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EVALUATION PROCESS and POLICIES

All applications have undergone double blind peer review process. In addition, each
paper was accepted and the process of publishing in the book was carried out through
editorial oversight. The published papers were presented and discussed at the meeting.

Full texts and abstracts published in accordance with the Symposium Policy have been

prepared in accordance with ethical rules and APA standards. Authors of all papers are
both ethically and legally responsible.

PARTICIPANTS COUNTRIES

Turkiye, Albania, Algeria, Azerbaijan, Bangladesh, Bulgaria, Ethiopia, Georgia, India,
Indonesia, Iran, Kazakhstan, Malaysia, Morocco, Nigeria, Pakistan, Philippines, Saudi
Arabia, Slovenia, Sri Lanka, Uganda, Ukraine

TOTAL ACCEPTED ARTICLES: 306

The Number of Accepted Papers from Turkiye: 91
The Number of Accepted Full Papers from Other Countries: 108
The Number of Total Papers: 199
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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.

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

Points to Take into Consideration - TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

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

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

Requests such as change of place and time will not be taken into consideration in the
congress program.

(All speakers required to be connected to the session 15 min before the session starts)
Moderator is responsible for ensuring the smooth running of the presentation, managing
the group discussion and dynamics.

Before you login to Zoom please indicate your name_surname and HALL number,
exp. Hall 1, Gilen
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AUTHOR | AFFILITION | ABSTRACT TITLE
. . . . . Digit Length Aware Radix Sort With Thread
Tugay Direk |zmir Universtiy OF Economics Level Parallelism For Biomedical Data Pipelines
Assessment Of The Ecotourism Potential Of The
Bilge Nur Giines Six  Western Balkan (Wb6) Countries

Bahar Sennaroglu

Marmara University

Considering Tourism, Transport, Agriculture
And Environment Policies With Moora Method

Bilge Nur Giines
Bahar Sennaroglu

Marmara University

Evaluation Of The Level Of Being Digital
Society Of The Six Western Balkan (Whb6)
Countries Considering Digital Society Policy
With Moora Method

Ali Can Yilmaz

Cukurova University

CeO:-Based Catalytic Coatings For Enhanced
Low- Temperature Regeneration Of Diesel
Particulate Filters

Ozlem Erdem Yilmaz

Cukurova University

Hydrothermal Carbon-Modified La-Ti Metal
Hydride Discs For Improved Hydrogen Storage
Performance

Cemile Mol . . . .
Emine Bulut Harran University leferentla_l Gene E)_(pressm_n Analysis In Lung
Adenocarcinoma Using R/Bioconductor
Yusuf Kurt
Integrated Analysis Of Ndvi-Based Vegetation
o Burdur Mehmet Akif Ersoy Dynamics With Topography And Land Use In A
Ayse Konu Eskitoglu University Semi-Arid Transition Zone: A Case Study Of
Bucak (Burdur), Turkiye (2015-2025)
- . . The Effect Of Information Measures On
Fatma Altun Giimiishane University Decision Outcomes In Neutrosophic Topsis
Design Of Combustion Chamber, Including
M. Zafer Gl Topological Piston Bowl Optimization And

Mustafa Yilmaz

Marmara University

Injection Parameters, Under The Scope Of
Modernization Of A V16 Locomotive Engine

Ceyda Cevahir Yildiz

Gelisim University

Investigation Of Parallel Darboux Equidistant
Ruled Surfaces On The Twisted Cubic Curve

Siileyman Senyurt
Selinay Glinsever

Ordu University

Ruled Surfaces Generated By Linear
Combinations Of Frenet Frame Vectors Along
The B-Pedal Curve

Siileyman Senyurt
Selinay Giinsever

Ordu University

New Families Of Pedal Curves Constructed By
The Frenet Frames Of Parallels Of Space Curves
And Their Geometric Characterizations
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AUTHOR

Emine Su Turan

MODERATOR: Sadettin Yavuz Ugurlu

Meeting ID: 848 5448 4368

Zoom Passcode: 123456

AFFILITION

Cukurova University

ABSTRACT TITLE

Multidimensional Effects Of Agricultural
Residue Burning On Climate, Air Quality,

Rozelin Aydin Soil, And Public Health
Thermodynamic Evaluation Of Inert VVersus
Yilmaz Mert Sivas University of Science | Energetic Binders On The Performance
and Technology Parameters Of  CI-20/Nona  Based
Insensitive Explosives
Arda Nusirevan Toprak A Taxonomy Of Dispute Causes In Urban
Ozan Okudan Yildiz Technical University | Regeneration  Projects:  An  Expert-
Gokhan Demirdégen Validated Approach

Ali Sercan Karakag
Nuri Murat Yagmurlu

Inonu University

Investigation Of The Numerical Solution Of
The Prototype Heat Transfer Equation
Using The Galerkin Method

Semra Tasdurmazli

Activity Of The Bacteriophage-Derived

Tiilin Ozbek Yildiz Technical University | Endolysin Chapk Against Planktonic And
Luis D. R. Melo Biofilm Mrsa

Pdb-Quantifier: Reference-Based Protein
Sadettin Yavuz Ugurlu Akdeniz University Structure  Quality ~ Assessment  And

Prioritization Via One-Class Learning

Ozgiir Umut Piring
Emirhan Aydin
Fatma Gunseli Ciklacandir

Izmir Katip Celebi University

Explainable Ensemble Learning With
Advanced Feature Engineering For Medical
Insurance Cost Prediction

Ismail Aykut Karamanli

Yozgat Bozok University

Numerical Analysis Of The Mechanical
Behavior For Strut-Based Lattice Structures
Designed For Biomedical Applications
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AUTHOR AFFILITION ABSTRACT TITLE
Izettin Gliciim Kitahya Dumlupnar Machine Learning Approaches For Disaster
Derya Deliktag University Aid Call Detection In Social Media
Abdussamet Caligkan Ordu University Circles And Conical Geodesics In
Siileyman Senyurt Riemannian Manifolds
Veli Bahadir Can . .
Cemal Ozcan Izmir Katip Celebi University Unsupervised Anomaly Detection In Web
S . Server Logs Using Isolation Forest
Fatma Gunseli Ciklacandir
Elif Sarigtde The Potential Use Of Bacteriophage
Semra Tasdurmazli Yildiz Teknik University Receptor-Binding Proteins In The Rapid
Tiilin Ozbek Diagnosis Of Bacterial Pathogens
Energy Efficiency And Pue Optimization In
Emrullah Kigik Kirikkale Universit Data Centers: A Review Of Artificial
Biilent Giirsel Emiroglu y Intelligence-Based Cooling Management
Systems
Incident Management And Automated Fault
Emrullah Kigik Kirikkale Universit Detection In Distributed Data Center
Biilent Giirsel Emiroglu Y Infrastructures: A Machine Learning-Based
Anomaly Detection Approach
Mehmet Arif Saltan Design of an Optimized Medium-Altitude
Tugberk Kablan Milli Savunma University Rocket System for Payload Deployment
Mustafa Yasir Akin Missions
Ufuk Karadavut . A . Effectiveness Of Regression Analysis In
= - Sivas University of Science L . .
Omer S6zen and Technolo Determining Relationships Between
Tolga Karakdy 9y Characters
Omer S6zen . Lo . Determination Of Relationships Among
Ufuk Karadavut Sivas Ur(;l\_/rersrl]ty (I)f Science Yield Traits In Some Chickpea Varieties By
Tolga Karakdy and fechnology Correlation And Path Analysis
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AUTHOR

Mert Berke Yavein
Gozde Altuntas
Bulent Bostan

AFFILITION

Gazi University

ABSTRACT TITLE
Effect Of Cr And Ni Additions On The
Electrical Conductivity And
Microstructural Characteristics Of Vim-
Produced 30mn Steels

Deniz Reyhaniye
Dursun Ekren

Iskenderun Technical
University

Effect Of Surfactants On Electrochemical
Energy Storage Properties Of Nickel Oxide
(Nio)

Burhan Sahin
Neslihan Kuru
Hatice Belikirik
Beguin Atag

Ankara Yildirim Beyazit
University

Aileron-Driven Energy Harvesting For
Self-Powered Sensing Using A Radial-
Array Teng

Oznur Bekdemir

Bolu Abant 1zzet Baysal

Universal Design In Bioinformatic: An
Accessible Sequence Visualization

Mehmet Milli University Framework For Researchers With Color
Vision Deficiency
Emre Aydogdu A Multi-Objective Genetic  Algorithm
Irmak Sude Topcu Kitahya Dumlupnar Approach For The Warehouse
. University Storage Location Assignment Problem In
Derya Deliktas

The Ceramic Industry

Nasibe Tekiner Aydin

Ali Nihat Gokyigit Botanical
Garden Application And
Research Center

Evaluation Of In Vitro Antagonistic
Activity Of Bacterial Biocontrol Agents
Against Fusarium Tricinctum In Zinnia
Elegans Jacq.

Deniz Kalfazade
Hande Sezgin
Ipek Yalcin-Enis

Istanbul Technical University

Assessment Of Microfiber Release From
Natural Fiber-Based Bedding Sheets

Kardelen Pekg6z
Maryam Sodagar
Ipek Yalcin-Enis
Hande Sezgin

Istanbul Technical University

Ud Tapes From Untreated Bamboo Fibres
For Thermoplastic Composites: Mechanical
Performance And Benchmarking Against
Flax
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AUTHOR

MODERATOR: Babita Gupta

Meeting ID: 848 5448 4368

Zoom Passcode: 123456

AFFILITION
Saranathan College Of

ABSTRACT TITLE

Smart Surgical Care Using Ad Hoc
Networks: A Wireless  Approach

S-Rajeswarl Englngerlng, T”C.hy’ For Pre-Operative Planning And Post-
Tamilnadu, India - L
Operative Monitoring
Babita Gupta Integral University Revolutionizing Cancer Diagnosis: The

Potential Of 3d Printed Nanosensors

Sabrina Roguai

Abbes Laghrour University

Spray  Pyrolysis  Deposition  And
Characterization Of Zno And La-Doped
Zno Thin Films For Photocatalytic
Applications

Aya Chelh

Houda Siah
Meryem Sabri
Hamid Ez-Zahraouy

Mohammed V University In
Rabat

Compressive  Strain  Effects On The
Photocatalytic And Optoelectronic
Properties Of Csinbrs For Efficient
Hydrogen Production: A Dft Study

Nouzha Baki Senhaji
Houda Elyacoubi
Atmane Rochdi

Ibn Tofail University

Structure-Based Discovery Of A Novel
Phenylpropanoid-Derived Cyp51 Inhibitor
Against Fusarium Oxysporum: Insights
From Molecular Docking And Antifungal
Target Analysis

Sami Mel!k Mohamed Khider Biskra N0|se_—lnd.uced I_Dsychologlcal Dls_tress In
Sara Khelil Universit Hospitals: Architectural Interventions For
Tallal Abdel Karim Bouzir y Healthier Environments

Sami Melik . . Healthcare Soundscapes And Patient
Sara Khelil MOhamS?mlf:r'SdifrB'Skra Satisfaction: Integrating Acoustic Design
Tallal Abdel Karim Bouzir Y Into Medical Architecture

Sami Melik . . Hospital ~ Soundscapes And  Patient
Sara Khelil Mohamed Khider Biskra Wellbeing: Architectural Approaches To

Tallal Abdel Karim Bouzir

University

Acoustic Stress Management
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AUTHOR AFFILITION ABSTRACT TITLE
Eman Naeem
Syec_i Malfhdoom Hussain Supplementation ~ With  Iron  Oxide
Danish Riaz X
. Government College Nanoparticles Improves Growth
Zubair-Ul-Hassan Arsalan L o
University Performance And Carcass Composition In

Muhammad Adnan Khalid
Muhammad Amjad
Adan Naeem

Cyprinus Carpio Fingerlings

Deep-Learning Drug-Target Interaction
Prediction Of Resveratrol Against Five
Colorectal Cancer—Relevant Protein
Targets

Kampalli Praveen Kumar
Afroz Alam Ambedkar University
Sujatha Peela

Applicability-Domain-Stratified Machine
Kampalli Praveen Kumar Learning For Dietary Polyphenol Colorectal
Afroz Alam Dr. BL'JE‘\/';Z??Edkar Cancer Drug Target Interaction Prediction:
Sujatha Peela y Graph Neural Networks And Random
Forest Baselines On A 10-Target Panel

Tanzeela Riaz
Mugaddas Ashraf Government College Catalytic Multicomponent Synthesis Of
Tanzeela University Imidazopyrimidine Derivatives

Matloob Ahmad

Aminu Ibrahim Bello
Salihu Salisu Umaru Musa Yaradua
Yahaya Riko Yunusa University

Bashir Abdulkadir

Tackling Neonatal Sepsis In Nigeria To
Reduce Neonatal Morbidity And Mortality:
A Call To Action

Discovery Of New  Group  Of
Organofluorine Derivatives Of Heptaene
Macrolide Antifungal Antibiotic
Amphotericin B

Valery V. Belakhov Israel Institute Of Technology

Hassane Abd-Dada Assessment  Of Genetic  Diversity In

Sa'd. BOUd? Sultan Moulay Slimane Moroccan Euphorbia Resinifera
Sadik Dani L ;

. University Through Integrated Morphological And
Atman Adiba Biochemical Profilin
Abdelmajid Haddioui 9
Adamu, U.O. Supramolecular Techniques: A Novel Tool
Haruna, M.K. For The Conjugation And Functionalization
Nuhu, AM. Kaduna State University Of Bimeetallic Nanoparticles For Targeted
Abutu, S.R. Drug Delivery Against Onchocerciasis (A

Baraya, K.Y. Review)
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AUTHOR

Liu Yang

exp. Hall 1, Samet Kuskiran

MODERATOR: Liu Yang

Meeting ID: 848 5448 4368

Zoom Passcode: 123456

AFFILITION ABSTRACT TITLE

Comparative Study On The Performance Of
Dalian University Of Hydrodynamic Viv Suppression Devices
Technology For Submarine Pipelines: A Numerical

Simulation Approach

M.Varshana Deepa
K.Priyanka
S.Shapna
K.Varshitha
D.Ragavarshini
S.Dhanavanthari

Matrices In Data Science And Machine

Rmk Engineering College Learning

El Mostafa Benharaf
Kaoutar Ouahibi
Erradi El Mostafa
Ayoub Cherrat
Abdellah Zeroual
Mohammed El Idrissi

A Photovoltaic Studies Of Quinoxaline-
Based Sensitizers For High-Performance
Dye- Sensitized Solar Cells

Sultan Moulay Slimane
University

Soufiane Ziani
Driss Khattach
Jamila Abderbi
Zahra Zerrougi

Contribution Of Gis To Hydrogeological
Mohammed 1st University Mapping: The Case Of The Triffa Plain
(Eastern Morocco)

Elabbari Chaimaa
Pr. Labjar Najoua
Chikh Lamiae

Reducing Soil And Water Contamination

Mohammed V University In Through Improved Nitrogen Fertilizer

Rabat

Pr.El Hajjaji Souad Management

Oluwadamilola Peace Agoi

Moses Adeolu Agoi Federal University Of Sustainable Innovation Pathways For Food-
Samuel Olayiwola Ajaga Agriculture Abeokuta Tech Start-Ups In Global Agriculture

Oluwanifemi Opeyemi Agoi

Said Elanzaoui

Eco-Friendly  Treatment Of  Water
University Ibn Zohr Contaminated With Dyes Using Adsorbents
Derived From Sawdust
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AUTHOR

Abdulkadir Ciltas
Esraa Sayed Al-Soughaier

MODERATOR: lhsan Nalkiran
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AFFILITION

Ataturk University

ABSTRACT TITLE
Integrative Network-Based Bioinformatics
Approaches In Fish Genomics: From
Genome Duplication To Functional Insights

Abdulkadir Ciltas
Esraa Sayed Al-Soughaier

Ataturk University

Omics-Based Approaches In Fish Stress
Biology: Integrating Molecular Responses
Into Systems-Level Insights

Emine Ozlem Dengiz

Samsun University

Design And Fabrication Of A Tape Casting
Unit

. Recep Tayyip Erdogan Evaluation Of The Binding Interaction

Ihsan Nalkiran University Between Arctigenin And Tak1l
Recep Tavvio Erdosan In Silico Insights Into The Binding Potential
Ihsan Nalkiran pUni)\//):arZity & Of Cardamonin Targeting Focal Adhesion

Kinase

Bahadir Furkan Kinaci
Zeynep Suden Kerimoglu

Karabuk University

The Effect Of Layer Thickness Variation
On Mechanical Properties Of Materials
Produced With 3d Printers

Bahadir Furkan Kinaci
Eyylp Taskaya

Karabik University

Obtaining Stretch Data Using Molecular
Dynamics Analysis Applications, Literature
Overview

Merve Levent
Aytag Goren

Dokuz Eylil University

Mechanical Performance Of Carbon Fiber
Reinforced Polymer Composites Used In
Automotive Suspension Arms And The
Effect Of Material Selection On Component
Service Life

Sitk1 Akincioglu

Dizce Universitesi

The Effect Of Heat Treatment And
Structural Density On The Tribological
Behavior Of 3d Printed Pla: An Industrial
Design Perspective
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Iskenderun Technical
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ABSTRACT TITLE

of
Peg400

Behaviour
Synthesized

Superparamagnetic
Hydrothermally
Coated Magnetite (Fe304) Nanoparticles

Berat Gormez
Halil Hakan Agikel

Erciyes University

Numerical Investigation Of The Cooling
Performance Of Lithium-lon Batteries

Gulistan Okutan

Siirt University

Investigation Of Some Properties Of Edible
Films And Solutions Obtained From
Different Starch Sources

Enis Muhammet Gul
Fatma Tugce Senberber Dumanl
Emek Moroydor Derun

Yildiz Technical University

Efficacy On Congo Red Photodegradation
Of Sonochemically Synthesized Cobalt
Aluminates

Transformation Of Agricultural Waste Into

Muhammed Onay Malatya_Turg_ut Ozal Value-Added _I\Ianoadsc_)rbent_s: Wastewater

University Treatment With Multifunctional Zno-Ak
Nanocomposite

Hatice Dag A_ntioxidz_a\nt Activi_ty And Some

Figen Erdem Erisir Firat University Biochemical Properties Of Methanolic

o ) Extracts From Sunflower, Corn, And Olive

Okkes Yilmaz Oils

Pelin Gokfiliz Preliminary Screening Of Endophytic Fungi

Guven Ozdemir

Ege University

From Posidonia Oceanica For Extracellular
Protease And Tyrosinase Production

Memduh Karalar

Zonguldak Bulent Ecevit
University

Examination of Reinforced Concrete Beams
with Bottom Ash and Fly Ash for Flexural
and Crack Failure
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ABSTRACT TITLE

Mitre Att;Ck-Based Analysis Of Industrial
Control Systems Datasets

Two-Dimensional Borophene: Properties,

Gurkan Soy Manisa Celal Bayar University | Synthesis Strategies, Energy Applications
And Future Perspectives

Birgiil Karacayir An  Ai-Based Demand Forecasting

Alev Taskin Yildiz Technical University | Approach For Tracking High-Value

Products And Preventing Counterfeiting

Boosting Algorithms And Shaps-Based

Cemile Sevde Bozkurt Kiitahya Dumlupinar - . .
Ebru Efeoglu University EZﬂtl?rDeeggggrfls In Industrial Equipment
Trichoderma Spp. As A Multifunctional
. . Agent In Sustainable Agriculture: The
Berfin Kiling Kinikkale University Triple Effect On Plant Pathogens, Pests,
And Plant Development
Kadir Ziya Yamay Bursa Uludag University Design Of A Rapid Tensioner For Low-

Kenan Tufekci

Strength Hyperelastic Polymer Materials

Yunus Emre Yalgin
Burcu Demirelli Okkaliglu

Yalova University

Gender  Prediction From  Turkish
Handwriting: A Comparative Analysis Of
Convolutional Neural Networks And Data
Augmentation Strategies
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Ankara Yildirim Beyazit
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ABSTRACT TITLE
Owner-Driven  Reconstruction As A
Strategy  For  Accelerating  Housing
Recovery In Gaza

Hayat Himed
Reguia Zeguerrou
Mohammed Faci
Messaoud Roumani
Mohammed
Mesnoua

Scientific And Technical
Research Center On Arid
Regions (Crstra)

Solar Radiation And Heat Stress Effects On
Date Fruit Quality: Evidence From ‘Ghars’
Cultivar In Southern Algeria

Barizomdu Tina Pii

Christianah Chinenye Aniobi Bamidele Health Risk Assessment Of Microplastics
Kehinde Ezekiel Ajibulu Ajayi, Olumilua University Of In Treated And Untreated Water From EKiti
Morenike Grace Education State And Ondo State Water Works, Nigeria
Kafayat Abosede Oyelakin

ES.’?” AT.O. Quantum Mechanical Studies And Monte
Ajibulu K. E . . R . - .
Adebayo O. L Bamidele Olumllua} University Car_lo_ _Slmulatlops On The Co_rrosmn
Osasona | ' Of Education Inhibitive Potentials Of Some Imidazole

Olanipekun A.D

Derivatives

Pii, Barizomdu Tina

Ajayi, Morenike Grace
Aduloju, Mobolaji Omiye Esan,
Timothy Oluwaseun

Bamidele Olumilua
University Of Education

Survey Of Common Pesticides Used For
Food Storage Within Makurdi, Benue State,
Nigeria.

Munevver Pazharbek

Saken Seifullin Kazakh Agro-
Technical University

Sensitivity Analysis Of Aerodynamic Drag
Coefficient On Performance Efficiency In
Formula 1 Vehicle Dynamics

Saken Seifullin Kazakh Agro-

Effect Of Ice Surface Temperature On

Munevver Pazharbek Technical Universit Frictional  Coefficient And  Energy
Y Efficiency In Figure Skating Motion

M. O. Aduloju . . L Quality  Assessment Of  Commonly

P. S. Ajobiewe BamldeIeO?:EudnalclggolrJ]nlverSIty Consumed Soft Drinks And Energy Drinks

C. C. Aniobi Available In Ikere EKiti, Nigeria
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K. E. Ajibulu Synthesis, Characterization And
T. O Esan Bamidele Olumilua University | Antibacterial Study Of Metal (i)
Y. B. Oladimeji Of Education Complexes Derived From Ethylenediamine
B.T.Pii And P-Chloroacetophenone
Samira Boumous Advanced Modeling And Integration Of
Zouhir Boumous University Of Souk Ahras Wind And Photovoltaic Energy Systems
Hamou Nouri For Smart Grid Applications

Amina Essalihi
Abdellah Idrissi Azami
Oumaima Bouchra Hassan li Characterization Of Recurrent Genetic
Khadija Khadiri University Of Casablanca Variants In The Moroccan Population
Zineb Khadrouf Using Genomic Data

Hassan Ghazal

Mehdi Karkouri

Fixed-Point Approximation For
Bahir Dar University Generalized Non-Expansive Mappings In
Banach Space

Alemu Mitiku Workie
Mollalgn Haile Takele

ii:ir: I\E/’Iglilrlil Non-Typhoid Salmonella In Farm Animals

Dassine Bellil Université De Beiaia And Their Food Products In The Middle
. - g East And North African Countries: A

salima Kendi Systematic Review

Abdelaziz Touati Y

Adan Naeem

Syec_i Malfhdoom Hussain Dose-Dependent Effects Of Zinc Oxide

Danish Riaz X

Zubair-Ul-Hassan Arsalan Government _College Nanopar_tl_cles On Grqvvth,_ __Carcass

University Composition, And  Digestibility  In

Muhammad Adnan Khalid
Muhammad Amjad
Eman Naeem

Cirrhinus Mrigala




20 INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES

MAY 23-30, 2026/ BALKANS
CONFERENCE PROGRAM

23.05.2026 / SESSION-2, HALL-6

Pristina Local Time: 11:30-13:30
Ankara Local Time: 12:30-14:30

(All speakers required to be connected to the session 15 min before the session starts)
Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics.
Before you login to Zoom please indicate your name_surname and hall number,
exp. Hall 1, Samet Kuskiran

20017

AUTHOR
Mounia Mezouara

Yassine Mouniane Youssef

Aboussaleh
Driss Hmouni

MODERATOR: Rajae El Brahimi

Meeting ID: 848 5448 4368

Zoom Passcode: 123456
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Ibn Tofail University

ABSTRACT TITLE

Functional Foods In Diabetes Management:
Therapeutic Potential Of Coriandrum Sativum,
Ficus Carica, And Camellia Sinensis

Darkaoui Najoua

Université Sidi Mohamed

Eco-Epidemiology  And  Spatio-Temporal
Distribution Of Phlebotomine Sand Flies
(Diptera:Psychodidae) In The City Of Fez:

Rajae EI Brahimi Ben Abdellah Assessment Of Risk Factors For Cutaneous
Leishmaniasis

Slimane Fizazi

Mohamed EI Amine Guerbazi

Adel Chine Recent Applications Of Pem Fuel Cells In

Abdallah Mohammedi University Of Batna 1 Healthcare Facilities: Opportunities And

Khalid Faiza Challenges

Alaeddine Zereg
Nadhir Lebaal

Mohammed Ouali
Mahfoud Touhari
Mohamed Teldjoun

Khemis Miliana University

Influence Of Building Height On The Seismic
Mechanical Behavior Factor And Nonlinear
Response Of Reinforced Concrete Frame
Structures

QOuassila Riouchi

Cadi Ayyad University

Invisible Plastic Pollution: Implications Of

Khalid Elkalay Microplastics For Human Health
Ouassila Riouchi Cadi Ayyad University Microplastics And Human Health: An
Khalid Elkalay Emerging Environmental Threat

Data Capitalization Of Corrigiola

Fatima-Ezzahra Jaayefar
Jamila Dahmani

Ibn Tofail University

Telephiifolia Pourr: Ethnopharmacological
And Toxicological Valorization Of A
Medicinal Plant From The Moroccan Central
Plateau

Fatima-Ezzahra Jaayefar
Jamila Dahmani

Ibn Tofail University

Data Capitalization Oof Artemisia
Absinthium L.: Socio-Economic And
Therapeutic Valorization Of A Medicinal Plant
In The Moroccan Central Plateau
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Ayse Cemre Cakici
Cemile Beren Piri
Seda Ceki¢ Toroslu

Etimesgut Bilim Ve Sanat

Merkezi Textile-Based Atmospheric Fog Harvesting

Umit Can Munzur Universit Stress Detection In Turkish Social Media
Mujde Ince Y Posts Using Berturk

Investigation Of The Antimicrobial,
Antioxidant, And Dna Protective Activities
Of Leaf Extract Of Damar Otu (Plantago
Lanceolata) Under In Vitro Conditions

Merve Balaban
Sule Azime Yenigeri Siirt University
Ebru Akkemik

The Effects Of Potassium Silicate

Hasan Arslan Application On Germination Parameters Of
Sami Délek Kirikkale University Azkan Chickpea Cultivar (Cicer Arietinum
Berfin Kiling L.) Under Salt And Fusarium Oxysporum F.

Sp. Ciceris Stress In Kirikkale Conditions

A Review Of Atrtificial Intelligence-Based

Rimeysa Sahin Yildiz Technical University | Methods For  Operation  Sequence

Alev Taskin Prediction In Manufacturing
Beyzanur Inan Eskisehir Osmangazi Synthesis Ar:d Characterization Of Coxc_)y-
Canan Samdan University Loaded Catalysts For Hydrogen Production
By Nabhs Hydrolysis

Cigdem Ozdemir Uv Protection Performance Of Umorfil®-
Cevza Candan Istanbul Technical University | Based Knitted Fabrics For Individuals With
Banu Nergis Sensitive Skin

. I Prioritization Of Error Types In Cable/Wire
Aybiike Sevimli Bagkent University Harness Production Processes Using Multi-

Giilin Feryal Ural

Criteria Decision-Making Methods
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Nazlican A¢iks6z Durmus

Atike Ince Yardimci
Zeynep Cigeroglu

Usak University

Electrospun  Pectin/Peo  Nanofibers
Reinforced With  Green-Synthesized
Zno@Fa Nanoparticles And Quince Seed
Gel: A Multifunctional Active Coating
For Improved Fruit Quality And Extended
Shelf-Life Grape

Hakan Keskin

Manisa Celal Bayar

Thermoelectric Material Selection And
Heat Exchanger Optimization For

Fatih Selimefendigil University Exhaust Waste Heat Recovery

Orkun Ozener

Dogus Ozkan . Investigation Of The Effect Of Different
Kiibra Kurtoglu Sontay Yﬂslﬁi\fgrc:il? ical Vane Angles Of A Radial Swirler On
Altug Muslu y Combustor Liner Temperature

Goktug Karaca

Gamze Tabak . .
Kiirsat Kenan Kalkan Comparison Of The Morphological

Mustafa Sozen

Zonguldak Bilent Ecevit

Characteristics Of The Northern And

. University Southern  Populations Of  Microtus
Ortag Cetintas . ;
Obscurus (Mammalia: Rodentia)
Faruk Colak
Dilan Cakmaz Aydin Kocaeli Universit Comparison Of Environmental Sample
Deniz Bingdl y Preparation Methods For Icp-Ms Analysis

Fatih Giltekin

Karabik University

Applications Of Machine Learning
Methods In Medical Imaging:
A Bibliometric Analysis

Fatih Giltekin

Karabik University

A Comparative Analysis Of Machine
Learning Algorithms For Predicting
Recurrence Of Differentiated Thyroid
Cancer

Lokman Yunli
Mehmethan Kosger
Serkan Ates

Mehmet Akif Ersoy
University

Prony Hydraulically Controlled Brake
Test Kit




200 INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES

MAY 23-30, 2026/ BALKANS
CONFERENCE PROGRAM

23.05.2026 / SESSION-3, HALL -3

Pristina Local Time: 14:00-16:00
Ankara Local Time: 15:00-17:00

(All speakers required to be connected to the session 15 min before the session starts)
Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics.
Before you login to Zoom please indicate your name_surname and hall number,
exp. Hall 1, Samet Kuskiran

AUTHOR

Alaaddin Toprak

20017

MODERATOR: Nuri Yildirim

Meeting ID: 848 5448 4368

Zoom Passcode: 123456

AFFILITION

Eskisehir Osmangazi
University

ABSTRACT TITLE

Investigation Of The Seismic Behavior Of
Buildings With Different Types Of
Buckling Restrained Steel Braces

Buse Eryas
Kadir Erkan

Yildiz Technical University

Creating 3d Digital Twins Using Ai-Based
Building Detection

Ahmet Gokdemir
Guray Karakaya

Gazi University

Analysis Of The Architectural Features,
Building Materials, And Construction
System Of The Hejaz Railway Medina
Station

Ahmet Gokdemir
Mijdat Erdemir

Gazi University

Examination Of Haydarpasa Station Within
The Scope Of The Hejaz Railway Project

Halil Yasin Zengin
Sedanur Bilgin

Gazi University

Thermodynamic Analysis Of A Climatic
Room With Waste Heat Recovery

Mustafa Aktas
Nour Al Ejel Investigation Of Sustainable Thermal
Sedanur Bilgin Gazi University Insulation Technologies In The Design Of
Mustafa Aktas A Refrigerated Display Cabinet

A Chemistry-Oriented Bibliometric
Nuri Yildirim Karadeniz Teknik University | Analysis Of 1,2,4-Triazole Derivatives

With Anticancer Activity

Synthesis Of Chalcone Derived Dinitrile
Nuri Yildirim Karadeniz Teknik University | Compounds And Elucidation Of Their

Structures By Spectroscopic Methods
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Amar Telidji Laghouat

ABSTRACT TITLE

Convformer Vs. Densenet121: A Hybrid
Cnn-Transformer Outperforms A Standard
Cnn On Nih Chest X-Ray

Rawia Nasri
Regaya Ksiksi
Najet Srairi-Abid

University Of Tunis EI Manar

Synthesis And Antitumoral Activity Of A
New Decavanadate Compound

Ramza Rahat Hashmi

Corosolic Acid Loaded Nanoemulsions: An

AF““ Singh Sharda College Of Pharmacy | Assessment Of Improved Effectiveness
Vivek Against Mcf-7 Breast Cancer Cells
Rahmuddin Khan 9

S. Dharani S. Vellaichamy Nadar College | Protein Folding Prediction With Ai

S. Selvam

Ardelean loana Maria
Petre 1zabella

lurciuc Mircea
Mercioni Marina
Chiu Bogdan

Petre lon

University Of Medicine And
Pharmacy Timisoara

The Effects Of Zinc Supplementation
During Pregnancy: A Clinical Study On The
Role Of Micronutrients In Maternal—Fetal
Outcomes

Slimane Fizazi

Mohamed ElI Amine Guerbazi
Adel Chine

Abdallah Mohammedi

Khalid Faiza

Alaeddine Zereg

Nadhir Lebaal

University Of Batna 1

3d Cfd Study Of A Pemfc With Symmetric
V-Tapered Flow Channel: Effects Of Flow
Arrangement And Humidification

Bhupal Arya

Design And Performance Analysis Of

Amrita Kumari Quantum University Wirelfess Netvv_orks Using Embedded
Jogendra Kumar Uttarakhand Machlr_1e Learnlrjg—Bjdsed Cyber Threat

Detection And Mitigation Mechanisms
Muha}mma}d Daud Kandhro N Mathematical Formulation And Theoretical
Zohaib Ali University Of Analysis Of Tuberculosis Transmission
Khushbu Rajput Sindh

Sumera Dero

Using Clinical Data
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R. Saravanan

Vanitha Sri. T . . A Comprehensive Review of Azadirachta

Sarukesh.K Bharath Institute Of Higher indica and Acalypha indica: Phytochemistry
Education And Research . L

Suresh.K and Medicinal Applications

Abinaya.S

S. Reashmi Kamaraj College Of Green It Revolution: Building Sustainable

S. Selvam Engineering And Technology | Digital Systems

B.Kopika I . .

J. Jeyavarshana S. Vellaichamy Nadar College Artificial Intelligence And The Rise Of

Self-Created Languages

S. Selvam

S. Dharani S. Vellaichamy Nadar College Ai Agents And Auto Gpt-Style Autonomus

S. Selvam Systems

M.Dharani S. Vellaichamy Nadar College | Science Of Sleep: Why We Need It

S. Selvam

M. Dhinesh Kumar S. Vellaichamy Nadar The Fear Factor How Emotions Dictate

S. Selvam Colllege Financial Risk Tolerance

Shafiqul Islam

Md Abdullah

Md..Motaher Hossain Profiling Apigenin-Binding Proteins Via

Nabida Tabassum Systematic Proteomics And Bioinformatics:

Shahida Afrose University Of Rajshahi Y :

Niyaz Mahmud
Mubasshir Ahmad Kha
Md Abi Hujaifa Alshanin
Meherun Nesa

Implications For Drug Discovery From
Hyptis Suaveolens
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Sultan Moulay Slimane
University

ABSTRACT TITLE

Investigating The Biological Targeting
Capacity Of Carvacrol For Therapeutic
Applications

Medrai Inssaf
Torres Chaimae
Agnaou Rajae
Doubi Meryem
Yahyai Boutaina
Hafid Fatima Zahra
Zrioul Zakia
Hmouni Driss

Laboratory Of Natural
Resources And Sustainable

Development

Dermocosmetic Potential Of Olea Europaea
Oil: From Bioactive Compounds To Skin
Applications

Rajae Agnaou
Chaimae Torres
Inssaf ElI Merdai
Doubi Meryem
Yahyai Boutaina
Hafid Fatima Zahra
Mezouara Mounia
Zrioul Zakia

Driss Hmouni
Brahim Bourkhiss

Ibn Tofail University

Natural Products  And Innovative
Dermocosmetics: New Strategies For The
Valorization Of Plant Bioactives In Acne
Management

Torres Chaimae
Medrai Inssaf
Agnaou Rajae
Doubi Meryem
Yahyai Boutaina
Hafid Fatima Zahra
Mezouara Mounia
Zrioul Zakia
Hmouni Driss

Laboratory Of Natural
Resources And Sustainable

Development

Mechanistic Approaches Of
Antihypertensive Medicinal Plants: From
Vascular Pathophysiology To Experimental
Evidence
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ABSTRACT TITLE

Numerical Investigation Of The Effects Of

Murat Giines Istanbul Technical Injection Angle On Flame Structure And
Aliihsan Koca University Combustion Characteristics In  Swirled
Hydrogen/Methane Flames
Convergence Analysis Of A D-Plus Based
Lale Cona

Jackson Kalule

Glimiighane University

Iterative Algorithm For Common Solution
Problems

Beyza Tuna
Ismail Enes Parlak

Bursa Technical
University

Comparative Analysis Of Mixed-Integer
Linear Programming And Meta-Heuristic
Approaches In The Bus Seat Assembly Line
Balancing Problem

Alize Pinar
Sevda Atar
Davut Secgin

Potem (Petrol Ofisi
Teknoloji Merkezi)

Evaluation Of Din 51810 Method As An
Alternative To Astm D217 In Grease
Penetration Measurement

Slleyman Kenar
Umut Aydemir

Bursa Uludag
University

Design  Of A Mems-Based Digital
Stethoscope And Heart Sound
Classification On Smartphones Using Deep
Learning Methods

Ummiigiilsiim Tilkenmez Emre
Mustafa Yunus Emre

Mardin Artuklu

Determination Of Volatile Components Of

Muhammed Gingoren University Ceratonia Siliqua L (Carob) Plant

Shafiqul Islam

Mubasshir Ahmad Kha

Niyaz Mahmud_ Flavonoid-Based Multi-Target Therapeutic

Motaher Hossain : . - L

Nabida Tabassum o _ _ Discovery Against Lglshmgnlasw Through
University Of Rajshahi | Integrated  Transcriptomics,  Network

Shahida Afrose
Parag Das

Rezwana Tuz Sadiya
Mehnaz Mollika
Mehrun Nesa

Pharmacology, And Molecular Docking
Analysis




200 INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES

MAY 23-30, 2026/ BALKANS
CONFERENCE PROGRAM

24.05.2026 / SESSION-1, HALL-2

Pristina Local Time: 09:00-11:00
Ankara Local Time: 10:00-12:00

(All speakers required to be connected to the session 15 min before the session starts)
Moderator is responsible for ensuring the smooth running of the presentation, managing the group discussion and dynamics.
Before you login to Zoom please indicate your name_surname and hall number,

20017

AUTHOR

K.R.Padma

exp. Hall 1, Samet Kuskiran

MODERATOR: Vaibhav Kant Singh

Meeting ID: 848 5448 4368

Zoom Passcode: 123456

AFFILITION

Women’s University

ABSTRACT TITLE

Screening Of Streptococcus Pyogenes
Exotoxins-Derived Peptides Against Aktl
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Abstract

Diesel particulate filter (DPF) regeneration is often limited under urban and low-load driving
conditions because exhaust gas temperatures may remain below the effective soot oxidation
range. In this study, a CeO--based catalytic washcoat was experimentally developed to promote
low-temperature soot oxidation on cordierite DPF substrates. CeO2, Ce—ZrO., and Ce—-MnO
washcoat formulations were prepared by a wet-chemical sol-gel/impregnation route using
cerium nitrate as the main precursor, followed by dip-coating, drying, and calcination. The
calcination window was selected according to DSC-TGA analysis of the dried precursor
system, which indicated major organic removal and nitrate decomposition between 230 and
410 °C; therefore, 550 °C for 2 h was selected as the baseline treatment. Coated DPF segments
were characterized by XRD, SEM-EDX, and Raman spectroscopy, while catalytic activity was
evaluated by TGA-based soot oxidation tests using N330 carbon black under synthetic air. The
optimized Ce-MnO,/CeO: washcoat produced a uniform catalytic layer with an average
thickness of 8.6 £ 1.4 um and a washcoat loading of 21.3 = 1.1 g L. XRD confirmed the
fluorite CeO2 phase with no major secondary crystalline impurities, while SEM-EDX mapping
showed homogeneous Ce and Mn distribution along the DPF channel walls. Compared with
the uncoated DPF reference, the optimized coating reduced the soot oxidation onset temperature
from 468 + 9 °C to 376 = 7 °C, T50 from 598 + 11 °C to 489 + 8 °C, and the DTG peak
temperature from 621 + 10 °C to 506 = 8 °C. After thermal aging at 750 °C for 6 h,
approximately 74% of the T50 improvement was retained. These results demonstrate that CeO--
based washcoats can provide a practical route for lowering DPF regeneration temperature
without modifying the filter substrate geometry.

Keywords: Diesel particulate filter; CeO. washcoat; soot oxidation; low-temperature
regeneration; Mn-doped ceria; thermal aging.,



mailto:acyilmaz@cu.edu.tr

20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

DiZEL PARTIKUL FILTRELERINDE DUSUK SICAKLIK REJENERASYONUNUN
CEO: ESASLI KATALITIK KAPLAMALARLA IYILESTIRILMESI

Ozet

Dizel partikiil filtresi (DPF) rejenerasyonu, egzoz gazi sicakliklarinin etkin kurum oksidasyon
araligmin altinda kalabilmesi nedeniyle kentsel ve diisiik yiik siiriis kosullarinda siklikla
sinirlanmaktadir. Bu ¢alismada, kordiyerit DPF altliklar1 tlizerinde diisiik sicaklikta kurum
oksidasyonunu tesvik etmek amaciyla CeO: esash katalitik bir washcoat deneysel olarak
gelistirilmistir. CeO2, Ce—ZrO. ve Ce-MnOx washcoat formiilasyonlari, ana onciil olarak
seryum nitrat kullanilarak 1slak kimyasal sol—jel/impregnasyon yontemiyle hazirlanmis;
ardindan daldirma kaplama, kurutma ve kalsinasyon iglemleri uygulanmistir. Kalsinasyon
aralig1, kurutulmus onciil sistemin DSC—TGA analizine gore belirlenmistir. Bu analiz, baglica
organik gideriminin ve nitrat bozunmasinin 230—410 °C arasinda gergeklestigini gostermistir;
bu nedenle temel islem kosulu olarak 550 °C’de 2 saat kalsinasyon se¢ilmistir. Kaplanmis DPF
segmentleri XRD, SEM-EDX ve Raman spektroskopisi ile karakterize edilmis; katalitik
aktivite ise sentetik hava ortaminda N330 karbon siyahi kullanilarak TGA temelli kurum
oksidasyon testleriyle degerlendirilmistir. Optimize edilmis Ce-MnO,/CeO:. washcoat,
ortalama 8,6 + 1,4 um kalinliga ve 21,3 £ 1,1 g L' washcoat yiiklemesine sahip homojen bir
katalitik tabaka olusturmustur. XRD sonugclari, belirgin ikincil kristalin safsizliklar olmaksizin
florit CeO: fazin1 dogrulamig; SEM-EDX haritalamasi ise DPF kanal duvarlar1 boyunca Ce ve
Mn elementlerinin homojen dagildigini gostermistir. Kaplanmamigs DPF referansi ile
karsilagtirildiginda, optimize edilmis kaplama kurum oksidasyon baslangi¢ sicakligini 468 + 9
°C’den 376 £ 7 °C’ye, T50 degerini 598 + 11 °C’den 489 + 8 °C’ye ve DTG pik sicakligini 621
+ 10 °C’den 506 + 8 °C’ye diisiirmiistiir. 750 °C’de 6 saatlik termal yaslandirma sonrasinda,
T50 iyilesmesinin yaklagik %74’ korunmustur. Bu sonuglar, CeO: esasli washcoat
kaplamalarin filtre altlik geometrisini degistirmeden DPF rejenerasyon sicakligimi diisiirmek
icin uygulanabilir bir yaklagim sunabilecegini gostermektedir.

Anahtar kelimeler: Dizel partikl filtresi; CeO2 washcoat; kurum oksidasyonu; diistik sicaklik
rejenerasyonu; Mn-katkili seryum; termal yaslanma.
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Abstract

Solid-state hydrogen storage based on metal hydrides is a promising route for safe and compact
hydrogen utilization; however, limited surface activity, slow diffusion kinetics, and weak
mechanical integrity still restrict practical implementation. In this study, La-Ti alloy-based
metal hydride discs were experimentally developed through an integrated synthesis, hot-
pressing, and hydrothermal carbonization strategy to improve hydrogen storage capacity,
surface functionality, and structural durability. La—Ti alloy nanoparticles were first synthesized
by a co-precipitation/reduction route using lanthanum nitrate and titanium isopropoxide as
starting precursors. The obtained powders were consolidated into dense cylindrical discs by hot
pressing at 600 °C under 70 MPa for 1 h. Subsequently, the discs were treated by hydrothermal
carbonization in 0.5 M glucose solution at 200 °C for 8 h, followed by KOH activation under
nitrogen to generate a porous carbon-modified surface. Structural, surface, and mechanical
properties were examined by XRD, SEM-EDX, AFM, FTIR, Raman spectroscopy, BET
analysis, Vickers hardness, and compression testing. Hydrogen storage performance was
measured using a Sieverts-type apparatus at 298 K and 80 bar. The hot-pressed La—Ti disc
showed a density of 5.82 + 0.05 g cm™3, Vickers hardness of 231 + 11 HV, and compressive
strength of 421 £ 16 MPa. After HTC treatment, a continuous carbon-rich surface layer with an
average thickness of 1.28 + 0.16 um was obtained. BET surface area increased from 7.4 m? g!
for the hot-pressed disc to 94.6 m? g ! after HTC/KOH activation, while pore volume increased
to 0.42 cm? g'. The hydrogen uptake capacity improved from 1.22 wt.% for the uncoated hot-
pressed La-Ti disc to 1.84 wt.% for the HTC-modified disc. After 10 absorption/desorption
cycles, 95.3% of the initial capacity was retained. These results indicate that hydrothermal
carbon coating can effectively enhance the surface-controlled hydrogen storage behavior of
mechanically robust La—Ti metal hydride discs.

Keywords: La-Ti alloy; metal hydride; solid-state hydrogen storage; hydrothermal
carbonization; hot pressing; carbon coating.
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GELISTIRILMi$ HIDROJEN DEPOLAMA PERFORMANSI iCiIN HIDROTERMAL
KARBONLA MODIFIYE EDILMIS La-Ti METAL HiDRUR DiSKLER

Ozet

Metal hidriirlere dayali kati1 hal hidrojen depolama, hidrojenin giivenli ve kompakt sekilde
kullanim1 i¢in umut verici bir yontemdir; ancak sinirl ylizey aktivitesi, yavas diflizyon kinetigi
ve zayif mekanik biitlinliik, pratik uygulamalar1 halen kisitlamaktadir. Bu ¢alismada, hidrojen
depolama kapasitesini, yiizey fonksiyonelligini ve yapisal dayanikliligi artirmak amaciyla La—
Ti alasimi esasli metal hidriir diskler; biitiinlesik sentez, sicak presleme ve hidrotermal
karbonizasyon stratejisiyle deneysel olarak gelistirilmistir. La—Ti alasimi nanopargaciklari ilk
olarak baslangi¢ Onciilleri olarak lantan nitrat ve titanyum izopropoksit kullanilarak birlikte
coktiirme/indirgeme yontemiyle sentezlenmistir. Elde edilen tozlar, 600 °C sicaklikta, 70 MPa
basing altinda 1 saat siireyle sicak preslenerek yogun silindirik diskler haline getirilmistir.
Ardindan diskler, 200 °C’de 8 saat siireyle 0,5 M glikoz ¢ozeltisi igerisinde hidrotermal
karbonizasyona tabi tutulmus; bunu, gozenekli karbonla modifiye edilmis bir yilizey olusturmak
amaciyla azot atmosferi altinda KOH aktivasyonu izlemistir. Yapisal, yiizey ve mekanik
Ozellikler XRD, SEM-EDX, AFM, FTIR, Raman spektroskopisi, BET analizi, Vickers sertligi
ve basma testi ile incelenmistir. Hidrojen depolama performansi, 298 K ve 80 bar kosullarinda
Sieverts tipi bir diizenek kullanilarak Slgiilmiistiir. Sicak preslenmis La—Ti diskin yogunlugu
5,82 £ 0,05 g cm™, Vickers sertligi 231 + 11 HV ve basma dayanimi 421 = 16 MPa olarak
belirlenmistir. HTC islemi sonrasinda, ortalama kalinligr 1,28 + 0,16 pm olan surekli ve
karbonca zengin bir ylizey tabakasi elde edilmistir. BET ylizey alani, sicak preslenmis disk i¢in
7,4 m? g! iken HTC/KOH aktivasyonu sonrasinda 94,6 m? g! degerine yiikselmis; gézenek
hacmi ise 0,42 cm?® g seviyesine ulagsmistir. Hidrojen alim kapasitesi, kaplamasiz sicak
preslenmis La—Ti disk i¢in 1,22 wt.% iken HTC ile modifiye edilmis disk i¢in 1,84 wt.%
degerine yiikselmistir. On absorpsiyon/desorpsiyon ¢evrimi sonrasinda baslangi¢ kapasitesinin
%95,3 1 korunmustur. Bu sonuglar, hidrotermal karbon kaplamanin mekanik agidan dayanikli
La—Ti metal hidriir disklerin yiizey kontrollii hidrojen depolama davranisini etkili bi¢gimde
gelistirebildigini gdstermektedir.

Anahtar Kelimeler: La-Ti alasimi; metal hidriir; kat1 hal hidrojen depolama; hidrotermal
karbonizasyon; sicak presleme; karbon kaplama.
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Ozet

R, a¢ik kaynakli ve istatistik odakli bir programlama dili olarak saglik bilimlerinde yiiksek
boyutlu verilerin analizinde esnek ve giiclii bir platform sunmaktadir. R iizerine insa edilmis
olan Bioconductor ise genomik ve molekiiler biyoloji verilerinin analizine yonelik kapsamli
paket koleksiyonlar1 saglayarak tekrarlanabilir ve standartlastirilmis biyoinformatik is
akiglarinin gelistirilmesine olanak tanir. Bu c¢alismada, R ve Bioconductor’un saglik
bilimlerindeki kullanilabilirligi ve etkinligi, akciger adenokarsinomu (LUAD) RNA-Seq
verileri lizerinden degerlendirilmistir. Calisma kapsaminda, TCGA veri tabanindan elde edilen
ham sayim verileri TCGAbiolinks paketi kullanilarak R ortamina aktarilmistir. Ardindan,
DESeq2 paketi ile timoér ve normal doku ornekleri arasindaki diferansiyel gen ekspresyon
analizleri gergeklestirilmistir. Elde edilen anlamli genler, clusterProfiler paketi araciligiyla
fonksiyonel zenginlestirme analizine tabi tutulmus ve hiicre siklusu, DNA replikasyonu ve
hiicresel proliferasyon gibi temel biyolojik siireclerin 6ne ¢iktig1 belirlenmistir. Bu bulgular,
analiz edilen genlerin kanser biyolojisi ile giiclii iliskiler tasidigini gostermektedir. Sonug
olarak, bu ¢alisma R ve Bioconductor’un saglik bilimlerinde veri odakli analizler i¢in giiclii,
esnek ve tekrarlanabilir bir altyap: sundugunu ortaya koymaktadir. Ayrica, biyoinformatik is
akislar1 sayesinde klinik ve molekiiler verilerin entegre bicimde analiz edilebildigi ve bu
yaklagimin translasyonel kanser arastirmalarinda etkin bi¢imde kullanilabilecegi gosterilmistir.
Elde edilen sonuclar, agik kaynakli biyoinformatik araglarinin yalnizca veri analizi i¢in degil,
ayn1 zamanda karar destek sistemlerinin gelistirilmesi ve prognostik biyobelirteglerin kesfi
acisindan da kritik bir rol oynadigin1 vurgulamaktadir.

Anahtar Kelimeler: Akciger adenokarsinomu, RNA-Seq, diferansiyel gen ekspresyonu,
biyoinformatik, prognostik biyobelirtec
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DIFFERENTIAL GENE EXPRESSION ANALYSIS IN LUNG ADENOCARCINOMA
USING R/BIOCONDUCTOR

Abstract

R, as an open-source and statistics-oriented programming language, provides a flexible and
powerful platform for analyzing high-dimensional data in health sciences. Bioconductor, built
on R, offers a comprehensive collection of packages for the analysis of genomic and molecular
biology data, enabling the development of reproducible and standardized bioinformatics
workflows. In this study, the usability and effectiveness of R and Bioconductor in health
sciences were evaluated using RNA-Seq data from lung adenocarcinoma (LUAD). Within the
scope of the study, raw count data obtained from The Cancer Genome Atlas (TCGA) were
imported into the R environment using the TCGADbiolinks package. Differential gene
expression analysis between tumor and normal tissue samples was then performed using the
DESeq?2 package. The significantly expressed genes were subjected to functional enrichment
analysis using the clusterProfiler package, revealing that key biological processes such as cell
cycle regulation, DNA replication, and cellular proliferation were prominently enriched. These
findings indicate a strong association between the identified genes and cancer biology. In
conclusion, this study demonstrates that R and Bioconductor provide a robust, flexible, and
reproducible infrastructure for data-driven analyses in health sciences. Furthermore,
bioinformatics workflows enable the integrated analysis of clinical and molecular data,
supporting their application in translational cancer research. The results highlight that open-
source bioinformatics tools play a critical role not only in data analysis but also in the
development of decision support systems and the discovery of prognostic biomarkers.
Keywords: Lung adenocarcinoma, RNA-Seq, differential gene expression, bioinformatics,
prognostic biomarker
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Ozet

Bu calismada, Bucak (Burdur) yoresinde bitki oOrtiisii dinamikleri, Normalized Difference
Vegetation Index (NDVI) kullanilarak ¢ok zamansal olarak analiz edilmis ve elde edilen
bulgular topografik ozellikler ile arazi kullanim yapisi baglaminda degerlendirilmistir. Bu
kapsamda, 2015, 2020 ve 2025 yillarina ait Landsat 8 ve Landsat 9 uydu goriintiilerinden NDVI
degerleri iiretilmis ve zamansal degisim analizi gerceklestirilmistir. NDVI verileri, Sayisal
Yiikseklik Modeli (DEM) ve arazi kullanim/arazi ortiisii (LULC) verileri ile entegre edilerek
zonal istatistik yontemleri kullanilmistir. Analiz sonuglari, bitki ortiisii yogunlugunun mekansal
olarak heterojen bir dagilim sergiledigini ve topografya ile arazi kullanim tiirlerine bagli olarak
belirgin farkliliklar gosterdigini ortaya koymustur. Dogal alanlarda daha yliksek NDVI
degerleri gozlenirken, yapay ylizeylerde diisiik ve negatif degerlere yakin degerler
belirlenmistir. Yiikselti ile NDVI arasindaki iliskinin dogrusal olmadigi, orta yiikselti
kusaklarinda goreli artiglar gozlenmesine karsin yliksek kesimlerde bitki ortiisii gelisiminin
smirli oldugu tespit edilmistir. Zamansal degisim analizi, 2015-2020 déneminde belirgin
degisimlerin gerceklestigini, 2020-2025 doneminde ise daha stabil bir yapi olustugunu
gostermistir. Elde edilen bulgular, NDVI analizinin topografik ve arazi kullanim verileri ile
birlikte degerlendirilmesinin, yar1 kurak gecis bolgelerinde bitki ortiisii dinamiklerinin daha
dogru yorumlanmasina katki sagladigin1 ortaya koymaktadir. Bu yaklasim, c¢evresel izleme,
stirdiiriilebilir arazi yonetimi ve mekénsal planlama c¢alismalarina 6nemli bir bilimsel altyap:
sunmaktadir.

Anahtar Kelimeler: NDVI, Uzaktan Algilama, CBS, Arazi Kullanimi, Vejetasyon Degisimi
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INTEGRATED ANALYSIS OF NDVI-BASED VEGETATION DYNAMICS WITH
TOPOGRAPHY AND LAND USE IN A SEMI-ARID TRANSITION ZONE: A CASE
STUDY OF BUCAK (BURDUR), TURKIYE (2015-2025)

Abstract

This study investigates vegetation dynamics in the Bucak (Burdur) region using multi-temporal
Normalized Difference Vegetation Index (NDVI) analysis and evaluates the results in relation
to topographic conditions and land use patterns. NDVI values were derived from Landsat 8 and
Landsat 9 satellite images for the years 2015, 2020, and 2025, and a temporal change analysis
was conducted. The NDVI dataset was integrated with Digital Elevation Model (DEM) and
Land Use/Land Cover (LULC) data, and zonal statistics were applied to assess spatial
relationships. The results reveal that vegetation density exhibits a heterogeneous spatial
distribution and varies significantly depending on both topography and land use types. Higher
NDVI values were observed in natural areas, while built-up surfaces showed low and near-
negative values. The relationship between elevation and NDV I was found to be non-linear, with
relative increases at mid-elevations and limited vegetation development at higher altitudes.
Temporal analysis indicates that significant changes occurred during the 2015-2020 period,
whereas a more stable pattern was observed between 2020 and 2025. The findings demonstrate
that integrating NDVI with topographic and land use data provides a more comprehensive
framework for interpreting vegetation dynamics in semi-arid transition zones. This approach
offers valuable insights for environmental monitoring, sustainable land management, and
spatial planning applications.

Keywords: NDVI, Remote Sensing, GIS, Land Use, Vegetation Change
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Abstract

In recent years, neutrosophic sets are widely used to model uncertainty in multi-criteria
decision-making problems. Among various decision-making approaches, TOPSIS has attracted
significant attention due to its practicality and effectiveness in ranking alternatives according
to their distances from ideal and non-ideal solutions. The literature contains numerous improved
versions of the classical TOPSIS method, incorporating information measurement tools such as
entropy and similarity measures, as well as different distance measures. This study aims to
examine the impact of various mathematical tools used in neutrosophic TOPSIS approaches on
decision outcomes. In this context, different distance measures, including Euclidean and
Hamming distances, as well as information measurement tools such as entropy and similarity
measures, have been incorporated into the TOPSIS method. To ensure a fair and consistent
comparison, the criterion weights and decision matrix are kept constant in all methods, thus
isolating and evaluating methodological differences. Based on a decision problem defined
according to the proposed framework, the study aims to determine the extent to which the
choice of distance and information measurement tools affects the ranking of alternatives.
Furthermore, the results obtained from different approaches are analyzed comparatively in
terms of stability and consistency. It is emphasized that even under the same conditions,
different extended neutrosophic TOPSIS methods can lead to different decision outcomes.
Therefore, the selection of mathematical tools in neutrosophic decision-making processes is of
great importance. This study offers implications for decision problems under uncertainty and
contributes to a better understanding of the impact of methodological choices in multi-criteria
decision-making processes.

Keywords: Neutrosophic Sets, TOPSIS, Decision Making
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Ozet

Insan dogasi geregi, dogada meydana gelen bir olay ilgisini ¢ektiginde bu olay1 neden-sonug
iligkisi igerisinde varolussal olarak sorgulamis ve arastirmistir. Meydana gelen bu olayin somut
bir sekilde incelenebilmesi i¢in onun bir matematiksel olarak formiillestirilmesi gerekir. Bu
formiiller olusturulduktan sonra bu formiiller yardimiyla, farkli alt disiplin bilim dallarinda
fiziksel Ozellikleriyle veya fiziksel 6zelliklerinden arindirilmis olarak, bu tiir olaylar farkli
teknik ve yaklasik yontemlerle ¢oziilebilecek bir problem olarak karsimiza ¢ikarlar. Bu
denklemler cogunlukla adi diferansiyel denklemler, kismi diferansiyel denklemler veya kesirli
mertebeden denklemler olarak ele alinip arastirilirlar. Burada ana hedef belirli baslangic veya
sinir degerleri altinda ele alinan bu tiir problemlerin tam ¢6ziimiinii bulmaktir. Fakat ele alinan
her problemin tam ¢6zimu her zaman bulunamayabilir. Tam ¢6zimi olmayan problemlerde
tam ¢ozlime yakin sonuglar iiretebilecek niimerik yontemler gelistirilmistir. Bu ¢aligmada
niimerik yontemlerden biri olan, agirlik fonksiyonu ile yaklasim fonksiyonun ayn1 se¢ilmesiyle
uygulanan bir yontem olan Galerkin sonlu elemanlar yontemi kullanilacaktir. Se¢ilen yontem
homojen simir sartlar1 altinda analitik ¢oziimii olan 1s1 iletim problemine uygulanacaktir.
Galerkin yontemi, yaygin olarak kullanilan sonlu elemanlarin uygulanmasinda kullanilan alt
prensip ilkeleri izlenerek uygulanacaktir. Ele alinan 1s1 iletim probleminin ¢6ziimiinde yaklasim
fonksiyonlar1 olarak son yillarda popiilaritesi artan Hermite B-spline baz fonksiyonlar
ailesinden kuintik Hermite B-spline baz fonksiyonlar1 kullanilacaktir. Béylece ge¢miste gok
kullanilmis olan Galerkin yonteminin Hermite spline baz fonksiyonlarmin uygulanmasina bir
temel yapit olmasi ve sonrasinda ele alinacak kismi diferansiyel denklemlerin uygulanmasinda
rehber olmasi1 hedeflenmektedir.

Anahtar Kelimeler: Sonlu Elemanlar Ydntemi, Galerkin Metodu, kuintik Hermite B-spline
Baz Fonksiyonlari, Is1 Tletim Denklemi.
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INVESTIGATION OF THE NUMERICAL SOLUTION OF THE PROTOTYPE
HEAT TRANSFER EQUATION USING THE GALERKIN METHOD

Abstract

Human nature compels us to question and investigate our surroundings existentially within a
cause-and-effect relationship, drawn to the events occurring in the nature. In order to be able to
examine an event concretely, it must first be formulated mathematically. Once these formulas
are created, they are used to design such events as problems that can be solved using different
techniques and approximation methods, either with their physical properties or stripped of their
physical properties, in different sub-disciplines of science. These equations are mostly treated
and researched as ordinary differential equations, partial differential equations, or fractional
order differential equations. The main objective here is to find the exact solution to such
problems under certain initial or boundary conditions. However, the exact solution to every
problem may not always be found. Numerical methods have been developed to produce results
which are close to the exact solution for those problems without an exact solution. In this study,
the Galerkin method, one of the numerical methods, is going to be used. This method is applied
by selecting the same weight function and approximation function. The selected method is
going to be applied to a heat conduction problem with homogeneous boundary conditions that
has an analytical solution. The Galerkin method will be applied by following the widely used
finite element subprinciples. In the heat transfer problem addressed, quintic Hermite B-spline
basis functions from the Hermite B-spline basis family, which has gained popularity in recent
years, are going to be used as approach functions. Thus, it is aimed to serve as a fundamental
work on the application of the Galerkin method with Hermite basis functions, which has been
widely used in the past, and to guide the application of the partial differential equations to be
addressed subsequently.

Keywords: Finite Elements Method, Galerkin Method, Quintic Hermite B-spline basis
functions, Heat Conduction Equation.
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Ozet

Metisiline direncli Staphylococcus aureus (MRSA), sahip oldugu dogal antimikrobiyal direng
(AMR) nedeniyle énemli bir terapdtik zorluk olusturmaktadir; bu durum biyofilm yapisinda
daha da siddetlenmekte ve artmis tolerans, MRSA enfeksiyonlarinin tedavisinde kullanilan
konvansiyonel antibiyotiklerin etkinligini ciddi Ol¢iide azaltmaktadir. Bu, alternatif
antimikrobiyal stratejilere duyulan acil ihtiyaci ortaya koymaktadir. Bu alternatifler arasinda,
bakteriyofaj kokenli endolizinler, eksojen uygulandiklarinda hedefli peptidoglikan yikimi
yoluyla hizli ve yiliksek derecede spesifik bakteriyolitik aktiviteleri nedeniyle dnemli bir ilgi
gormektedir. Bu ¢alismada, bakteriyofaj K kokenli antistafilokokal bir endolizin olan CHAPk
incelenmis ve hem planktonik hem de biyofilm formundaki MRSA’ya karsi etkinligi
degerlendirilmistir. Rekombinant CHAPk heterolog olarak iiretilmis ve antibakteriyel
aktivitesi, planktonik MRSA (klinik izolat) {izerinde tiirbidite azalma testi kullanilarak
baslangicta degerlendirilmistir. Antibiyofilm aktivitesi i¢in, 24 saatlik olgun MRSA
biyofilmleri 96 kuyucuklu mikroplaklarda olusturulmus ve 37 °C’de siirekli karistirma
kosullarinda 3.2-45.6 puM konsantrasyon araliginda CHAPk ile muamele edilmistir.
Biyofilmler 0, 4 ve 24. saatlerde toplanmis, biyofilme bagli hiicreler sonikasyon ile ayristirilmis
ve canli hiicre sayis1 mikrodamla ekim yontemi ile belirlenmistir. Negatif kontrol olarak 10 mM
sodyum asetat tamponu (pH 7.0) kullanilmigs ve tiim deneyler ii¢ tekrarli olarak
gergeklestirilmistir. 2.28 uM konsantrasyonda rekombinant CHAPk, planktonik MRSA’y1
baslangi¢ ODsoo degeri 0.5’ten 10 dakika i¢inde 0.1°e diislirmiistiir. Biyofilm deneylerinde ise,
45.6 uM CHAPk ile 24 saatlik muamele sonucunda biyofilmle iligkili canli hiicre sayisinda
yaklagik 3.2 log azalma gozlenmistir. Elde edilen bulgular, CHAPk nin MRSA’ya kars1 giiclii
antibakteriyel ve antibiyofilm aktivite sergiledigini gostermektedir. Planktonik hiicrelerde
gozlenen daha yiiksek etkinlik, biyofilm mimarisi ve hiicre duvari erisilebilirligindeki
farkliliklarin endolizin aracili lizise duyarlilig1 etkilemesinden kaynaklaniyor olabilir.
Anahtar Kelimeler: Metisilin-direncli S. aureus, faj-kaynakli endolizin, antibiyofilm
aktivitesi
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ACTIVITY OF THE BACTERIOPHAGE-DERIVED ENDOLYSIN CHAPK
AGAINST PLANKTONIC AND BIOFILM MRSA

Abstract

Methicillin-resistant Staphylococcus aureus (MRSA) represents a major therapeutic challenge
due to its inherent antimicrobial resistance (AMR), a problem further intensified in biofilms,
where increased tolerance severely compromises the efficacy of conventional antibiotic
therapies used to treat MRSA infections. This underscores the urgent need for alternative
antimicrobial strategies. Among these, bacteriophage-derived endolysins have attracted
considerable attention owing to their rapid and highly specific bacteriolytic activity, mediated
through targeted peptidoglycan degradation upon external application. In this study, we
investigated CHAPK, an antistaphylococcal endolysin derived from bacteriophage K, to
evaluate its activity against MRSA in both planktonic and biofilm states. Recombinant CHAPk
was heterologously expressed, and its antibacterial activity was initially assessed against
planktonic MRSA (clinical isolate) using a turbidity reduction assay. For antibiofilm
evaluation, 24 h mature MRSA biofilms were established in 96-well microplates and treated
with CHAPk at concentrations ranging from 3.2 to 45.6 uM under agitation at 37 °C. Biofilms
were collected at 0, 4, and 24 h, and sessile cells were recovered by sonication prior to viable
cell quantification using the microdrop plating method. A 10 mM sodium acetate buffer (pH
7.0) was used as a negative control, and all experiments were performed in triplicate. At 2.28
uM, recombinant CHAPk reduced planktonic MRSA from an initial ODsoo of 0.5 to 0.1 within
10 min. In biofilm assays, treatment with 45.6 uM CHAPk for 24 h resulted in an approximately
3.2-log reduction in viable biofilm-associated cells. Collectively, these findings demonstrate
the potent antibacterial and antibiofilm activity of CHAPk against MRSA. The enhanced
efficacy observed in planktonic cells likely reflects differences in biofilm architecture and cell
wall accessibility that influence susceptibility to endolysin-mediated lysis.

Keywords: Methicillin-resistant S. aureus, phage-derived endolysin, antibiofilm activity
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BAKTERIYEL PATOJENLERIN HIZLI TANISINDA BAKTERiYOFAJ RESEPTOR
BAGLAYICI PROTEINLERININ KULLANIM POTANSIYELI
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Ozet

Bakteriyel patojenlerin 6zgll ve hizli tespiti; hastane enfeksiyonlarinin 6énlenmesi ve erken
evrede kontrol alta alimasi acisindan oldukga biiyiik Sneme sahiptir. Ozellikle artan ¢oklu
ila¢ direnci gdsteren suslarin hizli tanisi uygun tedavinin hizli bir sekilde uygulanmasi igin
oldukga 6nemlidir. Konaklarini yiiksek 6zgiilliikle tanima yetenekleri nedeniyle bakteriyofa;
kokenli reseptdr baglayict proteinlerin (RBP’ler) teshis problart olarak kullanimi giiniimiizde
gittikce daha fazla 6n plana ¢ikmaya baslamistir. Bakteriyofajlarin kuyruk liflerinin veya
kuyruk ignelerinin u¢ kisimlarinda bulunan ve hedef bakterinin hiicre ylizeyindeki spesifik
proteinleri, lipopolisakkarit gibi polisakkarit iceren kompleks yapilari ve teikoik asitleri yiiksek
afinite ile taniyan RBP’ler, hiicreye baglanirlar. Bu konak seg¢iciligi sayesinde kan gibi
kompleks biyolojik sivilardan su ve gida kaynakli heterojen 6rneklere kadar zengin mikrobiyal
flora igeren ortamlarda bile hedef dis1 mikroorganizmalarin neden olabilecegi capraz reaksiyon
engellenerek sadece aranan patojenin tespiti saglanir ve hatali sonuglarin 6niine gegilir. Yapilan
giincel caligmalarda Staphylococcus aureus, Salmonella spp. ve Campylobacter jejuni gibi
patojenlere 6zgii RBP’lerin floresan proteinler ile fiizyon proteinleri olarak sentezlenerek veya
ELISA yonteminde gorev alan antikorlar gibi kullanilarak ¢esitli numunelerde 30 dakika gibi
kisa bir siirede yiiksek yakalama verimliligi sergiledigi gosterilmistir. Ayrica RBP’lerin yiiksek
stabilitesi, rekombinant olarak kolay iiretilip saflastirilabilmesi ve geleneksel antikor tabanli
tan1 kitlerine gore daha diisliik maliyetli olmas1 biyosensor platformlarinda kullanilmasi i¢in
olanak saglamaktadir. Sonug olarak, RBP tabanli tan1 yontemlerinin gelistirilmesi, geleneksel
ve antikor tabanli tan1 yontemlerinin getirdigi zaman kaybi, yiiksek maliyet gibi sorunlar
ortadan kaldirarak patojen tespitinde daha hizli ve glivenilir bir tan1 platformu olusturmaktadir.
Bu alandaki caligmalarin artmasi, RBP tabanli tani sistemlerinin saha uygulamalarina
entegrasyonunu hizlandirarak enfeksiyonun oniine gecilmesinde kritik bir rol oynayacaktir.
Anahtar kelimeler: Bakteriyofaj, Reseptor baglayici protein, Patojen tespiti

* Bu calisma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) Insan1 Destek
Programlar1 Baskanlig1 2210- Yurt I¢i Lisansiistii Burs Programi ve Yildiz Teknik Universitesi
(YTU) Bilimsel Arastirma Projeleri (BAP) Koordinasyon Birimi [Proje No: FYL-2024-6388]
tarafindan desteklenmistir.
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THE POTENTIAL USE OF BACTERIOPHAGE RECEPTOR-BINDING PROTEINS
IN THE RAPID DIAGNOSIS OF BACTERIAL PATHOGENS

Abstract

The specific and rapid detection of bacterial pathogens is vital for preventing and controlling
healthcare-associated infections at an early stage. Particularly, the rapid detection of multidrug
resistant strains is crucial for the effective treatment of patients. Bacteriophage-derived
receptor-binding proteins (RBPs), which can recognise their hosts with high specificity, have
become an increasingly popular strategic solution for diagnostic probes. Attached to the distal
ends of bacteriophage tail fibres or spikes, RBPs recognise specific proteins and carbohydrate-
based structures, such as lipopolysaccharides, and teichoic acids on the surface of target
bacteria, with high affinity bind to the cell. This host selectivity minimises the risk of cross-
reactivity with non-target microorganisms, in environments with rich microbial flora ranging
from complex biological fluids such as blood to heterogeneous water and food samples.
Consequently, the target pathogen is selectively detected, preventing misleading results. Recent
studies have demonstrated that RBPs specific to pathogens such as Staphylococcus aureus,
Salmonella spp., and Campylobacter jejuni exhibit high capture efficiency across various
samples within approximately 30 minutes, when synthesized as fusion proteins with fluorescent
proteins or utilized as antibody alternatives in ELISA-based assays. Furthermore, the high
stability and ease of recombinant production and purification of RBPs offer a lower-cost
alternative to traditional antibody-based diagnostic Kits, providing an opportunity to integrate
them into biosensor platforms. In conclusion, the development of RBP-based diagnostic
methods addresses the limitations associated with time-consuming and costly conventional and
antibody-based techniques, providing a fast and reliable method for pathogen detection.
Increasing research in this field will be essential for preventing infections by ensuring the rapid
adoption of RBP-based diagnostic systems in practical applications.

Keywords: Bacteriophage, Receptor-binding protein, Pathogen detection
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Ozet

Bu calisma, faydali yiik tasima ve birakma gorevlerini gorevlerini yerine getirmek amaciyla
tasarlanmis, orta irtifa bandinda ¢alisan optimize edilmis bir sonda roketi sisteminin kavramsal
ve detayl tasarimini sunmaktadir. Tasarim siirecinde aerodinamik yapu, itki sistemi, yapisal
biitlinliikk, kurtarma mekanizmalar1 ve aviyonik alt sistemler biitlinciil bir miihendislik
yaklagimiyla ele alinmistir. Roket sistemi, OpenRocket tabanli ugus simiilasyonlar1 kullanilarak
modellenmis; burun konisi geometrisi, kanatcik konfigiirasyonu ve kiitle dagilimi statik
kararlilik ve maksimum tepe irtifa hedefleri dogrultusunda optimize edilmistir. Caligma
kapsaminda, yaklasik 3 km tepe irtifaya ulasabilen ve tepe noktasinda kontrollii faydali yiik
birakma kabiliyetine sahip modiiler bir roket mimarisi 6nerilmektedir. Cift kademeli kurtarma
sistemi ve yedekli aviyonik yap1 sayesinde gorev gilivenilirligi artirllmistir. Elde edilen
simiilasyon sonuglari, gelistirilen sistemin orta irtifa gérevleri i¢in uygulanabilir, 6l¢eklenebilir
ve sistem seviyesinde optimize edilmis bir mithendislik ¢6zlimii sundugunu gostermektedir.
Anahtar Kelimeler: Roket, Tasarim, Orta [rtifa
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DESIGN OF AN OPTIMIZED MEDIUM-ALTITUDE ROCKET SYSTEM FOR
PAYLOAD DEPLOYMENT MISSIONS

Abstract

This study presents the conceptual and detailed design of an optimized sounding rocket system
designed to perform payload deployment missions in the medium-altitude range. Using a
holistic engineering approach, the design process addresses the aerodynamic structure,
propulsion system, structural integrity, recovery mechanisms, and avionics subsystems. The
rocket system was modeled using OpenRocket-based flight simulations. Nose cone geometry,
mass distribution, and fin configuration were optimized to achieve static stability and maximum
apogee. The study proposes a modular rocket architecture capable of reaching a peak altitude
of approximately 3 km with a controlled payload release capacity at apogee. Mission reliability
is enhanced through a dual-stage recovery system and redundant avionics. The simulation
results demonstrate that the developed system offers a feasible, scalable, and system-level
optimized engineering solution for medium-altitude missions.

Keywords: Rocket, Design, Medium Altitude
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Ozet

Bu calismada, vakum indiiksiyon ergitme (VIM) yontemiyle tiretilen 30Mn, 30Mn—%1Cr ve
30Mn—%5Ni alasimlarinin elektrik iletkenlik davraniglari incelenmistir. Dokiim sonrasi
numuneler yilizey oksitleri ve heterojenlikleri gidermek amaciyla zimparalama ve mekanik
parlatma islemlerine tabi tutulmus, boylece 6l¢iim dogrulugunu etkileyebilecek ylizey kusurlari
minimize edilmistir. Elektrik iletkenligi Ol¢limleri standart kosullarda gergeklestirilmis ve
sonuglar %IACS cinsinden degerlendirilmistir. Mikroyap1 incelemelerinde, Ostenitik matris
icerisinde karbiir fazlarinin varlig: tespit edilmistir. Elde edilen sonuglara gore, 30Mn, 30Mn—
%1Cr ve 30Mn—%5Ni alasimlarinin elektrik iletkenlikleri sirasiyla yaklasik 8, 7 ve 4 %IACS
olarak belirlenmistir. Alasim elementi ilavesiyle birlikte iletkenligin azaldig1 gézlenmistir. Bu
durum, kat1 ¢ozelti atomlarmin olusturdugu kafes distorsiyonu ve buna bagl artan elektron
sacilmast ile agiklanabilir. Ozellikle %35 Ni iceren alasimda, hem yiiksek alasim elementi igerigi
hem de 0Ostenitik fazin stabilizasyonu ile iletkenlikte daha belirgin bir diisiis meydana gelmistir.
Bununla birlikte, mikroyapida gézlenen karbiir fazlarinin, matris igerisindeki ¢oziinen element
miktarin1  kismen azaltarak iletkenlik iizerinde dengeleyici bir etki olusturdugu
diisiiniilmektedir. Bu iletkenlik degerleri, bakir ve aliiminyum gibi geleneksel iletken
malzemelere kiyasla diisiik olmakla birlikte, yliksek dayanim ve aginma direnci ile birlikte orta
seviyede elektrik iletkenligi gerektiren uygulamalar agisindan Onemli bir potansiyel
sunmaktadir. Bu baglamda, s6z konusu alasimlar asinmaya maruz kalan elektriksel temas
elemanlar1, diren¢ kaynak elektrotlari, rayli sistem bilesenleri ve statik elektrik bosaltimi
gerektiren topraklama elemanlar1 gibi miithendislik uygulamalarinda degerlendirilebilir.
Anahtar Kelimeler: vakum indiiksiyon ergitme (VIM), yiikksek manganh celik, elektirik
iletkenlik
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EFFECT OF CR AND NI ADDITIONS ON THE ELECTRICAL CONDUCTIVITY
AND MICROSTRUCTURAL CHARACTERISTICS OF VIM-PRODUCED 30MN
STEELS

Abstract

This study investigated the electrical conductivity behavior of 30Mn, 30Mn-1%Cr, and 30Mn-—
5%Ni alloys produced by vacuum induction melting (VIM). After casting, the samples were
subjected to grinding and mechanical polishing to remove surface oxides and heterogeneities,
thus minimizing surface defects that could affect measurement accuracy. Electrical
conductivity measurements were performed under standard conditions, and the results were
evaluated in %IACS. Microstructure analysis revealed the presence of carbide phases within
the austenitic matrix. According to the results, the electrical conductivities of 30Mn, 30Mn—
1%Cr, and 30Mn-5%Ni alloys were determined to be approximately 8, 7, and 4 %IACS,
respectively. A decrease in conductivity was observed with the addition of alloying elements.
This can be explained by lattice distortion caused by solid solution atoms and the resulting
increased electron scattering. Particularly in the alloy containing 5% Ni, a more significant
decrease in conductivity occurred due to both the high alloying element content and the
stabilization of the austenitic phase. However, it is thought that the carbide phases observed in
the microstructure have a stabilizing effect on conductivity by partially reducing the amount of
dissolved elements in the matrix. Although these conductivity values are low compared to
conventional conductive materials such as copper and aluminum, they offer significant
potential for applications requiring moderate electrical conductivity along with high strength
and wear resistance. In this context, these alloys can be evaluated in engineering applications
such as electrical contact elements exposed to wear, resistance welding electrodes, rail system
components, and grounding elements requiring static electricity discharge.

Keywords: Vacuum induction melting (VIM), high manganese steel, electrical conductivity.
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Ozet

Siis bitkilerinde yaygin olarak goriilen fungal hastaliklar, 6zellikle solgunluk etmenleri, bitki
gelisimini olumsuz etkileyerek iiretim siirecinde ve pazarlama asamasinda 6nemli kalite ve
verim kayiplarina neden olmaktadir. Bu hastaliklarla miicadelede kimyasal fungisitlerin yogun
kullanim1 ¢evre ve insan sagligi agisindan cesitli riskler olusturdugundan, alternatif ve
siirdiiriilebilir yaklagimlara olan ihtiyac giderek artmaktadir. Bu kapsamda biyolojik miicadele
ajanlari, ¢evre dostu ve kalinti riski tagimayan yapilari nedeniyle One ¢ikmaktadir. Bu
caligmada, yiiksek estetik degere sahip bir siis bitkisi olan Zinnia elegans Jacq.’ta solgunluk
hastaligina neden olan Fusarium tricinctum’a kars1 bazi bakteriyel biyokontrol ajanlarmnin in
vitro kosullarda antagonistik etki agisindan etkinlikleri arastirilmistir. Bu amagla dort farkli
bakteriyel strain (UG 10, UG 22, FDG 37, FDG 118) kullanilmis ve patojene karsi etkileri ikili
kiiltlir yontemi ile degerlendirilmistir. Elde edilen sonuglara gére, Pseudomonas chlororaphis
FDG 37 straininin (%76.59) patojen gelisimini diger strainlere kiyasla daha yiiksek oranda
baskiladig belirlenmistir. Diger bakteriyel strainlerin da patojen gelisimini farkli diizeylerde
inhibe ettigi, ancak etkinliklerinin daha smirli kaldig: tespit edilmigtir. Tiim uygulamalarin
kontrol grubuna gore patojen gelisimini azalttig1 belirlenmistir.

Anahtar Kelimeler: Antagonistik etki, Biyolojik micadele, Fusarium tricinctum,
Pseudomonas chlororaphis, Zinnia elegans,
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EVALUATION OF In Vitro ANTAGONISTIC ACTIVITY OF BACTERIAL
BIOCONTROL AGENTS AGAINST Fusarium tricinctum in Zinnia elegans Jacq.

Abstract

Fungal diseases commonly observed in ornamental plants, particularly wilt pathogens,
negatively affect plant growth and lead to significant quality and yield losses during both
production and marketing stages. The intensive use of chemical fungicides to control these
diseases poses various risks to environmental and human health, thereby increasing the need
for alternative and sustainable approaches. In this context, biological control agents have gained
prominence due to their environmentally friendly nature and lack of residue risk. In this study,
the in vitro antagonistic activity of some bacterial biocontrol agents against Fusarium
tricinctum, the causal agent of wilt disease in Zinnia elegans Jacg., an ornamental plant with
high aesthetic value, was investigated. For this purpose, four different bacterial strains (UG 10,
UG 22, FDG 37, FDG 118) were used, and their effects against the pathogen were evaluated
using the dual culture assay. According to the results obtained, Pseudomonas chlororaphis
FDG 37 strain (%76.59) exhibited a higher level of suppression of pathogen growth compared
to the other strains. It was also determined that the other bacterial strains inhibited pathogen
growth at varying levels; however, their effectiveness was relatively limited. All treatments
reduced pathogen development compared to the control group.

Keywords: Antagonistic activity, Biological control, Fusarium tricinctum, Pseudomonas
chlororaphis, Zinnia elegans.
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Abstract

Cancer is a complicated illness with a worldwide impact, requiring ongoing breakthroughs in
diagnosis and treatment. The application of 3D printing technology is increasingly recognized
as an innovative tool in cancer diagnosis, offering enormous possibilities in detection and
surveillance. The study aims to improve early diagnosis and prognosis for patients. 3D printing
has become more popular for producing precise, customizable nanosensors with high
sensitivity and specificity. The study covers the latest advances in 3D-printed cancer
nanosensors. It discusses how inkjet printing, stereolithography, and fused deposition modeling
can create intricate nanostructures with increased performance. Design and functionalization
strategies for targeting nucleic acids, proteins, and circulating tumor cells are also covered.
Nanomaterial-based sensors can detect tumor biomarkers, circulating cells, and extracellular
vesicles, improving cancer diagnosis and survival. Integrating 3D-printed nanosensors with
fluorescence, electrochemical, and surface-enhanced Raman spectroscopy allows rapid and
accurate cancer diagnosis in clinical settings. The publication critically reviews and synthesizes
previous research to show how 3D-printed nanosensors could improve cancer diagnosis as well
as personalized therapy. The study explores the capacity of 3D-printed nanosensors to bring
about significant changes in the field of cancer diagnostics. Using 3D-printed technology and
additive manufacturing, these sensors provide exceptional sensitivity and specificity for the
early identification of cancer biomarkers. Their ability to be customized allows for specific
therapies for various types of cancer, offering substantial progress in precision medicine. The
paper analyzes the most recent advancements, obstacles, and potential future opportunities of
3D-printed nanosensors, with a specific focus on their significant impact on transforming
cancer diagnosis.

Keywords: 3D printing, Nanosensor, Stereolithography, Cancer diagnosis, personalized
therapy,
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Abstract

In this study, ZnO and La-doped ZnO (Zn:—~La,0, x=2,5,10,15x = 2, 5, 10, 15x=2,5,10,15 at.%)
thin films were synthesized on glass substrates using the spray pyrolysis technique. The impact
of La doping on the structural, morphological, optical, and photocatalytic properties of the films
was systematically investigated. X-ray diffraction (XRD) patterns revealed that all films exhibit
a hexagonal wurtzite structure, with preferential grain orientation along the (002) plane for pure
ZnO and 2%La-ZnO layers. Beyond 5% La doping, the preferential orientation shifted, and the
crystallite sizes ranged from 10 to 19 nm. Scanning electron microscopy (SEM) images
indicated that pure ZnO and 2%La-ZnO films were characterized by nanorods distributed
uniformly on the surface, while films doped with 5%, 10%, and 15% La displayed nanocrystals
in the form of hexagonal prisms. Optical measurements showed high transparency in the visible
range (80-90%) across all samples, with a relatively constant optical bandgap of 3.26 eV. The
photocatalytic performance of the films was evaluated through the degradation of methyl blue
(MB) under UV light. Among all samples, the 5%La-ZnO thin film exhibited the highest
photocatalytic efficiency, achieving 95% MB degradation. This enhancement is attributed to
the optimal structural and morphological changes induced by La doping, which improved
charge carrier separation and surface reactivity. These findings demonstrate the potential of La-
doped ZnO thin films, particularly with 5% La doping, for advanced photocatalytic applications
and transparent coatings. The tunability of structural and optical properties via doping further
highlights their suitability for multifunctional device applications.

Keywords: ZnO films, Lanthanum, Photocatalytic properties.
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Abstract

This study explores the photocatalytic activity of the cesium indium bromide halide perovskite
(CsInBrs) and the influence of compressive strain on its physical properties. Using density
functional theory, the structural, mechanical, electronic, optical, and photocatalytic
characteristics of CsInBrs were studied. The results show that the computed formation energy
values confirm the enhanced stability of the material under all studied conditions. Moreover,
the application of the compressive strain at various levels (0%, -2%, -4%, and -6%) significantly
improves the photocatalytic activity. At-6% of strain, the solar-to-hydrogen (STH) efficiency
being 25.94%. Furthermore, this study demonstrates that the compressive deformation
optimizes the electronic properties of CsInBr3, improving charge carrier generation and the
water-splitting performance of the material. Besides, the CsInBr3 material is also found to be a
great candidate for CO: photoreduction, exhibiting stable photocatalytic activity under a broad
pH range. These findings bring us a step closer to the development of efficient, low-cost
perovskite-based photocatalysts for clean hydrogen production and demonstrate the role of the
compressive strain in optimizing photocatalytic and optoelectronic properties for sustainable
energy applications.

Keywords: Halide perovskite, Photocatalytic efficiency, Compressive deformation, Hydrogen
production, Water-splitting.
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Abstract

The emergence of resistance to azole antifungal agents among pathogenic fungi has become a
critical concern in human health, veterinary medicine, and agriculture, thereby increasing the
demand for novel antifungal compounds targeting lanosterol 14a-demethylase (CYP51), a key
cytochrome P450 enzyme involved in ergosterol biosynthesis. CYP51 catalyzes the oxidative
demethylation of lanosterol, an essential step for maintaining fungal membrane integrity,
permeability, and cellular viability. Inhibition of this enzyme disrupts ergosterol production,
resulting in the accumulation of toxic sterol intermediates and subsequent inhibition of fungal
growth. Azole antifungals, including fluconazole and itraconazole, exert their activity through
the coordination of nitrogen-containing heterocycles with the heme iron located within the
CYP51 catalytic pocket. In the present study, a molecular docking approach was employed to
investigate the antifungal potential of 4-{2,4-Bis[(3-nitrobenzoyl)amino]phenoxy}phthalic
acid (C28H18N4011) against CYP51 from Fusarium oxysporum. The selected compound,
derived from shikimate and phenylpropanoid pathways, contains multiple aromatic rings and
nitrogen-bearing functional groups that may enhance ligand—enzyme interactions. Structural
analyses were performed using crystallographic CYP51 models retrieved from the Protein Data
Bank, particularly PDB IDs 5TZ1 and 5V5Z. Docking simulations revealed a strong binding
affinity with a calculated binding energy of —12.5 kcal/mol, suggesting a stable interaction
within the active site and a potential inhibitory activity superior to several conventional azole
antifungals. Detailed interaction analysis demonstrated the formation of multiple hydrogen
bonds, hydrophobic contacts, and m—m stacking interactions with amino acid residues
surrounding the heme prosthetic group, contributing to the stabilization of the ligand—protein
complex. These findings indicate that nitrogen-containing phenylpropanoid derivatives may
represent promising scaffolds for the development of novel CYP51 inhibitors with potent
antifungal properties. Overall, this study highlights the relevance of combining molecular
docking, structural biology, and natural product-based drug design strategies to identify new
broad-spectrum antifungal agents capable of overcoming resistance mechanisms associated
with current azole therapies.

Keywords: CYP51, antifungal activity, molecular docking, Fusarium oxysporum,
phenylpropanoid derivatives.
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Abstract

Hospitals are complex acoustic environments where noise levels often exceed World Health
Organization recommendations by 25-35 dB(A), creating a significant environmental stressor
for patients, healthcare workers, and visitors. Despite extensive evidence linking hospital noise
to psychological distress, current design approaches remain dominated by quantitative sound
pressure level reduction while neglecting perceptual and psychoacoustic dimensions addressed
by soundscape theory. This systematic literature review synthesizes evidence on the
relationship between hospital noise and psychological distress, architectural interventions for
noise-induced stress reduction, the application of 1SO 12913 soundscape frameworks in
healthcare design, and strategies for restorative acoustic environments. Following PRISMA
2020 guidelines, studies published between 2018 and 2026 were reviewed from Web of
Science, Scopus, PubMed, and ProQuest, with study quality assessed using ROBINS-I,
Cochrane risk of bias tools, and GRADE. Findings show that hospital noise is strongly
associated with sleep disruption, anxiety, depression, and staff burnout, while interventions
such as sound-absorbing materials, acoustic zoning, noise mitigation systems, biophilic
soundscape integration, and smart monitoring reduce psychological distress. The review
demonstrates that integrated architectural approaches based on soundscape theory are more
effective than isolated noise-reduction strategies, positioning acoustic design as a therapeutic
component of healthcare architecture.

Keywords: hospital noise, psychological distress, acoustic design, soundscape, healing
environments.
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Abstract

The acoustic environment of healthcare facilities has a great impact on patient satisfaction,
comfort, stress reduction, and clinical outcomes. The literature review brings together results
from 50+ peer-reviewed papers that cover the connections between the soundscapes of
healthcare environments and the wellbeing of patients. This article will examine and explore
how acoustic design strategies enhance a hospital environment using a systematic evidence-
based design approach, supported by soundscape theory, acoustic comfort principles and
salutogenic design approaches. The study findings show that in more than 75% of hospitals,
noise pollution is above the WHQO's recommended limits, which have a negative impact on the
patients' recovery, their quality of sleep and the productivity of the hospital staff. In contrast,
acoustically optimized ward environments show pronounced improvements in patient
satisfaction (p=0.029), hospital stay (13.21+3.57 vs 14.34+3.19 days) and improved
physiological results such as lower blood pressure and better LVEF. The article suggests an
integrated approach that connects patients' satisfaction with the healthcare soundscapes using
architectural solutions such as the use of sound-absorbing materials, acoustic zoning, private
patient rooms, communication flows among staff, and smart monitoring systems. Evidence-
based design guidelines are provided for pediatric, ICU and critical care settings. This article
provides a conceptual framework on how to design an acoustic healthcare space that is
sustainable and patient centric, and pinpoints key areas of research that remain to be explored.
Keywords: Healthcare soundscapes, acoustic design, patient satisfaction, healing
environments, salutogenic design.

27



mailto:sami.melik@univ-biskra.dz
mailto:sara.khelil@univ-biskra.dz
mailto:tallalabdelkarim.bouzir@univ-biskra.dz

20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

HOSPITAL SOUNDSCAPES AND PATIENT WELLBEING: ARCHITECTURAL
APPROACHES TO ACOUSTIC STRESS MANAGEMENT

Ph.D. Candidate Sami MELIK (ORCID: 0009-0007-4755-7331)
Mohamed Khider Biskra University, Faculty of Architecture and urbanism and structural
engineering and hydrology, Department of Architecture, Biskra, Algeria
Email: sami.melik@univ-biskra.dz

Assoc.prof. Dr. Sara KHELIL (ORCID: 0000-0002-2098-2107)
Mohamed Khider Biskra University, Faculty of Architecture and urbanism and structural
engineering and hydrology, Department of Architecture, Biskra, Algeria
Email: sara.khelil@univ-biskra.dz

Assoc.prof. Dr. Tallal Abdel Karim BOUZIR (ORCID: 0000-0002-1902-1800)
Mohamed Khider Biskra University, Faculty of Architecture and urbanism and structural
engineering and hydrology, Department of Architecture, Biskra, Algeria
Email: tallalabdelkarim.bouzir@univ-biskra.dz

Abstract

Noise pollution is a significant environmental stressor that can have a detrimental impact on
patient recovery, employee health and wellbeing, and healthcare outcomes in hospitals. Despite
the many emerging studies which show acoustic environments are associated with a variety of
physiological effects, including sleep disruption, cardiovascular dysregulation, higher pain
perception, longer hospital stays, and staff burnout, acoustic design is not yet fully incorporated
into the design of a healthcare facility. This is an evidence-informed synthesis of the literature
from 2018 to 2026, based on PRISMA 2020 standards, and incorporating quantitative,
qualitative and case-study evidence. Results show a 15-22 dB noise reduction, a 40-45% higher
sleep quality, a 33% lower salivary cortisol, a 0.8-1.2 d shorter hospital stay, and a 19% lower
number of postoperative complications when designing wards acoustically. The most effective
strategies are multi-component strategies: spatial zoning, the use of sound absorbing materials,
acoustic treatments, staff education, natural soundscapes and biophilic acoustic elements. This
research gives a strong value to soundscape theory as a valuable tool in the field of healthcare
architecture design and offers proof that acoustic comfort in architecture is an indispensable
design criterion next to thermal comfort and IAQ.

Keywords: Hospital Soundscape, Healthcare Architecture, Acoustic Comfort, Healing
Environments, Patient Wellbeing.
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Abstract

Nanoparticles (NPs) are increasingly recognized as effective feed additives in aquaculture due
to their high bioavailability, small particle size, and rapid absorption into the bloodstream. This
study investigated the effects of dietary iron oxide nanoparticles (Fe-Os-NPs) on growth
performance, body composition, and hematological indices in Cyprinus carpio fingerlings. A
total of 270 healthy C. carpio fingerlings (initial weight: 5.51 = 0.04 g) were randomly
distributed into six treatment groups in triplicate, with 15 fish per replicate. Fish were fed a
canola meal-based basal diet supplemented with Fe-Os-NPs at 0 (control, D1), 10 (D2), 20 (D3),
30 (D4), 40 (D5), and 50 mg/kg (D6) for 70 days.Supplementation with 40 mg/kg Fe2Os-NPs
produced the highest growth performance, including weight gain (278.09 £+ 1.35%), specific
growth rate (1.90 = 0.01%), and feed conversion ratio (1.25 + 0.02). Proximate body
composition was also optimal at this level, with crude protein (18.71 = 0.09%), ether extract
(3.29 £ 0.07%), ash (1.15 £ 0.05%), and moisture (76.84 = 0.07%). Similarly, hematological
parameters peaked at 40 mg/kg, with RBCs (3.56 + 0.07 x 10 mm™), WBCs (7.95 + 0.12 x
10° mm™), platelets (67.80 = 0.08), MCH (56.87 + 0.04 pg), PCV (27.51 + 0.56%), MCHC
(38.46 + 0.08%), and MCV (189.70 = 0.69 fL). All NP-supplemented groups showed
significant improvements (p < 0.05) in the measured parameters compared to the control.Based
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on these findings, 40 mg/kg Fe.0s-NPs is recommended as the optimum dietary level to
enhance growth, body composition, and hematological status in C. carpio fingerlings. This
study highlights the potential of nanoparticle-based supplementation to improve fish health and
productivity.

Keywords: Nanoparticle; growth performance; carcass; hematology; C. carpio
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ABSTRACT

Colorectal cancer (CRC) progression to metastatic disease is driven by aberrant signalling
through receptor tyrosine kinases, cell-cycle regulators, and matrix-degrading effectors that
together support tumour growth, invasion, and migration. Resveratrol (3,5,4'-trihydroxy-trans-
stilbene; PubChem CID 445154), a polyphenolic phytoalexin with documented anti-CRC
activity in cellular models, engages a broad and incompletely defined set of human proteins;
quantitative ranking of its target preferences therefore remains an open question. In the present
study, deep-learning drug—target interaction (DTI) prediction was performed using directed-
message-passing graph neural networks (D-MPNN; chemprop v1.6.1) trained independently
on five CRC-relevant protein targets curated from the ChEMBL database: AKT1 (n = 3,453
unique compounds), EGFR (n = 10,548), MMP9 (n = 2,130), CDK2 (n = 2,071), and PIK3CA
(n =4,922). For each target, models were trained on a random 80/10/10 split with pICso as the
regression endpoint and evaluated on the held-out test set. Models achieved comparable test-
set accuracy across all five targets (R? = 0.586-0.698; RMSE = 0.70-0.87), confirming that
subsequent comparisons of predicted resveratrol activity reflect genuine target preference rather
than differential model reliability. Resveratrol was then queried against each trained model
alongside four reference polyphenols (curcumin, EGCG, quercetin, pterostilbene) to provide
structural-class context. Resveratrol’s strongest predicted activity was against EGFR (predicted
pICso = 6.09 = ICso = 810 nM), followed by MMP9 (5.00), CDK2 (4.96), AKT1 (4.29), and
PIK3CA (3.19). The EGFR-preferential signature is biologically coherent: EGFR is a major
CRC oncogenic driver linking proliferation and EMT-mediated invasion, and the prediction is
supported by analogous activity in the structurally related EGCG and quercetin. These data
deliver a quantitative, reproducible computational ranking of resveratrol’s engagement
priorities across the CRC oncogenic network and identify EGFR as a candidate mechanistic
node deserving further investigation.

Keywords: resveratrol; deep learning; graph neural network; drug-target interaction;
ChEMBL,; colorectal cancer; EGFR; QSAR.
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ABSTRACT

Computational drug—target interaction (DTI) prediction is increasingly applied to prioritize
natural-product chemotypes for downstream investigation, yet two methodological tensions
remain unresolved. First, classical Random Forest baselines on Morgan fingerprints often
match or exceed graph neural networks on bioactivity regression tasks. Second, applicability
domain (AD) analysis the empirical assessment of whether a query molecule lies within the
chemical space of the training set is rarely reported rigorously, leading to numerically confident
but biologically meaningless predictions. We address both issues in a unified, reproducible
pipeline. Directed message-passing neural networks (chemprop) and Random Forest regressors
on 2,048-bit Morgan ECFP4 fingerprints were trained across ten ChEMBL targets central to
colorectal cancer pathway biology AKT1, EGFR, MMP9, CDK2, PIK3CA, CDK4, BCL2,
AURKA, MMP2, GSK3B comprising 33,189 unique ICso-annotated compounds (35,763
compound-target pairs). Identical 80/10/10 splits with seed 42 enabled head-to-head test-set
comparison. An 80-compound dietary polyphenol library spanning 13 structural classes was
screened against all 10 models, generating 1,600 predictions. Each prediction was stratified by
Tanimoto similarity into reliable (> 0.40), borderline (0.30-0.40), or extrapolation (< 0.30)
categories, with training-set memorizations (similarity > 0.95) excluded. Three findings
emerge. (i) Only 35% of unfiltered predictions met AD criteria, with 47% extrapolation; three
targets (CDK4, BCL2, AURKA) yielded zero novel reliable predictions. (ii) Random Forest
modestly outperformed D-MPNN at aggregate test-set R? (0.699 vs 0.661, AR? = —0.038),
winning on 7 of 10 targets. (iii) Both methods agreed on class-level top hits for 5 of 7 targets
isoflavones for GSK3B, hydroxylated polyphenols for EGFR, curcuminoids for AKT1 and
matrix metalloproteinases, hydroxycinnamic acids for MMP2/MMP9/PIK3CA but rarely on
specific compounds. We argue AD stratification, head-to-head method comparison, and class-
level interpretation should be standard practice for natural-product machine learning. The
complete pipeline is publicly archived under MIT license.
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Abstract

The fused imidazopyrimidine nucleus is an important group of heterocyclic organic molecules.
Imidazopyrimidine consists of imidazole and pyrimidine rings, both of which naturally occur
in folic acid and vitamins. Their diverse photophysical and biological properties have attracted
attention in agrochemicals, organic fluorescent products, pharmaceuticals, and medicinal
chemistry because of their high pharmacophoric features. As a result, many methods have been
developed for synthesizing this valuable class of compounds. Among these, multicomponent
reactions offer the potential to design new, environmentally friendly, and cost-effective
synthetic processes. However, there is still room for more sustainable and simpler protocols
using retrievable catalysts or green solvents to produce imidazopyrimidine ring systems
efficiently. Recently, new mild, efficient, and eco-friendly protocols for synthesizing
imidazopyrimidine derivatives via multicomponent reactions have been reported, yielding high
yields and purities. This study summarizes various catalytic multicomponent reaction methods.
Keywords: Imidazopyrimidine, Catalytic multicomponent synthesis
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Abstract

Neonatal sepsis is responsible for significant neonatal morbidity and mortality in Nigeria,
further elevating the under-five mortality in the country. Despite growing global attention to
neonatal health, the epidemiological landscape of neonatal sepsis in Nigeria is still unresolved.
There is a significant variability in reported prevalence across geopolitical zones and healthcare
settings, similarly, diagnostic criteria also influence outcomes. This review synthesizes
available evidence on the prevalence, causative organisms, antimicrobial resistance patterns,
and clinical burden of neonatal sepsis across Nigerian healthcare facilities. The reviewed
literature indicates a high prevalence of both early-onset and late-onset neonatal sepsis, with
gram-negative organisms, particularly Klebsiella pneumoniae and Escherichia coli frequently
implicated, alongside gram-positive pathogens such as Staphylococcus aureus. Alarmingly,
multidrug-resistant strains have been increasingly reported, raising serious concerns about the
effectiveness of empirical antibiotic regimens currently in use. Preterm birth, low birth weight,
prolonged rupture of membranes, and poor aseptic practices in under-resourced facilities are
the risk factors reported to be further compounding the burden. This review identifies critical
gaps in surveillance infrastructure, diagnostic protocols, and antimicrobial stewardship
programs specific to neonatal care settings in Nigeria. The findings also underscore the urgent
need for strengthened national neonatal sepsis surveillance, context-appropriate antimicrobial
stewardship, and evidence-based treatment guidelines to reduce preventable neonatal deaths in
Nigeria.

Keywords: Antimicrobial resistance, antimicrobial stewardship, disease burden, neonates, risk
factors, sepsis aetiology.
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Abstract

The heptaene macrolide antibiotic amphotericin B, used in the clinic for over 60 years, is still
considered the “gold standard” of antifungal therapy. This emphasizes its powerful fungicidal
effect, due to a direct effect on the permeability of the cell membrane (formation of water
channels) and the induction of reactive oxygen species in the cell. Amphotericin B, when used
systemically, is active against most yeast-like, filamentous and dimorphic fungi, and unlike
other polyene macrolide antibiotics, this antifungal agent is used intravenously, which
significantly increases its therapeutic effectiveness in the treatment of deep mycoses. At the
same time, the high toxicity (mainly nephrotoxicity) of amphotericin B, low absorption from
the gastrointestinal tract, a number of adverse reactions, as well as decreased sensitivity to it
pathogenic fungal microorganisms, stimulated intensive searches for various derivatives of
amphotericin B. We have shown that as a result of reactions of amphotericin B with base-
protected organofluorine alcohols using Lewis aprotic acids as catalysts, organofluorine
derivatives of this heptaene macrolide antibiotic (1-3) are formed.
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As shown by the results of pharmacological tests, the acute toxicity (LDso) of organofluorine
derivatives of amphotericin B (1-3) was 5-6 times less than that of the parent antibiotic, and
varied from 1150 to 1175 mg/kg (mice, intraperitoneal).
Biological studies have shown that organofluorine derivatives of amphotericin B indicated
pronounced antifungal activity against 33 test cultures of pathogenic fungi belonging to various
genera. It should be especially emphasized that organofluorine derivatives of amphotericin B
(2-3) showed high activity against yeast-like fungi of the genus Candida and fungi of the genus
Aspergillus, and minimum fungistatic concentrations were in range from 0.05 to 6.25 (ug/mL).
These results are very important because in recent years, resistance of a number of clinically
isolated strains of these two genera of pathogenic fungi to the action of amphotericin B has
been discovered. Moreover, yeast-like fungi of the genus Candida and fungi of the genus
Aspergillus are known to cause severe invasive mycoses (candidiasis and aspergillosis,
respectively), as well as opportunistic mycoses in AIDS patients, which are characterized by
high mortality. The additional advanced biological investigations in vivo will reveal therapeutic
effectiveness organofluorine derivatives amphotericin B (1-3) as promising antifungal agents
for medical mycology.
Keywords: Amphotericin B, Organofluorine Derivatives, Toxicity, Antifungal Activity,
Medical Mycology, Resistance, AIDS Patients
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Abstract

Euphorbia resinifera, a succulent species endemic to Morocco, possesses significant biological,
medicinal, and ecological importance. Characterizing its genetic diversity is imperative for
establishing robust conservation frameworks and ensuring sustainable exploitation. This study
investigated biochemical profiles—including total phenolic content, flavonoids, anthocyanins,
antioxidant activities (ABTS and DPPH), sugars, and proline—alongside seventeen qualitative
and quantitative morphological parameters encompassing shrub architecture, stem morphology,
spine characteristics, and reproductive traits across twelve distinct Moroccan populations.

The findings revealed significant intra-specific variability; notably, variations in shrub diameter
and stem height highlighted distinct architectural patterns. Populations from the Middle Atlas
exhibited the highest phenolic concentrations, whereas High Atlas populations demonstrated
superior levels of flavonoids, anthocyanins, and antioxidant potential. Specifically, specimens
from Imi n’Ifri (High Atlas) showed elevated sugar and proline levels, suggesting advanced
physiological adaptations to environmental stressors. The integration of morphological and
biochemical datasets facilitated precise genotype discrimination, underscores the necessity of
multifaceted strategies for the conservation and sustainable management of this valuable
genetic resource.

Keywords: Euphorbia resinifera, genetic variability, phytochemical profiling, phenotypic
characterization, conservation biology.

36



mailto:hassanfstbm@gmail.com
https://orcid.org/0009-0004-5214-3043

20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

SUPRAMOLECULAR TECHNIQUES: A NOVEL TOOL FOR THE

CONJUGATION AND FUNCTIONALIZATION OF BIMEETALLIC

NANOPARTICLES FOR TARGETED DRUG DELIVERY AGAINST
ONCHOCERCIASIS (A REVIEW)

Adamu, U.O.*
Nigerian Institute for Trypanosomiasis Research Kaduna State, Nigeria
*Corresponding Author: usad4ril@gmail.com

Haruna, M.K.
Nigerian Institute for Trypanosomiasis Research Kaduna State, Nigeria

Nuhuh, A.M.
Department of Chemistry, Kaduna State University, Kaduna State, Nigeria.

Abutu, S.R.
Nigerian Institute for Trypanosomiasis Research Kaduna State, Nigeria

Baraya, K.Y.
Nigerian Institute for Trypanosomiasis Research Kaduna State, Nigeria

Abstract

Onchocerciasis also known as river blindness is one of the world’s most neglected tropical
diseases caused by the filarial nematode O. volvulus while the blackfly serves as its vector and
the intermediate host. Despite tremendous progress through mass drug administration programs
using ivermectin, numerous limitations like, ivermectin resistance, poor targeted drug delivery,
side effects and limited microfilaricidal activity have continuously limited the complete
eradication of onchocerciasis. Latest development in nanotechnology and supramolecular
chemistry have introduced novel strategies for the development of targeted drug delivery
systems. Supramolecular techniques involves the use of non-covalent interactions including
electrostatic interaction, Van der walls forces, and host-guest chemistry to design highly
functionalized nanomaterials with improved therapeutic efficiency. Bimetallic nanoparticles, is
made up of two very distinct metallic elements, having a better catalytic, physicochemical and
biological properties compared with the monometallic nanoparticles. The conjugation and
functionalization of these nanomaterials via the supramulecular protocols enhances better drug
loading capacity, biocompatibily, controlled drug release, tissue targeting and hence targeted
drug delivery. Therefore, his review elucidated this principle of supramolecular chemistry,
sequential reduction method for the green synthesis of a core-shell bimetallic nanoparticles,
supramolecular functionalization protocol and their applications in targeted drug delivery
system against onchocerciasis. Integrating green mamo-synthesis, and functionalization with
polymeric materials, artificial intelligence and targeted drug delivery system for the eradication
of onchocerciasis was recommended in this review.

Keywords: Supramolecular chemistry, Onchocerciasis, Peglation, Functionalization and
Targeted Drug
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Abstract

The continuous advancement of deep-sea petroleum exploration has positioned marine risers
as indispensable components of subsea production systems. Ensuring the structural integrity of
these risers is paramount to the sustainable development of the offshore oil and gas industry
and the preservation of the marine ecological environment. As fluid flows past a cylindrical
riser, the formation of periodic Karman vortex shedding induces rhythmic oscillatory forces,
leading to the phenomenon known as Vortex-Induced Vibration (VIV). This mechanism
represents a primary driver of fatigue damage in submarine pipelines. Consequently, the
implementation of suppression devices on riser bodies has become a standard engineering
practice to mitigate VIV and extend the operational lifespan of offshore infrastructure. This
research initially conducts a comprehensive numerical simulation of flow around a bare
cylinder to validate the accuracy of the computational model. Key hydrodynamic parameters,
including lift and drag coefficients, vortex shedding frequencies, Strouhal numbers, and root-
mean-square values of lift, are systematically analysed to identify their correlation with the
Reynolds number. Furthermore, the vortex shedding patterns under varying Reynolds numbers
are characterised through the visualisation of vorticity contours. Building upon this foundation,
four distinct types of VIV suppression devices were selected for comparative modelling. The
study simulates the variation laws of hydrodynamic coefficients for each device across a range
of operational parameters. Quantitative comparisons with bare cylinder data reveal that all
investigated devices exhibit certain suppression effects at low Reynolds numbers. However, the
efficacy of these suppressors tends to diminish as the Reynolds number increases. Through a
holistic performance evaluation, it is concluded that one type offers superior overall vibration
suppression compared to the other three configurations. This study provides valuable technical
references for the optimised design of VIV suppression systems in polar and deep-water
maritime engineering.

Keywords: Marine risers, Vortex-induced vibration (VIV), Numerical simulation,
Hydrodynamic coefficients.
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Abstract

Matrices form the mathematical foundation of data science and machine learning by providing
an efficient way to represent, process, and analyse large volumes of data. In most data-driven
applications, datasets are organized in matrix form, where rows represent observations and
columns represent features. This structured representation enables fast computation and
simplifies complex operations on high-dimensional data. The objective of the paper is to study
the matrices are essential for implementing algorithms such as linear regression, logistic
regression, support vector machines, and neural networks. Model parameters, input features,
and output predictions are all expressed as matrices or vectors, allowing operations like matrix
multiplication and transformation to be used for training and prediction. Optimization
techniques such as gradient descent also rely heavily on matrix calculus to update model
parameters efficiently. The results show that the data pre-processing and dimensionality
reduction techniques such as principal component analysis (PCA) and singular value
decomposition (SVD). These methods help extract meaningful patterns, reduce noise, and
improve computational performance. As data science and machine learning continue to grow
across industries, the use of matrix-based methods remains central to building accurate,
scalable, and intelligent systems.
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Abstract

Dye-sensitized solar cells (DSSCs) represent a promising route toward sustainable and low-
cost solar energy conversion. Their overall performance is strongly governed by the electronic
and optical properties of the photosensitizing dyes. In this context, quinoxaline-based organic
dyes have emerged as highly attractive materials due to their strong electron-accepting
character and molecular tunability. These dyes exhibit broad absorption in the visible region
and pronounced intramolecular charge-transfer behavior. Density functional theory (DFT) and
time-dependent DFT (TD-DFT) calculations were employed to explore their optical, electronic,
and photovoltaic properties. TD-DOS analysis reveals a significant contribution of dye frontier
orbitals near the Fermi level, favoring efficient charge separation. The calculated HOMO-
LUMO alignment with TiO: supports fast electron injection and effective dye regeneration [1].
High light-harvesting efficiencies exceeding 85% are achieved. The estimated short-circuit
current density reaches 18-20 mA-cm 2. Open-circuit voltages are predicted in the range of
0.70-0.85 V. Favorable charge-transport characteristics lead to fill factors of 0.70-0.78. As a
result, power conversion efficiencies approaching 9-11% are obtained. These findings
highlight the strong potential of quinoxaline-based dyes for high-performance DSSCs. Overall,
this study demonstrates the relevance of advanced molecular design for next-generation
photovoltaic materials [2].

Keywords: Dye-sensitized solar cells, Quinoxaline derivatives, charge-transfer, TD-DFT,
photovoltaic properties.
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Abstract

Geographic Information Systems (GIS) have become essential tools in hydrogeology, enabling
the integration and analysis of heterogeneous datasets for accurate mapping of aquifer systems.
GIS facilitates the characterization of aquifer geometry, groundwater flow modeling, and the
identification of recharge zones, thereby supporting sustainable water resource management. It
also provides a flexible platform for simulating risks related to pollution and resource depletion,
enhancing strategic decision-making. The Triffa Plain, located in northeastern Morocco, was
selected as a case study due to its large spatial extent, the abundance and diversity of available
data—often in the form of paper-based maps—and its significant hydraulic infrastructure. The
objective of this study is to develop a digital hydrogeological map of the Triffa Plain using GIS
techniques. The map was produced using ArcGIS, with data organized and managed within an
Excel-based database. The resulting hydrogeological map synthesizes key information on
aquifer extent, geometry, piezometry, as well as hydrochemical and hydrodynamic
characteristics. This work provides a valuable tool for stakeholders involved in both
quantitative and qualitative groundwater management, as it enables efficient data integration
from multiple sources and facilitates regular updating.

Keywords: Hydrogeological mapping; Geographic Information Systems (GIS); aquifers; Triffa
Plain; groundwater management; Eastern Morocco.
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Abstract

In agriculture, soil and water pollution by nitrates is significantly exacerbated by the excessive
use of nitrogen fertilizers, which can lead to major environmental impacts such as
eutrophication, groundwater contamination, and health risks. Several strategies have been
developed to address these issues by reducing nitrogen inputs while improving nitrogen use
efficiency and maintaining agricultural productivity. These strategies include adjusting
fertilizer application rates, using slow-release fertilizers, applying precision fertilization
tailored to crop needs, introducing nitrogen-fixing crops such as legumes, practicing crop
rotation, and improving agricultural techniques. These approaches not only help limit nitrogen
losses to the environment but also enhance the quality of agricultural products and reduce costs
for farmers. They form part of a broader effort to ensure the sustainability of agricultural
systems in the face of climate change, balancing productivity, environmental protection, and
resilience.

Keywords: Nitrate pollution, Nitrogen fertilizers, Groundwater contamination, Eutrophication,
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resilience
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Abstract

The contamination of water resources by synthetic organic dyes represents a critical
environmental challenge due to the persistence and toxicity of these molecules. When
discharged into the environment, these pollutants can severely degrade water quality, disrupt
aquatic ecosystems, and pose significant risks to human and environmental health through
bioaccumulation. Consequently, developing cost-effective and eco-friendly technologies for
advanced wastewater treatment is of paramount importance. This study focuses on the
depollution of aqueous media using a sustainable approach: the valorization of forestry by-
products. Specifically, this research investigates the adsorption efficiency of methylene blue
(MB) dye from aqueous solutions using activated carbon synthesized from sawdust. The
preparation of this bio-based activated carbon involves specific carbonization and activation
processes designed to optimize its porous structure and surface chemistry. The adsorption
capacity of the prepared material was evaluated through a series of batch experiments. The
study systematically examines the influence of various operational parameters on the adsorption
process, including contact time, initial dye concentration, solution pH, and adsorbent dosage.
Kinetic and isothermal models are applied to elucidate the fundamental mechanisms governing
the transfer of dye molecules from the liquid phase to the solid adsorbent surface. Preliminary
findings indicate that sawdust-derived activated carbon exhibits a highly developed surface area
and a strong affinity for methylene blue molecules. The results demonstrate that this low-cost,
bio-based material serves as a highly effective and sustainable alternative to commercial
activated carbons. This research not only provides a practical solution for the remediation of
dye-contaminated industrial effluents, but also promotes the circular economy by transforming
lignocellulosic waste into valuable materials for environmental protection.
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Abstract

Arctigenin is a natural lignan compound derived from Arctium lappa with antiproliferative,
antioxidant, anti-inflammatory, and anticancer effects in various cancer cells. TAK1
(MAP3KY7) is a key upstream kinase involved in NF-kB and MAPK signaling pathways, and
its dysregulation is associated with malignancies. TAK1 activity inhibition induces cancer cell
death, suggesting that TAK1 may be an effective target for cancer treatment.This study aimed
to evaluate the interaction potential of arctigenin with the TAK1 protein through molecular
docking analysis. The crystal structure of TAK1 was obtained from the Protein Data Bank
database. Protein preparation was performed using Discovery Studio and AutoDock Tools by
removing water molecules and the co-crystal ligand, followed by the addition of polar
hydrogens and Kollman charges. Arctigenin and Takinib, used as the positive control, were
downloaded from PubChem and energy minimized before docking analysis. Grid box
parameters were set at X: 21.278, Y: 24.294, Z: 53.04 with dimensions of 40 A x 40 A x 40 A.
Molecular docking analyses were performed using AutoDock Vina. The binding energy of the
Arctigenin—-TAK1 complex was -7.6 kcal/mol, while Takinib showed -8.0 kcal/mol. Arctigenin
formed two conventional hydrogen bonds with TYR106 and GLU105 at distances of 2.81 A
and 2.38 A, respectively. It also showed hydrophobic interactions with LEU163, TYR106, and
ALAG61. Takinib formed multiple conventional hydrogen bonds with SER111, ASN161,
ASP175, and PRO160, along with hydrophobic interactions. The binding energy of arctigenin
being close to the positive control indicated stable binding within the active site of TAKL. The
findings demonstrated that arctigenin has strong binding potential toward TAKL. Its docking
score being close to the positive control Takinib and its interactions with key active site residues
suggest that arctigenin may serve as a potential natural TAK1-targeting inhibitor. Further
experimental studies are required to validate these findings.
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Abstract

Cardamonin is a naturally occurring chalcone isolated from Alpinia katsumadai and Alpinia
conchigera and is known for its anti-inflammatory, immunomodulatory, and anticancer
properties. It has shown activity against various cancers, including lung, breast, colon,
glioblastoma, melanoma, and ovarian cancers. Focal Adhesion Kinase (FAK) is a non-receptor
tyrosine kinase involved in cell proliferation, survival, intracellular signaling, and angiogenesis.
FAK stands out as a key player in cancer pathogenesis due to its abnormal activation in various
cancer types. This study aimed to evaluate the interaction potential of cardamonin with the FAK
protein through molecular docking analysis. The crystal structure of FAK was obtained from
the Protein Data Bank. Protein preparation was performed using Discovery Studio and
AutoDock Tools by removing water molecules and the co-crystal ligand, followed by the
addition of polar hydrogens and Kollman charges. Cardamonin and Defactinib, used as the
positive control, were downloaded from PubChem and energy minimized before docking
analysis. Grid box parameters were set at X: 11.59, Y: 4.82, Z: 23.987 with dimensions of 40
A x 40 A x 40 A. Molecular docking analyses were performed using AutoDock Vina. The
binding energy of the Cardamonin—FAK complex was -7.4 kcal/mol, while the positive control
Defactinib showed -9.4 kcal/mol. Cardamonin formed one conventional hydrogen bond with
LEU567 at a distance of 2.56 A and also showed hydrophobic interactions with LEU553,
LEU567, ALA452, VAL484, and MET499. Defactinib formed multiple conventional hydrogen
bonds with ASP564, ASN551, LEU567, CYS502, and GLN438, along with hydrophobic
interactions. These findings indicated stable binding of cardamonin within the active site of
FAK. The findings demonstrated that cardamonin has binding potential toward the FAK
protein. Its interactions with key active site residues suggest that cardamonin may serve as a
potential natural FAK-targeting compound. Further experimental studies are required to
validate these findings.
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Ozet

Bu ¢alisma, otomotiv siispansiyon kollarinda kullanilan karbon fiber takviyeli polimer (CFRP)
kompozitlerin mekanik performansini ve malzeme se¢iminin parga dmrii tizerindeki etkisini
biitiinciil bir yaklagimla incelemektedir. Otomotiv sektdriinde artan hafiflik, yiiksek dayanim
ve surdarilebilirlik beklentileri, geleneksel metal temelli malzemelerin yerine ileri kompozit
cozliimlerin tercih edilmesini hizlandirmaktadir. Bu dogrultuda, yiik tasiyan kritik bir yapi
elemant olan siispansiyon kollarinda CFRP kompozitlerin kullanim potansiyelinin incelenmesi
onem arz etmektedir. Calisma kapsaminda, literatiirde yer alan aragtirmalar analiz edilerek
CFRP kompozitlerin ¢gekme dayanimi, yorulma performansi, rijitlik ve darbe direnci gibi temel
mekanik ozellikleri ¢ok yonlii olarak degerlendirilmistir. Ayrica, malzeme se¢iminin uzun
donemli yapisal performans ve par¢a Omrii lizerindeki rolii, literatlirde yer alan ¢alismalarin
karsilagtirmali analizi ile ele alinmistir. Elde edilen bulgular, CFRP kompozitlerin yuksek
mukavemet/agirlik orani sayesinde arag kiitlesinde azalma sagladigini ve buna bagli olarak
yakit tiiketimi ile emisyon degerlerinin disiiriilmesine katkida bulundugunu ortaya
koymaktadir. Geleneksel ¢elik malzemeler ile karsilastirildiginda, CFRP kompozitler daha
istiin bir mukavemet/agirlik performansi: sunmakta; ancak maliyet ve geri doniistiiriilebilme
siirlamalar1 6nemli zorluklar olarak varligini siirdiirmektedir. Ayrica, yanlis malzeme se¢imi
ve yetersiz tasarim optimizasyonunun yorulma Omriinii ve genel parca dayanimini olumsuz
etkileyebilecegi belirlenmistir. Sonug olarak, CFRP kompozitler otomotiv siispansiyon
sistemleri i¢in mekanik performans agisindan 6nemli avantajlar sunmakla birlikte, malzeme
secimi ve tasarim optimizasyonu uzun servis omril agisindan kritik rol oynamaktadir. Bu
caligma, mevcut literatiirdeki simirhiliklar1  ortaya koymakta ve otomotiv yapisal
uygulamalarinda kompozit malzeme optimizasyonuna yoOnelik gelecekteki arastirma
yonelimlerine 151k tutmaktadir.

Anahtar Kelimeler: CFRP kompozitler, stispansiyon kolu, mekanik performans, otomotiv,
malzeme segimi, parca 6mr.
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MECHANICAL PERFORMANCE OF CARBON FIBER REINFORCED POLYMER
COMPOSITES USED IN AUTOMOTIVE SUSPENSION ARMS AND THE EFFECT
OF MATERIAL SELECTION ON COMPONENT SERVICE LIFE

Abstract

This study investigates the mechanical performance of carbon fiber reinforced polymer (CFRP)
composites used in automotive suspension arms and examines the effect of material selection
on component service life through a holistic approach. The increasing demand in the
automotive industry for lightweight, high-strength, and sustainable materials has accelerated
the adoption of advanced composite solutions instead of conventional metallic materials. In this
context, the investigation of CFRP composites in load-bearing critical components such as
suspension arms is of significant importance. Within the scope of this study, existing literature
is analyzed to evaluate the key mechanical properties of CFRP composites, including tensile
strength, fatigue performance, stiffness, and impact resistance. The role of material selection in
long-term structural performance and component service life is further examined through a
comparative analysis of published studies. The findings indicate that CFRP composites
contribute to vehicle weight reduction due to their high strength-to-weight ratio, which in turn
leads to lower fuel consumption and reduced emissions. Compared to conventional steel
materials, CFRP composites offer superior strength-to-weight performance; however, cost and
recyclability limitations remain significant challenges. In addition, improper material selection
and insufficient design optimization may negatively affect fatigue life and overall component
durability. In conclusion, CFRP composites offer significant advantages in terms of mechanical
performance for automotive suspension systems; however, material selection and design
optimization play a critical role in ensuring long service life. This study highlights existing
limitations in the literature and provides directions for future research on composite material
optimization in automotive structural applications.

Keywords: CFRP composites, suspension arm, mechanical performance, automotive, material
selection, component service life.
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Ozet

Bu arastirma, endiistriyel tasarim ve lriin gelistirme silireclerinde yaygin olarak kullanilan
polilaktik asit (PLA) malzemenin mekanik 6zelliklerini iyilestirmek tlizere, iiretim sonrasi 1s1l
islemin ve i¢ yapisal yogunlugun 3B yazdirilmis bilesenlerin siirtiinme ve aginma davranislari
uzerindeki etkisini incelemektedir. Farkli dolgu yogunluklarina sahip numuneler, malzeme
ekstriizyonuna dayali eklemeli imalat yontemiyle iiretilmis ve ardindan kontrollii sogutma
kosullar1 altinda farkli 1s1l islem profillerine tabi tutulmustur. Asinma direnci ve siirtlinme
katsayis1 basta olmak iizere tribolojik performans, kuru kayma kosullar1 altinda
degerlendirilmistir. Ek olarak, baskin asinma mekanizmalarini belirlemek i¢in aginmis yiizey
morfolojileri incelenmigtir. On bulgular, sicakliga bagli mikroyapisal diizenlemelerin bir
sonucu olarak 1s1l islemin, tretilen pargalarin yapisal biitiinligiinii ve ylizey performansini
degistirmede kritik bir rol oynadigini gostermektedir. Ayrica i¢ dolgu yogunlugunun énemli bir
etkilesim faktorii oldugu ve 1s1l islemin sundugu yapisal faydalarin, parcanin baslangictaki
gozeneklilik durumuna gore degisiklik gosterdigi tespit edilmistir. Bu calismadan elde edilen
bulgular, mekanik uygulamalar i¢in yazdirma ve son islem parametrelerinin optimize
edilmesine yonelik genel bir ¢erceve sunmaktadir.

Anahtar Kelimeler: Eklemeli imalat; 3B baski; polilaktik asit (PLA); 1s1l islem; tribolojik
performans; aginma davranisi; yapisal yogunluk; endiistriyel tasarim.
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THE EFFECT OF HEAT TREATMENT AND STRUCTURAL DENSITY ON THE
TRIBOLOGICAL BEHAVIOR OF 3D PRINTED PLA: AN INDUSTRIAL DESIGN
PERSPECTIVE

Abstract

This research investigates the influence of post-process heat treatment and internal structural
density on the friction and wear behavior of 3D-printed polylactic acid (PLA) components
within industrial design and product development contexts. Specimens with varying infill
densities were fabricated using material extrusion-based additive manufacturing and
subsequently subjected to different thermal annealing profiles under controlled cooling
conditions. The tribological performance, specifically wear resistance and coefficient of
friction, was evaluated under dry sliding conditions. Additionally, worn surface morphologies
were examined to identify the dominant wear mechanisms. Preliminary findings indicate that
thermal annealing plays a crucial role in modifying the structural integrity and surface
performance of the printed parts, largely driven by temperature-induced microstructural
reorganizations. Furthermore, the internal density acts as a significant interacting factor,
revealing that the structural benefits of thermal processing vary depending on the initial porosity
of the printed component. The insights gained from this study provide general guidelines for
optimizing printing and post-processing parameters for mechanical applications.

Keywords: Additive manufacturing; 3D printing; polylactic acid (PLA); heat treatment;
tribological performance; wear behavior; structural density; Industrial design.
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Abstract

This study investigates the impact of solar exposure on the quality of ‘Ghars’ date fruits in the
arid region of Hassi El Garra, Southern Algeria. In the context of climate change and increasing
heat stress in oasis ecosystems, understanding how microclimatic factors influence fruit quality
is essential. The methodology consisted of comparing dates collected from bunches oriented
toward the East and West, focusing on morphological, physicochemical, and phytochemical
characteristics. Morphological parameters included fruit size, weight, and pulp proportion,
while physicochemical analyses involved moisture content, pH, ash, and sugar levels.
Additionally, total polyphenols, flavonoids, and antioxidant activity were evaluated using
spectrophotometric methods. The results showed no significant differences in morphological
traits between orientations. However, significant variations were observed in physicochemical
and phytochemical properties. Dates exposed to the West exhibited lower moisture content,
higher sugar and mineral concentrations, and increased levels of polyphenols, resulting in
enhanced antioxidant activity. These findings demonstrate that solar exposure plays a key role
in modifying fruit composition through dehydration and metabolic responses to thermal stress.
This study highlights the importance of adapting agricultural practices to climate variability in
arid environments and provides insights for improving date quality under extreme conditions.
Keywords: Date palm, Ghars, solar exposure, climate change, antioxidants, Sahara
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Abstract

Microplastics have emerged as contaminants of concern in aquatic environments, including
drinking water, due to their persistence and adverse health effects. This study investigated the
occurrence, characteristics, and associated health risks of microplastics in treated and untreated
water from EKiti State and Ondo State Waterworks, southwestern Nigeria. Four water samples
were collected using the grab sampling technique in pre-cleaned 1 L glass bottles. Microplastics
were isolated through chemical digestion and density separation, identified using a binocular
light microscope, and classified based on morphology and color. Particle size was measured
with an eyepiece micrometer, and abundance was expressed as particles per liter (P/L). Health
risks were evaluated using estimated daily intake (EDI), margin of exposure (MOE), target
hazard quotient (THQ), and incremental lifetime cancer risk (ILCR). Fragments and fibres were
the dominant microplastic morphologies across contaminated samples, while films were
detected only in Ondo samples. Treated water from EKkiti contained 14 P/L, whereas treated
water from Ondo showed higher concentrations (87 P/L). Untreated water from Ondo contained
21 P/L, while no microplastics were detected in untreated water from EKiti. Black-colored
particles predominated across all contaminated samples. Health risk assessment indicated
higher EDI, THQ, and ILCR values for Ondo treated water, with MOE values below unity,
implying health risks. In conclusion, the findings demonstrate that treated water is not
necessarily free of microplastics and may represent an exposure pathway. This study provides
data on microplastic contamination in Nigerian drinking water and underscores the need for
continuous monitoring.

Keywords: Microplastics, risk assessment; water treatment; estimated daily intake; cancer
risk
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Abstract

Experimental methods have been used to clarify the corrosion inhibition mechanism, they are
frequently expensive and time-consuming, which makes the search for further options
necessary. The efficient application of theoretical modeling techniques that properly correlate
the inhibitors' inhibitory efficacy with their molecular structures and properties has been made
possible by the advancement of computer software and hardware. The anti-corrosion potentials
of three imidazole derivatives were investigated using the density functional theory (DFT)
approach and Monte Carlo (MC) simulation. The energies of the frontier molecular orbitals
(FMOs) like the lowest unoccupied molecular orbital energy (ELUMO), highest occupied
molecular orbital energy (EHOMO), energy gap (Eg), number of transferred electrons (AN),
and other reactivity descriptors were computed at DFT/B3LYP/6-31G(d) level of theory. The
energy band gaps were as follows: A, 4.50 eV, B, 4.28 eV, and C, 4.23 eV; C > B > A. This
suggests that molecules C and B would be more effective at preventing rusting on metal
surfaces than A. The active adsorption sites were discovered to be on heteroatom molecules
(nitrogen and sulfur), according to Fukui index values. Molecule (A) was found to be the least
adsorbed when compared to the other derivatives, and the results of calculating the adsorption
energies show that their relatively low values indicate that the compounds are strongly bound
onto the surface of Fe through covalent bonding which follows the mechanism of Chemical
adsorption.
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Abstract

The objective of the study was to survey the common pesticides used in postharvest storage of
agricultural produce within Makurdi, Nigeria and to test the knowledge of the farmers and
marketers on the health effects of these chemicals. The study provides information on the type
of pesticides used by farmers, marketers and consumers of stored agricultural food products
such as cowpea, yam chips, cassava chips, sesame seeds, maize and soybeans being major farm
produces found within Makurdi and Benue State in general. Selection of 100 respondents were
done using simple random sampling techniques across five major markets (Modern, Wurukum,
North bank, Wadata and High level markets) through structured interview schedule. Socio-
economic characteristics of the respondents were analyzed using frequency and percentages.
Percentages were used to determine the common storage pesticides used within Makurdi,
storage time, the frequency of customer purchase and perceived health impact of the storage
pesticides. Data obtained were analyzed using descriptive statistics. The results revealed that
51% of the respondents were males with 41% between the ages of 30-39. Married respondents
accounted for 52% and 48% having household sizes of 1-5, only 20% had no form of formal
education and 75% were marketers. In a multiple response schedule, aluminium phosphate
tablets ranked 80% for storage pesticide while dichlovos was 60%, DDT 35%. Others such as
endosulfan, gamalin, carbofuran, carbendazim and permethrin were between 5-15%.
Furthermore the study revealed the use of many restricted and obsolete pesticides still in use
within this state and in outrageous quantities which could pose health challenge to consumers
of these food products.

Keywords: Postharvest losses, food security, pesticides, storage, agricultural produce.
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Abstract

Aerodynamic efficiency plays a critical role in determining the overall performance of Formula
1 vehicles, where even minor variations in drag can significantly influence lap times, fuel
efficiency, and competitive outcomes. This study investigates the sensitivity of vehicle
performance to changes in the aerodynamic drag coefficient (Cd) within the context of Formula
1 vehicle dynamics. Traditionally, aerodynamic development in motorsport has relied on wind
tunnel testing and computational fluid dynamics (CFD) simulations to optimize downforce and
minimize drag. However, modern approaches increasingly integrate data-driven modeling,
simulation-based optimization, and real-time telemetry analysis to better understand the
complex interactions between aerodynamic forces and vehicle performance. This research
applies sensitivity analysis techniques to evaluate how incremental variations in the drag
coefficient impact key performance indicators such as top speed, acceleration, energy
efficiency, and lap time under different track conditions. By utilizing simulation models that
incorporate vehicle dynamics, tire behavior, and power unit characteristics, the study quantifies
the trade-offs between drag reduction and downforce requirements. High-fidelity simulations
allow for precise assessment of how aerodynamic adjustments influence straight-line speed
versus cornering stability. Additionally, the study explores how external factors such as air
density, track layout, and weather conditions further affect aerodynamic sensitivity. Advanced
modeling tools and optimization algorithms are used to identify optimal aerodynamic
configurations for varying race scenarios. The findings demonstrate that small reductions in
drag coefficient can yield measurable improvements in straight-line performance, but must be
carefully balanced against potential losses in downforce that could compromise handling and
cornering efficiency. Despite advancements in simulation and modeling, challenges remain in
accurately capturing real-world aerodynamic behavior, including turbulence, airflow
separation, and interactions with other cars. The study highlights the importance of integrating
experimental validation with computational methods to improve model reliability. Overall, this
research contributes to a deeper understanding of aerodynamic optimization in Formula 1,
supporting more efficient vehicle design, improved race strategies, and enhanced performance
outcomes.

Keywords: aerodynamic drag coefficient, Formula 1, vehicle dynamics, sensitivity analysis,
performance optimization, CFD, motorsport engineering
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Abstract

Ice surface conditions play a fundamental role in determining performance efficiency in figure
skating, where precise control, speed, and energy conservation are essential. This study
examines the effect of ice surface temperature on the frictional coefficient between skate blades
and ice, and how this relationship influences energy efficiency during skating motion.
Traditionally, the interaction between blade and ice has been understood through basic physical
principles involving pressure melting and thin water film formation. However, recent research
highlights the complexity of this interaction, which is highly sensitive to temperature variations,
ice quality, and skating technique. This research applies experimental analysis and theoretical
modeling to investigate how small changes in ice temperature affect frictional forces
experienced by skaters. By simulating skating motion under varying thermal conditions, the
study evaluates key performance parameters such as glide distance, speed maintenance, and
energy expenditure. Lower ice temperatures generally increase hardness and friction, reducing
glide efficiency, while higher temperatures can create a thicker water layer that may either
reduce friction or lead to instability due to excessive dwljroscopic softness. The study further
explores how optimal temperature ranges can enhance performance by minimizing energy loss
while maintaining sufficient =01 for jumps, spins, and footwork. Energy efficiency is
assessed through biomechanical modeling, considering the relationship between muscular
effort and resistive forces acting on the skater. The findings indicate that there exists an optimal
temperature window where friction is minimized without compromising stability, allowing
skaters to achieve maximum TIfd with reduced energy expenditure. Challenges remain in
standardizing ice conditions across training and competition environments, as variations in rink
maintenance, humidity, and usage intensity can influence results. The study emphasizes the
importance of integrating physical modeling with real-world measurements to improve
consistency and performance outcomes. Overall, this research contributes to a deeper
understanding of the physics of figure skating, supporting improved rink management, athlete
training strategies, and performance optimization.

Keywords: figure skating, ice temperature, friction coefficient, energy efficiency,
biomechanics, sports physics, ice dynamics

55




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

QUALITY ASSESSMENT OF COMMONLY CONSUMED SOFT DRINKS AND
ENERGY DRINKS AVAILABLE IN IKERE EKITI, NIGERIA

M. O. Aduloju
Department of Chemical Sciences, Bamidele Olumilua University of Education, Science and
Technology, Ikere Ekiti, Ekiti State
Email: aduloju.mobolaji@bouesti.edu.ng

P. S. Ajobiewe
Department of Biological Sciences, Bamidele Olumilua University of Education, Science and
Technology, Ikere EKiti, Ekiti State

C. C. Aniobi
Department of Chemical Sciences, Bamidele Olumilua University of Education, Science and
Technology, Ikere EKiti, Ekiti State

Abstract

The consumption of soft drinks and energy drinks has increased significantly in recent years,
particularly among adolescents and young adults. These beverages are widely appreciated for
their taste, sweetness, and stimulating effects; however, concerns have been raised about their
chemical composition and potential health implications. This study therefore evaluated the
quality of some selected soft and energy drinks commonly consumed in Nigeria, in order to
determine their safety and compliance with established food quality standards. Ten beverage
samples consisting of five soft drinks (Coke, Fanta, Sprite, Chivita, and Nutri Milk) and five
energy drinks (Fearless, Climax, Predator, Monster, and Lucozade Boost) were purchased from
different retail outlets in Ikere-EKkiti. Standard analytical methods were employed for both
qualitative and quantitative analyses. Qualitative tests were conducted to detect Fehlings Test
for reducing sugars, alcohol, phosphate, carbon dioxide, and sucrose. Quantitative analyses
included determination of density, pH, titratable acidity, total hardness, and heavy metal
concentrations (arsenic, cadmium, chromium, nickel, and lead). The results showed that all
samples contained reducing sugars and phosphates but no detectable alcohol. The pH values
ranged from 3.77 to 4.40, confirming the titratable acidity of the beverages ranging from 8.31
to 19.93%, while density values ranged from 0.7967 to 1.2086 g/mL. Total hardness ranged
from 40 to 130 mg/L. Trace levels of heavy metals were detected and ranges per metals as
follows (arsenic 0.005 to 0.037, cadmium 0.005 to 0.021, chromium 0.006 to 0.094, nickel
0.003 to 0.050, and lead 0.003 to 0.076). The findings indicate that the analyzed beverages
possess acidic characteristics and contain varying levels of physicochemical constituents and
trace metals. Although many parameters were within acceptable ranges, certain values
approached or exceeded recommended safety limits, highlighting the importance of continuous
monitoring of beverage quality to ensure consumer safety.
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Abstract

The study focuses on the synthesis, characterization, and antibacterial study of Metal (1)
complexes derived from ethylenediamine and p-chloroacetophenone using iron (1) and lead
(1) metal ions. The Schiff base ligand was synthesized through the condensation reaction
between ethylenediamine and p-chloroacetophenone under reflux conditions. The resulting
ligand and its corresponding metal complexes were characterized using various analytical
techniques, including Fourier Transform Infrared Spectroscopy (FT-IR), Elemental analysis,
melting point determination, and magnetic susceptibility measurements to confirm coordination
and complex formation. The FTIR spectrum of the ligand showed a characteristic v(C=N)
stretching vibration at approximately 1625 cm™, confirming the presence of the azomethine
linkage, upon complexation, both Co(ll) and Fe(ll) complexes exhibited notable shifts in the
v(C=N) band to lower frequency 1608 cm. This indicates the involvement of the azomethine
nitrogen in coordination with the metal center. Appearance of new weak-to-medium intensity
bands in the 449 — 674 cm™' range assigned to v(M—N) and v(M-O) vibrations, confirming
metal-ligand bond formation. The observed spectroscopic and physical properties suggested
that the complexes possess octahedral geometries. The antibacterial activity of the synthesized
ligand and its metal complexes was evaluated against Staphylococcus aureus and Escherichia
coli. The results showed that the metal complexes exhibited enhanced antimicrobial activity
compared to the free ligand, suggesting that chelation increases biological potency.
Keywords: Schiff base, Metal (1), Ethylenediamine, p-chloroacetophenone, Complexes
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Abstract

The increasing global demand for clean and sustainable energy has accelerated the integration
of renewable energy resources into modern smart grids. Among the available renewable
technologies, wind and photovoltaic (PV) systems have emerged as the most promising
solutions due to their environmental benefits, scalability, and declining installation costs.
However, the intermittent and nonlinear nature of these energy sources introduces significant
operational and stability challenges for smart grid infrastructures. This study presents a
comprehensive modeling framework for wind and PV generation systems integrated within a
smart grid environment to improve energy management, reliability, and system performance.
The proposed approach develops detailed mathematical and dynamic models for both wind
turbines and PV arrays. The wind energy conversion system is modeled using aerodynamic,
mechanical, and electrical subsystems, including maximum power point tracking (MPPT) and
generator control strategies. Similarly, the PV system model incorporates solar irradiance,
temperature effects, power electronic converters, and MPPT algorithms to ensure optimal
energy extraction under varying environmental conditions. The smart grid architecture
integrates these renewable sources with battery energy storage systems and intelligent control
mechanisms for efficient power dispatch and load balancing. To enhance grid stability and
operational efficiency, advanced control techniques and real-time monitoring strategies are
implemented. The study also evaluates system performance under different weather conditions,
load variations, and fault scenarios through simulation analysis. Key performance indicators
such as voltage regulation, power quality, energy efficiency, and state-of-charge management
are investigated. Simulation results demonstrate that the proposed integrated renewable energy
model significantly improves smart grid reliability, reduces dependence on conventional fossil-
fuel-based generation, and enhances overall energy utilization efficiency. The developed
framework provides an effective solution for future sustainable power systems and contributes
to the advancement of intelligent energy management in next-generation smart grids.

58




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

CHARACTERIZATION OF RECURRENT GENETIC VARIANTS IN THE
MOROCCAN POPULATION USING GENOMIC DATA

Amina Essalihi”
Laboratory of Cellular and Molecular Pathology, Faculty of Medicine and Pharmacy, Hassan
I University of Casablanca, Casablanca, Morocco
amina.essalihi-etu@etu.univh2c.ma

Abdellah Idrissi Azami
Laboratory of Genomics, Epigenetics, Precision and Predictive Medicine (PerMed),
Mohammed VI University of Sciences and Health (UM6SS), Casablanca, Morocco

Oumaima Bouchra
Laboratory of Cellular and Molecular Pathology, Faculty of Medicine and Pharmacy, Hassan
I1 University of Casablanca, Casablanca, Morocco

Khadija Khadiri
Laboratory of Immunology and Biodiversity, Faculty of Sciences, Ain Chock, Hassan 11
University of Casablanca, Casablanca, Morocco

Zineb Khadrouf
Laboratory of Immunology and Biodiversity, Faculty of Sciences, Ain Chock, Hassan 11
University of Casablanca, Casablanca, Morocco

Hassan Ghazal
Laboratory of Genomics, Epigenetics, Precision and Predictive Medicine (PerMed),
Mohammed V1 University of Sciences and Health (UM6SS), Casablanca, Morocco
National Center for Scientific and Technical Research (CNRST), Rabat, Morocco
Royal Institute of Executive Management, Salé, Morocco

Mehdi Karkouri
Laboratory of Cellular and Molecular Pathology, Faculty of Medicine and Pharmacy, Hassan
I1 University of Casablanca, Casablanca, Morocco
Pathology Department, University Hospital Ibn Rochd, Casablanca, Casablanca, Morocco

Abstract

The development of a population-specific reference genome is crucial for increasing the
accuracy of genomic analyses and advancing precision medicine. This study explores the use
of recurrent genetic variants as an alternative approach to construct a full reference genome for
the Moroccan population. We analyzed genomic data from 32 female Moroccan participants,
identifying a total of 3,902 variants, with a notable concentration of variants on chromosome
13 compared with chromosome 17. Among these, 24 variants were found in more than 25% of
the samples, and 5 in more than 50% of the samples. The majority of identified variants were
missense, with some synonymous and intron variants. Our findings indicate that focusing on
recurrent variants provides a cost-effective and practical method for representing the genetic
diversity of the Moroccan population. This approach minimizes ethnic bias and enhances the
relevance of genetic markers for health research. Although many variants are categorized as
benign or of unknown significance, they serve as valuable markers for understanding
population-specific genetic characteristics. This study lays the groundwork for future research
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and developing of a population-specific reference genome, ultimately contributing to more
precise and culturally relevant genomic analyses in Morocco.

Keywords: Recurrent Variants, Moroccan Population, Genomic Diversity, Variant Calling,
Variant Annotation
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Abstract

This thesis presents research on fixed-point theory and approximation approaches for
generalized nonexpansive mappings in Banach spaces. The work focuses on a new class of
mappings satisfying a novel mathematical condition termed Condition B vy,u,n,0, which
progressively extends previous frameworks in the field. The research tracks the evolution of
generalized mappings, beginning with Suzuki's fundamental work on condition (C), then going
through the two-parameter condition B_vy,u proposed by Patir et al. and the three-parameter
extension condition B_y,un by Abdeljawad et al. The novel addition provides a fourth
parameter 0 to produce Condition B_vy,u,n,0, which enables the representation of mappings not
previously recorded while keeping convergence qualities. A new iteration approach is
developed to approximate fixed points of mappings satisfying condition B vy, p, n, 0. The
iteration process is defined with sequences and parameter sequences in (0,1), offering a
computational foundation for finding fixed points in uniformly convex Banach spaces. This
work blends theoretical extensions with practical iteration strategies for solving fixed-point
problems in nonlinear functional analysis.

Keywords: Fixed point, generalized non-expansive mappings, uniformly convex Banach space
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PRODUCTS IN THE MIDDLE EAST AND NORTH AFRICAN COUNTRIES: A
SYSTEMATIC REVIEW
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Abstract

Background: The review documented the prevalence, serotype distribution, and antibiotic
resistance of non-typhoidal Salmonella in animal food products from MENA countries.
Methods: Peer-reviewed articles published from January 1, 2011, to March 07, 2023, were
included, and data were narratively synthesized and statistically analyzed to estimate the overall
prevalence and compare different factors. Results: The review found a high prevalence of
Salmonella in MENA countries (12.80%), with the highest prevalence in Lebanon (41.10%)
and the lowest in Sudan (1.23%). Poultry had a higher prevalence of Salmonella (14.49%) than
livestock (9.62%). A total of 145 different serotypes were recorded, with S. Enteritidis, S.
Typhimurium, S. Kentucky, and S. Infantis being the most frequently isolated serotypes. These
serotypes are known to cause human illness and highlight the potential risk of NTS transmission
from farm animals to humans. The study found that 6,431 Salmonella strains showed high rates
of resistance to sulfamethoxazole, oxytetracycline, doxycycline, tetracycline, streptomycin,
nalidixic acid, and ampicillin. Conclusion: the systematic review emphasized the importance
of implementing control measures in MENA countries to limit the spread of the Salmonella
pathogen.

Keywords: Food of animal origin, MENA countries, Non-typhoidal Salmonella, Prevalence,
Serotype distribution, Antibiotic resistance.
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Abstract

Zinc oxide (ZnO) is a widely used metal oxide in aquaculture feed due to its biocompatibility
and low toxicity. This study evaluated the influence of zinc oxide nanoparticles (ZnO-NPs) on
growth performance, carcass composition, and nutrient digestibility in Cirrhinus mrigala
fingerlings to address micronutrient deficiencies.Six iso-nitrogenous experimental diets were
formulated with graded ZnO-NP levels of 0, 10, 20, 30, 40, and 50 mg/kg, using Moringa
oleifera seed meal as the basal diet. A total of 270 healthy fingerlings (7.133 + 0.05 g) were
randomly distributed into triplicate groups, with 15 fish per tank, and fed for 70 days.Dietary
ZnO-NP supplementation significantly improved (p < 0.05) growth indices, including weight
gain percentage, specific growth rate, and feed conversion efficiency, with optimal performance
at 30 mg/kg. Similarly, carcass analysis revealed the highest values for crude protein
(16.443%), crude fat (3.43%), ash (1.3%), and moisture (78.83%) at the 30 mg/kg inclusion
level. Nutrient digestibility followed the same trend, peaking at 30 mg/kg ZnO-NPs. In
conclusion, ZnO-NP supplementation significantly enhanced the overall growth and
physiological status of C. mrigala fingerlings compared to the control. However, benefits were
dose-dependent, with 30 mg/kg identified as the optimum level that maximized performance
without negatively affecting fish quality.

Keywords: Zinc-oxide, nanoparticle, carcass trait, nutrient digestibility
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Abstract

Diabetes mellitus is a rapidly growing chronic metabolic disorder worldwide, representing a
major public health challenge. Due to the limitations and side effects associated with
conventional pharmacological therapies, functional foods have gained increasing attention as
promising natural complementary approaches for diabetes prevention and management. This
review highlights the therapeutic potential of three widely consumed plant species, Coriandrum
sativum, Ficus carica, and Camellia sinensis, known for their antidiabetic properties. These
plants are rich in bioactive compounds, including polyphenols, flavonoids, and catechins,
which exhibit antioxidant, anti-inflammatory, and hypoglycemic activities. Experimental
studies have demonstrated that coriander may reduce blood glucose levels and improve
pancreatic function in diabetic models. Fig extracts have been associated with decreased
hyperglycemia and improved lipid metabolism, whereas green tea consumption has shown
beneficial effects on glucose tolerance, insulin sensitivity, and oxidative stress reduction. The
incorporation of these functional foods into daily dietary practices may represent an effective
nutritional strategy to support diabetes management alongside conventional treatments.
Nevertheless, further clinical investigations are required to confirm their efficacy, determine
optimal dosages, and establish evidence-based therapeutic recommendations.

Keywords:

Functional foods, diabetes mellitus, phytotherapy, Coriandrum sativum, Ficus carica,
Camellia sinensis, antioxidants, glycemic regulation
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PHLEBOTOMINE SAND FLIES (Diptera: Psychodidae) IN THE CITY OF FEZ:
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Abstract

Sandflies (Diptera: Psychodidae) are the major vectors of leishmaniasis, the resurgence of
which is a cause for concern in the Fes region. This study, conducted from May 2017 to April
2018 using sticky traps, aimed to characterize the dynamics and diversity of the local sandfly
fauna.

Key results:

» Abundance: 816 specimens were collected, revealing a strong predominance of males (sex
ratio = 20.46).

 Diversity: The fauna is distributed between the genera Sergentomyia (53.18%) and
Phlebotomus (46.82%).

* Vectors: Phlebotomus sergenti (26.96%) is the dominant species of the genus Phlebotomus,
followed by Ph. perniciosus (10.79%) and Ph. papatasi (9.07%). Among Sergentomyia species,
S. minuta predominates (44.24%).

* Phenology: Vector activity begins significantly in May.

Conclusion: The marked presence of Ph. sergenti confirms the risk of cutaneous leishmaniasis
transmission within the city of Fez. This data is essential for optimizing vector control schedules
at the local level.

Keywords: Sandfly, Biodiversity, Inventory, Cutaneous leishmaniasis, Fez, Central Morocco
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Abstract

The increasing demand for reliable, clean, and sustainable energy systems in healthcare
facilities has accelerated interest in advanced energy technologies such as Proton Exchange
Membrane Fuel Cells (PEMFCs). Hospitals and medical centers require uninterrupted power
supply to ensure the continuous operation of critical medical equipment, laboratories,
emergency units, and healthcare services. In this context, PEM fuel cells have emerged as a
promising solution due to their high efficiency, low operating noise, rapid response, and near-
zero greenhouse gas emissions. This study reviews recent applications of PEM fuel cells in
healthcare facilities, focusing on their use as backup power systems, portable energy sources
for medical devices, and sustainable energy solutions for hospitals and emergency services. The
paper also discusses the main technical and economic advantages of PEMFC technology
compared with conventional diesel-based generators. In addition, key challenges related to
hydrogen production, storage, infrastructure, and system cost are highlighted. The analysis
demonstrates that PEM fuel cells can significantly contribute to improving energy reliability
and environmental sustainability in the healthcare sector. Furthermore, the integration of green
hydrogen technologies with PEMFC systems represents an important pathway toward low-
carbon and resilient medical infrastructures in the future.

Keywords: PEM Fuel Cell; Healthcare Facilities; Hydrogen Energy; Backup Power Systems;
Sustainable Healthcare
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Abstract

This research examines the seismic response of reinforced concrete (RC) moment-resisting
frame structures with different structural heights through nonlinear static pushover analysis.
Four numerical models, representing 3-, 6-, 9-, and 12-story buildings, were developed in order
to evaluate how the increase in building height affects key seismic performance parameters,
including global lateral capacity, ductility, overstrength, and the structural behavior factor (q),
following current seismic design requirements. The obtained results show that the seismic
performance of RC frames is strongly influenced by building height. In particular, both ductility
and overstrength decrease progressively as the number of stories increases, indicating a
reduction in the ability of taller structures to undergo large inelastic deformations and to
maintain significant strength reserves. This trend is also reflected in the behavior factor (q),
which exhibits a noticeable decline from low-rise to high-rise configurations. The pushover
analysis further highlights nonlinear behavior characterized by stiffness deterioration and a non-
uniform distribution of internal forces along the height of the structures under increasing lateral
loads. Overall, the study demonstrates that height plays a critical role in governing the seismic
response of RC frame systems, due to the coupled effects of stiffness reduction, strength
variation, and ductility demand. These observations underline the importance of explicitly
considering structural height in seismic design procedures and performance-based assessment
methods. The outcomes of this work may contribute to refining existing code provisions and
support more reliable evaluation of reinforced concrete buildings under earthquake loading.
Keywords: Reinforced Concrete Frames, Pushover Analysis, Seismic Performance, Behavior
Factor (g-factor), Building Height Effect
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Abstract

Microplastics have become a major environmental concern because of their persistence and
widespread distribution in aquatic and terrestrial ecosystems. Human exposure occurs mainly
through contaminated food, drinking water, and air inhalation. Recent studies suggest that
microplastics may negatively affect human health by causing oxidative stress, inflammatory
responses, and disturbances in biological functions. In addition, these particles can adsorb toxic
chemicals and harmful microorganisms, increasing their potential risks. The detection of
microplastics in human tissues has intensified scientific interest in understanding their long-
term effects. Therefore, further investigations are necessary to evaluate their impact on public
health and to develop sustainable solutions for reducing plastic contamination.

Keywords: Microplastics; human health; plastic contamination; oxidative stress;
environmental pollution; public health.
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Abstract

Microplastics represent an emerging form of pollution due to their widespread presence in the
environment and their potential effects on human health. These plastic particles have been
detected in water, air, and food, leading to human exposure through ingestion and inhalation.
Once inside the body, microplastics may induce oxidative stress, cellular inflammation, and
endocrine disruption. They can also act as carriers of toxic substances and pathogenic
microorganisms. Recent studies have confirmed their presence in several human tissues, raising
concerns about their long-term health impacts. Understanding their effects remains a major
scientific challenge that requires further research and effective strategies to reduce plastic
pollution.

Keywords: Microplastics; human health; plastic pollution; toxicity; environment; public
health.
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ETHNOPHARMACOLOGICAL AND TOXICOLOGICAL VALORIZATION OF A
MEDICINAL PLANT FROM THE MOROCCAN CENTRAL PLATEAU

Fatima-ezzahra Jaayefar”
Laboratory of Botany, Biotechnology and Plant Protection, Ibn Tofail University, Kenitra,
Morocco

Jamila Dahmani
Laboratory of Botany, Biotechnology and Plant Protection, Ibn Tofail University, Kenitra,
Morocco

Abstract

Corrigiola telephiifolia Pourr., commonly known as Sarghina, is a perennial herbaceous
species belonging to the Caryophyllaceae family. This plant is native to Southern Europe and
North Africa and is widely distributed in the Atlas and Rif mountains of Morocco, where it
grows on rocky and sandy soils. C. telephiifolia holds significant cultural and therapeutic
importance for local communities, particularly in the Moroccan Central Plateau. This study
aims to capitalize on all available scientific information regarding C. telephiifolia within the
context of a systematic integrated approach to its valorization. According to published studies
reporting reliable data on C. telephiifolia, the root of this plant has been a mainstay in traditional
Moroccan folk medicine to treat various conditions including flu, dermatological diseases,
inflammation, gastric ulcers, cough, jaundice, and as an anesthetic and diuretic. It is also
traditionally given to parturient women and consumed plain, mixed with honey, or sprinkled
on food. Phytochemical screening of the root extract has revealed the presence of several
bioactive chemical constituents, including saponins and terpenes, which are responsible for the
biological activity of the plant. Toxicological studies conducted on C. telephiifolia demonstrate
that the oral median lethal dose (LDso) is greater than 14,000 mg/kg in mice, indicating a wide
margin of safety at ethnomedicinal doses. A forty-day repeated dose toxicity study in rats
showed that the extract at 5 and 70 mg/kg/day did not cause significant toxicity, although a
decrease in serum sodium and chloride ions was observed at 70 mg/kg/day. However, at a high
dose of 2,000 mg/kg/day, the extract induced functional nephrotoxicity (increased creatinine
and phosphorus) and hepatotoxicity (increased ALP and GGT), particularly in female rats,
without histopathological lesions. The promotion of C. telephiifolia as a valued resource would
provide economic development opportunities for local regions and reflect positively on
Morocco's traditional culture and biological diversity. Morocco exports annually about 370 tons
of this plant. Sustainable harvesting of this traditional plant resource would support
conservation of biological diversity, create sustainable economic development for rural
populations, and foster environmental preservation through the development of a holistic green
economy. The collection and curation of data specific to C. telephiifolia establishes a valuable
database of knowledge that should inform the continued management and integrated
valorization of this species within the broader context of territorial development in Morocco.
Keywords: Corrigiola telephiifolia, Sarghina, Moroccan Central Plateau, medicinal plant,
data capitalization, toxicological profile, saponins, socio-economic valorization, sustainable
development.
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Abstract

Artemisia absinthium L., commonly known as wormwood or absinthe, is a perennial shrubby
medicinal plant belonging to the Asteraceae family. Native to Asia, Europe, and North
Africa, A. absinthium is widely distributed and holds significant ethnobotanical importance in
traditional pharmacopoeias, including its use in the central plateau of Morocco. This study aims
to capitalize on all available scientific data regarding A. absinthium within a systematic
approach to its therapeutic valorization. According to published studies reporting reliable
data, A. absinthium has been extensively used in folk medicine for the management of various
disorders, including digestive ailments (gastritis, dyspepsia, gastric pain), hepatic disorders
(hepatitis, jaundice, hepatomegaly), and as an anthelmintic and antipyretic agent.
Phytochemical analyses have revealed that A. absinthium contains numerous bioactive
constituents, including essential oils (thujone, camphor, chamazulene), sesquiterpene lactones
(absinthin, artemisinin), flavonoids (quercetin), and phenolic acids, which are responsible for
its diverse biological activities. Further biological studies have demonstrated that the plant
exhibits potent antioxidant, antimicrobial, antifungal, antiprotozoal (antimalarial,
antileishmanial), anthelmintic, hepatoprotective, neuroprotective, and anti-inflammatory
properties, thereby confirming its traditional uses and opening avenues for future
pharmaceutical applications. However, caution is warranted as long-term use or high doses
of A. absinthium essential oil may lead to neurotoxic effects, including convulsions and
hallucinations, due to the presence of thujone. The promotion of A. absinthium as a valued
natural resource could support economic development in local regions while reflecting
positively on Morocco’s traditional knowledge and biodiversity. Sustainable harvesting and
integrated valorization of this plant would contribute to the conservation of biological diversity
and the development of a holistic green economy focused on evidence-based natural products.
Keywords: Artemisia absinthium, wormwood, Moroccan Central Plateau, medicinal plant,
data capitalization, pharmacological properties, infectious diseases, sustainable development.
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Ozet

Insan faaliyetleri sonucunda atmosfere verilen gazlarin sera etkisi yaratmasi ile sicakligin
artmasi, kiiresel 1sinmaya neden olmustur. Kiresel isinma, kiiresel iklim degisikligini
beraberinde getirmistir. Kiiresel iklim degisikligi nedeniyle yagislar azalmis, baraj doluluk
oranlar1 diigmiis, baz1 bolgelerde donemsel su kesintileri yasanmis ve tarimda sulama
yetersizligi nedeniyle iiretimde diisiis olmustur. Tiirkiye igin gelistirilmis iklim modellerine
gore; kiiresel 1sinma sonucu beklenen en 6nemli sorun, su sorunudur ve igilebilir su kaynaklari
giinden giine azalmaktadir. Tekstil tabanli atmosferik sis hasadi, kiiresel su kithiginin etkilerini
azaltmada onemli bir potansiyeldir. Dogada birgok hayvan ve bitki, yiizeylerinde bulunan
benzersiz mikro ve nano olgekli yapisal 6zellikler sayesinde su yakalayabilme ozelliklerine
sahiptir. Bu tiirlerin ¢61 ortaminda sis ve ¢iyden su toplamak i¢in kullandiklar1 mekanizmalar,
su elde etme konusunda yeni bakis agilar1 getirmektedir. Tekstil tabanli atmosferik sis hasadi,
basit¢ce havadaki sisin riizgar araciligiyla kumasa ¢arpmasi ve bunun sonucunda su birikimi
olmasidir. Bu galismada tekstil tabanli atmosferik sis hasadinin verimine, riizgar akis yoniiniin,
kullanilacak kumas tiiriniin ve katman sayisinin etkisi arastirilmistir. Bu amagla literatiirde
geleneksel toplama yonteminde kullanilan ragel kumasin (Polietilen) yani sira denenmemis olan
organze kumas (polyester elyafi) ve tiil kumas (naylon), tek ve ¢ift katli kullanilarak buhar akis
yoniine gore (O derece, 45 derece ve 90 derece) bu kumaslarin su yakalama kapasitelerine
bakilmistir. Organze, tiil ve rasel kumas tek kat ve iki kat olacak sekilde plastik ¢ergevelere
tutturularak ilk kiitleleri 6lglilmiis ve buhar makinesinden belirli bir uzakliga yerlestirilmistir.
Belirli zaman araliklarinda c¢ergevelerin kiitleleri Olgiilerek biriken su miktarlar1 tespit
edilmistir. Yapilan deneysel ¢alismada riizgar akis yoniine gore 90 dereceyle yerlestirilen ¢ift
kat tiil kumas en iyi sonucu vermistir. Bu arastirmanin sonucunda tekstil tabanli atmosferik sis
hasadi tekniginin, alternatif su kaynaklarindan biri olabilecegi gozlemlenmistir. Tekstil tabanli
atmosferik sis hasadi tekniginde riizgar akis yoniiniin ve kullanilan kumasin goézenek
biiytikliigii ile katman sayisinin etkili oldugu bulunmustur.

Anahtar Kelimeler: Sis hasadi, tekstil tabanli su toplama

72



mailto:cakiciaysecemre@gmail.com
https://orcid.org/0000-0000-0000-000X
mailto:cberenpiri@gmail.com
https://orcid.org/0000-0000-0000-000X
mailto:sedacekictoroslu@gmail.com

20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

TEXTILE-BASED ATMOSPHERIC FOG HARVESTING

Abstract

Human activities have released gases into the atmosphere that create a greenhouse effect,
leading to rising temperatures and global warming. Global warming has, in turn, triggered
global climate change. As a result of climate change, precipitation has decreased, reservoir
levels have fallen, some regions have experienced periodic water shortages, and agricultural
production has declined due to insufficient irrigation. Climate models developed for Turkey
indicate that the most critical problem expected as a consequence of global warming is water
scarcity, with potable water resources diminishing day by day. Textile-based atmospheric fog
harvesting holds significant potential for mitigating the impacts of global water shortages.
Many animals and plants in nature possess unique micro- and nano-scale structural features on
their surfaces that enable them to capture water. The mechanisms these species use to collect
water from fog and dew in desert environments provide new perspectives for water acquisition.
Textile-based fog harvesting is essentially the process by which fog in the air collides with
fabric through wind flow, resulting in water accumulation. In this study, the effects of wind
flow direction, fabric type, and the number of layers on the efficiency of textile-based fog
harvesting were investigated. For this purpose, in addition to the traditionally used raschel
fabric (polyethylene), organza fabric (polyester fiber) and tulle fabric (nylon)—which had not
been tested before—were examined in single- and double-layer configurations under different
vapor flow directions (0°, 45°, and 90°). Organza, tulle, and raschel fabrics were mounted on
plastic frames in single- and double-layer forms, their initial masses were measured, and they
were placed at a fixed distance from a steam generator. At specific time intervals, the masses
of the frames were measured to determine the amount of water collected. The experimental
results showed that the double-layer tulle fabric positioned at a 90° angle to the wind flow
yielded the best performance. Consequently, textile-based atmospheric fog harvesting was
observed to be a promising alternative water source. The study found that wind flow direction,
fabric pore size, and the number of layers are critical factors influencing the efficiency of this
technique.

Keywords: Fog harvesting, textile-based water collection
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Ozet

Hidrojen, temiz bir enerji tasiyicist olarak one c¢ikmakta olup, sodyum borhidriir (NaBHa)
hidrolizi ile katalitik hidrojen iiretimi son yillarda aragtirmacilar tarafindan ilgi gérmektedir. Bu
calismada, aktif karbon ve modifiye edilmis aktif karbonlar ile CoxOy nanopartikil yukli
katalizorler sentezlenmistir ve yiizey modifikasyonunun katalitik davranis tizerindeki etkisi
incelenmistir. Aktif karbon, bazik 6zellik kazandirmak igin tetractilenpentamin (TEPA) ile,
asidik ozellik kazandirmak i¢in ise hidroklorik asit (HCl) ile modifiye edilmistir ve modifiye
edilmemis aktif karbon ise referans olarak kullanilmigtir. CoxOy nanopartikiil yiiklii aktif
karbon katalizor, solvotermal yontem ile sentezlenmistir ve ardindan uygulanan 1s1l ve kimyasal
islemler sonucunda aktif katalizor yapilari elde edilmistir. Bu kapsamda, farkli yiizey
ozelliklerine sahip katalizorlerin karsilastirmali olarak degerlendirilmesi amaglanmustir.
Sentezlenen katalizorlerin fizikokimyasal 0Ozelliklerini yapisal, morfolojik ve ylzey
ozelliklerini incelemek amaciyla SEM, EDS, XRD, Raman ve FTIR analizleri uygulanmistir.
Hazirlanan katalizorlerin performansi, NaBHas hidrolizi ile hidrojen iretimi {iizerinde
degerlendirilmistir. Bu kapsamda katalizér miktari, NaBHas derisimi, NaOH derisimi ve
reaksiyon sicakligi gibi temel parametrelerin etkisi sistematik olarak arastirilmistir. Bu ¢alisma,
aktif karbonun yiizey modifikasyonu ile CoxOy bazli katalizorlerin davranigi arasindaki iliskiye
dair bir bakis acis1 sunmay1 amaclamaktadir. Genel olarak, bu ¢alisma hidrojen tiretimi igin
karbon destekli katalizorlerin gelistirilmesine katki saglamaktadir ve bu tiir sistemlerin
gelistirilmesi, siirdiiriilebilir ve temiz enerji teknolojileri agisindan 6nem tasimaktadir.
Anahtar Kelimeler: Enerji, Karakterizasyon, Sodyum borhidrir
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SYNTHESIS AND CHARACTERIZATION OF CoxOy-LOADED CATALYSTS FOR
HYDROGEN PRODUCTION BY NaBH« HYDROLYSIS

Abstract

Hydrogen stands out as a clean energy carrier, and catalytic hydrogen production via sodium
borohydride (NaBH4) hydrolysis has attracted the attention of researchers in recent years. In
this study, CoxOy nanoparticle-loaded catalysts were synthesized using activated carbon and
modified activated carbons, and the effect of surface modification on catalytic behavior was
investigated. Activated carbon was modified with tetraethylenepentamine (TEPA) to impart
basic properties and with hydrochloric acid (HCI) to impart acidic properties, while unmodified
activated carbon was used as a reference. CoxQOy nanoparticle-loaded activated carbon catalyst
was synthesized by the solvothermal method, and active catalytic structures were subsequently
obtained through applied thermal and chemical processes. The aim of this study was to
comparatively evaluate catalysts with different surface properties. SEM, EDS, XRD, Raman,
and FTIR analyses were applied to examine the physicochemical, structural, morphological,
and surface properties of the synthesized catalysts. The performance of the prepared catalysts
was evaluated on hydrogen production via NaBHa hydrolysis. In this context, the effects of key
parameters such as catalyst amount, NaBHa concentration, NaOH concentration, and reaction
temperature were systematically investigated. This study aims to provide an insight of the
relationship between surface modification of activated carbon and the behavior of CoxOy-based
catalysts. Overall, this study contributes to the development of carbon-assisted catalysts for
hydrogen production, and the development of such systems is important for sustainable and
clean energy technologies.

Keywords: Energy, Characterization, Sodium borohydride
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Summary

This study was conducted to systematically examine errors occurring in production processes
at a company operating in the defense industry and to evaluate the impact of these errors on
company performance. The focus of the study is to develop an action plan based on preventive
measures to analyze and prioritize the types of errors that arise, particularly in cable and wiring
production processes. Within the scope of the research, various types of errors were examined
based on actual data obtained from the production line. These error types consist of problems
that arise at different stages of production processes and affect the product’s quality level,
shipping stages, and post-shipment customer usage. Accordingly, by considering the internal
and external frequencies of identified defects, the quantity of products with these defects, the
time required to resolve them, and their detectability levels, the defects requiring immediate
action were identified, and quality improvement initiatives were planned. As a result, this study
contributes to the detailed analysis of defects occurring in cable/cabling production processes,
aiding in the identification of defect sources and the identification of areas for improvement.
Multi-criteria decision-making (MCDM) approaches were utilized to determine the weightings
of the criteria considered when evaluating defects and to prioritize defect types. The results
obtained are considered to be guiding in terms of optimizing production processes, improving
quality levels, and reducing operational costs.

Keywords: Defect Types, Multi-Criteria Decision Making (MCDM), Quality Assessment,
Cable/cabling production
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Ozet

Bu calismada, siirdiiriilebilir ve ¢evre dostu aktif gida ambalaj malzemelerinin gelistirilmesi
amaciyla elektro egirme yontemi kullanilarak pektin ve polietilen oksit (PEO) bazli nanolifli
yapilar tiretilmistir. Calismada, ferulik asit araciligiyla ¢evreci bir yaklasimla sentezlenen ¢inko
oksit nanopartikiilleri (ZnO@FA) ile gida endiistrisi atig1 olan ayva ¢ekirdeginden elde edilen
jel, nanolif yapiya fonksiyonel katki maddeleri olarak dahil edilmistir. Nanofiber sentez
asamast’nin sematik gosterimi sekil 1°de verilmistir. Elde edilen Elektro egirme siirecinde
farkl ¢oziicli sistemlerinin (saf su ve saf asetik asit) nanolif olusumu ve morfolojik 6zellikler
iizerindeki etkileri incelenmistir. Elde edilen sonuglar, ¢oziicii tiirtiniin 1if kalitesi {izerinde
belirleyici oldugunu ve saf asetik asit kullanilan sistemlerde daha homojen, diizgiin ve stirekli
nanolif yapilarin olustugunu goéstermistir. ZnO@FA katkisinin ise lif yapisinin siirekliligini
artirdig1 ve yapisal stabiliteyi iyilestirdigi belirlenmistir. Uretilen nanoliflerin molekiiler arasi
etkilesimleri FTIR spektroskopisi ile, termal 6zellikleri ise TGA analizi ile degerlendirilmistir.
Analiz sonuclari, ZnO@FA nanopartikiillerinin pektin/PEO matrisi ile uyumlu bir etkilesim
sergiledigini ve bu katkinin nanoliflerin termal dayanimini artirdigini ortaya koymustur.
Gelistirilen nanolif matlarin taze iiziim iizerinde uygulanmasiyla, 60 giinliik depolama siiresi
boyunca kalite parametrelerinde daha yavas bir bozulma egilimi ve daha iyi sertlik korunumu
saglandig1 gozlemlenmistir. Sonug olarak, ZnO@FA ve ayva cekirdegi jeli igeren pektin/PEO
esasli elektrospun nanolif yapilarin, taze gidalarin raf 6mriinii uzatmaya yonelik stirdiiriilebilir,
biyolojik olarak parcalanabilir ve ¢ok islevli bir aktif ambalaj alternatifi sundugu belirlenmistir.
Anahtar Kelimeler: Aktif gida ambalaji, elektro egirme, nanolif, pektin, polietilen oksit, ZnO
nanopartikilleri, raf dmri
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ELECTROSPUN PECTIN/PEO NANOFIBERS REINFORCED WITH GREEN-
SYNTHESIZED ZnO@FA NANOPARTICLES AND QUINCE SEED GEL: A
MULTIFUNCTIONAL ACTIVE COATING FOR IMPROVED FRUIT
QUALITY AND EXTENDED SHELF-LIFE GRAPE

Abstract

In this study, pectin and polyethylene oxide (PEO)-based nanofibrous structures were produced
using the electrospinning method for the development of sustainable and environmentally
friendly active food packaging materials. In the study, gel obtained from quince seeds, a food
industry waste, and zinc oxide nanoparticles (ZnO@FA) synthesized with a green approach via
ferulic acid were included in the nanofiber structure as functional additives. The schematic
representation of the nanofiber synthesis stage is given in Figure 1. During the electrospinning
process, the effects of different solvent systems (pure water and pure acetic acid) on nanofiber
formation and morphological properties were examined. The results obtained showed that the
type of solvent is decisive on fiber quality, and more homogeneous, smooth, and continuous
nanofiber structures were formed in systems where pure acetic acid was used. The contribution
of ZnO@FA was found to increase the continuity of the fiber structure and improve structural
stability. The intermolecular interactions of the produced nanofibers were evaluated by FTIR
spectroscopy, and their thermal properties were assessed by TGA analysis. The analysis results
revealed that ZnO@FA nanoparticles exhibited a compatible interaction with the pectin/PEO
matrix, and this addition increased the thermal stability of the nanofibers. The application of
the developed nanofiber mats on fresh grapes showed a slower deterioration trend in quality
parameters and better firmness retention over a 60-day storage period. As a result, pectin/PEO-
based electrospun nanofiber structures containing ZnO@FA and quince seed gel were
determined to offer a sustainable, biodegradable, and multifunctional active packaging
alternative aimed at extending the shelf life of fresh foods.

Keywords: Active food packaging, electrospinning, nanofiber, pectin, polyethylene oxide,
ZnO nanoparticles, shelf life
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Figure 1. Nanofiber Synthesis Process
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Ozet

Microtus obscurus, genis Palearktik yayilisi, morfolojik benzerlikleri ve karmasik taksonomik
gecmisi ile dikkat ¢eken bir tiir kompleksinin pargasidir. Uzun siire M. arvalis ile birlikte
degerlendirilmis olmasi ve farkli alt tiir tanimlamalari, bu grubun sistematik agidan ne kadar
problemli oldugunu gostermektedir. Ozellikle son yillarda yapilan karyolojik ve molekiiler
caligmalar, bu iki form arasinda genetik ayrimin bulundugunu ortaya koymustur. Ancak bu
ayrimin gorece diisiik genetik mesafeler ile karakterize oldugu ve bazi bolgelerde
hibritizasyonun miimkiin oldugu da bilinmektedir. Buna karsin, bu genetik yapilasmanin
morfolojik karsilig1 heniiz yeterince detayli olarak ortaya konulmamistir. Bu ¢calismada, kuzey
ve gliney popiilasyonlar1 arasinda morfolojik farklilasma olup olmadigini test etmek amaciyla
13 kraniyal karakter {izerinden analizler gerceklestirilmistir. PCA sonuglari, bireylerin biiytik
Olciide Ortlistiglinii ve iki popiilasyonun belirgin morfolojik kiimeler olusturmadigini
gostermistir. Her ne kadar bazi bireyler eksenler boyunca kismi bir ayrim sergilese de, genel
dagilim tek bir morfolojik bulut igerisinde kalmaktadir. Tek degiskenli analizlerde de benzer
bir durum gozlenmis, ¢cogu karakter i¢in istatistiksel olarak anlamli bir fark bulunmamustir.
Bununla birlikte, smnirli sayida karakterde zayif veya sinirda anlamli farkliliklar tespit
edilmistir. Etki bliylikliigii analizleri ve dagilim grafikleri, bazi1 karakterlerde zayif ve karaktere
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0zgii farklilagma sinyalleri bulundugunu, ancak bu farkliliklarin tutarli ve sistematik bir oriintl
olusturmadigini ortaya koymustur. Bu bulgular birlikte degerlendirildiginde, kuzey ve giliney
popiilasyonlar1 arasinda morfolojik farklilasmanin zayif ve sinirli oldugu anlasilmaktadir.
Ancak bu durum, popiilasyonlar arasinda biyolojik bir ayrisma olmadigi anlamina
gelmemektedir. Aksine, mevcut molekiiler bulgularla birlikte ele alindiginda, bu sonuglar
genetik ayrigmanin  morfolojik farklilagmadan daha erken ortaya c¢ikabilecegini
diistindiirmektedir. Baska bir deyisle, gozlenen zayif ve karaktere 6zgii morfolojik sinyaller,
ayrigma silirecinin heniiz baslangi¢c agsamalarinda olduguna isaret ediyor olabilir. Dolayistyla bu
calisma, Microtus obscurus popiilasyonlarinin erken asamada bir ayrisma siirecinde
olabilecegini ve morfolojik karakterlerin bu siirece gecikmeli olarak yanit verdigini ortaya
koymaktadir. Bu durum; benzer habitat tercihleriveya ayrisma i¢in yeterli slirenin heniiz
gegmemis olmasi ile agiklanabilir.

Anahtar Kelimeler: Microtus obscurus; Morfoloji; Kraniyal 06lciimler; Populasyon
karsilastirmalari, Cografik varyasyon; Dogu Anadolu.
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COMPARISON OF THE MORPHOLOGICAL CHARACTERISTICS OF THE
NORTHERN AND SOUTHERN POPULATIONS OF Microtus obscurus
(MAMMALIA: RODENTIA)

Abstract

Microtus obscurus is part of a species complex notable for its broad Palearctic distribution,
morphological similarities, and complex taxonomic history. Its long-standing evaluation
alongside M. arvalis and various subspecies descriptions demonstrate the systematic problems
of this group. Recent karyological and molecular studies have revealed genetic differentiation
between these two forms. However, this divergence is characterized by relatively low genetic
distances, and regional hybridization is possible. Despite this, the morphological counterpart of
this genetic structuring remains insufficiently detailed. In this study, 13 cranial characters were
analyzed to test for morphological differentiation between the northern and southern
populations. PCA results indicated extensive individual overlap, with the two populations not
forming distinct morphological clusters. Although some individuals exhibited partial separation
along the axes, the overall distribution remained within a single morphological cloud. A similar
situation was observed in univariate analyses, showing no statistically significant differences
for most characters. Nevertheless, weak or marginally significant differences were detected in
a limited number of traits. Effect size analyses and scatter plots revealed weak, character-
specific differentiation signals, but these differences did not form a consistent and systematic
pattern. Evaluated together, these findings indicate that morphological differentiation between
the northern and southern populations is weak and limited. However, this does not imply an
absence of biological divergence between populations. Conversely, alongside current
molecular findings, these results suggest that genetic divergence may precede morphological
differentiation. In other words, the observed weak and character-specific morphological signals
might indicate that the divergence process is still in its early stages. Therefore, this study reveals
that Microtus obscurus populations may be undergoing an early-stage divergence, to which
morphological characters respond with a delay. This situation can be explained by similar
habitat preferences or insufficient time for divergence to occur.

Keywords: Microtus obscurus; Morphology; Cranial measurements; Population comparisons;
Geographic variation; Eastern Anatolia.
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Ozet

Bu c¢aligmanin amaci, 1,2,4-triazol bilesiklerinin antikanser aktivite gdstermesi iizerine kimya
alanindaki bilimsel literatiirii bibliyometrik yontemlerle incelemektir. Scopus veri tabaninda,
1,2,4-triazol yapisi, antikanser, antitiimor, sitotoksik aktiviteyi biyolojik degerlendirme, sentez,
yapi-aktivite iliskisi, hiicre hatti, apoptoz ve molekiiler doking gibi anahtar kavramlari kapsayan
bir arama stratejisi uygulanmustir. Yalnizca ingilizce yayimlanmis makale ve derleme tiirleri ile
kimya konu alan1 dikkate alinmistir. Son veri seti, 1982-2025 yillar1 arasinda yayimlanmig 1846
yayindan olusmaktadir. Bulgular, alanin 2000'li yillardan sonra ivme kazandigini, 2010 sonrasi
yayin iiretiminin 6nemli dlciide arttigini ve 2025 yilinda en yiliksek yayin sayisina ulagildigini
gostermektedir. Dergi diizeyinde European Journal of Medicinal Chemistry ile Bioorganic &
Medicinal Chemistry one ¢ikarken; anahtar kelime diizeyinde cytotoxicity, anticancer activity,
apoptosis, molecular docking, synthesis ve structure-activity relationship kavramlar1 alanin
kavramsal merkezini olusturmaktadir. Sonuglar, 1,2,4-triazol tirevleri Uzerine antikanser
odakl1 kimya arastirmalarinin yalnizca sentez ve biyolojik aktivite degerlendirmesi ekseninde
degil, ayn1 zamanda hedefe yonelik ila¢ tasarimi ve hesaplamali kimya yaklasimiyla da
gelistigini ortaya koymaktadir.

Anahtar Kelimeler: 1,2,4-triazol, antikanser aktivite, sitotoksisite, kimya, bibliyometrik
analiz, Scopus
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A CHEMISTRY-ORIENTED BIBLIOMETRIC ANALYSIS OF 1,2,4-TRIAZOLE
DERIVATIVES WITH ANTICANCER ACTIVITY

Abstract

The aim of this study is to examine the scientific literature in the field of chemistry on the
anticancer activity of 1,2,4-triazole compounds using bibliometric methods. A search strategy
was applied in the Scopus database covering key concepts such as 1,2,4-triazole structure,
anticancer, antitumor, biological evaluation of cytotoxic activity, synthesis, structure-activity
relationship, cell line, apoptosis, and molecular docking. Only articles and reviews published
in English and the subject area of chemistry were considered. The final dataset consists of 1846
publications published between 1982 and 2025. The findings show that the field gained
momentum after the 2000s, publication output increased significantly after 2010, and the
highest number of publications was reached in 2025. At the journal level, the European Journal
of Medicinal Chemistry and Bioorganic & Medicinal Chemistry stand out; At the keyword
level, cytotoxicity, anticancer activity, apoptosis, molecular docking, synthesis, and structure-
activity relationship concepts form the conceptual core of the field. The results reveal that
anticancer-focused chemistry research on 1,2,4-triazole derivatives is advancing not only in
terms of synthesis and biological activity assessment, but also through targeted drug design and
computational chemistry approaches.

Keywords: 1,2,4-triazole, anticancer activity, cytotoxicity, chemistry, bibliometric analysis,
Scopus
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Ozet

Kalkonlar (1,3-difenil-2-propen-1-on), ilag kesfi i¢in etkili bir model olarak tibbi kimya
alaninda yaygin olarak kullanilmakta olup, bir¢ok dogal olarak olusan bilesikte bulunan
ayricalikli yapilardan ve yaygin basit iskeletlerden birini olusturmaktadir. Bu bilesikler
oncelikle flavonoidlerin veya izoflavonoidlerin biyosentezinde rol oynarlar ve a,f-doymamis
karbonil sistemi ile birbirine baglanan iki aromatik halkadan olusan ayirt edici bir yapisal motif
icerirler. Dogal ve sentetik kalkonlar, antioksidan, antimikrobiyal, antikanser, antidiyabetik,
antinefritik, antileishmanial, antitrypanosomal, antifungal, antiviral ve antiprotozoal aktiviteler
dahil olmak iizere bir¢ok farmakolojik aktivite sergilemektedirler. Son yapilan ¢alismalarda,
Ozellikle metoksi ve hidroksi gruplariyla ikame edilmis kalkon tiirevlerinin, gelismis antikanser
ozellikler sergiledigi ve metoksi ikame edilmis kalkonlarin kayda deger biyolojik aktivite ve
tibbi kimyada onemli potansiyel gosterdigi literatiirde yer almaktadir. Bu ¢alismada cesitli
biyolojik aktivite ozelligi gosterdigi bilinen metoksi grubu iceren kalkon tlirevli dinitril
bilesikleri sentezlenmistir. Sentezlenen bu dinitril bilesiklerinin yapilar1 NMR, FT-IR, MALDI-
TOF spektroskopik yontemleri kullanilarak aydinlatilmistir.

Anahtar Kelimeler: Dinitril, Kalkon, Metoksi
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SYNTHESIS OF CHALCONE DERIVED DINITRILE COMPOUNDS AND
ELUCIDATION OF THEIR STRUCTURES BY SPECTROSCOPIC METHODS

Abstract

Chalcones (1,3-diphenyl-2-propen-1-one) are widely used in the field of medicinal chemistry
as an effective model for drug discovery, forming one of the distinctive structures and common
simple skeletons found in many naturally occurring compounds. These compounds primarily
play a role in the biosynthesis of flavonoids or isoflavonoids and contain a distinctive structural
motif consisting of two aromatic rings linked by an a,B-unsaturated carbonyl system. Natural
and synthetic chalcones exhibit many pharmacological activities, including antioxidant,
antimicrobial, anticancer, antidiabetic, antinephritic, antileishmanial, antitrypanosomal,
antifungal, antiviral, and antiprotozoal activities. Recent studies have shown that chalcone
derivatives, particularly those substituted with methoxy and hydroxyl groups, exhibit enhanced
anticancer properties, and that methoxy-substituted chalcones demonstrate remarkable
biological activity and significant potential in medicinal chemistry. In this study chalcone-
derived dinitrile compounds containing methoxy groups, known to exhibit various biological
activities, were synthesized. The structures of these synthesized dinitrile compounds were
elucidated using NMR, FT-IR, and MALDI-TOF spectroscopic methods.

Keywords: Dinitrile, Chalcone, Methoxy
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CONVFORMER VS. DENSENET121: A HYBRID CNN-TRANSFORMER
OUTPERFORMS A STANDARD CNN ON NIH CHEST X-RAY
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Abstract

DenseNet121 has been a standard model for chest x-ray analysis, but newer hybrid designs that
combine convolutional networks with transformer attention may offer better results. This study
compares DenseNet121 directly with ConvFormer, a hybrid model, using the same training
setup and evaluation on the large NIH ChestX-rayl4 dataset, which contains over 112,000
labeled images across 14 disease categories. Performance was measured by average area under
the curve (AUROC) over all diseases. ConvFormer performed better overall, reaching an
average AUROC of 0.841, while DenseNet121 achieved 0.826. This difference of 0.015 shows
that ConvFormer provides a clear improvement over the older DenseNet121 baseline. These
findings suggest that hybrid CNN-transformer architectures can improve chest x-ray diagnosis
and may serve as a stronger reference for future work.

Keywords : ConvFormer, DenseNet121, Chest X-ray, Hybrid CNN-Transformer, AUROC
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Abstract

Polyoxometalates (POMs) are considered excellent receptor molecules due to their structural
diversity and can interact with organic ligands and metal ions to form supramolecular
compounds. As a branch of POMs, decavanadate exhibits several pharmacological activities,
including anticancer, antiviral and antibacterial effects. Optical studies revealed that the
complex exhibits a wide band gap. The prepared compound showed an interesting antitumoral
activity.

Keywords: Decavanadate; Synthesis; antitumoral activity.
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COROSOLIC ACID LOADED NANOEMULSIONS: AN ASSESSMENT OF
IMPROVED EFFECTIVENESS AGAINST MCF-7 BREAST CANCER CELLS
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Abstract

Background: Due to its possible antioxidant, anti-tumor, anti-diabetic, and anti-inflammatory
activity, Corosolic acid is receiving more attention in medical therapy. It is found naturally in
several plant species, including Lagerstroemia speciosa (Banaba) with few adverse effects and
low toxicity, although it has poor water solubility and absorption. The purpose of this research
was to develop nanoemulsion of corosolic acid to improve its poor water solubility and show
its therapeutic activity against MCF-7 cell line. Methodology: Lemongrass oil, Cremophor EL
as the surfactant, and Transcutol HP as the co-surfactant were used to create the nanoemulsion.
The optimized formulation characterize the Corosolic acid nanoemulsion to enhance its
bioavailability and therapeutic efficacy. The MTT test against the MCF-7 cell line was used to
assess the anticancer efficacy of corosolic acid. Results: Average particle size of the optimized
nanoemulsion formulation is 91.22 nm with Poly dispersity index value of 0.224, indicates a
mono dispersed system. Transmission electron microscopy has validated the spherical shape of
droplet size. The optimized Corosolic acid-Nano Emulsion had zeta potential value of -4.73
Mv. It was discovered that the corosolic acid NE 1C50 was 75.13£3.29 pug/ml. Conclusion:
This study confirms that development of Corosolic acid nanoemulsion improves the poor water
solubility and bioavailability of drug and it enhances the therapeutic efficacy.

Keywords: Corosolic acid, anticancer, nanoemulsion, MCF-7 cell line.
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Abstract

Background and Objectives: Zinc is a fundamental micronutrient involved in multiple
physiological and biochemical processes, including DNA synthesis, cell proliferation, protein
metabolism, and immune regulation. During pregnancy, adequate zinc levels are essential for
normal fetal growth and development because of the increased cellular activity and rapid fetal
tissue formation. As the body has limited zinc reserves, a continuous daily intake through
nutrition or supplementation is required to avoid deficiency. In recent years, the role of zinc
supplementation in pregnancy has been widely studied, particularly concerning maternal and
neonatal outcomes. Current evidence, including data from Cochrane meta-analyses, indicates
that zinc supplementation may reduce the incidence of preterm birth by approximately 14%,
representing the most significant documented clinical benefit. Although maternal zinc
deficiency has also been associated with low birth weight, the evidence supporting a direct
effect of supplementation on increasing neonatal birth weight remains inconclusive.
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Materials and Methods: The study includes pregnant women between 24 and 28 weeks of
gestation whose serum zinc concentrations are evaluated and correlated with ongoing therapies,
associated maternal comorbidities, and individual secondary diagnoses. The investigation aims
to assess the prognostic significance of zinc levels in pregnant women at risk for preterm
delivery and to evaluate their relevance in the clinical management of premature rupture of
membranes, taking into account the cumulative influence of associated risk factors.
Conclusions: Zinc supplementation during pregnancy appears to provide important maternal
and fetal benefits, particularly in populations with insufficient dietary zinc intake. The most
consistent evidence supports its role in reducing the risk of preterm birth. However, because
most prenatal supplements already contain appropriate zinc doses, additional supplementation
should only be administered under medical supervision, based on biochemical evaluation and
clinical assessment.

Keywords: zinc, pregnancy, zinc deficiency, preterm birth, premature rupture of membranes
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Abstract

This study presents a three-dimensional computational fluid dynamics (CFD) investigation of
a planar proton exchange membrane fuel cell (PEMFC) with a symmetric V-tapered cross-
section (SVTC) flow channel under steady-state and non-isothermal conditions. The analysis
focuses on the optimized R5 configuration (£ = 0.60 mm, L = 0.88 mm, R = 0.682), identified
as the best-performing taper ratio. The work evaluates the combined effects of flow
arrangement (co-flow and counter-flow) and inlet relative humidity (50%, 75%, and 100%) on
transport phenomena and overall cell performance while maintaining identical geometry and
operating conditions. The numerical model, implemented in ANSYS Fluent, solves
conservation equations for mass, momentum, energy, species transport, charge, and
electrochemical kinetics. Hydrogen and air are supplied to both electrodes under controlled
humidification, with laminar, incompressible flow assumed. Results show that higher relative
humidity improves membrane hydration and proton conductivity, enhancing voltage and power
density, with 100% relative humidity providing optimal performance. Counter-flow operation
offers more uniform reactant distribution, reduced concentration gradients, and improved water
management compared to co-flow, mitigating hydrogen and oxygen depletion and lowering
concentration losses at medium and high current densities. Water vapor analysis indicates that
counter-flow supports balanced membrane hydration and reduces localized flooding, improving
stability. These findings emphasize the importance of jointly optimizing flow configuration and
humidification to maximize PEMFC performance. The study provides design guidance for
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advanced flow-field architectures and highlights how geometric optimization combined with
appropriate operational strategies enhances electrochemical efficiency.

Keywords: PEMFC, 3D CFD, symmetric V-tapered channel, humidification, co-flow, counter-
flow.

Graphical abstract

Fig.1. Schematic of the Investigated PEMFC with SVTC Flow Channel.
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Abstract

Among the most significant applications of wireless networks in the modern communication
environment is the location of mobile communications, smart infrastructure, industrial automation,
and massive Internet of Things (IoT) deployments. They are important in civilian and mission
critical environments due to their flexibility, scalability and cost-effectiveness. These networks
however are vulnerable to cyber attacks like denial-of-service (DoS), blackhole and wormhole
attacks, spoofing, packet dropping, and traffic flooding due to the features outlined below: shared
transmission medium, dynamic topology, limited bandwidth and distributed architecture.
Conventional security models, including encryption, authentication, and rule-based intrusion
detection systems (IDS) offer weak defense against novel or zero-day attacks and do not work well
in a decentralized infrastructure, such as mobile ad hoc networks (MANETS) and loT. Recent
developments of machine learning (ML) allow detecting anomalies and identifying threats, but
centralized machine learning (ML) solutions come with latency, excessive communication, and
privacy threats. This study will suggest placing light neural networks on wireless nodes to detect
and mitigate in real-time. The simulation outcomes show that there are better detection rates, lower
loss of packets, increased throughput, and lower latency, thus, making the network more resilient,
scalable, and flexible.

Keywords: Wireless Networks, Cybersecurity, Machine Learning, Intrusion Detection System
(IDS), 10T, MANETS, Embedded ML, Threat Mitigation, Network Resilience
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Abstract

Despite the excellent progress in the treatment and control of tuberculosis (TB), it remains one
of the leading infectious diseases in the world. A modified SEIR model is developed in this
research to analyze the transmission of TB with the data provided by the WHO for Pakistan.
The developed model possesses important mathematical properties: existence and uniqueness
of solutions, positivity of the solutions and invariant region. The model is validated based on
real clinical data and the parameters value is estimated by the least square curve fitting method.
Furthermore, basic reproduction number (R, = 1.7182) indicating that TB continues to be an
epidemic disease. This means that effective control measures are required to bring this value
down to less than 1 in order to reduce or eliminate TB. The formulated model is both locally
and globally stable for disease-free equilibrium as well as endemic equilibrium. Numerical
simulation is used to verify the accuracy and reliability of the model. If R, is less than one
(Ry < 1), the disease-free equilibrium is a stable solution and the disease will die out of the
population as the simulations demonstrate. On the other hand, when R, > 1, the model
converges to the endemic equilibrium and the disease continues to exist in the population. Also,
different initial conditions show that TB dies out if Ro < 1 and persists if R, > 1. Lastly,
control strategies are proposed for TB reduction or elimination using combination of parameters
and reproduction number. The study suggests that the risk of contact between infected and
susceptible people be minimized, treatment and recovery rates be enhanced and a holistic
approach be taken. This means, from a Pakistan perspective, improved medical services,
nutritional interventions, psychosocial support, educational campaigns, and more opportunities
for physical activity and rehabilitation services to effectively manage TB.

Keywords: Parameters Estimation, Basic Reproduction Number, Stability Analysis,
Numerical Simulations
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Abstract

Natural products have always been a treasure chest for drug discovery, offering molecules with
remarkable biological activity. Among them, carvacrol a small phenolic monoterpene found
in many medicinal and aromatic plants has been drawing increasing attention. What makes
carvacrol stand out is not just its wide range of biological effects, but also its reassuring safety
profile. Recent research shows that carvacrol can interact with several key biological targets,
playing roles in microbial resistance, oxidative stress, inflammation, and even cancer
progression. This versatility makes it more than just a natural compound it’s a promising
scaffold for designing new therapeutic agents. In this work, we explore how chemical
modifications of carvacrol can fine-tune its interactions with biological pathways. By
diversifying its structure, we aim to better understand how subtle changes influence its
pharmacological behavior. This strategy highlights the value of natural phenolic monoterpenes
as adaptable platforms for creating innovative bioactive compounds, paving the way for future
breakthroughs in medicinal chemistry.

Keywords: Carvacrol, Phenolic monoterpene, Therapeutic applications
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Abstract

The increasing demand for natural dermocosmetic products has stimulated interest in plant-
derived ingredients with potential skin benefits. Among Mediterranean natural resources, Olea
europaea oil has been traditionally used for skin and hair care, particularly in Morocco, where
its topical application remains common in traditional beauty practices. Despite this widespread
use, the dermocosmetic potential of olive oil is still insufficiently documented compared with
other cosmetic active ingredients. Olive oil contains several bioactive compounds, including
oleic acid (55 % - 83%), squalene (up to 0.7%), tocopherols, hydroxytyrosol, and oleuropein,
which contribute to its biological activities. Experimental studies have reported significant
antioxidant and anti-inflammatory effects associated with the reduction of reactive oxygen
species and modulation of inflammatory mediators. In vitro investigations showed that
hydroxytyrosol possesses strong antioxidant activity, while clinical studies demonstrated that
topical olive oil formulations may improve skin hydration and reduce transepidermal water loss
(TEWL). In addition, olive-derived polyphenols have shown protective effects against
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oxidative stress-induced skin aging and may contribute to collagen preservation and skin barrier
repair. Some studies have also highlighted the wound-healing potential of olive oil through
enhanced tissue regeneration and re-epithelialization. However, despite these promising
findings, data regarding standardized dermocosmetic formulations, clinical efficacy, and long-
term safety remain limited. This communication highlights the importance of further
multidisciplinary investigations combining phytochemistry, dermatology, and formulation
science to better understand the mechanisms underlying the dermocosmetic effects of olive oil
and to support the development of innovative and evidence-based natural skin care products
derived from Moroccan natural resources.

Keywords: Olive oil, Dermocosmetics, Olea europaea, Polyphenols, Antioxidant activity, Skin
barrier, Anti-aging, Morocco.

99




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

NATURAL PRODUCTS AND INNOVATIVE DERMOCOSMETICS: NEW
STRATEGIES FOR THE VALORIZATION OF PLANT BIOACTIVES IN ACNE
MANAGEMENT

Agnaou Rajae
Laboratory of Botany, Biotechnology and Plant Protection, Faculty of sciences, Kenitra,
Morocco
rajaeagnaou@gmail.com

Torres Chaimae
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco

El Medrai Inssaf
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco
Email: inssaf.elmedrai@uit.ac.ma

Doubi Meryem
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco

Yahyai Boutaina
Laboratory of Botany, Biotechnology and Plant Protection, Faculty of sciences, Kenitra,
Morocco

Hafid Fatima Zahra
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco

Mezouara Mounia
Laboratory of Natural Resources and Sustainable Development, Ibn Tofail University,
Kenitra, Morocco

Zrioul Zakia
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco

Hmouni Driss
Laboratory of Natural Resources and Sustainable Development, Faculty of sciences, Kenitra,
Morocco

Brahim Bourkhiss
Laboratory of Botany, Biotechnology and Plant Protection, Ibn Tofail University, Kenitra,
Morocco

Abstract

Acne is a common chronic inflammatory skin disease affecting the pilosebaceous follicle. It
mainly occurs during hormonal changes, particularly during adolescence, but may also appear
at any age. It affects up to 80% of adolescents and an increasing number of adults. Its
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pathophysiology is multifactorial and involves hyperseborrhea, abnormal proliferation and
differentiation of keratinocytes, inflammation, and the presence of high numbers of bacteria
such as Staphylococcus epidermidis and Propionibacterium acnes. Conventional acne
treatments include topical and systemic antibiotics. However, they are often associated with
several adverse effects, the most concerning being the emergence of bacterial resistance,
highlighting the need for safe and innovative alternatives. In this context, there is growing
interest in natural products, particularly in the field of dermocosmetics. Indeed, many plant-
derived bioactives, including polyphenols, flavonoids, terpenes, and essential oils, exhibit
antibacterial, antioxidant, anti-inflammatory, and sebum-regulating properties that are highly
relevant for acne management. Morocco is known for the richness of its natural resources, and
several plants have been identified through ethnobotanical surveys as being effective in acnhe
management. Although not all of them have yet been evaluated against C. acnes or
Staphylococcus epidermidis, more than one quarter of the 401 recorded species have already
undergone in vitro or in vivo pharmacological validation, confirming their antimicrobial, anti-
inflammatory, or wound-healing potential in skin diseases. However, despite these promising
findings, the integration of plant bioactives into dermocosmetic formulations faces several
limitations, including variability in composition related to botanical origin and extraction
processes, poor solubility and stability, limited skin penetration, and the scarcity of high-quality
controlled clinical trials.

Keywords: Acne; Natural dermocosmetics; Moroccan medicinal plants; Plant bioactives;
Antimicrobial activity; Cutibacterium acnes; Staphylococcus epidermidis.
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Abstract

Hypertension remains one of the leading risk factors for cardiovascular diseases worldwide.
Due to the limitations of conventional antihypertensive therapies, particularly adverse effects
and poor therapeutic adherence, medicinal plants are increasingly investigated as potential
sources of antihypertensive compounds. Oxidative stress and chronic inflammation are among
the major mechanisms involved in hypertension pathophysiology, alongside endothelial
dysfunction, overactivation of the renin—angiotensin—aldosterone system, impaired nitric oxide
(NO) bioavailability, and vascular remodeling. Several medicinal plants have demonstrated
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antihypertensive effects by targeting different pathways involved in blood pressure regulation.
This communication provides an overview of the main mechanisms underlying the
antihypertensive effects of medicinal plants based on indexed experimental studies. Allium
sativum has shown systolic blood pressure reductions ranging from 8 to 10 mmHg in some
clinical studies through increased NO bioavailability and angiotensin-converting enzyme
inhibition. Hibiscus sabdariffa demonstrated systolic blood pressure reductions of up to 7.5
mmHg through diuretic, vasorelaxant, and antioxidant properties. Similarly, Olea europaea
improved endothelial function and reduced vascular oxidative stress due to its polyphenol-rich
composition, particularly oleuropein. Other species, such as Camellia sinensis, have also shown
vascular protective effects associated with modulation of oxidative stress and inflammatory
pathways. These findings highlight the multifactorial nature of the antihypertensive
mechanisms of medicinal plants and support the importance of integrated approaches
combining phytochemistry, molecular pharmacology, and clinical investigations for the future
development of safer and better-standardized cardiovascular phytomedicines.

Keywords: Hypertension; Medicinal plants; Oxidative stress; Inflammation; Endothelial
dysfunction; Phytotherapy; Antihypertensive activity.
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Ozet

Bu ¢aligmada, hidrojen/metan yakit karigimi kullanan girdapl bir yakicida enjeksiyon agisinin
alev yapis1t ve yanma karakteristikleri ilizerindeki etkileri, Hesaplamali Akiskanlar Dinamigi
(HAD) yontemiyle sayisal olarak incelenmistir. Calisma iki temel asamadan olusmaktadir. 11k
asamada, literatiirde genis ¢apta kabul gérmiis Sydney SMHI1 girdapl alev konfigiirasyonu
referans alinarak giivenilir bir sayisal model olusturulmustur. Ansys Fluent yaziliminda
Alevcik Manifold Ydntemi (FGM) yanma modeli ile birlikte SST, GEKO ve Buyik Girdap
Simiilasyonu tiirbiilans modelleri uygulanmis; elde edilen eksenel hiz, tegetsel hiz ve sicaklik
profilleri deneysel verilerle sistematik bi¢imde karsilastirllmistir. Bu karsilastirma, GEKO
modelinin deneysel Ol¢limleri yiiksek dogrulukla yeniden iirettigini ve parametrik ¢aligmalar
igin giivenilir bir hesaplama aract oldugunu kamtlamistir. Ikinci asamada, dogrulugu
kanitlanmis bu model kullanilarak girdapli hava akisinin 2° ile 14° arasinda degisen yedi farkl
enjeksiyon agist i¢in kapsamli parametrik analizler ger¢eklestirilmistir. Elde edilen bulgular,
enjeksiyon agismin I¢ Resirkiilasyon Bolgesi'nin (IRB) geometrisini, eksenel uzunlugunu,
sicaklik dagilimini, yakit-hava karistm homojenligini ve NOy emisyon seviyelerini dogrudan
etkiledigini gostermektedir. Diisiik agilarda alevin uzadigi ve IRB'nin zayifladig
gozlemlenirken, daha yiiksek acilarda alevin kompaktlastigi, yanma yogunlugunun belirgin
bigimde arttig1 ve emisyon karakteristiklerinin iyilestigi saptanmistir. Calismada ayrica belirli
ac1 esiklerinin agilmasiyla Salinimli Girdap Cekirdegi gibi akis kararsizliklarinin tetiklendigi
ve bunun alev stabilitesini olumsuz etkileyebildigi belirlenmistir. Sonuglar, optimum
enjeksiyon acisinin belirlenmesinin diisiik emisyonlu ve kararli girdapli yakici tasarimi igin
kritik bir geometrik parametre oldugunu ortaya koymakta; bu calisma, benzer endiistriyel
yanma sistemlerine yonelik somut miihendislik tasarim verisi sunmaktadir.

Anahtar Kelimeler: Girdapli yanma, hidrojen/metan karigimi, enjeksiyon agisi, hesaplamali
akigkanlar dinamigi, alev yapis1
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NUMERICAL INVESTIGATION OF THE EFFECTS OF INJECTION ANGLE ON
FLAME STRUCTURE AND COMBUSTION CHARACTERISTICS IN SWIRLED
HYDROGEN/METHANE FLAMES

Abstract

This study numerically investigates the effects of injection angle on flame structure and
combustion characteristics in a swirl burner fueled with a hydrogen/methane (H2/CH4) mixture
using Computational Fluid Dynamics (CFD). The study consists of two main phases. In the
first phase, a validated numerical model was developed based on the widely referenced Sydney
SMH1 swirling flame configuration. Using Ansys Fluent software, the Flamelet Generated
Manifolds (FGM) combustion model was applied alongside SST, GEKO, and Large Eddy
Simulation (LES) turbulence models, and the resulting axial velocity, tangential velocity, and
temperature profiles were systematically compared against experimental measurements. This
comparison demonstrated that the GEKO model reproduced the experimental data with high
accuracy, confirming its reliability as a cost-effective computational tool for parametric studies.
In the second phase, a comprehensive parametric analysis was conducted using the validated
model across seven injection angles ranging from 2° to 14°. The findings indicate that the
injection angle significantly influences the geometry and axial extent of the Inner Recirculation
Zone (IRZ), temperature distribution, fuel-air mixing homogeneity, and NOx emission levels.
At lower angles, the flame elongates and the IRZ weakens, whereas at higher angles, the flame
becomes more compact, combustion intensity increases markedly, and emission characteristics
improve. The study also identifies that exceeding certain angular thresholds can trigger flow
instabilities such as the Precessing Vortex Core (PVC), which may adversely affect flame
stability. The results demonstrate that determining the optimum injection angle is a critical
geometric design parameter for achieving stable, low-emission swirl combustor operation, and
this study provides practical engineering design data directly applicable to similar industrial
combustion systems.

Keywords: Swirl combustion, hydrogen/methane blend, injection angle, computational fluid
dynamics, flame structure
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Abstract

In this study, we construct a new iterative algorithm based on the D-plus iteration method for
approximating a common solution of equilibrium problems, generalized variational inequality
problems, and fixed point problems for non-expansive mappings in Hilbert spaces. Strong
convergence of the proposed process is established under suitable assumptions. A numerical
example is included to illustrate the effectiveness and convergence behavior of the algorithm.
Keywords: Equilibrium problem, Fixed point problem, Generalized variational inequality,
Non-expansive mapping, Strong convergence.
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Ozet

Gresler; baz yag, kivamlagstiric1 ve gesitli katkilarin birlesimiyle olusan yar1 kat1 yaglayicilardir.
Yaglara kiyasla yerinde daha iyi kaldiklar1 i¢in s1zintiy1 azaltir, toz ve suya kars1 koruma saglar,
korozyon riskini diisiiriir ve 6zellikle rulmanlar ile kizaklarda uzun siireli yaglama imkani
sunarlar. Uygun gres se¢imiyle yiikk tasima kapasitesinin artmasi, aginma ve siirtinmenin
azalmasi, yeniden yaglama araliklarinin uzamasi ve bazi uygulamalarda titresim ile giiriiltiiniin
diismesi gibi avantajlar elde edilir. Gres performansini belirleyen temel parametreler; baz yagin
tipi ve viskozitesi, penetrasyon (kivamlilik) ve NLGI sinifi, damlama noktasi, suyla yikanma
direnci, korozyon korumasi, oksidasyon ve termal stabilitedir. Gresin NLGI numarasi (0, 1, 2,
3 vb.) kivamini/sertligini standart sekilde tanimlar ve dogrudan uygulamaya uygunlugunu
belirler. Numara kiiciildiikk¢e gres daha yumusak, biiyiidiikce daha sert olur. Dogru NLGI
secimi; gresin pompalanabilirligi (merkezi yaglama hatlarinda ilerleyebilmesi), elemanda
yerinde kalmasi ve sizdirmazlik etkisi, yiik altinda film olusturma davranisi, diistik sicaklikta
caligabilirlik ve yeniden yaglama arali1 gibi performans kriterlerini etkiler. Yanlis secim ise
yetersiz yaglama, asir1 1sinma, kagak gibi problemler ve erken arizalara yol agabilir. Greslerin
NLGI numarast genellikle ASTM D217 metodu ile yapilan penetrasyon analiziyle
belirlenmektedir. Ancak bu yontem; uzun analiz siiresi, analist hatasina agik olmasi ve
tekrarlanabilirlik ile tekrar tretilebilirlik agisindan sinirliliklar gibi dezavantajlara sahiptir. Bu
nedenle, bu ¢alismada penetrasyon analizine alternatif olarak daha hizli ve gelismis bir cihaz
olan reometre kullanilarak gerceklestirilen DIN 51810 metodunun degerlendirilmesi
amaclanmustir.

Anahtar Kelimeler: Reoloji, Gres, Penetrasyon, NLGI Numarasi
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EVALUATION OF DIN 51810 METHOD AS AN ALTERNATIVE TO ASTM D217 IN
GREASE PENETRATION MEASUREMENT

Abstract

Greases are semi-solid lubricants formed by the combination of base oil, thickener, and various
additives. Compared to oils, they remain in place more effectively, thereby reducing leakage,
providing protection against dust and water, lowering the risk of corrosion, and ensuring long-
term lubrication particularly in components such as bearings and slides. Appropriate grease
selection provide significant advantages, including increased load-carrying capacity, reduced
wear and friction, extended relubrication intervals, and, in certain applications, reduced
vibration and noise. The fundamental parameters that determine grease performance include
the type and viscosity of the base oil, penetration (consistency) and NLGI grade, additive
package, dropping point, water washout resistance, corrosion protection, oxidation, and thermal
stability. The NLGI number (0, 1, 2, 3, etc.) defines grease consistency and hardness in a
standardized manner, directly indicating its suitability for specific applications. A lower NLGI
number corresponds to softer grease, while a higher number indicates harder grease. Correct
NLGI selection influences performance criteria such as pumpability in centralized lubrication
systems, the ability to remain in place and provide sealing, film formation under load,
operability at low temperatures, and relubrication intervals. On the other hand, incorrect
selection may result in insufficient lubrication, overheating, leakage problems. Usually, the
NLGI number of greases is determined by penetration analysis using the ASTM D217 method.
However, this method presents several disadvantages, including long analysis time,
susceptibility to operator error, and limitations in repeatability and reproducibility. Therefore,
this study aims to evaluate the DIN 51810 method, performed with a rheometer, as a faster and
more advanced alternative to penetration analysis.

Keywords: Grease, Penetration, NLGI Number, Rheology
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Ozet

Kardiyovaskiiler hastaliklar, kiiresel ¢apta 6liimlerin en yaygin nedeni olup, bu durum teshis
yontemlerine erisilebilirligi kritik bir hale getirmektedir. Bu calismada; kalp seslerindeki
patolojik anormallikleri Evrisimli Sinir Aglari (CNN) kullanarak dogrudan mobil platform
iizerinde tespit eden diisik maliyetli, taginabilir ve MEMS tabanli bir dijital stetoskop
sunulmaktadir. Gelistirilen donanim, harici analog devrelere ihtiya¢ duymadan giiriiltiisiiz
dijital sinyal alim1 saglamak amaciyla 6zel 3 boyutlu basilmig bir akustik baglayict (coupler)
icermektedir. Bu baglayic1 sayesinde INMP441 MEMS mikrofonu ile Teensy 4.0
mikrodenetleyicisi basarilt bir sekilde entegre edilmistir. Alinan Fonokardiyogram (PCGQG)
sinyalleri, USB baglantis1 araciligiyla bir Android uygulamasina aktarilir; burada gercek
zamanli olarak 25-900 Hz bant geciren filtreden gecirilir ve 2 boyutlu Mel-spektrogramlara
doniistiiriiliir. Mobil cihazlarin islem kisitlamalarini agmak amaciyla, MobileNetV2 mimarisi
transfer 6grenme yontemiyle ince ayardan gegirilmis (fine-tuning) ve model hafif bir 16-bit
TensorFlow Lite formatia déniistiiriilmiistiir. Onerilen model, asir1 égrenmeyi (overfitting)
onlemek i¢in veri artirma teknikleri kullanilarak; PhysioNet/CinC 2016 ve PASCAL Dataset-
B veri setlerinden alinan ve hasta bazinda bdliinen verilerle egitilmistir. Sistem, modelin daha
once karsilasmadigi test verileri lizerinde %382,3 genel dogruluk, %80,5 duyarlilik, 0,81 F1
skoru ve 0,84 AUC-ROC skoru elde ederek normal ve anormal kalp seslerini basariyla ayirt
etmistir. Sonug olarak, cihaz lizerinde dogrudan calisan bu mobil teshis sistemi, nesnel ve
gergek zamanl kardiyak degerlendirme imkani sunarak geleneksel oskultasyona guclu bir
yardime1 ara¢ sunmakta ve hasta mahremiyetini korumaktadir.

Anahtar Kelimeler: Dijital Steteskop, Fonokardiyogram (PCG), Derin Ogrenme, Evrisimli
Sinir Aglar1 (CNN), MEMS
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DESIGN OF A MEMS-BASED DIGITAL STETHOSCOPE AND HEART SOUND
CLASSIFICATION ON SMARTPHONES USING DEEP LEARNING METHODS

Abstract

Cardiovascular diseases are the leading cause of death globally, making the accessibility of
diagnostic methods critical. In this study, a low-cost, portable, and MEMS-based digital
stethoscope is presented to detect pathological abnormalities in heart sounds directly on a
mobile platform using Convolutional Neural Networks (CNN). The developed hardware
includes a custom 3D-printed acoustic coupler to ensure noise-free digital signal acquisition
without the need for external analog circuits. Thanks to this coupler, the INMP441 MEMS
microphone and the Teensy 4.0 microcontroller are successfully integrated. The recorded
Phonocardiogram (PCG) signals are transferred to an Android application via a USB
connection, where they are filtered with a real-time 25-900 Hz band-pass filter and converted
into 2D Mel-spectrograms. To overcome the processing limitations of mobile devices, the
MobileNetV2 architecture was fine-tuned using transfer learning, and the model was converted
into a lightweight 16-bit TensorFlow Lite format. To prevent overfitting, the proposed model
was trained with patient-wise split data from the PhysioNet/CinC 2016 and PASCAL Dataset-
B datasets using data augmentation techniques. The system successfully distinguished between
normal and abnormal heart sounds, achieving 82.3% overall accuracy, 80.5% sensitivity, an F1
score 0f 0.81, and an AUC-ROC score of 0.84 on the test data. As a result, this on-device mobile
diagnostic system offers objective and real-time cardiac evaluation, strongly supporting
traditional auscultation methods while preserving patient privacy.

Keywords: Digital Stethoscope, Phonocardiogram (PCG), Deep Learning, Convolutional
Neural Networks (CNN), MEMS
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Abstract

Leishmaniasis is a neglected tropical disease caused by Leishmania spp., representing a major
global health burden, particularly in tropical and subtropical regions. Current treatment options
are limited due to toxicity, drug resistance, high cost, and poor accessibility, creating an urgent
need for novel and safer therapeutic agents. Objective: This study aimed to investigate the anti-
leishmanial potential of selected plant-derived flavonoids through an integrated computational
systems biology approach. Materials and Methods: Seven flavonoids (quercetin, apigenin,
myricetin, rutin, astragalin, isoquercitrin, and nicotiflorin) were analyzed. Differentially
expressed genes (DEGs) were identified from the GEO dataset GSE55664 through re-analysis.
Target prediction of flavonoids was performed and integrated with DEGs to construct a protein—
protein interaction (PPI) network using STRING and Cytoscape. Hub genes were identified
based on network topology. Functional enrichment analysis was conducted using Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) databases. Molecular
docking was performed against ten hub proteins (STAT1, TNF, CD74, PIK3CD, LYN,
CXCR4, RAC2, PTPNG6, IFI35, and ITGB2). Pharmacokinetic and toxicity profiles were
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evaluated using SwissADME and ProTox-1l. Results: PPI analysis identified key hub genes
including STAT1, TNF, CD74, PIK3CD, LYN, CXCR4, RAC2, PTPNG, IFI35, and ITGB2,
highlighting their roles in immune regulation and inflammatory signaling. GO and KEGG
analyses revealed enrichment in MAPK signaling, chemokine signaling, natural killer cell-
mediated cytotoxicity, and leishmaniasis pathways. Molecular docking showed strong binding
affinities of flavonoids with hub proteins, particularly quercetin, myricetin, and apigenin, with
binding energies ranging from approximately —8.0 to —9.3 kcal/mol. ADMET analysis
indicated favorable pharmacokinetic properties and low toxicity potential for quercetin,
apigenin, and myricetin compared to glycosylated flavonoids. Conclusion: The integrated
analysis suggests that flavonoids exert potential anti-leishmanial effects through multi-target
modulation of immune and inflammatory pathways. Quercetin, apigenin, and myricetin
emerged as promising lead compounds. This study provides a strong computational foundation
for further molecular dynamics simulation and experimental validation for anti-leishmanial
drug development.
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Abstract

This study presents a comprehensive bioinformatics pipeline for the discovery and evaluation
of anticancer peptide inhibitors derived from Streptococcus pyogenes exotoxins (SPEA, SPEB,
and SPEC). The primary objective was to identify peptide candidates capable of targeting
AKT1 kinase, a critical regulator of tumor progression, while also assessing their interaction
with GRP78, a stress-associated chaperone implicated in cancer survival and chemoresistance.
In silico trypsin digestion generated a library of 58 peptide fragments, which were
systematically screened for allergenicity, toxicity, anticancer potential, and hemolytic activity
to ensure therapeutic suitability. Five lead peptides—SPEB1, SPEB2, SPEB3, SPEB4, and
SPEC1 were selected for structural modeling, molecular docking, and molecular dynamics
analyses. Docking studies against AKT1 (PDB ID: 4EJN) revealed strong binding affinities,
with SPEB2 and SPEB1 showing the highest docking scores. Binding free energy refinement
identified SPEB1 as the most thermodynamically stable inhibitor. Furthermore, 100 ns
molecular dynamics simulations demonstrated stable peptide protein interactions, persistent
hydrogen bonding, and favorable structural stability under solvent conditions. Comparative
analysis suggested that GRP78 may be more accessible for peptide inhibition due to its adaptive
chaperone function, whereas AKT1 requires highly specific engagement within its conserved
kinase domain. Overall, the findings establish bacterial exotoxins as a novel source of
therapeutic peptide candidates and provide the first computational evidence of AKT1-inhibitory
potential in SPEB- and SPEC-derived peptides, laying the foundation for future experimental
validation and anticancer drug development.

Keywords: Bioinformatics, AKT1 kinase, GRP78, anticancer peptides, Streptococcus
pyogenes exotoxins.
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Abstract

The tuna processing industry generates a substantial amount of by-products that remain
underutilized despite their potential for high-value applications. This study investigated the
enzymatic hydrolysis of yellowfin tuna (Thunnus albacares) bones using bromelain, with the
aim of optimizing hydrolysis conditions, characterizing the resulting hydrolysate, and assessing
its potential application in functional food development. The effects of hydrolysis temperature,
enzyme-to-substrate ratio, and reaction time were systematically examined to determine the
most suitable processing conditions. The optimal hydrolysis parameters were 55°C, 0.75%
(w/w) bromelain, and 6 h of hydrolysis. Under these conditions, the hydrolysate achieved a
protein concentration of 157 mg/mL and a protein recovery yield of 92.1%. Sensory evaluation
showed that the hydrolysate had a clear appearance, a mild fishy odor, and no detectable
bitterness. Physicochemical analysis revealed color values of L* 45.23, a* 0.36, and b* 39.1, a
pH of 6.9, and a total collagen content of 4.5 mg/mL. In addition, the hydrolysate exhibited
antioxidant activity, with a DPPH radical-scavenging ICso value of 0.31 mL. These results
demonstrate that bromelain-assisted hydrolysis is an effective and environmentally friendly
approach for valorizing yellowfin tuna bones into a protein-rich hydrolysate with favorable
sensory, physicochemical, and bioactive properties. The obtained hydrolysate shows promising
potential as a functional ingredient for the development of nutritious food and beverage
products.

Keywords: Yellowfin tuna bone, bromelain, enzymatic hydrolysis, hydrolysate
characterization, functional food
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Abstract

The uncontrolled discharge of olive mill wastewater represents a major environmental
challenge in Morocco, particularly during the olive oil production season when untreated
effluents are directly released into sewer networks. Due to its high organic load, elevated
phenolic content, toxicity, and low biodegradability, OMW can significantly disrupt the
biological processes of natural lagoon treatment systems. This study aimed to characterize the
microbiological properties of raw OMW from traditional olive mills and evaluate its impact on
the treatment efficiency of the Zaouiat Cheikh Wastewater Treatment Plant. The investigation
combined eight years of wastewater quality monitoring with a 20-month experimental study
conducted during a period of system saturation. Microbiological analyses were performed on
raw OMW and wastewater collected at different treatment stages. Raw OMW showed
significant microbial contamination, with FMAT reaching 5 x 10* CFU/mL, yeasts 2.7 x 107
CFU/mL, and molds 5.4 x 10* CFU/mL. Results revealed a marked decline in treatment
performance during OMW intrusion. Phenolic compound removal remained limited (=35%),
indicating inhibition of microbial degradation processes. High apparent reductions were
observed for FMAT (6.08 log units), total coliforms (5.08 log units), and fecal coliforms (4.54
log units), whereas lower reductions were recorded for fecal streptococci (2.54 log units) and
sulfite-reducing bacteria (3.45 log units), suggesting higher resistance under stressed
conditions. The reduction of fecal indicators appeared to result mainly from microbial inhibition
caused by OMW toxicity rather than improved treatment efficiency. These findings highlight
the vulnerability of natural lagoon systems to seasonal OMW discharges and emphasize the
need for integrated microbiological monitoring to protect environmental and public health.
Keywords:

Olive mill wastewater; Natural lagoon system; Microbiological indicators; Phenolic
compounds; Wastewater treatment.

115



mailto:m.elouazzani.age@gmail.com

20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

HYBRID BIO-NANOSTRUCTURED SYSTEM FOR EFFICIENT LEAD AND
CADMIUM REMEDIATION: EUCALYPTUS-DERIVED ACTIVATED CARBON
FUNCTIONALIZED WITH SULFATE-REDUCING BACTERIA

Fatima Charboub
Applied Chemistry Physical Laboratory, Faculty of Sciences, Ibn Zohr University, Agadir,
Morocco
Laboratory of Materials and Environment, Faculty of Sciences, Ibn Zohr University, Agadir,
Morocco
Fatima.charboub@edu.uiz.ac.ma

Abdallah Albourine
Laboratory of Materials and Environment, Faculty of Sciences, Ibn Zohr University, Agadir,
Morocco
Laboratory of Industrial Engineering Energy and Environment (LI3E), SupMT I, Rabat,
Morocco

Rachid Ait Akbour
Applied Chemistry Physical Laboratory, Faculty of Sciences, Ibn Zohr University, Agadir,
Morocco

Abstract

The escalating contamination of aquatic ecosystems by toxic lead(Il) and cadmium(ll) ions
necessitates the development of sustainable, hybrid remediation technologies combining
adsorption and bioprecipitation. This study reports the green synthesis of a novel bio-
augmented adsorbent, integrating eucalyptus (Eucalyptus camaldulensis)-derived activated
carbon (EAC) with immobilized sulfate-reducing bacteria (Desulfovibrio desulfuricans) for the
synergistic sequestration of Pb(11) and Cd(I1) from contaminated water matrices. The activated
carbon support was prepared via phosphoric acid activation (HsPOa., 600°C), yielding a
microporous material (SBET = 950 m2/g) rich in phenolic and carboxylic surface groups. The
bacterial biofilm was stabilized on the carbon surface through entrapment in a biocompatible
alginate-chitosan matrix, creating a hybrid system where chemical adsorption and enzymatic
biomineralization operate concurrently. The materials were characterized by FT-IR, XRD,
SEM-EDX, and XPS, confirming successful bacterial immobilization and sulfur group
enrichment (-SH, —-S-S-) critical for heavy metal chelation. Batch experiments demonstrated
exceptional removal efficiencies: >98% for Pb(I1) and 96% for Cd(II) within 90 minutes at pH
6.0, with maximum adsorption capacities of 285 mg/g and 198 mg/g, respectively (Langmuir
model). The mechanism involves (i) rapid surface complexation by EAC functional groups and
(ii) bacterial sulfate reduction generating sulfide ions (S*°), which precipitate PbS and CdS (Ksp
= 102-10"%) directly onto the carbon matrix, preventing secondary dissolution. The hybrid
system showed high selectivity in multi-component solutions (Ca?*, Mg?*, Zn?*) and remarkable
regenerability (92% capacity retention after 5 cycles via mild acid/EDTA elution). Ecotoxicity
assessments using bioluminescent bacteria (Vibrio fischeri) and viability assays (Escherichia
coli) confirmed the non-toxic nature of treated effluents, validating the biocompatibility of the
remediation process. This work presents a paradigm for coupling lignocellulosic waste
valorization with microbial biotechnology, offering a robust, eco-friendly platform for
industrial wastewater treatment and potable water purification.

Keywords: Bioprecipitation; Desulfovibrio desulfuricans; Eucalyptus activated carbon; heavy
metal remediation; hybrid adsorbent; water treatment; sulfate-reducing bacteria
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ABSTRACT

Combining photocatalysis (PC) and membrane filtration (MF) has emerged as an attractive
technology for water purification, however, the water purification efficiency and membrane
fouling are still challenging. Herein, we report a novel photoelectrocatalytic (PEC) membrane
mediated by a ternary reduced graphene oxide (rGO) — titanium dioxide (TiO2) — polysulfone
(PSF) composite conductive membrane synthesized by a phase inversion method. The resultant
electrically conductive rGO/TiO2/PSF membrane features a homogeneous surface with obvious
pore size of 20—150 nm, a thickness ~118 um, and an average resistivity as low as ~3.154 Qem.
Upon the solvent evaperation of the wellblended casting solution and the phase inversion,
rGO/TIO, preferentially exist on the surface of PSF membrane, enabling the efficient PEC
degradation of organic pollutants. The synergistic coupling of TiO2 and rGO in PSF membrane
results in efficient PEC properties with bifunctional membrane antifouling and enhanced water
purification in azo dyes decolorization under the stationary mode and in our lab-made
continuous cross-flow PEC system, superior to those by photocatalysis and electrocatalysis.
The developed synchronous MF and PEC system mediated by the conductive rGO/TiO2/PSF
membrane proves to a feasible route to improving the self-cleaning properties of the polymer
membrane while simultaneously increasing the water decontaminating efficiency.

Keywords:

rGO/TiO2/PSF; Hybrid conductive materials; Membrane filtration; Photoelectrocatalysis; Solar
energy utilization; Dye wastewater treatment.
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ABSTRACT

Adaptive apparel plays a key role in supporting daily functioning for individuals with upper-
limb mobility impairments. Composite sleeve constructions are increasingly used to improve
donning ease and freedom of movement, yet design approaches documented in scientific and
technical literature remain inconsistent in terminology, structural logic, and evaluation criteria.
This study aims to systematize existing sleeve design strategies for adaptive clothing, identify
recurring methodological gaps, and propose principles for a unified, evidence-informed design
framework. A comparative analytical review of international scientific and technical
documentation was conducted. The analysis classified constructive solutions based on their
intended functional outcomes — such as ease of dressing, movement support, and user-centered
accessibility — focusing on theoretical alignment with ergonomic and rehabilitation-oriented
requirements. The analysis reveals that, despite widespread implementation, current approaches
remain highly specialized and lack standardized evaluation frameworks. Key limitations
include the absence of consistent ergonomic guidelines for the placement of structural divisions,
unoptimized ease distribution, and limited integration of established functional mobility
requirements. These gaps often result in designs that may inadvertently restrict movement or
cause discomfort during prolonged wear.

There is a clear need for an interdisciplinary design methodology that bridges garment design
with ergonomic and rehabilitation principles. Developing a structured conceptual framework
can support more coherent design practices, ultimately contributing to garments that provide
greater comfort, support rehabilitation goals, and enhance quality of life for individuals with
mobility limitations.

Keywords: adaptive clothing; composite sleeve; ergonomic clothing
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Abstract

With the increasing use of digital technologies in prosthetic dentistry, the accuracy of scanning
conventional impressions remains crucial. While material composition has been widely studied,
less attention has been given to simpler clinical factors such as the color of impression materials,
which may influence scanner performance. The aim of this study was to assess whether the
color of silicone impression materials affects the accuracy of laboratory scanning. Impressions
of a standardized model were taken using silicone materials in different colors. All impressions
were scanned using the same laboratory scanner under identical conditions. Digital models were
compared to the reference using 3D analysis software. Differences were evaluated through
deviation measurements and visualized using color maps. The findings suggest that color has a
measurable effect on scanning accuracy. Materials providing better visual contrast during
scanning demonstrated improved results. In contrast, certain colors were associated with
reduced scan quality, especially in detailed areas. The color of impression materials should not
be overlooked, as it may influence digital accuracy. Choosing appropriate colors could support
more predictable digital workflows in everyday clinical practice.

Keywords: impression materials, color, digital scanning, prosthodontics, accuracy
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Abstract

Cancer remains one of the leading global health challenges, highlighting the urgent need for
the development of new therapeutic agents with improved efficacy and reduced adverse effects.
In this study, a series of hybrid compounds containing triazole, Schiff base, and substituted
aromatic moieties were designed and synthesised as potential anticancer candidates. The
synthesised compounds were characterised using various spectroscopic technigues.
Computational investigations revealed favourable interactions with selected biological targets,
with some derivatives exhibiting particularly strong binding affinities. In addition, molecular
dynamics simulations confirmed the stability of the protein—ligand complexes over the
simulation period. Overall, the obtained results suggest that these hybrid molecules represent
promising scaffolds for the development of new anticancer agents and warrant further
biological evaluation.

Keywords: Triazole hybrids; Schiff base; Anticancer agents; Bcl-2; EGFR.
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Abstract

Medicinal and aromatic plants represent one of the key components of the traditional healthcare
system in Morocco. Anthropometric factors associated with the preservation and transmission
of ethnomedicinal knowledge are correlated with the sociodemographic profile of medicinal
plant users. The objective of this work was to characterize the populations surveyed in
ethnobotanical studies carried out in Morocco from 1990 to 2023. Ethnobotanical surveys from
major scientific databases were analysed descriptively. Demographic indicators such as sample
size, the proportion of female and male informants, and the proportion of informants who use
medicinal and aromatic plants were analysed in detail. The results showed that most
ethnobotanical surveys included over 100 informants, validating the extensive history of data
collection within Moroccan ethnobotanical research. Women were the largest category of
informants in all studies providing information on gender, underscoring their central role in
medicinal plant conservation and the transmission of traditional knowledge. In addition, women
were the predominant users of medicinal and aromatic plants among respondents using them.
These results highlight the vital position of women in domestic healthcare and the preparation
of traditional herbal remedies. However, several interesting methodological limitations were
highlighted, especially regarding the lack of demographic details in many studies (e.g. the
gender of informants and rates of medicinal plant usage). This study underscores the need for
standardized sociodemographic data in ethnobotanical studies to enhance scientific rigor and
data comparability, and thus support future research on ethnopharmacological and public health
issues concerning medicinal plants in Morocco.
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Abstract

The integration of Artificial Intelligence (Al) and the Medical Internet of Things (MIoT) is
transforming modern healthcare systems through real-time monitoring, predictive diagnostics,
and remote patient management. These technologies have significant potential to improve
healthcare accessibility and service delivery for vulnerable migrant communities who often
experience barriers related to healthcare access, socioeconomic inequality, limited insurance
coverage, and language or legal constraints. This study explores the role of Al- and MloT-based
healthcare systems in enhancing public health outcomes among migrant populations,
particularly in developing and labour-receiving countries. The paper adopts a qualitative and
conceptual research approach based on recent literature, policy documents, and global
healthcare reports published between 2018 and 2025. The study examines the opportunities and
challenges associated with digital healthcare monitoring technologies, including wearable
health devices, smart medical sensors, telemedicine platforms, and Al-assisted diagnostic
systems. Attention is given to ethical concerns such as data privacy, informed consent,
cybersecurity, digital inequality, and equitable healthcare access. The findings indicate that Al
and MIoT technologies can significantly support early disease detection, chronic disease
management, and emergency healthcare responses among migrant workers and underserved
populations. However, inadequate digital infrastructure, weak regulatory frameworks, and
concerns regarding data protection remain major obstacles to effective implementation. The
study further highlights the importance of ethical governance, inclusive healthcare policy, and
international cooperation to ensure responsible and equitable adoption of digital health
technologies. This research contributes to the growing discourse on digital public health and
technology-driven healthcare innovation by emphasising the intersection of migration, health
vulnerability, and smart healthcare systems in the contemporary global health landscape.
Keywords: Migrant, Health, Digital Healthcare, Healthcare Ethics, Smart Health Monitoring,
Health Technology.
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Abstract

The mountain salamanders of the genus Paradactylodon Risch, 1984, from the family
Hynobiidae, with three known species, are distributed in Iran and Afghanistan.This study
addresses the challenges of classification and habitat status of these mountain salamanders
based on previous researches as well as our own studies. Based on morphological
characteristics, the salamanders living in the mountainous regions of the Middle East (Iran and
Afghanistan) have been placed in the genus Paradactylodon. The genus consists of three
species: Paradactylodon mustersi (distributed in northern Afghanistan), P. persicus and P.
gorganensis (distributed in northern Iran).The Hyrcanian forests represent a unique Tertiary
relict ecosystem covering the northern slopes of the Alborz and Talesh (Iran, Azerbaijan), a
unique biodiversity hotspot with many cryptic species that have not been fully studied yet. Since
the 1970s, two species of the tailed amphibians belonging to the Family Hynobiidae,
Batrachuperus (later: Paradactylodon), Paradactylodon persicus from northern and
northwestern Iran and P.gorganensis from northeastern Iran have been documented. The Iranian
stream salamander P. persicus was first reported from the Talesh Mountains, and the Gorganian
cave salamander P. gorganensis was later described from the eastern Alborz Mountains.There
are two distinct Iranian species of Paradactylodon based on morphological characteristics.
Given the conservation values and the numerous threats faced by these endemic species, this
taxon is listed on the IUCN Red List due to its sensitivity to habitat loss, drought, and
deforestation. Paradactylodon persicus being NT and P. gorganensis is CR. The aim of this
study is to review the systematic status and distribution of the above-mentioned species in
northern regions of the Iranian Plateau.

Keywords: Persian salamander, Paradactylodon persicus, P. gorganensis, Systematics,
Distribution, Habitat, Iran.
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Abstract

Background:

Morinda citrifolia (Rubiaceae), commonly known as noni, is a traditional medicinal plant used
for managing inflammatory and immune-related disorders. Scopoletin, a coumarin constituent
of its fruit extract, exhibits anti-inflammatory, antioxidant, and immunomodulatory activities;
however, its molecular mechanisms remain unclear.

Objective:

This study aimed to elucidate the molecular mechanisms of scopoletin using a network
pharmacology approach, focusing on key signalling pathways involved in inflammation and
immune responses.

Methods:

Potential targets were identified using SwissTarget Prediction and IMPPAT, while disease-
related targets were obtained from GeneCards and OMIM. Common targets were used to
construct a compound-target—pathway network via Cytoscape. PPl analysis using STRING
identified hub genes, and GO and KEGG analyses explored associated biological processes and
pathways. In vivo anti-inflammatory activity was evaluated using a CFA-induced model with
paw oedema measured by a plethysmometer.

Results:

Key targets included SRC, ESR1, EGFR, GSK3B, PTK2, and MET, indicating a multi-target
profile. KEGG analysis showed involvement in EGFR inhibitor resistance, ErbB, chemokine,
Rapl, PI3BK-Akt, and MAPK pathways, along with cytokine interactions. These are crucial in
inflammation, immune regulation, and synovial hyperplasia. Experimental validation showed
a significant reduction in paw oedema.

Conclusion:

This study provides mechanistic insights into scopoletin, supporting its potential as a natural
candidate for inflammatory and immune-mediated disorders and encouraging further
experimental and clinical studies.
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Abstract

The present study investigated the phytochemical constituents, antioxidant activity, and
functional groups of the ethanolic leaf extract of Atalantia simplicifolia (ELEAS) using
phytochemical screening, GC-MS/MS analysis, and FT-IR spectroscopy. Antioxidant potential
was evaluated through several in vitro methods, including total antioxidant capacity, total
tannin content, and DPPH free radical scavenging assay. GC—MS/MS analysis was conducted
to identify the chemical constituents, while FT-IR spectroscopy was used to determine the
major functional groups present in the extract. Phytochemical screening confirmed the
occurrence of numerous bioactive secondary metabolites. Quantitative analysis revealed
notable concentrations of flavonoids (103.75 £ 5.10 mg GAE/g of dry extract), phenolics (65.38
+ 0.56 mg GAE/g of dry extract), and tannins (14.36 + 0.22 mg GAE/g of dry extract). The
extract demonstrated potent antioxidant activity, exhibiting a DPPH radical scavenging 1C50
value of 18.85 ug/mL. GC-MS/MS profiling identified 204 compounds based on retention time
and spectral comparison. FT-IR spectra indicated the presence of characteristic functional
groups such as O-H, C-0O, C=C, and M-0O. Overall, the results suggest that ELEAS is a rich
source of phytochemicals with significant antioxidant properties, indicating its potential utility
in pharmaceutical, nutraceutical, and therapeutic applications.
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Abstract

Ayurveda, the traditional Indian system of medicine, focuses on disease prevention and overall
well-being through a holistic approach that includes lifestyle management, balanced nutrition,
and harmony with natural body rhythms. In recent years, natural immunomodulators have
gained significant attention for their ability to regulate immune responses by either stimulating
or suppressing immune activity as required. These agents support the body’s defense system
and offer a safer alternative with fewer side effects compared to synthetic drugs. Herbal
immunomodulators such as Ashwagandha, Tulsi, Turmeric, and Giloy possess important
antioxidant, anti-inflammatory, and immune-regulating properties. They play a vital role in
managing immune-related disorders, including infections, autoimmune diseases, and chronic
inflammatory conditions. Their growing use highlights the importance of traditional medicinal
plants in modern healthcare as effective complementary therapies for immune balance and
long-term health promaotion.
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Medicinal Plants, Immune Regulation, Ashwagandha, Tulsi, Turmeric, Giloy.
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Abstract

Dental fluorosis is characterized by hypo maturation of tooth enamel or dentin, resulting from
excessive fluoride ingestion during tooth development. Fluoride, while essential in trace
amounts for bone and teeth development, can lead to dental health issues if deficient or
excessive. This study aimed to determine the prevalence of dental fluorosis in Tamnar Block,
District Raigarh, Chhattisgarh, India. The subjects included 300 school children (girls and boys)
aged 11-15 years. Examinations were conducted via a door-to-door survey, with subjects
observed and relevant scores documented on note sheets. The study found that 43% of the
children exhibited some degree of fluorosis. Females (56%) showed a higher prevalence of
fluorosis compared to males (44%). In conclusion, fluorosis is highly prevalent in Tamnar. The
government should launch an awareness Programme and supply drinking water to villagers.
Keywords: Dental fluorosis, Fluoride, Tamnar Block
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Abstract

Nowadays, returning to nature has become a preferred choice for many people due to the
harmful effects of chemical substances and certain medicines. This has encouraged a growing
interest in natural remedies, particularly through traditional medicine. Ancient knowledge
supports the use of natural plant extracts, including the pomegranate tree, which is considered
a miracle plant because of its richness in bioactive compounds. Our study focused on assessing
the interest of the population in the Ain Témouchent region (western of ALGERIA) in using
pomegranate and its by-products for various treatments. This assessment was conducted
through a survey on their use in traditional medicine. The aim is to identify the diseases treated
with this plant, understand how it is used, and determine whether these practices are still present
in daily life. The results revealed that pomegranate by-products are used as natural remedies
for various illnesses. The population is aware of their therapeutic properties through several
sources. Most respondents mentioned that these products are easily accessible, occasionally
consumed, and can replace certain medications. Their use is therefore recommended, especially
in dietary supplements. According to the data obtained, regular use of pomegranate and its by-
products can be advised due to their health benefits, vitamins, and minerals. These elements
can be applied in health, food, cosmetic industries, and more.

Keywords: Pomegranate tree; Traditional medicine; By-products; Therapeutic properties.
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Abstract

Cellulose nanocrystals (CNCs) have emerged as promising nanomaterials due to their
renewable origin, biodegradability, biocompatibility, high crystallinity, and exceptional
mechanical properties. Derived from abundant natural cellulose sources such as plants,
agricultural residues, bacteria, algae, and tunicates, CNCs have attracted considerable attention
in biomedical and pharmaceutical research, particularly in drug delivery applications. This
research reviews the major sources of cellulose nanocrystals and the various methods employed
in their synthesis, including acid hydrolysis, enzymatic hydrolysis, mechanical treatment, and
combined approaches. Emphasis is placed on sulfuric acid hydrolysis, which remains the most
widely used method for the production of highly crystalline CNCs. The research reviews also
discusses important characterization techniques such as Fourier Transform Infrared
Spectroscopy (FTIR), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM), Atomic Force Microscopy (AFM),
Thermogravimetric Analysis (TGA), Differential Scanning Calorimetry (DSC), and zeta
potential analysis, which are essential for evaluating the structural, morphological, thermal, and
surface properties of CNCs. Furthermore, the biomedical relevance of CNCs in drug delivery
systems is highlighted, including their role in targeted drug delivery, controlled drug release,
improved drug stability, and enhanced bioavailability. Despite challenges associated with large-
scale production, aggregation, and commercialization, cellulose nanocrystals remain highly
promising materials for the development of advanced and sustainable drug delivery systems.
Therefore, continued research and technological advancements are necessary to optimize their
production and expand their applications in modern nanomedicine.

Keywords: Renewable Biomaterials; Cellulose Nanocrystals; Nanomedicine; Controlled Drug
Release; Characterization Techniques; Targeted Drug Delivery Systems
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Abstract

Canine urinary bladder urothelial carcinoma (UC) is a highly aggressive neoplasm
characterized by invasive growth, frequent recurrence, and marked metastatic potential. The
pronounced histopathological and molecular heterogeneity of this malignancy underscores the
importance of identifying biomarkers associated with tumor progression and biological
behavior. Epidermal growth factor receptor (EGFR), a transmembrane receptor tyrosine kinase
involved in regulating cellular proliferation, survival, differentiation, and migration, has been
extensively implicated in carcinogenesis and tumor progression across several human and
veterinary malignancies. In the present study, EGFR immunoexpression in canine urothelial
carcinoma was evaluated. The results demonstrated a predominantly membranous and
cytoplasmic pattern of EGFR expression, with marked intratumoral heterogeneity in staining
intensity. Notably, reduced EGFR immunoreactivity was observed in areas associated with
more aggressive biological behavior, including neoplastic emboli and high-grade tumor
regions. These findings suggest a potential association between EGFR expression patterns and
tumor aggressiveness in canine UC. The observed variability in EGFR expression may reflect
underlying molecular differences between tumor subpopulations and highlights the complexity
of signaling pathways involved in urothelial carcinogenesis. Given the recognized role of EGFR
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in oncogenic signaling and therapeutic targeting in human oncology, the characterization of its
expression in canine UC may provide relevant comparative and translational insights.
Collectively, these findings support the potential biological and clinical relevance of EGFR in
canine urothelial carcinoma and reinforce the need for further studies to clarify its prognostic
significance and its applicability as a therapeutic target.

Key Words: Urothelial carcinoma EGFR; ; canine; bladder; aggressiveness
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Abstract

Dogs are increasingly recognized as valuable models in comparative oncology due to their
spontaneous development of cancer, shorter lifespans, and strong biological and clinical
similarities to human tumors. This review evaluates the relevance of canine urothelial
carcinoma (UC) as a translational model for human bladder cancer by comparing
epidemiological trends, molecular alterations, and immunological characteristics between both
species. UC is particularly significant because of its aggressive behavior and high mortality
rates. In dogs, invasive forms of the disease are especially frequent, highlighting their suitability
for studying advanced bladder cancer in humans. Although aging and exposure to
environmental carcinogens are common risk factors in both species, important epidemiological
differences exist, such as the higher prevalence of UC in female dogs compared with the
predominance observed in human males. At the molecular level, canine and human UCs share
similar tumor subtypes and alterations in major oncogenic pathways, including p53/p63,
RTK/RAS/MAPK, PI3K/AKT/mTOR, and CDKN2A/CDK4, despite differences in the
initiating genetic events. These pathways are closely associated with the regulation of cell
proliferation, survival, and immune evasion. Furthermore, both species exhibit comparable
overexpression of therapeutic targets and similar immune checkpoint mechanisms, reinforcing
the translational importance of canine UC. Overall, these similarities support the use of dogs as
a highly relevant model for improving the understanding of urothelial carcinoma biology and
for advancing the development of novel therapies in both veterinary and human medicine.
Key Words: Keys words: Urothelial carcinoma; Transitional carcinoma; Translational
models; Comparative Oncology; canine.
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Abstract

Artificial Intelligence (Al) is emerging as a transformative tool in pharmacy practice,
particularly in prescription analysis and drug interaction prediction. Traditional methods of
prescription review rely heavily on manual evaluation, which may be time-consuming and
prone to human error. Al-based systems utilize machine learning algorithms and large clinical
databases to rapidly analyze prescriptions, identify potential drug—drug interactions, dosage
errors, contraindications, and patient-specific risk factors. These systems enhance clinical
decision-making by providing real-time alerts and evidence-based recommendations to
pharmacists and healthcare professionals. The integration of Al in pharmacy practice improves
medication safety, reduces adverse drug reactions, and supports personalized therapy. Despite
challenges such as data privacy, system validation, and professional training, Al has significant
potential to enhance the efficiency and accuracy of pharmaceutical care. The adoption of Al-
driven tools represents a major step toward safer and smarter healthcare delivery in modern
pharmacy.

Keywords

Acrtificial Intelligence, Prescription Analysis, Drug—Drug Interactions, Medication Safety,
Clinical Pharmacy
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Abstract

Medicinal and aromatic plants play a central role in the therapeutic, dietary, and cosmetic
practices of local populations. Objectives: To highlight traditional knowledge and inventory the
diversity of flora and associated ethnobotanical practices. Methods: Between March 2024 and
March 2025, an ethnobotanical survey was conducted among 406 inhabitants of the Fez-
Meknes region. The information collected through semi-open interviews on medicinal, dietary,
and cosmetic uses was used to calculate the family use value (FUV), the use value (UV), the
value of the plant parts used (PPV), and the informant agreement index (IAR). A multiple
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correspondence analysis (MCA) was also conducted to explore the links between plant uses
and the sociodemographic characteristics of the respondents. Results: The study identified 123
species belonging to 55 botanical families. Lamiaceae dominated the flora studied (FUV =
0.154), while Ajuga iva had the highest use value (UV = 0.57). Maceration was the most
common method of preparation (63.87%) and leaves were the most commonly used plant part
(PPV = 0.78). Painful and inflammatory conditions were the most frequently reported
therapeutic category (IAR = 0.96). Conclusions: The results highlight the richness of local
biodiversity and traditional knowledge, while emphasizing the need for further phytochemical
and pharmacological research to scientifically support therapeutic, food, and cosmetic uses.
Keywords: Ethnobotany, medicinal and aromatic plants, Fez-Meknes, phytotherapy.
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Abstract

Background: The gut-brain axis (GBA) is a sophisticated bidirectional communication
network that integrates the central nervous system (CNS) and the gastrointestinal tract (GIT).
This dialogue is mediated by complex neural, immune, endocrine, and metabolic signaling
pathways. Emerging evidence identifies the gut microbiota as a master regulator of this axis,
influencing essential physiological processes, including neurotransmitter synthesis, blood-brain
barrier (BBB) integrity, and neuroinflammation. Mechanisms of Pathology: Dysbiosis—the
disruption of microbial homeostasis—is increasingly implicated in the pathogenesis of
neurodegenerative disorders (NDDs) such as Alzheimer’s disease, Parkinson’s disease, and
multiple sclerosis. Pathological progression is driven by the systemic translocation of pro-
inflammatory cytokines and neurotoxic metabolites, such as trimethylamine N-oxide (TMAO),
which exacerbate oxidative stress and facilitate protein misfolding (e.g., $\alpha$-synuclein and
$\beta$-amyloid). Conversely, beneficial metabolites like short-chain fatty acids (SCFAs) and
tryptophan derivatives, which normally provide neuroprotection and maintain BBB stability,
are significantly diminished in dysbiotic states. Therapeutic Perspectives: Restoring GBA
equilibrium offers a transformative approach to delaying neurodegeneration. Current research
explores dietary modulation, psychobiotics, fecal microbiota transplantation (FMT), and vagus
nerve stimulation (VNS) as viable interventions. However, the translation of preclinical
findings to clinical practice is hampered by significant interindividual microbiome variability
and a lack of standardized biomarkers. Conclusion: Advancing the field requires a transition
toward precision medicine. Integration of emerging technologies—including Al-driven
microbiome analytics, organ-on-a-chip models, and wearable biosensors—is essential to
decode mechanistic complexities. Standardizing protocols for microbiome-based therapies will
be pivotal to establishing the GBA as a cornerstone of personalized neurodegenerative disease
management.

Keywords: Gut-brain axis, Dysbiosis, Neurodegeneration, Microbial Metabolites, Precision
Medicine.
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Abstract

This study investigates the role of two commonly used surfactants, Triton X-100 (TX-100) and
Tween-80, in enhancing the solubility of the NSAID (derivative of naproxen 1-NO). NSAID's
poor water solubility limits its bioavailability and therapeutic efficacy, presenting a challenge
for effective drug delivery. Surfactants like TX-100, a nonionic surfactant with an aromatic
ether group, and Tween-80, a nonionic surfactant composed of a polyoxyethylene sorbitan
ester, are known for their ability to improve drug solubility by reducing surface tension and
forming micelles. In this study, the solubility of NSAID (1-NO) was analyzed in agqueous
solutions of varying concentrations of TX-100 and Tween-80. The results demonstrated a
significant increase in NSAIDs solubility with the addition of both surfactants, with Tween-80
showing a more pronounced effect at lower concentrations. The enhancement in solubility is
attributed to the formation of micelles by the surfactants, which encapsulate the hydrophobic
drug molecules, thereby increasing their aqueous solubility. This research highlights the
potential of TX-100 and Tween-80 as solubilizing agents in pharmaceutical formulations,
offering a promising approach to improving the bioavailability of NSAID. The findings suggest
that surfactant-based strategies could be effectively employed to enhance the therapeutic
efficacy of poorly soluble drugs.
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Abstract

A study was conducted to assess the microbiological quality of feed products produced by local
manufacturers in Tashkent. The analysis included samples of compound feed, cottonseed cake,
sunflower cake, soybean cake, and corn grits (V1-V6). Coliform bacteria were detected in 83%
of the samples, indicating sanitary violations. Identification using the MALDI-TOF MS method
revealed the dominance of Bacillus spp., as well as the presence of opportunistic
microorganisms, including Staphylococcus, Klebsiella, Enterobacter, and Proteus.

The results of the microbiological examination of feed samples (V1-V6), presented in Table 1,
indicate microbial growth on all used culture media, including Potato Dextrose Agar (PDA),
Meat Peptone Agar (MPA), Sabouraud Agar (SA), Endo agar, and Mannitol Salt Agar (MSA).
Growth of colonies on Potato Dextrose Agar (PDA) and Sabouraud Agar indicates
contamination of several samples with microscopic fungi and yeasts. The most pronounced
fungal contamination was observed in samples V3 and V5, which may suggest an elevated
presence of mold and yeast-like microorganisms in these feed batches. The obtained results
were compared with regulatory sanitary microbiological standards (GOST 10444.15-94, GOST
10444.12-88) to assess the level of contamination and sanitary quality of the samples. In
addition, MALDI-TOF MS analysis enabled refinement of the taxonomic profile of the detected
microorganisms and identification of both commensal microflora and opportunistic pathogens
of sanitary significance. Microbial growth on Meat Peptone Broth confirms the presence of a
bacterial component in all examined samples. In particular, samples V1, V2, and V6 exhibited
the most intensive bacterial growth, indicating a high level of contamination with mesophilic
aerobic and facultative anaerobic microorganisms. The observed differences in the nature and
intensity of growth across the culture media reflect the heterogeneity of the microbiological
composition of the investigated samples. The microbiological monitoring of six feed samples
from local producers in the Tashkent region revealed systematic non-compliance of all
investigated batches with current sanitary and hygienic standards. The total bacterial load (6.2
x 10° — 8.9 x 10° CFU/g) exceeded the permissible limit (5 x 10° CFU/g) in all samples without
exception. Mold contamination also exceeded the regulatory threshold (5 x 10* CFU/g) in all
cases, reaching a critical level of 6 x 10° CFU/g in sample V6, indicating a substantial risk of
mycotoxin accumulation. Coliform bacteria, representing opportunistic enterobacteria, were
detected in five out of six samples, suggesting fecal contamination and violations of sanitary
conditions during production, storage, or transportation. Microorganism identification using
phenotypic methods and MALDI-TOF MS demonstrated that, alongside dominant commensal
flora of the genus Bacillus, all samples contained opportunistic microorganisms, including
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Staphylococcus gallinarum (V1-V4, V6), S. condimenti (V5), as well as Gram-negative
enterobacteria (Klebsiella variicola, Enterobacter cloacae, and E. cancerogenus),
predominantly in V1 and V2. Staphylococcal contamination was universal, affecting all
investigated feed samples.The obtained results highlight the necessity of strengthening
microbiological control across all stages of the production chain, revising storage conditions
for feed raw materials, and implementing continuous monitoring using modern microorganism
identification techniques to ensure the biological safety of feed products in the Tashkent region.
Keywords: Animal feed, microbiological safety, mold fungi, coliform bacteria, MALDI-TOF
mass spectrometry.
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Abstract

INTRODUCTION: Climate change is threatening the basic ingredients of good health — clean
air, safe drinking water, a nutritious food supply and safe shelter — and has the potential to
undermine decades of progress in global health. High temperatures and heat waves are
associated with excess morbidity and mortality, particularly among vulnerable populations. In
addition to deaths, high temperatures can increase the strain on the healthcare system by
increasing emergency room visits, hospitalizations, preterm births, mental health problems, and
other negative health outcomes. AIM: The aim of this study is assessing the risk of climate
change on the health of the population and the health system in Kosovo. METHODS: A review
of existing health or other policies, strategies or programmes related to climate change and
health in Kosovo in national and international level. Research into other risk factors/health
determinants of diseases related to climate change. Climate change vulnerability assessment of
six health facilities in different regions of Kosovo in the context of climate change-related
extreme exposure situations (heat waves, floods and droughts). RESULTS: Circulatory diseases
and tumors are among the most common causes of death in Kosovo for the period 2016-2020
Infectious diseases in Kosovo, acute diarrhea and seasonal influenza were the most reported in
the period 2014-2020. The level of risk, i.e. the system's unpreparedness to deal with the hazards
of the three climate extremes, among health facilities (hospitals) in Kosovo can be considered
medium in almost all assessed capacities. CONCLUSIONS: The highest mortality from
kardiovaskular diseases is registered among the most vulnerable population over 65 years of
age (over 70% of total mortality). One of the main weaknesses that we registered in the
evaluation of the preparedness of health institutions in Kosovo is the lack of a sufficient number
of health workforce
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Abstract

The Draa-Tafilalet region in southeastern Morocco is characterized by a rich yet insufficiently
documented floristic diversity. This study aims to inventory and highlight the use of Aromatic
and Medicinal Plants (AMPs) in traditional healthcare practices among local populations.An
ethnobotanical survey was conducted based on 500 structured interviews with inhabitants of
the region. The recorded plant species were taxonomically identified, and data on vernacular
names, therapeutic uses, and plant parts utilized were systematically collected.The results
revealed more than 100 AMP species, mainly used to treat respiratory, digestive, and
circulatory disorders. Leaves, fruits, and seeds were identified as the most commonly used plant
parts.This study contributes to the preservation and valorization of the ethnobotanical heritage
of the Draa-Tafilalet region and emphasizes the importance of safeguarding these natural
resources and associated traditional knowledge.

Keywords: Draa-Tafilalet; Ethnobotany; Medicinal Plants; Phytotherapy
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Abstract

In this study, the physicochemical, pharmacokinetic, and drug-likeness properties of (E)-1-(1-
(4-(tert-butyl)phenyl)-2,2-dichlorovinyl)-2-(4-methoxyphenyl)diazene were analyzed in silico
using the SwissADME platform. The conducted analyses indicate that the investigated
compound possesses several structural characteristics suitable for drug design, although certain
limitations were also observed. The relatively high molecular weight (=363 g/mol) and low
topological polar surface area (TPSA = 34 A?) confirm the lipophilic nature of the molecule.
While these properties may facilitate membrane permeability, they can also influence other
pharmacokinetic parameters. Regarding solubility, all applied predictive models indicated poor
aqueous solubility of the compound, which may represent a major limiting factor affecting its
bioavailability. In addition, the high logP values (~5.8) demonstrate dominant lipophilicity,
resulting in both favorable effects, such as enhanced membrane permeability, and unfavorable
effects, including reduced solubility. Pharmacokinetic analysis revealed that the compound
exhibits low gastrointestinal absorption and does not penetrate the blood-brain barrier. This
characteristic may be considered beneficial in terms of reducing potential central nervous
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system-related side effects. On the other hand, the inhibition of several CYP450 enzymes
suggests the possibility of metabolic drug—drug interactions. From the perspective of drug-
likeness, (E)-1-(1-(4-(tert-butyl)phenyl)-2,2-dichlorovinyl)-2-(4-methoxyphenyl)diazene
generally falls within acceptable ranges, with only minor deviations associated with
lipophilicity. The moderate bioavailability score (~0.55) suggests that the compound may
potentially exhibit activity in biological systems. In terms of chemical safety, the presence of
azo/diazo functional groups raises certain structural alerts. Such groups may cause non-specific
responses in biological assays and therefore require additional experimental verification.
Overall, the investigated compound may be considered a lipophilic and pharmacologically
active structure. However, improvement of aqueous solubility and optimization of metabolic
stability are considered essential for enhancing its therapeutic potential. In this regard, the
incorporation of more polar functional groups into the molecular structure may represent a
promising strategy.
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Abstract

The emergence of multidrug-resistant bacterial strains has increased the demand for novel
antibacterial compounds targeting essential bacterial enzymes. In this study, triazole and
hydrazone derivatives were comparatively investigated against DNA gyrase B (PDB ID:
4KFG) using molecular docking analysis. Docking simulations were performed using
AutoDock Vina to evaluate ligand—protein interactions and binding affinities. Among all
investigated compounds, triazole derivative -(E)-5-methyl-N'-(2-oxoindolin-3-ylidene)-1-
phenyl-1H-1,2,3-triazole-4-carbohydrazide exhibited the highest binding affinity (9.6
kcal/mol), forming multiple stabilizing hydrogen bonds and hydrophobic interactions within
the ATP-binding pocket of DNA gyrase B. Hydrazone derivatives such as (E)-2-ethyl-3-(2-(3-
hydroxy-2-naphthoyl)hydrazineylidene)butanoic acid and (E)-4-((2-(benzo[d]thiazol-2-
ylhydrazineylidene)methyl)benzene-1,2-diol also demonstrated strong interaction profiles
supported by hydrogen bonding and electrostatic interactions. Comparative analysis revealed
that the structural characteristics of heterocyclic scaffolds significantly influence ligand binding
stability and interaction diversity. The obtained results indicate that triazole derivatives possess
considerable potential as DNA gyrase B inhibitors and may serve as promising antibacterial
lead compounds for future optimization and experimental validation studies.
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Abstract

Healthcare architecture has moved beyond its functional efficiency to acknowledge that the
physical environment is a therapy in its own right that can have a positive impact on patient
recovery, staff health and wellbeing and healthcare delivery. But even amid the mounting proof
that good design can yield better healing results, many hospitals go ahead and continue to create
institutional and stress-inducing environments. This systematic literature review brings together
evidence on the impact of natural lighting, biophilic integration, acoustic optimization, spatial
organization, accessibility and wayfinding on creating a compassionate healing environment in
hospitals. The peer-reviewed studies between 2012 and 2026 were searched using PubMed,
Scopus, Web of Science and Google Scholar, with 48 studies found after screening from a total
of 1641 studies. Findings from the thematic synthesis and critical evaluation indicate that
daylighting and biophilic design can help to reduce hospital length of stay, analgesic use, and
sleep quality, and can reduce anxiety, stress biomarkers and blood pressure. Acoustic
optimisation helps patients to sleep, lessen their perception of pain, and lessen staff stress, while
single rooms enhance autonomy and lower infection risk. The review suggests a five-layer
model: environmental foundation, sensory-psychological, social-digital, accessibility-
inclusion, and healing-wellbeing, to implement a compassionate, people-centred design of the
hospital as an evidence-based therapeutic approach.

Keywords: Evidence-based design, healing environments, patient-centered care, biophilic
design, healthcare architecture.
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Abstract

The built environment plays a crucial role in cognitive functioning, emotional processes,
recovery from stress, and healing in healthcare environments. This exhaustive review brings
together the fields of neuroscientific, architectural and environmental psychology approaches
to explore how the design of therapeutic space can influence human cognition, neuroplasticity
and wellbeing in hospitals, intensive care, rehabilitation centers and mental health facilities.
Using evidence-based design (EBD) and other principles such as neuroarchitecture, biophilic
design, and cognitive load theory, this article systematically examined the effect of architectural
variables on neurobiological responses and clinical outcomes, including: natural lighting and
circadian rhythm support; acoustics; spatial configuration and wayfinding; color psychology;
material composition; nature integration; multisensory environmental stimulation. To search
the literature for papers on healthcare architecture, neuroarchitecture and therapeutic
environments, we performed a systematic literature search according to PRISMA 2020
guidelines in the Scopus, Web of Science, PubMed and Google Scholar databases of peer-
reviewed literature published between 2019-2026, from which 45+ papers had been selected.
The key findings underscore the benefits of an appropriately designed healthcare setting on
patient anxiety, perception of pain, incidence of delirium, length of stay and staff well-being.
Optimizing the intensity and quality of natural light for circadian rhythm support, design
elements for natural lighting that support the circadian rhythm, elements of biophilic design
that lower stress markers and enhance emotional regulation, and spatial design that emphasizes
intelligibility and wayfinding that minimize cognitive load and environmental stress. This
review summarises the neuroscientific mechanisms influencing architectural effectiveness,
such as attentional restoration and stress reduction pathways, sensory integration, and
neuroplastic responses; and provides a conceptual foundation connecting architectural design
variables to neurobiological outcomes. International healthcare projects are used for case
analyses, such as Maggie's Centres, Khoo Teck Puat Hospital and Alnarp Rehabilitation
Garden. The article ends with design principles for human-centred, cognitively supportive
therapeutic environments based on evidence and suggestions for future research directions that
combine the use of neurotechnology, artificial intelligence and responsive architecture to
enhance healthcare outcomes.

Keywords: neuroarchitecture; evidence-based design; cognitive neuroscience; therapeutic
environments; biophilic design.
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Abstract

There is a growing recognition in the healthcare sector that physical environments play a critical
role in affecting psychological health, wellbeing and recovery of patients and in patient care
quality; however, many clinical environments are sterile, stressful, and prioritise operational
efficiency as their primary concern. This systematic literature review aims to draw a synthesis
of current evidence related to environmental design strategies that promote positive patient
experience, stress reduction and recovery in the context of environmental psychology principles
of restorative architecture. To abide by the PRISMA 2020 guidelines, over 50 peer-reviewed
studies were consequently searched from Scopus, Web of Science, PubMed, and Google
Scholar, and the studies focused on the evidence-based design, biophilic architecture and
restorative environmental theory in healthcare environments, published between 2018 and
2026. Results reveal that MSIs that combine natural light, biophilic features, acoustic
optimization, colour psychology and spatial configuration have a significant impact on anxiety
reduction, perceived comfort, recovery outcomes and staff wellbeing. The most robust impacts
are from a holistic, patient-centred approach, not just one element of design. The review finds
that restorative healthcare environments are a clinical and ethical need, with measurable health
benefits and shorter hospital stays and lower health care costs..

Keywords: evidence-based design; healing environments; biophilic architecture; healthcare
architecture; environmental psychology.
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Abstract

The adoption of Internet of Things (IoT) solutions in the field of architecture is redefining
healthcare buildings as dynamic, intelligent environments that are capable of optimizing patient
care, the efficiency of operations, and the productivity of employees. This exhaustive review
brings together available evidence on ways in which smart sensors, real time environmental
monitoring, digital twins and Al-assisted infrastructure can help to improve the spatial design
of healthcare environments and meet challenges with infection control, thermal comfort,
acoustic quality and sustainability. The article is based on systematic literature research of peer-
reviewed publications and on international case studies from Singapore, South Korea,
Germany, Japan and the United States, and provides a conceptual framework for the 10T-
integrated healthcare architecture, which links together the fields of smart building technology,
environmental psychology, healthcare management and sustainable design. Key areas explored
in the study are intelligent patient rooms equipped with adaptive environmental controls, real-
time indoor air quality monitoring systems, smart lighting and circadian rhythm optimisation,
thermal comfort management, touchless technologies for preventing infections, and predictive
maintenance systems. This mixed-method research design, which involved a systematic
literature review, post-occupancy evaluation principles and comparative case study analysis,
showed that the use of 10T in healthcare environments achieves between 20-40% energy
efficiency, a reduction in airborne pathogen exposure of 61.96%, and tangible improvements
in patient satisfaction and health care worker wellbeing. The integration of Building
Information Modeling (BIM) with the Internet of Things (loT) infrastructure allows for
seamless interoperability between the systems, ensuring data flows effortlessly and seamlessly
supports adaptive spatial planning and emergency response. It ends with design principles for
smart hospitals integrated with 10T, covering human-centric design, cybersecurity for
resilience, and scalable digital infrastructure. This work also provides important evidence-based
guidelines for designing future healthcare facilities that can be intelligent, sustainable, patient-
centric and operationally resilient.

Keywords: 10T healthcare architecture; smart hospitals; digital twins; BIM; indoor
environmental quality; healthcare design.
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Abstract

In addition to digital technologies, artificial intelligence, Internet of Things (IoT) and advanced
architectural design are converging to completely redefine the future of how health care is
provided—creating intelligent healthcare environments. This comprehensive review
investigates the smart technologies being strategically adopted in medical architecture to
improve patient outcomes, infection control, sustainability and operational efficiency. The
article is based on the findings of the review of a systematic literature review of 95 peer-
reviewed studies and case analyses of 2020-2026, covering smart hospital systems, Internet of
Things (IoT) for environmental monitoring, Artificial Intelligence (Al) for clinical decision
making, Building Information Modeling (BIM), digital systems, adaptive HVAC and lighting
systems, robotic automation, evidence-based design principles, and sustainable medical
architecture. Key findings include the integrated smart technologies identified which can help
to eliminate up to 39.6% of healthcare-associated infections, shorten patients' hospital stays,
lower energy consumption by 58%, and increase diagnostic accuracy with Al-driven systems.
But challenges such as cybersecurity threats, data privacy or security concerns, algorithmic
bias, interoperability, regulatory compliance, and human-centered design strategies that place
equal emphasis on clinical effectiveness and patient-centred care must be resolved in successful
implementation. It also highlights emerging paradigms in the development of precision
medicine, pandemic responsive design, and resilient healthcare infrastructure and the need for
collective and interdisciplinary strategies that include patient-architects, engineers, clinicians
and policy makers. The review concludes that intelligent healthcare environments are a stepping
stone towards a new generation of patient-centric, data-driven and sustainable medical
environments that can tackle the challenges of the future in healthcare and deliver high-quality
and equitable care.

Keywords: smart hospitals; intelligent buildings; healthcare architecture; Internet of Things;
artificial intelligence.
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Abstract

Healthcare environments are dealing with unprecedented challenges that require them to create
healing environments that simultaneously support patient recovery, improve staff wellness and
prevent disease transmission. This systematic review aims to pull together scientifically
evidence on architectural and environmental design measures to improve indoor environmental
quality (IEQ) in medical building. We conducted a search of peer-reviewed literature using the
PRISMA methodology, from the major databases (Scopus, Web of Science, PubMed, Google
Scholar) and included 50+ studies covering the period from 2018-2026 in the analysis, on the
topics of healthcare architecture, environmental psychology, infection control, and evidence-
based design. Key findings show how much patients stress is reduced, hospital stays are
shortened, infection rates are reduced and staff productivity is increased by implementing
thermal comfort, indoor air quality, acoustic performance, daylighting, biophilic elements,
ventilation strategy and spatial organization as integrated design interventions. Thermal
comfort optimization (21-26°C) reduced the length of a patient's stay by 1.8 days on average
and the stress of caregivers by 76%. Acoustic interventions lowered the noise level in the ICU
from 60-90 dB(A) to optimal levels, which led to a 48% increase in patient satisfaction scores
and better sleep quality. Daylighting and the circadian rhythm benefit patient recovery rates
and mental health in a variety of patient groups. Airborne pathogen exposure was reduced by
61.96% with strategic ventilation design (minimum 12 air changes per hour in isolation rooms)
and stress related biomarkers were reduced and patient pain perception was enhanced with
biophilic design elements. WELL and LEED Healthcare standards resulted in an improvement
of 39% in occupant satisfaction when compared to conventional buildings. This evidence-based
synthesis confirms that architecture is a key health intervention and offers integrated guidelines
for creating sustainable, healthy, and infection control environments that are designed for
human-centered health outcomes while also meeting environmental sustainability goals that
support the UN Sustainable Development Goals 3 and 11.

Keywords: healthcare architecture, indoor environmental quality, evidence-based design,
patient recovery, healing environments.
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Abstract

Healthcare buildings are sites of critical infrastructure where the design of the environment has
a direct impact on the health of patients, staff and visitors. This extensive research article
explores the complex interconnections between architectural strategies, environmental quality
and public health indicators in healthcare settings. We systematically review the state-of-the-
art literature and international case studies and provide evidence of the impact of evidence-
based design principles, including thermal comfort, daylighting, acoustic management, air
quality optimization, spatial configuration and nature integration, on patient recovery
trajectories, reduction in infection rates, staff productivity, and organizational efficiency. This
article brings together some theoretical models: Evidence-Based Design (EBD), Biophilic
Design, Salutogenic Architecture, and Universal Design, and outlines their empirical
connections to measurable health outcomes. Post-occupancy evaluation, environmental
simulation and health metrics assessment methodologies are presented, and sustainable
healthcare infrastructures are analyzed in relation to Sustainable Development Goals and WHO
building recommendations for health. The research combines qualitative and quantitative data
that shows how using human-centred environmental factors in healthcare buildings leads to a
30% reduction in hospital-acquired infections, 8-15% quicker recovery, increased staff
wellbeing and retention rates, and operational sustainability. Passive environmental systems,
courtyard layouts, green roofs, adaptive facades, contactless circulation systems and
antimicrobial material use are some of the architectural strategies studied. The argument
presented in this article is that this environmental design in health care needs to be moved from
the compliance mode to the salutogenic (promoting health) mode so that wellbeing is actively
promoted rather than merely prevented. Finally, we provide recommendations for integrated
design protocols, policy frameworks, and future research areas that are critical to designing
resilient health-focused healthcare buildings that can respond to new public health crises in
various settings around the world.

Keywords: Healthcare architecture, environmental design, evidence-based design, biophilic
design, indoor environmental quality.
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Abstract

Healthcare facility design significantly influences patient recovery, yet contemporary hospitals
often prioritize clinical efficiency over therapeutic environmental quality. Although evidence
shows that natural lighting, acoustic comfort, biophilic elements, spatial organization, and
sustainable systems affect patients’ physiological and psychological responses, a gap remains
between evidence-based design principles and actual healthcare architecture. This article
critically synthesizes contemporary research on architectural interventions for patient recovery,
integrating healing environment theory, environmental psychology, and evidence-based design
methodology. A systematic literature review of 30-50 empirical studies, reviews, theoretical
frameworks, architectural case studies, and post-occupancy evaluations published between
2020 and 2026 was conducted using Web of Science, Scopus, and PubMed. Findings indicate
that integrated environmental design strategies can reduce hospitalization length, decrease pain
medication intake, improve sleep quality, and enhance patient satisfaction. Biophilic design,
optimized acoustics, circadian lighting, and patient-centered spatial layouts emerge as the most
effective dimensions. The study establishes a healing-centered framework for healthcare
architecture and provides practical strategies for new construction and renovation aimed at
improving patient recovery, staff wellbeing, and operational efficiency.
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evidence-based design.
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Abstract

The physical healthcare environment plays a significant role in shaping patient recovery,
psychological resilience, staff wellbeing, and overall healthcare quality. Although
contemporary hospital design increasingly recognizes therapeutic principles, healthcare
facilities often continue to prioritize clinical efficiency over spatial qualities that support
healing, resulting in environments that may increase stress, delay recovery, reduce patient
satisfaction, and contribute to staff burnout. This article systematically synthesizes
contemporary research on therapeutic spatial design in healthcare architecture, focusing on
evidence-based design strategies, environmental variables, and implementation frameworks
that enhance patient wellbeing and staff effectiveness. Using the PRISMA 2020 framework,
literature published between 2018 and 2026 was reviewed from Scopus, Web of Science,
PubMed, and Google Scholar, supported by international case studies and post-occupancy
evaluations. Findings show that optimized lighting, acoustic comfort, biophilic design, privacy,
spatial configuration, and perceived environmental control can reduce stress, analgesic use,
length of stay, and hospital-acquired infections while improving satisfaction and staff
resilience. The study concludes that therapeutic spatial design functions as a non-
pharmacological architectural intervention with measurable health impacts, requiring
interdisciplinary collaboration, standardized assessment protocols, and policy support for
evidence-based healthcare infrastructure.

Keywords: therapeutic architecture, healing environments, evidence-based design, patient
wellbeing, environmental psychology.
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Abstract

Role of Architect and his design towards enabling and optimization of healthcare facilities in
critical. During Covid-19 pandemic, Pakistan major shortfalls in the existing healthcare system
were highlighted with major gaps in integration of healthcare design experts and architects
towards transformation of existing facilities to Covid-19 centers. In Post-pandemic Pakistan,
there existed a strong need to evaluate how far the previous lessons learned have been
incorporated in policy making and future design of facilities. The study explored 62 published
documents related to healthcare facilities standards, requirements and functional development
from provincial and federal government departments as the baseline exploration. Keywords
were identified through recent research exploration of similar studies in post-pandemic
timeline. The exploration showed that Architect term has been mentioned only 34 times in all
of these documents with evidence based design and built environment as key words completely
missing. The gaps highlighted shear differences and disconnect between healthcare policies
and architectural design innovation in post-pandemic time. Research further argues the role of
architect to be defined as a healthcare designer in the context to help optimize the facilities for
future challenges through bridging these highlighted gaps and assisting Pakistan towards
proactive preparation for future healthcare endeavors at large.

Key Words: Architect, Architecture, Healthcare Design, Hospital, Minimum Service Delivery
Standards, Pakistan, Future Healthcare Design.
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Abstract

Chronic hepatic encephalopathy (CHE) is a neuropsychiatric complication of chronic liver
disease (CLD) characterized by neuropsychiatric dysfunction, cognitive impairment, and motor
abnormalities. This study aimed to characterize memory deficits and examine microglial
activation in a chronic HE model (CHE). Chronic liver dysfunction was induced in five-month-
old male Wistar rats through repeated administration of thioacetamide (TAA). Liver injury and
fibrosis were evaluated using biochemical markers (ALT, AST, MMP-3, MMP-9, TIMP-1, and
P3NP) and confirmed by hepatic histopathology. TAA-treated rats exhibited a marked elevation
of ALT and AST, a significant decrease in MMP-3 and MMP-9, and increased serum levels of
TIMP-1 and P3NP, consistent with advanced hepatic fibrosis. Cognitive performance was
assessed using the Morris water maze and Y-maze tests, both of which demonstrated significant
memory impairment in TAA-treated animals. In addition, our results showed increased Ibal
immunoreactivity in the cerebral cortex and the hippocampal subfield CAL. Alternatively, CHE
rats exhibited a threefold increase in brain ammonia. Taken together, these findings
demonstrate that chronic liver injury-induced hyperammonemia and neuroinflammation lead to
significant memory deficits.

Keywords: Ammonia, chronic liver disease, chronic hepatic encephalopathy, hippocampus,
microglial activation.
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Abstract

Background: Adult-type diffuse gliomas are the most common malignant primary tumors of
the central nervous system and carry a poor prognosis, particularly in low- and middle-income
countries where molecular characterization remains limited. Data from North Africa are scarce.
This study aimed to describe the epidemiological, clinical, and prognostic characteristics of
adult-type diffuse gliomas in a Moroccan cohort according to the 2021 WHO classification,
contributing to a broader integrative perspective linking population health, biological
heterogeneity, and resource-dependent management. Methods : A retrospective single-center
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descriptive study was conducted at the Mohammed VI Cancer Center of Ibn Rochd University
Hospital, Casablanca, including 122 patients with adult-type diffuse gliomas diagnosed
between January 2019 and November 2024. Demographic, clinical, histopathological, and
survival data were collected and analyzed. Overall survival was estimated using the Kaplan—
Meier method, and prognostic factors were assessed by univariate, multivariate analyses.
Results : The median age was 55.5 years with a male predominance (sex ratio ~ 2:1).
Glioblastoma was the most frequent subtype (74.6%), predominantly localized in the parietal,
frontal, and temporal lobes. Motor deficits, headaches, and seizures were the most common
presenting symptoms. Among glioblastoma patients, the median overall survival was 8.66
months, with a two-year survival rate of 26.5%. Younger age and access to multimodal
treatment were associated with significantly improved survival, with treatment modality
emerging as the only key prognostic factor. Conclusion : This study describes one of the largest
single-center cohorts of adult-type diffuse gliomas in Morocco. It provides epidemiological and
prognostic insights into glioma behavior in a North African population and underscores the
need for broader molecular profiling and multicenter prospective studies to support integrative,
personalized management strategies in low-income settings.

158




FULL TEXTS



20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

DIGIT LENGTH AWARE RADIX SORT WITH THREAD LEVEL PARALLELISM
FOR BIOMEDICAL DATA PIPELINES

Tugay Direk
Izmir Universtiy of Economics, Faculty of Engineering, Department of Software Engineering,
[zmir-Turkiye
Email: tugay.direk@ieu.edu.tr
Orcid: https://orcid.org/0000-0003-0325-0403

Abstract

Efficient sorting of large-scale numerical data is a fundamental requirement in biomedical back-
end systems, including genomic analysis pipelines, hospital information systems, and clinical
data repositories. Traditional comparison-based sorting algorithms such as quick sort and merge
sort provide reliable performance but remain bounded by O(nlogn) complexity, which limits
scalability in high-throughput biomedical environments. Radix sort offers linear-time behavior
for integer data; however, its efficiency decreases when datasets contain values with
heterogeneous digit lengths, a common characteristic in biomedical data such as genomic
coordinates and patient identifiers. This study proposes a digit-length-aware radix sorting
method designed to address inefficiencies caused by heterogeneous digit distributions. The
method first categorizes integers according to their digit lengths, applies radix sort
independently within each group, and merges the sorted groups to produce the final ordered
output. This strategy reduces redundant digit-wise passes and improves runtime efficiency
while preserving the linear-time behavior of radix sort. To further enhance performance, this
work introduces a thread-level parallel variant of the digit-aware radix sorting approach. After
digit-length grouping, independent digit buckets are processed concurrently using a thread-
based execution model. A hybrid scheduling strategy is employed to parallelize only
sufficiently large buckets while processing smaller buckets sequentially, thereby avoiding
unnecessary threading overhead and ensuring stable performance. Experimental evaluations
conducted on datasets reflecting biomedical workloads demonstrate that the proposed method
consistently outperforms classical radix sort and merge sort, and achieves competitive or
superior performance compared to quick sort in large-scale heterogeneous datasets. The
threaded variant further improves runtime efficiency, highlighting the effectiveness of
combining digit-aware grouping with selective thread-level parallelism for biomedical data
processing applications.

Keywords: Digit-Aware Radix Sort, Thread-Level Parallelism, Biomedical Data Processing,
Parallel Sorting, Genomic Data Analysis

159




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

1. Introduction
Modern healthcare infrastructures are increasingly built around large-scale, continuously
generated data coming from biomedical devices, hospital information systems, and research
platforms. To make this information usable, centralized back-end systems must ingest, clean,
and process it both quickly and reliably, so that it can support clinical decision-making,
downstream research analytics, and seamless integration into electronic/clinical records (Batko
and Slezak, 2022).

Within this broader data ecosystem, sorting (especially for genomic coordinates) becomes
a fundamental preprocessing step. Many core bioinformatics workflows (e.g., variant
processing, interval overlap discovery, and feature consolidation) depend on fast and correct
ordering of genomic intervals. For example, the AlList data structure introduced by Feng et al.
improves interval querying partly by sorting intervals based on their start coordinates and
organizing them using precomputed end values, which accelerates overlap checks (Feng et al.,
2019).Likewise, Mao et al. evaluate augmented two-dimensional range trees for genomic
interval queries; their approach constructs the structure using interval start positions as primary
keys, which implicitly assumes an efficient mechanism for producing position-sorted data (Mao
et al., 2019). In other words, in many interval search pipelines, sorting is not optional. It is a
prerequisite that shapes the speed of the entire workflow, making efficient sorting algorithms a
practical necessity.

Sorting itself is one of the most established topics in computer science, with a well-
documented foundation ranging from Knuth’s classic treatments to the widely used textbook
by Cormen et al. (Knuth, 1998; Cormen et al., 2009). Despite its maturity, sorting remains a
central operation in real-world data engineering, with direct relevance to biomedical contexts
such as genomic pipelines, EHR management, clinical signal processing, and medical imaging
(Bick et al., 2019; Ross et al., 2014; Santos and Rocha, 2023). It also plays a supporting role in
tasks like feature alignment and biological sequence comparison, where preserving or enforcing
a meaningful order is essential for correct interpretation (Satam et al., 2024). Traditional
comparison-based algorithms (e.g., quicksort and mergesort) can behave quite differently
depending on input characteristics, but they share a core limitation. Since they rely on element
to element comparisons, they typically cannot exploit special structure in numeric data to
approach true linear time behavior in practice.

In contrast, radix sort is a non-comparative integer sorting method that can deliver
excellent performance under the right conditions. First conceptualized by Harold H. Seward in
1954 (Attard Cassar, 2018), radix sort orders integers by processing digits (commonly from
least significant to most significant), placing values into digit-based buckets at each pass.
However, a key practical weakness appears when the input array contains integers with highly
variable digit lengths. Standard radix sort typically determines the maximum digit length in the
array and then performs that many digit wise passes for every element. Even if only a small
fraction of numbers have the maximum length, all shorter numbers are effectively treated as if
they had that same length by padding missing leading digits with zeros during processing. This
introduces redundant work and can substantially reduce efficiency on heterogeneous inputs.

This issue is especially common in biomedical data. Genomic coordinate ranges naturally
vary because chromosomes differ dramatically in size. For instance, large chromosomes like
chrl are on the order of hundreds of millions of base pairs, while smaller ones like chr21 are
far shorter (Wilming et al., 2007). As a result, coordinates often span multiple digit lengths
(from six digits up to nine digits or more), creating an input distribution that can be unfavorable
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for conventional radix sorting. A similar pattern appears in operational hospital data. Logs and
telemetry streams may store timestamps at different resolutions, producing numeric fields
whose digit representations are inconsistent across events (Goodwin et al., 2022a). In both
cases, the “pad everything to the maximum digit length” behavior of standard radix sort leads
to unnecessary digit passes and wasted computation.

Prior work has proposed many improvements to radix sort, particularly for parallel and
hardware-aware implementations on multicore CPUs and GPUs. Studies by Lee et al. (Lee et
al., 2002), Cho et al. (Cho et al., 2015), and Satish et al. (Satish et al., 2009) highlight how
architecture-conscious designs can accelerate radix sorting under modern compute settings.
Yet, the specific challenge of efficiently handling arrays with mixed digit lengths has received
comparatively limited attention. To the best of our knowledge, digit length based grouping has
not been formally developed or evaluated as a primary strategy within radix sorting pipelines
for biomedical data. Our work addresses this gap directly for settings such as genomic intervals
and health record identifiers, where digit length heterogeneity is routine and performance
differences matter at scale.

This study builds upon our earlier work, where we introduced the core concept of digit
length aware radix sorting and evaluated its performance on heterogeneous integer datasets
commonly observed in biomedical pipelines (T. Direk, 2024). The central idea is to precede
sorting with a lightweight categorization step that partitions values according to their digit
lengths, after which radix sort is applied independently within each subgroup and the sorted
groups are concatenated to form the final output. By avoiding redundant digit passes on shorter
numbers, this strategy reduces unnecessary computation and improves runtime behavior under
realistic, digit-diverse data conditions while retaining the overall linear-time appeal of radix-
based sorting. In the present paper, we substantially extend this foundation through a more
detailed algorithmic formulation, an expanded experimental evaluation, and—most
importantly—the introduction and analysis of a selective threaded variant that exploits the
natural independence of digit-length buckets, enabling improved robustness and scalability on
modern multicore systems without compromising correctness or stability.

Finally, we demonstrate the method’s real-world relevance through genomic interval
analysis, a routine component of bioinformatics and biomedical research. Many common
operations over BED-like interval files such as intersection, merging, and feature mapping
require intervals (start/end coordinates) to be sorted efficiently before they can be processed at
scale. Since genomic coordinates frequently exhibit digit length imbalance across
chromosomes, this domain is a natural fit for the proposed approach (Otlu and Can, 2019).

2. Materials and Methods

Genomic data processing pipelines frequently revolve around interval based operations,
such as finding overlapping genomic features, computing intersections between annotations, or
combining and filtering regions of interest (Otlu and Can, 2019). To run these operations
efficiently, tools typically rely on coordinate sorted intervals, where positions along
chromosomes can span an unusually wide numeric range from very small values (tens to
hundreds of base pairs, such as 10-500 bp) to extremely large coordinates represented with
many digits in large chromosomes or genome assemblies (Wilming et al., 2007). Because of
this, interval sorting is not just a housekeeping step, it is a core dependency that directly impacts
the runtime of downstream analyses.
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Many widely used toolchains make this requirement explicit. For instance, BEDTools
expects sorted BED inputs for high throughput execution of operations like intersect, merge,
and subtract, meaning that the speed and scalability of these workflows are strongly tied to how
quickly the underlying coordinates can be sorted (Quinlan and Hall, 2010; Quinlan, 2014).
Similarly, BEDOPS is designed around the assumption of sorted inputs to deliver high
performance genomic feature operations at scale (Neph et al., 2012). In practical biomedical
research settings, the consequences are immediate. When comparing Single Nucleotide
Variants (SNVs) or other interval like records across many samples, position sorted inputs
enable fast lookup patterns (often resembling binary search behavior) and more efficient
overlap checks. Tools such as Tabix, which retrieve intervals from compressed genomic files,
depend on coordinate sorted indexing to support rapid region queries (Li, 2011). In short,
accurate and efficient sorting is a direct enabler of the speed we expect from modern genomics
software.

Since sorting is such a large component of these real world workloads, improving a
promising method like radix sort can provide meaningful practical gains. The key weakness of
conventional radix sort, however, comes from its standard assumption that all values should be
processed as if they have the same digit length as the maximum-length number in the array.
Shorter numbers are effectively padded with leading zeros, and the algorithm performs digit
wise passes equal to the maximum digit count, even if only a single outlier has many digits.
Although radix sort is linear in theory, this "maximum digit governs all" behavior can prevent
it from approaching its most efficient practical behavior whenever even one large digit value
forces extra iterations for everyone else. That means the algorithm may spend time doing digit
passes that contribute nothing to ordering the shorter values.

Our proposed method addresses this inefficiency by explicitly handling digit length
heterogeneity. Instead of treating the input as one uniform group, we first separate integers into
categories according to their number of digits, and then sort within each category
independently. Concretely, the optimized digit length aware radix sorting procedure has three
major stages.

Firstly, digit length categorization is done by initializing separate containers
(lists/buckets) for each digit length that appears in the data, then scan the input once and place
each integer into the bucket matching its digit length. Nextly, within-group radix sorting, apply
radix sort separately to each bucket so that digit wise passes are performed only for numbers
that actually share that digit length.

Lastly, merge of sorted groups, concatenate the buckets in ascending digit length order
(and within each bucket, in sorted order) to produce the final fully sorted array.

This workflow mirrors a simple human intuition. When comparing numbers with
different digit lengths, we can often determine which is larger just by digit length, without
performing detailed digit-by-digit comparisons across unequal length values. By leveraging this
idea computationally, the method avoids unnecessary processing across digit length boundaries
and focuses radix passes only where they are informative among numbers of the same digit
length. As a result, the approach reduces redundant iterations induced by high digit outliers and
pushes performance toward the more favorable behavior radix sort can achieve under various
digit length conditions. Pseudocode of the method is given in Algortihm 1:
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Algorithm 1. OptimizedRadixSort(arr)

1: Initialize separate lists for each digit length, where
digit classes[i] will hold numbers with (i + 1) digits
For each number in arr:
Determine the number of digits d in the number
Append the number to digit classes[d-1]
For each digit class in digit classes:
If the digit class is not empty:
Apply RadixSort(digit class)
Initialize sorted arr as an empty list
For each digit class in digit classes:
0: Append all numbers in the digit classes to sorted_arr

BOXNORWN

While digit aware radix sorting already reduces unnecessary passes by grouping numbers
according to their digit length, modern datasets routinely reach millions or tens of millions of
elements, making single threaded execution increasingly memory and time bound. Crucially,
after digit length grouping, each bucket becomes independent. Numbers with different digit
lengths never interact during sorting. This structural independence creates a natural opportunity
for parallelization, as each digit bucket can be sorted without synchronization or data sharing
with others. Failing to exploit this independence leaves available CPU cores idle and limits
scalability on contemporary multi-core systems.

Furthermore, radix sorting within each bucket is itself computation heavy but
deterministic, making it well suited for parallel execution when combined with low overhead
task scheduling. By offloading bucket level sorting to worker threads, the algorithm transforms
from a strictly sequential pipeline into a coarse grained parallel workload. This is particularly
beneficial when the input distribution is heterogeneous ( many short numbers and few long
ones), where the dominant cost concentrates in a small number of large buckets. Parallelization
mitigates this imbalance by allowing expensive buckets to be processed concurrently rather
than serially.

The threaded digit aware radix sort in this work is designed as a hybrid parallel sequential
strategy that carefully balances parallelism benefits against the overhead imposed by CPython’s
Global Interpreter Lock (GIL). After digit length grouping, buckets are evaluated individually.
Small buckets are processed sequentially, while only sufficiently large buckets are offloaded to
worker threads. This selective parallelization is controlled by a configurable parallel threshold,
ensuring that thread creation and scheduling overhead do not dominate execution time for
lightweight workloads. As a result, the algorithm avoids the common pitfall of naive
multithreading in Python, where excessive task fragmentation can degrade performance rather
than improve it.

In practice, the performance gains of the threaded variant depend strongly on the
distribution of digit lengths. When large buckets dominate the workload, such as in mixed short
and long integer distributions, the threaded version reduces wall clock time by concurrently
sorting independent high cost buckets. However, because radix sorting itself is CPU bound and
executed in pure Python, the GIL limits achievable speedup, preventing linear scaling with core
count. Consequently, the threaded digit aware radix sort should be interpreted as an overhead
aware optimization, not a general purpose parallel radix implementation. Its main contribution
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lies in improving performance robustness across heterogeneous datasets while preserving
correctness, stability, and low memory overhead. Pseudocode in Algortihm 2 shows how these
steps are exatctly implemented.

Algorithm 2. OptimizedRadixSort(arr)

1: Initialize empty lists buckets[0 . . . max digits — 1]

2: For each number x in arr:

3: Determine digit length d of x

4: d < min(d, max digits)

5: Append x to buckets[d — 1]

6: Initialize sorted buckets[0 . . . max digits — 1] as empty

7 Initialize a thread pool with at most workers threads

8: For each index i and bucket in buckets:

9: If bucket is empty:

10: sorted buckets[i] «— empty list

11: Else if bucket size < threshold:

12: Apply RadixSort(bucket, i + 1) sequentially

13: Store result in sorted buckets][i]

14: Else:

15: Submit RadixSort(bucket, i + 1) as a thread task
16: Wait for all submitted thread tasks to complete

17: Store each completed result in the corresponding sorted buckets entry
18: Initialize output list out as empty

19: For each list in sorted buckets:

20: Append all elements to out

21: Return out

3. Findings and Discussion

The computational complexity of the proposed optimized digit aware radix sort can be
analyzed by decomposing the algorithm into its main stages. First, digit-length categorization
requires a single pass over the input array, resulting in a time complexity of O(n), where n
denotes the number of integers. Determining the digit length of each number involves at most
a fixed number of integer comparisons (up to 15 in our setting), avoiding expensive string-
based operations and ensuring low constant overhead.

Second, radix sorting within each digit length category is performed independently. For
a bucket containing numbers with d digits, radix sort runs in O(d(m+b)), where m is the bucket
size and b is the numerical base. Since both d and b are small constants relative to large input
sizes, this step is effectively linear in practice. However, traditional radix sort performs the
same number of digit passes for all elements, which can be inefficient when a small subset of
values has significantly larger digit lengths. By isolating numbers according to their digit
lengths, the proposed method avoids unnecessary digit passes for shorter integers, thereby
mitigating this performance degradation.

The final stage, merging the sorted categories, consists of concatenating already sorted
buckets. As no additional comparisons or reordering are required, this step runs in linear time.
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Together, these stages yield an overall time complexity of O(n) for the optimized digit aware
radix sort. The best case behavior is consistently achieved because each number is processed
only for the exact number of digit passes it requires, guaranteeing that no redundant iterations
occur for smaller values.

3.1 Threaded Variant and Its Performance Implications

To further improve performance on modern multicore systems, a threaded version of the
digit aware radix sort is introduced. While our previous study focused on the sequential
formulation of digit aware radix sorting, the present work extends the approach by explicitly
addressing parallel execution. In particular, we investigate how digit length grouping naturally
exposes independent sorting tasks that can be exploited through selective thread level
parallelism. In this variant, digit length buckets are examined sequentially, but only sufficiently
large buckets are offloaded to worker threads, while smaller buckets are sorted sequentially in
the main thread. This hybrid strategy prevents thread management overhead from dominating
execution time when buckets are small, while still allowing computationally expensive radix
passes to overlap in time. As a result, the threaded version improves wall clock performance in
datasets where large digit length buckets dominate the workload, without compromising
correctness or stability.

Due to the Global Interpreter Lock (GIL) in CPython, the threaded variant does not aim
for linear scaling with the number of cores. Instead, it provides an overhead aware optimization
that improves robustness across heterogeneous input distributions. By selectively parallelizing
only the most expensive buckets, the method achieves practical speedups while maintaining
predictable memory usage and algorithmic simplicity.

3.2 Experimental Setup and Application Context
To empirically validate the proposed approach, experiments were conducted on datasets
of varying sizes, as reported in Tables I, Il, and 11l. The optimized digit aware radix sort was
compared against merge sort, quick sort, and traditional radix sort. All experiments were
performed on a standard consumer-grade machine equipped with an Intel Core i17-7700K CPU
running at 4.20 GHz and 32 GB of RAM.

The evaluation datasets were designed to reflect real world genomic coordinate
distributions. Most values contain five digits or fewer, while a minority extend up to 15 digits,
mimicking coordinate ranges observed in genomic interval data. Analyses using the
GenomicDistributions package on BED-formatted datasets reveal long tailed interval length
distributions, ranging from hundreds of base pairs to extremely large genomic regions spanning
hundreds of billions of bases. This variability directly translates into heterogeneous digit lengths
when genomic coordinates are represented as integers for sorting.

Genomic interval data in BED files typically consist of a chromosome label followed by
integer start and end positions, for example:

chrl 123 150
chr2 45678 46000
chr3 123456789012345 123456789012360

Efficient sorting of such data is a prerequisite for downstream tools such as BEDTools

merge, which requires lexicographical ordering by chromosome name and numerical ordering
by genomic position. Since genomic intervals across chromosomes can differ substantially in
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magnitude, traditional sorting methods may suffer from degraded performance due to digit
length variability. The proposed digit length aware radix sort directly addresses this challenge
by aligning computational effort with numeric magnitude, leading to improved and more
consistent performance in large scale genomic data processing.

Table 1. Execution times (seconds) for equal-per-digit datasets with varying input sizes and
maximum digit lengths (median of 3 runs).

Max Digit | Merge || Quick || Radix [|Optimized DAR| Threaded DAR

n

Length Sort Sort Sort Sort Sort
11,000,000 |15 703|546 |896 |j5.29 5.13 |
11,000,000 12 729 484 |6.93 [3.64 l4.18 |
11,000,000 |8 751|401 473|268 [2.65 |
11,000,000 |5 703|353 279  |P2.00 11.90 |
110,000,000]15 lo1.48  |64.67 |92.85 |56.29 153.69 |
10,000,000(/12 Is4.65 |64.39 |72.65 |l42.62 142.71 |
10,000,000/8 |84.44 |l60.35 |47.12 |34.76 31.11 |
10,000,000]5 |[76.08 |48.26 2757 [19.52 118.89 |
10,000,000/3 7145  |l2255 1385 |13.29 [12.00 |

Table 2. Execution times (seconds) for datasets with only 100 long integers (up to 15 digits),
remaining values < 5 digits (median of 3 runs).

| n | Merge | Quick | Radix || Opt.DAR | Th.DAR |
100,000 0.56 0.37 0.73 0.28 0.27 |
11,000,000 17.46 |5.46 8.23 3.39 3.16 |
10,000,000 195.20 7509  |89.86  |36.40 136.52 |

Table 3. Execution times (seconds) for datasets with 10,000 long integers (up to 15 digits),
remaining values < 5 digits (median of 3 runs).

| n | Merge || Quick | Radix | Opt.DAR | Th.DAR |
11,000,000 6.98 5.32 8.68 3.51 13.23 |
110,000,000 195.65 6765  |89.44  |j35.52 135.30 |

Tables Il and 111 highlight scenarios with highly imbalanced digit distributions, where
only a small fraction of the input consists of large integers. In Table I, only 100 values have
up to 15 digits, while the remaining values are limited to five digits or fewer. Under these
conditions, the optimized digit aware radix sort demonstrates a clear performance advantage.
For the ten million element dataset, it outperforms quick sort by more than 38 seconds,
corresponding to a reduction in execution time exceeding 50\%. For smaller inputs, the
optimized method and quick sort exhibit comparable performance, indicating that the benefits
become increasingly pronounced at scale. The threaded variant shows similar or slightly
improved performance, reflecting the fact that only a small number of large buckets dominate
the workload.

A similar pattern is observed in Table Ill, where 10,000 long values are present. The

optimized digit aware radix sort maintains a substantial performance margin over merge sort
and classical radix sort, while consistently outperforming quick sort for large inputs. These
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results collectively demonstrate that the proposed approach is particularly effective for datasets
with heterogeneous digit lengths, a common characteristic in real world applications.

The biomedical engineering domain, especially genomics, represents a compelling
application area for this optimization. Genomic interval processing tasks, such as merging
overlapping regions or identifying intersections between genomic features and variants, operate
on large coordinate based datasets stored in formats such as BED or VCF. These datasets
inherently contain numeric values with widely varying digit lengths, ranging from a few
hundred base pairs to billions. Efficient and stable sorting is a critical preprocessing step for
tools such as BEDTools and BEDOPS, which rely on ordered intervals to perform downstream
analyzes. By aligning computational effort with numeric magnitude, the proposed digit aware
radix sort substantially improves sorting efficiency for such workloads.

Although genomic data served as the primary motivation, the proposed method is also
applicable to other domains involving large scale numeric identifiers, such as clinical
information systems that manage patient IDs or hospital specific codes. While these identifiers
may exhibit less extreme digit variability, systems operating at scale can still benefit from the
reduced overhead and predictable performance of digit aware sorting. Future work may extend
this approach to distributed environments and integrate it into established genomic and clinical
data processing libraries to further evaluate real world system level performance.

4. Conclusion and Recommendations

This study introduces an optimized Digit Aware Radix (DAR) sort designed for
efficiently ordering integer arrays with heterogeneous digit lengths. By grouping values
according to their digit lengths, applying radix sort with an exact number of digit passes per
group, and concatenating the sorted groups, the proposed approach achieves a linear time
complexity of

O(n) in theory. Extensive experimental evaluations across multiple input sizes and digit
distributions demonstrate that the method consistently outperforms classical radix sort and
merge sort, while approaching or exceeding the performance of quick sort in many practical
scenarios.

Although quick sort remains highly competitive due to its low implementation overhead,
the proposed DAR method provides clear advantages for datasets exhibiting strong digit length
variability. These gains come at the cost of modest additional memory usage for bucket
management and a final merge step. However, this overhead is outweighed by the reduction in
redundant digit processing. Furthermore, a selective threaded variant of the algorithm is
presented, in which large digit buckets are processed concurrently while smaller buckets are
handled sequentially. This hybrid strategy improves robustness and reduces wall-clock time for
large scale inputs, without compromising correctness or stability.

Overall, the proposed digit aware sorting framework offers a practical and scalable
solution for applications that operate on large collections of variable length numeric data. In
particular, biomedical and genomic data processing pipelines where coordinate based
representations naturally span wide numeric ranges stand to benefit from this optimization.
Beyond genomics, the method is applicable to other data intensive domains requiring efficient
sorting of heterogeneous numeric identifiers. Future work may explore extensions to distributed
environments and integration into established domain specific libraries to further evaluate
system level performance gains.
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Abstract

Afterwards COVID-19 pandemic, ecotourism has become more prominent. While an increase
in studies on ecotourism has been observed after pandemic, literature review reveals that there
are limited number of studies combining Balkan countries, Multi-Criteria Decision Making
(MCDM) methods, and ecotourism. This study aims to contribute literature by providing a
guide policymakers in strategic decision-making. Land characteristics, eco-cultural heritage,
existence of water resources, wildlife, hiking trails, canyons, deltas, national parks, diving
tourism, farm tourism, education level and awareness of local population are among factors
contributing to region’'s attractiveness for ecotourism. Furthermore, availability of roads and
infrastructure supports development of ecotourism since ecotourism locations can often be
physically difficult to access due to mountainous, rugged and high altitudes. Policies are
constituted by countries have influence on these factors and affect ecotourism potential of
countries. This study assesses ecotourism potential of Six Western Balkan (WB6) countries
which are Albania, Bosnia and Herzegovina, Kosovo, Montenegro, North Macedonia, and
Serbia considering policies that affect ecotourism. In this study, Organization for Economic
Cooperation and Development (OECD) Western Balkans Competitiveness Data Hub which
structures competitiveness level of WB6 countries under 15 key policies is utilized while
determining indicators and building dataset. Tourism, transport, agriculture, and environmental
policies are among these policies that directly affect ecotourism. Sub-categories of these
policies which are “sustainable and competitive tourism”, “regulation and connectivity”, “rural
development and infrastructure” and “ecosystem protection”, were considered as indicators. In
this study, while building unique dataset, up-to-date data which belongs to 2024 were collected
regarding four indicators from OECD Western Balkans Competitiveness Data Hub. By
assigning equal weight to each indicator, WB6 countries were ranked according to their
ecotourism potential with applying MOORA method and were ranked from highest to lowest
ecotourism potential as follows: Montenegro, Albania, Serbia, Kosovo, North Macedonia,
Bosnia and Herzegovina.

Keywords: Ecotourism, Western Balkan (WB6) Countries, Multi-criteria Decision Making
(MCDM), Multi-Objective Optimization on the basis of Ratio Analysis (MOORA)
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1. Introduction

Ecotourism centres around the natural resources and also includes the preservation of local
culture and values, and authentic experiences. National parks, existence of water resources,
waterfalls, lakes and landscape beauties, land characteristics, biological and ecosystem
diversity create an environment for the spread of ecotourism. Ecotourism supports economic
development by providing income for local people, while contributing the environmental
protection, natural beauty and resources (Cvetkovi¢ et al, 2023). Hiking, camping, diving,
picnic, sports, off-road driving, protection of wildlife (ex. sea turtles), boat tours and botanic
tours some of the ecotourism activities. These activities must be carried out while protecting
the natural environment and landscapes, without disturbing living creatures, and without
damaging vegetation such as coral reefs. Otherwise, the ecosystem will be harmed, and there
may be irreversible consequences (Alrawaf et al., 2023; Fadliyanti et al., 2024).

There are different metrics such as land characteristics, eco-cultural heritage, existence of
water resources, wildlife, hiking trails, canyons, deltas, national parks, diving tourism, farm
tourism, education level and awareness of local population which affects the attractiveness of
the one region for ecotourism. For example, mountainous, rugged and high altitudes are among
the metrics which have an effect on the ecotourism potential of countries (Jovanovic¢ et al,
2022). In this study three research questions are considered and they are provided below.

e Research Questionl: Has the interest in ecotourism increased in the post-pandemic
era?

e Research Question 2: What are the indicators for ecotourism?

e Research Question 3: What is the ranking of the Six Western Balkan countries from
highest to lowest in terms of ecotourism potential considering tourism, transport,
agriculture and environment policies?

By considering following two queries which are “Balkan countries + ecotourism" and “Balkan
countries + ecotourism + multi-criteria decision making” it is tried to find answer for the
Research Question 1 in database of Google Scholar was searched for studies published in 2019
and afterwards, considering the post-COVID-19 period. In the in the literature review process,
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) methodology
is utilized and only journal articles were considered.

Table 1. Number of articles published after COVID-19

Query 1 Query 2
Query "Balkan countries + ecotourism”  “Balkan countries + ecotourism +
multi-criteria decision making"
Year Number of Articles Published Number of Articles Published
2019 11 1
2020 12 0
2021 12 2
2022 20 1
2023 19 1
2024 15 2
2025 37 4
Total 126 11

171




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

Publication Trend Graph Between 2019-2025
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Figure 1. Publication trend graph of ecotourism (2019-2025)

Ecotourism is getting more popular and known, there is an increase in the number of studies
on ecotourism has been observed after COVID-19. However, ecotourism is an understudied
field in the literature in terms of Balkan countries, Multi-Criteria Decision Making (MCDM)
methods, and ecotourism together (Lamce & Braimllari, 2025). This study aims to contribute
literature by considering guiding policymakers in strategic decision-making for countries.

This study evaluates the ecotourism potential of Six Western Balkan (WB6) countries
which are Albania, Bosnia and Herzegovina, Kosovo, Montenegro, North Macedonia, and
Serbia considering policies that affect ecotourism. In this study, Organization for Economic
Cooperation and Development (OECD) Western Balkans Competitiveness Data Hub which
structures competitiveness level of WB6 countries under 15 key policies is utilized while
determining indicators and building original dataset.

2. Materials and Methods

Tourism, transportation, agriculture, and environmental policies are among these policies
that directly affect ecotourism. Sub-dimensions of these policies which are “sustainable and
competitive tourism”, “regulation and connectivity”, “rural development and infrastructure”
and “ecosystem protection”, were considered as indicators (OECD, 2026). In this study, while
building unique dataset, up-to-date data which belongs to 2024 were collected regarding four
indicators from OECD Western Balkans Competitiveness Data Hub.

Table 1. Indicators for Digital Society (OECD Western Balkans Competitiveness Data

Hub, 2026)
No Main Sub-Dimension  Explanation
Dimension
Indicator 1 Tourism Sustainable and  The extent to which a place utilizes its
Policy competitive cultural and natural resources is an
tourism indicator of how well-known it becomes a

brand in tourism in terms of economic,
social and environmental aspects.
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Table 2. continued
Indicator 2 Transport  Regulationand  The measure of the planning, functioning,
Policy connectivity integration, convenience and quality of
transportation networks.

Indicator 3 Agriculture Rural The measure of rural infrastructure and
Policy development and irrigation systems.
infrastructure
Indicator 4 Environme Protection of The environmental measure that
nt Policy  ecosystems encompasses water quality and

productivity, biodiversity, ecosystem
conservation, sustainable forestry, and
land management policies.

Multi-Objective Optimization by Ratio Analysis (MOORA) was introduced in the study of
Brauers & Zavadskas (2006) as a Multi-Criteria Decision Making (MCDM) method to solve
various complex MCDM problems (Karakog et al., 2023). Multi-attribute optimization is
considered under predetermined constraints with using ratio analysis. The implementation steps
of the MOORA are given as follows (Chakraborty, 2011; Giines & Sennaroglu, 2026; Schmohl
et al. 2025):

Step 1. Construct the decision matrix which is X = [x;;] .

m represents the number of alternatives while n represents the number of indicators. The
performance of the i" alternative on the j* indicator is represented as x;;.

Step 2. The normalized values are expressed as x;; which are dimensionless in a range between
zero and 1 and are calculated via Equation (1) and the normalized decision matrix is constructed
which is represented as N = [n;;] .

i
nij > 1/2 (1)

2R

Step 3. Construct the weighted normalized decision matrix which is represented as W =
[Wif]mxn . The weighted normalized matrix is gathered by multiplying the indicator weights
(w; ) with the normalized decision matrix.

Step 4. Transform multi-attribute optimization problem into the form of Equation (2):

Vi = }qzl Wi n;; — Z?=g+1 W; 1 2

3. Findings and Discussion

The results of implementation steps of MOORA method are given in Table 3, Table 4,
Table 5 and Table 6 respectively.
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Step 1.
Table 3. The decision matrix
Weights 0.250 0.250 0.250 0.250
Criterion Indicator 1 Indicator 2 Indicator 3 Indicator 4

Unit of measure

Proportion (%) Proportion (%) Proportion (%)

Proportion (%)

Min/Max max max max max
Albania 40.00 48.00 70.00 54.00
Bosnia and Herzegovina 16.00 20.00 46.00 36.00
Kosovo 30.00 40.00 76.00 36.00
Montenegro 84.00 46.00 54.00 40.00
North Macedonia 28.00 32.00 60.00 46.00
Serbia 46.00 46.00 76.00 40.00
mo 1/2 112.75 97.78 158.38 104.04
2]
=1
Step 2.
Table 4. The normalized decision matrix

Criterion Indicator 1 Indicator 2 Indicator 3 Indicator 4
Min/Max max max max max
Albania 0.355 0.491 0.442 0.519
Bosnia and Herzegovina 0.142 0.205 0.290 0.346
Kosovo 0.266 0.409 0.480 0.346
Montenegro 0.745 0.470 0.341 0.384
North Macedonia 0.248 0.327 0.379 0.442
Serbia 0.408 0.470 0.480 0.384

Step 3.

Table 5. The weighted normalized decision matrix

Criterion Indicator 1 Indicator 2 Indicator 3 Indicator 4
Min/Max max max max max
Albania 0.089 0.123 0.110 0.130
Bosnia and Herzegovina 0.035 0.051 0.073 0.087
Kosovo 0.067 0.102 0.120 0.087
Montenegro 0.186 0.118 0.085 0.096
North Macedonia 0.062 0.082 0.095 0.111
Serbia 0.102 0.118 0.120 0.096

Step 4.

Table 6. Assessment results of alternatives
sum of max sum of min  assessment of alternative rank

Albania 0.4517 0.0000 0.4517 2
Bosnia and Herzegovina 0.2457 0.0000 0.2457 6
Kosovo 0.3753 0.0000 0.3753 4
Table 7. continued
Montenegro 0.4852 0.0000 0.4852 1
North Macedonia 0.3492 0.0000 0.3492 5
Serbia 0.4357 0.0000 0.4357 3
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As a result of MOORA method final rankings are given in Table 7.
Table 8. Final ranking results of alternatives

No Country
1 Montenegro

Albania

Serbia

Kosovo

North Macedonia

Bosnia and Herzegovina

According to Sengoz's study (2018), in response to the question "Would you prefer this
type of holiday in ecotourism?”, hiking was the most popular choice with 55.5%, while sea-
sand-sun tourism was the second most preferred type of ecotourism with 44.1%. The
presence of the coastal side is important in terms of ecotourism potential, and the proximity
to the coastline has an impact on the ranking results in Montenegro and Albania.

4. Conclusion and Recommendations

Ecotourism is a sustainable tourism which is shaped by natural, cultural and local values,
contributes economy and increase the socio-economic levels of countries. Nowadays, it has
become an increasingly popular and preferred way of tourism especially after COVID-19.
Ecotourism is also affected by established policies and adopted management approaches.
Evaluating the level of ecotourism potential will be beneficial for future strategic moves for
countries.

In this study, by assigning equal weight to each indicator (0.250), WB6 countries were
ranked according to their ecotourism potential with implementing MOORA and were ranked
from highest to lowest according to the ecotourism potential as follows: Montenegro,
Albania, Serbia, Kosovo, North Macedonia, Bosnia and Herzegovina.

For further studies, indicators and alternatives can be enhanced. MOORA and various
MCDM methods can be applied to the country groups such as OECD, EU member countries
and etc. Correlation analysis can be conducted between ecotourism ranking results and
metrics such as tourism income or gross domestic product (GDP) per capita for forthcoming
studies. Although the issue of ecotourism, when considered together with MCDM methods,
allows important analyses and results to be obtained for countries, it is still a very untouched
area in the literature, there seems to be a great need for studies in this field. As a summary,
ecotourism is a vast field in itself, and its openness to innovation means that new studies
contributing to the literature will be beneficial for policymakers and strategy makers.

OO~ W(IN
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Abstract

In today’s world, cloud computing, automation, artificial intelligence, machine learning,
blockchain, internet of things and advanced information communication technologies have
become an inextricable part of sectors such as production, manufacturing, communication,
economy, finance, education, health. Besides, digital technologies are deeply integrated into
daily and social life; the society in which we live is called as digital society. Moreover, trust
relationship between people and organizations are reshaped in digital society. Trust has built
from being based on human-to-human relationships to a digital platform or algorithm-based
understanding. Cybersecurity, data privacy and security are becoming increasingly important
for building trust. Literature review reveals that there are limited number of studies combining
Balkan countries, Multi-Criteria Decision Making (MCDM) methods, and digital society.
Obijective of this study includes contributing to literature by providing a guide for digital
policymakers in strategic decision-making. This study aims to evaluate the level of being digital
society of Six Western Balkan (WB6) countries (Albania, Bosnia and Herzegovina, Kosovo,
Montenegro, North Macedonia, and Serbia) considering digital society policy. While
determining criteria, Organization for Economic Cooperation and Development (OECD)
Western Balkans Competitiveness Data Hub is utilized. Two sub-categories of digital society
policy namely “society” and “trust” were considered as dimensions. “Digital inclusion
framework™ and “green digital technologies” were considered as criteria belongs to society
dimension. “Privacy and data protections”, “consumer protection in e-commerce” and
“cybersecurity” were considered criteria as trust dimension. Unique dataset was built on 2024
and were collected from OECD Western Balkans Competitiveness Data Hub regarding to
determined five criteria. Equal weights were assigned to each criterion. WB6 countries were
ranked according to their level of being digital society with implementing MOORA method.
Level of being digital society ranking results of WB6 countries from highest to lowest as
follows: Kosovo, Albania, Serbia, Montenegro, North Macedonia, Bosnia and Herzegovina.
Keywords: Digital Society, Western Balkan (WB6) Countries, Multi-criteria Decision Making
(MCDM), Multi-Objective Optimization on the basis of Ratio Analysis (MOORA)
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1. Introduction

The state-of-the-art technologies such as cloud computing, automation, artificial
intelligence, machine learning, blockchain, internet of things and advanced information
communication technologies compose the backbone of sectors such as production,
manufacturing, communication, economy, finance, education, health in today’s rapid changing
world (Aleksandrova et al., 2022; Kong et al., 2024). In addition to the business; daily and
social life get highly affected by the integration of the digital technologies. The society in which
we live becomes more adopted to digital features and it is called as digital society. Moreover,
meaning of the trust in today’s world between people and organizations is reshaped in digital
society. Nowadays, in the digital environment, trust building has become algorithm-based
rather than human-to-human relationships (Guo, 2022). For building trust; there is a significant
need for providing environments which have high level of maturity of cybersecurity, data
privacy and security (O’Neill, 2012). This study was structured around and considered the three
research questions (RQ) given below.

e RQ 1: Has the interest in literature about digital society increased in the post-pandemic

era?
e RQ 2: What are the criteria of being the digital society?
e RQ 3: What is the ranking of the Six Western Balkan countries from highest to lowest
in terms of being the digital society potential considering digital society policy?

Literature review was conducted to answer the RQ 1 by searching following two queries
which are “Balkan countries + digital society” and “Balkan countries + digital society + multi-
criteria decision making” in Google Scholar database. Only journal articles were included in
the review process based on the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) methodology for studies published in 2019 and afterwards, considering
the post-COVID-19 period. The results of conducted literature review are presented in Table 1
and Figure 1.

Table 9. Number of articles published after COVID-19 period

Query 1 Query 2
Query "Balkan countries + ecotourism”  “Balkan countries + ecotourism +
multi-criteria decision making"
Year Number of Articles Published Number of Articles Published
2019 82 10
2020 134 15
2021 175 17
2022 201 12
2023 211 21
2024 302 26
2025 387 42
Total 1492 143
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Publication Trend Graph Between 2019-2025

387
8 400 4
o=
£ 350
= 302
= 300
(<
% 250 21
o 201 <
2 200 175
t -~
< 150 134
'*C- 10 82 42
— A
2 s0 10 15 17 12 21 26
=
=
< 2019 2020 2021 2022 2023 2024 2025
Years = Query |

® Query 2

Figure 1. Publication trend graph between 2019-2025
Literature review reveals that there are limited number of studies combining Balkan
countries, Multi-Criteria Decision Making (MCDM) methods, and digital society. Objective of
this study includes contributing to the literature by providing a guide for digital policymakers
in strategic decision-making. This study aims to evaluate the level of being digital society of
Six Western Balkan (WB6) countries (Albania, Bosnia and Herzegovina, Kosovo, Montenegro,
North Macedonia, and Serbia) considering digital society policy.
5. Materials and Methods
While determining criteria, Organization for Economic Cooperation and Development
(OECD) Western Balkans Competitiveness Data Hub is utilized. Two sub-dimensions of digital
society policy namely “society” and “trust” were considered as dimensions. “Digital inclusion
framework™ and “green digital technologies” were considered as criteria belongs to society
dimension. “Privacy and data protections”, “consumer protection in e-commerce” and
“cybersecurity” were considered criteria as trust dimension. The unique dataset was built on
latest data available belongs to the year 2024 were collected from OECD Western Balkans
Competitiveness Data Hub regarding to determined five criteria regarding to the digital society
policy data which is under the 15 key policies.
Table 10. Criteria for Digital Society (OECD Western Balkans Competitiveness Data Hub,

2026)

Main Dimension No Criterion Explanation

Dimension

Digital Society Criterion 1 Digital A socio-economic measure of how
Society inclusion involved and adaptable society is

framework to digital integration.

Digital Society Criterion 2 Green digital The measure of the sustainability
Society technologies  of digitalization by limiting its

negative  impacts on  the
environment and climate.
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Table 11. continued

Digital Trust Criterion 3 Privacy and The measure of ensuring and
Society data protecting personal privacy. It
protections establishes a regulatory and
deterrent framework against cyber
threats that could compromise the

security of personal information.

Digital Trust Criterion 4 Consumer In e-commerce, it is a measure of
Society protection in establishing a legal and
e-commerce institutional framework to protect

consumers on websites.

Digital Trust Criterion 5 Cybersecurity The measure of cybersecurity risk

Society management that extends across
the economy to increase trust in
the digital environment and
facilitate the adoption of digital
services.

Multi-Objective Optimization by Ratio Analysis (MOORA) method is one of the Multi-
Criteria Decision Making (MCDM) methods which was introduced in the study of Brauers &
Zavadskas (2006). MOORA is utilized to solve various complex MCDM problems (Karakoc et
al., 2023). MOORA method provides multi-attribute optimization simultaneously under
predetermined constraints with considering ratio analysis. The steps of the MOORA method
are given as follows (Chakraborty, 2011; Giines & Sennaroglu, 2026; Schmohl et al. 2025):
Step 1. The decision matrix is built and denoted as X = [x;;] .

There are m number of alternatives and n number of criteria. x;; denotes the performance of
the it" alternative on the j¢* criterion.
Step 2. The normalized decision matrix is denoted as N = [n;;] .

Normalized performance values are dimensionless in a range [0,1] and are calculated by using
Equation (1).

L}m (1)

m 2
[Zi=1xij

nij

Denominator of Equation (1) is the square root of the sum of squares of each alternative per
criterion which considered as the best option between ratio systems.

Step 3. The normalized decision matrix is multiplicated with criterion weights and the weighted
normalized decision matrix is built and denoted as W = [Wif]mxn where w; represents criterion
weights.

Step 4. Multi-attribute optimization problem is transformed to form of Equation (2):

_
Vi = Disa Winij — Xj=ge1 W) i) 2

6. Findings and Discussion

The findings of MOORA method applied are given in Table 3, Table 4, Table 5 and
Table 6 step by step respectively.
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Step 1.
Table 12. The decision matrix
Weights 0.200 0.200 0.200 0.200 0.200
Criterion Criterion1  Criterion 2  Criterion3  Criterion4  Criterion 5
Proportion  Proportion  Proportion  Proportion  Proportion
Unit of measure (%) (%) (%) (%) (%)
Min/Max max max max max max
Albania 50.00 40.00 50.00 50.00 70.00
Bosnia and
Herzegovina 30.00 20.00 40.00 30.00 30.00
Kosovo 50.00 40.00 70.00 60.00 60.00
Montenegro 50.00 20.00 50.00 70.00 50.00
North Macedonia 30.00 10.00 50.00 50.00 40.00
Serbia 50.00 20.00 70.00 70.00 70.00
m 1/2
2

[Zizlx if] 108.63 67.08 137.48 138.92 135.65

Step 2.

Table 13. The normalized decision matrix

Criterion Criterion 1  Criterion 2 Criterion 3  Criterion 4 Criterion 5
Min/Max max max max max max
Albania 0.460 0.596 0.364 0.360 0.516
Bosnia and Herzegovina 0.276 0.298 0.291 0.216 0.221
Kosovo 0.460 0.596 0.509 0.432 0.442
Montenegro 0.460 0.298 0.364 0.504 0.369
North Macedonia 0.276 0.149 0.364 0.360 0.295
Serbia 0.460 0.298 0.509 0.504 0.516

Step 3.

Table 14. The weighted normalized decision matrix

Criterion Criterion 1  Criterion 2 Criterion 3  Criterion 4 Criterion 5
Min/Max max max max max max
Albania 0.092 0.119 0.073 0.072 0.103
Bosnia and Herzegovina 0.055 0.060 0.058 0.043 0.044
Kosovo 0.092 0.119 0.102 0.086 0.088
Montenegro 0.092 0.060 0.073 0.101 0.074
North Macedonia 0.055 0.030 0.073 0.072 0.059
Serbia 0.092 0.060 0.102 0.101 0.103

Step 4.

Table 15. Assessment results of alternatives
sum of max sum of min assessment of alternative rank

Albania 0.4592 0.0000 0.4592 2
Bosnia and Herzegovina 0.2605 0.0000 0.2605 6
Kosovo 0.4880 0.0000 0.4880 1
Table 6. continued
Montenegro 0.3989 0.0000 0.3989 4
North Macedonia 0.2887 0.0000 0.2887 5
Serbia 0.4575 0.0000 0.4575 3
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Final ranking results of WB6 countries are provided in Table 7. Kosovo is ranked at top
while Bosnia and Herzegovina is ranked at last.
Table 16. Final ranking results of alternatives

No Country

1 Kosovo

2 Albania

3 Serbia

4 Montenegro

5 North Macedonia

6 Bosnia and Herzegovina

Ranking results are compared with population and demographics data in Table 8.
Table 17. Comparison of population and demographics
Percentage of citizens

No Country Population (2024) under 65 years old
1 Kosovo* 1,774,000 90.9

2  Albania* 2,760,000 83.5

3  Serbia 6,600,000 77.6

4  Montenegro 624,000 83.3

5 North Macedonia 1,830,000 81.9

6 Bosnia and Herzegovina 3,160,000 Not available

* 2022 or 2023 data instead of 2024

According to the data for demographics of Eurostat (2026), Kosovo has the youngest
population in Europe with having %90.9 of citizens under 65 years old, this situation may lead
an advantage for being digital society despite its small population. Furthermore, given the
young population structure, this could also explain the relatively high digital society
performance by overcoming the limitations of traditional infrastructure.

7. Conclusion and Recommendations

Today, technology and society have become inseparable from each other. Evaluating the
level of being digital society is crucial for shaping the future of countries and determining the
right policies and actions. In this study, with considering equal weights (0.200) for each
criterion, WB6 countries were ranked according to their level of being digital society with
applying MOORA method. The level of being digital society ranking results of WB6 countries
from highest to lowest as follows: Kosovo, Albania, Serbia, Montenegro, North Macedonia,
Bosnia and Herzegovina. Despite being a relatively new country with a smaller population,
Kosovo has been ahead of other countries in terms of digital society policy.

For future studies, the number of criteria and alternatives can be increased for more
comprehensive analysis, and actual data can be incorporated into the analysis as it becomes
available. In addition, correlation between digital society ranking results and gross domestic
product (GDP) per capita can be considered for further studies.

As technology develops, there will be an increasing need for taking new actions and
determining strategic policies considering society in terms of digitalization. Last but not least,
the need for research in the field of digital society will gradually increase in the coming decades.
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Abstract

This study focuses on modernizing a pre-combustion chamber diesel locomotive engine to
improve performance and reduce specific fuel consumption. The original 16-cylinder V90
engine produces 2,400 HP with a 13.5 compression ratio, utilizing a mechanical injection
system and individual cylinder heads. The modernization involved converting the pre-chamber
design into a direct-injection system and designing the piston and bowl geometry through
topological optimization. Additionally, the study integrated a common-rail system, redesigned
the cooling channels and manifolds, and selected a suitable turbocharger. As part of the
modernization, the following tasks were performed: converting the pre-combustion chamber
into a single direct-injection combustion chamber; designing a new piston and piston bowl
suitable for the combustion chamber through topological optimization; determining the
appropriate valve timing for the updated engine; and conducting injector selection and fuel
injection optimization. Moreover, the study involved the design of cooling channels, the
implementation of a common-rail system, the design of intake and exhaust manifolds, the
selection and application of a turbocharger suitable for the newly designed engine, material
selection and structural strength analysis for the new piston, and the application of coatings to
the piston surface to increase thermal strength. Structural and thermal analyses were performed
using ANSYS, GT-Suite, Converge, and CAESES. The updated design features a 14.5
compression ratio and a 1600 bar injection pressure with an 8-nozzle injector. The piston was
further refined by reducing the ring count to three, shortening the skirt, and applying a thermal
coating to the surface. As a result, the specific fuel consumption was reduced by 12%, dropping
from 236 g/kWh to 205 g/kWh at 1,500 rpm and 2,400 HP.

Keywords: Combustion Chamber Design, Topological Optimization, Direct Injection, MOGA
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1. Introduction

The internal combustion engine, specifically the compression-ignition (Cl) diesel engine,
remains a cornerstone of global transportation and heavy-duty industries due to its high thermal
efficiency, reliability, and fuel economy (Sener et al., 2020; Sener & Gul, 2021). However,
the primary disadvantage of diesel engines is the production of harmful exhaust emissions,
notably Nitrogen Oxides (NOx) and particulate matter (soot) (Sener , 2020). With increasingly
stringent international emission legislations, such as Euro VI and NRE-v/c standards,
researchers and manufacturers are compelled to develop advanced techniques for emission
reduction and performance enhancement (Gul et al., 2018; Boccardo et al., 2019; Elrakb, 2019).
The most successful method for meeting these standards is the holistic optimization of the
combustion chamber, which includes the synergy between piston bowl geometry, injection
timing, valve timing, and material selection (Sener et al., 2020; Sener , 2020). Traditional
experimental methods, while essential for final validation, are often too time-consuming and
expensive for early-stage development (Elrakb, 2019; Khan & Giil2019). Consequently,
numerical modeling, particularly Computational Fluid Dynamics (CFD), has become a vital
tool for predicting engine performance and pollutant formation (Sener et al., 2020; Kakaee et
al., 2016; Lakshminarayanan & Aghav,2010; Medina et al., 2014). The simulation flow process
chart is illustrated in Figure 1 (Sener , 2020).

The most successful method for meeting these standards is the holistic optimization of the
combustion chamber, which encompasses the synergy between piston bowl geometry, injection
timing, valve timing, and material selection (Sener et al., 2020; Sener , 2020). Traditional
experimental methods, while essential for final validation, are often too time-consuming and
expensive for early-stage development (Elrakb, 2019; Khan & Gil2019). Consequently,
numerical modeling, particularly CFD has become a vital tool for predicting engine
performance and pollutant formation (Sener et al.,, 2020; Kakaee et al., 2016;
Lakshminarayanan& Aghav,2010; Medina et al., 2014). The simulation flow process chart is
illustrated in Figure 1 (Sener , 2020).

TN w0 e

Figure 1. Simulation process flow chart for multi-dimensional engine modeling

The architecture of the piston bowl is a critical parameter in guiding the in-cylinder air-fuel
mixture and generating necessary turbulence. Advanced bowl designs, such as the Double-
Swirl Piston Bowl (DSB) and Multi-Swirl Piston Bowl (MSB), have been shown to
significantly enhance air utilization and reduce fuel-rich zones, which are primarily responsible
for soot formation (Sener et al., 2020). To achieve an optimal design, specific geometric
variables must be defined. Parametric variables are shown in Figure 2. These typically include:
Bowl radius and bowl height: Influencing the travel distance and strength of fuel spray
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impingement (Sener et al., 2020) and Convex edge (Radius-1 and Radius-2): Guiding the fuel
spray to split into opposing swirls, which accelerates mixing (Sener & Gul, 2021).

Design 6
Design 17

Design 24

Figure 2. Parametric piston bowl profile showing design variables like Radius-1, Radius-2,
and Bowl Height

2. Materials and Methods

Optimizing a combustion chamber involves managing conflicting objectives, such as the
inherent trade-off between NOx and soot emissions (Sener & Gul, 2021). Genetic Algorithms
(GAs), based on natural selection and genetic mechanisms, are ideally suited for searching these
complex, non-convex design spaces to find Pareto-Optimal solutions (Holland, 1975). The
optimization process follows a structured cycle:

¢ Initialization: A population of design candidates (chromosomes) is generated within
defined parameter limits.

e Fitness Evaluation: Each design is simulated via CFD to determine its performance
in terms of Brake Mean Effective Pressure (BMEP), Peak Firing Pressure (PFP).

e Selection: Parent designs with high "fitness" values (lowest emissions/highest
power) are selected for reproduction.

e Genetic Operators: Crossover combines traits from parents to create offspring, while
Mutation introduces random variations to explore new design areas and prevent
premature convergence.

e lteration: This cycle repeats for multiple generations (often involving 100+
simulations) until convergence is reached.

Figure 3. Main process and flow chart of the genetic algorithm in engine design
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A major challenge in using 3D CFD for optimization is the high computational cost and CPU
time required for each simulation. To mitigate this, researchers employ Surrogate Models, such
as those used in the Surrogate Multi-Objective Genetic Algorithm (SMOGA) (Jin, 2005;
Ozkara, 2019).

The primary advantages of surrogate modeling include:

. Reduced Computational Cost: Surrogate models use Response Surface Methodology
(RSM) to predict the outcomes of design iterations based on a smaller initial set of sensitivity
analyses (Box & Wilson, 1951).

. Kriging Interpolation: This statistical method allows the algorithm to evaluate global
maximums and minimums within the design pool and predict results without running full, heavy
CFD for every single case.

. Rapid Prototyping: Surrogate models can achieve target optimization results in
significantly fewer generations than traditional NSGA-I1I algorithms (Deb et al., 2002).

. Optimization of geometry must be complemented by the precision of Injection Timing
(SOI) and Valve Timing.

. Injection Timing (SOI): Bringing SOI forward generally increases PFP and NOXx
emissions while reducing soot. Optimized SOI, paired with higher injection pressures (e.g.,
1000 bar), ensures better fuel pulverization and more homogeneous combustion.

. Valve Timing and Internal EGR: By optimizing the closing of the intake valve (IVC)
and the opening of the exhaust valve (EVO), researchers can regulate the residual gas ratio
(internal EGR), which is a key factor in controlling NOx formation.

. High-performance optimized engines impose severe thermal and mechanical loads on
engine components.

. Materials: an advanced aluminum alloy is selected for its high yield and tensile strength
at elevated temperatures (450°C).

. Durability Enhancements: The inclusion of Alfin material below the fire ring and the
application of Thermal Barrier Coatings (TBC) to the piston crown are critical for preventing
structural failure and managing thermal distribution.

The path toward ultra-low emission diesel engines requires an integrated design methodology.
By combining advanced Double Swirl Piston Bowl shapes with the robustness of Genetic
Algorithms and the efficiency of Surrogate-model-assisted CFD, significant reductions in
pollutants can be achieved without compromising engine power. The synergy between
geometry, precise injection, and regulated valve timing, backed by high-durability materials,
represents the future of sustainable compression-ignition engines.

The test engine is a six-cylinder, water-cooled, turbocharged, four-stroke engine. A summary
of the engine’s operating parameters is listed in Table 1.

Table 1. Main characteristics of the test engine
Test Engine Characteristics

Power 2400 HP /1791 kW
Speed 1500 rpm

Number of Cylinders 16

Specific Fuel Consumption 170 g/HPhr (232 g/kWh)
Operating Method 4-Stroke

Cylinder Configuration V-Type (90°)
Cooling System Water-cooled
Piston Cooling System Oil-cooled

Dry Engine Weight 7120 kg

Length 3126 mm

Width 1450 mm
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Height 1825 mm

The engine has a bore diameter of 185-mm, a stroke of 210-mm, and displacement volume of
1796 cm? for one-cylinder. The engine was simulated as a conventional IDI engine and a
conventional Cl engine to compare the combustion and emissions. During the modification
process, the fundamental external dimensions of the engine block and the location of the engine
mounts will remain unchanged. The packaging dimensions of the engine will be designed to fit
into the existing cabin. In the simulations, the aim was to minimize brake specific fuel
consumption, ensuring that PFP does not exceed 140 bar and BMEP does not fall below 15.6
bar. Optimization was performed at 1500 rpm and full load, over 250 iterations. Compression
ratio and injection timing were defined as variables and optimized using NSGA-I1.

There are two possible approaches to improve performance and reduce specific fuel

consumption. The first relies on valve timing and injection timing optimizations for the

minimization of brake-specific fuel consumption and limiting PFP. The second depends on

piston bowl optimization. Both were used to achieve targets in this study. Valve timing

strategies compared to the revised direct injection diesel engine. The total injected fuel mass

was the same in these three cases. Figure 4 shows the valve timing profiles and comparative
results of optimized valve profiles for the modeled strategies.
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Design 3 (VT3)
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Figure 4. the optimized valve timing profiles for the direct injection diesel engine

A comparison of the optimization results with the baseline (VTO) is shown in the Table 2. It
was observed that the most optimal result was obtained with the VT3 valve profile. In VT1, the
air retention ratio increased, and the residual gases at the start of the cycle increased by 150%
compared to VTO. However, although the residual gas amount increased by 186.7% in VT3
compared to VTO, it yielded more efficient results due to the greater increase in the air retention
ratio compared to VT1. A 1.1% decrease in specific fuel consumption was achieved compared
to the baseline.

Table 2. comparative results of optimized valve profiles for the direct injection diesel engine

\B/?If’g VT1 variation VT2 variation VT3 variation
Brake-
specificfuel 5036 2017 %0903 2027  -%0.44 2014 %L1
consumption
[9/kWh]
alrrfatﬁgtlon 0.818 0984 +%20.3 0.999 +%22.1 0.995 +%21.6
burnt gas

. 0.60 1.50 +%150 2.36 +%293 1.72 +%187
fraction [%]

The numerical simulations were performed using Converge commercial CFD code (Richards
et al., 2019). The modified cut- cell Cartesian grid method has been used for meshing. The
domain is re-meshed at each time-step for moving boundaries. The adaptive mesh refinement
(AMR) is used to refine the grid based on fluctuating and moving conditions such as
temperature or velocity. Surfaces of the engine were prepared as a full engine (Figure 5).
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Figure 5. The surface of the CFD model of the test Cl engine.

The Renormalization Group (RNG) k-¢ model (Han & Reitz, 1995) has been preferred to
calculate in-cylinder turbulent flow for solution accuracy, simplicity, and effectiveness (Huang
etal., 2018; Lietal., 2019). A detailed chemistry solver (SAGE) coupled with detailed chemical
kinetics mechanisms was selected for the combustion process inside the cylinder (Richards et
al., 2019). The SAGE combustion model calculates the rates of reaction and species
concentrations within each cell and each time step using CHEMKIN-formatted input files. The
model uses a reduced reaction mechanism for n-heptane (C7H16) to represent diesel fuel. This
mechanism has 42 species and 168 reversible reactions performing hydrocarbon combustion
and NO formation. Sub-models of the simulation are listed in Table 3.

Table 3. CFD simulation Sub-models.

Models Sub-models
Turbulence model RNG k-¢
Combustion model SAGE
Evaporation model Frossling
Collision model NTC
Spray-wall interaction model Rebound/Slide
Spray Breakup model KH + RT

3. Findings and Discussion

Different valve timing, injection timing strategies, and piston bowl shapes were modeled in a
conventional diesel using the CFD code. The results of these strategies were compared by
means of BSFC, power, and PFP.

The Table 4 shows a comparison of the optimization results with the baseline (INJO). Baseline
involves -5.6 °CA injection advance, 504 mg fuel, and 21 °CA injection duration. INJ2, which
provides the lowest fuel consumption, is unsuitable because it does not deliver sufficient power.
With INJ1 parameters, a 0.15% improvement in specific fuel consumption was observed
compared to the baseline. It appears that using INJ1 parameters with the VT3 profile will
provide the project outputs. Specific fuel consumption decreased from 201.4 g/kWh to 201.1
g/kWh (-0.15%), while power increased from 2450 mHP to 2453 mHP (+0.12%).
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Table 4. a comparison of the optimization results with the baseline (INJO)
Base  Optimization 1 Optimization 2

(lNJO) (|NJ1) variation (lNJZ) variation
oV. - 704.

F”e'(mg“ted 504 504 %0.00 491 9%2.58
advance (CA) -5.6 -5.8 - %3.50 -5.9 - %5.36
du:;‘gieocrf"()g N 2 21 960.00 20.5 - %2.38
Comrg;fjs'on 145 14.6 +9%0.69 14.82 +%2.21
PFP (bar) 1383 139.9 +9%1.16 140 +061.23
BMEP (bar)  15.96 15.98 +9%0.13 1558 - 962.38
bsfc (g/kWh)  201.4 201.1 - 9%0.15 200.9 - 90.25
Power (MHP) 2450 2453 +960.12 2393 - 9233
MFB50 (CA)  11.2 11 - 9%1.79 106 - 95.36
Air/fuel ratio  27.6 275 - %0.36 275 - 90.36

The CFD optimization result was simulated for 16 cylinders using GT-Suite software. The QD
result matches the CFD results for cylinder 1 as shown in Figure 6. In this way, the overall
performance of the system was determined.

160
1490 e CFD
vis] N
120 | ere——da TPA
= 100 / DIPulse
a
£
o 80
-
3
2 60
&
e
a ,
40 .
~
20 S ——
0

80 -7 -60 -50 -40 -30 -20 -0 O 10 20 30 40 S50 60 70 8 90
CA (degree)

Figure 6. Comparison of CFD Optimization Result with QD

The Table 5 shows that design number 24 is the optimum result in terms of design safety and
target fuel consumption.
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Table 5. a comparison of the optimization results belongs to best designs

Output . . . .
Parameters Design 6 Design 17 Design 24 Design 51

V16 [mm] 13.5 16.1 13.4 14.7
H14 [mm] 41.8 43.2 43.3 43.5
R10 [mm] 8.7 12.3 15.1 12.9
SOI [CA] -8.5 -8.2 -12.3 -10.8
Ccompression 16.7 14.3 13.9 14.4
Ratio
Nozzle Diameter 0.28 0.3 0.27 0.26
[mm]
Injection
Duration [CA] 23.3 20.7 24 27.1
PFP [bar] 147 126 133 127
BMEP [bar] 16.4 16.1 16.3 15.9
Power [kW] 1860 1818 1841 1802
Power [HP] 2529 2472 2503 2450
BSFC [g/kWh] 194.6 199.1 196.7 200.9

. Maksimum PFP - Target PFP Minimum PFP
Design Feature  ppinimum BSEC ~ MINIMUM PFPyinimum BSFC Target BSFC
Heat transfer to 0 0 0 0
the piston [KW] 51.8 (%45.4) 53.8 (%44.9) 60.9 (%50.8) 57.3 (%47.5)
heat transfer to
the engine head 40.2 (%35.2) 39.4 (%32.9) 33.6 (%28) 35.7 (%29.6)
[kW]
heat transfer to
the cylinder liner 22.2 (%19.4) 26.7 (%22.2) 25.4 (%21.2) 27.7 (%22.9)
[kW]
Total heat 0 0 0 0
transfer [KW] 114.2 (%100) 119.9 (%100) 119.9 (%100) 120.7 (%100)

4. Conclusion and Recommendations
The desired performance of a 16-cylinder V90 heavy-duty direct-injection diesel engine was
investigated. Piston cup geometry was parameterized to determine optimum design
characteristics. After more than 100 optimization cases, the optimum cup shape and injection
settings were obtained. Using CFD simulation and the SMOGA method, piston cup geometry
and engine operating parameters were optimized to minimize PFP and BSFC. Based on these
studies, final full engine simulations were performed with optimized combustion chamber
design and operating conditions. The main findings of this study are summarized below:
e When comparing the optimized engine with the basic engine, the targeted reduction in
BSFC and PFP was observed.

e Optimal piston cup geometry improves mixture formation, increasing combustion

efficiency.

e Combustion chamber geometry, valve timing, and injection angle are critical parameters

affecting the combustion process.

e Combustion efficiency and engine performance were significantly improved by
optimizing injection parameters and optimal piston cup geometry.
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Topological optimization can be performed quickly and efficiently using a multi-
objective genetic algorithm.

Significant improvements in fuel economy and engine life can be achieved by
optimizing engine parameters and limiting PFP.
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Abstract

In this paper, the theoretical background and geometric properties of parallel Darboux
equidistant ruled surfaces are examined by studying in detail the Twisted Cubic curve, which
is considered one of the fundamental curves of differential geometry. Within the scope of the
study, primarily, the Frenet-Serret moving frame elements, curvature, and torsion values of the
base curve, along with the Darboux vectors that characterize the rotational dynamics of the
surface, are calculated analytically. In order to provide the equidistance condition consistently
in space, how the constant distance d between the central planes is dynamically balanced and
preserved via the translation functions in the tangent and binormal directions is clearly
demonstrated by the obtained equations. In order to prove the geometric validity of the
theoretical findings, the created system is meticulously examined at different parameter values.
In particular, that special case where the striction point goes to infinity and the surface locally
exhibits a cylindrical character due to the instantaneous vanishing of the curvature and torsion
derivatives is detailed. It is stated that even in this singular case, the parallelism between the
central planes is flawlessly preserved in the principal normal direction without any deviation.
Additionally, at further parameter values reflecting the general bending characteristic of the
system, it is proven that despite the spatial asymmetry and complicating form of the surface,
the equidistant structure uncompromisingly maintains its geometric integrity. The obtained
analytical results and the created geometric structures are modeled in three-dimensional space
using MATLAB software, and all figures presented in the study are drawn with high precision
through this program. As a result, this comprehensive example clearly reveals the structural
parallelism between the base ruled surface, the equidistant surface, striction lines, generator
lines, and central planes.

Keywords: Darboux Vector, Equidistant Ruled Surface, Twisted Cubic Curve
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1. Introduction

Within the context of three-dimensional Euclidean space E3, ruled surfaces are classically
understood as geometric loci formed by sweeping a straight line along a directrix curve (do
Carmo, 1976; Damar, 2025; Orbay vd., 2009). Concurrently, researchers have broadened this
scope by examining constant angle and constant curvature ruled surfaces within Minkowski
space environments (Ali, 2020; Ali, 2018a; Ali, 2018b). Such spatial structures are highly
valued for their practical implementations in disciplines like kinematics, computer-aided
geometric design (CAGD), and architecture (Hunt, 1978).

The theoretical foundation for parallel p-equidistant ruled surfaces was initially laid out by
Valeontis in 1986. His definition requires the generator vectors of a pair of ruled surfaces to be
mutually parallel across their striction lines, while maintaining a fixed distance between their
corresponding polar planes (Valeontis, 1986). Building on this premise, numerous scholars
have thoroughly investigated the integral and algebraic invariants associated with p-equidistant
configurations (Masal & Kuruoglu, 2000a; Masal & Kuruoglu, 2000b; Ozduran, 2019; Senyurt,
2012). The literature expanded further as alternative moving frames were introduced into the
analysis, such as the application of modified orthogonal frames to these surfaces (Sariaydim
vd., 2022). As the field evolved, the paradigm was adapted to incorporate different generator
vectors, leading to the study of parallel z-equidistant ruled surfaces derived using the principal
normal vector of the striction curve's Frenet frame (As & Senyurt, 2013) and parallel g-
equidistant variants constructed via the binormal vector (Li vd., 2022).

From a dimensional standpoint, the mathematical framework of p-equidistant ruled surfaces
has been successfully generalized to higher-dimensional spaces (Masal & Kuruoglu, 2013).
Alongside these dimensional extensions, the geometric behavior of equidistant surfaces has
been explored in various non-Euclidean contexts. For instance, characterizations have been
achieved within the Dual space (Gir Mazlum vd., 2022), while parallel p-equidistant structures
have received targeted analysis in Minkowski space (Masal & Kuruoglu, 2007; Azak vd., 2014;
Masal & Kuruoglu, 2009).

While prior literature has deeply analyzed parallel equidistant surfaces formed by standard
frame vectors, these investigations predominantly depend on static positional vector fields.
Utilizing the Darboux vector as the surface generator, however, brings a distinct geometric
advantage. In contrast to conventional basis vectors, the Darboux vector embodies the
instantaneous rotational axis of the moving frame along a curve, making surfaces generated by
it a specialized topic of interest (Ekici & Dede, 2011). Thus, the kinematic rotational dynamics
of a curve are effectively converted into the static geometric characteristics of the corresponding
surface when the ruled surface is framed using the Darboux vector. By capitalizing on the
Darboux vector, our research establishes a critical link between spatial curve kinematics and
ruled surface theory, setting it apart from earlier methodologies. Furthermore, the fact that the
Darboux vector naturally generalizes only to odd-dimensional spaces of the form 2n + 1
highlights its geometric significance (Kocayigit vd., 2013).

By adopting the Darboux vector as our generator, we ensure that the resulting ruled surface
is swept by a rotational axis that is kinematically transported along the base curve. In this study,
we provide a rigorous analysis of the characteristic polynomials, shape operators, and the first
and second fundamental forms of the newly derived parallel d-equidistant ruled surfaces.
Drawing on these computations, we outline the algebraic invariants and offer geometric
interpretations for the surface pair § and S*.

In our prior investigation (Yildiz vd., 2026), we formalized the concept of parallel Darboux
d-equidistant ruled surfaces. That research demonstrated that when the Darboux vectors of two
spatial curves align in parallel, the generated ruled surfaces retain essential geometric properties
namely, their developable characteristics and asymptotic lines proportionally scaled by the
distance parameter d.
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The primary objective of the current conference paper is to deploy this established theoretical
framework onto a specific curve characterized by non-constant curvature and torsion: the
Twisted Cubic. In contrast to planar curves or standard cylindrical helices, the shifting
geometric coefficients of the Twisted Cubic serve as a robust and demanding benchmark for
our theoretical assertions. Ultimately, we detail the explicit algebraic construction of both the
base surface and its parallel equidistant counterpart.

2. Preliminaries

To construct and analyze the parallel Darboux equidistant ruled surfaces, we first establish
the fundamental geometric components of the base curve, its associated frames, and the striction
mechanics.

Let r and r* be two unit speed space curves in E3 with their associated moving Frenet-Serret
frames denoted by {T, N, B} and {T*, N*, B*}, respectively. The intrinsic geometric behaviors
of these curves are characterized by their curvatures (k, k*) and torsions (t, t*).

The Darboux vector W, which physically represents the instantaneous angular velocity of
the moving Frenet frame of the base curve r, is defined as W (t) = ©(t)T(t) + x(t)B(t) [24].
The unit Darboux vector C(t) is explicitly given by:

C(t) = sinB T(t) + cos6 B(t)
1)

cos6 = —Similarly, for the r* the unit Darboux vector is

T
| vl
C*(t) =sin@*T*(t*) + cos8*B*(t").

Two ruled surfaces generated by these Darboux vectors, parametrically given by
®.(t,v) = r(t) + vC(t) and @.-(t*,v) = r*(t*) + vC*(t*) (do Carmo, 1976), are called
parallel d —equidistant if:

1. Their generator vectors (Darboux vectors) are parallel (C Il C*).
2. The distance between their central planes at corresponding points is a constant d.

The striction curve y(t), representing the locus of points where consecutive generator lines
are closest to each other, is explicitly determined by (Yildiz vd., 2026):

_ _ K (t)
V(t) - T(t) T’(t)K(t)—K’(t)T(t) W(t)

where sinf =

)
Since the generator vectors are identical (C* = C) for parallel equidistant surfaces, the
striction curve y*(t) of the equidistant ruled surface §* is rigidly related to the base striction

curve by:

©)
where p and g represent the spatial translation functions in the tangent and binormal
directions, respectively.
Let a denote the angle of rotation between the tangent vectors T and T™* (as well as between
B and B*). The corresponding moving frames {T,N,B} and {T*,N*,B*} are related by the
following transformation matrix:

v (@) =y(@®) +pOT®) + q@®)B()

T* cosa 0 sinal [T
N*|=] O 1 0 [.|N
B* sina 0 cosal LB

(4)
where a = 8" — 6. Based on this frame transformation, the curvature and torsion of the
equidistant base curve r* satisfy the following scaling relationships (do Carmo, 1976):

: dt . dt
K* = (kcosa — Tsma)(?) and 7* = (ksina + Tcosa)(dt*)

()
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The central planes of the base and equidistant surfaces, denoted as H and H*, are spanned
by their respective tangent and binormal vectors, such that H = Sp{T,B} and H* =
Sp{T*, B*}. To satisfy the constant equidistance condition spatially, the normal component of
the displacement vector between the striction curves must vanish. Consequently, the constant

distance d between these central planes is explicitly governed by the following formula (Y1ldiz
vd., 2026):

2
l K r, KT
d = [K(l ML >_ T(q " k2412 )]

K2+12
(6)
Within this formulation, the respective distances separating the polar planes Sp{N, B} and
the asymptotic planes Sp{T, N} are defined as p and g . Based on (Yildiz vd., 2026), the
relationship between the shape operators S and S* of the two surfaces is given by (Yildiz vd.,

2026):
" de \? a’
s = (5) (1+5)s
(7)

Furthermore, the Gaussian curvature for both surfaces vanishes (K = K* = 0), confirming
they are developable.

3. Application: Parallel Darboux Equidistant Ruled Surfaces of the Twisted Cubic

To concretely illustrate the theoretical results obtained, let us construct the parallel d-
equidistant ruled surfaces based on the Twisted Cubic curve. Let the base curves of ruled
surfaces ®@.(t,v) and @.-(t, v) be defined respectively as

r(t) = (t,t?t3)
r*(t) = (t,t2,t3)

d

+
V(1 +9t2 4+ 9t4) (1 + 4t2 + 9t4)
—9t%,3t(2t2 + 1))
The moving Frenet frame {T, N, B} and curvatures of r(t) are obtained as

(—t(9t? +2),1

1
T(t) = (1, 2¢t, 3t?)
V1 + 4t% + 9t* )
N(t) = (—t(9t% +2),1—9¢t%,3t(2t% + 1))
V(L +9t2 + 9t4) (1 + 4t2 + 9t*)
B(t) = (3t?,-3t,1)
V1 +9tZ + 9t*
2Vot* +9t2 + 1
k(t) = 3
(1 +4t% +9t4)2
t) = ———
o ot* +9t2 + 1

The Darboux vector W (t) and the unit Darboux vector C(t) of the base curve are explicitly

obtained as
1

w(t) = 5 (54t° + 81t* + 18t? 4 3,—-30t3,81t° + 54t*
(1 +9t2 4+ 9t*)(1 + 4t% + 9t*)2
+27t2 + 2)
1
s 3 [4(9t* +9t%2 + 1) 9
2 4 2 4\ 5
(1+9t2+9t*)(1 + 4t2 + 9t )2\/(1+4t2+9ﬂ)3 +(9t4+9t2+1)2

x (54t° + 81t* + 18t2 + 3,—30t3,81t° + 54t* + 27t% + 2)
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Let A(t) = J(l—dk(t))2+ (dr(t))’denote the denominator metric of the

transformation, where d is the constant distance between the central planes. The equidistant
Frenet frame {T*, N*, B*} for the parallel ruled surface §* is explicitly obtained as:

1-d
T*(t)=%)(t)m)+ B
N*(t)—N(t)

O) — d(t)
B© = 52O+ B0

For parallel equidistant ruled surfaces, the generator vectors are strictly parallel. Hence, the
non-normalized equidistant Darboux vector W*(t) and the unit Darboux vector C*(t) are

explicitly obtained via the parameter transformation rate d—t*:
dt
W© = (52) WO = 3=W0, €0 = o,

Using these explicit generator vectors, the base and parallel equidistant ruled surfaces are
directly parameterized as:
Doy = (G t2,63) + vC(b)

Do (t,v) = [(t, t2,t3)

d

_|_
V(1 +9t2 + 9t4) (1 + 4t2 + 9t4)
+ vC(t)
The striction lines y(t) and y*(t) of the ruled surfaces @) and @ (t,v) are directly
given by

(—t(9t2 +2),1 — 9¢t*, 3t(2t% + 1))l

140)
= (t,t%,t3)

2V9t* +9t2 + 1
_ (1 + 4t2 + 9t4)°/2

— ) VO + 92 ¥1 (2P ¥ 9% 1\ 3
9t* +9t2 + 1 (1 + 4t2 + 9t4)3/2 (1 + 4t2 + 9t4)3/2 ot* +9t2 + 1

x (54t® + 81t* + 18t2 + 3,,—30t3,,81t% + 54t* + 27t% + 2)

d

V'O = YOF GroETema ez 1

—t(9t? 4+ 2)),1—9t%,3t( 2t + 1),

Let the central planesbe H = Sp{T,B}and H* = Sp{T*,B*}. Forany X € Hand X* € H",

from (ﬁ,(,‘) =0 and (y*X*,C*) = 0, the corresponding plane equations are evaluated at
appropriate points.

Case 1: Evaluationatt = 0
At t = 0, the striction point locally goes to infinity since k'(0) = 0 and 7'(0) = 0. Using
the base points as the geometric reference, assuming d = 1, the specific variables at t = 0 are:
r(0) = (0,0,0),7 % (0) = (0,1,0),xk(0) = 2,7(0) = 3,4(0) = V10
The base and equidistant Frenet frames are evaluated as:
T(0) = (1,0,0),N(0) = (0,1,0),B(0) = (0,0,1)
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) N*(0) = (0,1,0),B*(0) = (\/%_0,0,—\/%_0)

T*(0) = (—
Vio' " Vio
The Darboux vectors evaluated at this instant are:

W) = (3,0,2), W*(0) = (F \/—) €)= c(0) = (%%/%)

Since the Darboux vectors maintain strict parallelism at these evaluation points, we can
specify two points, A and B, located on the central planes. These points are directly determined
as: A(0,0,0) € H,B(0,1,0) € H*. Since the distance between A and B is exactly d = 1 (Figure
2). along the principal normal N (0), the corresponding analytical equations of the central planes
are explicitly derived as:

H.y=0 H .y—-1=0

Base Darboux Ruled Surface Equidistant Ruled Surface

Z Axis

0 - = X Axis 0 » X Axis
Y Axis Y Axis

Figure 1. Base Curve and Equidistant Ruled Surface
Parallel Darboux Equidistant Ruled Surfaces (d=1, t=0)

(W Eso sutace |
| N £ qucistant Sarface
| I Contrat Plans (H)

|9 Cantral Plane () |

Z Axis

08 < - 1
0 15 X Axis
Y Axis

Figure 2. Parallel Darboux Equidistant Ruled Surfaces (d=1, t=0)
Case 2: Evaluationatt = 1
Fort =1 and d = 1 the analytical properties of the Twisted Cubic exhibit a fully general
differential behavior. Evaluating the curvatures and the metric A yields:
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. 8 11 28
= WL, M = (5.5575)

V9 3 V266\" (3’
k(1) =7—m, (1) = E: A(1) = J(l _W> + (E)

The base Frenet frame is calculated as:

1 1 1
T(l) = ﬁ(ll 2, 3), N(l) = \/z_ﬁ(_ll,_Sl 9), B(l) = 5(3,—3, 1)

The Darboux vectors are explicitly calculated as:

w(1) - (78,—15,82), W * (1) (78, ~15,82)
= y — , , * =
13314 A(1)133V14
15
78
) = C*(1) = _ V1303382

V13033 V13033

The striction points y(1) and y*(1) are analytically evaluated. The Darboux vectors are
strictly parallel at the striction points. Let A and B be two reference points on the central planes
H and H*, respectively, aligned along the normal direction N(1). These points are explicitly
obtained as the striction points themselves: A = y(1) € H,B = y(1) + \/%(—11, —-8,9) €
H*.

Let the exact components of point A be denoted as (y4,v¥,,v3) to formulate the plane
equations. Substituting these components, the corresponding analytical equations of the central
planes are explicitly derived as (Figure 3):

H..-11(x —y)— 8y —v2)+ 9z —y3) =0
H* ... —11(x — ) — 8(y — y,) + 9(z — y3) — V266 = 0.
Parallel Darboux Equidistant Ruled Surfaces (d=1, t=1)
[ toe Suoce (8] |
I o ctistant Surface (S ')

B Central Plana (#4)
Central Pane (H) |

Z Axis

0

1

Y Axis 0 < X Axis

Figure 3. For t=1, d=1 distance
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4. Conclusion

In this study, we successfully applied the theory of parallel Darboux d-equidistant ruled
surfaces to the Twisted Cubic curve. We demonstrated that even for curves with complex,
variable curvature and torsion, the equidistant transformation preserves the developable nature
of the surface. Furthermore, an examination of the corresponding reference points on this
generated surface pair verified that the spatial distance between them remains strictly constant,
in full accordance with the theoretical definition. The transition formulas derived in our
previous work (Yildiz vd., 2026) provide a robust method for predicting the curvature
properties of the offset surface $* without the need to recalculate its differential geometry from
scratch. Future work will involve extending these applications to curves in Minkowski space.
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Abstract

In this study, a new family of ruled surfaces is defined by considering the B—pedal curve, which
is described as the locus of the orthogonal projections onto the binormal vector of a
differentiable space curve, as the base curve. The ruling of the surface is expressed as a linear
combination of the tangent, principal normal and binormal vectors belonging to the Frenet
frame of the curve. Thus, a more general structure than classical Frenet-directed surfaces is
obtained. First, the fundamental definitions and relations concerning differentiable curves,
Frenet vectors, curvature and torsion concepts, pedal curves and ruled surfaces are presented.
Subsequently, the parametric equation of the ruled surface generated by the motion of the linear
combination vector along the B—pedal curve is defined and the first, second and third
fundamental forms of this surface are computed in detail. By means of the obtained coefficients,
the Gaussian curvature and mean curvature of the surface are expressed explicitly and the
relationships of these quantities with the curvature and torsion functions of the base curve are
established. In addition, the striction curve and distribution parameter of the surface are
determined and their parametric expressions are obtained. It is stated that the surface exhibits a
developable property when the distribution parameter vanishes under certain conditions. In
order to demonstrate the applicability of the theoretical results, a helix curve is selected as an
example, various special cases are examined for different parameter values and the obtained
ruled surfaces are visualized through graphical representations.

Keywords: Pedal Curve, Ruled Surface, Gaussian Curvature, Fundamental Forms, Distribution
Parameter, Striction Curve
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1. Introduction

In the literature of differential geometry, the relationships between the geometric properties
of a curve and the surfaces constructed depending on this curve have always attracted attention.
In particular, ruled surfaces, which are formed by the motion of a straight line (ruling) along a
curve (base curve), have a wide range of applications both in theoretical mathematics and in
architectural and engineering designs. The geometric characterization of ruled surfaces is
carried out by means of invariants such as the first, second and third fundamental forms of the
surface, as well as Gaussian and mean curvatures. In the literature, there are many studies on
ruled surfaces constructed using the Frenet frame of a curve. However, the use of special curves
derived from these curves (such as pedal curves and involute—evolute curves) instead of
classical base curves provides new perspectives in surface geometry. A pedal curve is defined
as the locus of the foot of the perpendiculars drawn from a fixed point to the tangents of a given
curve (Kaya, 2025; Senyurt et al, 2024). In this study, the pedal curve is considered as the base
curve of a ruled surface and the ruling of the surface is defined as a linear combination of the
Frenet frame vectors. The main aim of this study is to investigate in detail the differential
properties of this newly defined family of ruled surfaces (striction curve, distribution parameter
and curvatures) and to express these results in terms of the invariants of the original curve. The
obtained computations and theorems not only include the existing special cases in the literature
(for example, surfaces in the tangent or binormal directions) but also present a more general
geometric model.

For a differentiable curve « the Frenet vectors, curvatures and Frenet formulas are given,
respectively, by

! n

T=2_ N=BAT, B= 2% (1.1)
|a’ ||a’/\a"
_ ”ar/\aﬂ”’ _ det(a',a",a”’)1 (12)
|a’ : ||a'/\a" ?
T'=nkN,N"=75(-«T +7B), B'=—nzN, n=|/. (1.3)

See (Gray,1961). In E?®, the locus of the orthogonal projection points from a point P € E®,
not lying on the curve, onto the T, N and B binormal vectors of a regular curve & are called
theT — pedal , N — pedal and B - pedal curves, respectively and their equations are

given by
T (1),

a (t)=a(t)+u(t)T(t), u(t)=(P-a(t),T
=(P-a(t).N (1)) (14)
B

ay (t)=a(t)+q(t)N(t), q(t)=(P-a(t),

@ (1) =a(t)+2(0)B(), #(t)=(P-a(t).B(1)).

See (Elsharkawy et al, 2025; Elsharkawy et al, 2026). A surface formed by a straight line
moving depending on the parameter of a curve is called a ruled surface and its parametric
expression is given by

X (t,v)=a(t)+vr(t). (1.5)
See (do-Carmo,1976). The first, second and third fundamental forms of a ruled surface are
given, respectively, by

| = Edt® + 2Fdtdv + Gdv?,

Il = edt? + 2 fdtdv + gdv?, (1.6)
1 = Idt? + 2mdtdv + ndv?.
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See (Elsharkawy et al, 2025; Elsharkawy et al, 2026). Here, the coefficients of the first, second
and third fundamental forms, the surface normal Ny , the Gaussian curvature K and the mean
curvature H are given as follows (Struik,1961):

e:(Xn,NX>, :<XtV,NX>,g=<XW,NX>,
I=((N ) (N ) ) m=((N ) (N, ) n=((N), (N, ). (L.7)
N X A X,
TIxoA X
eg—f? Eg+eG-2fF
“Eor M o(ee ) (18)

7.1 Materials and Methods

In this study, a theoretical and analytical approach based on differential geometry is adopted
to construct and investigate ruled surfaces generated along the B—pedal curve of a differentiable
space curve. First, the Frenet frame vectors, namely the tangent, principal normal, and binormal
vectors, together with curvature and torsion functions of a regular space curve, are introduced
as the fundamental geometric tools. The B—pedal curve, defined as the locus of orthogonal
projection points onto the binormal vector of the original curve with respect to a fixed point, is
considered as the base curve of the ruled surface.The ruling vector of the surface is defined as
a linear combination of the Frenet frame vectors with scalar coefficients. By considering the
motion of this vector along the B—pedal curve, a new family of ruled surfaces is parametrically
constructed. Using differential geometric methods, the first, second, and third fundamental
forms of the obtained surfaces are derived. Furthermore, Gaussian curvature, mean curvature,
striction curve and distribution parameter are analytically computed and expressed in terms of
the invariants of the original curve.To illustrate the obtained theoretical results, a helix curve is
considered as an example and different parameter selections are examined to visualize the
geometric behavior of the resulting ruled surfaces through graphical representations.

8. Findings and Discussion

2.1. Ruled Surfaces Obtained By The Motion Of The Vector I' = aT + bN + c¢B Along
The B—Pedal Curve

Definition 2.1 The equation of the ruled surface formed by the motion of the vector

I'=aT +bN +cB
along the B—pedal curve is written as

we (t,V)=az +V[ =a+(u+av)T +bvN +cvB. (2.1)
Here, the curve aj is the base curve of the surface and the vector, T is the ruling of the surface.

Theorem 2.1 The first fundamental form of the ruled surface g (t,v) is given by
| =(x+y; +27)dt® + 2(ax, +by, +cz,)dtdv +(a* +b* +c* ) dv? (2.2)
where x,(t,v)=7n(1-vbx), y,(t,v)=nv(ax—-cr)-nu’, z,(t,v)=u'+nvbr.

Proof: If the partial derivatives of the surface are taken and then relation (1.3)is used,
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(ws) =xT+¥N+2B, (v5) =aT +bN+cB (2.3)
is obtained. From relation (1.7), the coefficients E,F and G of the first fundamental form are
found as

E=x+y/+27,

F =ax, +by, +cz,, (24)
G=a’+b*+c%

Substituting these expressions into (1.6) , the proof is completed.

Theorem 2.2 The second fundamental form of the ruled surface l//Br (t,V) is given by

” — X2X3 _: y2y23 + 22223 dt2 + X:LvX3 —: ylv)iS + Zzlvz?; dth
\/x3+y3+23 \/x3+y3+23
where

X, = Xy —1Y3k = (1 +U, —nbvic) —n? (K‘ZU +VK‘(aK‘—CT)),

Y, =Yy + KX —771'21:(77UK+V77(aK—Cr))t +77/<(77+ut)—772bv(1<2 +z'2)

z, =th+77y12'=77Vb2'+7722'(K'U +V(8.K—CZ')), (2.5)
X, =y, ~bz, = xmc(u+av)—zvp(c® +b?),

y, = az, —cx, = nbv(ar +cx)—c(n+u’),

2, =bx, —ay, =b(n+u")—nvi(b* +a* )+ an (ver — xu).

Proof: If the partial derivatives are taken in expression (2.3) ,

(ve), =%T+¥,N+2B, (yg) =xT+y,N+2,B, (vi) =0

tv

is obtained. Let the surface normal be denoted by N from relation (1.7)

X T +y;,N+2z,B (2.6)

VE+y3+2

is obtained. Accordingly, the coefficients e,f and g of the second fundamental form are given

by

o= XX + Yo Y5 + 2,24 f= XX + Yo Ys + 2024 g=0. (27)
JE+yi+2 JE+yi+z

Substituting these expressions into (1.6) ,the proof is completed.

NS =

Theorem 2.3 Let the Gaussian and mean curvatures of the ruled surface ¢ (t,v) be denoted
by k! and w:respectively. Then, these curvatures are given by
(leXS + ylvy3 + Zle3 )2

KL =-— :
(x§+y32+232)((x12+y12+zf)(a2+b2+c2)—(ax1+by1+czl)2)

B

o (XYY, +2,2,)(8% D767 ) = 203, X + Vi, Vs + 24,2 ) (@, +by; +c2,)

" 2((x12 +y? +zf)(a2 +b? +c2)—(ax1+by1+czl)2)‘/x§ +yZ+ 22
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Proof: From relations (2.4)and (2.7),

EG - F? :(xf +y2 4 zf)(a2 +b? +c2)—(axl+byl +cz,)’,

(4 + YaYs + 2%)°

X +yi+z2

(XXs + Y, Y5 + 2223)(a2 +b? +cz)—2(x1vx3 + Y Ys + 23,25 ) (ax + by, +cz,) ‘
P +Yi+2

Substituting these expressions into (1.8) the desired result is obtained.

eg—f?=—

Eg+eG-2fF =

Theorem 2.4 If the striction curve of the ruled surface w; (t,v) is denoted by S, (t), then its
equation is given by

B (t) =+ —nxb—n(ax—cr)ur+u'ch

77<b2 (K'Z +Tz)+(aK—CT)2)\/772 +(U77K')2 +u”?

Proof: From the definition of the striction curve, the expression of the striction curve belonging
to the surface wy (t,v) is written as

T, T

< l’, 2> r

I

See (Elsharkawy, 2025). From relations (1.3)and (2.3), the tangent vector of the curve a,
and

ﬂs(t):as -

T ay _ nT—untN+u'B

U] \/772 +(U77K)2 +u'?

where I'" = —nxbT +7(ax—cr)N +77bB, ||1“'||2 = nz(bz(zcz +2'2)+(aK—CT)2)

are obtained. Substituting these expressions into the striction curve, the desired result is
obtained.

Theorem 2.5 If the distribution parameter of the ruled surface y (t,v) is denoted by 4, , then

kb(unrc+u'b)+(ax—cr)(u'a—nc)+rb(upra+nb)
n(bz(lcz+12)+(aK—Cz')2)\/772+(ur7K)2+u'2 .

Proof: From the definition of the distribution parameter,

Hg =

Uy = % is written (Elsharkawy,2025). From here,
det(T, I, ) = nib(unzc+u'b)+n(ax—cr)(u'a-nc)+nb(unra+nb)

\/772 +(um<)2 +u?
is obtained. Substituting these expressions, the desired result is computed.

Theorem 2.6 The third fundamental form of the ruled surface y (t,v) is given by

L= (0 +y2 +22)dt® = 2(XoX,, + VsV, + 252y, ) dtdv + (X, + y3, + 23, )dv?

where
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X y z
X =————, Y, = ————, I, = ———,
Yoy T eyie eyl
Xs = Xgg =NYuKs Y5 = Yo ¥IIXK =247, I3 =24 +77Y,T
are functlons.
Proof: If the partial derivatives of the expression N in relation (2.6)are taken,

(Ng)t =x.T +y,N +2z.B, (Ng)v =X, T+y,N+2,B

are obtained. From relation (1.7), the coefficients of third fundamental form are computed as
=X+ Y2 +22, M=XX,, + YV + 224, N=X,+Yo +25,. (2.8)
Substituting these expressions into relation (1.6), the proof is completed.

Corollary 2.1 If a=1 b=c=0 then y (t,v) =y (
Corollary 2.2 If a=0, b=1,c=0then yg (t,v) =y (t,v).
Corollary 2.3 If a=0, b=0,c=1then yy (t,v) =g (t,v).

Example 1. For the helix «(t)=(cost,sint,2t)the Frenet vectors and curvatures are found,

t,v)is a developable surface.

respectively, as
T =i(—sint,cost,2), N =(—cost,-sint,0),B = L

NG &

with respect to the origin, the ¢ pedal curve is a, (t)=(cost—%sint,sinH%cost,%)

2sint,—2cost, 1),k = 1 T :Z,
5 5

and the vector I' = i(—asint—\/gbcost +2csint,acost —ngsint —20cost,2a+c) )

J5

Accordingly, the equation of the ruled surface w (t,v) is found as

v (—asint—+/5bcost + 2csint,
5\ acost —+/Bbsint — 2ccost, 2a+ ¢
Now, let us examine the surfaces according to the values of a,b,c.

we (LV) =0y +VI = (cost —%smt S|nt+%cost 8;)

Special Case 1. If a=1b=c=0then y (t,v) =y (t,v). The equation of the surface is written

as g (t,v) :(cost—%sint,sint+%cost,%j+%(—sint,cost,2) as illustrated in Figure 1.
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Figure 1. For t € (0,272), Ve (0,2)the base curve @z (red curve) and the ruled surface l//;

are depicted.

Special Case 2. If b=0.5a=c=0then w;(t,v)=wy (t,v). The equation of the surface is

writtenas  y/y (t,v) :((1—%jcost—%Sint,(l—%)sint+%cost,8—;j as illustrated in Figure 2.

Figure 2. For te (—7[,7[), Ve (—2, 2) the base curve @; (red curve) and the ruled surface l//BN

are depicted.
Special Case 3. If a=b=0,c=3then g (t,v)=yw;g (t,v) . The equation of the surface is

written as g (t,v) = cost—ﬂsint,sint+ﬂcost,§ +ﬂ(25int,—2cost,1)
5 5 5) 5

as illustrated in Figure 3.

Figure 3. For te(-1.57,1.57), v e (~1.2,1.2) the base curve @ (red curve) and the ruled

surface l//BB are depicted.
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Special Case 4. If a=0.2,b=0.4,c=1.2then, the equation of the surface 7 (t,v) is written
- 4t 4t 2t Vv —sint—2\/§cost+125int,
as yr (t,v)=

+_
55

cost +—sint,sint ——cost, —
5 5 cost — 24/5sint —12cost,8
as illustrated in Figure 4.

Figure 4. For t €(~1.57,1.57), v € (—11) the base curve &; (red curve) and the ruled surface

l//Er; are depicted.

Special Case 5. If a=b=1,c=0then, the equation of the surface g (t,v) is written as

4t . 4t 8t v . .
U'(t,v)=| cost ——sint,sint + —cost,— |+—(—2.5sint —3v/5cost, 2.5cost —3/5sint,5
va (LV) ( 5 5 5) JE( V5 JBsint,5)

as illustrated in Figure 5.

Figure 5. Fort [—27,27], v €[-2,2] the base curve @; (red curve) and the ruled surface

l//EF; are depicted.

Special Case 6. If b=0,a=2,c=1 then, the equation of the surface wy (t,v) is written as
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we (V) :(cost—%sint,sinugcost,@j as illustrated in Figure 6. This surface is a

developable surface (K =0).

4

Figure 6. For te[-27,27], v €[-2,2] the base curve @; (red curve) and the ruled surface

l,//BF are depicted.

Special Case 7. If a=0,b=c=1then, the equation of the surface w5 (t,v) is written as

i (tv)= (cost—%sint,sint+%cost,8—;j+L(—\/§cost + 25int,—J§sint—2cost,+1)

NG

as illustrated in Figure 7.

Figure 7. For t €[-27,27], v €[~2,2]the base curve &; (red curve), and the ruled surface

l//Er; are depicted.

9. Conclusion and Recommendations

In this study, the B—pedal curve, defined as the locus of the orthogonal projections onto the
binormal vector of a space curve, has been considered as the base curve of a newly constructed
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family of ruled surfaces. Unlike classical approaches in the literature, the ruling of the surface
has been defined as a general linear combination of the Frenet frame vectors, providing a more
comprehensive and flexible geometric framework. As a result of the analytical investigations,
the first, second and third fundamental forms of the constructed ruled surface, together with its
Gaussian and mean curvatures, have been explicitly expressed in terms of the invariants of the
original curve. Furthermore, the striction curve and the distribution parameter of the surface
have been determined, and their functional dependence on both the curvature functions of the
base curve and the directional coefficients a, b, ¢ has been clearly established. It has been shown
that, in the critical case where the distribution parameter vanishes, the surface exhibits a
developable structure. In addition, the singularities of the surface are theoretically characterized
as being concentrated along the striction curve, where the geometric structure becomes
degenerate. The obtained theoretical results have been illustrated on a helix example and the
geometric behavior of the resulting ruled surfaces has been visualized through graphical
representations for different parameter selections. These findings not only extend the existing
studies on pedal-based ruled surfaces but also provide a unified and generalized model that
includes many classical cases as special configurations.
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Abstract

In this study, new families of pedal curves are defined by using the Frenet frame associated
with the parallel curves of a space curve and the differential geometric properties of these curves
are investigated in detail. Based on the classical pedal curve approach, new pedal curves are
obtained by considering the geometric locus of the orthogonal projection points drawn from a
fixed pedal point onto the Frenet vectors associated with the parallel curves of a space curve.
In this context, different types of pedal curves are constructed by taking into account the
tangent, principal normal and binormal vectors of the parallel curves and the analytical structure
of each curve is systematically established. The Frenet frame components, curvatures and
torsions of the obtained pedal curves are explicitly computed by using methods of differential
geometry; through these quantities, the local and global behaviors of the curves are examined.
In addition, geometric characterizations of the pedal curves are presented, the relationships
between these curves and the Frenet structure of the parallel curves are evaluated and the
fundamental geometric properties of the curves are explained. In order to provide a more
concrete understanding of the theoretical results, computations are carried out on appropriate
examples and the geometric behaviors of the obtained pedal curves are supported by graphical
illustrations. Thus, it is shown that the pedal curves constructed through the Frenet frames
associated with parallel space curves provide a new perspective to the differential geometry
literature and introduce a structure that may contribute to new research directions in the context
of curve theory. In this respect, the study addresses the relationship between pedal curves and
parallel curves within a more general framework and also points to potential areas of application
in higher-dimensional geometric modeling and applied geometry.

Keywords: Differential Geometry, Pedal Curves, Parallel Curves, Frenet Frame, Curvature and
Torsion, Space Curves
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1. Introduction

In the characterization of space curves, the limitations of the Frenet-Serret frame at
inflection points have led to the widespread use of more flexible frameworks such as the Bishop
(parallel transport), Quasi and Alternative frames in the literature (Ates et al, 2019; Korpinar et
al, 2015). These frames not only describe the intrinsic properties of curves but also enable the
construction of new families of curves and surfaces associated with a given base curve. In this
context, parallel (offset) curves, which have extensive applications in kinematics and computer-
aided design (CAD), can be characterized by simpler equations through the Bishop frame
(Aldossary and Gazwani, 2020; Korpimar et al, 2015). Furthermore, normal vector—based
definitions and Quasi frames make it possible to construct parallel curves even in the presence
of singular points (Guler, 2022; Sagiroglu and Kose, 2024).

In addition to parallel curves, pedal curves, defined as the loci of the projections onto the
frame vectors of a curve, constitute an important component of the concept of associated curves
(Senyurt et al, 2022). Recent studies have shown that pedal curves can be defined via alternative
frame vectors, that these structures provide a basis for Smarandache curves and that they
possess distinctive geometric reflections on surfaces (Canli et al, 2024; Kaya, 2024; Senyurt et
al, 2024). This development has also been extended to surface theory, where new ruled surface
models have been introduced by considering tangent-pedal (T-pedal) or normal-pedal (N-pedal)
points as the generating curves (Elsharkawy et al, 2025; Elsharkawy et al, 2026).

In this study, these two fundamental concepts in the literature are combined and pedal curves
are defined via the Frenet vectors of the parallel curve of a space curve. For these new pedal
curves, formed by the orthogonal projection points drawn from a fixed point outside the curve
onto the Frenet frame of the parallel curve, the Frenet vectors, curvatures, and torsions are
computed separately and their geometric characterizations are obtained.

For a differentiable curve &, the Frenet vectors, curvatures and Frenet formulas are
respectively given by

a ara”
T:—',N =BAT, B:ﬁ! (11)
] o e’
K:|a /\CSZ | :<a Aa,a2> (1.2)
|a’ ||a'/\a'"
T'=ncN,N'=5(-«T +7B), B'=-nzN, n=|/|. (1.3)

Furthermore, for r € IR, the parallel curve corresponding to the curve & is defined by

ay (t)=a(t)+rN(t). (1.4)

The Frenet vectors and curvatures of this curve were given in reference (Sagiroglu and Kése,
2024). In the present study, the Frenet vectors and curvatures of the parallel curve are

reformulated as follows . If derivatives of the (1.4) are taken and the necessary computations
are carried out, then

ay =XT +1,B,

ay =%1 +Y,N+2,B,

ay Aay =—1,Y,1 +(2,% —2,% )N +XxY,B,

ay = (X, = Y i )T + (Y, + X0k — 2,n7)N +(2, + y,n7)B,

"

<ar'\1 Aay ’aN>: X1yz(y; + XK — 22777)_ Z1y2(X; - y277K)+(21X2 - szl)(Z; + YZUT)-
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is obtained. From relations (1.1)and (1.2), the T;,Ny, B, Frenet vectors, the curvature &; and

the torsion 71 of the parallel curve are given by

X 2,
T, = T B

S P

N, =B, AT, (1.5)

—2,Y,T +(2,% — 2,% )N +x,y,B

B_

SR ED

2
Kl:\/yzz(xf+212)+((212(2_22)(1)) , (1.6)
(¢z2)
7, = 202 (Yo X1 = 27) = 2,5 (0 = Yori) + (2%, = 2% ) (23 + ¥,17) (L.7)

y22 (X12 + Z12)"'((21)(2 - ZZX:L))Z

where

X, =n—TnK,2, =TT, X, =(n—-TNK) Y, =772(K—r(/(2 +z'2)),22 =(rn7).

Furthermore, from relation (1.3), the Frenet formulas corresponding to the Frenet vectors of the
parallel curve are obtained as

T/ =nxN, N/ = 771(_K1T1 +T181)1 Bi=-nr N, n= | ay||. (1'8)

1.1 Materials and Methods

In this study, a theoretical and analytical approach based on differential geometry was
adopted to construct and characterize new families of pedal curves associated with the Frenet
frames of parallel curves of space curves. The study was carried out within the framework of
Euclidean three—dimensional space E and all geometric derivations were obtained analytically
through Frenet—Serret theory. First, for a regular differentiable space curve a(s), the Frenet
frame {T, N, B} curvature k, and torsion t were considered as the fundamental geometric
apparatus. Based on these quantities, the parallel curve corresponding to the original curve was
defined by using a displacement parameter () along the principal normal direction. The Frenet
vectors, curvature, torsion and Frenet formulas of the parallel curve were explicitly
reformulated and employed as the geometric basis of the study. Subsequently, pedal curves
were constructed by considering the orthogonal projection points drawn from a fixed pedal
point (P), chosen outside the curve, onto the Frenet vectors of the parallel curve. In this
framework, pedal curves associated with the tangent, principal normal and binormal vectors of
the parallel curve were defined. In addition, generalized pedal curves corresponding to vectors
lying in the osculating plane, normal plane, rectifying plane and combined Frenet directions
were also introduced. For each obtained pedal curve, derivatives up to the required order were
computed analytically and the corresponding Frenet vectors, curvature and torsion functions
were derived using vector operations, inner products, cross products, and Frenet—Serret
formulas. The geometric characterizations of the resulting pedal curves were then investigated
in terms of their intrinsic differential geometric properties.To illustrate the theoretical results,
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representative examples including a helix curve were considered and graphical visualizations
of the corresponding parallel and pedal curves were generated for different offset parameters in
order to analyze their geometric behavior.

2. Findings and Discussion

2.1 New Families Of Pedal Curves Constructed By The Frenet Frames Of Parallels Of
Space Curves And Their Geometric Characterizations

Definition 2.1 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y onto the
tangent vector T, is called the T, — pedal curve. According to this definition, if the T, — pedal
curve denoted by 2 then its equation is given by

B(s)=ay (s)+u(s)Ty(s), u=(P-ay(s)T,(s))- (2.3)

See (Senyurt et al, 2024).

Theorem 2.1 Let the Frenet vectors of the T, — pedal curve be denoted by T,;,N; and B,
Then, these vectors are given by

(7, +U")T, +ummN,

T = 1
Jon+u) +(un )’
N, =B, AT,
Ui, _(771 + U’)Uﬂlzfl’(lNl +((771 + U')((Ufh’fl), + 1K (771 + u’))_ un, & (771’ +U" UK )) B,
B —

2

=
\/(UUffm)z (m+uy +(U771’f1)2>+((771 +U’)((u77ﬂq)’ + 5, (1, + U'))—Uqu(n{ + U"—Uﬂffﬁz)j

respectively.

Proof. Taking derivatives in relation (2.1) and then considering relation (1.8), we obtain

IB':(771+U')T1+U771K1N11 (2'2)
p'= (771l +U"— U7712K12 )Tl + ((Uﬂlffl)’ +mnK (771 + u')) N, + U771271K181' (23)

BAB = U27713K1271T1 _(771 + U’)U771271K1N1

(24)

+ ((771 + U')((UWQ) + 771K1(771 + u’)) —unk (771' +U" - U7712K12 )j B,
Substituting these expressions into relation (1.1) completes the proof.
Theorem 2.2. Let the curvatures of the T, — pedal curve be denoted by X, and 7, Then,
these curvatures are given by

\/(unfrﬂq)z ((m+uy +(u7711<1)2)+((f71 +U')((umf<1)' + i (7, + U’))—unﬂq(n{ +u" —unf/ff)j
K, =

' ((771 + u’)2 + (U771K1)2 )g

2
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2.3 2

(U mK 71)51 _U771271K1 (771 + U')§Z + ((771 + U')((UmKl)' +mK (771 + U')) —Uum K (771' +U"— U771ZK12 ))53

T, =
r 2

2
(U771271K1) ((771 + u,)z + (U771K1)2 ) + ((771 + ul)((wh’(l)’ +mK (771 + U’))— un, i, (771, +U"— U7712K12 )j

where

!

&= (77{ +U"— U7712K12) - 771K1((U771K1)

!

+771K1(771+U')),
&= ((uanl)' +771’(1(771 +U')) +771K1(771’+U”_U7712 (Klz +712)),

S :(unlzz-l’(l) +77171(77171(U771K1) +7712K171(771 +U')).
Proof. Taking the norms of relations (2.2) and (2.4), substituting these norms into relation

(1.2), the curvature is obtained. Taking the derivative of expression (2.3) , We obtain

ﬂm:é:lTl-l_zijl-l_gSBl (2'5)
Substituting relations (2.4) and (2.5) into relation (1.2), the torsion is obtained.
Definition 2.2 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y, onto the
principal normal vector N, is called the N, — pedal curve. If the pedal curve is denoted by 7,
then its equation is given by

y=ay+uN,, u=(P-aqy,N,),

(256)

Theorem 2.3 Let the Frenet vectors of the N, — pedal curve be denoted by T,,N, and B, . Then,

these vectors are given by
(771 - U771K1)T1 +U'N, +um,z,B

T7 - 2 N2 2’
\/(771_U771K1) +(u) +(U77171)
N, =B AT,
B = ((771 - UT71K1)/13 —Uunn i, )Tl + (U77171/J1 _(771 - U771K1):U3) N, + ((771 - U771K1):u2 - u,:ui) B,

!

4
(=i )ty ey )+ (uneyps — (o, — v ) s )+ () sy s, )

where

= (771 _U771K1) —u'nK,

Hy = (771 - U771K1)771K1 +U"— U7712712’

Hy = (U77171) +u'nz,.

Proof. Taking derivatives in relation (2.6) and then considering relation (1.8), we obtain
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U/ U771K1)T1 +U'N, +un,7,B,

"= ((771 - U771K1):u3 —un i, )Tl + (u’hflﬂl - (771 - U771K1),u3) N,
+ ((771 - U771K1)/U2 - u’ﬂl) B,
(29)
Substituting these expressions into relation (1.1) completes the proof.

Theorem 2.4 Let the curvatures of the N, — pedal curve be denoted by &, and 7, . Then, these
curvatures are given by

\/((771 —U) s~z )+ (Unzya = (= Ung) g1 )” +((m =)ty — g )

y ((771_U771K1)2 +(u')2 "'(U771T1)2)2 |

(= Ui, )ty — Uzt )y + (Ut — (1, — Uiy ) g ) pt + (17, — Uiy ) s, = 'ty )

’Z’ =

T () g )+ (U — (U ) )+ (Ui ) Uk
where
My = 1y~ Ty,

Hs = 1+ 10 (Ko — Ty ),
He = Hg + Ty
Proof. Taking the norms of relations (2.7) and (2.9), and substituting these norms into

relation (1.2), the curvature is obtained. Taking the derivative of expression (2.3), we obtain

y' =T +EN +EB, (2'10)
Substituting relations (2.9) and (2.10) into relation (1.2), the torsion is obtained.
Definition 2.3 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y onto the

binormal vector B, is called the B, —pedal curve. If the pedal curve is denoted by & then its
equation is given by
§=ay+uB, u=(P-qa,B,). (2.11)

Theorem 2.5 Let the Frenet vectors of the B, — pedal curve be denoted by T(;, N5 and B(;. Then,
these vectors are given by
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/A U77171N +Uu'B,
\/771 U77171 )2 |
N, =B, AT,,
((—unlrl)83 -u's, )Tl +(u'g —mes )N, +(me, +unrie ) B,
\/((—unlrl)53 —-u's, )2 +(u'e, — e, )2 +(me, +unt,e, )2
where

B; =

!
=1, —uny,
]

= 7712K1 - (U77171) —Uu'nyz,

& =U"-unr.
Proof. Taking derivatives in relation (2.11) and then considering relation (1.8), we obtain
o' =nT, —un,N, +uUB, (2.12)
0" =gl +&N, +¢B, (2.13)
8' A" =((~Umz, )&, —U'e, )T, +(U'e, — &y )N, + (e, +Unrie, ) B (2.14)

Substituting these expressions into relation (1.1) completes the proof.

Theorem 2.6 Let the curvatures of the B, — pedal curve be denoted by &; and 75 . Then, these
curvatures are given by

. = \/(_U7717133 -U's, )2 + (u,gl - 771‘93)2 + (77152 + U771'[1‘91)2
5 3 '

(m? + (unz, )"+ ()’
((771 - U771K1) &~ U7717132)34 + (U7717151 - (771 - U771K1)‘93)35 + ((771 - U771K1)52 - u’51)56
((771 - U771K1)53 —unné, )2 + (U7717151 —(m —uni )& )2 + ((771 - U771K1)52 - ulgl)z

Ts =

where

&4 = & — K&y,

&5 =& +771(K181 _7133)’

E6 = &3 HMT1E,.

Proof. Taking the norms of relations (2.12) and (2.14), and substituting these norms into

relation (1.2), the curvature is obtained. Taking the derivative of expression (2.13) , We obtain
"

0" =gl +&N, +¢&B, (2.15)

Substituting relations (2.14) and (2.15) into relation (1.2), the torsion is obtained.

Definition 2.4 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y onto the
vector

1
X = m(aﬂ +bN1)
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lying in the osculating plane, is called the T, N, — pedal curve. If the pedal curve is denoted
by ¢ then its equation is given by

=ay+uX, u=(P-q,X). (2.16)

Theorem 2.7 Let the Frenet vectors of the T,N, — pedal curve be denoted by T., N, and B,
Then, these vectors are given by

T - 0,T,+0,N, +0,B,
SN FENP Y
N, =B, AT,
0,T,+0:N, +0,B;
B‘f - 2, ~2 A2
Jo2+02+07
where
5, =n,+ au'—ubnx, ,  bu'+ubnx, .  ubpr

Jareb? 0 Jarepr T Jatap?
0, =0,(0;—0,my,)— 04 (0}, + Oypi; — Ogmy7y ),

05 =04 (0, —0,mk,) — 0, (05— 0,my7, ),

0 = 0,(0), + 01k, — 04,7, ) — 0, (0, — 0,11 ).

Proof. Taking derivatives in relation (2.16) and then considering relation (1.8), we obtain

§'=0T,+0,N,+0,B,, (2.17)
$" = (0, =0, )T, + (0, + Oty — Oy, )N, + (03— 0,m,7, ) By, (2.18)
' AC" =0T 40N, +0,B,. (2.19)

Substituting these expressions into relation (1.1) completes the proof.

Theorem 2.8 Let the curvatures of the T, N, — pedal curve be denoted by X, and 7, Then,
these curvatures are given by

0% + 0% + 0}

Kg“: y

(af+a§+a§)2

((51 - 82771’(1)' — K (6'2 + 0K, — 6377171))64 + ((8; — 0,7, )' + 7, ((3'2 + 0K, — 637712—1))66

+((5'2 +0K, — Oty )' +mK (51 - 827711{1) -1 (6'3 - 6277171)71)65

T
¢ 2 2 2
0, +0; +0;

Proof. Taking the norms of relations (2.17) and(2.19) and substituting these norms into

relation (1.2), the curvature is obtained. Taking the derivative of expression (2.18), we obtain
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¢"= ((81 — 0,1k, )’ — K (6;_ + 0k — 837712'1))T1
+ ((8’2 + 0,1k, — 837712'1)' + 1.k, (0) — 0,y ) =1, (05— O,mi7y ) 74 N, (2-20)

+ ((8’3 - 8277171)' +7,0 (812 + 0, — 537]111)) B,

Substituting relations (2.19) and (2.20) into relation (1.2), the torsion is obtained.

Definition 2.5 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y, onto the
vector

Y=—1 (aN,+DB)

Ja’ +b?
lying in the normal plane, is called the N,B, — pedal curve. If the pedal curve is denoted by
& , then its equation is given by
K=ay+uY, u=(P-aY). (2.21)
Theorem 2.9 Let the Frenet vectors of the N, B, — pedal curve be denoted by Tx, Nx and Bx-
Then, these vectors are given by

T = Al + N, +¢.B,
J#+ o2+ ¢

N, =B, AT,

Bx — ¢4T1+¢5N1+¢6B1
N

where
b= — uan,x; 4 _au’'-ubnz, 4 _ ub+uanz,
SR T N PO RN PO O

¢ =9, (¢3: - ¢z77171) —, (¢2, + gk, — ¢377171) '
& =¢, (¢1' - ¢2771K1) @ (¢3: - ¢277171) '
) (¢z, + ik, — ¢377171) - (¢1' - ¢2771K1)-

Proof. Taking derivatives in relation (2.21) and then considering relation (1.8), we obtain

K =g +oN, +¢,B, (2'22)
L= (¢1’ - ¢z771K1)T1 + (¢é + @K, — ¢377171) N, + (¢3: _¢z77171) B, (2'23)
AR =g, T, +oN, +¢.B (2.24)

Substituting these expressions into relation (1.1) completes the proof.

Theorem 2.10 Let the curvatures of the N, B, — pedal curve be denoted by X, and 7, . Then,
these curvatures are given by
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NE A EH
o 31
2

(8 +47 +4)
((¢1, — ok, )! — K (¢2, + gk, — Pty )) ¢, + ((¢3: — T, ), +7,7 (¢2’ + gk, — Pty ))¢e

+ ((¢2’ + @K, — ¢ty )’ +mK (¢1' - ¢2771K1) -1 (¢3: - ) 21 ) s
&+ + 4

Proof. Taking the norms of relations (2.22) and (2.24), and substituting these norms into
relation (1.2), the curvature is obtained. Taking the derivative of expression (2.23), we obtain

= ((@; — 0,1k )’ — K (6’2 + 01K, — 837712'1))T1

Tx:

+ ((6'2 + 0,1k, — 8377171), + 106, (85 — 0,1y ) =17, (05 — 627712'1)’[1) N, (2'25)

+ ((8; - 827712'1) + 71771(8; + 0,1k, — 83771’[1)) B
Substituting relations (2.24) and (2.25) into relation (1.2), the torsion is obtained.
Definition 2.6 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y, onto the

1
vector Z = m(aTﬁbBl) lying in the rectifying plane, is called the T,B, — pedal curve.
a +
If the pedal curve is denoted by Y, then its equation is given by

Y=a, +UZ, u=(P-a,,2) (2.26)

Theorem 2.11 Let the Frenet vectors of the T,B, — pedal curve be denoted by TY, NY and BY.

Then, these vectors are given by
T ul +0,N; +0,B
Y

\/uf +0l+ 0!
N, =B, AT,

B _ v, I +u.N, +u,B,
Y

N
where
u'a U771(aic1 —bz‘l) u'b
v=n+ YO, = YO, = ,
P e Ja? +b? N
Y4~ Y2 (“3 - ‘)2’71T1) Y (”2 i ”3’7111)’
5~ 93 (”1 - ”2771"1) - ”1(”3 - “2’7171)'
1)6 = l)l(l)z + 1)17711(' - 1)37]12'1) - 1)2 (l)l - 1)2771](1).
Proof. Taking derivatives in relation (2.26) and then considering relation (1.8), we obtain

c
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Y'=0T +0,N,+0,B, (2.27)
Y" = (0] = Vi )T, + (U, + v, — o, )N, + (03 — o7, ) By (2.28)
Y'AY"=0,T+uN, +0.B, . (2.29)

Substituting these expressions into relation (1.1) completes the proof.

Theorem 2.12 Let the curvatures of the T,B, — pedal curve be denoted by xy and ty. Then,
these curvatures are given by

JUZ + vE + vé

3’
(v +vi +v2)2

Ky =

(( V) — U1K )’ — K (U; + UK — U T, )) v, + ((Ué —U, T, )’ +7m, (Ué + UK — UL T, ))Ue

+ ((U; T UK — UL T, ), +mK (Ul’ - 02771K1) -0 (Ué —U, 1T )) Us
TY =

2 2 2
v, +U; +U;
Proof. Taking the norms of relations (2.27) and (2.29), and substituting these norms into
relation (1.2), the curvature is obtained. Taking the derivative of expression (2.28), we obtain
Y= ((Ul, - 02771K1) — K (Ué + UK — U T ))T1

!

+ ((U; +OmK — 0377171) +mK (01' - 02771K1) -t (03’ — U, )) N, (2'30)

+ ((1)3’ —uT, )’ + 7,17, (V) + vk, — VT, )) B,

Substituting relations (2.29) and (2.30) into relation (1.2), the torsion is obtained.

Definition 2.7 Let @y be the parallel curve associated with the curve & . The geometric locus

of the orthogonal projection points drawn from a point P, not lying on the curve @y, onto the
vector

= ;(
vai+b’+c

is called the T,N,B, — pedal curve. If the pedal curve is denoted by A, then its equation is

given by

A=ay+ul, u=(P-a,,I). (2.31)

Theorem 2.13. Let the Frenet vectors of the T,N,B, — pedal curve be denoted by Tr, Nr, Br.

Then, these vectors are given by
T = wil +y, N + B

al, +bN, +cB,)

r
Wi+l vyl
N =B, AT
B — wlit N +yeB,
r \/ 2, 2, 2
Wi TVYs Vs

where
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u'a—ubrk, _Ub+unp(a,—cr)  uc+ubnr,

YV, =n N4 W= )
o Ja? +b? +¢? ’ Ja? +b? +¢? ’ Ja2 +b? +¢?

Va=V5 (‘/’3 ‘V’zﬂlfl)“”s(‘”z Yk Y 377171)’
Wszws@&‘WiWﬁy”ﬁ@%‘Wfﬁﬁy

Wa:WJWE*WfWﬁ‘WjﬁﬁyﬂbQ%‘W£Wﬂ>
Proof. Taking derivatives in relation (2.31) and then considering relation (1.8), we obtain

"=y T, +y,N +v,B (2.32)
I = (w) =y )Ty + (v +wan —wanr, )Ny +(ws —wonr ) By, (2.33)
AT =y T +yN, +yB,. (2,34)

Substituting these expressions into relation (1.1) completes the proof.
Theorem 2.14. Let the curvatures of the T, N, B, — pedal curve be denoted by X and 7. Then,
these curvatures are given by

Wity tye

Ky = 3

(wi+vs+yi)

((%’ ~wmky) — K (W + v, —wanT, )) W, + ((t//é —wonty) + T (W + vk, — v, ))l//s

+((‘/’; +yithK — Wt ), +mK (‘//1, - V/2771K1) —mn (V/el, —YLoihn ))l/’s

o Wiy Ty
Proof. Taking the norms of relations (2.32) and (2.34), and substituting these norms into
relation (1.2), the curvature is obtained. Taking the derivative of expression (2.33), we obtain

"= ((er - '//2771K1) — K ('//2’ +ty K — W3771T1))T1
+ ((Wzﬂ tynk — ';V377171) +1nK (W{ - ‘//2771K1) -nn (l/fé —W,ihn )) N, (2'35)
+ ((Wé - ‘//277171) +7, (l//2’ tynK — W377171)) B,

Substituting relations (2.34) and (2.35) into relation (1.2), the torsion is obtained.

1 :
Example 2.1. For the helix curve 0!(3) =$(COSS,SIH S,S) , the Frenet vectors and curvatures

are respectively given by

1 . : 1. 1 1
T =—(-sins,co0ss,1), N =(—coss,—sins,0),B=—(sins,—c0ss,1),x =—,7=—.

A

Accordingly, the equation of the parallel curve @y corresponding to this curve and its Frenet
apparatus are respectively obtained as

o)
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T,= T ﬁ[—(%— rjsin s,(%— rjcoss,%j,

N, =N,
B =—— L [ sins,— L —=C0SS, L j
1-2r+r? V2 N
‘l—ﬁr‘ 1

1_\/5(1—\/§r+r2)’ Tl:\/E(l—\/ErHZ).

The visual representation of the helix and its parallel curve is given in Figure 2.1.
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Figure 2.1. The helix curve is shown in blue, while the parallel curve of the helix is shown in
red.
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Figure 2.2. In these visualizations, the offset parameter was taken as r = 0.3, the parameter
interval was chosen as [—3m, 37]. The pedal point was selected as the origin point. Pedal
curves are represented by (a) T; —pedal curve, (b) N, —pedal curve and (c) B; —pedal curve.
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Figure 2.3 In these visualizations, the offset parameter was taken as r = 0.3, the parameter
interval was chosen as [—3m, 37]. The pedal point was selected as the origin point. Pedal curves
are represented by (a) T; N; —pedal curve, (b) T; B; —pedal curve, (c) N;B; —pedal curve and

(d) T;N,B; —pedal curve.

(a)

(b)

()

Figure 2.4. In these visualizations, the offset parameter was taken as r = 0.3, the parameter
intervalwas chosen as [—3m, 3r]. The pedal point was selected as the G —1,2). Pedal curves
are represented by (a) T, —pedal curve, (b) N; —pedal curve and (c) B; —pedal curve.
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2L LY, T.Y.T.1.Y
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Figure 2.5 In these visualizations, the offset parameter was taken as r = 0.3, the parameter
interval was chosen as [—3m, 37]. The pedal point was selected as the (% —1,2). Pedal curves

are represented by (a) T; N; —pedal curve, (b) T; B, —pedal curve, (c) N;B; —pedal curve and
(d) T;N,B; —pedal curve.

3. Conclusion and Recommendations

In this study, pedal curves constructed on the Frenet vectors of the parallel of a space curve
were theoretically defined and analyzed in detail. Within this framework, the Frenet vectors of
the parallel curve and the new pedal curves generated by these vectors were explicitly derived.
For each obtained pedal curve, the corresponding Frenet frame, curvature and torsion functions
were analytically computed and their geometric characterizations were established. The study
demonstrated that the combination of the concepts of parallel curves and pedal curves yields a
systematic approach for constructing new families of associated curves in Euclidean three-
dimensional space. In particular, pedal curves generated from the tangent, principal normal,
binormal, osculating-plane, normal-plane, rectifying-plane and combined Frenet directions of
the parallel curve provide a broad geometric framework that extends the classical notion of
pedal curves. The obtained formulas reveal how the intrinsic geometric invariants of the original
curve and its parallel directly affect the geometry of the newly generated pedal curves.
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Furthermore, the theoretical results were applied to a helix and a special trigonometric curve in
order to illustrate the geometric behavior of the constructed curves. By varying the parameter,
the influence of the parallel displacement on the resulting pedal curves was visualized and
interpreted geometrically. These examples indicate that even small variations in the offset
parameter may significantly alter the curvature and torsion structures of the generated pedal
curves, leading to substantially different spatial configurations. Another important outcome of
this study is that the derived constructions preserve a strong relationship with the Frenet
geometry of the original curve while simultaneously generating richer associated structures. In
this respect, the presented approach not only generalizes several classical pedal-curve
constructions but also provides a unified framework for producing new geometric models
through Frenet-based transformations. From an applied perspective, these structures may
contribute to geometric modeling, kinematics, trajectory design, computer-aided geometric
design (CAGD/CAD), robotic path planning and animation theory. Since the generated curves
depend explicitly on Frenet invariants, they may also be useful in applications requiring
curvature-controlled motion and smooth spatial interpolation. As a continuation of this work,
the same constructions can be extended to alternative moving frames such as the Bishop, quasi,
or alternative frames. Moreover, these pedal structures may be generalized to Minkowski
spaces, dual spaces, spherical geometries or higher-dimensional manifolds. Another potential
research direction is the investigation of surfaces generated from these pedal curves and the
examination of their differential geometric properties.
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Abstract

Open-field burning of agricultural residues remains a common low-cost practice in many
regions because it enables rapid post-harvest land preparation. However, it constitutes a
significant environmental problem with multidimensional adverse effects on climate change,
air quality, soil health, and public health. This study provides a comprehensive evaluation of
the drivers, emission profile, and environmental and social consequences of agricultural residue
burning in light of the recent literature. The reviewed evidence indicates that this practice leads
to the release of pollutants such as PMz.s, PMio, black carbon, CO., CHa, CO, NOx, NHs, and
volatile organic compounds, thereby degrading regional air quality while also intensifying
climate change through both short-lived climate pollutants and greenhouse gas emissions. In
addition, agricultural burning has been shown to reduce soil organic matter, cause nutrient
losses, diminish microbial activity, impair water retention capacity, and ultimately decrease
agricultural productivity over the long term. From a public health perspective, exposure to
PM..s in particular is associated with elevated risks of respiratory and cardiovascular diseases,
with more pronounced effects among vulnerable populations. This, in turn, imposes an
additional economic burden through increased healthcare expenditures, labor productivity
losses, and broader declines in social welfare. Furthermore, the burning of agricultural residues
results in resource wastage and opportunity costs within rural production systems, as materials
that could otherwise be utilized as biomass, compost, or soil amendments are removed from
productive use. The study emphasizes that sustainable alternatives—including residue
incorporation into soil, biomass and energy recovery, composting, and circular utilization—
offer lower environmental costs and greater long-term benefits compared with open burning. In
conclusion, agricultural residue burning should be understood not merely as a field management
practice, but as a structural sustainability challenge that must be addressed through its
interrelated climate, environmental, health, and rural development dimensions. Accordingly,
the findings underscore the need for integrated management approaches that combine restrictive
measures with incentives, infrastructure development, and farmer support mechanisms.
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1. Giris

Tarimsal liretim sonrasinda ortaya ¢ikan bitkisel artiklarin yonetimi, giiniimiizde yalnizca
bir arazi hazirlama meselesi olmaktan ¢ikmis; iklim degisikligi, hava kalitesi, toprak sagligi,
halk saglig1 ve kirsal siirdiiriilebilirlik agisindan ¢ok boyutlu bir ¢evre yonetimi sorunu haline
gelmistir. Hasat sonrasinda tarlada kalan aniz ve diger iiriin artiklarinin agik alanda yakilmasi,
ozellikle bugday, piring, misir ve seker kamisi gibi yiiksek miktarda artik olusturan iiriin
sistemlerinde yaygin bicimde bagvurulan bir uygulamadir (Hall et al., 2024). Bu uygulamanin
yayginliginda, ¢iftciler agisindan yakmanin ¢ogu zaman en hizli, en diisiik maliyetli ve en az
isglicli gerektiren segenek olarak goriilmesi belirleyici olmaktadir (Lin & Begho, 2022).
Bununla birlikte, kisa vadeli operasyonel kolaylik saglayan bu yontem; uzun vadede gevresel
ve toplumsal maliyetleri artiran yapisal bir sorun tiretmektedir (Erbaugh et al., 2024; Parambil-
Peedika et al., 2025).

Acik alanda tarimsal artik yakimi sirasinda PMz.s, PMuo, siyah karbon (BC), CO., CHa, CO,
NOy, NHs ve ¢esitli ugucu organik bilesikler (VOCs) atmosfere salinmakta; bu emisyonlar hem
yerel hem de bolgesel Olgekte hava kalitesini bozmaktadir (Becerra-Pérez et al., 2025).
Ozellikle ince partikiil madde (PM..s), atmosferde daha uzun siire asil1 kalabilmesi ve daha uzak
mesafelere tasinabilmesi nedeniyle halk saglig1 iizerinde kritik bir risk olusturmaktadir (Biswal
et al., 2025; Ravish et al., 2025). Diinya Saglik Orgiitii (WHO, 2024), dis ortam hava kirliligini
en Onemli ¢evresel saglik tehditlerinden biri olarak tanimlamakta; ince partikiil maruziyetini
erken oliimler, solunum sistemi hastaliklar1 ve kardiyovaskiiler olaylarla iliskilendirmektedir.
Bu nedenle tarimsal yanginlar, yalnizca kisa siireli duman olaylar1 olarak degil; 6nleyici halk
sagligr politikalart kapsaminda ele alinmasi gereken cevresel maruziyet kaynaklari olarak
degerlendirilmelidir (Sangkham, 2024; WHO, 2024).

Tarimsal artik yakimi ayni zamanda 6nemli bir iklim baskis1 yaratmaktadir. Agik yanma
stirecinde agiga ¢ikan siyah karbon, metan ve diger kisa omiirlii iklim kirleticileri ile uzun
Omurlu sera gazlari, yalnizca anlik hava kirliligine degil, ayn1 zamanda kisa ve orta vadeli
isinmanin gliglenmesine de katki sunmaktadir (Parambil-Peedika et al., 2025; Becerra-Pérez et
al., 2025). Literatiir, tarimsal artik yakiminin iklim etkisinin sadece CO: emisyonlariyla sinirl
olmadigini; aerosol kaynakli radyatif zorlama, yiizey sicakligi degisimleri ve smir tabaka
dinamikleri lizerinden daha karmasik bir ¢evresel baski iirettigini gostermektedir (Liu et al.,
2021; Xie et al., 2025; Pandey et al., 2026). Bu nedenle tarimsal yakma, yalnizca bir atik
bertaraf tercihi degil, ayn1 zamanda azaltilmas1 gereken bir iklim riski olarak ele alinmalidir.
Bunun yaninda, tarimsal artiklarin yakilmasi toprak kalitesi ve tarimsal verimlilik iizerinde de
onemli olumsuz etkiler dogurmaktadir. Bitkisel artiklarin yanmasiyla topraga geri
kazandirilabilecek organik madde ve karbon kaybedilmekte; bu durum toprak organik
maddesinin yenilenmesini sinirlamakta, mikrobiyal c¢esitliligi zayiflatmakta ve besin
donglsuni bozarak uzun donemli Uretkenligi tehdit etmektedir (Lal, 2025; Parambil-Peedika
et al., 2025). Ayrica azot, fosfor, potasyum ve kiikiirt gibi temel bitki besin elementlerinin bir
kismi yanma sirasinda kayba ugramakta; yiizey Ortiislinlin ortadan kalkmasi ise su tutma
kapasitesi, agregat stabilitesi ve toprak yapisi tizerinde olumsuz etkiler yaratmaktadir (Lin &
Begho, 2022; Rao et al., 2024; Sahoo et al., 2025). Dolayisiyla an1z yakma, kisa vadede kolaylik
saglasa da, orta ve uzun vadede topragin iiretken kapasitesini asindiran ve stirdiirtilebilir
tarimsal tiretim hedefleriyle ¢elisen bir uygulamadir.

Ekonomik agidan bakildiginda ise tarimsal artik yakimi, ilk bakista diisiik maliyetli bir
yontem gibi goriinse de, gergekte saglik harcamalari, isgiicli kaybi, verim azalmasi ve kirsal
sistemlerde kaynak israfi seklinde 6nemli gizli maliyetler dogurmaktadir (Krishna et al., 2023;
Lan et al., 2022). Tiirkiye’de de aniz yakimi, 6zellikle Giineydogu Anadolu ve Dogu Akdeniz
hattinda bolgesel hava kirliligini artiran ve mevcut PMoz.s yiikiine ek baski olusturan bir unsur
olarak dikkat cekmektedir (Bahsi et al., 2023). Bu nedenle konu, yalnizca bir tarla uygulamasi
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olarak degil; halk sagligi, ¢evre yonetimi, iklim politikas1 ve kirsal kalkinma boyutlariyla
birlikte ele alinmalidir.

Bu calismada, tarimsal artik yakiminin iklim, hava kalitesi, toprak ve halk sagligi tizerindeki
¢ok boyutlu etkileri biitiinciil bir cercevede degerlendirilmektedir. Ilk olarak tarimsal yakma
uygulamalarinin kapsami ve nedenleri ele alinmakta; ardindan emisyon profili, iklim degisikligi
Uzerindeki etkiler, hava kalitesi ve halk sagligi sonuglar1 ile toprak kalitesi lizerindeki
yansimalar incelenmektedir. Ayrica saglik harcamalari, verim kaybi ve kirsal iiretim
sistemlerine yonelik gizli ekonomik ve sosyal maliyetler tartisilmakta; son olarak anizin topraga
karistirilmasi, biyokiitle/enerji geri kazanimi1 ve kompostlama gibi stirdiiriilebilir alternatifler
izerinden ¢oziim segenekleri sunulmaktadir. Boylece ¢aligma, tarimsal artik yakimini yalnizca
yasaklanmasi gereken bir uygulama olarak degil; dongiisel ekonomi ve siirdiiriilebilir tarim
ilkeleri dogrultusunda yeniden disiiniilmesi gereken stratejik bir politika alani olarak
konumlandirmaktadir.

2. Tarmmsal Yakma Uygulamalarinin Kapsam ve Nedenleri

Tarimsal yakma uygulamalari, hasat sonrasinda tarlada kalan bitkisel artiklarin yerinde
yakilarak uzaklastirilmasina dayanan ve ozellikle piring, bugday, misir ile seker kamisi gibi
yiiksek miktarda hasat artig1 olusturan iirlin sistemlerinde yaygin bicimde basvurulan bir arazi
yonetim yontemidir (Hall et al., 2024). Kiiresel olgekte gelistirilen GloCAB veri seti, tarim
alanlarindaki yanmanin s6z konusu iiriin gruplarinda belirgin bi¢imde yogunlastigin1 ortaya
koymakta; bu durum, tarimsal yakmanin yalnizca belirli bolgelerle sinirli bir uygulama
olmadigini, aksine farkli cografyalarda tekrar eden yapisal bir liretim pratigi haline geldigini
gostermektedir (Hall et al., 2024). Bu uygulamanin siirdiiriilmesinde en belirleyici unsur,
ciftciler acisindan yakmanin ¢ogu durumda en hizli, en diisiik maliyetli ve en az isgiicli
gerektiren segenek olarak degerlendirilmesidir (Lin & Begho, 2022). Ozellikle hasat ile bir
sonraki ekim donemi arasindaki siirenin kisa olmasi, anizin tarladan uzaklastirilmasi, tasinmasi
ya da topraga karistirilmasi i¢in ilave zaman, ekipman ve finansman gereksinimi yaratmakta;
isgiicli yetersizligi ile alternatif artik yonetim teknolojilerine erisimde yasanan sinrliliklar da
yakmayi pratik bir ¢6zlim olarak one ¢ikarmaktadir (Lin & Begho, 2022; Erbaugh et al., 2024).
Bunun yani sira, iiriin artiklarinin ¢ogu zaman diisiik ekonomik degere sahip olmasi, mekanize
hasat yontemlerinin tarlada daha fazla ve daginik bi¢imde artik birakmasi, ayrica yakmasiz
uygulamalar i¢in gerekli makine ve altyapiya erisimdeki esitsizlikler bu pratigin devamliligini
giiclendiren diger 6nemli etkenler arasinda yer almaktadir (Erbaugh et al., 2024). Dolayistyla
tarimsal yakma, yalnizca bireysel diizeyde alinmis basit bir ¢ift¢i karar1 olarak degil; ekonomik
baskilar, {iretim takviminin dayatti§i zaman kisitlari, teknolojiye erisim sorunlar1 ve kirsal
alandaki kurumsal yonetisim eksiklikleriyle sekillenen ¢ok boyutlu bir yonetim sorunu olarak
ele alinmalidir (Erbaugh et al., 2024; Parambil-Peedika et al., 2025). Bu yoniiyle tarimsal
yakma, tarimsal iiretim sistemlerinin teknik isleyisi kadar, kirsal kalkinma politikalari, destek
mekanizmalar1 ve siirdiirtilebilir artik yonetimi stratejileriyle de dogrudan iliskili yapisal bir
¢evre sorunu niteligi tasimaktadir (Parambil-Peedika et al., 2025).

3. Tarmmsal Yanginlardan Kaynaklanan Emisyon Profili

Tarimsal yangmlar, acik alanda gergeklesen biyokiitle yanmasi nedeniyle hem birincil
partikiil emisyonlari hem de gaz fazi kirleticiler lireten karmasik bir emisyon profiline sahiptir.
Acik alan tarimsal artik yakiminin baslica emisyonlar arasinda PM..s, PMo, siyah karbon (BC),
CO:2 ve CHa yer almakta; ayrica CO, NOy, NHs ve ¢esitli ugucu organik bilesikler (VOCs) de
onemli eslik eden kirleticiler olarak bildirilmektedir (Becerra-Pérez et al., 2025). Bu durum,
tarimsal yanginlarin yalnizca kisa siireli duman olusumuna neden olan yerel olaylar degil, ayni
zamanda bolgesel hava kalitesi ve iklim sistemi {izerinde etkili 6nemli bir emisyon kaynagi
oldugunu géstermektedir (Becerra-Pérez et al., 2025).

Partikiil madde (PM2.s ve PMio) bakimindan, tarimsal yakmanin en dikkat ¢ekici ¢iktisi ince
ve kaba partikiil konsantrasyonlarndaki artistir. Ozellikle PM..s, kiigiik aerodinamik cap1

235




20th INTERNATIONAL CONFERENCE ON ENGINEERING & NATURAL SCIENCES
MAY 23-30, 2026 / BALKANS

nedeniyle atmosferde daha uzun siire asili kalabilmekte ve daha uzak mesafelere
taginabilmektedir. Kuzeybati Hindistan’da 2022—-2024 ddénemini inceleyen giincel ¢alismalar,
irlin arti@1 yakimimin 6zellikle Ekim—Kasim déneminde yiizey PMo..s diizeylerinde belirgin
artislara neden oldugunu ve bu artisin bolgesel hava kalitesi iizerinde ciddi bask1 olusturdugunu
gostermektedir (Biswal et al., 2025). Benzer sekilde, farkli {iriin artig1 tiirlerini karsilastiran bir
caligma, piring, bugday ve seker kamisi artigr yakimimin PMa.s ve PMio seviyelerinde anlamli
yiikselislere yol agtigini ortaya koymustur (Ravish et al., 2025).

Tiirkiye baglaminda da benzer bir tablo dikkat cekmektedir. Tiirkiye genelinde 2024 yilina
ait uzaktan algilama temelli bir degerlendirme, aniz yakiminin 6zellikle Ege, Giineydogu
Anadolu ve I¢ Anadolu bélgelerinde yogunlastigini; olaylarin biiyiik l¢iide bugday ve arpa
ekim alanlarinda kiimelendigini ve daha ¢ok yaz ile sonbahar aylarinda gergeklestigini
gostermistir (Eraslan, 2026). Bu mekansal ve mevsimsel yogunlagsma, tarimsal yakmanin
Tiirkiye’de de partikiil madde birikimini artirabilecek déonemsel bir baski unsuru oldugunu
diistindiirmektedir. Nitekim Mardin—Diyarbakir sinirinda, Koksalan Koyii/Siirendal mevkiinde
20 Haziran 2024 tarihinde gergeklesen bir aniz yakma olay1 lizerine yapilan giincel bir ¢alisma,
olayin 248.77 hektarlik bir alan1 etkiledigini ve yangin sirasinda atmosferik kirletici yiikiinde
belirgin artig yasandigini ortaya koymustur; calismada 6zellikle SO- konsantrasyonunun 49.6
pg/m*’e kadar yiikseldigi ve kirleticilerin riizgar kosullarina bagli olarak c¢evre alanlara
tasindig1 rapor edilmistir (Cinar et al., 2025). Bu ¢alisma dogrudan PMa.s ve PMio Sl¢limii
sunmamakla birlikte, aniz yakimmin Tiirkiye’de de yalnizca yerel bir arazi yonetimi sorunu
olmadigini; atmosferik kirletici birikimi, tasinim ve hava kalitesi bozulmasi acisindan somut
sonuclar trettigini gostermektedir (Cinar et al., 2025). Ayrica ayn1 caligma, 2014—2023
doneminde Tiirkiye’de aniz yakimina bagli olarak yilda ortalama 201 orman yangin1i meydana
geldigini ve yaklasik 585.66 hektar alanin zarar gordiigiinii bildirerek, bu uygulamanin ¢evresel
etkilerinin tarim parselleriyle sinirli kalmadigini ortaya koymaktadir (Cinar et al., 2025). Bu
nedenle, uluslararasi literatirde PMz:.s ve PMio artistyla iliskilendirilen tarimsal yakma
pratiklerinin, Tiirkiye’de de o6zellikle yogun tarimsal iiretim yapilan ve meteorolojik
durgunlugun goriildiigii donemlerde bolgesel hava kalitesi iizerinde kayda deger risk
olusturdugu degerlendirilebilir (Eraslan, 2026; Cinar et al., 2025).

Siyah karbon ve sera gazlar1 acisindan tarimsal yanginlar, hem kisa 6miirlii iklim kirleticileri

hem de uzun Omiirlii sera gazlari lireten dnemli bir kaynaktir. Siyah karbon, eksik yanmanin
tipik bir lirtinii olup giiclii 151k sogurma 6zelligi nedeniyle kisa vadeli isitnmay1 artirabilmektedir;
buna karsilik CO:, biyokiitlede depolanmis karbonun hizla atmosfere ddonmesine neden olurken,
CHa4 ve bazi envanter calismalarinda izlenen N>O da toplam iklim etkisini gli¢lendirmektedir
(Becerra-Pérez et al., 2025; Song et al., 2024). Ozellikle Song ve ark. (2024), acik saman
yakimindan kaynaklanan sera gazi envanterinde CO., CH4 ve N.O’yu temel bilesenler olarak
raporlamustir.
Diger kirleticiler arasinda CO, NOx, NHs ve VOC’ler 6ne ¢ikmaktadir. Bu kirleticiler yalnizca
dogrudan hava kalitesini bozmakla kalmamakta, ayn1 zamanda atmosferde ikincil reaksiyonlara
katilarak ikincil partikiil madde olusumu ve troposferik ozon tiretimi gibi sirecleri de
desteklemektedir. Ravish ve ark. (2025), farkli {iriin artigi yakma donemlerinde yalnizca
partikiil madde degil, ayn1 zamanda baz1 gaz kirleticiler ve 6zellikle benzende belirgin artislar
gozlendigini bildirmistir. Dolayisiyla tarimsal yanginlarin emisyon profili, birincil duman
emisyonlartyla sinirlt kalmayip, atmosferik dontistimler yoluyla daha genis ve kalici ¢evresel
etkiler yaratmaktadir (Ravish et al., 2025; Becerra-Pérez et al., 2025).

4. 1klim Degisikligi Uzerindeki Etkiler

Tarimsal yanginlar, yalnizca yerel hava kirliligi olusturan bir yanma siireci degil, ayni
zamanda iklim sistemi iizerinde ¢ok katmanli etkiler yaratan 6nemli bir emisyon kaynagidir.
Acik alanda bitkisel artik yakimi sirasinda ortaya ¢ikan emisyonlar; kisa omiirlii iklim
kirleticileri, 1s1mimsal dengeyi etkileyen aerosol bilesenleri ve uzun Omiirlii sera gazlar
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iizerinden hem kisa hem de orta vadede 1smnmayr giiclendirebilmektedir. Giincel
degerlendirmeler, tarimsal artik yakiminin iklim etkisinin yalnizca CO. salimiyla sinirl
olmadigini; 6zellikle siyah karbon, metan ve eslik eden aerosol-gaz karisimi nedeniyle daha
karmagik bir iklim baskisi olusturdugunu gostermektedir (Parambil-Peedika et al., 2025;
Becerra-Pérez et al., 2025).

Kisa omiirlii iklim kirleticileri agisindan tarimsal yakma, 6zellikle siyah karbon ve CHa
bakimindan dikkat ¢ekicidir. Siyah karbon, eksik yanma sonucu olusan ve glines 1sinimini1 giigli
bicimde soguran ince karbonlu partikiillerden olusur; bu nedenle atmosferde kisa siire
kalmasma ragmen giiclii bir 1sinma etkisi yaratir. Metan ise kisa vadede yiiksek 1sinma
potansiyeline sahip bir baska iklim kirleticisidir ve yakin donem isinmasinin azaltilmasinda
kritik bir bilesen olarak degerlendirilmektedir. Tarimsal biyokiitle yanmasinin kiiresel siyah
karbon emisyonlarina anlamli katki verdigi ve agik alan yakimmda CHa4 saliminin da diizenli
olarak raporlandig: belirtilmektedir (Parambil-Peedika et al., 2025; CCAC, 2025).

Bolgesel 1sinma ve atmosferik etkiler bakimindan, tarimsal yanginlardan salinan karbonlu
aerosoller ve duman bulutlari, atmosferin 1smmim dengesini ve simir tabaka dinamiklerini
degistirebilmektedir. Siyah karbonun 151k sogurucu 6zelligi, atmosferde dogrudan 1sinmaya yol
acarken; duman taginimi, aerosollerin optik derinligini artirarak yiizey-gokylzl enerji
aligverisini etkileyebilmektedir. Literatiir, tarimsal artik yakimina bagli aerosollerin bolgesel
Olcekte radyatif zorlama, yiizey sicakligi degisimi ve siir tabaka yiiksekliginde baskilanma
gibi etkiler olusturabilecegini ortaya koymaktadir. Ozellikle artik temelli yangimlarin kara
yiizeyi sicakligini degistirebildigi ve bolgesel iklimi modiile edebildigi vurgulanmaktadir (Liu
et al., 2021; Pandey et al., 2026; Xie et al., 2025).

Karbon yonetimi agisindan degerlendirildiginde, tarimsal yakma; bitkisel artikta depolanmig
karbonun kisa siirede atmosfere salinmasina neden olarak dongiisel karbon yonetimi ilkeleriyle
celismektedir. Agik yakma, kisa vadede arazi hazirligini kolaylastirsa da, karbonun toprakta
tutulmasi, biyokomiire doniistiirilmesi, hayvan yemi/enerji hammaddesi olarak
degerlendirilmesi veya kontrollii geri kazanim gibi daha diisiik emisyonlu se¢eneklere kiyasla
daha olumsuz bir iklim profili ortaya koymaktadir. Giincel ¢alismalar, ac¢ik saman yakiminin
karbon nétrliigli hedefleriyle uyumsuz oldugunu; buna karsilik alternatif artik yonetimi
stratejilerinin emisyon azaltimi ve karbon yonetimi agisindan daha avantajli oldugunu
gostermektedir (Liu et al., 2023; Sun et al., 2025). Ancak burada 6nemli bir niians vardir: bazi
alternatif uygulamalar (6rnegin dogrudan topraga geri verme) belirli kosullarda farkl sera gazi
akiglarini artirabilir; bu nedenle en uygun segenek, bdlgeye ve iiretim sistemine gore yasam
dongiisii ve net emisyon dengesi temelinde degerlendirilmelidir (Sun et al., 2025).

Tarimsal yanginlar iklim degisikligini yalmzca CO: emisyonlar1 iizerinden degil; kisa
omiirlii iklim kirleticileri, aerosol kaynakli radyatif etkiler ve zayif karbon yonetimi pratikleri
iizerinden ¢ok boyutlu bigimde beslemektedir. Bu nedenle tarimsal artiklarin yakilmasi, iklim
politikalar1 baglaminda yalnizca bir tarimsal atik bertaraf yontemi olarak degil, ayn1 zamanda
azaltilmasi gereken bir iklim riski olarak ele alinmalidir (Parambil-Peedika et al., 2025; Liu et
al., 2023).

5. Hava Kalitesi ve Halk Saghg Uzerindeki Etkiler

Tarimsal yanginlar, acik alanda biyokiitle yanmasi sonucu PMz.s, PMo, siyah karbon,
karbonmonoksit, azot oksitler ve ugucu organik bilesikler gibi kirleticileri atmosfere salarak
hava kalitesini bozmakta ve halk saglhg iizerinde ¢ok yonlii riskler olusturmaktadir. Ozellikle
ince partikiil madde (PM..s), kii¢iik cap1 nedeniyle alt solunum yollarina ve alveollere kadar
ulagabildiginden, tarimsal yangin dumaninin saglik etkilerinde temel belirleyicilerden biri
olarak &ne ¢ikmaktadir (Becerra-Pérez et al., 2025; Sangkham, 2024). Ayrica DSO, dis ortam
hava kirliligini kiiresel 6lgekte en 6nemli cevresel saglik risklerinden biri olarak tanimlamakta
ve ince partikiil maruziyetini erken 6liim, solunum sistemi hastaliklar1 ve kardiyovaskiiler
olaylarla iligkilendirmektedir (WHO, 2024).
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Solunum sistemi etkileri bakimindan, tarimsal yangin dumanina maruziyet; oksiirtik, hirilti,
nefes darligi, astim alevlenmesi, bronsit ve solunum yolu irritasyonu gibi akut etkilerle
iliskilendirilmektedir. Giincel calismalar, Ozellikle iiriin arti§i yakimindan kaynaklanan
partikiiller ve polisiklik aromatik hidrokarbonlar gibi yanma iiriinlerinin, astim ve kronik
brongit dahil olmak iizere c¢esitli solunum hastaliklar1 riskini artirdigini gostermektedir
(Becerra-Pérez et al., 2025). Seker kamis1 yakimina iligkin 2025 tarihli ¢alismada, is¢iler ve
yakin ¢evrede yasayan topluluklarda solunum sistemi iizerinde olumsuz etkiler i¢in literatiirde
tutarli kanit bulundugunu bildirmektedir (Manrique et al., 2025). Benzer bigimde, iirlin artig1
yakim donemlerinde PM..s diizeylerindeki artisin, ortam hava kalitesini kotiilestirerek
solunumsal semptom yiikiinii artirdig1 gosterilmistir (Ravish et al., 2025).

Kardiyovaskiiler etkiler acisindan da risk goz ardi edilemez. PM:.s maruziyeti; sistemik
inflamasyon, oksidatif stres, endotelyal disfonksiyon ve otonom sinir sistemi dengesizligi
Uzerinden kalp-damar sistemi {lizerinde olumsuz etkiler yaratabilmektedir; giincel bir ¢alisma,
ince partikiill maruziyetini birden fazla hastalik grubu ile iliskilendirmekte ve biyolojik
mekanizmalarin kardiyovaskiiler etkileri destekledigini vurgulamaktadir (Sangkham, 2024).
Tarimsal biyokiitle yakimina 6zgli olarak, seker kamist yakimina iliskin bir ¢aligmada bu
maruziyetin yalnizca solunum degil, kardiyovaskiiler saglik etkileri ile de baglantili oldugunu
belirtmektedir (Manrique et al., 2025). Bu nedenle tarimsal yanginlar, yalnizca solunum sistemi
degil, kalp-damar sagligt bakimindan da Onemli bir cevresel risk kaynagi olarak
degerlendirilmelidir (WHO, 2024).

Hassas gruplar tizerindeki riskler daha yuksektir. Cocuklar, yaslilar, gebeler, kronik solunum
veya kardiyovaskiiler hastaligi bulunan bireyler ile tarim isgileri ve agik havada c¢alisanlar,
tarimsal yanginlardan kaynaklanan Kkirleticilere karsi daha kirilgan gruplardir. DSO, hava
kirliliginin ¢ocuk sagligi i¢in baslica g¢evresel tehditlerden biri oldugunu vurgulamakta;
ozellikle gelismekte olan akciger yapisi ve daha yiiksek solunum hizi nedeniyle ¢cocuklarin daha
fazla risk altinda oldugunu belirtmektedir (WHO, 2024). Yapilan bir ¢alismada is¢iler ve komsu
yerlesimlerde yasayan topluluklarin 6zel olarak etkilenebildigini ve kirilgan niifuslara
odaklanan daha fazla ¢alismaya ihtiya¢ oldugunu ifade edilmektedir (Manrique et al., 2025).
Bu c¢ercevede, tarimsal yangimlarin halk saglig: yiikii toplum geneline yayilmakla birlikte,
etkiler esit dagilmamakta; hassas gruplarda daha agir sonuclar ortaya ¢ikabilmektedir (Rizzo et
al., 2025).

Tarimsal yanginlar hava kalitesini bozarak kisa vadede solunumsal yakinmalar1 ve akut
kardiyovaskiiler stresi artirmakta, uzun vadede ise hassas gruplar basta olmak {izere toplum
saglhig tlizerinde birikimli riskler olusturmaktadir. Bu nedenle tarimsal artik yakimi, yalnizca
tarimsal Uretim pratigi degil, ayn1 zamanda Onleyici halk saglig1 politikalar1 kapsaminda ele
alinmasi gereken bir cevresel maruziyet sorunudur (Becerra-Pérez et al., 2025; WHO, 2024).

6. Toprak Kalitesi ve Tarimsal Verimlilik Uzerindeki Etkiler

Tarimsal artiklarin yakilmasi, kisa vadede arazi hazirligini hizlandirsa da, orta ve uzun
vadede toprak kalitesi ile tarimsal verimlilik {izerinde olumsuz sonuglar dogurabilmektedir.
Glincel sistematik calismalar, {iriin art1g1 yakiminin yalnizca hava kalitesini bozmadigini; ayni
zamanda toprakta organik karbon donglisiinii zayiflattifini, besin maddesi rezervlerini
azalttigini ve agroekosistem hizmetlerini agindirdigini gostermektedir (Parambil-Peedika et al.,
2025). Ayrica topragin fiziksel, kimyasal ve biyolojik 6zelliklerinin korunmasinin verimlilik
icin temel oldugu; bu nedenle anizin yakilarak ortadan kaldirilmasinin stirdiiriilebilir toprak
yonetimi ilkeleriyle ¢elistigi vurgulanmaktadir (Topa et al., 2025; Lal, 2025).

Organik madde kayb1 agisindan, tarimsal yakma topraga geri donebilecek bitkisel materyali
ortadan kaldirarak organik karbon girdisini azaltir. Bu durum, toprak organik maddesinin
yenilenmesini sinirlar ve uzun vadede toprak verimliliginin temel bilesenlerinden biri olan
organik karbon havuzunu zayiflatir. Uriin arti§1 yakiminmn toprak mikrobiyal gesitliligini
azalttigini1 ve besin dongiisiinii bozarak uzun donemli iiretkenligi tehdit ettigi bilinmektedir
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(Parambil-Peedika et al., 2025). Toprak organik maddesinin su ve besin tutma, kok gelisimi ve
yapisal stabilite acisindan “toprak sagliginin kalbi” olarak tanimlandig1 diisiiniildiigiinde, bu
kayip dogrudan verimlilik baskis1 yaratmaktadir (Lal, 2025).

Besin elementi kaybi da tarimsal yakmanin en belirgin etkilerinden biridir. Yanma sirasinda
bitkisel artikta depolanmis azot, fosfor, potasyum ve kiikiirt gibi bitki besin elementlerinin bir
boliimii gaz fazina veya kiil formuna gegerek topraktan uzaklagmakta, 6zellikle azot kaybi ciddi
boyutlara ulasabilmektedir. Aniz yakiminin reaktif azot kayiplar1 agisindan 6nemli bir kaynak
oldugu ve bunun giibre etkinligini dolayli bicimde zayiflattigi bilinmektedir (Lin & Begho,
2022). Benzer bicimde, piring sap1 yakiminin faydali toprak mikroorganizmalarina zarar
verdigi ve belirgin besin kaybina yol actigi tespit edilmistir (Rao et al., 2024). Besin
tilkkenmesinin uzun vadeli {iriin verimini tehdit eden temel mekanizmalardan biri oldugunu
dogrulanmaktadir (Parambil-Peedika et al., 2025).

Su tutma kapasitesi ve toprak yapisindaki bozulma bakimindan, {iriin artiklarinin yakilmasi
toprag1 ylizey Ortiisinden mahrum birakarak agregat stabilitesini, infiltrasyonu ve nem
korunmasini olumsuz etkileyebilmektedir. Bitkisel artiklarin tarlada birakilmasi, normalde
yiizey sicakligini diizenler, buharlasmay1 azaltir ve topragin nemini korumaya yardimer olur;
buna karsilik yakma bu koruyucu tabakay:r ortadan kaldirir (Sahoo et al., 2025). Deneysel
caligmalar, yakmanin toprak agregatlarinin suya dayanikliligini diistirebildigini ve baz1 yapisal
bilesenleri zayiflatabildigini gostermistir (Wuest et al., 2005). Tirkiye’den bugday anizi
yakimini inceleyen c¢aligma da, yakilmis alanlarda topraklarin fiziksel ve hidrolojik
ozelliklerinde degisim goriildiiglinii ve bunun toprak-su yonetimi acisindan dikkate alinmasi
gerektigini ortaya koymaktadir (Akis, 2022). Bu bozulmalar, kok gelisimini, suyun toprakta
tutulmasini ve sonug olarak verim istikrarini olumsuz etkileyebilmektedir.

Bir bagka ifade ile tarimsal yakma kisa vadeli operasyonel kolaylik saglasa da; organik
madde kaybi, besin elementi kayb1 ve toprak yapisindaki bozulma yoluyla topragin iiretken
kapasitesini zayiflatmaktadir. Bu nedenle, aniz yakiminin verimlilik agisindan hizli ¢6ziim gibi
gorinmesine karsin, siirdiiriilebilir tarimsal iiretim ve toprak koruma hedefleri bakimindan net
bir yapisal risk olusturdugu degerlendirilmektedir (Parambil-Peedika et al., 2025; Lin & Begho,
2022).

7. Ekonomik ve Sosyal Gizli Maliyetler

Tarimsal artiklarin yakilmasi, ¢iftci agisindan kisa vadede diisiik maliyetli ve hizli bir arazi
temizleme yontemi gibi goriinse de, gercekte saglik harcamalari, iiretkenlik kaybr ve kirsal
iiretim sistemlerinde uzun vadeli aginma seklinde 6nemli gizli maliyetler iiretmektedir. Agik
yakma; hava kirliligi, toprak besin kaybi ve ekosistem hizmetlerindeki bozulma yoluyla
maliyeti tarlanin disina ve gelecege aktaran bir uygulamadir; bu nedenle 6zel maliyet ile
toplumsal maliyet arasinda belirgin bir fark olugmaktadir (Krishna et al., 2023; Parambil-
Peedika et al., 2025).

Saglik harcamalar1 bakimindan, tarimsal yanginlardan kaynaklanan PM..s maruziyeti;
solunum ve kardiyovaskiiler hastalik yiikiinii artirarak hem hanehalki hem de saglik sistemi
iizerinde ek ekonomik baski olusturmaktadir. Hindistan Ol¢eginde yapilan modelleme
caligmasi, Uirtin artig1 yakiminin 2003-2019 déneminde yilda 44.000-98.000 PM maruziyeti
iliskili erken 6liime yol agtigini, ortalama etkinin ise yaklasik 69.000 erken 6liim/y1l diizeyinde
oldugunu gostermistir; ayn1 ¢alisma, yalnizca yakma zamanlamasinda sinirlt bir degisikligin
bile yillik 3.2 milyar ABD dolar1 diizeyinde onlenebilir saglik-fayda degeri yaratabilecegini
ortaya koymustur (Lan et al., 2022). Bu bulgu, tarimsal yakmanin saglik etkilerinin yalnizca
klinik degil, ayn1 zamanda ciddi bir ekonomik yiik anlamina geldigini gostermektedir. Ayrica
artan Urlin artig1 yakimiyla birlikte benzo[a]piren maruziyetine bagli yasam boyu akciger
kanseri riskinin yiikseldigi ve niifusun énemli bir boliimiiniin ulusal sinir degerlerin iizerinde
maruziyete agik kaldig1 da gosterilmistir (Huang et al., 2022).
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Tiirkiye agisindan bakildiginda da benzer bir durum goriilmektedir. Tarimsal artik yakimi
ozellikle Giineydogu Anadolu ve Dogu Akdeniz hattinda kisa siireli fakat yogun partikiil
yiikleri olugturarak, mevcut PM..s kaynaklarina ek bir saglik riski bindirmektedir. Tiirkiye’de
uzaktan algilama temelli bir ¢aligsma, yalnizca 2019 yili i¢in Giineydogu Anadolu Bélgesi’nde
iirlin artig1 yakimina bagl olarak 14.444,307 Gg sera gaz1 ve 117,809 Gg partikiil madde
salindigin1 gdstermistir; bu da tarimsal yakmanin bdlgesel hava kalitesini bozabilecek dlgekte
bir emisyon kaynagi oldugunu ortaya koymaktadir (Bahsi et al., 2023). Benzer big¢imde,
Mardin—Diyarbakir sinirinda 20 Haziran 2024°te meydana gelen biiyiik aniz yangininin 248,77
hektarlik alanm etkiledigi, 15 kisinin yagamini yitirdigi ve 78 kisinin yaralandigi bildirilmistir;
bu olay, tarimsal yakmanin yalnizca ¢evresel degil, dogrudan saglik sistemi lizerinde de ani ve
agir bir yiik yaratabildigini gostermektedir (Cinar et al., 2025). Her ne kadar Tiirkiye’de
tarimsal yanginlara 6zgli saglik harcamasi yiikii diizenli ve ayr1 bir kalem olarak heniiz
sistematik bicimde hesaplanmiyor olsa da, ulusal PM2.s yiikiine iliskin veriler bu maliyetin
boyutunu dolayli olarak gdstermektedir: 2019 yili i¢in uzun dénem PMoa.s maruziyetine
atfedilen erken 6lim sayis1 37.768 olarak tahmin edilmis, arastirmacilar gercek yiikiin veri
eksiklikleri nedeniyle daha yiiksek olabilecegini vurgulamistir (Aykag¢ et al., 2025). Daha
guncel sivil toplum temelli ulusal degerlendirmeler ise, PM..s kirliligine bagl erken dliimlerin
2023’te 63.851, 2024°te ise 62.644 diizeyinde gergeklestigini; toplam ekonomik yiikiin ise yi1lda
yaklagik 138 milyar ABD dolar1 ile 2024 GSYH’sinin yaklasik %10’una ulastigini
bildirmektedir (Temiz Hava Hakki Platformu [THHP], 2025). Bu nedenle, Tiirkiye’de aniz
yakiminin saglik ekonomisi bakimindan etkisi, yalnizca acil servis bagvurulari, solunum-
kardiyovaskiiler morbidite ve isgiicii kayb1 tlizerinden degil; zaten yiiksek olan ulusal PMa.s
kaynakli hastalik ve 6liim yiikiinii biiyiiten “6nlenebilir ek maliyet” olarak degerlendirilmelidir.
Ozellikle tarimsal yakmanin mevsimsel pikler yarattig1 illerde, maruziyetin azaltilmasi; hem
hanehalk1 cepten saglik harcamalarin1 hem de kamu saglik biitcesi tizerindeki baskiy1 diisiirme
potansiyeline sahiptir (Aykag et al., 2025; THHP, 2025).

Verim kayb1 agisindan, tarimsal yakma kisa vadede isgiicli ve zaman tasarrufu saglasa da,
orta ve uzun vadede toprak organik maddesi ve besin dongiisiinii zayiflatarak tarimsal
iiretkenligi baskilayabilmektedir. Uriin artigi yakimmin toprak besinlerini tiikettigini,
mikrobiyal cesitliligi azalttigini1 ve bunun uzun dénemli iirlin verimini tehdit ettigi bilinmektedir
(Parambil-Peedika et al., 2025). Benzer sekilde, Dogu Hindistan’da yapilan ¢alisma, yakmanin
yalnizca bolgesel hava kalitesini degil, ayn1 zamanda besin ve karbon dongiisiinii etkileyerek
uzun vadeli tiretkenlik kayiplaria katki verebildigini vurgulamaktadir (Urban Cordeiro et al.,
2024). Dolayistyla burada goriinmeyen maliyet, bugilinkii arazi hazirlama kolayliginin
gelecekte daha yiiksek giibre ihtiyaci, daha kirilgan toprak yapis1 ve daha diisiik verim istikrar1
olarak geri donmesidir.

Kirsal {iretim sistemlerine uzun vadeli etkiler ise c¢ogu zaman dogrudan
muhasebelestirilmeyen, fakat yapisal sonuclar doguran bir baska boyuttur. Uriin artiklari
yalnizca “atik” degil; hayvan yemi, toprak ortiisii, organik madde girdisi ve enerji hammaddesi
olarak da deger tasiyabilmektedir. Yapilan bir ¢alismada diinya genelinde lretilen tarimsal
artiklarin 6nemli bir kisminin yakildigini, bunun ise hava kirliligi ve saglik zararlar1 yaninda
besin geri doniislimiinii kisitladigint ve tarim-hayvancilik entegrasyonunun potansiyel
faydalarin1 azalttigmi belirtilmektedir (Krishna et al., 2023). Nitekim Dogu Hindistan
orneginde, azalan hanehalk isgiicii ve hayvan varligi, iirlin artiginin yem olarak kullanimim
diistirmekte; bu da mekanize hasat ve ardindan yakma egilimini giiglendirerek kirsal iiretim
sistemlerinde daha kirilgan, dis girdiye bagimli bir doniisiimii tetiklemektedir (Urban Cordeiro
et al., 2024). Ayrica Meksika 6l¢eginde yapilan 2025 calismasi, yakilan misir sapinin enerjiye
doniistiiriilmesi halinde yillik yaklasik 840 milyon ABD dolar1 deger iiretilebilecegini
gostererek, agik yakmanin ayn1 zamanda 6nemli bir firsat maliyeti yarattigini ortaya koymustur
(Becerra-Pérez et al., 2025).
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Ez ciimle, tarimsal yakma uygulamalari tarlada ucuz goriinse de, gercekte saglik sistemi
iizerinde ek yiik, iiretim kapasitesinde asinma ve kirsal ekonomide kaynak israfi yaratan bir
digsallik iiretmektedir. Bu nedenle tarimsal yanginlarin ekonomik degerlendirmesi yalnizca
ciftginin anlik maliyeti {izerinden degil; toplumsal saglik yiikii, kaybedilen verim ve kirsal
sistemlerin uzun vadeli siirdiiriilebilirligi birlikte ele alinarak yapilmalidir (Lan et al., 2022;
Krishna et al., 2023; Parambil-Peedika et al., 2025).

8. Sdrdurulebilir Alternatifler ve Yonetim Secenekleri

Tarimsal artiklarin agik alanda yakilmasi yerine uygulanabilecek siirdiiriilebilir secenekler,
hem emisyon azaltimi1 hem de toprak verimliliginin korunmasi agisindan daha dengeli sonuglar
iretmektedir. Giincel literatiir, etkili artik yonetiminin tek bir yonteme indirgenemeyecegini;
anizin topraga karistirilmasi, biyokiitle/enerji geri kazanimi ve kompostlama temelli dongiisel
kullanimin bolge, iiriin deseni, ekipman erisimi ve ekonomik fizibiliteye gore birlikte
degerlendirilmesi gerektigini géstermektedir (Reddy et al., 2025; Oraby et al., 2025; Ravish et
al., 2025).

Anizin topraga karistirilmasi, bitkisel artiklarin toprakta pargalanarak organik madde ve
karbon girdisine doniismesini sagladigi i¢in en yaygin 6nerilen yakmasiz segeneklerden biridir.
Bu yaklasim, toprak organik karbonunu artirabilmekte, besin dongiisiinii desteklemekte ve uzun
vadede toprak sagligini iyilestirebilmektedir. Yapilan bir ¢alisma, alternatif tirlin art1ig1 yonetimi
uygulamalarinin 6zellikle birlikte kompostlanmis biyokdmiir ve toprakta degerlendirme
secenekleriyle emisyonlar1 azaltma ve toprak kalitesini destekleme potansiyeline dikkat
cekmektedir. Bir bagka calismada da toprakta artik birakma ve karistirmanin su korunumu ve
verimlilik agisindan olumlu sonuglar verebildigini belirtilmektedir (Na Talang et al., 2024;
Reddy et al., 2025).

Biyokiitle/enerji geri kazanimi, tarimsal artiklarin atik degil, enerji hammaddesi olarak
degerlendirilmesine dayanmaktadir. Artiklarin biyogaz, pelet, briket, biyoyakit ya da diger
termokimyasal dontigim siireglerinde kullanilmasi, hem agik yakmadan kaynaklanan
emisyonlar1 azaltabilmekte hem de fosil yakit ikamesi saglayabilmektedir. Yapilan ¢aligmalar
Urdn artiklarinin enerji tiretiminde kullanilmasinin ¢evresel fayda yaninda ekonomik deger
yaratma potansiyeli tasidigini; ancak bunun ig¢in lojistik, toplama, depolama ve teknoloji
yatirimlarimin kritik oldugunu vurgulamaktadir (Gatkal et al., 2024; Reddy et al., 2025; Wang
et al., 2025). Ozellikle Cin’de 2024 itibariyla biiyiik iiriin saplarinin toplam degerlendirme
oraninin %88,1’°e ulastig1 ve bunun %8,3 liniin enerji liretiminde kullanildig: bildirilmistir; bu
durum, uygun politika ve altyapr ile enerji geri kazaniminin o&lgeklenebilir oldugunu
goOstermektedir (Wang et al., 2025).

Kompostlama ve dongiisel kullanim ise {riin artiklariin organik giibre, malg, toprak
diizenleyici ya da baska biyobazli girdilere doniistiiriilmesini ifade etmektedir. Kompostlama,
yakmaya kiyasla besin elementlerinin sistem i¢inde tutulmasina ve organik maddenin yeniden
topraga kazandirilmasina olanak vermektedir. Yapilan calismalar, kompostlamanin 6zellikle
iriin artigin1 “atik” olmaktan ¢ikarip dongiisel ekonomi kapsaminda yeniden kullanilabilir bir
kaynaga doniistiirdiigiinii; organik gilibre iiretimi, mal¢lama ve baz1 durumlarda biyokdmiirle
birlikte kullanimin toprak sagligi ve emisyon azaltimi agisindan avantaj saglayabildigini ortaya
koymaktadir (Reddy et al., 2025; Rathore et al., 2025; Oraby et al., 2025). Ayrica giincel hava
kalitesi ¢aligmalari, agik yakmanin yasaklanmasinin tek basina yeterli olmadigini;
kompostlama ve biyokiitle kullanimina yonelik tesviklerin birlikte devreye alinmasinin daha
etkili sonug verdigini belirtmektedir (Ravish et al., 2025).

Stirdiirtilebilir artik yonetimi acisindan en uygun yaklagim, iirlin artiklarini yakarak sistem
disina ¢ikarmak yerine, onlar toprak iyilestirici, enerji girdisi veya dongiisel biyokaynak olarak
degerlendiren biitiinciil bir yonetim modelidir. Bu nedenle politika diizeyinde yasaklayici
onlemlerin yaninda; ekipman destegi, yerel toplama altyapisi, biyokiitle pazarlarimin
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gelistirilmesi ve ¢iftci tesviklerinin birlikte tasarlanmasi gerektigi diistiniilmektedir (Reddy et
al., 2025; Ravish et al., 2025).

9. Sonug ve Oneriler

Tarimsal artiklarin acik alanda yakilmasi, kisa vadede diisitk maliyetli ve hizli bir arazi
temizleme yontemi olarak tercih edilse de, mevcut literatiir bu uygulamanin iklim degisikligi,
hava kalitesi, halk sagligi, toprak kalitesi ve kirsal {iretim sistemleri Uzerinde ¢ok boyutlu ve
¢ogu zaman birikimli olumsuz etkiler yarattigini agik bicimde gostermektedir. Tarimsal yakma,;
PMo:.s ve PMio gibi partikiil maddeler, siyah karbon, metan ve diger kirleticiler yoluyla hem
bolgesel hava kalitesini bozmakta hem de kisa 6miirlii iklim kirleticileri iizerinden 1sinmay1
giiclendirmektedir. Bunun yaninda, organik madde ve besin elementi kaybi ile su tutma
kapasitesindeki azalma, topragin liretkenligini zayiflatarak uzun vadede tarimsal verimlilik
iizerinde baski olusturmaktadir. Dolayisiyla aniz yakimi, yalnizca bir tarla yonetim tercihi
degil; ¢evresel dissalliklar1 yiiksek, toplumsal maliyet iireten yapisal bir siirdiiriilebilirlik
sorunudur. Bu ¢ercevede, tarimsal yakmanin azaltilmasina yonelik politikalarin yalnizca
yasaklayict diizenlemelerle sinirli kalmamasi gerekmektedir. Etkin bir doniisiim i¢in anizin
topraga karistirilmasi, biyokiitle ve enerji geri kazanimi, kompostlama ve diger dongiisel
kullanim segeneklerinin yerel kosullara uygun bigimde yayginlastirilmasi 6nem tagimaktadir.
Ayrica ciftcilere ekipman destegi, finansal tesvikler, yayim hizmetleri ve alternatif artik
yOnetimi altyapist saglanmadan kalict davranis degisikligi olusturmak gii¢ gériinmektedir. Bu
nedenle karar vericiler agisindan en rasyonel yaklasim; tarimsal artiklarin yakilarak sistem
disina ¢ikarilmasi yerine, bunlarin toprak iyilestirici, enerji kaynagi ve dongiisel biyokaynak
olarak degerlendirilmesini esas alan biitiinciil bir yonetim modelinin benimsenmesidir. Sonug
olarak, tarimsal yanginlarin azaltilmasi; yalnizca c¢evre koruma degil, ayn1 zamanda iklim
uyumu, halk sagligi, tarimsal verimlilik ve kirsal kalkinma hedefleri agisindan da stratejik bir
oncelik olarak ele alinmasi gerektigi diisiiniilmektedir.
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Ozet

Modern mithimmat sistemlerinde yiiksek tahrip giicli ile isleme, tasima ve depolama gibi
operasyonlarda kazara ateslenmelere karsi gilivenlik (duyarsizlik) ihtiyacini ayni anda
karsilamak 6nemli miihendislik problemlerinden biridir. CL-20 gibi oldukca yiiksek enerjiye
sahip ancak fiziksel soklara kars1 son derece hassas olan patlayicilarin operasyonel giivenligini
saglamak amaciyla plastik bagl patlayicilara (PBX) yonelik arastirma ve gelistirme faaliyetleri
hem akademik hem de endistriyel dizeyde tiim diinyada devam etmektedir. Bu sistemlerde
kullanilan polimerik baglayicilar, patlayici materyalin kristallerini bir matris icerisinde
hapsedip sok enerjisini emerek duyarsiz patlayict konseptinin temelini olusturmaktadir.
Duyarsiz patlayici sistemlerinde kullanilan HTPB gibi geleneksel inert (enerjik olmayan)
baglayicilar miihimmati ¢arpma, diisme ve ani 1s1 gibi dis etkilere kars1 giivenli hale getirirken,
patlama enerjisini onemli oranda azaltmakta ve sistemde oksijen agli1 yaratarak termodinamik
bir diislise neden olmaktadir. Saglanan bu duyarsizligin yaninda mithimmatin yiiksek
performans Ozelliklerinin korunmasi adina, yapilarinda ekzotermik (1s1 veren) gruplar
barindiran GAP (Glisidil Azit Polimeri) gibi enerjik baglayicilarin kullanilmasi ¢ok énemlidir.
Bu ¢alismada daha Once arastirilmamis olan %60 CL-20 ve %30 NONA ana patlayici
matrisinden olugan yapiya kiitlece %10 oraninda HTPB ve GAP baglayicilarinin eklenmesinin
patlayici performans parametrelerine etkisi, Kistiakowsky-Wilson kurallar1 ve Kamlet-Jacobs
(K-J) termodinamik denklemleri kullanilarak incelenmistir. Elde edilen bulgulara goére; %10
inert HTPB iceren formiilasyonda siddetli bir oksijen achigi (%-59,1) meydana gelmis ve
sistemde ¢ok biiylik miktarda yanmamis kat1 karbon (is) kaldig1 degerlendirilmistir. Bunun
sonucunda tasarlanan duyarsiz patlayici sisteminin patlama 1sis1 256,9 cal/g, detonasyon hizi
5551 m/s ve basinci 13,44 GPa seviyesine kadar gerilemistir. Ayni formiilasyonda inert HTPB
yerine %10 oraninda enerjik GAP baglayicis1 kullanildiginda, oksijen dengesi (%-33,15)
iyilesmis ve sistemdeki tiim karbonun gaza doniistiigii degerlendirilmistir. Gergeklestirilen
termodinamik hesaplamalarla GAP enerjik baglayicisinin sagladig1 ekzotermik destekle birlikte
patlama 1s1s1 yaklasik 4,5 kat artarak 1120,9 cal/g'a, detonasyon hizi 8831 m/s'ye ve basinci
HTPB'nin yaklasik 3 katina ¢ikarak 35,19 GPa'ya yiikseldigi goriilmiistiir. Bu bulgular, enerjik
baglayicilarin duyarsiz patlayici formiilasyonlarinda inert baglayicilarin yarattigi termodinamik
diististi tersine ¢evirdigi ve laboratuvar veya endustriyel uygulamalar 6ncesinde termodinamik
degerlendirmelerin 6nemini ortaya koymustur.

Anahtar Kelimeler: Duyarsiz patlayicilar, polimerik baglayicilar, termodinamik analiz,
patlayici performanst
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Abstract

In modern ammunition systems, one of the key engineering challenges is simultaneously
addressing the need for safety (insensitivity) against accidental firing during operations such as
processing, transporting, and storing high-explosive munitions. Research and development
activities on plastic-bonded explosives (PBX) continue worldwide at both academic and
industrial levels to ensure the operational safety of explosives such as CL-20, which have very
high energy but are extremely sensitive to physical shocks. The polymer binders in these
systems are key to making explosives safer by holding the explosive crystals in place and
absorbing shock energy. Traditional inert (non-energetic) binders like HTPB used in insensitive
explosive systems help make ammunition safe from outside impacts, drops, and sudden heat,
while also reducing the energy of an explosion and lowering temperature by creating a lack of
oxygen in the system. Along with being safe, it's important to use energetic binders like GAP
(Glycidyl Azide Polymer), which have heat-releasing groups, to maintain the high performance
of the ammunition. In this study, the effect of adding 10% by mass of HTPB and GAP binders
to a previously unstudied structure consisting of a 60% CL-20 and 30% NONA primary
explosive matrix on the explosive performance parameters was investigated using the
Kistiakowsky-Wilson rules and Kamlet-Jacobs (K-J) thermodynamic equations. The results
showed that the mixture with 10% inert HTPB had a serious lack of oxygen (-59.1%), and a lot
of unburned solid carbon (soot) was left over. As a result, the explosion heat of the designed
insensitive explosive system decreased to 256.9 cal/g, the detonation velocity to 5551 m/s, and
the pressure to 13.44 GPa. When 10% energetic GAP binder was used instead of inert HTPB
in the same formulation, the oxygen balance improved, and it was found that all the carbon in
the system turned into gas. Thermodynamic calculations revealed that with the heat produced
by the GAP energetic binder, the explosion heat went up about 4.5 times to 1120.9 cal/g, the
detonation velocity rose to 8831 m/s, and the pressure increased to 35.19 GPa, which is about
3 times higher than that of HTPB. These findings show that using energetic binders can fix the
drop in performance caused by inert binders in safer explosive mixtures and emphasize the need
to assess thermodynamics before testing in labs or industries.

Keywords: Insensitive explosives, polymeric binders, thermodynamic analysis, explosive
performance

1. Introduction

The success of field operations involving modern explosive and munition systems is closely
linked to the destructive power of these systems. The quantitative definition of destructive
power is expressed in terms of explosive performance parameters. Therefore, maximizing
destructive power and performance parameters is of great importance for both military and
civilian purposes (Anniyappan et al., 2020). The ultimate destructive capacity of an explosive
cannot be expressed using a conventional measure of power. What is important here is the
concept of brisance that is, the fragmenting effect which takes into account the shock wave
generated at the moment of detonation, the chemical reaction, and the thermodynamic products.
The fundamental parameters that determine explosive performance and are widely used are the
detonation velocity (D) and the detonation pressure (P). (Politzer & Murray, 2019). The
detonation velocity indicates the system's shock and energy transfer capabilities. The detonation
pressure, on the other hand, represents the destructive force applied to the target following the
shock wave (He et al., 2022). In conclusion, the goal of an ideal munitions and explosive system
is to maintain the highest possible explosive performance without compromising physical
security features (Badgujar, 2017).

CL-20 (2,4,6,8,10,12-hexanitro-2,4,6,8,10,12-hexaazaizowurtzitane) is one of the world’s
most important commercial explosives due to its specific lattice structure, high crystal density,
and excellent oxygen balance. With a detonation velocity exceeding 9,500 m/s and a detonation
pressure exceeding 42 GPa, it exhibits excellent thermodynamic performance. It serves as a
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high-energy primary explosive alternative to traditional explosives such as RDX and HMX.
However, in addition to these significant explosive parameters, it is highly sensitive to external
mechanical stimuli such as impact, friction, and shock. Due to this high physical sensitivity, it
cannot be used alone as the primary explosive in munition systems. These operational risks
limit its widespread use. Consequently, to enable the use of this important high-energy primary
explosive material in munitions and explosive systems, the explosive crystals must be
desensitized against external shocks (Bao et al., 2020; Hang et al., 2025).

2,2'2"4,4'4" 6,6',6"-nonanitro-1,1":3',1"-triphenyl, commonly known as NONA, is defined
as a high-energy explosive that is heat-resistant and thermally stable due to its poly-nitro
groups. It can decompose via an exothermic reaction directly in the solid state and maintains its
chemical stability up to 450 °C. Due to this thermal stability at high temperatures, it is
recognized as a strategic energetic material that can be safely used in aviation, space, and oil
drilling operations under harsh environmental conditions (Song et al., 2020; Yang et al., 2018).

The primary motivation for formulating a mixture of 60% CL-20 and 30% NONA as
primary and secondary explosives in this study is to combine the need for high destructive
power with environmental and thermal stability in munitions design within an innovative
matrix. The aim is to design a more stable structure by combining CL-20’s exceptional
detonation velocity and pressure characteristics—which are highly sensitive to mechanical
shocks such as impact or friction—with NONA, which possesses high-temperature and heat
resistance properties. By adding 10% inert HTPB or energetic GAP binders to this structure—
which contains 60% CL-20 and 30% NONA—a new explosive matrix has been created that
has not been previously modeled in the literature.

Traditional binders such as hydroxyl-terminated polybutadiene (HTPB), which is widely
used for desensitization in energetic material formulations, are employed. With its low glass
transition temperature and high flexibility, HTPB forms an inert (non-energetic) polymer
matrix that protects energetic crystals from physical shocks (Saha et al., 2024; Zhang et al.,
2019). Due to its inert nature, HTPB does not contribute energy to the chemical reaction at the
moment of detonation. In systems using HTPB, a significant oxygen deficit develops, and
unreacted solid carbon (soot) may form. Consequently, thermodynamic performance
parameters of the munition, such as detonation velocity, pressure, and blast heat, may be
adversely affected (Elbeih et al., 2021). To prevent this loss of thermodynamic performance
and to strike a balance between the munition system’s destructive power and safety, energetic
binders such as Glycidyl Azide Polymer (GAP) are gaining prominence. GAP acts as a catalyst
that directly supplies energy to the system through the exothermic decomposition and positive
formation enthalpy of the high-energy azide (-Ns) groups in its molecular chain. (Liu et al.,
2020). The use of GAP as a polymeric binder compensates for the oxygen deficiency and energy
loss caused by inert binders. As a result, while the physical insensitivity of the munitions is
maintained, the system’s performance parameters are significantly improved compared to inert
formulations (Jarosz et al., 2019).

2. Materials and Methods

The aim of this study is to analyze, through thermodynamic calculations, the effect of the
binder type on the performance parameters