e-ISSN: 2667-7814

5] ALANYA .
= s ALAADDIN
SN KEYKUBAT
k\’!tﬂ UNIVERSITESI
v
01010
11101
0101010
0101001 .
6161001 ALKU

FEN BILIMLERI DERGISI
Cilt: 6 Sayr: 3 (Eylul-Aralik 2024)

ALKU —
JOURNAL OF SCIENCE i E E
Volume: 6 Issue: 3 (September-December 2024)
innnng




DERGININ KUNYESi / JOURNAL INFO

Derginin Adi / Journal Name: ALKU Fen Bilimleri Dergisi / ALKU Journal of Science
Kisa Adi/ Short Name:

e-ISSN: 2667-7814

Doi prefix: 10.46740/alku.

Yayin Dili / Publication Language : Tiirkce / English

Yayin Periyodu / Publication Period: Yilda (i¢ kez (Nisan, Agustos ve Aralik) / Three times a year
(April, August, and December)

Sahibi / Owner: Prof. Dr. Kenan Ahmet TURKDOGAN, Alanya Alaaddin Keykubat Universitesi
Rektora

Sorumlu Yaz isleri Miidiirii / Publishing Manager: Dog. Dr. Sefa YILDIRIM

Kurulus / Establishment: ALKU Fen Bilimleri Dergisi, Alanya Alaaddin Keykubat Universitesi
Rafet Kayis Miihendislik Fakiltesi tarafindan tim mihendislik bilimleri ve temel bilimler alaninda
yilda 3 kez yayinlanan hakemli bir dergidir. Dergimizde, Tiirkce ve ingilizce dillerinde orijinal
arastirma calismalari ve derlemeler yayimlanmaktadir. Bu dergi, hakemli ve acgik erisimli bir
uluslararasi miihendislik bilimleri ve temel bilimler dergisidir. Degerlendirme ve yayinlanma
slreclerinde yazarlardan Ucret talep edilmez.

ALKU Journal of Science is an international, peer-reviewed journal which is published by Rafet
Kayis Engineering Faculty of Alanya Alaaddin Keykubat University in all areas of engineering and
basic science. ALKU Journal of Science is a triannually published open access journal operating an
online submission and peer review system which allows authors to submit articles online and
track their progress. No charges are required from the authors in all of the publication steps.

Dizinler ve Platformlar / Indexing and Platforms: Google Scholar, Cosmos Impact Factor,
ResearchBip, Bielefeld Academic Search Engine (BASE), Asos Index, International Innovative
Journal Impact Factor(IlJIF), Scientific Indexing Services(SIS)

Web Adresi/ Web address : https://dergipark.org.tr/tr/pub/alku

Yayinlayan Kurulus / Publisher : Alanya Alaaddin Keykubat Universitesi / Alanya Alaaddin
Keykubat University

Makale génderim ve takip sistemi / Article submission and tracking system: ULAKBIM Dergi
Sistemleri, https://dergipark.org.tr/tr/pub/alku

Web barindirma ve teknik destek / Web hosting and technical support: Dergipark Akademik
http://dergipark.gov.tr/

iletisim / Contact: Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
Alanya, Antalya. E-mail: alkufod@alanya.edu.tr Tel/Phone: 0242 5106060 (2545)



https://dergipark.org.tr/tr/pub/alku
https://dergipark.org.tr/tr/pub/alku
http://dergipark.gov.tr/
mailto:alkufbd@alanya.edu.tr

EDITOR / EDITOR

Dog. Dr. Sefa YILDIRIM, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
Makine Mihendisligi Bolimu. Alanya, Antalya

YARDIMCI EDITOR / ASSOCIATE EDITOR

Dr. Ogr. Uyesi Gékhan Canbolat, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mithendislik
Fakdultesi, Makine Miihendisligi Bolimu. Alanya, Antalya

ALAN EDITORLERI / SUBJECT EDITORS

Prof. Dr. Derman Vatansever Bayramol, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis
Muhendislik Fakulltesi, Metalurji ve Malzeme Mihendisligi. Alanya, Antalya

Subject: Metallurgical and Materials Engineering

Alan: Metalurji ve Malzeme Muhendisligi

Do¢. Dr. Tugba Aktar Kiigiikarslan, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis
Muhendislik Fakiiltesi, Gida Mihendisligi Bolimu. Alanya, Antalya

Subject: Food Engineering

Alan: Gida Mihendisligi

Do¢. Dr. Bertan Beylergil, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, Makine Miihendisligi Bolim{. Alanya, Antalya

Subject: Mechanical Engineering

Alan: Makine Miihendisligi

Dog. Dr. ibrahim Tekin, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mithendislik Fakiiltesi,
Temel Bilimler B6limd. Alanya, Antalya

Subject: Mathematics

Alan: Matematik

Dog. Dr. Burak Saltuk, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
Biyosistem Muhendisligi. Alanya, Antalya

Subject: Biosystems Engineering

Alan: Biyosistem Miihendisligi

Dog. Dr. Alper Kiirsat Uysal, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mithendislik
Fakiltesi, Bilgisayar Mihendisligi Bolimd. Alanya, Antalya

Subject: Computer Engineering

Alan: Bilgisayar Mihendisligi

Do¢. Dr. Uyesi Ash Giray, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mihendislik
Fakiltesi, Genetik ve Biyomuhendislik Bolimi. Alanya, Antalya

Subject: Genetic Engineering

Alan: Genetik Mihendisligi



Dog. Dr. Uyesi Emrah Irmak, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mihendislik
Fakdltesi, Elektrik Elektronik Miihendisligi Bolimu. Alanya, Antalya

Subject: Electrical-Electronical Engineering

Alan: Elektrik-Elektronik Mihendisligi

Dog. Dr. Murat Aksel, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miithendislik Fakiiltesi,
insaat Miihendisligi B6liimi Alanya, Antalya

Subject: Civil Engineering

Alan: insaat Miihendisligi

Dr. Ogr. Uyesi Fatma Aydin Unal, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakdltesi, Metalurji ve Malzeme Muhendisligi Bolim. Alanya, Antalya

Subject: Metallurgical and Materials Engineering

Alan: Metalurji ve Malzeme Mihendisligi

Dr. Ogr. Uyesi Atil Kurt, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
Endistri Miihendisligi. Alanya, Antalya

Subject: Industrial Engineering

Alan: Endistri Mihendisligi

Dr. Ogr. Uyesi Ozgiir Oztiirk, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, Genetik ve Biyomuhendislik Bolima. Alanya, Antalya

Subject: Genetics and Bioengineering

Alan: Genetik ve Biyomuhendislik

Dr. Ogr. Uyesi Korhan Okten, Amasya Universitesi, Mithendislik Fakiiltesi, Makine Mithendisligi
Bolimi, Amasya

Subject: Mechanical Engineering

Alan: Makine Miihendisligi

Dr. Ogr. Uyesi Mehmet Masum Tiim¢ay, Marmara Universitesi, Miihendislik Fakiiltesi, Metalurji
ve Malzeme Miihendisligi Bélim{, istanbul

Subject: Metallurgical And Material Engineering

Alan: Metalurji ve Malzeme Miihendisligi B6lUmu

Dr. Ogr. Uyesi Ahmad Reshad Noori, istanbul Gelisim Universitesi, Miihendislik ve Mimarlk
Fakiiltesi, insaat Miihendisligi B6liimdi, istanbul

Subject: Civil Engineering

Alan: insaat Mihendisligi

Dr. Ogr. Uyesi Derya Dinler, Hacettepe Universitesi, Mithendislik Fakiiltesi, Enduistri Miihendisligi
Bolimu, Ankara

Subject: Industrial Engineering

Alan: Endistri Mihendisligi



YAYIN, DiL ve TEKNIK EDITORLERi / PUBLISHING, LANGUAGE AND TECHNICAL EDITORS

Dr. Ogr. Uyesi Gékhan Canbolat, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mithendislik
Fakiltesi, Makine Miihendisligi B6limu. Alanya, Antalya

Dr. Ogr. Uyesi Feray Bayca, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, MUhendislik Temel Bilimleri Bolimi. Alanya, Antalya

Ars .Gér. Mustafa Altug Peker, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, insaat Mithendisligi B&limii. Alanya, Antalya

Ars. Gor. Hiiseyin Senli, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
insaat Miithendisligi Boliimii. Alanya, Antalya

Ars. Gor. Dilara Zeynep Yiizen, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Mihendislik
Fakiltesi, Endlstri Miihendisligi. Alanya, Antalya

Ars. Gor. Enis Kérpe, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakdltesi,
Elektrik-Elektronik Miihendisligi Bolimi. Alanya, Antalya

Ars. Gor. Giirkan Celik, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakdiltesi,
Bilgisayar Muhendisligi Bolimi. Alanya, Antalya

Ars. Gor. Dr. Sevda Altun, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, Genetik ve Biyomuhendislik B6limdi. Alanya, Antalya

Ars. Gor. Isil Kaan, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi, Gida
Mihendisligi Bolimda. Alanya, Antalya

Ars. Gor. Ahsen Battal, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakdiltesi,
Bilgisayar Muhendisligi Bolimu. Alanya, Antalya

Ars. Gor. Dr. Ercan Sener, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik
Fakiltesi, Metalurji ve Malzeme Miihendisligi Bolim{. Alanya, Antalya

Ars. Gor. Ali Coban, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakiiltesi,
Bilgisayar Mihendisligi Bolimdi. Alanya, Antalya

Ars. Gor. Dilara Durak, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miihendislik Fakdiltesi,
Biyosistem Miuihendisligi B6limu. Alanya, Antalya

Ogr. Gor. Nilgiin ince, Alanya Alaaddin Keykubat Universitesi, Rafet Kayis Miithendislik Fakiiltesi,
Endistri Mihendisligi Bolimu. Alanya, Antalya



YAYIN KURULU / PUBLISHING BOARD

Hiseyin AKILLI (Prof. Dr., Cukurova Universitesi)

Gokhan APAYDIN (Prof. Dr., Karadeniz Teknik Universitesi)

Naci CAGLAR (Prof. Dr., Sakarya Universitesi)

Hakan CELEBI (Dog. Dr., Aksaray Universitesi)

Rossana DIMITRI (Dr., University of Salento)

Tamio ENDO (Prof. Dr., Mie University)

John GELEGENIS (Prof. Dr., Technological Educational Institute of Athens)
Viktor GRIBNIAKN (Prof. Dr., Vilnius Gediminas Technical University)
Anastas IVANOV IVANOV (Prof. Dr., Todor Kableshkov Higher School of Transport)
ilker Murat KOC (Prof. Dr., Istanbul Teknik Universitesi)

Anatoli | POPOV (Prof. Dr., University of Latvia)

Bilsay SUMER (Dog. Dr., Hacettepe Universitesi)

Cevat SARIOGLU (Prof. Dr., Marmara Universitesi)

Francesco TORNABENE (Dr., University of Bologna)

Jamal Seyyed Monfared ZANJANI (Dr., University of Twente)



ALKU FEN BILIMLERI DERGISIi 2024:6(3)
ALKU JOURNAL OF SCIENCE 2023:6(3)
igindekiler / Contents

A Review on Basic Principles of Mucoadhesion: The Importance of Chitosan as a
Mucoadhesive Biopolymer / Mukoadhezyonun Temel Prensipleri Uzerine Bir Derleme:
Mukoadhezif Biyopolimer Olarak Kitosan'in Onemi

Emine Blsra, Eker Fidan, Kevser Bal, Saadet Kevser Pabuccuoglu.................... 174-194

Extraction and Encapsulation Methods for Pomegranate Seed (P. granatum) Oils, Review
| Nar Cekirdegi (P. granatum) Yadlarinin Ekstraksiyonu ve Enkapsllasyon Yéntemleri,
Derleme

NilGfer Gllcan Akalan, Asli GOK.........c.ooeiiiiiiiii e, 1952214

Adimlarin Otesinde Ayakkabi Uretiminde Kullanilan Malzemeler ve Siirdiiriilebilir Ayakkabi
Tasarimi / Beyond The Steps Materials Used in Footwear Production and Sustainable
Footwear Design

Ozgenur Battal, Mervenur Acar, ilayda Derindere, Ali Karcier, Mahmut Tolga Yalgin,
Muhammet UzZun. .. ..o 215-239

Yesil Altyapi Sistemlerinin Hidrolojik/Hidrolik ve Su Kalitesi Modeli ile Performansinin
incelenmesi: istanbul Universitesi-Cerrahpasa Bliiyikgekmece Kampisi Ornegi /
Investigation of the Green Infrastructure Performance via Hydrologic/Hydraulic and Water
Quality Model: A Case Study of Istanbul University-Cerrahpaga Bliylikcekmece Campus

Orkun Aydin, Selin Emir, Selen Emir, Ecem Guney, Elif Naz Coskun, Zeynep Aydin, Ecem
Yildiz, Yasemin Kaya, Sezar GUIDAzZ..............cccciiiiiiiiiii e 240-252

Modern Zamanlarda Tiirk Evinin Yeniden insasi: Akin Evi Ornegi / Reconstruction of The
Turkish House in Modern Times: The Akin House Example

Suphi Saatgi, Durmus Baysal, Serkan AKIN..........cooiiiiiiii e 253-271

Comparative Analysis of Heat Transfer Coefficient Using Experimental Data and Empirical
Expressions / Deneysel Veriler ve Ampirik Ifadeler Kullanilarak Isi Transfer Katsayisinin
Karsilastirmali Analizi

BirKUL GUIBT. .. ..o e e e e 272-282



'~."’"’~\ ;As 'v ;f./JL
= F L Z ALKU Journal of Science 2024, Say1 6(3): 174-194
SWS '
AN A A e-ISSN: 2667-7814
£, h"’\‘d ~

6:1'/ I 1;[(9\\\ Review Article

A Review on Basic Principles of Mucoadhesion: The Importance of Chitosan as a
Mucoadhesive Biopolymer
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! Department of Chemical Engineering, Istanbul University-Cerrahpasa, Istanbul, Tiirkiye
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Abstract

Mucoadhesive polymers have the special functions which lead to adhesion to the mucin/ epithelial surface
on the mucus-covered areas in the body such as eye, nose, vaginal and buccal cavities, and Gl tract.
Therefore, they provide to increase the residence time of the dosage form on the mucosa and to significantly
improve the drug administration. Mucoadhesive drug delivery systems containing chitosan and its modified
derivatives have many advantages for both local and systemic drug delivery. The goal of this review is to
put forward the importance of chitosan as a functionalized mucoadhesive drug delivery system.

Keywords: Mucoadhesion, Mucoadhesive polymers, Mucoadhesive drug delivery systems, Chitosan.

Mukoadhezyonun Temel Prensipleri Uzerine Bir Derleme: Mukoadhezif
Biyopolimer Olarak Kitosan'in Onemi

Ozet

Mukoadhezif polimerler, viicuttaki géz, burun, vajinal ve bukkal bosluklar ile gastrointestinal sistem gibi
mukusla kapli bolgelerde mukus/epitel ylizeyine yapisma 06zelligine sahiptir. Bu nedenle, dozaj formunun
mukozadaki kalig slresini arttirma ve buna bagli olarak ilag uygulamasini énemli dlgude iyilestirme
ozellikleri gbsterirler. Kitosan ve modifiye edilmig tlrevlerini iceren mukoadhezif ila¢ tagsima sistemleri hem
lokal hem de sistemik ila¢ tasinmasinda bir¢cok avantaj sunar. Bu derlemenin amaci, fonksiyonellestirilmis
bir muokoadeziv ila¢ tagima sistemi olarak kitosanin 6nemini vurgulamaktir.

Anahtar Kelimeler: Mukoadezyon, Mukoadezif polimerler, Mukoadezif ila¢ tagima sistemleri, Kitosan.

Received/Gelis: 06 July/Temmuz 2024
Accepted/Kabul Edilis: 08 August/Agustos 2024


https://orcid.org/0000-0002-6340-5107
https://orcid.org/0000-0002-9127-2380
https://orcid.org/0000-0002-1793-0859

A Review on Basic Principles of Mucoadhesion: The
ALKU Fen Bilimleri Dergisi 2024, Say1 6(3): 174-194 Importance of Chitosan as a Mucoadhesive Biopolymer

1. INTRODUCTION

Mucoadhesive Biopolymer theory was first described in the early 1980s with the application of controlled
drug release systems. Mucoadhesion is defined as the ability of synthetic or natural polymers to adhere to
mucosal membranes with a mucus structure, such as the nose, mouth, vagina and gastrointestinal tract [1].
Many gains have been achieved by ensuring the adhesion and penetration of the carrier system onto the
mucosal membrane. The most important of these benefits are that it extends the contact time on the mucosal
membrane and increases the penetration of the active ingredient and its bioavailability by protecting it
biologically [2, 3].

Drug transport from the mucosal surface, the fact that the drug can be easily absorbed into the bloodstream
due to the presence of dense blood vessels in the mucosal membrane structure, being painless and easy to
apply to the patient, increases the importance of mucosal drug transport. In addition, the therapeutic effect
of oral drug delivery, which is the most preferred method in traditional treatment, is limited due to
enzymatic and chemical degradation in the gastrointestinal tract.

The therapeutic effect of oral drug administration, which is the most preferred method in traditional
treatment, is limited due to enzymatic and chemical degradation in the gastrointestinal system, as well as
the mucosal layer that covers and protects the epithelial tissue, preventing the drug from localizing and
reducing its absorption into the circulatory system. To overcome these difficulties, biopolymers used as
drug carrier systems protect the active ingredients against degradation, while problems arising from the
mucosal membrane barrier can be solved by selecting biopolymers with mucoadhesive properties. Thus, a
therapeutic effect can be achieved by providing a controlled and prolonged release of the active substance
at the maximum dose to the targeted area. It also increases patient compliance by providing convenience as
an application method and reducing the frequency of medication intake [4].

1.1 Structure and Types of Mucosal Membranes

The structure referred to as mucosal membrane or mucosa is a type of membrane that is found in the parts
of the body that open to the outside and covers the surface of the internal organs. The mucosal membrane
is responsible for protecting the epithelial tissue from microbial and physical damage. The most important
structure that forms the mucous membrane is referred to as mucus. Mucus is a biological hydrogel that
lubricates the epithelial surface in moist areas of the body, including the respiratory, gastrointestinal and
reproductive tract etc. This structure not only protects the epithelial surface from physical damage with its
lubricating effect, but also acts as a dynamic physicochemical semi-permeable barrier that allows the
transportation and exchange of certain molecular structures such as water, gas, hormones and nutrients,
while capturing and blocking foreign and harmful substances such as toxins, heavy metals, viruses and
parasites [5, 6]. While mucus life or clearance time is expressed in minutes and hours, in this short period
of time, the mucus layer is destroyed by shedding, excretion or digestion, and is renewed by the epithelium
tissue forming a new mucus structure Therefore, biological or synthetic particles must penetrate faster than
the clearance time cycle of the mucus to reach targeted areas [5, 7, 8].

Mucus has a complex structure in aqueous liquid composed of 95% water and 5% consists of 0.5-1%
electrolytes, 1-2% lipids, 0.5% small proteins, 1-5% mucin which a large glycoprotein structure, enzymes
and bacteria. The primary and most important component of mucus is mucin and it contains structures
consisting of approximately 80% glycated proteins with different glycoprotein content [8-10]. The
glycoprotein chain has a flexible and random spiral structure and a braided morphology and its molecular
weight varies from 40 MDa to 0.5 MDa and is a part of the mucus secretion that is responsible for its
hydration, lubrication, viscoelastic properties and adhesion to the mucosa [3, 10]. Mucin has a structure in
which proline, threonine and/or serine molecules are repeated in varying numbers in the amine and
carboxyl-terminated protein chain structure, and cysteine-rich parts are scattered throughout the chain.
Cysteine has a negative charge that causes intramolecular repulsion as a result of ionization of the high
sialic acid and sulfate content in its structure under aqueous conditions [8, 11].
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Since the mucosal membrane contains different pH, enzymes, surface area, bacteria and different mucin
structures depending on the tissue it is located in, it is necessary to design a transport system suitable for
the targeted area [12].

Ocular/Eyes; it contains inorganic salts and tear secretion with a pH value of 7.3-7.7, due to its anatomy.
The pressure created by the constant opening and closing of the eyelids removes any foreign substance that
enters it. Since this makes it difficult to successfully apply topical drug delivery systems, chitosan, poly
(acrylic acid), poloxomer methyl cellulose, hydroxy ethyl cellulose, poly (amidoamine) dendrimers, poly
(vinyl prolidone) and thiolated bioadhesive polymers are preferred to increase the effectiveness of the drug
[13-15].

Oral cavity; consists of buccal mucosa and sublingual mucosa. In local applications to the oral cavity,
hepatic first pass metabolism is prevented and the pharmacological passage of the active substance into the
systemic circulation system is increased. This makes it an important target tissue for drug delivery, as it
causes the amount of the therapeutic agent to increase in the blood circulation and therefore the therapeutic
effect to increase. The surface area of the oral cavity mucosa is small, but the drug delivery system is easy
to implement. The sublingual mucosa consists of dense smooth muscles that do not move and is more
permeable than the buccal mucosa. Due to this feature, while rapid release is achieved by sublingual
mucosa, drug delivery through the buccal mucosa is preferred to ensure controlled release. Thiolated
derivatives and bioadhesive polymers such as poly (acrylic acid), sodium carboxymethyl cellulose,
hyaluronic acid, polycarbophil, chitosan and gellan are used as delivery systems [16, 17].

Gastrointestinal system; its acidic structure and chemical degradation of nutrients or drugs due to enzymatic
hydrolysis reduces the bioavailability and mucosal membrane permeability of drugs. In order to protect the
therapeutic agent in the acidic enzyme environment, it is used by coating it with enzyme inhibitor,
conjugated polymers or lipid. The fact that it offers different drug designs, is easier than intravenous and
submuscular administration, and is a natural route makes it the most researched drug delivery route.
Chitosan, poly (acrylic acid), alginate and sodium carboxymethyl cellulose bioadhesive polymers and their
thiolated derivatives are examples of polymers that are being developed for the gastrointestinal drug
delivery systems [18-20].

Vaginal mucosa; it contains special proteins and glycogen epithelial tissue. Glycogen enzymes and bacteria
break down and create an acidic environment (pH=4-5). The content of vaginal secretion constantly changes
depending on age, the amount of hormones, the variety of bacteria and viruses. Vaginal formulations can
be applied locally, increase permeability to the systemic circulatory system due to have dense blood vessels,
which provides an advantage in the treatment of regional diseases. Gellan gum, starch, chitosan, carbomer,
poloxamer and thiolated structures can be given as examples of drug carrier biopolymers [13, 21-23].

Nasal cavity; it consists of two spaces separated by a septum in the middle. There are 3 regions with
different functions with special epithelial tissue, 12-14 cm deep, 5 cm high, with a surface area of
approximately 150-160 cm?. It is thought that drug transport occurs from respiratory and olfactory regions.
The large surface area of the nasal cavity, low enzyme activity and rich vascular structure make nasal
administration preferred for the transportation of drugs [24, 25].

Sections that comprise up the nasal cavity; respiratory region, olfactory region and vestibular region. The
mucosal membrane structure of this region contains hairs called cilia, 5-10 pm in size, which serve to retain
particles in the inhaled air, and a mucus secretion that moisturizes the air. Mucus secretion has a pH value
of 5.5-6.5 and its transport speed is approximately 5-8 mm/minute. For this reason, since the ciliated mucosa
structure has a cleaning function (mucociliary clearance) against foreign molecules and particles, the
retention time of the foreign substance in the mucosa is 10-20 minutes [26—28].

In nasal drug delivery, small volumes of 25-200 pl can be used and the therapeutic agent is eliminated from
the nasal cavity in a short time due to the mucociliary clearance effect and in addition, disadvantages such
as the formulation may have toxic and irritating effects are encountered. But considering the advantages
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such as ease of application, not causing a hepatic first-pass metabolism effect, and most importantly,
providing passage to the central nervous system (CNS) without getting stuck in the blood-brain barrier
(BBB) in brain targeting and having a significant therapeutic effect in the treatment of neurodegenerative
diseases, the importance of nasal drug delivery is increasing Chitosan, poly (acrylic acid), sodium
carboxymethyl cellulose, carbopol, gellan gum and thiolated derivatives are preferred in nasal drug delivery
[25, 29-33].

1.2 Mucoadesion Mechanism

There must be three active region that provide the mucoadhesion mechanism between mucus and polymer.
These regions;

1. Surface of mucoadhesive polymer
2. First layer of mucosal membrane (mucus)
3. Interface between mucosal membrane and mucoadhesive polymer

Wetting and swelling of the mucoadhesive polymer at the interface between the polymer and the mucosal
membrane, with the expansion of the surface area of the polymer, the penetration of polymer chains into
the membrane tissue occurs. And thus, as a result of the interaction of polymer chains and mucus, physical
and/or chemical bonds are formed and mucoadhesion occurs. The mucoadhesion mechanism is explained
by six theories [34-36].

1. Adsorption theory; the interaction of mucoadhesive polymers and mucus structure provides the formation
of covalent and non-covalent (Van Der Waals, hydrogen and hydrophobic) bonds. Although weak (non-
covalent) bonds are formed, intense binding and mucoadhesion can occur due to the formation of many
interaction areas, and this theory is accepted as the basis of the mucoadhesion/bioadhesion mechanism [1,
37].

2. Diffusion theory; it refers to the formation of semi-permanent bonds as a result of the intertwining and
entanglement of mucoadhesive polymer chains and mucus glycoproteins. Bond strength increases with the
number of penetrating mucoadhesive polymer chains. The penetration and entanglement of the
mucoadhesive polymer into the mucus structure depends on the flexibility of the polymer chains, chemical
structure, concentration, diffusion coefficient and contact time [38, 39].

3. Electrostatic theory; it is explained as the formation of an electrical double layer at the interface as a
result of electron exchange by electrostatic interaction with the negatively charged mucin and the positively
charged polymer [1].

4. Fracture theory; the force required to separate two previously bonded surfaces from the interface is
expressed as the degree of adhesion. When evaluating the breaking properties of the adhesive bond in
separation experiments, it is assumed that the breakdown of the adhesive bond occurs at the bioadhesive
interface [40].

5. Mechanical theory; the realization of adhesion depends on the smoothness of the two interacting surfaces
and the suitability of the area required for interaction [40, 41].

6. Wetting/Wettability theory; The ability of liquid or low-viscosity mucoadhesive polymers to spread on
the mucosa is expressed as surface tension. Adhesion occurs with the energy change that occurs at the
surface and interface as a result of the mucoadhesive polymer coming into contact with the mucosa. Thus,
the energy required to eliminate the tension at the interface indicates the mucoadhesive property of the
polymer [35, 42].

1.3 Mucoadhesion-Relating Factors

It is important to consider the factors influencing the mucoadhesion mechanism for the explanation of the
mucoadhesiveness [43]. These factors are presented below.
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1.3.1 Polymer

The hydrophilic group content of the polymer is one of its key characteristics. Mucoadhesive polymers
must have the hydrophilic groups like carboxyl, hydroxyl, amine, sulfate, etc. in order to create hydrogen
bonds with mucus [1, 43].

The polymer's level of hydration is an other crucial characteristic. High chain mobility and swelling at a
suitable hydration level enable mucoadhesive polymers to form a gel, which in turn enhances
interpenetration and adhesion/mucoadhesion with the mucus structure [1]. The polymer concentration as
well as the amount of water present in the surroundings determine the appropriate degree of hydration.
Mucoadhesion may also be adversely affected by excessive swelling. Additionally, with the osmotic
pressure force between the dry polymer and the wet mucosal surface, many polymers can exhibit
mucoadhesive characteristics even while they exhibit minimal hydration. [44, 45].

The polymer structure is a further feature that influences adhesion to mucosa. Adhesion and mucoadhesion
are determined by the polymer's molecular weight (My), chain length, and chain structure (conformation,
modification rate). Sufficient lengthening of the chain and a high molecular weight of the polymer both
influence high mucoadhesion [1, 39, 46, 47].

The polymer chains' flexibility is a further important aspect. Mucoadhesive polymers' viscosity, diffusion
coefficient, and chain flexibility allow gel formation by swelling as a result of absorbing external water,
and this property of the polymer has a significant effect on the mucoadhesion mechanism. Inadequate
flexible polymer chains exhibit low mucus interpenetration, which results in weaker mucoadhesion bonds
[43, 47].

Mucoadhesion is also influenced by polymer concentration. The forming of strong mucoadhesion
interactions requires an ideal polymer concentration. Chains interpenetrate into the mucus structure
promoting mucoadhesion when chain mobility achieves an optimal concentration. Mucus interpenetration
reduces at very high concentrations because of the chains' limited mobility and dense spiral shape. On the
other hand, the adhesion bond density is reduced at low concentrations because no polymer chain can
interpenetrate adequately [47-49].

Cross-link density of the crosslinked polymer (hydrogel) is another parameter that significantly influences
the mucoadhesive polymer's swelling capacity. A high cross-link structure inhibits chain mobility and
reduces polymer hydration, which in effect reduces the interpenetration of the chains into the mucus
structure and negatively impacts adhesion/mucoadhesion [45, 47].

The other important factor is the type of surface charge and its density of the polymer. Positively and
negatively charged polymers adhere to biological surfaces more readily than uncharged ones due to their
surface charge. Polymers with positive surface charges, like chitosan, also exhibit high mucoadhesiveness
due to strong electrostatic interaction with the amine groups and mucin sialic groups in the mucus structure,
while anionic polymers, like carbomer with a negative surface charge, show high mucoadhesive properties
by forming hydrophobic interactions, hydrogen bonds, or van der walls bonds with mucus [1, 43, 50].

The acidic or basic character of the mucoadhesive polymers is indicated by its pKa value, which also
influences the mucoadhesion mechanism by influencing the behavior of the ionic interaction with mucosal
membrane in a pH environment [1, 45, 51].

1.3.2 External factors

The pH value of the environment influences the dissociation of functional groups, which itself effects the
swelling degree of the polymer and the surface charge density of mucus. Consequently, this effects the
mucoadhesion mechanism [47, 51]. Mucoadhesion is further influenced by the existence of ionic forces in
the surroundings. Mucoadhesion is decreased because interaction can protect functional regions that
provide adhesion through the ion effect [1, 47].
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Mucoadhesion depends on the polymers that are mucoadhesive to remain on the surface of the mucosal
membrane for the ideal amount of time, as well as the pressure that is generated during this time [47, 52].

Mucoadhesion is directly affected by the types of mucins found in the structure of mucus, which in turn
influences the interaction between the polymer and mucus. The presence of cysteine-rich mucin
glycoproteins demonstrates high mucoadhesion through the formation of disulfide bonds with thiomers,
compared to adhesiveness formed by hydrogen bonding or electrostatic interactions [53].

The mucus cycle is an another crucial factor. At specific times, mucus is removed from the gel layer surface
and is regenerated by keeping a specific thickness and viscosity. The particular conditions are dependent
upon the location of the mucosal membrane. This cycle has an immediate impact on mucoadhesion by
modifying the duration of material contact with the mucosal membrane surface. Adhesion/mucoadhesion
can be enhanced and contact time can be extended by producing polymers with strong mucoadhesion
capabilities [47, 52].

1.4 Mucoadhesive Polymers

The environment of the mucosal membrane can have a variety of effects on drug bioavailability, including
the drug's molecule breaking down and decreasing its therapeutic efficacy, the environment's varying pH,
the presence of bacteria and enzymes, and the mucus renewing itself periodically. Because to the
biochemical structure of the oral mucosal barrier, it is found that when protein and peptide drugs are
examined through the mucosa, their bioavailability is less than 5% [54]. Mucoadhesive polymers offer a
significant potential to enhance the therapeutic effectiveness and bioavailability of drugs by preventing
drug degradation and achieving controlled extended drug release by prolonging the retention time of drug
on the mucosal membrane surface [35].

Chain interactions allow mucoadhesive polymer chains to penetrate into mucin chains. Mucoadhesion
occurs by the chains interacting, ionic and hydrophobic interactions between polar and nonpolar groups,
hydrogen bonding and/or disulfide bond formation as a result of thiolated polymer interaction, and cysteine-
rich mucus glycoprotein interaction [53, 55].

The electrostatic interaction of the polymer with ionizable groups that have a cationic or anionic surface
charge and the mucus structure results in the formation of an ionic bond. Due to the weakly positively
charged polymer's electronegatively charged atoms (H, O, F, and N) having the ability to establish hydrogen
bonds and influence the other electronegative atoms in the mucus structure, it happens. VVan der Walls bond
is the formation of a weak bond between the mucoadhesive polymer and nonpolar groups in the mucus
structure due to induced dipole groups, and between polar groups by dipole-dipole interaction. Designing
mucoadhesive polymers with thiomers that have a free thiol group in their structure creates thiolated
polymers. A strong covalent bond is formed by forming a disulfide bond between thiol groups and cysteine-
rich mucus glycoproteins. Thus, the retention time and bioavailability of the drug increases. Another
advantage is that it exhibits rapid swelling and water uptake behavior due to its structure [55, 56].

Mucoadhesive polymers are categorized into three groups based on their sources: synthetic, semi-synthetic,
and natural. Additionally, based on their surface charge, they are further divided into three groups: cationic,
anionic, and nonionic. Furthermore, thiol-containing polymers are regarded as a specific category of new
generation mucoadhesive polymers [53, 57-59]. This classification is presented with some examples in
Figure 1.
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Figure 1. Classification of the mucoadhesive polymers

1.4.1 Chitosan

Chitosan is obtained by deacetylating chitin, a natural polymer produced by crustaceans such as crabs,
shrimps and lobsters. Chitosan is a semi-natural biopolymer with a linear chain structure that is made up of
units of D-glucosamine and N-acetyl-D-glucosamine bonded by B-(1-4) glycosidic linkages [60].

The degree of deacetylation (DD) indicates the amount of amine groups in the chitosan molecular structure,
even though the hydroxyl and amine functional groups in the chitosan molecule are important for chitosan
solubility. Its pKa value is approximately 6.5 due to the presence of amine groups, and when it is protonated
and dissolved in acidic environments with pH less than 6.5, it forms positively charged (cationic) chitosan
molecules. Chitosan is not soluble in water or most organic solvents, which restricts its application in many
situations. Chitosan is modified to create chitosan derivatives, which improve its characteristics.
Consequently, its physicochemical characteristics are enhanced and its range of applications is expanded
through chemical modification.

The biocompatibility, biodegradability, mucoadhesiveness and nontoxic properties of chitosan and its
derivatives provide their use in a wide range of pharmaceutical applications such as biomedicine, drug
delivery systems, tissue engineering, bioimaging, implants, contact lenses, gene transfer, protein binding
and wound healing.

In the areas of food technology, textile manufacturing [61], and water purification systems [62], it is also
employed [63]. Chitosan can be created for a variety of applications since it can be used to prepare in
different forms of structures, such as hydrogels, microparticles, nanoparticles, membranes, sponges, or
fibers [64].

Chitosan has cationic surface charge at acidic pH value due to the the amine groups in the molecular
structure that contribute to its mucoadhesiveness. The occurrence of an electrostatic interaction between
positively charged chitosan molecules and the anionic characteristics of sialic acid groups in mucus
structure constitute the basis of the mucoadhesion mechanism [65]. Hydrophobic interaction and the
formation of hydrogen bonds also play a significant role [66, 67]. Furthermore, the cationic chitosan
molecule interacts with the mucus membrane through interactions that stimulate movement throughout
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mucosal cells and cause proteins linked to the close connection between cells to reorganize. As a result, the
drug's penetration is increased. In this instance, it highlights how chitosan increases permeability [68, 69].
Up until an optimal value, the mucoadhesion property of chitosan increases with increasing molecular
weight (Mw) and DD, and it decreases with increasing cross-linking [70].

The goal of chemically modifying the chitosan molecule is to enhance its drug retention duration, solubility,
stability, hydrophobicity or hydrophilicity, usability as a drug delivery system across a broad pH range,
penetrating ability, permeability, and mucoadhesiveness [67, 71]. To enhance chitosan's mucoadhesive
features, modified synthetic derivatives such as Trimethyl Chitosan (TMC), Thiolated Chitosan, Chitosan
with improved hydrophobicity, and PEGylated Chitosan structures can be mentioned [72, 73].

Trimethyl Chitosan (TMC): A derivative of TMC with improved water solubility due to the addition of
a protonated group [-N*(CH3)s] to its structure, this modified polymer exhibits one of the strongest
mucoadhesive properties, primarily attributed to its persistent cationic natiire. Shinde et al. [74] applied the
ionic gelation method to evaluate the nanoparticle systems made from chitosan and TMC loaded with
flurbiprofen as drug transport vectors via the ocular (or eye) mucosal membrane. In comparison to chitosan,
the TMC nanoparticulate system exhibits increased mucoadhesive properties and longer drug release
behavior. It has a greater drug loading capacity than conventional vectors and, because of its strong
mucoadhesiveness, extends the duration that Flurbiprofen is retained on the mucosal membrane of the eye,
enhancing its bioavailability. He and Yin [75] investigated the oral and intravenous delivery of folic acid-
modified TMC nanoparticulate systems loaded with paclitaxel for the treatment of cancer. The examination
of the intestinal mucosal membrane of a rabbit revealed that the folate TMC nanoparticles had a stronger
mucosal adherence. Paclitaxel's anticancer impact was enhanced by the formulation, which also lengthened
its half-life in the blood and enhanced its concentration in tumor cells.

PEGylated Chitosan: It is a chitosan derivative modified by poly (ethylene glycol) (PEG). In general,
methyl-poly (ethylene glycol) is recommended to avoid polymer chain cross-linking. It improves chitosan's
biocompatibility and durability against enzymatic degradation in addition to making it more soluble in
water, which enhances the drug's bioavailability in vivo. Jintapattanakit et al [76] synthesized a TMC
copolymer with PEG and evaluated its mucoadhesive properties. It was determined that the insulin-loaded
nanocomplex structure's mucadephilic properties and insulin loading capability increase with a rise in
positive charge. It has also been noted that, in addition to the positive charge impact, the mucoadhesive
feature of the PEGylated TMC nanocomplex structure is further enhanced by the PEG chain's capacity to
enter mucus.

Carboxymethyl Chitosan (CMC): It is an amphoteric derivative of chitosan due to the presence of
amine (basic) and carboxyl (acidic) groups in its chemical structure. In an acidic environment, the polymer
structure becomes cationic by protonating the amino groups, while in a basic environment, the polymer
behaves anionicly as the carboxyl groups dissociate [77].

Acrylated Chitosan: Mucoadhesion occurs through the covalent bond between the acrylate vinyl group
incorporated into the chitosan structure and the sulfhydryl groups of the glycoproteins found in the mucus
structure. The use of acrylate groups in mucoadhesive polymers was first carried out by Davidovich-Pinhas
and Bianco-Peled [78]. As a common feature of thiolated chitosan and acrylated chitosan, mucoadhesion
occurs through covalent bonding [79-81].

Chitosan with Enhanced Hydrophobic Properties: Covalent bonding of hydrophobic alkyl chains
can increase the hydrophobicity of chitosan. By making phospholipid domains in the cell membrane
structure more fluid, these substances improve cell penetration. Furthermore, by reacting hydrophobically
with the hydrophobic groups of lipids in the cell structure, it strengthens the mucoadhesive characteristic
of chitosan when added to the structure [72, 73]. Another effect of increasing the hydrophobic feature is
that as the hydration of the agent decreases, it shows higher resistance to degradation by the enzymes of its
environment (such as stomach enzymes), thus increasing the stability of chitosan [82, 83]. Table 1 displays
chitosan modifications with hydrophobic groups.

181



ALKU Fen Bilimleri Dergisi 2024, Say1 6(3): 174-194

A Review on Basic Principles of Mucoadhesion: The

Importance of Chitosan as a Mucoadhesive Biopolymer

Table 1. Hydrophobically Modified Chitosan derivatives

Modification Type Drug Results Reference
Palmitoyl chitosan-derived tablets have
improved mechanical properties and
Modification of No specifi stability. .
ch(i)tgsaiausoingo (Cé- dru(;s}zi)%rtg q Because_e of the strong hydrophobic [84]
C16) fatty acids interaction created by the degree_ of
alteration and the long alkyl chain
structure, it exhibits prolonged drug
release.
By attaching to the lipophilic cell
membrane, the hydrophobic alkyl chain
A structure increases adhesion.
Modification of Comparing palmitoyl chitosan
chitosan using fatty pDNA paring p Y1 G . [85]
acids (C6-C20) nano_mme_llar fqrmulatlon to other fa}tty acid
modifications, it demonstrates the highest
intracellular absorption and gene
transfection efficiency.
The TMC-g-PA nanoparticulate system
Modification of improves bioavailability by 3.8 times when
chitosan using Palmitic | Resveratrol drug release is evaluated in vitro, [6]
acid (TMC-g-PA) It may be utilized as a drug delivery vector
for oral administration.
Modification of The formulation has improved antibacterial
chitosan using Curcumin and antioxidant effects over free curcumin, [87]
palmitoyl quaternary and it also demonstrates regulated and
ammonium sustained drug release when taken orally.
PGC exhibited a therapeutic effect into the
Micellar formulation of No specific cornea, improving medication penetration,
palmitoy! glycol drud reported and it enhanced the micelle structure's [88]
chitosan (PGC) grep penetration in the epithelial corneal cell
line.
Studies using Vero E6 and A549 cells in
vitro reveal that, at non-toxic GCPQ
polymer concentrations, there is an
inhibitory effect on SARS-CoV2
. replication.
N-palmitoyl-N- Ex vivo treatment of the GCPQ
monomethyl-N,N- formulation on human airway epithelial
dimethyl-N,N,N- SARS-COV- N . 39
. . (HAE) cells confirms its inhibitory action. [89]
trimethyl-6-O- 2 Virus

glycolchitosan (GCPQ)
polymer

A prolonged retention effect is observed
when the GPCQ polymer spray formulation
is applied to mice nostrils in vivo.

GPCQ formulation has the potential to
prevent SARS-COV-2 infection and, by
preventing the virus from infecting the
brain, may lessen neurological problems.
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= Camptothecin was stabilized by chitosan

O-methyl-O’- micelles.

succmylpolyet_hyle_ne Camptothecin =  The new amphlphl_llg chlto_san shc_)wed a [90]
glycol and oleic acid controlled release in intestinal fluids.

grafted chitosan = It has yielded successful results for the

encapsulation of hydrophobic drugs
= Using chitosan grafted with two distinct
alkyl chain lengths, this study showed that

11-carbon and 3-carbon carvacrol inhibited the formation of
alkyl chains grafted Carvacrol biofilms and their motility. [91]
hydrophabic chitosan = Carvacrol-loaded modified chitosan

nanoparticles are an efficient method for P.
aeruginosa biofilm-associated infections.

Thiolated Chitosan: This derivative of chitosan is the product of modifying chitosan with substances
that include a thiol group. Cysteine (Cys), thioglycolic acid (TGA), 2-iminothioline, 4-thiobutylamide
(TBA), N-acetyl cysteine, isopropyl-S-acetyl thioacetamide, and glutathione are a few examples of
thiolizing agents. Enhancing chitosan's mucoadhesive properties enhances its application in biomedical and
pharmaceutical fields. Table 2 displays some specific studies on thiolated chitosan.

Thiolation of chitosan not only improves the mucoadhesive properties of chitosan, but also improves its
permeability-increasing effect and provides in situ gelling properties. It also provides enzyme inhibition
and is biodegradable due to its structure [67, 79, 92, 93]. In addition to the physical interaction, the addition
of thiol groups to the structure increases the secondary interactions between the polymer and mucus. These
interactions also facilitate the creation of disulfide covalent bonds, which provide mucus glycoproteins with
cysteine-rich domains excellent mucoadhesiveness [69, 79].

« Permeability enhancing feature: The property that enhances permeability is caused about by the interaction
between cationic chitosan and the negatively charged cell membrane, as well as the structural rearrangement
of proteins involved to tight junctions. Unfortunately, limited diffusion and/or competing charge
interactions with mucin prohibit it from reaching the epithelium and reduce its permeability because of the
size of the chitosan chains in the mucus layer. Disulfide bonds are formed in the presence of thiol groups,
which inhibit transmembrane protein tyrosine phosphatase and open tight junctions by altering their
structural integrity [94-97].

* Property of in situ gelation (cross-linking): Crosslinking between the polymer chains are created by the
oxidation of the thiolated polymer at physiological pH levels, which results in the creation of both
intramolecular and intermolecular disulfide bonds. In the pH range of 5-6, it creates an intramolecular and
intermolecular disulfide bond, forming a three-dimensional network structure. This arrangement allows for
extended regulated release of the medicine while also ensuring greater stability of the carrier vector. This
property allows thiolated chitosans to be applied to the mucosa of the nose, mouth, eyes, and vagina [69,
98-100].

+ Inhibition of enzyme activity: Thiomers inhibit zinc-dependent proteases, including carboxypeptidases
and aminopeptidases. The ability of thiomers to bind zinc ions is the basis of the inhibitory mechanism. Its
application in the oral delivery of peptide- and protein-based medications is made possible by this inhibitory
effect [69].
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Table 2. Thiolated Chitosan

Product

Drug

Results

Reference

Chitosan-Cys conjugate

a-Mangostin

Thiolated chitosan NPs cross-linked with
genipin and surface modified with Eudragit
exhibited stronger mucoadhesion than
uncoated NPs and cysteine-based NPs.

NPs exhibited anti-tumor activity.

It was concluded that muadhesive thiolated
chitosan NPs are a suitable carrier for the
controlled release of a-mangostin into the
colon-targeted delivery.

[101]

Preactivated Chitosan-
thioglycolic acid and
mercaptonicotinic
conjugate (PTCS)

Octreotide

Because the -SH groups were preactivated,
PTCS-NPs' mucoadhesion and penetration
enhancement were significantly greater than
those of thiolated nanoformulations.

The oral bioavailability of PTCS-NPs was
7.2 times higher than that of octreotide.

By using preactivated thiolated chitosan,
confirmed the idea of the improved
bioavailability of octreotide.

[102]

Functionalized Chi with a
series of thio-acids

No specific
drug reported

This is directly related to the presence of
thiol-containing substituents, as the acquired
results are consistent with the structure-
activity relationship previously established
for other chitosan derivatives.

It demonstrates that N-acyl thiolated
chitosans are a promising option for the
synthesis of high-yield, biocompatible, and
reasonably priced antibacterial compounds.

[103]

Lipid carrier coated with
chitosan-N-acetylcysteine
conjugate nanostructure

Curcumin

The amount of curcumin in albino rabbit
tears increased 2.4 times when ocular drug
release was evaluated.

[104]

pH-responsive Chitosan-
thioglycolic acid (TGA)
conjugate

Heparin

A basic ionic gelation technique was used to
successfully  create a  pH-responsive
nanoparticle system made of TCS and HP-55
(a cross-linking agent).

TCS/HP-55 NPs' mucoadhesive  and
intestinal penetrative qualities were greatly
enhanced both in vivo and in vitro.

[105]

Chitosan -3-
mercaptopropanoic acid
(3-MPA) conjugate

No specific
drug reported

At high TPP concentrations, chitosan treated
with thiol groups demonstrated a stable
nanoparticle structure.

The hydrodynamic diameter and surface
charge values of chitosan nanoparticles were
found to significantly interact with the molar
ratio (Ch-SH/TPP). This demonstrates that
the size and charge ranges at which new
nanoparticles can be produced are 100 nm
and 200 nm, and 30 mV and 40 mV,
respectively.

[106]
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Chitosan-N-acetyl
cysteine conjugate

Lysozyme

Chitosan-N-acetyl csteine conjugate tablets
showed an 8.3-fold increase in
mucoadhesive properties.

It has been evaluated as a potentially useful
novel vector for the creation of
biodegradable and mucoadhesive
compositions.

[107]

Chitosan-thioamidine
conjugate

Fluorescence
labeled
dextrane
(FD4)

The mucoadhesive properties of chitosan-
thioethylamide (TEA) conjugate tablet
formulations are found to increase by three
to nine times, respectively. The composition
may find application as a vector for
controlled drug release.

[98]

Chitosan-TGA
conjugates

Clotrimazole

Its strong mucoadhesive property allowed it
to exhibit regulated medication release
behavior.

It has been reported that vaginal infections
can be treated using chitosan-TGA
conjugates.

[108]

Chitosan-TGA
conjugates

Lysozyme

Results of tensile experiments and the
rotating cylinder method show that the
mucoadhesive behaviors of tablets made
from chitosan-TGA conjugate increase by
6.3 and 10.3, respectively, and consequently,
the retention time rises.

[109]

Thiolated chitosan
Nanoparticles with
pentaerythritol tetrakis
(3-mercaptopropionate)

Insulin

With in vivo trials, insulin provided
extended release to ensure biodistribution
and bioavailability due to its interaction
with intestinal mucus.

[110]

Nanoformulation of
thiolated chitosan coated
with hyaluronic acid

Vincristine

In vitro studies demonstrated vincristine's
fast release during 12 hours, whereas the
modified nanoformulation demonstrated
prolonged constant release for up to 72
hours at pH 7.4 and 6.8.

[111]

Nanoparticles of thiolated
chitosan-eudragit RS100

Moxifloxacin

Thiolated versions of both polymers were
synthesized by providing disulfide bond
formation, and in vivo studies showed that
the nanoformulation provided controlled
release and consequently improved
bioavailability.

[112]

Nanoparticles of thiolated
chitosan with 3SMPA

Tobramycin

Thiolated chitosan-loaded nanoparticles
have enhanced precorneal retention,
sustained drug release, and high ocular
bioavailability at low doses due to their
strong surface charge

[113]

CONCLUDING REMARKS

Mucoadhesive polymer-based drug delivery systems have a remarkable importance in many applications
its modified derivatives, which have excellent
biocompatibility, low toxicity and good mucoadhesion, have been used safe as mucoadhesive biopolymers
with various form such as tablet, gel, wound dressing, scaffold and nanoparticulate formulation etc. The

in pharmaceutical technologies.
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studies reported in the literature clearly reveal the reasons why these versatile biopolymers is extensively
used in many fields of the pharmaceutical technology and nanobiotechnology.
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Abstract

The interest in the functional use of bioactive components of fruit products in a variety of fields is constantly
on the increase. Lately, research is ongoing to develop new technologies such as simple mixing, pressure-
assisted extraction, enzymatic extraction, ultrasound-assisted extraction, pulsed electric fields, high
hydrostatic pressure, ohmic heating, and microwave-assisted extraction. This research is aimed at
designing equipment, improving the efficiency of extracting bioactive compounds with organic solvents, and
developing extraction methods. Research has shown that pomegranate fruits, arils, and seeds contain a
variety of bioactive constituents, such as ellagitannins, hydroxycinnamic acids, hydroxybenzoic acids,
flavones, flavonol-3-ols, anthocyanidins, anthocyanins, and conjugates. Consequently, encapsulation
techniques preserve the quality of the oil and other components of pomegranate seeds. The technique of
encapsulation enables the safe delivery, preservation, and regulation of the targeted release of bioactive
constituents in food systems. Natural botanical conservation, which not only extends the shelf life of products
but also has unique biochemical qualities, is increasingly being used in many sectors, including food,
cosmetics, and pharmaceuticals. This study provides information on the encapsulation techniques used to
protect sensitive compounds and their benefits. Currently, there are increasing problems related to food
quality, safety, and reliability that cause undesirable effects on product quality. These techniques are
expected to be effective in achieving food safety and reliability goals in the future.

Keywords: Punica granatum, Pomegranate seed oils, Bioactive components, Encapsulation, Extraction
methods

Nar Cekirdegi (P. granatum) Yaglarinin Ekstraksiyonu ve Enkapsiilasyon
Yontemleri, Derleme

Ozet

Bitkisel Urtinlerin biyoaktif bilesenlerinin gesitli alanlarda fonksiyonel kullanimina olan ilgi surekli olarak
artmaktadir. Son zamanlarda, Basit Karistirma, Basing Uygulamali Ekstraksiyon, Enzimatik Ekstraksiyon,
Ultrases Destekli Ekstraksiyon, Darbeli Elektrik Alanlar, Yuksek Hidrostatik Basing, Ohmik Isitma, Mikrodalga
Yardimci Ekstraksiyon gibi yeni teknolojilerin gelistiriimesine yonelik arastirmalar devam etmektedir. Bu
arastirmalar sayesinde, ekipman tasarimi, biyoaktif bilesiklerin organik ¢ozuciuler ile ekstraksiyon etkinligi
ve ekstraksiyon yénteminin gelistiriimesi amaclanmaktadir. Nar meyvesinin, kabugunun ve ¢ekirdeginin,
ellagitanninler, hidroksisinamik asitler, hidroksibenzoik asitler, flavonlar, flavonol-3-oller, antosiyanidinler,
antosiyaninler ve konjugeler gibi cesitli biyoaktif bilesiklere sahip oldugu arastirma literatirlerinde
belirtiimistir. Bu derleme nar cekirdeginin yag komposizyonlari ve bilesenlerinin kalitesini koruyan
enkapsulasyon tekniklerine ydénelik yapilan ¢alismalari 6zetlemektedir. Kapsulleme, gida sistemlerinde
biyoaktif bilesenlerin glvenli bir sekilde verilmesini, korunmasini ve hedeflenen salim dizenlenmesini
saglayan bir tekniktir. Bu g¢alisma, hassas bilesikleri ve faydalarini koruyan enkapsilasyon teknikleri
hakkinda bilgi vermektedir. Ginimuzde, gida kalitesi, guvenligi ve glvenirligiyle ilgili sorunlarin artmasi
uriin kalitesinde istenmeyen etkilere neden olmaktadir. Bu tekniklerin ileride gida glvenligi ve guvenilirlik
konusunda etkili olmasi beklenmektedir.
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1.INTRODUCTION

Approximately 500 species of Punica granatum of various sizes, shapes, flavors, and colors are cultivated
worldwide. The pomegranate is a spherical fruit with an 8—12 cm diameter. The fruit’s rinds can be thick or
thin, varying in color from pale yellow to crimson. The fruits of the superior varieties have strong planting and
fleshy textures, juicy but thinner than those of the lesser varieties [1].

Pomegranate (P. granatum L.) is grown in tropical and subtropical regions [2]. The Silk Road introduced
the pomegranate, widely cultivated in Central Asia, to China. The spread of medical knowledge throughout
China is key to enriching conventional medical theory [3]. Ancient Mediterranean cultures have played a
significant role in pomegranate fruit cultivation, which has occurred for over 4,000 years due to its medicinal
and nutritional qualities. Pomegranate, which has an annual global production of 2.5-3 million tons, is used
in various culinary items such as juice, concentrate, jam, sugar, sauce, preserves, and fresh food. The food
and pharmaceutical industries have developed food additives, medicines, supplements, and extracts from
pomegranate processing waste. Previous research reports that pomegranate’s chemical constituents are
mainly tannins, alkaloids, organic acids, and flavonoids [3]. The bioactive components of pomegranates
include anthocyanin, ellagic acid, ellagitannin, punicic acid, flavanol, flavan-3-ol, and flavone [4].

Flavonoid compounds such as flavonols, anthocyanins, and flavan-3-ol are mainly present in pomegranate
seeds [2]. Juice and seeds are the main components of pomegranate waste, yielding up to 20% oil [5]. Owing
to its inhibitory effect on lipid peroxidation, punicic acid, the main component of pomegranate seed oil, may
inhibit cancer cell growth [3]. An alternative oil is pomegranate seed oil, which contains nutraceutical
functional components such as sterols and punicic acid [2]. Accordingly, these oils have been evaluated for
their high content of tocopherols, phytosterols, and phenolic constituents, especially for pharmaceutical
purposes [5]. Furthermore, pomegranate seed oil has a high concentration of bioactive conjugated alpha-
linolenic acid isomers, accounting for approximately 85% of the oil's fatty acids [6]. Moroccan pomegranate
seed oil is prone to oxidation due to its high conjugated a-linolenic acid concentration [7]. As storage time
increases, the oxidative stability of pomegranate seed oil also decreases [2]. It is a valuable oil with
characteristics and an abundance of bioactive molecules [8], such as terpenoids, polyphenols, alkaloids, and
other nitrogen-containing substances [9]. It is also used for its biocompatibility [10], neuroprotective effects
[11], and as a byproduct in animal feed [12, 13]. Polyphenols are an important class of phytochemicals used
to treat diabetes [14, 15, 16]. Integrating essential oils into natural polymer packaging is considered an
innovative method for food preservation [17]. Many studies have shown that dried pomegranate seeds and
oil have therapeutic effects [18].

Research on the function of fatty acids, which have a wide variety of pharmacological effects, particularly
anti-bacterial and anti-viral effects, glucose and lipid metabolism regulation, anti-tumor effects,
cardiovascular improvement, and immunomodulation, has provided a basis for further research on
pomegranate fruit [3]. Pomegranate seed oil's punicic acid concentration has been associated with biological
benefits such as anti-diabetes, anti-obesity, anti-carcinogenic, and anti-inflammatory properties [6].

2.EXTRACTION OF POMEGRANATE SEED (Punica granatum) OIL

The pomegranate fruit's seeds yield pomegranate seed oil, a valuable natural resource. The importance of
this oil is based on its unique composition and function of fatty acids, antioxidants, vitamins, and bioactive
compounds [19]. The extraction method and solvent significantly affect the oxidation parameters in the
extraction of pomegranate seed oil [20], and sustainable extraction methods are preferred [21].

The quality and yield of pomegranate seed oil varies depending on the cultivar, extraction methods, etc.
Boiling pomegranate seeds before extraction, which also increases oil yield, is thought to reduce the overall
oxidation of fatty acids [22]. The pomegranate seed oil has a high punicic acid concentration and a low
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omega-6/omega-3 ratio [23]. Microwave pretreatment of seeds before cold pressing significantly increases
palmitic, oleic, and linoleic acids while decreasing the level of punicic acid [24]. In addition, cooking and
digestive processes affect the compounds in pomegranate oil [25].

Conjugated fatty acids are present at different concentrations in numerous vegetable oils, which comprise
12-20% of the pomegranate seeds. Furthermore, polyunsaturated fatty acids with alternate double bonds are
geometric isomers. This fatty acid is particularly interesting because of its positive physiological effects in
various diseases [1]. These oils are carboxylic acids with long, saturated, or unsaturated aliphatic
hydrocarbon chains. In addition, they are derived from triglycerides, or phospholipids, which contain
aliphatic hydrocarbon chains. Based on the number of carbon atoms in the chain, there are three types of
hydrocarbon chains: small, medium, and long. Ultimately, the small chains include 4-6 carbon atoms, the
medium chains include 8-18 carbon atoms, and the long chains include more than 18 carbon atoms. The oil
content in seeds varies in both quantity and quality, depending on the ripeness and geographical location of
the pomegranate fruit grown [1].

Seeds possess significant quantities of insoluble bound phenolics, which play a role in stiffening the thick
walls of sclerotia cells. In situ synthesis from linoleic acid, present at lower levels in seed oil, yielded punicic
acid and, to a lesser extent, oleic, palmitic, and stearic acids in the study. Thus, it synergistically contributes
to the antioxidant activity of pomegranate fruit. Boron, iron, and copper are the major trace elements found
in juice, seeds, and peels, respectively, whereas silver and molybdenum are present in the seeds of all
varieties. This demonstrates that the insoluble phenolics were mostly connected with structural
polysaccharides that contribute to the cell wall membrane and protoplasts that accumulate/extract potentially
hazardous metal ions [26].

The lipid content of the Zivzic cultivar was investigated, and five fatty acids were identified: stearic,
palmitic, linoleic, oleic, and punicic acids. However, the proportion of polyunsaturated fatty acids in
pomegranate seed oil has numerous health benefits [27]. Given its remarkable ability to combat
inflammation and provide antioxidant benefits, it has preventive effects against estrogen-sensitive breast
cancer. Furthermore, it is effective against pancreatic, prostate, and colon cancer. Researchers have also
discovered that they can withstand high levels of flavonoids, potentially beneficial for individuals suffering
from rheumatoid arthritis. Among the omega-5 fatty acids found in pomegranate seeds, conjugated linolenic
acid is the most abundant [28].

The total fatty acids content of pomegranate seed, 22.63 g/100 g dry weight was cultivated in Morocco. The
most basic fatty acid consisted of punicic acid (75.1 g/100 g), followed by catalpic acid, and linoleic acid.
Beta-cytosterol was the sterol marker, while palmitic acid and stearic acid were saturated fatty acids. In
addition, the total tocopherol content was 332.44 mg/100 g, with 3-tocopherol being the main component,
followed by alpha-tocopherol and gamma-tocopherol [7].

The fruit seeds and seed oils of 10 pomegranate cultivars growing in central Morocco were analyzed, finding
oil outputs ranging from 17.59% to 24.69%. These studies identified high levels of polyunsaturated fatty
acids. The presence of chlorophyll and pheophytin in oils, and the amount of antioxidants is also high [29].
Costa et al. (2021) determined the chemical composition, bioactivity, and quality of three marketed
pomegranate seed oils from Turkey and Israel. The amount of punicic acid in all the oils was the same, but
the amount of total conjugated linolenic acid was higher in Israeli species based on quality indicators and
lipid types. Bioactive compounds included total phenolics, tocopherols, -carotene, and conjugated linolenic
acid. There are different kinds of phenolic acids, such as vanillic acid, ferulic acid, p-coumaric acid,
tocopherols(a, y, &), f-carotene, and total conjugated linolenic acid. This oil exhibitsa unique phenolic profile,
comprising three primary classes: phenolic acids, flavonols, and flavanones, with vanillic acid being the sole
component present in all lipids. Comparisons with gas chromatography analysis using both flame ionization
detectors and mass spectrometry detectors revealed eight different conjugated linolenic acid isomers in the
retention times of the standards and mass spectrometric fragmentation profiles. Principal component
analysis of pomegranate seed oil's phenolic content identified y-tocopherol as the primary component,
particularly in Turkish pomegranates [6].
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The spectrophotometric method was employed to measure the overall phenolic, flavonoid, and antioxidant
activity of the pomegranate seed oil extracts. Titration was employed to analyze tannins, while pH
differences were utilized to determine anthocyanins. The conventional extraction approach produced the
most total phenolics, expressed in gallic acid equivalents, whereas the sonication system produced the most
total flavonoids, represented in catechin equivalents. Total phenolics were extracted more effectively using
conventional methods (figure 1), and the novel large whole cultivar had the greatest bioactivity of the
cultivars tested [30]. Table 1 shows the methods used to obtain pomegranate seed oil in the food sector and
its uses [31].
Table 1. Pomegranate seed oil

P. granatum Oil

Extraction Methods Used in the Food Industry

Components
Soxhlet Stearic acid Packaging
Hot and cold pressing Oleic acid Animal feed
Supercritical fluid Phytosterol Functional component
Aqgueous extraction Arachidonic acid Antimicrobial agent
Enzymatic extraction Punicic acid Drug applications
Microwave-assisted Aliphatic alcohols Fat substitutes
Ultrasound-assisted Linolenic acid
Tocopherol
Palmitic acid

Scientific research has indicated that pomegranate oil contains conjugated linolenic acids and punicic acid,
a key fatty acid known for its notable biological activity [32]. The major sterol base was fS-cytosterol,
followed by campesterol, and delta-5 avenasterol. They are abundant in polyunsaturated fatty acids,
including primary linoleic acid (omega-6), linolenic acid (omega-3), bioactive conjugated linolenic acid
(omega-5), and eicosapentaenoic acid. Punicic acid constitutes 81.29% of the total fatty acids, while
oleoresins, phenolic constituents, and sterols are other bioactive molecules that exhibit antioxidant activity.
In addition, the oil contained high concentrations of rutin, quercetin, and caffeic acid. Oils with strong
phenolic components have higher levels of gallic acid, catechin, chlorogenic acid, and caffeic acid than
other vegetable oils [33]. New methods are being developed to replace conventional extraction methods so
that they can be safely applied to foods in the future (Figure 1). Synergies between bioactive components
combined with encapsulation techniques offer a bright future for safe and high-quality food [34]. Some of
the extraction methods are explained in the next sections.

S e it e

e |

Disﬁllatioq - i Ultrazound-assisted extraction i
Cold pressing 4 Supercritical CO1 extraction :
Solvent extraction i Microwave extraction i
Soxhlet extraction I i

Figure 1. Conventional methods and new methods

2.1 Soxhlet Extraction

Although both Soxhlet and subcritical extraction methods provided high yields, the ultrasonic extraction
and Soxhlet (shaking extraction) methods extracted greater amounts of squalene compounds. Squalene is a
beneficial compound with numerous health benefits. The squalene content of pomegranate seed oil varies
between 1.20 and 1.72 mg/g, depending on the oil extraction method. Pomegranate seed oil contained three
tocopherol species (o, y, and d), ranging from 348.2 to 359.8 mg/100g. This study also determined ten
different fatty acids in varying amounts. Punicic acid was found in high quantities among the fatty acids
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measured using these techniques, ensuring the desired quality [30].

The fatty acid content of oils extracted by ultrasonic, soxhlet, and Bligh and Dyer methods was converted
to fatty acid methyl esters. The results indicated that the timed extraction approach was quick and efficient.
When compared to two conventional procedures for extracting pomegranate seed oil, soxhlet extraction,
and the Bligh and Dyer method, the approach proved effective [28]. Solvent extraction is an environmentally
harmful method [35].

2.2 Ultrasound-assisted Extraction

Ultrasound is a hybrid technology owing to its high throughput and low cost. The least expensive
configuration for bioactive extraction and enzyme applications is ultrasonic baths [36].In addition,
ultrasound pretreatment increased the extraction of ellagic, chlorogenic, and gallic acids from both seeds
and peels compared with the untreated sample [37].Ultrasonication is a system used in various studies aimed
at maximizing the cavitation activity in a sample matrix with different experimental parameters, such as
duration, temperature, frequency, and power [38].

Seed oils of three pomegranate species (Jebali, Testouri, and Gabsi) cultivated in Tunisia were extracted via
ultrasound to determine their physicochemical characteristics, fatty acid content, and sterol composition. It
identified 81.53% punicic acid from Testouri and 86.41% from Gabsi as the major fatty acid component of
pomegranate seed oil, while S-cytosterol emerged as the dominant phytosterol. Although the antioxidant
activity of seed oils of two pomegranate species (Jebali, Testouri) decreased, the proanthocyanidin content
increased. The extract of Gabsi pomegranate seeds has the greatest concentration of polyphenols and
flavonoids. The extracts from Testouri and Gabsi species contained total polyphenols, 318.04+1.75mg and
82.19+1.77mg of catechin equivalents, respectively. Jebali species yielded the maximum oil, followed by
Testouri and Gabsi. Consequently, oil from Tunisian varieties, especially Jebali, has become more important
for human consumption in terms of fatty acids than other varieties [39].

Pomegranate seed oil research has enhanced the use of ultrasound to evaluate the concentration of
carotenoids, tocopherols, sterols, phenols, and flavonoids. Furthermore, the extracts' antioxidant and anti-
bacterial activities were assessed. Pomegranate seed fatty acid composition is also known for its potent
bioactivity. The ultrasonic approach also characterized the carotenoids, tocopherols, sterols, phenols, and
flavonoids found in pomegranate seed oil. Therefore, the antioxidant and antimicrobial activities of these
compounds were determined. In addition, a high concentration of oleoresin in the oil containing bioactive
molecules were also detected. Phenols and antioxidants were more abundant in these oils than in the standard
vegetable oils [33].

Pomegranate seeds and arils that were extracted with ultrasound had better bioactivity, antimicrobial
activity, and fewer phytotoxic compounds than seeds and arils that were extracted with ethanol solvents
alone. The standardized extracts were rich in phenolics, ranging from (0.16-0.73 mg GAE/mg extract) gallic
acid equivalent [40]. The ultrasound-assisted extraction method produced a high content of antioxidants,
flavonoids, and anthocyanins [41]. On a dry basis, cyanidin-3-glucoside concentrations ranged from 0.06-
0.60 pg /mg, whereas catechin concentrations ranged from 0.019-0.068 mg CATE/ mg extract, equivalents.
Furthermore, the antioxidant activity was measured at 0.01-0.20 mg/ml. The process is successful against
gram-positive bacteria and yeast but less against gram-negative bacteria [40].

This assessed the bioactivity, anti-bacterial activity, and phytotoxicity of peel and seed extracts from the
Acco, Big Full, and Superb pomegranate cultivars using standard pure ethanol solvent-assisted and
ultrasound-assisted extraction procedures. In the cold-pressing investigation, the temperature of the
extracted oil was less than 40°C, and the yield was 4.29%. Therefore, the industry proposes the co-extraction
of oil from a mixture of plant materials and seed oils as a reliable, cost-effective, and time-efficient method.
Pomegranate seed oils are considered to be of good quality and have high oxidative stability [42].

The hydrophilic components from pomegranate seed oil were extracted using pulsed ultrasonic extraction
with water as the solvent. The resulting extracts contained (750mg/100g and 600mg/100g, respectively)
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hydrolyzable tannins and vitamin C compounds [43].
2.3 Supercritical CO2 Extraction

Pomegranate seed oil was extracted utilizing a more sustainable, ecologically green technology known as
supercritical fluid extraction rather than conventional solvent extraction with n-hexane and carbon dioxide.
Supercritical carbon dioxide extraction showed the highest lipid peroxidation inhibition capability (16.43%)
when compared to n-hexane solvent extraction [44].

Byproduct seed pastes from Vitis vinifera, Foeniculum vulgare, Cannabis sativa, and Punica granatum were
extracted using two different techniques: supercritical CO, and n-hexane. The remaining samples were
extracted using 10% or 20% ethanol and water. Matrix identification was accomplished using high-
performance liquid chromatography, a diode array detector, liquid chromatography, and high-resolution
mass spectrometry. As a result of the study, the organic acids and the kaempferol flavonol from the
pomegranate seed paste were determined and antioxidant activity was correlated with extract solubility.
[45].

Supercritical CO; extraction [46] and modified freeze crystallization techniques based on different melting
points of oils were used [47]. Furthermore, the ultrasound-assisted method with enzymatic pretreatment
yielded a higher oil yield than other techniques [48]. Studies have shown that pomegranate seed oils treated
at high temperatures exhibit strong oxidative stability. Modifying the tocopherol compounds in pomegranate
oil is effective for this purpose [49]. There are many bioactive compounds in pomegranate fruits, arils, and
seeds. These include flavones, flavonol-3-ols, ellagitannins, anthocyanidins, anthocyanins,
hydroxycinnamic acids, hydroxybenzoic acids, and conjugates (Table 2).

Table 2. Some of the extraction analysis methods to identify to pomegranate seed of component

Eatg:r\]c;:josn Eﬁgﬁl)ﬁ;t Identified Components Solvents References
Linoleic acid,oleic acid,
Oxidation tests, palmitic a(_:id, stearic n-Hexane,
Cold solvent FTIR®,Schaal oven acid, . n-Heptane (after
extraction operation, tetracosanoic a_(:ld, cqld methylatlo_n [2]
spectrometer, GC® elcos_ea}nom.amd, with 2 N KOH in
’ arachidic acid and methanol)
dihimo-gamma-
linolenic acid
Total flavonoids
expressed as catechin
Conlxtep;;ggﬁ:jand U\./N'S d’.pH anthoc?aﬂ%asle:;?ressed Ethanol-water, [40]
. differential - Tewen80, methanol
extraction, as cyanidin- 3-
glucosides and
antioxidant activity
Pheophytin, punicic
Cold UV/Vist acid,_phenolic a_cids,_ Ethanol, gallic acid, [42]
pressing quercetin, and naringenin  acetone, ethanol
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Table 2. Continue on
Palmitic acid, stearic

Cold pressing  GC-FID?, HPLC" acid, p-sitosterol, 5'hydroxide (2 N)
tocopherol
Palmitic acid, stearic
Soxhlet extraction, acid,  oleic  acid,kKoH with methanol
GC* linoleic acid ici [1]
, punicic
Cold pressing acid
HPLC, UV—ViSd, E||ag|c . .
Ultrasound fluorescence ' chloroge Methanol,  formic acid, [37]
extraction spectrophotometry nic, and gallic acids water

Eicosapentaenoic acid,

D h . Tween80, 2,2-
qgosa exzaenoic e el [50]
acid, .
Hot water extraction p|_cb GCe picryl hydroxyl
Linoleic acid and Trolox,

Pectin, phenolic
compounds
Carotenoids

Ultrasound-

assisted extraction HPLCP [51]

Ethanol, gallic acid

& Gas chromatography-flame ionization detector (GC-FID). ® High-performance liquid chromatography (HPLC). ¢ Gas chromatography (GC). ¢
Ultraviolet-Visible Spectroscopy (UV/Vis). ¢ Fourier transform infrared spectroscopy (FTIR).

3.ENCAPSULATION

Encapsulation (Figure 2), which provides a protective peel barrier to functional ingredients with numerous
advantages, is an effective preservation method. Encapsulation of functional ingredients can be achieved
using various techniques. This new technology ensures the resilience of these functional constituents and
enables their incorporation into diverse food matrices. [52, 53, 18].

oils @ wall material Q
solvent = 3
2 Pg® o i S \\\
w0 O - -

: : encapsulation S Emssuan :
emulsification 2

Figure 2. Emulsion preparation and encapsulation technology

Micro- and nanoemulsions are the most scientifically investigated encapsulation technologies due to their
simplicity of usage and cheap production costs. They are characterized as a nano-sized dispersion of a liquid
phase in another undissolved phase, with 10-6 micrometers and 10-° nanometers. Despite the differences in
terminology, both micro- and nanoemulsion oil droplets are nanometric in size. This is because
microemulsions are thermodynamically stable, whereas nanoemulsions are kinetically stable. Another
reason is the low surface tension during microencapsulation. Nanoencapsulation has a lower free energy;
however, micro- and nanoemulsions do not differ qualitatively in composition from the aqueous phase.
Encapsulation studies consist of an oily phase that includes an active oil component, a surfactant, and
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sometimes a cosurfactant, alone or in combination with other oils. The most widely used surfactants
nowadays are sucrose esters, sorbitan fatty acid esters, glycerol fatty acid esters, polyoxyethylene sorbitan
fatty acid esters, and polyoxyethylene ether surfactants. Surfactants like Tween 80 and Tween 20 are widely
employed in developing oil-based colloidal systems. Natural proteins and polysaccharides are preferred in
this regard. Saponins and rhamnolipids are natural surfactants that are used in research. Cosurfactants are
commonly used in microemulsion formulations, with short- to medium-chain alcohols being the most
widely used. Other short- or medium-chain alcohols utilized in comparable studies include glycerol,
propylene glycol, polyethylene glycol derivatives, and sorbitol [54].

Research on pomegranate seed oil found 16 fatty acids, and after 30 days, whey protein isolate produced
the best linoleic, oleic, punicic, a -eleostearic, catalpic, and p-eleostearic acid formulations. However, the
encapsulation process did not affect the oil composition. The oil encapsulated with modified starch affected
the formation of more volatile constituents than other oils [55]. Alginate concentration significantly affected
the microspheres' oil loading, size, shape, and strength. The optimal process parameters for
microencapsulating pomegranate seed oil were 10% oil loading, 350 p nozzle diameter, and 3.23% alginate
concentration. Encapsulation of pomegranate seed oil in calcium alginate may have advantageous effects
on cosmetic, medicinal, and culinary applications. Furthermore, alginate content, oil loading, and feed size
all substantially affected the microspheres' size, shape, and strength [56]. In research on pomegranate seed
oil with a smaller emulsion droplet size, there was a greater degree of encapsulation, and different wall
materials and their compositions affected particle size. In addition, the density of particles and the level of
porosity have a direct effect on the stability of the encapsulation against oxidation. The relationship between
the volume of interstitial air and liquid content and particle density is directly proportional [57].

A functional microcapsule containing w-5 fatty acids and necessary amino acids was created by covering it
with pomegranate seed protein isolate. The microcapsules were formed by loading different coating
materials, such as pomegranate seed oil [58], gum arabic, gelatin, and pomegranate seed protein isolate,
followed by spray drying. In addition, the microencapsulation efficiency was determined to be low, while
the pomegranate seed protein isolate exhibited the highest hydrophilicity. The combination of gum arabic
and pomegranate seed protein isolate led to the formation of microcapsules with highly desirable
morphologies. All microcapsules exhibited heterogeneous particle size distributions. All microcapsules
were analyzed using x-ray diffraction, Fourier transform infrared spectroscopy, and nuclear magnetic
resonance. The thermal investigation found a deformation temperature of greater than 250 °C. Gum arabic
and pomegranate seed protein isolates outperformed gelatin in reducing the negative effects of temperature
on oxidation [59].

The pomegranate seed oil contains conjugated linolenic acids and can be oxidatively damaged due to its
unsaturated fatty acids. In addition, these oils have nutritional value and numerous functional properties. In
this investigation, microencapsulation effectiveness varied from 93.3 to 96.6%, making it appropriate for
spray drying and suggesting that most oils were adequately encapsulated. Particle density and porosity are
essential physical parameters influencing food powder stability during storage. Furthermore, the lack of
fractures in the microcapsules is important since it minimizes permeability and protects the core
components. Spray drying had no detrimental impact on peroxide concentrations. During storage at 25°C,
all samples showed an increase in peroxide content, and the trend continued at 60°C. However, oxidation
intensity was higher than in treatments maintained at 25 °C [60].

Nanocapsules, nanoemulsions, micelles, and nanogels allow insecticides to outperform traditional pesticides
while causing minimum harm to the environment. The active ingredients of the nanocapsules were
protected. Stimulus-responsive nanocapsules control pesticide release by responding to pH, temperature,
light, enzymes, or oxidative reactions [61]. Moreover, many oils have been incorporated into
nanoemulsions, increasing the utility of natural substances [62]. Pullulan-nano-based pomegranate seed oil
was also developed [63]. In research using pomegranate seed oil, loaded nanomaterials with an average
diameter of 327 nm and 97.6% encapsulation effectiveness were created. The fish fillets and cheese samples
covered with nanomats had reduced lipid oxidation than the control [64]. Nanotechnology is one of the most
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promising methods for evaluating the bioactive components of byproducts [65].

Microwave extraction yielded an extract that contained O-H bonds, the most abundant phenolic compounds.
The type and amount of extractive compounds in the extract also had a big effect on how well the
nanocapsules worked and how the particles' sizes were spread out on average. Furthermore, essential oil-
loaded nanoparticles exhibit decreased volatility, chemical inertness, sustained release, and storage stability
[66].

Microwave pretreatment increased the water absorption capacity, texture, and rheological characteristics of
ovalbumin-inulin-carrageenan-pomegranate seed oil emulsion gel. Pomegranate oil's oxidation was shown
to be inhibited [67]. Gellan gum [68], propolis [69], geleol [70], chitosan-capric acid [71], maltodextrin,
gum arabic [72], whey protein isolate [73], and alpha-tocopherol [74] were used in this study. Whey protein
isolates microgels, and whey protein isolates in their original form, gum arabic, maltodextrin, modified
starch, and whey protein isolate mixtures were all employed as encapsulation barriers [57].

The wall material and temperature strongly influence the encapsulation effect. Thus, air, temperature, and
light all contribute to oil oxidation, which reduces its consistency and nutritional value. However, as the
density of many small particles increases, round or irregular particles become less dense than flat particles.
The peroxide concentration of bulk and encapsulated oils increased with increasing storage time. Thus, its
value rises at high temperatures or over time. Understanding the impact of hygroscopicity on encapsulated
powders and food shelf life is crucial. Water intake promotes the oxidation of fats and lipids, increasing the
fluidity of the powder, which is damaging to food. During drying, higher temperatures result in a higher
moisture content because the powder particles remain inside for a shorter time. The particle size was
determined by the drying method, wall material, and core/wall material ratio [56].

It has been reported that the encapsulation process reduces the formation of trienes and dienes and protects
oils from oxidation [50]. Organic solvents should be extracted using microwave-assisted and ultrasonic-
assisted extraction methods. Additionally, the equipment used for this extraction poses challenges for large-
scale industrial production applications. Subcritical extraction has greater application potential in oil
extraction than other methods [30]. Complexation or encapsulation of pomegranate extracts with metal
nanoparticles or biopolymers has led to the development of food supplements. In the studies conducted thus
far, hydrodynamic cavitation has not yet been used for pomegranate fruit. However, these methods are
important because of their relatively high extraction rates of bioactive compounds [75]. Plant and fruit
extracts are also used in the cosmetic industry via electrohydrodynamic processes [76]. Integrating essential
oils into natural polymer packaging is considered an innovative method for food preservation [17]. Some
studies on this topic are presented in Table 3.

Table 3. Extraction studies summarised than encapsulation methods

Extraction Analvsis Equioment Identified Solvents Methods and Wall References
Methods y quip Components Materials

GC¢, SEM', Punicic acid, oleic Microencapsulation;
Ultrasound . . . .~ Hexane, ethyl .

. Attenuated total acid, linoleic acid, Spray drying,

extraction . . . .’ acetate, ethanol, ; [77]
with ethanol reflectance-F'I_'IR, pa_lmltlc acid, stearic isopropanol succinylated taro

DCS ¢, UV-Vis® acid starch

Microencapsulation;

Soxhlet Oils n-Hexane, acetic freeze drying, spray 78]
extraction acid, chloroform drying, maltodextrin,

whey protein
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tocochromanol,
UV/Vist, sterols, phenolics, Petroleum ether,
Aluminum chloride flavonoids, S- n-Hexane, .
. . . Encapsulation
Ultrasound  colorimetric sitosterol, methanol, Maltodextrin. qum [33]
extraction method, HPLC?, campesterol, lutein, acetonitrile, arabic 9
FID", electron gallic acid, tributyl-methyl
microscopy polyunsaturated fatty ether, toluene
acids
Solvent Total phenolic Ethanol Nea:r;'?i((:)iptseuclﬁgiorﬁe
. UV-Vis? compounds 349,52 + " " gea 19U [79]
extraction deionized water calcium chloride,
0,01 mg GAE/g . -
sodium alginate
Fatty ac.|o_ls Tween80,
composition, itril lation i
Solid-liquid phenolic compounds acetonitrile, Encapsu atloq In
. FID", HPLC®, SEMf : methanol double emulsions [80]
extraction catechin, .
. . chloroform, (direct, membrane)
protocatechuic, rutin,
. Ethanol
p-coumaric
Pulsed
ultrasound- Malic acid, cinnamic
assisted acids, cinnamic acids Microencapsulation;
extraction,  UV-VisY, HPLC®  (y-terpinene), Water spray-dried, [43]
agqueous succinic acid, pectin
extract vitamin C
analysis
Microencapsulation;
Soxhlet SEM', FT-IR®, olvphenols Deep eutectic complex [81]
Extraction DSCSY, FID" polyp solvent coacervation,

chitosan and zein

fScanning electron microscopy (SEM), ¢ Differential scanning calorimetry (DSC), "Flame ionization detector (FID

4. ENCAPSULATION METHODS
4.1 Coacervation

Coacervation microparticles were made from highly soluble wall materials, but the coacervation procedure
and a hydrophobic core lowered their solubility. The high temperature most likely caused dehydration of
the microparticles, which raised stress on their structure and hastened fracture and pore development. This
is visible in the increased concentration of punicic acid, a- and S-eleostearic and catalpic acids, which are
also isomerized. The chemical classes include esters, aldehydes, alcohols, ketones, carboxylic acids, ethers,
and hydrocarbons. As shown by the buildup of aldehydes, lipid oxidation has increased. These structural
changes, which included a loss of gamma-tocopherol and total conjugated linolenic acid, in addition to
increased hygroscopicity of wall components, didn't enhance lipid oxidation [6,82].

Pomegranate rind extract and pomegranate seed oil microencapsulation research have focused on preserving
and delivering active components. Pomegranate arils and seeds have been shown in studies to have
technologically favorable benefits on several dishes, including meat, baked items, and dairy products [5].
An ionic gelation technique was developed in this study. This results in adsorption-generated pectin-starch
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beads with higher microstructural stability and slower release rates [83]. Natural botanical conservation,
which extends the shelf life of products and has unique biochemical qualities, is increasingly used in many
sectors, including food, cosmetics, and pharmaceuticals.

4.2 Spray-Drying

Microencapsulating pomegranate seed oil from Mexican crops involved spray drying succinylated taro
starch and S-cyclodextrin. The technique with the highest encapsulation efficiency for pomegranate seed oil
was favored using a central composite design. These oil-bearing microparticles, prepared with 15% feed
solids at an inlet air temperature of 190°C, exhibited little water solubility, water activity, or hygroscopicity,
enabling their processing, storage, and incorporation into essentially oil-phase food matrices. Nevertheless,
the experiment yielded poor encapsulation and a high concentration of surface oil. Furthermore, the
materials can be spray-dried for a reduced duration without compromising the quality of the oil, resulting
in yields ranging from 23.1% to 48.5%. The effect of the S-cyclodextrin-taro starch microparticles loaded
with pomegranate seed oil ranged from 22.81% to 61.09%. Microparticle solubility regulates the type of
food matrix into which they can be put, whereas hydrophobicity affects storage conditions by influencing
lipid oxidation. The hydrophobicity of taro starch stops it from becoming more soluble and water-attracting,
which is good for using and storing microparticles. Furthermore, pomegranate seed oil-loaded microbeads
are better suited to low-water or high-oil food matrixes, and pomegranate seed oil supplementation enhances
microbead structural disorder [77].

Pomegranate seed oil is encapsulated using the most common spray-drying technology to retain its bioactive
constituents and lengthen its shelf life, as it contains conjugated fatty acids prone to degradation. This study
used whey protein only at a 1:4 weight ratio with maltodextrin. Input emulsion amount, drop size,
encapsulation efficiency, moisture content, bulk density, particle morphologies, size, hygroscopicity, and
solubilizing power were all measured. The spray drying procedures were as follows: intake temperature 125-
150 °C, output temperature 60-67 °C, airflow 40-42 m®/min, feed rate 5.2g/m, and pump speed of 40%. As a
result, the particles were spherical, with notches on their surfaces. Following 15 days of oxidation stability
at 60 °C (8 h/day), 35% of the total solids showed a decreased size of droplets. Using only whey protein
resulted in better encapsulation and oxidative stability than using a mixture of whey protein and
maltodextrin as a wall material [78].

Spray drying was used to microencapsulate natural and enhanced extracts of pomegranate (P. Granatum)
in the epidermis, which are rich in polyphenols such as punicalagin and ellagic acid. The microparticles
made with biopolymer-based gum arabic, pectin, and modified chitosan bore were usually between 2.55
and 6.86 um in size. The gum arabic-based carriers had the quickest release. The Korsmeyer-Peppas
technique was used for the experimental release profiles, and pectin-based microparticles demonstrated the
slowest release profile. Cancer cells' vitality was somewhat reduced when coated [84].

Albumin had the least bioactivity retention among the wall materials used in the encapsulation process,
while the combination of maltodextrin and pure gum arabic provided better bioactivity retention. However,
the freeze-drying technique produces capsules with higher hygroscopicity than the spray-drying technique
[85]. The encapsulation technique, used as a micro- and nanostructure for pomegranate seed oil, conserved
the bioactive constituent oleoresin and reduced mycotoxins. Accordingly, applying this oil to fungal media
reduced aflatoxin and zearalenone levels by up to 63% and 78.5%, respectively. The method described in
this study enabled the incorporation of oleoresin into this oil, which protected against aflatoxin-induced
hepatotoxicity and had no cytotoxic effect on an isolated murine hepatocyte cell line [33].

An instant caffé latte drink containing pomegranate seed oil microparticles (30%) was formulated, the
microparticles were applied, and their physical properties were evaluated. Depletion of y-tocopherol led to
a reduction in conjugated linolenic acid concentration compared to complicated coacervation spray drying.
Direct spray drying of pomegranate seed oil emulsions was a more efficient, dynamic, and cost-effective
encapsulating approach for producing more oxidation-resistant particles. Coacervation somewhat raised the
moisture content. However, homogenization is critical in this procedure [6,82].
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A spray-drying microdispersion approach with pectins as a polymeric matrix was utilized to stabilize the
overall polyphenolic content to create water-soluble bioactive molecules. Consequently, powders were
encapsulated (approximately 50%) while retaining their functional qualities. In addition, the extraction of
water-soluble bioactive compounds from these byproducts was studied utilizing pulsed ultrasound-assisted
extraction with just water and spray-drying microdispersion with low-methoxyl pectin [43].

4.3 Emulsification

A high-energy emulsification approach was used to create an oil/water emulsion and a combination of
ultrasonication and homogenization processes. This study combined chitosan, sodium alginate, whey
protein concentrate, and maltodextrin wall components with seed oil and distilled water. The mixture was
ultrasonically processed for 3 minutes before the pH of the emulsion was corrected using sodium hydroxide
and hydrochloric acid. The emulsion was placed in an ultrasonic bath for six minutes to obtain a
homogeneous mixture. All microencapsulated emulsions were lyophilized and kept at -18 °C. Equation 1
was used for calculating microencapsulation efficiency:

) ) Total oil — Surface oil
Encapsulation efficiency (%) = Total oil x 100 (1)

The microencapsulation procedure produced excellent yield, low release, good moisture, and stability of
balanced (Lallemantia royleana) seed oil extracted by ultrasonic incubation in polysaccharide and protein
matrices. Emulsions were found to have good stability and purity. Under harsh conditions, this technique
effectively preserves the produced oil. They can also be utilized extensively in water-based food items. The
structure of the optimal sample indicates that the emulsification and microencapsulation operations were
successful [86].

In a study where pomegranate seed oil was encapsulated using conventional and Pickering emulsion
methods, low-viscosity emulsions were obtained, and capsules with a droplet size of 1.39-2.55 um were
formed by spray drying. The emulsions obtained in this study formed particles with encapsulation
efficiencies between 56.28 and 73.83% and between 28.07 and 93.99%. The encapsulated oil provided
better oxidative protection than the non-encapsulated oil due to its smaller particle sizes (ranging from 9.86
to 22.60 um). However, experts believe that a combination of whey protein isolate, modified starch, and the
non-degradability of pomegranate seed oil would make the ideal wall materials for future food industry
applications. They can be spheroidal or oblong, depending on the heating conditions and pH [57].

Several researchers have successfully encapsulated and stabilized Pickering and conventional emulsions via
emulsification with pomegranate seed oil. Furthermore, recent research has revealed that Pickering
emulsions are more stable than traditional emulsions and that both emulsions have appropriate qualities for
stabilizing oil-water systems. Their high stabilities facilitate the ability of emulsions to dry and be used in
food products. Spray-dried emulsions generated powders with useable and storable physicochemical
features, such as excellent encapsulation efficiency, yield, and resistance to oil oxidation [55].

4.4 Extrusion

Extrusion techniques include hot melt, melt injection, co-extrusion, and electrostatic extrusion.
Encapsulating more bioactive compounds aids in reducing particle size. Thus, reducing the particle size of
the extrudate promotes an increase in the shelf life of the encapsulated bioactive substance, as well as a
controlled release at the desired spot in the body. Furthermore, this technique preferentially uses wall
materials rather than spray-drying [87]. Conventional extraction techniques are often unfavorable owing to
their energy-intensive and time-consuming nature. They use organic solvents that harm the environment
and human health. In contrast, new technologies have been identified as more advantageous than traditional
methods. The majority of conjugated linoleic acid is obtained from pomegranate seeds [88]. It is utilized as
a functional component in foods and drinks, a fat replacement, and a preservative in food packaging [31].
Phenolic constituents play an insignificant role in sustaining oil quality. Additionally, the kind of antioxidant
utilized had no significant effect on the quantity of punicic acid, the oil's primary fatty acid, or the radical
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scavenging capacity of pomegranate seed oil. According to research, pomegranate rind extract can help
stabilize pomegranate seed oil [4]. Cold-pressed pomegranate seed oil extract contains bioactive compounds
that can be antioxidants [89]. Encapsulated oil liposomes preserve the oil's antioxidant and anti-
inflammatory effects. Punicic acid also offers a regulated release mechanism [44]

Microencapsulated bioactive pomegranate extracts appear to be useful in enhancing plant biological
activity. Encapsulation is an effective approach for improving the biological activities of bioactive
substances, enhancing their bioavailability and stability, and overcoming application limitations [60].

5. CONCLUSIONS

Pomegranate seed oil is an oil with a wealth of bioactive compounds that have nutritive, antioxidant, and
anti-mycotoxigenic activities. It also has many health benefits due to the presence of bioactive compounds.
However, due to the high concentration of unsaturated fatty acids, it is subjected to very rapid oxidative
degradation. Microencapsulation can be an excellent alternative technique to modify the reactivity, stability,
sensitivity, and photosensitivity of these natural compounds. The benefits of pomegranate oil, a non-
traditional type of oil, have been confirmed by scientific studies to date. This research aims to summarize
recent research, analytical and extraction techniques used to recover bioactive constituents, especially
punicic acid, from pomegranate seed oil, the waste product of pomegranate fruit, as well as a literature
review related to the analytical and extraction techniques used.
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Ozet

Ayakkabi; insanoglunu zorlu kosullardan koruyarak konfor saglayan ve giinimiizde bunun o&tesinde
kullanim yeri ve modaya gore sekillenen bir arag haline gelmistir. Onemi ve kapsaminin artmasiyla
birlikte modern dinyanin temel sanayilerinden biri haline gelmistir. Tekstil malzemelerindeki
gelismelerden de etkilenerek deri yapisindan bagimsiz olarak ¢ok farkli driin gamlarina dogru
egrilmistir. Modanin tamamlayicisiyken kendi bagina bir moda olmustur. Buzul Cagr'na dayanan kege
ve deri gegmisiyle insanlik tarihinin vazgegilmez bir pargasini olan ayakkabi ginimizde moda, siyaset,
sanat gibi her tirli akimdan etkilenerek sinirsiz bir tasarima déontsmustir. Bu derleme ¢alismanin ana
amaci genel olarak; ayakkabi tanimi, kullanilan malzemeler, sektér hacmi ve gunimizin
gerekliliklerinden surdirulebilirlik perspektifinde ayakkabinin tanimlanmasidir.

Anahtar Kelimeler: Ayakkabi, Ayakkabi malzemeleri, Ayakkabi sektdrl, Ayakkabinin tarihgesi,
Ayakkabi endustrisinde surdurulebilirlik

Beyond The Steps Materials Used in Footwear Production and Sustainable
Footwear Design

Abstract

Footwear; it has become a tool that provides comfort by protecting human beings from harsh conditions
and today, beyond that, it has become a tool that is shaped according to the place of use and fashion.
With its increasing importance and scope, it has become one of the basic industries of the modern
world. Influenced by the developments in textile materials, it has evolved into very different product
ranges, regardless of leather structure. While it was a complement to fashion, it has become a fashion
in itself. Footwear, which is an indispensable part of human history with its felt and leather history dating
back to the Ice Age, has today become an unlimited design, influenced by all kinds of movements such
as fashion, politics, and art. The main purpose of this study is to define footwear through the lens of the
materials used, the scale of the industry, and the crucial aspect of sustainability in today's world.

Keywords: Footwear, Footwear components, Footwear industry, History of footwear, Sustainability in
footwear
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ALKU Fen Bilimleri Dergisi 2024, Say1 6(3): 215-239 Adimlarin Otesinde Ayakkabi Uretiminde Kullanilan
Malzemeler ve Siirdiiriilebilir Ayakkabi Tasarimi1

1. GIRIS

Insan iki ayak {izerinde yiiriimeyi basararak yer degistirme davranisim benimsemis nadir tiirlerden
biridir ve ayaklari bu hareketi benimseyecek sekilde evrimlesmistir [1]. Ayagin viicut agirligini tasimak
ve yiiriime esnasinda kaldira¢ kolu benzeri calisarak viicudu 6ne itmek olmak iizere iki 6nemli gorevi
vardir. [2]. Ayakkabinin kullanim amaci ise kullanicilarina konfor saglamakla beraber ayaklari soguk
veya 1slak ortamlar ile sert ve pliriizlii zemin yiizeyleri gibi zorlu kosullara kars1 ayagi ve ayak seklini
korumaktir [3]. I¢inde yasadigimiz diinyay1 deneyimlememize olanak tanimalarmin yani sira, sosyal ve
duygusal yasam iizerinde de giiglii bir etkisi vardir. Bu bakimdan ayakkabi kisinin zevkine, ulusal ve
mesleki kimligine, sosyal statiisiine, cinsiyetine ve cinsel tercihlerine bagli olarak farkli roller
iistlenmekte ve farkli anlamlar tasimaktadir. Bu anlamlar eski Misirlilar ve Yunanlilardan modern 6ncesi
Cin’e ve giiniimiiz Bat1 toplumlarina kadar farkli sekillerde tezahiir etmistir [4]. Tek bir ayakkabinin
tiretimi i¢in bir¢ok farkli malzeme kullanilabilir. Bir ¢ift ayakkabiyi liretebilmek igin ise ortalama 40
civarinda farkli malzeme kullanilmaktadir. Deri, PVC, poliiiretan, kaucuk, tekstil bazli malzemeler
bunlarin en 6nemli 6rneklerindendir. Ayakkabi sektorii ise farkli tip ve tarzdaki ayakkabilardan daha
0zel ayakkabilara kadar ¢ok ¢esitli bir imalat sektoriidiir [S]. Endiistride stirdiiriilebilir kalkinma; sosyal,
ekonomik ve ¢evresel yonleriyle kalkinma siireglerine yeni bir bakig, acis1 sunmaktadir. Dogal kaynak
tilkketimi ve gevreye verilen zarar1 azaltarak endiistriyel gelisimin programlanmasi ve gelecek nesillere
yasanilabilir bir diinya birakacak yontemlerin gelistirilmesini igermektedir. Bir {irliniin yagam dongiisii
analizleri (LCA), hammadde elde etme asamasindan baglayarak iiretim, kullanim ve bertaraf siireglerine
kadar olan siireclerin ¢evresel etkilerini ve dogal kaynak kullanimini modelleyen sistemli bir yaklagimi
temsil etmektedir [6]. Ayakkab1 endiistrisi, iilke ekonomisine olan katkistyla birlikte imalat sanayisinde
onemli bir sektorii temsil etmektedir. Bu sektor ayn1 zamanda biiyiik bir ticaret potansiyeline sahiptir
ve Ozellikle kiiresel rekabetin etkisi altinda, iilkelerin sektorel ihracat performansinin vurgulamasi
giderek daha kritik bir hal almaktadir. Bu ¢alismada diinya genelinde ve Tiirkiye’deki ayakkabi
endiistrisinin giincel durumu detayli bir sekilde ele alinmaktadir [7].

2. AYAKKABI SEKTORU

Ayakkabi sektorii tekstil, plastik, kauguk ve deri gibi ¢ok cesitli malzemelerle beraber; erkek, kadin,
cocuk ayakkabilarindan snowboard botlari, koruyucu ayakkabilar gibi 6zellestirilmis iiriin gruplarini da
iceren genis bir sektordiir [8]. Ayn1 zamanda ayakkabi kisinin temel ihtiyaci olmasiyla beraber, ¢agimiz
diinyasinin da vazgecilmezidir. Bu nedenle ayakkabicilik sektorii kiiresel olarak yasanan ekonomik
krizlerden en az etkilenen ve devamli bilyiimeye devam eden sektdrlerden biridir [9].

Diinya piyasalarinda gerceklesen degisim ile ayakkabi sektorii de yiiksek bir ivme ile biiyiimiistiir. 1990
yilinda diinya ihracat degeri yalnizca 20 milyar dolar iken bu deger 2018 yilinda 146 milyar dolara
ylikselmistir. Bu yiiksek ivmenin sebebi kiiresellesmeyle birlikte uluslararasi ticaretin kolaylagsmasinin
yaninda iletisim ve teknolojide kaydedilen gelismelerin biiyiik bir etkisi vardir. Giiniimiizde, ayakkabi
ihracatinin biiylik bir boliimii gelismekte olan iilkeler tarafindan gerceklestirilmektedir. Ayakkabi
endiistrisi, genellikle emek yogun bir yapiya sahip oldugundan, 6zellikle gelismekte olan tilkelerde
onemli bir istihdam olanagi sunmaktadir. Tiirkiye’de ayakkabi sektorii, 300 binden fazla kisiye is
imkan1 saglamakta olup 2018 yili itibariyle ihracat katkis1 887 milyon dolar diizeyindedir [7].

Asagidaki tabloda 23 Aralik 2023 itibariyle ayakkabi sektoriinde faaliyet gosteren en yliksek piyasa
degerine sahip 25 markanin borsa performansi listelenmistir.

Tablo 1. Ayakkabi1 marka degerleri [10]
Piyasa Degeri (Milyar Fiyat

Siralama Firma Adi $) (Usd) Ulke

1 — Nike 186.47 122.53 us Amerika
2 I\ \ Adidas 36.22 202.91 pe Almanya
3 D Deckers Brands 18.11 704.13 us Amerika
4 5 Skechers 9.82 63.81 us Amerika
5 g On Holding 9.26 29.11 cH svigre
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6 &3 Birkenstock 8.79 46.8 pe Almanya
7 ~N PUMA 8.33 55.66 pE Almanya
8 @ VF Corporation 7.47 19.21 us Amerika
9 F~ Li Ning Company 6.55 2.53 cN Cin
0 € Crocs 6.19 102.33 us Amerika
11 a ASICS Corporation 5.78 31.56 Jp Japonya
12 ABC ABC-Mart 4.31 17.43 Jp Japonya
13 =3 Under Armour 3.96 8.8 us Amerika
14 Foot Locker 3.04 323 us Amerika
15 AX Relaxo Footwear 2.69 10.81 IN Hindistan
16 Ba Bata India 2.50 19.51 IN Hindistan
17 B Boot Barn Holdings 2.34 77.33 us Amerika
18 F Salvatore Ferragamo 2.29 13.47 1T italya
19 FiLa Fila 1.79 29.79 KR Gliney Kore
20 AeEg Arezzo Industria e Comércio 1.50 13.61 BR Brezilya
21 Gr Grendene 1.29 1.44 BR Brezilya
22 CA Caleres 1.10 31.05 us Amerika
23 L Campus Activewear 1.03 3.38 IN Hindistan
24 HI Hibbett Sports 0.84 72.09 us Amerika
25 SHOE Shoe Carnival 0.79 29.17 us Amerika

2022 yili Diinya geneli sektdr verilerini inceledigimizde Asya kitasinin iiretimde %87,4 oraninda diinya
ayakkabi sektoriinii yonettigi goriilmektedir. Ardindan %4,8 ile Kuzey Amerika, %3,7 ile Afrika, %2,7
ile Avrupa ve %1,4 ile Gliney Amerika takip etmektedir.

Diinya ¢apinda en ¢ok ihracat yapan iilkeleri inceledigimizde %60 1n iizerinde bir oranla basi gekmekle
beraber, lilke bazinda ihracattaki ilk 5 iilkenin diinya ihtiyacinin %80’e yakin bir kismini karsiladigi
gorilmektedir [11].

Avrupa Birligi Ayakkabi1 Endiistrisi, kiiresel pazarda daha yiiksek kalitede iiriinler sunarak 6ncii bir rol
oynamakta ve iiretim miktarini arttirmak yerine, daha iist diizey tasarimlara, kaliteli malzemelere ve
konforlu ayakkabi iiretimine odaklanarak daha yiiksek katma deger elde etmeye yoOnelmistir. Bu
nedenle, diinya ayakkabi liretiminde sadece %3’liik bir pazar payina sahiptir [7].

Tablo 2. Ayakkabi ihracati iilke siralamasi [11]

Siralama Ulke Ay?ll\(/}(i?;;n(;ifﬁ Paylasim Oram
1 Cin 9308 %061,3
2 Vietnam 1505 %09,9
3 Endonezya 535 %3,5
4 Tirkiye 378 %2,5
5 Almanya 378 %2,5
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2.1 Turkiye Ayakkabi Sektorii

Tirkiye ayakkabi sektorii, modern iiretim siirecleri, yiiksek kaliteli hammaddelerin bulunmasi, vasifl
isciler ve yiiksek tasarim kapasitesi nedeniyle hizli bir sekilde gelismistir. Bugiin Tiirk ayakkabi
sektortl, yiiksek kaliteli moda {iriinleri ihracatgilar arasinda giiclii bir konuma sahip hale gelmistir [8].
Ancak sahip oldugu potansiyeli kullanamadig1 da her y1l diizenlenen istatistiklerle ortaya konulmaktadir
[12].

Tablo 3. Tiirkiye ayakkabi ithalat-ihracat Degeri [13]

Tiirkiye’nin Ayakkabi ithalat Tiirkiye’nin Ayakkabi Thracati
(USD) (USD)

Yil Deger Deger
2010 659.673.910 395.624.111
2011 871.463.821 441.246.902
2012 863.682.220 545.923.172
2013 992.947.486 723.219.481
2014 953.894.053 719.258.058
2015 794.566.743 670.432.007
2016 734.370.656 704.163.324
2017 676.126.540 765.970.181
2018 622.793.124 887.674.572
2019 539.194.953 958.237.938
2020 498.033.231 829.418.182
2021 587.849.383 1.081.908.288

Pandemi dolayisiyla alinan 6nlemlerle beraber, bazi {ilkeler ve bazi sektorlerde faaliyetler diismiis ve
neredeyse durma noktasina gelmistir [14]. Diinya ayakkabi iiretim siralamasinda ilk siraya yerlesmis
olan Cin son yillarda ayakkabi iiretiminde 2 milyon kadar gerileme yasamig, %4’liik bir pazar pay1 ise
Avrupa’ya kaymustir. [15]. Tiirkiye, Avrupa pazarina yakinligini avantaja doniistiirebilecek bir konuma
erismistir [16]. IDMIB (Istanbul Deri ve Deri Mamulleri Thracatgilar Birligi) 2021 verilerine gore ilan
ettigi iizere, 932 milyon dolar, 277 milyon ¢ift ayakkabi ihracat miktarina ulasarak ihracat rekoru
kirtilmastir [14].

3. AYAKKABININ KISA TARIHGESI

[lk insanlar giyinmeye basladiklarinda ayaklarmi koruma ihtiyaci duymuslardir. Baslarda hazir olarak
dogadan elde edebildikleri aga¢ kabugu, deri gibi malzemeleri sarmasik, bagirsak gibi maddelerle bir
araya getirerek ayaklarina uygun giysiler hazirlamiglardir. Zaman ilerledikge liflerden g¢esitli
yontemlerle ylizeyler elde etmis, deri tabaklamis, lif ile deriyi birlikte kullanarak veya sentetik
maddeleri bi¢cimlendirerek ayak sekli ile ortiisen ¢ok daha dayanikli ayakkabilar {iretmiglerdir [17].
Ayakkabimin uzun kullanim tarihinin Buzul Cagi’nda kétii hava kosullarinin etkisiyle basladigi tahmin
edilmektedir [4]. Bununla beraber ulasilan kaynaklarin ¢ogunlugu ayakkabinin tarihini Misir’dan
baglatmaktadir. Eski Misir’da sandalet olarak adlandirilan iki bant ile ayak iizerinden tutturulmus
ayakkabilar giyerlerdi. Tarih siiresince yapilan tiim sandaletler de buraya dayanmaktadir [18].

Sekil 1. Antik Misir sandaletleri [19]

Roma Imparatorlugu’nun ikiye béliinmesi yeni kralliklarin olusmasiyla beraber, ayakkabi ustalari
soylular i¢in daha zarif ve degerli ayakkabilar yapmaya baslamistir. Ayakkabilarin ug¢ kisimlar
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sivrileserek uzamis, ayakkabinin saya olarak adlandirilan iist pargasi ipek, deri, kadife ve saten kumaglar
ile yapilmistir. Bu ayakkabilar da “poulaine” olarak isimlendirilmistir.

e §

Sekil 2. Poulaine ayakkabilar [20]

Ronesans doneminde sanat ve bilimin 15181yla ayakkabida da yeni bir doneme girilmistir. VIIL
Charles’in altisar ayak parmaginin olmasi nedeniyle onii genis ayakkabilar moda olmustur. Bu
ayakkabilar “Duck’s Bill, Bear’s Pawn ve Cow’s Mouth” olarak adlandirilmistir.

Sekil 3. VIII. Kral Charles’in ‘Cow Mouth’ ayakkabilari [21]

16. yiizyila gelindiginde “Chopin” isimli nalinlar Venedik’te iin kazanmistir. Osmanli hamamlarinda
kadinlar tarafindan kullanilan tahta nalinlar ise Chopinlerin ¢ikis kaynagini olusturmustur. Elli
santimden uzun taban yiikseklikleriyle kadinlar arasinda statiiniin bir 6lgiisii olmus, evlenecek kizlarin
ceyizlerinde yerlerini almislardir [18].

Sekil 4. Kadin ‘Chopin’ ayakkabilari [22]

17. yiizy1lda Avrupa’da diz alt1 ¢gizmeler popiilerlesmistir. 1640 sonrasi konglar1 genislemis bilege kadar
inmistir. Yeni Cag’da hem Avrupa hem Osmanli’da mokasen ayakkabilar yayginlasmisti. Ayni zamanda
nalin, ¢arik ve yemeni de kullanilmaktaydi. Fransiz ihtilali sonrasi 18. Yiizyila geldigimizde; moda
algisinin ilerlemesi, Sanayi Devrimi ile seri iiretime gecilmesi, transfer boyanin ortaya ¢ikmasi yakin
cagin dnemli gelismelerini olugturmustur. Bu gelismelerin sonucunda 20. yiizyilda {ist yiizeyi dogal deri
efektli polivinilkloriir ya da poliiiretan plastik, alt yiizeyi tekstil malzemeler {iretilmistir. 18. ylizyilda
ayn1 zamanda ¢izmenin kullanimi da kullanicilarin ihtiya¢ ve isteklerindeki degisiklikler, ekonomi,
teknoloji ve moda konularindaki ilerlemeler dogrultusunda olusturulan 6zgiin tasarimlar ile
siirmektedir. 19. ylizyilin basi Avrupa’da Napolyon doneminde savaslarin etkisiyle askeri kostliimler
modaya yon vermistir. “Hessian” ¢izmeler popiilerlesmis, “Wellington” ve “Blucher” ¢izmeler ortaya
¢ikmistir. Bunlarin yani sira giiniimiizde loafer olarak adlandirilan mokasen ayakkabilar da tedaviile
stiriilmistiir [17].
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Sekil 5. Wellington ¢izmeleri [23]

Ayni dénemde kaugugun ilk defa ayakkabi tabanlarinda kullanilmasi, endiistri devrimi ile kurallari
belirlenen spor dallarinin artmasi hizlica moda-spor iliskisini gelistirmis bdylece spor ayakkabilarin
siireci baglamistir [24]. 1900’lere geldigimizde kadin modasinda diziistii ¢izmeler ile baglangic
yapilmig 1960’lara ulasildiginda etek altinda kisa g¢izmeler moda olmustur. Erkeklerde ise siiren savas
ortami ile postal ve bot modasi siiregelmistir. 1950’lerde gencler tenis ayakkabilar1 giyiyorlardi,
kadinlar ise gova ve mokasen kullanmaktaydi. 1970’li yillarda platform tabanli ayakkabilar
yayginlagmis, 80’lere ulastigimizda Dr. Klaus Martens tasarimi “Doc Martens” botlar en popiiler
ayakkabilardandi. Aym1 zamanda korsan ¢izmeleri de ilgi gérmekteydi [17].

Sekil 6. Doc Martens botlar [25]

Spor ayakkabilar ise 20. Yiizyilin basinda Converse, Reebok (ilk kurulus adiyla Foster), Adi ve Rudolph
Dassler kardeslerin kurdugu Adidas ve Puma markalariyla altin donemine giris yapmis, 50’lerde gengler
tarafindan tercih edilen ayakkabi modeli haline gelmis,70’lerde yasanan fitness patlamasi ve punk
kiiltiirdi ile en {ist noktaya ulagmigtir [24].

Sekil 7. Adidas tasarim1 spor ayakkabi [24]

2000’lerin baginda en iinliisit ABD’li sirket Deckers Outdoor Corporation tasarimi olan UGG, ‘fuzzy’
model ¢izmeler popiilerlesmisti [17]. 21. Yiizyilda glinlimiize kadar olan siirecte ise spor ayakkabi
modelleri ¢ogalmis, konfor saglayacak sekilde bir¢ok yeni model iiretilmis, ¢ok daha akilli tasarimlar
olusturulmus, giindelik yasamdaki yerini almistir [24].

Sekil 8. Ugg botlar [26]

4. AYAKKABI CESITLERI

Ayakkabilar degisik alanlarda bambagka amagclar i¢in kullanilirlar. Bu amaglan karsilamak igin de
bircok cesit ayakkabn {iretilir. Ayakkabilar yapilarina, kullanim amaglarina, saya sekillerine, cinsiyete
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ve yasa bagli olarak birgok grupta incelenebilir [27]. Giyen kisiye gore ayrilacak olursa 3 baglik altinda
toplanir.

= FErkek (Merdane) Ayakkabilar
= Kadin (Zenne) Ayakkabilar
= (ocuk Ayakkabilar

Bunun disinda kullanim yerine gore yazlik, kislik, spor, hizmet tiirti gibi basliklar altinda incelenebilir.
Saya tipine gore ise alt1 agik, alt1 yar1 acgik (rok), alt1 kapali, distan dikisli, sandalet tiirii olarak 5 gruba
ayrilir [28].

4.1 Erkek Ayakkabilari
Erkek ayakkabilari ¢ok cesitli boliimlere ayrilabilir. En ¢ok bilinen ¢esitlerinden bahsedecek olursak:

e Derby (Molyer) Tiirii Erkek Ayakkabisi: Bu modelin sayasi parcalidir, gambalar yiiz {izerine
dikilmistir. Yuvarlak burunlu bir kalipta iiretilir. Gambanin alt ucu 6kg¢enin 6niine kadar uzanir.

e Oxford Tiirii Erkek Ayakkabisi: Yiiz, gambalar iizerine dikilmistir. Kapali bir ayakkabidir [27].
Saya parcalarinin sekilleri degistirilerek birgok farkli model {iretilebilir [28].

e Makosen Tiirii Erkek Ayakkabisi: Bagcikl, lastikli, diiz tiirlere sahiptir. Sayasi rok olanlar “gergek
makosen” olarak adlandirilir. A¢ik sayaya sahip olanlar1 “sahte makosen” olarak adlandirilir ve
giinliik giyimde kullanilir.

o Erkek Bot ve Cizmeleri: Ayag1 yagmur ve disa karst koruyan bir ayakkabn tiiriidiir. Botu klasik
ayakkabidan ayiran 6zellik gambasinin yiiksek ve daha uzun olmasidir. Cizmede ise gamba bottan
cok daha yiiksektir.

o Sandalet Tiirli Erkek Ayakkabisi: Sicak giinlerde kullanilan kullanigh ve rahat ayakkabi ¢esididir.
Genellikle sayasi yumusak, tabani hafiftir. Ayagi sarar ve havalandirir [27].

Sy Y

Derby Avakkab Oxford Ayakkab: Makosen Ayakkab:

Bl

Cizme Sandalet
Sekll 9. Erkek ayakkabn tiirleri [29-34]

4.2 Kadin Ayakkabilarn
Birgok ¢esidi vardir. Erkek ayakkabilarina gore ¢ok daha fazla yaraticilik isteyen ayakkabilardir.

e Yiiriiyiis Ayakkabilar1: Sayasi ¢ok acik agizli sifir topuklu olan “balerin” veya “dekolte”, 25 mm
topuklu olanina ise “yiiriiylis” modeli denir. Okul ayakkabilari da bir ¢esidini olusturur. 30-50 mm
arasi topuga sahip modelleri de bulunmaktadir. Oxford, Makosen, Derby model ayakkabilar da bu
kategoriye dahil edilebilir.

e Fantezi Dekolte Ayakkabi: 50-100 mm arasi topuk boyuna sahiptir. Kadin ayakkabilarinin temel
modelidir. Arkasi agik veya kapali, asimetrik model gibi bir¢ok ceside sahiptir.
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e Kadin Bot ve Cizmeleri: Kadin ¢izmeleri topuklu ve topuksuz olabilmekle beraber kon¢ uzunlugu
diziistline kadar uzanabilmektedir.

e Kadin Sandaletleri: En ¢ok iiretilen kadin ayakkabilarindandir. Yaraticilik kismi sinirsizdir, her
¢esit malzeme kullanilabilir. Bir¢ok ¢esitte tiretilir [27].

A S

“Ballerina” Ayakkah 85 mm 100 mm Fantezi

l Dekolte Ayakkab Dekolte Ayakkab:

Cizme Bot Sandalet

Sekil 10. Kadin ayakkab tiirleri [35-40]

4.3 Gocuk Ayakkabilari

Cocuk ayakkabilari, cocuk ayaklarmin saglikli bir bigcimde dogal gelisimini saglayabilecek sekilde
olmalidir. Ayakkabinin hafif ve yumusak olmasi énemlidir [41]. Cocuklarda kemikler heniiz tam olarak
sertlesmediginden, kaliplar ortopediktir. Kalibin ise; dkgesi algak, tarak ve taban kismi1 genistir [27].

5. AYAKKABININ BOLUMLERIi VE AYAKKABIDA YENILIKLER

Ayakkabilar bir dizi ayr par¢adan yapilmistir. Ayr1 ayri kesilen malzeme pargalar1 birbirine dikilerek
veya yapistirilarak tutturulur. Bu parcalar ayakkabinin model ve stiline gore degisiklik gosterebilir [42].
Ayakkabimin bir¢cok 6nemli pargasindan biri de i¢ tabandir. Dogal ve yapay malzemelerden olusan i¢
taban kalibin taban boliimiine gerilerek ¢akilmaktadir. Kdsele tozlari ile krom-kauguk karisimindan elde
edilebilecegi gibi dogal koselelerin diizgiin olmayan kisimlarindan da elde edilebilmektedir. Bu sekilde
hazirlanan suni plakalardan taban astar1 kesilebilmektedir. Giinlimiizde yalnizca taban astar1 iiretimi
yapan firmalarda salpa taban astarlar1 veya takviyeli taban astarlar iiretilerek kullanicilara kolaylik
saglanmaktadir. lyi bir taban astarinda aranan 6zellikler arasinda kuvvetli nem tutusu, basinca karsi
dayanim, yumusaklik, esneklik, hafiflik; yapistirici, ¢ivi ve dikis kabul etme gibi ozellikler yer
almaktadir [43]. Geleneksel Oxford model ayakkabinin béliimleri Sekil 11°de gdsterilmistir.

Kenar Dikigleri

Saya

Dil Agiz Kenar

Goz Deligi <
g

Fort

ic Astar
Burun Kapagi j¢ Astar

[ Topuk Yash@

Burun
Okee

Vardola Okge Kapagi

Taban  Taban Dolgusu  Astar Bel Demiri

Sekil 11. Oxford ayakkab1 ve parcgalar

Spor ayakkabilar 20. yiizyilin en giiclii ve en kalic1 tasarimidir. Amator ve profesyonel kullanimin
haricinde giinliik yasamda konforu 6n planda tutan kisiler tarafindan tercih edilen bir tasarim triintidiir.
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Her yas ve tiim millet tarafindan giyilen evrensel demokratik bir ayakkabi haline gelmistir. Yalnizca bir
endiistri {irlinli olmaktan ¢ikarak modanin merkezine oturmus birer moda iriinii olmuslardir. 19.
Yiizyilda tenis ayakkabisi olarak baslayan spor ayakkabilarinin seriiveni, 200 yilda giiniimiizdeki marka
ve modellerin olugsmasina 6ncii olmustur. Spor ayakkabi sektoriintin 2026 yilina kadar %27,3 oraninda
biiylimesi beklenmektedir [44]. Bir spor ayakkabinin bdliimleri Sekil 12°de belirtilmistir.

Dil

Bagcik

Topuk Sabitleyici Goz Deligi

Havalandirma
Deligi _ Parmak

Kutusu

| Alt Taban

Orta Taban Gamba

Sekil 12. Spor ayakkabinin boliimleri

6. AYAKKABIDA OLCU VE KALIP

Ayakkabimin sekil ve olgiisiinii vermek veya ayakkabinin olusan seklini muhafaza etmek amaciyla
kullanilan bir¢ok farkli malzemeden iiretilebilen ayak bi¢cimindeki gereglere kalip denir. Saya ve taban
iizerine montelenmistir. Ayakkabi iiretimindeki en 6nemli malzemedir. Kaliplari numaralandirabilmek
amaciyla kullanilan yontemlere ise 6l¢ii sistemi denir [45]. Ayakkabi {iretiminin standartlastirilabilmesi
icin Ol¢li sistemlerine ihtiya¢ duyulmustur. Bunun sonucunda o6l¢ii sistemleri gelistirilmistir.
Ayakkabicilikta yaygin olarak kullamlan 6lgii sistemleri: Amerikan Sistemi, Ingiliz Sistemi, Fransiz
Sistemi, Mondopoint Sistem ve Japon sistemidir [46]. Ayak ilizerinden ayak boyu 6l¢iisi, tarak olgiisi,
konturpiye 0Ol¢iisii, ayak {istii 6l¢iisii, uzun topuk 06l¢iisii, kisa topuk 06l¢iisii, bilek ol¢iisii ve baldir 6l¢iisii
almmakta ve kaliplar bu 6lgiilerden belirli bir miktarda biiyiik olacak sekilde tiretilmektedir [47].

v 4
5

. "

Sekil 13. Ayakkabi kalib1 [48]

7. AYAKKABIDA KULLANILAN MALZEMELER
Ayakkabida kullanilan malzemeleri boliimler halinde incelemek gerekirse;
7.1 Ayakkabida Saya Malzemeleri

Saya; taban elemanlar1 haricinde gévdeyi olusturan, yiiz, fleto ve gamba gibi kisimlarin astarsiz veya
astarli olarak dikilmis ve kaliba ¢ekilebilecek duruma getirilmis halidir. Kisaca; ayakkabinin st
kismina verilen isimdir [49]. Ayakkabinin sayas1 deri gibi dogal veya bazi sentetik malzemeler gibi
bir¢ok farkli malzemeden {iretilebilir. Herhangi bir hayvanin, kusun baligin ve siiriingenin derisi de
dahil olmak tizere ¢ogu deri ayakkabi yapimi i¢in uygundur. Deri elastiklik ve plastisite 6zelliklerinden
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dolay1 ayakkab1 imalatinda en etkili malzemedir. Kolayca sekillendirilebilmekte, 1s1iya ve neme maruz
kalmadik¢a bu sekli muhafaza etmektedir. Aym1 zamanda yar1 gegirgendir ve su buharinin ayaktan
buharlasmasina izin verir. Uzerine cilalar, renkler ve dokular uygulanabilir. Dolayisiyla ayakkabi
yapiminda ¢ogunlukla tercih edilir.

Bununla beraber sentetik alternatifler de kesfedilmistir. Bu alternatifler deriye gore su buharma karst
daha az gecirgendir, kullanimdan sonra orijinal sekillerine donme egilimi gosterirler dolayisiyla ayaga
uyum saglayamaz veya deri gibi yeniden sekillendirilemezler. Ancak maliyeti daha ucuzdur,
kullanilacak malzemelere kolayca ulasilabilir, bastan sona standart kaliteye sahip olduklarindan
ayakkabi modelinin kesimini de kolaylastirirlar. Dolayisiyla ayakkabi iiretiminde yaygin sekilde
kullanilirlar. En ¢ok kullanilanlar1 arasinda poliiiretan veya polivinilkloriir (PVC) kapli kumaslar ve
poromerikler yer alir.

e Poliliretan Kapli Kumaslar: Kumas tabanina uygulanan sentetik katmandan olusur. Deriye benzer
bir goriiniime sahip olabilir, yumusaktir, hafiftir ve giyilmesi rahattir fakat asinmadan kaynakli
hasarlara egimlidirler.

e Polivinil Kloriir (PVC) Kaph Kumaslar: Kumas tabani iizerine kati1 veya hiicresel bir PVC katmani
uygulanarak elde edilir. Ucuzdur, iyi bir asinma direncine sahiptir ancak su buharimi gegirmez.

e Poromerikler: Ayakkabi endiistrisi i¢in 0zel olarak gelistirilmistir. Deri benzeri goriiniime
sahiplerdir ve sert derilere benzerlik gosterirler. Yapilar farklilik gostermekle beraber, cogu derinin
ist tabakasma esdeger oldukca kalin ve goézenekli poliiiretan bir ylizeye sahiptir. Cogu ise
polimerle emprenye edilmis dokunmus veya dokumasiz tekstil tabanina sahiptir. Poromerikler;
genelde gecirgen degillerdir, deri gibi giydikge ayagm seklini almazlar dolayisiyla ilk
giyildigindeki kaliplarini korumaya devam ederler. Bazi1 kullanicilar i¢in rahatsiz olabilirler.

Son olarak dokuma ve 6rme kumaslarla beraber kauguk da hem ayakkabinin saya kisminda hem de
astar ve siislemelerinde kullanilir [50].

7.2 Ayakkabida Astar Malzemeleri

Ayakkabimin sayasinin kismen veya tamamen astarlanmasi olagan bir durumdur. Astarin amact;
ayakkabinin goriiniisiinii iyilestirmek, yumusaklik vermek, korumaya ihtiya¢ duyulan alanlarda konforu
ve ayakkabinin dayanikliligini arttirmaktir. Astarlar i¢in kullanilan baglica malzemeler:

e Deri: Ozel iiretim, yiiksek simif ayakkabilarda siklikla kullaniimastyla beraber perakende iiretimde
yerini ¢cogunlukla sentetik malzemeler almistir.

o Kirk: Kiglik botlar ve bazi kaliteli terliklerde siklikla kullanilir. Sentetik taklitleri de
kullanilmaktadr.

e Pamuklu veya Suni Ipek Kumaslar: Daha ¢ok ayakkabi yiiziinde kullanilmistir. Yerini kopiik
destekli astarlar veya diger sentetik cagdas malzemeler almistr.

e Modern Malzemeler: Giiniimiizde ¢ogunlukla spor ayakkabi endiistrisi i¢in gelistirilmis bir¢ok
yeni malzeme mevcuttur. Modern teknoloji derinin yapamayacagi sekilde siirtiinmeyi, nemi ve
1s1y1 azaltan birgok iist diizey Uriinler tiretmistir.

Her ayakkabi tireticisi farkli astar malzemeleriyle kendi iiriin yelpazesinin ayrintilarini belirlemektedir
[51].

7.3 Ayakkabida Taban Malzemeleri

Ayakkabi tabanlar1 kullanim amagclarina gore birgok farkli kategoriye ayrilabilmektedir. Ayakkabi
tabani imalat kolayligi, tasarim estetigi, kullanicinin istekleri, ucuzluk, temin kolaylig1 gibi bir¢ok
faktore maruz kalir. Ayn1 zamanda suya kars1 direng, dayaniklilik, kayma direnci, hafiflik gibi 6zellikler
tasimasi1 da beklenebilir. Topuk, ayagi ve bacagi saglikli bir durus saglayarak yiirlimeyi kolaylastiran,
ayakkabiya eklenen bir taban elemamdir. {lk baslarda bacak hareketini desteklemek igin kullanilan
topuk, gliniimiizde daha ¢ok moda taleplerini karsilamak i¢in tercih edilmektedir. Ancak saglikli
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ayakkabilar igin topuk yiiksekligi uygun olmalidir. Kadin ayakkabilarinda 4,5 cm, en ideal topuk
yiiksekligidir. Erkek ayakkabilarinda ise 2.5 cm’yi agmayan topuklar yaygindir [52].

Ayakkabida kullanilan malzemelerin yiizdelik oransal dagilimi asagidaki grafikte verilmistir.

Kullanilan Taban Malzemeleri
30 Politiretan
25 Termoplastik Kauguk
20 Polivinilklorir
15 .
Kosele
10
< Sentetik Kauguk
0 Lateks Kauguk
o * N e 3 3 - 3 > Dogal Kauguk
L & \o& -~o‘vq> & ¢ @ ¢ ¥ .
RGN A N T T N TN Vulkanize Kauguk
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OQ Q A *
& ) 40
<&

Grafik 1. Sik kullanilan taban malzemeleri [53]

Belli bagli taban malzemelerini incelersek dogal ve sentetik olmak tizere iki gruba ayirabiliriz.
7.3.1 Dogal taban malzemeleri

o Kosele: Biiyiikbas hayvanlarin ham derilerinden tabaklanarak Ayakkabi imalatinda ge¢misten
glinlimiize gelen en eski ve en onemli taban malzemesidir. 50’li yillar itibariyle yerini sentetik
taban malzemelerine birakmistir.

e Dogal Kauguk: ilk olarak Heveabrasiliensis tiirii agacin gévdesinden elde edilmistir. Giiniimiizde
ise birgok dogal kauguk tiirli vardir.

o Tekstil Bazli Taban Malzemeleri: Tekstil taban malzemelerinin esas kaynagi jiittiir. Kauguk ya da
plastik maddeler ile genellikle yaz aylarinda kullanilan ve espadril olarak adlandirilan
ayakkabilarin yapiminda kullanilir.

7.3.2 Sentetik taban malzemeleri

PVC, EVA, poliiiretan, neolit, suni kaucuk ve termoplastikler taban yapiminda kullanilan sentetik
gmaddelerdir. Bir¢ok farkli yontemle taban kullanimma uygun hale getirilirler. Taban {iretiminde
sentetik esaslt maddelerin kullanimi ¢ok daha ucuz ve ekonomiktir dolayisiyla giiniimiizde ayakkabi
tabanlarinin ¢ogunun yapiminda tercih edilmektedir [53].

8. AYAKKABI ENDUSTRISINDE INOVASYONLAR

Ayakkab1 sektoriinde siirdiiriilebilirlik adina bir¢ok yenilik ve 6nlem uygulanmaktadir. Birgok marka,
stirdiiriilebilir malzemelerin kullanimina odaklanarak organik pamuk, geri doniistiiriilmiis plastik ve
dogal kauguk gibi ¢cevre dostu materyalleri tercih etmektedir. Ayrica, vegan ayakkabilar hayvan iiriinleri
igermeyen tasarimlarla popiilerlik kazanmaktadir. Uretim siireglerinde sifir atik hedefleri belirlenmekte,
geri doniistiirtilebilir malzemelerin kullanimi tesvik edilmekte ve uzun dmiirlii tasarimlar benimsenerek
iriinlerin omrii uzatilmaktadir. Etik iiretim siiregleri ve sosyal sorumluluk prensipleri de sektorde
giderek daha fazla 6nem kazanmaktadir. T{im bu ¢abalar, ayakkabi sektoriinde siirdiiriilebilirlik bilincini
artirmak ve ¢evresel etkileri minimize etmek adina yapilan 6nemli adimlar temsil etmektedir.

Hopfrog Kids, tiim patik ve ayakkabi gruplarinda istiin kaliteli, dogal ve geri doniistiiriilmis
malzemeler kullanan ¢evre dostu bir markadir [54]. Cogu ayakkabi serisinde BioVegan™ suni deri
tercih edilerek hayvanlarin, doganin ve insanlarin hayatlarim iyilestirmeye katkida bulunulmaktadir.
%100 geri doniistiriilmiis 6zel OrthoFlex® teknolojisi ile lretilen i¢ tabanlar, ayakkabi i¢inde hava
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akigini saglayarak tistiin konfor sunmaktadir. Miniklerin ayaklarimin saglikla nefes alabilmesi i¢in %100
geri doniistiiriilmiis pamuktan yapilan yiizliilk malzeme ve i¢ astar kullanilmaktadir. Akilli Patik serisini
ozel kilan bir diger 6zellik ise %100 silikondan 6zel tasarimla elde edilen bilek bantlaridir. Hopfrog
Kids, siirdiiriilebilir ve ¢evre dostu malzemeler kullanarak ¢ocuklarin hem bugiiniinii hem de gelecegini
diisiinerek giivenli bir diinya birakmay1 hedeflemektedir [55].

NIKE, Jordan ve Converse iriinlerinin %78'i, gliniimiizde bir miktar geri doniistiiriilmiis malzeme
icermektedir ve bu orani artirma ydniinde calismalar devam etmektedir. Toplam karbon ayak izinin
yaklasik %70'ini kullanilan malzemeler olusturdugundan, gevreye olan etkiyi azaltmada malzeme
secimi bilyiik bir dneme sahiptir. Ornegin, geri doniistiiriilmiis polyester bu konuda énemli bir rol
oynamaktadir. Geri doniistiiriilmiis plastik siselerden elde edilen bu kumas, temizlenip parcalanarak
peletlere doniistiiriilmekte ve ardindan yiiksek kaliteli yeni iplikler olarak kullanilmaktadir. Bu iplikler,
Uistlin performans sunmakla kalmayip, normal polyestere kiyasla karbon emisyonunu %30'a kadar
azaltmaktadir. En popiiler iiriin serilerinden biri olan Tempo Sort, en az %75 oraninda geri
doniistiiriilmiis polyesterden iiretilmektedir. Tasarim seceneklerinin cogu ise %100 geri doniistiiriilmiis
polyesterden tiretilmistir. Bu tiriin, bugiine kadar 112 milyon plastik sisenin ¢oplerden ve kanallardan
toplanmasini saglamistir. Nike Air, siirdiiriilebilirlik yolculuguna en ¢ok katkida bulunan yeniliklerden
biridir. Air iiretim siirecindeki atiklarin %90 tekrar kullanilmakta ve bu atiklar genellikle yeni Air
bolmelerine doniistliriilmektedir. Bu sayede, tiim Nike Air tabanlar1 en az %50 oraninda geri
doniistiiriilmiis malzeme igermektedir. Nike, bugiin yapilanin 10 kat daha fazlasini, kullanilmis veya
defolu iiriinleri bagislamak, yeniden kullanmak veya geri doniistiirmek i¢in 2025 hedefi belirlemistir.
Bunu bagarmak adina, insanlarin kullanilmig {iriinlerini daha kolay bir sekilde geri getirmelerini
saglamaktadir. ABD ve Avrupa'daki magazalarda uygulanan Reuse-A-Shoe programi, Biiyiik Cin'deki
magazalara Olgeklendirilerek operasyonlara yeniden enerji kazandirmaktadir. Ayrica, ileri doniisiim
tizerine at6lyeler diizenlenmekte ve tiiketicilere Nike Dongiisel Tasarim Rehberi [56] gibi ilgili igerikler
sunulmaktadir. Bu hizmetlerin bazilar1 yeni baglatilmis olmakla birlikte, Nike hedeflerinden sapmadan
gezegendeki tiim sporculara ilham vermeye ve yenilik sunmaya devam etmektedir [57].

8.1 inovatif Ayakkabi Malzemeleri
8.1.1 Spacer kumas uygulamalar

Spacer kumaslar, yar1 sert bir dolgu ipligi ile birbirine baglanan iki ayr1 kumas katmanindan olusan ii¢
boyutlu yapilardir. Yapilar1 havalandirma ve enerji emilimi saglar bununla beraber yumusak, elastik bir
kaliteye sahiptir [58] Spacer kumaslarin ayakkabi sayasinin liretiminde [59] ve tibbi i¢ taban {iretiminde
[60] O6rnekleri mevcuttur.

8.1.2 Mikrofiber deri

Mikrofiber deri, Mikrofiber takviyeli PU (poliiiretan regine) derisinin kisaltmasidir. Ug boyutlu bir
dokuya sahip dokunmamis kumas olusturmak i¢in oncelikle tarama ve igneleme islemiyle siiper ince
elyaflardan yapilan mikrofiber deri, daha sonra 1slak islemden gegirilir. Ardindan, PU regine emprenye
edilir, taglanir, boyanir ve mikrofiber tabana islenir. Son asamada ise, yiiksek performanshi PU ve
Mikrofiber tabani laminasyonla birlestirerek mikrofiber deri olusturulur. Mikrofiber iiretim siirecinde
yeni su bazli mikrofiber tam su bazli ¢evre koruma mikrofiber deri tiretim teknolojisidir, tim siirecte
organik c¢oziiciiler kullanmaz. Su bazli mikrofiber deri iiretimi gercekten yesil cevre korumasi yapabilir.
Hakiki deri ile karsilastirildiginda, mikrofiber deri daha g¢evre dostudur, mikrofiber deri genellikle
iiretim hammaddesi olarak %30-50 geri doniistiiriilebilir malzeme poliamid'e sahiptir, Mikrofiber deri
stirdiiriilebilir deri olarak da bilinir [61].

8.1.3 Alternatif deriler

Deri, ayakkab1 sektoriinde en ¢ok kullanilan yenilikei siirdiiriilebilir alternatifleriyle dayanikli ve esnek
bir malzemedir. Dogal derinin elde edilme maliyetleri nedeniyle ¢ok daha ucuz ve hizli bir alternatif
olan petrol bazli sentetik deriler sektdre giris yapmustir [62]. Sentetik derilerin petrol bazli olmasi,
yarattig1r cevre kirliligi ve siirdiiriilebilir olmamasi gibi durumlar artan tiiketici bilinciyle endise
olusturmustur [63]. Bu nedenlerden dolay1 dogal ve sentetik deriye siirdiiriilebilir bir alternatif deri
arayisi baslamistir [64]. Alternatif deri sinifinin en giizel 6rneklerini bitkisel bazli elma derisi, mantar
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derisi, muz derisi, kaktiis derisi, mango derisi gibi 6rnekler olusturur. Bununla birlikte bakteriyel
seliilozdan tiretilen kamnbocha derisi gibi 6rnekler de vardir [65].

Sekil 14. Mantar derisi, ananas derisi ve kaktiis derisi {irtinleri [66-68]

9. AYAKKABI ENDUSTRISINDE SURDURULEBILIRLIK

Ayakkab1 iiretimi, pek ¢ok materyalin bir araya gelmesiyle saglanmaktadir. Bu yoniiyle ayakkabi
endiistrisi, en fazla atik olusturan sektorlerin basinda gelmektedir. Ayakkabilarin tekrar kullanimi, geri
doniisiimle beraber biyolojik ayristirabilen materyallerin gelistirilmesi dnemli hale gelmistir. Ozellikle
hizla tiikketilen moda kavramiyla birlikte, tekstil materyallerinin kullanim émriinii tamamlamadan ‘atik’
olarak nitelendirilmesinden dolay1 ekonomik ve ¢evresel bir tahrip olusmus durumdadir. Giiniimiizde
artan tiikketime bagli olarak ayakkabi satiglari da artmis durumdadir. Beraberinde daha fazla tiretim
gerekmektedir. Ayakkabi kullanim1 tamamladiktan sonra ortaya ¢ikan atiklarin geri doniisiimii oldukca
zor olmaktadir. Atiklarin geri doniistiiriilmesi ve stirdiiriilebilirligi arttirmak ic¢in bir¢ok marka ve
fabrika yeni yollar aramaktadir [69]. Bununla beraber 3D baski teknolojisi, dikissiz iiretim teknolojisi
gibi malzeme kullanimini azaltip verimliligi arttiracak yenilik¢i iiretim teknolojileri gelistirilmistir.
Ayn1 zamanda yapilan hatalari en aza indirgemek amaciyla veri analizleri ile iiretim siirecleri optimize
edilmekte ve tam otomasyon ile insan kaynakli hatalar sifira indirgenmektedir [70].

Ayakkabi endiistrisi, ¢evresel etkileri azaltmaya yonelik yenilik¢i ¢oziimler gelistirmistir. Bu baglamda,
biyobozunur ve bez ayakkabilar, siirdiiriilebilirlik agisindan  biiyiikk  bir  potansiyele
sahiptir. Biyobozunur ayakkabilar, kullanim 6émrii sona erdiginde dogada ¢6ziinebilen malzemelerden
iiretilmektedir. Bu tiir ayakkabilar, genellikle mantar, keten, kenevir gibi dogal kaynaklardan elde edilen
materyaller kullanilarak iiretilir [72]. Ornegin, Orba adli bir marka, ayakkabi tabanlarim dogal kauguk,
pirin¢ kabugu ve hindistancevizi yagi gibi malzemelerden iiretmektedir. Orba ayakkabilarinin iist kismi
ise keten, kenevir ve 1sirgan otu gibi yenilenebilir ve yeniden yetistirilebilen bitkilerden yapilmaktadir.
Bu malzemeler, bocek ilaci kullanilmadan biiytiyebilir ve hasat edilebilmektedir [73].
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Sekil 16. Orba markasinin ayakkabi malzemeleri [74]

Biyobozunur ayakkabilarin en biiylik avantaji, atik yonetimi sorununu énemli 6l¢iide azaltmalaridir.
Geleneksel sentetik malzemeler, dogada uzun yillar boyunca kalabilirken, biyobozunur materyaller kisa
siirede dogaya geri doner. Ornegin, PUMA'nin RE projesi, ayakkabilarin kullanim &mrii sona erdikten
sonra endiistriyel biyobozunma siirecleri ile kompost haline getirilebilmesini saglamaktadir. Bu,
ayakkabilarin atik yonetimine olan olumsuz etkilerini minimize etmekte ve siirdiiriilebilir bir ¢6ziim
sunmaktadir [75]. Biyobozunur ayakkabilarin iiretim siireci, ¢evresel etkileri minimuma indirgemek
icin optimize edilmistir. Ornegin, biyobozunur polimerler kullanilarak iiretilen ayakkabi tabanlari, fosil
yakit kullanimini azaltmaktadir. Ayrica, {iretim siireglerinde diisiik enerji tiiketimi ve az kimyasal
kullanimi gibi siirdiiriilebilir yontemler tercih edilmektedir. Diger bir yenilik¢i ¢dziim olarak bez
ayakkabilar karsimiza ¢ikmaktadir. Bu ayakkabilar, genellikle keten, kenevir gibi dogal ve yenilenebilir
kaynaklardan elde edilen malzemelerle iiretilmektedir. Bu materyaller, biyobozunur olmalarinin yani
sira, iiretim siire¢lerinde daha az enerji ve su tiiketimi gerektirir, bu da ¢evresel ayak izini azaltir [76].

Sekil 17. PUMA RE projesi [77]

Bez ayakkabilar genellikle pamuk, kenevir, bambu gibi dogal ve yenilenebilir kaynaklardan elde edilen
kumaglar kullanilarak fretilir. Bu tiir ayakkabilar hem iiretim asamasinda hem de kullanim 6mrii
sonunda g¢evresel etkileri azaltma potansiyeline sahiptir. Bez ayakkabilarin iiretimi sirasinda, sentetik
malzemelere kiyasla daha az enerji ve su tiiketilir. Ayrica, bez ayakkabilar geri doniistiiriilebilir ve
biyobozunur o6zelliklere sahip olabilir, bu da atik yonetiminde Onemli bir avantaj saglar. Bez
ayakkabilar, dayaniklilik ve konfor agisindan da avantajlar sunar. Dogal kumasglar, hava gecirgenligi ve
nem emme Ozellikleri ile kullaniciya konfor saglar. Ayrica, bu tiir ayakkabilar genellikle daha hafif ve
esnek olup, uzun siireli kullanima uygundur. Biyobozunur ve bez ayakkabilarin siirdiiriilebilirlikle
harmanlanmasi, ¢evresel etkilerin azaltilmasi agisindan 6nemli bir rol oynar [78]. Bu tiir ayakkabilarin
iiretiminde kullanilan dogal malzemeler, fosil yakitlara dayali sentetik malzemelere kiyasla daha az
cevresel zarar verir. Ayrica, biyobozunur ayakkabilarin dogada ¢oziinebilme 6zelligi, atik miktarim
azaltarak cevre Kkirliligini Onler. Bez ayakkabilar ise yenilenebilir kaynaklardan elde edilen
malzemelerle {iretilmeleri sayesinde siirdiiriilebilirlik agisindan avantaj saglar. Pamuk, kenevir ve
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bambu gibi dogal kumaslar, biyolojik olarak pargalanabilir ve geri donistiiriilebilir. Bu da kullanim
omrii sonunda bu ayakkabilarin ¢cevreye zarar vermeden dogaya geri donmelerini saglar [79].

Ayni zamanda endiistride malzeme verimliligini arttirmanin yaninda ayakkabi imalatinda stirdiirtilebilir
olmayan ve atiklarin cevreye verecegi zararlardan dolayr bazi malzemelerin kullaniminin 6niine
gecmek amaciyla caligmalar yapilmaktadir. Bu caligmalarda edinilen ¢evresel kazanimlar, siirekli
degisen moda akimlar1 ve ayakkabiya olan talebin artmasiyla istenilen verimi verememektedir.
Ozellikle spor ayakkabinin émrii diger ayakkabilara gore daha kisa olmasina karsin kullanim siireleri
giderek azalmaktadir. Bununla beraber ayakkabinin kullamim 6mrii bittiginde, ¢evresel bir atik ¢ikar ve
genelde bu atiklar ¢ope atilmaktadir. Ayakkabi endiistrisinde kullanim 6mriinii tamamlayan atiklarin
geri doniistiiriilmesi ve yeniden kazanilmasi i¢in ¢aligmalar yapilmaktadir [69].

9.1 Uretimde Hammaddeler

Sektorde kullanilmakta olan hammaddeler agisindan incelendiginde, sentetik lifler arasinda 6ne gikan
polyester ve dogal bir lif olan pamugun hikim oldugu gézlemlenmektedir. 2014 yilindan bu yana
kiiresel lif iiretiminin %63’1 sentetik liflerden olugmakta olup, bu oranin %82’sini polyester lifleri
olusturmaktadir. Pamuk ise ikinci siradadir ve tiim lifler icerisinde %29’luk bir paya sahiptir. Son
yillarda polyester liflerine olan ilgi iki katina ¢ikarak, uzun siiredir en ¢ok tercih edilen lif olan pamugu
geride birakmistir. 2025 yilina gelindiginde, pamuk iiretiminin sabit kalmasi1 beklenirken, polyester
tiretiminin artacagi ve pamuk iiretimini ii¢ katindan daha fazla gececegi Ongoriilmektedir. Sentetik
polimerler i¢in temel hammadde kaynagi olan petrol, bu lif tiirii igin kritik bir rol oynamaktadir. Diger
taraftan, pamuk gibi dogal lifler de yenilenebilir olmayan enerji ve kimyasal maddelere dayanan
kaynaklara ihtiya¢ duymaktadir. Hangi lif tiirliniin ¢evresel agidan daha siirdiiriilebilir oldugunu
belirtmek ise oldukga karmasiktir [80].

9.2 Siirdiiriilebilirligin Saglanmasi ile ilgili Caligmalar

SMART (Secondary Materials and Recycled Materials Association)’1n 2018 y1l1 verileri incelendiginde
her y1l bir yetigkin 81 kilo tekstil atig1 meydana getirmektedir. Bu tekstil lirlinlerinin %95°1 geri kazanim
Ozelligine sahip olmasina karsin sadece %15’ geri kazanimda degerlendirilebilmis, %85’inin ise
copliklere gittigi aktarilmistir. Tiiketici atiklarinin azaltilmasi ve yasam dongiisii degerlendirmesi
kapsaminda dongiiye dahil olmasina yonelik pek ¢ok calisma yapilmaktadir. Bu ¢alismalardan 6nde
gelenler “Recycle (Geri Doniisiim), Reuse (Tekrar Kullanim), Redesign (Yeniden Tasarim) ve Upcycle
(Ileri Doniisiim) kavramlari tekstil atiklarinin ¢evrime dahil olmasinda uzun yillarca iizerinde durulan
konulardandir. 1976’da Kaynaklarin Korunmasi ve lyilestirilmesi Hareketi ile 3R ‘Reduce (Tiiketimi
Azaltma), Reuse (Yeniden Kullanim), Recycle (Geri Doniisiim)’ baglamistir. Ancak siirdiirtilebilirlik
bilincinin artmasi ve daha fazla ne yapilabilir konusunun diistiniilmesi; giiniimiizde 3R kavraminin 6R
olarak giincellenmesini saglamistir. Refuse (Kullanim1 Reddetme), Reduce (Tiiketimi Azaltma) ve Rot
(Curiitme/Yok Etme/Bozunum) kavramlar ile siirdiiriilebilirlik, daha genis bir alanda kendisine yer
saglamigtir. Bu alt1 ilke, tiiketici 6ncesi ve sonrasinda meydana gelen atiklarin degerlendirilmesi {izerine
yapilan calismalar ve yapilmasi gereken caligmalar agiklanmigtir. Ayakkabi sektoriiniin tekstil
sektdriiniin pargast olmasi dolayisiyla bu ilkeler aym1 zamanda ayakkabi sektoriindeki caligmalar1 da
anlatmaktadir [81]. Deri sektoriinde siirdiiriilebilirlikle ilgili 6nemli ¢aligmalar yapan kuruluslardan biri
de LWG’dir. LWG (Leather Working Group), deri iiretiminin ¢evreye verdigi etkileri degerlendirmek
ve deri endiistrisinde siirdiiriilebilirlik standartlarin1 saptamak ve uygulamak amaciyla kurulan bir
organizasyondur. LWG, markalar, perakendeciler, deri iireticileri ve diger endiistri paydaslar arasinda
is birligini saglayarak sektdrde daha ¢evreci uygulamalara tesvik etmektedir. [82]

LEATHER
WORKING
GROUP

Sekil 18. LWG (Leather Working Group) logosu [83]
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9.2.1 Recycle / Geri doniligiim

Tekstil Endiistrisinde geri doniisiim iiretimden tiiketime ve tiiketim sonrasina varincaya kadar genis bir
calisma alanmi kapsamaktadir. Uretim sonucunda olusan birgok lif, iplik ve kumas atiklari geri
doniisiim fabrikalarinda dolgu malzemesi, endiistriyel kece gibi geri doniistiiriilmiis iirlinlere, daha
sonrasinda farkli endiistriyel iirlinlere dontisebilmektedir. Glinlimiizde teknolojinin gelismesiyle birlikte
karisim liflerden olusan bir tekstil de kolayca ayristirilarak doniistim siirecine dahil edilebilmektedir.
[69]

9.2.2 Reuse / Yeniden kullanim

Tiiketim sonrasi ortaya ¢ikan atiklar, sadece kullanim siiresini tamamlamis, artik kullanilamayacak
durumdaki tekstillerden degil, ayn1 zamanda tiiketicinin goziinde modas1 geg¢mis nitelendirilen,
kullanim &mrii devam eden ancak raflarda siiresinin sona erdigi diisiiniilen ve aslinda kullanilabilir, geri
kazanilabilir tekstillerden olugsmaktadir. Tekstil tiriinlerinin geri kazaniminda akla ilk gelen uygulama
‘ikinci el giysi’ kullanimina olanak saglayan platformlardir. Bu agamada giysiler, {izerinde yenilik¢i bir
uygulama yapilmamus, gerektigi durumlarda tadilat gormiis giysilerden olusmaktadir. Ikinci el giysi
diikkanlar1, ikinci el giysilerin satildig1 veya takas edildigi sosyal platformlar, bireysel takas/degisim
girisimleri gibi pek c¢ok uygulamadan s6z etmek miimkiindiir. Tekstil {irinlerinde ‘ikinci el’
uygulamalarinda yalniz ekolojik olarak bir siirdiiriilebilirlik degil, ‘gelenegin siirdiiriilebilirligi’,
biiyiikten kiiglige aktarim, bireysel anlamda ekonomik siirdiiriilebilirlikten de bahsedilebilir. Moda
kavraminin on yilda bir kokli degisime gitmesi, gegmis yillara damgasin1 vurmus moda akimlarinin
yeniden giindeme gelmesini saglamakta ve donem giysilerini yeniden moda haline getirmektedir. Bu
gibi nedenlerden dolay1 ‘hizli moda’ kavramina kars1 ‘yavas moda’ anlayisinin benimsenmesi, raf 6mrii
bittigi diisiiniilen giysilerin farkli bireylere ulagmasinin saglanmasi veya gelecek nesillere aktarilmasi
siirdiiriilebilirlik agisindan biiyiik 6nem tasimaktadir. ikinci el giysiler diinyanmin pek ¢ok yerinde
sokaklara yerlestirilen giysi konteynirlar1 sayesinde ihtiyag¢ sahiplerine ulastirilabilmektedir. Ayrica bu
konteynirlar ayakkabi, ¢anta, oyuncak gibi diger tekstil iiriinleri i¢in de kullanilabilmektedir. Ikinci el
giysi magazalari 6zellikle Amerika ve Avrupa’da oldukca yaygindir [69].

Sekil 19. Giysi kumbarasi drnegi [84]

9.2.3 Redesign / Yeniden tasarim

Tekstil iirlinlerinin atik yonetimi kapsaminda yeniden degerlendirilebilmesinde bir diger uygulama
Redesign/ Yeniden Tasarimdir. Giysilerin ikinci el olarak kullanilmasindan farkli olarak bu giysilerde
birtakim degisiklikler yapilmaktadir. Bu degisiklikler kullanicinin fiziksel 6zellikleri veya arzular
dogrultusunda uyarlanabilmekte, baska bir {irline doniisiip yeni bir islev kazanabilmektedir. Bu sayede,
bir giyim {irliniiniin ikinci el olarak tekrar satilmasinin, yeni bir {irlin liretmek i¢in gerekli olan enerjiye
kiyasla 10 ila 20 kat arasinda enerji tasarrufu saglamaktadir, bu da enerji verimliliginde 6nemli bir artist
temsil etmektedir[69].
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9.2.4 Upcycle / lleri déniisiim

Uriinler, yeniden tasarlandiktan sonra yeni bir iiriine, yeni bir isleve ya da orijinalinden daha iyi bir
deger kazandiginda ise Ileri Doniisiim kapsamina girebilmektedir. Atik giysilerin veya kumaslarin
seritler halinde kesilerek kalin ipliklere doniistiiriilmesi, ardindan oriilmesi ya da dokunmasi ile olusan
‘cacala’lar bir yeniden tasarim Ornegi olarak gosterilebilmektedir. Bu kapsamda, yavas moda
kavraminin el emegini destekleyen iiretim siireci ve giyilebilir sanat kavraminin estetik bakis acisiyla
bir iiriin Onerisi getirilerek, atiklar sadece atik olarak kullanima geri donmekle kalmamis, yeniden
tasarlanarak baska bir forma doniigsmiistiir. Gliniimiizde bu yontem sadece yer yaygisi olarak degil
yastik, dosemelik hatta dis giyimde bile degerlendirilmesi {irlinlin estetik degerinin artmasini
saglamakta ve Upcycle/ ileri doniisiim olarak degerlendirilmektedir [69].

9.2.5 Refuse / Kullanimi reddetme

Tekstilde siirdiiriilebilirlik konusunda yapilan ¢alismalardan bir digeri ise kimyasal esasli, dogada
ayristirtlamayan, etik sekilde tiretilmemis iiriinlerin kullaniminin reddedilmesidir. Bunlarin yerine etik
sekillerde iiretilen, insan, doga ve diger canlilara zarar vermeyen, is¢i haklarini 6nemseyen ekolojik,
organik, geri doniisiimlii ve uzun omiirlii iiriinlerin tercih edilmesidir. Bu prensipten yola ¢ikarak, tek
kullanimlik kahve filtresi, kagit pegeteler, pamuklu hijyenik malzemeler yerine, keten, kenevir veya
pamuk kumastan yapilmis uzun 6miirlii kagit filtreler, mutfak bezleri, uzun 6miirlii hijyenik malzemeler
tercih edilmektedir. Etik tiretim agisindan ipek kumas, hayvan kiirkleri kullanimi da reddedilmektedir.
Teknolojinin gelismesiyle beraber sosyal medyanin da etkisi ile ¢gevreye zararli {irlinlerin yerine birden
fazla kullanilabilen uzun émiirlii {irinlerin kullanim tiiketiciler arasinda yayginlasmaktadir. Oyle ki
siirdiiriilebilir {iriin kullanim1 konusunda telefon uygulamalar1 da gelistirilmistir. Ornegin, JouleBug
isimli uygulama ile tiiketiciler, siirdiiriilebilirlik konusunda diinyadaki tiim gelismelerden haber
almakta, kullandig1 yeniden kullanilabilir iiriinlerin goérsellerini platform {izerinden paylasarak puan
toplayabilmekte, kaynaklarin kullanimu ile ilgili belirli kisitlama/reddetme yarigmalarina katilmaktadir.
Program ayrica, bir sosyal medya platformu gibi ¢evrenizdeki kisiler ile de etkilesimde bulunmaniza
izin vermektedir. [69]

9.2.6 Reduce / Tuketimi azaltma

Tekstil endiistrisinde siirdiiriilebilirlik kapsaminda yapilan caligmalarin bir digeri ise tiiketimin
azaltilmasidir. Daha fazla esya almak yerine daha az yeni esya satin almak, takas, ikinci el, ekolojik
iiretim yontemlerinin tercih etmek, fazla olani atik degerlendirme dongiisiine dahil etmek gibi tiiketim
bilinci olusmasi hedeflenmektedir. Aslinda minimalizm ile de biitiinlesen bu ekolojik yasam bigimi,
kapsiil gardirop 6rneginde oldugu gibi sadece 25 parga giysi, aksesuar, ayakkabi, ¢anta gibi tekstil
iirtinleri ile ekonomik, sik ve ¢evreye duyarli olunabilecegine dair pek ¢ok 6rnek bulunmaktadir. Bu
dogrultuda hizli moda anlayisinin yerine yavas moda kavramindan s6z etmek daha dogru olacaktir. [69]

9.2.7 Rot / Quritme — Bozunma

Uriinlerin geri doniistiiriilebilmesinin yaninda dogada kendi kendine yok olabilme 6zelligi de bir hayli
onemli siirdiirtilebilirlik ¢alismalarindandir. Bu kapsamda organik, ekolojik hammaddeye sahip
tekstiller kullanilmakta, raf omrii biten ve diger atik degerlendirme prosesleri ile artik islevselligini
kaybetmesi muhtemel iiriinlerin ¢lirimesi, bozunmasi ve yok olmasi saglanmaktadir. Baz1 markalar
artik iiriinlerini kompostlama ile bozunacak ve yok olacak sekilde tasarlayip iiretmektedirler. Ornegin
Margreth Freitag %100 biyobozunur kenevir, keten, pamuk, yiin gibi lifler ile iirettigi giysilerde diigme
gibi aksesuarlarda da bozunur malzemeler tercih etmektedir. Kompostlama olarak adlandirilan bu
sistemde Oncelikli olarak kullanilamayacak durumda olan organik hammaddeli tekstil {irlini, kiigiik
pargalara ayrilir, ardindan kumaslar toprak ile 2/1 oraninda karistirilir, kompostlanmasi istenen kumas
bir saksi ile bitki yetistirmekte kullanilabilmektedir. Ayrica iginde bozunmaya yardimci olacak
canlilarin da oldugu bir kompostlama kutusuna, yiyecek artiklar1 da eklenerek kapatilir. Kompostlama
kutusu bulunmadig1 durumlardaysa dogal hammaddesinin oldugu bilinen bahge gibi dogrudan topraga
da gomiilmesi uygun olmaktadir. Bu sayede kullanilamayacak durumda olan giysiler, zamanla
bozunarak dogada ¢oziinebilmektedir. Hammaddesi dogal olan lifler karbondioksitle birlikte 180 giinde
%60-90 oraninda ¢oziinerek yok olabilmektedirler [69].
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9.3 Sektorde Lostra Uygulamalar

Stirdiirtilebilir tiiketim asamalarindan olan ‘yeniden kullanim (reuse)’ uygulamasina katki sunan lostra
isletmeleri; eskiyen, yipranan ve hasarli ayakkabilar1 basit onarim iglemleri ile yeniden kullanilabilir
hale getirerek kullanim dmiirlerini uzatmay1 amaglamaktadir. Lostra, Italyanca (lustra) kelimesinden
tiiretilmis olup, Tirk Dil Kurumu sézligiinde ‘ayakkabi boyama’ seklinde tanimlanmaktadir. Deforme
olmus veya yipranmis ayakkabilar i¢in temizlik, tadilat, boya, parlatma vb. Onarim hizmetleri sunan
lostra uygulamalari, gegmiste mahallelerde ve yol kenarlarinda siklikla karsilasilan, ayakkabi boyacisi
veya tamircisi olarak adlandirilan isletmelerin geleneksel yontemlerle sunduklar1 hizmetleri; bugiin
kurumsal bir kimlik altinda daha gelismis ekipmanlarla daha profesyonel ve daha kapsamli bir sekilde
sunulmaktadir. Lostra isletmeleri, sunduklar1 hizmetler ile ayakkabilarin kullanim émiirlerini miimkiin
oldukca uzatarak ayakkabi tiiketimini ve dolayli olarak su tiiketimini azaltmay1 amacglamaktadirlar.
Bununla birlikte lostralar, artan iiretim maliyetleri dogrultusunda artan fiyatlar karsisinda tiiketiciler
icin ayakkabilarin onarilarak yeniden kullanilmasina yonelik alternatif bir secenek olabilmekte ve bu
nedenle maddi ac¢idan da tasarruf edilmesine katki sunmaktadirlar [86].

9.4 LCA (Life Cycle Assessment) / YDA (Yasam Dongiisiui Analizi) nedir?

Yasam Dongiisii Analizi (Life Cycle Assessment), bir uygulamanin biitin ¢evresel asamalarini;
hammaddenin temin edilmesinden, atiklarin dogaya geri donmesine dek olan siirecleri degerlendiren
bir analiz yontemidir. Bu metodoloji, iriiniin islenmesinde kullanilan enerjiden, hammaddenin
iiretimine, kullanimina ve atik olusumuna kadar olan agamalarinda ortaya ¢ikan havaya, suya ve topraga
olan tiim etkileri igermektedir. Yasam Dongilisli Analizi, dogrudan ve dolayli etkileri belirlemek ve
Olcmek amaciyla kullanilmaktadir [6]. LCA, bir iiriiniin yasam dongiisiindeki tiim agamalarini, bu
asamalarin birbirine bagimli oldugu perspektiften degerlendirir, yani bir iglem digerine yol agmaktadir.
Uriin yasam déngiisii boyunca etkileri igerir. LCA, bir iiriiniin veya siirecin ¢evresel yonlerine detayli
bir bakig saglar; iirlin ve siire¢ se¢ciminde gergek cevresel verilerin daha dogru bir resmini sunar [87].

hammadde - isleme tireti atik olusumu

Sekil 21. Ayakkabinin yasam dongiisii [88-96]

LCA’nin uygulanma siireci sirasiyla su adimlari igerir:

e Amac ve Kapsam Belirleme: Analizi yapilacak iiriin veya siirecin kapsami belirlenir. Hangi
asamalarin incelenecegi, hangi gevresel etkilerin degerlendirilecegi belirlenir.

e Yasam Dongiisii Asamalarinin Tamimlanmasi: Uriiniin veya siirecin yasam dongiisii adimlari
2 cers

belirlenir. Bu adimlar genellikle “ham madde edinme”, “lretim”, “dagitim”, “kullanim” ve
“atilma” gibi asamalar igerir.

e Veri Toplama: Her asamada kullanilan malzemelerin, enerjinin ve atiklarin miktarlar: toplanir. Bu
veriler literatiir taramasi, sirket raporlart veya dlglimler yoluyla elde edilir.
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e Cevresel Etkilerin Belirlenmesi: Toplanan veriler, ¢cevresel etkileri degerlendirmek i¢cin kullanilir.
Sera gazi emisyonlari, su titketimi, toksinlerin salinimi gibi etkiler 6l¢iiliir.

e Analiz ve Degerlendirme: Elde edilen veriler analiz edilir ve degerlendirilir. Hangi asamalarin daha
fazla cevresel etkiye sahip oldugu belirlenir.

e Yorum ve Sonuclar: Elde edilen sonuglar yorumlanir ve ¢ikarimlar yapilir. Hangi adimlarda
iyilestirmeler yapilmasi1 gerektigi veya hangi malzeme/teknoloji degisikliklerinin ¢evresel etkiyi
azaltabilecegi belirlenir.

e Raporlama: LCA sonuglari, grafikler ve tablolarla desteklenerek raporlanir. Bu rapor, ¢evresel
performansi gorsellestirir ve anlagilabilir kilar [97, 98].

LCA aym1 zamanda bir¢ok ¢eside sahiptir. Uriin, siire¢, kurulus, sektdrel ve proje LCA olmak iizere 5
baslik altinda toplanabilir. Uriin LCA, bir iiriiniin yasam dongiisii siiresince gevresel etkilerinin
incelenmesidir. Uriiniin hammaddelerinin elde edilmesinden, iiretimine, dagitimina, kullanimma ve
atilmasina kadar olan siireglerdeki ¢evresel etkiler degerlendirilmektedir [99]. Siire¢ LCA, belirli bir
iiretim veya isleme siirecinin ¢evresel etkilerini degerlendirir. Bu analiz, belirli bir tesisin veya prosesin
cevresel performansini 6lgmek i¢in kullanilmaktadir [100]. Kurulus LCA tiiri, bir sirketin veya
organizasyonun genel faaliyetlerinin ¢evresel etkilerini degerlendirmektedir. Burada, sirketin tiim
eylemlerine ve stireglerine odaklanilir [101]. Sektorel LCA, belirli bir endiistri veya sektdrdeki cesitli
iiriinlerin veya siireclerin ¢evresel etkilerini karsilastirmak icin kullanilmaktadir. Ornegin, enerji iiretimi
veya tarim gibi sektorel LCA’lar yapilabilmektedir [102]. Proje LCA, belirli bir projenin veya yatirimin
cevresel etkilerini degerlendirir. Burada, altyap: projeleri, bina insaati1 veya tasima projeleri gibi cesitli
alanlarda kullanilabilmektedir [103].

10. SONUC

Ayakkabi, insanin konfor ve korunma agisindan temel ihtiyaci olmakla beraber moda algisiyla da
modern diinyanin vazgecilmezlerindendir. Yapiminda saya icin deri ile sentetik alternatifler olan
poliiiretan kapli kumaslar, PVC kapli kumaslar ve poromerikler de kullanilirken, astarda deri, kiirk,
pamuklu ve ipek kumaslar ile ¢agdas malzemeler kullanilmig olup, tabanda kosele, dogal kauguk, tekstil
bazli malzemeler gibi dogal malzemelerin yan1 sira PVC, EVA, poliliretan, neolit, suni kauguk gibi
sentetik malzemeler kullanilmistir. Bir ¢ift ayakkabinin yapiminda ise 40 g¢esit kadar farkli malzeme
kullanilmaktadir. Yillar icerisinde ortaya ¢ikan kirlilik ve atiklarin biiyiikliigliniin fark edilmesiyle
siirdiriilebilirlik ¢alismalarinin igerisinde dahil edilmistir. Geri doniisiim, yeniden kullanim, yeniden
tasarim, ileri doniigiim, kullanim1 reddetme, tiiketimi azaltma, ¢iirlitme-bozunma gibi yontemler ile bu
caligmalar siirekli olarak siirdiiriilmektedir. Bu sayede olusan kirliligi dnlemekle beraber islevsel
hammadde kullanimi amaglanmaktadir. Ayakkabi sektoriiniin yapisini incelendiginde cinsiyetlere gore
ayrilmis gruplarin yani sira birgok 6zellestirilmis iiriin grubunu da igeren olduk¢a genis bir sektor
oldugu gézlemlenebilmektedir. htiyacin giin gegtikge artiyor olmasi da ayakkabi sektoriinii siirekli
olarak biiyliyen ve potansiyel vaat eden bir sektér haline getirmektedir. Tiirkiye ise potansiyelinin
tamamini kullanamamasina ragmen en ¢ok ihracat yapan iilkeler listesinde 5. siraya yerlesmistir. Bu da
Tiirkiye ayakkabi sektoriiniin, Cin pazarinda olan dagilmanin Avrupa’ya kaymasi firsatiyla beraber
yliksek olan gelecek potansiyelinin daha fazla arttiginin gostergesidir. Bu bilgilere dayanarak gelisen
ayakkabi sektoriinlin basta tilkemiz olmak {izere iyi bir arastirma konusu olmakla beraber ayn1 zamanda
iiretim olanaklarimin diinya ¢apinda yiiksek oldugu kanisi ortaya konulabilir.
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(TASEV) Kiitiiphanesi” olmasaydi bu derleme ¢alisma miimkiin olmazdi.
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Ozet

Yogun kentlesme, ylzeysel akis miktarinin artmasina, ylzeyde toplanan suyun kirlenmesine ve bunun
sonucunda su Kalitesinin azalmasina neden olmaktadir. Bu olumsuz etkilerin azaltiimasi igin Yesil Altyapi
Sistem bilesenleri kullaniimaktadir. Yesil Altyapi Sistemleri ylizeysel akisin pik debisini ve miktarini azaltan,
ayni zamanda kirletici konsantrasyonunu diisiirerek su kalitesini iyilestiren dogal yéntemlerdir. Ozellikle,
kentsel alanlarda yagmur suyu 6zelinde uygulanan yesil altyapi uygulamalari ayni zamanda Duisuk Etkili
Kentlesme (DEK) uygulamalari olarak isimlendiriimektedir. Bu ¢alisma kapsaminda, DEK uygulamalarinin
yuzeysel akis miktarina ve su kalitesine etkisi incelenmistir. Bu gergevede ilk olarak Cevre Koruma Kurulusu
Yagmur Suyu Yoénetim Modeli (EPA-SWMM) bilgisayar programi kullanilarak istanbul Universitesi-
Cerrahpasa Buyukgcekmece Kampisui'ne ait hidrolojik-hidrolik ve su kalitesi modeli olusturulmustur. DEK
uygulamalarinin bulundugu ve bulunmadigr modeller karsilastirilarak, yesil altyapi sistemlerinin ytzeysel
akis debisini azaltmadaki, su kalitesini iyilestirmedeki performansi incelenmistir. Karsilastirma sonucunda
calisma alanina tanimlanan DEK uygulamalarinin, toplam yizeysel akis miktarini ve pik debiyi azalttig
goérualmastar. Ayrica, modele tanimlanan DEK uygulamalarinin ytzeysel akigtaki kirletici yUklerini ve pik
konsantrasyonlarini azaltmada etkili oldugu sonucuna variimigtir.

Anahtar Kelimeler: Dusuk etkili kentlesme, Yesil altyapi sistemleri, Epa-Swmm, Hidrolojik/Hidrolik model,
Su kalitesi modeli, Taskin, Yizeysel akig

Investigation of the Green Infrastructure Performance via Hydrologic/Hydraulic
and Water Quality Model: A Case Study of Istanbul University-Cerrahpasa
Buyilikgekmece Campus

Abstract

Heavy urbanization leads to an increase in surface runoff volume, the pollution of collected surface water,
and consequently a decline in water quality. Green Infrastructure System components are used to mitigate
these adverse effects. Green Infrastructure Systems are nature-friendly methods that decrease peak
discharge and surface runoff quantity as well as improving water quality by decreasing pollutant
concentrations. These implementations, which lessen the impacts of urbanization, are called Low Impact
Development (LID). In this study, the effects of LID implementations on surface runoff quantity and water
guality are examined. In this context, the Environmental Protection Agency Storm Water Management
Model (EPA-SWMM) was utilized to develop the hydrologic-hydraulic and water quality model for the
Istanbul University-Cerrahpasa Blylk¢cekmece Campus. By comparing models with and without LID
applications, the performance of green infrastructure systems in reducing surface runoff discharge and
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improving water quality was investigated. The comparison revealed that the LID implementations defined
for the study area reduced the total surface runoff volume and peak discharge. Additionally, it was
concluded that the LID implementations defined in the model were effective in reducing pollutant loads and
peak concentrations in surface runoff.

Keywords: Low impact development, Green infrastructure systems, Epa-Swmm, Hydrologic/Hydraulic
model, Water quality model, Flood, Surface runoff

1. GIRIS

Niifusun ve sanayi faaliyetlerinin artmasindan dolay1 diinyada ve iilkemizde kullanilabilir su miktart
giderek azalmaktadir ve su kaynaklarinin kirlenme orani artmaktadir. Suyun kullanimi ve tasarrufu énem
kazanmakta olup yeni stratejilerle verimli ve bilingli su kullanim1 ile su kaynaklarimin en iyi sekilde
yonetilmesi gerekmektedir [1]. Bu kapsamda yagmur suyu hasadina yonelik sistemler siirdiiriilebilir bir
yaklagim olarak degerlendirilebilir [2, 3]. Yagmur sularinin geri kazanilip yeniden kullanilmasi, temiz su
kaynaklarinin tiikkenmesini énlemeye ve ylizeysel akis hacminin kirlenmeden toplanmasini saglayarak
atiksu olusumunu azaltmaya yonelik onemli faydalar saglamaktadir. Modern su aritma teknolojisinin
gelismesiyle birlikte temiz kaynak olarak kabul edilen yagmur suyu bir¢ok kisi tarafindan zamanla
taninmaya baslanmistir ve yagmur suyu toplama ve yeniden kullanim sistemleri yayginlasmistir [4].
Yagmur suyu hasadi, su tasarrufu saglamak amaciyla; evsel, endiistriyel, tarimsal ve g¢evresel amaglh
talepleri karsilamak i¢in yagmur suyunun toplanmasi ve kullanilmasi olarak tanimlanmaktadir. Basta konut
catilar1 olmak tizere, yollar, kaldirimlar ve otoparklar gibi agik alanlardan borularla toplanan yagmur sulari
filtrelendikten sonra depoya alinmakta ve depolanan su; bahge sulama, ara¢ yikama, temizlik igleri vb.
ihtiyaglar igin kullanilabilmektedir [5]. Artan endiistrilesme ve sehirlesme; dogal su kaynaklarinin, yesil
alanlarin iggal edilmesini ve gecirimsiz alanlarin gogalmasini1 beraberinde getirmistir. Bununla birlikte,
artan ge¢irimsiz alanlar yagmur sularinin topraga sizmasini zorlastirmistir [6]. Gegirimsiz ylizeyler
tizerinde yagisin hizla yiizeysel akisa doniismesi Ozellikle kentsel alanlarda sel ve tagkinlara neden
olmaktadir. Ayrica, kentsel alanlarda, yiizeyde olusan kirliligi yikayarak su kaynaklarina tagimakta ve su
kaynaklarinin kirlenmesine neden olmaktadir. Bundan dolayi, kentsel alanlarda yagis sonucu olusan
yiizeysel akisin toplanmasi ve ¢esitli mithendislik modelleriyle yonetilmesi 6nemlidir [7, 8]. Yesil Altyap1
Sistemlerinde, kentlesmis bolgelerde su kalitesini iyilestirmek ve yiizeysel akigi azaltmak amaciyla
uygulanan Diisiik Etkili Kentlesme (DEK) uygulamalar1 siirdiiriilebilir bir yaklagim sunmaktadir. Bu
uygulamalar, yagmur suyunun toplanmasi ve ileriki siire¢lerde aritilmasi ile yeniden kullanima olanak
saglamaktadir.

Bu ¢alisma kapsaminda Cevre Koruma Kurulusu Yagmur Suyu Yonetim Modeli (EPA-SWMM) bilgisayar
programi kullanilarak, Istanbul Universitesi-Cerrahpasa Biiyiikcekmece Kampiisii’niin yagmur suyu
modeli olusturulmustur. Daha sonra, olusturulan modele DEK uygulamalar1 entegre edilmistir. Diisiik
yogunluklu yerlesim yeri, yiiksek yogunluklu yerlesim yeri, ticari alan, karayolu olmak {izere dort farkl
arazi kullanimi modele tanimlanmigtir. Ayrica, modele su kalitesini tanimlamak amaciyla Biyokimyasal
Oksijen Ihtiyaci (BOI), Askida Kat1 Madde (AKM), Kursun (Pb) ve Toplam Kjeldahl Azotu (TKN) kirletici
olarak tanimlanmistir. Kirleticilere ait biriktirme ve yikanma parametreleri modele girilmistir. Kampiiste
bulunan binalarin, yesil alanlarin ve kaldirimlarin yerlesimlerine gore; yesil ¢ati, biyotutma, gegirimli
kaldirim, yagmur bahgesi, yagmur suyu toplama deposu, sizma hendegi olmak iizere alt1 farkli DEK
uygulamasi modele entegre edilmistir. DEK uygulamalarinin bulundugu ve bulunmadigi modellerden
alinan hidrograflar ve polutograflar karsilastirilarak, DEK uygulamalarinin yiizeysel akis miktar1 ve su
kalitesi {izerindeki etkileri incelenmistir.

2. MATERYAL VE YONTEM
2.1 EPA-SWMM Yagmur Suyu Yoénetim Modeli

EPA-SWMM bilgisayar programi, kentsel drenaj sistemlerinde yiizey akislarim ve kalitesini modellemek
amaciyla Amerika Birlesik Devletleri Cevre Koruma Ajansi (US EPA) tarafindan gelistirilen iicretsiz ve
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acik kaynakli bir yazilimdir [9]. Model, kentsel alanlarda drenaj sistemleri ile ilgili planlama, analiz ve
tasarim i¢in yaygin olarak kullanilmaktadir [10]. Ayrica, EPA-SWMM programi, bir havza sistemi i¢indeki
her bir alt havza alaninda olusan yiizeysel akis miktarini ve kalitesini, ayrica her bir boru ve kanalda olusan
akis hizini, derinligini ve kirletici konsantrasyonunu hesaplar [11]. EPA-SWMM programina saglanan
girdiler arasinda yagis siddeti, havzanin alani, havzadaki gecirimsiz alan yiizdesi, boru ve kanallarin
uzunlugu, genigligi ve kesiti gibi bilgiler yer almaktadir. Programin ¢iktilar1 arasinda; debinin zaman
icindeki degisimi (hidrograf), havzanin hidrodinamik degiskenleri ve kirletici konsantrasyonunun zaman
icindeki degisimi (pollutograf) gibi veriler yer alir [12].

EPA-SWMM igerisinde yapilan akig hesaplari, kiitle, momentum ve enerji korunumu prensiplerine dayanir.
Yiizeysel akis1 hesaplarken, yagis ve havza girisindeki su kaynaklar1 giris debisini, sizma, buharlagma ve
ylizeysel akis ise ¢ikis debisini olusturur. Boru ve kanallarda akimi 6telemek i¢in {iniform akim, kinematik
ve dinamik dalga 6teleme secenekleri vardir. Uniform akim en basit 6teleme metodudur ve debi ile derinlik
arasindaki iliski Manning denklemi ile verilir. Kinematik dalga denklemi ise momentum denkleminde
bulunan basing degisimi ve ivme terimlerinin ihmal edilerek yazilmis halidir. Dinamik dalga ile 6telemede
ise St. Venant denklemleri olarak bilinen denklem takimi ¢oziilerek elde edilir. EPA-SWMM programinda
sizma hesabi i¢in Entegre Horton Metodu, Green-Ampt Metodu veya SCS Egri-Numarast Metodu olmak
iizere ti¢ farkli opsiyon vardir [13].

2.2 Istanbul Universitesi-Cerrahpasa Biiyiikgekmece Kampiis Alani

Istanbul Universitesi-Cerrahpasa Biiyiikcekmece Kampiisii, Istanbul'un Avrupa Yakasi'nda yer almaktadir
(Sekil 1). Kampiis, 41°05'26.50" kuzey enlemi ve 28°37'14.25" dogu boylami ile tanimlanan bir konumda
bulunmaktadir. Kampiis alan1 yaklasik 18 hektardir. Kampiiste; dort fakiilte, iki yiliksekokul, iki enstitii,
uygulama ve arastirma merkezi, kiz 6grenci yurdu, jeoloji miizesi, merkez kiitiiphanesi, otopark ve
kafe/restoranlarm bulundugu bir alan bulunmaktadir.

ISTANBUL

TURKIYE

ISTANBUL UNIVERSITESI-CERRAHPASA
BUYUKCEKMECE KAMPUSU
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2.3 Hidrolojik-Hidrolik ve Su Kalitesi Modelin Olusturulmasi

EPA-SWMM bilgisayar programinda Biiylikgekmece Kampiis alanimin hidrolojik ve hidrolik modeli,
Istanbul Universitesi-Cerrahpasa Yapi Isleri Daire Baskanligi’'ndan temin edilen topografik harita ve
yerlesim plani kullanilarak yapilmigtir. Kampiisiin hidrolojik-hidrolik modeli olusturulurken benzer
bolgeler bir alt havza olusturacak sekilde 68 alt havzaya (subcatchments) béliinmiistiir. Ornegin bir yapiya
ait ¢at1 alani, otopark alani1 veya benzer sekilde bina etrafinda yer alan yesil alan bir biitiin olarak alt havza
seklinde olusturulmustur. Daha sonra modele bir adet yagis 6lger, 18 baglanti noktasi (junction) ve 18 kanal
(conduit) tamimlanmustir. Hidrolojik-Hidrolik modelin olusturulmas: i¢in, EPA-SWMM bilgisayar
programma calisma alaninin arka plan goriintiisii yiiklenmistir. Bu goriintii kullanilarak alt havzalar
olusturulmustur. Alt havzalar iizerinde yagis sonrasi olusan yiizeysel akis sularinin toplandigi baglanti
noktalar1 ve mevcut altyapi hatlarinin giizergahlar1 esas alinarak baglanti kanallar1 olusturulmustur.
Baglant1 noktalari, Havza Modelleme Sistemi (WMS) programindan elde edilen havzaya ait egim, havza
sinir1 ve alan verileri dikkate alinarak, suyun akis yoniine gore eklenmistir. Topografik harita kullanilarak
yiikselti degerleri girilmis ve modele kanallar eklenmistir. Ayrica, alt havzalara ait egim, alan, genislik
degerleri WMS’den alinarak EPA-SWMM programina aktarilmistir. Ek olarak, kanal uzunluklari, kanal
birlesim noktalarinin yiikselti degerleri topografik harita kullanilarak elde edilmis ve EPA-SWMM
programina tanimlanmigtir. Olusturulan diigiim noktalari, kanallar ile birlestirilerek ¢ikis, mansap noktasina
ulastirilmastir (Sekil 2).
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Sekil 2. Caligma havzas1t EPA-SWMM bilgisayar programi goriintiisii

Simiilasyonlar i¢in ge¢mis yillarda Istanbul’da meydana gelen siddetli bir yagis secilmistir. Bu kapsamda,
Florya Meteoroloji istasyonu’ndan 09-12 Temmuz 1995 tarihleri arasinda meydana gelen siddetli yagisa
ait saatlik yagis verileri alinmis ve modele tanimlanmustir. Hidrolik modelde yiizeysel akisin 6telenmesinin
hesaplanmasi i¢in Dinamik Dalga yontemi ve hidrolojik modelde havzada meydana gelen sizma miktart
Green Ampt yontemi kullanilarak hesaplanmistir [14, 15]. Sizma denkleminde yer alan hidrolik iletkenlik
(hydraulic conductivity) ve topragin emme basing yiikil (suction head) degerleri sirasi ile 6.66 mm/sa ve
169 mm olarak havzanin zemin tipine uygun olarak segilmistir [16, 17]. Manning piiriizliilik katsayist;
gecirimli alanlar i¢in 0.1, gecirimsiz alanlar i¢in 0.01 ve kanallar i¢in 0.02 alinarak programa girilmistir
[14, 18]. EPA-SWMM bilgisayar programinda su kalitesi modelini gelistirmek amactyla; kirlilik birikim
(buildup) miktarin1 hesaplamak igin eksponansiyel (EXP) fonksiyon ve yiizeysel akis ile yikanarak
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(washoff) yiizey suyuna karigan Kirletici miktarin1 hesaplamak igin akig-yiiklii ortalama konsantrasyon
(EMC) fonksiyonu kullanilmistir. Modele ait akis semasi Sekil 3’te verilmistir. Parametreler, farkli arazi
tiplerindeki, dort farkli kirletici tipine gore deger almaktadir. Yiizeysel akistaki kirletici parametreleri
literatiirdeki degerler [9, 13, 19, 20, 21, 22] dikkate alinarak su kalitesi modeline girilmistir.

Model uizerinde alt havzalarn
¢izilmesi, alt havzalarin
—> topografik 6zelliklerinin e
tanimlanmasi ve yagis
verilerinin girilmesi

Yiizeysel akism
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Dalga y6ntemi ve Sizma
i¢in Green-Ampt Metodu

Kanallar ve baglanti

Hidrolik Model noktalannm, dégenmis altyapi |
Kurulumu | hatlarmm giizergahlar esas kullamlmlstl.r.. Al.t
almarak olusturulmast Izl gegmih
gecirimsiz alanlar i¢in
Kanallar, geoirimli ve pliriizlitliik katsayilarn ve
A - sizma parametreleri modele
— e a.1>a1}la{ e — tammlanmustir.
Manning piiriizliilitk
EPA-SWMM katsayismin tanimlanmasi
DEK uygulamalarmnm
O?oﬂi;m Arazi Kullanimu ve Kirletici Eﬂiundiﬁ;lemo deller igin
ug as1 i TLTTIRTE
paran}[zﬁiﬁ;ﬁ;ﬁodele Kirletici birikmesi ve Hidrograflar ve
wE > SuKalitesi Modelinin yikanmasi miktarlart igin Pollutograflar elde
Olusturulmast Farkll arazi ve Kitietior suastyla; EXP ve EMC edilmistir.

Uygun tiirlerine gore kirletici birikimi fonkstyonlanpkmllhm i3 S
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Sekil 3. EPA-SWMM modeli akis semasi

2.4 Duslik Etkili Kentlesme Uygulamalarinin Modele Tanimlanmasi

Istanbul Universitesi-Cerrahpasa Biiyiikgekmece Kampiisii’ne EPA-SWMM bilgisayar programi iizerinde
alt1 farkli DEK uygulamasi tanimlanmistir. Bu tanimlanan uygulamalardan, yesil ¢ati; yap1 kapsaminda
izolasyonu ve enerji verimliligini artirma amaciyla, 1sitma ve sogutma maliyetlerini diisiirme yoniinde
ortaya c¢ikan bir DEK uygulamasidir. Toplumsal ve cevresel yararlari en iist diizeye ¢ikarmak igin
tasarlanmis ve tiim ylizeyi su gecirmez bir membran ile kaplanmus, bitki Ortiisii tabakasi eklenmis gatilardir
[23]. S1izma hendegi; cogunlukla sulak alan olarak islev gorerek yagmur suyunu hasat etmek amaciyla kirsal
ve kentsel bolgelerde kullanilmaktadir, yer alti su seviyesinin yiizeye yakin oldugu bolgelerde inga
edilmektedir [24]. Biyotutma; yiizeysel sularin topraga sizmasini saglayarak akisi azaltma amaciyla yerel
bitkiler iceren kiigiik ¢okiintii alanlarinin olusturuldugu DEK uygulamasidir. Fiziksel, kimyasal ve biyolojik
artim siiregleri bulunmaktadir [2, 25]. Yagmur suyu toplama deposu; toplu konut ve benzeri yapilarda ¢ati
sularinin hasadi i¢in yagmur suyu biriktirmeye yarayan uygulamalardir [26]. Yagmur bahgesi; yagmur
suyunun toplanmasi amaciyla toprakta bosluklu yapi olusturulup gecirgen malzemelerle doldurma
uygulamasidir. Gegirgen alanin iizerine bitkilerin ekilmesi ve mal¢ kullanimi ile tamamlanan, su tutma
kapasitesi yiiksek bir uygulamadir [27]. Gegirimli kaldirim; siddetli yagisin yilizeysel akisa donligme oranini
azaltmak amaciyla baglantili bosluklardan yagmur suyunun sizmasina olanak saglayan gecirimli
malzemeden yapilmaktadir. Sagladigi drenajla su kaynaklarmin azalmasi ve kirlenmesinin Oniine
gecilmesine yonelik faydali bir uygulamadir [28].

DEK uygulamalarmi igeren toplam alan 50614 m?dir. Bu alan, toplam kampis alamnin %28,1’ini
olusturmaktadir. Yesil ¢at1 uygulamasi; bina yapist itibariyle uygun olan Istanbul Universitesi-Cerrahpasa
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Veteriner Fakiiltesi, Adli Tip ve Adli Bilimler Enstitiisii, Istanbul Universitesi 15 Temmuz Sehitleri Ogrenci
Yurdu basta olarak, 20 adet betonarme yapiy1 kapsayacak sekilde toplam 18510 m? alana uygulanmustir.

Mevcut bir yaptya makul seviyenin iizerinde yiik getirilmemesi amaciyla toprak kalinligi 15 cm olarak
belirlenmistir. Bir diger DEK tipi olan biyotutma uygulamasi 850 m?’lik alanda uygulanmistir. Biyotutma
uygulamasi; 100 cm toprak derinligi, 50 cm bitki ortiisii yiliksekligi olacak bicimde tasarlanmigtir. Kampiis
icindeki yollarin gegirimli olarak yenilenmesi planlanmis ve modele entegre edilmistir. Gegirimli yol ve
kaldirimlar saatte 150 mm su gegirimliligi saglayacak ve alt katmaninda 25 cm kalinhiginda gecirimli
olmasini saglayacak zemin &zelliklerine sahiptir. Gegirimli kaldirim DEK uygulamasinin toplam alani
22754 m?’dir.

Sizma hendegi uygulamasi, Veteriner Fakiiltesinin 6n tarafinda bulunan arag ve yaya yolu iizerindeki 4200
m?’lik alana uygulanmustir. Uygulama kolaylig1 amaciyla ve ¢evre bitki drtiisiiniin incelenmesi sonucunda,
bu yapmin hem derinligi 50 cm hem de bitki ortiisii yiiksekligi 50 cm olacak bicimde modele girisi
yapilmigtir. Yagmur suyu toplama deposu uygulamasi toplam 3300 m?lik alana tanimlanmigtir. Bir
deponun yiiksekligi 2,5 m olarak planlanmistir. Tanimlanan altinct DEK uygulamasi olan yagmur bahgesi,
biiyiik yesil alanlarda tanimlanmistir. Yagmur bahgesi uygulamasinin toplam alan1 1000 m?’dir. Derinligi
50 cm ve bitki ortiisii yiiksekligi 50 cm olacak bi¢cimde tanimlanmastir.

3. BULGULAR

Istanbul Universitesi-Cerrahpasa Biiyiilkgekmece Kampiis alam i¢in kurulan model temelinde; DEK
uygulamalarinin bulundugu ve bulunmadigi iki model karsilastirilmistir. Sekil 4°teki hiyetografta
gorildigi gibi, 26-30 saat araliklarinda siddetli yagis gergeklesmistir. Yagis sonrasinda, 31. saatte, havza
cikis noktasinda pik debisi 189,28 L/s'ye varan yiizeysel akis debisi hidrograf {izerinde goriilmiistiir. DEK
uygulamalar1 sonucunda ise yiizeysel akis pik debisi 42,36 L/s'ye diigmiistiir. Uygulamalar sonucu pik
debideki azalma %77,62, yiizeysel akis hacmindeki azalma %90,97 olarak hesaplanmistir (Tablo 1).
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Sekil 4. 9-12 Temmuz 1995 tarihleri arasinda olusan yagisin hiyetografi ve DEK uygulamalar1 yapildig
ve yapilmadig1 durumlardaki yiizeysel akis hidrograflari

DEK uygulamalari bulunan ve bulunmayan modellerdeki konsantrasyon-zaman degisim grafikleri

(pollutograf) Sekil 5, 6, 7 ve 8’de verilmistir. DEK uygulamalari, 18 hektarlik havzanin %28,1’ine denk
gelmektedir, su kalitesi modeli AKM, Pb, BOI ve TKN olmak {izere farkli kirletici tiplerine gore
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gelistirilmistir. Alt1 farkli DEK uygulamasinin birlesik etkileriyle, kirletici konsantrasyonlarinin pik
degerlerindeki diisiis %7,01 ile %19,40 arasinda ve toplam kirletici yiikii miktarlarinda olan azalma %84,55
ile %86,00 arasinda bulunmustur.

Bulgular sonucunda Tablo 1 ve 2’de yapilan karsilagtirmalar ile; Yesil Altyap: Sistem bilesenlerinin
yiizeysel akis miktarini diistirmedeki ve su kalitesini iyilestirme yoniindeki performansi gosterilmistir.
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Sekil 5. DEK uygulamalar: yapildigi ve yapilmadigi durumlardaki AKM pollutograflar
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Sekil 6. DEK uygulamalar yapildigi ve yapilmadigi durumlardaki Pb pollutograflar:
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Sekil 7. DEK uygulamalar1 yapildig1 ve yapilmadigi durumlardaki BOI pollutograflar:
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Sekil 8. DEK uygulamalar1 yapildigi ve yapilmadigi durumlardaki TKN pollutograflari

Tablo 1. Yiizeysel akig hacminin ve pik debisinin, DEK uygulamalari yapildig1 ve yapilmadig
durumlardaki degerlerinin karsilagtirilmasi.

DEK 1 1 DEK 1 1 . ..
a 1lm:(}l,1g' li :ll:;?l;r:la a 11(:{,?3::1?11?11: Pik Debinin Toplam Viizeysel Ak
Parametre:| Y2P . £ . yap g . Azalma Yiizdesi | Hacminin Azalma Yiizdesi
Pik Debi Pik Debi (%) (%)
(L/s) (L/s)
Yii 1
‘Zg:e 189.28 42.36 77.62 90.97
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Tablo 2. Yiizeysel akistaki Kirletici yiikii miktarlarinin ve pik konsantrasyonlarinin, DEK uygulamalari

yapildig1 ve yapilmadig1 durumlardaki degerlerinin karsilastirilmasi.

DEKauyﬁ:: ::imvalarl DEK uygulamalari Pik Toplam Kirletici

y dIL)Jlrum d;gl yapildigi durumda  [Konsantrasyonlarmn| Yiikii Miktarinin

Kirleticiler| _. Pik Konsantrasyon Azalma Yiizdesi Azalma Yiizdesi
Pik Konsantrasyon (mg/L) (%) (%)

(mg/L) ’ i ’

AKM 262.53 24411 7.01 84.55
Pb 0.67 0.54 19.40 86.00
BOi 5.52 4.50 18.48 85.49
TKN 0.54 0.49 9.26 84.76

5.TARTISMA

DEK uygulamalar1 havza 6l¢eginde yapildigi zaman, havza alaninin biiyiik olmasi nedeniyle bir havzanin
%1-5 gibi kiiclik bir alanin1 kaplayacak sekilde uygulanabilmektedir. Dolayisiyla, DEK uygulamalarinin
su miktaria ve kalitesine olan etkisi i¢in elde edilen sonuglar genellikle diisiik ¢ikmaktadir. Calismamiz
kapsaminda yaklasik 18 hektar alana sahip Biiyiikgekmece Kampiis alan1 modellenmis ve bu alan igin
50614 m? alana DEK uygulamasi planlanmistir. Dolayisiyla, planlanan DEK alaninin kampiis alanina orani
%28,1 olarak hesaplanmistir. Bu oran havza ¢alismalarina kiyasla biiyiik bir oran olmasina ragmen kampiis
0lceginde yapilmasi makul bir planlamadir. Kampiis alaninda yer alan her binanin ¢atisindan toplanan
yagmur suyu yagmur tankina aktarildigi i¢in ve ayrica diger DEK tiirleri de aktif olarak yiizeyde toplanan
yagmur suyunu kendilerine has teknikler ile depoladigi ve sizmayi arttirdigi i¢in yiizeysel akis debisinin ve
miktarimin ciddi oranda azaldigi goriilmiistir. Kampiis alaninin kii¢iikk olmasi ve uygulanan DEK
uygulamalarinin sayisinin ve tiirlerinin fazla olmasi nedeniyle sonuglarda elde edilen azalma yiizdeleri
ylksek ¢cikmigtir. Cikan sonuglar literatiirde yer alan diger sonuglar ile karsilastirilmis ve sonuglar bu
kapsamda yorumlanmastir.

Giilbaz vd., (2019) tarafindan yapilan benzer bir ¢alismada 133 hektar biiyiikliigiindeki Istanbul
Universitesi-Cerrahpasa Avcilar Kampiisii i¢in bir model gelistirilmistir [9]. Gelistirilen modelde, %7,65
DEK uygulamalar1 sonucu havzada pik debideki azalmanin %27 oldugu goértlmiistiir [9]. Ayrica, Askida
Kat1 Madde Konsantrasyonunda (AKM) %33 ve Kursun (Pb) konsantrasyonunda %36 oraninda azalma
goriilmistiir. Giilbaz ve Kazezyilmaz-Alhan (2014) Sazlidere Havzasinin 40 km?’lik belirli kismi igin
hidrolojik/hidrolik modelini, birlesik DEK uygulamalarinin havzada kullanim orani1 %3 olacak sekilde
gelistirmislerdir. Yaptiklari ¢alisma sonucunda, havzadaki pik debideki azalmay1 %13,3 ve toplam yiizeysel
akis hacmindeki azalmay1 %13,4 olarak bulmuslardir [13]. Frias ve Maniquiz-Redillas (2021) yaptiklar
caligmalarda De La Salle Universitesi Laguna Kampiisii'niin yagmur suyu y&netim modelini
geligtirmiglerdir [29]. Yaptiklart modelde, liniversite kampiisiinii 24.13 hektar, 10.18 hektar ve 4.34 hektar
olmak iizere ii¢ alt havzaya bolmiislerdir. Havzaya; biyotutma, sizma hendegi, yagmur bahgesi, yesil cati,
gecirimli kaldirim, yagmur suyu toplama deposu, bitkisel kanal, {istgat1 ayrimi1 olmak tizere sekiz DEK
uygulamasmi model iizerinde tamimlamislardir. DEK uygulamalarinin bulundugu ve bulunmadigi
modelleri karsilastirmis ve farkli senaryolar tiretmislerdir. Yaptiklar: ¢alisma sonunda, yiizeysel akisin en
fazla azaldig1 senaryonun; %87 azalma ile 24,13 hektar biiyiikliiglinde olan en biiylik alt havzaya ait
oldugunu bulmuslardir [29]. Giilbaz ve Kazezyilmaz-Alhan (2019) tarafindan Alibeykdy havzasinda
yapilan ¢alismada, farkli DEK uygulamalarma yer verilmis ve DEK uygulamalarinin tekil etkileri ve
birlesik etkileri incelenmistir. Yapilan ¢alismada, 161 km? havza alanina %5 oraninda DEK uygulamalari
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tanimlanmistir. Modellemeler sonucunda, DEK uygulamalarinin birlesik etkileriyle beraber AKM pik
konsantrasyonunda %26 oranlarinda azalma gozlemlemislerdir [19]. Ayrica, Giilbaz ve Kazezyilmaz-
Alhan (2014) Sazlidere havzasinin belirli kismu i¢in su kalitesi modelini gelistirmisler ve havzadaki AKM
konsantrasyon degerinde azalmayi %17,33 bulmuslardir [13]. Ek olarak, Jia vd., (2015); Liu vd., (2015);
Geheniau vd., (2015) yaptiklar1 ¢aligmalarda, bir DEK uygulamasinin farkl kirleticilere karsi su kalitesini
iyilestirmedeki veriminin degiskenlik gdsterecegini belirtmislerdir [30-32]. Bu ¢alismada ise; AKM, PB,
BOI ve TKN kirleticilerinin, alt1 farkli DEK uygulamasinin birlesik etkileri sonucu, toplam kirletici yiikii
miktarlarindaki azalma oranini yiiksek ve birbirine yakin oranlarda bulunmustur (Tablo 1 ve 2).

Benzer ¢aligmalardaki; Avcilar Kampiis alaninin ve Sazlidere Havza alaninin, bu ¢alismada modellenen
Biiyiikcekmece Kampiisi'nden ¢ok daha biiyiik oldugu goriilmektedir. Bununla birlikte, Laguna
Kampiisii’'ndeki 3 adet alt havzanmin Biiyiikgekmece Kampiis alanini ile yakin biiyiikliikte oldugu
goriilmustiir. Literatiirden elde edilen sonuclar ile bu ¢alisma kapsaminda yapilan ¢alisma sonuglari
karsilastirildiginda, Frias ve Maniquiz-Redillas (2021) tarafindan yapilan ¢alismada biiylik olan alt
havzanin, DEK uygulamalart sonucu %87 ile yiiksek seviyede yiizeysel akis miktarin1 azaltma oranina
sahip oldugu goriilmiistiir. Istanbul Universitesi-Cerrahpasa Biiyiikgekmece Kampiisii'nde pik debideki
azalma oraninin da benzer sekilde %90,97 olmasi, bu iki ¢caligmada birbirine yakin oranlar elde edildigini
gostermektedir. ikinci olarak ise Giilbaz vd., (2019) ve Giilbaz ve Kazezyillmaz-Alhan (2014) tarafindan
yapilan c¢alismalardaki yiizeysel akis pik debi degerlerindeki azalma oranlarinin, Biiyiikcekmece
Kampiisii’nde elde edilen pik debi degerlerindeki azalma oranlarindan géreceli olarak daha diisiik olmas;
Biiyiikgekmece Kampiisii’nlin daha kiiciik bir alana sahip olmasi ve DEK uygulamalarinin tanimlanma
oraninin daha yiiksek olmasindan kaynakli oldugu goriilmektedir. G6z oniine alian bu iki durumdan yola
cikilarak, DEK uygulamalarinin kiiciik havzalarda ve daha yiiksek oranda uygulanmasi durumunda,
yiizeysel akis debisini diisiirmede daha yiiksek performans sergileyebilecegi, ancak DEK uygulamalarinin
kullanim yiizdesine bagli olarak, gézlemlenen performansin degiskenlik gosterecegi anlasilmaktadir.

6. SONUC

Bu ¢alisma, diinyada kentlesme siirecinin hizla devam etmesinden 6tiirli gegirimsiz alanlarin artigina dikkat
¢cekmektedir. Yogun kentlesmeyle birlikte gecirimsiz alanlarin artisi, su baskini ve taskin riskini
artirmaktadir. Ayn1 zamanda, temiz su kaynaklari diizensiz sehirlesmeden dolay1 kirlenmektedir. Yapilan
caligmada, gdsterilen bu sorunlar karsisinda yesil altyapi sistemlerinin su kalitesini korumadaki 6nemi ifade
edilmektedir.

Arastirma ve modelleme kapsaminda; EPA-SWMM bilgisayar programi kullanilarak Istanbul Universitesi-
Cerrahpasa Biiylikcekmece Kampiisii i¢in Hidrolik-Hidrolojik ve Su Kalitesi Modeli gelistirilmistir.
Olusturulan model temelinde; ilk olarak modele DEK uygulamalar1 tanimlanmazken, daha sonra modele
uygun bolgelerde yesil ¢ati, sizma hendegi, biyotutma ve gegirimli kaldirim, yagmur bahgesi, yagmur suyu
depolama deposu olmak iizere alt1 farkli DEK uygulamasi tanimlanmistir. DEK uygulamalar1 bulunan ve
bulunmayan modellerdeki sonuglar karsilastirilarak; yiizeysel akis debisindeki ve AKM, Pb, BOI, TKN
kirletici konsantrasyonlarindaki degisimler gdzlemlenmistir. Modellemeler sonucunda, Istanbul
Universitesi-Cerrahpasa Bilyiikgekmece Kampiisii’ne tanimlanan %28,1 oranindaki DEK uygulamalarinin;
yiizeysel akis hacminde ve pik debisinde sirastyla %90,97 ve %77,62 oraninda azalmaya; Kirletici yiikii
miktarlarinda ve pik konsantrasyonlarinda sirasiyla %84,55 ile %86,00 arasinda ve %7,01 ile %19,40
arasinda olmak {iizere dnemli 6l¢lide azalmaya neden oldugu goriilmiistiir. Literatiirde yer alan benzer
caligmalar ile karsilagtirmalar sonucu; havza biiyiikligiiniin, DEK uygulamalarinin havzaya tanimlanma
yiizdesinin, DEK uygulamalarinin ¢esitliliginin ve birlesik etkilerinin su miktar1 ve kalitesinde etkili oldugu
gozlemlenmistir.

Sonug olarak Yesil Altyap1 Sistemlerinin, literatiirde bulunan benzer caligmalar ile karsilastirildiginda
yiizeysel akisi diisiirmedeki ve su kalitesini iyilestirmedeki performansinin yiiksek oldugu gézlemlenmistir.
Calismada yer alan bulgular dogrultusunda; DEK uygulamalarinin sehir planlamalarinda yaygin bir sekilde
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kullanilarak ve yerel yonetimlerin Yesil Altyap1 Sistemlerini onceliklendirerek, siirdiiriilebilir ¢evre
olusumuna katki saglamasi onerilmektedir.

-

. TESEKKUR BOLUMU

Bu ¢alismada kullanilan yerlesim planinin ve topog rafik haritanin temini hususunda Istanbul Universitesi-
Cerrahpasa Yapi Isleri Daire Bagkanligi’na ve yagis verilerinin temini hususunda T.C. Cevre, Sehircilik ve
Iklim Degisikligi Bakanlig1 Meteoroloji Genel Miidiirliigii’ne (DMI) tesekkiirlerimizi sunuyoruz.
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Ozet

Tuark Evi idealinin akademik sdylemde ele alinmasi, mimarlik alaninda énemli bir tartisma konusu olarak
one ¢ikmaktadir. Degisen sartlara ragmen, dusik yogunluklu olsa da Turk Evi kavrami arastirma konusu
olmaya devam etmis; morfoloji, tipoloji ve yapi teknolojileri gibi mimari ¢alismalarin bir pargasi olmustur.
1970'lerden itibaren artan elestirilere ragmen bu kavram kurumsallagsmis, Anadolu ve Osmanl konut
kUltdrinG bu kavramlarin paradigmalari iginde tartismak kaginilmaz hale gelmistir. Bu makalede, ideal "Turk
Evi'ne yUklenen anlamlarin ve diinya élgeginde insanhgi bekleyen ekolojik ve sosyokiiltirel krizlere karsi
"Tark Evi" modelinin inga edilebilirlik, strdurilebilirlik, enerji verimliligi ve kullanici odakli tasarim agisindan
¢6zUmln bir parcasi olabilecedi “Akin Evi” 6rnedi Uzerinden anlatiimaktadir. Arastirma unutulmaya yiz
tutmus olan "Turk Evi" kavramini yeniden canlandirarak, geleneksel inga tekniklerinin basit, kolay, sade ve
mevzuata uygun oldugunu, geleneksel inga tekniklerini kullanarak insanlara kendi evlerini yapabileceklerini
gOstermektedir. Ayrica, geleneksel “Tirk Evi'nin” adaptif yeniden kullanim potansiyeli ve baglamsal
duyarliligi, modern mimarlik pratiklerinde dikkate alinmasi gereken énemli unsurlar olarak éne ¢ikmaktadir.
Bu baglamda Turk evleri ve surdurilebilirlik konusunda daha fazla arastirma yapilmasi ve literatirin
genisletiimesi, geleneksel mimarinin surdurilebilirlik potansiyelini daha iyi anlamamiza ve ¢evre dostu yapi
tasarimlari i¢in ilham kaynagi saglamamiza yardimci olabilir.

Anahtar Kelimeler: Geleneksel Tirk evi, Strdurilebilirlik, Tasarim, Turk evi.

Reconstruction of The Turkish House in Modern Times: The Akin House Example
Abstract

The academic discourse on the Turkish House ideal has emerged as an important topic of discussion in
the field of architecture. Despite changing conditions, the concept of the Turkish House, albeit low-density,
has continued to be a subject of research and has become a part of architectural studies such as
morphology, typology and construction technologies. Despite increasing criticism since the 1970s, this
concept has become institutionalized and it has become inevitable to discuss the Ottoman or Anatolian
housing culture within the paradigms of this concept. This article explains the meanings attributed to the
ideal "Turkish House" and how the "Turkish House" model can be a part of the solution in terms of
constructability, sustainability, energy efficiency and user-centered design against the ecological and
sociocultural crises awaiting humanity on a global scale, through the example of the "Akin House". The
research revives the forgotten concept of the "Turkish House" and shows that traditional construction
techniques are simple, easy, plain and compliant with legislation, and that people can build their own homes
using traditional construction techniques. In addition, the adaptive reuse potential and contextual sensitivity
of the traditional "Turkish House" stand out as important elements to be considered in modern architectural
practices. In this context, further research and expansion of the literature on Turkish houses and
sustainability can help us better understand the sustainability potential of traditional architecture and provide
inspiration for environmentally friendly building designs.

Keywords: Traditional Turkish house, Sustainability, Design, Turkish house.
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1. GIRIS

Modern mimarinin hizla gelismesi, genellikle estetik ve kullanigli evler-yapilar insa edildigi seklinde
zannediliyor ise de koronaviriis doneminde evlerde daha fazla zaman gegirildiginde, bazi insanlar mekansal
diizenlemeleri uygun evlerde rahat ederken, digerleri kendilerini rahatsiz hissetti. Bu durum evlerin sadece
uyumak icin insa edilip edilmedigini ve yasam kalitesini ne kadar destekledigini sorgulatiyor. Bir Tiirk
vatandasinin evi, fonksiyonel mekan kurgusu, dogal 1sik ve hava sirkiilasyonunu saglayan planlama
prensipleri ve kiiltiirel kodlar1 barindiran bir tasarim yaklagimiyla nasil olmali? Bu duruma bir 6rnek olmasi
acisindan “Turgut Cansever’in mimarinin hayatin tiim yonlerini kapsamasi gerektigini savundugunu”
hatirlamakta fayda vardir. Cansever, mimarinin kiiltiirel altyapidan yoksun oldugunu ve bu yiizden yanlis
anlagildigini belirtir. Ona gore, yapilar hayat tarzim sekillendirir ve fiziksel Ozelliklerine gore
diizenlenmelidir. Cansever'in diisiincesine gore, mimari insanin g¢evresini bicimlendirme {iriiniidiir ve
insanin kararlari, inanglarinin yansimalaridir [1].

Bu yansimanin bir sonucu olarak sanayi devrimlerinden sonra, Osmanli mirasina sahip Tiirkiye'deki
geleneksel ahsap ve tas evler modern teknoloji {iriinii betonarme apartmanlarla yer degistirmistir. Bu
degisimle birlikte, Tiirkiye’de yasam sekli ve mekan kaybedilmistir. Modern diinyay1 elestirenler bile,
kaybolmus mekanlarda yasamay tercih etti [2]. Dolayisiyla kendi kiiltiir ve medeniyet degerlerine sahip
¢ikabilmek agisindan geleneksel Tiirk Evi'nin karakteristik degerlerini ve olusumunu belirleyen unsurlari
bilmek oldukga 6nemlidir. Bu 6nemin farkina varmak Tiirk Evinin cografi, iklimsel, kiiltiirel ve tarihsel
faktorlerden nasil etkilendigini, mimari yapisini, karakteristik 6zelliklerini, hangi malzemeler kullanilarak
insa edildigini, peyzaj ve estetik zenginliklerini detayl bir sekilde bilmeyi gerektirir [3]. Bu bilme, Tiirk
Evinin bi¢cimsel ve mekansal 6zellikleri ile kiitle, kesit ve i¢ mekan kurgusunun detayli olarak bilinmesini
zorunlu kilar. Yerlesme diizeni, sokak diizeni, tabii sartlara uygunluk ve cevreye saygi gibi faktorler
yaninda, farkli plan tipleri (i¢ sofali, dis sofali, orta sofali, sofasiz), kiitle 6zellikleri (cumba, ¢ikma, sagak,
cat1), ve i¢ mekan Ogeleri (oda, tavan, zemin, kapi, pencere, duvar, ocak, sergen, dolap, yuklik, sabit
mobilyalar) gibi kavramlarin bilinmesi 6nemlidir. Bu biling, evlerin gelecek nesillere Tiirk kiiltiiriinii
tanitma misyonunu da beraberinde getirir [4].

Geleneksel Tiirk Evi, Osmanli Devleti doneminde Anadolu ve Balkanlar'da sik¢a goriilen konut yapilaridir.
Bu evler, toplumun yasam tarzini yansitan énemli mimari miras Ornekleridir ancak zamanla birgok ev
kaybolmus veya zarar gormiistiir. Tadilat ve restorasyon siireglerinde yapilan plan degisiklikleri, evlerin
orijinal yasam bi¢imine dair bilgilerin kaybolmasina neden olmaktadir. Bu evler, aile yasantisini, kiltiirii
ve gecim kaynaklarimin ev igindeki yansimalarini gésteren belgelerdir. Her bir ev, cografi, iklimsel,
malzemesel ve ekonomik farkliliklar gosterebilir ve bu ozellikleriyle benzersizdir. Giiniimiizde yanlis
miidahalelerle kaybolma riski altindaki bu evlerin korunmasi ve gelecek nesillere aktarilmasi biiyiik 6nem
tasimaktadir [5].

Bu c¢aligmada, modernite ¢aginda mimari mirasin korunmasi ve siirdiiriilebilirlik perspektifleri 1s181nda
geleneksel Tiirk Evinin gelecek nesillere aktarilmasinin  6nemi “Akin Evi” 0Ornegi iizerinden
detaylandirilacaktir. Ayrica geleneksel Tiirk Evinin mimari degerleri ve kiiltlirel mirasin yasatilmasina dair
stratejik yaklagimlarin ortaya konulmasi amaglamaktadir.

2. MATERYAL VE METOD

Bu c¢alismada Bursa, Iznik, Omerli kdyiinde yapimi tamamlanmis Akin Evi materyal olarak almarak
modern zamanlarda Tiirk Evi'nin yapilabilirligi Akin Evi Ornegi iizerinden anlatilacaktir. Bu yapilirken
dokiiman analizi yontemi kullanilacaktir. Bu yontem, genellikle diger arastirma yontemlerini desteklemek
igin kullanilir [6]. Dokiimanlar, nitel arastirmalarda uzun siiredir énemli bir rol oynamaktadir. Kitaplar,
dergiler, giinliikler, haritalar, istatistikler, fotograflar ve resimler gibi birgok tiirde dokiiman bu ¢aligmalarda
kullanilmaktadir. Dokiiman analizi, bu dokiimanlarin arastirma verisi olarak toplanmasi, incelenmesi,
sorgulanmasi ve analiz edilmesi siirecini ifade eden bilimsel bir yontemdir [7]. Calismada ilk boliimde
“Sanayi Devrimleri ve Kentlesme Politikalar1” ikinci boliimde “Tiirk Evi’ne Ontolojik Bakis” basliklari
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altinda literatiirde konu ile ilgili taramalar yapilacaktir. Ugiincii ve son boliimde ise Tiirk Evi’nin insa siireci
Akin Evi Ornegi iizerinden anlatilarak elde edilen bulgular tartisilacak, sonug ve dneriler basligi ile makale
tamamlanacaktir.

2.1 Sanayi Devrimleri ve Kentlesme Politikalari

Sanayilesme, iilkelerin toplumsal ve ekonomik yapilarinda biiyiik degisimlere yol agmis, bu siirec,
kentlesmeyi hizlandirmig ve Tiirkiye de dahil olmak iizere sanayilesen tilkelerde yeni kentlerin kurulmasina
yol agmustir [8]. Yeni kurulan kentlerde yasama orani 1950'de niifusun %15' iken, 2023 yilinda bu oran
%93 olmustur [9]. Bu durum sadece demografik bir degisim degil, aym1 zamanda bireysel, toplumsal,
ekonomik, sosyal, siyasal ve kiiltiirel alanlarda derin degisikliklere de yol agmustir [10].

Sanayilesmenin olumsuz etkileri ve kentlesme sorunlar1, modern sehirlerde hava ve su kirliligi gibi ¢cevresel
sorunlara yol agarken, kentlesme siiregleri, 6zellikle altyapi, konut ve ulasim aglarinin yetersizligi ile
sonuclanmistir. Bu siireg, siirdiiriilebilir ve insan odakli yaklagimlarin 6nemini bir kez daha gozler oniine
sermektedir [11]. Kentlesme politikalarinin karsimiza ¢ikardigi énemli sorunlardan biri de orman ve tarim
alanlarinin betonlagsmasina yol agan carpik kentlesme olup, bu durum beraberinde bir¢ok sorunlara yol
agmaktadir [12]. Bu duruma bir 6rnek vermek gerekirse kiiresel 1sinma ve iklim degisikligi nedeniyle son
yillarda tilkemizde daha sik yasanan ani taskinlarin sosyal hayati olumsuz etkiledigi, can ve mal kayiplarina
yol actigr gozlemlenmekte olup bu durum kentlesme politikalarini yeniden gbézden gecirmemizi
gerektirmektedir [13].

Sanayilesme ve modernite sonrasi kentlerde yasayan insanlarin sorunlari, mekansal baglamda ele
alindiginda, yogun niifus, betonlagsma ve yesil alan eksikliginin bireyler iizerinde énemli olumsuz etkiler
olusturdugu goriilmektedir. Yogun kentsel alanlarda, sosyal izolasyon ve anksiyete seviyeleri artig
gostermektedir [14]. Calismalar, dogayla i¢ ice olmayan, sikigik ve stresli sehir ortamlarinin depresyon ve
diger zihinsel saglik sorunlarina yol agabilecegini gostermektedir [15].

Diger yandan gecekondu yayginligi, imar ranti, imar aflari, bitmeyen alt yap1 sorunlari ve deprem gercegi,
kentleri varlik itibariyla bircok problemi ¢oziilemeyen bir yagam formu olarak karsimiza ¢ikarmaktadir.
Ayrica, koylerin bosalmasi ve niifusun biiylik bir kisminin kentlere taginmasi, ayn1 zamanda bir milli
giivenlik sorunudur. Bu olumsuzluklar, sermaye sahipleri i¢in bir avantaja doniismiis ve bahse konu
acmazlarin gérmeden gelinmesi i¢in kentlesme sorunlarini ¢6zmek adina iitopyalar ortaya atilmistir. Bu
titopyalar Batili insaat ve finans sisteminin iilkemize girmesiyle baslamis ve giniimiizde hala etkisini
stirdirmektedir. Bu etki kisaca 0zetlenirse: Sanayi devrimiyle iiretim atdlyelerden fabrikalara kaydi ve
insanlarin yasam ve tiretim sekli hizla degisti. Geleneksel kasaba ve kirsal alan yasamindan apartman ve
fabrikalara gecis, teknolojik iiretimin kolaylik, fayda, ucuzluk gibi sebeplerle topluma dayatilmasiyla
gerceklestirildi. Modern kapitalist diisiince, miistakil bahgeli evlerin yerine betonarme apartmanlari
koyarak, insanlar1 sikisik, bor¢lu ve sosyal sorunlarla dolu bir yasam tarzina itti. Insanlar artik kendi evlerini
insa edemez ve temel ihtiyaclarini karsilayamaz hale geldi. Bu durum kentlesme, ulasim, miilkiyet,
giivenlik ve sosyal hizmetler gibi birgok problemi dogurdu. Bu problemlerden birisi de betonarme
apartmanlardir. Kagir orgii sisteminin striiktiirel agirliklarin1 asmak, ahsap kolon ve kiris sistemli yapilarin
kolay yanmasit ve bakim zorluklarmi ortadan kaldirmak, insaat yapim siirelerini hizlandirmak gibi
sebeplerle ortaya ¢ikarilan betonarme apartman, geleneksel tiretimin diginda bir insa teknolojisi tiriiniidiir.
Betonarme apartmanlara dayali kentlesme politikalart kentlerde adalet, merhamet ve mahremiyetin
kaybolmaya yiiz tutmasina zemin hazirlayarak hirs, para ve gosterisi 6n plana ¢ikarmistir. Dogadan ve
geleneksel yasamdan uzaklastirilan insanlar betonarme apartmanlarda yasam miicadelesi vermektedir.
Anadolu'daki tarim arazileri bog kalirken, Marmara Bolgesi devasa bir yerlesim bolgesi haline gelmistir.
Yanlis imar uygulamalari, rant kavgasi, cocuklar i¢in oyun alanlarinin yoklugu ve toplumsal dayanigsmanin
kaybolmasi gibi sorunlar artmistir. Betonarme ingaat saplantist ve imar barisi ile ilgili sorunlar geri
doniilmez doga felaketlerine yol agmistir. Tarihi yapilar yok edilmekte, trafik sorunlari artmakta ve finansal
ylkler insanlar1 ezmektedir. Oysaki lilke topraklarmin sadece %2,5’luk bir alanina, 85 milyon insani, en
giizel sartlarda miistakil bahgeli evlere sigdirmak miimkiindiir [2].
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Bunun miimkiin olabilmesi i¢in kentlesme politikalarinin milli bir anlayisla, tarih ve kiiltiirden gelen
verilerle yeniden hayata gegirilmesi gerekmektedir. Kentlerin niifusu azaltilmali ve iilke topraklarina
dengeli olarak yayilmalidir. Kentlerin bir cazibe merkezi imis gibi 6n plana g¢ikarilarak Anadolu'nun
bosaltilmasi tilkeyi savunmasiz hale getirebilir. Diger yandan kiiresel kiiltiiriin pazarladigi eko kentler,
smart kentler, lojistik kentler, ya da siirdiiriilebilir kent gibi kavramlar jeopolitik, jeostratejik, ekonomik ve
kiltiirel agilardan riskler tagimaktadir. Bu risklerden detayli olarak bahsetmek ise ayr bir calisma
konusudur.

2.2 Turk Evine Ontolojik Bakis

Tiirk Evi kavraminin tanimi ve ele alinist ile ilgili farkli tanimlar yapilsa da [16] temel ortak tavir higbir
evin birbirinin manzarasini, giinesini ve mahremiyetini engellememesi iizerine kuruludur. Kavramin ele
almist ile ilgili baslica yaklasimlar su sekildedir. Sedad Hakk1 Eldem, baslangicta "Osmanli Evi" kavramini
kullanmisg, ardindan "Osmanli Tiirk tutumu" demis ve Osmanli devletinin par¢alanmasiyla mirasg1 iilke
acisindan "Tiirk Evi" terimini kullanirken, Tiirk Evi’nde Bizans etkisi oldugunu kesin bir dille reddetmistir
[17]. Celal Esat Arseven, Tiirklerin yasadigi evleri taginir evler ve sabit evler olarak ikiye ayirmis ve Orta
Anadolu’daki diiz damli evlerin baz1 Hatti evleriyle benzerliginden bahsetmistir [18]. Onder Kiigiikkerman
ise, Tiirk Evini belirgin normlara dayali bir mekén diislincesini igeren bir yapilar sistemi olarak tarif etmis
ve konargoger Tiirklerin taginabilir mekéan anlayisinin, aileyi bir araya getiren ve koruyan ¢adir mekaninin
Tiirk Evini olusturan odaya nasil doniistiigiinii agiklamigtir [19]. Dogan Kuban'a gore Tiirk Evi kavramu,
konut geleneginin evrimi, tarihi ve morfolojisi iizerinden incelenmistir. Kuban, Osmanli dénemi konut
mimarisinin gelisimini ve dzellikle "Hayatli Ev" olarak adlandirdig ev tipinin ortaya ¢ikisini ele almistir.
Tiirk Evi, on altinc1 yiizyilda baslayan ve Orta Anadolu'dan Balkanlara kadar uzanan bir cografyada yaygin
olan, temel ve zemin katlarin tas, iist katlarin kerpic¢ ve ahsaptan yapildigi, ortak bir tipolojiye ve orantilara
sahip konut olarak tanimlanmistir. Kuban'a gore Tiirk Evi, etnik degil kiiltiirel bir anlam tasimaktadir ve
Tiirk halkinin kendi ev kiiltiiriinii olusturdugu cografyada gelismistir. Tiirk Evi’nin mekansal 6zelliklerinde
Ortadogu ve Orta Asya geleneginin etkisi goriilmekte olup, 6zellikle revakli veya revaksiz avluya acilan
odalardan olusan plan diizenleri 6nemli rol oynamaktadir. Evrim siirecinde, ahsap kullaniminin
baglamasiyla birlikte Tiirk Evi klasik bigimine ulagmis, 17. ylizyilda daha agik planli yapilar ortaya ¢ikmis
ve 18. yiizyilda hayatli evin klasik donemi yasanmustir [16]. Cengiz Bektas ise, Tiirk Evi kavraminin birkag
yiizyillik birikimle olugsmadigini, ¢ok daha eski Anadolu medeniyetlerinden izler tagidigini belirtir. Bektag'a
gore, glinimiizde Orta Anadolu’da goriilen yap1 teknikleri Hititler ve diger eski Anadolu uygarliklariyla
baglantilidir. Anadolu’daki evlerde zeminden bir miktar yiikselme, diiz damlarin kullanimi, mekan
dizilimleri ve tas isciligi gibi 6zellikler Cayonii, Catalhoyiik ve Likya gibi medeniyetlerin etkisini yansitir.
Bu yap1 teknikleri, Osmanli doneminde Orta Asya'dan gelen unsurlarla birleserek bir sentez olugturmus ve
ortak bir yagam kiiltiirli meydana getirmistir. Bu kiiltiir, Balkanlar’dan Anadolu’ya kadar ortak yonlere ve
temel ilkelere sahip bir ev dili meydana getirmistir. Bektas'a gore bu sentez, yerel degerlerle birleserek
farkli yerlerde Makedonya, Bulgaristan veya Yunanistan evi olarak adlandirilabilir. Sonug olarak, bu evler
"Tirkiye evi" veya "Tiirk Evi" olarak tanimlanir [16]. Hiilya ve Ferhan Yiirekli konuya daha farkli bir
diizlemden bakarak, Tiirk Evi’ni evrensel mimarlik kavramlari ¢ergevesinde ele almislar ve "yerlesme ve
gb¢" kavramlari tizerinden su hususlara dikkat ¢ekmislerdir. “Yerlesik diizende insa edilen Tiirk Evleri,
bolgenin cografi ve iklimsel sartlarina uyum saglayarak kalici ve dayanikli yapilar olarak kargimiza ¢ikar.
Bu evler, gocebe kiiltiirden yerlesik hayata gegisin izlerini tagir. Ggebe yasam tarzinin getirdigi esneklik,
Tiirk Evleri’nin i¢ mekan diizenlemelerinde ve islevselliginde kendini gosterir. Bu evler, yerlesik diizene
gecisle birlikte, kalici mekanlar olustururken aymi zamanda gdcebe ge¢misin mobilite ve adaptasyon
becerilerini mimariye yansitarak evrensel mimarlik kavramlarina 6zgiin katkilar sunar. Tiirk Evi mobilite,
katmanlagma ve sanat agisindan da 6nemli unsurlari i¢erir. Mobilite, evin igindeki mekansal diizenlemelerin
esnekligini ve degiskenligini, katmanlagsma evin farkli islevleri barindiran katmanli yapisini, sanat ise, bu
evlerin estetik degerleri ve zanaat unsurlari ile nasil zenginlestirildigi ifade eder” [20]. Dolayisiyla Tiirk
Evi’nin diisiinsel, mekansal ve tarihsel arka planini bilmek, Tiirk Evi kavraminin varolus felsefesini ve nasil
bir yasam bi¢imi sundugunu anlamay1 miimkiin kilar. Diger yandan Tiirk Evi ayn1 inang sisteminin ydre,
malzeme, cografya ve gelenege gore yansimalarim gosterir. Iklimsel zorluklar, afetler ve olumsuz
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topografik kosullar nedeniyle, mevcut bir yapinin daha uygun fiziksel ¢evrelere tasinmasi ya da tamamen
yeni bir ¢evrede yeni bir yap1 inga edilmesi ortaya ¢ikabilmektedir [21]. Siirdiiriilebilir yapilarin tiretiminde
yeniden islevlendirme [22], siirdiiriilebilir malzemelerden yararlanma [23] enerji verimliligi [24], iklim ve
topografyaya uygun yapi elemanlarinin kullanimi gibi ¢esitli teknikler ve yaklagimlar bulunmaktadir. Tiirk
Evi insa edildigi cografyanin iklimsel faktoriinii dogrudan dikkate alarak malzeme segimlerini de bununla
iligkilendirir. Ailenin ve mahremiyetin 6nemini, birlikte yasamanin degerini anlatir. Kolay ve basit insa
edilmesiyle akilei bir tavir sergiler, doga ve ¢evreyle baris iliskisini gosterir ve geleneksel diisiince, teknik
ve liretimin gliciinii ispatlar.

2.3 Tiirk Evi’'nin inga Siireci ve Akin Evi Ornegi

Bu makalede, Tiirk Evi’nin diisiinsel, mimari ve kiiltiirel arka plani incelenmistir. Arastirma, modern ¢ag
olarak adlandirilan giiniimiizde dahi Tiirk Evi’nin insanliga en iyi yasam kosullarimi saglayabilecek giice
sahip oldugunu gostermektedir. Ornek olarak, Iznik Omerli Kdyii'nde insa edilen Akin Tiirk Evi ele
almmustir. Yapim siirecine ait agamalar su sekildedir.

1. Arsa se¢imi ve satin alinmasi.

Sekil 1. A1n Evi parsel sorgu bilgisi

2. Koy yerlesik alanlar1 imar durumuna gore projelerinin (mimari, statik, mekanik ve elektrik) hazirlanmasi,
projelerin onaylanmasi, ingaat izni alinmas.
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3. Malzemelerin temini.

Sekil 4. Cevreden tas toplanmast

4. Is organizasyonu.

Geleneksel bir yapi1 ingasinda, tag duvar oriilmesi, ahsap karkas ile tavan ve doseme gakilmasi, kerpig tugla
imalat1 ve oriilmesi, kerpig siva yapilmasi, kire¢ badana yapilmasi, masif ahsap islenerek kap1 ve pencere
yapilmasi, gibi igler geleneksel ustalik bilgisi gerektirmektedir.

2020 y1l1 ocak ayinda ingaat basladiginda; ahsap karkas i¢in bir ustabasi, tag duvar oriilmesi i¢in bir ustabasi
ve kerpig isleri igin bir ustabasi ile yevmiyeli olarak ¢aligmalari seklinde anlagma yapilmistir. Ara isler, usta
yardimciliklari ve diiz isgilikler i¢in kdyden ve yakin ¢evreden kisilerle giinliik olarak anlagsma saglanmaistir.

S6z konusu evde kullanilan tas ve toprak yakin ¢evreden sadece makine ve insan isgiicii kullanilarak temin
edilmis, ahsap malzeme ticari bir igletmeden {icreti karsiligi satin alinmistir. Kullanilan tasin bir kismi
arsada mevcut olan eski binanin yikilmasiyla ortaya ¢ikan taslardir. Kalan taglar koy civarindaki agik
araziden elle toplanmis ve traktor ile insaat alanina taginmistir. Ayni sekilde kerpic icin kullanilan toprak
Omerli Kdyii’ne yakin mesafede bir bolgeden temin edilmistir. Ahsap icin 6 metre boyunda 5x15 cm
ebadinda firmlanmis 50 m® Rus ¢am satin alinmis, gatida ise kdyden toplanan eski alaturka kiremitler
kullanilmigtir. Toplam insaat alan1 330 m? olan Akin Evi’nin yapiminda yerinde yapilan is¢ilikler puantajla
kaydedilmis ve toplamda 1440 yevmiye olarak hesaplanmustir.
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5. Temelin insasi.

3

Sekil 6. Tas duvar ile ahsap duvar arasindaki iligki
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7. Ahsap duvar karkasi insasi.

: 1‘-_§‘

Sekil 7. Tas duvar, ahsap karkas

8. Kerpi¢ imal edilmesi ve Oriilmesi.

Kerpi¢, Anadolu’da binlerce yildir bilinen, ancak gilinlimiizde unutulmaya yiiz tutmus bir ingaat
malzemesidir. Killi topragin saman ve su ile karigtirilmasiyla elde edilen bu malzeme, gegmiste yapilan
iretim hatalar1 ve bakimsizlik nedeniyle depremler sonrasinda yikilan yapilarla iliskilendirilerek haksiz
yere su¢lanmustir. Ancak kerpig, uygun sartlarda kullanildiginda olduk¢a dayaniklidir. Yapilan uygulamada
yaklasik 8.000 adet kerpig iiretilmistir. Uretim siirecinde, samanin miktar1 ve topragin karisggm orani,
deneyime dayali olarak belirlenmistir. Kerpig, sicak havalarda ii¢ glinde, soguk havalarda ise bir haftada
kuruyup kullanilabilir hale gelir. Bu malzeme, suya maruz kalmadig: siirece saglam kalir ve dogru imal
edildiginde uzun Omiirlii yapilar olusturur.
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Sekil 9. Ahsap doseme ve tavan mertekleri ile ahsap duvar iliskisi
10. Ahsap cat1 imalati.

Sekil 10. ¢ taraftan ¢at1 konstriiksiyonu
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11. Elektrik ve su tesisat1 yapilmasi.

Sekil 11. Désemeden ve duvardan gecen tesisat borulari

12. Kerpig s1va yapilmasi.
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13. Ahsap kap1 ve pencere imalat.

Sekil 13. Pencerelerin montaji, bire iki orani ve giyotin gérﬁnﬁmlﬁ kanath

14. Mutfak ve banyo dolab1 ingasi.

Sekil 24. Mutfak dolab1 imalat asamasi
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15. Kireg¢ badana yapilmasi.

Sekil 15. Kire¢ badananin siiriilme islemi

16. Ahsap doseme ve tavan ¢akilmasi.

'8

Sekil 16. Mutfak iizeri bakkal tavan uygulamasi
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Sekil 17. Marmara mermerinin genel dosenme sekli

18. Akin Evi’nin bitmis ve iskan1 alinmis hali.

=
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g

Sekil 19. Karda Akin Evi’nin 6n cepheen gé}ﬁnﬁs

Sekil 20. Akin Evi’nin i¢inden bir génﬁs

267



ALKU Fen Bilimleri Dergisi 2024, Say1 6(3): 253-271 Modern Zamanlarda Tiirk Evinin Yeniden insa Onerisi:

Akin Evi Ornegi
YAPI KULLANMA [ZIN BELGES|
Certificate of permission for use of building 2 ]
- - - ! ‘
oy m—— " T T17 Yostene vtam 10 1
- |
s h v | | .
e i = | = AL el
‘" ’ l \ I I s 2 4 |
o Mg 5 W WA e - [T — - -
| - - S —————
mpt Sahibinin Yapt Mtoahhidinin N_?f"“w Lv"“_”'"
A T e ik |

et 1= Rl 7 |

K N s o e

VI AR l

— Mhagh AL g ‘
B Yoy werih & 3 AN
- L o
¥ Adws n " WY 104 ,\ L
! r
NGO TN Y A Mot nan cariad i i : . \

A N NT wle o Sty mae wnr

» 1
| i
aw »
| ap e ™ /
*?, o . M OBETTN AN WAL CAD 8 T - - .
B TN 1T d
|  tid
R s—

Sekil 21. Akin Evi iskén belgesi

3. BULGULAR VE TARTISMA

Sanayilesme siireciyle birlikte, degerlerin degerden bagimsiz hale geldigi [25], ve bu durumun kentlesme
politikalarina yansidigi goriillmektedir. Teknolojik ilerlemeler, refahi artirmak yerine giiglii insanlarin
bagkalarinin acilarina duyarsizlasmalarina ve bireyselligin 6n plana ¢ikarak mahremiyetin zarar gérmesine
neden olmustur [26]. Mesafeli dostluklar, kopuk komsuluklar ve gosterise dayali yasam bu durumun en
tipik yansimalaridir [27].

Tiirk Evi'nin yeniden inga edilmesi 6nerisi, Akin Tiirk Evi insa-yapim 6rneginde anlatildig1 iizere kadim
bilgi, dogal malzemeler ve geleneksel tekniklerle kendi evlerimizi yeniden insa edebilecek yetkinlige hala
sahip oldugumuzu ortaya koymaktadir. Tiirk Evi kavrami, degisen sartlara ragmen arastirma ve ¢6ziimleme
konusu olmaya devam etmis ve mimari ¢alismalara yon vermistir. Artan itirazlara ragmen 1970'lerden
itibaren kavram kurumsallagmig, Anadolu ve Osmanli konut kiiltiiriinii bu kavramin paradigmalart i¢inde
tartigmak kaginilmaz olmustur [28].

Kentlesme politikalari, tarihi ve kiiltiirel verilerden hareketle, milli bir bakis agisiyla yeniden hayata
gegirilebilir. Asin yiiksek yerlerdeki kent niifuslar1 dengeli olarak iilke geneline yayilabilir. Ciinkii kiiresel
kiiltiiriin tanittig1 eko kentler, smart kentler ve siirdiiriilebilir kentler, jeopolitik, jeostratejik, ekonomik ve
kiiltiirel riskler tasiyabilmektedir. Ayrica Anadolu'nun bosaltilmasi iilke savunmasi agisindan risk
olusturabilir [29].

268



ALKU Fen Bilimleri Dergisi 2024, Say1 6(3): 253-271 Modern Zamanlarda Tiirk Evinin Yeniden insa Onerisi:
Akin Evi Ornegi

Kentlerden, kirsal alanlara ve tarihi kentlere olan gd¢ baskisi, "Tiirk Evi" modeli ile karsilanabilecek
mesken ihtiyacini yeniden giindeme alinmasi i¢in bir firsat olarak degerlendirilebilir. Miistakil ev, bahgeli
yasam ve geleneksel lretimle iligkili Tiirk Evi modelinin kirsal alanlar, koyler ve tarihi kentlerde
uygulanmasi, bu bolgelerdeki mimari tipoloji, dogal dokular ve demografinin korunmasini ve gelismesini
saglayabilir. Bu sayede var olan bir gelenegin devami saglanarak insanlik i¢in umut olmaya devam edebilir.

Sanayilesme sonrast modernite ¢aginda, insanliga dayatilan akilli evler ve smart kentlerin,
siirdiiriilebilirligin ve insan-mekan iliskisinin 6nemli unsurlar1 olan yerel kiiltiir ve mimari kimligin yok
olmasiyla sonuglanabilecegi endisesi giderek artmaktadir. Oysaki dogal malzemelerle insa edilen Tiirk Evi
gibi geleneksel yapilar, iklim kosullarina ve yerel yasam tarzina uygun tasarimlariyla modern diinyanin
karmagik sorunlarina ¢6ziim sunabilir. Bu yapilar, estetik ve fonksiyonu sofistike bir dengeyle birlestirerek,
insanin dogayla uyum icinde yasadigi, teknolojinin de sadece destekleyici bir rol iistlendigi bir yasam
tarzini tesvik edebilir. [30].

Bununla birlikte evlerin diginda kalan toplumsal ortak kullanim alanlari, 6rnegin ibadet yerleri, okullar ve
hastaneler betonarme ve celik yapilarla insa edilebilir. Betonarme ve c¢elik yapilar, biiylik insan
topluluklarini barindirirken bu tiir yapilarin ingasinda deprem, yangin ve diger dogal afetlere kars1 tasarim
asamasindan baslayarak oldukca dikkatli olunmalidir.

Ideal "Tiirk Evi"nin ekolojik ve sosyokiiltiirel krizlere karsi insa edilebilirlik siirdiiriilebilirlik, enerji
verimliligi ve kullanici odakli tasarim agisindan ¢6ziim sunabilecegi ayrica geleneksel Tiirk Evi’nin adaptif
yeniden kullanim potansiyeli, modernite ¢aginda dikkate alinmasi gereken 6zellikleri olarak 6n plana
¢ikarilabilir.

Geleneksel Tirk Evi’ne, yapim kolayligi ve diisiik maliyetiyle dikkat cekilebilir. Genellikle yerel
malzemeler kullanilarak insa edilen bu evler, ahsap ve kerpi¢ gibi dogal ve ekonomik yap1 elemanlarina
dayanir. Ahsap karkas sistemi, ingaat siirecini hizlandirirken esnek ve dayanikli bir yap1 sunar. Ayrica,
kerpi¢ kullanimi hem maliyetleri diisiik tutar hem de iyi bir 1s1 yalitim1 saglar, bu da enerji tasarrufuna
katkida bulunur. Bu ozellikler, geleneksel Tiirk Evi’ni ekonomik ve pratik bir konut secenegi haline
getirebilir.

4. SONUGLAR VE ONERILER

Bu arastirma, "Akin Evi" 6rnegi tizerinden unutulmaya yiiz tutmus olan "Tiirk Evini" geleneksel insa
tekniklerini belgeleyerek ve ortaya koyarak, insanlara kendi evlerini yapabileceklerini gdsterebilmektir.
Arastirma, geleneksel insa tekniklerinin basit, kolay, sade ve mevzuata uygun olabilecegini belirtmekle
birlikte, diinya 6l¢eginde insanlig1 bekleyen biiyiik krizlere karsi "Tiirk Evi" modelinin ¢6ziimiin bir pargasi
olabilecegini gosterebilir. Ayrica yerel kaynaklarin kullanilmasi, milli servete katki saglayarak disaridan
malzeme alimini azaltir. Bu durum ithalat1 diisiirerek karbon ayak izinin azalmasina ve siirdiiriilebilir bir
diinya i¢in gelecek nesillere katkida bulunabilir.

Akilli evler ve smart kentler ise genellikle standartlagmis ¢oziimler sunarak, bireysel ve toplumsal kimligin
yok olmasina sebep olabilmektedir. Dolayisiyla, mimari mirasimizin ve yerel yapilarin degerinin yeniden
kesfedilmesinde ve modernitenin getirdigi zorluklarla bas etmede, Tiirk Evi kritik bir role sahip olabilir.

Tirk Evi ve siirdiiriilebilirlik konusuyla ilgili internet arama motorlarinda sinirhi sayida calisma
bulunmaktadir. Bu nedenle, bu alanda daha fazla arastirma yapilmasi ve literatiiriin genisletilmesi
onerilmektedir. Bu, hem geleneksel mimarinin siirdiiriilebilirlik potansiyelinin daha iyi anlagilmasina
yardimci olabilir hem de ¢evre dostu yap1 tasarimlar i¢in ilham kaynagi olusturabilir.

Bilgi Notu

Makalede ulusal ve uluslararasi arastirma ve yayin etigine uyulmustur. Calismada etik kurul izni
gerekmemistir.
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Yazar Katkisi ve Cikar Catismasi Beyan Bilgisi
Yazar(lar) ¢ikar ¢atismasi bildirmemistir.
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Abstract

This study focuses on determining the heat transfer coefficient by making a comparative analysis of
experimental data and empirical expressions. The experiments were carried out to evaluate the heat
transfer performance of water flowing through a polyethylene hose. The heat transfer coefficient obtained
by experimental methods was determined as 48.30 W/(m? K), while this value was calculated as 53.44
W/(m? K) by empirical calculation. These results show minor differences due to small errors in experimental
applications and assumptions in empirical models. The closeness between experimental and empirical
values supports the validity of empirical correlations in estimating heat transfer coefficients for similar
configurations. However, the study is not limited to comparing heat transfer coefficients but also
emphasizes the accuracy of experimental methods and the applicability of empirical models. In conclusion,
this research sheds light on the complexity of heat transfer processes and reveals the importance of
integrating experimental and empirical approaches in engineering applications. These findings contribute
to the development of more efficient engineering practices and provide important information that
experimental and empirical methods can be used together in the calculation of heat transfer coefficients.

Keywords: Heat transfer, convection, validation, experimental

Deneysel Veriler ve Ampirik ifadeler Kullanilarak Isi Transfer Katsayisinin
Karsilagtirmal Analizi

Ozet

Bu calisma, deneysel veriler ile ampirik ifadelerin karsilastirmali analizini yaparak is1 transfer katsayisinin
belirlenmesine odaklanmaktadir. Deneyler, polietilen bir hortum icerisinden akan suyun 1si transfer
performansini degerlendirmek amaciyla gergeklestiriimistir. Deneysel yontemler araciligiyla elde edilen isi
transfer katsayisi 48,30 W/(m?-K) olarak belirlenmigken, ampirik hesaplama ile bu deger 53,44 W/(m?-K)
olarak hesaplanmistir. Bu sonuglar, deneysel uygulamalardaki minor hatalar ve ampirik modellerdeki
varsayimlara bagli olarak kuguk farkhliklar géstermektedir. Deneysel ve ampirik degerler arasindaki
yakinlik, benzer konfiglrasyonlar i¢cin ampirik korelasyonlarin isi transfer katsayilarini tahmin etme
konusundaki gecerliligini desteklemektedir. Ancak, c¢alisma yalnizca 1sI transfer katsayilarinin
karsilastiriimasi ile sinirli kalmamis, ayni zamanda deneysel yontemlerin dogrulugunu ve ampirik
modellerin uygulanabilirligini de vurgulamaktadir. Sonu¢ olarak, bu arastirma, 1si transfer sureclerinin
karmasikhidina 1sik tutmakta ve mihendislik uygulamalarinda deneysel ile ampirik yaklasimlarin
entegrasyonunun 6nemini ortaya koymaktadir. Bu bulgular, daha verimli mihendislik uygulamalarinin
gelistiriimesine katkida bulunmakta ve 1si transfer katsayilarinin hesaplanmasinda deneysel ve ampirik
yéntemlerin birlikte kullanilabilecegine dair 6nemli bilgiler sunmaktadir.
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1. INTRODUCTION

Heat transfer is a fundamental phenomenon that plays a crucial role in various industrial and engineering
applications. Understanding the heat transfer properties of fluids is essential for increasing energy
efficiency, optimizing system performance, and developing innovative technologies. In this study, we focus
on determining the heat transfer coefficient through both experimental methods and empirical expressions,
aiming to demonstrate that the results obtained from these two approaches are not significantly different.

The heat transfer coefficient (h) varies depending on factors such as fluid flow rate and pipe geometry.
Various theoretical models and empirical expressions can be used to directly calculate this coefficient.
However, experimental results are critical to verify the accuracy of theoretical predictions and provide
practical guidance for industrial applications. The primary goal of this study is to determine whether the
heat transfer coefficients calculated from experimental data align with those obtained from empirical
expressions in the literature.

The results from this analysis contribute to a better understanding of the heat transfer properties of fluids
and the development of more efficient heat transfer systems. In the following sections, we will present the
methodology used, analyze the findings obtained, and discuss the implications of the results. We believe
that the information obtained from this study will be valuable for researchers and professionals working in
the field of heat transfer.

Optimizing energy consumption and improving the performance of heat exchangers are crucial efforts in
various industrial processes [1, 2]. Heat exchangers, which are vital in energy and heat transfer systems,
have been the subject of extensive research to shorten heat transfer time and increase efficiency [1, 3, 4].
Recent advances in heat transfer fluids such as nanofluids have shown promising results in improving heat
exchanger performance [1, 5, 6]. Nanofluids, engineered fluids with nanoparticles dispersed in a base fluid,
exhibit superior heat transfer properties compared to conventional heat transfer fluids [5-7]. Its potential
applications span a variety of industries including refrigeration, electronics, and renewable energy systems
[6]. Experimental studies of heat transfer phenomena have been crucial in advancing our understanding of
thermal processes [1, 8]. Studies focusing on convective heat transfer in microchannel heat sinks have
described empirical correlations and verified their accuracy through experimental and simulation studies
[5, 9, 10]. These studies have revealed the importance of factors such as flow distribution and convective
thermal resistance in optimizing heat transfer efficiency [5, 9, 10]. Additionally, studies on the boiling heat
transfer coefficients of hydrocarbons in two-phase flow have provided valuable information regarding the
performance of heat transfer equipment [2]. By analyzing experimental data and comparing them with
existing correlations, researchers aimed to develop more accurate prediction methods for flow boiling
properties [2]. In addition to fluid dynamics, studies have also investigated the effect of geometric
configurations on heat transfer performance [11]. Experimental studies on longitudinal fins have
demonstrated the effectiveness of different fin designs in dissipating heat under natural convection
conditions [11]. These findings underline the importance of innovative design approaches in optimizing
heat transfer efficiency [11, 12]. Additionally, numerical simulations have contributed to the understanding
of the influence of parameters such as the Prandtl number on flow and heat transfer properties [12]. Such
studies provide valuable information about the fundamental mechanisms governing heat transfer in various
geometries and flow regimes [12]. There are studies aiming to contribute to the existing knowledge by
investigating the effects of connectors between microchannels on heat transfer coefficients [7]. Drawing on
knowledge gained from previous research on nanofluids and heat transfer enhancement techniques, the
studies aim to elucidate the role of connectors in optimizing heat transfer efficiency [7]. It also aims to
provide valuable insights into the design and optimization of microchannel heat transfer systems through
experimental investigations and analysis of flow dynamics. Experimental-numerical methods are also
suggested for determining heat transfer coefficients in cross-flow heat exchangers. Using experimental data,
liquid, and air side coefficients can be optimized by the Levenberg-Marquardt method. Error uncertainty in
determining correlations can be evaluated by Gauss's rule [12]. If the methods of heat transfer coefficient
measurement are classified, the methods are divided into five main groups: direct, transient, Wilson,
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heat/momentum/mass transfer analogy, and boundary layer thickness method. Each method has its
applications, limitations, and accuracies. All methods have a certain level of uncertainty [13].

This study presents an innovative approach to determine the heat transfer coefficient using experimental
methods and empirical expressions, compared to previous studies in the literature. While existing studies
usually focus on theoretical models or specific fluid types, this study examines heat transfer under different
flow conditions with experimental measurements. For example, the studies conducted by Y. Li et al. [5]. on
nanofluids suggest using alternative fluids to improve heat transfer performance; however, the experimental
data presented in this study provide a broader perspective on determining heat transfer coefficients in
conventional fluids. In addition, the comparison of the empirical correlations developed by E. N. Sieder
and G. E. Tate [13] with the experimental results obtained in this study allows for evaluating the validity of
theoretical predictions in practical applications. The results support the reliability of heat transfer
coefficients based on existing literature studies and aim to provide a more comprehensive and applicable
understanding for industrial applications.

2. METHODOLOGY

he methodology employed in this study revolves around an in-depth exploration of the heat transfer
dynamics observed during the flow of water through a hose and its interaction with the surrounding air. The
primary objective is to ascertain the heat transfer coefficient by integrating both empirical data and
dimensionless parameters. The experimental setup encompasses the meticulous preparation of 1 liter of
water alongside the assembly of the requisite apparatus. This includes a polyethylene hose featuring a 6
mm diameter, a heating mechanism, a pumping system, precise thermometric devices for temperature
monitoring, and an air blower for regulating airflow conditions. The procedural steps commence with the
controlled pumping of water through the hose at a predetermined flow rate facilitated by the pump
mechanism. Concurrently, one end of the hose is elevated by 1 meter while the opposing end is lowered by
an equivalent length, thus establishing a vertical flow orientation. Temperature readings at the hose outlet
and the airflow velocity are meticulously recorded using the designated thermometric apparatus. Integral
to this methodology is the calculation of essential dimensionless numbers, notably the Reynolds (Re),
Prandtl (Pr), and Nusselt (Nu) numbers, derived from the acquired experimental data. These dimensionless
quantities play a pivotal role in delineating the flow characteristics and discerning the intricacies of heat
transfer phenomena. Leveraging the Nusselt number (Nu), the heat transfer coefficient (h) is subsequently
computed, representing a pivotal metric indicative of the efficacy of heat exchange between the flowing
water and the ambient air. A comprehensive analysis ensues, integrating the experimental datasets,
dimensionless parameters, and the derived heat transfer coefficient. Any discernible variances or disparities
between empirical observations and computed values are critically examined and elucidated. Ultimately,
this meticulous process culminates in insightful conclusions regarding the nuanced heat transfer
mechanisms governing water flow within the hose under the stipulated experimental parameters.

The main purpose of this study is to determine the heat transfer coefficient results obtained by experimental
methods by comparing them with empirical expressions. However, the majority of such studies are limited
to only one experimental or empirical method. In this study, a comprehensive comparison was made by
considering the existing empirical models and experimental data as well as the existing CFD analysis results
in the literature. With this approach, the accuracy and reliability of the experimental and empirical results
were tried to be increased by using the in-depth insights provided by CFD analyses. For example, the CFD
analyses conducted by [10] and [9] made significant contributions to the better understanding of heat
transfer processes and the validation of empirical models. In this study, such CFD analysis results were
compared with the existing experimental data to expand the accuracy and application areas of existing
empirical models.

Strict controls were applied to ensure the accuracy and repeatability of the experimental design. In
particular, boundary conditions such as water inlet temperature, air flow rate, and temperature were
carefully controlled and kept constant. Each experiment was repeated multiple times under the same
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conditions and the consistency of the obtained data was verified. In addition, the laboratory environment
was kept at a constant temperature and humidity to minimize the influence of environmental factors during
the experiment.

2.1 Boundary Conditions

The boundary conditions implemented in this experimental study are crucial for establishing a controlled
environment conducive to accurate heat transfer analyses. Several key boundary conditions were
meticulously defined and maintained throughout the experimental procedure. Firstly, the water inlet
temperature was rigorously controlled and set at a constant value of 50°C. This initial temperature condition
ensured consistency and reproducibility in the experimental setup, serving as a baseline for measuring heat
transfer variations. Secondly, the airflow rate and temperature at the hose outlet were carefully regulated.
The airflow rate, maintained at 5.1 m/s, facilitated consistent air-water interaction throughout the
experiment. The air temperature at the outlet, set at 14°C, represented the ambient conditions affecting heat
dissipation from the water stream. Additionally, the vertical orientation of the hose, with one end elevated
by 1 meter and the other end lowered by an equivalent length, established a gravitational influence on the
flow dynamics. This vertical configuration imposed a gravitational head on the water flow, impacting the
flow velocity and pressure distribution within the hose. Furthermore, the material properties of the
polyethylene hose, including its thermal conductivity and surface characteristics, were considered as
boundary conditions influencing heat transfer. The thermal conductivity of the hose material, specified at
0.46 W/(m-K), played a significant role in determining the heat conduction through the hose walls. Lastly,
the duration of the pumping process, set at 8 minutes and 5 seconds, ensured a consistent and adequate
duration for capturing steady-state conditions and minimizing transient effects during data acquisition.
These meticulously defined boundary conditions collectively provided a controlled and standardized
experimental framework, essential for accurate heat transfer coefficient calculations and insightful analyses
of water-air interaction dynamics within the hose system. The schematic representation of the experimental
setup used in the study is given in Figure 1.
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Figure 1. Boundary conditions for the present study

2.2 Experimental Procedure

The experimental design devised for this investigation was meticulously structured to systematically
scrutinize the intricate heat transfer phenomena manifesting during the flow of water through a hose under
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precisely controlled parameters. The following delineates the fundamental constituents of the experimental
design framework. The experimental setup featured a precisely calibrated polyethylene hose, boasting a
standardized diameter of 6 mm, alongside a thermal control unit for regulating water temperature, a
precision pump to modulate water flow rates, thermometric instrumentation for accurate temperature
readings, and an air modulation mechanism for controlling airflow patterns surrounding the hose assembly.
Imposing stringent boundary conditions played a pivotal role in ensuring the veracity and reproducibility
of experimental outcomes. These constraints included a consistently maintained water inlet temperature
fixed at 50°C, an airflow rate of 5.1 m/s meticulously regulated at the hose outlet, and an ambient air
temperature of 14°C meticulously sustained throughout the experimental duration. The experimental
configuration encompassed the deliberate vertical positioning of the hose assembly, wherein one terminus
was meticulously elevated by 1 meter while its counterpart was correspondingly lowered, thereby
engendering a discernible gravitational influence on the water flow dynamics and associated heat transfer
phenomena. Integral experimental parameters such as water flow rates, inlet and outlet temperatures of the
water stream, airflow velocities, and the duration of the pump operation were vigilantly monitored,
recorded, and meticulously documented at pre-defined intervals throughout the experimental timeframe.
The data acquisition methodology adhered to a meticulous and systematic approach, facilitating the capture
of steady-state conditions conducive to comprehensive heat transfer analyses. The duration of the pump
operation was judiciously set at 8 minutes and 5 seconds, ensuring optimal data acquisition without
compromising experimental integrity. To ensure the robustness and credibility of the experimental findings,
the experiment was meticulously repeated under identical conditions, enabling data validation and fostering
result reproducibility. Statistical analysis techniques were subsequently employed to assess data
consistency, coherence, and overall reliability. A stringent regimen of safety protocols was rigorously
implemented throughout the experimental proceedings, encompassing comprehensive electrical safety
measures, meticulous equipment handling guidelines, and mandatory personnel training to mitigate
potential hazards and ensure a safe experimental environment. The meticulously crafted experimental
design framework delineated above underscored the systematic, structured, and methodical approach
adopted in this investigation, poised to yield profound insights into the intricate heat transfer dynamics
governing water flow within the stipulated hose system parameters. Table 1 lists the equipment used in the
study.

Table 1. Equipment list

Equipment Purpose of Usage Brand Model

Heater Constant heat flux Local manufacture

Cooling fan Constant air velocity Argelik APPSB-OLAOQ
Thermometer Measure temperature Testo 830-T2
Anemometer Measure velocity Sinometer AM802

Pump Water flow TLS Robotic
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Figure 2 shows the experimental study setup.

Pipe

Thermometer

Pump

Water (hot)

Heat source

Figure 2. Experimental setup

2.3 Experimental Analysis

We delve into the calculation methodology utilizing the experimental data gathered from the conducted
experiments. The focus of this analysis is to determine the heat transfer coefficient (h) based on the specific
parameters measured during the experimental setup. By employing the collected data, including water inlet
and outlet temperatures, airflow rates, and other pertinent variables, we aim to calculate the heat transfer
coefficient (h) using established formulas and analytical methods. This calculation process is integral to
understand the heat transfer dynamics within the hose system under experimental conditions and will
provide valuable insights into the efficiency of heat exchange in this setup.

Provided data:
Table 2. Provided data for experimental setup

Water volume (V)(m?3) 0,001
Time (pump working) (t)(s) 485
Water temperature(inlet) °C 50
Water temperature(outlet) °C 42
Ait temperature °C 14
Air velocity (m/s) 51
Diameter (Hose inner)(m) 0,006
Diameter (Hose outer)(m) 0,008
Length (Hose)(L)(m) 2
Thermal conductivity(Polyethylene)(k)(W/mK) 0,46
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Mass Flow Rate (m?):

,_V
m'=- oy
The density of water is approximately 1000 kg/m?;

Heat Transfer

(Q):Q =m. Cp(Tin = Tout) 2

Here, the specific heat capacity of water, Cy, is approximately 4181 J/(kg-K).
Hose Thermal Conductivity (Rcond):

In ()
Rcond :m (3)

Log Mean Temperature Difference (LMTD): is an important parameter representing the temperature
difference that drives the heat exchange process. This value reflects the average of the temperature
differences at the inlet and outlet of the heat exchanger system.

AT, = AT; —AT, @)

AT
In (ﬁ)

Total Heat Transfer Resistance (R_total):

1
Riotat = Reona + TA (5)
AT
A=mnd,L Q= Rtoltr:l (6)

2.4 Empirical Analysis
Reynolds Number (Re) Calculation

The Reynolds number determines whether the flow is turbulent or laminar and evaluates the airflow on the
outer surface.

_ o
Re = p (7)

Prandtl Number (Pr) Calculation
The Prandtl number describes the relationship between momentum and thermal diffusivity in the air.

— %
Pr = p 8

Nusselt Number (Nu) Calculation

The Nusselt number is used to calculate the convective heat transfer coefficient. For laminar flow, an
appropriate correlation should be applied. In this case, the Sieder-Tate equation for laminar flow can be
used (Sieder & Tate, 1936):

Nu = 0.664. Re®°>Pr033 9)
Calculation of Convective Heat Transfer Coefficient (h)

Using the Nusselt number, we can calculate the convective heat transfer coefficient

Nu =22 (10)
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2.5 Extended Parameter Range

The single set of experimental conditions used in this study optimized for a specific application area.
However, it is recommended that future studies use a wider range of parameters, including variables such
as different water inlet temperatures, hose orientations, and flow rates. This will increase the
generalizability of the results and provide a wider data set for different industrial applications. Accordingly,
repeating the experiments under different flow rates, temperatures, and hose configurations will enable a
more comprehensive analysis of the heat transfer coefficient.

3. RESULTS AND DISCUSSIONS

In this section, the findings of the experimental studies are presented and the relationship between the
obtained data and empirical correlations is examined. Experimental data are based on measurements
performed under certain conditions and these measurements play an important role in the evaluation of heat
transfer performance. Factors such as heat transfer coefficients, temperature differences, and fluid
properties are critical elements that determine the effectiveness of heat transfer.

When the experimental results are compared with the values calculated for a specific fluid (such as air), the
validity of the empirical correlations is questioned and the applications of these correlations in real-world
conditions are evaluated. The obtained data cover both the experimental results and the empirical models
found in the literature and demonstrate the consistency between them.

3.1 Summary of Experimental Calculations

,_0.001m3

3
=2.06.10"6
485 s S

3
m' ("—g) =2.06.1075™=.1000 %2 = 0.00206~2
s s m S
Q = 0.00206%2.4181 (50 — 42)
' s ' kgK’

Q =6890W

0.008
_1[1 (0.006)

cond™510.46.2

R.onq=0.0498 K/W
AT, = Ty — Tgir =50°C-14°C
AT, = Toyr — Tair=42°C - 14°C

36—-28
ATy, = 31.83K

A = 7 0.008m. 2m= 0.0503 m?

31.83 K

68.97 W = —2K_
0.0498 +h_A

h=48.30 ——

m<K
The experimental setup and calculations yielded the following results:
Heat Transfer Rate (Q): 68.90 W

Log Mean Temperature Difference (LMTD): 31.83 K
Heat Transfer Coefficient (h): 48.30 W/(m?-K)
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3.2 Analysis with Dimensionless Numbers

The dimensionless numbers were calculated based on the experimental conditions:
Where:

e p: Air density (approximately 1.225 kg/m® at 14°C)

e Vv: Air velocity (1.5 m/s)

e D: Outer diameter of the pipe (0.008 m)

e u: Dynamic viscosity of air (1.81 x 10-5Pa.s at 14°C)

Re = (1.225).(1.5).(?:5008) -812
(1.81) .10

Reynolds Number (Re): 812
Where:

e Cp: Specific heat capacity of air (approximately 1005 J/(kg-K))
e u: Dynamic viscosity of air (1.81 x 10-5 Pa.s)
e k: Thermal conductivity of air (0.0262 W/(m.K) at 14°C)

1005.1.81.107>
Pr=—_
0.0262

Prandtl Number (Pr): 0.694
Nu = 0.664.812%50.694%33=16.44

Nusselt Number (Nu): 16.44

h.0.008
0.0262

Convection heat transfer (h) is calculated as 53,44 W/m2K
h=53,44 W/m2K
Heat Transfer Coefficient (h): 53.44 W/(m?-K)

3.3 Heat Transfer Coefficient

=0.694

16.44 =

The heat transfer coefficient calculated from the experimental data was 48.30 W/(m*-K). In comparison,
the heat transfer coefficient derived from the empirical Sieder-Tate equation was 53.44 W/(m?-K). The
slight discrepancy between these values can be attributed to several factors. Experimental measurements
are prone to minor errors, including inaccuracies in temperature readings, flow rate measurements, and
physical properties of the materials. The empirical correlation used for the Nusselt number assumes a
specific flow regime and ideal conditions, which may not perfectly match the actual experimental setup.
The boundary conditions such as air velocity, ambient temperature, and hose orientation play a significant
role in heat transfer dynamics. Any variations in these conditions could lead to deviations in the calculated
heat transfer coefficient.

In experimental studies, thermophysical properties, especially the properties of fluids, may vary depending
on the conditions of the experiment. However, in empirical correlations, these properties are generally
considered constant. This may cause differences between experimental and theoretical (empirical) results.
In experimental studies, especially in heat transfer calculations, these errors may become more pronounced
if thermophysical properties are assumed constant.

If the following formula is used to calculate the relative error:
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Theoretical result—Experimental result
' P 100 (11)

Relative error = -
Theoretical result

Relative error = 2122100 = 9,62 9 (12)

The consistency between the experimental and empirical values of the heat transfer coefficient indicates
that the experimental setup and methodology were reliable. The close agreement validates the use of
empirical correlations, such as the Sieder-Tate equation, for predicting heat transfer coefficients in similar
configurations.

Understanding the heat transfer coefficient is crucial for designing efficient heat exchangers. The findings
of this study can aid in optimizing heat exchanger performance by providing accurate predictions of heat
transfer rates. Improved heat transfer efficiency directly impacts energy consumption in industrial
processes. By validating empirical correlations with experimental data, industries can enhance the energy
efficiency of their systems.

In the literature, empirical statements were attempted to be verified with experimental data in a similar way,
and agreement was achieved with a 10% deviation [9]. When the heat transfer coefficients were obtained
from the experimental data and the Nusselt number was correlated with the experimental data, compatible
results were obtained [10]. Some studies developed correlations for heat transfer coefficients and Nusselt
numbers using the experimental data obtained [3].

Although strict controls were applied to ensure the accuracy and reproducibility of the experimental design,
the use of a wider range of parameters would increase the generalizability and accuracy of the results
obtained. Future studies should aim to increase the validity of the present findings by performing a more
comprehensive analysis of the heat transfer coefficient under different experimental conditions. In this
context, repeating the experiments in a wider range will provide more reliable and comprehensive data sets
for different application areas.

4. CONCLUSION

The comparative analysis of the heat transfer coefficient calculated from inlet and outlet temperatures with
values obtained from empirical expressions demonstrated good agreement. The study confirms the
reliability of using empirical correlations for practical applications and highlights the importance of
experimental validation in heat transfer research. The results provide valuable insights for optimizing heat
transfer processes in various industrial and engineering applications.

5. FUTURE WORK

To further enhance the accuracy and applicability of the findings, future studies could focus on:

Extended Parameter Range: Conducting experiments over a wider range of flow rates, temperatures, and
fluid types to generalize the results.

Advanced Measurement Techniques: Utilizing more precise instrumentation and data acquisition
methods to minimize uncertainties.

Numerical Simulations: Complementing experimental studies with computational fluid dynamics (CFD)
simulations to gain deeper insights into the heat transfer mechanisms.
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