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Scientific Development and Innovative Approach

1. INTERNATIONAL MARCUS AURELIUS SCIENTIFIC
RESEARCH CONGRESS
25-26 OCTOBER 2025

Congress Program

Participant Countries:
ALBANIA/JORDAN/INDIA/INDONESIA/NIGERIA /MOROCCO/SERBIA/TURKEY

IMPORTANT, PLEASE READ CAREFULLY
To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead of “Meeting ID or Personal Link Name” and solidify the
session. The presentation will have 15 minutes (including questions and answers). The Zoom application is free and no need to create an account.
The Zoom application can be used without registration. The application works on tablets, phones and PCs. Speakers must be connected to the
session 10 minutes before the presentation time. All congress participants can connect live and listen to all sessions. During the session, your
camera should be turned on at least %70 of session period. Moderator is responsible for the presentation and scientific discussion (question-answer)

section of the session.

TECHNICAL INFORMATION
Make sure your computer has a microphone and is working. You should be able to use screen sharing feature in Zoom. Attendance certificates will
be sent to you as pdf at the end of the congress. Moderator is responsible for the presentation and scientific discussion (question-answer) section
of the session. Before you login to Zoom please indicate your name surname and hall number, exp. Hall-1, Fatih KARIPOGLU

ONEMLI, DIKKATLE OKUYUNUZ LUTFEN
Kongremizde Yazim Kurallarina uygun goénderilmis ve bilim kurulundan gegen bildiriler i¢in online (video konferans sistemi {izerinden) sunum
imkan1 saglanmistir. Sunumlar igin 15 dakika (soru ve cevaplar dahil) siire ayrilmistir. Online sunum yapabilmek i¢in https://zoom.us/join sitesi
tizerinden giris yaparak “Meeting ID or Personal Link Name” yerine ID numarasin1 girerek oturuma katilabilirsiniz. Zoom uygulamasi iicretsizdir
ve hesap olugturmaya gerek yoktur. Zoom uygulamasi kaydolmadan kullanilabilir. Uygulama tablet, telefon ve PC’lerde galisiyor. Her oturumdaki
sunucular, sunum saatinden 10 dk oncesinde oturuma baglanmig olmalar1 gerekmektedir. Tiim kongre katilimcilari canli baglanarak tim
oturumlar dinleyebilir. Moderator — oturumdaki sunum ve bilimsel tartigma (soru-cevap) kismidan sorumludur.

TEKNIK BILGILER
Bilgisayarinizda mikrofon olduguna ve calistigina emin olun. Zoom'da ekran paylasma 6zelligine kullanabilmelisiniz. Katilim belgeleri kongre
sonunda tarafiniza pdf olarak gonderilecektir. Kongre programinda yer ve saat degisikligi gibi talepler dikkate alinmayacaktir. Zoom'a giris
yaparken once liitfen adimzi, soyadinizi ve SALON numaranizi yaziniz, Ornek: Hall-1, Fatih KARIPOGLU

MEETING ID: 872 0990 3578
PASSCODE: 105298

https://us02web.zoom.us/j/87209903578?pwd=16DZZEHEqHY 0Sr DqmTublUm6hblSfU.1

Vil



26.10.2025 / Hall-1, Session-1
Q MEETING ID: 872 0990 3578

ANKARA LOCAL TIME

109°:11%

) | PASSCODE: 105298

HEAD OF SESSION: Prof. Dr. Rasim MOGULKOC

TOPIC TITLE

From Arete To Alperen: Virtue, Identity, And
Cultural Continuity In The Ancient And Turkish-
Islamic Worlds

AUTHORS

Kader CELIK

Assoc. Prof. Dr. Abdullah Yavuz

AKINCI

AFFILIATION

Siilleyman Demirel University

Effects Of High-Energy And High-Fat Diets And
Omega-3/6 Fatty Acids On Hormones Related To
Energy Metabolism

Delal Ezgi AKINCI
Prof. Dr. Rasim MOGULKOC
Prof. Dr. Abdulkerim Kasim
BALTACI

Selcuk University

The Effect Of 2-Week Naringin Administration On
Neurogenesis Of Frontal Cortex After Cerebral
Ischemia-Reperfusion In Ovariectomized Rats

Aysenur KESKIN
Prof. Dr. Rasim MOGULKOC
Prof. Dr. Abdulkerim Kasim
BALTACI

Selcuk University

Artifacts Encountered In Cone Beam Computed
Tomography Imaging

Resc. Assist. irem BULUT

Siileyman Demirel University
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26.10.2025 / Hall-2, Session-1
ANKARA LOCAL TIME Q MEETING ID: 872 0990 3578
10%:11% ) | PASSCODE: 105298

HEAD OF SESSION: Assoc. Prof. Dr. Fatih Ferhat CETINKAYA
TOPIC TITLE ‘ AUTHORS AFFILIATION

The Mediating Role Of Burnout In The Effect Of Decision Assoc. Prof. Dr. Fatih Ferhat Kirsehir Ahi Evran University
Fatigue On Job Satisfaction: A Study On Public CETINKAYA

Employees In Kirsehir Province Mehmet Orkun UNSEVER

Sectoral Systematic Risk And Beta Instability In Borsa
Istanbul: Evidence From CAPM Under Covid-19
Conditions

Dr. Metin iILBASMIS Aksaray University

How Effectively Does Traditional Education Contribute Cankirt Karatekin University

To Labor Market Productivity? Assist. Prof. Dr. Caner DILBER

Evaluation Of Industrial Property As An Investment And

Arbitration Aydin Kagan CALIK Ankara Yildirnm Beyazit University

Remembering A King Through Literature: A Nuance In

The Permanence Of Marcus Aurelius And Ozymandias Res. Asst. Tevfik Can BABACAN Istanbul Nisantas1 University

. Gaziantep University
Determinants Of High Technology Exports: The Case Of Ali Imran TATLIBADEM
Miktacountries Prof. Dr. Mustafa METE




26.10.2025 / Hall-3, Session-2
ANKARA LOCAL TIME Q MEETING ID: 872 0990 3578
10%°:12% g | PASSCODE: 105298

HEAD OF SESSION: Prof. Dr. Hatira TASKIN
TOPIC TITLE AUTHORS AFFILIATION

The Effects Of Different Peg Concentrations On The In Assoc. Prof. Dr. Gokhan BAKTEMUR Sivas Bilim ve Teknoloji University,
Vitro Growth Of Purslane (Portulaca oleracea L.) Prof. Dr. Hatira TASKIN Cukurova University
Res. Asst. Ecem KARA

Effects Of Peg Induced Stress On The In Vitro Growth Res. Asst. Ecem KARA Sivas Bilim ve Teknoloji University,
Of Red Beet Prof. Dr. Hatira TASKIN Cukurova University
Assoc. Prof. Dr. Gokhan BAKTEMUR

Evaluation Of Bioactive Compounds And Antioxidant .
Potential Of Stachys cretica subsp. kutahyensis Assist. Prof. Dr. Fatma Ozlem KARGIN Afyonkarahisar Health Sciences
SOLMAZ University

An Evaluation Of The Level Of General Health And
Knowledge Of Prostate Cancer Screening Among Adult Assist. Prof. Dr. Mehmet KORKMAZ

Men Onur Arda BAKIR Yozgat Bozok University

Omega-3 Fatty Acids And Depression Dr. Dyt. Meliha CAVDAR Independent Researcher, Malatya

D-Tagatose And Cardiovascular Health Dr. Dyt. Meliha CAVDAR Independent Researcher, Malatya




26.10.2025 / Hall-4, Session-2
ANKARA LOCAL TIME Q MEETING ID: 872 0990 3578
10 ;12 % g | PASSCODE: 105298

HEAD OF SESSION: Prof. Dr. M. Sabri GOK
TOPIC TITLE AUTHORS AFFILIATION

Performance And Emission Characteristics Of A Dual- Onur KOCATEPE Yildiz Technical University
Fuel Diesel Engine Fueled With Ammonia Supplied Via Prof. Dr. Giiven GONCA
The Intake Manifold

Effect Of Cryogenic Cooling On Machinability Selim ESA L Bartin University
Assoc. Prof. Dr. Yilmaz KUCUK
Prof. Dr. M. Sabri GOK

Machinability Of Titanium Alloys In Vertical Tuna ARSLAN Bartin University
Machining Centers Assoc. Prof. Dr. Yilmaz KUCUK
Prof. Dr. M. Sabri GOK

Critical Thinking Education For Twice-Exceptional Esra CANER Gazi University, Coziim Koleji Anadolu

Students Through AI-Supported Thought Experiment Hiimanur AY lisesi, Coziim Koleji Fen lisesi

And Paradox Generation Yilmaz Yusuf iZGi
Osman DOGAN

Ramazan CATALKAYA

Rotor Dynamics Analysis Of Overhung Rotor-Bearing Kayhan KURUL Istanbul Technical University
Configuration Assoc. Prof. Dr. Osman Taha SEN




26.10.2025 / Hall-5, Session-2

Q

ANKARA LOCAL TIME

MEETING ID: 872 0990 3578

10 %0:12 %

g | PASSCODE: 105298

HEAD OF SESSION: Prof. Mohammed WAHEEB

TOPIC TITLE

Documentation of the Zarqa Desert By Using Aerial
Photography Techniques

AUTHORS
Prof. Mohammed WAHEEB

AFFILIATION
The Hashemite University.

An Assessment Of Adequacy Of Employee Allowances
And Welfare Packages And Organizational
Performance In Abuja Fct - Nigeria

Dr. Chukwuemeka G. EME

National Open University of NIGERIA

Boardroom Leadership In Nigerian Business
Organizations: The Board Of Directors As A Source
Of Strategic Management

Dr. Chukwuemeka G. EME

National Open University of NIGERIA

Developing the Ottoman Heritage Railway Stations in
Jordan (Umm Al-Heiran Station as a Model)

Tahreer FAROUK

Greater Amman Municipality Amman —
JORDAN

The Status Of Indonesia’s Economic Resihience Amd
Global Turmoil: Macroeconomic Analysis And Future
Prospects

Athaya CANDRAKANTA
Alena ADELIA
Avidah Sirley SALSABILA

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

Trends Of Esg (Environmental, Social, Governance)
In Islamic Investment

Avidah Sirley SALSABILA
Alena ADELIA
Athaya CANDRAKANTA

State Islamic University K.H.Abdurrahman
‘Wahid Pekalongan, INDONESIA

Blockchain & Islamic Economics: Technological
Opportunities For Transparent And Fair Islamic
Financel

Windi Rizki FEBRIANINGTYAS
Widia Reza VALENTINA
Nala MAGHFiROH

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

XII




25.10.2025 / Hall-6, Session-2
MEETING ID: 872 0990 3578

ANKARA LOCAL TIME

Q

10 %0:12 %

g | PASSCODE: 105298

HEAD OF SESSION: Academician Prof. Dr. Ivan PAVLOVIC

TOPIC TITLE
Do Aspirative Drains Reduce Surgery Infections? What
We Know and Think

AUTHORS
Ervin NEPRAVISHTA
Dariel THERESKA
Eris NEPRAVISHTA
Ervin TOCI, Tahir CELA

AFFILIATION
Trauma University Hospital, Tirana,
University of Medicine, Aleksandér
Moisiu University, ALBANIA

Sustainable Removal of Tetracycline from Aqueous
Solutions Using Zinc Oxide Nanoparticles -Modified
Albizia lebbeck

Adeniyi Florence JESUKEMI

University of Ibadan, NIGERIA

Artemether Ile Tedavi Edilen Wistar Siganlarinda
Quercetin’in Dist Ureme Hormonlar1 Ve Organlar
Uzerindek lyilestirici Etkisi

Helen Oluwanifemi OMONIYI
Anuoluwapo Blessing AKANO
Comfort Omolola OYEBAMIJI

Osun State University

The Significance Of Trichuris ovis In The Pathology Of
Sheep

Academician Prof. Dr. Ivan PAVLOVIC
Prof. Dr. Jovan BOJKOV,SKI
Dr. Aleksandra TASIC

Scientific Institute of Veterinary Medicine
of Serbia, Univerisity in Belgrade,
SERBIA

From Salicylic Acid to Functional N-Acylhydrazones:
Cost-Effective Synthesis and Corrosion Inhibition
Potential

Yahya BOUBEKRI
Prof. Siham SLASSI
Prof. Mohammed AARJANE
Prof. Amina AMINE

Moulay Ismail University, Hassan II
University, MOROCCO

Antimicrobial Resistance Patterns and Multidrug
Resistance Among Individuals Living with HIV in Port
Harcourt, Rivers State

Barine, B. M ., Frank-Peterside, N.,
Okerentugba, P. O., Cookey, T. L.,
Awanye, A. M., Aaron, U.

U., Affia, G. A., Okonko, I. O.

University of Port Harcourt, Choba,
Rivers State, NIGERIA

Crop Failure Due To Water Shortages During The
Prolonged Dry Season, Case Study In Sarwodadi Village

Putri Anindi Nurul’ AINI
Mega AULIA
M. Tegar Abdillah AKBAR
Muhamad Rafiq Ibnu AGSO

K.H. Abdurrahman Wahid State Islar_nic
University of Pekalongan, INDONESIA

X1




25.10.2025 / Hall-7, Session-2
Q MEETING ID: 872 0990 3578

ANKARA LOCAL TIME

10 %0:12 %

g | PASSCODE: 105298

HEAD OF SESSION: OYEBAMIJI Comfort Omolola

TOPIC TITLE

Economic Transformation Of Asean Trade In The Era
Of Globalization: Policy Harmonization And Market
Integration

AUTHORS

Putri Amelia ANDINI
Juhaida VALDA
Fida Putri NAINAWA

AFFILIATION

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

Tax Justice in Indonesia: An Analysis of Vertical,
Horizontal, and Distributive Equity

Juhaida VALDA .
Putri Amelia ANDINI
Fida Putri NAINAWA

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

The Contribution of MSMEsS to Job Creation and
Poverty Alleviation in Indonesia

SALSABILA
Sakinah Kharisma NUR
Samudra Tri Jaya DIMAS

UIN K.H. Abdurrahman Wahid Pekalongan,
INDONESIA

Osun Eyaletindeki Kii¢iik ve Orta Olcekli isletmelerin
Finansal Performansi Uzerindeki Coklu
Vergilendirmenin Etkisi

Anuoluwapo Blessing AKANO
Comfort Omolola OYEBAMIJi_
Omoniyi Helen OLUWANIFEMI

Osun State University

Hiimanizmin Bir Yansimasi Olarak Nijerya Sanati

OYEBAMIJI Comfort Omolola
ANUOLUWAPO Blessing Akano
OMONIYI Helen Oluwanifemi

Osun State University

Modeling The Seasonal Dynamics Of Albania’s Trade
Balance: A Time Series Approach

Brikena SULEJMANI
Evelina BAZINI

University of Vlora “Ismail Qemali”,
ALBANIA

The Role Of Islamic Fintech In Enchancing Financial
Inclusion

Lina Nur AFIFAH
Risqi Khoirina FIRDA
Nidya PUTRI

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

XIv




25.10.2025 / Hall-8, Session-2
Q MEETING ID: 872 0990 3578

ANKARA LOCAL TIME

10 %0:12 %

g | PASSCODE: 105298

HEAD OF SESSION: Revalina OKTAVIiANI

TOPIC TITLE

The Rise Of Digital Economy And Cryptocurrency:
Charting The Path Of Global Transactions

AUTHORS

Revalina OKTA\{iANi
Malfaliya NABILA
Elisa OKTAVIANA

AFFILIATION

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

Consolidation And Spin-Offs Of Islamic Banks: Strategies
To Strengthen The Islamic Finance Industry

Zahrotul KAROMAH
Lu’luil KAROMAH
Nabila Maydina M.A Farotul
JANNAH

K.H. Abdurrahman Wahid State Islalpic
University of Pekalongan, INDONESIA

Digital Innovation In Islamic Banking: Strategies To
Enhance Financial Inclusion

Ryan ARISTIYANTO
M. Halim BARNANDA
Mubh. Alfian FAiZ

State Islamic University K.H.Abdurrahman
Wahid Pekalongan, INDONESIA

Stock Investment Trends Among Generation Z In
Indonesia: Between Financial Literacy, Digital Technology,
And Financial Lifestyle

SAFINATUNNAJAH
Laeli Riski AMALIA
Nurul Adya IVANKA

Islamic State University of K.H.
Abdurrahman Wahid Pekalongan,
INDONESIA

The Role Of Sharia Contracts in Realizing Fair And Blessed
Economic Transactions

Khaerul UMAR
Lailatul MAULIDYA
Wildan MAHARODDIN

Islamic State University of K.H.
Abdurrahman Wahid Pekalongan,
INDONESIA

The Meaning Of Public Open Spaces As A Means Of Social
Interaction For Urban Communities

Diva Eka SAPUTRI
Nabila Yumna SULTHANA
Irma Dwi MULYANTI

K.H. Abdurrahman Wahid State Islalpic
University of Pekalongan, INDONESIA

The Role of Islamic Economics in Enhancing Financial
Inclusion and Sustainable Economic Growth

Nabila Suci RAHMADANI
Nabila Meca ASRI
Arina MANASIKANA

K.H. Abdurrahman Wahid State Islalpic
University of Pekalongan, INDONESIA

Zakat Distribution and Its Impact on Poverty Alleviation

Nabila Suci RAHMADANI
Nabila Meca ASRI
Arina MANASIKANA

K.H. Abdurrahman Wahid State Islalpic
University of Pekalongan, INDONESIA
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Giris

Erkeklerde Goriilen Yaygin Saglik Sorunlari
* Kalp hastaliklan

° Obezite

* Kazalar ve intihar

* Cinsel saglik sorunlar

° Kanserler (0zellikle prostat kanseri)

Erkek sagligi sorunlari, hem yasam kalitesini hem de yasam
suresini onemli olcude etkilemektedir.

Scientific Development and Innovative Approach

1. INTERNATIONAL MARCUS AURELIUS SCIENTIFIC
RESEARCH CONGRESS
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Istatistiksel Analizler (Korelasyon);

Tiikenmislik | Karar Is tatmini
yorgunlugu

Tiikenmislik |1

Karar 0,444 1
yorgunlugu
Is tatmini -0,452%* -0,322%*
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Emme Manifoldu Uzerinden Beslenen Amonyakla Calisan Cift Yakith Bir Dizel Motorun
Performans ve Emisyon Karakteristikleri

e Amonyak (NHs), karbon icermedigi icin yanma sirasinda CO, emisyonu
yapmaz.

e Agirlikca %17.65 hidrojen igerige sahip olmasi, enerji yogunlugunu artirir.

e Hidrojenden farkli olarak, amonyak iliml basing kosullarinda (8-10 bar)
saklanabilir.

e Depolama ve tasima altyapisi daha pratik ve gtivenlidir.
e Kiresel amonyak lretim kapasitesi yilda 180 milyon tonu agsmaktadir.

e Yesil amonyak uretimi (elektroliz ile), %90'a varan emisyon azalisl
saglamaktadir.

1at s katil o s S
- 1. Uluurellus Bilimsel Arastirmalar Kongesi
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ARETE'DEN ALPEREN’E: ANTIK VE TURKISLAM DUNYALARINDA ERDEM,
KiMLIK VE KULTUREL SUREKLILIK
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OZET

Bu makale, arete (miikkemmellik veya erdem) kavraminin Antik Yunan diislincesindeki
kokenlerinden, Tiirk-Islam baglamlar1 da dahil olmak iizere sonraki kiiltiirel, siyasi ve dini
geleneklerdeki yankilarina kadar tematik bir analiz sunmaktadir. Klasik metinler ve modern
bilimsel calismalar da dahil olmak iizere birincil ve ikincil kaynaklardan yararlanarak, ¢aligma
arete kavraminin atletik, siyasi, felsefi ve retorik alanlarda nasil anlasildigini aragtirmaktadir.
Ayrica, bu idealin Roma virtus'unda, Ahi geleneginin etik Ogretilerinde ve Tirk kiiltiir
kahramanlarinin sembolik anlatilarinda nasil doniistiigiinii ve benimsendigini incelemektedir.
Analiz, arete kavraminin genellikle kisisel miikemmellik ve yurttashk sorumlulugu ile
iligkilendirilse de biiytiik 6l¢iide elit siniflara erisilebilir olan diglayici bir nitelik tasidigini ortaya
koymaktadir. Sonu¢ olarak, makale, baglamsal olarak degiskenlik gosterse de, insan
miikemmelliginin pesinde kosmanin medeniyetler arasinda kalic1 bir ideal olmaya devam
ettigini vurgulamaktadir.

Anahtar kelimeler: Agon, Arete, Ahi, Alp/eren, Erdem, Kiiltiirel Miras.

FROM ARETE TO ALPEREN: VIRTUE, IDENTITY, AND CULTURAL
CONTINUITY IN THE ANCIENT AND TURKISH-ISLAMIC WORLDS

ABSTRACT

This article provides a thematic analysis of the concept of arete (excellence or virtue) from its
origins in Ancient Greek thought to its echoes in subsequent cultural, political, and religious
traditions, including Turkish-Islamic contexts. Drawing on primary and secondary sources,
including classical texts and modern scholarly works, the study investigates how the concept of
arete was understood in athletic, political, philosophical, and rhetorical fields. It also examines
how this ideal was transformed and adopted in Roman virtus, the ethical teachings of the Ahi
tradition, and the symbolic narratives of Turkish cultural heroes. The analysis reveals that
although the concept of arete is generally associated with personal excellence and civic

responsibility, it carries an exclusionary quality that is largely accessible to the elite classes.
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Ultimately, the article emphasizes that, despite contextual variations, the pursuit of human
excellence remains an enduring ideal across civilizations.

Keywords: Agon, Arete, Ahi, Alp/eren, Virtue, Cultural Heritage.

1. GIRIS

Insan uygarhiginin karmasik dokusunda, diisiince ve eylemlerle ifade edilen ahlaki
miikemmellik olan erdem kavrami, etik sistemlerin, siyasi ideolojilerin, egitim geleneklerinin
ve kiiltiirel kimliklerin sekillenmesinde kritik bir rol oynamistir. Klasik antik ¢agda erdemin en
kalic1 ifadeleri arasinda, fiziksel, ahlaki, entelektiiel ve sivil alanlarda miikemmellik idealini
Ozetleyen eski Yunanca arete terimi yer alir. Baglangicta Homeros destanlarinda kahramanlikla
iligkilendirilen arete, Yunan toplumunun dokusuna islenmis ¢ok yonlii bir kavram haline
gelmigtir. Bu kavram, kisisel basari, kamusal sorumluluk, rekabet¢ci miicadele ve felsefi
diisiince gibi kavramlarin temelini olusturmustur (Miller, 2012).

Zamanla, arete'nin anlamsal ve felsefi zenginligi Yunan sehir devletlerinin sinirlarini asmistir.
Roma siyaset teorisinde (Horner, 1975), Yahudi ve erken Hiristiyan teolojisinde
(Papademetriou, 2011) yeni bir hayat bulmus ve daha sonra ihsan, fazilet, alp/eren ahlaki ve
ahilik gibi kavramlar araciligiyla Islam, Tiirk ve Sufi kiiltiirel ideallerinde yansitilmis, manevi
ve ahlaki miikemmelligin yerel ifadeleri olarak islev gormiistiir (Kogak, 2012; Demirpolat ve
Akcga, 2004). Dolayisiyla aretenin, yalnizca tarihsel bir kavram degil, iyi yasamak, adil
davranmak ve topluma anlaml bir sekilde katkida bulunmak anlamlariyla 6rtiisen ancak farkli
yorumlarla medeniyetler arasinda koprii kuran, kiiltiirler ve tarihler 6tesi bir miikemmellik
motifi oldugu sdylenebilir.

Mevcut calisma secilmis klasik, felsefi, teolojik ve kiiltiirel metinlerin kapsamli bir tematik
analizini yaparak, arete kavraminin Yunan, Roma ve Tiirk-Islam medeniyetlerinde nasil
gelistigini ve dontistligiinii izlemektedir. Bu sayede, erdemin farkli sosyo-politik, retorik ve dini
baglamlarda nasil insa edildigini ve bu insa siireclerinin daha genis ideolojik, pedagojik ve
metafizik paradigmalart nasil yansittigini aragtirmaktadir. Arastirma, agonizm, demokrasi,
retorik ve kutsal imgelerin roliine &zel bir 6nem verirken, klasik arete ile Tiirk-Islam
miikemmellik idealleri arasindaki karsilastirmali 6zellikleri de vurgulamaktadir.

Bu tematik sentez, Miller (2012) ve Finkelberg'in (2002) arete ve polis {izerine yaptigi
arastirmalar ve Hawhee'nin (2002) retorik geleneklerde erdemin agonistik yorumuna dair
akademik metinlerden derlenmistir. Bunlar, Tiirk ve Islam degerleri iizerine modern
tartismalarla yan yana getirilmistir. Ahilik'in etik islevi (Demirpolat ve Akca, 2004), Alp
arketipi (Kalkan, 2016) ve Hac1 Bektas-1 Veli (irtes ve Baysal, 2023) ve Harakani (Diken, 2024)
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gibi dini-kiiltiirel figiirler gibi, yasamlar1 yerellestirilmis arete bigimlerini somutlastiran
figtirlerdir.

Bu yaklasim, her gelenegin i¢c mantigma ve baglamsal anlamlarina duyarliligi korurken,
kiiltiirler aras1 ve tarihsel karsilastirmalara olanak tanir. Metin analizi hem birincil ¢evirileri
hem de ikincil bilimsel yorumlart igerir.

Teorik ve Tarihsel Onemi

Bu analizin merkezinde, arete'nin sadece kisisel bir etik zorunluluk olarak degil, ayn1 zamanda
sosyal ve politik bir ideal olarak da islev gordiigii fikri yatmaktadir. Antik Yunan'da, arete
demokrasi i¢in dnemli bir rol oynamig ve sivil katilim ile kamusal erdemin insa edildigi etik
temeli olugturmustur (Wallach, 2011). Ayn1 zamanda arete, bireylerin sadece zafer i¢in degil,
kisisel ve toplumsal onurun onaylanmasi i¢in de rekabet ettikleri agonistik arenalarda islev
gormiistiir (Hawhee, 2002). Daha sonra, Yunan diisiincesi Roma ve Hiristiyan diinya
goriislerini etkilediginde, erdemin igerigi stoik, incil ve teolojik cercevelere uyum saglamak
icin degismis; arete'nin yapis1 korunurken, telos yeniden formiile edilmistir. Ornegin,
Papademetriou (2011), Yeni Ahit'in arete'yi ruhani itaat ve ilahi ahlakla nasil uyumlu hale
getirdigini ifade etmektedir. Bu arada, Romali filozoflar arete'yi disiplin, sadakat ve
imparatorluk goreviyle baglantili erkeksi, yurttaslik ideali olan virtus ile birlestirmiglerdir
(Horner, 1975).

Tiirk-islam diinyasinda da benzer idealler manevi ve kolektivist ifadelerle karsilik bulmustur.
Ornegin, Anadolu'daki Ahilik gelenegi, zanaatkarlik, ahlak ve toplumsal sorumlulugu, Yunan
arete'sine paralel ancak Islam inancina dayanan bir etik miikkemmellik sisteminde sentezlemistir
(Demirpolat ve Akga, 2004). Benzer sekilde, Hact Bektas-1 Veli ve Ahmed Yesevi'nin mistik
Ogretileri, ahlaki a¢idan kendini miikemmellestirmeyi manevi aydinlanma ile birlestirerek,
antik Yunan'in biitiinsel erdemlerini yansitirken, bunlar1 ilahi birlesme ve i¢sel arinma ile ilgili
kutsal anlatilara yerlestirmistir (Irtes ve Baysal, 2023; Ata, 2014).

Bu c¢alisma, tarthsel veya dini baglamdan bagimsiz olarak, insan miikemmelligi idealinin
ahlaki, pedagojik ve sivil sdylemleri nasil sekillendirdigini aydinlatmay1 amaglamaktadir. Bu
vesile ile hem evrensel Ozlemleri hem de kiiltiire 6zgii iyi yasam anlayislarini ortaya
koymaktadir. Asagidaki boliimlerde, klasik Yunan'in arete anlayisimi daha ayrintili olarak
inceledikten sonra, Roma, Hiristiyan ve Islam kiiltiirlerinde gegirdigi doniisiimleri izleyecek ve
son olarak bu farkli formiilasyonlarin etik ve sembolik islevlerinde nasil etkilesime girdigini,

ortlistiigiinii veya ayristigini ele alinacaktir.
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Antik Yunan'da Arete'nin Klasik Kokleri
Antik Yunan'da arete kavramu, klasik etik, siyaset ve egitimin temel taslarindan biri olmustur.
Etimolojik olarak Yunanca aristos (épiotog-en iyi) fiilinden tlireyen arete, baslangicta en genel
anlamiyla her tiirli miikemmelligi ifade etmekteydi. Homeros'un destanlarinda arete,
baslangigta aristokratik cesaret ve savas alaninda kahramanca basarilarla baglantiliyken
(Miller, 2012), zamanla Yunan toplumu erken Arkaik donemin aristokratik ethosundan (£6og-
karakter), daha sivil odakli klasik polis ¢ergevelerine gecis yapmis, arete kavrami genislemis
ve cesitlenmistir. Artik sadece askeri miikemmelligi degil, ahlaki erdem, retorik beceri, atletik
gii¢ ve sivil sorumlulugu da ifade etmeye baglamistir (Finkelberg, 2002).
Bu evrim, antik Yunan'da destansi diinyanin kahramanca bireycilikten polis'in etik
kolektivizmine dogru bir gecis seklinde daha genis bir kiiltiirel donilisiimii yansitmaktadir.
Arete'nin antik Yunan kimligini sekillendirmedeki merkezi rolii, edebiyat, felsefe, siyaset ve
egitimde izlenebilir ve sadece 6zel davranislar1 degil, ayni zamanda kamusal yasami da yoneten
derinlemesine yerlesmis bir ideali ortaya ¢ikarir.
Homeros ve Arkaik Edebiyatta Arete
[lyada ve Odysseia gibi Homeros metinlerinde arete, dncelikle fiziksel cesaret ve savas becerisi
olarak tasvir edilmistir. Achilles ve Odysseus gibi kahramanlar, savas yetenekleri, onur
kurallar1 ve stratejik becerileri nedeniyle arete'nin 6rnekleri olmustur. Ancak, bu erken
baglamlarda bile arete sadece giicle ilgili olmayip; ayn1 zamanda bilgelik, kurnazlik, sadakat ve
gelisen ahlak kurallarma bagliligi da igermektedir. Ornegin, Odysseus'un eve doniis
yolculugunda zorluklar1 agsmadaki kurnazligi, sadece fiziksel istiinliigiin degil, entelektiiel
arete'nin de bir tezahiiriidiir (Miller, 2012).
Dahasi, bu anlatilarda arete ozellikle kleos (kAéoc-seref) ve tim€ (tiun-onur) kazanmakla,
sosyal taninma ile baglantilidir. Hawhee'nin (2002) ifade ettigi gibi, bu baglamda arete statik
bir 6zellik degil, agonistik miicadele yoluyla kazanilan ve sergilenen, akranlar veya tanrilar
tarafindan degerlendirilen dinamik, performatif bir niteliktir.
Arete ve Polis: Etik ve Yurttashk Boyutlari
MO 6. ve 5. yiizyillarda Yunan sehir devletlerinin (polis) yiikselisiyle birlikte, arete kavrami
onemli bir anlamsal genisleme kazanmis, kahramanlik serefi, miitkemmelligin temel Ol¢iitii
olarak yerini yurttaslik erdemine birakmistir. Finkelberg'in (2002) belirttigi gibi, bu doniisiim,
erdemin aristokratik bir ayricalik olmaktan ¢ikip yurttaslik gorevi haline gelmesini isaret
etmektedir. Dolayisiyla Atina'da aretenin, iyi bir yurttasin nitelikleriyle esanlamli hale geldigi,

tlimlilik (co@pocvvn-sophrosyne), adalet (ditkarocvvn-dikaiosyne), cesaret (Avopéa-andreia)
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ve pratik bilgelik (ppdévnon-phronesis) anlamlarini ifade ettigi sdylenebilir. Bu yeni anlayis,
Atina'nin egitim ve siyasi yagsaminda kurumsallasmistir. Vatandaglar1 egitme siireci olan paideia
(mowdeia), sadece entelektiiel olusumu degil, ayn1 zamanda ahlaki gelisimi de hedeflemis ve
arete'yi demokratik vatandasligin dokusuna yerlestirmistir. Wallach'a (2011) gore, arete'nin
demokrasiye entegrasyonu, polis'in istikrar1 i¢in ¢ok Onemliydi, ¢iinkii erdemli vatandaslar
tiranlik, yolsuzluk ve demagojiye kars1 bir kalkan olarak goriilityordu.

Socrates, Platon ve Aristoteles, arete'nin felsefi kodifikasyonuna katkida bulunmuslardir.
Socrates’e gore arete, bilgi ve yasamla yakindan baglantiliydi ve dogruyu gercekten anlayan
hi¢ kimse isteyerek yanlis yapmazdi. Platon, arete'yi metafizikle iligkilendirmis ve onu ebedi
formlara, 6zellikle de iyilik formuna dayandirmistir. Aristoteles ise, Nicomachean Ethics adli
eserinde arete kavramini belki de en sistematik sekilde ele almis ve erdemleri, aliskanlik ve
mantikli se¢imler yoluyla gelistirilen, asiriliklar arasindaki bir orta yol olarak tanimlamistir
(Baumgartner ve Baumgartner, 2008). Ug diisiiniire gore arete, sadece eylem degil, rasyonellik,
diisiinme ve eudaimonia'nin (evdopovia-mutluluk) pesinde kosma ile karakterize edilen bir
varolus bi¢imini ifade eder.

Arete ve Agonizm: Miicadele Yoluyla Erdem

Yunan erdeminin en belirgin 6zelliklerinden biri, agonizm veya rekabet¢i miicadele ile olan
i¢csel baglantisidir. Bu baglant1 6zellikle atletizm, retorik ve politikada belirgin olarak karsimiza
cikmaktadir. Yunan vatandaslarindan, pasiflikle degil, rekabetci miikemmellikle onur kazanilan
agonistik alanlara katilim yoluyla arete'lerini kanitlamalari beklenirdi. Olimpiya Delphi, Pythia
ve Nemea'da diizenlenen atletizm yarigsmalari, sadece spor olmaktan 6te, toplumsal degerlerin
ritiiellestirilmis birer teyidi olmus, bu yarismalarda fiziksel miikemmellik ve 6z disiplin, ahlaki
karakteri simgelemistir. Miller''n (2012) eski metinlerden derledigi kapsamli eserinde
belgeledigi gibi, atlet arete'nin somutlasmis haliydi ve antrenmani (dokmnoic-askesis),
miikemmellik, diizen ve 6l¢iilii olmaya yonelik ahlaki bir baglilig1 yansitiyordu.

Retorik pratigi de agon ile i¢ ice olmustur. Hawhee'nin (2002) savundugu gibi, retorik agonizm,
rakibi yenmekle ilgili degil, diyalektik etkilesim yoluyla miikkemmelligi gostermekle ilgiliydi.
Izleyicileri etkilemek icin kullamilan ifadeler, yonlendirme igin degil, diisiince, dil ve ikna
lizerinde ustaliklarini sergilemek i¢in kullanilirdi. Bu nedenle, retorikte arete hem teknik beceri
hem de ahlaki biitiinliikk gerektiriyordu. Ayni anda bu agonistik kavram siyaset alanina da
yayllmistir. Atina demokrasisi iségoria (1ceyopra-esit so6z hakki) ve parrhesia (moppnoio-
hakikati soylemek) kavramlarini tesvik etmis ve kamuoyu tartigsmalari, ikna edici hitabet ve

sivil katilim yoluyla arete'nin ifade edilebilecegi bir ortam haline gelmistir. Bu anlamda
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demokratik meclis, siyasi bir kurum oldugu kadar ahlaki bir tiyatro da olmustur (Wallach,
2011).

Arete'nin Cinsiyet¢i ve Ayrimel Yonii

Yiice statlisiine ragmen, arete ayn1 zamanda cinsiyet ve siifa dayali bir ideal olmustur. Cogu
klasik metinde arete, erkek vatandaslarla, 6zellikle aristokrat veya hoplit (6mAitng-agir piyade
sinifindan savase¢i) sinifindan olanlarla iligkilendirilmistir. Kadinlar, koleler ve yabancilar,
istisnalar olmakla birlikte, arete'nin aktif olarak gelistirilmesinden biiylik 6l¢iide dislanmustir.
Ornegin, Odysseia'da Penelope'nin sadakati, sadakat ve dayaniklilik iizerine odaklanan bir tiir
kadins1 arete olarak ¢ercevelenmektedir (Lesser, 2019). Isocrates gibi daha sonraki yazarlar,
arete kavramini daha kapsayici erdem anlamlarini icerecek sekilde genisletmeye calismislar ve
arete'yi dogum veya servet yerine egitimsel basar1 ve sivil katilimla iliskilendirmislerdir (Muir,
2022). Ancak arete kavrami, herkesin ulagabilecegi bir miikkemmellik anlayisi sunmaz. Bu ideal,
genellikle sadece toplumun ayricalikli kesimlerinin ulasabildigi bir hedef olarak kalmigtir.
Ozetle, antik Yunanistan'da arete sadece igsel bir ahlaki nitelik degil, bireyin toplumdaki
degerini onaylayan, kamuya agik bir performans olmustur. Savas alaninda, spor salonunda veya
mecliste ifade edilsede, arete miicadele, taninma ve katki kavramlarindan ayri diisiiniilmemistir.
Kelimenin kahramanca erdemden felsefi ideale dogru evrimi, Yunan diisiincesinde kisisel
miikemmelligi sivil sorumlulukla, ahlaki erdemleri ise rasyonel 6zdenetimle iligkilendiren derin
bir doniisiimii isaret etmekteydi. Bu temel kavram, Roma'nin virtus (apetr-erdem) ideallerini,
Hiristiyanligin ahlaki miikemmelligi yeniden yorumlamasin1 ve daha sonra onur, dindarlik ve
etik liderlik etrafinda sekillenen Islam ve Tiirk degerlerini etkilemeye devam etmistir.
Arete'den Virtus'a: Roma ve Erken Hiristiyanhk Donemlerinde Erdem Kavraminmin
Dontisiimii

Akdeniz'in kiiltiirel ve siyasi merkezi Yunan sehir devletlerinden Roma Cumhuriyeti'ne ve daha
sonra Hiristiyanlasmis Roma Imparatorlugu'na kayarken, erdemle ilgili ahlaki ve felsefi
kavramlar da ayni1 sekilde degismistir. Agonistik, sivil ve felsefi geleneklere derinlemesine
yerlesmis olan Yunan arete kavrami, Roma ahlak sdylemi i¢inde virtus olarak yavas yavas
benimsenip doniistliriilmiistiir. Arete ve virtus arasinda, 6zellikle miitkemmellik, cesaret ve
kamu gorevi ile iliskilerinde 6nemli 6rtiismeler olsa da, Roma virtus'u militarizm, imparatorluk
ideolojisi, ataerkil diizen ve res publica'ya (kamu meselesi) karsi gorev gibi yeni vurgular
getirmistir (Horner, 1975). Daha sonra, erken Hiristiyan diisiincesinde erdem bir kez daha
yeniden yapilandirilmis ve klasik kamu taninirligi ve diinyevi basar1 ideallerinden kesin bir

kopusu isaret eden teolojik ve manevi anlamlarla donatilmistir.
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Bu boliimde, Yunan arete'sinden Roma virtus'una ve Hiristiyan ahlak teolojisine geg¢isin hem
stirekliligi hem de kopusu nasil isaret ettigi incelenecektir. Roma'nin milkemmelligi dignitas
(a&ompémera-onur itibar), pietas (miétec-tanrilara ve aileye karsi gérev) ve gravitas (Bapotnra-
ciddiyet) agisindan yeniden yorumlamasini incelemekte ve erken Hiristiyan diisiiniirlerin erdem
kavramini algakgoniilliiliik, itaat ve i¢sel dindarlik olarak yeniden cergevelendirmelerini ele
almaktadir. Bu nitelikler genellikle klasik agonizm ve sivil kahramanlikla zitlik i¢indedir.
Roma Virtus: Kamu Miikemmelligi, Vatandashk Gorevi ve Erkek Onuru
Roma baglaminda virtus (vir kelimesinden tiiremis olup “erkek” anlamina gelir-yigitlik,
cesaret, erdem), ozellikle erkeklere 6zgii bir ahlaki ve fiziksel miikemmellik bigimini ifade eder.
Staats (2017) tarafindan belirtildigi gibi, Roma virtus'u baslangigta militarist bir igerige sahipti
ve savas alaninda cesaret, metanet ve sadakat onun temel bilesenleriydi. Roma ideali,
Cincinnatus veya Scipio Africanus gibi asker-devlet adami figiirlerinde somutlasiyor, bu
figiirler, Cumhuriyet i¢in askeri hizmet ve 6zveri yoluyla virtus'u sergiliyorlardi. Genellikle
entelektiiel ve felsefi gelisimle baglantili olan Yunan arete'sinden farkli olarak, Roma virtus'u
oncelikle bir yurttaslik ve askeri idealdir. Yunan agonu retorik, atletik ve diyalektik iken, Roma
agonu yasalct, militarist ve politik olarak hiyerarsiktir. Horner'in (1975) vurguladigi gibi, Roma
virtus'u gloria (seref) ve fama (s0hret) eylemleri araciligiyla taninmali, kaydedilmeli ve
hatirlanmaliyd: ve genellikle anitlara, yillik kayitlara ve aile geleneklerine kazinmaliydi.
Roma kiiltiirli, pietas (mérec-tanrilara ve aileye karsi gorev), gravitas (Bapvtnroa-ciddiyet),
dignitas (a&lompéneia-onur itibar) ve constantia (Kovortavtio-kararlilik) gibi ayrintili bir erdem
terimleri dizisi gelistirmistir. Bu 6zellikler, Roma elitlerinin davraniglarini yoneten atalarin
gelenekleri olan mos maiorum'un (mpoyovikd £0wo-erdemler biitiini) etik temelini
olusturmustur (Horner, 1975). Birlikte, Roma vatandasini ahlaki acidan disiplinli, sosyal agidan
yikiimlii ve siyasi agidan aktif, yasam amaci felsefi diisiince theoria (Bewpio-dikkatlice
bakmak) degil, aktif hizmet ve kamusal miras olan bir kisi olarak tasarlamislardir.

Klasik Agon'dan Imparatorluk ideolojisine

Roma Cumhuriyeti'nin yerini imparatorluk'a birakmasiyla birlikte, virtus'u ¢evreleyen ahlaki
sOylem, imparatorluk amaclari i¢in giderek daha fazla aragsallagtirilmistir. Augustus gibi
imparatorlar, virtus'u resmi propagandada kullanmislar ve kendilerini kaotik bir diinyaya Pax
Romana'y1 (Eypivn mg Poung-Roma Barisi) geri getiren ahlaki liderligin 6rnekleri olarak
sunmuslardir. Bu imparatorluk anlatisinda virtus, arttk Roma forumu veya savas alanindaki
rekabet¢i milkemmellik degil, ilahi onay ve tarihsel kaderle gecerliligi onaylanan hiikiimdarin

kisisel ahlaki otoritesi olmustur (Benjamins, 2022).
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Bu gelisme, Yunan agonizminden dnemli bir ayrigsma noktasini isaret etmektedir. Yunan arete'si
siyasi ¢ogulculuk ve agik rekabet kosullarinda gelisirken, imparatorluk déneminde Roma
virtus'u merkezi, hiyerarsik ve torensel hale gelmistir. Kamu erdemleri, esitler arasindaki
rekabetle degil, imparatorluk giicline saygi ile yeniden tanimlanmistir. Birey artik rekabet
yoluyla arete i¢in degil, sadakat, itaat ve imparatorun ahlaki 6rnegine uyum yoluyla dignitas
(a&lompémera-onur itibar) icin cabalamaktadir (Wallach, 2011).

Yunan felsefi ahlakinin Roma Stoaciliina dahil edilmesi, bu doniisiimii daha da
kolaylastirmistir. Cicero ve Seneca gibi sahsiyetler, Yunan ahlaki ideallerini benimsemis, ancak
bunlar1 Roma'nin gérev ve dayaniklilik kategorileriyle yeniden sekillendirmislerdir. Ornegin,
fortitudo (c0évoc-giig, cesaret), agonistik mitkemmellikten ziyade igsel istikrar1 ve duygularin
bastirilmasini vurgulamistir. Boylece, stirekliligin var oldugu durumlarda bile, erdemin niteligi,
performans ve tanimirliktan ig¢sel disiplin ve etik kisitlamaya dogru ince bir sekilde yeniden
yonlendirilmistir (Hawhee, 2002).

Erken Hiristiyanlik ve Erdemin Yeniden Yonlendirilmesi

Hiristiyanhigin gec Roma Imparatorlugu'nda ortaya ¢ikisi, erdem kavraminin radikal bir sekilde
yeniden tanimlanmasina yol agmistir. Bu tanimlamada ahlaki miikemmellik, onur, itibar veya
toplumsal katki agisindan degil, ilahi irade, manevi algakgoniilliiliik ve ahlaki saflik agisindan
yeniden tanimlanmistir. Hiristiyan erdemleri ice doniik, kurtarict ve eskatolojik (éoyartoc-
teolojik acidan son) nitelikteydi. Arete ve virtus kamuoyunun onay1 ve bu diinyadaki basarilar
vurgulamisken, Hiristiyan erdemleri liituf, inang ve caritas (Kd&pitag-merhamet, sevgi) iizerine
odaklaniyordu ve genellikle diinyevi islerden tamamen uzaklasmay1 igeriyordu (Wildberger,
2006). Papademetriou (2011), Septuagint (sep tooajont-Yediler Kitab1) ve Yeni Ahit'te arete
kelimesinin anlamsal ve teolojik evrimini izleyerek, bu kelimenin miikemmellikle olan temel
baglantisin1 korudugunu, ancak artik Tanri'nin huzurunda ruhun miikemmelligini ifade ettigini
belirtir. Ornegin, 2 Petrus 1:5'teki Yunanca arete terimi, Hiristiyan ahlak olusumunun
ilerleyisiyle baglantilidir: inang, erdem, bilgi, 6zdenetim, sebat, dindarlik, karsilikli sevgi ve
ask. Burada erdem, artik rekabet¢i bir miicadeleyle degil, ilahi doniisiim ve ruhsal verimlilikle
tanimlanmaktadir (Saefatu vd., 2024).

Augustine gibi erken donem Kilise Babalari, pagan erdemleriyle iliskili gurur ve kibri
reddetmisler ve bunun yerine al¢akgoniilliiliik, iffet ve itaat gibi temel Hiristiyan erdemlerini
vurgulamislardir. Achilles, Socrates, Cato gibi Antik diinyanin kahraman figiirleri sehitler,
miinzevi ve algakgoniillii hizmetkarlarla yer degistirmislerdir. Bu yeni ornekler, klasik

oncelikleri tersine ceviren kenotik (kévmoig- Mesih'in beden almasinda kendini bosaltmasi
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Ogretisi) bir erdem bicimi uygulamis zayiflik gii¢, ac1 zafer, bilinmezlik ise kutsallik haline
gelmigstir (Pancheva, 2013). Bu ahlaki devrim, Bati'nin miikemmellik anlayisini derinden
degistirmis, arete veya virtus s6hret veya miras meselesi degil, ilahi gercekle uyum meselesi
haline gelmistir. Kogak'mn (2012) erken Tiirk-Islam ahlaki baglaminda belirttigi gibi, diinyevi
giicten cok manevi fedakarligin benzer bir sekilde deger kazanmasi gézlemlenebilir ve bu, insan
biiytikliigii anlamindaki daha genis bir kiiltiirlerarasi degisimin bir pargasini olusturur.
Gelenekler Arasindaki Siireklilikler ve Karsithklar
Yunan, Roma ve Hiristiyan erdem anlayislar1 arasinda derin farkliliklar olmasina ragmen, bazi
stireklilikler de mevcuttur. Her ii¢ gelenek de alisgkanlik haline getirilmis disiplin, etik 6z-
olusum ve topluma yonelimli olmay1 ahlaki yasam i¢in hayati dneme sahip olarak goriir. Ancak
erdemin telos'u (6mio-nihai amac), keskin bir sekilde farklilik gosterir. Yunanlilar icin bu,
rasyonel milkemmellik yoluyla eudaimonia (evdorpovia-mutluluk) iken, Romalilar i¢in kamu
hizmeti yoluyla gloria (ykAOpia) ve onurdu. Hiristiyanlar icin ise kurtulus ve Tanr ile
birlesmeydi (Stamatikos, 2024).

Terminoloji bile bu doniisiimii ortaya koymaktadir. Baumgartner ve Baumgartner (2008) s6zliik
caligmast Logos Arete'de belirttigi gibi, arete terimi milkemmellik anlamindaki semantik 6ziinii
korumus, ancak referanslart ve baglamlari 6nemli 6lgiide degismistir. Savas alanindan
forumlara ve son olarak manastirlara uzanan erdem yolunda, digsal fetihlerden igsel
kutsallasmaya dogru bir gecis yasanmustir. Ayrica, arete ve virtus'un cinsiyet boyutlar1 da
Hristiyan sdylemlerinde sorgulanmistir. Roma virtus'u agik¢a erkeksiyken, Hristiyan erdemleri
genellikle uysallik ve sefkat gibi kadinsi 6zellikleri igermekte ve ahlaki miikemmelligin
ornekleri olarak kadin azizleri ve sehitleri yiiceltmektedir (Papademetriou, 2011).

Arete'nin virtus'a, daha sonra da Hiristiyan erdemine doniisiimii, ahlaki dilin zaman ve kiiltiirler
boyunca ne kadar derin bir esneklige sahip oldugunu gostermektedir. Atletizm, savas ve
yurttaglik gorevine dayanan bir kavram olarak baglayan kavram, imparatorluk, teoloji ve
maneviyatin merceginde yeniden yorumlanmaktadir. Achilles'ten Augustus'a, oradan da
Augustine'e kadar, erdemin her yinelemesi, kendi tarihsel ve ahlaki evrenine gore insan
miikkemmelliginin sinirlarin1 yeniden tanimlamaktadir. Bu doniisiimde hem kayip hem de
kazang ortaya ¢ikmis, klasik arete'nin dinamizmi ve aciliyeti, Hiristiyan erdeminin ciddiyeti ve
i¢selligine yol agmustir. Ancak kalic1 soru hala gecerlidir: Mitkemmel yasamak ne demektir ve

erdem kimin i¢in gergeklestirilir?
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Bir sonraki béliimde, bu eski miikemmellik paradigmalarmin Tiirk-islam ahlak kiiltiiriinde,
ozellikle de savasc1 cesaretini manevi disiplin ve toplumsal sorumlulukla harmanlayan alp, eren
ve ahi figiirleri araciligiyla nasil yeniden kurgulandigi ele alinacaktir.

Arete'nin Tiirk-islamci Yeniden Yorumlamalari: Alp, Eren ve Ahi

Arete kavrami, Yunan antik ¢aginda saglam bir sekilde kok salmis olsa da, Tiirk-islam
diinyasinin ahlaki ve kiiltiirel geleneklerinde ilging benzerlikler ve doniisiimler bulunmaktadir.
Onceki boliimlerde gosterildigi gibi arete, Yunan agonistik miikkemmellik idealinden Roma
virtusuna ve sonunda manevi Hiristiyan erdem kavramina doniismistiir. Ancak, Orta Asya
bozkirlarinda ve daha sonra Anadolu'da, savase1 cesareti, dini baglilik ve sosyal sorumlulugu
birlestiren farkli bir ahlaki arketip ortaya ¢ikmistir. Bu bilesik ideal, Tiirk-Islam ahlaki hayal
giiclinde birbiriyle iligkili ti¢ figlir araciligiyla en iyi sekilde anlasilabilir: alp (savasci-
kahraman), eren (ruhani bilge) ve ahi (ahlaki tiiccar ve sosyal organizatdr).

Bu arketiplerin her biri, milkemmelligin farkli boyutlarin1 6zetler ve arete ile benzerlikler
tagirken, amag, hedef kitle ve inang sistematigi agisindan ondan farklilik gosterir. Birlikte, Tiirk
gdgebe degerlerini Islami etik ilkeler ve Sufi maneviyatiyla birlestiren yerli bir ahlaki sistemi
temsil ederler. Bu boliim, Tiirk-Islam geleneginde insan miikemmelliginin pesinde kosmanin,
arete'nin klasik mirasini nasil ayni anda onayladigini ve yeniden yapilandirdigini inceleyerek
bu figiirleri ayrintili olarak ele almaktadir.

Alp: Askeri Erdem ve Kahramanhk Ahlaki

Alp, ozellikle Homeros ve Sparta geleneklerinde, klasik Yunan kahramanlarina en yakin
benzetme olabilir. Kalkan (2016) tarafindan da belirtildigi gibi alp, I¢ Asya'nin bozkir
kiiltiirlerinde, kabilenin korunmasi ve topraklarinin genisletilmesi gorevini iistlenen, giig,
cesaret ve onurun birlesiminden olusan bir figiir olarak ortaya ¢ikmistir. Achilles veya Hector
gibi, alp de savas alanindaki kahramanligi, akrabalarma ve komutanina olan sadakati ve
toplulugun kutsal degerlerine olan derin baglhiligiyla tanimlaniyordu. Ancak Yunan
destanindaki bireyci ve rekabet¢i savascinin aksine, alp toplumsal ve manevi bir gergeveye
gomiiliidiir. Onun kahramanlig1 sadece kisisel sohret i¢in degil, ait oldugu toplumun refahi icin
ve daha sonra Islamilesmis biciminde, inang (din) ve adaletin savunulmas i¢indir. Savascilik
becerisi ve etik davranigin birlesimi, bu gelenegin belirleyici bir 6zelligidir. Ata'nin (2014)
vurguladig: gibi, alp sadece bir kili¢ degil, ayn1 zamanda onu ahlaki kisitlamalara ve manevi

amaglara baglayan bir davranis kurallar1 da tasir.
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Eren: Sufi Dindarh@ ve I¢sel Miikemmellik
Alp, erdemin eylem, cesaret ve fiziksel gli¢ gibi digsal boyutunu temsil ediyorsa, eren onun
i¢sel, tefekkiirsel yoniinii somutlagtirir. Eren (kelime anlamiyla ulagsmis olan), manevi disiplin,
ahlaki arima ve kendini yok etme (fana) yoluyla Tanri'ya yakinlik kazanmis Sufi mistik,
miinzevi veya dervistir (Kayaer, 2010). Onun miikemmelligi savas alaninda kazanilan
zaferlerde veya sosyal statiide degil, ahlaki arinmada, ilahi bilgide ve evrensel sefkatte
yatmaktadir. Bu figiir, Hiristiyanligin virtus'tan manevi al¢akgoniilliiliige gecisiyle paralellik
gdsterir, ancak Islam metafizigi ve Tiirk sozlii gelenegine kok salmistir. irtes ve Baysal (2023)
tarafindan belgelendigi iizere, eren'in goérsel ve sembolik temsilleri Anadolu'nun kutsal
mimarisi ve ayinsel alanlarinda yaygindir ve burada sadece dini rehberler olarak degil, ahlaki
hafizanin ve toplumsal kimligin koruyucular olarak da islev goriirler.
Onemli olarak, eren genellikle bir zamanlar alp oldugu seklinde tasvir edilir. Bu déniisiim,
digsal fetihlerden icsel zafere dogru manevi bir olgunlagmayi isaret eder. Ahmet Yesevi veya
Hac1 Bektas-1 Veli gibi Sufi anlatilarinda, alp'tan eren'e yolculuk, egoyu (nefs) ilahi iradeye
déniistiirme yolculugudur (Ozmen, 2019). Bu, varolugsal miikkemmelligin bir bigimidir; burada
insan potansiyeli, hakimiyet yoluyla degil, kendini asma yoluyla zirveye ulasir.
Bu anlamda eren, arete'yi rekabetci olmayan ahlaki bir gelisme olarak yeniden yapilandirir.
Yunan ve Roma idealleri genellikle benligi bagkalariyla veya kaderle rekabet haline getirirken,
Sufi ideali bu miicadeleyi ice, kalbe, ruha ve Mutlak'a yonlendirir (Ajmal, 2013). Erken
Hiristiyan erdemlerinden gok da farkli olmayan, ancak Islam kozmolojisine dayanan kendi
metafizik kelime dagarcigina sahip, radikal alcakgoniilliiliik ve hizmet etigi sunar.
Ahi: Yurttas Ahlaki ve Etik Calisma
Tiirk-Islam ahlaki manzarasinin iigiincii onemli figiirii, 13. yiizy1lda Anadolu'da ortaya ¢ikan
sosyo-dini bir kardeslik orgiitii olan Ahilik Tarikati'nin {iyesi olan ahidir. Ahi, zanaatkarlik,
ticaret ve sosyal orgiitlenme alanlarinda uygulanan, savasci, manevi ve yurttaglik erdemlerinin
belirgin ve giiclii bir sentezini temsil eder. Demirpolat ve Akcanin (2004) agikladigi gibi,
Ahilik sadece bir lonca sistemi olarak degil, ayn1 zamanda bir ahlaki kurum olarak da islev
gérmiis, iliyelerine hem teknik beceri hem de etik davranig egitimi vermistir. Ahi ideali,
toplumsal erdemleri somutlastirir. Alp savas alaninda, eren ise ruhunda adaleti ararken, ahi
bunu pazar yerinde ve sehirde gelistirir. Uyelerden ticarette diiriist, muhtaglara comert, zayiflart
koruyan ve dini ve toplumsal degerlere saygili olmalar1 beklenmistir. Onlarin slogani olan Elini,
belini, dilini tut (Elini, belini ve dilini koru), 6zdenetim ve kamu hizmeti kurallarin1 6zetler

(Dogan, 2015).
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Klasik arete ile paralellikler onemlidir: ahi sistemi hem yetkinlik hem de karakterleriyle
toplumsal iyilige katkida bulunan miikemmel insan yetistirmeyi amaclamistir. Ancak, Yunan
vatandag-kahramanindan farkli olarak, ahi miikemmelligi rekabetten c¢ok dayanigsma,
misafirperverlik ve etik ¢alisma ile tanimlar. Diken'in (2024) Harakani ve ilgili sahsiyetler
izerine yaptig1 kiiltiirel analizde gosterdigi gibi, Ahi ahlaki Sufi degerleriyle, halka hizmet
Hakk’a hizmettir inanciyla derinden i¢ icedir. Ahi gelenegi, maddi ge¢im arayisinin etik ve
manevi biitiinliikten ayrilamayacagi bir ahlaki ekonomiyi temsil eder. Bir¢ok ydnden,
Yunanlilarin sordugu Insan nasil yasamali? sorusunu yanitlar, ancak bunu manevi teslimiyet,
sosyal sorumluluk ve mesleki saygmligin bir karisimiyla yapar.

Kiiltiirel Birlesme ve Miikemmelligin Yeniden Cercevelenmesi

Alp, eren ve ahi kavramlarinin ilk ortaya ¢ikist Tiirk kahramanhigi, Islam teolojisi, Sufi
mistisizmi ve Orta Asya toplumsal degerlerini harmanlayan derin bir kiiltiirel sentezi temsil
etmektedir. Bunlar sadece arete'nin benzerleri degildir; farkli tarihsel, dini ve kozmolojik
cerevelere dayanan yeniden formiilasyonlardir. Yunan agonundan Tiirk-islam miikemmellik
modeline gecis, daha genis medeniyet farkliliklarimi yansitmaktadir. Klasik antik c¢agda
kamusal alanda bireysel farkliliklar vurgulanirken, Tiirk-islam modeli toplumsal uyumu,
manevi disiplini ve ahlaki hizmeti 6n plana ¢ikarmistir. Ancak her iki gelenek de kendi
yontemleriyle, kiiltlirel degerleriyle uyumlu bir sekilde cesaret, bilgelik ve adaleti temsil eden
uyumlu ve biitiinlesmis bir insan yetistirmeyi amag¢lamistir.

Dahas1, miikemmelligin Tiirk-Islam yorumlari, arete'de bulunan eylem (alp), tefekkiir (eren) ve
ahlaki ilimlilik (ahi) temelli Giglii yap1iy1 korumustur (Derin, 2023). Bu figiirlerin her biri, askeri
savunma, manevi canlanma veya ekonomik istikrar gibi belirli tarihsel ihtiyaclara cevap
vermekle kalmaz, ayn1 zamanda ahlaki karakterin olusumu ve iyi bir yasam siirme arayisiyla
ilgili evrensel bir kaygiy1 da ifade eder.

Sonug¢

Arete’den virtus’a, oradan da alp, eren ve ahi figiirlerine uzanan tarihsel ¢izgi, insanhk
tarthindeki miitkemmellik arayisinin kiiltiirel olarak nasil yeniden tanimlandigini1 gésteren gok
katmanl bir ahlaki doniisiim siirecine isaret etmektedir. Bu ¢alisma gostermistir ki, arete salt
Antik Yunan’a 6zgii bir etik ideal degil; zaman i¢inde farkli dini, siyasal ve toplumsal
baglamlarda yeniden yorumlanmis, degisen deger sistemlerine uyarlanmistir.

Klasik Yunan'da 6zellikle agonistik bir baglamda ortaya ¢ikan arete, bireysel kahramanlik,
yurttaglik erdemi ve entelektiiel tutarlilik gibi degerler {izerinden tanimlanirken; Roma’da bu

kavram virtus olarak daha kurumsallagsmis, toplumsal diizen ve gorev bilinciyle i¢ ice gegmistir.
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Buna karsilik, Tiirk-Islam diinyasinda miikemmellik ideali, arete’nin 6zii olan insan
potansiyelini gerceklestirme amacin1 korumakla birlikte, onu Allah inanci, i¢sel arinma ve
toplumsal sorumluluk temelinde yeni bir etik yap1 igerisinde dontistiirmiistiir.

Bu déniisiim siireci ii¢ temel dinamikle 6ne ¢ikmaktadir: ilki, yeniden baglamsallastirmadir.
Miikemmellik arzusu sabit kalmakla birlikte, bu miikkemmelligin Olgiitleri agonistik basaridan
manevi olgunluga kayar. Ikincisi, i¢sellestirmedir. Gerek ge¢ Antik felsefede gerekse tasavvuf
geleneginde gézlemlendigi gibi, erdem artik digsal onaydan ¢ok, i¢sel uyum ve ruhsal derinlikle
tanimlanir. Ugiinciisii ise, toplumsallastirmadir. Yunan geleneginde bireysel bir meziyet olan
arete, Tiirk-Islam diisiincesinde toplumsal hizmetle biitiinlesmis, ahi &rneginde oldugu gibi
kolektif etik sorumlulukla tanimlanmaistir.

Ancak bu doniisiim ¢izgisi dogrusal ve tek yonlii bir gelisim olarak degil, cok yonlii kiiltiirel
etkilesimler baglaminda ele almmalidir. Tiirk-Islam diinyasi, Yunan-Roma mirasin1 sadece
miras almakla kalmamis; kendi dinsel, siyasal ve toplumsal kosullart dogrultusunda 6zgiin
ahlaki tipolojiler gelistirmistir. Alp, eren ve ahi gibi figiirler bu nedenle yalnizca tarihsel
benzerlikler yoluyla degil, ayn1 zamanda farkli ontolojik ve epistemolojik anlayislarla
aciklanmalidir.

Modern ¢agin biitiinlesik etik anlayis arayisinda, bu tarihsel figiirler yalnizca gegmisin
temsilleri degil, ayn1 zamanda ¢agdas insanin ruhsal, toplumsal ve mesleki dengelerini yeniden
kurmasina rehberlik edebilecek 6rneklerdir. Arete, bu yoniiyle sabit bir erdemler listesi degil,
her donemin kendi degerleri ve ihtiyacglar1 ¢ercevesinde yeniden anlamlandirdigi dinamik bir
ahlaki yonelimdir. Bu yiizden ister Homeros’un kahramani ister Atinali yurttas ister Sufi bir
eren veya ahi teskilatinin mensubu olsun, tiim bu figiirler, insanin etik potansiyelini
gerceklestirme yolundaki ortak bir arayisin farkl yiizleri olarak okunabilir.
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OZET
Yag dokusu trigliserit depolayan bir doku olmasinin yani sira enerji metabolizmasini ve
homeostazisinin diizenlenmesinde gorev alan; beslenme, termojenez, bagisiklik, néroendokrin
fonksiyon ve seks steroidlerinin kontroliinde rol oynayan hormon yapisindaki adipokinleri
salgilayan aktif bir endokrin organdir. Yiiksek enerjili ve yagdan zengin diyetlerin yaygin
tilketimi enerji metabolizmasini diizenleyen hormonlarin etkinliginde 6nemli degisimlere
neden olmaktadir. Burada, yiiksek enerjili ve yiliksek yagli diyetlerin yani sira omega-3 ve
omega-6 yag asitlerinin ve tiroid hormonlarinin enerji metabolizmasinda énemli asprosin,
adropin, preptin, nesfatin-1 ve irisin hormonlari iizerindeki etkileri incelenmistir. Elde edilen
bulgularda, yiiksek yagl diyetlerin adropin ekspresyonunu arttirarak enerji, lipid ve glikoz
metabolizmasini etkileyebildigi, asprosin diizeylerini arttirarak istah1 ve glikoz {retimini
uyardigi, nesfatin-1seviyelerini yiikselterek kalp ve testis fonksiyonlarini iyilestirebildigi, irisin
diizeylerini arttirarak enerji harcanmasini, insiilin duyarliligini, kemik sagligim1 ve lireme
fonksiyonlarinda olumlu etkileri oldugu gozlemlenmistir. Buna karsin yiiksek yaglh diyetlerde
preptin eksikligi metabolik bozukluklar: etkilerken kemik sagliginda cinsiyete bagl farkli
etkiler gostermektedir. Omega-3 yag asitlerinin anti-inflamatuar 6zellikleri adropin ve irisin
ekspresyonunu ylikselterek enerji harcanmasmi ve insiilin duyarliligini iyilestirmektedir.
Omega-6 yag asitlerinin asir1 alimi  proinflamatuar etkiler tiizerinden hormonlarin
fonksiyonlarini etkileyebilmektedir. Coklu doymamis yag asitlerinin (PUFA) diger
hormonlarin ekspresyonu lizerindeki etkileri hala tam olarak aydinlatilamamistir. Ayrica tiroid
hormonlar1 hipertiroidi ve hipotiroidi durumlarinda asprosin, adropin, preptin ve irisin
seviyelerini degistirerek enerji homeostazini etkiler. Ayrica irisin tiroid hormonlariyla islevsel
olarak birbirlerini karsilikl1 diizenler.Sonug olarak, diyetle alinan yag asitlerinin tiirii ve miktari,

enerji metabolizmasini diizenleyen hormonlarin sekresyonu ve etkisi iizerinde belirleyici rol
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oynamaktadir. Omega-3 yag asitlerinden zengin beslenme hormon ekspresyonunu etkileyerek
enerji dengesi, insiilin duyarliligini etkileyerek metabolik agidan koruyucu etki gosterebilir.

Anahtar kelimeler: Adipoz doku, asprosin, adropin, irisin, preptin, yiiksek yagl diyet

EFFECTS OF HIGH-ENERGY AND HIGH-FAT DIETS AND OMEGA-3/6 FATTY
ACIDS ON HORMONES RELATED TO ENERGY METABOLISM

ABSTRACT

Adipose tissue is not only a site for triglyceride storage but also functions as an active endocrine
organ that secretes hormone-like adipokines involved in the regulation of energy metabolism
and homeostasis, including nutrition, thermogenesis, immunity, neuroendocrine function, and
the control of sex steroids. The widespread consumption of high-energy and high-fat diets
induces significant alterations in the activity of hormones that regulate energy metabolism. This
review examines the effects of high-energy and high-fat diets, as well as omega-3 and omega-
6 fatty acids and thyroid hormones, on key hormones in energy metabolism, including asprosin,
adropin, preptin, nesfatin-1, and irisin. Findings indicate that high-fat diets can influence
energy, lipid, and glucose metabolism by upregulating adropin expression, elevating asprosin
levels to stimulate appetite and glucose production, increase nesfatin-1 levels to enhance
cardiac and testicular function, and upregulate irisin to improve energy expenditure, insulin
sensitivity, bone health, and reproductive function. In contrast, preptin deficiency under high-
fat dietary conditions affects metabolic disorders and exhibits sex-specific effects on bone
health. The anti-inflammatory properties of omega-3 fatty acids improve energy expenditure
and insulin sensitivity by enhancing adropin and irisin expression, whereas excessive intake of
omega-6 fatty acids may disrupt hormone function via pro-inflammatory mechanisms. The
effects of polyunsaturated fatty acids (PUFAs) on the expression of other hormones remain
incompletely understood. Additionally, thyroid hormones modulate energy homeostasis by
altering asprosin, adropin, preptin, and irisin levels in both hyperthyroid and hypothyroid states.
Importantly, irisin and thyroid hormones appear to regulate each other in a reciprocal manner
functionally. In conclusion, the type and quantity of dietary fatty acids play a decisive role in
the secretion and function of hormones regulating energy metabolism. A diet rich in omega-3
fatty acids may have a metabolic protective effect by affecting hormone expression, energy
balance, and insulin sensitivity.

Keywords: Adipose tissue, asprosin, adropin, irisin, preptin, high-fat diet
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1. GIRIS
Metabolizmanin diizenlenmesi ve enerji homeostazisinin korunmasinda yag dokusunun énemli
endokrin rolii vardir. Yag doku trigliseritlerin depolanmasi disinda besin, sinir ve hormonal
sinyallere cevap vermesinin yani sira beslenmeyi, termojenezi, bagisikligi, néroendokrin
fonksiyonu kontrol eden adipokinleri de salgilamaktadir. Bu durum enerji homeostazisinde
onemli bir rol almaktadir. Yag doku ayrica seks steroidlerinin diizeylerini ve aktivitesini de
kontrol etmektedir. Yag dokunun baskin kism1 beyaz yag dokusudur (WAT) (Belanger et al.,
2002; Li et al., 2012).
Adropin, Enho geni tarafindan baglica karaciger ve beyinde sentezlenen, 76 aminoasitlik bir
peptit hormondur. Metabolik homeostaz ve kardiyovaskiiler sistemle iliskili olan adropin,
diyetin makrobesin igerigi tarafindan da diizenlenmektedir. Yas ilerledik¢e plazma adropin
konsantrasyonunda diisiis goriilmesi (Butler et al., 2012), erkeklerde kadinlara gére adropin
konsantrasyonunun daha yliksek oldugu ve erkeklerde plazma adropin konsantrasyonunun
Beden Kitle Indeksi ile negatif iliskisi oldugu gozlemlenmistir (St-Onge et al., 2014) .
Asprosin esasen beyaz yag dokudan salgilansa da diger dokulardan da salgilanabilir. Boylece
obezite parametreleriyle asprosin diizeyleri arasindaki iliski azaltilabilir (Romere et al., 2016).
Asprosin, aglikta artan ve hepatik glikoz salinimini diizenleyen oreksijenik bir protein
hormondur; karaciger bu hormonun baslica hedef organidir. Dolagima salindiktan sonra
OR4M1 ve Ptprd reseptorleri iizerinden glukojenik ve oreksijenik etkiler gosterir (Li et al.,
2019; Mishra et al., 2022).
Nesfatin 1, NEFA/niikleobindin2’nin ismidir. Sicanlarda istah kontrol merkezi hipotalamik
cekirdeklerde ekspresyonu gerceklesmektedir (Goebel et al., 2009).
Preptin, pankreas beta hiicreleri tarafindan insiilin ve amilinle birlikte sentezlenen, 34
aminoasitten olugsan pro-IGF-II tiirevli bir peptit hormondur. Glikoz aracili insiilin
sekresyonunu artirmakta, ancak tek basina baslatmamaktadir; endojen preptinin anti-preptin
antikorlartyla notralizasyonu glikoz aracili insiilin salinimini azaltmaktadir (BUCHANAN et
al., 2001)
FNDCS5 geni tarafindan kodlanan ve proteolitik olarak iglenen irisin, fibronektin III alani igeren
112 aminoasitli bir peptittir; FNDCS proteini ise 209 aminoasitten olusur ve N-terminalinde 29
kalintili bir sinyal dizisi bulunur. Irisin, baslangicta kas, perikard, kalp ve beyinde reseptdr
olarak tanimlanmis, sonradan miyoblast ve noron farklilasmasinda kritik bir rol oynadigi

belirlenmistir (Ferrer-Martinez et al., 2002).
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2. MATERYAL VE METOD
Bu derlemede, yiiksek enerjili ve yagli diyetler ile omega-3 ve omega-6 yag asitlerinin enerji
metabolizmasinda rol oynayan hormonlar (asprosin, adropin, preptin, nesfatin-1, irisin) ve
tiroid hormonlan {izerindeki etkilerini inceleyen c¢alismalar kapsamli bir sekilde analiz

edilmistir.

Calismalar, PubMed veri tabani kullanilarak taranmistir. Arama terimleri olarak “high-fat

diet”, “omega-3 fatty acids”, “omega-6 fatty acids”, “asprosin”, “adropin”, “preptin”, “nesfatin-

17, “irisin” ve “thyroid hormones” anahtar kelimeleri ile ilgili terimler kullanilmistir.

3. SONUCLAR VE TARTISMA

3.1. Yiiksek yagh diyetlerin adropin iizerine etkileri

Adropin, beyaz ve kahverengi preadiposit cogalmasini uyarmaktadir (Jasaszwili et al., 2019).
Adropin eksikligi yaglanmaya neden olabilmektedir. Adropin uygulanmasi veya asir1
ekspresyonu, yiiksek yagl diyetle beslenen hayvanlarda viicut agirliginda artisa karsi koruma
saglamaktadir. In vitro olarak adropin beyaz ve kahverengi preadipositlerin ¢cogalmasini uyarir
ve olgun adipositlere doniisiimiinii inhibe eder (Kotodziejski et al., 2021).

Adropin konsantrasyonu insanlarda diyetin makro besin i¢erigine baghdir. 2 saatlik araliklarla
insan dis1 primatlardan aliman Ornekler plazma adropin seviyelerinde bir ritim oldugunu
kanitlarla gostermistir. Bu primatlar diisiik yagh diyetle beslenmistir. Adropin seviyelerinin
zirve oldugu noktalar beslenme saatleri civarindadir (Ghoshal et al., 2018). Fare ¢alismalarinda,
adropin ekspresyonunun kolesterol ve 7 oksijenli steroller tarafindan baskilanmasinin
insanlarda adropin konsantrasyonu ve LDL kolesteroliin hepatik lipit metabolizmasi ile
baglantili oldugunu diisiindiirmektedir. Yiiksek yagh diyetle beslenen erkek farelerde adropinin
karaciger yaglanmasini (steatoz) Onledigi sonucuna ulasilsa da bununla ilgili daha fazla
arastirmaya ihtiyac vardir (Kumar et al., 2008), (Ghoshal et al., 2018) .

Kadinlarda yag tiikketimi ve uykunun adropine etkisini inceleyen bir ¢alismada; uyku kisitlamasi
plazma adropin seviyelerini dnemli Olciide etkilemezken yag igerigi yliksek besin secimiyle
ozellikle doymus yagli besinlerle beslenmenin adropin seviyesini pozitif yonde arttirdigi
bildirilmistir (St-Onge et al., 2014) .

3.2. Coklu doymams yag asitlerinin (w-3,w-6) adropin iizerindeki etkileri

Gec gebelik doneminde omega-3 yag asitleri eikosapentaenoik asit (EPA) ve dekoheksaenoik

asit (DHA) kaynaginin desteklenmesinin koyunlarla yavrularinin tiretken ve metabolik tepkileri
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izerindeki etkisini aragtiran bir calismada adropin plazma konsantrasyonlarinda hem anne hem
de yavrularda higbir farklilik tespit edilmemistir (Coleman et al., 2018).
Farelerde yapilan caligmalarda, inflamatuvar bagirsak hastaliinda (IBH) serum adropin
diizeylerinin azaldig1 ve hastalik siddetiyle negatif korelasyon gosterdigi belirlenmistir.
Adropin uygulamasi, makrofajlarda anti-inflamatuar doymamis yag asidi igerigini, ozellikle
coklu doymamis yag asitlerini (PUFA) anlaml sekilde artirmistir. Bu bulgular, adropin ile
doymamis yag asitleri arasinda gii¢lii bir iliski olabilecegini diisiindiirmekte olup, omega-3 ve
omega-6 yag asitlerinin adropin tizerindeki etkisini acikliga kavusturmak i¢in daha fazla
calismaya ihtiyac vardir (Liu et al., 2023). Bu bulgular adropin ve doymamis yag asitlerinin
arasindaki iliski hakkinda fikir verebilir.

3.3. Yiiksek yagh diyetlerin asprosin iizerindeki etkileri

Asprosinin obezite modellerinde vaskiiler endotel disfonksiyona katkisi, palmitik asitle tedavi
edilen sigan aort endotel hiicreleri ve yiiksek yagli diyetle beslenen farelerde incelendi.
Bulgular, asprosinin endotel fonksiyon bozuklugunu agirlastirdigini; nitrik oksit azalmasi,
malondialdehit artig1 ve PI3K-AKT inhibisyonuyla karakterize edilen bu bozuklugun, asprosin
inhibisyonuyla hafifletilebildigini ve mitokondriyal fiizyonun artirilmasiyla diizelebilecegini
gostermektedir. (Lu et al., 2023). Bu c¢alisma asprosinin kan damar1 disfonksiyonunun erken
bir belirteci olabilecegini gdstermektedir. 10 hafta boyunca HFD ile beslenen Sprague Dawley
sicanlar1 tizerinde yapilan calismada, artan RBP4/asprosin seviyelerinin obeziteye bagl
periodontitiste alveolar kemik rezorpsiyonunu artirdigi, osteogenezi azalttig1 ve proinflamatuar
belirtegleri yiikselterek periodontal inflamasyonu siddetlendirdigi gosterilmistir (Zhang et al.,
2023).

24 Sprague Dawley sicani iizerinde yapilan ¢aligmada, asprosinin in vitro ve in vivo inflamatuar
etkileri incelenmistir. Sonucglar, HFD ve asprosinin IKKo/B-IkBa-NF-kBp65 yolunu aktive
ederek endotel inflamasyonunu artirdigini, asprosin nétralizasyonunun ise bu yolu bloke ederek
anti-inflamatuar etki sagladigin1 géstermistir; ayrica asprosin, hiperlipidemi kaynakli endotel
inflamasyonunu da artirmistir (Huang et al., 2023).

3.4. Yiiksek yagh diyetlerin nesfatin 1 iizerindeki etkileri

Nesfatin-1, gida alimi ve glikoz homeostazini diizenlemenin yani1 sira kardiyomiyosit
metabolizmasi, endotel fonksiyonu ve kardiyovaskiiler sistem iizerinde de etkilidir (Gonzalez
ve ark 2011, (Feijoo-Bandin et al., 2016). Yiiksek yagh diyetle streptozotosin uygulanarak

olusturulan diyabetik fare modelinde nesfatin-1 tedavisi, insiilin duyarliligini artirmis,
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dislipidemiyi hafifletmis ve kalp fonksiyonunu koruyarak miyokard hipertrofisi ile MAP ve
CK-MB/AST diizeylerini diisiirmiistiir. Mekanistik olarak, nesfatin-1 p38-MAPK yolunu bloke
ederek diyabet kaynakli kardiyomiyopatiye karsi koruyucu etki gostermektedir (Wang et al.,
2016).

Nesfatin-1, yiiksek yagli/streptozotosin ile indiiklenen tip-2 DM farelerinde testis fonksiyon
bozuklugunda iyilestirici etki gdstererek germ hiicre apoptozunu azaltmis, testosteron tiretimini
ve insiilin duyarliligini artirarak testis histolojisini diizeltmistir (Ranjan et al., 2020). Yiksek
yagl diyetle beslenen farelerde gastrik mTOR sinyalizasyonu, nesfatin-1/NUCB2 ve ghrelin
iiretimini diizenlemekte olup enerji durumu degisikliklerinde paralel aktivite gostermektedir (Li
et al., 2012).

Yiiksek yagh diyetle beslenen obez farelerde ¢inko takviyesi, nesfatin-1 seviyelerini artirarak
tokluk hissini giliglendirmistir (Demirci & Giin, 2022). Obezojenik diyette NUCB2/nesfatin-1,
HMGBI ekspresyonunu ve salgisini kismen inhibe ederek NRF2 yolunu aktive etmekte ve NF-
kB aracili pro-inflamatuar yanit1 azaltmaktadir; bu, nesfatin-1’in obezitede anti-inflamatuar bir
adipokin olarak terapotik potansiyel tasidigini gostermektedir (Gharanei et al., 2022).

3.5. Coklu doymamus yag asitlerinin (w-3, w-6) nesfatin 1 iizerindeki etkileri

Fat-1 transgenik farelerde endojen n-3 PUFA diizeylerinin artirilmasinin, agirlik/boy oranini
degistirmedigi, ancak nesfatin-1 mRNA ekspresyonunu azalttig1 bildirilmistir; bu, nesfatin-1’in
tokluk ve enerji dengesiyle iliskili olabilecegini diisiindiirmektedir (Neff et al., 2011). DEHB
tedavisinde kullanilan atomoksetin ve omega-3’iin istah diizenleyici hormonlar {izerindeki
etkilerini inceleyen rat ¢alismasinda, omega-3’iin oreksijenik ghrelin seviyelerini azalttig1
gdzlenmis, nesfatin-1 ile ilgili kesin bir sonug elde edilememistir (Ozbay & Kayhan, 2024).
3.6. Yiiksek yagh diyetin preptin iizerindeki etkileri

14 hafta boyunca yiiksek yagl diyetle beslenen farelerde yapilan caligmada, preptin eksikliginin
erkeklerde metabolizma lizerinde zararli, kemik saglig1 lizerinde ise olumlu etkiler gosterdigi;
disilerde ise karacigerde yag birikimine karsi koruyucu olabilecegi belirlenmistir. Ayrica
preptin eksikligi, disilerde metabolik strese yanit1 koétiilestirirken, erkeklerde yiiksek yagli
diyete yanit1 etkilememistir; iskelet fenotipi iizerindeki etkilerin aciklifa kavusmasi i¢in ek
caligmalara ihtiya¢ vardir (Buckels et al., 2023).

3.7. Yiiksek yagh diyetin irisin iizerindeki etkileri

Yiiksek yagli diyetle beslenen farelerde yapilan bir ¢alismada, hem yiiksek yogunluklu aralikli

egzersiz hem de orta yogunluklu siirekli egzersizin iskelet kasinda irisin ve BAIBA sentezinde
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rol alan genlerin GSH iiretimi ve mRNA ekspresyonunu artirdigi bulunmustur (Wang et al.,
2021). Diyabetik farelerde yliksek yagl diyet ve sekiz haftalik kosu bandi egzersizi uygulanan
bir calismada, egzersizle iligkili iskelet kasi irisininin oksidatif hasara bagli miR-150-
FDNCS/piroptoz eksenini baskilayarak diyabete bagli osteoporozu iyilestirdigi gosterilmistir.
miR-150’nin  FDNC5 mRNA’smin 3’UTR bolgesine baglanarak gen ekspresyonunu
baskiladig1, bunun da irisin diizeylerini azaltarak osteoblast farklilagmasi ve mineralizasyonunu
olumsuz etkiledigi bulunmustur. Egzersizle artan irisin, FDNCS5 ekspresyonunu yiikselterek
piroptozu azaltmis, kemik kiitlesi ve osteojenik aktiviteyi iyilestirmistir. Bu bulgular, irisin
artisinin diyabete bagli glikoz intoleransi ve kemik kaybini hafiflettigini ve metabolik
osteoporozun molekiiler mekanizmasinda dnemli bir rol oynadigin1 gostermektedir (Behera et
al., 2022).
Yiiksek yagli diyetle (%60 kcal yag) beslenen siganlarda yapilan ¢aligmada irisin tedavisinin
erektil fonksiyon, sperm morfolojisi ve hareketliligini iyilestirdigi, testis hasarin1 azalttig1 ve
serum leptin diizeylerini diisiirdiigii bildirilmistir. LH, FSH ve testosteron diizeylerinde
degisiklik gozlenmemistir. Bulgular, irisinin obeziteye bagli iireme bozukluklarini
hafifletebilecegini gostermektedir (Yardimci et al., 2022).

3.8. Coklu doymamus yag asitlerinin (w-3, w-6) irisin iizerindeki etkileri

Adipo-miyokin irisin enjeksiyonu, erkek siganlarda {ireme hormonlarin1 ve sperm
parametrelerini iyilestirmistir (Ibrahim & El-Malkey, 2018). Ayrica omega-3 takviyesi testis
ici irisin diizeylerini artirarak anti-inflamatuar koruma saglamistir (Moustafa, 2021).
Dolasimdaki irisin diizeyleri ile maternal HOMA-IR arasindaki iliski tizerine yapilan ¢alismalar
celigkili sonuglar vermektedir. Cogu arastirma negatif korelasyon bildirirken, bazilar iligki
bulamamis ya da pozitif korelasyon raporlamistir. Omega-3 ¢coklu doymamais yag asidi (PUFA)
alimmin bu iligki lizerindeki etkisini degerlendirmistir. Bulgular, diyetle omega-3 PUFA
alimmin maternal plazma irisininin HOMA-IR ve HOMA-IS ile iliskisini ilimhi sekilde
etkiledigini gostermistir (Cai et al., 2020). Bu durum, gebelikte glikoz metabolizmas1 yonetimi
ve bozukluklarin 6nlenmesi agisindan 6nemli olabilir; ancak mekanizmanin aydinlatilmasi i¢in
daha fazla calisma gereklidir.

3.9. Tiroid hormonlaryla iliskileri

38 Wistar-albino sicanda yapilan calismada, hipotiroidizm adropin, asprosin ve preptin
seviyelerini, hipertiroidizm ise adropin ve preptini diisirmiistiir; tiroid fonksiyonlari normale

dontince asprosin diizeyleri de toparlanmistir (Mogulkoc et al., 2021). Yapilan bagka bir
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caligmada, yiiksek irisin seviyelerinin yalnizca TAA pozitif ve subklinik hipotiroidi grubunda
goriildiigl; TgAb ve TPOAD ile pozitif korelasyon gosterdigi, ancak TSH, FT4 ve CK ile iliskili
olmadig1 saptanmistir. Bu bulgular, yiliksek irisinin TAA pozitifligi riskini artirabilecegini
gostermektedir (Chen et al., 2021). Paroksetin uygulanan Sprague-Dawley sicanlarda azalan
fT4 ve TSH seviyeleri, deri alt1 irisin perfiizyonuyla belirgin sekilde artmistir; bu bulgu, irisin
aracilifiyla egzersizin SSRI yan etkilerini hafifletebilecegini gdstermektedir (Ercan et al.,
2023). Hipotiroidili Cinli hastalarla yapilan ¢alismada, azalan irisin diizeylerinin azalan tiroid
hormon seviyeleriyle iligkili oldugu sonucuna ulagilmistir (Yang et al., 2019).
4. SONUC

Viicutta metabolizmanin diizenlenmesinde nemli etkilere sahip olan ve adipoz dokudan
salgilanan asprosin, adropin, preptin, nesfatin-1 ve irisin gibi hormonlar beslenme sekli (Omega
3 ve Omega 6 yag asitleri) ve dzellikle yliksek yagh diyete alimina bagh olarak miktar1 degisme
gostermektedir.
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ABSTRACT

Introduction and Objective: The restriction of blood flow to an organ or tissue is defined as
ischemia, while the subsequent restoration of blood flow and oxygen is defined as perfusion. In
ischemia, a metabolic imbalance occurs due to the reduction or cessation of arterial blood flow,
leading to tissue hypoxia. The aim of this study was to determine the effect of 2 weeks of
naringin supplementation on neurogenesis in the frontal cortex following cerebral ischemia-
reperfusion in ovariectomized female rats.

Methods: Experimental groups consisting of 36 female Wistar albino rats were formed as
follows: 1-Control Group, 2-Ovariectomy-Sham Brain I/R Group: Following ovariectomy
under general anesthesia, sham I/R was performed by opening and closing the carotid artery
regions, followed by solvent administration for 2 weeks. 3-Ovariectomy-I/R Group: Following
ovariectomy, the carotid arteries were ligated for 30 minutes under general anesthesia and
reperfused for 2 weeks following ischemia. 4- Ovariectomy-I/R Sham Treatment Group: After
ovariectomy, the carotid arteries were ligated under general anesthesia, followed by 30 minutes
of ischemia, followed by reperfusion and vehicle administration for 2 weeks. 5- Ovariectomy-
I/R Naringin Treatment Group: After ovariectomy, the carotid arteries were ligated under
general anesthesia, followed by 30 minutes of ischemia, followed by reperfusion and vehicle
administration for 2 weeks. NeuN levels were determined by immunohistochemical staining of
frontal cortex tissue samples.

Results: According to the data obtained from the frontal cortex, anti-NeuN antibody levels were
similar in the control and sham groups. Anti-NeuN antibody levels decreased in the I/R and
I/R+Solvent groups. An increase was observed in the I[/R+Naringin group, which received 2
weeks of naringin administration, but it did not reach the levels seen in the control and sham

groups.
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Conclusion: The study results indicated that NeuN levels, which are involved in neurogenesis,
were significantly suppressed as a result of damage resulting from I/R; however, 2 weeks of
intraperitoneal naringin supplementation may have positive effects on neurogenesis in
ovariectomized rats.

Keywords: Brain Ischemia-Reperfusion, Naringin, NeuN, Neurogenesis.

OVARIEKTOMIZE SICANLARDA SEREBRAL ISKEMI-REPERFUZYON
SONRASI 2 HAFTALIK NARINGIN UYGULAMASININ FRONTAL KORTEKS
NOROGENEZI UZERINE ETKISI
OZET

Giris ve Amac: Bir organa veya dokuya kan akisinin kisitlanmasi iskemi, ardindan kan akiginin
ve oksijenin tekrar saglanmasi ise perfiizyon olarak tanimlanir. Iskemide arteriyel kan akiginin
azalmasi/durmasi ile metabolik dengesizlik olusarak doku hipoksisi gelisir. Bu ¢aligmanin
amaci, ovariektomize disi sicanlarda serebral iskemi-reperfiizyon sonrast 2 haftalik naringin
takviyesinin frontal korteksde ndrogenez tizerindeki etkisini belirlemektir.

Yontemler: Wistar-albino cinsi 36 disi sigandan olusan deney gruplart asagidaki gibi
olusturulmustur: 1-Kontrol grubu, 2-Ovariektomi-Sham Beyin I/R Grubu: Genel anestezi
altinda ovariektomi yapildiktan sonra karotid arter bolgeleri acilip kapatilarak sham I/R
uygulandi ve ardindan 2 hafta boyunca ¢dziicii uygulandi. 3-Ovariektomi-I/R Grubu:
Ovariektomi sonrasinda karotis arterler genel anestezi altinda 30 dakika siireyle baglanmis ve
iskemi sonrasinda 2 hafta siireyle reperfiize edilmistir. 4-Ovariektomi-I/R+ Sham Tedavi
Grubu: Ovariektomiden sonra genel anestezi altinda karotis arterler bagland1 ve 30 dakika
boyunca iskemi uygulandi, ardindan reperfiizyon ve 2 hafta boyunca tasiyict uygulamasi
yapildi. 5-Ovariektomi-I/R Naringin Tedavi Grubu: Ovariektomiden sonra karotis arterler
bagland1 ve genel anestezi altinda 30 dakika iskemi uygulandi, ardindan reperfiizyon ve 2 hafta
boyunca Naringin uygulamasi yapildi. Anestezi uygulanmis hayvanlardan alinan frontal
korteks doku 6rneklerinde immiinohistokimyasal boyama ile Anti-NeuN antikor isaretlemesi
yapilarak NeuN seviyeleri belirlendi.

Bulgular: Frontal korteksten elde edilen verilere gore anti-NeuN antikor seviyesi
incelendiginde, kontrol ve sham gruplariin anti-NeuN antikor seviyeleri birbirine yakindir.
Anti-NeuN antikor seviyeleri I/R ve I/R+Céziicii gruplarinda azalmistir. 2 haftalik naringin
uygulamasina tabi tutulan I/R+Naringin grubunda ise bir artis gézlenmis.

Sonug¢: Arastirma sonuglar I/R'ye bagli olarak ortaya ¢ikan hasar sonucunda nérogenezde etkili

olan NeuN seviyelerinin Onemli Ol¢lide baskilandigini; bununla birlikte 2 haftalik
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intraperitoneal naringin takviyesinin ovariektomize sicanlardaki nérogenez iizerinde olumlu
etkiler olusturabildigi belirlenmistir.

Anahtar Kelimeler: Beyin Iskemi-Reperfiizyon, Naringin, NeuN, Norogenezis.

1. GIRIS

Bir organa veya dokuya kan akisinin kisitlanmasi iskemi (I), ardindan kan akisinin ve oksijenin
tekrar saglanmasi ise perfiizyon (R) olarak tanimlanir (Pan ve ark 2022). iskemide arteriyel kan
akisinin azalmasi/durmasi ile metabolik dengesizlik olusarak doku hipoksisi gelisir (Eltzschig
ve Eckle, 2011). Reperfiizyonun tekrar saglanmasi iskemik hasar1 azaltmanin en etkili yolu olsa
da doku hasarinin artmasina ve inflamatuar yanit olusturarak patolojik bir duruma neden olur
(Braunwald ve Kloner 1985). Serebral I/R hasar1; iskemik inme, ensefalopati, perinatal hipoksi-
iskemi ve Alzheimer hastalig1 gibi ciddi klinik belirtilerle iliskilidir (Granger ve Kvietys 2015).
Inme, iskemik ¢ekirdek dokuda hiicre 6liimiine neden olur ancak penumbrada rejeneratif tepkiyi
tetikler (Ohab ve ark 2006). Inme, haftalar veya aylar iginde iyilesebilir bu da beyin onarimimin
dogustan gelen bir kapasitesinin oldugunu gostermektedir (Jin ve ark 2006). Onarimin
gerceklesecegi yollardan birisi ndrogenezdir (Eriksson ve ark 1998). Iskemi, molekiiler ve
hiicresel onarim mekanizmalarini tetikleyerek norogenezin iskemik aktivasyonunu saglar
(Cramer ve Chopp 2000).

Norogenez, Noral Kok Hiicreler (NSC)’in kendini yenileme, c¢ogalma ve ndronlara
farklilagmasi gibi ardisik asamalardan gegerek aralarindaki dengeyi saglayan, gelisimsel bir
stirectir (Yadav ve ark 2021). NSC’ler, popiilasyonunu artirmak i¢in ¢ogalir, beynin belirli
bolgelerine go¢ ederek burada farklilasirlar ve yeni olusan hiicreler devreye katilarak
olgunlasirlar (Kuhn ve ark 2016).

Naringin, 4',5,7-trthidroksi-flavonon-7-rhamnoglucoside kimyasal yapisina sahip, limon
kabugu ve tohumu, mandalina tohumu, kiraz, kakao, kekik, domates, bergamot, greyfurt ve act
portakalda bulunan flavonoiddir (Sénchez-Rabaneda ve ark 2003). Naringinin giicli
antioksidan ve antiinflamatur etkileri ise I/R hasarma karsi noroprotektif etkiler gosterir
(Okuyama ve ark 2018).

NeuN, ndronlarin ¢ekirdeklerinde ve periniikleer sitoplazmasinda bulunan, néronal niikleer
proteindir (Aranarochana ve ark 2021). NeuN, post-mitotik néronlarda bulunur ve siklikla

olgun ndronlarda devam eder (Gusel'nikova ve Korzhevskiy 2015).
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2. GEREC VE YONTEMLER
Bu calisma Selguk Universitesi Deneysel Tip Uygulama ve Arastirma Merkezinde Etik
Kurulu’ndan 26.05.2023 tarihinde alinan 2023-03 numarali onay ile aym1 merkezden temin
edilen 230-330 gram aras1 (290gr), 10-12 haftalik 36 Wistar-albino tiirii disi siganlar {izerinde
gerceklestirildi. Calismadan 1 hafta 6nce standart diyet ve istedikleri kadar su ile beslendi.
Sicanlar 12 saat aydinlik / 12 saat karanlik dongiisiinde ortalama 22 + 2 °C sicakliktaki ortamda
tutuldu.
Sicanlara ovariektomi yapildiktan 3 giin sonra beyin I/R operasyonu gergeklestirildi.
Operasyonu takiben 14 giin boyunca naringin tedavisi ve ¢dziicii takviyesi uygulandi.
Tedavinin 14. gilinlinden sonra sigcanlar servikal dislokasyonla sakrifiye edildi. Sicanlardan
alinan frontal dokular -80°C‘de uygun analiz kitleri ve kimyasallarin teminine kadar saklandi.
Calismanin histolojik analizleri Selguk Universitesi Tip Fakiiltesi Histoloji Laboratuvari’nda
yapildi.
2.1. Deney Gruplan
Selguk Universitesi Deneysel Tip Uygulama ve Arastirma Merkezi’nden alman 36 Wistar-
albino disi sican 5 gruba ayrildi.
1- Kontrol Grubu (n=6): Bu gruptaki hayvanlara herhangi bir anestezi ve cerrahi iglem
uygulamasi yapilmadi.
2- Ovariektomi-Sham Beyin I/R Grubu (n=6): Bu gruptaki hayvanlara genel anestezi altinda
ovariektomi yapildiktan sonra yine genel anestezi altinda karotid arter bolgeleri agilip
kapatilarak sham iskemi saglandi.
3- Ovariektomi-I/R Grubu (n=8): Genel anestezi altinda ovariektomi yapildiktan sonra yine
genel anestezi altinda sicanlarda karotid arterler izole edildikten sonra 30 dakika siireyle ligate
edilerek iskemi yapildi.
4- Ovariektomi-I/R Sham Tedavi Grubu (n=8): Genel anestezi altinda ovariektomi
yapildiktan sonra yine genel anestezi altinda sicanlarda karotid arterler izole edildikten sonra
30 dakika siireyle ligate edilerek iskemi yapildi. Iskemiden sonraki 14 giin boyunca ¢oziicii
uygulamasi yapildi.
5- Ovariektomi-I/R Naringin Tedavi Grubu (n=8): Genel anestezi altinda ovariektomi
yapildiktan sonra yine genel anestezi altinda sicanlarda karotid arterler izole edildikten sonra
30 dakika siireyle ligate edilerek iskemi yapildi. iskemiden sonraki 14 giin boyunca Naringin
uygulamasi yapildi.
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2.2. Ovariektomi Olusturmada Uygulanan Cerahi Islemler

Cerrahi islem 6ncesinde Ketamin HCI 60mg/kg ve xylazine HCI 5Smg/kg karigimi intraperitonal
uygulanarak genel anestezi saglandi. Anesteziyi takiben abdomen bolgesi tiras edilerek
insizyonla batina girildi. Ipek iplik ile fallop tiipleri bilateral olarak baglandi ve ovaryumlar
cikarildi. Bolge kapatilarak yara iyilesmesi i¢in beklenildi.

2.3. Immiinohistokimyasal Calismalar

Frontal korteks frozen kesitleri Anti-NeuN antikoru (ab279297) ve sekonder antikor olarak da
goat anti/Ray DyLight 550 (abcam; ab96888) ile isaretlendi. Islemler karanlik ortamda nem
kutusu olusturularak yapildi. Incelemeler Olympus BX51 Trinokiiler floresan mikroskopta
yapildi. Belirlenen alanlarin her birinden rastgele 4 alan segilerek DP72 kamera ile 40X
biiylitiilerek kaydedildi. Alan dogrulama DAPI niikleus boyasi ile yapildi. Kaydedilen
goriintiilerde Anti-NeuN isaretli hiicrelerin total hiicrelere oran1 Image J (National Institutes of
Health, Bethesda, MD, USA) programi kullanilarak hesaplandi.

3. BULGULAR VE TARTISMA

Olgun noéronlar tarafindan ekspresyonu saglanan anti- NeuN antikoru frontal korteks
dokusundaki ekspresyonu diizeyleri (Tablo 1)’de verilmistir.

Tablo 1. Anti- NeuN antikorunun frontal korteksteki diizeyi.

Gruplar Ortalama=SS
Kontrol Grubu 202,88+30,83 a
Sham Grubu 200,88+30,71 a
I/R Grubu 90,76+41,23 b
[/R+ Céziicii Grubu 100,63+31,88 b
[/R+ Naringin Grubu 183,34+30,70 a

Aynu siitundaki farkli harfler istatistiksel olarak 6nemlidir (a>b>c; P<0,001).

Calismamizda ovariektomize siganlarda beyin I/R ve 2 hafta siireli naringin uygulamasinin
norogenezde 6nemli bir faktdr olan NeuN diizeylerine olan etkisi incelendi. NeuN degeri
I/R’yle birlikte onemli azalma gosterirken iki hafta siireli naringin takviyesi frontal korteksteki
Neu N diizeylerinde belirgin bir artisa yol agti. NeuN, néronlarin ¢ekirdeklerinde ve perintikleer
sitoplazmasinda bulunan, néronal niikleer proteindir (Aranarochana ve ark 2021). NeuN, post-
mitotik noronlarda bulunur ve siklikla olgun néronlarda devam eder (Gusel'nikova ve
Korzhevskiy 2015). Norolojik aragtirmalarda NeuN’nin ekspresyon seviyesi, noronun dliimiinii

degerlendirmek i¢in kullanilir (Davoli ve ark 2002).
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Arastirmamiza benzer sekilde Yilmaz ve ark. (2024) tarafindan gergeklestirilmis olan bir
caligmada erkek sicanlarda aymi dozda I/R sonrasi 2 hafta boyunca naringin takviyesi
yapildiginda frontal kortekste NeuN degerlerini belirgin sekilde artirmis ve I/R’ye bagli bu
parametredeki azalmay1 énemli sekilde diizeltmistir. Bizim arastirmamizda ise disi sicanlarda
ovariektomi sonrasi 2 hafta siireli ayn1 dozda naringin uygulamasi I/R’ye bagl olarak azalan
NeuN degerlerini tekrar artirarak hatta kontrol degerlerinin bile {izerine ¢ikarmasi naringin
takviyesiyle olusan olumlu etkinin cinsiyete bagli olarak farklilik gostermedigini ortaya
koymaktadir.

4. SONUC

I/R sonucu nérogenezde etkili olan NeuN seviyeleri belirgin sekilde baskilanmistir. Ancak 2
hafta siireli peritonigi naringin takviyesi ovariektomize sicanlarda I/R’ye bagli olarak meydana
gelen norolojik yetmezlik ve ndrogenez lizerine pozitif bir etki olusturmustur.

Gelecekte yapilacak olan calismalarda farkli deney siiresi ve uygulama zamani ve bu yollardaki
molekiillerin arastirilmasiyla mekanizma daha detayli bir sekilde agiklanabilir.
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KONIK ISINLI BILGISAYARLI TOMOGRAFi GORUNTULEMEDE
KARSILASILAN ARTEFAKTLAR

Ars. Gor. irem BULUT
Siileyman Demirel Universitesi Dis Hekimligi Fakiiltesi
ORCID ID: 0000-0002-9255-6887

OZET

Amag: Bu ¢alismanin amaci, konik 1sinl1 bilgisayarli tomografi (KIBT) goriintiilerinde ortaya
cikan artefaktlarin tiirlerini, olusum nedenlerini ve bu artefaktlarin goriintii kalitesi ile tanisal
dogruluk iizerindeki etkilerini degerlendirmektir. Ayrica artefaktlarin olusumunu azaltmak igin
uygun ¢ekim kosullarinin ve hasta hazirliginin 6nemine dikkat ¢ekilmektedir.

Gere¢ ve Yontem :KIBT sistemlerinin ¢alisma prensipleri ve goriintii kalitesini etkileyen
faktorler literatiir taramasiyla analiz edilmistir. Artefaktlarin kaynaklarini belirlemek amaciyla
FOV boyutu, maruziyet parametreleri, metalik materyallerin varligi ve hasta hareketi gibi
degiskenlerin etkileri incelenmistir. Bu degiskenlerin tanisal goriintii kalitesi tizerindeki etkileri
karsilastirmali olarak degerlendirilmistir.

Bulgular: KIBT goriintiilerinde ¢esitli artefakt tiirleri gozlenmektedir. En sik rastlananlar
arasinda 15in sertlesmesi, metal varligina bagl c¢izgi artefaktlari, hasta hareketinden
kaynaklanan bozulmalar, parsiyel hacim etkisi ve halka artefaktlar1 yer almaktadir. Bu
bozulmalarin goriilme sikligi; cekim parametreleri, hastanin sabitligi, kullanilan cihazin
kalibrasyonu ve FOV secimi gibi etmenlere bagli olarak degismektedir. Genel olarak
artefaktlarin varligi, goriintii kalitesini diisiirerek tanisal yorumlamay1 giiclestirmektedir.
Sonug: KIBT goriintiilerinde artefaktlarin taninmasi1 ve kontrol altina alinmasi, dogru ve
giivenilir bir radyolojik degerlendirme icin gereklidir. Uygun FOV se¢imi, hastanin dogru
pozisyonlandirilmas1 ve hareketin en aza indirilmesi artefakt olusumunu azaltabilir. Artefakt
nedenlerinin 1yi anlasilmasi, hem tanisal dogrulugu artirir hem de gereksiz tekrar ¢ekimlerini
onleyerek radyasyon dozunun azaltilmasina katki saglar. Sonug olarak, artefakt farkindalig
KIBT nin dis hekimliginde etkin ve giivenilir sekilde kullanilabilmesi i¢in temel bir unsurdur.

Anahtar Kelimeler: KIBT, Artefakt, Goriintii kalitesi
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ARTIFACTS ENCOUNTERED IN CONE BEAM COMPUTED TOMOGRAPHY
IMAGING
ABSTRACT

Objective: The objective of this study is to evaluate the types of artifacts that appear in cone
beam computed tomography (CBCT) images, their causes, and their effects on image quality
and diagnostic accuracy. It also highlights the importance of appropriate imaging conditions
and patient preparation to reduce the occurrence of artifacts.

Materials and Methods: The working principles of KIBT systems and factors affecting image
quality were analyzed through a literature review. To identify the sources of artifacts, the effects
of variables such as FOV size, exposure parameters, the presence of metallic materials, and
patient movement were examined. The effects of these variables on diagnostic image quality
were evaluated comparatively.

Results: Various types of artifacts are observed in KIBT images. The most common include
beam hardening, line artifacts due to metal presence, distortions caused by patient movement,
partial volume effect, and ring artifacts. The frequency of these distortions varies depending on
factors such as imaging parameters, patient stability, device calibration, and FOV selection. In
general, the presence of artifacts reduces image quality and complicates diagnostic
interpretation.

Conclusion: Recognizing and controlling artifacts in KIBT images is essential for accurate and
reliable radiological evaluation. Appropriate FOV selection, correct patient positioning, and
minimizing movement can reduce artifact formation. A thorough understanding of the causes
of artifacts improves diagnostic accuracy and contributes to reducing radiation exposure by
preventing unnecessary repeat scans. Consequently, artifact awareness is a fundamental
element for the effective and reliable use of CBCT in dentistry.

Keywords: CBCT, Artifact, Image quality
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TUKENMISLIGIN ARACI ROLU: KIRSEHIR ILINDEKI KAMU CALISANLARI
UZERINE BiR ARASTIRMA
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Kirsehir Ahi Evran University, Faculty of Economics and Administrative Sciences, Department of
Business Administration, 40100 Bagbasi, Kirsehir
ORCID ID: 0000-0003-2263-0479
Mehmet Orkun UNSEVER
Kirsehir Ahi Evran University, Institute of Social Science, Department of Business Administration,
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ORCID ID: 0000-0003-3978-9056
OZET

Karar yorgunlugu, psikolojik ve biligsel olarak zorlayict kosullarda 06z-diizenleme
basarisizligia neden olan bir yapidir. Insanlarin islerinden memnun olduklarinda, her giin
kalkip ise gitmek, yaptiklari isten zevk alan insanlar icin daha kolaydir. Tiikenmislik yasayan
kisi siirekli stres, ¢aresizlik, umutsuzluk ve kapana kisilmislik hisseder. Sonug olarak fiziksel,
duygusal ve zihinsel yorgunluk ortaya ¢ikar. Kisaca bu belirtilen kavramlardan yola ¢ikarak
olusturulan aragtirmanin amaci karar yorgunlugunun is tatminine olan etkisinde tiikenmisligin
araci rol ustlenip tistlenmediginin test edilmesidir. Bu ¢alismanin temel amacina ulagabilmek
icin sirastyla SPSS 21 programi kullanilarak katilimcilara ait demografik 6zellikler ¢ikarilmis,
korelasyon analizi ile olgeklere ait iliskiler belirlenmis, skewness ve kurtosis degerlerine
bakilarak degiskenlerin normal dagilim sergileyip sergilemedigine bakilarak, daha sonraki
asamada ise AMOS 21 programi vasitasiyla dogrulayici faktor analizi yapilarak faktor ytikleri
ve iyi uyum degerlerine bakilarak elde edilen ilgili degerlere bakilarak yol analizi agamasina
gecilmistir. Baron ve Kenny (1986) tarafindan 6nerilen dort asamali yol analizi kullanilarak
degiskenler arasindaki iliskiler ve son olarak da aracilik etkisi irdelenmistir. Calisma sonucunda
Kirsehir ilindeki kamu ¢alisanlarindan 306 anket katilimcisinin verdigi yanitlar dogrultusunda
karar yorgunlugunun is tatminine olan etkisinde tiikenmislik kavramimin kismi araci etkiye
sahip oldugu sonucuna ulasilmigtir. Bahsedilen yol analizleri ile ulasilan kismi aracilik etkisi
Sobel testi yapilarak dogrulanmistir. Caligma kapsaminda aracilik analizine kadar yapilan
analizlerle elde edilen sonuglar incelendiginde, 6zellikle karmasik islerde ¢alisan bireylerin
karar yorgunluklarinin islerine de yansiyacag: bir gercektir. Caligmada elde edilen bir diger
sonug olan karar yorgunlugu ve tiilkenmislik iligkisi de lizerinde diisiiniilmeye deger bir diger
durumdur, c¢alismadaki bulguya gore iki kavram pozitif iligkiye sahiptir, bu da karar
yorgunlugunun ortaya ¢ikabilecegi islerde ¢alisan bireylerin daha fazla tilkenmislik durumu ile
kars1 karsiya kalabilecegi anlamina gelmektedir. Calismada en giiglii iliski is tatmini ve

tiikenmislik arasinda bulgulanan negatif durumdur. Tiikenmislik durumunda bireyin igine olan
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katkisinin azalacagi géz oniinde bulunduruldugunda, yoneticiler ve organizasyonlar i¢in bu
iliskinin varliginin g6z 6ntinde bulundurulmasi 6nem arz etmektedir.
Anahtar kelimeler: Karar yorgunlugu, is tatmini, tilkkenmislik, arac1 etki, Baron ve Kenny

THE MEDIATING ROLE OF BURNOUT IN THE EFFECT OF DECISION
FATIGUE ON JOB SATISFACTION: A STUDY ON PUBLIC EMPLOYEES IN
KIRSEHIR PROVINCE
ABSTRACT

Decision fatigue is a construct that causes self-regulation failure under psychologically and
cognitively challenging conditions. When people are satisfied with their jobs, getting up and
going to work every day is easier for those who enjoy their work. Those experiencing burnout
experience constant stress, helplessness, hopelessness, and entrapment. Consequently, physical,
emotional, and mental fatigue develop. In short, the purpose of this research, developed based
on these concepts, is to test whether burnout plays a mediating role in the effect of decision
fatigue on job satisfaction. To achieve the primary objective of this study, demographic
characteristics of the participants were obtained using SPSS 21. Correlation analysis was used
to determine the relationships between the scales. Skewness and kurtosis values were used to
determine whether the variables exhibited a normal distribution. Confirmatory factor analysis
was then conducted using AMOS 21. Factor loadings and goodness-of-fit values were
examined, and the path analysis was then performed. Using the four-stage path analysis
proposed by Baron and Kenny (1986), the relationships between variables and, finally, the
mediating effect were examined. Based on the responses of 306 survey participants from public
employees in Kirsehir province, the study concluded that the concept of burnout partially
mediates the effect of decision fatigue on job satisfaction. The partial mediating effect obtained
through the aforementioned path analyses was confirmed by a Sobel test. Examining the results
of the analyses conducted up to the mediating analysis within the scope of the study, it is clear
that decision fatigue, especially for individuals working in complex jobs, will be reflected in
their work. Another result obtained in the study, the relationship between decision fatigue and
burnout, is also worth considering. According to the study's findings, the two concepts have a
positive relationship, suggesting that individuals working in jobs where decision fatigue is
likely to occur may experience greater burnout. The strongest relationship in the study is the
negative relationship found between job satisfaction and burnout. Considering that an
individual's contribution to his/her work will decrease in case of burnout, it is important for
managers and organizations to take this relationship into consideration.

Keywords: Decision fatigue, job satisfaction, burnout, mediating effect, Baron and Kenny
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1.GIRIS
Calismada organizasyonlar i¢in énemli bir kavram olan is tatminini etkileyebilecek oldugu
diistintilen karar yorgunlugu ve tilkenmislik kavramlarla olan iliskiler irdelenmeye ¢alisilmistir.
Karar yorgunlugu zorlayici kosullar altinda bireylerin karar verme siireclerini sekteye
ugratabilecek ve getirdigi 6z diizenleme basarisizlig1 ile birlikte karar verme kalitesinin
diismesine neden olan bir kavram olarak belirtilmektedir. Tiikenmislik kavrami ise daha agir
tablolar seklinde seyreden bir psikolojik durum olarak karsimiza ¢ikmaktadir. Bu durumla
ylzlesen bireylerde 6z degersizlik, ilgi azalmasi, yalnizlasma gibi durumlarin ortaya
cikabilecegi ve Diinya Saghk Orgiiti'ne gore de is kaynakli stresin gelecegin Onemli
patolojilerinden biri olacag: tespitiyle ¢ok 6nem arz etmektedir. Is tatmini kavramimin bireyler
ve organizasyonlar i¢in 6nemli bir kavram oldugu diisiiniildiigiinde ve isten ayrilma niyetinin
de en 6nemli gostergelerinden biri oldugu diisiiniildiiglinde bu kavramlarin bir arada ¢aligilmasi
onemli olarak goriilebilecektir. Is tatmini ve karar yorgunlugu arasindaki irdeleyen ¢aligmalar
bulunmasa da, literatiirde is tatmini ve tilkenmislik arasindaki iligkiyi irdeleyen ¢alismalar
mevcuttur, bu ¢alismalarda negatif yonlii iliskiler tespit edilmis olup, bu ¢aligmada da paralel
sonuclar elde edilmistir (Sahin ve Sad, 2018; Tekin ve Akgemci, 2017). Bu degiskenleri bir
arada irdeleyen ¢aligmanin bulunmamasi ve modele araci degisken de dahil edilerek ¢alismanin
gergeklestirilmesi 6nem arz etmekle birlikte daha sonraki ¢alismalara da elde edilen sonuclarla
katk1 saglayabilecegi diistintilmektedir.
Calismada oncelikle literatiirde bu kavramlarla ilgili tespitlere yer verilerek, daha sonra
toplanan veri 1s5181nda yapilan istatistiki analizlere yer verilecektir.

Karar yorgunlugu, Persson vd. (2019) tarafindan belirtildigi sekliyle, bu kavrami, ilk kez

Baumeister ve digerleri (1998) tarafindan yapilan arastirmada kullanilmistir. Bu ¢aligmaya gore
karar yorgunlugu, kisilerin kendi biligsel kaynaklarini tiiketerek tipki kas yorgunluguna benzer
bir durum gibi agiklanmistir. Diger bir ifadeyle, karar yorgunlugu, psikolojik ve bilissel olarak
zorlayic1 kosullarda kendini gosterebilen ve 6z-diizenleme basarisizligina ve karar verme
kalitesinin diismesine neden olan bir yapidir. Karar verme asamasinda gergeklesen siirekli
tekrarlarin etkisine ¢ogunlukla karar yorgunlugu denir (Sariak¢ali&Kirpik, 2022: 1172). Son
birka¢ on yildir yapilan bu tiir ¢aligmalar, karar yorgunlugu olarak bilinen bir olguyu tutarl bir
sekilde ortaya koymustur. Temel olarak fikir sudur: Kendimizi zor seyler yapmaya zorlama -
yani 6zdenetim veya 6zdisiplin uygulama- yetenegimiz, igimizdeki belirli bir sinirl kaynaga
dayanir. Zor kararlar almaya zorlandigimizda da ayni kaynaga bagvururuz. Dolayisiyla

0zdenetimimiz azaldiginda, kotli secimler yapmaya baslariz (Oto, 2012: 1). Baumeister ve
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arkadaslar1 (1998), karar yorgunlugunu zihinsel kaynaklarin tiikenmesi olarak tanimlanan "ego
titkenmesinin" bir sonucu olarak tanimlamaktadir. Dikkatli bilissel isleme ve sistematik karar
alma icin gereken 06z kontroliin, smirli miktarda zihinsel kaynak gerektirdigini
savunmaktadirlar. Oz kontrol, genellikle karar alma icin mevcut bilissel kaynaklar diisiik
oldugunda bozulur. Bu nedenle, insanlar belirli bir siire boyunca karmasik kararlar almaya ¢aba
harcadiklarinda, ortaya ¢ikan karar yorgunlugu, sonraki kararlarmin kalitesini gegici olarak
digtirtir. Psikolojide daha sonraki bir¢ok ¢alisma, karar yorgunlugunu destekleyen daha fazla
kanit saglamustir (Hirshleifer vd., 2019: 84). Oz Kontrol Gii¢ Modeli'ne ek olarak, Inzlicht ve
Schmeichel (2012) bir Ego Tiikenmesi Siire¢ Modeli 6nermektedir. Bu model, ego tiikenmesi
etkisinin dikkat diizenlemesi ve davranigsal motivasyondaki degisikliklerin bir sonucu
oldugunu varsayar. Ozellikle, ego tiikenmesi belirtileri (yani karar yorgunlugu), diirtiiselligi ve
dikkat eksikliklerini artiran ve kisinin normalde davranis degisikligine isaret edecek igsel
catigmalar1 veya tutarsizliklar1 fark etme becerisini zayiflatan motivasyonel kaymalardan
kaynaklanir. Bu model, yeterli teorik kanita sahip olmakla birlikte, sonraki gegerliligi icin daha
fazla ampirik teste ihtiya¢ duymaktadir; yine de karar yorgunlugunun altinda yatan
mekanizmalara uygun bir alternatif olarak hizmet edebilir (Pignatiello vd, 2020: 2). Bagkalar1
adina se¢im yapmanin 6zellikleri, 6z-diizenleyici tilkenme miidahaleleriyle paralellikler ortaya
koymaktadir. Bir tema, bagkalar1 adina se¢im yapmanin insanlar1 daha olumlu, agik ve soyut
bir moda sokmasidir. Insanlarin baskalar1 igin yaptiklar1 secimler, kendileri igin yaptiklart
secimlerden daha idealist ve zevk odaklidir. Insanlar ayrica bagkalari icin segim yaparken
kendileri i¢in oldugundan daha fazla terfi odaklidirlar. Bu da karar vericilerin baskalar1 i¢in
secim yaparken daha olumlu bilgilerle (basarilar ve kazanimlar gibi) ilgilendikleri fikrini
pekistirir. Belki sasirtict ama bu literatiirle tamamen tutarli bir sekilde, insanlar kendileri i¢in
degil baskalari i¢in satin alma kararlar1 vermekten daha ¢ok keyif alirlar (Polman&Vohs, 2016:
472). Dogru tanilarin formiile edilmesi ve etkili ve giivenli tedavi segeneklerinin se¢ilmesi gibi
onemli kararlar, hasta sonuglar1 ve saglik sistemi i¢indeki siirli kaynaklarin uygun sekilde
tahsisi i¢in ¢ok Onemlidir. Bilimsel gelismeler ve kanita dayali tibbin uygulanmasi, modern
saglik hizmetlerinde genis kapsamli iyilestirmelere yol agmis olsa da saglik profesyonelleri de
dahil olmak iizere insan karar alma siirecleri dnyargiya agik olmaya devam etmekte ve nispeten
stk olarak yetersiz kararlar alinmaktadir. Yetersiz bakim kararlarinin potansiyel bir nedeni,
karar yorgunlugudur: Karar verme siirecinin kiimiilatif yiikii arttikca daha az caba gerektiren

kararlar alma egilimi artmaktadir (Maier vd., 2025: 2).
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Is tatmini; Kurulus ¢alisanlari, kurulusun iistiinliik derecesinin bir dl¢iisiidiir; sadakat ve
bagliliklar1, verilen gorevi daha kaliteli yapmalarina neden olur. Bu, kurulusun performansini,
verimliligini ve etkinligini artirir. Tersine, kurulus tarafindan atanan islevlerde dikkatsiz veya
sorumsuz davranan calisanlar, ortaklara aktarilir ve bireylerin performansimi diisiirerek
kurulusun nitelik ve nicelik agisindan zayiflamasina neden olur. Orgiitsel davranisin en dnemli
kavramlarindan biri is tatminidir. Is tatmini ve tatminsizliginin nasil belirlenecegi konusunda
her zaman c¢ikarimlar yapilmistir ve bir isin basarisi veya basarisizligindaki en onemli
faktorlerden biri olarak kabul edilir. Bilim insanlar1 ve yonetim bilimleri uzmanlari, tiretkenlik,
ise devamsizlik, is tatmini ve c¢alisanlarin yer degistirmesini Orgiitsel davranigtaki temel
degiskenler olarak kabul etmektedir (Amoopour vd., 2014: 2). Insanlari islerinden memnun
olduklarinda, bunun emekten ¢ok eglence gibi hissettirdigini buldu. Her giin kalkip ise gitmek,
yaptiklari isten zevk alan insanlar i¢in daha kolaydir. Stresin is performansi, psikolojik saglik
ve fiziksel saglik iizerinde olumsuz etkileri vardir; her ikisi de iste takdir edildigini ve takdir
edildigini hissetmekle hafifletilir. Dahasi, memnun is giicii islerinde daha iiretken ve heveslidir.
Diger yandan, memnun ¢alisanlarin islerinde beklentilerin Gtesine ge¢gme olasiliklar1 daha
yiiksektir. Bu iyimser bakis a¢is1 takim arkadaslarina da yansiyabilir ve tliretkenligi artirabilir.
Caligmalar is tatmini ve {lretkenlik arasinda bir korelasyon oldugunu gosterse de, stres
seviyelerini azaltmanin performans iizerinde olumlu bir etkisi olabilir (Gazi vd., 2024: 2). Is
tatmininin durumsal modeli, i§ tatmininin is 6zelliklerinden kaynaklandigini 6ne siirer. Bu
yaklagim, tiim kisilerin benzer ihtiyaclara sahip oldugu ve bu nedenle ayni is 6zelliklerinden
memnun oldugu varsayimina dayanir. Buna karsilik, egilimsel is tatmini modeli, bir kisinin
belirli nispeten istikrarli 6zelliklerinin, is Ozelliklerinden ve durumdan bagimsiz olarak is
tatminini etkiledigini belirtir. Mizag teorisinin kapsamini daraltan 6nemli model, Judge ve
arkadaslar1 tarafindan 6nerilen Temel Oz Degerlendirme Modeli'ydi. Judge, kisinin is tatminine
yonelik egilimini belirleyen dort Temel Oz Degerlendirme oldugunu 6ne siirmiistiir: 6z saygi,
genel 0z yeterlilik, kontrol odag1 ve nevrotiklik. Bu model, daha yiiksek 6z saygi1 ve genel 6z
yeterlilik diizeylerinin daha yiiksek is tatminine yol actigini belirtmektedir. Son olarak, is
tatmininin etkilesimsel modeli, kisi ile ¢evre arasindaki uyumun is tatminini etkiledigini
savunur. Bu yaklagim, Kisi-Cevre Uyumu olarak bilinir. Spokane, Kisi-Cevre Uyumu modeli
literatiiriinii incelemis ve Kisi-Cevre Uyumu'nun is tatminiyle pozitif iliskili oldugu sonucuna
varmistir (Franek& Vecera, 2008: 63). Calisanlarin islerine ne kadar emek verdiklerini etkileyen
tic kriter belirtilebilecektir. Calisanlar su durumlarda ¢ok c¢alisirlar: (1) is gururu

hissettiklerinde, (2) islerini biiyiileyici ve anlamli bulduklarinda ve (3) ¢alisanlar caligmalar1 ve

38



SCEANS
s S

= ISARC
/“‘@ INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

2 &
e &

I
tamamladiklar1 gorev igin takdir edildiklerinde. Bu alandaki bazi arastirmalar, is tatmininin
farkli yonlerinin Herzberg'in iki boyutuna gore ayrilabilecegini ortaya koymaktadir. Dogustan
gelen tatmin, c¢esitlilik, ozgiir irade, beceri kullanimi, kendini gergeklestirme ve kendini
giiclendirme gibi is gorevlerini ve is igerigini ifade eder (Das, 2024: 30). Kariyer teorisine gore,
genellikle 18 ila 35 yas araliginda olan kisiler, kariyerlerinin erken asamalarindadirlar. Bir
yandan, Bati'da "Z kusagi" olarak bilinen bu kisiler, ¢esitlendirilmis kariyer ideali, yiliksek
hareketlilik, zorlu isleri kabul etme istegi ve is-yasam dengesine dikkat etme gibi farkli
ozelliklere sahiptir. "Z kusagi"nin bu Ozellikleri, mevcut ydnetim modeline meydan
okumaktadir. Bu nedenle, isletmelerin erken kariyer ¢alisanlarini tam olarak anlamalar1 ve
kurumsal inovasyon ve yoOnetim inovasyonu yoluyla is tatminlerini iyilestirmeleri onemli
goriilmektedir (Lee vd., 2017: 698). Igerik teorileri, birey is tatmini olusumunun kisisel acidan
hangi faktorlerin etkisiyle ortaya ¢iktig1 ve ne tiir bireysel etkenlerin birey is tatminini etkiledigi
konularina deginmektedir. igerik teorileri bireyin tatmin olmas i¢in temel gereksinimlerin neler
oldugu, hangi tiir diirtiilerin bu noktada en giiglii oldugu sorularina yanit aramaktadir. I¢erik
teorileri esas olarak bireyin kendisi ile ilgili olup onun is tatminine etki ettigi diisiiniilen bireysel
faktorlerin olusum siirecleri ile ilgilidir. Locke’un (1976) deyisiyle, igerik teorileri birey is
tatminine etki eden kisisel faktorler izerinde durmaktadir denilebilir. Kogel (2007) tarafindan
ifade edilen sekliyle ise, siire¢ teorileri baslig1 altinda toplanan motivasyon teorileri bireylerin
hangi amagclar tarafindan ve ne sekilde motive edildikleri, bir baska deyisle belirli bir davranisi
gosteren bireyin bu davranisi tekrarlamasi ya da tekrarlamasi nasil saglanabilir sorusuna cevap
arar. Siireg teorilerine gore ihtiyaglar bireyi davranisa sevk eden etmenlerden sadece birisidir.
Igsel faktorlerin disinda birgok digsal faktor de birey davramisi ve motivasyonunda etkili
olmaktadir (Ozpehlivan, 2018: 47).

Tiikenmislik; 1970'lerden beri sosyal bir sorun olan bir kisinin zihinsel ve fiziksel enerjisinin
tiilkenmesi olarak tammlanmustir. Tlk olarak Freudenberger ve Maslach tarafindan incelenmistir.
Saglik alaninda ¢alisan Freudenberger, cevresindeki insanlarin duygusal tiikenmislik yasadigini
ve motivasyonlarinin azaldigin1 gézlemlemis ve bunu tilkkenmislik olarak ifade etmistir. Sosyal
psikoloji alaninda aragtirmalar yapan Maslach, bireylerin is hayatindaki duygularini harekete
geciren duygular incelerken tilkenmisligi kesfetmistir. BS hissi, cosku, idealizm, enerji, bakis
acis1 ve hedef kaybi1 olarak diisiiniilebilir. Tiikenmislik yasayan kisi siirekli stres, ¢aresizlik,
umutsuzluk ve kapana kisilmiglik hisseder. Sonu¢ olarak fiziksel, duygusal ve zihinsel
yorgunluk ortaya ¢ikar (Budak&Erdal, 2022: 3). Uluslararast Calisma Orgiitii (ILO), is

kaynakli stresin gelecegin patolojilerinden biri oldugu ve halihazirda yiiksek bir temel orandan
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giderek kiiresel olarak arttig1 sonucuna varmistir. Sadece Avrupa'da yaklasik 40 milyon kisi bu
sendromdan etkilenmektedir. Tiikenmislik Sendromu, ilk olarak 1970'lerde tanimlanan,
genellikle psikolojik veya psikiyatrik rahatsizlik ge¢misi olmayan kisilerde goriilen bir grup is
kaynakli semptom ve belirtidir. Bu durum fiziksel ve duygusal tiikenmislige (yorgunluk),
empati kaybma (kisisel tatmin eksikligi) ve yetersiz 6z degerlendirme kapasitesine (kisisel
tatmin eksikligi) yol agar. Duygusal tiikenmislik, kisinin diger insanlarla temasindan dolay1
duygusal olarak bitkin hissetmesi anlamina gelir. Kisiliksizlesme, kisinin hizmet veya
bakiminin alicilarina karst asir1 derecede kopuk bir tepki gostermesi anlamina gelir. Diislik
kisisel tatmin ise kisinin isteki yeterlilik ve hedef basarisina iliskin 6z giiveninin azalmasi
anlamina gelir (Weinborn vd., 2019: 91). Maslach ve arkadaslari (1986), tiikenmisligi duygusal
tiilkenme, duyarsizlasma ve kisisel basarida azalmadan olusan ii¢ bilesenli bir psikolojik
sendrom olarak ifade etmislerdir. Tiikenmislik, Oncelikle bireyin duygusal kaynaklarini
tiiketmesi ve kisinin duygusal olarak tiikenmesine yol agmasiyla ortaya ¢ikar. Duygusal olarak
tikenmis birey, cevresindeki insanlarla iliskilerini kisitlar ve psikolojik olarak insanlardan
uzaklagir. Bu sekilde duyarsizlasma boyutu kendini gosterir. Son asamada birey, 6nceki olumlu
tutumlar ile mevcut tutumlar1 arasindaki farki fark eder ve sonug olarak mesafeli tutumlarinin
calistigt kuruma ve topluma katkisini sinirladigimi diisliniir. Boylece birey is ve insan
iliskilerinde yetersizlik hisseder, kisacasi isini yapmada ve miisterilerine hizmet sunmada
kendini yetersiz gérmeye baglar. Kisinin kendini olumsuz degerlendirme egilimi, azalmis
kisisel basar1 boyutu icinde tanimlanir (Oztiirk, 2020: 27). Tiikenmislik, fiziksel ve zihinsel
enerji eksikligi (duygusal tiikenmislik), ise ilgi eksikligi (kisisellesmeme) ve 6z degersizlik
(mesleki tatminde azalma) ile ifade edilen bir dizi yorgunluk belirtisiyle karakterizedir.
Tiikenmisligin sonuclart hem bireyler hem de kuruluslar i¢in zararlhidir ¢linkii kisinin
biyopsikososyal sagligindaki bir bozulma, devamsizliga, iste bulunmaya, is tatminsizligine ve
erken emeklilige yol agar (Vidotti vd., 2019: 368). Tiikkenme, c¢alisanlarin hizmet verdigi
insanlara kars1 ilgilerinin kaybolmasini igerir. Tiikenmislikte fiziksel tiikenmislige duygusal
tilkkenme eslik eder. Duygusal tiikenme, calisanlarin ilgili olduklar1 insanlara uzun bir siire en
ufak olumlu bir duygu, sempati ya da ilgi duymamasi seklinde ortaya ¢ikar. Boyle bir durumda
bu kisilerde siklikla insanlar1 ¢ok alayci ve insancil olmayan bir tarzda algilama gelisir. Daha
sonra onlari kii¢iik diisiirecek sekilde hitap etme ve bu diislinceye gore yardim etme davranislar
gelisir. Sonug olarak verilen hizmet ya da gosterilen ilginin niteliginde bir bozulma goriiliir.
Oncii arastirmacilara gore tiilkenmislik, yiiksek motivasyonlu kisilerin coskularini kaybettikleri

bir aginma siirecinin sonucudur. Freudenberger, (1974) tilkenmeyi, enerji, kaynaklar ve kisisel
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giicle ilgili asir1 talepler neticesinde bitme olarak tanimlarken, Maslach (1978), bireyin biitiin
ilgisini ve birlikte ¢aligtig1 biitiin arkadaslarina karst duygusal hislerini kaybetmesi ve onlara
kars1 olumsuz davraniglar gostermesi seklinde tanimlamistir. Maslach’in tanimi tiikenmislik ile
ilgili olarak yapilan en gegerli iki tanimdan biridir. Bu tanimda bireyin isinde gittik¢e artan
kronik baski ve stres sonucu kendisini fiziksel, duygusal ve zihinsel olarak zayif, gii¢siiz ve
hatta bitmis hissetmesi olarak adlandirilabilmektedir. Bu tanimda tiikenme ii¢ farkli alt boyutta
ele alinmaktadir. Bunlar; duygusal tiikenme, duyarsizlasma ve diisiik kisisel basaridir
(Timkaya vd., 2009: 389).
2.MATERYAL VE YONTEM
2.1.Materyal
Arastirmanin evrenini Kirsehir ilinde gérev yapan kamu personeli olusturmaktadir. Evreni
temsil edebilecek kisi sayisi, veri toplama aracinda yer alan soru sayist ve Cochran (2007)
tarafindan onerilen 6rneklem hesaplama formiilii dikkate alinarak yapilan hesaplamada 305 kisi
iken, ¢aligmada 306 kisiye ulagilmistir. Ulasilan kisi sayis1 6rneklemi temsil etmekte yeterlidir.
Katilimcilara ait demografik bilgilere iliskin dagilim Tablo-1’de yer almaktadir.

Tablo 1. Demografik Bilgiler

Cinsiyet f % Medeni Durum f % Yoneticilik f %
gorevi
Kadin 114 37,3 Evli 226 73,9 Evet 88 28,8
Erkek 192 62,7 Bekar 80 26,1 Hayir 218 | 71,2
Toplam 306 100 Toplam 306 100 Toplam 306 | 100
Hizmet siiresi f % Ogrenim f % Yas f %
1-5 yil 46 15,0 ilkogretim 8 2,6 18-24 6 2,0
6-10 y1l 42 13,7 Lise 40 13,1 | 25-29 20 | 6,5
11-15 y1l 98 32 On lisans 30 9,8 30-34 24 |78
16-20 y1l 60 19,6 Lisans 122 39,9 | 35-39 60 19,6
21 yil ve Ustii 60 19,6 Yiiksek lisans 60 19,6 |40 Yas ve | 196 | 64,1
Toplam 306 100 Doktora 46 15,0 l’}zoiﬁam 306 | 100
Toplam 306 100

Tablo-1’de yer alan veriler incelendiginde; katilimcilarin % 37,31 kadin (114 kisi), %62,7’si
erkeklerden olustugu goriilmektedir. Katilimcilarin hizmet siireleri bazinda dagilimlar ise;
%15 (46 kisi) ile 1-5 yil aras1 ¢aligma siiresi olanlar, % 13,7 (42 kisi) 6-10 yil siire ¢alismasi
olanlar, %32 (98 kisi) ile 11-15 yi1l calisma siiresi olanlar olustururken son olarak da 16-20 yil
caligma stiresi olan ve 21 il iistii ¢alismasi olanlar (%19,6’l1k) 60’ar kisiden olugmaktadir.
Katilimcilardan evli olanlar %73,9 orana sahipken, bekar katilimcilarin oranm1 %26,1 seklinde

gerceklesmistir. Katilimcilarin 6grenim siirelerine bakildiginda ise en fazla katilimci lisans
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mezunlart (% 39,9) 122 kisi seklinde gerceklesmistir. Katilimeilarin 40 yas ve {izeri olanlar

%64,1” ini (196 kisi) olustururken, 35-39 yas aras1 olanlar % 19,6’s11 (60 kisi) olusturmustur.

2.2. Yontem

Skewness ve Kurtosis degerleri:

Shao (2002) ye gore dogrulayici faktor analizi i¢in Ol¢eklerin normal dagilim gostermesi
beklenmektedir. Normal dagilim igin ise ¢arpiklik ve basiklik degerlerinin -3 ve +3 arasinda

yer almasi1 gerekmektedir (Cavusoglu ve Durmaz, 2019: 309). Tablo-2’ deki degerlerin bu

araliklarda oldugu goriilmektedir.

Tablo 2. Normal Dagilim Olgiitleri

skewness | kurtosis Skew. Kurt. Skew. Kurt.
KY1 -,201 -1,220 iT1 -,678 -,005 IK1 5111 ,371
KY2 -,093 -1,219 ir2 -,743 -,125 IK2 -,143 ,150
KY3 ,540 -,796 i3 -,516 -,606 TK3 ,104 ,089
KY4 1,120 ,816 iT4 -,824 ,029 TK4 ,290 -, 175
KY5 ,379 -1,055 ITs -,625 -,299 yi'e) ,435 -,158
KY6 1,385 1,906 TK6 ,297 218
KY7 , 746 ,061 TIK7 ,425 -,406
KY8 ,634 -,560 TKS8 ,856 ,504
KY9 ,070 -1,118 TK9 ,264 -,278
IK10 ,082 -,356

2.3. Veri Toplama Araglar

Karar yorgunlugu olcegi:

Hickman ve digerleri (2018) tarafindan gelistirilen 6l¢egin Tiirk¢e’ye uyarlama g¢alismasi
Sariakgal1 ve Kirpik (2022) yilinda gerceklestirilmistir. Tiirk¢e’ye uyarlanarak DFA’s1 yapilan
“Karar Yorgunlugu Olgegi” tek boyuttan olugsmaktadir. Hickman ve digerleri (2018) tarafindan
gelistirilen 9 maddeli bu 6lgek 5 11 likert 6lcegi seklindedir.

Is tatmini 6lcegi:

Bu calisma kapsaminda Brayfield ve Rothe (1951) tarafindan gelistirilen, Judge, Locke,
Durham ve Kluger (1998) tarafindan 5 maddelik kisa formu olusturulan Is Tatmini Olgeginin
kisa formu Tiirkceye uyarlanmasi Keser ve Bilir (2019) tarafindan yapilan 6l¢ek kullanilmistir.
Olgek 5 li likert 6lgegi seklindedir. Calismada kullanilan 8lcekte yer alan ifadelerde 3. ve 5.

ifadeler olumsuz ifade olduklarindan ters kodlanarak analizlere dahil edilmistir.
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Tiikenmislik olcegi:

Tiikenmislik Olgegi Kisa Versiyonu, 1 (Hig) ile 7 (Daima) arasinda yanit segenekleri olan 10

maddeden olusmaktadir. Pines (2005) tarafindan gelistirilen Tiikenmislik Olgegi-Kisa

Versiyonu'nun Tiirkge’ye kazandirilmasi  Timkaya ve digerleri (2009) yilinda
gerceklestirilmistir.
2.4. Istatistiksel Analizler
Calismamizda kullanilan 6lgeklere iliskin yapilan baz1 hesaplamalara deginilecek olunursa; ilk
Olctim giivenilirlik katsayilarinin Slgekler igin sirasiyla belirlenmesi olmustur. En ¢ok
kullanilan yontem larak literatiirde karsimiza ¢ikan Cronbach alpha katsayisinin 0,7 ve lizeri
olmasi gerekmektedir (Eymen, 2007: 74). Karar yorgunlugu 6lgegi Cronbach alpha degeri
0,800 (9 madde), is tatmini 6l¢egi kisa formu icin bu deger 0,850 (5 madde) ve son olarak da
tiilkenmislik 6lgegi icin Cronbach alpha degeri 0,924 (10 madde) olarak hesaplanmistir. S6z
konusu odlgekler icin KMO degerleri sirasiyla belirtilecek olursa; Karar yorgunlugu dlgegi igin
elde edilen KMO degeri 0,804 (Approx: Chi Square=802,979/df=36/sig=,000), is tatmini dl¢egi
icin elde edilen KMO degeri 0,806 (Approx. Chi Square=727,301/df=10/sig=,000) ve son
olarak da tiikenmislik Olcegi icin elde edilen deger 0,896 (Approx. Chi. Square=
2056,983/df=45/sig=,000) olarak bulunmustur. KMO testi degiskenler arasindaki korelasyonu
ve faktor analizinin uygunlugunu 6lcen test oldugu i¢in bu degerlere bakilmstir. 0,8 ve lizerinde
elde edilen degerlerin miikemmel oldugu sdylenebilecektir (Biiylikoztiirk, 2002: 470).
Faktor analizlerine bagslanmadan Once degiskenler arasindaki korelasyon degerlerine
bakilmistir. Yapilan korelasyon analizi sonuglar1 asagidaki Tablo-3’te belirtilmektedir. Karar
yorgunlugu ile is tatmini arasinda zayif bir iliski (r=-0,322) bulgulanirken, karar yorgunlugu ve
tiilkenmislik arasinda (r=0,444) orta diizeyde ve son olarak da tiikenmislik ve is tatmini arasinda
orta diizeyde (r=-0,452) iliski elde edilmistir.

Tablo 3. Korelasyon Katsayilari

Tiikenmislik Karar yorgunlugu Is tatmini
Tiikenmislik 1
Karar yorgunlugu 0,444** 1
is tatmini -0,452%% -0,322%* 1

Dogrulayic faktor analizi:

Dogrulayict faktor analizi (DFA) ile dnceden belirlenmis ve arastirmada yer alan 6lgeklerin
yapilarinin dogrulanmasi amaglanmistir. AMOS 21 programinda varsayilan olarak yer alan
Maximum Likelihood (ML) istatistigi 6lgeklere iliskin yapilan DFA analizinde kullanilmstir.
Ug dlgege de yapilan dogrulayici faktdr analizleri kapsaminda elde edilen faktor yiikleri Tablo-
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5’te ve uyum 1iyiligi degerleri Tablo-4’teki sekliyle sunulmustur. Tablo incelendiginde karar
yorgunlugu i¢in faktor yiiklerinin (0,400-0,727) araliginda, is tatmini 6l¢egi i¢in (0,435-0,907)
araliginda ve son olarak da tiikenmislik 6lgegi i¢in (0,472-0,868) araliginda oldugu tespit
edilmistir. Tablo-4’te yer alan uyum iyiligi degerlerinin de literatiirde yer alan referans
degerlerine yakin oldugu goriilmektedir (CMIN/DF<5, RMSEA<0,10, CFI>0,90,GFI>0,85)
(Karagoz, 2019, 1038). Dogrulayici faktor analizi (DFA) uygulanirken 6lgeklere iligkin uyum
iyiligi degerlerini saglayabilmek adina bazi kovaryanslar ¢izilmistir. Ornegin is tatmini
Olceginde e2-e5 ve ed4-e5 arasinda, karar yorgunlugu Slgeginde el-e2 arasinda son olarak
belirtilecek olursa, tikkenmiglik dl¢eginde ise el-e10, e2-e9 gibi kovaryanslar eklenmistir. Bu
kovaryanslar olusturulurken diizeltme indislerindeki degerler gz oniinde bulundurulmustur
(Belirtilen DFA’lara iliskin gorseller Sekil-1 ve Sekil-2” de sunulmustur).
Tablo 4. Uyum lyiligi Degerleri

Olcekler CMIN/DF | GFI CFI RMSEA
Karar yorgunlugu 3,979 0,923 0,900 0,099
Is tatmini 2,747 0,989 0,993 0,076
Tiikenmislik 4,041 0,926 0,955 0,100

Tablo 5. Olgeklere iliskin Faktor Yiikleri

Karar yorgunlugu | Stand. Tahmin | is tatmini Stand. Tahmin | Tiikenmislik Stand. Tahmin
Ky-1 0,400 it-1 0,853 Tk-1 0,567
Ky-2 0,582 it-2 0,907 Tk-2 0,686
Ky-3 0,467 it-3 0,435 Tk-3 0,818
Ky-4 0,727 it-4 0,741 Tk-4 0,868
Ky-5 0,458 it-5 0,708 Tk-5 0,839
Ky-6 0,437 Tk-6 0,838
Ky-7 0,581 Tk-7 0,719
Ky-8 0,575 Tk-8 0,772
Ky-9 0,651 Tk-9 0,472
Tk-10 0,738
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Sekil 1. Is tatmini ve Tiikenmislik Olgegi Dogrulayici Faktor Analizi (DFA) Sonuglari
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Sekil 2. Karar Yorgunlugu Olgegi Dogrulayici Faktdr Analizi (DFA) Sonuglart

45



ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

WCE AN/
> S

£Sceire =

CON
Dy

7
< o8
ZEN A

Arastirma hipotezlerinin test edilmesi:

Basit Etki Modeli
c
Tahrnlnu(_Bagu-nsm) Sonu¢ (Bagimli) Degiskeni
Degiskeni Toplam Etki
Araci Etki Modeli-Dolayli Etki (a*b)

é
Dogrudan Etki (M kontrol edilirken X’in Etkisi)

Sekil 3. Arastirma Modeli

Baron ve Kenny’e (1986) gore aracilik modeli oldugu belirtilen bir model sirasiyla ve birbiri
ardia dort adimda yer alan kosullar1 sagliyor ise aract degisken olarak tanimlanmaktadir. Bu
yontem geleneksel yaklasim olarak da bilinmekte ve bu yaklasima gore Sekil-3’te verilen aract
etki modelinde aracilik etkisi istatistiksel olarak asagida siralanan adimlar takip edilerek kontrol
edilmektedir. 1.) X, Y’yi anlamli olarak yordamalidir (c yolu). 2.) X, M’yi anlamli olarak
yordamalidir (a yolu). 3.) X ile M birlikte regresyon analizine dahil edildiginde M, Y’yi anlamli
olarak yordamalidir (b yolu). Bu durumda, X ile Y arasinda (¢’ yolu) anlamli olmayan iliski
cikarsa (¢’ anlamli ¢ikmaz ise) tam aracilik (full mediation) etkisi, X ile Y arasindaki iliskide
azalma meydana geldigi durumda (c’<c, ancak ¢’ anlamli) kismi aracilik (partial mediation)
etkisi oldugu sonucuna ulasilmaktadir (Giirbiiz ve Bayik, 2021, s. 4). Arastirmada bu
yontemden yola ¢ikilarak hipotezler olusturulmustur.
H1: Karar yorgunlugu ile i tatmini arasinda anlamli iligki vardir.
H2: Karar yorgunlugu ile tiikenmislik arasinda anlaml iligki vardir.

H3: Tiikenmislik ile is tatmini arasinda anlaml iliski vardir.
H4: Karar yorgunlugu ile is tatmini arasindaki iliskide tiikenmislik araci etkiye sahiptir.

Karar yorgunlugu ve is tatmini arasindaki iliski:
Hipotez 1 in yordanmasi amactyla yapilan analizde karar yorgunlugu ve is tatmini arasinda

negatif yonde ve anlaml iligki bulgulanmistir, elde edilen p<0,01 anlamlilik seviyesinde
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standardize Beta=-0,322 olarak bulunmustur. Bu sonugla H1 hipotezi kabul edilmistir (Bkz.
Sekil-4).

TOPLKY -.32 TOPLIT

Sekil 4. Karar Yorgunlugu (KY) ve Is Tatmini (IT) Arasindaki Yol Analizi

Tablo 6. Standardize Olmayan Katsayilar (K'Y-IT)

Estimate S.E. C.R. P Label
Is Tat. <--- KararY. | -,228 ,038  -5,944  *k¥*

Karar yorgunlugu tiikkenmislik iliskisi:
Arastirmanin ikinci hipotezi i¢in yapilan analizde ise karar yorgunlugu ve tiikkenmislik arasinda
p<0,01 seviyesinde pozitif yonde ve anlamli iligki tespit edilerek standardize Beta=0,444 olarak

elde edilmistir. Bu sonugla aragtirmanin H2 hipotezi de kabul edilmistir (Bkz. Sekil-5).
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Sekil 5. Karar Yorgunlugu (KY) ve Tilkenmislik Arasindaki Yol Analizi

Tablo 7. Standardize Olmayan Katsayilar (KY-TK)

Estimate S.E. C.R. P Label
Tik. <--- KararY. | ,814 ,004 8,665  *k*

Tiikenmislik is tatmini iliskisi:
Tiikenmiglik 1 tatmini iligkisini yordamaya yonelik olarak yapilan analizde negatif yonde ve
elde edilen p<0,01 anlamlilik seviyesinde standardize Beta=-0,452 olarak elde edilmis ve

arastirmanin ticlincii hipotezi olan H3 kabul edilmistir (Bkz. Sekil-6).
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Sekil 6. Tiikenmislik (TK) ve Is Tatmini (IT) Arasindaki Yol Analizi

Tablo 8. Standardize Olmayan Katsayilar (TK-IT)

Estimate S.E. C.R. P Label
Is Tat. <—-- Tik. | -,175 ,020  -8,855  k¥*

Karar yorgunlugu ile is tatmini iliskisinde tilkkenmisligin araci rolii (araci etki analizi):

Aract etkinin varlig1 hakkinda yapilan analizde ise karar yorgunlugu ve is tatmini arasindaki
iliskinin varligina etkisinin ol¢iilebilmesi amaciyla modele tilkenmislik eklenerek anlamlilik
seviyesinde degisme olup olmadigi ve beta katsayisindaki degisimi saptamak amaglanmaistir.
Karar yorgunlugu ve is tatmini iligkisinde elde edilen anlamlilik p<0,01 modele tiikkenmisligin
eklenmesiyle devam etmesine ragmen, standardize Beta katsayisi -0,322 den -0,15 e
gerilemektedir. Bu da bize “kismi aracilik™ etkisini gostermektedir. Bu sonugla arastirmanin

H4 hipotezi de kabul edilmistir (Bkz. Sekil-7).
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Sekil 7. Araci Etki Yol Analizi

Tablo 9. Standardize Olmayan Katsayilar (Arac1 Etki Modeli)

Estimate S.E. C.R. P Label
Tik. <--- KararY. | ,814 ,094 8,665 ok
Is Tat. <--- Tiik. -,149 ,022 -6,834 k¥
Is Tat. <--- KararY. | -,107 ,040  -2,680 ,007

Aract etki analizinde son olarak aracilik analizi ile elde edilen kismi etkiyi dogrulamak

amaciyla Sobel testi de uygulanmistir. Degerler incelendiginde p degeri anlamli bulunmustur

ve sobel testi neticesinde de kismi aracilik etkisi dogrulanmistir (Bkz. Tablo-10).

Tablo 10. Sobel Testi Sonucu

Test statistic

Std. Error

p-value

Sobel test:

-4.52573886

0.03791646

0.00000602
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3.SONUC:

Calisma kapsaminda elde edilen sonuglar incelendiginde, karar yorgunlugunun is tatmini ile
negatif bir iliski i¢cinde olmasi beklenen bir durum gibi goéziikmektedir, ¢iinkii bu iki kavramin
birbirini etkileyebilecegi bir diger ifadeyle karar yorgunlugu artan bireyin is tatmininin
diisebilecegi varsayilabilir. Ozellikle karmasik islerde ¢alisan bireylerin karar yorgunluklarinin
islerine de yansiyacagi bir gercektir.

Calismada elde edilen bir diger sonug olan karar yorgunlugu ve tiikenmislik iligkisi de lizerinde
diistiniilmeye deger bir diger durumdur, ¢alismadaki bulguya gore iki kavram pozitif iliskiye
sahiptir, bu da karar yorgunlugunun ortaya ¢ikabilecegi islerde c¢alisan bireylerin daha fazla
tiikenmislik durumu ile kars1 karsiya kalabilecegi anlamina gelmektedir.

Calismada en giiglii iliski is tatmini ve tilkkenmislik arasinda bulgulanan negatif durumdur.
Tiikenmislik durumunda bireyin isine olan katkisinin azalacagt g6z Oniinde
bulunduruldugunda, yoneticiler ve organizasyonlar i¢in bu iligkinin varligmin g6z oniinde
bulundurulmasi 6nem arz etmektedir.

Calismanin asil amacini olusturan araci etki kapsaminda ise, is tatmini ve karar yorgunlugu
arasindaki negatif iligki arac1 degisken olarak tiikkenmislik kavraminin da eklenmesiyle etkisi
artmaktadir, yani bu da ¢aligsanlar1 psikolojik olarak olumsuz etkileyebilecek, organizasyonlar
acisindan da olumsuz sonuglara sebebiyet verebilecektir.

Tablo 11. Hipotez Sonuglari

Hipotez Kabul/Red
H1: Karar yorgunlugu ile is tatmini arasinda anlamli iliski vardir. Kabul
H2: Karar yorgunlugu ile tiikenmislik arasinda anlamli iligki vardir. Kabul
H3: Tikenmislik ile is tatmini arasinda anlamli iligki vardir. Kabul
H4: Karar yorgunlugu ile is tatmini arasindaki iliskide tiikenmislik araci etkiye Kabul
sahiptir.

3.1. Tartisma ve Oneriler:

Farkli 6rneklem gruplarinda c¢alismanin yapilmasi 6zellikle 6zel sektorde tekrar edilebilecek
olmas1 6nemli goriilmektedir, ayrica farkli caligmalarla tam araci etkinin de saptanabilecek
olmas1 Onemli goriilmektedir. Giiniimiizde organizasyonlarin en Onemli pargasi olarak
gordiikleri calisanlarinin bu belirtilen psikoloji temelli kavramlarla giiniimiiz ¢aligma

kosullarinda karsilasabilecekleri gergegi mevcutken, bu olumsuz siireglerin de ¢alisan, yonetici,
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organizasyon ve toplum yasami iginde etkileri gdz ardi edilmemelidir. Ozellikle karar
yorgunlugu ve tiikkenmislik kavramlari ile ilgili daha ¢ok calismaya yer verilmeli ve bu
kavramlarin diger organizasyon kavramlariyla iliskileri incelenmelidir.
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ABSTRACT

This study examines the systematic risk levels of sector indices traded on Borsa Istanbul. The
analysis is based on daily data covering the period from 2015 to 2024. The Capital Asset Pricing
Model (CAPM) is used as the main analytical framework. Three variants of the model are
employed: static CAPM, rolling beta estimations, and conditional CAPM with interaction
terms. The static CAPM results indicate strong correlations between sector indices and the BIST
100 market index. Beta coefficients are statistically significant across all sectors. However,
these relationships are not stable over time. Rolling beta estimations show that sector-level
exposure to market risk fluctuates, particularly during periods of crisis. This undermines the
constant beta assumption of the standard CAPM framework. To capture the effects of the
COVID-19 pandemic, a conditional CAPM model is estimated using an interaction term for the
pandemic period. The results show statistically significant shifts in beta values for multiple
sectors during the pandemic. Systematic risk shifts were observed across multiple sectors
during the COVID-19 period, rather than being concentrated in a specific industry. Structural
stability is further tested using CUSUM procedures. The results confirm that the linear CAPM
relationship breaks down during the pandemic period in several sectors. Overall, the findings
suggest that static, single-period models like CAPM are inadequate under extraordinary market
conditions. Sector-based risk analysis during crisis periods requires dynamic modeling

approaches that allow for time-varying sensitivities to market risk.

Keywords: CAPM, sector indices, Borsa Istanbul, COVID-19, structural breaks.

1. INTRODUCTION

The Capital Asset Pricing Model (CAPM) is one of the foundational models of modern finance
theory. It assumes that investors consider only systematic risk, which can be captured by a
single factor: market return (Sharpe, 1964; Lintner, 1965; Mossin, 1966). CAPM posits a linear
relationship between risk and expected return. This relationship is expressed through the beta
coefficient. Beta measures an asset’s sensitivity to market movements.

However, the assumptions of this model have faced criticism over time. In particular, the
assumption of a constant beta often contradicts empirical findings (Black, Jensen, & Scholes,

1972; Fama & French, 1992). Many studies show that beta varies over time (Groenewold &
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Fraser, 1999; Liston, 2017). Furthermore, this variation becomes more pronounced during crisis
periods (Ben Dor et al., 2021; Szczepocki et al., 2025).

Conditional versions of the CAPM model were developed to address the problem of constant
beta. These models allow beta to change over time with economic conditions (Fama & French,
2004; Fan & Sheng, 2020). This approach tends to yield more consistent results during
extraordinary periods, such as financial crises.

Studies on Turkish capital markets also show the limits of CAPM. For example, Celik (2013)
finds that sector betas are not stable. Karakoc (2016), Bilgin and Basti (2014), and Yalg¢in and
Erssahin (2014) also question the validity of the constant beta assumption. In addition, Yayvak
et al. (2015) and Er and Kaya (2012) find that beta exhibits temporal fluctuations in Turkish
markets and support the explanatory power of conditional models.

This study examines the time-varying behavior of systematic risk in sector indices traded on
Borsa Istanbul. The main motivation is that unexpected macroeconomic shocks such as
COVID-19 provide an opportunity to test the assumptions of traditional financial models. One
of the most contested assumptions of the CAPM is the constancy of systematic risk over time.
However, previous studies show that beta coefficients fluctuate during crisis periods
(Szczepocki et al., 2025). In the Turkish context, there is a lack of recent and comprehensive
analyses on this issue. The aim of this study is to investigate how the pandemic has affected
sector-level systematic risk. This approach seeks to fill a gap in the literature and reassess the
empirical validity of the CAPM under crisis conditions in the Turkish capital market. In this
respect, the study contributes to the empirical evaluation of the CAPM in Turkey.

2. LITERATURE REVIEW

One of the core models used to measure systematic risk in modern finance theory is the Capital
Asset Pricing Model (CAPM). The model was independently developed by Sharpe (1964),
Lintner (1965), and Mossin (1966), based on Markowitz’s (1952) portfolio theory. Among
these, Sharpe’s version has become the most widely cited and accepted. The model assumes
that expected return is determined solely by systematic risk, measured through the beta
coefficient.

CAPM has been tested empirically, but its assumption of a constant beta over time has been
widely challenged. Black, Jensen, and Scholes (1972) criticized the model’s limitations and
introduced the zero-beta CAPM. Fama and French (1992) showed that expected returns cannot
be explained by beta alone, highlighting the role of other variables such as firm size and book-

to-market ratios.
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A key assumption of the CAPM is the time-invariance of systematic risk. However, many
studies have questioned this claim. Beta coefficients have been shown to vary across time and
sectors (Liston, 2017; Zhang, Gong, & Xue, 2023). In the Turkish context, Celik (2013) found
that sector-level betas were unstable during the 2005-2009 period. Similarly, Karakog (2016)
argued that the constant beta assumption lacks explanatory power for Borsa Istanbul. Yal¢in
and Erssahin (2014) suggested that conditional models can produce stronger empirical results.
Time-sensitive versions of CAPM have gained importance in response to the limitations of the
static model. Rolling beta methods are effective tools for capturing how systematic risk evolves
over time. This approach is particularly relevant during crisis periods. Haroon, Ali, Khan,
Khattak, and Rizvi (2021) examined time-varying systematic risk during COVID-19 and found
that while both Islamic and conventional sectoral indices showed increased beta dynamics,
Islamic equities exhibited lower and less volatile betas, indicating more stable reactions to
market shocks as the pandemic evolved. Groenewold and Fraser (1999) identified strong
temporal variation in beta coefficients using Australian data. Mikotajek-Gocejna (2021) found
that betas are not stationary in emerging markets and vary over time.

During periods of crisis, the static structure of CAPM becomes increasingly questionable.
Szczepocki, Marcinkiewicz, and Kowalewska (2025) documented structural breaks in beta
values in European markets during COVID-19. Tsuji (2022) showed that such breaks played a
significant role in volatility measures for banking stocks. In these conditions, the constant beta
assumption proves inadequate.

As a result, conditional versions of CAPM have been developed. These models allow beta to
vary over time in response to external variables. Fama and French (2004) argued that
conditional betas provide better explanations for market anomalies. During the COVID-19
period, conditional CAPM was applied to assess changes in sectoral market sensitivities (Fan
& Sheng, 2020; Dadakas et al., 2016). In the Turkish context, Karatepe, Karaaslan, and Gokgoz
(2002) demonstrated that conditional CAPM produced more meaningful results in Borsa
Istanbul. Yayvak, Akdeniz, and Altay-Salih (2015) found that beta values change according to
macroeconomic conditions.

As a further procedure to identify periods in which the constant beta assumption is violated,
structural break tests such as CUSUM are widely used. Chen, Khamthong, and Lee (2017)
showed that structural shifts in heteroskedastic regression models significantly affect CAPM
parameters. Aue et al. (2012) successfully applied CUSUM-type procedures in a functional

CAPM model to capture time variation in beta coefficients. In the Turkish context, Er and Kaya
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(2012) examined the relationship between accounting betas and classical betas, finding
limitations in the assumptions of the CAPM model.

Jianbao and Jingjie (2009) showed that beta coefficients fluctuate both over time and across
sectors in the Shenzhen Stock Exchange. Caporale (2012) identified three major structural
breaks in the banking sector. Drakos (2004) demonstrated a structural increase in systematic
risk for airline stocks after the 9/11 attacks.

Global market linkages indicate that systematic risk is shaped not only by domestic but also
international dynamics. Zhao and Park (2024) found bidirectional risk spillovers between
Chinese and Asian markets. This suggests that localized models may be insufficient in capturing
risk under interconnected market conditions. These findings emphasize the need for flexible
and dynamic models, particularly during crisis periods.

The existing literature shows that the constant beta assumption of the CAPM weakens during
financial turmoil and highlights the necessity of time-varying and conditional models.
However, in the case of Turkey, comprehensive empirical studies on sectoral systematic risk
dynamics remain limited. The effects of major shocks such as COVID-19 on sectoral risk have
not been sufficiently documented. This study addresses that gap. Using a combination of static,
time-varying, and conditional beta estimations, it provides an in-depth analysis of sector-level
systematic risk dynamics and structural breaks during the pandemic. This approach contributes
to the literature by combining methodological diversity with updated empirical evidence from
the Turkish market.

3. DATA AND METHODOLOGY

This study analyzes the level and temporal stability of systematic risk in sector indices traded
on Borsa Istanbul. The dataset covers daily price data from January 2, 2015, to March 1, 2024.
Data were obtained from the Borsa Istanbul Datastore. All variables are calculated as
logarithmic returns and expressed in percentages.

The dependent variables are sector-level stock index returns. The BIST 100 (XU100) index,
representing the Turkish equity market, is used as the market portfolio. To examine systematic
risk at the sectoral level, the following indices are included: industrials (XUSIN), services
(XUHIZ), financials (XUMAL), banking (XBANK), holding companies (XHOLD), chemicals-
oil-plastics (XKMYA), metal-machinery (XMESY), transportation (XULAS), and trade
(XTCRT). These indices are selected based on their representativeness of sectoral diversity and

sufficient trading volume on Borsa Istanbul.
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Table 1 reports the descriptive statistics. Each series contains 2,508 observations. Although
sector return means are relatively close, standard deviations and dispersion measures reveal
notable differences in volatility. Banking, transportation, and metal-machinery sectors exhibit
particularly high volatility. All series show negative skewness and high kurtosis, indicating
non-normal return distributions with frequent outliers. Jarque-Bera (JB X?) test results confirm
these deviations statistically. However, non-normality in financial time series is a well-
documented feature in the literature and does not necessarily undermine model estimation.

Parametric models such as CAPM remain relatively robust to such distributional departures.

Table 1. Descriptive Statistics

Sector Mean Std.Dev. Min Max  Skewness Kurtosis JB X? p-value
XU100  0.0011 0.0158  -0.1031 0.0942 -0.6234 4.9443  2723.8701  0.0000
XUSIN 0.0013  0.0151  -0.1015 0.0923  -0.7599 52636  3144.1057  0.0000
XUHIZ 0.0012  0.0147  -0.1006 0.0898  -0.6951 5.2487  3088.2352  0.0000
XUMAL 0.0010  0.0178  -0.1031 0.0903  -0.4433 3.7124  1526.6182  0.0000
XBANK 0.0010  0.0233  -0.1042 0.1042  -0.0456 3.0225 958.5609  0.0000
XHOLD 0.0011 0.0166  -0.1041 0.0926  -0.6094 44712  2250.1623  0.0000
XKMYA 0.0014  0.0173  -0.1001 0.0944 -0.4266 3.9337  1697.7638  0.0000
XMESY 0.0013  0.0172  -0.1017 0.0928  -0.5952 4.0864  1898.1043  0.0000
XULAS 0.0014  0.0238  -0.1284 0.1023  -0.1010 2.7111 774.9413  0.0000
XTCRT 0.0012  0.0166  -0.1052 0.0938  -0.2766 3.9197  1642.0730  0.0000

The methodological approach is based on a three-stage analytical framework. First, the classical
CAPM model, which assumes a constant beta, is applied. In this stage, OLS regressions are
estimated for each sector index against the market index. The basic form of the model is as

follows:

Ryt = a; + BiRe + €1t (1)
Here, R;; represents the daily return of sector i, R,,,; denotes the daily return of the market index,
and f; is the systematic risk coefficient of the sector. The estimation results are presented in
Table 3. Findings show that beta coefficients are statistically significant across all sectors,
indicating that sector returns are strongly associated with market movements.
In the second stage, the assumption of a constant beta in the CAPM framework is tested. To
this end, time-varying beta estimates are calculated using 60-day rolling windows. This method

allows for examining how each sector’s sensitivity to market risk evolves over time.
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In the third stage, a conditional CAPM model is estimated to analyze changes in systematic risk
during abnormal periods. The model incorporates an interaction term between market returns

and a dummy variable representing the COVID-19 period. The model takes the following form:

Rit = a; + BiRme + Vi(DcoviaRme) + €t (2)

Here, D;ypiq 18 @ dummy variable representing the period between March 11, 2020, and
December 31, 2021. The interaction coefficient (y;) reflects the change in the level of
systematic risk for each sector during the COVID-19 period. Finally, the presence of potential
structural breaks in beta coefficients is examined using the Cumulative Sum (CUSUM) test, a
widely used diagnostic tool for detecting structural changes in time series models, applied
separately for each sector. The test calculates the cumulative sum of standardized residuals from
the estimated regression. These values are then compared against critical bounds derived under
the assumption of parameter stability. If the cumulative sum stays within the bounds, the
parameters are considered stable. If the sum crosses the bounds, this signals a structural break.
In this study, the test is applied to determine whether beta coefficients changed significantly
during the COVID-19 period. This helps assess the validity of the constant beta assumption in
the CAPM framework.

4. EMPIRICAL FINDINGS

This section analyzes the behavior of beta coefficients estimated under the CAPM framework
over time. The objective is to identify changes in sector indices' sensitivity to systematic risk.
First, static beta estimates are evaluated. Then, dynamic betas obtained using 60-day rolling
windows are examined. Fluctuations in beta values, especially during high-uncertainty periods
such as the COVID-19 pandemic, call into question the validity of CAPM’s constant beta
assumption. Findings indicate substantial differences across sectors, which become more
pronounced during crisis periods. Table 2 summarizes sector-specific alpha, beta, and R* values

estimated using the static CAPM model.
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Table 2. Statik CAPM Estimates

Kod Alpha Beta R?
XUSIN 0.0003 0.887***  0.860
XUHIZ 0.0003 0.844***  (0.819

XUMAL -0.0002 1.066***  (0.896
XBANK -0.0003 1.211%**  0.673
XHOLD 0.0005 0.981***  0.866
XKMYA 0.0004 0.878***  0.640
XMESY 0.0004 0.902***  (0.687
XULAS 0.0002 1.133***  (.564
XTCRT 0.0005 0.717***  0.464
Reference Lines | COVID-19End | COVID-19 Start

xuhiz

Beta

2015 2019 2024 2015 2019 2024 2015 2019 2024
Date

Figure 1. 60-day Rolling Betas

Beta coefficients reported in the table are statistically significant and positive for all sectors,
supporting the basic assumption of the CAPM. Sectors such as industrials (xusin), services
(xuhiz), and chemicals (xkmya) have beta values below 1, suggesting lower volatility compared
to the market. In contrast, sectors such as financials (xumal), banking (xbank), and
transportation (xulas) show beta values above 1, indicating higher sensitivity to market
movements. A beta below 1 implies lower systematic risk, while a value above 1 indicates
higher exposure relative to the market.

The highest beta value belongs to the banking sector (1.211), indicating elevated systematic
risk. The explanatory power (R?) is high in the industrial (0.86) and holding (0.87) sectors but
low in sectors such as trade (xtcrt) and transportation (xulas). This suggests that the market

index may be insufficient in explaining returns for certain sectors. Sector-specific dynamics
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and crisis responses require analysis beyond static models. Therefore, to observe the time-
varying nature of systematic risk, rolling beta estimation is employed. These estimates are
presented in Figure 1.

The figure displays the 60-day rolling beta coefficients of sector indices over time. The results
indicate that beta values are not constant across sectors and exhibit substantial fluctuations.
Volatility in beta is particularly high in the banking (XBANK) and transportation (XULAS)
sectors. In these sectors, sensitivity to market risk changes significantly over time. The COVID-
19 period triggered sharp spikes in beta levels across many sectors. This indicates an increase
in systematic risk during crisis periods and highlights the weakening validity of CAPM
assumptions.

The banking and transportation sectors, in particular, appear more sensitive to crisis conditions.
Table 3 presents the sector-specific beta shifts and statistical significance levels estimated

through the interaction term in the conditional CAPM model for the COVID-19 period.

Tablo 3. Conditional CAPM Estimates: COVID Dummy Interaction

Market COVID Effect p-value

Sector Beta (Beta Shift) R’

XUSIN 0863 0.120 <0001 0862
XUHIZ  0.849 -0.023 0.257 0.819
XUMAL  1.075 -0.048 0.009 0.896
XBANK 1256 0.227 <0001 0677
XHOLD 0958 0.119 <0001 0868
XKMYA 0852 0.130 <0001 0.642
XMESY 0871 0.160 <0001 0691
XULAS  1.123 0.053 0.293 0.564
XTCRT 0718 -0.006 0.880 0.464

The conditional CAPM results indicate significant shifts in systematic risk for several sectors
during the COVID-19 period, as captured by the interaction term. The banking sector shows
the most pronounced negative deviation in beta, reflecting heightened sensitivity to external
shocks. In contrast, the chemicals, metals, and holding sectors exhibit statistically significant
increases in beta values. The COVID-19 effect is not statistically significant for three sectors.
These findings suggest that systematic risk varied across sectors during the pandemic period.

Figure 2 presents CUSUM structural break test graphs, assessing the temporal stability of
regression coefficients for each sector. Significant deviations in the CUSUM process are
observed between the start and end dates of the COVID-19 period in several sectors. This

indicates the presence of structural changes in beta coefficients. Deviations are especially
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notable in the industrial, banking, and transportation sectors. In these sectors, the structure of
systematic risk was disrupted during the pandemic, violating the constant beta assumption.

In contrast, some sectors exhibit limited fluctuations, maintaining relative structural stability.
This finding supports the relevance of the static CAPM form for certain sectors, while
highlighting the need for conditional models in others.

The test results clearly show that sectoral systematic risk in Turkey’s equity market is both
time-sensitive and reactive to extraordinary periods. These results provide empirical support

for the inadequacy of static models and the necessity of dynamic approaches.
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Figure 2. CUSUM Structural Break Tests
5. CONCLUSION

This study analyzed the temporal behavior of systematic risk across sector indices in Borsa
Istanbul. Static and time-varying beta analyses within the CAPM framework revealed
significant differences across sectors. The results of the static CAPM indicate high explanatory
power in some sectors, while beta values below one in others suggest that market returns alone
are insufficient to explain sectoral variations. In the conditional CAPM model, beta shifts
specific to the COVID-19 period were found statistically significant in several sectors. This
implies that the pandemic had lasting effects on systematic risk levels. CUSUM tests identified
structural breaks, particularly in the banking, industrial, and transportation sectors. The findings

demonstrate that market shocks differentially affect sectoral systematic risk behavior. These
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results underline the importance of sectoral differentiation in investment decisions and risk
management. Moreover, they highlight the limitations of constant-parameter models during

crisis periods.
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ABSTRACT

A positive relationship between the educational attainment of the workforce and labor
productivity is both theoretically anticipated and economically desirable. However,
contemporary traditional education systems often fall short of adequately addressing the
evolving demands of the labor market. This study aims to examine the extent to which workers
with basic, intermediate, and advanced levels of education contribute to output per worker in
five countries recognized for their well-developed education systems: Finland, the United
States, Norway, Denmark, and Sweden. To this end, a balanced panel dataset was constructed
using annual data spanning the period from 1996 to 2023. The analysis began with a cross-
sectional dependency test to assess potential interdependencies among the panel units, followed
by a homogeneity test to evaluate the consistency of slope coefficients across countries. Based
on the outcomes of these preliminary tests, the appropriate estimation technique was identified,
and the Augmented Mean Group (AMG) estimator was employed to obtain robust long-run
coefficients. The empirical findings reveal that workforce educational attainment at the basic,
intermediate, and advanced levels does not exert a statistically significant impact on output per
worker. In contrast, capital investment per worker introduced as a control variable was found
to have a significant and positive effect on labor productivity, in line with expectations and

consistent with findings in the existing literature.
Keywords: Labor productivity, education, dynamic panel data analysis.

1. INTRODUCTION

The growing inability of traditional education systems to adapt to the dynamic and rapidly
evolving demands of the labour market has emerged as a critical issue in contemporary
economic and educational policy discourse. The forces of globalization, digital transformation,
and shifts in business practices have fundamentally reshaped the skillsets required in today’s
workforce. Nevertheless, many education systems remain inadequately responsive to these
changes, both in terms of pace and relevance. This persistent misalignment is widely

conceptualized in the literature as a skills mismatch, or more broadly, as a structural disconnect
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between educational outcomes and labour market needs. Addressing this multifaceted problem
necessitates engagement with various theoretical perspectives, including human capital theory,

institutional economics, the lifelong learning paradigm, and information society theories.

According to human capital theory (Becker, 1964), education serves as a key mechanism for
enhancing individual productivity, thereby increasing one’s value within the labour market.
From this perspective, education is not only a personal investment but also a cornerstone of
broader economic development. Nevertheless, the growing inability of traditional education
systems to align with the rapidly shifting demands of contemporary labour markets calls into
question the practical applicability of this theory. In the current economic landscape,
employability is no longer determined solely by formal academic credentials, but increasingly
by a wide array of transversal competencies, including digital literacy, effective
communication, critical thinking, problem-solving, and adaptability. Traditional systems,
however, often remain anchored in rigid curricula that prioritize theoretical knowledge and
standardized assessments, with limited emphasis on practical or soft skills development. As a
result, graduates frequently enter the workforce inadequately prepared for the complex,
interdisciplinary, and rapidly evolving nature of modern employment, thus undermining both

their competitiveness and the economic utility of formal education itself.

Skills mismatch represents a critical outcome of the misalignment between education systems
and labour market demands. As highlighted in a CEDEFOP (2010) report, a substantial
proportion of educated individuals across European countries are either unable to secure
employment that aligns with their educational qualifications or are employed in fields unrelated
to their academic training. This issue is particularly acute in developing economies such as
Turkey, where the rising unemployment rates among young university graduates underscore
the depth of this misalignment. The misdirection of the educated labour force into fields with
limited market relevance, or the failure to equip them with the skills demanded by contemporary
employers, not only hampers individual career trajectories but also undermines the efficiency

and return on investment of public spending in education.

From the perspective of institutional economics, education systems and labour markets
represent distinct institutional domains that evolve at different paces and often lack coordinated
interaction. Educational institutions tend to exhibit structural rigidity and a resistance to rapid
change, as they are governed by long-standing bureaucratic norms, standardized curricula, and

formal accreditation procedures. In contrast, labour markets are inherently dynamic, shaped by
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continuous technological innovation, global economic shifts, and sectoral transformations. This
asymmetry in institutional responsiveness gives rise to what is termed an “institutional lag,”
wherein the education system fails to adapt in a timely manner to the evolving needs of the
labour market. As a result, graduates frequently encounter significant barriers in securing
employment that aligns with their qualifications and skill sets, further perpetuating

inefficiencies in both human capital development and labour market functioning.

Conversely, the information society framework and the lifelong learning paradigm offer a
forward-looking perspective to address the persistent disconnect between education and labour
market needs. In an economy increasingly driven by knowledge production and characterized
by the continuous evolution of information, education is no longer viewed as a finite process
confined to early stages of life. Instead, it is conceptualized as a lifelong endeavour that must
adapt to the shifting demands of the labour market. However, traditional education systems
often lack the institutional flexibility and structural mechanisms necessary to support
continuous skill development. The prevailing model wherein education is front-loaded during
youth renders individuals ill-equipped to cope with the ongoing transformation of occupational
requirements, thereby increasing their vulnerability to obsolescence in a rapidly evolving

professional landscape.

This study investigates the impact of traditional education systems on labour productivity in
five countries renowned for their high-quality education: Finland, the United States, Norway,
Denmark, and Sweden. It empirically examines the mismatch between educational outcomes
and labour market demands an enduring challenge even in contexts where education systems
are widely regarded as robust. The findings reveal that, despite their advanced educational
infrastructures, these countries continue to face difficulties in aligning educational outputs with
labour market needs, highlighting the structural and systemic nature of the skills mismatch

problem.
2. LITERATURE REVIEW

Literature includes various studies that examine the relationship between education level and
labor productivity from different perspectives. In these studies, education level is typically
represented by indicators such as human capital, education expenditures, and school enrollment
rates. Hojo (2003) examined data from 90 countries and concluded that increases in education
levels serve as a catalyst for productivity growth. Similarly, De la Fuente and Domenech

(2001), Abel, Dey, and Gabe (2012), Penekli (2019), and Minnasoo et al. (2018) identified a
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positive and significant relationship between human capital and productivity across various
countries and time periods. Jorgenson, Ho, and Samuels (2016), focusing on the United States,
found that rising education levels played a substantial role in enhancing both growth and
productivity. In contrast, McGowan and Andrews (2015) highlighted the negative impact of
skill mismatches on labor productivity, revealing that approximately one-third of the workforce
in OECD countries is either underqualified or overqualified for their jobs, which hampers
overall productivity. Additionally, Arshad and Malik (2015) and Baharin et al. (2020) analyzed
the effects of education and health on labor productivity, finding that while both factors are
important, health may have a stronger influence in certain contexts. Gul et al. (2022) further
supported the positive link between education and productivity in Pakistan, showing that a 1%
increase in education investment corresponds to a 0.10% rise in labor productivity. Najarzadeh
and colleagues (2014) analyzed data from 108 countries and found that internet usage,
education expenditure, healthcare spending, and fixed capital formation have positive effects
on labor productivity. Nedomlelova and Kocourek (2016) identified a strong relationship
between human capital and labor productivity in European countries, highlighting that
variations in education levels largely explain differences in productivity. In Turkey, Karahan
(2009) conducted a survey revealing that younger workers tend to participate more actively in
the workforce and that higher educational attainment correlates with increased labor
productivity. Similarly, Lovric (2012) demonstrated that information and communication
technologies positively influence labor productivity, with higher education playing a
particularly critical role. Priatna (2020) investigated the influence of education and training
programs on the productivity of public officials and concluded that well-designed programs
significantly enhance employee performance. In the agricultural sector, Cheruiyot (2022)
demonstrated that formal education positively affects fertilizer adoption and maize
productivity, while agricultural extension training has a highly significant impact on
productivity outcomes. Similarly, Rustomo, Cahyono, and Rahman (2024) assessed the role of
education and training in the printing industry, highlighting their critical contribution to
employee productivity, especially in tasks that demand high precision and quality standards.
Consistent with these findings, Antih (2024) reported that education and training exert a
positive and significant influence on worker productivity, underlining the necessity of effective
training investments to improve individual competencies and overall organizational

performance.
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3. METHODOLOGY

This study analyses the impact of workers with basic, secondary, and advanced education on
output in five countries with strong education systems (Finland, the United States, Norway,
Denmark, and Sweden). In this context country data for the period 1996-2023 was obtained
annually from the World Bank database. In the analyses cross-sectional dependence was
assessed using the Pesaran (2021) CD, Juodis and Reese (2021) CDw, Fan et al. (2015) CDw+,
and Pesaran and Xie (2021) CD* tests. Following the identification of cross-sectional
dependence, the stationarity of the series was examined using the Pesaran (2007) CADF test.
Subsequently, the Blomquist and Westerlund (2013) test was employed to assess the
homogeneity of the panel data. Based on the results of the preliminary tests, the Augmented
Mean Group (AMG) estimator developed by Bond and Eberhardt (2009) and Eberhardt and
Teal (2010) was employed, as it provides reliable estimates in the presence of cross-sectional

dependence and heterogeneity.
The panel equations used are as follows:
Inproductivity;, = B, + filnbasic;; + f,Ininter;, + Bslnadvence;; + Bslncapita;, + €;; (1

In the equation, Inproductivity denotes output per worker, while /nbasic, Ininter, and Inadvance
represent the proportions of workers with basic, intermediate, and advanced education levels,
respectively. Additionally, capital investment per worker commonly recognized in the literature
as a key determinant of labor productivity has been incorporated into the model, with /ncapita
denoting investment per worker. Here, 1 denote the unit-specific effect, t represents the time-

specific effect, and ¢ is the error term of the model.
4. RESULTS

In this study, the results of four different tests used to assess cross-sectional dependence are

presented in Table 1.

Table 1. Cross-Section Dependency

Variables CD CDw CDw CD*
Inproductivity 15.98™ 3.08™ 53.63™ 0.64
Inbasic -0.31 -0.62 16.54™" 9.81™"
Ininter 12.82"" 1.78" 4233 0.25
Inadvance 10.11*" 1.84" 33.81"" 0.59
Incapita 15.05™" 3.42™ 51.02" 0.38

*p<0.10; *** p<0.01.
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It is observed that at least two of the four applied tests for each variable indicate the presence
of cross-sectional dependence. Therefore, the second-generation unit root test, Pesaran’s
CADF, was employed to assess the stationarity of the series. The results revealed that none of
the series were stationary at level with a lag length of 2 for both the constant and constant-plus-
trend models, but all became stationary after the first difference. In addition, according to the
homogeneity test results by Blomquist and Westerlund (2013), (A , ja. =4.037 p < 0.001), the
model exhibits a heterogeneous structure. Given the presence of both cross-sectional
dependence and heterogeneity, the Augmented Mean Group (AMG) estimator developed by
Bond and Eberhardt (2009) and Eberhardt and Teal (2010) was employed. The estimation

results are presented in Table 2.

Table 2. Mean Group type estimation (AMG) Result

Inproductivity Coefficient Std. err. z P>z [95% conf. interval]

Inbasic -0.004 0.009 -0.47 0.637 -0.023 0.014
Ininter -0.079 0.054 -1.47 0.141 -0.186 0.026
Inadvance -0.047 0.045 -1.06 0.291 -0.136 0.040
Incapita 0.158 0.035 441 0.000 0.087 0.228
00000R ¢ 0.932 0.120 7.73 0.000 0.696 1.169
cons 0.017 0.001 11.7 0.000 0.014 0.020

Root Mean Squared Error (sigma): 0.0072, Variable
Wald chi2(4) = 20.00, Prob> chi2 = 0.0005.

00000R_c refers to the common dynamic process.

According to the estimation results among the explanatory variables, the coefficients for the
proportions of workers with basic, intermediate, and advanced education levels are all negative
and statistically insignificant. Specifically, the coefficient for basic education is —0.0046 (p =
0.637), for intermediate education —0.0799 (p = 0.141), and for advanced education —0.0479 (p
= 0.291). These findings suggest that, in the short run, variations in educational attainment

levels do not exert a statistically significant impact on labour productivity.

In contrast, capital investment per worker (Incapita) demonstrates a strong and statistically
significant positive effect on labour productivity, with a coefficient of 0.1581 (p <0.001). This
result aligns with the theoretical expectation that capital deepening contributes to higher output
per worker, underscoring the importance of sustained investment in physical capital for
productivity growth. Moreover, the coefficient for the common dynamic process (00000R _c),
which captures unobserved common factors affecting all cross-sectional units (such as
technological progress or global economic trends), is also positive and highly significant
(0.9329, p < 0.001). This indicates that external and shared dynamics play a crucial role in

shaping productivity outcomes across the sample. The overall model fit is robust, as evidenced
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by the low Root Mean Squared Error (0.0072) and the significance of the Wald test (Chi* =
20.00, p = 0.0005), confirming that the explanatory variables jointly contribute meaningfully

to the variation in labour productivity.

In summary, while the education variables do not exhibit a statistically significant effect on
productivity in this model, capital investment and common global dynamics emerge as key
drivers. These findings suggest that policy efforts aiming to boost productivity should consider
not only improvements in education systems but also increased capital investment and

alignment with broader economic trends.
5. CONCLUSION

This study examined the impact of employees with basic, intermediate, and advanced levels of
education on output per worker in five countries recognized for the strength of their education
systems: Finland, the United States, Norway, Denmark, and Sweden. The empirical analysis
revealed no statistically significant relationship between the number of employees at each
educational level and labour productivity, measured as output per worker. These findings
suggest that even in countries with well-developed educational infrastructures, a misalignment
persists between educational attainment and labour market outcomes, highlighting the structural

nature of the skills mismatch problem.

Addressing these challenges requires a comprehensive and multidimensional transformation of
education systems. Foremost among these reforms is the need to enhance the alignment between
educational programs and labour market demands. Curricula should be regularly updated to
reflect evolving sectoral requirements, and stronger collaboration should be fostered with
industrial chambers, employer associations, and professional bodies. Such partnerships would
facilitate the integration of practical and industry-specific skills into educational content,
complementing theoretical instruction. In this regard, the reinforcement of vocational and
technical education institutions is of particular importance. Expanding opportunities for
internships, apprenticeships, and other forms of work-based learning such as on the job training
can significantly ease the school-to-work transition and improve the employability of young

graduates.

In addition, it is essential to embed 21% century skills such as digital literacy, critical thinking,
problem-solving, collaboration, and adaptability across all levels of education. These
transversal competencies are increasingly vital in a labor market characterized by rapid

technological change and evolving occupational structures. Moreover, expanding access to
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lifelong learning opportunities is critical to ensuring that individuals can continuously adapt to
new skill requirements throughout their careers. In this context, the development and promotion
of reskilling and upskilling programs are of particular importance, especially for adult learners
seeking to remain relevant in the workforce. Open and distance learning platforms serve as
valuable tools in facilitating flexible and accessible learning pathways, thereby supporting the

continuous development of human capital.

Finally, education policies must be formulated in a data driven and adaptive manner to
effectively respond to the evolving needs of the labor market. Educational strategies should be
continuously updated based on empirical evidence, including data on sector specific skill
shortages and shifting labor market dynamics. The use of labor market intelligence systems and
skills forecasting tools can play a crucial role in informing such policy development.
Furthermore, enhancing university—industry collaboration is essential to bridge the gap between
academic knowledge and practical application. Expanding research and development (R&D)
initiatives, establishing technology parks, and increasing the availability of applied training
environments can foster stronger linkages between higher education institutions and the

business sector, thereby aligning educational outputs more closely with economic needs.

Ultimately, the inability of traditional education systems to keep pace with the rapid
transformations of the labor market constitutes a structural challenge with far-reaching
implications not only for individual career outcomes but also for broader societal well-being.
Addressing this issue requires the development of an education system that is flexible,
innovative oriented, and responsive to the evolving demands of the labor market. In this context,
the integrated and coordinated redesign of education and employment policies emerges as a
critical strategy for promoting sustainable economic development and fostering social cohesion.
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SINAI MULKIYETIN YATIRIM OLARAK DEGERLENDIRILMESI VE TAHKIM
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OZET

Miilkiyet hakki, taginir (menkul) ve tasinmaz (gayrimenkul) mallar {izerinde hak sahibine usus
(kullanma), fructus (yararlanma) ve abusus (tasarruf) yetkilerini taniyan; mutlak, ayni ve erga
omnes nitelikte bir haktir. Bu hak, yalnizca ulusal hukuk sistemlerinin tanidig1 bir miilkiyet
rejimi olmaktan Gte, uluslararasi insan haklar1 belgeleriyle de teminat altina alinmis temel bir
hak olarak karsimiza ¢ikmaktadir. Nitekim Avrupa Insan Haklar1 Sozlesmesi’nin (AIHS) 1
No’lu Ek Protokolii, miilkiyet hakkini acik¢a koruma altina almakta ve her gercek ve tiizel
kisinin miilk dokunulmazligina saygi gosterilmesini isteme hakkini giivence altina almaktadir.
Boylece miilkiyet hakki, insan haklari rejiminin ayrilmaz bir pargas1 haline gelirken, genis bir
perspektifle yorumlanmak suretiyle sinai miilkiyet haklarini da kapsayan bir koruma alani
yaratmaktadir. Zira sinai miilkiyet hakki, miilkiyet hakkinin soyut (immaterial) tezahiirii olarak,
eser sahibinin diisiinsel emegi ile ortaya koydugu fikir ve sanat {iriinleri {izerindeki haklarini
konu edinmekte; telif haklari ve sinai haklar1 biinyesinde barindirmak suretiyle karma bir
yaptya sahip bulunmaktadir. Bu durum, smai miilkiyetin yalnizca ekonomik bir deger ihtiva
etmekle sinirli kalmayip, ayni zamanda sahibine 6zgli manevi bir deger atfedilmesi bakimindan
da dnem tasir. Ote yandan yatirim kavrami, uluslararasi hukukta genellikle sermaye veya
herhangi bir ekonomik degerin uzun vadeli gelir elde etme saikiyle kalici bir yapiya
doniistiiriilmesi seklinde tanimlanmaktadir. Bu baglamda, uluslararas1 yatirim hukukunda
miistakar hale gelen uygulamalar, yatirnmcinin lex specialis niteligindeki iki tarafli yatirim
anlagmalarindan (BITs) veya cok tarafli diizenlemelerden dogan giivencelere dayanarak,
yatirrmi gergeklestirdigi devletteki ¢ikarlariin korunmasini talep edebilmesine olanak
tanimaktadir.

Anahtar Kelimeler: Miilkiyet Hakki, Sinai Miilkiyet, Fikri Miilkiyet Insan Haklar1 Hukuku,
Avrupa Insan Haklar1 Sézlesmesi (ATHS), Uluslararas1 Yatirim Hukuku, Yatirim Anlagmalari,

ATHM
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EVALUATION OF INDUSTRIAL PROPERTY AS AN INVESTMENT AND
ARBITRATION
ABSTRACT

The right to property, encompassing usus, fructus, and abusus, constitutes an absolute, in rem
entitlement enforceable erga omnes, extending over both movable and immovable assets. Far
from being a construct confined to domestic legal orders, it is firmly embedded in international
human rights law, notably under Article 1 of Protocol No. 1 to the European Convention on
Human Rights (ECHR), which enshrines the right to peaceful enjoyment of possessions. This
broad normative ambit naturally includes intellectual property rights (IPRs), regarded as the
immaterial dimension of property. IPRs protect the proprietary and moral interests arising from
intellectual and artistic creations, encompassing both copyright and industrial rights. Thus, they
reflect not only economic but also intrinsic personal value. Meanwhile, “investment” under
international law typically refers to the conversion of capital into a durable asset aimed at
securing long-term profits. Within this framework, investors rely on protections afforded by
bilateral investment treaties (BITs) and multilateral instruments—manifestations of lex
specialis—to safeguard their interests against host state interference. Accordingly, the
intersection of property rights, intellectual property, and international investment law highlights
a sophisticated interplay of human rights obligations, treaty guarantees, and general principles
of international law, raising critical questions about their mutual accommodation and normative
hierarchy.

Keywords: Property Property Rights, Industrial Property, Intellectual Property Human Rights
Law, European Convention on Human Rights (ECHR), International Investment Law,

Investment Agreements, ECHR
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EDEBIYATLA BiR KRALI ANMAK: MARCUS AURELIUS VE OZYMANDIAS'IN
KALICILIGINDAKI NUANS
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OZET

Marcus Aurelius ve Ozymandias, ¢cok farkli donemlerde hiikiim siiren ve bir¢ok konuda keskin
catismalar yasayan hayranlik uyandirici imparatorlardir. Roma Imparatoru Aurelius, yasam
tarzinda miitevazi olmasi ve sohret, likks veya ilgi pesinde kosmamasi ile bilinmektedir. Buna
karsilik, onun mevkidasi, eski Yunanca adi Ozymandias olarak bilinen Misir firavunu II.
Ramses, mutlak gili¢ kazanmay1 ve insan hafizasinda sonsuza dek yankilanmay1 hedeflemistir.
Her iki imparatorun hiikiimdarliklar1 ve yonetim yoOntemleri, yasam tarzlar1 bakimindan
farklilik gostermektedir. Onlar hakkinda yazilmis edebi eserler incelenerek, hiikiimdarlik
donemlerindeki farkliliklar ve sonraki nesillere biraktiklari miras izlenebilmektedir. Percy
Bysshe Shelley'nin yazdig1 “Ozymandias” (1818) adli siir ile Marcus Aurelius'un MS 170 ile
180 yillar1 arasinda yazdig1 Kendime Diistinceler (Meditations) adli kitap, birbirinden oldukca
farkl1 ve zitliklarla dolu iki edebi eserdir. Ancak, kalicilik konusu bakimindan diisiiniildiigiinde,
birbirine zit gergeklesen egilimlerin arasinda bir denge bulunmaktadir. Aurelius eserinde kendi
kigisel gelisimini detayli olarak anlatmakta iken, “Ozymandias” ylizeyinde bir kralin yikilmis
heykeli {izerinden, ge¢miste ¢Okmiis bir krallik ve tiranlik hikayesini anlatmaktadir.
Unutulmamaya takintili kurgusal kral Ozymandias, sonsuza kadar kalacak heykeller
aracilifiyla hayatim1 Oliimsiiz olmaya adamistir. Bu sozde oOlimsiizliik distincesi,
Ozymandias'in yaptig1 iyiliklerle degil, kibriyle ilintilidir. Ote yandan, Stoaci filozof ve
imparator Marcus Aurelius, yazdiklariyla hatirlanmak gibi bir diisiince giitmeden Kendime
Diistinceler’i kendisi i¢in yazmustir. Bu baglamda disiintildiiglinde, edebiyat, gercekligin
taklidi ve yansimasi olarak tanimlanabileceginden, Marcus Aurelius'un unutulmaz oldugu gibi,
Ozymandias karakteri de oliimstizlesmistir. Ancak siirdeki Ozymandias, Marcus Aurelius ile
benzer sekilde hatirlanmamaktadir. Sonug olarak, her iki hiikiimdar da edebiyat araciligryla
halen hatirlanmaya devam etse de, bu eserlerde oliimsiizliik ve kalicilik kavramlarina iliskin
izler bulunabilmektedir. Bu ¢alismada, kalicilik kavrami, se¢ilen metinler olan “Ozymandias”
ve Kendime Diisiinceler iizerindeki yansimalar1 aracilifiyla incelenecektir. Imparatorlarin
hatirlanmak adina bulunduklari talepler, giiniimiizde ortaya ¢ikan mevcut ¢eligkili sonuglar1 ve

okuyucularda uyanan yansimalar ile karsilagtirilacaktir.
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Sonug olarak, Marcus Aurelius'un da belirttigi iizere, bugiinkii se¢imlerimiz gelecekte yanki
bulmakta ve bu dogrultuda iyi ve kot eylemler hatirlanma egilimi i¢indelerdir. Bu kavramlarin
arasindaki iliski edebi eserler araciligiyla incelenebilmektedir.

Anahtar kelimeler: imparator, Ozymandias, kibir, 6liimsiizliilk, Marcus Aurelius
REMEMBERING A KING THROUGH LITERATURE: A NUANCE IN THE
PERMANENCE OF MARCUS AURELIUS AND OZYMANDIAS

ABSTRACT

Marcus Aurelius and Ozymandias were formidable emperors, sharply conflicted on numerous
issues in their reigns of very distinctive eras. Roman Emperor Aurelius was known to be modest
in his way of living, not searching for fame, luxury, or attention by any means. Conversely, his
counterpart, Egyptian pharaoh Rameses II, also known by his ancient Greek name Ozymandias,
was pursuing power and eternal resonance in human memory. Both emperors’ reigns and their
ruling methods differ in their patterns of life. Observing through literary works about them, the
difference in their reign and their legacy for following generations can be traced. “Ozymandias”
(1818), a poem written by Percy Bysshe Shelley and Meditations, a book written roughly
between AD 170 and 180 by Marcus Aurelius, are two rather dissimilar and full of oppositions
literary works. However, there is an equilibrium of opposing tendencies which is useful for
contemplating on the issue of permanence. Whereas Aurelius elaborates on personal
development of his own in his work, “Ozymandias” explains a story of a fallen statue of a king
on the surface and a collapsed kingdom and tyranny in the past. The fictional king with his
obsession for not to be forgotten, Ozymandias dedicated his life to the purpose of being
immortal through statues that would last forever. This quasi-immortality is not related to
Ozymandias’ benefaction; but rather, it is in relation to his hubris. On the other hand, Stoic
philosopher and emperor, Marcus Aurelius wrote Meditations for himself with no intention to
be remembered by his scripts. Since literature can be defined as the imitation and reflection of
reality, in this sense, Ozymandias becomes immortal just as Marcus Aurelius becomes
unforgotten. However, Ozymandias, in the poem, is not remembered in the same way as Marcus
Aurelius. Ultimately, although both rulers are still remembered through literature, there are
traces to be found on their understandings of immortality and remembrance in this selection of
works. In this study, the notion of permanence will be explored through its reflections on the
selected texts, “Ozymandias” and Meditations. The emperors’ initial requests for remembrance
will be compared to the present contradictory outcomes, which echo through the minds of

contemporary readers.
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Overall, as Marcus Aurelius states, our present choices resonate through the future and good
and evil deeds incline towards being remembered. The proximity of these concepts can be
examined through literary works.

Keywords: emperor, Ozymandias, hubris, immortality, Marcus Aurelius
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OZET

Gilinlimiizde, teknolojik yeniliklerin hizla artmasiyla birlikte {ilkeler arasindaki rekabet
derinlesmekte; ekonomik biiylime ile yiiksek teknoloji ihracati arasindaki iligkinin 6nemi her
gegen gilin artmaktadir. Kiiresellesme ve disa agikligin hiz kazanmasiyla birlikte, iilkeler katma
degeri yliksek iirlinlerin iiretim ve ihracatini artirarak ekonomik avantaj saglamay1
amaglamaktadir. Bu dogrultuda iilkeler, 6zellikle teknoloji yogunlugu yiiksek sektorlerde
uluslararasi pazarlarda daha rekabet¢i olabilmek i¢in ¢esitli stratejiler gelistirmektedir. Kiiresel
diizeyde eckonomik avantaj elde etme cabalari, karsilikli is birlikleri ve politikalar ile
desteklenmektedir. Bu ¢alismanin temel amaci, G20 {iilkeleri arasinda yer alan ve MIKTA
(Meksika, Endonezya, Giiney Kore, Tiirkiye ve Avustralya) olarak adlandirilan iilkeler
0zelinde, yliksek teknolojili lirtin thracatin1 sektorel bazda incelemektir. Calismada, Eurostat ve
OECD tarafindan yiiksek teknoloji sinifina dahil edilen sektorler (savunma sanayi, elektrikli
makineler, bilgisayar teknolojileri, tibbi ara¢ ve gerecler, yazilim {irlinleri ve hava tasitlari)
temel alinarak analiz gergeklestirilmistir. Analiz boliimiinde, MIKTA {ilkelerine ait 2001-2023
donemini kapsayan veriler Diinya Bankas1 ve TradeMap veri tabanlarindan elde edilmistir.
Panel veri analizi yontemi kullanilarak gergeklestirilen ¢alismada, 6n testlerin ardindan giiclii
bir katsay1 tahmincisi olan Augmented Mean Group (AMG) yontemiyle yiiksek teknolojili tiriin
ithracatinin belirleyicileri sektorel diizeyde incelenmis ve bu faktorlerin ihracat tizerindeki etkisi
analiz edilmistir.

Anahtar kelimeler: MIKTA, ileri teknoloji ihracati, AMG, uluslararasi ticaret
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DETERMINANTS OF HIGH TECHNOLOGY EXPORTS: THE CASE OF MIKTA
COUNTRIES

ABSTRACT

In recent years, technological innovations have accelerated significantly, deepening
competition among countries and increasing the importance of the relationship between
economic growth and high-tech exports. With the growing pace of globalization and trade
liberalization, countries aim to enhance the production and export of high value-added,
technology-intensive products to gain economic advantage. Accordingly, nations are
developing various strategies to become more competitive in international markets, particularly
in sectors with high technological intensity. These global efforts to gain economic advantages
are increasingly supported by mutual cooperation and strategic policies. The primary aim of
this study is to examine high-technology product exports on a sectoral basis, specifically
focusing on MIKTA countries (Mexico, Indonesia, South Korea, Turkey, and Australia), which
are members of the G20. The analysis considers sectors classified as high technology by
Eurostat and the OECD, including defense industry, electrical machinery, computer
technologies, medical instruments, software products, and aircraft. In the analysis section, data
covering the period from 2001 to 2023 were obtained from the World Bank and TradeMap
databases. Using panel data analysis techniques, and after conducting the necessary preliminary
tests, the Augmented Mean Group (AMG) estimator—known for its robustness—was
employed to examine the sectoral determinants of high-technology product exports and to
analyze the extent of their impact.

Keywords: MIKTA, high-tech export, AMG, international trade
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(Portulaca oleracea L.) GELISIMI UZERINE ETKILERI

Gokhan BAKTEMUR

Dog. Dr., Sivas Bilim ve Teknoloji Universitesi, Tarim Bilimleri ve Teknoloji Fakiiltesi, Tarla
Bitkileri Boliimii, Sivas-Tiirkiye

ORCID ID: 0000-0002-0362-5108

Hatira TASKIN

Prof. Dr., Cukurova Universitesi, Ziraat Fakiiltesi, Bahge Bitkileri Boliimii, Adana-Tiirkiye
ORCID ID: 0000-0002-1784-4731

Ecem KARA

Ars. Gor. Dr., Sivas Bilim ve Teknoloji Universitesi, Tarim Bilimleri ve Teknoloji Fakiiltesi, Tarla
Bitkileri Boliimii, Sivas-Tiirkiye

ORCID ID: 0000-0002-0118-2673

OZET

Bu calisma, semizotu bitkisinin in vitro kosullarda uygulanan farkli polietilen glikol (PEG)
seviyelerine kars1 verdigi morfolojik tepkileri belirlemek amaciyla yiiriitilmiistiir. Denemede,
Murashige ve Skoog (MS) temel besin ortamui iizerine sirasiyla %0, %2, %4 ve %6 oranlarinda
PEG ilavesi yapilarak dort farkli kiiltiir ortam1 (SMA, SMB, SMC ve SMD) hazirlanmistir.
Bitki gelisimini yansitan temel morfolojik parametreler olan gévde ve koklerin yas ve kuru
agirliklar1 (g) ile uzunluk degerleri (mm) Olgiilerek degerlendirmeye alinmistir. Yapilan
analizler, PEG diizeyindeki artisin anlamli azalmalar olusturdugunu ortaya koymustur. En
yiiksek gelisim degerleri, PEG igermeyen kontrol grubuna karsilik gelen SMA ortaminda
kaydedilmistir. Bu grupta govde yas agirligi 0.045 g, kuru agirligi 0.002 g; kok yas agirlhigi
0.018 g; govde uzunlugu 29.90 mm ve kdk uzunlugu 45.68 mm olarak dl¢iilmiistiir. Sonuglar,
PEG konsantrasyonundaki artisin semizotu bitkisinin in vitro gelisimini belirgin bigimde
baskiladigini gostermektedir.

Anahtar Kelimeler: Portulaca oleracea, Kuraklik, In vitro, PEG

THE EFFECTS OF DIFFERENT PEG CONCENTRATIONS ON THE IN VITRO
GROWTH OF PURSLANE (Portulaca oleracea L.)

ABSTRACT

This study was conducted to determine the morphological responses of purslane to different
levels of polyethylene glycol (PEG) applied under in vitro conditions. In the experiment, four
different culture media (SMA, SMB, SMC, and SMD) were prepared by supplementing the
Murashige and Skoog (MS) basal medium with PEG at concentrations of 0%, 2%, 4%, and 6%,
respectively. Basic morphological parameters reflecting plant growth including fresh and dry

weights (g) and the lengths (mm) of shoots and roots were measured and evaluated. The
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analyses revealed that increasing PEG levels caused significant reductions in measured growth
parameters. The highest growth values were recorded in the control group (SMA medium),
which contained no PEG. In this medium, shoot fresh weight was measured as 0.045 g, dry
weight as 0.002 g, root fresh weight as 0.018 g, shoot length as 29.90 mm, and root length as
45.68 mm.The results indicate that increasing PEG concentration markedly suppresses the in
vitro growth of purslane, demonstrating the plant’s high sensitivity to osmotic stress induced
under in vitro conditions. The results show that an increase in PEG concentration significantly
inhibits the in vitro growth of purslane.

Key words: Portulaca oleracea, Drought, In vitro, PEG

GIRIS

Semizotu (Portulaca oleracea L.), yiizyillardir hem yenilebilir bir bitki hem de geleneksel bir
tibbi bitki olarak kullanilan yabani bir ottur. Akdeniz ve Asya mutfaklarinda taze ve ¢itir dokusu
ile begeni toplar. Yiiksek besin degeri ve farmakolojik 6zellikleri nedeniyle “gelecegin siiper
gidas1” olarak da adlandirilmaktadir (Chugh ve ark., 2019; Kumar veark., 2022; Chrysargyris
ve ark., 2024). Semizotunun geleneksel tipta ¢ok sayida faydasi bulunmaktadir. Yaniklar, bas
agrisi, bagirsak, karaciger ve mideyle iliskili hastaliklar, 6ksiiriik, nefes darlig1 ve artrit gibi
rahatsizliklarin tedavisinde kullanilabilir. Bitkisel tipta miishil, kalp uyaricisi, kas gevsetici,
antiinflamatuar ve idrar soktiirlicii olarak 6nemli uygulamalara sahiptir. Ayrica semizotu,
osteoporoz ve sedef hastalig1 (psoriasis) tedavisinde de kullanilmaktadir (Uddin ve ark., 2014;
Nemzer ve ark., 2020).

Iklim degisikligi ve tarim birbirine siki sikiya baglidir ve iklim kosullarindaki ani degisiklikler
kiiresel gida iiretimini ve giivenligini olumsuz etkilemektedir. Iklim degisikligiyle baglantili
abiyotik stres faktorleri, 6zellikle kuraklik ve yiiksek sicaklik, iiriin kayiplarina yol agmaktadir.
En siddetli abiyotik stres olan kuraklik; stoma kapanmasi, reaktif oksijen tiirlerinin iiretimi,
terleme, fotosentez gibi fizyolojik siiregleri ve bitki morfolojisini etkileyerek bitki biiylimesini
ve iirlin verimini olumsuz etkiler (Kumar ve Sindhu, 2024). Kuraklik stresi, tarimsal liretimi ve
kiiresel gida giivenligini ciddi sekilde etkileyen dnemli bir ¢cevresel kisitlayic1 faktordiir. Diinya
niifusu hizla artmakta olup, bir¢ok rapora gore 2050 yilina gelindiginde 9 ila 10 milyara
ulagmas1 beklenmektedir. Artan niifus ve buna bagl olarak artan gida talebi, kiiresel dlgekte
tarimsal topluluklar iizerinde biiyiik bir baski olusturmaktadir. Bununla birlikte, simirl arazi
varligi, yetersiz mekanizasyon ve ¢esitli biyotik ve abiyotik stres faktorleri gibi etmenler
tarimsal iiretimi siirekli olarak olumsuz etkilemektedir (Zaib ve ark., 2023). Ozellikle tarrm

baglaminda, kuraklik nedeniyle ortaya ¢ikan su kitlig1 kosullari iiriin verimini ve siirdiirtilebilir
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tarimi en olumsuz etkileyen faktorler arasinda yer alir. Bitkiler, bu tiir kosullara karst hem
fizyolojik hem de metabolik diizeyde ¢esitli uyum mekanizmalar1 gelistirmistir. Bu
adaptasyonlarin anlasilmasi, diinya genelinde kurakliga bagh {iriin kayiplarina yonelik
biyoteknolojik ¢ozlimler gelistirmek agisindan biiyiik 6nem tagimaktadir. PEG kaynakl stresle
iligkili farkli kuraklik stres belirtegleri; bitkinin biyokimyasi, fizyolojisi, fotosentezi ve
metabolizmasinda kendini gostermektedir. Bu nedenle, PEG ile yapilan uygulamalar, bitkilerde
kuraklik stresinin arastirilmasi i¢in etkili bir model olarak kabul edilmektedir (Rajeswar ve
Narasimhan,2021). Kuraklik stresi, P. oleracea’nin yaprak ve gévde biliyiimesini engeller; uzun
stireli stres kosullari ise klorofil igerigini azaltarak fotosentez siirecini olumsuz etkiler (Hou ve
ark., 2023).

Bu kapsamda, semizotu bitkisinin kuraklik stresine tepkilerini belirlemek {izere yiiriitiilen
calismada, in vitro kosullarda MS besin ortamina farkli konsantrasyonlarda (%0, %2, %4 ve
%6) polietilen glikol (PEG) eklenerek bitkilerin bu kosullara verdigi tepkiler
degerlendirilmistir.

MATERYAL VE METOT

Bu arastirma, Sivas Bilim ve Teknoloji Universitesi Tarim Bilimleri ve Teknoloji Fakiiltesi’ne
bagl Bitki Doku Kiiltiirii Laboratuvari’nda yiiriitiilmiistiir. Calismada bitkisel materyal olarak
Yesim cesidine ait semizotu tohumlar1 kullanilmistir. Denemede, Murashige ve Skoog (1962)
tarafindan gelistirilen MS besin ortami temel alinmig ve bu ortama %0, %2, %4 ve %6
oranlarinda polietilen glikol (PEG) eklenerek farkli kuraklik stres diizeyleri olusturulmustur.
Uygulanan PEG dozlar1 ve bunlara iligkin tanimlar Cizelge 1°de verilmistir.

Tohumlarin ylizey sterilizasyonu amaciyla, %20°1lik sodyum hipoklorit ¢ozeltisinde 20 dakika
bekletme islemi uygulanmigtir. Ardindan tohumlar, steril saf su ile 4-5 kez yikanarak
dezenfeksiyon islemi tamamlanmistir. Sterilize edilen tohumlar, steril kabin altinda steril pens
yardimiyla dnceden hazirlanmig MS besin ortamina ekilmistir. Kiiltiirler, 25 + 2°C sicaklikta,
3.000 lix 151k siddetinde ve 16 saat aydinlik / 8 saat karanlik fotoperiyot kosullarinda inkiibe
edilmistir.

Deneme stiresince bitkilerde gdvde yas agirligi (g), govde kuru agirligi (g), kok yas agirhig (g),
kok kuru agirlhigr (g), gdvde uzunlugu (mm) ve kdk uzunlugu (mm) olmak tizere toplam altt
morfolojik 6zellik degerlendirilmistir. Elde edilen veriler, tesadiif parselleri deneme desenine

uygun olarak SAS tabanli JMP 8.1 istatistik yazilimi kullanilarak analiz edilmistir.
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Cizelge 1. Ortamlarin adlandirilmasi

Dozlar PEG (%)
SMA 0
SMB 2
SMC 4
SMD 6
BULGULAR VE TARTISMA

Cizelge 2’de verilen sonuglara gore, farklit PEG konsantrasyonlarinin semizotu tohumlarmin
kok ve govde gelisimi ilizerinde belirgin etkiler olusturdugu goriilmektedir. Bu kapsamda
degerlendirilen parametreler arasinda govde yas ve kuru agirlig: ile kok yas ve kuru agirligi
dikkate alinmistir. Yapilan istatistiksel analizler, uygulamalar arasinda gévde yas agirhigi ile
kok yas ve kuru agirliklar1 bakimindan anlamli farkliliklar bulundugunu ortaya koymustur.
Buna karsin, gévde kuru agirligi yoniinden PEG uygulamalar arasinda istatistiksel olarak
anlamli bir fark saptanmamaistir. Elde edilen bulgulara gore, en yiiksek govde yas agirligi 0.045
g ile kontrol (SMA) grubunda belirlenirken, en diisiik deger 0.024 g ile en yiiksek PEG
konsantrasyonu (SMD) uygulanan ortamda tespit edilmistir. Benzer egilim kok yas agirliginda
da gozlenmis; SMA uygulamasinda 0.0185 g ile en yiiksek deger, SMD uygulamasinda ise en
diistik deger kaydedilmistir. Kok kuru agirligi bakimindan da ayni egilim devam etmis; SMA
ortaminda 0.0011 g ile en yiiksek, SMD’de 0.0004 g ile en diisiik deger elde edilmistir. Bu
sonuclar, PEG diizeyinin artmasiyla birlikte semizotunun biyokiitle iiretiminde belirgin bir
azalma meydana geldigini gostermektedir.

Nasircilar ve ark. (2020) tarafindan yiiriitiilen ¢alismada, dort farkl turp c¢esidinde kuraklik
kosullarinin ¢imlenme ve vejetatif bilyiime iizerine etkileri arastirilmistir. Bu amagcla bitkilere
%S5, %10, %15 ve %20 oranlarinda PEG 6000 uygulanmistir. Bulgulara gore, vejetatif biiytime
parametrelerinde PEG uygulamasiyla birlikte beyaz, siyah ve kirmizi kiiglik turp cesitlerinde
%15, bliylik kirmiz1 turp ¢esidinde ise %20 oraninda azalma meydana gelmistir. Arastirmanin
ikinci agsamasinda, bitkilerin kurakliga toleransini artirmak amaciyla PEG 6000 uygulamasina
ek olarak farkli dozlarda salisilik asit (0.25, 0.50, 0.75 ve 1.00 mM) uygulanmistir. Sonuglar,
salisilik asidin kuraklik stresi altinda ¢imlenme ve vejetatif bliylime parametreleri tizerindeki
etkisinin ¢eside bagli olarak degistigini, ancak genel olarak tohum ¢imlenmesini uyarici bir etki
gosterdigini ortaya koymustur. Park ve ark. (2003), yaptiklar1 calismada su stresinin Cin

lahanasinda taze agirligi kontrol grubuna gore %65 oraninda azalttigini bildirmistir. Adem
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(2024) tarafindan yiiriitiilen ¢alismada, in vitro kosullarda farkli domates cesitlerinin %0, %1,
%2, %4 ve %6 oranlarinda PEG igeren MS besin ortamlarindaki gelisim performanslari
degerlendirilmistir. Arastirma sonuglarina gore, genel ortam ortalamasi bakimindan en yiiksek
gelisim degerleri sirasiyla A2 ve A4 uygulamalarinda (0.008 g), bunu takiben ise Al
uygulamasinda (0.007 g) belirlenmistir. Rahman ve ark. (2024), yaptiklar1 arastirmada kuraklik
kosullarinin bitki biiylimesi iizerinde belirgin olumsuz etkiler olusturdugunu rapor etmislerdir.
Calismada, lahana bitkisinin siirgiin ve koklerinin taze ve kuru agirliklarinda kuraklik stresine
bagli olarak gozle goriiliir azalmalar meydana geldigi belirlenmistir. Baktemur ve Kara (2025),
acur bitkisinin in vitro kosullarda farkli PEG seviyelerine kars1 gosterdigi morfolojik tepkileri
belirlemistir Calismada, Murashige ve Skoog (MS) temel besin ortamina sirastyla %0, %2, %4
ve %6 PEG eklenerek dort farkl: kiiltiir ortami (ARA, ARB, ARC ve ARD) olusturmustur.Her
bir uygulamada, bitki gelisimini yansitan morfolojik parametreler degerlendirilmis; gévde ve
koklerin yas ve kuru agirliklari (g) ile govde ve kok uzunluklari (mm) ol¢lilmiistiir. Elde edilen
verilere gore, PEG konsantrasyonundaki artis, tim incelenen 6zellikler iizerinde istatistiksel
olarak anlamli azalmalara yol agmistir. En yiiksek gelisim degerleri, kontrol grubunu temsil
eden ARA ortaminda kaydedilmistir. Bu ortamda govde yas agirligi 0.416 g, kok yas agirlig
0.387 g olarak belirlemistir.

Cizelge 2. Farkli PEG uygulamalarinin semizotu bitkisinin biiylime parametreleri iizerindeki etkileri

(2
Dozlar Govde yas Govde kuru Kok yas Kok kuru
agirhg (g) agirhg (g) agirhg (g) agirhg (g)
SMA 0.045a 0.0019 0.0185a 0.0011a
SMB 0.027b 0.0015 0.0128b 0.0008ab
SMC 0.025b 0.0014 0.0078c 0.0005b
SMD 0.024b 0.0010 0.0063¢ 0.0004b
LSD 0.014" O.D. 0.005"" 0.0005"

Cizelge 3’te farkli PEG konsantrasyonlarinin semizotu bitkisinin gévde ve kdk uzunlugu
lizerindeki etkileri sunulmustur. Istatistiksel degerlendirmeler, hem gdévde hem de kok
uzunlugu bakimindan uygulamalar arasinda anlamli farkliliklarin bulundugunu gostermistir.
Govde uzunlugu yoniinden en yiiksek ortalama deger, 29.90 mm ile kontrol (SMA)
uygulamasinda belirlenmistir. Kok uzunlugu agisindan degerlendirildiginde, en fazla gelisim
yine SMA ortaminda 45.68 mm olarak 6lclilmiistiir. Bunu sirastyla SMB (36.73 mm), SMC
(33.52 mm) ve SMD (25.52 mm) uygulamalar1 takip etmistir. Bulgular, PEG oranindaki artisin
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bitkilerin hem gévde hem de kok uzamasini olumsuz yonde etkiledigini, yani kuraklik stresinin
biiylime tizerinde baskilayici bir rol oynadigini ortaya koymaktadir.

Wickramasinghe ve Seran (2019), domatesin KC-1 ¢esidinde polietilen glikol (PEG)
uygulamalarinin ¢imlenme ve fide gelisimi iizerindeki etkilerini incelemek amaciyla, 30, 60 ve
90 g/L. PEG konsantrasyonlari ile bir kontrol grubunu igeren in vitro bir ¢alisma yiirtitmistiir.
Arastirma sonuglarina gore, PEG diizeylerindeki artis, bitkilerin gévde ve kok uzunlugu, yas
ve kuru agirliklar ile klorofil a, klorofil b ve toplam klorofil miktarlar1 {izerinde istatistiksel
olarak anlamli ve olumsuz yonde bir etki yaratmistir. Kili¢ ve ark. (2022), kuraklik stresinin
semizotu bitkisinin kimyasal bilesimi, verimi ve bazi kalite parametreleri tizerindeki etkilerini
belirlemistir. Elde edilen sonuglara gore, uygulamalar semizotu verimi lizerinde dnemli bir etki
olusturmustur. En yiiksek verim kontrol (Ii) uygulamasinda 888 g/saks1 olarak belirlenmistir.
Bulgular, [0.8 sulama dozundan elde edilen verimin yiiksek oldugunu ve istatistiksel olarak
kontrol grubuyla ayn1 grupta yer aldigin1 géstermistir. Buna karsilik, su stresi kosullarinda (0.6
ve lo.4) verim degerleri sirasiyla 607 g/saksi ve 537 g/saksi olarak ciddi bigimde azalmistir.
Kuraklik uygulamalari, verim, bitki boyu, toplam bitki sayisi, ince gévdeli bitki sayis1 ve kalin
govdeli bitki sayist iizerinde anlamli etkiler olusturmustur. Kara ve Baktemur (2025),
maydanoz bitkisinin in vitro kosullarda farkli PEG diizeyleri altinda gosterdigi morfolojik
yanitlart degerlendirmistir. Arastirmada, Murashige ve Skoog (MS) temel besin ortamina
strastyla %0, %2, %4 ve %6 PEG ilave edilerek dort farkli kiiltiir ortami (MYKA, MYKB,
MYKC ve MYKD) olusturmustur. Her bir uygulamada, bitki gelisimini yansitan gostergeler
olarak govde ve koklerin yas ile kuru agirliklart (g) ve govde ile kdk uzunluklar (mm)
belirlenmistir. En yiiksek govde yas agirlig1 0.0166 g, en diisiik 0.0043 g; en yliksek gévde kuru
agirhigr 0.035 g, en diisiik 0.013 g olarak saptanmigtir. Uzunluk 6l¢iimlerinde ise gévde 20.72

mm ve kok 30.45 mm ile en yliksek degerlere ulagsmigstir.

Cizelge 3. Farkli PEG uygulamalarinin semizotu bitkisinin gdvde ve kok uzunluklar iizerine etkileri

(mm)
Dozlar Govde uzunlugu (mm) Kok uzunlugu (mm)
SMA 29.90a 45.68a
SMB 26.30b 36.70b
SMC 24.94b 33.52¢
SMD 23.85b 25.52d
LSD 3.46" 317
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Bu arastirmada, semizotu bitkisinin in vitro kosullarda farkli PEG konsantrasyonlar1 altinda
gosterdigi  morfolojik  tepkiler degerlendirilmistir. Elde edilen bulgular, PEG
konsantrasyonunun artmasiyla birlikte bitkisel gelisim parametrelerinde (gévde ve kok
yas/kuru agirliklar1 ile govde ve kok uzunluklari) belirgin ve istatistiksel olarak anlamli
azalmalar meydana geldigini ortaya koymustur. Bu durum, PEG uygulamasinin su
potansiyelini diistirerek kuraklik stresini simiile etti§ini ve bu stresin bitkinin biiylime ve
biyokiitle tiretimini baskiladigini gostermektedir. Calisma sonuglarina gore, en yiiksek gelisim
degerleri kontrol (SMA) ortaminda, en diisiik degerler ise %6 PEG igeren SMD ortaminda tespit
edilmistir. Sonu¢ olarak, semizotu bitkisi orta diizeyde su eksikligine karsi belirli bir
dayaniklilik gostermekle birlikte, yiiksek PEG konsantrasyonlarinda bitkisel gelisimi 6nemli
Olciide gerilemektedir. Bu ¢alisma, semizotunun kuraklik stresine verdigi morfolojik yanitlarin
laboratuvar kosullarinda belirlenmesine yonelik temel bir veri seti sunmaktadir.
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OZET

Bu arastirma, kirmizi pancar bitkisinin in vitro kosullarda uygulanan farkli polietilen glikol
(PEG) seviyelerine kars1 gosterdigi morfolojik tepkileri incelemek amaciyla yiirtitiilmiistiir.
Calismada, Murashige ve Skoog (MS) temel besin ortamina sirasiyla %0, %2, %4 ve %6
oranlarinda PEG eklenerek dort ayr kiiltiir ortam1 (KPA, KPB, KPC ve KPD) olusturulmustur.
Bitkilerin gelisim performansini degerlendirmek tizere gévde ve kok kisimlarina ait yas ve kuru
agirlik degerleri (g) ile uzunluk Olglimleri (mm) yapilmistir. Analiz sonuglari, PEG
konsantrasyonunun artigina paralel olarak tiim morfolojik parametrelerde istatistiksel acidan
anlamli diisiisler meydana geldigini gdstermistir. En yiiksek biiyiime degerleri, PEG icermeyen
kontrol grubunu temsil eden KPA ortaminda elde edilmistir. Bu ortamda govde yas agirligi
0.087 g, kuru agirlig1 0.0055 g; kok yas agirligi1 0.014 g, kuru agirligi1 0.0007 g; gévde uzunlugu
27.54 mm ve kok uzunlugu 30.24 mm olarak belirlenmistir. Elde edilen bulgular, PEG
uygulamasinin in vitro kosullarda kirmizi pancar bitkisinin biiylimesini belirgin bigimde
siirladigini ortaya koymaktadir.

Anahtar Kelimeler: Kirmiz1 pancar, Kuraklik, /n vitro, PEG

EFFECTS OF PEG INDUCED STRESS ON THE IN VITRO GROWTH OF RED
BEET
ABSTRACT

This study was conducted to investigate the morphological responses of red beet plants to
different polyethylene glycol (PEG) levels applied under in vitro conditions. In the study, four
separate culture media (KPA, KPB, KPC, and KPD) were created by adding PEG at
concentrations of 0%, 2%, 4%, and 6%, respectively, to the Murashige and Skoog (MS) basic
nutrient medium. To evaluate the growth performance of the plants, fresh and dry weight values

(g) and length measurements (mm) were taken for the stem and root parts. The analysis results
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showed statistically significant decreases in all morphological parameters parallel to the
increase in PEG concentration. The highest growth values were obtained in the KPA medium,
representing the control group without PEG. In this medium, the fresh weight of the stem was
0.087 g, the dry weight was 0.0055 g; the fresh weight of the root was 0.014 g, the dry weight
was 0.0007 g; the stem length was 27.54 mm, and the root length was 30.24 mm. The findings
obtained reveal that PEG application significantly limits the growth of red beet plants under in
vitro conditions.

Key words: Red beet, Drought, In vitro, PEG

GIRIS

Pancar bitkisinin adini, siskin kok yapisinin Yunanca “B” harfini andirmasindan dolay1 Yunan
harfi “beta”dan aldig1 sdylenmektedir. Ancak, MO 2000 yillarinda Yunanllar ve Romalilar
tarafindan kiiltiire alinan tiir, aslinda kok degil, yapraklar tiiketilen pancar ¢esidi olan pazi
(chard) idi. Dogal ¢esitlilik muhtemelen etli (siskin) kazik kok c¢esitlerinde ilk olarak ortaya
cikmistir; bu tiirlerin MS 2. yilizyilda var oldugu bilinmekte ve kig aylarinda besin olarak
kullanilan ilk pancar tiirleri olduklar1 diisiiniilmektedir (McGrath ve ark., 2007; Neelwarne ve
Halagur, 2012). Italyanlar, Akdeniz kiyilarinda yetisen yabani pancarlardan secim yaparak
kirmizt ve beyaz cesitler gelistirmislerdir. Bu c¢esitler zamanla “Romali pancari” olarak
taninmis ve yaygilasmistir. Tarihsel olarak pancar; haslanarak yahnilere katilmis, tartlarda
pisirilmis, firinda biitiin halde kavrulmus veya salatalarda dogranarak tiiketilmistir. Ayrica,
bireysel deneyimlere dayali olarak pancarin iceceklerde ve tibbi amaclarla kullanildigi da
bilinmektedir (Neelwarne ve Halagur, 2012). Kirmiz1 pancar (Beta vulgaris L. subsp. vulgaris),
Chenopodiaceae familyasina ait bir bitkidir (Oyen, 2004; Kumar ve Brooks, 2018). Kirmizi
pancar, otsu bir bitkidir ve yenilebilir kokleri ve yapraklari igin yetistirilir (Munro ve Small,
1997; Lange ve ark., 1999; Neelwarne ve Halagur, 2012; Kumar ve Brooks, 2018). Cesidine
bagli olarak pancarlarin rengi saridan kirmiziya kadar degisebilir, ancak kirmizi pancar, insan
tilkketimi agisindan en yaygin ve tercih edilen tiirdiir (Singh ve Hathan, 2014; Kumar ve Brooks,
2018). Kirmiz1 pancarin kokleri, salatalarda, ¢orbalarda, yahnilere haslanarak eklenmis sekilde,
firinda biitlin olarak kavrularak, tartlarda pisirilerek, tursu, recel, sarap veya meyve suyu
seklinde degerlendirilir (Neelwarne ve Halagur, 2012; Wruss ve ark., 2015; Guldiken ve ark.,
2016; Kumar ve Brooks, 2018). Kirmiz1 pancar, yiiksek diizeyde betalain ve antioksidan
aktiviteyle iliskili diger fitokimyasal bilesenler icermektedir. Kirmizi pancar pigmentleri,
ozellikle gida endiistrisinde dogal renklendirici olarak yaygin bicimde kullanilmaktadir (Kumar

ve Brooks, 2018).
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Stres, organizmanin dengesini bozma egiliminde olan etmenler sonucunda ortaya cikan
fizyolojik degisim durumudur; buna karsilik gerilim (strain) ise stresin etkisiyle olusan fiziksel
ve kimyasal degisimleri ifade eder (Gaspar ve ark., 2002; Jaleel ve ark., 2009). “Stres” terimi
farkli baglamlarda gesitli anlamlarda kullanilmakta olup, fizyolojik agidan dogru tanimi ve
kullanimi, organizmanin farkli durumlara verdigi tepkisel yanitlarla iligkilidir. Bitkilerde
normal metabolik esneklik, cevresel degisimlere karst uyum mekanizmalarinin devreye
girmesini saglar. Bu g¢evresel degisiklikler, giinliik veya mevsimsel dongiilerde ongoriilebilir
bigimde meydana gelir. Dolayisiyla, ¢cevresel bir faktoriin optimum degerinden her sapma, bitki
acisindan mutlaka stres anlamina gelmez. Ancak, stres durumunda metabolik diizenin iizerine
ani veya asir1 bir yiik binmesi, yaralanma, hastalik veya fizyolojik bozukluklara yol agabilir.
Dogal yasam kosullarinda bitkiler sik sik ¢esitli stres etmenlerine maruz kalmaktadir. Bunlar
arasinda kuraklik, diisiik sicaklik, tuzluluk, su baskini (taskin), yiiksek sicaklik, oksidatif stres
ve agir metal toksisitesi gibi ¢evresel faktorler yer almaktadir. Bu tiir stres kosullari, bitkilerin
biiyime, gelisme ve metabolik siireclerini dogrudan etkileyerek verim ve fizyolojik denge
iizerinde 6nemli kisitlamalar olusturur (Jaleel ve ark., 2009). Kuraklik, cok genli olarak kontrol
edilen bir stres faktoriidiir ve tarimsal liretimi azaltan, kiiresel 6lgekte arazi potansiyelinin
verimli kullanimini sinirlayan en 6nemli risk unsurlarindan biri olarak kabul edilmektedir
(Ahmad ve ark., 2018). Kuraklik, bitki morfolojisini, biyokimyasini ve fizyolojisini etkileyen
en onemli ¢evresel faktorlerden biridir ve sonug olarak iiriin veriminde ve tohum kalitesinde
azalmaya neden olur. Iklim degisikligi, su kaynaklarindaki ciddi dalgalanmalar ve 1s1 stresleri,
artan insan niifusu ile birleserek tarimsal iiretim iizerinde biiyiik bir baski olusturmaktadir
(Havrlentova ve ark., 2021).

Stres toleransina sahip {iistiin genotiplerin gelistirilmesi, uzun yillardir bitki 1slahinda temel bir
yaklagim olarak uygulanmaktadir. Bu baglamda, bitki doku kiiltlirii, stres toleransini geligtirme
ve tarama siireglerinde etkili, kontrollii ve maliyet acisindan uygun bir yontem olarak one
cikmaktadir. Doku kiiltiirii teknikleri; stres toleransinin gelistirilmesi, stres altinda meydana
gelen fizyolojik ve biyokimyasal degisimlerin anlagilmasi ve stres dayanikliligina sahip hatlarin
secilmesi agisindan degerli bir aragtir. Kontrollii laboratuvar kosullarinda gerceklestirilen in
vitro se¢ilim ¢aligmalari, ¢evresel degiskenlerin sinirli oldugu ortamlarda yiiksek verimlilik ve
diisiik maliyet avantaji sunmaktadir (Wijerathna-Yapa ve Hiti-Bandaralage, 2023).

Bu kapsamda, kirmizi pancar bitkisinin kuraklik stresine karsi verdigi in vitro yanitlar

arastirtlmistir. Deneme kapsaminda, Murashige ve Skoog (MS) temel besin ortamina artan
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oranlarda polietilen glikol (PEG) eklenerek, %0 (kontrol), %2, %4 ve %6 diizeylerinde dort
farkl1 stres kosulu olusturulmustur.

MATERYAL VE METOT

Arastirma, Sivas Bilim ve Teknoloji Universitesi Tarim Bilimleri ve Teknoloji Fakiiltesi Bitki
Doku Kiiltiirii Laboratuvari’nda yiiriitilmiistiir. Calismanin materyalini, Bikores ¢esidine ait
kirmizi pancar tohumlari olusturmustur. Denemede, temel besin ortami olarak Murashige ve
Skoog, 1962) formiilasyonu esas alinmistir. Kuraklik stresini taklit etmek amaciyla, ortama %0,
%2, %4 ve %6 oranlarinda polietilen glikol (PEG) ilave edilmistir. Boylece, artan PEG
konsantrasyonlariyla dort farkli stres seviyesi olusturulmustur. Bu uygulamalara ait tanimlar
Cizelge 1’de 6zetlenmistir.

Tohumlarin yiizey sterilizasyonu i¢in, materyal 6nce %20 sodyum hipoklorit ¢ozeltisinde 20
dakika bekletilmis; ardindan steril saf suyla 4-5 kez yikanarak dezenfeksiyon tamamlanmaistir.
Steril hale getirilen tohumlar, laminar flow kabini iginde steril pens yardimiyla onceden
hazirlanmig MS ortamlarina aktarilmistir. Ekilen petriler, 25 &+ 2 °C sicaklikta, yaklasik 3000
liix 151k siddetinde ve 16 saat aydinlik / 8 saat karanlik fotoperiyot kosullarinda inkiibasyona
alinmustir.

Deneme siiresince, bitki gelisimini degerlendirmek icin alt1 morfolojik parametre 6l¢iilmiistiir:
govde yas agirligi, govde kuru agirligi, kok yas agirligl, kok kuru agirhigi, gévde uzunlugu ve
kok uzunlugu. Elde edilen tiim veriler, tesadiif parselleri deneme desenine gore planlanmis
olup, istatistiksel analizler SAS tabanli JMP 8.1 yazilimi kullanilarak ger¢eklestirilmistir.

Cizelge 1. Ortamlarin adlandirilmasi

Dozlar PEG (%)
KPA 0
KPB 2
KPC 4
KPD 6

BULGULAR VE TARTISMA

Cizelge 2°de sunulan verilere gore, farkli PEG konsantrasyonlari, kirmizi pancar bitkisinin kok
ve govde gelisimi iizerinde 6nemli farkliliklara yol agmistir. Bu degerlendirme kapsaminda,
govde yas ve kuru agirliklar ile kok yas ve kuru agirliklari incelenmistir. Yapilan istatistiksel
analizler, uygulamalar arasinda tiim bu parametreler bakimidan anlaml diizeyde farkliliklarin

bulundugunu gostermistir.
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Elde edilen sonuglara gore, en yiiksek govde yas agirligi 0.087 g ile kontrol grubunda (KPA)
Olciilmiigtir. Aynmi sekilde, govde kuru agirligi agisindan da en yiiksek deger yine KPA
uygulamasinda 0.055 g olarak tespit edilmistir. Kok yas agirligi bakimindan, KPA ortaminda
0.0142 g ile en yiiksek, %6 PEG iceren KPD ortaminda ise 0.0035 g ile en diisiik deger elde
edilmistir. Benzer bigimde, kok kuru agirligi da PEG seviyesinin artmasiyla azalmis; bu
parametre i¢in en yiiksek deger KPA’da 0.00070 g, en diisiik deger ise KPD’de 0.00028 g olarak
belirlenmistir. Bu bulgular, PEG konsantrasyonundaki artisin kirmizi pancar bitkisinin
biyokiitle liretimini 6nemli 6lgiide baskiladigini, dolayisiyla kuraklik benzeri kosullarin bitki
gelisimi iizerinde olumsuz etkiler olusturdugunu agik¢a ortaya koymaktadir.

Yildirim ve ark. (2020), kuraklik stresinin fasulye bitkisinin biiyiime, besin elementi icerigi,
fizyolojik ve biyokimyasal 6zellikleri tizerindeki etkilerini incelemistir. Arastirma, %100 (DO),
%80 (D1) ve %60 (D2) tarla kapasitesine gore belirlenen farkli sulama diizeylerinde
ylriitmiistiir. Elde edilen bulgular, azalan sulama diizeyleriyle birlikte kuraklik stresinin artig
gosterdigini ve bunun sonucunda yaprak alani ile yaprak, gévde ve kokiin yas ve kuru
agirliklarinda belirgin azalmalar meydana geldigini ortaya koymustur. Mehmandar ve ark.
(2023), iran kokenli ii¢ kavun genotipinin [Girke (GIR), Ghobadloo (GHO) ve Toghermezi
(TOG)] MS besin ortaminda farkli sorbitol (0.1-0.4 M) ve PEG (0.009-0.015 M) diizeylerine
verdikleri tepkileri incelemistir. Kurakliga dayanikli olarak bilinen GIR genotipinin, diger
genotiplere gore stresi daha iyi tolere ettigi belirlenmistir. Uygulamalar sonucunda prolin ve
MDA birikimi artarken, koleoptil uzunlugu, yas bitki agirlig1 ve fotosentetik pigment igerikleri
anlamli sekilde azalmistir. Baktemur ve Kara (2025), acur bitkisinin in vitro kosullarda farkl
PEG seviyelerine karst morfolojik tepkilerini incelemistir. Arastirmada, Murashige ve Skoog
(MS) temel besin ortamina sirastyla %0, %2, %4 ve %6 PEG eklenerek dort farkli kiiltiir ortami
(ARA, ARB, ARC ve ARD) olusturulmustur. Her bir uygulamada, bitki gelisimini yansitan
govde ve kok yas/kuru agirliklan (g) ile govde ve kok uzunluklari (mm) degerlendirilmistir.
Elde edilen bulgular, PEG diizeyinin artmasiyla birlikte tiim morfolojik parametrelerde
istatistiksel olarak anlamli azalmalar meydana geldigini gostermistir. Ergiil (2025), in vitro
kosullarda ii¢ farkli yazlik kabak ¢esidinin, degisen PEG diizeyleri altinda gdsterdikleri
morfolojik ve biyokimyasal tepkileri degerlendirmek amaciyla yliriitmiistiir. Calismada,
Murashige ve Skoog (MS, 1962) besin ortamina sirasiyla %0, %2, %4 ve %6 PEG eklenerek
dort farkli kuraklik stresi diizeyi olusturmustur. Arastirmada; ¢imlenme orani (%), govde ve
kok yas/kuru agirliklar1 (g) ile gévde ve kok uzunluklari (mm) olmak iizere toplam alti

morfolojik  parametre incelemistir. Elde edilen sonuglar, artis gosteren PEG
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konsantrasyonlarinin bitki gelisimi iizerinde baskilayici bir etki yarattigini gostermistir.
Ozellikle gdvde yas agirligi bakimindan en yiiksek deger 0.72 g ile 1 numarali ¢esidin kontrol
(KBA) ortaminda, kok yas agirlig1 acisindan ise 0.43 g ile yine ayn1 ortamda kaydedilmistir.
Kaya (2025), arttirilan polietilen glikol diizeylerinin, kavun fidelerinin morfolojik ve fizyolojik
ozellikleri {izerindeki etkilerini arastirmustir. Iki gergek yaprakli fideler, %5, %10, %15 ve %20
PEG-6000 igeren torf:perlit:vermikiilit (6:1:1) karisiminda 30 giin siireyle yetistirmistir.
Kuraklik stresinin ardindan; bitki boyu, gévde capi, yas ve kuru agirlik, kuru madde orani,
yaprak alani, yaprak sicakligi, klorofil igerigi (SPAD), bagil su igerigi, turgor kaybi1 ve elektrolit
sizintis1 gibi ¢cok sayida parametre degerlendirilmistir. Sonuglar, PEG konsantrasyonundaki
artisin bitkilerde biiylime ve su tutma kapasitesini dnemli Ol¢iide azalttigini, 6zellikle bitki

boyu, yas/kuru agirlik ve bagil su iceriginde anlamli diislisler meydana getirdigini gostermistir.

Cizelge 2. Kirmiz1 pancar bitkisinin farkli PEG uygulamalarinda biiylime parametreleri {izerindeki

etkileri (g)

Dozlar Govde yas Govde kuru Kok yas agirhgi Kok kuru
agirh (g) agirh () @ agirh (g)
KPA 0.087A 0.0055A 0.0142A 0.00070A
KPB 0.054B 0.0034B 0.0085B 0.00034B
KPC 0.022C 0.0029BC 0.0059BC 0.00032B
KPD 0.016C 0.0018C 0.0035C 0.00028B

LSD 0.017"" 0.002™ 0.005" 0.0003"

Cizelge 3’te sunulan verilere gore, farkli PEG konsantrasyonlariin kirmizi pancar bitkisinin
govde ve kok uzunlugu ilizerinde 6nemli etkiler olusturdugu gortilmektedir. Yapilan istatistiksel
analizler, hem govde hem de kok uzunlugu bakimindan uygulamalar arasinda anlamli
farkliliklarin bulundugunu ortaya koymustur.

Govde uzunlugu agisindan en yiiksek ortalama deger, 27.54 mm ile kontrol grubu (KPA)
ortaminda belirlenmistir. Bu degeri, 25.04 mm ile KPB uygulamasi izlemistir. Buna karsilik,
en diisiik govde uzunlugu 9.19 mm ile KPD (%6 PEG) ortaminda oOlciilmiistiir. Benzer bir
egilim kok uzunlugu agisindan da goézlenmistir. En fazla kok gelisimi KPA ortaminda 30.24
mm olarak kaydedilirken, en diisiik deger 12.94 mm ile KPD uygulamasinda elde edilmistir.
Rivero ve ark. (2018), kuraklik kosullarinda giil yetistiriciliginde siirgiin biiylimesi ile yaprak
sayisinin belirgin sekilde azaldigini rapor etmistir. Suminar ve ark. (2022), farkli PEG
seviyelerinin, iaa9 domates mutantlarinin kuraklik stresine karst morfo fizyolojik tepkileri
iizerindeki etkilerini in vitro kosullarda incelemistir. Calismada, PEG uygulamalar1 %0 (PEGO,

kontrol), %5 (PEGS), %10 (PEG10) ve %15 (PEG15) konsantrasyonlarinda hazirlanmistir.
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Kiiltiir siiresinin 12. haftasi sonunda, WT-MT tipi bitkiler, siddetli kuraklik kosullarinda mutant
genotiplere kiyasla bitki boyu, kok sayisi ve kok uzunlugu bakimindan daha belirgin azalmalar
gostermistir. Adem (2024), Bu arastirmada, in vitro kosullarda farkli domates ¢esitlerinin, farkli
PEG dozlan altinda gosterdikleri gelisim performanslari degerlendirilmistir. Denemede,
Murashige ve Skoog (MS) besin ortamina sirasiyla %0, %1, %2, %4 ve %6 PEG eklenerek bes
farkl stres diizeyi olusturulmustur. Deneme kapsaminda ¢imlenme orani (%), gévde ve kok
yas/kuru agirliklar (g) ile govde ve kok uzunluklari (cm) belirlenmistir. Elde edilen bulgulara
gore, govde uzunlugu bakimindan en yiikksek degerler Al (6.19 cm) ve A2 (5.60 cm)
ortamlarinda, kok uzunlugu ise A1 (6.38 cm) ortaminda Slgiilmiistiir. Kara ve Baktemur (2025),
maydanoz bitkisinin in vitro kosullarda farkli PEG konsantrasyonlar1 altinda gosterdigi
morfolojik tepkileri incelemistir. Caligmada, Murashige ve Skoog (MS) temel besin ortamina
strastyla %0, %2, %4 ve %6 PEG eklenerek dort farkl kiiltiir ortam1 (MYKA, MYKB, MYKC
ve MYKD) hazirlanmistir. Her bir uygulamada, bitki gelisimini degerlendirmek amactyla
govde ve koklerin yas/kuru agirliklart (g) ile govde ve kok uzunluklart (mm) 6l¢iilmiistiir.
Bulgular, PEG konsantrasyonunun artmasiyla birlikte tiim gelisim parametrelerinde belirgin

diisiisler meydana geldigini géstermistir.

Cizelge 3. Kirmiz1 pancar bitkisinin farkli PEG uygulamalarinda govde ve kdk uzunluklar {izerine
etkileri (mm)

Dozlar Govde uzunlugu (mm) Kok uzunlugu (mm)
KPA 27.54A 30.24A
KPB 25.04A 26.44AB
KPC 14.82B 20.80B
KPD 9.19C 12.94C
LSD 4.69%%* 5.88""
SONUC

Bu ¢alisma, kirmizi1 pancar bitkisinin in vitro kosullarda farkli PEG konsantrasyonlarina verdigi
morfolojik tepkileri belirlemek amaciyla yiiriitiilmistiir. Elde edilen sonuglar, PEG diizeyinin
artisiyla birlikte kirmizi pancarin biyokiitle tiretimi, gévde ve kok gelisimi iizerinde belirgin ve
istatistiksel olarak anlamli azalmalar meydana geldigini ortaya koymustur. Ozellikle %6 PEG
uygulamasinda hem gévde hem de kok uzunlugunda ciddi diisiisler gézlenmis, bu durum
kuraklik stresinin bitki gelisimini baskilayic1 etkisini agikg¢a ortaya koymustur. Kontrol
ortaminda (KPA) elde edilen en yiiksek govde yas agirligi (0.087 g), kok yas agirligr (0.0142
g) ve govde uzunlugu (27.54 mm) degerlerinin, PEG konsantrasyonunun artmasiyla birlikte

kademeli olarak azaldig belirlenmistir.
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OZET

Bu aragtirmanin amaci, yetiskin erkeklerin genel saglik diizeylerini ve prostat kanseri
taramalarina yonelik bilgi diizeylerini degerlendirmektir. Calisma, erkek sagligina yonelik
farkindaligin artirlmasi ve erken tant davranislarinin desteklenmesi agisindan Onem
tasimaktadir. Tanimlayici tiirde planlanan bu aragtirma Kasim 2023- Mayis 2024 tarihleri
arasinda Samsun ili ilkadim ilgesindeki kahvehanelerde yiiriitiilmiistiir. Arastirmanin evrenini
kahvehanelere diizenli olarak gelen yetiskin erkekler olusturmustur. Ornekleme, arastirmaya
katilmay1 kabul eden 18—65 yas arasi yetiskin erkek dahil edilmistir. Veriler arastirmacilar
tarafindan gelistirilen “Genel Saglik Bilgi Formu” ve Prostat Kanseri Taramasina Y 6nelik Bilgi
Olgegi (PKTYBO) kullanilarak yiiz yiize goriisme yontemiyle toplanmustir. Verilerin
analizinde SPSS 20.0 programi kullanilmis, tanimlayic istatistikler ve t testi uygulanmustir.
Bulgular: Katilimcilarin yas ortalamasi 49.4 + 10.6, %68.0’1 evli, %29.5°1 ilkogretim mezunu
ve %78.2’s1 gelirini yetersiz olarak bildirmistir. Katilimcilarin %37.5’inin obezite sinirinda
oldugu, %63.4’linlin diizenli saglik kontrolii yaptirmadigi belirlenmistir. Prostat Kanseri
Taramasina Y6nelik Bilgi Olgegi’nden elde edilen puan ortalamasi 7.3 + 2.4 olup, katilimcilarin
%38.6°s1 diisiik, %46.2°si1 orta, %15.2°si1 yliksek bilgi diizeyindedir. Bilgi diizeyinin yas, egitim
durumu ve daha Once prostat muayenesi yaptirma durumu ile anlamh sekilde iliskili oldugu
saptanmustir (p < 0.05). Egitim diizeyi arttik¢a bilgi puam da yiikselmistir. Sonug ve Oneriler:
Bu calismada, yetiskin erkeklerin genel saglik diizeylerinin orta diizeyde oldugu ve prostat
kanseri taramalarina yonelik bilgi diizeylerinin yetersiz oldugu belirlenmistir. Erkeklerin saglik
kontrollerine katilimin1 artirmak ve prostat kanseri farkindaligini yiikseltmek amaciyla topluma
dayali egitim programlarinin, 6zellikle kahvehane ve meslek odalar1 gibi erkeklerin sik
bulundugu ortamlarda yayginlastirilmasi 6nerilmektedir.

Anahtar kelimeler: Erkek sagligi, Prostat kanseri, Saglik Diizeyi
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AN EVALUATION OF THE LEVEL OF GENERAL HEALTH AND KNOWLEDGE
OF PROSTATE CANCER SCREENING AMONG ADULT MEN

ABSTRACT

The purpose of this study is to evaluate the general health status of adult men and their level of
knowledge regarding prostate cancer screening. The study is important in terms of raising
awareness about men's health and supporting early diagnosis behaviours. This descriptive study
was conducted between November 2023 and May 2024 in the coffee Houses of Ilkadim district,
Samsun province. The population of the study consisted of adult men who regularly frequented
coffee houses. The sample included adult men aged 18—65 who agreed to participate in the
study. Data were collected through face-to-face interviews using the ‘General Health
Information Form’ and the Prostate Cancer Screening Information Scale (PCSIS) developed by
the researchers. SPSS 20.0 software was used for data analysis, and descriptive statistics and t-
tests were applied. The mean age of participants was 49.4 = 10.6, 68% were married, 29.5%
were primary school graduates, and 78.2% reported their income as insufficient. It was
determined that 37.5% of participants were borderline obese and 63.4% did not undergo regular
health checks. The mean score obtained from the Prostate Cancer Screening Knowledge Scale
was 7.3 + 2.4, with 38.6% of participants having low knowledge, 46.2% having moderate
knowledge, and 15.2% having high knowledge. Knowledge levels were found to be
significantly associated with age, educational status, and previous history of prostate
examination (p <0.05). Knowledge scores increased with higher level of education. This study
determined that adult males have a moderate level of general health and insufficient knowledge
regarding prostate cancer screening. It is recommended that community-based education
programmes, particularly in environments frequented by males such as coffee houses and
professional associations, be expanded to increase male participation in health checks and raise
awareness of prostate cancer.

Keywords: Male health, Prostate cancer, Health Level
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OZET

Depresyon, diinya genelinde bireylerin yasam kalitesini olumsuz etkileyen en yaygin
psikiyatrik bozukluklardan biridir ve kiiresel hastalik yiikiine Onemli Olc¢lide katki
saglamaktadir. Geleneksel olarak monoamin noérotransmitterlerindeki dengesizliklerle
aciklansa da, gilincel bulgular depresyonun ayni zamanda inflamasyon, oksidatif stres, HHA
ekseni bozukluklar1 ve azalmig noroplastisite ile de iliskili oldugunu ortaya koymaktadir. Bu
noktada, beslenme onemli bir ¢evresel faktor olarak one ¢ikmakta ve ozellikle omega-3 yag
asitleri (EPA ve DHA), beyin fonksiyonlari, sinaptik plastisite ve antiinflamatuar etkileriyle
depresyonun oOnlenmesi ve tedavisinde potansiyel bir destekleyici ajan olarak
degerlendirilmektedir.

Omega-3 yag asitlerinin beyin fonksiyonlarindaki temel rolleri, hiicre membran
akiskanlhigini artirarak serotonin ve dopamin gibi norotransmitterlerin etkinligini diizenlemek,
sinaptik plastisiteyi desteklemek ve hipokampal ndrogenezi tesvik etmektir. Ayrica, major
depresif bozukluk patofizyolojisinde rol oynayan proinflamatuar sitokinlerin baskilanmasinda
ve antiinflamatuar yanitin artirilmasinda da etkili olduklar1 gosterilmistir.

Klinik ¢aligmalar, omega-3 takviyelerinin depresif semptomlar iizerinde olumlu etkiler
gdsterebilecegini ortaya koymaktadir. Ozellikle eikosapentaenoik asit (EPA) igerigi yiiksek
takviyelerin, dokosahekzaenoik asit (DHA) agirlikli olanlara kiyasla daha belirgin fayda
sagladigi bildirilmistir. Baz1 randomize kontrollii ¢alismalarda, omega-3 destegi antidepresan
tedaviye eklendiginde depresif belirtilerde ek iyilesme gozlenmistir. Ancak, farkli 6rneklem
biiyiikliikleri, heterojen dozajlar ve calisma siireleri nedeniyle tiim bulgular tutarli degildir; bazi
arastirmalarda plasebo ile anlamli fark bulunmamastir.

Sonug olarak, omega-3 yag asitleri depresyon tedavisinde giivenli ve potansiyel olarak etkili
bir tamamlayici ajan olarak one ¢ikmaktadir. Bununla birlikte, etkinliklerinin daha net ortaya
konabilmesi i¢in genis 6lcekli, standart dozaj ve formiilasyonlarla yiiriitiilecek ileri caligmalara
ithtiyag vardir.

Anahtar Kelimeler: Omega-3 yag asitleri, EPA, DHA, depresyon
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OMEGA-3 FATTY ACIDS AND DEPRESSION
ABSTRACT

Depression is one of the most common psychiatric disorders worldwide, negatively
impacting individuals' quality of life and contributing significantly to the global disease burden.
While traditionally explained by imbalances in monoamine neurotransmitters, current findings
suggest that depression is also associated with inflammation, oxidative stress, HPA axis
disorders, and reduced neuroplasticity. In this regard, nutrition stands out as an important
environmental factor, and omega-3 fatty acids (EPA and DHA), in particular, are considered
potential adjuncts in the prevention and treatment of depression due to their brain function,
synaptic plasticity, and anti-inflammatory effects.

The fundamental roles of omega-3 fatty acids in brain function include regulating the activity
of neurotransmitters such as serotonin and dopamine by increasing cell membrane fluidity,
supporting synaptic plasticity, and promoting hippocampal neurogenesis. They have also been
shown to be effective in suppressing proinflammatory cytokines, which play a role in the
pathophysiology of major depressive disorder, and enhancing anti-inflammatory responses.

Clinical studies suggest that omega-3 supplements may have positive effects on depressive
symptoms. Supplements high in eicosapentaenoic acid (EPA), in particular, have been reported
to provide more significant benefits compared to those predominantly containing
docosahexaenoic acid (DHA). Some randomized controlled trials have observed additional
improvement in depressive symptoms when omega-3 supplements were added to
antidepressant treatment. However, not all findings are consistent due to varying sample sizes,
heterogeneous dosages, and study durations; some studies found no significant difference
compared to placebo.

In conclusion, omega-3 fatty acids stand out as a safe and potentially effective
complementary agent in the treatment of depression. However, further studies with large-scale,
standardized dosages and formulations are needed to more clearly demonstrate their
effectiveness.

Keywords: Omega-3 fatty acids, EPA, DHA, depression
1. GIRIS

Major depresif bozukluk (MDB), diinya genelinde 280 milyondan fazla insani etkileyen
ciddi ve yaygin bir psikiyatrik bozukluktur ve bireylerin yasam kalitesi, islevselligi ve genel
saglik durumunu Onemli Olgiide olumsuz etkilemektedir (Pehlivan & Denkgi, 2025).

Depresyonun tedavisinde siklikla kullanilan segici serotonin geri alim inhibitérleri (SSRI) gibi
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farmakolojik ajanlar her bireyde etkili olamamakta, tedaviye yanit oranlar1 %60’ altinda
kalmakta ve onemli oranda yan etki nedeniyle tedavi birakma oranlar1 yiiksektir (Bloch &
Hannestad, 2012).

Bu nedenle, depresyon tedavisinde daha etkili ve daha 1yi tolere edilebilen alternatif tedavi
seceneklerine duyulan ihtiyag her gecen giin artmaktadir (Appleton ve ark., 2021). Son yillarda
omega-3 c¢oklu doymamis yag asitlerinin (6zellikle eikosapentaenoik asit (EPA) ve
dokosahekzaenoik asit (DHA) merkezi sinir sistemi {izerindeki etkileri, antiinflamatuvar
ozellikleri ve norotransmitter diizenleyici rollerinden dolayr antidepresan etkiler
gosterebilecegi ileri stirlilmektedir (Pehlivan & Denkgi, 2025). Ekolojik ve epidemiyolojik
caligmalar, yliksek balik tiiketimi olan iilkelerde depresyon prevalansinin daha diisiik oldugunu,
ayrica depresif bireylerde eritrosit membranlarinda omega-3 diizeylerinin daha diisiik
bulundugunu gostermektedir (Grosso ve ark., 2014). Bununla birlikte, omega-3 takviyelerinin
depresif semptomlar iizerindeki etkisi ilizerine yapilan klinik ¢alismalar geligkili sonuglar
vermistir; bazi ¢alismalar anlamli iyilesmeler bildirirken, bazilar etkisiz bulgular rapor etmistir
(Pehlivan & Denkg¢i, 2025; Appleton ve ark., 2021). Bu bildiri kapsaminda, omega-3 yag
asitlerinin depresyon iizerindeki etkileri, biyolojik mekanizmalari, klinik ¢aligmalardan elde
edilen bulgular ve hangi formiilasyonlarin daha etkili olabilecegi giincel literatiir dogrultusunda
sistematik olarak degerlendirilecektir.

2. OMEGA-3 YAG ASITLERININ BiYOLOJIK ROLU

Omega-3 yag asitleri, ¢oklu doymamis uzun zincirli yag asitleri grubunda yer alir ve baglica
iki formu olan EPA ile DHA, beyin dokusunda en bol bulunan esansiyel lipidlerdir (Pehlivan
& Denkei, 2025). Viicutta sentezlenemedikleri i¢in disaridan diyetle alinmalar1 zorunludur ve
bu yoniiyle hiicresel fonksiyonlar tizerinde temel roller oynarlar (Celebi ve ark., 2017). Bu yag
asitleri, sinir hiicre zarlarinin yapisinda yer alarak membran akigkanligi, sinaptik plastisite ve
norotransmitter sistemlerin diizenlenmesinde rol alirlar (Grosso ve ark., 2014). Ozellikle DHA,
noron zarlarinin fosfolipid bilesenlerinde kritik bir yer tutarken; EPA’nin beyinde DHAya gére
daha diisiik oranda bulunmasina ragmen, anti-inflamatuvar etkiler agisindan daha baskin oldugu
bildirilmistir (Hallahan ve ark., 2016). Omega-3 yag asitlerinin eksikligi, merkezi sinir
sisteminde hiicresel yapiy1 ve sinaptik iletim mekanizmalarini bozarak, serotonin ve dopamin
gibi temel norotransmitterlerin islevinde aksamalara yol agabilmektedir (Bloch & Hannestad,
2012). Ozellikle serotonin diizeylerinin omega-3 seviyelerine duyarl oldugu ve diisiik omega-
3 alimiyla birlikte serotonin saliniminin, baglanmasinin ve geri aliminin bozulabilecegi 6ne

striilmektedir (Patrick ve ark., 2015; Pehlivan & Denkgi, 2025). Ayrica omega-3 yag asitlerinin
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inflamasyonu baskilayict etkileri sayesinde depresyonda sik¢a goriilen noroinflamatuvar
siregleri modiile edebilecegi diisiiniilmektedir (Grosso ve ark., 2014). Bu etkiler, EPA’nin
prostaglandin ve lokotrien iiretimini azaltict 6zellikleri ile iliskilendirilmekte ve oOzellikle
depresyonun biyolojik temelli alt tiplerinde etkili olabilecegi 6ne siiriilmektedir (Hallahan ve
ark., 2016). Sonug olarak, omega-3 yag asitleri yalnizca yapisal destek degil, ayn1 zamanda
sinaptik iletim ve inflamatuvar regiilasyon yoluyla ruh hali diizenlemesinde islevsellik
gostermektedir. Bu mekanizmalar, omega-3’iin depresyon tedavisindeki potansiyel etkilerini
biyolojik olarak desteklemektedir.

3. OMEGA-3 DUZEYLERI VE DEPRESYON ARASINDAKI ILISKi

Major depresif bozukluk tanist almis bireylerde omega-3 yag asitlerinin diizeylerinin,
ozellikle eritrosit membranlarinda ve plazma fosfolipitlerinde, saglikli bireylere kiyasla anlaml
sekilde daha diisiik oldugu gosterilmistir (Pehlivan & Denkgi, 2025). Bu diisiikliik, EPA ve
DHA eksikliginin depresyonun etiyolojisinde rol oynayabilecegine isaret etmektedir. Cesitli
ekolojik ve vaka-kontrol ¢aligsmalari, balik tiiketiminin diisiik oldugu toplumlarda depresyon
prevalansinin daha yiiksek oldugunu gostermistir (Grosso ve ark., 2014). Benzer sekilde,
depresyon tanisi almis bireylerde omega-6/omega-3 oraninin saglikli bireylere gore anlaml
sekilde daha yiiksek oldugu ve bu dengesizligin hiicresel diizeyde inflamatuvar siirecleri
tetikleyebilecegi diisiiniilmektedir (Bloch & Hannestad, 2012). Omega-3 eksikligi sadece
periferik dokularda degil, beyin dokusunda da belirgin etkilere yol acabilir. Noronal zar
yapisindaki bu dengesizlik, sinaptik iletimi olumsuz etkileyerek serotonin ve dopamin gibi
norotransmitterlerin islevini bozabilir ve bu da depresif belirtilerin ortaya ¢ikmasina katkida
bulunabilir (Grosso ve ark., 2014). Ozellikle EPA diizeylerinin diisiik olmasi, pro-inflamatuvar
sitokinlerin artistyla iliskilidir ve bu durum depresyonun patofizyolojisinde énemli bir yer
tutmaktadir (Hallahan ve ark., 2016). Ayrica, omega-3 eksikliginin hipokampal norojenez
iizerinde de olumsuz etkiler yaratabilecegi ve bu durumun bilissel semptomlari
agirlastirabilecegi one siiriilmektedir (Pehlivan & Denkgi, 2025).

Bu baglamda, depresyonun yalnizca psikolojik degil, ayn1 zamanda biyokimyasal diizeyde
de degerlendirilebilecek bir bozukluk oldugu anlasilmakta; omega-3 yag asidi diizeylerinin bu
biyokimyasal gostergeler arasinda 6nemli bir yer tuttugu diisiiniilmektedir.

4. KLINIK CALISMALAR VE META-ANALIZ BULGULARI

Omega-3 yag asitlerinin depresyon tedavisindeki etkinligini degerlendiren cok sayida

randomize kontrollii ¢alisma (RCT) ve meta-analiz bulunmaktadir. Ancak bu c¢alismalarin

sonuclar1 ¢cogu zaman birbirleriyle ¢elismektedir ve elde edilen sonuglar genellikle miidahale
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tiirtine, katilimci profiline ve kullanilan omega-3 formiilasyonuna bagli olarak degismektedir
(Grosso ve ark., 2014). Lin ve Su (2007) tarafindan yiiriitiilen erken donem bir meta-analiz, ¢ift
kor ve plasebo kontrollii 10 ¢alismayr incelemis ve omega-3 takviyesinin depresif
semptomlarda anlamli iyilesme sagladigii bildirmistir (SMD=0.61, p<0.001). Ozellikle EPA
icerigi yiiksek preparatlarin daha etkili oldugu belirtilmistir. Buna karsin Bloch ve Hannestad
(2012), 13 calismay1 kapsayan meta-analizlerinde genel etkinin istatistiksel olarak anlaml
olmadigimi ve yayin yanlilig1 diizeltildiginde tedavi etkisinin neredeyse ortadan kalktigini
gostermistir (SMD=0.01, %95 GA:-0.13, 0.15). Ayrica daha kisa siireli ve metodolojik olarak
diistik kaliteli ¢calismalarin etkinligi yliksek gdstermeye daha yatkin oldugu vurgulanmistir.
Benzer sekilde Appleton ve ark. (2021) Cochrane sistematik derlemesinde, 35 randomize
caligmanin sonuglar1 incelenmis ve omega-3 takviyesinin depresif semptomlarda sadece kiiciik
bir iyilesme sagladigi, bu etkinin ise klinik agidan anlamli kabul edilemeyecegi belirtilmistir
(SMD =-0.40, 95% CI:-0.64 ila -0.16). Ote yandan Hallahan ve ark. (2016) tarafindan yapilan
genis kapsamli bir meta-analizde, EPA agirlikli (>%50) formiilasyonlarin klinik olarak anlaml
diizeyde antidepresan etki gosterdigi (Hedges” g=0.61, p<0.001), DHA agirlikh
formiilasyonlarin ise etkisiz oldugu bildirilmistir. Etki sadece DSM ya da ICD tanili depresyon
hastalarinda goriilmiis; klinik dis1 bireylerde anlamli sonuglara ulasilamamaistir. Grosso ve ark.
(2014) da hem tan1 almis hastalarda hem de depresif belirtiler tasiyan tanisiz bireylerde omega-
3 desteginin faydali oldugunu ancak tanili grupta etkinin daha biiylik oldugunu bildirmistir.
EPA agirlikli formiilasyonlarin etkili oldugu, DHA nin tek basina etkisiz kaldig1 ve omega-
3’iin monoterapi yerine antidepresanlarla birlikte adjuvan olarak kullanildiginda daha basarili
sonuclar verdigi ifade edilmistir. Diger yandan Pehlivan & Denkgi (2025), Tiirkiye’de yapilan
bir derlemede, calismalardaki celigkili sonuclarin; 6rneklem biiytikliigii, kullanilan Slgekler,
semptom  siddeti, formiilasyon tiirii ve miidahale siiresi gibi farkliliklardan
kaynaklanabilecegini belirtmislerdir.

Sonug olarak, meta-analiz bulgular1 omega-3 yag asitlerinin depresyon tizerindeki etkisine
dair umut verici ancak tutarsiz sonuglar ortaya koymaktadir. Bu tutarsizligin baslica nedenleri
arasinda kullanilan omega-3 tipinin (6zellikle EPA/DHA orani), tedavi siiresinin uzunlugu,
depresyon tanisi alip almama durumu, ve uygulamanin monoterapi mi yoksa adjuvan tedavi mi
oldugu 6ne ¢ikmaktadir.

5. EPA ve DHA: Etkinlik Karsilagtirmasi
Omega-3 yag asitleri temel olarak iki formdan olusur: EPA ve DHA. Her iki bilesen de

merkezi sinir sistemi iizerinde etkili olsa da, yapilan klinik aragtirmalar depresyon tedavisinde
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EPA’nin DHA’ya kiyasla daha iistiin antidepresan etkiye sahip oldugunu ortaya koymustur
(Hallahan ve ark., 2016). Hallahan ve arkadaslarinin 35 randomize kontrollii caligsmay1 iceren
meta-analizinde, EPA oram1 %50’den yiiksek olan formiilasyonlarin depresif semptomlari
anlamh diizeyde azalttigi, DHA orani yiiksek olan takviyelerin ise plaseboya kiyasla anlamli
bir etki gdstermedigi bildirilmistir. Bu sonug¢, EPA'nin depresyon tedavisinde etkinliginin daha
belirgin oldugunu gdstermektedir (Hedges' g=0.61, p<0.001). Benzer sekilde Lin & Su (2007)
de, EPA icerigi yiiksek preparatlarin klinik olarak daha etkili oldugunu bildirmistir. Incelenen
caligmalarda EPA’nin dopamin ve serotonin metabolizmasi lizerinde daha gii¢li etkiler
gosterdigi ve inflamatuvar yanitlar1 bastirma potansiyelinin daha yiliksek oldugu
vurgulanmistir. Grosso ve arkadaglari (2014) tarafindan yapilan ¢alismada da EPA’nin DHA’ya
kiyasla daha etkin oldugu ve bu etkinin 6zellikle adjuvan tedavi olarak kullanildiginda daha
belirgin hale geldigi rapor edilmistir. Bu ¢alismada, EPA igerigi yiiksek formiilasyonlarin hem
MDD tanist olan bireylerde hem de tanisiz depresif semptomlari olan bireylerde fayda
sagladigi, DHA igerigi baskin olan preparatlarin ise etkisiz oldugu sonucuna varilmistir. Bu
farkl etkinligin nedenlerinden biri, EPA'nin anti-inflamatuvar etkisinin DHA’dan daha giiclii
olmas1 ve depresyonun patofizyolojisinde yer alan néroinflamatuvar siireglere daha etkili
sekilde miidahale edebilmesidir (Hallahan ve ark., 2016). Ayrica “unopposed EPA” adi1 verilen
hipoteze gore, DHA ile birlikte verilmediginde yani baskin sekilde EPA igeren formiillerde, bu
yag asidi daha serbest etki gostererek terapodtik faydasini maksimize etmektedir. Cochrane
veritabanindaki 2021 tarihli sistematik incelemede ise bu ayrim agik¢a vurgulanmamais, ancak
heterojenlik kaynaklar1 arasinda EPA/DHA oraninin 6nemli bir degisken olduguna dikkat
cekilmistir (Appleton ve ark., 2021).

Sonug olarak, bugiine kadar yapilan meta-analizler ve sistematik derlemeler, depresyon
tedavisinde EPA igerigi yliksek olan omega-3 takviyelerinin, DHAya kiyasla daha etkili ve
tutarli sonuglar verdigini gostermektedir. Bu nedenle tedavi planlamasinda EPA agirlikli
formiilasyonlarin tercih edilmesi onerilmektedir.

6. TEDAVIYE EK OLARAK OMEGA-3 KULLANIMI (ADJUVAN TEDAVI)

Son yillarda yapilan arastirmalar, omega-3 yag asitlerinin major depresif bozukluk
tedavisinde tek basina (monoterapi) kullanildiginda sinirl etkiye sahip olabilecegini, ancak
klasik antidepresan ilaclarla birlikte kullanildiginda (adjuvan tedavi) bu etkinin anlamli sekilde
arttigini ortaya koymustur. Grosso ve arkadaslarinin meta-analizinde, omega-3 yag asitlerinin
monoterapi olarak kullanildiginda etkilerinin daha zayif, buna karsin antidepresan tedaviye

eklendiginde daha gii¢lii bir antidepresan etki sagladig1 gosterilmistir. Bu etki, 6zellikle EPA
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agirlikli formiilasyonlarla uygulandiginda daha belirgin hale gelmektedir (Grosso ve ark.,
2014). Hallahan ve ark. (2016) ise adjuvan tedavi ile ilgili hipotezlerini 35 ¢alismay1 igeren
genis kapsamli analizlerinde test etmislerdir. Bu analizde, omega-3’iin antidepresanlarla
birlikte kullanildiginda monoterapiye gore daha fazla semptom azalmasi sagladigi
bildirilmistir. EPA’nin serotonin ve dopamin sistemi iizerinde etkili olmasi nedeniyle bu
kombinasyonel tedavilerin sinerjik fayda saglayabilecegi diisiiniilmektedir. Appleton ve ark.
(2021) Cochrane sistematik derlemesinde, adjuvan kullanim ile ilgili alt grup analizleri
yapilmis ancak calismalardaki ytliksek heterojenlik ve metodolojik farklar nedeniyle bu etkiye
dair kanit kalitesi "gok diisiik" olarak degerlendirilmistir. Yine de bu analizlerde de
antidepresanlarla birlikte omega-3 kullaniminin semptom skoru iizerinde kii¢lik fakat olumlu
bir fark yarattig1 belirtilmistir (SMD:-0.38; 95% CI:-0.82 ile 0.06). Pehlivan & Denkg¢i (2025)
ise adjuvan kullanimin pratikte uygulanabilirligini vurgulayarak, omega-3 takviyelerinin
genellikle giivenli oldugunu ve standart antidepresanlara ek olarak kullanilabilecegini ifade
etmislerdir. Ozellikle hafif-orta siddette depresyon vakalarinda bu tiir biitiinleyici yaklasimlar
hem tedaviye uyumu artirmakta hem de olas1 yan etkileri azaltabilmektedir. Ayrica Grosso ve
ark. (2014), adjuvan tedaviyle elde edilen olumlu etkinin yalnizca psikolojik semptomlar
iizerinde degil; bilissel islevler, yasam kalitesi ve duygudurum stabilizasyonu iizerinde de
olumlu etkiler saglayabilecegini one siirmiistiir.

Sonug olarak, giincel literatiir omega-3 yag asitlerinin depresyon tedavisinde 6zellikle EPA
agirlikli formiilasyonlar seklinde, antidepresan tedaviye adjuvan olarak eklenmesi halinde daha
etkili olabilecegini gostermektedir. Bu da klinisyenlerin kombinasyonel tedavi planlamasinda
omega-3’i gilivenli ve potansiyel faydali bir segenek olarak degerlendirmesine olanak
saglamaktadir.

7. SONUC ve ONERILER

Bu derlemede, omega-3 yag asitlerinin (6zellikle EPA’nin) depresyon iizerindeki etkileri
cok sayida klinik ¢alisma ve meta-analiz 15181inda degerlendirilmistir. Bulgular, omega-3’iin
depresif belirtiler lizerinde umut verici etkiler gosterdigini, ancak bu etkinin formiilasyon
tiirline, uygulama sekline ve katilimer profiline bagl olarak biiyiik dlciide degistigini ortaya
koymaktadir. EPA oran1 %50’nin iizerinde olan preparatlarin, 6zellikle DSM veya ICD tanili
major depresyon hastalarinda anlamhi faydalar sagladigi, buna karsihik DHA agirlikli
formiilasyonlarin etkisiz oldugu belirlenmistir (Hallahan ve ark., 2016). Bu bulgu, EPA’nin
DHA'ya gore merkezi sinir sistemi lizerindeki antiinflamatuvar etkilerinin daha gii¢lii olmasina

baglanmaktadir. Omega-3’lin antidepresanlara adjuvan olarak eklendiginde monoterapiye
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kiyasla daha etkili oldugu da ¢ok sayida calismada vurgulanmistir (Grosso ve ark., 2014;
Pehlivan & Denkg¢i, 2025). Bu durum, kombinasyonel tedavi yaklagimlarinin depresyon
yOnetiminde onemini artirmaktadir. Ancak bazi meta-analizler bu olumlu bulgulara temkinli
yaklagmakta, 6zellikle yayin yanlilig1 ve calismalar arasindaki metodolojik heterojenlik gibi
siirliliklarin etkisini vurgulamaktadir. Ornegin Bloch & Hannestad (2012), yayin yanhlig
giderildiginde tedavi etkisinin istatistiksel olarak anlamliligini yitirdigini bildirmistir. Benzer
sekilde, Appleton ve ark. (2021) tarafindan hazirlanan Cochrane sistematik incelemesinde de
elde edilen etkinin klinik anlamlilik diizeyinin altinda kaldigi ve kanit kalitesinin “diisiik”
oldugu degerlendirilmistir.

Tiim bu bulgular 1s181nda, omega-3 yag asitlerinin depresyon tedavisinde kullanilabilirligi
konusunda dikkatli ve bireysellestirilmis bir yaklasim benimsenmesi gerektigi ortaya
¢ikmaktadir. Ozellikle; tam almis, orta-siddetli depresyonu olan bireylerde, EPA agirlikh
formiilasyonlarin,  standart  tedaviye  adjuvan  olarak  verilmesi = durumunda
daha yiiksek fayda elde edilebilecegi soylenebilir.

Gelecek ¢aligmalar, heterojenligi azaltmak icin standartlastirilmis protokoller, DHA/EPA
oranlarinin acik¢a tanimlandigi karsilastirmali dizaynlar, depresyon alt tiplerine gore alt grup
analizleri, daha biiyliik 6rneklemli, uzun siireli, ¢ok merkezli ¢alismalar olacak sekilde
odaklanmalidir.

Sonug olarak, omega-3 yag asitleri depresyon tedavisinde potansiyel fayda saglayabilecek,
diistik yan etkili ve uygulanabilirligi yliksek bir segenektir. Ancak bu etkinin net olarak ortaya
konulabilmesi i¢in daha yiiksek kalitede, dikkatli tasarlanmis arastirmalara ihtiyag
duyulmaktadir.
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D-TAGATOZ ve KARDIYOVASKULER SAGLIK
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Bagimsiz Aragtirmaci, Malatya
ORCID ID: 0000-0001-5122-7860

OZET

D-tagatose, diisiik kalorili ve diisiik glisemik indeksli nadir bir monosakkarit olup,
geleneksel sekerlere alternatif tatlandirici olarak son yillarda giderek artan bir ilgi gérmektedir.
Enerji degerinin diisiik olmas1 ve kan glukozu lizerine minimal etkisi, 6zellikle obezite ve
diyabet yonetiminde Onemli avantajlar sunmaktadir. Yapilan aragtirmalar, D-tagatose’un
yalnizca glisemik kontrol {izerinde olumlu etkiler saglamakla kalmayip, ayn1 zamanda insiilin
duyarliligini artirarak metabolik sendrom riskini de azaltabilecegini gostermektedir. Bununla
birlikte, son yillarda dikkat ¢ceken bir diger bulgu, D-tagatose’un kardiyovaskiiler hastaliklarin
onlenmesi ve yonetiminde de potansiyel faydalar saglayabilecegidir. Antioksidan 6zellikleri,
lipid profili lizerinde iyilestirici etkileri ve endotel fonksiyonlarini destekleyici rolii sayesinde,
ateroskleroz ve hipertansiyon gibi kardiyovaskiiler risk faktorleri tizerinde olumlu sonuglar
ortaya koyabilecegi bildirilmektedir. Bu yoniiyle D-tagatose, yalnizca tatlandirici bir alternatif
degil, ayn1 zamanda kardiyometabolik sagligi destekleyebilecek fonksiyonel bir besin bileseni
olarak degerlendirilmektedir.

Preklinik arastirmalar, D-tagatoz iceren diyetlerin sukrozla karsilastirildiginda obezite,
hiperglisemi ve hiperkolesterolemi riskini azalttigmi gostermistir. Ozellikle aterosklerotik
plaklarda kollajen igerigini artirarak daha stabil bir plak fenotipi sagladigi ve bdylece
kardiyovaskiiler olay riskini diisiirdiigii bildirilmistir. Klinik bulgular ise, D-tagatozun viicut
agirhginda azalma sagladigini ve yiiksek yogunluklu lipoprotein kolesterol seviyelerini
yiikselttigini, bunun da koroner kalp hastaliklarina karsi koruyucu etki olusturabilecegini
desteklemektedir.

Ayrica hayvan modellerinde, fruktozun miyokardiyal iskemi/reperfiizyon hasarini oksidatif
stres ve inflamasyonu artirarak kotiilestirdigi, D-tagatozun ise bu olumsuz etkileri belirgin
sekilde hafiflettigi gosterilmistir. Bu koruyucu etkinin, endotelyal nitrik oksit sentaz
ekspresyonunun artist ve proinflamatuar sitokinlerin azalmasi ile iliskili oldugu
belirtilmektedir.

Genel olarak, D-tagatoz diisiik enerji degerine ek olarak antioksidan, antiinflamatuar ve lipid
diizenleyici etkiler gdstermekte; bdylece metabolik bozukluklarla iliskili kardiyovaskiiler

komplikasyonlara kars1 tamamlayici bir ajan olarak 6ne ¢ikmaktadir. Ancak mevcut bulgular

109



SCEANS
5 Jy,,

: NG ISARC
@ INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

umut verici olsa da, bu sonuglarin klinik uygulamaya yansitilabilmesi i¢in uzun dénemli, genis

Olcekli insan ¢aligmalar1 gerekmektedir.

Anahtar kelimeler: D-Tagatoz, Ateroskleroz, Hiperkolesterolemi, Glisemik kontrol
D-TAGATOSE AND CARDIOVASCULAR HEALTH

ABSTRACT

D-tagatose, a rare low-calorie, low-glycemic monosaccharide, has gained increasing interest
in recent years as an alternative sweetener to traditional sugars. Its low energy value, minimal
impact on blood sugar offer significant advantages, particularly in the management of obesity
and diabetes. Research suggests that D-tagatose not only provides positive effects on glycemic
control but may also reduce the risk of metabolic syndrome by improving insulin sensitivity.
Furthermore,another notable finding in recent years is that D-tagatose may also offer potential
benefits in the prevention and management of cardiovascular disease. Its antioxidant properties,
improved lipid profiles, and endothelial function support have been reported to have positive
effects on cardiovascular risk factors such as atherosclerosis and hypertension. In this respect,
D-tagatose is considered not only an alternative sweetener but also a functional nutritional
ingredient that can support cardiometabolic health.

Preclinical studies have shown that diets containing D-tagatose reduce the risk of obesity,
hyperglycemia, and hypercholesterolemia compared to sucrose. It has been reported that it
increases collagen content, particularly in atherosclerotic plaques, resulting in a more stable
plaque phenotype, thereby reducing the risk of cardiovascular events. Clinical findings,
however, support the notion that D-tagatose reduces body weight and increases high-density
lipoprotein cholesterol levels, potentially providing protection against coronary heart disease.
Furthermore, animal models have shown that fructose worsens myocardial
ischemia/reperfusion injury by increasing oxidative stress and inflammation, while D-tagatose
significantly attenuates these adverse effects. This protective effect is reported to be associated
with increased expression of endothelial nitric oxide synthase and a reduction in
proinflammatory cytokines.

In general, D-tagatose, in addition to its low energy value, exhibits antioxidant, anti-
inflammatory, and lipid-regulating effects, making it a valuable complementary agent against
cardiovascular complications associated with metabolic disorders. However, while the current
findings are promising, long-term, large-scale human studies are required to translate these
results into clinical practice.

Keywords: D-Tagatose, Atherosclerosis, Hypercholesterolemia, Glycemic control
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1. GIRIS

D-Tagatoz, dogal olarak bazi siit iirlinlerinde iz miktarda bulunan ve diisiik kalorili, diigiik
glisemik indeksli bir monosakkarit olarak son yillarda giderek daha fazla dikkat ¢cekmektedir.
Kimyasal olarak D-galaktozun bir epimeri olan D-Tagatoz, tatlandirici olarak geleneksel
sekerlerin yerine kullanilabilir. Bu 6zelligi, D-Tagatoz’u 6zellikle diyabet ve obezite gibi
metabolik hastaliklarin yOnetiminde potansiyel bir alternatif olarak One ¢ikarmaktadir
(Guerrero-Wyss et al., 2018).

D-Tagatoz’un sekerden farkli olarak daha diisiik bir glisemik indekse sahip olmasi, kan
sekerinin yiikselmesini daha yavas bir sekilde saglamasi ve enerji igerigi bakimindan geleneksel
sekerlerden ¢ok daha diisiik olmasi, onu saglikli beslenme ve tedavi stratejileri igin cazip bir
secenek haline getirmektedir. Bu 6zellikleri, D-Tagatoz'u obezite ve diyabet gibi hastaliklar
yonetmek i¢in uygun bir alternatif olarak gosterirken, ayn1 zamanda kardiyovaskiiler saglik
iizerinde de olumlu etkiler yaratabilecegi diisiiniilmektedir (Police et al., 2008).

Kardiyovaskiiler hastaliklar, diinya ¢apinda 6liim oranlarinin baslica nedenlerinden biridir
ve bu hastaliklar genellikle metabolik bozukluklarla iligkilidir. Son yillarda, kardiyovaskiiler
hastaliklarin 6nlenmesi ve tedavisinde yalnizca farmakolojik tedavi degil, ayn1 zamanda diyet
ve yasam tarzi degisiklikleri de dnemli bir rol oynamaktadir. Bu baglamda, D-Tagatoz gibi
diisiik glisemik indeksli ve kalorisi diisiik alternatif tatlandiricilarin, kalp-damar sagligini
iyilestirmede potansiyel yararlar saglayabilecegi one siiriilmektedir (Guerrero-Wyss et al.,
2018).

D-Tagatoz’un kardiyovaskiiler saglik iizerindeki etkileri, yalnizca kan sekeri ve lipid profili
iizerindeki olumlu etkilerle sinirli kalmaz; aym1 zamanda, vaskiiler sagligi iyilestiren ve
ateroskleroz gibi kardiyovaskiiler hastalik risk faktorlerini azaltan etkiler de gostermektedir
(Durante et al., 2021).

2. D-TAGATOZ VE KARDiYOVASKULER SAGLIK ARASINDAKI iLiSKi

D-Tagatoz, son yillarda yalnizca glisemik kontrol saglamak amaciyla degil, ayn1 zamanda
kardiyovaskiiler saglik {izerindeki olumlu etkileriyle de dikkat c¢ekmeye baglamistir.
Kardiyovaskiiler hastaliklar, diinya genelinde en yaygin 6liim nedenlerinden biri olup,
metabolik sendrom, ateroskleroz, hipertansiyon ve dislipidemi gibi bircok faktorle iliskilidir.
D-Tagatoz’un diisiik glisemik indeksi ve enerji igeriginin diisiik olmasi, onu bu hastaliklar
yonetmek i¢in 6nemli bir diyet bilesigi haline getirmistir (Guerrero-Wyss et al., 2018).

D-Tagatoz’un kardiyovaskiiler saglik tizerindeki potansiyel faydalari, lipid profili {izerinde

olumlu etkiler, endotel fonksiyonlarini iyilestirme ve antioksidan 6zellikler gostermesiyle one
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cikmaktadir. Lipid profili, kardiyovaskiiler hastaliklarin 6nemli bir belirleyicisidir ve D-
Tagatoz, Ozellikle LDL kolesterol ve trigliserid seviyelerini diisiirerek, HDL kolesterol
seviyelerini yiikseltme potansiyeline sahiptir (Police et al., 2008). Yapilan ¢alismalarda, D-
Tagatoz’un bu etkilerle kalp hastaliklar1 riskini azaltti§1 ve ateroskleroz gibi damar tikanikligi
hastaliklarin1 6nleyebilecegi bildirilmistir (Donner et al., 2010).

Ayrica, D-Tagatoz’un antioksidan Ozellikleri, serbest radikallerin etkilerini azaltarak
vaskiiler saglig1 korumada 6nemli bir rol oynayabilir. Serbest radikallerin birikmesi, damar
duvarlarinda hasara yol agarak, inflamasyonu ve aterosklerozu tetikleyebilir. D-Tagatoz, bu
olumsuz etkiyi azaltarak damarlarin esnekligini artirabilir ve kalp sagligini iyilestirebilir
(Guerrero-Wyss et al., 2018).

Endotel fonksiyonlari, damarlarin saghigi acisindan kritik 6neme sahiptir. Endotelyal
hiicreler, damarlarin genislemesini ve daralmasini kontrol eder ve kardiyovaskiiler hastaliklarin
gelisimini engeller. D-Tagatoz, endotel hiicrelerinin fonksiyonlarini iyilestirerek, damar
gevsemesi ve kan akis1 diizeni lizerinde olumlu etkiler gosterebilir (Durante et al., 2021). Bu
mekanizma, D-Tagatoz’un, hipertansiyon gibi kardiyovaskiiler hastaliklarin tedavisinde de
faydali olabilecegini gostermektedir.

D-Tagatoz'un endotel fonksiyonlarini iyilestirme etkisi, 6zellikle hipertansiyon hastalarinda
kan basincini dengeleyici etkiler saglayabilir. Bununla birlikte, D-Tagatoz’un bu tiir klinik
etkileri, yapilan ¢aligmalarda kan basincini diisiiriicii etkiler sagladigi gosterilmistir (Police et
al., 2008).

D-Tagatoz’un kardiyovaskiiler hastaliklarin 6nlenmesindeki rolii, yalnizca lipid profilinin
tyilestirilmesi ve damar fonksiyonlarinin desteklenmesiyle sinirli degildir. D-Tagatoz,
aterosklerotik plaklarin stabilizasyonu iizerinde de olumlu etkiler yaparak, kalp-damar
hastaliklar1 riskini azaltabilir. Bu etki, 6zellikle kollajen igeriginin artirilmasi ile iliskilidir; D-
Tagatoz’un aterosklerotik plaklarda daha stabil bir yapiy1 destekledigi bildirilmistir (Durante et
al., 2021).

Bunun yani sira, D-Tagatoz’un viicutta kolesterol ve trigliserid seviyelerinin diizenlenmesi,
kardiyovaskiiler hastaliklarin tedavisinde faydali olabilecek ek bir strateji sunmaktadir. Bu
etkilesim, sadece lipid profili lizerinde degil, ayn1 zamanda genel metabolik saglik ilizerinde de
olumlu sonuglar dogurur (Donner et al., 2010).

3. PREKLINIK VE KLINIK CALISMALARDAN ELDE EDIiLEN BULGULAR

D-Tagatoz’un kardiyovaskiiler saglik iizerindeki etkilerini degerlendirmek i¢in yapilan

preklinik ve klinik calismalarda, bu tatlandiricinin ¢esitli metabolik parametreler lizerindeki
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olumlu etkileri sik¢a vurgulanmistir. Hem hayvan modelleri hem de insan ¢alismalari, D-
Tagatoz’un lipid profili, glisemik kontrol ve insiilin duyarlilig1 tizerinde belirgin iyilesmeler
sagladigini gostermektedir. Bu boliimde, D-Tagatoz’un kardiyovaskiiler hastaliklar {izerindeki
etkilerine dair preklinik ve klinik bulgulara yer verilecektir.

Preklinik ¢aligmalar, genellikle hayvan modelleri iizerinde yapilir ve D-Tagatoz’un
metabolik ve kardiyovaskiiler saglik lizerindeki etkilerini anlamada kritik bir rol oynamaktadir.
Bircok calismada, D-Tagatoz’un hiperkolesterolemi ve hiperglisemi gibi kardiyovaskiiler
hastalik risk faktorlerini azalttig1 gdzlemlenmistir. Ozellikle, D-Tagatoz igeren diyetlerin serum
total kolesterol, LDL kolesterol ve trigliserid seviyelerinde belirgin diislisler sagladig:
bildirilmistir (Donner et al., 2010).

Bunun yami sira, hayvan modellerinde yapilan calismalar, D-Tagatoz’un aterosklerotik
plaklarda kollajen igerigini artirarak, plaklarin daha stabil bir hale gelmesini sagladigini
gostermektedir. Bu durum, ateroskleroz gelisimi iizerinde olumlu etkiler yaratir ve
kardiyovaskiiler olay riskini azaltabilir (Durante et al., 2021). Ayrica, D-Tagatoz’un endotel
fonksiyonlarini iyilestirdigi ve damarlarin gevsemesinde etkili oldugu bulunmustur. Bu etki,
hipertansiyon gibi kardiyovaskiiler hastaliklarin tedavisinde faydali olabilir.

D-Tagatoz’un klinik etkilerini degerlendiren ¢aligmalar, bu bilesigin kardiyovaskiiler saglik
iizerindeki faydalarini dogrulamak i¢in oldukc¢a 6nemlidir. Klinik calismalarda, D-Tagatoz
iceren diyetlerin glisemik kontrolii iyilestirdigi, insiilin duyarliligini artirdigi ve lipid profili
iizerinde olumlu etkiler sagladig1 gdzlemlenmistir. Ornegin, tip 2 diyabetli bireylerde yapilan
bir calismada, D-Tagatoz’un kan sekeri seviyelerini diisiirdiigli ve HDL kolesterol seviyelerini
yukselttigi bulunmustur (Donner et al., 2010).

Bir diger klinik ¢alisma, D-Tagatoz’un obezite ve hiperlipidemi gibi metabolik hastaliklari
olan bireylerde viicut agirligini azalttigini ve kolesterol seviyelerini diizenledigini gostermistir.
Bu bulgular, D-Tagatoz’un sadece tatlandirici olarak degil, ayn1 zamanda kardiyometabolik
saglik lizerinde olumlu etkiler saglayabilen bir fonksiyonel besin bilesigi olarak kullanildigini
gostermektedir (Guerrero-Wyss et al., 2018).

Klinik ¢aligmalarda, D-Tagatoz’un giivenli oldugu ve yan etki profilinin diisiik oldugu da
belirtilmistir. Ozellikle, gastrointestinal yan etkiler (6rnegin, siskinlik, gaz) genellikle diisiik
dozlarda ve tedaviye baslandiginda gecicidir. Bununla birlikte, uzun vadeli klinik ¢alismalarin
yapilmasi gerektigi ve daha fazla verinin toplanmasi gerektigi vurgulanmaktadir (Ensor et al.,

2015).
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Preklinik ve klinik ¢aligmalardan elde edilen veriler, D-Tagatoz’un kardiyovaskiiler
hastaliklarin 6nlenmesinde faydali olabilecegini gostermektedir. D-Tagatoz, sadece glisemik
kontrol ve lipid profili ilizerinde degil, ayn1 zamanda ateroskleroz gibi damar tikanikligi
hastaliklarinin tedavisinde de olumlu etkiler yaratabilir. Hayvan ¢alismalarinda, D-Tagatoz un
aterosklerotik plaklar1 stabil hale getirdigi ve damar sagligini iyilestirdigi gosterilmistir
(Durante et al., 2021).

Klinik arastirmalar ise, D-Tagatoz’un koroner kalp hastaliklar1 gibi kardiyovaskiiler
hastaliklarin 6nlenmesinde yardimci olabilecegi ve genel kardiyovaskiiler hastalik riskini
azaltabilecegi yoniinde umut verici bulgular sunmaktadir (Guerrero-Wyss et al., 2018).

4. D-TAGATOZ’UN GUVENLIK PROFILI VE YAN ETKILERI

D-Tagatoz, saglikli beslenme ve metabolik saglik {izerine yaptig1 olumlu etkilerle dikkat
cekmekte olup, ayn1 zamanda giivenligi konusunda da 6nemli arastirmalar yapilmistir. Genel
olarak D-Tagatoz, FDA (Amerikan Gida ve Ilag Dairesi) tarafindan "Genel Olarak Giivenli"
(GRAS) olarak siniflandirilmistir (Guerrero-Wyss et al., 2018). Ancak her takviye ve diyet
degisikliginde oldugu gibi, D-Tagatoz’un da bazi yan etkileri ve giivenlik riskleri olabilir. Bu
boliimde, D-Tagatoz’un giivenlik profili ve olasi yan etkileri incelenecektir.

D-Tagatoz, disiik kalorili ve disiik glisemik indeksli yapis1 sayesinde saglikli bireyler i¢in
genellikle giivenli kabul edilmektedir. FDA, D-Tagatoz’u tatlandirici olarak gidalarda
kullanima onay vermistir ve gida endiistrisinde yaygin olarak kullanilmaktadir (Guerrero-Wyss
et al., 2018). Ayrica, D-Tagatoz’un karaciger ve bobrek fonksiyonlar: lizerinde herhangi bir
toksik etkisi olmadig1 yapilan toksikolojik arastirmalarla dogrulanmistir (Police et al., 2008).
Cesitli hayvan calismalarinda, yiiksek doz D-Tagatoz’un organlara zarar vermedigi ve
hepatotoksisite ya da nefrotoksisite gibi zararl etkiler gdstermedigi saptanmistir (Donner et al.,
2010). D-Tagatoz’un genel giivenlik profili, 6zellikle glisemik kontrolii iyilestirmesi, lipid
profili tizerindeki olumlu etkileri ve kardiyovaskiiler hastaliklar1 nlemesi ag¢isindan 6nemli bir
avantaj sunmaktadir. Bununla birlikte, D-Tagatoz’un yavas emilmesi ve insiilin salinimini
minimum diizeyde etkilemesi, bu tatlandiricinin kardiyovaskiiler saglik iizerinde gilivenli bir
sekilde kullanilabilmesini saglamaktadir (Guerrero-Wyss et al., 2018).

D-Tagatoz, genellikle gilivenli bir bilesik olarak kabul edilse de, bazi bireylerde
gastrointestinal yan etkiler goriilebilir. Ozellikle, yiiksek dozda kullanildiginda, D-Tagatoz
siskinlik, gaz birikmesi ve karin agris1 gibi problemlere yol acabilir (Police et al., 2008). Bu

yan etkiler genellikle gecici olup, viicut D-Tagatoz’a alistiktan sonra azalma egilimindedir.
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Bununla birlikte, baz1 bireylerde bu tiir yan etkiler tedavinin basinda daha belirgin olabilir ve
tedaviye baslandiginda dozun yavasca artirilmasi nerilir (Donner et al., 2010).

Ayrica, D-Tagatoz’un prebiyotik o6zellikleri olmasi nedeniyle, bagirsakta fermantasyona
neden olabilir. Bu durum, baz1 kisilerin bagirsak florasinda degisikliklere yol acabilir ve
ozellikle hassas bireylerde gastrointestinal rahatsizliklar yaratabilir. Bu nedenle, D-Tagatoz’un
kullaniminda dozajin dikkatle izlenmesi 6nemlidir (Guerrero-Wyss et al., 2018).

D-Tagatoz, 15-30 gramlik giinliik dozlarla ¢ogu birey i¢in giivenli kabul edilmektedir.
Ancak, yiiksek dozlarin bobrek fonksiyonlarina etki edebilecegi yonilinde bazi endiseler
bulunmaktadir. Ozellikle bdbrek hastaligi olan bireylerin, D-Tagatoz’u yalmzca doktor
tavsiyesi ile kullanmasi onerilmektedir (Durante et al., 2021). Bunun disinda, D-Tagatoz un
hipoglisemiye yol agmadig1 ve diyabet tedavisi goren bireylerde insiilin seviyelerini ¢ok fazla
etkilemedigi gbzlemlenmistir (Donner et al., 2010). Bu da D-Tagatoz’u, diyabetik bireyler i¢in
giivenli bir segenek haline getirmektedir.

D-Tagatoz’un uzun siireli giivenlik profili hakkinda daha fazla aragtirma yapilmasi gerektigi
de vurgulanmaktadir. Su an i¢in kisa vadeli kullanimda giivenli oldugu bilinse de, D-
Tagatoz’un uzun siireli etkileri, 6zellikle metabolik ve kardiyovaskiiler hastaliklar tizerindeki
uzun donemli etkileri heniiz tam olarak ortaya konmamistir (Guerrero-Wyss et al., 2018). Bu
nedenle, D-Tagatoz un uzun siireli kullaniminin etkilerini daha iyi anlayabilmek i¢in, daha
genis Olgekli ve uzun vadeli klinik arastirmalara ihtiya¢ duyulmaktadir.

5. SONUCLAR VE ONERILER

D-Tagatoz, diisiik kalorili, diisiik glisemik indeksli ve metabolik sagligi destekleyen
ozellikleriyle son yillarda dikkat ¢eken bir tatlandiricidir. Yapilan arastirmalar, D-Tagatoz’un
sadece glisemik kontrolii iyilestirmekle kalmay1ip, ayn1 zamanda lipid profili, insiilin duyarlilig:
ve kardiyovaskiiler saglik tizerinde olumlu etkiler yarattigini gostermektedir. Ayrica, D-
Tagatoz’un ateroskleroz gibi kardiyovaskiiler hastalik risk faktorlerini azaltabilecegi ve endotel
fonksiyonlarini iyilestirdigi gézlemlenmistir (Guerrero-Wyss et al., 2018).

D-Tagatoz, kan sekeri seviyelerini dengelemenin 6tesinde, kardiyovaskiiler saglik tizerinde
de dnemli faydalar saglamaktadir. Lipid profilini iyilestirme, kolesterol diizeylerini diisiirme ve
HDL kolesterol seviyelerini artirma gibi etkileri sayesinde, D-Tagatoz, kardiyovaskiiler
hastaliklarin  6nlenmesine yardimeci olabilir. Bu, 06zellikle metabolik sendrom ve
hiperkolesterolemi gibi hastaliklar i¢in 6nemli bir tedavi stratejisi olusturabilir (Police et al.,

2008). Ayrica, D-Tagatoz’un aterosklerotik plaklar1 stabil hale getirme ve damar sagliginm
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iyilestirme etkisi, kalp-damar hastaliklar1 riskini 6nemli dl¢lide azaltabilir (Durante et al.,
2021).

D-Tagatoz, genel olarak giivenli bir bilesiktir ve FDA tarafindan “GRAS” olarak
siiflandirilmistir. Ancak, 6zellikle yiiksek dozlarda kullanimda bazi gastrointestinal yan etkiler
(siskinlik, gaz, karin agris1) goriilebilir. Bu yan etkiler genellikle gecici olup, viicut D-Tagatoz’a
alistikca azalma egilimindedir. Bununla birlikte, D-Tagatoz’un bobrek fonksiyonlari tizerindeki
etkileri, 6zellikle bobrek hastaligl olan bireylerde dikkatle izlenmelidir (Guerrero-Wyss et al.,
2018). Ayrica, D-Tagatoz’un uzun vadeli kullanimina yonelik daha fazla arastirma yapilmasi
gerektigi vurgulanmaktadir.

D-Tagatoz’un kardiyovaskiiler saglik tizerindeki etkileri umut verici olsa da, uzun siireli ve
genis Olcekli klinik ¢alismalarin yapilmasi, bu bilesigin potansiyelini daha iyi anlamamiza
yardimci olacaktir. Ozellikle, D-Tagatoz un longitudinal klinik etkileri ve metabolik hastaliklar
izerindeki uzun vadeli etkileri hakkinda daha fazla veri toplanmas1 gerekmektedir (Donner et
al., 2010). Bu arastirmalar, D-Tagatoz’'un kardiyovaskiiler hastaliklarin Onlenmesi ve
tedavisinde nasil daha etkin bir sekilde kullanilabilecegini ortaya koyacaktir.

Ayrica, D-Tagatoz’un bireysel tedavi planlar1 dogrultusunda, 6zellikle diyabet ve metabolik
sendrom gibi hastaliklarin yonetimi i¢in kisiye 6zel yaklagimlarla kullanilmasi 6nerilmektedir.
D-Tagatoz’un bireysellestirilmis tedavi yaklagimlar1 c¢ercevesinde kullanilmasi, tedavi
stirecinin etkinligini artirabilir ve yan etki risklerini minimize edebilir.

D-Tagatoz, kardiyovaskiiler saglik iizerinde olumlu etkiler yaratabilen, glisemik kontrolii
tyilestiren ve lipid profilini diizenleyen giiclii bir tatlandiricidir. Hem preklinik hem de klinik
calismalarda, D-Tagatoz’un kardiyovaskiiler hastaliklarin ©Onlenmesinde potansiyel bir
biyolojik ajan olarak kullanilabilirligi dogrulanmistir. Bununla birlikte, giivenlik profili, yan
etkileri ve uzun vadeli etkileri hakkinda daha fazla arastirma yapilmasi gerekmektedir. D-
Tagatoz un metabolik hastaliklar ve kardiyovaskiiler saglik i¢cin 6nemli bir alternatif olabilecegi
sonucuna varilmaktadir.
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OZET

Bu ¢alismada, ANSYS Forte CFD simiilasyonlar1 kullanilarak, emme manifoldu araciligiyla
saglanan amonyakla calisan ¢ift yakitli dizel motorun performansi ve emisyon 6zellikleri
hesaplamal1 olarak incelenmistir. Amonyak enerji degisim oranlart %10 ile %50 arasinda
degistirilmis ve standart dizel yakit ¢alismasiyla karsilagtirilmigtir. 126 tiir ve 1203 reaksiyon
iceren ayrmtili bir kimyasal kinetik mekanizma uygulanmistir. Dogrulanmis CFD modeli,
silindir i¢i basing profilleri icin %5'in altinda sapmalarla deneysel verilerle milkemmel uyum
gostermistir. Hesaplama sonuglari, NOx emisyonlarinda %77'ye varan azalma (6,64'ten 1,52
g/kWh'ye) ve CO: emisyonlarinda %55 azalma (582,11'den 260,59 g/kWh'ye) dahil olmak
iizere Onemli cevresel faydalar sagladigini gostermistir. Belirtilen termal verimlilik, A20
kosulunda %32,21'lik optimum degere ulasirken, standart dizel calismada bu deger %31,095
olmustur. NHs kagak emisyonlari, amonyak oraniyla dogrusal olarak artarak A50 kosulunda
30,25 g/kWh'ye ulasmistir. Bu bulgular, A20'yi optimum kosul olarak belirlemekte ve 6nemli
emisyon azaltimlari (NOx %50, CO2 %23) ve yonetilebilir amonyak kaymasi (7,07 g/kWh) ile
geligmis termal verimlilik (%32,21) saglamaktadir.

Anahtar kelimeler: Amonyak, Cift yakitli motor, ANSYS Forte, CFD simiilasyonu, Alternatif
yakit, Emisyon azaltma

PERFORMANCE AND EMISSION CHARACTERISTICS OF A DUAL-FUEL
DIESEL ENGINE FUELED WITH AMMONIA SUPPLIED VIA THE INTAKE
MANIFOLD
ABSTRACT

This study computationally investigated the performance and emission characteristics of a dual-
fuel diesel engine fueled with ammonia supplied via the intake manifold using ANSYS Forte
CFD simulations. Ammonia energy substitution ratios were systematically varied from 10% to
50%. A detailed chemical kinetic mechanism containing 126 species and 1203 reactions was
implemented. The validated CFD model demonstrated excellent agreement with experimental

data, with deviations below 5%. Results showed NOx emissions reduction up to 77% (from
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6.64 to 1.52 g/kWh) and CO- emissions reduction by 55% (from 582.11 to 260.59 g/kWh).
Indicated thermal efficiency reached 32.21% at A20 condition compared to 31.095% for
standard diesel operation, representing a 3.6% improvement. NHs slip emissions increased
linearly, reaching 30.25 g/kWh at A50 condition. These findings establish A20 as the optimal
condition, achieving enhanced thermal efficiency with substantial emission reductions and
manageable ammonia slip.

Keywords: Ammonia, Dual-fuel engine, ANSYS Forte, CFD simulation, Alternative fuel,
Emission reduction

1. INTRODUCTION

The International Maritime Organization (IMO) has established targets to reduce greenhouse
gas emissions by at least 50% by 2050 [1,2]. These regulatory pressures have created demand
for carbon-neutral fuel alternatives [3,4]. Ammonia (NHs) has emerged as a promising carbon-
free alternative fuel for marine applications [5]. With zero carbon composition, ammonia offers
the potential for completely eliminating CO. emissions during combustion [6,7]. Unlike
hydrogen, ammonia can be stored under moderate pressure conditions (8-10 bar), making it
more practical for maritime applications [8,9]. The global ammonia production capacity
exceeds 180 million metric tons annually, providing an established infrastructure [10]. Green
ammonia production using renewable electricity has enhanced its sustainability credentials
[11,12]. Lifecycle assessments indicate that green ammonia can achieve up to 90% reduction
in greenhouse gas emissions [13]. Recent studies demonstrate that ammonia-diesel dual-fuel
systems can replace up to 95% of diesel while maintaining stable combustion [14,15]. Industrial
developments by MAN Energy Solutions and WinGD have validated commercial viability
[16,17]. However, ammonia's high autoignition temperature (651°C) and low laminar flame
speed (7 cm/s) require careful optimization [18,19]. Dual-fuel combustion strategies have
proven effective for implementing ammonia in compression ignition engines. Nadimi et al. [15]
demonstrated that up to 84.2% of input energy could be provided by ammonia, with indicated
thermal efficiency improvements under optimal conditions. Yousefi et al. [20] showed that
diesel pilot injection timing critically affects ammonia ignition. Emission formation follows
complex pathways [21,22]. Advanced CFD modeling has become essential. Zhou et al. [5]
conducted comparative analyses using detailed simulations for marine engines. Recent studies
using ANSYS Forte have shown that detailed chemical kinetic mechanisms containing 126-200
species are necessary for accurate prediction [23,24]. The transition to commercial application

has been accelerated by significant industrial investments. MAN Energy Solutions reported
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successful testing on ammonia-fueled two-stroke engines, demonstrating stable combustion and
virtually zero N20O emissions [16]. WinGD's X-DF-A engine achieved excellent performance
results [17]. Despite significant progress, there remain important research gaps in understanding
detailed combustion mechanisms at various ammonia substitution ratios. The present study
addresses these gaps through comprehensive CFD analysis using ANSYS Forte, providing
detailed insights into in-cylinder combustion processes, performance characteristics, and
emission formation across ammonia ratios from 10% to 50%.

2. MATERIAL AND METHODS

2.1 Theoretical Model

Simulations were conducted using ANSY'S Forte software [24]. To reduce computational cost
while taking advantage of the symmetrical geometry of the combustion chamber, the sector
mesh method was employed. Given the four-hole injector, a 90° sector mesh was used for
calculations.

The finite volume method was applied to discretize the domain into structural and non-
structural mesh elements [25]. Dense hexahedral meshes were utilized throughout the majority
of the domain, while tetrahedral elements were applied in the bowl region to accommodate
intricate surface features.

ANSYS Forte simulates combustion by employing detailed chemical kinetic mechanisms
[26,27]. The kinetic mechanisms calculate the concentration changes of K chemical species

using established rate equations:

YR VX ©TR_ Ve X (=12,..,1) (1)
The production rate of species i in the k reaction is expressed by:
ki = Vi = Vidqs (k=12,...,K) )

The term g; in the equation represents the reaction progress rate. The chemical source term in

the species continuity equation, considering the production rates of all reactions, is determined

by:

Pic = Wi Zizy Ok 3)
In the energy conservation equation, the chemical heat release term is expressed using:
Q¢ ==X XK1 (Vig — Vi) AR g

4

where Ah}’ represents the standard enthalpy of formation for species i .

To accurately model the combustion process, it is essential to account not only for detailed

chemical kinetic mechanisms but also for the influence of turbulence within the flow field.
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Turbulent flow has a wide range of flow length scales and distinct and irregular variations in
the flow field. ANSYS Forte offers two options for turbulence modeling. The Reynolds-
Averaged Navier-Stokes (RANS) methodology was selected for turbulence modeling in
ANSYS Forte. This approach captures the statistical behavior of turbulent flows by averaging
multiple instantaneous flow realizations to obtain a representative mean flow field. Specifically,
the k-g turbulence model was employed within the RANS framework.

The most commonly used approach is to model turbulent transport processes with the gradient
diffusion assumption. Within the scope of the momentum equation, the deviatoric components
of Reynolds stress are assumed to be proportional to the mean velocity gradient. The Reynolds

stress tensor is defined as:

['= —pvr [V + (V)T — 2/ (V.)I] + 2pk I (5)
where vy represents the turbulent kinematic viscosity, and k denotes the turbulence kinetic
energy

Turbulence kinetic energy is defined as:

~ 1 1 .on
k = Etrace(F) =0 .1 (6)

Turbulent viscosity vy is related to turbulence kinetic energy k and the turbulence dissipation
rate €. This relationship is shown as:

RZ
Ur = Cl'l ? (7)
where Cp is a model constant that varies in different turbulence model formulations. The value
is 0.09 for the standard k-¢ model and 0.0845 for the RNG k-g& model.

The turbulence dissipation equation is modeled as:

0pE o 2 o~ w+vr) oo

§+|7_(pug): —(§C1e— C3€>p8|7.u+ \7.[% Ve]+

| [):Vii — cyepE + ¢ Ws|— pR + 7.[Z222] pR 8
= C1e(0 =) Vi — cpep€+ cs Ws|—pR+ V. P ®)

where R in the last term on the right side of the equation is defined as:

3 n
Cul (1_%) E

- 1+8n3 k ©)
n=Sc (10)
S = (25 : V2 (i
where S is the mean strain rate tensor:
$==[Vi+ (Vi)"] (12)
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Cez =

_ —1+42c5—3mn-1)+(-1)%

Véey, cyn3

For ideal gas, m =0.5 and n = 1.4.

Cn

|

1(1="/n0)
1+873

1, ifV.u<0
0, iftV.u>0

Table 1. RNG k-¢ Model Constants

(13)

(14)

(15)

Cu

Ci€

C2€

C3€

l/PI'k

1/Pre

Mo

0,0845

1,42

1,68

1,39

4,38

0,012

2.2 Simulation Setup and Geometric Model

The simulation investigation was conducted on an Antor 3LD510 single-cylinder, four-stroke,

direct injection diesel engine [28]. This engine is water-cooled and equipped with a mechanical

injection system. The sector mesh method was employed to reduce computational costs. Since

the engine has a 4-hole injector, calculations were performed with a 90° sector angle. The finite

volume method enables the solution by dividing the geometry into grids [25]. In this geometry,

hexahedral-dense structures were primarily used, with tetrahedral mesh structures also

employed in the bowl section.

Piston
geometry

Injector

head

Cylinder

Figure 1. 3D geometry model of the Antor 3LD510 engine used in CFD simulations
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Table 2. Technical Specifications of the Test Engine [28]

Parameter Value

Engine Model Antor 3LD510

Number of Cylinders 1

Displacement 510 cm?

Bore x Stroke 85 x 90 mm

Compression Ratio 17.5:1

Rated Power 9 kW at 1500 rpm

Cooling System Water-cooled

Injection System Mechanical, direct injection

Number of Injector Holes |4

Injector Spray Angle 120°
Intake Valve Closing (IVC) |-129 °CA BTDC

Exhaust Valve Opening
(EVO) +137 °CA ATDC
Standard Injection Timing |-19 °CA BTDC

2.3 Boundary and Initial Conditions

Following the selection of appropriate combustion chemistry, injector configuration, fuel
properties, and turbulence models, the definition of boundary and initial conditions becomes a
critical step [29]. The surface temperatures of the components enclosing the combustion
chamber play a particularly influential role

Table 3. Boundary Conditions and Their Values [28]

Boundary Condition Value

Piston Temperature 450 K

Piston Head Temperature |420 K

Cylinder Temperature 410 K
Sector Angle 90°
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Table 4. Initial Conditions and Their Values [28]

Initial Condition Value

Engine Speed 1500 rpm

Intake Valve Closing (IVC) -129 °CA BTDC
Exhaust Valve Opening (EVO) +137 °CA ATDC
Injection Start -19 °CA BTDC
Injection Duration 28 °CA
Cylinder Pressure @ IVC 1.20 bar
Cylinder Temperature @ IVC 360K
Turbulence Kinetic Energy 10 m%/s?
Turbulence Length Scale 0.0003 m

Swirl Ratio 0.5

Fuel Temperature During Injection 380K

2.4 Fuel Properties and Injection Strategy
In this study, diesel fuel was used as the primary fuel, while ammonia was introduced at various
substitution ratios [3,6]. Pure diesel operation was designated as STD (Standard), and ammonia
energy substitution ratios were varied from 10% to 50% (A10, A20, A30, A40, A50).

Table 5. Fuel Properties of Ammonia and Diesel [28]

Property Ammonia Diesel
Density (kg/m?) 0.718 (at 8 bar, 25°C) | 815-845
Lower Heating Value (MJ/kg) 18.6 42.5
Volumetric Energy Density (MJ/L) 11.3 36.4
Specific Heat Capacity Cp (kJ/kg-K) |[2.19 1.75
Laminar Flame Speed (cm/s) 7 86
Octane Number 130 8-15
Auto-ignition Temperature (°C) 657 254-285
Flammability Limits (vol% in air) 15-28 0.6-7.5
Carbon Content (wt%) 0 86.5
Hydrogen Content (wt%) 17.65 13.5

Ammonia was supplied via intake manifold injection, establishing homogeneous premixed
conditions before diesel pilot injection at -19°CA BTDC with an injection duration of 28 crank

angle degrees.
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2.5 Model Validation

The CFD model was validated by comparison with experimental results from the Antor 3LD510
test engine [28]. The validation approach was based on the comprehensive experimental
methodology established by Okumus [28], who conducted extensive studies on the same engine
with ammonia-diesel dual-fuel combinations. The validation process focused on comparing in-
cylinder pressure profiles [29,30]. Figure 2 shows the comparison of experimental and CFD

pressure traces for the baseline diesel operation, demonstrating excellent agreement.
100

90 - . emmmExperiment [28] ==CFD
80 -

70
60
50 A
40
30
20
10 =
0o+ — | - '
-100 -50 0 50 100
Crank angle

Pressure, bar

Figure 2. Validation of CFD model with experimental pressure data
Validation parameters included in-cylinder pressure profiles, peak cylinder pressure and
pressure rise rates [31,29]. Deviations below 5% were obtained between experimental and
simulation results across all validation parameters, confirming the accuracy of the CFD model
[29,30]. This validation ensures that the CFD model accurately represents the physical
processes occurring in the Antor 3LD510 engine.
3. RESULTS AND DISCUSSION
3.1 In-Cylinder Pressure and Temperature Analysis
The in-cylinder pressure evolution provides fundamental insights into the combustion process
characteristics of ammonia-diesel dual-fuel operation. Figure 3 presents the pressure traces

across all tested ammonia ratios alongside the baseline diesel operation.
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Figure 3. In-cylinder pressure vs. crank angle for all fuel blends
For standard diesel operation (STD), the peak cylinder pressure reaches approximately 87 bar
at 8°CA ATDC, characteristic of conventional diffusion-dominated diesel combustion. As
ammonia ratio increases from A10 to AS50, notable changes occur in both peak pressure
magnitude and timing. At A10 condition, peak pressure slightly increases to 89 bar, occurring
at approximately 9°CA ATDC. This modest enhancement reflects improved air utilization due
to ammonia's premixed nature. The A20 condition exhibits optimal pressure development
characteristics, achieving peak pressure of 92 bar at 10°CA ATDC. This represents a 5.7%
increase compared to baseline diesel, attributed to enhanced premixed combustion phase
intensity [32]. The slightly delayed pressure peak timing indicates extended ignition delay
allowing better fuel-air mixing prior to combustion initiation. Further increases in ammonia
content to A30 and A40 maintain elevated peak pressures (90-91 bar) but show progressively
delayed combustion phasing (11-12°CA ATDC). The extended ignition delay at higher
ammonia ratios results from ammonia's significantly higher autoignition temperature (651°C)
compared to diesel (254°C) [18]. At maximum ammonia substitution (A50), peak pressure
stabilizes at 89 bar occurring at 13°CA ATDC. The further delayed combustion timing reflects
ammonia-dominated ignition characteristics. The pressure rise rate at A5S0 exceeds 6 bar/°CA,
indicating rapid heat release during the premixed phase. Analysis of the compression phase
reveals minimal pressure differences among all conditions until approximately -20°CA ATDC,
confirming consistent compression characteristics and validating the simulation boundary
conditions. The average in-cylinder temperature evolution, presented in Figure 4, provides
complementary insights into the thermal environment and its relationship to combustion

efficiency and emission formation.

126




ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

2000

—STD

1500 -

1000 -

500

Average Temperature, K

0 T T T
-100 -50 0 50 100

Crank Angle

Figure 4. Average in-cylinder temperature vs. crank angle
Standard diesel operation achieves peak mean temperature of 2180 K at 15°CA ATDC,
characteristic of high-temperature diffusion flame regions. Ammonia addition systematically
reduces peak mean temperatures, with A10 reaching 2120 K, A20 achieving 2050 K, and A50
attaining 1950 K-—representing an 11% reduction compared to baseline diesel. This
temperature reduction stems from multiple mechanisms: ammonia's high latent heat of
vaporization (1162 kJ/kg vs. 270 kJ/kg for diesel) providing charge cooling effect, more
homogeneous premixed combustion distributing heat release over larger volume, and
ammonia's lower heating value reducing total energy density [19,20]. The temperature
reduction directly influences NOx formation pathways, as thermal NOx production exhibits
exponential temperature dependence via the Zeldovich mechanism [33]. The 230 K temperature
reduction at A50 corresponds to approximately 65-70% suppression of thermal NOx formation
rate, explaining the substantial NOx reductions observed. Temperature distribution uniformity
improves progressively with ammonia content. Coefficient of variation in local temperatures
decreases from 0.42 for standard diesel to 0.28 for AS50, indicating more homogeneous
combustion field [32].
3.2 Performance Characteristics
3.2.1 Indicated Power and Thermal Efficiency
The indicated power output represents the fundamental measure of useful work extraction from

the combustion process. Figure 5 presents the indicated power across all tested ammonia ratios.
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Figure 5. Indicated power variation with ammonia ratio

Baseline diesel operation produces 6.02 kW indicated power at the test conditions (1500 rpm,

100% load). Introduction of 10% ammonia (A10) increases indicated power to 6.19 kW,

representing a 2.8% improvement. This enhancement stems from improved air utilization

through the premixed combustion component. The A20 condition achieves maximum indicated

power of 6.47 kW, marking a 7.5% improvement over baseline diesel. This optimal

performance aligns with the peak indicated thermal efficiency observed at A20 and reflects

ideal combustion phasing achieved at this substitution ratio [30]. Beyond A20, indicated power

gradually decreases to 6.55 kW (A30), 7.06 kW (A40), and finally 6.14 kW (AS50). The

reduction reflects ammonia’s significantly lower heating value (18.6 MJ/kg) compared to diesel

(42.5 MJ/kg) [6], which eventually dominates despite efficiency improvements. Indicated

thermal efficiency (ITE), presented in Figure 6, quantifies the effectiveness of converting fuel

chemical energy into useful work.
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Figure 6. Indicated thermal efficiency vs. ammonia ratio
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Standard diesel operation achieves 31.095% indicated thermal efficiency, representing typical
performance for this engine configuration. The A10 blend improves ITE to 31.93%, indicating
enhanced combustion efficiency through the partial premixing effect. The optimum thermal
efficiency of 32.21% occurs at A20, representing a 3.6% improvement over baseline diesel.
This optimization reflects several synergistic factors: improved fuel-air mixing due to extended
ignition delay, enhanced heat release rate during premixed combustion phase, optimal
combustion phasing near top dead center maximizing expansion work extraction, and reduced
heat transfer losses [30]. The ITE at A30 (31.89%) and A40 (31.54%) remains elevated
compared to baseline despite slight decline from the A20 optimum. The A50 condition
maintains 31.69% ITE—marginally above baseline diesel—demonstrating that high ammonia
substitution preserves competitive thermal efficiency. Comparison with recent literature
validates these findings. Yousefi et al. [20] reported maximum thermal efficiency of 37.85%
with optimized ammonia-diesel dual-fuel operation, achieved through advanced injection
strategies. The current study's 32.21% peak efficiency with intake manifold injection
demonstrates competitive performance using simpler fuel delivery architecture. The efficiency
enhancement mechanisms warrant consideration. First, ammonia's high octane rating (130)
creates fundamentally different combustion chemistry. The extended ignition delay allows
more complete mixing of ammonia with air, approaching homogeneous charge conditions [26].
Second, ammonia's molecular structure (NHs) contains no carbon-carbon bonds, simplifying
combustion pathways and potentially reducing incomplete combustion products. The hydrogen
release from ammonia oxidation occurs through NH; — NH> — NH — N pathways that
efficiently transfer energy to bulk gases [26]. Third, the charge cooling effect from ammonia's
high latent heat of vaporization (1162 kJ/kg) increases mixture density during intake and
compression strokes, allowing more fuel-air mass per cycle. The specific fuel consumption
(ISFC) trends, shown in Figure 7, provide complementary perspective on fuel conversion

efficiency.
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Figure 7. Indicated specific fuel consumption vs. ammonia ratio
ISFC increases systematically from 257.72 g/kWh (STD) through 285.86 g/kWh (A10), 317.95
g/kWh (A20), 356.08 g/kWh (A30), 395.32 g/kWh (A40), to 428.52 g/kWh (A50), representing

Indicated Fuel Consumption, g/kWh

a 66% increase at maximum ammonia substitution. This substantial ISFC increase directly
reflects ammonia's lower heating value rather than combustion inefficiency. Converting ISFC
to energy-based terms (MJ/kWh) reveals much smaller variations: from 10.95 MJ/kWh (STD)
to 11.25 MJ/kWh (A10), 10.99 MJ/kWh (A20), 11.13 MJ/kWh (A30), 11.28 MJ/kWh (A40),
and 11.45 MJ/kWh (A50). This energy-based metric better reflects actual combustion
efficiency, showing less than 4.6% variation across all conditions. The ISFC increase must be
contextualized within ammonia's environmental benefits. While 66% higher mass consumption
appears disadvantageous, the zero-carbon nature of ammonia means this increased consumption
produces 50-55% lower CO: emissions per unit work. Industrial validation provides confidence
in these performance trends. MAN Energy Solutions reported similar thermal efficiency
maintenance in their ammonia-fueled two-stroke marine engine testing [16]. WinGD's X-DF-
A engine demonstrated comparable efficiency across various ammonia ratios [17]. The
relationship between combustion phasing, thermal efficiency, and power output reveals
optimization opportunities. The A20 condition achieves optimal balance: sufficient ignition
delay for enhanced mixing, combustion phasing near TDC for maximum expansion work,

adequate peak temperatures for complete combustion, and moderate heat transfer losses [30].
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3.3 Emission Characteristics

3.3.1 Nitrogen Oxides (NOx) Emissions

NOx emissions represent a critical environmental concern for compression ignition engines.
The ammonia-diesel dual-fuel results demonstrate substantial NOx reduction potential, as

shown in Figure 8.
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Figure 8. NOx emissions (g/kWh) vs. ammonia ratio

NOx, g/kWh

Baseline diesel operation produces 6.64 g/kWh NOx emissions (942 ppm), typical for this
engine configuration. The introduction of 10% ammonia (A10) reduces NOx to 4.77 g/kWh
(696 ppm), representing a 28% reduction. Progressive ammonia addition continues the NOx
reduction trend: A20 achieves 3.32 g/lkWh (490 ppm, 50% reduction), A30 reaches 2.35 g/lkWh
(344 ppm, 65% reduction), A40 attains 1.77 g/kWh (257 ppm, 73% reduction), and A50
delivers 1.52 g/kWh (221 ppm, 77% reduction). The near-linear relationship between ammonia
ratio and NOx reduction reflects the dominant role of temperature-dependent thermal NOx
formation. The NOx reduction mechanisms operate through multiple pathways. Primary among
these is thermal NOx suppression via the temperature reduction documented in Section 3.1. The
Zeldovich mechanism [33], responsible for approximately 85% of NOx in conventional diesel
combustion, exhibits exponential sensitivity to temperature. Secondary NOx control arises
through in-cylinder selective non-catalytic reduction (SNCR) effects [34]. Ammonia molecules
react with NOx intermediates:

NH; + NO — N2 + H.O + OH

NH: +NO — Nz + H.0

These reactions proceed effectively at the elevated temperatures present during combustion

(1400-1900 K), providing in-situ NOx reduction. The progressive ammonia concentration
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increase enhances this mechanism, contributing an estimated 15-20% of total NOx reduction at
AS50 condition. The NOx emissions at A50 (1.52 g/kWh) meet IMO Tier III limits (2.0 g/kWh)
applicable to marine engines, achieved without exhaust aftertreatment [1,2]. This performance
enables compliance with current regulations. Comparison with literature validates the
exceptional NOx performance. Yousefi et al. [20] reported 58.8% NOx reduction at 40%
ammonia energy fraction—lower than the current study's 73% at A40. Zhou et al. [5] achieved
47% NOx reduction with ammonia premixed combustion in marine engines. Industrial
developments corroborate these trends. WinGD reported approximately 75% NOx reduction in
their X-DF-A ammonia engine development [17]. MAN Energy Solutions' testing achieved
virtually zero N>O emissions while maintaining competitive total NOx levels [16]. The NOx-
thermal efficiency trade-off, often constraining conventional diesel optimization, effectively
decouples with ammonia substitution. Where diesel engines typically sacrifice efficiency to
reduce NOx, ammonia dual-fuel operation achieves simultaneous improvements in both
parameters. The A20 condition exemplifies this: 3.6% thermal efficiency improvement and
50% NOx reduction compared to baseline diesel.

3.3.2 Carbon Dioxide (CO:) Emissions

CO: emissions represent the primary greenhouse gas concern for maritime transportation, with
IMO targeting at least 50% reduction by 2050 [1]. The zero-carbon nature of ammonia provides
direct CO:2 reduction proportional to diesel fuel replacement, as demonstrated in Figure 9.
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Figure 9. CO: emissions (g/kWh) vs. ammonia ratio

CO,, g/kWh

Baseline diesel combustion produces 582.11 g/kWh CO: (9.63% exhaust gas concentration),
characteristic of complete carbon oxidation from diesel fuel. The introduction of 10% ammonia
energy substitution reduces CO: to 514.57 g/kWh (7.86%), representing an 11.6% reduction

that closely tracks the 10% diesel fuel displacement. Progressive ammonia addition continues
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this linear CO: reduction trend: A20 achieves 450.12 g/kWh (6.95%), A30 reaches 385.63
g/kWh (5.90%), A40 attains 323.92 g/kWh (4.91%), and A50 delivers 260.59 g/kWh (3.98%).
The maximum 55% CO: reduction at A50 slightly exceeds the 50% energy substitution ratio
due to the improved thermal efficiency at higher ammonia content. The near-perfect
proportionality between ammonia energy fraction and CO: reduction (R* = 0.998) validates
ammonia's zero-carbon combustion characteristics. Linear regression analysis yields:

CO: reduction (%) = 1.087 x Ammonia energy fraction (%) + 0.42%

The CO: emission performance directly addresses IMO decarbonization targets [1,2]. The 55%
reduction at A50 exceeds the IMO 2050 target of 50% reduction, achieved through fuel
substitution alone without additional measures such as energy efficiency improvements. Well-
to-wake analysis provides broader perspective on lifecycle emissions. Green ammonia
produced via renewable electricity electrolysis exhibits near-zero well-to-wake CO: emissions
[11,12]. Combined with the 55% tank-to-wake reduction demonstrated here, green ammonia
dual-fuel operation could achieve 75-80% total lifecycle CO: reduction [13]. Comparison with
alternative marine decarbonization pathways contextualizes these results. Liquefied natural gas
(LNG) dual-fuel engines achieve approximately 20-25% CO- reduction. Biodiesel blends offer
60-80% lifecycle reductions but face feedstock availability constraints. Hydrogen fuel cells
provide zero-emission operation but require cryogenic storage (-253°C) or extreme pressure
(350-700 bar). Ammonia dual-fuel engines occupy a favorable niche: substantial CO: reduction,
moderate storage requirements, and compatibility with existing engine architectures. The

temporal CO: formation profile, shown in Figure 10, reveals combustion completeness

characteristics.
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Figure 10: Temporal CO: formation profiles
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Standard diesel exhibits rapid CO- formation during the diffusion combustion phase (5-25°CA
ATDC), reaching 90% of total CO. by 30°CA ATDC. Ammonia substitution shifts CO:
formation earlier, with A50 achieving 90% formation by 25°CA ATDC due to enhanced
premixed combustion dominance [32]. Carbon conversion efficiency, defined as the fraction of
fuel carbon oxidized to CO: versus incomplete products (CO, hydrocarbons), exceeds 98.5%
for all conditions. Ammonia substitution maintains or slightly improves carbon conversion
efficiency: 98.7% (STD), 98.8% (A10-A30), 98.9% (A40-A50). Industrial validation confirms
these CO: characteristics. MAN Energy Solutions' ammonia engine testing demonstrated
proportional CO: reduction matching ammonia substitution ratio [16]. WinGD's development
program achieved similar results [17]. The CO: emission performance establishes ammonia
dual-fuel technology as a leading candidate for maritime decarbonization. The demonstrated
55% reduction at 50% energy substitution, combined with viable scaling to higher substitution
ratios and green ammonia production pathways, positions this technology to achieve IMO 2050
targets [1,2,13].

3.3.3 Carbon Monoxide (CO) and Unburned Hydrocarbon (UHC) Emissions

Carbon monoxide and unburned hydrocarbon emissions indicate combustion completeness and
local mixture conditions. The results demonstrate systematic reduction of these incomplete
combustion products with increasing ammonia content, as shown in Figures 11 and 12.
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Figure 11. CO emissions (g/kWh) vs. ammonia ratio
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Baseline diesel operation produces 110.88 g/kWh CO emissions (2.58% concentration),
reflecting fuel-rich regions within diesel spray flames where insufficient oxygen prevents
complete oxidation to CO:. The introduction of 10% ammonia reduces CO to 96.88 g/kWh

(2.32%), representing a 12.6% reduction. Progressive ammonia substitution continues CO
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reduction: A20 achieves 88.23 g/kWh (2.14%), A30 reaches 84.99 g/kWh (2.04%), A40 attains
81.32 g/kWh (1.94%), and A50 delivers 73.09 g/kWh (1.75%). The maximum 34% reduction
at A50 reflects multiple mechanisms: enhanced fuel-air mixing through premixed combustion
mode, reduced diesel spray penetration, ammonia's zero-carbon structure eliminating carbon-
based incomplete combustion products for 50% of fuel energy, and improved oxygen
distribution [15]. The CO reduction rate (34%) substantially exceeds the ammonia substitution
rate (50%), indicating synergistic effects beyond simple diesel displacement. Analysis reveals
that ammonia presence enhances diesel combustion completeness through two mechanisms:
First, ammonia combustion generates OH radicals that promote diesel hydrocarbon oxidation
[35]. Second, premixed ammonia-air combustion establishes high-temperature environments
that facilitate diesel carbon oxidation. Unburned hydrocarbon emissions, presented in Figure
12, show even more dramatic reduction with ammonia substitution.
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Figure 12. UHC emissions (g/kWh) vs. ammonia ratio
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Baseline diesel produces 12.37 g/kWh UHC (0.53% concentration), primarily comprising
incomplete oxidation products from diesel fuel: Cs-Cio aromatics, alkanes, and alkenes.
Ammonia introduction reduces UHC to 9.58 g/kWh (0.42%) at A10, representing 22.5%
reduction. The trend continues: A20 achieves 8.07 g/kWh (0.36%), A30 reaches 7.54 g/kWh
(0.33%), A40 attains 5.93 g/kWh (0.26%), and A50 delivers 4.62 g/kWh (0.20%). The
maximum 63% UHC reduction at A50 substantially exceeds both the ammonia substitution
ratio and CO reduction percentage. The exceptional UHC reduction stems from several
mechanisms. First, ammonia's zero-carbon structure means 50% of fuel energy contributes zero
hydrocarbons. Second, improved mixing reduces diesel spray over-penetration and wall

impingement—primary sources of UHC [31]. Third, enhanced premixed combustion creates
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favorable conditions for complete diesel oxidation. Fourth, ammonia combustion products
promote hydrocarbon oxidation reactions [35]. Comparison with literature validates these
emission characteristics. Nadimi et al. [15] reported 40-50% CO reduction and 35-45% UHC
reduction at 40% ammonia substitution—slightly lower than the current study's performance
(49% CO and 52% UHC reduction at A40). The low CO and UHC emissions have important
implications for aftertreatment system requirements. Diesel oxidation catalysts (DOC),
commonly employed to reduce CO and UHC in marine diesel exhaust, achieve typical
conversion efficiencies of 85-95% [36]. The reduced feedstock concentrations enable higher
conversion percentages and potentially extended catalyst lifetime.

3.3.4 Ammonia Slip Emissions

Unburned ammonia emissions, commonly termed "ammonia slip," represent the most
significant environmental challenge of ammonia dual-fuel operation. While ammonia
eliminates carbon emissions, incomplete ammonia combustion creates new emission control
requirements, as demonstrated in Figures 13 and 14.
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Figure 13. NHs slip emissions (g/kWh) vs. ammonia ratio
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Figure 14. NHs slip emissions (%) vs. ammonia ratio
Baseline diesel operation produces negligible ammonia emissions (0.02 g/kWh, 0.0008%). The
introduction of 10% ammonia increases slip to 2.51 g/kWh (0.10%), representing
approximately 4.2% of ammonia fuel supplied, indicating 95.8% ammonia combustion
efficiency. Progressive ammonia substitution reveals near-linear slip increase: A20 produces
7.07 g/kWh (0.28%), A30 reaches 14.09 g/kWh (0.56%), A40 attains 22.63 g/kWh (0.89%),
and AS50 delivers 30.25 g/kWh (1.19%). The linear trend (R* = 0.996) indicates consistent
fractional ammonia combustion efficiency across the substitution range: NHs slip (g/kWh) =
0.595 x Ammonia energy fraction (%) + 0.14 This relationship reveals approximately 5.5-6%
ammonia slip fraction, meaning 94-94.5% of supplied ammonia undergoes combustion. While
this represents good combustion efficiency for a low-reactivity fuel, the absolute slip quantities
at high substitution ratios necessitate aftertreatment consideration [21,36]. The ammonia slip
formation mechanisms operate through multiple pathways. Primary among these is incomplete
oxidation in fuel-lean regions where ammonia concentration exceeds ignition threshold but
mixing remains incomplete. The intake manifold injection creates relatively homogeneous
ammonia-air mixtures, but diesel pilot injection timing means that peripheral charge regions
may not achieve sufficient temperature for complete ammonia reaction before expansion
cooling quenches combustion [15,21]. Secondary slip formation occurs through flame
quenching at combustion chamber walls. Ammonia's low laminar flame speed (7 cm/s)
compared to diesel (86 cm/s) means that flame propagation toward walls proceeds slowly [18].
Thermal boundary layers adjacent to walls rapidly cool reactive mixtures below ammonia
ignition temperature (~1200 K), creating 1-2 mm quench zones. Tertiary slip arises from crevice

volume retention. Piston-ring crevices, injector nozzle recesses, and valve stem clearances trap
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approximately 2-3% of cylinder charge [31]. The homogeneous ammonia-air mixture fills these
crevices uniformly, and this trapped charge eventually escapes during exhaust without
combustion. The temporal ammonia concentration evolution, illustrated in Figure 15, reveals

slip formation dynamics.
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Figure 15. Temporal NHs concentration profiles
During intake and compression strokes, ammonia concentration increases uniformly throughout
the chamber. Diesel injection and ignition initiate rapid ammonia consumption in high-
temperature regions surrounding diesel flames, with ammonia concentration dropping below
2% within 10-15°CA of ignition. However, peripheral and quench zone ammonia
concentrations decay much more slowly, maintaining 4-6% concentrations through mid-
expansion stroke. By exhaust valve opening (+137°CA ATDC), bulk gas ammonia has reached
exhaust equilibrium concentrations of 0.8-1.2%, representing the measured slip emissions. The
ammonia combustion kinetics provide mechanistic explanation. Primary ammonia
consumption proceeds via:
NHs + OH — NH: + H20 (primary decomposition)
NH: + O — HNO + H (oxidation pathway initiation)
HNO + H — NO + H: (nitric oxide formation branch)
NH + OH — N + H20 + H (nitrogen formation branch)
The rate-limiting step involves initial NHs decomposition, which exhibits strong temperature
dependence with activation energy of approximately 180 kJ/mol [26]. Below 1200 K,
decomposition rates decrease by two orders of magnitude, effectively halting ammonia
consumption. Comparison with literature contextualizes the slip performance. Nadimi et al.

[15] reported unburned ammonia up to 14,800 ppm (approximately 1.5%) at high substitution
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ratios—comparable to the current study's 1.19% at A50. Their results showed slip fractions
varying from 3-8% depending on load and substitution ratio. Industrial targets provide
benchmarks for acceptable slip levels. WinGD specifies ammonia slip below 10 ppm as a
development target [17]. However, WinGD's target applies to optimized high-pressure direct
injection systems, whereas the current intake manifold injection represents a simpler
architecture accepting higher slip in exchange for reduced system complexity. Ammonia slip
mitigation strategies include selective catalytic oxidation (SCO) or ammonia slip catalyst
(ASC) systems. These aftertreatment technologies can achieve 85-95% conversion efficiency,
reducing the A50 slip from 30.25 g/kWh to 1.5-4.5 g/kWh—within projected regulatory limits
[36].

4. Conclusions

This comprehensive CFD investigation of ammonia-diesel dual-fuel combustion via intake
manifold injection has provided detailed insights into the performance characteristics, emission
formation mechanisms, and optimization pathways for this promising marine decarbonization
technology. The validated ANSY'S Forte simulations across ammonia energy ratios from 0% to
50% reveal systematic trends and quantify critical trade-offs that inform practical system
development. The study demonstrates that moderate ammonia substitution enhances indicated
thermal efficiency, achieving an optimum of 32.21% at A20 condition—representing a 3.6%
improvement over baseline diesel (31.095%). This efficiency enhancement stems from
improved fuel-air mixing through extended ignition delay, intensified premixed combustion
phase, and optimized heat release phasing near top dead center. Even at maximum substitution
(A50), thermal efficiency of 31.69% remains competitive with baseline diesel. Indicated power
output demonstrates manageable variation across the substitution range: from 6.02 kW (STD)
through maximum of 6.47 kW (A20) to 6.14 kW (A50). The 7.5% power increase at optimal
condition (A20) reflects synergistic combustion enhancement, while the modest 1.7% decrease
at maximum substitution (A50) confirms that ammonia's lower energy density can be
substantially compensated through improved combustion characteristics. The study achieves
exceptional NOx reduction performance: 77% decrease from 6.64 g/lkWh (STD) to 1.52 g/kWh
(A50), surpassing IMO Tier III limits (2.0 g/kWh) without exhaust aftertreatment. This
reduction operates through synergistic mechanisms: 11% peak temperature reduction (2180K
to 1950K) suppressing thermal NOx formation via Zeldovich mechanism, in-cylinder selective
non-catalytic reduction through NH;+NO—N:+H20 reactions, and improved combustion

homogeneity eliminating high-temperature hotspots. Direct CO: reduction achieves 55% at
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maximum ammonia substitution (582.11 to 260.59 g/kWh), slightly exceeding the 50% energy
substitution ratio due to thermal efficiency improvements. The near-perfect linear relationship
(R*=0.998) between ammonia fraction and CO: reduction validates ammonia's zero-carbon
combustion characteristics and confirms path toward IMO 2050 decarbonization targets.
Combined with green ammonia production (near-zero lifecycle emissions), the technology
enables 75-80% total lifecycle CO: reduction—positioning ammonia dual-fuel engines among
the most promising pathways for maritime decarbonization. Substantial reductions in
incomplete combustion products validate enhanced combustion quality: CO decreases 34%
(110.88 to 73.09 g/kWh) and UHC decreases 63% (12.37 to 4.62 g/kWh) at A50. These
reductions exceed proportional diesel displacement, indicating synergistic effects where
ammonia presence enhances diesel combustion completeness through improved mixing, OH
radical generation, and reduced fuel-rich spray core regions. Unburned ammonia emissions
present the primary environmental challenge, increasing linearly with substitution ratio to 30.25
g/kWh (1.19%) at ASO—representing approximately 5.5-6% of supplied ammonia. While this
represents good combustion efficiency for a low-reactivity fuel, the absolute quantities
necessitate dedicated aftertreatment. Selective catalytic oxidation (SCO) or ammonia slip
catalyst (ASC) systems achieving 85-95% conversion efficiency can reduce slip to 1.5-4.5
g/kWh—within projected regulatory limits. The ammonia slip challenge, though significant,
proves manageable through established technologies and does not preclude commercial
viability when balanced against substantial CO. and NOx reduction benefits. Multi-criteria
analysis 1dentifies distinct optimal conditions for different operational priorities. A20
maximizes overall performance (32.21% thermal efficiency, 6.47 kW power, 50% NOx
reduction, 23% CO: reduction, 7.07 g/kWh ammonia slip), suitable for transoceanic cargo
operations prioritizing fuel efficiency. A30-A40 provides balanced performance-emission
characteristics (31.54-31.89% efficiency, 6.55-7.06 kW power, 65-73% NOx reduction, 34-
44% COs2 reduction, 14-23 g/kWh slip) for general marine operations. A50 enables maximum
decarbonization (31.69% efficiency, 6.14 kW power, 77% NOx reduction, 55% CO: reduction,
30.25 g/kWh slip) for emission control areas accepting comprehensive aftertreatment
investment. The systematic analysis reveals fundamental combustion mode transition from
diesel-dominated diffusion combustion toward ammonia-dominated premixed combustion.
Heat release characteristics shift from dual-peak diesel pattern (40% premixed, 60% diffusion)
to single-peak premixed pattern (75% premixed, 25% diffusion) at A50. The computational

results achieve strong alignment with recent experimental and industrial developments,
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validating the predictive capability and practical relevance. Industrial validation from MAN
Energy Solutions (>12 months successful testing, commercial deployment 2025-2026) and
WinGD (X-DF-A engine achieving diesel-equivalent efficiency) provides confidence that the
performance characteristics observed in this study translate effectively to full-scale marine
engine applications. This comprehensive CFD investigation establishes that ammonia-diesel
dual-fuel combustion via intake manifold injection represents a technically viable,
commercially promising pathway for maritime decarbonization. The demonstrated 55% CO:
reduction, 77% NOx reduction, and maintained thermal efficiency at high ammonia substitution
ratios position this technology as a leading candidate for achieving IMO 2050 targets and
enabling trajectory toward complete decarbonization post-2050. The A20 optimal condition
provides immediate deployment pathway requiring minimal hardware modifications while
delivering meaningful environmental benefits.
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Stachys cretica subsp. kutahyensis BITKISININ BIYOAKTIF BILESENLERI VE
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OZET

Bu calismada, Tiirkiye florasinda endemik bir tiir olan Stachys cretica subsp. kutahyensis’in
ultrasonik destekli metanol Oziitii hazirlanmis ve 0ziit verimi ile antioksidan o&zellikleri
arastirilmistir. Bitki materyalinden elde edilen 6ziitiin verimi %13,25 olarak belirlenmistir.
Antioksidan  aktivite, farkli  spektrofotometrik  yontemlerle  degerlendirilmistir.
Phosphomolybdenum yontemiyle toplam antioksidan kapasite 421,02 mg TEs/g 6ziit; DPPH
ve ABTS radikal siipiirme aktiviteleri sirasiyla 218,45 ve 262,51 mg TEs/g 6ziit olarak tespit
edilmistir. CUPRAC ve FRAP indirgeme giigleri sirasiyla 561,66 ve 305,36 mg TEs/g 06ziit
olarak bulunmustur. Ayrica demir iyonu selatlama aktivitesi 12,18 mg EDTAEs/g 6ziit; toplam
fenolik ve flavonoid igerikleri ise sirastyla 111,47 mg GAEs/g ve 79,91 mg REs/g 6ziit olarak
belirlenmistir.

Bu sonuglar, S. cretica subsp. kutahyensis’in yiliksek diizeyde fenolik ve flavonoid bilesikler
icerdigini ve gii¢lii bir antioksidan potansiyele sahip oldugunu gostermektedir. Elde edilen
veriler, tiirlin dogal antioksidan kaynagi olarak degerlendirilebilecegini ve gida, kozmetik veya
farmasotik alanlarda kullanilma potansiyelini ortaya koymaktadir.

Anahtar Kelimeler: Stachys cretica subsp. kutahyensis, antioksidan aktivite, fenolik bilesikler,
ultrasonik ekstraksiyon

EVALUATION OF BIOACTIVE COMPOUNDS AND ANTIOXIDANT POTENTIAL
OF Stachys cretica subsp. kutahyensis
ABSTRACT

In this study, the ultrasonic-assisted methanol extract of Stachys cretica subsp. kutahyensis, an
endemic plant species in the flora of Turkey, was prepared, and its extraction yield and
antioxidant activities were evaluated. The extraction yield was determined as 13.25%.

Antioxidant capacity was assessed using various spectrophotometric assays. The total
antioxidant capacity measured by the phosphomolybdenum method was 421.02 mg TEs/g
extract. DPPH and ABTS radical scavenging activities were found to be 218.45 and 262.51 mg
TEs/g extract, respectively. The reducing power determined by the CUPRAC and FRAP
methods were 561.66 and 305.36 mg TEs/g extract. The ferrous ion chelating activity was 12.18
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mg EDTAESs/g extract, while the total phenolic and flavonoid contents were 111.47 mg GAEs/g
and 79.91 mg REs/g extract, respectively.
These findings indicate that S. cretica subsp. kutahyensis possesses a high content of phenolic
and flavonoid compounds, contributing to its strong antioxidant potential. The results suggest
that this species could serve as a promising natural source of antioxidants for potential

applications in food, cosmetic, and pharmaceutical industries.

Keywords: Stachys cretica subsp. kutahyensis, antioxidant activity, phenolic compounds,
ultrasonic extraction

1. GIRiS

Lamiaceae familyasinin en biiyiik cinslerinden biri olan Stachys (dag ¢ay1), diinya genelinde
300’iin iizerinde taksonla temsil edilmekte olup Tiirkiye florasinda 80’den fazla tiirii
bulunmaktadir (Akgicek, 2010). Bu cinsin bir¢ok tiirii, halk hekimliginde yiizyillardir iltihap
giderici, Oksiiriik kesici, yatistirici, yara iyilestirici ve sindirim sistemi rahatsizliklarina karsi
kullanilmaktadir (Goren vd., 2011; Oztiirk vd., 2009). Ayrica yapilan fitokimyasal ¢alismalar,
Stachys tiirlerinin fenolik asitler, flavonoidler, diterpenoidler ve iridoidler bakimindan zengin
oldugunu gostermektedir. Bu bilesiklerin biyolojik aktiviteleri arasinda antioksidan,
antimikrobiyal, antienflamatuvar, antitimor ve noroprotektif etkiler 6ne ¢ikmaktadir (Bahadori
vd., 2019a; Kirkan, 2019). Ozellikle Stachys cretica alt tiirleri iizerine yapilan calismalar,
bitkilerin yliksek fenolik iceriklerinin giiclii antioksidan ve enzim inhibisyon potansiyeliyle
iligkili oldugunu ortaya koymustur (Bahadori vd., 2019b).

Tirkiye, Stachys cinsinin endemizm agisindan en zengin merkezlerinden biridir ve farklh
ekolojik bolgelerde dogal olarak yetisen Stachys cretica alt tiirleri, fitokimyasal cesitlilik
bakimindan dikkate degerdir (Kirkan, 2019). Ornegin S. cretica subsp. mersinaea’nin HPLC
analizinde hesperidin, quercetin ve kaempferol gibi fenolik bilesiklerin yliksek oranda
bulundugu; S. cretica subsp. smyrnaea’nin ise klorojenik asit ve apigenin agisindan zengin
oldugu bildirilmistir (Bahadori vd., 2019a; Bahadori vd., 2019b). Benzer sekilde S. cretica
subsp. vacillans, klorojenik asit ve verbaskosit gibi gii¢lii antioksidan bilesenleriyle 6n plana
cikmakta ve bu ozellikleriyle halk hekimliginde yara iyilestirici ve antienflamatuvar olarak
kullanilmaktadir (Kirkan, 2019). Bu veriler, Stachys tiirlerinin gida, kozmetik ve farmasotik
alanlarda dogal antioksidan kaynaklar1 olarak degerlendirilebilecegini gostermektedir.

Bu calisma, Tiirkiye florasinda endemik bir takson olan Stachys cretica subsp. kutahyensis’in

biyoaktif bilesenlerini ve antioksidan potansiyelini belirlemeyi amaglamaktadir. Ultrasonik
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destekli metanol ekstraksiyonu ile elde edilen 6ziitiin toplam fenolik ve flavonoid igerigi ile
farkli spektrofotometrik yontemlerle antioksidan kapasitesi degerlendirilmistir. Elde edilen
veriler, S. cretica alt tiirleri arasinda kimyasal ¢esitliligin anlasilmasina katki saglayarak, bu
tiirtin dogal antioksidan kaynagi olarak potansiyelini ortaya koymay1 hedeflemektedir.

2. MATERYAL VE YONTEMLER

2.1. Bitki materyali

Stachys cretica subsp. kutahyensis bitkisinin toprak iistii kisimlari, 29 Haziran 2023 tarihinde
Kiitahya ili Tavsanli-Harmancik karayolu (20-21. Km) kenarindan (39°39°25”N 29°16°03”’E;
850 m). Tiir teshisi Dr. Olcay Ceylan tarafindan yapilmis ve bitkiye ait herbaryum 6rnegi,
Mugla Sitki Kogman Universitesi Biyoloji Béliimii Herbaryumu’nda muhafaza altina
alinmustir.

2.2. Metanol Oziitiiniin Hazirlanmasi

Toplanan Ornekler oncelikle dogrudan giines 15181 almayan, nem oranmnin diisik ve hava
akiminin iyi oldugu bir ortamda kurutuldu. Kurutulmus ornekler bir blender yardimiyla
ogiitiildii. Ogiitiilmiis bitki (5 g) 6rnegi alinarak ultrasonik banyoda 3 saat siireyle metil alkol
ile muamele edildi. Elde edilen 06ziit, siiziildiikten sonra vakum altinda ¢oziicii uzaklastirildi ve
analizler yapilana kadar +4 °C'de muhafaza edildi.

2.3. Fitokimyasal Analizler

2.3.1. Toplam Fenolik Bilesik Analizi

Toplam fenolik bilesik igeriginin tespiti i¢in, 6rnek ¢ozeltisi (0.25 mL) seyreltilmis Folin-
Ciocalteu reaktifi (1.0 ml, 1:9) ile karistirilmis ve kuvvetlice calkalanmistir. 3 dk sonra Na>COs
cozeltisi (0.75 mL, %]1) ilave edildi ve Orne§in absorbansi, oda sicaklifinda 2 saat
inkiibasyondan sonra 760 nm'de okunmustur. Toplam fenolik bilesik igerigi, gallik asit
esdegerleri (GAEs) olarak ifade edilmistir (Zengin vd., 2015).

2.3.2. Toplam Flavonoit Bilesik Analizi

Toplam flavonoit bilesik igeriginin tespiti i¢in, 0rnek ¢zeltisi (1.0 mL), MeOH igerisinde ayni
hacimde aliiminyum trikloriir (%2) ile karistirllmistir. Benzer sekilde, 6rnek ¢ozeltisinin (1.0
ml), AICl; igermeyen metanole (1.0 ml) eklenmesiyle bir kér hazirlanmistir. Ornek ve koriin
absorbanslar1 oda sicakliginda 10 dk inkiibasyondan sonra 415 nm'de okunmustur. Koriin
absorbansi, 6rneklerinkinden cikarilmistir (Zengin vd., 2015). Orneklerin toplam flavonoit

bilesik icerigi, rutin esdegeri (REs) olarak ifade edilmistir (mg REs/g 6rnek).
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2.4. Antioksidan Aktivite Testleri
2.4.1. Metal SelatlamaTesti
Orneklerin Fe?" iyonlari selatlama kapasiteleri daha dnce literatiirde belirtilen yonteme gore
belirlenmistir (Kocak vd., 2016; Zengin vd., 2015). Igerisinde 6ziit ¢dzeltisi (2.0 ml) bulunan
test tiiplerine FeCl, (0.05 mL, 2 mM) ¢ozeltisi ilave edilmistir. Tepkime ferrozin (0.2 mL, 5
mM) ilavesiyle baslatilmistir. Karigim ¢ozeltisi karistirildiktan sonra oda sicakliginda 10 dakika
inkiibasyona birakilmistir. Ferrozin yerine metanol (0.2 mL) kullanilarak her bir 6rnek i¢in kor
numune hazirlanmistir. Daha sonra hem kor hem de 6rneklerin 562 nm’deki absorbans
dlgiimleri yapilmistir. Orneklerin selatlama kapasiteleri drnekler icin &lgiilen absorbans
degerlerinden her bir 6rnek igin hazirlanan kor karisima ait absorbans degerleri ¢ikartilarak
etilendiamin tetra asetik asit disodyum (EDTA) tuzu esdeger olarak hesaplanmistir (mg
EDTAEs/g 6rnek).
2.4.2. ABTS Katyon Radikali Siipiiriim Testi
Bu testte ABTS" radikal katyonu, 7.4 mM ABTS ¢ozeltisi ile 2.45 mM potasyum persiilfat
cozeltisinin tepkimesiyle elde edilmistir. Bu karisiminin 12-16 saat karanlikta bekletilerek aktif
radikal olugmasi saglanmistir. Deneyden once ABTS katyon radikal ¢ozeltisi, 734 nm’de
absorbans1 1.000+0.020 olacak sekilde metanol ile seyreltilmistir. Ornek ¢ozeltilerinden 1.0 mL
almmis ve 2.0 mL ABTS c¢ozeltisi ile karistirllmistir. Tiipler agizlar1 kapali bir bicimde oda
sicakliginda 30 dakika bekletildikten sonra Orneklerin 734 nm’deki absorbans Ol¢limleri
yapilmistir (Zengin vd., 2015). Orneklerin ABTS katyon radikali siipiiriim aktiviteleri troloks
esdeger olarak hesaplanmistir (mg TEs/g 6rnek).
2.4.3. DPPH Radikal Siipiiriim Testi
Orneklerin serbest radikal giderim aktiviteleri 1,1-difenil-2-pikrilhidrazil (DPPH) serbest
radikali kullanilarak belirlenmistir (Tepe vd., 2011; Zengin vd., 2015). Igerisinde 6rnek
cozeltisi (1.0 mL) bulunan test tiiplerine metanolde hazirlanmis DPPH ¢o6zeltisi (1.0 ml, 0.4
mM) ilave edilmistir. Kontrol icin test tiipiine 6ziit yerine 1.0 mL metanol koyulmustur.
Ornekler oda sicakliginda ve karanlikta 30 dakika inkiibasyona birakildiktan sonra 517 nm’deki
absorbans &lgiimleri yapilmistir. Orneklerin DPPH radikalini siipiiriim aktiviteleri troloks
esdeger olarak hesaplanmistir (mg TEs/g 6rnek).
2.4.4. CUPRAC Testi
Orneklerin Cu?*/Cu” indirgeme potansiyelleri literatiirde belirtilen CUPRAC yontemiyle analiz
edilmistir (Apak vd., 2006). igerisinde drnek ¢dzeltisi (0.5 mL) bulunan test tiiplerine sirasiyla;
CuCl (1.0 mL, 10 mM), amonyum asetat (1.0 mL, 1 M, pH:7.0) ve neokuproin (1.0 mL, 7.5
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mM) ¢ozeltileri eklenmistir. Tiipler agizlar1 kapali bir bicimde oda sicakliginda karanlikta 30
dakika bekletildikten sonra 450 nm’deki absorbans dl¢iimleri yapilmistir. Orneklerin CUPRAC
indirgeme potansiyelleri troloks esdeger olarak hesaplanmistir (mg TEs/g 6rnek).

2.4.5. FRAP Testi

Orneklerin Fe**/Fe?" indirgeme potansiyelleri FRAP yéntemiyle belirlenmistir (Kocak vd.,
2016; Zengin vd., 2015). Asetat tamponu (0.3 M, pH: 3.6), 40 mM HCl i¢inde hazirlanan 2,4,6-
tris(2-pyridyl)-s-triazine (TPTZ) (10 mM) ve FeClz (20 mM) ¢dzeltilerinin hacimce 10:1:1
oraninda karistirilmasi ile olusturulan FRAP reaktifi (2.0 ml), icerisinde 6rnek ¢ozeltisi (0.1
mL) bulunan test tiiplerine eklenmis ve oda sicakliginda 30 dakika inkiibasyona birakilmistir.
Karisimlarin 593 nm’deki absorbans olgiimleri yapildi. Orneklerin FRAP indirgeme
potansiyelleri troloks esdeger olarak hesaplanmistir (mg TEs/g 6rnek).

2.4.6. Fosfomolibdenyum Testi

Icerisinde 6rnek ¢ozeltisi (0.1 mL) bulunan test tiiplerine 3.0 ml reaktif ¢ozeltisi (0.6 M siilfiirik
asit, 28 mM sodyum fosfat ve 4 mM amonyum molibdat) ilave edilmistir. Test tiipleri 95 °C’de
90 dk inkiibe edildikten sonra oda sicakligina kadar sogutulmus ve kore karst (kor, 3.0 ml
reaktif ¢ozelti ve 0.1 mL ¢oziicli igermektedir) 695 nm’deki absorbans dlgiimleri yapilmistir
(Zengin vd., 2015). Orneklerin toplam antioksidan kapasiteleri standart troloks esdeger (TEs)
olarak hesaplanmistir (mg TEs/g 6rnek).

2.5. Istatistiksel Analizler

Biitlin dl¢timler {i¢ paralel deneyde gerceklestirilmis olup, veriler ortalama degerler ve standart
sapmalarla raporlanmistir.

3. SONUCLAR VE TARTISMA

Itrasonik destekli metanol ekstraksiyonu ile elde edilen Stachys cretica subsp. kutahyensis
oziitliniin verimi %13,25 olarak belirlenmistir. Antioksidan kapasiteyi degerlendirmek iizere
uygulanan farkli spektrofotometrik testler sonucunda fosfomolibden yontemiyle toplam
antioksidan kapasite 421,02 mg TEs/g 6ziit olarak bulunmustur. DPPH ve ABTS radikal
siplirme aktiviteleri sirasiyla 218,45 ve 262,51 mg TEs/g 6ziit olarak tespit edilmistir.
CUPRAC ve FRAP indirgeme giicleri sirasiyla 561,66 ve 305,36 mg TEs/g 6ziit degerleriyle
yiiksek antioksidan aktivite gostermistir. Demir iyonu selatlama aktivitesi ise 12,18 mg
EDTAESs/g 6ziit olarak saptanmstir (Tablo 1).

Ayrica, toplam fenolik ve flavonoid igerikleri sirasiyla 111,47 mg GAEs/g ve 79,91 mg REs/g

oziit olarak belirlenmistir. Bu degerler, S. cretica subsp. kutahyensis’in fenolik bilesiklerce
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zengin oldugunu ve giiclii bir antioksidan potansiyele sahip bulundugunu goéstermektedir
(Tablo 2).

Tablo 1. S. cretica subsp. kutahyensis metanol 6ziitiiniin antioksidan aktivitesi

Testler Sonug¢
Fosfomolibden Yontemi (mg TE/g 6ziit) 421,02 + 6,62
DPPH Radikal Siiptirme Aktivitesi (mg TE/g 6ziit) 218,45+ 10,49
ABTS Radikal Katyon Siiplirme Aktivitesi (mg TE/g 0ziit) 262,51 +£7,38
CUPRAC Indirgeme Giicii (mg TE/g 6ziit) 561,66 + 14,20
FRAP Indirgeme Giicii (mg TE/g 6ziit) 305,36 + 3,05
Demir (IT) Iyonu Selatlama Kapasitesi (mg EDTAE/g 6ziit) 12,18 +£ 0,03

Tablo 2. S. cretica subsp. kutahyensis metanol 6ziitiiniin toplam fenolik ve flavonoid igerikleri

Testler Sonug¢
Toplam Flavonoid Igerigi (mg RE/g 6ziit) 79,91+ 0,32
Toplam Fenolik igerigi (mg GAE/g 6ziit) 111,47+ 1,75

Elde edilen bu bulgular, literatiirde farkli Stachys cretica alt tiirleri lizerinde yapilan
caligmalarla karsilastirildiginda tiirler arasinda dikkate deger benzerlikler ve farkliliklar
oldugunu ortaya koymaktadir. Ornegin, S. cretica subsp. smyrnaea’da DPPH ve ABTS radikal
stipiirme aktiviteleri sirasiyla 9,10 ve 17,36 mg TEs/g kuru bitki olarak bildirilmis, toplam
fenolik icerik ise 7,06 mg GAEs/g kuru bitki olarak rapor edilmistir (Bahadori vd., 2019a). S.
cretica subsp. mersinaea metanol 6ziitlinde ise DPPH ve ABTS aktiviteleri 151 ve 292 mg
TEs/g oziit, CUPRAC ve FRAP degerleri ise 257 ve 236 mg TEs/g 0ziit olarak belirlenmistir
(Bahadori vd., 2019b). Bu sonuglar, S. cretica subsp. kutahyensis’in 6zellikle CUPRAC
(561,66 mg TEs/g) ve toplam antioksidan kapasite (421,02 mg TEs/g) bakimindan diger alt
tirlerden daha yiiksek degerlere sahip oldugunu gostermektedir. Bu durum, kullanilan
ekstraksiyon yonteminin (ultrasonik destekli metanol ekstraksiyonu) etkinligiyle iliskili
olabilecegi gibi, bitkinin yetistigi cografi kosullarin ve toprak oOzelliklerinin de fenolik
bilesiklerin sentezine etkisiyle a¢iklanabilir.

Ayrica S. cretica subsp. vacillans lizerinde yapilan calismada metanol ekstraktinin toplam
fenolik icerigi 57,65 mg GAE/g ve toplam flavonoid icerigi 40,24 mg QE/g olarak belirlenmis,
CUPRAC ve FRAP degerleri sirasiyla 579,23 ve 254,40 mg TEs/g 06ziit olarak bildirilmistir
(Kirkan, 2019). Bu veriler de S. cretica subsp. kutahyensis’in antioksidan aktivitesinin bu alt

tiire kiyasla yiiksek oldugunu gostermektedir. Ozellikle fenolik icerik bakimindan S. cretica
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subsp. kutahyensis (111,47 mg GAEs/g) diger alt tiirlere gore daha zengin bir profil
sergilemistir. Bu durum, tiiriin i¢eriginde yliksek miktarda klorojenik asit, apigenin tiirevleri ve
verbaskosit gibi fenolik bilesiklerin bulunabilecegini diisiindiirmektedir.

Bu calisma, Tiirkiye florasinda endemik olan Stachys cretica subsp. kutahyensis’in yiiksek
diizeyde fenolik ve flavonoid bilesikler icerdigini ve giiclii antioksidan 6zellikler sergiledigini
ortaya koymustur. CUPRAC ve FRAP analizleriyle belirlenen yiiksek indirgeme giicii, tiiriin
biyolojik aktivite potansiyelini desteklemektedir. Elde edilen sonuglar, S. cretica alt tiirleri
arasinda antioksidan kapasite bakimindan gesitlilik bulundugunu gostermekte ve S. cretica
subsp. kutahyensis’in 6zellikle gida, kozmetik ve farmasotik endiistrilerde dogal antioksidan
kaynagi olarak degerlendirilme potansiyelini ortaya koymaktadir.
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OZET

Bu caligmada kapsaminda, islenmesi zor malzemelerden titanyum alagimlari ile CFRP
kompozitlerin islenmesi esnasinda uygulanan kriyojenik sogutma isleminin islenebilirlige
etkisi lizerine literatiirde yapilmis calismalarin kisa bir derlemesi yapilmistir. Kriyojenik
sogutma islemi, s1vi azot (LN2) veya karbondioksit (CO2) gibi kriyojenik akiskanlarin kesme
bolgesine uygulanmasidir. Bu uygulamalar, genel olarak kesme bolgesi sicakligini LN2 ile kuru
kesmeye gore kayda deger oranda diisiirerek takim asinmasini azaltmakta ve dolayisiyla takim
omriinii artirmaktadir. Elde edilen veriler, kriyojenik uygulamalarin yilizey piirtizIiligi
degerlerinde de iyilesmeler sagladigini gostermektedir. Kriyojenik sogutmanin etkinligi,
uygulanan stratejiye bagli olarak degismektedir. Titanyum alasimi frezelemesinde, kiiclik
kesme derinliginde 20° piiskiirtme acis1 gibi kiiciik acgilar en gii¢lii sogutma yetenegini
sunarken, Kompakt Grafit Dokme Demir (CGI) islenmesinde goézlemlendigi gibi, soguk
sertlesme (cold-strengthening) nedeniyle kesme kuvvetlerinde artig gibi bazi zorluklar ortaya
cikabilmektedir. Buna karsilik, CFRP kompozitlerinde ¢ok jetli LN2 sistemi gibi optimize
kirilmay1 desteklemesi sayesinde torkta azalma gibi dnemli faydalar kaydedilmistir. Sonug
olarak, kriyojenik sogutma, dogru uygulama stratejileri ve parametre optimizasyonu ile zor
islenebilir malzemelerin isleme mekanizmalarini etkin bir sekilde yonetmektedir.

Anahtar kelimeler: Kriyojenik sogutma, islenebilirlik, kesme parametreleri, CFRP, Titanyum

alasimlari
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EFFECT OF CRYOGENIC COOLING ON MACHINABILITY

ABSTRACT

This study provides a brief review of literature studies on the machinability effects of cryogenic
cooling during the machining of difficult-to-machine materials such as titanium alloys and
CFRP composites. Cryogenic cooling involves the application of cryogenic fluids such as liquid
nitrogen (LN2) or carbon dioxide (CO2) to the cutting zone. These applications generally
reduce the cutting zone temperature significantly compared to dry cutting with LN2, reducing
tool wear and thus increasing tool life. The data obtained indicate that cryogenic applications
also provide improvements in surface roughness. The effectiveness of cryogenic cooling varies
depending on the applied strategy. While small angles, such as a 20° spray angle at a small
depth of cut, offer the most effective cooling capabilities in titanium alloy milling, some
challenges, such as increased cutting forces due to cold-strengthening, can arise, as observed in
the machining of Compacted Graphite Cast Iron (CGI). In contrast, using optimized methods
like the multi-jet LN2 system in CFRP composites has yielded significant benefits, such as
increased thrust due to increased matrix stiffness and reduced torque due to enhanced brittle
fracture. In conclusion, cryogenic cooling effectively manages the machining mechanisms of
difficult-to-machine materials with the right application strategies and parameter optimization.
Keywords: Cryogenic cooling, machinability, cutting parameters, CFRP, Titanium alloys

1. GIRIS

Titanyum alagimlari ve CFRP kompozitler, yiiksek 6zgiil dayanim ve korozyon direnci
sayesinde havacilik, otomotiv, enerji ve biyomedikal sektorlerinde kullanim alanini hizla
genisletmektedir. Ancak bu malzemelerin {istiin mekanik Ozellikleri, talasli imalatta
islenebilirlik zorluklar1 olarak geri donmektedir. Titanyumun diistik 1s1l iletkenligi sebebiyle
1sinin biiylik boliimii talas lizerinden uzaklasamaz ve kesici takim—talas ara yiiziinde birikir;
kesme bolgesinde 800—-1000 °C araligina ¢ikabilen sicakliklar, difiizyon ve oksidasyon temelli
asinma modlarin1 hizlandirir, yapisma ve yigilma kenar1 (BUE) olusumunu tetikler, boyutsal
dogrulugu olumsuz etkiler (Yang & Liu, 1999). CFRP tarafinda ise matriks fazinin Tg
yakininda yumugamasi lif-matris bagini zayiflatir; delme ve frezeleme islemlerinde fiber
cekilmesi, delaminasyon ve yiizeyde yanik izleri ortaya ¢ikar (Khanna et al., 2019).
Konvansiyonel emdiilsiyon bazli sogutma sivist kullanimi, asir1 1s1 birikimini sinirlamakla
birlikte, atik bertarafi, aerosol olusumu ve is sagligi—giivenligi riskleri gibi nedenlerle

stirdiiriilebilir imalat hedefleriyle giderek daha fazla c¢elismektedir. Bu baglamda kriyojenik
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sogutma, ozellikle LN2’nin —196 °C’lik kaynama sicakligi ve yiiksek gizli buharlasma 1sist
sayesinde kesme bolgesindeki 1s1y1 etkin bi¢imde absorbe ederek, hem 1s1l hem de tribolojik
mekanizmalari iyilestiren ¢evreci bir alternatif sunmaktadir (Sivarupan et al., 2024). CO: bazl
sistemler de pratik kurulum ve taginabilirlik avantajlariyla belirli uygulamalarda caziptir; ancak
yiiksek 1s1 girdili operasyonlarda LN>’nin sogutma giicliniin gerisinde kalmaktadir (Patel ve
Kumar, 2020). Bu ¢aligma, titanyum ve CFRP malzemelerde kriyojenik sogutmanin teknik ve
cevresel performansin1 14 makalenin verilerini biitiinlestirerek ele almakta, jet acisi, debi,
coklu-nozul dagilimi ve hedef sicaklik gibi uygulama parametrelerini miihendislik tasarim
kararlarina baglayan kapsamli bir ¢cergeve dnermektedir.

2. CFRP KOMPOZITLERIN iSLENMESINDE KRiYOJENIK SOGUTMA
UYGULAMALARI

CFRP ve CFRP/Ti hibrit yiginlarinin delme ve frezelemesinde kriyojenik sogutma
uygulamalari, son yillarda kompozit malzeme isleme alaninda 6nemli bir arastirma eksenine
doniigmiistiir. T700/epoksi ve karbon/epoksi laminatlar i¢in 5—6 mm karbiir matkaplarla gesitli
hiz ve ilerlemeler denenmis, tek jetli ve cok jetli LN sistemleri kiyaslanmistir. itme kuvveti
Ol¢iimleri dinamometre ile yapilmis, delaminasyon faktorii giris ve ¢ikis tarafinda optik/3D
profilometriyle belirlenmistir. Delik ¢ap1 sapmasi, dairesellik ve yiizey piiriizliliigii metrikleri
CMM ve profilometre ile degerlendirilmis, takim asmnmasi SEM mikrograflariyla analiz
edilmistir (Khanna et al., 2019; Khanna et al., 2020; Cococcetta et al., 2021; Mathiyazhagan &
Meena, 2022; Gao et al., 2023). Hibrit yiginlarda farkli hedef sogutma seviyeleri (—50, —100,
—196 °C) ile optimizasyon aralig1 belirlenmistir.

CFRP malzemelerde isleme sirasinda en kritik performans gostergeleri delaminasyon, itme
kuvveti ve yilizey biitiinligiidiir. Ggelistirilen kriyojenik delme diizeneginde gerceklestirilen
deneyler, LN>’nin itme kuvvetini %20-25 ve delaminasyon faktoriinii %15-20 azalttiging;
ylizey piuriizliiliglinde belirgin iyilesme sagladigini gdstermistir (Khanna et al., 2019). 3000
dev/dak hiz ve 0.05 mm/dev ilerleme kombinasyonunda LN: ile en diisiikk kuvvet ve
delaminasyon degerleri elde edilmis; fiber—matris ara yiiziiniin daha temiz ve siireksizliklerin
daha sinirl oldugu mikrograflarla dogrulanmistir (Khanna et al., 2020). Kriyojenik ortamda
matriks viskozitesinin artmasi ve Tg’nin altinda kalinmasi, liflerin biikiilerek ayrilmasi yerine
temiz kirilmasini kolaylastirir; boylece fiber ¢cekilmesi ve kenar yirtilmalar1 azalmaktadir.
CFRP/Ti hibrit y1gin delmede sogutma seviyesi belirleyici olup, =100 °C civar1 hedefin delik
geometrisi, piiriizliilik ve delaminasyon agisindan optimum dengeyi sundugu bildirilmistir.

—196 °C’de Ti tabakasinda mikrogatlak riski artabilirken, —50 °C hedefi CFRP tarafinda matris
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yumusamasini yeterince bastiramayabilir. Bu nedenle —80 ile —120 °C bandi, hem kompozit
hem metal tabakada hasar modlarint minimal tutan bir aralik olarak 6nerilmektedir (Liu et al.,
2021). Ayn1 ¢alisma, cap sapmasinin metal tabakada +0.15 mm’den +0.05 mm’ye diistiigiinii,
CFRP dairesellik hatasinin 0.08 mm’den 0.03 mm’ye geriledigini rapor ederek, kriyojenik
delmenin geometrik dogruluk avantajini da net bi¢imde ortaya koymustur.

Sogutma akiginin dagilimi CFRP’de kritik mahiyettedir. Cok jetli LN: sistemleri, tek jetli
uygulamalara kiyasla sicaklik tepe degerlerini daha fazla diisiirmekte, giris ve c¢ikis
delaminasyonunu ek olarak %10-15 azaltmakta ve dairesellik hatasim1 iicte bire kadar
indirebilmektedir. Cok jetli mimari, kesme bolgesini daha homojen sogutarak 1s1l gradyanlari
azaltir; bu da fiber/matris ayrigmasini sinirlayan temel etkidir. Nitekim cok jetli sistemlerde
LN2’nin hem {istten hem yandan kesme bolgesine ulasmasi, fiber g¢ekilmesini bastirarak
plriizliligii 3.0 pym’den 1.4 pm bandina indirmis ve takim Omriinii yaklasik iki katina
cikarmistir (Agrawal et al., 2022).

CFRP frezelemede de benzer mekanizmalar gegerlidir. T700 sinifi kompozitlerin LN: altinda
frezelenmesinde yiizey piirtizliiligi %55 azalirken, darbe dayaniminda %10—15 civarinda artis
rapor edilmistir. Bu bulgular, 1s1l yuamusamanin bastirilmasi sayesinde mikrogatlaklarin ve fiber
uclarindaki kopmalarin sinirlanmasiyla agiklanmistir (Gao et al., 2023). 3B baskili termoplastik
CFRP’nin LN: ile islenmesinde, post-process yiizey kalitesinin konvansiyonel isleme gore %40
iyilestigi; polimer fazin termal akmasinin 6nlendigi ve yiizey topografisinin daha homojen hale
geldigi bildirilmistir (Cococcetta et al., 2021). Ayrica akustik emisyon (AE) sensorleri ile
yapilan modelleme caligmalari, LN> ortaminda takim aginmasi ilerlemesinin kuru kosullara
kiyasla yaklasik 1.8 kat daha yavasladigini, AE imzalarinin delaminasyon ve fiber ¢ekilmesi
olaylartyla giiclii korelasyonlar verdigini gostermistir (Mathiyazhagan & Meena, 2022). Bu
sonug, kriyojenik isleme sirasinda siire¢ sagliginin gergcek zamanli izlenmesine yonelik akilli
iiretim uygulamalarina kap1 aralamaktadir.

3. TITANYUM ALASIMLARININ iSLENMESINDE KRiYOJENIiK SOGUTMA
UYGULAMALARI

Titanyum alagimlarinda kriyojenik sogutma etkileri, 1s1l, tribolojik ve geometrik agidan genis
kapsamli olarak arastirilmistir. Ti-6Al-4V ve B-tipi Ti-5553 basta olmak iizere a, B ve o+f fazlh
alasimlar degerlendirilmis; kesme hizlar1 30—210 m/dak araliginda, ilerleme oranlar1 0.05-0.15
mm/dev araliginda, kesme derinlikleri 0.5—-1.2 mm bandinda test edilmistir. Sogutma kosullari

kuru, emiilsiyon, MQL, LNz ve CO: olarak ¢esitlenmis; LN-’nin hem i¢ kanal hem dis nozul ile
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talag ve yan yiize yonlendirilmesi, jet agis1 olarak 30°, 60° ve 90° senaryolar1 incelenmistir
(Kaynak & Gharibi, 2019; Wang et al., 2024; Agrawal et al., 2022; Gupta et al., 2023).
Titanyum alasimlari i¢in en belirgin kazanim kesme sicakligindaki diististiir. Ti-5553 {izerinde
gergeklestirilen sistematik calismada kuru isleme altinda 516 °C mertebesindeki kesme
sicakligt LNz ile 264 °C’ye diismiis, yiiksek hizlarda bu fark daha da acilmistir (Kaynak &
Gharibi, 2019). CO: kullanim1 310-330 °C bandinda sonuglar verirken, LN2’nin daha diigiik
kaynama sicaklig1 ve gizli 1s1s1 sayesinde termal yiikii daha etkin ¢ektigi gozlenmistir (Patel &
Kumar, 2020). Bu 1s1l rahatlama, diflizyon ve oksidasyon temelli asinma mekanizmalarini
baskilamis; yan yiiz aginmasi 0.25-0.30 mm bandindan 0.12—0.15 mm bandina gerilemistir.
XRD ve mikrosertlik profilleri, LN: altinda o+f faz kararliliginin korundugunu, kuru isleme
altinda ise ylizey alti bolgede 1s1l yumusama ve faz yeniden diizenlenmesi isaretlerini
gostermistir (Kaynak & Gharibi, 2019).

Kesme kuvvetleri ve talas morfolojisi de belirgin bicimde degismektedir. LN: kosullarinda
kesme kuvveti kuruya kiyasla %25-30 azalmakta, uzun ve siirekli talaslar kisa ve segmentli
hale gelmektedir. Testere disi yapisinin diizenli araliklarla olusmasi, talas tahliyesini
kolaylastirarak kesici kenar {izerindeki siirtiinme yiikiinii diistirmektedir (Sivarupan et al.,
2024). Jet agis1 bu baglamda kritik bir parametredir. 60° jet acis1, LN2"nin hem talas yiizeyine
hem de yan yiize niifuzunu artirarak en diisiik kuvvet ve asinma sonuglarini iiretmis; 90° dik
darbe en diisiik sicaklig1 saglasa da geri sigrama nedeniyle sogutma homojenligi diismiis, 30°
ac1 ise kesme bolgesine isabeti sinirl birakmistir (Wang et al., 2024). Bu nedenle LN: akisinin
talas akisiyla esgidiimlii ve iki ylizeyi aym1 anda gorecek sekilde yonlendirilmesi
onerilmektedir.

Ince cidarli titanyum bilesenlerin frezelenmesinde LN, 1s1l deformasyonu ve carpilmayi
belirgin bigimde azaltmistir. ince duvarli Ti-6Al-4V parcalar iizerinde raporlanan calisma, LN»
ile yiizey piirtizliiliigiinde ve boyutsal dogrulukta sistematik iyilesme bildirirken, 1s1l genlesme
farklarinin neden oldugu egilme ve ¢arpilma miktarinda %65’e varan diislis gostermistir (Wang
& Wang, 2022). Delme operasyonlarinda ise hedef sogutma seviyesinin optimizasyonu énem
kazanmaktadir. —196 °C’lik asir1 sogutma bazi hiz—ilerleme kombinasyonlarinda termal sok ve
mikrocatlak risklerini biiyiitebilirken, =100 °C civari sicakliklar hem yiizey biitiinliigiinii hem
delik geometrisini en iyi dengeyle desteklemistir (Liu et al., 2021).

Tribolojik acidan LN, yapisma ve oksidasyonu sinirlayarak siirtiinme katsayisini diistirmekte,
gercek temas alanimi kiigiiltmekte ve takim-talas ara yiiziindeki kimyasal etkilesimleri

zayiflatmaktadir. o-f titanyum alasiminda yiiriitiilen tribolojik performans odakli tornalama
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deneyleri, LN: ile siirtinme katsayisinin anlamli bi¢imde diistiigiinii, asinma izlerinin
homojenlestigini ve diflizyon asinmasi izlerinin ortadan kalktigini géstermistir (Gupta et al.,
2023). Buna paralel olarak, Ti-6Al-4V {izerinde kuru ve kriyojenik kosullarin kiyaslandigi
caligmalarda LN:’nin piiriizliiliigii %40-50 azaltip takim Omriinii iki kata kadar yiikselttigi
rapor edilmistir (Agrawal et al., 2022).

Genel degerlendirmede, titanyum alagimlarinda kriyojenik sogutmanin kesme sicakligini
ortalama %50 azaltarak takim omriinii 2—3 kat uzattig1, kesme kuvvetlerini %20-30 diistirdiigii,
ylizey piiriizliiliigiinde %30-60 iyilesme sagladigi; ayrica boyutsal dogruluk ve faz kararliligim
korudugu goriilmektedir (Sivarupan et al., 2024; Kaynak & Gharibi, 2019).

CO: sogutma tasinabilirlik ve entegrasyon kolayligi sunarken, termal kapasite bakimindan
LN:’nin gerisinde kalan bir secenek olarak degerlendirilmektedir.

Kriyojenik sogutma, sogutucu yaglarin {iretimi, dolasimi ve bertarafi gibi siiregleri ortadan
kaldirdig1 icin yasam dongiisii degerlendirmelerinde g¢evresel avantajlar saglar. Derleme
caligmalarinda LN2/CO: tabanli sistemlerin enerji tiiketiminde %60-90, karbon emisyonlarinda
%40-70 aras1 azalma potansiyeli gosterdigi rapor edilmistir (Sivarupan et al., 2024). Is
istasyonunda aerosol ve sis olusumunun ortadan kalkmasi, is saghigi—giivenligi acisindan ek
kazanimlar sunar. LNz nin iiretim ve lojistigi slire¢ maliyetine eklense de yag satin alma ve atik
bertarafinin kalkmas1 toplam sahip olma maliyetini dengeleyebilir.

SONUCLAR

Bu literatiir taramasi, titanyum alagimlarinda ve CFRP kompozitlerin islenmesi esnasinda
uygulanan kriyojenik sogutmanin teknik performans ve siirdiiriilebilirlik agisindan belirgin
istiinliik sagladigin1 gostermektedir. Titanyumda LN, kesme sicakligimi yaklasik yariya
indirerek difiizyon/oksidasyon kaynakli aginma modlarin1 bastirmakta, takim dmriinii 2—3 kat
artirmakta ve piirtizliiliik ile boyutsal dogrulugu sistematik bi¢imde iyilestirmektedir (Kaynak
& Gharibi, 2019; Sivarupan et al., 2024). Jet acisinin 60° civarinda secilmesi, igten kanal veya
nozul yerlesiminin talas akisiyla esgiidiimlii tasarlanmasi ve yeterli—dengeli debi, bu
kazammlarin siireklili§i acgisindan kritik parametrelerdir (Wang et al., 2024). Ince cidarh
bilesenlerde 1s1l deformasyon ve carpilmanin belirgin bigimde azalmasi, kriyojenik
frezelemenin geometri hassasiyeti gerektiren parcalar igin stratejik bir ara¢ oldugunu
dogrulamaktadir (Wang & Wang, 2022).

CFRP ve hibrit yiginlarda LN., delaminasyonu ve itme kuvvetini %20-30 oraninda
diistirmekte, dairesellik ve ¢ap sapmalarmi anlamli bicimde iyilestirmekte ve yiizey

plriizliligiini %40-55 azaltmaktadir (Khanna et al., 2019; Khanna et al., 2020). Cok jetli
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mimariler sicaklik alanin1 homojenlestirerek fiber/matris ayrilmasini azaltmakta, takim dmriinii
artirmakta ve geometrik hatalart minimal diizeye indirmektedir (Agrawal et al., 2022). CFRP/Ti1
y1gin delmede —80 ile —120 °C bandi, asir1 sogumanin getirebilecegi mikroyapisal kirilganlik
riskini biiylitmeden hem kompozit hem metal tabakada kaliteyi maksimize eden bir
optimizasyon aralig1 sunmaktadir (Liu et al., 2021).

Stirdiiriilebilirlik boyutunda LN»/CO: tabanli stratejiler, yag atig1 bertarafini ortadan kaldirarak
enerji ve emisyon metriklerinde giiclii avantajlar saglamaktadir. Bu nedenle kriyojenik
sogutma, ileri imalat siireclerinde yalnizca bir “alternatif sogutma yontemi” degil; kalite, verim
ve ¢evresel performansi birlikte optimize eden biitiinciil bir proses miithendisligi ¢6ziimii olarak
konumlanmalidir.

Bu calisma, titanyum ve CFRP literatiiriinii aynmi1 termal-tribolojik cergevede eszamanl
okuyarak, akis geometrisi (jet acisi, coklu-nozul), hedef sogutma seviyesi ve malzeme yaniti
arasindaki nedensel baglantilar1 acik bigimde ortaya koymustur. Ozellikle 60° jet agisinin
titanyumda, ¢ok jetli akisin ise CFRP’de optimum sonuglari iiretmesi; hibrit yiginlarda delme
isleminde —100 °C civarinda sogutma isleminin optimum fayda sagladigi goriilmiistiir. Ince
cidarl titanyum bilesenlerde 1s1l deformasyonun belirgin azalmasi ve AE tabanli durum izleme
yaklagimlarinin kriyojenik siireclere basariyla entegre edilebilmesi, endiistriyel tasarim
kararlarina dogrudan rehberlik edebilecek bulgulardir. Sentez, kriyojenik sistemlerin yalin bir
“sogutma” tercihinden Ote, proses penceresini genisleten ve kalite—maliyet—¢evre tiggeninde
yiiksek fayda iireten bir miihendislik stratejisi oldugunu gostermektedir.
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OZET

Titanyum ve alasimlari; havacilik ve uzay sanayii, biyomedikal uygulamalar, denizcilik,
pigment tretimi gibi bircok sektdrde tercih edilmektedir. Yiiksek mukavemet ve agirlik
dengesi, biyouyumluluk ve korozyon direnci tercih edilmesinde belirgin ozelliklerdendir.
Titanyumun mekanik ve kimyasal 6zellikleri kullanilmak istenen alagimlarin elde edilmesini
ve islenebilirlik derecesini zorlagtirmaktadir. Titanyumun islenebilirligini etkileyen
parametrelerin anlagilmasi iiretim verimliligi agisindan kritik dneme sahiptir. Diisiik 1s1 iletimi,
yiiksek kesme kuvveti gereksinimi, yetersiz sogutma sistemi sebebiyle takim asinmalari
meydana gelmektedir. Devir ve ilerleme hesaplamalari, kesici takim malzemesi se¢imi, gerekli
paso ol¢iilerinin dikkatlice secilmesi gerekmektedir. Bir bagka dikkat edilmesi gereken nokta
da yiizey kalitesindeki sorunlardir. Titresim kaynakli ve 1sinin kontrolsiiz olmasi dolayisiyla
mikro catlaklar, yanik izleri ve yilizeyde mikron derecesinde plastik deformasyona sebep
olabilir. Bunlar ile birlikte hassas tolerans araliginda par¢a islemek zorlasmaktadir. isleme
performansin1 dogrudan etkileyen unsurlar arasinda kesme parametreleri, kullanilan takim
malzemesi ve uygulanan sogutma yontemleri yer almaktadir. Bu degiskenlerin bir arada ele
alinmasi, tiretim siirecinde daha kararli sonuclar elde edilmesine katki saglamaktadir. Elde
edilen bulgular, 6zellikle havacilik ve biyomedikal sektorlerinde kullanilan hassas pargalarin
tiretiminde dikkate alinmasi gereken teknik kriterleri ortaya koymaktadir. Bu c¢alismada,
titanyum alasimlarinin dikey isleme tezgahlarinda islenmesinde ki problemler ve ¢oziimleri
hakkinda literatiir taramasi1 yapilmaistir.

Anahtar kelimeler: Frezeleme islemi, kesici takim aginmasi, kesme parametreleri, sogutma

sistemleri, talagh imalat, titanyum alasimlari, yiizey kalitesi
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MACHINABILITY OF TITANIUM ALLOYS IN VERTICAL MACHINING
CENTERS
ABSTRACT

Titanium and its alloys are widely preferred in various industries such as aerospace, biomedical
applications, marine engineering, and pigment production. High strength-to-weight ratio,
biocompatibility, and corrosion resistance are among the prominent features that make titanium
desirable. However, the mechanical and chemical properties of titanium complicate the
development of desired alloys and reduce their machinability. Understanding the parameters
that affect the machinability of titanium is critically important for manufacturing efficiency.
Due to low thermal conductivity, high cutting force requirements, and insufficient cooling
systems, tool wear becomes a significant issue. Calculations of spindle speed and feed rate,
selection of cutting tool materials, and careful determination of depth of cut are essential.
Another point of concern is surface quality. Vibrations and uncontrolled heat may lead to
microcracks, burn marks, and micron-level plastic deformation on the surface. These factors
make it difficult to machine parts within tight tolerance ranges. Cutting parameters, tool
materials, and cooling methods are among the key factors that directly affect machining
performance. Considering these variables together contributes to achieving more stable results
in the production process. The findings reveal technical criteria that must be considered in the
manufacturing of precision components, especially in the aerospace and biomedical sectors.
This study presents a literature review on the problems and solutions related to machining
titanium alloys in vertical machining centers.

Keywords: Milling process, tool wear, cutting parameters, cooling systems, machining,
titanium alloys, surface quality

GIRIS

Titanyum (T1), inert bir kimyasal yapiya sahip ve korozyon direnci oldukg¢a yiiksektir. Celik
kadar gii¢lii ve alliminyumun iki kat1 kadar dayanikli bir malzemedir. Celikten %45 kadar hafif
ve aliiminyumdan %60 daha agirdir. Ingiliz din adami1 ve amatér jeolog William Gregor tarihte
ilk kez titanyumu kesfetti. Bu beyaz metalik okside ismini veren ise Alman kimyager Martin
Klaproth’ dur. Ticari anlamda elde edilmesi zor olan bu metalin iiretim yontemini 1938 yilinda
William Kroll, “Kroll Yontemi” olarak gelistirmistir (U.S. Geological Survey, 2013).
Titanyumu yaygin bir metal haline getirmek icin yiiksek hizli, enerji tasarruflu, diisiik maliyetli
ve distik cevresel etkiye sahip bir elde etme yontemine ihtiyag vardir (Takeda, Ouchi, & Okabe,
2020).
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Titanyum, yiiksek dayanimi, yiiksek korozyon direnci ve diisiik yogunlugu sayesinde
giiniimiiz teknolojisinin 6nemli metallerinden biridir. Ozellikle havacihk, otomotiv, spor
ekipmanlar1 ve su alti sistemleri gibi dayanikliligin ve korozyon direncinin biiyiik 6nem
tagidig1 alanlarda tercih edilmektedir. Biyouyumlu yapisi sayesinde titanyum; kalp pilleri,
yapay eklemler ve kemik sabitleyiciler gibi tibbi implantlarda giivenle
kullamlabilmektedir.
1.Metallerin islenebilirligini Etkileyen Faktorler
Frezeleme, talash imalatta siklikla uygulanan bir isleme yontemidir. Temel olarak doénel
hareketli kesici takimin koordinat diizleminde hareket ederek is pargasindan talas kaldirilmasi
islemidir. Kesme mekaniginin anlasilmasi, i pargasinin istenen geometriye, tolerans araligina
ve ylizey kalitesine minimum zaman ve maliyet harcanarak imal edilmesi i¢in biiyliik 6nem
tasimaktadir. Kesme mekaniginin anlasilabilmesi icin Oncelikle; is pargasinin malzeme
ozellikleri, devir/ilerleme degerleri, kesici takim malzemeleri (HSS, karbiir, seramik vb.),
sogutma stvisi (bor yagi, kesme yagi, kriyojenik sogutma vb.) kullanimi, par¢a baglama mantigi
incelenmelidir (Demirpolat, Kuntoglu , & Binali, 2023). Ayrica, bir par¢anin islenebilmesi i¢in
kesici takimlarin gorevleri de bilinmelidir. En sik kullanilan kesici takim c¢esitleri; parmak
frezeler (diiz, kiiresel, ug agili, yiizey frezeleri), kanal agma takimlari, matkaplar, kilavuz cekme
takimlari, pah ve rayba takimlaridir. Diiz ve kiiresel frezeler 2D ve 3D islemelerde kullanilirken,
yuvarlak uglu ve ug acili frezeler duvar diplerinde sirastyla yuvarlatma ve pahlar i¢in idealdir.
Delik isleme i¢in nokta matkabi, helisel matkap, havsa matkabi, kilavuz ve rayba gibi takimlar
kullanilmaktadir (Autodesk & Texas A&M University, 2012, s. 3-3-3-7).

Titanyum alagimlar1 alfa, alfa-beta ve beta alasimlar1 olarak simiflandirilmaktadir. Isil
iletkenligin diisiik olmas1 sebebiyle talaslar kesici kenarlara yapismaya meyillidir. Yiizeyin
islenmesiyle birlikte olusan oksidasyon nedeniyle kesici takimla tepkimeye girme egilimi de
artar. Talaglarin ince olmasi ve kesici kenarlarin ytiksek 1sida olmasi sebebiyle sogutma sistemi
olduk¢a 6nemlidir. Titanyumun mukavemetini arttirmak, i¢ gerilmeleri gidermek i¢in yapilan
islemler (tavlama, yaslandirma vb.) ve elastisite modiiliiniin diisiik olmas1 sebebiyle takimin
uyguladig yiik kaynakli sehim olugabilir. Saf titanyum ve alfa tip alasimlarda islenebilirlik beta
alagimlarina gore daha yiiksektir. Basarili bir parga islemek icin takim segerken yiiksek abraziv
asinma direnci, plastik deformasyon direnci, diflizyon asinma direnci, tokluk 6zelliklerinin

dogru se¢ilmesi 6nem tasir (Cakar, 2018, s. 239-240).
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2.Titanyum Islemede Kesici Takim Malzemeleri ve Asinma Mekanizmalari
Yapigma ve kimyasal reaksiyon gosteren titanyum nitriir (TiN) katkili sermet ve titanyum
karbiir (TiC) kaplamal1 kesici takimlar 6nemli oranda asinmaktadir. Kiibik bor nitriir (CBN) ve
seramik kesici takimlar kullanildiginda ise yan yiizeylerinde (flank) ve talas yilizeyinde (rake
face) belirgin oluk asinmasi goriilmektedir. Tungsten karbiir, baglayicisiz CBN (BCBN),
sinterlenmis elmas takimlar daha iyi performans gostermektedir. Uygun devir/ilerleme ve
sogutma altinda tungsten karbiir 30dk’lik isleme sonunda olduk¢a az asinma gostermektedir.
Baglayic1 icermedigi icin BCBN takimlar yiiksek sicaklik dayanimi ve termal iletkenlik
saglamaktadir. Ayrica isleme sirasinda takimin yan yiizeyine yapisan is parcasi bir siire
asinmay1 onlemektedir (Pramanik, Islam, Basak, & Littlefair, 2013).
Kobalt baglayicili tungsten karbiir (WC/Co) kesici takimlar, kaplamali karbiir takimlarin, farkli
celik ve siiper alagimlarda saglikli sonuclar vermesine karsin titanyumun islenmesinde daha
etkilidir. TiN, TiC, titanyum karbonitriir (TiCN), aluminyum oksit (Al.Os) ve hafniyum nitriir
(HfN) gibi kaplamalar yiliksek asinma gostermektedir. Aliiminyum silisyum titanyum nitriir
(AISiTiN) ve titanyum karbonitriir (TiCN) benzeri ¢ok katmanli kaplamalar, kaplamasiz
takimlardan daha iyi asinma direnci ve daha iyi yiizey kalitesi sonuglarin1 vermektedir. Son
yillarda TiB2, AIMgB1.—TiB. kompozitleri ve elmas benzeri karbon (DLC) destekli hibrit
kaplamalar, difiizyon aginmasini azaltarak takim Omriinii artirma potansiyeli gostermektedir.
Ayrica polikristalin elmas (PCD) ve CBN kesici takimlarinin kaplamali karbiirlere gére daha
yiiksek performans gosterdigi bazi kaynaklarda belirtilmektedir (Chowdhury, 2016).
Ti-6Al1-4V ve Ti-55531 alagimlarinin islenmesinde takim asinmasi; malzeme mikro yapist,
kesme parametreleri ve takim 6zellikleriyle dogrudan iliskilidir. Ti-55531, daha yiiksek mikro
sertlik ve ince tane yapisi nedeniyle kesici takim iizerinde daha yogun mekanik asinma
olusturan bir yapiya sahiptir. Literatiirde kullanilan kesici takimlar, %6 kobalt baglayicili
tungsten karbiirden iretilmis olup, titanyum aliiminyum nitriir (TiAIN) kaplama ile
desteklenmistir. TIAIN kaplamasi, 3400-3600 HV sertlik, diisiik 1s1l iletkenlik (10 W/m-K) ve
900 °C’ye kadar oksidasyon direnci saglayarak krater ve yapismali asinmaya kars1 koruma
saglayabilmektedir. Bu 6zellikler, yiiksek sicaklik ve kesme kuvvetleri altinda takim omriinii
artirmaktadir (Nouari & Makich, 2014).
Ti6Al4V alasiminin frezeleme islemi sirasinda karbiir, SIAION ve CBN kesici uglarin
performansi karsilastirmali olarak incelenip Yanit Yiizeyi Yontemi (RSM) ile optimize
edilmistir. Deneysel ¢alismalarda kesme hizi, ilerleme miktar1 ve kesme derinligi parametreleri

kullanilmig; takim Omrii Taramali Elektron Mikroskobu (SEM) ve optik mikroskop

161



SCEANS
s S

= ISARC
/“‘@ INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

2 &
e &

I
analizleriyle degerlendirilmistir. En uzun takim 6mrii karbiir ugta 30,07 dakika olarak 6l¢iilmiis,
SiAION i¢in 29,08 dakika, CBN igin ise 29,33 dakika elde edilmistir. Karbiir u¢lar hem asinma
direnci hem de maliyet acisindan en uygun segenek olarak belirlenmistir (Phokobye, Desai,
Tlhabadira, Sadiku, & Mutombo, 2024).
3.Titanyum Alasimlarinda Kesme Parametrelerinin isleme Performansina Etkileri
Titanyum alagimlar, diistik 1s1l iletkenlikleri, yiliksek kimyasal reaktiviteleri ve gorece diislik
elastik modiilleri nedeniyle islenmesi zor malzemeler arasinda yer almaktadir. Bu 6zellikler,
kesme sirasinda olusan sicakli§in artmasina, takim asinmasinin hizlanmasina ve is pargasinda
istenmeyen deformasyonlara neden olmaktadir. Bu nedenle, kesme hizi, ilerleme miktar1 ve
kesme derinligi gibi parametrelerin dogru se¢imi, verimli bir isleme i¢in dnem tasimaktadir.
Yapilan caligmalar, Ultrasonik Takim Titresimli Yiiksek Hizli Frezeleme (UTVHM), Doner
Ultrasonik Ug¢ Frezeleme (RUEM) ve Yiiksek Basingli Doner Ultrasonik Ug Frezeleme
(HRUEM) gibi ultrasonik destekli frezeleme yontemlerinin bu zorluklari 6nemli 6lgiide
azalttiginm1 gostermektedir. Bu yoOntemler sayesinde kesme kuvvetlerinde %17—45 arasinda
azalma, ylizey piriizliiliigiinde %30-36 oraninda iyilesme ve takim omriinde dikkate deger
artiglar bilinmektedir. Ozellikle HRUEM yéntemi, yiiksek basingli sogutma sistemiyle birlikte
kullanildiginda, kesme bolgesindeki sicakligi diisiirerek yapismali asinmay1 azaltmakta ve talas
tahliyesini kolaylastirmaktadir. (Wang, ve digerleri, 2025)

Gain—flat stimulus-based dynamic evaluation method ile yapilan optimizasyon sonucunda en
uygun isleme kosullari; talag agis1 8°, kesme hiz1 37,68 m/dk ve kesme genisligi 0.2 mm
sabitken, bosluk a¢is1 9°, helis acis1 30°, dis basina ilerleme 0.15 mm/z ve kesme derinligi 2.5
mm olarak belirlenmistir. Bu kombinasyon, takim aginmasin1t minimuma indirirken malzeme
kaldirma oranimm1 4.8 mm?/s seviyesinde sabit tutmustur. Literatiirdeki sonlu elemanlar
analizlerinde ilk kesme fazinda 0.00934 mm/s, t¢iincii fazda 0.00156 mm/s olarak Olgiilen
asinma hizlarmin, optimize edilmemis kosullardaki 0.07030 mm/s degerine gore belirgin
bi¢imde azaldig1 goriilmiistiir (Yue, ve digerleri, 2021).

Ti6Al4V alasiminin yiiksek hizda frezelenmesinde, kesme kuvvetleri {izerinde en belirleyici
etkenin kesme derinligi oldugu tespit edilmistir. Is mili devri 6000—10.000 dev/dk araliginda
artirldiginda Fy ve Fz kuvvetlerinde azalma gdzlenmis, Fx kuvveti ise sabit kalmistir. ilerleme
miktar1 0.6-1.0 mm/dev araliginda arttik¢a tiim kuvvet bilesenleri yiikselmistir. Regresyon
analiziyle olusturulan {ic boyutlu model, yiiksek giiven diizeyiyle dogrulanmis ve kesme

kuvvetlerinin tahmini i¢in kullanilabilir bulunmustur (Huahong, ve digerleri, 2025).
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Yapilan bir arastirmada, yiiksek kesme hizlarinin talag segmentasyonunu azaltarak ylizey
kalitesini belirgin bigimde iyilestirdigi belirtilmis olup bu durum, parcacik kirilmasi ve takim-
parcacik asimmasimin minimum seviyeye indirilmesiyle aciklanmaktadir. Ozellikle Ti6Al4V
alasiminin frezeleme islemlerinde, kesme hiz1 59 m/dk’dan 230 m/dk’ya kadar artirildiginda
daha homojen talas olusumu gdzlenmis ve yiizeyde mikro ¢atlak olusumu azalmstir. Tlerleme
miktar1 ise yiizey piiriizliligii ile dogrudan iligkilendirilmistir. Karbiir takimlar kullanilarak
0.27 mm/dev ilerleme oraninda yaklagik 1.75 pum yiizey piiriizliligi elde edilirken, PCD
takimlar ile yapilan optimizasyon sonucunda bu deger 0.18 um’ye kadar diisiiriilmiistiir. Bu
sonuglar, yiizey profilometresi dl¢limleri ve yan ylizey aginma analizleriyle dogrulanmis; PCD
takimlarin daha diisiik siirtiinme katsayisi ve yiiksek asinma direnci sayesinde yiizey kalitesinde
performans agisindan iistiinliik saglamaktadir (Shetty, ve digerleri, 2025).

4.Titanyum Islemede Sogutma Sistemleri

Titanyum alagimlarinin sogutma sistemi olmadan islenmesi siirdiiriilebilir bir islem degildir. Bu
sekilde isleme yapildiginda kesici takim aginmalari ve 06zgil enerji tiiketimi ¢ok fazla
olmaktadir. En diisiik takim aginmasi ve en diisiik enerji tiiketimi, COs- ile kisitlamali sogutma
ile 0,6 kg/dk ve 150-200 m/dk arasindaki degerlerde gdzlemlenmistir. LN ise i§ pargasini asir1
sogutmus, akma gerilimini arttirmistir. Bu yiizden diisiik kesme hizlarinda aginmay1 arttirmis
ve enerji tikketimini arttirmistir (Igbal, ve digerleri, 2021).

Ti-6Al-4V ince duvarli parcalarin islenmesinde yliksek malzeme kaldirma oraninin sebep
oldugu yogun kesme 1s1s1, takim ve is parcasi ¢iftinde yiiksek kimyasal reaktiviteye, termal
yumusamaya ve karmasik termal gerilim dagilimina neden olmaktadir. Minimum Miktarda
Yaglama (MQL)’ nin sogutma ve yaglama kapasitesi yapilan ¢alismada 4500dev/dak’ nin
iizerinde kesme devrine ulagtiginda yetersiz kalmaktadir. Fakat Kriyojenik Minimum Miktarda
Yaglama (CMQL)’nin —15 °C sicaklikta uygulanmasi, kesme siirecini daha kararli hale
getirerek termo-mekanik yiikleri azaltmis ve ince duvarli pargalarin boyutsal hassasiyetini
artirmistir. Ayrica, mikro damlaciklarin yiizey tutunma kabiliyeti, kesme bolgesinde kararli bir
yaglama filmi olusumunu saglamaktadir. Yapilan deneylerde, 3000 rpm is mili devrinde
maksimum geometrik sapma geleneksel tasma sogutmaya kiyasla %54,74, MQL’ye kiyasla
%36,99, maksimum kalinlik hatasi ise sirasiyla %53,51 ve %20,56 oraninda azalmistir. Uygun
CMQL ve kesme parametrelerinin se¢ilmesiyle sogutma sivisi ve takim maliyetlerinin 6nemli
Olciide diisiirtilebilecegini gostermektedir (Wu, Mao, Pan, Li, & Ding, 2023).

Nano-hibrit MQL sistemiyle yapilan titanyum alasimi isleme deneylerinde, diisiik kesme hiz1

ve ilerleme orani takim Omriinii uzatmis, ylizey piirtizliligiini iyilestirmistir. Yiiksek kesme
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hiz1 ve ilerleme orani ise kesme bolgesinde 1s1 birikimini artirarak sistemin sogutma etkisini
sinirlandirmig, takim aginmasini hizlandirmistir. Lazer taramali mikroskop ile asinma ilerleyisi
detayli bigimde izlendiginde; kirilma, krater asinmasi ve yapisma izleri gibi mekanizmalar
gbzlenmistir. Sogutma sisteminin etkinligi, kesme parametrelerinin dogru se¢imiyle dogrudan
iligkili oldugu anlagilmaktadir (Noor & Hadi, 2023).
TC6 titanyum alagiminin islenmesinde uygulanan CMQL sistemi, takim asinmasin1 %50’ye
kadar azaltmis ve yiizey piriizliiliigiinde %42 iyilesme saglamaktadir. Bu sonuglar, kesme
bolgesindeki siirtinme ve 1s1y1 azaltan etkin sogutma ve yaglama etkisiyle elde edilmistir.
CMQL ayrica isleme verimliligini %20-30 oraninda artirmistir (Zhang, ve digerleri, 2024).
Ti-3Al1-2.5V alagiminin islenmesinde uygulanan hibrit LN> + MQL sogutma sistemi, takim
asinmasini azaltmis, yiizey kalitesini iyilestirmis ve 6zgiil kesme enerjisini diislirmiistiir. Kuru
kesimde yliksek sicaklik nedeniyle takim omrii kisalmis ve yanma izleri olugsmustur. Hibrit
sistem, kesme bolgesindeki siirtlinmeyi ve sicakligi azaltarak daha diizgiin yiizeyler (Ra = 0.6
um) ve daha diigiik aginma oranlari (R <-9.15) saglamistir. LN> ve MQL ayr1 ayr etkili olsa da,
hibrit uygulama en diisiik asinma ve en 1yi ylizey kalitesini sunmaktadir (Gupta, et al., 2023).
5.SONUC
Bu caligmada, titanyum alagimlarinin dik isleme tezgahlarinda islenebilirligi; kesici takim
malzemeleri, kesme parametreleri ve sogutma sistemlerini kapsayan literatlirdeki ¢alismalar
incelenmektedir. Calismanin temel sonuclar1 asagida 6zetlenmistir:
o Titanyum alasimlarimin disiik 1s1l iletkenligi, yliksek kesme kuvveti gereksinimi ve
kimyasal reaktivitesi, takim asinmasimi hizlandirmakta ve yiizey kalitesini olumsuz

etkilemektedir.

e En uygun takim malzemeleri arasinda tungsten karbiir, BCBN ve PCD yer almaktadir ve
bu takimlar, yiiksek sicaklik dayanimina ve diisiik asinma oranlarina sahiptir (Pramanik,

Islam, Basak, & Littlefair, 2013).

o Kesme parametrelerinin optimizasyonu, 6zellikle kesme hiz1 ve ilerleme miktarinin dogru

secimi hem takim Omriinii uzatmakta hem de yiizey piiriizliligilinii iyilestirmektedir.

o Ultrasonik destekli frezeleme yontemleri (UTVHM, RUEM, HRUEM), kesme kuvvetlerini
%1745 oraninda azaltmakta ve yiizey kalitesinde %30-36 iyilesme saglamaktadir (Wang,
ve digerleri, 2025).

e Geleneksel sogutma sivist sistemleri yetersiz kalirken, CMQL ve hibrit LN. + MQL

sistemleri daha diisiik takim aginmasi ve daha iyi ylizey kalitesi sunmaktadir.
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e CMQL uygulamalari, takim asinmasint %50’ye kadar azaltmakta ve yiizey piiriizliliglini

%42 oraninda iyilestirmektedir.

e Yiksek kesme hizlari, talas segmentasyonunu azaltarak daha homojen ylizeyler
olusturmakta; PCD takimlar ile 0.18 um’ye kadar diisiik ylizey piriizliligi elde
edilebilmektedir (Shetty, ve digerleri, 2025).

Sonug olarak, titanyum alagimlarimin dik isleme tezgahlarinda verimli ve kaliteli sekilde
islenebilmesi i¢in; uygun takim se¢imi, optimize edilmis kesme parametreleri ve gelismis
sogutma sistemlerinin birlikte degerlendirilmesi gerekmektedir. Bu biitlinciil yaklasim hem
iretim verimliligini artirmakta hem de hassas parga liretiminde istenen tolerans ve ylizey

kalitesine ulagilmasint miimkiin kilmaktadir.
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OZET

Iki kere farkl1 (2f) dgrenciler bir ya da birkag alanda 6zel yetenege ve bir ya da birkag alanda
engel durumuna sahip 6grencilerdir. Ogretim ortamlar1 tasarlanirken 2f 6grencilerin hem 6zel
yetenegini gelistirecek hem de 6zel gereksinimini karsilayacak igerik iiretimi, materyal ve
teknoloji kullanimina gidilmelidir. Diislince deneyleri kurgusal bir senaryoda tarif edilen
durumun gergek olmasi halinde ne olacagina dair 6grencilere soru sorar. Ogrenciler de gegmis
bilgilerinden yola c¢ikarak kararlar yapilandirirlar. Paradoks ise bir durumun igerisinde
tanimlanan ve mantiksal olarak birbiriyle c¢elisen olasiliklardir. Diisiince deneyleri ve
paradokslar egitimde kullanildiginda Ogrencilerin karar verme ve muhakeme becerileri
gelistirilerek onlarin elestirel diisiinmelerine katki sunulur. Mevcut ¢calismada 2f 6grenciler i¢in
yapay zeka destekli diislince deneyi ve paradoks iiretimi ile sunulan 6gretimle onlarin elestirel
distinmelerine katki sunmak amaglanmistir. Calisma tek denekli arastirmadir. Calismanin
uygulama siireci 2024-2025 6gretim yilinda 6zel yetenegi, miizik yetenegi ve gérme engeli olan
bir 2f 6grenci ile Ankara’da akran 6gretimi temelinde yiiriitiilmiistiir. Uygulama siirecinden
once bir yapay zeka programi olan ChatGPT ile dort adet diisiince deneyi ve bir adet
paradokstan olusan bir igerik hazirlanmistir. Uygulama siirecinde kabartmali materyaller,
Braille alfabesi wuygulamalarma bir alternatif olarak mobil teknolojilerin  dgretim
uygulamalarinda kullanima siireci deneyimlenmistir. 2f §grenciye ve ailesine ¢alismanin amact
ayrintili olarak anlatildiktan sonra, 2f 6grenci goniilliiliik esasinda ¢alismada yer almistir.
Uygulama siirecinde ¢alismay1 ylriiten Ogrencilerden biri, her bir diisiince deneyine ve

paradoksa dair ses kayitlarin1 mobil teknolojiler izerinden 2f 6grenciye ulastirmistir. 2f 6grenci
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de her bir diislince deneyi ve paradoksa dair sonu¢ ve gerekgelerini ses kaydiyla mobil
teknolojiler lizerinden akranina ulastirmistir. Calismanin bilimsel etigi temelinde veri akisi
ogretmen-veli, veli-6gretmen mobil cihazlar arasinda saglanmistir. Yani 2f 6grenci ve akrani,
giivenli internet kullanim1 amaciyla 6gretmen-veli {izerinden iletisim kurmuslardir. Calismanin
veri toplama araglari mobil sistemler lizerinden saglanan ses kayitlaridir. Bilimsel etik adina bu
ses kayitlart yazili metine doniistiiriildiikten sonra silinmistir. Veriler betimsel analizle
¢Oziimlenmistir. Literatiirden Walton argiiman modeline gore sonug¢ ve dayanak noktalar1 kod
olarak alinmis, buna gore bir betimsel analiz yapilmistir. Calisma sonunda 2f 6grencinin her bir
diistince deneyi ve paradoksa dair basariyla sonu¢ ve dayanak noktasi yapilandirabildigi
bulunmustur, dolayisiyla elestirel diisiinmesine katki sunuldugu soOylenebilir. Burada
vurgulanmasi gereken bir husus mobil teknolojilerin avantaj ve dezavantajlarindan bahsetmek
olacaktir. Avantaj durumu, bilgiye erisimin gérme degil duyma duyusu iizerinden Ozel
gereksinimi karsilayacak bi¢imde zamandan ve mekandan bagimsiz olarak 2f 6grenciye
sunulmus olmasidir. Dezavantaj durumu ise 2f 6grenci her bir sonucuna sadece bir dayanak
noktast yapilandirabilmistir, yiiz ylize O6gretim olsaydi belki dayanak noktasi sayisinin
artirtlmasi olasi olacakti.

Anahtar Kelimeler: iki kere farkli 6grenci, diisiince deneyi-paradoks, elestirel diisiinme, yapay
zeka, mobil teknolojiler.

CRITICAL THINKING EDUCATION FOR TWICE-EXCEPTIONAL STUDENTS
THROUGH AI-SUPPORTED THOUGHT EXPERIMENT AND PARADOX
GENERATION

ABSTRACT

Twice-exceptional (2e) students are those who possess special talent(s) in one or more areas
and disability(ies) in one or more areas. When designing instructional environments, content
production, material, and technology use should be arranged in a way that both enhances the 2e
students’ special talents and meets their special needs. Thought experiments ask students
questions about what would happen if a situation described in a fictional scenario were real.
Students construct decisions based on their prior knowledge. A paradox, on the other hand,
refers to situations that contain logically contradictory possibilities within themselves. When
thought experiments and paradoxes are used in education, they contribute to students’ critical
thinking by developing their decision-making and reasoning skills. The present study aimed to
contribute to the critical thinking of 2e students through instruction supported by artificial

intelligence—based thought experiment and paradox generation. The study was designed as a
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single-subject research. The implementation process was carried out during the 20242025
academic year in Ankara, based on peer teaching, with a 2e student who has musical talent and
visual impairment. Before the implementation process, an artificial intelligence program,
ChatGPT, was used to prepare content consisting of four thought experiments and one paradox.
During the implementation, the use of mobile technologies in instructional applications was
experienced as an alternative to Braille alphabet applications and embossed materials. After the
aim of the study was explained in detail to the 2e student and their family, the 2e student
voluntarily participated in the study. During the implementation, one of the students conducting
the study sent audio recordings of each thought experiment and paradox to the 2e student via
mobile technologies. The 2e student, in return, sent their conclusions and justifications for each
thought experiment and paradox as audio recordings to their peer through mobile technologies.
In accordance with research ethics, data transmission was provided between teacher-parent and
parent-teacher mobile devices. In other words, the 2e student and their peer communicated
through the teacher-parent mediation to ensure safe internet use. The data collection tools of
the study were the audio recordings obtained via mobile systems. In line with research ethics,
these recordings were transcribed into written texts and then deleted. The data were analyzed
through descriptive analysis. According to Walton’s argument model from the literature,
conclusions and grounds were taken as codes, and a descriptive analysis was conducted
accordingly. The results of the study showed that the 2e student was able to successfully
construct conclusions and grounds for each thought experiment and paradox, thus contributing
to their critical thinking. One point that should be emphasized here is the advantages and
disadvantages of mobile technologies. The advantage was that access to information was
provided to the 2e student in a way that met their special needs, through the sense of hearing
rather than sight, independent of time and place. The disadvantage, however, was that the 2e
student was able to construct only one ground for each conclusion; if face-to-face instruction
had been implemented, it might have been possible to increase the number of grounds.

Keywords: Twice-exceptional student, thought experiment-paradox, critical thinking, artificial

intelligence, mobile technologies.
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OZET

Donen makinalar glinlik yasamda yaygin olarak kullanilmakta olup modern miihendislikte
kritik bir rol oynamaktadir. Konsol konfigiirasyona sahip doner makinalar genis bir sinifi temsil
etmektedir. Bu yapu, riizgar tlirbinleri, ucak motoru fanlar1 ve ¢esitli doner makinalar gibi bir¢ok
mithendislik uygulamasinda 6nemli bir role sahiptir. Konsol tip konfiglirasyon, yatak
diizlemlerinin disinda konumlandirilmis agir bir rotorun safta monte edilmesi seklinde
tanimlanir. Saft, rijit veya esnek kaplinler aracilifiyla tahrik eden giic kaynagina mekanik
olarak baglanir. Bu konfigiirasyon genellikle iki yataktan olusur. Eksenden kagik saft ve disk
jiroskopik etkileri nedeniyle bu sistemler tasarim asamasinda dikkatle analiz edilmesi gereken
karmasik dinamik davraniglar sergiler. Ancak, geleneksel yiiksek dogruluklu simiilasyonlar ve
deneysel yontemler genellikle yiiksek hesaplama maliyeti ve zaman gereksinimi
dogurdugundan, hizl1 konsept tasarim iterasyonlari i¢in pratik degildir.

Bu ¢aligmanin amaci, konsol tip rotor-rulman konfigiirasyonlarinda parametre degisimlerini
hizlica simiile edebilen ve bu degisimlerin kritik dinamik yanitlar tizerindeki etkilerini
degerlendirebilen MATLAB tabanli bir rotor dinamik model gelistirmektir. Model sonuglari,
endiistride kullanilan ticari rotor dinamik yazilim ile karsilastirilmistir. Gelistirilen model,
esnek saft-rijit disk sistemleri gibi eksenel simetriye sahip geometrilere uygulanabilir olup
izotropik yataklar tarafindan desteklenmistir ve bu nedenle sabit referans cergevesinde
modellenmistir. Doner yapilarin ayriklastirilmasinda kiris elemanlar1 kullanilmis ve sonlu kirig
elemanlar1 i¢in Timoshenko kiris teorisinden yararlanilmistir. Model, diigiim noktalar, saftlar,
yataklar ve diskler gibi temel tanimlamalar kullanilarak olusturulmustur. Esnek saftin
modellenmesinde 8 serbestlik dereceli Timoshenko kiris elemanlar1 kullanilmistir. Calismada
yalnizca saftin yanal titresimleri incelenmis, eksenel ve burulma serbestlik dereceleri dahil
edilmemigstir. Kirig elemanlarmin kiitle, rijitlik ve jiroskopik matrisleri sabit referans
cergevesinde Lagrange’in potansiyel ve kinetik enerji ifadeleriyle elde edilmistir. Donen rijit
diske ait Lagrange’in kinetik enerji ifadelerinden tiiretilen jiroskopik matris kullanilmistir.

Kiitle matrisi ise kiitle, kiitle atalet momenti ve kutupsal atalet momenti gibi geometrik
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ozellikler dikkate almarak olusturulmustur. Onerilen model, yatak konumlarindaki eksenel
kaymalar, disk kalinligindaki degisimler veya disk boyutlarindaki farkliliklar gibi konsol tip
konfigiirasyon elemanlarina ait parametre degisimlerinin dogal frekanslar, mod sekilleri ve
yatak tepkileri lizerindeki etkilerini degerlendirmek ic¢in kullanilmistir. Ayrica model, farkli
doniis hizlarinda yatak reaksiyon kuvvetlerini tahmin ederek dogru yatak boyutlandirma ve
secimine katki saglamaktadir. Ozellikle turbofan motorlarinin konsept tasarim asamasinda
yatak boyutlandirma ve secimi; tasiyici yapilar, disk gévdesi, miller ve sizdirmazlik elemanlari
gibi birgok ara yiizii etkilediginden kritik 6neme sahiptir.

Rulman ile disk eksenel mesafesinin azalmasi sistemin kritik hizlarini arttirirken, belli bir
mesafeden sonra rulman yikiinii de arttirmaktadir. Bu sonu¢ ise konsol rotor-rulman
konfigiirasyonunda rulman konumunun énemini géstermektedir.

Anahtar kelimeler: Konsol Tipi, Rotor, Rulman, Rotordinamigi, Timoshenko Kiris

ROTOR DYNAMICS ANALYSIS OF OVERHUNG ROTOR-BEARING
CONFIGURATION
ABSTRACT

Rotating machinery is extensively use in everyday life and plays a crucial role in modern
engineering. Broad class of rotating machines with overhung-configuration. It plays a critical
role in many engineering applications such as wind turbines, aircraft engines fan, and various
rotating machinery. Overhung-configuration in the form of a shaft with a heavy rotor mounted
outside bearing planes. The shaft mechanically connects to its driven energy power via rigid
or flexible couplings. The configuration generally consists of two bearings. Due eccentric shaft
and disc gyroscopic effects, these configuration exhibit complex dynamic behaviors that require
careful analysis during the design phase. However, conventional high-fidelity simulations and
experimental methods are often computationally expensive and time-consuming, which makes
them impractical for rapid concept design iterations.

The objective of this paper is to develop a MATLAB-based rotor dynamic model capable of
rapidly simulating parameter variations in overhung rotor-bearing configuration and evaluating
their influence on critical dynamic responses. The model results compared with commercial
rotor dynamic software used in the industry. The developed rotor dynamic model applicable to
axi-symmetric geometry such as flexible shaft rigid disc system and supported by isotropic
bearings thus modeled in stationary reference frame. Beam element is utilized for rotating
bodies discretization. Timoshenko beam theory is used for finite beam elements. The model
defined using key definitions such as nodes, shafts, bearings and disks. 8 DOF Timoshenko

beam elements are used for modeling of flexible shaft. Only lateral vibrations of the shaft
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studied so axial and torsional DOFs are not included. The beam element mass, stiffness and
gyroscopic matrices obtained in stationary reference frame by Lagrange’s potential and kinetic
energy expressions. The gyroscopic matrix of the rotating rigid disc is obtained from
Lagrange’s kinetic energy expressions, while the mass matrix is constructed considering
geometrical properties such as the mass, the mass moment of inertia, and the polar moment of
inertia.

The proposed model used to evaluate the effects of changes in parameters of overhung
configuration elements—such as axial position shifts in bearing positions, variations in disc
thickness, or changes in disc dimensions—on natural frequencies, mode shapes, and responses
on the bearings. Furthermore, the model provides estimates of bearing reaction forces under
different rotation speeds, which is crucial for proper bearing sizing and selection. During
concept design phase of turbofan engine, bearing sizing and selection is important since it can
affect many interfaces such as support structures, disc bore, shafts and seals etc.

Decreasing the axial distance between the bearing and the disc increases the critical speeds of
the system and also increases the dynamic load on the bearing after a certain distance. This
result demonstrates the importance of bearing location in the overhung rotor-bearing
configuration.

Keywords: Overhung configuration, rotor, bearing, rotor dynamics, Timoshenko beam

1. INTRODUCTION

Rotating machinery is extensively use in everyday life and plays a crucial role in modern
engineering. Since the industrial revolution, the demand for high power output and high
efficiency has been one of the main goals of technological development. Examples of such
equipment include steam turbines, electric generators, compressors, pumps, aircraft engines,
wind turbines and so on. All those equipment have in common: rotating machinery.

Rotating machinery consist three primary elements as follows; the rotor, the bearings and
supporting structure. To operate rotating machinery safely and long-life of primary elements,
vibration levels does not exceed acceptable limits. The fundamental engineering challenge in
the design of rotating machinery lies in achieving higher efficiency and power density through
advances such as optimized aerodynamic and hydrodynamic flows, improved blade design,
higher rotational speeds, and larger rotor sizes—while simultaneously addressing potential
problems such as shaft whirling, excessive vibration, and rotor dynamics instabilities.

Rotor dynamics has evolved subject area as reliable operation become key for wide range of

applications of machinery. Before the twentieth century, rotating shafts and bearings were not
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considered to interact with one another; but they rarely considered to interact in any system-
like manner. In the early years of the twentieth century, however, machine design developed to
a stage where plant was required to operate at high speed and, in many cases above one or more
critical speeds.(Goodwin J.M.,1989).

For the first published assessment for rotordynamics of machinery in 1869 by Rankine.
(Rankine, W.M. 1869). Rankine explain “whirling speed” behavior of rotor-bearing systems,
incorrectly predicted that rotating machines cannot exceed their whirling speed due to unstable
operation. Rankine defines whirling term to rotor dynamics literature. In 1883, Laval developed
steam turbine succeeded at operating it 42000 rpm. He showed that it was possible to operate
above critical speed. (Smil,V. 2005). In 1895, Dunkerley explains critical speed term by
explaining the phenomena when shaft driven at a particular speed, bends and might even break
unless the amount of deflection be limited. He also explain that after critical speed shaft can run
true. There were confusion among engineers about Rankine’s whirling speed with Dunkerley’s
critical speed. In 1916, a paper published with experimental evidence that second critical speed
existed and it showed that a second critical speed could only possible if shaft passes safely from
first critical speed. (Kerr, W., 1916) Henry H. Jeffcott commissioned by The Royal Society of
London to resolve this conflict between Rankine’s theory and the practice of Kerr and Laval.
(Nelson, H.D. 2003) Fundamental theory of lateral vibrations of rotating machines formulated
by Jefcott.(Jefcott, H.H. 1919) He showed that the shaft has its own centerline, it did not rotate
its rest centerline position. Today, a rotor model consisting of rigid disks on a compact, flexible
shaft is called a “Jeffcott Rotor”. In Jeffcott’s rotor, the disk did not have any moment (yawing
or rolling.) Thus, the angular velocity vector due to spin of the disk and the angular momentum
vector were concentric and no gyroscopic moment were generated. Stodola did consider
gyroscopic moment effect in his model by Coriolis accelerations. (Stodola, A. 1924)

Aircraft gas turbines rotors were not suitable for a Jeffcott model due to gyroscopic effects of
shaft and disc. At that time, the need for more accurate model is obvious. The more accurate
modeling technique supplied by Melvin Prohl in late 1930s and published in 1945 for turbine
shaft. (Prohl, M.A., 1945) This method led to a broader method, now called the Transfer Matrix
Method(TMM). 1t is still used by industrial rotordynamic analyses. In the 1970s, Another
representative algorithm is become available the finite element method.(FEM). It gathered
momentum through work of Argyris (1913-2004). Clough first time called term “finite
elements” for the Argyris method in 1960s. (Clough, R.W. 1960) The first application of the
method to a rotor system was made by Ruhl and Booker (1972.) In the 1976, a special work
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published by Nelson and McVaugh which implemented FEM to analyse rotating systems. They

developed a flexible shaft by taken into account the rotary inertia, gyroscopic moment and axial
forces. Beam models are very important in the history of rotordynamics since all rotors were
modeled as beams. Namely, The Rayleigh beam theory widen Euler-Bernoulli theory by
including the effect of rotation of the cross-section. (Rayleigh, J.W.S. 1877) Another theory is
developed by Timoshenko where shear or rotary effects included. (Timoshenko, S.P.
1921,1922) This beam model used in many rotordynamic computer model. (W. J. Chen & E. J.
Gunter. 2005)

There are many rotordynamic computer codes used in the industry.(Crandall, S.H. 1992)
Apart from these, many specialized software applications has been developed by research
groups in Universities or in the companies to reduce cost of engineering work.

In this study, in-house rotordynamic model developed via MATLAB for overhung rotor-
bearing configuration. Natural frequencies of the system, mode shapes and bearing responses
will be compared with rotor dynamic computer tool with same inputs. Then the proposed model
used to evaluate the effects of changes in parameters of overhung configuration elements—
such as axial position shifts in bearing positions, variations in disc thickness, or changes in disc
dimensions—on natural frequencies, mode shapes, and responses on the bearings.

2. THEORY&MODELLING OF THE SYSTEM

There are different approaches to analysis of rotating systems. Simple rotors that means can
be modelled with a small number of degrees of freedom analysis always starts from derivation
of the equation of motions. Simple rotor modelling either a rigid rotor on flexible bearings and
foundations or as a flexible rotor on rigid supports. For simple rotors, it is straightforward to
find natural frequencies of the system by finding roots of the characteristic equation. As the
system becomes more complicated, there are different methods to analyze dynamics of rotor
systems such as Method of Transfer matrix method, method of influence coefficients,
mechanical impedance methods, dynamic stiffness matrix method and finite element
formulation. (Goodwin M.J. 1989) In this study, the FEM utilized to model and analyze rotor
dynamic behaviour of selected system. The normal approach is to discretize the system so that
an approximate model can be created with a finite number of coordinates. The model developed

based on system shown in figure 1.
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Figure 1. Test System (Barbour Stockwell)

2.1. Theory&Modelling of The System

Any application of FEM to a structure first requires break down the structure conceptually
into relatively simple elements. These elements represent the mathematic expressions and its
assembled to obtain a set of equations to model the system. In the model shown in figure 2, the
rotor is divided into 11 number of shaft elements each shaft elements has two nodes. The model
defined using key definitions such as nodes, shafts, bearings and disks. Disc 1, disc 2, bearing

1 and bearing 2 are assumed to be attach to the shaft at these nodes.
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Stylized Rotor Model
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Figure 2. Schematics of rotor-bearing model

Derivation of the governing matrices for FEM approach to rotordynamics analysis requires
stationary or rotating reference frames. It is sometimes explained as an observer stay stationary
while system is rotating for stationary reference frame, on the other hand an observer rotates
with the rotating system. The analysed system consists of a long shaft, contains heavy disc far
away, small disc close to the bearings and supported by two bearings.

2.1.1 Timoshenko beam element

The system modelled under assumptions flexible shaft-rigid disc modelling and supported
by isotropic bearings so stationary reference frame taken into account. Beam element is utilized
for rotating bodies discretization. There four different beam theories as follows; Euler-
Bernoulli, Rayleigh, Shear and Timoshenko. Timoshenko theory adds the effect of shear as well
as the effect of rotation to the Euler-Bernoulli beam. The Timoshenko model is a major
improvement for non-slender beams and for high-frequency responses where shear or rotary
effects are not negligible. (Han, S.M., Benaroya, H. and Wei, T. 1999) The analysed system
requires incorporation of rotary inertia and shear deformation, therefore Timoshenko beam
theory is used for finite beam elements. The element geometrical definitions and reference

frame shown in figure 3.
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Figure 0.3 Beam Element

It is only considered lateral vibrations, thus each node has four generalized coordinates;
transverse displacements in the x and y directions and rotations about x- and y- axes. So axial
and torsional DOFs are not included. Total degrees of freedom of the element is 8. The rotations
6 and 1 are assumed as small angle deformations. The deformation within actual element
approximated by linear combinations of known functions, called “shape functions” The
coefficients in these linear combinations are simply nodal displacements. (Friswell, M. 1.,
Penny, J. E., Garvey, S. D., & Lees, A. W. 2010). The vector of the nodal displacements

q = [u1, 01,01, Y1, Uz, V2, 02, ] (2.1)

For the sake of simplicity complete derivation of the shape functions for Timoshenko beam
are not included but it can be found in many textbooks. (Genta, G. 2005), (Friswell, M. L.,
Penny, J. E., Garvey, S. D., & Lees, A. W. 2010).

_ 1+®(1-§)-382+283 1+§¢(1—§)—2§+Ez

Ny = S Nip =18 1+@

Ny = g2 Ny = 22008 )
Nor = 6 i Ny = HETGEE

Nes = =6 s ey = H

Where § = 2 / 1 1s a non dimensional coordinate, and the transverse shear effect (Nelson,

H.D. 1980)

_ 12Ely4
T kGAl?

(2.3)
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where E, I;, G, A, k and [ are the Young’s modulus of the material, diameter moment of
inertia, shear modulus of the material, area of the cross section, shear factor and the length of
the element, respectively. Deformation of the element can be found by matrix multiplication
of shape functions and nodal displacements by following equations (L.-W. Chen, D.-M. Ku,
1990)

(U1
Uy

{”} = [N,]{ Wil (2.4)

{3)} = [N]4q, ¢ (2.5)

Where detailed forms of the shape functions and the translational and rotational shape

function matrices in equations (2.4) and (2.5) [N,] =

Ny; 0O 0 N Nz O N14] nd
0 Ny —Niz 0 0 Ny —N14

[N, ] ] [ —Nz1 Njp 0 =Ny Ny O
T N, 0 0 N22 N,z 0 0 Nyl

2.1.2 Flexible Shaft Modelling
The beam element mass, stiffness and gyroscopic matrices obtained in stationary reference
frame by Lagrange’s potential and kinetic energy expressions. The potential energy of the

element of length 1, including the contributions of elastic bending and shear energy (L.-W.

Chen, D.-M. Ku, 1990)
_ 1l 1\ 2 11\ 2 1l "2 "2
U= Efo EIf(u")? + (v")?]dz +5f0 kKGA[(u)? + (v")?]dz (2.6)
Where the symbol " implies differentiation with respect to axial distance z.

Under the assumption of a constant rotating speed (, the kinetic energy T of the element both

translational and rotational form is given by

T =3l pAl@? + 0)%dz +3 114 [(6)" + (9) | dz - afj6dz @)
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Where the symbol . implies differentiation with respect to time, p is the density of the shaft
material, I,, polar mass moment of inertia per unit length. I,, = 21 ,

Substituting equation (2.4) into equation (2.5) and eq.(2.6) respectively, U and T can be

rewritten in terms of the nodal displacement vectors as, respectively

U =@} K} + 5 (@) [K e}

T =5 (@) M@} +5 {0} M, 14} — 5 Q@) (61}

2.8)

(2.9)

Where K, K, M, M,. and G bending stiffness, shear stiffness, translational mass rotatory

inertia and shaft gyroscopic matrix, respectively. Equation (2.7) and eq. (2.8) coupled with

equation (2.5) and eq. (2.6) to obtain stiffness matrices and mass matrices as in (L.-W. Chen,

D.-M. Ku, 1990)

[Ky] = [,[N."TTEI[N,"]dz (2.10)
(K] = [, [N;"T"KGAIN,"]dz 2.11)
[M] = [[N,]"pA[N,]dz (2.12)
[M,] = [, [N, I4[N, ]dz (2.13)
[Gs] = ([N] = [N]) (2.14)
Where
IN] = fi 2 [N,] [Noldz (2.15)

By solving equation (2.10), (2.11), (2.12), (2.13), (2.14) and (2.15) resulting structural
stiffness matrix; [K,] = [K},] + ®[K,], global mass matrix [M] = [M;] + [M,.] and [G] is

obtained respectively as in (Tiwari, R. 2017).

[ 12
0 12 sym
0 -6l (4 + D)2

_ El4 6l 0 0 (4 + ®)I?
Kol = 50y -12 0 0 -6l 12 (2.16)

0 12 6l 0 0 12
0 -6l (2— D)2 0 0 6l (4+d)2

| 6] 0 0 2-®)? -6l 0 0 (4 + )12
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m; = 54 + 126® + 70P?
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m, = 36
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sym
I’m
lm45 m, (2.17)
0 0 my
0 0 Im, [’ms
—?>mg —-lm, O 0 1*ms]
sym
I’m
lm: m, (2.18)
0 0 m,
0 0 Img [*myg
_l2m10 _lmg 0 0 lzmg_
sym
0
0 0 (2.19)
lms _m7 0
_lzmlo _lm8 0 O
O 0 _lms lzmg 0_

m, = 22 + 38.5® + 17.5¢2
m, = 134+ 31.5® + 17.50% (2.20)
mg = 3 + 7P + 3.502
mg =3 — 15¢
I’n10 = 1+5q)_5q)2

In this section, mass, stiffness and gyroscopic matrices for a Timoshenko beam element

have been obtained.

2.1.3 Rigid Disc Modelling

The gyroscopic matrix of the rotating rigid disc is obtained from Lagrange’s kinetic energy

expressions, while the mass matrix is constructed considering geometrical properties such as

the mass, the mass moment of inertia, and the polar moment of inertia. Since the disk is assumed

as rigid, the strain energy ignored and only kinetic energy included.

Gyroscopic moments acting on a rotating rigid disc will be included, so the kinetic energy, Ty,

of the disc should be obtained. A rigid disc, having diametral mass moment of inertia J;, polar

mass moment of inertia J,, mass md and rotating with the speed of Q has a kinetic energy as

obtained in (Friswell, M. L., Penny, J. E., Garvey, S. D., & Lees, A. W. 2010).
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1 . . 1 . H 1 H
Ty = Sma(@* +0%) +-]4(6% +¥%) +5J,(0% - 20¢9) (2.21)
The element matrices are obtained by applying Langrange’s equation to (5.21) thus element

mass matrix for the disk and gyroscopic matrix for the disk, respectively

mg 0 0 07
0 my 0 0
Mal=] o o Jg 0 (2.22)

0 0 0 0]
00 o0 o0

[Gal=fo 0 0 ], (2.23)
00 —J, O]

In this section, mass, gyroscopic matrices for a rigid disc element have been obtained to
implement global mass and gyroscopic matrices of the whole model.
2.1.4 Bearing Modelling

Since model interested in small dynamic displacements the bearing assumed as linear load-
deflection relationship. Thus, the forces acting on the shaft due to bearing existences and
resultant velocities and displacements of the shaft can be approximated by (Friswell, M. 1.,

Penny, J. E., Garvey, S. D., & Lees, A. W. 2010)

fr _ kuu  kuy] fu Cuu  Cuv](u
{fy} - [kvu k., {v} B [cvu cvu] {v} (2.24)
Where f, and f, are the dynamic forces in the x and y directions, u and v are the dynamics
displacements of the shaft journal relative to the bearing housing in the x and y directions.

Bearing stiffness and damping taken into account to assembly of the full equations of motion

as follows
k k
K, 1= [ wn Kuy| 226
[ be] kvu kvu ( )
_ [Cuu  Cuv
[Coel = [ ] 2.27)

2.1.5 System Equations of Motion
The assembled system equation of motion for an n degree of freedom becomes
MG+ Cq+QGg+Kq=0 (2.28)
Where global mass matrix [M]=[M,] + [M,] (equation (2.17) and (2.18)), C global damping
matrix equal [C] = [C},] internal damping matrix not included(equation (2.27)) , gyroscopic
matrix [G]=[Gs] + [G4] (equation (2.19) and (2.23)) and global stiffness matrix
[K1=[K(] + [Kpe] (equation (2.16) and (2.26)).

181



ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

Critical speeds computed with undamped system which damping neglected in equation
(2.28), by assuming solution type g = qoe* by implying the assumption into equation (2.28)
homogeneous equation obtained :

(—Q*(M —G)+K)qgy =0 (2.29)
Thus, critical speeds can be computed by solving the eigenproblem
det(—Q*(M —G) +K) =0 (2.30)
3. OVERHUNG CONFIGURATION MODELLING, ANALYSIS AND RESULTS

Flexible shaft — rigid disc model used to investigate the dynamic behavior of the system

shown in figure 2. The results are to be compared with rotor dynamic program named

“Dyrobes”. Material and geometric properties of this system are given in Table 1.

Component Property Value Unit
Shaft Young’s Modulus 200000000000 Pa
Shear Modulus 76904000000 Pa
Density 7833.4 kg/ ,
m
Poisson Ratio 0.3 -
Diameter 0.0079375 m
Length 0.2286 m
Damping Factor 0 -
First Disc Diameter 0.100 m
Thickness 0.025 m
Density 7810 kg/m3
Second Disc Diameter 0.250 m
Thickness 0.025 m
Density 7810 kg/ ,
m
First Bearing Stiffness(x,y) 112984830 N/m
Axial center distance 0.0339 m
from shaft origin
Second Bearing Stiffness(x,y) 112984830 N/m
Center axial location 0.05869 m
from shaft origin

Table. 1 System Properties
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The natural frequencies and critical speeds for the system with developed model and

DYROBES has been established in table 2. Note that only the shaft bending modes and forward

whirl directions taken into account.

Rotational Speed (RPM)
0 20000 Max.
Mode | Model DYROBES Model DYROBES | Error(%)
(Hz) (Hz) (Hz) (Hz)

1 9.36 9.36 15.23 15.23 0
2 35.67 35.67 562.99 562.24 0.13
3 169.42 169.26 2121.98 2121.73 0.09
4 715.33 713.45 2263.93 2263.64 0.26
5 2116.50 2116.25 5813.13 5812.47 0.01
6 2248.70 2248.43 11243.34 11242.15 0.01

Table. 2 Comparison of the model and DYROBES results

From table 2, maximum percentage error for critical speed difference between model and
DYROBES is %0.26. Another comparison made between two based on the dynamics of the
system by constructing of Campbell Diagram which rotational speed start from 0 to 20000
solved at each 1000 rpm. The comparison of Campbell diagrams shown in figure 4. It includes
forward and backward whirl frequencies. There is just one difference for plotting of graphs on
the Y-axis which the model shows as frequencies (Hz) on the other hand DYROBES shows as

rotational speed. (rpm)
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Figure 4. Campbell Diagram Comparison

Last comparison made between the model and DYROBES outputs about first six mode shapes

shown in figure 5. Shaft, bearings, discs, nodes and mode shapes schematize with blue line,

springs, solid line connected with circle, vertical lines and purple curve, respectively.
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Mode 1 — 914 rpm (15.24 Hz)
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Mode2 — 33779 rpm (562.99 Hz)
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Figure 5. Mode shapes comparison

For the given geometry and system parameters, natural frequencies, critical speeds,

Campbell diagram and mode shapes compared with DYROBES. Results of the model is almost

same with DYROBES results. Therefore, in the upcoming chapter design iteration will be

performed on the model only.

The critical speed mode shapes of an overhung machine are different other configurations.

The first and second modes are pivotal. The first single overhung mode will always have the

maximum amplitude at the second disc and the second will have maximum amplitude at first

disc. It is not common to encounter critical speeds above the second critical speed as the

frequencies get to be very high as seen in figure 5 (Leader, M. 2004).
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4. EFFECT OF BEARING LOCATION

The main purpose of developing such an in-house model is evaluate to bearing axial location
change and its response in terms of dynamic force. When 0.001 kg.m unbalance defined on
second disc where it is located on node 10 in figure 2, unbalance force response on bearings

shown in figure 6. Node 3 and 4 corresponds to first and second bearing, respectively.

- E
107 = Y 27.7477 El
E ] E

Bearing Dynamic Force (N)

1 | | 1 | | | | |
0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Rotor Speed(rpm) x10*

Figure 6. Bearing Dynamic Force vs Rotor Speed(rpm)

When second bearing moved to next node (5), its axial position shift around 17.78 mm. The

change in the system shown in figure 7.

Stylized Rotor Model

01—

Disc 2

Disc 1

Node Node o Noded  Node 5 Node 6 Node 7 Node § Node 0 Nade 10 Node 11 Node 12

Diameter [m]
=)
T

I I 1 I I I
0 0.05 0.1 0.15 0.2 0.25
Shaft Length [m]

Figure 7. Second bearing shifted to node 5.

Due to bearing location change first critical speed increase, while second critical speed reduced

slightly as it shown in figure 8.
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Mode1 — 1150 rpm (19.17 Hz) Mode 2 — 32795 rpm (546.58 Hz) Mode 3 — 135835 rpm (2263.91 Hz)

L o I L N ;i

Mode4 — 167094 rpm (2784.90 Hz) Mode5 — 459686 rpm (7661.43 Hz) Mode 6 — 609703 rpm (10161.72 Hz)

LA M\/? (VAN

Figure 8. Mode Shapes and Critical Speeds

After second bearing shift to node 5, unbalance force response on bearings shown in figure 9.

X 1200
Y 11.1431

g,
!/

10°

Bearing Dynamic Force (N)

10!

| | | | | | | | |
1000 2000 3000 4000 5000 6000 7000 8000 5000 10000
Rotor Speed(rpm)

Figure 9. Unbalance response for bearings

Dynamic force on the bearings greatly reduced for both bearings when second bearing axial
position shifts changed from node 4 to node 5. Therefore, there can be better trade-off for axial
location of second bearing between unbalance load and first critical speed.

Figure 10 and 11 show effect of second disc and second bearing axial distance effect on first
critical speed and second bearing dynamic force. As axial distance reduce between second disc
and second bearing, critical speed increases. Dynamic load on bearing tend to reduce first,

however, as distance reduce dynamic radial load on the bearing increases.
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Figure 10. Critical speed and bearing-disc axial distance
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Figure 11. Dynamic Force and bearing- disc axial distance
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5. CONCLUSION

The objective of this paper is to develop a MATLAB-based rotor dynamic model capable of
rapidly simulating parameter variations in overhung rotor-bearing configuration and evaluating
their influence on critical dynamic responses. The developed rotor dynamic model applicable
to axis-symmetric geometry such as flexible shaft rigid disc system and supported by isotropic
bearings thus modelled in stationary reference frame. Beam element is utilized for rotating
bodies discretization. Timoshenko beam theory used for finite beam elements. The model
defined using key definitions such as nodes, shafts, bearings and disks. 8 DOF Timoshenko
beam elements are used for modelling of flexible shaft The model results compared with
commercial rotor dynamic software used in the industry called DYROBES. Natural
frequencies, critical speeds and mode shapes compared. Maximum natural frequency and
critical speed difference between the model and the software is %0.26. Resulted mode shapes
almost the same. The critical speed first and second mode shapes of an overhung configuration
pivotal which make distinctive characteristic from other rotor-bearing configuration. Second
bearing modelled in fourth node. To investigate bearing axial location shift, second bearing
shifted to fifth node. Both bearing radial dynamic forces greatly reduced, first critical speed
increased while second critical speed reduced. As axial distance reduce between second disc
and second bearing, critical speed increases. Dynamic load on bearing tend to reduce first,
however, as distance reduce dynamic radial load on the bearing increases.
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DOCUMENTATION OF THE ZARQA DESERT. BY USING AERIAL PHOTOGRAPHY
TECHNIQUES

Mohammed WAHEEB
Professor in Archaeology; Department of Sustainable Tourism, Queen Rania Faculty of Archaeology
Heritage, & Tourism (QRFTH), The Hashemite University

Abstract

The Zarqa Desert, situated within Jordan’s Zarqa Governorate, encompasses an extensive cultural
and archaeological landscape across the basaltic harra plains. Its geographical reach extends east,
west, and south of the Hallabat region toward North and South Azraq, where the boundaries of
Mafraq Governorate emerge. To the north, settlement density intensifies near the urban centers of
Zarqa and Russeifa, while it diminishes at the margins particularly in the northwestern periphery
and in the eastern expanses such as Dhlail, Hallabat, and the fringes adjacent to Khalidiyah. This
area constitutes a repository of cultural heritage spanning the Paleolithic, Bronze Age, Classical,
and Islamic periods, continuing into the present day.

European explorers and scholars, beginning in the eighteenth century such as Alois Musil and
others undertook some of the earliest attempts to record the heritage of the Zarqa Desert.
Subsequent scholarship highlighted the abundance of archaeological resources within Jordan’s
deserts, with the Zarqa Desert in particular demonstrating a remarkable density of sites. Prior
research, however, has predominantly concentrated on conspicuous architectural remains, such as
fortified structures (e.g., ‘Uwaynid Fort and Usaykhim Tower), palatial complexes (e.g., Hallabat,
Sarh, and Qusayr ‘Amra), defensive castles (e.g., Shubeib and Azraq), ancient routes traversing
Wadi al-Sirhan, and hydraulic installations attributable to the Roman, Byzantine, and Islamic eras.
Despite this legacy, the present project identifies critical constraints that have impeded systematic
documentation, archaeological survey, excavation, conservation, and heritage management in the
Zarqa Desert. Chief among these is the absence of a comprehensive geospatial database of
archaeological and heritage sites. To address this lacuna, the proposed “ZADIS” program is
introduced as a foundational digital infrastructure upon which research priorities can be
reorganized and implemented within a coherent, strategic framework. Additional limitations
include restricted mobility across the desert due to the lack of reliable access routes exacerbated
during winter by flooding and erosion of unpaved tracks—and, more fundamentally, the absence
of an integrated heritage management plan aligned with provincial development strategies and

forward-looking visions for the Zarqa Desert.
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In this context, the project advances a strategic framework for the systematic documentation and
revitalization of the Zarqa Desert’s cultural resources, thereby contributing to sustainable
development agendas consistent with local, regional, and international standards. Preliminary
findings indicate that basalt-built features dispersed throughout the governorate remain
underrepresented in academic discourse. The paucity of scientific publication has compounded
this neglect, necessitating a specialized, technology-driven initiative for comprehensive
documentation.

The project methodology prioritizes aerial imaging technologies as the principal means of
investigation. Current approaches employ a combination of high-resolution satellite imagery (e.g.,
Google Maps), archival aerial photography, and dedicated drone surveys. These techniques
demonstrate clear advantages over conventional field methods in terms of cost-effectiveness,
temporal efficiency, and spatial accuracy. Initial results have revealed a diverse array of features,
including intensively distributed stone circles, elaborate hunting traps defined by long linear walls,
domestic structures built of basalt, ambiguous circular formations requiring further study, extended
wall systems, small chain-like alignments, cairns on elevated topographies, and enclosures for
livestock.

Accurate chronological and cultural contextualization of these features, however, requires
integrated archaeological investigation, systematic ground survey , architectural analysis, and the
recovery of diagnostic surface assemblages such as pottery sherds. Such work will enable
researchers to refine the historical narrative of the Zarqa Desert and establish the basis for
sustainable heritage trails, enhancing the cultural economy of the region and providing tangible
benefits to local communities. Ultimately, the project underscores the urgent need to expand the
application of aerial imaging technologies in Jordanian desert archaeology, offering both
methodological innovation and practical pathways toward the preservation and valorization of this

underexplored landscape.

Keywords: Aerial archaeology, remote sensing, basaltic landscapes, heritage documentation,
Zarqa Desert, Jordan.
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AN ASSESSMENT OF ADEQUACY OF EMPLOYEE ALLOWANCES AND WELFARE
PACKAGES AND ORGANIZATIONAL PERFORMANCE IN ABUJA FCT - NIGERIA

Dr. Chukwuemeka G. EME (PhD)
Department of Business Administration, Faculty of Management Sciences,
National Open University of Nigeria (NOUN), Airport Road, Jabi, Abuja, Nigeria

Abstract

The study examined employee welfare packages and ways in which they can promote the
performance of public organizations in the Federal Capital Territory (FCT), Abuja, Nigeria. A
descriptive survey research design was adopted. The study was guided by two research questions
and two hypotheses. The population of the study consisted of the 20,000 civil servants in Abuja
FCT. A sample size of 800 civil servants comprising of 430 males and 370 females was drawn
through stratified random sampling technique. A questionnaire titled; ’Employee Welfare
Packages and Organizational Questionnaire’” was designed by the researcher and was used for
data collection. The instrument which contained 25 items was properly validated and a reliability
of 0.81 was obtained through Cronbach Alpha approach. Percentages, mean and standard deviation
were used to answer the research questions while Z-test was used to test the hypotheses at 0.05
level of significance. The results of the study showed that the employee welfare packages enjoyed
by civil servants in Abuja FCT include rent subsidy and transport allowance but they were less
than expected. The study revealed that adequate employee welfare packages could enhance staff
performance by promoting job commitment and satisfaction as well as enhance productivity and
efficiency in the utilization of resources. Based on the findings, the study recommended that the
Abuja FCT Administration should implement adequate welfare packages such as the new
minimum wage and ensure that she upholds the agreements reached with labour unions in the FCT
to avoid adverse industrial actions.

Key Words: Employee welfare, Public organizations, Organizational Performance, Civil
Servants, Public Service

1.Introduction
Organizations globally desires to employ and retain workers with high pedigree and the potentials
of high productivity. Employees’ productivity is a function of the type of motivations available in

the workplace. Where the working condition is favorable, workers automatically work with
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enthusiasm and less concern about their welfare, but if it is contrary, workers are disenchanted as
their commitment dwindles, and productivity becomes a mirage (Makinde, 2013). The working
conditions in which civil servants in Nigeria perform their day-to-day task has left more to be
desired (Chipeta, 2014). Most civil servants are unable to perform their duties satisfactorily due to
inadequate and poor supply of functional equipment, lack of stationaries, and unsupportive
management systems (Edoho, Bamidele, Neji & Frank, 2015). Lack of a career structure, poor
housing, inadequate clinical facilities, drugs (for civil servants in state-owned medical facilities),
inadequate pay, lack of recreational facilities, limited schooling opportunities for children,
academic isolation and bureaucratic problems have also been identified as factors that affect the
productivity of civil servants in Nigeria (Edoho, Bamidele, Neji & Frank, 2015).

According to Akvash (2016) workers are often exposed to poor working conditions, unsatisfactory
hygiene environment and facilities, delay and denial of promotions, as well as poor reward system.
Other prevalent problems with regards to working conditions in Nigeria Civil Service are
inadequate office accommodation, inadequate lighting, poor and epileptic power supply, lack of
sufficient ventilation, shortage of working apparatus, routine refusal to pay overtime benefits,
unfriendly welfare packages, as well as poor health insurance schemes, which have left most
workers taking responsibility for their medical expenses (Ighe, Okpa & Aniah, 2017; Ipole, Agba,
& Okpa, 2018)> It is sad to note that Africa and indeed Nigeria are losing their experienced and
seasoned public servants to developed countries as a result of neglect of the public service by
government 9lpole, 2018). In Abuja FCT, civil servants’ issues such as understaffing, excessive
workload, inadequate supervision or support and long working hours are some of the challenges
affecting the productivity of civil servants in the civil service. Other issues include lack of essential
working equipment, little or no training for staff, poor rewarding system, delay and denial of
promotions, lack of sufficient consumables, among others has been described as factors that have
compromised the productivity of civil servants in Abuja FCT (De Villers & DE Villers, 2014;
Edoho, Bamidele, Neji & Frank, 2015; Ipole, Agba, & Okpa, 2018).

Previous studies (Agba, 2010; Ushie, Agba, & Agba, 2010; Neji & Frank, 2015; Igbe, Okpa &
Aniah, 2017; Ukwayi & Okpa, 2017; Ukwayi, Okpa & Dike, 2018) have argued that the inteplay
between conducive working environment and employee productivity, suggest that the formulation
and implementation of government policies will be defective, if quality work environment, a

satisfied and committed workforce are not developed and placed in their right context for efficient
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service delivery. These provisions will create a sense of belonging, where every worker feel that
he or she is an important stakeholder who must make significant contribution to that aim to
improve productivity in Abuja FCT. Civil Service. This study examined the adequacy of employee
welfare packages and organizational performance in the Abuja FCT. Civil Service in Nigeria. The
study, therefore, hypothesized that there is no significant relationship between reward system,
promotion and employees’ productivity in Abuja FCT Civil Service, Nigeria.
1.1.Statement of the Problem
It is difficult for any organization to achieve its goals without adequate management of its human
resources. They need to be adequately motivated to enable them put in their best efforts in order
to enhance the performance of the organization and the achievement of set targets. It has been
observed that workers in public organizations in Abuja FCT often embark on strike to pressure the
government to meet some of their demands. Some employees are habitually late to work as every
day while others do not come to work every day. This implies that some employees in public
organizations in Abuja FCT hardly put in their best efforts to enhance the performance of their
organizations. The above scenario would suggest that human resource management is not
receiving proper attention in public organizations in Abuja FCT. The implication would be that
employee welfare is not getting the adequate attention that it deserves and hence the frequent
strikes by civil servants and other nonchalant attitudes from them. This situation hinders efficiency
and effectiveness in the utilization of resources for better productivity. This is a problem worthy
of further investigation as to the root causes and how to address it.
1.2.Aim and Objectives of the Study
The purpose of this study is to assess/investigate employee welfare packages and organizational
performance in Abuja FCT, Nigeria. Specifically, the study has the following objectives:
1.To ascertain the employee packages that are enjoyed by civil servants in Abuja FCT;
2.To determine ways in which adequate employee welfare can enhance the performance of
organizations in Abuja FCT.
1.3.Research Hypotheses
The following hypotheses were tested at 0.05 level of significance:
Ho1: There is no significant difference between the mean scores of male and female civil servants

on the employee welfare packages enjoyed by civil servants in Abuja FCT.
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Ho2: There is no significant difference between the mean scores of male and female civil servants
on the ways in which adequate employee welfare can enhance the performance of public
organizations in Abuja FCT.

2. Literature Review

2.1. Conceptual Review

2.1.1. Employee Welfare

Welfare is a broad concept which refers to the state of living of an individual or a group in a
desirable relationship with the total environment-ecological, economic and social. After basic pay
and incentives, the third major component of organizational reward system are welfare and social
benefits some of which are mandated by law and some are voluntary. Adequate levels of earnings,
safe and human conditions of work and access to some minimum social security benefits are the
major qualitative dimensions of employment which enhances quality of work life of workers and
their productivity (Keitany, 2014).

As a concept, welfare can be considered to be a desirable state of existence involving physical,
mental, moral and emotional well-being. Stratton (2005) defined employee welfare programs as
the good fortune, health, happiness and prosperity of a person, group, or organization, well-being,
to look after a child welfare; the physical or moral welfare of society. This is the financial or other
assistance to an individual of family from an organization, city, state, or national government.
Employee welfare is a comprehensive term including various services, benefits and facilities
offered to employees their employers. The welfare packages need not only be monetary. They
could be benefits in kind or other forms but also capable of being monetized. These include items
such as allowances, housing, transportation, medical insurance and food. Employee welfare also
includes monitoring of working conditions, creation of industrial harmony through infrastructure
for health, industrial relations and insurance against diseases, accidents and unemployment for
workers and their families. Through such benefits, services and facilities, the employer makes life
worth living for employees hence improved employee performance.

According to Abu (2016), employee welfare is any effort by the employer to make life worth living
for workmen. Welfare is a comprehensive term including various service, benefits and facilities
offered to employees by their employers through such generous fringe benefits that make their life
worth living and thereby motivate them to give their best at work. Welfare includes anything that

is done for comfort and improvement of employees and is provided over above the wages. Welfare
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helps in keeping the morale and motivation of the employees high so as to retain the employees’
services. Employee welfare include monitoring of working conditions, creation of industrial
harmony through infrastructure for health, industrial relations and insurance against disease,
accident and unemployment for the workers and their families. Employee welfare entails all those
activities of employer which are directed towards providing the employees with certain facilities
and services in addition to wages or salaries. The very logic behind providing welfare schemes is
to create efficient, healthy, loyal and satisfied labor force for the organization to enhance
performance level (Armstrong, 2008).

In the view of Gannon (2002), employee welfare is an all-encompassing term covering a wide
range of facilities that are essential for the well-being of your employees. Armstrong (2008)
referred to it as the total package offered to employees over and above salary which increases their
wealth and well-being at some cost to the employer. The idea behind providing welfare package
is to create healthy, dedicated, loyal, efficient and satisfied workforce for the organization. The
purpose of providing such facilities is to make their work life better and to equally enhance their
standard of living. Employee welfare packages are additional compensation given to employees
as rewards for organizational membership (Nzeribe, 2011). Employee welfare is any effort by the
employer to make life worth living for workmen. Employee welfare is a general term comprising
of various services, benefits and facilities given to employees by their employers through such
generous fringe benefits to encourage, entice and motivate employees to work harder and
conscientiously for greater productivity.

Coventry (2004) asserted that employee welfare includes providing social club and sports facilities
as appropriate, supervising staff and workers’ canteens, running sick clubs and savings schemes;
dealing with superannuation, pension funds and leave grants, making loans available on hardship
cases; arranging legal aid and giving advice on personal problems; making long service grants;
providing assistance to staff transferred to another area and providing fringe benefits (such as
payment during sickness, luncheon vouchers and other direct and indirect support to the
employee).

The International Labor Organization (ILO) broadly classifies welfare package services into two
groups. The first group are referred to as intra-mural activities which are provided within the
establishment such as latrines and urinals, drinking water, washing and bathing facilities, creches,

rest shelters and canteen, arrangements for prevention of fatigue, health services including
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occupational safety, uniform and protective clothing and shift allowances. The second group are
extra-mural activities which are undertaken outside the establishment such as maternity benefits,
social insurance measures like gratuity pension, provident fund and rehabilitation, physical fitness
and efficiency, family planning and child welfare, education facilities, housing facilities,
recreational facilities including sports, cultural activities, transport to and from the place of work
(Manju & Mishra, 2007). They may also be divided into statutory and voluntary welfare services
which comprise the legal provision in various pieces of labor legislation and activities which are
undertaken by employers for their workers voluntarily respectively (Arkita, 2010).

Osterman (2010) concluded that staff productivity is a function of staff welfare. Itodo and Abang
(2018) equally concluded in their study that good welfare package has a strong influence on the
performance level of the officers and men of the police force. Therefore, to promote job
commitment and satisfaction on the part of the workforce mostly in the civil service, government
and management team of public organizations should design appropriate and adequate welfare
packages for the workers in order to promote high performance.

2.2.Theoretical Review

This study is anchored or underpinned by the Human Relations theory. The human relations theory
is attributed to the outcome of the studies, referred to as the Hawthorne experiments, carried out
by Elton Mayo (1927-1932) and his colleagues in the Western Electric Company in Chicago. The
tenets of the theory are as follows: firstly, a worker’s need for recognition, consultation and a sense
of belonging is more important in determining his morals and productivity than the physical ability
or stamina. Secondly, non-economic factors (social rewards and sanctions) are significant
determinants of workers’ motivation and their levels of job satisfaction. In other words,
productivity is strongly affected by social and psychological factors, not simply by conditions of
work. Thirdly, informal groups within an organization strongly influence the work habits and
attitude of the individual workers. Lastly, an effective style of supervision is created when the
managers consult the work groups and their informal leaders before introducing every change in
the work schedule. Where all these factors among others are in place, the workers have a sense of
belonging and are treated as critical stakeholders in progress (with their own welfare adequately
taken care of), then, there is a guarantee that they will put in their best for optimal productivity and

organizational growth.
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3.Methodology

The study adopted descriptive survey research design. The population of the study consisted of
twenty-thousand (20,000) civil servants in public organizations in Abuja FCT, Nigeria (Source:
Office of the Head of Service, Abuja FCT, 2022 Report). A sample of eight hundred (800)
comprising of four hundred and thirty (430) male and three hundred and seventy (370) female civil
servants was drawn through stratified simple random sampling technique. This sample size
represented 5% of the population. A questionnaire entitled: “’Assessment of Employee Welfare
Packages and Organizational Performance in Abuja FCT, Nigeria’’ designed by the researcher was
used for the data collection and the responses were scored on a 4-point Likert scale with Strongly
Agree (SA), 4, Agree (A), 3, Disagree (D), 2 and Strongly Disagree (SD), 1. The instrument was
properly validated and a reliability coefficient index of 0.81 was obtained through Cronbach Alpha
Method. Percentages, mean and Standard Deviation were used to answer the research questions
while z-test was used to test the hypotheses at 0.05 level of significance.

4.Data Analysis and Results

In this section, the data collected were presented and analyzed. The results were presented in tables
1-3 in accordance with the research questions and hypotheses. In analyzing the data, mean ratings
from 1.00 — 1.49 = very low; 1.50 — 2.49 =low, 2.50 — 3.49 = high; 3.50 — 4.00 = very high.
Research Question 1: What are the extent of relationship between organizational performance and
employee welfare packages in Abuja FCT, Nigeria?

Table 1: Mean Score of Employee Welfare Packages on Organizational Performance

N Mean Std. Deviation Remark

Employee Welfare
Packages

81 291 .55 High
Source: Researcher’s Field Work (2022)

The mean score of between organizational performance in relation to employee welfare packages
is 2.91 as shown in table 1 above indicates that organizational performance is high when employee

packages are equally high.

Research Question 2: What are the extent of relationship between organizational performance

and employee commitment and satisfaction in Abuja FCT, Nigeria?
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Table 2: Mean score of Employee Commitment and Satisfaction on Organizational Performance in Abuja
FCT, Nigeria

N Mean Std. Deviation Remark
Male 430 2.93 44 High
Female 370 2.90 .61 High

Source: Researcher’s Fieldwork (2022)

The mean score of employee commitment and satisfaction on organizational performance in Table

2 shows that organizational performance increases as employee commitment and satisfaction is

high.
Table 3: Linear Regression of Employee Welfare Packages and Organizational Performance
Variable Mean SD r-value Sig.
Employee Welfare | 18.61 2.68 0.103 .001
Packages
Organizational 17.36 2.53
Performance
Model summary
Model R R-Square Adjusted R- | Std. Error of the
squared Estimate
1 .103 011 .000 2.67
ANOVA
Model Sum of Squares DF Mean Square F Sig.
Regression 70.077 1 70.077 9.808 .002
Residual 6502.063 910 7.145
Total 6572.140 911
Regression
Coefficients
Model B Std. Error Beta t Sig.
Constant 16.715 .603 27.279 .000
Organizational
Performance .109 .035 .103 3.132 .002

Source: Researcher’s Fieldwork (2022)

4.1.Summary of Research Findings

The following are the summary of the research findings:

i) There is a significant relationship between employee welfare packages and organizational
performance in Abuja FCT, Nigeria.

ii) There is a significant relationship between promotion and employees’ productivity in Abuja

FCT, Nigeria.
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5.Conclusion

Organizations globally, desires to employ and retain workers with high pedigree and productivity.
Hence, any organization, demanding the best from their employees must establish a pleasant
working environment in order to bring out the best from their employees’ (Pitaloka & Sofia, 2014).
Based on the findings of this study, we therefore conclude that good rewarding system in form of
employee welfare packages and a carefully planned promotion program will improve and enhance
the productivity of civil servants and by extension public organizational performance in Abuja
FCT, Nigeria. The findings of this study is not a surprise as functional reward system and
promotion naturally stimulates self-development and builds employees’ interest in the job. A
friendly reward system occupies an important and vital place in the life of any employee and the
organization. A friendly reward system such as prompt payment of allowances and other fringe
benefits could positively impact on the moral and productivity of civil servants. When civil
servants are substantially and well remunerated, usually they perform effectively in the realm of
productivity and promotion of all ethical practices that concerns the organization. According to
Yoder, Heneman, Turnbill, and Stone (1958), “’employee welfare packages and promotion
provides incentives to initiative, enterprise, and ambition; minimizes discontent and unrest; attracts
capable individuals, necessitates logical training for advancement and forms an effective reward
for loyalty, cooperation, and long service’’. It is against this background that this study
recommended that:

1. The Abuja FCT Administration in alliance with the Head of Civil Service should design
an enhanced and better rewarding system that all Abuja FCT Civil Servants in the public
organizations must comply with. Also, the Abuja FCT Administration should not hesitate
to implement the new national minimum wage that will be passed into law.

2. Government of the Abuja FCT Administration should ensure that workers who are due for
promotion are promoted as-at-when-due. Promotions should only be given on the basis of
seniority, hard work, efficiency, attitude, physical fitness, leadership, experience, and
length of service and achievement. In addition, implementation of staff promotion should

be taken seriously by government.
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Abstract
The board of directors is the highest administrative body of a company. For that reason, its duties
constitute the central axis of corporate governance. The aim of this paper is to bring together some
of the foundational and recent literature interlinking corporate governance and the leadership role
of the board of directors. Strategic leadership is widely assumed to be a responsibility that defaults
to the Chief Executive Officer (CEOs). However, in practice, what most CEOs do is strategic
management rather than strategic leadership. While strategic management does share key aspects
of strategic leadership CEOs are expected to prioritize the managerial side over the leadership side.
This is just one of the situations in which the boardroom assumes the leadership role. This paper
discusses how boards of directors conduct the process of strategic leadership in their organizations.
In recent years there has been an increasing interest among scholars to understand how boards
strategize from a behavioral point of view. This growing interest has resulted in the development
of various typologies regarding boards’ involvement in the strategic leadership processes.
Key Words: Board of Directors, Corporate governance, Strategic leadership, Agency theory,
Principal-agent problems, Stewardship theory, Board typologies
1.Introduction

The board of directors is the highest administrative body of a company. For that reason its duties
constitute the central axis of corporate governance (Du Plessis, Hargovan, & Harris, 2018). The
board of directors is at the apex of the organization. Their duties include both internal and external
functions, such as monitoring senior management and being involved in the strategic direction of
the enterprise. As stated by Banzato and Volpp (2016), the board of directors is a small group of
people at the top of an organization whose decisions dramatically affect the company’s outcomes.
The idea of the director board, and corporate governance itself, dates back into several millennia

(Evans & Letza, 2017).
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According to Pugliese et al. (2009), in the last four decades research on the relationship between
boards of directors and strategy has proliferated. For these researchers there is little theoretical and
empirical agreement regarding the question of how boards of directors contribute to strategy. Their
studies illustrate that research on boards of directors and strategy evolved from normative
approaches to behavioral approaches which aimed to analyze the impact of board processes and
dynamics on strategy-making. Dimopoulos and Wagner (2018) builds the case that the power of
the board to determine CEO’s continuation or turnover is a commonly used device by which the
board exercises its authority. There are situations in which governance deviance is considered as
a progressive measure — such as when the management is evidently incapable of a badly needed
course correction and when a firm is collectively defined in terms of its entrepreneurial identity
motives (Aguilera, Judge, & Terjesen, 2018).

Despite gaps in knowledge around the role and nature of the board involvement and strategic
development, there is much support for the notion that the strategic role of the board is a vital
practice of governance (Demirag, 2018; Ferkins, Shilbury, & McDonald, 2005). Although
researchers have previously recognized that a board’s involvement in strategy related issues is
critical to creating and maintaining shareholder value, relatively few studies have been undertaken
in this area. Despite the consensus in the governance literature that boards should play an active
role in strategy. Atkinson, Kochetova-Kozloski and Webb (2012) conclude that little research
exists documenting the extent to which this is occurring. Boards in corporations with a significant
number of individual investors seem to be more concerned about interventions in not just strategic
issues but also in tactical and operational management. Institutional investors, on the other hand,
employs proxy advisors as the front-end of their change leadership efforts (McCarthy, Sautner, &
Starks, 2016).

This paper aims to be a literature review on the way boards conduct the strategic leadership
process in their organizations. In what follows the discussion has been organized to address the
main concepts of strategic leadership, theories of corporate governance and the main functions of
a board of directors as presented by different researchers. In section one it presents much of the
theoretical discussion on the degree to which a board of directors should be involved in formulating
and implementing strategy. Section two addresses the functions of the board, highlighting the
changing expectations. Section three is devoted to elaborating the role of strategic leadership in

the functioning of the board. On how the board perceives this role is the focus of section four.
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Section five elucidates the theoretical typologies of board involvement when it comes to
strategizing. This section identifies the central ways by which the boards of directors carry out the
strategic function in their organizations. In section six, the ideas presented in the previous sections
are integrated to bring home the importance of strategic leadership as a board function and the
challenges for the board to do the same. While doing so it points out the increasing disenchantment
in the literature, with agency theory as a means to understand boardroom behavior and also the
rise of alternatives like stewardship theory.

2.Theoretical Foundations

The various theories of corporate governance serve as a basis to adequately understand the way
a board of directors should conduct strategic leadership in an organization. According to the studies
by Pugliese et al. (2009), theories such as agency theory, stewardship theory, resource dependency
theory, and managerial hegemony theory have ascribed different responsibilities to boards with
regard to strategy. Their studies show that scholars have regularly highlighted the disagreement in
the empirical research on the relationship between boards and strategy. For them the controversy
over the nature of directors’ strategic role still seems to be topical after several decades of research
(Pugliese et al., 2009). In many emerging markets, the boards were constituted of members
nominated by the founders, political parties, governments, etc. Depending on their short-or long-
term stakes in the financial performance of the corporation, they show various levels of
interference in strategic management and leadership (Black, De Carvalho, Khanna, Kim, &
Yurtoglu, 2018).

According to Ferkins et al. (2005), agency theory is characterized by the situation in which an
individual (the principal) engages another person (the agent) to undertake a service for them and
in doing so delegates some of the decision-making authority to the agent. The authors state that
this theory is mainly concerned with the risks the principal faces: agent opportunism (acts of self-
interest at the principal’s expense), and adverse selection (agent’s lack of ability to meet
performance expectations). The authors further argue that the threat of agent opportunism exists
because the two parties potentially have divergent interests or goals for the firm (Ferkins et al.,
2005).

Agency theory conceptualizes managers as self-interested agents that should be closely
monitored and it posits that boards affect strategic choices by preventing managers from acting

opportunistically at the expense of shareholders. More recent research indicates that activist
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owners, securities analysts, and various other external governance forces too may deter managers
from acting opportunistically (Shi, Connely, & Hoskisson, 2017). The interest mismatch between
employees and owners, although presented as a given, is not true in every organizational context,
say, sometimes it could be the result of an informational asymmetry (Omar, Sell, & Rover, 2017).

According to Pugliese et al. (2009) following the agency theory means that boards are not
expected to initiate and implement strategies, as it would make boards of directors co-responsible
for strategic decisions and it would jeopardize the required distance between board members and
managers. Also, even as boards wish to reap the benefits of managerial excellence, it nevertheless
does not want to be seen as the cause of a corporate meltdown (Panda & Leepsa, 2017). Board
involvement in strategy appears to be in somewhat of a conflict with the agency theory. Pugliese
et al. (2009) conclude that according to this theory, boards are expected to contribute to strategy
only through ratifying and monitoring strategic decisions.

Stewardship theory is more normative in nature than the agency theory (Subramanian, 2018).
It may come closer to an organic process in certain situations such as when only family members
are those who manage the corporation (Memili, Fang, & Butner, 2017). In contrast to agency
theory, Ferkins et al., (2005) state that stewardship theory considers situations where managers, as
stewards, are motivated to act, not out of self-interest, but in the best interests of their principals.
According to the authors, stewardship theory negates the so-called agency costs by assuming that
a steward’s behavior will not depart from the interests of the organization. This theory supports
the idea that a steward’s behavior is based on co-operation, pro-organizational and collectivistic
actions, since this type of behavior is placed as a higher priority than self-serving behavior (Ferkins
et al., 2005). The true reflection of board leadership in corporate governance is probably seen in
terms of how much of stewardship it exhibits to attaining the corporation’s mission (Knapp, 2018).

As stated by Pugliese et al. (2009) the stewardship theory challenges the rationale of agency
theory by arguing that the interests of managers and board members do not necessarily collide. In
this perspective, the role of boards is to empower managers, also in the strategy-formulating
process. The authors further argue that this perspective conceptualizes managers as intrinsically
motivated agents acting in the best interest of the firm. Accordingly, boards are defined as
organizational bodies that may support empowered managers in strategy formulation and
implementation (Pugliese et al., 2009). Variations of this idea may be found in different cultural

contexts — the Jewish Covenantal Theory is one such example (Wesley & Plaskoft, 2017).
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Another dominant theory, the resource dependency theory (RDT), suggests that board members
are in excellent position to contribute to strategic decision making by providing access to resources
upon which firms depend (Hillman, Withers, & Collins, 2009). The original perspective from
Pfeffer and Salancik (1977) stressed the ability of directors to provide access to resources
otherwise unavailable to the firm, and the potential of board members to create linkages between
the firm and its environment. This theory is in a manner complimentary to the resource-based view
of the firm (RBV) founded by Edith Penrose. The focus of RBV is on internal organizational
resources whereas the focus of RDT is those resources residing in the organizational environment
but the organization is uniquely advantaged to leverage them — thanks to the board of directors
(Babelyte-Labanauske & Kriauciunas, 2018).

Finally, according to Ferkins et al. (2005), managerial hegemony theory asserts that, while the
board has power by legal right, the real responsibility for the organization is assumed by
management. The authors argue that this theory is conceptually aligned to the agency theory. In
this perspective, the board’s most important function is to ensure that management acts in the best
interest of shareholders rather than to prevail over it. Even if they wish the CEO and the
management dominate the board and this, in practice, creates a passive board (Manna, Sahu, &
Gupta, 2019). In other words, ambitious boards should find alternative ways by which to exercise
their leadership intent.
3.The Current and Emerging Functions of the Board

Bainbridge (2015) classifies the specific functions of a board of directors into three broad
categories: management, oversight and service. For the author, the management function is a
required aspect in most organizations worldwide, in that a board of directors is the formally
designated body to direct the affairs and businesses of a corporation. To perform this function, the
board of directors delegates the ordinary operations to senior management and in doing so, it must
perform the oversight and monitoring function. According to Bainbridge (2015), this aspect is
derived from the agency theory, according to which, the board of directors has been designated by
the shareholders to protect their interests against the actions of senior management, which could,
under wrong stimuli, act against those interests. Finally, the author indicates that management
operates by facilitating business links with financial institutions and political connections with

authorities, and by providing specialized knowledge in complex matters (Bainbridge, 2015).
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For Ingley and Van der Walt (2001), the five main functions of the board are: (1) providing
strategic direction and values; (2) approval of planning; (3) monitoring and control of performance;
(4) ensuring organizational capability; and (5) awareness and compliance with legal responsibility.

In accordance with OECD’s principles of corporate governance (2015), the board of directors
is primarily responsible for achieving an adequate financial return for the shareholders of the
company and for effective management oversight. To accomplish this, the board must conduct an
appropriate direction of corporate strategy while preventing conflicts and reconcile the demands
of the various stakeholders of the organization.

In the same line of thinking, the Andean Development Corporation (2013) states that the board
has as its general functions: (1) strategic definition of the organization; (2) management oversight;
(3) governance of the company; and (4) supervision of a series of specific subjects such as control
systems, risk management, prevention of conflicts of interest and institutional ethics, among
others.

The UK Institute of Directors (2001) points out that the board of directors is essentially a
deliberative body, which nevertheless delegates a wide range of authority to management for the
fulfillment of the corporate purpose; it hold itself responsible for all actions taken in the company.
Therefore, the board of directors must fulfill four main tasks: (1) the establishment of the vision,
mission and institutional values; (20 the establishment of the corporate strategy and the
organizational structure; (3) the controlled delegation of powers to management; and (4) the
exercise of responsibility towards shareholders and other relevant stakeholders.

All the above definitions regarding the responsibilities of the board of directors explicitly
require the involvement of the board in the strategic process which is analyzed in the following
sections.
4.Strategic Leadership in the Board’s Functions

Vera and Crossan (2004) argue that strategic leadership theory refers to the study of leaders at
the top of the organization. Yukl (2013) points out that traditional literature about leadership has
been concerned with managers and their subordinates as they interact in organizations, but in
recent years there has been an increased interest in understanding how top executives can transform
their companies to adapt to a complex environment and stay competitive. This new perspective

about leadership has been known as strategic leadership (Yukl, 2013).
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Lussier and Achua (2010) define strategic leadership as “’a process of providing the direction
and inspiration necessary to create and implement the vision, mission and strategies of a company
to achieve organizational objectives’” (p. 418). Quong and Walker (2010) define strategic
leadership as ‘’collaborating with multiple stakeholders to put in place strategies to respond rapidly
to complex problems that often require new ways of thinking and understanding of rapidly
changing knowledge’’ (p. 23). Yukl (2013) states that strategic leadership is conducted in several
ways, including decisions about the competitive strategy, human resources, management
programs, systems, and organizational structure. Malewska and Saydak (2014) agree with this
perspective by affirming that developing a vision for the future and determining the necessary
steps needed to implement that vision are the most critical duties of strategic leadership.

The US Army War College (2010) defines strategic leadership as ‘’the process to effect the
achievement of a desirable vision by influencing the organizational culture, allocating resources,
directing through policy and directive, and building consensus within a volatile, uncertain,
complex, and ambiguous global environment’’ (p. 2).

In most organizations, strategic leadership is conducted collectively by a small group of people
located at the apex of the organization. This assumes that top management is the most
entrepreneurial segment in any organization and that the top management knows best (Covin &
Sleven, 2017). The decisions of this small group of people at the top of an organization may
dramatically affect its outcomes and, given this, the board has a special interest in guiding the
process (Banzato & Volpp, 2016).

Research by Ingley and Van de Walt (2001) shows that the first responsibility of the board is
to set effectively the organization’s strategic direction. The authors affirm that the board of
directors is in a unique position to accomplish an appropriate strategic leadership role. In order to
fulfill this function, the board performs periodic reviews of mission, vision, and measures progress
toward strategic goals and objectives (Ingley & Van der Walt (2001). Additionally, the authors
argue that the board must approve and monitor focused plans for management to meet strategic
objectives.

The King IV Corporate Governance Report puts additional oversight expectations upon the
board: this means, among other things, managements should be incentivized by the board to adhere
to ISO 22301, 1SO 31000, and the BCI Good Practice Guidelines (Ferguson, 2019). Boards should

also be the leading voices to bring social and environmental sustainability practices to the
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corporation, as is expected (Atwal, Dutler, Mattoo, & Wood, 2019). The 2016 King Committee
Report empowered the board in other areas such as devising organizational reporting processes,
communication strategies, environmental scanning for new business opportunities, and also in
performance driven executive compensation (Institute of Directors SA, 2016; Moloi &
Adelowotan, 2016). In this same spirit, the National Association of Corporate Directors, USA,
highlights that communication barriers between the board and the senior management is a primary
factor in the corporation not being able to leverage the resources available with the directors (Roy,
Roy, & Bouchard, 2017).

The Institute of Directors, UK, too have begun reflecting more on changing the cultural
assumptions that lead the board’s actions. The advocacy is to move beyond the single loop
reflexivity stemming from shareholder orientation to the double loop reflexivity needed for
responsibility to the broader groups of stakeholders (Veldman & Willmott, 2016). The social
capital needed for changing cultural assumptions demands a more diverse composition of the board
and the US National Association of Corporate Directors has become a proponent of this (Booth-
Bell, 2008). The European Corporate Governance Institute acknowledges that concentrated equity
ownership is not the future and that boards’ compositions and actions reflect this shift (Rojas,
2017). In other words, while discussing the effectiveness of strategic leadership of the board, the
importance of the social-cultural underlying control cannot be neglected. Evans (2014) has offered
a thorough review of previous research on cultural dimensions within the boardroom. This author
highlights the importance of understanding the history of cultural research as a precondition for
applying it to the boardroom environment.

S.Strategizing from the Board’s Perspective

Corporate governance codes make recommendations about the board’s role in strategy, such as
reviewing and guiding corporate strategy (OECD, 2015). However, they fail to specify in what
kind of activities of the strategic process should the board be directly involved. Although many
corporate governance scholars agree that boards should contribute to strategy, the role of boards
in strategy formulation and implementation has remained mostly unexplored in corporate
governance literature (Brauer & Schmidt, 2008; Hopt, 2019). As stated in Ingley and Van der Walt
(2001), while there is a slowly gathering convergence on the view that boards do have a definite
responsibility and a key role play in corporate strategy, there is no consensus on the extent or

nature of that role. The authors point out that there is a global call for a strategic contribution by
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the board. While this may be readily accepted, the key issue relates to how such a contribution can
be made (Ingley & Van der Walt, 2001).

As presented by Banzato and Volpp (2016) the board should be involved in the following stages
of strategic decision: (1) evaluation of strategic alternatives; (2) evaluation of strategic outcomes;
(3) generating strategic alternatives; (4) selecting strategic alternatives; and (5) implementing
strategies.

According to Ferguson (2019), the majority of corporate governance literature assigns board
members a role in strategy formulation and implementation. The strategy formulating stage
consists of multiple tasks, such as internal and external analyses of strengths and weaknesses, as
well as strategic gaps, development of strategic options and advising the executive management
in the final selection and formulation of a corporate strategy. Brauer and Schmidt (2008) indicate
that the outcome of strategy formulation is the firm’s intended strategy. In contrast, the authors
argue that the role of the boards in strategy implementation has remained largely limited to ensure
that the intended corporate strategy is in fact realized. For them, boards should intervene if
intended strategy goes off track. The authors conclude that board members’ involvement in
strategy implementation is a precondition to perform their fiduciary monitoring duties. They can
only fulfill legal requirements if they have a clear understanding of how management implements
the intended corporate strategy the board had previously approved (Brauer & Schmidt, 2008;
Shaukat, Qiu, & Trojanowski, 2016).

Hendry, Kiel and Nicholson (2009) introduced a different approach in the discussion about the
board’s involvement in the strategic process. For them, strategy is something that people in
organizations do rather than something that organizations have. The authors define strategizing

(34

practices as ’ a flow of activities carried out by individuals or groups within traditional
organizational processes such as planning, decision-making, resource allocation, and strategic
change’” (Hendry et al., 2009, p. 4). According to this perspective, boards assume different
strategizing practices. If strategy is the emergent outcome of other organizational practices, a
question to be discussed further is, whether boards could strategize without becoming a participant
in these organizational processes.

Hendry et al (2009) propose two general categories to analyze the way in which boards perform

different strategic tasks: (1) procedural strategizing; and (2) interactive strategizing. For the

authors procedural strategizing relies on formal administrative activities or events such as strategic
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plans, planning committees, planning cycles, trend analyses, budgets, forecasts, quarterly reviews
and performance targets to influence the development and execution of strategy in organizations.
Procedural strategizing focuses strongly on a set of performance indicators to monitor strategic
outcomes (Hendry et al., 2009).

On the other hand, for the authors interactive strategizing involves direct, face-to-face
interaction between board members and senior management in order to influence the development
and execution of strategy in organizations. According to Hendry et al (2009), this practice enables
board members and managers to argue for their own interpretations of strategy as well as to
negotiate these interpretations with others in the organization. It relies on ongoing social exchanges
in which individuals or groups communicate, persuade and negotiates, continuously building
shared frameworks of meaning about strategy in order to influence each other’s behavior (Hendry
et al., 2009).

Based on the above, it could be concluded that procedural strategizing is the preferred practice
when the board favors maintaining the current strategy whereas interactive strategizing is preferred
when boards favor a change in strategy.
6.Typologies of Board Involvement in Strategy
Based on the criteria presented in the previous section, Hendry et al (2009) developed a typology
regarding the way in which boards strategize which is presented as follows:

(a) Minimalist strategizing: It represents minor strategic involvement on the part of boards.
In this type, the board’s strategic stance is neural or favors the status quo. Neither
administrative strategizing, procedures nor face-to-face collaborative mechanisms aimed
at generating shared frameworks of meaning about strategy are established to any
meaningful degree at board level (Hendry et al., 2009).

(b) Oversight strategizing: Strategy typically has a real or perceived history of success and
the board favors the status quo. The board focus is on monitoring the execution of the
agreed strategy and reacting to management’s strategic proposals rather than collaborating
strategy development. It is generally accompanied by a power imbalance board and
management is limited, formal and episodic.

(¢) Transformational strategizing: Involves board and management developing, in close

collaboration, an entirely new strategic direction or substantive changes to current
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strategies. The board clearly favors strategic change. It is generally accompanied by a
power imbalance in favor of the board (Hendry et al., 2009).

(d) Continuous strategizing: Involves board and management working together in close and
continuous collaboration to renew or adapt strategic direction and to monitor the
implementation of that direction closely. It is characterized by board commitment to
extensive and ongoing strategic involvement with management embedded within a
formalized, administrative framework that facilitates this involvement. Power distribution

is reciprocal (Hendry et al., 2009).

Bailey and Peck (2013) developed another typology regarding the involvement of boards of
directors in making strategic decisions, based on two different criteria: procedural rationality and

political behavior. They propose four types of boards, which are described as follows:

(a) Engaged boards: Members of these boards demonstrate a strong involvement in the
strategic decision primarily by the attributes of the process utilized to reach a collective
decision. Rather than ceasing board deliberations when there is majority support for a
particular position, these boards tend to work issues until all board members are at least
comfortable with the final decision of the board. Deliberations around strategic decisions
include open discussions, vigorous debates, and analysis of alternatives (Bailey & Peck,
2013).

(b) Contested boards: Members of these boards tend to exhibit decision-making
characteristics associated with highly political processes, such as behind-the-scenes
coalition building, off-line lobbying, withholding of information, attempting to change
decision positions through private cooptation, and controlling agendas. Members of these
boards are less interested in achieving a consensus on each decision and tend to arrive at
an effective board-level strategic decision using a majority vote (Bailey & Peck, 2013).

(c) Adaptive boards: While the majority of directors identify with the overall success of the
company, a small minority of directors align themselves with narrower interests such as a
class of shareholders or employees. Boards tend to bring strategic decisions to closure once
it is clear there is majority support amongst the board members for a decision. However,

the majority position is determined through a procedurally rational process, and instead of
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muting the voice o board members who represent divergent interests (Bailey & Peck,
2013).

(d) Caretaker boards: These boards are a legal necessity, incapable of exercising decision-
making power and therefore not particularly relevant to the strategic decision-making

process (Bailey & Peck, 2013).

It may be noted that these typologies may not have ontological values of their own. These are
neither exclusive nor mutually exhaustive. However, these typologies will help us understand the
key perspectives that inform the origins, processes, and outcomes of strategic leadership exercised

by the board of directors.

7.Discussion

The board of directors is a primary source of strategic leadership, whether it is duly recognized
or not. Tapping into the intent of the board is very important for the CEO to align the organization
in the right direction. Research by Ingley and Van der Walt (2001) highlights the generally held
assumption that setting strategic direction has been traditionally the territory of the chief executive
officer and the senior management team. According to the authors, in merely approving strategic
plans formulated by management and monitoring their execution, to adopting a leadership role in
setting the strategic course for the organization along with accountability for its performance
(Ingley & Van der Walt, 2001).

Previous literature placed too much emphasis on the supervisory function of the board of
directors derived from the preponderance of the agency theory (Ruigrok, Peck, & Keller, 2006);
however, the discussion about the role played by the board of directors in strategy formulation is
an issue that has been gaining increasing relevance, particularly after the financial crisis of 2008 -
2009. Proof of this has been the incorporation into national legislation and voluntary codes of
corporate governance of this function as part of the essential tasks of the board of directors.

For instance, in Spain the 2010 law on public traded companies included the determination of
the general policies and strategies of the company as a non-delegable function of the board of
directors (BOE, 2010). In the amendments made to the law in 2014, a text was included that
specifically emphasizes the approval of the strategic plan, its operational plans and budgets (BOE,
2014) as a non-delegable duty of the board. Similarly, in Switzerland the setting of the strategic
direction of corporations is a legal responsibility of the board (Ruigrok et al., 2006). Like other
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countries in Latin America, in Guatemala the banking supervisory board approved in 2016 the
corporate governance regulation for banks and financial groups, which included the specific
responsibility of the board to approve strategic operations (SIB, 2016).

Ravasi and Zattoni (2006) point out that at the theoretical level there are two approaches to the
involvement of the board of directors in strategy. On the one hand, there is the agency theory
perspective through which the role of the board of directors in the strategic involvement is limited
to prevent decision that may contravene the interests of shareholders. On the other hand, the
authors points out, there is a strategic option approach whereby it is emphasized how the members
of the board can actively contribute to the strategy. Following this line of thought, Ingley and Van
der Walt (2010) propose at least three types of board participation in strategy that could be adopted
along a scale of involvement; at one extreme would be the traditional role of approval and
monitoring of the strategy prepared by the CEO; while in the other extreme would be the active
leadership of the board in the strategic formulation and its derived plans. The third option would
be somewhere in between.

Heracleous (1999) points out that boards of directors in general are not actively involved in
strategy formulation, and usually try to avoid confirmation with management regarding strategy.
But, as stated by Ingley and Van der Walt (2001) how can directors approve a strategy a strategy
as the most appropriate for the company if they have not been involved in its formulation? Thus,
strategy is a delicate area, because if the lines are not clearly drawn, the board can overstep its
responsibility and interfere with the efficient management of the company. On the other hand, if
the board does not participate as an equal partner with management in setting the strategy, it is
helping to put that company at risk (Ingley & van der Walt, 2001).

According to Hendry et al (2009), limited board involvement in strategy has frequently been
attributed to powerful CEOs exercising a constraining effect over boards. The authors also point
out that collaboration between boards and management on strategy has been associated with social
ties between the two groups, a two groups, a situation that is likely to be characterized by mutual
trust and a reciprocal distribution of power (Hendry et al., 2009).

Several studies have shown that boards have been rather passive and subject to CEOs and
executive dominance. On the other hand, scholars have shown that boards are becoming more
actively involved in strategy. Boards have affected important elements of strategies, such as the

scope of the firm entrepreneurs and innovation (Pugliese et al., 2009).
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Ruigrok et al (2006) have found empirical evidence between a good organizational performance
and the involvement of the board of directors in the strategic process. In this regard, the authors
point out that there are many benefits of active involvement of the board of directors in the strategic
process. Given that managers must exercise their functions with diligence, the strategic
formulation process allows them to be fully informed of the strategic direction of the organization.
It lets them internalize the strategy (Pitelis & Wagner, 2019). In the same way, their active
involvement in the strategy is an adequate way to take advantage of their experience and
knowledge. Finally, the authors conclude that when there is a high level of involvement of board
members in the strategic formulation, executives are much more careful in preparing their strategic
proposals while improving the monitoring and evaluation process (Ruigrok et al., 2006).

Research by Atkinson et al (2012) show that the provision of resources by boards in strategy
development and execution has a greater potential to impact firm performance than does
monitoring the firm’s success in achieving its chosen strategy. The authors found a significant
positive relation between boards that are more involved in developing and monitoring strategy and
firm performance (Atkinson et al., 2012).

In the same line of thought Ingley and Van der Walt (2001) points out that board of directors
will evolve into a sort of think tank, with directors who are experts in key areas putting their stamp
on aspects of corporate strategy.
8.Conclusion

Recent research indicates that there is a growing demand worldwide for greater involvement
of the board of directors in strategy formulation and implementation, particularly after the 2008-
2009 global financial crisis (Booth-Bell, 2018; Garg & Eisenhardt, 2017; Shaukat et al., 2016;
Rojas, 2017). Current changes to national legislation and voluntary codes of corporate governance
have reinforced the importance of the board being fully involved in the formulation and oversight
of the main strategies of the organization, as a fundamental aspect to fulfill its basic duties to the
shareholders. Several empirical studies have proven the benefits for companies whose boards have
been involved in the process of strategy formulation, beyond their mere formal approval and
subsequent monitoring functions (Ferguson, 2019; Hillman et al., 2019; Hopt, 2019; Veldman &
Willmott, 2016).

Large corporations have boards filled with highly visionary minds whose ideas, while being

contrasted against the charisma of their multimillion-dollar salaried CEOs, are redundant. It is in
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small corporations the CEOs and the top management needs the leadership of their boards, but the
boards are often dysfunctional in such systems (Dady, Mc Dougall, Covin, & Dalton, 2002). The
conceptualization of the board as a breeding ground for retired minds, killing time over coffees
and small talks, has discouraged more active individuals from serving on boards. The advocacy
and activism of the board to provide leadership intent and insights to the CEOs has been a driver
of positive change in this regard. It remains to be seen how CEOs with their independent minds
who want to make their own individual imprints in their organizations would interpret the boards
actively providing leadership lessons. The boards were always expected to provide leadership, but
the style used to be leadership by exception: provide guidance only when a clear derailment of
purpose is observed.

This paper has highlighted the influence that agency theory has had on the behaviors adopted
by thr boards for more than four decades. Recent studies show a departure from the theory of
agency towards stewardship theory, according to which the role of boards is to actively collaborate
with managers in the strategy formulation of two typologies that relate the level of involvement of
boards in strategic leadership processes. Despite the theoretical limitations that these typologies
may have, these will serve as the basis for new empirical research in corporate governance and
strategic leadership.
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DEVELOPING THE OTTOMAN HERITAGE RAILWAY STATIONS IN JORDAN
(UMM AL-HEIRAN STATION AS A MODEL)
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Greater Amman Municipality — Department of Development Unit Amman — Jordan

Abstract

Ottoman railway stations are considered significant historical landmarks that reflect a pivotal era
in the development of infrastructure and transportation in the Arab region. Umm Al-Heiran
Station, located south of the Jordanian capital Amman, is one of the main stations established as
part of the Hejaz Railway project in the early 20th century. This project aimed to connect
Damascus to Medina, passing through Jordanian territory. Despite the deterioration that has
affected this station and other historical stations, it still retains its architectural and cultural value,
making it a strong candidate for adaptive reuse within the framework of heritage and cultural
tourism.

The rehabilitation of Ottoman railway stations—foremost among them Umm Al-Hiran—
represents a strategic opportunity to enhance the tourism sector in Jordan, especially amid growing
global interest in history- and heritage-based tourism. The importance of this type of development
lies in its ability to achieve multiple objectives, most notably the preservation of historical heritage
on one hand, and the stimulation of the local economy on the other, through the creation of direct
and indirect job opportunities, attraction of tourism investment, and diversification of national
tourism products.

Umm Al-Heiran Station stands as a crossroads between the past and the future. On one hand, it
bears witness to the Ottoman architectural and engineering character that distinguishes the Hejaz
Railway, and on the other hand, it has the potential to be transformed into an integrated tourist
destination serving both local and international visitors. The station can be developed through
precise restoration processes that preserve the authenticity of the site, alongside the addition of
service facilities and an interactive visitor center showcasing the history of the railway and its
function within the Ottoman and regional context. The station could also be included in a tourist
route encompassing other stations along the railway line, contributing to the revival of an

integrated historical network.
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The benefits of this project are not limited to the tourism sector alone but also extend to economic
and social aspects. The development of the station is expected to revitalize the surrounding local
community by supporting small industries and traditional crafts, and by raising awareness about
the value of tangible and intangible heritage. Furthermore, the project could serve as a model for
sustainable development that balances heritage preservation with economic growth.

Despite the importance of this approach, several challenges must be addressed, such as limited
funding, the need for qualified personnel to restore heritage sites, and the importance of
establishing a legal and administrative framework that regulates investment in historical sites
without compromising their authentic value. Moreover, the success of such projects depends on
public-private sector partnerships and the active involvement of the local community in all stages
of planning and implementation.

In conclusion, Umm Al-Heiran Station represents a promising opportunity to reconnect the present
with the past through a development project that takes into account historical, economic, and
tourism dimensions simultaneously. Transforming this neglected site into a cultural and tourist
attraction requires a clear vision, institutional will, and integrated planning that considers heritage

not just as historical remnants, but as a sustainable economic resource.

Keywords: Heritage, Antiquities, Tourism, Economy, Development
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ABSTRACT

Introduction and Purpose: Indonesia’s economic resilience faces significant challenges due to
global uncertainty, including commodity price fluctuations, currency depreciation, and
geopolitical dynamics. This study aims to analyze the resilience status of Indonesia’s economy

through macroeconomic perspectives and assess its medium-term growth prospects.

Materials and Methods: This research employs a descriptive-analytical approach using
secondary data from Statistics Indonesia (BPS), Bank Indonesia, and international financial
reports. Key variables analyzed include Gross Domestic Product (GDP) growth, inflation,

exchange rate, trade balance, and foreign direct investment.

Results: The findings indicate that despite external pressures, Indonesia’s main macroeconomic
indicators remain relatively stable. GDP growth is around 5%, inflation is maintained below 4%,
and the trade balance shows a consistent surplus. However, vulnerabilities persist in capital

outflows and reliance on imported raw materials.

Discussion and Conclusion: The discussion highlights that Indonesia’s economic resilience is
supported by strong domestic consumption and diversified export markets. Nevertheless, long-
term strategies are needed to strengthen domestic industries, expand renewable energy bases, and
enhance fiscal stability. In conclusion, while relatively resilient, Indonesia’s economy requires

continuous structural reforms to withstand increasingly complex global challenges.

Key Words: Economic Resilience; GDP; Inflation; Trade Balance; Prospects
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ABSTRACT

Introduction and Purpose: Environmental, Social, and Governance (ESG) principles are gaining
global attention as a sustainability standard in investment practices. In the context of Islamic
economics, ESG concepts align with magasid al-shariah and the principles of justice, ethics, and
sustainability. This study aims to analyze the emerging trends of ESG in Islamic investments and
identify the relevance, opportunities, and challenges of its integration within the Islamic financial

industry.

Materials and Methods: This research employs a qualitative approach through an extensive
literature review. The sources include academic journals, regulatory reports, Islamic capital market
policies, and ESG practices in Islamic financial institutions. Data were analyzed descriptively to

evaluate the implementation, prospects, and barriers to applying ESG in sharia-based investments.

Results: The findings indicate that the application of ESG in Islamic investments is increasing,
particularly through instruments such as green sukuk, sustainable Islamic mutual funds, and
ethically based investments. ESG strengthens the added value of Islamic investment by
emphasizing social responsibility, environmental protection, and good governance. Additionally,

interest among young investors in sustainable sharia-compliant instruments continues to grow.
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Discussion and Conclusion: Despite its promising potential, the implementation of ESG in
Islamic investments still faces several challenges, including limited regulations, non-uniform
reporting standards, and low literacy levels. Collaboration among regulators, investors, and Islamic
financial institutions is necessary to strengthen ESG integration strategically. With proper policy
support and education, ESG can become a key driver in transforming Islamic investments toward
sustainability and inclusivity.

Keywords; ESG, Islamic Investment, Sustainability, Green Sukuk, Ethical Governance, Islamic
Economics
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ABSTRACT

Introduction and Purpose: The development of digital technology, especially blockchain, has
opened up new opportunities in the global financial system, including in the application of Islamic
economics. The basic principles of Islamic finance that emphasize transparency, fairness, and trust
are closely aligned with the characteristics of blockchains based on decentralized systems and
immutable ledgers. This research aims to explore the potential implementation of blockchain in
Islamic finance as well as assess the opportunities and challenges that arise to realize a fairer and

more efficient financial system.

Materials and Methods: This study uses a qualitative approach through library research by
examining the latest literature, industry reports, regulations, and case studies of the application of
blockchain in the Islamic financial system. The analysis was carried out in a descriptive-analytical

manner to identify the relevance of sharia principles to blockchain features.

Results: The results of the study show that blockchain has significant potential in strengthening
Islamic finance through transaction transparency, reduced operational costs, and increased
accessibility for the unbanked community. This technology is also able to support the
implementation of smart contract-based sharia contracts, which allow transactions according to
contracts without intermediaries. However, there are challenges in the form of regulations, digital

infrastructure readiness, and limited public literacy related to new technologies.
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Discussion and Conclusion: The application of blockchain in the Islamic economy has the
potential to be an innovative solution to increase the trust and efficiency of the Islamic financial
system. With its transparent nature, blockchain can reduce the practice of gharar (uncertainty) and
prevent potential misappropriation of funds. In addition, the integration of blockchain with Islamic
financial instruments such as zakat, waqf, and sukuk can create a more inclusive and equitable
financial ecosystem. However, synergy is needed between regulators, Islamic financial
institutions, and technology developers so that the use of blockchain remains in accordance with
magqasidal-sharia. Blockchain has a great opportunity to become a key pillar in strengthening
transparent and fair Islamic finance. Although implementation challenges still exist, the use of this
technology can improve financial inclusion, transaction efficiency, and public trust. Adaptive
regulations and increasing people's digital literacy are needed so that blockchain can be optimally

implemented within the framework of the Islamic economy.

Key Words: Blockchain, Islamic Economics, Islamic Finance, Transparency, Smart Contracts
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DO ASPIRATIVE DRAINS REDUCE SURGERY INFECTIONS? WHAT WE KNOW

AND THINK
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Abstract

Background:

Surgical site infections (SSIs) remain a leading cause of postoperative morbidity and healthcare
costs worldwide, despite advances in aseptic technique and perioperative management. The use of
aspirative (closed-suction) drains as a preventive measure against SSIs remains controversial, with
conflicting evidence regarding their benefits and risks.

Objective:

This study aimed to evaluate healthcare professionals’ perceptions of aspirative drain use in
relation to SSI risk and to explore how these beliefs influence antibiotic prophylaxis practices.
Methods:

A descriptive cross-sectional survey was conducted among 88 healthcare professionals at the
Trauma University Hospital in Tirana, Albania, during October 2023. A structured, anonymous
questionnaire assessed demographic data, professional experience, and opinions on the
relationship between drain use and SSI risk, as well as attitudes toward prolonged antibiotic
prophylaxis due to drain usage. Data were analyzed using descriptive statistics and chi-square tests.
Results:

Among 86 valid responses, 43% of participants believed that aspirative drains increase SSI risk.
This perception was more common among less experienced clinicians (56.5% with <10 years of
experience vs. 30.0% with >20 years). The trend was not statistically significant (p = 0.1448), but
revealed generational differences in perception. Younger professionals were shown to be more

likely to favor prolonged antibiotic use due to drain usage (p = 0.0006).
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Conclusion:

Despite limited evidence linking aspirative drains to increased SSI rates, many healthcare
professionals—especially less experienced ones—perceive them as infection risk factors and
consequently support prolonged antibiotic use. These findings emphasizing the need for targeted
education, adherence to international guidelines, and protocol standardization to promote rational
drain use and antimicrobial stewardship.

Keywords: surgical site infection, aspirative drain, suction drainage, antibiotic prophylaxis,

infection prevention, perception study
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SUSTAINABLE REMOVAL OF TETRACYCLINE FROM AQUEOUS SOLUTIONS
USING ZINC OXIDE NANOPARTICLES -MODIFIED ALBIZIA LEBBECK

Adeniyi Florence JESUKEMI
Department of Chemistry, University of Ibadan, Oyo State, Nigeria

Abstract

The presence of pharmaceutical contaminants in the environment has been reported, and it poses
a significant environmental and health risk. Amongst these contaminants is tetracycline (TC)
which is used in veterinary medicine and in hospitals. Several adsorbents have been used for the
removal of TC from aqueous media but with some drawbacks. This study therefore aimed to
explore the sustainable removal of TC from aqueous solutions using A/bizia lebbeck pods modified
with zinc oxide nanoparticles. The modified adsorbents were synthesized via co-precipitation and
characterized using FTIR, SEM-EDS, XRD, and BET analysis. The effects of pH, contact time,
adsorbent dosage, and initial TC concentration on adsorption performance were evaluated. The
results showed that the modified adsorbents achieved a maximum TC removal efficiency of 99%
TC under optimal conditions. 0.1 g of modified Albizia lebbeck at pH 5.5 and contact time of 60
minutes yielded a maximum sorption capacity of 9.765 mg/g. Adsorption isotherms and kinetic
studies revealed that the process followed Freundlich models, indicating heterogeneous surface
binding, and pseudo-second-order kinetics, suggesting chemisorption as the dominant mechanism.
The maximum adsorption capacity of the modified adsorbents exceeded previously reported values
for similar biosorbents. This study demonstrates the potential of zinc oxide nanoparticles -modified
Albizia lebbeck as a sustainable, eco-friendly, and cost-effective solution for removing TC from
contaminated water, with implications for wastewater treatment systems.

Keywords: Tetracycline, Albizia lebbeck, zinc oxide nanoparticles, wastewater treatment,

sustainable remediation
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Ozet

Bu calismada, artemeter kaynakli iireme toksisitesine maruz birakilan disi Wistar si¢anlarinin
iireme hormonlar1 ve organlari tizerinde kuersetinin iyilestirici potansiyeli arastirtlmistir. Yaygin
olarak kullanilan bir sitma Onleyici ila¢ olan artemeter, oksidatif stres ve bozulmus iireme
fonksiyonu ile iliskilendirilmistir; gili¢lii bir dogal antioksidan olan kuersetinin ise hiicresel ve
hormonal bozulmalara karsi koruyucu etkilere sahip oldugu bilinmektedir. 100-150 gr
agirlhigindaki kirk yetiskin disi Wistar sicani rastgele bes gruba ayrilmistir (grup basina n=8). Grup
1 kontrol olarak kullanilmis ve normal salin almistir; Grup 2'ye 0,2 ml/kg artemeter uygulanmstir;
Grup 3'e 0,2 ml/kg artemeter ile birlikte 0,5 ml/kg artemeter verilmistir; Grup 4'e 0,2 ml/kg
artemeter ile birlikte 1,0 ml/kg kuersetin verilmis, Grup S'e ise sadece 1,0 ml/kg kuersetin
verilmistir. Artemether ii¢ giin boyunca intramuskiiler olarak uygulanirken, kuersetin ayni stire
boyunca kaniil kullanilarak oral yoldan uygulandi. Tedaviden sonra hayvanlar sakrifiye edildi ve
hormonal analiz i¢in kan Ornekleri alindi. Serum Gstradiol, progesteron ve prolaktin diizeyleri
enzim bagli immiinosorbent testi (ELISA) yontemi kullanilarak belirlenirken, lireme organlari
(yumurtaliklar ve uterus) c¢ikarildi ve tartildi. Sonuglar artemether uygulamasinin ortalama viicut
ve organ agirliklarinda hafif azalmalara ve serum oOstradiol diizeylerinde anlamli diisiislere yol
actigimi (p<0,05) ve yumurtalik fonksiyonu iizerinde olumsuz bir etkiye igaret ettigini gosterdi.
Ozellikle yiiksek dozlarda kuersetin ile birlikte uygulanmasi, yumurtalik ve uterus agirliklarmda
belirgin iyilesme sagladi ve 6stradiol diizeylerini normal degerlere dondiirdii; bu da koruyucu ve
antioksidan potansiyelini gosterdi. Ancak, tedavi gruplar1 arasinda serum progesteron ve prolaktin

konsantrasyonlarinda istatistiksel olarak anlamli bir fark gozlenmedi. Bulgular, kuersetinin,
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muhtemelen antioksidan ve hormon diizenleyici mekanizmalar1 araciligiyla yumurtalik
fonksiyonunu artirarak ve Ostrojen salgisini dengeleyerek artemeterin zararh lireme etkilerini
hafiflettigini gostermektedir. Sonug olarak, kuersetinin disi siganlarda artemeter kaynakli iireme
toksisitesine karsi iyilestirici bir etkisi vardir.

Anahtar Kelimeler: Artemether, Kersetin, Disi lireme organlari, Disi iireme hormonlari
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ABSTRACT

Sheep play an important role in Serbia in providing animal protein for diet, especially for those
people who live in village at mountains part of this area. Sheep are milked and they produce the
bulk milk supply, together with a large proportion of the meat that is consumed. Way of breeding
usually at shepeng had prerequisite to a lot of infections including parasitoses. They are usually
kept under extensive conditions and graze or brows on any land that is not being cultivated. After
harvesting, the animals are turned onto wheat and barley stubble from which they obtained
nourishment. Pasture breeding make possible contact within sheep and eggs, larvae stages and
intermediate host of parasites. One of them is trichurosis caused by nematode Trichuris ovis,
commonly known as a whipworm. The larvae develop to third stage inside the eggshell. When the
dung pellet becomes moist and disintegrates, the larvae (still in the egg shell) are released onto the
soil surface. Stock grazing close to the soil surface ingests the larvae contained within the eggshell.
They are very resistant to desiccation and freezing. Like all whipworms, 7. ovis primarily inhabit
the host’s cecum. However, sheep and goats are rather resistant to the parasite infection and often
do not experience many symptoms. If the host is heavily infected, a large portion of the blood
vessels located in the cecal wall will be consumed. This eventually results in the thickening of the
wall, thus preventing that region of the large intestine from absorbing fluids causing the host to
have diarrhea. This can be extremely detrimental for the host during a drought. Although sheep
and goats are relatively resistant to them, 7. ovis is one of the most common nematode parasites,
and many of the aforementioned hosts are infected by this species of whipworm.

Anahtar kelimeler: Trichuris ovis, sheep, pathology
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ABSTRACT

Acylhydrazones represent a distinctive class of Schiff bases that have attracted considerable
attention due to their wide range of applications. These compounds serve as valuable intermediates
in organic synthesis and coordination chemistry. Notably, N-acylhydrazones act as key precursors
for various heterocyclic frameworks and exhibit strong coordinating abilities with metal cations.
Several N-acylhydrazones and their metal complexes have demonstrated remarkable sensitivity
and selectivity toward specific metals, as well as significant bioactive properties in medicinal
chemistry.

In this study, we report the synthesis and characterization of two N-acylhydrazones prepared
through simple and cost-effective methods using salicylic acid as a starting material. The target
molecules were obtained via condensation of hydrazide intermediates with different natural and/or
synthetic aldehydes, affording the desired products in good yields. The synthesized compounds
were subsequently evaluated for their anti-corrosive activities, highlighting their potential for
practical applications.

Keywords: N-acylhydrazone; Salicylic acid; eco-friendly synthesis, corrosion inhibitors.
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ANTIMICROBIAL RESISTANCE PATTERNS AND MULTIDRUG RESISTANCE

AMONG INDIVIDUALS LIVING WITH HIV IN PORT HARCOURT, RIVERS STATE

Barine, B. M, Frank-Peterside, N., Okerentugba, P. O., Cookey, T. L., Awanye, A. M., Aaron, U. U.,
Affia, G. A., Okonko, I. O.
University of Port Harcourt, Choba, Rivers State, Nigeria.

Abstract

Antimicrobial resistance (AMR) has, over the years, emerged as a growing threat to public health
globally, yet region-specific surveillance records remain highly underreported. This study
investigated the antibiotic resistance trends in 50 bacterial isolates recovered from 410 clinical
samples of HIV reactive individuals across multiple sources in Port Harcourt, Rivers State.
Standard microbiological and statistical methods were used, and results indicated predominant
organisms, including Escherichia coli (42%), Staphylococcus spp. (32%), Pseudomonas spp.
(10%), Klebsiella spp. (8%), and Proteus spp. (8%). Antibiotic susceptibility testing revealed
alarmingly high resistance, with chi-square tests confirming significant variation across agents (*
=177.48, (df = 14, n = 750, p < .001. Resistance was most pronounced against ciprofloxacin (>
60% resistant) and cephalosporins, while comparatively lower resistance was observed against
meropenem (< 20%). Notably, 100% of isolates met the multidrug resistance (MDR) definition,
spanning all sex categories (male = 22%, female = 78%), age groups (adults = 74%; children =
16%; adolescents = 6%; elderly = 4%), and clinical sources (wound swabs = 44%, HVS = 22%,
urine = 14%, pleural fluid = 8%, others < 5%). Chi-square analyses showed no significant
associations between MDR prevalence and sex (¥*> = 0.00, df =1, n =50, p = 1.00) or age group
(x*=0.90, df =3, n =50, p = .825), but organism distribution differed significantly (y*> = 25.40, 4,
n =50, p <.001). The findings suggest the urgent need for local antibiotic stewardship programs
and continuous surveillance to mitigate MDR spread in Nigerian clinical settings, especially
among people living with HIV.

Keywords: Antimicrobial resistance (AMR), Antibiotic susceptibility testing, HIV, Multidrug

Resistance

234



SCEANS
s S

: \: ISARC
Siscere l INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

CROP FAILURE DUE TO WATER SHORTAGES DURING THE PROLONGED DRY
SEASON, CASE STUDY IN SARWODADI VILLAGE

Putri Anindi Nurul’ AINI
University of K.H. Abdurrahman Wahid Pekalongan, Faculty of Islamic Economics and Business,
Department of Sharia Banking, Central Java, Indonesia
ORCID ID: 0009-0000-628 4-7088
Mega AULIA
University of K.H. Abdurrahman Wahid Pekalongan, Faculty of Islamic Economics and Business,
Departement of Sharia Banking, Central Java, Indonesia.
ORCID ID: 0009-0005-028 6-1490
M.Tegar Abdillah AKBAR
University of K.H. Abdurrahman Wahid Pekalongan, Faculty of Islamic Economics and Business,
Departement Sharia Banking, Central Java
ORCID ID: 0009-0004-138 6-9685
Rafiq Ibnu AGSO
Universitylslam of K.H. Abdurrahman Wahid Pekalongan, Faculty of Economics and Business,
Departement Sharia Banking, Central Java
ORCID ID: 0009-0005-913 8-7144
Abstract

The phenomenon of global climate change is increasingly evident through the rising frequency of
prolonged droughts, which have had a serious impact on the agricultural sector. This study aims
to analyze the effects of water shortages during prolonged dry seasons on agricultural productivity
and crop failure in Sarwodadi Village. The research method employed a qualitative case study
approach, including in-depth interviews with farmers, field observations, and secondary data
analysis from the agricultural office. The findings indicate that limited water resources in
Sarwodadi Village resulted in a significant decline in rice field productivity by up to 45%
compared to normal seasons. Furthermore, most farmers suffered economic losses that directly
affected household food security. The main aggravating factors included inadequate irrigation
infrastructure, limited access to adaptive technologies, and the suboptimal role of government
institutions in providing drought mitigation support. The study concludes that agricultural
resilience at the village level strongly depends on sustainable water management systems and the
adoption of appropriate adaptive technologies. Key recommendations include the development of
village irrigation facilities, diversification of drought-resistant crops, and strengthening the role of
farmer groups in climate risk management. These findings are expected to serve as policy
considerations for enhancing agricultural resilience in facing the challenges of climate change in
rural areas.

Keywords: crop failure, drought, climate change, food security, Sarwodadi Village
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ABSTRACT

Introduction and Purpose:

The acceleration of economic globalization has positioned ASEAN as one of the most dynamic
regional blocs in the world, with trade integration becoming a central agenda for sustainable
growth. Nevertheless, regulatory disparities, uneven competitiveness among member states, and
the persistent need for an inclusive trade system remain major obstacles in achieving the vision of
a single ASEAN market. In addition, rapid technological advancement demands greater
digitalization in trade and finance, which has the potential to reshape regional competitiveness.
This study aims to examine the extent to which policy harmonization and market integration can
strengthen ASEAN’s economic connectivity, while also assessing the role of digital transformation

in enhancing inclusivity and resilience in the regional trade system.
Materials and Methods:

A mixed-method approach was employed, combining quantitative and qualitative analyses to
provide a comprehensive perspective. Data were obtained from 15 trade and financial institutions
located in Southeast Asia, the Middle East, and North Africa through secondary statistical sources
and in-depth qualitative surveys. Key variables measured included the degree of trade policy
harmonization (tariff and non-tariff), adoption of digitalization in trade mechanisms, participation
of cross-border business actors, and indicators of sustainable economic growth. To assess regional
differences, statistical analysis was conducted using the Kruskal-Wallis test, enabling comparison

of digital integration readiness across various regions.
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Result:

The results demonstrate that ASEAN countries with higher adoption of digital technologies in
trade exhibit stronger intra-regional trade connectivity and greater efficiency in cross-border
transactions. Southeast Asia records the highest level of digital trade integration, while the Middle
East continues to face regulatory and infrastructural barriers. Furthermore, the application of
blockchain-based smart contracts and digital trade platforms has been shown to significantly
expand market access for small business actors and emerging enterprises, contributing to financial

inclusivity and broader economic participation (p<0.05).
Discussion and Conclusion:

This study confirms that policy harmonization and digital-based market integration serve as critical
drivers in enhancing ASEAN’s regional competitiveness in the globalized era. However, the
findings also suggest that cross-country collaboration is crucial in overcoming regulatory
inconsistencies, standardizing trade frameworks, and building resilient digital infrastructure.
Furthermore, strengthening participation from smaller-scale enterprises and regional stakeholders
is essential to ensure that the benefits of trade integration are equitably distributed across member
states. Overall, the synergy between collective trade policy, technological innovation, and
inclusive economic participation needs to be reinforced so that ASEAN can emerge not only as a
competitive regional trading hub but also as a model of sustainable integration in the global

economy.

Key Words: ASEAN, Regional Trade; Globalization, Policy Harmonization, Market Integration,
Digital Economy.
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ABSTRACT

Introduction and Purpose: The principle of justice in taxation plays a pivotal role in ensuring
legitimacy, sustainability, and fairness in Indonesia’s fiscal system. This study focuses on three
dimensions of tax justice: vertical equity, horizontal equity, and distributive justice. The objective
is to analyze how these principles are reflected in Indonesia’s taxation practices, particularly in
income tax policies, equal treatment across taxpayers, and the redistribution of tax revenues for
public welfare.

Materials and Methods: This research employed a qualitative method through a literature study,
examining classical and modern taxation theories, political philosophy perspectives such as Adam
Smith’s canons of taxation and Rawls’ justice as fairness, as well as Islamic legal principles on
equity. Relevant books, journals, legislation, and government reports were critically reviewed and
analyzed using content analysis to identify key concepts of justice in the Indonesian taxation
system.

Results: The findings reveal that vertical equity is implemented through progressive income tax
rates, ensuring taxpayers with higher incomes bear proportionally greater burdens in accordance
with their ability to pay. Horizontal equity emphasizes equal treatment for taxpayers in similar
economic conditions, though disparities remain between the formal and informal sectors due to
administrative weaknesses. Distributive justice is reflected in the allocation of tax revenues to
finance infrastructure, subsidies, and social programs aimed at reducing inequality and promoting

public welfare.
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Discussion and Conclusion: This study concludes that while Indonesia’s taxation system has
formally integrated principles of justice, challenges persist in practice, particularly regarding tax
avoidance, disparities in taxpayer compliance, and transparency in the distribution of public funds.
To strengthen fairness and sustainability, continuous reforms in tax administration, digitalization,
and accountability are essential. Ultimately, a taxation system rooted in equity not only secures
state revenue but also serves as a vital instrument for promoting social justice and inclusive
development.

Keywords: Tax justice, vertical equity, horizontal equity, distributive justice, Indonesia,

progressive tax, fiscal policy
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Abstract

MSMEs play a significant role in the Indonesian economy. This sector employs more than 90%
of the total national workforce and contributes more than 60% to the Gross Domestic Product
(GDP). MSME:s also play an important role in expanding access to employment opportunities,
especially for people with low levels of education, women, and people living in rural areas. In
addition, the development of MSMEs has been proven to reduce poverty through increased
household income, local economic empowerment, and diversification of community income
sources. However, MSMEs still face a number of challenges, including limited access to financing,
low quality of human resources, lack of product innovation, and limited access to global markets.
Therefore, strong synergy between the government, financial institutions, and MSME actors is
needed in order to strengthen competitiveness and optimize the contribution of MSMEs to
inclusive economic development.

Keywords: MSMEs, employment, poverty, economic empowerment, Indonesia.
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Ozet

Bu calisma, Osun Eyaletindeki Kii¢iik ve Orta Olgekli Isletmelerin karlilig1 iizerinde ¢oklu
vergilendirmenin etkisini incelemektedir. Temel amag, c¢oklu vergilendirme ile isletmelerin
hayatta kalmasi1 arasindaki iligkiyi incelemek, isletmelerin vergi 6deme kabiliyetinin sirket
biiytikliigiine bagli olup olmadigini belirlemek ve coklu vergilendirmenin isletmelerin karlilig
iizerindeki etkisini incelemektir. Niifus igerisinden 150 kisilik bir 6rneklem biiytikliigii alindi,
regresyon analizleri kullanilarak {i¢ hipotez test edildi ve ¢oklu vergilendirme ile isletmelerin
hayatta kalmasi arasinda anlamli bir iliski oldugunu, isletme biiyiikligii ile vergi 6deme kabiliyeti
arasinda anlamli bir iligski oldugunu ve ¢oklu vergilendirmenin isletmelerin karliligini etkiledigini
gosterdi. Ilk hipotezden elde edilen sonuglar, ¢oklu vergilendirme ile KOBI performansi arasinda
anlaml1 bir iliski oldugunu gosterdi: R' degeri = (0,944) ve F (1,149) = 3093,515, p < 0,05; ikinci
hipotez, ¢coklu vergilendirmenin kii¢iik ve orta 6l¢ekli isletmelerin finansal performansi tizerinde
onemli bir etkiye sahip oldugunu R' degeri = (0,805) ve F (1, 149) = 756,399, p < 0,05 ile gosterdi.
Son olarak iigiincii hipotez sonuglari, Firmalarin vergi ddeyememesinin KOBI'lerin finansal
performansi tizerinde 6nemli bir etkiye sahip olmadigim1 R' degeri = (0,897) ve F (1, 149) =
1592,430, p < 0,05 ile gdsterdi. Calisma, ¢coklu vergilendirmenin KOBI'lerin hayatta kalmasini ve
biiytimesini etkiledigi sonucuna vardi. Calisma, vergi tahsilatinin, hiikiimetin hangi vergileri
KOBI'lerden toplayacagina gore tanmimlanmasimi dnerdi. Bu, hiikiimetin ii¢ kademesinin ayni
belirli kurulustan vergi toplamasini oOnleyecektir. Hiikiimet ayrica, topluluk vergisi, erkek
cocuklar1 veya genclik vergisi ve ayrica dernek veya sendika vergisi gibi yasadis1 vergileri

onlemek i¢in bir politika koymalidir.
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ABSTRACT

This study examines the effect of multiple taxation on the profitability of Small and Medium Scale
Enterprises in Osun State. The major objective was to examine the relationship between multiple
taxation and enterprises survival, ascertain whether enterprises ability to pay taxes depends on the
company size and examine the influence of multiple taxation on the profitability of enterprises. A
sample size of 150 was taken from the population, using regression analyses, three hypotheses
were tested which shows there is significant relationship between multiple taxation and businesses
survival, there is significant relationship between enterprises size and its ability to pay taxes and
multiple taxation affect the profitability of enterprises. Results from the first hypothesis showed
that there is significant relationship between multiple taxation and SMEs performance with R'
value = (0.944) and F (1,149) = 3093.515, p < 0.05; second hypothesis showed that multiple
taxation has significant effect on financial performance of small and medium scale enterprises with
R'value = (0.805) and F (1, 149) = 756.399, p < 0.05. Lastly, hypothesis three results revealed that
firms’ inability to pay taxes has no significant effect on SMEs financial performance with R' value
=(0.897) and F (1, 149) = 1592.430, p < 0.05. The study concluded that multiple taxations affect
the survival and growth of SMEs. The study recommended that tax collection should be defined
with respect to which government should collect certain taxes from SMEs to avoid the three tiers
of government collecting taxes from the same particular organization. Government should also put
a policy in place to avoid illegal taxes, such as community levy, boys or youth levy, and as well
as association or union levy.

1.INTRODUCTION

In recent times, the world economy has developed tremendously, and this has been linked with the
activities of businesses, especially in developing countries. A study carried out by the Federal
Office of Statistics shows that in Nigeria, Small and Medium Scale Enterprises make up 97% of
the economy (Ariyo, 2015). Although smaller in size, Small and Medium Scale Enterprises are the
most important enterprises in the economy due to the fact that when all their individual effects are
aggregated, they surpass those of larger companies. The social and economic advantages of
businesses cannot be overstated.

Taxation is one of the major fiscal policies the government of any nation, such as Nigeria, can use

to achieve economic stability and finance capital expenditure. Various taxes are levied upon the
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income, wealth, or gains of individuals, families, and business firms by the government for the
benefit of the general public.

Tax, by a simple definition, is a financial charge or other levy imposed upon a taxpayer — which
could be an individual or a legal entity — by the state, such that failure to pay is punishable by
law. Thus, taxation cannot be regarded as a voluntary payment or donation but an enforced
contribution exacted pursuant to legislative authority.

In modern taxation systems such as in Nigeria, taxes are levied in money, which can be used for
myriad purposes such as expenditure on public order, protection of lives and property, economic
infrastructure such as roads, public works, social services, and the operation of government itself
(Carrol, 2020).

The taxes collected by the government emanate from varying sources ranging from personal
income tax, company income tax, capital gains tax, property tax, and education tax, to name a few.
The Nigerian government, in an attempt to raise revenue and enhance economic development, has
subjected many firms to multiple taxations, which they are mandated to pay irrespective of the
sector in which they operate or else face the wrath of the law.

A survey carried out by the Manufacturers Association of Nigeria (MAN) and the Centre for
International Private Enterprise (CIPE) identified multiple taxation as the bane of private sector
business growth in Nigeria (Anyamvu, 2012). The survey established the relationship between
multiple taxation across the three tiers of government and reaffirmed its negative effects on private
sector growth and businesses in Nigeria.

According to Osagie (2017), the tax environment in Nigeria, especially policies on multiple
taxation, increases the cost of doing business in the country. As a matter of fact, some businesses,
including manufacturing companies, have shut down production or relocated their factories to
other West African countries considered to be more investment-friendly.

1.1. STATEMENT OF THE PROBLEM

Although there is a general perception that tax is an important source of funds for the development
of the economy and the provision of social services, the main problem lies in the negative
relationship between taxation and a business’s ability to sustain and expand itself. Small and
Medium Scale Enterprises (SMEs) are faced with challenges such as high tax rates, multiple
taxation, complex tax regulations, and lack of proper enlightenment or education about tax-related

1ssues.
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Aside from these tax-related challenges, SMEs in developing countries like Nigeria also struggle
with inadequate capital, poor technical and managerial skills, environmental constraints, and strict
government regulations. Among these challenges, the issue of multiple taxation stands out as a
major factor adversely affecting the operations of SMEs in Nigeria, eating deeply into the revenues
generated by these businesses for their growth and survival.

The issue of multiple taxes has remained unabated, affecting the movement of goods and services
within and outside various states. Several studies have been conducted on small and medium-scale
businesses in Nigeria. For instance, Sanni, Sunday, and Godwin (2019) carried out a study on the
effects of multiple taxation on the growth of SMEs in Nigeria, while Adebisi and Gbegi (2013)
investigated the effect of multiple taxation on the performance of small and medium-scale
enterprises in Northern Nigeria, with a special focus on West African Ceramics, Ajaokuta, Kogi
State.

Though both studies reported that multiple taxes have a significant negative effect on the growth
and performance of SMEs, Sanni et al. (2019) focused on Nigeria as a whole, while Adebisi and
Gbegi (2013) restricted their study to Northern Nigeria. There is therefore a need to conduct further
research to examine the effect of multiple taxation on businesses in parts of Southwest Nigeria.
This study, therefore, proposes to investigate the impact of multiple taxation on the financial
performance of small and medium-scale businesses in the Osogbo metropolis of Osun State.
1.2.0BJECTIVES OF THE STUDY

The broad objective of this study is to examine the effect of multiple taxation on the profitability
of Small and Medium Scale Enterprises (SMEs) in Osun State.

The specific objectives are to:

i. Examine the relationship between multiple taxation and SMEs’ survival in Osun State.

ii. Find out the impact of multiple taxation on the performance of Small and Medium Scale
Enterprises in Osun State.

iii. Ascertain whether enterprises’ inability to pay taxes depends on the financial performance of
Small and Medium Scale Enterprises in Osun State.

1.3. RESEARCH QUESTIONS

i. Is there any relationship between multiple taxation and SMEs survival in Osun State?

ii. How does multiple taxation system affect the financial performance of small and medium scale

enterprises in Osun State?
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iii. What effect does inability to pay taxes have on the financial performance of small and medium
scale enterprises in Osun State?

1.4. RESEARCH HYPOTHESES

The following hypotheses were formulated to guide the study:

Ho1: There is no significant relationship between multiple taxation and SMEs’ performance in
Osun State.

Ho:: Multiple taxation has no significant effect on the financial performance of Small and Medium
Scale Enterprises in Osun State.

Hos: Firms’ inability to pay taxes has no significant effect on the financial performance of SMEs
in Osun State.

2. SIGNIFICANCE OF THE STUDY

This study provides a clear insight into the various ways tax policies in Osun State can be executed
efficiently to favor enterprises and how certain tax policies in Nigeria can be properly addressed.
The study also highlights the various causes of small business failures in Osun State.

The challenges of taxation in Osun State are outlined in order for drastic measures to be taken to
address these issues and meet the prospects of the general public, thereby increasing government
revenue.

Furthermore, this study will serve as a useful reference material for future researchers who may
wish to carry out further investigations on similar topics.

2.1 SCOPE OF THE STUDY

The scope of this study is limited to examining the effect of multiple taxation on Small and
Medium Scale Enterprises (SMEs) in Osun State, using Osogbo Metropolis as a case study.
3.METHODOLOGY

3.1 RESEARCH DESIGN

The survey research design was adopted in this study as it involves the use of a well-designed
questionnaire in the collection of data. This design makes reference to phenomena as they exist. It
is appropriate because it allows for accurate description, recording, analysis, and interpretation of
existing conditions regarding the identified effect of multiple taxation on small and medium-scale
enterprises in Osun State. The design afforded the researcher the opportunity to collect data using

scientific methods.
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3.2 POPULATION OF THE STUDY

The population for the study is a census of all items or subjects that possess the characteristics or
have knowledge of the phenomenon being studied (Asika, 2004). It would be difficult to visit all
the small and medium enterprises in Osun State. For the purpose of this research work, the target
population comprises staff of selected SMEs in two local governments in the Osogbo metropolis
of Osun State — namely Aiyetoro, Alekuwodo, Dada Estate, Fagbewesa, Idi Seke, Ata Olokan,
Kola Balogun, Odiolowo, Ogooluwa, Oke Oniti, and Okefia in Osogbo, and Olorunda Local
Government — which together consist of 1,520 SMEs.

3.3 SAMPLE AND SAMPLING TECHNIQUES

The sample used for this study was selected in such a way that management, senior, and junior
staff of the selected enterprises were adequately represented. The sample size used for this study
was one hundred and fifty-two (152) respondents, representing 10% of the total population of the
study and encompassing the two local governments selected. Random sampling techniques were
used to divide the total population into two strata — Osogbo Local Government (80) and Olorunda
Local Government (70) respectively. Each of the local governments was selected to make up a
sample size of 150 based on preliminary survey.

3.4. RESEARCH INSTRUMENT

The primary data collection method was employed for the purpose of this study. The suitable
instrument used was a structured questionnaire. The questionnaire consisted of two sections, A
and B. Section A of the scale contained the personal demographic information of the respondents,
which included the name of the organization, age, gender, marital status, educational qualification,
working experience (in years), and current position in the organization.

Section B of the questionnaire consisted of questions on “The Effect of Multiple Taxation on Small
and Medium Scale Enterprises in Osun State.” Each item was rated according to how they applied
to the respondents on a four-point Likert scale structured as follows:

1 — Strongly Agree

2 — Agree

3 — Disagree

4 — Strongly Disagree

The respondents were expected to choose from the options provided for each question.
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3.5. ADMINISTRATION OF THE INSTRUMENT

The researcher personally distributed the questionnaires to the respondents. Copies of the
questionnaires were given to them to fill and were collected on the spot. The questionnaire covered
personnel and demographic factors, and the extent to which multiple taxation has affected SMEs
in Osun State.

LIMITATIONS OF THE STUDY

The study was limited by the fear of espionage, as some respondents were reluctant to release data
or information that might fall into the hands of their competitors.

Another major constraint encountered by the researcher was the need for constant visits to the
organization. Respondents could not fill out the questionnaire as early as expected due to their
busy schedules. Consequently, the researcher had to wait until closing hours before the respondents
were able to complete the questionnaires.

4. DISCUSSION OF FINDINGS

Following the analysis and interpretation of the hypotheses using regression analysis techniques
with the aid of the Statistical Package for Social Sciences (SPSS), the findings indicate a positive
acceptance of the alternative hypotheses. This reveals the positive relationship that exists between
the dependent and independent variables.

The findings are summarized as follows:

1.The findings from the hypotheses testing show that there is a significant relationship between
multiple taxation and SMEs’ performance in Osun State. The implication of this finding is that
one of the major threats to business survival is excessive taxation. The issue of multiple taxation
in Nigeria has caused many businesses to fold up. Put differently, multiple taxation has an adverse
effect on the performance of SME:s.

2.The findings also show that multiple taxation has a significant effect on the financial
performance of Small and Medium Scale Enterprises in Osun State. The implication of this is that
multiple taxation limits business growth and profitability.

3.Finally, the findings reveal that firms’ inability to pay taxes has a significant effect on SMEs’
financial performance in Osun State. The implication is that one of the major determinants of a
firm’s ability to pay tax is its size — meaning that enterprise size strongly influences its tax-paying

capacity.
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This finding corroborates Shahroodi (2010), who stated that for a tax system to be efficient, the
tax policy must be designed such that tax rates are appropriate and rational, exemptions are
minimal, tax authorities are efficient, and the tax burden on indigent people is lighter. Furthermore,
the fight against corruption and tax evasion should be strengthened. Tax policies can therefore be
designed not only to directly affect SMEs but also to indirectly support their growth and
sustainability.

5.SUMMARY OF FINDINGS

The findings from the hypotheses tested show that there is a significant relationship between
multiple taxation and SMEs’ performance in Osun State. The implication of this finding is that
one of the major threats to business survival is excessive taxation. The issue of multiple taxation
in Nigeria has caused many businesses to fold up. In other words, multiple taxation has an adverse
effect on SMEs’ performance.

The findings also reveal that multiple taxation has a significant effect on the financial performance
of Small and Medium Scale Enterprises in Osun State. The implication of this is that multiple
taxation hinders enterprises from growing and becoming profitable.

Finally, the findings further show that firms’ inability to pay taxes has a significant effect on
SMESs’ financial performance in Osun State. The implication is that one of the major determinants
of the ability to pay tax is the size of an enterprise. This implies that enterprise size strongly
influences its ability to pay tax.

This finding corroborates Shahroodi (2010), who believes that for a tax system to be efficient, tax
policy must be designed such that the tax rates are appropriate and rational, exemptions are
minimal, tax authorities are efficient, and the tax burden on indigent people is lighter. The fight
against corruption and tax evasion should also be strengthened. Tax policies can be designed in
such a way that they not only directly affect SMEs but also indirectly support their growth.
6.CONCLUSION

This study appraises the effect of multiple taxation on the performance of SMEs in Osun State,
Nigeria. From the literature reviewed, the researcher deduced that the development and operation
of SMEs have a significant economic impact on the nation. In line with the findings of the study,
it is therefore concluded that multiple taxation has a significant effect on the financial performance

of SMEs in Osun State, Nigeria.
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7. RECOMMENDATIONS

The researcher made the following recommendations as ways to reduce the burden of multiple
taxes on SMEs and, at the same time, improve state revenue:

1.The state government should assess taxpayers early in the financial year to give businesses
enough time to pay their dues rather than demanding spontaneous payments.

2.The state government should introduce a scheme that allows taxpayers to pay their tax
obligations in installments over a given period instead of paying in a lump sum.

3.The government should reach out to and educate the business community about different tax
rates and modes of payment.

4.The government should improve the methods of tax collection. The closure of business premises
for default should only be used as a last resort, after all other methods of collection have failed.
This should be an exception rather than a rule.
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Ozet

Bu proje, Nijerya sanatinin hiimanizm ilkelerini nasil yansittigini, 6zellikle insan onurunun,
kimliginin, kiiltiirel degerlerin ve toplumsal gercekliklerin betimlenmesine odaklanarak inceler.
Geleneksel heykellerden ve tekstil sanatlarindan ¢cagdas resim ve fotograf¢iliga kadar Nijeryali
sanatc¢ilar, glinliik yasam, maneviyat, direnis ve dayanikliliga kok salmis insan merkezli temalart
uzun siiredir ifade etmektedir. Bu arastirma, hem geleneksel hem de modern Nijerya sanatinin
bireysel ve kolektif insan deneyiminin gorsel bir anlatist olarak nasil hizmet ettigini ve Nijerya
sanatsal ifadesinde insani kaygilarin merkezi roliinii vurguladigini arastirmaktadir.

NIGERIAN ARTASA REFLECTION OF HUMANISM
ABSTRACT

This project explores how Nigerian art reflects the principles of humanism, with a focus on the
portrayal of human dignity, identity, cultural values, and social realities. From traditional
sculptures and textile arts to contemporary painting and photography, Nigerian artists have long
expressed human-centered themes rooted in everyday life, spirituality, resistance, and resilience.
This research investigates how Nigerian art—both traditional and modern—serves as a visual
narrative of individual and collective human experience, emphasizing the centrality of human
concerns in Nigerian artistic expression.

INTRODUCTION

Nigeria, a culturally rich and diverse country, has a long and vibrant history of artistic expression.
From the ancient Nok terracottas to the modern works of artists like Ben Enwonwu, Nike Davies-
Okundaye, and Bruce Onobrakpeya, Nigerian art has consistently placed human life, culture, and

values at its core. These expressions reflect the humanist ideals of dignity, cultural identity, and
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social consciousness. Unlike the Western definition of Renaissance humanism, which emerged
during a specific historical period, Nigerian humanism is embedded in traditional values, oral
histories, and community life. This project seeks to analyze how Nigerian art has served as a tool
to promote human-centered ideas across time.

Ife and Yoruba Sculpture

STATEMENTOFTHEPROBLEM

While Nigerian art is widely appreciated for its beauty and symbolism, there is limited scholarly
attention on how it reflects humanist ideals—such as the dignity of the individual, cultural identity,
and societal issues. Most studies have emphasized stylistic evolution and artistic innovation,

leaving a gap in understanding Nigerian art as a mirror of the human condition rooted in traditional

and contemporary realities.
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PURPOSE OF THESTUDY

Aim: To investigate how Nigerian art reflects humanist values, focusing on the representation of
human experiences, cultural identity, and societal issues.

Objectives:

1. To define humanism within a Nigerian cultural and artistic context.

2. To explore traditional and contemporary Nigerian artworks that emphasize human centered
themes.

3. To analyze how Nigerian artists represent issues of identity, community, and human dignity.

4. To understand how Nigerian art contributes to cultural education and social commentary.

5. To assess the impact of Nigerian art on societal values and national consciousness.
SIGNIFICANCE OFTHESTUDY

This study is significant because it offers a philosophical and cultural understanding of Nigerian
art as a medium of human expression. It contributes to the field of African art history and
humanistic studies by bridging art, culture, and philosophy. The study provides insights for art
educators, researchers, and policymakers on how Nigerian art can be used as a tool for national
consciousness and moral development.

SCOPEOFTHESTUDY

The scope of this research covers traditional and contemporary Nigerian art that portray human-
centered themes. The study examines artworks such as Yoruba sculptures, Igbo masks, Nok
terracottas, and modern works by artists like Ben Enwonwu, Bruce Onobrakpeya, Peju Alatise,
and Nike Davies-Okundaye. It focuses on the human figure, identity, and social commentary as
symbols of humanism.

THEORETICALFRAMEWORK

This study is anchored on Humanist Theory and Aesthetic Humanism. Humanist Theory, rooted
in classical philosophy, asserts that humans possess inherent dignity and creative potential. In art,
this translates into representations that center on human life, emotions, and moral consciousness.
Aesthetic Humanism, on the other hand, explores how beauty and artistic expression affirm human
experience. By applying these theories, the study interprets Nigerian art as both an aesthetic and
philosophical reflection of humanity. It also draws on cultural semiotics to decode the symbolic
representations in Nigerian artworks, particularly those depicting human forms, rituals, and

spiritual relationships.
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Yoruba and Igbo Sculpture to celebrate human roles in society
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Ben Enwonwu Artwork

Nike Davies-Okundaye Artwork Adire
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METHODOLOGY

Adire This study uses qualitative research methods, primarily based on visual analysis of selected
traditional and contemporary artworks. It involves a review of literature on Nigerian art history
and humanist philosophy in African contexts, as well as case studies of Nigerian artists known for
human-centered work. Data were collected from exhibition catalogues, interviews, and academic
articles. Artworks from artists such as Ben Enwonwu, Nike Davies-Okundaye, Bruce
Onobrakpeya, Nok Terracotta figures, and Peju Alatise were analyzed to identify recurring themes
of humanism.

Yoruba Egungun Festive Attire

' Egungun Festive Attire

Edo Sculpture
RESEARCH DESIGN AND INSTRUMENT

Adescriptive research design was used to analyze selected artworks. Observation and
documentation served as instruments for data collection, allowing in-depth examination of form,

content, and symbolism.

255



ISARC
INTERNATIONAL SCIENCE AND ART RESEARCH CENTER

POPULATION, SAMPLE AND SAMPLING TECHNIQUES

The population includes Nigerian artists and their artworks spanning various historical periods. A
purposive sampling technique was used to select 15 representative artworks based on relevance to
humanistic themes.

VALIDITY AND RELIABILITY OF THE INSTRUMENT

Validity was ensured through expert review of selected artworks and consistency with existing
literature. Reliability was achieved by triangulating data from multiple sources and repeated visual
analysis.

PROCEDUR EFOR DATACOLLECTION AND DATA ANALYSIS

Data were collected through visual documentation, field observation, and literature review.
Analysis employed thematic categorization to interpret humanistic expressions within artworks.
RESEARCH QUESTIONS

1. How is humanism expressed in traditional and contemporary Nigerian art?

2. What human experiences and values are most commonly depicted in Nigerian artworks?

3. How do Nigerian artists use their work to address cultural, political, or social issues?

4. In what ways does Nigerian art promote cultural identity and human dignity?

5. How does patronage (e.g., government, private collectors) influence the humanist themes in
Nigerian art?

RESULTFINDINGS

1. Human Themes Are Central in Nigerian Art: Artworks often explore themes of community,
family, womanhood, spirituality, and resilience. Traditional arts such as Yoruba sculpture and Igbo
masks celebrate human roles in society, highlighting leadership, fertility, and moral responsibility.
2. Art as a Tool for Social Commentary: Contemporary Nigerian artists frequently address
issues such as colonialism, corruption, gender inequality, and violence. For example, Peju
Alatise’s installations challenge societal norms regarding women’s roles, while Nok’s works

explore colonial memory and spirituality.
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3. Cultural Identity and Human Dignity: Textile arts like adire and uli body painting emphasize
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beauty, identity, and cultural pride. Nike Davies-Okundaye’s revival of indigenous dyeing

techniques empowers women and promotes self-expression.

Adire Textile

4. Visual Storytelling Reflects Humanist Values: Nigerian art has always served as a visual
narrative of human experience, preserving values and beliefs that affirm human worth, social

harmony, and resilience.
DISCUSSION

Humanism in Nigerian art differs from Western humanism by being deeply rooted in collective
identity, spirituality, and moral order. While Western Renaissance humanism celebrated individual
rationality, Nigerian humanism emphasizes interdependence, ancestry, and the sanctity of

community. In Yoruba culture, the sculpted human figure symbolizes moral integrity and social

balance, while Igbo masks personify spiritual and ethical values within society. Contemporary
Nigerian artists continue this legacy by using their work to challenge injustice, preserve culture,

and affirm human dignity. Through various media, they reinterpret tradition while addressing
modern issues such as globalization, gender, and political inequality

SUMMARY AND CONCLUSION
This study concludes that Nigerian art is a profound reflection of humanist values. Across

centuries, Nigerian artists have placed humanity at the center of their creative expression—whether
in the carved figures of the Yoruba, the masks of the Igbo, or the modern paintings of Enwonwu

and Onobrakpeya. Art functions as both a mirror and a moral compass, guiding society through

storytelling, symbolism, and creativity. By merging beauty with social relevance, Nigerian art
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continues to affirm the dignity, resilience, and spirituality of the human experience.
RECOMMENDATIONS

1. Art education in Nigeria should incorporate philosophical and humanistic analysis of local
artworks.

2. Government and private bodies should fund art programs that promote cultural preservation and
social awareness.

3. More research should explore connections between art, ethics, and national identity in Africa.
4. Museums and institutions should organize exhibitions emphasizing art’s role in promoting
human dignity and moral values.
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ABSTRACT

In this study, is analysed Albania's trade balance September 2015 — August 2025 in order to
identify the cyclical patterns and short-run fluctuations that drive the nation's external position.
Trade balance is a key determinant of the economic prosperity of a country because it accounts for
the relationship between exports and imports and whether the economy is gaining or losing foreign
currency through foreign trade. A balanced trade helps induce macroeconomic stability, the
maintenance of foreign reserves, and fiscal as well as monetary sustainability. To observe these
movements, the Seasonal Autoregressive Integrated Moving Average (SARIMA) model was
employed as an integrated time-series approach capable of analyzing trend and seasonal elements
simultaneously. The SARIMA model allows for tracking systematic patterns by linking current
observations of the trade balance to their past observations and incorporating the impact of random
shocks and cyclical seasonal factors. This method is extremely efficient for economies such as
Albania with a high reliance on tourism and seasonality in imports. After testing different model
specifications, SARIMA(1,1,1)(0,1,1,12) was employed as the most superior specification due to
its outstanding statistical performance and consistent diagnostics. The results reveal statistically
significant autoregressive and moving average coefficients (AR(1)=0.274, p<0.01; MA(1)=-0.598,
p<0.001; seasonal MA(12)=-0.432, p<0.001), confirming both short-run and recurring seasonal
effects. Model goodness-of-fit statistics (AIC=438.8; BIC=448.0; HQIC=442.4) indicate
satisfactory fit and reliability. Economically, the findings demonstrate that the Albania trade
balance exhibits a seasonal recurring trend, which is healthier during tourism periods but
deteriorates when import-biased, and this underscores the need for better export diversification
and domestic capacity.

Keywords: Trade Balance, Time Series Analysis, Model Diagnostics, Economic Performance
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1. INTRODUCTION

Balance of trade is one of the key indicators of a nation's external economic performance and
competitiveness. It indicates the difference between goods and services exports and imports, and
whether an economy is earning or losing foreign exchange through its trade with the rest of the
world. A surplus strengthens foreign reserves as well as macroeconomic stability, while a
persistent deficit signals structural flaws in domestic production, competitiveness, as well as the
export capacity. In the case of developing nations such as Albania, the balance of trade is a vital
indicator of economic resilience, both reflecting the resilience as well as the flaws of its productive
and external sectors.

During the past decade, the Albanian trade balance has been structurally negative with very high
import dependency and limited export diversification. The imports are dominated by energy
products, machinery and equipment, construction materials, and consumer goods, whereas the
exports are dominated by textiles, leather footwear, minerals, and agricultural produce. Even with
incremental progress in export capability and infrastructure, Albania continues to lack high
technological intensity, small industrial base, and inadequate value-added production. Meanwhile,
the tourism industry injects large seasonally fluctuating foreign exchange inflows, which
seasonally partially cushion the trade deficit but insufficiently to maintain long-term balance.

In order to capture the motion of Albania's foreign sector balance, one requires a method with a
capacity for the identification of trend changes, as well as cyclical patterns typical for the external
sector of the country. Towards this end, the present study employs the Seasonal Autoregressive
Integrated Moving Average (SARIMA) model an improved time-series method involving
autoregressive, differencing, and moving average elements, but specifically allowing for
seasonality. The SARIMA model is most appropriately used for countries like Albania, whose
flows are dominated by the cycles of tourism, import seasonality, and occasional macroeconomic
shocks. By determining recent values of the trade balance with their past readings, the model
facilitates the determination of systematic, short-run, and cyclical movements characteristic of
Albania's external position.

With such context and methodology applicability of forecasting techniques such as SARIMA and
ARIMA to detect seasonal as well as structural trends of trade, the following is an overview of
recent quantitative literature employing these and other techniques to investigate export

performance, trade balance movements, and more aggregate macroeconomic indicators for
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different countries. This literature provides the theoretical and empirical framework for the
comprehension of how forecasting techniques can be properly applied to simulate Albania's trade
balance and external sector trends.

Batra and Vohra (2023) mention that the export is crucial in promoting economic growth via
foreign exchange creation, industrial growth promotion, and ensuring financial stability. Using the
data on monthly exports of India from April 2018 to July 2023, extracted from the Handbook of
Statistics on the Indian Economy (RBI), the authors used the ARIMA model for forecasting future
trends. The top ARIMA(0,1,1) model was suitable for short-run forecasting, which indicated a
steady rise in exports between March 2023 and March 2024. The authors want to emphasize that
statistical time-series models such as ARIMA are extremely helpful to policymakers and analysts
in depicting export dynamics, but the forecast is sensitive to global economic and geopolitical
dynamics.

According to Hasibuan et al. (2023), exports that imply the sale of the goods or services of one
country to another tend to have seasonal patterns which may be effectively calculated using time-
series forecasting. Their research compared the performance of SARIMA model and Holt—
Winter's method in forecasting the export figures of West Sumatra from 2016 to 2022. After testing
a number of specifications, SARIMA(1,1,1)(0,1,1):2 was selected together with a Holt—Winter's
simulation for testing against measures of accuracy such as Mean Absolute Percentage Error
(MAPE) and Mean Absolute Deviation (MAD). The SARIMA model achieved lower errors
(MAPE = 0.437%; MAD = 78.821) than Holt—Winter's (MAPE = 0.894%; MAD = 163.320) with
higher predictive accuracy. Because of this, the authors reached the conclusion that the SARIMA
model is more appropriate to forecast export data with seasonality factors and applied it to give
projections up to 24 future periods from January 2023 to December 2024.

Piyasiri et al., (2023) analyzed Sri Lanka's apparel and textile export revenues, a major propellant
of the country's national economy, with main destinations the USA, UK, Italy, Germany, and
Belgium. Using quarterly data from 2004Q1 to 2021Q4, they developed a
SARIMA(1,1,0)x(0,1,1)s model for forecasting export performance. The best model was selected
based on statistical measures like AIC, BIC, and HQIC, and diagnostics were employed to validate
random, stable residuals. Validation for 2022Q1-2023Q1 showed MAPE values of 7.68% and
11.35%, suggesting high predictive power. Forecasts for 2023Q2-2024Q4 suggested stable export
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revenues of USD 1,058—1,265 million, confirming that the SARIMA model is a valuable and

reliable short-term export forecasting tool.

Gross Domestic Product (GDP) prediction is important in planning and the formulation of
economic policies. In this study, the performance of three models, namely ARIMA, SARIMAX,
and Random Forest, is compared in predicting the United Kingdom GDP, and the correlation with
the unemployment rate is elaborated with the use of data from Office of National Statistics. Both
ARIMA and SARIMAX models exhibit a negative but not statistically significant correlation
between unemployment and GDP, which suggests that although the two variables are moving in
opposite directions, there could be other variables with more influence on GDP dynamics. The
Random Forest model is stronger in predictive power, reflecting the dominance of machine
learning models over traditional econometric approaches. The findings indicate the need to
incorporate additional explanatory variables and employ more advanced techniques to improve
GDP forecasting accuracy and improve economic policy-making decisions (Hossain, 2023).
Szostek et al., (2024) contrasted the performance of ARIMA, SARIMA, and Support Vector
Regression (SVR) models for predicting monthly electricity production from Polish wind farms.
From two sites, Gizatki and L¢ki Dukielskie, they tuned model parameters with grid search in
terms of MAPE and measured performance with MBE, MAE, MAPE, and R?. Results suggested
ARIMA to perform best for Gizatki, SARIMA for L¢ki Dukielskie, and SVR to be least effective.
ARIMA and SARIMA models were found by the study to be effective forecasting devices for
wind energy, although they are affected by the season and structuring of the data.

The study employs quantitative forecasting methods to model China's export value to the United
States by incorporating six key variables—export value, real exchange rate, Chinese GDP, United
States IPI, and their seasonal components. Three methods, namely the BP neural network,
ARIMA, and AR-GARCH models, were employed to simulate and predict export performance.
Predictive capability of each model was determined by error measures that gauged actual versus
simulated data. Results are that all the models fit well but with differing power of prediction. The
ARIMA model was the most capable in terms of forecasting. The paper concludes by discussing
why such results were obtained and by providing policy recommendations on how China can
enhance its export performance according to the modeling structures determined (Qiu, 2022)
Akhter et al., (2024) examined the effect of global volatility in oil prices on Bangladesh export
earnings using 1991-2021 data. Applying a nonlinear autoregressive distributed lag (NARDL)
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model together with machine learning techniques such as Prophet and Long Short-Term Memory
(LSTM), they found oil price shocks have asymmetric impacts on exports—negative and positive
shocks reduce exports in the short term but raise them in the long term. Inflation exhibited the
same pattern, having a short-term negative effect on exports but being beneficial for them in the
long run. The LSTM model performed better than Prophet with a lower RMSE (1.88). Export
diversification is essential to mitigate the threats of oil price instability, the study concludes.
Predicting U.S. import prices from China is a critical element in the understanding of international
economic and trade events and strategic firm and policy choice making. Utilizing Bureau of
Economic Analysis data, the research employs the Seasonal Autoregressive Integrated Moving
Average (SARIMA) method to determine seasonal and stationary patterns in 1986 to 2016 monthly
import prices. To improve model performance, a Grid Search approach is applied for obtaining the
optimal set of parameters based on statistical criteria, i.e., the Akaike Information Criterion (AIC),
Root Mean Square Error (RMSE), Mean Absolute Percentage Error (MAPE), and Adjusted MAPE
(AMAPE). The results depict that over the period of the next six months, import prices would be
likely to retain seasonal characteristics with minor variations, pointing towards overall steadiness
in trade price trend and validating model resilience of prediction (Li, 2025).

Kriskkumar et al., (2022) examined if the impact of oil prices on Malaysian economic growth is
asymmetrical between 1981-2017. By using both the Augmented Autoregressive Distributed Lag
(ARDL) bounds testing approach and the Nonlinear ARDL (NARDL) model, the study concluded
that failure to consider nonlinear effects can yield erroneous findings. The evidence showed that
Malaysia's growth is asymmetrically determined by oil price movements: both increases and
decreases in oil prices stimulate growth. This evidence is suggestive of Malaysia's dual status as
oil producer and trading nation, thus the country cleverly takes advantage of oil price movements
to enhance economic performance.

Using the Autoregressive Integrated Moving Average (ARIMA) model, the paper examines and
forecasts the exchange rate of China's USD/RMB and its trade balance based on monthly data.
Based on the analysis, the exchange rate falls in 2023-2024 and levels off at 6.7 in 2024-2025,
showing a consistent depreciation of the Chinese yuan relative to the U.S. dollar. Conversely, the
trade balance of China will also see moderate growth but at a slower rate than in the previous
stages. These findings are indicative of rising Chinese export pressure and the changing pattern of

global trade. The research emphasizes the accuracy of ARIMA models to capture short-run
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patterns in exchange rates and trade balances with the assumption that there could be finite
constraints based on unexpected market or policy factors. It concludes by informing policymakers
on how to handle currency volatility and ensure trade stability in a changing global world (Yin,
2023).

Batarseh et al., (2022) experimented to see if Machine Learning (ML) methods would make
international trade forecasts more accurate, especially as recent trade policies have prohibited
imports and exports of such essential items like steel, aluminum, soybeans, and beef. As trade
immediately affects employment, wages, and economic growth in total, the authors used open-
government data sets to train forecasting algorithms for guiding evidence-based policy-making.
The study employed numerous models like ARIMA, Gradient Boosting, XGBoost, and Light GBM
as well as K-Means clustering to classify the nations based on economic and trade factors. By
working through their analysis, they established that ML-based models perform better compared
to traditional econometric and aggregated projection models since they offer data-driven,
explainable, and commodity-specific forecasts. These results suggest that ML techniques can
provide policymakers with more precise views of future trade flows, to design sensitive and
resilient trade policy in an ever more dynamic world.

Ghauri et al. (2020) contrasted Pakistan's trade pattern to two forecasting techniques the Box—
Jenkins (ARIMA) model and an Auto-Regressive (AR) model with seasonal dummies from
FY2002 through FY2019's yearly import and export data. Their findings indicated that the ARIMA
model was more precise in predicting exports, whereas the AR model performed better for imports,
projecting a 1.87% rise in exports and a —1.61% drop in imports for FY2020. The authors pointed
out that such models are effective tools for trade planning policy in developing economies,
allowing governments to anticipate imbalances and undertake remedial measures. They advised
Pakistan to step up export incentives, diversify production, and reduce the cost of doing business
in order to boost competitiveness and achieve sustainable trade balance gains over comparators in
the region such as India, Bangladesh, and China.

Insaad and Sribunrueang (2025) used monthly data from January 2011-December 2023 to make a
prediction of the amount of Thailand's sugar export and direction of price with the aid of Box—
Jenkins analysis through the Seasonal Autoregressive Integrated Moving Average (SARIMA)
model. They identified SARIMA(1,1,1)(1,1,2):2 to be most suitable for quantity prediction and
SARIMA(1,1,1)(2,1,1)12 for price prediction. The projections show volumes of sugar exports
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rising from January to June 2024 during harvest and milling season but declining thereafter as
output declines. On the other hand, prices of sugar are expected to increase between July and
December 2024 with lower volumes of exports and seasonal supply deficits. The results confirm
the robustness of the model and are beneficial for sugarcane producers, industry planners, and
policymakers to improve production planning and export strategy formulation.
2. MATERIAL AND METHODS
This study employs a quantitative time-series approach to examine the evolution and seasonal
trend of Albania's trade balance between September 2015 — August 2025. Data series is a sequence
of monthly observations of the net difference in imports and exports of goods and services. Data
were gathered from reliable and internationally recognized statistical databases, including Trading
Economics, Macrotrends, and other verified global databases that provide consistent and up-to-
date macroeconomic data. The sources give the guarantee of precision, comparability, and
transparency of  the trade balance data used in empirical tests.
The SARIMA model was used as the primary modeling technique due to the fact that it can
describe both trend and seasonal patterns of economic time series. SARIMA is an extension of the
basic ARIMA model incorporating terms of seasonal autoregressive and moving average, denoting
the general form: SARIMA(p,d,q)(P,D,Q)s
where:

e p,d,q denote the non-seasonal autoregressive, differencing, and moving average

parameters;
e P,D,Q represent their seasonal counterparts;

o and s refers to the seasonal cycle length, set to 12 months for this study.

Model specification was guided by graphical inspection of the autocorrelation (ACF) and partial
autocorrelation (PACF) plots, aided by statistical testing for stationarity with the Augmented
Dickey—Fuller (ADF) test. Different SARIMA formulations were estimated and compared, and
the optimal model was chosen by the lowest Akaike Information Criterion (AIC), Bayesian
Information  Criterion (BIC), and Hannan—Quinn  Criterion (HQIC)  values.
Residual tests like the Ljung—Box Q-test for autocorrelation, Jarque—Bera test for normality, and
heteroskedasticity tests were also conducted to ensure that the best-fitting model satisfied crucial

statistical assumptions. Out of the specifications that passed these tests, only the best-fitting one
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was chosen to predict the short-run and seasonal patterns of Albania's trade balance.
The approach adopted methodologically provides a robust empirical foundation for the analysis of
cyclical forces in the country's external sector and for making reliable projections to inform trade
and industrial policy-making.

3. RESULTS AND DISCUSSION

The trade balance of Albania for the period from September 2015 to August 2025 is comprised in
Table 1 and its descriptive statistics are summarized. The mean value of —33.24 indicates a
continuous trade deficit which means that Albania has import more than exports all through the
year. It also portrays the country’s structural dependence on imports and the narrow range of its
export products.

The standard deviation of 8.10 implies that there is moderate discrepancy around the mean which
could possibly be due to cyclical or seasonal patterns in trade flows that are affected by tourism
seasons, energy imports, and international market conditions. The lowest value of —=55.9 marks the
worst deficit whereas the highest value of —16.1 marks the least negative balance which is probably
during times of good export or low import demand.

The median of —31.5 being close to the mean indicates that the data are fairly symmetrically
distributed which is an indication that the majority of values are around the same level of deficit.
In conclusion, the descriptive statistics show that Albania’s trade balance has been, and probably
still is, of a structurally negative character with only slight short-term improvements over the
period of time analyzed.

Table 1. Descriptive Statistics

count mean std min 50% max

Trade Balance 120 | -33.24167 | 8.09682 | -559 | -31.5 -16.1

The graph displays the trade balance changes over the years 2016-2025. When the values are
converted to billion dollars, the figures are very different from one year to another which show the
changes in seasons and cycles. The trade balance is often very close to zero, which means that
there is a continuous trade deficit. A significant drop in a year like 2022 or 2023 is an indication
of a period of either increased imports or decreased exports. The gap is getting bigger most of the

time because the trend, although there are rapid recoveries, is slowly going down in the long run.
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So the graph tells that Albania has had continuous difficulties to be competitive on the international

market and to maintain a trade surplus, as well as having frequent fluctuations during each season.

Values in Bilion $

2016 2017 2018 2019

2020 2021 2022 2023 2024 2025

Years

Fig. 1. Monthly Trade Balance of Albania (2015-2025)
Results from the Augmented Dickey-Fuller (ADF) test in Table 2 indicate the trade balance series

is non-stationary as the test statistic (—1.85) is higher than the critical values at all significance

levels (1%, 5%, and 10%), whereas the p-value (0.36) is higher than 0.05. The series, therefore,

contains trends or seasonality over time and does not have a constant mean and variance.

However, after differencing once (d=1), the ADF statistic is —6.74, which falls below all critical

values and the p-value (0.00) confirms statistical significance at 1% level. Therefore, the

differenced series can be considered stationary, i.e., the mean and variance settle down over time

and the time series can now be safely used for modeling and forecasting.

In total, the trade balance series is stationary after first differencing, suggesting that it is integrated

of order one, I(1). This is a step required for the development of valid time-series forecasting

models such as ARIMA or SARIMA.

Table 2. Stationarity Tests of the Trade Balance Series (ADF Test)

Test Statistic Original Series First (1()ii=ff1e)rence
ADF Statistic -1.85 -6.74
p-value 0.36 0
1% Critical Value -3.5 -3.5
5% Critical Value -2.89 -2.89
10% Ceritical Value -2.58 -2.58

Non-stationary Stationary
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The plot illustrates the Autocorrelation Function (ACF) and Partial Autocorrelation Function
(PACEF) plot for the time series of trade balance.

In the ACF plot (left), the autocorrelation is declining smoothly but remains strong across a number
of lags, indicating significant persistence in the data and that the data is likely non-stationary. The
seasonal peak with obvious spikes at lag 12 indicates an annual seasonality in the monthly series—
the typical case for trade data influenced by cyclic export and import operations.

There is a very high spike at lag 1 and then an abrupt decline of subsequent lags below the
confidence limits in the PACF plot (right), validating that a first-order autoregressive (AR(1))
component is appropriate. The gradual ACF decline coupled with the high seasonal spike suggests
that the model should contain a moving average seasonal component at lag 12 as well.

In general, this trend is in agreement with the choice of parameters of the
SARIMAC(1,1,1)(0,1,1,12) model a single non-seasonal autoregressive term (AR=1), a single non-
seasonal moving average term (MA=1), and a single season moving average term lagged 12 to

successfully model the short-run and seasonal relationships in the Albanian trade balance data.

AutoCorrelation Function (ACF) Partial AutoCorrelation Function (PACF)

e D Rl e e —

v T WW T l.‘l‘ TR

ACF Value
PACF Vali

—0.25 4 -0.254

—0.50 4 —0.50

—0.75 4 —0.754

-1.00

0 5 10 15 20 25 30 35 40 ) 5 10 15 20 25 30 35 40
Lag Lag

Fig. 2. ACF and PACEF of the Trade Balance Series
Table below presents the model fit and identification statistics for the SARIMA(1,1,1)(0,1,1,12)
model estimated to the Trade Balance series. The model has 120 monthly observations and
displays a log-likelihood of —213.41, reflecting a good fit between observed and forecasted values.
Information criterion values AIC (438.82), BIC (448.02), and HQIC (442.36) suggest that the
model is well-suited and maintains a good trade-off between explanatory power and complexity.
These relatively low values ensure that the chosen SARIMA specification properly captures trend

and seasonal characteristics of Albanian trade balance during the time period observed
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Table 3. Model Identification and Fit Statistics

Statistic Value
Model SARIMA(1, 1, 1)(0, 1, 1, 12)
Dependent Variable Trade Balance
No. of Observations 120
Log Likelihood -213.41
AIC 438.82
BIC 448.02
HQIC 442.356

In the table 4, the coefficient AR(1) is positive (0.2741) and significant (p = 0.009), indicating that
the past levels of trade balance positively and moderately affect the current levels. The MA(1)
coefficient for moving average is negative (—0.5983) and highly so (p <0.001), suggesting that the
shocks in the series in the short term are reversed in the long term. The occurrence of strong annual
seasonals common in economies with trade and tourist movements being cyclical is also confirmed
by the seasonal moving average coefficient at lag 12 (—0.4316, p <0.001). The residuals' variation
(0> =14.40) 1s still large, indicating moderate variation around the fitted model. Overall, estimated
coefficients are significant statistically and verify the suitability of the SARIMA specification to

capture seasonality and short-run dynamics of Albania's trade balance.

Table 4. Estimated Coefficients of the SARIMA(1,1,1)(0,1,1,12) Model

Parameter Coefficient | Std. Error | z-Statistic | p-Value | [0.025] | [0.975]
AR(1) 0.2741 0.104 2.628 0.009 0.07 | 0.478
MA(1) -0.5983 0.122 -4.899 0| -0.837 | -0.36
Seasonal MA(12) -0.4316 0.118 -3.665 0] -0.663 -0.2
o 14.4025 2.21 6.515 0| 10.072 | 18.733

The Ljung—Box Q test (p = 0.62) indicates no autocorrelation, confirming that the residuals are
white noise. The Jarque—Bera statistic (p = 0.58) demonstrates the normality of the residuals, and
the heteroskedasticity test (p = 0.48) shows no variance inequality over time. Also, the skewness
value (0.03) suggests residuals are symmetrical, and the kurtosis value (2.82), close to the normal

reference of 3, also confirms the normality assumption. Collectively, these diagnostics confirm the
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model passes key statistical assumptions and provides an adequate fit for forecasting Albania's

trade balance.

Table 5. Diagnostic and Residual Tests

Test Statistic | p-Value Interpretation
Ljung-Box (Q) 0.24 0.62 No autocorrelation in residuals
Jarque—Bera (JB) 1.09 0.58 Residuals are normally distributed
Heteroskedasticity (H) 0.96 0.48 No heteroskedasticity detected

Skewness

0.03

Symmetric residuals

Kurtosis

2.82

Close to normal distribution

The past and future values of Albania's trade balance from 2015 to 2026 are illustrated in the graph

using the SARIMA model. The blue line represents the past data, showing stable trade deficits

across the years with varying movements primarily attributed to season and cyclical economic

factors. The red line is the projected values for the future time horizon (2025-2026), which

continue to reveal a trade deficit, but one with modest improvement and occasional spikes. The

blue area colored in shows the 95% confidence intervals, a reflection of uncertainty around future

estimates. Overall, the forecast suggests that short-run corrective actions will be taken but the

structural trade deficit will still remain in place over the next few years, emphasizing the need for

export diversification and reduced import dependence.
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Fig. 3. Forecast of Albania’s Trade Balance
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CONCLUSIONS

This study applied the Seasonal Autoregressive Integrated Moving Average (SARIMA) model to
analyze and forecast the trade balance of Albania for the period September 2015 — August 2025.
The aim was to identify the cyclical and structural forces that are influencing the external sector
of Albania, particularly the persistence of trade deficits, the influence of seasonality, as well as the
influence of trends in import—export on the stability of the economy.

SARIMA(1,1,1)(0,1,1,12) was the most appropriate specification, with good statistical fit balanced
against theoretical consistency. The results yielded statistically significant autoregressive and
moving average coefficients (AR(1)=0.274, MA(1)=-0.598, seasonal MA(12)=-0.432) and
confirmed both short-run interdependence and consistent season cycles in Albania's trade balance.
Diagnostic tests (Ljung—Box Q, Jarque—Bera, and heteroskedasticity) assured absence of serial
correlation, normal distribution of residuals, and homoscedasticity, thus guaranteeing model
robustness and predictive validity.

Economically, findings identify that Albania's trade balance is negatively structured on the basis
of import dependence and export concentration. The average monthly deficit of circa —33 million
USD confirms external chronic imbalances and the narrow domestic production base. The seasonal
improvements registered during tourism seasons temporarily reduce the deficit, but they are not
enough to compensate for the inherent structural shortfalls in industry and technology capability.
The cyclical pattern of having surpluses in seasons with tourism and then experiencing surpluses
again in off-seasons indicates the sensitivity of the trade balance to seasonal and extrinsic shocks
in the form of energy import volatility and across-world demand variability.

The projections of the model for 20252026 are one of steady improvement but still a short-term
negative trade balance. This is suggestive that whereas imbalances in the short run can self-correct
due to seasonal pressures, the underlying trade deficit persists, entrenching structural rigidity. The
persistence of such deficits also underscores the necessity for policy actions to enhance the
competitiveness of exports, support industrial upgrading, and constrain import dependency
through increased domestic capacity.

In conclusion, this study confirms that SARIMA models are useful diagnostic and predictive
devices for the small open economies' performance in the external sector like Albania. They can
depict trend and seasonality sufficiently well, leaving policymakers with a quantitative foundation

upon which to anticipate external frailties and develop flexible trade and industrial policy. In order
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to ensure sustainable development, Albania must focus on the diversification of exports, value-
added production, and mid- and long-term investment in innovation and logistics, changing its

trade pattern from reliance on cyclic inflows towards structural competitiveness and resilience.
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ABSTRACT

The rapid growth of financial technology (fintech) has significantly changed the landscape of the
global financial industry, providing wider access to financial services and fostering inclusion. In
the context of Islamic economics, Shariah-compliant fintech plays a crucial role in ensuring that
financial innovation aligns with Islamic principles while reaching underserved communities.
Many low-income households and micro, small, and medium enterprises (MSMEs) remain
excluded from conventional banking systems due to structural and religious barriers, which makes
Islamic fintech a relevant solution.The method applied in this study is qualitative, using a literature
review of classical Islamic sources alongside contemporary academic research and policy
documents. By examining theoretical frameworks and practical applications, the study evaluates
the extent to which Magashid al-Shariah is reflected in current economic regulations and
institutional practices.

This study employs a qualitative descriptive method, utilizing secondary data from academic
literature, regulatory frameworks, and industry reports to examine how Islamic fintech contributes
to financial inclusion. The analysis focuses on services such as peer-to-peer lending,
crowdfunding, and digital payment platforms that operate under Shariah compliance.

The results show that Islamic fintech has broadened financial access by lowering transaction costs,
offering flexible financing alternatives, and promoting trust through adherence to Shariah
governance. Moreover, it facilitates capital mobilization for MSMEs and enhances financial
literacy within Muslim-majority societies. Nonetheless, challenges remain in regulatory
harmonization, infrastructure readiness, and public awareness. Strengthening collaboration
between regulators, fintech providers, and Islamic financial institutions is essential to optimize

fintech’s role in advancing inclusive and sustainable finance.

Key Words: Islamic fintech, financial inclusion, Shariah compliance, MSMEs, Islamic
economics
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ABSTRACT

Introduction and Purpose: The rapid growth of digital society has created profound shifts in
social values, reshaping the way individuals interact, communicate, and interpret cultural norms.
Digital platforms accelerate the influence of global modernity, while local traditions struggle to
adapt and coexist within this new environment. This dynamic tension generates both opportunities
for cultural enrichment and risks of value erosion. Therefore, this study aims to examine the
transformation of social values in digital society, focusing on the balance between preserving local

traditions and embracing global modernity.

Materials and Methods: This study adopts a qualitative approach through literature review and
analysis of interdisciplinary sources, including sociology, anthropology, and cultural studies. Data
were drawn from scholarly articles, case studies, and reports on digital culture, social behavior,
and value transformation. The analysis emphasizes how digitalization affects everyday practices,

social cohesion, and cultural continuity across diverse communities.

Results: The findings reveal that digital society fosters openness, innovation, and global
connectivity, which influence values such as individual freedom, efficiency, and consumerism. At
the same time, traditional values such as communal solidarity, respect for hierarchy, and cultural
rituals face challenges in sustaining relevance. In many contexts, hybrid values emerge as
individuals selectively integrate modern digital practices with inherited traditions, resulting in both

cultural adaptation and fragmentation.
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Discussion and Conclusion: The study concludes that the transformation of social values in
digital society is not a linear replacement of traditions by modernity but rather a process of
negotiation and adaptation. For digital society to be sustainable, efforts must be made to preserve
cultural heritage while enabling individuals to engage with global modern practices. Strengthening
digital literacy, fostering cultural awareness, and encouraging inclusive dialogue are essential steps

to harmonize local traditions with global modernity.

Key Words: Digital Society, Social Values, Local Traditions, Global Modernity, Cultural

Transformation
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ABSTRACT

Consolidation and spin-off of Islamic banks is a strategic move being promoted by the Financial
Services Authority (OJK) to strengthen the structure of the Islamic finance industry in Indonesia.
This effort stems from the need to improve efficiency, expand business scale, and strengthen the
competitiveness of Islamic banks, whose market share is still limited at around 7-8% of the total
national banking sector. Through the consolidation policy, it is hoped that Islamic banks with
stronger capital, better governance, and greater capacity to drive real sector financing, particularly
in the halal industry and MSMEs, will be formed. Meanwhile, the spin-off of Sharia Business
Units (UUS) into Sharia Commercial Banks (BUS) is expected to create independence, a clearer
business focus, and increased product innovation in accordance with sharia principles. However,
this strategy also presents challenges, such as human resource readiness, technology integration,
regulatory harmonisation, and the risk of market concentration, which is still dominated by Bank
Syariah Indonesia (BSI). Thus, consolidation and spin-offs are not only technical solutions but
also long-term strategies to encourage the Islamic finance industry to be more inclusive, globally
competitive, and able to contribute significantly to national economic growth.

Key Words: Consolidation, Spin-offs, Islamic Banks, Financial Services Authority
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ABSTRACT

Introduction and Purpose: The rapid development of digital technology has reshaped the global
financial landscape, including the Islamic banking sector. In Indonesia, which has the largest
Muslim population in the world, Islamic banking holds vast potential to strengthen financial
inclusion through digital innovation. Despite its significant growth, the market share of Islamic
banking remains relatively small compared to conventional banking. This study aims to analyze
the role of digital innovation in strengthening Islamic banking’s contribution to financial inclusion
and to identify the challenges and opportunities associated with its implementation. Research
Method: This study employs a qualitative descriptive method using a literature review approach.
Data were collected from official reports of the Financial Services Authority (OJK), Bank
Indonesia, academic publications, and secondary data from international institutions such as the
Islamic Development Bank. The analysis focused on examining digital innovation practices in
Islamic banking, including mobile banking, internet banking, and Sharia-compliant fintech
services. Results: The findings indicate that digital innovation significantly improves public access
to Islamic banking services. Sharia mobile banking applications and integration with fintech
platforms provide transaction convenience, enhance efficiency, and expand outreach to customers,
particularly in underserved regions without direct branch access. However, the study also identifies
challenges such as low levels of digital literacy, uneven technological infrastructure, and trust
issues concerning data security and compliance. Discussion and Conclusion: The discussion
highlights that digital innovation plays a pivotal role in accelerating the transformation of Islamic

banking towards a more inclusive financial system.
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The successful implementation of digital initiatives depends not only on technological readiness
but also on strengthening Islamic financial literacy, ensuring regulatory support, and building
synergy with the fintech ecosystem. This study concludes that Islamic banking institutions must
continuously enhance digital innovation, foster public trust, and strengthen collaboration with
stakeholders to maximize their contribution to national financial inclusion.

Keywords: Digital Innovation, Islamic Banking, Financial Inclusion, Islamic Fintech, Financial

Literacy.
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ABSTRACT

The development of stock investment in Indonesia in recent years has shown increasingly
significant dynamics, especially with the growing interest and participation of Generation Z as a
productive age group that is very familiar with digital technology. This generation has different
characteristics compared to previous generations, such as speed in accessing information, openness
to innovation, adaptability to technological developments, and a strong desire to achieve financial
independence from a young age. The emergence of digital-based investment applications with
simple interfaces, easy access via smartphones, lower transaction costs, and massive social media
penetration have been strong driving factors in expanding Generation Z's access to the capital
market. In addition, the growing trend of financial lifestyles among young people has made stock
investment not only a means of financial management, but also a part of social identity and a
symbol of modernity. However, this high level of enthusiasm is not always accompanied by
adequate financial literacy, giving rise to the risk of speculative behavior, dependence on instant
information, and vulnerability to losses due to a lack of understanding of long term investment
strategies. This study seeks to highlight how financial literacy, digital technology developments,
and financial lifestyle dynamics contribute to shaping the stock investment patterns of Generation
Z in Indonesia, while emphasizing the need for synergy between regulators, securities companies,
and educational institutions in formulating appropriate educational strategies to create young
investors who are smart, wise, competitive, and able to contribute to the strengthening of the capital
market and sustainable national economic growth.

Keywords: Stock Investment, Generation Z, Financial Literacy, Digital Technology.
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ABSTRACT

Sharia contracts serve as the fundamental basis of Islamic economic activities, regulating
contractual relationships between parties in accordance with Islamic principles. Each contract has
its own characteristics, pillars, and conditions that must be fulfilled for the transaction to be
considered valid and compliant with Islamic law. Common types of contracts in Islamic economic
practices include sales contracts (murabahah, salam, istisna’), profit-sharing contracts
(mudharabah, musyarakah), and service contracts (ijjarah, wakalah, kafalah). These contracts
function not only as legal instruments but also as tools to establish justice, transparency, and
blessings in economic transactions. This study aims to examine the basic concepts, classifications,
and relevance of sharia contracts within the modern financial system, particularly in the banking
industry and Islamic financial institutions. By understanding sharia contracts comprehensively,
society is expected to improve sharia financial literacy and strengthen the implementation of
Islamic principles in contemporary economic activities.

Key Words: sharia contracts, Islamic economics, transactions, Islamic banking, financial literacy
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ABSTRACT

Public open spaces have a strategic position in urban communities, which are characterized by
high mobility, busy economic activities, and limited space for interaction. This study aims to
explore the meaning of public open spaces as a means of social interaction for urban communities
using a qualitative approach. Data were obtained through in-depth interviews and participatory
observation in a number of public spaces in urban areas. The results show that public open spaces
are not only seen as places for recreation, sports, or physical activities, but also as social arenas
that bring together individuals from diverse social, economic, and cultural backgrounds. The
existence of these spaces enables cross-class interactions, strengthens social networks, and fosters
a sense of togetherness amid the trend of individualism in modern life. In addition, public open
spaces are interpreted as symbols of openness and inclusiveness that accommodate various forms
of activities, both formal and informal, such as community meetings, social discussions, art
performances, and creative economic activities. Thus, public open spaces have a broader meaning,
namely as a medium for shaping social cohesion and the collective identity of urban communities.
This study emphasizes the importance of managing public spaces with a focus on social interaction
in order to support sustainable and equitable urban development.

Keywords: Public Open Spaces, Social Interaction, Urban Communities, Social Cohesion, Urban

Development.
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ABSTRACT

Introduction and Purpose: Islamic economics is an economic system based on Islamic principles
that emphasize social justice, equitable wealth distribution, and the prohibition of interest (riba),
uncertainty (gharar), and gambling (maysir). This system offers an ethical alternative to
conventional economics, aiming to increase financial inclusion and provide socially responsible
financial solutions. This study aims to evaluate the role of Islamic economics in enhancing

financial access for underserved populations and its contribution to sustainable economic growth.

Materials and Methods: This research employs a qualitative approach through literature review
and secondary data analysis, including reports from Islamic financial institutions, academic
publications, and national surveys on Islamic financial inclusion. Data are analyzed descriptively
and comparatively to identify factors influencing the development of Islamic economics and

challenges faced during its implementation.

Results: The findings indicate that Islamic economics has significantly improved financial
inclusion, particularly among micro, small, and medium enterprises (MSMEs) that previously had
limited access to conventional banking services. Islamic financial products such as mudharabah
(profit-sharing), musyarakah (partnership), and murabahah (cost-plus financing) provide fair and
Sharia-compliant financing alternatives. Additionally, the Islamic finance industry shows positive
growth trends with increased customer base and asset volume. However, major challenges remain,
including limited public understanding of Islamic economic principles, low financial literacy, and

regulatory frameworks that are not fully supportive of this sector’s expansion.
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Discussion and Conclusion: Islamic economics holds great potential to drive inclusive and
sustainable economic growth. Realizing this potential requires collaboration among governments,
financial institutions, and communities to enhance education and literacy on Islamic finance.
Furthermore, the development of innovative financial products and responsive regulations is
essential to optimize the growth of Islamic economics and maximize its socio-economic benefits.
In conclusion, Islamic economics is not merely an alternative financial system but also a

comprehensive solution for achieving social justice and economic well-being.

Key Words: Islamic Economics, Financial Inclusion, Islamic Financing, Economic Growth,

Financial Literacy, MSMEs
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ABSTRACT

Introduction and Purpose: Zakat is one of the most important instruments in the Islamic financial
system, serving a dual role as a religious obligation and an economic distribution mechanism to
reduce social inequality. In Indonesia, with its Muslim-majority population, the potential of zakat
is highly significant and can be a strategic tool for poverty alleviation. However, the effectiveness
of zakat distribution is often influenced by management, governance, and public awareness. The
purpose of this study is to analyze how well-targeted zakat distribution can generate a real impact
on poverty alleviation, as well as to identify the supporting and inhibiting factors that affect its
effectiveness.

Materials and Methods: This study adopts a qualitative approach through literature review based
on journals, scientific articles, reports from zakat institutions, and official statistical data related to
zakat distribution and poverty rates in Indonesia. The analysis was carried out using a descriptive-
analytical method to illustrate the distribution patterns of zakat and their impacts on beneficiaries.
A comparative approach was also employed by examining the differences between consumptive
zakat distribution and productive zakat distribution.

Results: The findings indicate that well-managed zakat distribution significantly contributes to the
improvement of beneficiaries’ welfare. Consumptive zakat distribution is proven to fulfill basic
needs, but its impact tends to be short-term. Meanwhile, productive zakat distribution, in the form
of business capital, skills training, and economic empowerment, has a more sustainable long-term

effect. Data from several national zakat institutions show that the implementation of productive
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zakat programs has succeeded in increasing beneficiaries’ income and even transforming some
recipients from mustahik (beneficiaries) into muzakki (zakat payers).

Discussion and Conclusion: These findings affirm that zakat distribution plays a crucial role in
reducing poverty levels when managed with the right strategy. Key supporting factors include
transparency, accountability, innovative empowerment programs, and collaboration between zakat
institutions, the government, and society. However, challenges remain, such as low zakat literacy,
limited mustahik data, and a lack of public participation in channeling zakat through official
institutions. Therefore, it is necessary to strengthen zakat governance through digital technology
to ensure more accurate targeting, as well as to enhance public awareness about the importance of
organized zakat distribution. Consequently, zakat should not only function as temporary social
assistance but also as a sustainable economic transformation instrument for poverty alleviation.

Keywords: Zakat, Distribution, Poverty Alleviation, Islamic Economics, Empowerment
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