition, the importance of the factors that
cause the disease can be determined by machine learning
methods. Unbalanced data problem is frequently
experienced in medical informatics. For example, in a
data set that includes cancer and healthy individuals, it
can be predicted that the number of cancer patients will
be significantly less. In such cases, methods to balance
the dataset can be used. Some of the machine learning
algorithms update thousands of parameters while
updating the network. For this reason, thousands of
labeled data may be needed for training. Today, where
machine learning methods are used in many fields, it is
necessary for doctors and hospital managers to make
correctly labeled databases public for developers. In this
study, the severity of the disease (at home, hospital,
intensive care unit) of people with COVID-19 disease
was predicted by machine learning methods from
demographic and clinical data obtained from the Italian
drug database. In addition, the relative importance of the
factors that determine the severity of the disease was
calculated. Before a disease comes to a region, it is
possible to predict how many people will get the disease
in another region and how severely these people will be
exposed to the disease, with machine learning methods,
with data in a region where it occurs. Doctors and health
managers can take the necessary decisions with these
estimates. The methods proposed in this study can guide
researchers in situations that may arise in the future.
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Abstract: For cloud environments, task scheduling focusing on the optimal completion time
(makespan) is vital. Metaheuristic approaches can be used to produce efficient solutions that will
provide important cost savings to both the cloud service provider and the clients. On the other
hand, since there is a high probability of getting stuck in local minima in metaheuristic solutions
due to the type of problem, it may not always be possible to quickly reach the optimal solution.
This study, using a metaheuristic approach, proposes a solution based on the Cloneable Jellyfish
Algorithm for optimal task distribution in cloud environments. The unique feature of the proposed
algorithm is that it allows dynamic population growth to be carried out in a controlled manner in
order not to get stuck in local minima during the exploration phase. In addition, this algorithm,
which uses a different cloning mechanism so that similar candidates are not generated in the
population growth, has made it possible to achieve the optimal solution in a shorter time. To
observe the solution performance, cloud environment simulations created in the Cloudsim
simulator have been used. In experiments, the success of the proposed solution compared to
classical scheduling algorithms has been proven.

Bulut Sistemlerde Denizanasi Arama Optimizasyonu Tabanh Gérev Cizelgeleme

Anahtar
Kelimeler
Gorev
Cizelgeleme,
Bulut
Hesaplama,
Metasezgisel,
Denizanasi
Algoritmast

Oz: Bulut ortamlar icin optimum tamamlanma siiresi (makespan) ¢oziimiine odaklanan gorev
planlamalar1 hayati 6neme sahiptir. Hem bulut servis saglayict hem de miisteriye ciddi maliyet
kazanci saglayacak ¢dziimlerin iiretilmesinde meta-sezgisel yaklagimlar kullanilabilir. Ote yandan
problem tipinden dolayr meta-sezgisel ¢6ziimlerde lokal minimumlara takilma olasiligi yiiksek
oldugundan optimum ¢6ziime hizlica ulagmak her zaman miimkiin olamayabilir. Meta-sezgisel bir
yaklagim kullanan bu ¢alisma, bulut ortamlarda optimum gorev dagilimi i¢in Klonlanabilir Deniz
Anasi Algoritmast temelli bir ¢dziim 6nermektedir. Onerilen algoritmamn 6zgiin 6zelligi,
exploration agamasinda lokal minimumlara takilmamak i¢in dinamik popiilasyon artiginin kontrollii
bir sekilde yapilmasina olanak saglamasidir. Ayrica popiilasyon artiginda benzer adaylarin
iiretilmemesi icin farkli bir klonlama mekanizmasi kullanan bu algoritma, optimum ¢6ziime daha
kisa siirede ulagsmayr miimkiin kilmistir. C6ziim performansini gézlemlemek igin Cloudsim
simiilatoriinde olusturulan bulut ortam simiilasyonlar1 kullanilmistir. Farkli senaryolar igin yapilan
deneylerde, onerilen ¢6ziimiin klasik scheduling algoritmalarina gore basarisi ispatlanmistir.

studies, have led to the widespread use of cloud

1. INTRODUCTION

Cloud computing technology is the sum of virtualized
and scalable resources that allow hosting a large amount
of data on the Internet and provide users with a pay-per-
use model [1]. Many reasons, such as the development
and acceleration of the Internet infrastructure, the spread
of loT (Internet of Things) technology, the rapid growth
of big data, and advances in artificial intelligence

technology. Cloud computing allows the users to access
various services and resources (CPU, RAM, storage)
anytime and anywhere. A cloud system can provide
three types of services related to infrastructure, platform,
and software. The first service is laaS (Infrastructure as a
Service), which provides infrastructure services such as a
storage system and computational resources. The second
service is PaaS (Platform as a Service), which allows
clients to create their applications on the provided
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platform. The third service, on the other hand, is SaaS
(Software as a Service), which allows users to use
software directly from the cloud instead of on local
machines [2]. Cloud service providers must offer
resources and services to their clients in a way that does
not violate the SLA (Service Level Agreement) and
guarantees a certain QoS (Quality of Service). Optimal
use of cloud system resources and maintaining
performance at the highest level are vital for both service
providers and users. Task scheduling is a factor that
directly affects cloud system performance and optimal
resource utilization. A task or resource scheduling that
has not been designed well can lead to an SLA violation,
serious loss of revenue, and performance degradation.

One of the most important mechanisms of cloud
computing is virtual machines (VMs). VMs are created
from resources on the cloud system in accordance with
the needs of clients. Depending on the volume of work,
the number of clients’ VMs and their features may vary.
Clients pay a certain fee to the cloud provider based on
the characteristics of these VMs and the duration of their
use. Incorrect scheduling of tasks that need to be run on
VMs leads to an increase in task completion time
(makespan) and, naturally, to an increase in costs for the
client. This increase in makespan also indirectly
negatively affects the energy consumption and
maintenance and repair costs of the cloud provider.
Therefore, the use of a good task scheduling algorithm
on cloud systems is mandatory for both the customer and
the cloud provider [4]. Task scheduling is an NP-hard
problem [1]. The use of metaheuristic algorithms instead
of deterministic solutions is often preferred in solving
such problems in terms of performance [5]. But on the
other hand, due to the type of problem, the probability of
the fact that random search-based metaheuristic
algorithms are stuck in local minima is also high. This
probability can further increase as the number of tasks
and VMs increases. Therefore, it is necessary that the
used metaheuristic algorithms use mechanisms that will
overcome this problem. For this problem, this study
proposes a solution based on Jellyfish Search Optimizer
(JSO) [8], which is an up-to-date metaheuristic algorithm
that uses a different approach mechanism. The most
unique aspect of the proposed method is that it gets rid
of local minima more quickly and allows dynamic
population growth with a different similarity control. In
this way, a more efficient exploration process is realized
in the search space. The performance of the proposed
method was proven by trying comparatively for different
scenarios in the CloudSim simulator.

Other parts of this article are as follows; In Part Il, task
scheduling strategies in cloud computing systems and
similar studies found in the literature are given. Part 11l
contains the details of the used methodology and JSO
algorithm. The experiments and comparative evaluations
are given in Part IV, and the conclusion is presented in
Part V.
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2. BACKGROUND AND RELATED WORKS

In cloud systems, virtual machines (VMs) with different
properties can be created on physical servers using
virtualization techniques. VMs can collaborate to
perform a specific task, as well as work independently of
each other. Cloud service providers (CSPs) have broker
services that conveniently distribute incoming tasks to
VMs. Such services can also be developed by the client
and run on a separate VM in the cloud. The Task
Scheduling algorithm used in both cases is the most
important factor that determines performance. Task
scheduling has three main mechanisms: resource finding,
resource determination, and task allocation [7]. The
availability of resources requires that shareable resources
can be questionable. Resource determination makes the
selection of the most optimal resources depending on the
characteristics of the tasks at the end of the resource
query. Task allocation, on the other hand, sends the
relevant tasks to the determined resources and performs
their follow-up. The cloud system has a heterogeneous
structure in terms of both resource and customer
diversity. This naturally leads to the emergence of
different goals in Task Scheduling optimization. Among
these goals, the completion time (makespan), energy
consumption, and cost stand out. Given this diversity,
the strategy to be used in task scheduling should be
chosen correctly. In the task scheduling proposed in the
literature, strategies can be classified as shown in
Figure.1 [11].

Task Scheduling Strategies

Single Static Homogeneous Heuristic
. Metaheuristic
Multi/Many Dynamic Heterogeneous
Hybrid
Objective Dynamism Architecture Planning

Figure.1 Task scheduling strategies

In the task scheduling strategy by the goal, one of the
goals such as makespan, cost, energy consumption, or
more than one that contradicts each other can be taken
into account. The cloud infrastructure and the incoming
task type also determine whether the strategy to be used
will be static or dynamic. Static scheduling can be
performed in fixed source cloud systems where there is
not much workload change. However, since today’s
cloud technologies have a variable structure, dynamic
strategies are usually preferred. This also applies to the
heterogeneous structure of the CSP architecture. In terms
of planning, heuristic techniques are often used for static
scheduling. Metaheuristic algorithms that use heuristics
and random search mechanisms together can achieve to
create effective solutions for dynamic systems [6, 10,
13]. In this study, the proposed metaheuristic solution
was developed for a single objective purpose in a
heterogeneous and dynamic CSP system.

Because metaheuristic algorithms contain randomness,
initial values are important. In [3], the authors presented
a Discrete Symbiotic Organism Search (DSOS)
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algorithm, which is a metaheuristic algorithm for the
optimal scheduling of tasks in cloud resources. In [9], for
the particle swarm optimization (PSO), which is a well-
known metaheuristic algorithm, the initial values were
found using the heuristic LJFP and MCT algorithms.
Thus, success was achieved in makespan and total
energy consumption. In [6], makespan optimization
conducted with the grey wolf optimizer (GWO) that used
the hunting mechanism, CPU, memory, and resource
bandwidth parameters were taken into account together.
In another study conducted for the purpose of makespan
[12], the authors wused the Electromagnetism
Metaheuristic Algorithm (EMA) and monitored their
VM performance comparatively. In [18], the authors
used a multi-purpose Task scheduling strategy. For this,
they proposed the ICW method that used the
metaheuristic whale optimization algorithm (WOA). In
[13], transaction cost and makespan optimization were
performed with the developed space-shared genetic
algorithm, and the superiority of the proposed solution
over competitive planning algorithms was proved.
Solutions based on ant colony optimization (ACO),
which is another well-known metaheuristic algorithm,
have also been introduced in the literature. An ACO-
based solution taking into account the load balance and
the purposes of the makespan was presented in [14]. In
[15], a hybrid task scheduling method using the ACO
and PSO algorithms was proposed. Another hybrid
solution based on ACO was also introduced in [16]. In
this study, the authors first ran the GA algorithm to
determine the initial values of ACO; thus, they achieved
a better execution time. A hybrid solution that performs
more metaheuristic algorithm execution in it was
proposed by [19]. In this study, GA, ACO, and PSO
algorithms were run in the developed framework to
obtain the optimum makespan value. In [21], the authors
proposed a hyper-heuristic scheduling algorithm by
integrating GA, ACO, and PSO into a single framework
to reduce the makespan in the cloud. In [22], a minimum
makespan task scheduling framework called MMSF and
a minimum makespan task scheduling algorithm called
MMA were proposed.

In general, in the Metaheuristic Task Scheduling
solutions proposed in the literature, it has not been
focused on overcoming the emerging local minima
problems in a shorter period of time. Unlike the
examples in the literature, this study aimed to reach the
existing solutions faster with the state-controlled
dynamic population variability.

3. MATERIAL AND METHOD

In Task Scheduling, the task scheduler assigns the tasks
waiting in the queue to the appropriate VMs according to
the output of the JSO algorithm. The used algorithm
makes these assignments based on the calculations it
makes for certain objective or objectives. In this study,
Task Scheduling was performed according to the
makespan objective. Makespan is the completion time of
a certain number of tasks on the VMs to which they are
assigned. The goal of Makespan optimization is to
reduce this time to a minimum. As an example, let’s
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assume that 7 different tasks are assigned to 3 different
VMs as in Figure.2. In this case, the makespan value will
be equal to the task completion time of the second VM.

Makespan
» Time

Wil m T
TIRIARE
s ]

vmz [N |15

Figure.2 Makespan definition

The JSO tries to reduce makespan to a minimum by
trying different assignment variations. In the creation of
these variations, calculations made based on the
characteristics of tasks and VMs are taken into account.
In these calculations, the number of commands of tasks
is expressed as a Million Instructions (MI), and the
calculation capabilities of VMs are expressed as the
number of Million Instructions Per Second (MIPS). Let
T = {MIy, M1, ..., MI} be considered as the tasks
assigned to the m™" virtual machine. In this case, the
execution time of the k" task on the m™ virtual machine
can be calculated using Eq.1. The total execution time
for all tasks is found using Eq.2.

MI
ETiem = MIPI;m @
TET, = Zlk(=0 ETim )

Considering all VMs, the maximum total execution time
determined based on the calculation made with Eq.3 will
also give the makespan value. The fitness function of the
proposed method is to obtain the minimum makespan
value, as expressed in Eq.3.

Makepsan = max {TET,,},m € {VM;, VM,,..} (3)
F°bJ = min {Makespan} 4)

3.1. Jellyfish Search Optimizer (JSO)

In the proposed method, JSO, the current metaheuristic
algorithm of recent years, was used to calculate the
optimal Makespan value. JSO is a meta-heuristic
optimization algorithm inspired by the movements of
jellyfish in the ocean while satisfying their basic needs,
such as finding food, and how they affect other
individuals in the swarm [8]. In any case, a jellyfish
wants to move to a place where the amount of food is
more ( the best F°PJ). The amount of food in places
visited by jellyfish can vary. In this case, the most
favorable location in terms of food is found by
comparing the amounts of food. Jellyfish perform two
types of movements. These are the movement with the
ocean current and the movement within the herd. The
transition between these movements is controlled by a
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time control mechanism. Since the ocean current
contains a lot of nutrients, it always attracts jellyfish. In
JSO, the ocean current (m") is found based on the
average locations of all candidate solutions (Jellyfish)
and the best fitness value. Eq.5 shows the mathematical
model of the movement with the ocean current. Here,
Npop 1S the total population and X™* is the jellyfish with
the best fitness value so far. In this equation, the random
number (ry) and the hyper-parameter (f) also represent
the e, attractiveness factor of the current (e, =8 X
r, r €[0,1]).

0C=—730C;= —Y(X" —eX)=X"—f xr x
ox Mpop Mpop

f 5
— ()

In the case of movement relative to the ocean current,
the next locations of jellyfish ( X;(t + 1) ) are found by
using Eq.6. where X;(t) represents the current state of
the i jellyfish and r, represents the number of uniform
random.

X;(t+1) =X,(t) +7, x0C (6)

Movements of jellyfish in the swarm are of two types:
passive (Type A) and active (Type B) [17]. Initially,
most jellyfish exhibit Type A movement while forming a
swarm. Over time, Type B movement is exhibited more.
In Type A, the jellyfish performs a random movement
around its location. The model for this type of movement
is given in Eq.7. where y represents the movement
coefficient, and U, and L, represent the upper-lower
bounds of the search space, respectively.

Xl(t + 1) = Xl(t) + Y X Tand((),l) X (Ub - Lb) (7)

Type B movement occurs according to the state of the
food resources of the i jellyfish as well as j™ jellyfish
which is randomly selected in the swarm. The movement
will be towards the jellyfish, where there is more food.
The jellyfish performs a random movement in the
designated direction. In Type B, the direction of
movement and the new location of the jellyfish are
calculated by Eq.8 and 9. where D is the direction of
movement and r; is the uniform random value.

5= { X —-Xx(t) if f&X)=fX) @®)
B X)) -X;@)  if fX<fX))
X(t+1) = X,(t)+1rD 9)

The movements of jellyfish in the swarm initially begin
with type A, and over time they switch to type B. In
addition, the movement of the ocean current is also
taking place over time. In JSO, a time control
mechanism is used for all movements of jellyfish. This
control mechanism is modelled by Eq.10. In this model, t
is the number of iterations, r, is the uniform random
coefficient, and max;;erqtion 1S the maximum number of
iterations. The result of the control mechanism is
compared with a threshold value (usually 0.5). If the
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value of the control function is below the threshold
value, movement occurs within the swarm, and if it is
above the threshold value, movement occurs based on
the ocean current. For the movement inside the swarm,
the value of 1 — c(t) is taken into account. For this
purpose, a random value is generated with a uniform
generator and this value is compared with 1 — ¢(t). If
the generated random value is higher, the type A
movement occurs, if not, the type B movement occurs.

t

c(t)=|(1— )x(Zxr4—1)| (10)

MmaXiteration
In the fitness tests conducted to determine the
coefficients used in the JSO, the effect of the ocean
current and the effects of movement types on the results
were also observed. As a result of these tests, it was
found that the most optimal solutions were obtained for
p=3andy=0.1][8].

3.2. Cloneable JSO and The Proposed Task
Scheduling

Similar to other metaheuristic algorithms, the JSO
algorithm also has the risk of getting stuck to the local
minima in Task Scheduling problems. To overcome this
risk, techniques such as increasing iteration or
population number or using different random generator
functions can be used. High population and iteration
numbers are accompanied by time costs. The technique
proposed in this study suggests that the optimum value
can be reached in a shorter time by increasing the
population growth heuristically and dynamically.
Accordingly, if there is no change in the best value
during a given number of iteration, the current
population is increased at a certain rate at run-time. In
fact, it was inspired by the biological characteristics of
jellyfish for this feature. In nature, jellyfish are creatures
that have the ability to clone themselves in a controlled
way. However, the critical point here is the positional
values of new population candidates (clones). Adding
candidates similar to existing candidates to the
population will reduce the likelihood of getting out of
the local minimum. For a more effective exploration
process, the fact that new individuals differ from existing
ones is one of the main points of the proposed Cloneable
JSO (C-JSO) algorithm [23]. The high computational
cost of the function to be used for similarity checks of
new candidates will also increase the time cost of the
algorithm, especially in high populations. Therefore, it is
necessary to use a fast and effective similarity check
function. C-JSO uses a fast and effective similarity
function to prevent the generation of similar candidates.
Task Scheduling, which is used in doing this, benefits
from the discrete nature of the problem solving. In the
Task Scheduling algorithm, tasks and VMs are usually
encoded with integers. Figure.3 shows an example
encoding for two candidate solutions (X; and X; ).
Candidate attributes indicate a task. Each attribute value,
on the other hand, is an integer code showing the current
VMs. The similarity criterion in Task Scheduling is the
number of times the same Tasks are assigned to the same
VMs in the current and new candidate. C-JSO calculates
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the similarity ratio by performing a match comparison
for each task. In this calculation, the similarity is
calculated by the ratio of the total number of zeros,
obtained as a result of taking the differences in attributes
of the two candidates, to the total number of Tasks. This
calculation is expressed in Eq.11 and 12. Accordingly,
the similarity ratio of the two candidates in Figure.3 is
50%.

Task1 Task2 Task3 Taskd Task$ Task6
s ] 3 51 F 1|

Task1 Task2 Task3 Taskd Task5 Taskb
x| o5 | 1| N

B0 o0 oy o oo o]

Figure.3 A sample similarity control for task assignment [23]

Df = X;— X; (11)

the number of zeroes in Df (12)

Slmllanty = the number of tasks
In C-JSO, population candidates (jellyfish) have a VM
assignment vector as large as the total number of Tasks.
Initially, random integer assignments representing VMs
are made to these vectors for each candidate. Then the
fitness value of each candidate is calculated by Eq.1-4.
The candidate with the best fitness value will also
represent the ocean current. Throughout the iterations,
depending on the value of the time control function, each
jellyfish determines its new location within the swarm or
relative to the ocean current. In C-JSO, there is a binary
variable (¢) that tracks the best value change. If there is
no change in the best value in a predefined number (1) at
the end of the iteration, this variable gets a value of true.
In this case, the current population is increased by a rate
of a predefined value (6 ). When increasing the
population, the similarity of new candidates is calculated
by Eq.11-12. As a result of the calculation, candidates
below the predefined similarity threshold (&) are added
to the population and the basic steps are repeated. C-
JSO's pseudo-code showing these steps is given in
Algorithm-1.

Algorithm 1. The pseudo code of C-JSO based task scheduling [23]
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4. RESULTS AND DISCUSSION

The success of the C-JSO-based Task Scheduling
method was tested in the CloudSim simulator [20] for
different Cloud scenarios. The success of the C-JSO was
shown in comparison with the results of the default
CloudSim Task Scheduling algorithm, the classic JSO,
and the ACO algorithm. For simulations, a data center
was created primarily in CloudSim. This data center has
two main physical servers, each has 16 GB of ram, 10
TB of Storage, 1 GB/s of bandwidth, and time-shared
VM scheduling. All VMs are distributed equally on
these physical servers. The first of these computers has
4-core and the second has dual-core X86-architecture
CPUs. The processing capacity of each processor core is
10000 MIPS. There are Linux operating system and Xen
VMM on computers. The VMs have 512 MB of ram, 10
GB of Storage, 10 MB/s of bandwidth, and time-shared
task scheduling configuration. The processing capacity
of VMs ranges from 1000 to 5000 MIPS, and the
command length of tasks ranges from 5000 to 20000 MI.
The standard task planning method in CloudSim is
“CloudletSchedulerSpaceShared”. The other parameters
used in the experiments are given in Table 1. Statistical
results were obtained by running each of the
experiments, conducted with 100, 250, 500, and 750 task
numbers, 10 times in order to observe the performance
of different scenarios.

Table 1. Experiment parameters
PARAMETERS

VALUES

Population sizes 10, 20, 30, 50, 60, 80, 100

Initial population size for C-JSO 10

Maximum lIteration 500

Task Sizes 100 - 750
VM number 20

Task Mls 5000 - 20000
VM MIPSs 1000-5000
Increasing Rate for C-JSO (0) 13%
Similarity Rate (g) 90 %

Initialize the population

Specify B,y,0,¢,Iand ¢ = 0

While (itr < max iteration)
Find the fitness values of all candidates by Eq.1-4
Run time control function by Eq.10
If c(t) < 0.5 then follow OC
Else if 1- c(t) < rand (0,1) then make A-type move
Else make B-type movement

If there is no change in I iterations (¢ — 1) then increase the

population by 8% considering Equation 11-12
Elsep - 0

End while

Return the best solution
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Figure4. The makespan and time results of traditional JSO with
different population sizes for 100-task scheduling

In the experiments, first, how population growth affects
makespan was examined. For this purpose, classical
JSO-based solutions with different population numbers
and their durations have been analyzed in a fixed-size
Task Scheduling problem. Figure.4a-b shows the results
of these experiments. In these experiments, classical JSO
algorithms with different population sizes were run for
100 Tasks. As can be seen in Figure.4a, population
growth leads to an improvement in the value of
makespan. On the other hand, Fig.4b shows that this
improvement has a negative effect on the solution time.
The proposed method uses dynamic population growth
to improve this disadvantage. Thus, at certain task sizes,
the optimal result will be achieved in a shorter time with
the appropriate number of populations.

Later experiments were conducted for CloudSim
scenarios. In these experiments, classical JSO, C-JSO,
default Cloud Scheduling, and ACO-based methods
were run, and their results were examined. The
comparative and statistical results of these experiments
are given in Figure.5a-b and Table-2, respectively. In
simulation experiments, the worst makespan values were
obtained by the default scheduling algorithm.
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Metaheuristic approaches achieved results that were
close to each other in makespan values and about twice
as successful results compared to the default scheduling
algorithm. Among themselves, on the other hand, JSO
and C-JSO were relatively more successful compared to
ACO-based Scheduling. When examined in terms of
duration, C-JSO was much more successful than other
algorithms. While JSO had the highest values in terms of
calculation time, C-JSO achieved the shortest time.
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Figure.5. Makespan and time comparison for the methods used

According to statistical results, although the ACO
algorithm approached the JSO and C-JSO values in
terms of the minimum makespan values, the highest
makespan values were also obtained by the ACO.
Statistical results revealed that the performances of C-
JSO and JSO are close to each other. The main
superiority of C-JSO manifested itself in the calculation
time.
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Table 2. Statistical results for the methods used

Method 100 250 500 750
Task  Task Task Task
Minimum 27.38 7192 16346 22943
Maximum 31.05 7792 20173 25734
Mean 350 2033 7381  179.72 24408
Median 2064 7576 17728 24468
Std. 126  4.08 1254 896
Minimum 2561 71.06  146.63 227.45
Maximum 3142 7709 16166 25574
Mean C-JsO 27.96 73.64 154.86  242.86
Median 27.88 7407 15472 24246
Std. 148 179 4.03 6.94
Minimum 3031 79.02 15954  251.10
Maximum 3516 8733 19347 28711
Mean ACO 3453 8318 17111  267.01
Median 3214 8406  177.76 26374
Std. 229 312 1049  9.88
Minimum  CloudSim 5551 12443 30413  390.08
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Figure.6. Effect of increase and similarity rates in C-JSO on makespan

Important hyper-parameters of C-JSO are the population
growth rate and the similarity ratio used in the
generation of new candidates. For this reason, parameter
experiments were performed for different values, and the
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behaviour of C-JSO was examined. In the experiments,
8%, 10%, 12%, and 13% values were selected for the
increase rate. In experiments over 13%, there was no
improvement in makespan values, and the calculation
time approached JSO. Similarity ratios of 60%, 70%,
80%, and 90% were selected. In the experiments, the
best results were obtained at the 13% increase rate and
90% similarity rate. The average time performances of
these parameters for different scenarios are given in
Figure 6a-b and their effects on makespan are given in
Figure 7 and 8.
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Figure.7. Effect of increase rate in C-JSO on makespan
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4, CONCLUSION

This study focused on the task scheduling process, which
is one of the most important problems in cloud
computing. To solve this problem, an adapted meta-
heuristic algorithm, the C-JSO, which is based on the
Jellyfish Search Algorithm (JSO), was developed. C-JSO
has functions that can make some mechanisms of
traditional JSO more flexible, such as the population
structure. The results obtained from the experiments
were compared with the CloudSim default task scheduler
and the ACO algorithm results. Both classic JSO and C-
JSO solutions managed to provide successful results in
standard cloud task-sharing methods. It was observed
that in Makespan and time comparisons, the C-JSO was
more successful than the others. It is clear that cloud
systems will remain a topic where different problems
will arise for a long time. Therefore, the authors will
focus on the solutions of different optimization problems
emerging in cloud systems in their next studies.
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Abstract: In this study, the thermal transport properties for various geometries of monolayer /-
BN/A-AIN superlattice nanoribbons are investigated using non-equilibrium molecular dynamics
simulations. In this context, the lattice thermal conductivities of the superlattice nanoribbons are
obtained for different period lengths, geometries, sample lengths, and temperatures. Results reveal
that a decrease in the thermal conductivities of superlattice nanoribbons when compared with those
of the pristine nanoribbons, the lattice thermal conductivities decrease with decreasing sample
lengths and increasing temperatures, also the formation of the extremum points resulting from the
competition between wave-like and particle-like phonon transport in the thermal conductivity of
superlattice nanoribbons with the change of the period lengths. Moreover, superlattice nanoribbons
with different geometries are created to connect the A-BN/A-AIN interface, and it is observed that
there is a difference between the thermal conductivities calculated in the reverse directions. This
difference leads to thermal rectification in the superlattice structures. As the asymmetry between
thermal contact areas increases especially at low temperatures, it is found out the thermal
rectification ratio increases.

Tek Katmanh Hegzagonal Bor Nitriir/Aliiminyum Nitriir Siiperorgii Nanoseritlerinin Cesitli

Dizilerinde Termal iletkenlik ve Termal Dogrultma

Anahtar
Kelimeler
Termal
iletkenlik,
Termal
dogrultma,
Tek katmanlh
BN/AIN
superorgu
nanoseritler

Oz: Bu calismada, tek-katmanli h-BN/h-AIN siiperorgii nanoseritlerinin gesitli geometrileri igin
termal tasinim 6zellikleri, denge digt molekiiler dinamik simiilasyonlart kullanilarak arastirilmistir.
Bu baglamda, farkli periyot uzunluklari, geometriler, 6rnek uzunluklari ve sicakliklar igin
stiperdrgili nanoseritlerin orgii 1s1l iletkenlikleri elde edilmistir. Sonuglar, bozulmamis nanoseritler
ile karsilastirildiginda siiperdrgili nanoseritlerin termal iletkenliklerinde bir azalma oldugunu, kafes
termal iletkenliklerinin azalan 6rnek uzunluklari ve artan sicakliklar ile azaldigini, ayrica periyot
uzunluklarmin degisimi ile siiperdrgii nanoseritlerinin termal iletkenliklerinde dalga-benzeri ve
parcacik-benzeri fonon tasinimi arasindaki rekabetten kaynaklanan ekstremum noktalarmin
olusumunu ortaya koymaktadir. Ayrica h-BN/h-AIN arayiiziinii baglamak i¢in farkli geometrilere
sahip siiperdrgii nanoseritler yaratilmistir ve ters yonlerde hesaplanan termal iletkenlikler arasinda
fark oldugu gozlemlenmektedir. Bu fark, siiperdrgii yapilarinda termal dogrultmaya sebep
olmaktadir. Ozellikle diisiik sicakliklarda termal banyo alanlar arasindaki asimetri arttik¢a termal
dogrultma oraninin arttig1 tespit edilmistir.

1. INTRODUCTION

Bulk group Ill-nitride semiconductor materials (BN,
AIN, GaN, and InN) and their alloys have attracted great
attention due to different device applications in

electronics and optoelectronics as well as in

thermoelectrics such as the high electron mobility
transistors, laser diodes, light-emitting diodes, photo-
detectors, solar cells, electro-optic modulators, and
biosensors [1-4]. Nowadays, with the advance of
fabrication technologies [5], interest in the hexagonal
group-111 nitride monolayers which possess graphene-
like planar honeycomb structures have increased due to
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both their potential in producing alternative solutions to
graphene without band-gap (a disadvantage for
thermoelectric applications) and their potential to
achieve the desired device performances (high
computing performance, low power consumption, etc.)
for next-generation device applications [6,7]. Recently,
the low-dimensional structures of BN [8,9], and AIN
[10,11] have been successfully synthesized with high
dimensional accuracy. Another class of low-
dimensional nanomaterials is quasi-one-dimensional
nanoribbons. The nanoribbons can be produced with
techniques such as unwrapping of nanotubes [12] or
cutting the monolayers, and so the phonons confined in
bring novel properties to materials [13,14].

Controlling heat flow provides potential advantages in
promising application fields such as thermoelectrics
[15,16], thermal management [17,18], information
processing [19], and optoelectronics [20]. In particular,
the phonon interface scattering in structures such as two-
dimensional superlattices is proposed as an alternative
option in heat management applications. A superlattice
implies a periodic or quasi-periodic arrangement of a
certain period length layers composed of two or more
crystal structures. In numerous experimental [21-23] and
theoretical [24-26] studies, it has been pointed out that a
superlattice with various components may indicate quite
different thermal transport properties from the ones of its
constituents due to due to its new translational symmetry
and its capability to produce unusual phenomena [27-
29]. Since the phonon mean-free-path is significantly
suppressed by the phonon-boundary scattering at the
interfaces between the materials, the lower lattice
thermal conductivity of these structures compared to
their constituents has been predicted [28-30].

One of the most fundamental phenomena associated with
thermal manipulation in solid-state device applications is
thermal rectification. The thermal rectification arises
heterostructures (such superlattices) [31,32] or thermal
asymmetry in the heat flow direction of asymmetric
structures [33,34] or materials with asymmetric thermal
contact [35,36]. For instance, by Chang et al. [37], heavy
molecules were externally and in-homogeneously loaded
to carbon and BN nanotubes, and about 7% thermal
rectification coefficient was experimentally measured
between the forward and backward directions by
yielding asymmetric axial thermal conductance. In
various asymmetric monolayer graphene nanostructures
of the micrometer scale samples, the thermal
rectification was experimentally measured by Wang et
al. [34], and a 10% (26%) thermal rectification factor
was reported for pristine monolayer graphene with
nanoparticles deposited on one side or with a tapered
width (for asymmetric monolayer graphene with
nanopores on one side). Moreover, by Duan et al. [38],
the interfacial thermal resistance between the carbon
nanotube films and copper was experimentally
measured, and the thermal rectification coefficient
ranges between 57 —68% were presented. Also, the
thermal rectification coefficient originated from phonon
confinement in the lateral dimension in asymmetric T-
shaped or trapezoidal graphene nanoribbons using
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molecular dynamics simulations was predicted around
10% by Wang et al. [39]. Lastly, the thermal
rectification coefficient for nozzle-like graphene/boron
nitride nanoribbons having various geometries has been
estimated at values of up to 25% by Dehaghani et al.
[40].

Consequently, knowing and understanding the thermal
transport properties of materials by controlling the heat
flow is important and necessary for promising next-
generation thermal device applications. Therefore,
investigation of the thermal behavior of heat carrier
phonons in monolayer superlattice nanoribbons is chosen
as the subject of this study for both to clearly understand
its nature and to indicate can be used as a thermal
management tool in low-dimensional layered systems.
Here, the thermal transport properties of monolayer
hexagonal ~ BN/AIN  (h-BN/h-AIN)  superlattice
nanoribbons using the non-equilibrium molecular
dynamics (NEMD) simulations via the Large-scale
Atomic/Molecular  Massively  Parallel  Simulator
(LAMMPS) [41,42] are investigated. To this end, the
force-field Tersoff potential parameters reported
previously are used to model inter-atomic interactions of
the h-BN/h-AIN nanoribbons [43,44].

2. MATERIAL AND METHOD

Schematic representations of monolayer h-BN/h-AIN
superlattice nanoribbons, Boron (B): blue circle,
Aluminum (Al): green circle, Nitrogen (N): grey circle)
are shown in Fig. 1. Periodic boundary conditions are
applied in the x-direction where the heat flow direction,
while free boundary conditions are put into practice in
the y-direction. The Ly width is 16a (a = 0.306 nm is
the lattice constant). For Ly eight different length values
in the range of 120 — 768 unit cells (+/3a) are
considered. Simulation cells that the numbers of atoms
in materials to be the same are created for six different
period lengths (I, = 1, 2l;, 31, 41y, 61, 121;, where
l; = 1.060 nm is the minimum period length). In
addition, the simulation cells of nanoribbons, half of
which is h-BN and the other half which of h-AIN, are
created to connect the h-BN and h-AlIN interface at four
different angles (6 = 0° 30° 60° and90°). The
NEMD simulations are performed for 7.5 ns with 0.5 fs
time steps. Before applying the thermal gradient, the
system is allowed to reach equilibrium at the desired
temperature in the NVT ensemble for 1 ns. The thermal
conductivity values are provided by using the data
collected over the last 5 ns.

The thermal conductivity values of the superlattice
nanoribbon simulation cells are obtained via Fourier’s
law
K=— ] (1)
JdT/ 0x

by defining the heat flow, ] = AQ/2AAt, removed from
(or added to) the hot region (cold region) [45]. Here,
dT/ 0x is the temperature gradient generated between
hot and cold regions along the heat flow direction, AQ is
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Figure 1. Some of the schematic representation of the monolayer
h-BN/h-AIN superlattice nanoribbon sequences (a) [, = 1, (b)
I, =2, @1, =3, dIl, =Lyand8 =0°, (&)L, = L,
and  =60°, and (f) [, = L, and & =90°. Boron (B): blue
circle, Aluminum (Al): green circle, Nitrogen (N): grey circle.
Ilustrative representation of thermal contacts (L. and Lg) and
sample geometry (width of Ly, length of L, symmetrical Ax length
between contacts) in the MD simulations.

energy flux, At is the simulation time and A is the cross-
sectional area that the heat flux passes through along
simulation cells. The A is calculated considering 1, =
0.337 nm as the effective layer thickness of the
monolayer nanoribbons [43]. Langevin thermostat that a
stochastic heat bath [46], is used to establish thermal
reservoirs in order to control the temperature difference
as 60 K. The length of both hot and cold thermal
reservoir regions (L. and Lg, see Fig. 1) is kept constant
as 16 unit cells (16v/3a) to form symmetrical thermal
contacts.

The intrinsic lattice thermal conductivity of infinitely
long samples is predicted through extrapolation of the
finite sample length results determined from the NEMD
simulations via [47]:

1 _ 1 (lomfp
K(Ax) - Koo ( Ax + 1) (2)

here Ax (see Fig. 1) is the sample length between hot and
cold reservoir regions, l,q, is the phonon mean-free-
path, k(Ax) is the thermal conductivity value obtained
for the selected Ax length, and k., is the intrinsic lattice
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thermal conductivity of the real system with infinite
length.

By exchanging the thermal asymmetry, the thermal
rectification (TR) is calculated as:

[t~

TR(%) = ——— x 100 3)
where k* is the thermal conductivity while L.: hot
region and Lg: cold region, and k~ is for the reverse.

3. RESULTS

Intrinsic lattice thermal conductivity of the monolayer /-
BN/A-AIN superlattice nanoribbons is estimated using
the extrapolation function in Eq. 2 over the thermal
conductivities calculated for the simulations of the finite
sample lengths along the x-direction. In Fig. 2(a)- (c), the
extrapolated data for six different superlattice period
lengths of the superlattice nanoribbons are given at 200
K, 300 K, and 600 K temperatures, respectively. In the
thermal conductivity results of six different superlattice
period lengths, eight different finite simulation sample
lengths are taken into account for extrapolations, and
only a single NEMD simulation is carried out to
determine the thermal conductivities of the finite sample
lengths. The increment in nanoribbon sample length
contributes to the thermal conduction as brings about an
increase in the total phonon life-times along the heat flux
direction, and thus the lattice thermal conductivities
increase with increasing ribbon length.
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Figure 2. Period length dependent lattice thermal conductivity as a
function of the Ax length for the monolayer h-BN/h-AIN superlattice
nanoribbons at (a) 200 K, (b) 300 K, and (c) 600 K. Here, the line fit
curves drawn in the same color as the data of each period length are
generated using Eq. 2. (d) Intrinsic lattice thermal conductivity as a
function of the period length at 200, 300, and 600 K temperatures for
the monolayer h-BN/h-AIN superlattice nanoribbons.

Fig. 2(d) show the estimated intrinsic lattice thermal
conductivity values of the monolayer A-BN/A-AIN
superlattice nanoribbons as a function of superlattice
period lengths at 200 K, 300 K, and 600 K. The
standard deviations are determined from the fit curve of
the thermal conductivity data obtained for the
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simulations with finite sample lengths, using the function
in Eq. 2. The intrinsic thermal conductivities of the
superlattice nanoribbons at all the period lengths
decrease with increasing temperatures as expected, due
to the enhancement of the Umklapp process domination
[27,48]. When compared with those of the pristine
nanoribbon structures given in Table 1, the reduction in
the thermal conductivities of superlattice nanoribbons is
observed. Note that, the intrinsic lattice thermal
conductivities of the monolayer 4-BN and %-AIN pristine
nanoribbons given in Table 1 have been calculated by
using the same NEMD procedure for comparability [49].

Table 1. Intrinsic lattice thermal conductivity of pristine monolayer /-
BN, and 4-AIN nanoribbons obtained using the NEMD simulations at
200, 300, and 600 K temperatures [49].

Kq/Temperature 200K 300K 600 K
] s 337.79 231.46 122,51
#-BN (Wm™K™) + 358 + 2.44 + 1.60
] s 76.31 54.66 30.25
AN (Wm™KT) | 58 + 0.52 + 0.63

A remarkable characteristic in the thermal conductivity
of superlattice nanoribbons for all temperatures in Fig.
2(d) is the observation of extremum points with the
change of the period length of superlattice nanoribbons.
This extremum thermal conductivity behavior of the
superlattice nanoribbons for the specific superlattice
period lengths is consistent with previous results of
studies both theoretically [25,26] and experimentally
[22,50] performed for bulk and besides low-dimensional
[27-30] superlattice structures. The increment of thermal
conductivity in different superlattice period lengths
implies the incoherent phonon transport where particle-
like properties are dominant, while the decrement of
thermal conductivity in different superlattice period
lengths implies the coherent phonon transport in which
wave-like properties are dominant [23].

Fig. 3 presents the temperature profiles of the NEMD
simulations belonging to six different period lengths for
h-BN/h-AIN superlattice nanoribbons with L, = 288
unit cells at 300 K. The temperature profiles are
smoother for shorter superlattice period lengths, and
these imply that there is no resistance caused by local
scattering, thus the superlattice nanoribbons can behave
like a homogeneous structure. The jumping behavior in
the temperature at the superlattice interfaces with
increasing period lengths can comment as a series of
thermal resistors for superlattice nanoribbons [29]. The
behavior of the temperature profiles makes meaningful
the interpretation of coherent and incoherent phonon
transport for different superlattice period lengths.

In addition to superlattice nanoribbons with different
period lengths, the superlattices of nanoribbons, half of
which is #-BN and the other half which of A-AIN, are
created to connect the #-BN and 4-AlIN interface at four
different angles (6 = 0°, 30°, 60° and 90°). Here,
two different thermal conductivity values (x*, and k™)
are calculated for the 0°, 30°, 60° angles, considering
that the energy flow from the hot region to the cold
region may vary from the energy flow in the inverse
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Figure 3. Temperature profiles of the monolayer h-BN/h-AIN
superlattice nanoribbons with L, = 288 unit cells for the period
lengths I, = 1;, 2L, 3L, 4L, 6l;, 121;,at300 K.
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Figure 4. k* and k™ lattice thermal conductivities of the monolayer
h-BN/h-AIN superlattice nanoribbons as a function of the Ax length
for @ values of (a) 0°, (b) 30°, (c) 60°, and (d) 90°, at 200, 300,
and 600 K temperatures. The line fit curves drawn in the same color
as the data of each temperature are generated using Eq. 2.

case, due to the different atom arrangements at the
superlattice interface for these structures. In Fig. 4, the
thermal conductivity data determined according to Eq. 1
and extrapolation curves according to Eq. 2 based on
these data are given as a function of the nanoribbon
sample lengths for four different connect angles of the /-
BN/A-AIN superlattice nanoribbon structures at 200 K,
300 K, and 600 K.

Table 2 demonstrates the intrinsic thermal conductivities
and thermal rectification results of the monolayer #-
BN/A-AIN superlattice nanoribbons for 8 = 0°, 30°,
60°, and 90° at 200, 300, and 600 K temperatures.
Here, the discussed superlattices should not be
considered as different from the superlattices created for
the various period lengths discussed above. Because the
superlattice created for the 0° is actually a superlattice
with I, = L, period length. The 30° and 60° angles are
superlattices developed to increase the asymmetry at the
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interface. 90° offers a useful superlattice structure to
manipulate thermal conductivity results in a different
way. When the calculated thermal conductivity results
are evaluated, it is observed that the results for the 0
values of 0°, 30°, and 60° at all temperatures are close
to each other, but the results for the 90° are
approximately 40% lower than the results of other
angles. Determining different thermal conductivities in
the reverse directions for 8 = 0°, 30°, and 60° can be
attributed to the differences in phonon transmissivity
caused by asymmetric structures. These differences lead
to thermal rectification in the superlattice structures. As
the rate of asymmetry between connect areas increases at
200 K, and 300 K, the rate of thermal rectification also
increases. However, the thermal rectification ratio at 600
K, on the contrary, decreases with increasing angles.

Table 2. Intrinsic lattice thermal conductivity of the monolayer h-
BN/h-AIN superlattice nanoribbons for 6 = 0°, 30°, 60°, and 90°
at 200, 300, and 600 K temperatures. Thermal rectification rates for
the 6 values of 0°, 309, and 60° at all temperatures.

?gilgle z“lgnperature e, wWm k| < (wm-k1) (’E/l:)
200 116.79 £ 1.67 113.33£2.00 3.05
0 300 84.36 +1.37 83.99 + 1.59 0.44
600 49.30£0.99 47.65+1.18 3.46
200 117.81 £ 1.67 111.87 £ 1.50 5.31
30 300 86.09 + 1.20 84.10 + 1.69 2.36
600 48.32+0.67 47.14£0.91 251
200 117.55+£1.17 110.06 £ 1.04 6.80
60 300 86.35+1.33 82.64+1.20 4.49
600 50.62 +0.89 50.08 +0.82 1.08
200 65.39+1.57 -
90 300 53.40+1.31 -
600 38.70 £ 1.27 -
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Figure 5. Temperature profiles of the monolayer h-BN/h-AIN
superlattice nanoribbons with L, = 288 unit cells for 8 values of 0,
30°, 60°, and 90° at 300 K. Orange curves for L, : hot region and Lg:
cold region, and green curves for the reverse.

The temperature profiles of the NEMD simulations for
four different angles of A-BN/A-AIN superlattice
nanoribbons with Ly = 288 unit cells are presented in
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Fig. 5. In the figures, the orange curves are the results of
the simulations that take account of the energy flow from
the hot region to the cold region, while the green curves
are the results of the simulations that take into account
the energy flow of the cold region to the hot region. For
the 0°, 30°,and 60° angles, both materials are located
in different temperature regions and therefore it is
observed that the temperature profiles exhibit sharp
transitions at the interface of the superlattices. While the
transitions are sharper at lower angles, the transitions
become smoother as the angle values increase. At the 6
value of 90°, where the superlattice is like a
homogeneous structure, a smooth temperature profile is
displayed as expected.

The obtained results for the #-BN and 4-AIN superlattice
nanoribbons show up that the thermal conductivity of
these structures can be controlled by superlattice sample
length, temperature, and various geometries. The
temperature across the reservoir regions for device
applications of materials with high thermal conductivity
reaches equilibrium very quickly, and this renders the
thermoelectric device useless. Therefore, materials with
low thermal conductivity are needed for thermoelectric
device applications. The reduction of lattice thermal
conductivity by inhibiting phonon propagation is one of
the best ways to reduce the thermal conductivity of
materials. Results of this study can be interpreted as the
h-BN and #A-AIN superlattice nanoribbons may be
considered as a convenient choice to control the heat
flow in thermoelectric device applications.

4. DISCUSSION AND CONCLUSION

Consequently, the thermal transport properties of the
monolayer h-BN/h-AIN superlattice nanoribbons are
analyzed using non-equilibrium molecular dynamics
simulations. The thermal conductivities of the
superlattices are determined as a function of the different
period lengths, geometries, sample lengths, and
temperatures. The estimated lattice thermal conductivity
values of the superlattice nanoribbons are much lower
than those of pristine structures, as expected. The results
expose the extremum points in the lattice thermal
conductivity that implies wave-like and particle-like
phonon transport by controlling the period length of the
superlattice nanoribbons. Also, the thermal conductivity
of superlattice nanoribbons can be reduced with both
decreasing sample lengths and increasing temperature.
Besides, the thermal conductivities of the superlattice
nanoribbons with non-symmetric geometries have a heat
flow difference due to asymmetry in the reverse
directions. This difference leads to thermal rectification
in the superlattice structures. Especially at low
temperatures, it is found out the thermal rectification
factor can be increased up to 7% by adjusting the
connect geometries. As a conclusion, this study presents
detailed information on the thermal transport properties
of the monolayer h-BN and h-AIN superlattice
nanoribbons which could be used to manipulate the heat
flow in thermal management and thermoelectric device
applications.
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Abstract: Malathion (MLT) is an important environmental pollutant in the
organophosphate class. Rutin (RUT), on the other hand, is one of the flavonoid family
members whose effectiveness against various toxic agents has been extensively studied. In
the present study, the effects of MLT and RUT treatments on oxidative stress, apoptosis and
metalloproteinases in lung tissues of rats were investigated. In this study, MDA, GSH, Nrf2,
HO-1, MMP2, MMP9 and caspase-3 levels in lung tissues were analyzed by biochemical or
RT-PCR method after rats received MLT and/or RUT treatment for 28 days. The data
showed that MLT-induced MDA levels decreased after RUT treatment. Also, it was
determined that Nrf2 and HO-1 mRNA transcript levels and GSH levels suppressed by
MLT approached the control group levels after RUT treatment. MLT up-regulated the
expression of metalloproteinases (MMP2 and MMP9) in lung tissues, while RUT down-
regulated the expression of these genes. In addition, it was observed that MLT triggered
caspase-3 expression, while RUT exerted an anti-apoptotic effect by suppressing caspase-3.
As a result, it was determined that while MLT showed toxic effects in the lung tissues of
rats through oxidative stress, apoptosis and metalloproteinases, RUT could alleviate these
toxic effects.

Ratlara Malathion ve Rutin Uygulamalar1 Sonras1 Akciger Dokularinda Metalloproteinaz
Diizeyleri ile Oksidatif Stres ve Apoptoz Belirteclerinin Degerlendirilmesi

Anahtar Kelimeler
Akciger,

Apoptoz, Malathion,
Metalloproteinazlar,
Oksidatif stres,
Rutin

Oz: Malathion (MLT), organofosfat sinifinda yer alan 6nemli bir cevresel kirleticidir. Rutin
(RUT) ise cesitli toksik ajanlara karsi etkinligi yogun olarak arastirilan flavonoid aile
tiyelerinden biridir. Bu c¢alismada, MLT ve RUT tedavilerinin siganlarin akciger
dokularinda oksidatif stres, apoptoz ve metalloproteinazlar {izerine etkileri arastirildi.
Calismada, sicanlara 28 giin boyunca MLT ve/veya RUT tedavisi verildikten sonra akciger
dokularindaki MDA, GSH, Nrf2, HO-1, MMP2, MMP9 ve kaspaz-3 seviyeleri
biyokimyasal veya RT-PCR yontemi ile analiz edildi. Veriler, MLT ile indiiklenen MDA
seviyelerinin RUT tedavisinden sonra diistiigiinii gosterdi. Ayrica Nrf2 ve HO-1 mRNA
transkript diizeyleri ile MLT tarafindan baskilanan GSH diizeylerinin RUT tedavisi sonrasi
kontrol grubu diizeylerine yaklastigt  belirlendi. MLT, akciger dokularinda
metalloproteinazlarin (MMP2 ve MMP9) ekspresyonunu yukar: dogru diizenlerken, RUT
bu genlerin ekspresyonunu asagi regiile etti. Ayrica MLT'nin kaspaz-3 ekspresyonunu
tetikledigi, RUT'nin ise kaspaz-3'l baskilayarak anti-apoptotik etki gosterdigi gozlendi.
Sonug olarak, MLT'nin oksidatif stres, apoptoz ve metalloproteinazlar yoluyla siganlarin
akciger dokularinda toksik etkiler gosterirken, RUT™in bu toksik etkileri azaltabilecegi
belirlendi.
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1. INTRODUCTION

Pesticides are defined as chemicals used in agriculture to
control weeds, insects and many other pests [1]. 1.8
billion people use 4.6 million tons of pesticides annually,
and only less than 5% of these chemicals reach the target
organism [2, 3]. Among the reasons for the widespread
use of pesticides are the limited arable land and
increasing production demand. Additionally, pesticide
use becomes inevitable with new pesticide classes
released every year to break pesticide resistance.
Pesticides are very harmful compounds because they
remain in the environment for a long time and have
limited decomposition tendency [2].

Organophosphate insecticides (OPIs) are powerful
toxicants that target the nervous systems of insects and
other pests [4]. OPIs mainly work through inhibition of
acetylcholinesterase (AChE), an enzyme that breaks
down acetylcholine and causes acetylcholine to
accumulate at the neuronal junction. Due to their ability
to produce toxicity in non-target species, including
humans, through the inhibition of acetylcholinesterase,
they are considered sources of serious environmental
pollution and health threat [5]. Malathion (MLT) is a
broad spectrum organophosphate [OP] insecticide used
to control a variety of outdoor insects in both agricultural
and veterinary applications [6]. MLT is widely used due
to its relatively low acute toxicity compared to other OP
insecticides. Extensive studies have been conducted to
evaluate the potential health effects of MLT in a variety
of biological models, from amphibians to mammals.
MLT has been reported to induce toxicity through
inhibition of AchE followed by activation of cholinergic
receptors [7]. Following exposure to MLT, this chemical
can be rapidly absorbed by the skin, mucous membranes,
gastrointestinal tract, eyes, and respiratory system. MLT
has lipophilic properties which allow to spread rapidly to
other tissues and to accumulate AChE in target organs.
Apart from this, it has been reported that MLT causes
the formation of reactive oxygen species (ROS),
weakening of the antioxidant system and, consequently,
induction of oxidative stress [8]. Therefore, it is thought
that the use of antioxidant compounds may have
beneficial effects against MLT-induced pulmonary
toxicity.

Flavonoids are potent antioxidant compounds that inhibit
lipid peroxidation and platelet aggregation. These
compounds directly scavenge ROS, reactive nitrogen
species, protect tissue from free radicals and activate
antioxidant enzymes [9]. Rutin (RUT) is a quercetin
glycone with a flavonol structure. It is predominantly
found in citrus fruits such as oranges, grapefruits, lemons
and limes. It is a member of bioflavonoids with
antioxidant, anti-inflammatory, antiallergenic, antiviral
and anticarcinogenic properties [10]. Previous studies
have shown that RUT can alleviate the damaging effects
of various toxic drugs with its antioxidant properties [11-
13]. However, we could not find a study investigating
the effect of RUT against MLT-induced lung toxicity.
Therefore, the protective properties of RUT against
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MLT-induced lung toxicity were investigated in the
present study.

2. MATERIAL AND METHOD

2.1. Supply, Care and Ethics Committee Approval of
Experimental Animals

Sprague Dawley rats used in the study were obtained
from Atatiirk University Medical Experimental
Application and Research Center. Animals were 10-12
weeks old and weighed 220-250 g. The environmental
conditions in which the rats were housed had a
temperature of 24 + 1°C, a humidity of 45 + 5%, and a
12-hour light/dark cycle. The animals had access to
standard pellet food and water ad libitum throughout the
treatment. Ethics committee approval was given for the
28-day study by Atatiirk University Animal Experiments
Local Ethics Committee (Protocol no: 2022-7-112).

2.2. Experiment Design

In the experiment, 35 rats were divided into 5 groups, 7
in each group. The doses of MLT and RUT given to the
animals were determined with reference to the previous
studies. The groups are designed as given below:

1. Control Group

saline orally for 28 days.
2. RUT 100 Group : Animals were given
100 mg/kg/body weight RUT orally for 28 days [14].

3. MLT Group : Animals were given 100
mg/kg/body weight MLT orally for 28 days [15].

4. MLT+RUT 50 Group Animals were given 50
mg/kg/body weight RUT orally for 28 days, 30 minutes
later MLT was administered orally at a dose of 100
mg/kg/body weight.

5. MLT+RUT 100 Group : Animals were given 100
mg/kg/body weight RUT orally for 28 days, 30 minutes
later MLT was administered orally at a dose of 100
mg/kg/body weight.

The animals were given

On the 29th day of the study, the rats were decapitated
under mild sevoflurane anesthesia and their lung tissues
were removed. Tissues were stored at -80 °C until
biochemical and molecular analysis.

2.3. Analysis of Malondialdehyde Levels in Lung
Tissue

Lung tissues from rats were pulverized in liquid nitrogen
by means of a tissue shredder (Tissue Lyser Il, Qiagen,
The Netherlands). Then the tissues were homogenized in
1.15% KCI buffer at a ratio of 1:10 (weight/volume).
The obtained homogenates were centrifuged at 1000xg
for 15 minutes at +4 °C. Malondialdehyde (MDA) levels
in homogenates was analyzed by the method developed
by Placer et al. (1966) [16]. Results are presented as
nmol/g tissue.

2.4. Analysis of Glutathione Levels in Lung Tissue

For glutathione (GSH) analysis, homogenates, the
preparation of which was explained in the previous
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section, were centrifuged at 9000xg at +4 °C. GSH
levels were determined in the supernatants obtained
afterwards, using the method of Sedlak et al (1968) [17].
Obtained results are presented as nmol/g tissue.

2.5. Total RNA Isolation from Lung Tissue

Total RNA isolation from pulverized lung tissues was
performed using hibrizol reagent (HibriGen). For this, 60
mg of pulverized lung tissues were weighed into sterile
eppendorf tubes and 2 ml of hybrisol was added. All
procedures were carried out in accordance with the
manufacturer’s instructions. In the last step, after
washing the total RNAs with 75% ethanol, they were
dissolved with RNase-free water and their concentrations
were measured in the nanodrop device.

2.6. cDNA Synthesis from Total RNAs

cDNA synthesis from total RNAs was performed with
the iScript™ cDNA Synthesis Kit (BIO-RAD, USA).
cDNA synthesis was carried out in strict accordance with
the instructions given by the manufacturer.

2.7. RT-PCR

At the RT-PCR stage, the primers of the genes whose
sequences are given in Table 1, cDNAs, iTag Universal
SYBR® Green Supermix and a mixture with RNase-
DNase-free water were prepared. The reaction was
started by entering the temperatures and times specified
in the procedure that came with iTaq Universal SYBR®
Green Supermix into the ROTOR-GENE Q (Qiagen,
Germany) device. At the end of the procedures, the fold
changes of the relevant genes were calculated using the
2-deltadelalCT method using the CT values obtained from the
device [18]. GAPDH was used as internal control.

Table 1: Primer sequences

Gene Sequences (5°-3”) Length
(bp)

MMP2 F: CTCTAGGAGAAGGACAAGTG 158
R: CTCAAAGTTGTACGTGGTGG

MMP9 F: AGCTGGCAGAGGATTACCTG 230
R: ATGATGGTGCCACTTGAGGT

Nrf2 F: TTTGTAGATGACCATGAGTCGC 161
R: TCCTGCCAAACTTGCTCCAT

HO-1 F: ATGTCCCAGGATTTGTCCGA 144
R: ATGGTACAAGGAGGCCATCA

Caspase- F: ACTGGAATGTCAGCTCGCAA 270

3 R: GCAGTAGTCGCCTCTGAAGA

GAPDH F: GAGTATGTCGTGGAGTCTAC 179

R: CAGGATGCATTGCTGACAAT

2.8. Statistical Analysis

In the statistical analysis of the data, one-way analysis of
variance (ANOVA) and Tukey's multiple comparison
test were used in SPSS 20.0 program. Results are
presented as mean + SD. P < 0.05 was considered
statistically significant.
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3. RESULTS
3.1. Oxidative Stress State in Lung Tissue

After MLT and RUT treatments were applied to rats,
tissue MDA and GSH levels and nuclear factor erythroid
2-related factor 2 (Nrf2) and heme oxygenase 1 (HO-1)
mRNA transcript levels were analyzed to determine the
oxidative stress status in lung tissue (Figure 1). It was
determined that MLT downregulated the Nrf2 and HO-1
genes, caused the depletion of GSH stores and caused a
significant increase in MDA levels (p<0.05). On the
other hand, RUT treatment provided activation in Nrf2
and HO-1 genes. In addition, RUT reduced MDA levels
by regenerating GSH stores. While there was no
difference between the doses of RUT on Nrf2
expression, HO-1 expression was triggered in a dose-
dependent manner (p<0.05). Different doses of RUT did
not make a statistical difference on MDA and GSH
levels.

MLT  MLT+RUT S0 MLT4RUT 100

HO-1

oldchange
sE s8R BED

nang
§ 8888863

Figure 1. Status of oxidative stress markers in lung tissue after
malathion and rutin treatments. (RUT: Rutin, MLT: Malathion, MDA:
Malondialdehyde, GSH: Glutathione, Nrf2: Nuclear factor erythroid 2-
related factor 2, HO-1: heme oxygenase 1)

3.2. mRNA Transcript Levels of Metalloproteinases
in Lung Tissue

When the status of metalloproteinases in lung tissue was
evaluated, it was determined that  matrix
metalloproteinase-2 (MMP2) and matrix
metalloproteinase-9 (MMP9) expressions increased after
MLT administration. It was observed that MMP
expressions were down-regulated in the lung tissues of
rats given RUT (p<0.05). In addition, another finding
was that there was no difference in MMP2 or MMP9
expressions between MLT+RUT50 and MLT+RUT100
groups. The results are summarized in Figure 2.

Figure 2. Status of metalloproteinases in lung tissue after malathion
and its rutin treatments. (RUT: Rutin, MLT: Malathion, MMP2: matrix
metalloproteinase-2, MMP9: matrix metalloproteinase-9)
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3.3. Apoptotic State in Lung Tissue

After MLT and RUT treatments, mRNA transcript levels
of Caspase-3 gene were analyzed by RT-PCR method to
detect apoptotic state in lung tissue. According to the
results presented in Figure 3, it was observed that MLT
could trigger caspase-3 expression and cause apoptosis
in lung tissue. On the other hand, it was determined that
Caspase-3 expression was significantly suppressed after
RUT administration and this was dose-dependent
(p<0.05).

Caspase-3

MLT MLTHRUT 50 MLT+RUT 100

Figure 3. Apoptosis in lung tissue after malathion and rutin treatments.
(RUT: Rutin, MLT: Malathion)

4. DISCUSSION AND CONCLUSION

Organophosphate pesticides are at the forefront of toxic
substances, and many studies have shown that these
compounds are among environmental pollutants that
threaten human health. OPs are absorbed into the body
through the respiratory system, gastrointestinal tract, and
skin. OPs cause respiratory and neuromuscular
conduction disorders mainly by inhibiting AChE in the
nervous system [19]. MLT has taken its place among
these toxic compounds as one of the environmental
pollutants that threaten human health. Although many
studies have been done against MLT toxicity before, an
effective treatment method has not been developed yet
[6, 20]. In the present study, the effects of RUT against
the lung toxicity of MLT were evaluated, and the data
obtained showed that RUT was a promising compound
against this disease.

It has been previously reported that oxidative stress,
which develops due to excessive increase in reactive
oxygen species, is the basic mechanism of many toxic
compounds [21-25]. There is evidence of increased
oxidative stress in chronic toxicity of several OP
compounds, including MLT [19, 26, 27]. However,
information on the role of oxidative stress in subacute
and chronic OP toxicity remains insufficient. OP is
thought to bind directly to proteins and phosphorylate
them, creating a pro-oxidative state [28]. In the present
study, it was observed that the levels of GSH, a
tripeptide antioxidant [29, 30], were significantly
reduced in lung tissue after MLT treatment. Moreover, it
was observed that decreased GSH levels probably
caused a further increase in ROS levels and that these
aggressive molecules damaged the membranes of lung
tissue cells, causing lipid peroxidation, thereby
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increasing MDA levels. Previous studies have reported
that different flavonoids applied against various pesticide
groups alleviate oxidative stress and alleviate the toxic
effects of these compounds [31, 32]. In our study, it was
determined that RUT treatment suppressed oxidative
stress by providing the regeneration of GSH, whose
levels were significantly reduced by MLT, and by
preventing lipid peroxidation.

Nrf2 is one of the transcription factors that protect cells
against oxidative stress [33, 34]. Nrf2 regulates a wide
range of genes such as superoxide dismutase,
oxidoreductases and heme oxygenases [35, 36]. In a
previous study, it was reported that deltamethrin
suppressed Nrf2 as well as Cu/Zn SOD, GSH-Px, GST
and CAT expressions in the liver and spleen tissue of
Channa argus, however, significant increases in the
mRNA transcript levels of these markers occurred after
curcumin treatment [37]. Another study displayed that
activating  the  Nrf2/HO-1  pathway  exhibits
nephroprotective  effects in  deltamethrin-induced
nephrotoxicity [38]. Similarly, in the current study, it
was determined that oxidative stress exacerbated due to
the disruption of the Nrf2/HO-1 pathway after MLT
treatment, but RUT treatment could activate this
pathway and protect the lung tissue from MLT-induced
oxidative stress. It is thought that the possible reason for
this is the reduction of oxidative stress due to the ROS
scavenging property of RUT and thus reducing the
suppressive effect of oxidative stress on Nrf2.

Under normal conditions, the pulmonary extracellular
matrix (ECM) determines the tissue architecture
necessary for lung function. However, defects in the
production of ECM are found in the fibrotic response
[39]. MMPs are proteolytic enzymes known to be
involved in cell migration and tissue remodeling [40].
Among MMPs, MMP2 and MMP9 contribute to tissue
remodeling by playing a role in the degradation of
collagen and elastase in lung tissue [41]. These
endopeptidases have been reported to play an important
role in various lung diseases [42]. Unfortunately, little is
known about the effects of pesticides on MMPs in lung
tissue. Several studies have reported that paraquat may
contribute to the development and progression of fibrosis
by increasing MMP9 expression [43, 44]. In the present
study, it was observed that MLT contributed to
pulmonary toxicity by triggering MMP expressions in
the lung tissues of rats. On the other hand, it was
determined that MMP2 and MMP9 expressions were
downregulated with RUT treatment.

Apoptosis induced by factors such as reactive oxygen
species is a normal cell death process [45, 46]. ROS
production can cause cell damage due to increased
membrane permeability and impaired mitochondrial
function, resulting in apoptotic cell death [20]. Previous
studies have shown that activation of the Nrf2/HO-1
signaling pathway plays a crucial role in inhibiting
apoptosis by enhancing oxidative defense [45, 47].
Caspase-3 has an important role in the apoptotic pathway
and is widely used as an apoptotic marker in many
studies [48-51]. It has been reported that MLT treatment
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increases apoptotic proteins in the brain such as Bax,
Bak and caspase-3 [52, 53]. In the present study, it was
observed that MLT could trigger the apoptotic process
by up-regulating caspase-3 expression in lung tissue. On
the other hand, it was determined that RUT treatment
suppressed caspase-3 expression in anti-parallel with
Nrf-2/HO-1 pathway. This supports the relationship
between the lung toxicity of MLT and oxidative stress.

As

a result, it was observed that oxidative stress and

apoptosis were triggered in the lung tissues of rats given
MLT, MMPs were activated and significant damage to
the tissue could occur as a result. However, it has been
determined that RUT treatment can alleviate MLT-
induced pulmonary damage through suppression of
oxidative stress, apoptosis and MMPs.
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Keywords Abstract: In this study, the treatment of acid mine drainage (AMD) and immobilization of heavy
Copper metals released from CFT (copper flotation tailings) were investigated using strongly alkaline
flotation demolition waste (DW), collected from the urban renewal areas. Shake flask batch tests were
tailings, conducted to assess the influence of time and different ratios of CFT/DW on the acidity and heavy
Demolition metal release characteristics of the drainage water. During the tests, samples were collected from
waste, filtered leachates at regular intervals to monitor pH, SO4> and release of heavy metals. The results
Acid mine indicated that the pH increased from 2.21 (t=0) to 10.37 after 120 minutes of shaking in an orbital
drainage, shaker. The highest SO4* release ([SO4?]=4558 mg L™, t=0) was measured at 1:3 dose of CFT:DW
Urban application with 257 mg L (pH=10.37) at the end of 120 minutes. The addition of DW almost
renewal completely reduced the release of heavy metals from CFT due to its high alkaline content. As a

result, it was suggested that DW could effectively be used for the treatment of AMD and
immobilization of heavy metals released from CFT.

Bakar Flotasyon Atiklarindan Agir Metal Salimmminin Onlenmesi ve Asit Maden Drenajinin
lyilestirilmesi i¢cin Yikinti Atiklarinin Kullanimi

Anahtar Oz: Bu galismada, kentsel doniisiim alanlarindan toplanan giiglii alkali 6zellige sahip yikint1 atiklar
Kelimeler (DW) kullanilarak asit maden drenajinin (AMD) iyilestirilmesi ve bakir flotasyon atiklarindan
Bakar (CFT) salinan agir metallerin 6nlenmesi arastirtlmistir. Drenaj suyunun asitligi ve agir metal
flotasyon salimimi {izerinde zamanin ve farklit CFT/DW oranlarinin etkisini degerlendirmek i¢in ¢alkalama
atiklari, testleri yapilmistir. Testler sirasinda pH, SO4> ve agir metal salinimini izlemek igin filtrelenmis
Yikinti sizint1 sularindan diizenli araliklarla numuneler toplanmistir. Sonuglar, calkalayicida 120 dakika
atiklart, calkalandiktan sonra pH’m 2.21'den (t=0) 10.37'ye yiikseldigini gostermistir. En yiiksek SOs*
Asit maden salinimi1 ([SO4?1=4558 mg L™, t=0) 120 dakika sonunda 1:3 doz CFT:DW uygulamasinda 257 mg
drenaji, L (pH=10.37) olarak &lgiilmiistiir. DW ilavesi yiiksek alkali igerigi nedeniyle CFT'den agir metal
Kentsel salimimini neredeyse tamamen azaltmistir. Sonug olarak, DW'nin AMD iyilestirmesinde ve CFT'den
doniisiim salian agir metallerin 6nlenmesinde etkin bir sekilde kullanilabilecegi dnerilmistir.
1. INTRODUCTION oxidation in a humid environment, they can release
protons (H* ions) to the aqueous environment (1). Thus,
Acid mine drainage (AMD) is an environmental concern the water acquires an acidic character with a concomitant
due to its adverse effects on the surrounding ecosystem. decrease in pH and increased release of most heavy metals

When sulfide minerals such as pyrite are exposed to [1-3]:
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AFeS,+150,+14H,0 — 4Fe(OH);,+8S02+16H* (1)

The resulting acidic waters with high metal content are
defined as AMD. Once AMD starts, it is very hard to stop
and very expensive to control. Therefore, special
precautions must be taken to prevent AMD formation
[4,5]. Prevention techniques should be designed at the
source to reduce or eliminate the drainage of the acidic
water. Prevention at the source, i.e., prevention at the acid
formation stage, can be possible by increasing the
neutralization capacity of the minerals, such as CFT, by
applying alkaline material having neutralization potential,
such as DW [6,7].

The control and management of solid wastes are one of
the biggest problems. Today, although the rates vary
depending on the country and the city, construction and
demolition wastes have a large share in solid waste [8,9].
More than 90% of waste is generated by demolition, while
new construction accounts for less than 10%. In 2015,
waste from construction sites accounted for 23.1 million
tons and waste from demolition sites accounted for 358.7
million tons globally [10]. The transportation and storage
costs of DW are quite high. In addition, very large natural
areas are occupied for the storage of these wastes, which
may cause the degradation of soil in these areas with the
loss of its fertility and hence, agricultural land [11,12].
Therefore, the utilization of DW is of great environmental
and economic importance.

In Turkey, the main problem in the urban renewal process
is the limited availability of storage facilities where the
waste will be safely disposed of after demolition to control
its harmful effects on the environment. It is necessary to
investigate the potential use of DW as raw material in
industrial applications, which will contribute to
environmental sustainability and the protection of natural
resources. When alkaline materials, such as DW, are
added to an acidic environment, they not only increase the
pH of the environment but also allow heavy metals in the
solution to precipitate and thus, largely eliminate AMD-
driven problems leading to severe environmental
problems [1,13,14]. Post-mining activities are among the
most important conditions for sustainable development,
and developed countries successfully perform these
activities. It is possible to prevent surface and
underground water pollution by eliminating the potential
of mining wastes to produce acid by using alkaline
materials such as DW. This study investigated the
effectiveness of DW utilization for AMD treatment and
the precipitation of heavy metals released from CFT.

2. MATERIAL AND METHOD
2.1. Materials

CFT, a waste product of the flotation process used to
enrich copper sulfide ores, was obtained from Murgul
Copper Mine in Artvin, Turkey. DW was collected from
the buildings in Yakutiye district in Erzurum (Turkey),
demolished due to the urban renewal within the scope of
the Cultural Road Project, which is being carried out with
the support of Erzurum Metropolitan Municipality. CFT
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particles were smaller than 75 pm in diameter, while DW
sample was ground down to 75 um. Pure CaCO3 powder
(pH=9; CaC0O3;=100%wt) was also used as a reference
material (Merck-102066) to compare the effectiveness of
DW on the CFT neutralization process.

2.2. Experimental Procedure

Static and kinetic tests were carried out to determine the
acid-producing potential (APP) of CFT and the
neutralization potential of DW. The acid-base accounting
method [15] was used in the static tests to determine APP
based on the total sulfide content of CFT (APP = 31.25 x
42(%S)) [16]. DW was utilized as neutralization
material to treat CFT at a dose of 1.31 units per unit
CFT. This dose was determined using the following
stoichiometry of FeS, and CaCOs (2), which predicts the
amount of lime required to neutralize all of the potential
acids based on the percentage of sulfides present in CFT.
FeS,+2CaC03+3.750,+1.5H,0—Fe(OH)3+25042+2Ca?
*+2CO; )

Kinetic tests are performed to evaluate the acid generation
potential and leachate quality of mine waste and process
tailings [16]. Shake flask batch tests, one of the kinetic
test methods, were conducted to evaluate the effect of
mixing ratio of CFT to DW and shaking time on the
evolution of pH, the release of SO4% and heavy metals into
the leachate.

After the required amounts of CFT and DW samples, and
distilled water were placed in a flask at the tested dosage
of DW, the flask was placed onto an orbital shaker
(WiseCube, WIS-20R). Test conditions for shake flask
batch tests are given in Table 1. The solid-liquid ratio was
set as 2 L kg [16]. Using pure CaCOjs instead of DW, a
control test without a neutralizing additive, e.g., DW or
CaCOg, was also conducted to compare the effect of DW
on the CFT neutralization process. Under normal
conditions, while it is required to use 1312.5 kg CaCOg3 to
neutralize 1 ton of waste pyrite containing 42% S, 66 g
CaCOs; is required to neutralize 50 g waste pyrite.
However, since DW contains CaCO3; by 30.44%, 217 g
DW was used instead of 66 g DW to neutralize 50 g CFT
at 1:1 dose of CFT:DW application. Based on the purity
of DW, it is assumed that DW cannot completely react
with CFT and therefore, different doses of DW were also
used in the shake flask batch tests (Table 1).

Table 1. Test conditions for shake flask batch tests

CFT ‘ DW Distilled water
Series

(@) (mL)
CFT (control) 50 - 100
CFT+pure CaCOs 50 66 232
CFT+DW (1:1) 50 217 534
CFT+DW (1:0.5) 50 109 318
CFT+DW (1:1.5) 50 326 752
CFT+DW (1:2) 50 434 968
CFT+DW (1:2.5) 50 543 1186
CFT+DW (1:3) 50 651 1042

Samples prepared were shaken in flasks under continuous
stirring at 180 rpm (23 + 2 °C) for a total of 120 minutes.
During the leaching period, pH measurements were

59




Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 58-62, 2022

performed every 15 minutes. Samples were taken with a
syringe every 60 minutes, passed through filter paper.
Filtered samples were stored at 4°C for SO4* and heavy
metals analyses.

2.3. Analytical Procedure

The mineralogical compositions of CFT and DW samples
were determined by X-Ray diffraction (XRD) (RIGAKU,
D/Max-2000). SO4% concentration was analyzed as
specified in method 375.4 of EPA [17]. The pH was
measured using an Orion 420A + pH/mV/ORP device.
The CaCOs content was determined using a calcimeter
[18]. The total sulfide content of CFT was evaluated by
using the methods given in the Turkish Standards
Institution [19]. Heavy metal concentration was
determined using inductively coupled plasma mass
spectrometry (ICP-OES; PerkinElmer Sciex Elan). The
scanning electron microscopy (SEM, FEI Quanta 400
MK2) coupled with Energy Dispersive X-ray
Spectrometry (EDS, EDAX Genesis XM4 Imaging
detector) was used for morphological analysis and
identification and quantification of elements after 1:3
dose (max) of CFT:DW application.

3. RESULTS AND DISCUSSION
3.1. Characteristics of CFT and DW

The pH value and total sulfide content of CFT obtained
from Murgul Copper Mine were measured as 2.21 and
42% respectively. The CaCOj3; content of DW obtained
from urban renewal areas in Erzurum was determined as
30.44% with a pH of 11.07.
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Figure 1. The XRD pattern of a) CFT and b) DW

The XRD analysis results indicate that the major minerals
in the CFT sample are pyrite (FeS,) and quartz (SiO); and
the major minerals in DW are dolomite (CaMg(COs),),
anorthite (CaAl;Si0g) and quartz (SiOy), respectively
(Figure 1).
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3.2. Experimental Results

To determine the neutralization potential of DW applied
on CFT at different doses, the changes of the leachate pH
values over time were investigated (Figure 2). At the end
of 120 minutes of shaking, pH remained stable around
2.21 in the control group. Significant increases were
observed in the pH values of CFT leachate treated with
pure CaCOs; and different doses of DW at the first 15
minutes. No significant changes were observed in the
following periods. In the pure CaCOg3 applied sample, the
pH value of the leachate, which was 2.21 (t=0), increased
to 6.60 after 15 minutes of shaking. The greatest pH
change occurred at 1:3 dose of CFT:DW application. It
was noted that the pH value increased from 2.21 to 10.09
after 15 minutes and 10.37 after 120 minutes of shaking.
Johnson and Halberg [20] and Zinc and Griffith [21]
stated in their studies that acidity was neutralized by
increasing the pH of the environment with alkaline
materials like lime or limestone.

Leachate pH

= e
ON DA~ DO®ON

0 15 30 45 60 75 90
Leaching time (min.)
w==@=== CFT (Control) @ CFT + Pure CaCO3

@ CFT + DW (1:0.5) CFT + DW (1:1.5)
——@— CFT + DW (1:2.5) === CFT + DW (1:3)

Figure 2. The effect of time on the leachate pH values at different
application doses of DW on CFT

105 120

CFT + DW (1:1)
CFT + DW (1:2)

After separating the filtered leachate, the solids remaining
on the filter paper were dried and examined under SEM-
EDS. SEM images and the EDS pattern of the leaching
residue obtained after 1:3 dose (max) of CFT:DW
application show that the main elements are Si, Ca, Al and
Mg due to neutralization of CFT with DW applications
(Figure 3).

No significant changes in SOs* concentration of the
leachates were observed in the control group depending
on the pH value, while serious decreases were observed in
the SO4? value in pure CaCO3z and DW applications after
60 minutes, and not much change was observed at the end
of 120 minutes. The SO4> value was measured as 982 mg
Lt (pH=7.03) and 970 mg L* (pH=7.23) with pure
CaCOs application at the end of the 60 and 120 minutes,
respectively. In DW application, the lowest SO4? value
was observed at the 1:3 dose of CFT:DW. At this dose
application, the SO, value, which was 4558 mg L™ at the
beginning (t=0, pH=2.21), was observed as 274 mg L
(pH=10.14) and 257 mg L (pH=10.37) after 60 minutes
and 120 minutes, respectively (Table 2). DW application
affected the pH value and SO4% concentration in the
leachate. As the application doses of DW increased, the
pH of the leachate increased and SO4> concentration
decreased due to the neutralization capacity of DW. Since
S04% ion precipitated in the form of CaSO. and its
concentration decreased in the environment. Madzivire et
al. [22] and Name and Sheridan [23] stated in their studies
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that the SO4% concentration decreased depending on the
increase in pH.
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Figure 3. SEM images and EDS pattern of leaching residue obtained
after 1:3 dose (max) of CFT:DW application
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Table 2. SO,% concentration in the leachates

Series 2;:::3 pH (nSLE;) ﬁ:l)
Start 0 2.21 4558
CFT (control) 162% 5(2)2 jgg)
CFT+Pure CaCOs 162% ngi g%
CFT+DW (1:1) 162% gﬁé gii
CFT+DW (1:0.5) 162% g:g? ;i;
CFT+DW (L:1.5) 162% g:gg ggg
CFT+DW (1:2) 162% 196?017 232
CFT+DW (1:2.5) o 1624 s
CFT+DW (1:3) 162% igéé 5173‘71

Depending on their neutralization capacity, the effects of
different application doses of DW on heavy metal release
from CFT were investigated. Concentrations of the heavy
metals in the leachate at the end of 60 and 120 minutes
during the shake flask batch tests and standard limits
allowed by WHO [24] are given in Table 3. No significant
changes in Cd, Cr, Cu, Fe and Zn concentrations were
observed in the control group in the leachate after 120
minutes of shaking with initial values of 3.45 mg L%, 2.99
mg L, 264 mg L, 479 mg L and 20.14 mg L (t=0),
respectively. At the beginning of the tests, the heavy metal
concentrations in the leachates were high while they
decreased with the addition of pure CaCOs; and DW
application. In pure CaCOgs application and all dose
applications of DW; Cd, Cr, Cu, Fe and Zn values
decreased below the limit values of 0.003 mg L%, 0.05 mg
L% 2mgL? 0.3mgL*and 3 mgL?, respectively at the
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end of 60 minutes. The results indicated that DW reduced
the Cd, Cr, Cu, Fe and Zn concentrations in the leachate,
due to the alkaline content of DW, which neutralized the
acidity, reducing the leachability and solubility of metals
under alkaline conditions achieved in the tests [25].
Szymanski and Janowska [26] and Tenodi et al. [27]
stated that the decrease in pH might cause an elevated
level of heavy metals in the leachate and negatively affect
the surrounding ecosystems. Feng et al. [28] and Rose
[29] neutralized acid by using DW in similar studies and
showed that no iron was found in the leachate due to the
precipitation. Cui et al. [30] and Rodriguez-Jorda et al.
[31] explained that the release of heavy metals could be
prevented by using alkaline materials such as DW.

Table 3. Heavy metal concentrations in the leachate and limit values

Series Time Cd | ¢ [ cu] Fe [ Zn
(min) (mg L)
Start 0 3.45 2.99 264 479 20.14
CFT 60 3.12 3.02 257 496 22.11
(control) 120 4.33 3.01 265 481 21.18
CFT+Pure 60 <0.005 | <0.005 | 0.033 | <0.005 | 0.269
CaCOs 120 | <0.005 | <0.005 | 0.034 | <0.005 | 0.092
CFT+DW 60 <0.005 | <0.005 | 0.671 [ <0.005 | <0.005
(1:1) 120 | <0.005 | <0.005 | 0.556 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.744 | <0.005 | <0.005
(1:0.5) 120 <0.005 | <0.005 | 0.871 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.478 | <0.005 | <0.005
(1:1.5) 120 | <0.005 | <0.005 | 0.308 | <0.005 | <0.005
CFT+DW 60 <0.005 <0.005 0.114 <0.005 <0.005
1:2) 120 | <0.005 | <0.005 | 0.161 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.174 | <0.005 | <0.005
(1:2.5) 120 <0.005 | <0.005 | 0.103 | <0.005 | <0.005
CFT+DW 60 <0.005 | <0.005 | 0.076 | <0.005 | <0.005
(1:3) 120 | <0.005 | <0.005 | 0.068 | <0.005 | <0.005
Limit values [24] 0.003 0.05 2 0.3 3

4. CONCLUSIONS

This study investigated the utilization of DW for the
treatment of AMD and immobilization of heavy metals
released from copper flotation tailings. The results
showed that as a result of DW applications at different
doses on the CFT neutralization process, the greatest pH
change was observed at 1:3 dose of CFT:DW application.
The pH value increased from 2.21 to 10.37 at the end of
120 minutes. Depending on the increase in pH, SOs*
concentration decreased from 4558 (t=0, pH=2.21) to 257
mg L' (pH:10.37) and Cd, Cr, Cu, Fe and Zn
concentrations were almost completely reduced in the
leachate at 1:3 dose of CFT:DW application after 120
minutes of leaching. Considering the environmental
quality and health, neutralizing acidity and removing
heavy metals released from CFT is of paramount
importance, and it could be achieved using DW generated
during demolition activities.
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Abstract: Portland cement, which has been used as an unrivaled binder material since its
development has become one of major sources of greenhouse gas emission. Compared with the
conventional cement, alkali-activated materials which based on the principle of activating precursor
materials by means of alkali activators have comparable engineering properties and lower CO;
emission during its production. In this study, the effect of alkali modulus on the compressive
strength and ultrasonic pulse velocity of granulated blast furnace slag (BFS)/ferrochrome slag (FS)-
based alkali-activated cement was investigated. Alkali-activated cement was produced from the
mixture of a blast furnace slag and ferrochrome slag in proportion 80% and 20% respectively.
Alkali modulus of 0.8, 1.0, 1.2, 1.4 were adopted in the test. Mortar specimens with the alkali
modulus of 0.8 and 1 had a compressive strength of 6.43 MPa and 9.75 MPa, respectively, while
specimens with the modulus of 1.2 and 1.4 gained approximately half of their 28-day strength in the
first three days. The 28-days UPV values of the specimens with alkali modulus of 0.8, 1, 1.2 and
1.4 were 4117, 4032, 3831 and 3697 m/s, respectively.

Alkali Modiiliiniin Alkali-Aktif YFC/FC Cimentosunun Basin¢ Dayanimi Ve UPV Hizi

Uzerindeki Etkisi

Anahtar
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Oz: Gelistirildigi giinden bu yana rakipsiz bir baglayici malzeme olarak kullamlan Portland
¢imentosu, sera gazi emisyonunun baslica kaynaklarindan biri haline gelmistir. Geleneksel ¢imento
ile karsilastirildiginda, 6ncii malzemelerin alkali aktivatorler vasitasiyla etkinlestirilmesi prensibine
dayanan alkali-aktif malzemeler, benzer mithendislik ozelliklerine sahip olmalarinin yanisira
tretiminden kaynaklanan CO; emisyonu ¢ok daha diisiiktiir. Bu c¢alismada, alkali modiiliiniin
yiiksek firin ciirufu/ferrokrom ciirufu esasli alkali-aktif ¢imentonun basing dayanimi ve ultrasonik
gegis hizi lizerindeki etkisi arastirilmigtir. Alkali-aktif ¢imentonun baglayict malzemesi %80
oraninda yiiksek firin ciirufu, %20 oraninda ferrokrom ciirufundan olusmaktadir. Test edilecek
alkali modulleri 0.8, 1.0, 1.2, 1.4 olarak belirlenmistir. Alkali modiili 0.8 ve 1 olan harg
numunelerinin basing dayanimlari sirasiyla 6,43 MPa ve 9,75 MPa iken alkali modiilii 1.2 ve 1.4
olan numuneler ilk ii¢ giinde 28 giinliik dayanimlarinin yaklasik olarak yarisini kazanmistir. Alkali
modiilii 0.8, 1, 1.2 ve 1.4 olan numunelerin 28 giinliik UPV degerleri sirasiyla 4117, 4032, 3831 ve
3697 m/s olarak ol¢iilmiistiir.

Gt of CO; released globally by construction activities in

1. INTRODUCTION

Cement, used as a binding material in concrete,
constitutes around 10% of conventional concrete by
mass and is manufactured at a rate of around 4
gigatonnes (Gt) per year [1]. Over the more than past
half century, cement consumption has increased tenfold,
while steel production has only increased by a factor of
three [1], [2]. Cement is responsible for 36% of the 7.7

2010 [1], [3].

With the increase in infrastructure activities throughout
the world, especially in developing countries, the
demand for cement has continuously been increasing.
Many concerns regarding CO, emission, raw materials
consumption and energy are incorporated with Portland
cement (PC) productions [4]. Although developments in
PC production technology provide a reduction in energy
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consumption and harmful emissions, PC manufacturing
produces approximately 0.8 tons of CO, per ton of PC
[5], [6]- These reasons have motivated researchers to
study on alternative materials to substitute PC. Alkali-
activated materials (AAM) are potential alternatives to
the traditional cement [5].

The main benefit of AAM is that it significantly reduces
CO2 emissions [7]. Besides having good mechanical
properties, its chemical resistance is better than PC [4],
[8]-[10]. AAMs are manufactured by activating the
precursor with alkali activators. High alkalinity
conditions are required for AAM production. Some of
the precursor materials used in alkali activation systems
are blast furnace slag (BFS), fly ash, metakaolin etc.
Sodium hydroxide (NaOH) and sodium silicate
(NazSiOs) are most used activators to activate these
precursor materials. Under high alkali conditions,
aluminosilicates dissolve in water and decompose into
alumina and silica units. Then these units combine to
form polymeric bonds [4], [11], [12].

Alkali-activated slag are considered as alternative binder
material to PC that can be activated by alkali activator
such as NaySiO; and NaOH [5]. Early mechanical
strengths, low porosity, lower heat of hydration and
superior durability are some advantages of alkali-
activated slag [13], [14]. The main reaction product
formed by alkali activation of blast furnace slag is an
aluminum-substituted C-A-S-H-type gel which has a
disordered tobermorite-like structure. Regardless of the
activator used, the C-A-S-H-type gel has a lower
calcium content than a hydrated PC system, whose Ca/Si
ratio is usually between 1.5 and 2.0 [15]. There are
several factors affecting the properties of alkali-activated
slag such as raw materials used, activator type, ligiud to
solid ratio, the curing temperature, alkali dosage and
modulus etc. [5].

There are many studies [4], [16]-[18] investigating the
impact of silicate modulus (Ms) and alkali dosage on the
strength of alkali-activated slag. Compressive strength
generally increases as the alkali dosage increases,
provided that it is between 2% and 8% by slag mass
[19]-[21]. The impact of Ms on the strength is more
complex. At a constant dosage as the Ms increases the
compressive strength increases because of the formation
of more silica gel. The optimum Ms is found to be lower
when the alkalinity of slag is lower. Above the optimum
modulus compressive strength may decrease as the Ms
increases [16], [20]. There are several studies [22]-[24]
on the usage of ferrochrome slag (FS) to produce alkali-
activated cements. Karakog et al. [25] investigated the
effect of silicate modulus on alkali-activated cement
produced with FS. More research are needed to
investigate the effect of the alkali modulus on the
ferrrochrome based alkali-activated cement.

Within the scope of this study, AAM mortars were
produced by using 80% BFS and 20% FS as the
precursor material. The effect of the alkali modulus on
the compressive strength and ultrasonic pulse velocity
(UPV) of the mortar specimens was investigated.
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2. MATERIAL AND METHOD

2.1. Material

BFS and FS were used in this study as the precursors of
alkali-activated cement (AAC) production. The chemical
composition of the BFS and FS were given in Table 1.

Table 1. Chemical composition of BFS and FS

Constituent BFS (%) FS (%)

SiO, 40.52 33.8
Al,O4 13.74 25.48
Fe;0; 1.74 0.61
CaO 33.86 11
MgO 7.72 35.88
SO; 0.17 -
Na,O 0.66

K20 0.81 -
Cr203 - 2.12

Specific gravity 2.8 2.85

The aggregate used for mortar production was natural
river sand. The size distribution of the aggregate used is
shown in Figure 1.
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Figure 1. Size distribution of the aggregate

The mixture of NaOH and Na,SiOs; were used as an
activator for the activation of BFS and FS. The NaOH in
the form of pellets with 99% purity was used. NaOH
solution was prepared by dissolving NaOH pellets in
water. NapSiO; solution consisted of 28% SiO;, 9%
Na,O, and 63% H,O content by mass with a silica
modulus of 3.11.

2.2. Mortar preparation and test procedure

A total of four mortar mixtures were prepared to
investigate the effect of alkali modulus on BFS/FS based
alkali activated cement. The mixture proportions are
presented in Table 2.
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Table 2. Mix proportions of the produced mortars

Na,0O BFS  FS
) (%) (%)

Codes Modulus w/b  Sand/binder

MO0.8 0.8 0.45 2.75 6 80 20
M1.0 1.0 0.45 2.75 6 80 20
M1.2 1.2 0.45 2.75 6 80 20
M1.4 1.4 0.45 2.75 6 80 20

BFS and FS precursor were used in a mass ratio of
80:20. The precursor-to-aggregate ratio was 1:2.75 and
the water-to-precursor (binder) ratio was 0.45. The alkali
dosage (Na;O by mass of the precursor materials) of all
mixtures was 6 wt%. A set of mixtures were prepared
with four alkali modulus. Alkali modulus refers to the
ratio of total SiO, (wt %) to total Na;O (wt %) in the
activator mix. Figure 2 shows one of the fresh mortars
prepared.

Figure 2. Fresh mortar mixture

Initially, precursor materials and aggregate were blended
together for half a minute. Afterward, NaOH and
Na,SiO3 solutions were added to the dry mixture after
mixing together. Mixing continued until a homogeneous
mixture (2 minutes) was obtained. Mortar mixtures were
poured into steel molds of 50 mm cube. After the fresh
mortars were casted, the molds were wrapped with
stretch film to prevent water evaporation (Figure 3).
Mortar specimens were cured at 50 °C for 24 hours and
then kept at room temperature until days of testing.
Literature review and preliminary experiments revealed
that 50 °C curing temperature was the most suitable
curing temperature in terms of compressive strength
[26], [27].

Figure 3. Wrapped mold

The compressive strength test was carried out according
to ASTM C109 [28]. The ultrasonic pulse velocity test
was performed in accordance with ASTM C597 [29].
Figure 4 shows the compressive strength and UPV tests,
respectively.
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Figure 4. Compressive strength and UPV tests, respectively

3. RESULTS

3.1. Compressive strength results

3-day compressive strength results of mortar specimens

are given in Figure 5. The compressive strength
increased with the increase of alkali modulus.
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Figure 5. 3-day compressive strength results

The compressive strengths of the specimens with alkali
modulus of 0.8 and 1 were considerably lower than the
compressive strengths of the specimens with alkali
modulus of 1.2 and 1.4. The compressive strengths of the
specimens for 0.8, 1, 1.2 and 1.4 modules were measured
as 6.43, 9.75, 35.56 and 36.32 MPa, respectively. When
the alkali modulus was increased from 1 to 1.2, the 3-day
compressive strength increased 2.45 times. It was
understood that 1.2 alkali modulus is the critical value in
terms of 3-day compressive strength. There was no
significant difference between the 3-day compressive
strength of the samples with alkali modulus of 1.2 and
1.4. The strength of the sample with an alkali modulus of
1.4 was 2.1% higher than the specimen with a modulus
of 1.2. Fang et al. [17] stated that compressive strength
increased with the increase of alkali modulus. The
increase in compressive strength can be attributed to the
high alkalinity of the exposure solution [4]. In the study
conducted by Fang et al. [17] it was stated that the
difference between the 28-day compressive strength and
the 7-day compressive strength generally increased as
the alkali modulus decreased. The fact that the 3-day
compressive strength is much lower can be attributed to
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the absence of a strong reaction between the precursor
materials and the activator at low alkali modulus.

28-day compressive strength results of mortar specimens
are given in Figure 6. As can be seen from the figure, the
compressive strength increased as the alkali modulus
increased.
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Figure 6. 28-day compressive strength results

The compressive strengths of the specimens for 0.8, 1,
1.2 and 1.4 alkali modules were measured as 40.76,
48.28, 5244 and 54.4 MPa, respectively. The
compressive strength of M1.4 specimen, which the
highest strength was obtained, was 33.5% more than the
MO0.8 specimen, which the lowest compressive strength
was obtained. This difference was 464.9% for 3-day
compressive strengths. When the alkali modulus of
alkali-activated BFS/FS mortar was below 1.2, the 3-day
compressive strength was very low compared to the 28-
day strength. It was understood that compressive
strength development of the specimens with alkali
modulus of 0.8 and 1 was quite slow.

Figure 7 represents the changes of the 28-day
compressive strength of the mortar specimens compared
to the 3-day strength.
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Figure 7. Changes in compressive strength
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The 28-day compressive strength of the specimens with
alkaline modulus of 0.8 and 1 increased considerably
compared to the 3-day strengths. The 28-day strength of
the specimens with an alkali modulus of 1.2 and 1.4 was
approximately 50% higher than the 3-day strength.
Mortar specimens with 1.2 and 1.4 alkali modules gained
a very important part of their strength in the first 3 days.

3.1. UPV results

3-day UPV values of mortar specimens are given in
Figure 8. The highest UPV value was obtained when the
alkali modulus was 1.2.
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Figure 8. 3-day UPV results

The UPV values of the specimens coded MO0.8, M1,
M1.2 and M1.4 were 2336, 2616, 3731 and 3556 m/sec,
respectively. Consistent with the results measured in the
compressive strength test, the UPV values of the M0.8
and M1 coded specimens were considerably low
compared to the M1.2 and M1.4 coded samples. While
the highest compressive strength was obtained from the
specimen coded M1.4, the highest UPV value was
measured in the M1.2 coded sample. The UPV value of
the M1.2 coded sample was 4.9% higher than that of the
M1.4 coded sample.

of mortar

28-days compressive strength results

specimens are given in Figure 9.
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Figure 9. 28-day UPV results
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The UPV values of the specimens coded MO0.8, M1,
M1.2 and M1.4 were 4117, 4032, 3831 and 3697 m/sec,
respectively. The UPV values of all specimens increased
compared to those obtained after 3 days. At the end of 28
days, the highest UPV value was obtained from the M0.8
coded specimen, while the highest compressive strength
was obtained from the M1.4 coded specimen. The
specimen with the highest UPV value at the end of 28
days had the lowest 3-day UPV value.

Figure 10 shows the changes of the 28-day UPV values
of the mortar specimens according to the 3-day UPV
values.
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Figure 10. Changes in compressive strength

The 28-day UPV values of the mortar specimens coded
MO0.8, M1, M1.2 and M1.4 increased by 76.2%, 54.3, 2.7
and 4, respectively, compared to the 3-day UPV values.
While the 28-day UPV values of the M1.2 and M1.4
coded mortar specimens did not change notably
compared to the 3 days, the UPV values of the M0.8 and
M1 coded mortar specimens increased significantly.

4. CONCLUSION

In this study, the effect of alkali modulus on the
compressive strength and ultrasonic pulse velocity of
granulated blast furnace slag/ferrochrome slag-based
alkali-activated cement was investigated. Mortar
specimens with alkali modulus 0.8 and 1 had very low
compressive strength after 3 days, while mortar
specimens with alkali modulus 1.2 and 1.4 gained most
of their 28-day strength in the first three days. Especially
in cases where early strength is required, the alkali
modulus of 1.2 is the limit value in terms of compressive
strength. In accordance with the result obtained in the
compressive strength test, the 3-day UPV values of the
samples with alkali modulus of 0.8 and 1 were lower
than the samples with alkali modulus of 1.2 and 1.4. In
contrast to the compressive strength results, the 28-day
UPV values of the samples with 0.8 and 1 alkali
modulus were higher.
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Keywords Abstract: Obesity, a chronic inflammatory disease, needs to be understood with a more
Obesity, multidisciplinary perspective based on metabolic functioning. The rapid increase in the incidence
Oxidative and prevalence of the disease in recent years has caused it to become a global health problem.
stress, CYP1ALl is a key enzyme in the metabolization of several exogenous and endogenous substrates
CYP1A1, including polyunsaturated fatty acids. CYP1B1 plays a regulatory role in metabolic pathways, such
CYP1B1, as the metabolism of steroid hormones and fatty acids. Therefore, the purpose of our study is to
Xenobitics. reveal the role of cytochrome p450 (CYP1Al and CYP1B1) isozymes in obese patients. In addition,

this is the first study to examine the effects of CYP1A1 and CYP1B1 in obese patients concerning
various hormones, lipids, and also diabetic and whole blood parameters. Patients with obesity who
underwent bariatric surgery were included in our study and the expression of CYP1Al and CYP1B1
in surgery tissues was determined by immunohistochemistry. CYP1A1 was weakly expressed in
33.3%, moderately in 32.5%, and strongly in 21.4% of tissues. Weak CYP1B1 expression was
observed only in 28.6% of the tissues while moderate or strong expression was not observed in any
of the tissues. No statistically significant differences were found between expression levels of
CYP1Al1 and CYP1B1 isozymes in obese patients and demographic characteristics
(p>0.05).Correlation analyses were also performed between the expression levels and the clinical
data of the patients. There was a significant correlation between CYP1Al expression and
hemoglobin levels (p<0.05). A significant correlation was found between CYP1B1 expression and
insulin as well as HDL levels (p<0.05). These detoxification enzymes could be considered one of
the key targets in obesity. However, higher expressions should be elucidated with other studies,
especially in the molecular pathway. Moreover, new approaches are needed to evaluate
susceptibility of the disease and obtain effective treatments.
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Obezite Duyarhihiginda CYP1A1 Ve CYP1B1 Ekspresyonlarimin Roliiniin
Arastirilmasi

Anahtar Oz: Metabolik isleyis, etkileri ve neden oldugu hastaliklar agisindan daha multidisipliner bir
Kelimeler bakis agisiyla anlagilmasi gereken obezite, son yillarda prevalansi ve insidansi artan
Obezite, hastaliklardan biri olarak goriilmektedir. Bu hastaligin metabolic yolunda 6nemli enzim
Oksidatif gruplarmdan biri olan sitokrom p450 (CYP1A1 ve CYP1B1) izozimlerinin roliiniin ortaya
stres, konulmasi amaglanmugtir. 2017-2019 yillar1 arasinda Ankara Ke¢idren Egitim ve Arastirma
CYP1A1, Hastanesi Genel Cerrahi Klinigi'nde obezite tanis1 konulan ve bariatric cerrahi, ksenobiyotik
CYP1B1, metabolizmasi1 uygulanan 152 hastaya immiinohistokimya yontemiyle CYP1Al ve CYPB1

Ksenobiyotikler izoenzimlerinin ekspresyonu arastirilmistir. CYP1A1 acisindan elde edilen bulgular; 152
kiside CYP1A1 ve CYPIBI1 immiinohistokimya boyama diizeyleri incelenen dokularin
%12.7'sinde CYP1Al ekspresyonu goézlenmezken; %33.3, %32.5 ve %21.4'te zayif bir
CYP1ALl ifadesi gozlenmistir. Dokularin %71.4'inde CYP1B1 ekspresyonu goriilmezken,
dokularin %28.6'sinda zayif ekspresyon izlenmistir. Hi¢bir dokuda orta veya giiglii CYP1B1
ekspresyonu gozlenmemistir. Kadin hastalardan alinan dokularin ortalama CYP1Al ve
CYP1B1 boyama seviyeleri erkek hastalardan daha yiiksek bulunmustur. Klinik verilerden
diyabet parametresi (p<0.05) ile anlamli oldugu gézlenmistir. Calismamizda elde edilen
veriler 1s1¢inda obez hastalarda anlamli CYP1A ve CYP1BI1 ekspresyonlar1 gézlenmis ve
detoksifikasyon mekanizmasi nedeniyle antioksidan metabolizma ve islevsellik mevcuttur.
Obez hastalarda bu enzim diizeyindeki artisin 6zellikle molekiiler yolakta baska ¢alismalarla
aydinlatilmasi gerektigi ve benzer caligmalara yol gosterecegi diisiiniilmektedir.

1. INTRODUCTION

Obesity, whose prevalence and incidence is
increasing rapidly, is one of the biggest health
problems encountered in recent years [1]. Oxidative
stress plays an important role in the emergence of
cancer, atherosclerosis, arthritis, neurodegenerative
diseases, cardiovascular diseases, diabetes and also
metabolic disorders including obesity [2-4]. In
obesity, oxidative stress biomarkers are associated
with body mass index (BMI), body fat percentage,
low-density lipoprotein (LDL) and triglyceride
levels. The capacity of the antioxidant defense
system decreases according to the level of fat
percentage in the body. A diet high in fat and
carbohydrates has been shown to induce oxidative
stress and inflammation in obese subjects
significantly [5]. It has been stated that oxidative
stress may cause insulin resistance, which is a
common condition in obesity, by disrupting insulin
secretion from B-cells in the pancreas and glucose
transport in skeletal and adipose tissue [6].
Independent of obesity, the metabolic syndrome also
induces oxidative stress alone. Uncontrolled
adipokine production induced by oxidative stress is
one of the mechanisms contributing to the
development of the metabolic syndrome [7]. Obesity
appears to cause the presence of oxidative stress [8].
The wide variety of detoxification processes that
make these xenobiotics that reach the body less
toxic, more polar and easily excreted is called
xenobiotic  biotransformation  or  xenobiotic
metabolism [9]. Cytochrome P450 (CYP) enzymes
play the most prominent role in Phase | xenobiotic
metabolism[10]. CYP1Al is the biomarker that
metabolizes polycyclic aromatic hydrocarbons
inducible by smoking. CYP1B1 is involved in the

estrogen metabolic pathway. Especially, this role is
realized by the regulation of 4-hydroxy estradiol in
the pathogenesis of breast and endometrial cancer
[11]. Investigation of the functionality of metabolic
components such as glutathione, superoxide
dismutase against oxidative stress and reduction of
toxic substances is continued in order to prevent
metabolic exposure from causing cellular and tissue
damage [12].

In our study, it was aimed to contribute to the
understanding of the development of the obesity
from an epidemiological point of view by examining
the expression status of CYP1Al and CYP1B1
proteins, which are important ondeoxification
mechanisms, based on patients’ demographic and
clinical characteristics.

2. MATERIAL AND METHOD
2.1.Immunohistochemical Staining

In this study, 149 paraffin tissue blocks of obesity
patients were received from the Kegidren Research
and Education Hospital. They were stained by
immunohistochemistry (IHC) method for CYP1A1
and CYP1B1 isoenzymes.

For immunohistochemistry, the tissue sections were
peroxidase-incubated for 10 minutes using 3%
hydrogen peroxide in methanol (v/v). After that, the
sections were performed for 3 min using a 0.01M
citrate buffer, pH 6.0 in a domestic pressure cooker.
Sections were incubated at room temperature for 10
min with superblock (SHP125; Scy Tek laboratories,
west logan, UT). The sections were then covered
with the primary antibodies diluted (1:750 for

70




Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 69-78, 2022

CYPI1AL; 1:400 for CYP1B1) in TBS at 4 °C. anti-
CYP1AL1 (sc-20,772) and Anti-CYP1B1 (sc-32,882)
were obtained from Santa Cruz Biotechnology Inc.,
Dallas, TX. After washing for 15 minutes in TBS,
the sections were incubated at room temperature
with a biotinylated link antibody (SHP125; ScyTek
Laboratories) followed by streptavidin/HRP
complex (SHP125; ScyTek laboratories). The
sections were incubated at room temperature with
biotinylated link antibody (SHP125; ScyTek
Laboratories) then diaminobenzidine was used to
visualize peroxidase activity in tissues. And they
were counterstained with hematoxylin. Scoring of
immunohistochemically stained sections were
performed for each enzyme was: (-), negative (no
staining);1, weak staining; 2, moderate staining; 3,
strong staining.

2.2.Statistical Analysis

IBM SPSS Version 25.0 (Armonk, NY: IBM Corp)
was used for statistical analysis. The numerical
variables describing the clinical and demographic
characteristics of the patients were expressed as
meanzstandard deviation or standard error of mean.
The categorized variables were described as
numbers of patients (n) and percentages (%) based
on descriptive statistics. The Shapiro-Wilk test was
performed to assess the distribution profiles of the
numerical variables. The Levene test was used to
assess the homogeneity of variances. The Mann-
Whitney U test was used to compare differences
between two independent and The Kruskal-Wallis
test was three or more independent groups for non-
normally  distributed  variables.  Bonferonni
correction was performed. The correlation analysis
was evaluated by Spearman's rank correlation test.

Table 1. Categorized demographic and clinical characteristics of patients
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Differences at the p<0.05 level were considered
statistically significant.

3. RESULTS

The demographic and clinical characteristics of the
patients were categorized and explained in Table 1.
A total of 126 obese patients were included in our
study. The study group consisted of 111 females
(88,1%) and 15 males (11,9%). 35 of the patients
(27,8%) were 30 or younger than 30 years old, 60
patients (47,6%) were between 31 and 45 years old,
and 31 patients (24,6%) were older than 45 years. All
of the patients were obese, so there were no patients
with a BMI below 40. Only 3 of the patients (2.4%)
had a BMI of 40, and 123 patients (97,6%) had a
BMI above 40. 59.5% (75 patients) of the patients
were only obese, while 39.7% (50 patients) had
additional diseases (comorbidity). 74 of the patients
(58.7%) did not use any medication, while 51
patients (40.5%) used some. 72 of the patients
(57.1%) underwent surgery, while 54 patients
(42.9%) did not undergo surgery. Additionally, a
number of other measurements were recorded and
classified including patients' white blood cell
(WBC), hemoglobin (HGB), platelet (PLT), fasting
and postprandial glucose, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), total
cholesterol, triglyceride, free T3 and T4, thyroid-
stimulating hormone (TSH), estradiol, follicle-
stimulating hormone (FSH), luteinizing hormone
(LH), C-peptide, insulin, cortisol,
adrenocorticotropic  hormone  (ACTH),  sex
hormone-binding globulin (SHBG) and hemoglobin
Alc (HbAlc) levels.

Variables Category Number (%)
Gender Female 111 (%88,1)
Male 15 (%11,9)
Age <30 35 (%27,8)
31-45 60 (%47,6)
>45 31 (%24,6)
BMI <40 3 (%2,4)
>40 123 (%97,6)
Comorbidities Yes 50 (%39,7)
No 75 (%59,5)
Missing (unknown) 1 (%0,8)
Medication usage status Yes 51 (%40,5)
No 74 (%58,7)
Missing (unknown) 1 (%0,8)
Surgery status Yes 72 (%57,1)
No 54 (%42,9)
WBC <45 0 (%0)
4,5-11,0 106 (%84,1)
>11,0 20 (%15,9)
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HGB <11,0 7 (%5,6)
11-16 110 (%87,3)
>16 9 (%7.,1)

PLT <130 3 (%2,4)
130-400 111 (%88,1)
>400 12 (%9,5)

Glucose (fasting) <70 1 (%0,8)
70-105 84 (%66,7)
>105 41 (%32,5)

Glucose (postprandial) <140 58 (%46,0)
140-200 21 (%16,7)
>200 10 (%7,9)
Missing (unknown) 37 (%29,4)

Triglyceride <150 57 (%45,2)
>150 61 (%48,4)
Missing (unknown) 8 (%6,3)

Total cholesterol <200 67 (%53,2)
>200 57 (%45,2)
Missing (unknown) 2 (%1,6)

Free T3 <18 0 (%0)
1,8-4,6 124 (%98,4)
>4,6 0 (%0)
Missing (unknown) 2 (%1,6)

Free T4 <0,9 17 (%13,5)
0,9-1,7 108 (%85,7)
>1,7 0 (%0)
Missing (unknown) 1 (%0,8)

TSH <0,27 4 (%3,2)
0,27-4,2 105 (%83,3)
>4,2 16 (%12,7)
Missing (unknown) 1 (%0,8)

HbA1C <6 80 (%63,5)
>6 38 (%30,2)
Missing (unknown) 8 (%6,3)

The results were expressed as n (%).BMI: body-mass index, WBC: white blood cell, HGB: hemoglobin, PLT: platelet, TSH: thyroid-

stimulating hormone, HbAlc: hemoglobin Alc.

The  patients’

demographic  and

clinical

characteristics were shown in Table 2. Patients’ age,
height, weight and BMI were recorded as
demographic data. Patients'’ WBC, HGB, PLT,
fasting and postprandial glucose, HDL, LDL, total
cholesterol, triglyceride, free T3 and T4, TSH,

Table 2. The patients’demographic and clinical characteristics

estradiol, FSH, LH, C-peptide, insulin, cortisol,
ACTH, SHBG, HbAlc levels were recorded as
clinical data. Patients’ mean age was 37,91 years
(16-63), mean weight was 125,10 kg (91-182), and
mean BMI was 46,77 kg/m? (40-70.31).

Variable (unit) Number Mean£SD
Age (year) 126 37,?116%613 ;,01
Height (cm) 126 16(31’;‘88;8%)21
Weight (kg) 126 125(,; f-fslz §,26
BMI (kg/m?) 126 4&(7)_7732,1 1)8
e 12 (527-140)
=
" 12 (5430.53500
Glucose (fasting) 126 Eéé’(}gjg?(’)%(;
Glucose (postprandial) 88 139,35+ 62,43

HDL

(71,00-394,00)
21 43,19+7,77
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(32,00-60,00)
124,60 + 34,55

LDL 15 (55,00-168,00)
Triglyceride 118 gs,gg;?()%?
Total cholesterol 118 (zlézgéizézg’gg)
Free T3 124 ?i(,)slffé‘gl)
Free T4 125 zé?gli(,)éls‘;
TSH 125 (%f,%gjg,’;g)
Estradiol 56 Zggg-;gzo%g)’
FSH 75 1(})’,%86351 ’59,3)1
LH s 1(%,%1;-14;%95)8
C peptide 117 ?13581612(3
Insulin 122 (119’768;72556’5%);
Cortisol 122 1(%137;(:)%(1))0
ACTH 87 %59(;(;1;216905?
SHBG 55 ?775?;);23610%)(;
HbALC 117 (i(i%ji;fg)

The results were expressed as mean+SD (minimum-maximum values). BMI: body-mass index, WBC: white blood cell, HGB: hemoglobin,
PLT: platelet, HDL: high-density lipoprotein, LDL: low-density lipoprotein, TSH: thyroid-stimulating hormone, FSH: follicle stimulating
hormone, LH: luteinizing hormone, ACTH: adrenocorticotropic hormone, SHBG: sex hormone-binding globulin, HbAlc: hemoglobin Alc.

IHC staining was performed on the tissues as
explained in the material and method section.
CYP1Al and CYP1B1 expression levels were
evaluated and explained in Table 3. Weak CYP1Al
expression was observed in 33.3% of the tissues.
Moderate expression of CYP1AL1 was detected in
32.5% of tissues, and strong expression was in
21.4%. Weak CYP1B1 expression was observed in
28.6% of the tissues. There was no moderate or
strong expression of CYP1B1 in any of the tissues.

Table 3. CYP1Al and CYP1BL1 expression levels of the tissues

Expression Level CYP1Al CYP1B1
0 16/126* 90/126%
(%12,7) (%71,4)
1 42/126% 36/126°
(%33,3) (%28,6)
5 41/126% 0/126°
(%32,5) (%0)
3 27/126% 0/126°
(%21,4) (%0)
Mean 1,63 £0,09° 0,29 £ 0,04°
(0-3)° (0-1)°

Staining scores were determined according to the staining
intensity of the tissues. 0: negative staining, 1: weak staining, 2:
moderate staining, 3: strong staining.

a: Number of samples stained at specified level / Total number of
samples (percent),

b: Mean staining level + Standard Error of Mean (SEM)

¢: The lowest staining level — The highest staining level

Microscopic images of CYP1Al and CYP1B1
protein expressions in tissues obtained surgically

from obesity patients after immunohistochemical
analysis are shown in Figure 1.
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Figure 1. Microscopic images of CYP1Al and CYP1B1 protein expressions in tissues obtained surgically from obesity patients after
immunohistochemical analysis.

0 PR , ¥ A% by o

-t

CYP1ALl protein; A: Expression of negative protein in stomach tissue, 40X; B: Weak (+1) protein expression in stomach tissue 40X; C: Moderate
(+2) protein expression in stomach tissue 40X; D: Strong (+2) protein expression in stomach tissue protein expression 40X. CYP1B1 protein;E:
Expression of negative protein in stomach tissue, 40X; F: Weak (+1) protein expression in stomach tissue, 20X; G: Weak (+1) protein expression in
stomach tissue, 40X; H: Weak nuclear in stomach tissue ( +1) protein expression 40X)

The expression levels of CYP1ALl and CYP1B1 were
analyzed based on the patients’ demographic
characteristics such as gender, age, comorbidities,

However, there were no statistically significant
differences in CYP1AL staining levels between patients
of different age groups (p>0.05). The patients over 45

medication use, and operation status in Table 4.

CYP1Al and CYP1B1 expression levels were determined
based on the patients' age, as shown in Figure 3. The 31-

years of age expressed the highest levels of CYP1B1.
However, there were no statistically significant
differences in CYP1B1 expression levels among patients
in different age groups (p>0.05).

45 age group had the highest CYP1A1 expression levels.

Table 4. CYP1A1 and CYP1BI expression levels based on patients’ demographic characteristics 74
Variable CYP1Al CYP1B1
Gender
Female 1,65+0,09 @ 0,31+0,04 °
(0-3)° (-1
Male 1,47+0,26 ° 0,13+0,09 *
(0-3y° (0-1°
p-value 0,545 0,166
Age
<30 1,59+0,18 2 0,29+0,08 @
(0-3)° (0-1°
31-45 1,784+0,12 2 0,25+0,06 *
(0-3y° (0-1°
>45 1,35+0,16 2 0,35+0,09 @
(0-3)° (-1
p-value 0,154 0,579
Comorbidity
Yes 1,50+0,12 @ 0,26+0,06 2
(0-3)° -1y
No 1,710,122 0,310,052
(0-3)° (0-1)°
p-value 0,241 0,574
Medication usage
Yes 1,49+0,12 2 0,25+0,06 2
(0-3)° (0-1°
No 1,72+0,12 ¢ 0,31+0,05 ¢
(0-3y (-1
p-value 0,215 0,499
Surgery status
Yes 1,62+0,112 0,28+0,05 2
(0-3y -1y
No 1,63+0,14 2 0,30+0,06 #
(0-3) (-1
p-value 0,961 0,821

a: Mean = SEM, b: The minimum-the maximum
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CYP1ALl and CYP1BL1 expression levels were evaluated
in terms of the patients’ gender, as shown in Figure
2.Mean CYP1Al and CYP1B1 expression levels of
tissues taken from female patients were higher than those
of male patients. However, the difference between the
groups was not statistically significant (p>0.05).

W CYPIAL
WCYPIBI

IHC expression level

000

male female
Figure 2. CYP1Al and CYP1BI expression levels based on patients’
gender

Wcyp1Al
W CcYP1B1

IHC expression level

15-30 31-45 46-85

age (years)

Figure 3. CYP1Al and CYP1B1 expression levels in terms of patients’
age

CYP1Al and CYP1B1 expression levels were determined
in terms of the patients’ comorbidities as seen in Figure 4.
CYP1Al and CYP1B1 expression levels of patients
without comorbidities were higher than those with
comorbidities. However, this difference was not
statistically significant in both expressions (p>0.05).

Wcypial
WcyYP1B1

IHC expression level

No Yes

Comorbidities
Figure 4. CYP1Al and CYP1BI expression levels based on patients’
comorbidities

CYP1Al and CYP1B1 expression levels were assessed
with respect to the patients’ medication usage status, as
illustrated in Figure 5. CYP1A1l and CYP1B1 expression
levels were higher in tissues taken from patients not using
medications than those using medications. However, the
difference was not statistically significant in both
expressions (p>0.05).

Wcypial
WcyYpiBl

IHC expression level

No Yes

Medication usage status
Figure 5. CYP1AI and CYPIBI expression levels in terms of patients’
medication usage

The expression levels of CYP1Al and CYP1B1 were
analyzed concerning operation status as displayed in
Figure 6. There was no statistically significant difference
between the patients’ operation status and CYP1A1 and
CYP1B1 expression levels (p>0.05).

Wcypial
WcypiB1

IHC expression level

No Yes

Surgery status
Figure 6. CYP1AI and CYPIBI expression levels in terms of patients’
surgery status

Correlation analysis was performed between the CYP1A1
and CYP1BL1 expression levels and the patients’ clinical
and demographic characteristics (Table 5). A negative and
significant correlation was found between CYP1Al
expression and HGB levels (p<0.05). A negative and
significant correlation was observed between CYP1B1
expression and HDL levels (p<0.05). A negative and
significant correlation was noted between CYP1B1
expression and insulin levels (p<0.05)

75



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 69-78, 2022

Tr. J. Nature Sci. Volume 11, Issue 3, Page 69-78, 2022

Table 5. Correlation analyzes of patients' clinical and demographic characteristics and CYP1A1 and CYP1B1 expression levels

CYP1Al CYP1B1

Variable Correlation coefficient p-value Correlation coefficient p-value
Age -0,125 0,162 0,019 0,830
Height -0,012 0,891 -0,093 0,301
Weight -0,038 0,672 -0,059 0,512
BMI 0,020 0,826 -0,024 0,788
WBC 0,087 0,334 -0,134 0,135
HGB -0,215 0,016* 0,106 0,238
PLT 0,167 0,062 0,019 0,832
Glucose (fasting) 0,136 0,128 -0,010 0,910
Glucose (postprandial) -0,020 0,850 0,120 0,267
HDL 0,280 0,219 -0,484 0,026*
LDL 0,139 0,622 0,164 0,560
Triglyceride -0,017 0,856 -0,026 0,779
Total cholesterol 0,128 0,166 0,179 0,053
Free T3 0,104 0,248 -0,005 0,960
Free T4 0,130 0,150 0,095 0,293
TSH 0,148 0,099 0,033 0,712
Estradiol 0,128 0,347 -0,118 0,387
FSH -0,174 0,136 -0,015 0,900
LH -0,167 0,153 0,019 0,869
C Peptid -0,076 0,418 -0,115 0,218
Insulin -0,005 0,954 -0,228 0,011*
Cortisol 0,129 0,157 0,047 0,607
ACTH 0,094 0,388 -0,077 0,479
SHBG -0,117 0,394 0,084 0,541
HBA1C 0,086 0,358 0,151 0,104
CYP1Al 1,000 - 0,116 0,196
CYP1B1 0,116 0,196 1,000 -

(*) There is a statistically significant correlation (p<0.05). BMI: body-mass index, WBC: white blood cell, HGB: hemoglobin, PLT: platelet, HDL:
high-density lipoprotein, LDL: low-density lipoprotein, TSH: thyroid-stimulating hormone, FSH: follicle stimulating hormone, LH: luteinizing
hormone, ACTH: adrenocorticotropic hormone, SHBG: sex hormone-binding globulin, HbAlc: hemoglobin Alc.

4. DISCUSSION AND CONCLUSION

Oxidative stress is associated with the development of
obesity, a multifactorial disease that is very common in all
over the world. Oxidative stress has been observed to
occur with the random production of adipokines from
adipose tissue, which usually results in the development
of metabolic syndrome [13]. Parameters such as oxidative
damage and C-reactive protein (CRP) are higher in obese
individuals. Depending on this situation, BMI has a direct
correlation withLDL levels and triglyceride ratio [14]. In
some obese individuals, antioxidant defense parameters
can belower than their fat ratios. The levels of vitamin E,
vitamin C, beta carotene and glutathione have been shown
to decrease in obese individuals [15]. It was also
determined that it resulted in the induction of significant
oxidative stress and inflammation in individuals on a
carbohydrate and fat diet [16].The published studies
showed that long-term obesity cause decreasing in
antioxidant sources and in the activities of antioxidant
enzymes including super oxide dismutase (SOD) and
catalase [17].SOD and glutathione peroxidase activities
were decreased in obese individuals compared to healthy
individuals [18]. Some endogenous and exogenous
sources of obesity are also causes metabolic and
hereditary disorders such as DNA damage, tissue damage,
mutation, cell aging and even cancer.

Xenobiotic metabolism is classified in three main groups
as phase I,phase Il and also phase Ill. Carcinogens are
either broken down into non-reactive products and
excreted directly from the body or converted to reactive
metabolites by Phase | reactions.

In this study, the relationship between obesity and the
expression of CYP1A1 and CYP1B1 isozymes, which are
important members of the cytochrome P450 (CYP)
enzyme system was investigated.Considering that no diet
is applied, especially in the development of obesity,
significant increases of CYP1Al and CYP1B1 enzymes
in the metabolic pathway to provide reducing roles and
removal from the metabolic pathway were observed, as
expected. This situation coincides with the
epidemiologically guiding confirmed data in terms of
causing a metabolic correlation with similar and current
studies in the literature and preparing the ground for the
formation of other diseases.

Knowing that CYP1ALl and CYP1B1 are among the most
important Phase | enzymes with their effects on reactive
oxygen compounds in the continuity of the anti-cancer
mechanism and with their flovanoid metabolizer role, it is
possible to investigate the effects on some types of cancer
by inducing cytochrome p450 on cell lines with these
compounds. In the study of Surichan et al., 2018, the role
of CYP1Al1/CYP1B1l-mediated enzyme induction in
human breast cancer in reducing the 4-hydroxy tangeretin
product was revealed [19].

It is encountered in studies that try to reveal the role and
functioning principle of CYP1Al and CYP1B1 enzyme
expressions in the metabolic pathway. In the study
conducted by Androutsopoulos et al.,2011, the status of
cytochrome p450 compounds in the diet-treated samples
in terms of flavonoid compounds were investigated
comparatively in terms of CYP1Al and CYP1B1.
CYP1Al and CYP1B1 are two extrahepatic enzymes
involved in carcinogenesis and cancer progression.
Selective inhibition of CYP1A1 and CYP1B1 by dietary
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components, particularly the flavonoids class, has been
characterized as a paradigm corresponding to the concept
of dietary chemoprevention. The ability of CYP1
enzymes to selectively metabolize dietary flavonoids into
transformation products that inhibit cancer cell
proliferation has been highlighted. In the study conducted
with 14 different flovonoid markers, the status of
CYP1Al and CYP1B1 components was analyzed by
HPLC and tried to be rationalized. And the results
obtained overlap with the role of these phase | enzymes in
the literature, and the states of flovonoids showed
homology [20].

All these results indicated that CYP1Al and CYP1B1
expression was increased in obesity. Significant changes
occur in the amount of CYP1A1 and CYP1B1 enzymes in
obese people. While these changes may occur as an
adaptive response, the findings suggest that oxidative
stress observed in obesity may be one of the possible
mechanisms underlying this change. Findings contribute
to the definition of the physiopathology of obesity are
important in the prevention of complications such as
cardiovascular diseases that may develop due to obesity.
Thus the results of our study can be in the development of
preventive approaches.

The results of our study will contribute to the
epidemiological examination of obesity and to reveal hew
solutions. Clarifing the role of enzymes involved in
detoxification in the development and progression of the
disease could be a key target to cope with this disease.
New approaches are needed to evaluate obesity
susceptibility and to find effective treatment.
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Abstract: Road accidents, harming countries' economies, national assets as well as people's
lives, are one of the major problems for countries. Thus, investigating contributing factors to
the accidents and developing an accurate accident severity prediction model is critical. Using
the traffic accident data collected in Austin, Dallas, and San Antonio city of Texas between
2011 and 2021, the primary contributing factors in crashes are probed and the performance of
a deep learning model and five different machine learning techniques, such as Logistic
Regression, XGBoost, Random Forest, KNN, and SVM, are investigated. The finding shows
that the Logistic Regression algorithm shows the best performance among the others with an
accuracy of 88% in classifying accident severity.

Makine Ogrenmesi Tekniklerini Kullanarak Trafik Kazalarimin Sonucunu Tahmin Etme

Anahtar Kelimeler
Makine Ogrenmesi,
Derin Ogrenme,
Trafik Kazalar,
Veri Madenciligi,
Kaza Siddeti

Oz: Ulkelerin ekonomilerine, milli varliklaria zarar verip insanlarin yasamlarina sebep olan
trafik kazalari, iilkelerin en biiylik sorunlarindan biridir. Dolayisiyla, kazalarin meydana
gelmesine katkida bulunan faktorlerin aragtirilmasit ve dogru bir kaza siddeti tahmin
modelinin gelistirilmesi kritik éneme sahiptir. Bu g¢alismada, 2011-2021 yillar1 arasinda
Teksas''n Austin, Dallas ve San Antonio sehirlerinden toplanan trafik kazasi verileri
kullanilarak, kazalara sebep olan faktdrler incelenip, Derin Ogrenme, Lojistik Regresyon,
XGBoost, Random Forest, KNN ve SVM gibi 6 farkli makine 6grenme tekniginin kaza siddet
tahmin performans sonuglari karsilagtirilirdi. Elde edilen bulgular, Lojistik Regresyon
algoritmasinin kaza siddetini smiflandirmada %88 dogrulukla digerleri arasinda en iyi
performansi gosterdigini gostermektedir.

1. INTRODUCTION

Traffic accidents are happening every second worldwide

Several studies have been conducted on traffic accident
classification. Two of them are traffic accident analyses
carried out by the same authors with different methods in
the studies [1] and [2]. Another study on the

and are causing both people's lives and negative impacts
on countries' economies. Although it might be difficult
to avoid traffic accidents altogether, reducing the
occurrence rate and death rate by taking some pre-
measures is possible. As traffic accidents result from
road conditions, weather conditions, driver's behavior, or
any combinations, machine learning techniques could
help model the accidents and classify the severity of the
accidents.

classification of traffic accidents is presented in work [3]
in Korea. The research [4] probes driver injury severity,
which is divided into three classes: no injury, possible
injury, and disabling injury, at the signalized
intersections in central Florida, while another study
reveals the relation between speed limit increase and
fatal crash rate in Washington State [5]. A similar study
to detect the severity of accidents is conducted with data
containing close to 35000 records in Hong Kong using
the WEKA tool [6]. Authors of work [7] use the support
vector machines to find a pattern in crash injury severity
by using collected data from rollover accidents within a
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period of two years in New Mexico. Using more than
270000 traffic accident records collected in Michigan,
USA, from 2010 to 2016, the study predicts accident
severity utilizing machine learning algorithms: Logistic
Regression, Random Forest Model, Naive Bayesian
Classifier, AdaBoost Classification Tree [8]. Work [9]
presents a case study of traffic accident classification and
severity prediction in Spain using data collected over a
six-year period (2011-2015) by the Spanish traffic
agency. Reference [10] investigated the key factors
associated with fatal severity by analyzing 971 accidents
in Abu Dhabi in 2014. Authors of [11] investigate
prominent factors in traffic accidents in Adana province,
Turkey, and classify them according to their injury
severity (i.e., fatal, non-fatal). Work [12] conducts a case
study in the example of rural roads in Texas. Authors
probe crash factor identification and severity prediction
in accidents involving teen drivers. The outcomes are
evaluated in terms of prediction performance and speed,
and XGBoost is concluded to be the best-performing one
in both categories.

This paper presents the utilization of deep learning and
machine learning algorithms to predict traffic accident
severity and identify underlying reasons causing both
casualties and damages to national assets. We analyzed
data recorded by the Texas Department of
Transportation (TXDOT) in Austin, Dallas, and San
Antonio cities from 2011 through 2021. Data is accessed
through the Crash Records Information System (CRIS)
[13]. Deep learning and five different machine learning
algorithms, Logistic regression, K-Nearest Neighbors,
Support Vector Machine, Random Forest, and XGBoost
classifiers, are considered, and their results are
compared.

2. MATERIAL AND METHOD
2.1. Dataset and Datamining Process

CRIS database accommodates a variety of traffic
accident data from 2011 through 2021 for any city or
county in the state of Texas. Dataset can be created with
multiple features, such as weather conditions, road
surface conditions, light conditions, crash severity, crash
time, crash date, location, airbag deployment status,
human-related factors contributing to the crash, vehicle-
related attributes, and many others. The dataset for this
study contains close to 1.1 million accident records. We
constructed our data set with attributes; weather
conditions, road surface conditions, crash severity,
airbag deployment status, human-related factors, and
person injury severity. Figure 1 shows the comparison of
the number of Fatal/Serious and Other injuries by year
from the constructed dataset.

The classification of traffic accident severity is
performed in different stages, which involves cleaning,
feature selection, and transformation before training each
model. We make use of python, deep learning
framework Keras [14], machine learning library scikit-
learn [15], and pandas [16] for cleaning and training a
model. After cleaning the raw data as some of the
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attributes have many missing or "unknown" data, all the
categorical values are encoded into numerical ones (0-1)
using the pandas "get_dummies" function for further
processing. The cleaned data set is then split into two as
train and test set at a rate of 75% and 25%, respectively.
The attributes "Speed limit" "Car_Age," and
"Vehicle_Damage Rating” have values varying in
different ranges, and it is an issue for machine learning
algorithms as they do not contribute equally to the
model. Thus, we used Scikit-learn's "StandardScaler"
class to scale all the features with a mean of zero and a
standard deviation equal to one.

M Fatal/Serious W Other Injuries
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Figure 1. The number of Fatal/Serious and Other injuries by year. Data
from San Antonio city is included partially

Classification algorithms usually perform poorly with
imbalanced data sets; hence obtained accuracy results
are likely to be misleading. As the classes in our data are
distributed unevenly, as seen in Figure 2, the down-
sampling method is applied to the majority class using
python's resampling library [17] to overcome the
performance issue. After getting the data ready for
building predictive models for person injury severity, the
deep learning classification technique and the scikit-
learn library are utilized to implement Random Forest,
XGBoost, Logistic Regression, K-Nearest Neighbors,
and SVM classifiers algorithms.

10°

14%

count

98.6%

Person Injury Severity

Minor Fatal
Person Injury Severity

Figure 2. The number of instances corresponding to each class

2.2. Classification Algorithms
2.2.1. Logistic regression (LR)

As opposed to regression in its name, Logistic regression
formulated in 1958 by David Cox is a classification
model [18]. It is widely used for both binary and multi-
class classification problems and achieves excellent
performance for linearly separable classes. LR uses the
sigmoid function shown below in equation 1, and the y-
axis corresponds to the classification's probability.
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2.2.2. Random forests (RF)

Random forests [19], a supervised learning algorithm,
are an ensemble method of decision trees trained on a
subset of the training set. Random forest is widely used
for classification and regression tasks. Since RF is a
combination of learning models, it performs better than
any single predictor itself.

2.2.3. XGBoost

XGBoost [20] algorithm stands for "Extreme Gradient
Boosting" and is an implementation of a gradient
boosting library. XGBoost is known for a better
execution speed on a large number of data set as well as
utilizing memory resources efficiently.

2.2.4. K-Nearest neighbors (KNN)

K-Nearest Neighbors [21] algorithm is a supervised
machine learning algorithm that can be used for both
classification and regression problems. KNN is a
distance-based algorithm that predicts to which class an
unknown data point might belong.

2.2.5. Support vector machine (SVM)

Support Vector Machine [22] is also a supervised
learning model used for both classification and
regression tasks. The idea behind how it works is to
construct an optimum hyperplane in multi-dimensional
space to separate classes and predict which classes a new
example belongs to. The optimum hyperplane is
obtained when the distance from the hyperplane to the
closest data points of any class is maximized. This
optimum hyperplane is also called a maximum-margin
hyperplane.

2.2.6. Deep learning

Deep learning [23] is a subfield of machine learning that
uses neural networks to generate data-learning and
prediction-capable models. Neural networks are systems
of interconnected nodes, known as neurons, that imitate
the functioning of the human brain. A neural network is
constructed of layers of nodes, with each layer
transforming the incoming data in a unique manner. The
input layer accepts unprocessed data as input and
transmits it to subsequent processing layers. Each layer
computes a function on the previous layer's output and
then passes its output to the next layer for further
processing. Finally, the outputs from all layers are
integrated into a single set that represents the final
prediction or classification. In order to minimize
prediction errors and achieve higher accuracy in a deep
learning model, the back-propagation algorithm, altering
the weights of connections between nodes, is made use
of.
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3. RESULTS

In this section, we present and discuss results from
different classification techniques as well as analyze the
major contributing factors to the accidents. Figure 3
shows contributing factors to traffic crashes on the roads
of Austin, Dallas, and San Antonio. As seen from the
histogram, driver's inattention (19%), failing speed
control (15%), and following too closely (10%) are some
of the major contributing factors. Other minor factors are
cell/mobile device use, speeding (over limit), impaired
visibility, being under drug influence, and failing to yield
right of way to pedestrians. While disregarding the stop
signs and traffic lights contributes to crashes 6.5%,
speed-related crashes are about 18% overall.

20%
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UNSAFE SPEED .
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IMPAIRED VISIBILITY

&
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&
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OTHER-EXPLAIN IN NARRATIVE)
CHANGED LANE WHEN UNSAFE
FAULTY EVASIVE ACTION
DISREGARD STOP AND GO SIGNAL
FAILED TO DRIVE IN SINGLE LANE
DISREGARD STOP SIGN OR LIGHT
TURNED WHEN UNSAFE

UNDER INFLUENCE - ALCOHOL
DISTRACTION IN VEHICLE
CELL/MOBILE DEVICE USE
SPEEDING - (OVERLIMIT)

UNDER INFLUENCE - DRUG

FAILED TO YIELD RIGHT OF WAY - TURNING LEFT
FAILED TO YIELD RIGHT OF WAY - STOP SIGN
FAILED TO YIELD RIGHT OF WAY - PRIVATE DRIVE
FAILED TO YIELD RIGHT OF WAY - TO PEDESTRIAN

Figure 3. Major contributing factors to crashes in Austin, Dallas, and
San Antonio

As the performance measures of the models, we utilized
the weighted average for recall, the weighted average for
fl-score, the Receiver Operator Characteristic (ROC),
and the Area Under the Receiver Operating
Characteristic Curve (AUC). Table 1 shows the
performance of all classification techniques used in this
work. While Figure 4 shows the confusion matrix for the
best classifier in this work, Figure 5 and Figure 6 depict
ROC comparison and AUC values for each model,
respectively. AUC value varies between 0-1, and the
bigger AUC indicates how better the model's
classification performance is. An AUC value of 1
indicates that the model is excellent, whereas 0.5 or less
means the model is poor. An AUC value greater than 0.7
generally indicates that a model has good prediction
ability for classification.
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Figure 4. Confusion Matrix for Logistic Regression Model

Although all of the AUC values from different models
are fairly close, the LR algorithm outperforms the others
with an 88.1% accuracy. XGBoost has a better
performance with 87.9% accuracy than SVM with
87.4%. An accuracy of 86.0%, 85.8%, and 80.6% is
obtained with deep learning, RF, and KNN, respectively.
A comparison of the AUC value for all the classifiers is
shown in Figure 6. The result demonstrates that Logistic
regression is the best classifier, although the second-best
model, XGBoost, performs nearly well.

Table 1. Performance measures with different machine learning
techniques

Models Recall F1-Score
XGBOOST 81% 88%
KNN 79% 87%
LR 82% 89%
RF 79% 87%
SVM 77% 86%
Deep Learning 81% 88%
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©
o 0.8
3
i)
S 0.6
o
]
.E 0.4 ’/’ —— Random Forest
@ L —— KNN
g /' ——— XGBoost
w 021 el —— SVM
=] -~ = Logistic Regression
= -
= - ~—— Deep Learning

0.0 += . - ‘ r

0.0 0.2 0.4 0.6 0.8 1.0

False Positive Rate
Figure 5. ROC distribution for all the trained models

4. DISCUSSION AND CONCLUSION

The second most populated state in the United States
[24], Texas also has more than 22 million registered
vehicles [25]. These figures indicate that there are
approximately 75 vehicles per 100 people, implying that
there might be a significant number of vehicles on the
roads on a daily basis. In this study, we investigate the
primary contributing factors in crashes and forecast
crash severity in three major cities: Austin, Dallas, and
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San Antonio. According to the findings, driver
inattention, failure to manage speed, and following too
closely are the top three most common contributing
causes in collisions. As one might expect, these three
contributing factors might be reasonable findings as
there are too many distracting elements around us today,
which may cause drivers to lose focus and miss the
instructions and traffic signs/warnings on the roads that
ultimately trigger accidents. The inability to manage
speed and following too close may be the outcome of
over-reliance on automobiles and disregarding other
considerations since modern vehicles include new
features and safety precautions that might mislead the
drivers to over-rely on them. Consequently, identifying
important  factors causing crashes can  assist
policymakers in developing new road safety policies and
engineers in building safer roads. Additionally,
predicting accident severity in real-time with our high-
accuracy model might assist in taking the necessary
prompt action in arriving at the crash scene to reduce the
accident's severity. We also probed the performance of
different classification techniques in classifying traffic
accident severity, grouped into two categories:
Fatal/Serious and other injuries. Based on the
performance metrics considered in this study, Logistic
Regression shows the best performance, with 88.1%
accuracy in classifying accident severity (see Figure 6).

2
0.879
KNN

LR XGBoost SVM Deep Learning RF
ML Methods

AUC

Figure 6. Comparison of AUC values for different trained models

Various research groups conduct similar studies for
predicting the severity of accidents. While other works
are evaluated with different performance metrics, work
[8] adopts AUC as a performance metric to evaluate
their findings. For predicting the severity of accidents in
the Michigan example, 75.5% accuracy is obtained.
However, a better result is presented in this study by
analyzing the dataset collected in Texas's three major
cities between 2011 and 2021.
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Abstract: In this study, the potential of use in the landscape area of some woody plants that
naturally spread in the flora of Elazig was investigated. As a result of the researches, it was
determined that 29 genera and 54 natural plant taxa belonging to 18 families in the region have
potential landscape plant characteristics. Families with the most taxa; Rosaceae (19 taxa),
Salicaceae (4 taxa), and Fagaceae (4 taxa). The genera with the most taxa are; Crataegus, Rosa and
Quercus with 4 taxa each, followed by Acer, Tamarix and Sorbus with 3 taxa each. As a result of
the evaluation, the woody plants with landscape potential in the region are used for ornamentation,
aesthetics, fence, ground cover, etc. It has been found that it can be used for many purposes.

Elazig Florasinda Dogal Olarak Yetisen Bazi Odunsu Bitkilerin Peyzaj Mimarhginda

Kullanim Potansiyeli Uzerine Degerlendirmeler

Anahtar
Kelimeler
Elaz1g,

Flora,

Odunsu bitkiler,
Peyzaj

Oz: Bu ¢alismada Elazig florasinda dogal olarak yayilis gosteren bazi odunsu bitkilerin peyzaj
alaninda kullanim potansiyelleri incelenmistir. Aragtirmalar sonucunda bdlgede 18 familyaya ait 29
cins ve 54 dogal bitki taksonunun potansiyel peyzaj bitkisi Ozelliklerine sahip oldugu
belirlenmistir. En ¢ok taksona sahip familyalar; Rosaceae (19 takson), Salicaceae (4 takson) ve
Fagaceae (4 takson). En cok taksona sahip olan cinslere bakildiginda ise; Crataegus, Rosa ve
Quercus 4'er takson, onu 3'er taksonla Acer, Tamarix ve Sorbus takip etmektedir. Degerlendirme
sonucunda yorede peyzaj potansiyeli olan odunsu bitkilerin siisleme, estetik, ¢it, yer Ortiicii vb.
bircok amagla kullanilabilecegi tespit edilmistir.

and the scale of buildings and streets [4,5], and over the

1. INTRODUCTION

Flora is considered to be one of most important figure of
the landscape. The greenery space design landscape
scenery and have productive and eco-stabilizing
functions in the landscape area. Trees and shrubs have
great influence on the environment and living conditions
of the other organisms. Short term changes in
ecosystems do not significantly impact their lifecycle
and survival. Woody plants are long lived organisms
with different adaptability to changes of environmental
conditions [1,2].

Trees and shrubs constitute an important element in the
cityscape [3]. The natural, graceful shapes of trees
provide an architectural transition between human size

ages urban tree plantings have been regarded as a mirror
of the prosperity and achievements of society. Trees help
reduce the urban heat intensity [6]. Urban trees are
capable of reducing storm water runoff and thereby
reduce flooding [7]. They act as noise filters and purify
the air through capturing particulate matter, carbon
dioxide, ozone and other air pollutants originating from
traffic and industrial activities [7,8,9]. However, the
above-mentioned aesthetic, social and microclimatic
ameliorations are only possible if the urban tree stock is
vital.

Natural flora is the main source of landscape plants all
over the world. Turkey is one of the major floral regions
in the world, with more than 12,000 taxa of herbaceous
and woody species, of which 3500 species are endemic.
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The rich vegetation in Turkey is because of its
geographic location, vegetation zones and the different
climate and sub - climate types [10].

The aim of this study is to reveal wild woody plants that
have the potential to be used for landscaping purposes,
which naturally spread in the flora of Elaz1g.

2. MATERIAL AND METHOD
2.1. Study Area

Study area was located on the east of Anatolian diagonal,
in the skirts of South-Eastern Taurus Mountains [11], in
the Upper Euphrates Region of the Eastern Anatolia
Region, Elazig (Fig. 1) is under the influence of Irano-
Turanian Plant Geography Region and falls within the
B7 grid square according to the Grid classification
system developed by Davis [12].
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Figure 1. Study area

The surface area of the province is 9313 km?and is
1067-1225 m high from sea level. It is located on the
high plateaus of Eastern Anatolian Region and it is
located between 40°21'-38°30" northern latitudes and
38°17'-39°11" eastern longitudes. Elazig has 10 sub-
provinces and 544 villages.

2.2. Methods

In this research the potential landscape usages of some
of the woody plants in Elazig Providence have been
investigated. In between the years 2019-2021 visits to
the field have been made in different vegetation seasons.
Identification of plants in the area was made mostly
during fieldwork. Plant samples were taken from
unidentified species and preserved for later
identification. Various floristic works on natural plants
were used in the identification of plants [10,12,14-16].
Current scientific names and author names of taxa are
arranged according to World Flora Online [17].

In the evaluation phase of the general data, the potential
use of plant species in the landscape (aesthetics and
visuality, hedge formation, surface covering, shading,
emphasis, naturalness, etc.), flowering periods,
flower/fruit colors were emphasized. The appearance of
some plant taxa in the field, which were determined

Tr. J. Nature Sci. Volume 11, Issue 3, Page 84-88, 2022

during the studies and could come to the fore in
landscape use, were photographed.

3. RESULTS

Landscape studies generally consider the characteristics
of plants such as emphasis, color, form and aesthetics.
There are many woody plant taxa in the flora of Elazig,
which stand out with their color, form and aesthetic
features and have the potential to be evaluated in the
landscape.

As a result of the studies, it was determined that 29
genera and 54 natural plant taxa belonging to 18 families
in the region have potential landscape plant
characteristics. Families with the most taxa; Rosaceae
(19 taxa), Salicaceae (4 taxa), and Fagaceae (4 taxa). The
genera with the most taxa are; Crataegus, Rosa and
Quercus with 4 taxa each, followed by Acer, Tamarix
and Sorbus with 3 taxa each. As a result of the
evaluation, the majority of the woody plants are used for
more than one purpose (Table 1).

When the data obtained in the study were evaluated, it
was determined that many taxa attracted attention with
their flower beauty and fruit characteristics (Fig. 2, 3).
Woody plants with flower characteristics are preferred to
create spring coloration in the landscape with their
flower characteristics.

Fiure 2. Some potential taxa with fruit characteristics in Elazig flora :
A) Pistacia palaestina Boiss. B) Juglans regia L .C) Cotinus
coggygria Scop. D) Sambucus nigra L. E) Ficus carica L. subsp.
carica F) Paliurus spina-christi P. Mill. G) Ulmus minor Mill. H)
Sorbus torminalis (L.) Crantz var. torminalis 1) Ephedra major Host.
subsp. major
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Figure 3. Some potential taxa with flower characteristics in Elazig
flora : A) Lonicera etrusca Santi var. etrusca. B) Rosa canina L. C)
Rosa foetida J. Herrm.. D) Rubus sanctus Schreb. .L. E) Crataegus
monogyna Jacg. F) Tamarix smyrnensis Bunge

However, it has been observed that some taxa spreading
in the region have the potential to be used as hedges and
ground covers as well as ornamentation. In addition to
ornamental/aesthetic use, approximately 17 taxa from
the plants identified in the studies conducted in the
region have also been found to be used as hedges (Table
1). Some of the plant taxa that have the potential to be
used as hedges are as follows; Berberis crataegina,
Colutea cilicica, Ephedra major, Genista albida,
Genista aucheri, Lonicera etrusca, Glycyrrhiza glabra,
Tamarix smyrnesis.

Studies in the research area mention the usage areas of
some taxa (13 taxa) distributed in the flora of Elazig as
groundcovers in landscape studies. Sambucus nigra,
Lonicera etrusca, Genista albida, Spiraea crenata and
Tamarix tetrandra are some of these taxa.

4. DISCUSSION AND CONCLUSION

The selection of proper plants for specific stand
conditions is a very important task that effects success in
the landscape planning and landscape design. In Europe
recent studies [18,19], documented poor diversity of tree
genera an species planted in urban areas. A few genera
of woody plant (Acer, Aesculus, Platanus and Tillia) are
used at street trees.

In a study conducted in the Giiriin (Sivas) region, which
is close to the study area, it was determined that 42 plant
taxa were used in urban landscape studies for various
purposes [20]. In a study conducted in the Bartin region,
it was determined that about 25 woody plants were used
in landscape studies [21].The variety of species planted
on roadsides, parks, gardens and residential areas in the
region is very limited. The number of exatic taxa is high
in plants used in landscape studies in Elazig and other
province.
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Spellenberg and Given [22], reviewed general criteria for
tree selection for urban environments. According to their
worldwide knowledge, the most important criteria for
selecting trees for urban environments are: suitability of
taxa to local conditions, low maintenance cost and
avoidance of structural problems. Considering these
criteria, the importance of local taxa becomes more
evident.

In order to have a healthy and sustainable urban
landscape tree and shrub population, a high diversity of
species and genera is so important. The reflection of
potential taxa in the natural flora to the landscape areas
in the region will increase the diversity. The diversity in
the city's landscape clarifies the distinction between
street and green space. The diversity of native and non-
native tree species is also of great importance in urban
environments in the region [23].

As a result of the studies in Elazig province, it has been
seen that many natural plant taxa that can easily benefit
from the landscape in terms of fence, ground cover and
similar features, especially visual-form and aesthetics,
spread in the region. Indigenous natural taxa should
support to increased biodiversity in urban areas with
ecologically  better-balanced  plant  communities.
Preferring natural taxa suitable for the texture of the city
in urban landscape areas will provide important
economic advantages as well as solving ecological
adaptation problems. The reflection of the rich natural
flora of our country on the landscape of the cities,
besides increasing the visual diversity, provides the
recognition of the flora.
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Tablo 1. Elaz1g Florasinda potansiyel peyzaj bitkileri listesi.
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Family Plant name Turkish Name/Local Name Life Form Potential Use in Landscape
Adoxaceae Sambucus nigra L. Miirver Small tree ornamental, fence, ground cover
Anacardiaceae Cotinus coggygria Scop. Boyaci sumagi, Duman agac1 Shrub, Small tree ornamental, aesthetic
Anacardiaceae Pistacia palaestina Boiss. Cogre Small tree ornamental, aesthetic
Betulaceae Betula litwinowii Doluch. Hus, Diiziik Tree ornamental, aesthetic
Betulaceae Betula pendula Roth Hus agac1 Tree ornamental, aesthetic
Berberidaceae Berberis crataegina DC. Karamuk Shrub ornamental, fence, ground cover
Cannabaceae Celtis planchoniana K.I.Chr Dahum Small tree ornamental, aesthetic
Cannabaceae Celtis tournefortii Lam. Dardagan Small tree ornamental, aesthetic
Caprifoliaceae Lonicera etrusca Santi var. etrusca Dokuzdon Shrub ornamental, aesthetic, fence
Ephedraceae Ephedra major Host. subsp. major Hum Shrub ornamental, fence, ground cover
Fabaceae Colutea cilicica Boiss. & Balansa Patlangag Shrub ornamental, fence, ground cover
Fabaceae Genista albida Willd. Ak borcak Shrub ornamental, fence, ground cover
Fabaceae Genista aucheri Boiss. Bayir borgagi Shrub ornamental, fence, ground cover
Fabaceae Glycyrrhiza glabra L. Meyan Shrub ornamental, fence, ground cover
Fagaceae Quercus brantii Lindl. Kara mege Small tree ornamental, aesthetic

Fagaceae Quercus cerris L. Sagli mese Tree ornamental, aesthetic

Fagaceae Quercus infectoria Oliv. subsp. veneris (A.Kern.) Meikle Zindiyen Small tree ornamental, aesthetic

Fagaceae Quercus petraea (Matt.) Liebl. subsp. pinnatiloba (K.Koch) Menitsky Koca pelit Tree ornamental, aesthetic
Juglandaceae Juglans regia L. Ceviz Tree ornamental, aesthetic

Moraceae Ficus carica L. subsp. carica Incir Tree ornamental, aesthetic

Moraceae Ficus carica L. subsp. rupestris (Hausskn.) Browicz it inciri Tree ornamental, aesthetic
Rhamnaceae Paliurus spina-christi P. Mill. Karagali Shrub ornamental, aesthetic
Rhamnaceae Rhamnus alpina L. subsp. fallax (Boiss.) Maire & Petitm. Dag cehrisi Shrub ornamental, aesthetic
Rhamnaceae Rhamnus pallasii Fisch. & C.A.Mey. Ala cehri Shrub ornamental, aesthetic

Rosaceae Amelanchier ovalis Medik. subsp. integrifolia (Boiss. & Hohen.) Bornm. Tiylii karagoz Shrub ornamental, fence, ground cover
Rosaceae Amygdalus communis L. Badem Tree ornamental, aesthetic

Rosaceae Amygdalus trichamygdalus (Hand.-Mazz.) Woronow var. trichamygdalus Hagmet bademi Small tree ornamental, aesthetic

Rosaceae Cerasus microcarpa (C.A.Mey.) Boiss. subsp. tortuosa (Boiss. & Hausskn.) Browicz Sar1 dagkirazi Shrub ornamental, aesthetic

Rosaceae Crataegus ambigua A.K.Becker Kugyemisi Small tree ornamental, aesthetic

Rosaceae Crataegus azarolus L. var. azarolus miizmiildek Small tree ornamental, aesthetic

Rosaceae Crataegus monogyna Jacqg. Alig, Sez, Sinz Tree ornamental, aesthetic

Rosaceae Crataegus orientalis Pall. ex M.Bieb. subsp. szovitsii (Pojark.) K.1.Chr. Koyun alic1 Small tree ornamental, aesthetic

Rosaceae Pyrus syriaca Boiss. var. syriaca Cakal armudu Tree ornamental, aesthetic

Rosaceae Rosa foetida J.Herrm. Acem sarisi Shrub ornamental, aesthetic

Rosaceae Rosa beggeriana Schrenk Bagdagiil Shrub ornamental, aesthetic

Rosaceae Rosa canina L. Kugburnu Shrub ornamental, aesthetic

Rosaceae Rosa hemisphaerica J. Herrm. Kadin gobegi Shrub ornamental, aesthetic

Rosaceae Rosa orientalis A.Dupont ex DC. Askergiilii Shrub ornamental, aesthetic

Rosaceae Rubus sanctus Schreb. Bogiirtlen Shrub ornamental, aesthetic

Rosaceae Sorbus torminalis (L.) Crantz var. torminalis Pitlicen Small tree ornamental, aesthetic

Rosaceae Sorbus umbellata Fritsch Geyik elmast Small tree ornamental, aesthetic

Rosaceae Sorbus roopiana Bordz. Kanik tivez Small tree ornamental, fence, ground cover
Rosaceae Spiraea crenata subsp. crenata L. Kegi sakali Shrub ornamental, fence, ground cover
Salicaceae Populus alba L. var. alba Ak kavak Tree ornamental, aesthetic
Salicaceae Populus tremula L. subsp. tremula Titrek kavak Tree ornamental, aesthetic
Salicaceae Salix alba L. subsp. alba Aksogiit Tree ornamental, aesthetic
Salicaceae Salix caprea L. Sorgun Small tree ornamental, aesthetic
Sapindaceae Acer campestre L. Ova Akgaagaci Tree ornamental, fence

Sapindaceae Acer tataricum subsp. tataricum L. Akgaagag Tree ornamental, fence

Sapindaceae Acer hyrcanum Fisch. & C.A.Mey. subsp. hyrcanum Akgaagac Tree ornamental, fence
Tamaricaceae Tamarix tetrandra Pall. ex M.Bieb. Ilgm, Gezik Shrub ornamental, fence, ground cover
Tamaricaceae Tamarix smyrnensis Bunge Ilgin Shrub ornamental, fence, ground cover
Tamaricaceae Tamarix gracilis Willd. ince 1lgm Tree ornamental, fence, ground cover
Ulmaceae Ulmus minor Mill. Ova karaagaci Tree ornamental, aesthetic
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Abstract: The aim of this study, evaluate the nociceptive effect of adalimumab, a TNF-alpha
inhibitor, on formalin-induced inflammatory pain in mice. The antinociceptive activity of
adalimumab was determined on adult male BALB-C mice (6 mice in each group) by a formalin-
induced inflammatory pain model and hot plate test applied. Diclofenac, which we used as a
positive control, showed anti-nociceptive activity in both phases of the formalin test. The effect of
the hot plate test at the thirtieth minute was statistically significantly different. Adalimumab was
not effective in the neuronal phase of the formalin test but showed an antinociceptive effect in the
inflammatory phase. Changes due to adalimumab in the hot plate test did not reach statistical
significance. The findings of this study showed that adalimumab, which we applied as a single
dose, had antinociceptive activity in the infllmmatory phase of the formalin test. This result
indicated that the peripheral analgesic effect of adalimumab is stronger.

Farelerde Formalin Kaynakl inflamatuar Agr1 Modelinde Bir Tnf-Alfa Inhibitorii Olan

Adalimumabin Antinosiseptif Etkisi
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Oz: Bu caligma farelerde formalin testiyle uyarilmis inflamatuar agri iizerine bir tnf-alfa inhibitorii
olan adalimumabin nosiseptif etkisinin degerlendirilmesi amaciyla gergeklestirildi. Adalimumab’in
anti-nosiseptif aktivitesi formalin ile uyarilmig inflamatuar agri modeli ve sicak tabaka testleri ile
eriskin erkek BALB-C 1rki fareler (her grupta 6 fare) kullanilarak gerceklestirildi. Adalimumab tek
doz (10 mg/kg) olarak formalin enjeksiyonundan 120 saat once uygulandi. Pozitif kontrol olarak
uyguladigimiz diklofenak sodyum formalin enjeksiyonundan 15 dakika 6nce 10 mg/kg dozunda
uygulandi. Diklofenak sodyum, formalin testinin her iki fazinda da anti-nosiseptif aktivite gosterdi.
Sicak plaka testinde otuzuncu dakikadaki etkisi anlamli olarak farkliydi. Adalimumab, formalin
testinin noronal fazinda etkili degildi, inflamatuar fazda antinosiseptif etki gosterdi. Sicak plaka
testinde adalimumaba bagli degisiklikler anlamliliga ulasamadi. Sonug¢ olarak, tek doz
uyguladigimiz adalimumabin formalin testinin inflamatuar fazinda anti-nosiseptif aktiviteye sahip
oldugunu gosterdi. Bu sonug adalimumabin periferik analjezik etkisinin daha giicli oldugunu
gostermektedir.

1. INTRODUCTION

Pain is one of the global health problems that negatively

reported to be associated with anxiety and depression in
some societies [3]. It is possible to classify pain into
different categories as acute pain and chronic pain
according to duration, inflammatory pain and

affect the quality of life and can be defined as excessive
neuronal activity caused by the activation of many ion
channels and related receptors, which causes
depolarization of nociceptive nerve endings and
accordingly creates action potentials [1]. Pain is actually
a symptom and often does not occur spontaneously, but
is accompanied by a chronic metabolic disease such as
diabetes and rheumatoid arthritis [2]. It has also been

neuropathic pain in terms of pathogenesis, somatic pain
and visceral pain according to the region, mild-moderate
and severe pain according to intensity [1]. Inflammatory
pain occurs in response to tissue damage and
inflammation. The sensory nervous system responds to
stimuli by undergoing certain changes in its response
capacity to repair the affected part of the body. This is
sometimes in the form of pain response to normally
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harmless stimuli (allodynia) and sometimes in the form
of a widening of the response to the stimulus that
produces a response (hyperalgesia), and the pain
associated with the perception of harmful stimuli is
called nociceptive pain [4]. Although non-steroidal anti-
inflammatory drugs such as opioids and glucocorticoids
are widely used to treat inflammation and related
diseases, chronic applications of these drugs bring the
use of new drugs to the agenda due to side effects such
as stomach irritation and ulcers, hepatotoxicity and
kidney failure [5].

While the evidence for the role of proinflammatory
cytokines in the formation of inflammation is increasing,
it is known that tumor necrosis factor-alpha (TNF-
alpha), interleukin 6 (IL-6), and IL-1p take an active role
in this process [6]. Adalimumab, an anti-TNF-alpha
monoclonal antibody, binds directly to TNF-alpha and
blocks its receptor binding or after dissolving to inhibit
TNF-alpha binding, it binds to membrane TNF receptors
and exerts a bidirectional effect [7]. Although it is used
to modify inflammatory responses in rheumatic diseases
such as rheumatoid arthritis and ankylosing spondylitis
[8], and inflammatory bowel diseases such as Crohn's
disease [9], increasing evidence now shows the efficacy
of adalimumab in more pathological conditions.
Adalimumab, ameliorates cognitive impairment by
attenuating neuroinflammation in the mouse model of
Alzheimer's disease [10], reduces methotrexate-induced
organ toxicity with toxic side effects on tissues and
organs [11], limits the production of proinflammatory
cytokines in the experimental animal model of acute
lung injury, and improves tissue inflammation [12],
prevents cognitive impairment and neuroinflammation
caused by chronic cerebral hypoperfusion [13], reduces
pulmonary edema and histological damage due to
mechanical ventilation [14], alleviates endotoxin-
induced cardiac damage by modulating cytokine
secretion [15], protective effect by reducing blood sugar
and cytokine secretion in obese diabetic rats [16],
prevents lipid peroxidation caused by spinal cord trauma
in rats [17]. It contributes to the regulation of cognitive
and emotional processes in response to anti-
inflammatory therapy with adalimumab in patients
suffering from inflammatory bowel disease [18].
Findings in current studies that adalimumab controls
inflammation processes by regulating proinflammatory
cytokine release and is therapeutically effective suggest
that it may be effective in the inflammatory pain model.
For this purpose, this study was planned to evaluate the
efficacy of adalimumab in mice with formalin induced
inflammatory pain and to compare it with another
therapeutic agent with proven efficacy.

2. MATERIAL AND METHOD
2.1. Animals

The mice used in our study were obtained from Selcuk
University Experimental Medicine Research and
Application Center and the study was carried out in this
center. BALB/C male mice weighing 27-30 grams, 8-10
weeks old, were kept in a climate-controlled room with a
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temperature of 2242 °C and relative humidity of 50+5%
in a 12-hour light and 12-hour dark period. Mice
received standard mouse chow and water ad libitum.
This study was started after obtaining the necessary
permission from the Experimental Medicine Research
and Application Center Experimental Animals Local
Ethics Committee of Selcuk University (Ethical approval
date: 22.05.2022, number: 2022/15).

2.2. Groups and Procedures

Our study consisted of four groups with 6 mice in each
group. No drug was administered to the control group. In
our second group, 20 microliters (ul) of 1% formalin
were injected subcutaneously into the dorsal part of the
right hind legs of the mice. The third group received
formalin injection as in the second group. Diclofenac
sodium (Sigma Aldrich, St Louis, MO, USA), at a dose
of 10 mg/kg was injected intraperitoneally (i.p.) 15
minutes before the formalin injection [19]. The fourth
group was injected adalimumab (Humira, 40 mg/0.8 ml
AbbVie Laboratories, Istanbul, Turkey) with i.p., a TNF-
alpha inhibitor at a dose of 10 mg/kg, 5 days before the
formalin injection [15]. In order to avoid the placebo
effect, the carriers of the drug-administered groups were
injected in the same way as the drug-administered
groups.

2.3. Formalin Test

All mice were placed in the observation cage 30 minutes
before the test and acclimatized to the environment. For
the formalin test, nociception was induced by
subcutaneous administration of 20 pl of 1% formalin to
the dorsal part of the right hind legs of the mice [20]. As
soon as the formalin was administered, each mouse was
placed in a clear plexiglass box to observe the
spontaneous activity of the treated foot. The observable
biphasic pain response after subcutaneous formalin
injection was evaluated in two time periods, 0-10
(neurogenic phase) and 10-30 (inflammatory phase)
minutes. The time spent (in seconds) for the mice to lick
or bite the injected hind paw during the respective
periods was measured in each experimental group, and
this value was considered an indicator of nociceptive
behavior.

2.4. Hot Plate Test

Mice were individually placed on a metal hot plate
(MAY 9619, Ankara, Turkey) set at 55 = 1 °C; The time
it took either as soon as he started licking his front and
back paws or when he tried to jump off the hot plate was
recorded and taken from the hot plate. Mice were kept
on the hot plate for a maximum of 30 seconds to avoid
tissue damage [20]. Mice were allowed to spend some
time on the plate one hour before testing to acclimate to
the experimental setup.

2.5. Statistical Analysis

The data obtained from our study are presented as mean
+ standard error of the mean. One-way analysis of
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variance (ANOVA, SPSS v.20.0) and TUKEY multiple
comparison tests were used for statistical analysis of the
results. A value of p<0.05 was accepted as significant.

3. RESULTS
3.1. Formalin Test Results

Injection of 1% formalin, which we administered 20 pl
subcutaneously in mice, produced nociceptive behaviors
in both phases of the test (p<0.05). The effect of
adalimumab, which we administered as a single dose of
10 mg/kg 5 days before the formalin test, was biphasic.
The effect on the neuronal phase (between 0-10 minutes
after formalin injection), which is considered the early
phase of the formalin test, was not statistically
significant (p>0.05). However, in the late phase of the
test (in the inflammatory phase-between 10-30 minutes
after the formalin injection), adalimumab improved the
nociceptive activity due to formalin injection (p<0.05).
Mice in the group receiving diclofenac sodium, which
we used as a positive control, exhibited (p<0.05)
antinociceptive behavior both in the neuronal phase and
in the inflammatory phase (Fig. 1A-B)

A .

Duration of licking (s)
%

CONTROL FORMALIN ADALIMUMAB DICLOFENAC

.| B s

Duration of licking (s)

CONTROL FORMALIN ADALIMUMAB DICLOFENAC

Figure 1. Results of paw-licking test (formalin test). (A) Early phase
(0-10 minutes after injection) (B) Late phase (10-30 minutes after
injection). The data are expressed as the means + SD. Asterisk (*)
indicates significance compared with Control and Diclofenac groups.
Hash (#) indicates significance compared with other groups. p<0.05;

one-way ANOVA.
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3.2. Hot Plate Test Results

In the hot plate test, measurements were taken before the
start of the formalin test (0. minutes) and at the 15th and
30th minutes after it started. There was no significant
difference between all groups in the measurements made
at the Oth and 15th minutes (p>0.05). The delay response
detected in the diclofenac sodium group at the 30th
minute was found to be significantly different (p<0.05).
Adalimumab-induced changes were not significant
(p>0.05) in all measurements of the test in mice with
formalin-induced inflammatory pain (Fig. 2).
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Figure 2. Hot-plate test of the antinociceptive activity of
intraperitoneally administered adalimumab in mice. The data are
expressed as the means + SD. Asterisk (*) indicates significance
compared with other groups. p<0.05; one-way ANOVA.

4. DISCUSSION AND CONCLUSION

Formalin test in experimental animals is widely used to
evaluate the effects of pain relief agents. This study was
carried out to evaluate the effect of adalimumab, a TNF-
alpha inhibitor, on nociceptive behaviors in
inflammatory pain processes in mice with a formalin-
induced inflammatory pain model. In this model,
diclofenac sodium was used as a positive control. In the
second phase of the formalin test, adalimumab reduced
paw licking behavior compared to the plain formalin
group but was not effective in the neuronal phase. The
effects were less pronounced in the hot plate test, and no
statistically significant difference was observed between
the groups. Our study revealed that adalimumab is
effective in the second stage of the formalin test, rather
than in the first stage, in which the inflammatory process
is evaluated.

The most commonly used experimental animals for
nociception and inflammation studies are mice and rats.
Some tests used for this purpose include various
chemical agents such as formalin, acetic acid and
carrageenan, as well as physical stimuli such as hot and
cold [21]. The formalin test is used as a model for
finding  antinociceptive  and  anti-inflammatory
substances [20]. Subcutaneous injection of dilute
formalin is given to the dorsal or plantar part of the paw
of the experimental animal, causing an inflammatory
response characterized by swelling in the rodent's paw
[22]. Subsequently, the release of mediator cytokines
such as TNF-alpha, IL-1B, and IL-6, which cause
inflammation from glial cells in the spinal cord, leads to
tissue damage over time [23]. Formalin-induced
nociception is an in vivo model of acute pain and leads
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to characteristic biphasic licking, biting, and pulling
behaviors. The initial phase also called the early phase or
neurogenic phase, is characterized by central neurogenic
pain caused by direct chemical stimulation of C-fiber
nociceptors and occurs within the first (0-10 min)
minutes of formalin administration. Nociceptive
behaviors in this process can be prevented with opioid
drugs due to the central effect [20]. The late phase also
called the inflammatory phase, is the result of the
inflammatory  pain  response  from  peripheral
mechanisms. It is characterized by an inflammatory
process involving mediators such as prostaglandins,
neuropeptides and nitric oxide and lasts 10-30 minutes
[20], [24]. This information indicates that the two phases
observed in the formalin test-induced inflammatory pain
model may have different nociceptive mechanisms. In
general, centrally acting drugs inhibit both phases, while
peripherally acting drugs inhibit only the second phase.
In our study, we showed that the nociceptive behaviors
observed in the adalimumab group due to the formalin
test were not different from the formalin group in the
early neuronal phase of the test, but were lower in the
inflammatory phase compared to the formalin group. It
is not surprising that adalimumab is active in the
inflammatory process rather than the neuronal phase.
Due to the role of proinflammatory cytokines such as
TNF-alpha, IL-1p and IL-6 released from spinal cord
glial cells [23], especially in the second phase of the test,
inhibition of these cytokines may be associated with the
antinociceptive response in the second phase. In
addition, TNF-alpha plays a key role in neuronal
inflammation [25]. While there are clinical and
experimental studies of adalimumab in many
pathological conditions associated with inflammation in
the literature, to the best of our knowledge, our study is
the first report evaluating the nociceptive effect of
adalimumab in an inflammatory pain model.

Adalimumab; has curative effects in mood disorders
observed in patients suffering from chronic bowel
disease  [18], contributes to  recovery in
lipopolysaccharide-induced lung injury by reducing lung
tissue TNF-alpha immunoreactivity more effectively
than the steroid group [12], cognitive impairment
observed in rats in the chronic cerebral hypoperfusion
model, TNF-alpha ameliorates by inhibiting IL-6 and
NF-kB signaling [13]. We cannot say whether the
antinociceptive effect of adalimumab we observed in our
study is related to proinflammatory cytokine release, this
is the first limitation of our study. Since there has not
been such a study before, we cannot make a comparison
about the effect of different adalimumab doses and
administration regimens. However, a recent review
reported that adalimumab reduces pain symptoms
associated with the disease in people suffering from
hidradenitis suppurativa, without mentioning any
mechanism of action [26]. Although the investigation of
the underlying mechanism of the antinociceptive effect
of adalimumab is the subject of future studies, our study
is important as it is the first report showing the
antinociceptive effect of adalimumab. Diclofenac
sodium showed antinociceptive activity in both the early
and late phases, and the findings were consistent with the
literature [27], [28]. The hot plate test is used to evaluate

Tr. J. Nature Sci. Volume 11, Issue 3, Page 89-93, 2022

centrally mediated anti-nociceptive and analgesic effects
after pain induced by an appropriate method. This test is
based on recording the delay in the experimental animal
pulling its paw off the hot plate or licking the paw. In
our study, adalimumab did not change this effect in all
measurements made throughout the hot plate test. The
peripheral analgesic effect is mediated by the inhibition
of inflammatory mediators, while the inhibition of
central pain receptors is related to the central analgesic
effect. In our study, the insufficient statistical power of
the effect of adalimumab in the hot plate test indicates
that it does not have a strong analgesic activity that can
be mediated centrally. Our study is the first to evaluate
the antinociceptive effect of adalimumab, therefore, it is
necessary to better explain the subject and to conduct
new studies on how adalimumab has an effect in
different doses and different administration regimens,
and through which pathways it works in these
evaluations.

In conclusion, our study showed that adalimumab has an
antinociceptive effect in the formalin test. Because the
effect is more pronounced in the inflammatory phase of
this test and the effect is weaker in the hot plate test, this
indicates that its peripheral analgesic effect is stronger
rather than the central effect.
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Abstract: The extracts of different parts of 13gin such as flower (RRF), leaf (RRL), and root (RRR)
were prepared and their protective effects on copper corrosion in an acidic media were investigated
in this study. Other components that are not currently in use will thus be able to be transformed into
benefits. Extracts from various parts of the plant were dissolved in a 1 M HCI solution at a
concentration of 1000 ppm for this purpose. The time variation of open circuit potential (Eocp-t),
linear polarization resistance (LPR), electrochemical impedance spectroscopy (EIS), and
potentiodynamic polarization (PP) techniques were used to investigate the electrochemical
behaviour of copper metal in these solutions. The surface of copper was examined after corrosive
medium treatment using a scanning electron microscope (SEM), energy dispersive X-ray
spectroscopy (EDX), and contact angle measurements. The results revealed that the effects of
extracts obtained from different parts of the RR on the behavior of copper in an acidic medium
varied. The best protection was provided by the RRF extract. Despite this, RRR extract failed to
protect Cu from corrosive ions in 1 M HCI solution. According to surface analyses, the plant extracts
formed an adherent and compact organic film on the Cu surface.

Rheum Ribes (Isgin) Oziitlerinin Asidik Ortamda Bakirin Korunmasi i¢cin Kullanilmasi

Anahtar
Kelimeler
Rheum
Ribes
(Isgm),
Bakar,
Dogal bitki
Oziitleri,
Korozyon
inhibitorii

Oz: Bu calismada, 1sgmin ¢igek (RRF), yaprak (RRL) ve kok (RRR) gibi farkli bolgelerinin ayri
ayr1 Oziitleri hazirlanarak asidik ortamda bakirin korozyonuna koruma etkileri incelenmistir.
Boylelikle 1sginin  kullanilmayan diger kisimlarimin da faydaya donistiiriilmesi miimkiin
olabilecektir. Bu amagla, RR 6ziitlerinin 1 M HCI ¢6zeltisinde 1000 ppm ¢o6zeltileri hazirlanmustir.
Bakir metalinin bu ¢6zeltilerdeki elektrokimyasal davraniglari agik devre potansiyelinin zamanla
degisimi (Eocp-t), elektrokimyasal impedans spektroskopisi (EIS), lineer polarizasyon direnci
(LPR) ve potansiyodinamik polarizasyon (PP) teknikleri ile incelenmistir. Bakirin korozif ortam ile
muamelesi sonrasinda ylizeyi taramali elektron mikroskopu (SEM), enerji dagilimli X-isint
spektroskopisi (EDX) ve temas agisi dlglimleri ile incelenmistir. Elde edilen bulgular, RR’nin farkli
bolgelerinden elde edilen 6ziitlerin bakirin asidik ortamdaki davranigina etkilerinin farkli oldugunu
gostermigtir. En iyi koruma RRF oziitinde elde edilmistir. RRR 6ziitli ise bakir1 1 M HCI
¢ozeltisinde korozyona karsi koruyamamaktadir. Yiizey analizleri bitki 6ziitlerinin metal yiizeyinde
koruyucu bir film olusturdugunu gostermistir.

1. INTRODUCTION

regions. In this context, one of the primary goals of this
work is to identify and introduce new plants with high

In 2016, the Council of Higher Education designated
Bingdl University as a pilot university under the Regional
Development-Oriented Mission Differentiation and
Specialization Program of Universities. In terms of flora,
Bing6l province is one of our country's most important

economic value into the economy. This is critical for the
development of the region. In this context, this study was
planned to determine the new usage areas of the RR plant,
which is well-known in the region.
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Copper metal, on the other hand, is one of the most
frequently used metals in the industry due to important
properties such as high electrical and thermal conductivity
[1-3]. Nevertheless, in corrosive environments such as
acidic, basic, chloride, humidity, and air, this metal
incredibly quickly loses its metallic conductivity [4].
When copper metal corrodes, most of its properties and
consequently its industrial use properties are lost [3, 5].
As a result, protecting this metal from corrosion is critical
from a strategic standpoint. The use of corrosion
inhibitors is the most common and effective method of
protecting metals from corrosion. Corrosion inhibitors are
classified as either inorganic or organic. Inorganic
corrosion inhibitors work by corrosion of metals and
forming a protective oxide film on the metal surface or a
poorly soluble salt of the metal. However, because of their
oxidizing properties, their concentrations in the corrosive
environment must be constantly monitored. The majority
of them have toxic qualities, which make them extremely
harmful to both humans and the environment. Some metal
salts, such as those in the lanthanide group, are quite
costly.

Organic compounds, which are used as corrosion
inhibitors are generally adsorbed on the metal surface and
form a barrier between the metal and corrosive media.
According to the literature, molecules containing P, N, S,
and O atoms, as well as molecules with double or triple
bonds, are better adsorbed on the metal surface and thus
more effective inhibitors [6-8]. Studies on the use of
environmentally friendly molecules are being conducted
in this field because the majority of organic inhibitors
used are toxic and have negative effects on people and the
environment [9-12]. Natural plant extracts have become
popular for this purpose in recent years [13-20]. Natural
plant extracts or active ingredients are natural and have no
adverse effects on humans or the environment. It is natural
and its prices are lower than synthetic corrosion
inhibitors. For this reason, it is extremely important to
concentrate studies on these plants. Natural products are
both healthy and economical, and for this purpose, the
most important use potential for the future is chemicals
[21-22].

Isgin (RR) is found in some countries as well as our
country's Eastern Anatolia (Agr1, Bing6l, Elazig, Hakkari,
Kars, Van, and Sivas) region [23]. Mountainous and flinty
terrain is ideal for its flourishing. It is quite common for
people to consume the plant fresh. This plant has a sour
taste, strengthens the stomach, prevents vomiting, and is
constipating [24]. Aside from using the underground parts
to treat hemorrhoids and diabetes, this plant is also used
to aid digestion in various parts of the country [25]. Due
to its low pH value, RR is eaten by peeling and has a sour
taste [3,56]. The young roots and stems of RR are used as
a preventative against measles and smallpox, as well as an
anti-gall agent. In addition to curing diabetes, ulcers, and
stomach ailments, its roots have anti-inflammatory
properties [25, 26]. Anthraquinones in RR are spotlighted
as having antibacterial properties [27, 28]. In terms of
vitamin C, this plant is extremely abundant. The RR plant
has the following compositional characteristics: 5.59%
dry matter, 0.63% total ash, 1.3% protein, 3.75 g/g iron,
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1.13 g/g zinc, 0.5 g/g copper, 0.423 g/g manganese, 0.255
g/g vitamin A, 0.614 g/g vitamin E, and 98.6 g/g selenium
[29, 30]. RR is a safe and natural plant that can be used to
protect metals, as was already mentioned.

Plant-based anticorrosive secondary metabolites may be
used to overcome corrosive deformations due to material
quality, oxidation reactions, acidic and basic environment
exposure. Effective anticorrosive compounds can be
isolated and identified from leaves, flowers or roots of
plants of natural origin. In some studies, it has been
reported that especially the flower parts of the plants are
rich in total phenolics, flavonoid alkaloids, terpenoids and
glycosides [31, 32]. Therefore, extracts from different
parts of plants, which have such a rich variety of
secondary  metabolites  that are  economical,
environmentally friendly and easily available, could be
used for anticorrosive purposes.

The inhibitory effects of the extracts from various RR
parts on copper corrosion in 1 M HCI solution were
investigated. Several electrochemical techniques were
used to accomplish this. Following exposure to corrosive
RR extracts, the metal's surface was examined with the
help of SEM, EDX, and contact angle measurements.
Based on the information gathered, it was determined
which area of this plant would best protect the copper. The
top extract will be the focus of the next stage of research,
and its protective properties will be improved by adjusting
a few parameters.

2. MATERIAL AND METHOD
2.1. Preparation of Electrodes

The working electrode was made of Cu with a purity of
99.98-99.99%. The cylindrical copper rods were prepared
by embedding them in polyester and leaving out only the
lower end of the measurement. The electrode's total
surface area in contact with the solution was 0.0707 cm2.
The Cu electrodes were cleaned with sandpaper, the last
of which was a 2000 grid, using a sanding machine before
the measurements. After washing with pure water and
absolute ethanol, they were immersed in absolute ethanol
in an ultrasonic bath for a set amount of time before being
immersed in the test solutions without waiting. Pt sheet
with a total surface area of 2 cm2 was utilized as an
auxiliary electrode. The reference electrode was Ag/AgCI
(3 M KCI).

2.2. Preparation of RR Extracts

This study made use of RR from Bing6l region. The
extraction procedure has previously been described in
detail [33]. After collecting the RR taxon grown in its
natural habitats, the leaf, flower, and root parts were
separated and dried on unprinted papers in a sunny place.
The dried plant parts were ground to 30 mesh particle size
by grinding with a laboratory type mill. Each of the
ground plant organs was weighed 100 g and extracted
with 2 L methanol. As a result of the extraction process, it
was filtered and separated from the extract pulp part. The
remaining pulp was extracted two more times with the
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same amount of methanol. The methanol in the extract
solution obtained as a result of the extraction process was
removed with the help of a rotary evaporator at
temperatures not exceeding 40°C under low pressure. The
dry extract obtained as a result of the evaporation process
was taken into an amber colored bottle and stored in the
refrigerator at +4 °C.

2.3. Test Solutions

The corrosion tests were performed in 1 M HCI and 1000
ppm extracts containing 1 M HCI solutions. Dilution of 1
M HClI solution produced an analytical grade HCI solution
(37%). 1000 mg dried RR extracts were dissolved in pure
water and diluted to 1 L ina 1 L flask with distilled water.
The temperature of corrosive solutions was kept at 298 K
in a water bath during the tests. The experimental set-up
was opened to the atmosphere and the solutions were not
stirred during the experiments.

2.4. Electrochemical Measurements

Electrochemical behavior of Cu was investigated using
computer-controlled CHI 660D and CHI6096 A.C.
Electrochemical Analyzers. Pt and Ag/AgCl electrodes
were used as counter and reference electrodes. Initially,
the working electrodes were immersed in 1 M HCI in the
absence and presence of the extracts for 1 hour, and the
change in Eqcp was plotted against the immersion time.
Regarding this exposure time, EIS data were collected in
the frequency range from 100 kHz to 0.003 Hz. The
amplitude was 10 mV from peak to peak. Upon
completion of these tests, LPR experiments were carried
out at 0.001 V s, ranging from -10 mV more negatively
to +10 mV more positively versus Eqp, and an i-E plots
were obtained. Polarization resistance was discovered in
the formation of these lines. Finally, polarization plots
from Eocp to anodic potentials were obtained in the same
system at a scan rate of 1 mV s,

2.5. Characterization of the Metal Surface

Cu was left in the 1 M HCI solution for 1 hour without
and with each extract added. The metal was then removed,
cleaned thoroughly with purified water, dried, and stored
in a desiccator until measurements were taken. A Jeol
model (JEOL 6510) SEM was used to examine their
surface structure and appearance. EDX measurements
were used to determine the chemical composition of the
surface. To determine surface hydrophobic or hydrophilic
characters and the guest the orientation of the molecules
at the surface contact angle measurements were taken [34,
35]. The sessile water drop theory was used in these
experiments.

3. RESULTS AND DISCUSSION

3.1. The Change of Open Circuit Potential with
Exposure Time

Changes at the metal/solution interface, as well as the
initiation and continuation of copper corrosion, could all
cause Eqcp-t variation. These lines could also reveal details
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about the reaction mechanism or the dominance of anodic
or cathodic processes. Before conducting electrochemical
measurements, a constant steady-state open circuit
condition is also required. As a result, the change in Eqcp
of Cu during test solution exposure was initially recorded
for 1 h. Figure 1 shows a graphical representation of this
information.

Figure 1 shows that the potential of Cu sharply shifts to
more negative potentials during the first 80 seconds. This
behavior is responsible for copper dissolution. After about
a half-hour, the potential shifts to the positive side and
nearly remains constant. Copper passivation is caused by
CuClyy and other copper corrosion products [36]. The
addition of the extracts causes the metal's Eqcp to abruptly
shift into passive regions. This result shows that the
molecules of extracts form a surface-protective film that
serves as a fundamental physical barrier and prevents the
corrosion of Cu by mainly influencing the anodic
mechanism. After the addition of the extracts Eqc, of the
metal shifts to passive regions sharply [37]. The potential
changes depending on the type of extract, with RRF
having the most passive and stable potential. These
differences could be explained by the difference in the
chemical composition of each part of the plant. In all
cases, the potential approaches steady-state conditions,
making electrochemical measurements possible.
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Figure 1. The change of open circuit potential of Cu with immersion
time in 1 M HCI (@) and containing 1000 ppm RRF (o), RRL (#), and
RRR () solutions

3.2. Electrochemical Impedance Spectroscopy

EIS is one of the most effective electrochemical methods
available today for studying the behavior of
metal/solution interfaces because it allows for resistance
measurement without polarizing the surface. In order to
examine the behavior of the film-modified metal
surface/solution interface, the EIS technique was
employed. Figure 2 shows related Nyquist and Bode plots
of Cu obtained in acidic solutions containing RRF, RRL,
and RRR extract. Even though the Nyquist plots (Figure
2a) only define two loops, the Bode plots (Figures 2b and
¢) show that three time constants appeared. When the
plots obtained in uninhibited HCI solution were
examined, the high-frequency loop that appeared at high
frequencies could be attributed to charge transfer
resistance and double layer resistance [38]. The resistance
of copper chloride species formed on the surface could be
assigned to the second middle-frequency one. At low
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frequencies, a straight line appeared, which is generally
defined as Warburg impedance [39], This is due to the
diffusion resistance of corrosive ions such as CuCl, at the
metal/solution interface.
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Figure 2. The Nyquist (a), log Z-log f (b), and phase angle-log f (c)
(Bode) plots of Cu obtained in 1 M HCI solution without (®) and with
the addition of 1000 ppm RRF (o), RRL (#) and RRR (%) solutions
after 1-hour exposure

The general behavior of Cu did not change when the RR
extracts were added to 1 M HCI solution, indicating that
the extracts inhibit Cu corrosion without changing the
mechanism [37]. However, the total number of high and
middle-frequency loops increased in the order RRF >
RRL > RRR. The increased charge transfer resistance and
film resistance suggest that the extract molecules form a
protective organic film over the Cu surface [39] and
protect Cu from acidic corrosion. High and low
frequencies are explained in the same way as 1 M HCI.
The middle time constant, which corresponds to film
resistance, could be assigned to the formation of film at
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the surface as well as copper products under the film or
film pores. In the presence of the extracts, the angle of the
low-frequency line related to the Warburg impedance
decreases, reaching its lowest value in the case of RRF.
This could be attributed to the formation of a compact and
adherent film at the surface, which prevents corrosive ions
from diffusing [39]. Polarization resistance was defined as
the total resistance of charge transfer resistance, double
layer resistance, film resistance, and resistance to
corrosive species accumulation at the surface (R,). Figure
2 shows that the extracts of RRF and RRL inhibit the
corrosion rate of Cu and protect it from corrosion.
However, the RRR extract was unable to adequately
protect the metal in this acidic solution. Therefore, it
cannot be advised to use this extract for this purpose.
Further research, on the other hand, is required to improve
the protection efficiency of RRF or RRL. In the next
stage, we intend to improve the protection efficiency by
incorporating a suitable organic molecule or KI to create
a synergy between the extract molecules and the additive.
The extracts' protection ability will also be tested in
H>SO4 solution because the surface is cleaner in this acid
and more molecules are expected to be adsorbed over the
surface and perform better protection. The data presented
here are preliminary data from this project, and additional
studies such as the effect of extract concentration,
exposure time, corrosive media type, and synergistic
effect of Kl to increase protection efficiency, as well as
data analyses by a licensed fitting program, are ongoing
and will be reported in another study.

3.3. Linear Polarization Resistance

The LPR technique was also used to investigate the
extracts' corrosion resistance. Current-potential curves
were obtained in 1 M HCI solution in the absence and
presence of 1000 ppm of each plant extracts for this
purpose. Table 1 shows the R, values and inhibition
efficiencies () that were used to generate the data.

The slopes of the E-i curves were used to calculate R,
values, while the following equation was used to calculate
n values:

!
Rp—Rp

7= (T) x 100 )

In this equation, R';, and R, are the polarisation
resistances of Cu in 1 M HCI solution with and without
RR extracts, respectively. The LPR results are in excellent
accordance with the EIS data, as shown in Table 1.
Although RRF and RRL could protect the Cu in 1 M HCI
solution, RRR almost does not change the corrosion rate
of the metal in these conditions and thus cannot be used
as a corrosion inhibitor. RRF provides the best protection
capability. The best inhibitor (RRF), whose protection
ability will be increased by more than 90% in the
following section, will be the subject of additional
research, as was previously stated.

Table 1. Electrochemical parameters obtained from LPR measurements
in 1 M HCI solution in the absence and presence of 1000 ppm RRF,
RRL, and RRR at 298 K
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Inhibitor Rp (Q cm?) n%
1MHCI 107

RRF 270 60.3
RRL 195 45.1
RRR 112 4.7

The ability of RRF and RRL to protect the metal surface
could be attributed to the formation of a protective film of
extract molecules on the metal surface. Further research
into the adsorbed molecules and protection mechanism is
ongoing and will be reported later.

3.4. Potentiodynamic Polarization
Semi-logarithmic anodic current potential curves of Cu

obtained in 1 M HCI in the absence and presence of the
extracts are shown in Figure 3.
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Figure 3. Polarization curves of Cu were obtained in 1 M HCI solution
without (e) and with the addition of 1000 ppm RRF (o), RRL (#), and
RRR (%) solutions after 1-hour exposure

As is seen in Figure 3, Eqcp of Cu in 1 M HCI without the
extracts was -0.333 V. When the potential of the metal
increases in these conditions the current density increases
sharply due to the dissolution of Cu [38, 39].

Cu — Cu* +e (2)
Cu* + CI" — CuCl (3)

CuCl) deposits on the surface and diminishes the
dissolution rate when the concentration of copper ions on
the surface reaches its resolution constant. A passivation
peak appears around -0.056 V as a result of CuCly
formation on the surface[38, 39]. Around -0.03 V, full
passivation occurs. Because the CuCls is not stable at the
surface, the current density remains high. By increasing
the potential scan to more positive potentials, the current
density increases again, resulting in the formation of
soluble cuprous complex CuCl,™ [39-41]:

CUC|(5) + ClI — CuClzf(aq)
4)

The Eqcp of Cu shifts toward more positive regions when
the RR extracts are added to the corrosive media, and the
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current densities decrease, which is greater at the RRF.
These findings are consistent with the Eogpq
measurements. Thus, polarization measurements show
that the extracts are mixed-type corrosion inhibitor with a
predominantly anodic action [37]. The lines are almost
parallel around the Tafel region, indicating that the
extracts inhibit corrosion without affecting the dissolution
mechanism and that the dissolution reaction is controlled
by activation. However, as described in the EIS studies,
the overall reaction mechanism is diffusion controlled.
Surface extract films work by simply blocking [37].

Table 2. Electrochemical data derived from polarization measurements
obtained in 1 M HCI solution in the absence and presence of 1000 ppm
RRF, RRL, and RRR at 298 K

Inhibitor Eop (V) io2v (HA cm?)
1MHCI -0.333 1348

RRF -0.283 318

RRL -0.297 592

RRR -0.308 736

Table 2 contains some electrochemical data derived from
these curves (More details will be given in the next
studies). The polarization data in Figure 3 and Table 2 also
show that RRF provides better corrosion protection.
However, RRR's protection ability is very low, making it
unsuitable for practical applications. On the other hand,
RRF's protection ability needs to be improved for
practical applications, and we will conduct additional
studies as described above in the following studies.

3.5. Surface Characterization Studies

SEM images of Cu exposed to the extract containing HCI
solution for 1 h are shown in Figure 4. Adsorption of the
extract molecules results in the formation of compact and
adherent organic films over the copper in the presence of
the extract. These films act as a physical barrier between
the corrosive solution and the metal surface. In the case of
RRF, the best film is formed, which could explain the
higher corrosion protection efficiency.
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Figure 4. SEM images of Cu surface after exposure to 1 M HCI solution
in the presence of 1000 ppm RRF (b), RRL (b), and RRR (c)

EDX measurements were used to examine the chemical
composition of the same surfaces. Figure 5 depicts the
obtained data. Because Cu does not contain C, O, S, N, or
P, these metals are derived from the surface film formed
by the molecules of plant extract. The presence of Cl-
indicates the formation of CuCly species on the bare metal
regions under the film or in the film pores. There is no
linear relationship between an element's composition and
inhibition efficiency, which may be due to differences in
the chemical composition of different parts of the plant.
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Figure 5. EDX spectrums and elemental composition of Cu surface after
exposure to 1 M HCI solution in the presence of 1000 ppm RRF (b),
RRL (b), and RRR (c)

Contact angle measurements were used to investigate the
hydrophilic or hydrophobic properties of the RRF film
formed on the surface, which performed better in terms of
protection. The measurements of the other extract films
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were not performed even though future studies will only
be performed on this extract to improve its protection
efficiency. Figure 6 demonstrates the obtained data. Since
having to add RRF to the corrosive solution, the surface's
contact angle increases. The whole observation implies
that the extract molecules are oriented and adsorbed to the
surface along with more electronegative sites, and the
surface's hydrophobic character tends to increase.

1 MHCI 1 M HCI + 1000 ppm RRF

Figure 6. Contact angles of Cu surface after exposing to 1 M HCI
solution in the absence and presence of 1000 ppm RRF

4. CONCLUSIONS

The extracts of different parts of 1ggin such as flower
(RRF), leaf (RRL), and root (RRR) were prepared and
their protective effects on copper corrosion in 1 M HCI
solution were investigated by electrochemical techniques.
The surface of the metal after exposure to the test
solutions was investigated by SEM, EDX, and contact
angle measurements. The following major points could be
concluded:

1) The effects of extracts obtained from various
parts of the RR on copper behavior in an acidic
environment differed.

2) The extracts adsorb on the Cu surface and form
a compact and adherent film, which prevents the
corrosion of Cu.

3) The RRF extract provided the best corrosion
protection.

4) RRR extract was ineffective at protecting Cu
from corrosion in 1 M HCI.

5) The extracts contained anodic and mixed-type
corrosion inhibitors.

6) The addition of RRF to the corrosive solution
increases the surface's hydrophobicity.

7) RRF has a corrosion protection efficiency of
more than 60%, but the inhibition efficiency
could be better.

More research, on the other hand, is required to improve
RRF's protection effectiveness so that it can be used in
real-world applications without risk. This study identified
the plant part that best protects copper. We intend to
improve the protection effectiveness in the following
phase by adjusting factors such as extract concentration,
exposure time, corrosive media type, and Kl's synergistic
effects. A licensed fitting program is currently kinetically
analyzing data, and the results will be reported in another
study.
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Abstract: In this study, it was aimed to determine the quality of silage mixtures (100:0%, 75:25%,
50:50%, 25:75% and 0:100%) of fenugreek (Trigonella foenum-graecum L. cv Berkem) with oat
(Avena sativa L. cv Faikbey) and rye (Secale cereale L. cv Aslim-93). Following the harvest, plants
were cut in 2-3 cm sizes, filled in vacuum bags according to the mixing ratios and left for
fermentation at 25+2 °C for 60 days. Physical observations (odor, structure, color), dry matter (DM),
pH, crude protein (CP), acid detergent fiber (ADF) and neutral detergent fiber (NDF) analysis were
applied to silage samples and relative feed value (RFV) was determined. According to the results
obtained, the total physical score of the silages, consisting of the sum of the odor, structure and color
scores, ranged between 13.30-19.75 and the physical quality of the silages was ranged between
middle-very good class. According to the results of the research, it was determined that the silage
DM, ADF and NDF ratios decreased, and the pH, CP and RFV values increased in parallel with the
increase in the fenugreek ratio in the mixture. The DM, pH, CP, ADF, NDF and RFV values of the
silages varied between 15.67-34.33%, 5.06-5.79%, 6.01-18.17%, 32.03-48.90%, 40.07-74.53% and
63.41-148.48, respectively. As a result, it was concluded that the silage of “25% oats + 75%
fenugreek” mixture was superior to the silages of other mixtures, especially when considered the
chemical parameters.

Cemen (Trigonella foenum-graecum L.) ile Yulaf (Avena sativa L.) ve Cavdar (Secale cereale

L.) Karisimlarmin Silaj Kalitesinin Belirlenmesi

Anahtar
Kelimeler
Silaj,
Yulaf,
Cavdar,
Cemen,
Fiziksel
ozellikler,
Nispi yem
degeri

Oz: Bu ¢alismada, gemen (Trigonella foenum-graecum L. cv Berkem) ile yulaf (Avena sativa L. cv
Faikbey) ve cavdar (Secale cereale L. cv Aslim-93) karigimlarinin (%100:0, %75:25, %50:50,
%25:75 ve %0:100) silaj kalitesinin belirlenmesi amag¢lanmistir. Hasat edilen bitkiler 2-3 cm
boyutlarinda pargalandiktan sonra karigim oranlarina gére vakum posetlere doldurulmus ve 60 giin
stire ile 25+2 °C’de fermantasyona birakilmistir. Silaj orneklerinde; fiziksel gozlemler (koku,
striiktiir, renk) ve kuru madde (KM) analizi ile pH, ham protein (HP), asit deterjanda ¢oziilmeyen lif
(ADF) ve notral deterjanda c¢oziilmeyen lif (NDF) gibi kimyasal analizler yapilmis, silaj
materyallerinin nispi yem degeri (NYD) belirlenmistir. Elde edilen sonuglara gore, silajlarin koku,
striiktiir ve renk puanlari toplamindan olusan toplam fiziksel puani 13.30-19.75 arasinda degismis
ve silajlarin fiziksel kalitesi orta ile ¢ok iyi siifinda yer almugtir. Aragtirma sonucuna, gore
karisimdaki ¢emen oraninin artisina paralel olarak silaj KM, ADF ve NDF oranlarinin azaldigi, pH,
HP ve NYD degerlerinin arttig1 belirlenmistir. Silajlarin KM, pH, HP, ADF, NDF ve NYD
degerlerinin sirasiyla %15.67-34.33, 5.06-5.79, %6.01-18.17, %32.03-48.90, %40.07-74.53 ve
63.41-148.48 arasinda degisim gostermistir. Sonug olarak, 6zellikle kimyasal parametreler dikkate
alindiginda %25 yulaf+%75 ¢emen karisimu silajinin diger karisimlardan elde edilen silajlardan daha
iistiin oldugu sonucuna varilmistir.
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1. INTRODUCTION

A cheap feed source, roughage is very important for farm
animals due to its contents of nutrients necessary for the
stomach microflora of ruminant animals [1]. In general,
high quality roughage sources consist of forage crops
grown in pasture-rangelands and field agriculture. In
Tirkiye, animals are not fed adequately and in a balanced
way [2] there is a shortage of approximately 56 million
tons of roughage [3]. With the rapid development of
animal husbandry, the demand for high-quality green
forage throughout the year is also increasing. Increasing
the productivity of pasture-rangelands and the cultivation
and production of forage crops are of great importance in
closing the current forage deficit. In this sense, there was
a significant increase in silage production in recent years,
especially as a solution to quality roughage problem.
Silage is a high-moisture-content forage that is used to
feed livestock. Using silage as feed is economically
feasible and suitable for cattle management [4]. Silage
making is considered to be the most effective and
economical method for the preservation of green fodder.
Silage production technique plays a role in silage quality,
as well as the characteristics of the silage material. For
this purpose, many plants can be used to make silage,
either sole or in mixtures.

Oat (Avena sativa) is an annual crop well known in
temperate climates [5] and it is produced for grain and
forage in many countries [6]. Oat has multifunctional uses
such as forage, fodder, straw for bedding, hay, haylage,
silage chaff, human food as rolled or crushed into meal or
flour [7]. Oat is a functional food [5] with identified 113
phytochemicals in its content [8]. It contains a spectrum
of phenolics and avenanthramides [9]. The mixed-linkage
B-glucan is a water-soluble dietary fibre as considered the
main biologically active component of many oat products
[10]. Avena sativa does not only produce highly nutritious
grains, but also valuable forage [11]. Oat is a fast growing,
palatable, succulent and nutritious fodder crop [12]. Oat
is one of the most important winter forage crops grown
for livestock in Tiirkiye.

Rye (Secale cereale L.) is a multi-purpose winter cereal
mainly grown in Central and Eastern Europe and in
Western Canada [13]. It is an important crop used for
food, feed and bioenergy [14]. Rye synthesizes
benzoxazinoids which are protective special metabolites
[15] which regulate aboveground and belowground biotic
interactions [16]. Benzoxazinoids play an important role
in disease resistance and have anti-bacterial and anti-
fungal activity [17]. Secale cereale grains are rich in
dietary fibre, phenolic acids, lignans and alkylresorcinols
[18]. This crop is a high-quality forage plant. At post-
heading stage, biomass of rye increases by up to 30%. But
lignification of the cell walls result with low fermentation
efficiency and digestibility. Also contamination by
mycotoxin-producing fungi may impair the quality of the
silage [4]. Whole rye crop harvested at pre-maturity stage
is a valuable forage for silage production [19].

Fenugreek (Trigonella foenum-graecum L.), grown for its
seeds, fresh shoots and leaves, is one of the oldest plants
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belonging to the legume family known for its medicinal
and aromatic properties [20]. Fenugreek is native to the
eastern Mediterranean zone but is currently cultivated
worldwide. The plant has alkaloids, steroids and
sapogenins and plant has an important place in traditional
medicine to aid digestion and to improve metabolism.
Trigonelline and diaszhenin are the most important
metabolites of fenugreek in decreasing blood cholesterol
[21]. Nowadays, as feed additives, herbs are get
incorporated in the animal diets to increase productivity
by improving digestibility, nutrient absorption and
pathogen elimination in the gut [22]. Fenugreek seeds are
used in animal nutrition as powder, oils or extracts due to
its therapeutic properties. Leaves of this plant contains
carbohydrates, proteins and minerals, low in lipids. Its oils
or extracts have antibacterial and antifungal activities. It
helps to circulate nutrients into the cells and to remove the
toxic materials from the cells. By hormone precursors
content, its seeds increase milk secretion in animals.
Fenugreek seeds are used in fish, domestic rabbits and
ruminant diets [23].

Mixing different species in silage making is a method
used to obtain fodder with high nutritional value.
Legumes and cereals are generally used for this purpose
[2]. Legume monocultures have a low risk of silage
fermentation due to their low water soluble carbohydrate
and dry matter (DM) content and high buffering capacity
[24; 25]. For this reason, grass-legume silage mixtures are
preferred in the direction that cereals will provide
fermentable carbohydrates and legumes will improve the
protein content of silage. Mixing legumes with cereals for
ensiling will not just improve quality of silages but also
will diversify forage production of enterprices with
multifunctional crops, produce rich feeds with functional
phytochemicals (B-glucan etc.), help to breed more
healthy and diseases tolerant farm animals and produce
more nutritious feeds. Therefore, it is also important to
determine the best legume-grass combination ratio during
the ensiling process. In addition, there is limited
information on the nutritional value of the silage of cereals
and fenugreek grown in an intermediate crop period.

This study was conducted to determine the quality
properties of silages prepared by mixing oats (A. sativa
L.) and rye (S. cereale L.) with different proportions of
fenugreek (T. foenum-graecum L.).

2. MATERIAL AND METHOD
2.1. Materials

In the study, oats (A. sativa L.), rye (S. cereale L.) and
fenugreek (T. foenum-graecum L.) crops were grown in
the 2019-2020 vegetation period in Siirt province which
has a semi-arid climate located in the Southeastern
Anatolia Region of Tiirkiye (Figure 1) to prepare silages.
“Faikbey” oat variety and “Aslim-93” rye variety was
obtained from Bahri Dagdas International Agricultural
Research Institute and “Berkem” fenugreek variety was
obtained from Dicle University Faculty of Agriculture.
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Figure 1. Crop growth location of the silaged plant materials

Soils where silage materials are cultivated was clayey in
texture, salt-free, slightly alkaline, moderately calcareous,
poor in organic matter content, poor in available
phosphorus content and rich in available potassium
content. According to long term (1990-2020)
meteorological data of the Siirt province the current
climate in the region is semi-arid. Average temperature
was 11.6 °C, annual total precipitation was 632.5 mm, and
average relative humidity was 59.9% for the long-term
average of the region. Average temperature and total
precipitation values for 2019-2020 were above the long
term averages, while average relative humidity values
were below the long term averages [26].

2.2. Methods

Field trial was established during the winter vegetation
period of 2019-2020 with three replications according to
the randomized complete blocks design. Row spacing was
20 cm, plot length was 12 m and number of rows was 12
for oats and rye in sowing. Seeding rate was 450 seeds
m2 for oats, 500 seeds m? for rye, and 25 kg ha? for
fenugreek. In the research, 60 kg ha* nitrogen (N) and 140
kg P.Os hal phosphorus (P) were given as deficient
nutrient element for cereals. Half of the N and whole P
were applied to the soil one week before sowing. The
remaining half of the N was applied to the cereals when
plants were at tillering stage [27]. Fenugreek was planted
with 25 cm row spacing, 6 rows and 5 m plot length. At
sowing, 30 kg ha* N and 90 kg ha* P,Os were applied to
fenugreek. Harvest time for silage was pod establishment
stage for fenugreek, spike emergence stage for rye and
beginning of the clustering period for oats.

Harvested plants were wilted in shade for three hours. The
plants, whose wilting processes were completed, were
chopped in approximately 2-3 cm dimensions with a
branch shredder. The subject of the research was to
determine the silage value of the mixtures of fenugreek
and oat and rye in different proportions. For this aim, the
mixing ratios used in the study were set as 100:0, 75:25,
50:50, 25:75 and for “Rye: Fenugreek” and “Oats:
Fenugreek”. Plant materials prepared for silage were
weighed, mixed, one kg was taken from each mixture and
placed in a special vacuum bag after being compressed.
All mixtures were kept in a dark and cool environment for
60 days after being silaged. Packs were checked every
week to observe the conditions of the materials.
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After the fermentation process was completed, the tanks
of matured silages were opened and some physical and
chemical analyzes were made on the samples. Physical
examinations such as odor, structure and color of the
samples on the opened silage bags were conducted
subjectively by five experts. The scoring method
developed by Anonymous [28] was used in the evaluation
of physical analyzes. The silage quality class of the silages
was determined according to the DLG (Deutsche
Landwirtschafts-Gesellschaft) score (Table 1). The DLG
score is the total physical score (0-20 points) obtained by
the sum of the scores of odour, structure and color [28;
29].

For the determination of the silage DM content (%), 300
g wet samples were taken from the mature silages and
dried in an oven at 65 °C for 48 hours. The DM ratio was
determined by weighing the dried silage samples on a
precision scale and proportioning to the wet weight [30].

For the pH value, a part of silage materials representing
the bags was taken from each silage bag, then mixed
homogeneously and 25 g wet silage sample from this
mixture was weighed on a precision balance before put
into a mixer. 250 ml of distilled water was placed on the
sample and mixed for 10 minutes, then filtered through
filter paper and taken into glass beakers. The pH in the
filter of approximately 200 ml material was determined
by a pH meter [31]. In order to determine the crude protein
(CP) ratios of the silages, the silage samples were dried at
65 °C until they reached a constant weight, then were
ground in a mill with a sieve diameter of 1 mm in the
laboratory and prepared for the analysis. The total N
values of these samples were determined by the Kjehldahl
method and the CP ratios were determined by multiplying
the N values with the coefficient of 6.25 [30]. Analysis of
acid detergent fiber (ADF) and neutral detergent fiber
(NDF) in silage applications were determined by using
ANKOM 200 Fiber Analyzer according to the principles
reported by Van Soest [32] and Van Soest and Wine [33].

The relative feed value (RFV), which is an index for the
estimation of the energy value of the roughage by the
consumption of the animal, was determined with the help
of the following equations developed by Van Dyke and
Anderson [34]. To calculate this, digestible dry matter
(DDM, %) was calculated with the help of Equation 1, dry
matter consumption (DMC, %) was calculated with
Equation 2, and RFV was determined with the help of
Equation 3.

DDM (%)= 88.9 - (0.779 x ADF%) 1)
DMC (%)= 120/ NDF% @)
RFV (%)= DDM% x DMC% X 0.775 (3)

According to the RFV data determined in silages, the
quality class reported by Rohweder et al. [35],
[RFV>151= Top quality, 125-151= 1st quality (very
good), 103-124= 2nd quality (good), 87-102= 3rd quality
(medium), 75-86= 4th quality (bad) ve RFV<75= 5th
quality (unacceptable)] was used to evaluate the quality of
the forage.
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The data obtained from the study were subjected to the
analysis of variance according to the randomized block
experimental design. The differences between the groups

Table 1. Physical examination key developed by DLG and silage quality class
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according to the F-test results were determined by
Tukey’s multiple comparison test [36].

Physical examination key

1. Odor Score
No butter acid odor, slightly sour, fruity and aromatic odor 14
A small amount of butter acid, strong sour odor, and slight escalation 8
Moderate butter acid odor, strong escalation-musty odor 4
Strong butter acid or ammonia odor, very slight sour odor 2
Strong decomposition, ammonia or musty odor 0
2. Structure

Intact leaves and stems 4
A slightly deteriorated structure of leaves 2
A deteriorated structure of leaves and stems, musty and dirty 1
Rotten leaf and stalk 0
3. Color

Preserved its color at the moment it was silaged (brown in withered silage) 2
Slightly changed color (yellow to brown) 1
Completely changed color (reseda green) 0
Quality class according to the physical properties of silage

Quiality class DLG score
I- Very good 20-18
11- Good 17-14
I11- Medium 13-10
IV- Low (low value) 9-5
V- Corrupted (useless) 4-0

3. RESULTS AND DISCUSSIONS
3.1. Silage Physical Properties

In determining the quality of silage feed, physical
methods such as color, odor and structure, which are
simple and can be applied under all conditions, are also
used, and with this method, preliminary information about
the quality of silage can be obtained [37]. The scores and
quality class results of the physical observation values
(odor, structure and color) of the silages obtained by
mixing fenugreek with rye and oats in different
proportions are given in Table 2.

Silage odor is one of the most important sensory
characteristics used to determine silage quality by
physical methods. The average odor value of all
applications was determined as 12.28 points, and the odor
values of oat, rye and fenugreek silage and their mixtures
varied between 9.50-14.00 points. In terms of odor, it was
observed that sole fenugreek silage, with a score of 9.50,
was close to the "strong sour odor and slightly warming"
odor. Other applications have a very good and good silage
odor in terms of odor in general. In particular, silage
consisting of 75% oats+25% fenugreek gave the best
result with 14.00 points (Table 2).

In a good silage, leaves and stems are required to preserve
their physical structure. In the study, it was determined
that the structure of the leaves in “100% fenugreek” silage
was slightly deteriorated and showed low structure
characteristics with an average score of 2.50. It was
observed that the structure of the leaves and stems of the
other silages was not deteriorated in general and the silage
structures were at the desired levels. In this sense, it has
been determined that fenugreek has the highest structure
feature of silages at 50:50 mixing ratios with oats and rye
(Table 2). The main factor in the preservation of the

structure is the fermentation stage, and since the amount
of lactic acid increases in a short time in the successfully
fermentated silo feed, deterioration, wear or mold
formation does not occur on the leaves and stems.

Another physical feature used to determine the quality of
silage is color. As can be seen from Table 2, the average
color value of the applications was determined as 1.72
points, and the color score values of the silages varied
between 1.30-2.00. These values show that all silage
applications generally preserve their color when prepared
and physically indicates a good silage. Especially among
the mixed silages, “75% oats+25% fenugreek” silage gave
the best results in terms of color (Table 2).

Total physical scores (DLG) of silage materials ranged
between 13.30-19.75. In terms of DLG, “100%
fenugreek” silage was in the “medium” silage quality
class, while the other silages were in between “good” and
“very good” class. According to the average value of all
applications, the physical quality of the silages was found
to be "good". In general, when the physical properties and
DLG scores are evaluated together, it can be said that
better quality silage was obtained from "75% oats+25%
fenugreek" mixed silage compared to sole silage materials
(Table 2).

It was also been revealed in some other studies that the
physical properties of silages obtained by mixing legume
forage species and cereals in different proportions differ
depending on the mixing ratios. In general, higher scores
in terms of DLG were obtained from the mixture of
legumes with cereals at low rates, as in the findings of our
study. For example, highest DLG scores were reported
from silages obtained by mixing white clover with barley
at 20%+80% [38], forage peas with barley at 25%+75%
[37; 39], grasspea with triticale at 20%+80% [40],
common vetch with oats at 25%+75% [41].
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Table 2. Average scores and quality class of physical properties of silages of sole and binary mixtures of fenugreek, oat and rye

Applications Odor Structure Color DLG Quality class
100% Oats 13.50 3.75 2.00 19.25 Very good
100% Rye 13.00 3.75 1.75 18.50 Very good
100% Fenugreek 9.50 2.50 1.30 13.30 Medium
75% Oats + 25% Fenugreek 14.00 3.75 2.00 19.75 Very good
50% Oats + 50% Fenugreek 13.75 4.00 1.65 19.40 Very good
25% Oats + 75% Fenugreek 11.50 3.50 1.65 16.65 Good
75% Rye + 25% Fenugreek 12.50 3.75 1.90 18.15 Very good
50% Rye + 50% Fenugreek 12.00 4.00 1.60 17.60 Good
25% Rye + 75% Fenugreek 10.75 3.50 1.65 15.90 Good
Mean 12.28 3.61 1.72 17.61 Good

3.2. Silage Dry Matter Ratio and Some Chemical
Properties

The DM ratio and some chemical properties of silages
obtained with different ratios of mixtures of fenugreek,
oat and rye are given in Table 3. As can be seen from
Table 3, the difference between the applications in terms
of all silage quality parameters was found to be
statistically significant at the p<0.01 level.

The DM ratio is of great importance in the complete
realization of chemical events during silage formation,
and this ratio is accepted as an important criteria in
determining silage quality [42; 43]. In the study, the DM
content varied between 15.67% (sole fenugreek)-34.33%
(sole rye). It was determined that silage DM ratio
increased in parallel with the increase in the ratio of oat

and rye in the mixtures (Table 3). In general, DM contents
of grass plants are higher than legumes [37]. This situation
led to an increase in the DM ratio in silages obtained by
adding cereals to fenugreek, which has a very low DM
content. It was also been reported in many research
findings that the silage DM ratio increases due to the
increase in the cereal ratio in the mixture, and that quality
silages were obtained in this sense [37-41; 44]. According
to these results, sole silage of fenugreek will reduce silage
quality. Therefore, there was a positive relationship
between silage quality and DM ratio. Ensiling excessively
high moisture content plant affects the lactic acid
fermentation in the silo negatively and increases the
formation of butter acid [45]. For this reason, the silage
material must contain highly soluble carbohydrates per
unit dry matter.

Table 3. DM ratio and some chemical properties of silages of sole and binary mixtures of fenugreek, oat and rye”

Application DM (%) pH CP (%) ADF (%) NDF (%) RFV

100% Oats 25.33¢ 5.50d 6.01f 40.27 ¢ 64.83 ¢ 82.55¢
100% Rye 34.33a 5.06 g 6.62 ef 48.90 a 7453 a 63.411
100% Fenugreek 15.67 g 579a 18.17 a 32.03f 40.07 i 148.48 a
75% Oats + 25% Fenugreek 23.33d 5.52d 6.92¢ 40.27 ¢ 58.63 e 91.28 ¢
50% Oats + 50% Fenugreek 19.67 e 559 ¢ 12.30c 37.40d 50.90 f 109.23 d
25% Oats + 75% Fenugreek 17.67 f 5.66 b 16.00 b 34.73¢ 4590 h 12534 b
75% Rye + 25% Fenugreek 29.33b 5.24f 7.92d 46.83 b 68.60 b 71.08 h
50% Rye + 50% Fenugreek 23.67d 5.45e 12.63¢c 40.57c 60.62d 87.94 f
25% Rye + 75% Fenugreek 20.33 e 5.67b 15.67 b 35.43e¢ 49.10¢g 116.15¢
Mean 23.26 5.50 11.36 39.60 57.02 99.50

*: No significant difference at the p<0.01 level were determined between the means shown with the same letter.

Silage pH value is one of the main factors affecting the
fermentation quality [46-49]. In our study, the highest pH
was obtained from sole fenugreek (5.79), and the lowest
was obtained from sole rye (5.06) silage (Table 3). It is
reported that the silage pH level should be kept at low
levels in order to obtain a quality silage [50], while Filya
[47] stated that the pH value of a good silage should be
below 5. Other researchers [51-54] reported that the pH
value of a good silage was between 3.5 and 4.5. It was
observed that the pH value was above the desired value in
all silage applications examined according to these critical
values in the literature. It is thought that this situation is
probably due to the lack of good compaction in the silo.
However, when Table 3 is examined, reductions in
fenugreek ratio in mixtures resulted with reductions in pH
values of silages. In other words, as the proportion of
cereals included in the mixture increased, the pH value of
the silage decreased (Table 3). It has been reported in
some research results that the silage pH values of the
silages consisting of a mixture of leguminous forage
plants and some cereals differ according to the mixing
ratios. Silage pH value according to the mixing ratio; was
5.05-5.34 according to Demirel et al. [38] in barley and

white clover mixtures, 3.90-4.00 according to Aykan and
Saruhan [37] and Seydosoglu [39] in barley and forage
pea mixtures, 3.99-4.19 according to Karadeniz et al. [40]
in mixtures of triticale and grasspea, 5.03-6.04 according
to Gorli and Seydosoglu [41] in mixtures of some cool
season cereals (oat, barley, rye and triticale) and common
vetch, 4.51-4.83 according to Giiliimser et al. [44] in oat
and forage pea mixtures.

Crude protein ratio is considered as an important indicator
in determining the quality of forages. In the study, the
highest CP rate was determined in sole fenugreek silage
with 18.17%. The lowest CP ratio was found in sole oat
silage (6.01%). It was observed that the CP values of the
silages belonging to the cereal-fenugreek mixtures, where
the ratio of silage of cereals and fenugreek was 25%, were
in the low group statistically. In other words, silage CP
values increased in parallel with the increase in the
amount of fenugreek in the mixture (Table 3). This is due
to the fact that fenugreek is a legume. In some other
studies, in which CP ratios of silages increase with the
increase in legume ratios in the mixtures [2; 41; 49; 55-
57].
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When the ADF and NDF ratios of the silages belonging
to the sole and different mixtures of fenugreek, oat and
rye are examined, the highest ADF and NDF ratio is sole
rye (48.90% and 74.53%, respectively), and the lowest is
sole fenugreek (32.03% and 40.07%, respectively) silages
(Table 3). This is an expected result. Because the fiber
density of leguminous plants is lower than that of grass
[58]. In the study, it was also observed that the ADF and
NDF contents of the silages obtained decreased as the
amount of fenugreek added to the mixture increased
(Table 3). This can be explained by the proportional
decrease in cell wall substances in mixtures where
fenugreek, which is rich in cellular substances such as CP,
is a legume. In other words, the low ADF and NDF
content of fenugreek was effective in the low ADF and
NDF content of the silage it was mixed with. The ratio of
ADF and NDF, which are plant cell wall components, is
a good indicator of total digestible nutrients, and it is
desirable to have a low ratio of ADF and NDF in roughage
[59; 60]. As another result of our study, considering the
ratio of ADF and NDF, it can be said that silages obtained
from fenugreek-oat mixtures produced higher quality
roughage than fenugreek-rye mixtures (Table 3). In
silages made with different grass-legume mixtures, Can et
al. [61] found the ADF ratio to be 29.61-35.88% and the
NDF ratio to be 41.66-57.49% in tedera (Bituminaria
bituminosa L.) and oat mixed silages; Turan [56] found
the ADF ratio of 30.19%-33.11% and the NDF ratio to
43.00-47.84% in Hungarian vetch and barley mixtures;
Karadeniz et al. [40] found the ADF ratio to be 32.76-
34.63% and the NDF ratio to be 46.87-49.70% in the
mixtures of grasspea and triticale; Gorii and Seydosoglu
[41] reported the ADF ratio between 31.85-42.99% and
NDF ratio between 47.47-68.12% in some cool climate
cereals (oat, barley, rye and triticale) and common vetch
mixtures. In the same studies, the researchers reported that
ADF and NDF ratios of silages decreased with the
increase in legume ratios in the mixtures, consistent with
the findings of our study.

The RFV of the silages ranged from 63.41 (sole rye) to
148.48 (sole fenugreek) (Table 3). When the RFV values
determined in the study were evaluated according to the
quality class determined by Rohweder et al. [35]; sole rye
and 75% rye+25% fenugreek mixture silages were 5th
class, sole oats silage were 4th class, 75% oats+25%
fenugreek and 50% rye+50% fenugreek mixtures were 3"
class, 50% oats+50% fenugreek and 25 mixtures of %
rye+75% fenugreek were produced 2™ class and sole
fenugreek and 25% oats+75% fenugreek mixed silages
were produced 1% class quality fodders. Accordingly, it
was observed that higher quality silage was obtained as
the ratio of fenugreek plant in the mixture increased
(Table 3). Similar results were obtained in terms of RFV
in silages consisting of legume-grass mixes [39; 41; 49;
56; 61].

4. CONCLUSION

In this study, in which the quality characteristics of the
silages of different mixtures of fenugreek, oat and rye
were determined, better results were obtained from the
mixtures compared to the sole silages of the species. This
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shows that fenugreek mixed with cereals can be ensiled
and it is a promising legume for silage production.
According to these results, it was concluded that the silage
of 25% oats + 75% fenugreek mixture was superior to the
silage obtained from other mixtures, especially when
considering the chemical parameters.
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Abstract: Bee bread is a food product obtained by fermenting bee pollen with honey and storing
it in honeycomb cells. In this fermentation, phenolic compounds remain unaffected and
unchanged. Bee bread contains approximately; 35% sugar, 24-35% carbohydrate, 20-22%
protein, 3.5% lactic acid, 2.43% mineral, 1.6% lipid and 1.6% fat. Within the scope of the study,
biocompatible iron nanoparticles were synthesized (BB@FeNPs) by utilizing the potential
reducing powers of these components contained in bee bread. The characterization of obtained
bee bread-based nanoparticles; was performed using spectroscopic techniques such as ultraviolet-
visible light spectrophotometer, fourier transform infrared spectrophotometer, and Xx-ray
diffraction spectrometry. Scanning electron microscopy was used as a microscopic method in the
characterization of nanoparticles. In addition, the sun protection factor (SPF) of the synthesized
nanoparticles was determined by ultraviolet spectrophotometry. Although the studies in recent
years tend to search for bioactive molecules of natural origin, no nanoparticle synthesis with bee
bread has been encountered in the literature. This study is important as it is a first in the synthesis
of metal nanoparticles with bee bread.

An Ekmegi ile Demir Nanopartikiillerinin Biyosentezi, Karakterizasyonu ve Giines Koruma

Faktoriiniin (SPF) Belirlenmesi

Anahtar Kelimeler
Yesil sentez,

Metal
nanopartikiiller,

Art ekmegi,

Giines koruma
faktorii (SPF)

Oz: Ar1 ekmegi, ar1 poleninin bal ile fermente edilmesi ve petek gozlerine depolanmasiyla elde
edilen bir gida maddesidir. Bu fermantasyonda fenolik bilesikler etkilenmeden ve degismeden
kalmaktadir. Ar1 ekmegi igeriginde yaklasik olarak; %35 seker, %24-35 karbonhidrat, %20-22
protein, %3,5 laktik asit, %2,43 mineral, %1,6 lipid ve %1,6 yag bulunmaktadir. Calisma
kapsaminda, ar1 ekmeginin icermis oldugu bu bilesenlerin potansiyel indirgeme giiclerinden
yararlanilarak biyouyumlu demir nanopartikiiller sentezlenmistir (BB@FeNPs). Elde edilen ar1
ekmegi temelli nanopartikiillerin karakterizasyonu; ultraviyole-goriiniir 151k spektrofotometresi,
fourier doniisimlii kizilotesi spektrofotometresi ve x-igin1 kiriim  spektrometresi  gibi
spektroskopik teknikler kullanilarak gergeklestirilmistir. Nanopartikiillerin karakterizasyonunda
mikroskobik yontem olarak ise taramali elektron mikroskobu kullanilmistir. Ayrica sentezlenen
nanopartikiillerin giines koruma faktorii (SPF) ultraviyole spektrofotometri ile belirlenmistir. Son
yillardaki c¢alismalarin dogal kaynakli biyoaktif molekiilleri arastirma egiliminde olmasiyla
birlikte, literatiirde ar1 ekmegi ile nanopartikiil sentezine rastlanilmamistir. Bu ¢alisma ar1 ekmegi
ile metal nanopartikiil sentezinde bir ilk olmas1 agisindan 6nemlidir.

1. INTRODUCTION

American Physical Society (APS) in 1959 [1].
Nanotechnology on the other hand is the science that

It is known that the term nanotechnology was first allows studies such as measurement, modeling, design,
mentioned by Richard Feynman at the meeting of the processing and arrangement that can be carried out on
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materials at 1-100 nm dimensions [2]. Although the word
nano basically means one billionth of any unit, it is used
as a technical unit of measurement [3]. In this respect,
nanoparticles constitute the basic building blocks of
nanotechnology [4]. Although the usage area of
nanoparticles is quite wide, a few of these areas are as
follows; the food, health, aerospace and pharmaceutical
and cosmetic industries [5].

There are 3 different synthesis methods for the synthesis
of nanoparticles; physical, chemical and biological. The
negative effects of physical and chemical synthesis
methods are replaced left to the biological synthesis
method, which is a less costly and environmentally
friendly method [5]. With biological green synthesis, it is
possible to synthesize nanoparticles in an environmentally
friendly and easy way without the need for toxic
chemicals, high temperature, high pressure and high
energy [6]. In the green synthesis method, nanoparticles
with different content, shape, size and physicochemical
properties are synthesized. In this method, nanoparticle
synthesis is carried out by using phenolic compounds,
amines, proteins, enzymes, pigments, alkaloids and
microorganisms in plants as reducing agents [7].
Biological (fungi, plants, algae, bacteria, etc.) natural
resources are used for the green synthesis of nanoparticles
[5]. Nanoparticles prepared with natural product extracts
generally show promising bioactivity as they contain
phytocomponents as stabilizing ligands on their surface.
In the synthesis of biocompatible nanomaterials, bee
products such as honey, pollen, royal jelly, bee venom and
beeswax are thought to be a potential product source to
prevent nanoparticle aggregation [8].

With the increase in health awareness and interest in
functional foods in today's world, bee products bring new
perspectives to future productions. In this context, bee
bread, which is a bee product, contributes to human health
and nutritional values due to its unique chemical content
and also having microbial fermentation effect. The
abundant presence of compounds such as polyphenols and
flavonoids, which are important for the human body,
reduces the formation of reactive oxygen species (ROS).
All bee products, including bee bread; it has many
biological properties such as biodegradation, non-toxic
structure and biocompatibility. All these properties pave
the way for the use of bee bread as a complementary
ingredient in traditional medicines or nanoparticle
production. In addition to the prediction that bee bread can
be used in the production of nanoparticles, from bee
products nanoparticles; it has been stated that it can be
used in advanced imaging, probing and cancer treatment
[9]. Figure 1 shows a section of the bee bread sample used
in the study.
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Figure 1. Bee bread samples

Metal oxide nanoparticles are used in many different areas
from food packaging to drug delivery systems, from solar
cells to cosmetics [10]. The most preferred basic metal
oxide nanoparticles are iron oxides (FeO, Fe;Os, Fes04
etc.), zinc oxide (ZnO), titanium dioxide (TiOy),
aluminum oxide (AlO), and cerium oxide (CeOy)
nanoparticles [10, 11]. Thanks to the physicochemical
properties of iron oxide nanoparticles, which are among
metal oxide nanoparticles, they are frequently used in in
vitro and in vivo research [12, 13]. Iron oxides are either
naturally found or synthesized under laboratory
conditions [14].

Based on all this information, within the scope of the
study, green synthesized iron nanoparticles were
produced with bee bread. The sun protection factor (SPF)
of the synthesized nanoparticles was determined by in
vitro method, providing an idea for future studies.
Although green synthesis through bee products such as
honey, pollen, and propolis has been performed before, no
studies using bee bread have been conducted to date. For
this reason, the study reveals a first in the literature with
metal nanoparticle synthesis using bee bread.

2. EXPERIMENTAL METHODS

2.1. Materials

Bee bread samples were obtained from local beekeepers
at Bingol, Turkey, in 2021. Iron (II) chloride (FeCl.), iron
(IIT) chloride (FeCls), sodium hydroxide (NaOH), nitric
acid (HNOs) and sodium nitrate (NaNQOs) reagents used in
nanoparticle synthesis and characterization were of
analytical purity.

2.2. Methods

2.2.1. Preparation of bee bread extract

The bee bread obtained from the Bing6l (Turkey) region
was weighed approximately 10 g and ground into powder
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with the help of a grinder. Powdered bee bread samples
were added into 100 mL of distilled water brought to 100
°C. The resulting mixture was homogenized at 100 °C in
a heated magnetic stirrer for 30 minutes. The
homogeneous mixture was filtered through filter paper
and purified water was added on it so that the final volume
was 100 mL. The pH value of bee bread extract was
measured as 1.5 and stored in a glass bottle at -18 °C to be
used in the studies.

2.2.2. Synthesis of BB@Fe nanoparticles

0.01 M FeCl solution and 0.02 M FeCls solution were
prepared in 50 mL distilled water separately and on a
magnetic stirrer. Then, the two solutions were combined
and mixed in a heated magnetic stirrer until the
temperature reached 60°C. On the other hand, the
prepared bee bread extract was diluted with distilled water
at a ratio of 1:10. While the pH value of the diluted bee
bread extract was 7 at the beginning, 1 M NaOH was
added to ensure the final pH value was 10. When the
temperature of the mixture prepared with FeCl and FeCls
solutions reached 60°C, 30 mL of diluted bee bread
extract was added. Until the pH value of the whole
mixture reached 12, 2 M NaOH was added dropwise, and
it was mixed in a heated magnetic stirrer until the
temperature reached 60°C. As a result of the precipitation
of magnetic nanoparticles, the separation of the
supernatant was achieved. Nanoparticles were taken into
a petri dish and left to dry in an oven at 40°C.

2.2.3. Determination of isoelectric point of BB@Fe
nanoparticles

It was prepared with 100 mL of 0.1 M NaNO:; distilled
water on a magnetic stirrer. 100 mL of NaNOs solution
was divided into 10 beakers in equal amounts. The pH
values of the solutions in the beakers were adjusted
between 3-12 (pHinitiar). 0.1 M HNOs and 0.1 M NaOH
solutions were used to adjust the pH values. 10 mg of
BB@Fe nanoparticles were added to each of the pH-
adjusted solutions. The nanoparticle added solutions were
allowed to mix at room temperature for 1 day. At the end
of the waiting period, the pH value (pHeng) of each
solution was measured again and the isoelectric point of
the nanoparticles was determined.

2.2.4. Characterization of BB@Fe nanoparticles

Biosynthesis of BB@Fe nanoparticles was observed
using Ultraviolet-Visible Light Spectrophotometer, UV-
VIS-NIR (SHMADZU UV-3600). Related functional
groups in biosynthesis and stabilization of bee bread
extract, FeCl:, FeCls and BB@FE nanoparticles used in
the study were screened using Fourier Transform Infrared
Spectrophotometer, FT-IR (Perkin EImer Spectrum 100).
The size and shape of the BB@Fe nanoparticles were
determined using X-Ray Diffraction Spectrometer, XRD
(RIGAKU ULTIMA 1V), and the morphology was
determined using Scanning Electron Microscopy, SEM
(JEOL JSM 6510).
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2.2.5. Determination of sun protection factor (SPF) of
BB@Fe nanoparticles

The term sun protection factor (SPF), which is used to
evaluate the effectiveness of sunscreens against the UVB
effect, is defined as the ratio of the UV dose required to
create a minimal erythema reaction after the sunscreen is
applied to the skin, to the UV dose required to produce the
same erythema in unprotected skin. In short, the SPF
value expresses how many times the sunscreen prolongs
the time to reach the minimal erythema dose [15]. The
equation used in this study to determine the SPF value of
nanoparticles biosynthesized with bee bread is given
below (1).

SPF spectrophotometric 1)
=CFxZEEM)xI()x
Abs (A)

EE= erythemal effect spectrum
I=sun intensity spectrum

CF= confirmation factor

Abs= absorbance

To determine the SPF value of BB@FeNPs; The
nanoparticles were weighed 10 mg and dissolved in 10
mL DMSO. Absorption spectra of the samples prepared
at 100-1000 ppm concentrations were measured in the
range of 290-320 nm against DMSO. The results were
calculated according to the Mansur equation and the SPF
values of the nanoparticles were determined [16, 17]. The
EE x | values determined by Sayre et al. [18], are constant
and are given in Table 1.

3. RESULTS AND DISCUSSION
3.1. Isoelectric Point of BB@FeNPs

Similar charged particles in the same liquid repel each
other, while differently charged particles attract each
other. These push-pull forces of the particle are defined as
the zeta potential [19]. The zeta potential value takes
different values according to the pH value of the solution
in which the particle is located. The pH value, where these
values intersect with the zero axis, is defined as the
"isoelectric point". Amino acids and proteins are cationic
at low pH values, anionic at high pH values, and neutral
at isoelectric points [20]. At the isoelectric point, the
positive (+) and negative () charges being equal to each
other result in the formation of attraction instead of
electrostatic repulsion between the same molecules and
the collapse of proteins [21]. Measurements of the pH
value to detect the surface charge of BB@FeNPs are
given in Figure 2. According to this figure, the isoelectric
point of BB@Fe nanoparticles was found to be 7.8.
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pH
Figure 2. Graph of BB@FeNPs isoelectric point

Considering the acidic nature of bee bread samples, it is
expected that the isoelectric point of BB@FeNPs is close
to neutral compared to iron nanoparticles in the literature
[22, 23].

3.2. UV-VIS-NIR Spectrophotometer

UV-VIS-NIR absorption spectrum of iron nanoparticles
synthesized with bee bread showed a peak around 242 and
273 nm (Figure 3). According to Mirza et al. [24],
reported that iron oxide nanoparticles peaked at 248 and
278 nm through extracts of Agrewia optiva and Prunus
persica, similar to our study.

6,643

4,000

Abs.

2,000

0,0004 :
180,00 400,00 600,00 800,00

nm.
Figure 3. UV-VIS-NIR spectra of BB@FeNPs

1100,00

3.3. FT-IR Spectrophotometer

FT-IR analysis was performed to determine the bond
relationship and functional groups in BB@FeNPs with
bee bread sample. FT-IR spectra of bee bread,
BB@FeNP, FeCl; and FeCl: samples are given in Figure
4.
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Figure 4. FT-IR spectra of bee breaa (red), BB@FeNP (black), FeCls
(blue) and FeCl: (green)

Spectra of bee bread sample showed strong bands at
3655.17, 3280.06, 3000.00, 2923.08, 2853.26, 1733.42,
1635.29, 1488.34, 1413.29, 1297.01, 1240.35, 1127.18,
1025.08, 918.98, 816.88, 777.05 cm; BB@FeNPs
showed strong bands at 3659.48, 3340.51, 2969.82,
2159.48, 1926.90, 1737.72, 1634.53, 1402.35, 1174.47,
1004.64, 815.46, 660.67 cm™. The peak at about 3300 cm’
1 is due to the O\H stretching vibrations of phenolic
groups, while the peak at 1600 cm is thought to be due
to the C=0 stretching vibrations of carboxylic acids. This
situation is also observed in similar studies [24, 25]. In
addition, C\H stretching vibrations of the aromatic
compound of the samples were observed at around 2900
cmt, C\O stretching vibrations were observed at 1000-
1100 cm and C\O\C stretching vibrations at 1400 cm*
peaks [26]. Apart from the defined bands, there are a few
more bands in both bee bread and iron nanoparticles
synthesized with bee bread. Finding these specific peaks
may vary depending on the type of bee bread and the
extraction method. Multiple peaks appearing in BB@Fe
nanoparticles indicate the presence of Fe in accordance
with the literature [24, 25]. According to the FT-IR
analysis results, it can be assumed that the phenolic
compounds in bee bread can provide closure and
stabilization of BB@FeNPs.

3.4. XRD Spectrophotometer

The estimation of the crystal sizes of iron nanoparticles
synthesized using bee bread characterized by XRD is
shown in Figure 5. The main diffraction peaks of
BB@FeNPs are 32°(220), 36°(311), 45°(422), 57°(511)
and 63°(440). These peaks are standard JCPDS NO. The
85-1436 data can be compared with the standard XRD
model of Fe3O4 NPs in the database.
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Figure 5. XRD spectra of BB@FeNPs

In the literature, Fes04 nanoparticles used for magnetic
resonance imaging and hyperthermia [27], FesOa
nanoparticles coated with fucan polysaccharides [28], and
aqueous extracts of food processing wastes FesO4
nanoparticles [29] XRD spectra are similar to our study.

3.5. SEM and EDX Analysis

In the characterization of BB@FeNPs, nanoparticles were
observed under scanning electron microscopy (SEM) and
the morphological analysis results are shown in Figure 6.
In addition, energy dispersive X-ray (EDX) spectroscopy,
shown in Figure 6, confirmed that the synthesized
nanoparticles contained Fe [29].

Fe

i

Window 0.005 - 40.955=

5

é 10
Figure 6. SEM image of BB@FeNPs (A), EDX spectra of BB@FeNPs
(B), elemental mapping of BB@FeNPs (C)

3.6. Sun Protection Factor
Nanoparticles

(SPF) of BB@Fe

UV radiation from the sun can cause skin burning,
inflammation, and other serious side effects such as skin
cancer [30]. For this reason, various sunscreen
formulations have been developed to protect the skin from
harmful UV rays from the sun. The effectiveness of
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sunscreen formulations is universally evaluated for sun
protection factor (SPF) [31]. Nanoparticles are known to
be carriers that enhance the protective effects of various
natural sunscreen agents [32]. Permission for the use of
nanoparticles in sunscreens has been granted by the Food
and Drug Administration (FDA) [33]. Therefore,
nanoparticles based on titanium dioxide (TiO2) and zinc
oxide (ZnO) are widely used as SPF enhancers in
sunscreen formulation [34]. However, studies have shown
that ZnO nanoparticles form free radicals and cause
oxidative stress and cytotoxicity [35-37]. In addition, the
Scientific Committee for Consumer Safety (SCCS)
recommended avoiding the use of photocatalytically
active TiO; in sunscreen and cosmetic products [38].
Among the materials examined as an alternative; there are
metal oxide nanoparticles containing ceria (CeO2) [39-
45], tin oxide (SnO,) [46], iron oxide (Fe.Os) [47-48].
Iron oxides are used in cosmetic products, especially
foundations and eye shadows. It has even been known to
be added to sunscreens to give them a brown tint [49]. Iron
oxide nanoparticles have more commercialization
potential in this field due to their low cost and high
volume. In this study, the SPF value of metal
nanoparticles biosynthesized with bee bread for sunscreen
formulations was determined in vitro (Table 1).
Determination of the SPF value by the in vitro method is
now universally accepted due to the simplicity of the
analysis and the reproducibility of the results [16].

According to the findings given in Table 1, SPF values of
BB@FeNPs were evaluated between 100-1000 ppm. It is
observed that the SPF value of BB@FeNPs increases with
increasing concentrations. The highest SPF value was
found at the highest concentration with 18.82. This value
encourages the use of safer and environmentally friendly
materials to be wused in commercial sunscreen
formulations on the market.

4. CONCLUSIONS

Bee bread is a bee product obtained by an anaerobic
fermentation process by storing bee pollen in honeycombs
with the help of honey and digestive enzymes. The high
nutritional value of bee bread and its richness in bioactive
substances enabled the production of nanoparticles by the
green synthesis method. The characterization of the
synthesized nanoparticles was carried out and the sun
protection factor was determined.

Sun rays have negative effects on skin aging. Sunscreens
positively affect the formation of photo-aging and
sunburn, especially in the melanoma layer. The reason for
the increase in skin cancer cases in recent years is seen as
unprotected sun exposure. People with light skin color
and people who blush quickly in the sun are at a higher
risk of developing skin cancer. With this study, it has been
demonstrated that iron nanoparticles are an alternative to
sunscreen instead of dangerous titanium dioxide and zinc
oxide nanoparticles.
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Appendices
Table 1. SPF values of BB@FeNPs at different concentrations
Compound Concentration Wavelength CF EE*I Abs SPF
BB@FeNP 1000 ppm 290 10 0,0015 1,955 18,81973
295 10 0,0817 1,906
300 10 0,2874 1,888
305 10 0,3278 1,878
310 10 0,1864 1,872
315 10 0,0839 1,863
320 10 0,0180 1,859
500 ppm 290 10 0,0015 0.981 9,732117
295 10 0,0817 0.974
300 10 0,2874 0.971
305 10 0,3278 0.973
310 10 0,1864 0.974
315 10 0,0839 0.975
320 10 0,0180 0.975
200 ppm 290 10 0,0015 0.654 6,516159
295 10 0,0817 0.650
300 10 0,2874 0.648
305 10 0,3278 0.652
310 10 0,1864 0.654
315 10 0,0839 0.655
320 10 0,0180 0.660
100 ppm 290 10 0,0015 0.490 4,920233
295 10 0,0817 0.486
300 10 0,2874 0.491
305 10 0,3278 0.492
310 10 0,1864 0.494
315 10 0,0839 0.495
320 10 0,0180 0.498
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Abstract: In this study, the magnetoresistance properties of multilayered structures consisting
of five different combinations of Pt and Co thin layers were studied in the room temperature
range. Thin films were prepared by using magnetron sputtering techniques in ultra-high vacuum
conditions. It has been found that the percentage of MR decreases as the thickness of the spacer
layer thickness increases. For 3 nm thickness, 0.16% MR ratio is obtained, while for 4 and 5 nm
these values are 0.15% and 0.10% respectively. In addition, as reference layer thickness
increases, MR values are 0.10%, 0.11% and 0.15%, respectively. These results show that the
prepared thin film sets can be used in technological applications such as MR based sensors and
spin field transistors.

Katman Kahnhginin Cok Katmanh ince Filmlerin Manyetodirenc Ozelliklerine Etkisi

Anahtar Kelimeler
Katman Kalinligt
Etkisi,
Manyetodireng,
Cok Katmanl

Ince Filmler

Oz: Bu calismada, bes farkli Pt ve Co ince tabaka kombinasyonundan olusan ¢ok tabakali
yapilarin manyetodireng 6zellikleri oda sicakhigi araliginda incelenmistir. Ince filmler, ultra
yiiksek vakum kosullarinda magnetron piiskiirtme teknikleri kullanilarak hazirlandi. Ara tabaka
kalinlig1 arttikga MR yiizdesinin azaldigi tespit edilmistir. 3 nm kalinlik i¢in %0.16 MR orani elde
edilirken, 4 ve 5 nm igin bu degerler sirasiyla %0.15 ve %0.10'dur. Ayrica referans katman
kalinlig1 arttikga MR degerleri sirastyla %0.10, %0.11 ve %0.15'tir. Bu sonuglar, hazirlanan ince
film setlerinin MR tabanli sensorler ve spin alan transistdrleri gibi teknolojik uygulamalarda
kullanilabilecegini gostermektedir.

1. INTRODUCTION

Magnetic thin film structures, which consist of
ferromagnetic layers separated by nonmagnetic metallic
spacer, are widely used in magnetic recording media, spin
field-effect transistors and magnetic sensors [1]. One of
the main factors affecting the sensitivity of
magnetoresistance (MR) based sensors is the interlayer
coupling and its novel applications combining interfacial
Dzyaloshinskii-Moriya interaction [2,3]. It is known that
interlayer coupling strongly depends on quality of
ferromagnet/spacer interfaces and electronic transport
through the spacer.

The giant magnetoresistance (GMR) phenomenon is
observed in magnetic multilayer structures where the
magnetic layers of Iron (Fe), Cobalt (Co) and other
magnetic metals are separated by non-magnetic layers
(Chromium, Platinum, Iridium) several nanometers thick
[4-8]. The thicknesses of these non-magnetic layers are

chosen so that the exchange interaction between the spins
of the ferromagnetic layers has an effective
antiferromagnetic character. Thanks to this interaction,
the magnetizations of adjacent ferromagnetic layers are
oriented in opposite directions to each other
(antiferromagnetic configuration). When this structure is
placed in an external magnetic field, the magnetizations
of the layers begin to align in parallel (ferromagnetic
configuration), resulting in a significant change in
electrical resistance. With nano-sized multilayer
structures, the magnetoresistance reaching values above
100% at low temperatures in total determines the
suitability conditions to produce next-generation
magnetic sensors, read heads, magneto-resistive random-
access memories, and other spintronic devices [9-11].

Ultrathin magnetic films and multilayer structures show
the dimensional dependence of magnetic properties on
film thickness, which is a transition from the two-
dimensional behavior of films of 4-6 single-layer
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thickness to certain bulk values of films with tens of
single-layer thickness [12—-14]. Moreover, the properties
of ultrathin magnetic films and nanostructures show high
sensitivity to the effects of anisotropy created by the
crystal field of a substrate or non-magnetic layers, and to
the single-ion anisotropy and dipole-dipole interaction of
the magnetic moments of atoms in the films [15-17]. The
dimensional and anisotropy properties of these nano
systems can be detected in their critical behavior because
the properties of critical behavior of magnetic systems
such as critical temperature and critical exponents are
most sensitive to dimensional changes and the effect of
magnetic anisotropy [14,18].

Here, we investigated the magnetoresistance properties of
[Pt/Co]6(2.4 nm)/Pt (x nm)/Co (y nm) (3<x<5, 2<y<4 nm)
sample sets changing the spacer and Co layer thicknesses.

2. MATERIAL AND METHOD
2.1. Experimental Procedure

The Silicon (Si) substrates were cleaned with an
ultrasonic cleaner in acetone for 15 min and then in
ethanol for 15 min, followed by washing with deionized
water. Five different stacks with the following structures
were fabricated (the numbers in parentheses denote the
layer thickness in nm). Our sample set can be summarized
as follows:

Sample 1: [Pt/Co]s(2.4 nm)/Pt (3 nm)/Co(2 nm)
Sample 2: [Pt/Co]s(2.4 nm)/Pt (4 nm)/Co(2 nm)
Sample 3: [Pt/Co]s(2.4 nm)/Pt (5 nm)/Co(2 nm)
Sample 4: [Pt/Co]s(2.4 nm)/Pt (5 nm)/Co(3 nm)
Sample 5: [Pt/Co]s(2.4 nm)/Pt (5 nm)/Co(4 nm)

The substrates were annealed at 750 K for 90 min to clean
the surface before deposition. All layers were deposited
by using an ultrahigh vacuum magnetron sputtering unit
on the Si (100) substrate with lateral dimensions of 10 mm
x 10 mm. At the bottom of the multilayer system Pt buffer
layer was grown with a thickness of 40 A. Finally, the
multilayer system was covered with 40 A Pt cap layer
against to the oxidation. The base pressure of the sputter
chamber is 2x10° mbar and during the deposition Argon
(Ar) pressure was 5x10- mbar. Pt layers were grown by
DC generators while Co layers were grown by RF
generators. The deposition rates for Pt and Co layers were
8.75 and 0.44 A min™, respectively [19].

2.2. Magnetoresistance Measurements

Magnetoresistance measurements of multilayer magnetic
thin films were made through four-point probe method at
a constant applied current of 5 mA. Wire bonder was used
for some of the contacts while silver cake was used for
some. In magnetoresistance measurements, the film is
placed in a sample container and the voltage values on the
film are recorded in response to the current passing
through the sample.

The schematic representation of the four-point
measurement technique used in measuring the resistors of
the prepared samples and the corresponding equivalent

Tr. J. Nature Sci. Volume 11, Issue 3, Page 118-122, 2022

resistance circuits are given below in Figure 1. When the
contact is received using four-point technique, the current
is given from the external contacts and the voltage values
are read from the internal contacts. In this way, only the
resistance value from the example itself is read.

) ) sample
y -~ - \ ]i\‘ ,“ Vv
L
Four point contact Oj
R cable Rcable

Figure 1. Schematic representation of four-point resistance
measurement and circuit

In measurements such as anisotropic magnetoresistance
(AMR) and giant magnetoresistance (GMR), contact
points must be linear on magnetic films. For
measurements such as anomalous Hall effect (AHE) and
Planar Hall effect (PHE), contact points must be
perpendicular to each other at the corners of the sample.
To determine AMR and GMR behavior of the samples we
prepared, four-point measurement techniques were
applied, and measurements were performed in parallel
and perpendicular geometries in the current and magnetic
field plane.

The experimental system in which MR measurements are
performed consists of electromagnets, computers,
voltmeters that can read voltage at nanoscale, sample
container and direct current power source. PCB (Printed
Circuit Board) was used as a sample container. The two
outer contacts on the circuit are prepared to apply current,
while the two inner contacts are prepared to read voltage.
The electromagnet, which is a magnetic field generator, is
controlled by the computer while the voltage values are
recorded from the nanovoltmeter.

3. RESULTS

The rate of resistance changes in samples (MR %) is
calculated as follows,

MR (%) = %xloo 1)

Resistance on applied magnetic field is represented by
R(H) and resistance on zero magnetic field is represented
by R(min).

Figures 2-6 below are MR measurements obtained,
respectively:
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Figure 2. [Pt/Co]s (2,4 nm)/Pt(3 nm)/Co(2 nm) Magnetoresistance
measurement in thin film a) Current and magnetic field parallel to each
other b) Current and magnetic field perpendicular to each other
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Figure 3. [Pt/Co]s (2,4 nm)/Pt(4 nm)/Co(2 nm) Magnetoresistance
measurement in thin film a) Current and magnetic field parallel to each
other b) Current and magnetic field perpendicular to each other
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Figure 4. [Pt/Co]s (2,4 nm)/Pt(5 nm)/Co(2 nm) Magnetoresistance
measurement in thin film a) Current and magnetic field parallel to each
other b) Current and magnetic field perpendicular to each other
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Figure 5. [Pt/Co]s (2,4 nm)/Pt(5 nm)/Co(3 nm) Magnetoresistance
measurement in thin film a) Current and magnetic field parallel to each
other b) Current and magnetic field perpendicular to each other
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Figure 6. [Pt/Co]s (2,4 nm)/Pt(5 nm)/Co(4 nm) Magnetoresistance
measurement in thin film a) Current and magnetic field parallel to each
other b) Current and magnetic field perpendicular to each other

5 mA of current was applied to the samples during the
measurements. And measured voltage values were
recorded depending on the magnetic field. Resistance
values were obtained by dividing the read voltage values
into the applied current values. It is seen that the resistance
values are not symmetrical on the vertical axis relative to
the origin due to the geometry of the contacts prepared.
Because all contacts cannot be placed in the film plane in
order, besides the MR effect, anormal Hall effect and
Planar Hall effect contributions can also be added to the
measurement results. Since it is known that these
contributions do not change coercive field values, there
was no need to correct the shifts.

Coercive field values of 130 Oersted (Oe) for 3 nm Pt
thickness, 312 Oe for 4 nm Pt thickness, 184 Oe for 5 nm
Pt and 2 nm Co thickness, 135 Oe for 3 nm Co thickness,
110 Oe for 4 nm Co thickness were measured. These
values clearly show that the thin films we prepared can be
used in magnetic sensor applications.

In such multilayer systems, there are two advantages of
having the thickness of ferromagnetic layers close to each
other (low net moment). Low net moment limits the
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dipole areas arising from the interaction of the reference
and free layer. Second, the low moment allows the
reference layer to interact weakly with the external field.

As stated in Equation 1, the MR ratios obtained when
applied for figures 2, 3, 4, 5 and 6 were obtained as 0.16,
0.15, 0.10, 0.11 and 0.15, respectively. It is seen in the
above figures that the percentage of MR decreases as the
thickness of the spacer layer thickness increases. The
exponential variation of the MR amplitude is related to the
flow of polarized conduction electrons across the
interlayer from one ferromagnetic layer to the next. For 3
nm thickness, 0.16% MR ratio is obtained, while for 4 and
5 nm these values are 0.15% and 0.10%, respectively. In
addition, as reference layer thickness increases, MR
values are 0.10%, 0.11% and 0.15% respectively [20, 21].
It can be seen from figures 4, 5 and 6 that the MR
amplitude increases significantly when the thickness of
the Co layer we use as the reference layer increases.

4. DISCUSSION AND CONCLUSION

Spacer layer thickness (Pt) increased from 3 nm to 5 nm
and the magnetoresistance decreases gradually. This
indicates that magnetoresistance is due to the exchange of
polarized electrons transferred from one ferromagnetic
layer to another [22]. The exponential variation of the MR
amplitude is related to the flow of polarized conduction
electrons through the decency from one ferromagnetic
layer to another. Scattering on the interface reduces
current perpendicular to the surface and therefore also
decays MR amplitude. When the thickness of the Co layer
we use as the reference layer increases, it is seen that the
MR amplitude increases conspicuously.

The magnetic field sensitivity provided by the GMR
structure consists of two layers, the hard reference layer,
and the soft layer, which are not sensitive to the external
field. The relative angle of the magnetization vectors of
the two layers controls the resistance of the device.

In general, spin transfer torque and the GMR effect are
closely related. So, to obtain one, you must obtain the
other. For a GMR magnetic sensor and reading header,
one of the magnetic layers is less sensitive to the external
magnetic field (the reference layer), while the other is
sensitive to the external field (the free layer). For such a
design, the current depends only on the relative angles of
the magnetizations of the two layers through the GMR
effect i.e. the change in resistance and affect
magnetization through the formation and warming of
Oersted fields.

As a result, with tuning the thickness of these types of thin
films or nanostructures, it is seen that thin films we have
prepared can be used in technological devices such as
magnetic sensor applications and reading heads.
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Abstract: In this study, the thermoelastic behavior of a thick-walled homogeneous cylinder
based on Lord-Shulman theory is investigated. It is assumed that the inner and outer surfaces of
the cylinder are traction-free, and the outer surface is maintained at a reference temperature while
the inner surface is subjected to a time-dependent internal temperature load. The governing
equations in coupled form are solved with the pseudospectral Chebyshev method. The numerical
approach is validated with benchmark results in the literature. The temperature, radial and
tangential stress distributions are examined for three different nondimensional times to represent
the time-varying effects of the applied instantaneous temperature load. The effect of the coupled
term in Lord-Shulman theory for different high temperatures is examined and the difference
between the coupled and uncoupled solution in different time periods is tabulated and the
difference is highlighted.

izotropik Ici Bos Silindirin Genellestirilmis Termoelastik Davramsi

Anahtar Kelimeler Oz: Bu c¢alismada, i¢i bos homojen bir silindirin Lord-Shulman teorisine dayali termoelastik

Baglagimli
termoelastisite,
Lord-Shulman
Teorisi,

Kalin cidarli
silindir,
Pseudospektral
Chebyshev
yontemi

davranisi incelenmistir. Silindirin i¢ ve dig cidarlara etki eden etki eden mekanik bir yiikiin
olmadigi, dig cidarda sabit bir sicaklik, i¢ cidarmn ise zamana bagl bir i¢ sicaklik yiikiine maruz
kaldig1 varsayilmistir. Baglagimli formdaki biinye denklemleri, pseudospektral Chebyshev
yontemiyle ¢oziilmiistiir. Kullanilan sayisal yaklasim, literatiirde mevcut referans sonuglarla
dogrulanmustir. Sicaklik, radyal ve tegetsel gerilme dagilimlari, uygulanan anlik sicaklik yiikiiniin
zamanla degisen etkilerini temsil etmek i¢in ti¢ farkli zaman igin incelenmistir. Lord-Shulman
teorisinde yer alan baglasimli terimin farkli yiiksek sicakliklar igin etkisi incelenmistir. Farkli
zamanlar i¢in baglagimli ve baglasimsiz ¢oziimler arasindaki fark vurgulanmis ve tablo olarak
sunulmustur.

1. INTRODUCTION

In the advanced applications, engineering structures can
work under challenging thermal shock loads such as in
the nuclear blast environment, pulsed laser and
electromagnetic  radiation. Thermal stresses and
deformations would develop from a sudden increase in
temperature in an elastic medium, significantly altering
the mechanical behavior of thermo-elastic materials. As
a result, in thermoelastic problems, the coupling between
the temperature and displacement fields becomes critical
[1]. The conventional heat conduction equation is the
foundation of the classical (uncoupled) thermoelasticity
theory. The theory was established by Biot [2]. Because

of its parabolic character of the energy equation, the
conventional heat conduction theory posits that thermal
disturbances propagate at infinite speeds. This prediction
may be appropriate for most engineering purposes, but it
is a physically unfeasible assumption, especially at
extremely low temperatures near absolute zero or for
extremely short time periods. In order to overcome
physical discrepancy of infinite speed prediction for
thermal disturbances, the generalized theories of
thermoelasticity were formulated. These theories offer
the wave type heat propagation with finite speed. This
phenomenon is mostly described as second sound [3].
The Lord-Shulman (LS) theory [4], which modifies
Fourier's law of heat conduction by introducing one
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thermal relaxation time, is one of the well-known
generalized theories. In the theory, the parabolic type
heat equation is replaced by a hyperbolic one which
ensures finite speeds of propagation for both heat and
elastic waves. The detail for the other generalized
thermoelastic theories and recent studies can be found
Shakeriaski et al.’s review in [5].

Reformulation of classical thermoelastic equations by
Lord-Shulman dates back to 1967. They presented wave-
form thermal equation instead of the law of Fourier and
defined the term relaxation time. The relaxation time
represents the needed time-lag to establish steady state
heat conduction in a volume element if the element is
exposed to thermal shock. Derivation of thermoelastic
formulation based on generalized thermoelasticity was
done by Furukawa et al. [6-7] for an infinite body with a
circular cylindrical hole and for an infinite solid
cylinder. They obtained the temperature and thermal
stresses with one relaxation time. A coupled
thermoelastic problem in finite domain was analyzed by
Hosseini Tehrani and Eslami [8-9] with boundary
element method. They studied the effect of relaxation
times and coupling coefficient on the thermal and elastic
wave propagation. Bases on generalized coupled
thermoelasticity, a disk problem solved by Bagri and
Eslami [10] by utilizing transfinite element method.
They obtained the thermal and stress wave propagation
through the radius of disk and illustrated the coupling
coefficient effect on the results. A unified coupled
thermoelasticity formulation was proposed by same
authors [11] based on the Lord—Shulman (L-S), Green—
Lindsay (G-L), and Green—Naghdi (G—N) models for
isotropic homogeneous cylinders and spheres. The
structures are considered as subject to thermal shock on
their inner walls. The governing equations were solved
analytically into Laplace domain and transformed to the
time domain by a numerical Laplace inversion.
Application of Lord-Shulman theory was also extended
to functionally graded cylinders. In this respect, Bagri
and Eslami [12] utilized transfinite element method and
the numerical inverse Laplace technique under uniform
thermal shock to introduce unified formulation based on
Lord Shulman, Green-Lindsay and Green-Naghdi
methods. The dynamic response of functionally graded
thermoelastic thick-walled hollow cylinders due to time-
dependent heat flux studied by Sharma et al. [13] with an
analytical method. They studied the effect of
inhomogeneity for strains, stresses, displacement and
temperature by the help of Lord-Shulman theory. The
theory was also used for the thermoelastic problem of
clamped axisymmetric infinite hollow cylinders under
thermal shock with variable thermal conductivity by
Zenkour [14]. He investigated effects of variable thermal
conductivity and time parameters on radial displacement,
temperature, and stresses. Thermoelastic interactions in
the context of Lord-Shulman theory of a hollow cylinder
compared the optimal homotopy analysis solution to the
exact solution by Abbas and Abd-elmaboud [15]. They
illustrated temperature, displacement and radial stress
distribution graphically and discussed the effect of the
relaxation time on the results.
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Performing the thermoelastic behaviour analyzes in the
literature, some researchers neglected the coupled terms,
while others made calculations by taking these terms into
account. However, the field of study examining the
differences between stresses in these two different
analyzes in the literature remained untouched. The
originality of this work is that it examines the difference
between stresses in analyzes with and without coupled
terms. In this study, coupled thermoelastic behavior of a
hollow homogeneous copper cylinder subjected to a time
dependent internal temperature load is carried out.
Among the generalized thermoelastic theories, Lord-
Shulman theory with one relaxation time is used. The
non-dimensional governing equations are obtained in
coupled form and solved numerically  with
pseudospectral  Chebyshev  method (PCM). The
temperature, radial and tangential stress distributions are
presented graphically for three different nondimensional
times. The effect of the coupled term in the Lord-
Shulman theory on the solution for different high
temperatures is examined and the difference between the
coupled and uncoupled solution in different time periods
is emphasized.

2. GOVERNING EQUATIONS

In the framework of Lord-Shulman theory, a linear,
homogeneous thermoelastic ~ continuum  governing
equations is employed for an isotropic thick-walled
cylinder with a < r < b. Here a and b are the inner
and outer radius respectively. The schematic illustration
of the cylinder is given in Figure 1. Under the plane
strain condition and cylindrical symmetry consideration,
the equation of motion in the absence of body forces is
given by [15],

0%u

do,, 1
+_ — = —_— 1
(O-T‘T 099) p atz [ )

or

Figure 1. Schematic illustration of the homogeneous hollow cylinder

where p is the mass density, u displacement component,
r radius. g, and gy are the radial and circumferential
stresses respectively.

a
Gr = A+ 2) T+ A= —y(T = Tp) (2)

du u
099=/1§+(/1+2u);—y(T—T0) (3)

where T is the absolute temperature, T, the reference
uniform temperature of the body, A, p are elastic
parameters, y the thermal elastic coupling tensor in
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which y = (31 + 2u)a. Since cylindrical symmetry is
taken into account under plane strain conditions, the only
nonzero component of the displacement vector is w,., and
u can be represented by u, = u(r, t).

The energy equation without heat sources is given as
below [15],

0°T 10T 0 0?
k (W + FE) = (E + 7o W) (pceT
ou u
+Tor (G + ;))

where ¢, is the specific heat at constant strain, k the
thermal conductivity and t, is relaxation time proposed
by Lord-Shulman theory.

(4)

For convenience, the following non-dimensional

variables are introduced [15]:

— — — 2
n=cxr, U=cxu 7T=c“xt,
- 2 _ 1 _ 1
To = €17 X To» Srr - A+2‘u0-rr' 569 T a+2u 066> (5)
T-To A+2u p Ce
9 = C,s = = —
To 1] 1 p ) X k

The aforementioned governing equations are reduced to
following equations in considerations of the non-
dimensional variables described in Equation (5).

0°U 10U U 00 0°U )
an* “non n* Ton  0r?
629+169_ 0 L r 9? 0
o2 non \or f0g.2
(7)
au u
+ 6(— +—>
on
in a similar way stress equations can be obtained as,
Spr = 6U+ v 0 8
=gyt ®)
Sip=§2+ 2 —po ©)
06 an " n
_ Toy _ Y _ A
where § = ve? ' €T oa = e The boundary

conditions in which the inner and outer surfaces of the
cylinder are traction-free and the outer surface is
maintained at a reference temperature, while the inner
surface is subjected to a time-dependent internal
temperature load, are given in dimensionless form as
follows:

S(a,7) =0, 0O(ar1)=0e"%

S, (b7)=0, 6(b1)=0 (10)
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where 6, is constant and « is an exponent of diminished
heat flux.

3. SOLUTION PROCEDURE

The solution of physical variables can be performed by
following the decomposition methodology below [15].

Umt)=Um e, 6mn1)=060()e“"

Srr(n: T) = Srr(n) e“r, Sog (an) = 599(77) e’ (11)

where w is the angular frequency. After decomposition,
the system of differential equations can be rewritten in
the following form.

02U+16U U_ e _, az)
a2 "qon 2 Ban_
626+169 N P (6U+U)
am? mon T “\on ")) 13
=0
S —dU+§U B0 (14)
rr dT] n
sp=cU U 54 15
vo=Eqt o8 (15)

and the boundary conditions will take following form

Sw(@) =0, 0(a)=6,e”@r

S (b)) =0, 6(b)=0 (16)
Then, the system of ordinary differential equations given
in Equation (12-16) is solved with pseudospectral
Chebyshev method in coupled form.

3.1. Coupled Solution

In the Lord Shulman's approach, it is presumed that if
the body is strained, transient stress change will
accompany these strains, and interrelatedly, the
temperature changes induce thermal strains [16]. For this
reason, the equation of motion for the displacement and
the heat conduction equation have to be solved
simultaneously. Then, the coupled form of these
dimensionless equations may be expressed in compact
form as:

0¥ L Ly=o (17)
an? " Moy ¢ T

where Y = [6 U]T and the linear coefficient matrices
(L, L) are,
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1 _
- —e(w+Tyw?)
n
mn 1
-B -
n
(18)
—e(w + Tyw?
—(w + Tyw?) —eo+Tw)
Lc = 7
¢ 1

3.2. Numerical Solution of the Problem

The pseudospectral Chebyshev approach is based on
first-kind Chebyshev polynomials. In the method, a
solution is found in the interval specified in the problem.
Chebyshev Gauss-Lobatto points, which have a denser
point distribution at the boundary points than the
midpoints, are used for obtaining high accuracy results.
In accordance with the equation below, these points are
evenly spaced on the semicircle.

1; = cos (%T) (G =01,..,n) (19)

The pseudospectral Chebyshev Model is employed to
perform the coupled thermoelastic analysis of hollow
cylinders under the time depended temperature loading
by referring to the study of Trefethen [17], Fornberg [18]
and Gottlieb [19] that depends on discretization of the
governing equation (17) with respect to the spatial
variable using the pseudospectral Chebyshev method.
With reference to collocation points, the first order (n +
1)x(n + 1) Chebyshev differentiation matrix will be
created and denoted by D. First-order Chebyshev
differentiation matrix D provides highly precise
approximation to U’(n;), 6'(n;), U"(n;), 6" (n;) -
simply by multiplying the differential matrix with vector
data U'(n;))=@U);, 0(n;))=(D0); u'(n;)=
(D*U);, 6"(n;) =(D?6); suchlike where U=
[Uy, ..., U,]T and @ = [6,, ..., 8,] discrete vectors data
at positions n;. The Chebyshev differentiation matrix
computing process and codes as an m-file can be found
in prominent references see e.g., (Trefethen, [17]), where
the collocation points n; are numbered from right to left
and defined in [—1,1]. The approach may be used to any
interval with a minor modification. Accordingly, the
coupled linear thermoelastic equation for the cylinder
(17) is simply converted into a linear system by using the
pseudospectral Chebyshev collocation approach as
below:

LY=0 (20)
where

L=D?*+L,D —L.. (21)
Boundary conditions (16) are imposed to this linear
system (20) by only replacing the first and last row of

the system matrix L with the appropriate values. Then,
the non-trivial solution of the dimensionless temperature

Tr. J. Nature Sci. Volume 11, Issue 3, Page 123-128, 2022

and displacement distributions can be found by solving
the linear system with any decomposition method.

4. RESULTS AND DISCUSSION

In this study, thermoelastic interactions of a hollow
copper cylinder based on Lord-Shulman theory are
analyzed by the pseudospectral Chebyshev method. It is
assumed that the outer surface is kept at the reference
temperature while the inner surface is subject to
temperature degradation over time. Analyzes are made
by increasing the internal temperatures up to T; =
500 K, which is the elastic limit of the copper material
(Ty = 293 K). In the numerical calculations, following
physical properties are used for copper [15],

Table 1. Mechanical and thermal material properties of copper
Pro Value Unit Pro Value Unit

A 7.76x10°  kgms? ¢, 3.831x10% m2K 1s72
u 3.86x10°  kgms? p 8954x103
K 3.68x10° kgmK s «

kgm™3

17.8x 107¢ 1K1

The other quantities for the numerical calculation are
chosen as w =5, a =3, Q=5andzt, =0.02 [15].
Before proceeding to solution of the current problem, the
numerical method is tested with the benchmark solution
[15] available in the literature. The dimensionless
temperature and radial stress distributions at certain
times are compared on the graph (Figure 2) with
analytical results. In comparison, the PCM solution
results obtained using 16 data points are found to be in
good agreement with the analytical results. According to
these results, the solution to the current problem is
continued with PCM.
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(b) Radial stress distribution
Figure 2. Distribution of temperature and radial stress in a hollow
cylinder along the thickness at certain times
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The non-dimensional numerical results of temperature,
and stresses are given graphically for different values of
time in Figure 3 for coupled and noncoupled (NC)
conditions. In order to see the time-varying effect of the
applied temperature load as the boundary condition, all
results are plotted at t = 0.02,0.1 and 0.3 time frames.
These frames depict the various phases of the
temperature load. In Figure 3(a), nondimensional
temperature distributions are shown. In the early stage of
loading (t = 0.02) the inner wall temperature is almost
at the highest value that can be reached with the applied
load. It is observed that this value decreases as time
progresses to t = 0.1and 0.3 nondimensional times.
The dimensionless temperature distribution along the
wall thickness decreases exponentially and reaches to
zero at the outer wall in accordance with the boundary
conditions. Since the results are given graphically, the
difference between the coupled and uncoupled results is
not clearly observed at this stage. The radial stress
distributions  satisfying the traction-free boundary
conditions at both ends are presented in Figure 3(b). It is
seen from the figure that the stress magnitudes are
proportional to the temperature distributions. It is
observed that the highest stress values occur at the
beginning of loading (t=0.02) and after a certain period
of time, these values decrease. The stresses reach their
highest values in the first quarter of the wall (n = 1.25)
from the inside to the outside. Similarly, it is observed
in Figure 3(c) that the greatest tangential stress occurs on
the inner wall in the provinces where the temperature
effect is greatest. With the advancing time, the slope of
the tangential stress curve decreases with the wall
thickness. It can be also observed that all stress results
occur in the compression direction Figure 3(b-c) as the
cylinder is subjected to internal thermal load.
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(b) Radial stress distribution
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(c) Tangential stress distribution
Figure 3. Distribution of temperature, radial and tangential stresses in
a hollow cylinder along the thickness at certain times

Further research is done to see the effect of the coupled
term on the results. The infinity norm is used to calculate
the maximum difference between the results obtained
from the coupled and uncoupled solutions ([|Scoupiea —
Suncoupieallwo) at  three  different  temperatures
(6 =300,400,500) and at different time periods (t =
0.02,0.1,0.2). The gradient variation of the coupled
terms of radial and tangential stresses are given in Table
2 and Table 3, respectively. As can be seen from the
Table 2-3, the stress values are larger in the calculations
made by including the coupled terms, so to stay on the
safe side in the analysis, the coupled terms should be
included in the analysis. In the early stages of thermal
loading, the differences are greatest for all time periods
and for temperature magnitudes. In addition, as the
temperature effect increased (T = 500 K), it is observed
that the difference between the coupled and the
uncoupled solution increased. This indicates the need for
coupled solutions under sudden loading conditions. This
difference tends to decrease as time progresses (for t =
0.1,0.2).

Table 2. The gradient variation of the coupled terms to radial stress

) 6 =300 6 =400 6 =500
Time o,x107* o,x107* o,x107*
0.02 13.080977 17.441303 21.801629
0.1 10.289861 13.719815 17.149768
0.3 5.647195 7.529594 9.411992
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Table 3. The gradient variation of the coupled terms to tangential
stress

) 6 =300 6 =400 6 =500
Time ogx107* ogx10~* ogx107*
0.02 17.624611 23.499481 29.374352

0.1 13.864010 18.485347 23.106683

0.3 7.608730 10.144973 12.681217

5. CONCLUSION

This article examines the combined thermoelastic
behavior based on the Lord-Shulman theory of a hollow
homogeneous copper cylinder whose inner surface is
subjected to a time dependent internal temperature load.
The coupled governing equations are solved by using the
pseudospectral Chebyshev method. The dimensionless
temperature, radial and tangential stress variation along
the radius of the cylinder and in some time frames are
obtained and shown in the figures. The influence of
coupled and uncoupled conditions is demonstrated on
the thermoelastic responses of the copper cylinder at
different times, which determines the intensity of the
thermal load. It has been noticed that in all cases, the
highest temperature and stress values occur at the
beginning of the instantaneous thermal loading and these
values decrease with time. When the differences between
the coupled and uncoupled solution results are revealed
with the help of the infinity norm, it is observed that the
stress values are higher in the calculations made by
including the coupled terms. According to this analysis,
the highest difference in the results is obtained in the
early times of the instantaneous highest thermal loading,
while the lowest difference is obtained in the later time
period at the lowest temperature. For a more precise
analysis, it may be recommended to choose the coupling
analysis for problems involving instantaneous loading or
high temperature difference. Besides, it can be stated that
the PCM is a useful, sensitive numerical solution method
and can be adopted simply for solving such problems.
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Abstract: In order to contribute to animal welfare, veterinary maxillofacial surgery is a branch of
science that requires a thorough understanding of a region’s anatomy. Therefore, the purpose of this
study was to define the mandible by using macroanatomical, morfometric and topographic methods to
better understand the morphophysiology of the mandible in Norduz sheep. In this study ten male
Norduz sheep mandibles were used. The mandibles were initially examined using classical
morphometric and topographic methods. The mandible was observed to be composed of corpus, ramus
and angulus parts. It was observed that the mental foramen was oval and round in shape and varied in
number on the lateral edge of the mandible. The mandible foramen was found to be elliptical.
According to the statistical analysis, mandible length was measured as 149.12+4.75 mm, on the right
side and 148.12+4.50 mm, on the left side in Norduz sheep. Mandible height was determined as
160.814+4.72 mm, on the right and 160.74£5.11 mm, on the left side. The distance from the mandible
foramen to the infradental space was 127.85+4.62 mm, on the right and 125.3144.11 mm, on the left
side. Diastema length was found to be 38.05+£1.34 mm, on the right and 40.87+£2.81 mm, on the left
side. The length of the premolar and molar teeth on the margo alveolaris of the mandible was
56.69+2.38 mm, on the right side and 54.13+£2.73 mm, on the left side. The distance from the foramen
mentale to the gonion caudale was analyzed as 118.34+4.22 mm, on the right and 118.90+4.12 mm, on
the left side. According to the statistical analysis, the length of mandible foramen (L17) was
statistically significant (p<0.05) when measured over the right (8.74+0.47 mm) and left (6.61+0.69 mm)
mandibles.

Norduz Koyununda Mandibulanin Topografik, Morfolojik ve Morfometrik Olarak

incelenmesi

Anahtar
Kelimeler
Anatomi,
Mandibula,
Osteometri,
Cerrahi,

Oz: Hayvan refahina katkida bulunmak igin veteriner ¢ene cerrahisi uzmanlik alanlari igerisinde bolge
ile ilgili derin anatomik bilgi sahibi olmayi1 gerektiren bilim alanlarindandir. Bu nedenle, bu ¢aligmada
Norduz koyununda mandibula’nin morfofizyolojisinin anlasilmasi i¢in makroanatomik, morfometrik
ve topografik yontemler kullanilarak mandibula’nin tanimlanmasi amaglandi. Calismada on adet erkek
hayvana ait Norduz koyun mandibula’st kullanildi. Mandibulalar 6nce klasik morfometrik ve
topografik yontemlerle incelendi. Mandibula’nin corpus, ramus ve angulus boliimlerinden olustugu
goriildii. Foramen mentale’nin oval ve yuvarlak sekilde oldugu, degisik sayilarda mandibula’nin lateral
kenarinda bulundugu saptandi. Foramen mandibula’nin eliptik bir sekilde oldugu gozlendi. Yapilan
istatistiksel analize goére Norduz koyununda mandibula uzunlugu sag tarafta 149.12+4.75 mm, sol
tarafta 148.12+4.50 mm, olarak 6l¢iildii. Mandibula yiiksekligi sag tarafta 160.81+4.72 mm, sol tarafta
160.7445.11 mm, olarak analiz edildi. Foramen mandibula’nin infradental araliga uzaklig1 sag tarafta
127.8544.62 mm, sol tarafta 125.31+4.11 mm, olarak belirlendi. Diastema uzunlugu sag tarafta
38.05+1.34 mm, sol tarafta 40.87+2.81 mm, olarak analiz edildi. Mandibula’nin margo alveolaris’i
iizerinde premolar ve molar dislerin uzunlugu sag tarafta 56.69+2.38 mm, sol tarafta 54.13+2.73 mm,
olarak belirlendi. Foramen mentale’nin gonion caudale’ye olan uzaklig1 sag tarafta 118.34+4.22 mm,
sol tarafta 118.90+4.12 mm, olarak analiz edildi. Yapilan istatistiksel analize gore sag (8.74+0.47 mm)
ve sol (6.61+0.69 mm) mandibulalar {izerinden olgiilen, foramen mandibula’nin uzunlugu (L17)
istatistiksel olarak anlamliydi (p<0.05).
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1. INTRODUCTION

Behavioral biology, physiology, and morphology
provide ecological information on how animals interact
in their natural environment and captivity [1]. Because
oral disease has an effect on systemic health [2,3],
veterinary dentistry is one of the most promising fields
for improving animal welfare [2,4]. Early diagnosis and
treatment of oral diseases are critical to reducing
individual morbidity and mortality [2,5,6]. Deep
topographic and anatomical knowledge of the area to be
treated is necessary in order to avoid any intervention
that may adversely affect animal welfare during the
correct treatment [2,7,8].

The formations found in the cranium and mandible as a
whole are the distinguishing features of each animal,
allowing for differentiation not only between races and
species, but also within species. Sex-related differences
are strongly evident in the head skeletons of ruminant
animals within a species [9]. Numerous research on the
bones that comprise the skull in an integral way has
made significant contributions to both comparative
anatomy and clinical applications [10-23]. It can be
utilized to determine the characteristics of bones
obtained in excavation studies as well as morphometric
research used as a reference for comparative anatomy
and practical applications. The data obtained during the
zooarchaeological excavations carried out for this
purpose can provide insight into the history and livestock
conditions of that time. In such investigations,
morphological determinations are made based on
morphometric results [24]. In addition, the differences in
the skull and mandible and the measured parameters are
examined for intraspecies variations and sex analysis.
[25,26]. Norduz sheep are a type of domestic sheep that
is bred in rural areas in the region called Norduz,
Giirpinar district of Van province [27].

Therefore, this study aims to contribute to a better
understanding of local morphophysiology, the
interpretation of imaging studies, and the improvement
of anesthetic and clinical status during surgical
techniques in live adult species; it also aims to define it
morphologically,morphometrically, and topographically.

2. MATERIAL AND METHOD

In this study, ten male Norduz sheep mandibles were
utilized. The study was approved by the Animal
Experiments Local Ethics Committee of Kafkas
University (KAU-HADYEK/2022-066). Study materials
were obtained from the Giirpinar district of Van
province. Dissection procedures were performed on the
supplied materials. After separating the skin and muscles
from the mandibles, they were subjected to a controlled
maceration process. In order to bleach the bones, the
materials were kept in hydrogen peroxide, following
which the drying process was undergone. Mandibles
were morphologically examined bilaterally. For the
morphometric evaluation, 21 parameters were measured
on the materials with the help of a Digital Caliper (28)
(Figure 1). Six parameters were measured to determine
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the topographic location of the foramen mandible and
foramen mentale for clinical applications (Figure 2). For
statistical analysis, the data were subjected to
Independent-Samples T Test, using the SPSS 22.0
software package (Table 1). After the materials were
photographed, they were written down in accordance
with Nomina Veterinaria Anatomica [29].

3. RESULTS

The mandible of Norduz sheep was seen to be composed
of ramus, corpus and angulus parts. The processus
coronoideus was seen to extend beyond the processus
condylaris and to curve backwards with a distinct arc.
The width of the processus condyaris varied between the
materials. It was observed that certain materials were
narrowly bent backwards, while others were curved by
broadening. The materials of the foramen mentale were
observed to be in the form of two holes in 30% and
round or oval in shape.

Twenty one reference points were measured
morphometrically over the mandibles. According to the
statistical analysis, mandible length was measured as
149.1244.75 mm, on the right and 148.12+4.50 mm, on
the left side in Norduz sheep. Mandible height was
analyzed as 160.81+4.72 mm, on the right and
160.74+5.11 mm, on the left side. The distance from the
foramen mandible to the infradental space was
127.85+4.62 mm on the right and 125.31+4.11 mm, on
the left side. Diastema length was analyzed as
38.05£1.34 mm, on the right and 40.87+2.81 mm, on the
left side. The length of the premolar and molar teeth on
the margo alveolaris of the mandible was 56.69+2.38
mm, on the right and 54.13+2.73 mm, on the left side.
The distance from the foramen mentale to the gonion
caudale was analyzed as 118.34+4.22 mm, on the right
and 118.904+4.12 mm, on the left side. According to the
statistical analysis results, the length of the foramen
mandible (L17) was significantly different in direction
between the materials (p<0.05).

Figure 1. Condylion (cnd); the caudal endpoint of processus
condylaris, Cr (coronion); the caudal endpoint of processus coronideus,
Gonionventrale (Gv); The inferior endpoint of the angular mandible,
Gonioncaudale (Gc); The caudal endpoint of processus angularis,
Infradentale (Id); The rostro-superior point of the alveoli between
incisive teeth, A: Length 1(1): lenght between gonion caudale and
infradentale, Length 2(2): length between infradentale and aboral edge
of condylar process, Length 3(3): length between gonion caudale and
aboral alveolar edge of 3rd molar tooth, Length 4(4): length between
infradentale and aboral alveolar edge of 3rd molar tooth, Length 5(5):
length between gonion caudale and rostral alveolar edge of 2nd
premolar tooth, B: Length 7(7): length between first premolar tooth and
last molar tooth, Length 8(8): length between first and last molar teeth,
Length 9(9): length between first and last premolar teeth, Length
10(10): length of diestema, Length 11(11): length between gonion
ventrale and condylion, Length 12(12): length between gonion ventrale
and the deepest point of incisura mandibulae, Length 13(13): length
between gonion ventrale and coronion, Length 14(14): height of
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mandible level of alveolar edge of 3rd molar tooth, Length 15(15):
height of mandible level of rostral alveolar edge of 1st molar tooth,
Length 16(16): height of mandible level of rostral alveolar edge of 2nd
premolar tooth.

Figure 2. Measured reference points for anesthesia administration of
foramen mandible and foramen mentale, A; Length 6 (P6): length
between gonion caudale and aboral edge of mental foramen, Length
19(a): Distance between first premolar tooth and mental foramen,
Length 20(b): Distance between lateral incisor tooth and mental
foramen, Length 21(c): Distance between the base of the mandible and
mental foramen, B; Length 17(a): The length of mandible foramen,
Length 18(b): Distance between foramen mandible and infradental

Table 1. Table containing the statistical analysis of the parameters
taken and evaluated from the mandible

Parameters | Right(meanst. error) Left (meantst. error)
Length 1 149.1244.75 148.1244.50
Length 2 160.81+4.72 160.74+5.11
Length 3 47.83+1.39 48.12+1.21
Length 4 99.71£3.00 100.07+£3.76
Length 5 104.06+3.58 102.55+2.99
Length 6 118.34+4.22 118.90+4.32
Length 7 56.69+2.38 54.13£2.73
Length 8 26.61+1.91 25.73+3.17
Length 9 28.53+0.81 30.11+1.25
Length 10 38.05+1.34 40.87+2.81
Length 11 62.99+2 .31 62.99+1.99
Length 12 55.25+3.60 63.45+3.42
Length 13 84.53+3.08 83.5246.29
Length 14 31.50+0.82 31.26+1.16
Length 15 22.61+0.72 20.91£1.06
Length 16 14.42+0.50 14.50+0.42
Length 17 8.74+0.47 6.61+0.69
Length 18 127.85+4.62 125.31+4.11
Length 19 16.83+0.79 17.32+1.09
Length 20 20.46+0.64 21.70+0.47
Length 21 6.79+0.22 7.09+0.24

4. DISCUSSION AND CONCLUSION

In this study, the mandible of male Norduz sheep was
examined  morphologically, topographically, and
morphometrically.

According to the literature review, the length of the
mandible was 167.8 mm, in Hemsin sheep [14], 152.4
mm, in Morkaraman sheep [30], 147.8 mm, in Tuj sheep
[30], 157.6 mm, in Mehra-ban sheep [12], 181.6 mm, in
Barbados sheep [13], 198.0+0.28 mm, in Yankasa sheep
[32], and 186.30+9.30 mm, in Hasmer sheep [33]. Avdic
et al. [2013] reported this value as 176.0 mm, in their
study on sheep in Sarajevo, and 185.91£13.33 mm, for
Sharri sheep [22] . Mandible length in Norduz sheep was
discovered as 149.12+4.75 mm, on the right side and
148.12+4.50 mm, on the left side. According to this data,
the Norduz sheep mandible was slightly longer than that
of Tuj sheep, but significantly shorter than the other
breeds.

The height of the mandible has also been reported to be
94.2 mm, for Hemsin sheep [14], 87.0 mm, for
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Morkaraman sheep [30], 85.4 mm, for Tuj sheep [30],
95.7 mm, for Mehra-ban sheep [12], 107.9 mm, for
Barbados sheep [13], 129.0+0.57 mm, for Yankasa sheep
[32], and 108.68+2.36 mm, for Hasmer sheep [33]. It
was 99.6 mm, according to Avdic et al. [2013][34], in
their study on sheep in Sarajevo. Mandible height in
Norduz sheep was determined to be 160.814+4.72 mm, on
the right and 160.74+5.11 mm, on the left side. Mandible
height was found to be higher in male Norduz sheep
compared to other sheep breeds.

In Norduz sheep, the height of the mandible at the level
of the last molar tooth [P14] was analyzed as 31.50+0.82
mm, on the right and 31.26£1.16 mm, on the left side.
This parameter was reported to be 37.47+3.25 mm, in
Hasmer sheep [33], 37.93 mm, in Hemsin sheep [14],
and 38.88 mm, in Morkaraman sheep [30]. This
parameter was reported as 36.75 mm, in females and
35.61 mm, in males in Abaza goats [19]. It was observed
that the mandible height was lower in male Norduz
sheep compared to other sheep breeds.

In Norduz sheep, the mean distance between gonion
ventral and processus condylaris was 62.99+2.31 mm, on
the right and 62.994+1.92 mm, on the left side. The same
parameter was reported as 68.52 mm, in Hemsin sheep
[14], 74.58+1.75 mm, in Hasmer sheep [33], and 77.50
mm, in Mehra-ban sheep [12]. The same parameter was
reported as 63.57 mm, in female and 63.33 mm, in male
Abaza goats [19]. This parameter was found to be lower
in male Norduz sheep compared to other sheep breeds.
The length of the molar teeth [P8] on the margo
alveolaris of the mandible in Norduz sheep was
measured to be an average of 26.61£1.91 mm, on the
right and 25.73£3.17 mm, on the left side. This
parameter was reported as 57.2 mm, in Hemsin sheep
[14], 49.26+3.11 mm, in Hasmer sheep [33], and 53.12
mm, in Morkaraman sheep [30]. It was observed that the
molar tooth length in Norduz sheep was quite small
compared to other sheep breeds analyzed in the
literature. In a study conducted on Abaza goats [19] , this
parameter was measured as 58.28 mm, in females and
53.66 mm, in males. Margo interalveolaris (Diastema)
length was reported as 43.54+3.48 mm, [33] and 43.74
mm, [14] in Hasmer sheep; 45.81+£3.73 mm, in Sharri
sheep [22] and 45.81+3.73 mm, in female and
45.9843.87 mm, in male Bardhoka sheep [26]. In the
mandibles of Awassi sheep [41], this parameter was
reported as 46.274+3.29 mm, in females and 48.97+5.82
mm, in males. Diastema length (P10) in male Norduz
sheep was analyzed as 38.05+1.34 mm, on the right and
40.87+2.81 mm on the left side.

The distance between foramen mentale and gonion
caudale (6); was reported as 137.4 mm, in Mehraban
sheep[12], 152.3 mm, in Barbados sheep[13], 165.0 mm,
in Yankasa sheep[32], 112.9 mm, in Iranian domestic
sheep [35], and 149.40+11.02 mm, in Hasmer sheep
[33].

In studies on goats in the literature, the same parameter
was found to be 128.87 mm, in female, 118.84 mm, in
male Abaza goats [19], 125.30+8.49 mm, in female,
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151.31+0.5 mm, in male Gurcu goats [42], 430,08 cm,
in Blackbucks [36], 11.69+0.40 cm, [37], in Black
Bengal goats, 9.26+0.49 cm, [38] in GVD goats,
15.23+1.46 cm, [31] in Barbados black belly sheep, and
11.84+0.89 cm, [39] in Black Bengal goats.

The blockage of the mandibular nerve is important in all
surgical procedures affecting the mandible’s incisive,
premolar, and molar teeth. The blockage of the mental
nervus, which is a continuation of the nervus
mandibularis and passes through the foramen mentale, is
also very important. Three reference points for the
blockade of the relevant nerve passing through the
foramen mentale in Norduz sheep were identified and
measured.

The mean distance between the 1st premolar tooth and
the foramen mentale (P19) was found to be 1.68+0.79
cm, on the right and 1.73£1.09 cm, on the left side. This
parameter was reported as 2.25+0.38 cm, in Barbados
black belly [31] sheep, 1.98+0.21 cm, in Hemsin sheep
[18], and 1.46+0.09 cm, in Black bengal goats [39].

The distance between the foramen mentale and the
lateral incisor teeth (P20) was measured as 2.04+0.64
cm, and 2.17+0.47 cm, on the left side in Norduz sheep.
This parameter was found to be 2.11+0.17 cm, in Black
bengal goats [37], 2.254+0.31 c¢m, in Barbados black belly
sheep [31], 1.58+0.19 cm in Gwembe Valley dwarf goats
[38], 2.01+0.05 cm, in Black bengal goats [39],
1.56+0.22 cm, in West African dwarf goats [40], and
2.4040.37 cm in Hemsin sheep [18].

The distance between the foramen mentale and margo
ventralis (P21) was measured as 0.67+0.22 cm on the
right and 0.70+0.24 c¢cm on the left side in Norduz sheep.
This parameter was reported as 0.70+0.18 cm in
Barbados black belly sheep [31], 0.69£0.13 cm in
Hemsin sheep [18], 2.35£0.26 cm in Gwembe Valley
dwarf goats [38], and 0.77+0.04 cm, in Black bengal
goats [39].

The findings of this study are significant in many ways;
morphologically, morphometrically, and most important
clinically, during surgical interventions in the head area.
Due to the lack of information in the current literature
regarding the parameters investigated in this sheep
breed, the available data provide a solid foundation for
comparative anatomy with other ruminant animals and
further research in other fields such as zooarchaeology
and animal welfare.
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Keywords Abstract: In this study, extended trial equation method (ETEM) is implemented to
The Dullin-Gottwald- obtain exact solutions of the Dullin-Gottwald-Holm Dynamical equation (DGHDE)
Holm Dynamical equation, and the strain wave equation. We constitute some exact solutions such as soliton
The strain wave equation, solutions, rational, Jacobi elliptic, periodic wave solutions and hyperbolic function
Extended trial equation solutions of these equations via ETEM. Then, we present results that we obtained by
method, using this method.

Soliton solutions,

Rational Jacobi elliptic and
hyperbolic function
solutions.

Dullin-Gottwald-Holm Denklemi ve Gergin Dalga Denkleminin Hareketli Dalga Coziimleri

Uzerine
Anahtar Kelimeler Oz: Bu calismada, Dullin-Gottwald-Holm Dinamik denkleminin ve gergin dalga
Dullin-Gottwald-Holm denkleminin kesin ¢6ziimlerini elde etmek i¢in genisletilmis deneme denklem
Dinamik Denklemi, metodu uygulanmistir. Bu denklemlerin soliton ¢6ziimleri, rasyonel, Jacobi eliptik,
Gergin dalga denklemi, periyodik dalga ¢6ziimleri ve hiperbolik fonksiyon ¢oziimleri gibi bazi kesin
Genisletilmis deneme ¢oziimleri genisletilmis deneme denklem metodu ile elde edilmistir. Daha sonra bu
denklem metodu, yontemi kullanarak elde ettigimiz sonuglar sunduk.

Soliton ¢oziimler,
Rasyonel Jacobi eliptik ve
hiperbolik fonksiyon
¢Oziimler.

1. INTRODUCTION

In recent years, travelling wave solutions are substantially significant subject matter in biophysics, geophysical sciences,
chemical kinematics, optical fibers, the technology of space, elastic media and some issues in nonlinear sciences. Recently
many scientists have applied various methods to obtain travelling wave solutions of NLEEs (nonlinear evolution
equations) such as Hirota’s direct method [1], Jacobi elliptic function method [2], new version of the trial equation method
[3], (G'/G)—expansion method [4], tanh-coth method [5] etc. In this work, the ETEM [6,7] will be performed to get exact
solutions of the DGHDE and the strain wave equation.

Firstly, we tackle the following the DGHDE [8]

u, +hu, —h (U, +uu, +2uu, )+3uu, +hu,, =0,t>0, )
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where fluid velocity of system is symbolized by U in spatial direction X.

hz2 (h2 > 0) and hﬂ indicate squares of length scales, and h1 = \/ gh (where h1 = 2) demonstrates the linear wave
3

speed for undisturbed water at rest at spatial infinity. G. M. Octavian has submitted the analysis of wave-breaking

solutions to Eq. (1) [9]. M. H. Raddadi et al. have obtained solitary wave solutions of Eq. (1) by using new extended

direct algebraic method [10]. R. K. Gupta and B. Anupma have found exact solutions of Eq. (1) via Lie Classical method

[11].

Secondly, we investigate the strain wave equation given below [12]:

U, —uxx—y(al(uz)xx—asum+a4um):0, @)

where ¥ shows elastic strain, &, 03 and &, are arbitrary constants. Kumar et al. have found new exact solitary wave

solutions of Eq. (2) by using generalized exponential rational function method [13]. M. G. Hafez and M. A. Akbar have
obtained multiple explicit and exact traveling wave solutions of this equation by using an exponential expansion method
[14].

The arrangement of this study was done as follows. In Sec. 2, we perform ETEM on DGHDE and strain wave equation.
In Sec. 3, the results acquired using this method are expressed.

2. FUNDAMENTALS OF THE ETEM

Step 1. For a known nonlinear partial differential equation
P(u,u,U,,Uy,...)=0 @3)

we get the wave transformation as

N
u(xl,xz,...,xN,t)zu(n),nzl(ij—Ctj, 4)
j=1
where 4 #0, ¢ # 0. Accommodating Eq. (4) into Eq. (3) satisfies a nonlinear ordinary differential equation,
N (u,u’,u",...)=0. ®)
Step 2. Presume that the trial equation of Eq. (5) can be indicated as following:
5 .
u=>rI", ®)
i=0

where

(r')z =A(F): ¢(F) _ E 4+ +ET+E

1//(1")_561"*‘”+...+51F+§o' @)

Considering relations (8) and (9), we can have

() =%[2w} , ©

(ii(i—l)ril“”j, o)
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where ¢(F) and ://(F) are polynomials. Putting these terms into Eg. (5) ensures an equation of polynomial Q(F) of
I
Q(M)=0I°+...40[ +0,=0. (10)

In accordance with balance principle, we can describe a relation of ¢, & and O . We can find some values of 9, £ and
0.
Step 3. Letting the coefficients of Q(F) all be zero will satisfy an algebraic equations system:

o.=0, 1=0,...,s (11)

Solving equation system (11), we will define the values of fo, . --,fg; 40,--~,§g and Tpy..vy T
Step 4. Simplify Eq. (7) to elementary integral shape,

+(17-1) I o \/7 (12)

Applying a complete discrimination system for polynomial to classify the roots of Q(F) , We solve the infinite integral

(12) and categorize the exact solutions for Eq. (3).

3. IMPLEMENTATIONS OF THE ETEM

In this chapter, we implement the ETEM to the DGHDE and the strain wave equation, respectively.
3.1. Implementation on the DGHDE

In an attempt to find travelling wave solutions of Eq. (1), we take the transformation

u(x,t)=U(n), n=x-vt, v=0. (13)
Then, we get
vhZ(U") —vU'+hU’'—h2U (U") +h,(U") +3UU"-2h2UU" =0. (14)

Also, integrating Eq. (14) according to 77 and getting the integration constant to zero, we attain

2
U” (R (<v)—hy +h2U )~ (h —v)U —3UT+ (U = (15)
Embedding Egs. (8) and (9) into Eq. (15), and utilizing the balance principle, we gain

F=e+2. (16)

Then, we procure the corollaries as follows:
Case 1: If we choose £ =0, 6 =1 and 4= 2,then,

(A7)

N2 712 §0+F§1+r2§2
wy == % )
u” — Tl (§l+2r§2)

(18)
264
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where 52 =0, CO #0. Substituting Eq. (6), Eg. (17) and Eq. (18) into Eq. (15), we get an algebraic equation system.

Then, by using Wolfram Mathematica 12, fo, 51, fz,go and V coefficients are obtained as following

_ _ _ h &z
60 50 ’él gl’ 52 h3—|—h22(hl—+-2/l'0),
hé&n
T, =Ty T, =10y, §p = ,
0 =70 T1 =73, G h3+h22(hl+22'0)
__égl(ha"'hzzhsz'o+h;7§+h1h22(h3+h2270))+ (19)
h; (hhi +h; )&,
h & (hy+h (b +2z,))7,

h7 (hhz +hy )&

Embedding Eq. (19) into Egs. (7) and (12), we acquire

dr
£(n-1,) = Af , @
\/50 + él“ +I?

S %

where A= é =h,.
2

Integrating Eq. (20), we gain the solutions of Eq. (1) as follows
(7-m,)=An(T-a) (21)
i(n—n0)=2A|n[\/F—al+\/F—az]a2>a1. (22)
Moreover, &;and &, are the roots of the polynomial equation,
F2+éf+é=0. (23)

2, 9
Embedding Eq. (21) and Eqg. (22) into Eqg. (6), we can find the following exact traveling wave solutions for Eq. (1),
respectively:

((x=vt)-no )

u(x,t)=ro+7|a+e " |, (24)

| 2(en+a,)+e

1t = - ’
u(x,t) To+4 (25)

+(og—a,) e

where

. _51(h3+h22h370 +h:T§ +h1h22(h3+h2270))+ hz2 g"o(h3+h22(h1+22'0)>2'1
h (hhi +hy)& he(hh+h)s
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For simplicity, we take 7], = 0, Ty = —7,04, then Eq. (24) is reduced to the single king solution,

For simplicity, we take 7] = 0, o, =1, a, = 0, then Eq. (25) is reduced to the hyperbolic function solution,

u(x,t)= ro+—(1+cosh(B(x vt))),

where

i =& (h+hihg, + +hlh2(h3+h2r0))+ h? & (hy +he (h+21,))z,
hzz(hlh5+h3)§1 h; (hh7 +hy)&

Case 2: If we choose £ =0, 6 =2and 9= 2,then

N2 n,+2lz, 2 §0+F§1+F2§2
e oriors)

4, (fo +Ig +r2§2)+ (&+2rE,)(r,+207,)
) 2, '

(29)
where &, 20, §, #0.

Solving algebraic equation system (11), we find

_ _ __ K&l __ h&r,
980_501 51 511 ‘52 3(hlh§+h3)§l—4h22§02'1’§0 3(h1h2+h3)§1_4h2250711
2h3 2507'1 _ _% 3§071
2h1 h2 gl Tl _Tl' 0 V= 2h1 h2 51

Setting these results into Egs. (7) and (12), we have

+(n-n,) = AIJé ,

§r+r2
whereAi :\/?: h,

Integrating Eq. (31), we obtain the solutions of Eq. (1) as following:

+(n-n)=AIN(T-a,),

i(77—770)=2A1|n[\/l"—ozl +\/F—a2],a2 > a.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 134-149, 2022

(26)

(@7)

(28)

(30)

(1)

(32)

(33)
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Furthermore, &; and &, are the roots of the polynomial equation,

2+él“+é=0. (34)
2 2
Setting Egs. (32) and (33) into Eq. (6), we find travelling wave solutions of Eqg. (1) as
B i(x—vt—no) 7
r,+r,h +ze "
— 2
u(x,t)= i(x-vht-no) : (35)
+7,|h+e "
i (x-vt-m5) ) ]
o|2(h,+h)+e ™
Ty +—
4 ) J:(X*Vt )
+(h—h,)e "®
u(x,t)= . 36
( ) L(xvt=m) 2 )
r—
o 2(h,+h)+e
16 ) ;(X*V‘*Wo)
+(h—h,)e "
For simplicity, we take 775 = 0, then Eq. (35) is reduced to the single king solution, 139
SR )
xt)=[ D 5| o +e 2o , @37)
i=0

where B = i% —Zh1 3 35011

&

For simplicity, we take 7], = 0, o, =1, a, = 0, then Eqg. (36) is reduced to the hyperbolic function solution,

.:0

{22: (1+ cosh(B (x—vt)))i] (38)

where V= —2hl ——3 350‘[1

b4
Case 3: If we choose £ =1, § =1and ¢ =3then
(u,)z _ 7'12 (éto +I'g, +F2§2 +F3§3)

(39)
Sot+T'gy

. (LT (&+208 43078 )7, & (& +TE+T75,+T° ),
U = 2 - 2
2(£,+T¢,) 2(£,+T¢,)

(40)
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where 53 #0, (1 #0. Consecutively, resolving the algebraic equation system (11) yields

_hign (20 + 2 (24,
‘57( hS:_ ( h1+r )) 52 é:z’ 53 h%’é/ozoié/l:é/l’
41(h3+h2 (hl+270)) (1)
Ty =T leé/l(hs—l_hz (m+2TO))1VZ_E+TO'
e, h

Embedding these corollaries into Egs. (7) and (12), we gain

,g" +T
dr, (42)

\/50_'_51 1—‘+§2 1—~2+1—~3

77 770

where A= é :hz.
3
Integrating Eq. (42), we get the solutions of Eq. (1) as following:

§o+§1

i(n—no)=2Az (43)
B §o+§1
b(M-a) 140

&, + & arctan (o + i) (C-a,)
o + i arct {\/(§0+§1F)(a2—a1)]

2A,

i(ﬂ—ﬂo)= é,( ) ! (“44)
a,—a
NI i “T?Hm
(77 770 Az((§o+§1a1) ( 1|)) Az(( glal) (g{),n|)), (45)
\/41 §0+é’1a3 \/4/1 §0+§10£3)
where
F(¢,|)=Td—w,
o J1-1%sin?y
(46)

ﬂ((o,n,l):]: dy

(1+ nsin’ z,//),\ll—lzsin2 v

and
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o arcsin \/(F—a3)(a2 -

@)
(T—oy) (e, — 1)
ne% "% |2:(§o+§10‘1 0‘3_052) (47)

os-a)
al_az’ (4'04-4'10!3)(0!1 052)

Also, @4, Q,and (5 are the roots of the polynomial equation,

r3+§r2+§r+i=0. (48)

s & S

Remark 1. The solutions of Eq. (1) were attained by using ETEM and these obtained solutions were checked in
Wolfram Mathematica 12.

3.2. Implementation of the Strain Wave Equation

In an attempt to find travelling wave solutions of Eq. (2), we take the transformation
u (X,t) =U (77), n=X- kt, where k is an arbitrary constant. Then, we acquire

(K2 -2)U"—ya, (U2) +7(a-ak?)u™ =0, (49)
Also, integrating Eq. (49) according to 77 twice and getting the integration constant to zero, we get
}/(a3—a4k2)U”+(k2 —1)U —yaU? =0. (50)
Embedding Egs. (8) and (9) into Eq. (50), and using the balance principle, we find

=0+¢e+2. (51)
After this solution procedure, we get the results as follows:

Case 1: Ifwetake £ =0, § =1 and F =3, then

N2 2'12 §3r3+§2r2+§lr+§0
(wy == )

, (52)
o
2
o 7 (3§3F +2&,I'+ 51)
= : (53)
264
where 53 #0, (0 #0. Respectively, solving the algebraic equation system (11) yields
7, (257, - &7
50 2507 4:1 251' 52 2527 4:3 = l( 23;2 - 1)'
0
2,7, (—a3 +a, (1+yoyz, )) g (—a3 +a, (1+2ya,7, ))T1
0= 2 + 2 ' (54)
2,7, 2047,

ro—r =1, k= \/—2521'0 (1+ yayry )+ & (1+ 2y, ) 7, |
—28,T, + 617y
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Embedding these results into Eqgs. (7) and (12), we have

dr
(n-m,) = A [ - (55)
\/F3+§2F2 +il“+é

4:3 é:S 53

Integrating Eq. (55), we get the solutions to the Eq. (2) as follows:

$(n-m5)=-2A —,—Fl_a ’ 0

I —
+(n—mn,)=2 ’ 63 arctan / _a2 a, >, (67)
a0 a0

(1) A o -a

10 > Oy, (58)
a,—o, \/l"—az +\/al—a2 ‘
i(77_770):2 A F(go,l),al>a2>a3, (59)
o, —ag
where
A= I 3(—25270 (—053 +a, (1+ yalro))) N 3¢ (~ay+a, (1+ 27/0511'0))2'1
&, 20,7, (28,7, - &) 20,7, (28,7, - &) ’ (60) "
@ dl//
F ) I =\ - 5
(o1) gl—lzsmzz//
and
_[T= -
@ =arcsin %G 2% % (61)
a, — 04 o~
Also &), 0, and (5 are the roots of the polynomial equation,
r3+ér2+ir+§=0. (62)

5 % &

Substituting the solutions (56-59) into Eg. (6), we can get the following exact traveling wave solutions such as rational
function solution, hyperbolic function solutions and Jacobi elliptic function solutions of Eq. (2), respectively:

47, A,
(X—kt—no)2 '

u(x,t) =7, + e +7, (0, — ;) tanh? (% /%(X—kt—%)} (64)

u(x,t) =7, + o, + (63)
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u(x,t) =7, + 7,0, +1,(a, —a, ) csch? G f% (x— kt)J, (65)

and
1l o -« o, —a
u(x,t) =7, + 0, + 7, (@, — ;) s’ (_E ,Tf*(x—kt—no),ﬁ}, (66)
where
(- =287, (14 youry )+ & (1+ 2ye7, ) 7,

=287y + &1

If we take 7y =—7;&,; and 7], =0 for simpleness, then the solutions (63)-(65) can degrade to rational function solution

— 2
2
u(x,t) = r\/ﬁ , (67)

1-soliton solution

_ A
u(X’t)_coshz[Bl(x—kt)]’ (©%)

singular soliton solution

A
,t = ’
LD sinh®[ B, (x—kt)] "
where
=287, (L+ vty )+ & (14 2pa,7y )T, -
k = 20( 10) l( 10) 11A1:T1A31A4:T1(a2_a1)’

—28,7+ &7y

1l |o,—«a
A=1(-a,), BlziE ’—1A3 2,

Here, A4 and A5 are the amplitudes of the solitons, while K is the velocity and Bl is the reverse width of the solitons.

Thus, we can say that the solitons exist for 7; > 0.

In addition, if we receive 7, = —7,&, and 77, = 0, Eq. (66) is converted into the Jacobi elliptic function solution

ui(x,t):Aasnz[Bi (x—kt),u] (70)

a4 —a,
where
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(e \/ =2&,7, (1+ youzy )+ & (1+ 2pay7, ) 7,

—28,T, + &7y A

Remark 2. When the modulus | —1, Eq. (70) can be converted into dark soliton solutions

u,(x,t) = A tanh®[ B, (x—kt)],

where
a =a,
—2&,7, (1+you7y ) + & (14 2p47, ) 7, _ _
and K= represents the velocity of the dark soliton.
—28,Ty + &7y

Case 2: Ifwetake £ =0, s =2and 3 =4, then

() (r,+20,0) (ET + &+ &I +ED+&,)
v = )
o

(z,+200)(AET° + 2517 + 25T +&) 27,(ET +ET° +EI? + 4T+ &)
+
24, o

where &, 20, £, #0.

Respectively, solving the algebraic equation system (11) outputs as follows:

36(-1+K?) ¢2rlel +5767% (o, —klar, ) 2t

6
(04 T
A 28572 +

£ - a,—Ka, 720‘1(053_k20‘4)§0
° 2887272 '
AL aloty 807 80T,
= ] = + ] = . e —
a= s 7, 6z, (a3 —k2a4) % 3(a3—k2a4) 2 6(a3 —k2a4)

6 —1+k? +4(0£3—k2a4)§12'2
1 Z'12+ 4 CoTy

|7 al

T, T, =17, k=K.

Embedding these results into Egs. (7) and (12), we have

dr

1ﬂ4+§1“3+§1“2+é1“+§’
7 A R

2
where A = /&“3_—6'(“4_
a7,

Integrating Eq. (75), we get the solutions to the eq. (2) as follows

i(n—no)—A;f\/

: A6=rl(a2—a3),Bi:% al_%,(i:l,Z).

(1)

(72)

(73)

144

(74)

(75)



Tr. Doga ve Fen Derg. Cilt 11, Say1 3, Sayfa 134-149, 2022 Tr. J. Nature Sci. Volume 11, Issue 3, Page 134-149, 2022

+(n— = , 76

(7=m) o (76)

2 IN'-a
£(n1=110) = faz F—aj’ & > a,, (77)
A 1H_0‘1|

+(n—mn,)= I , 8

(7-7) o (79)

r- —ay) (T -
t(n-1,)= 25 In \/( %)@ ) \/( %)@ 052)|, a >a, >0, (19
\/(al a,) (o —ay) \/F—az (0:1—053)+\/(1"—053)(05l a, ‘
2
+(n—1m,)= A Flol), o, >a,>a;>a,,
‘\/(al —053)(052 _a4) (80)
where
2
_ r- - — -
A = %‘S—Gk“‘t' go:arcsin\/( a)(2 0‘4)’ |2:(0‘2 a;)(e 0‘4). (81)
ar, (F—a,)(an—a,) (-, —a,)
Also &y, 05, yand &, are the roots of the polynomial equation,
145
r4+§r3+§r2+ir+§:0. (82)
Si Sa S S
Substituting the solutions (76)-(80) into Eq. (6), we have
2

U(X’t):To+Tla1iﬁ+fz(ali$_%] : (83)

u(x,t)=7r,+n0+

4A72(052—051)T1 I, 4A72(a2—0£1) | e
47 —[(ay—a, ) x—kt—n, | 4A7 —[(ay—a, ) x—kt—n, |

2

(2, -a)7, N (a,-a,) NS
exp{(alg]az)(x—kt—ﬂo)}—l EXP[W(X_kt_UO)}_l

u(xt)=r,+70, +

2

(a1 _aZ)Tl (0!1 _az) , (86)

eI R N [

u(x,t)=7,+70+




u(x’t):z-o‘l'Tlal_ z(al_az)(al_aS)Tl

20, —a, — oy +(a; — at, ) cosh x—kt—1,)

{\/(alaz)(alas)(
A,

2(a—a,) (o, — )

\/(al_az)(al_a3)
A,

+7,| a —

2a1—a2—a3+(a3—a2)cosh[

(X—kt—ﬂo)}

U(X,t)=ro+z'1a2+ Tl(al_az)(%_az)

\/(al _0‘3)(“2 _a4) (
27,

a4—az+(a1—a4)sn2!

r (o -a,)(a,—a,)

(o, — ) (e, — ;) a,—a,)(a,-a,
J ) (k) | ))( )]

+7,| a, +

a4—a2+(al—a4)sn2[

For simplicity, if we take 1, = 0, then we can write the solutions (83)-(88) as follows:

u(x,t)=22:ri (ali A ]i,

i=0 X_ kt

u(xt)= 2 o AN (o -a,) |
(xt)=2, [ 4Aﬁ[(a1az)(xkt)]2]’

u(x,t)= ;i a, + exp[Bﬁ;ﬁd)]—J ,

u(x,t):gri al+exp[BT1(;fi<t)]—lJ’
u(x,t)=> 7| & - 200 —a,)(e ) J ,

= 2a1—a2—a3+(a3—a2)cosh[C(X—kt)]

(87)

(88)

(89)

(90)

(91)

(92)

(93)
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(94)

where

Here, A7 is the amplitude of the soliton, while k is the velocity and 82 and C are the inverse width of the solitons.

Remark 3. The solutions of Eq. (2) were reached by using ETEM and these obtained solutions were checked in
Wolfram Mathematica 12.

(x,t)
t
8x10%

6x10%° -
4x10%

2x10%° -

I A I i x
-20 -10 10 20

Figure 1.Graph of the solution (26) is indicated at 7, = 1, T, = 2, h1 =2, h2 =1 h3 =-1, 50 =3 51 =-1, -25<x <25,
—5<t <5 and the second graph denotes the exact solution of Eq. (26) for t=3.

(x.t) (x,t)
t

230 S -20  -10 10 20~ 30
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Figure 2.Graph of the solution (27) is indicated at 7 =1, 7 =—2, h1 =—2, h2 = 2, h3 =1, fo = —2, 51 =—1,
—35< x <35, —10 <t <10and the second graph denotes the exact solution of Eq. (27) for t = 2.
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Figure 3. Graph of the solution (67) is indicated at 7,; = -1, T, = 2, 51 =4, §2 =1, o, = -2, o= -2, a, =], y =3,
—35< x <35, =5 <1t <5 and the second graph denotes the exact solution of Eq. (67) for t =4.5.
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Figure 4. Graph of the solution (68) is indicated at 7, = —2, T, = 5, 51 = 3, §2 =1, o, = —3, a, =1, Oy = —l, o, = 2,
y =4, —30 < x <30, —3 <t < 3 and the second graph denotes the exact solution of Eq. (68) for { = 2.
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Figure 5. Graph of the solution (70) is indicated at 7, = —1, T =1, §1 = 2, 62 = 4, o, = —1, a, = 5, o5 = —3, a, = 3,

y =2, —45< x <45, =1 <t <1 and the second graph denotes the exact solution of Eq. (70) for T = 0.5.

4. CONCLUSIONS

In this work, we get travelling wave solutions of the
DGHDE and strain wave equation by using ETEM. It is
necessary to note that ETEM presents powerful
mathematical tool for finding the exact solutions of these
equations and this method is highly efficient in the matter
of seeking for new solutions such as soliton solutions,
rational, Jacobi elliptic, periodic wave solutions and
hyperbolic function solutions.
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Abstract: With the developing technology, technological blessings make human life easier and help
them every day. Unmanned aerial vehicles (UAV), which is one of the technological blessings, have
shown themselves in many fields, especially in fields such as the military, defence industry,
photography, and hobby. With the development of defence systems with UAVs, the security of
railways has also been left to UAVs. In this study, while the foreign matter separation is made on
the railway by using the deep learning model in real-time, the image taken on the UAV is
simultaneously controlled by using the image processing method. The fact that the deep learning
model has a 0.99 mAP rate increases the reliability of the model.

insansiz Hava Araci ile Goriintii Isleme ve Derin Ogrenme Yontemleri Kullamilarak

Demiryolu Giivenlik Sistemi Tasarimi

Anahtar
Kelimeler
Derin
Ogrenme,
Goriintli
iseleme,
[nsansiz
Hava Araci

Oz: Gelisen teknoloji ile her gegen giin teknolojik nimetler insan hayatini kolaylastirmakta ve onlara
yardim etmektedir. Teknolojik nimetlerden olan insansiz hava araglar1 (IHA) askeri, savunma
sanayi, fotograf¢ilik ve hobi gibi alanlar basta olmak {izere bir¢ok alanda kendisini gostermistir.
IHA ile savunma sistemlerinin gelismesiyle birlikte demiryollarmimn giivenligi de IHA’lara
birakilmaya baglamlmustir. Bu galismada ITHA {izerinden alinan goriintii ger¢ek zamanli olarak derin
o0grenme modeli kullanilarak demiryolu {izerinde yabanci madde ayrimi yapilirken es zamanli olarak
goriintii isleme metodu kullanilarak demiryolunun saglamligi kontrol edilmektedir. Derin 6grenme
modelinin 0.99 mAP oranina sahip olmasi modelin giivenirliligini artirmaktadir.

1. INTRODUCTION

Today, the use of public transportation vehicles is
increasing with the decrease in energy resources and the
increase in costs [1]. Among the public transport vehicles,
rail transport is the most efficient, cost-effective, and
convenient means of transportation. It has lower fuel
costs, can carry large loads, is environmentally friendly,
and is safer because it is not affected by weather
conditions as in air transportation [2]. Therefore, rail
transport has become the backbone of every developing
country. One of the most important components that make
rail transport safe is its infrastructure. The railway
infrastructure usually consists of sleepers installed at
regular intervals between them and steel rails supported

by the ballast structure. Steel rails in train transportation
directly affect passenger safety and comfort as
transportation infrastructure. The deterioration of the
railway line, the wear of the materials on the lines over
time, foreign materials falling on the railway, and
deliberate sabotage on the railway put the safety of
railway passengers at risk. Considering all these factors, a
fast and efficient inspection system is required to ensure
the safety of railways [3-5].

Railway inspection is of critical importance to ensure the
safety of railway traffic and protect human health [6].
Most of the inspection processes in use today are done
visually. In this method, which is traditionally called, the
detection of any damage to the railway components or a
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foreign substance is carried out by the assigned people
walking along the rail [7]. However, performing this
process manually with an auditor is slow, costly,
dangerous, and labour-intensive. As a result of the
increase in the number of railway networks, the frequency
of inspection studies with traditional methods is
decreasing [2]. This situation creates a risk in
transportation by causing the defects in the railway not to
be detected in a timely manner. Therefore, to eliminate
these risks, the disadvantages of traditional methods
should be overcome. Compared to traditional methods,
ultrasonic, acoustic, emission, and eddy current-based
techniques are also used. However, such techniques can
be applied with train movement and cannot provide
information about the size of the defect [8,9].

Recently, rail companies around the world have been
working on autonomous inspection systems that can more
efficiently inspect railroad defects. With the development
of autonomous control systems, more advanced control
techniques have been designed to overcome the
shortcomings of traditional methods [10, 11]. Among
these techniques is the use of UAVs. Unmanned aerial
vehicles are systems that can fly controlled or
autonomously without the need for a pilot. Today, it is
frequently preferred in military, health, commercial,
scientific studies, and civil aviation studies. In addition,
more efficient systems can be designed by integrating
deep learning and image processing techniques into
unmanned aerial vehicles [12]. Deep learning is based on
the principle that a set of pictures, video, or audio data is
analyzed with certain algorithms to give an estimated
value as output. Applications such as product
classification, object counting, and face recognition can
be given as examples of deep learning study areas [10,13].

In line with this study, an autonomous system has been
developed with the UAV by using deep learning and
image processing techniques. The system is flying along
a railway and collecting images via the camera on it.
While the collected images are checked for the integrity
of the railway bypassing through histogram equalization
and gaussian filtering processes, the same images are
simultaneously analyzed with YOLO v5, one of the deep
learning algorithms, to check whether there is a foreign
substance on the railway. As a result of the deep learning
output, it can be determined whether there are defects in
the railway and whether there is any sabotage situation
[14].

2. MATERIAL AND METHOD

The methods used in the study, the creation of the data set,
the deep learning algorithm, and performance evaluation
metrics were examined as three sub-titles and discussed in
detail below. The method part of the study was carried out
as shown in the workflow diagram given in Figure 4.

2.1. Material
In the study, a system proposal developed by using image

processing methods based on an artificial intelligence
system was made in order to detect foreign materials on
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the train tracks and to control the integrity of the rails. In
the study, it was trained with the data set obtained using
the YOLOVS5 deep learning network. The accuracy of the
deep learning network, whose training was completed,
was evaluated according to the mAP, precision, and recall
metrics.

2.1.1. Create datasets

The data set was carried out by taking pictures of foreign
materials placed on the railways in different locations in
Isparta province with a drone. The photographs were
collected in different time periods at different angles and
at different distances. Figure 1 shows some photos of the
data set. The data set includes a total of 785 photographs
of foreign substances. At the same time, there is a video
of 3 minutes and 23 seconds in which the drone flies on
the railway to check the image processing methods and
the stability of the train tracks in the dataset.

Figure 1. Datasets

2.1.2. Yolo v5

YOLO v5 network is the latest version among YOLO
architectures as of 2022. It gives fast and high accuracy
compared to other versions [15]. YOLO networks are
algorithms used for object recognition using
convolutional neural networks developed by Joseph
Redmon in 2016 [16]. There is no official article for
YOLO v5 at the time of preparation of this article, as the
YOLO v5 network is published by different developers
and not by the official publisher [17]. The YOLO v5
network uses the spine, neck, and head structure that we
frequently encounter in object recognition processes.
While the objects trained on ImageNet are used as
backbones, the bounding boxes of the objects are called
heads, and the YOLO, which is used for object detection,
is called the spine [18]. The YOLOV5 network is
presented in 4 different models. These are YOLOVS5s,
YOLOvV5I, YOLOv5m, and YOLOvV5x [19]. Figure 2
shows the YOLOV5 architecture.

Overview of YOLOV5
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Figure 2. Yolo v5 Architecture
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2.1.1. Histogram equalization

Images taken from the camera have RGB color space. The
pixel values of an image in the RGB color space have
three elements, so the images are converted to gray
format, that is, the pixel values between 0-255, to perform
the operations quickly in computer vision processes [20].
Histogram equalization is used to provide color
distribution by distributing the clustered pixels in the
images equally to all sides [21]. With histogram
equalization method, it is a method that is frequently used
to reveal the shapes that are not clear on the image, with
low brightness or in the dark region [20]. In Figure 3, the
original image is shown with the histogram equalization
method applied on an image.

()
Figure 3. Histogram Equalization (a) Original Image b) Histogram
Equalized Image

2.1.1. Gussian filter

It is the method used for blurring the picture. The blurring
process is used to reduce the noise on the picture and to
determine the edges. It is obtained by multiplying the two-
dimensional convolution matrix with the image pixels
[22]. With the Gussian filter, it is aimed to equalize the
frequency on the image and increase the view on the
image [23]. It is the method used for blurring the picture.
The blurring process is used to reduce the noise in the
picture and to determine the edges. It is obtained by
multiplying the two-dimensional convolution matrix with
the image pixels. The formula for the Gaussian filter is
given in equation 1.

G(x) =

x2

1 _x*
e 20 1)
o

2.1.1. Performance evaluation metrics

Deep learning results are evaluated according to certain
metric values. Details about mAP, precision, and recall
being used in this study are given below. The mAP value
is the value that measures the accuracy of the location of
the bounding boxes to evaluate the object recognition
algorithms between 0-1 [24,25]. It means the average of
the AP value. The closer the mAP value is to 1, the more
accurate the model is found to make predictions. The
equation of the mAP metric is given in equation 2 [24].
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mAP = =¥ AP, )

Precision is the metric that gives us how many of the
values we consider positive in the confusion matrix.
Precision value is used to evaluate the closeness between
the measured value and the actual value. In Equation 3,
the equation of the precision metric is given.

TP
Precision TP T FP 3)

The recall is the value that gives how many of the images
we evaluate positive are positive. It represents the ratio
between the samples taken and the samples detected. In
Equation 4, the equation of the recall metric is given.

TP
= — 4
Recall TP T FN (4)

2.2. Methods

The workflow diagram of the study is given in Figure 4.
First, the dataset was created to feed and train the YOLO
v5 network. Labelling was performed on the dataset on
the roboflow framework. The data set, which was
prepared for the training phase, was put into training on
Google Collab, and the weights trained in the YOLO v5
network were downloaded to the computer. At the same
time, an image processing system to control the integrity
of the railway was prepared, and the two methods were
combined. The real-time image is simultaneously inserted
into both the image processing method and the deep
learning network, and the results are displayed in an
interface.

GrayScale

w W Gaussian Filter W
o o o

O O O A%

o T YOLO v5

Histogram
Equalization

Taking Image
From Drone

Figure 4. Workflow diagram

3. RESULTS

The findings obtained as a result of the study are given
below. YOLO v5 network training results are based on
mAP, precision, and recall values. 785 images were used
in the data set. The images were separated as test and
training data after labelling. While 628 images were used
in the training dataset, 157 images were used in the test
dataset. Figure 5 shows the mAP graph of the YOLO v5
network. A precision graph of YOLO v5 network is given
in Figure 6. Figure 7 shows the recall graph of the YOLO
V5 network.
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Figure 7. Recall graph

The table where the graphic values are given is shown in
Table 1 below.

Table 1. Performance Evaluation Metrics

Metrics Value

MAP 0.995

PRECISION 0.978
RECALL 1

When the training result values of the YOLO v5 network
are examined, it is observed that the trained model
performs the prediction process with high accuracy.

4. DISCUSSION AND CONCLUSION

As a result of the work done, it is a tiring and time-
consuming process to determine the soundness of the
railway and the detection of foreign matter by walking
thousands of kilometres. In our proposed system, a UAV
has been developed to detect foreign materials on the
railway by flying along the railway and to warn the
officials by checking the soundness of the railway. Future
studies it is aimed to train on new models by increasing
and diversifying the number of images in the data set. At
the same time, it is aimed to carry out new studies on the
integrity of the railway by using deep learning methods.
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Abstract: In this study, two novel amino acid chalcone compounds were synthesized through a
reaction of Fmoc group-protected L-phenylalanine and two amino chalcone derivatives. Target
compounds contain dimethoxy and trimethoxy substitutions. The structures of the synthesized
compounds were characterized by elemental analysis, 1H and *C APT NMR spectroscopy
techniques. Dielectric parameters such as dielectric constant, dielectric loss and ac conductivity
were measured and the results showed that dielectric constant of trimethoxy conjugate was two
times higher than dimethoxy conjugate.

Yeni Amino Asit Kalkon Konjugatlari: Sentez, Karakterizasyon ve Dielektrik Ozellikler

Anahtar

Kelimeler
Dielektrik,
Kalkonlar,
Amino asit,

Oz: Bu ¢alismada, Fmoc grubu korumali L-fenilalanin ve iki amino kalkon tiirevinin reaksiyonu
yoluyla iki yeni amino asit kalkon bilesigi sentezlendi. Hedef bilesikler, dimetoksi ve trimetoksi
stibstitiie kalkon yapilarini barindirmaktadir. Sentezlenen bilesiklerin yapilari element analiz, 1H ve
13C APT NMR spektroskopi teknikleri ile aydinlatilmistir. Bilesiklere ait dielektrik sabiti,
dielektrik kayip ve ac iletkenlik gibi dielektrik parametreler 6l¢iilmiis ve sonuglar trimetoksi tagtyan

Organik

sentez gostermektedir.

konjugatin dielektrik sabitin dimetoksili

konjugattan yaklasik iki kat yiiksek oldugunu

1. INTRODUCTION

Chalcone derivatives are one of the subgroups of
compounds called flavonoids in the 15-carbon 1,3-
diphenylpropane skeleton with the basic structure of two
phenyls and one propane chain combined [1-4].
Different members of flavonoids can be obtained by
arranging this 15-carbon skeleton in different ways and
by attaching different substituents to the rings. Studies
have highlighted chalcone compounds as one of the most
important members of flavonoids [5-7]. Chalcone and its
derivatives have great importance in the field of
chemistry and physics due to their photophysical and
photochemical properties [8]. Several compounds
containing natural and synthetic chalcone rings have
broad fluorescence activity in the visible region. That is
why chalcones and their derivatives have been used in
several application areas due to their strong fluorescence
in the UV and visible regions [9-11].

Amino acid conjugates are the name given to new
compounds obtained as a result of the chemical bonding
of amino acids with another group of organic compounds

[12-15]. Amino acids are biologically very important
compound groups. Therefore, it is aimed to obtain more
effective compounds by interacting with compound
groups such as vitamins, hormones, heterocyclic
compounds, and drugs [16-19]. In addition to their
biological importance, they can be used in different
application areas by interacting with physically active
compounds.

In this study, two new hybrid compounds were obtained
by the reaction of Fmoc-protected phenylalanine with
chalcones bearing dimethoxy and trimethoxy groups.
Dielectric parameters of the target compounds were
measured and compared to each other. The results
indicate that trimethoxy substituted conjugate has higher
dielectric constant than dimethoxy conjugates.

2. MATERIAL AND METHOD

2-chloro-4,6-dimethoxy-1,35-triazine  (CDMT),  N-
methyl morpholine (NMM), sodium hydroxide (NaOH),
ethanol (EtOH) and acetonitrile (MeCN) were purchased
from Sigma-Aldrich used in the synthesis steps, DMSO-
d6 used in NMR analysis were obtained from Merck.
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The structures were characterized by using NMR Spectra
Bruker Avance [11-400. The dielectric analysis was
recorded using a QuadTech 7600 LRC impedance
analyzer. The elemental analysis data were obtained
using a LECO CHNS elemental analyzer.

2.1. General Synthesis Method

4-amino acetophenone (1.0 eq) was taken into a reaction
flask that contained 50 ml of ethanol and stirred until
completely dissolved. 30% of NaOH solution was added
to the flask and color change was observed. After 15
minutes, aromatic aldehyde (1.0 eq.) was added to the
reaction mixture. The reaction was monitored by thin
layer chromatography (TLC) and after the completion of
the reaction, the solvent of the mixture was removed and
the residue dissolved small amount of acetone (10 ml).
The residue was added to water to obtain a precipitate.
Yellow color solid was formed, filter and dried [20].
Yields were up to 90%. The general synthesis way was

given in Scheme 1.
o
o @
H,N

Amino chalcone derivetives

i i
NaOH
+ R — >
EtOH, rt, 12 h
H,N

Amino acetophenone Aldehydes

Scheme 1. General synthesis method of chalcones

Fmoc group protected-amino acid (1.00 mmol), CDMT
(2.1 mmol), and the amino chalcone derivative were
added to the one-necked reaction flask that contain
acetonitrile (80 ml). At room temperature, N-methyl
morpholine (1.5 mmol) is added dropwise to the reaction
mixture. The reaction is followed by thin layer
chromatography. The solvent of the terminated reaction
is removed under reduced pressure. Precipitation is
observed after the reaction mixture was added in water
and in the first stage mixture was completely dissolved.
After a while, the precipitation occurred. The target
product, which is separated from the mixture by
filtration, is left to dry. Yellow color solids were
obtained with up to %85 yields [21].

L

Scheme 2. General synthetic route for amino acid conjugates

.
F
)

(E)-1-(4-aminophenyl)-3-(2,4-dimethoxyphenyl)prop-
2-en-1-one

1H NMR (400 MHz, DMSO-d6) & 3.84 (s, 3H, -OCHj),
3.90 (s, 3H, -OCHBa), 6.09 (s, 2H), 6.65 — 6.60 (m, 4H),
7.72 — 7.67 (d, J = 17.0 Hz, 1H), 7.89 — 7.86 (m, 3H).
13C APT NMR: 56.1, 56.6, 99.8, 106.2, 115.6, 118.3,
121.6, 128.2, 130.5, 133.3, 141.2, 143.6, 155.2, 160.1,
188.7. Elemental Analysis: (theoretical) C, 72.07; H,
6.05; N, 4.94, (experimental) C, 72.14; H, 6.12; N, 4.98.

(E)-1-(4-aminophenyl)-3-(2,3,4-
trimethoxyphenyl)prop-2-en-1-one

Tr. J. Nature Sci. Volume 11, Issue 3, Page 155-159, 2022

H NMR (400 MHz, DMSO-ds ) & 3.79 (s, 3H, -OCHj),
3.86 (s, 3H, -OCHs), 3.87 (s, 3H, -OCH3), 6.13 (s, 2H),
6.64 — 6.62 (m, 2H), 6.92 — 6.90 (d, J = 8.8 Hz, 1H),
7.79 — 7.72 (m, 3H), 7.91 — 7.89 (m, 2H). °C APT
NMR: 56.5, 59.9, 60.1, 104.0, 115.2, 121.6, 122.9,
128.3, 133.1, 134.0, 141.4, 143.3, 149.7, 155.6, 156.0,
188.1. Elemental Analysis: (theoretical) C, 69.00; H,
6.11; N, 4.47; (experimental) C, 69.05; H, 6.16; N, 4.50

(9H-fluoren-9-yl)methyl(E)-(1-oxo0-3-phenyl-1-((4-(3-
(2,3,4-trimethoxyphenyl)acryloyl)phenyl)amino)
propan-2-yl)carbamate

H NMR (400 MHz, DMSO-ds) & 10.55 (s, 1H), 8.16 (d,
J = 8.4 Hz, 2H), 7.97 — 7.85 (m, 6H), 7.84 — 7.79 (m,
3H), 7.68 (t, J = 8.3 Hz, 2H), 7.45 — 7.37 (m, 4H), 7.31
(t, J=6.0 Hz, 4H), 7.23 (d, J = 7.5 Hz, 1H), 6.94 (d, J =
9.0 Hz, 1H), 4.48 (td, J = 9.2, 4.5 Hz, 1H), 421 (q, J =
6.0, 5.0 Hz, 2H), 3.88 (d, J = 3.3 Hz, 6H), 3.85 (s, 1H),
3.79 (s, 3H), 3.09 (dd, J = 13.9, 4.6 Hz, 1H), 2.93 (dd, J
= 13.7, 10.2 Hz, 1H). **C NMR (DMSO-ds) & 188.01,
171.77, 156.48, 156.16, 154.21, 153.54, 144.22, 143.58,
142.24, 141.15, 138.33, 138.24, 136.26, 133.19, 131.42,
130.24, 129.40, 128.60, 128.11, 127.77, 127.52, 126.91,
125.83, 125.76, 123.86, 121.87, 121.56, 121.34, 120.81,
119.16, 113.19, 108.94, 66.18, 62.01, 60.95, 57.55,
56.55, 47.03, 37.76. Elemental Analysis: (theoretical) C,
73.88; H, 5.61; N, 4.10; (experimental) C, 73.93; H,
5.66; N, 4.15.

(9H-fluoren-9-yl)methyl(E)-(1-((4-(3-(2,4-
dimethoxyphenyl)acryloyl)phenyl)amino)-1-oxo-3-
phenylpropan-2-yl)carbamate

H NMR (400 MHz, DMSO-ds) 8 10.55 (s, 1H), 8.14 (d,
J = 8.3 Hz, 2H), 8.01 (d, J = 15.6 Hz, 1H), 7.95 (dd, J =
8.3, 4.7 Hz, 2H), 7.89 (d, J = 7.6 Hz, 3H), 7.85 — 7.76
(m, 3H), 7.68 (t, J = 8.3 Hz, 2H), 7.43 — 7.37 (m, 3H),
7.30 (dd, J = 9.6, 4.5 Hz, 3H), 7.23 (d, J = 7.3 Hz, 1H),
6.65 (d, J = 8.9 Hz, 2H), 6.21 (d, J = 67.1 Hz, 1H), 4.48
(td, J = 9.6, 4.5 Hz, 1H), 4.20 (d, J = 5.4 Hz, 2H), 3.91
(d, J =75 Hz, 3H), 3.85 (d, J = 6.2 Hz, 3H), 3.09 (dd, J
=13.8, 4.6 Hz, 1H), 2.94 (dd, J = 13.6, 10.3 Hz, 1H). *3C
NMR (DMSO-de) 6 188.08, 171.75, 163.49, 160.39,
156.48, 154.06, 144.23, 144.21, 143.43, 141.15, 138.66,
138.24, 136.62, 133.43, 131.30, 130.50, 130.12, 129.74,
129.40, 128.59, 128.10, 127.52, 126.90, 125.75, 121.86,
120.57, 119.18, 116.51, 113.19, 106.81, 98.78, 66.19,
57.55, 56.31, 56.01, 47.04, 37.79. Elemental Analysis:
(theoretical) C, 75.44; H, 5.56; N, 4.29; (experimental)
C, 75.49; H, 5.61; N, 4.33.

o o/
Amide bond
Fluorene o
part o / D
Z
H 4,
o N U,
N ey, r, o
H e g |
(]
Carbamate

Scheme 3. General structural representation and functional parts of
amino acid-chalcone conjugate
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3. RESULTS AND DISCUSSION
3.1. Chemistry

In the 'H NMR spectrum of the trimethoxy amino
chalcone compound in figure 1a, it is seen that the peak
of the three methoxy CHs protons in the chalcone
structure resonates as a singlet at 3.79, 3.86, and 3.87
ppm, and the total number of aromatic and olefinic
protons is compatible with the structure. In addition,
when the NMR spectrum of the dimethoxy chalcone
derivative in Figure 1b is examined, the presence of two
methoxy CHgs protons as a singlet at 3.84 and 3.90 ppm
and the compatibility of the number of aromatic protons
with the structure can be shown as proof of the formation
of compounds. When the *H NMR spectrum of the
trimethoxy-containing conjugate is evaluated (Figure
2a), first of all, the presence of 9 chalcone methoxy
protons in the aliphatic region, diastereotopic CH>
protons of phenylalanine in the range of 2.90 to 3.11
ppm, and 2 protons of the Fmoc group at 4.18-4.23 ppm
indicate that the structure was formed. Therefore, *C
NMR of the same compound is examined, the specific
carbonyl of the chalcone compound appeared at 188.01
ppm, the amide carbonyl at 177.77 ppm, and the
carbonyl of the Fmoc group appeared at 156.48 ppm.
The phenylalanine CH; carbon at 37.76 ppm and the
CH; carbon belonging to the Fmoc group at 66.18 ppm
in the aliphatic region indicate that the target structure
was formed.
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Figure 1. 'H NMR spectra of dimethoxy amino chalcone (a) and
trimethoxy (b) compounds
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Figure 2. *H (a) and **C APT (b) NMR spectra of trimethoxy chalcone
conjugates

3.2. Dielectric Studies

Dielectric is a type of insulating material that can be
polarized by placing it in an electric field, but unlike a
conductor, the electric charge contained in the dielectric
does not flow but causes dielectric polarization to occur.
Although the term "insulator" also means low electrical
conductivity, the term dielectric is often used for
insulating materials with a high level of polarization, the
magnitude of which is represented by the dielectric
constant. The dielectric coefficient (dielectric constant)
can be defined as the ratio of the permittivity of the
medium to the permittivity of the free space. The higher
the permeability, the more the material tends to reduce
the area created. If the polarization created by applying
an electric field is high for a dielectric material, the
dielectric constant will also be high. This is also true for
high resistance to electric current flow [22, 23].

Table 1. Dielectric parameters of conjugates at 1KHz frequency

Dielectric Dielectric Conductivity
Entry constant (£°) loss (£°) aac (S cm™)
Fmoc-Phe-
trimethoxy- 11.93 0.596 6.64 x 108
chalcone
Fmoc-Phe-
dimethoxy- 5.98 0.392 3.34 x 108

chalcone
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Dielectric constant €'

Trimethoxy conjugate

Dimethoxy conjugate

Frequency (Hz)

Dielectric loss £"

Trimethoxy conjugate

Dimethoxy conjugate

Frequency (Hz)

a,. conductivity

Trimethoxy conjugate

Dimethoxy conjugate

000 15000
Frequency (Hz)

Figure 3. (a) dielectric constant, (b) dielectric loss, (c) ac conductivity
results of target compounds

Dielectric parameters of organic and inorganic
compounds in which different chalcone structures are
substituted were studied. In studies conducted by Koran
et al., dielectric constants of methoxy chalcone
compounds bonded to phosphazene compounds as hexa-
substituted were determined in the range of 1.5 to 2.8.
On the other hand, in another study [24], the dielectric
properties of methacrylate polymers with chalcone in the
side chain were examined and the dielectric constant was
found to be 3.33. Compared to the results obtained in
other studies [19, 25-31], trimethoxy and dimethoxy
conjugates showed considerable dielectric properties.
The presence of an extra methoxy group caused extra
polarization in the compound and the dielectric constant
was higher than the dimethoxy derivative.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 155-159, 2022

4. CONCLUSION

In this work, the synthesis of new amino acid conjugates
was successfully completed by following the triazine
methodology in high yields. It seems possible that the
target compounds have promising dielectric properties
and can be used in application areas such as capacitors
with various modifications. The obtained compounds
have the potential to be used in optical and physical
applications.
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Abstract: Visual inspection is a main stage of quality assurance process in many applications. In
this paper, we propose a new network architecture for detecting the fabric defects based on
convolutional neural network. Four different pre-trained and customized model network
architectures have compared in terms of performance. Results have been evaluated on a fabric
defect dataset which consist of 13820 images. Among the existing Inception V3, MobileNetV2,
Xception and ResNet50 methods, the Inception\VV3 model has achieved 78% classification success.
Our designed deep network model could achieve 97% success rate. The experimental works show
that the designed deep model is effective in detecting the fabric defects.

Yuvarlak Orgii Kumaslar i¢in Ozellestirilmis Derin Evrisimsel Sinir Ag1 Kullanarak Kumas
Hatasi Tespiti

Anahtar
Kelimeler
Kumas hatasi
tespiti, Derin
O6grenme, Sinir
aglari, Model
optimizasyonu
oldugunu gostermistir.

Oz: Gorsel denetim, birgok uygulamada kalite giivence siirecinin ana asamasidir. Bu ¢alismada
kumas hatalarinin tespiti i¢in derin evrisimsel aga dayali yeni bir ag mimarisi &nerdik. Onceden
egitilmis ve Ozellestirilmis 4 farkli ag mimarisi performans agisindan karsilastirilmigtir. 13820
goriintii igeren kumas hatasi veri tabani iizerinde sonuglar degerlendirilmistir. Mevcut Inception
V3, MobileNetV2, Xception ve ResNet50 metotlart arasinda, InceptionV3 modeli %78
smiflandirma basarisi elde etmistir. Bizim dizayn ettigimiz derin ag§ modeli %97 basar1 elde
etmistir. Deneysel ¢alismalar dizayn edilen derin modelin kumas hatalarimi tespit etmede etkili

1. INTRODUCTION

Fabric defects are a significant challenge in the textile
industry when it comes to assessing quality control. One
of the most essential approaches for evaluating fabric
quality is detecting the defect and then classification for
those defects. The classification of fabric defects is an
important step in the quality assurance process. The
machine could alter and enhance its processing
technique by supplying defect information. The primary
challenges to defect detection are: 1) commonalities
between various types of defects. It could be difficult to
discriminate between broken picks and slub defects. 2)
Classification of various fabrics and extraction of
features for the same defect across multiple fabrics takes

a long time. 3) Low-resolution, low-contrast defects. 4)
Defects of various scales.

Defect identification is now done in most production
utilizing human inspection and conventional feature
extraction for each fabric. Fabric surface defect detection
algorithms could not successfully identify and
distinguish different types of fabric defects due to the
complexity of textile defects. Visual inspection by
skilled employees using man-made classification criteria
is used to assess fabric problems. Due to the limited
separation capability of the handicraft features,
traditional detection algorithms are less accurate and
efficient in distinguishing diverse fabric defects.
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Furthermore, traditional algorithms are frequently unable
to generalize diverse inspection processes.

Model-based, statistical, and spectral are the three types
of classic fabric defect detection methods. Approaches
that use models: This approach is appropriate for fabric
pictures with surface variations related to defects like
yarn breakage and needle breakage. Model-based defect
detection techniques have the benefit of being able to
generate fabric textures that are similar to the observed
fabric textures [1]. Statistical methods: Defect detection
seeks to divide the inspection picture into statistically
distinct sections. Textural characteristics derived from
fractal dimensions, co-occurrence matrix, edge detection,
cross correlation, first-order statistics, eigen filters,
morphological operations, and a variety of local linear
transforms are all included in this class [2].

Spectral approaches: The location of the fabric defect
must be determined using spatial domain information. A
wide range of studies on fabric defect detection have
focused on spectral techniques. The intention of spectral
techniques is to remove the fundamentals of image
texture and by doing that they were able to generalize the
fundamentals of texture using spatial layout. Many
standard low-level statistical methods, such as detecting
an edge, fail to detect a variety of fabric defects, which
appear as minor intention transitions. As a result, it's
vital to look into additional reliable computer-vision
algorithms for recognizing fabric defects [3].

In computer vision applications, deep convolutional
neural networks (CNN) being used for a variety of use
cases, including image classification and object
recognition [4,5]. Recent researches have created CNN-
based algorithms for fabric defect detection in the textile
sector, which were inspired by the applications. Bing
Wei [6] suggested an approach for improving accuracy
in fabric defect samples using a small portion of
defective instances and CNN to classify features space
using compressive sampling. To detect defective photos,
Mei Zhang [7] proposed a deep convolution neural
network-based one-class classifier, to train the neural
network model, they created a loss function with a
correction term based on Euclidean distance. Zhao [8]
proposes that an integrated CNN model based on visual
long-short-term memory (VLSTM) might alleviate the
problem of fabric defects that are difficult to distinguish
against a textural background. The strategy they offer is
based on human visual perception and memory
mechanism. Generative adversarial network (GAN)-
based framework is suggested by Liu [9] for defect
detection which able to learn existing fabric defected test
results and automatically adapt itself to various fabric
textures during different situations of application. The
proposed method can detect different defect types by
optimizing a deep semantic segmentation network.
According to gray histogram back-projection, Guodong
[10] developed a fast defect-detection-framework (Fast-
DDF), To address the problem of adjusting network
model parameters and long training time, an end-to-end
multi convoluted network model is used for defect
classification, as well as batch normalization of samples
and a network fine tuning process. Jing [11] introduces a
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deep convolutional neural network-based (CNN)
detection approach for autonomous fabric defect
detection. There are three key steps to it. The fabric
image is first divided into local patches, which are
labeled. The labeled patches are subsequently given to a
deep CNN that has been pre-programmed for transfer
learning. Eventually, during the inspection step, the
whole image is moved using the trained model, and
defects are recognized, as well as the category and
position of each defect. Investigating deep Convolutional
Neural Network (CNN) design configurations and the
impact of different hyper parameter settings for
improved defect detection findings, Weimer [12]
investigates a new machine learning paradigm, called
deep learning. They propose that CNN can automatically
produce powerful features from enormous numbers of
training data using hierarchical learning algorithms with
minimum human involvement.

To use a pre-trained network that has been trained on a
big dataset is a frequent and successful technique to deep
learning on small datasets, usually a large-scale image
categorization. Large picture datasets were commonly
used to train CNN architectures such as InceptionV3
[13], VGG16 [14,15], AlexNet [16], and ResNet [17].
This research compares an FCN-based fabric defect
detection system with a custom-designed neural network
architecture. On a circular knitting machine fabric
picture dataset [15, 18, 19], they begin by analyzing and
comparing various pre-trained deep CNN architectures
for image classification with our own CNN developed
model. Then, utilizing flawed and defect-free fabric
photos, the suggested method performance is confirmed.

2. RELATED WORKS
2.1. Methodology

We might be able to find some advanced convolutional
neural network models and use them to classify fabric
defects. The state-of-the-art model topology, on the other
hand, is frequently excessively complicated. The
ResNet, for example, has excellent classification
accuracy but has too many layers, making it difficult to
train and evaluate. The GoogleNet model, on the other
hand, has many fewer parameters but still can reach
excellent classification accuracy. For both fabric defects,
an FCN is trained from end -to-end to classify an image
of a defect in to the "defected" and "defect-free" pixels.
On a circular knitting machine fabric picture dataset,
tests are first done to assess the performance of several
pre-trained CNNs for classification tasks. The FCN
network's backbone will be the pre-trained model that
has been chosen. Annotated database pictures with
defects are used to train deep models in this research.
The FCN is trained on a subset of the same dataset that
includes fabric images that have been labeled.

2.2. Defect Classification Using Pre-Trained Neural
Networks

(CNNs) are multi-layer neural networks that assess
visual inputs and perform tasks including image
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categorization, segmentation, and object recognition. A
convolutional layer, a pooling layer, and an activation
unit are all included in each layer. The convolution layer
applies convolution to the output of the preceding layers,
utilizing filters or kernels to extract important features
for image categorization. Two convolutional blocks are
used in some previous network architectures, such as
LeNet-5. CNN designs have recently become more
complex, including VGG16, Inception, and ResNet,
which have enhanced layer configurations.

The majority of past research has presented defect
detection approaches based on network training from the
scratch. Transfer learning, on the other hand, has also
been shown to boost the defect classifier's training
efficiency and accuracy.

The accuracy of four distinct pre-trained CNN models,
including InceptionV3, VGG16, AlexNet, and ResNet,
was tested in this research. ResNet has 152 layers of
residual nets, which is 8 times more than the VGG
model. Despite of having a simpler model than ResNet,
the VGG model outperformed ResNet in classification
contests such as ILSVRC 2015 and ILSVRC & COCO
2015 [14]. The models’ structures are depicted in Figure
1. The network depth and parameter configuration of the
models have been shown in Table 1.

Table 1. Number of parameters and depth of networks

Model Number of parameters Depth

InceptionV3 23.851.784 159
ResNet50 25.636.712 152
MobileNetV2 3.538.984 88

For transfer learning, first we need to normalize the
fabric images then separate images into train and test
folders after that images divided into 80% train and 20%
for the test purpose. After the data has been prepared, we
are loading a pre-trained model.

Deep neural networks are multi-layered structures with
numerous tunable hyperparameters. The initial layers'
role is to capture generic features, whereas the later
layers focus more on the explicit task at hand. We can
retrain some of the model's layers while leaving others
frozen in training. A binary cross-entropy loss is used to
construct the model. As an optimizer, the rmsprop
technique is utilized. Our Fabric defect classifiers are
trained on Nvidia 2080 TI GPU with the Keras
framework and TensorFlow backend which is an open-
source machine learning framework [20].
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2.3. Fabric Image Dataset

The dataset of fabric images which has the total 13820
images organized according to a list of 2 categories on
circular knitting machine. Image size is 250x256 pixels
[15, 19] where 10820 are defect-free and 3000 are
defected images for classification process. The sample
images are shown in Figure 2.

b)

Figure 2. a) defect-free b) defected fabric images
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3. RESULTS

3.1. Classification of Defected Images Using Pre-
Trained Networks

In this part, we'll compare the pre-trained and
customized models in terms of performance. We utilize
the same environment and database to provide a proper
comparison. We did the same thing with the pre-trained
weights, setting them as the model's initial value and
then training it. The pre-trained models: InceptionV3,
MobileNetV2, Xception, and ResNet50 are primarily
fine-tuned for model training. All of the models utilize
the same training datasets.

Table 2. Classification performances of different deep architectures

Model Epoch Accuracy (%) Image Size
Our Model 14 97% 250 x 256
InceptionV3 20 78% 250 x 256
MobileNetV2 20 49% 250 x 256
Xception 20 69% 250 x 256
ResNet50 20 22% 250 x 256

The customized model classifier is trained for 20 epochs
which has batch size of 64 and 0.9 is used for
momentum term, while training with datasets,
InceptionV3 classifier achieved over 78% accuracy
higher than other pre-trained networks, ResNet based
classifier produces the minimum accuracy between all
models and all results. Our designed model could be
considered one block VGG model which consist of one
convolution layer followed by max pooling then output
of previous layer flattened and connected to RelLU
activation function and finally one layer of Soft-max
which predict the classes for defected and defect-free
classification. The custom designed model provided in
Figure 3 and the accuracy of all classifiers shown in
Table 2.

conv2d_284_input: InputLayer

\ 4
conv2d_284: Conv2D

y

max_pooling2d_14: MaxPooling2D

\ J

flatten_5: Flatten

Y

dense_10: Dense

A

dense_11: Dense

Figure 3. The proposed convolutional neural network architecture
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3.2. Fully Convolutional Network Training

The pre-trained weights of ImageNet are used to
generate the weights of all layers of fully convolutional
networks. We used the circular knitting machine fabric
image dataset to train the model. Figure 4 displays the
result of validation accuracy and validation loss. By
looking at the results, we can see the simple in-depth
network could achieve good results. In some cases,
adding the one layer of dropout regularization could help
the overall accuracy but for our classification problem
we have 250x256 image size which by adding the
dropout layer our feature sets do reduced and caused
lower accuracy. Another important factor in FCN is the
over-fitting, we observed that training for higher epochs
could cause over-fitting in model training, in our case 14
epoch is the optimal number for our model to achieve
higher accuracy.

Training and Validation Accuracy
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Figure 4. The classification results of the base-model in terms of
accuracy and loss

Adding more layers will help the network to extract
more features and do better classification for specific
recognition tasks but we could do that up to a certain
extent. After we surpass the threshold, instead of
extracting more features we are getting in to the over-
fitting phase. Overfitting could lead to errors in some or
the other form like false positives. We tried to add more
layer to the model and by adding additional layer to our
base model after 10 epochs our model start to produce
the sign of over-fitting as shown in Figure 5.
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Figure 5. The classification results of the additional layer on top of
base-model in terms of accuracy and loss

3.3. Testing

The database is divided into two folders, one for defect
images and another for defect-free images. The class
numbers are the same as the name convention which is
2. In a dataset including 600 defective fabric images, 562
defected images and 38 defect-free images were
recognized, with a TNR of 96.3 %. Overall, the system
has a 97% detection accuracy, and each input image is
detected in an average of 15.4 milliseconds. Table 3
compares the performance of the InceptionV3 to that of
the original.

Table 3. TNR: True Negative Rages; TPR; True Positive Rates

Model TNR TPR Model size
Our Network 96.3 98.3 70 MB
InceptionV3 79.9 80.5 95 MB

4. DISCUSSION AND CONCLUSION

For fabric defect identification and accuracy evaluation,
a vision-based technique based on deep convolutional
networks is suggested in this paper. For fabric-defect
recognition, we compared the accuracy of a pre-trained
neural network and a customized neural network model.
Then we trained all network with same database and
examined the custom designed model with smaller in-
depth and lower in-params could achieve better results
than pre-trained neural networks with much deeper and
much higher parameters. We proposed a simpler model
that can be applied to detect fabric defects which
produced via circular knitting machine in factory. As a
result, applications of the proposed fully connected
neural network in circular knitting machine fabric
manufacturing should be researched further. Although
the suggested approach has successfully collected
defected images, quantifying defect for various textiles
remains a challenge. As a result, future research should
concentrate on how to enhance the suggested approach
in order to make defect detection more robust on various
fabric sorts and noisy defects.
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Abstract: Due to their high toxicity to healthy body cells, chemotherapy drugs used to treat
cancer pose a serious threat to the organism. Recent studies have encouraged the utilization of
bee products to prevent and treat the cancer. The specific food for the queen honeybee larva
(Apis mellifera), royal jelly (RJ) is a yellow, milky, cremy product of the bee which is stowed
from the mandibular and hypopharyngeal glands of the worker honeybee. According to the
reports, RJ may have cytotoxic effects in animal models. However, RJ's cytotoxic and
antioxidant properties on PC-3 prostate cancer and MCF-7 breast cancer cell lines have yet to
be thoroughly investigated at the cellular level. Therefore, the antioxidant and anti-
proliferative activities of RJ in PC-3 prostate cancer cells and MCF-7 breast cancer cells were
evaluated to investigate a chemopreventive strategy to increase cancer therapy efficacy.
WST-1 assay was used to measure cell proliferation, and levels of reactive oxygen species
(ROS) and lipid peroxidation (LPO) were analyzed to look at antioxidant activities.
According to the data of this research, RJ act as prooxidants in PC-3 and MCF-7 cancer cell
lines by lessening cellular viability and raising ROS and LPO formation.

Ar1 Siitiiniin

Prostat ve Meme Kanseri Hiicreleri Uzerindeki Biyolojik Aktivitelerinin
Degerlendirilmesi

Anahtar Kelimeler
Ar1 siitii,

WST-1 testi,
Prostat kanseri,
Meme kanseri,
Lipid
peroksidasyonu

Oz: Kanser tedavisinde kullanilan kemoterapi ilaglari, saglikli viicut hiicrelerine yiiksek
toksisiteleri nedeniyle organizma i¢in ciddi bir tehdit olusturmaktadir. Son zamanlarda yapilan
caligmalar, kanserin Onlenmesi ve tedavisi i¢in ar1 triinlerinin kullanimini tesvik etmistir.
Kralige bal aris1 larvast (Apis mellifera), ar siitii i¢in 6zel gida, is¢i bal arisinin ¢ene ve
hipofarenks bezlerinden salgilanan sarimsi, siitlii, kremsi bir ar1 iiriiniidiir. Literatiir verilerine
gore, RJ'nin hayvan modellerinde sitotoksik etkilerinin oldugu sdylenebilir. Bununla birlikte,
ar siitiniin PC-3 prostat kanseri ve MCF-7 meme kanseri hiicre dizileri iizerindeki sitotoksik ve
antioksidan Ozellikleri heniiz hiicresel diizeyde tam olarak arastirilmamistir. Bu nedenle, bu
caligmada ar1 siitiiniin PC-3 prostat kanseri hiicrelerinde ve MCF-7 meme Kanseri hiicrelerinde
antioksidan ve anti-proliferatif aktiviteleri araasririlmistir. Calismada, hiicre proliferasyonunu
analiz etmek i¢in WST-1 testi kullanild1 ve antioksidan aktivitelerini analiz etmek i¢in reaktif
oksijen tiirlerinin (ROS) ve lipid peroksidasyonunun (LPO) seviyeleri analiz edildi. Bu
arastirmanin verilerine goére ari siitii hiicre canliligini azaltarak ve ROS ve LPO olusumunu
artirarak PC-3 ve MCF-7 kanser hiicre hatlarinda prooksidan goérevi gérmektedir.

1. INTRODUCTION

macromolecules behind the unique physiological
functions of RJ during the growth of the queen
honeybee. In earlier investigations, RJ proteins were

Royal Jelly (RJ) contains primarily proteins (between 27 found to stimulate cell proliferation [1-3]. Sebacic acid
and 41 percent). More than 80% of these are soluble (SEA), 10-hydroxydecanoic acid (10-HDAA), and trans-
proteins. These proteins are thought to be the key
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10-hydroxy-2-decenoic acid (10-H2DA) are three
commonly occurring fatty acids in RJ.

The biophysiological properties of RJ comprise anti-
cancer, anti-microbial, immune-modulatory, anti-
oxidative and anti-hypertensive impacts. They also work
in conjunction with proteins to contribute to these
biological activities [4-8]. RJ also contains phenolic
acids, carotenoids, flavonoids, organic acids [9],
vitamins, and minerals [10-11]. The antioxidant action of
RJ is mostly attributed to the phenolic and flavonoids
found in it, including chrysin, acacetin, apigenin,
quercetin, hesperidin and kaempferol [10-12]. Due to
their strong anti-oxidative capacity and their ability to
alter a number of signaling pathways, containing the
inhibition of cell viability, stimulation of apoptotic
pathways, and cell cycle arrest, flavonoids also have
anticancer properties [13-16,11].

Recent studies have encouraged the utilization of the
important products of bee (ie. honey, propolis) for
preventing and treating the cancer [17-18]. RJ's
antioxidant and anticancer properties on PC-3 prostate
cancer and MCF-7 breast cancer cell lines, however,
have not yet been thoroughly investigated at the
molecular level. For that reason, the goal of this research
was to examine RJ's anti-oxidant and anti-cancer effects
on PC-3 prostate cancer and MCF-7 breast cancer cell
lines as well as the mechanisms behind these effects.

2. MATERIAL AND METHOD
2.1. Materials

PC-3 and MCF-7 cancer cell lines were kindly provided
by Tokat Gaziosmanpasa University. Local beekeepers
who are members of the Bingdl Beekeepers Association
provided Royal Jelly. Local beekeepers produced RJ in
the spring of 2019 in Bingdl and kept it at -20 °C.
Malondialdehyde bis and 2',7'-Dichlorofluorescein
diacetate (DCFH-DA) were purchased from Merck.

2.2. Cell Culture

In full endothelial growth media with 10% fetal bovine
serum and 1% penicillin-streptomycin (10000 units/ml,
10 mg/ml streptomycin), HUVEC, human PC-3 prostate
and MCF-7 breast cancer cells were cultured. A
humidified incubator with 5 percent CO, was used to
culture the cells, and it was monitored every two to three
days. Using the EZPCR mycoplasma test kit, cells were
examined for mycoplasma contamination (Biological
Industries).

2.3. Cell Proliferation Assay

The cytotoxicity of Turkish RJ was tested on PC-3 and
MCF-7 cells using a Water Soluble Tetrazolium-1
(WST-1) cell proliferation assay kit from Clontech
Laboratories in the United States. The supplier's
recommended protocol was followed during the
experiments. In a 96-well plate, 10.000 PC-3 and MCF-7
cells were first grown. The cells were then exposed to RJ
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at concentrations ranging from 0.02 to 0.64 mg/ml. 5 ul
of WST-1 was then injected into each well. Using a
SpectraMax Plus 384 Microplate Reader, each well's
absorbance was measured at 450 nm (the reference
wavelength is 630 nm) following a 4-hour incubation
[19] (Molecular Devices, USA).

2.4. ROS Assay

Using a 2'-7' dichlorodihydrofluorescein diacetate
(DCFH-DA) test kit bought from Abcam, MA, USA,
cellular ROS production was assessed [19]. The cells
were handled as it is explained in cell culture section.
1000000 HUVEC, PC-3 and MCF-7 cells were collected
after treatment and cell growth, and 1 h at 37 °C in the
presence of 2 M DCFH-DA was used to measure the
fluorescence.

2.5. Measurement of Malondialdehyde Levels

A small modification to the previously published
methodology was used to measure the malondialdehyde
(MDA) level in RJ-exposed HT-29 cells [20]. In cell
culture, the cells were grown as instructed.
Centrifugation of the cells was carried out for 5 min. at
30,000 rpm. The LPO assay mixture was then added to
the cell suspensions, which were then and there
incubated for 0.5 hours at 95 °C with 1 ml of 0.8 percent
w/v  thiobarbituric acid and 70 percent wi/v
trichloroacetic acid. The solution was then chilled on an
ice bath for about five minutes, and the cell suspensions
were then centrifugated at 15x10° rpm for ten minutes.
At 532 nm, the supernatant’s absorbance was measured.

2.6. Statistical Analysis

At least three times each of the experiments were
repeated. With the aid of GraphPad Prism 5, statistical
analysis and comparable data groups were evaluated
using the one-way ANOVA Newman-Keuls post-hoc
Test; p <0.05 was regarded as significant.

3. RESULTS
3.1. Cell Proliferation Assay

On the human prostate cancer cell line PC-3, the growth
inhibition of the PC-3 cells by various doses of RJ (0.02
mg/ml, 0.04 mg/ml, 0.16 mg/ml and 0.64 mg/ml) was
investigated. RJ substantially and concentration-
dependently decreased the viability of prostate cancer
cells (Figure 1a). The most effective concentration of RJ
on PC-3 cells were determined to be 0.02 mg/ml. We
also looked into how RJ affected the viability of MCF-7
breast cancer cell line at the same concentrations of RJ,
and the findings revealed that there was no significant
impact on the cell proliferation at the tested
concentrations except at concentration of 0.02 mg/ml of
RJ (Figure 1b).
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Figure 1. Effects of various Turkish RJ concentrations on the growth
of PC-3 (a) and MCF-7 (b) cells. By using the WST-1 assay, the cell
proliferation was evaluated. Experimental data are shown as mean
SEM (three replicate treatments). ***p < 0.001, *p < 0.05 indicates
statistically significant differences between Cont and other groups

3.2. ROS Assay

In PC-3 cells, the effects of RJ administration on ROS
production were assessed. The findings showed that RJ
dramatically enhanced ROS levels in PC-3 cells at a
concentration of 0.02 mg/ml (Figure 2). The effects of
RJ treatment on MCF-7 cell line were also examined
within scope of this study. The findings revealed that
0.02 mg/ml of RJ significantly increased ROS generation
in MCF-7 and HUVEC cells in comparison to the
control (Figure 2).
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Figure 2. The impacts of RJ exposure on ROS production on PC-3 and
MCF-7 cells. Experimental data are shown as mean SEM (three
replicate treatments). ***p < 0.001, **p < 0.01 indicates statistically
significant differences between Cont and other groups
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3.3. Lipid Peroxidation Assay

Malondialdehyde (MDA) levels in controls, HUVEC,
PC-3 and MCF-7 cells were measured using a lipid
peroxidation technique to evaluate oxidative stress. The
amount of thiobarbituric acid reactive substances
(TBARS) produced by malondialdehyde was measured
as part of the LPO assay (MDA). MDA concentration
was evaluated in 0.02 mg/ml RJ treated HUVEC, PC-3
and MCF-7 cells to see whether RJ induced MDA
formation in these cells. The results of our study
indicated that 0.02 mg/ml of RJ significantly increased
MDA generation in HUVEC, PC-3 and MCF-7 cells in
comparison to the control (Figure 3).

2004
EA Cont

EE=3 RJ (0.02 mg/ml)
1504

1004

MDA (% Control)

50

Figure 3. The impacts of RJ exposure on MDA production on PC-3
and MCF-7 cells. Experimental data are shown as mean SEM (three
replicate treatments). Data were expressed as mean £ SEM, n = 4. ***p
< 0.001, *p < 0.05, ns: nonsignificant indicates statistically significant
differences between Cont and other groups

4. DISCUSSION AND CONCLUSION

Traditional medicine has long employed bee products
extensively.  Intriguing  bioactivities, such  as
antimicrobial [21-22], anti-inflammatory [23], and anti-
cancer [24] properties, have been demonstrated for the
components, water or ethanolic extrats, and izolated
biologicaly active ingredients from these products.
Along with treating some tumors, bee products have also
been widely used to treat a number of immune-related
disorders [25]. Numerous malignant cell lines, including
those from the prostate, breast, lung, and liver
malignancies, have shown evidence of in vitro cellular
apoptosis being induced by bee products. Thus, these
biologically active natural compounds may prove useful
as a component of cutting-edge, underfunded therapy for
certain malignancies [16].

According to reports, RJ may have anticancer effects in
mice [26,27]. Studies showed that RJ had anticancer
properties because it caused tumor cells to develop
apoptotic and antiproliferative  pathways [12].
Biochemical methods are taken into consideration as a
treatment option for cancer, whether it is colon, breast,
prostate or another type. Nevertheless, anti-oxidant-rich
products of bee species were utilized as bio-therapeutics
to lessen cancer patients' risk of recurrence and side
effects [28]. To our knowledge, there was no information
related to the cytotoxic activity of RJ on PC-3 and MCF-
7 cells, according to a thorough literature search. The
purpose of this study was to examine the impact of
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various RJ concentrations on PC-3 and MCF-7 cell
viability, ROS production, and MDA levels.

The investigation into the anti-proliferative and cytotoxic
activities of RJ against colon cancer cells revealed that, it
might inhibit the physiologic development of the
cancerous cells in a concentration-dependent manner
with a discernment to cancerous and sarcoma cells.
Leukaemia cells were not affected, but sarcoma cells
were shown to respond therapeutically to Turkish RJ
[29]. According to the extent of the exposure and the RJ
concentrations, RJ has been shown to have an immune-
stimulating impact via prevention the myelosuppression
brought on by tumor evolution [30].

We show that RJ caused an increase in ROS and LPO
levels, which is necessary to understand if the cellular
processes of RJ treatment on cell survival can be
connected to certain induction patterns of ROS and LPO.
SOD, CAT, and glutathione are components of the anti-
oxidant defence system in the human body, which
maintains the balance between the neutralisation and
creation of ROS [31]. Nevertheless, oxidative injury,
which starts the evolution of cancer, is caused by an
inequity between the generation of ROS and the anti-
oxidant defence mechanisms [32]. According to [33],
ROS have also been linked to the apoptotic pathway,
which is essential for eliminating damaged cells during
the course of cancer treatment.

Another study's findings showed that Bing6l RJ at a dose
of 0.3 mg/ml dramatically increased the amount of ROS
in SH-SY5Y cells, whereas RJ at a concentration of 0.5
mg/ml had essentially no influence on ROS levels.
While 0.5 mg/ml RJ had no discernible effect on MDA
levels in SH-SY5Y cells, the addition of 0.3 mg/ml RJ
significantly enhanced the levels of malondialdehyde in
those cells. The findings demonstrated that RJ treatment
at 0.3 mg/ml dramatically decreased SOD and CAT
activity while having little to no effect at 0.5 mg/ml,
suggesting that RJ could protect cell membranes from
radical-mediated cell damage [34, 35].

The biophysiological properties of RJ comprise anti-
cancer, anti-microbial, immune-modulatory, anti-
oxidative effects. The purpose of this study was to
examine the impact of various RJ concentrations on PC-
3 and MCF-7 cell viability, ROS production, and MDA
levels. In this study, RJ treatment of these cancer cells
reduced cell growth as demonstrated by WST-1 assay.
ROS and LPO levels revealed to increase after the RJ
treatment at a concentration of 0.02 mg/ml in both
cancer cell lines suggesting RJ acts as a prooxidant in
our study.
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Abstract: In this study, polyvinyl chloride (PVC) and polystyrene (PS) polymers, which do
not form a compatible blend with each other in certain concentration ranges and are widely
used on an industrial scale, were used. The concentration range in which these two polymers
do not form a compatible blend were determined viscometrically, and maleic anhydride-
styrene (MAS) copolymer was added as a compatibilizing agent in this concentration range.
The concentration range in which the polymer pair did not form a compatible blend was
determined as 1.5 and 2.0 g dL%. In this concentration range, 5.0 and 10.0 % MAS copolymer
was added to the polymer couple and its compatibilizing effect was investigated. It was
determined by viscometric method that the MAS copolymer was a good compatibilizer in the
range where the polymer pair did not form a compatible blend.

Polivinilkloriir/Polistiren Karisimlarina Uyumlastiric1 Etkisinin Viskozimetrik Incelenmesi

Anahtar Kelimeler
Maleik anhidrit,
Polistiren,
Polivinilkloriir,
Uyumlagtirma

Oz: Bu calismada belirli derisim araliklarinda birbirleriyle uyumlu karisim olusturmayan ve
endiistriyel Olgekte yaygin kullanima sahip polivinilklorir (PVC) ve polistiren (PS)
polimerleri kullanildi. Bu iki polimerin uyumlu karigim olusturmadigi derisim araligi
viskozimetrik yolla belirlenerek bu derisim araliginda maleik anhidrit-stiren (MAS) ko-
polimeri uyumlastirici ajan olarak eklendi. Polimer ¢iftinin uyumlu karisim olusturmadigi
derisim aralig1 1.5 ve 2.0 g dL? olarak saptandi. Bu derisim araliginda polimer giftine % 5.0
ve 10.0 oranlarinda MAS ko-polimeri eklenerek uyumlastirict etkisi arastirildi. Eklenen ko-

polimerin PVC/PS polimer ¢ifti i¢in iyi bir uyumlastirict oldugu belirlendi.

1. INTRODUCTION

A polymer blend is analogous to metal alloys, in which at
least two polymers are combined to create a new material
with different physical properties. Mostly, the polymer
blends are immiscible in nature while some are miscible.
In the immiscible polymer blends, the polymers exist in
different phases, whereas single phases are observed in
miscible or homogeneous polymer blends due to having
the same chemical structure [1]. Polymer blends can be
classified according to the physical properties of their
constituents as plastic, thermoplastic, elastomer, and so
on. However, since the ultimate properties of a polymer
blend will depend on the final morphology, miscibility
and phase behavior of polymer blends needs to be taken
into account. In the other words, polymer blending can be
practicable only when the selected polymers are miscible

or can be made miscible by a selected compatibilizer
[2,3]. Blends are usually made in two ways. The first way
is to dissolve the two polymers in the same solvent and
then evaporate the solvent. When the solvent has
completely evaporated; If the two polymers are miscible,
a homogeneous blend is observed, if not phase separations
are observed. The second way is to heat the two polymers
together above the glass transition temperatures of both
polymers. This is often done in extruders [4].

Compatibilizers are utilized in polymer chemistry to
improve the mechanical properties of multicomponent
polymer blends. The process of compatibilization is
meant to reduce polymer particle interfacial tension,
facilitate chain dispersion, stabilize morphology against
severe melt processing conditions, and enhance adhesion
between two phases [5]. There are compatibilizers with
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different blending mechanisms. Examples of reactive
compatibilizers: acrylic functions grafted on polyolefin,
polyethylene and PP, allow compatibilization with PAs,
EVOH, polybutylene terephthalate (PBT), PET. Acrylic
functions are often maleic anhydride, glycidyl
methacrylate. Such compatibilizers are marketed, for
example, as Amplify GR-MA (Dow), Elvaloy PTW and
Fusabond (DuPont). Examples of nonreactive
compatibilizers: Ethylene—ethylacrylate (EEA)
copolymers for PP/PA recycling, ethylene—butylacrylate
(EBA), and ethylene methacrylate (EMA) copolymer for
compatibilization of PP, PE, PBT, PA, ABS, PC. PMMA
or polystyrene grafted on PP (Interloy) can compatibilize
polypropylene with PMMA, SAN, ASA, ABS, PVC, PC,
PPE. Acrylic-imide copolymers (Paraloid) can
compatibilize PPE/PA, PC/PE. Styrenic block
copolymers can compatibilize PP/HDPE, PPE/PA, olefins
and styrenics SB, PS, ABS [6].

The preparation of polymer blends and the use of these
blends in different application areas are closely related to
the miscibility of polymers. In this way, blends were
formed by using miscible polymers and used for different
purposes [7-11]. In order to form compatible polymer
blends with each other, there must first be secondary
interactions between them, such as dipole-dipole
interactions or hydrogen bonds. However, most polymers
are not miscible because they cannot interact with each
other in this way. For polymers that do not mix with each
other to become miscible, the interactions mentioned here
must occur [12].

Interactions and interfacial adhesion between polymers
with dissimilar chemical structures cannot be effective
enough to form blends. Therefore, such polymers must be
compatibilized in order to form miscible blends [13,14].
Compatibilization is the addition of a small amount of an
interfacing agent to immiscible polymer blends. These
agents are called compatibilizers. A compatibilizer is a
polymer that, when added to an immiscible polymer pair,
increases the degree of compatibility between the polymer
pair. Such compatibilizing polymer may be a
homopolymer as well as usually a co- or terpolymer. The
compatibilizer reduces the interface tension by
strengthening the adhesion between the polymers in the
blend [15]. For PS and PVC; although both are vinylic
polymers, interfacial adhesions of benzene and chlorine
side groups are high. Therefore, they do not form
compatible blends and a compatibilizer is required.

Polystyrene and PVC polymers do not form compatible
blends [16]. The thermal properties of polystyrene are
relatively good. It is also a well-known commercial
polymer that is radiation resistant. Polystyrene is
produced and used in a wide variety of forms. The
benzene ring in its chain provides flame resistance and
solvent resistance. The polystyrene used in the industry is
a highly tactical polystyrene and has an amorphous
structure. Its UV radiation resistance and insolubility in
many solvents cause environmental problems [17]. PVC
polymer is one of the most important industrial polymers
that is widely used commercially and preferred in many
materials. Polyvinylchloride polymer also has a large
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commercial use like polystyrene. It is a thermoformable,
mostly amorphous polymer with a linear chain [3].

An additional method of polymer modification is through
blending; a procedure that involves the mixing of the main
polymer in interest with other components to provide a
composite mixture or a blend is used, with improved
properties [18]. Blending of polymers is becoming
increasingly important in different applications to
enhance properties, improve processing, or decrease the
cost of production [19]. Blending may also involve the
addition of a different class of materials to polymers, such
as compatibilizers [20-22]. Polymer blending is also
achieved through the mixing of two or more different
polymers in the liquid phase [23]. Mixing polymers of
different classes may result in miscible blends [24].
Polymer blend miscibility is assessed by viscometry,
which also provides information about the interactions of
the polymers with each other through blending [25,26].

Although there are different techniques to determine
whether polymers are miscible or not, the viscometric
method, which can provide important information about
polymer-polymer miscibility, still remains a simple and
inexpensive method. In this respect, it will continue to be
a preferred method in laboratories in examining the
behavior of polymer blends. It seems that the Krighaum-
Wall equation will continue to be the most widely used
equation for those who are looking for an inexpensive and
easy method to evaluate the results obtained by the
viscometric method of polymer blends.

Non-miscible polymer pairs were compatibilized using
various type of compatibilizers and were studied. There
are studies showing that the mechanical and thermal
properties of polymer blends compatibilized using
compatibilizers are improved [27-29]. In most studies,
co- or terpolymers based on maleic anhydride have been
used as compatibilizing agents [30-34, 17]. A maleic
anhydride based compatibilizer is able to reduce the
interfacial tension. As the result of this phenomenon, the
interfacial between both phases is strong and the direct
effect correspond to the improvement of compatibility
[35]. In this research article authors used maleic
anhydride-styrene (MAS) for compatibilization of
PVC/PS blends. MAS is a reactive synthetic random
copolymer made up of styrene and maleic anhydride.
Copolymers with maleic anhydride make the blend
system miscible by establishing secondary chemical
interactions between immiscible polymer pairs. Because
of its high reactivity and efficiency, it is widely used as a
compatibilizer with most of the blend systems [36].

Many studies have been carried out for blending of PS and
PVC [16, 37,38]. In these studies, different copolymers
containing maleic anhydride were used and remarkable
results were obtained.

In this study, solutions containing 1:1 by weight of
polyvinyl chloride (PVC) and polystyrene (PS) with
concentrations of 0.5, 1.0, 1.5 and 2.0 g.dL? were
prepared. In the solution medium, it was determined by
viscometric method at which concentrations a compatible
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blend was formed or not. The concentration range in
which this polymer pair did not form a compatible blend
was found to be 1.5 and 2.0 g.dL® Then, the
compatibilizing effect was investigated by adding 5 and
10% by mass of MAS copolymer to the solution
containing an equal weight of polymer pairs in this
concentration range. As a result, it was found that MAS
copolymer can be used as a compatibilizer for PVC and
PS blends at 1.5 and 2.0 g.dL"* concentrations.

2. MATERIAL AND METHOD
2.1. Chemicals

Polyvinyl cloride (PVC): The PVC used in this study is a
polymer produced by Petkim(Turkey) under the name
Petvinyl and with code number P38/74.

Polystyrene (PS): PS used in this study is a polymer
produced by Petkim(Turkey) under the name Petren and
with code number K-560.

Tetrahydrofuran (THF): The THF used in this study is of
analytical grade and is Lab-Scan branded and produced
by Labscan Ltd.

Maleic anhydride-Styrene (MAS) copolymer: This
copolymer was synthesized in our laboratory.

Styrene: Analytical grade, a Sigma-Aldrich product.
Benzene: Analytical grade, a Sigma-Aldrich product.

Azobisisobutyronitrile (AIBN): % 99 purity, a Merck
product.

1-Propanol: Analytical grade, a Merck product.
2.2. Experimental

In this study the miscibility and immiscible concentration
range of the polymers were determined. Since PS, PVC
and MAS polymers are all soluble in THF, polymer
solutions were prepared using THF.

2.2.1. Synthesis of MAS copolymer

With a molar ratio of 1:1; 10 mL of styrene and 9.8 grams
of maleic anhydride were taken into a reaction flask.
Monomers were dissolved by adding 50 mL of benzene.
0.02 g of AIBN initiator was added to this solution and
reacted for 90 minutes at 65 °C. The copolymer was
precipitated by adding propyl alcohol to the resulting
viscous solution. The copolymer dried at room
temperature.

2.2.2. Viscometric measurements

In this study the flow times of pure polymer and polymer
solutions were measured to calculate the miscibility
parameter. Relative (nr), and specific (nsp) viscosities of
each solution were calculated. These measurements were
made with the Cannon-Fenske type viscometer.
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All polymer solutions were prepared in 25 mL volumes,
in concentrations and ratios where they were
immiscible.The prepared solutions were poured into the
viscometer and the flow times were recorded.

The interaction parameters of a polymer blend is defined
by Krigbaum and Wall by Equation (Eqg.1 and 2) [39].

b'%ieng = baaW?a + bggW2g + 2bi%agWaWg (1)
biag = VDAA x bBB (2

where : baa, bes, bag are the interaction parameters of first
polymer, second polymer and polymer blend respectively.
W represents the weight fraction of the polymers.

The interaction parameters (b) of polymers can be
determined using dilute solutions, and this parameter can
be used as a criterion for miscibility. This method is based
on comparing ideal (b'¥) and experimental interaction
(be*P) parameters. It is possible to calculate these two
values from the reduced viscosity value ([n]) -
concentration (C) graph [40].

TP = [n] +bC @)

Abbiend = b®Ppiend - b'%prend (4)
When Ab is positive;
Polymers are said to be miscible. However, if it is
negative, it is assumed that the polymers are not
compatible.
From the viscometric flow times of the polymers and
blends all the parameters mentioned above are calculated
and given in the Tables 1, 2, 3 and 4.

3. RESULTS AND DISCUSSION

Table 1. Calculated ngyc values of polymers

Nsprc Values
ClgdL? PVC | PS
0.5 1.314 1.016
1.0 1.449 0.986
15 2.090 1.441
2.0 2.594 1.527

Table 2. Calculated ideal interaction parameters (b'®) of PVC, PS and
PVC/PS

Cl/gdL? P11 pvey D22 ps) b (PVC/IPS)
0.5 1.360 0.250 0.583
1.0 0.817 0.094 0.277
15 0.970 0.330 0.595
2.0 0.980 0.319 0.557

Table 3. Calculated experimental interaction parameters (b®®) of
PVC/PS blends

Clgdlt | b
05 0.861
1.0 0528
15 0.347
20 0.281
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Table 4. Calculated miscibility criterion (Ab) of PVC/PS blends

C/gdL? ‘ A,
05 0.278
1.0 0.251
15 -0.248
2.0 -0.276

Table 5. Flow times of solutions added MAS copolymer
Flow times / s

C/gdL? %OMAS | %5MAS [ %10 MAS
15 1200 1330 1391
2.0 1621 1760 1864

When Table 4, which was created with the data in Tables
1, 2 and 3, is examined, it can be seen that PVC and PS
mix with each other at relatively low concentrations.
However, as the concentration increases, they begin to not
mix (due to negative Ab). In order to better monitor this
relationship, the calculated miscibility parameter (Ab)
values for PVC/PVS blends are plotted against
concentration and given in Figure 1. It is understood from
Figure 1 that the PS/PVC blend does not miscible at 1.5
and 2.0 g.dL* concentrations. By taking note of these two
experimentally determined concentrations, 5 and 10
percent maleic anhydride-styrene (MAS) copolymer was
added to the solutions containing 1:1 PS/PVC couple by
weight at these two immiscible concentrations. The flow
times of these blends with compatibilizer added,
measured by viscometer, are shown in Table 5.

Table 6. Different viscosity values of solutions added MAS copolymer

Tr. J. Nature Sci. Volume 11, Issue 3, Page 171-177, 2022

By using the flow times in Table 5, the relative, specific
and mnsp/c values of the solution which do not have
compatibilizer and the solutions containing 5 and 10
percent MAS compatibilizer were calculated and given in
Table 6. In order to determine whether the added MAS
copolymer is a good compatibilizer, it is necessary to look
at the interaction parameter (b®® and b®*®) calculated via
the data in Table 6 with equations 1, 2 and 3. Relevant
calculations have been made and given in Table 7. When
Table 7 is examined, it is seen that the b®P values of the
polymer blends increase as the MAS copolymer is added.
However, b values alone are not sufficient as proof that
polymers become miscible. For this reason, the
miscibility criterion (Ab) should be checked at the
relevant concentrations. For this, (Ab) values of the blends
were calculated from equation 4 and given in Table 8. It
can be read from Table 8 that Ab values of PVC/PS
polymer couple increase as MAS copolymer
compatibilizer is added. It can also be read from Table 8
that the miscibility increases with the addition of the
compatibilizer at a relatively high value. In particular at
the rate of 10 percent, the added compatibilizer made the
immiscible PVC/PS couple miscible. Figure 2 shows the
SEM images of PVC/PS and PVC/PS/MAS containing %
10 MAS blends. The SEM micrographs show clearly that
the PVC/PS blend has a separate two-phase morphology.

Viscosity values
ClgdL? % 0 MAS % 5 MAS % 10 MAS
b | Nsp Nsp /c MNb | Nsp | Nsp /c MNb | Nsp | Nsp /e
1.5 3.243 2.243 1.495 3.594 2.594 1.730 3.639 2.639 1.760
2.0 4.381 3.381 1.691 4.757 3.757 1.878 5.038 4.038 2.019

Table 7. b values of MAS added polymer couple solutions

b®® values b9values
Clg % 0 MAS % 5 % 10 (from Table.2)
dL? MAS MAS
15 0.347 0.620 0.660 0.595
2.0 0.281 0.469 0.610 0.557

Table 8. Ab values of immiscible blends containing MAS

Ab values
ClgdL? % 0 MAS (from % 5 MAS % 10 MAS
Table 4)
15 -0.248 0.025 0.065
20 -0.276 -0.088 0.053

In particular, the PVC-PS blend reveals the polarity
differences, and high interfacial tension induces the
heterogeneity in the matrix. The appearance of voids and
sporadic chain sizes and shapes is due to the inconsistency
between the two incompatible polymers. In contrast, the
(PVC/PSIMAS) blend has a single-phase morphology.
Addition of MAS copolymer results in thermodynamic
compatibility through addition of compatibilizer. The
smooth surface with fewer fissures and better
morphological characteristics is evidence of moved
forward attachment between the two incompatible

polymers. This situation observed in Figure 2 showed that
the MAS copolymer is a good compatibilizer for these two
commercial polymers.

(Ab)

0.4 015 018 1?0 1‘,2 1?4 1‘,6 14‘8 2‘,0 22
C(g/dL)
Figure 1. Change of miscibility parameter (Abmix) for PVC/PS blend
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right) PVC/PSIMAS

H H H H H

Figure 3. Possible secondary interactions between the polymers and
compatibilizer

The factor that makes the two polymers miscible is largely
the secondary interactions between the compatibilizer and
the components of the blend. Maleic anhydride is an
electron donor monomer. The anhydride groups in the
compatibilizer make dipole-dipole interactions with the
electron donor benzene rings in the polystyrene chain.
They also interact with the hydrogen atoms in the PVC
backbone due to the electron withdrawal of the -CI group
in the PVC chain. The benzene rings in the copolymer will
also interact with the polystyrene chain due to the
similarity in chemical structure and will strengthen the
bridge established by the copolymer between the two
polymers. Such possible secondary interactions are given
in Figure 3.

As a result, it can be said that the MAS copolymer is a
good compatibilizing agent like other similar copolymers
[41-43] in preparing compatible blends of various
commercial polymers.

This research have shown that improved compatibility
and morphological properties of PS/PVC blends
compatibilized by MAS copolymer. MAS copolymer has
formed a superior adhesion between the PVC and the PS
phases. Due to this effective compatibilization, this
copolymer, which we synthesized in our laboratory, can
be selected as a compatibilizer in applications where these
two important commercial polymers are used.
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e [

4. CONCLUSION

As mentioned earlier in this article, compatibilized
blending of polymers is one of the only implies of getting
an assortment of physical and chemical properties from
the constituent polymers. The pick-up in superior
properties of polymers depends on their degree of
compatibility or miscibility at an atomic degree.
Moreover, blending of polymers is a productive approach
to the accomplishment of modern combinations of wanted
properties without having to synthesize new polymeric
materials. This study, in which two very important
commercial polymers such as PS and PVC are made into
a compatible blend, will contribute to the literature in line
with these purposes.

Further studies involving thermal, mechanical and
durability testing of MAS-compatibilized PS/PVC blends
can be performed to identify potential applications in
which these blends could be used.
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Abstract: The vinegar, which is well-known for its health benefits, changes its application potential
and chemical qualities depending on the raw material from which it is made. In this study,
physicochemical properties, total phenolic, total flavonoid, and total anthocyanin content, organic
acid, sugar, and phenolic acid composition by high performance liquid chromatography (HPLC),
elemental analysis by inductively coupled plasma-optical emission spectrometer (ICP-OES), and
antioxidant properties of Zivzik pomegranate vinegar (ZPV) produced using traditional methods
from Zivzik pomegranate varieties were compared to commercial pomegranate vinegar (CPV).
Total monomeric anthocyanin, total phenolic content and total flavonoid content of ZPV was
determined to be 32.39+2.6425 (mg cyanidin-3-glucoside L—1), 1823.529+124784 (mg GAE L-1)
and 2.757140.2603 (mg rutin mL—1), respectively. Total monomeric anthocyanin, total phenolic
content, and total flavonoid content of CPV was determined to be 1.136+0.6054 (mg cyanidin-3-
glucoside L—1), 5764.706+£848.365 (mg GAE L-1) and 1.3932+0.0349 (mg rutin mL-1),
respectively. K is the most abundant element in both vinegar samples. Acetic acid is the most
common organic acid found in both forms of vinegar. While chlorogenic acid was determined to be
the most prevalent phenolic compound in commercial pomegranate vinegar, gallic acid was shown
to be the most prevalent in Zivzik pomegranate vinegar. As a result, while it was determined that
the origin and type of the raw material had a direct impact on the product quality, it was also shown
that vinegar made using traditional methods was healthier than commercial vinegar.

Geleneksel

Zivzik Nar Sirkesinin Ticari Nar Sirkesi ile Karsilastirilmasi: Antioksidan
Aktivite ve Kimyasal Bilesim

Anahtar
Kelimeler
Klorojenik asit,
Gallik asit,
HPLC,
ICP-OES,
Potasyum,
Zivzik Nar
sirkesi

Oz: Saglik icin oldukga faydali oldugu bilinen sirkenin, elde edildigi hammaddeye gore kullanim
potansiyeli ve kimyasal 6zellikleri degistirmektedir. Bu ¢alismada, nar ¢esitlerinden biri olan Zivzik
narindan, geleneksel yontemlerle diiretilen Zivzik nar sirkesinin, fizikokimyasal o6zellikleri,
antioksidan ozellikleri, toplam fenolik, toplam flavonoid ve toplam antosiyanin igerigi, HPLC
yardimiyla organik asit, seker ve fenolik asit bilesimi ICP-OES ile element analizi yapilarak ticari
nar sirkesi ile karsilagtirilmistir. Calisma sonucunda Zivzik nar sirkesinin ticari sirkeye gore daha
fazla antioksidan oldugu bulunmustur. Her iki sirke 6rneginde de K baskin element olarak
belirlenmistir. Benzer sekilde, asetik asit, her iki sirke tiiriinde de tespit edilen baskin organik asittir.
Ticari nar sirkesinde klorojenik asit baskin fenolik bilesik iken, Zivzik nar sirkesinde gallik asidin
baskin oldugu belirlendi. Sonug olarak hammaddenin mensei ve ¢esidinin elde edilen {iriin kalitesine
dogrudan etkisi oldugu belirlenirken, geleneksel yontemlerle elde edilen sirkenin saglik agisindan
ticari sirkeye gore daha faydali oldugu sonucuna varildi.
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1. INTRODUCTION

With a history dating back to 3000 B.C vinegar [1] is
defined as a liquid produced by ethyl alcohol and acetic
acid fermentation of different raw materials [2]. As in the
past, vinegar is a favorite material for health and cosmetic
purposes as food stuff or disinfectant [3]. In addition, it
has been known that vinegar, has antitumor [4],
antibacterial [5], antidiabetic [6], antiviral properties [7]
and has dermatological benefits [5].

Different fruits, vegetables and grains are used as raw
materials in vinegar making. Dimrit grape [8], black
carrot [9], black mulberry [10], persimmon [11], rice [12],
Trebbiano or Lambrusco grapes (balsamic vinegar) [13],
and pomegranate [14] are various raw materials for
vinegar making.

The quality of the vinegar depends directly on the raw
material. The composition of raw materials is influenced
by factors such as cultivation techniques, climate, soil,
variety, etc [15]. Besides, it has been stated that vinegar
could have different effects on health depending upon the
raw material used. For example, it was mentioned that rice
vinegar regulates blood pressure, grape vinegar facilitates
and smooths digestion and grain vinegar has appetizing
property [16].

There have been studies in literature dealing with the
effects of factors such as fruit variety, growing conditions
and harvest time on product quality. In addition to the
studies investigating the effects of grape varieties on wine
quality [17], there have been studies reporting that the
composition of the phenolic substances in the wine
produced is influenced by the variety [18]. Pomegranate
has a history as old as that of vinegar [19] and has gained
more recognition and importance with advances in
growing techniques and food technology, especially with
the advances in transportation and storage. Thus,
production, consumption and trade of the pomegranate
have been steadily increasing. Pomegranate is usually
consumed for table, but it also has considerable
consumption as sour sauce, molasses, concentrate and
vinegar. Nevertheless, there have been limited number of
studies on pomegranate vinegar.

The pomegranate vinegar obtained from Gapsi
pomegranate, a pomegranate variety grown in Tunisia,
was compared with juice, wine and commercial vinegar
[14]. Another study examined phenolic substance content,
antioxidant properties and color parameters of the vinegar
produced from Northern Greek pomegranate genotype
[20]. Antioxidant, color and phenolic substance profiles
were investigated in vinegar samples obtained from Hicaz
and Beynar pomegranate varieties21. All of these studies
aimed to reveal the effect of the fruit varieties used on the
product content. Raw material is the most important
quality factor in vinegar production, but the cultivated
variety of a certain type of plant material also has a
considerable effect on the quality. Vinegar made from
different varieties of the same fruit could have different
quality characteristics. Even if their aromas are similar or
the same, vinegars produced from different varieties may
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have different compositions. As a result, the type of fruit
used as raw materials would affect the final vinegar
product depending upon its composition. In the present
study, vinegar production was made from Zivzik
pomegranate variety for the first time. Antioxidant and
chemical compositions of the vinegar produced were
compared to a commercial vinegar. Thus, the potential
health benefits of both vinegars were compared.

2. MATERIAL AND METHOD
2.1. Material

The Zivzik Pomegranate that we used as a material in the
study was purchased from pomegranate producers in Siirt
in November. In addition, Saccharomyces cerevisiae for
alcohol fermentation and vinegar mother for acid
fermentation were obtained from the market. Acetonitrile,
Diphenyl-2-picryl hydrazine, AICI3, routine, gallic acid,
Folin, Ciocalteu reagent, and K-Phosphate were provided
from either Sigma — Aldrich or E. Merck. All the other
chemical substances used were of analytical grade and
obtained from either Sigma—Aldrich or E. Merck.

2.2. Vinegar Production

Zivzik pomegranate vinegar was traditionally produced
according to the Kirct (2017) method [22]. Alcoholic
fermentation was carried out by adding 0.25 gL-1
Saccharomyces cerevisiae to the fruit juice obtained by
pressing the method from Zivzik pomegranate. Alcohol
fermentation was terminated when the alcohol content
was 7%. Later, 5% vinegar mother was added to the
pomegranate solution for acid fermentation. The
pomegranate solution was brought into contact with air to
decrease the alcohol content and accelerate the
fermentation. Fermentation was terminated when the
alcohol content of the pomegranate solution was below
0.5%.

2.3. Physicochemical Analysis in Vinegar Samples

The total acidity according to the titrimetric method was
made [23, 24]. Dry matter dissolved in water was read as
%brix value. For this, a refractometer (HANNA-HI
96801-Refractometer) was used [24, 25]. Total dry matter
analysis was done by drying in the incubator (POL-EKO-
APARATURE-SLN-53-std) [8, 24]. The color analysis
was measured with a colorimeter (Pencolorart USB
models, 1L, Istanbul-Turkey) [24, 26].

2.4. Analysis of total monomeric anthocyanin, total
phenolic substance, and total flavonoid in vinegar
samples

Total monomeric anthocyanin analysis was made by
modifying the pH differential method used by Fuleki &
Francis (1968) [27]. Total flavonoid analysis was
performed by modifying the colorimetric method of
AICI3 in accordance with our laboratory conditions. The
readings were performed at 510 nm wavelength with the
Multiskan Go (Thermo 1424-7028) device. Flavonoid
content was calculated as mg rutin equivalent (QE) [28,
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29]. The total phenolic content of the vinegar samples was
determined by used Folin and Ciocalteu reagent at 760 nm
with Multiskan Go device (Thermo 1424-7028) as gallic
acid equivalent [30, 31].

2.5. Organic Acid, Sugar, and Phenolic Acid Analyses
with HPLC in Vinegar Samples

The relevant study was carried out by the Siirt University,
Science and Technology Application and Research
Center, by receiving service. Organic acid analysis in
HPLC has been used in accordance with our laboratory
conditions by modifying the Tormo and lzco (2004)
method [32]. 0.5 mL of vinegar sample was diluted 1-1
ratio with 10 mM K-Phosphate pH 2.4 buffer, passed
through a micropore filter (0.22 um) and transferred to
vials. HPLC-DAD (Thermo/DIONEX Ultimate 3000
series, Thermo Fisher Scientific, the US) device was used
for the quantitative analysis of organic acids. Reverse
phase column (C-18 Inertsil ODS-3 column, 5 pm
particle, 4.6 x 250 mm ID) was used for the analysis of
organic acids. In the chromatographic distinction, the
mobile phase A (10 mM K-Phosphate pH 2.4) and mobile
phase B (acetonitrile) were used. The column flow rate
was set at 1 mL min-1 and the column temperature was
set to 28°C throughout the analysis. Sample injection
volume was adjusted to 50 pL. Standard injection volume
was adjusted to 20 pL. During the elution, changes were
made to obtain a gradient of A %90, B %10 (1 min; 1mL
min-1), A %90, B %10 (12 min; 0.75 mL min-1), and A
%25, B %75 (0.75 min; 35mL min-1). The
chromatograms of the study were analyzed at 210 nm
wavelengths. The phenolic content of the vinegar samples
was made according to Akkemik et al., (2019) [33].
Vanillic acid, chlorogenic acid, gallic acid, caffeic acid,
and hydroxybenzoic acid were used as standards. Organic
sugar analysis of vinegar samples was determined
according to TS 13359 method [34]. The study was
repeated three times.

2.6. Analysis of Macro Micronutrients with ICP-OES
in Vinegar Samples

The relevant study was carried out by the Siirt University,
Science and Technology Application and Research
Center, by receiving service. 0.5 mL of vinegar samples
were taken and placed in teflon decomposition tubes. 6
mL of 65% nitric acid and 2 mL of 30% hydrogen
peroxide were added on them. It was kept in the fume
hood for 2 hours until the gas output was completed. Then
the lids of the tubes were closed and placed in a
microwave oven (Berghof Speedwave MWS-2). The
microwave oven was operated in three different stage. In
the first stage, it was terminated by waiting at 180°C for
10 minutes (99% power), in the second stage at 180°C for
15 minutes (99% power) and at 25°C for 5 minutes (80%
power) in the last stage [35]. All samples were then placed
in the ICP-OES autosampler unit (Device Perkin Elmer
ICP-OES Optima 2100 DV ICP-OES; Plasma power,
1300 W; nebulizer flow, 0.80 L min-1; Plasma flow, 15 L
min-1; auxiliary flow, 0.2 L min-1; Plasma View, Axial,
Sample Flow Rate, 1.50 mL min-1; Delay Time, 60 sec;
Source Equilibration Delay, 15 sec; Plasma Conditions,
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Same for All Elements; Nebulizer Start-up, Instant).
Calibration solutions were prepared at five different
concentrations ranging from 25.00 to 1000.00 ppb using
[36].

2.7. Antioxidant Analysis in Vinegar Samples

Free radical removal activity of DPPH (Diphenyl-2-picryl
hydrazine) in vinegar samples was performed according
to the Blois method in accordance with our laboratory
conditions [37]. FRAP (Ferric reducing antioxidant
power) analysis in vinegar samples [38, 39] was measured
in Multiskango (Thermo, serial no: 1424-7028) device at
593 nm wavelength with minor modifications. Cuprac
analysis based on the reduction principle of Cu2+ ions
[40] was modified in accordance with our laboratory
conditions, and the absorbance values at 450 nm
wavelength were determined with the Multiskango
(Thermo serial no: 1424-7028) device.

2.8. Statistical Analysis

Microsoft Excel program was used for statistical analysis
of the obtained data. The mean values and standard errors
of all data were calculated.

3. RESULTS AND DISCUSSION
3.1. Physicochemical Analyses in Vinegar Samples

Average pH value during acetic acid fermentation was
2.9340.850 in vinegar samples produced from Zivzik
pomegranate. In commercial pomegranate vinegar, on the
other hand, the pH value was 2.83+0.10 (Table 1). pH
values were reported to be between 2.61+0.04 and
3.03+0.10 for different pomegranate vinegars [14, 20, 21].
Thus, pH value of vinegar produced from Zivzik
pomegranate was similar to the values reported in the
literature.

Table 1. Physicochemical analysis of vinegar samples

PHYSICOCHEMICAL ZIVZIK COMMERCIAL
ANALYSIS POMEGRANATE POMEGRANATE
VINEGAR VINEGAR

pH 2.9540.1 2.83+0.1

TSS (°B) 4.80+0.100 12.17+0.058

Total dry matter (%) 2.686+0.088 7.834+0.129

g acetic acid L! 24+0.6 41.2£0.92

Color analysis | L 8.413340.5992 8.1467+0.1380
a* 1.5567+0.2318 1.6400+0.3477
b* -4.6300+0.5524 -4.0767+1.4008

TSS, Total soluble dry matter, L, brightness; a*, green-red color
coordinate; b*, blue-yellow color coordinate

In terms of total acidity calculated based on
milliequivalent weight of acetic acid, Zivzik pomegranate
vinegar had an equivalent weight of 24+0.6 g L-1 while
commercial pomegranate vinegar had an acetic acid
equivalent weight of 41.2+0.92 g L-1 (Table 1). The total
acidity of Zivzik pomegranate juice was reported to be
0.9753+0.0532 [41]. During the fermentation, acetic acid
forms. However, if fermentation of the vinegar continues,
vinegar bacteria break down the acetic acid and lead to
upper oxidation. For this reason, fermentation is stopped
when the acidity rate of vinegar drops to the level of 0.5%
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alcohol [42, 43]. In the present study, when the alcohol
content was 0.5% or below, the process was stopped.
However, the expected acidity rate was not reached in
vinegar sample produced from Zivzik pomegranate. The
reason for this could be the break-down of the acetic acid
during the experiment. In a study comparing vinegar
samples produced by traditional (19 samples) and
industrial methods (6 samples), it was found that all but
one of the vinegars produced by traditional methods had
total acidity levels of less than 40 g L-1 but that the
vinegars produced by industrial methods had acidity
levels equal to or above 40 g L-1 [24]. Similar results were
also obtained in the present study.

The total dry matter and water-soluble dry matter contents
of the Zivzik pomegranate vinegar appeared to be lower
compared to commercial pomegranate vinegar (Table 1).
The total and water-soluble dry matter contents of the
vinegars produced by traditional methods were generally
low in previous studies, but these contents in the vinegar
produced from the Zivzik pomegranate were similar to the
values reported in the literature [5, 10, 24]. It is thought
that the reason for the high water-soluble dry matter and
total dry matter of commercial pomegranate vinegar is
due to additives used during the production of the vinegar.
L, a and b values of Zivzik pomegranate vinegar and
commercial vinegar were generally close to each other,
and both vinegars were pale and red in color.

3.2. Total Monomeric Anthocyanin, Total Phenolic
Content, and Total Flavonoid Analyses in Vinegar
Samples

Tr. J. Nature Sci. Volume 11, Issue 3, Page 178-185, 2022

Zivzik pomegranate vinegar had 32.39+2.6425 mg of
cyanidine 3-glucoside L-1 equivalent while commercial
pomegranate had 1.136+0.6054 mg cyanidine 3-glucoside
L-1 equivalent (Table 2). Although the color analyses of
Zivzik pomegranate vinegar and commercial vinegar
were similar, about 30 times difference was found
between the two vinegars for anthocyanin rate. This
finding suggests that coloring or clarification additives are
used to create the red color property of the commercial
vinegar sample. Rutin was used as standard to determine
the flavonoid content of Zivzik pomegranate vinegar and
commercial pomegranate vinegar. Zivzik pomegranate
vinegar and commercial pomegranate vinegar were found
to have 2.7571+0.2603 and 1.3932+0.0349 mg rutin
equivalent mL-1 (Table 2). Although the flavonoid
content was low in the two vinegar samples examined in
the present study, Zivzik pomegranate vinegar had
somewhat higher flavonoid content than that of the
commercial vinegar. The total phenolic matter contents of
Zivzik  pomegranate  vinegar and  commercial
pomegranate vinegar were determined based on the gallic
acid standard (Table 2). Furthermore, the high content of
the total phenolic matter in the commercial vinegar
sample compared to the Zivzik pomegranate vinegar
suggested that there could be a preservative in the
commercial vinegar. The total phenolic substance content
was between 710.40 and 4448.0 mg gallic acid equivalent
L-1in [14, 20, 21] different variety pomegranate vinegar.
Literature analysis indicated that the variety is effective
on phenolic matter content of pomegranate vinegar.

Table 2. Total monomeric anthocyanin, total flavonoid, and total phenolic content in vinegar samples

CYANIDIN-3-GLUCOSIDE L)

TOTAL MONOMERIC ANTHOCYANIN (MG

TOTAL PHENOLIC CONTENT
(MG GAE L™)

TOTAL FLAVONOID CONTENT
(MG RUTIN ML)

Zivzik pomegranate

. 32.39+2.6425
vinegar

1823.529+124.784 2.7571+0.2603

Commercial

pomegranate vinegar 1.136+0.6054

5764.706+848.365 1.3932+0.0349

3.3. Organic Acid, Sugar, and Phenolic Acid Analyses
with HPLC in Vinegar Samples

The dominant organic acid in vinegar samples was acetic
acid (Table 3). However, the ratio of acetic acid in
commercial pomegranate vinegar was higher. These
findings confirmed the results with the titratable acetic
acid. It was reported that traditional vinegar samples
generally had titratable acetic acid levels of less than 40
gL-1 [24]. In a study comparing the malic, citric, oxalic,
and tartaric acid contents of pomegranate juice samples of
different pomegranate varieties including Zivzik, it was
reported that citric acid was dominant in all varieties and
that the highest malic acid content was measured in Zivzik
variety [41]. It was mentioned that ecological conditions
and fruit maturity level were responsible for the organic
acid contents in juices of different pomegranate varieties
[41, 44]. Fructose, glucose and saccharose sugar contents
were determined and compared in vinegar samples (Table
3). The results showed that Zivzik pomegranate vinegar
had no saccharose while its fructose and glucose contents
were higher than the commercial pomegranate vinegar.
This once again proved that the composition of vinegar

depends on raw materials. It is well acknowledged that
various plants and fruits including pomegranate are the
main sources of natural compounds behaving as
exogenous antioxidants that strengthen body intrinsic
antioxidant machineries for the protection of the organism
against ROS-mediated damages. Gallic acid, chlorogenic
acid, hydroxybenzoic acid, caffeic acid, quercetin, chrysin
and ferulic acid (most of them were identified within the
content of pomegranate in our study) are promising
bioactive compounds mainly found in plants and fruits
with strong antioxidant activities (45-48). Gallic acid,
hydroxybenzoic acid, caffeic acid, vanillic acid and
chlorogenic acid were used as standards to determine the
phenolic acid contents of Zivzik pomegranate vinegar and
commercial pomegranate vinegar. The phenolic acid with
the highest content in Zivzik pomegranate vinegar was
gallic acid while in commercial pomegranate vinegar
chlorogenic acid had the highest content (Table 3). Gallic
acid was reported to be the predominant organic acid in
vinegar samples produced from Beynar and Hicaz
pomegranates while chlorogenic acid could not be
detected in both vinegar samples [21]. These findings also
pointed out the variety as an important factor in the
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composition of vinegar. The findings of that study were
similar to those in the present study, and very high amount

Tr. J. Nature Sci. Volume 11, Issue 3, Page 178-185, 2022

of chlorogenic acid in commercial vinegar suggested that
external preservatives were added.

Table 3. Analysis of organic acid, sugar, and phenolic matter by HPLC in vinegar samples

STANDARDS ZIVZIK POMEGRANATE VINEGAR (PPM) | COMMERCIAL POMEGRANATE VINEGAR (PPM)

- Tartaric acid 1444.4776+5.6134 109.4413+1.2913
S Malic acid 1306.5262+1.1746 2499.4736+4.0208
Qo Ascorbic acid 0.3104+0.0023 64.0754+3.7547
é Acetic acid 9553.8308+29.25 34674.59434+49.2736
5 Citric acid 27.6851+0.1589 89.3851+21.825

Total 12332.83+25.13 37436.97+71.13

Fructose 77.0365+14.1585 14.9497+0.7483

§ Glucose 87.0598+18.1468 33.3640+9.554
A Sucrose - 7.2872

Total 164.0962 55.6009
- Gallic acid 285.4568+1.4886 131.0446+0.4778
i Chlorogenic acid 14.1489+0.1515 257.7429+1.2573
ks Hydroxybenzoic acid 1.0345+0.0425 12.2285+0.0629
S Caffeic acid 1.4037+0.0005 0.6894+0.0059
2 Vanillic acid 1.7866+0.0124 0.0912+0.0067
& Total 313.7477+1.8105 299.3256+7.7694

3.4. Analysis of Macro Micronutrients with ICP-OES
in Vinegar Samples

In our study, the highest amount of mineral in Zivzik
pomegranate vinegar was K (2382.55 + 58.050 ppm),
followed by P (94.7460 + 4.0080 ppm), Mg (60.7500 +
2.0160 ppm), Na (50.8960 = 8.4870 ppm) and Ca
(15.8720 + 6.6990 ppm) (Table 4). Commercial
pomegranate vinegar, on the other hand, had 2085 +
133.652 ppm K, 211.5 £ 3.1113 ppm P, 84.323 £ 5.287
ppm Na, 62.887 + 0.144 ppm Mg and 46.963 £+ 10.892

Table 4. Macro-microelement analysis in vinegar samples

ppm Ca (Table 4). Thus, mineral contents of the Zivzik
pomegranate vinegar and commercial pomegranate
vinegar were similar. Both vinegar samples had high K
contents. In both vinegar samples, some metals that pose
a risk factor for human health such as Ni, Pb, Fe and Cu,
were found in trace amounts, while the commercial
vinegar sample was also found to have Al, Cd and Cr. The
presence of these heavy metals in vinegar samples
emphasized the importance of soil and environmental
conditions where pomegranates grow.

Element Zivzik pomegranate vinegar (ppm) Commercial pomegranate vinegar (ppm)
Al (Aluminum) - 13.503+2.235
K (Potassium) 2382.55+58.050 2085+133.652
P (Phosphorus) 94.7460+4.0080 211.5+3.1113
Mg (Magnesium) 60.7500+2.0160 62.887 £0.144
Na (Sodium) 50.8960+8.4870 84.323 +5.287
Cd (Cadmium) - 0.040+ 0.0070
Cr (Chrome) - 0.0608+0.0185
Ca (Calcium) 15.8720+6.6990 46.963 +£10.892
Ni (Nickel) 5.7703+£0.2516 5.74567 £0.113
B (Boron) 1.3887+0.9777 2.873+£0.26200
Pb (Lead) 1.1486+0.0832 0.7462 £0.0517
Zn (Zinc) 0.7175+0.2071 1.6257 £ 0.184
Fe (Iron) 0.2384+0.0446 5.179 £2.9260
Sn (Tin) 0.1778+0.0036 -

Cu (Copper) 0.1746+0.0436 0.1156 £0.044
Bi (Bismuth) 0.0991+0.1171 -

Mn (Manganese) 0.0839+0.0127 0.2372 +0.032
Sb (Antimony) 0.0710+0.0249 -

Mo (Molybdenum) 0.0656+0.0082 -

Sr (Strontium) 0.0265+0.0436 0.3097 £ 0.0690
Ba (Barium) 0.0172+0.0128 0.0730 £ 0.0202
Li (Lithium) 0.0101+0.0000 0.9247 +0.0209

3.5. Antioxidant analysis in vinegar samples

Antioxidant  properties

of vinegar samples were

determined using DPPH, Cuprac and FRAP methods
(Table 5). DPPH radical scavenging and copper reduction
activity levels of Zivzik pomegranate vinegar were higher

than those of the commercial vinegar, while iron
reduction activities of the two vinegar samples were
similar. Thus, pomegranate vinegar produced by
traditional methods was found to have higher antioxidant
capacity than commercial vinegar.
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Table 5. Antioxidant analysis of vinegar samples

Tr. J. Nature Sci. Volume 11, Issue 3, Page 178-185, 2022

Foods,

DPPH (MG TROLOX E ML) CUPRAC (MG TROLOX E ML) FRAP (MG TROLOX E ML%)
Zivzik pomegranate 10.875:0.215 51.763+3.042 18.889-1.798
vinegar
Commercial - pomegranate 6.2297+0.405 37.225+2.044 26.683+5.256
vinegar

4. CONCLUSION [5] Kadag Z. Determination of bioactive properties and

metabolic effectsof hawthorn vinegar. Graduate

There are few studies on pomegranate vinegar in the School of Natural and Applied Sciences, Bolu:

183iteratiire. The scope of this study, Zivzik pomegranate University of Abant izzet Baysal; 2011.

vinegar and commercial pomegranate vinegar were [6] Johnston CS, Quagliano S, White S. Vinegar

compared for physicochemical properties, total phenolic, ingestion at mealtime reduced fasting blood glucose

total flavonoid, and total anthocyanin content, organic concentrations in healthy adults at risk for type 2

acid, sugar, and phenolic acid composition by HPLC, diabetes.  Journal  of  Functional

elemental analysis by ICP-OES, total monomeric 2013;5(4):2007-2011.

anthocyanin, total phenolic content and total flavonoid [71 Samanidou VF, Antoniou CV, Papadoyannis IN.

content. K is the most abundant element in both vinegar Gradient Rf-Hplc Determination of Free Phenolic

samples. Acetic acid is the most common organic acid Acids in Wines and Wine Vinegar Samples After
found in both forms of vinegar. While chlorogenic acid Spe, With Photodiode Array Identification. Journal
was determined to be the most prevalent phenolic of Liquid Chromatography & Related Technologies,

compound in commercial pomegranate vinegar, gallic 2001;24 (14):2161-2176.

acid was shown to be the most prevalent in Zivzik [8] Unal E. A study on vinegar production from Dimrit

pomegranate vinegar. As a result of the study, it was grape by different methods. Graduate School of

found that vinegar produced by traditional methods had a Natural and Applied Sciences, Adana: Cukurova

much better composition in terms of nutritional value. In University; 2007.

addition to the importance of raw materials in vinegar [9] Oztiirk S. A research on the production of vinegar

production, it was revealed in the present study that the from black carrot. Graduate School of Natural and

variety, ecological conditions, and fermentation process Applied Sciences, Ankara: Ankara University; 2015.

are also effective on the nutritional value of vinegars. [10] Marangoz FI. Effect on bioactive compounds and

antioxidant properties of mulberry fruit of vinegar
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Abstract: There is a growing interest and increasing awareness of consumers towards natural food
products, therefore there is a shift in food industry to produce foods with natural ingredients. On
the other hand, high amount of sweetener use in food industry is another health concern. An
interesting group of natural sweeteners are sweet proteins, which have hundreds/thousands times
higher sweetness than sucrose. Sweet proteins have high sweetness but low calorie values and are
of interest as they can be used as healthy alternatives to natural or artificial sweeteners. Known
plant sweet proteins are produced by tropical plants and this limits the amount of protein that can
be obtained. In order to increase the amount of protein, many studies have been carried out on the
recombinant production of plant sweet proteins using different expression systems. In this article,
sources, types, physicochemical and structural properties of sweet plant proteins and studies on
their recombinant production are reviewed with insights to future studies.

Tath Bitkisel Proteinler ve Rekombinant Uretimleri

Anahtar
Kelimeler
Dogal
tatlandiricilar,
Rekombinant
uretim,

Tatl bitkisel
proteinler

Oz: Tiiketicilerin dogal gida iiriinlerine karsi olan ilgisi ve artan bilingleri nedeniyle, gida
endiistrisi dogal igeriklere sahip gidalar iiretmeye yonelmistir. Ote yandan gida endiistrisinde
yiiksek miktarda tatlandirici kullanimi da bir diger saglik sorunudur. Tath proteinler, sakkarozdan
yiizlerce/binlerce kat daha fazla tatliliga sahip ilgi ¢ekici dogal tatlandiricilardir. Tatli proteinler,
yiiksek tatliliga ancak diigiik kalori degerlerine sahiptir ve dogal veya yapay tatlandiricilara sagliklt
alternatifler olarak kullanim potansiyelleri yiiksektir. Bilinen bitki tatli proteinleri tropik bitkiler
tarafindan tiretilir ve bu, elde edilebilecek protein miktarint sinirlar. Protein miktarint arttirmak igin
farkli ekspresyon sistemleri kullanilarak bitkisel tatli proteinlerin rekombinant iiretimi iizerine
bircok c¢alisma yapilmistir. Bu makalede, tatli bitki proteinlerinin kaynaklari, tiirleri,
fizikokimyasal ve yapisal 6zellikleri ve rekombinant {iretimi ile ilgili caligmalar derlenmis ve yeni
yapilabilecek ¢alismalar {izerinde durulmustur.

Attempts to reduce the sugar content in food products

1. INTRODUCTION

Nowadays, the importance of nutrition and a balanced
diet for protection of public health is increasing. In
recent years, there has been a growing interest in
reducing the sugar content in food products by both
consumers and producers with the increase in health
problems caused by high amounts of sugar consumption.

led the food industry to use artificial sweeteners
however, there are still discussions about the negative
health effects of those; including toxic and carcinogenic
effects of aspartame and acesulfame K [1], [2]. Although
some synthetic sweeteners derived from cyclamic acid
and cyclamate are still allowed in USA, but not in EU
due to consumer demands. Market research results in
developed countries show that many consumers prefer
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natural foods [3]. Following these, studies have focused
on finding alternatives obtained from natural sources
such as sweeteners from plants [4] and sweet plant
proteins, which were discovered many years ago have
gained importance again. These sweet plant proteins
with naturally sweet or taste-modifying properties are
seen as natural and healthy alternatives to existing
synthetic low-calorie sweeteners.

To date, six sweet plant proteins have been identified all
from tropical plants; brazzein, curculin (neoculin),
mabinlin, miraculin, monellin and thaumatin [5]. The
main advantage of these proteins over carbohydrate
based sweeteners is that, they have extremely high
sweetness index with an insignificant amount of calories.
Several research studies showed that sweet plant proteins
do not have allergic or toxic effects [6].In this article, the
physicochemical and structural properties of sweet plant
proteins, their interactions with the human taste receptor,
their current production strategies with an emphasis on
recombinant production are reviewed.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

1.1. Sweet Plant Proteins

All known sweet plant proteins have been discovered
from tropical plants (Figure 1); mabinlin from China,
curculin from Malaysia, and other sweet plant proteins
are isolated from fruits of plants growing in the
rainforests of Africa [5]. The comparison of amino acid
sequences of these proteins show that there is no
considerable sequence similarity [7]; these proteins have
different number of amino acid sequences with almost
no homology. The three-dimensional atomic structures
of all sweet plant proteins were solved by X -ray
crystallography or NMR and it was revealed that there
are also no structural similarities among sweet plant
proteins. In addition the level of sweetness of sweet
plant proteins are also different from each other (Table
1).

/." " Curculin ; was first isolated from the seeds of the fruits of the
3 :" 3 Curculingo latifolia [8].
L Monellin_; was first isolated from the seeds of the fruits of the
) Digscoreophyllum cumminsii diels [9).
Mabinlin : was first 1solated from the seeds of the fruits of the
*’\ a Cavnaris masakai Lvl [10)
Brazzein . was first isolated from the seeds of the fruits of the
Pentadiplandra brazzeana baillon [11].

Thaumatin ; was first isolated from the seeds of the fruits of the
3 Thaumatococcus danielli Beath [12).

Miraculin : was first isolated from the seeds of the fruits of the
& Richadella dulcifica [13].

Figure 1. Plant sources of sweet proteins and initial isolation studies[8]-[13]

1.1. 1. Thaumatin

The sweet protein thaumatin, obtained from the
Thaumatococcus danielli Benth fruit is the first approved
and commercialized sweet plant protein. Thaumatin is
metabolized similarly to other proteins, this protein is
suitable for use by patients with diabetes due to its very

low caloric value. Several studies showed that thaumatin
does not have any toxic, allergic or other harmful effects
in the amounts used as sweetener [14].

Thaumatin has been approved for use as a food additive
(E957) by European Union since 1984 [21]. The use of
thaumatin for modification and enhancing of flavors has
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Table 1. Structural features of sweet proteins

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

Protein Source Comparison of sucrose Molecular weight Three-dimensional structure
with sweetness on a molar (kDa) and amino and PDB code
basis acid content
[15]

Brazzein Pentadiplvera 17,000 6.5 kDa

brazzeana 54 aa
-
2BRZ[16]

Curculin Curculigo - 24,9 kDa

latifolia 114 aa
2DPF[17]
Mabinlin 11 Capparis ~400 12.4 kDa
masaikai 105 aa
2DS2[18]
/)D
| | 7//;
Monellin Dioscoreophyllu 100,000 10.7 kDa !
m cumminsii 94 aa /4
K>
3MON[19]
M
IL.
Thaumatin Thaumatococcu 100,000 22.2 kDa
s daniellii 207 aa
s
¢ N
3WOuU [20]
also been approved by the Food and Drug reason, it is usually used in combination with other

Administration (FDA) (FEMA GRAS Number 3732)
and is marketed in the USA under the trade name Talin.
Thaumatin is used as a sweetener and flavor enhancer in
candies, chewing gums, soft drinks, dairy products and
ice cream in the food industry in Europe and Japan [7],
[21]. Furthermore, thaumatin is used as a sweetener in
toothpastes and to suppress the bitter taste of some drugs
and food supplements. Although thaumatin has a very
high sweetness level, its taste is different and more
dominant than sucrose and fructose, so it leaves an
undesirable sweetness effect in the mouth. For this

sweeteners [14]. Thaumatin has two isoforms; | and I,
and commercial thaumatin extracted from the plant
consists of a mixture of these two isoforms [14].
Thaumatin isoforms differ only at four amino acid
positions, and their three-dimensional structures are
almost identical. There are 16 cysteine amino acids in
the thaumatin amino acid sequence, resulting in eight
intramolecular disulfide bridges. The high number of
disulfide bridges give thaumatin high thermal stability
[22]. Thaumatin has been shown to be resistant to
pasteurization, cooking, and other similar high-
temperature processes when pH is 5.5 and lower [23].
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However, at neutral pH and above, thaumatin loses its
stability and sweetness [14], due to its basic nature with
an isoelectric point of around 7.5.

1.1. 2. Brazzein

Brazzein is obtained from fruits of Pentadiplandra
brazzeana Baillo and is the smallest of sweet plant
proteins. Brazzein has a high degree of heat stability due
to presence of four disulfide bridges in its structure [11],
[24]. Brazzein has high potential in different food
applications as it is water-soluble and retains its
sweetness in a wide pH range [25]. Brazzein is ready to
be commercialized as a sugar replacer and awaits
approval from FDA [3].

1.1. 3. Monellin

Monellin, obtained from the fruit of Dioscoreophyllum
cumminsii diels, consists of two polypeptide chains.
These polypeptide chains fold into two different
domains, one completely helical and one formed by beta
sheets (Table 1). These two domains are held together
by noncovalent bonds, therefore the structure of
monellin is highly unstable. Monellin denatures at
temperatures above 50°C, and loses its sweetness
completely[15].

1.1. 4. Mabinlin

The sweet plant protein mabinlin, obtained from the fruit
of Capparis masakai Levl, consists of two polypeptides,
similar to monellin. However, unlike monellin, the
mabinlin structure has completely alpha helix folding. In
addition, strong disulfide bonds hold the two chains
together, and therefore mabinlin has high thermal
stability. There are four types of mabinlin isoforms in
nature; I, 11, 11l and 1V. Among them, the sweetness of
mabinlin 11 has been shown to be around 400 times
higher than sucrose [26]. It has been reported in studies
that the sweetness of mabinlin-111 and -1V did not change
after 1 hour at 80 °C, and mabinlin-1l did not change
even after 48 hours of incubation at the boiling point [2],
[11]. Mabinlin does not yet have legal status with the
European Food Safety or FDA and is not commercially
used as a sweetener in food production.

1.1.5. Curculin and Miraculin

Curculin, isolated from the fruit of Curculingo latifolia,
is not directly sweet, but at acid pH values have the
ability to transform sour flavors into sweet ones [5].
Curculin's sweetness is almost equal to sucrose on a
molar basis and is not durable to temperatures above
50°C [27]. There are two isoforms of curculin, and these
two isoforms come together to form a heterodimeric
structure, called neoculin. While neoculin has very little
sweetness at neutral pH values, its sweetness effect
increases at acidic pH values and becomes a sweet
protein. Therefore, neoculin has important potential use,
especially in fruit juices and nectars with low pH and
soft drinks.

Tr. J. Nature Sci. Volume 11, Issue 3, Page 186-194, 2022

Miraculin, a sweet plant protein derived from the fruit of
Richadella dulcifica, is a taste modifying protein, similar
to curculin, that can change the sour taste to sweet taste
in acidic pH environments. The structure of the
miraculin protein is not yet resolved [28].

1.2. Interactions of Sweet Proteins with The Taste
Receptor T1IR2/T1R3

Humans can detect five basic tastes: sweet, salty, umami,
bitter (bitter) and sour. Taste processing takes place first
at the level of taste receptor cells. There are four types of
taste receptor cells, including the immature Type IV.
Mature cells Type I, Type I, Type Ill; detect salty,
sweet-umami-bitter taste and sour taste; respectively[29].
Class C G protein receptors (GPCR) in type 1l taste cells
initiate the molecular pathway that enables the detection
of sweet, umami and bitter taste. Sweet taste receptors
have been shown to exist in heterodimeric form and the
receptor has been identified as TIR2 / T1R3 [30].

When the T1R2/T1R3 receptor binds to the sugar
molecule, taste is perceived with the initiation of signal
transduction within the cell, and sweet plant proteins
create the same effect when they bind to the receptor [5].
In studies examining the three-dimensional structures of
known sweet proteins, it has been observed that all of
them, except mabinlin, contain beta sheets (Table 1).
However, a common "sweet" structural region could not
be identified in [15]. For this reason, studies are still
ongoing to understand how exactly sweet proteins bind
to the receptor in order to mimic sugar molecules at the
molecular level [5].

1.3. Recombinant Sweet Plant Proteins Production
Studies

The importance of using sweet plants proteins instead of
carbohydrate or artificial sweeteners in designing healthy
foods is clear. However, due to the fact that these
proteins are produced by tropical plants, access to these
plants is limited, and the amount of protein obtained
from the plant depends on the plant quality[14].
Therefore alternative methods have been investigated
and attempts have been made to produce sweet plant
proteins using various transgenic plants. Recombinant
protein production levels have been observed to be quite
low from genetically modified plants [15]. Although
studies on recombinant production with transgenic plants
or animals have increased in recent years [31]-[34],
these approaches are still controversial in terms of
economics, sustainability and ethical terms. Numerous
studies have been conducted on recombinant production
of sweet plant proteins from microorganisms [14].
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Table 2. Sweet plant proteins produced recombinantly from different expression systems

Protein Microorganism Protein production efficiency Reference
Brazzein Picha pastoris 44-345 mg/L [36]
Brazzein Kluyveromyces lactis 238.9 g/L [37]
Brazzein Kluyveromyces lactis 170 mg/L [38]
Brazzein Bacillus licheniformis 5mg/L [39]
Brazzein Kluyveromyces lactis 107 mg/L [40]
Brazzein Escherichia coliBL21(DE3) 1.8-2.3mg/L [41]
Escherichia coliSHuffle T7 7.2 -8.4mg/L
Brazzein Kluyveromyces lactis 30-100 mg/L [42]
Brazzein Lactococcus lactis 1,20-1,65- mg/L [43]-[45]
Brazzein Lactobacillus spp N.D [46]
Brazzein Pichia pastoris 90 mg/L [47]
Mabinlin 11 Lactococcus lactis 32,5-59,1 mg/L [48]
Monellin Escherichia coli 500 mg/L [49]
Monellin Pichia pastoris 262~271 mg/L [50]
Monellin Lactococus lactis 0,40 mg /L [51]
Monellin Pichia pastoris 150 mg/L [52]
Monellin Saccharomyces cerevisiae 675 mg/L [53].
Monellin Saccharomyces cerevisiae 410 mg/L [54].
Thaumatin Picha pastoris 5,6 mg/L [55]
Thaumatin Pichia pastoris 0.129- 0.399 mg/L [56]
Thaumatin Aspergillus awamori 5-25 mg/L [57]
Thaumatin Picha pastoris 100 mg/L [58]
Thaumatin Escherichia coli 40 mg/L [59]

Although progress has been made in the production and
purification of thaumatin, problems have been
encountered in adequate production of other proteins in
bacteria, yeast and mold cells [35]. Almost 50 years have
passed since the discovery of these proteins, yet
optimization studies for recombinant production are still
ongoing.

The selection of the expression system in the production
of recombinant proteins is very important in terms of
protein quality, functionality, productivity and yield.
Studies have been carried out on the recombinant
production of sweet plant proteins using different
microorganisms and expression systems and these are
summarized in Table 2.

In studies using Escherichia coli, one of the organisms
most used in recombinant protein production, it has been
observed that sweet plant proteins are generally
produced in small amounts, similarly, the efficiency of
protein production with Lactococcus species is low.
Higher recombinant protein amounts are achieved using
yeast expression systems.

A great deal of research has been done on the
recombinant production and engineering of sweet plant
proteins. Among these proteins, thaumatin is the most
studied protein, whose sweetness and heat stability have
been improved by different methods [2], [14]. In most of
the studies conducted before 2000 on recombinant
thaumatin [60]-[64]protein yield was reported to be low.
In a study conducted in 2000, protein production
efficiency was increased by optimizing the gene
encoding thaumatin Il according to E.coli codon usage.

In this study, the produced recombinant thaumatin
protein was indistinguishable from natural thaumatin in
terms of biochemical, spectroscopic and organoleptic
properties [59].Very successful results have been
obtained from Pichia pastoris expression system for the
recombinant production of thaumatin. It has been shown
that protein production efficiency is increased by cloning
with the extracellular secretion signal naturally found in
thaumatin protein sequence and transferring three gene
copies instead of one [58]. In another study, protein
disulfide isomerase enzyme was also cloned together
with thaumatin and it was shown that the production
efficiency of recombinant thaumatin increased in the
presence of this chaperone [55].

Due to the difficulties and limitations of obtaining
brazzein protein from its natural source, numerous
attempts have also been made to produce brazzein from
microorganisms. Studies on brazzein expression in E.
coli showed that recombinant brazzein is localized in the
insoluble fraction and requires denaturing conditions for
purification [7], [65]. In subsequent studies, recombinant
brazzein gene was synthesized by optimizing Bacillus
subtilis codon preference, and recombinant protein was
successfully produced from E. coli and Bacillus
licheniformis cells with this synthetic gene, and both
recombinant proteins were shown to have sweetness
properties. A purification procedure was established for
recombinant brazzein produced by B. licheniformis, and
approximately 5 mg/L brazzein of high purity was
obtained [39]. In another, in order to optimize the
expression of brazzein protein from E. coli, codon-
optimized gene was cloned into two different strains and
results showed that the strain used had an effect on
protein yield [41]. Use of different lactic acid bacteria
were also investigated for expression of recombinant

190



Tr. Doga ve Fen Derg. Cilt 11, Say: 3, Sayfa 186-194, 2022

brazzein, but low amounts of recombinant protein were
produced[43], [46], [66].

Studies using Pichia pastoris show that recombinant
brazzein is obtained in active form with a yield of
approximately 30—90 mg/L [67]. In a study examining
the extracellular secretion of recombinant brazzein from
P. pastoris, brazzein was cloned with seven different
signal peptides and three of these tested signal peptides
increased the protein production efficiency. These signal
peptides have been reported to be natural signal peptides
of chicken lysozyme, Aspergillus niger alpha-amylase
and Saccharomyces cerevisiae alpha-mating factor
proteins [36]. In the study with Kluyveromyces lactis,
which is used as a different yeast expression system, 107
mg/L of recombinant brazzein was obtained [40]. In
another study using K. lactis, the effect of co-expression
of chaperones involved in the formation of disulfide
bonds with brazzein was examined and recombinant
brazzein was produced in the range of 30-100 mg / L
[42].

In another study performed on the K. lactis expression
system, conditions such as pH, temperature, expression
time, concentration of the inducer and carbon source,
and induction time were optimized to increase brazzein
production, and 1:2 (w/w) glucose: galactose induction
at 25°C was resulted in an 2.5 fold increase in protein
production [38]. Therefore, K. lactis will be a suitable
expression system for recombinant brazzein by
optimizing the pH, temperature, ratio of carbon source
and nitrogen source, time of induction, as well as
inducer, yeast extract and glycerol concentration [40].
Among the sweet plant proteins, the least studied protein
is mabinlin. Mabinlin has less sweetness than other
proteins and therefore has attracted less attention.
Mabinlin  structure consists of two independent
polypeptides, and chain B was shown to be adequate for
the sweetness of mabinlin [68]. The recombinant
mabinlin 1l chain B produced from E.coli expression
system has a sweet taste; however, it has been reported
that the protein can only be purified from the inclusion
body by the denaturation/renaturation method. In
experiments using L. lactis expression system,
recombinant mabinlin was produced and secreted out of
the cell, albeit in very low amounts. This study is the
first step towards the production of mabinlin 11 from the
food grade L. lactis system[48].

Different studies have been carried out using E.coli,
L.lactis, P.pastoris and S.cerevisiae expression systems
for the production of recombinant monellin. In a study
with L.lactis, it was shown that the use of codon-
optimized gene produced a low amount of monellin [51].
In studies with S. cerevisiae, another microorganism
with a safe expression system for use in foods, 410-675
mg/L recombinant monellin could be produced with low
yields [53], [54]. The tendency of monellin to denature
at high temperatures limits the use of recombinant
protein in food applications [7]. To overcome this
situation, amino acid mutations were made in monellin
sequence and 150 mg/L protein could be produced using
the P. pastoris expression system [52]. In another study
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using P. pastoris, the effect of cell density on monellin
production was examined and highest protein levels; 270
mg/L; were obtained with lower cell density
fermentations [50].

2. CONCLUSION

Sweet proteins have been the focus of attention of food
industry for many years. However, they have not been
widely used due to their limited availability. The
successful transformation of these proteins for
recombinant production will increase their use in food
industry as a low calorie replacer for sweeteners and
sugars. Apart from the six sweet plant proteins that have
been studied so far, the identification of other similar
plant proteins is one of the current research topics. By
using bioinformatic tools and databases, the
identification of new proteins that are similar to sweet
proteins both in terms of primary sequence and tertiary
structure will accelerate and enlarge the studies in this
field. In addition, studies on increasing the sweetness
level and recombinant production yields of these
proteins with protein engineering approaches are still
ongoing. In addition to all these, determining the
physicochemical, functional, textural and sensory effects
of sweet proteins on the food matrix to which they are
added are important research topics in terms of creating
new food formulations. It is predicted that in the coming
years, sweet proteins will be produced on large scale and
used more widely in the food industry as natural
sweeteners.
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