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ILGILi MAKAMA

Kaardeniz 19. Uluslararas1 Sosyal Bilimleri Kongresi 28-30 Kasim 2025 tarihlerinde
Rize’de 34 farkli iilkeden akademisyenin katilimiyla gerceklestirilmistir. Kongre
kapsaminda sunulan 197 bildirinin 95’1 Tiirkiye’den, 102°si ise farkli 34 iilkeden katilan
akademisyenler tarafindan sunulmustur. Kongre, 16 Ocak 2020 Akademik Tesvik Odenegi
Yonetmeligine getirilen “Tebliglerin sunuldugu yurt i¢inde veya yurt disindaki etkinligin
uluslararasi olarak nitelendirilebilmesi i¢in Tiirkiye disinda en az bes farkl iilkeden s6zlii
teblig sunan konusmacinin katilim saglamasi ve tebliglerin yaridan fazlasinin Tiirkiye
disindan  katilimcilar tarafindan sunulmasi esastir.” degisikligine uygun olarak
diizenlenmistir.

Bilgilerinize arz ederiz

Saygilarimizla

Prof. Dr. Hiilya CICEK

www.karadenizkongresi.org karadenizkongresi@gmail.com
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Kongre Baglant1 Linki :

Join Zoom Meeting

https://us06web.zoom.us/j/88571518350?pwd=tf0 YazCWBmbAiWrHygjKSjkbbSvotfd.1
Meeting ID: 885 7151 8350

Passcode: 202224
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ONEMLI ACIKLAMA (Liitfen okuyunuz)

e ZOOM baglantist i¢in yukarida verilen baglantiy1 veya yine yukarida verilen giris bilgilerini
kullanabilirsiniz.

e  Oturum igerisinde en KIDEMLI olan moderator olarak secilir. Moderatoriin oturum diizenini
gozetmesi, akademisyen adaylarim yonlendirmesi beklenmektedir.

e  Oturuma baglanmadan dnce Salon numaranizi adinizin dniine asagidaki gibi ekleyiniz. Bu sayede
kongre agilisinda beklemeden oturumlarmiza gonderilebileceksiniz. Or. 5§ Ahmet Ahmetoglu

Sunum siiresi 10 dakikadir. Bu siirenin asilmamasini moderatorler temin edecektir.
Sunum sonrast 5 dakikay1 gegmeyen soru-cevap, tartigma stiresi verilmektedir.

Sunumlar TURKCE veya INGILIZCE yapilabilmektedir.

Kameralar, oturum siiresince toplam % 70 oraninda ag¢ik olmak zorundadir.

Sunum yapan katilimcinin kamerasi acik olmak zorundadir.

Sunum yapmak zorunludur. Herhangi bir nedenle sunum yapmamis olan katihmciya sertifika
verilmesi ve calismasinin yaymlanmasi sézkonusu olamaz.

Katilimei, kendi oturumda, oturum bitene kadar bulunmak zorundadir.

e Katilimcilarin kendi oturumlari disindaki oturumlara katilma zorunlulugu yoktur.

e ZOOM platformunun kapasite smir1 nedeniyle, DINLEYICI, sadece kapasite izin verdigi siirece kabul
edilebilmektedir.

e SADECE CALISMADA YAZAR OLARAK GECEN KiSiLER SUNUM YAPABILIR !

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 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.

e  Speakers must be connected to the session 10 minutes before the presentation time.

e All congress participants can connect live and listen to all sessions.

e  During the session, your camera should be turned on at least %70 of session period

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

TECHNICAL INFORMATION

e  Make sure your computer has a microphone and is working.

e You should be able to use screen sharing feature in Zoom.

e  Attendance certificates will be sent to you as pdf at the end of the congress.

e  Moderator is responsible for the presentation and scientific discussion (question-answer) section of the
session.

e  Before you login to Zoom please indicate your name surname and hall number,

Academy Global Conferences & Journals @ ‘?’ 'i f.‘;?ﬁ
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Meeting ID: 885 7151 8350 Passcode: 202224

28 Kasim / Nov 28, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 AN ANALYSIS OF THE PLOT IN FRANZ KAFKA'’S “EIN Prof. Dr. Zennube SAHIN
LANDARZT” YILMAZ
5 THE PORTRAIT OF WAR IN HEINRICH BOLL’S SHORT Prof. Dr. Zennube SAHIN
STORY “DIE BLASSE ANNA” YILMAZ
3 ZEYD MUTI DEMMACIN DAGIN GECESI ADLI Yiiksek Lisans
OYKUSUNUN INCELENMESI Ogrencisi,BUSE TUNC
4 A “MISS MARPLE” IN CELIL OKER’S STORIES: MUHTAR Dr. Ogr. Uyesi, Ece
N HANIM SERRICAN KABALCI
=
Dr. Ogr. Uyesi, Ece
= 5 TURKISH DETECTIVE FICTION AND CELIL OKER SERRICAN KABALCI
- gl
z Z N .
(@) - 6 MARQUEZ’IN BENIM HUZUNLU OROSPULARIM ESERINDE | Dog. Dr. SEVRA
?(I < ERIL CINSEL ALGI, KADIN ve ASK FIRINCIOGULLARI
723
2 2
~
- g 7 A DYSTOPIA ON CULTURAL EXTINCTION: FAHRENHEIT Dog. Dr. SEVRA
Z:l 5 451 FIRINCIOGULLARI
T N
3
Q .
P 8 REFRAMING NEURODIVERSITY IN THE NOVEL THE Ogr. Gor. Dr. DUYGU
E CURIOUS INCIDENT OF THE DOG IN THE NIGHT-TIME KORONCU OZBILEN
9 REFLECTIONS OF FASHION: CLOTHING, IMAGERY, AND Ogr. Gér. Dr. DUYGU
SOCIAL IDENTITY IN OLD ENGLISH LITERATURE KORONCU OZBILEN
10 USING POETRY TO RAISE INTERCULTURAL AWARENESS Yiiksek Lisans Ogrencisi,
OF HIGH SCHOOL EFL STUDENTS RUKIYE ALTINSOY
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Meeting ID: 885 7151 8350 Passcode: 202224

28 Kasim / Nov 28, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
KURESEL GIDA ATIKLARI POLITIKALARINDAN Br. Oaretim Uvesi Sera
1 UYGULAMAYA: SIFIR ATIK PERAKENDE MODELLERININ | /- |%e y P
INCELENMESI
KARADENIZ BOLGESINDE SEL FELAKETLERININ TURiZM . :
2 ENDUSTRISINE ETKILERI Hatice NISANCI
= o
Z ANALYSIS OF FOOD CONSUMPTION BEHAVIORS OF Eggﬁrc'g}y(e“ Nazan
~ o 3 GASTRONOMY AND CULINARY ARTS STUDENTS FROM A | [ -FEorer o
pd ® rs. Gor. |
Z 2 MARKETING PERSPECTIVE CINANGIR
_| D
< =
w o
~
3 2 A GASTRO-ETHNOGRAPHIC STUDY: THE WEDDING st Gor. Dr. On
- = 4 RITUAL PROSKLITINI (BIRD-INVITATION BREAD) UNIQUE B%\.(U(I)( -oeee
% B TO THE GREEK ORTHODOX COMMUNITY OF IMBROS
©
X
= THE ROLE OF LOCAL RECIPES IN GLOBAL
5 CONTESTATIONS: AN EXAMINATION OF GASTRO- Ogr. Gor. Dr. Ozge
NATIONALISM AND CULINARY TOURISM VIA BUYUK
GOKCEADA’S WHITE ALMOND GREEK BAKLAVA
EVALUATION OF E-COMPLAINTS AGAINST TURKISH Dr. 61 Uvesi Merve
6 CUISINE THEMED RESTAURANTS IN THE BLACK SEA oNué e
REGION USING CONTENT ANALYSIS TECHNIQUE
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Meeting ID: 885 7151 8350 Passcode: 202224

28 Kasim / Nov 28, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
USE OF MATCHA (Camellia sinensis) POWDER IN MODEL PR
FOOD SYSTEMS: PASTA APPLICATION Dog. Dr. Ali CINGOZ
USING GREEN BANANA FLOUR IN GLUTEN-FREE COOKIE . -
PRODUCTION Dog. Dr. Ali CINGOZ
Dr. Opr. _l_jyesi, Tiirker
ROOTING RESPONSE OF Cyperus alternifolius TO DIFFERENT SEEZD?U%I;” YUKSEK
FLOWER STEM LENGTHS IN WATER CULTURE Batuhan SARI
Omer BAY
Dr. Ogr. Uyesi, Tiirker
EFFECT Of DiFfERENT PRETREATMENT APPLICATIONS OGUZTURK B
N ON GERMINATION SUCCESS IN Mirabilis jalapa SEEDS Prof. Dr., Turan YUKSEK
o Q Melek KANDIS
= U cle
o &
2‘ &) Lecturer Dr. Selcan
) = OZYALIN
~ < Assoc. Prof. Dr. Hakan
:II S USE OF POLYAMINES IN PLANT TISSUE CULTURE KELES
< N Assoc. Prof. Dr. Murat
I g GUNEY
a Assist. Prof. Dr. Gékge

AYDONER COBAN

EFFECT OF EXOGENOUS APPLICATIONS ON DROUGHT
STRESS TOLERANCE IN FRUIT SPECIES

Lecturer Dr. Selcan
OZYALIN

Assoc. Prof. Dr. Miijgan
GUNEY

Assoc. Prof. Dr. Servet
ARAS

Assoc. Prof. Dr. Hakan
KELES

NANOPARTICLE APPLICATIONS IN PLANT TISSUE
CULTURE

Ziraat Miihendisi, EBRU
BASKIR
Prof. Dr. Muzaffer iPEK
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KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025

28 Kasim / Nov 28, 2025 / 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
FARKLI KESITLI iKi BORUDAKI TURBULANSLI iC AKISIN Mustafa CANER
ISI TRANSFERI VE BASING DUSUSUNUN HAD ILE ANALIZI
OPTIMIZING ANN PARAMETERS WITH ABC ALGORITHM Sahin YILDIRIM
FOR BODY FAT PREDICTION Mehmet Safa BINGOL
OPTIMIZING SVM PARAMETERS WITH ABC ALGORITHM Sahin YILDIRIM
= FOR HEART DISEASE PREDICTION Mehmet Safa BINGOL
< Q
= Qo
O £
| ==}
% & Microstructural Analysis of Gas Metal Arc Welds on S355J2C+N Eren“'[UR"HAI_\I .
~ & Structural Steel Performed by Different Industrial Robots Dr. Ogr. Uyesi, Feridun
_ z KARAKOC
| D
< £
T ol Robot ve Otomasyon
= JCB MAIN POD PIM PARCASININ [SLEME PROSESINDE Miihendisi, Umut COSGUN
ENDUSTRIYEL ROBOT KULLANILARAK MAKINE Dog. Dr., Ahmet
BESLEME ISLEMININ YAPILMASI FEYZIOGLU
Dr. Trevor Uyi OMORUY1
FANCOIL UNITELERINDE ISI DEGISTIRICIi GEOMETRISININ | Makine Miihendisi, OZAN
ISIL ve ENERJI PERFORMANSINA ETKISi BOVATEKIN
EFFECT OF GEOMETRIC DISCONTINUITIES ON STRENGTH Bavgz, Setlj‘m BLCJGA.Z
IN POLYMER PARTS PRODUCED WITH A 3D PRINTER r. BT LYest Lenglz
Gorkem DENGIZ
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GORSEL DIKKATTE TEHLIKE SINYALLERI: KORKU VE Dr. Elif Yiivriik
OFKENIN GERI DONUSUN KETLENMESINE ETKIS1 Dog. Dr. Osman lyilikci
BAGLAM DEGISIMININ YUZ TANIMA PERFORMANSINA
ETKIiSI: ASINALIGIN DUZENLEYiCi ROLUNE DAIR BiR Dr., Elif Yiivriik
GOZDEN GECIRME
HAKKI ALPEREN
CICEKDEMIR
ANALYSIS OF THESES ON LIFE SKILLS IN TURKEY MUSTAFA KURSAT
ATES
%
o D MUSTAFA KURSAT
= E ANALYSIS OF THESES ON PROBLEMATIC INTERNET USE ATES
o) D IN TURKEY (2020-2025) HAKKI ALPEREN
2:' = CICEKDEMIR
n =
~ = )
- . SATIR FAMILY THERAPY APPROACH: AN EXAMINATION EZA"\‘( AP;"' ENf AYTEN
< 5 OF KEY CONCEPTS, PRINCIPLES, AND THE THERAPEUTIC A
T , PROCESS Dr. Ogr. Uyesi Ozan
g KAYAR
a
Dog. Dr. Nilgiin OZTURK
AN EXAMINATION OF THESES ON SCHOOL BURNOUT Uzman Psikolojik
THROUGH DOCUMENT ANALYSIS Danigsman Seymanur
TAPAN
BAL QUEEN : ARTVIN’Li KADIN ARICILARIN KIRSALDA Prof. Dr. Hatice
GUCLENME VE DONUSUM HIKAYELERI KARAKUS OZTURK
KOVANIN ARDINDAKI HIKAYELER: ARTVIN’LI KADIN Prof. Dr. HATICE
ARICILARIN YASAM DUNYASI KARAKUS OZTURK
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Graduate Student Ahmed
PHASE DIAGRAMS AND MICROSTRUCTURE OF THE ZN— ii’g‘:,?,’:f'maqm”f

Dog.Dr. ismail Hakk1
KARA

CORROSIVE WEAR BEHAVIOR OF HOT ROLLED ZN-0.3CU-
0.1IMG ALLOY

Yiiksek Lisans Ogrencisi
Mohamed SHABAN
AMHAMED ALDWEB
Dog.Dr. Ismail Hakk1
KARA

KAVAK ODUNUNUN BAZI FiZIKSEL VE MEKANIK
OZELLIKLERINE FARKLI MODIFIKASYON ISLEMLERININ
ETKisi

Prof. Dr. Ibrahim BEKTAS
Dog. Dr. Gonca DUZKALE
SOZBIR

Yls. Ogr. Gizem
LEBLEBICI

AISI 304 PASLANMAZ CELIGININ PLAZMA KESIiM ILE
KESILMESINDE KESME PARAMETRELERININ
OPTIMIZASYONUNUN KERF BOSLUGUNA ETKILERININ
INCELENMESI

Enes Yiiksel
Dog. Dr. Onur OZBEK

YUMURTA KABUGU ILAVELI KUSE SOLUSYONLARININ
FARKLI KAGITLARIN YUZEY EMICILIGI UZERINE ETKISI

Orman Enddistrisi
Miihendisi, Bekir Bora
KESER

Dog. Dr. Merve ENGIN

AKILLI TEKSTILLERIN GELISIMI VE KULLANILAN
MALZEMELERIN TEORIK DEGERLENDIRMESI

Dr. Ogr. Uyesi HATICE ER
Ogr. Gor. ERTAN EROL

SURDURULEBILIR DERI URETIM TEKNIKLERININ
LITERATURDEKI ETKILERI VE TRENDLERINE ILISKIN BiR
META-ANALIZ

Opr. Gor. ERTAN EROL
Dr. Ogr. Uyesi HATICE ER

COMPARISON OF SWELLING-SHRINKAGE AND CRACK
FORMATION IN LOW AND HIGH PLASTICITY CLAY SOILS
STRENGTHENED BY ADDING RESIDUAL LIGNITE
POWDER

Assist. Prof. Dr. Necmi
YARBASI
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HALL /SALON 1
Assoc. Prof. Dr. Sayyara Guliyeva

THE ROLE OF LANGUAGE POLICY IN SHAPING
MULTILINGUAL EDUCATION IN AZERBAIJAN

Prof. Dr. Jala Garibova
Dr. Milana Abbasova
Dr. Elshan Mammadov

LINGUISTIC LANDSCAPE AND URBAN IDENTITY: A
STUDY OF BAKU SIGNAGE

Assoc. Prof. Dr. Sayyara
Guliyeva

THE IMPACT OF LOCAL DIALECTS ON INDONESIAN
LANGUAGE TEACHING

Prof. Dr. Novi Anoegrajekti
Dr. Liliana Muliastuti
Ifan Iskandar

DIGITAL PLATFORMS FOR ENHANCING INDONESIAN
LITERACY AMONG CHILDREN

Prof. Dr. Yumna Rasyid
Siti Nurhaliza

LANGUAGE ACQUISITION AND PHONOLOGICAL
DEVELOPMENT IN CHINESE CHILDREN

Prof. Dr. Shi Dingxu
Qian Yubin

Dr. Liu Wen

Xun Zhao

BILINGUALISM IN QATAR: SOCIOLINGUISTIC TRENDS IN
ARABIC-ENGLISH COMMUNITIES

Prof. Dr. Irene
Theodoropoulou
Lina Abdelrahman
Hamad Al-Kuwari
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SERVICE QUALITY AND CUSTOMER SATISFACTION IN
DIGITAL BANKING PLATFORMS: EVIDENCE FROM Dr. Peter Mwanai
KENYAN UNIVERSITIES : ang
Dr. Grace Akinyi
INTERNAL SERVICE QUALITY AND EMPLOYEE
ENGAGEMENT IN KENYAN HIGHER EDUCATION
INSTITUTIONS Prof. Dr. Jane Wanjiru
Dr. David Ochieng
CUSTOMER EXPERIENCE MANAGEMENT IN KOREAN
ONLINE FOOD DELIVERY SERVICES: A SERVICE-
DOMINANT LOGIC PERSPECTIVE Prof. Dr. Min-Jae Kim
Dr. Hana Park
c SERVICE INNOVATION AND OMNICHANNEL STRATEGIES
N :é 8.’ IN KOREAN RETAIL BANKING Assoc. Prof. Dr. Soo-Yeon
Z < .2 Lee
3 ; S Jin-Woo Choi
< 20
2 g g PERCEIVED SERVICE QUALITY AND LOYALTY IN
- o o PRIVATE HOSPITALS: EVIDENCE FROM BANGLADESHI .
3 ala) PATIENTS Prof. Dr. Rahman Hossain
< — e Dr. Sumaiya Akter
I °nN Md. Faridul Islam
o
SERVICE RECOVERY STRATEGIES IN BANGLADESHI
TELECOMMUNICATIONS: IMPACT ON CUSTOMER TRUST .
Dr. Nazmul Arefin
Assoc. Prof. Dr. Parvin
Sultana
SERVICE EXPERIENCE AND VALUE CO-CREATION IN THAI
BOUTIQUE HOTELS Assoc. Prof. Dr. Nattapong
Chaiyasit
Dr. Siriporn Kittipong
Pimnipa Thongchai
E-SERVICE QUALITY AND ONLINE PURCHASE INTENTION
IN THAI E-COMMERCE PLATFORMS Dr. Chatchai Phanich
Prof. Dr. Ratchanee Srisuk
Assis. Prof. Dr. Waraporn
Limsiri

Academy Global Conferences & Journals

2 e =

oo ACADEMY




 CONFEREH,
S &,

&

7
Pl

ACADEy,

www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
November 28 - 30, 2025

RIZE
Meeting ID: 885 7151 8350 Passcode: 202224
28 Kasim / Nov 28, 2025 / 11:30 — 13:30 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

JUDICIAL REVIEW AND THE PROTECTION OF
FUNDAMENTAL RIGHTS IN THE ISLAMIC REPUBLIC OF
1 IRAN

Prof. Dr. Reza Mohammadi
Dr. Laleh Karami

LEGAL FRAMEWORKS FOR ENVIRONMENTAL
PROTECTION IN IRAN: CHALLENGES OF
IMPLEMENTATION AND ENFORCEMENT Assoc. Prof. Dr. Zahra
2 Hosseini

Dr. Amir Farshad

ADMINISTRATIVE JUSTICE AND CITIZENS’ RIGHT TO
GOOD ADMINISTRATION IN ALGERIA

Samir Benkhelifa

3 Dr. Nadia Bensalem
Rachid Amrani

—
p -
E — CRIMINAL POLICY AND THE FIGHT AGAINST
™ (@] -% CORRUPTION IN THE ALGERIAN PUBLIC SECTOR Assoc. Prof. Dr. Leila
Z = £ 4 Cherif
3 ST Dr. Mourad Hamadi
< o O
2 o S JUDICIAL INDEPENDENCE AND COURT REFORM IN f -
4 = 3 GEORGIA: PROGRESS AND PERSISTENT CHALLENGES Prof. Dr. Giorgi
a o s Amiranashvili
< o < 5 Dr. Nino Mikeladze
T S A Assis. Prof. Dr. Levan
2 Beridze
(7]
<

HUMAN RIGHTS EDUCATION AND THE
TRANSFORMATION OF LEGAL CURRICULA IN GEORGIAN

LAW SCHOOLS Assoc. Prof. Dr. Tamar
6 Kapanadze

Dr. Irakli Giorgadze

CONSTITUTIONAL REVIEW, SEPARATION OF POWERS,
AND JUDICIAL INDEPENDENCE IN THE REPUBLIC OF

AZERBAIJAN Prof. Dr. Elvin Mammadov

Dr. Aysel Aliyeva

PROTECTION OF FOREIGN INVESTMENT AND ENERGY
CONTRACTS UNDER AZERBAIJANI LAW: BALANCING

SOVEREIGNTY AND INVESTOR RIGHTS Assoc. Prof. Dr. Nigar
8 Safarova

Dr. Kamran Guliyev
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RELIGIOUS PLURALISM AND NATIONAL IDENTITY IN
CONTEMPORARY AZERBAIJAN Prof. Dr. Elchin
Mammadov
Aysel Huseynova
SECULARISM, ISLAM, AND YOUTH VALUES IN POST-
SOVIET AZERBAIJAN
Assoc. Prof. Dr. Nigar
Aliyeva
Ramil Safarov
REASON, REVELATION, AND ETHICAL UNIVERSALISM IN
CONTEMPORARY IRANIAN PHILOSOPHY OF RELIGION
Prof. Dr. Farhad Rahimi
Dr. Maryam Sadat Hosseini
E
2 SUFISM, POLITICAL AUTHORITY, AND SOCIAL CRITIQUE
< = IN MODERN IRANIAN THOUGHT
% = Dr. Hossein Karimi
9 S
< <
f > ISLAMIC PHILOSOPHY, MODERNITY, AND RELIGIOUS
- 2 REFORM DISCOURSES IN ALGERIA .
- ) Prof. Dr. Samir
< i Benkhelfallah
I a Dr. Nadia Kerras
qa'
a RELIGION, MEMORY, AND POSTCOLONIAL IDENTITY IN
ALGERIAN PHILOSOPHICAL DEBATES .
Dr. Amel Bouzid
Assis. Prof. Dr. Rachid
Lounis
ORTHOOX THEOLOGY, PHILOSOPHY, AND CIVIC ETHICS
IN CONTEMPORARY GEORGIA -
Prof. Dr. Giorgi
Amiranashvili
Dr. Tamar Kapanadze
RELIGIOUS DIALOGUE AND PHILOSOPHICAL PLURALISM
IN THE CAUCASUS: A GEORGIAN PERSPECTIVE
Dr. Nino Beridze
Giorgi Lomsadze
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EQUITY IN EDUCATION POLICY IMPLEMENTATION
ACROSS URBAN AND RURAL SCHOOLS IN IRAN

Prof. Dr. Reza Azizi

1 Fatemeh Ghadiri
DIGITAL TECHNOLOGY INTEGRATION AND TEACHER
PROFESSIONAL DEVELOPMENT IN IRANIAN HIGHER Dr. Laleh Etemad
EDUCATION Assoc. Prof. Dr. Mahmoud
2 Daryaei
Samira Parsa
Ali Soufi
MULTILINGUAL EDUCATION AND INTERCULTURAL
COMPETENCE DEVELOPMENT IN INDIAN URBAN Prof. Dr. Suresh Mehra
3 SCHOOLS Dr. Priya Banerjee
PROJECT-BASED LEARNING INITIATIVES AND STEM Dr. Anand Bhatia
MOTIVATION IN INDIAN SECONDARY EDUCATION Anisha Singh
Prof. Dr. Kavita
4 )
Subramanian
Assoc. Prof. Dr. Deepak
Nair
UNIVERSITY-GOVERNMENT PARTNERSHIPS FOR
o 5 EDUCATIONAL REFORM IN RURAL INDIA Dr. Rajiv Desai
Zz 2
9 8 THE IMPACT OF BILINGUAL EDUCATION PROGRAMS ON
< > STUDENT LITERACY IN ALGERIAN PRIMARY SCHOOLS Dr. Yasmine Benali
2 < 6 Prof. Dr. Houcine Amrani
.| o Assis. Prof. Dr. Layla
- s Cherif
% a)
EVALUATING THE USE OF EDUCATIONAL
TECHNOLOGIES IN ALGERIAN HIGHER EDUCATION
7 Prof. Dr. Amine Boukhalfa

Dr. Nadia Zerguini

INCLUSIVE PEDAGOGY STRATEGIES FOR DIVERSE
CLASSROOMS IN ITALIAN ELEMENTARY SCHOOLS . :
Assis. Prof. Dr. Lucia

8 Romano
Prof. Dr. Giovanni Ferri

RETHINKING HIGHER EDUCATION ADMISSIONS: Prof. Dr. Stefano Mancini
HOLISTIC STRATEGIES IN ITALIAN UNIVERSITIES Elena Vitale
Assoc. Prof. Dr. Marco
9 Santoro

Dr. Silvia Esposito
Assis. Prof. Dr. Paolo
Bellini

DIGITAL GAME-BASED LEARNING TO ENHANCE
ENGAGEMENT IN ITALIAN SECONDARY EDUCATION . .
Dr. Paolo Grimaldi

10 Giulia Fabbri
Prof. Dr. Alessandra Russo
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HALL /SALON 6
Assoc. Prof. Dr. Fatima Zohra Belkacem

EXPLORING THE SOCIO-ECONOMIC IMPACTS OF
INTERNAL MIGRATION IN IRAN: CHALLENGES AND
POLICY RESPONSES

Prof. Dr. Shirin Etemadi
Dr. Hossein Mohammadi
Assis. Prof. Dr. Parisa
Rashidi

THE ROLE OF TRANSNATIONAL NETWORKS IN SHAPING
MIGRATION EXPERIENCES AMONG IRANIAN DIASPORA

Dr. Farzaneh Parsa
Assoc. Prof. Dr. Siamak
Jahanbakhsh

MIGRATION AND SECURITY: UNDERSTANDING BORDER
DYNAMICS IN PAKISTAN’S PERIPHERAL REGIONS

Prof. Dr. Habib Ullah Khan
Dr. Sana Javed
Muhammad Adeel

GENDER AND MIGRATION: NAVIGATING OPPORTUNITIES
AND VULNERABILITIES FOR PAKISTANI WOMEN

Assis. Prof. Dr. Saleema
Khatoon

Dr. Maria Qureshi

Hina Nazir

YOUTH MIGRATION AND EDUCATION ASPIRATIONS
AMONG ALGERIAN RURAL COMMUNITIES

Prof. Dr. Mourad Bouzid
Nassim Daoud

SOCIAL INTEGRATION OF SUB-SAHARAN MIGRANTS IN
ALGERIAN URBAN CENTERS

Assoc. Prof. Dr. Fatima
Zohra Belkacem

Dr. Ahmed Meftah
Nadia Benhamou

CIRCULAR MIGRATION AND RETURN DYNAMICS: THE
CASE OF AZERBAIJANI LABOR MIGRANTS

Prof. Dr. Kamran Huseynov
Vusal Aliyev

Vafa Guliyeva

Leyla Babayeva
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THE APPLIANCE INDUSTRY IN THE CERKEZKOY, CORLU, Emre BOZDUMAN
KAPAKLI AND ERGENE DISTRICTS Prof. Dr. Okan YASAR
KISA VADELI CAZIBE, UZUN VADELI KARAR: ZAMAN R
TERCIHLER] VE ERTELEME DAVRANISININ PAZARLAMA g?gkgéérszzgngNGOR
VE YATIRIMDAKI iZLER{ :
ZIHINSEL MUHASEBE VE PAZARLAMA: TUKETICI Dr. Kader EROL
o HARCAMA KARARLARINDA DAVRANISSAL FINANS Doc. Dr. Sezen GUNGOR
o PERSPEKTIFi & o
— Q
z Z _
@) W= Dr. SERAP OZ
2‘ O KATILIMCI DENEYIMLERI PERSPEK TIFINDEN Prof. Dr. FERHAN
) g GIRISIMCILIK EGITIMI: “21. YUZYIL MUHENDISLERININ SENGUR
~ ) GIRISIMCILIK VE INOVASYON YOLCULUGU” TUBITAK Dr. Ogr. Uyesi HILAL
:I' A 4004 PROJESI TUGCE LAPCIN
< E Veli Deniz
I .
-3
= THE POWER OF ETHICAL LEADERSHIP IN THE TOURISM .
SECTOR: A FIELD STUDY ON ORGANIZATIONAL TRUST g:' F'?;:fr']‘ (';/'AUNTE%XRBAY'N
AND WORK ENGAGEMENT i
SURDURULEBILIR TUKETIM BILINCININ YESIL SATIN EMRE DOGAN
ALMA NIYETINE ETKIiSi: TURKIiYE VE INGILTERE Dog. Dr. MUSTAFA
UZERINE KARSILASTIRMALI BiR ARASTIRMA BILGEHAN KUTLU
THE ROLE OF THE OTTOMAN PRESS IN TEACHING
ECONOMIC CONCEPTS: THE EXAMPLE OF MECMUA-I Dog. Dr. Kenan Demir
FUNUN
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CINSEL TERBIYE VE KIMLIK: SEKSOLOJI DERGISI KAPAK )
1 TASARIMLARI VE KONU SECIMLERI UZERINE BIiR Dr. Eylem SEVIK
INCELEME

WILL KYMLICKA’NIN “AZINLIK HAKLARININ LIBERAL

2 TEORISI VE COKKULTURLU YURTTASLIK CERCEVESINDE
BATI TRAKYA MUSLUMAN TURK AZINLIGININ

INCELENMESI

isa PEMIK

THE ADAPTATION PROCESS AND ACADEMIC PROFILE OF
FOREIGN STUDENTS FROM THE PERSPECTIVE OF
ACADEMICS: THE CASE OF ISTANBUL GELISIM
UNIVERSITY

Elif EKSI KOYUNCU

Dr. Zeynep DILEKLI
KARATAY

HALL / SALON 2
Dr. Eylem SEVIK

4 ON QUANTITATIVE RESEARCH METHODS
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HALL / SALON 3
Dr. Ogr. Uyesi, ZELIHA KILICPARLAR

BRIDGING RURAL WATER GAPS IN THE GLOBAL SOUTH:
COMMUNITY-DRIVEN SOLUTIONS AND THE HAR GHAR
JAL MODEL

Prof Mamta Sharma
Prof Sandeep K Sharma

HUKUKUN ETKISIiZLiGi, ORFUN GUCU: DOGU KARADENIZ
BOLGESINDEKI BIREYSEL SILAHLANMA KULTURU
UZERINE SOSYOLOJIK BiR INCELEME

Dr. Ogr. Uyesi Fatih
GUNES

THE HISTORICAL DEVELOPMENT OF TRIAL BY COMBAT
AND ITS COMPARISON WITH MODERN CRIMINAL
PROCEEDINGS

Dr. Ogr. Uyesi, ZELIHA
KILICPARLAR

AN OVERVIEW OF CRIMES COMMITTED ON SOCIAL
MEDIA

Dr. Ogr. Uyesi, ZELIHA
KILICPARLAR

TRANSFORMATION OF THE STATE IN THE CONTEXT OF
NEOLIBERALISM

Prof. Dr. Sabit MENTESE
Prof. Dr. Ahmet USTUN
irfan KAYA

AKILLI KENT UYGULAMALARI: FIRSATLAR VE
ZORLUKLAR

Bilim Uzmani, BETUL
YESIL

Prof.Dr., ALI SAHIN

Dr. Ogr. Uyesi, MEHMET
POLAT

YONETEN VE YONETILEN GERCEKLIGI BAGLAMINDA
HIZMETKAR LIDERLIK KAVRAMI: TURK KAMU
YONETIMINDE YAPILAN AMPIRIK CALISMALAR
UZERINDEN BiR DEGERLENDIRME

Prof.Dr., ALI SAHIN
Dr. Ogr. Uyesi, MEHMET
POLAT
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Prof. Dr. Havva Eylem
1 THE IMPACT OF CLIMATE CHANGE ON THE DESIGN OF POLAT
ANIMAL SHELTERS Res. Assis. Ahmet Cengiz
N YILDIRIM
g
> g 2 FLOOPY KID SYNDROME IN KIDS Ismail AYTEKIN
@) <
:(l =
e,
n 3
~ @
_l -
- $
% :S‘ 3 DRUNKEN LAMB SYNDROME IN LAMBS Ismail AYTEKIN
=
80
Q
5 Dr. Ogr. Uyesi Serpil
POLYCYSTIC OVARY SYNDROME: CURRENT AYGORMEZ
4 KNOWLEDGE AND THE ROLE OF ANTI-MULLERIAN Prof. Dr. Mushap KURU
HORMONE Prof. Dr. Fatih Mehmet
KANDEMIR
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INFLUENCE OF BOARD AND GENDER DIVERSITY ON sDG | Maria Carmen Huian
Mihaela Curea
REPORTING ¢ rea
Marilena Mironiuc
THE MEDIATING ROLE OF ORGANIZATIONAL SHAME IN .
THE EFFECT OF ORGANIZATIONAL OSTRACISM ON gog. gr. ﬁa‘m: gggAK
PSYCHOLOGICAL OWNERSHIP 0¢. Lr. Mura
THE RELATIONSHIP BETWEEN ORGANIZATIONAL N
CULTURE IN PUBLIC AND PRIVATE HEALTHCARE f\iif’sct I;:glf X“;‘;gOCEL
INSTITUTIONS AND EXPOSURE TO VIOLENCE IN TERZIBAS Y
HEALTHCARE
N~
o <
> E TRENDS IN HEALTH TOURISM IN TURKEY: AN ANALYSIS | Assist. Prof. Dr. Ayhan
o § OF TEN-YEAR VISITOR AND REVENUE DATA TERZIBAS
|
S5 g
~ =
_ —
2‘ 5 TEKNO STRESIN ORGUTSEL MUHALEFET DAVRANISINA Dog. Dr. Inan KAYNAK
T . ETKIisI Dog. Dr. Berat CICEK
(Y]
(=]
a
PSIKOLOJIK SOZLESME THLALI ALGISININ ORGUTSEL Dog. Dr. Berat CICEK
SINiZME ETKISi Dog. Dr. inan KAYNAK
ANALYSIS AND EVALUATION OF HEALTH ggAr\.((;tir. Mehmet Veysi
EXPENDITURES IN TURKIYE Ogr, Gor. Dr. Eda EMOL
SILO SYNDROME: A SYSTEMATIC REVIEW IN THE 8%:' gg; ﬁgﬁ;@g‘?
MANAGEMENT AND ORGANIZATION LITERATURE KgA\'( A yst
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REAL OR ILLUSTRATION? AN EXAMINATION OF ANIMAL grk?eglfgf;/af; g?lr‘elsg;a
REPRESENTATIONS IN PRESCHOOL CHILDREN WITHIN M” ot ANSIN g
THE CONTEXT OF CONCEPT DEVELOPMENT ~ustata
Ogretmen Havva ARI
OKUL ONCESI OGRETMENLERININ COCUKLARA Dr. Ogr. Uyesi Zeynep Nur
VERILECEK FELSEFE EGITIMINE (P4C) ILISKIN AYDIN KILIC
GORUSLERI Dog. Dr. Cansu TUTKUN
FUNCTIONAL DIVERSITY OF THE IMPERATIVE IN
TURKISH: DIRECTIVE SPEECH ACTS AND THE FORM-— Prof. Dr. Serdal KARA
FUNCTION DISTINCTION
FROM LARGE LANGUAGE MODELS (LLMS) TO THE Eggﬁfnd‘dat“ SELIM
é EIPEETENHC CRISIS: BULLSHIT, HALLUCINATION, AND Prof Dr. MEHMET AL
© < DOMBAYCI
8 4
- s Prof. Dr. MEHMET ALI
S T GENIUS AND THE PROBLEM OF CREATIVITY IN DOMBAYC]
@ & ARTIFICIAL INTELLIGENCE WITHIN SCHOPENHAUER’S . -
PhD Candidate, SELIM
- o AESTHETICS :
2 5 CEPNIi
< Y—
T o
T
LATERAL THINKING SKILLS OF PRESCHOOL PRESERVICE gﬂ;’ég{riiizl&lﬁkg
TEACHERS: A SCENARIO-BASED QUALITATIVE ANALYSIS | 11 o8t ot e
THE PROBLEM OF EVIL IN PLATO Dr., Aydin CICEK
STRUCTURAL TRANSFORMATION OF THOUGHT IN
GILLES DELEUZE’S PHILOSOPHY: AN ATTEMPT TO Dr., Aydin CICEK
TRANSITION FROM ARBORESCENT HIERARCHY TO 5 Y
RHIZOMATIC MULTIPLICITY
The Concept and Foundations of the Humanities in the Thought of Assist. Prof. Aref
Western and Eastern Thinkers. Barkhordar
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HALL /SALON 1
Assis. Prof. Dr. Saule Sagintayeva

WOMEN’S ECONOMIC EMPOWERMENT THROUGH
ENTREPRENEURSHIP IN URBAN KAZAKHSTAN

Prof. Dr. Aigerim
Nurtayeva
Zhanar Askarova

HEALTHCARE ACCESS FOR WOMEN IN RURAL AREAS OF
KAZAKHSTAN: CHALLENGES AND STRATEGIES

Assis. Prof. Dr. Saule
Sagintayeva

GENDER NORMS AND WOMEN’S EDUCATIONAL
ATTAINMENT IN CONTEMPORARY IRAQ

Prof. Dr. Farah Abbas
Dr. Mahmoud Fadhil
Sara Al Zubaidi

IMPACT OF CONFLICT ON THE HEALTH AND WELLBEING
OF WOMEN IN IRAQ

Dr. Rasha Yassin
Assis. Prof. Dr. Omar Al-
Khafaji

BARRIERS TO WOMEN’S POLITICAL PARTICIPATION IN
LAOS: SOCIAL, ECONOMIC, AND CULTURAL FACTORS

Assoc. Prof. Dr. Soudaly
Nanthavong

WOMEN’S ACCESS TO HIGHER EDUCATION AND STEM
FIELDS IN LAOS

Prof. Dr. Bouavone
Xayavong

Dr. Sivilay Phommasane
Keomany Souvannavong
Assis. Prof. Dr. Anousone
Chanthavong

SOCIOECONOMIC IMPACT OF MICROFINANCE
INITIATIVES FOR WOMEN ENTREPRENEURS IN
BANGLADESH

Dr. Masuda Akhter
Prof. Dr. Sultana Begum
Ayesha Rahman

WOMEN’S HEALTH AND REPRODUCTIVE RIGHTS IN
BANGLADESHI SLUMS: CHALLENGES AND
INTERVENTIONS

Assis. Prof. Dr. Shanta
Parvin
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EXPLORING THE NARRATIVE TRADITION IN MODERN ﬁzzg'iggg'vm' Ruslan
KYRGYZ THEATRE Ainura Abdrakhmanova
THE REVIVAL OF NOMADIC MOTIFS IN CONTEMPORARY | Prof. Dr. Aizada Sadykova
KYRGYZ VISUAL ART Dr. Aidar Sulaimanov
ARTISTIC RESISTANCE AND THE VISUAL Prof. Dr. Samira Al-Masri
REPRESENTATION OF IDENTITY IN CONTEMPORARY Dr. Fadi Taleb
PALESTINIAN ART Nour Said
= THE REVITALIZATION OF TRADITIONAL CERAMICS AND 'f(‘ffa'fi'l Prof. Dr. Yasmine
= TILE ART IN PALESTINIAN DESIGN EDUCATION .
7 Dr. Ibrahim Amro
o ©
z L
o <
= ko] Prof. Dr. Kenneth Lim
< 3 EXPERIMENTAL MEDIA INSTALLATIONS AND THE Jolene Tan
n S EVOLUTION OF ARTISTIC PRACTICE IN SINGAPORE ne
=~ c Wei Liang Chong
- <
< -
I A
5 THE ROLE OF PUBLIC ART IN SINGAPORE’S CITYSCAPE:
a CULTURAL POLICY, PLACE-MAKING, AND COMMUNITY | Dr. Mei Wong
ENGAGEMENT
REINTERPRETATION OF ARABESQUE GEOMETRY IN f‘;;?lfi' Prof. Dr. Maha Al-
CONTEMPORARY OMANI ISLAMIC ART Fotma Rashid Al-Saadi
ART EDUCATION IN OMAN: CHALLENGES AND .
INNOVATIONS IN VISUAL CURRICULUM DESIGN Frof. Dr. Ahmed Al-Hashmi
THE EVOLUTION OF IMPRESSIONISM IN FRENCH F,\’/'Irg;'e'_)&se"g.’ d Dupont
PAINTING AND ITS GLOBAL LEGACY wrie-Ltare Riviere
Julien Leroy
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Assoc. Prof. Dr. Rustam
1 EDUCATIONAL OUTCOMES OF MULTILINGUAL POLICY IN | Juraev
TAJIK SECONDARY EDUCATION Dr. Barno Kuvatova
Shodmonbek Nazarov
5 INTEGRATING TRADITIONAL PEDAGOGY WITH DIGITAL Prof. Dr. Gulnora Sharipova
INNOVATION IN TAJIK PRIMARY SCHOOLS Dr. Nargis Iskandarova
Prof. Dr. Ahmed Mahmoud
3 THE IMPACT OF VALUE-BASED EDUCATION PROGRAMS Dr. Sara El-Tantawy
ON MORAL DEVELOPMENT IN EGYPTIAN STUDENTS Assis. Prof. Dr. Hossam
Saad
'S 4 CHALLENGES AND OPPORTUNITIES IN INCLUSIVE Assoc. Prof. Dr. Mona Zaki
% EDUCATION IN RURAL EGYPT Marwan Youssef
c
n
© g
% e
o INNOVATIVE PRACTICES IN STEM TEACHER TRAINING: A . .
3 £ 5 CASE STUDY FROM IRAN Dr. Parisa Sadeghi
< S
~ ©
| c
- § Prof. Dr. Mohammadreza
% " 6 IMPACT OF PRIVATE SCHOOL GROWTH ON Shafiei
E EDUCATIONAL INEQUALITY IN URBAN IRAN
R Dr. Leyla Karimi
G
a Assoc. Prof. Dr. Ananya
7 PROJECT-BASED LEARNING AS A DRIVER OF STUDENT Rao
MOTIVATION IN INDIAN MIDDLE SCHOOLS Ankit Mehra
Dr. Rakesh Khanna
ENHANCING ENGLISH LANGUAGE COMPETENCIES IN Prof. Dr. Kavita Sinah
8 INDIAN ENGINEERING UNDERGRADUATES THROUGH ESP Mee;’a ﬁa havan 9
PROGRAMS 9
DISTANCE LEARNING ADAPTATION AND Dr. Marta Gonzalez
9 PSYCHOLOGICAL WELL-BEING AMONG SPANISH Dr. Esteban Ramirez
UNIVERSITY STUDENTS DURING THE PANDEMIC Elena Lopez
10 | CULTURAL COMPETENCE AND CITIZENSHIP EDUCATION Z;‘;fi's D;OJ?"]')? ]':Alf’criz'es
IN SPANISH SECONDARY SCHOOLS Cordéro T
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ISLAMIC THEOLOGY IN POST-SOVIET RUSSIA:
CHALLENGES AND REVITALIZATION

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMPACTS OF QURANIC EXEGESIS ON CONTEMPORARY i{;‘;fg;&"g‘f”};\ﬁ?ﬁasa'ah
ISLAMIC EDUCATION IN TUNISIA - Prof. Dr.
Kouki
RELIGIOUS TOLERANCE AND INTERFAITH DIALOGUE IN PDrrc')fFeEt)?' f;?;lsouzi d
CONTEMPORARY TUNISIAN SOCIETY - or. Lalla
Yasmine Sghaier
Dr. Alemayehu Tadesse
CHRISTIAN AND MUSLIM THEOLOGICAL ENCOUNTERS: Prof. Dr. Selam Mengistu
HISTORICAL EXCHANGES IN ETHIOPIA Assis. Prof. Dr. Ruth Bekele
Getachew Abate
ORAL TRADITIONS AND SPIRITUAL AUTHORITY IN Shemsu Ahmed
. ETHIOPIAN ISLAMIC COMMUNITIES Dr. Halima Yusuf
< |3
z |2
S |0
< a0 RUSSIAN ORTHODOX THEOLOGY AND MODERN SOCIAL | Prof. Dr. Valentin Petrov
2 < ISSUES IN CONTEMPORARY RUSSIA Dr. Ivan Sokolov
3|2
< <
T o
(@] Dr. Ramilya Safarova

Assis. Prof. Dr. Timur
Shaymuratov
Fatima Vakhitova

CLASSICAL ARABIC PHILOSOPHY AND CONTEMPORARY
ETHICAL DILEMMAS IN THE ARAB WORLD

Prof. Dr. Ahmed Al-Mutairi
Fatima Khalil

Assis. Prof. Dr. Samir al-
Jabari

INTERPRETING SACRED TEXTS: HERMENEUTICAL
APPROACHES IN ARAB ISLAMIC UNIVERSITIES

Dr. Aisha El-Ghazali

THEOLOGY AND SCIENCE INTERACTION: DEBATES ON
EVOLUTION AND CREATION IN ARAB UNIVERSITIES

Prof. Dr. Khalid Mansour
Assis. Prof. Dr. Yasir
Hussein

Asmaa Al-Hassan

Layla Salim
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. THE CONCEPT OF ETHICAL RESPONSIBILITY IN PDrrOfHES'ée"i"nag;]’;th"j‘irhad'
CONTEMPORARY IRANIAN PHILOSOPHY : :
Fatemeh Rezaei

ENGAGEMENT WITH SOCRATIC INQUIRY IN MODERN

2 IRANIAN EDUCATION Dr. Ladan Karimi
Assis. Prof. Dr. Kabiru
3 AFRICAN COMMUNITARIANISM AND THE PHILOSOPHY Lawal
OF SELFHOOD IN NIGERIAN THOUGHT Ngozi Eze
Emeka Obi
N
0 <
> c . THE EPISTEMOLOGY OF ORAL TRADITIONS IN YORUBA Dr. Tunde Afolayan
@) (@4 PHILOSOPHY Dr. Esther Babatunde
| <
g £
(7]
@ >
5 |5
- REASON AND MORALITY IN POST-COMMUNIST o
% s 5 ALBANIAN PHILOSOPHICAL DISCOURSE Prof. Dr. Mira Qiriazi
j—
a
Dr. Elion Leka
6 PHENOMENOLOGY AND IDENTITY FORMATION IN Assis. Prof. Dr. Anila
CONTEMPORARY ALBANIAN THOUGHT Hoxha

Ardian Pasha

; THE MORAL STATUS OF NATURE IN MONGOLIAN g;?;h Ej;aBat'Erde”e
BUDDHIST PHILOSOPHY Dr. Altanzul Enkhbayar
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Prof. Dr. Zahra Forouzan
THE SOCIAL AND POLITICAL INFLUENCE OF THE Dr. Babak Kheradmand
SAFAVID DYNASTY ON PERSIAN SOCIETY Assis. Prof. Dr. Mehran
Gholami
WOMEN’S ROLES IN IRANIAN REVOLUTIONARY . -
MOVEMENTS: BETWEEN INVISIBILITY AND ACTIVISM Dr. Negin Esfandiari
COLONIAL ENCOUNTERS AND TRANSFORMATION OF Prof. Dr. Olatunji Babajide
INDIGENOUS INSTITUTIONS IN PRE-COLONIAL NIGERIA | Dr. Aminat Lawal
© 5 Dr. Chidinma Okaf
> 5 THE IMPACT OF THE TRANS-ATLANTIC SLAVE TRADE ON A;'S o 'P'rg;”%r NaO‘;;
o) c THE DEMOGRAPHIC LANDSCAPE OF WEST AFRICA SS0C. FrotL. DI
b K] Aigbokhae
< )
g i
hag c Prof. Dr. Enea Leka
| D Assis. Prof. Dr. Roland
2' = NATIONAL IDENTITY CONSTRUCTION IN ALBANIAN Krasnigi
T = SCHOOL TEXTBOOKS SINCE INDEPENDENCE Elira Dervishi
o Blerta Sina
Arber Rroji
MEMORY, TRAUMA, AND RECONCILIATION: POST- Dr. Luan Gashi
COMMUNIST HISTORIOGRAPHY IN ALBANIA Dr. Blerina Dervishi
THE HISTORICAL LEGACY OF THE MONGOL EMPIRE IN Efjiu'ﬂﬁ g:ﬁtbaglgo'd
MODERN MONGOLIAN IDENTITY Bayarmaa Enkhbat
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; ) ; - Dr. Ogr. Uyesi, SERHAT
BIiR KADRO HATIRINA: AKADEMIi VE HULLE SOYSEKERCI
THE IMPACT OF MIGRATION ON IDENTITY
TRANSFORMATION: DISPLACEMENT, HYBRID IDENTITY | Prof. Dr. METIN AKSOY
CONSTRUCTION, AND INTEGRATION MODELS
THE HISTORICAL EVOLUTION OF MIGRATION AND
CULTURAL TRANSFORMATION: GLOBAL DYNAMICS Prof. Dr. METIN AKSOY
FROM ANCIENT TIMES TO THE PRESENT
>
Qo
- 7]
> 2 A STUDY ON THE CONCEPTUAL PROBLEMS IN DEFINING | Research Assistant, PhD.
o) < MIGRANT ENTREPRENEURSHIP Ali Riza KILIC
| Z
< =
v =
3 =
4
- . SOCIAL MEDIA DISCOURSES, SEXIST HATE AND . .
< & MARRIAGE/FERTILITY TRENDS: AN ANALYSIS IN THE 'E);'ET‘FI{%TR DEVRIM
I o CONTEXT OF THE “FAMILY YEAR” IN TURKIYE
£
A
Gerontolojik Sosyal Hizmet ve Yash Bakimi Ogr. Gor. Ummithani
USLU
Betiil BAYRAM
PSYCHOLOGICAL AND SOCIAL CHANGES EXPERIENCED g:;‘;ﬁs]ggf
BY WOMEN DURING THE POSTPARTUM PERIOD e ZILKAY A
Dog.Dr. Rumeysa AKGUN
A COMPARATIVE ANALYSIS OF EMPLOYED AND
UNEMPLOYED WOMEN’S PARENTING ATTITUDES WITHIN 32{5&1“5 I?n ?C:SQIIEGUN
THE FRAMEWORK OF GENDER ROLES §.0r. Rumey

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
November 28 - 30, 2025

RIZE

Meeting ID: 885 7151 8350 Passcode: 202224

29 Kasim / Nov 29, 2025/ 11:00 — 13:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
THE EFFECT OF COURT SURFACE ON ANXIETY LEVELS IN | Prof: Dr. TULIN ARMAN
TENNIS PLAYERS Dog. Dr., SABAN UNVER
Ars. Gor., HAKKI MOR
A COMPARATIVE STUDY OF INTOLERANCE OF Prof. Dr., TULIN AKMAN
UNCERTAINTY LEVELS IN SPORT SCIENCES STUDENTS Dog. Dr., SABAN UNVER
AND STUDENTS FROM OTHER FACULTIES Ars. Gor., HAKKI MOR
v
<
~ o
= &~ LEADERSHIP BEHAVIORS OF SPORTS MANAGERS: A Siileyman KARAKAYA
O § CONTENT ANALYSIS Prof.Dr. ilker OZMUTLU
2:' =
<
N =
~ =
j >
< 5 WEARABLE SPORTS TECHNOLOGIES IN A CHANGING Siileyman KARAKAYA
I © WORLD Prof. Dr. ilker OZMUTLU
)
L)
SPORCU-ANTRENOR ILETISiMi: ANTRENORE GUVEN VE Opr.Gor. Volkan KAPCAK
SPORCU MEMNUNIYETI ARASINDAKI ILISKI Prof.Dr. ilker OZMUTLU
MOTIVATION AND JOB SATISFACTION IN SPORTS N
ORGANIZATIONS: A LITERATURE REVIEW IN THE ]?rgrf'%‘;r'n‘]/("ikg‘%ﬁ%fﬁﬁK
CONTEXT OF HUMAN RESOURCE MANAGEMENT oL Hke
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
AN ANALYSIS OF THE CONTENT OF TEXTBOOKS USED IN )
MUSIC HISTORY COURSES AT CONSERVATORIUM IN Cansu YUCEL
TURKEY
AN EXAMINATION OF THE TRANSFORMATION OF ART XS‘;S%‘;&T?Z%““‘S"
THROUGH TECHNOLOGICAL DEVELOPMENT Dog. Okan BOYDAS
Yiiksek Lisans Ogrencisi,
THE EFFECT OF COLORS ON HUMAN LIFE Neveser Ozyalgin
Dog. Okan BOYDAS
Z .
™ E THE TRANSFORMATION OF SHADOW IN CONTEMPORARY | YKL Mezun Ogrenci Ayga
% ) ART: LIGHT, PERCEPTION, AND MEMORY IN THE WORKS | AY
] B~ OF THREE ARTISTS Prof. Melihat TUZUN
N
5 E
~ E
- o
- = COLOR AND PSYCHOLOGICAL MEANING IN YAVUZ YKL Mezun Ogrenci Mine
< « TANYELI’S PAINTINGS YILMAZ -
I e Prof. Melihat TUZUN
A
RESIMLE KURULAN YURT: ERKEN CUMHURIYET DONEMI
MODERNLESME SURECINDE KULTUR POLITIKALARI VE Dr. Orhan MERT
ANADOLU TEMSILLERI (1930-1945)
AHMET SAHIN AK’IN TRT REPERTUVARINDAKI R
BESTELERININ MAKAM, USUL, FORM OZELLIKLER{ ZDglggSngzi OMER
ACISINDAN INCELENMESI
TWO VOICES FROM THE SAME TRADITION: A Doc. Dr. Unsal Deniz
COMPARATIVE MAQAM ANALYSIS OF ZEKAiZADE D‘;l‘i'tora' O,:;C.S? e
AHMET IRSOY AND SEVKI BEY’S SONGS IN THE Ve TLGU% ALX{(
MUHAYYER MAQAM $
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BAL EKSTRASYON KOSULLARININ BELIRLENMESINDE Pi- | Prof. Dr. Hiiseyin SAHIN
1 SIGMA YAPAY SiNiR AGI ve GENETIK ALGORITMAYA Prof. Dr. Erol EGRIOGLU
DAYALI BiR YONTEM Prof. Dr. Eren Bas
Opr. Gor. Seyda DEMIREL
9 BIST 100 TAHMININDE BULANIK FONKSiYON TATLI
YAKLASIMLARI Prof. Dr. Eren BAS
Prof. Dr. Erol EGRIOGLU
Prof. Dr. Hiiseyin SAHIN
: T <1 i : Prof. Dr. Eren Bag
3 | DENDIRIT VAPAY SINIR AGIILE COK FLORALIGICEK | it b prgl EGRIOGLU
Esra BIRINCI
Elif YORULMAZ ONDER
-
)d 4 GAUSS SURECI REGRESYONA DAYALI RESIM BULANIK Prof. Dr. Eren BAS
< S REGRESYON FONKSIYONLARI YAKLASIMI Prof. Dr. Erol EGRIOGLU
2 )
& - - .
3 D KUADRATIK ENTEGRE VE ATES NORON MODELLI YAPAY | o . o o o AS
< = 5 SINIR AGLARININ DIFERANSIYEL GELISIM ALGORITMASI o1 L BIen By
5 - s ALLA Prof. Dr. Erol EGRIOGLU
z o ILE EGITIMI
3 =)
- . GECITLI GERi BESLEMELI DERIN YAPAY SiNiR AGLARINA .
< & 6 DAYALI SEZGISEL BULANIK ZAMAN SERISI TAHMIN Ef’? g? g"L%GRIOGLU
I - YONTEMI of. Dr. Eren Bag
E
7 PARCACIK SURU OPTIMIZASYONU ILE ENTEGRE VE ATES | Prof. Dr. Erol EGRIOGLU
NORON MODELL] YAPAY SINiR AGLARININ EGITiMi Prof. Dr. Eren BAS
g ONGORU PROBLEMI iCIN GUMBEL AKTIVASYON I(,)rirf' %‘;‘é\rﬁt;gﬁggjg
FONKSIYONU iLE DENDTRIT YAPAY SINiR AGI C
Prof. Dr. Eren Bag
TURKIYE’YE GELEN AYLIK GUNUBIRLIKCI ZIYARETCI
9 SAYILARININ YAPAY SINIR AGLARI iLE TAHMIN{ Dr. Elanur MUTLU
YABANCI ZIYARETCI SAYISININ ONGORUSU ICIN g%&?]{bsigf Ahmet
10 MAKINE OGRENMESI YONTEMLERININ PERFORMASININ ibrahim EGRIOGLU
DEGERLENDIRILMESI rahim
Prof. Dr. Eren BAS
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DOGAL YAYILIS GOSTEREN YABANI FiG (Vicia cracca) 5
BITKILERINDEN ENDOFITIK BAKTERILERIN iZOLASYONU | Prof. Dr. Hatice OGUTCU
VE KULTUREL OZELLIKLERININ BELIRLENMESI
Cydonia oblonga (AYVA) ve Juglans regia L.(CEViZ)
BITKILERININ KOK RiZOSFERI VE DOKUNTULERINDE Prof. Dr. Hatice OGUTCU
BULUNAN BAKTERI FLORASININ BELIRLENMESI
] HABITAT SELECTION AND ECOLOGICAL PREFERENCES Assoc.Prof.Dr. Adile
E OF CRAB SPIDERS (ARANEAE: THOMISIDAE) AKPINAR
To) D
Z O]
5 |3
< § Msc Student. Nursen
2 = RESEARCHES ON THE SPIDER FAUNA (ORDER: ARANEAE) TIRYAKI YILMAZER
- = OF THE PROVINCE OF SINOP Assoc.Prof.Dr. Adile
= - AKPINAR
% a
“é Leyla KURGAN
A Morphological Effects of Salt Stress During the Germination Stage | Scdanur GUMUS
in Bean (Phaseolus vulgaris L.) Genotypes Fatih DEMIREL
’ Baris EREN
Adnan AYDIN
Leyla KURGAN
Sedanur GUMUS
Ozlem YILMAZ
Yagmur GOKGCE
Morphological Effect of Drought Stress Simulated with PEG 6000 Ziihal TURAN KILIC
During the Germination Period in Some Local Common Bean Ayse Berfin BAYDAR
(Phaseolus vulgaris L.) Genotypes Sahin AYDIN
Fatih DEMIREL
Adnan AYDIN
Baris EREN
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MONKEYPOX VIRUS

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
PROSTHETIC REHABILITATION OF A COMPLETELY Res. Asst. EMRE ESEN
EDENTULOUS PATIENT WITH UNILATERAL CLEFT LiP Asst. Prof. Dr. GULSAH
AND PALATE AKYILDIZ
COCUKLARDA ULTRA ISLENMIS GIDA TUKETIMI VE Diyetisyen, Utku Pullu
OBEZITE EPIDEMIYOLOJiSi
- OKUL KANTINLERI VE MARKET URUNLERININ GIDA
< ETIKETI OKURYAZARLIGI ACISINDAN Diyetisyen, Utku Pullu
= DEGERLENDIRILMESI
© N
z ©
o) =
| %
S z Dr. Ogr. Uyesi Sevil
® ‘3 CRIMEAN-CONGO HEMORRHAGIC FEVER L JEr Uyestsevt
S -3 OZTAS
_| =
T | &
L)
=
a

Dr. Ogr. Uyesi Sevil
OZTAS

FRAILTY IN OLDER ADULTS AND CHRONIC DISEASES:
ENHANCING QUALITY OF LIFE THROUGH NURSING
APPROACHES

Uzman Hemsire, DILEK
MUSLU

Dog.Dr. DIGDEM LAFCI
BAKAR

THE RISING VALUE OF NURSING: AN ANALYSIS OF ICN
THEMES FROM 2022 TO 2024

Uzman Hemsire, DILEK
MUSLU

Dog.Dr. DIGDEM LAFCI
BAKAR

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

RIZE

Meeting ID: 885 7151 8350 Passcode: 202224

29 Kasim / Nov 29, 2025/ 11:30 — 13:30 Time zone in Turkey (GMT+3)

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025

Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL /SALON 1
Assoc. Prof. Dr. Zainab Johari

ADAPTIVE REUSE OF HISTORICAL BUILDINGS IN BAKU:

CONTEMPORARY CHALLENGES AND INNOVATIVE
SOLUTIONS

Prof. Dr. Kamran Guliyev
Leyla Mammadova

INTEGRATING TRADITIONAL AZERBAIJANI DESIGN
PRINCIPLES INTO CONTEMPORARY URBAN HOUSING

Assoc. Prof. Dr. Elvin
Hasanov

Nigar Suleymanli
Farid Gasimov

SUSTAINABLE FLOOD-RESISTANT ARCHITECTURE FOR
BANGLADESH’S GROWING DELTA REGIONS

Dr. Mustafa Rahman
Assis. Prof. Dr. Nabila
Hasan

Tarig Chowdhury
Samia Akhtar

URBAN DENSIFICATION AND GREEN SPACE
PRESERVATION IN DHAKA: DESIGN STRATEGIES AND
POLICY APPROACHES

Prof. Dr. Sharmin Akter
Dr. Nusrat Jahan

INTEGRATING MODULAR CONSTRUCTION WITH
MALAYSIAN VERNACULAR ARCHITECTURE:
CHALLENGES AND OPPORTUNITIES

Prof. Dr. Ahmad Rashid
Farah Nazirah Ramli
Assis. Prof. Dr. Lim Sze
Wee

TROPICAL ENVIRONMENTAL RESPONSIVENESS IN
MALAYSIAN UNIVERSITY CAMPUS DESIGN

Assoc. Prof. Dr. Zainab
Johari

Harris bin Abdullah

Dr. Amelia Lee

REHABILITATION OF OTTOMAN-ERA BUILDINGS IN
SKOPJE: HISTORICAL ANALYSIS AND CONTEMPORARY
CONSERVATION

Dr. Elena Dimitrova

Prof. Dr. Nikola Jovanovic
Selma Ismaili

Bojan Petrovski

Liridona Selmani

URBAN TRANSFORMATION AND SOCIAL INCLUSION IN
POST-SOCIALIST SKOPJE: PUBLIC SPACE REDESIGN

Assoc. Prof. Dr. Danilo
Milanovic

Assis. Prof. Dr. Marija
Pavlovska

Ana Petreski

ADAPTIVE REUSE OF HISTORICAL BUILDINGS IN BAKU:

CONTEMPORARY CHALLENGES AND INNOVATIVE
SOLUTIONS

Prof. Dr. Kamran Guliyev
Leyla Mammadova
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EFFICIENT POWER CONVERTER DESIGN FOR RURAL
ELECTRIFICATION IN AFGHANISTAN

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
RENEWABLE ENERGY INTEGRATION IN SMART GRIDS: Erro‘}aDr';tr)';r;gr']\i" da"k
CHALLENGES AND SOLUTIONS IN PAKISTAN - layy :
Dr. Bilal Hussain
Dr. Maryam Qureshi
DEEP LEARNING TECHNIQUES FOR FAULT DETECTION IN | ;i8S U T
HIGH-VOLTAGE TRANSMISSION LINES - ot L.
Ahmed
Prof. Dr. Ahlam
Abdelrahman
PHOTOVOLTAIC SYSTEM PERFORMANCE OPTIMIZATION | [ 1o
USING ARTIFICIAL INTELLIGENCE IN EGYPTIAN DESERTS ! .
Assis. Prof. Dr. Mariam
Fouad
Nada EI-Din
DESIGN AND IMPLEMENTATION OF SMART ELECTRIC ﬁsnf:f] Prof. Dr. Youssef
VEHICLE CHARGING INFRASTRUCTURE IN CAIRO .
Dr. Hoda Samir
N 5
z |3
- T
< < ANALYSIS OF MICROGRID STABILITY UNDER VARIABLE . .
@ £ LOAD AND GENERATION CONDITIONS IN KABUL Dr. Parwiz Hashimi
| ©
2 o
< .
T @) Prof. Dr. Laila Saidi

Assis. Prof. Dr. Mohammad
Rahmani

Dr. Zainab Nazari

Ali Asadi

WIRELESS COMMUNICATION FRAMEWORKS FOR
REMOTE HEALTH MONITORING IN RURAL AFGHANISTAN

Dr. Ahmad Fahim
Niloofar Qaderi

DESIGN AND TESTING OF FAULT-TOLERANT MOTOR
DRIVES FOR INDUSTRIAL AUTOMATION

Dr. Fatema Habibi

Al-POWERED IMAGE RECOGNITION TECHNOLOGIES FOR
CIVIL INFRASTRUCTURE MONITORING IN KABUL

Assis. Prof. Dr. Amir Rezai
Dr. Haroon Hussaini
Maryam Ali

Omid Najafi
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STRATEGIES

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
EVALUATING THE IMPACT OF HEALTH EDUCATION prof. Dr. Sirih Jatar
PROGRAMS ON DIABETES PREVENTION IN IRANIAN Acsis. Prof. Dr. L aleh
COMMUNITIES - 1oL Dr
Moradi
GENETIC SCREENING AND COUNSELING FOR Assis. Prof. Dr. Roya
HEREDITARY CANCERS: PRACTICES AND CHALLENGES | Behzad
IN IRAN Dr. Navid Parsa
Prof. Dr. Olufunmilayo
Adeyemi
= STRENGTHENING MATERNAL HEALTHCARE ACCESS IN | Dr. Jamila Musa
g LOW-RESOURCE NIGERIAN SETTINGS Assis. Prof. Dr. Chinedu
™ & Okeke
= [l Ngozi Chukwu
@) s g
2 st Dr. Aded |
S og BURDEN OF MALARIA AND COMMUNITY RESPONSES TO A;'S i ;rgg’oD?gé‘Sn‘fée
~ A VECTOR CONTROL IN RURAL NIGERIA  PTOL Dr
_ 4 Adebayo
- B o
: |&s
2 REFORMING MEDICAL EDUCATION IN ALBANIA: ET’EEZ‘ ,ﬁ‘;?ie” Leka
2 COMPETENCY-BASED CURRICULA AND TEACHING Blord: Sortn

Assis. Prof. Dr. Lira Hysa

CHALLENGES IN IMPLEMENTING ELECTRONIC HEALTH
RECORDS (EHR) SYSTEMS IN ALBANIAN HOSPITALS

Assis. Prof. Dr. Jona
Dervishi
Dr. Renis Tashi

PREVALENCE OF CARDIOVASCULAR RISK FACTORS
AMONG UNIVERSITIES’ STUDENTS IN MONGOLIA

Prof. Dr. Bat-Erdene
Batbayar

Dr. Oyun-Erdene Tungalag
Erdenebat Naranbaatar
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RUSSIAN GRASSLAND MANAGEMENT: CONSERVATION,
CARBON SEQUESTRATION, AND LIVESTOCK
PRODUCTIVITY

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
SUSTAINABLE OLIVE CULTIVATION PRACTICES AND Prof. Dr. Nabil Ben Youssef
THEIR IMPACT ON SOIL HEALTH IN TUNISIA Dr. Hela Amari
WATER MANAGEMENT STRATEGIES FOR IRRIGATED . .
AGRICULTURE IN SEMI-ARID TUNISIAN REGIONS Dr. Yasmine Belkadhi
IMPROVING SORGHUM YIELD THROUGH GENETIC Errofﬂgr:éﬁl;‘;af Setah“”
DIVERSITY AND AGROECOLOGICAL PRACTICES IN » gay!
Assis. Prof. Dr. Bekele
ETHIOPIA
Alemu
INTEGRATED PEST MANAGEMENT AND BIOPESTICIDES Dr. Sosina Abebe
— IN ETHIOPIAN HORTICULTURE Mulu Worku
< 5
z g
9 &
< @ PRECISION AGRICULTURE APPLICATIONS IN WINTER 2;'3 glc'kg:z'fpgr"’g’veﬂana
& £ WHEAT PRODUCTION IN RUSSIA oo
E vanova
- @
2 2
< >
T o
a

Prof. Dr. Olga Smirnova
Dr. Aleksandr Vasiliev
Ivan Kovalev

MODERN DESERT FARMING TECHNIQUES IN THE
ARABIAN PENINSULA: CHALLENGES AND PROSPECTS

Prof. Dr. Maha Al-Zahrani
Dr. Omar Al-Barakati
Assis. Prof. Dr. Waleed Al-
Yousef

Nasser Al-Farsi

RECLAIMING MARGINAL LANDS FOR AGRICULTURE IN
ARID REGIONS OF THE ARAB WORLD

Dr. Hanan Al-Salem
Prof. Dr. Saeed Al-Harbi
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
DEVELOPMENT AND PHARMACOKINETIC EVALUATION Prof. Dr. Lamia Bensalem
OF HERBAL ANTIOXIDANT FORMULATIONS FOR Dr. Karim Dieahtal
CHRONIC DISEASE MANAGEMENT : 1e9
CURRENT CHALLENGES IN ANTIMICROBIAL Assis. Prof. Dr. Nesrine
STEWARDSHIP PROGRAMS IN ALGERIAN HOSPITAL Toumi
PHARMACY PRACTICE Dr. llyes Bendaoud
NICOTINE ADDICTION AND PHARMACOLOGICAL Prof. Dr. Nour Al-Shami
INTERVENTIONS AMONG SYRIAN YOUTH: A CROSS- Dr. Bassel Haddad
SECTIONAL STUDY Dr. Lina Mansour
o EVALUATION OF TRADITIONAL HERBAL DRUG USE IN Assis. Prof. Dr. Hani Nasr
a PHARMACEUTICAL PRACTICE IN SYRIA Amina Qabbani
0 pd
pd =
5 | &
?(I - CLINICAL OUTCOMES OF MULTI-DRUG THERAPY FOR Dr. Aissatou Faye
) a TUBERCULOSIS PATIENTS IN SENEGAL: A PHARMACY- Moussa Ndiaye
: w BASED COHORT STUDY Prof. Dr. Alioune Diop
O o
< o
T g Prof. Dr. Mariéme Diouf
< PHARMACOVIGILANCE AND ADVERSE DRUG REACTION g‘zse'sépr"f' Dr. Serigne
REPORTING SYSTEMS IN SENEGALESE HOSPITALS Y
Fatoumata Sarr
Dr. Abdoulaye Diallo
EVALUATION OF PHARMACOGENOMIC TESTING PDrrOfkgr;r'a‘ﬁﬁihAu%a;‘l’va
PRACTICES IN AZERBAIJANI COMMUNITY PHARMACIES : )
Dr. Arzu Guliyeva
DEVELOPMENT OF CONTROLLED-RELEASE Assis. Prof. Dr. Elmar
FORMULATIONS FOR CARDIOVASCULAR DRUGS IN Suleymanov
AZERBAIJAN Prof. Dr. Nigar Huseynli
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PARASITIC INFESTATIONS IN SMALL RUMINANTS: Shodmon Mirzoev
CHALLENGES FOR RURAL LIVESTOCK FARMERS IN Dr. Farzona Rajabova
TAJIKISTAN Jamila Saidova
EPIDEMIOLOGICAL SURVEY OF BOVINE TUBERCULOSIS
IN RURAL TAJIKISTAN: DIAGNOSIS AND CONTROL B:' éﬂﬂi?as?ﬁ?r?vova
STRATEGIES : P
Prof. Dr. Hossam Eldin
CONTROL OF BRUCELLOSIS IN DAIRY CATTLE: Xﬁg?g%iki
VACCINATION EFFORTS IN EGYPTIAN GOVERNORATES .
Assis. Prof. Dr. Mona El-
Sayed
9 AVIAN INFLUENZA MONITORING AND BIOSECURITY Dr. Faten Abdelrahim
S PRACTICES IN POULTRY FARMS OF EGYPT Mohamed Saber
© <
z o
o] . .
9 © Prof. Dr. Hassan Shirazi
< a TICK-BORNE DISEASES IN IRANIAN SHEEP FLOCKS: Assis. Prof. Dr. Sara
& 5 MOLECULAR DIAGNOSIS AND CONTROL MEASURES Foroughi
| R Dr. Mohsen Farzi
- S
% T
2 Dr. Sahar Kaviani
2 VETERINARY EDUCATION REFORM AND PRACTICAL Prrc')f %f“ Alﬁﬁiggr
< TRAINING IN IRANIAN UNIVERSITIES - Dr. !
Dehghan Banadaki
SURVEILLANCE OF ZOONOTIC DISEASES AT THE Dr. Ramesh Gopalakrishnan
WILDLIFE-LIVESTOCK INTERFACE IN WESTERN INDIA Assis. Prof. Dr. Meera Nair
EVALUATION OF TRYPANOSOMIASIS CONTROL PDrrOfBr?;élzi ’r'ﬁairee”“’asa”
PROGRAMS IN INDIAN DAIRY CATTLE : .
Dr. Aparna Nair
MOLECULAR CHARACTERIZATION OF CANINE 2;'8 i'\sﬂaprtrsz%rrerPablo
PARVOVIRUS STRAINS IN DOG POPULATIONS IN SPAIN Aorag "
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Salon Moderator

Bildiri No ve Baslig1 / Paper ID and Title

Authors

HALL / SALON 1
Doc. Dr. Demokaan DEMIREL

KAMU YONETIMINDE ETIK: ABD ve AB YONETIM
ILKELERI ARASINDA BiR KIYASLAMA

Dog. Dr. Demokaan
DEMIREL

TURKIYE’DE YAPAY ZEKA UYGULAMALARI

Dog. Dr. Demokaan
DEMIREL

BETWEEN CAESARISM AND BUREAUCRATIC
OLIGARCHY: THE TENSION IN MAX WEBER’S POLITICAL
THOUGHT

Dog.Dr. Mustafa Cem
oGUZ

RPP AND POPULISM: A COMPARISON BETWEEN ISMET
INONU AND BULENT ECEVIT

Ars. Gor. Tahir Anil
GUNGORDU

THE RELATIONSHIP BETWEEN BUDGET REVENUES AND
PUBLIC SERVICE EFFICIENCY

YL Ogrenci Emine Gamze
BUBER
Dog. Dr. Inci SANDALCI
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. INVESTIGATION OF SEASONAL RECREATIONAL USE ggﬁg&ﬂku GULPINAR
CHARACTERISTICS OF YOMRA COASTAL AREAS
Makbulenur ONUR
0 EVALUATION OF SOCIAL FOCUSES IN COASTAL AREAS Demet Ulkii GULPINAR
= 2 THROUGH OPEN SPACE USES OF CAFES AND SEKBAN
a RESTAURANTS IN YOMRA COASTLINE Makbulenur ONUR
<
~N -
> <
9 2
< & KENTSEL ISI ADASI ETKISININ AZALTILMASINDA CiM (D)frh(;’\‘/’;‘ SP]IEE;;‘I?;E{}S[E’C*ER
N = 3 ALANLAR VE EKOLOJIK SURDURULEBILIRLIK :
~ > Dog. Dr. Fatma
- g TARTISMASI ASILIOGLU
< a
I 5
5 Dr. Reva SERMET ACAR
e o .
g 4 15 DAKIKALIK SURDURULEBILIR KENT MODELI Ogr. Gor. Hande ASLAN
— Dog. Dr.vFatma
ASILIOGLU
SOURCES AND SUSTAINABLE MANAGEMENT OF
5 HAZARDOUS WASTE ORIGINATING FROM HEALTHCARE | Lecturer Dr. MERVE
FACILITIES ALADAG
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
Ogr. Gor., Osman Ozdemir
COMPARISON OF ACTIVE AND PASSIVE COOLING Dr. Ogr. Uyesi, Halit Lutfi
METHODS TO INCREASE THERMAL PERFORMANCE IN Yiicel
PHOTOVOLTAIC PANELS: A LITERATURE REVIEW Dog. Dr., Gokhan
Kahraman
DONEN SILINDIRIK EVREN MODELI ICIN MUTLAK ngél?l(i l'_\l"RU RAT
PARALELIZM VE GOKKUSAGI KUTLECEKIM KURAMI Doc. Dr. SIBEL
CERCEVESINDE HAMILTONYEN YOGUNLUGU KORUNUR
KRORI-BARUA MODELI CERCEVESINDE ENERJI- ]P)rOf' g " ?A”raéggEUNUR
MOMENTUM DAGILIMLARI 20¢. I nan
Idris OZ
o CONTROL STRATEGIES FOR HIGH PERFORMANCE SERVO | MURAT AYDIN
) MOTORS Dr. IDRiS SANCAKTAR
Z
-]
™ 4
% O
4
Z:' = ASSESSING STUDENT ENGAGEMENT WITH BIOSENSOR- g;ﬁ;’?b?;;‘;”gifm
n é BASED EMOTIONAL DATA Asst. Prof. Kiibra Keser
=
'
|
< e
e INVESTIGATION OF THE USE OF FLYWHEEL ENERGY gﬁg?ng: ?}I‘;ﬁlr‘ngt%fu
g STORAGE IN PV PLANTS OZCELIK
THE FOCUS OF AN STABILITY INTO A LITHIUM- mg‘;mg: ﬁgﬁ;ﬁ%w
FLYWHEEL HYBRID STORAGE IN PV SYSTEM BZCELIK
OFF-GRID SOLAR ENERGY SYSTEM DESIGN FOR A Esat ESER
DETACHED HOUSE IN DiYARBAKIR Prof.Dr.Sabir RUSTEMLI
THE IMPORTANCE OF WIND ENERGY IN THE ECONOMIC Esat ESER
DEVELOPMENT OF MUS PROVINCE Prof.Dr.Sabir RUSTEMLI
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ON APPROXIMATE SOLUTIONS OF NONLINEAR gi{e&ﬁrﬁi’:ﬁ&‘i%
FRACTIONAL DELAY DIFFERENTIAL EQUATIONS Mustafs GULSU
L-WEAKLY COMPACT OPERATORS ON BANACH Melis PATAR
LATTICES Prof. Dr. Omer Gok
: S Ogr. Gor. Dr. ZUMRUT
THE USE OF LIDAR SYSTEMS iN DISASTER CADASTRE KURTULGU
=}
8 THE USE OF KRIGING INTERPOLATION METHODS IN Ogr. Gor. Dr ZOMRUT
=) LIDAR SYSTEMS KURTULGU
=
= Opr. Gor. Abdulvah
= a VARIKOSEL HASTALIGINI SINIFLANDIRMADA P|gr\§'AR0r' uivahap
% = KULLANILAN MAKINE OGRENIMi MODELLERININ Dr. Osr. Uvesi Fatma Hilal
hrt 5 KARSILASTIRILMASI v AGI%\I. Y
3 |g
: ) 3 Opr. Gor. Abdulvahap
2 N SAGLIK ALANINDA KULLANILAN REGRESYON PINAR
% 5 YAKLASIMLARI Dr. Ogr. Uyesi Fatma Hilal
- YAGIN
S
Q
Qo
= ILLUMINATING THE NEUTRINO WORLD: DETECTION Dr. MUSTAFA
& METHODS, EXPERIMENTS, AND FUTURE DIRECTIONS KANDEMIR
PRODUCTION PLANNING FOR THE BEVERAGE SECTOR SEYDA KARAHAN
UNDER UNCERTAINTY: A FUZZY GOAL PROGRAMMING ORAK
APPROACH Prof. Dr. SELCUK ALP
RESONANT TUNNELING IN MULTI-PARABOLIC QUANTUM | Prof. Dr. Mehmet BATI
9 BARRIER STRUCTURES: A TRANSFER MATRIX APPROACH | Abdurrahman UKAN
TO HIGH-SPEED DEVICE DESIGN Asli HATIPOGLU
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EFFECTS OF MATERIAL CHANGE IN DISHWASHER SUMP E&P Test Uzmani, Onur
REGION FILTERS ON WASHING PERFORMANCE TURHAN
FARKLI AKIM YOGUNLUKLARINDA ELEKTROKIMYASAL
OLARAK CINKO VE NIKEL KAPLANMIS OLAN CELIGIN Behget Kagan BOLUK
KLORUR ICEREN COZELTILERDE KOROZYON Prof. Dr. Sibel Zor
—_ DAVRANISININ INCELENMESI
=
Dol
O
= .
10 7 CHARGE ESTIMATION OF LITHIUM-ION AND I\K/[XII({EA(IZ\;[MED IKBAL
% Z SUPERCAPACITOR HYBRID BATTERY MODELS BASED ON | [ W50 o e 4
et K-NEAREST NEIGHBOUR ALGORITHM o
OZCELIK
< 1728
v @)
= O
- s
- 5 INVESTIGATION OF ENSEMBLE LEARNING ALGORITHMS '\K"KKH?C'\fMED IKBAL
% N FOR HEALTH PREDICTION iN A HYBRID SYSTEM Prof. Dr. MEHMET AL
S INTEGRATING LITHIUM-ION AND SUPERCAPACITORS it
3 OZCELIK
@
t e
<
GEMILERDE MEYDANA GELEN IS KAZALARININ ANALIZI ’g&gﬁfl Dr. COSKAN
Dog. Dr. YELiZ DURGUN
DJI MAVIC 3M MULTISPEKTRAL GORUNTULERI ILE EKILI | Dog. Dr. MAHMUT
ALANLARDA ACIKLIK (STAND GAP) TESPITI VE ANALIZI DURGUN
ARIF ENGIN CINAR
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HALL / SALON 6
Dr. Ogretim Uyesi, NILGUN COSKUN

EMOTIONAL WELL-BEING IN THE FAMILY FROM THE
PERSPECTIVE OF YOUNG ADULTS: A METASYNTHESIS
STUDY

Biisra YURT
Dog. Dr. Bilge Tiirkoglu

BILISSEL ESNEKLIK VE PROBLEM COZME BECERISININ
AKADEMIK BASARIYA ETKISI

Psikolog, FAVVARA
ANVARLI

Dr. Ogretim Uyesi,
NILGUN COSKUN

THE RELATIONSHIP BETWEEN PERCEIVED PARENTAL
ACCEPTANCE REJECTION AND SOCIAL ANXIETY
SYMPTOMS: THE MEDIATING ROLE OF SELF-
DIFFERENTIATION AND EMOTION REGULATION
DIFFICULTIES

Yiiksek Lisans Ogrencisi,
Riimeysa Tosun Eroglu
Dog. Dr. Halime Senay
Giizel

OBJECTIVE AND SUBJECTIVE PERSPECTIVES IN
EARTHQUAKE PREPAREDNESS: A COMPARATIVE STUDY

HACER ALYA AKBOGA
HAZAN TIMUROGLU
Dr. Ogr. Uyesi MEHMET
KARASU

YETISKIN BIREYLERDE CEVRIMICT ALISVERIS
BAGIMLILIGI VE MENTAL iYi OLUS

Dog. Dr., MUSTAFA
PAMUK

Yiiksek Lisans Ogrencisi,
ABDULSELAM GULSEN
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EMOTIONAL INTELLIGENCE AS A PREDICTOR OF
LEADERSHIP BEHAVIOR IN AZERBAIJANI YOUTH Dr. Kamala Aliyeva
1 ORGANIZATIONS Dr. Javid Guliyev
Zaur Abbasov
THE EFFECTS OF SOCIAL SUPPORT ON ACADEMIC STRESS
AMONG AZERBAIJANI UNIVERSITY STUDENTS Prof. Dr. Rashad
5 Mammadov
Assis. Prof. Dr. Nigar
Babayeva
PARENTING STYLES AND ADOLESCENT SELF-ESTEEM: A Prof. Dr. Naveed Ullah
STUDY AMONG PAKISTANI FAMILIES Khan
3 Dr. Sadaf Khalid
Assis. Prof. Dr. Irfan
Ahmad
CULTURAL FACTORS INFLUENCING MENTAL HEALTH
HELP-SEEKING AMONG UNIVERSITY STUDENTS IN . .
4 PAKISTAN Dr. Marlar_n Bukhari
Farhan Ali
BODY IMAGE PERCEPTION AND SOCIAL MEDIA USAGE
AMONG EGYPTIAN TEENAGERS
"CEU 5 Prof. Dr. Mona EI-Shazly
; c Dr. Nourhan Ahmed
S g
< g ANXIETY AND ACADEMIC PERFORMANCE IN MEDICAL
% > STUDENTS: A CASE STUDY FROM EGYPT Dr. Khaled Mostafa
< Assis. Prof. Dr. Salma
- N 6 Ganmil
< o Dr. Youssef Samir
I o Maha Fawzi
o PTSD SYMPTOMS AMONG CHILDREN LIVING IN
CONFLICT-AFFECTED REGIONS OF AFGHANISTAN . .
Dr. Faridullah Hakimi
7 Assis. Prof. Dr. Laila
Wahidi
WOMEN’S MENTAL HEALTH AND ACCESS TO
PSYCHOLOGICAL SERVICES IN AFGHAN UNIVERSITIES . .
8 Dr. Razia Mohammadi
SOCIAL ANXIETY AND PEER RELATIONSHIPS IN
SECONDARY SCHOOL STUDENTS: A KABUL CASE STUDY
9 Dr. Mustafa Jan
Fatima Sultani
THE IMPACT OF DISPLACEMENT ON ADOLESCENT Prof. Dr. Abdul Qadir
MENTAL WELL-BEING IN AFGHANISTAN Shirzai
Dr. Ahmad Latif
10 Niloofar Saif
Assis. Prof. Dr. Najibullah
Faqiri
Dr. Waheed Sultani
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Assis. Prof. Dr. Nasir
POST-CONFLICT ADJUSTMENT AND DEPRESSION AMONG | Ahmad
UNIVERSITY STUDENTS IN KABUL Dr. Maryam Baryalai
Sayed Jamal
COMMUNITY-BASED MENTAL HEALTH INTERVENTIONS Prof. Dr. Grace Wanjiru
IN URBAN SLUMS: EXPERIENCES FROM NAIROBI Dr. Samuel Mwangi
Dr. Jane Anyango
IMPACT OF ECONOMIC EMPOWERMENT PROGRAMS ON Assis. Prof. Dr. Michael
WOMEN’S WELL-BEING IN RURAL KENYA Otieno
Esther Mutua
ELDER CARE POLICY DEVELOPMENT AND CHALLENGES Prof. Dr. Min-ju Lee
5 IN RAPIDLY AGEING KOREAN SOCIETY Dr. Ji-young Park
S
o~ =9
z 3 3 . o
O ; = Assis. Prof. Dr. Hyejin Kim
- @ > THE ROLE OF SCHOOL SOCIAL WORKERS IN PROMOTING | Prof. Dr. Sang-wook Chang
% ] INCLUSION FOR MIGRANT CHILDREN IN SOUTH KOREA Seong-min Lee
- 0] :E‘* Soo-yeon Choi
- o 3
< o
T wc—; 5 Dr. Mohammad Hasan
et SOCIAL ENTERPRISE AND POVERTY REDUCTION Tahmina Sultana
o STRATEGIES IN BANGLADESH: A CASE STUDY ANALYSIS | Assis. Prof. Dr. Rezaul
Karim
Assis. Prof. Dr. Mizanur
CHILD PROTECTION SYSTEMS AND MULTIDISCIPLINARY Rahman
SOCIAL SERVICE COLLABORATION IN BANGLADESH Prof. Dr. Nusrat Jahan
Shahida Akter
Assoc. Prof. Dr. Nattapong
THE IMPACT OF VOLUNTEER PROGRAMS ON YOUTH Siriphan
EMPOWERMENT IN URBAN THAILAND Dr. Suchada Chaiyapa
Samorn Phonchai
Assis. Prof. Dr. Wilawan
ENHANCING ELDERLY WELL-BEING THROUGH Bf“}rﬁi?gks'bwan
INTERGENERATIONAL SOCIAL PROGRAMS IN THAILAND Pimchanok Yimyai
Dr. Kanya Apiwattanapong
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THE IMPACT OF LANGUAGE POLICY ON BILINGUAL Prof. Dr. Samira Bensalah
EDUCATION IN ALGERIAN PRIMARY SCHOOLS Dr. Khaled Lounis
Dr. Laila Bouziane
INTEGRATING DIGITAL TECHNOLOGY IN TEACHER ’;‘:i‘l’(%afergf' Dr. Mounir
EDUCATION PROGRAMS IN ALGERIA Acsis Prof. Dr. Rabah
Hadjiri
ADDRESSING EDUCATIONAL INEQUALITY IN WAR- Dr. Ahmad Al-Sabbagh
AFFECTED REGIONS OF SYRIA . .
Rania Ibrahim
Assoc. Prof. Dr. Hala
Doumani
CURRICULUM REFORM FOR CRITICAL THINKING IN Yousef Jarrah
a SYRIAN SECONDARY SCHOOLS Assis. Prof. Dr. Basma
o Atassi
™ o Dr. Nada Suleiman
< 3
@) .
3 2 CHALLENGES AND OPPORTUNITIES IN IMPLEMENTING Prof. Dr. Mamadou Diop
< € INCLUSIVE EDUCATION IN SENEGALESE PRIMARY Assis. Prof. Dr. Fatou Ba
» S SCHOOLS Dr. Amadou Sarr
>
- e
< o
T = _ _
s MULTILINGUALISM AND LANGUAGE USE IN URBAN ol (')\ﬂagfgf‘al';‘rd'liﬁa”a
SENEGALESE CLASSROOMS sarr R
Assoc. Prof. Dr. Nargiz
THE ROLE OF PROJECT-BASED LEARNING IN PROMOTING | Ismayilova
SCIENTIFIC LITERACY IN AZERBAIJANI HIGH SCHOOLS Illgar Mammadov
Dr. Aysel Allahverdiyeva
IMPACT OF INTERNATIONAL EXCHANGE PROGRAMS ON
STUDENT INTERCULTURAL COMPETENCE IN ggh%f'zs'::fggno"a
AZERBAIJAN
THE IMPACT OF LANGUAGE POLICY ON BILINGUAL Prof. Dr. Samira Bensalah
EDUCATION IN ALGERIAN PRIMARY SCHOOLS Dr. Khaled Lounis
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INNOVATION MANAGEMENT PRACTICES IN AZERBAIJANI | Prof. Dr. Vugar Huseynov
FAMILY-OWNED ENTERPRISES Dr. Aygun Guliyeva
THE IMPACT OF E-GOVERNMENT INITIATIVES ON Assoc. Prof. Dr. Rena
ENTREPRENEURIAL DEVELOPMENT IN AZERBAIJAN Aliyeva
CORPORATE SOCIAL RESPONSIBILITY AND Er:hfr'ngg' Mohammad
SUSTAINABILITY REPORTING IN LEADING BANGLADESHI .
TEXTILE FIRMS Dr. Yasmin Haque
Assis. Prof. Dr. Kamal Roy
ENTREPRENEURIAL EDUCATION INITIATIVES IN Dr. Tania Akter
g BANGLADESHI UNIVERSITIES: OUTCOMES AND FUTURE | Assis. Prof. Dr. Ziaur
G>J\ DIRECTIONS Rahman
~ <
s z Prof. Dr. Azman Hashi
9 S DIGITAL MARKETING ADOPTION AMONG SMALL AND Drro éiti’Aiszg‘ﬁ';ufgﬁ'm
< o MEDIUM ENTERPRISES IN MALAYSIA: DRIVERS AND At ProfyDr Lim\Wei
%) < CHALLENGES SIS, ot L.
- [a)] Ming
_I .
3 3
% a
g SUPPLY CHAIN RESILIENCE AND RISK MANAGEMENT IN | Dr. Nurul Huda
ﬁ THE MALAYSIAN AUTOMOTIVE SECTOR Prof. Dr. Fahmi Ismail
HUMAN RESOURCE MANAGEMENT PRACTICES AND stgtsi{ of. Dr. Nikola
EMPLOYEE ENGAGEMENT IN SKOPJE'S ICT INDUSTRY POVSKI.
lvana Stojanovska
INFLUENCE OF INTERNATIONAL BUSINESS EDUCATION Eg‘t’:ésﬂ' Aleksandar
PROGRAMS ON ENTREPRENEURSHIP INTENTIONS IN eSKI
Marija Dimitrovska
SKOPJE \
Goran Jovanovic
CORPORATE GOVERNANCE AND THE PERFORMANCE OF | [\ (v o
FAMILY BUSINESSES IN SKOPJE :
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ENTREPRENEURSHIP AND SMALL ENTERPRISE
DEVELOPMENT IN NIGERIA: POLICY CHALLENGES AND
SUCCESS STORIES

Dr. Chinedu Okafor
Dr. Joy Onwumere

EXPLORING THE ROLE OF FINANCIAL INCLUSION IN
ALLEVIATING POVERTY IN EGYPT

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
IMPACT OF MICROFINANCE INITIATIVES ON WOMEN Dr. Ayesha Qureshi
ENTREPRENEURS IN RURAL PAKISTAN Prof. Dr. Imran Siddiqui
Assis. Prof. Dr. Zeeshan
EXAMINING THE ROLE OF REMITTANCES IN ECONOMIC Khalid
GROWTH AND HOUSEHOLD WELFARE IN PAKISTAN Saira Noor
Dr. Tarig Hanif
TRADE LIBERALIZATION AND ITS IMPACT ON THE Prof. Dr. Samira El Ghazali
MANUFACTURING SECTOR IN MOROCCO Ahmed Ben Amar
2 .
s THE DYNAMICS OF AGRICULTURAL VALUE CHAINS AND éﬁ?fsikpr"f' Dr. Youssef
o RURAL LIVELIHOODS IN MOROCCO :
O] Nora Belkadi
o w
= o
o) 3 Prof. Dr. Nneka Ezeh
| e THE IMPACT OF OIL PRICE FLUCTUATIONS ON NIGERIA’S Dr. Musa Adedayo
% % MACROECONOMIC STABILITY Dr. Aisha Bello
- S Kelechi Nwosu
4 |
< @]
T S
=
o
(%)
3
<

Prof. Dr. Mona Hassan
Dr. Ahmed Fathy
Rania Mokhtar

THE EFFECT OF EDUCATION EXPENDITURE ON LONG-
TERM ECONOMIC GROWTH IN EGYPT

Assis. Prof. Dr. Mahmoud
El-Gohary
Dr. Sara Abdallah
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CORRUPTION IN NIGERIA'S PUBLIC PROCUREMENT
SYSTEM

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
GOVERNANCE REFORMS AND PUBLIC SECTOR Imran Ali
ACCOUNTABILITY IN PAKISTAN Dr. Natasha Awan
CITIZEN PARTICIPATION IN LOCAL GOVERNANCE: 2;'5 ialg:gfsga:'ﬁﬁlsman
POLICY IMPACTS AND CHALLENGES IN URBAN > Frot. Dn
PAKISTAN Rashid

Adeel Malik

EVALUATING E-GOVERNMENT INITIATIVES IN Dr. Amina El-Mansouri
MOROCCO: SUCCESSES AND CHALLENGES Prof. Dr. Youssef Belkacem
SOCIAL POLICY INNOVATIONS FOR YOUTH . .
EMPOWERMENT IN MOROCCAN CITIES Dr. Hicham Bouzidi

© S

zZ 4 . .

@) @] Prof. Dr. Bola Akinyemi

3 < THE IMPACT OF PUBLIC HEALTH POLICY ON RURAL Assis. Prof. Dr. Chinedu

S 8 HEALTHCARE DELIVERY IN NIGERIA Nwankwo

- g Dr. Florence Uche

- ]

- )

< o

T ) ENHANCING TRANSPARENCY AND REDUCING

Dr. Jeremiah Okon

EDUCATIONAL POLICY EVOLUTION AND TEACHER
PROFESSIONALISM IN EGYPTIAN PUBLIC SCHOOLS

Prof. Dr. Mahmoud El-
Sayed

Dr. Aya Mostafa

Assis. Prof. Dr. Rania Zaki
Dr. Hossam Eldin Taha

REIMAGINING CITIZEN-CENTERED ADMINISTRATIVE
PROCESSES IN EGYPTIAN LOCAL GOVERNANCE

Dr. Nourhan Abdalla
Prof. Dr. Musa Abouzeid
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TURKIYE’DE OKUL ZORBALIGININ BELIRLEYICILERI: Dog. Dr. Fulya BARIS
SINIFLANDIRMA VE REGRESYON AGACI (CRT) ANALIZi PEI‘?{MEZij
ILE KAPSAMLI BiR INCELEME
TURKIYE’DE OGRENCILERIN AiLE DESTEGI ALGISININ Dog. Dr. Fulya BARIS
BELIRLEYICILERI: SINIFLANDIRMA VE REGRESYON PEI%MEZ&W
AGACI (CRT) ANALIZI
BIBLIOGRAPHY ANALYSIS OF THESIS WRITTEN IN Arapga 6gretmeni , Ozcan
ARABIC TEACHING IN TURKEY BETWEEN 2020 AND 2024 KILIQ
Lisans Ogrencisi SEHER
YALCIN
“ADINI BEN VERDIM, YASINI ALLAH VERSIN!": Lisans Ogrencisi PINAR
] OGRETMEN ADAYLARININ iSiM HIKAYELERI DURMUS
— S Dog. Dr. OMER
% o) KEMIKSIZ
| =
S |3
g it THE LEVEL OF 5TH GRADE STUDENTS’ ASSOCIATION OF Student. Tuzba DEDE ER
:Il S KNOWLEDGE LEARNED IN THE ‘MATTER AND CHANGE’ Prof. Do U(%UR SARI
< O UNIT WITH DAILY LIFE of. Lr.
I 50
Q
SCIENCE QUESTIONS FROM THE PERSPECTIVE OF ;g‘ggﬁ‘;;‘giggmm‘s"
COGNITIVE PROCESSES AND KNOWLEDGE DIMENSIONS: :
2025 LGS REVIEW Prof. Dr., SEVILAY
KARAMUSTAFAOGLU
SCIENCE LEARNING OUTCOMES FOR THE UNIT “OUR Yiiksek Lisans Ogrencisi,
NEIGHBORS IN THE SKY AND US” IN THE SCIENCE BEGUM SAHIN
COURSE ANALYSIS OF AND PROCESS COMPONENTS Prof. Dr., SEVILAY
ACCORDING TO THE SOLO TAXONOMY KARAMUSTAFAOGLU
GLOBAL TRENDS IN TEACHER AGENCY RESEARCH: A Ogr. Gor. Sezai OZEL
BIBLIOMETRIC STUDY OF PEER-REVIEWED ARTICLES Dog. Dr. Muhammed
(1992-2024) ZINCIRLI
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FROM THE ARISTOCRATIC FAMILIES OF ANCIENT
1 GREECE TO THE OEDIPAL CONFLICT: AN ANALYSIS OF Ars. Gér. Sezin DOGAN
THE SERIES SUCCESSION (2018)

SANAL ETKILEYiCILERIN REKLAMCILIK
2 LITERATURUNDEKI DURUM TESPITI: SCOPUS TABANLI
BIBLIYOMETRIK ANALIZi

Dog.Dr. YASEMIN
BOZKURT

ANALYSIS OF ETHICAL AND MORAL STANCE IN
3 ADVERTISEMENTS: VALUE CONSUMPTION IN THE Dr., SIBEL DEMIR
EXAMPLE OF AKAGI NYUGYO ADVERTISING FILM

HALL / SALON 2

AGE DISCRIMINATION IN NEW MEDIA: THE EXAMPLE OF

Do¢.Dr. YASEMIN BOZKURT

4 EKSI SOZLUK Dr., SIBEL DEMIR
MASALLARIN OGRETIMINDE BLOOM TAKSONOMISININ
KULLANIMI: YABANCILARA TURKCE OGRETIMI VE

5 Dr. Samet Doykun

SOMUT OLMAYAN KULTUREL MIRAS TEMELLI BIR
MODEL
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Authors

HALL / SALON 3
Dr. Ogretim Uyesi Zeynep GUNAY

DIVRIGI ULU MOSQUE AND DARUSSIFA ACCORDING TO
VISITOR EXPERIENCES: A QUALITATIVE CONTENT
ANALYSIS BASED ON TRIPADVISOR REVIEWS

Dr. Ogretim Uyesi Rabia
BOLUKBAS

Dog. Dr. Gizem Sultan
KAMAN

Prof. Dr. Irfan

YAZICIOGLU
Prof. Dr. irfan
YAZICIOGLU
THE EFFECT OF FOOD NEOPHOBIA IN GASTRONOMIC Dr. Ogretim Uyesi Rabia
TOURISM BOLUKBAS

Dr. Ogretim Uyesi Gizem
Sultan KAMAN

RELIGION AND SOVIET AUTHORITY IN KAZAKHSTAN: A
STRUGGLE IN THE 1920S-1980S

Aizada Yestay
Prof. Dr. Thsan Arslan

ECONOMIC REFLECTIONS OF TRAVELS: SUSTAINABILITY
PERSPECTIVES OF IBN BATTUTA AND MARCO POLO

Dr. Ogretim Uyesi Zeynep
GUNAY

WOMEN’S ECONOMICS IN EVLIYA CELEBI’S
TRAVELOGUE: SOCIAL ROLES AND ECONOMIC
CONTRIBUTIONS

Dr. Ogretim Uyesi Zeynep
GUNAY

THE SIGNIFICANCE OF MIRZA BALA MAMMADZADEH’S
SOCIO-POLITICAL AND PUBLICISTIC ACTIVITY IN THE
STUDY OF TWENTIETH-CENTURY AZERBAIJANI HISTORY
AND THE STRUGGLE FOR INDEPENDENCE

Saida Mehraliyeva

DIPLOMATIC ACTIVITIES AND GEOPOLITICAL AIMS OF
RUSSIAN CONSULATES IN THE VAN PROVINCE OF THE
OTTOMAN EMPIRE (FROM THE MID-19TH CENTURY TO
THE EARLY 20TH CENTURY)

Dr. Ozlem KARAPINAR
GOK

THE ORIENTATION OF KAZAN TURKS TOWARDS
ANATOLIA UNDER THE PRESSURE OF THE HOMELAND
AND TWO MAJOR WAVES OF MIGRATION

Dr. Ozlem KARAPINAR
GOK
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THE NEW FRONT OF GEOPOLITICAL COMPETITION: A
1 COMPARATIVE ANALYSIS OF THE BELT AND ROAD Tarik COKMEZ
INITIATIVE (BRI) AND THE INDIA-MIDDLE EAST-EUROPE
CORRIDOR (IMEC)
? TURKIYE’DE ENFLASYON VE BEKLENTILER ARASINDAKI | Prof. Dr. TANER AKCACI
ILISK1 UZERINE AMPIRIK BIR ANALIZ (2015-2025) Ar. Gér. OKAN GULEC
3 THE EFFECT OF UNEMPLOYMENT AND INFLATION ON Dr. Ogr. Uyesi, Dilek
LIFE EXPECTANCY: AN ECONOMETRIC ANALYSIS ATILGAN
Yiiksek Lisans Ogrencisi,
4 AZERBAYCAN VE TURKIYE ARASINDAKI ENERJI IS TARLAN MALIKOV
3 BIRLIGI: TARIHSEL GELISIM VE EKONOMIK ETKILER Prof. Dr. ABDULLAH
e MESUD KUGCUKKALAY
hl <
pd )
@] P 5 EXPORT PERFORMANCE AND GLOBAL ) Dr. Ferdi Akoili
;(' g COMPETITIVENESS OF TURKIYE’S AUTOMOTIVE SECTOR ) pHli¢
wn S
~ —
- D Prof. Dr. ZEYNEP
- - .
< 5 6 KALKINMA AJANSLARININ BOLGESEL KALKINMA EﬁﬁﬁgggﬁMBm
T ¢ ACISINDAN ONEMI; DOKAP ORNEGI Prof. Dr. BURCU
A GUVENEK
7 REFLECTIONS OF GENDER INEQUALITY ON Dog. Dr. inci SANDALCI
CONSUMPTION: PINK TAX Dog. Dr. Ulvi SANDALCI
A STUDY ON THE SUSTAINABILITY OF BORROWING AS A .
8 TYPE OF PUBLIC REVENUE Dog. Dr. Ulvi SANDALCI
9 FINANSAL RiSK GOSTERGELERININ BORSA ISTANBUL Dr. Ogr. Uyesi, Cigdem
UZERINDEKI ETKILERT YERLI
10 | BIST BANKACILIK ENDEKSININ SAKLIMARKOV ZINCIRI | Dr. Ogr. Uyesi, Cigdem
ILE TAHMINI YERLI
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DISLi CARK TASARIM PARAMETRELERINI Di$ DiBi Makine Miihendisi,
GERILMELERINE OLAN ETKILERININ ISTATiSKi OLARAK | Abdurrahman AYDOGAN
INCELENMES] Dog. Dr. Oguz DOGAN
Assistant Professor Giildane
ATOMISTIC INSIGHTS INTO HIGH ENTROPY ALLOYS: A ATESOGLU
COMPREHENSIVE REVIEW OF MOLECULAR DYNAMICS Assistant Professor Tugge
SIMULATIONS YILDIZ
Prof. Dr. ismail ESEN
Assistant Professor Tugge
MOLECULAR DYNAMICS INVESTIGATION OF TENSILE YILDIZ
BEHAVIOR AND PHASE TRANSITION MECHANISMS IN Assistant Professor Giildane
- FewoNiCrCoCu HIGH-ENTROPY ALLOY ATESOGLU
o Prof. Dr. Ismail ESEN
2
2
Lo & ADVANCES IN FRICTION STIR SPOT WELDING (FSSW) OF Dr. &r. Uvesi E
Z £ POLYAMIDE-6 (PA6): PROCESS PARAMETERS, JOINT K‘Zwébsﬁ?l mre
3 = QUALITY AND FAILURE BEHAVIOR
b7 )
%) <
~ .
- a)
2‘ w RECENT ADVANCES IN FRICTION STiR SPOT WELDING OF | Dr. Ogr. Uyesi Emre
T E POLYPROPYLENE (PP) SHEETS KAYGUSUZ
S
a
< Res. Asst., AHMET
BEST PRACTICES FOR GENERATING FINITE ELEMENT Dis%ms;é
MESHES FROM IMPLICIT BODIES IN NTOP Prof. Dr., ISMET CELIK
REUSABLE AUTOMATION TEMPLATES FOR SPECIMEN Res. Asst., AHMET
IDENTIFICATION IN ADDITIVE MANUFACTURING DESIGN | DAYANC
OF EXPERIMENTS Prof. Dr., ISMET CELIK
INVESTIGATION OF CUTTING PARAMETERS,
TEMPERATURE, SURFACE ROUGHNESS, AND ENERGY Assoc. Prof. Dr. Abidin
CONSUMPTION IN AISI 304 STEEL FOR Sahinoglu
ENVIRONMENTALLY FRIENDLY MANUFACTURING
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Authors

HALL / SALON 6
Doc. Dr. Salim Sercan SARI

IKTISADI ve IDARI BILIMLER FAKULTESI
OGRENCILERINDE AKADEMIK BENLIKTEN DIJITAL
FINANSAL DAVRANISA BiR ALAN ARASTIRMASI

Dr. Ogr. Uyesi Muhammed
Sabri SIRIN

Dog. Dr. Salim Sercan
SARI

AN ANALYSIS OF THE SOCIAL SUSTAINABLE
DEVELOPMENT GOALS OF COMPANIES IN THE
ELECTRICITY INDUSTRY

Dog. Dr. Oguz Yusuf
ATASEL

Dog. Dr. Nevzat GUNGOR
Dog. Dr. Yasin SEKER

AN ANALYSIS OF THE ENVIRONMENTALLY
SUSTAINABLE DEVELOPMENT GOALS OF COMPANIES IN
THE IRON-STEEL INDUSTRY

Dog. Dr. Yasin SEKER
Dog. Dr. Oguz Yusuf
ATASEL

Dog. Dr. Nevzat GUNGOR

AN EVALUATION of THE DISCOURAGED LABOUR FORCE
PHENOMENON FROM A GENDER-BASED PERSPECTIVE

Ogr. Gor. Yagmur
AKARSU

ANALYSIS OF EMPLOYMENT BY REGION IN TURKEY IN
TERMS OF GENDER AND WORKING TYPES

Ogr. Gor. Yagmur
AKARSU

EFFECT OF VIRTUAL REALITY-SUPPORTED
ORIENTEERING TRAINING ON THE COGNITIVE AND
SOCIAL SKILLS OF EMPLOYEES IN THE CERAMICS
INDUSTRY

L. Ogrenci, Zeynep Siiheda
TARIKUT

L. Ogrenci, Ayla AYDIN
L. Ogrenci, Muhammed
Emin CANTURK

Dr. Ogrenci, Figen
COSKUN

Y1. Ogrenci, Yahya
DOGAN

Dog. Dr. Oya ERENOGLU
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Prof. Dr. Tamar
FINANCIAL INCLUSION AND MICROFINANCE IMPACT ON Zurabishvili
RURAL ENTREPRENEURSHIP DEVELOPMENT IN GEORGIA | Assis. Prof. Dr. Giorgi
Beridze
Dr. Nino Gvaramadze
REGIONAL TRADE INTEGRATION STRATEGIES AND Levan Sepashvili
ECONOMIC GROWTH IN THE SOUTH CAUCASUS - pashvi
Mariam Kipiani
THE ROLE OF UNIVERSITIES IN PROMOTING Prof. Dr. Laila Benyahia
ENTREPRENEURIAL SKILLS AMONG MOROCCAN YOUTH Dr. Youssef El Khatib
ASSESSING THE DETERMINANTS OF INFORMAL SECTOR Dr. Samira Amine
EMPLOYMENT IN MOROCCO’S URBAN CENTERS '
=R
s
3
— S m
=z © 5 Assoc. Prof. Dr. Ibrahim
9 a S IMPACT OF OIL PRICE VOLATILITY ON FISCAL STABILITY | Musa
< o 6 AND DEVELOPMENT IN NIGERIA Dr. Chinedu Okafor
% g g Blessing Adebayo
3 a)
(]
3 F i
< = 2 Dr. Ngozi Umeh
T oo AGRICULTURAL PRODUCTIVITY, RURAL POVERTY, AND Q.SSI'Z'J Prof. Dr. Emeka
G 2 TECHNOLOGICAL ADOPTION IN NIGERIA !
2y Adesua Oladele
o< Prof. Dr. Funmi Ajayi
Prof. Dr. Mei-Chun Lin
REVITALIZING THE MANUFACTURING SECTOR THROUGH | Dr. Yu-Ting Huang
INNOVATION POLICIES IN TAIWAN Assis. Prof. Dr. Chun-Wei
Chen
Dr. Yen-Wen Lee
FINTECH DEVELOPMENT AND FINANCIAL LITERACY Assis. Prof. Dr. Po-Ching
AMONG UNIVERSITY STUDENTS IN TAIWAN Lin
Min-Hua Tseng
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LEGAL EDUCATION REFORM AND PROFESSIONAL ETHICS
IN NIGERIAN LAW SCHOOLS

Assis. Prof. Dr. Ibrahim
Musa

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
CONSTITUTIONAL DEVELOPMENTS AND THE RULE OF Prof. Dr. Levan Metreveli
LAW IN CONTEMPORARY GEORGIA Dr. Tamar Mamuladze
PROTECTION OF MINORITY RIGHTS IN THE GEORGIAN gli'a t':'r?r?ecé‘;'r‘:\‘/"j‘ﬁszﬁvi“
LEGAL SYSTEM Katerine K
Giorgi Lomidze
Prof. Dr. Samira
JUDICIAL INDEPENDENCE AND GOVERNANCE IN THE Benmansour
MOROCCAN LEGAL SYSTEM : .
Dr. Rachid Amrani
LEGAL RESPONSES TO ENVIRONMENTAL CHALLENGES 'é‘gi'tsélsk;"f' Dr. Hicham
2 IN MOROCCO: POLICY, LITIGATION, AND ENFORCEMENT | VO 280 o o
©
i)
>
o
~ o
=z = Prof. Dr. Chinedu
3 s ANTI-CORRUPTION LEGISLATION AND THE CHALLENGES | Oguejiofor
< ] OF ENFORCEMENT IN NIGERIA Uche Okeke
%) I Dr. Emeka Ike
~ &
_
3 o
< 5
I jus Dr. Nnenna Umeh
o
“
‘@
w)
<

INTELLECTUAL PROPERTY RIGHTS AND INNOVATION IN
TAIWAN: POLICY, PRACTICE, AND COMPLIANCE

Prof. Dr. Mei-Hua Lin
Dr. Chien-Li Chang
Yun-Ju Hsu

JUDICIAL REVIEW AND ITS INFLUENCE ON
CONSTITUTIONAL DEMOCRACY IN TAIWAN

Assoc. Prof. Dr. Chih-Ping
Lin

Dr. Wen-Ling Lin
Tzu-Yun Chen

THE DEVELOPMENT OF ENVIRONMENTAL JUSTICE LAW
IN TAIWAN: CHALLENGES AND FUTURE DIRECTIONS

Dr. Shu-Han Chen
Wen-Chen Hsiu
Assis. Prof. Dr. Lily Kuo
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ARTIFICIAL INTELLIGENCE-ENABLED ADAPTIVE Prof. Dr. Clarissa Tan
LEARNING ENVIRONMENTS IN SINGAPORE UNIVERSITIES | Dr. Haoran Lim
USING Al FOR INCLUSIVE PEDAGOGY: OPPORTUNITIES .
AND BARRIERS IN SINGAPORE Assoc. Prof. Dr. Mei Chan
AI-POWERED LEARNING ANALYTICS FOR STUDENT Er%fMlchrhfkl)gt;KI)vllaensah
RETENTION IN AFRICAN UNIVERSITIES T
Samuel Badu
ADDRESSING DIGITAL DIVIDES: AI-ENABLED EDUCATION Prof. Dr. Tabitha Mwangi
INTEGRATION IN RURAL AFRICAN SCHOOLS e g
k=)
C
© S
Z S Dr. Sarah Al Maeeni
9 © AI-ASSISTED ASSESSMENT AND FEEDBACK SYSTEMS IN Assis. Prof. Dr. Hassan
< g DUBAI HIGHER EDUCATION INSTITUTIONS Farooq
n Kl Maryam Al Marri
- @©
_ (ol
- -
< )
T "‘5 EMPOWERING TEACHER PROFESSIONAL DEVELOPMENT Prof. Dr. Nahla Hussein
E THROUGH Al INTEGRATION IN DUBAI SCHOOLS T
AIl-INFUSED CURRICULUM DEVELOPMENT IN HIGHER Dr. Kossi Ayité
EDUCATION: THE CASE OF TOGO Prof. Dr. Mawuli Gbadoe
Assis. Prof. Dr. Afi Kouassi
AI-BASED LANGUAGE LEARNING APPLICATIONS FOR Dr. Jean Kodjo
FRANCOPHONE STUDENTS IN TOGO Yawovi Mensah
Kwami Yawovi
Al FOR EDUCATIONAL ADMINISTRATION AND DATA- Assis. Prof. Dr. Komi
DRIVEN DECISION MAKING IN TOGOLESE SCHOOLS Lawson
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FUNCTIONALIZATION OF CARBON NANOTUBES FOR Dr. Bakythek Mamatov

1 TARGETED DRUG DELIVERY SYSTEMS Meerim Zhumabaeva
Almazbek Ashymov
ADVANCED HEXAGONAL BORON NITRIDE Prof. Dr. Nursultan
2 NANOMATERIALS FOR THERMAL MANAGEMENT IN Sadykov
ELECTRONICS Dr. Aida Abdykadyrova
GRAPHENE-BASED NANOCOMPOSITES FOR ENERGY Prof. Dr. Yasmin Khalil
3 Dr. Samiya Salameh

STORAGE APPLICATIONS IN PHOTOVOLTAIC DEVICES
Nael Banat

4 IRON OXIDE NANOPARTICLE SYNTHESIS FOR MRI 'Ii;.SiI;In;rona(li:;irUT/:Ohammad
CONTRAST ENHANCEMENT AND DIAGNOSTICS Mustéfa Y

Assoc. Prof. Dr. Wang Jian

% 5 SILICON NANOWIRES SYNTHESIS FOR NEXT- Dr. Clara Lim
S GENERATION BIOSENSOR PLATFORMS Wei Chen
Z 3
3 2
5) E TUNABLE PLASMONIC PROPERTIES OF GOLD Prof. Dr. Siti Mariam
- A 6 NANOPARTICLES FOR CANCER PHOTOTHERMAL Rahmat
.| “é THERAPY Dr. Muhammad Arif
3 a
I 3]
a .
< METAL-OXIDE NANOSTRUCTURES FOR HIGH- 2;'3 ngfo']f";;'asse”
7 PERFORMANCE GAS SENSORS IN ENVIRONMENTAL ’ P -
Mohammed Al-Khalili
MONITORING . .
Zainab Al-Lawati
Prof. Dr. Fatma Al-
POLYSACCHARIDE-BASED NANOCARRIERS FOR Khusaibi
8 CONTROLLED MEDICATION DELIVERY IN OMANI Noor Al-Maawali
HEALTHCARE Yusuf Al-Shibli
Dr. Amal Al-Amri
Dr. Luc Moreau
9 SELF-ASSEMBLED SUPRAMOLECULAR NANOFIBERS FOR Assis. Prof. Dr. Emilie
TISSUE ENGINEERING APPLICATIONS Dubois
Louis Laurent
DESIGN AND APPLICATION OF MESOPOROUS SILICA Prof. Dr. Claire Dubois
10 NANOPARTICLES FOR CANCER DIAGNOSIS AND Dr. Sophie Lefevre
THERAPY Emilie Rousseau
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MATERNAL HEALTHCARE ACCESS AND SOCIOECONOMIC | Prof. Dr. Meerim Aitmatova
BARRIERS AMONG WOMEN IN RURAL KYRGYZSTAN Dr. Bakytgul Uulu

) PERCEPTIONS AND PRACTICES OF ANTENATAL g;h'?r‘;rggg'slfgx:
NUTRITION AMONG PREGNANT WOMEN IN BISHKEK KoL
Gulzat Sultanalieva

. PSYCHOSOCIAL STRESSORS AND COPING STRATEGIES Q:foﬁbﬁtriof' Dr. Lina
AMONG PREGNANT WOMEN IN THE WEST BANK g )
Dr. Hala Najjar

S .
fmu . BARRIERS TO ADEQUATE PRENATAL CARE IN GAZA: ?Aréglﬁgeggﬂl';h
x PERSPECTIVES OF WOMEN AND HEALTH PROVIDERS L
o o Ayah Abu Seir
= <
O &
?(I <
n = Dr. Cheryl Tan
_ 5 5 IMPACT OF WOMEN'S EDUCATION ON MATERNAL AND Liew Wei Ling
- - INFANT HEALTH OUTCOMES IN SINGAPORE Prof. Dr. Siti Rahimah
< 15) Dr. Jasmine Goh
T T
n
2
< 6 CULTURAL INFLUENCES ON CONTRACEPTIVE USE Assoc. Prof. Dr. Sharon Lee
DECISIONS AMONG SINGAPOREAN WOMEN Samantha Tan
7 PREGNANCY-RELATED HEALTH LITERACY AND Assis. Prof. Dr. Maha Al-
OUTCOMES IN OMANI WOMEN Rashdi
Assis. Prof. Dr. Abdullah
8 SOCIAL SUPPORT NETWORKS AND MATERNAL WELL- Al-Balushi
BEING DURING PREGNANCY IN OMAN Dr. Salima Al-Yahyaei

Huda Al-Shukaili

Academy Global Conferences & Journals

2 e =

oo ACADEMY




F
LT
S -

&

ACADEY,
Pl

www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
November 28 - 30, 2025

RIZE

Meeting ID: 885 7151 8350 Passcode: 202224

30 Kasim / Nov 30, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
ETKILESIMLI KONUSMA OLCEGININ GECERLIK VE .
GUVENIRLIK CALISMASI Dog. Dr. Aysun EROGLU
TURKCE OGRETMENI ADAYLARININ YARATICILIK -
KAVRAMINA ILISKIN METAFORIK ALGILARI Dog. Dr. Aysun EROGLU
INTEGRATING SUSTAINABLE DEVELOPMENT GOALS Zelal COBAN
INTO LANGUAGE TEACHING: PRACTICAL STRATEGIES Ass. Prof. Dr, Batuhan
- AND RECOMMENDATIONS SELVI
=
QD
Q
— =) THE PRESENCE OF SUSTAINABLE DEVELOPMENT GOALS | Zelal COBAN
% o IN THE NEW ENGLISH CURRICULUM IN TURKIYE: A Ass. Prof. Dr, Batuhan
- ‘Zﬂ CONTENT ANALYSIS SELVI
S z
wn
2 < .
- < 6. SINIF OGRENCILERININ ADIDAKTIK BIR ORTAMDA ]S;"Z%B;AI%EETTI\?R'
< @) HACIM KAVRAMINI KESFETME SURECLERININ Dey(..)a, %e { Selcen Calik
I L INCELENMESI T Lsr yest selcen Lall
a UZUN
—
(=]
S
A .
CELIL YILDIRIM
ERKEN COCUKLUKTA RiSK ALMA DAVRANISI Dr. Ogr. Uyesi GAMZE
BILIR SEYHAN
USE OF PUZZLES IN SECONDARY SCHOOL CHEMISTRY Prof. Dr. CANAN
CLASSES: DIGITAL PLATFORMS AND PUZZLE EXAMPLES | NAKIBOGLU
PRE-SERVICE CHEMISTRY TEACHERS’ PRIOR Eﬁ%ﬁarb%?BAN
KNOWLEDGE REGARDING VISUAL AND LIGHT .
POLLUTION Prof. Dr. NURI
NAKIBOGLU

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025

RIZE
Meeting ID: 885 7151 8350 Passcode: 202224

30 Kasim / Nov 30, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)
Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
1 TOBACCO ADDICTION AND NURSING APPROACHES Dog. Dr., Mahmut EVLI
2 ALCOHOL USE DISORDER AND NURSING APPROACHES Dog. Dr., Mahmut EVLI

Assist. Prof. Dr. Gizem
3 EMOTIONAL LABOR IN MIDWIFERY CITAK
Lecturer Serpil TOKER

Z
(9\]
=z § Assist. Prof. Dr. Gizem
@) g 4 PERINATAL PALLIATIVE CARE CITAK
:(' X Lecturer Serpil TOKER
n =
~ =
- ™
| a Postgraduate Student,
< N 5 EFFECTS OF ERGONOMIC RISK FACTORS ON PRE- AYHAN KISA
I -3 HOSPITAL EMERGENCY HEALTH WORKERS Assistant Professor, AYSIN
= ASKIN
TURKIYE’DE GELISIMSEL TARAMALAR VE ENGELLI e
6 COCUGUN TESPITINDE HALK SAGLIGI HEMSIRELIGI Dog. Dr. Filiz OZKAN
7 DEGISEN DUNYA VE TEKNOLOJI PERSPEKTIFINDE HALK Dog. Dr. Filiz OZKAN

SAGLIGI HEMSIRELIGI
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
PHYTOCHEMICAL CONSTITUENTS AND THERAPEUTIC " .
VALUES IN SCORZONERA SPECIES Prof. Dr. Hillya CICEK
Dr. Ogr. Uyesi Erhan
OZTURK
BAZI DTP TUREVLERINDE IT-KOPRU SECIMININ TADF Ogr. Gor. Dr. Yasemin
MEKANIZMASINA ETKISI KESKEK KARABULUT
Dog. Dr. Zeynep Silan
TURHAN
Dr. Yasemin KESKEK
FARKLI IT-KOPRU SECIMIYLE TASARLANMIS BAZI DTP g’iRé‘;Ugyg,r Uvesi
TUREVLERININ MOLEKULER KENETLEME YONTEMIILE | £ 260 S 80 Y
ANTIMIKROBIYAL AKTIVITELERININ ARASTIRILMASI .
Dog. Dr. Zeynep Silan
TURHAN
v
o =
= .9 KOMPOSTLAMA SISTEMLERINDE CEVRESEL RiSKLER: Dr. Kemal SULUK
e} o KURESEL HARITALAMA ANALIZi Dr. Fevzi SEVIK
3 B
%) =
—~ =
- Y ) ) S
Z:I a KOMPOSTLASTIRMA ISLEMINDE SERBEST HAVA Dr. FEVZi SEVIK
T o BOSLUGUNUN ONEMI Dr. KEMAL SULUK
1 5
A
SUMAK (RHUS CORIARIA) POLIFENOLLERIN g“hgf‘%b{%ﬂ/fRM AN
ENTEROCOCCUS FAECALIS ILE ETKILESIMLERININ iN- Pr?ff'Dr' Zeﬁra SAFI 07
SILIKO DEGERLENDIRILMESI Ars. Gor. Dr. Ayean CELIK
IN SILICO COMPARATIVE ANALYSIS OF AGARICUS
BISPORUS AND PRIESTIA MEGATERIUM TYROSINAS goncaDYﬁM'ﬁ‘.NEERM AN
ENZYMES 0¢. Dr. ranim
DEVELOPMENT OF ANTIMICROBIAL MEDICAL TEXTILES | M.Sinem Kiral
CONTAINING CARVACROL Dr.Arzu Erol Afatoglu

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY




www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
November 28 - 30, 2025

RIZE
Meeting ID: 885 7151 8350 Passcode: 202224
30 Kasim / Nov 30, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

SOME CONCEPTS RELATED TO HIKMAH (WISDOM) IN

USUL AL-FIQH Hicran CEBIC

COSMIC CREATION IN CLASSICAL AND CONTEMPORARY Yiiksek Lisans Ogrencisi
2 TAFSIR: A COMPARATIVE STUDY OF QUR’ANIC VERSES Saliha Yanikoglu
AL-ANBIYA’ 30 AND FUSSILAT 11 Dog. Dr. Harun SAHIN

<«
> & IBN TAYMIYYAH’S COMMENTS ON HYPOCRITES IN THE .
o = 3 CONTEXT OF SURAH AL-BAQARAH VERSES 8-16 Dog. Dr. Hact CICEK
|
< S
w
~ s
| j
- 2 COMMENTARIES OF THE COMMENTATORS ON THE
< = 4 VERSES REFERRING TO PERSONIFICATION IN THE Dog. Dr. Haci Cigek
T ;
QUR’AN
5 YENILMESI SUNNETLE HELAL KILINAN BiR AV HAYVANI: YVasar Eksilm
YABANI ESEK asar bxsiime
6 UPANISADLARDA TANRISAL SOLUK Ihi Meslek Dersleri

Ogretmeni, Betiil GEZICI

Academy Global Conferences & Journals

UASIOURNAL
ijasjournalcom

ACADEMY *



 LONFEREY,
AR 5,

ACADEY,
&
o
Pl

www.akademikongre.org

KARADENIZ 19th INTERNATIONAL CONFERENCE ON SOCIAL SCIENCES
November 28 - 30, 2025

RIZE
Meeting ID: 885 7151 8350 Passcode: 202224
30 Kasim / Nov 30, 2025 / 15:00 — 17:00 Time zone in Turkey (GMT+3)

Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors

2005-2010 YILLARI ARASI DUNYA GUNDEMININ

DEMOKRASI VE EGITiM CERCEVESINDE iINCELENMESI FATMA AG

RECENT DEVELOPMENTS IN CULTURAL INVENTORY Assoc. Prof. Dr. Evrim

2 RESEARCH IN TURKEY IN THE CONTEXT OF ACADEMIC CAGLAYAN
DATA
’ 1990-1995 YILLARI ARASINDA DEMOKRASI, INSAN
3 HAKLARI VE EGITIMIN BAGIMSIZLIK SAVASLARIYLA Songiil AVCI

ILISKISI

1985-1990 YILLARI ARASINDA KURESEL DONUSUMLER:
4 REFORMLARDAN DUVARLARIN YIKILISINA, KRIZLERDEN | FEYZULLAH ELAGOZ
DEMOKRATIKLESMEYE EGITIMIN ROLU

HALL / SALON 5

Assoc. Prof. Dr. Evrim CAGLAYAN

2015-2020 YILLARI ARASINDA DUNYADA MEYDANA
5 GELEN DEGISIKLIKLERIM DEMOKRASI EGITIMI BASLIGI PELIN ERKALE TANCAN
ALTINDA INCELENMESI

DEMOKRASI VE EGITIM ARASINDAKI ILISKI VE

OKULLARDA DEMOKRASI EGITiMI Hamit ASLAN
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COMPARATIVE EVALUATION OF FOREIGN BANKS’
6 PROFITABILITY PERFORMANCE USING MULTI-CRITERIA
DECISION-MAKING METHODS

Salon Moderator Bildiri No ve Basligi / Paper ID and Title Authors
Ogr. Gor. Dr. Umit Hasan
1 SIGORTA SIRKETLERININ FINANSAL PERFORMANSI: BIST | GOZKONAN
SIGORTA SEKTORU UZERINE BIR INCELEME Ars. Gér. Dr. Erdi
BAYRAM
) THE ECOLOGICAL COST OF THE DIGITAL: FROM THE Asst. Prof. SERKAN
EFFICIENCY PARADOX TO THE BALANCE MODEL CANTURK
EVALUATION OF THE CAR INSURANCE POLICY
3 | SELECTION PROBLEM USING A HYBRID MAXC-COCOSO ;\e}fgﬁe{g{' Osman Yavuz
:M‘ DECISION-MAKING APPROACH
=
=
© Z
z ) COMPARATIVE EVALUATION OF BANK SELECTION FROM
3 z 4 THE INVESTOR’S PERSPECTIVE USING AN INTEGRATED ;e}fg‘aeig; Osman Yavuz
< § DECISION-MAKING APPROACH
wn
= =~
] |5
< o PERIODIC ANALYSIS OF CORPORATE FINANCIAL Assoc. Prof. Dr. Gacan
T S 5 PERFORMANCE WITH DECISION-MAKING APPROACHES: ISSEE’C' ot br. Lzca
o APPLICATION OF CRITIC AND EDAS
-
4
<

Assoc. Prof. Dr. Ozcan
ISIK

7 SUSTAINABILITY AND ESG AUDIT

Yakup ASLAN

8 WATER ACCOUNTING

Yakup ASLAN
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Salon Moderator Bildiri No ve Baslig1 / Paper ID and Title Authors
PROGRESS IN QUANTUM DOTS SYNTHESIS FOR
OPTOELECTRONIC APPLICATIONS Prof. Dr. Reza Soltani
Dr. Laleh Khadem
Saeed Zangeneh
EXPLORING MAGNETIC PROPERTIES OF LOW-
DIMENSIONAL IRON OXIDE NANOSTRUCTURES
Dr. Farhad Hosseini
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MATCHA (Camellia sinensis) TOZUNUN MODEL GIDA SISTEMLERINDE
KULLANIMI: MAKARNA UYGULAMASI

Doc. Dr. Ali CINGOZ
Tokat Gaziosmanpasa Universitesi,

ali.cingoz@gop.edu.tr - ORCID ID: 0000-0003-0958-2679

OZET

Tahil tirtinlerinden birisi olan makarna bir¢ok iilkede sevilerek tiiketilmektedir. Gelismemis ve
gelismekte olan iilkelerde karbonhidrat kaynagi olarak tiiketilmekte ve farkli sekillerde
hazirlanmaktadir. Bu ¢alismada farkli oranlarda (%2,5, %5, %10 ve %15) matcha tozu irmikle
yer degistirme esasina gore ilave edilmis ve fonksiyonel makarna tiretimi gergeklestirilmis ve
iiretilen makarnalarin kimyasal, teknolojik ve fonksiyonel 6zellikleri tespit edilmistir. Matcha
tozu ilavesi makarna 6rneklerinin kil igeriklerini 1.15’den 1.89’a, protein igeriklerini ise
11.90’dan 17.32’ye yiikseltmistir. Orneklerin L* ve b* degerlerinde azalma a degerinde ise art1s
tespit edilmis ve drneklerin rengi yesile donmiistiir. Matcha tozu ilavesi pisme siiresini 12.12
dakikadan 14.52 dakikaya yiikseltmistir. %10 Matcha tozu ilavesine kadar % hacim artig degeri
artis gostermistir. Matcha tozu ilavesi ile %21°lik agirlik artis1 saglanmistir. Matcha tozu ilavesi
makarnalarin fonksiyonel igerigine olumlu etki etmis orneklerin toplam fenolik madde ve
antioksidan kapasite degerleri sirasiyla 6 ve 9 kat artmistir. Bu ¢alisma fonksiyonel makarna
iiretiminde Matcha tozu ilavesinin kullanim potansiyeline sahip oldugunu gostermistir.

Anahtar Kelimeler: Makarna, Matcha, Fonksiyonel Gida

USE OF MATCHA (Camellia sinensis) POWDER IN MODEL FOOD SYSTEMS:
PASTA APPLICATION

ABSTRACT

Pasta is a type of grain product that is widely consumed in many countries. In developing and
underdeveloped countries, it is consumed as a source of carbohydrates and prepared in various
ways. In this study, matcha powder was added at various ratios (2.5%, 5%, 10% and 15%) to
replace semolina, resulting in the production of functional pasta. The chemical, technological
and functional properties of the resulting pasta were then determined. Adding matcha powder
increased the pasta samples' ash content from 1.15 to 1.89 and their protein content from 11.90
to 17.32. The L* and b* values decreased and the a value increased in the samples, which turned
green. The cooking time increased from 12.12 minutes to 14.52 minutes with the addition of
matcha powder. The volume increase value showed an increase up to the addition of 10%
matcha powder. Adding matcha powder resulted in a 21% increase in weight. Matcha powder
had a positive effect on the pasta's functional content, increasing the total phenolic content and
antioxidant capacity values of the samples by six and nine times, respectively. This study
demonstrated the potential use of matcha powder in producing functional pasta.
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1. GIRIS

Meyveler, ¢aylar ve bitkiler, lezzetleri, renkleri, fonksiyonel 6zellikleri ve antioksidan aktiviteleri
nedeniyle makarna tiretiminde iyi kaynaklardir. Cay (Camellia sinensis), su disinda diinya ¢apinda
en ¢ok tiiketilen igeceklerden birisidir. Diinyanin farkli bolgelerinde siyah, yesil, beyaz, ve oolong
cay1 gibi farkl tiirlerde iiretilmektedir (Cooper ve ark., 2005; Chacko ve ark., 2010; Topuz ve ark.,
2014). Eski bir tarihe sahip olan yesil cay (Camellia sinensis) faydali tibbi 6zelliklerinden dolay1
son zamanlarda daha popiiler olmustur (Vinson ve Zhang, 2005). Yesil cay, antiinflamatuar,
antiartritik, antibakteriyel, antiangiogenik, antioksidatif, antiviral, noroprotektif ve kolesterol
digtirticii etkiler ile kanser ve kardiyovaskiiler hastaliklarin onlenmesi dahil olmak iizere insan
saglig1 iizerinde yararli etkilere sahiptir. Yesil ¢cayin saglik iizerindeki olumlu etkileri, esas olarak
polifenol igeriginden, 6zellikle flavonoidler, flavonoller, katesinler, saponinler, alkaloidler, amino
asitler, glukozitler, proteinler, ugucu bilesikler, mineraller ve eser elementlerden
kaynaklanmaktadir (Higdon ve Frei, 2003).

Matcha, Tencha ¢esidinden toz haline getirilmis bir Japon yesil cayidir (Camellia sinensis). Ozel
yetistirme kosullar1 nedeniyle 6zellikle antioksidan bilesikler agisindan zengin popiiler bir igegek
tirtidiir. Geleneksel yonteme gore, biliylime doneminin biiyiik bir kisminda, c¢ay yapraklarini
dogrudan giines 1s181ndan korumak i¢in bambu hasirlarla 6rtiilmektedir. Bu siire¢ boyunca bitkiler,
matcha'nin kendine 6zgii, ac1 olmayan ve karakteristik tada sahip olmaktadir (Kochman ve ark.,
2020). Son zamanlarda, matcha pasta, puding, cikolata, sekerleme, dondurma ve iceceklerin
iiretiminde de popiiler bir bilesen haline gelmistir (Tokunaga, 2004).

Cizelge 1. Matcha tozu kimyasal bilesimi (Kika ve ark., 2024)

Bilesen Miktar (%)
Protein 17.9+1,64
Yag 7.29+0,01
Toplam Diyet Lifi 56,13+2,75
Coziiniir Diyet Lifi 3,30+0,14
Cozlinmez Diyet Lifi 52,83+2,61

2. MATERYAL VE METOT
Materyal

Makarna iiretiminde kullanilan irmik ticari bir makarna firmasindan (Golda, Tiirkiye), matcha tozu

ise Ingro gidadan (Karaman, Tiirkiye) temin edilmistir. Analiz i¢in kullamilan kimyasallar analitik
safliktadir.

Makarna Uretimi

Makarna iiretiminde matcha tozu farkli olanlarda kullanilarak denemeler yapilmistir. Cizelge 2°de
iiretimde kullanilan regete gosterilmektedir. Makarnalar laboratuvar tipi ekstriider ile {iretilmistir.
Uretimi yapilacak olan makarnalar 60°C’de %75 nisbi nemde 8 saat kurutulmustur.
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Cizelge 2. Makarna Uretim Recetesi

Bilesenler Miktar

[rmik 500 (g)

Su 160 (mL)

Matcha Tozu %2,5, %5, %10 ve %15

Teknolojik Analizler:

Makarna 6rneklerinin pisme siiresi TS 1620°ye gore yapilmistir (TSE, 2024). Agirlik ve hacim artig
miktar1; 100 g makarna optimum pisirilme siirecinde pisirilerek suyu siiziilmiis ve tartilmistir.
Pismemis makarna agirhigi ¢ikarilarak % hesaplama yapilmistir. Pismemis makarna 6rneklerinin
renk analizi i¢in Minolta CR-400 Chromometer renk analiz cihazi kullanilarak belirlenmistir.

Kimyasal Analizler:

Rutubet ve kiil igerikleri gravimetrik oarak (AACC,2004), protein igerikleri mikro kjeldahl yontemi
ile (AOAC, 2000) belirlenmistir.

Fonksiyonel Analizler:

Toplam fenolik madde tayini: Analiz 2 N Folin-Ciocalteu fenol ayiraci kullanilarak Singleton ve
Esau (1969) tarafindan tanimlanan yonteme gore belirlenmis ve sonuclar ‘gallik asit es degeri’
olarak hesaplanmuistir.

DPPH radikal siipiirme aktivitesi: DPPH (2.2 diphenly-1-picryhydrazyl) yontemiyle antioksidan
kapasite tayini Brand-Williams ve ark. (1995) tarafindan belirtilen yonteme gore yapilmustir.
Sonuglar ‘trolox esdegeri’ cinsinden verilmistir.

3. BULGULAR ve TARTISMA

Makarnalarin  kimyasal analiz sonuglart Cizelge 3’de gosterilmektedir. Makarnanin
zenginlestirilmesi ya da giiclendirilmesi i¢in meyve tozlari, kabuklar1 yada atiklari, caylar ve
bitkilerin baz1 kisimlar1 kullanilmaktadir. Matcha tozu ilavesi 6rneklerin kurumadde iceriklerini
etkilemedigi, kiil igeriklerini ise %1.15’den 1.89’a yiikselttigi tespit edilmistir. Matcha tozu ilavesi
% protein igeriklerinin %11.90’dan 17.32’ye artmasina neden olmustur.

Cizelge 3. Makarna orneklerinin kimyasal analiz sonug¢lar:

Ornekler Kurumadde Kiil Protein
(%0) (%) (%)
Kontrol 90.05+0.13 1.15+0.11 11.90+0.16
22,5 MT 90.45+0.08 1.30+0.04 13.80+£0.12
%5 MT 91.02+0.14 1.52+0.08 15.01+0.14
%10 MT 90.77+0.05 1.75+0.11 16.13+£0.21
%15 MT 90.89+0.16 1.89+0.06 17.32+0.09

MT: Matcha Tozu

Tiiketiciler agisindan besinsel degeri yiliksek olan gidalarin yani sira teknolojik 6zelliklerin de
istenilen diizeyde olmasi arzu edilen bir 6zelliktir. Makarna drneklerinin teknolojik analiz sonuglari
Cizelge 4’de gosterilmektedir. Makarna i¢in kritik 6neme sahip pigsme siiresi 12.12 dk’dan 14.52
dk’ya ¢cikmistir. Makarna iiretiminde %10 Matcha tozu kullanimina kadar %hacim degerlerinde
artisa neden oldugu %15 ilave diizeyinde ise orneklerde pargalanmalarin meydana geldigi tespit
edilmistir. Matcha tozu ilavesinin makarna 6rneklerinin % agirlik artigin1 %186.21°den %225.13°e
yukselttigi tespit edilmistir.
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Ornekler

Pisme Siiresi (dk) Hacim Artis1 (%) Agirhik Artisi (%)
Kontrol 12.12+0.10 121.12+1.45 186.21+2.12
%2,5 MT 12.40+0.11 128.45+2.18 195.47+3.04
%5 MT 13.30+0.14 132.84+3.02 208.36+1.45
%10 MT 13.85+0.08 139.36+0.70 216.12+0.95
%15 MT 14.52+0.16 127.32+2.52 225.1342.20

Makarna 6rneklerinin renk analizi sonuglar1 Cizelge 5’de gosterilmistir. Matcha tozu ilavesi ile
makarnanin renkleri yesile donmiistiir. Makarnalarin L* degerleri 60.12°den 17.21°e¢ kadar
diistiigii, a* degerlerinin ise 2.22’den 6.02’ye yiikseldigi, b* degerinde ise 24.12°den 3.98’¢

diistiigii belirlenmistir.

Cizelge 5. Makarna orneklerinin renk analiz sonuclar:

Ornekler

L* a* b*
Kontrol 60.12+0.26 2.2240.33 24.12+0.36
22,5 MT 30.18+2.14 3.12+0.18 8.72+0.12
%5 MT 24.16+0.78 4.45+0.54 6.54+0.25
%10 MT 19.23+£0.66 5.32+0.40 5.18+0.43
%15 MT 17.21+1.24 6.02+0.32 3.98+0.34

Makarna orneklerinin toplam fenolik madde ve toplam antioksidan kapasite analiz sonuclari
Cizelge 6’da gosterilmektedir. Matcha tozu ilaveli makarna drneklerinde Matcha tozu ilave orani
artikca toplam fenolik madde ve toplam antioksidan kapasitesinde artislar oldugu tespit edilmistir.
Kontrol 6rneginde 98.14 mg GE/100 g olan toplam fenolik madde %15 Matcha tozu ilaveli
makarnalarda 608.21 mg GE/100 g’a yilikselmistir. Matcha tozunun antioksidan degerinin yiiksek
olmasindan dolay1 Matcha tozu ilavesi makarnalarin antioksidan kapasitesini 9 kat arttirmistir.

Cizelge 6. Makarna orneklerinin fonksiyonel analiz sonug¢lari

Toplam Fenolik Madde

Toplam Antioksidan Kapasite (DPPH

Ornekler

mg GE/100 g pmol TE/100 g
Kontrol 98.14+0.45 42.14+0.38
%25 MT 206.12+0.26 136.06+3.84
%5 MT 312.36+2.24 193.20+6.80
%10 MT 488.14+5.20 264.12+5.10
%15 MT 608.21+£10.30 388.43+4.12
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4. SONUC

Bu ¢alismada 4 farkli oranda (%2.5, %S5, %10, %15) Matcha tozu ilave edilerek makarna liretimi
gerceklestirilmis ve iiretilen makarnalarin 6zellikleri tespit edilmistir. Matcha tozu ilavesi
orneklerin kurumadde iceriklerinde 6nemli bir degisime neden olmazken, kiil ve protein igeriklerini
yiikseltmistir. Makarna icin kritik 6neme sahip pisme siiresi artmis, %agirlik artis degerleri de
ylikselmistir. Ayrica besin igerigi yiikksek matcha tozu ilavesi toplam fenolik madde ve toplam
antioksidan kapasitelerinde artiglara neden olmustur. Bu c¢alisma matcha tozu ilavesi ile
zenginlestirilmis makarna liretim potansiyelinin oldugunu gostermektedir.
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GLUTENSIZ KURABIYE URETIMINDE YESIL MUZ UNU KULLANIMI

Doc. Dr. Ali CINGOZ
Tokat Gaziosmanpasa Universitesi,

ali.cingoz@gop.edu.tr - ORCID ID: 0000-0003-0958-2679

OZET

Colyak hastaligi, bilinen tedavisinin glutensiz beslenme programi olan énemli bir sindirim
sistemi rahatsizhigidir. Uretilen glutensiz iiriinlerin besin igeriklerinin diisiik olmasi bu
tiriinlerde besin degeri yiiksek bilesenlerin ilave edilmesini ortaya ¢ikarmaktadir. Bu ¢calismada
glutensiz kurabiye iiretiminde unla yer degistirme esasina gore bes farkli oranda (%5, 10, 15,
20 ve 30) yesil muz ilave edilerek glutensiz kurabiye iiretimi gergeklestirilmistir. Uretilen
kurabiyelerin besinsel (rutubet, kiil, toplam protein, toplam yag, toplam fenolik madde, toplam
antioksidan kapasite), tekstiir 6zellikleri ve duyusal 6zellikleri tespit edilmistir. Yesil muz unu
ilavesi protein igeriklerini yiikseltmis, toplam fenolik madde ve toplam antioksidan
kapasitelerinde artisa neden olmustur. %20 yesil muz unu ilavesine kadar kurabiyelerin fiziksel
ozelliklerinin (kabarma, renk) kontrol o6rnegine yakin degerler gdsterdigi belirlenmistir.
Yapilan duyusal degerlendirmede %20 yesil muz unu ilaveli 6rneklerin en yiiksek genel begeni
diizeyine sahiptir. Bu ¢aligma glutensiz kurabiye iiretiminde yesil muz ununun %20 diizeyine
kadar kullanilabilecegini ve iiretilen kurabiyelerin besinsel ve duyusal 6zelliklerinin iyilestigini
gostermektedir.

Anahtar Kelimeler: Célyak, Fonksiyonel iiriin, Yesil Muz Unu, Kurabiye

USING GREEN BANANA FLOUR IN GLUTEN-FREE COOKIE PRODUCTION

ABSTRACT

Celiac disease is a significant digestive disorder for which a gluten-free diet is the known
treatment. Due to the low nutritional content of gluten-free products, high-nutritional-value
ingredients are now being added to them. In this study, gluten-free biscuits were produced by
adding green bananas at five different levels (5%, 10%, 15%, 20% and 30%) based on the
principle of replacing the flour. The nutritional properties (moisture, ash, total protein, total fat,
total phenolic matter and total antioxidant capacity), texture and sensory characteristics of the
resulting biscuits were determined. Adding green banana flour increased the protein content, as
well as the total phenolic content and total antioxidant capacity. The physical properties (rise
and colour) of the cookies were found to be similar to the control sample up to a 20% addition
of green banana flour. In the sensory evaluation, samples containing 20% green banana flour
had the highest overall liking score. This study demonstrates that green banana flour can be
used at a level of up to 20% in gluten-free cookie production, improving the nutritional and
sensory properties of the resulting products.

Keywords: Gluten-free, Functional product, Green Banana Flour, Cookie
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1. GIRIS

Glutene duyarl enteropati (bagirsak rahatsizlig1) olarak da tanimlanan ¢dlyak hastaligi, duyarl
kisilerde, bugday, arpa, ¢avdar ve yulaftaki bazi tahil proteinlerine kars1 gerceklesen bagisiklik
tepkisi nedeniyle olugsmaktadir. Hastalig1 olusturan temel etken, gluten proteininin gliadin adli
alt fraksiyonu olup, gluten igeren gidalarin tiiketilmesi sonucunda etkisi ortaya ¢ikmaktadir.
Colyak hastalig1, yasam boyu devam eden tek gida alerjisidir ve giiniimiizde en sik rastlanan
genetik hastalik olarak kabul edilmektedir. Bu nedenle ¢olyak hastalari, yasamlar1 boyunca siki
bir glutensiz diyet uygulamalidir (Topaloglu, 2019). Colyak hastaliginin Tiirkiye’de goriilme
siklig1 yiizde 1 ile binde 3 arasinda degismektedir. Tahmin edilen hasta sayis1 250 bin ile 750
bin arasindadir. Ulkemizde 6-17 yas aras1 okul dénemi ¢ocuklarinda % 0.87 sikliginda oldugu
goriilmiistiir. Colyak hastaligi Avrupa’da ise (Finlandiya, Almanya, italya ve Birlesik Krallik)
% 1 sikligindadir. Ulkelere gére 30-64 yaslari sirastyla Finlandiya % 2.4, Almanya % 0.3 italya
% 0.7 prevalansa sahiptir. Kuzey Amerika’da toplumunun % 1 kadarimi etkileyebilmekte ve
son yillarda sikliginin arttigin1 gosteren toplum bazli ¢aligmalar vardir (Argun ve Onen 2018).

ansn®

Diinya ¢apinda iiretimi her gegen giin artan muz, dogru boyuta ve olgunluk asamasina ulastiktan
sonra ¢okea tiiketilen tropikal bir meyvedir (Karaoglan, 2022). Yesil muz unu diyet lifi (%6,0—
15,5), tip 2 direncli nisasta (%40,9-58,5) ve fenolik asitler gibi biyoaktif bilesikler acisindan
zengin glutensiz bir lirlindiir. Ayrica yesil muz unu ayrica potasyum, fosfor, magnezyum, bakair,
manganez ve ¢inko gibi mineraller a¢isindan da zengindir (Reis ve ark., 2019). Yesil muz unu;
besin degeri, 6zellikle dogal bir direngli nisasta kaynagi olmasi, notr tadi ve agik rengi
nedeniyle, glutensiz tiriinlerde kullanim potansiyeline sahiptir. Son zamanlarda yesil muz yeni
bir gida maddesi olarak kabul edilmeye baslanmis ve yapilan bir¢cok calisma, islenmemis
gidalar arasinda direncli nisasta ve ¢oziiniir lif icerigi en zengin gidalar arasinda gostermistir
(Reis ve ark., 2019). Ticari olarak satilan direng¢li nisastalar, diisiik su tutma kapasitesi
sayesinde pisirme sirasinda nisasta jelatinlesmesini azaltarak diisiik nem igeriine sahip
gidalarda diyet lifini artirmak i¢in 6nerilmektedir. Fakat bu direngli nisastalarin unlara kiyasla
pahali olmast ve nihai iirlinlin maliyetini artirmasi nedeniyle aym islevsel ve nutrasotik
ozelliklere sahip yeni bilesenler bulmaya ilgi duyulmaktadir (Garcia-Solis ve ark., 2018). Yesil
muz unu glutensiz unlarin teknolojik ve besinsel iceriklerini iyilestirmektedir (Sarawong et al.,
2014). Diinya ¢apinda en ¢ok tiiketilen gida iiriinlerinden ikisi bugday unundan yapilan ekmek
ve kurabiyelerdir (Gutiérrez, 2018). Olgunlagsmamis muz ununun (UPF), yiiksek direngli nisasta
(RS) icerigine sahip olmasi nedeniyle unlu mamuller, makarna, atistirmaliklar ve besleyici
barlar gibi cesitli gidalarda bir bilesen olarak kullanildigi calismalar bulunmaktadir (Garcia-
Solis ve ark., 2018).

2. MATERYAL METOT
Materyal

Calismada ana materyal olarak Séke marka glutensiz un, yesil muz unu (Saledo, Istanbul
Tirkiye), sorthening (Alba) marka iirlinler kullanilmistir. Tim hammaddeler iiretim
gerceklestirilinceye kadar +4°C’de depolanmustir.

Yontem
Kurabiye Uretimi

Kurabiye iiretiminde glutensiz unla yer degistirme esasina gore bes farkli oranda (%5, 10, 15,
20 ve 30) yesil muz unu ilave edilmis ve iiretimler Garcia-Solis ve ark., (2018) tarafindan
onerilen yontem kismen modifiye edilerek gerceklestirilmistir.
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Analitik Yontemler

Orneklerin azot igeriklerinin belirlenmesinde mikro kjeldahl ydntemi kullanilmistir (AOAC,
2000). Orneklerin toplam yag igerigi ankom yag ekstraksiyon cihazi ile gravimetrik olarak
AOAC 920.39 metodu kullanilarak tespit edilmistir. Orneklerin kiil igerikleri gravimetrik
olarak (AACC 08-01.01, 2004) belirlenmistir. Chroma meter, CR-300 (Japan) model renk
Ol¢iim cihaz1 kullanilarak gerceklestirilmistir. Kurabiyelerin L*, a* ve b* degerleri tespit
edilmistir.

Toplam fenolik madde ve antioksidan kapasite analizleri

Ornek hazirlama amaciyla 1 g 6rnek iizerine 20 mL asitlendirilmis metanol ((HCl/metanol/su,
1:80:10, h/h) ilave edilmis ve 25°C’lik su banyosunda 2 saat bekletilmistir. Ardindan 3000
rpm’de de 10 dak santrifiij edilmistir. Berrak kisim alinarak analiz edilinceye kadar -18°C de
depolanmistir (Beta ve ark., 2005).

Toplam fenolik madde tayini: Analiz 2 N Folin-Ciocalteu fenol ayiract kullanilarak Singleton
ve ark. (1969) tarafindan tanimlanan yonteme gore belirlenmistir. Sonuclar “gallik asit es
degeri” olarak hesaplanmistir.

FRAP yontemiyle antioksidan kapasite tayini: Benzie ve Strain (1996) tarafindan tanimlanan
yonteme gore yapilmistir ve sonuglar “trolox esdegeri” cinsinden hesaplanmistir (Benzie ve
Strain, 1996).

DPPH Radikal Siipiirme Aktivitesi: DPPH (2,2 diphenyl-1-picrylhydrazyl) yontemiyle
antioksidan kapasite tayini Brand-Williams ve ark. (1995) tarafindan agiklanan yonteme gore
yapilmistir.

Tekstiir Analizi

Uretilen kurabiyelerin farkli zaman araliklarinda sertlik dl¢iimii gerceklestirilmistir. Bu amagla,
tekstiir analiz cihazi (Zwick Z0.5, Almanya) kullanilarak, 10 mm’lik baski derinliginde 2 cm
capinda yuvarlak bashk kullanilarak Aydin ve Ogiit (1991)’e gore sertlik degeri (Newton/cm?)
belirlenmistir.  Firin ¢ikisindan 5 saat sonra soguyan Ornekler polietilen torbalarda
paketlenmistir. 0, 3, 7, 14, 21 ve 30. giin sonunda kurabiye paralellerinden 3 tanesi polietilen
torbalarindan ¢ikarilarak sertlik degeri tespit edilmistir.

Duyusal analiz

Kurabiye oOrneklerinde duyusal degerlendirme 25-52 yas araliginda 12 panelist ile
gerceklestirilmistir. Duyusal degerlendirme de renk, kabariklik, koku, gevreklik, agizda
dagilma hissi ve genel begeni 6zellikleri bakimindan degerlendirilmistir. Degerlendirme besli
hedonik skala (1: ¢ok kotii; 2: yeterli degil; 3: kabul edilebilir; 4: 1yi; 5: ¢ok iyi) tizerinden
yapilmistir (Ceylan & Mustu, 2021).

3. BULGULAR TARTISMA

Uretilen kurabiyelerin kimyasal analiz sonuglar1 Cizelge 1°de gosterilmektedir. Cagimizin
onemli hastaliklarindan biri haline gelen ¢6lyak hastaliginin bilinen tek tedavisi glutensiz
beslenmedir. Colyak hastalarinin gluten igeren gidalar tiikketememeleri sebebiyle alternatif ve
lezzetli iiriin arayislart her gecen giin artmaktadir. Nisasta bazli glutensiz un karigimlarinin
besinsel ve fonksiyonel 6zelliklerini arttirmak amaciyla yapilan bu ¢alismada; glutensiz un
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karisimina bes farkli oranda yesil muz unu karistirilmis ve glutensiz kurabiye iiretimi
gerceklestirilmistir.

Cizelge 1. Yesil muz unu ilaveli kurabiyelerin kimyasal analiz sonuclar

Kurumadde Kiil Protein Yag
% % % %
KONTROL 92.28+0.09 1.03+0.05 4.02+0.13 25.00+0.08
YMU-5 92.53+0.14 1.20+0.06 5.23+0.24 25.08+0.10
YMU-10 93.25+0.12 1.31+0.10 5.64+0.45 25.16+0.06
YMU-15 92.88+0.14 1.43+0.04 6.03+0.31 25.24+0.06
YMU-20 93.06+0.52 1.52+0.06 6.72+0.21 25.32+0.02
YMU-30 93.11+0.62 1.64+0.03 7.24+0.32 25.44+0.11

Kontrol 6rneginde %4.02 olan protein iceriginin yesil muz ununun ilave edilmesi ile %7.24’e
kadar yiikselmistir. Glutensiz un karisimina gére mineral madde igerigi yiiksek olan yesil muz
unu kiil iceriginde de artisa neden olmustur. Calismada kullanilan yesil muz ununun yagsiz

olmasi sebebiyle iiretilen kurabiyelerin % yag iceriklerinde herhangi bir degisiklik
belirlenmemistir.

Cizelge 2. Yesil muz unu ilaveli kurabiyelerin fiziksel analiz sonug¢lar:

aw Pismis Agirhk (g) Yii(l:;;k)lik (%?ﬁ)
KONTROL 0.263 20.12+0.64 15.06+0.41 50.42+0.32
YMU-5 0.274 20.38+0.83 15.55+0.12 50.50+0.22
YMU-10 0.282 20.56+0.45 15.83+0.07 50.80+0.15
YMU-15 0.290 20.80+0.32 16.20+0.14 50.30+0.22
YMU-20 0.301 21.1140.52 16.70+£0.16 51.70+0.21
YMU-30 0.313 21.80+0.36 17.10+0.18 51.64+0.30

Yesil muz unu ilaveli kurabiyelerin fiziksel analiz sonuglar1 Cizelge 2’°de gosterilmektedir. yesil
muz ununun yapisinda bulunan diyet lifleri unun su tutma kapasitesini arttirmakta buda pisirilen
kurabiye Orneklerin su aktivitesi degerlerinde kismi yiikselise neden olmaktadir. Pismis
orneklerin agirliklart arasinda fark olmamakla birlikte yiikseklik ve ¢cap degerlerinde artis tespit
edilmistir.
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Cizelge 3. Yesil muz unu ilaveli kurabiyelerin renk degerleri

L* a* b*
KONTROL 72.45+0.83 4.12+0.33 28.12+0.74
YMU-5 67.25+0.53 3.74+0.22 26.88+0.15
YMU-10 63.66£1.07 3.52+0.31 25.45+0.48
YMU-15 60.41+0.79 3.11+0.26 24.94+0.70
YMU-20 57.04+0.63 2.77+£0.41 24.40+0.90
YMU-30 53.60+1.03 2.36+0.16 23.25+0.74

Tiiketicilerin iiriin tercihlerinde dnceliklerinden birisi {iriiniin rengidir. Uriin rengi tiiketiciyi
cezbetmeli ve tercih edilmesine neden olmalidir. Kurabiye iiretiminde yesil muz unu kullanimin
renk degerlerinde neden oldugu degisimler Cizelge 3’de gosterilmektedir. yesil muz unu ilave
edilmesiyle 72.45 olan L* degeri 53.60’a kadar diismiistiir. Benzer sekilde a* ve b*
degerlerinde de azalma tespit edilmistir.

Tiketicilerin saglikli ve besleyici iirlinlere yonelimi onlarin fonksiyonel {iriin/bilesenlere olan
talebini arttirmaktadir. Diyet lifce zengin, fonksiyonel bilesen igeren iiriinlere olan talep bu
alanda yapilan ¢alismalara yon vermektedir. Colyak hastalarinin nisasta bazli beslenmeleri
kaynakli baz1 sagliksal sorunlar yasama ihtimalleri nedeniyle glutensiz iiriinlere fonksiyonel
bilesen ekleme c¢alismalar1 her gecen giin artmaktadir. Bu kapsamda calismada glutensiz
kurabiyelerin fonksiyonel igeriklerini arttirmak amaciyla ilave edilen yesil muz unu toplam
fenolik madde ve toplam antioksidan kapasite miktarlarinda artisa neden olmustur (Cizelge 4).
Kontrol 6rneginde 102.66 mg GAE/g olan toplam fenolik madde igerigi 334.16 mg GAE/g’a
kadar yiikselmistir. Iki farkli yontemle yapilan toplam antioksidan kapasite analizleri de benzer
sonuclar1 gostermektedir.

Cizelge 4. Yesil muz unu ilaveli kurabiyelerin fonksiyonel analiz sonug¢lar:

Toplam Fenolik Toplam Antioksidan Toplam Antioksidan
Madde Kapasite (FRAP) Kapasite (DPPH)
mg GAE /g umol TE / g umol TE / g
KONTROL 102.66+6.40 101.36+1.32 68.12+2.42
YMU-5 143.91+11.23 121.42+1.23 84.52+1.77
YMU-10 185.16+8.47 136.23+2.56 102.50+3.82
YMU-15 237.41£10.36 152.41+1.35 128.32+4.30
YMU-20 269.66+12.52 177.31+£2.21 164.23+4.58
YMU-30 334.16+13.20 201.14+1.47 200.41+3.80

Duyusal analiz sonuglar1 Cizelge 5°de gosterilmektedir. Panelistlerin 6rnekleri; renk,
kabariklik, koku, gevreklik, agizda dagilma hissi ve genel begeni bakimindan 5°1i hedonik skala
ile degerlendirmeleri istenmistir. Uretilen kurabiye &rneklerinde en yiiksek genel begeni
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puanin1 %20 yesil muz unu ilaveli kurabiye 6rnegi 4.35 ile almistir. Duyusal degerlendirmede
en diisiik puant %30 yesil muz unu ilaveli 6rneklerin aldig tespit edilmistir.

Cizelge 5. Yesil muz unu ilaveli kurabiyelerin duyusal analiz sonuclari

KONTROL YMU-5

YMU-10 YMU-15 YMU-20 YMU-30

Renk 4.28 4.35 4.30 4.12 4.00 3.48
Kabarikhk 4.66 4.48 4.36 4.34 4.48 3.40
Koku 4.50 4.36 4.10 3.96 3.96 3.00
Gevreklik 4.80 4.00 3.90 4.05 4,12 3.65
Agzda  dagilma . 4.00 4.00 4.28 4.16 3.90
Hissi
Genel Begeni 450 4.20 3.95 4.25 4.35 3.60
Tekstilir Analizleri
130.00
120.00 O
110.00 ¥ O o
100.00 X X
£ 90.00 _,g & 4
= 2
S 80.00° O o 2
¥ 0.00 8 O <
O
60.00
50.00
40.00
0 10 15 20
Gln
O0—KONTROL -~ YMU-5 —A—YMU-10 —% YMU-15 —%—YMU-20 —O—YMU-30

Grafik 1. Yesil muz unu ilaveli kurabiyelerin tekstiir analiz sonuclar:

Gidanin raf dmriiniin belirlenmesi 6nemli kriterlerden bir tanesidir. Uriinde zamana bagl olarak
meydana gelebilecek mikrobiyolojik, kimyasal, duyusal ve tekstiirel degisimlerin takip
edilmesi 6nem arz etmektedir. Bu ¢alismada raf mriiniin 6nemli kriterlerinden biri olan tekstiir
ozellikleri tespit edilmistir. Bu kapsamda kurabiye 6rneklerinin 0., 3., 7., 14. ve 21. giinlerde
sertlik degerleri dlglilmiis ve sonuglar Grafik 1°de gosterilmistir. Yesil muz unu ilave edilerek
iretilen tiim kurabiye 6rneklerinde baslangi¢ sertlik degerinin diistiigii tespit edilmistir. 21 giin
boyunca belirli araliklarla devam eden 6l¢iimlerde tiim 6rneklerde 7. glinden sonra yumusama
ve 21. giinden sonra ufalanma basladig1 ve %20’den fazla yesil muz unu ilavesinin kurabiyelere
daha sert bir yap1 kazandirdig1 belirlenmistir.

4. SONUC
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Calismada glutensiz kurabiye iiretimi amaciyla nisasta bazli glutensiz una bes farkli oranda
yesil muz unu ilave edilmistir. Uretilen kurabiyelerin fiziksel (yiikseklik, cap, agirlik), kimyasal
(protein, yag, kiil, km, su aktivitesi), fonksiyonel (toplam fenolik madde, toplam antioksidan
kapasite), tekstiir ve duyusal 6zellikleri tespit edilmistir. Yesil muz unu ilavesi 6zellikle protein
iceriginde onemli diizeyde artisa neden olmustur. Ayrica toplam fenolik madde ve toplam
antioksidan kapasite diizeyleri de yiikselmis ve orneklerin fonksiyonel igeriklerinde iyilesme
saglanmistir. %20 yesil muz unu ilavesine kadar fiziksel 6zelliklerde kayiplar yaganmazken
daha fazla ilave edilmesi durumunda kabarmama ve yayilma sorunlari ortaya ¢ikmaktadir.
Ayrica yapilan duyusal degerlendirme de diger analiz sonuglari paralel ¢gikmakta ve en yiiksek
begeniyi %20 yesil muz unlu kurabiyeler almaktadir. %20 ve daha fazla yesil muz unu
ilavesinin kurabiyelerin sertlik degerlerini olumsuz etkiledigi ve 7. giine kadar tazeligini
korudugu goriilmiistiir. Bu ¢alisma yesil muz ununun glutensiz {iriinlerde kullanilabilecegini
gostermektedir.
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OZET

Bu ¢alisma, Japon semsiyesi (Cyperus alternifolius L.) bitkisinin ¢igek sapt uzunlugunun su
ortaminda koklenme basarisina etkisini belirlemek amaciyla yiiriitiilmiistiir. Denemede {i¢
farkli uygulama grubu olusturulmustur: (1) sap1 tamamen uzaklastirilmis ¢icekler, (2) 15 cm
sap uzunlugu birakilan ¢igekler ve (3) 30 cm sap uzunlugu birakilan ¢icekler. Her bir grupta 30
adet ornek ters g¢evrilerek suya daldirilmistir. Koklenme stireci boyunca suyun sicaklik, pH,
¢Oziinmiis oksijen ve elektriksel iletkenlik degerleri diizenli olarak Ol¢lilmiistiir. Deneme
stiresince gozlenen kdklenme oranlari, sap uzunlugunun su kiiltiirtinde kok olusumunu anlamli
bicimde etkiledigini gostermistir. Elde edilen bulgular, Japon semsiyesi gibi siis bitkilerinin
vejetatif ¢ogaltiminda optimum sap uzunlugunun belirlenmesine yonelik pratik Oneriler

sunmaktadir.

Anahtar Kelimeler : Cyperus alternifolius, vejetatif ¢ogaltma, su kiiltiirii, kéklenme, sap

uzunlugu.
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1. GIRIS

Cyperus alternifolius L., Cyperaceae familyasma ait, hizli biiylime yetenegine ve yiiksek
adaptasyon kapasitesine sahip ¢ok yillik bir yesil bitki tlirtidiir. Dogal olarak sulak alanlarda ve
su bakimindan zengin topraklarda yetisen bu tiirlin anavatani Madagaskar ve tropikal
Afrika’nin ¢esitli bolgeleri olarak bilinmektedir [1,2]. Bununla birlikte, giiniimiizde farkl
cografyalara yayilmis olup 6zellikle su aritma sistemleri ve ¢evresel diizenlemelerde etkin rol
oynamaktadir [1,3]. Hem sulak alan ekosistemlerinin iyilestirilmesi hem de peyzaj
uygulamalarinda estetik katkilar sunmasi nedeniyle Cyperus alternifolius, ekolojik ve
ekonomik agidan onemli bir tiir olarak dikkat ¢ekmektedir. Ayrica yenilebilir hayvanlarin
diyetlerinde yer alabilmesi ve sulak alan restorasyon projelerinde hizli biiyltime kapasitesiyle
tercih edilmesi de bu 6nemi pekistirmektedir [1,3]. Cyperaceae familyast diinya genelinde
yaklagik 600 tiir iceren genis bir grubu temsil etmektedir ve tiirlerin biiyiik bir boliimii sulak
alan habitatlarinda yasamaktadir [4]. Bu familyada Cyperus papyrus ve Cyperus esculentus gibi
onemli tiirler yer almakta olup, bu tiirler ekosistem fonksiyonlarina katkilar1 ve ekonomik
degerleri bakimindan 6ne ¢ikmaktadir [4,5]. Cyperus alternifolius da bu familyanin énemli bir
iyesi olarak tropikal ve subtropikal bolgelerde yaygin bir dagilim géstermektedir [1,6]. Familya
genelinde tiirler su kalitesinin iyilestirilmesi, patojen ylikiiniin azaltilmas1 ve tarimsal alanlarda
dogal filtre gorevi gormesi gibi ekolojik islevlere sahiptir [4,7]. Bu baglamda Cyperus
alternifolius, sulak alanlarda yaygin bulunmasi, hizli gelisimi ve ekosistem siireglerine
katkistyla hem dogal hem insan etkisi altindaki ekosistemlerde 6énemli roller iistlenmektedir.
Cyperus alternifolius’un vejetatif ¢ogaltim potansiyeli, tiiriin biyolojik 6zellikleri ve rizom
yapist ile yakindan iligkilidir. Tiriin ¢ogaltilmasinda en yaygin yontem rizom
propagasyonudur. Rizomlarin goz iceren segmentlere ayrilmasiyla gerceklestirilen bu yontem,
ozellikle nemli biiylime kosullarinin saglandig1 ortamlarda hizli koklenme ile sonuglanmaktadir
[8]. Cyperus tiirlerinin bataklik ve c¢amurlu alanlara hizla adapte olabilmesi, rizom
boliinmesiyle yapilan ¢ogaltma islemlerini kolaylastirmaktadir [9]. Bunun yaninda, Cyperus
alternifolius tuberler araciligiyla da c¢ogalabilmekte olup, bu yapilarin toprakla temas
ettirildiginde kisa siirede filizlenerek yeni bitkiler olusturabildigi bilinmektedir [9]. Bitkinin
govde segmentlerinden veya mevcut kok sistemlerinden elde edilen bitkiciklerin kullanimai ise
hem ¢evresel hem de ekonomik agidan etkili bir vejetatif cogaltim yaklasimi sunmaktadir [10].
Tiirtin yiiksek vejetatif ¢ogalma kabiliyeti, sulak alan habitatlarinda rekabet¢i avantaj
saglamasinin yani sira ekolojik restorasyon projelerinde de etkin bi¢gimde kullanilmasina olanak
tanimaktadir [11]. Bu gesitlilik, Cyperus alternifolius’un ¢evresel baskilara kars1 dayanikliligini
artirmakta ve genis ekolojik tolerans araligini desteklemektedir [10]. Vegetatif ¢ogaltim
tekniklerinin yani sira Cyperus alternifolius’un su ortamlarinda gosterdigi koklenme yetenegi,
ozellikle fitoremediasyon baglaminda dikkat c¢ekmektedir. Utomo ve ark., Cyperus
alternifolius’un gri su aritiminda etkili sekilde kullanildigin1 ve besince zengin ortamlarda
giiclii kok gelisimi gosterebildigini bildirmistir [12]. Zhai ve ark., (2016) ise bu tiiriin diklofenak
gibi kirleticileri absorbe ederek su kalitesini iyilestirdigini ortaya koymus, bunun bitkinin su i¢i
ortamlarda aktif kok gelistirebilme kapasitesine igaret ettigini belirtmistir [13]. Jiang ve ark.,
(2024) tarafindan yiiriitiilen ¢alismalar, sucul makrofitlerin fazla besin elementlerini su
ortamindan etkin bi¢cimde uzaklastirabildigini ve Cyperus tiirlerinin bu siire¢te dnemli rol
oynadigimi gostermektedir [ 14]. Ayrica makrofitlerin su seviyesine, kirlilik diizeyine ve mevcut
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besin kosullarina bagli olarak kék morfolojisinde adaptif degisiklikler ortaya koyabildigi
bilinmektedir [15,16]. Bununla birlikte, Cyperus alternifolius ¢igeklerinin su ortaminda
koklenmesine iliskin dogrudan arastirmalar sinirlidir. Ancak mevcut ¢aligmalar, bitkinin genel
koklenme mekanizmalar1 ve sucul ortamlardaki davranislar1 g6z oniine alindiginda, ¢icek sap1
gibi generatif yapilarinin da uygun ¢evresel kosullarda kok olusturabilecegine dair bilimsel
dayanak sunmaktadir [17,18]. Mevcut literatiir Cyperus alternifolius’un su ortamindaki
koklenme potansiyelini desteklese de cigek sapr uzunlugunun koklenme basarisi tizerindeki
etkisini arastiran ¢alismalarin eksikligi dikkat ¢ekmektedir. Bu nedenle bu c¢alisma, Cyperus
alternifolius ¢igek sap1 uzunlugunun su ortaminda koklenmeye etkisini inceleyerek hem
literatiirdeki 6nemli bir boslugu doldurmay1 hem de sulak alan yonetimi, peyzaj uygulamalari
ve bitki cogaltim tekniklerine yonelik bilimsel temelli bilgiler sunmay1 amaglamaktadir.

2. MATERYAL

Bu ¢alismada bitkisel materyal olarak Cyperus alternifolius (Japon semsiyesi) kullanilmustir.
Bitki ornekleri, saglikli ve gelisimini siirdiiren ana bitki populasyonlarindan temin edilmistir.
Calisma boyunca tiim ¢elikler, yiizey sterilizasyonuna dikkat edilerek steril budama makast ile
kesilmis ve her bir celik, deneysel manipiilasyonlardan once standart uzunluklara gore
hazirlanmstir.

Deneysel koklenme ortami olarak tek tip ticari siselenmis icme suyu kullanilmistir. Su ortami,
farkli digsal degiskenlerden etkilenmemesi i¢in herhangi bir katki maddesi veya diizenleyici
eklenmeden dogrudan kullanilmistir. Her bir uygulama grubu icin 15 litrelik seffaf plastik
kaplar, i¢ bolmelere ayrilarak koklenme denemelerinde kullanilmis; bdylece her gruptaki bitki
materyalinin birbirinden bagimsiz, kontrollii alanlarda gelisimi saglanmaistir.

Deneme siiresince suyun fizikokimyasal oOzelliklerini izlemek amaciyla pH, elektriksel
iletkenlik (EC), ¢6ziinmiis oksijen ve sicaklik degerleri cok fonksiyonlu bir su kalite 6l¢iim
cihaz1 kullanilarak diizenli araliklarla 6l¢iilmiistiir. Boylece kdklenme ortaminin deney siiresi
boyunca kararli ve karsilagtirilabilir kosullarda kalmasi saglanmistir.

3. YONTEM

Bu c¢alisma, Cyperus alternifolius (Japon semsiyesi) bitkisinde ¢igek sapi uzunlugunun su
ortamindaki koklenme tizerine etkisini belirlemek amaciyla yiiriitilmistir. Denemede
kullanilan bitkisel materyal, 03.10.2025 tarihinde Rize’de bulunan Recep Tayyip Erdogan
Universitesi kampiisii i¢erisindeki dogal populasyondan temin edilmistir. Bu kapsamda toplam
90 adet celik alinmis ve laboratuvar ortamina tasinmustir. Celikler {i¢ farkli sap uzunlugu
grubuna ayrilmistir: 0 cm, 15 cm ve 30 cm. Her bir grupta 30 adet celik olacak sekilde
diizenleme yapilmistir. Tiim ¢elikler steril budama makasi ile hazirlanmis; yaprak uzunluklar
3 cm olacak sekilde kesilmis ve her celikte 3 adet yaprak bogumu birakilmistir. Hazirlanan
celikler dikim 6ncesinde 24 saat bekletilmistir.

Calismanin koklenme asamasi, yalnizca su ortaminda gergeklestirilmistir. Bekletilen
celiklerden segilen 90 adet bitki materyali, li¢ farkli sap uzunlugu grubuna uygun olarak 15
litrelik seffaf plastik kaplarin bolmelerine yerlestirilmistir. Tiim gruplarda kdklenme ortami
olarak tek tip ticari siselenmis igme suyu kullanilmisg, herhangi bir katki maddesi eklenmemistir.
Kaplar, deney siiresi boyunca dis etkenlerden uzak, kontrollii bir i¢ ortamda tutulmustur.

Su kalitesinin deney boyunca standardize edilmesi amaciyla pH, elektriksel iletkenlik (EC),
¢oziinmiis oksijen ve sicaklik Slgiimleri diizenli araliklarla yapilmistir. Olgiimler igin gok
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fonksiyonlu bir su kalite ol¢iim cihazi kullanilmis; cihaz her Ol¢iim Oncesinde iretici
talimatlarina uygun sekilde kalibre edilmistir. Kalibrasyon sonrasi 6l¢iim yapilirken cihazin
dogru degerleri gdstermesi i¢in her parametre i¢in asagidaki siireler beklenmistir:
Cizelge 1. Olciimler yapihrken cihaz ekranmindaki degerlerin okunmasi icin beklenen siireler.

Parametre Bekleme Siiresi (sn)
Oksijen 180
Ph 60
Tletkenlik 20
Sicakhik 5

Bu stirelerin tamamlanmasinin ardindan cihaz ekranindaki degerler okunarak kaydedilmistir.
Deneme siiresi sonunda her bir ¢elik i¢in dort farkli gelisim parametresi degerlendirilmistir:
(1) Kok sayist,

(2) Toplam kok uzunlugu (cm),

(3) Kardes govde sayisi,

(4) Toplam kardes govde uzunlugu (cm).

Tiim veriler SPSS 29 paket programi kullanilarak analiz edilmistir. Sap uzunlugu gruplari
arasindaki farkliliklar1 belirlemek amaciyla uygun istatistiksel testler uygulanmis ve sonuglar

grup karsilastirmalarina gére yorumlanmustir.
4. BULGULAR

4.1. Deneme Ortami Ozellikleri

Cizelge 2’de verilen Kruskal-Wallis testi sonuglarina gore deneme gruplari arasinda pH (p =
0.657) ve sicaklik (p = 0.661) degerleri agisindan istatistiksel olarak anlamli bir fark
saptanmamis, bu parametrelerin tlim gruplarda benzer seviyelerde seyrettigi belirlenmistir.
Buna karsin iletkenlik (p = 0.004) ve ¢ozlinmiis oksijen (p = 0.048) degerlerinde gruplar
arasinda anlaml farkliliklar ortaya ¢ikmistir. Bu durum, farkl ¢igek sapi uzunluklarinin veya
celik yogunlugunun suyun kimyasal ve fiziksel Ozellikleri iizerinde etkili olabilecegini
gostermektedir. Bu nedenle, deney siirecinde su kalitesinin bazi parametrelerinin grup
ozelliklerine bagl olarak degisim gdsterebildigi anlasilmaktadir.

Cizelge 2. Su kalite parametresinin (pH, iletkenlik, sicaklik, oksijen) ii¢ farkli deneme

grubunda (0 cm — 15 cm — 30 cm sap uzunlugu)Kruskal-Wallis testi sonuclari tablosu.
Test Statistics®®

pH Tletkenlik Sicaklik Oksijen
Kruskal-Wallis H ,839 11,105 ,828 6,073
df 2 2 2 2
Asymp. Sig. ,657 ,004 ,661 ,048

a. Kruskal Wallis Test
b. Grouping Variable: DenemeGrubu

Gorsel 1’e gore A, B ve C deneme gruplarinin pH degerleri genel olarak birbirine olduk¢a
yakindir ve tlim gruplar nétr seviyeye yakin (yaklasik 6.7—7.2 aralig1) degerler gostermektedir.
Gruplarin medyan pH degerleri arasinda belirgin bir fark goriilmemekte, bu da Kruskal-Wallis
testinde elde edilen “anlamli farklilik yoktur” sonucunu gorsel olarak desteklemektedir. Her {i¢
grupta da dagilimin biiyiik boliimii dar bir aralikta toplanmis olup yalnizca A ve C gruplarinda
birkag diistik pH degeri “aykir1 deger” (outlier) olarak dikkat ¢ekmektedir. Buna ragmen genel
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egilim, tim deney gruplarinin su pH’mnin benzer kosullarda seyrettigini ve uygulanan farkl
cigek sap1 uzunluklarinin pH iizerinde anlamli bir degisim olusturmadigini géstermektedir.

Independent-Samples Kruskal-Wallis Test

—
700 T L

pH

A B o]

DenemeGrubu

Gorsel 1. Farkh sap uzunlugu gruplarinda (A: 0 cm, B: 15 cm, C: 30 c¢m) dlciilen pH
degerlerinin kutu grafigi. Kruskal-Wallis testi sonuclarina gore gruplar arasinda anlamh
farkhiik bulunmustur (p = 0.657).

Gorsel 2’ye bakildiginda A grubunun iletkenlik degerlerinin en yiiksek oldugu goriilmekte olup
medyan1 (=250) ve dagilimi (140-480) araligindadir; B grubunun medyani (=145) olup
degerleri (125-270) arasinda daha dar bir yayilim géstermektedir; C grubunun medyani (=135)
olup dagilimi (115-250) arahigindadir ve (315-330) seviyelerinde birka¢ dis deger
bulunmaktadir. Bu rakamsal farkliliklar genel olarak A > C > B siralamasin1 ortaya koymakta

ve gruplar arasinda anlamli fark olabilecegini diisindiirmektedir.

Independent-Samples Kruskal-Wallis Test
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DenemeGrubu

Gorsel 2. Farkh sap uzunlugu gruplarinda (A: 0 cm, B: 15 cm, C: 30 cm) dlgiilen elektriksel
iletkenlik (EC) degerlerinin kutu grafigi. Kruskal-Wallis testi sonuclari, gruplar arasinda
anlamh farkhlik bulundugunu gostermektedir (p < 0.05).

Gorsel 3°de tli¢ grubun sicaklik dagilimlarinin birbirine oldukc¢a yakin oldugu goriilmekte olup
A grubunun medyani (=21.1) ve dagilimi (=21.0-21.7) araligindadir; B grubunun medyani
(=21.3) olup degerleri (=21.0-22.1) arasinda degismektedir; C grubunun medyani ise (=21.4)
olup dagilimi (=21.0-22.2) araligindadir. Ug grupta da (=18.7-19.0) civarinda birkag diisiik dis

deger bulunmasma ragmen genel sicaklik dagilimlart biiylik dl¢lide benzer goriinmekte ve
gruplar arasinda belirgin bir fark olmadigini diisiindiirmektedir.
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Independent-Samples Kruskal-Wallis Test
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Gorsel 3. Farkli sap uzunlugu gruplarinda (A: 0 cm, B: 15 em, C: 30 cm) dlgiilen sicakhik
degerlerinin kutu grafigi. U¢ grup arasinda sicakhk dagihmlar1 benzer olmakla birlikte
Kruskal-Wallis testi analizinde gruplardaki fark istatistiksel olarak anlamh degildir (p=0.661).

Gorsel 4 oksijen degerlerinin gruplar arasinda belirgin farkliliklar gosterdigi goriilmektedir. A
grubunda oksijen medyan1 (=62) olup degerler minimum ~52 — maksimum =76 araliginda
degismektedir; B grubunda medyan (=70) olup dagilim minimum =59 — maksimum =75
seklindedir ve grupta =52 civarinda bir diisiik dis deger bulunmaktadir; C grubunda medyan
(=71) olup degerler minimum ~59 — maksimum <77 araligindadir ve grupta ~40—45 civarinda
birka¢ diisiik dis deger mevcuttur. Maksimum degerlere bakildiginda C grubunun (=77) en
yiiksek seviyeye ulastig1, minimum degerlere bakildiginda ise C grubunda (=40) en diisiik dis
degerin goriildiigli anlagilmaktadir. Bu tablo genel olarak A < B = C siralamasin1 gdstermekte

ve Ozellikle maksimum ve minimum degerlerin gruplar arasindaki degiskenligi artirdigina
isaret etmektedir.

Independent-Samples Kruskal-Wallis Test
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DenemeGrubu

Gorsel 4. Farkli sap uzunlugu gruplarinda (A: 0 cm, B: 15 cm, C: 30 cm) dl¢iilen ¢oziinmiis
oksijen (O2) degerlerinin kutu grafigi. Kruskal-Wallis testi sonuc¢lari, gruplar arasinda
istatistiksel olarak anlamh fark bulundugunu gostermektedir (p < 0.05).

4.2. Bitki Kok Degerleri
Cizelge 3’te verilen Kruskal-Wallis testi ¢iktisi, Kok Sayisi, Kok Uzunlugu ve Kardes Govde
degiskenlerinin ti¢ farkli grup arasinda anlamli sekilde farklilasip farklilagsmadigini
gostermektedir. Tabloya gore her ii¢ degisken i¢in de Kruskal-Wallis H degerleri oldukca
yuksek (Kok Sayis1 =41,902, Kok Uzunlugu = 33,247, Kardes Govde = 16,565) ve her biri i¢in
anlamlilik diizeyi p <.001 olarak bulunmustur. Serbestlik derecesi (df =2) gruplarin {i¢ kategori
oldugunu dogrulamaktadir. p < .001 olmasi, tiim degiskenlerde gruplar arasinda istatistiksel
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olarak son derece anlamli farklar oldugunu gosterir. Bu sonuglara gore, deney gruplart Kok
Sayis1, Kok Uzunlugu ve Kardes Govde agisindan birbirinden anlamli diizeyde farklidir; yani
gruplarin bu 6zellikler tizerinde etkisi bulundugu sdylenebilir.

Cizelge 3. Kok 6lciim parametrelerinin (Kok Sayisi, Kok Uzunlugu, Kardes Govde) birbirinden
istatistiksel olarak farkl olup olmadigimi giosteren Kruskal-Wallis testi sonuclari tablosu
Test Statistics®®

KokSayist KokUzunlugu KardesGovde
Kruskal-Wallis H 41,902 33,247 16,565
df 2 2 2
Asymp. Sig. <,001 <,001 <,001

a. Kruskal Wallis Test

Gorsel 5, tic deney grubunun (A, B, C) kok sayis1 bakimindan belirgin sekilde farklilagtigim
gostermektedir. A grubunda kok sayisi en diisiik seviyededir; medyan (=2) olup degerler (=1-6)
araliginda degismektedir. B grubunda kok sayisi orta diizeydedir; medyan (=5) olup dagilim
(=2-10) araligindadir. C grubunda ise kok sayisi en yiiksek diizeydedir; medyan (=7) olup
degerler (=4—14) araliginda seyretmektedir. Bu tablo, kok sayisinin A < B < C seklinde diizenli
bir artig gosterdigini ortaya koymaktadir. Kruskal-Wallis testinde bu degisken i¢in anlamlilik p
<.001 oldugundan, gruplar arasindaki gozlenen farklarin istatistiksel olarak ¢cok anlamli oldugu
sOylenebilir. Bu sonug, uygulanan farkli muamelelerin kok sayisin1 6nemli olgtlide etkiledigini
gostermektedir.

Independent-Samples Kruskal-Wallis Test

1500

|
|

1

KakSayisi

o

A B C

DenemeGrubu

Gorsel 5. Farkh sap uzunlugu gruplarinda (A: 0 cm, B: 15 cm, C: 30 ¢m) dl¢iilen kok sayisi
degerlerinin kutu grafigi. Kruskal-Wallis testi sonuclarina gore gruplar arasinda anlamh
farkhilik vardir (p < 0.001). En yiiksek koklenme performansi C (30 cm) grubunda gozlenmistir.

Gorsel 6, ti¢ deney grubunun (A, B, C) kok uzunlugu agisindan belirgin sekilde farklilastigini
gostermektedir. A grubunda kok uzunlugu en diisiik diizeydedir; medyan (=10) olup degerler
(=5-22) araliginda degismektedir. B grubunda kok uzunlugu orta seviyede olup medyan (=25)
civarindadir ve degerler (=7-50) araliginda seyretmektedir; ayrica =55 civarinda bir dig deger
bulunmaktadir. C grubunda kdk uzunlugu en yiiksek diizeydedir; medyan (=35) olup dagilim
(=10-45) araligindadir ve ~85 civarinda bir yiiksek dis deger vardir.
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Independent-Samples Kruskal-Wallis Test
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Gorsel 6. Farkhi sap uzunlugu gruplarinda (A: 0 cm, B: 15 cm, C: 30 c¢m) dlciilen toplam kék
uzunlugu degerlerinin kutu grafigi. Kruskal-Wallis testi sonuclarina gore gruplar arasinda

istatistiksel olarak anlamh fark bulunmaktadir (p < 0.001).

Gorsel 7, ti¢ deney grubunun (A, B, C) kardes govde sayis1 bakimindan farklilik gosterdigini
ortaya koymaktadir. A grubunda degerler olduk¢a diisiiktiir; medyan (=1) olup dagilim dardir
ve ~2-3 seviyelerinde birkag dis deger goriilmektedir. B grubunda kardes gévde sayis1t medyan
(*2) civarindadir ve degerler (=1-2) araliginda yogunlasmistir. C grubunda ise medyan yine
(=2) olup dagilim biraz daha genistir; grupta ~4-5 seviyelerinde belirgin dis degerler
bulunmaktadir. Genel olarak A grubunun kardes govde sayisi en diislik seviyedeyken, B ve C
gruplarinin birbirine yakin fakat C grubunda daha fazla varyasyon oldugu goriilmektedir.
Kruskal-Wallis testinin p < .001 sonucu, bu goézlenen farklarin istatistiksel olarak anlamli
oldugunu gostermekte ve uygulanan muamelelerin kardes gévde olusumunu 6nemli Olciide
etkiledigini diislindiirmektedir.

Independent-Samples Kruskal-Wallis Test

KardesGovde

A B C

DenemeGrubu

Gorsel 7. Farkli sap uzunlugu gruplarinda (A: 0 cm, B: 15 ¢m, C: 30 cm) dl¢iilen kardes govde
sayisi degerlerinin kutu grafigi (p < 0.001).

Korelasyon analizi (Gorsel 8), su kalitesi parametreleri ile bitkisel gelisim gostergeleri
arasindaki iliskilerin farkli diizeylerde seyrettigini gostermistir. pH degeri ile iletkenlik arasinda
pozitif ve yiiksek diizeyde anlamli bir iliski bulunmustur (r = 0.550, p = 0.001). Benzer sekilde
pH ile kok uzunlugu arasinda da pozitif ve anlamh bir iliski tespit edilmistir (r = 0.364, p =
0.027); bu durum, kok gelisiminin daha dengeli pH kosullarinda desteklendigini
diisiindiirmektedir. Iletkenlik ile bitkisel gelisim degiskenleri arasinda anlamli bir iliski
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belirlenmemistir. Ozellikle kok sayist ve kok uzunlugu ile iletkenlik arasindaki diisiik
korelasyon katsayilari, suyun mineral tuzlulugunun kok olusumunu belirgin sekilde
etkilemedigini gostermektedir. Sicaklik ile bitki gelisim parametreleri arasindaki iliskiler de
istatistiksel olarak anlamli bulunmamis ve sicaklik dalgalanmalarinin kdklenme performansi
tizerinde siirht etkiye sahip oldugu anlagilmistir. Oksijen diizeyi ile kok uzunlugu arasinda
pozitif ve anlaml bir iliski bulunmustur (r = 0.520, p = 0.001). Oksijen ile kok say1s1 arasindaki
pozitif yonlii iliski ise anlamlilik sinirina oldukga yakin olup (r = 0.290, p = 0.063), daha genis
orneklem setlerinde anlamli hale gelebilecegini diisiindiirmektedir. Bitki gelisimi parametreleri
kendi i¢inde incelendiginde, kok sayisi ile kok uzunlugu arasinda giiclii ve anlamli bir iligki
vardir (r=0.518, p <0.001). Ayrica kok uzunlugu ile kardes govde gelisimi arasinda da anlamli
bir pozitif iligki bulunmustur (r = 0.455, p <0.001). Bu bulgular, kok gelisimi arttik¢a bitkinin
iist yapisal gelisiminin de giiglendigini gostermektedir.

[letkenlik Sicaklik Oksijen | Kok Sayist | Kok Uzunlugu | Kardes Govde
,550™ -0.037 0.272 0.221 ,364" -0.029 Correlation
Coefficient
pH 0.001 0.812 0.071 0.160 0.027 0.863 Sig. (2-tailed)
36 45 45 42 37 38 N
0.101 0.135 -0.303 -0.114 -0.302 ' Correlation
. . Coefficient
[letkenlik 0.558 0.434 0.082 0.555 0.099 'Sig. (2-tailed)
36 36 34 29 31 N
-0.140 0.079 0.062 0.169 Correlation
Coefficient
Sicaklik 0.358 0.619 0.715 0.312 ' Sig. (2-tailed)
45 42 37 38 N
0.290 ,520™ -0.073 ' Correlation
. Coefficient
Oksijen 0.063 0.001 0.663 Sig. (2-tailed)
42 37 38 N
Kok Sayisi ,518™ 407" ' Correlation
Coefficient
0.000 0.001 Sig. (2-tailed)
73 68 N
,455™ ' Correlation
: 3 Coefficient
K6k Uzunlugu 0.000 'Sig. (2-tailed)
66 N

Gorsel 8. Spearman korelasyon analizi tablosu.

S. TARTISMA

Bu c¢alismada Cyperus alternifolius’un ¢igek sap1 uzunluguna bagl olarak su ortamindaki
koklenme performansi degerlendirilmis ve elde edilen bulgular, literatiirde tanimlanan tiiriin
morfolojik ve ekolojik karakteristikleriyle uyumlu sonuglar ortaya koymustur. Ozellikle 30
cm’lik sap uzunlugu grubunda goézlenen yiiksek kok sayisi, kok uzunlugu ve kardes govde
gelisimi, tlirlin generatif yapilariin da uygun cevresel kosullarda giiclii bir vejetatif yanit
verebildigini gostermektedir. Bu durum, Cyperus alternifolius’un sulak alan habitatlarinda hizli
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bliylime kapasitesine sahip oldugunu bildiren caligmalarla paralellik tasimaktadir [1,3].
Calismada elde edilen sonuglar, sucul ortamlarda besin ve oksijen kosullarinin kéklenme
siireclerini etkiledigini bildiren arastirmalarla da uyumludur. Ozellikle ¢dziinmiis oksijen ile
kok uzunlugu arasinda saptanan pozitif iligki, makrofitlerin su kalitesi parametrelerine bagl
olarak kok morfolojisinde adaptif yanitlar verebildigini ortaya koyan 6nceki bulgulart destekler
niteliktedir [15,16]. Benzer sekilde pH ile kok uzunlugu arasindaki anlamli pozitif iligki,
Cyperus tiirlerinin besince zengin veya kimyasal 6zellikleri degisken su ortamlarinda aktif kok
gelistirme kapasitesine sahip oldugunu bildiren ¢aligmalarla tutarlidir [ 12—14]. Bu arastirmanin
bir diger onemli bulgusu, cigek sap1 uzunlugu arttik¢a koklenme performansinin belirgin
sekilde iyilesmesidir. Literatiirde ¢icek saplarinin su ortaminda koklenmesine dair dogrudan
calisma bulunmamasina karsin [17,18], Cyperus alternifolius’un rizomlar, tuberler ve gévde
segmentleri araciligiyla ytiksek vejetatif cogalma yetenegine sahip oldugu bilinmektedir [8—
11]. Bu baglamda elde edilen sonuclar, bitkinin generatif yapilarinin da vejetatif ¢cogaltim
siirecine katilabilecegini ve c¢icek sapt uzunlugunun bu siiregte belirleyici bir faktor
olabilecegini gdstermektedir. Dolayisiyla c¢alisma, literatiirde belirtilen koklenme
mekanizmalarina yeni bir katki sunmakta ve Ozellikle ¢igek saplarinin bitki ¢ogaltimini
destekleyen giiclii bir materyal olarak degerlendirilebilecegini gostermektedir.

6. SONUC

Bu arastirma da, Cyperus alternifolius bitkisinde ¢igek sap1 uzunlugunun su ortamindaki
koklenme basarisi lizerinde belirleyici bir etkiye sahip oldugunu ortaya koymustur. Bulgular,
sap uzunlugunun koklenme basarisini belirgin sekilde etkiledigini gdstermis ve 6zellikle 30 cm
sap uzunlugunun kok sayisi, kok uzunlugu ve kardes govde gelisimi agisindan en yiiksek
performansi sagladigin1 ortaya koymustur. Su kalite parametreleriyle gelisim gdostergeleri
arasindaki pozitif iligkiler, tiirlin sucul ortamlara uyum saglayabilen esnek koklenme
mekanizmasini desteklemektedir. Elde edilen sonuglar, Cyperus alternifolius’un vejetatif
cogaltim potansiyelinin generatif yapilara da wuzandigmi gostermekte ve Dbitkinin
fitoremediasyon, sulak alan restorasyonu ve peyzaj uygulamalarinda daha genis bir kullanim
alanina sahip olabilecegini ortaya koymaktadir.
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OZET

Bu arastirma, Mirabilis jalapa Linn. tohumlarinda farkli 6n islem uygulamalarinin ¢gimlenme
basarisina etkisini belirlemek amaciyla gergeklestirilmistir. Her bir denemede 30 tohum
kullanilmis ve toplam sekiz uygulama grubu olusturulmustur. Birinci grup kontrol, ikinci grup
kabugu soyulmus tohumlar, {igiincii grup oda sicakliginda suda 15 dakika bekletilen tohumlar,
dordiincii grup oda sicakliginda suda 30 dakika bekletilen tohumlar, besinci grup 30 °C suda
15 dakika bekletilen tohumlar, altinc1 grup 30 °C suda 30 dakika bekletilen tohumlar, yedinci
grup sivi solucan giibresinde 15 dakika bekletilen tohumlar ve sekizinci grup sivi solucan
giibresinde 30 dakika bekletilen tohumlardan olugsmustur. Her gruptaki 30 tohum, 15’ar adetlik
lic tekerriir halinde diizenlenmistir. On islem dncesi ve sonrasi tohum agirliklar1 kaydedilmis,
c¢imlenme ylizdeleri belirlenmistir. Kruskal-Wallis testi, hem agirlik farki hem de gimlenme
oranlarinda uygulamalar arasinda istatistiksel olarak anlamli farkhlklar bulundugunu gostermistir (p <
0.05). Bununla birlikte Bonferroni diizeltilmis ikili karsilastirmalar ¢ogu grubun benzer performans
sergiledigini ortaya koymustur. Sicak su uygulamalarinda (6zellikle 30 °C—30 dk) agirlik artisi en yliksek
degerlere ulasmis, kabugu soyma uygulamasi ise en disik performansi gostermistir. Cimlenme
oranlarinda kontrol ve sicak su uygulamalarinin nispeten daha yiiksek degerlere sahip oldugu
gorilmis; ancak bu farklar ¢oklu karsilastirma diizeltmesi sonrasinda anlamliliga ulasmamistir. Genel
olarak sonuglar, M. jalapa tohumlarinin uygulanan 6n islemlere karsi sinirh bir yanit verdigini,
ancak sicak su uygulamalarinin belirli siire—sicaklik kombinasyonlarinda ¢imlenme egilimini
olumlu yonde etkileyebilecegini gostermektedir.

Anahtar Kelimeler : Mirabilis jalapa, tohum ¢imlenmesi, 6n islem, s1vi solucan giibresi, sicak

su uygulamasi.
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1. GIRIS

Mirabilis jalapa Linn., yaygin adiyla aksam sefasi, Nyctaginaceae familyasina ait otsu bir ¢ok
yillik bitkidir. Kokeni Orta ve Giiney Amerika olmakla birlikte tropikal bolgelerden diinyanin
bir¢ok yerine yayilmis, farkli iklim kosullarinda basarili bir sekilde yetistirilebilmistir. Tiir;
beyaz, sar1, pembe ve iki renkli formlara sahip, ge¢ 6gleden sonra agan gosterisli huni bigimli
cigekleriyle taninmakta ve bu 6zelligi nedeniyle estetik degeri yiiksek siis bitkileri arasinda yer
almaktadir [1]. Aksam sefasi, yalnizca dekoratif 6zellikleriyle degil, ayn1 zamanda gelencksel
tipta sahip oldugu kullanim ge¢misiyle de dikkat ¢ekmektedir. Peyzaj diizenlemelerinde diisiik
bakim gereksinimi ve fakir toprak kosullarina toleransi sayesinde sinir bitkisi, yer ortiicii veya
karisik dikimlerde yaygin bigimde tercih edilmektedir [2]. Bu tiirlin saglam kok sistemi ve geg
saatlerde ciceklenen yapisi, ona hem ekolojik hem de gorsel agidan ayr1 bir deger
kazandirmaktadir [3]. Ayrica gigeklerin gece aktif polinatdrleri cekmesi, bitkinin ekosistemde
oynadigi rolii giiglendirmektedir [4]. Mirabilis jalapa’nin geleneksel tiptaki kullanim alanlari
oldukca genistir. Ozellikle Meksika ve Giiney Amerika’daki yerli topluluklar tarafindan ishal
ve dizanteri gibi gastrointestinal rahatsizliklarin tedavisinde uzun yillardir kullanilmaktadir
[5,6]. Bitkinin yaprak, kok ve ¢igek ekstraktlarinin antimikrobiyal 6zellikler tagidigi da gesitli
caligmalarla ortaya konmustur [1]. Tohum biyolojisi ve g¢ogaltim yontemleri agisindan
bakildiginda M. jalapa’nin onemli arastirma konularindan biri oldugu goriilmektedir.
Tohumlarin yalnizca ¢ogalimda degil, ayn1 zamanda biinyelerindeki biyoaktif bilesikler
nedeniyle biyoteknolojik uygulamalarda da deger tasidig1 bilinmektedir. Tohum bilesimindeki
alkaloidler ve diger biyolojik etkin maddeler, bitkinin tibbi degerini artirmakta ve dogru
yetistirme stratejilerinin bu bilesenlerin verimini etkiledigini géstermektedir [7]. Mirabilis
jalapa, genetik arastirmalar agisindan da tarihsel bir 6neme sahiptir. Kontrollii tozlasma ile
yiiriitiilen klasik c¢alismalar, Mendel’in kalitim ilkelerini dogrulayan Grnekler arasinda yer
almakta ve bitkinin genetik model organizma olarak 6nemini ortaya koymaktadir [8]. Bu
nedenle tiiriin tohum tretimi, ¢cimlenme biyolojisi ve ¢evresel kosullara tepkisi, hem tarimsal
hem de bilimsel agidan giincel bir arastirma alan1 olmay1 siirdiirmektedir. Tibbi, aromatik ve
siis bitkisi olarak ¢ok yonlii degerlendirilebilmesi, aksam sefasinin yetistirilme teknikleri
lizerine yapilan ¢alismalar1 daha da 6nemli hale getirmektedir. Nitekim ¢evresel kosullarin ve
yetisme ortami Ozelliklerinin tohum ¢imlenme oranlarini etkiledigi; farkli substratlar ve
yetistirme tekniklerinin ise verim ve bitkisel kaliteyi belirledigi bilinmektedir. Ayn1 zamanda
bitkinin agir metal biriktirme kapasitesi, biyoremediasyon ¢aligmalarinda kullanimini miimkiin
kilmakta; ancak tibbi amagl kullanimda bu durumun dikkatle yonetilmesini gerektirmektedir
[9]. Bu baglamda, 6zellikle sert tohum kabugu nedeniyle ¢cimlenme giigliigii yasayan M. jalapa
tohumlarinin ¢imlenme yiizdesini artirmaya yonelik 6n islem uygulamalar1 biiyiik 6nem
tagimaktadir. Literatiirde sicak su, mekanik skarifikasyon ve cesitli kimyasal uygulamalar
denenmis olmakla birlikte, organik icerikli s1vi solucan giibresinin ¢gimlenme tizerindeki etkisini
inceleyen ¢alisma sayisi son derece sinirlidir. Bu nedenle farkli 6n islem tekniklerinin ¢imlenme
basarisina etkisini belirlemek, hem iiretim hem de tibbi kullanim ag¢isindan pratik ve bilimsel
katkilar saglayacaktir.
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2. MATERYAL

Bu arastirmada materyal olarak Mirabilis jalapa tiiriine ait olgun ve saglikli tohumlar
kullanilmistir. Ekim ortami olarak 2 mm elekten elenmis ticari torf tercih edilmis ve tiim
denemelerde ayn1 substrat kullanilmistir. Tohumlarin dis ortamdan gelebilecek kirleticilerden
korunmasi ve kontrollii bir mikrogevre olusturulmasi amaciyla 15 litrelik kapakli, seffaf plastik
bir kap c¢alisma ortami olarak kullanilmistir. Bu kap, 10 cm genisliginde plastik seritler
yardimiyla 24 bolmeye ayrilmis ve her bélme tohum ekimi i¢in birer ekim yastigr gorevi
gormistiir. Calismada kullanilan tiim materyaller ve ekipmanlar, uygulama kosullarinin
standardizasyonunu saglamak amaciyla ayni fiziksel ortamda ve aymi prosediirler izlenerek
hazirlanmistir.

3. YONTEM

Bu arastirma, Mirabilis jalapa tohumlarinda farkli 6n islem uygulamalarinin ¢imlenme tizerine
etkilerini belirlemek amaciyla yiiriitiilmiistiir. Calismada toplam sekiz farkli 6n islem grubu
olusturulmus olup uygulamalar sirasiyla su sekilde diizenlenmistir: A: Kontrol, B: Kabuk
soyma, C: Cesme suyunda 60 dk., D: Cesme suyunda 120 dk., E: 30 °C suda 60 dk., F: 30 °C
suda 120 dk., G: Siv1 solucan giibresinde 60 dk., H: Siv1 solucan giibresinde 120 dk. Tiim 6n
islemler 04.11.2025 tarihinde uygulanmistir. Tohumlar, ayn1 yetisme sezonunda ve ayn1 anag
bitkiden toplanarak calisma materyalinin homojenligi saglanmistir. Her uygulama grubu 3
tekerriir igerecek sekilde diizenlenmis ve her tekerriirde 10 adet tohum kullanilmistir. Boylece
caligma kapsaminda toplam 240 adet tohum degerlendirilmistir. Tohumlara 6n islem
uygulanmadan once ve uygulama sonrasinda tohum agirliklar1 hassas terazi ile olgiilerek
kaydedilmistir. On islemler tamamlandiktan sonra tohumlar ayn1 ortam kosullarinda ekilmistir.
Ekim sonrast her bir tohumun ¢imlenme zamani giinliikk olarak izlenmis; ¢imlenme kriteri
olarak kotiledon’un (tohum yapragi) 1 cm olmasi esas alinmistir. Her uygulama grubunda kag
giin sonra ilk ¢imlenmenin gerceklestigi ve dort haftalik donem boyunca toplam ¢imlenen
tohum sayis1 ayrintili bigimde kaydedilmistir. Deneme siiresince tiim ortamlar igin toprak nemi,
havadaki bagil nem, toprak iletkenligi (EC), toprak pH’1 ve toprak sicakligi olmak {izere bes
cevresel parametre Ol¢lilmiistiir. Bu 6l¢iimler, dort hafta boyunca haftada dort giin (Pazartesi,
Sali, Carsamba, Persembe) ve her giin aym saatte gerceklestirilmistir. Boylece gevresel
degiskenlerin ¢imlenme {izerindeki etkilerinin tutarli bir sekilde izlenmesi saglanmistir.
Cimlenme yiizdeleri, 6n islem gruplarma ait agirlik degisimleri ve g¢evresel ol¢lim verileri
istatistiksel degerlendirme i¢in SPSS 29 paket programina aktarilmistir. Gruplar arasindaki
farkliliklarin belirlenmesinde uygun istatistiksel testler kullanilmis; elde edilen sonuclar
anlamlilik diizeyleriyle birlikte yorumlanmustir.

4. BULGULAR

Kruskal-Wallis testi sonuglart (Cizelge 1), uygulanan 6n islemlerin tohum agirhik farklari
tizerinde istatistiksel olarak anlamli bir etkiye sahip oldugunu gostermistir (H=21.130,sd =7,
p = 0.004). Bu bulgu, sekiz farkli 6n islem grubunun agirlik degisimlerine iliskin sira
ortalamalarinin birbirinden anlamli diizeyde farklilastigin1 gostermektedir.

28



. CONFERE,
& oy

b

ansn®

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

November 28 - 30, 2025 - RIZE
wwwwwwww = ikangre. o ISBN NR. : 978-625-5694-56-0

Cizelge 1. Mirabilis jalapa tohumlarinda farkl 6n islem uygulamalarina gore agirhik farklarinin
Kruskal-Wallis testi sonu¢lari.

Test Statistics®P

Agirlik Farki
Kruskal-Wallis H 21,130
df 7
Asymp. Sig. ,004

a. Kruskal Wallis Test

b. Grouping Variable: On Islem

Agirlik farkina iliskin dagilimlar incelendiginde, 6n islem gruplar1 arasinda belirgin farkliliklar
oldugu goriilmektedir. Kabuk soyma iglemi (B grubu) agirlik kaybinin en yiiksek oldugu grup
olarak one ¢ikarken, sicak su ve sivi solucan giibresi uygulamalarinin yer aldig1 D, E, F, G ve
H gruplarinda agirlik artislarinin daha yiiksek diizeyde seyrettigi gdzlenmistir. Ozellikle sicak
su (30 °C) ve sivi solucan giibresi uygulamalarinin agirlik artisinda daha tutarli ve yiiksek

dagilimlar irettigi boxplot grafiginde agik¢a goriilmektedir. Bu dagilimlar, Kruskal-Wallis
testinin anlaml1 sonucu ile uyumludur (Gérsel 1).

Independent-Samples Kruskal-Wallis Test
600,00

400,00 &
: '
200,00

00 -

AgirikFarki

-200,00
-400,00

-600,00 !

Ao B C D E F G H

Gorsel 1. Mirabilis jalapa tohumlarinda farkh on islem uygulamalarma gore agirhk farki
dagilimlarim gosteren boxplot grafigi. A: Kontrol, B: Kabuk soyma, C-D: Oda sicakhginda su
uygulamalari, E-F: 30 °C sicak su uygulamalari, G-H: siv1 solucan giibresi uygulamalar.

Gruplar arasindaki dagilim farkhiliklar1 Kruskal-Wallis testinde anlamli bulunmustur (p < 0.05).

Ikili karsilastirmalara iliskin ag diyagrami, 6n islem gruplarnin ortalama sira degerleri
arasindaki iligkileri gorsel olarak ortaya koymaktadir. Gorsel 6zellikle F (30 °C-120 dk), E (30
°C-60 dk) ve H (solucan giibresi 120 dk) gruplariin agirlik artis1 bakimindan birbirine yakin
konumlandig1 goriilmektedir. Buna karsin kabuk soyma uygulamas: (B grubu), diger tiim
uygulamalardan belirgin sekilde ayrilarak en diisiik performansi gostermistir. Ayrica C, D ve

G gruplan orta diizeyde kiimelenirken, dagilim yapilar1 ag tizerinde farkli mesafelerle
gosterilmistir.
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Gorsel 2. Mirabilis jalapa tohumlarinda farkhh 6n islem uygulamalar1 arasindaki ikili
karsilastirmalarin ortalama sira degerlerine gore olusturulan ag diyagrami. Her bir diigiim ilgili
on islem grubunu, diigiimler arasi cizgiler ise ortalama sira degerlerinin birbirine yakinhgim
gostermektedir. Yiiksek ortalama sira degerine sahip gruplar (E, F, H) diyagramda birbirine

yakin kiimelenirken, diisiik degerli grup (B) digerlerinden belirgin sekilde ayrilmstir.

Kruskal-Wallis testi, 6n islem gruplari arasinda genel olarak anlamli bir farklilik oldugunu
gostermistir (H = 21.130, p = 0.004). Ancak yapilan ikili karsilagtirmalarda Bonferroni
diizeltmesinin oldukc¢a kat1 olmasi nedeniyle diizeltilmis p-degerlerinin hig¢biri 0.05 anlamlilik
diizeyinin altina diismemistir. Bununla birlikte, B-F karsilagtirmas1 (adj. p = 0.018) en diisiik
p-degerine sahip eslesme olup, gruplar arasindaki farklilagmaya en yakin sonucu ortaya
koymustur. B grubunun (kabugu soyma) diisiik performansi ile F grubunun (30 °C — 120 dk)
yiiksek performansi arasindaki bu fark, heatmap tlizerinde agik bicimde goriilmektedir.

Pairwise Comparisons (Bonferroni Adjusted p-values)

1.0
< 1.000 1.000 1.000 0.583

(8] 1.000 1.000

1,000

w 1.000

-0.4

-0.2

Ir 1.000

1.000

A B c D E F G H “00

Gorsel 3. Mirabilis jalapa tohumlarinda farkh 6n islem gruplar: arasindaki Bonferroni diizeltilmis
ikili karsilastirma p-degerlerini gosteren 1s1 haritasi. Renk skalas1 diisiik p-degerlerini acik
tonlarla, yiiksek p-degerlerini koyu tonlarla gostermektedir. B-F eslesmesi (kabugu soyma vs. 30

°C-120 dk) en diisiik adj. p-degerine (0.018) sahip olup, diger karsilastirmalar anlamh olmayan
diizeyde kalmstir.
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Kruskal-Wallis testi sonug¢larina gore, uygulanan 6n islemler Mirabilis jalapa tohumlarinin
¢imlenme ylizdeleri lizerinde istatistiksel olarak anlamli bir etkiye sahiptir (H=16.177, sd =7,
p = 0.024). Bu sonug, sekiz 6n islem grubunun ¢imlenme performansinin en az bir grupta
digerlerinden farkli oldugunu gostermektedir (Cizelge 2).

Cizelge 2. Mirabilis jalapa tohumlarinda farkl 6n islem uygulamalarina gére ¢cimlenme yiizdelerinin
Kruskal-Wallis testi sonuglari.

Test Statistics®P

Cimlenme
Kruskal-Wallis H 16,177
df 7
Asymp. Sig. ,024

a. Kruskal Wallis Test

b. Grouping Variable: Onislem

Cimlenme yiizdelerine iliskin boxplot grafigi, 6n islem gruplar1 arasinda belirgin farkliliklar
oldugunu gostermektedir. A grubu (kontrol) en yiiksek ¢imlenme degerlerini iiretirken, B
grubunda ¢imlenme degerlerinin daha genis bir dagilim gosterdigi ve orta diizeyde seyrettigi
goriilmektedir. C ve D gruplarinda ¢imlenme diizeyleri nispeten diisiik ve daha dar bir dagilim
sergilemistir. E ve G gruplarinda ¢imlenme degerleri orta seviyede toplanirken, 6zellikle F
grubunda ¢imlenme degerlerinin en diisiik seviyelere diistiigii ve dagilimin olduk¢a dar oldugu
gozlenmektedir. H grubu ise orta—yiiksek ¢imlenme araliginda yer almistir (Gorsel 4). Bu
dagilim 6zellikleri, Kruskal-Wallis testinde gézlenen anlamli farklilikla (p = 0.024) uyumludur.

Independent-Samples Kruskal-Wallis Test

8,00

Cimlenme

5,00 ’
400 ,
2,00 F ‘

Cc D E F G H

00

A B

Gorsel 4. Mirabilis jalapa tohumlarinda farkh 6n islem gruplarina gore cimlenme degerlerinin
dagilmimm gosteren boxplot grafigi. A: Kontrol, B: Kabuk soyma, C-D: Oda sicakh@inda su
uygulamalari, E-F: 30 °C sicak su uygulamalari, G-H: siv1 solucan giibresi uygulamalari. On
islem gruplar arasinda ¢imlenme acisindan farkhhklar gozlenmis olup bu farkhihk Kruskal-
Wallis testi ile istatistiksel olarak anlamli bulunmustur (p < 0.05).

Cimlenme degerlerine iligkin ikili karsilastirmalarin ag diyagrami, 6n islem gruplarinin

ortalama sira degerleri arasindaki goreli yakinlik ve uzaklik iligkilerini gostermektedir. Ag
yapisinda ozellikle A (kontrol) ve B (kabuk soyma) gruplarinin daha yiiksek ortalama sira
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degerleriyle merkezde konumlandigi, buna karsilik F grubunun en diisiik sira degerine sahip
olarak diger gruplardan belirgin sekilde ayristig1 goriilmektedir. C ve D gruplari birbirine daha
yakin bir kiime olustururken; E, G ve H gruplar1 orta diizeyde sira degerleriyle diyagramin ara
bolgelerinde yer almaktadir (Gorsel 5). Bu gorsel dagilim, ¢imlenme verilerinde gdzlenen
varyasyonun On islemler arasinda diizensiz bir sekilde gergeklestigini ve Kruskal-Wallis
testiyle belirlenen anlamli farklilig1 destekledigini gdstermektedir.

Gorsel 5. Mirabilis jalapa tohumlarinda farkl 6n islem uygulamalar1 arasindaki ortalama sira
degerlerine gore olusturulmus pairwise karsilastirma ag diyagrami. Her bir diigiim (node) bir 6n
islem grubunu, diigiimler arasi c¢izgiler ise gruplar arasindaki ortalama sira iliskisini
gostermektedir. A ve B gruplan yiiksek sira ortalamalariyla merkezde yer alirken, F grubu en

diisiik sira degerlerine sahip olarak diyagramin dis bolgesine konumlanmistir.

Bonferroni diizeltilmis pairwise karsilastirma sonuglarina gore, sekiz 6n islem grubunun ¢ogu
birbirine olduk¢a benzer ¢cimlenme performansi gostermistir (adj. p > 0.50). Is1 haritasinda koyu
maviyle goriilen genis alanlar, gruplar arasinda anlamli bir fark olmadigini géstermektedir.
Bununla birlikte bazi karsilastirmalar, digerlerine kiyasla daha diisiik p-degerleri iiretmis ve
farkliliga yaklasan sonuglara isaret etmistir. Ozellikle:

A-F karsilastirmasi (adj. p=0.115)

A-D karsilastirmasi (adj. p = 0.198)

A—C karsilagtirmasi (adj. p = 0.502)

F-E ve F-G karsilagtirmalar1 (adj. p = 0.799)

gibi giftlerde p-degerinin nispeten daha diisiik oldugu goriilmektedir. Bu durum, 6zellikle A
(kontrol) ve F (30 °C — 120 dk) gruplar1 arasindaki ¢imlenme farkinin diger gruplara gore daha
belirgin oldugunu, ancak Bonferroni diizeltmesi sonrasi istatistiksel anlamlilik diizeyine
ulagsmadigini gostermektedir (Gorsel 6).
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Pairwise Comparisons (Bonferroni Adjusted p-values)

Adj. p-value

Gorsel 6. Mirabilis jalapa tohumlarinda sekiz farkli 6n islem grubuna ait Bonferroni diizeltilmis
ikili karsilastirma (pairwise comparison) p-degerlerinin 1s1 haritasi. Her hiicre, iki uygulama
grubunun birbirinden istatistiksel olarak farkh olup olmadigim gosteren diizeltilmis p-degerini
ifade etmektedir. Renk yogunlugu, p-degerinin biiyiikliigiine gore artmakta olup koyu mavi
alanlar yiiksek p-degerlerini (fark yok), daha acik tonlar ise daha diisiik p-degerlerini (gruplar

arasi farkhih@a yakin sonuc¢lari) temsil etmektedir.

5. TARTISMA

Bu ¢alisma, Mirabilis jalapa tohumlarinda uygulanan farkli 6n islem tekniklerinin ¢imlenme
basarist lizerindeki etkilerini degerlendirmeyi amaglamistir. Bulgular, 6n islem gruplar
arasinda genel olarak smnirli diizeyde farklilik bulundugunu gostermis; Kruskal-Wallis analizi
anlamlilik siirma yakin bir sonug¢ vermis olsa da (p = 0.024), Bonferroni diizeltmeli ikili
karsilastirmalar cogu grubun benzer ¢imlenme performansi sergiledigini ortaya koymustur. Bu
durum, tiirin genis ¢evresel toleransini vurgulayan literatlirle uyumludur. Nitekim M.
jalapa’nin disiik bakim gereksinimi, fakir topraklara dayanikliligi ve degisken ekolojik
kosullarda basariyla gelisebilme yetenegi birgok ¢alismada rapor edilmistir [2,3,10]. Calismada
ozellikle kontrol grubu ile 30 °C—120 dk sicak su uygulamasi (F grubu) arasindaki ¢imlenme
farkinin diger gruplara gore daha belirgin oldugu gozlenmistir; ancak Bonferroni diizeltmesi
sonras1 anlamlilik diizeyine ulagmamistir. Sicak su uygulamalarinin tohum kabugunun
gecirgenligini artirarak ¢imlenme siirecini olumlu etkileyebilecegi literatiirde belirtilmis olsa
da [7], M. jalapa tohumlarinda bu etkinin sinirli kalmasi, tiiriin sert kabuk yapisinin sicakliga
verdigi yanitin oldukca degisken olabilecegini diisiindiirmektedir. Diger yandan, organik
igerikli girdi olan s1v1 solucan giibresinin (G ve H gruplar) etkisinin de sicak su uygulamalarina
benzer sekilde diisiik diizeyde kalmasi, bu materyalin M. jalapa i¢in ¢gimlenme uyaricisi olarak
belirgin bir avantaj saglamadigina isaret etmektedir. Literatiirde bu tiiriin ¢gimlenme biyolojisine
iliskin ¢alismalar genellikle mekanik skarifikasyon, sicak su uygulamalar1 veya mikrobiyal
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inokulasyon tizerinedir [7,11]. Organik siv1 giibre uygulamalarinin sinirli incelenmis olmasi
nedeniyle, bu bulgular gelecekte yapilacak deneysel caligmalar i¢in degerli bir karsilastirma
noktast olusturmaktadir. Ayrica M. jalapa tohumlarinin biyoaktif bilesikler agisindan zengin
olmasi [5,10], tibbi amagli iiretim siire¢lerinde ¢imlenme oranlarini iyilestirmenin 6nemini
artirmaktadir. Ancak bu ¢alismanin sonuglari, ¢cimlenmeyi belirgin sekilde artiran tek bir 6n
islem bulunmadigini, tiiriin ¢cimlenme yanitinin biiyiik 6l¢iide genetik ve ¢evresel faktorlerin
etkilesimine bagli oldugunu gostermektedir. Bu durum, bitkinin kalitim ¢alismalarinda model
olarak kullanilmasina yol agan genetik gesitliligi ile de ortiismektedir [8].

6. SONUCLAR

Bu arastirmada Mirabilis jalapa tohumlarinda farkli 6n igslem tekniklerinin (kabugu soyma,
sicak su uygulamalar1 ve sivi solucan giibresi) ¢imlenme basarisi ve agirlik artigi iizerindeki
etkileri degerlendirilmistir. Analizler, hem agirlik farki hem de ¢imlenme orani agisindan
gruplar arasinda genel bir farklilik oldugunu (p < 0.05) ortaya koymustur. Bununla birlikte,
Bonferroni diizeltmeli ikili karsilastirmalar ¢ogu grubun benzer performans gosterdigini ve
farklarin istatistiksel olarak anlamli diizeye ulagsmadigin1 géstermistir.

Agirlik artig1 agisindan en yiiksek ortalama siralama sicak su 30 °C—120 dk (F) ve 30 °C—60 dk
(E) gruplarinda goriilmiis; kabuk soyma (B) uygulamasi ise en disiik degerleri vermistir.
Cimlenme oranlarinda ise kontrol (A) ile sicak su uygulamalarinin kismen daha yiiksek
degerlere sahip olmasi, sicak suyun sert tohum kabugunun gegirgenligini artirarak fizyolojik
siireci destekleyebilecegini diisiindiirmektedir. Ancak bu artis Bonferroni diizeltmesi
sonrasinda istatistiksel anlamliliga ulagsmamastir.

Genel olarak elde edilen sonuglar, M. jalapa tohumlarinin uygulanan 6n islemlere kars1 sinirl
bir tepki verdigini ve tiiriin ¢imlenme fizyolojisinin yiliksek oranda kendi igsel ozelliklerine
bagli oldugunu diistindiirmektedir. Bununla birlikte sicak su uygulamalarinin belirli siire
sicaklik kombinasyonlarinda umut verici egilimler olusturdugu goriilmektedir. Daha yiiksek
orneklem biiyiikligli, farkli sicaklik-siire kombinasyonlar1 ve organik uygulamalarin
konsantrasyonlarinin ¢esitlendirildigi caligmalar, bu egilimlerin dogrulanmasma katki
saglayacaktir.
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OZET

Poliaminler, bitkilerin biiyiimesi, gelismesi ve metabolizmasini diizenleyen, molekiiler sinyal
iletimi ve hiicre boliinmesinde 6nemli roller oynayan azotlu bilesiklerdir. Bitkilerde yaygin
olarak bulunan putresin, spermidin ve spermin poliaminleri, doku kiiltiirtinde digsal
uygulamalariyla kallus olusumu, rejenerasyon, embriyogenez ve organogenez verimliligini
artiran etkili biyoregiilatorler olarak giderek daha fazla tanimmmaktadir. Poliamin
uygulamalarinin ayrica, oksidatif stresin azalmasi, fenolik salginin engellenmesi ve antioksidan
sistemlerin diizenlenmesi gibi 6nemli etkileri de bilinmektedir. Bu ¢alisma, poliaminlerin bitki
doku kiiltliriiniin bagarisina nasil katkida bulundugunu agiklamak i¢in son deneysel
caligmalardan ve kapsamli incelemelerden elde edilen bulgulari bir araya getirmektedir.

Anahtar Kelimeler: Bitki Biiylimesi, Bitki Doku Kiiltiirii, Poliaminler, Stres Toleransi
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ABSTRACT

Polyamines are nitrogenous compounds that regulate plant growth, development, and
metabolism, playing essential roles in molecular signaling and cell division. The polyamines
putrescine, spermidine, and spermine, which are commonly found in plants, are increasingly
recognized as effective bioregulators agents that enhance callus formation, regeneration,
embryogenesis, and organogenesis efficiency through their exogenous applications in tissue
culture. Polyamine treatments are also known to reduce oxidative stress, prevent phenolic
exudation, and modulate antioxidant systems. This study compiles findings from recent

experimental studies and comprehensive reviews to explain how polyamines contribute to the
success of plant tissue culture.

Keywords: Plant Growth, Plant Tissue Culture, Polyamines, Stress Tolerance
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Poliaminler, iki veya daha fazla amino grubu igeren ve tiim canli organizmalarda bulunan
kiigiik, suda ¢oziintir, alifatik bilesiklerdir. Serbest formda bulunabildikleri gibi fenolik asitler,
niikkleik asitler ve proteinler gibi diger molekiillerle birlesmis olarak da bulunabilirler. (Fazilati
ve Forghani, 2015; Rakesh ve ark., 2021). Poliaminler canli organizmalarda, putresin,
spermidin, spermin ve kadaverin gibi farkli formlarda bulunmaktadirlar. 1678'de yapilan bir
arastirmada, yash insan sperminde bazi yildiz kristal benzeri yapilar gozlemlenmis ve yaklasik
200 y1l sonra, sperm igerisinde yiiksek konsantrasyonlarda bulunmasi nedeniyle bu yapiya
“spermin” ad1 verilmistir. 1920'lerin sonlarinda ise kimyasal yapis1 [N,N 1 -bis(3-aminopropil)
biitan-1,4-diamin] aciklanmistir. “Spermidin” ise sigir pankreasindan kimyasal olarak
sentezlenmis ve “N-(3-aminopropil) biitan-1,4-diamin” olarak kimyasal yapisi agiklanmistir.
Dogal olarak olusan iki diger kokulu, ugucu poliamin, kadavranin ¢liriiyen etinden izole
edildiginden “putresin  [biitan-1,4-diamin]” ve “kadaverin [pentan-1,5-diamin]” olarak
adlandirilmigtir. Bu poliaminler, kotii bir kokuya neden olan bakteriyel ayrisma bilesiklerinin
sonucu olugmustur (Kusano ve ark., 2008). Putresin, spermidin ve spermin bitkilerde yaygin
olarak bulunan ve iizerinde en ¢ok calisilan poliaminlerdir. Kadaverin, baklagillerde diisiik
miktarlarda bulunmaktadir (Rakesh ve ark.,, 2021). Spermidin ve spermin, pektin
polisakkaritlerine bagli hiicre duvarinda bulunmakta ve lignifikasyonu, hiicre duvari pH'mi vb.
kontrol etmektedir. Putresin ise sitoplazmik 6ziitlerde bulunmaktadir. Prokaryotlarda, putresin
yiiksek miktarlarda, spermidin diisiik miktarlarda bulunurken, spermin genellikle yoktur.
Ancak Okaryotlarda putresin ¢ok diisiik miktarda bulunurken, spermidin ve spermin yiiksek
miktarlarda bulunmaktadir (Pal Bais ve Ravishankar, 2002).

Poliaminler, bitki biiylimesinde, gelisiminde, stoma hareketlerinde etkili olmasinin yani sira
bitkilerin ¢esitli cevresel (biyotik ve abiyotik) stresle miicadele etmelerine yardime1 olur. Stres
kosullarinda poliaminler, hiicre turgorunu ve ozmotik potansiyeli koruyan belirli fonksiyonel
koruyucu proteinleri ve uyumlu ¢oziinenleri katabolize ederek hayati bir rol oynar (Rakesh ve
ark., 2021). Spermin, reaktif oksijen tiirlerini temizleyerek ve DNA'yr mutasyonlardan
koruyarak onemli bir rol oynarken (Takahashi ve Kakehi 2010), spermidin, antioksidan
savunma sistemini aktive ederek hidrojen peroksit (H202) ve siiper oksit (O2") tretimini
azaltmaktadir (Parvin ve ark., 2014).

Bitki doku kiiltiirii, steril kosullarda, yapay bir besin ortami i¢erisinde, bir bitkinin hiicre, doku,
organ gibi kisimlar1 (eksplant) kullanilarak yeni bir doku, bitki veya sekonder metabolit
iretilmesini saglayan biyoteknolojik bir yontemdir (Babaoglu ve ark., 2001). Bitki doku
kiiltiirii, y1l boyunca az miktarda bitki materyalinden, kisa siirede milyonlarca saglikli, tek tip
ve yiiksek kaliteli yeni bitkilerin elde edilmesine imkan vermekle birlikte, yeni ¢esit gelistirmek
(somaklonal varyasyon), gen transferi, seleksiyon, nesli tilkkenmekte olan tiirlerin korunmasi ve
cogaltilmasi zor olan tiirlerin iiretilmesi gibi amaclarla kullanilmaktadir. Doku kiiltiiriinde
basariy1 etkileyen bircok faktor bulunmaktadir. Bunlardan en 6nemlileri, uygun eksplantin
secilmesi, bitkinin biiylime ve gelismesi i¢in ihtiya¢ duydugu bilesenleri igeren besin ortaminin
belirlenmesi ve kiiltiir kosullaridir (Babaoglu ve ark., 2001). Bu siirecleri énemli olciide
etkileyen faktorler arasinda, hiicresel diizeyde biiylime diizenleyici gorevi goren, pozitif yiiklii
azotlu bilesikler olan poliaminler de bulunmaktadir.
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Poliaminler (putresin, spermidin ve spermin), bitki doku Kkiiltiiriinde hiicre boliinmesi,
embriyogenez ve koklenme gibi morfogenetik siireglerde 6nemli rol oynamaktadir (Minocha
ve Minocha, 1995; Rakesh ve ark., 2021). Poliaminlerin ayrica antioksidan aktivite, hormonal
denge (oksin ve absisik asit seviyeleri), nitrik oksit liretimi ve stresle iliskili protein ekspresyonu
dahil olmak iizere temel fizyolojik ve biyokimyasal siirecleri diizenledigi bildirilmistir. Ek
olarak, poliaminlerin arginin dekarboksilaz ve ornitin dekarboksilaz gibi temel enzimlerin
aktivitesini diizenledigi ve etilen biyosentez yollariyla etkilesime girdigi bildirilmektedir
(Minocha ve Minocha 1995). Ayrica, dissal uygulanan poliaminler, i¢sel poliamin seviyesini
etkilemekte ve antioksidan savunma sistemlerinin diizenlenmesine katkida bulunarak kiiltiir
dokularindaki oksidatif hasar1 azaltmaktadir.

Bu c¢alisma, bitki doku kiiltiirii uygulamalarinda poliaminlerin etkinligi tizerine yapilan son
bulgular1 degerlendirmektedir. Calismanin amaci, poliaminlerin doku kiiltiiriinde
biyodiizenleyici olarak potansiyelini vurgulamak ve tarimsal agidan Onemli tiirlerde
kullanimlar1 hakkinda daha fazla arastirma yapilmasini saglamaktir.

2. BITKi DOKU KULTURUNDE YAPILAN CALISMALAR

Poliaminler, farklilasmay1 ve organ olusumunu etkileyerek bitki in vitro morfogenezinde
onemli bir diizenleyici rol oynamaktadir (Minocha ve Minocha, 1995; Rakesh ve ark., 2021).
Cok sayida calisma, poliaminlerin digsal uygulamasinin ¢ok ¢esitli bitki tiirlerinde kallus
olusumunu, siirglin rejenerasyonunu, somatik embriyogenezi ve koklenmeyi énemli olciide
etkiledigini gostermistir (Coskun ve Yaman, 2024; Kiymaz ve Acemi, 2025). Poliaminlerin
etkileri, konsantrasyonlarina, tiirlerine ve kiiltiir ortaminin bilesimine biiylik ol¢lide baglidir
(Carman ve ark., 2005). Yapilan bir ¢alismada, yiliksek konsantrasyonlardaki poliamin
uygulamalarinin  Verbascum bugulifolium tiiriiniin tohum ¢imlenmesi ve organ gelisimi
tizerinde olumsuz etki yaptigi, diisiik konsantrasyonlardaki uygulamalarin ise daha etkili oldugu
bildirilmistir (Kiymaz ve Acemi, 2025).

Putresinin kallus bilylimesini, slirgiin ¢ogalmasin1 ve koklenme verimliligini artirdig: siklikla
bildirilirken, spermidin ve sperminin genellikle somatik embriyogenezi destekledigi ve siirgiin
kalitesini iyilestirdigi ifade edilmektedir. Ancak, daha yiiksek poliamin konsantrasyonlari, doku
kahverengilesmesine ve rejenerasyon kapasitesinin azalmasina yol agan inhibitor etkiler
gosterebilmektedir (Carman ve ark., 2005).

Poliaminler in vitro kosullarda abiyotik stres toleransina katkilar1 agisindan da yaygin olarak
incelenmistir. Bu kapsamda, kuraklik (Fu ve ark., 2014; Sundararajan ve ark., 2022) , tuzluluk
(Yavuzlar ve Unal, 2021), agir metal (Mandal ve ark., 2013) gibi stres kosullarinda poliamin
uygulamasinin stresle iligkili morfolojik, fizyolojik ve biyokimyasal tepkileri baskilayarak
oksidatif hasar1 6nemli Sl¢iide hafiflettigi bildirilmistir.

Genel olarak yapilan ¢alismalarda, poliaminlerin bitki doku kiiltiirtinde 6nemli biyoregiilatrler
olarak islev gordiigii ve optimum konsantrasyonlarda ve bitki biliyiime diizenleyicileriyle
birlikte uygulandiginda in vitro rejenerasyon verimliligini ve morfogenetik tepkileri
tyilestirmek i¢in etkili bir sekilde kullanilabilecegi ifade edilmektedir.
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3. GENEL DEGERLENDIRME VE ONERILER

Poliaminler, bitki doku Kkiiltiirinde morfogenezi ve stres toleransimi artirmada Onemli
diizenleyici molekiillerdir. Yapilan ¢ogu c¢alisma model tiirlere veya tibbi bitkilere
odaklanmaktadir; nispeten az sayida aragtirma tarimsal a¢idan Onemli meyve veya sebze
bitkilerini hedef almaktadir. Cok az ¢aligsma, doku kiiltiiriinde poliamin uygulamasini abiyotik
stres kosullariyla (tuzluluk, kuraklik, asir1 sicakliklar vb.) kombine etmektedir. Poliaminlerin
optimum konsantrasyonlari, bitki biiyiime diizenleyicileri veya stres ajanlariyla etkilesimleri ve
tiire Ozgii tepkiler sistematik bir degerlendirme gerektirmektedir. Poliamin uygulamalar
sonrasinda rejenerasyona ugrayan bitkilerin uzun vadeli stabilitesi, genetik ve epigenetik
etkileri ve fizyolojik kalitesinin degerlendirilmesi 6nem arz etmektedir.

Gelecege yonelik oneriler:
- Genetik ve molekiiler diizeyde poliamin metabolizmasinin aragtirilmast,
- Meyve ve sebze tiirlerinde spesifik uygulamalarin artirilmasi,
- Kombine uygulamalarin (6rnegin poliamin + antioksidan) test edilmesi.
KAYNAKCA

Babaoglu, M., Yorgancilar, M., Akbudak, M.A. Doku Kiiltiirii: Temel Laboratuvar Teknikleri.
Bitki Biyoteknolojisi, Doku Kiiltiirii ve Uygulamalari. Editorler: Babaoglu, M., Giirel, E.,
Ozcan, S., Selguk Universitesi, Konya: Sel-Un Yayinlari, 2001.

Carman, J. G., Reese, G., Fuller, R. J., Ghermay, T., & Timmis, R. Nutrient and hormone levels
in Douglas-fir corrosion cavities, megagametophytes, and embryos during embryony.
Canadian Journal of Forest Research, 35(10), 2447-2456, 2005.

Coskun, Y., & Yaman, V. Enhancing phenolic compounds in caper through the incorporation
of polyamines in In Vitro cultures from various explant sources. South African Journal
of Botany, 165, 43-48, 2024.

Fazilati, M., & Forghani, A. H. The role of polyamine to increasing growth of plant: As a key
factor in health crisis. International Journal of Health System and Disaster Management,
3, 89-94, 2015.

Fu, X. Z., Xing, F., Wang, N. Q., Peng, L. Z., Chun, C. P., Cao, L., Ling, L.L. & Jiang, C. L.
Exogenous spermine pretreatment confers tolerance to combined high-temperature and
drought stress in vitro in trifoliate orange seedlings via modulation of antioxidative
capacity and expression of stress-related genes. Biotechnology & Biotechnological
Equipment, 28(2), 192-198, 2014.

Kiymaz, G., & Acemi, A. Effects of polyamines and optimized culture medium on in vitro
organ development and accumulation of root phenolics in endangered Verbascum
bugulifolium. Plant Cell, Tissue and Organ Culture (PCTOC), 162(2), 33, 2025.

Kusano, T., Berberich, T., Tateda, C., & Takahashi, Y. Polyamines: essential factors for growth
and survival. Planta, 228(3), 367-381, 2008.

40



. CONFERE,
& oy

b

ansn®

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025 - RIZE
wwwwwwwwwwwwwwwwwww ISBN NR. : 978-625-5694-56-0

Mandal, C., Ghosh, N., Maiti, S., Das, K., Gupta, S., Dey, N., & Adak, M. K. Antioxidative
responses of Salvinia (Salvinia natans Linn.) to aluminium stress and it’s modulation by
polyamine. Physiology and Molecular Biology of Plants, 19(1), 91-103, 2013.

Minocha, S. C., & Minocha, R. Role of polyamines in somatic embryogenesis. In Somatic
embryogenesis and synthetic seed | (Eds. Y.P.S Bajaj), pp. 53-70, Berlin, Heidelberg:
Springer Berlin Heidelberg, 1995.

Pal Bais, H., & Ravishankar, G. A. Role of polyamines in the ontogeny of plants and their
biotechnological applications. Plant Cell, Tissue and Organ Culture, 69(1), 1-34, 2002.

Parvin, S., Lee, O. R., Sathiyaraj, G., Khorolragchaa, A., Kim, Y. J., & Yang, D. C. Spermidine
alleviates the growth of saline-stressed ginseng seedlings through antioxidative defense
system. Gene, 537(1), 70-78, 2014.

Rakesh, B., Sudheer, W. N., & Nagella, P. Role of polyamines in plant tissue culture: An
overview. Plant Cell, Tissue and Organ Culture, 145(3), 487-506, 2021.

Sundararajan, S., Shanmugam, R., Rajendran, V., Sivakumar, H. P., & Ramalingam, S. Sodium
nitroprusside and putrescine mitigate PEG-induced drought stress in seedlings of

Solanum lycopersicum. Journal of Soil Science and Plant Nutrition, 22(1), 1019-1032,
2022,

Takahashi, T., & Kakehi, J. I. Polyamines: ubiquitous polycations with unique roles in growth
and stress responses. Annals of Botany, 105(1), 1-6, 2010.

Yavuzlar, E. E., & Unal, N. In vitro kosullarda farkli poliamin uygulamalarinin ¢ilekte tuzluluk
stresi iizerine etkileri. Meyve Bilimi, 10(1), 173-183, 2021.

41



AORFERER
Ny T

b

ansn®

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025 - RIZE
wwwwwwwwwwwwwwwwwww ISBN NR. : 978-625-5694-56-0

MEYVE TURLERINDE KURAKLIK STRESI TOLERANSINA DISSAL
UYGULAMALARIN ETKISI

Ogr. Gor. Dr. Selcan OZYALIN
Yozgat Bozok Universitesi,
selcan.ozyalin@yobu.edu.tr - 0000-0003-4831-8600

Doc. Dr. Miijgan GUNEY
Yozgat Bozok Universitesi,
mujgan.guney@yobu.edu.tr - 0000-0001-5491-1430

Dog. Dr. Servet ARAS
Yozgat Bozok Universitesi,
servet.aras@yobu.edu.tr - 0000-0002-0347-6552

Do¢. Dr. Hakan KELES
Yozgat Bozok Universitesi,
hakan.keles@yobu.edu.tr - 0000-0002-8225-931X

OZET

Giliniimiizde degisen iklim kosullar1 bitkiler iizerinde bir¢cok olumsuzlugu da beraberinde
getirmektedir. Ozellikle sicakliklarin artmasi ile birlikte kuraklik kaginilmaz hale gelmektedir.
Bitkilerin biiyiime ve gelismesini olumsuz yonde etkileyen bu durum bitkilerde, strese neden
olmaktadir. Stres sonucunda bitkilerde, bir dizi morfolojik, fizyolojik, biyokimyasal ve
molekiiler degisiklikler meydana gelmekte ve 6zellikle stres, meyve verimliligini ciddi sekilde
sinirlandirmaktadir. Meyvecilikte kuraklik stresine karsi toleransi arttirmak i¢in bir¢ok organik,
inorganik maddeler ile mikroorganizmalar digsal olarak uygulanmakta ve bu maddelerin
kuraklik stresini hafifletmede etkili olduklar1 bilinmektedir. Bu calismada, baz1 meyve
tirlerinin kuraklik stresi toleransinin arttirllmasinda yapilan digsal uygulamalar literatiir
calismalar1 dikkate alinarak degerlendirilmistir.

Anahtar Kelimeler: Abiyotik Stres, Digsal Uygulamalar, Kuraklik Stresi, Meyvecilik
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ABSTRACT

The changing climate conditions of today have numerous negative effects on plants. Drought,
in particular, becomes inevitable as temperatures rise. This negatively affects plant growth and
development, causing stress in plants. Plants undergo a series of morphological, physiological,
biochemical, and molecular changes due to stress, which severely limits fruit productivity. To
enhance drought tolerance in fruit cultivation, various organic and inorganic substances, as well
as microorganisms, have been applied exogenously, and these agents have been found to be
effective in alleviating drought stress. This study evaluated exogenous applications used to
increase drought stress tolerance in some fruit species.

Keywords: Abiotic Stress, Exogenous, Drought Stress, Fruit Growing

1. GIRIS

Hizl niifus artisinin yani sira, ekonomik 6nemi ve insan sagligi agisindan onemli bilesiklere
sahip olmasi ile meyve tiretimi yildan yila artmaktadir. Diinyada 2023 yilinda meyve ve sebze
tiretimi 2022 yilina gore %1 artarak 2.1 milyar tona ulagmis ve bu liretimin 1 milyar tonu meyve
tiretimi olarak gerceklesmistir (FAO, 2025). Ulkemizde ise, 2023 yilinda, bir dnceki yila gore

meyveler, icecek ve baharat bitkilerinde %2.3 oraninda artis olmus ve yaklasik 27.4 milyon ton
tiretim gergeklesmistir (TUIK, 2025).

Kuraklik, bitkilerin biiylimesini, gelismesini, verimliligini ve hayatta kalmasini siirlandiran
onemli ¢evresel sorunlardan biridir (Biiyiik ve ark., 2012; Kacar ve ark., 2013; Li ve Liu, 2016).
Artan kuraklik ve susuzluk; kiiresel kurak alanlarin genislemesine, toprak neminin azalmasina,
arazilerin bozulma hizlarinin artmasina, ekosistemdeki karbon emiliminin azalmasina, asiri
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sicakliklarin artmasina, sicak hava dalgalanmalarina ve orman yanginlarina neden olmaktadir
(Yavash ve Erlat, 2023). Yapilan arastirmalarda, gelecekte kurakligin 6nemli bir tehdit olacag:
bildirilmektedir. Kurakliga kars1 miicadele yontemlerinin ve stratejilerinin gelistirilmesi onem
arz etmektedir (Yavaslh ve Erlat, 2023).

Kuraklik stresi, bitkilerin morfolojik, fizyolojik ve biyokimyasal 6zelliklerinde degisimlere
neden olmaktadir. Bu dogrultuda, bitkilerde biiylime ve gelisme gerilemekte, {irliniin nitelik ve
niceligi azalmakta ve meyveler kii¢iik kalmaktadir (Kacar ve ark., 2013). Kuraklik kosullar
altinda, hiicrelerdeki turgor basinci ve yaprak su potansiyeli azalmakta ve daha kii¢iik hiicreler
olusmaktadir (Jaleel ve ark., 2008; Kacar ve ark., 2013; Khalid ve ark., 2022). Hiicrelerin kiigiik
kalmasi ayn1 zamanda hiicre duvarlarinin olusumunu da azaltmaktadir. Sonug olarak, yaprak
boyutu kiiciiliir ve bu da fotosentez ve solunum gibi temel fizyolojik siiregleri olumsuz
etkileyerek yaprak kivrilmasina, bodur bitki biiyiimesine, yapraklarin sararmasina ve solmasina
neden olur (Khalid ve ark., 2022; Feng ve ark., 2024). Bu biitiinlesik etkiler bitkinin biiylimesini
ve gelisimini baskilayarak sonugta hem verimi hem de {iriin kalitesini diigtirtir. Kuraklik stresi
ayrica protein ve klorofil biyosentezini de bozar ve ¢esitli enzimlerin aktivitesini ve miktarini
degistirir (Kacar ve ark., 2013).

Yapilan calismalarda, bircok abiyotik stres kosullarinda, digsal uygulamalarin olumlu
etkilerinin oldugu bildirilmistir. Bitkisel iiretimde, digsal madde kullaniminin, tohum
¢imlenmesi, kok ve siirgilin gelisimi, verim ve kalite artis1, yapraklarin yaglanmasini geciktirme
gibi birgok olumlu etkisi bulunmaktadir. Digsal uygulamalar, antioksidanlari, absisik asidi,
bagil su igerigini ve reaktif oksijen tiirlerin temizlenmesini artirarak bitki stres toleransini artirir
bdylece, biiylime parametrelerini ve klorofil igerigini iyilestirir (Khalid ve ark., 2022). Kuraklik
stresi kosullarinda uygulanan digsal maddelerin temel etkilerinden biri su kullanim verimliligini
artirmak ve bu uygulamalar ile bitkilerin sulama miktarin1 azaltmaktir (Feng ve ark., 2024).
Kuraklik stresine maruz kalan bitkilerde bazi poliamin, polisakkarit, poliol, aminoasit, organik
asit, fitohormon, bitki biiylimeyi diizenleyici, element, bilesik, nanopartikiil, mikroorganizma
ve deniz yosunu gibi maddelerin strese dayanimi arttirdig1 yapilan caligmalarla bildirilmistir
(Shan ve Liang, 2010; Ozelgi, 2020; Mansinhos ve ark., 2022; Biareh ve ark., 2022; Daler ve
Uygun, 2024; Feng ve ark., 2024; Ozyalin, 2025). Bu kapsamda meyve tiirlerinde kullanilan
dissal maddelere ve yapilan ¢alismalara ait bazi1 bilgiler Cizelge 1°de verilmistir.

Cizelge 1. Bazi meyve tiirlerinde kuraklik stresine toleransi artirmak i¢in kullanilan digsal maddeler

Biyostimiilanlar Tiirleri Uygulama E(apll.an Referans
Meyve Tiirleri
. Uzim Zhao ve ark., 2021
Poliaminler Putresin Turunggil Mahdavian ve ark., 2021
Spermidin Mango Liu ve ark., 2025
Spermin Ug yaprakli portakal Fu ve ark., 2014
Glisin Betain Elma (Malus robusta) | Zhang ve ark., 2013
Aminoasitler T Elma Chen ve ark., 2022
¥ -aminobitirik asit Cheng ve ark., 2023
o Hiimik asit Elma (Malus robusta) | Zhang ve ark,, 2013
Organik asitler Salisilik asi Cilek Ghaderi ve ark., 2015
alisilik asit Morus alba Zafar ve ark., 2023
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Cizelge 1 devami.

Biyostimiilanlar Tiirleri Uygulama E{apll.an Referans
Meyve Tiirleri
e Kivi Wang ve ark., 2011;
Absisik asit Uziim Quiroga ve ark., 2012
Elma Wang ve ark., 2013
Uzim Meng ve ark., 2014
Kivi Liu ve ark., 2021
Turung Korkmaz ve ark., 2022
Karadut Ozelci ve ark., 2022
. Limon Jafari ve ark., 2022
Fitohormonlar Melatonin Zeytin Gholami ve ark., 2022
Armut Ebtedaei ve ark., 2024
Kiraz Hojjati ve ark., 2024
Seftali Igbal ve ark., 2024
Ahududu Ozyalmn, 2025
Cilek Anwar ve ark., 2025
Strigolaktonlar Uziim Wang ve ark., 2021
N Cilek Yosefi ve ark., 2020
Jasmonik asit Nar Faizy ve ark., 2025
Yag asidi Laurik asit Seftali Zhang ve ark., 2023
B1tk1 Bitytime o -naftalinasetik asit Uziim Khandani ve ark., 2024
Diizenleyicisi
Sinyal Molekiilii Nitrik oksit Elma Zhang ve ark., 2016
Elementler Selenyum Zeytin Proietti ve ark., 2013
Bilesikler Potasyum nitrat ?gﬁﬂzzlﬁgr%azi(f:e?gﬁwh ) Bolat ve ark., 2024
Mikroorganizmalar Antarctic fungal endofit | Cilek Morales-Quintana ve
ark., 2022
Cilek Zahedi ve ark., 2020
Diger Selenyum Zahedi ve ark., 2021
nanopartiikiilii (Se-NP) | Nar Liu ve ark., 2024
Partovi ve ark., 2025

2. GENEL DEGERLENDIRME VE ONERILER

Literatiir incelendiginde yapilan ¢alismalarin, daha ¢ok tahillar, endiistri bitkileri ile sebzeler
tizerinde yogunlastig1 goriilmektedir. Meyveler iizerinde yapilan ¢aligmalar daha az olup son
yillarda artig egilimindedir. Bu ¢aligmalarin yogunlagsmasi, hem diinya hem de {ilkemiz
ekonomisi, meyve verim ve kalitesi agisindan &nem kazanacaktir. Ozellikle arazi kosullarinda
uzun siireli yapilan ¢alismalar stres toleransi agisindan ¢ok degerli olacaktir.

Meyve tiirlerinin kuraklik stresine karsi farkli fizyolojik ve biyokimyasal yanitlar verdigi,
toleransi saglamak i¢in ise digsal uygulamalarin, meyve tiirlerinde umut verici ve ¢ok yonlii bir
strateji sundugu bilinmektedir. Stres toleransi gelistirilmis bitkiler, daha yiiksek verim ve kalite
saglayabilir.

Farkli stres faktorleri ile farkli osmoprotektanlar (6rnegin, prolin veya glisin betain),
antioksidanlar ayr1 ayr1 ya da kombine olarak bitkilere uygulanarak stres kosullarina
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dayaniklilik artirilabilir. Ayrica, fitohormon tedavileri (6rnegin, absisik asit, jasmonik asit) de
denenerek tolerans belirlenebilir.

Kurakliga egilimli bolgelerdeki yetistiricilik i¢in, bu uygulamalarin su yonetim planlaria

entegre edilmesi, su kisitlamalar1 altinda verimin ve meyve kalitesinin siirdiiriilmesine yardimei
olabilir.
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OZET

In vitro culture techniques, one of the fundamental applications of plant biotechnology, enable
processes such as micropropagation, callogenesis, organogenesis, and somatic embryogenesis
to be carried out under controlled and reproducible conditions. Recent advances in
nanotechnology have increased interest in the use of nanoparticles as regulatory agents in these
culture systems. Due to their high surface area-to-volume ratio and unique physicochemical
properties, nanoparticles can have significant effects on cell proliferation, nutrient uptake,
metabolic activity, and modulation of stress responses.

This study comprehensively evaluates different types of nanoparticles used in in vitro plant
culture media, their cellular uptake and transport mechanisms, and their effects on physiological
and biochemical processes. Literature findings indicate that nanoparticles increase
organogenesis efficiency in culture media, promote shoot and root morphogenesis, regulate
oxidative stress parameters, and improve overall culture success. In conclusion, nanoparticle
applications stand out as an innovative approach with the potential to increase the efficiency of
in vitro culture techniques and are anticipated to make significant contributions to plant
biotechnology and sustainable production strategies in the future.

Keywords: Nanotechnology, in vitro, plant biotechnology, organogenesis, micropropagation
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1. NANOPARTICLES

The word nanotechnology is based on the Greek prefix nano, meaning dwarf. As a technical
term, nano is expressed as one billionth. For example, a virus is approximately 100 nanometers
(nm) in size. Nanotechnology is used for sizes between 0.1 and 100 nm. Nanotechnological
materials exhibit properties that are very different from micrometric or larger molecules as a
result of their size. These include properties such as optical, physical durability, chemical
reactivity, electrical conductivity, and magnetism (Joseph and Morrison, 2006).
Nanotechnology focuses on producing, characterizing, and functionalizing biological and non-
biological structures smaller than 100 nm. Research in this field has rapidly increased in recent
years. The advantages of nanotechnology have been recognized in many fields, such as
pharmaceutical sciences and the electronics industry, and commercial products have begun to
be produced. The development of nanotechnology requires multidisciplinary work in physics,
engineering, medicine, chemistry, biology, agriculture, food, and materials science. However,
in the food industry, considering food safety and new synthetic products, nanotechnological
applications have been limited (Chen et al., 2006). Nanotechnology allows scientists to control,
modify, and measure these modifications at the nanoscale (Weiss et al., 2006). Nanotechnology
is one of the most important tools of modern agriculture, and agricultural food nanotechnology
is expected to become an economic force in the near future. Agricultural food themes focus on
the sustainability and protection of agriculturally produced foods, including products for human
consumption and animal feed. Nanotechnology provides new agricultural chemicals and new
delivery mechanisms to increase product efficiency and promises to reduce pesticide use.
Nanotechnology can increase agricultural production and its applications include:

* Nanoformulations of agricultural chemicals for pesticide and fertilizer applications to improve
products.

 Application of nanosensors/nanobiosensors in product protection for the identification of
diseases and residues of agricultural chemicals.

* Nano-devices for genetic manipulation of plants.

* Diagnosis of plant diseases.

* Animal health, animal husbandry, poultry production.

* Post-harvest management.

Precision farming techniques can be used to further improve crop yields, avoid damaging the
soil and water, reduce nitrogen loss from leaching and emissions, and also increase the long-
term incorporation of nutrients by soil microorganisms. Applications of nanotechnology include
nanoparticle-mediated gene or DNA transfer in plants to develop insect-resistant varieties, food
processing and storage, nano feed additives, and increased product shelf life. The nanoscale
generally refers to dimensions between approximately 1-100 nm (or more appropriately 0.2—
100.0 nm), because at this scale the physical, chemical, and biological properties of materials
differ from those at larger scales. A single nanometer (nm) is one billionth of a meter.
Nanotechnology refers to the understanding and control of matter at the nanoscale, where
unique phenomena enable new applications. However, limiting nanotechnology to the 1-100
nm size range excludes numerous materials and devices, particularly in the pharmaceutical and
agricultural fields. Any type of material with one or more dimensions at the nanoscale is known
as a nanomaterial (Sekhon, 2014). These nanoparticles, obtained from different sources and
exhibiting various properties, have become increasingly commercially important today. The
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European Commission defines nanomaterials as follows: Natural, accidental, or manufactured,
substances in which at least 50% of the particles have one or more external dimensions in the
range of 1-100 nm. In this context, the generally accepted size definition for nanoparticles is
1-100 nm (Creutzenberg, 2021; Barhoum et al., 2022). The nanometer scale, which is the
characteristic size of nanoparticles, gives them unique properties. These include high specific
surface area, high surface energy, and quantum confinement effects, which increase the
biochemical reactivity of nanoparticles. These unique properties are the main reason why
nanoparticles have different environmental impacts and behaviors compared to larger particles.
However, these properties also raise serious concerns about their environmental impacts and
widespread use. The ineffectiveness of traditional pesticides in most cases necessitates the
development of metal oxide nanoparticles or functional metallic nanoparticles such as silver
copper oxide (Phong et al.), titanium dioxide (TiO2), zinc oxide (ZnO), and silicon dioxide
(Si02). The global nanotechnology market is expected to exceed US$125 billion by 2024, with
nanoparticles accounting for approximately 85% of this market (Lateef, 2021; Badrie, 2024).
The use of nanoparticles in agriculture, industry, biomedicine, and household products is
increasing exponentially. When released into the environment, nanoparticles behave differently
than bulk forms; instead of forming larger structures, they retain their unique size and shape.
Silver, CuO, TiOz, ZnO, and SiO: nanoparticles are used in agriculture as pesticides, fungicides,
herbicides, or fertilizers.

2. CLASSIFICATION OF NANOPARTICLES

Organizing and classifying NPs based on their chemical and physical properties is essential for
understanding the diversity of NPs (Barhoum and Makhlouf, 2018). NPs can generally be
classified in different ways, such as by dimensionality, morphology, state, and chemical
composition (Gleiter, 2000). First, NPs are divided into two categories based on their origin:
natural and anthropogenic. Natural nanomaterials can be formed in the atmosphere,
hydrosphere, lithosphere, and biosphere covering the Earth, either separately or through a
combination of several natural processes, by chemical, photochemical, mechanical, thermal,
and biological means. Anthropogenic nanomaterials are referred to as accidental or engineered
nanomaterials, depending on whether their formation is intentional. Examples of natural
nanomaterials include volcanic eruptions, deserts, sandstorms, and cosmic dust (Dolez, 2015).
Depending on the synthesis method, the morphology or shape of NPs varies. The basic
characteristics of morphology include flatness, sphericity, and aspect ratio. Small aspect ratio
morphologies are generally spherical, oval, cubic, prismatic, helical, or columnar. High aspect
ratio morphologies take the form of zigzags, helices, and belts. Based on their size, NPs are
classified into four categories: Zero-Dimensional Nanoparticles (0D), One-Dimensional
Nanoparticles (1D), Two-Dimensional Nanoparticles (2D), and Three-Dimensional
Nanoparticles (3D). Based on their chemical composition, NPs are divided into two main
classes: organic-based NPs and inorganic-based NPs (Barhoum and Makhlouf, 2018; Makhlouf
and Barhoum, 2018). Inorganic nanoparticles include silver, gold, iron oxide, alloys, magnetic,
and quantum dots (Orive et al., 2009).

2.1. Carbon-based Nanoparticles, play a key role in science and nanotechnology (Saleh and
Gupta, 2016). Carbon is the main element in carbon-based NPs (Barhoum and Makhlouf, 2018).
Materials such as hydrocarbons, graphite, graphene, and coal, which are often carbon-based,
are used in the synthesis of carbon NPs. Coal has been found to be one of the low-cost and
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abundant precursors for the production of carbon nanostructured materials compared to other
materials (Barhoum and Makhlouf, 2018).

2.2. Metal Nanoparticles have become the focus of scientists in recent years due to their great
potential in nanotechnology. The possibility of synthesis in different sizes, shapes, and with
various surface modifications allows MNPs to be conjugated with antibodies, target ligands,
and drugs. These properties give them a wide range of applications (Khan, 2020). They include
gold, silver, quantum, iron oxide, and organic nanoparticles.

2.3. Organic Nanoparticles

This NP class primarily consists of materials made from organic compounds such as
carbohydrates, lipids, or polymers ranging from 10 nm to 1 um. Polymeric NPs have attracted
significant interest from researchers due to their greater structural stability, integrity, and
controllability (Hadinoto et al., 2013). Organic NPs have recently gained increasing attention
in various application areas in materials, sensing, biomedicine, and other fields due to their
exceptional physico-optical properties and ease of synthesis. Organic nanoparticles include
micelles, liposomes, dendrimers, polymeric and albumin-bound NPs (Choudhury and Das,
2021).

3. APPLICATIONS OF PLANT TISSUE CULTURE

Micropropagation is the continuous propagation of plants in vitro using explants such as
axillary shoots, nodes, or shoot tips. The process consists of selecting parent plants, sterilizing
them, and transferring suitable explants to a nutrient medium (Espinosa-Leal et al., 2018).
Nanotechnology is a rapidly developing field, and its applications in plant tissue culture (PTC)
are still limited. PTC is a system that enables the rapid propagation of different plant species
and the production of numerous plantlets from meristem tissues. These cultures can also be
adapted for nanoparticle (NP) production by adjusting growth regulators and precursors.
Nanoparticles are classified into groups such as organic (carbon dots, fullerenes), metal oxides
(ZnO, MgO, Fe:0s, TiO2, CuO), and precious metal NPs (AgNP, AuNP, PANP, PtNP)
(Mattiello, 2016). Tissue culture-based “green chemistry” methods offer an important
alternative in NP biosynthesis due to their environmentally friendly, low-cost, and scalable
nature. Silver, gold, copper, palladium, platinum, and Fe.Os—SiO: NPs have been successfully
produced from plant extracts. The first isolation of a gold-binding peptide from Petroselinum
crispum is also a noteworthy development in this field. However, NP biosynthesis processes
and biocompatibility tests are still not sufficiently understood. Although the hyperaccumulation
properties of plants for toxic elements are well known, studies on the use of these elements as
precursors in NP synthesis are limited. Plant-based NPs exhibit lower toxicity, which is
particularly advantageous in biomedical applications.This study aims to summarize current
approaches in nanoparticle biosynthesis and research on plant-based NP production using toxic
elements.

4. USES OF NANOPARTICLES IN VITRO CULTURE

In vitro culture is a fundamental plant tissue culture technique widely used in the production of
disease-free plants, clones, protoplasts, secondary metabolites, and hybrid plants. It increases
productivity by supporting shoot and root formation and increasing the number of mitotically
dividing cells. These systems also play an important role in seedling production and the
propagation of tuberous species such as potatoes. Nanoparticles (NPs) synthesized by chemical
or biological means have been evaluated alongside natural pharmacological compounds as
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alternatives to pesticides and fungicides commonly used in agriculture. Silver (Ag) and zinc
oxide (ZnO) NPs have gained importance as growth-regulating agents in in vitro cultures
because they promote adventitious shoot and root formation in many plant species. Non-
metallic NPs such as silicon dioxide (SiO2) and titanium dioxide (TiO2) have also been used,
but studies in this area are more limited (Arshad et al., 2022). NPs have also increased
secondary metabolite production in the in vitro regeneration of medicinal plants; drug-carrying,
agonist, and antagonist-effective NPs have modulated the phytochemical profile in the culture
medium. Some heavy metal NPs have inhibited root growth while promoting callus formation.
In these systems, different cell lines have been directed toward specific applications by
optimizing the ratios of IAA, BAP, and NAA. Studies examining the properties and
mechanisms of action of AgNPs and ZnONPs have emphasized that AgNPs can exhibit
bactericidal, fungicidal, and insecticidal effects (Zafar et al., 2016).

4.1 Antimicrobial Effect

Micropropagation processes are carried out in aseptic cabinets; agents such as HgClz, NaClO,
and ethanol are used for explant sterilization (Regina Franzolin et al., 2022). Although plant
extracts, killers, copper oxides, and essential oils have been reported to have antimicrobial
effects, off-target effects and high raw material requirements limit their use. Metal NPs are
widely used due to their strong antimicrobial properties; AgNPs function as fungicides and
increase germination by eliminating pathogens on the seed surface. LTP-AgNP applications
have been tested in species such as guava, R. websteri, and Pteridium aquilinum; AgNPs
ranging from 3-50 nm in size have been shown to provide protection against pathogens in
explants grown in different MS + BAP formulations.

4.2 Growth-Promoting Effects

Thermo-metal complex NPs (TMC-NPs) did not adversely affect plant nutrition and were found
to be as effective as traditional supplements. When applied to leaves or used only in tissue
culture, they synergized with TM-39®; seedlings grown with TMC-NPs exhibited high
marketability, strong turgor, and increased secondary rooting. Papaver somniferum L. seedlings
increased their stress tolerance with short-term TMC-NP application (Ferrari et al., 2021).The
co-culture of selenium- and copper-based NPs with saffron was successful; it has been reported
that NPs can perform a cellular fermentation function. Although the inhibitory effects on
germination could not be eliminated in some encapsulation systems, PNP + biofertilizer
combinations significantly increased plant growth. Non-abrasive silica PNPs, in particular,
provided the best results. Silica-based PNPs are thought to function as an environmental
biofertilizer by suppressing the degradation of biofertilizer bacteria. Due to their reliable
toxicity values and high efficacy, PNPs have the potential to mitigate climate change and
support urban biodiversity.

4.3 Nutrient Uptake and Physiological Support

Nanogutters have been developed to increase nutrient efficiency using micro- or nano-sized
particles (Taran et al., 2014). FePO4 nanospheres produced from volcanic ash enabled 100% Fe
(IIT) uptake even at low concentrations due to their size below 100 nm, and no precipitation was
observed (Sega et al., 2020). Nanocarrier systems provide targeted effects by increasing
solubility and membrane permeability. Magnetite and CeO: NPs increased physiological,
biochemical, and morphological development; hydroxyapatite nanorods supported nano-
biochemical processes by promoting nutrient uptake. These are related to high surface area,
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active functional groups, and efficient nutrient transport capacity. Furthermore, it has been
reported that NPs improve chloroplast compartmentalization, preserve chlorophyll content, and
increase catalase activity; while enhancing the transport of Zn, Mn, and Fe to leaf tissues, they
can limit transport to roots. Therefore, NPs are powerful tools for enhancing plant nutrient
uptake due to their physicochemical and biological properties.

4.4 Genetic Stability and Stress Tolerance

Plant tissue culture is an important tool for developing plants with superior traits that can be
used alongside traditional breeding programs. In recent years, the critical importance of genetic
stability in determining stress tolerance has been emphasized. Extensive clonal variability
studies conducted on flax (Linum usitatissimum) have shown that genetic differences are
closely related to stress responses. Pectins, which play an important role in plant immunity, play
aregulatory role in the early stages of stress responses. During interaction with Botrytis cinerea,
pectin methylesterase (PME) enzymes, which alter pectin structure, have been found to shape
the first steps of the defense mechanism. Furthermore, the Mlo gene family, which provides
resistance to powdery mildew, not only reduces susceptibility but also enhances induced
immunity against some pathogens. The discovery of a novel pectin-based resistance mechanism
mediated by the Pme3 gene in aphid-resistant flax genotypes supports the central regulatory
role of pectins in multi-pathogen resistance. Although pectin research on abiotic stresses is still
limited, pectins are known to be important regulatory molecules in environmental stress
responses (Kokina et al., 2017). Nanoparticles (NPs) are structures that can be effective at all
levels of biological organization, from the nucleic acid level to the ecosystem scale. Plants are
considered suitable models for studying NP interactions due to their long-lived and stable
nature. Nanobiotechnology offers significant potential in areas such as new cultivation
strategies, improving pesticide and fertilizer applications, and developing transport systems for
biopesticides and active compounds (Mattiello, 2016). Scientific studies have examined in
detail the effects of exposure routes, concentrations, coating properties, and shapes of
nanomaterials on seed germination and seedling development. In addition, specialized
measurement systems have been developed to determine NP size and behavior in soil solutions;
transport and toxicity tests have been conducted on soil worms and C. elegans. Current findings
indicate that nanoparticles offer significant opportunities in agriculture and the environment,
but research is still in its early stages and more comprehensive studies are needed.

5. APPLICATIONS OF NANOPARTICLES IN IN VITRO CULTURE OF FRUIT
TYPES

Advances in nanotechnology have enabled the manipulation of materials in the 1-100 nm size
range, leading to the emergence of new physicochemical phenomena that have had a significant
impact across a wide range of applications. Recent studies on the passage of nanoparticles
through plant tissues have revealed that these particles can overcome cellular barriers and be
transported into the plant's vascular system without exhibiting toxic effects (Corredor et al.,
2009). Nanotechnology enables the development of new generation biopesticides,
biofertilizers, and agrochemicals that can offer economical and safe solutions in agriculture.
The knowledge gained about the transport mechanisms and engineering properties of
nanoparticles within plants will significantly contribute to the development of new-generation
agricultural chemicals for plant nutrition and protection.

5.1 NP Use in fruit species under in vitro culture conditions
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Nanoparticles (NPs) have attracted widespread interest in research due to their natural
properties such as green synthesis, environmental friendliness, compatibility with substrates,
and cost-effectiveness (Mthana et al., 2022). Zinc oxide nanoparticles (ZnO-NPs) were
successfully synthesized using Capsicum chinense (Habanero pepper) fruit extract, and both
green and conventionally synthesized ZnO-NPs were characterized by UV-vis
spectrophotometry; absorption peaks were observed at 302 and 481 nm, respectively. The
morphology of the nanoparticles was analyzed using transmission and scanning electron
microscopy (TEM and SEM), and X-ray diffraction (XRD) studies showed that a hexagonal
wurtzite phase with a high crystalline structure was obtained. Electron dispersion X-ray analysis
(EDX) demonstrated the purity of the ZnO-NPs, and cytotoxicity tests of biosynthesized and
conventionally synthesized ZnO-NPs were evaluated using human embryonic kidney (HEK
293) and cervical carcinoma cell lines and showed reasonable activity. The antioxidant activity
of ZnO-NPs was measured using the 1,1-diphenyl-2-picrylhydrazil (DPPH) assay, and green
ZnO-NPs showed higher activity compared to conventional ZnO-NPs. These findings
demonstrate that aqueous extracts of C. chinense fruit are effective for the biosynthesis of ZnO-
NPs with anticancer and antioxidant potential (Mthana et al., 2022; Corredor et al., 2009).
Prunus serrulata (Ornamental Cherry) fresh fruit extract was used to sustainably achieve the
green synthesis of silver (P-AgNPs) and gold nanoparticles (P-AuNPs). The nanoparticles were
rapidly and effectively synthesized at 80 °C for 50 minutes and 30 seconds, respectively, and
the reduction of metal salts with fruit extract was visually monitored. After synthesis, the
nanoparticles were purified by centrifugation and filtration and pelletized by air drying (Singh
et al., 2018). Zero-valent iron nanoparticles (nZVI) have been evaluated in in vitro studies for
their effects on supporting plant growth as well as purifying contaminants in groundwater. The
effects of different nZVI concentrations (12.5-100 mg L™') on micropropagation, total phenolic
and flavonoid contents, and antioxidant activity of cherry laurel plants were investigated.
Although the highest shoot tip proliferation rate (85.15%) was observed at a concentration of
75 mg L', the maximum phenolic and flavonoid contents and SFC index value were obtained
at 25 mg L'. The same concentration ensured the highest levels of antioxidant activity and the
maximum amount of chlorogenic acid, the main phenolic compound in cherry laurel, was
recorded. As a result, the optimal nZVI concentration was determined to be 25 mg L, and it
was revealed that nZVTI has the potential to promote growth and provide alternative benefits in
in vitro plant tissue culture (Kilig et al., 2025).

Effects of commercial zinc oxide nanoparticles (ZnONPs) on Navajo blackberry (Rubus
fruticosus L.) plants, with 0.6 mg dm= BA, 0.1 mg dm™ IBA, and 0.01 mg dm™ GAs. The
morphological and biological characteristics of the seedlings were measured two and three
months after the start of the culture, and it was observed that an increase in ZnONP
concentration negatively affected the number and length of shoots and roots and the fresh
weight of the seedlings. Although the total phenolic content was lower than that of the control
plants, the total antioxidant capacity measured by the ABTS method increased. High ZnONP
concentration reduced chlorophyll a, chlorophyll b, total chlorophyll, and carotenoid contents,
increased zinc content in seedlings, and decreased iron content. ZnONP concentrations of 10—
30 mg dm™ increased potassium, calcium, magnesium, zinc, manganese, and copper
concentrations, while at 40 mg dm™, most minerals remained at levels similar to the control.
ZnONP-treated in vitro plantlets, when acclimated to ex vitro conditions, showed shoot and
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root growth and fresh weight increase in Bacillus thuringiensis-inoculated substrate (Krzepitko
et al., 2024).

The green synthesis of gold (Au-NP) and silver (Ag-NP) nanoparticles using Prunus armeniaca
(apricot) fruit extract was performed, and their in vitro free radical scavenging capacity was
evaluated. HAuCls and AgNOs solutions were reduced with apricot fruit extract, and no
stabilizer or pH adjuster was used. The resulting nanoparticles were confirmed by UV—Vis
spectroscopy, TEM images showed mostly spherical particles <20 nm in size, and DLS and zeta
potential analyses confirmed colloidal stability. XRD and FTIR analyses showed that the
nanoparticles were of high purity and had a face-centered cubic structure, and that the proteins
in the fruit extract contributed to stabilization. In free radical scavenging activities evaluated by
DPPH and ABTS tests, Au-NPs showed higher activity than Ag-NPs (Dauthal and
Mukhopadhyay, 2013). These results demonstrate that apricot fruit is not only effective as a
reducing and stabilizing agent but also enhances the free radical scavenging potential of the
synthesized nanoparticles.

The antibacterial and antifungal effects of silver nanoparticles (Nano-silver, NS) were evaluated
to reduce microbial contamination during tissue culture propagation of GxN15 rootstock
hybrids of almond x peach, and two different experiments were conducted. In the first
experiment, explants were incubated in NS solutions at different NS concentrations (0-200
ppm) and incubation times (3—7 minutes). In the second experiment, NS was added directly to
the culture medium. The results showed that NS applications of 100-150 ppm significantly
reduced bacterial and fungal contamination and preserved plant viability in both methods. High
concentrations (200 ppm) caused phytotoxic effects, which were more pronounced in explants
soaked in NS. NS added directly to the culture medium was more effective than the immersion
method and had less adverse effects on plant viability. Therefore, NS can be safely used as an
environmentally friendly alternative to toxic chemicals such as mercury chloride in the
micropropagation of woody plants (Arab et al., 2014).

The use of nanoparticles in in vitro fruit tissue culture provides multifaceted benefits, including
promoting plant growth, increasing phenolic and flavonoid content, enhancing antioxidant
capacity, and reducing microbial contamination. This approach offers a more sustainable and
environmentally friendly alternative to traditional propagation methods, opening new
perspectives for advanced biotechnology and nanotechnology applications (Corredor et al.,
2009; Singh et al., 2018; Mthana et al., 2022; Kilig et al., 2025; Krzepitko et al., 2024; Dauthal
and Mukhopadhyay, 2013; Arab et al., 2014).

6. THE FUTURE OF NANOPARTICLES IN IN VITRO TISSUE CULTURE
Nanoengineering has enabled the design of “smart” nanostructured materials that facilitate the
controlled cultivation of plant tissues. Polymeric micelles and liposome nanoparticles have
been used to transfer DNA plasmids into plant tissues, and it has been shown that these
nanoparticles can be taken up by many plant species (D. Rajput et al., 2021). Rosette plants
grown in vitro were transfected, and transgene expression was maintained for more than two
months. Plants grown in microfluidic devices were genetically transformed by continuous
exposure to DNA-loaded nanoparticles; protein nanoparticles created using directed evolution
techniques improved the transport of nucleic acids. New computational design platforms
promise significant advances in plant biotechnology by enabling nanoparticles to release their
cargo only under specific conditions within plant cells.
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6.1. Controlled Release Systems

The uneven distribution of traditional fertilizers and pesticides in plants leads to yield loss and
environmental pollution (Hou et al., 2023). Nanoformulations increase efficacy by enabling
selective transport of substances, reduce application frequency, and minimize environmental
leakage. Nanofertilizers can overcome biological barriers by utilizing the physicochemical
properties of metal nanoparticles. The metal-coded lipid nanoparticle platform has made it
possible to quantitatively measure the biodistribution of nanoparticles in roots, stems, and
leaves. The lack of commercialization of nanopesticides stems from deficiencies in safety,
environmental distribution, and toxicity data. For example, ferromagnetic nZVI-LA
nanoparticles have been developed to target soybean root-knot nematodes and are safe in plant
tissue culture.

6.2. Development of Biocompatible and Smart Nanoparticles

Bioconjugated nanoparticles play an important role in pharmaceutical and plant biotechnology
applications by improving controlled release and biological distribution. Biomolecules such as
amino acids, proteins, glucose, peptides, nucleic acids, and polysaccharides can be conjugated
to enhance nanoparticle functionality and efficacy. Carbon dot nanoparticles have been
effective in delivering drugs to phloem elements in Sorghum bicolor cells; Zn, Au, and Ag
biogenic nanoparticles have been successfully used in gene delivery applications. Further work
is needed on natural polymers such as chitosan, PLGA, gelatin, and protein, peptide, and DNA-
based systems (Tarroum et al., 2023).

6.3. Mechanisms of Action at the Molecular Level

Plant nanomedicine has not yet been sufficiently developed to utilize multifunctional structures.
In vivo studies conducted on living plants are critical for understanding the mechanisms of
action. Nanoparticles contribute to the development of cell wall interaction, pest control,
biostimulation, and highly bioavailable fertilizers (Mattiello, 2016).

Metal oxide nanoparticles, ceramic structures, quantum dots, and organic nanoparticles offer
structural, chemical, optical, and biocompatible properties. Fluorescence imaging, mass
spectrometry, and microscopy techniques can be used to monitor the biodistribution of nano-
agrochemicals in plants; however, systematic analysis methods are still lacking.

6.4. Regulatory and Biosafety Concerns

The potential effects of nanomaterials on the environment and human health remain uncertain
(Mattiello, 2016). Phytotoxicity studies in soil-plant systems are insufficient; systematic
research is needed to quantitatively assess plant responses to ENPs.

The degradation processes of nanoparticles in soil and plant tissues play a major role in plant
development, photosynthesis, nutrient uptake, and interactions with soil organisms.
Furthermore, there is insufficient information about the effects of silver nanoparticles in
terrestrial ecosystems after their antimicrobial use, which increases market risk for the industry.
7. CONCLUSION

As is well known, the literature on the toxicity of nanoparticles in aquatic and terrestrial
ecosystems is quite extensive. These studies target organisms involved in the evolutionary
development process of the biosphere and consider not only living organisms at the ecosystem
level, but also the abiotic environmental parameters in which these organisms live. In this
context, plants are not merely the sum of metabolic processes; they are also organisms that
perceive environmental signals and can rearrange their developmental programs according to
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these signals. The ecological impact of nanoparticles can be better understood through detailed
studies that also consider these morphogenesis-specific variations. Experiments with aquatic
microalgae systems offer a path that could encourage scientific investment in this field. As a
first step, the role of components in microalgae systems in nanoparticle uptake and toxicity
should be investigated. Following this step, the roles these components play in the evolutionary
process of terrestrial plants can be evaluated. For example, the role of exudates in the initial
stages of nanoparticle uptake should be clarified. From a broader perspective, the compatibility
between the size distributions of nanoparticles in emission and exposure environments and the
uptake pathways in plants should be addressed, and the properties controlling these uptake
events should be identified. Furthermore, close collaboration should be established between
experimental laboratory studies and theoretical computational approaches. In this context,
Molecular Dynamics simulations, quantum chemistry, and multiscale modeling can provide
valuable insights into the interaction of nanoparticles with both biotic and abiotic components.
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OZET

Borulu 1s1 degistiriciler 1s1l sistemlerde ve ¢esitli diger endiistriyel uygulamalarda yaygin olarak
kullanilmaktadir. Geleneksel tasarimlarda genellikle dairesel kesitli borular kullanilir. Ancak
Ozellikle alanin sinirli oldugu miihendislik sistemlerinde kullanilmak iizere alternatif
geometriler arastirilmaktadir. Bu ¢alisma, sayisal analiz kullanarak esdeger ¢evre ve uzunluga
sahip dairesel kesitli borularda ve 34/26 6zel eksen oranina sahip eliptik borularda akisi
arastirmay1 amacglamaktadir. Analizler 10.000, 20.000 ve 30.000 Reynolds sayilarinda
tiirbiilansh akis kosullari altinda gergeklestirilmistir. Amag 1s1 transfer performans ve hidrolik
performans olmak {izere iki kriteri karsilastirarak geometrik seklin performans iizerindeki
etkisini ortaya koymaktir. Sonugclar, eliptik kesitin 1s1 transferinde nispeten diisiik bir artig

saglarken basing diisiisiinde daha belirgin bir artis olusturdugunu géstermektedir.

Anahtar Kelimeler: Is1 transferi, basing diisiisti, eliptik boru

1. GIRIS

Sanayilesme, kentlesme ve teknolojik gelismeler sonucunda enerjiye olan ihtiyag¢ her gegen yil
daha da yiikselmektedir. Enerji talebindeki bu artisa karsin fosil yakit kaynaklart sinirh
olmasinin yaninda bu kaynaklarin kullanimlarinin iklim ve ¢evre iizerinde ¢cok dnemli etkileri
vardir [1-2]. Bu nedenle enerji sistemlerinde verimlilik, yenilenebilir kaynaklara yonelim ve
atik 1s1nin degerlendirilmesi artik stratejik bir zorunluluk haline gelmistir[3].

Is1l kaynakl1 sistemler akigkan ve kat1 ylizey arasinda verimli konvektif 1s1 transferine dayanir.
Is1 transfer teknolojilerindeki son gelismeler kompakt 1s1 esanjorlerinin yiiksek 1s1 transfer
performansi nedeniyle giderek daha fazla 6ne ¢iktigini gdstermektedir [4].

Is1 degistiricilerde akis ve 1s1 transferi performansi kritik tasarim parametreleridir [5]. Boru

icindeki 1s1 transferinin artirilmasi sistemin enerji verimliligini dogrudan etkilemektedir ancak
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basing diisiisii bu iyilestirmelerin maliyetini belirleyen 6nemli bir faktordiir. Boru geometrisinin
degistirilmesi akis yapisini ve dolayisiyla 1s1 transferi ile basing diistimiinii 6nemli 6l¢iide
etkilemektedir.

Meng vd. [6] kesiti periyodik olarak degisen alternatif eliptik eksenli borularda konvektif 1s1
transferi ve akis karakteristiklerini deneysel olarak inceleyerek Nusselt sayisi ve siirtiinme
faktorii korelasyonlari elde etmislerdir. Elde edilen sonuglara gore diisiik Reynolds sayilarinda
daha yiiksek performans degerlendirme kriteri (PEC) sergiledigini ve geometrik degisimlerin
akista daha erken tilirblilans gecisine neden oldugunu ortaya koydugunu bildirmislerdir. Al-
Tajer vd. tarafindan gergeklestirilen ¢calismada [7] cevresi ve yiizey alani esit olan dairesel ve
eliptik (0.75 en-boy orani) kesitli borularda Al.Os—saf su nanoakigkanimnin Re = 3000-9230
araligindaki zorlanmis tiirbiilansli akigi deneysel olarak karsilagtirilmistir. Eliptik kesitli boru
dairesel boruya kiyasla yalnizca hafif bir 1s1 transferi artis1 saglamis buna karsin basing diisiimii
ve siirtlinme faktorii biraz daha yiiksek bulunmustur. Shariat vd. [8] tarafindan gerceklestirilen
calismada sabit 1s1 akist altinda Al.Os—su nanoakiskaninin eliptik kesitli kanallardaki laminer
karigik taginimi iki fazli karisim modeliyle sayisal olarak incelenmistir. Eliptik borularda en-
boy oraninin artmasi siirtiinme faktoriinii belirgin bigimde diigiirlirken, Nusselt sayisinda
diizenli bir degisim gozlenmedigi belirtilmistir. Bununla birlikte 0,75 oranina sahip eliptik
borularin en yiiksek 1s1 transferi ve en diisiik siirtiinme degerlerini saglamasi nedeniyle dairesel
borulara kiyasla daha avantajli oldugu bildirilmistir. Gergeklestirilen bir diger ¢alismada [9]
turbiilansh akis altinda eliptik borularda zorlanmis konveksiyon sayisal olarak incelenmis ve
boru etrafina sabit 1s1 akis1 uygulanmistir. Sonuclar eliptik borunun dairesel boruya kiyasla
Nusselt sayisin1 yaklasik %9, siirtiinme faktoriinii %6 artirdigini nanopargacik hacim orani
arttikca ve ¢api kiigiildiikge 1s1 transferi ve siirtiinme faktoriiniin yiikseldigini géstermistir.
Literatiir aragtirmas1 sonucunda eliptik kesitin daha yiiksek 1s1 transfer hizlarina ulasabildigi
sonucuna varilmaktadir. Ancak bu iyilesmenin beraberinde ne kadar basing kaybi getirdigi
konusu geometriye ve akis rejimine bagh olarak degismektedir. Ayrica Tiirkce literatiirde
eliptik boru iizerine gerceklestirilen calismalar olduk¢a simirli sayidadir. Bu calismada
hesaplamali akiskanlar dinamigi (HAD) ile esdeger ¢evre ve uzunluga sahip 30 mm ¢apindaki
dairesel kesitli boru ve 34/26 6zel eksen oranina sahip eliptik borularda meydana gelen 1s1
transferi ve basing diisiisleri karsilastirilmistir. Analizler 10.000, 20.000 ve 30.000 Reynolds

sayilarinda tiirbiilansh akis kosullar altinda gergeklestirilmistir.
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2. SAYISAL ANALIZ

Esdeger cevre uzunluguna ve yiizey alanina sahip farkli kesitli borularin ayni kosullar altinda
1s1 transferi ve basing diisiisii performansinin kararli durumda sayisal olarak karsilagtirilmasi
amaglanmistir. Bu amagla analizlerde 3 m uzunlugunda 30 mm capinda dairesel kesitli boru
ve ayn1 uzunlukta 34/26 eksen oranina sahip eliptik boru kullanilmistir. Analizi gerceklestirilen

borularin boyutlar1 Cizelge 1°de verilmistir.

Cizelge 1. Calismada analiz edilen borularin boyutlar:

Kesit Dairesel Eliptik
Boru capy/ Cap orani 30 mm 34 mm /26 mm
Boru uzunlugu 3m 3m
Cevre uzunlugu 94,25 mm 94,67 mm
Yiizey alam 282.743 mm? 284.035 mm?

Sayisal analizler hesaplamali akiskanlar dinamigi (HAD) paket programi (ANSY'S Fluent 18.2)
[10] kullanilarak ger¢eklestirilmistir. Olusturulan ag yapilart Gorsel 1°de goriilmektedir.

0,000 15,000 30,000 (mrm) 0,000 13,000 30,000 (mm)
[ e ) [ e S
7,500 22,500 7,500 22,500
(@) (b)

Gorsel 1. Olusturulan ag yapilar: a) Dairesel kesitli boru b) Eliptik kesitli boru

Akiskan olarak su se¢ilmis ve suyun termofiziksel 6zellikleri sabit kabul edilmistir. Suyun her
iki boruya giris sicaklig1 20 °C olarak belirlenmis ve boru yiizeyine 5.000 W/m? sabit 1s1 akist
sinir sartt olarak uygulanmustir. Ayrica analizler 10.000, 20.000 ve 30.000 olmak iizere {i¢ farkli

Re sayisinda tiirbiilanshi akis kosullarinda gerceklestirilmistir. Sinir kosullar1 Gorsel 2’de

gosterilmistir.

68



| CONFERER,
o & ¢

b

ansn®

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES

November 28 - 30, 2025 - RIZE
ISBN NR. : 978-625-5694-56-0

wwwwwwwwwwwwwwwwwwww

Gorsel 2. Simir kosullar

Yakisama kriteri, siireklilik ve x, y ve hiz bilesenleri icin 10, enerji denklemi icin ise 10®

olarak belirlenmistir. Ayrica k-o SST tiirbiilans modeli kullanilmistir.

3. BULGULAR

Bu boéliimde analizler sonucunda elde edilen 1s1 transfer katsayilari, basing diisiisler ve

performans degerlendirme kriterleri karsilastirilmustir. ik olarak dairesel kesitli boru i¢in teorik

Nu sayis1 Dittus-Boelter esitligi kullanilarak belirlenmistir [11].
Nuy = 0,023Re}/>Pro*

Gorsel 3’de dairesel kesitli bir boru i¢in teorik hesaplamalar ve HAD analizi sonucunda elde

edilen Nu sayilarinin karsilastirmasi sunulmustur.

@ Terorik @HAD
250

200

Nu Sayisi
=
w
o
o

[y
Q
o

w
o

0 10000 20000 30000
Re Sayisi

40000

Gorsel 3. Dairesel kesitli boruda Nu sayisinin teorik ve sayisal olarak karsilastirilmasi

Analizler sonucunda beklendigi {izere eliptik kesitli boruda daha kiigiik hidrolik cap ve daha
yuksek hiz nedeniyle 1s1 transfer katsayisinin daha yiiksek oldugu goriilmiistiir. Eliptik boru
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kullanimu ile birlikte 10.000, 20.000 ve 30.000 Re sayisinda 1s1 transfer katsayisinda sirasiyla

www.akademikangre.arg

%2,71, %3,70 ve %3,97 artis meydana gelmistir. Farkli Re sayilarinda dairesel kesitli boru ile

eliptik boruda elde edilen 1s1 transfer katsayilarinin karsilastirilmast Gorsel 4’de verilmistir.

M Dairesel A Eliptik
4000

>

3500
3000

2500 ‘

ort (W/m2K)

< 2000
1500 A

1000
0 10000 20000 30000 40000
Re

Gorsel 4. Is1 katsayisimin karsilastirilmasi

Gorsel 5 incelendiginde eliptik kesitli boruda basing diislisiniin daha fazla oldugu

goriilmektedir. Ug farkli Re sayisinda elde edilen sonuglarin ortalamasi alindiginda basing

diisiisiinde ortalama %9,41 artis meydana gelmistir.

M Dairesel A Eliptik
1600
1400
1200
1000
800

AP (Pa)

600 .
400
200 [ ]

0 10000 20000 30000 40000
Re

Gorsel 5. Basing diisiisiiniin karsilastirilmasi

Performans degerlendirme kriteri (PEC) sabit pompalama giicli i¢in karsilagtirma olanagi

saglamaktadir ve asagidaki gibi tanimlanmustir [7,12].

70



AORFERER
Ny T

b

ansn®

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025 - RIZE
e ISBN NR. : 978-625-5694-56-0

wwwwwwwwwwwwwwwwwww

Hesaplanan performans degerlendirme kriteri degerleri Cizelge 2’de dzetlenmistir.

Cizelge 2. Farkh Re sayilarinda performans degerlendirme Kriterleri

Re Sayis1 PEC
10.000 0,9992
20.000 1,005
30.000 1,007

4. SONUCLAR

Bu c¢alismadan elde edilen bazi sonuglar asagida vurgulanmaistir.

1. Is1 transferi uygulamalarinda kullanilan boru kesiti 1s1l ve hidrodinamik performans iizerinde
kayda deger bir etkiye sahiptir.

2. Bu ¢alisgmada degerlendirilen eliptik boru kesiti ortalama %3,46 oraninda 1s1l performans
iyilesmesi saglamistir. Ancak bu kesitin kullanilmas1 durumunda ortalama %9,41 oraninda
daha yiiksek basing diisiisii ile karsilagilacaktir.

3. PEC > 1 oldugu durumlar eliptik borunun sabit pompalama giicii kosulunda dairesel borudan
daha verimli oldugunu gosterir. Ancak elde edilen degerler 1’¢ ¢ok yakin oldugundan pratikte
kayda deger bir avantaj saglamayabilir.

4. Eliptik kesit 1s1 transferinin son derece kritik oldugu ve basing kaybinin ikincil 6neme sahip
oldugu belirli elektronik sogutma uygulamalar1 veya fiziksel alan kisitlamalarinin olugmasi gibi
0zel durumlarda 6nemli bir segenek olarak degerlendirilebilir.

5. Enerji verimliliginin ve isletme maliyetlerinin 6n planda oldugu genel ve yaygin uygulamalar

icin dairesel kesitli borular tercih edilen bir se¢cim olmaya devam edecektir.
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ABSTRACT

Body fat percentage is an important indicator for determining individuals' health status and
physical fitness levels. Since traditional body fat measurement methods require expensive
equipment or are cumbersome, machine learning based methods that can estimate body fat
percentage using anthropometric measurements are gaining importance. In this study, Artificial
Neural Networks (ANN) optimized with the Artificial Bee Colony (ABC) algorithm were used
to estimate body fat percentage in men. The dataset used in the study contains 14 different
anthropometric measurements (age, weight, height, neck circumference, chest circumference,
waist circumference, hip circumference, thigh circumference, knee circumference, ankle
circumference, biceps circumference, forearm circumference, and wrist circumference) from
252 male individuals. The dataset was divided into three groups: 70% training, 15% validation,
and 15% testing. The ABC algorithm was used to optimize the hyperparameters of the ANN.
The proposed ANN model has a feedforward network architecture consisting of two hidden
layers and was trained using the Levenberg-Marquardt training algorithm. The results show that
the ANN model optimized with the ABC algorithm is a reasonable and effective method for
predicting body fat percentage.

Keywords: Artificial bee colony, Artificial neural network, Body fat, Optimization.

1. INTRODUCTION

Body fat percentage is considered a critical indicator for assessing individuals' overall health
status and the risk of various chronic diseases [1]. Accurate determination of body fat
percentage is of great importance in the diagnosis and monitoring of health problems such as
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obesity, diabetes, cardiovascular diseases, and metabolic syndrome. Traditional body fat
measurement methods include underwater weighing (hydrostatic weighing), dual-energy X-ray
absorptiometry, bioelectrical impedance analysis, and skinfold caliper measurements.
However, most of these methods require expensive equipment and specialized personnel.
Therefore, there is a growing need for alternative, fast, low cost, and reliable methods that can
estimate body fat percentage [2].

In recent years, machine learning and artificial intelligence techniques have begun to be widely
used in solving medical diagnosis and prediction problems [3, 4]. Artificial Neural Networks
(ANNSs), in particular, have yielded successful results in areas such as body composition
estimation, disease diagnosis, and health status assessment, thanks to their ability to model
complex nonlinear relationships. However, the performance of ANNs is largely dependent on
the correct selection of hyperparameters such as network architecture (number of layers,
number of neurons), learning rate, momentum coefficient, and activation functions.

Chiong et al. propose a support vector machine (SVM) model developed to estimate body fat
percentage based on easily measurable body measurements [5]. The proposed method enhances
prediction accuracy by adding an error control term to obtain unbiased predictions and using
feature selection to eliminate unnecessary features. Results and statistical tests demonstrate that
this method performs significantly better than other estimation models and provides an effective
solution for obesity assessment without requiring expensive equipment. Lai et al. present a
hybrid feature selection method that uses the VIKOR-based multi-filter ensemble technique
(VMFET) and improved simplified swarm optimization (iSSO) to estimate body fat percentage
with low error [6]. The method first uses VMFET to filter the most informative features. It then
applies improved iISSO with biased random initialization and effect based feature pruning
schemes to select the optimal feature subset and enhance prediction performance. Simulations
and statistical results on nine datasets demonstrate that the proposed hybrid model is a
promising tool.

Fan et al. investigated the effectiveness of feature extraction when estimating body fat
percentage from easily accessible body measurements [7]. For this purpose, they compared
three different feature extraction approaches with four well known prediction models.
Experimental results on two different datasets reveal that prediction models perform better in
terms of mean absolute error, standard deviation, root mean square error, and robustness when
feature extraction is applied. Statistical analyses show that feature extraction significantly
improves the performance of prediction methods. In another study, Fan et al. proposed a Fuzzy
Weighted Gaussian Kernel-based Relative Error SVM (RE-SVM) to accurately predict body
fat percentage [8]. The proposed method applies fuzzy weights to the error constraints of the
RE-SVM to reduce the effect of noisy data and improves the Gaussian kernel by considering
the importance of different samples. Computational experiments and statistical tests confirmed
that the proposed approach significantly outperformed the other models compared in terms of
different performance metrics.

Choppin et al. investigated whether body shape measurements obtained from 3D body scanners,
in addition to traditional anthropometric measurements, improve the performance of predicting
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body fat mass and distribution [9]. Analyses conducted on 93 male participants revealed that
prediction models incorporating body shape data exhibited a higher adjusted R? value and lower
mean square error. Hussain et al. proposed a hybrid machine learning model combining support
vector regression and emotional artificial neural networks (SVR-EANN) to accurately predict
body fat percentage [10]. SVR was applied as a consistent feature selection model on seven
features and measurements, followed by the use of EANN's regression capability in the
prediction stage. The proposed hybrid model demonstrated superior performance when
compared to seven benchmark models. It revealed that waist circumference is the most
important factor for BFP estimation, while age has a smaller effect, offering a low-cost solution
for obesity treatment. Mitu and others developed multiple linear regression (MLR) and ANN
models to estimate abdominal fat and lean mass, which are closely related to cardiometabolic
risks [11]. Experiments conducted on 104 healthy participants with high adiposity or waist
circumference revealed that ANN models performed significantly better than MLR models (R?
= 0.96-0.98 vs. R? = 0.80-0.94). Using a maximum of five anthropometric inputs, these
algorithms predicted body fat mass with an error margin of 1.84 kg and body lean mass with
an error margin of 1.48 kg.

The aim of this study is to develop an ANN model optimized with the ABC algorithm to
estimate body fat percentage in male individuals using anthropometric measurements. The
study utilized a dataset containing 14 different anthropometric measurements from 252 male
individuals. The ABC algorithm was applied to optimize critical hyperparameters of the ANN,
such as the number of hidden layer neurons, and the model was trained using the Levenberg-
Marquardt training algorithm. The model's performance was evaluated using standard metrics,
and it was demonstrated that the proposed hybrid approach is a practical and effective method
that provides high accuracy in body fat percentage estimation.

2. MATERIAL AND METHODS

ANNSs are computational systems developed based on the information processing mechanism
of the human brain. ANNs have a multilayered structure consisting of an input layer, one or
more hidden layers, and an output layer [12]. The output of a neuron is calculated as shown in
Equation 1.

Vi = fz wix; + b; 1)
i=1

Here, y;j represents the output of the jth neuron, x; represents the input value of the ith neuron
(e.g., anthropometric parameters such as age, height, weight, waist circumference), wi;
represents the connection weight from the i(th) input to the j(th) neuron, bj represents the bias
value of the j(th) neuron, f represents the activation function, and n represents the total number
of inputs.

The bias term adjusts the activation threshold of the neuron and increases the flexibility of the
model. Weights (wij) and bias values (bj) are learned from the data set and optimized during the
training process [13]. In a multilayer network, the output of one layer becomes the input of the
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next layer. For example, the output of the kth neuron in the hidden layer is given in Equation 2,
while the prediction in the final output layer is given in Equation 3.

hy = fhiddenz V‘{,-(kl)xj + b}({n (2)
=1
p
2
y = foutput Z W,!S )hk + 5@ (3)
k=1

Here, hi represents the output of the kth neuron in the hidden layer, m represents the number of
neurons in the input layer, p represents the number of neurons in the hidden layer, w) and w®
denote the weights of the first and second layers, respectively, while fhidden and foutput denote the
activation functions of the hidden and output layers, respectively.

3. SIMULATION RESULTS

In this study, the body fat percentage of male individuals was predicted using an ANN algorithm
optimized with ABC. The Body Fat Prediction Dataset was used for this purpose [14, 15]. The
Body Fat Prediction Dataset consists of body fat percentage estimates determined by
underwater weighing and various body circumference measurements of 252 men. The dataset
contains 14 different features and body fat percentage for each male. The features in the dataset
and their value ranges are given in Table 1.

Table 1. Features and value ranges of dataset

Features Value Range

Density determined from underwater weighing 0.99-1.11
Age (years) 22 -81

Weight (Ibs) 119 — 363

Height (inches) 29.5-77.8

Neck circumference (cm) 31.1-51.2

Chest circumference (cm) 79.3 - 136

Abdomen 2 circumference (cm) 69.4 — 148
Hip circumference (cm) 85— 148

Thigh circumference (cm) 47.2 - 87.3
Knee circumference (cm) 33-49.1

Ankle circumference (cm) 19.1-33.9
Biceps (extended) circumference (cm) 24.8 — 45
Forearm circumference (cm) 21 -34.9

Wrist circumference (cm) 158-21.4
Percent body fat from Siri's (1956) equation 0-475

In training the ANN model used in this study, 14 anthropometric measurements were used as
input, and body fat percentage was used as output. Min-max normalization was used as the data
preprocessing method. The dataset was divided into three parts: 70% training (176 samples),
15% validation (38 samples), and 15% testing (38 samples).

In the ABC algorithm, the number of iterations is set to 50 and the bee population is set to 20.
The number of parameters optimized with ABC is selected as 4. These parameters are: the
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number of neurons in the first hidden layer [between 5 and 20], the number of neurons in the
second hidden layer [between 5 and 20], the activation function in the first hidden layer [tansig,
logsig, purelin], and the activation function in the second hidden layer [tansig, logsig, purelin].

A feedforward multilayer neural ANN was used. The most successful ANN model obtained as
a result of optimization had 12 neurons in the first hidden layer, 5 neurons in the second hidden
layer, and a purelin activation function in both layers. The results for the performance metrics
Mean Squared Error (MSE), Root Mean Squared Error (RMSE), Mean Absolute Error (MAE),
and Coefficient of Determination (R?) are presented in Table 2.

Table 2. Results of ANN predictions

Dataset MSE RMSE MAE R?
Train 15.9192 3.9899 3.2712 0.7670
Validation 23.8835 4.8871 4.2660 0.6356
Test 20.0183 4.4742 3.5664 0.7490

Table 2 shows that R?>=0.7490, RMSE=4.4742, and MAE=3.5664 values were obtained in the
test set. These results indicate that the model can explain approximately 75% of the body fat
variance and can make predictions with an MAE of 3.57. The high consistency between the R?
values of the training set (R?>=0.7670) and the test set (R>=0.7490) indicates that the model does
not have an overfitting problem and can successfully generalize to new data. The fact that the
difference in R? between the two sets is only 0.0180 (1.8%) is proof that the model achieved
balanced and reliable learning. The closeness of the RMSE and MAE values indicates that the
prediction errors exhibit a characteristic close to a normal distribution and that the model
produces consistent results. Figure 1 shows the prediction graph for the test set.
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Figure 1. Confusion matrix of the ABC-SVM model’s test set
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Figure 1 shows the actual and predicted body fat percentages and the error distribution for 38
samples from the test set. The blue line represents the predicted values, while the red line
represents the actual values. The close proximity of the two lines indicates the model's high
prediction accuracy. Examining the error graph below reveals that the distribution of errors
doesn’t show a systematic deviation. Negative errors (blue) indicate that the model
overestimates the true value, while positive errors (red) indicate underestimation. The balanced
distribution of errors demonstrates that the model is unbiased.

4. CONCLUSIONS AND DISCUSSIONS

In this study, an ANN optimized with the ABC algorithm was successfully applied to estimate
body fat percentage in men. The proposed ABC-ANN model achieved performance metrics of
R?=0.7490, RMSE=4.4742%, and MAE=3.5664% on the test set, explaining approximately
75% of the body fat variance. The high consistency between the training (R?=0.7670) and test
(R?=0.7490) sets demonstrated that the model did not suffer from overfitting and could
successfully generalize to new data. The ABC algorithm's heuristic optimization capability
enabled the discovery of the optimal model configuration by performing an efficient search in
the complex hyperparameter space. ABC optimization systematically determined the number
of neurons and activation functions of the two-hidden-layer ANN, providing a significant
advantage over manual hyperparameter tuning. The proposed model offers fast and accurate
predictions from simple anthropometric measurements as an alternative to expensive body fat
measurement methods. This feature indicates its potential for use as a practical tool, particularly
in resource constrained environments, health screening programs, and fitness centers. This
study demonstrates that the ABC-ANN hybrid approach is an effective and reliable method for
body fat estimation and contributes significantly to anthropometric measurement based health
assessment systems.
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ABSTRACT

Heart disease is one of the most common causes of death worldwide. Making early diagnosis
and risk assessment critically important. Traditional diagnostic methods require invasive tests
or are costly. Therefore machine learning based methods that can predict heart disease risk
using clinical data are gaining importance. In this study, Support Vector Machines (SVM)
optimized with the Artificial Bee Colony (ABC) algorithm were used to predict heart disease
risk in individuals. The dataset used in the study contains 11 different clinical characteristics
(age, gender, chest pain type, resting blood pressure, cholesterol level, fasting blood sugar,
resting ECG results, maximum heart rate, exercise angina, ST depression, and ST segment
slope) for 918 individuals. The dataset was divided into three groups: 60% training, 20%
validation, and 20% testing. The ABC algorithm was used to optimize the hyperparameters (C
and Sigma) of the SVM. The proposed SVM model was trained using a Radial Basis Function
(RBF) kernel function and performed binary classification (normal/heart disease risk). The
results demonstrate that the SVM model optimized with the ABC algorithm is an effective
method for predicting heart disease risk with high accuracy, precision, and recall values.

Keywords: Artificial bee colony, Heart disease, Optimization, Support vector machine.

1. INTRODUCTION

Heart disease is one of the most common causes of death worldwide, claiming millions of lives
each year [1]. According to World Health Organization (WHO) data, heart disease accounts for
approximately 31% of global deaths [2]. This rate is even higher in developing countries. Early
diagnosis and risk assessment of heart disease are critical to preventing the progression of the
disease and improving patient outcomes [3]. Traditional diagnostic methods require invasive
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tests, expensive imaging techniques, and specialist evaluation, increasing the need for faster,
more economical, and more accessible alternative methods [4].

In recent years, machine learning and artificial intelligence techniques have made significant
advances in the field of medical diagnosis and risk assessment [5]. In particular, the application
of classification algorithms to clinical data has enabled the development of decision support
systems for disease diagnosis, risk assessment, and treatment planning [6]. Machine learning
methods are increasingly being used in cardiology due to their ability to extract meaningful
patterns from complex data structures and make highly accurate predictions [7].

Hao et al. proposed a hybrid model that combines CNN's ability to detect local features for
heart disease diagnosis with Transformer's capacity to perceive global relationships [8]. The
proposed model successfully identified heart disease risk factors from high dimensional
lifestyle data, outperforming traditional benchmark models such as support vector machines
(SVM), Convolutional Neural Network (CNN), and Long Short Term Memory (LSTM) in
terms of accuracy, precision, and sensitivity. Experiments showed that the combined use of
both CNN and Transformer modules is critical for improving the model's performance.

Kumar et al. performed heart disease prediction on 503 samples from the Cleveland heart
disease dataset [9]. For this purpose, they used the KNN, Logistic Regression (LR), Random
Forest (Rf), and XGBoost algorithms. Data imbalance was addressed using SMOTE, and model
transparency was enhanced using SHAP explainable Al tools. The XGBoost model showed the
highest performance with an accuracy rate of 97.57%. Liza et al. used the Cleveland heart
disease dataset, which contained 303 patient records and 14 features for each patient [10].
Machine learning models such as LR, RF, and XGBoost were used in the study. The XGBoost
model showed the best performance with high training and test accuracy. Narasimhan and
Victor proposed a new method to reduce the increasing diagnostic costs due to the fact that
current diagnostic methods are only 57% effective in emergency situations in heart diseases
[11]. The proposed method is an intelligent prediction model that combines machine learning
and metaheuristic optimization algorithms. The SelectKBest feature selection was applied to
the Cleveland heart disease dataset used in the study. It was optimized using the RF algorithm,
Genetic Algorithm, Particle Swarm Optimization, and Ant Colony Optimization. It was found
that the model optimized with the Genetic Algorithm achieved the highest accuracy rate
compared to the others, demonstrated better performance in disease prediction, and could
contribute to reducing mortality rates due to heart disease through early diagnosis. Rachel et al.
attempted to predict heart disease using SVM [12]. The dataset was used with an 80% training
and 20% testing ratio. In the first stage, an overall accuracy of 88% was achieved, but due to
class imbalance, only 30% success was achieved in “Yes” (heart disease present) predictions.
After data balancing using the Random Under Sampler technique, the model showed balanced
performance and achieved an accuracy rate of 72.52%. The study was developed as a user-
friendly web application using the Flask web framework and has laid the foundation for future
studies by providing a low-cost, accessible heart disease risk assessment tool, especially in
resource-constrained environments, that categorizes patients' risk levels (low, medium, high,
very high) into more detailed categories.
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Hyperparameter optimization is a critical step in maximizing the performance of machine
learning models [13]. Traditional optimization methods, such as grid search and random search
techniques, can be computationally expensive and do not guarantee finding the global optimum
[14]. Therefore, the use of metaheuristic optimization algorithms has gained popularity in
recent years. The Artificial Bee Colony (ABC) algorithm is a metaheuristic optimization
algorithm inspired by the foraging behavior of honeybees and is known for its simple structure,
few control parameters, and strong global search capability [15].

This study aims to predict the risk of heart disease using the SVM method optimized with the
ABC algorithm. For this purpose, the critical hyperparameters (C and Sigma) of the RBF kernel
function were optimized using the ABC algorithm. The proposed model was comprehensively
evaluated using different performance metrics. As a result, the potential of the proposed model
for use in clinical decision support systems was assessed.

2. MATERIAL AND METHODS

SVM is a powerful supervised learning algorithm developed by Vapnik and Cortes [16]. The
main goal of SVM is to find the optimal hyperplane that separates data points belonging to
different classes. This hyperplane is determined in a way that maximizes the margin between
classes. SVM uses kernel functions to solve non-linear problems and can work effectively in
high-dimensional feature spaces. In this study, the Radial Basis Function (RBF) kernel was
used. The RBF kernel is effective in modeling nonlinear relationships and is defined by
Equation 1.

K(xi, %) = exp(—y [[x; — lelz) 1)

Here, y = 1/(26?), where o represents the Kernel Scale parameter. The performance of SVM
depends on two critical hyperparameters: Box Constraint (C) and Kernel Scale (Sigma). The C
parameter controls the balance between training error and model complexity, while the Sigma
parameter determines the influence domain of each training example.

The ABC algorithm is a population-based metaheuristic optimization algorithm proposed by
Karaboga in 2005 and inspired by the foraging behavior of honeybees [17]. The ABC algorithm
is designed to solve complex optimization problems using swarm intelligence principles. The
algorithm's fundamental philosophy is based on the emergence of intelligent collective behavior
through the collective interaction of simple individual behaviors.

The ABC algorithm has been successfully applied in various optimization problems and has
yielded effective results, particularly in the hyperparameter optimization of machine learning
models [18]. ABC's balance between exploration and exploitation reduces the risk of getting
stuck in local minima during the optimization process and increases the probability of reaching
the global optimum [19]. These features make ABC a suitable option for SVM hyperparameter
optimization.
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3. SIMULATION RESULTS

In this study, heart disease risk of individuals was predicted using SVM algorithm optimized
with ABC. Heart failure dataset was used for this purpose [20]. This dataset contains clinical
information for predicting heart disease in people based on their cardiovascular and health
characteristics. The class variable heart disease risk is used to classify the data using binary
values of 0 (normal) and 1 (heart disease risk). There are a total of 2 classes in the dataset. The
distributions of 2 classes are provided in Table 1. The data comprises 918 records and 12

attributes collected from various medical sources. The features in the dataset and their value
ranges are given in Table 2.

Table 1. Distributions of 2 classes

Class Number of Sample Percentage (%0)
Normal 410 44.7
Heart Disease Risk 508 55.3
Table 2. Features in the heart failure dataset and their value ranges
Feature Description Value Range
Age Age of the patient 28-77 years
Sex Gender M (Male), F (Female)
ChestPainType Type of chest pain ASY, ATA, NAP, TA
RestingBP Resting blood pressure 0-200 mm Hg
Cholesterol Serum cholesterol 0-603 mg/dl
FastingBS Fasting blood sugar 0 (2120 mg/dl), 1 (>120 mg/dl)
RestingECG Resting electrocardiogram results Normal, ST, LVH
MaxHR Maximum heart rate achieved 60-202 bpm
ExerciseAngina Exercise-induced angina Y (Yes), N (No)
Oldpeak ST depression induced by exercise -2.610 6.2
ST Slope Slope of peak exercise ST segment Up, Flat, Down
HeartDisease Target variable (output) 0 (Normal), 1 (Heart Disease)

The dataset used for classification with SVM has been divided into three subsets: 60% training,
20% validation, and 20% testing. In order to improve the performance of the SVM classifier,
two critical hyperparameters of the Radial Basis Function (RBF) kernel function have been
optimized. The box constraint (C) parameter was optimized in the range of 0.01-250, and the
kernel scale (sigma) parameter was optimized in the range of 0.001-20 using the ABC
algorithm. In the ABC algorithm, the colony size was set to 100, and the maximum iteration

was set to 25. The optimization was completed in 54.11 seconds. The optimal hyperparameters
obtained as a result of the optimization are given in Table 3.
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Table 3. The obtained optimal hyperparameters

Hyperparameter Value
C (box constraint) 61.3448
Sigma (kernel scale) 7.7865

The validation accuracy value was obtained as 86.89%, and the test accuracy value as 85.87%.
For the binary classification problem, the optimized SVM model achieved a precision of
85.85%, recall of 89.22%, specificity of 81.71%, and F1-score of 87.50% on the test dataset.
Test results are given Table 4.

Table 4. Performance metric results

Performance Metric Value
Validation Accuracy 86.89
Test Accuracy 85.87
Precision 85.85
Recall 89.22
Specificity 81.71
F1-score 87.5

Table 4 presents the performance metrics of the ABC-SVM model on both validation and test
datasets. The model achieved a validation accuracy of 86.89% and a test accuracy of 85.87%,
indicating consistent performance across different data splits with minimal overfitting. The high
recall value of 89.22% demonstrates the model's strong ability to correctly identify individuals
with heart disease risk, which is particularly crucial in medical diagnosis applications where
missing positive cases can have serious consequences. The balanced F1-score of 87.50% and
the specificity of 81.71% further confirm that the model maintains good performance in both
positive and negative class predictions, making it a reliable tool for heart disease risk
assessment. Confusion matrix of the ABC-SVM model's test set is given in Figure 1.

Heart Disease

True Class

Normal

Heart Disease Normal
Predicted Class

Figure 1. Confusion matrix of the ABC-SVM model’s test set
ABC-SVM model correctly classified 91 out of 102 heart disease cases (true positives) and 67
out of 82 normal cases (true negatives), demonstrating strong predictive performance for both
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classes. However, the model misclassified 11 heart disease cases as normal (false negatives)
and 15 normal cases as heart disease (false positives), with the higher recall rate (89.22%)
indicating that the model is more effective at identifying heart disease risk than incorrectly
flagging healthy individuals. Receiver Operating Characteristic (ROC) curve of the ABC-SVM
model's test set is given in Figure 2.

e @ e @
o N ® w©

True Positive Rate
o o
= [4)]

e
w

0.2
0.1 —— ABC-SVM
, - - - ‘Random Classifier
0 1 L L 1
0 0.2 0.4 0.6 0.8 1

False Positive Rate

Figure 2. ROC curve of the ABC-SVM model's test set

ROC curve of the ABC-SVM model, which achieved an Area Under the Curve (AUC) value
of 0.9256, indicating excellent discriminative ability between heart disease and normal cases.
The ROC curve is significantly elevated above the random classifier diagonal line,
demonstrating that the model performs substantially better than random guessing across all
classification thresholds. The high AUC value of 92.56% confirms the model's strong capability
to distinguish between positive and negative classes, making it a highly reliable tool for clinical
decision support in heart disease risk assessment.

4. CONCLUSIONS AND DISCUSSIONS

In this study, the SVM method optimized with the ABC algorithm was successfully applied for
the classification of heart disease risk. On a dataset consisting of 918 individuals, the ABC
algorithm optimized the critical hyperparameters of SVM (C: 61.34, Sigma: 7.79) in
approximately 54 seconds, achieving 86.89% accuracy on the validation set. The proposed
ABC-SVM model achieved an accuracy rate of 85.87% on an unseen test set. The model's
precision (85.85%), recall (89.22%), specificity (81.71%), and F1-score (87.50%) values
demonstrate balanced and consistent classification performance for binary classification of
heart disease risk. The confusion matrix analysis revealed that the model correctly identified 91
out of 102 heart disease cases (89.22% recall) and 67 out of 82 normal cases (81.71%
specificity). The high recall rate is particularly important in medical diagnosis, as it minimizes
the number of false negatives (11 cases), thereby reducing the risk of missing patients who
require medical intervention. The results demonstrate the potential of the proposed ABC-SVM
method to be used as an effective tool in clinical decision support systems for heart disease
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screening. Furthermore, the use of 11 easily measurable clinical features (age, sex, chest pain
type, resting blood pressure, cholesterol, fasting blood sugar, resting ECG, maximum heart rate,
exercise angina, oldpeak, and ST slope) makes the model accessible and cost effective
compared to more invasive diagnostic procedures. Limitations of the study include the
moderate dataset size (918 samples). Future research could explore larger and more diverse
datasets from multiple geographical regions to improve the generalizability of the model.
Incorporating additional clinical features such as family history, lifestyle factors, and
biomarkers may also improve prediction accuracy. This study has demonstrated that
metaheuristic optimization algorithms are valuable tools for improving the performance of
machine learning models in medical diagnosis and can contribute to the development of
decision support systems for important public health issues such as heart diseases.
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OZET

Bu c¢aligmada, endiistriyel uygulamalarda yaygin olarak kullanilan S355J2C+N yap1 ¢eliginin,
farkli robotik sistemlerle gerceklestirilen gaz alt1 kaynak islemleri sonrasinda mikroyapisal
ozelliklerindeki degisim incelenmistir. Deneysel ¢alismalar, Fanuc ve OTC marka alt1 eksenli
endiistriyel kaynak robotlar1 kullanilarak yiiriitiilmiistiir. Kaynak islemlerinde, koruyucu gaz
olarak %82 argon ve %18 karbondioksit karigimi tercih edilmis. 2 farkli robot ayn1 kaynak
hizlarinda (26cm/dk) ¢alistirilmistir. Dolgu malzemesi olarak SG3 (21.2 mm) tel kullanilmagtur.
Numuneler, ISO 9018:2015 “Welded joints in metallic materials Fracture test” ve ISO 9015 -
2 “Destructive tests on welds in metallic materials — Hardness testing” standartlarina uygun

olarak hazirlanmis ve test edilmistir.

Mikroyapisal analiz Oncesinde numuneler zimparalama, parlatma ve alkol ile temizleme
asamalarindan gecirilmis, ardindan HCl—su ¢ozeltisi ile yaklasik 30 saniye daglama islemi
uygulanmistir. Metalografik incelemeler sonucunda, farkli robot sistemlerinin olusturdugu 1s1
girdisi ve kaynak parametrelerinin, ergiyik bolgesi (FZ) ve 1sidan etkilenen bolge (HAZ) mikro
yapilarinda belirgin farkliliklar olusturdugu gézlemlenmistir. Elde edilen bulgular, robot
sistemlerinin kontrol hassasiyeti ve parametre stabilitesinin kaynak dikisi kalitesi tizerinde

dogrudan etkili oldugunu ortaya koymustur.

Bu caligsma, endiistriyel robot kaynak uygulamalarinda sistem se¢iminin mikroyapisal kalite ve
mekanik dayanim iizerindeki dnemini vurgulayarak, otomasyon tabanli iiretim siireclerinin

optimizasyonuna katki saglamay1 amaclamaktadir.

Anahtar Kelimeler: Robotik Kaynak, Mikro Yapisal Analiz, S355J2C+N Celigi
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ABSTRACT

In this study, the change in the microstructural properties of S355J2C+N structural steel, which
is commonly used in industrial applications, was investigated after Gas Metal Arc Welding
processes performed by different robotic systems. Experimental studies were carried out using
six-axis industrial welding robots of Fanuc and OTC brands. A mixture of 82% argon and 18%
carbon dioxide was preferred as the shielding gas in the welding processes. 2 different robots
were operated at the same welding speeds (26 cm/min). SG3 (1.2 mm) wire was used as the
filler material. The samples were prepared and tested in accordance with ISO 9018:2015
“Welded joints in metallic materials Fracture test” and ISO 9015-2 “Destructive tests on welds

in metallic materials — Hardness testing” standards.

Before microstructural analysis, the samples went through stages of grinding, polishing, and
cleaning with alcohol, followed by an etching process with an HCl-water solution for
approximately 30 seconds. As a result of the metallographic examinations, it was observed that
the heat input and welding parameters created by different robotic systems caused significant
differences in the microstructures of the Fusion Zone (FZ) and the Heat-Affected Zone (HAZ).
The findings revealed that the control precision and parameter stability of the robotic systems
have a direct effect on the weld bead quality. This study aims to contribute to the optimization
of automation-based production processes by emphasizing the importance of system selection

in industrial robot welding applications on microstructural quality and mechanical strength.

Keywords: Robotic Welding, Microstructural Analysis, S355J2C+N Steel
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Yapr celikleri, yiikksek mukavemetleri, iyi kaynaklanabilirlikleri ve tokluk 6zellikleri nedeniyle
modern mithendislik uygulamalarinda, 6zellikle is makineleri, kdpriiler ve ¢elik konstriiksiyon
yapilarinda yaygin olarak kullanilmaktadir [1]. Bu ¢elikler arasinda S355 serisi (6zellikle
S355J2C+N), dinamik yiikler altindaki performansi ve diisiik sicakliklardaki darbe dayanimi

sayesinde endiistriyel imalat sektoriinde kritik bir yere sahiptir [2].

Glinliimiliz imalat siireclerinde verimliligi artirmak ve kalite standardizasyonunu saglamak
amactiyla manuel kaynak yontemlerinin yerini hizla robotik kaynak sistemleri almaktadir. Metal
Aktif Gaz (MAG) kaynagi, yiiksek metal yigma hiz1 ve otomasyona uygunlugu nedeniyle
robotik uygulamalarda en sik tercih edilen yontemdir [3]. Ancak, robotik kaynak siireglerinde
151 girdisi (heat input), tor¢ agis1 ve kaynak hizi gibi parametrelerin hassas kontrolii, birlesme
bolgesinin mikroyapisal evrimini dogrudan etkilemektedir. Literatiirdeki ¢aligmalar, kaynak
dikigindeki hizli sogumanin Is1 Tesiri Altindaki Bolge’de (ITAB) sertlesmeye ve dolayisiyla

mekanik ozelliklerde degisimlere yol acabilecegini gostermektedir [4].

Farkli robotik manipiilatdrlerin kinematik yapilarinin ve yoriinge hassasiyetlerinin kaynak
kalitesi tizerindeki etkileri ise nispeten daha az calisilmis bir alandir. Benzer kaynak
parametreleri kullanilsa dahi, robot markalar1 arasindaki servo motor tepkileri ve titresim
karakteristikleri, kaynak havuzu dinamiklerini degistirebilmektedir [5]. Bu c¢alismada,
endiistriyel bir ortamda S355J2C+N c¢eliginin birlestirilmesinde kullanilan iki farkli robotik
sistemin (Panasonic ve Yaskawa), olusan mikroyapt ve mekanik ozellikler iizerindeki

etkilerinin karsilastirmali olarak incelenmesi amaglanmustir.

2. Yontem

2.1. Kullanilan Malzemeler

Ana Malzeme (Base Metal): Endiistriyel uygulamalarda yiliksek mukavemeti ve toklugu

nedeniyle yaygin olarak kullanilan S355J2C+N yap1 ¢eligi kullanilmistir.

Dolgu Malzemesi (Filler Material): Yiiksek kaliteli kaynak dikisi elde etmek amaciyla SG3 tipi,

1.2 mm capinda kaynak teli tercih edilmistir.

90



. CONFERE,
& oy

b

KARADENIZ 19th INTERNATIONAL CONFERENCE ON APPLIED SCIENCES
November 28 - 30, 2025 - RIZE
e ISBN NR. : 978-625-5694-56-0

wwwwwwwwwwwwwwwwwww

Koruyucu Gaz (Shielding Gas): Gaz Metal Ark Kaynagi (GMAW) islemi sirasinda ergiyik
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banyosunu atmosferik kirlenmeye karsi korumak ve kararlt ark saglamak icin %82 Argon ve

%18 Karbondioksit karisimindan olusan koruyucu gaz kullanilmistir.
2.2. Kaynak Sistemi ve Parametreler

Deneysel kaynak iglemleri, iki farkli tireticinin endiistriyel uygulamalarda siklikla tercih edilen
alt1 eksenli endiistriyel kaynak robotlar1 kullanilarak gerceklestirilmistir: Fanuc ve OTC. Bu
robotlarin kontrol hassasiyetlerinin ve sistem stabilitelerinin kaynak dikisi kalitesi lizerindeki

etkisini karsilagtirmak amaclanmistir.
Robot Sistemleri: Fanuc ve OTC marka 6 eksenli endiistriyel robotlar.

Kaynak Hizi: Karsilagtirilabilir 1s1 girdisi kosullarini saglamak amaciyla her iki robot sistemi

icin kaynak hiz1 26 cm/dk olarak sabitlenmistir.
Kaynak Tiirii: Gaz Alt1 Kaynagi

Diger kritik kaynak parametreleri (akim, voltaj, tel siirme hizi), dolgu malzemesi ve ana

malzeme kombinasyonu i¢in optimize edilmig sabit degerlerde tutulmustur.
2.3. Numune Hazirlama ve Test Standartlari

Kaynakli birlestirmelerden elde edilen numuneler, tahribatli mekanik testler ve mikroyapisal
incelemeler i¢in asagidaki uluslararasi standartlara uygun olarak hassasiyetle hazirlanmis ve

test edilmistir:

Kirtlma Testi: Numunelerin hazirlanmasi ve test edilmesi, metalik malzemelerde kaynakli
birlestirmelerin mekanik dayanimini belirleyen ISO 9018:2015 “Welded joints in metallic

materials Fracture test” standardina gore yapilmistir.

Sertlik Testi: Kaynakli birlestirmelerde tahribatl testleri kapsayan ve sertlik dagilimini 6lgmek
icin kullanilan ISO 9015-2 “Destructive tests on welds in metallic materials — Hardness

testing” standardina gore test prosediirleri uygulanmistir.

2.4. Metalografik Inceleme
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Kaynakli numunelerin mikroyapisal analizleri, 6zellikle Ergiyik Bolgesi (FZ) ve Isidan

Etkilenen Bolge (HAZ) mikro yapilarini detayli olarak incelemek {izere yiirtitiilmiistiir.

On Hazirlik: Numuneler, mikroskop altinda net bir gériintii elde edebilmek igin sirasiyla
zimparalama (farkli kum boyutlari), parlatma (elmas siispansiyonlari ile) ve alkol ile temizleme

asamalarindan gecirilerek yiizey hatalar1 giderilmistir.

Daglama Islemi (Etching): Mikroyapisal bilesenlerin belirginlestirilmesi amaciyla, hazirlanan
numunelere HCl-su ¢ozeltisi kullanilarak yaklasik 30 saniyelik kimyasal daglama islemi

uygulanmistir.

Mikroskopik Inceleme: Daglanmis numuneler, mikroyapisal degisimlerin karsilastirilmasi igin
yiiksek c¢ozlniirlikli optik mikroskop kullanilarak incelenmistir. Inceleme, farkli robot
sistemlerinin olusturdugu 1s1 girdisi farkliliklarinin ferrit, perlit, beynayt gibi mikroyapisal

fazlarin oran ve morfolojisi lizerindeki etkisine odaklanmastir.

3. Bulgular ve Tartisma

Bu caligmada, S355J2C+N yap1 ¢eligi tlizerine Fanuc ve OTC robotik sistemleri ile farkl
kaynak hizlarinda (20 cm/dk ve 26 cm/dk) gerceklestirilen birlestirmelerin mekanik 6zellikleri,
mikrosertlik taramas1 yontemiyle incelenmistir. Sertlik 6l¢timleri, kaynak kesiti boyunca soldan
saga dogru (Ana Malzeme - Sol HAZ - Kaynak Metali - Sag HAZ - Ana Malzeme) 5 farkli
bolgeden, HV 0.5 yiik altinda ve 15 saniye bekleme siiresi ile ISO 9015-2 standardina uygun

olarak gerceklestirilmistir.

Elde edilen Vickers sertlik profilleri Tablo 1'de sunulmustur.

Bolge 1 Bolge 3 Bolge 4 Bolge 5
Robot Kaynak Bolge 2
o (Sol Ana (Kaynak (Sag (Sag Ana

Tipi Hiz1 (Sol HAZ)

M.) Merk.) HAZ) M.)
Fanuc | 20 cm/dk 184 194 203 173 164
Fanuc | 26 cm/dk 139 194 196 218 149
OTC 20 cm/dk 164 189 190 201 181
OTC 26 cm/dk 195 227 207 202 162

Tablo 1: Farkli robot ve hiz parametrelerinde 6l¢iilen mikrosertlik (HV 0.5) degerleri
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Mikrosertlik Analiz Sonuglarinin Degerlendirilmesi:

Olgiim sonuglar1 incelendiginde, kaynak hizinin artis1 (1s1 girdisinin azalmasi) ile birlikte sertlik
profillerinde genel bir yiikselme egilimi goriilmekle birlikte, robot sistemleri ve bdlgeler

arasinda farkli davraniglar tespit edilmistir.

Fanuc Robotunda Boélgesel Degisimler: Fanuc robotu ile yapilan kaynaklarda, hizin 20
cm/dk’dan 26 cm/dk’ya ¢ikarilmasi sonucunda Sol HAZ (Bolge 2) sertligi 194 HV degerinde
sabit kalirken, Sag HAZ (Bolge 4) sertliginde 173 HV’den 218 HV’ye belirgin bir artis
kaydedilmistir.

OTC Robotunda Genel Sertlesme: OTC sisteminde ise hiz artis1, her iki HAZ bolgesinde de
sertlik artisia yol agmistir. Ozellikle Sol HAZ bélgesinde sertlik 189 HV'den 227 HV'ye
yiikselmis ve deney setindeki en yiiksek sertlik degerine (Pik Deger) ulasilmistir.

Genel Degerlendirme: Hiz artis1 (26 cm/dk), her iki robotta da "Maksimum Sertlik" degerlerini
yukart ¢ekmistir (Fanuc: 218 HV, OTC: 227 HV). Bu durum, endiistriyel robotik kaynakta
cevrim siiresini kisaltmak icin yapilan hiz artiglarinin, malzemenin HAZ boélgesinde sert ve
kirilgan yap1 olusum riskini artirdigini, dolayisiyla bu parametrelerin se¢iminde mekanik

dayanim dengesinin gozetilmesi gerektigini ortaya koymaktadir.

4. Sonug¢
Yapilan deneysel calismalar ve mikrosertlik analizleri neticesinde su sonuglara ulasilmistir:

Hiz ve Sertlik liskisindeki Bolgesel Farkliliklar: Kaynak hizinin 20 cm/dk’dan 26 cm/dk’ya
¢ikarilmasi, numunelerin genelinde maksimum sertlik degerlerini yukar1 ¢cekmistir. Ancak bu
sertlik artis1, kaynak kesitinin her bolgesinde homojen bir dagilim sergilememistir. Bazt HAZ
bolgelerinde (6zellikle Fanuc numunesinin sol tarafinda) sertlik degerleri stabil kalirken, es
zamanl olarak karsit HAZ bolgesinde belirgin sertlesmeler tespit edilmistir.

Isil Dagilimin Asimetrisi: Elde edilen veriler, robotik kaynakta tor¢ agis1 veya pozisyonlama
hassasiyetine bagli olarak 1s1l dagilimin asimetrik gerceklesebilecegini gostermistir. Hiz
artisina ragmen sertligin degismedigi bolgeler, o noktadaki mikroyapisal doniistimiin
doygunluga ulastigini veya 6l¢timiin farkli bir HAZ alt bolgesine denk geldigini isaret
etmektedir.

Robot Karakteristigi: OTC robotu, hiz artisina tepki olarak daha genel ve yiiksek bir sertlesme
davranis1 gosterirken; Fanuc robotunda sertlesme daha ¢ok bolgesel yogunlagsmalar seklinde
gerceklesmistir.
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Sonug olarak; kaynak hizinin artirilmasi (diisiik 1s1 girdisi), HAZ bolgesindeki gevreklesme
riskini genel anlamda artirmaktadir. Ancak bu risk, robotun hassasiyetine ve 1s1l dongiiniin
kararliligina bagl olarak kaynak dikisinin farkli noktalarinda degiskenlik gosterebilmektedir.

Kaynakc¢a
[1] Davis, J. R. (Ed.). (2004). Tensile testing (2. bs.). ASM International.

[2] Yilmaz, R., & Timer, M. (2018). Investigation of mechanical properties of welded S355J2
steel structures. Journal of Materials Processing Technology, 255, 234-242.

[3] Kah, P., & Martikainen, J. (2012). Current trends in welding processes and materials:
Improve in effectiveness. Reviews on Advanced Materials Science, 30(2), 189—-200.

[4] Easterling, K. (1992). Introduction to the physical metallurgy of welding. Butterworth-
Heinemann.

[5] Norrish, J. (2006). Advanced welding processes. Woodhead Publishing.
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JCB MAIN POD PiM PARCASININ ISLEME PROSESINDE ENDUSTRIYEL
ROBOT KULLANILARAK MAKINE BESLEME ISLEMININ YAPILMASI
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OZET

Basingli dokiim, metalin kaliplara basing altinda doldurulmasiyla gerceklestirilen bir tiretim
yontemidir ve bu yontem gravite dokiim, algak basingli dokiim ile yliksek basingli dokiim olmak
lizere li¢ ana alt prosesi icerir. Yiiksek basin¢li dokiimde ergimis metal, kalip bosluguna ytiksek
basing ve hizla doldurulur, metal katilasana kadar basing altinda tutulur ve ardindan kalip
acilarak parca ¢ikarilir. Bu siireg, parcalarin homojen ve kaliteli bir sekilde tiretilmesini saglar.
Dokiim sonrasi, pargalarin yolluklari trim islemi ile temizlenir ve isleme asamasina alinir.

Mevcut iiretim siirecinde, pargalarin yatay torna makinelerine manuel olarak beslenmesi
verimsizlik, standartsizlik ve zaman kayiplarina neden olmaktadir. Operatdr kaynakl
farkliliklar nedeniyle parcalar her zaman dogru sekilde yerlestirilememekte ve iiretimde
duruglar yasanmaktadir. Bu calismanin temel amaci, bu sorunu ¢ézmek ve iiretimi daha
standart, glivenilir ve hizli hale getirmek i¢in JCB pim pargalarinin makine beslemesini
endiistriyel robotlar kullanarak otomatiklestirmektir.

Calisma kapsaminda, mevcut robot sistemine uygun ekipmanlar tasarlanmis ve tretilmistir.
Robot, JCB MAIN POD parcasinin pimini dogru sekilde alip yatay torna makinesine
beslemekte, boylece operatér miidahalesine bagli hatalar ortadan kalkmaktadir. Otomatik
besleme sistemi sayesinde iiretim kapasitesi artirilacak, tiretim maliyetleri diisiiriilecek, insan
miidahalesi minimize edilecek ve parcalarin kalite standardi saglanacaktir. Ayrica enerji
tiiketimi ve hurda oranlar1 azalacak, iiretimde verimlilik artacak ve 7/24 iiretim olanag:
saglanacaktir.

Bu c¢aligma, ayni zamanda yalin iiretim prensiplerinin uygulanmasina ve iiretim hattinin
modernizasyonuna katki saglamaktadir. Otomasyon sayesinde {iiretim siireci standart hale
gelmis, tiretim hizi ve dogrulugu artmis, miisteri memnuniyeti yiikselmis ve uzun vadede
thracat kapasitesi ile rekabet giicii artirllmis olacaktir. Calismalarin tamamlanmastyla birlikte,
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yuksek basingli dokiim ve isleme prosesleri tam otomatik bir tiretim hatt1 ile entegre edilerek,
hem kalite hem de verimlilik agisindan 6nemli iyilesmeler saglanmis olacaktir.

Anahtar Kelimeler: Yalin Uretim, Endiistriyel Robotlar, Capak Alma Prosesi, Seri Uretim,
Uriin Kalite ve Kapasite Artig1
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FANCOIL UNIiTELERINDE ISI DEGISTiRiCi GEOMETRISINiN ISIL VE ENERJi
PERFORMANINA ETKIiSi
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OZET

Bu caligmada, ayni fiziksel konfigiirasyona sahip iki borulu fancoil {initelerinde kullanilan
farkli 1s1 degistirici geometrilerinin 1s1l kapasite, hava tarafi basing kayb1 ve enerji verimliligi
(EER, COP) iizerindeki etkileri deneysel olarak incelenmistir. Is1 degistirici geometrileri, boru
cap1 (3/8", 5/16", @7 mm) ve kanat tipi (diliz ve patlatmali) parametreleri ¢ercevesinde bes farkl
yapt ile test edilmistir. Tiim testler, sabit 400 m?/h hava debisi ve ayn1 cihaz boyutlar1 korunarak
gerceklestirilmistir. Sogutma testlerinde su giris/gikis sicakligi 7/12 °C, hava giris kosullar1 27
°C KT / 19 °C YT; 1sitma testlerinde ise 45/40 °C su sicakligi ve 20 °C / 15 °C hava giris
kosullar1 saglanmistir.Sonuglar, 1s1 degistirici geometrisinin hem cihaz kapasitesi hem de enerji
verimliligi {izerinde belirleyici rol oynadigini gdstermektedir. Ozellikle 5/16” boru capi,
patlatmali kanat yapisina sahip 1s1 degistirici, en yliksek sogutma ve 1sitma kapasitesine
ulagirken, buna paralel olarak en yiiksek Energy Efficiency Ratio (EER) ve Coefficient of
Performance (COP) degerleri de elde edilmistir. Bu baglamda c¢alisma, 1s1 degistirici
tasariminin fancoil performansi lizerindeki etkilerini kapsamli bigimde ortaya koymakta ve
enerji verimli sistem tasarimi i¢in 6nemli bir teknik referans sunmaktadir.

Anahtar Kelimeler: Fancoil, Is1 degistirici, Enerji verimliligi, Sogutma kapasitesi, Hava tarafi
basing diisiimii

1. GIRIS

Fancoil sistemleri; 1sitma ve sogutma yapabilen, diisey veya yatay konumlandirilabilen,
giydirmeli ya da giydirmesiz olarak sunulan kompakt iklimlendirme cihazlaridir. Temel
bilesenleri arasinda, ortam havasinin sirkiilasyonunu saglayan bir fan ile 1sitma ve sogutma
ithtiyacini karsilayabilmek {izere kullanilan sulu tip 1s1 degistirici bulunmaktadir. Sistem, baglh
bulundugu su tesisatini kullanarak havay1 sartlandirir. Isitma modunda, sicak suyun 1s1 enerjisi
11 degistirici lizerinden hava akigskanina aktarilirken; sogutma modunda ise diisiik sicakliktaki
suya ortam havasinin enerjisi transfer edilerek hava sogutulur.
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Bu tip cihazlarin toplam performansi, fan tipi, hava debisi, motor karakteristikleri ve 6zellikle
151 degistirici tasarimi gibi temel bilesenlere bagl olarak degisir. Is1 degistirici tasarimi; boru
capi, boru siralama diizeni, kanat tipi ve kanat hatvesi gibi geometrik parametreleri igerir. Bu
parametrelerin se¢imi, cihazin 1sitma/sogutma kapasitesini etkiledigi gibi, sistemin hidrolik (su
devresi) ve aerodinamik (hava devresi) davranislar iizerinde de belirleyici rol oynar. Bu
calismada, cihazin genel yapisi sabit tutulmus ve yalnizca 1s1 degistiricinin geometrik
konfigiirasyonu degistirilerek gerceklestirilen testlerle, farkli tasarim yapilarina sahip 1s1

degistiricilerin termodinamik performanslari ve enerji verimlilikleri kapsamli olarak analiz
edilmistir.

2. DENEYSEL CALISMALAR

Deneydeki 1s1 degistirici, 3 sirali, 8 borulu, 2,5 mm hatveli ve 3 devreli aliminyum kanat —
bakir borulu sulu 1s1 degistiricidir. Toplam 1s1 transfer katsayisi ve 1s1 transfer yiizey alani,
deneysel olarak elde edilen veriler ile, [1.6]-[2.1] numarali esitlikler kullanismistir. Bu

hesaplamalarda 1s1l diren¢ ag1 yaklasimi esas alinmis, tiim parametreler deneysel dl¢limler
tlizerinden tiiretilmistir.

Cizelge 1. Baslangic Parametreleri

. . . Sogutma Modu Sogutma Modu Isitma Modu Isitma Modu
Deney | Hacimsel HavaDebisi | Hava Giris / Cikis su Giris / Cikis Hava Giris / Cikis su Giris / Cikis
Numarasi [m>/h] Kuru Termometre Sicakhg [°C] Kuru Termometre Sicakliz [°C]
Sicakhigi [°C] Sicakhigi [°C]
1
2
3 1160 27/ 19 7/12 20/ 15 45/ 40
4
5

Mevcut modelde yapilan kabuller:

Kararli akis kabul edilmistir.

Akiskan ozellikleri giris ve ¢ikis kosullarinda degismemektedir.

Her bir akiskanin 6zgiil 1s1 degeri giris kosullarina gore hesaplanmustir.
Kinetik ve potansiyel enerji degisimleri ihmal edilmistir.
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Gorsel 1. Modelin Sematik Gosterimi

Is1 transferi etkinligi 1.1 esitligi kullanilarak hesaplanmaistir.
Q

£ == 1.1
Qmax

Is1 degistiricideki gercek transfer hizi, sicak ve soguk akigkan tizerinde enerji dengesi
ile 1.2 esitligi kullanilarak hesaplanmistir.

Q =C; (Tc,glkls - Tc,giris) =Cy (Tgiris - Tc,glkls) 1.2

Soguk akigkanin 1s1l kapasite hiz1 1.3 esitligi kullanilarak hesaplanmaistir.
Ce = mcp,

1.3
Sicak akiskanin 1s1l kapasite hiz1 1.4 esitligi kullanilarak hesaplanmistir.
Cp = mcepy 1.4
Cpmin, Cc ve Cp,‘nin daha kii¢iik olanidir.
Bir 1s1 degistiricide olabilecek maksimum 1s1 transferi hiz1 1.5 esitligi kullanilarak
hesaplanmuistir.
Qmax = Chin (Th,giris - Tc,giris) 1.5
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Toplam 1s1l direng 1.6 esitligi kullanilarak hesaplanmistir.
1
Reor = @y = Rig + Ry giris + Ruetim + Raus 1.6

Su ile boru i¢ yiizeyi arasindaki tasinim direnci 1.7 esitligi kullanilarak hesaplanmistir.
1
R

i = RrDicLporu 17
Boru i¢ ylizeyinde meydana gelen kirlenme direnci 1.8 esitligi kullanilarak hesaplanmistir.

R,
fiig 1.8
TDicLporu

Ryic =

Boru duvar1 boyunca iletime kars1 direng 1.9 esitligi kullanilarak hesaplanmistir.

ln(%)
Di(,‘
Ruetim = g~ =~ 1.9
Hava ile plaka kanatlarinin yiizeyi ve borunun dis yiizeyi arasindaki direng 2.1 esitligi
kullanilarak hesaplanmastir.

1

Rdl$ = 2.1

NhakisAtoplam,dis

NTU 1s1 transfer birim sayis1 2.2 esitligi kullanilarak hesaplanmistir.
NTU = UAs UAs

B Cmin - (mcp)min

2.2

¢ kapasite orani olarak adlandirilan boyutsuz nicelik 2.3 esitligi kullanilarak hesaplanmistir.
_ Cmin

¢ = Lmin_ 2.3

Cmaks

Karsit akiglt bir 1s1 degistiricinin etkinligi 2.4 esitligi kullanilarak hesaplanmustir.
_ 1-exp[-NTU(1-c)]

" 1—cexp[-NTU(1-0)] 24

Bir 1s1 degistiricinin gercek 1s1 transfer hiz1 2.5 esitligi kullanilarak hesaplanmistir.
Q = €Qmax = €Cpin (Th,giris - Tc,giris) 2.5

3. SONUCLAR VE DEGERLENDIRME

Bu calismanin sonuglari, 1s1 degistirici geometrisinin fancoil performansi tizerinde dogrudan
belirleyici oldugunu gostermektedir. 5/16” ¢apli ve patlatmali kanatli 1s1 degistirici
konfigilirasyonu, hem sogutma hem de 1sitma modunda en yiiksek kapasiteyi ve enerji
verimliligini saglamistir. Bu durum, gelistirilmis yiizey alani ve tiirbiilans1 artiran kanat tasarimi
ile iligkilendirilebilir. Ancak, bu tip konfigiirasyonlarda artan hava tarafi basing kaybi nedeniyle
fan se¢imi ve sistem dengesi yeniden degerlendirilmelidir.
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Cizelge 2. Is1 Degistirici Geometrisinin Toplam Sogutma Kapasitesi, Hava Tarafi Basing
Diisiimii, Hava Cikis Sicakhig1 ve EER Uzerine Etkisi

Sogutma Modu .
. .| Hacimsel Hava | Hava Giris / Gikis Sogu?n.'la Modu Toplam Sogutma | Hava Tarafi Basing Hava Cikis Kuru
Is1 Degistirici Geometrisi 3 Su Girig / Cikig . e Termometre EER
Debisi [m*/h] [Kuru Termometre Sicakh [°C] Kapasitesi [kW] Diisiimii [Pa] Sicakh [°C]
Sicakhigi [°C]
5/16" Patlatmali Lamel 5,5 55,9 16,1 48,7
3/8" Patlatmali Lamel 53 61,7 16,0 46,9
5/16" Dz Lamel 1160 27/19 7/12 4,7 42,7 17,6 41,6
3/8" Diiz Lamel 4,6 47,6 17,6 40,7
7 mm Duz Lamel 4,4 39,2 17,8 38,9

Cizelge 3. Is1 Degistirici Geometrisinin Toplam Isitma Kapasitesi, Hava Tarafi Basin¢ Diisiimii,
Hava Cikis Sicakhigr ve COP Uzerine EtKisi

Isitma Modu Hava Isitma Modu Su Hava Cikis Kuru
L ._.| Hacimsel Hava | Giris / Gikis Kuru . Toplam Isitma | Hava Tarafi Basing Cikas
Is1 Degistirici Geometrisi s Giris / Cikis T L Termometre cop
Debisi [m”/h] Termometre o Kapasitesi [kW] Diigiimii [Pa] .
N Sicakhigi [°C] Sicakhigi [°C]
Sicaklif [°C]
5/16" Patlatmali Lamel 5,9 40,0 35,1 52,2
3/8" Patlatmali Lamel 5.8 44,3 349 51,3
5/16" Dz Lamel 1160 20/ 15 45/ 40 53 30,9 33,6 46,9
3/8" Diz Lame| 5,2 34,7 33,3 46,0
7 mm Diiz Lamel 4,8 27,3 32,3 42,5

4. GENEL DEGERLENDIRME VE SONUCLAR
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5/16" Patlatmall  3/8" Patlatmali  5/16" Diiz Lamel  3/8" Diiz Lamel 7 mm Diiz Lamel
Lamel Lamel
Is1 Degistirici Geometrisi

Gorsel 2. Is1 Degistirici Geometrisinin Toplam Sogutma Kapasitesi Uzerine Etkisi

Gorsel 2°de, 1s1 degistirici geometrisinin toplam sogutma kapasitesi lizerindeki etkisi ortaya
konmustur. En yiiksek sogutma kapasitesi, 5/16" patlatmali lamel geometrisinde 5,5 kW olarak
elde edilirken; en diisiik kapasitenin, 7 mm diiz lamel geometrisinde 4,4 kW olarak ger¢eklestigi
gOriilmiistir.
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Gorsel 3. Is1 Degistirici Geometrisinin Hava Tarafi Basing Diisiimii Uzerine Etkisi

Gorsel 3’te, 1s1 degistirici geometrisinin hava tarafi basing disiimii iizerindeki etkisi
goriilmektedir. Hava tarafi basing diisiimiiniin, 3/8" patlatmali lamel geometrisinde en yiiksek
degeri olan 61,7 Pa’ya, 7mm diiz lamel geometrisinde ise en diisiik degeri olan 39,2 Pa’ya
ulastig1 goriilmuistiir.
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Lamel Lamel

Isi Degistirici Geometrisi

Gorsel 4. Is1 Degistirici Geometrisinin EER Uzerine Etkisi

Gorsel 4’te, 151 degistirici geometrisinin EER (Enerji Verimlilik Orani) {lizerindeki etkisi
goriilmiistiir. En yiiksek EER degeri 5/16" patlatmali lamel geometrisinde 48,7 olarak elde
edilirken, en diisiik EER degeri 7 mm diiz lamel geometrisinde 38,9 olarak goriilmiistiir.
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Gérsel 5. Is1 Degistirici Geometrisinin Toplam Isitma Kapasitesi Uzerine Etkisi

Gorsel 5’te, 1s1 degistirici geometrisinin toplam 1sitma kapasitesi lizerindeki etkisi ortaya
konmustur. En yiiksek 1sitma kapasitesi, 5/16" patlatmali lamel geometrisinde 5,9 kW olarak
elde edilirken; en diisiik kapasitenin, 7 mm diiz lamel geometrisinde 4,8 kW olarak gergeklestigi
goriilmiistiir.
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5/16" Patlatmal  3/8" Patlatmali  5/16" Diiz Lamel  3/8" Diiz Lamel 7 mm Diz Lamel
Lamel Lamel

Isi Degistirici Geometrisi

Gorsel 6. Is1 Degistirici Geometrisinin Hava Tarafi Basing Diisiimii Uzerine Etkisi

Gorsel 6°da, 1s1 degistirici geometrisinin hava tarafi basing diisiimii tizerindeki etkisi
goriilmektedir. Hava tarafi basing diisiimiiniin, 3/8" patlatmali lamel geometrisinde en yiiksek
degeri olan 44,3 Pa’ya, 7mm diiz lamel geometrisinde ise en diisiik degeri olan 27,3 Pa’ya
ulastig1 gorilmiistir.
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Gorsel 7. Is1 Degistirici Geometrisinin COP Uzerine Etkisi

Gorsel 7°de, 1s1 degistirici geometrisinin COP (Performans Katsayis1) lizerindeki etkisi
goriilmiistiir. En yiiksek COP degeri 5/16" patlatmali lamel geometrisinde 52,2 olarak elde
edilirken, en diisiitk COP degeri 7 mm diiz lamel geometrisinde 42,5 olarak goriilmiistiir.
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OZET

Bu ¢alisma, Eriyik Yigma Modelleme (Fused Filament Fabrication - FFF) teknolojisi ile
tiretilen polimer pargalarda, montaj ve tasarim gerekliligi olan geometrik siireksizliklerin
(deliklerin) mekanik performans tizerindeki etkilerini sistematik olarak incelemeyi
hedeflemektedir. Temel amag, kaginilmaz tasarim unsuru olan deliklerin yol actig1 gerilim
yigilmasinin ve ¢entik etkisinin, parcalarin yiik tagima kapasitesini ve kirilma davranisini nasil
degistirdigini anlamaktir. Proje kapsaminda, sektérde yaygin kullanilan PLA, ABS highflow,
ASA ve PETG termoplastiklerinden standart cekme numuneleri hazirlanmis deneyler, homojen
kontrol numuneler ile merkezi delik agilmis numuneler olmak iizere iki ana grup tizerinde
yuriitiilmiistiir. Gergeklestirilen ¢ekme testleri araciligiyla, delik varlifinin pargalarin nihai
¢cekme mukavemeti, siinekligi ve hasar modu tizerindeki nicel etkileri bilimsel olarak ortaya
konulmustur. Elde edilen bulgular, tiim polimer gruplarinda beklendigi iizere, delik geometrisi
nedeniyle %45.5 ABS ile %58.5 PLA arasinda degisen oranlarda énemli ¢ekme dayanimi
diisiisleri gozlemlendigini dogrulamistir. Ancak, ¢alismanin en carpici sonucu, malzemelerin
delik hassasiyetinde ortaya g¢ikan zithiktir. Kontrol grubunda en siinek kirilma davranigini
sergileyen ABS ve ASA, delikli konfigiirasyonda belirgin bir ¢entik hassasiyeti gostererek
gevrek bir kirilma modu sergilemistir. Buna karsilik, kontrol grubunun en gevrek malzemesi
olan PLA, delikli yapida en yiiksek gerilmeye 21 MPa, ve en yiiksek uzama kapasitesini
(ABS'den %66 daha fazla) gostererek {istiin bir hasar toleransi ortaya koymustur. Bu sonuglar,
fonksiyonel FFF tasarimlarinda, malzemenin saf mekanik 6zelliklerinden ziyade, geometrik
stireksizliklere kars1 gosterdigi delik hassasiyetinin daha kritik bir tasarim parametresi
oldugunu ve PLA'nin bu agidan beklenmedik bir yapisal avantaj sundugunu gostermektedir.

Anahtar kelimeler: Erimis Filament Uretimi (FFF), Centik Hassasiyeti, Gerilim
Konsantrasyonu, Mekanik Ozellikler, Delik Etkisi.
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ABSTRACT

This study aims to systematically investigate the effects of geometric discontinuities (holes), a
necessary assembly and design requirement, on the mechanical performance of polymer parts
manufactured using Fused Filament Fabrication (FFF) technology. The primary objective is to
understand how stress concentration and notch effects caused by holes, an unavoidable design
element, affect the load-carrying capacity and fracture behavior of parts. Within the scope of
the project, standard tensile specimens were prepared from PLA, ABS highflow, ASA, and
PETG thermoplastics, which are commonly used in the industry. Experiments were conducted
on two main groups. homogeneous control specimens and centrally perforated specimens.
Tensile tests conducted scientifically demonstrated the quantitative effects of the presence of
holes on the ultimate tensile strength, ductility, and failure mode of the parts. The findings
confirmed that, as expected, significant tensile strength reductions were observed across all
polymer groups due to the hole geometry, ranging from 45.5% ABS to 58.5% PLA. However,
the most striking result of the study was the contrast in the materials' hole sensitivity. ABS and
ASA, which exhibited the most ductile fracture behavior in the control group, exhibited a brittle
fracture mode, exhibiting significant notch sensitivity in the hole configuration. In contrast,
PLA, the most brittle material in the control group, demonstrated superior damage tolerance,
exhibiting the highest stress of 21 MPa in the perforated structure and the highest displacement
capacity (66% greater than ABS). These results demonstrate that in functional FFF designs,
hole sensitivity to geometric discontinuities is a more critical design parameter than pure
mechanical properties, and PLA offers an unexpected structural advantage in this regard.

Keywords: Fused Filament Fabrication (FFF), Notch Sensitivity, Stress Concentration,
Mechanical Properties, Hole Effect.

1. Giris

Eklemeli imalat, malzemelerin katman katman biriktirilmesi prensibiyle ¢alisan ve geleneksel
tiretim yontemlerinin sinirlamalarini agan yenilik¢i bir imalat teknigidir (Bage1 & Yamanoglu,
2021). Bu yontemde, polimer filamentlerden metallere, seramik tozlardan dokiim
malzemelerine (Ahmed ve ark., 2022) kadar genis bir yelpazedeki hammaddeler, piiskiirtme,
eritme veya yapistirma gibi ¢esitli tekniklerle baski platformuna kontrollii bir sekilde eklenerek
karmagik geometrili parcalar adim adim olusturulur. Geleneksel talagli imalat yontemleri
(tornalama, frezeleme, taglama vb.) kesici takimlarin fiziksel sinirlari, parca geometrisinin
islenebilirlik kisitlamalar1 ve farkli malzemeler i¢in gereken karmasik tezgah ayarlar (kesici
takim se¢imi, devir ayari, baglama diizenekleri gibi) nedeniyle belirli sinirlamalara sahipken,
eklemeli imalat bu engelleri ortadan kaldirarak tasarim serbestligi saglar (Gok ve ark., 2023).
Geleneksel yontemlerde biiyiik bir hammadde blogundan talas kaldirilarak parca iiretilmesi
sonucu Oonemli miktarda malzeme israfi (talas, ¢apak vb.) meydana gelirken, ayn1 parganin
tretimi icin farkl tezgahlarda birden fazla islem gerektiginden zaman ve maliyet artar. Buna
karsilik eklemeli imalatta malzeme yalnizca gerekli yerlere hassas bir sekilde eklendigi i¢in atik
minimum seviyede kalir, ayrica tek bir makine ile karmasik i¢ yapilar, organik formlar ve
geleneksel yontemlerle imalatt miimkiin olmayan hafif pargalar kolayca iiretilebilir. Bu yontem
ozellikle havacilik, otomotiv, tibbi protezler ve kisisellestirilmis iirlinler gibi alanlarda biiyiik
avantajlar sunmakta olup, malzeme c¢esitliliginin artmasi, makine ve yazilim teknolojilerindeki
gelismelerle birlikte endiistriyel uygulamalardaki payii giderek artirmaktadir (Huang ve ark.,
2013). Ancak, bu yayginlasmanin oniindeki en 6nemli zorluklardan biri, iiretilen pargalarin
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kalitesinin ve tekrarlanabilirliginin glivence altina alinmasi i¢in endiistriyel standartlarin ve
kalite kontrol siire¢lerinin oturtulmasidir (Chua ve ark., 2017). Eklemeli imalat teknolojileri,
geleneksel yontemlere kiyasla hem tasarim esnekligi hem de malzeme kullanimi agisindan
onemli avantajlar sunmaktadir. Bu yontemler sayesinde mikro ve nano 6l¢ekte hassas yapilarin
iiretimi miimkiin hale gelirken, ayn1 zamanda kisiye 6zel ve talep odakli iiretim ¢éziimleri de
sunulabilmektedir. Eklemeli imalat sistemlerinin en O6nemli Ozelliklerinden biri, yiiksek
maliyetli 6zel takimlara, kaliplara veya karmasik kesici aletlere ihtiya¢ duymamasidir (Gok ve
ark., 2023). Ayrica bu sistemler, iiretim siirecinde olusan atik malzemelerin yeniden
kullanilabilmesine olanak taniyarak siirdiiriilebilir tiretim anlayisin1 desteklemektedir. Eklemeli
tiretim teknikleri, tasarim ve imalat siireglerinde benzersiz firsatlar yaratmaktadir.
Bireysellestirilmis iiretim ¢oziimleri sunabilme kapasitesiyle 6ne ¢ikan bu sistemler, pahali 6zel
takim ve kalip gereksinimini ortadan kaldirarak maliyet avantaji saglamaktadir. Uretim
siirecinde ortaya ¢ikan artik malzemelerin sistem icinde geri kazanilabilir olmasi ise kaynak
verimliligi agisindan 6nemli bir avantaj teskil etmektedir. Mevcut literatiir, FDM teknolojisiyle
iretilen parcalarin mekanik o6zelliklerini iyilestirmeye odaklanmistir. Bu calismalarin énemli
bir kismi, o6zellikle PLA ve ABS gibi yaygin kullanilan malzemelerin mekanik 6zelliklerinin
karakterize edilmesi (Apak, 2019; Kamer ve ark., 2022) ve baski hizi, nozul sicakligi, katman
kalinlig1 gibi iglem parametrelerinin nihai trliniin ¢ekme ozellikleri lizerindeki etkilerinin
incelenmesi lizerinedir (Bacak ve ark., 2021; Bilgin, 2022). Eklemeli imalat (AM) teknolojisi
ile tretilen parcalarin yapisal performans: ve giivenilirligi agisindan kritik bir odak noktasi,
montaj veya tasarim geregi kacinilmaz olan geometrik siireksizliklerin, 6zellikle deliklerin ve
centiklerin, neden oldugu gerilim yigilmasi etkisidir. Literatiir, bu geometrik kusurlarin AM
pargalarinin ¢ekme dayanimi ve hasar modlart iizerindeki nicel etkilerini ortaya koyan
calismalarla zenginlesmektedir. Deliklerin FFF/FDM ile iiretilmis parcalarin ¢ekme
mukavemetine olan etkisi, 6zellikle kompozit ve yaygin polimerler {izerinde kapsamli olarak
incelenmektedir. Rao ve ark. (2023), 3D basili ONYX/CGF kompozitlerde, geleneksel olarak
delinmis ve eklemeli olarak iiretilmis deliklerin ¢cekme 6zelliklerine olan etkisini karsilagtirmali
olarak arastirmistir. Benzer sekilde, Yadav ve ark. (2025), Eklemeli imalat yontemiyle liretilen
Siirekli Cam Elyafi/Onyx kompozitlerinin A¢ik Delik Cekme karakteristiklerini analiz etmistir.
Polimer filamentler 6zelinde ise, Dave ve ark. (2020), evde iiretilen PLA filament kullanilarak
basilan pargalarin acik delik ¢ekme testleri yoluyla dayanimini incelemistir. Bu calismalar,
geometrik kusurlarin sadece boyutundan ziyade, bu kusurun iiretim yontemiyle mi yoksa isleme
yoluyla m1 olusturuldugunun da nihai performansta rol oynadigini gostermektedir. Siireksizlik
cevresindeki gerilim dagiliminin ve malzemenin bu gerilimlere kars1 gosterdigi hassasiyetin
anlasilmasi, AM tasarimlari i¢in hayati 6neme sahiptir. Yang ve ark. (2021), dairesel bir delige
sahip 3D basili kademeli plakalardaki gerilme dagilimini deneysel olarak incelemis ve bu
dagilimin malzemenin lokal olarak degisen Ozelliklerine bagli oldugunu gdstermistir.
Malzemenin ¢entik etkisine karsi gosterdigi duyarlilik ise, hasar modunun belirlenmesinde
kritik bir rol oynar. Cicero ve ark. (2020), 3D basili ABS numunelerinde U-gentikler igeren
kirilma numunelerinin analizini yaparak, malzemenin ¢entik varliginda gevrek bir hasar modu
sergileme egilimini arastirmistir. Bu c¢aligmaya cok benzemektedir ancak aragtirmacilar,
geometrik siireksizliklerin yarattigi zayiflamay1 ortadan kaldirmak igin yenilik¢i tiretim
stratejileri de gelistirmistir. Bu baglamda, Khan ve ark. (2018), egrisel degisken rijitlik 3D baski
teknolojisinin kullanilmasiyla agik delik ¢ekme dayaniminin iyilestirilebilecegini gostermistir.
Bu tiir caligmalar, eklemeli imalatin sagladigi tasarim serbestligini kullanarak, kritik yiik
bolgelerinde mukavemeti artirmaya yonelik malzeme yerlestirme stratejilerinin potansiyelini
vurgulamaktadir. Genel olarak, literatlirdeki bu calismalar, FFF/FDM ile iiretilen parcalarin
geometrik stireksizlikler altindaki davranisinin karmasik oldugunu ve sadece temel malzeme
ozelliklerinin degil, ayn1 zamanda centik hassasiyeti, baski oryantasyonu ve deligin iiretim
yonteminin de nihai yapisal biitiinliik i¢in belirleyici faktorler oldugunu ortaya koymaktadir.
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Bu calismada, literatiirdeki bu temele dayanarak, eklemeli imalat yontemlerinden biri olan
FDM (Fused Deposition Modeling) teknigi kullanilarak PLA, ABS, ASA ve PETG
malzemelerinden ¢ekme numuneleri tiretilmistir. Numuneler, %100 doluluk oraninda, 0.2 mm
katman kalinlig1 ve dogrusal baski deseniyle imal edilmistir. Deneysel karsilastirmalar, iki ana
grup lizerinde yiiriitiilmiistiir. Malzemenin mekanik 6zelliklerini belirlemek icin diiz (kontrol)
numuneler ve geometrilerin yarattigi delik etkisini ve gerilim yigilmasini analiz etmek igin
merkezi delikli numuneler iiretilmistir. Uretilen bu iki grup numune, ¢ekme test cihazinda
standart ¢ekme testine tabi tutulmus ve malzemelerin mekanik dayanimlari, sitineklikleri,
kopma modlar1 ve geometrik siireksizlige verdikleri tepkiler sistematik olarak olgiilerek
degerlendirilmistir. Bu ¢aligmanin diger ¢caligmalardan ayrilan 6zgiinliigii ise montaj i¢in acilan
merkez deliklerin ¢ekme dayanimina etkisi arastirmak deney ile bu verileri ortaya koymaktir.

2. Materyal ve Yontem
Bu calismada PLA, ASA, PETG ve ABS High Flow filamentleri kullanilarak c¢ekme
numuneleri Uretilmistir. Gorsel 1°de kontrol ve delikli numune boyutlar1 gosterilmektedir. 3B
baski yonteminde numuneler Creality marka K1 model 3B yazic1 kullanilarak olusturulmustur.

- - 100,00
| b | ®<9<§3 2500 |
o [ X ‘ s AN S ]
1 & S &
! - k - \( 50,00 \

Gorsel 1. Kontrol (a), Delikli (b) Numune Boyutlar1

Numuneler i¢in 1,75 mm ¢apinda Filameon marka PLA, ASA, PETG ve ABS HighFlow
filament kullanilmistir. Kullanilan filamentlerinin 6zellikleri Tablo 1°de verilmistir.

Cizelge 1. Filament 6zellikleri

Teknik Ozellikler PLA ABS HighFlow ASA PETG
Filament Cap1 (mm) 1,75 1,75 1,75 1,75
Yogunluk (g/cm?3) 1,24 1,04 1,07 1,27
Tabla Sicakhg (°C) 50 - 60 90 - 110 90 - 110 70-90
Nozul Sicakhg (°C) 190-230 230 - 260 235-260 220-250
Cekme Dayamim (MPa) 50 - 65 40 - 55 45 - 60 45 - 55
Uzama Gerinimi (%) 3-7 10 - 30 15-35 15-40
Egme Dayammm (MPa) 70-90 60 - 80 65 - 85 60 - 80

Cekme numunelerinin dilimleme (slicing) ve G-kod (G-code) iiretimi, Creality firmasinin
tescilli yazilimi araciligiyla gerceklestirilmistir. Karsilastirmali analizin tutarliligini temin
etmek amaciyla, tiim filament gruplar1 (PLA, ASA, PETG ve ABS) i¢in nozul ¢api, katman
yiiksekligi, baski hiz1 ve dolgu yogunlugu gibi temel proses parametreleri sabit tutulmustur.
Bununla birlikte, malzemelerin Tablo 1’de belirtilen farkli termal ve mekanik 6zelliklerinden
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(6rn. yogunluk, uzama gerinimi) dolayi, imalat parametreleri her bir malzeme i¢in optimize
edilmistir. Bu kapsamda, 1,24 g/cm?® yogunluga sahip PLA filament i¢in Tablo 1'deki 190-
230°C araligina uygun olarak 210°C nozul ve 60°C tabla sicakligi se¢ilmis, sogutma fan1 aktif
(agik) tutulmustur. Termal biiziilme egilimi daha yiiksek olan ve %10-30 uzama gerinimi
sergileyen ABS HighFlow i¢in, katman arasi1 yapismay1 maksimize etmek amaciyla 245°C
nozul ve 100°C tabla sicakligi tercih edilmis ve sogutma fani kapatilmigtir. Ayn1 metodoloji
izlenerek, ASA ve PETG filamentleri de Tablo 1’de belirtilen kendi spesifik nozul (sirasiyla
235-260°C ve 220-250°C) ve tabla (sirastyla 90-110°C ve 70-90°C) sicaklik araliklarina uygun
parametreler kullanilarak basilmistir. Hazirlanan numuneler Gorsel 2a ve b’ de , ¢ekme deneyi
de Gorsel’2c gosterilmistir.

PLA

(a)

Gorsel 2. Cekme Testi Kontrol Numuneleri (a), Delikli Cekme Numuneleri (b), PLA (beyaz),
ABS High Flow (siyah), PETG (kirmiz1), ASA (gri), ABS High Flow Cekme Testi (c)

Gorsel 3'te sunulan FDM yontemiyle iretilmis kontrol numunelerine ait miihendislik
gerilmesi-birim sekil degistirme (stress-strain) egrileri, polimer matrislerin mekanik
davraniglar1 arasindaki karakteristik ayrimlar1 net bir sekilde ortaya koymaktadir. Grafikten
elde edilen veriler, malzemelerin rijitlik ve siineklik oldugunu géstermektedir. Incelemeye gore
PLA, yaklagik 51.25 MPa seviyesindeki zirve gerilmesi ile en yiiksek ¢ekme mukavemetini ve
mukavemet, malzemenin plastik deformasyon kabiliyetinin sinirli kalmasia neden olmus;
PLA, maksimum gerilme sonrasinda ani bir gerilim diisiisii yasayarak gevrek (brittle) bir
kirilma modu sergilemistir (yaklasik 0.026 mm/mm birim sekil degistirme). Buna tam bir tezat
olusturacak sekilde, ABS-High Flow numunesi 28.00 MPa ile daha diisiik bir mukavemet
degeri gostermesine ragmen, elastik sinirin 6tesinde genis bir plastik deformasyon bolgesi
sergilemistir. Yaklasik 0.040 mm/mm degerine ulasan birim sekil degistirme kapasitesi ile
ABS, test edilen malzemeler arasinda en siinek ve (egri altinda kalan alan dikkate alindiginda)
en tok yapiy1 sergilemistir. Ara degerlere sahip olan PETG (31.25 MPa) ve ASA (25.00 MPa)
ise, PLA'nin yiiksek mukavemeti ile ABS'nin yiiksek siinekligi arasinda dengeli bir ge¢is profili
cizerek, orta diizeyde mukavemet ve deformasyon kabiliyeti gostermistir.
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Kontrol Numuneleri Gerilme-Yer Degistirme Egrisi
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Gorsel 3. Kontrol numuneleri gerilme-uzama egrisi grafigi

Gorsel 4'te sunulan ve merkezi delik geometrisine sahip numunelerden elde edilen miithendislik
gerilmesi - birim sekil degistirme egrileri, geometrik siireksizliklerin FDM ile iretilmis
polimerlerin mekanik davranisi {lizerindeki radikal etkisini ve malzeme karakteristigindeki
degisimi gozler Oniine sermektedir. Grafikteki veriler, kontrol grubu testlerinde (diiz
numunelerde) siinek davranis sergilemesi beklenen malzemelerin, delik varliginda bu
ozelliklerini yitirdigini kanitlamaktadir. Ozellikle ABS, ASA ve PETG numuneleri, delik
kenarlarinda olusan gerilim y181lmalarina kars1 ytliksek bir delik hassasiyeti gostererek, plastik
deformasyon kabiliyetlerini kaybetmislerdir. Bu malzemeler, yaklasik 12 MPa ile 16 MPa
arasindaki gerilme degerlerinde ve 0.012 - 0.014 mm/mm gibi oldukca diisiik birim sekil
degistirme oranlarinda ani ve gevrek bir kirtlma modu sergilemislerdir.

Buna karsin, genellikle gevrek yapisiyla bilinen PLA, delikli konfigiirasyonda beklenmedik bir
hasar toleransi ortaya koymustur. Grafikte PLA, baslangicta daha diisiik bir elastik egim
sergilemesine ragmen, gerilimi 21.25 MPa seviyelerine kadar tasiyabilmis ve 0.021 mm/mm
ile diger tiim malzemelerden daha yiiksek bir birim sekil degistirme kapasitesine (siineklik)
ulagmistir. Bu durum, PLA'min delik kaynakli gerilim konsantrasyonlari altinda c¢atlak
ilerlemesini, diger polimerlere kiyasla daha uzun siire tolere edebildigini gostermektedir.
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Delikli Numuneler Gerilme ve Sekil Degistirme
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Gorsel 4. Delikli numuneler gerilme-uzama egrisi

Cekme testleri sonrasinda numunelerin incelenen hasar morfolojileri, Gorsel 5’de
karsilagtirmali olarak sunulmustur. Bu morfolojiler, iki test grubu arasinda kirilma
mekanizmalarimin ve hasar baslangic noktalarinin Dbirbirlerinden farklilastigini ortaya
koymaktadir. Gorsel 5b’de gosterilen delikli numune grubunda, kirilmanin istisnasiz bir sekilde
merkezi delik ¢evresinde yogunlastigi ve tam olarak bu kesitten gerceklestigi net bir sekilde
gbozlemlenmistir. Bu durum, teorik beklentilerle tam uyumludur zira merkezi delik, bir
geometrik siireksizlik olarak davranmakta ve parca geometrisindeki en belirgin gerilim
yigilmas1 noktasi olarak islev gormektedir. Uygulanan yiik altinda gerilimler bu delik
kenarlarinda maksimize olmus, bu bdlge numunenin mekanik acidan en zayif kesiti haline
gelmis ve catlak ilerlemesi bu noktadan baglamistir.

Buna karsin, Gorsel 5a’da sunulan ve herhangi bir geometrik delik igermeyen homojen kontrol
grubu numunelerinde, kirilma lokasyonlarinda belirgin bir tutarlilik saptanamamuistir.
Kopmalarin, numunelerin 6l¢iim bdlgesi boyunca farkli ve goriiniiste rastlantisal lokasyonlarda
meydana geldigi tespit edilmistir. Bu durumun temel nedeni, FDM (Eriyik Yigma Modelleme)
tiretim siirecinin dogas1 geregi, malzeme yapisi i¢inde kaginilmaz olarak olusan ve rastlantisal
bir dagilim gosteren mikroskobik i¢ kusurlardir. Bu kusurlar; gozeneklilik, katmanlar arasi
zay1f adezyon bolgeleri veya baski sirasindaki kiigiik nozul akis tutarsizliklari seklinde
olusabilir. Onceden tanimlanmis makro bir zayif bolge delik olmadigindan, her bir kontrol
numunesindeki hasar, o numuneye 6zgii olan bu i¢ kusurlarin en kritik oldugu noktadan
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baslamistir. Sonug¢ olarak, kontrol grubundaki kirilma bdlgelerinin kestirilemezligi,
malzemenin igsel ve rastlantisal kusur dagiliminin bir sonucudur.

(a) (b)

Gorsel 5. Kontrol Grubu (a), Delikli Grubu (b) Cekme Testleri Numune Sonuglari

3. Sonuclar

Bu sonuclar, FDM ile iiretilen parcalarin giivenilirligi i¢in tasarim ve malzeme miihendisligi
yaklagimlariin, gerilim yigilmasi etkisini onceliklendirecek sekilde yeniden ele alinmasi
gerektigini ortaya koymaktadir.

Bu ¢alisma, Eriyik Yigma Modelleme (FDM) teknolojisi ile tiretilen PLA, ABS, PETG ve ASA
polimer yapilarinda, montaj ve tasarimin kagimilmaz bir geregi olan geometrik siireksizliklerin
(merkezi deliklerin), mekanik performans ve hasar mekanizmasi tizerindeki etkilerini deneysel
olarak irdelemistir. Gorsel 3 (Kontrol Numuneleri) ve Gorsel 4 (Delikli Numuneler) tizerindeki
gerilme-sekil degistirme verilerinden elde edilen bulgular, fonksiyonel parga tasarimi ve
malzeme sec¢imi kriterleri acgisindan kritik 6nem tasiyan asagidaki temel sonuglari ortaya
koymustur:

Kontrol grubunda mukavemet ve siineklik karakteristigi geometrik stireksizlik
icermeyen kontrol numunelerin mekanik karakterizasyonu (Gorsel 3), malzemeler arasi
temel davranig farklarini netlestirmistir. PLA, yaklasik 50.5 MPa degerindeki
maksimum c¢ekme gerilmesi ve yiiksek elastik modiilii ile test edilen grup icerisindeki
ile gevrek bir kirilma pahasina saglamigtir. Buna karsihik ABS, daha diisiik
mukavemetine (28.00 MPa) ragmen, 0.040 mm/mm’ye ulasan birim sekil degistirme
kapasitesi ve sergiledigi siinek davranis ile en yiiksek enerji sonlimleme (tokluk)
performansini gostermistir.

Gerilim y181lmasinin zayiflatici etkisi merkezi delik geometrisinin olusturdugu gerilim
y1gilmasi, beklendigi iizere tiim polimer matrislerde yilik tagima kapasitesini radikal
bigimde diisiirmiistiir. Bu mukavemet kaybi malzemeden malzemeye degismekle
birlikte, PLA'nin mukavemeti yaklagik 50 MPa'dan 21 MPa seviyesine gerileyerek en
keskin diisiislerden birini kaydetmistir.
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e Delik hassasiyeti ve davranigsal donilisiim ¢alismanin en carpici bulgusu, malzemelerin
geometrik siireksizlige (¢entige) karsi verdikleri tepkide gézlemlenen dramatik zitliktir
(Gorsel 4). Kontrol grubunda siinek karakteristigi ile 6ne ¢ikan ABS ve ASA, delikli
konfigiirasyonda plastik deformasyon kabiliyetlerini neredeyse tamamen kaybetmis
(~0.012 - 0.013 mm/mm sekil degistirme) ve yiiksek delik hassasiyeti nedeniyle gevrek
bir hasar moduna gecis yapmustir.

e PLA’nin stiin hasar toleransi genel literatiirde gevrek malzeme olarak siniflandirilan
PLA, delikli yapida beklenmedik bir yapisal avantaj sergilemistir. Delikli
konfigiirasyonda 21 MPa gerilme degerine ve 0.021 mm/mm birim sekil degistirme
kapasitesine ulasan PLA, delikli ABS ve ASA'ya kiyasla belirgin sekilde daha yiiksek
bir deformasyon performansi gostererek, gerilim yigilmalarina karsi {istiin bir hasar
tolerans1 ortaya koymustur.

e Kirilma hasar analizi, delikli numunelerdeki kirilmanin, teorik gerilim dagilimiyla
uyumlu olarak, gerilimin maksimize oldugu delik ¢evresindeki net kesitten basladigini
ve ilerledigini dogrulamistir.

Sonug olarak elde edilen veriler, fonksiyonel FDM pargalarinin tasariminda malzeme se¢iminin
yalnizca saf ¢ekme mukavemeti veya silinekligine dayandirilmasinin yetersiz oldugunu
gostermektedir. Parganin geometrik siireksizliklere kars1 gosterdigi "delik hassasiyeti", yapisal
giivenilirligi belirleyende kritik bir tasarim parametresidir. Bu baglamda, delikli ve montajli
tasarimlarda PLA’nin, ABS, PETG ve ASA’ya kiyasla daha giivenilir ve tolere edilebilir bir
mekanik davranis sundugu tespit edilmistir.
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ABSTRACT

In this study, the phase diagrams and microstructural properties of the Zn—0.11Mn-0.07Al alloy
produced by the casting method were investigated. After casting, the samples were subjected
to a homogenization process at 350°C for 4 hours, and both rolled samples, heat-treated and
unheated at 350°C for 4 hours, were evaluated. Elemental distributions and possible phase
formations were characterized using SEM-EDS analyses. Thermodynamic studies revealed
possible secondary phases that may originate from Zn-based solid solutions and Mn and Al
additives. The findings reveal that homogenization and rolling processes have significant
effects on the phase distribution and microstructure.

Keywords: Zn—Mn-Al alloy, Phase diagram, Microstructure, SEM-EDS, Rolling.
1. INTRODUCTION

In the past few years, zinc-based alloys have attracted considerable attention for applications
such as biomedical implants and temporary structural requirements due to their
biocompatibility, moderate mechanical properties, adjustable biocorrosion rates, and high
solubility capacity for alloying elements [1,2]. The limited ductility, low strength, and

unsatisfactory strength-ductility balance of pure zinc hinder its use in engineering. In the past
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few years, many efforts have been made to improve the mechanical properties of zinc and
achieve controllable corrosion behavior by adding low contents of alloying elements such as

Al, Mg, Mn, Cu, Ag, and Li [3-5].

Trace element additions are known to significantly affect new phase formation, grain structure
development, and precipitation behavior in zinc-based alloys. Complex intermetallic phases,
particularly those developing in the Al-Mn-Zn ternary region, are important structural
components that determine both the mechanical and corrosion properties of the alloys. In recent
years, microalloying has been the subject of extensive research to improve the mechanical
properties of zinc-based alloys and achieve controlled biocorrosion behavior [3,6,7]. It is well
known in the literature that trace elements, particularly Al, Mn, Cu, Ag, and Li, significantly
alter phase formation, precipitation behavior, grain size, and texture development within the Zn
matrix. A study by Li Lei et al. showed that the microstructure of Zn-Al-Mn-Cu-Ag-Li alloys
containing several trace elements changes after casting, heat treatment, and extrusion. Al-Mn-
Zn-based ternary phases are formed, and with the addition of Li, the f-LiZna phase precipitates
as wavy lamellar layers with improved mechanical properties. In the same study, the basal
(0001) texture obtained after extrusion was among the main mechanisms affecting both the
strength and ductility of the alloys. These findings demonstrate that microalloying has a strong
influence on the microstructural evolution and performance of zinc-based alloys, while also
indicating that the phase behavior of limited element additions such as Al and Mn requires

further investigation [8,9].

A study on biodegradable metal alloys highlighted that second-phase formation in zinc-based
alloys significantly affects not only mechanical properties but also corrosion rates and
cytotoxicity. This study concluded that appropriate selection of alloying elements and control
of the volume fraction of the second phase can prevent post-casting brittleness, increase
ductility, and reduce the rate of biocorrosion. In particular, it was explained that elements such
as Mg, Mn, Li, Cu, and Ag can exist both in solid solutions and as intermetallic or

eutectic/peritectic phases within the Zn matrix [10,11].

Mn addition has been reported to have an unexpected effect on the microstructure and
mechanical properties of extruded Zn alloys. With increasing Mn content, the grain size in the
Zn matrix decreased, while the volume fraction of tensile twin formation decreased, leading to
a slight decrease in tensile strength and an increase in elongation. This observation highlights
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that twinning and intermetallic phase formation are crucial for achieving a balance between
ductility and strength for Zn-based alloys with HCP structure [6,12,13]. Based on this, the
present work systematically investigated the phase diagram, microstructure evolution, and
structural properties after rolling with 350 °C/4 h homogenization in a Zn-based system (Zn—

0.11Mn-0.07Al) microalloyed with only Al and Mn.

2. EXPERIMENTAL STUDIES

2.1. Production of Alloys

The ternary alloy Zn-0.11Mn-0.07Al was manufactured by melting pure metals of commercial
grade: Zn of 99.9%, Mn of 99.5%, and Al of 99.8%. The appropriate weights of the raw metal
components were calculated according to their alloying ratio and melted together at 720°C in
an electric resistance furnace in a graphite crucible. During melting, the crucible surface was
kept under an inert gas atmosphere (argon) to prevent oxidation. After melting, the molten metal
was mechanically stirred to ensure alloy homogeneity. The alloy was then cast into a steel mold
heated up to 200°C and solidified into an ingot. Using XRF, it was possible to verify the
chemical composition of the alloy; the following elemental contents (in mass %) were
determined in the sample: Al =0.0706, Mn = 0.1080, Zn = 99.6888, with trace amounts of Si,
S, and CI.

2.2. Hot Rolling Processes

The ingots obtained after casting were brought to an initial thickness of 9 mm suitable for
rolling, and a multistage rolling program was applied. During the first 21 passes, about 10%
thickness reduction was applied in each step, which reduced the sample thickness from 9.0 to
0.985 mm. The true strain value calculated in those passes was about 0.105, thus resulting in

fairly uniform deformation between passes.

The procedure to roll was as follows (350°C):
Passes 1-21: 10% thickness reduction at each step
Passes 22—24: Constant 0.1 mm reduction

Passes 25—-27: Constant 0.2 mm reduction

Using the measured thickness values, the actual strain was calculated as € = In(to / t). It became

evident that Passes 1-21 resulted in very similar values of deformation, while Passes 22-24
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developed moderate increases and Passes 25-27 clearly stood out as belonging to the high-

deformation region.

2.3. Microstructure Characterization

After rolling, the samples were subjected to metallographic sectioning, and standard grinding
and polishing procedures were applied. The surface was polished using 320-2500 grit abrasives
followed by a 1 um diamond suspension. The samples were etched in a 2% Nital solution for
the visualization of microstructural features.

The microstructural examinations were conducted as follows:

* SEM: for the analysis of intermetallic phases and dispersoids formed due to Mn and Al
additions.

EDS analyses were performed to confirm the composition of phases and elemental distribution.
2.4. Phase Diagram and Thermodynamic Analysis

Temperature was used to evaluate the presence of phases in the alloy [14]. Using the database
of the Zn—Mn-Al ternary system, some calculations were made, and the calculation of the
equilibrium phases of the alloy was performed. Among others, what was specifically identified
included Mn-rich intermetallic phases formed by the Zn-Mn binary, the precipitation behavior
changed with the addition of Al, and their stability on the Zn matrix. 2.5. Image Analysis SEM
and optical micrographs were further analyzed by means of ImageJ software. Calculations of
the grain size, area fraction of secondary phases, and particle size distributions were done
according to ASTM E112 and E1382, respectively.

3. RESULTS AND EVALUATION

3.1. Thermodynamic Phase Diagram Analyses
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Figure 1. Possible phases that may occur at room temperature[14].

Figure 1 shows the phase regions of the AI-Mn-Zn ternary system and the secondary phase regions that
can form at low alloy compositions. The diagram shows broad two-phase regions extending from the
Al-rich region to the Zn-rich region, containing intermetallics such as MnAliz, MnAls, MnAlii, and
MnAl. With increasing Mn content, the system expands toward Mn-rich ternary phases such as Mn—
MnAI-MnZns and MnAI-MnZni;-—MnZns. In the region near the Zn corner, the MnxAlii—MnZnis—Zn
ternary phase field and the MnZnus interphase, which is stable with Zn, are noteworthy. These phases
provide a thermodynamic framework for the potential precipitates that may appear during casting and
heat treatment processes in Zn-based alloys with low Mn and Al additions. Since the composition of the
Zn-0.11Mn-0.07Al alloy used in our study is close to the Zn-dominated region of the diagram, the
formation of MnZnis and low-volume MnAl-derived intermetallics is expected.

Estimated Phase Diagram at 623 K

Figure 2. 350°C possible phases that may occur[14].
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3.2. SEM Morphology and EDX Analysis

SEM images revealed that the applied treatments significantly transformed the alloy's

microstructure. While the cast sample exhibited a rough structure containing segregation marks,
surface roughness, and heterogeneity, the homogenization process largely eliminated these
irregularities, resulting in a more uniform and balanced microstructure [15, 16]. After rolling,
the sample exhibited elongated linear structures parallel to the deformation direction and high
orientation, demonstrating the effect of plastic deformation on the microstructure. Finally,
annealing the rolled sample at 350°C for 4 hours reduced the deformation marks, transformed
it to a more isotropic and fine-grained morphology, and demonstrated the activation of
recrystallization and recovery mechanisms. These results confirm that the combined application
of thermal and mechanical treatments plays a critical role in homogenizing the microstructure,

removing deformation residues and obtaining a more stable structure (See Figure 3).

Figure 3. SEM images of a) cast, b) homogenized, c) unheat-treated rolling mill and d) 350°C 4-

hour heat-treated rolling mill samples.
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Figure 4. EDX results of the rolled sample heat treated for 350 4 hours.

In EDX analyses, the Zn matrix is dominant (97-98%), while the Al and Mn ratios are quite
low (Al: 0-0.27%, Mn: 0-0.34%). Therefore, Mn—Al intermetallics (MnAls, MnAlii, MnAl2,
MnAl) were not detected. The measurements revealed a Zn matrix and a thin ZnO layer on the
surface. Furthermore, due to the low Mn content, the presence of a weak signal from the MnZnis

phase is likely.

3.3. Grain Size and Phase Area Fraction

Since grain boundaries cannot be directly determined from the SEM images, a numerical grain
size measurement was not possible. However, the microstructural evolution was evaluated
qualitatively. The as-cast sample exhibited a coarse and heterogeneous structure, while
homogenization eliminated segregations, creating a more stable but potentially coarser grain
structure. After rolling, the grains elongated and a morphology with distinct deformation traces
emerged[17-19]. The annealing process reduced the deformation traces and provided the
formation of a finer structure that was more isotropic, recovered and partially recrystallized at

the micro scale.
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4. CONCLUSIONS

* Thermodynamic phase diagram analyses showed that the alloy composition was located in
the Zn-rich region, with a high tendency for the formation of the MnZnis phase, while Mn—Al
intermetallics had limited stability due to their low alloying levels.

« While the as-cast microstructure exhibited significant segregation and heterogeneity,
homogenization improved chemical distribution, resulting in a more uniform structure.

* Rolling created a distinct deformation structure through grain elongation and the formation of
directional deformation traces. Annealing at 350°C for 4 hours eliminated these traces,
activating recovery and partial recrystallization processes.

* EDX analyses confirmed the dominance of the Zn matrix and indicated that Mn-Al
intermetallics were not detected due to the low Mn and Al contents, but the low-signal presence
of the MnZnis phase was likely.

* Although quantitative grain size measurement is not possible, it has been determined that the
annealing process produces a more isotropic and thermodynamically balanced microstructure.
* In general, it has been concluded that the combination of thermal and mechanical treatments
is decisive for the chemical homogeneity, microstructural stability, and phase distribution in
Zn—Mn-Al alloys.
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ABSTRACT

The present work outlines the microstructural evolution and tribocorrosion behavior of Zn-
0.36Cu-0.12Mg alloy in the cast, homogenized, and hot-rolled conditions. SEM studies reveal
that the casting had an irregular and oxidized surface structure which, after homogenization,
attained a more regular morphology and later a smoother and more compact surface after hot
rolling. EDS analysis has established the predominance of Zn in the matrix while the Cu-rich
precipitates formed the localized phases. Increasing load during tribocorrosion tests resulted in
increased depth of wear, whereas hot rolling resulted in a more controlled and wear-resistant
surface. Results attained from this study have established that hot rolling enhanced the

microstructural integrity and corrosion-wear performance of the alloy significantly.

Keywords : Zn—Cu—Mg alloy, hot rolling, microstructure, SEM, EDS, tribocorrosion.

1. INTRODUCTION

In recent years, zinc (Zn)-based alloys have become an important alternative material class for
biodegradable metal implants and low-temperature engineering applications[1]. Zn's moderate
degradation rate in physiological environments, biocompatibility, and ability to form corrosion
products compatible with essential elements such as Mg and Ca make these materials
particularly attractive for applications such as vascular stents, orthopedic pins, and surface
coatings[2—4]. However, the low mechanical strength and limited formability of pure Zn make
alloy design and thermomechanical process optimization critical. In this context, alloying
elements such as Cu and Mg are intensively studied additives for both microstructure control
and tuning of degradation behavior.

The literature contains numerous studies on the microstructure evolution and electrochemical
responses of Zn—-Cu and Zn—Cu—Mg alloys. Zhang and colleagues investigated the time-
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dependent corrosion mechanism of Zn—Cu-Ti coatings produced by thermal spray in a 3.5 wt.%
NaCl environment, demonstrating that coating degradation is a multistage process. The
resulting model describes a five-stage corrosion behavior, ranging from the dissolution of
surface oxides to accelerated pitting, and demonstrates that galvanic interactions play a decisive
role in coating strength. These findings are important because they demonstrate that corrosion
products and local cell effects formed in Zn-based systems are key factors in controlling
degradation[5].

Similarly, Cheng and colleagues' study on Zn-xCu and Zn-xCu-0.1Mg wires produced by hot
extrusion—cold drawing revealed that alloying elements and deformation processes radically
alter both the mechanical and degradation responses. Cu addition was determined to increase
grain refinement through the formation of dense CuZns precipitates, thereby increasing ductility
and decreasing strength. On the other hand, a 0.1% Mg addition has been shown to increase
strength by forming an eccentric MgzZni: phase, limit the stable formation of CuZns
precipitates, and significantly reduce work softening. Due to the electrochemical properties of
the phases, the degradation rate of Zn—-Cu—Mg alloys increased; the highest corrosion rate was
achieved, particularly in Zn-1Cu-0.1Mg wires, due to micro-galvanic effects. These studies
emphasize that the microstructural design of the Zn—Cu—Mg system is critical for controlled
mechanical performance and achieving the targeted degradation rate[6].

In this context, understanding the microstructural changes and associated corrosive wear
behavior of Zn-0.36Cu—-0.12Mg alloys following hot rolling will fill a significant gap in both
engineering applications and biodegradable implant design. The effects of thermomechanical
treatment on dynamic recrystallization, precipitate distribution, and grain shaping directly
determine both the tribological and electrochemical response of the alloy. Therefore, a holistic
evaluation of the corrosion and wear behavior of the hot-rolled Zn-0.36Cu—0.12Mg alloy will
provide critical data for performance optimization of the respective alloy systems.

2. EXPERIMENTAL STUDIES

2.1. Material and Sample Preparation

The Zn-0.36Cu—0.12Mg (wt.%) alloy used in this study was prepared using high-purity
Zn, Cu, and Mg elements using a melt-casting method and then subjected to hot rolling. Cast
ingots were heated to 350-380°C and reduced to the target thickness through multi-stage hot
rolling. For microstructure and corrosion wear tests, 10x10x2 mm samples were cut from the
rolled sheets, and all surfaces were sanded with SiC sandpaper to 2000 grit. The sample surfaces
were finally cleaned with ethanol and prepared for analysis.

2.2. SEM Analyses Biocorrosive Wear Tests

The microstructural properties of the samples were examined using a Scanning Electron
Microscope (SEM). Post-hot rolling dynamic recrystallization behavior, grain morphology,
interphase distribution, and deformation traces were evaluated at high magnification. In
particular, the morphology and interaction of precipitate phases (e.g., Mg2Zni1, CuZns) formed
by Cu and Mg additives with the matrix were analyzed in detail. Furthermore, the surface
topography was examined in terms of deformation bands and precipitate orientations that
formed depending on the rolling direction. Energy Dispersive X-ray Spectroscopy (EDS)
analysis was performed to determine the chemical composition of the microstructural phases.
The distribution of Cu and Mg elements in the Zn matrix, precipitate enrichment zones, and
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heterogeneities that could lead to micro-galvanic cell formation were evaluated using map and
point analyses. In particular, the characteristic peaks belonging to the CuZns and Mg.Znu
phases were confirmed, and the size-distribution relationship of the phases was revealed.

2.3. Biocorrosive Wear Tests: Microstructural Evolution of Hot-Rolled Alloys

Wear behavior in a corrosive environment was investigated using a pin-on-disc
tribometer operating in HBSS. The following parameters were used during the tests:

* Load: 500, 1000, and 1500 g

» Sliding speed: 0.02 m/s

* Sliding distance: 50 m

* Environment: 37 °C HBSS

* Counter surface: steel ball

Wear scar widths were measured with an optical microscope and profilometer, and
volumetric wear was calculated. To assess the effects of tribocorrosion, post-test wear scars
were examined with SEM, assessing pitting zones, crack initiation points, and the corrosion-
mechanical interaction mechanisms that accelerate under applied load.

3. RESULTS
3.1. Microstructural Evolution (SEM) of the Hot-Rolled Alloy

Figure la—c show surface SEM images of the Zn—-0.36Cu—0.12Mg alloy obtained after
casting, homogenization, and hot rolling. The images clearly demonstrate the effect of
thermomechanical treatments on the alloy's surface roughness, deformation marks, and
microstructural integrity[7-9].

Figure 1. SEM microstructure results for a) as-cast, b) homogenized, c¢) hot-rolled Zn-0.36Cu-
0.12Mg alloy.

Non-oriented, randomly distributed, and sharp-edged surface marks are observed on the
cast sample. This structure is characterized by:

edendritic segregation areas formed during the liquid-to-solid transition,
*micro-shrinkage voids caused by rapid solidification,
spronounced surface roughness and oxide scale residue.

The complex linear structures on the surface reflect the brittle and non-oriented microstructure

that emerges after casting. This structure is irregular before mechanical treatment due to higher
internal stresses  and can create distinct  corrosion activity  zones.
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The surface appears to have transformed into a more regular morphology after the
homogenization heat treatment. Figure 1b shows:

ssignificant elimination of intragranular segregation,
«formation of distinctly parallel striations on the surface,
* more stable distribution of dissolved alloying elements within the matrix.

While these parallel orientations are generally due to the effects of surface preparation
(mechanical sanding/polishing), they confirm that the homogenization structure provides a
more ductile and smoother surface. At this stage, the sharp and complex surface features of the
casting have largely disappeared[10-14].

A significant improvement and orientation in surface morphology is observed after hot
rolling.Figure 1c shows:

+thin parallel bands become slightly more pronounced due to deformation,
*the surface becomes smoother compared to the previous two conditions,
eprecipitate clusters or surface defects are visible in local areas.

Due to dynamic recrystallization and the rearrangement of the phase distribution during hot
rolling, a denser, tighter, and more holistic structure is achieved on the surface. This not only
increases the alloy's mechanical strength but also reinforces the role of surface integrity in
corrosion and wear behavior. The rolled surface also exhibits lower surface roughness
compared to the homogenized state, which can delay the formation of incipient pits in
biocorrosion tests[15-19].

3.2. EDS
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Figure 2. Summary of EDS Results (% by mass)
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EDS analysis shows that the material matrix is largely Zn, with Cu-rich precipitates distributed
as spots (although Cu ~ 9-10 wt% is measured, the Cu content in local particles must be higher).
A prominent O signal in the measurements indicates surface oxidation. Because the Mg signal
is very low, a clear Mg-rich phase such as Mg:Zni: was not confirmed by EDS. These data
suggest that Cu-Zn intermetallic precipitates and surface oxides may play a role in the micro-
galvanic corrosion behavior[20-23].

3.3. Corrosive Wear (Tribocorrosion) Behavior

a.

Figure 3. Wear scar profiles of rolled Zn—-0.36Cu-0.12Mg alloy obtained under (a) 500 g, (b)
1000 g, (c) 1500 g loads.

The maximum depth of the wear scar pits increases significantly with increasing load, reaching
approximately -10 pm at 500 g load, -18 um at 1000 g load, and -14 um again at 1500 g load.
The profiles show that wider and deeper plastic deformation zones form on the material surface
as the load increases[24].

4. CONCLUSIONS

From casting to hot rolling, the processing procedure of the Zn-0.36Cu-0.12Mg alloy
was critical for its microstructural integrity and resulting resistance to tribocorrosion. This was
confirmed by SEM analysis, which revealed that the surface became smoother, more compact,
and more oriented after hot rolling. EDS showed a predominant Zn matrix with Cu-rich
precipitates distributed locally; it was observed that such phases could generate micro-galvanic
effects during tribocorrosion. Wear tests under different loads showed that with increasing load,
the deformation became more pronounced, but the hot-rolled surface presented a more

controlled wear behavior. By taking into consideration all the results reported, it could be
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concluded that the hot rolling treatment provided a more stable microstructure and improved

performance against tribocorrosion for the alloy.
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OZET

Bu c¢alismada, kavak (Populus spp.) odununun yogunlastirma, 1sil islem ve kombine
(yogunlagtirma + 1s1l islem) modifikasyonlarmin fiziksel ve mekanik 6zellikler iizerindeki
etkileri incelenmistir. Numuneler standart boyutlarda hazirlanmis ve iki asamali modifikasyon
prosesine tabi tutulmustur. Yogunlastirma asamasinda, odun 6rnekleri 20 °C ve %65 bagil nem
kosullarinda iki hafta bekletilmis, ardindan 100—-140 °C sicaklikta ve 30 bar basing altinda %50
sikistirma orani ile 40 dakika siireyle sicak pres uygulanmistir. Isil islem asamasinda ise
yogunlastirilmis numuneler 165-200 °C sicaklik aralifinda vakum altinda islenmistir. Elde
edilen sonuglar, yogunlastirma isleminin odunun yogunlugunu %62 artirdigini, 1s1l iglemin ise
%10,55 oraninda azalttigin1 gdstermistir; kombine islem ise %40,77 artig saglamistir. Kiitle
kayb1 acisindan en yiiksek deger kombine islemde (%8,54) gozlenmis, yogunlastirma ve 1sil
islem tek basina sirasiyla %4,8 ve %7,6 kayip olusturmustur. Teget ve enine yonde sertlik
degerleri, yogunlagtirma ile belirgin bigimde artarken, 1s1l islem ile azalmistir. Kombine
uygulama, yogunlastirmanin sagladigi iyilestirmeleri kismen korumustur. Sonug olarak, bu
calisma, kavak odununun mekanik ve fiziksel 6zelliklerinin modifikasyon yontemi, sicaklik ve
stireye bagli olarak degistigini ve yogunlastirma ile 1sil islem parametrelerinin dikkatle
secilmesi gerektigini ortaya koymaktadir.

Anahtar Kelimeler: Kavak, Modifikasyon, Yogunlastirma, Isil islem

THE EFFECT OF DIFFERENT MODIFIiCATiON PROCESSES ON SOME
PHYSICAL AND MECHANICAL PROPERTIES OF POPLAR WOOD

ABSTRACT
In this study, the effects of densification, heat treatment, and combined (densification + heat
treatment) modification processes on the physical and mechanical properties of poplar (Populus
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spp.) wood were investigated. The specimens were prepared in standard dimensions and
subjected to a two-stage modification process. In the densification stage, wood samples were
conditioned at 20 °C and 65% relative humidity for two weeks, followed by hot pressing at
100-140 °C under 30 bar pressure with a 50% compression ratio for 40 minutes. In the heat-
treatment stage, the densified specimens were treated under vacuum at temperatures ranging
from 165 to 200 °C. The results showed that densification increased the wood density by 62%,
whereas heat treatment alone caused a 10.55% decrease; the combined treatment resulted in a
40.77% increase. In terms of mass loss, the highest value was observed in the combined
treatment (8.54%), followed by densification (4.8%) and heat treatment (7.6%). Tangential and
radial hardness values increased substantially with densification but decreased after heat
treatment. The combined modification partially preserved the improvements achieved through
densification. Overall, the findings demonstrate that the physical and mechanical properties of
poplar wood vary depending on the modification method, temperature, and duration,
highlighting the importance of carefully selecting densification and heat-treatment parameters.
Keywords: Poplar, Modification, Densification, Heat treatment

1.GIRIS

Kavak odununa uygulanan 1sil islem ve yogunlastirma yontemleri, odunun mekanik
ozelliklerini ve kullanim degerini 6nemli dl¢iide artirmaktadir. Bu islemler sayesinde diisiik
yogunluklu ve diisiik dayanim gosteren kavak odunu, daha yiiksek sertlik, basing¢ direnci ve
boyutsal stabilite kazanmaktadir. Ornegin, 1s1l islem ve yogunlastirma kombinasyonu ile kavak
odununda yiizey sertligi ve sekil stabilitesi belirgin sekilde iyilesmektedir (Cai ve ark., 2013).
Benzer sekilde, yapilan g¢aligmalar bu yoOntemlerin odunun morfolojik yapisinda olumlu
degisiklikler yarattigini, gozeneklerin kiiciilmesi ve liflerin daha kompakt hale gelmesiyle
mekanik performansin arttigini géstermektedir (Budakci ve ark., 2016).

Ayrica, 151l islem ve yogunlastirma sayesinde kavak odununun nem alma egilimi azalmakta,
bdylece odunun uzun vadede dayaniklilig1 artmaktadir. Bu yontemler, hizli biiyliyen ve diisiik
degerli kavak odununu, yiiksek degerli yapt ve mobilya malzemelerine doniistiirme
potansiyeline sahiptir. Ozellikle 1s1l islemle birlikte uygulanan yogunlastirma siireci, kavak
odununun egilme dayanimi ve sertligini kayda deger sekilde gelistirmekte ve miihendislik
uygulamalar i¢in daha uygun hale getirmektedir (S6zbir ve ark., 2019; Diizkale Sozbir &
Bektas, 2017).

Bu arastirmada, kavak odunu Ornekleri iizerinde gergeklestirilen deneysel caligmalar
sonucunda, 1s1l islem, yogunlastirma islemi ve her iki yontemin birlikte uygulanmasinin;
odunun yogunluk degerleri, kiitle kayb1 oranlar ile enine ve teget yondeki sertlik 6zellikleri
tizerinde meydana getirdigi degisimler sistematik olarak incelenmis ve bu siire¢lerin odunun
bazi fiziksel ve mekanik performansina olan etkileri ortaya konulmustur.

2.DENEYSEL UYGULAMALAR
2.1. Materyal

Testlerde materyal olarak, yaprakli agaclardan kavak odunu O&rnekleri kullanilmastir.
Tomruklardan kesilen O6rnekler, uygulanacak testlere uygun standart numune boyutlarinda
hazirlanmistir. Daha sonra, modifikasyon prosesleri iki asamali olarak gerceklestirilmistir.
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2.2. Metot

Yogunlastirma prosesinde, Oncelikle, érnekler 20 °C sicaklik ve %65 bagil nem kosullarinda
2 hafta siireyle bekletilmistir. Ardindan pres sicakligi 100 °C iken ornekler prese yerlestirilmis
ve pres kapatilmadan sicakligin 140 °C’ye ulasmasi i¢in yaklasik 15 dakika bekletilmistir.
Sicaklik 140 °C’ye ulagtiginda pres kapatilarak 6rneklere 30 bar basing uygulanmis, bu sirada
basing orani %50 alinmis ve islem 40 dakika siirdiiriilmiistiir. Islem sonunda 6rnekler, sicaklik

60 °C’ye disene kadar prese birakilmig, ardindan pres agilarak yogunlastirma islemi
tamamlanmustir.

Isil islem + vakum prosesinde, yogunlastirma islemi tamamlanan ornekler, firin sicakligr 100
°C’ye ulastiginda kabin igerisine yerlestirilmistir. Daha sonra firin sicakligi 165 °C’ye
cikartlmistir. Bu sicaklikta 6rneklere:

30 dakika 1s1l islem + 15 dakika vakum uygulanarak ilk adim,
Ayni islemin tekrartyla ikinci adim gercgeklestirilmistir.

Boylece 1s1l iglem prosesinin ilk agsamasi tamamlanmigtir. Ardindan, 165 °C’deki son vakum
isleminden sonra firin sicaklig1 yaklasik 15 dakika icinde 200 °C’ye ¢ikarilmistir. Bu sicaklikta

orneklere 1 saat 15 dakika vakum uygulanarak 1s1l islem basamaklari tamamlanmistir (Gorsel
1).

100 C sicaklikta pres igensine yerlestirme

140 C 40 dk pres uygulama |

T

60 C de presten ¢ikanlma |

100 C de Finna Yerlestirme

52
165 C 30 dk 151l 1glem + 15 dk
vakum uygulama
Lk
165 C 30 dk sl 15lem + 15 dk
vakum uygulama
<
200 C 1 sa 15dk vakum

Goérsel 1. Kavak odununa uygulanan modifikasyon Islemlerinin basamaklar1

Farkli islemler uygulanan kavak oOrneklerinin yogunluk miktarlart TS 2472 de belirtilen
kriterlere gore yapilmistir. Test ornekleri etlive birakilmis ve sicakligr 103 + 2 C° de 6rnek
agirliklarinin sabit hale gelmesinden sonra, Ornekler desikatdre birakilmis, sogumalari
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