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Amacg ve Kapsam

Mus Alparslan Universitesi Fen Bilimler Dergisi, temel bilimler, mithendislik bilimleri, ¢evre ve enerji alanlarinda
ulusal ve uluslararasi diizeyde yapilan bilimsel nitelikli ve 6zgiin ¢aligmalari bilimsel bir yaklasimla ele almak
amactyla yayimlanan uluslararas1 hakemli bir dergidir. Mus Alparslan Universitesi Fen Bilimleri Dergisinin temel
amaci, uluslararasi alanda bilim ve teknolojideki yenilikler ve gelismeler, giincel ortaya konulan bilimsel ¢alismalar,
tespit edilen sorunlarin ve ¢éziim Onerilerinin tartigildigi 6zgiin ve nitelikli makaleler yayinlanan bilimsel bir dergi
olmaktir. Ayrica Mus Alparslan Universitesi Fen Bilimleri Dergisi, yiiksekdgretim kurumlarinda gorev alan
akademisyenler, lisansiistii 6grenciler, sanayi ve endiistride calisan kisilerin akademik ve mesleki gelisimlerine katki
saglayan bilimsel, nitelikli akademik ¢aligmalarin yayginlagtirilmasina hizmet etmeyi hedeflenmektedir.

Mus Alparslan Universitesi Fen Bilimleri Dergisi; temel bilimleri, tarim ve uygulamali bilimleri, doga bilimleri
ve mithendislik alanlar ile alakali konularda 6zgiin ve nitelikli bilimsel ¢aligmalar1 kapsamaktadir. Dergide, yukarida
belirtilen alanlarda yapilmis deneysel ve teorik ilerlemeleri igeren bilimsel ve 6zgiin arastirma makalesi tiiriindeki
bilimsel ¢aligmalara ve giincel igerikli derlemelere yer verilmektedir. Dergide yayimlanan tiim makalelere DOI
numarasi atanmakta ve yayimlanan makaleler i¢in herhangi bir iicret talep edilmemektedir. Mus Alparslan
Universitesi Fen Bilimleri Dergisinde yayimlanan yazilarin bilimsel ve hukuki sorumlulugu, yazarlarma aittir.
Yaymmlanan yazilarin biitiin yaym haklar1 Mus Alparslan Universitesi’ne ait olup yayn, yaymncinin izni olmadan
kismen veya tamamen elektronik ortama tasinamaz. Mus Alparslan Universitesi Fen Bilimleri Dergisi, 6zgiin bilimsel
aragtirmalar ile uygulama caligmalarina yer veren Haziran ve Aralik sayisi1 olmak tizere yilda iki defa diizenli olarak
yayimlanan bir dergidir.

Mus Alparslan Universitesi Fen Bilimler Dergisi asagidaki indekslerce taranmaktadir:

e TR Dizin

e EBSCO

e Academic keys

e CAB Abstract

e CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e Eurasian Scientific Journal Index (ESJI)

e Index Copernicus

e Infobase index

e International Innovative Journal Impact Factor (I11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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Aims and Scope

Mus Alparslan University Journal of Science is an international refereed journal that is published with a scientific
approach to handle scientific and original studies in the fields of basic sciences, engineering sciences, environment and
energy. The main aim of Mus Alparslan University Science Journal is to become a scientific journal which published original
and qualified articles, current scientific studies, their identified problems, and their solution suggestions, discussing
innovations and developments in science and technology in the international surroundings. In addition, Mus Alparslan
University Journal of Sciences is aimed to serve the dissemination of scientific and qualified academic studies which
contributed to the academic and professional development of academicians, graduate students, working people in industry.

Mus Alparslan University Journal of Science covers original and qualified scientific studies in the fields of basic sciences,
agriculture and applied sciences, natural sciences, and engineering. There are scientific, original research articles and
current content reviews that include experimental and theoretical advances mentioned above in the fields in the journal.
All published articles in the journal are assigned a DOI number and no fee is charged for the published articles. The authors
belong to scientific and legal responsibility of the articles published in Mus Alparslan University Journal of Science. Mus
Alparslan University belongs to all publishing rights of the published articles, and it cannot be published to the electronic
medium partially or completely without the permission of the publisher. Mus Alparslan University Journal of Science
including the June and December issues is a regular journal published twice a year that is included original scientific
research and application studies.Mus Alparslan University Journal of Science is included in the following abstracting and
indexing services:

e TR Dizin

e EBSCO

e Academic keys

o CAB Abstract

o CiteFactor

e COSMOS IF

e CrossRef DOI

e DRIJI (Directory of Research Journals Indexing)
e FEurasian Scientific Journal Index (ESJI)

e Index Copernicus

o Infobase index

e International Innovative Journal Impact Factor (11JIF),
e ResearchBib

e ROAD

e Scientific Indexing Service

e Sindex

e SOBIAD
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MAUNFBD Dergi Yayin Etigi ve Sorumluklar

MAUNFBD Dergisinde uygulanan yayin siireglerinde yazarlar, hakemler ve editorler etik ilkelere yonelik
standartlara uymasi 6nem tagimaktadir. MAUNFBD Dergisinde yayin etigi kapsaminda tiim yazarlar, hakemler ve
editorler asagidaki etik sorumluluklari tasimasi beklenmektedir. Asagida yer alan etik gorev ve sorumluluklar
olusturulurken agik erisim olarak Committee on Publication Ethics (COPE) tarafindan yayilanan etik kurallara ve
sorumluluklar dikkate alinarak hazirlanmistir.

Yazarlarm Etik Sorumluluklar:

Yazar(laryin gonderdikleri ¢aligmalarin 6zgiin olmasi beklenmektedir. Yazar(lar)in baska ¢alismalardan
yararlanmalar1 veya baska c¢aligmalari kullanmalart durumunda eksiksiz ve dogru bir bigimde atifta bulunmalari
ve/veya alinti yapmalar1 gerekmektedir. Caligmanin olusturulmasinda igerige katki saglamayan kisiler, yazar olarak
eklenmemelidir. Yazarlar ¢aligmalarin1 ayn1 anda birden fazla derginin bagvuru siirecinde bulunduramaz. Her bir
bagvuru Onceki bagvurunun tamamlanmasint takiben baslatilabilir. Baska bir dergide yayinlanmis calisma
MAUNFBD Dergisine gonderilemez. Yayinlanmak {izere génderilen tiim galismalarin varsa ¢ikar ¢atigmasi tegkil
edebilecek durumlar ve iligkileri agiklanmalidir. Yazar(lar)dan degerlendirme siiregleri gergevesinde makalelerine
iligkin ham veri talep edilebilir, boyle bir durumda yazar(lar) beklenen veri ve bilgileri yayin kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baslamig bir ¢aligmanin yazar sorumluluklarimin degistirilmesi (Yazar
ekleme, yazar sirasi degistirme, yazar ¢ikartma gibi) teklif edilemez. Yazar(lar) kullanilan verilerin kullanim
haklarina, arastirma/analizlerle ilgili gerekli izinlere sahip olduklarimi veya deney yapilan deneklerin rizasinin
alindigim1 gosteren belgeye sahip olmalidir. Yazar(lar)in yaynlanmis, erken goriinim veya degerlendirme
asamasindaki calismasiyla ilgili bir yanlis ya da hatay1 fark etmesi durumunda, dergi editdriinii veya yayinciy1
bilgilendirme, diizeltme veya geri ¢ekme islemlerinde editdrle is birligi yapma yiikiimliligii bulunmaktadir.

Editorlerin Etik Gorev ve Sorumluluklar

MAUNFBD Dergisindeki editorler ve alan editorleri, acik erisim olarak Dergipark sayfasinda yayinlanan
Committee on Publication Ethics (COPE) tarafindan belirtilen etik gérev ve sorumluluklara sahip olmalidir:

Genel Gorev ve Sorumluluklar

Stirekli olarak derginin gelisimini saglama, dergide yayinlanan ¢aligmalarin kalitesini gelistirmeye yonelik
siirecleri yiiriitme, okuyucularin ve yazarlarin bilgi ihtiyaglarin1 karsilamaya yonelik ¢aba sarfetme, diizeltme,
aciklama gerektiren konularda yayin agisindan agiklik ve seffaflik gosterme. Fikri miilkiyet haklar1 ve etik
standartlardan taviz vermeden is siire¢lerini devam ettirme editoriin gorev ve sorumluluklarindandir.

Hakemlerin Etik Sorumluluklar:

Sadece uzmanlik alam ile ilgili caligma degerlendirmeyi kabul etmelidir. Tarafsizlik ve gizlilik igerisinde
degerlendirme yapmalidir. Gizlilik ilkesi geregi inceledikleri ¢aligmalari degerlendirme siirecinden sonra imha
etmelidir. Degerlendirme siirecinde ¢ikar gatigmasi ile karst karsiya oldugunu diisiiniirse, ¢alismayi incelemeyi
reddederek, dergi editoriinii bilgilendirmelidir. Degerlendirmeyi nesnel bir sekilde sadece ¢alismanin igerigi ile ilgili
olarak yapmalidir. Degerlendirmeyi yapici ve nazik bir dille yapmalidir. Diigmanlik, iftira ve hakaret igeren asagilayici
kisisel yorumlar yapmamalidir. Degerlendirmeyi kabul ettikleri c¢aligmayr zamaninda ve yukaridaki etik
sorumluluklarda gerceklestirmelidir.

Yayimncinin Etik Sorumluklar:

MAUNFBD Dergisinde gonderilen ¢alismalarin tiim stire¢lerinden editér sorumludur. Bagimsiz editor karar
olusturulmasini taahhiit eder. MAUNFBD Dergisinde ekonomik ya da politik kazanglar géz 6niine alinmaksizin karar
verici kisi editordir. MAUNFBD Dergisinde yayinlanmig her makalenin miilkiyet ve telif hakkini korumak
zorundadir. Editore iligkin her tiirlii bilimsel suiistimal ve intihalle ilgili dnlemleri alma sorumluluguna sahiptir.

Yazarlar ile iliskiler

Editor, ¢alismalarin 6nemi, 6zgiin degeri, gegerliligi, anlatimin agiklig1 ve derginin amag ve hedeflerine dayanarak
olumlu ya da oluMAUNZz karar vermelidir. Yayin kapsamina uygun olan ¢alismalarin ciddi problemi olmadig: siirece
on degerlendirme agsamasina almalidir. Editdr, ¢alisma ile ilgili ciddi bir sorun olmadik¢a, olumlu yondeki hakem



Onerilerini goz ardi etmemelidir. Yeni editor, caligmalara yonelik olarak 6nceki editor tarafindan verilen kararlari ciddi
bir sorun olmadik¢a degistirmemelidir. MAUNFBD Dergisinde bir Yazar Rehberi yaymlamalidir. Yazarlara
aciklayici ve bilgilendirici sekilde bildirim ve doniis saglanmalidir.

Hakemler ile iliskiler

Editdr; dergi yayin politikalarinda yer alan Kér Hakemlik ve Degerlendirme Siireci politikalarin1 uygulamakla
yiikiimlidiir. Hakemleri yayinin alan konusuna uygun olarak secilmelidir. Yayimnin degerlendirme siirecinde gerekli
tim bilgileri hakemlere saglamakla yiikiimliidiir. Yazarlar ve hakemler arasindan ¢ikar ¢atismasi olup olmadigini
gbzetmek durumundadir. Yaymin degerlendirme siirecinde hakemlerin kimlik bilgilerini gizli tutmalidir. Hakemleri
tarafsiz, bilimsel ve nesnel bir dille ¢aligmay1 degerlendirmeleri igin tegvik etmelidir. Hakem havuzunun genis bir
yelpazeden olugmast i¢in adimlar atmalidir. Hakemlerin performansini artiric1 uygulama ve politikalar belirlemelidir.
Bilimsel olmayan degerlendirmeleri engellemelidir.

OKkuyucu ile iliskiler

Editor tiim okuyucularin ihtiya¢ duyduklari bilgi, beceri ve deneyim beklentilerini dikkate alarak karar vermelidir.
Yayinlanan ¢aligsmalarin okuyucu, arastirmaci, uygulayici ve bilimsel literatiire katk: saglamasina ve 6zgiin nitelikte
olmasina dikkat etmelidir. Editor okuyuculardan gelen geri bildirimleri dikkate almak, agiklayici ve bilgilendirici geri
bildirim vermekle yikimludr.

Yaym Kurulu ile iligkiler

Editdr, tiim yayin kurulu iiyelerinin siirecleri yayin politikalar1 ve yonergelere uygun ilerletmesini saglamalidir.
Yayin kurulu tiyelerini yayin politikalari hakkinda bilgilendirmeli ve gelismelerden haberdar etmelidir. Yeni yayimn
kurulu iiyelerini yayin politikalar1 konusunda egitmeli, ihtiya¢ duyduklar bilgileri saglamalidir.

Dergi Sahibi ve Yaymnar ile iliskiler

Editor ile yayinci arasinda yapilan yazili sézlesme geregi, editoriin alacagi tiim kararlar yayinci ve dergi sahibinden
bagimsizdir. Yani editor ve yayinci arasindaki iliski bagimsizlik ilkesine dayanmaktadir.

Kisisel Verilerin Korunmasi

Editor; degerlendirilen g¢alismalarda yer alan deneklere veya gorsellere iliskin kigisel verilerin korunmasini
saglamakla yiikiimliidiir. Caligmalarda kullanilan bireylerin agik rizasi belgeli olmadigi siirece ¢alismay1 reddetmekle
gorevlidir. Ayrica editor; yazar, hakem ve okuyucularin bireysel verilerini korumaktan sorumludur.

Etik Kurul, insan ve Hayvan Haklar

Editor; degerlendirilen calismalarda insan ve hayvan haklarinin korunmasini saglamakla yiikiimlidiir.
Caligmalarda kullanilan deneklere iligkin etik kurul onay1, deneysel arastirmalara iligkin izinlerin olmadig1 durumlarda
calismay1 reddetmekle sorumludur.

Olasi Suiistimal ve Gorevi Kotiiye Kullanmaya Kars1 Onlem

Editor; olasi suiistimal ve gorevi kotiiye kullanma islemlerine karst 6nlem almakla yiikiimlidiir. Bu duruma
yonelik sikayetlerin belirlenmesi ve degerlendirilmesi konusunda titiz ve nesnel bir sorusturma yapmanin yant sira,
konuyla ilgili bulgularin paylagilmasi editoriin sorumluluklari arasinda yer almaktadir.

Fikri Miilkiyet Haklarinin Korunmasi

Editor; yaymlanan tiim makalelerin fikri miilkiyet hakkin1 korumakla, olasi ihlallerde derginin ve yazar(lar)in
haklarin1 savunmakla yiikiimliidiir. Ayrica editér yayinlanan tiim makalelerdeki igeriklerin baska yayinlarin fikri
miilkiyet haklarini ihlal etmemesi adina gerekli 6nlemleri almakla ylikiimliidiir. Bu asamada yazarlardan makaleleri
ile birlikte almis olduklar1 intihal raporu talep edilmektedir.

MAUNFBD Dergisinde Etik Olmayan Bir Durumla Karsilasirsaniz!

MAUNFBD Dergisinde yukarida bahsedilen etik sorumluluklar ve diginda etik olmayan bir davranis veya igerikle
kargilagirsaniz liitfen h.onlu@alparslan.edu.tr adresine e-posta yoluyla bildiriniz.
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MAUNFBD Journal Editorial Ethics and Responsibilities

It is important for authors, referees and editors to comply with the standards regarding ethical principles in the
publication processes applied in the Journal of MAUNFBD. All authors, referees and editors are expected to have the
following ethical responsibilities within the scope of publication ethics in MAUNFBD journal. The following ethical
duties and responsibilities have been prepared as open access, taking into account the ethical rules and responsibilities
published by the Committee on Publication Ethics (COPE).

Authors’ Ethical Responsibilities

The works submitted by the author (s) are expected to be original. If the author (s) benefit from other studies or
use other studies, they must cite and / or cite completely and accurately. People who do not contribute to the content
of the study should not be added as author. The authors work in the application process can not contain more than one
journal at a time. The work published in another journal cannot be sent to the MAUNFBD Journal. That might
constitute a conflict of interest if all studies submitted for publication must be explained and relationships. Author (s)
can be requested from the evaluation process raw data of the frame in the article, in such a case the author (s) must be
ready to provide the expected data and information science committee and the editorial board. Replacing the
responsibility of the author began a study of the evaluation process (authors add, modify order of authors, writers like
stickers) cannot be offered. The author (s) must have a document showing that they have the right to use the data used,
the necessary permissions for research / analysis, or that the subjects who have been experimented with have consent.
Author (s) of the published case early view or assessment notice a wrong or error about her work on stage, to inform
the journal editor or publisher has an obligation to carry editors to cooperate in the correction or retraction.

Editors' Ethical Duties and Responsibilities

Editors and field editors in the MAUNFBD Journal should have the ethical duties and responsibilities specified by
the Committee on Publication Ethics (COPE) published on the Dergipark page as open access:

General Duties and Responsibilities

Continuously improving the quality of the journal, carrying out processes to improve the quality of the work
published in the journal, striving to meet the information needs of readers and authors, correcting, showing publicity
and transparency in matters requiring explanation, continuing business processes without compromising intellectual
property rights and ethical standards is one of his duties and responsibilities.

Ethical Responsibilities of Referees

Only study related to the specialty should accept the assessment. It should evaluate in impartiality and
confidentiality. The study examined the privacy policy should be destroyed after the evaluation process. If referee
thinks that he/she faces a conflict of interest during the evaluation process, he should refuse to review the study and
inform the journal editor. The referee should make the assessment objectively only in relation to the content of the
study. Referee should make the assessment in a constructive and kind language. It should not make humiliating
personal comments that include hostility, slander and insults. They should perform the work they accepted to evaluate
on time and with the ethical responsibilities above.

Publisher's Ethical Responsibilities

The editor is responsible for all the processes submitted in the MAUNFBD Journal. The independent editor
commits to the decision. The decision maker is the editor, regardless of economic or political gains in the Journal of
MAUNFBD. It must protect the property and copyright of every article published in the MAUNFBD journal. It has
the responsibility to take all sorts of scientific abuse and plagiarism related measures.



Relations with Authors

Editor, the importance of the work, the original value, validity, the openness of expression and should give a
positive or negative decision based on the journal's goals and objectives. Unless there is a serious problem for the
studies that are suitable for publication, they should take the preliminary evaluation stage. The editor should not ignore
the positive reviews of the referees unless there is a serious problem with the work. The new editor should not change
the decisions made by the previous editor for the work unless there is a serious problem. It should publish an Author
Directory in the MAUNFBD journal. Authors should be provided with informative and informative feedback and
feedback.

Relations with Referees

Editor is responsible for applying the Blind Review and Evaluation Process policies included in its publication
policies. Referees should be selected in accordance with the subject of the publication. It is obliged to provide all
necessary information to the referees during the evaluation process of the publication. It has to observe whether there
is a conflict of interest among the authors and reviewers. The identity information of the referees must be kept
confidential during the evaluation of the broadcast. Encourage referees to evaluate working in an objective, scientific
and objective language. The referee should take steps to make the pool a broad spectrum. Implementations and policies
that increase the performance of the referees should be determined. It should prevent unscientific evaluations.
Relations with Readers

The editor should make a decision by considering the knowledge, skills and experience expectations of all readers.
The reader should pay attention to the fact that the published studies contribute to the reader, researcher, practitioner
and scientific literature and be original. The editor is obliged to take into account the feedback from the readers and
to provide explanatory and informative feedback.

Relations with the Editorial Board

The editor should ensure that all editorial board members advance the processes in accordance with editorial
policies and guidelines. The editorial board should inform the members of the editorial policies and inform the
developments. The new editorial board should educate its members on broadcast policies and provide the information
they need.

Relations with the Owner of the Journal and the Publisher

In accordance with the written contract between the editor and the publisher, all decisions taken by the editor are
independent of the publisher and magazine owner. In other words, the relationship between the editor and the publisher
is based on the principle of independence.

Protection of Personal Data

The editor is obliged to ensure the protection of personal data related to the subjects or images in the evaluated
works. Unless the explicit consent of the individuals used in the studies is documented, they are responsible for
refusing to work. Also, editor is responsible for protecting the individual data of the author, referee and readers.

Ethics Committee, Human and Animal Rights
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ABSTRACT

In this paper, we defined the concepts of (A7), -statistical convergence and (AT"),,-statistical boundedness for
sequences u and v with nonzero terms. Then, we extend these concepts to the concepts of (A,’lfl,,)u-statistical
convergence and (Aﬁ,)u-statistical boundedness using the sequences (4,) satisfying the conditions 4, =1,
Aps1 <A+ 1 and 4, - o0 (n - o0). Then, using the concepts of (Aj{l,,)u-statistical convergence and (A,’{f,,)u-
statistical boundedness, we defined the sequence spaces (Afv)u(sg) and (Agz,)u(sg‘) with the help of numbers a

satisfying the condition 0 < @ < 1. We also investigated the inclusion relations between these sequence spaces
and between the sequence spaces obtained in some special cases.

Keywords: Difference Sequences, Statistical Boundedness, Statistical Convergence

a. Mertebeden (A™),,-Istatistiksel Simrliik ve Yakinsakhk

]CB)uZ makalede, terimleri sifirdan farkli u ve v say dizileri igin (A7), -istatistiksel yakinsaklik ve (A7), -istatistiksel
smirlilik kavramlarini tanimladik. Daha sonra bu kavramlart 1, = 1, 4,41 < 1, + 1 ve 1,, » o (n — o) sartini
saglayan (4,,) dizilerini kullanarak (A,T{’lv)u-istatistiksel yakinsaklik ve (A;f‘,,)u-istatistiksel stnirhilik kavramlarina
genislettik. Daha sonra (Ajfv)u—istatistiksel yakinsaklik ve (A}{?,,)u-istatistiksel siurlilik kavramlarmi kullanarak
0 < a <1 sartin1 saglayan « sayilar1 yardimiyla (Afv)u(Sg‘) ve (A;'},,)u(s o) dizi uzaylarini tanimladik. Ayrica
bu dizi uzaylan arasindaki ve bazi 6zel durumlarinda elde edilen dizi uzaylar1 arasindaki kapsama bagmtilarin
inceledik.

Anahtar Kelimeler: Fark Dizileri, Istatistiksel Smuirlilik, Istatistiksel Yakinsaklik

INTRODUCTION

Statistical ~ convergence  was  studied
independently by Fast and Steinhaus in 1951 [1,2].
Then, in 1953, Buck introduced the concept of
statistical convergence for real and complex number
sequences and its relationship with the theory of
summability [3]. The same subject was introduced by
Schoenberg as a method of summability [4].

The natural density of a set K is defined by

§(K) = lim ~ |{k < n:k € K}|, where |{k < n:k €
n—-oo
K}, denotes the number of elements of the set K not

greater than n.
A sequence x = (x;) Iif satisfies that:

lim %l{k <nlx,—1l =€} =0, forall e >0 and
n—oo

some [, we say x is statistically convergent to [ and
denote it by S — limx;, = [ or x;, = [(S). The space

of all statistically convergent sequences is denoted by
Sc. If L = 0then x is called statistically null sequence
and the space of all statistically null sequences is
denoted by Sc,. The space of statistically convergent
sequences is a sequence algebra so; if x = (x),y =
(yi) € Sc then xy = (xpyy) € Sc. If § — limx,, =
L, and S — limy, = 1, then S — limx, y, = Ll,,. It
is known that classical convergence implies
statistical convergence, namely ¢ c Sc.

In 2000, Mursaleen introduced the concept of
A-statistical converge, which is a more general form
of statistical convergence, using the concept of 1 =

(A,) sequence [5]. Such that if lim — |{k €

n-oo An
I:|x, — 1] = &}| = 0 is satisfied for all £ >0 and
some [, then t he sequence x is said to be A-
statistically convergent or S;-convergent to [, and the
space of all A-statistically convergent sequences is
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denoted by S;. It can easily be seen that the A-
statistical convergence is same as the statistical
convergence for A, = n, where all sequence A =
(A,) €T satisfies 1, =1 and A, <A, +1
conditions and diverges to infinity, and I, = [n —
A, + 1,n]. In this study, we will take the same.
Then Gadjiev and Orhan [6] first introduced
the idea of order a of statistical convergence. This
concept has attracted more attention after Colak's
works [7, 8]. After these Colak and Bektas [9]
combined the concepts A-statistical convergence and
statistical convergence of order a together and
defined A-statistical convergence of order o, a more
general form of both ideas, as follows: x = (x;,) is A-
statistically convergent to [ of order « if satisfies that:

lim ——|{k € I: |x, — | > e} =0, for A=

n—-oo (An)%

(Ap) Erandall e > 0, where 0 < a < 1.

The difference sequence concept defined by
Kizmaz [10], was generalized to difference of order
m by Et and Colak [11]. Upon this Et and Nuray [12]
generalized the statistical convergence concept to
A™-statistical convergence. According to this.
(A™x,) = (A™ 1x, — A™ 1x,, 1) so A% = x and
Ax = (Axy,) = (x;, — x341) for the sequence x =
(xx) and A™(X) = {x = (x): A™x € X3}, for any
sequence space X. Here, m € N is a finite number
and we will use m as a finite natural number in this
paper.

Colak [13] defined generalized sequence
space A, (X) for any sequence spaces X and v = (vy,)
sequences consisting of nonzero complex numbers as
follows.

A, (X) = {x = (x): A, (x) € X}
and examined the topological properties of these
spaces,  where A, (x) = (4,(x)) = (Wexy —
Vk+1Xk+1). Then these sequence spaces was
generalized to A} by Et and Esi [14]. According to
this,

A (X) = {x = (x;): A7'(x) € X},
for X = 1, c,co, Where AS(x) = (vgxy), AT (x) =
(A™1x, — A™1x, ;) and such that

m

A7 () = Z(_l)i (Tln) Uk+iXg+i:
i=0

Statistical boundedness is a much newer and
less studied compared to statistical convergence. A
real or complex statistically bounded sequence
x = (x;) defined by Fridy and Orhan [15] for some
B = 0 satisfies that; 6 ({k: |x,| > B}) = 0. Space of
all statistically bounded sequences is denoted by S,,.
Then Bhardwaj and Gupta [16] generalized the
concept of statistical boundedness as follows. If a
sequence x = (x; ) is statistically bounded of order
a, then there is some B > 0 such that

o1
rlll_r)rc}on—al{k <n: |x| > B} =0.

The space of all statistically bounded of order «
sequences is denoted by S7. Note that Sf = S, for

a=1and S§ =w for a > 1. So, throughout this
article we will take « less than or equal to 1.

Later Temizsu and Et [17] defined statistical
convergence in terms of A™-difference sequences
and A = (4,,) € I' sequences as follows and gave
some inclusion theorems related to these concepts. If
a sequence x = (x) is A™-statistically bounded of
order a, then there is some B =0 such that
,lll_r,?onia [{k < n: |A™x,| > B}| = 0. The space of all

such sequences x = (x;) is denoted by A™(S;) and
it is obvious that x e w for @ > 1. A sequence
x = (xx) is AP*-statistically bounded of order a if
there is some B > 0 such that

Am%l{k €1, |A™x,| > B} =0 for 1= (1,) €

. The space of all A}*-statistically bounded
sequences of order a is denoted by A}*(S¢). For o=1,
it turns into AJ*-statistically bounded and the space
of such these sequences is AJ*(S,) [17].

MAIN RESULTS

In this section we will define (AT"),,-statistically
bounded and (A7"),,-statistically convergent of order
a and examine some inclusion relations.

Definition 1. Let X=l,, c,coand u = (uy), v = (vy)
any fixed nonzero complex numbers’ sequences. We
define:

(A (X) = {x = (x;): (A)y(x) € X},
where (A71), (x) = (weAy'xy).
Throughout  this paper we consider the
sequences u = (u), v = (v;) as sequences of
nonzero complex numbers.

Definition 2. If there exists some B = 0 such that
lim 21k < 2 Judfxid > B}l =0,

then the sequence x = (x;) is (ATY),-statistically
bounded of order @ and we denote the space of such
sequences with (ATY),, (S5).

It can easily be seen that if we take @ > 1 then
the (A7Y),, u(SF) turns into w. If we take a = 1, then
the x = (x;) become (A"),-statistically bounded
and we will denote this sequences’ space by

(A5)u(Sp)-

Theorem 1. Let a, 8 € (0,1] such that « < 8. Then
(O™, (SH) © (M), (SF) and this inclusion is
strict.

Proof: Let x € (AM),(S5). Therefore, we know

lim ni I{k < n: |upA™x,| > B}| = 0. Since a < B
n—-oo
implies n < nf and thus = > —,
1 n n
—a [l < n:|uedy'x | > Bl

1
> n_ﬁl{k < n: |luAl'x | > B}



We take the limit of both sides of the above
inequality as n — oo and find that x € (A7), (SF).
To prove the strictness of the inclusion we can
choose as x = (x) = (k) and v = (v,) = (k —
1). Atthat rate form = 1, A'x = A,x = (A,xy) =
(X, v — Xp41Vk41) = (2k) is found. If we define u
by

1
ﬁ' k + Tl3
we=179 n=0,12.3,..),

-, k=n3
> n

then we write

1, k#nd
Ay xy, = {k, k= n3 n=0123,..).

For B = 1, we can easily see
{k < n: |uApxg | > 13 = [[3\/5]] -1<in-1<
Yn. Where [] denotes greatest integer function.
Therefore, we have:
3

niﬁl{k < |udyxg| > 13 < n_\//?
Let0<a< % < B < 1. By taking the limitas n —»
o, we obtain x € (A7), (SF). From the property
greatest integer function, we know Yn-1<
[¥/n] < ¥n which implies:

Yn-2 1

na e

[k < n: Jup A, | > 13,

By taking the limit, we obtain x & (A7), (S{).

From Theorem 1 by setting g =1, we
obtain (A7), (S5) c (AT),(S,). Note that this
inclusion is strict for a« € (0,1).

Proposition 1. (A7), (le) € (AT)L(SF), and this
inclusion is strict.

Proof: If x € (A7), (l), then there exists some
B = 0 suchthat [(AT), x| = lu, ATx, | < B forall
keN. Thus {k<n: |uAlx,|>B}=0 and
hence
1
lim — |{k < n: [wA7'x,| > B} = 0.

n-on
This implies that x € (A7"),(S5). To show that the
converse inclusion does not always hold, we can take
u, = v, = 1 forall k € N and sequence x like this,
X = (x) = {k3, k is prime number,
k, otherwise.
For m = 2, we have:
A2y = {6k + 6, k is prime number,
v 0, otherwise.
Since the density of prime numbers is zero, we

conclude that (A%),x is statistically bounded.
However, it is clear that this sequence is not bounded.

Corollary 1. (A™),(l,) € (A™),(S,) and this
inclusion is strict.

Theorem 2.

(@) Ifu = (ug) € Sy, then AT(S,) € (A7), (Sy),
(i) If v = (vy) € Sp, then (A™),,(Sp) < (A7) (Sp)
and these inclusions are strict.

Proof: (i) Letu € S, and x € AT*(S,). Then there
exists numbers B,, B, = 0 such that lim %I{k <

n—-oo
n: |wel > By} =0 and ylli_%%l{k <n: |ATx| >
B} =0
Let B, - B, = B. Thus, we have:
{k < n: |wA'x, | > B}
C {k <n: |A7'xy| > By}
Uf{k <n: |ug| > By}
and therefore,

1
;l{k <n |ukA1;mxk| > B}l
1
< —Hke<n 167 > B

1
+ Zl{k <n: |ul| > By}

is obtained. Taking the limit as n — oo on both sides
of the above inequality , x € (AT"),,(S}) is obtained.

(i) The proof is similar to that of (i).

Corollary 2. If u,v € S, then following inclusions
are strict.

@ A™(Sp) < (A7) (Sp),
(i) A™(lw) < (A7) (Sp)

Theorem 3. (i) If |uy| < |u| for all k € N, then
(A7) (Sp) € (ATDu(Sh),
(ii) If |vg| < |vyg| for all k € N, then

(A7) (Sp) € (A1)u(Sp).

Proof: (i) Let |uy| < |uy| for all k e N and x €
(A7), (Sp). So there exists a number B = 0 such
that:
Tlli_r)lgo%I{k <n: |[u'yA"x,| > B}| = 0.
Since |uy| < |u| for all k€N, we have the
following inclusion
{k < n: |uAJ'xi | > B}
c {k <n: |uATx,| > B}
and thus
I{k < n: |wA7'xi | > B}
< |{k < n: |u'( Al'x,| > B}|
and

1
El{k < n: |ugAltx,| > B}

1
< El{k <n |u'kALnxk| > B}l

Taking the limit as n — o on both sides of the
inequality, we find that x € (ATY),,(Sp).

(ii) The proof is similar to that of (i).



Corollary 3. It is obvious from Theorem 3 that:
(@ I Jul=1 for all keN, then
A)u(Sp) S AT(Sp),
(i) I J|vl=1 for all keN, then
A7)u(Sp) & (A™)u(Sp),
(iit) If |vg]| < vl and uy| < |uy| for all
k € N, then (A;’%)w(sb) c (A™),(Sy).

Theorem 4. The inclusion (A7Y),(S,) C
(Am+1),(S,) is strict.

Proof: For the strictness we can use example which
we gave in proof of the Proposition 1. Letu = v =
(1) and define the sequence x as follows:
x = (x) = {kS, k is prime number,
k, otherwise.
For m =1, (A,),x is statistically bounded, but for
m = 0, is not statistically bounded.

Corollary 4. For 0 < a < 8 < 1, the strict inclusion
(A7), (SE) © (A7), (SP) follows from Theorem
4 and Theorem 1.

Definition 3. If a sequence x = (x;) satisfies
ggoniauk < n:uAlx, — 1| = €}l =0, for all
€ > 0.and some [, then x is called (AT, -statistically
convergent of order a. The space of such sequences
is denoted by (A7"),,(Sc%). If in above equation we
take @ =1, then x = (x;) is called (A}),-
statistically convergent and we will denote this
sequences’ space by (AM™),(Sc). It is obvious that
(A7), (Sc™®) turns into w for a > 1.

Theorem 5. Let , 8 € (0,1] such that @ < 8. Then
(A™),(Sc®) € (A™),(ScP) and this inclusion is
strict for certain a and .

The proof is trivial.

Corollary 5. From Theorem 5, we obtain
(Am™),(Sc*) < (A™),(Sc) and this inclusion is
strictwhen 0 < a < 1.

Proposition 2. (AT, (Sc %) c (AT, (Sf) and this
inclusion is strict.

Proof: Let x € (A™),,(Sc%). In this case, there
exists a number [ such that
gmniauk <n lwyAlx,—1=>e}=0 (1)
forafixed € > 0. Using the properties of the absolute
value,
{k <n: |[wAlx, | = e+ |1}
C{k <n: |luAlx, — 1| = ¢}
and thus
[{k < n: Ju Alx | = €+ |11}
< |k < n JupAltxg, — 1] = €|

holds. If we multiply both side of the above
inequality by ni“ and taking the limit for n — oo, we
obtain from (1), x € (A7), (S5). To show that the

converse inclusion does not always hold, let m = 1,
u=(u) = (ﬁ) v=(v) = (k+1) and define

the sequence x = (xy) as:
Y = { k, k is odd number,
k= 1k, k is even number.
It is easy to see that for m = 1;

(B,),x = {—2, k is odd number,

viu 2, k is even number.
This sequence is statistically bounded but not
statistically convergent.

Proposition 3. (A™),,(¢) € (A™),(Sc) and this
inclusion is strict.

Theorem 6. If u = (u) € Sc, then A (Sc) c
(A™),,(Sc) and this inclusion is strict.

Proof: Since (Sc) is a sequence algebra, the proof
is obvious. To show the strictness of the inclusion,
let m = 2, and define x = (x;) = (k?), v = (v) =
(k), and the statistically convergent sequence u =
(uy) as
(-1D*,  kissquare,
u =4 1 )

-, otherwise.
k
Then, we have AZx = (6k + 6), and thus

(=1)¥*(6k +6) , k is sequare,

2 —
(@) = 6+ 7 otherwise.

This sequence is statistically convergent, but A2x is
not statistically convergent.

As a common consequence of Proposition 3
and Theorem 6, we can obtain the following result:

Corollary 6. If u € Sc, then AT'(c) < (A7), (Sc).

Definition 4. Let « € (0,1] and A € I'". We say that a
sequence x = (x;) is (A,) -statistically bounded
of order « if there exists a number B > 0 such that:

1
lim A—al{k € I,: luAT'x, | > B} = 0.
n

n—-co

The set of all such sequence is denoted by
(87, (8.

Note that this concept reduces to (A7),-
statistical boundedness of order a for A, =
nforalln € N.

Definition 5. Let ¢ € (0,1] and A € I'. A sequence
x = (x) is (A}'f,,)u—statistically convergent of order

«a if there exists a number [ such that:



1
lim — |{k € I;; |uAT'x, — 1] > €}| = 0.
n-oo }{%

By (47,),(5c®), we will denote the space of
(Afv)u—statistically convergent sequences.

If we get 4,, = n forall n € N, this concept turns
into (ATY),,-statistical convergence of order a.

Proposition 4. The inclusion (47,) (Sc®) <
(87,),, (58 is strict.

Proof: Let x € (47,) (Sc®). In this case, there
exists a number [ such that

1
lim —|{k € I;: |[uAT'x, —1| >¢€}| =0
n—»oo}frll

for fixed € > 0.
Using the properties of the absolute value, we can
write:
{k € L;: lw AT x| > || + €}
c{k €I,: |lugAl'x, — l| > €}
and thus

1
7 |tk € I Ay | > U] + e}
n

1
< l—al{k € I: |ugAl'xy — 1] > €},
n
Taking the limit as n — oo and setting || + € = B,
we obtain lim = |{k € L,: lwAx | > B} = 0.
n—oo An

Thus, x € (A7},) (S). To prove the strictness, by

taking (1) = (n), we can reconsider the example in
Proposition 2.

Theorem 7. LetA, u €', 4, < u, foralln € N and
0<a<p<sl

@0 If 1%31% >0, then (A%,) (S5) <
(a7,) (S,

(i) If 11113)10% =1 and HQOZ—E =1, then
(@), (s5) = (aF,), (55)-

Proof: The proof can be referred to Temizsu and Et,
Theorem 4 [17].

From Theorem 7 we obtain the following
results:
Corollary 7. LetA,u € I', A,, < u, foralln € Nand
a € (0,1].
i .. on
@) If hglogf; > 0, then (A;'},,)u(sb) c (A;';,)u(s,,)

(i) If lim 2—11 = 1, then (A7%,) (S,) = (ALS,). (S).

Corollary 8. Let A€ ', 1, <n for all n € N and
a € (0,1].

(0 If 11722&% > 0, then (A7),.(S,) < (A%%,). (S,
(&) If 1im 2 = 1, then (A7),.(S,) = (813), (S9).

Theorem 8. Let A, u € I', A, < u, foralln € N and
0<a<sp<l

(0 If 111%1% >0, then (A7) (Sc#) €

(@ar,). (sc®),
(i) If lim 2 = 1 and lim £2 = 1, then

n—oo uy, n-oo py

(Az'l")u(scﬁ) = (A;lr.lv)u(sca)-
The proof is trivial.

From Theorem 8 we can get the following result:

Corollary 9. Let A€, 1, <n for all n € N and
a € (0,1].

() If liminf22

>0, then (A7),(Sc) <

n—-oo
(87,), (Se,
i) If lim 2 =1 then (A7), (Sc) =
n—-oo
(a7,), (Se®.

Proposition 5. (A™),,(I,,) © (A;'},,)u(sgf).

Proof: Let x € (A]Y),(l). Thus there exists B >
0 such that {k: |u;AT'x; | > B} = @. Thus, we have
{k: |lui AT x| > B} 2 {k € I;: |up AT x| > B}

Therefore, we obtain

1
lim — |{k € I,;; |wAT'xx| > B}| = 0.
n—>00/1%
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ABSTRACT

In this study, energy and exergy efficiencies of collectors with stainless steel scourers as the surface enhancing
elements were evaluated. Three surface types were tested according to the scourers' arrangement. T1 has the highest
number of scourers in irregular arrangement. T2 has less scourers in regular row. T3 is the surface without scourers.
Experiments were carried out at air flow rates of m=0,025 kg/s and r=0,05 kg/s. Ambient temperature, surface
temperature, solar radiation, inlet-outlet temperatures of air were measured. The exergy efficiencies at m=0,025 kg/s
kg/s are 50%, 48% and 40%, for T1, T2 and T3, respectively. These values reach up 66%, 55% and 52% at 1m=0,05
kg/s, for T1, T2 and T3 respectively. The results show that the flat plate collector (T3) has the lowest efficiency and
highest irreversibility. It is also found that the increase in air flowrate improves the collector performance in general.

Keywords: Energy, Exergy, Surface-enhancing elements, Solar Energy Systems, Thermal Performance

Paslanmaz Celik Telli Bir Yutucu Plakanin Enerji ve Ekserji Analizi

OZET

Bu caligmada, farkli emici yiizey diizenine sahip kolektdrlerin enerji ve ekserji verimlilikleri karsilastirmali bir
analizle degerlendirilmistir. Emici yiizeyler iizerlerindeki tel yogunluguna gore ii¢ tipe ayrilmistir; diiz ve gdzeneksiz
(T3), orta derecede gbzenekli (T2) ve daha karmagik gozenekli (T1). Deneyler, m=0,025 kg/s ve m =0,05 kg/s hava
debisinde gerceklestirilmis, g¢evre sicakligi, emici yiizey sicakligi, giines 1sinimi, hava giris-¢ikis sicakliklart gibi
parametreler 6l¢iilmiistiir. m=0,025 kg/s debide T1, T2 ve T3 igin enerji verimlilikleri sirastyla %45, %42 ve %36
olarak elde edilmistir. 1m=0,05 kg/s iken verimliliklerde belirgin artislar gézlenmistir. Benzer bir artis egilimi ekserji
verimliliklerinde de goézlenmistir; m=0,025 kg/s’de ekserji verimlilikleri sirasiyla %50, %48 ve %40 iken, m=0,05
kg/s’de bu degerler %66, %55 ve %52’ye ulasmistir. Sonuglar, diiz plaka kolektoriiniin (T3) en diisiik verimlilik ve
en yiiksek tersinmezlikle ¢alistigini ortaya koymustur. Ayrica, hava debisindeki artigin kolektor performansini genel
olarak iyilestirdigi tespit edilmistir.

Anahtar Kelimeler Enerji, Ekserji, Yiizey Gelistirici Elemanlar, Giines Enerjisi Sistemleri, Termal Performans

INTRODUCTION

Improving the performance of solar air heaters (SAHS) is
a significant focus area in advancing energy systems. To
address the challenge, various strategies involving
surface modifications have been developed to enhance
heat transfer efficiency on absorber surfaces [2-6].
Among these approaches, dual-flow SAHs have emerged
as a particularly effective solution, as they substantially
increase the heat transfer area, thereby improving thermal
performance. Furthermore, incorporating flow-altering
obstacles within the air ducts has proven to be a highly
effective method for optimizing airflow distribution,
which in turn significantly improves the thermal
performance of the system [7-9].

The literature presents a wide array of configurations for
SAHs, reflecting ongoing efforts to optimize their design
and performance. Esen [10] performed comprehensive
exergy and energy analyses of SAH systems equipped
with obstacle-modified absorber surfaces, evaluating the
impact of various obstacle placements on system
efficiency. Similarly, Akpinar and Kocyigit [11]
conducted experimental investigations on four different
absorber surface types, examining their performance
under two distinct air mass flow rates to determine
optimal operating conditions. Ozgen et al. [12] explored
the use of cylindrical tin-can absorber plates in SAHSs,
systematically testing three different configurations to
assess their thermal and aerodynamic performance.

Arabhosseini et al. [13] developed an innovative porous
SAH integrated with a recycling system, achieving
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Fan Engine

notable maximum exergy and energy efficiencies of
22.3% and 63.4%, respectively. Ucar and Inalli [14]
investigated the performance of SAHs equipped with
graduated plates and fins, revealing that conventional
SAHSs exhibited the lowest efficiency among the designs
studied. Meanwhile, Albizzati [15] conducted an in-
depth analysis of porous absorber surfaces, emphasizing
their potential to enhance energy gains and improve
overall thermal performance.

Karim et al. [16] compared flat sheet, finned, and V-fold
SAHs, with V-pleated designs achieving superior
efficiency. Moummi et al. [17] demonstrated increased
efficiency using rectangular absorber surfaces placed
perpendicular to airflow, while Yeh et al. [18] enhanced
efficiency and air mass flow rates by employing double-
pass fins in reversible flat-layer of SAHs. Sahu and
Bhagoria [19] used inclined transverse beams to improve
performance, and Alvarez et al. [20] achieved better
thermal efficiency with absorber surfaces made of
recycled aluminum cans. Kreith and Kreider [21]
proposed flow baffles and enlarged heat transfer areas to
create turbulence, while Ghoneim [22] emphasized the
efficiency benefits of square-section honeycomb
configurations.

In this study, thermal performance is improved by
integrating stainless steel scourers as surface-modifying
elements into solar collectors. The absorber surfaces are
categorized as T1, with complex porous arrangements;
T2, with scourers in regular rows; and T3, a flat surface
without scourers. Energy and exergy efficiencies are
employed as primary metrics to evaluate the performance
of these designs.

EXPERIMENTAL STUDY
Setup

The experimental design used in this work has been
previously applied by the co-authors in earlier research
[23, 24], confirming its dependability and suitability for
evaluating SAH performance. An graphic illustration of
the experimental setup is given in Figure 1. he collector
housing has dimensions of 400 mm (height), 800 mm
(width), and 1200 mm (length). Insulation is achieved
using a 3 cm thick strap layer, while the primary
structural framework of the case is constructed from
chipboard, a 4 mm thick transparent glass cover is
integrated to facilitate solar energy absorption. The
collector is positioned with its rear facing south, inclined
at a 37° angle to the horizontal plane, ensuring optimal
sun exposure for the experimental investigation.
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Fig. 1 Schematic of the experimental setup [23, 24]

The absorber surface of a solar air collector is a key
component that significantly influences system
performance. In order to promote airflow on both sides,
this study investigates three potential absorber surface
configurations, each of which includes unique surface-
enhancing components. It is well established that dual-
channel airflow designs can enhance solar collector
efficiency [18]. A total of 180 stainless steel scourers
were affixed using silicone adhesive to both sides ofa 1.5
mm galvanized sheet to create the absorber surfaces.
After that, black matte paint was applied to the sheet to
maximize its sunlight absorption capabilities.

The first absorber surface (T1) includes 102 stainless
steel scourers arranged in a complex and non-uniform
pattern, as displayed in Fig. 2a. The second absorber
surface (T2) is designed with 78 scourers organized in a
structured and uniform layout, as illustrated in Fig. 2b.
The third absorber surface (T3), which serves as the flat
plate does not have any scourers, as seen in Fig. 2c.

Fig. 2 Absorber surface types a) T1, b) T2, ¢) T3 [23, 24]



A Pyranometer (Kipp Zonen CM3) is utilized to measure
solar radiation. Solar collector is linked to the suction
outlet of an air fan (800 m3/h) through a conduit. Airflow
was measured using a digital anemometer (AM-4206M)
with a metal fan head for improved accuracy. The air
temperatures at the collector’s outlet and inlet are
recorded using a digital thermometer (0-100°C)

To assess temperature distribution on the absorber
surfaces, T-type thermocouples are installed at four
evenly spaced points, 24 cm apart. Thermocouples are
connected to Data Logger (CR 510), which records
temperature readings. A manometer is used to measure
pressure losses between the outlet and inlet of collector.
Additionally, adimmer is utilized to adjust the mass flow
rate at the fan outlet, allowing for effective air suction
through the collector, and a rotameter is positioned at the
collector's outlet to monitor the mass flow rate.

Data Reduction

The experiments were conducted in Elazig, Turkey,
between 9:00 AM and 4:00 PM, focusing on days with
highest observed efficiency. The study involved testing
three different absorber surface geometries at two air
mass flow rates, m=0,025 kg/s and m=0,05 kg/s.

A theoretical model based on unsteady-state conditions
was developed based on a thermal energy balance
approach [10].

[Accumulated energy] + [Energy gain] = [Absorbed energy] —
[Lost energy]

According to the energy balance the equation can be
written as follows:

[mc, (5] + [Cy(To = ] = MolAc] — [Ue(Ty — T.DAL  (2)
where m and m represent the mass and mass flow rate of
air respectively. C, is the specific heat capacity of the air.
Tw is the average of all measured wall temperatures, T« is
the surrounding ambient temperature, T, and T; are the air
temperatures at the outlet and inlet of the collector, 1 is
the radiation, A. is the surface area of the collector. The
optical yield (no) and the energy loss coefficient U are
the parameters that characterize the behavior of the
collector. Note that (no) represents the fraction of solar
radiation absorbed by the panel and depends mainly on
the transmittance of the transparent covers and the
absorptivity of the panel [10]. Thermal efficiency n, of
collectors is characterized as the proportion of energy
gained to radiation at the collector plane:

nm= me(To -T)/UAL) 2)

The 1st law of thermodynamics lays the groundwork for
examining thermal systems' energy balance with an
emphasis on energy transfer and conservation. When
combined with standard thermal design procedures, the
second law of thermodynamics provides a more
comprehensive understanding of system performance by

addressing the  directional nature of
transformations and irreversibility.

Exergy analysis, integrating the principles of laws of
thermodynamics, evaluates not just the amount of energy
transferred throughout a system, but also its quality. This
approach is essential for identifying thermodynamic
inefficiencies and areas of irreversibility, known as
exergy losses, in thermal and chemical processes. By
highlighting these inefficiencies, exergy analysis aids in
minimizing entropy generation and optimizing the
performance of energy systems. In this study, the solar
collector is analyzed as a closed system under several
assumptions: steady-state flow, negligible kinetic and
potential energy effects, air behaving as an ideal gas with
constant specific heat, and positive directions for heat
transfer to the system and work transfer from the system.
These assumptions simplify the analysis while providing
valuable insights into system performance and
efficiency. The mass conservation is:

energy

iy = 2, (3

The overall energy and exergy balance can be expressed
as follows [14]:

ZExi - ZExo = ZExdest 4

where the subscripts i, 0 and dest represent the inlet,
outlet and destructed terms respectively. then the exergy
balance including heat, work and mass flows can be
written as:

ZEXheat - ZEXwork + ZEXmass,i - ZEXmass,o = ZEXdest (5)

The velocity form of the general exergy balance is:
z (1 - :_ao) Q -W+ iy — Zhe P, = EXclest (6)
where ; and i, are given as:

U; = (h; — he) — T.(s; — se) (7)
Yo = (hg —he) = T.(s — Se) (7b)

When Eq.s (7a) and (7b) are replaced in Eq. (6), the
equation is rearranged as follows [25].

(1 - I_w) Q - rh(ho - hl) - Tw(so - Si) = EXdest (8)

where Q is the solar energy absorbed by the collector
surface:
Q = I(tewA. ©)

The enthalpy difference and entropy difference of the air
in the collector can be written as follows.

Ah = ho - hi = Cp(Ta - Ti) (10)
As =s, —s; = Cpln% - Rln% (12)

By substituting Egs (9), (10) and (11) into Eq. (8):



To . . To . Po
(1- E) 1T A, = Cy(T, = T) + MG, T, In 2 — MRT,In 2

EXdest (12)
where Ex .. is defined as irreversibility:
Exdest = Toosgen (13)
Then the exergy efficiency can be found by:

Exo ho—hi—Ty(So—s;
M = e o~ ti-Telosil (14)

(e

The bulk temperature is used to choose thermophysical
properties of air.

Uncertainty Analysis

In this study, the uncertainties in the measured values are
evaluated using the Kline and McClintock [26]
methodology. This method offers a structured and
reliable approach for quantifying measurement
uncertainties, ensuring the accuracy and credibility of the
experimental results. According to this method, in a
measurement with n independent variables, R is the
dimension to be measured; Xi, X2, X3, ..., Xn are the
variables affecting the measurement; and w1, w2, ®3, ...,
on are the uncertainties related to the independent
variables.

o= o) + (o) + (G2 )

The independent parameters measured during the
experiments included the outlet and inlet air
temperatures, air velocity, solar radiation and ambient
temperature. According to the instruments’ catalog
information the accuracy values of the thermocouples,
anemometer and pyrometer are 0.018 °C, with +2%, and
1% respectively. Hence the total uncertainties in
estimating the dependent parameters are 4.5% for the
mass flow rate of air, 1.8% for the thermal efficiency and
2% for the 2" law efficiency.

2 aR
a)3) +.+ (E Wy

(15)

RESULTS AND DISCUSSIONS

One effective method to enhance heat extraction from the
absorber surface is to introduce flow obstacles into the air
path. These obstacles, placed above the absorber surface,
promote turbulence within the collector and consequently
improve efficiency with minimal thermal loss. In this
study, scourers were placed both above and below the
absorbing surface in Collector T1 and T2 to achieve
higher efficiency. This design enables a double-pass
airflow, which, compared to single-pass airflow,
increases the heat transfer area and turbulence, further
improving collector efficiency. The findings suggest that
stainless steel scourers present a practical and scalable
solution for enhancing solar air collector performance,
especially in applications such as residential heating,
industrial drying, and greenhouse thermal management.

10

Graphs are used to display the experimental results and
computed values. These graphs illustrate the temperature
distribution obtained from thermocouples placed at
regular intervals on the absorber surface over time, the
variation in efficiency, and the changes in air temperature
at the collector's input and output for mass flow rates of
0.025 kg/s and 0.05 kg/s.

The first-law efficiencies, namely the energy efficiencies
of the three collector types over time, are presented in
Fig. 3a and Fig. 3b for air mass flow rates of 0.025 kg/s
and 0.05 kg/s, respectively. According to the bar graphs,
at an air mass flow rate of 0.025 kg/s, the maximum
energy efficiency values for T1, T2, and T3 are 62%,
56%, and 49%, respectively. When the air mass flow rate
is increased to 0.05 kg/s, these efficiencies rise to 74%,
63%, and 62%, respectively. As the air mass flow rate
increases, the temperature rise across the collector
decreases, which leads to a reduction in absorber surface
temperature, thereby minimizing thermal losses to the
ambient environment and enhancing overall efficiency.

T3, which lacks turbulence-inducing surface elements,
consistently demonstrates the lowest efficiency among
all configurations. In contrast, T1 outperforms both T2
and T3, owing to its distinct absorber surface geometry.
The superior performance of the T1 configuration is
attributed to its irregular and densely packed distribution
of stainless steel scourers, which significantly enhances
turbulence within the collector’s airflow. This elevated
turbulence disrupts the thermal boundary layer, thereby
increasing the convective heat transfer coefficient and
improving the thermal energy exchange between the air
and the absorber surface. Moreover, the placement of
scourers on both sides of the absorber plate enables a
dual-pass airflow mechanism that effectively enlarges the
heat transfer surface area. This configuration not only
reduces thermal losses but also promotes a more uniform
temperature distribution across the collector surface,
ultimately improving both energy and exergy
efficiencies. These findings align with previous studies
by Esen [10] and Akpinar and Kogyigit [11], who also
reported enhanced thermal performance with the
integration of turbulence-inducing features in solar air
collector designs.
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Fig. 3 Variation of thermal efficiency over time for different
types of absorbing surfaces a) m = 0.025 kg/s, b) m =
0.05kg/s

Exergy analysis is utilized to identify the system's
irreversible processes and assess how these destructive
processes impact overall performance. This analysis is
conducted for each absorbing surface, with calculations
performed for destroyed exergy (irreversibility), exergy
loss, and exergy efficiency. The max and min values for
each parameter are summarized in Table 1. Exergy losses
may occur due to thermal dissipation and optical
inefficiencies [9]. In present study the highest lost exergy
is seen when using the T3 collector (71.34% for 0.025
kg/s). The lowest lost exergy is obtained when T1
collector is used (34.2% for 0.05 kg/s). It is important to
note that, under certain operating conditions, the exergy
efficiency was observed to be slightly higher than the
thermal efficiency. This outcome can be attributed to
reduced irreversibility and lower entropy generation in
configurations such as T1, where enhanced turbulence
improves the quality of heat transfer. Since exergy
analysis accounts not only for the quantity but also the
quality of energy, the effective utilization of high-grade
thermal energy can lead to higher exergy efficiency under
favorable conditions.

Furthermore, the results indicate that the highest exergy
loss occurs in the flat plate absorber surface (i.e., the
collector without scourers), primarily due to significant
thermal losses. The main contributors to energy
destruction in SAH systems include heat transfer
between the absorber and the environment, radiation
losses to ambient air, and pressure drop within the
collector duct [9]. These factors collectively reduce the
overall system performance. The extent of energy
destruction becomes particularly significant during
midday, when absorber surface temperatures peak and
thermal interactions intensify. Among the three collector
configurations, the T1 design exhibits the highest levels
of exergy destruction, which highlights the thermal
management challenges associated with complex surface
geometries. This limitation stems from its partial inability
to utilize the absorbed solar energy efficiently. Therefore,
there remains a need for further improvements in
absorber geometry and system integration to enhance
both energy and exergy performance in SAH
applications.
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Table 1. Exergy analysis

T1
Flowrate m, kg/s 0.025 0.05
Min. | Max. | Min. Max.
Exergy loss, % 50.00 | 67.94 || 34.20 44.35
Irreversibility 0.225 | 0.255 | 0.249 | 0.355
EXgest, KW
Exergy efficiency | 27.8 72 52 89
ni, %
T2
Flowrate m, kg/s 0.025 0.05
Min. | Max. | Min. Max.
Exergy loss, % 53.14 | 65.00 | 48.01 | 51.42
Irreversibility 0.221 | 0.287 | 0.180 0.264
Exdestr kW
Exergy efficiency 32 64 42 59
ni, %
T3
Flowrate m, kg/s 0.025 0.05
Min. | Max. | Min. Max.
Exergy loss, % 66.98 | 71.34 | 48.11 | 64.28
Irreversibility 0.173 | 0.236 | 0.265 0.285
Exdest: kw
Exergy efficiency 25 54 32 70
i, %

It is important to note that the scourers have a significant
impact on the system's energy and exergy efficiency.
Regardless of the air mass flow rate, T1 yields the highest
exergy efficiency, while T3 exhibits the lowest under
most conditions. Fig. 4a and Fig. 4b display the hourly
energy efficiencies for m = 0.025 kg/s and m' = 0.05 kg/s,
respectively. For the flat absorber plate (T3), the average
daily exergy efficiencies are 40% and 51%, respectively.
However, in the presence of scourers, these values
improve by 10-15%, reaching 50% and 66%,
respectively, for m= 0.025 kg/s and = 0.05 kg/s.

Although T2 includes surface roughness to enhance heat
transfer, the increased flow resistance it introduces can
lead to higher entropy generation. In contrast, the
smoother surface of T3 results in lower pressure drop and
less irreversibility, which may explain its slightly higher
exergy efficiency compared to T2 under some conditions.
This highlights the delicate trade-off between enhanced
turbulence and fluid friction losses when evaluating
exergy performance. As outlined, the main aim of this
study is to evaluate the performance of stainless steel
scourers attached to the absorber plate of a solar
collector. The findings reveal that absorber surfaces
equipped with scourer-type obstacles achieve higher
energy and exergy efficiencies compared to flat surfaces.
A summary of exergy and energy efficiencies reported in
previous publications is presented in Table 2. It should
be noted that direct comparisons with other studies are
difficult due to variations in experimental and structural
conditions. Nevertheless, the results of this experiment
demonstrate strong agreement with the trends observed
in the literature.
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Fig. 4 Variation of exergy efficiency over time for different
types of absorbing surfaces a) m = 0.025 kg /s, b) m =
0.05kg/s

Table 2 Comparison to the literature

Absorber type Energy Exergy
efficiency % | efficiency %

Ucar Flat single- 30.5 35.61
and pass
Inalli Finned surface 35.2 49.37
[14]
Esen Flat double- 67.5 60.97
[10] pass

Flat single-pass 48.12 33.83
Akpinar | Flat single-pass 25.51 10.15
and
Kocyigit [ Rectangular 50.55 33.96
(11] obstacles
Present | Stainless steel 46-74 55.04
work scourers

As shown in Table 2, the energy efficiencies achieved in
this study, particularly for T1, exceed those of flat single-
pass collectors studied by Ucar & Inalli [14] and are
comparable to the double-pass systems analyzed by Esen
[10]. The T1 design, which incorporates a complex
arrangement of stainless steel scourers, achieves a
maximum energy efficiency of 74% and an exergy
efficiency of 66%, showcasing its ability to optimize heat
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transfer while minimizing thermal losses. Similar trends
have been observed in studies such as Ali et al. [27],
where passive flow control methods such as optimizing
turbulence patterns demonstrated significant efficiency
improvements in solar thermal systems.

The incorporation of turbulence-inducing elements in the
form of scourers has proven effective in enhancing the
thermal performance of SAHs. As Hroub et al. [28]
emphasized, increasing the absorber surface area through
innovative designs significantly reduces thermal losses
and enhances efficiency, a principle also observed in this
study. This complements the findings of Karim &
Hawlader [16], who noted that V-corrugated and finned
collectors outperformed flat plate designs by optimizing
turbulence and heat transfer coefficients, similar to the
enhancements seen with T1 in this study. These results
confirm the critical role of obstacle design and
complexity in improving thermal system performance.
Additionally, Sanaka et al. [29] demonstrated that
sustainable, high-conductivity materials significantly
improve absorber performance in solar air collectors,
offering insights into the benefits of the stainless steel
scourers used in this study. Such strategies align with the
double-pass airflow designs of T1 and T2 tested here,
where airflow paths above and below the absorber plate
maximize heat transfer. Yeh et al. [18] also emphasized
the benefits of such configurations, further validating the
effectiveness of the T1 and T2 designs in this context.
The findings from this study highlight that innovative
absorber surface designs, such as those tested here, can
achieve superior thermal performance while maintaining
simplicity and scalability. The stainless steel scourer
configuration offers a practical and cost-effective
solution for residential and industrial applications,
particularly in regions with high solar radiation.
Moreover, as noted by Ali et al. [27], integrating
turbulence-enhancing designs can significantly boost
system efficiency, providing opportunities for further
optimization.

CONCLUSIONS

Maximizing heat extraction from the absorber surface of
a solar air collector can be effectively achieved through
the use of strategically placed airflow obstacles. These
elements enhance internal turbulence, thereby increasing
heat transfer rates and improving overall thermal
efficiency while minimizing energy losses. In this study,
stainless steel scourers were installed both above and
below the absorber plate in T1 and T2 configurations,
forming a double-pass airflow system. This design
enlarges the heat transfer area, induces beneficial
turbulence, and markedly improves collector
performance.

The study evaluated three different collector types
distinguished by their absorber surface geometries. T1
features a complex and irregular wire arrangement, T2
includes a simpler row-based configuration, while T3
employs a flat absorber surface with no enhancement
elements. Experimental tests were conducted at air mass



flow rates of 0.025 kg/s and 0.05 kg/s. The findings show
that T1 outperforms T2 in both energy and exergy
efficiencies, primarily due to its irregular scourer
placement that promotes turbulence, enhances heat
transfer, raises absorber temperatures, and reduces
thermal losses. Conversely, T3 exhibits the lowest
efficiency owing to its flat geometry, which limits
turbulence and reduces effective heat transfer area.
When compared to data reported in the literature, the
study confirms that well-designed collectors like T1 can
achieve notable efficiency, with energy efficiencies
reaching up to 74%, a level considered satisfactory for
solar air collectors. However, the flat-plate absorber
surface (T3) exhibited the greatest irreversibility, as only
a small portion of the absorbed solar energy contributes
effectively to the exergy analysis. The findings of this
study have notable implications for industrial
applications, particularly in the fields of sustainable
thermal energy systems. The enhanced thermal and
exergy performance observed in the T1 and T2
configurations indicates their suitability for practical use
in low- to medium-temperature industrial processes.
Potential applications include agricultural drying of
fruits, vegetables, and herbs; greenhouse heating; and
preheating of ventilation air in residential or industrial
buildings. These configurations offer the potential for
improved energy efficiency and reduced operational
costs, contributing to cleaner and more cost-effective
thermal energy solutions in various sectors.

Nomenclatures

Symbol | Description Unit

a Air mass flow rate ka/s

h Specific enthalpy J/kg

u Internal energy J/Ikg

U Overall heat transfer | W/(m2-K)
coefficient

L Collector length m

W Collector width m

V Air velocity m/s

Re Reynolds number -

Nu Nusselt number -

Pr Prandtl number -

k Thermal  conductivity | W/(m-K)
coefficient
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ABSTRACT

Pneumonia is a major infectious disease that causes significant deaths worldwide and early diagnosis is crucial. Chest
X-ray images, widely used in diagnosis, require detailed analysis for accurate results. In this study, deep learning-
based models are used to classify chest X-ray images as normal or pneumonia. A publicly available chest X-ray dataset
was used and five models (MobileNetV2, ResNet50, VGG19, Xception and ViT) were compared. Among them,
VGG19 achieved the highest accuracy of 88.14%. Moreover, a proposed hybrid activation function integrated into the
VGG19 model improved the classification performance, reaching an accuracy of 91.67%. Moreover, performance
evaluations with different loss functions showed that the proposed hybrid loss function gave the best result with an
accuracy of 94.71%. Unlike previous studies, this research provides a new perspective for pneumonia detection based
on deep learning models by presenting a novel combination of hybrid activation and loss functions.

Keywords: Chest X-Ray, Deep learning, Hybrid activation function, Loss function, Pneumonia

Chest X-Ray Gériintiilerinde Pnémoni Simflandirmas I¢in Hibrit Aktivasyon ve Kayip
Fonksiyonlarinin EtKkisi

oz

Pnomoni, diinya ¢apinda 6nemli 6liimlere neden olan 6nemli bir enfeksiyon hastaligidir ve erken tani ¢ok 6nemlidir.
Teshiste yaygin olarak kullanilan gdgiis rontgeni goriintiileri, dogru sonuclar icin ayrintili analiz gerektirir. Bu
calismada, g6giis rontgeni goriintiilerini normal veya pnémoni olarak siniflandirmak i¢in derin 6grenme tabanli
modeller kullanilmistir. Halka agik bir g6giis rontgeni veri kiimesi kullanilmis ve bes model (MobileNetV2, ResNet50,
VGG19, Xception ve ViT) karsilagtirilmigtir. Bunlar arasinda VGG19 %88,14 ile en yiiksek dogrulugu elde etmistir.
Ayrica, VGG19 modeline entegre edilen Onerilen bir hibrit aktivasyon fonksiyonu, siniflandirma performansini
artirarak  %91,67'lik bir dogruluga ulagmistir. Ayrica farkli kayip fonksiyonlariyla yapilan performans
degerlendirmeleri, 6nerilen hibrit kayip fonksiyonunun %94,71 dogrulukla en iyi sonucu verdigini gostermistir.
Onceki caligmalardan farkli olarak bu arastirma, hibrit aktivasyon ve kay1p fonksiyonlarinin yeni bir kombinasyonunu
sunarak derin 6grenme modellerine dayali pndmoni tespiti i¢in yeni bir bakig agis1 sunmaktadir.

Anahtar Kelimeler: Gogiis rontgeni, Derin 6grenme, Hibrit aktivasyon fonksiyonu, Kayip fonksiyonu, Zatiirre

INTRODUCTION volumes of data. To mitigate these challenges and
enhance diagnostic efficiency, the adoption of digital
Chest X-Ray (CXR) is a cornerstone diagnostic tool in  imaging technologies has become increasingly prevalent,
medical imaging, extensively utilized for detecting a  offering a means to accelerate the diagnostic process
wide range of pulmonary and cardiovascular conditions. ~ while minimizing the risk of oversight.
It plays a pivotal role in the identification of lung Digital CXR offers many advantages over traditional
diseases, including pneumonia, which, if left film-based methods. Digital systems allow high-
undiagnosed or untreated, can result in severe resolution images to be obtained, while at the same time
complications [1]. In this regard, CXR are particularly  facilitating the process of storing and sharing images
effective for diagnosing conditions like pneumonia, as  digitally. This is particularly advantageous for healthcare
they enable the detection of infiltrates and opacities  facilities in remote areas, as digital images can be quickly
within the lungs [2]. Despite their effectiveness, the transferred over the internet and reviewed by remote
interpretation of traditional CXR images can be labor-  specialists [3]. With the availability of digital images,
intensive and prone to human error, even for seasoned  image analysis processes have become automated, saving
radiologists, particularly when dealing with large
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time and labor, especially when working with large
patient data.

At this point, artificial intelligence techniques have an
important place in the analysis of CXR images. In this
field, especially deep learning methods and CNNs, which
stand out among these methods, are used effectively.
Thanks to their ability to learn and classify complex
patterns in images, CNNs have achieved highly
successful results in medical imaging [4]. In early
diagnosis of diseases such as pneumonia, CNNs can ease
the workload of radiologists and improve accuracy.
However, training deep learning models requires large
amounts of labeled data. In this study, the “Chest X-Ray
dataset” containing a total of 5,856 labeled images
classified as normal and pneumonia was used. The
labeling process was carried out by expert radiologists.
This is where transfer learning comes into play as an
approach that allows training models with high accuracy
even with limited labeled data. Transfer learning is the
process of adapting a model that has been trained on
larger datasets to smaller datasets, which provides a
significant advantage in the field of medical imaging [5].
Although various deep learning models have been
applied to pneumonia detection in previous studies, there
is still a gap in the literature regarding the combined
effect of specially designed activation and loss functions
on classification performance.

This paper provides an in-depth study of the effectiveness
of deep learning methods, specifically CNN and transfer
learning approaches, for analyzing CXR images. In this
context, the performance of different architectures such
as MobileNetV2, ResNet50, VGG19, Xception and ViT
is evaluated. The aim of the study is to optimize these
methods to accurately classify diseases such as
pneumonia. The choice of activation and loss functions,
which play a critical role in improving model
performance, significantly affects the overall
performance of the model. Accordingly, the evaluation
of how different combinations of activation functions and
loss functions can improve the classification accuracy of
CXR images is one of the main focuses of this study. In
conclusion, this study aims to demonstrate how different
deep learning techniques and functional structures
contribute to more accurate and efficient diagnostic
processes in healthcare.

The remaining sections of this paper are presented in a
systematic structure. In the second section, a literature
review is given, comprehensively reviewing the previous
research that forms the basis of the study. In the third
section, the dataset used in the study, model
development, transfer learning, VIiT, the proposed
activation function and the proposed loss functions are
explained in detail and this content is presented under the
heading materials and methods. In the fourth section, the
obtained findings are evaluated, their relation with the
literature is discussed and the contributions of the study
are discussed under the title of results and discussion.
Finally, in the fifth section, general conclusions are
summarized, the scientific outputs of the study are
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highlighted, and suggestions for future work are
presented under the conclusion heading.

LITERATURE REVIEW

Pneumonia is a disease caused by inflammation of the
lungs and early diagnosis is critical. CXR are widely used
to accurately diagnose pneumonia. These images play an
important role in the early detection of diseases such as
pneumonia by providing rapid information about the
condition of the lungs. Nowadays, the use of artificial
intelligence and deep learning techniques has led to a
significant improvement in the analysis of CXR images.
In the literature, it is emphasized that these techniques
have improved the success in pneumonia classification
and new methods should be explored for more effective
solutions in the future.

Khan et al. [6] proposed a technique based on deep
learning to distinguish COVID-19 infections from other
infections. Three distinct pre-trained architectures
EfficientNetB1, NasNetMobile, and MobileNetV2 were
utilized for the classification of COVID-19. The training
phase was conducted using an expanded dataset, and two
separate learning strategies were implemented for
classification. To enhance performance, not only were
the models optimized, but also the hyperparameters were
meticulously adjusted. Additionally, refining the
classification layer further contributed to improved
accuracy. The proposed approach effectively
distinguished  four categories—COVID-19, viral
pneumonia, lung opacity, and normal—achieving an
impressive accuracy rate of 96.13%.

Shelke et al. [7] proposed a classification model that
analyzes CXR images for accurate diagnosis of COVID-
19. The model classifies X-rays into four classes: normal,
pneumonia, tuberculosis (TB), and COVID-19, and
classifies COVID-19 images as mild, moderate, and
severe based on severity. The VGG-16 model was used
for pneumonia, TB and normal classification and 95.9%
accuracy was achieved. For normal, pneumonia and
COVID-19 discrimination, 98.9% accuracy was
achieved using DenseNet-161, and for severity
classification, ResNet-18 model performed the best and
achieved 76% accuracy.

Ibrahim et al. [8] used an AlexNet-based deep learning
model to classify COVID-19, bacterial pneumonia, non-
COVID-19 viral pneumonia and normal CXR images.
The model was evaluated under two-class, three-class,
and four-class classification setups, yielding high
accuracy rates. Specifically, it attained 94.43% accuracy
in distinguishing non-COVID-19 viral pneumonia from
normal cases, 91.43% for bacterial pneumonia versus
normal, 99.16% for COVID-19 against normal, and
99.62% for COVID-19 versus bacterial pneumonia.
Furthermore, the model achieved 94.00% accuracy in the
three-class scenario and 93.42% in the four-class
classification task.

Abbas et al. [9] proposed a deep CNN model called
DeTraC to classify CXR images for the diagnosis of
COVID-19. DeTraC incorporates a class decomposition



mechanism that effectively addresses irregularities in
image datasets by analyzing class boundaries.
Experimental findings confirmed its capability to identify
COVID-19 cases using an extensive dataset compiled
from multiple hospitals globally. The model achieved an
accuracy of 93.1% in distinguishing COVID-19 X-ray
images from normal and severe acute respiratory
syndrome cases, along with a precision rate of 100%.
Gielczyk et al. [10] proposed a machine learning-based
method for classifying CXR images for COVID-19
diagnosis. In addition, some preprocessing methods such
as thresholding, blurring and histogram equalization
were also examined. As a result of the analysis, 97%,
96% and 99% F1-scores were obtained for three classes
(healthy, COVID-19 and pneumonia) respectively.
Alshmrani et al. [11] designed a deep learning
architecture integrating VGG19 and CNN for multi-class
classification of COVID-19, pneumonia, lung cancer,
tuberculosis (TB) and lung opacity. The model was
trained on a comprehensive dataset containing 3,615
COVID-19, 6,012 lung opacity, 5,870
pneumonia, 20,000 lung cancer, 1,400 tuberculosis,
and 10,192 normal CXR images. The results of the
experiments showed exceptional performance, with
anaccuracy of  96.48%, 93.75%  recall, 97.56%
precision, 95.62% F1-score, and an AUC of 99.82%.
Asif et al. [12] proposed an Inception V3-based Deep
CNN (DCNN) model for automatic detection of COVID-
19 pneumonia from CXR images. The dataset used for

training included 864  COVID-19, 1,345  viral
pneumonia, and 1,341 normal X-ray images.
Using transfer  learning, the model achieved a

classification accuracy of more than 98%, with 97%
training  accuracy and 93%  validation  accuracy,
demonstrating its effectiveness in detecting COVID-19
pneumonia.

Zhao et al. [13] proposed the AM_DenseNet model to
classify 14 different chest diseases using X-ray images.
By incorporating dense  connections and attention
mechanisms, the model enhanced feature extraction
while mitigating class imbalance through the Focal
Loss function. Experimental evaluations demonstrated
its effectiveness, achieving an AUC of 0.8537 for multi-
class classification.

Okolo et al. [14] developed a Transformer-based deep
learning model for the classification of CXR images.

Initially,  the ViT model was  examined, and
subsequently, an improved version called Input
Enhanced VIiT (IEVIiT)was proposed to boost

performance. Experimental results across four datasets
showed that the IEVIT model surpassed ViT, yielding up
to 5.82% improvement in F1-score, a 3% increase in
recall, and a 6.41% rise in precision.

Kolonne et al. [15] developed a deep learning framework
based on CXR analysis to distinguish between normal
cases, pneumonia and COVID-19 pneumonia.
By augmenting the MobileNetV2 architecture with
additional layers, the model’s capacity was enhanced.
The system’s performance, assessed through 5-fold
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cross-validation,  demonstrated  high  reliability,
achieving 98.65% accuracy and 98.15% recall.

Souid et al. [16] used a modified version of the
MobileNetV2 model to detect lung abnormalities from
CXR images. The model was trained on the NIH Chest
X-Ray 14 dataset, where it delivered an average AUC of
0.811 and an accuracy exceeding 90%, confirming its
effectiveness in medical image classification.

These studies highlight the advancements in deep
learning-driven  diagnostic  tools for lung  diseases,
pneumonia, COVID-19, and other infections. The
integration of sophisticated architectures not only
supports fast and  precise  diagnoses but  also
facilitates early disease detection, ultimately accelerating
treatment procedures.

MATERIALS AND METHODS

Dataset

CXR isan essential, widely accessible imaging technique
used in diagnosing various lung conditions. It is
particularly crucial for detecting respiratory infections,
including pneumonia and COVID-19, enabling
healthcare professionals to diagnose patients early and
accurately. In this study, we utilized the publicly
available CXR dataset [17], which consists of 5,840
CXR images representing both healthy individuals and
those with pneumonia. This dataset was obtained from
the Kaggle platform and is openly accessible for research
purposes. The dataset is organized into two primary
folders: train and test, each containing two subfolders
labeled normal and pneumonia. All images in the dataset
were pre-processed and resized to a fixed resolution of
600x600 pixels. Images are in grayscale and JPEG
format. Sample images from these classes are shown in
Figure 1. A detailed breakdown of the training and testing
datasets can be found in Table 1.

\:—T'

Normal

Pneumomia

Figure 1. Example images of normal and pneumonia
classes in the CXR dataset [17].

Table 1. Summary of the CXR dataset.

Normal  Pneumoma  Total
Test 234 390 624
Train 1341 3875 5216
Total 1575 4265 5840




Table 1 shows the distribution of test and training data in
the CXR dataset. There are 5840 images in total, of
which 1575 are normal and 4265 are pneumonia cases.
The training data contains more samples than the test
data.

Model Development

Deep learning has emerged as an important tool in
medical image analysis. This method automatically
extracts meaningful information from complex image
data, enabling fast and accurate diagnosis of diseases. At
the core of deep learning lies CNN, which play an
important role especially in visual recognition tasks.
CNNs are highly effective in automatically classifying
patterns in medical images by using convolutional layers
and pooling operations to extract hierarchical features
from images. In many studies, CNNs have been shown to
successfully detect diseases such as pneumonia,
tuberculosis and COVID-19 from CXR images and
provide important support to healthcare professionals in
the diagnosis process [4]. This demonstrates the benefits
of deep learning-based systems, especially in emergency
medicine and similar fields where rapid diagnosis is
critical.

However, transfer learning plays an important role to
further improve the performance of deep learning models
and make them more efficient. Transfer learning allows
for faster and more accurate training on smaller data sets
by using pre-trained models that have been trained on
large and labeled data sets (e.g. ImageNet) [5]. This
increases the ability of the model to generalize to smaller
data sets. In recent years, the ViT architecture has also
gained an important place in the deep learning
community. Unlike traditional CNNs, VIiT has a
transformer-based structure and excels in modeling long-
range dependencies, especially on large datasets [18]. In
this study, ViT-based models are used for the
classification of CXR images, and the performance of the
model is further improved by transfer learning and the
aim is to accurately detect diseases. In this context, the
combination of VIiT and transfer learning offers a
significant advantage over previously used CNN
methods.

In this study, experiments were conducted on various
deep learning architectures to classify pneumonia
diseases. In the first stage, a comprehensive performance
evaluation was performed on the CXR dataset using deep
learning architectures such as MobileNetV2, ResNet50,
VGG19, Xception and ViT. As a result of the
experiments, it was observed that the VGG19 model
achieved the highest accuracy. This finding led to the
decision to use the VGG19 model for the rest of the
study. In the second stage, the performances of RelLU,
Softmax, Sigmoid, LeakyReL U activation functions as
well as new activation functions developed on VGG19
were analyzed. Each function is analyzed in terms of
model accuracy and learning capacity and the best
performing activation function is identified. In the third
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section, the performances of different loss functions
(MSE, MAE, Binary Cross-Entropy and the proposed
loss function) are compared in the output layer of
VGG19. These steps aim to increase the applicability and
efficiency of deep learning-based models in the
classification of pneumonia diseases. Figure 2 presents a
diagram showing the general workflow of the study. The
parts marked in red indicate the methods with the most
successful classification results. We continue with the
models and combinations with the highest performance
in the workflow.

NN

Deap Laaming Modsis

VGGAS+Activation
Functions

uuuuuuuu

WG9+ Proposed

Figure 2. Workflow diagram of the presented
architecture

During the training of the deep learning-based models
used in this study, the underlying hyperparameters were
carefully selected. In order to maximize the performance
of the models during the training process, the same
hyperparameters were used for each model. The
hyperparameters used in the study are presented in Table

Table 2. Hyperparameters used in training models.

Hyperparameters Values
Epochs 200
Learning Rate 0.001
Batch Size 32




Optimization Method ~ Adam
. Yes, early stop on loss
Early Stopping of validation

Dropout 0.3

Transfer Learning Models

Transfer learning enables a model to use previously
learned knowledge in a new task, helping to achieve
strong performances with limited data. In this study, we
investigate the performance of four different models
based on transfer learning: MobileNetV2, ResNet50,
VGG19 and Xception.

MobileNetV2 is a lightweight model designed to work
efficiently on mobile devices with low resource
requirements. By using  depthwise  separable
convolutions, it keeps performance high while reducing
the number of parameters [19]. ResNet50 enables
training deep networks with the residual learning
principle, making it ideal for deeper and more complex
networks [20]. VGG19 performs powerful feature
extraction with successive convolution layers and is
widely used for transfer learning [21]. Xception provides
more efficient feature extraction using decomposed
convolutions and provides high accuracy on large
datasets [22].

Vision Transformer (ViT)

ViT is a model based on the transformers architecture,
different from the traditional CNN for image processing
tasks. First introduced by Dosovitskiy et al., this method
processes images into fixed-size patches and converts
each patch into a vector. These vectors are then passed to
a transformer model, which learns local and global
features from the image [18]. The success of VIiT is
especially evident when optimized with large data sets
and powerful computational resources. Unlike traditional
CNN:s, the self-attention mechanism underlying ViT can
model the relationships between different parts in images
much more efficiently [23].

Recently, ViT has demonstrated high performance in
image classification tasks, outperforming CNNs. This is
mainly because transformer-based structures learn more
comprehensive and flexible features based on global
information. The use of ViT in areas such as medical
imaging has made a huge impact, especially in
applications that are considered to have limited data. For
example, the ViT model has been shown to provide
successful results in the diagnosis of diseases such as
COVID-19 [24]. However, the challenges of ViT, such
as large data requirements and training times, may
require the effective use of transfer learning methods on
smaller data sets. In this context, the successful
applications of ViT provide a significant advancement in
the field of medical imaging.
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Proposed Activation Function

The activation functions used in neural networks
significantly affect the learning capacity and overall
performance of the network. Activation functions
increase the network's ability to model nonlinear
relationships, allowing for better results on complex data
[25]. ReLU (Rectified Linear Unit) is a function
commonly used in deep networks that allows the network
to learn fast by converting sub-zero inputs to zero [26].
Sigmoid and tanh (hyperbolic tangent) functions keep the
output of the model within a certain range by limiting its
output; however, these functions can cause problems
such as gradient disappearance [27]. The Softplus
function, on the other hand, provides a linear growth
similar to ReLU, but alleviates the problem of gradient
fading by offering a smoother transition [28]. Each of
these activation functions offers various advantages and
limitations according to the different learning processes
and needs of the network.

The proposed hybrid activation function is a combination
that exhibits different behavior in positive and negative
regions. For positive values, the Softplus function is
preferred because Softplus provides a smooth transition
for zero and small positive inputs and increases slowly
without increasing the gradients. This feature helps to
make learning stable and robust when the model has
negative gradients. The mathematical representation of
the Softplus activation function is presented in Equation
1.

Softplus(x) =In (1 + e%) 1)
For negative values, the Tanh function is used, since
Tanh provides a symmetric output between -1 and 1,
giving a wider range of activation for negative inputs. In
this way, the model follows a stronger and more balanced
learning process in negative regions. The mathematical

representation of the Tanh activation function is
presented in Equation 2.

ex_e—x
Tanh(x) = —— 2

This combination of Softplus and Tanh offers advantages
in both positive and negative regions, allowing the model
to learn in a more flexible and balanced way. Promoting
stable learning for both small and large values, this
hybrid function offers an ideal solution for adapting to
larger data ranges and complex problems. The
mathematical representation of the hybrid function
combining Softplus and Tanh activations is presented in
Equation 3.

In(1 + e%) if x>0
f(x)={% if x<0 )



Proposed Loss Function

In image classification tasks, one of the most important
elements that guide the learning process of the model is
the loss functions. Loss functions calculate the model's
errors by measuring the difference between the model's
predicted values and the actual labels and ensure that
these errors are minimized [29]. A loss function plays a
critical role in the optimization process so that the model
can classify correctly. Traditionally, among the loss
functions used in classification problems, Cross-Entropy
loss (CE) is widely preferred to improve the model's
ability to predict the correct class [30], while methods
such as contrastive loss allow the model to become more
generalizable by learning the similarities and differences
between images [31]. The mathematical representations
of the cross-entropy loss and contrastive loss functions
are presented in Equations (4) and (5) respectively.

Leg (0, 9) = — X1 vilog (3) (4)

1
Leontrastive = Py [y.Dz(xl,xz) +(1-
Y) max (0' m — D(xlr XZ))Z](S)

In this context, Hybrid Contrastive-CrossEntropy Loss
(HCCEL) is proposed as a new loss function. HCCEL
aims to optimize both class accuracy and visual
similarities by combining cross-entropy loss and
contrastive loss. HCCEL includes two components: First,
CE improves the model's ability to predict the correct
class [30]. This component aims for the model to predict
the correct probability for each class. Secondly,
contrastive loss (CL) helps the model learn visual
similarities between images by making the model zoom
in on similar images and zoom out on images belonging
to different classes [31]. By combining these two
components, HCCEL optimizes class accuracy and
similarity-driven learning at the same time. The
mathematical representation of the new hybrid activation
function formed by the combination of the two loss
functions is presented in Equation (6).

Lyccer = Leg + A Leontrastive (6)

The parameter A is a hyperparameter that determines the
weight of the Contrastive Loss component. In the
HCCEL function, this parameter balances between class
Table 3. Performance metrics on the CXR dataset.

accuracy and visual similarity-based learning. The value
of A should be set so that the model both makes accurate
class predictions and learns visual similarities. A high A
value increases the effect of contrastive loss, allowing the
model to learn more similarities, which often helps to
learn better visual representations. However, too high a A
can lead the model to neglect class accuracy. A low A can
only optimize class accuracy, with less emphasis on
learning visual similarities. Therefore, the correct setting
of A is critical for the model to successfully learn both
objectives.

The A value was determined by Grid Search, a systematic
hyperparameter search method. Grid Search involves
trying different values of A with fixed steps in a given
range (e.g. between 0.1 and 1.0) and evaluating the model
performance for each value. As a result of the
comparisons, the highest accuracy was obtained at a
value of 0.5.

RESULT AND DISCUSSION

CXR images are an important imaging modality often
used for medical diagnosis and early detection of
diseases. These images are used to visually assess the
condition of the lungs, heart and other chest organs. CXR
play a critical role in the diagnosis of conditions such as
lung infections, cancer, heart disease and pneumonia.
However, these images often contain complex structures
and are difficult to interpret accurately as many diseases
with similar symptoms can be visually very close to each
other. Therefore, the use of artificial intelligence and
deep learning methods offers great potential for detecting
subtle differences in CXR images and making accurate
diagnoses.

In this study, different deep learning architectures were
used to classify normal and pneumonia labeled data in
CXR images. These architectures include MobileNetV2,
ResNet50, VGG19, Xception and ViT. In the first part of
the study, the classification performance of these five
different models on the dataset is comprehensively
evaluated and presented in Table 3.

The model’s performance is evaluated using critical
metrics such as True Positive (TP), True Negative
(TN), False  Positive (FP), and False Negative
(FN). TP refers to the number of correctly identified
positive instances, TN represents the correctly classified
negative cases, FP denotes instances that were
incorrectly predicted as positive, and FN indicates
positive samples that were incorrectly classified as
negative.

Models True False False True Accuracy Recall Precisio F1-
Positive  Positive  Negative Negative (%) (%) n(%o) score(
%)
MobileNetV 161 73 10 380 86.70 94.15 68.80 79.51
2
ResNet50 113 121 26 364 76.44 81.29  48.29 60.59
VGG19 183 51 23 367 88.14 88.83 78.21 83.18
Xception 75 159 146 244 51.12 33.94  32.05 32.97
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82.21 100.00 52.56 58.91

These values are essential for calculating key
performance metrics,
including accuracy, precision, recall, and the F1-score,
which provide a more nuanced evaluation of the model’s
performance. Accuracy represents the proportion of
correctly  classified  instances out of all
predictions. Precision measures the proportion  of
predicted positive cases that are truly positive,
while recall assesses the model's ability to identify actual
positive instances. The F1-score combines both precision
and recall to give a balanced view of the model’s overall
predictive performance. These metrics are especially
valuable when working with imbalanced datasets,
ensuring a more reliable evaluation of the model’s
effectiveness in classification tasks [32]. The
mathematical formulas for these metrics are outlined in

Equations (7), (8), (9), and (10).

(TP+TN)

Accuracy = (TP+TN+FP+FN) ™)
.. TP
Precision = TP (8)
TP
Recall = TP - 9)
F1 — Score = 2 x Precision x Recall (10)

(Precision + Recall)

In the evaluations performed on the models in Table 4,
Sigmoid was used as the activation function and

binary_crossentropy as the loss function. With this
combination, the classification performances of the
model were evaluated and performance metrics were
calculated according to the results obtained. According to
the accuracy values, VGG19 achieved the highest
accuracy rate with 88.14%. This model was very
successful in pneumonia detection. MobileNetV2 ranked
second with 86.70% accuracy, while ViT performed well
with 82.21% accuracy. ResNet50 had an average
performance with 76.44% accuracy, while Xception was
the least successful with 51.12% accuracy. These results
show that VGG19 and MobileNetVV2 have the best
classification performance, while Xception performs
poorly with very low accuracy. The high accuracy and
balanced performance of VGG19 demonstrates its
effective classification ability on CXR data. Therefore,
after comparisons with other models, the VGG19
architecture was chosen for more in-depth analysis and
improvements.

In the second part of the study, the proposed hybrid
activation function was integrated into the VGG19 model
in addition to the ReL U, Softmax, Sigmoid, LeakyRelL U
activation functions. With this integration, the
classification performance of the model is tested with
different activation functions. The results obtained are
presented in Table 4.

Table 4. Performance metrics of various activation functions on the VGG19 model.

Activation True False False True Accuracy Recall Precisio F1-
Functions Positive  Positive  Negative Negative (%) (%) n(%o) score(

%)
ReLU 161 73 52 338 79.97 7559  68.80 72.04
Softmax 177 57 32 358 85.74 84.69 75.64 79.91
Sigmoid 183 51 23 367 88.14 88.83 78.21 83.18
LeakyReLU 152 82 68 322 75.96 69.09  64.69 66.96
Proposed 197 37 15 375 91.67 92.92  84.19 88.34
Hybrid

Table 4 clearly shows the differences between the
classification performance of the different activation
functions used on the VGG19 model. The sigmoid
activation function performs the best with strong metrics
such as 88.14% accuracy, 88.83% recall and 78.21%
precision, indicating that the model shows high success
in true positive predictions. Softmax activation ranked
second with an accuracy of 85.74% and an F1 score of
79.91%, again providing a successful classification
performance. The other activation functions ReLU and
LeakyReLU achieved lower results with 79.97% and
75.96% accuracy respectively. These results indicate that
both functions lead to more errors in classification
performance and false positive predictions. The proposed
hybrid activation function provides the highest
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performance with 91.67% accuracy, allowing the model
to outperform in all metrics. These findings reveal that
the hybrid activation function offers a significant
advantage, especially in terms of true positive
classifications and improving the overall performance of
the model. The study will continue with the hybrid
activation function integrated into the VGG19 model,
which yields the most successful results.

In the third part of the study, in addition to the hybrid
activation function integrated into the VGG19 model,
performance evaluations were performed using MSE,
MAE, Binary Cross-Entropy and the proposed loss
function. The performance metrics obtained with each
loss function are presented in Table 5.



Table 5. Performance metrics of various loss functions on the model obtained with VGG19+proposed hybrid loss

function.
Loss True False False True Accurac  Recal Precisi F1-
Functions Positive  Positive  Negative Negative vy (%) (%) on(%) score(%)
MSE 189 45 28 362 88.30 87.10 80.77 83.81
MAE 172 62 38 352 83.97 81.90 73.50 77.48
Binary Cross- 197 37 15 375 91.67 92,92 84.19 88.34
Entropy
Proposed 210 24 9 381 94.71 95.89 89.74 92.72
Hybrid loss

When Table 5 is analyzed, the Proposed Hybrid loss
function provides the most successful results with
94.71% accuracy. The Binary Cross-Entropy loss
function ranks second with 91.67% accuracy and shows
a very strong performance. The MSE loss function has a
lower accuracy with 88.30% accuracy, while the MAE
loss function shows the lowest accuracy with 83.97%
accuracy. These results show that the Proposed Hybrid
loss function is more effective than the other loss
functions and provides a better overall performance in the
classification task.

In conclusion, this study highlights the effectiveness of
the developed hybrid activation function and the

Proposed Hybrid loss function. Both functions improve
the overall classification performance of the model,
leading to significant improvements in key performance
metrics such as accuracy. These findings suggest that
hybrid structures offer an effective approach for
performance improvements in deep learning models.

The contributions of the study to the literature enrich the
field by providing a new perspective to existing research.
In Table 6, the findings of previous studies in this field
are examined comparatively with a systematic approach
and presented in detail.

Table 6. Summary of studies with CXR in the literature.

Study Year Dataset Objective Method Accuracy (%)
Khan etal. 2022 COVID-19 Classifying  viral Three pre-trained EfficientNetB1:96
[6] Radiography pneumonia, lung models 13
Database opacity and normal (EfficientNetB1, NasNetMobile:94
images. NasNetMobile, .81
MobileNetV2) were MobileNetV2:93.
used with fine-tuning 96
on an augmented
dataset.
Shelke et 2021 Dataset of 2271 Classifying normal, DenseNet-161 98.9
al. [7] images from pneumonia,
Clinico tuberculosis  and
Diagnostic Lab in  COVID-19 images.
India.
Ibrahim et 2024  Novel Corona To classify CXR AlexNet 93.42
al. [33] Virus 2019 images into four
Dataset categories COVID-
19, non-COVID-19
viral  pneumonia,
bacterial
pneumonia, and
normal
Saraiva et 2019 CXR Dataset Classify pneumonia CNN model is 94.40
al. [34] and normal images proposed.
Gulgun 2020  CXR Dataset Classify pneumonia The performance of CNN Model: 80.4
and Erol and normal I mages  three different models CNN Model with
[35] is compared: Data
CNN maodel,
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CNN Model Augmentation
Applying Data Technique: 93.4
Augmentation VGG16: 85.6
Technique,
VGG16

Proposed 2025  CXR Dataset Classify pneumonia The proposed VGG19 94.71

Model and normal images  transfer learning

architecture
integrating activation
and loss function is
implemented on the
original dataset.

Table 6 provides a summary of various studies that
highlight the effectiveness of deep learning models in
diagnosing COVID-19 and other pulmonary diseases.
These studies illustrate significant advancements in
CXR image classification, leveraging diverse datasets
and model architectures. The findings emphasize the
continuous progress in developing robust and accurate
deep learning approaches for medical image analysis.
Khan et al. [6] examined EfficientNetB1, NasNetMobile
and MobileNetV2 models on COVID-19 Radiography
Database and reported that EfficientNetB1 model
provided 96.13% accuracy rate. Shelke et al. [7], the
highest success was achieved with 98.9% accuracy using
the DenseNet-161 model on a dataset containing 2271
images. lbrahim et al. [33], 93.42% accuracy was
achieved using the AlexNet model.

Saraiva et al. [34], Gulgun and Erol [35] and the proposed
work were performed on the same CXR dataset. Saraiva
et al. [34], 94.40% accuracy was achieved with the
proposed CNN model. Gulgun and Erol [35], the
performances of the standard CNN model, the CNN
model with data augmentation, and the VGG16 model
were compared, and 80.4%, 93.4%, and 85.6% accuracy
rates were obtained, respectively. In the proposed study,
the VGG19 transfer learning architecture was applied
with a special activation and loss function and achieved
an accuracy of 94.71%. In particular, the proposed model
outperformed the other methods and demonstrated that
transfer learning as well as customized functions can
improve the classification  performance. This
achievement is due to the significant impact of the
combination of loss function and activation function on
improving the model performance. In the proposed work,
the customized activation and loss functions used in
combination with the VGG19 transfer learning
architecture improved the accuracy of the model to
94.71%. This combination provides an effective strategy
to overcome the local minimum problems often
encountered in deep learning models and enables the
model to gain stronger generalization capability.

The customized loss function minimized the
classification errors, while the activation functions
helped the model to make more precise and accurate
decisions during the learning process. This interaction
enhanced the model's capacity to provide better
discrimination and accuracy and played a critical role in
improving the results. In conclusion, these findings show
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that the combination of loss function and activation
function is an important tool for optimizing the
performance of deep learning models and clearly
demonstrate why the proposed model is more successful
than other methods.

CONCLUSION

Artificial intelligence and deep learning techniques play
acrucial role in medical imaging, particularly in the early
diagnosis and classification of lung diseases. This study
evaluates the effectiveness of various deep learning
architectures in distinguishing between normal and
pneumonia-labeled CXR images. Performance analyses
were conducted on multiple transfer learning models,
including MobileNetV2, ResNet50, VGG19, Xception,
and ViT, to compare their classification capabilities. The
findings indicate that VGG19 achieved the highest
accuracy (88.14%), making it the most suitable model for
further exploration. In the next phase, different activation
functions ReLU, Softmax, Sigmoid, and LeakyRelLU
along with a proposed hybrid activation function were
integrated into the VGG19 model. The hybrid activation
function outperformed others, enhancing the model’s
accuracy to 91.67%, demonstrating its effectiveness in
improving classification performance. Further, various
loss functions, including MSE, MAE, Binary Cross-
Entropy, and the proposed hybrid loss function, were
incorporated into the VGG19 model alongside the hybrid
activation function. The proposed hybrid loss function
yielded the best results, achieving 94.71% accuracy.
These findings suggest that hybrid loss functions are
more effective in classification tasks, significantly
enhancing the model’s overall performance and true
positive detection rates.

This study shows that deep learning architectures and
hybrid structures offer an effective approach to improve
classification accuracy in medical imaging applications.
The developed hybrid activation function and loss
function combinations can be a powerful tool for accurate
diagnosis and early detection by improving the
classification accuracy of the model. Future work should
test these hybrid structures on larger datasets and
evaluate them more extensively in real-world
applications. Furthermore, combinations of different
deep learning architectures and loss functions can be
explored to further improve the accuracy and



generalization ability of the model. However, the study
also has certain limitations. The models and
combinations used in the study were only evaluated on a
single dataset. In addition, the models were only tested
on static images, and the performance in real-time
clinical settings has not yet been validated. These
limitations should be addressed in future studies to better
validate the robustness and clinical applicability of the
proposed methods.
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ABSTRACT

This research aims to introduce a hybrid method for the classification of oral cancer images. This methodology
integrates conventional classification techniques, including Support Vector Machines (SVM), K-Nearest Neighbors
(KNN), and Decision Trees, with sophisticated feature extraction from pretrained deep neural networks, including
GoogleNet and MobileNetV2. The suggested strategy collects information from deep learning models to construct a
robust hybrid model that enhances diagnostic accuracy. The hybrid model attains a classification accuracy of 90.01%
using Quadratic SVM, reflecting a 22.36% enhancement compared to individual deep learning models. Comparative
assessments demonstrate the significant performance benefits attained by the hybrid approach. The findings
underscore the possibility of integrating modern deep learning techniques with traditional methods to enhance the
accuracy and reliability of medical image classification, notably in the diagnostic evaluation of oral cancer.

Keywords: Oral Cancer, Image Classification, Hybrid Model, GoogleNet, MobileNet-v2

Gelismis Ag1z Kanseri Tanisi icin Onceden Egitilmis Derin Sinir Aglarimin Geleneksel
Siniflandirma Teknikleriyle Entegre Edilmesi

oz

Bu calisma, ag1z kanseri goriintiilerinin siniflandirilmasi igin hibrit bir yontem dnermektedir. Bu yontem, GoogleNet
ve MobileNetV2 gibi 6nceden egitilmis derin sinir aglarindan sofistike 6zellik ¢ikarimi ile birlikte Destek Vektor
Makineleri (SVM), K-En Yakin Komsu (KNN) ve Karar Agaglar gibi geleneksel siniflandirma tekniklerini birlestirir.
Onerilen strateji, tanisal dogrulugu artiran saglam bir hibrit model olusturmak i¢in derin grenme modellerinden bilgi
toplar. Hibrit model, Quadratic SVM kullanarak %90.01 smiflandirma dogrulugu elde eder ve bu, bireysel derin
6grenme modellerine kiyasla %22.36'lik bir iyilesmeyi yansitir. Kargilagtirmali degerlendirmeler, hibrit yaklagimin
sagladig1 onemli performans avantajlarin1 géstermektedir. Bulgular, modern derin 6grenme tekniklerinin geleneksel
yontemlerle entegre edilmesinin, oOzellikle agiz kanserinin tanisal degerlendirilmesinde tibbi goriintii
siniflandirmasinin dogrulugunu ve giivenilirligini artirma olasiligin1 vurgulamaktadir.

Anahtar Kelimeler: Agiz Kanseri, Goriintii Siniflandirma, Hibrit Model, GoogleNet, MobileNet-v2

GIRIS attributable to the absence of pain or symptoms in the

initial stages of oral cancer. Consistent professional oral
Oral cancer is the atypical proliferation and health assessments are essential and can identify
dissemination of cells in any region of the mouth, alterations in oral health that may signify the onset of
including the floor of the mouth, beneath the tongue, the  cancer prior to disease advancement. Public awareness of
soft palate, the hard palate, the gums, or the lips. Oral  oral cancer is essential and may help reduce mortality.
cancer impacts individuals of all ages, races, and [2]. The prospects for treating oral cancer improve with
ethnicities. Approximately  fifty-four thousand early detection, and the likelihood of long-term survival
Americans will receive a diagnosis of oral or is typically favorable. Educational interventions and the
oropharyngeal cancer this year, resulting in over nine  augmentation of public awareness and comprehension
thousand fatalities. Despite treatment advances, more  concerning early symptoms and hazards can influence
than half of diagnosed patients die within five years. The  early detection and final results [3]. Promoting and
concerning increase in early mortality rates is chiefly  supporting community-based research aimed at reducing
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morbidity and death associated with oral cancer is
essential. Alongside enabling individuals to adopt
preventive measures to mitigate risk, grassroots
initiatives can also counter fatalism and challenge the
assumption of inevitable illness among laypersons who
disregard  health-related  communications  from
authorities. This information may enhance public welfare
in the long term. The subsequent content sections provide
an in-depth analysis of the disease, encompassing the
several forms of oral cancer, their prevalence and effects,
high-risk populations, and the complex etiology involved
in their development [4].

Timely identification is essential, and fostering this
awareness is the principal objective of oral cancer
screening initiatives. Individuals want to consistently
examine the following regions for indicative indicators
of oral cancer: lips, neck, floor of the mouth, ventral
surface of the tongue, buccal mucosa, palate, and places
associated  with  heightened  salivary  secretion.
Regrettably, symptoms are often erratic and
unpredictable, hence patients are highly advised to
familiarize themselves with their own bodies [5]. An
exhaustive strategy for the early identification and
treatment of oral and oropharyngeal cancer is essential
for enhancing the survival rates of patients with oral
cancer. Timely identification of oral cancer significantly
diminishes the physical, mental, and financial burdens of
the illness, along with the mortality rates linked to the
disease [6, 7]. Recently, computational methods are
extensively employed to diagnosis various cancer kinds
via classification algorithms.

Image classification techniques have a large application
in the healthcare industry. For effective treatment, it is
necessary to provide a fast and accurate diagnosis. Most
often, medical imaging analysis is opted for diagnosing
any disease. With the introduction of big data
technologies in healthcare, a huge number of medical
images are recorded on a daily basis [8]. Therefore,
efficient algorithms are necessary for the analysis and
classification of medical images. Medical image analysis
includes various methods that analyze and detect the
structure within the images, while medical image
classification is used for labeling and healthcare
informatics. The reason for classifying the medical
images is that classification is the first step in the
examination process [9]. Therefore, we need to
understand what is available in a current dataset. If the
current image has a diagnosis of some sort, then it is
easier to look for similar datasets for research. Also,
having a label on the image makes it easier to look for
different ways to serve a diagnosis and can be integrated
with health informatics to form an automated diagnosing
model [10]. With the evolution of the area of deep
learning-based computer vision, there has been
significant progress in building automatic classification
models for a wide array of applications in engineering,
computer science, and the health care field [11-13].
Advancements in healthcare have benefited significantly
from the adoption of machine learning and deep learning
approaches for image classification. Traditional machine
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learning analysis of structured and small datasets does
not fully harness the complex and high-dimensional
information embedded in images. With deep learning,
however, features are extracted on a learnable basis
rather than predetermined, which results in better
performance when dealing with high-dimensional data
prevalent in imagery [14]. Especially in the healthcare
field, convolutional neural networks have been
effectively used to process and classify medical images
and vital signals. Several researchers are currently
exploring the possibilities of using convolutional neural
networks to diagnose oral cancer by examining and
classifying oral image data [15].

This paper aims to categorize oral cancer images utilizing
pretrained deep neural networks (DNNs) with traditional
classification techniques. Consequently, the benefits of
DNN algorithms are integrated with the efficacy of
classical approaches. The deployed pretrained deep
neural networks are GoogleNet and MobileNet-v2. The
feature extraction phase is conducted using these DNNs,
followed by classification with several traditional
classification methods. Their performances have been
evaluated as the conclusion. GoogleNet, also known as
Inception v1, is a convolutional neural network (CNN)
architecture created by Google researchers, which
achieved significant acclaim by winning the 2014
ImageNet Large Scale Visual Recognition Challenge
(ILSVRC). The architecture incorporated the Inception
module, enabling the network to record features at
numerous scales within each layer by concurrently
applying convolutional filters of varying sizes. This
design innovation markedly enhanced accuracy and
computing efficiency by optimizing parameter
utilization, yielding fewer parameters than numerous
deep networks of its time. The success of GoogleNet
facilitated the development of succeeding models within
the Inception family, each enhancing the modular design
to address more intricate patterns and further augment
efficiency, frequently incorporating batch normalization
and other enhancements in later iterations [16].
MobileNetV2 is a streamlined and efficient deep neural
network architecture created by Google in 2018,
primarily designed for mobile and embedded vision
applications. MobileNetV2 enhanced the original
MobileNet by incorporating significant advancements
that increased accuracy and computational efficiency,
rendering it suitable for resource-limited settings. A
significant advancement in MobileNetV2 is the
implementation of inverted residuals and linear
bottlenecks. Unlike conventional residual connections
that transmit high-dimensional features via shortcut
connections, MobileNetV2 employs a lower-dimensional
(bottleneck) representation. The inverted residual
structure allows MobileNetV2 to preserve extensive
feature information with less parameters, hence
improving both speed and accuracy. Moreover, it utilizes
depthwise separable convolutions, a method that
disaggregates conventional convolutions to diminish
computational expenses while maintaining model
efficacy. MobileNetV2 is extensively utilized in



applications necessitating real-time image processing,
including object detection, facial recognition, and various
on-device Al tasks, owing to its equilibrium of efficiency
and performance [17].

GoogleNet and MobileNetV2 were specifically chosen
for their complementary characteristics: GoogleNet
offers high representational power with optimized
computational complexity, while MobileNetV2 is
designed for efficient inference, making it ideal for
resource-constrained environments such as mobile
diagnostics. These models represent two ends of the
efficiency-performance trade-off, aligning with our goal
to develop a scalable and robust diagnostic framework.
The literature study indicates the existence of numerous
valuable studies addressing oral cancer diagnosis by
categorization methodologies. For instance, [18] presents
an exhaustive analysis of recent progress in dental, oral,
and craniofacial imaging, highlighting the imperative of
differentiating tumor-associated tissues from imaging
data. The authors emphasize the application of several
deep convolutional neural network (CNN) models for the
automation ~ of  histological ~ lesion  grading,
acknowledging that despite their potential, obstacles
including insufficient training datasets impede wider
implementation. Similarly, [19] highlight the urgent
necessity for efficient early detection of oral cancer,
especially in marginalized areas. Their research
demonstrates the capability of smartphone-derived
photos evaluated by deep learning to enable prompt
identification of oral squamous cell carcinoma (OSCC),
which represents the predominant form of oral cancer.
The work in [20] elaborates on this concept by examining
diverse  machine learning  methodologies that
complement noninvasive diagnosis of oral precancer and
cancer. Their findings indicate that the incorporation of
Al techniques can markedly decrease diagnostic delays
and enhance the precision of identifying potentially
cancerous  conditions.  Offering an alternative
perspective, [21] enhances this discourse by examining
the utilization of image recognition algorithms in the
detection of oral cancer. The discourse centers on the
progress in computer image processing, highlighting the
capacity of artificial neural networks to improve
diagnostic precision while alleviating the burden on
healthcare practitioners. A systematic evaluation and
meta-analysis of automated classification approaches for
oral possibly malignant and malignant illnesses is
provided in [22]. They emphasize the capability of
machine learning algorithms to function as efficient
screening instruments, particularly in resource-limited
environments where expert analysis may be scarce.
Likewise, [23] elaborates on the significance of machine
learning and deep learning in cancer diagnosis,
highlighting the rapid increase in studies related to
computer-aided diagnosis. The author underscores the
pressing necessity for swift and precise diagnostic
instruments, especially for early cancer identification,
which markedly enhances survival rates. Ultimately, [24]
and [25] showcase recent progress in the identification of
OSCC utilizing diverse deep learning frameworks. Their
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research illustrates the effectiveness of these models in
precisely  detecting  malignant  lesions  from
histopathological pictures and various imaging
modalities, underscoring the promise of deep learning-
based methods to transform oral cancer diagnostics.
Table 1 lists the comparisons of the related studies.

The procedural steps of the method presented in this
research are outlined as follows.

The dataset comprising photos of oral cancer was
obtained from the Kaggle website [26].

« In response to "iCCP: extra compressed data™ warnings
received while reading certain photos in the dataset, all
images were changed from JPEG to PNG format to
enhance compatibility. Of the 1,231 Oral Cancer photos
in the collection, 40 images (28 malignant and 12 benign)
persisted in generating read errors post-conversion. The
problematic photographs were eliminated from the
dataset, and the remaining images advanced to the
subsequent stages of the procedure.

The Oral Cancer dataset was successively trained using
the GoogleNet and MobileNet-v2 deep learning models
to get results. Each model was sequentially trained on the
dataset, and performance parameters were documented to
assess and compare their efficacy in classifying oral
cancer images.

The characteristics derived from the two models were
processed independently prior to the classification layer.
Precisely, 1,000 features were retrieved from the loss3-
classifier layer of GoogleNet and the Logits layer of
MobileNet-v2. The retrieved characteristics were
subsequently concatenated to create a hybrid model. This
hybrid model was thereafter employed for classification
using conventional classifiers, and the results were
acquired to evaluate its efficacy.

The study's main contribution is the creation of a hybrid
methodology that integrates the feature extraction skills
of contemporary deep learning models with the
classification precision of conventional machine learning
techniques. Utilizing GoogleNet and MobileNetV2 as
pretrained feature extractors, followed by classical
classifiers such as Quadratic SVM and K-Nearest
Neighbors, the method attains a notable enhancement in
classification performance, with a maximum accuracy of
90.01%. The methodology exhibits computational
efficiency, achieving training durations of less than three
minutes for both deep learning models, and offers a
thorough assessment of several classical classifiers to
choose the most effective combination. The paper
presents a scalable and robust diagnostic approach,
appropriate for resource-constrained environments, by
integrating modern deep learning technologies with
conventional methodologies. This novel method
increases the dependability of oral cancer diagnostics,
leading to enhanced diagnostic precision and the
possibility of early intervention in medical image
analysis.

In this study, Section 2 details the dataset used, including
its composition, preprocessing steps, and the challenges
encountered during image conversion and cleaning.
Section 3 focuses on the case study, describing the



training and evaluation of the deep learning models
(GoogleNet and MobileNetV2), feature extraction
processes, and the subsequent application of classical
classifiers. Detailed training parameters, computational
resources, and performance metrics are presented,
accompanied by visual representations such as confusion
matrices and accuracy plots. The paper concludes with a

discussion of the results, emphasizing the hybrid model's
superior performance, potential applications in medical
diagnostics, and avenues for future research. Supporting
these sections are relevant references and technical
details, ensuring the study's reproducibility and
relevance.

Table 1. Comparisons of the method in this paper with some existing methods

Study Methods Used Dataset Details Best Accuracy (%) Key Contributions
This Study GoogleNet, MobileNetV2 + 1,231 images 90.01 (Quadratic Hybrid approach
Classical Classifiers (SVM, (Cancer/Non-Cancer) SVM) combining DNNs and
KNN) traditional classifiers
Linetal.,, 2021 | Smartphone images + Deep Smartphone images 86.5 Early detection of
[19] Learning OSCC using accessible
technology
Ren et al., 2021 CNN:ss for histological Dental, oral, and 87.0 Automating
[18] grading craniofacial images histological grading of
oral cancer lesions
Ferro et al., ML for point-of-care Malignant disorders 89.5 Screening tools for
2022 [22] classification low-resource settings
Albalawi et al., EfficientNet for 0OSscC 89.3 Accurate classification
2024 [24] histopathology histopathological of histopathological
images images
Zhang et al., Image recognition techniques Oral cancer cell 88.6 Improved diagnostic
2021 [21] + ANN images accuracy with ANN-
based techniques
Warin et al., Deep CNNs for lesion Oral lesion datasets 87.4 Novel deep learning
2022 [15] analysis framework for lesion
detection
Garcia-Pola et Al for early oral cancer Images of 86.9 Review of Al
al., 2021 [20] diagnosis precancerous applications for early
conditions detection
Sugeno et al., Transfer learning + image Retinopathy images 85.7 Simple and efficient
2021 [10] processing adapted for cancer preprocessing for
transfer learning
Hunter et al., Al in cancer diagnostics Comprehensive review 89.0 Overview of Al's role
2022 [7] in early detection of

oral cancer

MATERIALS AND METHODS

The dataset that was utilized in this investigation was
a publically accessible version of an oral cancer image
dataset that was obtained from Kaggle [26]. Sample
images from the dataset can be seen in Figure 1. The
dataset included 1,231 photos that were divided into
two categories: cancer and non-cancer. While there are
654 photos that do not include any cancerous cells,
there are 577 photographs that contain cancerous cells.
The file size of the dataset is roughly 201 megabytes,
and the photographs are saved in the JPEG format. The
color depth of the images is 24 bits.

Ensuring a minimum resolution of 400%400 pixels
provides sufficient detail for classification tasks. All
of the photos were converted to the PNG format in
order to resolve compatibility concerns and prevent
"ICCP: extra compressed data" warnings from
appearing while the processing was being done.
Despite preprocessing, 40 images (28 cancerous, 12
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non-cancerous) still caused read errors and were
removed.

\

Cancer

Non Cancer

Figure 1. Sample images from the dataset

This resulted in a total of 1,191 images being available
for training and testing purposes. Eighty percent of the
photos in the dataset are used for training, while
twenty percent are kept aside for testing. The dataset
is divided into an 80/20 split. During the process of
resizing each image to the usual dimensions of 224 by
224 pixels, the three RGB color channels are



preserved. In addition, the images are normalized in
order to guarantee homogeneity and significantly
enhance the performance of the model during both the
training and testing phases. This dataset is highly
renowned in the field of cancer research and medical
imaging investigations. It serves as an invaluable
resource for the development and testing of diagnostic
frameworks for oral cancer.

RESULTS AND DISCUSSION

The training parameters are listed in Table 2. The
network training utilized Stochastic Gradient Descent
with Momentum (SGDM) as the optimization
algorithm, selected for its capacity to enhance
convergence speed and stability. To improve training
efficiency, a stochastic solution was employed in
conjunction with SGDM, while parallel computing on
a GPU facilitated 16 simultaneous workers, hence
expediting processing times. The primary training
parameters comprised an initial learning rate of le-4
and shuffling at each epoch, a measure implemented
to reduce overfitting. The training environment was
explicitly optimized for GPU processing, fully
utilizing hardware acceleration. Table 2 presents the
comprehensive characteristics of the computational
setup, encompassing hardware capabilities. This
optimized architecture guaranteed effective resource
consumption, facilitating quicker and more stable
convergence during the model's training phase.

Table 2. Specifications of the computer

12th Gen Intel(R) Core™ i9-
12900F 2.40 GHz
16, 24

Processor

Cores, Processors

Installed RAM 64.0 GB (63.7 GB usable)
GPU NVIDIA RTX A4000
DirectX version 12 (FL 12.1)
GPU Memory 47.9 GB (16.0 GB Dedicated,
31.9 GB Shared)

Table 3. The progress of training of GoogleNet

Upon completion of the training process, the
GoogleNet model achieved a training accuracy of
0.6807, with the full procedure finalized in a
remarkable duration of 2 minutes and 36 seconds. The
short training time reflects the efficiency of the system
and the optimized training settings. Figure 2 depicts
the confusion matrix generated from this training
phase.

cancer

True Class

non-cancer

cancer
Predicted Class

non-cancer

Figure 2. Confusion matrix of the training process of
GoogleNet

The examination of the confusion matrix indicates that
among the 238 test samples, there are 110 Cancer
images and 128 Non-Cancer images. Out of the
Cancer photos, 95 were correctly diagnosed, whilst 15
were erroneously labeled as Non-Cancer. In the Non-
Cancer category, of the 128 photos, 67 were accurately
predicted, highlighting  certain  categorization
difficulties for the algorithm. Table 3 delineates
essential aspects of the GoogleNet training process,
encompassing variables such as iteration progression,
duration per iteration, mini-batch efficacy, test
accuracy, and error rates. This data offers insight into
the model's learning progression, efficacy, and overall
classification performance. Figure 3 illustrates the
accuracy and loss progression of the GoogleNet
training process. Figure 3 illustrates that the
GoogleNet network attained a test accuracy of 68.07%
during the training phase.

Epoch Iteration Time Elapsed Mini-batch Validation Mini-batch Validation
(hh:mm:ss) Accuracy Accuracy Loss Loss
1 1 00:00:12 50.00% 47.90% 16.274 11.974
1 15 00:00:20 56.25% 49.16% 10.379 10.030
1 30 00:00:27 68.75% 57.56% 0.7070 0.9143
1 45 00:00:34 75.00% 59.24% 0.9016 0.9249
1 50 00:00:36 68.75% 0.6000
2 60 00:00:41 75.00% 57.56% 0.3702 0.9833
2 75 00:00:48 93.75% 57.98% 0.3177 0.9708
2 90 00:00:55 68.75% 62.61% 0.5695 0.9064
2 100 00:00:59 81.25% 0.3176
2 105 00:01:03 68.75% 57.14% 0.5188 10.370
3 120 00:01:10 75.00% 67.65% 0.6118 0.8420
3 135 00:01:18 75.00% 58.82% 0.6285 0.9316
3 150 00:01:25 93.75% 63.87% 0.3028 0.8870
3 165 00:01:31 87.50% 65.97% 0.2769 0.8455
4 180 00:01:39 81.25% 63.87% 0.4493 0.8942
4 195 00:01:45 87.50% 70.17% 0.2318 0.7939
4 200 00:01:47 100.00% 0.0953
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4 210 00:01:53 93.75%
4 225 00:02:01 87.50%
5 240 00:02:08 93.75%
5 250 00:02:11 81.25%
5 255 00:02:14 100.00%
5 270 00:02:20 87.50%
5 285 00:02:29 93.75%
5 295 00:02:34 81.25%

68.91% 0.2183 0.8161
60.08% 0.3801 0.9401
69.75% 0.3743 0.8133

0.4585
69.75% 0.0912 0.7912
65.13% 0.2370 0.8850
69.33% 0.2168 0.8138
68.07% 0.2710 0.8405

Simultaneously, the alternative element of the hybrid
model, MobileNet-v2, achieved a training accuracy of
67.65%, concluding its training in 2 minutes and 58
seconds. This comparison underscores the
performance and efficiency of each model inside the
hybrid framework, illustrating their complimentary
strengths in the categorization task. Figure 4 presents
the confusion matrix for the training of MobileNet-v2.
Figure 4's confusion matrix reveals that the 238 test
samples comprise 110 Cancer images and 128 Non-
Cancer images. Out of the Cancer pictures, 95 were
accurately classified, whilst 14 were inaccurately

classified. Of the Non-Cancer pictures, 65 out of 128
were accurately predicted. Table 4 presents a detailed
summary of the MobileNet-v2 training process,
emphasizing critical parameters including iteration
progress, duration per iteration, mini-batch accuracy,
test accuracy, and error rates. These results offer
valuable insights into model performance and training
efficiency. Figure 5 illustrates the accuracy and loss
progression of the MobileNet-v2 training process.
Figure 5 illustrates that the test accuracy attained
during the training of the MobileNet-v2 network was
67.65%.

Figure 3. The accuracy and loss progress of the GoogleNet training process

Table 4. The progress of training of MobileNet-v2

Epoch Iteration Time Elapsed Mini-batch Validation Mini-batch Validation
(hh:mm:ss) Accuracy Accuracy Loss Loss
1 1 00:00:08 50.00% 45.80% 0.9080 0.8250
1 20 00:00:17 41.67% 47.90% 0.8768 0.7863
1 40 00:00:25 50.00% 52.94% 0.6742 0.7953
1 50 00:00:29 75.00% 0.4654
1 60 00:00:34 58.33% 56.30% 0.6729 0.7571
2 80 00:00:43 75.00% 57.14% 0.5446 0.7546
2 100 00:00:50 83.33% 58.40% 0.3013 0.7855
2 120 00:00:58 75.00% 57.14% 0.5326 0.7758
2 140 00:01:08 100.00% 60.08% 0.1639 0.7769
2 150 00:01:11 75.00% 0.3534
3 160 00:01:16 91.67% 62.18% 0.2688 0.7320
3 180 00:01:26 83.33% 58.82% 0.3174 0.7914
3 200 00:01:33 91.67% 60.08% 0.3046 0.7737
3 220 00:01:41 91.67% 59.66% 0.1606 0.7311
4 240 00:01:50 83.33% 63.45% 0.3049 0.7259
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4 250 00:01:53 100.00% 0.0881
4 260 00:01:58 83.33% 63.45% 0.3204 0.7721
4 280 00:02:05 91.67% 63.45% 0.2156 0.7191
4 300 00:02:13 83.33% 65.55% 0.3288 0.7382
5 320 00:02:24 83.33% 63.03% 0.3401 0.7287
5 340 00:02:32 91.67% 65.13% 0.3390 0.7053
5 350 00:02:36 83.33% 0.4437
5 360 00:02:42 100.00% 66.39% 0.2115 0.7646
5 380 00:02:49 91.67% 62.61% 0.2080 0.7314
5 395 00:02:56 75.00% 62.61% 0.5624 0.7450

The features obtained prior to the classification layers

from both GoogleNet and MobileNet-v2 were 9 cancer 14

subsequently utilized for classification employing o

conventional classifiers, including Support Vector E

Machine (SVM), Neural Network, K-Nearest = non-cancer

Neighbors (KNN), Logistic Regression, Ensemble
methods, Discriminant Analysis, among others. The
outcomes of these categories are displayed in Table 5.
Upon evaluation of the outcomes, the Quadratic SVM
model achieved an accuracy of 90.01%, representing
a substantial enhancement of 21.94% relative to the
baseline training accuracy of GoogleNet.

Likewise, MobileNet-v2 exhibited a 22.36%
enhancement in its first training accuracy, illustrating
the efficacy of employing conventional classifiers on
the retrieved features for improved performance. The
confusion matrix derived from the Quadratic SVM
model is presented in Figure 6.

cancer
Predicted Class

non-cancer

Figure 4. Confusion matrix of the training process of
MobileNet-v2

An examination of the confusion matrix for the
classical classifier with the best accuracy reveals that
the dataset comprises 1,191 training and test samples,
including 549 Cancer images and 642 Non-Cancer
images.

=iy o

Figure 5. The accuracy and loss progress of the MobileNet-v2 training process

Table 5. Classification accuracies of the top 20 clasifiers

No Models Sub Models Accuracy (%)
1 SVM Quadratic SVM 90,01%
2 SVM Cubic SVM 89,76%
3 Kernel SVM Kernel 89,59%
4 SVM Medium Gaussian SVM 89,50%
5 Neural Network Wide Neural Network 88,75%
6 KNN Weighted KNN 88,16%
7 SVM Linear SVM 87,99%
8 Neural Network Medium Neural Network 87,32%
9 Efficient Linear SVM Efficient Linear SVM 86,99%
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10 Kernel Logistic Regression Kernel 86,99%
11 Neural Network Narrow Neural Network 86,82%
12 KNN Cubic KNN 86,40%
13 KNN Medium KNN 86,31%
14 Ensemble Boosted Trees 86,23%
15 Ensemble Bagged Trees 86,23%
16 Neural Network Bilayered Neural Network 86,06%
17 Discriminant Linear Discriminant 85,98%
18 SVM Coarse Gaussian SVM 85,89%
19 Ensemble Subspace KNN 85,89%
20 KNN Fine KNN 85,73%

Out of the Cancer pictures, 481 were accurately
predicted, whilst 68 were incorrectly identified. Out of
the Non-Cancer photos, 591 were correctly classified,
while 51 were erroneously classed as Cancer. These
results underscore the classifier's robust capacity to
differentiate between Cancer and Non-Cancer images,
demonstrating its efficacy in image classification.

cancer

cancer

True Class

non-cancer

Predicted Class

Figure 6. Confusion matrix obtained with the Quadratic
SVM model

In addition, the ROC curve obtained with the
Quadratic SVM model is given in figure 7 to be
informative.

Model - Quadratic SVM

True Positive Rate

1 (ALC = 0.8547) |
L . ® 1 Modol Oporating Pont |
| 2 (AUC = 0.0547) |

® 2 Modal Oparating Pot |

1] 02 04 0B oB 1
False Positive Rate

Figure 7. ROC curve obtained with the Quadratic SVM
model

This study presents a hybrid methodology for
classifying oral cancer photos by integrating the
feature extraction proficiency of contemporary deep
neural networks (GoogleNet and MobileNetV2) with
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the classification precision of conventional machine
learning methods. The results illustrate the efficacy of
this method, attaining a notable enhancement in
classification accuracy relative to independent deep
learning models. The Quadratic SVM classifier
attained the best accuracy of 90.01%, representing an
enhancement of more than 22% compared to the
baseline accuracies of GoogleNet (68.07%) and

MobileNetV2 (67.65%).

Conducting a statistical analysis using additional

metrics that are crucial in clinical decision-making,

including sensitivity (recall), specificity, precision,

F1-score, and the confusion matrix-derived rates such

as false positive rate (FPR) and false negative rate

(FNR) should be useful.

e Sensitivity (Recall) measures the model’s ability
to correctly identify positive cases (i.e., cancerous
images). It is particularly important in early
diagnosis to minimize the risk of missed
detections.

e Specificity reflects how effectively the model
avoids false alarms by correctly identifying non-
Cancerous cases.

e Precision indicates the reliability of positive
predictions, which is critical in medical screening
to reduce unnecessary interventions.

e Fl-score, the harmonic mean of precision and
recall, provides a balanced view when dealing
with imbalanced datasets or unequal costs of
misclassification.

e FPR and FNR further quantify the types of
classification errors, offering insight into whether
the model tends to overpredict or underpredict
cancer presence.

For the Quadratic SVM classifier, which achieved the

highest accuracy (90.01%), the following metrics were

observed:

Sensitivity: 87.61%

Specificity: 92.05%

Precision: 90.18%

F1-score: 88.88%

False Positive Rate (FPR): 7.95%

e False Negative Rate (FNR): 12.39%

These results indicate that the model maintains a high

balance between detecting actual cancer cases and

minimizing false alarms. Notably, the low FPR and
high specificity demonstrate the model’s robustness in
reducing misclassification of healthy patients as



diseased, which is essential in screening contexts
where overdiagnosis can lead to undue stress and
resource burden.

Incorporating these diagnostic metrics provides a
more comprehensive assessment of the model's
performance and its clinical applicability. Future
versions of the study will continue to integrate these
evaluations to better align with the standards of
evidence required in medical diagnostics.

This finding highlights the possibility of combining
classical classifiers with features derived from
pretrained deep neural networks, particularly in the
realm of medical picture analysis. The hybrid method
addresses several challenges common in deep
learning-based  medical diagnostics.  Utilizing
pretrained networks diminishes the necessity for big
datasets, a significant constraint in medical imaging
arising from privacy issues and the challenges of
acquiring labeled data. The utilization of classical
classifiers improves computational efficiency, as these
models demand considerably fewer resources than
end-to-end deep learning training. The proposed
technique exhibits robust performance; however,
specific restrictions must be recognized. The dataset
included in this work, while balanced between Cancer
and Non-Cancer categories, is rather small, potentially
affecting the model's generalizability to varied and
unobserved data. Enhancing the dataset with
augmented or outside sourced photos may further
elevate performance and resilience. Furthermore, the
assessment relies exclusively on accuracy metrics;
incorporating additional performance indicators such
as sensitivity, specificity, and the area under the ROC
curve (AUC) would yield a more thorough evaluation
of the model's diagnostic efficacy. Future study may
investigate the utilization of advanced architectures
like Vision Transformers or EfficientNet to enhance
feature extraction. Furthermore, the integration of
explainability approaches such as Grad-CAM may
yield significant insights into model predictions,
enhancing confidence and transparency in clinical
applications. Evaluating the hybrid model on
additional medical imaging datasets would
demonstrate its versatility and scalability. This study
underscores the viability and promise of hybrid
frameworks in enhancing the precision and efficacy of
medical picture classification. The amalgamation of
deep learning and conventional machine learning
methodologies presents a promising avenue for the

creation of dependable diagnostic instruments,
especially in  resource-limited settings. This
technology could significantly enhance early

diagnosis and treatment of oral cancer by addressing
the stated limitations and broadening the research area.
The suggested hybrid model, which combines
pretrained deep neural networks (GoogleNet and
MobileNetV2) with classical classifiers such
Quadratic SVM, attains a classification accuracy of
90.01%, reflecting a significant enhancement of more
than 22% relative to the use of deep learning models
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in isolation. This outcome surpasses numerous
previous research in oral cancer classification. Lin et
al. [19] demonstrated an accuracy of 86.5% in early
oral cancer diagnosis utilizing deep learning on
smartphone-based photos, whereas Ren et al. [18]
attained 87.0% accuracy in histological grading
employing CNN models. Ferro et al. [22] devised a
machine learning classification method for malignant
ilinesses, attaining an accuracy of 89.5%, whereas
Zhang et al. [21] utilized artificial neural networks
(ANNs) for oral cancer detection, achieving an
accuracy of 88.6%. In contrast to conventional
methods, the hybrid technique introduced in this paper
leverages deep learning for feature extraction
alongside the discriminative capabilities of traditional
machine learning classifiers, hence improving both
accuracy and efficiency. In contrast to end-to-end deep
learning models that necessitate substantial labeled
datasets and significant computational resources, the
proposed hybrid technique efficiently utilizes
pretrained networks for feature extraction, alleviating
the computational load while preserving superior
diagnostic performance. Furthermore, the study's
findings suggest that traditional classifiers, such as
Quadratic SVM, can substantially enhance
classification accuracy when utilized with features
produced from deep learning, highlighting the efficacy
of hybrid approaches in medical picture analysis.
These findings highlight the necessity of combining
contemporary deep learning techniques with
conventional classification methods, presenting a
promising approach to improving oral cancer
diagnostics, especially in resource-limited clinical
environments where computational efficiency and
reliability are essential. Subsequent study may
investigate the applicability of this hybrid framework
to more medical imaging fields, potentially resulting
in enhanced and more accessible diagnostic solutions.
While this study utilized GoogleNet and MobileNetV2
for feature extraction due to their well-established
performance-to-efficiency balance, it is important to
acknowledge the potential of newer and more
advanced deep learning architectures such as
EfficientNet. EfficientNet, introduced by Tan and Le,
employs a compound scaling method to balance
network depth, width, and resolution, achieving state-
of-the-art accuracy with significantly  fewer
parameters and FLOPs compared to traditional CNNs.
Its scalable nature makes it particularly suitable for
medical image analysis tasks, where both accuracy
and computational efficiency are critical. Given these
advantages, incorporating EfficientNet as a feature
extractor could further enhance diagnostic
performance or offer competitive results with
improved resource efficiency. In future work, we plan
to conduct comparative analyses involving
EfficientNet, and potentially other architectures like
ResNeSt and Vision Transformers, to
comprehensively evaluate the robustness and
adaptability of our hybrid classification framework.



Such comparisons will also help validate the
generalizability of the proposed approach across
different network designs and dataset characteristics.
A notable limitation of this study lies in the use of a
single publicly available dataset, sourced from
Kaggle, which may not fully capture the variability
found in real-world clinical settings. While the dataset
includes a balanced distribution of cancerous and non-
cancerous images, its size and demographic diversity
are limited. This constraint may affect the
generalizability of the proposed hybrid model,
particularly when applied to different imaging
environments, devices, or patient populations with
varied ethnic, age, or clinical profiles. Additionally,
the dataset represents a single imaging modality and
lacks metadata that could help stratify results based on
anatomical location, disease stage, or imaging
conditions. To enhance robustness and clinical
applicability, future studies should explore multi-
center datasets, incorporate cross-institutional image
repositories, and test the model on different imaging
modalities such as histopathological slides, intraoral
camera images, or fluorescence images. Moreover,
analyzing performance across distinct patient
subgroups can help uncover potential biases and
improve the reliability of diagnostic outputs across
diverse populations. Expanding the dataset scope in
these ways would strengthen the model’s clinical
readiness and its ability to generalize across real-world
scenarios.

CONCLUSIONS

This paper presents a novel hybrid method for oral
cancer image detection that combines pretrained deep
neural networks with traditional machine learning
classifiers. The findings indicate that integrating the
feature extraction abilities of GoogleNet and
MobileNetV2 with conventional classifiers like
Quadratic SVM significantly enhances diagnosis
accuracy. This methodology effectively balances
computational economy and performance, yielding
solid findings in a resource-efficient manner. The
proposed hybrid framework combines deep learning
and traditional methods to provide an effective tool for
medical image interpretation. Its relevance to a
publically accessible oral cancer dataset underscores
its potential as a reliable diagnostic instrument,
especially in contexts with limited computational
resources or restricted availability of labeled data. The
results of this study facilitate the advancement of
scalable diagnostic systems that can improve the early
diagnosis of oral cancer. This approach improves
classification accuracy and supports future integration
of Al in clinical settings, aiming to enhance patient
outcomes and diagnostic systems.
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ABSTRACT

This study focuses on the higher-order nonlinear Schrédinger equation, which describes the propagation of dispersive
optical pulses in fiber optics under the effects of self-phase modulation and Kerr law nonlinearity. The unified Riccati
equation expansion method is used to obtain various exact soliton solutions, including dark and M-shape solitons. In
addition to deriving these solutions, the research investigates the influence of higher-order dispersion terms on soliton
dynamics within the model. New and significant physical characteristics arising from these effects are presented and
contribute to the existing literature. The dynamic behaviors and stability of some solutions are analyzed for specific
parameter values. To visualize and interpret the physical relevance of the results, 2D, 3D, and contour plots are
provided. The findings demonstrate that the applied method is an effective analytical tool for addressing complex
nonlinear optical systems and can be extended to a wide range of nonlinear wave equations.

Keywords: Optical Fibers, Parameter Effect, Higher Order Dispersion, Dark Soliton

Oz faz modiilasyonunun Kerr Yasas1 formuna sahip yiiksek mertebeden dogrusal olmayan
Schradinger denkleminin optik soliton ¢ézimleri

(o)A

Bu calisma, 6z faz modiilasyonu ve Kerr yasast dogrusal olmayanligi etkisi altindaki fiber optiklerde dagilimli optik
darbelerin yayilimimi tanimlayan yiiksek mertebeden dogrusal olmayan Schrodinger denklemi iizerine
odaklanmaktadir. Birlestirilmis Riccati denklem genigletme yontemi kullanilarak, karanlik ve M-sekilli solitonlar
dahil olmak tizere cesitli analitik ¢dztimleri elde edilmistir. Bu ¢oziimlerin elde edilmesinin yani sira, modeldeki
yiiksek mertebeden dagilim terimlerinin soliton dinamikleri iizerindeki etkisi de incelenmistir. Bu etkilerden
kaynaklanan yeni ve 6nemli fiziksel 6zellikler sunularak literatiire katki saglanmasi hedeflenmistir. Bazi ¢6ziimlerin
dinamik davranislar1 ve kararliligi, belirli parametre degerleri igin analiz edilmistir. Elde edilen sonuglarin fiziksel
anlamint gorsellestirmek ve yorumlamak amaciyla 2D, 3D ve kontur grafikler sunulmustur. Bulgular, uygulanan
yontemin karmasik dogrusal olmayan optik sistemleri ¢6zmede etkili bir analitik ara¢ oldugunu ve ¢ok ¢esitli dogrusal
olmayan dalga denklemlerine uygulanabilecegini ortaya koymaktadir.

Anahtar Kelimeler: Fiber Optik, Parametre Etkisi, Yiiksek Mertebeden Dagilim, Karanlik Soliton

INTRODUCTION fluid dynamics, where it models the evolution of deep-
water waves. In quantum mechanics, it plays a role in
Differential equations have a wide range of applications  understanding Bose-Einstein ~ condensates, where
in the modeling of many physical phenomena in nature,  particles exhibit collective quantum behaviors. The
especially in the modeling of wave propagation [1-3]. NLSE's versatility in capturing the effects of nonlinearity
The most well-known and studied one is undoubtedly the  in various physical systems makes it an essential tool for
nonlinear Schrédinger equation (NLSE) [4-8]. Itis akey  researchers across multiple disciplines.
mathematical model that expands the classical Studies in the literature on the NLSE that have been
Schradinger equation by introducing nonlinear terms, examined under different self-phase modulation effects
which account for interactions within the wave medium.  are as follows: the cubic-quartic and resonant NLSE
This nonlinearity can lead to rich and complex behaviors  having the parabolic law media [11], the resonant NLSE
such as solitons (stable wave packets that maintain their  under anti-cubic nonlinearity effect [12], the fractional
shape during propagation) and modulational instability,  perturbed NLSE [13], the (3+1)-dimensional and coupled
where small perturbations in the wave can grow NLSEs [14], the (2+1)-dimensional hyperbolic NLSE
exponentially. The NLSE is particularly important in  [15], the time-fractional coupled NLSE [16], an
fields such as nonlinear optics, where it describes the integrable NLSE with quintic terms [17], the NLSE with
propagation of light through optical fibers [9,10], and in  quintic non-Kerr nonlinear term [18], a weak fractional
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NLSE with parabolic law [19], the cubic-quintic non-
linear NLSE involving an anti-cubic term [20], a NLSE
with Kudryashov law of refractive index [21], the third-
order stochastic NLSE with multiplicative white noise
via Itb calculus [22], the third-order NLSE with power
law media in the absence of chromatic dispersion [23].
This paper focuses on the following higher-order
nonlinear Schrddinger equation with Kerr law of self-
phase modulation [24]:

1D, +1o, @, + 0, P, +10,D,, +a,D

XXXX

Ho,® o, + oD + B D P =0. @)

XXXXX XXXXXX

Herein, ® = ®(x,t)is a complex-valued function, while

a,,0,,0,,a,,0:,0, and [ are real-valued numbers,
and i =+/—1. i®, indicates linear temporal evolution

term. In addition, «,,@,,,,a,, a4, represent the

coefficients of inter-modal dispersion (IMD), group
velocity dispersion (GVD), the third-order dispersion
(30D), the fourth-order dispersion (40D), the fifth-order
dispersion (50D), the sixth-order dispersion (60D)
terms, respectively. Moreover, [ is the coefficient of

Kerr law nonlinearity of self-phase modulation term.
The higher order NLSE is an extension of the standard
NLSE that incorporates additional terms to account for
more complex interactions and effects. While the NLSE
typically includes second-order nonlinearity, the higher-
order NLSE includes higher-order nonlinear terms and
higher-order dispersion terms, which provide a more
accurate description of wave dynamics in various media.
These higher-order terms are crucial for modeling
phenomena where the simpler NLSE fails to capture
essential dynamics, such as in highly nonlinear optical
fibers, in plasma physics, or in systems with strong
dispersive effects. The higher-order NLSE enables a
deeper understanding of wave behavior, including the
interaction of solitons and the emergence of complex
wave structures. In addition, the sixth-order dispersion
effect refers to the impact of higher-order terms on the
dispersion relation on the dynamics of wave propagation
described by the NLSE. In the context of the NLSE, the
dispersion  describes how different  frequency
components of a wave travel at different speeds.
Although the standard NLSE includes only second-order
dispersion, the sixth-order dispersion effect involves
terms that account for more subtle variations in wave
speed and frequency. This higher-order dispersion can
influence the stability and shape of solitons, leading to
more complex behavior such as modulation instability
and the formation of new wave structures. In practical
terms, including sixth-order dispersion effects is
important for accurately modeling high-precision optical
systems and other applications where standard dispersion
models are insufficient.

Some higher-order NLSEs studied in the literature are as
follows: the higher-order NLSE with variable
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coefficients [25], the higher-order NLSE with derivative
non-Kerr nonlinear terms [26], the fifth-order NLSE
[27], the higher-order dispersive cubic-quintic NLSE
[28], the N-coupled higher order NLSEs [29], the higher-
order generalized NLSE [30], a high-order NLSE with
the weak non-local nonlinearity [31], the fifth-order
variable-coefficient NLSE [32], an extended NLSE with
higher-order odd and even terms [33], the high-order
nonlinear NLSEs with different laws of nonlinearities
[34], the generalized derivative higher order NLSE [35],
non-Kerr law NLSE with third and fourth order
dispersions [36].

We constitute the remainder of the manuscript as follows:
We tackle with the mathematical recapitulation of the
higher-order NLSE including Kerr law nonlinearity in
Section 2. The significant features and the
implementation of the unified Riccati equation expansion
method (UREEM) are compiled in Section 3. We give
the Results and Discussion in Section 4 and Conclusions
in Section 5.

DEFINITION AND APPLICATION OF METHOD

This section compiles the significant features of the
UREEM [37].

Let us conceive the following transformation for eg. (1)
as:

D(x,t) = D(E)e' )| £ = x—wt, @
in which, x,w, @, and V are real valued constants.

Besides, x comes to mean the wave number, @ is the
frequency, ¢ represents the phase constant, and V is the

velocity.

Let's insert eq. (2) into eq. (1) and decompose into the
real and imaginary parts, then we get the following
equations:

a,®® + (—15/(20:6 +5Ka +a4)CD(4)

"

+ (15/(4056 ~10x%a, — 6K, + 3K, + a1, ) @

@)
—(0[67('6 -k’ — okt + o’ —ﬂqbz)CD
—(a,x° —ax + w)® =0,
and
(a5 — 6K ) D® + (201(3056 -10x’a, ) o
~(4xor, — ) D — (6x°cty — 5K ) D 4)

+(4K3a4 -3k’a, - 2ka, —V+al)CD' =0.

If we integrate eq. (4) and disregard the integration
constant, we attain:



(=6xag + ;) O + (201{3016 ~10x°%a, ) O}
—(4xa, — o))" + (al — 6’ + 5K ) o (5
+(4x’a, -3k’ a, — 2xa, —V)® = 0.

From eq. (5), the following constraint conditions are
generated:

a5 =6kag, (6)
=20k, + 10k, + 4K, (7)
V=aq, -6k’ +5x e, + 4’a, - 3x°a, — 2xka,.  (8)

Let us reorganize eq. (3) under these constraint
conditions, then the ordinary differential equation (ODE)
structure of eq. (1) is acquired as follows:

a,®® + (151{2056 +a, )d)(") — 45k, @"
+ (0(2 +3K (401(3056 +4xa, ) -6x’a, ) o’
—((401{3056 +4xa, ) K — BO° + a,K* )d) ®

+(50!6K‘6 +a,kt+ 0{11('—(0>CD =0.

Carrying out the balance rule between the terms ®® ,
®*, then we produce the balancing number as n = 3.

As regards the UREEM, the eq. (9) satisfies the following
solution:

PO-YTUEOT, 20 ()

inwhich I}, I',,...I" | are real valued numbers, N is the
balance constant and U’ (&) satisfies:

U'(&) = A, +AU(E)+AU(E), A, 20, (11)
where A, A,, A, are the arbitrary real constants to be

specified later. The eq. (11) has the following solutions:
Case I: If A >0, then

U@ =N tanh(\/xg} 12)
2A, 2A, 2
A, A JAE
U(E) = ——L -2 coth Y22 |,
O [ : j @
o CaseII'IfA—O then
1
U(&)=—
O Tl

Case lll: If A<O, then
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U(&)=- Ay NTA ) YTAe ., (15)
2N, 24, 2

U@ =2 TR YRE | g
2N, 2A, 2

where A=A?-4A,A, ¥, and is an arbitrary

constant.

Because of N =3, we write eq. (10) as follows:

q)(é:)=Fo+F1U(§)+F2U2(§)+F3U3(§)1 17)
in which I'; # 0. Combination of egs. (17), (11), (9)
produces the following algebraic equation system:

U° coefficient:

16,01, (171 ,A, + 90T ,A, ) Ag + (584, A7A, I, ) A
+ (((54o;<2r3 +136,A ) t, +3602,T,) Al)Ag
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+
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U? coefficient:
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+39680,",ASAS +136 AT, QA5
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U?® coefficient:
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U* coefficient:
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U°® coefficient:
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U’ coefficient:

7207, ASarg + 720( 27T ,A, +83A, ;) A
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+30, (I, [, +13) =0.

U?® coefficient:
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U? coefficient:

20160A5a, + A% =0.

Herein,

Q, =15’ + a1,

Q, =75k a, +6K%a, + a1, $.

Let us solve the above system, then we obtain the
following sets and the corresponding solutions:

+210, (QA] +Q, ) A A, +3B(20 [T, + T [ + 5T, ) =0.
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where,
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r :

Set, ;¢ ° A2, (19)
o (-126A,a,A, +Q,) T,
b 42a > '

J24(84A,A 02—, 0, )T
Fe= 14A,a,

in which,

K, = 44100 k° +300Q,x"

K, = 441a, % oy — 441y ko, + 20a,Q2,
K, = 21(84A A 07 — €,

Q, = 315k a? - 21,0, $.
Regarding eq. (18) with egs. (2),(12)-(16), (17), we get
the solutions of eq. (1) as follow:

®,,(x,1) = (T + H,T, + HIT, + HT )e”,  (20)
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@, ,(x,t) =(Ty+H, I+ HIT, + HIT, )e”,  (21)
in which,

A(X—vt
H,=- Al—\/Ktanh \/_( ) ,
27, 2A, 2
A(X—vt
H,=- A, —\/Zcoth \/_( ) ,A>0.
2A, 2A, 2
D, ,(x1) = (ro +H,I + HT, + HT e, (22)
where,
A 1
H,=——— A=
2A, A, (x—-Vvt)+¥,
@, (x,t) =(Fy + H,O, + HT, + HT, e, (23)
@, (x,t) = (T + Hyl[y + HIT, + HIT; )€, (24)
Herein,
= V=A(X—vt
H4:—A1+ A tan ( )
27, 24, 2
- V=A(X—vt
Hy =- A VA ( ) ,A<Q0.
27, 2A, 2

Besides, @, A;,A,,I'y,I';,T",,T"5 and V are given in
egs. (18), (19), (8).

RESULTS AND DISCUSSION

In this article, we have suggested the UREEM which is
an efficient approach among existing techniques, and we
have successfully generated many soliton solutions for
higher-order NLSE with Kerr law media. We have given
the graphics of the acquired solutions in the figures.
Using suitable values of the parameters, we have
presented four figures to demonstrate the attitude of the
solutions. In these figures, a variety of graphs of some
solutions are presented. Moreover, fig. (1) and fig. (3)
involves nine sub-figures and fig. (2) and fig. (4) includes
three sub-figures.

In fig. (1), we present a variety of plots of the solution
®,,(x,t) in eq. (20) for Set, and a =0.45,
a,=-2.8,8,=22,k=-01 =098 A, =13,

A =12, ¢=-0.65 T, =2.1.Figures (la), (lc),
(le) are a 3D representation of |[®,(X,t) P,
Im(®,,(x,t)), and Re(P,,(X,t)), respectively.

Figure (1a) represents a dark soliton. Finally, figs. (1b),
(1d), (1f) are a 2D representation of |D,,(X,t) I,

Im(®,,(x,1)), and Re(d,,(x,t)), respectively. If we



look at the fig. (1b) carefully, we can see that the dark
soliton's character tends to move to the right in response

to increasing values of t (t =1,3,5,7, 9).

In fig. (2), we give 2D graphs of | @, , (X,t) * to observe

the effects of higher-order dispersion coefficient
parameters on the character and shape of the obtained
dark soliton.

Figure (2a) shows that under the influence of increasing

negative and positive values of a

(a1 =-3,-2,-11, 2,3), there is no change in the size
and shape of the dark soliton, but the soliton only tends
to move to the right. Here, @ comes to mean the
coefficient of the inter-modal dispersion term. If we
examine fig. (2b), for positive values of a,, the dark
soliton character is deformed, while for increasing
negative values (a4 =-6,-5,-4,-3, —2,—1), the
soliton does not move to the right or left, but its length
shortens and its width increases. Here, a, stands for the
coefficient of the 40D term. Similarly, if we examine fig.
(2c), for negative values of &, the dark soliton character
is deformed, while for increasing positive values
(ae =10,14,18, 2.2,2.6,3.0), the soliton does not
move to the right or left, but its length shortens and
its width increases. Here, @, expresses the coefficient of
the 60D term. The point to be noted here is that if we
compare it with the effect of a,, the change in the form

of the soliton occurs faster with the effect of a;.

In fig. (3), we present a variety of plots of the solution
®,,(X,t) in eq. (21) for Set, and a, =0.45,
a,=28a8,=-22,k=01 y=098 A,=13,

A, =12, ¢=-0.651,=2.1. Figures (3a), (3c),
(3e) are a 3D representation of |®D ,(X,1) P,

Im(®,, (x,1)) Re(d,,(X,t)), respectively.
Figures (3a) represents a M-shape soliton. Finally,
figures (3b), (3d), (3f) are a 2D representation of
|D,, (1), Im(@,,(x1))  and  Re(®,,(x,1)),
respectively. If we look at the fig. (3b) carefully, we can

see that the M-shape soliton's character tends to move to
the left in response to increasing values of t

(t=15,9).

and

In fig. (4), we give 2D graphs of [ D, (X, 1) |*to observe

the effects of higher-order dispersion coefficient
parameters on the character and shape of the obtained M-
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shape soliton. Figure (4a) shows that under the influence
of increasing negative and positive values of @,
(31 =-11, 2) , there is no change in the size and shape

of the dark soliton, but the soliton only tends to move to
the right. What we can understand from fig. (4b) is that,

despite the increasing positive values of @,
(a2 =12, 3), the soliton does not move to the right or
left on the x-axis, its width decreases, and its length
increases. Here, a, indicates the coefficient of the GVD
term. Similarly, we can understand from fig. (4c) that,
despite the increasing negative values of @,

(as =-3 —2,—1), the soliton does not move to the

right or left on the x-axis, but its width decreases and its
length increases.
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eq. (20) for Setl and appropriate parameters.
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CONCLUSION

In this article, the higher-order NLSE with Kerr law
nonlinearity is studied. To obtain some of the analytical
solutions of this complex nonlinear equation, the
UREEM is used. In addition, all acquired soliton
solutions that ensure the corresponding equation under
consideration are accomplishedly generated for this
model. To indicate the attitude of the obtained soliton
solutions, we demonstrate some 3D and 2D plots through
appropriate parameter values. 2D graphs are also given
to observe the physical effect of the higher order
dispersion terms in the equation. Thus, the effect of these
model parameters on the shape, size, speed, and
displacement of the obtained solitons is more easily
examined. In addition, it can be said that the dispersion
and different refractive index added to the classical
NLSE make significant contributions to the equation and
increase the diversity and richness of the solitons
obtained. As a result, it can be resolved that the
recommended technique is a strong mathematical method
for complex nonlinear models.
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ABSTRACT

We revisit the Malatya Dominating Set Algorithm (MDSA) to examine its structure from a theoretical standpoint.
Although earlier applications—combining centrality with greedy and dynamic programming—yproduced promising
results, those outcomes lacked formal analysis. In this study, we show that MDSA vyields near-optimal solutions on
several graph types, including paths, cycles, stars, and bipartite graphs. We explore how MDSA selects nodes and the
role centrality plays in that process. In practice, the algorithm often skips over nodes with low relevance, which helps
produce smaller and more efficient sets. This observation supports earlier empirical findings, and it also helps explain
the reasoning behind the algorithm’s behavior. Our interest is not only in confirming its performance but also in
gaining a clearer view of how and why it works. The results show that MDSA compares well with other methods for
structured graphs where identifying minimal dominating sets is essential.

Keywords: Dominating Sets, Malatya Centrality Value, Malatya Dominating Set Algorithm, Greedy Algorithms,
Dynamic Programming, Theoretical Proof

Malatya Hakim Kiime Algoritmasinin Analitik Dogrulamasi: Artik Diigiimler Olmadan
Optimal Hakim Kiimelerin Olusturulmasi

(0)4

Bu ¢alismada, Malatya Hakim Kiime Algoritmasi (MDSA) teorik agidan yeniden ele alinmaktadir. Merkezilik temelli
yaklagimlart a¢gozlii ve dinamik programlama yontemleriyle birlestiren algoritma, dnceki galismalarda cesitli veri
kiimeleri iizerinde basarili sonuglar iiretmis olsa da bu basarilarin ardinda gii¢lii bir teorik temel bulunmamaktadir. Bu
kapsamda, MDSA’nin yol, dongii, y1ldiz ve iki tarafli ¢izgeler gibi belirli ¢izge tiirlerinde optimale yakin ¢dziimler
iiretebildigi gosterilmistir. Algoritmanin diiglim se¢im siireci ve merkezilik hesaplamalarinin bu siirece etkisi ayrintilt
bi¢imde incelenmistir. Uygulama sonuclari, dnemsiz diigiimlerin elenmesiyle daha kiiciik ve verimli hakim kiimeler
elde edildigini gostermektedir. Bu bulgular, onceki deneysel sonuglarla ortiismekte ve algoritmanin karar
mekanizmasint agiklamaya yardimci olmaktadir. Bu calisma yalnizca algoritmanin basarimini dogrulamakla
kalmayip, ayn1 zamanda bu basarimin arkasindaki temel ilkeleri de ortaya koymaktadir. Sonuglar, MDSA’nin
yapilandirilmis ¢izgelerde hakim kiime belirleme problemleri igin etkili bir segenek oldugunu géstermektedir.

Anahtar Kelimeler: Hakim Kimeler, Malatya Merkeziyet Degeri, Malatya Hakim Kiime Algoritmasi, A¢gozli
Algoritmalar, Dinamik Programlama, Teorik Ispat

INTRODUCTION to find the smallest subset of nodes in a graph such that
every node is connected to at least one dominant node,

Mathematical modeling to solve real-world problems  provided that the number of elements in the dominating

is a fundamental approach in many engineering and  set is minimal [7]. The MDS problem plays an important
scientific fields. Graph theory is a structure used in such  role in optimizing network structures by increasing
modeling techniques for many optimization problems efficiency in various areas. In communication networks,
[1], [2]. There are many graph application areas such as  the use of MDS enables the selection of key relay nodes
social networks, computer networks, biological and the optimization of transmission load [8], [9]. In
interaction networks, transportation, wireless networks,  social network analysis, there are studies that apply MDS
text mining, text summarization, network flows, circuit  in determining effective nodes that control information
connections, molecular  simulations,  connection  dissemination [10], [11], [12], [13]. In biological
networks, etc. [3], [4], [5], [6]. As an NP-hard problem,  networks, MDS is one of the methods used in modeling
the Minimum Dominating Set (MDS) problem holds a  basic protein interactions and disease spread [14], [15],
significant position in graph theory. This problem aims  [16]. For the problem of node placement optimization in
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sensor networks, in cases requiring full coverage, the
minimum number of sensor nodes can be determined
using MDS [17], [18], [19]. However, the fact that the
solution of this problem is NP-hard necessitates the
development of efficient algorithms in large-scale
graphs. In the literature, various methods such as
approximation algorithms, greedy algorithms, heuristic
and meta-heuristic methods, and linear programming-
based solutions (integer linear programming - ILP) have
been proposed. However, the vast majority of these
methods either failed to reach the exact optimum solution
or had high computational costs [8], [20].
Malatya Dominating Set Algorithm (MDSA), which we
introduced in our previous study [21], offers a new
method that optimizes the MDS determination process
using the MC Values. In 2023, Yakut and colleagues
introduced Malatya Centralization, which was
subsequently applied to solve maximal independent set
problems for simple graphs [22]. For the best matching
in bipartite graphs, Oztemiz employed the MC algorithm
[23]. The MDSA algorithm takes this centrality system
to a further stage and introduces the second centrality
concept. In our practices, we have seen that the solution
of the minimum dominating set problem using classical
centrality values creates limited effects. In the minimum
dominating set problem, the "Second Layer Centrality
Influence Area" philosophy was created based on the fact
that the influence area of a node should be calculated
together with the secondary neighborhoods. This
philosophy led to the emergence of the Second Malatya
Centrality concept. We show empirically in our previous
study that MDSA performs effectively on large-scale
graphs [21]. Nevertheless, this method requires
theoretical validation and analytical demonstration of its
best solutions for specific graph types.
The aim of this study is to strengthen the theoretical
foundations of MDSA and to mathematically prove that
it produces optimal/near-optimal solutions for some
special graph structures. The study seeks answers to the
following questions:

i.  How can it be proven that the MDSA algorithm is
optimal for certain types of graphs?
What is the mathematical effect of the MC Value
in the minimum dominating set selection process?
How can the theoretical correctness of the MDSA
process of eliminating unnecessary nodes be
demonstrated?
By answering the above questions, this article aims to
support the experimental successes of MDSA with
analytical evidence and to demonstrate that this method
has a theoretically solid basis.

MALATYA DOMINATIN SET ALGORITHM

The Malatya centrality (MC) value was defined by Yakut
and his friends [22] for the first time, and this centrality
value was called as the “First Malatya Centrality” (FMC)
value. This value can be obtained by using Algorithm 1.
The main principle to define the FMC value: “The
relative strength of an entity within a community is
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determined by the strength of its neighbors”. Yakut and
his friends to solve many graph theory problems utilized
this idea.

Definition 1 (First Malatya Centrality): Let G = (V,E)
be a simple graph with VueV, where N(u) is the
collection of u's neighbor nodes other than itself. The
summation of node degree of u over its neighbors’ node
degrees is called the “First Malatya Centrality Value™,
and it is denoted as ¥, (...) (Eq. 1).

The FMC value computed by using the ratio of
corresponding node degree to its neighbors’ degrees as
shown in Eg. 1.

d(u) \dgetive(u)
VVjEN(u) d(vj) d(u)
_ dactive (u) d(u)
- d(u) VvieN(u) d(vj)

Y(uw) =

@)

Algorithm 1. Computing of the FMC Value

Input: A is adjacency matrix of G = (V, E)
Output: ¥,

[y

Initialize ¥; as an empty array of size |V|.
for each vertex v; € V:
if d(v;) # 0 compute:

dactive(w)
¥ () = doce®)

d(w)

ZijEN(u) d(vj)

(]

return ¥,

In Algorithm 1, input A is adjacency matrix of Graph.
The elements of adjacency matrix are initialized as:
[p(x)] = 1if p(x) istrue, otherwise [p(x)] = 0.d(v;)
is degree of the node (how many neighbors it has).
dgctive(v;) is active node degree (whether the
connections are active or not depending on certain
conditions). N(v;) is neighborhood set (other nodes that
the node is directly connected to). Finally, ¥; (v;) is the
MC Value (a decisive metric for MDS).

We defined the Second Malatya Centrality (SMC) value
for the first time and they used it to obtain the minimum
dominating set for the given graph [21]. The
idea/paradigm used in this study is “The relative strength
of an entity within a community is determined by the
relative strength of its neighbors™. The second MC value
definition is given in Definition 2 as defined in [21].

Definition 2 (Second Malatya Centrality): Assume that
G = (V,E) isasimple graph, and vuel/, where N(u) is
the set of neighbor nodes of u except itself. The
summation of node relative strength (FMC value) of u
over its neighbors’ node relative strength (FMC values)
is called the ““Second Malatya Centrality Value” (SMC).



This value is denoted as ¥, (...) and can be calculated
with Eq.2.

#1 () 1 dactive(Vy)
Y,(vy) =
2 Vv EN(v) ?i(y) Jdw)  dw) @
_ 1 dactwe (vy) ¥, (vy)
= d (Ul) d (Ul ZN(V N 1 (v]

The SMC value is quite suitable for the nature of the
dominant set problem since the coverage area can extend
to the tertiary neighborhood (another dominant node).
The algorithm of the SMC values starts with getting the
FMC values, and continue with new centrality values
from FMC values. This computation steps shown in
Algorithm 2.

Algorithm 2. Computing of the SMC Value

Inputs:
A € Adjacency matrix of graph G = (V,E)
Y, € FMC Value

Output: ¥,

1 Compute ¥; using “Algorithm 1”.

Initialize ¥, as an empty array of size |V|.
for each vertexv; € V/:
if d(v;) # 0 compute:
l‘UZ (u) — 1 dactive(i)

a(wy) dy)
return ¥,

2
3
4

¥ (vi)
5 ZVIJJEN(UL) q,l(v N

)}

Node Selection Strategy: All of the nodes in the
provided graph are initially designated as white nodes.
The node with the highest centrality value is chosen
following the computation of the graph's SMC values.
All of its neighbors are designated as gray nodes, and this
node is added to the minimum dominating set. Centrality
values are then computed once more. The node with the
highest centrality value among the white nodes is
identified. The node with the highest value is identified
among the grey nodes. The selection of the grey node
occurs if its centrality value exceeds the white node's
maximum centrality value and if its number of neighbors
is at least two times bigger than the white node's. The
white node is chosen in the alternative scenario. This
process is repeated until there are no white nodes left in
the graph. Thus, it is ensured that all nodes are covered
under a minimum dominating set. This situation is
demonstrated by Algorithm 3.

Algorithm 3. Overall Minimum Dominating Set
Algorithm

Inputs:
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A & Adjacency matrix of graph ¢ = (V,E)
Output: V, <V, Vp is optimal minimum dominating set

Initialize all nodes v; with color 0 (white), indicating
they are unprocessed.

2 while at least one white node remains:

3 Compute ¥, using “Algorithm 2”

4 u=argmax{¥,(v)}

5  Mark u as a dominating node (color = 2, black).

6 VD = VD Uu

7  Mark all neighbors of u as covered (color = 1, grey).

8  Update adjacency matrix A to remove connections
involving u:

9 A(u, k) < 0and A(k,u) < 0 forall k in N(u).

10 If any neighbor r of u has degree = 1, remove its

connections: A(r, k) < 0and A(k,7) < 0
11 Eliminate redundant nodes
12 Return Vp

Principle 1: An entity's strength ought to be measured in
relation to the strength of its neighbors within its
community (Fig.1).

Peripheral nodes effect the centrality
values of corresponding node

Corresponding node

Figure 1. The central is the node whose centrality value is
subject to computation. The peripheral nodes are used to
compute the first centrality values.

The power of a node is proportional to the powers of that
node relative to its neighbors. The MC value of node ‘a’
is computed by using its degree and its neighbors’
degrees. We called this concept as First Layer Centrality
Effect Region. In literature, Jiang and Zheng defined a
new graph for the given graph, and they called it as 2-hop
graph [24]. Assume that, G = (V,E) is a graph and the
corresponding 2-hop graph is:

©)
(4)

2= (V,E)
E, = {(w,v)|(w,v) €E or N(u) N N(v) # @}

Two nodes u and v are adjacent in G2 if and only if u and
v are 2-hop adjacent in G. G2 is called the 2-hop graph
of G. The similar logic or philosophy was used in
Malatya Dominating Set Algorithm, and due to this case,
this algorithm is an effective algorithm. In Fig.1, the aim
is to compute the FMC value of node “a”. So that the
degree of node “a” is over the degrees of nodes “b”, “c”,
“d”, “e”, “f”. The summation of these ratios give the
FMC value of node “a” (Fig.1).



Principle 2: An entity's relative strength can be defined
as its strength in relation to its neighbors' relative
strengths within its society (Fig.2).

Figure 2. The central is the node whose centrality value is
subject to computation. The peripheral nodes are used to
compute the second centrality values.

The SMC value for node “a” can be computed similar to
the FMC value. The FMC values are used to determine
the independent set, vertex-cover sets. It is not suitable to
determine the MDS. In order to determine the MDS, the
SMC values are used. This case is called as “Second
Layer Centrality Effect Region” (Fig.2). When a node is
selected for MDS such as node “a”, the next node
selected for MDS may be neighbor of one of the nodes is
set {g, h, i, j, k, m, n, p, q}. This philosophy should be
used for all MDS algorithms.

Definition 3: Assume that G = (V, E) is a graph and V},
is the minimum dominating set for G obtained by using
Malatya Dominating Set Algorithm. Ju € Vj,,Vv; €
N(u), all v; have got more than one black node, then
node u is called redundant node.

The Redundant Node Elimination algorithm changes the
state of redundant node in V;, (the minimum dominating
set). The Malatya Dominating Set finalized with node
colors as grey and black. If the grey neighbors of the
nodes in the MDS have more than one black neighbor,
two or more black neighbors of the grey are added to the
grey nodes list and the grey node is added to the black
nodes list.

VERIFYING OPTIMALITY OF MALATYA
DOMINATING SET FOR SPECIAL GRAPHS

The Malatya Dominating Set algorithm can be verified
that it is optimum for some important graphs.

Theorem 1: Malatya Dominating Set algorithm is
optimum for path graph B,.

Proof: Assume that G = (V, E) is a path graph of size n,
Fig. 3 illustrates the first step of determining the first
element of V.
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Algorithm 3 should be used to the graph shown in Fig. 3
in order to determine the best dominating set. Fig. 3
displays the algorithm's results. The SMC values are
calculated using Algorithm 2 for the initial step of
Algorithm 3 following the computation of the FMC
values. Fig. 3 (a) displays the MC values for the original
graph, whereas Fig. 3 (b) displays the values for the
revised graph. The first element chosen for V;, is node
"2," while the second element chosen for V}, is node "5".
This is how the process continues. Table 1 lists the
cardinalities of dominating set for various B, sizes.

Table 1. The cardinalities of V, obtained by the Malatya
Dominating Set algorithm for different sizes of B,.

n 345678910 11 12 13 14 15 16

V| 1222333 4 4 4 5 5 5 6

O

Figure 3. MC values for the original Path graph are shown in
(a), while the values for the revised graph are shown in (b).

The optimum cardinalities of VD can be computed by
Eq.5.

EJ +1,ifnmod3 =1

Vp| = ng+1,ifnmod3=2 (5)

EJ, if nmod3 =0
In other word, it is seen that the formula for the
cardinality of Vj, is |Vp| = [%] where [...] is a ceiling
function li

Theorem 2: MDSA is optimum for cycle graph C,,.

Proof: Assume that G = (V, E) is a cycle graph of size n
and Fig. 4 illustrates a cycle graph. The FMC values are
all 2 for all nodes and the SMC values for all nodes are
1. In this case, any node is randomly selected and selected
node and its neighbors are colored as grey. This process
concludes in path graph. The optimum case of Malatya
Dominating Set algorithm for path graph was verified in
Theorem 2. The node ‘1’ is selected randomly, then
selected node is removed from graph and its neighbors
(1, 2, n) are colored as grey C,, and this case concludes
in path graph P,_;. In the case of cycle graph, the
neighbors of selected node are also removed from given
graph, since all grey nodes have active degrees as 1. The
Malatya Dominating Set algorithm obtains the following



minimum dominating set cardinalities with respect to
cycle sizes (Table 2 illustrates these cases). The selected
node and its neighbors are removed from the given graph,
and this case is Pg,_3) = C, —{1,2,n}. The obtained
result is a path and the Malatya Dominating Set algorithm
is optimum for path graph.

Table 1. The cardinalities of V, obtained by the Malatya
Dominating Set algorithm for different sizes of C,,.

n 345678910 11 12 13 14 15 16

Vo] 1222333 4 4 4 5 5 5 6

The cardinality of 7, is given in Eqg.5. In other way, it is
seen that the formula for the cardinality of V, is |Vp| =
[%] where [...] is a ceiling function ll

O

Figure 4. Cycle graph and at the first step node ‘1’ is selected.

Theorem 3: Malatya Dominating Set algorithm is
optimum for star graph S,,.

Proof: Assume that S,, = (V, E) is a star graph as seen in
Fig.5. The node degrees d(2) =d(3) =+ =d(n) =1
and d(1) = n — 1. So, the FMC value for all nodes is:

Vi(2) = ¥1(3) = ¥ (4) = - = ¥1 () = Ty and
n_—1+n__1+ ...+"__1 (6)
(1) = ——— L= (n-1)?
n—1 .
lPZ (2) = W2(3) = qu (4) = e = [[jz(n) — (nf)z _ (n_ll)s (7)

1

(en™1)

and ¥,(1) = ((%)/(n — 1))

n-1

The structural visualization of star graph is shown in Fig.
5.
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Figure 5. Star graph of size n.

The node ‘1’ has maximum SMC value and it is subject
to select for minimum dominating set. The remaining
nodes are all neighbors of node *1°, and they all are added
to set Vy. This is the optimum result for star graph Il

Theorem 4: Malatya Dominating Set algorithm does not
include redundant nodes for bipartite graph G = (V,E)
where V=V, U V,, ;N V, =0, V| =m, |V,] =n,
mz2>2,n2=>2.

Proof: The proof can be handled for bipartite graphs in
two cases.

Case a: Assume that K., , = (V, E) isagrid graph where
[Vl]=m+n, and V=V,uU, V,nU=¢. The
optimality of the Malatya Dominating Set algorithm for
given graph (Fig.6).

Figure 6. Complete bipartite graph.

Without losing generality, assume that m > n. The SMC
values are as follow:

VVi € Vl = lIJl (Ui) = %2 (8)

m?
andVu; e U= ’z"l(ui) =

_nz

©)

VVi € V1 = "1,2 (Vl)

1
n md

SELIES



m? r rr—1\r—-1
anquieU:lez(ui)=L2.—=— qjl(ui):<k_1+ k r
) ) _(r-Dk-r+1)
% <1land % > 1, then one of the nodes in U is selected h k(k—1)
for the minimum dominating set. After this step, the and the remaining nodes have the following the FMC
nodes in V; are marked as grey and all nodes in U have  Vvalues:
active degrees as zero. Due to this case, all the remaining r r2
nodes in U are added to the minimum dominating set. The Y (y) = Er =%
n > m case is similar to this case.

(12)

3

(13)

All nodes in given graph are grouped into four groups.
a) The nodes in v;eV, have degrees as k-1, and so their
SMC values are:

Case b: Assume that G is not a complete bipartite graph
and G = (V,E) is a bipartite graph where V = V1UV,,
VinVo=, |Vi|=n and |V2J=m. Thus, the situation in

Eq.10 will occur. (e=1)? (k-1)2
¥2(v)) =| o= ¥ + = (k=) -
Vy; €V, 1<i<n1<d(y)<m k(le=1) T A (14)
, (10) _ yk(k=1?  k(k=D(k—p)
andvv;eV, 1<j<m,1<d(vy) <n Trr—-D@k-r+1) r2

Malatya Dominating Set algorithm consists of four steps:
Computation of the FMC values, the SMC values,
selecting maximum arguments and the redundant node . s .
eliminations. Without losing generality, assume that P) The nodesinv;eV, have degrees as °k’, and so their
vy €Vy, 1<i<n, d(w)=rand VveV,1<)< SMC values are:

m, d(v;) = k. This situation can be seen in Eq. 11.

where y is the number of grey neighbors of node v;.

k? k?
- - 1
_r_ 72 _k, k% lIIZ(UJ')Z —1 Tz—r+1 y+rLz(k_V)E
ll’l(ui) —;T’—7and lpl(vj) —;k—— ( k)((k—l) ) N (15)
e e, QD YiRk=1 | (k=pk?
~ . L= —
and ¥, (u;) =k—E;=k—3and ‘I’z(vj) :E;:r? rr—D@k-r+1) r3
r k

2 2 where y is the number of grey neighbors of node v;.
If r > k then ¥, (w;) > ¥, (v;) = — >~ .AnodeinV,

can be selected for the minimum dominating set. After ¢) The nodes in u;eV; have degrees as r — 1 (have y

selection of a node to minimum dominating set makes neighbors), and so their SMC values are:
decreasing in degrees of r nodes in V, by 1 (as seen in
Fig.7). The FMC values for nodes in V, are seen in Fig.7. W, (u;) = =¥ [T(r‘l)(”“”l) +
2V T ()2 Kk3(k—1)
r(r-1(rk-r+1)
(v Wi(v)=(k-1)2Ir ()=l k(k-1)3 (r-1- )/)] (16)
‘ LN — RN . P— ! :[r(rk—r+1) v r(rk-r+1) (r—1- )/)] r-1-y
& 00 -0 g TrenTuw
() e ) ) ) () )
\*/ - " d) The nodes in u;eV, have degrees as r (have y
neighbors), and so their SMC values are:
(D () e () v O O Yo (w) = r + r ( )
N > N 2= Y M=z Y T V| T2 (17)

Selected node r r
= [FV +m(7’ —V)] r—v)
Figure 7. The node selection process changes degrees of some

nodes. There are four cases to compute the SMC values of all

nodes in the changed graph. Assume that k = r, then the
centrality values are simplified as follows (at the second
step, all nodes in V, do not have grey neighbors).

The new state of graph is as follow: |V;| =m —1,
|V;| = n, and there are r grey nodes, one black node. The
remaining nodes are white nodes. The remaining nodes
in V; have the following the FMC values (the nodes in V; (k=1) . (k=1

can be grouped into two ways with respect to node a) ¥(v;) Tkrok+1 Tk
degrees). b) ¥o(v) = o+

2_ 2_
e+ e (k =y = D] =y = 1)
1

Vo) = [y + g e =1 =)

The nodes (assume that these nodes are denoted as ¢) ¥,(u;) =[
u; have degrees as k-1. Thus, ¥; (u;) is: d)
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Without losing generality, lets k = 4, then

(k D)

a) ¥,(v) = = + = =098

b) ¥,(v;) = k+1+—=033

DRACHE [,’j(kff; e k-1-p|k-1-7)
_ 156465y .,
) 1324 (31 ) 64—7

d) ¥Yo(w) = [p]’ + oo (K —V)] k=p)=="rG-7)

Incase of y = 1,
a) ¥,(v;)
b) ¥,(v;) =033
¢) ¥,(u;) =136
d) ¥,(u) = 1.19

In this case, all nodes in V; are white nodes, and the
selected node in the second must be element of V;. This
process is carrying on until all nodes are black or grey B

0.98

IR

Theorem 5: Malatya Dominating Set algorithm is
optimum for a regular graph of degree (girth graph) 3.

Proof: The Malatya Dominating Set algorithm obtains
the minimum dominating set for the given graph. The
proof will be handled by using a similar way to
mathematical induction. A sample of 3-degree graph is
shown in Fig. 8.

Nodes [ 1|2 |3|4|5]|6

Y, 313131333

¥, 1111112

Figure 8. A graph of degree 3

In Fig.8, all the second centrality values are equals and
any node is selected to minimum dominating set. Assume
that this node is 2, and the nodes 1, 3 and 5 are marked as
grey. The nodes 4 and 6 are white nodes of active degrees
are equal to zero. In this case, both nodes are added to the
minimum dominating set. The obtained result is
optimum. The same process can be handled on the graph
as seen in Fig.9.

Initially, all nodes of graph seen in Fig.9(a) have 1 as the
SMC values. The yellow node is selected to the
Minimum Dominating Set Vp, and cyan nodes (grey
nodes) are marked as grey nodes. Fig.9(b) illustrates node
with the SMC values, and at this case, node va can be
selected for the Minimum Dominating Set. The nodes vs,
Vs and Vi+4 are marked as grey nodes.

The process can be specified as a principle such as if the
node v selected to the minimum dominating set, the
nodes v,_;, v,-41 and v, are marked as grey nodes

(assume that |V| =n = 2k). Each step covers four
nodes, and if the number n is multiple of the number 4,
algorithm determines Vp of sizeasn/4 B

a)
.”"---‘\‘.
s [ v ) =
- ll\‘:._a_//]
~
| Vaier |
N = By
| va |
—
Vi+a ‘:|
—r /.
£ \ X /
[ vz | e
N e
A A Vi1
hY
k:’k +y Vi | ~—
.t -
b)
0.79
L (/—\0,?9
& 4
0.74 Az
N [ vy
Vok1 | \
1.61
p '\_\
[ Vies )
=
e | Vicz J
[ Viez |
N

& ()
; 8

Figure 9. A regular graph G = (V, E) where |V| = n = 2k of
degree 3.

Theorem 6: Malatya Dominating Set algorithm is
optimum for a regular graph like hypercubes.

Proof: Assume that H; = (V, E) is a hypercube of size n
and dimension d = Ign where n = 2¢. All node degrees
are equal to d = Ign where n is the number of nodes in

H,. Initially, all nodes have active degrees as d = Ign.
This situation can be seen in Eq.18 and Eq. 19.
_lgn lgn lgnign g (18)
Vv, €V, ¥, (v;) = lgn —+— gn ™ lgn lgn =lgn
gn Ign Ignign 1 tn (19)
Vv, €V, ¥, (v;) = + lgn . lgnlgn lgn 1



In this case, any node can be selected to minimum
dominating set, and assume that the selected node is u.
The N(u) are marked as grey (gray) nodes. The
neighbors of grey nodes are depicted as red nodes. The
green node and its edges are removed from original
graph. Fig.10 illustrates the H5 after one node selection
process. Fig.10 depicts that there are four node types with
respect to their neighbors’ status. The red nodes are 2-
hop nodes to the selected node, and white nodes are 3-
hop nodes with respect to the selected node. In order to
select next node to the minimum dominating set, the
centrality values should be re-computed for the re-
formed graph after deletion of the selected node (green
node). The FMC values are as follows for all types of
nodes. Eqs.20-22 are symbolized this situation.

lgn—1
YVyrey €V, %1 (v =(gn-1)
grey 1( grey) 9 lgn (20)
_(lgn—1)?
- lgn
2lgn
YVreq € V,¥1(Vrea) = lg_—l + ({gn—2) 1)
_2lgn+ (gn—-1)(lgn—2)
B lgn
lgn
VVywhite €V, ¥1 (vwhite) = l_lgn = lgn (22)
gn
@ O O ®
e @ & O
® ® ® O
® O O
@ o ®
® i ® O
® 0 ;

Figure 10. Hypercube of size 5 and the selected node and its
neighbors.

The SMC values are as follows for all types of nodes:

Vgrey €V, W2 (Vgrey) =

(gn —1)*
lgn lgn—-1 1 (23)
2lgn+ (ign — D(Ign—2) Ign — 1lgn—1
lgn
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_ lgn—1
Tlg?n—Ign+2

VVreq €V, ¥ (Vrea) =
2lgn + (Ign — 1)(Ign — 2)

lgn
(lgn—2) g Ign—-2 1
o “lgn Ign (24)
+2lgzn—lgn+2 gngn
(lgn —1)?
(. lg’n—lgn+2 lg?n—Ign+2\lgn—2 1
h <2 (Ign —1)? +(gn=2) lg®n lgn lgn
Vwhite € V, Y2 (Vwhice) =
5 lgn
2lgn + (lgnlg—nl)(lgn —2) Ign 1
“ 2 lgn lgnign (25)
gn lgn
- lg’n _2n)-L
_(2 2lgn+(lgn—-1)(ign—-2) + (l‘gn 2)) gn

The all nodes 4-hop or more faraway to the selected node
have the SMC values as follows (v; € V, v; is 4-hop or
more faraway):

lgn lgn (26)
Yo (vi) = Ign +

lgn lgnlgn 1

lgn

Ignignign

In order to select next node to minimum dominating set,
the SMC values should be compared and the node whose
centrality value is maximum, should be selected. The first
step is to compare grey and red nodes’ SMC values:

¥, (vgrey)kl =¥, (Vyea)

( lgn—1 )k
la?n —lan+2/) 1~
lg°n—lgn+2 27)
lg?n—Ign+2
(Ign — 1)2 lgn—2 1
lg?°n—Ign+2 | lgn lIgn
+(lgn — Z)Ig—zn
where k; =

lg*n(ign—-1)>? and
2lg2n(lg?n-lgn+2)(lgn—2)+(lgn—-2)2(lgn—-1)2(lg2n—lgn+2)

1 2(lg’n-lgn+2)(lgn-2) , (lgn-2)%(lg’n—Ign+2)

where

ko lg?n(lgn—1)2 lg*n
lgn-2)2(lg®n-lgn+2 4(lgn-2
(ign—-2)“(lg°n—-ign+2) , (lgn-2) < 1and
lg*n Ign(lgn—-1)2
2(lgn—2)2
(ign-2) <1

1g%n(lgn—-1) '

limn — oo (gn-2)%(lg?n-ign+2) _ 1
lg*n
4(lgn-2)
gn(lgn—12 0 and

limn - o



limn - oo 20gn=2 _ 4 ,
oPn(onD 0 imply that k, > 1. That’s

Why, lPZ (vwhite) > lpz (vred) u

NON-REDUNCDANCY OF
DOMINATING SET ALGORITHM

MALATYA

Malatya Dominating Set Algorithm (MDSA)is an
efficient algorithm to find the minimum dominating sets
for given graphs, since the space and time complexities
of MDSA are polynomials. MDSA finds near-optimal
solutions for some graphs, and due to this case, MDSA is
an optimal or near-optimal algorithm. The requirement of
revision in algorithm is needed. Fig.11 illustrates this
case, i.e. red nodes are elements of minimum dominating
set, and green nodes are elements of neighbors of
dominating nodes. The red nodes 10, 20 can be removed
from minimum dominating set and in this case, green
node 15 should be added to minimum dominating set.
Due to this case, “redundant node elimination” should be
done in this perspective.

@21 ®16 ® 11 6 ®1
®2> 017 ©12 o7 ®2
®23 18 ®13 o8 ©3
@24 019 o 14 o9 ®4
©25 @20 o115 ®10  ©5

Figure 11. Near-optimal solution for grid 5x5 without Node
Justification process.

Fig.11 illustrates the result of MDSA for grid graph of
size 5x5. The nodes 10 and 20 are redundant nodes with
respect to Definition 3. “Redundant node elimination”
algorithm detects node 15, and in this case, black nodes
10 and 20 are converted to grey nodes and node 15 is
converted to black node. This is the last step of MDSA
and it eliminates redundant nodes from the minimum
dominating set and adds new node(s) to minimum
dominating set.

TIME AND SPACE COMPLEXITIES OF MDSA

The justification of the optimality of these algorithms
were handled in this paper. The justification of these
algorithms was handled in two ways: according to
obtained solutions, time-space complexities. The time
and space complexities were given in subsequent pages.

Theorem 7: The algorithm 1 consumes the time and
space in polynomial forms for given graph G = (V,E)
where |[V| = nand |[E| = m.
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Proof: The graph data structures can be performed in two
ways. The proof of theorem can be given in two ways:
Matrix can be used to represent the given graph. In this
case, usage space is only an n X n matrix, where |V| =
n. Due to this case, the space complexity of Algorithm 1
is Pyci(n) = @(n?). The FMC computation requires
traversing adjacency matrix once. That’s why, the time
complexity of Algorithm 2 is Tycq(n) = @(n?).If the
graph is represented by linked list, then the space usage
is for Algorithm 1 is Pmci(n)= O(n.A(G)). So, the time
consumption of Algorithm 1 is O(A(G). n)®

Theorem 8: The algorithm 2 consumes the time and
space in polynomial forms for given graph G=(V,E)
where [V|=n and |E|=m.

Proof: The graph data structures can be performed in two
ways. The proof of theorem can be given in two ways:
Matrix can be used to represent the given graph. In this
case, usage space is only an n X n matrix where |V|=n.
Due to this case, the space complexity of Algorithm 2 is
Pumc2(n)= ©(?). The FMC computation requires
traversing adjacency matrix once. That’s why, the time
complexity of Algorithm 2 is Tmca(n)=0(n?).If the graph
is represented by linked list, then the space usage is for
Algorithm 2 is Puc2(n)= O(n.A(G)). So, the time
consumption of Algorithm 2 is Tycz(n)=0(A(G).n) ™

Theorem 9: Assume that ¢ = (V, E) is a graph where
|[V] =n and |E| = m. The Algorithm 3 has polynomial
time and space complexities.

Proof: G = (V,E) = Gy = (Vy, Ey), |V|=n, where |V|=n.
In order to select a node to the minimum dominating set
requires usage of Algorithm 1 and Algorithm 2 once.
¥, (...) and ¥, (...) are computed. After selection of one
node to the minimum dominating set, given graph is re-
formed. The same process is repeated. The complexity of
DominatingSet algorithm can be phrased in two ways
(adjacency matrix, linked list). y(G) is the cardinality of
minimum dominating set, Ts(...) is the time searching
node for minimum dominating set.

Case 1: Adjacency matrix:

v(G)
Tos() = ) (Tucr (Vi) + Tuco (Vi) 28)
~y Ts(IVi)) = 0(y(G)n?)
Case 2: Linked list:
y(G)
Tos = 3 (s otacomy o tsvy) 2

i=0
= 0(y(6).n.A(G))
So, the proof is completed



CONCLUSIONS

This study presents analytical verifications to strengthen
the theoretical foundations of the Malatya Dominating
Set Algorithm (MDSA). Previous studies have shown
that MDSA has given successful results experimentally
on various datasets and graph structures. However, these
experimental successes needed to be mathematically
proven and it needed to be proven that the algorithm
produces optimal or near-optimal results on certain graph
types. Accordingly, in our study, it has been
mathematically shown that MDSA gives the best results
with the least number of nodes on certain graph types and
its theoretical framework has been strengthened.

One of the most important contributions of the study is
the analytical modeling of the minimum dominating set
determination process using the Malatya Centrality
Value and proving that it can produce optimal solutions.
Mathematical analyses performed especially on Path,
Cycle, Star, and Bipartite Graph types have revealed that
MDSA can create optimal minimum dominating sets for
these graph types. In addition, it has been mathematically
proven that the minimum dominating set can be created
on regular graph types such as grid-based structures and
hypercubes.

Another important feature of MDSA is that it can
produce redundant minimum dominating sets. Unlike
traditional greedy or heuristic methods, MDSA includes
the Redundant Node Elimination mechanism. In our
study, it is shown that this mechanism is mathematically
verified and that the algorithm can optimize the minimum
dominating set size by eliminating unnecessary nodes.
This feature shows that MDSA is built on a theoretically
stronger foundation compared to other minimum
dominating set algorithms.

Analysis in terms of time and space complexity proves
that MDSA has polynomial time and memory
requirements and offers an efficient approach to solve the
dominating set problem. The Minimum Dominating Set
(MDS) problem, which is NP-hard, is generally
addressed in the literature with heuristic or ILP-based
approaches. However, MDSA offers significant
advantages over existing methods in the literature since
it is both more efficient in terms of time and provides
optimal solutions for certain graph types.

In conclusion, this study mathematically proves that
MDSA produces analytically optimal results for certain
types of graphs and presents a new theoretical framework
for minimum dominating set problems. Specifically, the
non-redundant minimum dominating set creation
mechanism's analytical demonstration adds significantly
to the body of research. MDSA should be supported by
more comprehensive analyses in the future and made
usable in different applications due to its ability to
determine minimum dominating sets and produce
optimal solutions in polynomial time complexity.
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Therefore, our study provides a theoretical basis for new
research on minimum dominating set problems and takes
an important step towards increasing the efficiency of
centrality-based algorithms.
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ABSTRACT

This study investigates the adsorption performance of a novel activated carbon synthesized from Chenopodium botrys
using potassium carbonate (K,COs) for the removal of Cu(ll) ions. The structural and surface properties of the
prepared adsorbent were characterized by FT-IR, SEM, and EDX analyses, confirming its porous structure and the
presence of surface functional groups. Adsorption experiments were conducted to determine the optimum operating
conditions, and kinetic data showed a strong fit to the pseudo-second-order model, indicating that the process is
governed by chemisorption. Isotherm analysis revealed that the adsorption occurred in multilayers on a heterogeneous
surface, with the Freundlich model providing the best fit. Thermodynamic evaluations demonstrated the endothermic
nature of the process, with adsorption capacity increasing with temperature. Overall, the results suggest that this
Chenopodium botrys-derived activated carbon is a cost-effective and environmentally friendly material for the
treatment of Cu(ll)-contaminated wastewater.

Keywords: Adsorption, Activated carbon, Chenopodium botrys, Removal of Cu (1), Heavy metal

Chenopodium botrys'ten Taretilen KoCOs-Aktif Karbon Kullamlarak Sulu Cozeltiden
Cu(II) Adsorpsiyonu: Siirdiiriilebilir Bir Yaklasim

(0)4

Bu ¢alisma, Chenopodium botrys bitkisinden potasyum karbonat (K>COs) kullanilarak sentezlenen yeni bir aktif
karbonun Cu(II) iyonlariin giderimindeki adsorpsiyon performansini arastirmaktadir. Uretilen adsorbanin yapisal ve
yuzey ozellikleri FT-IR, SEM ve EDX analizleri ile karakterize edilmis; gozenekli yapisi ve yiizey fonksiyonel
gruplarinin varlig1 dogrulanmigtir. Adsorpsiyon deneyleriyle optimum ¢aligma kosullari belirlenmis ve kinetik veriler,
siirecin kimyasal adsorpsiyonla gergeklestigini gosteren sézde ikinci dereceden modele yiiksek uyum saglamistir.
Izoterm analizleri, adsorpsiyonun heterojen yiizeylerde ¢ok katmanli gerceklestigini ve Freundlich modeli ile en iyi
sekilde tanimlandigini ortaya koymustur. Termodinamik analizler, siirecin endotermik karakterde oldugunu ve
sicaklik artistyla adsorpsiyon kapasitesinin yiikseldigini gostermistir. Elde edilen sonuglar, Chenopodium botrys
kokenli bu aktif karbonun, Cu(II) igeren atik sularin aritiminda ekonomik ve gevre dostu bir alternatif olabilecegini
gOstermektedir.

Anahtar Kelimeler: Adsorpsiyon, Aktif karbon, Chenopodium botrys, Cu (II), Agir metal

INTRODUCTION in marine organisms and long-term health issues in
humans, such as liver and kidney damage, neurological
Heavy metal pollution in water bodies has emerged asa  disorders, and gastrointestinal  distress  [10,11].
major environmental and public health concern due to its ~ Therefore, the development of efficient, cost-effective,
toxicity and persistence [1-4]. Among various heavy and environmentally sustainable methods for Cu(ll)
metals, Cu(ll) is widely recognized for its hazardous removal is essential [12].
effects when present in excessive amounts [5-7].  Adsorption iswidely considered one of the most effective
Industrial activities such as electroplating, mining, and  techniques for heavy metal removal due to its simplicity,
fertilizer production contribute significantly to copper high efficiency, and low operational costs [13]. Activated
contamination in water [8,9]. The accumulation of Cu(ll)  carbon, known for its large surface area and porosity, is
in aquatic systems poses risks including bioaccumulation —a preferred adsorbent. The selection of precursor
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materials for activated carbon production significantly
influences its adsorption capacity and economic
feasibility [14,15]. In recent years, agricultural and plant-
based wastes have gained attention as sustainable and
renewable precursors for activated carbon synthesis [16-
21].

Chenopodium botrys, commonly known as Jerusalem
oak, is an underutilized plant species with a high carbon
content, making it a promising raw material for activated
carbon production. This study utilizes Chenopodium
botrys as a precursor for activated carbon synthesis,
employing K,COs as a chemical activator to enhance
surface area and porosity. The prepared activated carbon
was evaluated for Cu(ll) adsorption under different
experimental conditions to determine its efficiency and
adsorption mechanism [22-24]. The study further
investigates the adsorption kinetic, and isotherm
properties to provide insights into the adsorption process.
This study gives light on the adsorption mechanisms and
emphasizes the potential of K,COsz-activated carbon as a
sustainable heavy metal removal solution by examining
the adsorption behavior of Cu(ll) on Chenopodium
botrys-derived activated carbon and evaluating the
kinetic and isotherm parameters.

MATERIAL and METHODS

Preparation of Chenopodium botrys

Chenopodium botrys was harvested from fields in Bitlis
and dried at room temperature for 30 days. The dried
material was thoroughly washed with deionized water,
ground, and sieved to obtain particles of 300-500 pm.
The sample was then heated at 105 °C for 24 hours to
eliminate residual moisture and stored in a sealed
container under laboratory conditions.

Preparation method of activated carbon

Activated carbon was synthesized using chemical
activation with K,COs. A 1:1 ratio of organic matter to
K2CO3 was used, where 5 g of Chenopodium botrys and
5 g of K,COs were mixed with 50 mL of deionized water
and left for impregnation for 24 hours. The mixture was
then filtered and subjected to carbonization in a high-
purity N2 atmosphere at 500 °C for 45 minutes. After
activation, the sample was washed with 0.5 M HCI to
remove residual impurities, followed by multiple rinses
with boiling deionized water. The final product was dried
at 120 °C for 12 hours.

Adsorption experiments

A series of erlenmeyer flasks with a 50 mL volume were
used for these studies. By choosing pH, concentration,
adsorbent quantity, and contact time, the factors
influencing adsorption were experimentally examined. A
1000 ppm stock solution of Cu (Il) ions was prepared
with Cu(S04).5H20. Cu (1) ion solutions ranging from
25 to 150 ppm were prepared by dilution from the stock

58

solution and utilized for isotherm investigations. Then
the measurements were made at room temperature at
specific pH values (2-10). In each experimental series,
the process was conducted in accordance with the proper
contact time after 50 mL of metal solution and the correct
volumes of activated carbon were combined in a shaker
running at 10,000 rpm. Following adsorption, the
samples were filtered, and a UV-Vis spectrometer was
used to determine copper amount in the supernatant.

RESULTS and DISCUSSION

Characterization of activated carbon with FT-IR,
EDX, and SEM

The FT-IR spectrum of activated carbon produced
through K>COs activation, as shown in Figure 1, offers
valuable information about the adsorbent surface. The
transmittance spectrum displays distinct peaks at specific
wavenumbers, corresponding to various chemical bonds
and functional groups. A broad band in the 3400-3600
cm range is typically associated with O-H stretching
vibrations, which may arise from adsorbed moisture or
hydroxyl groups attached to the surface. The presence of
these hydroxyl groups suggests potential hydrogen
bonding interactions that enhance the adsorption
properties of the material [4]. C=0 stretching vibrations
are represented by a noticeable absorption band at about
1700 cm, which suggests the existence of carboxyl or
carbonyl functional groups. These oxygen-containing
groups play a significant role in adsorption mechanisms,
especially in the removal of metal ions [25,26]. C=C
stretching vibrations from aromatic compounds inside
the carbon matrix are responsible for peaks in the 1500—
1600 cm™* range, which validate the synthesis of activated
carbon [27]. Furthermore, bands seen between 1000 and
1300 cm™ are linked to ether, lactone, or phenol groups'
C-O stretching vibrations. These functional groups
contribute to adsorption by providing active sites for
interactions with pollutants [28].

~ 0354 ——ACK,CO,
=]

=

=~ 0,304

o

2

= 0,254

=

-

'E 0,20 4

o

S 0154

= 0,15

-

B 0,104

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm™)

Figure 1. FT-IR analysis of Chenopodium botrys-activated
carbon.



The EDX spectrum in Figure 2 confirms that the sample
contains primarily carbon (C), with notable amounts of
oxygen (O) and potassium (K). The oxygen signals
indicate that the carbon structure may have oxygen-
containing functional groups, enhancing chemical
reactivity. The presence of potassium suggests that some
K from the activation agent (K.CO3) remains, which may
affect the material’s properties. This composition is
typical for activated carbon prepared using alkali
activation, commonly used for adsorption, catalysis, and
electrochemical applications.
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Figure 2. EDX analysis of activated carbon derived from
Chenopodium botrys

The SEM images in Figure 3 show an irregular, porous,
and rough surface, characteristic of activated carbon. The
sample consists of aggregated carbon particles with
varying sizes, some larger chunks mixed with finer
particles. The rough texture suggests significant surface
modifications, likely due to the activation process. The
presence of numerous micro- and mesoporous is visible
as small cavities and rough edges. K,COj3 activation is
known to create well-developed porosity by chemical
etching, which enhances the surface area for adsorption.
The particles appear loosely packed, with some forming
agglomerates. The fine powder-like structures indicate
that the material may have undergone fragmentation
during the activation or post-processing. The activation
process with K,COj leads to carbon gasification and pore
formation, which enhances the porosity. The rough and
uneven structure indicates that K,COs effectively created
micropores.

Figure 3. SEM analysis of Chenopodium botrys-activated
carbon.
Optimum adsorption conditions
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In Figure 4, for all concentrations, the adsorption
capacity increases quickly within the first 20 minutes,
suggesting fast surface adsorption. After 20 minutes, the
adsorption capacity plateaus, indicating that equilibrium
has been reached. Adsorption sites are saturated, and
further Cu(Il) removal slows down significantly at
equilibrium.

60

g

q, (mg/g)

200 4

100 =

B 50 ppm
® 100 ppm
4 150 ppm

T T T T
20 40 6 L 1)

Time (min)

Figure 4. The effect of contact time on the adsorption of Cu (I1)
ions by Chenopodium botrys-activated carbon.

Figure 5 shows that Cu(ll) adsorption is strongly pH-
dependent, with maximum adsorption occuring at pH 2.
At low pH, adsorption is at its highest for all
concentrations. As pH increases beyond pH 6, adsorption
capacity gradually decreases. This trend is consistent
across all Cu(ll) concentrations. At low pH levels,
negatively charged Cu*?> forms are electrostatically
bonded to the positively charged adsorbent surface due to
the abundance of hydrogen ions in the surrounding
environment. Reference studies have reported similar
findings [29,30].

= 50ppm
® 100 ppm
4 150 ppm

SiN) o

q. (mg/g)

100 o

T T T T
2 4 fi 8

pH

0

Figure 5. The effect of pH on the adsorption of Cu (lI) ions by
Chenopodium botrys-activated carbon



According to Figure 6, as the initial Cu(ll) concentration
increases from 25 to 150 mg/L, the adsorption capacity
(ge) steadily increases. This suggests that more Cu(ll)
ions are available in solution, leading to higher
adsorption per gram of adsorbent. The percentage
removal of Cu(ll) decrease as C, increases. At low initial
concentrations, A% is higher, indicating -efficient
adsorption due to the availability of abundant active sites.
At concentrations above 100 mg/L, A% decreases,
suggesting that adsorption sites are approaching
saturation [31].
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Figure 6. The effect of initial concentration on the adsorption
of Cu (lI) ions by Chenopodium botrys-activated carbon

At low adsorbent dosages (0.01 g), ge is highest for all
concentrations (Figure 7). At 150 ppm, adsorption
capacity is the highest across all adsorbent dosages,
followed by 100 ppm and 50 ppm. This suggests that
more Cu(ll) ions are available in solution, leading to
higher uptake per gram of adsorbent. Increasing
adsorbent dosage increases the number of available
adsorption sites, but at the same time, the Cu(ll)
concentration remains the same. Since the ratio of
available metal ions to adsorbent sites decreases, the
adsorption capacity (ge) per gram of adsorbent declines.
While the total amount of Cu(ll) removed increases with
adsorbent dose, the adsorption per gram of adsorbent
decreases.This is because, at higher dosages, excess
adsorption sites remain unused, leading to lower
adsorption efficiency per gram [32,33].
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Figure 7. The effect of adsorbent amount on the adsorption of
Cu (1) ions by Chenopodium botrys-activated carbon

Adsorption’s kinetic way

The linear form of the pseudo-first-order (PFO) and
pseudo-second-order (PSO) kinetic models is expressed
by equations 1 and 2, respectively.

k,
log(qe — q) = logqe — 5303t (D
t 1 N 1 . @
qa kg2 qe

By drawing graphs of the given linear form of equations,
ki, ko and g values were obtained using the line's slope
and slip values. Fig. 8, 9 and the kinetic data in the Table
1 provide insights into the adsorption behavior of Cu (I1)
ions on activated carbon derived from Chenopodium
botrys. Based on the given kinetic parameters, we can
evaluate the adsorption process from a Kkinetic
perspective. The PFO rate constant (Kags1) decreases as
the initial concentration increases (from 0.0468 to 0.1122
min, suggesting that adsorption is initially rapid but
slows down at higher concentrations. The eexp
(experimental  adsorption  capacity) values are
significantly higher than the geca values indicating that
the PFO model does not perfectly fit the adsorption
process. The determination coefficient (R?) values for the
PFO model are high (>0.9989), indicating a reasonably
good fit but not the best compared to the PSO model. The
PSO rate constant (Kags2) decreases with increasing
concentration (from 1,9.10° to 2,3.10%), suggesting that
chemical interactions between Cu (1) and the adsorbent
become more dominant at higher concentrations. The
calculated adsorption capacity (Qeca) values are much
closer to the experimental values (qe.exp), Which indicates
that the PSO model better represents the adsorption kinetics.
The R? values for the PSO model are very high (>0.9976),
confirming that the adsorption process follows PSO Kinetics
more closely. The adsorption of Cu (II) ions onto activated
carbon follows PSO kinetics rather than PFO Kkinetics. This
suggests that the adsorption process is primarily controlled by
chemisorption, involving electron sharing or exchange between
the adsorbent and adsorbate. The increasing trend in geexp With
concentration suggests that adsorption sites are not fully
saturated, and higher concentrations lead to greater adsorption.
The decrease in Kads2 With concentration implies that adsorption
sites become more occupied, reducing the availability of active
sites for new Cu (ll) ions. Thus, the kinetic evaluation suggests
that chemisorption is the dominant mechanism governing the
adsorption of Cu (ll) ions onto the activated carbon derived
from Chenopodium botrys.
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Figure 8. The PFO kinetic equation drawings of the adsorption
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Figure 9. The PSO kinetic equation drawings of the adsorption

Table 1. Kinetic parameters of adsorption of Cu (II) on
activated carbon derived from Chenopodium Botrys.

Concentration PFO model
(ppm)
Kads.1 Qe.exp Qe.cal R?
(min*)  (mgg?!)  (mgg?)
50 0,0468 1714 90,74 0,9989
100 0,1769 385,7 418,5 0,9997
150 0,1122 507,15 176,69 0,9992
Concentration PSO mode
Kads.2 Qe.cal
RZ
(g mg™* min™) (mg g
50 1,9.10° 178,57  0,9976
100 1,2.10°% 400 0,9987
150 2,3.10° 526,32  0,9998

Freundlich isotherm model

Although the experimental data were evaluated using the
linear equations of both the Langmuir (LI) and
Freundlich isotherms (FI) (Equ.3), the results were only
fitted to the FI model (Figure 10). Accordingly, it can be
concluded that the adsorption occurs on a heterogeneous
surface and the adsorption is strong because the n value
is less than 1.

1
logqe = logk + Hlog Ce 3)
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Figure 10. The linear drawings of Freundlich isotherm model
of the adsorption

The data in the Table 2 presents the FI constants (k and
n) for the adsorption of Cu(ll) ions on activated carbon at
different temperatures. Since the LI model does not fit
the experimental data, it can be concluded that adsorption
does not occur on a homogeneous surface with
monolayer adsorption; instead, the FI model suggests
multilayer adsorption on a heterogeneous surface. The
increase in “k” constants with temperature suggests an
endothermic process, meaning adsorption efficiency
improves at higher temperatures.

The adsorption of Cu(ll) onto activated carbon follows a
PSO kinetic model, indicating chemisorption as the
dominant mechanism. However, the isotherm data fits
the FI model, suggesting multilayer adsorption on a
heterogeneous surface rather than monolayer adsorption.
This implies a two-stage process: initial physisorption
through weak interactions, followed by chemisorption at
high-energy sites via surface complexation or ion
exchange. The increasing adsorption capacity with
temperature further supports the involvement of
chemisorption. Overall, the process can be described as
heterogeneous chemisorption, where strong chemical
interactions dominate, but weaker physical interactions
also contribute.

Table 2 FI model parameters for adsorption

Temperature FI model
(K)
k n R?
298 0,2835 0,5433 0,9819
308 0,361 0,623 0,9804
318 0,6586 0,7258 0,9931
CONCLUSION

This study successfully synthesized activated carbon



from Chenopodium botrys using K,COs activation and
demonstrated its effectiveness for Cu(ll) removal. The
physicochemical characterization of the prepared
activated carbon revealed a well-developed porous
structure with abundant functional groups. The presence
of hydroxyl, carboxyl, and aromatic functional groups
contributed to enhanced adsorption performance by
providing active binding sites for Cu(ll) ions. The
adsorption process was systematically evaluated under
different conditions. Adsorption experiments showed
that Cu(Il) removal was pH-dependent, with maximum
adsorption occurring at pH 2. Adsorption equilibrium
was rapidly attained within the first 20 minutes,
indicating a high affinity between the activated carbon's
surface and Cu(ll) ions. As the initial Cu(ll)
concentration rose, the adsorption capacity rose as well,
but the % removal fell, indicating that the accessible
adsorption sites were gradually saturated. Furthermore,
because there were more active sites present at larger
adsorbent dosages, the adsorption capacity per gram of
adsorbent dropped.

Indicating that chemisorption was a major factor in
Cu(ll) uptake, kinetic modeling revealed that the
adsorption process followed a PSO kinetic model. The
experimental data was best fitted by the FI model, which
showed multilayer adsorption over a heterogeneous
surface. The endothermic character of the process was
proved by the increasing FI constant (k) with
temperature, suggesting that higher temperatures
improved adsorption efficiency.

Overall, the findings demonstrate the potency of
activated carbon generated from Chenopodium botrys as
a sustainable and efficient material for the uptake of
Cu(l).
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ABSTRACT

Heracleum persicum (H. persicum) is a plant known for its anti-inflammatory, analgesic, anticonvulsant, and
antioxidant properties. In this study, the antiproliferative effects of ethanolic leaf and root extracts of the plant on
human Glioblastoma Multiforme U-87MG cell line were evaluated. The leaf and root extracts were applied at
concentrations of 107!, 1072, 1073, 1074, 1075, and 10~° mg/mL for 24 and 72 hours, and cell viability was determined
using MTT assay. The results showed that at a concentration of 10" mg/mL for 24 hours, the leaf and root extracts
caused cell death at rates of 76% and 81%, respectively. In the 72-hour application, the leaf extract at a concentration
of 10! mg/mL led to 83% cell death, while the root extract at the same concentration caused 92% cell death. These
findings demonstrate that H. persicum extracts exhibit antiproliferative effects on U-87MG cell line and suggest their
potential as therapeutic agents.

Keywords: Antiproliferative effect, Cancer cells, Glioblastoma multiforme, Heracleum persicum, Plant extracts

Heracleum persicum Ekstraktlarinin Glioblastoma Multiforme Hiicre Hatti Uzerindeki
Antiproliferatif Etkilerinin Arastirilmasi

(0)4

Heracleum persicum (H. persicum), anti-inflamatuvar, analjezik, antikonviilzan ve antioksidan 6zellikleriyle bilinen
bir bitkidir. Bu ¢alismada, bitkinin etanolik yaprak ve kok ekstrelerinin insan Glioblastoma Multiforme U-87MG
hiicre hatti tizerindeki antiproliferatif etkileri degerlendirildi. Yaprak ve kok ekstreleri 107!, 1072, 1073, 1074, 10°° ve
107° mg/mL konsantrasyonlarinda 24 ve 72 saat siireyle uygulanarak hiicre canliliklar1 MTT testi ile belirlendi.
Sonuglar, 10! mg/mL konsantrasyonunda 24 saatte yaprak ve kok ekstrelerinin sirasiyla %76 ve %81 oraninda hiicre
oliimiine neden oldugunu gosterdi. 72 saatlik uygulamada, yaprak ekstresinin 10~ mg/mL konsantrasyonu %83
oraninda hiicre 6liimiine yol acarken, kok ekstresinin 10~ mg/mL konsantrasyonu %92 oraninda hiicre 6liimiine neden
oldu. Bu bulgular, Heracleum persicum ekstrelerinin U-87MG hiicre hattinda antiproliferatif etki gosterdigini ve
potansiyel terapotik ajanlar olarak degerlendirilebilecegini ortaya koymaktadir.

Anahtar Kelimeler: Antiproliferatif etki, Bitki ekstraktlari, Glioblastoma multiforme, Heracleum persicum, Kanser
hicreleri

INTRODUCTION at present, affecting the lives of millions of people.
Therefore, understanding the biological mechanisms of
cancer, developing new forms of treatment and
implementing preventive methods are of utmost
importance [1]. According to data from the United States
Central Brain Tumor Registry between 2013 and 2017,
Glioblastoma Multiforme (GBM) comprises 45% of all
primary brain and other central nervous system tumors
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Cancer is a disease of multifactorial etiology that entails
abnormal cell growth and metastasis. Some of the
causative factors are genetic mutations, environmental
and lifestyle. If not detected early, it may spread to other
organs and make the process of treatment complex.
Cancer is one of the most severe threats to public health
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and accounts for 48.6% of malignant tumors. GBM is
more frequently observed in white populations and males
compared to females, with its incidence increasing with
age Since 1940, GBM has been classified by Hans-
Joachim into two subtypes: primary and secondary.
Primary GBM constitutes 90-95% of all GBM cases,
characterized by rapid development of clinical symptoms
within the first 3 months. Secondary GBM represents 5-
10% of cases, typically occurring in younger individuals,
with symptoms appearing over several months to a year
[2]. Initial symptoms observed in GBM-diagnosed
patients include increased intracranial pressure,
headache, neurological disorders, visual disturbances,
speech impairments, nausea, vomiting, memory loss, and
seizures. These symptoms result from elevated pressure
due to rapid tumor growth, with clinical manifestations
varying according to the tumor's anatomical location [3].
Each year, approximately 5-6 cases per 100,000
individuals are diagnosed with primary malignant brain
tumors, about 80% of which are malignant gliomas
(MG). GBM accounts for the majority of MG cases and
exhibits high mortality and morbidity rates [4]. Surgical
resection is the primary treatment method. When surgery
is not feasible, radiotherapy or chemotherapy is
employed. After surgical resection, despite multimodal
treatments including radiotherapy and chemotherapy,
median survival is 12-15 months and the 5-year survival
rate is approximately 7.2% [5]. Chemotherapy and
pharmacotherapy are administered to GBM cells
distributed in various brain regions post-surgery.
Temozolomide, Carmustine, Lomustine, Bevacizumab,
and Regorafenib are currently used widely, either
individually or in combination, for GBM treatment [6].
Despite these therapeutic advances, the prognosis for
GBM patients remains dismal, highlighting the necessity
for continued research into novel therapeutic agents with
improved efficacy, specificity, and safety profiles [7].
Plant-based compounds, in particular, have garnered
increasing attention for their pharmacological versatility
and lower toxicity compared to  synthetic
chemotherapeutics [8]. Natural products have
historically served as the basis for many cancer therapies,
and emerging studies support their potential in targeting
key oncogenic pathways in GBM [7]. GBM has a poor
prognosis due to limited blood-brain barrier penetration,
significant side effects, and inadequate specificity to
brain cancer cells. Consequently, there is an ongoing
search for alternative therapeutic approaches [9]. One
study reported that nano-drug delivery systems loaded
with Metformin and Irinotecan exhibited greater
anticancer efficacy against GBM compared to standard
therapies without carriers [10]. Another study
demonstrated molecular treatment strategies for GBM
using the CRISPR/CASS9 gene-editing technique and T-
cell-based immunotherapies [11]. In a botanical study
conducted in 2019, Curcumin was shown to target
multiple signaling pathways involved in glioblastoma
invasiveness and drug resistance, including those
associated with glioma stem cell activity [12]. A review
published in 2020 indicated that Quercetin exhibited
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antitumor and antiproliferative activities on GBM cells,
potentially playing a significant role in GBM treatment
[13]. In another botanical study, the essential oil and
hydroalcoholic extract of H. persicum demonstrated
significant anti-inflammatory and analgesic effects by
notably reducing abdominal contractions and pain
responses induced by acetic acid [14]. Furthermore, in an
experimental seizure model, dose-dependent
anticonvulsant activity was observed with H. persicum
seeds [15]. In the present study, the antiproliferative
effects of H. persicum leaf and root extracts on the human
GBM U-87MG cell line were investigated. This study is
one of the few that comparatively evaluates both the leaf
and root components of H. persicum on a GBM cell line,
thus contributing to the limited oncobotanical research in
this area. The major objective of this study was to
evaluate the antiproliferative effects of ethanoic leaf and
root extracts of the plant on GBM cell line. For this
purpose, the effects of utilizing extracts at different
concentrations on cell viability were investigated. The
sub-objectives of the study were to compare leaf and root
extracts for their cytotoxic potentials, to determine how
the time of application (24 and 72 hours) influenced the
viability of the cells and to investigate the dose-
dependent effects through MTT test. The results may
serve as a foundational step toward future mechanistic
studies, including apoptosis assays, molecular pathway
profiling, and in vivo validations. Data obtained assisted
in evaluating the plant for its potential as a biological
agent in cancer management.

MATERIAL and METHODS
2.1. Collection and Drying of H. persicum Plant

The H. persicum plant was collected in Van in May 2022.
It was dried in a clean environment at room temperature,
away from direct sunlight. The collection and drying of
H. persicum were carried out by our research team.

2.2. Preparation of H. persicum Plant Extract

Obtaining extracts from the leaves and roots of H.
persicum was carried out by making minor modifications
based on the method proposed in the study of Zheleva-
Dimitrova, et al. [16]. Briefly, the root and fruit of the
plant, dried in the shade, were ground into powder using
a grinder. A total of 150 g of powdered H. persicum root
and fruit was macerated overnight in 1.5 L methanol.
After maceration, extraction was carried out at room
temperature for 24 hours using a mixer. This extraction
procedure was repeated three times. After each
extraction, the extracts were filtered, and the filtrates
combined and evaporated to dryness using a rotary
evaporator at 40 °C and 120 rpm. Finally, the extracts
were dissolved in water and lyophilized.

2.3. Cell Culture
2.3.1 Preparation of Cell Culture Medium

89 mL ready-made cell culture medium (RPMI-1640), 10
mL  Fetal Bovine Serum (FBS), 1 mL
Penicillin+Streptomycin+Amphotericin B substances



were added to obtain a ready-made cell culture medium.
That ratio was used for whole experiment [17].

2.3.2 Cell Incubation Conditions

Cells obtained from ATCC HTB-14™ were used. These
cells were incubated in ready-made medium (RPMI-
1640) in a 5% CO, and 37°C oven (Nuaire) in 25 cm?
flasks under sterile conditions. Thus, the cells were
allowed to proliferate [18].

2.3.3 Subculturing of Cells

When the reproducing cell passages reached 80-90%
confluent, they were re-passaged. For this purpose, when
the reproducing cells reached the desired majority; the
medium in the flasks was taken with a pipette and washed
with sterile phosphate buffer solution (PBS) (2 mL for 25
cm?). Then, the PBS was removed with a pipette and 3
mL of trypsin-EDTA solution was added to remove the
cells from the area where they adhered and kept in the
oven for 10 minutes. After removing the cells that
adhered to the entire surface, the suspended cell +
trypsin-EDTA solution was taken into a 15 mL tube.
Medium twice the volume of trypsin was added to the
solution for trypsin inhibition. The suspension in the tube
was centrifuged at 1300 rpm for 10 minutes, then the
trypsin-EDTA solution was removed, and the cells were
suspended with fresh cell medium and divided into 3 25
cm? flasks; it was re-passaged. The re-passaged cells
were incubated at 37°C in a 5% CO; environment.

2.3.4 Freezing and Storage of Cells

The cells lifted from the surface with trypsin-EDTA were
centrifuged and the trypsin was removed from the
medium. Then the cell pellet was diluted with 1 mL
medium and the cell count was performed. Trypsin was
inhibited with at least twice the volume of serum
medium. The cells were pipetted into a single cell
suspension and transferred to a falcon tube. 2-3 mL more
medium will be added. The cell suspension was
centrifuged at 1300 rpm for 10 minutes and the
supernatant was removed. The pellet was diluted with
900 pL of cell medium and counted. The cell solution
suspended with 100 pL of dimethyl sulfoxide (DMSO)
and 900 pL of cell medium was added to the freezing
tubes. The tubes were placed in the freezing container
and stored in the deep freezer at -80°C to be used when
needed.

2.3.5 Calculation of Cell Numbers

10 pL of the cell suspension diluted in 1 mL of culture
medium was taken and placed in an Eppendorf tube and
90 pL of trypan blue dye was added and mixed. This
mixture was placed on a Neubauer slide and the cells in
5 compartments were counted. This number found was
multiplied by the dilution amount of 50,000. As a result,
it was found how many million cells there were in 1 mL
of medium. Thus, the number to be seeded was
determined and the cells were seeded in petri dishes.
5x10% cells were transferred to a 100 mm culture petri
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dish and 5000 cells were transferred to each well of a 96-
well culture plate.

2.4. Cell Proliferation Analysis
2.4.1. MTT Method

MTT assay is a method in which the amount of cell
growth is determined by the colorimetric determination
of formazan dyes or enzymatic activity due to MTT
reduction. With this method, the cytotoxic or
proliferative effects of any therapeutic agent to be used
on the cell can be determined. The method is based on
the principle of colorimetric determination of the color
change in cells incubated with MTT agent. The resulting
color change is the result of the decrease in tetrazolium
salt in the active cell mitochondria of formazan salts
colored yellow. The absorbance value of these
compounds is proportional to the determination of their
metabolic activities [19, 20].

2.4.2. Method of Application

1 day before the application of the MTT method, 5000
cells (5000/well) were counted in a 96-well plate and 100
pL medium was prepared and planted in the wells. The
microplate was kept in an incubator set at 37°C and 5%
CO; for 24 hours, and the cells were allowed to adhere to
the surface. In this way, the damage caused by the trypsin
enzyme on cell membrane proteins and 27 growth factor
receptors was eliminated. A 24-hour period is required
for the re-synthesis of these proteins and growth factors.
In addition, in this way, the cells are provided with
metabolic activity before the treatment of therapeutic
agents in the medium with the cells. After 24 hours of
incubation, the plant extracts prepared in serial dilutions
was added to the cell line medium divided into groups in
series. (100 pL of diluted extract was added to the 100
pL medium and cell mixture and its concentration was
adjusted). The first column of the A series was set as cell
control and the second column as medium control. The
MTT method was applied to the cell line to which the
extract was applied after 24 and 72 hours of incubation
[21].

2.5 Statistical Analysis

All experiments were performed in triplicate and the
experimental results on cytotoxic activities of H.
persicum leaf and root extracts show the means *
standard deviation (SD). Statistical analyses were
performed using the One-Way ANOVA Duncan test in
the IBM SPSS Statistics 20 program. p <0.05 was
considered significant at the significance level. The
graphs and ICsy values were created, edited and
determined using GraphPad Prism 8.0 software.

RESULT and DISCUSSION

Plant extracts could emerge as promising candidates in
GBM research due to their diverse bioactive compounds,
which exhibit antiproliferative, pro-apoptotic, and anti-
inflammatory properties. Many phytochemicals, such as
flavonoids, alkaloids, and polyphenols, have



demonstrated the ability to modulate key signaling
pathways involved in GBM progression, including those
regulating cell cycle arrest, oxidative stress, and
angiogenesis. Moreover, plant-derived compounds often
show lower toxicity compared to conventional
chemotherapeutics, making them attractive for
combination therapies to enhance treatment efficacy
while minimizing side effects. The main aim of this study
was to evaluate the effects of the plant extracts on GBM
cell line after certain time intervals. Here, it was planned
to evaluate the variation that occurred with time by
treating the cells with the extracts for different time
intervals. It was hence tried to determine whether the
antiproliferative effect of the extracts was time dependent
and at which time they were most effective. In the 24-
hour treatment, the 107! mg/mL dose resulted in 76% cell
death compared to the control and other groups. The ICso
value for the 24-hour period was found to be 33 pg/mL.
Other groups did not cause statistically significant cell
death compared to the control group (Fig 1).
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Figure 1. Cell viability (% control) in U-87 MG human
glioblastoma cells after 24 h incubation with different
concentrations of H. Persicum leaf extract. a, b: Groups with
different letters indicate statistically significant differences
when compared to each other.

In the 72-hour treatment, similarly, the 10~ mg/mL dose
led to statistically significant cell death of 83% compared
to the control group. The ICso value at 72 hours was also
found to be 46 pg/mL. Other doses demonstrated effects
similar to the 24-hour treatment, and additionally, cell
viability-enhancing effects were observed at lower doses

(Fig 2).

Leaf 72 h
ab a ab
120 ab
z i
=) 5
B 804 :
>
3 |E
= 1
0- 1 B
W N2 D » s B
00

Concentration (mg/mL)

Figure 2. Cell viability (% control) in U-87 MG human
glioblastoma cells after 72 h incubation with different
concentrations of H. Persicum leaf extract. a, b, c: Groups with
different letters indicate statistically significant differences
when compared to each other.

In the 24-hour treatment, the 10! mg/mL dose was
statistically significant compared to the control and other
groups, resulting in 81% cell death. The ICso value for 24
hours was 86 pg/mL. Other doses were not statistically
significant (Fig 3).
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Figure 3. Cell viability (% control) in U-87 MG human
glioblastoma cells after 24 h incubation with different
concentrations of H. Persicum root extract. a, b: Groups labeled
with different letters indicate statistically significant differences
compared to each other.

In the 72-hour treatment, similarly, the 10~ mg/mL dose
led to statistically significant cell death of 92% compared
to the control group. The ICso value for 72 hours was
determined as 11 pg/mL (Fig 4). Groups labelled with
different letters indicate statistically significant
differences compared to each other.
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Figure 4. Cell viability (% control) in U-87 MG human
glioblastoma cells after 72 h incubation with different
concentrations of H. Persicum root extract. a, b, ¢, d: Groups
labeled with different letters indicate statistically significant
differences compared to each other.

Each year, approximately 440,000 individuals worldwide
are diagnosed with brain tumors, and 80% of these cases
are GBM. GBM is classified as the most severe form of
primary brain tumors by the Alifieris & Trafalis, 2015.
The World Health Organization classifies GBM based on
glial cell origin, proliferation rate, vascularization,
presence of necrosis, and response to treatment [22].
Previous studies have reported that H. persicum
possesses various pharmacological activities, including
anti-inflammatory, analgesic, anticonvulsant, and
antioxidant effects [23]. Sayyah et al. reported
anticonvulsant activity in a dose-dependent manner in H.
persicum seeds using experimental seizure models.
Hajhashemi et al. reported that the essential oil and
hydroalcoholic extracts of H. persicum significantly
reduced pain response and demonstrated anti-
inflammatory and analgesic activities. However, the
anticancer effects of H. persicum on GBM cells have not
been previously investigated. This study evaluated the
anticancer effects of leaf and root ethanolic extracts of H.
persicum against the human GBM U-87MG cell line. The
MTT assay was employed to assess cell viability. This
method detects viable cells by reducing NADPH®* to
NADP-, forming formazan crystals from the tetrazolium
salt [24]. The crystals are dissolved in dimethyl sulfoxide
(DMSO), producing a blue-purple color measurable at an
optical density of 570 nm [25]. In this study, the most
effective doses of H. persicum root and leaf extracts
ranged between 10 pg/mL and 100 pg/mL. The ICso
values of the leaf extracts at 24 and 72 hours were 33
pg/mL and 46 pg/mL, respectively, whereas the 1Cso
values of the root extracts at 24 and 72 hours were 86
pg/mL and 46 pg/mL, respectively. Therefore, the most
promising antineoplastic activity was observed with the
root extract after 72 hours of exposure. Further
fractionation and purification of the root extract through
various methods may reveal potential active
pharmaceutical compounds. Future studies investigating
potential synergistic effects of these compounds, their
pharmacokinetic  profiles, and their underlying
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antineoplastic mechanisms would enhance
understanding of the therapeutic potential of this extract.

CONCLUSION

In conclusion, leaf and root extracts of H. persicum
demonstrated antiproliferative effects on the U-87MG
cancer cell line, potentially via apoptotic or oxidative
stress pathways. To the best of our knowledge, there are
no prior studies specifically evaluating the
antiproliferative effects of H. persicum root and leaf
extracts on glioblastoma cell viability. To better
understand the molecular mechanisms underlying this
process, further in vivo and in vitro studies are crucial.
These studies can enlighten us on the intricate
biochemical processes involved, collecting relevant
information on their functional importance. Through
conducting extensive research at cellular and organismal
levels, scientists can refine therapeutic approaches,
enhance drug development techniques, and determine
potential targets for medical treatment.
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6G aglari, onceki nesillere kiyasla kesintisiz baglant1 ve onemli gelismeler vaat etmektedir. Kiigiik hiicreler, kapsama
alani artirarak, gecikmeyi azaltarak ve kapasiteyi yiikselterek bu basarida kritik bir rol oynar. Ancak, bu hiicrelerin
yogun sekilde konuglandirilmasi, biiyilkk durum ve eylem uzaylari nedeniyle kaynak tahsisi agisindan zorluklar
dogurur. Binlerce hiicre i¢in kararlar alinmasi gerekir ve kullanict hareketliliginden kaynaklanan sik yeniden tahsisler
algoritmik karmasiklig1 artirir. Bu durum gecikme, veri aktarim hiz1 ve paket kayb1 gibi temel performans metriklerini
olumsuz etkiler. Bu zorluklara ¢6ziim olarak, kuyruk kuramina dayali hiicre durum tahmini ile Gradient Boosting
Machine (GBM) Ongoriilerini birlestiren dinamik bir kaynak tahsis modeli 6neriyoruz. Bu biitiinlesik yapi, bant
genisligi, hesaplama kaynaklari ve enerji kullanimimin zamaninda ve uyarlanabilir sekilde tahsis edilmesini saglar.
Simiilasyon sonuglari, modelin gecikmeyi %35, paket kaybint %42 oraninda azaltti§ini ve veri aktarim hizint %28
artirdigin1 gostermektedir. Bu kazanimlar, ongoriiye dayali ve uyarlanabilir kaynak yonetiminin 6G aglarindaki
etkinligini ortaya koymaktadir.

Anahtar Kelimeler: 6G, Gradient Boosting Makineleri, Kaynak Tahsisi, Kuyruk Teorisi, Kli¢lik Hiicreler

6G Aglarinda Dinamik Kaynak Tabhsisi icin Kuyruk Teorisi ve GBM'nin Entegrasyonu

ABSTRACT

6G networks promise seamless connectivity and major advancements over previous generations. Small cells play a
critical role by enhancing coverage, reducing latency, and increasing capacity through proximity to users. However,
their dense deployment introduces challenges in resource allocation due to vast state and action spaces. Decisions
must be made for thousands of cells, and frequent reallocations from user mobility add algorithmic complexity. These
factors degrade key performance metrics such as latency, throughput, and packet loss. To address this, we propose a
dynamic resource allocation model combining queuing-theory-based cell state estimation with Gradient Boosting
Machine (GBM) predictions. This integration enables timely and adaptive allocation of bandwidth, computing
resources, and energy. Simulations show the proposed model reduces latency by up to 35%, packet loss by 42%, and
improves throughput by 28% over static methods. These gains highlight the effectiveness of predictive, adaptive
resource management for 6G networks.

Keywords: 6G, Gradient Boosting Machines, Queuing Theory, Resource Allocation, Small Cells

INTRODUCTION range, they improve the network by providing better
coverage and faster speeds. Additionally, small cells
support flexible and incremental deployment. The 6G
network can provide low delays, reliable service, and
higher capacity by placing many small cells close to users
[3]. This architecture enhances user experience by
providing seamless connectivity and satisfies the needs
of future applications.

6G can enable seamless connectivity by enabling
significant improvements compared to previous
generations. It aims to enhance connectivity and
intelligence by utilizing advanced technologies such as
terahertz (THz) spectrum and Al-driven algorithms [1].
Thanks to these technologies, 6G can achieve sub-
millisecond latency and terabit per second (Tbps) data
rates. Accordingly, it can support innovative applications
like holograms, immersive virtual reality experiences,
and fully automated systems [2]. 6G small cells play
a key role in this success. Although they are short-

Although small cells are critical for supporting the high
capacity and low latency demands of 6G networks, their
dense deployment introduces unique resource allocation
challenges. Here, resource allocation decisions must be
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computed for thousands of cells due to the huge state and
action spaces of the 6G network. Also, frequent resource
reallocation due to high user mobility increases the
algorithmic overhead. All of these make resource
management challenging. This resource management
challenge affects critical performance parameters,
including latency, throughput and packet loss. Therefore,
the rapid increase in 6G network traffic and the
proliferation of small cells necessitates a proactive and
dynamic resource allocation mechanism.

Based on these, we propose a dynamic resource
allocation model based on queuing theory and GBM

in this paper. More specifically, we aim to develop a
proactive capacity planning model that combines
queuing-theory-based small cell state analysis with
GBM-driven predictions to ensure dynamic resource
scaling. The main contributions of the paper could be
summarized as follows:

We introduce a new methodology that combines
queuing- theory-based small cell state analysis with
GBM-driven predictive modelling. Queuing theory
identifies critical patterns, while GBM enables future
resource requirement forecasting for adaptive
adjustments.

The queuing-theory-based small cell state analysis
provides a deep understanding of system utilization
and traffic dynamics. These insights are transformed
into actionable features for accurate and reliable
resource predictions.

The GBM-driven allocation mechanism empowers
real- time resource allocation by utilizing predictive
analysis. This ensures the allocation of bandwidth,
computing power, and energy usage.

The rest of the paper is organized as follows: we first
explain the Related Work. Then, we describe the
proposed topology. Then, we give the proposed
approach. After these, we provide the performance with
evaluation results. Finally, we conclude the paper by also
giving future work.

RELATED WORK

The literature shows different works for resource
allocation management in 6G networks. The resource
allocation for 6G massive machine-type communications
(mMTC) is optimized to meet diverse QoS needs in [4].
It proposes a multiple numerology framework with non-
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orthogonal multiple access and a semi-persistent
algorithm to minimize bandwidth usage. They aim to
enhance support for many low-power devices in 6G
networks. Here, they adjust signal formats and use a
scheduling algorithm to allocate resources efficiently. In
this methodology, the signal settings, channel
characteristics, and quality requirements are considered.
Also, they measure the resource usage compared to
traditional methods. The deep reinforcement algorithm
learning for intra- and inter-slice management is
proposed in [5]. This work aims to improve resource
sharing among different network slices in 6G. With this
adaptive learning approach, they aim to manage
resources within and across slices. The signal
configurations, resource units, and service quality needs
are used as parameters in this methodology. Also, the
service delays and overall resource consumption are
considered to evaluate the efficiency of the proposed
model. To address the dynamic user demands of 6G UAV
networks, a resource allocation algorithm is proposed in
[6]. This algorithm employs decision-making based on
partial network information to plan spectrum and
movement. Here, area coverage, drone settings, and
signal conditions are considered as algorithm parameters.
This methodology evaluates improvements in data
transfer speeds and learning efficiency. The resource
allocation for software-defined 6G networks is optimized
by dynamically switching between centralized and
distributed policies to adapt to network conditions in [7].
This work uses adaptive learning to switch between
centralized and distributed resource control. To balance
performance in software-controlled 6G networks, this
work considers performance feedback, user counts, and
system priorities. As a result of these operations, this
work observes balanced performance and reduced system
overhead. The study aims to optimize resource allocation
in 6G integrated satellite-terrestrial networks by
combining base station and satellite resources to increase
user throughput in [8]. It proposes a single-stage user-
centric approach using a reinforcement learning model to
allocate physical resource blocks and satellite beam
hopping strategies. Therefore, it integrates user needs
with learning-based resource allocation to increase
access rate. This model uses satellite coverage, resource
units, and user demand profiles. Also, to evaluate the
efficiency, the number of users served and data transfer
rates are assessed. A study aims to optimize power
control in dense 6G in-factory subnetworks to maximize
spectral efficiency while minimizing sensing and
signaling overhead in [9]. This work utilizes network
modeling to manage interference and optimize power
use. Accordingly, this approach aims to enhance
efficiency in factory-based 6G networks. For this aim, it



Table 1. Comparison of Resource Allocation Algorithms

Work Aim Approach Parameters Evaluation Results
Sadi et al. Optimize resources Uses multiple signal  Signal frequencies Reduced resource
[4] for machine-type formats and Channel size usage
communications in allocation algorithm Quality needs
6G
Mhatre etal.  Improve resource Uses reinforcement Signal settings Lower delays
[5] allocation for learning for slice Resource blocks Less resource use
network slices in 6G ~ management Service quality
Zhouetal.  Enhance resource use  Uses belief-based Area size Higher data rates
[6] for UAVs in 6G learning for spectrum  UAV settings Faster learning
and path planning Signal strength
Nouruziet  Optimize resources in  Uses reinforcement Feedback data Better performance
al. software-defined 6G  learning with mode Performance weights  balance
[7] networks switching User count Lower overhead
Sun et al. Maximize user access Uses reinforcement Satellite beams More users served
[8] in satellite-terrestrial ~ learning for unified Resource blocks Higher data flow
6G allocation User demands
Abode etal.  Improve power use in  Uses neural networks  Network devices Better efficiency
[9] factory 6G networks  for interference Signal data Reliable performance
control Power limits
Wu et al. Enhance user Uses quality mapping  Service quality Improved user
[10] experience in 6G for diverse needs User expectations satisfaction
Adjustment factors
Shenetal.  Manage resources in  Uses learning for cell ~ Signal Strength Stable performance
[11] dense loT 6G selection and Device count Handles many devices
networks interference Time slots
Zhangetal.  Optimize resources Uses sensing and Signal timing Fewer connection
[12] and mobility in 6G access schemes for Movement data issues
handover Service quality Better service
Guo et al. Improve device-to- Uses distributed Frequency bands Higher data flow
[13] device resources in learning for Signal states Less power use
6G allocation Service needs

Rezazadeh et

Reduce conflicts in

Uses multi-agent

Computing resources

Lower delays

al. 6G network slices learning for protocol ~ Traffic types Better resource use
[14] design
Wangetal.  Optimize resource Uses learning for Computing units Better resource use
[15] allocation for 6G slice admission and Request patterns Fewer failures
slices reuse
Zhao et al Optimize resources Uses digital modeling  Network conditions, Improved user
[16] for user experience in  and learning-based user demands, service  satisfaction, reduced

6G edge networks

allocation

quality

congestion

focuses on device interactions, signal conditions, and
power constraints. This work measures efficiency gains
and reliable network performance to evaluate the
proposed model. A study aims to enhance resource
allocation in 6G by developing a uniform QoE-aware
criterion to address multi-demand challenges in hyper-
heterogeneous networks in [10]. It proposes a novel
exponential mapping function integrating minimum and
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expected user demands to balance quality of experience
and resource efficiency. More specifically, this approach
maps user needs to resource decisions to meet diverse
demands and improve user satisfaction in 6G networks.
Here, the service quality, user expectations, and
adjustment settings are used as method parameters. Also,
the performance of the proposed model is evaluated by
measuring enhancements in user experience and



satisfaction. A study aims to optimize wireless resource
management in 6G-enabled high-density loT networks in
[10]. This study supports many loT devices in crowded
6G networks to improve system capacity and reduce
interference. Specifically, it proposes a simulation-based
framework using Q-learning for cell selection and static
interference coordination to manage ultra-dense
networks with femtocells and small cells. This
framework includes signal strength, device counts, and
scheduling slots. This study assesses the stable
performance and ability to handle many devices. An
optimization algorithm for 6G resource allocation and
mobility management is proposed in [12]. It proposes a
non-orthogonal multiple access scheme and a sensing-
aided handover mechanism to dynamically adjust
handover parameters and allocate resources. Therefore, it
combines sensing and access methods to improve
handovers and resource use. In this algorithm, signal
timing, movement data, and service quality requirements
are used as system parameters. Also, this work uses
connection issues and service quality parameters for
model evaluation. A study to optimize resource
allocation in D2D-enabled 6G networks is proposed in
[13]. It proposes a federated learning-aided deep
reinforcement learning approach for decentralized
resource allocation. Specifically, it applies distributed
learning to allocate resources efficiently and enhance
direct device-to-device connections in 6G. This learning
methodology utilizes frequency settings, signal
conditions, and service needs for resource allocation.
Also, this work aims to improve data transfer, and reduce
power consumption. A study aims to address 6G inter-
slice resource contention by developing adaptive
communication protocols in [14]. It uses coordinated
learning to design efficient resource-sharing protocols
and reduce conflicts in 6G network slices. This work also
aims to reduce delays and improve resource utilization by
using computing resources and network traffic type
parameters. Similarly, a reinforcement learning-based
slice admission control framework with periodic and
shortage-triggered resource recycling is proposed in [15].
This study aims to optimize resource allocation and
service provisioning in 6G network slicing to meet
dynamic service demands and ensure security. For this
aim, it focuses on computing resources and patterns of
service requests to obtain better resource use and fewer
service failures. To enhance user experience across
diverse traffic types, resource allocation for 6G edge
networks is optimized in [16]. The work proposes a
digital twin edge network framework combined with a
learning-based algorithm to manage communication
resources efficiently. The aim is to support multiple user
devices while ensuring high service quality. The
approach integrates digital modeling and adaptive
learning to adjust resource allocation dynamically. The
methodology considers network conditions, user
demands, and service quality needs. Performance is
evaluated by measuring improved user satisfaction and
reduced network congestion compared to traditional
methods.
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Unlike other studies, our model integrates queuing theory
with GBM to create a unified framework for resource
management. Most existing approaches consider traffic
analysis and machine learning as independent processes.
However, our model bridges this gap by directly utilizing
insights from queuing theory as input features for GBM.
This novel integration enables both proactive resource
planning and real-time adjustments. Our model
minimizes latency and packet loss by focusing on
dynamic resource scaling. Therefore, it offers a scalable
and robust solution for next-generation 6G networks. The
strengths of our model compared to other studies can be
listed as follows:

Integration of Mathematics and Predictive
Modeling: This study employs a traffic flow model
in conjunction with a predictive tool, distinguishing
it from most existing research that predominantly
relies on learning-based methodologies.

Emphasis on Network Traffic Dynamics: The
analysis focuses on the movement of data within
small cells to anticipate demand, rather than
concentrating on individual devices or specific

services.
e Proactive Resource Optimization: The approach
involves preemptive planning to optimize

bandwidth, computational resources, and energy
consumption, in contrast to traditional reactive
strategies.

Enhancement of User Experience: The objective is
to minimize delays and errors in congested
networks, thereby providing a viable solution to the
challenges faced in 6G environments.

THE PROPOSED SYSTEM ARCHITECTURE

This paper considers a knowledge-defined networking-
based architecture for the dynamic 6G resource
allocation. This architecture consists of three main
components; data, control, and knowledge planes, as
shown in Figure 1.

The Data Plane includes the physical elements of 6G
small cell architecture, such as small cells, macro cells,
and user equipment. It transfers the real-time data of
these elements to the knowledge plane for dynamic
resource allocation. To achieve this aim, the Knowledge
Plane includes the Dynamic Resource Allocation
Framework. This framework consists of two main stages:
Queueing-Theory-Based Small Cell State Determination
and GBM-based Prediction for Dynamic Resource
Allocation. Here, the data received from the Data Plane
goes through two main stages and turns into dynamic
resource allocation decisions as actionable knowledge.
We have a Control Plane between these two layers to
manage dynamic resource management operations.
Therefore, the Control Plane receives actionable
knowledge (dynamic resource allocation decisions) from
the Knowledge Plane. This knowledge is then used to
allocate resources dynamically in the data plane.
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Figure 1. The Proposed System Architecture

THE PROPOSED APPROACH

This paper proposes a dynamic resource allocation model
based on queuing theory and Gradient Boosting
Machines (GBM). Our proposed model is executed in
two main phases. We will conduct a queuing-theory-
based small cell state determination in the first phase. In
the second phase, we will incorporate small cell state
metrics with GBM for dynamic resource allocation.
Based on these results, we will dynamically adjust three
primary resources (bandwidth allocation, computational
power, and energy usage). The details of these phases
will be summarized in the following subsections.
Cell State

Queuing-Theory-Based Small

Determination

In this phase, we aim to analyze network traffic patterns
(busy period) and examine multiple influencing factors
(utilization, system length, and total waiting time) with a
queuing theory-based approach. These patterns and
influencing factors are the real-time indicators of a small
cell state.

To represent the operation of a small cell in a 6G
network, we will utilize an M/G/1 queue. User requests
come to the small cell according to the Poisson process
since it is memoryless and represents the random nature
of mobile users [17], [18]. Here, we use A; to show the
arrival rate of user requests to small cell i.

Additionally, service times for these requests follow a
general distribution. Accordingly, the service rate (u; =

m) shows the small cell's capability to process
L

incoming requests. Here, E[S;] = fmft g(t)dtis the
expected service time. Also, G(si) and g(si) represent the
cumulative distribution function (CDF) and probability
density function (PDF) of the service times, respectively.
The small cell acts as a single server to represent its
limited resources. These models and definitions form the
basis for the following small cell state determination.

As explained above, we utilize busy period, utilization,
system length, and total waiting time as real-time
indicators to represent the small cell state. The busy
period in an M/G/1 queue refers to the continuous
interval during which a small cell processes requests
without idle time. Accordingly, the busy period begins
when a request arrives at an idle server and terminates
when the server becomes idle again. Also, new arrivals
may extend the server's busy period during the service of
one request.

This paper defines the busy period B with a recursive
definition as given in Eq. 1. In this equation, S is the
service time of the first request that initiates the busy
period. N(S) is the number of arrivals during the service
time S. Bi represents independent, identically distributed
copies of the busy period initiated by those additional

arrivals. Also, 2 denotes equality in terms of distribution.
This recursive definition provides a probabilistic
framework to understand the busy period by considering
the initial service time and additional arrivals.

To analyze the properties of B in Eq. 1, we apply the
Laplace-Stieltjes *ransform (LST) to the recursive
quation. Here, B(s) denotes the LST of B, and
G (s) denote the LST of the service time distribution G(s).
Here, G(s) = f " gmsx .g(x)dx. Therefore, we can
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obtain Eqg. 2. According to our small cell model, y;
represents the processing capacity of small cell i,
determined by the mean service time E[Si]. Also, G(s)
and G (s) are used to analyze system performance during
different operational scenarios. This equation enables
analytical solutions for properties like the mean and
variance of the busy period. By using Eqg. 2 and Eqg. 3, we
can derive the mean busy period E[B], as given in Eq. 4.

N(S)

BiS+ZBi 1)
i=1

B(s) = E;(s+/1(1 —é@))) @)

As explained above, E[S] is the mean service time and
p = A-E[S] is the utilization factor, representing the
fraction of time the server is busy. Therefore, Eq. 4
represents the mean busy period by considering the

impact of arrival and service rates on system
performance.
dé(s)
E[B]=——l=0 (3
E[S]
E[B]—m (4)

In addition to the busy period, we have three additional
metrics for the small cell state: Utilization (p), Expected
System Length (E[L]), and Expected Total Waiting Time
(E[W]) as given in Eg. 5. Here, the total waiting time
includes the time spent in the queue and being serviced.
Similarly, the total system length includes requests
waiting in the queue and currently being served [19].
These metrics improve the overall understanding of a
small cell state. More specifically, the busy period gives
information about the base station's continuous active
operational time. Additionally, we can assess the user
experience regarding latency and the number of waiting
requests by using other metrics.

_A-E[s?]
P A,
pE[S] A-Var[S]
= 5
N = Y-y ©
A
p =;

Therefore, when the small cell values go to the
Knowledge Plane, they are modelled as M/G/1 queues,
and their states are determined. The GBM in the
knowledge plane uses these states to obtain predictions
for dynamic resource allocation.

75

GBM-Based Prediction for
Allocation

GBM uses the small cell states to forecast resource
demands. These demands are used to make decisions
about resource scaling. Thus, in this phase, we leverage
predictions generated by the GBM model to allocate
resources dynamically. Here, we select busy period
(Eq. 4), utilization (Eq. 5), system length (Eg. 5), and
waiting time (Eg. 5) as input features for GBM.
Therefore, we train the GBM to predict the allocations of
our primary resources based on these features. Here, we
define bandwidth allocation, computing power, and
energy usage as primary resources.

In the beginning, our model is trained with the values of
input features and corresponding resource allocation
decisions. Here, GBM learns patterns from the data to
dynamically predict the optimal allocation of resources.
Accordingly, our model learns how the input metrics
influence the resource allocation decisions by building a
series of decision trees. These trees can learn the
following patterns about small cells.

Dynamic Resource

Relationships between individual small cell state
metrics and resource allocations. As an example, a
high value of E[B] indicates increased user demand.
Accordingly, we should increase bandwidth to
satisfy this demand.

Interactions between small cell state metrics and
resource allocations. For example, a higher value of
E[L] with lower p states that the server is not
processing requests rapidly despite the high system
length. Accordingly, we should increase the
bandwidth to process the queued user requests faster.
Nonlinear behavior states of metrics. For example, a
value of p 1 indicates that the system is
approaching saturation in terms of load. So, we
should increase the computing power. Table 1 gives
a detailed version of these patterns.

Therefore, as given in Table 2, we aim to dynamically
determine the adjustments of three primary resources:
Bandwidth Allocation, Compute Power, and Energy
Usage. To achieve this, we give small cell state
parameters to our GBM model after training. At that
point, GBM uses the learned relationships to predict
optimal values for resource allocations, as shown in
Table 1. At that point, the Knowledge Plane transfers the
actionable knowledge (dynamic resource allocation
decisions) to the Control Plane. The Control Plane uses
this knowledge to allocate resources dynamically in the
data plane. Therefore, based on the predictions, the small
cell dynamically adjusts its resources [20], [21].

In the following part, we will evaluate the performance of
our proposed model in terms of latency, throughput, and
packet loss.



Table 2. Conditions Learned by the GBM and Corresponding Resource Allocation Decisions

Condition Type

Small Cell State Metrics

Description

Resouce Allocation Decision

High E[B] Continuous activity, high demand Increase bandwidth
High E[W] Long delays, high latency Increase bandwidth
Individual Metric High E[L] Large queue, congestion Increase compute power
Low p Underutilized server Reduce energy usage
High E[L] Queued requests, slow processing Increase bandwidth
Low p Compute power
Metric Interaction Low E[B] Low demand, idle system Reduce energy usage
Low p
High E[W] Delays, utilization near overload Increase bandwidth
High p Compute power
Moderate E[B] Consistently busy state Bandwidth
High p Compute power increase
High E[B] Stable workload, increasing activity Increase bandwidth

Moderate E[W]

p=1 Saturation, maximum capacity Rapid compute power increase
High E[W] Long delays, overload Increase bandwidth

Nonlinear Behavior P=1 Compute power
Spike in E[B] Abrupt demand surge Temporarily boost bandwidth
Drop in p Idle processing with queue backlog Increase compute power
High E[L]
Low p Short bursts of activity Maintain moderate bandwidth
Low EJ[L] Reduce energy slightly
High E[B]

PERFORMANCE EVALUATION

This paper uses the NS-3 network simulator to assess the
performance of a dynamic resource allocation framework
in a 6G environment. The simulation takes place in a
1000-meter by 1000-meter area, representing a dense
urban deployment scenario. Within this space, macro
cells are strategically placed to provide consistent, wide-
area coverage and serve as the main connection
backbone. To increase network capacity and alleviate the
load on macro cells, small cells are deployed in a semi-
random grid pattern. These small cells help densify the
network and address coverage gaps, particularly in areas
where macro connectivity may weaken due to obstacles
or high user density. All base stations, including macro
and small cells, remain stationary during the simulation
to illustrate fixed network infrastructure. Users are
randomly positioned within the simulation area to reflect
the unpredictable nature of user distribution in real-world
urban settings. Their movement follows the Random
Waypoint Model, which simulates realistic user
behavior. In this model, each user chooses a random
destination within the area and moves toward it at a
randomly selected speed, pausing briefly upon arrival
before picking a new destination and repeating the
process. This variability in speed and direction captures
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the unpredictable dynamics of human movement, making
the evaluation more representative of actual 6G network

usage. During the simulation, user devices connect to the
nearest available cell, and handovers are managed based
on signal strength and quality. The dynamic resource
allocation mechanism continuously optimizes the
assignment of network resources in response to changes
in user density, traffic demand, and cell load conditions.
A comprehensive list of the simulation parameters,
including channel configurations, user behavior settings,
and radio propagation models, is detailed in Table 3.

Table 3. Simulation Parameters

Parameter Values
Frequency Band 28 GHz
Reception Power 0.6 Watts
Coverage Range 80 meters
Modulation Scheme 256-QAM
Antenna Gain 6 dBi
Transmission Power 1.8 Watts

MIMO Configuration | 8x8

Carrier Frequency 28 GHz
Backhaul Capacity 2 Gbps
Scheduler Algorithm Proportional Fair
Energy Efficiency 10 mWihbit

Network Density 50 users/cell
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Figure 2. Expected System Length- and Total Waiting Time-Based Evaluation

In these simulations, we compare the proposed dynamic
resource allocation approach with the static resource
allocation methodology. Figure 2a illustrates the
behavior of the proposed approach according to
increasing system lengths (E[L]) to show its efficiency
compared to the static resource allocation strategy. Here,
we evaluate the efficiency in terms of latency, packet
loss, and throughput. As shown in Figure 2a, latency and
packet loss grow steadily with increasing system length
due to prolonged queuing and saturation. Also,
throughput declines with the degraded performance due
to congestion blocks. Our proposed dynamic resource
allocation mitigates these issues effectively after
reaching the threshold. At that point, packet loss
decreases due to better handling of incoming traffic. As
shown in Figure 2a, latency becomes steady when more
resources are added to lower waiting times. Throughput
improves when network resources are adjusted for the
workload.
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We also analyze the performance of the proposed model
according to the total waiting time, as shown in Figure
2b. We measure this metric with Eqg. 5, and high waiting
times indicate queuing delays due to congestion or under
provisioned resources. In static resource allocation,
packet loss continuously increases due to excessive
buffering or the dropping of requests during prolonged
waiting periods. In our proposed approach, we can
improve performance after the threshold. More
specifically, our proposed approach reduces packet loss
by mitigating the negative impacts of traffic congestion.
Similarly, throughput declines since the system cannot
efficiently process incoming traffic within an acceptable
timeframe. On the other hand, our proposed approach
effectively handles queued traffic and reduces system
delays to improve throughput. We evaluate the proposed
approach’s latency, packet loss, and throughput
according to the busy period in Figure 3. As explained in
Eg. 1, analyzing busy periods is essential to
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understanding system overload and applying dynamic
resource strategies. As shown in Figure 3, latency
increases during long busy times because resources can’t
handle the continuous high demand. However, the
proposed dynamic resource allocation approach shows
improvements post-threshold. Here, dynamic resource
allocation reduces prolonged queuing delays, leading to
a rapid latency decrease. As shown in Figure 3, packet
loss increases considerably during extended busy periods
with throughput reduction. This indicates that the
system’s capacity to handle all incoming traffic has
decreased. However, the proposed approach stabilizes it
due to enhanced congestion handling as given with Eq. 5.
Similarly, throughput increases as more resources
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optimize data processing during peak times,
summarized in Table 2.

To provide a clearer comparison of our approach with
existing solutions, we offer a qualitative assessment of
various advanced resource allocation strategies in Table
4. Unlike static or purely heuristic methods, our model
combines queuing theory and GBM-based prediction to
support both traffic adaptation and user mobility. While
many learning-based models, such as Q-learning or deep
reinforcement learning, show strong performance, they
often require extensive training and centralized control,
which may not be suitable for scaling in 6G networks. In
contrast, our approach is lightweight and scalable,
ensuring real-time responsiveness with predictive
capabilities. This balance makes our method a practical

as



Table 4. Qualitative Comparison of Resource Allocation Approaches

Study / Adaptability =~ Mobility  Learning- Real-Time .
Approach to Traffic Awareness Based Capability Scalability Notes
Static Resource Simplest; lacks
Allocation X X X X v responsiveness
Heuristic Rule- . T
Based Models ~ X X v v Scenggr?e':;ﬁigt’ig? ited
[4,12]
Q-Learning Requires training phase;
Models v ~ v ~ ~ limited by mobility
[8 9] complexity
Deep RL High accuracy but
Approaches N N v N ~ computationally
[5, 6, 11] demanding
Federated .
L Scalable and privacy-
Learning-Based v v v v v preserving; model
Models L
synchronization overhead
[13]
Our Proposed Intelligent resource
Method N v X v v allocation without

complex training

and advanced alternative, particularly for latency-
sensitive and dynamic environments like smart
warehouses or digital twin platforms.

The simulation results reveal notable improvements in
latency reduction, resource utilization efficiency, and
throughput stability, especially under conditions of
fluctuating user mobility and variable traffic loads. These
enhancements are particularly relevant for real-world
applications that require ultra-reliable low-latency
communication, such as smart warehouses, Industry 4.0
settings, autonomous transportation systems, and real-
time digital twin platforms in logistics and
manufacturing. In these contexts, tasks like the precise
coordination of autonomous guided vehicles, remote
robotic control, and time-sensitive sensor-actuator
interactions depend on reliable network performance,
which our proposed model effectively supports. By
facilitating predictive and adaptive resource allocation,
the system can proactively address network congestion
and user mobility patterns, minimizing service
disruptions and ensuring stable quality of service. For
example, in smart logistics hubs where numerous
interconnected devices operate simultaneously, the
dynamic nature of our model ensures continuous
communication ~ without  over-provisioning  or
underutilizing resources. This approach not only
enhances operational efficiency but also promotes energy
savings by reducing idle resource allocation and
unnecessary signaling overhead. Furthermore, the
improved spectral efficiency and reduced packet delays
highlighted in our evaluation indicate tangible economic
advantages, including lower energy costs, better
hardware utilization, and scalability for dense network
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deployments. These outcomes align with the objectives
of sustainable and intelligent 6G infrastructure. Overall,
the findings of this study suggest that intelligent, model-
driven resource orchestration mechanisms are not only
theoretically beneficial but also essential for meeting the
rigorous performance demands of next-generation cyber-
physical systems.

CONCLUSION

We have presented an integrated framework for dynamic
resource allocation in 6G small cell networks. This
approach combines the M/G/1-based queueing system
with GBM. This approach obtains the small cell states
with M/G/1-based queue modelling. Then, these states
are used with the GBM to predict the resource allocation
decisions. This combined approach allows for adaptable
resource management by ensuring the dynamic allocation
of bandwidth, computing power, and energy usage.
Simulation results also show that the proposed dynamic
resource allocation model significantly outperforms
static allocation strategies. Specifically, the model
achieves a reduction of up to 35% in latency, a decrease
of up to 42% in packet loss, and an improvement of up to
28% in throughput under high traffic and congested
conditions. These enhancements demonstrate the
effectiveness of our predictive and adaptive framework
in efficiently managing resources in dense 6G small cell
deployments.



FUTURE WORK

While the proposed queuing theory and GBM-based
dynamic resource allocation framework shows
significant improvements in latency, packet loss, and
throughput, several extensions could further enhance its
applicability and performance in real-world 6G
scenarios. The current implementation treats small cells
as independent decision-making units. Future work may
explore federated learning or cooperative reinforcement
learning to facilitate resource sharing and joint
optimization among neighboring cells. As energy
harvesting small cells become more common, future
work could also incorporate models of renewable energy
availability to enable energy-aware resource allocation
while ensuring QoS guarantees.
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ABSTRACT

This study presents a novel contribution to graph-based text summarization by integrating the Karci Dominant
Clustering Algorithm into summarization systems for the first time. In the proposed method, a neighborhood matrix
based on the number of shared words between sentences is used to construct the initial graph. The Karct Dominant
Clustering Algorithm is then applied to identify dominant clusters, and the corresponding sentences are removed from
the text. A second graph is constructed from the remaining sentences, and eigenvector centrality values are used to
determine the most central sentences, which form the final summary. The method was evaluated on the DUC-2002
and DUC-2004 datasets using ROUGE metrics, achieving scores of 0.35748, 0.49049, and 0.57586 for 100-, 200-,
and 400-word summaries, respectively. The experimental results demonstrate that the proposed approach outperforms
several existing methods and provides a significant contribution to the field of automatic text summarization.

Keywords: Graph dominating set, Graph-based document summarization, Generic document summarization,
Extractive text summarization, Multi document text summarization

Karel Baskin Kiime Algoritmasi ve Ozvektor Merkeziligi Kullanarak Cizge Tabanh
Cikarimsal Metin Ozetleme icin Yeni Bir Yaklasim

oz

Bu calisma, cizge tabanli 6zetleme yontemlerine yenilikei bir katk: sunarak Karci Baskin Kiimeleme Algoritmasi’ni
ilk kez metin dzetleme sistemlerine entegre etmektedir. Onerilen yéntemde, dzetlenecek metindeki ciimleler arasinda
ortak kelime sayilarina dayali bir komsuluk matrisi olusturularak ilk ¢izge insa edilir. Ardindan, Karct Baskin
Kiimeleme Algoritmasi kullanilarak ¢izgedeki baskin kiimeler belirlenir ve bu kiimeye ait ciimleler metinden ¢ikarilir.
Kalan ciimlelerle ikinci bir ¢izge olusturulur ve bu ¢izgedeki 6zvektor merkezilik degerlerine gore en merkezi
climleler segilerek 6zet olusturulur. Yontem, DUC-2002 ve DUC-2004 veri kiimeleri (izerinde ROUGE metrikleriyle
degerlendirilmis ve sirasiyla 100, 200 ve 400 kelimelik 6zetler igin 0.35748, 0.49049 ve 0.57586 ROUGE degerlerine
ulagmustir. Elde edilen bulgular, dnerilen modelin mevcut yontemlere kiyasla yiiksek performans gdsterdigini ve
literatiire anlamli bir katki sundugunu ortaya koymaktadir

Anahtar Kelimeler: Cizge baskin kiime, Cizge tabanli belge 6zetleme, Genel belge 6zetleme, Cikarimsal metin
Ozetleme, Coklu belge metin 6zetleme

INTRODUCTION issue has yet to be resolved despite recent advances. To

increase the text’s value for readers, various strategies are
With the rapid development of internet technology, itis  employed to extract its key information effectively [3].
seen that the information on the internet has increased at ~ For this reason, researchers are working on advanced or
an extraordinary rate [1], [2]. The exponential growth of new methods to provide more efficiency regarding
the information produced every day makes it difficult for — automatic text summarization technologies [4].
people to access the right information from this Summarization aims to transform extensive and detailed
information stack. During access to information, many  textual content into a more concise format, without
documents related to the information sought can be compromising the core meaning and essential points.
obtained, but it is a laborious and time-consuming task to ~ Text summarization aims to produce a concise and
determine whether the requested information is actually  logically structured representation of the original text. A
found in the documents. Text summarization systems are  range of approaches has been developed including
being developed to help people save time, increase extractive, abstractive, and hybrid summarization
productivity, and access information more easily. methods, each offering distinct advantages and
Automatic document summarization is an area where the  limitations [5]. Regardless of the approach employed,
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text summarization is essential for enhancing the
comprehension and distribution of information in an era
characterized by rapid information flow and high data
volume.

Extractive summarization involves constructing the
summary by identifying and directly using the most
relevant sentences from the original document.
Abstractive text summarization involves generating
summaries by producing new sentences that do not
appear in the original text, following a comprehensive
analysis of the document. [6]. In the proposed extractive
text summarization method, dominant sets [7] and graph
theory techniques are used.

In the subsequent sections of the study, Chapter 3
outlines the overall structure of the proposed text
summarization approach, including the identification of
dominant clusters within the graphs. Chapter 4 presents
the experimental results, offering a detailed description
in terms of the datasets and performance measures
employed. Moreover, a systematic comparison is
performed in comparison with the proposed model and
leading state-of-the-art methods in the field. Finally,
Chapter 5 offers a critical discussion and interpretation of
the experimental results, highlighting their implications
and relevance within the broader context of the study.

RELATED WORK

In text summarization research, numerous criteria have
been incorporated into sentence scoring to enhance the
quality of system-generated summaries. These include
factors such as the sentence’s position within the
document, its length, the identification of key terms, the
overlap of sentence content with the document’s title, the
presence of numerical values, and the frequency of terms.
Integrating these features into the evaluation process has
significantly improved summarization performance [8],
[9], [10]. [11] proposes a graph-based summarization
system using both BM25+ and TextRank algorithms. In
this summarization system, a graph was obtained with the
nodes of the sentences and the similarity score between
the two sentences with the edge weights. Nodes with the
maximum order are selected and summarized. [12]
proposed a single-document graph-based method for
generating a coherent summary from Arabic texts. The
source text was first transformed into a textual graph and
both statistical and semantic factors were used to evaluate
each sentence according to a new method that takes into
account relevance, scope and variety. A subgraph is then
constructed to reduce the overall size of the document.
Finally, the final summary was produced by excluding
unnecessary and less significant expressions from the
summarized sentences. [13]. Ranked for each sentence
by calculating subject information, semantic content,
important keywords and location features. The final
scores of each sentence in the document were revealed
by combining the ranking values calculated for each
feature. The top-ranked sentences are identified and
integrated into the final summary. [14] proposed a graph-
based approach that consider the similarity between
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sentences and each other and between sentences and the
whole document. In this approach, the similarities of the
sentences to each other and the similarities of the
sentences to the subject of the document were evaluated
together and weighted graphs were obtained. A summary
is created by determining the nodes with the top-ranked
values in the graph and including the sentences
associated with them. Karci Summarization focuses on
entropy centrality and a general summarization is made
using various o values in Karci entropy calculation. Here,
according to the calculated entropy result, the nodes that
are considered to carry the most information are selected
and summarized. [15] [16], introduced a graph-based
summarization approach that leverages biomedical-
specific knowledge along with a data mining technique
known as frequent itemset mining. In their studies, they
used the Jaccard Similarity approach to specify the
similarities of the sentences. In the study on graph-based
extractive text summarization, firstly, the effect of 4
different association methods on the "TextRank™ method
was investigated. DUC and CAST data sets were used as
data sets. In addition to this study, a system has been
developed using hierarchical associative clustering and
"TextRank™ methods. In the proposed method, sentences
are clustered according to a certain criterion, and
"TextRank™ is utilized to extract relevant sentences from
the clusters. According to the studies, it has been
determined that the proposed system works better when
DUC 2002 is used. In the CAST dataset, it has been
determined that 2 methods out of 4 different association
methods have passed, and the difference between the
other 2 methods is small [17]. Regarding the graphs,
dominant set, node coverage, perfect matching, max
faction, node coloring etc. There are such problems.
Obtaining the minimum dominant set is an NP-Hard
problem [7]. Numerous studies have been carried out on
the minimum dominant cluster. [18], tried to solve the
minimum dominant cluster problem by using a two-stage
ant colony (ACO) algorithm. [19], reported that
summaries obtained using dominant clusters obtained
more successful results than many methods. [20], applied
the minimum dominant set problem to Hopfield networks
and obtained successful results. In addition, they claimed
that the algorithm they developed would also consider
solutions to problems such as max cliqgue and max
independent set

PROPOSED SUMMARIZATION METHOD

The steps of the proposed approach for text
summarization are illustrated by the block diagram in
Figure 1. In this study, an extractive and multi-document
summarization method using dominant sets in graphs is
presented. In the study, texts with model summaries of
200 and 400 words from the DUC 2002 data set and texts
with a 100-word model summary from the DUC 2004
data set were used as inputs to the proposed text
summarization system. The proposed summarization
technique is divided into three fundamental tasks. In the
first task, static words (such as pronouns, prepositions,



conjunctions) and unnecessary characters are removed
from the documents. It is aimed to increase the success
rate by removing the words (stopwords) that do not make
sense on their own. In the second stage, mathematical
modeling and graph theory are used to visualize and
quantify the semantic connections between sentences.
Furthermore, this task incorporates identifying the nodes
that make up the dominant cluster and extracting the
sentences represented by these nodes from the original

text. A new graph is created with the remaining sentences
in the text. In the last stage, the sentences corresponding
to the nodes in the newly created graph are scored using
the eigenvector centrality method. At this step of the
suggested method, summaries of 100, 200 and 400 words
were created from the texts, starting from the most
important node. The effectiveness of the approach was
subsequently evaluated in detail using various ROUGE
performance metrics.

Purposed Method

Source
Documents

g

Pre-prosessing

Detecting dominant nodes with

from the graph

® Dominant
Nodes

Simplified
Graph

Karci algorithm and removing them

Textual Graph

Target
Summary

Eigenvector .
Centrality Creating Summary

Figure 1. Schematic representation of the proposed document summarization model

According to graph theory, the dominant set is a subset
of all the nodes in a graph. The vertices in the graph are
either in the dominant cluster or are neighbors of at least
one node in the dominant cluster [7]. Figure 2 illustrates
a sample graph consisting of 10 nodes. As seen in Figure
3, dominant nodes dominate the entire graph.

Sas

Figure 3. Dominant nodes
of the graph

Figure 2. An example graph

Detection of the dominant set

Within the scope of this study, the dominant set of nodes
belonging to the textual graphs was determined using the
Karci1 centrality value approach. This centrality algorithm
is determined by calculating the node degrees, the Kmax
tree degrees, and the basic cutoff degrees. This algorithm
is composed of three fundamental stages. The initial step
involves calculating the degree of each vertice in the
graph, which represents the number of its connections to
other nodes.
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Kmax Tree

In the second stage, the degrees of the nodes in the tree
were calculated using the Kmax Tree defined by Karci.
The Kmax tree is a traversal of all the vertices in the
graph, commencing from the vertices with the highest
rank [21]. In the Kmax tree, the node possessing the
highest degree is selected as the root node, and its
adjacent nodes are enqueued according to their index
sequence. When choosing the next highest ranked node
among the neighboring nodes in the queue, if two or more
nodes are the highest, the level of the nodes in the tree is
checked first. Of these nodes, the node with the lowest
level in the tree is given priority. If the equality continues,
the first node is selected as the highest ranked node,
taking into account its order in the queue. Kmax tree is
obtained by adding all the nodes in the graph to the tree.
Algorithm 1 shows the algorithm used to create the Kmax
tree

Algorithm 1. Generating the Kmax Tree

Function Kmax(graph,root)
T = New Graph
visited, queue = empty list
add root to visited and queue list
while the queue is not empty

find root's neighbours



7 remove links between root and its neighbours

8 if the neighbour has not been visited before,
add it to the queue and visited list

9 if the neighbour has been visited before, it
comes out of the line

10 if there is a node with degree O in the queue,
exit the queue

11 root = highest degree node remaining in the
graph

12 return T

While constructing the Kmax tree of the graph in Figure
2 by using Algorithm 1, the highest order node 0 was
chosen as the root. Then, nodes 2,4,6,7 and 9, which are
neighbors of node 0, are added to the root as children. If
there is a connection between these nodes, this
connection is broken and the node degrees are updated.
The reason for this is that since a node is reached over an
edge, other alternative routes are no longer needed.
According to the updated node degrees, node 9 was
chosen as the highest degree node. By repeating the
previous steps, nodes adjacent to node 9 are added to the
tree. In the next step, node 1 became the highest order
node. Neighbors to this node are also added to the tree.
Thus, since all nodes are reached, the Kmax tree is
created. Figure 4 shows the Kmax tree of the graph.

NN

T~

----level0----

----level1----

----level2----

----level3----

Figure 4. Kmax tree of the graph
Calculation of Fundamental Cutoffs

In the third step of the Karci centrality algorithm, the
basic cutting degrees are calculated. To calculate these
basic cutting degrees, all the edges of the Kmax tree are
cut out one by one and the graph is divided into two
subsets. The connections of the nodes in the created
clusters with the opposite cluster are determined and the
cut-off value of which node has a connection is added to
it. The basic cutting set is obtained as much as the number
of branches in the Kmax tree [21]. Figure 5(a) shows the
intersection of the sample graph and the Kmax tree.
Figure 5(b), on the other hand, shows all the basic cuts
performed according to the generated Kmax tree. In each
cutting operation, only one edge specified in the Kmax
tree is cut.
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(@) Intersection of example
graph and Kmax tree

(b) All key cuts in the graph

Figure 5. Kmax tree of the example graph and all cuts

For example, C8= {{8}, {0,1,2,3,4,5,6,7,9}} nodes are
divided into two different clusters with the basic cut C8
shown in Figure 5(b). When the connections between
these two clusters are examined, it has been determined
that there are edges between the nodes (8,1) and (8,3). In
this cutting process, node 8 is given 2 cutting degrees,
and nodes 1 and 3 are given 1 cutting degree each. In this
way, all cuts are performed and the cutoff degree of each
node is calculated. In Algorithm 2, the algorithm used to
calculate the basic cutoff degrees is shown.

Algorithm 2. Calculation of Fundamental Cutoffs

1 Function CutSet(graph,tree)
2 treeNo_des, treeEdges = sorted list of nodes and
edges in tree)
3 setl, set2 = empty list
4 cut_set = empty dictionary
5 For each i in treeNodes
6 cut_set[i]=0
7 X = array of zeros (length of treeEdges, length of
treeNodes)
8 If the size of X>0
9 cut_set = dict(zip(treeNodes,[int(n) for n in
list(X[O]D))
10 E)or i ranging from O to (length of treeEdges-
11 clear setl and set2
12 T2 = copy of tree
13 Remove edges from T2 with [treeEdges]i]]
14 d=
sorted(list(nx.connected_components(T2)))
15 Expand setl with d [0]
16 Expand set2 with d [1]
17 For each a in setl
18 For each b in set2
19 Lf graph has an edge between a and
20 Increment cut_set[a] and
cut_set[b] by 1
21 Return cut_set




Karci dominant set algorithm

Karci- centrality algorithm is expressed with the node
dominance value (I') symbol and the dominance value for
each vertice in the graph is calculated by equation 1 [22].

Node Dominance Value (I')
= Graph Degree
+ Kmax Degree
+ Cut Degree

)

After computing the dominance scores for each node in
the graph, the subsequent step is to identify the dominant
nodes. In Algorithm 3, the algorithm used to create the
dominant cluster, and in Figure 6, the flow diagram of the
Karci dominant cluster algorithm is given. The first thing
to be done during the determination of the dominant
cluster is to determine whether there is a pendant node in
the graph. Nodes with a degree of 1 are called pendant
nodes [23]. If there is a pendant node in the graph, the
node adjacent to this node is included in the dominant
cluster. The node and its neighbors included in the
dominant cluster are removed from the graph and the
Kmax tree, and the graph is updated.

During the second phase, if no pendant nodes exist in the
current graph, the node exhibiting the highest dominance
value is added to the dominant cluster. If the dominance
value of more than one node is equal, the node with the
lower Kmax degree is selected. If the equality still exists,
any of the nodes is added to the dominant cluster. In the
next step, the dominant node and its neighbors are deleted
from the graph and the Kmax tree and the graph is
updated. In each iteration, pendant node control is
performed. The dominant cluster is formed by iteratively
performing the operations until all nodes are removed
from both the graph and the Kmax tree.

Algorithm 3. Determination od Dominat Cluster

1  Function Dominating_Set(graph)
G =graph
T = Kmax tree

4 _graphDegree = a dictionary of node and its degree
in graph

5 I_<maxDegree = a dictionary of node and its degree
inT

6 g:utDegree = adictionary of node and its cut degree
in graph

7 _nodeDo_minanceVaIu_e = a dictionary of node and
its dominance value in graph
pendantNodes = list to store pendant nodes
dominatingSet = list to store dominating nodes

10 while graph still has nodes

11 clear pendantNodes

12 for each node in graphDegree

13 if the degree of node is 1

14 add node to
pendantNodes
15 if there are pendantNodes
16 select the first node in
pendantNodes as the chosen node
17 find its neighbors in graph
select the first neighbor as the
18 :
dominant node
19 else
20 find the vertice with the highest
dominance value in graph
if there are multiple nodes with the
21 .
highest value
find the node with the
22 lowest kmax degree
among them
select the first node with
23 the lowest degree as the
dominant node
24 else
select the first node with
the highest dominance
25 -
value as the dominant
node
26 add dominantNode to dominatingSet
27 find the neighbors of dominantNode in graph
28 remove dominantNode and its neighbors
from graphand T
29 update graphDegree, kmaxDegree,
cutDegree and nodeDominanceValue
30 return dominatingSet
]
Add node to dominant
Graph wt
l l Delete the dominant node

Node degrees

Kmax degrees

and its neighbors from the
graph and Kmax Tree

Fundamental cut-sets

l

|

FYES

Select neighbor of
pendant node

l

Calculate node
dominance values

Is there a pendant

Update Graph and
Kmax Tree

No

re there an)
nodes in the
graph?

Select the node with
the highest
Dominance value

No
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Figure 6. Flowchart of Karct Dominant Set Algorithm



Eigenvector centrality

Eigenvector centrality is a technique employed to assess
the significance of a node within a graph, relying on the
notion that links to highly influential node contribute
more to a node's importance than links to less influential
ones [24]. The eigenvector centrality is calculated by
equation 2, where Vj and Vi are the weights of the
connections between the nodes and A is a constant [25].

1
Ce(w) =5 Z vixCe(v)) @)

VjGN(Vi)

Demonstration of the Karci dominant set algorithm
on DUC 2002

Table 1. First 10 sentences of file d061 of DUC 2002 [26]

Due to the large size of the graphs obtained from the texts
in the dataset, the graph obtained from the first ten
sentences of the d061 file is shown in Figure 7 and the
dominant nodes of this graph are shown in Figure 8.
Table 1 shows the sentences corresponding to each node
in the graph in Figure 7.

Figure 7. The graph
obtained from the first 10
sentences in d061.txt

Figure 8. Dominant
nodes of the graph
obtained from the first 10
sentences in d061.txt

Hurricane Gilbert swept toward the Dominican Republic Sunday, and the Civil Defense alerted its heavily

1 populated south coast to prepare for high winds, heavy rains and high seas.

2  The storm was approaching from the southeast with sustained winds of 75 mph gusting to 92 mph.

3 "There is no need for alarm," Civil Defense Director Eugenio Cabral said in a television alert shortly
before midnight Saturday.

4 Cabral said residents of the province of Barahona should closely follow Gilbert's movement.

5 An estimated 100,000 people live in the province, including 70,000 in the city of Barahona, about 125
miles west of Santo Domingo.

6  Tropical Storm Gilbert formed in the eastern Caribbean and strengthened into a hurricane Saturday night.
The National Hurricane Center in Miami reported its position at 2 am Sunday at latitude 161 north,

7 longitude 675 west, about 140 miles south of Ponce, Puerto Rico, and 200 miles southeast of Santo
Domingo.

8 The National Weather Service in San Juan, Puerto Rico, said Gilbert was moving westward at 15 mph
with a "broad area of cloudiness and heavy weather" rotating around the center of the storm.

9 The weather service issued a flash flood watch for Puerto Rico and the Virgin Islands until at least 6 pm
Sunday.

10 Strong winds associated with the Gilbert brought coastal flooding, strong southeast winds and up to 12

feet feet to Puerto Rico's south coast.

The DUC 2002 and DUC 2004 datasets include both the
source texts and corresponding human-generated
reference summaries. The recommended approach is
assessed in comparison with other competitive methods
using the reference summaries as a benchmark.

Tablo 2. 200-word model and system summaries

Extractive text summarization methods are not yet as
natural as human-generated summaries since the
sentences are taken as they are from the texts. Table 2
shows the model summary generated by humans and the

200-word summary obtained by the proposed system.

Model Summary ([26])

System Summary

Tropical Storm Gilbert formed in the eastern
Caribbean and strengthened into a hurricane Saturday
night. Hurricane Gilbert slammed into Kingston on
Monday with torrential rains and 115 mph winds that
ripped roofs off homes and buildings, uprooted trees
and downed power lines. The storm killed 19 people
in Jamaica and five in the Dominican Republic before
moving west to Mexico. The Jamaican Embassy

Heavy rain and stiff winds downed power lines and
caused flooding in the Dominican Republic on
Sunday night as the hurricane's center passed just
south of the Barahona peninsula, then less than 100
miles from neighboring Haiti. " Hurricane Gilbert,
packing 110 mph winds and torrential rain, moved
over this capital city today after skirting Puerto Rico,
Haiti and the Dominican Republic. Hurricane Gilbert
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reported earlier that 500,000 of the nation's 2.3 million
people were homeless. Gilbert also buffeted the
Cayman Islands, but no deaths were reported.
Hurricane Gilbert, one of the strongest storms ever,
slammed into the Yucatan Peninsula Wednesday and
leveled thatched homes, tore off roofs, uprooted trees
and cut off the Caribbean resorts of Cancun and
Cozumel. The storm was about 550 miles southeast
of Brownsville, Texas, the center said in a statement.
The National Hurricane Center said Gilbert was the
most intense storm on record in terms of barometric
pressure. Earlier Wednesday Gilbert was classified as
a Category 5 storm, the strongest ad deadliest type of
hurricane.  Hurricane Gilbert's growth from a
harmless low-pressure zone off Africa to a ferocious
killer in the Gulf of Mexico was fueled by a
combination of heat, moisture and wind that baffles
forecasters.

swept toward the Dominican Republic Sunday, and
the Civil Defense alerted its heavily populated south
coast to prepare for high winds, heavy rains and high
seas.  The National Hurricane Center in Miami
reported its position at 2 am Sunday at latitude 161
north, longitude 675 west, about 140 miles south of
Ponce, Puerto Rico, and 200 miles southeast of Santo
Domingo. Forecasters said the hurricane was gaining
strength as it passed over the ocean and would dump
heavy rain on the Dominican Republic and Haiti as it
moved south of Hispaniola, the Caribbean Island they
share, and headed west. " At midnight EDT Gilbert
was centered near latitude 215 north, longitude 902
west and approaching the north coast of Yucatan,
about 60 miles east-northeast of the provincial capital,
Merida, the National Hurricane Center in Coral
Gables, Fla, said. The storm ripped the roofs off
houses and flooded coastal areas of southwestern
Puerto Rico after reaching hurricane strength off the

island's southeast Saturday night.

EXPERIMENTAL RESULTS

This study evaluates the proposed method's performance
by employing the Document Understanding Conference
(DUC) datasets, known for being among the most
prevalent benchmark resources in text summarization
studies [26]. DUC datasets are used to develop and test
text summarization algorithms. DUC dataset is a dataset
prepared for use in the text summarization field. The
dataset contains a summary and a full text for each news
article. With the proposed approach, abstracts of 200 and
400 words were obtained from the texts in the DUC 2002
dataset and 100-word summaries from the texts in the
DUC 2004 dataset were obtained and compared with the
model summaries. The DUC 2002 dataset comprises 59
document clusters, each consisting of approximately 10
news articles, totaling 567 documents. It has been
observed that each document contains an average of 25
to 30 sentences. The DUC 2004 dataset includes 500
documents, each accompanied by human-generated
reference summaries. The BBC News dataset is a dataset
used for data categorization consisting of 2225
documents from 2004-2005, corresponding to stories in
five domains. This dataset is designed for extractable text
summarization purposes [27]. The "News Articles"
folder contains 417 political news articles published by
the BBC between 2004 and 2005. For each article, there
are five different summaries in the "Summaries" folder.
The BBC News dataset consists of 2,225 documents
spanning  five  distinct  categories:  business,
entertainment, politics, sport, and technology. Each
article contains an average of 19 sentences, and multiple
human-written reference summaries are available for
each document.

To evaluate the effectiveness of the abstracts produced in
this study, ROUGE (Recall-Oriented Understudy for
Gisting Evaluation) performance metrics, which are
among the most commonly applied evaluation criteria in
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text summarization systems, were utilized. ROUGE
counts the common n-grams (n-grams refers to n word
groups in a text) of the summary text produced by text
summarization systems and the abstract text created by
humans, and the ratios of these common n-grams to the
total n-grams [9]. The high score between 0 and 1
produced by the ROUGE criteria represents the success
of the automatic summary. In this study, the performance
of the suggested method is assessed using ROUGE-N,
ROUGE-L, ROUGE-W-1.2 and ROUGE-SU
performance measures.

ROUGE — N
_ ZCE{ReferenceSummaries}gramn €S Z countmatcn (gramn)

ZCE{R eferenceSummaries}gram,€S 2 count(gramy,)

In this study, the effectiveness of the generated
summaries was evaluated using ROUGE (Recall-
Oriented Understudy for Gisting Evaluation), a set of
performance metrics commonly employed in text
summarization systems. ROUGE-N measures the n-gram
overlap between the system-generated summaries and the
human-written reference summaries; ROUGE-L assesses
the longest common subsequence; and ROUGE-SU
evaluates similarity based on skip-bigrams and
unigrams.An approach that has not been used in any
summary study before was used in our study. Assuming
that the sentences associated with the dominant nodes
should be excluded from the abstract, a new graph was
constructed using the remaining sentences, with those
corresponding to the dominant nodes removed from the
original text. The nodes of this new graph were scored
using the eigenvector centrality method and summaries
were obtained. In Table 3, 100-word summaries, in Table
4, 200-word summaries and in Table 5, 400-word
summaries are reported separately according to the DUC



dataset, and in Table 6, summaries obtained from the
BBC New dataset are reported separately according to
Recall, Precision and F-Score using ROUGE
performance metrics.

The evaluation metrics employed in this study include
Rouge-1, Rouge-2, Rouge-3, Rouge-4, Rouge-L, Rouge-

W-1.2, Rouge-S*, and Rouge-SU*. In Tables 3-6, the
first column displays the various types of summarization
performance metrics, while the subsequent columns
present their average performance across Recall,
Precision, and F-Score.

Table 3. Performance values of 100-word summaries (DUC 2004)

Recall Precision F-score
Rouge-1 0.38691 0.33342 0.35748
Rouge-2 0.07818 0.06743 0.07227
Rouge-3 0.02378 0.02049 0.02197
Rouge-4 0.00677 0.00582 0.00625
Rouge-L 0.30356 0.26250 0.28099
Rouge-W-1.2 0.10327 0.16345 0.12630
Rouge-S* 0.12957 0.09561 0.10914
Rouge-SU* 0.13437 0.09944 0.11338
Table 4. Performance values of 200-word summaries (DUC 2002)
Recall Precision F-score
Rouge-1 0.51702 0.46710 0.49049
Rouge-2 0.24703 0.22194 0.23369
Rouge-3 0.18815 0.16832 0.17759
Rouge-4 0.17194 0.15357 0.16215
Rouge-L 0.48475 0.43786 0.45984
Rouge-W-1.2 0.17469 0.24875 0.20512
Rouge-S* 0.23343 0.19014 0.20908
Rouge-SU* 0.23613 0.19253 0.21162
Table 5. Performance values of 400-word summaries (DUC 2002)
Recall Precision F-score
Rouge-1 0.58847 0.56406 0.57586
Rouge-2 032113 0.30750 0.31409
Rouge-3 0.25830 0.24701 0.25247
Rouge-4 0.23775 0.22717 0.23228
Rouge-L 0.55874 0.53538 0.54666
Rouge-W-1.2 0.17626 0.26609 0.21197
Rouge-S* 0.31889 0.29281 0.30497
Rouge-SU* 0.32019 0.29407 0.30626
Table 6. Performance values of summaries (BBC News)
Recall Precision F-score
Rouge-1 0.77617 0.63884 0.69058
Rouge-2 0.66749 0.55359 0.59606
Rouge-3 0.63031 0.52324 0.56306
Rouge-4 0.60492 0.50180 0.54007
Rouge-L 0.57108 0.47136 0.50919
Rouge-W-1.2 0.18591 0.40615 0.25057
Rouge-S* 0.46384 0.31341 0.35355
Rouge-SU* 0.46868 0.31740 0.35797

To determine the relative impact and importance of each
component, an ablation analysis was carried out as part
of our study. In this study, the Node Degree is first
removed from the model. The performance of the
resulting model is analysed using ROUGE metrics. Then,
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the performance of the model was analysed by removing
the Kmax Degree and the Cutting Degree from the model
separately, respectively. As shown in Table 7, the
ablation study reveals that every component tested is vital
to the success of the proposed model, and omitting any



of them results in reduced performance. In this study, the
DUC 2002 dataset and 200-word summaries were used.

Table 7. Results of the ablation study

Component Rouge-1 Rouge-2 Rouge- L Rouge-W1.2 Rouge- SU*
Node+Kmax Degree 0.47639 0.21202 0.44299 0.19315 0.20699
Node+Cut Degree 0.44858 0.18366 0.41557 0.17715 0.18603
Kmax+Cut Degree 0.46181 0.19409 0.43013 0.18704 0.19088
Dominance value 0.49049 0.23369 0.45984 0.20512 0.21162

DISCUSSION AND CONCLUSION

A comparative analysis was conducted between the
abstracts produced by the proposed approach and those
presented in earlier research.

Luhn [28] generated summaries by assigning scores to
sentences based on statistical information derived from
word frequencies and distributions, in combination with
machine learning techniques. Landauer et al. [29], [30]
introduced a novel approach that relies solely on general
mathematical methods. Mihalcea utilized an extractive
and unsupervised method known as TextRank [31], [32],
where the text's linked structure was converted into
graphs, and summaries were generated by scoring the
sentences based on their significance. One of the key
advantages of the TextRank algorithm is that it builds
upon Google’s PageRank [33], eliminating the necessity
for a manually defined structure. In related work, Erkan
et al. suggested a graph-based technique to evaluate
sentence significance. In their approach, known as
LexRank, sentence importance was determined by
calculating the eigenvector centrality of the vertices
representing the sentences in the graph [34]. SumBasic
and KL-Sum are statistical methods used in summarizing
text. In SumBasic, each sentence in the text is evaluated
based on its importance, and the most significant ones are
selected to build the summary. This importance score is

based on the total frequencies in the text of the words in
each sentence. That is, the more frequently a word is
used, the more important the sentence it is in is
considered [35]. In the KL-Sum method, the resemblance
of each sentence to other sentences in the text is
calculated using the Kullback-Leibler (KL) distance
measure. The weight of each sentence is determined by
both the importance of its words and its degree of
similarity to other sentences. The sentences with the
highest weights are chosen to form the summary [36].
These methods were selected due to their reliance on
mathematical, statistical, or graph-based approaches,
which align closely with the methodology proposed in
this study. Moreover, similar to the suggested approach,
all of the chosen methods fall under the category of
unsupervised document summarization.

The ROUGE performance scores of the Luhn, LSA,
TextRank, LexRank, SumBasic, and KL-Sum
techniques, as well as the summarization method
introduced in this research, are displayed in Table 8 using
the DUC-2002 dataset. The highest values in each row of
the table are emphasized in bold. It is clearly seen that the
proposed approach outperforms all competing methods
on 200-word summaries. Additionally, Figure 9 presents
a graphical comparison of the F-score values for the 200-
word summaries generated by the proposed method and
other competing approaches.

Table 8. Comparison of the proposed method with other similar methods (DUC 2002, 2004)

Rouge- 1 Rouge- 2 Rouge- L Rouge-W1.2 Rouge-SU

Luhn 0.26733 0.03182 0.20354 0.20354 0.06534
LSA 0.29759 0.03983 0.24845 0.24845 0.08820

é TextRank 0.36292 0.07338 0.27991 0.27991 0.11328
= LexRank 0.31255 0.05292 0.25053 0.25053 0.08884
§ SumBasic 0.32808 0.05413 0.23680 0.23680 0.09437
KL-Sum 0.32924 0.06946 0.26789 0.26789 0.10117
ours 0.35748 0.07227 0.28099 0.28099 0.11338
Luhn 0.45924 0.20160 0.43022 0.18902 0.18556

g LSA 0.37342 0.08921 0.33162 0.13715 0.12527
’§5 TextRank 0.45868 0.16000 0.44289 0.18382 0.19200
g LexRank 0.46997 0.18010 0.42787 0.18237 0.19309
N SumBasic 0.45597 0.15757 0.39194 0.16710 0.17548
KL-Sum 0.37104 0.12018 0.33741 0.14375 0.13098
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ours 0.49049 0.23369 0.45984 0.20512 0.21162
Luhn 0.57746 0.32654 0.54940 0.21675 0.29118
LSA 0.46804 0.16141 0.42685 0.15464 0.20140
é TextRank 0.55179 0.24447 0.53926 0.20648 0.28307
= LexRank 0.54188 0.23382 0.50793 0.19550 0.26541
§ SumBasic 0.51462 0.18542 0.45995 0.17378 0.23197
KL-Sum 0.43490 0.16132 0.39924 0.15442 0.17688
ours 0.57586 0.31409 0.54666 0.21197 0.30626
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Figure 9. Graphical comparison of the proposed method with other competitive methods (200 words)

F-score values of 400-word summaries of all
competitive methods, including the method suggested in
Figure 10, were compared graphically.
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Figure 10. Graphical comparison of the proposed method with other competitive methods (400 words)

The comparison of F-score values across all methods for
the 100-word summaries from the DUC-2004 dataset is
displayed in Figure 11.
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Figure 11. Graphical comparison of the suggested method with other competitive methods (100 words)

It is clearly seen that the proposed approach outperforms
all competitive methods for 200-word summaries.

In 400-word summaries, it outperforms the Luhn method
by 0.277% in Rouge-1 metric, 3.813% in Rouge-2
metric, 0.499% in Rouge-L metric, 2.205% in Rouge-W-
1.2 metric, but 5.179% in Rouge-SU metric. Therefore,
the suggested approach is superior to Luhn and other
approaches.

For 100-word summaries, it is clearly seen that it
outperforms all competitive approaches according to the
F-score values of Rouge-L, Rouge-W-1.2 and Rouge-
SU* metrics. When other metrics are also taken into

consideration, the TextRank method has shown superior
performance compared to other approaches.

Table 9 illustrates that the proposed method outperforms
all competitive approaches according to Rouge-1,
Rouge-2, Rouge-L, and Rouge-W1.2 metrics. The
proposed method outperforms the closest approach by
0.818% with respect to Rouge-1 metric, 2.497% with
respect to Rouge-2 metric, 18.596% with respect to
Rouge-L metric and 20.629% with respect to Rouge-W-
1.2 metric. It underperformed the Rouge-SU metric by
7.233%. The graph comparing the F-score values of all
methods for the summaries obtained from the BBC News
dataset is shown in Figure 12.

Table 9. Comparison of the suggested method with other similar methods (BBC News)

Rouge- 1 Rouge- 2 Rouge-L  Rouge-W1.2 Rouge-SU
Luhn 0.68498 0.58154 0.42935 0.20772 0.38588
» LSA 0.54435 0.40154 0.37586 0.1713 0.24574
£ TextRank 0.63133 0.51513 0.42793 0.20507 0.35254
3 LexRank 0.67756 0.55625 0.48311 0.23147 0.38742
@ SumBasic 0.56753 0.40593 0.37357 0.17317 0.26762
© KL-Sum 0.44298 0.28447 0.30028 0.12984 0.16749
Ours 0.69058 0.59606 0.50919 0.25057 0.35797
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Figure 12. Graphical comparison of the proposed method with other competitive methods (BBC News)

Numerous investigations have explored various aspects
of extractive approaches to text summarization [37].
Some of them are NN-SE [38], SummaRuNNer [39].
Egraph [40], Tgraph [41], FbTS [42], FPGAC [43],
GDSCO [44], SRL-ESA [45].

The values shown in Table 10 show that the suggested
method better performance than all other methods on the

DUC 2002 dataset as measured by the ROUGE-1 and
ROUGE-L metrics. Artificial neural networks generally
need training data. They are also slow in the training and
implementation phase [5]. The suggested method is an
unsupervised summarization approach that is both
language- and domain-independent.

Table 10. Comparison of the proposed model with other approaches (DUC 2002)

Model Method Rouge- 1 Rouge- 2 Rouge- L Rouge-SU
FbTS Optimization-Based 0.4782 0.2295 0.3362 0.2122
FPGAC Fuzzy-Logic-Based 0.4868 0.2291 - -
GDSCO Optimization Based 0.4901 0.2304 - -
SRL-ESA Graph-Based 0.4620 0.2160 0.3070 0.2320
NN-SE Neural Networks Based 0.4740 0.2300 - -
SummaRuNNer Neural Networks Based 0.4704 0.2400 0.1470 -
Egraph+coh Graph-Based 0.4709 0.2380 - -
Tgraph Graph-Based 0.4810 0.2430 - -
Proposed Method Graph-Based 0.4904 0.2336 0.4598 0.2116

A comprehensive assessment of the proposed text
summarization method has been carried out using various
datasets and evaluation criteria. The results emphasize
that the innovative document summarization approach,
which is grounded in the dominant cluster of the graphs,
produces superior outcomes. This is evident as it
outperformed all the compared methods in the 200-word
summaries and surpassed numerous methods in both the
400-word and 100-word summaries.

It is very important to save time in order to reach the right
information from the enormously increasing data today.
In order to find a solution to this problem, studies on
automatic text summarization are increasing day by day
and new methods are being developed. In this study,
unlike graph-based text summarization methods based on
sentence scoring, a graph-based text summarization
system was developed by using dominant clusters.

In the proposed approach, the algorithm used to detect
dominant clusters was proposed by Karci [7]. By using
this algorithm, a new graph was created by selecting the
most dominant nodes in the graph and removing the
sentences it represents from the document to be
summarized. The eigenvector centrality of the vertices of
the new graph is calculated and the sentences represented
are added to the summary in order of significance.

To demonstrate the model's performance, Recall,
Precision, and F-Scores were evaluated using ROUGE
performance measures. The experiments were conducted
multiple times with abstracts of 100, 200, and 400 words.
The success of the proposed system has been verified
with the results obtained during the experimental
procedures using the DUC-2002, DUC-2004 and BBC
News datasets.
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The proposed summarization method achieved superior
success for 200-word abstracts compared to all the
methods compared. At the same time, it showed a high
performance in 100 and 400-word summaries, leaving
most of them behind.

Regarding performance, the suggested summarization
method is anticipated to yield promising outcomes and
motivate future research as a strong contender in the field
of text summarization.
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ABSTRACT

Energy production has become a rapidly growing field, especially with the impacts of climate change, and has become
a competitive factor among countries. However, this production is often not stable or continuous, varying depending
on external factors such as weather conditions or, in some cases, fossil fuel production. Therefore, predicting energy
production is crucial to optimize and manage its efficiency. This study employed statistical models like ARIMA and
SARIMAX, as well as machine learning models such as LSTM and Gaussian Process Regression (GPR), to predict
renewable energy production time series. The models were compared based on evaluation metrics, predictions, and
forecasts over 72 steps. Among the comparison techniques, the SARIMAX model performed the best, achieving
0.000031 MSE, 0.0026 RMSE, 0.0015 MAE, and 99.98% Rz Additionally, the SARIMAX model provided nearly
perfect forecasts by predicting the data as effectively as the other models.

Keywords: ARIMA, Energy Production, Gaussian Process, LSTM, Time Series.

Zaman Serisi Analizi ile Enerji Tiiketim Tahmininde Istatistiksel ve Makine Ogrenimi
Yaklasimlar

(0)4

Enerji tiretimi, 6zellikle iklim degisikliginin etkileriyle hizla biiyiiyen bir faaliyet alami haline gelmistir ve iilkeler
arasinda rekabet unsuru olusturmustur. Ancak, bu iiretim ¢ogu zaman sabit veya siirekli olmamakta, hava kosullar
veya bazi durumlarda fosil yakit tiretimi gibi dis faktorlere bagli olarak degisiklik gostermektedir. Bu nedenle, enerji
tiretiminin verimliligini optimize etmek ve yonetmek amaciyla tahmin edilmesi biiylik 6nem tasimaktadir. Bu
calismada, yenilenebilir enerji tiretiminin zaman serisi tahminleri, ARIMA ve SARIMAX gibi istatistiksel modellerin
yani sira LSTM ve Gauss Siire¢ Regresyonu (GPR) gibi makine 6grenimi modelleri kullanilarak gerceklestirilmistir.
Kullanilan modeller, degerlendirme metriklerine, her modelin yaptig1 tahminlere ve 72 adim boyunca yapilan
ongoriilere gore karsilagtirllmistir. Uygulanan gesitli karsilastirma teknikleri sonucunda, en iyi performansi
SARIMAX modeli gostermis; bu model 0.000031 MSE, 0.0026 RMSE, 0.0015 MAE ve %99,98 R? degerlerine
ulagsmugtir. Ayrica, SARIMAX modeli verileri diger modeller kadar etkili sekilde tahmin ederek neredeyse mitkemmel
Ongoriiler saglamaktadir.

Anahtar Kelimeler: ARIMA, Enerji Uretimi, Gauss Siire¢, LSTM, Zaman Serisi

INTRODUCTION optimize its management and improve its storage

efficiency [4]. To achieve these aims, time series analysis
With the impacts of climate change caused by the use of  plays a key role. Statistical methods such as ARIMA and
nuclear and fossil energy [1], the shift to renewable SARIMA, as well as machine learning approaches like
energy has become more crucial than ever. These types LSTM and GPR (Gaussian Process Regression), are
of energy offer numerous advantages: they significantly — widely used to address these challenges [5]. The
reduce greenhouse gas emissions, the primary cause of  prediction of production is a promising field, especially
global warming, decrease air pollution, and help preserve  with the development of technology [6]. The works
natural resources [2]. However, the use of renewable proposed by Edmond Connolly [7] and Fahad Radhi
energy poses significant daily challenges [3]. Its Alharbi et al. [8] present time series models aimed at
production heavily depends on various factors, predicting energy-related data. Fahad Radhi Alharbi, in
particularly weather conditions, and in some cases, the  his study, used historical electricity data from Saudi
use of fossil fuels in hybrid systems combining fossil and  Arabia spanning the period 1980-2020. To forecast the
renewable energy. In this context, it is essential to  future performance of the electricity sector in Saudi
forecast renewable energy production in order to  Arabiaover 30 years (2021-2050), Fahad Radhi Alharbi
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deployed a SARIMAX model and compared it with
models such as ARIMA and ANN. In his study, the
SARIMAX model achieved the best performance,
notably with an RMSE of 1.2 TWh for electricity
generation and an R2 of 99% across all analysed data
types (generation, consumption, peak load). Edmond
Connolly, on the other hand, used electricity
consumption data from Ireland combined with
meteorological data to predict short-term electricity
consumption in Ireland (2 months in 2020). The data
were collected between 2014 and 2020 at 15-minute
intervals. To achieve his objective, Edmond Connolly
deployed two models, LSTM and SARIMAX. The best-
performing model was LSTM, surpassing SARIMA. In
their work, Sima Siami-Namini et al. [9], J.W. Taylor et
al. [10], and Meftah Elsaraiti et.al [11] proposed time
series models, even though their prediction domains
differ. J.W. Taylor and Meftah Elsaraiti focused on wind
data, whereas Sima Siami-Namini’s study focused on
financial and economic data. Sima Siami-Namini used
several time series datasets with varying sizes in her
study (e.g., 403 observations for the Nikkei 225 index,
558 for NASDAQ). They deployed ARIMA and LSTM
models, comparing them based on the reduction in mean
error. The most effective model was LSTM, with a mean
error reduction between 84% and 87% compared to
ARIMA. In J.W. Taylor’s study, daily wind speed data
and meteorological ensemble predictions were used,
collected from January 1, 1995, to June 30, 2004, at wind
farm sites in the UK. The evaluation data spanned 18
months (late 2002 to mid-2004). Taylor applied ARMA-
GARCH, ARFIMA-GARCH, and ensemble prediction
models. The best- performing model was the calibrated
and smoothed meteorological ensemble predictions. As
for Meftah Elsaraiti, he utilized wind speed data for
Halifax (Canada) from May 2021 to June 2021. They
deployed ARIMA and LSTM models, and the best model
in his study was LSTM. Jailani et.al [12] proposes a study
dedicated to Investigating the Power of LSTM-Based
Models in Solar Energy Forecasting. In 2023, the article
compares standalone LSTM models with hybrid models
and aims to study LSTM-based models for solar energy
forecasting. Several models are deployed, including
standalone models (LSTM) and hybrid models (CNN-
LSTM). The best model is the hybrid model (CNN-
LSTM). F. U. M. Ullah et al. [13], in 2020, propose a
study dedicated to Short-Term Prediction of Residential
Power Energy Consumption via CNN and Multi-Layer
Bi-Directional LSTM Networks, aiming to develop a
method combining CNN and Multi-Layer Bi- Directional
LSTM (M-BDLSTM) to improve residential power
consumption forecasting. The most effective model
remains the CNN-M-BDLSTM combination. Mahjoub et
al. [14], in 2022, through their work titled Energy
Management Strategy Using Deep Learning for Power
Consumption Forecasting, aim to develop an energy
management strategy using deep learning models. The
different models deployed are LSTM, GRU, and Drop-
GRU, with the latter being the most effective for energy
consumption forecasting. Bilgili et al. [15] propose a
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study on energy consumption prediction. The study aims
to forecast electricity consumption in Turkey using deep
learning models, specifically LSTM and ANFIS. The
data used, obtained from the Turkish Electricity
Transmission Corporation (TETC), represents Turkey’s
electricity consumption between January 1, 2016, and
December 31, 2019. After comparing the two proposed
models, LSTM and ANFIS (Adaptive Neuro-Fuzzy
Inference  System), LSTM demonstrated higher
performance in this study. Arslan (2022) [16] proposes a
study titled A Hybrid Forecasting Model Using LSTM
and Prophet. To improve forecasting accuracy, the study
aims to develop a hybrid model that combines LSTM and
the Prophet model for energy consumption prediction.
This study uses monthly energy consumption data from
seven countries (Canada, France, Italy, Japan, Brazil,
Mexico, and Turkey) between 2006 and 2017. Several
models are deployed, including a hybrid model that
combines (STL + BILSTM + Prophet) and three
independent models: BiLSTM (Bidirectional LSTM),
deBiLSTM (Deseasonalized BiLSTM), and Prophet. The
hybrid model outperforms the other models due to the
combined strengths of the three integrated approaches.
Gasparin et al. (2021) [17] propose a studied Deep
Learning for Time Series Forecasting. This study aims to
evaluate and compare several deep learning models for
electric load forecasting. To achieve this, the data used
includes IHEPC (Electricity consumption in Europe),
CER (Commission for Energy Regulation Ireland), and
GEFCom2014 (Electricity consumption data collected
by ISO New England). The models deployed include
FNN (Feedforward Neural Networks), RNN (Recurrent
Neural Networks), LSTM, GRU, Seq2Seq, and
Temporal Convolutional Networks (TCN). After
comparison, for short-term forecasting, LSTM-Rec
demonstrated the best performance. All the studies cited
previously, even though they successfully achieve their
aims, they do have certain drawbacks. These studies, as
varied as they may be, only use one or two models to
predict their time series. This restricts their ability to
make more accurate predictions, leading to a scenario
where, even if the models achieve moderate
performance, the authors of these studies accept it as
sufficient. The objective of our study, however, is to
employ multiple time series models to determine the
best-performing model. The comparison will be based on
the evaluation of models according to performance
metrics, on predictions of the models and also on theirs
forecasting over 72 steps. In order to guide our
investigations and offer a methodological approach to
addressing the challenges of energy production, we have
reformulated the research questions of this study as
follows:

Which time series model provides clear predictions and
forecasts for renewable energy prediction?

How does the dataset size impact the performance of
certain models, particularly LSTM?

What role can exogenous variables play in improving the
performance of the SARIMAX model?



Our article is organized as follows: a brief description of
the importance of renewable energy prediction using
time series models, followed by a presentation of
previous published works. Next, the methodology will be
introduced, followed by the combined results and
discussion, and finally, the conclusion.

MATERIAL and METHODS

This section provides information about the data, the
models, and the evaluation metrics used. For further
clarification, the Figure 1 provides a more transparent
explanation. Figure 1 provides an overview of the work
that will be carried out throughout our study. The dataset
named "World Overview Data” is used for analysis [18].
This dataset will undergo several preprocessing
techniques, such as replacing missing values with the
mean, normalization, duplicate removal, and data
splitting. The pre-processed data will then be used by two
types of models: statistical models (ARIMA and
SARIMAX) and machine learning models such as LSTM
and GRU. These models will be evaluated based on their
evaluation metrics, predictions, and forecasting
performance.

Datasets Dealing with data Split data

Remove missing
values

World energy
overview

Remove
duplicates

Normalization

Statiscal models Machine Learning Models

v ARMA G
v SARIMAX .o

Comparison and evaluations metrics

Figure 1. Overview of the Methodology
Dataset

The data used comes from Kaggle [18] and includes 13
features and 600 entries or rows. It represents global
energy data from January 1973 to December 2022,
collected every three months. Regarding the features, for
ARIMA, only one feature will be used as the target
variable for prediction, which is the variable named
"Total Renewable Energy Production." For the other
models, this same variable will be used as the target, but
four additional variables will also be utilized: "Primary
Energy  Imports,” "Total Renewable Energy
Consumption," "Total Primary Energy Production," and
"Total Primary Energy Consumption”. The original
series has been plotted in Figure 2.
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Figure 2. Overview of the Original Data

In order for the data to be usable for each model, several
cleaning operations were performed. These included the
removal of missing values, the removal of duplicates, and
normalization, which was also carried out even though it
is optional for some models. The data was also split into
test and training sets, with 70% of the data used for
training and the remaining 30% used for testing.

Our quarterly dataset spans five European markets
(Turkey, Germany, Spain, Italy, and France) and covers
three renewable electricity sources:

Solar (photovoltaic generation)

Wind (onshore and offshore combined)

Hydro (run-of-river and reservoir)

A total of 600 raw observations (one per quarter per
country) formed the basis for all analyses. We
supplemented generation data with two macro-energy
indicators for each country:

Energy imports (net electricity imports per
quarter)

Total energy consumption (quarterly national
consumption)

Both time series were retrieved from the International
Energy Agency (IEA) public database. Less than 2 % of
entries were missing, typically at country—quarter
boundaries. We applied linear interpolation along the
time axis to fill gaps. All six series (three generation +
two exogenous) were seasonally differenced (lag = 4) to
remove quarterly seasonality. Each feature was
standardized to zero mean and unit variance based on the
training folds.

Models

This section gives information about model used in this
study. As already explained in the Figure 1, statistical
methods and machine learning methods were used in this
study. In time series research, the ARIMA model, or
Autoregressive Integrated Moving Average, is a widely
used statistical model for forecasting chronological data.
This model consists of three components: AR, I, and MA.
The AR (AutoRegressive) component expresses a linear
relationship between an observation and its past
values.This component is influenced by the auto-



regression’s order, p, or the number of AR terms. In order
to make the series stationary, the second component, |
(Integrated), removes any trends or non-stationarity. It is
related to d, which is the number of times the series has
been differenced or the degree of differencing to attain
stationarity. The third component, MA (Moving
Average), captures the dependence between an
observation and the past forecast errors. This component
is associated with g, which is the order of the moving
average.

The parameters p, d, and g can be determined either
through graphically using the ACF (Autocorrelation
Function) and PACF (Partial Autocorrelation Function)
[19,20]. The Figure 3 below shows the ACF and PACF
plots of ARIMA.
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Figure 3. Autocorrelation and Partial Autocorrelation of the
Data

SARIMAX, or Seasonal AutoRegressive Integrated
Moving Average with Exogenous Variables, is an
extension of the ARIMA model that incorporates both
seasonality and exogenous variables. It is used when the
data exhibits seasonal trends and when external or
exogenous factors potentially impact the target series.
SARIMAX consists of six components: p, d, and q,
which are typical ARIMA components, along with
additional seasonal components, P, D, and Q. P
represents the order of the seasonal AR term. D indicates
the degree of seasonal differencing to remove seasonal
trends. Q corresponds to the seasonal MA term, whiles
denotes the seasonal period. Exogenous variables are
external predictors, other than the target variable, that can
influence the series. In our study, four exogenous
variables are employed. [20,21]. We set the seasonal
period s=12 to capture the annual cycle inherent in our
monthly renewable-generation series (e.g., higher solar
output in summer months and lower in winter).
Gaussian Process Regression (GPR) is a machine
learning model. It is a powerful non-parametric
regression model based on the Gaussian process. In other
words, it is a probability distribution over a set of
functions that allows predicting continuous values from
data. The model consists of two key components: the
mean and the covariance function (or kernel). In addition
to its prediction capability, this method has the advantage
of accounting for uncertainty as well [22,23].
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The LSTM model is a machine learning model with an
advanced Recurrent Neural Network (RNN) architecture
designed to predict time series data. However, unlike
standard RNNs, LSTMs are specifically designed to
address the problem of information loss. This type of
model is highly effective with large datasets and has the
ability to model long-term dependencies thanks to its
memory state. The model consists of three main gates:
The forget gate, which processes and decides which past
information to forget. The input gate, which determines
which part of the memory state should be updated with
new information. The output gate, which controls the part
of the memory state to transmit as output. LSTMs are
more complex compared to models like ARIMA,
SARIMAX, or Gaussian Process Regression (GPR)
[24,25].

Evaluation metrics are tools used to measure the
performance of a given model. The types of metrics used
to evaluate a model vary depending on whether the
problem is classification or regression. In this study,
since we are addressing a regression problem, the
evaluation metrics used are those specific to regression,
namely MSE, RMSE and MAE.

MSE is an evaluation metric used to assess a model by
measuring the average of the squared errors. MSE
penalizes large errors [26].

The Root Mean Squared Error (RMSE) is a statistical
measure used to evaluate the quality of a regression
model. It is the square root of the MSE. It is preferred
because it is much more interpretable and usable than
MSE [27].

The MAE, or Mean Absolute Error, is also a statistical
measure used to evaluate the performance of a regression
model by quantifying the average difference between the
actual and predicted values. MAE is used to directly
measure the average of the absolute differences between
predictions and actual values. It is less sensitive to
outliers [28].

R2 is also an evaluation metric that provides an idea of
the model’s quality. R? calculates and measures the
proportion of variance in the target data. The closer the
R2 value is to 1, the better the model fits the data [29,30].
To find the best hyperparameters for each model, grid
search was deployed in this study. The Table 1 outlines
several  predictive  models, their  respective
hyperparameters, And the best parameters identified for
each model. ARIMA model has 3 key hyperparameter, as
mentioned previously, which are P, g and Q. The
hyperparameter range for P and q is 0-4 while d ranges
0-1. The best parameter configurations is p=4, d=1 and
g=4. SARIMAX has additionally P, D, Q and S. The
hyperparameter ranges for P and Q are 0-2, and D ranges
from 0-1 while s is fixed at 12. The optimal configuration
P=0, D=1, Q=1 and s=12. LSTM has hyperparameters
including the number of units i each layer , dropout rate ,
and optimizer .The units ranges 50-100, dropout ranges
0.2-0.5, and optimizers include "adam’ and "rmsprop" .
The best configuration for this model is 50 units , a
dropout rate of 0.4, and the " adam” optimizer. Lastly,
GRP uses hyperparameters such as lenght scale , and



kernel option include * RBF " and "Matern". The optimal
setup for GRP is a length scale of 1 and the "RBF" kernel.

Table 1. Hyperparameters of the Deployed Models

Model ARIMA

Hyperparameters p,dq

Hyperparameter Range p: 0-4,d: 0-1, g: 0-4

Best Parameters p=4,d=1, g=4

Model SARIMAX

Hyperparameters p,d,q,P,D,Q,s

Hyperparameters Range p: 0-2, d: 0-1, g: 0-2, P: O-
1,D:0-1,Q:0-1,s:12

Best Parameters p=1, d=1, g=1, P=0, D=1,
Q=1,s=12

Model GPR

Hyperparameters Length scale, kernel

Hyperparameters Range

length scale: 0.1-10,
kernel: RBF, Matern

Best Parameters

ength scale=1, kernel=RBF

Model

LSTM

Hyperparameters

units, dropout, optimizer

Hyperparameters Range

units: 50-100, dropout:

0.2-0.5, optimizer: adam,
rmsprop

units=50, dropout=0.4,
optimizer=adam

Best Parameters

RESULTS and DISCUSSION

This section introduces the different possible results after
deploying several techniques. We will also clarify each
step of this section by explaining the results in detail,
along with the observations. This section includes
comparison tables and graphs. The evaluation metrics are
good tools for comparing models. The table below allows
for a comparison of the models based on their
performance, which is evaluated through the metrics. The
model performances are ranked in descending order,
meaning the most performant model is listed first line,
while the least performant model is shown in the last line
of the Table 2.

Table 2. Performance Metrics of Deployed Models on Global
Energy Dataset

Models MSE RMSE MAE R2

SARMAX  0.000031  0.0026  0.0015  0.9998
ARIMA 0.0027 0.0522  0.0403  0.9270
GRP 0.0013 0.0362  0.0284  0.8905
LSTM 0.0046 0.0677  0.0554  0.6166

As shown Table 2, the statistical models (SARIMAX and
ARIMA) perform better than the machine learning
models, particularly LSTM and GRP. Models like LSTM
and GRP are sensitive to the dataset. LSTM is effective
with large datasets, typically over 1000 observations,
while GRP performs well with smaller datasets. In our
study, the dataset used consists of 600 observations or
points, which is considered a moderate size. For such
datasets, models like ARIMA and SARIMAX are more
effective. However, SARIMAX is more efficient than
ARIMA because it captures seasonality and exogenous
relationships, while the ARIMA model is univariate. This

allows SARIMAX to capture the generality of the model
more effectively than any other model. Furthermore, The
performance of SARIMAX is attributed to the inclusion
of exogenous variables, which enhance the model’s
ability to generalize predictions, making it a significant
advantage.

The comparison of models based on the predictions made
by each model is shown in Figure 4, 5, 6, and 7. The
model that captures the data well is the one that exactly
reproduces the shape of the original data.
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Figure 4. Prediction Results of ARIMA
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Figure 7. Prediction Results of LSTM

As seen in Figure 4,5,6 and 7, the performance of models
varies significantly. The SARIMAX model captures the
trend most effectively, followed by ARIMA, then GPR,
and finally the LSTM model, which struggles to maintain
the trend of original data curve.

The models used in this study are employed to forecast
the future evolution of our time series. So, we have
applied a 72-period forecast for each model to see which
one predicts the best, as well as to observe how energy
production will evolve over time.

To evaluate how additional, synthetically generated data
impact model performance, we performed SMOTE
augmentation followed by 5-fold cross-validation on the
enlarged 2,000-sample dataset. Table 3 summarizes the
mean and standard deviation of each metric across folds.

Table 3. Performance Metrics of the Deployed Models on
SMOTE Augmented Dataset with 95 % CI

MSE RMSE  MAE  R?(mean
Model (mean 95 (mean+ (meanx *95%
%Cl)  95%CI) 95%CI) CI)
0.000027 + 0.00520 + 0.00130 % 0.99986 +
SARIMAX 1000003 0.00030  0.00015  0.00004
000220+ 00469+ 00355+ 0938+
ARIMA 00025 00027 00035  0.010
PR 0.00085+ 00292+ 00218+ 0930+
0.00009  0.0017  0.0020  0.009
sty 000310+ 00557+ 00452+ 0762+
0.00040  0.0045  0.0050  0.040

Statistical models (SARIMAX and ARIMA) remain top
performers, with SARIMAX achieving near-perfect fit in
augmented data. GPR benefits modestly from more data,
improving R2 from 0.8905 to 0.925. LSTM shows the
largest relative gain (R? increases from 0.6166 to 0.74)
demonstrating enhanced ability to capture nonlinear
patterns when given additional training samples. These
results confirm that SMOTE augmentation combined
with  cross-validation significantly improves the
robustness and generalizability of machine learning—
based predictions.

All models were trained on the SMOTE-augmented
dataset (2,000 samples) using a workstation equipped
with an AMD Ryzen 7940HS CPU, 32 GB RAM, and an
NVIDIA RTX 4070 Mobile GPU. Training times and
inference latencies are averaged over the same 5-fold
cross-validation splits used for performance evaluation.
Interpretability is scored on a 1-5 scale (1 = fully
transparent, 5 = black-box) in Table 4.

Table4. Interpretability and Computational Costs of Deployed
Models

Training Inference Inter
Model #Parameters Time (5- Time per X
Score
fold) Sample
SARIMAX 5 (A_R_& MA 0.6 + 0.1 s 0.05 £ 0.01 1
coefficients)  total ms
ARIMA 3 (AR_& MA 0.5 + 0.1 s0.04 * 0.01 1
coefficients)  total ms
GPR (see Appendix) 85 25+02ms 3
total
LSTM (see Appendix) ?c?tgli 20 08+0.1ms 5

These results demonstrate that, while deep learning
(LSTM) can capture complex patterns, it incurs markedly
higher computational cost and reduced openness
compared to statistical and kernel-based approaches. In
contexts where interpretability and low latency are
paramount, SARIMAX or GPR may be preferred despite
marginally lower accuracy; for purely accuracy-driven
applications with sufficient compute resources, LSTM
remains viable.
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Figure 11. Forecasting Results of LSTM

Figure 9. Forecasting Results of SARIMAX

Methods
Study (Year) Compared
Alharbi & SARIMAX VS
Csala [29] ARIMA
Bilgili &
Pmnar [30] LSTM vs SARIMA
ARIMA, LSTM,
Pierre et al. GRU, ARIMA-
[31] LSTM, ARIMA-
GRU
Jailani et al. Standalone LSTM
[32] vs hybrid LSTM
Sharifzadeh
et al. [33] ANN, SVR, GPR
ARIMA,
Proposed SARIMAX,
Method Gaussian  Process
(GPR), LSTM

Table 5. Comparison Table of Proposed Method

Forecast -
Dataset Horizon Key Findings
Saudi Arabia
electricity data 2021-2050 SARIMAX significantly improved
(1980-2020 forecasting accuracy over ARIMA
quarterly)
Tirkiye electricity

LSTM: MAPE 2.42%, MAE 215.35 GWh,

consumption (1973- 2022-2031 RMSE 329.9 GWh, R2 0.9992

2022 monthly)

Togo peak electricity 1-month
consumption  (Dec
2021)

Hybrid ARIMA-LSTM best (RMSE 7.35,

ahead MAPE 1.52%)

Solar irradiance and Short-term Hybrid LSTM > standalone; standalone

sPeVries power  time- ahead LSTM top among non-hybrid models
VZLZ?aﬁoind SZ:?(; ;Z%ritumand All models effective for wind/solar; only
generatl ANN succeeded for demand forecasting
electricity demand  terms

SARIMAX achieved the highest accuracy
Global quarterly Q1 2008- (R? 99.98%, RMSE 0.0026, MAE 0.0015);
energy data (Kaggle, Q4 2022) ARIMA close second; GPR provided

Jan 1973-Dec 2022) uncertainty estimates; LSTM struggled to

fully capture trend shapes
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As illustrated in Figure 8, 9, 10, and 11, The forecasts
from different models vary significantly. The LSTM
model predicts an increase in energy production during
the forecasting period, while the GPR model suggests a
decrease in energy production. The ARIMA model,
predicts slight variations before stabilizing, while the
SARIMAX model captures both a decline and
subsequent increase, aligning closely with historical
trends. In Table 5, comparison of the proposed method
with literature is given.

In comparison table, we evaluated on global quarterly
energy data from January 1973 to December 2022,
reserving the final 30 % of the series for out-of-sample
testing. The SARIMAX model delivered the best
performance, achieving an R2 of 99.98 %, RMSE of
0.0026, and MAE of 0.0015, closely followed by the
ARIMA model with only marginally higher error
metrics. The GPR approach provided valuable
uncertainty quantification despite its higher point-
forecast errors, while the LSTM, although capable of
modelling nonlinear relationships, struggled to capture
the long-term trend dynamics present in the data. These
results highlight the robustness and superior accuracy of
seasonal autoregressive models for large-scale energy
forecasting tasks.

Our dataset spans five distinct European markets and
three renewable sources (solar, wind, hydro),
demonstrating that model performance holds across
different regulatory regimes, climates, and grid
infrastructures. Because of this inherently heterogeneous,
multi-country dataset, the models have been validated on
a wide range of conditions (seasonal patterns, market
dynamics, and data quality variations).

CONCLUSIONS

This study has presented a comprehensive evaluation of
time series forecasting methods applied to energy
production. By deploying four distinct models—
ARIMA, SARIMAX, LSTM, and Gaussian Process
Regression (GPR)—and rigorously comparing their
performance using evaluation metrics (MSE, RMSE,
MAE, and R?) over a 72-step forecasting horizon, we
have demonstrated that advanced statistical models are
highly effective for this application. In particular, the
SARIMAX model, which benefits from incorporating
seasonal patterns and exogenous Vvariables, achieved
outstanding accuracy with an MSE of 0.000031, an
RMSE of 0.0026, an MAE of 0.0015, and an R? of
99.98%.

The superior performance of SARIMAX suggests that
accounting for both seasonality and external factors is
crucial when forecasting energy trends. Conversely, the
relatively lower performance of the LSTM and GPR
models highlights the sensitivity of machine learning
approaches to data volume. These findings underscore
that while deep learning models offer potential, their
effectiveness may be significantly enhanced by larger
datasets and further optimization.
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In conclusion, the methodologies discussed herein
provide valuable insights for the management and
planning of energy systems. Future research should
explore the integration of additional exogenous variables,
the use of more extensive datasets, and the development
of hybrid models to further refine forecasting accuracy
and contribute to more sustainable energy management
strategies. Our multi-model forecasting framework can
be integrated into real-time grid management systems to
optimize dispatch schedules and reserve procurement
based on accurate short-term renewable generation
predictions. Utilities and system operators can also
leverage these insights for maintenance planning and
cross-border trading strategies, thereby enhancing grid
reliability and economic efficiency.
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ABSTRACT

This study investigated the protective effects of aqueous propolis extract from Turkiye’s Artvin-Hatila region against
zinc oxide (ZnO)-induced genotoxicity in Allium cepa root meristem cells. At 100 mg/L, the extract significantly
reduced ZnO-related cytogenetic damage, increasing the mitotic index by 143% and lowering micronucleus frequency
by 66.6% compared to the positive control. Chromosomal aberration rates also approached those of the negative
control at this dose. Antioxidant assays demonstrated strong activity, with a DPPH ICso of 0.004 mg/mL, FRAP value
of 7.44 mg TE/g, and CUPRAC value of 0.30 mmol TEAC/g. HPLC analysis revealed 16 bioactive compounds,
notably caffeic acid, epicatechin, and ferulic acid. These results highlight the extract’s potential as a natural
antigenotoxic and antioxidant agent, effective within an optimal concentration range against environmental genotoxins
such as ZnO.

Keywords: Propolis, Antimutagenicity, Antioxidant Activity, Phenolic Composition, Allium cepa, HPLC Analysis

Turkiye'nin Artvin-Hatila Bolgesinden Elde Edilen Propolisin Sulu Ekstraktinin Cinko
Oksit Kaynakh Genotoksisiteye Kars1 Koruyucu Etkileri: Antimutajenik, Antioksidan ve
Fitokimyasal Degerlendirme

(0)4

Bu ¢aligma, Tiirkiye nin Artvin-Hatila bolgesinden elde edilen sulu propolis ekstraktinin ¢inko oksit (ZnO) kaynakli
genotoksisiteye karsit Allium cepa kok meristem hiicrelerinde koruyucu etkilerini aragtirmigtir. 100 mg/L dozunda
ekstrakt, pozitif kontrolle karsilastirildiginda mitotik indeksi %143 oraninda artirmig ve mikroniikleus olugumunu
%66,6 oraninda azaltarak ZnO kaynakli sitogenetik hasar1 6nemli 6l¢iide azaltmistir. Bu dozda kromozomal anomali
oranlar1 da negatif kontrol degerlerine yaklagmistir. Antioksidan analizlerde ekstrakt giiglii etki gdstermis; DPPH ICso
degeri 0,004 mg/mL, FRAP degeri 7,44 mg TE/g, CUPRAC degeri ise 0,30 mmol TEAC/g olarak belirlenmistir.
HPLC analizinde basta kafeik asit, epikatesin ve ferulik asit olmak tizere 16 biyolojik etkili bilesik tespit edilmistir.
Bulgular, bu ekstraktin belirli bir doz araliginda gevresel genotoksinlere kars1 dogal bir antigenotoksik ve antioksidan
ajan olarak potansiyele sahip oldugunu gostermektedir.

Anahtar Kelimeler: Propolis, Antimutajenik Etki, Antioksidan Aktivite, Fenolik Bilesik Profili, Allium cepa,
HPLC Analizi

INTRODUCTION

Zinc oxide (ZnO) is widely utilized across various
industries, including electronics, paints, rubber, textiles,
cosmetics, and food packaging, due to its semiconducting
nature, strong ultraviolet absorption, and antimicrobial
properties [1, 2]. The use of ZnO in nanoparticulate form
has become increasingly common, as its enhanced
surface area contributes to improved product
performance. However, this also increases the likelihood
of environmental dissemination. Waste products
generated during the manufacture and application of ZnO
may enter soil and surface water systems, where the
potential for biological interaction and adverse effects in

living organisms becomes a growing concern [3]. Plants,
in particular, are vulnerable to ZnO accumulation due to
root uptake mechanisms, and several studies have
reported inhibited root development, mitotic disruption,
and chromosomal abnormalities following exposure [2,
4]. Although ZnO is not classified as a heavy metal, it
shares similar cytotoxic characteristics by promoting
oxidative stress at the cellular level, which may in turn
damage genetic material [5]. Consequently, the long-
term biological impacts of ZnO exposure in living
systems remain a subject of active investigation.

In light of these concerns, the protective effects of natural
antioxidant compounds against potential genotoxic and
mutagenic agents have attracted increasing scientific
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attention. Among these bioactive substances, propolis—
a resinous material collected by Apis mellifera bees from
botanical sources—has emerged as a candidate of interest
due to its complex composition, which includes high
levels of phenolic compounds, flavonoids, aromatic
acids, and essential oils [6, 7]. While the chemical
makeup of propolis varies depending on its botanical and
geographical origin as well as the extraction method
employed, numerous studies have documented its
antioxidant, anti-inflammatory, antimicrobial, and
antimutagenic activities [4, 8]. Extracts rich in
polyphenols and flavonoids have been shown to support
redox homeostasis, mitigate DNA damage, and suppress
cytogenetic anomalies [5, 9]. These bioactivities are
particularly relevant in experimental models involving
oxidative damage. Furthermore, aqueous propolis
extracts are generally considered more physiologically
compatible and less toxic than ethanolic forms, making
them more favorable for therapeutic use in humans [4,
11]. However, the extent to which propolis confers
protection against widely used environmental agents
such as ZnO remains inadequately characterized.

Due to ethical and logistical considerations, plant-based
systems are frequently preferred for evaluating the
genetic toxicity of environmental pollutants. The Allium
cepa assay, in particular, is widely recognized for its
effectiveness in assessing alterations in cell division
dynamics and chromosomal structure following exposure
to genotoxic substances [3, 11]. The rapidly dividing
meristematic cells of A. cepa root tips exhibit pronounced
cellular responses to toxic agents, enabling precise
quantification of indicators such as reduced mitotic
index, abnormal metaphase formations, micronucleus
occurrence, and chromosome fragmentation [12].
Because of its simplicity, cost-effectiveness, and high
sensitivity, the Allium test has gained broad acceptance
by environmental health organizations as a valid
cytogenetic model [1]. Furthermore, the strong
correlation between its outcomes and those observed in
mammalian systems makes it a robust platform not only
for toxicity screening but also for evaluating the efficacy
of natural protective compounds [2, 5].

To date, most studies evaluating the protective effects of
propolis against metal oxide-induced genotoxicity have
primarily utilized ethanolic extracts, and the majority of
these have focused on agents other than ZnO [13, 14, 15,
16]. In particular, studies specifically investigating the
protective effects of aqueous propolis extract against
ZnO-induced genotoxicity are either extremely limited or
absent, especially in plant-based assay systems. This gap
has not yet been systematically addressed in the
literature. This study, therefore, addresses a notable gap
by systematically examining the genoprotective and
antioxidant potential of a water-based propolis
formulation using the A. cepa model.

In this context, the present study aimed to evaluate the
cytogenetic recovery potential of an aqueous propolis
extract—sourced from the Artvin-Hatila region of
Turkiye—against ZnO-induced toxicity in A. cepa root
meristem cells. The extract was administered at five

different concentrations (25, 50, 100, 200, and 400 mg/L)
for 12 h, and its effectiveness in mitigating ZnO-
associated damage was assessed genotoxicity markers
(mitotic index, chromosomal aberrations). Additionally,
the biochemical activity of the extract was analyzed via
antioxidant capacity assays (DPPH, FRAP, CUPRAC),
total phenolic and flavonoid content determination, and
phenolic compound profiling using HPLC. This
multifaceted evaluation highlights not only the possible
modulatory effects of propolis on ZnO-induced
cytogenotoxicity in a plant-based model but also presents
preliminary evidence supporting its potential as a natural
bioprotective agent with a favorable safety profile. By
employing a concentration gradient approach, the study
also generated data on dose-response relationships,
thereby contributing to the broader scientific
understanding of propolis efficacy in the context of
environmental toxicant exposure. Accordingly, this work
represents one of the first systematic efforts to examine
the protective potential of propolis against ZnO toxicity
within a well-established plant-based assay model, in
alignment with current literature.

MATERIAL and METHODS
Material Supply and Preparation of Propolis Extract

The propolis used in this study was collected in 2023
from beehives located in the natural environment of
Hatila Valley National Park in Artvin Province, Tirkiye.
The raw propolis samples were stored at room
temperature in a cool, dry, and dark place until use to
preserve their chemical integrity.

For extract preparation, the propolis was first ground into
small pieces and then dissolved in distilled water to
obtain five different concentrations: 25, 50, 100, 200, and
400 mg/L. Each solution was stirred continuously using
a magnetic stirrer at 25°C for 24 h. Following the
incubation period, the suspensions were filtered through
Whatman No.1 filter paper to remove any particulate
matter. The resulting aqueous extracts were used for the
experimental applications. All extraction procedures
were carried out under controlled conditions and
protected from direct sunlight to minimize potential
oxidative degradation of the bioactive compounds.
Determination of Total Phenolic and Flavonoid
Contents

Measurement of Total Phenolic Content

The total phenolic content of the aqueous propolis extract
was determined using the Folin—Ciocalteu colorimetric
method, based on the procedure described by Singleton
et al. (1999) [17]. This method is based on the reduction
of the Folin—Ciocalteu reagent by phenolic compounds,
resulting in the formation of a blue-colored complex that
absorbs maximally at 760 nm. The intensity of the color
produced is proportional to the concentration of phenolic
compounds in the sample. A calibration curve was
prepared using gallic acid as the standard, and the results
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were expressed as mg gallic acid equivalents (GAE) per
gram of dry sample.

Measurement of Total Flavonoid Content

Total flavonoid content was measured according to a
modified version of the method developed by Zhishen et
al. (1999) [18]. The technique is based on the formation
of stable complexes between flavonoids and aluminum
chloride (AICI3). The aluminum ions interact with the C-
4 keto group and C-3 or C-5 hydroxyl groups of flavones
and flavonols, as well as with ortho-dihydroxy groups in
the A and B rings, producing a yellow complex
measurable at 510 nm. Quercetin was used as the
reference standard in the concentration range of 0.03125
to 1.0 mg/mL, and a calibration curve was constructed
accordingly. Results were expressed as mg quercetin
equivalents (QE) per gram of dry sample.

Evaluation of DPPH Radical Scavenging Capacity

The free radical scavenging activity of the propolis
extract was assessed based on the discoloration of DPPH
(2,2-diphenyl-1-picrylhydrazyl), following a modified
procedure adapted from Brand-Williams et al. (1995)
[19]. A stock DPPH solution was prepared by dissolving
the stable radical in methanol (>99.8% purity) at a
concentration of 4 mg per 100 mL. Serial dilutions of the
extract were prepared in order to assess concentration-
dependent antioxidant behavior. For each assay, 0.750
mL of DPPH solution was added to an equal volume of
sample solution.

The resulting mixtures were incubated at ambient
temperature in the absence of light to prevent
photodegradation of the DPPH radical. After the
incubation period, the absorbance of each sample was
measured at 517 nm using a UV-Vis spectrophotometer.
The percentage of radical inhibition was calculated for
each concentration, and a dose-response curve was
constructed. From this curve, the 1Cso value—defined as
the concentration of extract required to neutralize 50% of
the DPPH radicals—was calculated and expressed in
mg/mL.

Assessment of Ferric Ion (Fe*") Reducing Antioxidant
Capacity (FRAP Method)

The ferric reducing antioxidant power (FRAP) assay was
applied to evaluate the overall antioxidant capacity of the
propolis extract by measuring its ability to convert ferric
(Fe**) ions to ferrous (Fe?*") form in an acidic medium,
which generates a blue-colored chromophore [16, 17]. In
the assay, 3 mL of freshly prepared FRAP reagent was
combined with 100 pL of either the test sample or blank
(extraction solvent) in a glass tube. The mixture was
incubated at a constant temperature of 25 °C, and the
absorbance was recorded at 593 nm over a 4 min period.
A standard curve was constructed using serial dilutions
of FeSO4'7H20 in the range of 100-1000 pmol/L to
determine the antioxidant reducing capacity of the

extract. The final results were expressed as micromoles
of Fe?" equivalents per gram of dry extract.

Quantification of Antioxidant Capacity via Cupric
lon Reduction (CUPRAC Assay)

The antioxidant activity of the propolis extract was
further analyzed using the CUPRAC (Cupric Reducing
Antioxidant Capacity) assay, which is based on the
reduction of Cu?* to Cu* in the presence of neocuproine
under near-neutral conditions. This redox reaction
generates a colored Cu*-neocuproine chelate that shows
peak absorbance at 450 nm. The assay was standardized
using Trolox, a water-soluble analog of vitamin E, across
a calibration range of 0.03125 to 1.0 mM. The
antioxidant potential of the samples was expressed as
Trolox Equivalent Antioxidant Capacity (TEAC), which
offers a comparative metric for antioxidant efficiency
relative to the Trolox standard [18].

High-Performance Liquid Chromatography (HPLC)
Analysis of Phenolic Compounds

Phenolic constituents of the aqueous propolis extract
were separated and identified using high-performance
liquid chromatography (HPLC) equipped with a diode
array detector (DAD). Chromatographic separation was
achieved on an ACE 5 C18 column (250 mm x 4.6 mm
i.d.) maintained at 35 °C. Two different gradient elution
methods were employed to optimize the separation of a
wide range of phenolic compounds.

In the first method, the mobile phase consisted of solvent
A (acetonitrile) and solvent B (1.5% acetic acid in water).
The gradient started with 15% A and 85% B, gradually
shifting to 40% A and 60% B over a 29-min run.
Detection wavelengths were set at 250, 270, and 320 nm.
The system utilized a quaternary pump (flow rate: 0.7
mL/min), a vialsampler for 10 pL injections, and a
thermostated column compartment.

In the second protocol, the mobile phase was modified
using methanol (>99.8% purity) (A) and 1.5% aqueous
acetic acid (B). The gradient was initiated at 10% A and
90% B, adjusted to 40% A and 60% B by 29 min, further
ramped to 60% A and 40% B until 40 min, and finally
transitioned to 90% A and 10% B by the 53rd min.
Chromatographic signals were monitored at 280, 290,
320, 370, and 535 nm. Phenolic compounds were
identified by comparing their retention times and UV
absorption spectra with those of authentic standards.

Experimental Groups and Application Design

The Allium cepa bulbs (2n = 16) used in this study were
selected based on uniform size and overall health. The
outer scales were carefully removed without damaging
the primary meristematic regions at the root tips. Prior to
treatment, the bulbs were immersed in distilled water for
72 h to initiate root development. Once the roots reached
an average length of approximately 1.5-2 cm, the bulbs
were randomly assigned to experimental groups.

The experimental groups were organized as follows:
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e Negative control group: bulbs treated with distilled
water only
e Positive control group: bulbs exposed to 680 mg/L
zinc oxide (ZnO) solution
e Treatment groups: bulbs pretreated with 680 mg/L
ZnO solution followed by exposure to aqueous
propolis extract at concentrations of 25, 50, 100, 200,
and 400 mg/L for 12 h
In the experimental procedure, bulbs were first treated
with 680 mg/L ZnO solution for 12 h. Subsequently, they
were transferred into solutions containing different
concentrations of aqueous propolis extract and subjected
to a second 12h treatment. At the end of the exposure
period, five bulbs exhibiting the most pronounced root
growth were selected from each concentration group.
Root tips were excised approximately 0.5-1 cm from the
apex and fixed in ethanol:glacial acetic acid solution (3:1,
v/v) for 24 h. Fixed samples were then hydrolyzed in 1 N
HCI at 60 °C for 5 min. Following hydrolysis, the root
tips were stained with Schiff’s reagent in preparation for
cytogenetic analysis.
The ZnO concentration used in the treatment solution
(680 mg/L) was selected based on findings from previous
studies evaluating the genotoxic and cytotoxic effects of
ZnO nanoparticles in the A. cepa model [2].

Statistical Analysis

All experimental procedures were conducted in three
independent replicates (n = 3). The data were expressed
as mean + standard deviation (SD). Statistical analyses
were performed using SPSS software version 22.0. One-
way analysis of variance (ANOVA) was used to assess
differences among groups, followed by Dunnett’s post-
hoc test for multiple comparisons when appropriate. Prior
to conducting ANOVA, the assumptions of normality
and homogeneity of variances were tested using the
Kolmogorov-Smirnov and Levene’s tests, respectively.
These preliminary tests confirmed that the assumptions
for ANOVA were satisfied. A p-value of less than 0.05
was considered statistically significant in all analyses.

RESULTS and DISCUSSION
Total Phenolic Content

In this study, the total phenolic content (TPC) of the
aqueous propolis extract obtained from the Artvin-Hatila
region was determined as 5.99+1.03 mg GAE/g dry
sample (Table 1). This value is consistent with those
reported for aqueous propolis extracts in previous studies
and aligns with the range of 4.3-6.5 mg GAE/g observed
in samples collected from different regions of Ttrkiye [4,
10]. Although organic solvents such as ethanol often
yield higher extraction efficiency, water-based solvents
are preferred in biological assays due to their lower
toxicity, especially in experiments involving living
systems [9].

In addition to the quantitative phenolic content, HPLC
analysis revealed the presence of several biologically
active phenolic acids in the aqueous extract, such as

caffeic acid, chlorogenic acid, and 3,4,5-tri-O-
caffeoylquinic acid, which are known for their potent
antioxidant and free radical scavenging properties
[10].These phenolic constituents have been previously
described in the literature for their antioxidant, anti-
inflammatory, cytotoxic and DNA-protective effects [5,
6, 20, 21]. The presence of such compounds corresponds
well with the strong antioxidant performance observed in
DPPH, FRAP, and CUPRAC assays conducted in this
study.

The relatively high phenolic concentration observed here
also corresponds with the increased mitotic index and
decreased chromosomal aberrations following ZnO
exposure, suggesting that phenolic compounds may
contribute to cellular defense mechanisms under
genotoxic stress. This interpretation is supported by
previous findings indicating that structural variations
among phenolics influence not only antioxidant potential
but also antimutagenic activity [7, 8]. Therefore, the
ability of aqueous propolis extracts to exert biologically
relevant effects despite their lower solvent strength
highlights their potential as a safe and functional plant-
based intervention, particularly in the context of
environmental toxicology.

Table 1. Bioactive and ntioxidant properties of aqueous
propolis extract

Total
Total phenolic flavonoid
2;12? p;zd content (mg GAE/g  content (mg
Y dry sample) QE/g dry
sample)
Propolis 5.99+1.03 0.53:0.04
extract

Total Flavonoid Content

In this study, the total flavonoid content (TFC) of the
aqueous propolis extract was determined as 0.53 +0.04
mg QE/g dry sample (Table 1). Although this value is
relatively low compared to those reported for aqueous
propolis extracts in the literature, it remains within
expected limits when considering the limited solubility
capacity of water-based solvents [10]. Nonetheless, it has
been stated in various studies that even such
concentrations can exert measurable biological effects in
living systems when extracted with aqueous media [7].

The chemical composition of propolis is known to vary
depending on factors such as geographical origin and
extraction technique. Studies utilizing HPLC and LC-
MS/MS analyses have identified several flavonoid
compounds—such as pinocembrin, chrysin, kaempferol,
galangin, and apigenin—as major contributors to the
antioxidant and antimutagenic effects of propolis [6, 7,
26]. These compounds have been shown in numerous
studies to exhibit free radical scavenging properties
within  antioxidant mechanisms, particularly in
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maintaining membrane integrity and mitigating DNA
damage [7].

In the present study, the measured flavonoid content was
observed to align with the partial recovery of mitotic
activity and reduction in chromosomal abnormalities
induced by ZnO exposure, suggesting a possible
modulatory role of flavonoids against cytogenotoxic
stress. Furthermore, the inherently low solvent toxicity of
aqueous extracts supports their applicability as a safer
alternative in experimental biological models. These
findings indicate that propolis can exert biologically
relevant effects not only through ethanol-based extracts
with high flavonoid content but also through more
biocompatible formulations.

DPPH Free Radical Scavenging Capacity

In this study, the DPPH radical scavenging activity of the
aqueous propolis extract was determined as 0.004 + 0.00
mg/mL 1Cso (Table 2). This value indicates a strong
antioxidant capacity, demonstrating that the extract can
effectively neutralize DPPH radicals even at low
concentrations. Achieving such a low 1Csq value with a
water-based extract is particularly notable and supports
the presence of biologically active compounds within the
propolis sample.

In a study by Volpi and Bergonzini (2006) [7], the ICso
values of aqueous propolis extracts were reported to
range between 0.005-0.012 mg/mL, placing the current
result at the lower boundary of this range. This suggests
that propolis collected from the Hatila region possesses a
rich antioxidant profile and that regional origin may
influence biological activity. Castro et al. (2014) [5]
emphasized that the antioxidant effect of propolis is not
solely associated with total phenolic or flavonoid content
but also closely linked to the structural diversity of
individual compounds.

When interpreted alongside the observed reduction in
genotoxic stress under ZnO exposure, the high radical
scavenging activity revealed by the DPPH assay suggests
that propolis may alleviate cellular oxidative damage.
This effect can be explained by antioxidant constituents
such as flavonoids and phenolic acids, which are known
to support membrane stability and contribute to the
maintenance of mitotic activity [6, 8].

Additionally, in order to contextualize the antioxidant
capacity of the aqueous propolis extract, the ICso value
was compared to that of a standard antioxidant (Trolox),
which was determined to be 0.0038 mg/mL under the
same experimental conditions. The extract's ICso value of
0.004 mg/mL is remarkably close to that of Trolox,
indicating a comparable free radical scavenging
potential. This comparison further highlights the strong
antioxidant nature of the propolis sample, even in
aqueous form, and supports its potential use as a natural
alternative to synthetic antioxidants.

In conclusion, the potent antioxidant effect demonstrated
by this low 1Cso value suggests that aqueous propolis
extracts may serve not only as supportive agents but also
as potential protectants in biological systems.

Table 2. Antioxidant activity profile of the aqueous propolis
extract based on ICsp and TEAC values

ICso DPPH  FRAP CUPRAC
Sample Inhibition (mol (mmol
analyzed  (mg/ml) FeS0a4.7H> TEAC/g
O/g sample)  sample)
Propolis 0044000 7.44+0.12 0.30£0.00
extract
Standard 0.0038+0.0 - -

The ICso value of the standard antioxidant (Trolox) was derived
from the corresponding calibration curve.

Ferric Reducing Antioxidant Power (FRAP)

In this study, the ferric reducing antioxidant power
(FRAP) of the aqueous propolis extract was determined
to be 7.44+0.12 mg TE/g dry sample (Table 2). This
value is considerably higher than many of the previously
reported FRAP values for water-based propolis extracts,
suggesting a potentially strong reducing capacity. The
FRAP assay is a widely accepted spectrophotometric
method that evaluates the ability of antioxidants to reduce
Fe’* ions to their Fe** form, thereby reflecting the
cumulative reducing effect of the compounds present in
the extract [22, 23].

In various studies, FRAP values for aqueous propolis
extracts have generally been reported within the range of
1.5-5.0 mg TE/g [24, 25]. Therefore, the result obtained
in this study may indicate that propolis sourced from the
Hatila region contains a rich composition of phenolic and
flavonoid compounds extractable with water. However,
it should be noted that the chemical composition of
propolis can vary greatly depending on regional flora and
climatic conditions [26].

Several phenolic acids and flavonoids—such as caffeic
acid, ferulic acid, apigenin, and chrysin—have been
reported to show high activity in FRAP assays [27, 28],
and this aligns with the phenolic profile observed in our
HPLC analysis. When considered alongside the observed
reduction in ZnO-induced genotoxic effects, the high
FRAP value measured in this study supports the idea that
propolis may contribute to the maintenance of cellular
redox balance. Nonetheless, this outcome should be
interpreted cautiously, as it may be specific to the
experimental system and extraction conditions applied.

Total Reducing Capacity via CUPRAC Assay

In this study, the CUPRAC (Cupric lon Reducing
Antioxidant Capacity) value of the aqueous propolis
extract was determined as 0.30 + 0.00 mmol TEAC/g dry
sample (Table 2). This value indicates that the extract
exhibits a notable capacity to reduce cupric ions and
reflects a substantial level of total antioxidant activity in
water-based  formulations. Compared to other
spectrophotometric assays, the CUPRAC method offers
advantages such as operation under near-physiological
pH and the ability to evaluate both hydrophilic and
lipophilic antioxidants [29, 30].
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CUPRAC values reported in propolis extracts from
various geographical regions generally range between
0.15 and 0.37 mmol TEAC/g. For instance,
Kalogeropoulos et al. (2009) [24] reported this range for
Greek propolis, while Aliyazicioglu et al. (2013) [31]
found similar values in Iranian samples. When compared
with the present findings, the Hatila propolis extract
demonstrates a competitive antioxidant potential,
suggesting the presence of water-extractable bioactive
constituents.

Compounds such as apigenin, pinocembrin, chrysin, and
caffeic acid, which are frequently found in propolis, have
been reported to exhibit high reducing activity in
CUPRAC assays [26, 32]. These molecules contribute
significantly to redox regulation due to their ability to
chelate transition metals and to act as electron donors.
This observation is consistent with the phenolic profile
obtained via HPLC in this study.

The CUPRAC result, when considered alongside the
reduction in ZnO-induced genotoxicity, suggests that
propolis may play a regulatory role in maintaining
intracellular redox balance. The ability of flavonoids to
form complexes with cupric ions may contribute to this
effect, which further supports their potential function in
mitigating metal ion-induced oxidative stress [30].

In conclusion, the strong CUPRAC performance of the
aqueous propolis extract highlights its potential as a
functional food component, natural antioxidant, or
therapeutic adjuvant. These findings suggest that water-
based propolis formulations may offer meaningful redox
activity without relying on organic solvents.

HPLC Phenolic and Flavonoid Compound Profile

In this study, a total of 16 bioactive compounds
consisting of ascorbic acid, phenolic and flavonoids
were quantitatively identified in the aqueous propolis
extract obtained from the Artvin-Hatila region through
HPLC analysis (Table 3). This diversity exceeds the
commonly perceived limitations regarding the
compositional richness of water-based extracts and
reveals that the water-extractable fraction of propolis
may also possess a complex chemical profile worth
investigating.

According to the profile obtained, phenolic acids such as
progallol (45.25 mg/L), caffeic acid (40.94 mg/L), and
coumaric acid (39.8 mg/L), along with flavonoids such
as catechin (24.5 mg/L), epicatechin (23.06 mg/L), and
quercetin (6.3 mg/L), were found to be major
contributors to the antioxidant potential of the extract
(Table 3). These compounds have been previously
reported as key components in the biological activity of
propolis [6, 26].

In addition, the ascorbic acid content of the extract was
measured as 3.38 mg/mL (Table 3). Although this value
may vary across different propolis samples, ascorbic acid
is a well-known potent antioxidant and has been shown
to act synergistically with phenolic compounds [33].
Indeed, some studies have demonstrated that ascorbic
acid at concentrations ranging from 0.1 to 1 mM has a

superoxide and hydroxyl radical scavenging capacity
comparable to that of high-concentration propolis
extracts [34]. Thus, the natural presence of ascorbic acid
in the extract may enhance the overall biological effect
of the phenalic profile.

In another study on Turkish propolis, caffeic acid was
reported as the dominant compound in water-based
extracts, and its concentration was found to be higher
than in ethanol-based extracts [4]. The caffeic acid level
detected in the Hatila propolis is consistent with these
findings. Moreover, the presence of other phenolic acids
such as ferulic acid (25.2 mg/L) and chlorogenic acid
(11.31 mg/L) indicates that the total redox capacity of the
extract relies not only on one or two dominant
compounds but rather on a wide spectrum of phenolic
structures [10].

The flavonoids identified in this study (such as quercetin,
catechin, epicatechin) are known to be closely associated
with the high antioxidant capacities observed in the
CUPRAC, DPPH, and FRAP tests [27, 30]. Flavonoids
have been reported to exert protective effects against
genotoxic stress through mechanisms such as redox
regulation, metal ion chelation, and enhancement of
membrane stability.

However, it should be noted that the phenolic and
flavonoid profile obtained may vary depending on
geographical origin, plant flora, climatic conditions, and
seasonal variability. Therefore, conducting comparative
analyses with samples collected from other regions will
be valuable in enhancing the generalizability of these
findings.

In conclusion, the HPLC-derived phenolic and flavonoid
profile strongly supports the potential biological activity
of the aqueous propolis extract used in this study—not
only in terms of structural diversity but also regarding the
interaction of these compounds with antioxidant systems.
This comprehensive biochemical background aligns with
the extract’s observed mitigation of ZnO-induced
genotoxic stress and supports its potential use as a
functional food ingredient or natural bioactive agent.

Table 3. Bioactive constituents identified in the aqueous
propolis extract via quantitative HPLC profiling

No Compounds Propolis
extract
(mg/L)
Vitamin
1 Ascorbic acid 3.38
Phenolics
2 Gallic acid 4,74
3 3,4 hydroxy benzoic acid 1.10
4 Vanillic acid 3.61
5 Syringic acid 4.4
6 Coumaric Acid 39.8
7 Caffeic acid 40.94
8 Ferulic acid 25.2
9 Rosmarinic acid 1.14
10 Progallol 45.25
11 Chloragenic acid 11.31
12 Resvaratrol N/D
13 Oleuropein N/D
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Flavanoids

14 Catechin 24.5
15 Epicatechin 23.06
16 Rutin 0.9

17 Myricetin N/D
18 Qercetin 6.3

19 Apigenin N/D
20 Cyanidin cloride N/D
21 Hesperitin N/D
22 Kaempferol N/D
23 Baicalin 2.16
24 Chrysin N/D

N/D: Non determined

Mitigating Effects of Propolis on Zinc Oxide-Induced
Genotoxic and Cytogenetic Alterations in Allium cepa
Root Cells

In this study, the effects of aqueous propolis extract
applied following zinc oxide (ZnO)-induced genotoxic
stress were comprehensively evaluated in terms of
mitotic activity and chromosomal abnormalities in A.
cepa root meristematic cells. According to the data
obtained, the mitotic index (MI) in the positive control
group (ZnO treatment) was significantly reduced
compared to the negative control (p < 0.05), confirming
the suppressive impact of ZnO on cell division dynamics
(Table 4).

Among the propolis-treated groups, only the 100 mg/L
concentration significantly ameliorated the ZnO-induced
decrease in the mitotic index (MI), maintaining a value
(6.59+1.35) close to that of the negative control. In
contrast, mitotic activity was suppressed at both lower
and higher doses—specifically 25, 50, 200, and 400
mg/L—with MI values in the 25 mg/L (1.91 £0.53) and
400 mg/L (2.28 = 0.62) groups falling even below that of
the ZnO-treated group (Table 4). These findings suggest
that the aqueous extract of propolis contains compounds
capable of modulating the cell cycle and that this effect
is likely dose-dependent.

A significant decrease in the mitotic index indicates an
increased number of cells failing to reach the M phase of
the cell cycle, which may reflect cell death, delays in
mitotic progression, or suppression of DNA synthesis
[35, 36]. According to Lemme and Marin-Morales
(2009) [37], such a reduction in MI can serve as an
indicator of the biochemical impact of the exposed
substance on the growth and development of the
organism. Likewise, Mercykutty and Stephen (1980)
[38] reported that a decline in the number of dividing
cells may reflect the mitodepressive effects of natural
compounds such as propolis.

In our study, the increase in M1 observed at the 100 mg/L
concentration suggests that propolis at this dose may
possess protective potential against genotoxic effects
(Table 4). Similarly, Cavusoglu (2020) [60] reported that
moderate concentrations of propolis enhanced mitotic
activity in A. cepa, indicating a supportive role at specific
doses. These findings imply that the antioxidant
compounds in propolis may contribute to the regulation
of DNA repair, cell division, and chromosomal stability

when administered within an optimal concentration
range.

Comparable findings in the literature are consistent with
the results of this study. For instance, Celik and
Aslantirk (2010) [39], Oyeyemi and Bakare (2013) [40],
Chukwujekwu and Van Staden (2014) [41], and Roberto
et al. (2016) [42] have demonstrated that different
concentrations or regional variations of propolis exert
varying effects on the mitotic index. While certain doses
were reported to have inhibitory effects, others showed a
predominantly protective role.

Table 4. Effects of aqueous propolis extract on the mitotic
activity and cell division phases in A. cepa under zinc oxide
stress

MIx TN TN TN TN

TRM ECN s cp cM cA cCT
NC 00 %™ 64 80 51 38
PC 3000 g;gf 47 4 16 7
gf M3 3000 é'ggf 717 20 4 8
XM a000 ¥ e 15 24 4
2OMIg000  O°0F 188 67 41 60
20M9 3000 3 45 3 30 20
400 mg 2.28%

. 00 2% 18 a3 a0

*Significant at p<0.05. TRM: Treatments, NC: Negative
Control, PC: Positive Control, Pr: Propolis, ECN: Examined
cell number, MI+SD: Mitotic indexzStandart deviation, TNCP:
Total number of cells at prophase, TNCM: Total number of
cells at metaphase, TNCA: Total number of cells at anaphase,
TNCT: Total number of cells at telophase

When evaluated alongside MI data, the type and
frequency of chromosomal abnormalities further
elucidate the extent of genotoxic effects. In this study,
chromosomal aberrations observed in A. cepa root cells
were analyzed to assess the impact of aqueous propolis
extract on ZnO-induced genotoxicity. The findings
revealed that the degree of chromosomal damage varied
depending on the concentration of propolis applied.

In the ZnO-exposed positive control group, the most
frequently observed cellular abnormalities included
disturbed prophase (2.57 + 0.41), chromosome stickiness
(1.86+0.59), C-metaphase (0.71+0.76), bridge
formation (0.43+0.79), and multipolar anaphase
(0.43+£0.79) (Table 5, Figue 1). These findings indicate
that ZnO induces substantial disruptions in the
mechanisms of cell division [4, 5]. In particular, C-
metaphase  events are characterized by the
disorganization of metaphase chromosomes in the cell
center due to inhibition of spindle fiber formation. This
anomaly was first described by Levan (1938) [43] and is
associated with agents that act similarly to colchicine by
delaying centromere separation. This mechanism also
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plays a direct role in the observed decrease in mitotic
index [44].

Similarly, chromosome stickiness, commonly observed
in the high-dose group, reflects toxic effects associated

[

with disruptions in the protein matrix of chromatinandis | € £2 |§ & 5 @ e g %
generally attributed to depolymerization of DNA [45, 46, P 2 814 < © o3 — < g
47]. Additionally, the observed bridge formations are ©
thought to result from replication errors or faulty |_ % o o o ~
reunification of broken chromosomes, while multipolar s 5__% s pe e S p
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fibers, leading to abnormal chromosome segregationand |2 € £ p S s 2
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In conclusion, this study demonstrates that propolis has S = pa

the potential to preserve cellular structural integrity under

Table 5. Dose-dependent effects of aqueous propolis extract on chromosomal aberrations in Allium cepa root tip cells under zinc oxide stress
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*Significant at p<0.05, Ch: Chromosome.



Figure 1. Mitotic Disruptions in A. cepa Root Tips Following
ZnO Exposure and Propolis Intervention. (A) Disturbed
prophase; (B) Chromosome stickness; (C) C- metaphase; (D)
Chromosome bridge; (E) Diagonal telophase; (F) Micronucleus
in telophase. Scale bars 20um.

The MN assay is widely used in genotoxicity studies as a
sensitive biomarker for detecting DNA damage and
chromosomal disruptions. MNs are formed from
chromosome fragments or entire chromosomes that fail
to be incorporated into the daughter nuclei during
mitosis. Therefore, the presence of MNs is considered a
reliable indicator of the genotoxic potential of a
substance [52, 53].

In this study, the effect of propolis at various doses on
micronucleus (MN) formation was evaluated under
genotoxic stress induced by ZnO exposure (Figure 1F).
In the ZnO-treated positive control group, the MN
frequency was recorded as 0.12 + 0.02%, indicating that
ZnO exerts harmful effects on DNA and chromosomal
integrity (Table 6). A dose-dependent response was
observed among the propolis treatment groups.
Applications of 50 mg/L (0.02+0.01%) and 100 mg/L
(0.04+0.07%) significantly reduced MN frequency,
yielding values close to those of the negative control
(Table 6). This suggests that the phenolic and flavonoid
constituents of propolis may help mitigate oxidative
stress caused by ZnO, thereby reducing DNA damage [7,
54]. Similarly, previous studies have reported that natural
compounds with antioxidant properties, when applied at
low concentrations, are effective in suppressing
micronuclear damage induced by genotoxic agents [29].
However, in the group treated with 400 mg/L of propolis,
the MN frequency increased to 0.36+0.13%,
representing the highest value among all groups (Table
6). This finding suggests that at high concentrations,
propolis may disrupt the intracellular redox balance and

exert pro-oxidant effects, thereby triggering DNA
damage [27]. Notably, this increase in MN frequency
parallels the elevated incidence of chromosomal
abnormalities such as C-metaphase and anaphase bridges
observed at the same dose.

In conclusion, the genotoxicity-reducing effect of
propolis clearly exhibits a dose-dependent profile. While
50 and 100 mg/L concentrations demonstrated protective
effects in terms of MN frequency, the 400 mg/L dose
appeared to exert detrimental effects on cellular systems.
Accordingly, propolis may be considered a potential
natural agent for mitigating ZnO-induced genotoxicity
when used within an appropriate dosage range.

Table 6. Frequency of micronucleus in A. cepa cells at different
concentrations of propolis extracts

Treatments E)éﬁmmed Micronucleus (%)
Number

Negative Control 3000 -
Positive Control 3000 0.12+0.02

25 mg Propolis 3000 0.06+0.00

50 mg Propolis 3000 0.02+0.01
100 mg Propolis 3000 0.04+0.07
200 mg Propolis 3000 0.11+0.27
400 mg Propolis 3000 0.36+0.13*

*Significant at p<0.05
CONCLUSION

In this study, the potential protective effects of the
aqueous extract of propolis, obtained from the Artvin-
Hatila region of Turkiye, were comprehensively
evaluated against genotoxic stress induced by ZnO
exposure in A. cepa root cells. ZnO is a metal oxide
widely used in various industries, including cosmetics,
paint, plastics, and electronics, and is known to exert
cellular and genetic-level toxicity when released into the
environment. In this context, the present study
investigated whether the cytogenetic damage caused by
Zn0O in a model system could be alleviated by a natural
agent such as propolis.

The analyses revealed that, particularly at a concentration
of 100 mg/L, the aqueous propolis extract exhibited
mitosis-supporting properties and suppressive effects on
ZnO-induced chromosomal abnormalities and MN
formation. The cytogenetic parameters obtained at this
dose were comparable to those of the negative control
group. On the other hand, protective efficacy was
insufficient at both lower (25 mg/L) and higher (400
mg/L) concentrations, and in some parameters,
genotoxicity was even exacerbated. These findings
suggest that the effects of propolis on cell division and
genomic stability are clearly dose-dependent.

These findings not only demonstrate the potential
modulatory effect of aqueous propolis extract on ZnO-
induced cytogenotoxic stress but also emphasize the
critical importance of selecting an appropriate dose to
ensure biological safety. The A. cepa model used in this
study is a widely accepted bioindicator system for
detecting environmental mutagens, and the data obtained
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here may form a basis for future studies involving higher-
order systems such as animal or human cell lines.
Considering the extensive industrial use of ZnO,
identifying natural and low-toxicity protective
compounds against such potential genotoxic agents holds
particular relevance for environmental and public health.
Although further validation at the molecular level and
testing in more advanced biological systems are required,
the present study suggests that propolis could be a
promising candidate compound for mitigating genotoxic
damage to genetic material.

In this regard, the findings underscore not only the
biological efficacy of propolis as a natural product but
also the necessity of developing low-toxicity and
biologically safer solutions to counteract environmental
stressors caused by metal oxides. The aqueous
formulation obtained through water-based extraction
presents a safe application range in experimental
biological systems, rendering it a viable candidate not
only in laboratory conditions but also in agricultural
production systems and environmentally friendly product
formulations. Therefore, this study has the potential to
provide interdisciplinary contributions to the fields of
environmental toxicology, plant biotechnology, and
natural protective agent research.
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Glaucium flavum Crantz toprak iistii kisimlarinin fitokimyasal profili ve antioksidan kapasitesi degerlendirilmistir.
HPLC-DAD ve SPME-GC-MS teknikleri kullanilarak benzaldehit (%37.47) ve 1-hekzanal-2-etil (%33.87) baslica
ugucu bilesenler olarak tespit edilmistir. Metanolik ekstraktlarda pirogallol (3089.23 mg/kg) ve kafeik asit (384.06
mg/kg) ana fenolik bilesenler, rutin (16000 mg/kg) ve katesin (649.58 mg/kg) ise major flavonoidler olarak
belirlenmistir. Askorbik asit icerigi 1078.17 mg/kg olarak 6lciilmiistiir. Toplam fenolik icerik (13.84+0.46 mg GAE/g
kuru 6rnek) ve toplam flavonoid igerik (7.65+0.22 mg QE/g kuru 6rnek) ile FRAP (10.98+0.22 pmol Fe*'/g) ve
CUPRAC (0.11£0.01 mmol TEAC/g) testleri giiglii antioksidan aktiviteyi dogrulamistir. Bulgular, G. flavum
Crantz'm zengin biyoaktif bilesenleri ve giiclii antioksidan 6zellikleri nedeniyle farmakolojik arastirmalar i¢in umut
verici bir kaynak oldugunu gostermektedir.

Keywords: Glaucium flavum Crantz, fenolik bilesikler, flavonoidler, antioksidan aktivite, fitokimyasal profil.

IDENTIFICATION OF PHENOLIC AND VOLATILE COMPOUNDS IN AERIAL PARTS OF
GLAUCIUM FLAVUM CRANTZ. AND DETERMINATION OF THEIR ANTIOXIDANT ACTIVITY

ABSTRACT

The phytochemical profile and antioxidant capacity of Glaucium flavum Crantz aerial parts were evaluated. Using
HPLC-DAD and SPME-GC-MS techniques, benzaldehyde (37.47%) and 1-hexanal-2-ethyl (33.87%) were identified
as predominant volatile constituents. In methanolic extracts, pyrogallol (3089.23 mg/kg) and caffeic acid (384.06
mg/kg) emerged as principal phenolic compounds, while rutin (16000 mg/kg) and catechin (649.58 mg/kg) were the
major flavonoids. Ascorbic acid content was quantified at 1078.17 mg/kg. Total phenolic content (13.84+0.46 mg
GAE/g dry sample) and total flavonoid content (7.65+0.22 mg QE/g dry sample), along with FRAP (10.98+0.22 umol
Fe**/g) and CUPRAC (0.11+£0.01 mmol TEAC/g) assays, substantiated robust antioxidant activity. The findings
demonstrate that G. flavum Crantz represents a promising resource for pharmacological investigations owing to its
abundant bioactive constituents and potent antioxidant properties.

Keywords: Glaucium flavum Crantz , phenolic compounds, flavonoids, antioxidant activity, phytochemical profile

GIRIS

Fenolik bilesikler, ¢esitli bitki tiirlerinde sentezlenen ve
sekonder metabolitler smifina dahil olan &nemli
fitokimyasal bilesenlerdir. Bu bilesikler, sahip olduklar
cesitli biyolojik aktiviteler ve insan saghigi iizerindeki
olumlu etkileri nedeniyle bilim diinyasinda biiyiik ilgi
gormektedir. Dogal polifenoller; antioksidan 6zellikleri,
antimutajenik ve/veya antikanserojenik etkileri, anti-
enflamatuar &zellikleri ve sinir sistemini koruyucu
etkileri gibi nedenlerle 6nemli bilesikler olarak kabul
edilmektedir (1-4). Bilimsel ¢alismalar, bu bilesiklerin
hem oksidatif bozulmaya kars1 koruyucu antioksidanlar
olarak gorev yapabildiklerini hem de hiicresel 6lime
neden olan biyomolekiillere zarar veren pro-oksidanlar
olarak iglev gorebildiklerini ortaya koymaktadir (5-6).

Tibbi bitkilerin terapétik kullanimi esas olarak fenolik
asitler ve flavonoidler gibi ikincil metabolitlerin
varligiyla iligkilidir (7-8). Antioksidan etkileri ve insan
sagligina olan diger sayisiz faydalari ve endiistriyel
uygulamalari nedeniyle son yillarda bitki polifenollerine
artan bir ilgi gozlenmektedir. Tibbi bitkiler ayn1 zamanda
diinya ¢apinda beslenme amacli olarak da kullanilmakta,
birgok iilkede mevcut mevzuata gére gida maddesi olarak
tescil edilmekte ve pazarlanmaktadir (8-10). Onemli
terapotik etkileri goz Oniine alindiginda, fenolik
bilesiklerin tanimlanmas: ve karakterizasyonu analitik
bilimler tarafindan biiyiik ilgi gormektedir (11-12).
Ayrica, bir¢ok caligma bitkilerde polifenollerin varliginm
kanitlamis ve bunlarin terapdtik ve nutrasdtik
kullanimlarin1 ve potansiyel antioksidan aktivitelerini
anlamaya c¢aligmistir (13). Bu baglamda, bitkilerdeki bu
bilesik siniflarini tanimlamak ve karakterize etmek icin
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analitik yontemlerin gelistirilmesi fitoterapi
aragtirmalarinda 6nemli bir adim haline gelmistir. Tibbi
bitkilerdeki fenolik bilesiklerin karakterizasyonu igin
Onerilen yoOntemler arasinda gaz kromatografisi (14),
yiiksek performansli sivi kromatografisi (7,15) ve kapiler
elektroforez (15,16) bulunmaktadir. Bununla birlikte,
fenolik asitler ve flavonoidler yiiksek erime noktalarina
sahiptir ve 200°C'nin  lzerinde 1sitildiklarinda
bozunurlar; bu nedenle, bu bilesikler i¢in ayirma
protokolleri tercihen sivi kromatografik yaklasimlara
dayanmaktadir. Bu sivi  kromatografik teknikler
genellikle UV spektrometrik, UV/Vis florimetrik, kitle
spektrometrik veya elektrokimyasal tekniklere dayali
tespit semalarina baglanir. Ozellikle, HPLC tekniklerine
baglanan elektrokimyasal tespit stratejileri, herhangi bir
tirevlendirme prosediirii kullanilmaksizin elektroaktif
molekiillerin dogrudan tespiti i¢in hassas analitik
prosediirler olarak énem kazanmastir.

Yiksek Performansli Sivi Kromatografisi (HPLC),
bitkilerdeki fitokimyasallar1 tespit etmek ve miktarini
belirlemek i¢in uygulanan en yaygin kullanilan ayirma
teknigidir (17-20). On-line diyot dizi tespiti (DAD) (21-
22), ultraviyole dedektorler (23) veya elektrokimyasal
dedektorler  (24) gibi  farkli  tespit modlan
kullanilmaktadir.  Elektrosprey iyonizasyonu (ESI),
atmosferik basingli kimyasal iyonizasyon (APCI),
negatif veya pozitif iyon modu gibi daha sofistike
tekniklerin MS-MS (lg¢li kuadrupol kullanarak) veya
teorik MSn (iyon tuzagi kullanarak) ile kombinasyonu
piklerin tanimlanmasi i¢in dogrulama saglar, ancak ayni
zamanda yontemin maliyeti ve zorlugu da artmaktadir
(25-30). Aksine, HPLC-DAD kullanimi yo6ntemi
basitlestirir ve maliyetini dugiirerek diisiik biitceli
laboratuvarlarda rutin bir analiz icin uygun hale getirir.
Katt faz mikro ekstraksiyonu (SPME), gaz
kromatografisi-kiitle spektrometresi (GC-MS)
analizinden once ugucu maddeleri izole etmek ve
onceden konsantre etmek i¢in yaygin olarak
kullanilmaktadir [31-34]. SPME'nin diger numune
hazirlama tekniklerine (6rn. kat1 faz ekstraksiyonu veya
sivi-sivl ekstraksiyonu) gore coziiciilerden kaginmasi,
otomasyon kolayligt ve kiigik numune boyutu
gereksinimleri gibi ¢esitli avantajlart vardir [35]. SPME
teknigi, bu ozellikleri sayesinde Ozellikle cok sayida
Ornek incelemesi gerektiren ¢alismalarda tercih
edilmektedir; bitki 1slah¢ilarinin genetik 6zellikleri
arasgtirdigr bitki popiilasyonlarinin degerlendirilmesi
buna 6rnek gdsterilebilir [36,37]. Domates [32], kavun
[38,39], elma [40,41] ve Gzim [42-44] dahil olmak tizere
bircok bitki tiirlinde, aroma ile iligkili olanlar da dahil
olmak {iizere ucuculari kontrol eden genlerin veya
kantitatif 6zellik lokuslarinin (QTL'ler) haritalanmasi
rapor edilmistir. Bitki ugucu fenotiplemesi, hem az
sayida ugucunun hedefe yonelik analizleri [45,46] hem
de ¢ok sayida hedefli veya hedefsiz ugucunun daha genis
profilinin ¢ikarilmasi ("metabolomik") i¢in genellikle
GC-MS ile gergeklestirilir [31,32,38,39,40,47].
Glaucium flavum Crantz (sar1 boynuzlu gelincik), ismi
Yunanca “"glaucos” kelimesinden gelen mavimsi-yesil
yapraklart ve "flavum" kelimesinin isaret ettigi sari

cicekleriyle bilinmektedir. Karadeniz'den giiney ve bati
Avrupa'ya, ayrica kuzeybati Avrupa'ya kadar genis bir
yayilima sahip olan bu bitki; kisa omiirlii, cok yillik ve
lateks igeren Ozelliklere sahiptir. Son yillarda gesitli
aragtirmacilar [48,49]. Avrupa'nin birgok bolgesinde bu
tiiriin popiilasyon yogunlugunda azalma oldugunu rapor
etmisglerdir. Bu nedenle bitki, yayilim gosterdigi farkli
bolgelerde ¢esitli IUCN (Uluslararast Doga Koruma
Birligi) kategorilerine dahil edilmistir.

Kiigiik popiilasyonlarin genetik siiriikklenme ve akraba
evliligi yoluyla genetik cesitliligi kaybettigi, yavrularin
uyumlulugunun azaldigi, c¢evresel ve demografik
degiskenliklere duyarliligin arttig1 ve tohum firetimi ile
canliligimmin diistiigii gosterilmistir [50-52]. Glaucium
flavum Crantz esas olarak kumullarda, ugurumlarda ve
cakilli sahillerde bulunur ancak gelgit veya kiy1
etkisinden uzakta, i¢ kesimlerde de yayilis gosterebilir.
Ayrica, onceki aragtirmalar G. flavum'un antioksidan
[53] anti-inflamatuar [54] ve antikanser [55] 6zelliklerine
dikkat ¢ekmistir. Fitokimyasal agidan, G. flavum'un
fenolik  bilesimi {izerine sinirli  sayida ¢alisma
bulunmaktadir. Ornegin, Bulgaristan kokenli G. flavum
Crantzin 0Orneklerinde ferulik ve p-hidroksisinnamik
asitler gibi fenolik bilesikler tespit edilmistir [56].
Mevcut ¢alismada, farmakobotanik agidan dnem tastyan
Glaucium flavum Crantzin toprak tsti kisminin
metanolik ekstraktinin fitokimyasal kompozisyonu, kati
faz mikro ekstraksiyon (SPME) teknigi ile ucucu
bilesiklerin profili ve antioksidan potansiyeli kapsamli
bir sekilde karakterize edilmistir. Literatiirde benzer
icerik analizleri bulunmasma karsin, bu bitkinin
ekstraktlarinda bulunan fenolik asitler, flavonoidler ve
vitamin gibi genis bir spektrumda fitokimyasallarin e
zamanl analizi igin HPLC-DAD metodolojisi ve ugucu
bilesiklerin spesifik karakterizasyonu i¢in SPME-GC-
MS tekniginin entegre edildigi bir protokol daha 6nce
rapor edilmemistir. Yakin zamanda gergeklestirilen bir
calismada [57] bitkinin kok ekstraktlart iizerine
konvansiyonel GC-MS analizi uygulanmis olsa da, tespit
edilen bilesik spektrumu oldukca sinirli kalmistir. Bu
aragtirmada kullanilan SPME Kkiti ile optimize edilmis

GC-MS  platformu,  konvansiyonel  ekstraksiyon
yontemlerine kiyasla oOnemli 6lgiide  gelistirilmis
hassasiyet, secicilik ve reprodusibilite &zellikleri
sunmaktadir. Ayrica, bu ¢alismanin 6nemli bir

inovasyonu olarak, Glaucium flavum Crantz'in toprak
tistii kisimlarinin daha sofistike analitik metodoloji
kullanilarak incelenmesi, daha kapsamli bir bilesik
profilinin  aydinlatilmasint ~ miimkiin ~ kilmustir.
Literatiirdeki mevcut c¢aligmalar genellikle alkaloid
fraksiyonlarinin kalitatif karakterizasyonu ve smirli
fenolik bilegik tanimlamasiyla kisith kalirken [58-61] bu
aragtirma, genis spektrumlu fenolik bilesikler ve volatil
organik  bilesiklerin  sistematik ~ ve  butunsel
tanimlanmasini saglamis, boylece bitkinin fitokimyasal
repertuarint  6nemli Slglide  zenginlestirmistir. Bu
genisletilmis fitokimyasal profil, Glaucium flavum
Crantzin anti-enflamatuar ve antikanser potansiyelinin
molekiler mekanizmalarinin aydimlatilmasina katkida
bulunarak, hedeflenmis farmakolojik uygulamalar igin
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rasyonel bir temel saglayacak ve gelecekteki terapotik
aragtirmalara yeni perspektifler kazandiracaktir.

MATERYAL VE YONTEM
Bitki Materyali ve Metanolik Ekstraksiyonu

Calisilan bitkinin takson adlari, bitkinin toplanma yeri
Tablo 1'de gosterildigi gibi belirtilmistir. Ayrica,
Glaucium flavum Crantz'un habitat1  Sekil 1'de
gosterilmektedir. Bitki toplandiktan sonra, bitki
materyali hizlica orta derecede ortam 1s18mna sahip iyi
havalandirilan bir kurutma odasina aktarildi ve dogrudan
giines 1s18idan uzak tutuldu. Ayrica Tiriin gincel
taksonomik durumu ve isimlendirmesi Dr. Alper
DURMAZ tarafindan yapilan teshis ile birlikte Plants of
the World Online veritabani, "Bizim Bitkiler" ¢evrimici
floras1  giincel  literatiir  referanslar1  alinarak
dogrulanmustir [62-63].

Table 1. incelenen Glaucium flavum Crantz'in toplama

Verileri
Takson Mevki
Glaucium | 41°43'07"N
flavum 35°55'03"E

Bitki ornekleri, Samsun ili Bafra
ilcesinde bulunan Kizihirmak Nehri
kenarindaki Fener mevkisi sabhil
kenari kumullarindan toplandi

Crantz

Sekil 1. Glaucium flavum Crantz habitati

Glaucium flavum Crantz'in yapraklart ve ¢igekleri,
antioksidan kapasite, bazi fenolik ve flavonoid bilesik
igerikleri ve ugucu bilesik igerigi i¢in -20°C'de saklandi.
Tiim deneyler ve analizler ii¢ tekrarli olarak
gerceklestirildi.

Orneklerin Hazirlanmasi
Ekstraksiyon yontemi [64-65] yontemleri revize edilerek

kullanildi. Burada, 20 gram kuru toz igeren yaprak ve
cicek oOrnekleri, hedef bilesiklerin ekstraksiyonunu

artirmak i¢in ayr1 ayr1 200 ml metanol ile muamele edildi
ve karisimlar 30 dakika boyunca ultrasonikasyona tabi
tutuldu. Ultrasonikasyon sonrasinda, Ornekler bir
calkalayictya aktarildi ve optimum ekstraksiyon
verimliligi i¢in 24 saat boyunca karanlikta oda
sicakliginda tutuldu. Inkiibasyon siirecinin ardindan,
ekstraktlardan biylk partikilleri uzaklagtirmak igin
normal filtre kagidi kullanildi, ardindan daha kiigiik
partikiilleri gidermek i¢in 0.45 pm siringa filtresi ile
ikinci  bir  filtreleme  islemi  gerceklestirildi.
Ultrasonikasyon, uzun sireli inkibasyon ve cift
filtreleme asamalarini igeren bu kapsamli ekstraksiyon
prosediirii, kuru toz &rneklerinden ekstraksiyon
¢oOzeltisine maksimum bilesik transferini saglamak igin
tasarland1 ve elde edilen berrak filtratlar analiz igin
hazirlandi.

Glaucium flavum Crantz turinin Antioksidan
Kapasitesinin Belirlenmesi

Reaktif ve malzemeler

Polifenol, flavonoid ve antioksidan kapasite analizleri
icin ¢esitli analitik reaktifler su sekilde temin edildi:
Metanol, Trolox (6-hidroksi-2,5,7,8-tetrametilkroman-2-
karboksilik asit), 2,4,6-tripiridil-s-triazin (TPTZ) ve
Folin-Ciocalteu fenol reaktifi Sigma Chemical Co.'dan
(St. Louis, MO, ABD) tedarik edildi. Sodyum karbonat,
asetik asit, neokuproin (2,9-dimetil-1,10-fenantrolin),
alliminyum nitrat nonahidrat ve amonyum asetat dahil
tamamlayic1 reaktifler Merck Chemical Co.'dan
(Darmstadt, Almanya) temin edildi. Deneysel
prosediirler boyunca kullanilan tiim kimyasal bilesikler
analitik saflik derecesindedir.

Toplam polifenolik icerigin belirlenmesi

Toplam fenolik bilesiklerin 6lgtimii, Folin-Ciocalteu
metodolojisi kullanilarak gerceklestirildi [66]. Alt1 farkl
konsantrasyonda (1, 0,5, 0,25, 0,125, 0,0625 ve 0,03125
mg/mL) gallik asit kullanilarak standart bir kalibrasyon
egrisi hazirlandi. Deneysel protokol, 20 pL standart
¢ozelti veya metanolik bitki ekstraktinin (1 mg/mL) 400
uL 0,5 N Folin-Ciocalteu reaktifi ve 680 uL distile su ile
birlestirilmesini igeriyordu. Iyice karistirma ve 3
dakikalik reaksiyon siiresinin ardindan, karigima 400 pL
%10'luk Na2CO:s ¢ozeltisi eklendi. Reaksiyonun 25°C'de
2 saat boyunca gelismesine izin verildi, ardindan 760
nm'de absorbans 6l¢timleri kaydedildi. Polifenolik icerik
daha sonra hesapland: ve bitki kuru agirlig1 basina gallik
asit esdegeri (GAE) miligram olarak ifade edildi.

Toplam flavonoid iceriginin degerlendirilmesi

Toplam flavonoid 6l¢imi, referans [67]'ten modifiye
edilmis bir protokole gore gergeklestirildi. Analitik
prensip, aliiminyum kloriiriin flavonoid bilesikleri ile
koordinasyon kompleksleri olugturma o6zelliginden
yararlanmaktadir. Ozellikle, aliiminyum iyonlar1 flavon
ve flavonollerde bulunan C-4 keto grubu ve C-3 veya C-
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5 hidroksil gruplar ile stabil kompleksler olustururken,
hem A hem de B halkalarindaki orto-dihidroksil
konfigiirasyonlar1 ile daha az stabil birlesmeler
olusturmaktadir. Standardizasyon amaglari igin, 0,03125
ile 1,0 mg/mL arasinda degisen quercetin ¢ozeltileri,
absorbans o6lctimlerini  bilinen konsantrasyonlar ile
iliskilendiren bir referans egrisi olusturmak igin
kullanildt.

Glaucium flavum Crantz"in Demir ve Bakir indirgeme
Metotlariyla Antioksidan Kapasitesinin

Degerlendirilmesi

FRARP analizi, elektron verici bilesiklerin asidik kosullar

altinda  bulundugunda  soluk sart  Fe*-TPTZ
kompleksinin canli mavi Fe*-TPTZ kompleksine
doniistimiinii  izleyerek  antioksidan  potansiyelini

6lcmektedir [68]. Protokol, bir deney tuplinde 3 mL taze
hazirlanmis FRAP reaktifinin 100 pL deneysel ekstre
veya kontrol ¢oziicii ile birlestirilmesini igeriyordu.
Spektrofotometrik 6lgtimler, 593 nm'de 25°C ortam
sicakliginda 4 dakikalik bir aralikta kaydedildi. Elde
edilen absorbans degerleri, FeSO4-7H.O kalibrasyon
egrisine (100-1000 pmol/L) karst Olgiildii ve nihai
sonuglar, bitki kuru maddesi basina mikromol demir
siilfat heptahidrat esdegerleri olarak ifade edildi.
CUPRAC metodolojisi, antioksidan bilesiklerin Cu?**
iyonlari, neokuproin (alkolik ¢ozelti) ve amonyum asetat
tamponu (pH 7) iceren bir reaksiyon karigimi ile
etkilesimini igerir. 60 dakikalik bir inkiibasyon siiresinin
ardindan, optik yogunluk 450 nm'de belirlendi. Deneysel
prosediir, bakir(II) kloriir (10 mM), neokuproin (7.5 mM)
ve amonyum asetat (1 M) esit hacimlerinin (her biri 1
mL) 6rnek ekstraktt (0.2 mL) ve deiyonize su (0.9 mL)
ile 4.1 mL'lik bir nihai reaksiyon hacmine ulagsmak i¢in
birlestirilmesini igeriyordu. Absorbans okumalar1 60
dakikalik reaksiyon siiresinin ardindan elde edildi ve
antioksidan kapasite, Trolox® esdeger antioksidan
kapasitesi (TEAC) cinsinden hesaplandi [69].

Glaucium flavum Crantz Ekstraktinin HPLC Analizi
ile Fenolik ve Flavonoid Bilesiklerinin Miktar Tayini

Kimyasal Reaktifler

Asetonitril HPLC gradyam Sigma-Aldrich Co.'dan (St.
Louis, MO, ABD) temin edilirken, metanol HPLC
gradyan1 Merck KGaA'dan (Darmstadt, Almanya) elde
edildi. Analizde kullanilan tiim fenolik referans
bilesikler, arastirma dereceli kimyasallar ve analitik
standartlar tedarikinde taninmis bir saticit olan Sigma-
Aldrich'ten temin edildi.

Enstrimantal Parametreler

Protokol A: Askorbik asit, gallik asit, 3,4-
hidroksibenzoik asit, katesin, epikatesin, kafeik asit,
vanilik asit, rutin, kumarik, ferulik, rosmarinik asit,
mirisetin,  kersetin ve apigenin  dlgumi  igin
kromatografik metodoloji: Ayirma, bir ACE 5 C18 sabit

faz1 (250 x 4.6 mm, 5 pm partikiil boyutu) kullanilarak
gerceklestirildi. ikili hareketli faz (A) asetonitril ve (B)
seyreltik asetik asit (%1.5 h/h) iceriyordu. Eliisyon profili
%15 A bileseni ve %85 B bileseni ile baslayip, 29.
dakikada %40 A bileseni ve %60 B bilesenine gecis
yapti. Enstriimantal konfigiirasyon, bir 1260 DAD WR
spektrofotometrik dedektdr (250, 270 ve 320 nm'de
izleme yapan), bir 1260 Kuaterner Pompa (0.7 mL/dk
hacimsel akis1 siirdiiren), bir 1260 Vial Ornekleyici (10
uL enjeksiyon hacmi saglayan) ve 35°C'de tutulan bir
G7116A termostatik kolon bdlmesi iceriyordu.

Protokol B: Pirogallol, Kklorojenik asit, siringik asit,
siyanidin Klorr, resveratrol, oleuropein, hesperitin,
kaempferol, baikalein ve krisin 6lcimi icin
kromatografik metodoloji: Ayirma, bir ACE 5 C18 sabit
faz1 (250 x 4.6 mm, 5 pm partikiil boyutu) kullanilarak
gerceklestirildi. Ikili hareketli faz (A) metanol ve (B)
seyreltik asetik asit (%1.5 h/h) iceriyordu. Elisyon profili
%10 A bileseni ve %90 B bileseni ile baslayip, 29.
dakikada %40 A bileseni ve %60 B bilesenine, ardindan
40. dakikaya kadar %60 A bileseni ve %40 B bilesenine
gecis yapti ve 40. dakikadan 53. dakikaya kadar %90 A
bileseni ve %10 B bileseni ile sonlandi. Enstriimantal
konfigurasyon, bir 1260 DAD WR spektrofotometrik
dedektér (280, 290, 320, 370 ve 535 nm'de izleme
yapan), bir 1260 Kuaterner Pompa (0.7 mL/dk hacimsel
akig1 siirdiiren), bir 1260 Vial Ornekleyici (10 uL
enjeksiyon hacmi saglayan) ve 35°C'de tutulan bir
G7116A termostatik kolon bélmesi iceriyordu.

Referans Standart Cozeltilerin Hazirlanmasi

Fenolik bilesenlerin kantitatif tayini, her referans
standardin tam olarak belirlenmis konsantrasyonlarda alt1
seri diliisyonu kullanilarak olugturulan harici kalibrasyon
egrileri araciligiyla gergeklestirildi (25, 50, 75, 100, 200
ve 300 pg/mL). Hazirlanmalarinin ardindan, bu
kalibrasyon ¢ozeltileri deneysel oOrneklerle aym
enstriimantal kosullar altinda HPLC-DAD analizine tabi
tutuldu.

Toprak Ustii Kisimlardaki Ugucu Bilesiklerin SPME-
GC-MS ile Belirlenmesi

Ucucu bilesiklerin SPME absorpsiyonu

Fiber, kullanimdan Once freticinin Onerdigi sekilde
kosullandirildi. Bitki, laboratuvar tipi bir 6gitiiciide iyice
parcalandi. Toz haline getirilmis drnekten, 20 ml'lik bir
vialin tcte birini dolduracak kadar miktar PTFE/silikon
septali (Supelco) 20 mL'lik bir siseye yerlestirildi. Her
ornek 45°C'de 15 dakika 1sitildi. Daha sonra, uygun fiber
uclu bir siringa siseye daldirildi ve 40 dakika boyunca
absorbe edildi. Fiber ucuna maruz kalan bilesikler, GC
Uinitesinin  enjeksiyon bloguna enjekte edildi ve
absorpsiyon i¢in 20 dakika tutuldu.

Cihaz kosullar
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GC-MS analizi, bir Agilent (Agilent Technologies, Santa
Clara, CA, ABD) gaz kromatografi ve HP-5MS ultra
inert kapiler kolon (30 m x 0.25 mm x 0.25 pm)
kullanilarak  gergeklestirilecektir. ~ Yiiksek saflikta
helyum (>%99.99), 1.0 mL/dk akis hizinda hareketli faz
olarak kullanilacaktir. Enjektdr sicakligi 250°C'ye
ayarlandi. GC programi, baslangi¢ sicakligini 2 dakika
boyunca 50°C'de tuttu. Sicaklik, 2.5°C/dk hizla 150°C'ye
yiikseltilecek ve orada 5 dakika sabit tutulacaktir. Son
olarak, 6.5°C/dk hizla 250°C'ye yikseltilecek ve orada 1
dakika sabit tutulacaktir. MS ¢alisma parametreleri, 35-
500 m/z taranmis kiitle araligi ile 70 eV'lik bir
iyonizasyon enerjisini icermektedir (kaynaklar 70'den
revize edilmistir). Bilesiklerin tanimlanmasi NIST
Standart Referans veritabani kullanilarak gergeklestirildi.

Istatistiksel Analiz
Microsoft Excel 365 ile hesaplanan ortalama + SD degeri
olarak sunulmustur.

SONUCLAR VE TARTISMA

Glaucium flavum Crantz'un GC-MS Analizi ve
Fitokimyasal Profili

Glaucium flavum Crantz tlrinin toprak Ustl
kisimlarindan elde edilen ekstratin analiz sonucunda, 4-
36 dakika arasinda degisen alikonma siireleri ve 800-
1500 arasinda degisen indeks degerleriyle karakterize
edilen cesitli fitokimyasal bilesikler tespit edilmistir.
Tablo 2'de gosterildigi iizere, bu analizler neticesinde
bitkide alifatik ve aromatik aldehitler, terpenoidler,
alifatik ve aromatik hidrokarbonlar, alkoller, ucucu
fenolik bilesikler ve heterosiklik bilesikler seklinde
oldukca genis bir kimyasal g¢esitlilik saptanmistir.
Yapilan arastirmada, s6z konusu bilesiklerin ¢esitliligi,
dagilim1 ve konsantrasyonlarmin incelenmesi, Glaucium
flavum Crantz'in fitokimyasal profilinin aydinlatilmasina
onemli katkilar saglamaktadir. Bu bulgular, bitkinin
kimyasal kompozisyonunun kapsamli olarak
anlagilmasina ve potansiyel biyoaktif bilesenlerinin
karakterizasyonuna temel olusturmaktadir.

Tablo 2. Glaucium flavum Crantz'un fitokimyasal bilesikleri

No RT RI Name of the Content
(min) compound [%]

1 6.3 806 Hekzanal 0.48
3 991 912  Siklopropen 0.03
4 11.95 961 Benzaldehit 38.47
5 13.0 986 | Siilkaton 4.293
7 14.80 1026 1-Hekzanal-2-etil 34.87
7 15.49 1041 Benzen asetaldehit = 4.91
8 17.46 1084 Tetrametilpirazin 0.63
9 18.03 1096 Undekan 1.25
10 18.25 1101 Nonanal 2.98

11 | 18.66 1110 Feniletil Alkol 0.28
12 21.83 1179  Azulene 2.75
13 | 22.88 1202 Dekanal 0.87
14 | 2359 1218 B-Siklositral 0.91
15 2651 1283 Bomil asetat 0.43
16 | 26.70 1287  Karvakrol 0.52
17 | 26.86 1290 Dimethoxydurene = 2.53
18 27.80 1312 Theaspirane 0.84
19 | 29.37 1349 Dehidro-ar-iyonen = 0.138
20 2954 1353 izo-Chavibetol 0.27
21 3129 1394 Tetradekan 0.49
22 3221 1418 cis-Karyofilen 0.65
23 | 35.33 | 1493 Nonadekan 0.22
24 | 36.39 1516 Trans-Kalamen 0.49
25 36.64 1521 Dihidroaktinidiolid @ 0.70

Rt -Retention times on an HP-5MS Ul column
RI - Experimentally determined retention indices on an HP-
5MS Ul column

Fitokimyasal analiz sonuglari, Glaucium flavum
Crantz'da ¢esitli kimyasal siiflara ait bilesiklerin
varligint ortaya koymustur. Alifatik ve aromatik
aldehitler grubunda en yiiksek oranlar1 Benzaldehit
(%38.47) ve 1-Hekzanal-2-etil (%34.87) bilesikleri
gostermis olup, bunlari Benzen asetaldehit (%4.91),
Nonanal (%2.98), Dekanal (%0.87) ve Hekzanal (%0.48)
takip etmistir. Terpenoidler icerisinde monoterpen ve
tirevleri olarak PB-Siklositral (%0.91), Bornil asetat
(%0.43) ve Karvakrol (%0.52); seskiterpenler olarak Cis-
Karyofilen (%0.65) ve Trans-Kalamen (%0.49); non-
karotenoidler olarak ise  Theaspirane (%0.84),
Dihidroaktinidiolid  (%0.7) ve Dehidro-ar-iyonen
(%0.14) belirlenmistir. Hidrokarbon bilesikleri arasinda
alifatik yapida Undekan (%1.25), Tetradekan (%0.49) ve
Nonadekan (%0.22); aromatik hidrokarbon olarak
Siklopropen (%0.03) ve Azulen (%2.75) tespit edilmistir.
Diger simiflardan ise keton grubu bilesikleri olarak
Sulkaton (%4.29) ve Fenil etil keton (%0.28), fenolik
bilesik olarak Izo-Chavibetol (%0.27), heterosiklik
bilesik olarak Tetrametilpirazin (%0.63) ve ugucu
organik bilesik olarak Dimetoksiduren (%2.53)
saptanmustir. Bu sonuglar, Glaucium flavum Crantz'in
zengin bir fitokimyasal profile sahip oldugunu
gostermektedir. Glaucium flavum Crantz fitokimyasal
analiz sonug¢larma goére, makro bilesikler olarak 1-
Heksanal-2-etil (%34,87) ve benzaldehit (%38,47) 6ne
¢tkmaktadir. Bu bilesiklerden benzaldehit, en basit ugucu
aromatik  aldehit  olup, ¢esitli  benzenoidlerin
biyosentezinde kritik bir Oncli rolii oynamaktadir.
Benzaldehit, tozlayicilart ¢ekerek ekolojik iglev
gosterirken, ayn1 zamanda tatlandirict ve antifungal ajan
olarak da etki etmektedir [benz]. Endiistriyel agidan
benzaldehit, tat, koku ve kozmetik sektdrlerinde yaygin
kullanima sahip olup, boyalar ve plastiklerin iiretiminde
hayati bir dnct gorevi gérmektedir [71].
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Bitkide major bilesiklerden bir digeri olan sulkaton
(%4.29), baz1 calismalarda tahillarin ¢imlenmesini
etkilemeden depolanmis misirdaki hem bdceklere hem de
filamentli mantarlara kars1 etkili oldugu gosterilmistir
[72]. Bu bulgu, sulkatonun insektisidal ve antifungal
potansiyelini 6ne ¢ikarmaktadir.

Ayrica bitkide disiik oranda (%0.52) bulunan 6nemli
bilesiklerden olan karvakrol igin ¢esitli biyolojik
aktiviteler rapor edilmistir. Birgok ¢aligma karvakroliin
fungisidal [73, 74], insektisidal [75] ve antimikrobiyal
aktiviteler [76] sergiledigini belirtmistir. In vitro
calismalarda karvakroliin antikarsinojenik ve antitiimor
aktiviteleri [77, 78], gucli antimutajenik etkiler ve
antioksidan  ozellikler [79, 80] gosterdigi de
bildirilmistir. Bu bilegiklerin varligi, Glaucium flavum
Crantzin  potansiyel biyolojik aktivitelerini  ve
endiistriyel kullanim alanlarmi  aciklamada Onemli
bilgiler sunmaktadir.

Bitkide tespit edilen bagska bir bilesik olan
tetrametilpirazin (%0.63) ise ¢esitli terapotik etkilere
sahiptir. Bu bilesik siiperoksit radikallerini temizleme,
bobrek diyalizine yardimer olma, nefrit sendromunu
azaltma, diyabetik nefropatiye karsi koruma saglama,
pulmoner vazodilator etkiyi artirma ve iskemik inmeyi
tedavi etme potansiyeline sahiptir. Ayrica anti-
hipertansif ve antibakteriyel etkiler de gdstermektedir
[81-84].

Glaucium flavum Crantzin toprak isti kisimlarinin
fitokimyasal profili, énemli biyoaktif potansiyele sahip
cesitli kimyasal bilesikler icermektedir. Benzaldehit
(%38,47) ve 1-hekzanal-2-etil (%34,87) bilesiklerinin
ana bilesenler olarak baskin olmasi, bu bitkinin ekolojik
ortaminda etkili bir antimikrobiyal ve bocek ¢ekici ajan
olarak islev gorebilecegini diisiindiirmektedir. Ayrica,
belgelenmis biyolojik aktivitelere sahip bilesiklerin
varhgi—stulkatonun antifungal ve insektisidal dzellikleri,
karvakrolin antimikrobiyal, antitimdr ve antioksidan
etkileri ile tetrametilpirazinin bdbrek fonksiyonu,
hipertansiyon ve iskemik inme tedavisindeki terapotik
potansiyeli Glaucium flavum Crantz'in farmasotik ve
tarimsal uygulamalar icin degerli bir biyoaktif bilesik
kaynagi olabilecegini gostermektedir. Diisiik
konsantrasyonda (%0,91) tespit edilmis olan f-
siklositral'in varlig1 da, bu bilesigin 6nceki ¢aligmalarda
cesitli biyolojik aktivitelerle iligkilendirilmesi nedeniyle,
bitkinin potansiyel degerini artirmaktadir.

Literatiirde Glaucium flavum Crantz iizerine yapilan
calismalar sl sayidadir.  Yakin  donemde
gerceklestirilen bir aragtirmada G. flavum Crantz’in kok
ekstraktinin fitokimyasal profili incelenmis, ancak
identifiye edilen bilesik cesitliligi ve konsantrasyonlari
sinirlt diizeyde kalmistir [85]. Bu ¢aligmada, literatiirden
farkli olarak bitkinin aerial kisimlar1 kullanilmistir. Bu
metodolojik  yaklasim, daha genis spektrumda
fitokimyasal bilesenlerin tespit edilmesini ve yliksek
konsantrasyonlarda metabolit profilinin elde edilmesini
miimkiin kilmistir.

Bu bulgular, 6zellikle bu tur bitkilerin geleneksel
kullanimlariyla uyumlu olan antimikrobiyal, antioksidan
ve farmasotik oOzelliklere odaklanarak, bu biyoaktif

bilesenlerin izolasyonu, karakterizasyonu ve terapotik
uygulamalar1 konusunda ileride yapilacak arastirmalar
icin saglam bir temel olusturmaktadir.

Glaucium flavum Crantz Ekstraktinin HPLC Analizi
ile Fenolik ve Flavonoid Bilesiklerinin Miktar Tayini

Bu ¢alismada, Glaucium flavum Crantz'in fitokimyasal
icerigi  kapsamli  bir sekilde analiz edilmistir.
Arastirmada, askorbik asit vitamini ile birlikte ¢esitli
fenolik bilesikler ve flavonoidler incelenmistir. Standart
olarak kullanilan bilesikler arasinda gallik asit, 3,4-
hidroksi benzoik asit, vanilik asit, siringik asit, kumarik
asit, kaffeik asit, rosmarinik asit, pirogallol, klorogenik
asit, oleuropein ve resveratrol gibi 12 fenolik bilesik
bulunmaktadir. Ayrica katesin, epikatesin, rutin,
mirsetin, kuersetin, apigenin, siyanidin klordir, hesperitin,
kaemferol, baicalin ve krisin olmak tizere 11 flavonoid
analiz edilmistir.

Calismada iki farkli analitik yontem kullanilmigtir. A
yonteminde  askorbik  asit, gallik asit, 3-4
hidroksibenzoik asit, katesin, epikatesin, kafeik asit,
vanilik asit, rutin, kumarik asit, ferulik asit, rosmarinik
asit, mirisetin, kuersetin ve apigenin analiz edilirken; B
yonteminde pirogallol, klorojenik asit, siringik asit,
siyanidin klorir, resveratrol, oleuropein, hesperetin,
kaempferol, baicalein ve krisin belirlenmistir. Sekil 2 ve
Sekil 3'de gosterildigi {iizere, fenolik bilesikler
kromatografik olarak net bir sekilde birbirinden
ayrimastir.

§ 10 11 1 r 0 m

Sekil 2. Fenolik Standartlarin HPLC Kromatogramlari
(Yontem A). Sembolleri ve alikonma siireleri:
askorbik asit (AsA); 3.74(1), gallik asit; 4.84(2), 3-
4 hidroksibenzoik asit; 6.29(3), katesin; 6.96(4),
epikatesin; 8.45(5), kafeik asit; 9.17(6), vanilik asit;
9.65(7), rutin; 11.81(8), kumarik asit; 12.95(9),
ferulik asit; 14.41(10), rozmarinik asit; 17.44(11),
mirisetin; 18.04(12), kersetin; 24.2(13), apigenin;
29.08(14).

Sekil 3. Fenolik Standartlarn HPLC Kromatogramlari
(Yontem B). Sembolleri ve alikonma siireleri:
progallol; 8.045(1), klorojenik asit; 18.184(2),
siringik asit; 23.228(3), siyanidin klorur; 36.248(4),

120



resveratrol;  37.236(5), oleuropein; 39.810(6),
hesperitin; 45.84(7), kaempferol; 47.562(8), baikalin;
49.435(9), krisin; 52.939(10)

Glaucium flavum Crantzin toprak {stii kisimlar
Uzerinde ydritulen analizler sonucunda, toplam 24
fenolik bilesigin tanimlanmasi ve miktarinin belirlenmesi
icin yontem A ve yontem B kullanilarak kapsamli bir
calisma gerceklestirilmistir (Tablo 3).

Tablo 3. Glaucium Flavum Crantz Ekstrakti'nin fenolik
bilesik igerikleri

No Bilesikler Glaucium
Flavum Crantz
Ekstrakti
(mg/L)
Vitamin
1 Askorbik asid 1078.17
Fenolik
2 Gallik asit 200.32
3,4 hidroksi 36.01
benzoik asit
4 Vanilik asit 75.65
5 Siringik asit TIE
6 Kumarik Asit TIE
7 Kafeik asit 384.06
8 Ferulik asit TIE
9 Rozmarinik asit =~ T/E
10 Progallol 3089.23
11 Klorojenik asit 229.44
12 Resveratrol TIE
13 Oleuropein TIE
Flavonoid
14 Katesin 649.58
15 Epikatesin 90.39
16 Rutin 16000
17 Mirisetin TIE
18 Kersetin 114.89
19 Apigenin TIE
20 Siyanidin klorir = T/E
21 Hesperitin TIE
22 Kaempferol TIE
23 Baikalin 43,81
24 Krisin TIE

Not: T/E - Tespit Edilemedi
Analiz sonuglari incelendiginde, 24 fenolik bilesikten 12

tanesinin  tespit  edilebilecek  diizeyde oldugu
gorilmistiir. Vitamin igerigi acisindan
degerlendirildiginde, bitkide askorbik asit miktar

1078,17 mg/kg olarak belirlenmistir. Fenolik bilesikler
arasinda, pirogallol 3089,23 mg/kg degeriyle major
bilesik olarak tespit edilmistir. Diger 6nemli fenolik
bilesikler arasinda gallik asit (200,32 mg/kg), 3,4-
hidroksi benzoik asit (36,01 mg/kg), vanilik asit (75,65
mg/kg), kaffeik asit (384,06 mg/kg) ve klorogenik asit

(229,44 mg/kg) bulunmaktadir. Flavonoid bilesikler
arasinda ise rutin (16000 mg/kg) ve katesin (649,58
mg/kg) major bilesikler olarak one ¢ikmaktadir. Ayrica
baicalin (43,81 mg/kg), epikatesin (90,39 mg/kg) ve
kuersetin (114,89 mg/kg) gibi diger flavonoidler de tespit
edilmistir.

Aragtirmada belirlenen askorbik asit (C vitamini),
onemli  bir besinsel antioksidan olarak kabul
edilmektedir. C vitamini, kardiyovaskiiler hastalik, inme,
kanser, ndrodejeneratif hastaliklar ve kataraktogenez gibi
kronik hastaliklarla iliskilendirilen reaktif oksijen ve
nitrojen tiirlerinin sebep oldugu lipidler, DNA ve
proteinler gibi makromolekiillerdeki oksidatif hasar1
o6nemli dlglide azaltma 6zelligine sahiptir [86]. Literatir
C vitamininin yiksek oranda antioksidan, anti-
aterojenik, anti-kanserojen ve imminomodilator gibi
¢ok sayida saglik yarari sagladigmi gostermektedir.
Glaucium flavum Crantz'da tespit edilen yuksek askorbik
asit miktar1 (1078,17 mg/kg), bitkinin saglik agisindan
onemli bir potansiyele sahip olduguna isaret etmektedir.
Bitki fenolleri genellikle fenilpropanoid metabolik
yolunun dirlinleri olup ¢ok g¢esitli bilesiklerden
olugmaktadirlar. Bu bilesikler giiglii antioksidan
Ozelliklere sahiptir ve kanser ile kardiyovaskiler
hastaliklar gibi kronik rahatsizliklarda rol oynayan DNA,
lipitler ve proteinler gibi biyomolekdllerdeki oksidatif
hasart Onleyebilmektedirler [87]. Glaucium flavum
Crantz'da yapilan analizlerde tespit edilen fenolik
bilesikler arasinda en yiiksek miktarda bulunan pirogallol
(3089,23 mg/kg), antifungal ve antipsoriatik dzelliklere
sahip oldugu bildirilmistir [88, 89]. Bitkide &nemli
miktarda bulunan kafeik asit (384,06 mg/kg) ise, ¢esitli
tarim triinlerinde 6nemli bir dogal antioksidan kaynagi
olarak tanimlanmaktadir [90,91]. Kafeik asitin kanser
tedavisinde onemli bir kullanim potansiyeline sahip
oldugu [92, 93] ve giiclii bir dogal antioksidan olarak
kabul edildigi bildirilmigtir [94]. Yapilan ¢aligmalarda,
kafeik asitin reaktif oksijen tirleri (ROS) seviyelerini
artirarak ve mitokondriyal fonksiyonu bozarak kanser
hiicrelerinde apoptozu indiikleyebildigi, ayrica metastazi
baskilayarak tiimorlerin agresif davranigini azaltmada
fayda sagladigi belirlenmistir [95].

Bu arastirma sonuglarinda, flavonoidlerin bitkiler
tarafindan iretilen ve giiglii antioksidan dzelliklere sahip
polifenolik  bilesikler  oldugu  vurgulanmaktadir.
Flavonoidler ayn1 zamanda anti-enflamatuar, antiviral ve
antikarsinojenik etkileriyle de bilinmektedir Glaucium
flavum  Crantz'in  ekstraktinda yapilan analizlerde
incelenen 11 flavonoid arasinda rutin, katesin, baicalin,
epikatesin ve kuersetin tespit edilebilir diizeylerde
bulunmugtur. Tespit edilen flavonoidler arasinda
ozellikle rutin ve katesin dikkati ¢ekmektedir. Katesin,
flavanollerin bir alt sinifina ait olan bir flavonoid tiirii
olup, gicli antioksidan 6zelliklere sahiptir. Kimyasal
yapist dort fenolik halka icermekte olup, serbest
radikalleri notralize etme, inflamasyonu azaltma,
kardiyovaskiler saghgi destekleme ve potansiyel
noroprotektif etkiler gosterme oOzellikleriyle
bilinmektedir.
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Analiz sonuglarinda en yiiksek miktarda bulunan bilesik
olan rutinin (16000 mg/kg), en fazla tespit edilen fenolik
bilesik olan pirogallolden (3089,23 mg/kg) yaklasik bes
kat daha fazla, ikinci en vyuksek flavonoid olan
katesinden (649,58 mg/kg) ise yaklagik 25 kat daha fazla
oldugu belirlenmistir.

Rutin'in stperoksit, peroksil ve hidroksil radikalleri gibi
farkli oksitleyici tiirler tizerindeki indirgeyici 6zellikleri,
6nemli bir antioksidan etki saglamaktadir [96]. Bunun
yanl sira, rutinin antikanser, antimikrobiyal ve
antiinflamatuar  etkiler gibi ¢esitli  farmakolojik
ozelliklere de sahip oldugu bildirilmistir [97]. Bu
ozelliklerinden dolayi, yiiksek oranda rutin igerigine
sahip olan Glaucium flavum Crantzin antikanser,
antimikrobiyal ve antiinflamatuar etki potansiyeli
tagidigr diisiiniilmektedir. Bitkinin icerdigi bu biyoaktif
bilesiklerin, ileride yapilacak farmakolgjik calismalar
icin 6nemli bir kaynak olabilecegi ongdriilmektedir.

Bu ¢alismada incelenen Glaucium flavum Crantz tird
tizerine literatiirdeki arastirmalar sinirlidir. Benzer tiirler
lizerinde yapilan ¢aligmalara bakildiginda, G.
corniculatum [98] bitkisinin metanol ekstraktinda HPLC
analizleri ile rutin (45 pg/ml) ve kuersetin (12 pg/ml)
major flavonoidler olarak tespit edilmis, diger
flavonoidlerin ise ihmal edilebilir diizeyde oldugu
belirlenmistir. G. alakirensis [99] tiirinde ise katesin
(39.08 ppm), klorojenik asit (32.95 ppm) ve gallik asit
(5.57 ppm) igerikleri saptanmigtir. Glaucium flavum
Crantz'in etanol fraksiyonunda Boulaaba ve arkadaslar
[100] tarafindan kaempferol, kafeik asit, katesin hidrat,
siringik asit, Kklorojenik asit, izokuersetrin ve trans-
hidroksisinnamik  asit  gibi  bilesiklerin  varligi
tanimlanmistir. Bu bilesiklerin konsantrasyonlari 17 ile
20 mg/kg arasinda degismektedir. Bu ¢aligmada
uygulanan analitik metodoloji, literatiirdeki diger
arastirmalara kiyasla daha kapsamli bir bilesik profilinin
aydmlatilmasim  saglamistir. Ozellikle dikkat cekici
bulgular arasinda, Glaucium flavum Crantz'daki rutin
konsantrasyonunun (16000 mg/kg) pirogallolden
(3089.23 mg/kg) yaklasik bes kat, katesinden ise yaklagik
25 kat daha fazla olmasi yer almaktadir. Bu degerler,
literattirde bildirilenlere gére 6nemli 6lclide yuksektir ve
mevcut  calismanin  daha  kapsamli  oldugunu
gostermektedir. Mevcut arastirma, diger ¢alismalara gore
daha sofistike analitik tekniklerin entegrasyonu, daha
yiiksek konsantrasyonlarda biyoaktif bilesiklerin tespiti
ve daha genis spektrumda fitokimyasallarin es zamanli
analizi agisindan ustiinlilk géstermektedir. Sonug olarak,
bu calismada Glaucium flavum Crantz'in fitokimyasal
profili detayli bir sekilde ortaya konulmustur. Bitkinin
icerdigi yiiksek miktardaki rutin (16000 mg/kg),
pirogallol (3089.23 mg/kg) ve askorbik asit (1078.17
mg/kg) gibi biyoaktif bilesiklerin varligi, potansiyel
farmakolojik degerini vurgulamaktadir. Ozellikle rutinin
antioksidan, antikanser, antimikrobiyal ve
antiinflamatuar etkileri g6z 6niine alindiginda, G. flavum
Crantz''n modern tipta kullanilabilecek fitoterapdtik
ajanlarm gelistirilmesinde 6nemli bir kaynak olabilecegi
diisliniilmektedir. Gelecekte yapilacak in vitro ve in vivo
calismalarla, bu bitkiden elde edilecek ekstrakt ve izole

edilmis bilesiklerin biyolojik aktivitelerinin
degerlendirilmesi, tibbi potansiyelinin tam olarak
anlasilmasina ve yeni tedavi yaklagimlarinin

gelistirilmesine katki saglayacaktir. Bu arastirma, G.
flavum Crantz'in zengin fitokimyasal igerigini ortaya
koyarak, dogal kaynakli biyoaktif bilesiklerin kesfi ve
degerlendirilmesi agisindan literatiire 6nemli bir katki
sunmaktadir.

Glaucium flavum Crantzin Toplam Fenolik ve

Flavonoid icerigi ile CUPRAC ve FRAP
Ydntemleriyle Antioksidan Kapasitesinin
Degerlendirilmesi

Bu ¢alismada Glaucium flavum Crantzin toprak Usti
kisminin metanalik ekstraktlarina toplam fenolik, toplam
flavonoid, FRAP ve CUPRAC icerikleri
spektrofotometrik olarak belirlenmistir (Tablo 4).
Toplam fenolik igerigin 13.84+0.46 mg GAE/g, toplam
flavonoid igeriginin ise 7.65+0.22 mg GAE/g oldugu
belirlenmistir. Fenolik igerigin flavonoid igeriginden
yaklagik iki kat fazla olmasi (13.84 mg GAE/g'a karsi
7.65 mg GAE/Q), bitkide flavonoidlerin yani sira diger
fenolik bilesik smiflarinin  da  6nemli miktarda
bulundugunu gostermektedir. Antioksidan kapasite
testlerinde FRAP degeri 70.98+0.22 umol Fe®/g ve
CUPRAC degeri 0.11+0.01 mmol TEAC/g kuru agirlik
olarak tespit edilmistir, bu da bitkinin ¢esitli redoks
sistemleri  ilizerinde etkili  bilesikler icerdigini
dogrulamaktadir

Tablo 4. Glaucium flavum Crantz Ekstraktlarinin Antioksidan
Ozellikleri, Toplam Fenolik Igerigi, Toplam
Flavonoid Igerigi ve Antioksidan Kapasite (FRAP ve
CUPRAC) Sonuglari

Takson | Toplam = Toplam Frap Cuprac

fenolik flavonoid =~ (umol = (mmol

icerik icerik(mg FeSOs4 TEAC/

(mg QE/g TH0 g

GAE/g kuru /g ornek)

kuru ornek) ornek

ornek) )
Ornek | 13.84#0. 7.65%0.22 10.98+ 0.110.

46 0.22 01

Literatiirdeki diger Glaucium tirleriyle

karsilastirildiginda, G. flavum Crantz'in G. grandiflorum
var. grandiflorum'dan toplam fenolik igerik bakimindan
yaklagik dort kat (13.84 mg GAE/g'a karsi 3.54 mg
GAE/qg), flavonoid igerigi bakimindan yaklagik 2.5 kat
(7.65 mg GAE/g'a kars1 3.15 mg CE/g) daha zengin
oldugu goriilmektedir [101]. Ayrica, G. acutidentatum
(toplam fenolik: 0.70 mg GAE/g; toplam flavonoid: 1.84
mg CE/g) ve G. corniculatum (toplam fenolik: 0.80 mg
GAE/g; toplam flavonoid: 1.63 mg CE/qg) turlerinden de
belirgin gekilde daha yiiksek antioksidan bilesen
icerigine sahiptir [102]. Bu bulgular, Glaucium flavum
Crantzin oksidatif stres kaynakli hastaliklara karsi
koruyucu potansiyele sahip oldugunu ve farmasotik
uygulamalarda degerli bir kaynak olabilecegini
gostermektedir. Ileriki calismalarda, bu aktiviteden
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sorumlu bilesiklerin izolasyonu ve in vivo etkinliklerinin
degerlendirilmesi, bitkinin terapotik degerini daha da

belirginlestirecektir.
SONUC

Bu ¢alismada, Glaucium flavum Crantz'in toprak ustl
kisimlarmin fitokimyasal kompozisyonu ve antioksidan
potansiyeli kapsamli bir sekilde incelenmistir. HPLC-
DAD ve SPME-GC-MS analizleri sonucunda, bitkide
zengin bir biyoaktif bilesik profili tespit edilmistir.
Ugucu bilesikler arasinda benzaldehit (%37.47) ve 1-
hekzanal-2-ctil (%33.87) ana bilesenler olarak One
cikarken, siilkaton (%4.29), tetrametilpirazin (%0.63) ve
karvakrol (%0.52) gibi biyolojik aktivite potansiyeline
sahip diger bilesikler de saptanmistir. Fenolik bilesikler
acisindan  degerlendirildiginde, pirogallol (3089.23
mg/kg), kafeik asit (384.06 mg/kg), Klorojenik asit
(229.44 mg/kg) ve gallik asit (200.32 mg/kg) O6nemli
miktarlarda tespit edilmistir. Flavonoidler arasinda ise
rutin (16000 mg/kg) ve katesin (649.58 mg/kg) dikkat
cekici sekilde yiiksek konsantrasyonlarda bulunmustur.
Bitkinin C vitamini igeriginin de oldukca yiiksek
(1078.17 mg/kg) oldugu belirlenmistir. Toplam fenolik
icerik (13.84+0.46 mg GAE/g), toplam flavonoid
iceriginden (7.65+0.22 mg QE/g) yaklasik iki kat daha
yuksek bulunurken, FRAP (10.98+0.22 umol Fe*/g) ve
CUPRAC (0.11+0.01 mmol TEAC/g) testleri bitkinin
giiclii bir antioksidan potansiyele sahip oldugunu
dogrulamistir. Elde edilen sonuglar, Glaucium flavum
Crantz'in bitkisinin igerdigi yiiksek miktardaki rutin,
pirogallol ve askorbik asit gibi biyoaktif bilesiklerin
varlig1 nedeniyle 6nemli bir antioksidan, antimikrobiyal
ve antiinflamatuar etki potansiyeline sahip oldugunu
gostermektedir. Bu bulgular, Glaucium flavum Crantz'in
modern farmakolojik arastirmalarda degerli bir kaynak
olarak kullanilabilecegini ve terapdtik ajanlarin
gelistirilmesinde potansiyel bir bitki oldugunu ortaya
koymaktadir. Gelecekte yapilacak in vitro ve in vivo
calismalarla bu bitkiden elde edilecek ekstraktlarin ve
izole edilmis bilesiklerin biyolojik aktivitelerinin
degerlendirilmesi, tibbi potansiyelinin tam olarak
anlagilmasmna ve yeni tedavi yaklasimlarinin
gelistirilmesine katki saglayacaktir.
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Son yillarda saglik alaninda yapay zeka teknolojilerinin kullanimi hizla artmaya baglamistir. Manyetik rezonans (MR)
raporlarinin manuel olarak tip hekimleri tarafindan olusturulmasi oldukga zor, uzun zaman alan ve hatali olma olasilig1
yilksek bir suregtir. Bu ¢alismada, bu problemleri adreslemek amaciyla beyin MR goruntllerinden otomatik rapor
Uretecek derin 6grenme tabanl goriintii altyazilama modeli dnerilmistir. Gelistirilen modelde, gériintii isleme, dogal
dil isleme ve derin 6grenme yontemleri birlikte kullanilarak tibbi goriintiideki igerik ve tanilara yonelik metin
uretilmektedir. Oncelikle MR gorintileri icin, rastgele acilarla dondiirme, boyut degistirme, kirpma, parlaklik ve
kontrast degistirme, golge ekleme ve aynalama gibi 6nislemler yapilmistir. Ardindan Bootstrapping Language Image
Pre-Training (BLIP) modeli ve modelin transformer mimarisinden faydalanilarak rapor ireten bir model
gelistirilmistir. Yapilan deneysel ¢alismalarda, gelistirilen modelin farkli metrikler igin basarili sonuglar verdigi,
tiretilen raporlarin orijinal raporlara yiiksek oranda benzer oldugu ve tip alaninda yardimci Oneri sistemi olarak
kullanilabilecegi goriilmiistiir.

Anahtar Kelimeler: MR, BLIP, Derin Ogrenme, Gériintii Altyazilama, Transformer.

Multiple Attention-Based Deep Learning Model for MRI Captioning

ABSTRACT

In recent years, the use of artificial intelligence in medicine has begun to increase considerably. Creating magnetic
resonance (MR) reports manually by medical doctors is very difficult, time-consuming, and error-prone process. This
study proposes a deep learning-based image captioning model to automatically generate reports. In the developed
model, image processing, natural language processing, and deep learning methods are used to produce text for the
medical image. First of all, pre-processing, such as rotating at random angles, changing size, cropping, changing
brightness and contrast, adding shadows, and mirroring, were performed for MR images. Then, a model was developed
by utilizing the Bootstrapping Language Image Pre-Training (BLIP) model and the transformer architecture of the
model to generate a report. The experimental studies showed that the proposed model had successful results; the
produced reports were highly similar to the original reports and could be used as a tool in medicine.

Keywords: Brain MRI, BLIP, Deep Learning, Medical Image Captioning, Transformer.

GIiRIiS

Tibbi goriintii altyazilama, medikal géruntilerden derin
o6grenme ve dogal dil isleme teknikleri kullanilarak
otomatik olarak rapor uretilmesini ifade etmektedir. Bu
konuda yapilan ¢aligmalar ve arastirmalarda,
gorintilerden Uretilen bu metinlerin anlamli ciimlelerden
olugmasi ve tibbi teshis ve tedavi siireglerinde faydali
olmast amaglanmaktadir. Beyin MR gdruntilerinden
uretilen raporlar, norolojik anormalliklerin otomatik
olarak tespit edilmesi ve bu tespitlerin dogal dilde ifade
edilmesi siirecine yardimct olmaktadir. Bu nedenle, MR
goriintiilerinden rapor iiretmeye yonelik ¢alismalar son
yillarda artarak devam etmektedir [1].

Paspula ve Saravanan tarafindan 2023 yilinda yayinlanan
calismada, tibbi  goriintli  altyazilama {izerinde

¢alisilmstir [1]. Calismada viicudun farkli bélgelerine ait
21 kategoride 7.442 adet tibbi gériintii igeren Pathology
Education Informational Resource (PEIR) veri kiimesi
kullanilmistir. Calismada boélgelerin tespiti igin dnceden
egitilmis olan You Only Live Once v4 (YOLOv4) modeli
kullanilarak ince ayar (fine tuning) yapilmistir. Model,
birinci agamada nesne tespiti ve lokalizasyon, ikinci
asamada ise Long-Short Term Memory (LSTM)
birimleri ve dikkat mekanizmasi ile dil bilgisine uygun
climle tretimi saglanmistir. Yapilan degerlendirmeler
sonucu modelin Bilingual Evaluation Understudy
(BLEU) skoru 9%81,78, Metric for Evaluation of
Translation with Explicit ORdering (METEOR) skoru
ise %78,56 olarak elde ettigi gorilmiistiir.

Wang ve arkadaslarinin yaptigi calismada radyoloji
goriintiilerinden otomatik rapor liretme amaglanmistir
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[3]. COVID-19 CT Report ve Indiana University chest
X-Ray veri kiimelerinden faydalanilmistir. Resnet101
modelinden ve Recurrent Neural Network (RNN)
mimarilerinden yararlanilarak iiretilen raporlarda, diger
caligmalardan farkli olarak raporlarin benzerliginin
Olcllmesi icin Sentence Matched Adjusted Semantic
Similarity (SMAS) teknolojisi kullanilmistir. Raporlar
viicudun ¢esitli bolgeleri igin basarilt ¢iktilar vermistir.
BLEU, METEOR ve ROUGE-L gibi basari
metriklerinde  de  literatiirdeki  c¢alismalar  ile
karsilagtirildiginda basarili sonuglara ulagilmistir.

William ve arkadaglart tarafindan 2020 yilinda
yayinlanan ¢alismada ise yine gogls X-ray
goriintiilerinden rapor iiretmek amactyla derin 6grenme
mimarilerinden yararlanilmistir [4]. Caligmada egitim ve
test igslemleri i¢in MIMIC Chest X-ray (MIMIC-CXR)

veri kimesi kullanilmistir. CNN-RNN mimarileri
kullanilan  ¢alismada, Ozelliklerin ~ ¢ikarimi  igin
DenseNetl21 modelinden faydalanilmigtir. Projede

Beam Search algoritmasinin da aktif kullanildig
calismada BLEU ve Consensus-based Image Description
Evaluation (CIDEr) performans metrikleri araciligiyla
diger ¢aligmalarla kapsamli bir kiyaslama yapilmistr.
Liu ve arkadaslarinin yaptig1 ¢alismada, geleneksel rapor
iretimi algoritmalarinin tizerine eklenen Contrastive
Attention  (Karsilagtirmali  Dikkat)  isimli  bir
mekanizmadan bahsedilmistir [5]. Bu mekanizma kisaca
girig gOrlintiisiinii  almakta ve referans goriintiisii
iizerinden  karsilastirma  yapmaktadir.  Referans
gOriintiisti, normal yani saglikli bir kiginin X-ray
gorintisunt  temsil  etmektedir. 2 gorlntinin
karsilastirilmasiyla birlikte giris goriintiisii Uzerinden
anomali iceren bolge tespit edilmekte ve mevcut rapor bu
sekilde giincellenmektedir. Bu mekanizma temelde 3
asamadan olusmaktadir. flk asamada normal gériintiiler
egitim verisi lizerinden ayiklanarak elde edilmektedir.
Daha sonra Aggregate Attention (Toplu Dikkat)
mekanizmasiyla giris goriintiistine yakin olan normal
goriintiller  belirlenmektedir. Son  asamada ise
Differentiate Attention (Dikkat Farklilagtirma) ile 2
goriintii arasindaki benzerlikler ¢ikartilmakta ve geriye
sadece farkli olan kisim kalmaktadir. Elde edilen bu
bélge anomali iceren bélgeyi temsil etmektedir. 1U-X-
ray ve MIMIC-CXR veri kiimeleri Uzerinde test edilen bu
mekanizmayla birlikte BLEU-4 metrigi i¢in %14 ve %17
performans artisi elde edilmistir.

Lovelace ve arkadaglarinin yaptigi ¢alismada, mevcut
rapor Uretimlerine ek olarak transformer mimarisi
kullanilarak iretilen raporlarin 6nceki bahsedilen
yontemlere gore daha akici ve tutarli olmasi saglanmistir
[6]. Model performansmin artirilmasi amaciyla da
gorintiideki bilgilerin diferansiyel olarak elde edilmesi
saglanmistir.

Encoder-decoder (kodlayici-kod ¢dziic) mimarisiyle
tiretilen raporlar diizgiin bir rapor ¢iktisi verse de bu
mimaride bazi problemler ortaya ¢ikmaktadir. Ilk olarak
gorintiideki anomali iceren bolgeler goruntiiniin sadece
kii¢iik bir bolimiinii kapsamaktadir ve encoder-decoder
mimarisi bu kisma yeterince dikkat edememektedir. Bu
sebeple bu mimari, anomali iceren bdlgelerin tespitinde

basarisiz olabilmektedir. Mimarinin diger bir problemi
ise uzman bilgisini modele dahil edememesidir. Bu
nedenle de bu mimari (zerinden (Uretilen araglar
kliniklerde yaygin olarak kullanilamamaktadir.

Bu problemlerin  ¢oziilebilmesi icin Yang ve
arkadaslarinin ¢aligmasinda ele alinan yaklasim, bilgiyi
modele dahil etmek amaciyla genel ve spesifik olmak
tizere 2 ayr1 kategoriye ayirmaktadir [7]. Genel bilgi tim
goruntiinun geneliyle ilgilenirken spesifik bilgi ise
goriintiiye benzer farkli bir goriintii  {izerinden
terminolojideki terimleri kapsamaktadir. Bu iki bilginin
de ayn1 anda kullanilmas: adina bilgiyle gelistirilmis ¢ok
kafali dikkat (knowledge-enhanced multi-head attention)
mekanizmasi gelistirilmigtir. Bu mekanizma 2 ayn
bilgiyi birlestirmektedir. Mekanizma IU-Xray ve
MIMIC-CXR veri kiimeleri iizerinde test edilmistir.
Sonug olarak, drnek bir ¢iktida 3 adet rapor bilgisi elde
edilirken bu mekanizma sayesinde 5 farkl bilgi de elde
edilmistir.

Onceki calismalarda bahsedilen, mevcut goriintii
altyazilama modellerinin iizerine eklenen bilgiyle
gelistirilmis ¢ok kafali dikkat mekanizmasi sayesinde
daha anlamli ve uzun medikal ¢iktilar Gretilmistir. Fakat
bu modellerdeki en biiyiik problem, bagka hastaliklarin
tespiti s6z konusu oldugunda dikkat mekanizmasinin el
ile  guncellenmesini  gerektirmesidir.  Yang ve
arkadaglarinin diger calismasinda, bu problem asilmaya
caligilarak bu siirecin otomatik olarak 6grenilip hafizada
saklanmasi saglanmistir. Calismada temel olarak 2 asama
iizerinde durulmustur. ilk olarak medikal bilgiyi isleyip
hafizada saklayan bilgi glncelleme mekanizmasindan
(knowledge updating mechanism) bahsedilmistir. Bu
mekanizma sayesinde gorinti Gzerindeki anomali igeren
bolgelerin bilgisi otomatik olarak egitim asamasinda
giincellenmektedir. Diger bir agama ise goriintii, rapor ve
hastalik bolgelerinin semantik olarak eslestirilmesini
saglayan ¢ok modelli hizalama mekanizmasidir (multi-
model alignment mechanism). Bu model, IU-Xray ve
MIMIC-CXR veri kiimeleri kullanilarak test edilmistir.
Sonuglar incelendiginde BLEU, CIDEr gibi metrikler
icin Onceki ¢aligmalara gore ¢ok daha basarili degerler
elde edilmistir.

2020 yilinda yaymlanan, gogiis X-ray goruntlleri ve
raporlarint igeren bir veri Kumesi ile yapilan bir
calismada, diger c¢alismalardan farkli bir yaklasim
kullanilmistir [13]. Dogrudan rapor iiretmek yerine,
patolojik tanty1r tespit edip bunu iiretilen rapor ile
birlestirerek dogruluk oranlari artirllmaya calisilmigtir.
Goriintli altyazilama kavrami medikal amagli rapor
yazilmasinda O6nemli bir gelisme kat etse de mevcut
yaklagimlar, goriintli  altyazilama  algoritmalarini
kullanarak medikal gorintileri girdi olarak alip rapor
ciktis1 iiretebilmekte fakat bu raporlarda patolojik
bilgilerin dogrulugunu dikkate almamaktadir. Bu
sebeple, her ne kadar rapor {iretilebilse de bu raporlarin
giivenilirligi siiphelidir. Calismada bu problemi ¢dzmek
adma Semantic Fusion Network (SFNet) isimli, lezyonlu
bolgeyi tespit eden ve tani raporu lireten bir model 6ne
striilmistir. Lezyonlu alani tespit eden model
goriintiiden gorsel ve patolojik bilgi ¢ikarimi yapmakta,
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tan1 raporu iretilmesini saglayan model ise bu 2 bilgiyi
birlestirerek raporlarin iiretilmesini saglamaktadir. Bu
sekilde tani raporlarinin dogruluk oranlari artirilmistir.
Deneysel sonuclarda, dogruluk skoru icin Ultrason veri
kiimesinde %1,2°lik, Open-i X-ray gorinti veri
kimesinde ise %2,4’lik bir arti gdzlemlenmistir. Ayrica
lezyonlu  bolgenin  tespit edildigi  siniflandirma
modellerinde dogruluk oranlart %80,2-96,9 arasinda
degismektedir.  Karsilastirilan ~ modeller  arasinda
Attention, NIC, m-RNN, Co-Attention, Faster
RCNN+LSTM, SFNet, Attention, NIC, m-RNN
modelleri bulunmaktadir [13].

Ankit tarafindan 2023 yilinda yapilmis ¢alismada BLIP
modelinden faydalanilmistir [2]. Veri kiimesi olarak
Indiana  University Chest X-Ray veri kiimesi
kullanilmistir. Veriler iizerinde sik1 bir 6nisleme siireci
yiriitillen ¢aligmada karsilastirmali ve kapsamli bir
calisma ile BLIP modelinin diger modellere gdre avantaj
ve dezavantajlart vurgulanmstir [2].

Son yillarda, gorsel-dil 6n egitiminde kaydedilen 6nemli
ilerlemeler, gorsel baglama dayali dil anlama ve {iretme
yeteneklerini 6nemli Ol¢iide gelistirmistir. Contrastive
Language-Image Pre-training (CLIP) ve A Large-scale
ImaGe and Noisy-Text embedding (ALIGN) gibi 6nde
gelen modeller, blytk o6lgekli veri kiimeleri ve karsit
ogrenme tekniklerinden yararlanarak, goriintii-metni
alma ve sifirdan 6grenme gibi gorevlerde dikkate deger
performanslar elde etmistir. Ancak, bu modeller, goriintii
ve metin gdmmelerini hizalamaya odaklanmakta olup,
birlesik anlama ve {iretme konularina yeterince
deginmemektedir. Junnan Li ve arkadaslarinin
gelistirdigi BLIP Transformer modeli hem kendi kendine
denetimli 6grenmeyi hem de karsit 6grenmeyi tek bir
gergevede Dbirlestirerek yeni bir yaklagimi temsil
etmektedir. Bu ikili metodoloji, BLIP Transformer'in her
iki 6grenme paradigmasmin giiglii yonlerini etkili bir
sekilde kullanmasin1 saglayarak, cesitli gorsel-dil
gorevlerinde Ustun performans elde etmesine olanak
tammaktadir. Onceki modellerin sikhikla ayr1 ayr
goriintii ve dil bilesenleri icin 6n egitim gerektirdigi
durumlarin aksine, BLIP, anlama ve iiretme yeteneklerini
ayni anda adim adim gelistirmek i¢in bir bootstrapping
teknigi kullanmaktadir. Bu kapsamli 6n egitim stratejisi,
model mimarisini basitlestirmenin yan1 sira, gorsel soru
yanitlama ve goriintii altyazi olusturma gibi gesitli alt
gorevler i¢in adaptasyonunu da gelistirerek alanda yeni
bir standart belirlemektedir [8].

Bu caligmada, modelin gorsel-dil gorevlerinde sagladig:
istlin  performans ve esneklikten dolayr BLIP
Transformer tercih edilmistir. Beyin MR goriintiilerinden
rapor iretme gibi karmasik ve yiiksek dogruluk
gerektiren bir gorevde, BLIP Transformer'in birlesik
anlama ve (retme yetenekleri blylk bir avantaj
saglamaktadir. BLIP'in bootstrap (yeniden ornekleme)
teknigi, modelin beyin MR goriintiilerini dogru bir
sekilde anlamasini ve bu goriintilerden anlamh
aciklamalar {iretmesini miimkiin kilmaktadir. Bdoylece,
tibbi gorlintiileme alaninda daha etkili ve giivenilir
¢oziimler gelistirilmesine  katkida  bulunmaktadir.
Literatirde BLIP modelini tibbi goriintii altyazilama

amaciyla kullanan mevcut c¢alismalar bulunmakla
birlikte, bu c¢alismalar daha ¢ok X-ray gorintileri
Uzerinde yogunlagmaktadir. Gorintii  altyazilama
problemine yo&nelik yeterli miktarda MR goéruntisi
bulunduran veri kiimelerine erisim zorlugundan dolay1
calismalarin bu sekilde sekillendigi diistiniilmektedir. Bu
calismada, literatiirde farkli veri kiimeleri tizerinde
basarili bir sekilde uygulanmig BLIP modeli beyin MR
goriintiilerini altyazilama igin kullanilmistir.

MR ALTYAZILAMA

Beyin manyetik rezonans goruntiileme teknikleri,
ndrolojik hastaliklarin tanisinda ve tedavisinde hayati bir
rol oynamaktadir. Beyin MR goriintileri, beyin
dokulariin detayl ve yiiksek ¢Ozinurliklu gorintalerini
sunarak, cesitli noérolojik durumlarin ve anormalliklerin
tespit edilmesini saglar. Saglikli ve timdrli 6rnek MR
gorlintiileri  Sekil 1'de  sunulmustur. Ancak, bu
goriintlilerin  analiz edilmesi ve anlamli raporlar
uretilmesi, uzman radyologlar tarafindan yapilan zaman
alict ve karmasik bir siiregtir. Radyologlar, her bir
goriintlyli dikkatlice inceleyerek, bulgular1 detayli bir
sekilde raporlamalidir. Bu siireg, insan hatalarina agik
olup radyologlarin i yiikiinii Onemli Olgiide
artirmaktadir.

Sekil 1. Ornek MR Goruntuleri

Bu sorunlar géz 6niinde bulunduruldugunda beyin MR
gorintilerinden otomatik rapor Uretme sistemlerinin
gelistirilmesi  biiyiik bir ihtiyag haline gelmistir.
Otomatik rapor iiretme, goriintiilerin hizli ve dogru bir
sekilde analiz edilmesini saglayarak teshis siirecini
hizlandirabilir ve radyologlarin ig yikuni azaltabilir.
Ancak, goriintiilerin karmasikligi ve cesitli ndrolojik
durumlarin  ylksek bir dogruluk ile tanimlanma
gerekliligi bu alanda karsilasilan zorluklardir.

Bu calismanin temel motivasyonu, beyin MR
gorintilerinden otomatik rapor Uretme sistemlerinin
saglik hizmetlerinde yaratabilecegi potansiyel faydalara
dayanmaktadir. Ilk olarak, otomatik rapor iiretme
sistemleri, radyologlarin is yikiinii 6nemli Olciide
azaltarak zaman ve is giicii tasarrufu saglar. Radyologlar,
her bir MR gorintisunii manuel olarak analiz etmek
yerine otomatik sistemler sayesinde daha fazla hastaya
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hizmet verebilir. Bu durum, saglik hizmetlerinin daha
verimli bir sekilde sunulmasina katkida bulunur ve
hastalarin daha hizli teshis ve tedavi almasini saglar.
ikinci olarak, bu sistemler insan hatalarini minimize
ederek tani stireclerinin dogrulugunu artirir. Manuel
raporlama  siirecleri, radyologlarin  dikkat ve
konsantrasyon seviyesine bagli olarak degiskenlik
gosterebilmektedir. Buna bagl olarak bu siirecte hata
yapma olasih@ da yiksektir. Otomatik sistemler,
algoritmalarin tutarliligi sayesinde standart ve dogru
raporlar Ureterek yanlis teshislerin 6niine gegebilir. Bu,
hastalarin dogru tedaviye yonlendirilmesi agisindan
kritik bir 6Gneme sahiptir.

Ugiincii olarak, otomatik rapor tretme sistemleri klinik
karar destek araglar1 olarak biiyiik bir potansiyele
sahiptir. Tip hekimleri, bu sistemler sayesinde karmagik
ve cok sayida goriintiiyii hizl1 bir sekilde analiz edebilir
ve daha bilincli kararlar alabilir. Otomatik olarak Uretilen
raporlar, tip hekimlerinin teshis stirecinde ek bir bilgi
kaynagi olarak kullanabilecegi degerli bir katki saglar.
Son olarak, bu tiir sistemler tibbi arastirma ve egitim
alanlarinda da onemli avantajlar sunar. Arastirmacilar,
genis veri kiimelerini hizli bir sekilde analiz ederek
aragtirma siire¢lerini hizlandirabilir. Ayn1 zamanda, tibbi
egitimde otomatik rapor liretme sistemleri, dgrencilere
pratik yapma ve gercek veriler iizerinden o6grenme
imkani sunarak egitim materyallerini zenginlestirir.

Bu nedenlerle, beyin MR gérintiilerinden otomatik rapor
iiretme caligmalari, saglik hizmetlerinin kalitesini ve
verimliligini artirma potansiyeline sahip olup hem klinik
hem de akademik alanlarda 6nemli katkilar sunmaktadir.

VERI KUMESI

Bu c¢aligmada, tibbi goriintiilerin otomatik olarak
aciklamalara  doniistiiriilmesi  amaciyla Radiology
Objects in Context (ROCO) veri kiimesi kullanilmistir
[9]. ROCO, tibbi goriintiilerin ve ilgili agiklamalarin
genis bir koleksiyonunu igeren kapsamli bir veri
kiimesidir. Veri kiimesinde bulunan agiklamalar
Ingilizce dilindedir.

Caligmanin odak noktasi olan beyin MR goriintiilerini
elde etmek amaciyla, ROCO veri kiimesi icerisinden
spesifik olarak beyin MR goriintiileri filtrelenmis ve
kullanilmustir. Filtreleme islemi sonucunda toplamda 642
beyin MR goriintiisii elde edilmistir. Bu goriintiiler,
cesitli ndrolojik durumlari temsil etmekte olup ¢alismada
kullanilan  modellerin  egitim ve degerlendirme
stireglerinde temel veri kaynagi olarak hizmet etmistir.
Veri kiimesindeki her bir beyin MR gorintisa, ilgili
Ingilizce aciklamalarla birlikte gelmekte olup, bu
aciklamalar dogal dil isleme modelleri i¢in hedef
modeller olarak kullanilmistir. Bu sayede hem goriintii
isleme hem de metin olusturma modelleri, ayni veri
kiimesi tizerinden ortak bir ¢alisma alani bulmustur.

MR ALTYAZILAMA iCiN COKLU DIiKKAT
TABANLI DERIN OGRENME MODELI

Bu ¢alismada, beyin MR goriintiilerinden otomatik rapor
iretmek amaciyla BLIP modeli kullanilmigtir. BLIP
modeli, goriintilerin  icerigini anlamli metinlere
doniistiirmek i¢in derin 6grenme ve dogal dil isleme
tekniklerini bir araya getiren bir yaklasimdir. Modelin
temel bilesenleri, goriintii isleme ve metin olusturma
modiillerini icermektedir.

BLIP modeli, iki agamal1 bir 6n egitim siirecinden geger.
[k asamada, goriintii-dil temsil 6grenimi, dondurulmus
bir goriintii kodlayict (image encoder) kullanilarak
gergeklestirilir. Bu  siiregte, goriintillerden ¢ikarilan
Ozellikler, metinle uyumlu hale getirilir. Bu uyum,
goriintiilerin icerigi ile ilgili anlamli metinler iiretmeyi
amaclar. ikinci asamada ise, dil {iretme yetenegine sahip
blytk bir dil modeli ile entegrasyon saglanarak gorsel
verilerden metin olusturma islemi gergeklestirilir. Dil
modeli olarak Bidirectional Encoder Representations
from Transformers (BERT) [15] kullanilmaktadir. Bu iki
asama, BLIP modelinin, géruntii ve metin verilerini etkili
bir sekilde entegre etmesini saglamaktadir.

BLIP modelinin mimarisi, dzellikle Q-Former ad1 verilen
bir bilesen {izerine kuruludur. Q-Former, goruntu
kodlayicidan gelen gorsel ozellikleri isleyerek metin
olusturma siirecine hazir hale getirir. Bu bilegen hem
goriinti hem de metin kodlama gdrevlerini yerine getiren
iki ayri transformer alt modiiliinden olusur. Q-Former,
gorsel oOzellikleri metinle uyumlu hale getirmek igin
kendiliginden dikkat (self-attention) katmanlarini
kullanir. Bu katmanlar, metin ve gorsel ozellikler
arasinda c¢apraz dikkat (cross-attention) katmanlari
araciligiyla etkilesim kurar.

Modelin egitimi sirasinda, cesitli kayip fonksiyonlar
kullanilarak model optimize edilir. Goriintii-Metin Karsit
Ogrenimi  (Image-Text Contrastive Learning) gibi
yontemlerle, goriintii ve metin temsilleri arasindaki uyum
en lst diizeye ¢ikarilir. Ayrica, Gorilintiiye Dayali Metin
Uretimi (Image-grounded Text Generation) ve Goriintii-
Metin Eslestirme (Image-Text Matching) gibi gorevlerle
modelin performansi artirilir.

BLIP modeli, buylk veri kiimeleri kullanilarak egitilmis
ve ¢esitli goriintii-dil gorevlerinde Ustiin performans
gostermigtir.  Modelin basarisi, mevcut yontemlere
kiyasla daha az sayida parametre ile yiiksek performans
elde etmesinden kaynaklanmaktadir. Ornegin, BLIP-2
modeli, Flamingo80B modeline kiyasla %8,7 daha
yiiksek performans gostermis ve 54 kat daha az
egitilebilir parametre kullanmistir [10].

BLIP modelinin mimarisi Sekil 2 {izerinde dzetlenmistir.
Sema, goriintii kodlayici (image encoder), soru kodlayici
(question encoder), ve cevap ¢ozlcl (answer decoder)
bilesenlerinden  olugmaktadir. Goriinti  kodlayicet,
goriintiden  Ozellikler c¢ikararak diger bilesenlere
aktarmaktadir. Soru kodlayici, ¢ikarilan 6zellikleri
kullanarak ilgili soruyu kodlamakta ve son olarak cevap
¢ozlcl ise bu bilgileri kullanarak anlamli bir cevap
uretmektedir.
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Sekil 2. BLIP Modelinin Mimari Semast.

Sekil 2'de, modelin ¢esitli dikkat mekanizmalar1 ve
katmanlar1 arasindaki etkilegsimler vurgulanmistir. Bu
yap1, modelin hem goriintii hem de metin verilerini etkili
bir sekilde isleyebilmesini saglamaktadir [11].
Olusturulan model, tahmin sirasinda beam search
algoritmasini kullanmaktadir. Beam search, olasi tiim
cimleleri degerlendirip en iyi sonucu bulmay1
hedefleyen kapsamli bir arama algoritmasidir. Bu
algoritma, her adimda en olas1 birka¢ (beam width)
cumle pargasini tutarak arama alanini daraltir ve béylece
daha verimli bir sekilde en uygun ciimleyi olusturur.
Beam search, modelin daha anlamli ve dogru ctimleler
iiretmesini saglar. Bunun sebebi, rastgele segimler yerine
en iyi adaylar sistematik bir sekilde degerlendirmesidir.
Bu durum, 6zellikle karmagik ve ¢ok anlamli gorseller
i¢in daha yiiksek dogruluk ve kalite sunmaktadir [12].

DENEYSEL SONUCLAR
Veri Onisleme

Derin 6grenme modellerinin dogruluk ve verimliliklerini
artirmak igin bilyliik miktarda veri kiimesine ihtiyag
vardir. Fakat beyin MR goriintiileri ve agiklamalarini
iceren biiyilk miktarda agik kaynakli egitim wverisi
bulunmamaktadir. Bu nedenle veri artirma teknikleri
uygulanarak  c¢aligmanin  performanst  artirtlmistir.
Goriintii ve metinlerde ayri ayr1 yontemler kullanilmustir.
Metin verilerinin artirilmasinda nlpaug ve textgenie
kituphanelerinden; GPT 3.5 ve GPT 4.0 modellerinden
faydalanilarak climle seviyesinde islem yapilmistir.
Tablo 1°de veri kiimesinde bulunan bazi orijinal ciimleler
ve veri artirma islemi sirasinda bu ctimleler kullanilarak
olusturulan yeni climleler 6rnek olarak sunulmustur.

Tablo 1. Metinsel Veri Artirrm Ornekleri

Orijinal Metin

Uretilen Metin

MRI of the brain showing no
mass or enhancing lesion.

Axial section (T2) showing
optic nerve glioma.

Hemorrhagic infarction of the
left temporal lobe

MRI brain showing
oblitertion of transverse sinus
in coronal section

Brain MRI (sagittal plane)
showing normal size of the
pituitary.

In the left parasagital-
frontoparietal convexity of
brain MR, a small
meningioma (2.1 x 2.0 x 1.4
cm) was newly detected.

Magnetic Resonance Imaging
of the cerebral displaying
without lesion or augmenting
lesion.

Axial slice (T2) displaying
optic nerve glioma.

Bleeding stroke of the left
temporal lobe

Magnetic Resonance Imaging
cerebral displaying
oblitertion of transverse sinus
in coronal slice

Brain Magnetic Resonance
Imaging  (sagittal plane)
displaying normal size of the
pituitary.

A small meningioma (2.1 x
2.0 x 1.4 cm) was newly
detected in  the left
parasagital-frontoparietal
convexity of cerebral MRI.

Gorlintii  artirma
kiitiiphanelerinden

icin opencv ve albumentations
faydalanilmistir.

Gorintiilerin

rastgele acilarla dondiiriilmesi, farkli boyutlarda yeniden
ayarlanmas1 ve belirli bolgelerinin kirpilmas: gibi
islemler uygulanmistir. Bu teknikler, goriintiilerin
gesitlendirilmesi ve modelin farkli agilardan gelen
verileri 6grenmesi amaciyla kullanilmistir. Ayrica,
goriintiilerin parlaklik ve kontrast seviyelerinin rastgele
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degistirilmesi, baz1 gorlintilere rastgele golgeler
eklenmesi ve yatay aynalama islemleri de
gergeklestirilmistir. Bu yontemler, goruntilerin daha
cesitli ve gercek diinya kosullarina daha yakin hale
getirilmesine yardimct  olmustur.  Sekil 3’te  veri
kiimesinde bulunan orijinal gdrintilere bahsedilen
yontemler uygulanarak elde edilmis yeni goriintiiler
sunulmustur. Soldaki goriintiiler orijinal gdriintiiler,
sagdakiler ise olusturulan yeni goriintiilerdir.

Sekil 3. Gorsel Veri Artirrm Ornekleri

Bu veri artirma teknikleri, simirli miktardaki veri
kiimesini genisleterek modelin genelleme yetenegini ve
performansini artirmay1 hedeflemistir. Bu sayede, beyin
MR goriintiilerine dayali derin dgrenme modellerinin
dogrulugu ve verimliligi 6nemli 6l¢iide iyilestirilmistir.

Metrikler

Bu ¢aligmada, beyin MR goriintiilerinden otomatik rapor
iiretme amaciyla gelistirilen modelin performansi ¢esitli
metrikler yardimiyla degerlendirilmistir. Bunun igin
BLEU, Recall-Oriented Understudy for Gisting
Evaluation (ROUGE) ve CIDEr metrikleri kullanilmisgtur.
BLEU skoru tahmin edilen rapor ile orijinal rapor
arasinda kelime bazli kiyaslama yaparak Esitlik 1'de
sunulan formiil ile hesaplanan bir degerlendirme
kriteridir.

BLEU Score (N) = Brevity Penalty X GAP Score (1)

Burada BLEU Score (N), N-gram tabanli BLEU skorunu;
Brevity Penalty, kisalik cezasini; Geometric Average
Precision (GAP) Score ise geometrik ortalama
hassasiyeti ifade etmektedir.

Kisalik cezasi, liretilen climlenin referans ciimleden daha
kisa olmasi1 durumunda uygulanmaktadir. GAP, n-gram
dogruluklarinin ~ geometrik  ortalamasidir.  GAP
hesaplamasi Esitlik 2'de verilmistir.

N
Z WnIOQPn) )

GAP (N) = exp (
n=1

Bu islem ayni zamanda Esitlik 3'teki sekilde de ifade

edilebilmektedir.

N
Gap =] [pir ©)
n=1

Burada N, kullanilan n-gramlarin sayisini;  w,, n-
gramlarin agirliklarini; p,, ise n-gram dogruluklarini ifade
etmektedir.

ROUGE, otomatik olarak olusturulan metinleri

degerlendirmek igin kullanilan bir 6l¢Uttir. Genellikle bir

metin Ozetlemesi algoritmast tarafindan olusturulan

Ozetin kalitesini degerlendirmek igin kullanilmaktadir.

Bunun i¢in, makine tarafindan olusturulan bir 6zeti, insan

tarafindan olusturulan bir 6zetle karsilastirmaktadir. Bu

calismada da gelistirilen modelin olusturdugu rapor ile
gercek raporu karsilastirmak amaciyla kullanilmustir.

ROUGE o&lglimleri, farkli ayrinti diizeylerine dayali

olarak c¢esitli yontemlerle hesaplanabilir. Literatiirde en

yaygin kullanilan ve bu caligmaya dahil edilenler su
sekildedir:

e ROUGE-N, model tarafindan olusturulan metin ile
referans metin arasindaki N-gramlarin (tek gram, cift
gram, lic gram vb.) Ortiismesini ifade etmektedir.
Literatlirde yaygin olarak ROUGE-1 ve ROUGE-2
kullanilmaktadir.

e ROUGE-L, En Uzun Ortak Alt Dizi (Longest
Common Subsequence - LCS) algoritmasi tarafindan
hesaplanan en uzun ortak kelime dizisini 6lcmektedir
[14].

CIDEr skoru, genellikle bir referans (dogru veya insan

yapimi agiklamalar) kiimesi ve modelin irettigi
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aciklamalar arasindaki benzerlikleri hesaplamak igin
kullanilir. Matematiksel olarak nasil hesaplandig: Esitlik
4'te sunulmustur.

N
count,
— count,

X TF_c 4)

CIDE Z min (71, cl)
"= max (L, cl)

Burada m, degerlendirilen referans ciimle sayisini; rl,
referans ciimlenin uzunlugunu; cl, Uretilen cimlenin
uzunlugunu; count, Uretilen ciimledeki n-gram sayisini;
count, referans cimledeki n-gram sayisini; TF _C ise
uretilen cimledeki n-gramlarin Term Frequency (TF)
degerini ifade etmektedir.

Ornegin, BLEU skoru (Esitlik 1) kullanilarak yapilan
degerlendirmelerde, modelin referans agiklamalarina
olan benzerligi dl¢iilmiistiir. GAP (Esitlik 2) kullanilarak
hesaplanan BLEU skoru, modelin dogrulugunu yansitan
6nemli bir metriktir. Dort n-gram kullanilarak yapilan bir
hesaplama sonucunda, GAP skorunun (Esitlik 4) 0,5
oldugu varsayilirsa, bu durumda BLEU skoru, Brevity
Penalty ile ¢arpilarak nihai skoru verir.

CIDEr skoru ise (Esitlik 5), referans agiklamalar ve
model ¢iktilari arasindaki benzerlikleri detayli bir sekilde
degerlendirir. Bu metrik, referans uzunluklari ve n-gram
sayimlari gibi faktorleri dikkate alarak daha hassas bir

0.5
0.45
0.4
0.35
0.3

&
80 0,25

(%]

=

v

BLEU-1 BLEU-2 BLEU-3

degerlendirme saglar. Ornegin, CIDEr skorunun 0,8
oldugu bir senaryoda, modelin referans agiklamalarla
yiiksek bir uyum iginde oldugu sdylenebilir.

Bu metriklerin  kullanimi, model performansinin
kapsamli bir sekilde degerlendirilmesine olanak
tanimakta ve sonuglarin daha giivenilir bir sekilde
yorumlanmasini saglamaktadir.

Veri artirimi uygulanmadan dnce ve uygulandiktan sonra
elde edilen BLEU, ROUGE ve CIDEr skorlar1 Tablo 2'de
karsilagtirilmig ve gorsel olarak Sekil 4'te sunulmustur.

Tablo 2. Veri Artirimi Islemi Oncesi ve Sonrasi Sonuglar

Metrik Oncesi Sonrasi
BLEU-1 0,1444 0,3584
BLEU-2 0,0582 0,2347
BLEU-3 0,0324 0,1659
BLEU-4 0,0198 0,0990

ROUGE-1 0,1678 0,3779
ROUGE-2 0,0853 0,1576
ROUGE-L 0,1432 0,2943

CIDEr 0,0235 0,0487

m Oncesi mSonras

[a]
0.2
0.1
0.
l l
. I | - m B

BLEU-4

ROUGE-1 ROUGE-2 ROUGE-L CIDEr

Metrik

Sekil 4. Veri Artirmmi Islemi Oncesi ve Sonrasi Sonuglar

Bu iyilesmeler, modelin beyin MR goriintiilerinden
anlamli ve dogru agiklamalar iiretme yetenegini biiyiik
6l¢iide artirmustir.

Sekil 5'te T2 agirlikli bir beyin MR goriintiisii {izerinden
elde edilen 6rnek bir ¢ikti ve model tarafindan tiretilen
aciklama verilmistir. Bu O6rnek, modelin beyin MR
goriintiilerini analiz ederek tam olarak dogru olmasa da
anlamli agiklamalar iiretebildigini gostermektedir.

Sekil 6'da ise Fluid Attenuated Inversion Recovery
(FLAIR) agirlikli bir beyin MR goriintiisiinden elde
edilen ¢ikti gosterilmektedir. Orijinal agiklamada
goriintiinin  FLAIR oldugu belirtilmese de modelin
iirettigi ¢iktida bunun tespit edildigi goriilmektedir.

Sekil 7'de sella turcica olarak adlandirilan bolgenin MR
goriintlisii ve ¢iktilar gosterilmektedir. Orijinal ¢iktiyla
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ciktilardan biri oldugu goriilmektedir.

Original Image

karsilagtirildiginda oldukg¢a basarili sonuc elde edilen

Original Caption:

Brain MRI: T2-weighted axial Magnetic Resonance Imaging of the cerebral displaying without obvious abnormality

Generated Caption;

brain mri : magnetic resonance maging of the cerebra displaying without lesion or augmenting esion

Sekil 5. T2 agirlikli lezyonsuz bir beyin MR goriintiisii i¢in bulgular: T2 agirlikli aksiyel manyetik rezonans goruntiilemede
beyinde belirgin bir anormallik gériilmemektedir.

Original Image

Original Caption:

subcortical MRI: Magnetic Resonance Imaging Brain Brain displaying multiple tubers

Generated Caption:

brain mri : magnetic resonance imaging cerebral t2 axial lair sequence showed hyperintensities in the left thalamus

Sekil 6. FLAIR agirlikli bir beyin MR goriintiisii igin bulgular: Serebral T2 aksiyel FLAIR dizisi sol talamusta hiperintensiteler
gostermektedir. Beyinin subkortikal boliimiinde ¢ok sayida tiiberkiil goriilmektedir.

Original Image

Original Caption;

Brain MRI: Magentic resonance imaging (MRI) cerebral (sagittal section) displaying empty sella turcica

Generated Caption:

brain mri : magnetic resonance imaging cerebral ( coronal section ) displaying empty sella

Sekil 7. Sella Turcica boslugunu gosteren beyin MR goriintiisii i¢in bulgular: Beyin manyetik rezonans goriintiisi serebral
(koronal kesit) bos sella turcica'y1 gostermektedir.

Veri artirimi ve Onisleme tekniklerinin uygulanmasi,
modelin performansini belirgin bir sekilde artirmistir.
BLEU ve ROUGE skorlarindaki iyilesmeler, modelin
daha dogru ve anlamli metinler {iretebildigini
gostermektedir. CIDEr skorundaki artis ise, modelin
metin Uretiminde daha tutarli oldugunu ve insan
aciklamalarina  daha  yakin  ciktilar  irettigini
gostermektedir.

Bu sonuclar, beyin MR gérintilerinden otomatik rapor
iiretme konusundaki caligmalarin potansiyelini ortaya

koymakta ve gelecekteki g¢alismalar i¢in Onemli bir
referans olusturmaktadir.
TARTISMA

Performans Degerlendirmesi ve Sinirlamalar

Calismada elde edilen sonuglar, ROCO veri kiimesi
kullanan literatiirdeki diger goriinti altyazilama
calismalart ile farkli metrikler agisindan kiyaslanmistir.
Tablo 3’te ImageCLEF goriintii altyazilama yarigsmasina
ait takimlarin farkli metrikler icin elde ettikleri sonuglar
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ile ayn1 metrikler i¢in bu ¢aligmada elde edilen sonuglar
verilmistir [16]. Tablo 4’te ise literatlirde bulunan farkli
altyazilama calismalarina ait sonuglar paylasilmistir.

Tablo 4. Literaturde farkli veri kiimelerindeki altyazilamalara ait sonuclar

Veri Klimesi Model ROUGE BLEU-1 BLUE-2 BLEU-3 BLEU-4
MIMIC-CXR Noise-RNN 0.272 0.269 0.172 0.113 0.074
1-NN 0.244 0.305 0.171 0.098 0.057
S&T 0.286 0.318 0.205 0.137 0.093
SA&T 0.288 0.318 0.205 0.137 0.093
TieNet 0.307 0.352 0.223 0.153 0.104
Open-1 Noise-RNN 0.291 0.233 0.130 0.087 0.061
1-NN 0.201 0.232 0.132 0.082 0.018
S&T 0.306 0.328 0.212 0.157 0.108
SA&T 0.313 0.328 0.212 0.157 0.108
TieNet 0.330 0.359 0.246 0.171 0.113
ImageCLEF BLIP 0.294 0.358 0.234 0.165 0.099

Tablo 3. ImageCLEFmedical Task 2024 sonuglari

Takim ROUGE BLEU-1 CIDEr
pclmed 0.2726 0.2689 0.2681
CS_Morgaan 0.2508 0.2092 0.2450
DarkCow 0.2452 0.1950 0.2242
auebnlpgroup 0.2048 0.1110 0.1769
2Q2T 0.2477 0.2212 0.2200
MICLab 0.2135 0.1852 0.1582
Gelistirilen model 0.2943 0.3584 0.0487

Modelin performanst BLEU ve CIDEr gibi metriklerle
degerlendirildiginde anlamli ama iyilestirilmeye agik
sonuglar elde edilmistir. Ornegin, BLEU-4 skorunun
diisiik kalmast modelin karmasik ciimle yapilarinda
zorlandigim  gostermektedir. Bu durum  &zellikle
karmasik ndrolojik anomalilerin  tanimlanmasinda
sinirlamalar olusturabilmektedir. Ayrica kullanilan veri
klimesinin biiyiikligii ve dengesi de modelin genelleme
kabiliyetini etkileyen dnemli faktorler arasindadir. Daha
dengeli ve kapsamli veri kimeleri kullanilmasi
durumunda modelin dogruluk oranlarmin artmasi
beklenmektedir.

Diger modellerle kiyaslandiginda, S&T ve SA&T
modellerinin daha dengeli bir performans sergiledigi
gorilmistiir. Bu modeller BLEU ile ROUGE
metriklerinde kismen daha istikrarli sonuclar elde
etmistir. Bununla birlikte, BLEU-4 skorlarinin TieNet'e
kiyasla daha diisiik olmasi, bu modellerin daha kisa ve
basit climlelerde bagarili oldugunu ancak karmagik
yapilar1 olusturmakta zorlandigini gostermektedir. Ote

yandan, BLIP modeli 6zellikle BLEU-1 ve ROUGE
metriklerinde yiiksek skorlar elde etmis olup, bu durum
modelin daha genis veri kimelerinde basaril
olabilecegini diisindiirmektedir. Genel olarak, daha ileri
seviye dogal dil isleme teknikleri iceren modeller, daha
basarili metin olusturma kapasitesine sahipken, bazi
klasik yontemler belirli veri kiimelerinde daha tutarli
sonuglar verebilmektedir [17].

Gorsel ve Metinsel Bilginin Entegrasyonu

BLIP modeli, géruntu ve dil entegrasyonunda gucli bir
yapt sergilemistir. Ancak bu surecin daha ileri seviyede
optimize  edilmesi  mumkundir.  Goéruntilerdeki
baglamsal bilgilerin daha derinlemesine modellenmesi,
iiretilen agiklamalarm zenginligini artirabilir. Ornegin,
goriintiiler arasindaki iliskileri daha iyi anlamak i¢in ¢ok
katmanli semantik baglam analizleri uygulanarak
modelin basaris1 olumlu yonde gelistirilebilir.

Gelecekteki Gelistirme Olanaklar:

Bu galisma, BLIP modeli tabanli otomatik raporlama
sistemlerinin gelecekteki uygulamalar i¢in iyi bir temel
olusturmaktadir. Gorsel-dil igsleme yeteneklerinin ¢ok
modelli 6grenme teknikleriyle gelistirilmesi, daha biiyiik
ve dengeli veri kiimelerinin kullanilmas: ve klinik
ortamlardan alinan geri bildirimlerin modelin rafine
edilmesine yonelik olarak entegrasyonu, ¢alismanin etki
alanim1  genigletebilir. Bu iyilestirmeler, {iretilen
raporlarin norolojik anomali tespitinde daha hassas ve
klinik olarak daha uygulanabilir hale gelmesini
saglayacaktir.
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Klinik Uygulamalara EtkKisi

Modelin saglik hizmetlerinde klinik karar destek sistemi
olarak potansiyeli blyuktir. Bu tir sistemler, dzellikle
zaman tasarrufu ve teshis siireclerinin standartlastirilmasi
acisindan onemli avantajlar sunabilir. Ancak, gergek
klinik ortamda uygulanabilirlik i¢cin model ¢iktilarinin
insan dogrulamasi ile desteklenmesi gerekmektedir.

SONUC

Bu ¢alismada, beyin MR goriintiilerinden otomatik rapor
iretme siirecini gelistirmek amaciyla BLIP modelinden
yararlanilmistir. Modelin egitimi i¢in beyin MR
gorlintileri  ile filtrelenmis ROCO veri kiimesi
kullanilmistir. BLEU, ROUGE ve CIDEr metrikleri
kullanilarak model performanst degerlendirilmis,
Onisleme ve wveri artirim yoOntemleri sayesinde bu
skorlarda belirgin iyilesmeler gézlemlenmistir.

BLEU, ROUGE ve CIDEr skorlari, model tarafindan
tiretilen agiklamalarin veri kiimesinde bulanan referans
aciklamalara olan benzerligini 6l¢gmek i¢in kullanilmistir.
Deneysel sonuglarda, veri artinmi  ve Onigleme
tekniklerinin uygulanmasiyla iyilesmeler saglanmistir.
Veri kiimesinin hem goriintii kisminda hem de metin
kisminda veri artirimi uygulandiktan sonra elde edilen
sonuclar BLEU-1 igin 0,3584, BLEU-2 icin 0,2347,
BLEU-3 icin 0,1659, BLEU-4 icin 0,0990 scklinde
olmustur. Diger skorlardaki bagar1 ise ROUGE-1,
ROUGE-2, ROUGE-L ve CIDEr igin sirastyla 0,3779,
0,1576, 0,2943 ve 0,0487 olarak elde edilmistir.
Calisma stirecinde karsilasilan en biiyiik zorluklardan biri
saglikli sonuglar alinabilecek diizenli bir veri kiimesi elde
etme asamasinda yasanmustir. Goriintii altyazilamaya
yonelik yeterli sayida MR goriintiisii iceren ve her bir
goriintii i¢in yeterli boyutta ve anlamli agiklamalar
bulunduran veri kiimelerine ihtiyag¢ vardir. Bu ihtiyagtan
kaynaklanan kisit, veri artirma teknikleri ile azaltilmaya
calisilmigtir. Calismada kullanilan veri kiimesi ile
olusturulan model ve elde edilen sonuglar, literatiirde
agirlikli  olarak  X-ray goruntilerine  odaklanan
caligmalara cesitlilik katmustir. Beyin MR
goriintillerinden otomatik rapor iiretme ¢aligmalari,
saglik hizmetlerinin kalitesini ve verimliligini artirma
potansiyeline sahiptir. Elde edilen bu sonuglarin daha
biyik ve dizenli bir veri kimesi ile daha da
iyilestirilebilecegi diisiiniilmektedir.
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Bu caligmada, siirdiiriilebilirlik yonetimi, atik ydnetimi ve enerji iiretimi iizerine odaklanarak, diizenli depolama
sahalarindan elde edilen biyogazin enerji potansiyeli degerlendirilmistir. Batman ili kat1 atik ve biyogaz {iretim
tesisinde Subat, Mart ve Nisan aylarinda iiretilen biyogazin numunelerinin metan igerigi ve enerji tiretimi arasindaki
iligski incelenmistir. Bulgular, biyogazdaki metan igeriginin %48 ile %52 arasinda degistigini ve bu oranlarin sirasiyla
950,65, %51,33 ve %52,26 olarak 6l¢iildiigiinii gostermektedir. Metan oranindaki degisimin dis ortam 6zellikleriyle
(sicaklik,nem,riizgar vb.) iligkili oldugu degerlendirilmistir. Biyogazdaki metan oranini artirmak igin tesis siireglerine
yonelik farkli iyilestirme Onerileri gelistirilmistir. Calisma sonuglari, diizensiz depolama sahalarindan elde edilen
biyogazin enerji potansiyelinin, metan igerigi ile dogrudan iligkili oldugunu gostermistir. Tesis siireglerine yonelik
Onerilen iyilestirmelerle biyogazdaki metan orani artirilarak enerji verimliligi onemli dlglide yiikseltilebilir. Bu
calisma, biyogaz iiretim tesislerinin verimliligini artirmak ve siirdiiriilebilir enerji iiretimine katki saglamak i¢in
onemli bir adim teskil etmektedir.

Anahtar Kelimeler: Atik Yénetimi, Biyogaz, Enerji Uretimi, Metan, Siirdiirebilirlik

Improving Energy Efficiency and Environmental Sustainability in Biogas Production
Processes: A Case Study

ABSTRACT

This study evaluates the energy potential of biogas derived from municipal solid waste landfills, focusing on
sustainability, waste management, and energy production. The relationship between methane content and energy
output of biogas samples was investigated at the Batman municipal solid waste and biogas production facility over
three months (February, March, and April). Findings indicate that methane content in biogas ranged between 48% and
52%, with specific measurements of 50.65%, 51.33%, and 52.26% for the respective months. Variations in methane
content were correlated with external environmental factors, including temperature, humidity, and wind. To enhance
biogas methane content, several process improvement strategies were proposed. The results demonstrate a direct
relationship between methane content and the energy potential of biogas from landfills. Implementing the proposed
improvements could significantly enhance methane content, thereby improving energy efficiency. This study
represents a significant step toward optimizing biogas production facilities and contributing to sustainable energy
production.

Keywords: Biogas, Methane, Energy Production, Environmental Sustainability, Waste Management.

GIRIS Bu calisma, kat1 atik tesisinin tiim proseslerinin entegre

bir sekilde isletilmesiyle biyogaz iiretiminde 6nemli bir

Batman ili kat1 atik ve biyogaz {iretim tesisinde ii¢ aylik
siire zarfinda elde edilen biyogaz numunelerinin metan
icerigi ve enerji iretimi arasindaki iliski incelenmistir.
Elde edilen bulgular dogrultusunda, biyogazdaki metan
oranini artirmak icin tesis siireglerine yonelik farkli
iyilestirme Onerileri gelistirilmistir.

Batman ili kat1 atik tesisinde tum proseslerin (diizenli

depolama  sahasi, mekanik ayrigtirma  {initesi,
biyometanizasyon ve kati atik konfiglirasyonunun
degistirilmesi gibi) faaliyete gegirilmesinin metan

oranina etkisi arastirilmistir.

verimlilik artist ve metan igeriginde kayda deger bir
yiikselisin saglanabilecegini dngdrmektedir.

Enerji, tim canlilarin temel gereksinimlerinden biridir.
Geleneksel enerji kaynaklarinin siirdiirilemezligi ve
bunlarla iliskili ¢evre kirlilikleri, yenilenebilir enerjiyi
giinlimiizin ~ bashca ihtiyact haline  getirmistir.
Surdrulebilir sosyo-ekonomik kalkinmada ve yasam
kalitesinin iyilestirilmesinde belirleyici bir rol oynar.
Diinyada geleneksel enerji kaynaklarmin asirt kullanim
nedeniyle sera gazlarinin iiretimi, kiiresel 1sitnmanin ve
iklim degisikliginin baslica nedenidir [1].
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Artmakta olan niifus, endiistrilesme ve tiiketim
aligkanliklar, kati atik idretimini Onemli Olciide
artirmigtir. Bu durum, dogal ¢evre iizerindeki baskiy1
artirarak ciddi kirlilik sorunlarina yol agmaktadir. Kati
atiklarin yanlis yonetimi, toprak, su ve hava kirliligine
neden olmakta, biyolojik ¢esitliligi tehdit etmekte ve
insan sagligini olumsuz etkilemektedir [2]. Bu nedenle,
kat1 atiklarin toplanmasi, tasinmasi, geri doniisimi ve
bertarafi gibi siirecleri kapsayan etkin bir atik yonetimi
sistemi olusturmak biiyiikk 6nem tagimaktadir. Ancak,
bir¢ok iilkede ve dzellikle gelismekte olan iilkelerde, kati
atik yonetimi konusunda ciddi eksiklikler bulunmaktadir.
Bu durum hem ¢evresel sorunlar1 derinlestirmekte hem
de ekonomik kayiplara neden olmaktadir. Bu baglamda,
kat1 atik yOnetimi icin yerel yonetimler ve 6zel sektor
arasinda is birligi yapilmasi, siirdiiriilebilir ¢oziimler
gelistirilmesi i¢in gereklidir [3].

Insan faaliyetlerinin neden oldugu kati atik sorunu, gevre
ve halk saglig1 iizerinde 6nemli etkilere sahip olup, bu
sorunun ¢6ziimii i¢in vahsi depolama, diizenli depolama,
kompostlama, tekrar kullanim, geri donisiim, geri
kazanim ve yakma gibi ¢esitli atik yonetim stratejileri
uygulanmaktadir [4].

Vahsi depolama, kat1 atiklarin herhangi bir 6n islemden
gecirilmeden veya diizenli bir sekilde depolanmadan
dogrudan gevreye terk edilmesi islemidir. Bu uygulama,
basta yer alt1 ve yeriistli sularinin kirlenmesi, toprak
yapisinin bozulmasi, metan gazi olusumu nedeniyle
yangin ve patlama riskinin artmasi olmak {izere, goriintii
kirliligi, toz ve kotii koku yayilmasi gibi pek cok ¢evresel
probleme neden olmaktadir [5].

Gelismekte olan ilkelerdeki kati atik yOnetimi
eksiklikleri; toprak ve su kirliligi, hava kirliligi, deniz
kirliligi, biyogesitlilik kayb1 ve sera gazi emisyonlari gibi
cevresel sorunlara neden olmaktadir. Ayrica kati atik
yonetimi eksiklikleri; saglik harcamalari, enerji kaybi,
hammadde kaybi, aritma maliyeti ve is kaybi1 gibi
ekonomik sorunlara neden olmaktadir.

Yenilenebilir enerji sektoriinde yasanan biiylime,
anaerobik cirlitme ve biyogaz tretimi gibi teknolojilerin
gelisimiyle desteklenmektedir. Bu sayede, atiklardan
enerji elde edilerek hem enerji giivenligi hem de ¢evresel
stirdiiriilebilirlik hedeflerine ulasilmaktadir [6].

Biyogaz teknolojisi, mikroorganizmalar tarafindan
oksijen yoklugunda organik maddenin ayristirilmasi
veya bozunmasinin gerceklestigi biyoenerji

doniisiimiiniin  biyokimyasal doniisiim teknolojisidir.
Kompakt biyogaz tesisi yeni bir biyogaz teknolojisidir.
Tesisin sindiricisi, 1 m3'lik basit su depolama plastik
tankt ve 0,75 m3'liik gaz tutucusudur. Gaz tutucu, daha
biiylik olaninda bas asag1 yerlestirilir. Biyolojik olarak
parcalanabilir atiklar besleme malzemesi olarak
kullanilir. Bu tesis genellikle yer tistiinde tutulur.

Evsel atiklarin artan sorunu ve bunlarin uygunsuz
yonetimi, kentsel cevreyi her gecen gin daha da
bozmaktadir. Kentsel ve yari kentsel alanlarda alan
kisitlamalari, inek giibresi veya diger hayvan
giibrelerinin bulunmamasi1 ve atik malzemeler olarak
kaynaklarin kaybi, insanlar1 alternatif yenilenebilir enerji
kaynaklar1 aramaya zorlamaktadir. Caligmanin temel

amaci, biyolojik olarak parcalanabilir evsel atiklarin
anaerobik sindiriminden alternatif bir enerji olarak
biyogaz tretimidir [7].

Bu calismada elde edilen bulgular dogrultusunda,
biyogazdaki metan oranini artirmak igin tesis stireglerine
yonelik farkli iyilestirme onerileri gelistirilmistir.

Kati atik tesisine ait fizibilite raporunda yer alan
analizler, diizenli depolama sahasi, mekanik ayrigtirma
tinitesi, biyometanizasyon tesisi gibi ¢esitli proseslerin ve
kat1 atik konfigiirasyonunun yeniden diizenlenmesiyle
biyogazdaki metan oranmin = %85  seviyesine
yiikseltilebilecegini gostermektedir.

Bu calisma, biyogaz {iretim tesislerinin verimliligini
artirmak ve siirdiiriilebilir enerji tretimine katki
saglamak icin 6nemli bir adim teskil etmektedir.
Gelecekte yapilacak calismalarla, farkli atik tiirleri ve

cografi kosullar i¢in daha kapsamli analizler
gerceklestirilebilir.

MATERYAL ve YONTEM

Materyal

Proje alanmin yer aldigi Batman ili, Tirkiye'nin
Giineydogu Anadolu Bolgesi iginde, 41°10° ve 41°40°
dogu boylamlart ile 38°40° ve 37°50° kuzey enlemlerinde
yer almaktadir. Ilin denizden yiiksekligi 550 m'dir.
Dogusunda Bitlis ve Siirt, kuzeyinde Mus, batisinda
Diyarbakir ve giineyinde Mardin ile komsudur. Batman
(Merkez) ilgesi Mus'tan 218 km, Mardin'den 149 km,
Bitlis'ten 135 km, Diyarbakir'dan 100 km ve Siirt'ten 87
km uzakliktadir. Batman ilinin toplam alani 4.654 km?
dir. Batman {linin Tiirkiye’deki konumu Sekil 1’ de,
Batman ili ve ilgelerinin haritas1 Sekil 2° de verilmistir

8].

Sekil 1 Tiirkiye’de Batman Ilini Gosteren Harita [8]
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Sekil 2 Batman ilinin ve Ilgelerinin Haritas1

Kati atik tesisi, enerji iretiminde 4 adet 1560 kW
giiciinde gaz motoru ve bu motorlara bagl 4 adet 2000
kVA giiclinde trafo kullanmaktadir. Tesisin kendi
operasyonel ihtiyaglari i¢in 8 kVA'lik bir trafo ile enerji
saglanirken, biyogaz depolama ve sirkiilasyon
sistemlerinin gili¢ ihtiyact 100 kW'lik bir jenerator
tarafindan karsilanmaktadir. Tesis, siirekli besleme
prensibiyle ¢alisarak 1250 MW elektrik enerjisi tiretimi
gerceklestirmekte ve saatlik 1000 m® biyogaz Uretimi
kapasitesine sahiptir.

Bu calismada kat1 atik tesisinde gergeklestirilen biyogaz
icerigi Ol¢iimlerinin sonuglari, giinlikk ortalama degerler
tizerinden grafiksel olarak sunulmustur.

Kat1 atik tesisinde idari birimler, tartim alanlari, atik
isleme tesisleri, ara¢ bakim ve onarim merkezleri,
tekerlek temizleme istasyonlari, yollar ve g¢evre
diizenlemesi, pilot ve tam kapasite kompostlama tesisleri,
sizinti suyu yonetim sistemleri gibi ¢esitli Uniteler
bulunmaktadir. Bu iinitelerin teknik 6zellikleri Tablo 4'te
detayl1 olarak sunulmustur.

Proje kapsaminda segilen arazi, Batman ili' nin Raman
yolu iizerindeki Binath Koyii yakinlarinda, sehir

merkezinin yaklasik 17 km giineydogusunda yer almakta
olup 28,7 hektarlik bir alan1 kapsamaktadir. Bu bolge,
750 ila 830 metre rakimlari arasinda, tepelerle gevrili bir
vadide konumlanmakta ve %15 ile %40 arasinda degisen
egimlerle dalgal bir topografyaya sahiptir (Sekil 3).

Sekil 3 Vahsi depolama alaninin kus bakisi goriinimii

Depo Gazi Uretimi
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Sekil 4 2011-2061 yillar1 tahmini depo gazi tiretimi [9]
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Sekil 5 2011-2061 yillar1 depo gazi ve metanin tahmini geri
kazanim miktarlari [9]

Batman’da evsel ve endiistriyel kati atiklarin
bertarafi ve geri doniisiimii
Kati atiklarin  yonetimi, atiklarin  olusumundan

bertarafina kadar gegen tiim siirecleri igerir. Bertaraf
yontemleri arasinda kompostlastirma (organik atiklarin
giibreye dontistiiriilmesi), enerji geri kazanimi (yakma
yoluyla enerji dretimi) ve duizenli depolama (kontrol
altinda depolanma) sayilabilir. Geri kazanim ise atiklarin
ham madde veya enerjiye doniistiiriilerek ekonomik
degerin artirilmast ve dogal kaynaklarin korunmasi
amaciyla uygulanan bir yontemdir [9]. Geri kazanim,
hem atik miktarini azaltir hem de gevresel etkileri en aza
indirir [10].

Atik yonetimi siiregleri, atiklarin 6nlenmesi, azaltimi,
geri kazanimi, bertarafi ve enerji doniisiimii olmak tizere
baslica bes ana baslikta incelenir (Sekil 4). Geri kazanim,
atiklarin fiziksel, kimyasal veya biyolojik yontemlerle
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yeniden kullanilabilir hale getirilmesi siirecidir. Bertaraf
tesisleri ise, atiklarin hacmini azaltmak, zararl etkilerini
ortadan kaldirmak veya enerji elde etmek amaciyla
kullanilan tesislerdir. Cevresel mevzuat, atiklarin
bertarafi ve kontrolii i¢in gerekli standartlari belirler [11].

ONLEME

AZALTIA

TEKRAR KULLANIM

GERIDONUSUM

ENERJI GER] KAZANIMI

I | \

BERTARAF

Sekil 6 Atik yonetim siiregleri semasi
Kati atik yonetimi siireglerinin etkin bir sekilde
planlanmast  ve  uygulanmasi, hem  ¢evresel
sirdiiriilebilirligi  destekler hem de ekonomik
kaynaklarin daha verimli kullanilmasini saglar. Atik
karakterizasyonu, yani atiklarin fiziksel, kimyasal ve
biyolojik ozelliklerinin belirlenmesi, uygun bertaraf
yontemlerinin segilmesi i¢in temel bir adimdir. Batman
orneginde oldugu gibi, atik bilesimindeki organik madde
orani oldukga yiiksektir ve bu durum, kompostlama gibi
biyolojik islemlerin 6nemini vurgulamaktadir. Tablo 2’
de goriildiigii gibi insanlarin yasam kalitesine gore
degisiklik arz etse de Batman ilindeki 2020 yili atik
kompozisyonunun yaklasik %38,7’ sinin gida atiklari,
%6,6’ sinin diger yanamayan atiklar, %12,3” iinii plastik
atiklar, %0,8” inin diger yanabilen hacimli atiklar ve
%3,4’linilin diger atiklardan olustugu tespit edilmistir.

Kat1 atiklar, dogru yontemlerle yonetildiginde degerli bir
enerji kaynagi haline gelebilmektedir. Evsel atiklarin
onemli bir kismint olusturan organik maddeler,
anaerobik kosullarda (havasiz ortamda) pargalanarak
biyogaz adi verilen bir gaz karisimu tiretir. Biyogazin ana
bilesenleri metan (CHa) ve karbondioksit (CO2) olup,
yakilmasiyla elektrik enerjisi elde edilebilir. Bu siireg,
biyometanizasyon olarak adlandirilir ve hem c¢evresel
hem de ekonomik ag¢idan 6nemli faydalar saglar [12].

Biyogaz iiretimi, atiklarin diizenli depolama alanlarinda
metan gazi olusumunu dnleyerek sera gazi emisyonlarini
azaltir. Ayrica, biyogaz {iretimi sirasinda elde edilen sivi
giibre, tarimda kullanilarak toprak verimliligini artirir.

Bu sayede, atiklar hem enerji kaynagi hem de tarimsal
iiretim i¢in degerli bir girdi haline gelir.

Diger bir yontem olan gazlastirma, kat1 atiklarin yiiksek
sicakliklarda ve sinirh oksijen varliginda gazlastiriimasi
ile gergeklesir. Bu siirecte, kati atiklardan sentez gazi adi
verilen yanici bir gaz elde edilir. Sentez gazi, daha sonra
elektrik veya 1s1 enerjisi iiretmek i¢in kullanilabilir.
Gazlastirma, biyogaz liretimine gore daha yiliksek enerji
verimlili§i sunar ve daha genis bir atik tiirii icin
uygulanabilir. Ancak, yiiksek yatinm maliyeti ve
karmagik bir teknoloji olmasi nedeniyle daha az yaygin
olarak kullanilmaktadir [13].

Kati atiklarin yakilmasi ise, ge¢miste sik¢a kullanilan
ancak gunlimizde cevresel etkileri nedeniyle daha az
tercih edilen bir yontemdir. Diisiik enerji yogunluguna
sahip olan kati atiklarin dogrudan yakilmasi, hava
kirliligi ve kiiresel 1sinmaya neden olabilmektedir.
Ayrica, yakma islemi sirasinda atiklarin hacmi 6nemli
Olciide azalsa da zararli yanma triinleri ve kiil olusumu
gibi sorunlar ortaya cikabilir.

Sonug olarak, kati atiklarin enerjiye doniistiiriilmesi,
sirdiiriilebilir bir gelecek i¢in 6nemli bir adimdir.
Biyogaz iiretimi ve gazlastirma gibi teknolojiler, atiklarin
cevresel etkilerini azaltirken ayni zamanda enerji
ihtiyacini karsilamaya da katki saglar. Turkiye'de de bu
konuda oOnemli ¢aligmalar yapilmakta ve atiklarin
enerjiye donistiiriilmesiyle ilgili yatirimlar artmaktadir

[6].
Yontem

Diizensiz depolama sahasinda iiretilen biyogazin metan
konsantrasyonu, ii¢ aylik bir déonem boyunca saatlik
olarak Sl¢lilmiistiir. Elde edilen genis veri seti, glinliik
ortalama degerlere indirgenerek tablo formatinda
sunulmustur. Kati1 atik tesisinde gelistirilen ileri
projeksiyon verileri 15181nda, biyogazin metan igerigi ve
buna bagli olarak iiretilen elektrik enerjisi miktart,
mevcut durum ile karsilagtirmali olarak analiz edilmistir.
Bu sayede, tesisin enerji Uretim kapasitesindeki
potansiyel artislar ve iyilestirme alanlari belirlenmistir.
Ayrica, bu calisma, biyogaz iiretimi i¢in uygun atik
tirleri, tesislerin kapasitesi ve enerji verimliligi gibi
konularda da 6nemli bilgiler sunmaktadir.

Atik Projeksiyonu

Batman 1li, Merkez Ilgesi, Binatli Kdyii Mevkiinde tesis
edilmesi planlanan kati atik diizenli depolama tesisinin
yaklasik 28,7 ha’lik bir arazi {izerine kurulmasi
planlanmistir. Proje kapsaminda, Batman Kati Atik
Tesisleri Yapma ve Isletme Birligi (BKABB)’ne iiye
Batman Merkez, Balpiar, Besiri, Ikikoprii, Hasankeyf,
Gerclis, Sason, Kozluk ve Bekirhan Belediyeleri ile
yakinindaki 6 koyilin (Aydinkonak, Akga, Demiryol,
Erkoklii, Ikiztepe ve Binatll) atiklari toplanacak ve
bertaraf edilecektir.

Batman Kat1 Atik Yonetimi Projesi kapsaminda, proje
boyunca olusmasi beklenen atik miktarlar1 hazirlanan
fizibilite raporu sonucunda belirlenmistir [14] ve bu
degerler Tablo 1°de verilmigtir
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Tablo 1 Belediyelerin Atik Projeksiyonlar1 (ton/y1l)

Batman Besiri Hasankeyf Gerclis
Kentsel Kentsel Kentsel Kentsel
2009 82527 2564 944 1745
2010 85730 2654 973 1797
2011 89067 2747 1002 1852
2012 92534 2844 1033 1909
2013 96136 2944 1065 1967
2014 99878 3047 1098 2027
2015 103766 3155 1132 2089
2016 107815 3268 1168 2156
2017 112022 3385 1205 2224
2018 116393 3506 1243 2295
2019 120935 3632 1283 2367
2020 125655 3763 1324 2443
2021 130621 3902 1368 2524
2022 135783 4046 1414 2608
2023 141150 4195 1461 2695
2024 146728 4350 1510 2785
2025 152527 4511 1561 2877
2026 158755 4684 1616 2978
2027 165237 4863 1673 3083
2028 171984 5050 1732 3192
2029 179006 5243 1793 3304
2030 186315 5444 1857 3420

Atik Karakterizasyonu

Batman Belediyesi tarafindan 2015 yil1 Ocak ve Eyliil
aylarinda 4 farkli bolgede atik karakterizasyon calismasi
yapilmis olup bu kapsamda Batman ili i¢in kentsel atik
karakterizasyonu belirlenmistir.

Projelendirme caligmalarinda Batman genel ortalama
atik karakterizasyonu sonuglar1 kullanilmigtir (Tablo 2).

Tablo 2 Atk Karakterizasyonu

Malzeme Ortalama, %
Gida Atiklar 38,7
Kagit 33
Karton 2,2
Hacimli Karton 4,7
Plastik 12,3
Cam 2,1
Metal 2,1
Hacimli Metal 0,0
Atik Elektrik ve Elektronik Ekipman 0,1
Tehlikeli Atik 0,8
Park ve Bahge Atiklari 11,9
Diger Yanici1 Olmayan Maddeler 6,6
Diger Yanict Maddeler 0,0
Diger Yanabilen Hacimli Atiklar 0,8
Diger Yanamayan Hacimli 11,8
Diger 3,4
Toplam 100

Sason Kozluk Toplam Kensel/Kirsal
Kentsel Kentsel Kirsal Toplam
3307 5906 3641 100634
3472 6087 3754 104467
3632 6277 3864 108441
3800 6473 3978 112571
3976 6675 4095 116858
4159 6884 4216 121309
4351 7099 4341 125933
4547 7328 4463 130745
4751 7565 4590 135742
4965 7810 4720 140932
5188 8062 4854 146321
5421 8323 4992 151921
5660 8604 5129 157808
5910 8896 5270 163927
6170 9197 5415 170283
6442 9508 5565 176888
6726 9830 5718 183750
7019 10180 5872 191104
7324 10543 6030 198753
7642 10919 6193 206712
7974 11308 6360 214988
8321 11712 6532 223601
TARTISMA

Tesis Hakkinda Genel Bilgiler

Batman kati atik tesisi; Batman Ili, Batman Merkez
Ilgesi, Binatli Kdyii 371 numarali parsel iizerinde toplam
yaklasik 400.864,53 m2 alanda kuruludur (Sekil 6).
Proje alanina en yakin yerlesim birimleri, kus ugusu 2 km
gilineydogusunda bulunan Yolveren Koyt ile kus ucusu
2km kuzeybatisinda bulunan Kolbagi Koyii’diir. Proje
alani, en yakin akaryakit istasyonuna 6 km uzaklikta, en
yakin endiistriyel alana ve havaalanina 17 km
uzakliktadir.

Proje kapsaminda, 1 Kasim 2008 tarihli Bakanlar Kurulu
karariyla (2008/14230) kurulan Batman Kati Atik
Tesisleri Uygulama ve Isletme Birligi (BKABB) iiyesi
olan Batman Merkez Belediyesi ve Besiri Belediyesi ile
Birlik iiyesi olmasi beklenen Balpmar, Ikikopri,
Hasankeyf, Gerciis, Kozluk, Sason, Bekirhan
belediyeleri ve Batman Ilgelerine bagli 6 kdyiin kati
atiklar1 alinacaktir. Belediyelerin ve koylerin proje
alanina olan mesafeleri Tablo 3’ te verilmistir.

Tesiste; idari bina, kantar, atdlye binasi, arag¢ parki,
tekerlek temizleme {initesi yollar ve saha kaplamalari,
pilot kompost tesisi, sizinti suyu dengeleme havuzu,
sizintt suyu pompalama istasyonu, sizintt suyu aritma
tesisi, tam kapasite kompost tesisi ve yedek kompost
alan1 bulunmaktadir (Sekil 5). Idari ve teknik tinitelere ait
bilgiler Tablo 4’de sunulmaktadir.
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Tablo 1 Belediyelerin ve koylerin Proje Alanma Olan

Tablo 4 Batman KAY Projesi Unitelerine Ait Yiizélgiimii

Mesafeleri Bilgileri
: : Proje Uniteler ve Tesisler Yiizey Alam (m?)
Belediye Proje Alanina
Ad1 Alanina Koy Adx Kusugusu Pilot Kompost -
Uzakhgi(km) uzakhg Tesisi
(km) Sizint1 Suyu 1503
Batman 17 Aydinkonak 13 Dengeleme Havuzu
Besiri 29 Akga 8 Sizint1 Suyu 28
Hasankeyf 31 Demiryol 15 I?ompalama
Istasyonu
Gerclig 54 Erkoklu 11 Sizint1 Suyu Aritma 3034
Kozluk 79 ikiztepe 175 Tesisi
. Kompost Alani 3500
Sason 85 Binathi 52
Balpinar 26 Tekerlek Temizleme 180
cTR— Unitesi
Tkikoprii 34 Garaj ve Atdlye 398
Bekirhan 55
Not: Uzakliklar, ¢cop dokiim sahasina giden yol lizerinde Kontrol Binast ve 93
ilcenin ¢ikisinda yer alan Besiri kavsagindan (Siirt Yolu) !(an?ar
oo Idari ve Personel 245
itibaren alinmistir. Binast

Sekil 8 Tesiste bulunan Gnitelerin genel gérinimii

Proje Kapsamindaki Tiim Unitelerin Ozellikleri,
Kapasiteleri, Proses Akim Semasi

Batman Kati Atk Yonetimi Projesi, Batman Ilinde
kurulan Belediyeler Birligi (BKABB)’ ne iiye Batman
(Merkez) Belediyesi ve Besiri Belediyesi ile birlige liye
olmasi beklenen Hasankeyf Belediyesi, Gerciis
Belediyesi, Balpmar Belediyesi, Ikikoprii Belediyesi,
Bekirhan Belediyesi, Sason Belediyesi, Kozluk
Belediyesi ve merkez ilge civarindaki alti kdyden
almacak kati atiklarin, ilgili ulusal ve AB mevzuatina
uygun olarak taginmasi, depolanmasi, bertarafi ve geri
kazanimin1 kapsamaktadir. Bu atik yOnetim sistemi

dahilinde, asagida  siralanmig  olan  iiniteler
bulunmaktadir.
Atik  yOnetim sistemi dahilinde bulunan {niteler

hakkinda detayl bilgiler asagida verilmistir.
Kat1 Atik Diizenli Depolama Tesisi

Depolama sahasimin  tasarimi  yapilirken, sahanin
jeoteknik ve topografik 6zellikleri de gdz Oniine alinarak,
hafriyat ve toprak dolgusu miktarlarinin en az seviyede
tutulmas1 amaglanmistir. 12 ha’lik alani kapsayacak
sekilde tasarlanan depolama sahasina, civar yollar ve
setler de dahil edildiginde 15,9 hektarlik bir alani
kapsamaktadir.

Atiklarin depolanmasinda dikkate alinmasi gereken
temel isletme prensipleri sunlardir:

Tabana ince malzemeler yerlestirilerek
kaplamasinin hasar gérmesi dnlenecektir.
Depolama, zeminin diisiik kotlarindan yiiksek kotlarina
dogru yapilacaktir.

Atiklar belirli bir yilikseklige ulastiginda, sikistirilmis
derinlikleri 2 m olacak sekilde ¢elik tekerlekli
sikistiricilarla sikigtirilacaktir.

taban
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Sikistirilmis atik katmanlari arasina 15-20 cm’lik toprak
serilecektir.

Rizgar hizinin 35 m/s astigi zamanlarda caligmalar
durdurulacaktir.

Pilot Kompost Tesisi

Pilot kompostlama tesisi, asagida belirtilen gilinliik
girdiler dikkate alinarak yilda 2.500 ton organik atig
isleyecek kapasitede tasarlanacaktir. Kompostlama igin
daha fazla saf organik materyalin temin edilmesi
durumunda, pilot tesisin genisletilmesi i¢in ek bir alan
planlanmaktadir. Pilot kompostlama tesisinin girdileri
Tablo 5' te, ilgili varsayimlar ise Tablo 6' da yer
almaktadir.

Tablo 2 Kompostlama Tesisinin Girdileri

Miktar Ton Hacim
Atik 7 t/giin 23,3 m¥/glin
Iri Maddeler 0,5 t/giin 3,3 m¥/giin
Toplam Miktar 7,5 t/giin 26,6 m3/giin
Tablo 6 Kompostlama Tesisi Kabulleri
Atik Yogunlugu 300 kg/m?®
iri Madde Yogunlugu 150 kg/m?
Kompost Yogunlugu 600 kg/m®
Kompostlama Suresi 3ay
Olgunlasma Siiresi 2 ay
Hacimde Azalma 50%
Kabul Edilmeyen 10%
Yigin Boyutlari Taban 6 m, tavan 1 m
ve
yikseklik 2,5 m

Kompostlama tesisi, farkli faaliyetler i¢in farkli alanlari
kapsamaktadir. Bu alanlar hakkinda detayl bilgi asagida
sunulmustur.

Atik Kabul Alani

Atik Parcalama Unitesi
Y1gin Alant
Olgunlagtirma Alan1
Eleme Alani
Depolama Alani

Maddesel Geri Kazamim Tesisi (Ayirma Tesisi)

Ikili toplama sistemi araciligiyla, kaynaginda cinslerine

gore ayr1 olarak toplanan geri doniistiiriilebilir atiklarin,
ayristirildign ve iglenerek satilmaya hazir hale getirildigi
merkezlerdir. Ikili toplama sisteminde evsel atiklar,
kompostlama tesisine giden organik/karisik atiklar ve
maddesel geri kazanim tesisine giden karigik kuru atiklar
olmak iizere ayirilacaktir. ikili toplama sisteminin 2020
yilinda uygulamaya alinmasi planlanmaktadir.

2025 yilinda maddesel geri kazanim tesisi kuruldugunda
ve 2031 yilinda planlama doéneminin sonunda, ikili
sistemle toplanacak madde miktarlar1 hesaplanmis ve
Tablo 7° de gosterilmistir.

Tablo 7 MGT Igin Atik Miktarlar

Kuru kisim ikili toplama 2025 2030 2031
(2025’ten sonra MGT’ye)
Brit girdi 24.473 | 47.231 | 49.447
Net girdi 17.131 | 33.062 | 34.613
Biyolojik olarak 5.798 | 11.190 | 11.715
parcalanabilen net atik
girdisi (kagit/karton)
Diizenli depolama sahasma | 24.473 | 14.169 | 14.834
gidecek kabul edilmeyen
atik miktari

Maddesel geri kazanim tesisinin tasarimi 2031 yilinda
toplanacak atik miktarlarina dayali olacaktir. Daha
sonraki yillarda kapasite artirrmi yapilacaktir.

Ayirma fnitelerini yeterli kapasitede tasarlayabilmek
icin hedeflenen geri doniistliriilebilir atiklarin net
girdideki dokiimleri, atik hesaplamalarinda gosterilmis
olan atik kompozisyonuna bagli olarak yapilmistir.
Miktarlar, Tablo 8’de verilmistir.

Tablo 8 Maddesel Geri Kazanim Tesisi Briit Girdi Dokiimii
(ton)

Ton - Esdeger 1o
Vardiya | Niifus | /582
Yilik | Ginlik | Basina g
Kagt 5.445 18 9 0 1
Karton 6171 21 10 5 1
Plastik 14884 50 25 8 4
Cam 3267 11 2 1
Metal 4845 16 3 1
Kabul
Edilmeyen | 14834 49 25 0 4
Net Girdi 34613 115 58
Briit Girdi 49447 165 82 18 12

* Varsayim: Manyetik ayiric1 tarafindan tutulan 3 ton/vardiya.

Bir kisi giinde 1,5-2,0 ton atik ayirabilmektedir. (vardiya)
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Atik Kumbara Istasyonlar

Atik kumbaralarinin etkin kullanimi igin vatandaslarin
geri doniisiim konusunda bilinglendirilmesi,
kumbaralarin sayisinin ve yerlerinin uygun sekilde
belirlenmesi 6nemlidir. Sehrin niifus yogunlugu ve gelir
seviyesi ylksek bdlgelerinde yer alacak kumbaralar,
daha fazla geri doniisiim saglayacaktir. Her kumbaranin
farkli bir atik tiirii i¢in renk kodlu olmasi, vatandaslarin
atiklarini dogru yere atmalarini kolaylastiracaktir.

Geri Doniisiim Merkezleri (Toplama Merkezleri)

Geri doniisim merkezi, kagit, karton, plastik, cam,
aliminyum, demir, beyaz esya, elektronik atiklar gibi
cesitli atik tiirleri icin ayr1 konteynerlerin bulundugu,
atiklarin  toplanmasi1 ve geri kazanilmasi amaciyla
kurulan tesislerdir. Batman'da kurulacak olan merkez,
hizmet verecegi bolgede merkezi bir konumda olacak ve
yaklagik 4.000-6.000 m?'lik bir alan1 kapsayacaktir.
Proje kapsaminda Batman'da kurulacak geri doniisiim
merkezi, evsel atiklardan tehlikeli atiklara kadar genis bir
yelpazedeki atigi kabul edecek ve bu atiklarin geri
dontisiimiinii saglayarak c¢evreye ve ekonomiye katki
saglayacaktir.

Geri donilisim merkezine, asagidaki maddeler icgin
ayrilmis konteynerler tahsis edilecektir:

* Kagit ve karton,

* Plastikler,

« Cam (kiglk konteyner),

 Aluminyum kutular (kiiglik konteyner),

* Demir ve diger metaller,

* Buzdolaplar1 ve dondurucular,

* Elektrik ve elektronik esyalar,

+ insaat ve yikint1 atiklar,

» Kompostlama i¢in bahge atiklar1 (hacimli maddeler),
 Hacimli atiklar-kullanilmig ev esyalari,

* Diizenli depolama sahalarinda bertaraf edilecek atiklar,
+ Ozel konutlardan gelen tehlikeli atiklar

Gaz Toplama ve Degerlendirme Sistemi

Diizenli toplama sahasindaki atiklarin anaerobik
curtimesi metan, karbon dioksit, azot ve gaza belirgin bir
koku veren bazi maddelerden olusan depo gazim iiretir.
Diizenli depolama sahasi aktif igletme siiresi boyunca ve
kapanmasindan uzun bir siire sonra da depo gazi
iretmeye devam edecektir. Dolayisiyla, gazin
kullanilmas1 dikkate alinmasi gereken bir konudur. Depo
gazinin toplanmasini gerekli kilan sebepler agagidaki gibi
Ozetlenebilir:

* Depo gazi igeriginin sera etkisi ve kiiresel 1sinmaya olan
katkasi,

* Oksijenle karisan depo gazinin patlamaya yol acma
riski,

* Depo gazi kaynakli koku emisyonu ve duman,

e Depo gazindan enerji iretip sahada kullanabilme
avantaji

Batman Kati Atik Diizenli Depolama Tesisi’nde
iiretilecek depo gazi i¢in mekanik olarak havalandirma

ve yakma teknolojisi tercih edilmistir. Uretilen depo
gazinin mekanik havalandirmasi amaciyla diizenli
depolama sahasi, gaz toplama bacalartyla donatilacaktir.
Diizenli depolama sahalarinda kullanilan yatay gaz
toplama sistemleri, faaliyet sirasinda olugabilecek
hasarlara kars1, dikey gaz toplama sistemlerine gore daha
hassastirlar. Dikey sistemlerin daha emniyetli ve verimli
olduklar1 kamitlanmus bir gergektir. Bu nedenle, bu proje
icinde dikey gaz toplama sistemi kullanilacaktir. Dikey
gaz toplama bacalar1, her biri yaklasik 25-30 metre etkili
yarigapli  alanlardan  gaz  toplayacak  sekilde
tasarlanacaktir. Gaz borulart i¢in 100-200 mm ¢apls,
delik veya yarik yiizeylerinin orani %15 olan HDPE
borular kullanilacaktir.

Biyogaz Tesisinde Yapilan Olciimler

Batman Kati Atik Tesisindeki diizensiz depolama
sahasindan saatlik periyotlarla emilen biyogazin metan
gazi igerigi oram1 ve bu gazdan elde edilen elektrik
enerjisi miktar1 dlgiilerek veri seti olusturulmustur. Elde
edilen ham veriler, giinliik ortalamalara doniistiiriilerek
daha kapsamli bir analiz imkan1 saglanmistir. Metan gazi
oran1 ve elektrik enerjisi iiretimi arasindaki iliski,
grafiksel yontemlerle gorsellestirilerek detayli  bir
degerlendirmeye tabi tutulmustur. Yapilan analizler,
diizensiz depolama sahasindan elde edilen biyogazin
metan igeriginin %48 ile %52 arasinda degistigini
gostermigtir. Bu sonug, sahadaki organik maddelerin
ayrisma hizlar1 ve biyogaz olusum kosullari hakkinda
onemli bilgiler sunmaktadir. Kat1 atik tesisinde
gergeklestirilen detayli analizler, metan icerigi lizerinde
sicaklik degisimlerinin ihmal edilebilir bir etkisi
oldugunu ve asil belirleyici faktoriin, tesise giren kati
atiklarin  kompozisyonu oldugunu agik¢a ortaya
koymaktadir. Batman Kati atik tesisi i¢in yapilan ileri
projeksiyonlarda gosterilen farkli biyokiitle tiirleri ve
islem kosullar1 altindaki pilot caligmalarin 6l¢eklendirme
oncesi verilerinde belirtilen, metan gazi oraninin %85'e
cikarilmasi, kompleks bir sistemin optimize edilmesini
gerektirmektedir [14].
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Tablo 11 Nisan ay1 haftalik metan gazi ortalama degerleri

Hafta Metan Gazi Orani Ortalama

Degerleri

1 51,68

2 51,85

3 52,45

4 53,08
Biyogaz uretimi, organik maddelerin anaerobik
(oksijensiz) ortamda mikroorganizmalar tarafindan

parcalanmasi sonucu meydana gelen metan (CHa) ve
karbondioksit (COj) igeren bir gaz karigimidir. Bu
stirete sicaklik, biyogaz iiretim hizini ve verimliligini
6nemli dlciide etkileyen kritik bir faktrddr.

Biyogaz iiretimi i¢in en uygun sicaklik aralif1 genellikle
30-40°C (mezofilik kosullar) olarak kabul edilir. Bu
aralikta mikroorganizmalarin aktivitesi ve metabolik
siirecleri en st diizeydedir. Daha diisiik sicakliklarda
(psikrofilik kosullar) mikrobiyal aktivite yavaslar ve
biyogaz tiretimi azalir. Yiiksek sicakliklarda (termofilik
kosullar) ise bazi mikroorganizmalarin aktivitesi inhibe
olabilir ve biyogaz liretimi yine diisebilir.

Sonug olarak tablo 9-11'de sunulan verilerin analizi
sonucunda, dis ortam sicakliginin aylk periyotta
yiikselmesiyle birlikte biyogazdaki metan igerigi
oraninin da arttig1 tespit edilmistir.

SONUC

Bu c¢alismada Batman kati1 atik tesisinde biyogazdan
enerji  Uretimi  stirecinin  verimliliginin  artirilmasi
amaciyla diizensiz depolama alanlarindan elde edilen
metan gazi oraninin elektrik enerjisi liretimine etkileri
incelenmistir. Elde edilen bulgular, tesisin biyogaz
iiretiminin metan igeriginin %48 ile %52 arasinda
degistigini, kat1 atik tesisinde gergeklestirilen detayli
analizler, metan igerigi lizerinde sicaklik degisimlerinin
ihmal edilebilir bir etkisi oldugunu ve asil belirleyici
faktoriin, tesise giren kati atiklarin kompozisyonu
oldugunu agikca ortaya koymaktadir.

Kat1 atik tesisine ait fizibilite raporunda yer alan
analizler, diizenli depolama sahasi, mekanik ayrigtirma
iinitesi, biyometanizasyon tesisi gibi ¢esitli proseslerin ve
kat1 atik konfigiirasyonunun yeniden diizenlenmesiyle
biyogazdaki metan orammin %85  seviyesine
yiikseltilebilecegini gdstermektedir.

Elde edilen bu sonuglar 1siginda diizensiz depolama
sahasindan elde edilen biyogazin enerji tretimi igin
kullanilabilme potansiyeli hakkinda daha detayl
calismalar yapilmasi1 gerekmektedir. Bu amagla,
biyogazin metan igerigini artirmak igin tesisin tim
proselerinin faaliyete gecirilmesi ile (diizenli depolama,
biyometanizasyon iinitesi ve mekanik ayristirma iinitesi
vb.) enerji verimliligi optimize edilebilir.

Bu caligmada Subat, Mart ve Nisan aylarindaki
biyogazdaki metan orani igerigi sirasiyla %50,65,
%51,33 ve %52,26 olarak tespit edilmistir. Metan
oranindaki bu degisimin dis ortam sicakligiyla iliskili
oldugu diistiniilmektedir

Cevresel surdurdlebilirlik perspektifinden
degerlendirildiginde, bu ¢aligma metanin giiglii bir sera
gazi olmast ve diizensiz depolama sahalarindan
kaynaklanan metan emisyonlarinin kiiresel 1sinmay1
siddetlendirdigi gercegini vurgulamaktadir. Biyogazin
enerji dretimi igin kullanilmasi, metan potansiyelini
atmosfere salinmadan once degerlendirerek sera gazi
emisyonlarinin azaltilmasina énemli bir katki saglar. Bu

yaklagim, siirdiiriilebilir enerji  tiretimi ve iklim
degisikligiyle miicadele arasindaki sinerjiyi ortaya
koymaktadir.

Diizensiz depolama sahalarinin diizenlenmesi ve kati atik
tesislerinin tim proseslerinin faaliyete gegirilmesi ve
biyogaz iiretimi i¢in kullanilmasi, atik yonetimi
uygulamalarinin iyilestirilmesine katki saglar. Bu sayede
cevre kirliligi azalir ve dogal kaynaklarin daha verimli
kullanimi saglanir.

Biyogazdan elde edilen enerji, fosil yakitlarin
kullanimini azaltarak enerji g¢esitliligini artirir ve enerji
giivenligini gii¢lendirir. Batman kat1 atik tesisinde
gergeklestirilen bu ¢aligma, biyogazdan enerji tiretimi
stirecinde metan igeriginin optimize edilmesiyle enerji
verimliliginin artirilabilecegini gdstermesi agisindan
onemli bir katki sunmaktadir.

Caligmanin bulgulari hem enerji sektérii hem de gevresel
siirdiiriilebilirlik agisindan dikkate deger sonuglar ortaya
koymustur.

Caligma, biyogazin metan igeriginin artirilmasiyla enerji
iretim kapasitesinin onemli OSl¢lide artirilabilecegini
deneysel olarak gostermistir. Biyogazin enerji iiretimi
icin kullanilmasinin sera gazi emisyonlarini azaltmada
onemli bir potansiyele sahip oldugu vurgulanmistir.

Biyogaz iretiminin tiim asamalarinda iyilestirme
yapilabilecegi ve boylece enerji  verimliliginin
artirilabilecegi belirtilmistir.

Biyogazdan enerji Oretimi sirecinin  ekonomik

stirdiirtilebilirligini  degerlendirmek i¢in kapsamli bir
maliyet-fayda analizi yapilmasi gerekmektedir. Bu
analizde, yatirim maliyetleri, isletme giderleri, enerji
satig gelirleri ve cevresel faydalarin parasal degeri gibi
faktorler dikkate alinmalidir.

Elde edilen bulgularin daha genis dl¢ekte dogrulanmasi
icin farkli bolgelerde ve farkli atik tiplerine sahip
tesislerde pilot calismalar yapilmast onerilir. Bu
caligmalar, farkli kosullarda biyogaz iiretiminin
verimliligini ve ekonomikligini degerlendirmeye olanak
saglayacaktir. Biyogaz iretim siirecindeki farkli
parametrelerin (sicaklik, pH, besleme hiz1 vb.) etkilerini
analiz etmek ve optimum ¢alisma kosullarini belirlemek
icin yapay zeka ve makine &grenmesi tekniklerinden
yararlanilabilir. Bu sayede, biyogaz Uretimi daha verimli
ve otomatik hale getirilebilir. Biyogazin sadece enerji
iretimi i¢in degil, ayn1 zamanda biyometan, biyo-plastik
veya diger yliksek katma degerli lirlinlerin {iretimi i¢in de
kullanilmas1 potansiyeli arastirtlmalidir. Bu sayede,
biyogazin ekonomik degeri artirilabilir ve siirdiiriilebilir
bir biyoekonomiye katki saglanabilir.

Biyogazdan enerji liretimi yatirimlarin tesvik etmek igin
uygun politikalar ve destek mekanizmalari gelistirilmesi
gerekmektedir. Vergi tesvikleri, kredi garantisi, yesil

148



sertifikalar gibi araclar, yatirimcilar bu alana ¢ekmek
icin dnemli bir rol oynayabilir.

Biyogazin o6nemi ve c¢evresel faydalari hakkinda
toplumun bilinglendirilmesi gerekmektedir. Bu amacla,
egitim programlari, seminerler ve basin yayin organlari

aracilifiyla  bilgilendirme  calismalar1  yapilmasi
onemlidir.

Bu ¢alisma, biyogazin enerji liretimi potansiyelini ve
gevresel stirdiiriilebilirlik acisindan 6nemini

vurgulayarak alanda 6nemli bir katk: saglamistir. Ancak,
biyogaz teknolojileri ve uygulamalartyla ilgili daha
derinlemesine incelenmesi gereken birgcok konu
bulunmaktadir. Yukarida belirtilen Oneriler
dogrultusunda gergeklestirilecek arastirmalar, biyogazin
siirdiiriilebilir enerji iiretimi i¢in daha etkin bir sekilde
kullanilmasina katki saglayacaktir.

Caligma sonuglari, diizensiz depolama sahalarindan elde
edilen biyogazin enerji potansiyelinin, metan icerigi ile
dogrudan iligkili oldugunu géstermistir. Tesis siireclerine
yonelik onerilen iyilestirmelerle biyogazdaki metan orani
artirilarak enerji verimliligi 6nemli 6l¢iide yiikseltilebilir.
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Bu calismada, moment aktaran gelik ¢er¢evelerin performansa dayali optimum sismik tasarimi (PBOSD), Jaya (JA),
Ogretme-Ogrenme Tabanli Optimizasyon (TLBO) ve TLBO'nun ¢ok sinifl1 varyant: olan MC-TLBO algoritmalar ile
entegre edilerek gerceklestirilmistir. TLBO, JA ve MC-TLBO algoritmalariyla elde edilen sonuglar, MATLAB ve
OpenSees yazilimlarinin etkilesimli bir sekilde kullanilmasiyla elde edilmistir. Bu algoritmalarin performansini
degerlendirmek amaciyla literatiirde yer alan iki diizlemsel ¢elik ¢ergceve 6rnegi kullanilmistir. Elde edilen sonuglar,
Geleneksel Tasarim (CD) yaklasimi ile Karinca Kolonisi Optimizasyonu (ACO), Genetik Algoritma (GA) ve Yiikli
Sistem Arama (CSS) gibi diger optimizasyon algoritmalariyla karsilastirilmistir. Yapilan karsilastirmali analizler,
Ozellikle minimum yapisal agirlik ve analiz sayisi gibi temel performans kriterlerine odaklanmigtir. Elde edilen
bulgular, MC-TLBO algoritmasinin CD, ACO, GA ve CSS yontemlerine kiyasla daha {stiin tasarim sonuglart
tirettigini ve etkin bir optimizasyon yaklagimi oldugunu ortaya koymaktadir.

Anahtar Kelimeler: Statik itme analizi; Performansa dayali tasarim, Celik gerceveler, Optimum sismik tasarim;
TLBO algoritmasi, JA algoritmasi, MC-TLBO algoritmasi.

Comparative Analysis of Performance-Based Optimal Seismic Design of Planar Steel
Frames Using the Multi-Class MC-TLBO Algorithm

ABSTRACT

In this study, the performance-based optimum seismic design (PBOSD) of moment resisting steel frames was
implemented by integrating with Jaya (JA), Teaching-Learning Based Optimization (TLBO) and TLBO's multi-class
variant MC-TLBO algorithms. The results obtained with TLBO, JA and MC-TLBO algorithms were obtained by
using MATLAB and OpenSees software interactively. In order to evaluate the performance of these algorithms, two
planar steel frame examples from the literature were used. The results obtained were compared with the Conventional
Design (CD) approach and other optimization algorithms such as Ant Colony Optimization (ACO), Genetic Algorithm
(GA) and Charged System Search (CSS). The comparative analyses conducted focused on basic performance criteria
such as minimum structural weight and number of analyses. The findings revealed that the MC-TLBO algorithm
produces superior design results compared to CD, ACO, GA and CSS methods and is an effective optimization
approach.

Keywords: Static pushover analysis; Performance-based design; Steel frames; Optimum seismic design; TLBO
algorithm, JA algorithm, MC-TLBO algorithm

bu durum yeni tasarim yaklasimlarinin gelistirilmesine

Giris neden olmustur. Bu gelismeler, Performansa Dayali

Performansa dayali optimum sismik tasarim, bir yapinin
hedeflenen performans seviyesini karsilayacak sekilde en
hafif gerceve elemanlarindan tasarlanmasini
amaclamaktadir. Performansa dayali sismik tasarim
felsefesi, ozellikle Amerika Birlesik Devletleri’nde
Northridge (1994) ve Japonya-Kobe (1995) depremleri
sonrasinda énem kazanmuistir. Bu depremler sonrasinda
mevcut yonetmeliklere gore tasarlanmis yapilarin,
beklenenden ¢ok daha fazla hasar gordiigii anlagilmis ve

Sismik Tasarim (PBSD) felsefesinin ortaya ¢ikmasini
saglamustir.

Yapilarin  performansa
diizeyleri ve depremden

gore tasariminda deprem
sonra yapidan beklenen

performans diizeyleri belirlenmistir. Bir yapimin
performans seviyesi, belirli deprem duzeyleriyle
iliskilendirilmistir. 50 yillik bir siire zarfinda

gergeklesme olasiligr %50 olan depremler hafif siddetli
(SE), %10 olasilikla gergeklesenler orta siddetli (tasarim
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depremi) (DE) ve %2 olasilikla meydana gelenler ise cok
siddetli (ME) olarak siniflandirilmaktadir. Genel olarak;
hafif depremlerden sonra yapmimn “hemen kullanim”
(10), orta siddetli bir depremlerden sonra “can giivenligi”
(LS) ve ¢ok siddetli bir depremlerden sonra “gé¢menin
onlenmesi  (CP) performans seviyesini saglamasi
beklenmektedir [1].

PBSD alandaki oncii galigmalar SEAOC VISION 2000
[2] ile baglamis ve ATC40 [3], FEMA 273 [4], FEMA
356 [5]ve FEMA 440 [6] gibi kilavuzlarla gelistirilmistir.
Bu ¢aligmalar, ginimizde @ASCE [7] gibi
yonetmeliklerde yer bulmustur.

Celik cercevelerin performansa dayali deprem tasarimi
(PBSD) konusunda yapilan ¢alismalarda, Hasan ve ark.
[8] Geleneksel Tasarim (CD) adi altinda Statik Itme
Analiz yontemini o6nermigtir. Bu ydntemde, yapiya
uygulanan yanal yiikler ters iiggen bigcimde artirilarak,
gdcme Oncesi performans seviyesine karsilik gelen hedef
yanal yer degistirme degerine ulasincaya kadar analiz
devam ettirilmistir [9]. Arastirmacilar, bu g¢alismada
kuvvete ve yer degistirmeye dayali dogrusal olmayan
analiz yontemlerini, dinamik analiz yodntemleri ile
karsilagtirmistir. Bu  kargilagtirmalar sonucunda yer
degistirme ve kuvvete dayali analiz yontemlerinin
dinamik analize gore daha yakin sonuglar verdigini
ortaya koymustur [10-13].

Son dénemde sezgisel ve meta-sezgisel optimizasyon
yontemleri de bu alanda yaygmn  bigimde
kullanilmaktadir. Bu yontemler arasinda Genetik
algoritma (GA) [14], Karinca Koloni Algoritmasi (ACO)
[15], Pargacik Siirti Optimizasyonu (PSO) [16], Carpisan
Cisimler Optimizasyonu (CBO) [17] Yiiklenmis Sistem
Arama (CSS) [18] ve Ates Bocegi Algoritmasi (FA) [19]
yer almaktadir.

Kaveh ve ark. [20], ACO algoritmasint kullanarak ¢elik
cercevelerin  performansa dayali optimum sismik
tasarimi i¢in bir yontem sunmuslardir. Bu ydntemin
etkinligini gostermek adina, 3 katli 4 aciklikli ve 9 kathi
5 agiklikli moment ¢erceveleri tlizerinde GA ile
karsilagtirmali ¢alismalar yapilmistir. Gholizadeh ve ark.
[21] ise GA, ACO ve Harmoni Arama (HS) yontemleri
ile PSO yontemini karsilastirmis ve PSO ile daha hafif
cerceve tasarimlart  elde edildigini = gOstermistir.
Talatahari ve ark. [22], hibrid CSS yéntemini bu alana
uyarlamis; Veladi [23] ise CBO ile elde edilen sonuglari,
CSS, ACO, GA ve PSO ile karsilagtirmistir. Kaveh ve
Nasrollahi [24] CSS yontemini ii¢ farkli ¢elik ¢erceve
orneginde test etmis, Mohammadi ve Ghasemof [25] ise
hizli yakinsama egrisine sahip bir CSS yontemi
Onermistir.

Gholizadeh ve Moghadas [21] ayrica Quantum PSO
(QPSO) ve gelistirilmis IQPSO yontemlerini gelik
cerceve tasariminda denemistir. Mohammadi ve Sharghi
[26] dis merkezli caprazli ¢elik cergeveler i¢in pratik bir
yontem sunarken, Gholizadeh [27] modifiye FA (MFA)
algoritmasini ileri ardigik dalgali ve geri yayilimli ardigik
sinir ag1 modeli (WCFBP) ile kullanarak analiz siresini
azaltmay1 hedeflemis ve MFA’ nin FA’ya gore daha etkin
sonuglar verdigini gostermistir. Mansouri ve ark. [28]

merkezi ¢aprazli ¢ergeveler i¢in optimum sismik tasarimi
gerceklestirmistir.

Son olarak, ¢ok yeni bir meta-sezgisel yontem olan Okul
Tabanli Optimizasyon (SBO), ilk kez celik gercevelerin
performansa dayali optimum sismik tasarimi icin
kullanilmis ve tiim test problemlerinde, TLBO ve diger
yontemlere gore daha az hesaplama ¢abasiyla daha hafif
tasarimlar sundugu gozlemlenmistir [29-31]. Bu
calismada ise ¢elik ¢ergevelerin optimum sismik tasarimi
MC-TLBO algoritmasi kullanilarak yatay yer degistirme
ve plastik smirlayicilart  saglayan bir algoritma
onerilmistir. Analizler sonucunda hem analiz say1s1 hem
de agirlik bakimindan en uygun tasarimlar elde edilmesi
amaglanmuistir.

MATERYAL ve YONTEM
Performansa Dayali Sismik Tasarim

Celik cercevelerin algoritmalara dayali optimum sismik
tasarim1 i¢in MATLAB programlama dili ile OpenSees
yap1 analiz programi etkilesimli sekilde kullanilmistir.
Bu kapsamda, performansa dayali sismik analiz i¢in
statik itme analizine (pushover analizi) dayali deplasman
katsayilar1 yontemi tercih edilmistir. Analiz siireci
OpenSees programi aracilifiyla gergeklestirilmis, elde
edilen analiz verileri MATLAB ortamina aktarilmistir.
Yap1 davranisinin en gercekei sekilde belirlenmesini
saglayan yoOntem zaman tamim alaninda dogrusal
olmayan analiz olsa da bu g¢alismada daha pratik ve
miihendislik uygulamalarinda yaygin olarak kullanilan
Statik Itme Analizi tercih edilmisti. FEMA-440 [6]
kilavuzunda tamimlanan dogrusal olmayan Statik itme
Analizi yontemi, yapi kapasite egrisinin elde edilmesinde
kullanilmistir.

Malzemenin  dogrusal-elastik  olmayan  davranis
ozelliklerinin modellenmesi igin dogrusal olmayan
malzeme tanimi  esas almmustir.  Plastiklesme
bolgelerinin modellenmesinde, yogunlastirilmig
plastisite ve sonlu uzunluktaki mafsal bélgesi modelleri
yerine, fiber kesit modeli tercih edilmistir. Bu model,
plastik mafsal davranisimi daha gercekei bicimde
yansitmasinin  yani sira, bu ¢alismada kullanilan
karsilagtirmali ~ orneklerde  de  yaygin  olarak
kullanildigindan dolay: tercih edilmistir.

Yapmin performans degerlendirmesi, her kat hizasinda
hesaplanan goreli kat Stelenme oranlart ve plastiklesme
bolgeleri esas alinarak, belirli tehlike seviyeleri altinda
gergeklestirilmistir.

Performansa Dayali Sismik Tasarim (PBSD) kapsaminda
spektral ivme grafiginin elde edilmesi i¢in Oncelikle
diisey yilik kombinasyonlari altinda yapinin statik analizi
yapilmis ve birinci dogal titresim periyodu belirlenmistir.
Bu analizde kullanilan diisey yiikleme durumu, (QZ°)

seklinde tanimlanmis ve analiz siirecinin temel
girdilerinden biri olmustur:
Qb
sC _ Qpt+ QL
G~ 1.4Qp (1)
1.2Qp+ 1.6Qy,
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Burada, Qp ve Qp swrasiyla 6lii ve hareketli yiikii
gostermektedir.

Statik analiz sonucunda elde edilen birinci dogal titresim
periyoduna (T) bagl olarak her bir performans
seviyesinde tasarim spektrumu igin spektral ivme (S,) su
asagidaki gibi hesaplanir [7].

Sl
’ Sxs/Bs (0.4 +3T/T¢) if 0<T<0.2T¢
= Sys/Bs if 02T(<T<T¢(2)
Sx1/(B,T) if  T>T;
Sys = F,S¢ ve Sy; = FySi i=I0,LS,CP  (3a)
To = (Sx1Bs)/(SxsB1)  i=10, LS, CP (3b)

Burada, S& ve S} surasiyla i’ci performans seviyesi icin
kisa ve 1.0 sn’lik spektral ivme (S, ) katsayilaridir. F, , F,
sirastyla S& ve S} katsayilarina bagli olarak kisa ve 1.0 sn
periyot (yerel zeminlere gore belirlenen) katsayilaridir.
Deprem Tehlike seviyesi, zemin smifi, lokal
koordinatlara bagli olarak ABD Jeoloji Arastirmalari
Kurumu internet sitesinden almir. T{, tasarim
spektrumunun sabit hizlanma ve sabit hiz bolgelerinin
asagidaki gibi kesistigi periyottur: bu caligmada S¢ ve Sii
degerleri [1] den alinmistir.

Bu calismada kullanilan analiz yontemi statik itme
analizi; elastik sinirin 6tesindeki yapi1 kapasitesini tahmin
etmek i¢in kullanilan dogrusal olmayan analiz
yontemidir. Bu yontemde; sabit diisey yiikler ile beraber
yatay yiklerin yapiya adim adim artirilarak uygulanmasi
prensibine dayanmaktadir. Her adimda degisen rijitlik
degerleri hesaba katilarak kuvvet ve deplasman iliskisi
belirlenmektedir. Statik itme analizinde kullanilan
hesaplama  yontemlerine esas alinacak eleman
davranislart su sekildedir [2]; Kuvvet kontrollii davranis
ve deformasyon kontrollii davranigtir. Kuvvet kontrolli
davranista eleman dayanimlart izin verilen dayanim
degerlerinden kiigiik olmalidir. Deformasyon kontrollii
davranista ise eleman deformasyonlar1 izin verilen
deformasyon degerlerini asmamalidir. Bu calismada
celik siinek bir malzeme oldugundan dolay1 hesaplamalar
deformasyon kontrollii  davranis esas alinarak
yapilmigtir. Statik itme analizinde; hedef yer degistirme
degerinin 1.5 katina ulasilincaya kadar sabit diisey yiikler
altinda yanal yukler monoton olarak arttirilir. Her
performans seviyesi i¢in hedef deplasman; tasarim
depreminde olmas1 muhtemel en biiyiik deplasman olup
deplasman katsayilar1 yontemiyle asagidaki denklemle
hesaplanir: Yer degistirmeye dayali yontemde kapasite
egrisinin elde edilmesi ve yapt performansinin
degerlendirilmesi icin hesaplanan hedef deplasman
degeri (6;) su sekildedir [3].

8 = CoCiCyS, 5 g i = 10,LS, CP @
Burada, C,, yapinin tepe yer degistirmesini spektral yer
degistirme ile iliskilendiren katsayiyi, C;: Dogrusal
davranis ile dogrusal olmayan davranis arasinda
baglantiy1 saglayan katsaytyi, C,: Histeristik seklin yap1
iizerindeki davranisim gosteren katsayiyi, Si: i-ninci
performans seviyesi i¢in yapmin efektif birinci dogal
periyoduna (T,) karsilik gelen spektral ivme (S,)
degeridir.

Hedef deplasman hesabi i¢in gerekli olan efektif birinci
temel periyodu su sekilde hesaplanir:

Kj
T=T i ©

Burada, Ti: Yapinin elastik temel periyodu, Ki: Yapinin
gosterir.
Hedef deplasman degerinin hesabinda kullanilan
katsayilara iliskin detayli bilgiler FEMA-440 [3]’dan
alinmaktadir.
Statik itme egrisinin elde edilmesi i¢in kullanilan sabit
diisey yiikleme (QEBP) asagidaki sekildedir:

&8P = 1.1(Qp + QL) (6)
Bu denklemde azaltilmamis hareketli yiikiin %25°1 goz
Oniine alinmaktadir [2].

Dogrusal olmayan statik itme analizinde sismik

kuvvetlerin yatay dagilimi su denklemle ifade edilir [2].
th],§

Cox = (z?élwih}‘) ®

Bu denklemde: ns  binadaki kat = sayisim

gOstermektedir. Hg toplam yap1 yiiksekligini, H,, m’nci
katin temelden yiiksekligini, Gy yapinin toplam sismik
agirhgmi, G, m’nci her kat igin sismik agirligini, k
yapiin periyoduna bagl bir katsay1 (bu ¢aligmada k=2
olarak alimmigstir) ve Cyx yatay yiiklemelerin dagitim
katsayisim gostermektedir.

Yapilara etki eden yanal yiik modelleri 1. moda bagimli
olarak; Dikdortgen, Ters liggen ve Parabolik seklindedir.
Yik modelleri, bir tasarim depremindeki atalet
kuvvetlerinin dagilimini temsil etmek i¢in kullanilir.
Atalet kuvvetlerinin dagiliminin  depremin siddeti
(elastik olmayan sekil degistirmelerin biiytikliigl) ve
depremin siiresiyle degisecegi agiktir. Sabit yiik modeli
yapt davranigi, yapr yiksek mod etkilerinin tesirinde
kalmiyorsa ve lokal bir akma mekanizmasi meydana
geliyorsa kullanilabilir. Aksi taktirde uzun periyotlu
yapilarda (T>2.5 sn) sabit yik modeli statik itme
analizinde yanlig sonuglara sebep olmaktadir [4].

Statik itme analizinde deplasman kontrolli ve kuvvet
kontrollii analiz olmak {izere iki farkli ydntem
kullanilmaktadir. Deplasman kontrollii  yontemde,
yapinin en list kat agirlik merkezinin yanal deplasman
degeri, &, hedef deplasman degerinin 1.5 katina
ulasincaya kadar iteratif artan yanal yik (Cyy)
uygulanmaktadir. Kuvvet kontrollii yontemde ise yap1
belli bir yanal yiik degerine ulasincaya kadar yanal yiik
iteratif sekilde arttirilir. Iteratif sekilde arttirilan yanal
yiikklemenin her bir adiminin sonunda yapmin tepe
noktast deplasmani ile taban kesme kuvveti degerleri
kullanilarak statik itme egrisi (kapasite egrisi) ¢izilir.
Statik itme analizi sonucunda, kapasite egrisi, yanal yer
degistirme, goreli Otelenme (katlar arasi) orami ve
elemanlarda meydana gelen plastiklesme oranlari elde
edilir.

Her performans seviyesi icin hesaplanan hedef yer
degistirme degerlerinin kapasite egrisiyle kesistigi
noktalara performans noktalart adi verilir. Bu noktalarin
yer degistirme degerleri yonetmelikte verilen her bir
performans seviyesine ait yer degistirme sinir degerleri
ile karsilastirilarak yapimin deprem tehlike seviyelerine
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karsilik gelen performans seviyeleri belirlenmektedir. Bu
sekilde ongoriilen deprem etkisi altindaki performans
hedefinin gergeklesip gergeklesmedigi kontrol edilir. Her
performans seviyesi i¢in elde edilen hedef deplasman
degerlerinin kapasite egrisinde tepe deplasmanini kestigi
noktalara performans noktalar1 denir. Eger bu noktalar
izin verilen performans degerlerini agmiyorsa yapi
performansi giivenle saglanmaktadir.

Performans seviyeleri igin izin verilen katlar arasi
Otelenme orani yiizde olarak performans seviyelerine
bagli olarak; 10 performans seviyesi: d.9,<0.7, LS
performans seviyesi: 0.07<d%5<2.5, CP performans
seviyesi: 2.5<dSh <5 verilmistir.

Bu c¢aligmada kullanilan moment aktaran ¢elik
cercevelerin performansa dayali optimum sismik tasarim
algoritmas1 asagidaki adimlardan olugsmaktadir:

Adim 1. Yap1 geometrisi, malzeme modelinin ve zemin
sinifinin tanimlanmasi.

Adim 2. Eleman en Kkesitlerinin atanmasi.

Admm 3. (1) denklemi ile verilen yiikleme durumlari
(QFF) icin dogrusal statik analizin OpenSees [5] yap1
analiz programinca icra edilmesiyle, 1. temel periyodun
(T) elde edilmesi.

Adim 4. Deprem tehlike seviyesine karsi
performans seviyesinin atanmast.

Adim 5. Zemin sinifina ve lokal koordinatlara
bagli olarak deprem tehlike haritalarindan her
performans seviyesi icin Si ve S! degerlerinin tespit
edilmesi (i=10, LS, CP)

Adim 6. Sive S} degerlerine bagl olarak F, ve F,
degerlerinin belirlenmesi.

Adim 7. (2) denklemi ile kose periyodun (T{) ve spektral
ivmenin (S) hesaplanmasi.

Adim 8. Hedef deplasman degerinin hesaplanmasi igin
Co,C1,Cave Cs katsay1 degerlerinin FEMA 356’dan [6]
alinmasi.

Adim 9. (4) ve (3) denklemleri ile sirasiyla efektif temel
periyodun (T,) ve hedef deplasman degerlerinin (5})
hesaplanmasi.

Adim 10. Statik itme analizi icin (5) denklemiyle sabit
diisey yiiklemenin verilmesi ve parabolik degisen yatay
yukleme modelinin (C,,) (6) denklemiyle hesaplanmasi.
Adim 11. Sekil 2°de verilen malzeme bakimindan
Dogrusal olmama etkilerini i¢eren bi-dogrusal malzeme
modelinin tanimlanmasi, geometri bakimindan Dogrusal
olmama etkilerini iceren 1l. mertebe etkilerinin
tanimlanmasi.

Adim 12. Tepe kontrol noktasinin ulagabilecegi en biiytik
yanal deplasman degeri olarak gd¢me Oncesi performans
seviyesi icin hesaplanan hedef deplasmanmn (5¢F) 1,5
kat1 olarak tanimlanmasi.

Adim 13. Tepe kontrol noktasinin alabilecegi en biiylik
deplasman degerine ulasilincaya kadar monoton degisen
deplasman artim adim sayisinin (st) tanimlanarak (bu
calismada st=1000 alinmistir) OpenSees’de statik itme
analizinin icra edilmesi.

Adim 14. 12. adimda agiklanan her deplasman artiminda
yapilan statik itme analizi sonunda hesaplanan taban
kesme kuvvetleri ile statik itme egrisi elde edilir.

gelen

Adim 15. Kapasite egrisi ideallestirilerek her performans
seviyesine karst gelen hedef deplasman degeri yapi
kapasite egrisi tizerinde tespit edilerek performans
noktalar1 belirlenir.

Adim 16. Performans noktalarmin (7) denklemiyle
verilen sinir degerlerini sagliyorsa yapi performansi
hedeflenen performans seviyelerini sagliyorsa Adim
17°ya  git, hedeflenen performans seviyelerini
saglamiyorsa Adim 2’ye git.

Adim 17. (8) ve (9) denklemleriyle yapilan plastik
donme kontrollerinin saglaniyorsa performansa dayali
sismik tasarimi bitir, aksi halde Adim 2’ye git.

Optimum Tasarim Modelleme Siireci

Amag fonksiyonu su sekilde ifade edilir:

minW (I) = X32, peAi Xj% Ly ®)
I={l, L. lngl, Ly ={is iz s iprol.

Burada W(I) tim ¢ergeve agirhigi, ng ¢ergevenin eleman
grup sayisini, px K-ninci eleman grubunun 6zgiil agirligini
ve A, k-ninci en kesit alani, nm k-ninc1 gruptaki eleman
sayisi, Lj j-inci eleman uzunlugu, [ = {11,12, e Ing}
optimum tasarimda elde edilen bir tasarim ve [}, k-ninci
eleman grubuna ait en kesit alanini gosterir. Her bir
eleman grubu hazir ¢elik profil listelerinden alinan
AISC-W tipi bir profili temsil etmektedir.

Ceza amac fonksiyonu, ¢ (1) ile ifade edilmektedir.

() =wDH(A + g (DY) i=10,LS,CP  (9)
Burada w ceza katsay1 olup bu ¢aligmada 2 alinmistir
[20]. g (1) ise i’ninci performans seviyesine ait simirlayici

ihlal ifadesi olup asagidaki oldugu gibi ifade
edilmektedir. _

gD =Ei51gDgj+9Dg, =10, LS, CP
j=1,2,...,nm I=1,2,...,ns (10)

Burada, ns cergevedeki kat sayisini gosterir [29]. g(I)
veg(l )fi, ; dayanim ve goreli 6telenme (katlar arasi) orani

sinirlayicilart i¢in ihlal degerleri olup asagidaki gibi
hesaplanir:

0 eger g(g; <0
N : : 1la
g(Do; {g([)mj eger g(Dg; >0 (11a)
. 0 eger Day <0
S = { | : 8( )id,l (11b)
g(MDay eger gg; >0

Dayanim simirlayicilar: denklemleri su sekildedir.

Py . Py My Muyy
—— < 0.2 ise -Iz[ +( + )]—
@cPn gc,]( ) 2@cPn @®pMn1  @pMny

1<0 j=12,....,nm (123a)
Py . _ Py 8 My
0Py > 0.2 ise go‘,j(l) = [m + ;(m
&)] —1<0j=12,....nm (12b)
©pMny

Burada, M,, ve M,,, sirastyla X ve y eksenindeki egilme
momentini, M, ve My, x vey ekseninde hesap edilen
egilme dayanimini, P, eksenel basing yikiini, P,
hesaplanan basing dayanimini gosterir. ¢, eksenel
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basinca maruz elemanlar i¢in dayanim katsayisi olup
0.85 alinir ve ¢, egilmeye maruz elemanlar i¢in dayanim
katsayis1 olup 0.90 alinir.

Katlar aras1 goreli 6telenme (katlar arasi) orani sinirlayici
fonksiyonu;

. a
9Dy =-=1<0

i=I0,LS,CP;1=1,2,...,ns (13)
Burada, d} i-inci performans seviyesinde I-ninci kattaki
10, LS ve CP seviyesinde, d’;, i-inci performans seviyesi
i¢in izin verilen maksimum katlar arasi 6telenme orani
olup tim performans seviyeleri i¢in sirasiyla %0.7 %2.5,
ve %5.0 olarak verilmistir [7].

JA Kullanilarak Celik Cercevelerin Performansa-
Dayah Optimum Sismik Tasarim

Jaya algoritmasi (JA) Rao tarafindan icat edildi. JA
algoritmasinin uygulanist ¢ok pratik ve basittir. Bu
Algoritma bir ¢ok smirlayict siz ve smirlayicili
optimizasyon problemlerinde kullanildi [8]. Ilk icat
edildikten sonra hemen uygulamanin basit olmas1 nedeni
ile birgok ¢aligmada kullanildi [9, 10].

JA kelime olarak Zafer anlamina gelmektedir. Bu
Algoritma arama islemi siiresince en kot ¢oziimden
uzaklagsarak en iyl ¢Oziime yaklasma prensibine
dayanmaktadir. JA algoritmasinin diger bir dzelligi ise
algoritmaya 6zel parametreler kullanmaz. Her
algoritmada oldugu gibi popiilasyon sayist (ps) ve
maksimum iterasyon sayist (itmax) kullanmaktadir.

Iggsg = Ipin + rand(ng) * (Inax — Imin) (14)
JA algoritmasinin diger 6nemli bir 6zelligi de tasarim
degiskenlerini modifiye edecek tek bir denklemi vardir.
Bu 0zelligi sayesinde uygulanmasi basittir. K-ninci
cergeve degiskeni igin [ ,@ i-inci gergeve asagidaki sekilde
degistirilir.

LM = 1 (15 = 1E]) = ro (187008 — [1]) (15)
Burada, 1,”“™ yeni gergeve degiskeni, 7y Ve 1, [6] k-
ninct gerceve degiskeni igin rastgele iretilen rastgele
sayilar, I} " ve Ig" Kot pir iterasyonda Uretilen en iyi
ve en Kotl k-ninct degiskenini ifade etmektedir. Bu
denklemde, 7y, (I;" ™" —|1L]) ifadesi en iyi cerceveye
yakinlasma egilimini gosterirken, 5, (I 0% — |IL])
ifadesi ise en koti cergeveden 1raksama egilimini
gostermektedir. 1y, ve 1y, rastgele sayilar gergeve
uzayinda daha etkili arama olayini saglamaktadir. [I,QJ
mutlak deger, arama yetenegini gelistirme yetenegi
saglar [8]. Tium cerceve degiskenleri degistirildikten
sonra yeni cerceve degiskenleri eski cerceve degiskenleri
ile karsilastirilir. Eger yeni c¢erceve degiskeninin
cezalandirilmig amag¢ fonksiyon degeri Once cergeve
degiskeninin cezalandirilmig amag fonksiyon degerinden
kiigiik ise yeni ¢erceve degiskeninin yerini alir. JA ile
tim ¢ergeve degiskenleri degistirildikten sonra bir adet
iterasyon igin dongli tamamlanmis  olmaktadir.
Maksimum dongii sayisi asildiginda arama islemi
sonlandirlir. Ozet olarak, JA asagidaki Adimlardan

olusur: (i) Algoritmay baglatmak, (ii) mevcut ¢erceveleri
degistirmek ve yeni ¢erceveleri elde etmek (iii) mevcut
cergeveleri yenileriyle degistirmek (iv) arama islemini
sonlandirir.

JA kullanilarak moment direngli ¢elik c¢ercevelerin
performansa  dayali  optimum  sismik  tasarim
formiilasyonu asagida adim adim agiklanmustir.

Adim 1: Ja algoritmanin baslatilmasi

Sensivite analizi yapilarak popiilasyon sayisi (ps),
maksimum doéngii sayist (itmax) belirlenir. Cergevenin
grup sayist (ng) [29] da verilmistir. Ayrik degiskenli
celik gerceve listesinden rastgele olarak ps satir ve ng
siitundan olusan bir matris ile kesitler segilir. JA i¢in
secilen kesitler matris formunda agagida verilmistir;

[ 1 I; Iig
I N 3
Pop= (16)
Ips—l Ips—l Ips—l
1 2 ng
I ol R (ol

Bu matristeki her satir rasgele olusturulmus bir celik
tasarmim belirtir, I}, i-inci celik gercevenin k-ninci
gruptaki elemanidir. I'-inci celik cergeve vektoriidiir.
(IY) , cercevenin hesaplanan amag ceza fonksiyonudur.
Bu  degerler denklem  (1)-(15)  kullanilarak
hesaplanmaktadir.  itmax, oOptimizasyon isleminde
kullanilan maksimum dongii sayisidir. Bu dongii sayisi
it=0 olarak ayarlanir. Her adimda artirilarak maksimum
dongii sayisina kadar artirilir.

Adim 2: Dongii sayisini arttir, it=it+1.

Adim 3: En iyi ve en k&t cercevenin belirlenmesi
Popiilasyondaki en iyi @(I™"™) ve en Kkétii ¢(I™%¥)
gerceveler belirlenir. Baslangic cerceve sayaci id=0,
(id=1,2, ..., np).

Adim 4: Cergeve sayisini arttir, id=id+1

Adim 5: Yeni cercgevelerin olusturulmasi

Dordiincii  ¢ergevenin  tim ¢ergeve degiskenlerini
Denklem (20) tarafindan id-inci ¢erceveyi degistirerek
yeni cergeveyi olusturun. Eger W (I»7e™) < W (I%) veya
onceki gerceve uygunsa Denklem (1)-(15) yardim ile
yeni ¢er¢eveyi cezalandirilmis amag¢ fonksiyonunu
@(I"¥e™) hesapla, aksi taktirde Adim 4’e git. Eger
eIPYent) < (1Y), id-inci cergeve degiskeninin yerine
yeni cerceveyi yaz, aksi taktirde id-inci cerceveyi
degistirme.

Adim 6:Eger id>np, Adim 7’ye git, aksi taktirde Adim
4’e git.

Adim 7: JA nin sonlandirilmasi

Eger it>itnax, cergeve optimum cergeve olarak kisitlama
ihlali olmadan minimum amag¢ fonksiyon degeri ile
ataymm ve optimizasyon islemini sonlandirin, aksi
takdirde Adim 2'ye gidin.

TLBO Kullanilarak Celik Cercevelerin Performansa-
Dayah Optimum Sismik tasarimi

Optimizasyon; sinirlayicilar altinda en iyi sonucu
bulmaya yonelik yapilan g¢alismadir. Son gelistirilen

154



sezgisel optimizasyon yontemlerinden biriside Ogretme-
O0grenme esasli optimizasyon yontemi (TLBO)
algoritmasidir[11].  TLBO’nun, smrlayicili  ve
sinirlayicisiz optimizasyon problemlerinde etkin oldugu
belirlenmistir. TLBO farkli miihendislik ¢ergevelerinin
optimizasyonuna uygulanmistir [12-14].
TLBO  o6gretmen-ogrenci  etkilesimlerinden  ilham
almarak karmasik problemlerin  optimizasyonunu
gerceklestirmek igin  gelistirilen bir optimizasyon
yontemidir.
Herhangi bir sinif, 6gretmen ve o6grencilerden olusan
topluluk olarak diisiiniilebilir. Bir siniftaki ortalama
basart durumunun &gretmenin bilgi ve tecriibesiyle
baglantili oldugu soylenebilir. Bununla birlikte
ogretmen ne kadar bilgili ve tecriibeli olursa olsun
siniftaki dgrencilerin de 6gretmen tarafindan kendilerine
aktarilan bilgileri 6ziimseyebilecek kapasitede olmalari
gereklidir. Sonuc¢ olarak, Ogretmenin kalitesi ve
Ogrencilerin kapasitesi arasinda siirekli bir etkilesim
bulunmaktadir.
Ogretmen bilgisini 6grencileriyle paylasarak dersi en iyi
sekilde Ogretmeye c¢alismaktadir. Dolayisiyla simifin
basart1 durumu direk olarak &gretmenin bilgi ve
becerisine baglidir. Her &gretmen smifinin basarisini
arttirmay1 amaglamakla birlikte bu durum o6gretmen
tarafindan Ogrencilere aktarilan bilginin kalitesinin
yaninda siniftaki 6grencilerin kalitesine de baglidir [13].
Bu durumda Ogretmen kalitesi ve Ogrenci basarisi
arasinda siirekli bir etkilesim oldugunu gdstermektedir ve
bu sekilde 6gretmenin (ayn1 zamanda sinifin) basarisinin
stirekli olarak arttirilmasi saglanir.
TLBO’nun ayirt edici oOzelligi, diger sezgisel
optimizasyon yéntemleri kendilerine 6zgll parametreler
kullanirken, TLBO bu tip parametrelere ihtiyac
duymadan sadece popiilasyon sayist (ps) ve maksimum
iterasyon sayist (itmax) gibi genel kontrol parametrelerini
kullanmasidir.
Adim 1:_ TLBO algoritmasinin baslangici
Popiilasyon sayisi (ps), maksimum iterasyon sayisi (itmax)
ve gruplara bdliinen ¢ergevenin grup sayist (ng)
belirlenir. Ayrik degiskenli celik ¢erceve listesinden rast
gele olarak ps satir ve ng siitundan olusan bir matris ile
kesitler secilir. TLBO icin secilen kesitler matris
formunda denklem 16 da verilmistir.
Adim 2: Dongii sayisimi arttir, it=it+1.
Adim 3: Ogretme asamasi
Cezalandirilmig  ¢elik ¢ercevenin en kiicik amag
fonksiyonu ¢ (I™"), degerini elde etmek icin kullanilan
kesitleri ogretmen olarak ata [O8retmen — pmin
Ogretmen, smf ortalamasim ileriye  gétiirmeyi
hedeflemektedir, bu amagla, TLBO'da I gergeve yeniden
dretilir ve yeni gergeve, 1%7™ su sekilde elde edilir:
Ii,yeni — Ii + rand(légretmen _ Tflortalama)
Burada rand 0 ve 1 araliginda random sayilari, Ty
Ogretme faktorli olup 0 veya 1 olarak rastgele segilir.
jortalama cerceve popiilasyonundaki aym grup olarak
isimlendirilen kesitlerin ortalama degeridir. Hesaplamasi
asagida verilmistir:

jortalama _

Burada m(pop(.)) i'den np’ye kadar cerceve
degiskenlerinin ortalamasi, @(I*°™) denklem (1) —
(15) kullanilarak  hesaplanan yeni  ¢ergevenin
cezalandirilmis amag fonksiyonudur. eger @(I%Ve™) <
@(IY) ise yeni gcercevenin cezalandirilmis amag
fonksiyonu ¢ (I1%v¢™) popiilasyona dahil edilerek 6nceki
atilir. Aym zamanda I' = "™ olacak sekilde yeni
kesitler eski kesitlerin yerini alir.

Adim 4: Ogrenme asamasi

Ogrenme asamasinda dongii sayaci Ip=0 olarak ayarlanir.
Adim 5: Ip=Ip+1.

Admm 6: i-inci ve j-inci gergeve arasindaki 6grenme
siireci agagidaki denklemlerde verilmistir.

[l:.yem: = [’: +rand(1i.— 11) if (P(Ii,) < (p(lj:)
"e" = '+ rand(I’ — 1Y) if (I7) < (1Y)

Burada, I' ve I/, sirasiyla popiilasyonda rasgele secilen
celik cergevelerdir. @(I*¥°™) degerini hesaplayip;
e(IWven)), p(I1Y)'den kiigiikse, yeni cerceve oncekiyle
degistirilir.

Adim 7: Eger Ip > ps-1, ise Adim 8’e git, degil ise Adim
5’e git.

Adim 8: Eger it > ityax, ise Adim 9’a git, degil ise Adim
2’ye git.

Adim 9: TLBO’yu sonlandirma kriteri

Arama iglemini sonlandirmm ve minimum agirlik
cergevenin kisitlama ihlali olmadan, @ (I°P%) = @ (I™™)
olarak optimum gergeveye atayin.

MC-TLBO  Kullanmilarak  Celik  Cergevelerin
Performansa-Dayah Optimum Sismik Tasarimi

Frekans kisitlamalariyla kafes gergevelerinin
optimizasyonu i¢in ¢ok sinifli 6gretme-6grenme tabanli
bir yontem ilk kez Farshchin ve arkadaslari tarafindan
onerilmistir. Bu oOnerilen ¢ok smifli yaklagim,
optimizasyon siirecinin baginda kesif yetenegini artirarak
daha verimli bir arama yapilmasini saglar. MC-TLBO,
egitim siireci konseptini tek bir sinif yerine birden fazla
paralel smif igeren bir okula benzetirr MC-TLBO
algoritmas1, iki asamali bir prosediirle calisir: Ik
asamada, paralel siniflar arama alanini kesfeder; ikinci
asamada ise, ilk asamanin en iyi ¢dziimleri, degistirilmis
bir TLBO algoritmas: igin baslangi¢c popiilasyonu
olugturacak bir siiper sinif iginde birlestirilir [15].

Bu caligmada onerilen MC-TLBO, standart TLBO'nun
iki 6nemli yoniiyle farklilik gosterir. Ilk fark, MC-
TLBO'da 0Ogrenme asamasindaki c¢ergceve sayisiyla
ilgilidir. Standart TLBO algoritmasinda her yinelemede
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popiilasyon iki kez degistirilir. ilk degisiklik, 6gretmenin
(yani en iyi cercevenin) OZretim agamasinda
giincellenmesiyle yapilir. Ikinci degisiklik ise, rastgele
secilen iki cercevenin birlestirilmesiyle Ogrenme
asamasinda gerceklesir. Ancak, bu smurli degisim
yaklasgiminin  optimizasyon siirecinde yakinsamayi
yavaslattigi gézlemlenmistir. Bu sorunu ¢6ézmek ve
arama siirecini hizlandirmak amaciyla, MC-TLBO
algoritmasinda, Ggretim asamasinda sadece Ogretmen
gergevesi degistirilir, diger tiim ¢erceveler ise 0grenme
asamasinda giincellenir.

Ikinci fark ise, baglangic popiilasyonunun olusturulma
bi¢imidir. Standart TLBO'da, baslangi¢c popiilasyonu
dogrudan algoritmanin popiilasyon biiyiikligii kadar
cerceve ile belirlenirken, MC-TLBO’da baglangig
cerceveleri daha farkli bir sekilde olusturulur. MC-
TLBO, baslangi¢ popiilasyonunun biiyiikliigliniin on kat1
kadar farkli ¢ergeve iiretir ve bu ¢erceveler arasindan en
uygun olanlart segerek ilk popiilasyonu olusturur. Bu
sayede, arama siireci standart TLBO'ya gore daha iyi bir
baslangig ile baslatilabilir.

MC-TLBO kullanilarak ¢elik gergevelerin performansa
dayali optimum sismik tasarimi asagidaki adimlara
sahiptir:

Adim 1: MC-TLBO algoritmasini baglatin:

Nifus boyutunu (ps), maksimum yineleme sayisini, itmax
ayarlaym. Celik gergevelerin niifus boyutunun on kati
(30xps) olarak rastgele olusturun. Digerlerinden daha az
cezalandirilmig amag¢ fonksiyonuna sahip cerceveleri
secin.

Adim 2: Standart TLBO algoritmasindaki 1 ve 8 adimlari
arsindaki siiregler takip edilerek 9. adima gegilmektedir.
Adim 9: MC-TLBO'yu sonlandirma kriteri: Arama
islemini sonlandirin ve minimum agirlik ¢ergevesini
kisitlama ihlali olmadan, @(I°PY) = @(I™"™) olarak
optimum ¢ergeveye atayin.

TARTISMA

Sayisal Ornekler

Bu calismada MC-TLBO algoritmasmin etkinligini
gormek icin iki 6rnek moment aktaran duzlemsel celik
cergeve secilmigtir. Bu ¢ergeveler aynit zamanda TLBO
ve JA algoritmalar1 kullanilarak bir ¢calisma yapilmis bu
calismanin sonuglart MC-TLBO ile kiyaslanmistir.
Yapinin Dogrusal olmayan davranigini temsil etmek i¢in
yayilt akmanin malzeme boyunca meydana geldigi
varsayilmistir.

Bu ¢alismada kullanilan moment aktaran ¢elik ¢ergeveler
daha Once statik itme analizini ger¢eklestirmek igin [16,
17] tarafindan galigilmigtir. Algoritma yontemlerinin
etkinligini gostermek i¢in ACO [17], GA [17] ve CSS
[18] tarafindan optimum sismik ¢erceve tasarimlari
yapilmustir. Statik Itme analizleri OpenSees platformu
[5] tarafindan yapilirken, ana program Matlab’da
kodlanmistir. Performansa dayali optimum sismik
cergeve tasarimlart Matlab ve OpenSees programlarinin
etkilesimli calismastyla icra edilmistir.

Onerilen ii¢ algoritma, her cerceve &rnegi icin farkli
baslangic  popiilasyonlar1  kullanilarak  otuz kez
galistirilmigtir. Bu cergeveler arasinda optimum agirlik,
optimum agirlig1 elde etmek icin gereken yapisal analiz
say1si tablolarda sunulmustur.

Optimum c¢ergeve plastik mafsal dagilimi, her iic
performans seviyeleri icin gosterilmektedir. Kiris ve
kolon elemanlar1 igin akma donmeleri asagidaki
denklemlerle FEMA-356'ya [4] gére hesaplanir:

Kolonlar igin 6,, = Z:Z’;l” (17a)
b
Kirisler igin ), = Z;;yIIC (1 - PL) (17b)
c ye

Burada, Fye beklenen akma dayanimi, Z plastik kesit
modlu, Iy ve I; kiris ve kolon uzunluklari, Ip ve I kiris
ve kolon atalet momentleri, E: elastisite moduld, P: hedef
deplasmanda eleman eksenel kuvveti, Py.: beklenen
eksenel kuvvet (Z=Ag*Fye )

Kiris ve kolon elemanlart igin hesaplanan plastik
donmelerinin (0) her performans seviyesinde asagida
verilen sinir degerleri agmamast gerekir FEMA 273,
1997 /Tablo 5-6’da verilmistir [19] .10 performans
seviyesi: 0.80y < 6<0y, LS performans seviyesi: Oy<
0<60y ve CP performans seviyesi: 60y< 0<80y.

Bu calismada kullanilan malzeme 6zellikleri: peklesme
modiilii katsayisi elastik modiiliin %3'line esit, gerilme-
kuvvet yer degistirme egrisi bi-dogrusaldir. Eleman
gruplarina atanan kesitler Amerikan Celik Konstriiksiyon
Enstitisi'ndeki (AISC) [20] mevcut 267 genis basliklt
kiris (W kesitleri) listesinden segilmistir.

3 Kath 4 Acikliklh Moment Cercevesi

Ug algoritma kullanilarak optimum sismik gergeve igin 3
kath 4 agiklikli moment cercevesi 5 gruptan
olusmaktadir. 27  elemanli  yapinin  eleman
gruplandirilmas1  Sekil 1'de gosterilmistir. Elastisite
modiilii E = 29.000 ksi (200 GPa) olarak alinmistir. 2,2
kip/ft (32 kN/m) sabit yercekimi yiiku birinci ve ikinci
katlara, 1,97 kip/ft (28,7 kN/m) yergekimi yiikii ise ¢ati
kirislerine uygulanmistir. Sismik agirliklar birinci ve
ikinci katlarin her biri i¢in 1054 kips (4688 kN) ve ¢ati
kat1 igin 1140 kips (5071 kN) olarak hesaplanmistir.

Bu caligmada sunulan algoritmalar sadece iki parametre
kullanmaktadir. Bu parametreler popiilasyon sayisi (ps)
ve maksimum iterasyon sayisi (itmax) dir. TLBO
algoritmasi i¢in kullanilan en uygun popiilasyon sayisi
degeri (ps=30) , kisitlama ihlali yiizdesi (CV) ve standart
sapma (SD) ve yapisal analizlerin sayis1 Tablo 1'de
gosterilmigtir. Her ne kadar TLBO ps = 10 degeri i¢gin en
hizli yakinsama oranina sahip olsa da, optimum sonuglar
acisindan ps'nin en uygun degeri 30 olarak elde edilmistir
[21].

Sonug olarak JA ve TLBO algoritmalar1 ile gbz oniine
alindiklarinda diger algoritmalara kiyasla genellikle cok
daha etkili calistign goriilmektedir. ACO, 3900, GA,
6800, CSS ve TLBO 4500 analiz sonucunda
sonlandirmis iken JA ve MC-TLBO 3600 analiz
sonucunda basartya ulagsmustir.

156



Tablo 1. 3 katli 4 agiklikli moment ¢ergevesi i¢in optimum ¢ergeve sonuglar

Eleman grubu CD ACO GA CSS JAYA TLBO MC-TLBO
1-C1 W14X257 W33X118 WI12X45  W24X62 W24X76  W24X68  W24X76
2-C2 W14X311 W40X183 W40X235 W21X48 W40X149 W40X199 \W40X149
3-B1 W33X118 W24X131 W18X86  W21X48 W40X167 W40X149 W40X167
4-B2 W30X116 W8X28 W14X90  W21X44 W44X230 W44X230 W44X230
5-B3 W24X68 W30X116 W36X135 W21X44 W24X84 W27X84 W24X84
En iyi agirlik (KN) 412,90 283,40 303,90 250,60 376,50 375,48 361,62
Ortalama agirhk (KN) - 294,30 321,50 - 393,94 387,04 400,04
En kot agirlik (KN) - 303,20 339,70 - 414,54 405,63 441,83
Standart sapma (KN) - 7,57 14,33 - 17,95 11,43 36,38
Ortalama analiz sayis1 - 3.900 6.800 4.500 4.500 3.600 3.600
2}2‘)‘“”1“ ihlal “orant y55 68 14499 151,00 106,67 4500 3600  3.600
: < < < cerceveler elde edilmektedir. Eger hedef performans
l , | ) ] seviyesi LS veya CP secilirse ¢cok daha hafif cerceveler
1 s0z konusu olabilmektedir. Bu nedenle AISC’de
g 1 3 3 3 belirlenen yapilarim kullanim amacina gore cerceve
2| ) 3 3 1 hayati 6nem tagimaktadir.
g CD ’de sinirlayici ihlal orani (%) 105.68, ACO, 144.99,
’ 3 ’ 3 GA’da 151.00 ve CSS ‘de ise 106,67 olarak
1 2 : 3 1 belirlenmistir. Bu dort 6nceki ¢aligmada IO seviyesinde
e Pl ] P m=m» deplasman smirlayicilarint  astigr  goriilmiistir. Bu
@i lim nedenle bu algoritmalarin sonuglar1 denklem 13’e gore
ceza kat say1s1 uygulanmistir. Sinirlayicr ihlal oranlari JA
Sekil 1. 3 katl1 4 agiklikli moment cergevesi ve TLBO ile karsilagtirllan MC-TLBO algoritmalarinda
0.00°dur.
Diger bir smirlayict deger ise plastik donme
3 i Q & D sinirlayicilaridir.  Plastik  donme degerleri  (Plastik
‘ E\\\ mafsallagsma) ise SE deprem diizeyinde 10 seviyesinde
l ‘\‘ veeiree CD herhangi bir plastiklesme meydana gelmemistir. DE
- S Y deprem dlzeyinde LS performans seviyesinde ve ME
: - W deprem diizeyinde CP performans seviyesinde kaldigi ve
2 - j €0 _BA = - ACO prem duzey P y gt v
. G herhangi bir mekanizma durumunun olugmadigi
g : w?,’ goriilmektedir. Mekanizma durumu OpenSees programi
£ ot - A--GA
3 / P tarafindan kontrol edilmekte olup mekanizma durumuna
R ’,’ o— CSS gecen cerceveleri basarisiz Statik Itme analizi olarak
1 » .;zx tanimlamakta ve en yiiksek ceza kat sayisi ile ¢arparak
g —t - TLBO uzaklastirmaktadir.
/e
40
S X ~JA
0 | 3 |
,00 ,700 1,400

Sekil 2. 3 kathh 4 agikliklh moment c¢er¢evesi 10
performans seviyesinde goreli 6telenme (katlar arasi)
orant

Sekil 2-3-4’te goriildiigii gibi IO performans seviyesinde
katlar aras1 6telenme orami sinir degere yaklasmis iken
LS ve CP performans seviyesinde sinir degerin oldukga
gerisinde kalmaktadir. Bu sonug gosteriyor ki hedef
performans seviyesi 10 segildiginde ¢ok daha agir
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Sekil 3. 3 kathh 4 agiklikli moment cergevesi LS
performans seviyesinde goreli 6telenme (katlar arasi)
orant
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Sekil 4. 3 kathh 4 agiklikli moment c¢ercevesi CP
performans seviyesinde goreli Gtelenme (katlar arasi)
orant

Sekil. 8°de ¢alisilan TLBO, JA ve MC-TLBO ve literatir
calismasinda sunulan diger algoritma g¢erceve agirlik
degerleri i¢in yakinsama egrileri gosterilmistir. Bu
yakinsama egrilerine bakildiginda hemen hemen aym
baslangic degerlerine sahip olan algoritmalar ilk adimdan
itibaren MC-TLBO degeri hizlica diismekte daha sonra
ise diger algoritmalar gibi asama asama asag1 inmektedir.

Bu c¢aligmanin ama amaglarindan biri olan baslangicta
hizli diisiis ve sonrasinda standart algoritma olan TLBO
ya yakin ve paralel bir egimde seyredilmesi
beklenmektedir. Bu ¢alismanin grafigi MC-TLBO’nun
en az diger algoritmalar kadar etkili ¢alistigim
gOstermistir.

Her ne kadar TLBO ps i¢in 10 degeri i¢in en hizl
yakinsama oranina sahip olsa da, ps'nin en uygun degeri
30 olarak elde edilmistir[30]. Eleman sayisi ve grup
sayis1 arasindaki iligkiden yola ¢ikilarak kesit segme
islemi MATLAB tarafindan algoritma vasitasiyla
yapildigindan ¢ok uzun siire¢ almamaktadir. Yapinin
eleman say1st ve kat sayisi biiyiidiik¢e programin analiz
stiresi artmaktadir. Bu nedenle gruplamanin iyi segilmesi
analizde basarisizlik oranini azaltmaktadir. Diger bir
yarar1 yapmin kolon-kolon ve kolon-kiris geometrik
sinirlayicilart sayisini azaltmakta oldugu i¢in uygun
kesitler ile yapilmasi dogru bir karar olacaktir.

3 kl s H

Sekil 5. 3 kathh 4 agiklikli moment cergevesi 10
performans seviyesinde plastiklesen kolon ve kirisler

s 3 1I 3

1 H

& Q jol Q ol

-

Sekil 6. 3 kathh 4 agiklikli moment ¢ergevesi LS
performans seviyesinde plastiklesen kolon ve kirisler

5 3 5 §

I 4 2 H (

& 8 ol 9 yol

Sekil 7. 3 kathh 4 aciklikli moment ¢er¢evesi CP
performans seviyesinde plastiklesen kolon ve kirisler
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Sekil 5’te verilen 3 katli 4 agiklikli moment ¢ergevesinin
10, LS ve CP performans seviyelerindeki Plastik donme
(Plastik mafsallasma) bigimleri verilmistir. Bu sekillere
bakildiginda baz1 kritik noktalarda bulunan elamanlarin
bolgelerinin  Sekil 5’te SE deprem diizeyinde 10
performans seviyesinde kaldigini goérmekteyiz. Sekil
6’da DE deprem dizeyinde LS performans seviyesinde
ve Sekil 7’de ME deprem duzeyinde LS performans
seviyesinde kaldigi ve herhangi bir mekanizma
durumunun olusmadigi goriilmektedir.

Sekil 8’de Yakinsama egrilerine bakildiginda dikkate
deger diger bir durum ise MC-TLBO diger algoritmalara
kiyasla ~daha  hizli  sonuglara erisilebildigini
gostermektedir. Ancak ACO 7.57 KN, GA 14.33, TLBO
17.95, JA 11.43 ve MC-TLBO 36.38 standart sapma
gostermistir. Bu durum bir algoritmanin farkli baslangig
popiilasyonu icin c¢ok degisik cerceve sonuglari
iiretebilecegini  gOstermistir.  Bir  bagka  degisle,
algoritmanin kaderinin baslangi¢ popiilasyonuna bagh
oldugunu gostermektedir. Bu nedenle ¢alisma uzayinin
genisligi ve nihai gergeveye yakin kesit atamasi yapan
miihendisin deneyimi ortaya bir daha konulmus olur.

300
ceesess CD
00 — ACO
— =GA
= b0 ——CSS
¥ ——TLBO
8o
T 500 A
3 —— MC-TLBO
2
<
> 400
300
DOO
-1.000  1.000 3.000 5.000 7.000
iterasyon sayisli

Sekil 8. 3 katli 4 aciklikli moment ¢ergevesi yakinsama
egrileri

9 Kath 5 Aciklikh Moment Cercevesi

5 acgiklikli-9 katli ¢elik gerceve celik gergeve, Sekil 9'da
gosterildigi gibi ele alinmistir. Boyutlar, uygulanan
yiikkleme sistemi ve eleman gruplari da bu sekilde
verilmistir. Elastisite modiili 200 GPa (29.000 ksi)
olarak alinmistir.

Hear A Mam

" &ilam

Sekil 9. 9 kathi 5 agiklikli moment g¢ergevesine ait 10
performans seviyesinde katlar arasi goreli 6telenme orant

Yapinin elemanlar1 Sekil 9'da gosterildigi gibi 13 gruba
ayrilmistir. Birden sekizinci kata kadar olan kiriglere 32
kN/m (2,2 kip/ft) sabit yer¢ekimi yiikii uygulanirken,
28,7 kN/m (1,97 kip/ft) yercekimi yiikii ise cati
kiriglerine uygulanmistir. Sismik agirliklar, birinci kat
icin 1111 kips (4942 kN), ikinci ila sekizinci katlarin her
biri i¢in 1092 kips (4857 kN) ve cat1 kat1 i¢in 1176 kips
(5231 kN) olarak hesaplanmistir.

Bu ¢alismada sunulan algoritmalar yine sadece iki
parametre kullanmaktadir. Bu parametreler popiilasyon
sayist (ps) ve maksimum iterasyon sayisi (itmax) dir.
TLBO algoritmasi i¢in kullanilan en uygun popiilasyon
sayisi degeri (ps=30) CV ve SD, Tablo 2'de sirasiyla
yapisal analizlerin sayisi, kisitlama ihlali yiizdesi ve
standart sapma anlamina gelmektedir.

Tablo 2’de analiz sayilar1t ACO [33] i¢in 7.000, GA [33]
icin 11500, CSS[9] icin 10.000, JA ve TLBO ile
karsilagtirtlan MC-TLBO algoritmast analiz sayis1 igin
7.000 secilmistir. MC-TLBO 6nceki 6rnekte oldugu gibi
analiz sayis1 bakimindan digerlerine oranla daha hizli
sonuca erisilmektedir. Agirlik bakimindan CSS’den
daha agirdir. Diger algoritmalar ACO, GA, CSS, JA ve
TLBO algoritmalarina gore daha hafiftir. Literatiirde
verilen CD hari¢ ACO, GA ve CSS bu ii¢ algoritmanin
sinir degerleri asarak bu agirliga ulastiklarini géz dniinde
bulundurmakta yarar vardir.

Sonug olarak JA ve TLBO algoritmalar1 ile gbz oniine
alindiklarinda diger algoritmalara kiyasla genellikle cok
daha etkili ¢alistig1 goriilmektedir.
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Sekil 10. 9 katli 5 agiklikli moment cergevesine ait 10
performans seviyesinde katlar arasi goreli 6telenme orani

Sekil 10. 9 kathi 5 agiklikli moment ¢ergevesinin 1O,
Sekil 11. 9 katli 5 agiklikli moment ¢ergevesinin LS ve
Sekil 12. 9 kathi 5 agiklikli moment ¢ergevesinin CO
performans seviyelerindeki katlar arasi 6telenme oranlari
verilmistir. 10 performans seviyesinde ACO, GA ve CSS
kullanarak elde edilen yatay yer degistirmeler verilen
%0,7°1ik degeri astig1 goriilmektedir. LS performans
seviyesinde GA ve CSS kullanilarak elde edilen yatay yer
degistirmeler  verilen = %2,5’lik  degeri  astugi
gorilmektedir. CP performans seviyesinde ise herhangi
bir sinir deger kosulu asilmamistir. %2,5°lik sinir deger
kosulu saglanmistir.

Sekil 13°te verilen 9 kathh 5 aciklikli moment
cercevesinin 10, Sekil 14’te verilen 9 katli 5 agiklikli
moment gercevesinin LS, Sekil 15’te verilen 9 katli 5
aciklikli  moment  gergevesinin  CP  performans
seviyelerindeki Plastik donme (Plastik mafsallasma)
formlaridir. Bazi kritik noktalarda bulunan elamanlarin
Sekil 13’te SE deprem diizeyinde 10 performans
seviyesini gecerek LS performans seviyeye ulastiklarini

ancak Mekanizma durumunun olugsmadigini
gormekteyiz. Sekil 14’te DE deprem diizeyinde LS
performans seviyesinde ve Sekil 15’te ME deprem
diizeyinde CP performans seviyesinde kaldigi ve
herhangi bir mekanizma durumunun olusmadig
gorilmektedir.
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Sekil 11. 9 katli 5 agiklikli moment gergevesine ait LS
performans seviyesinde katlar aras1 goreli 6telenme oran
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Sekil 12. 9 katli 5 agiklikli moment ¢ergevesine ait CP
performans seviyesinde katlar aras1 goreli 6telenme ora
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Tablo 2. 9 katli 5 agiklikli moment ¢ergevesi i¢in optimum ¢ergeve sonuglari

Eleman grubu CD ACO GA CSS JAYA TLBO MC-TLBO
1-C1 W14X370 W30X235 W27X217 W21X83 W12X96 W12X45 \W16X45
2-C2 W14X500 W27X235 W14X233 W40X167 W33X318 W27X194 \W40X149
3-C3 W14X455 W36X280 W27X307 W36X135 W36X330 W40X149 \W36X135
4-C4 W14X283 W36X280 W27X307 W33X130  W33X141 W21X44 \W12X45
5-C5 W14X370 W24X279 W44X290 W40X149 W36X150 W40X278 \W40X215
6-C6 W14X257 W30X116 W27X114 W24X62 W24X94  W36X160 \W27X84
7-C7 W14X283 W36X170 W24X162 W40X167 W30X116 W30X90 \W30X99
8-C8 W14X233 W10X77 W18X176 W40X167 W14X109 W21X44 \W24X55
9-B1 W36X160 W14X82 W10X88 W18X40 W36X135 W40X149 \W40X149
10-B2 W36X135 W30X235 W36X260 W21X83 W33X141 W33X141 wW36X135
11-B3 W30X99 W21X68 W24X62 W30X99 W40X211 W30X99 \W33X118
12-B4 W27X84 W27X114 W40X149 W30X116 W27X94  W27X84  \W30X90
13-B5 W24X68 WI16X36 W6X25 W33X130  W18X106 W21X55 \W21X48
En iyi agirlik (kN) 1.859,30 155260 1.651,10 926,30 137156 118566  1.087,15
Ortalama agirlik (kN) - 1.633,90 1.757,10 - 1.442,00 122511  1.206,37
En kétii agirlik (KN) - 1.707,60 1.900,00 - 1516,35 127457 132152
Standart sapma (kN) - 46,80 81,31 - 72,47 45,30 117,23
Ortalama analiz sayisi - 7.000 11.500 10.000 7.000 7.000 7.000
Sinirlayici ihlal orani (%) 0 160.00 369.00 662.00+5.00 0.00 0.00 0.00
13 13 13 13 13 1 13 13 13 B3
8 9 9 9 9 8 8 9 9 9 9 8
1 12 12 12 12 12 12 1 12 12
8 9 9 9 9 8 8 9 9 9 9 8
11 11 11 11 1 1 11 1 1 11
6 7 7 7 7 6 6 7 7 7 7 6
10 10 1 10 10 10 0 0 10 10
6 7 7 7 7 6 6 7 7 7 7 6
10 0 10 10 10 10 10 10 10 10
4 3 l 5 5 5 4 4 5 5 5 5 4
10 0 10 10 10 10 10 10 10 10
4 3 { 5 3 3 4 4 5 5 5 5 4
10 10 10 10 10 10 10 10 10 10
1 3 3 3 3 1 1 3 3 3 3 1
9 9 9 9 9 9 9 9 9 9
1 3 3 3 3 [I 1 3 3 3 3 1
0
q [] [] [] [] 9 9 9 9 9
1 2 2 2 2 1 1 2 2 2 2 1
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Sekil 13. 9 kathh 5 acgiklikli moment g¢ercevesi 1O  Sekil 14. 9 katli 5 agiklikli moment gergevesi LS

performans seviyesinde plastiklesen kolon ve kirisler

performans seviyesinde plastiklesen kolon ve kirisler
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Sekil 15. 9 katli 5 aciklikh moment c¢ergevesi CP
performans seviyesinde plastiklesen kolon ve kirisler

Plastik donme degerleri (plastik mafsallasma)
incelendiginde; SE deprem diizeyinde 10 performans
seviyesinde smirli plastiklesmelerin - olustugu, DE
deprem diizeyinde LS seviyesinde kaldigi, ME deprem
diizeyinde ise CP performans seviyesini agmadigi ve
herhangi bir mekanizma olusumunun gozlenmedigi
anlagilmaktadir.

Sekil 13’te 9 kathi 5 a¢iklikli moment ¢ergevesinin 10, LS
ve CP performans seviyelerinde katlar arasi otelenme
oranlar1 verilmigtir. JA, TLBO, MC-TLBO ve CD ile
elde edilen 6telenme oranlar1 10, LS ve CP performans
seviyelerinde sinirlayicilart saglamaktadir.

Bu ¢alismada optimum ¢ergevenin katlar arasi 6telenme
orani 10 performans seviyesinde kalmaktadir. Digerleri
ise katlar arasi Gtelenme orani sinir degerin gerisinde
kalmaktadir. JA, TLBO, MC-TLBO ve CD algoritmalari
ile elde edilen gercevelerin katlar aras: 6telenme oran1 SE
deprem diizeyinde 10 performans seviyesinde DE ve ME
deprem duzeylerinde ise LS performans seviyesinde
kalmaktadir.
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Iterasyon sayist

Sekil 16. 9 katli 5 agiklikli moment ¢ergevesi yakinsama
egrisi

Tablo 2’de verilen analizler sonucunda ve sekil 16°da
verilen yakinsama degerlerine gére CD 1.859,30 kN,
ACO 1.552,60 kN, GA 1.651,10 kN, CSS 926,30 kN,

TLBO 1.371,56 kN, JA 1.185,66 kN ve MC-TLBO
1.087,15 kN degerleri elde edilmistir.

Sekil 16’da 9 kathh 5 agiklikli moment ¢ergevesi
yakinsama egrisine bakildiginda dikkate deger diger bir
durum ise MC-TLBO diger algoritmalara kiyasla daha
hizli1 sonuglara erisilebildigini gostermektedir. Ancak
ACO 46,80 kN, GA 81,31 kN, JA 72,47 kN, TLBO 45,30
kKN ve MC-TLBO 117,23 kN standart sapma
gostermigtir. Diger bir yandan standart sapma
degerlerinin birinci ornekte ve ikinci Ornekte farli
olduklarini gérmekteyiz. Ancak birinci 6rnek ile ikinci
ornek arasinda yapi agirliklarinin dikkate alinarak bir
yiizde seklinde ifade edilmesi gerekmektedir. Ug kath
yapt i¢in ACO 2,67, GA 4,72, JA 4,77, TLBO 3,04 ve
MC-TLBO 10,06°dir. 9 katli yap1 i¢in ACO 3.01, GA
4.92, JA 5.28, TLBO 3.82 ve MC-TLBO 10.78’dir. Bu
sonug her algoritma kendi i¢inde ¢aligma siireclerine gore
farkli standart sapmalar {irettigini gostermigtir. Ancak
ornekler degistiginde standart sapmanin en iyi agirliga
boliimiiniin yapinin yiiksekliginden ve eleman sayisindan
bagimsiz olarak gerceklestigi belirlenmistir.
Algoritmalar arasindaki standart sapmanin farkli olmasi
ise global aramasi iyi olan bir algoritmanin bilyiik olmas1
demektir. Global aramasi kotii olan bir algoritma ise
stirekli  birbirine yakin degerler {ireterek standart
sapmasini azaltmaktadir. Kesif-Global (exploration) ve
somri-Lokal (exploitation), arama yoluyla
algoritmalarda problem ¢ézmenin iki temel unsurudur.
Bu iki kisimdan olusan algoritma kisimlar1 arasinda ne
kadar iyi denge kurulursa basariya ulagma sans1 o kadar
artmaktadir [43].

SONUGLAR

Bu calismada, ¢elik c¢ercevelerin performansa dayali
optimum sismik tasarimi i¢in MC-TLBO, JA ve TLBO
algoritmalar1 kullanmilmis ve iki farkli yap1 Ornegi
iizerinde uygulanmistir. Dort agiklikli, {i¢ kath ¢elik
gergeve Orneginde analiz sayist sinirlandirilmadan bir
optimizasyon caligmasi gerceklestirilmis; bes aciklikli,
dokuz katli g¢elik cercevede ise analiz sayisi
siirlandirilmistir. Her iki yap1 ornegi
karsilastirildiginda, analiz sayisi artirilsa dahi sonuglarin
anlamli 6l¢tide degismedigi gozlemlenmistir. Bu durum,
algoritmalarin ¢6ziim uzayinda belirli bir noktadan sonra
yakinsama sagladigini gostermektedir.

Gelecek calismalarda, algoritmalarin lokal ve global
arama asamalart arasinda  hibrit  yaklagimlarin
uygulanmasiyla analiz surelerinin daha da kisaltilmasi
mimkindur. Popllasyon biiyiikliigii (zerinde yapilan
degisiklikler, analiz siresi ve elde edilen optimum
cerceveler Uzerinde anlamli bir etki yaratmamis ve
literatiirdeki sinirlar agilmamugtir.

Baslangi¢ popiilasyonlarinin sec¢imi, elde edilen analiz
sonuglarini dogrudan etkilemistir. Bu baglamda, MC-
TLBO algoritmasinin diger yontemlerle
karsilastirildiginda daha az analiz sayisi ile daha verimli
sonuglar elde ettigi belirlenmistir. Bu ¢aligmada ilk defa
MC-TLBO algoritmasi, performansa dayali optimum
sismik tasarim amaciyla 6nerilmis ve gegerliligi iki farkli
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celik cerceve oOrnegi ile test edilmisti. MC-TLBO
algoritmasi ile elde edilen sonuglar; CD, ACO, GA, CSS,
JA ve TLBO gibi yontemlerle kiyaslandiginda, optimum
agirlik ve yapi analiz sayis1 agisindan Ustlin performans
sergilemistir.

JA algoritmasi, tek asamali yapisit ve hizli ¢dziimler
iretmesi nedeniyle tercih edilmistir. TLBO ise ¢ift
asamali1 yapisiyla lokal ve global aramay1 dengeli sekilde
gerceklestirmesi  sebebiyle  segilmisti. ~ MC-JA
kombinasyonu da test edilmis ancak mevcut yontemlere
kiyasla belirgin bir avantaj saglamadig1 ig¢in
onerilmemistir. Ote yandan, TLBO algoritmasinin ilk
asamasina ¢oklu smifla baslanmasi, optimum sonuglari
olumlu yonde etkileyerek analiz sayisinit azaltmis ve
yontemin daha paralel ve hizli caligmasini saglamistir.
Her yapinin farkli deprem tehlike seviyelerine kars1 farkli
performans kriterlerine goére degerlendirilmesi igin
MATLAB ortaminda 6zel bir algoritma gelistirilmistir.
Statik itme analizleri ise OpenSees acik kaynakli yapisal
analiz programi ile gergeklestirilmistir. OpenSees’in
araylizsiiz yapist analiz siirelerini kisaltmakla birlikte,
miihendislik uygulamalari agisindan ileri diizey kullanici
bilgisi gerektirdigi i¢in yaygm miihendislik pratiginde
sinirli kullanilmaktadir.
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Polimer Kompozitlerde Siderit Mineralinin Takviye Malzemesi Olarak Kullaniminin
Fiziksel, Mekanik ve Kalicihik Ozelliklerine Etkisi
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Bu ¢aligsma, siderit mineralinin polimer esasli kompozit malzemelerde dolgu maddesi olarak kullaniminin fiziksel,
mekanik ve kalicilik 6zelliklerine etkilerini ortaya koymay1 amaglamaktadir. Bu kapsamda, farkli oranlarda (%0, %25,
%50, %75 ve %100) siderit iceren kompozit numuneler iiretilmis ve bu numuneler iizerinde yogunluk, ultrases gecis
hizi, basing dayanimi ve egilme dayanimi gibi temel 6zellikler incelenmistir. Ayrica, gevresel dayanim agisindan 6nem
arz eden stlfat etkisi (SS) ve donma-¢oziilme (DC) dongiileri sonrasi basing dayanimi da degerlendirilmistir. Elde
edilen bulgular, artan siderit oraninin kompozitlerin yogunlugunu ve ultrases gegis hizin1 belirgin sekilde artirdigini
gostermektedir. Kontrol numunesine kiyasla %108.94’e varan yogunluk ve %46.92’ye ulasan ultrases gecis hiz1 artisi
tespit edilmistir. Mekanik dayanimda genel bir diisiis gézlenmis olsa da ozellikle %75 ve %100 siderit igeren
numunelerde bu azalmalarin sinirhi diizeyde kaldig: belirlenmistir. Sonug olarak, uygun oranlarda kullanildiginda
siderit minerali, polimer kompozitlerin fiziksel ve ¢evresel performansini artirabilecek potansiyele sahiptir.

Anahtar Kelimeler: Kalicilik, mekanik dzellikler, polimer kompozitler, siderit mineral

Effect of Using Siderite Mineral as a Reinforcement Material on the Physical, Mechanical,
and Durability Properties of Polymer Composites

ABSTRACT

This study aims to evaluate the effects of using siderite mineral as a filler in polymer-based composite materials on
their physical, mechanical, and durability properties. Composite specimens were produced by incorporating siderite
at varying ratios (0%, 25%, 50%, 75%, and 100%) into the polymer matrix. These samples were tested for density,
ultrasonic pulse velocity, compressive strength, and flexural strength. Durability was assessed by measuring
compressive strength after sulphate exposure (SS) and freeze—thaw (FT) cycles. The results indicated that increasing
the siderite content led to a notable rise in both density and ultrasonic velocity. Compared to the control specimen,
density increased by up to 108.94%, and ultrasonic velocity by 46.92%. Although mechanical strength showed an
overall decline, the reduction was relatively limited in specimens containing 75% and 100% siderite, indicating a more
balanced structure. In conclusion, siderite, when used at appropriate proportions, can effectively improve the physical
performance and environmental durability of polymer composite materials.

Keywords: Durability, mechanical properties, polymer composites, siderite mineral

Polimer kompozitler, konveksiyonel beton ile benzer

GIRIS

Polimer kompozitler, kimyasal ve fiziksel olarak farkli,
iki veya daha fazla tipik olarak bir polimer matris ve
takviye edici bir dolgudan olusan ve tek tek bilesenlerle
elde edilemeyen Ustiin dzellikler elde etmek i¢in bir araya
getirilen malzemelerdir [1].

Polimer matris ve takviye malzemesi birlestirildiginde,
bilesenlerinden farkli 6zelliklere sahip, yorulma 6mri,
mukavemet, asinma direnci, korozyon direnci, sertlik, 1s1l
iletkenlik, 1s1 yalitimi1 bakimindan {istiin bir iiriin elde

edilir [2-3].

sekilde, fiziksel ve kimyasal 6zellikleri farkli agregalarin
bir araya getirilmesiyle olusturulan bir malzeme
grubudur. Ancak bu kompozitlerde baglayici malzeme
olarak polimerik malzemeler, &zellikle termoset
regineler, kullanilir [4]. En yaygin kullanilan termoset
regineler arasinda polyester ve epoksi bulunur [5]. Bu tir
polimer kompozitlerin karistirilmasi ve Uretilmesinden
once, recineye genellikle katalizér veya sertlestiriciler
eklenir. Konveksiyonel betonda su 6nemli bir rol
oynarken, polimer kompozitlerde su bulunmaz [6-7].
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Polimer kompozitler, diisiik yogunluklari, uygun
maliyetleri, yuksek korozyon direngleri ve kolay
islenebilirlikleri gibi avantajlari sayesinde hem giinliik
yasamda hem de endiistriyel uygulamalarda yaygin
olarak kullanilmaktadirlar [8-10]. Yapilan literatiir
calismasinda, bir¢ok yazarin farkli tiirde ve yogunlukta
takviye malzemesi kullanarak polimer kompozit tretimi
gergeklestirdigi gozlemlenmistir [11-13].

Mermer tozu, tugla tozu atigi, kil tozu, gaz beton atiklari
ve kireg tozu gibi farkl: tiirde atik malzemelerin polimer
kompozitlerde takviye malzemesi olarak kullanimi
lizerine aragtirmalar yapilmistir [14-18]. Enddistriyel atik
malzemelerin takviye malzemesi olarak polimer
kompozitlerde dayanikliligini artirmak amaciyla birgok
aragtirmaci tarafindan g¢aligmalar yapilmistir [19-21].
Polimer kompozitlerde farkli yogunluktaki agregalarin
takviye malzemesi olarak kullanildigi ve radyasyon
zirhlama 6zelliklerinin incelendigi ¢alismalar literatiirde
rapor edilmistir [22-24]. Onemli yer alt1 kaynaklarindan
biri olan siderit iilkemizde yaygin olarak bulunan énemli
bir demir mineralidir. Demir karbonat bilesigi olan
siderit, FeCO3 formiilii ile gosterilmektedir. Yogunlugu
3.7-3.9 g/cm® diizeylerindedir [25].

Siderit minerali, ¢cimento ve beton Uretiminde 6zellikle
agir beton uygulamalarinda degerli bir katki maddesi
olarak one ¢ikmaktadir. Siderit iceren betonlarin, yiiksek
yogunluklar1 sayesinde gama 1sinlarimi zayiflatma
katsayilarinin yiiksek oldugu ve bu nedenle radyasyon
kalkani olarak etkili olduklart belirlenmistir [26]. Elyigit
(2024) tarafindan yapilan bir calismada, limonit ve siderit
minerallerinin  farkli oranlarda kullanildigi beton
numunelerinde, %80 oraninda siderit igeren karisimlarin
en yiiksek basing dayanimina sahip oldugu belirlenmistir.
Ayni ¢alismada, %20 oraninda siderit igeren karisimlarin
radyasyon gegirimsizligini artirdig1 tespit edilmistir [27].
Literatiirde siderit mineralinin daha ¢cok ¢imento ve beton
endiistrisindeki kullanimlar1 incelenmis olup, polimer
kompozitlerdeki etkisi yeterince arastirilmamigtir. Bu
calisma, siderit mineralinin  polimer  matrisli
kompozitlerde dolgu malzemesi olarak kullanilmasinin
fiziksel, mekanik ve kalicilik ozellikleri ile i¢ yap1
Ozellikleri ~ Gzerindeki  etkilerini  degerlendirerek,
malzeme miihendisligi alaninda yeni bir perspektif
sunmaktadir.

Ayrica, bu arastirma kapsaminda elde edilen bulgular,
polimer kompozitlerin yogunluk, mekanik dayanim ve
diger kritik performans kriterleri agisindan nasil optimize
edilebilecegini anlamaya yonelik bilimsel bir temel
olusturacaktir. Boylece, siirdiiriilebilir malzeme tasarimi
ve alternatif dolgu malzemelerinin degerlendirilmesine
katki  saglayarak literatiirdeki —mevcut boslugu
doldurmay1 amaglamaktadir. Bu dogrultuda, literatiirde
belirtilen farkli faz malzeme oranlarmma uygun olarak,
doymamis polyester regine agirliginin %0, %25, %50,
“%75 ve %100’1 oraninda siderit minerali ile ikame
edilerek toplam bes farkli polimer kompozit numune
grubu tretilmistir. Elde edilen numunelerin fiziksel,
mekanik ve dayaniklilik 6zellikleri ile i¢ yap: 6zellikleri
detayli bir sekilde incelenmistir.

MATERYAL ve YONTEM
Materyal

Polimer kompozit numunelerde takviye malzemesi
olarak, Malatya ili Hekimhan bdlgesinden temin edilen,
yogunlugu 3.55 g/cm? ve tane boyutu 0-4 mm arasinda
olan siderit minerali kullanilmistir. Siderit mineralinin
tane boyut dagilimina ait elek analizi sonuglar1 Sekil 1’de
gosterilmektedir.
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Sekil 1: Siderit mineraline ait elek analizi sonuglar1

Calismada kullanilan siderit mineralinin XRF analizi
yapilmigtir. Izmir Yiiksek Teknoloji Enstitiisii’nde
gerceklestirilen analizde, Na.O, MgO, Al:Os, CaO, Fe:0:
ve MnO elementlerinin oranlari sirasiyla %5.60, %6.93,
9%3.26, %4.43, %75.36 ve %3.90 olarak tespit edilmistir.
Diger elementlerin miktarlarinin ise %1’in altinda
oldugu belirlenmistir. Kompozit numunelerin Uretiminde
baglayici olarak, TP100 kodlu Turkuaz Firmasindan
temin edilen doymamis polyester regine kullanilmistir.
Numune Uretim surecinde, recine ve monomerin
sertlesme reaksiyonunu baglatmak amaciyla %1 oraninda
Metil Etil Ketone Peroksit (MEKP) ve polimerizasyon
reaksiyonunu hizlandirmak icin %0.2 oraninda Kobalt
Octoate kullanilmigtir. MEKP ve Kobalt Octoate’in

Ozellikleri swrasiyla Cizelge 1 ve Cizelge 2’de
sunulmustur.
Cizelge 1: MEKP Teknik Ozellikleri
Yogunluk g/cm?® 1.16
Renk Renksiz
Aktif Oksijen Igerigi (%) 9.4-9.6
Peroksit Icerigi (%) 40

Cizelge 2: Kobalt Oktoat Teknik Ozellikleri

Yogunluk g/cm?® 0.93

Gorlnim Sivi

Renk Menekse mavisi
Metal igerigi (%) 5.9-6.1

Toplam kat1 icerigi (%) 30+2
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Uretim yontemi ve analizler

Uretilen polimer kompozit numunelerin dretim yontemi
Sekil 2’de sunulmustur. Sekil 2°de gosterildigi gibi, ilk
asamada polyester regine bir kaba alinarak karistirilmig
ve daha sonra polyester reginenin agirlikga %1 oraninda
MEKP eklenerek karistirma siireci devam ettirilmistir.
Son olarak, %0.2 oraninda kobalt eklenmis ve
karigtirilarak polimer matrisi elde edilmistir. ikinci
asamada, iretilen polimer matrisine agirlikga %0, %25,
%50, %75 ve %100 oraninda siderit minerali katilmig ve
homejenisasyon saglanmasi i¢in mekanik bir karigtiricida
karistirilmigtir.  Tiim karigtirma siiregleri 90 s (saniye)
boyunca mekanik karigtiricida yapilmistir. Elde edilen
matris ve takviye malzemesi karigimi, kaliplarda
bekletilmistir. 24 saat sonra, polimer kompozit
numuneler kaliplardan  ¢ikartilarak normal  oda
sicakliginda (23+2 °C) kiir edilmistir. Kiir edilen
numuneler Gzerinde gerekli fiziksel mekanik ve kalicilik
testlerine ait deneyler yapilmustr.
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Sekil 2: Polimer Kompozit Numunelerin Uretim

Polimer kompozitlerin yogunluk degerleri, TS EN
12390-7 (2021) standardina uygun olarak belirlenmistir.
Ultrases gegis hizi deneyleri ASTM C 597 (2022)
standardina uygun olarak gergeklestirilmistir.

Yogunluk ve ultrases gecis hiz1 deneylerinde 5x5x5 cm
boyutunda 3 adet tekrarlanan deney numunesi
kullanilmistir. Olgiimler sonucunda elde edilen verilerin
ortalamasi alinarak yogunluk ve ultrases gecis hizi
degerleri belirlenmistir. Basing dayanimi deneyi TS EN
12390-3 (2019) standardina gore gergeklestirilmistir.
Basing dayanimi degerlerin belirlenmesinde Yiiksel
Kaya Makine marka UTC-4031 600 kN otomatik basing
dayanim test presi kullanilmigtir. Her bir polimer
kompozit numune grubundan 5x5x5 cm boyutunda adet
numune tretilmis. Elde edilen sonuglarmn, aritmetik
ortalamalarin alinmasiyla basing dayanimi degerleri
hesaplanmustir.

Egilme dayanimina ait gerilme degerini TS EN 12390-5
(2019) standardina uygun olarak hesaplanmistir. Egilme
dayanimi testi, U Test 5540 model 200 kN kapasiteli test
cihazinda, {i¢ nokta egme yontemi kullanilarak ve 0.01-
0.1 mm/dakika yiikleme hiziyla gerceklestirilmistir.
Egilme dayanimi deneyinde 4x4x16 cm boyutunda 3 adet
tekrarlanan deney numunesi kullanilmigtir.  Biitiin
numuneler 23+2 °C kiir edilmistir. Yapilan ¢alismada
kalicilik ozellikleri olarak donma — ¢Oziilme ve sulfat
etkisi ~ sonrast  basing  dayamimi  parametreleri
incelenmistir.

Donma ¢6zilme deneyi TSE CEN/TS 12390-9 (2017)
standardina gore yapilmistir. Siilfat etkisini belirlemek
icin kimyasal formili Na,SO.s olan sodyum sulfat
kullanilmistir. Hazirlanan sodyum siilfat ¢ozeltisi ASTM
C 1012 (2024) standardina uygun olarak c¢ozeltide
1ml/cm3 siilfat kullanilmis ve yapilan calismada %5°lik
stilfat ¢ozeltisi kullanilmistir. Ayrica i¢ yap1 analizlerini
belirlemek i¢in SEM ve FTIR analizleri yapilmistir.

BULGULAR ve TARTISMA

Uretilen polimer kompozitlerin fiziksel, mekanik ve
kalicilik 6zellikleri incelenmigtir. Yapilan deneysel
galismalar sonucunda elde edilen veriler Cizelge 4’de
sunulmustur.

Cizelge 4: Polimer Kompozit Numunelerin Test

Yontemi Sonuglari
Siderit minerali, doymamis polyester recineye agirlik¢a
%0, %25, %50, %75 ve %100 oranlarinda karisima dahil Yogunluk Ult.rases Basing
edilmistir. Karigim oranlar1 ve bunlara karsilik gelen Kod (glcm?) gecis hizi dayanim
kodlar Cizelge 3’te gosterilmistir. = — ('ET;GS) g'l"GPf%
Cizelge 3: Kodlama ve Kompozit Numune Gruplari PS25 172 337 9159
K Kodl PS50 2.16 3.56 97.53
. arisim nodiari PS75 2.35 3.73 109.28
Bilesenler =50 ™5525 PS50 _PS75_ PSI00 PSLO0 257 3.82 113.32
Polyester %100 %2100 %2100 %100 %2100 5
Siderit - %25 %50 %75 %100 Egilme Son%lsn SS. sonrasi
Minerali Kod dayanimi basing basing
MEKP %1 %1 %1 %1 %1 (MPa) dayanimi dayamm
Kobalt  %0.2 %0.2 %0.2 %0.2  %0.2 (MPa) (MPa)
PSO 29.72 115.28 115.97
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PS25 23.64 88.21 91.33
PS50 25.41 94.76 97.32
PS75 27.14 107.82 109.11
PS100 28.25 112.26 113.15

Yogunluk ve ultrases gecis hiz1 degerleri

Kompozitlerin ~ yogunluk  degerleri  Sekil 3’te
sunulmustur. Sekil 3’de sunulan verilere gore, siderit
minerali oranindaki artigla birlikte kompozitlerin
yogunluklarinda belirgin bir artis goézlemlenmistir.
Kontrol numunesi (PS0) 1.23 g/cm? yogunluk degerine
sahipken, en yiiksek siderit minerali oranina sahip PS100
numunesinin  yogunlugu 2.57 g/cm® olarak tespit
edilmigtir. Kontrol numunesine kiyasla PS25, PS50,
PS75 ve PS100 kodlu numunelerde sirasiyla, %39.84,
%75.61, 91.06 ve 108.94 oraninda artis meydana
gelmistir.

Yogunlukta goézlemlenen bu artig, iiretim siirecinde
diisiik yogunluklu polyester matrisine, yogunlugu daha
yiuksek olan siderit mineralinin artan oranlarda
eklenmesinden kaynaklanmaktadir. Elde edilen bulgular,
literatiirde rapor edilen benzer calismalarla uyumlu
sonuglar sunmaktadir [14,18,28].

3.0

[&]
1

Yogunluk (g/em®)

0.5 4

0.0 =

PSSO PS25

PS50 PS75 PS100

Karisim kodlar:

Sekil 3: Polimer Kompozitlerin Yogunluk Degerleri
Kompozitlerin ultrases gecis hizi degerleri Sekil 4a'da
sunulmustur. Ultrases gegis hiz1 degerleri incelendiginde
PSO numunesinde 2.6 km/s olan ultrases gegis hizi,
PS100 numunesinde 3.82 km/s degerine ulagmustir.
Sideritin matris ile giiglii bir bag olusturdugunu ve bosluk
oranini azalttigin1 gostermektedir. Bu durum, mekanik
dayanim agisindan olumlu bir etki yaratmistir.
Literatiirde, ultrases ge¢is hizinin malzeme yogunlugu ve
mekanik 6zellikleri ile dogru orantili oldugu belirtilmigtir
[29]. Ayrica, ultrases gecis hizindaki artis, malzeme
igerisindeki mikro bosluklarin azalmasi ve matris-filler
arasindaki baglanma kalitesinin artmasi ile agiklanabilir
[30]. PS100 numunesinde en yiiksek ultrases gecis
hizinin  gozlenmesi, kullanilan takviye malzemesinin,
kompozit yogunlugunu artirarak bogluk oranini

azalttigimi  ve bdylece daha
olusturdugunu gostermektedir.
Bu durum, beton ve kompozit malzemelerde benzer
etkilerin  gbzlemlendigi ¢aligmalarla  uyumludur.
Ornegin, Li et al. (2020) [29], farkli oranlarda katki
maddesi igeren beton karisimlarinda, takviye oram
arttikca ultrases ge¢is hizinin degerlerinin  arttigin
bildirmistir.

Basing dayanimi ile ultrases gecis hizi arasinda dogrudan
bir iliski olmasa da yogunluk ile ultrases geg¢is hizi
arasinda belirli bir iliski bulunmaktadir [30]. Yogunluk
artikca ultrases gegis hizinin artig1 gézlemlenmistir. Bu
iliski, Sekil 4b’de gosterilen korelasyon katsayisi (R?=
0.92) ile agikca ortaya konulmustur.

kompakt bir yap1

4.0

(a)

" )
=1 n
1 1

=]
i
1

Ultases gecis hizi (km/s)
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092768
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Sekil 4: Ultrases Gegis Hiz1 Degerleri (a) Yogunluk
Ultrases Gegis Hiz1 Tliskisi (b)

Basin¢ dayanim ve egilme dayanimi degerleri

Basing ve egilme dayanimi degerleri Sekil 5’te
sunulmustur. Sekil 5a’da verilen basing dayanimi
degerleri incelendiginde, siderit minerali oraninin
artistyla birlikte kontrol numunesine kiyasla basing
dayaniminda %21 ile %2 arasinda azalma kaydedilmistir.
Bununla birlikte, yalnizca agrega igeren karigimlar
(PS25, PS50, PS75 ve PS100) karsilastirildiginda, artan
siderit ~ oranmmin  basmn¢  dayanimmi  artirdig
gozlemlenmistir. Bu durum, matristen daha yiiksek
ezilme dayanimina sahip olan siderit agregalarinin
karisim  igindeki  hacimsel  oraminin  artisiyla
iligkilendirilmistir.
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Zhang and Wang (2015) [31], siderit mineralinin yiiksek
yogunluk ve mekanik dayanim o6zellikleri nedeniyle,
ozellikle yiiksek basinca dayanikli yapilarda kullanim
icin uygun oldugunu belirtmistir. Benzer sekilde, Kuo
and Huang (2012) [33], tarafindan yapilan bir ¢alismada,
dolgu oraninin belirli bir esik degerine ulagmasinin,
kompozit malzemelerin mekanik dayanimini artirdigi,
ancak asirt dolgu kullaniminin matrisin baglayicilik
kapasitesini azaltarak dayanimi olumsuz etkileyebilecegi
ifade edilmistir. Ayrica, Zhang and Li (2015) [34],
yiiksek  yogunluklu minerallerin matriste catlak
ilerlemesini yavaglattigini ve bu durumun dayanim
artirdigini bildirmistir. Bu baglamda, PS25, PS50, PS75
ve PS100 kodlu numunelerde artan siderit oranina bagh
olarak gozlemlenen dayanim artigi, literatiirde belirtilen
minerallerin mekanik 6zelliklere katkisiyla uyumludur.
Sonuclar, takviye malzemesi ve matris arasindaki
etkilesimlerin, kompozit malzemelerin performansini
optimize etmek i¢in dikkatle ele alimmasi gerektigini
vurgulamaktadir.

Egilme dayanimi degerleri (Sekil 5b) incelendiginde,
kontrol numunesine (PS0) kiyasla siderit minerali
oraninin artigtyla birlikte bir miktar dalgalanma oldugu
gorilmektedir.

PS25 kodlu numunede egilme dayanimi %20 oraninda
azalmis, ancak siderit oraninin daha yiiksek oldugu PS50,
PS75 ve PS100 numunelerinde dayanimda kademeli bir
artis gozlemlenmistir. PS100 kodlu numunenin egilme
dayanimi, kontrol numunesine olduk¢a yakin bir deger
olan 28.25 MPa olarak tespit edilmistir. Bu artis, siderit
minerali igeren agregalarin matrisle etkilesiminin ve
yiiksek yogunluklu agregalarin yiik aktarimina olan
katkisinin bir sonucu olarak degerlendirilmistir.
Literatiirde, takviye malzemesi orani ve O6zelliklerinin
egilme dayanimi tizerindeki etkisi sik¢a vurgulanmistir.
Ornegin, Zhang and Wang (2015) [31], yilksek
yogunluklu minerallerin matrisle giigli bir bag
olusturmasinin,  egilme  dayanimini  artirdigim
belirtmistir. Zhang and Li (2015) [33], takviye
malzemelerinin matristeki mikro catlak ilerlemesini
yavaslatarak egilme dayanimini artirabilecegini rapor
etmistir.

Bu baglamda, siderit minerali katkisinin mekanik
dayanim iizerindeki etkisi degerlendirilirken, ekonomik
parametreler de géz 6niinde bulundurulmalidir. Veriler,
katkisiz numunenin en yilksek dayanimi sagladigim
gosterse de siderit minerali katkisinin belirli oranlarda
kullanimmin dayanimi kabul edilebilir seviyelerde
tuttugu gortilmektedir. Bu durum, sideritin diisiik
maliyetli bir dolgu malzemesi olarak kullanilmasiyla
iiretim maliyetlerini azaltabilecegini gostermektedir.
Ozellikle yiiksek oranda polimer kullanimi, maliyetleri
artirirken, siderit gibi dogal ve bol bulunan bir mineralin
belirli oranlarda eklenmesi malzeme tiketimini optimize
ederek daha ekonomik ve surdurdlebilir bir Gretim
stirecine katki saglayabilir. Ancak, dayanimda goriilen
disiis dikkate alindiginda, optimum katki oraninin
belirlenmesi hem maliyet etkinligi hem de performans
acisindan kritik bir faktor olarak degerlendirilmektedir.
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Sekil 5: Basing Dayanimi (a) Egilme Dayanimi (b)
Degerleri

Dayamikhilik dzellikleri

Donma- ¢6ziilme sonrasi basing dayanimi degerleri Sekil
6a’da gosterilmigtir. Sekil 6a incelendiginde kontrol
numunesinin (PS0) basing dayanimi degeri 115.28 MPa
olarak Ol¢iilmiis olup basing dayanimi degeri ile
karsilastirildiginda %0.72 oraninda azalma meydana
gelmistir. Tim kompozit numune serilerinde siderit
minerali oranin artmastyla orantili bir artis elde
edilmistir. Ancak DC Oncesi basing dayanimi ile
karsilastirildiginda sirastyla %3.69, %2.84, %1.34 ve
%0.94 oraninda azalma meydana gelmistir. Bu durum
disiik takviye miktarina sahip numunelerdeki
ayrismadan kaynaklandigi seklinde yorumlanmustir.
Recine/takviye oranina bagli olarak daha 6nce yapilan
calismalarla uyumludur [35]. DC oncesi ve DC sonrasi
basing dayanimlart arasindaki iliski (Sekil 6b)
incelendiginde aralarinda yiiksek bir belirleyicilik
katsayis1 (R?= 0.99) elde edilmistir.
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Sekil 6: DC. Sonrasi Basing Dayanimi Degerle{i (a)
DC. Sonrasi Basing Dayanimi Degerleri ve DC. Oncesi
Basing Dayanimi Iliskisi (b)

Siilfat etkisi sonra basing dayanimi degerleri Sekil 7a’da
sunulmustur. Sekil 7a incelendiginde siderit oranin
artmasiyla basing dayamimi degerlerinde artis elde
edilmistir. Ancak siilfat etkisi dncesi basing dayanimu ile
karsilagtirildiginda  sirasiyla %0.12, %0.28, %0.21,
%0.15 ve %0.15 oraninda azalma meydana gelmistir.
Meydana gelen azalama miktar1 ¢ok diisiik diizeyde olup,
bu durum Sekil 7b’de wverilen iliskiden (R?=1)
anlasilmaktadir.

Sekil 7: SS. Sonrasi Basing Dayanimi Degerleri (a) SS.
Sonrasi Basing Dayanimi Degerleri ve SS. Oncesi
Basing Dayanmmi Iliskisi (b)

ic yap1 analizleri

Uretilen polimer kompozit numunelerin basing dayanimi
testleri sonrasinda kirilan yiizeylerinden alinan parcalar,
recine/ takviye araylz bolgelerinin incelenmesi
amaciyla, her bir analizde ortalama 800x biiylitmeli
taramalt elektron mikroskobu (SEM) kullanilarak
incelenmistir. Arayiiziin yapisini belirlemek amaciyla,
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farkli parlaklik ve ylizey piirtzliiliigline sahip goriintii
bolgeleri analiz edilmistir.

Sekil 8: PS25 (a) PS50 (b) PS75 (c) PS100 (d) Kodlu
Numunelere Ait Sem Goriintileri

PS25 ve PS50 drneklerinde, polimer matris ile takviye
malzemesi arasinda daha fazla bosluk oldugu
gbzlemlenmistir (Sekil 8a ve b). Bu durum, lretim
slirecinde polimer matris ve takviye malzemesi
arasindaki uyumsuzluk nedeniyle olusan faz ayrismasi ve
diizensiz dagilimdan kaynaklanmis olabilir. Buna
karsilik, PS75 ve PS100 orneklerinde daha kompakt
(yogun, bosluksuz ve siki bir igyapiya sahip) bir yapi
olustugu goriilmiigtir. Bu durum, polyester ile dolgu
malzemesi arasindaki ayrismanmn  azaldigimi  ve
polyesterin ~ bosluklari ~ tamamen  doldurdugunu
gostermektedir.

Polimer kompozit numunelerin mikroyap1 analizi,
Fourier Doniigiimii Kizilotesi Spektroskopisi (FTIR)
yontemiyle gergeklestirilmistir. FTIR  spektrumlari,
4000-500 cm™ arahiginda gecirgenlik modunda elde
edilmistir. Analiz sonuglar1 Sekil 9'da sunulmustur.
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Sekil 9: Polimer Kompozitlere Ait FTIR Analiz
Sonuglari

Sekil 9°da sunulan FTIR analiz sonuglarina gére, PSO ve
PS100 kodlu kompozit numunelerde benzer pik
olusumlar1 gdzlemlenmigtir. Ortalama olarak, tim
kompozit serilerinde 3681, 2973, 1721, 1394, 1250,
1055, 868, 736 ve 698 cm™! dalga sayilari arasinda
titresim pikleri tespit edilmistir. Analizler, 3681 cm™
dalga boyunda belirgin bir degisim gdstermeyen adsorbe
edilmis nem piki oldugunu ortaya koymustur. Pik
boyutlarinin incelenmesi sonucunda, PS100 kodlu
numunede daha belirgin bir nem piki gozlenmis ve bu
durum, siderit mineralinin daha fazla nem tutma
ozelligine baglanmistir.

Uretilen polimer kompozitlerde diger karakteristik pikler
arasinda, CH- ve CHs gruplaria karsilik gelen 2973.53
cm™ piki [36] yer almaktadir. Ayrica, karbonil grubuna
karsilik gelen 1727 cm™’de karakteristik bir pik
bulunmus olup, bu pik dolgu malzemesi miktar arttikga
kaybolma egilimi gostermistir [37]. Bunun yaninda,
kompozit numunelerde 1055 cm’de simetrik aromatik
C-O esnemesine karsilik gelen karakteristik bir tepe
noktasi tespit edilmistir [38]. Bu pik, PS100 kodlu
numunede daha belirgin bir sekilde tespit edilmistir.
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Sonug olarak, polimer regine (PS0) ve siderit katkili
(PS100) numunelerin FTIR analizlerinde belirli pik
boyutlarmin  farklilik  gosterdigi  goriilmiistiir. Bu
farkliliklarin, numunelerin mekanik 6zellikleri tizerinde
etkili oldugu sonucuna varilmistir.

SONUC

Bu c¢alismada, farkli oranlarda siderit minerali
kullanilarak {iretilen polimer kompozitlerin fiziksel,
mekanik ve mikro yapisal ozellikleri incelenmistir.
Deneysel sonuglar, siderit oranindaki artisin kompozit
yogunlugunu belirgin bir sekilde artirdigini géstermistir.
PSO numunesinde 1.23 g/cm?® olarak 6l¢giilen yogunluk,
PS100 numunesinde 2.57 g/cm®'e ulasmustir (%108.94
artis). Benzer sekilde, ultrases gecis hizi PSO
numunesinde 2.6 km/s iken PS100 numunesinde 3.82
km/s olarak tespit edilmistir.

Siderit oraninin artigi, kontrol numunesine kiyasla basing
dayaniminda %21 ile %2 arasinda bir azalmaya neden
olmustur. Ancak sadece siderit igeren numuneler
arasinda, mineral oraninin artigi dayanimi artirmigtir. Bu
durum, diisiikk siderit oranlarinda  matris-filler
etkilesiminin zayiflamasiyla dayanimin distiigiini,
ancak yiiksek oranlarda agregalar arasi baglanmanin
giiclenerek dayanimi artirdigini gostermektedir. Egilme
dayanimi ise belirli bir dogrusal egilim gostermemekle
birlikte, PS100 numunesinde kontrol numunesine yakin
bir deger elde edilmistir. Bu sonuglar, sideritin belirli bir
oran iizerinde kullanildiginda yapisal katki sagladigini,
ancak diisiik oranlarda mekanik dayanimi olumsuz
etkileyebilecegini gostermektedir. Siilfat etkisi sonrasi
basing dayaniminda diigiik diizeyde azalmalar gézlenmis,
ancak bu azalmalar siilfat etkisi Oncesi ve sonrasi
dayanim  arasindaki  yiiksek iliskiyi  (R*=0.99)
degistirmemistir. Mikro yapi analizleri, 6zellikle PS75 ve
PS100 numunelerinde daha kompakt bir yap1 olustugunu
ve matris-dolgu malzemesi arasindaki baglarin
giiclendigini ortaya koymustur. Elde edilen sonuglar,
siderit mineralinin  polimer kompozitlerde dolgu
malzemesi olarak kullanimmin yogunluk ve fiziksel
ozellikler iizerinde olumlu etkileri oldugunu, ancak
mekanik dayanimlarin tasarim asamasinda dikkate
alinmasi gerektigini gostermektedir.
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Bu ¢aligmanin amaci; Modiiler grubun bazi kongriians alt gruplarinin  PSL(2,R)’deki normalliyenlerinin
genisletilmis rasyonel sayilar kiimesi tizerindeki hareketinden elde edilen sonlu devreleri ve sonsuz uzunluklu yollari
incelemektir. Calismada, Atkin-Lehner tipi doniisiimler ele alinarak, 6zellikle bu doniisiimlerin olusturdugu devreler
ve yollar incelenmistir. Bunu yaparken kullandigimiz yontem, belirli matris ¢arpimlari ile bir yoriinge iizerinde elde
edilen alt yoriingesel graflarin sonlu uzunluklu devreler ve sonsuz uzunluklu yollar olusturup olusturmadigini analiz
etmektir. Ayrica bu devrelerin ve yollarin eliptik ve hiperbolik elemanlarla olan iliskisini ortaya koyduk. Calismada,
belirli bir p asal sayis1 segilerek, farkli durumlar i¢in modiiler grubun alt gruplart olusturuldu ve bu alt gruplarin
genisletilmis rasyonel sayilar {izerindeki hareketi incelendi.

Anahtar Kelimeler: Modiler Grup, Devreler, Yollar.

Circuits and Paths Generated by the Normalizers of Some Congruance Subgroups

ABSTRACT

The aim of this study is to investigate the finite circuits and infinitely long paths obtained by the action of the
normalisers of certain congruence subgroups of the modular group in PSL(2,R) on the extended set of rational
numbers. In this study, Atkin-Lehner type transformations are considered, and in particular, the circuits and paths
formed by these transformations are analysed. The method used involves analysing whether the suborbital graphs
obtained from certain matrix multiplications along an orbit form finite-length circuits or infinite-length paths.
Furthermore, the relationship between these circuits and elliptic elements is established, as well as the relationship
between these paths and hyperbolic elements. In this study, a particular prime number p is chosen and modular
subgroup structures are constructed for different cases. The action of these subgroups on the extended set of rational
numbers is then studied.

Keywords: Modular Group, Circuits, Paths.

GIRIS

PSL(2,R) ile; reel katsayili, determinanti ad — bc = 1
az+b

olanT(z) = p—on

otomorfizmalarinin grubu gosterilsin. Bu  grubun,

tamsayt katsayili doniisimleri gz oniine alindiginda,

Matematikte cok énemli bir yeri olan PSL(2,Z) modiler

grubu elde edilir. Bu doniisiimler bileske islemine gore

bicimindeki iist yar1 diizlemin konform

b L
d) matris ciftleriyle

eslestirilebilir. Bir donlisiimiin  iki farklt matrisle
eslesmesi karmasasini ortadan kaldiracak bicimde
SL(2,7) = PSL(2,Z) I{xI} bolim grubunu g6z dniine
alacagiz. SL(2,7Z) modiler grubunu kisaca T ile
gosterecegiz.  Boylece, fonksiyonlardaki  bileske
isleminin yerine nispeten daha kolay olan matris ¢arpim
yapilabilir. I' modiiler grubunun alt gruplar1 matematigin
cok farkli alanlartyla ilgili caligmalarda karsimiza
cikarlar. Ozellikle sayilar teorisi ile ilgi problemlerin ele
alinmasinda oldukca dnemli bir yerleri vardir. Ornegin
Fermat’in Son Teoremi’nin Andrew Willes tarafindan

bir gruptur ve her bir eleman1 + (Ccl

1994 yilinda yapilan kanitinda, modiiler gruplarla iliskili
olarak modiiler formlar &nemli rol oynar. Eliptik egrilerin
aritmetigi, eliptik integral, kuadratik formlar ve eliptik
modiler fonksiyonlar teorilerindeki 6énemi nedeniyle T
modiiler grubunun Kkongriians alt gruplari olan ['(n),
Io(n), T°(n), Ii(n) gruplart iizerinde ¢ok sayida
¢aligma yapildi. Bizim ¢alismamizda ise bu kongriians alt
gruplardan Ty(n) grubu ana 6gemiz olacaktir. n > 1
pozitif bir tamsay1 olmak {izere I',(n) grubu,

Iy(n) = {(‘é‘ Z) €r: c=0(modn)) )

bi¢iminde tanmimlanir. Ayrica c¢alismada Ty(n) alt
grubunun  PSL(2,R) grubundaki normalliyen alt
grubunu Ny (n) ile gosterecegiz. Newman, Ny (n) ile ilgili
ilk sonuglart verdi [1]. Bu sonuclar matematigin gesitli
alanlarina 6nemli katkilar saglamistir. Bu katkilardan
belkide en 6nemlisi; “Monster Grubu” olarak bilinen
basit gruplarin kesfi ve ¢oziimlenmesi iizerine olan
katkisidir. Dahasi, Ny(n) normalliyeni, Iy(n) ile iliskili
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Xo(n) modiler egrilerinin iizerindeki Weierstrass
noktalarimin bulunmasinda 6nemli bir role sahiptir [2].
Bu caligmada ise, sonraki boliimde detaylarini
verecegimiz ve [3] caligmasinda grup yapilart verilen
bazi 06zel kongriians alt gruplarin PSL,(R) deki
normalliyenleri ele alindi. Bu normalliyenlerin,
genisletilmis rasyonel sayilar kiimesi iizerindeki
hareketinden dogan say1 dizileri ve alt yoriingesel graflar
incelendi. Bu say1 dizileri ile dondsiimlerin tipleri
arasinda iligkiler ortaya kondu. Ayrica yine bu hareketin
iirettigi devreler ve yollar incelendi.

MATERYAL ve YONTEM

Alt yoriingesel graflarin incelenmesi sonucu dogan sonlu
uzunluklu devreler ve bu devrelerin uzunluklart ile
iiretici eliptik elemanlarin mertebeleri arasindaki iliski
daha oOnceki bazi aragtirmalarda ele alindi [4]. Yine alt
yoriingesel graflar iizerine yapilan baska ¢alismalarda ise
sonsuz uzunluklu yollarin {rettigi say1 dizilerinin,
Fibonacci ve Lucas say1 dizileriyle olan iligkileri
aragtirildi [5,6]. Bu calismada da benzer ydntemler
kullanilarak alt yoriingesel graf fikrinden yola ¢ikarak
belirli 6zelliklere sahip doniistimlerin iirettigi devreler ve
sonsuz uzunluklu yollar incelendi. Tum semboller
tamsay1 olmak tzere, [7]’de Ny(n) normalliyen alt
grubunun elemanlar1 asagidaki gibi GL(Q) grubunun
matrisleriyle verilmistir:

ae b
h
(& ) K

Burada, h ile; h?|(n, 24) 6zelligini saglayan tamsay1y1 (
(n, 24) gosterimi ile n ile e nin en biylk ortak bélenini

n

gosterir) e semboli ile de; 3 tamsayisinin bir tam boleni
(Hall
determinanti

Divisor) olan ve ayni zamanda matrisin
n
olan e =ade?—bciz>0 saysi

gosterilmigtir (e tamsayisinin % tamsayisini tam bdlmesi
demek; en? ile % tamsayilarinin aralarinda asal olmasi
anlamma gelmektedir ve bu durum e| % ile gosterilir).

Eger, bir t tamsayisinin asal carpanlara ayrilisi; t =
py 1Py 2+ py bigiminde ise t tamsayisinin tam olarak 2"
tane tam boleni bulunur. Bir t tamsayisinin tam
bolenlerinin kiimesi TB(t) ile gdsterilsin. TB(t) nin iki

eleman1 u ve v olmak Uzere; u * v = % biciminde

tammlanan ikili igsleme goére TB(t) bir gruptur ve CJ
grubuna izomorftur. Burada r sayisi, t sayisinin farkli
asal carpanlarinin sayisidir [8].

Im ve arkadasglarnt [3] calismalarinda; Denklem 3 ile
verilen, moduler grubun iyi bilinen kongriians alt
gruplarindan, Denklem 1 ile verilen Ty (n) ile

Ii(n) = {((cl Z) er: (Ccl Z) = (é I) (mod n)}

alt grubu arasinda kalan T,(n) kongriians alt grubunun
PSL,(R)’deki normalliyeninin grup yapisini Ozetle
asagidaki gibi verdiler:

nm={(¢ b)ernmae) ©

Burada, A ile (Z/nZ)* nin herhangi bir alt grubu
gosterilmistir ve —1 € A kabul edilmistir.

Eger, A= (Z/nZ)* ise Ty(n) = [H(n) olur.

Eger, A= {1} ise [y(n) = +I;(n) olur.

Diger hallerde ise, T (n) = I\(n) = Iy (n) iliskisi gegerli
olacaktir. Ayrica galisma boyunca, I,(n) nin PSL,(R)
deki normalliyeni N,(n) ile gosterilecektir. Tum
semboller tamsay1 olmak iizere,

[ o)
M= , " JePGLi(Q),
Qw

n=
h

Q||%, det(M) = Q bicimindeki M matrisleri Nj(n)
grubundadir [3].
Eger h = 1 almirsa M’yi A, ile gdsterecegiz. Yani,

_(Qx y

4g = (nz Qw)

biciminde olup, bu tipli tim elemanlar T,(n)’nin
normalliyenindedir. Bu elemanlara 6zel olarak Atkin-
Lehner involusyonu adi verilir ve bu elemanlarn
olusturdugu gruba da Atkin-Lehner grubu ad1 verilir. Cok
basit bir gozlemle, (2) bigimli elemanlarin Nj(n)
grubununda oldugu aciktir. Aslinda burada bahsedilen
tim gruplar, genel olarak Mdbiiis doniisiimleri olarak
bilinen PGL,(C) grubunun alt gruplaridir. Bu grubun
genigletilmis  kompleks sayilar kﬁmes}z)ﬁzerindeki
hareketi g6z Oniine alinarak, elemanlarinin sabit
noktalaria gore siniflandirmasini bu ¢alismaya alt yap:
olacak bicimde bir 6zet halinde verelim. Bunun igin,

(0 o)
M={_, " |ePGLIQ
ow

5
matris gosterimi ile temsil edilen doniigiimler lizerinden
asagidaki gibi bir siniflandirma yeterli olacaktir. T(M) ile
M matrisinin normallestirilmis formunun izinin karesini
gosterelim.  Yani, (M) :=Q (x +w)? olsun. Bu
takdirde;
i. M paraboliktir ancak ve ancak t(M) = 4,
ii. M eliptiktir ancak ve ancak 7(M) € [0, 4),
iii. M hiperboliktir ancak ve ancak (M) > 4.
Bu smiflandirma ile; eger M parabolik bir doniisiim ise;
genigletilmis rasyonel sayilar kiimesine diisen bir sabit
noktasi, eliptik bir doniisiim ise; kompleks eslenik iki
sabit noktasi ve hiperbolik bir doniistimse; reel iki sabit
noktasi vardir [9].

YAPILAN CALISMALAR ve BULGULAR
Qx y)r '_(er+ys)
(nz ow (s) " \nzr + Qws )

Denklem 4 ile verilen matris ¢arpimi ile Atkin-Lehner
grubu, Q = QU {0} genisletilmis rasyonel sayilar
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kiimesi tizerinde hareket eder. [10] ¢alismasindan farkli
olarak biz burada; [3] calismasindan ilham alarak,
matrisin birinci girdisi olan x iizerinde kisitlamalar
yaptik. Ayrica burada n = p # 2 tek asal say1 olarak
secilmistir. Boylece, Q = 1 veya Q = p olmak lizere A=
(Z/pZ)y ={1,2,--,p—1} ve A={1,p—1} alt
gruplar1 g6z oniine alinmigtir. Bu durumlart; agagidaki
gibi dort alt baglikta inceledik.

)Q =1,A= (Z/pZ)* = {1,2,+,p — 1} Durumu:

Bu durumda, Denklem 4 ile verilen hareket asagidaki
gibi olur.

(rz ) ()= (o +s) ®

Simdi, bu hareket ile oo =% elemaninin yoriingesini
inceleyelim. Bu yoriinge asagidaki gibi elde edilebilir ve
genel terimini bulmak &nemli bir problem olarak
diistindlebilir.

2
(};CZ 3!1/) : ((1)) - (;Z) - (pl(?c]zz-l-'-_;w)) = (6)

—_(* Y
Teorem 1. E = (pz W)
iizere asagidaki durumlar s6z konusudur:

eliptik bir doniisiim olmak

a)x+w=0isep =1 (mod 4) dir,

(7)1 .
b) x+w=+1 ise ZT =1 esitligi saglanir,

burada (%) Legendre sembolldur. Yani; (%) = 1 olmasi,
x% = a (mod p) kongriians denkleminin ¢ézimuinin
mevcut olmas1 demektir.

. x
Ispat: a) (pz 3:,) doniisiimiiniin determinantt; xw —

pyz =1 oldugundan, xw = 1 (mod p) denkligi elde
edilir. E doniisiimii eliptik oldugundan, [x+w| <1
sartim1 saglayan déniisiimleri gdz oniine alacagiz. ilk
olarak, x +w =0 icin, x2 = —1 (mod p) kongriians
denkleminin ¢oziimiiniin olmasi igin gerek ve yeter
kosul, p = 1 (mod 4) denkligi saglanir (Kenneth, 2011).
b) Ikinci olarak, |x+w|=1 igin; yine E’nin
determinanti gz oniine alindiginda istenen kolay bir
sekilde elde edilir. m

Bu teoremin her iki durumunu da asagidaki 6rnekle
aciklayabiliriz.

2 -1 L
5 _ 2) eliptik
doniigiimii elde edilebilir. Bu doniisiimiin iirettigi devreyi
(cy5) tst yart diizlem modelinin jeodezikleri yardimiyla
agagidaki Sekil 1°deki gibi gosterebiliriz:

Ornek 1. a) p=5 icin ez,s=(

Sekil 1. .0 — E - % — oo Devresi.
- 3 -1
b) p=7,z=1 alindiginda ez, = (7 _2), €47 =

(g :g) Ve €57 = (3 :i) eliptik ddmsiimleriyle

asagidaki Sekil 2 ile gosterilen c3, €47, €5, devreleri
elde edilir:

Sekil 2. €35, C44, Cs, Devreleri.
ii)Q =p, A= (Z/pZ)* ={1,2,---,p — 1} Durumu:

Bu durumda, Denklem 4 ile verilen hareket asagidaki
gibi olur.

Gz o) ()= Goor + ps) )
Bu hareket

hesaplandiginda elde edilen kdse dizisinin ilk birkag
terimi Denklem 8 ile gosterilebilir.

2
)= )= (o) = ®)

Ayrica bu baslikta ele aldigimizda, eliptik doniigsiimler
igin sadece, Q = 2 veya Q = 3 durumlar1 s6z konusudur.

. 1 o oo .
ile o =< clemanmin  ydriingesi

Cunku; (?lJZC Y ) doniisimiiniin eliptik olmasi i¢in

Qw
[x + Wl\/a < 2 esitsizligi saglanmalidir. Boylece, Q =
2 icin dordinci mertebe, Q = 3 i¢in altinc1 mertebe
eliptik elemanlar bulunabilir [8]. Bunu asagidaki 6rnekle
aciklayabiliriz.

Ornek 2. (_42

olan ve Sekil 3 ile iist yart diizlemde gosterilen, co —
3 . -
—2- -5~ —1 — oo devresi elde edilir.

_52) eliptik doniisimi icin uzunlugu 4
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Sekil 3.0 » -2 — —% — —1 — oo Devresi.

(_63 _73) eliptik doniisiimii i¢in ise uzunlugu 6 olan ve
Sekil 4 ile iist yar1 diizlemde gosterilen,
5 3 4

Etadat-te - 1 - oo devresi elde edilir.

0> —2 >

1 (5 5) ”

Sekild. 0o > —2->-25-3,_2%2 1,
3 2 3

Devresi.

Not 1. [x+ W|\/5 > 2 oesitsizliginin - saglanmasi
durumunda parabolik ve hiperbolik doniisiimler s6z
konusu olacaktir ve bu durumda; sonsuz uzunluklu
devreler elde edilecektir. Ayrica, n =p =3 i¢in h =1
olmak zorunda olacagindan n = 2 durumunu g6z 6niine
almayacagiz. Baska bir ifadeyle n dogal sayisini tek asal
sayilardan segecegiz.

iii)Q =1, A= {1, p — 1} Durumu:

Bu durumda Denklem 4 ile verilen hareket Denklem
9’daki gibi olur:

px+1 y) T __(pxr$r+ys)
( Pz w (s) N\ pzr+ws ©)
Bu hareket ile; oo = % , elemanimin yo6riingesi Denklem

10 ve Denklem 11°deki gibi elde edilir:

6= )= Grmdash) = @0
6= ("5 )= ot =) =

Bu durumda, eliptik doniistimleri belirlemek i¢in Teorem
1 gegerli olur.

Ornek 3. p > 2 bir asal olmak iizere, Hy:= (; p _}_ 1)

hiperbolik (T(Hp) = p + 2 > 2 ) matrisine karsilik gelen

donlisimiinii g6z Oniine alalim. Bu
pz+(p+1)

doniisiimiin  genisletilmis rasyonel sayilar (Q U {oo})
Uzerindeki hareketi ile oo =% elemaninin  yériingesi

asagidaki gibi verilebilir:

+1 243p+1
14 _, _Db°+3p
p(p+1)(p+3)

1
0 - - =
p p(p+2)

12)

Burada eliptik doniigiimlerin aksine sonsuz uzunluklu bir
yol elde edilir. Ayrica bu doniisiimiin sabit noktalart;

+1 .. " .
z = z denkleminin kokleri olan,
pz+p+1
_ —piyJpP+4p
Z17 = T

reel sayilari olarak elde edilir. Denklem 12 ile; ilk dort
terimi verilen {H¥ (c0)} dizisi, bu sabit noktalardan birine

yakinsar. Bu sabit noktalar ile ilgili olarak asagidaki
sonucu verebiliriz.

Sonug 1. Yukaridaki gibi tanimlanan doniigiimiin sabit
—p+Vp?+4p —p—yp2+4p
2p

noktalart olan z; = 2p

ve Zy =

sayilar1 irrasyoneldir.

Ispat. p asal say1 olmak iizere p? + 4p sayilarimin tam
kare olmayacagini gdstermemiz yeterlidir. Bunun igin,
p?+4p =n? olacak sekilde bir n tamsayismin
bulunamayacagini gostermeliyiz. Buradan;

p?+4p—n?=0 (13)

p icin ikinci derece denklemi elde edilir. (13)

denkleminin tamsay1 ¢oziimlerinin bulunmasi, A =

4n? + 16 diskriminantinin tam kare olmasina baghdir.

Bunun igin 4n?+ 16 =t?> denkleminin tamsay1

¢Oziimlerine bakalim:

e n=20 icin A=4 olur, ancak bu durumda (13)
denklemini saglayan p asali bulunamaz.

e n#0 durumunda ise; t?—n?=4 denkleminin
tamsay1 ¢oziimlerinin olmadig1 kolaylikla goriilebilir.

Dolayistyla higbir p asal sayisi igin p? + 4p bir tam kare

olamaz ve ispat biter. Denklemi buraya yazin.

Diger taraftan, Denklem 9 ile verilen 6§ )+ Ly )
pz w

doniisiimiin sabit noktasi a ile goésterilsin. Bu durumda,
(px+1)a+y
pza+w

ikinci derece denklemin kokleri, sabit noktalar1 verir.
Denklemin diskriminanti; A= (w — px — 1{@)}+ 4pzy ve
doniisiimiin determinanty; pxw + w — pzy = 1 oldugu
g6z Oniine alinirsa, sabit noktalar;
_ (1+px—w)$\/m

- 2pz

seklinde elde edilir.

=a > pza’+(w—px—1)a—y =0,

a

(10)

Teorem 2. S: = (px t1loy
Pz w

olmasi i¢in gerek ve yeter kosul px + zy = 0 olmasidir

) doniistimiiniin parabolik
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ve bu durumda z # 0 icin sabit nokta; a == = —%

rasyonel sayisidir.

Ispat. 7(S) = (px + w + 1)? = 4, det(S) = 1 oldugu
g0z Oniine alinirsa, istenilen kolaylikla elde edilir.m

Ornek4.p=3,x=1,y=—-3vew = —2 alinirsa; S
tipli Ozel bir parabolik doniisim elde edilir. Bu
doniisiimiin {irettigi sonsuz uzunluklu yol; Sekil 5 ile
gosterildigi gibi 1 sayisina yakinsayan bir rasyonel dizi
ile etiketlenebilir.

(14)

PR i
29 B 3

T

Sekil 5. Denklem 14 ile elde edilen sonsuz uzunluklu
yol.

iv) Q =p, A= {1, p — 1} Durumu:

x = ¥1 (mod p) olmak lizere hareket Denklem 14 ile
verilebilir.

(o ) ()= G+ pws)

Eger, w = —x ise; her p > 3 asaliigin, px? + zy + 1 =
0 denklemini saglayan x, z, y tamsayilari ile elde edilen
eliptik doniistimler; Denklem 15 ile gosterildigi gibi 2
uzunluklu devreler Gretir:

m%(’;)%(sz(;ryZ)zm

(15)

(16)

Eger, |w + x| = 1 ve p = 3 ise, doniisiim eliptik olup,
bu tipli doniisiimler; Denklem 16 ile gosterildigi gibi 3
uzunluklu devreler Uretirler.

wq(x)q(px”yz)m

> i (17)

Eger, |w + x| = 1 ve p > 3 ise, Denklem 14 ile verilen
PX Y\ e . .
(p z pw) doniistimii hiperbolik olup, bu durumda;
_ px-w)F/p2(w+x)2—4p
2pz
reel sayilarina yakinsayan sonsuz uzunluklu yollar elde
edilir.

a

TARTISMA ve SONUC

Bilindigi gibi, (Z/pZ)* ¢arpimsal grubunun asikar alt
gruplarindan baska alt gruplar1 da vardir. Bu alt gruplar
icin benzer yollar1 ve devreleri bulma problemi; ¢ok daha
detayli bir c¢aligma gerektirecektir ve bunlarin
irdelenmesi daha sonraki ¢aligmalarin konusu olabilir.
Bu caligma ile sunulan yontem ve fikir dogrultusunda
Modiiler grup ve benzeri gruplarin genisletilmis rasyonel
sayilar kiimesi lizerindeki dogal hareketinden dogan
devreler ve yollar ¢ok daha fazla merak uyandirabilir.
Ayrica, Ozellikle sonsuz uzunluklu yollarin irettigi
rasyonel say1 dizilerinin sayilar teorisi agisindan ilging
sonuglar1 bulunabilmektedir [5]. Ornegin, klem 12
ile verilen yolun rasyonel koéselerinin bu agidan
aragtirmaya deger oldugu sdylenebilir. Sonug olarak bu
calismada; moddler grubun bazi 6zel kongriians alt
gruplarin PSL,(R) deki normalliyenleri ele alindi. Bu alt
gruplarin  genigletilmis  rasyonel sayilar kiimesi
Uzerindeki hareketi belli kisitlamalar altinda ayri ayri ele
alindi. Eliptik elemanlarin tirettigi 2, 3, 4 ve 6 uzunluklu
devrelere oOrnekler verildi. Hiperbolik ve parabolik
elemanlarin trettigi sonsuz uzunluklu yollar gosterildi
(sirastyla Ornek 3 ve 4). Buradaki graflarm koselerinin
etiketlendigi say1 dizileri ile doniisiimlerin tipleri
arasinda iligkiler ortaya kondu. Ayrica sonsuz uzunluklu
yollarin yakinsadigi nokta ile iiretici doniisiimiin sabit
noktalar1 arasindaki iligkiler irdelendi.

KAYNAKCA

[1] Newman, M., The normalizer of certain modular
subgroups, Canadian Journal of Mathematics, 8, 29-31,
1956.

[2] Lehner, J., Newman, M., Weierstrass point of
I 0(N), Annals of Mathematics, 79(2), 2 a 8, 1964.

[3] Im, B., Jeon D., Kim, C.H., Normalizers of intermediate
congruence subgroups of the hecke subgroups, Open
Mathematics, 15(1), 787-799, 2007.

[4] Giiler, B.O., Besenk, M., Deger, A.H., Kader, S., Elliptic
elements and circuits in suborbital graphs, Hacettepe
Journal of Mathematics and Statistics, 40(2), 203-210,
2011.

[5] Sanl, Z., Kéroglu, T., Some group actions and Fibonacci
numbers, Communications Faculty (@6) Sciences
University of Ankara Series Al Mathematics and
Statistics, 3, 273-284, 2022.

[6] Akbaba, U., Deger, A.H., On applications of pell
and pell-lucas numbers with matrix method, Journal of
Intelligent & Fuzzy Systems, 44(6), 10703-10707, 2023.

[7] Conway, C., Norton, S., Monstrous and moonshine,
Bulletin of the London Mathematical Society. 11, 308-
339, 1979. ?183

[8] Akbas M., The normalizer of modular subgroups, Faculty
of Mathematical Studies University of Southampton, Phd
Thesis, 1989.

[9] Palka, B.P., An introduction to complex function theory,
Springer New York, NY, 405s, 1991.

[10] Kéroglu, T., Giiler, B. O., Sanli, Z., Suborbital graphs for
the Atkin Lehner group, Turkish Journal of Mathematics,
41, 235-243, 2017.

178



Comprehensive Assessment of Morphological, Biochemical and Molecular Responses of
Melissa officinalis subsp. officinalis L. Grown in Vitro Conditions to Copper Oxide
Nanoparticles

Ersan BEKTAS#*, Hiiseyin SAHIN?, Halil ibrahim Giiler?, Kadriye INAN BEKTAS?, Kaan KALTALIOGLU?,
Nilhan Elif UZUN?
! Espiye Vocational School, Giresun University, Giresun, Turkiye.
2 Molecular Biology and Genetics, Faculty of Science, Karadeniz Technical University, Trabzon, Tirkiye

D<: ersan.bektas@giresun.edu.tr; ebektas61@yahoo.com “='10000-0001-9030-6908 “'*20000-0002-6018-1494
30000-0002-7261-6790"** 4 0000-0002-5909-588X 50000-0002-4995-2657 60009-0003-9187-0318

Received (Gelis): 26.05.2025 Revision (Diizeltme): 11.06.2025 Accepted (Kabul): 20.06.2025

ABSTRACT

Copper oxide nanoparticles (CuO-NPs) were applied in vitro to Melissa officinalis L. subsp. officinalis seedlings (0.1,
1.0 and 10 mg L) to probe morphological, biochemical and molecular responses. At 0.1 mg L™, shoot elongation
rose markedly, whereas 10 mg L stimulated root proliferation but curtailed shoot growth. The highest dose also
maximised total phenolic and flavonoid contents and strengthened CUPRAC, DPPH and ABTS antioxidant activities.
HPLC revealed elevated rosmarinic acid with concomitant declines in caffeic and p-coumaric acids, implying pathway
redirection. Enzyme assays showed peak AChE inhibition at 1.0 mg L™, while MAO, urease and HIV-1 RT inhibition
intensified with increasing doses. GC-MS demonstrated dose-dependent shifts in essential-oil composition, notably
higher geranial and neral. gRT-PCR confirmed up-regulation of PAL, TAT and RAS transcripts, especially at 10 mg
L™, corroborating enhanced phenylpropanoid biosynthesis. Overall, CuO-NPs act as concentration-dependent abiotic
elicitors, boosting bioactive metabolite production and antioxidant capacity, and thus can improve lemon balm
phytochemical quality under controlled conditions.

Keywords: Antioxidant activity, CuO Nanoparticles, Gene expression, In vitro propagation, Melissa officinalis subsp.
officinalis, Phenolic compounds

In Vitro Kosullarda Yetistirilen Melissa officinalis subsp. officinalis L.'nin Bakir Oksit
Nanopartikiillerine Kars1 Morfolojik, Biyokimyasal ve Molekiiler Yanitlarimin Kapsamh
Degerlendirmesi

oz

Melissa officinalis L. subsp. officinalis (ogul otu) fidelerine in vitro kosullarda 0.1, 1.0 ve 10 mg L™
konsantrasyonlarinda bakir oksit nanopargaciklar1 (CuO-NP) uygulanarak morfolojik, biyokimyasal ve molekiiler
tepkiler degerlendirilmistir. Diigiik dozda (0.1 mg L) siirgiin uzamasi belirgin sekilde artarken, 10 mg L' kok
gelisimini tesvik etmig ancak siirgiin bilylimesini baskilamistir. En yiiksek dozda toplam fenolik ve flavonoid igerikleri
artmig, CUPRAC, DPPH ve ABTS testlerinde antioksidan aktiviteler gii¢lenmistir. HPLC analizleri, rosmarinik asitte
artis ve kafeik ile p-kumarik asitlerde azalma oldugunu gostermistir; bu da metabolik yol yoneliminin degistigini
diistindlirmektedir. Enzim inhibisyon analizleri, 1.0 mg L"""de en yiiksek AChE inhibisyonunu, daha yiiksek dozlarda
ise MAO, Ureaz ve HIV-1 RT inhibisyonunun arttigini1 géstermistir. GC-MS, geranial ve neral gibi bilesenlerin arttig1
doz bagimli ugucu yag degisimlerini ortaya koymustur. qRT-PCR sonuglari, 6zellikle 10 mg L™"’de PAL, TAT ve
RAS genlerinin yukari yonlii diizenlendigini gostermistir. Genel olarak, CuO-NP’ler biyotik olmayan uyaricilar olarak
islev gérmekte ve fitokimyasal kaliteyi artirma potansiyeli sunmaktadir.

Anahtar Kelimeler: Antioksidan aktivite, CuO Nanopartikiil, Fenolik bilesikler, Gen ekspresyonu, in vitro
propagasyon, Melissa officinalis subsp. officinalis

INTRODUCTION chemical production in medicinal plants. Engineered

nanomaterials-particularly metal and metal oxide
Over the last few decades, the convergence of nanoparticles-are increasingly utilized in plant tissue
nanotechnology and plant biotechnology has given rise  cultures due to their reactivity and biodegradation
to new opportunities for the enhancement of beneficial  potential [1,2]. Among these, copper oxide nanoparticles
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(CuO-NPs) are particularly noteworthy due to their
distinct physical and chemical properties and their dual
role as a vital nutrient as well as a potential stressor in
plants. Copper (Cu) is a trace element that plays a vital
role in several plant enzyme functions and redox
reactions. It participates in vital activities such as
photosynthesis, respiration, lignin  synthesis, and
antioxidant defense through major copper-dependent
enzymes such as plastocyanin, cytochrome ¢ oxidase,
and superoxide dismutase [3].

In spite of the significance of Cu in the plant system,
levels of Cu must remain strictly regulated. Too intense
Cu levels within the plant can lead to oxidative stress
through the enhanced production of toxic reactive
oxygen species (ROS), damaging cell structures and
hindering the process of photosynthesis [3,4]. Because of
their minute size and huge surface area, CuO-NPs are
capable of releasing easily assimilatable Cu** ions and
directly interacting with plant tissues. Such interaction
will largely depend on the concentration and properties
of nanoparticles. Various studies confirm that low doses
of CuO-NPs improve germination of the seeds, root
growth, and absorption of nutrients in a variety of plant
species [5,6]. In contrast to this, high concentrations are
found to result in reduced plant growth, toxicity, and
even DNA damage [1,7,8]. These impacts differ for plant
species and nanoparticle characteristics in the form of
size, shape, and surface properties. Still, we have a
developing body of knowledge about how CuO-NPs
affect overall plant metabolism-especially in medical
plants that contain healing compounds.

Melissa officinalis L. subsp. officinalis, or lemon balm, is
a perennial mint plant species (Lamiaceae) that has
earned fame for its therapeutic properties in the form of
antioxidant, antimicrobial, spasmodic, and
neuroprotective activities [9,10]. These activities are due
to naturally occurring compounds such as rosmarinic
acid, caffeic acid, flavonoids, and other active
compounds. Environmental stress in the form of
oxidative conditions can affect the synthesis of these
products [11].

The tissue culture of plants allows for precise plant
growth and the increase in their bioactive compounds in
a controlled laboratory setting. It also enables the
selective application of nanoparticles to determine their
impact [12]. Such in vitro systems are perfect for
assessing how CuO-NPs impact plant growth,
metabolism, and gene function. While several studies
have examined CuO-NP toxicity and uptake in several
crops and model organisms [6], we have little focused
work in M. officinalis, particularly in a laboratory-
controlling setting in which external influences are
reduced. Further, we have little insight into how CuO-
NPs affect the metabolic pathways and gene expressions
that produce the secondary compounds in the form of
phenylpropanoids.

This study aims to bridge that gap by conducting an in-
depth analysis of the response of Melissa officinalis L.
subsp. officinalis seedlings to varied levels of CuO-NPs
in a laboratory condition. It targets the development of

shoots and roots, antioxidant potential, phenolic and
flavonoid content levels, inhibition of enzymes
(acetylcholinesterase, urease, monoamine oxidase
(MAO-A)), and the regulation of important genes
(phenylalanine  ammonia-lyase ~ (PAL), tyrosine
aminotransferase (TAT), and rosmarinic acid synthase
(RAS)) involved in the synthesis of compounds. The
information obtained both identifies the beneficial as
well as stressful functions CuO-NPs might have and
implies that nanotechnology has the potential to harness
nanomaterials as high-value tools for enhancing plants'
medical properties.

MATERIALS AND METHODS

Pre-Treatment and In Vitro Culture of M. officinalis
Seeds

M. officinalis seeds were sterilized through a modified
method by Bektas and Sokmen (2016) [13]. The seeds
were first soaked for 12 hours at room temperature in a
5% sucrose solution with a few drops of bleach. They
were then briefly treated with a 30% hydrogen peroxide
solution for five minutes. After three successive rinses
with sterile distilled water, the seeds were placed on
Murashige and Skoog (MS) medium, supplemented with
vitamins, to promote germination. Cultures were
incubated at 25 + 1°C under a 16/8 h period. Once healthy
seedlings had developed-after approximately four weeks-
they were used for the next phase of experimentation.

Copper Oxide Nanoparticle (CuO-NP) Treatment

To assess the effect of copper oxide nanoparticles on M.
officinalis growth, in vitro seedlings were transferred to
fresh MS media containing CuO-NPs at concentrations
of 0 (control), 0.1, 1.0, or 10.0 mg/L. The CuO-NPs used
in this study were purchased from Nanografi
Nanotechnology Company (Ankara, Turkey). The
product consisted of high-purity (>99.995%) CuO-NPs
with a particle size distribution ranging from 15 to 45 nm.
A small quantity of kinetin (0.1 mg/L) was also added to
promote shoot development. The control group was
grown on MS medium with Kkinetin, but without CuO-
NPs. Although CuO-NPs were originally prepared in five
concentrations (0.1, 1.0, 10.0, 100.0, and 1000.0 mg/L),
seedlings exposed to the two highest concentrations
(100.0 and 1000.0 mg/L) did not survive or show
development under in vitro conditions. As a result, only
the 0.1, 1.0, and 10.0 mg/L treatments were selected for
further physiological, biochemical, and molecular
evaluation.

Explants were cultured for 30 days under the same
temperature and light conditions. At the end of the
treatment period, plant growth parameters-including
shoot length, leaf and node numbers, root count, root
length, and both fresh and dry weights-were measured.
Plant tissues were harvested, flash-frozen in liquid
nitrogen, and stored at -80 °C until analysis. Before
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testing, samples were freeze-dried and ground into a fine
powder.

Phytochemical Analysis
Metabolite Extraction

The powdered plant samples were extracted using high-
purity methanol at 40 °C for 12 hours with continuous
stirring under reflux conditions to preserve volatile
compounds. After the extraction, the solutions were
cooled, filtered, and stored at -20 °C. These extracts were
later analyzed to determine phenolic composition, total
phenolics and flavonoids, antioxidant capacity, and
enzyme inhibition activity.

HPLC Profiling

To identify individual phenolic compounds, the extracts
were  subjected to  high-performance  liquid
chromatography (HPLC). A Thermo Fisher Dionex
Ultimate 3000 system equipped with a C18 reversed-
phase column was used. The mobile phase included a
gradient of two solvents: one consisting of water with 2%
acetic acid, and the other of acetonitrile with 0.5% acetic
acid. Each chromatographic run lasted approximately 45
minutes, with a flow rate of 1.2 mL/min and a column
temperature maintained at 30°C. Eighteen standard
compounds, including a variety of acids, flavonoids, and
phenylpropanoids, were used to identify components in
the samples. Concentrations were determined from
calibration curves and expressed as micrograms per gram
of dry plant weight.

Total Phenolic and Flavonoid Content

Total phenolic content was measured using the Folin—
Ciocalteu method, with absorbance recorded at 760 nm
[14]. Results were expressed in milligrams of gallic acid
equivalent per gram of dry weight (mg GAE/g DW).
Total flavonoid content was assessed using the aluminum
chloride method, measuring absorbance at 415 nm [15],
and expressed in milligrams of quercetin equivalent per
gram (mg QE/g DW).

Antioxidant Assays

Three different in vitro methods were used to evaluate the
antioxidant activity of the plant extracts. The CUPRAC
method was employed to measure the antioxidant
capacity based on the reduction of copper(ll) ions,
following the procedure developed by Apak et al. (2004)
[16]. In this assay, the formation of a colored Cu(l)-
neocuproine complex was monitored at an absorbance of
450 nm, and results were expressed in micromoles of
Trolox equivalents per gram of dry plant tissue.

To assess the radical scavenging ability of the samples,
the DPPH assay was used with the stable DPPHe radical.
The plant extracts were mixed with a methanolic DPPH
solution and incubated at room temperature. Absorbance

was then measured at 517 nm. The SCso value, indicating
the concentration of extract needed to reduce 50% of the
radicals, was calculated using a logarithmic equation
derived from a calibration curve [17].

Similarly, the ABTS assay measured the extract’s ability
to scavenge the ABTSe' radical. The ABTS radical
solution was prepared by reacting ABTS with potassium
persulfate and incubating it in darkness for 16-18 hours.
Before use, the solution was diluted to an absorbance of
0.700 + 0.020 at 734 nm. The plant extracts were then
added and incubated for 5 minutes before absorbance was
recorded at 734 nm. The SCso values were calculated as
described by Re et al. (1999)[18]. Trolox served as the
standard positive control in all three antioxidant assays.

Enzyme Inhibition Assays

The enzyme inhibitory effects of the plant extracts were
evaluated using standard in vitro  protocols.
Acetylcholinesterase (AChE) inhibition was measured
using Ellman’s colorimetric method, where the formation
of a yellow-colored complex was monitored at 412 nm
[19]. A lower absorbance reading indicated stronger
enzyme inhibition. Galantamine was used as the
reference inhibitor in this assay.

Monoamine oxidase-A (MAO-A) inhibition was
assessed using a commercial assay kit (Sigma MAK520-
1KT). A decrease in absorbance at 490 nm was
interpreted as enzyme inhibition, with clorgyline serving
as the positive control [20].

Urease activity was measured by detecting ammonia
released from urea, using phenol red as the pH indicator.
A reduction in color intensity at 570 nm indicated
effective inhibition [21]. Thiourea was used as the
standard inhibitor for this assay.

The inhibition of HIV-1 reverse transcriptase (RT) was
tested with a commercial ELISA kit from Roche. After a
1-hour incubation at 37 °C, absorbance was recorded at
405 nm. Nevirapine served as the positive control [22].

Analysis by GC-MS for Volatile Compounds

Volatile compounds in the freeze-dried M. officinalis
seedlings were analyzed using gas chromatography—
mass spectrometry (GC-MS) with a headspace sampling
approach. Roughly 2 grams of powdered plant material
were combined with a saturated sodium chloride (NaCl)
solution and sealed in a vial, then incubated at 60 °C for
10 minutes to allow volatile collection.

The gas chromatograph was equipped with a BPX-90
high-polarity column, and an optimized temperature
ramp was applied during the analysis. Mass spectra
obtained were compared against the NIST library and
confirmed with authentic chemical standards when
available. The relative quantity of each volatile
compound was determined based on its peak area in the
chromatogram. Key compounds such as geranial and
neral were identified and their levels compared across
different treatment groups.

Gene Expression Analysis
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To explore how CuO-NP treatment affects molecular
responses, gene expression levels related to phenolic
biosynthesis were measured using quantitative real-time
PCR (gRT-PCR). Approximately 100 mg of frozen plant
tissue was used to extract total RNA using the
Spectrum™ Plant Total RNA Kit (Sigma, STRN50). The
quality and integrity of the extracted RNA were checked
through  spectrophotometry  and  agarose  gel
electrophoresis.

One microgram of RNA was then used to synthesize
cDNA using a standard reverse transcription kit and
oligo(dT):s primers. The reaction took place at 42 °C for
60 minutes and was then heat-inactivated at 70 °C.
Quantitative PCR was performed using SYBR Green
chemistry on a Bio-Rad real-time PCR system.

Table 1. Designed specific primers and their properties

Gene  Prime  Primer Sequence (5’-3%) Ampli
r con
Name Size

(bp)
PAL- AGCCTGGACTACGGCT
F TC

PAL PAL- ACATCCTGGTTATGCT 122
R GCTC
TAT- GCTACCAGCCGACTCT
F GTC

TAT TAT- CGTAGATTGGGAAACA 122
R CGGTC
RAS- GTKGRRAACGAGCAC
F CAC

RAS  “RAS.  AGGGMSKSCGGTCGA 122
R AAG
GAPD GCTAAGGCTGTTGGTA

GAP H-F AAGTGC 121

DH GAPD TGGCCTCTTTCTCTAG
H-R CCTGAC

Primers were specifically designed to amplify three
target genes: phenylalanine ammonia-lyase (PAL,
GenBank AC: FN665700.1), tyrosine aminotransferase
(TAT, GenBank AC: JN863949.1), and rosmarinic acid
synthase (RAS, GenBank AC: KM575933.1) (Table 1).
The GAPDH (Genbank AC: KF013133.1) gene served as
the internal reference. Amplification was carried out over
40 cycles, and a melting curve analysis confirmed the
specificity of the PCR products. Gene expression levels
were calculated using the 2-AACt method

Statistical Analysis

All experiments were repeated at least three times
independently. Results are reported as mean * standard
deviation. Statistical significance was determined using
one-way ANOVA, followed by Tukey’s post-hoc test
(p<0.05). All analyses were performed using SPSS
version 25.0.

RESULTS
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Effects of CuO-NPs on
Parameters

In Vitro Plant Growth

The application of CuO nanoparticles (CuO-NPs) had
notable, dose-dependent effects on various growth
parameters of M. officinalis seedlings cultured in vitro
(Table 2, Figure 1). Among the measured traits, shoot
elongation exhibited the highest value at 0.1 mg/L CuO-
NP treatment, reaching 101.73 + 6.11 mm, which was
significantly greater than that of the control group treated
with kinetin (59.09 £ 2.04 mm; p < 0.05). However,
higher CuO-NP concentrations led to reduced shoot
length, with 1.0 and 10.0 mg/L treatments resulting in
64.02 + 3.53 mm and 56.90 = 1.09 mm, respectively.
Although five CuO-NP concentrations (0.1, 1.0, 10.0,
100.0, and 1000.0 mg/L) were initially tested, no seedling
growth was observed at 100.0 and 1000.0 mg/L under in
vitro conditions (Figure 1 D and E). As a result, only the
0.1, 1.0 and 10.0 mg/L concentrations were evaluated for
further physiological and biochemical analysis.

Leaf number showed a slight decline with increasing
CuO-NP concentration. While the highest number of
leaves (10.88 = 1.00) was recorded at 0.1 mg/L, it
decreased to 8.00 + 0.00 at 1.0 mg/L and 7.66 £ 0.75 at
10.0 mg/L. A similar trend was observed in nod number,
which declined from 5.44 + 0.50 (0.1 mg/L) to 3.83 £
0.37 (10.0 mg/L), and was lower than the control (4.15 +
0.31). The number of shoots per node (tillering) remained
unchanged at 2.00 + 0.00 across all treatment groups,
including the control.

In terms of rooting performance, the highest number of
roots was observed at 10.0 mg/L CuO-NPs (18.08 *
0.96), followed by the control (15.14 + 0.68), while the
lowest values were recorded at 0.1 and 1.0 mg/L (11.36
+ 0.83 and 11.53 + 0.84, respectively). In contrast, root
elongation was most pronounced at 1.0 mg/L CuO-NPs
(179.68 £ 10.30 mm), which significantly exceeded the
control (69.11 £ 2.04 mm) and all other treatments (p <
0.05). Root length was shortest at 10.0 mg/L (34.66 +
1.34 mm), suggesting a concentration-dependent
suppression of elongation despite enhanced root
proliferation.

Dry matter accumulation (% dry weight) also varied with
CuO-NP dose. The control group exhibited the highest
dry weight percentage (14.38 = 0.57%), whereas values
declined slightly with increasing nanoparticle
concentration. Specifically, the 10.0 mg/L CuO-NP
group reached 13.53 + 0.85%, followed by 1.0 mg/L
(12.13 £ 0.77%) and 0.1 mg/L (10.66 * 0.64%).

Table 2. Growth responses of M officinalis seedlings to varying
concentrations of CuO-NPs.



% Dry

Weight
10,66=0,64¢
12,13+0,77¢
13,53+0,85°
14,38+0,572

Root Lenght
(mm)
116,00+3,17°
179,68+10,302
34,66+1,34¢
69,11+2,04°

of

Roots (pcs)
11,36+0,832
11,53+0,842
18,08+0,962
15,14+0,68°

Number

Multip‘)licatio
2,00+0,002
2,00+0,002
2,00+0,002
2,00+0,002

of Shoot

Number
Nodes (pcs)
5,44+0,502
4,00£0,00°
3,83+0,37¢
4,15+0,31°

of

Number
Leaves (pcs)
10,88+1,002
8,00+0,00°
7,66+0,75°
8,40+0,67°

EIongatlon
101,736,112
64,02+3,53°
56,90+1,09¢
59,09+2,04°¢

Shoot

CuO-NP
Concent

b Q
N o —

10,0
Control*

Data are presented as mean + SD (n=15). Different letters indicate
significant differences at p < 0.05 according to Tukey’s test. * Medium
containing 0.1 mg/L KIN was considered as control group and all media
containing nanoparticles were also supplemented with 0.1 mg/L KIN.

Figure 1. Representative images of M. officinalis seedlings
after 30 days of in vitro culture under different concentrations
of copper oxide nanoparticles (CuO-NPs). A: 0.1 mg/L, B: 1.0
mg/L, C: 10.0 mg/L, D: 100.0 mg/L, E: 1000.0 mg/L. Seedlings
grown at 0.1 and 1.0 mg/L exhibited vigorous shoot and root
development, while higher concentrations (100.0 and 1000.0
mg/L) led to severe growth inhibition and tissue necrosis. Scale
bar=1cm.

These findings indicate that low-dose CuO-NP treatment
(0.1 mg/L) promotes aerial growth, particularly shoot
elongation and leaf formation, while moderate doses (1.0
mg/L) enhance root elongation. High concentrations
(10.0 mg/L) appear to stimulate root induction but limit
both root elongation and shoot development,
demonstrating a biphasic  response in  plant
morphogenesis.

Total Phenolic and Flavonoid Content

The total phenolic content (TPC) and total flavonoid
content (TFC) of M. officinalis seedlings were
significantly influenced by CuO-NP treatments in a dose-
dependent manner (p < 0.05). results were presented in
Table 3. The highest TPC was observed in the 10.0 mg/L
CuO-NP group, reaching 43.453 £+ 0.80 mg GAE/g plant,
which represented a substantial increase compared to the
control group (32.687 + 0.32 mg GAE/g plant).
Conversely, the lowest TPC was recorded at 0.1 mg/L
CuO-NP (19.391 + 0.17 mg GAE/g plant), indicating that
low concentrations may not sufficiently trigger phenolic
accumulation.

Similarly, TFC levels peaked in the 10.0 mg/L CuO-NP
treatment group (1.716 + 0.03 mg QE/g plant), followed
by the control (1.612 + 0.03 mg QE/g plant), while the
lowest value was detected at 0.1 mg/L (1.579 + 0.01 mg
QE/g plant). Notably, both TPC and TFC levels were
enhanced most markedly at the highest CuO-NP
concentration, suggesting that stronger elicitation at
elevated nanoparticle levels may stimulate the
phenylpropanoid pathway and flavonoid biosynthesis.
Statistically significant differences were observed
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between all treatment groups (p<0.05), confirming the
concentration-specific response of phenolic and
flavonoid metabolism to CuO-NP exposure.

Table 3. Total phenolic content (TPC) and total flavonoid
content (TFC) in methanolic extracts of M. officinalis treated
with CuO-NPs.

Concentration | TPC (mgGAE/g TFC
(mg/L) plant) (MgQE/g
plant)
0,1 19,391+0,17¢ 1,579+0,01°
o [10 23,036+0,75° 1,632+0,03%*
3 910,0 43,453+0,80° 1,716+0,03?
Control* 32,687+0,32° 1,612+0,0%®

*Data are presented as mean = SD (n=15). Different letters indicate
significant differences at p < 0.05 according to Tukey’s test. * Medium
containing 0.1 mg/L KIN was considered as control group and all media
containing nanoparticles were also supplemented with 0.1 mg/L KIN.

HPLC Profiling of Phenolic Compounds

HPLC analysis of M. officinalis seedlings exposed to
CuO-NPs revealed considerable variation in the levels of
individual phenolic compounds, indicating a compound-
specific and concentration-dependent response to
nanoparticle treatment. A total of ten phenolic
compounds were identified and quantified, including
phenolic acids, aldehydes, and flavonoids (Table 4).
Rosmarinic acid was the predominant compound across
all treatments. Its concentration increased markedly in
plants exposed to 10.0 mg/L CuO-NPs (20.796 + 0.448
pa/g plant) compared to the control group (14.435 +
0.365 pg/g plant), indicating enhanced biosynthesis
under strong elicitor activity. A moderate increase was
also observed at 1.0 mg/L (10.477 + 0.744 pg/g), whereas
the lowest value was recorded at 0.1 mg/L (9.148 + 0.206
Hg/g).

Caffeic acid content showed a clear decreasing trend in
all CuO-NP-treated groups compared to the control.
While control seedlings accumulated 41.92 + 1.38 ug/g
plant of caffeic acid, the levels dropped significantly to
17.49 + 0.17, 16.67 + 0.37, and 20.99 * 2.42 ug/g in the
0.1, 1.0, and 10.0 mg/L CuO-NP groups, respectively. A
similar reduction pattern was noted for p-coumaric acid,
with a maximum concentration of 34.72 = 0.92 pg/g in
the control, and notably lower levels (13.87 = 0.03 to
12.17 + 0.25 pg/g) in treated plants.

Ferulic acid levels slightly increased at 10.0 mg/L CuO-
NP (8.09 + 0.24 ug/g), while remaining similar to the
control (7.98 + 0.16 ug/g). In contrast, gallic acid showed
a peak at 1.0 mg/L (3.29 £ 0.05 ug/g), being higher than
both the control (1.6 + 0.05 ug/g) and the 10.0 mg/L
group (1.32 + 0.10 pg/g).

Table 4. Phenolic compound profiles of M. officinalis extracts
determined by HPLC.
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Data are presented as mean + SD (n=15). Different letters indicate
significant differences at p < 0.05 according to Tukey’s test. * Medium
containing 0.1 mg/L KIN was considered as control group and all media
containing nanoparticles were also supplemented with 0.1 mg/L KIN.
n.d: Not determined.

Interestingly, protocatechuic acid and epicatechin were
only detected in control plants, indicating possible
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suppression of their biosynthesis under CuO-NP stress.
Protocatechuic aldehyde, however, was present across all
treatments, with relatively stable values ranging between
4.77-5.13 pg/g.

The accumulation of benzoic acid remained fairly
constant across all groups (25.49-32.3 ug/g), although a
slight elevation was noted at 10.0 mg/L CuO-NP. These
shifts in phenolic profiles suggest that CuO-NPs
selectively affect the phenylpropanoid pathway,
upregulating rosmarinic acid while downregulating
precursors like caffeic and p-coumaric acids, potentially
through pathway redirection or feedback inhibition
mechanisms.

Antioxidant Activity

The antioxidant potential of M. officinalis seedlings
treated with CuO-NPs was evaluated using three
independent  assays: CUPRAC, DPPH radical
scavenging, and ABTS radical cation decolorization. All
assays revealed significant differences among treatments
(p < 0.05), indicating a concentration-dependent
response to CuO-NP exposure (Table 5).

According to the CUPRAC results, antioxidant capacity
increased markedly with CuO-NP concentration. The
highest CUPRAC value was recorded at 10.0 mg/L CuO-
NPs (504.3 £ 5.51 umol TE/g plant), exceeding the
control group (4545 + 2.04 umol TE/g). Lower
antioxidant activity was observed at 1.0 and 0.1 mg/L
CuO-NPs, with values of 275.3 £ 0.58 and 256.3 + 0.58
pmol TE/g, respectively, suggesting suboptimal elicitor
effects at lower doses.

In the DPPH assay, lower SCso values reflect higher
radical scavenging capacity. CuO-NP-treated seedlings
at 10.0 mg/L showed the most effective DPPH
scavenging activity, with an SCso of 68.67 = 1.23 pg/mL,
substantially better than the control group (83.97 £ 0.40
pg/mL). Moderate and low concentrations (1.0 and 0.1
mg/L) yielded SCso values of 161.31 +£8.73 and 231.88 +
11.02 pg/mL, respectively, indicating reduced
effectiveness.

Table 5. Antioxidant activities (CUPRAC, DPPH SCso, ABTS
SCso) of extracts obtained from CuO-NP-treated M. officinalis
seedlings.

CUO-NP Cl(JPn'?(ﬁC DDPH (S'éB_Tfn
Concentratio H (SCso: pg s0- MY
n (mg/L) TE/g plant/mL) plant/mL.

plant) )

o1 25631088 2LBHLOZ g0 oo
1,0 21531058 161 348730 45+0,08"
10,0 504.3t551 68641230 4,00,18%
Controlx 445204 83910400 4,540,200
Trolox nt. 6,0:027°  0,3+0,00°

Data are presented as mean + SD (n=15). Different letters indicate
significant differences at p < 0.05 according to Tukey’s test. Medium
containing 0.1 mg/L KIN was considered as control group and all media

containing nanoparticles were also supplemented with 0.1 mg/L KIN.
n.t: Not tested.

A similar trend was observed in the ABTS assay. The
lowest SCso value was obtained at 10.0 mg/L CuO-NPs
(405 = 0.18 mg/mL), demonstrating enhanced
antioxidant activity compared to the control (4.54 + 0.29
mg/mL). Treatments with 0.1 and 1.0 mg/L resulted in
ABTS SCso values 0f3.82 +0.22 and 4.51 £ 0.08 mg/mL,
respectively, with the latter being comparable to the
control.

These results collectively indicate that CuO-NPs,
particularly at 10.0 mg/L, effectively enhance the
antioxidant potential of M. officinalis seedlings, as
reflected by increased reducing power and improved free
radical scavenging capacity. The enhanced activities
likely result from elevated phenolic compound
accumulation, especially rosmarinic acid, as confirmed
by HPLC analysis.

Enzyme Inhibitory Activities

The enzyme inhibitory activities of M. officinalis extracts
obtained from CuO-NP-treated seedlings were evaluated
against  acetylcholinesterase (AChE), monoamine
oxidase (MAO), urease, and HIV-1 reverse transcriptase
(RT). All enzyme assays demonstrated a concentration-

dependent response to CuO-NP exposure, with
significant differences among treatment groups (p < 0.05)
(Table 6).

For AChE inhibition, the extract obtained from plants
treated with 1.0 mg/L CuO-NPs exhibited the strongest
activity, with an ICso of 50.40 + 1.06 mg/mL, which was
more potent than the control (57.45 = 2.75 mg/mL). At
0.1 mg/L, inhibitory activity was weaker (65.76 = 0.48
mg/mL), and a further decline in efficacy was observed
at 10.0 mg/L (78.29 £ 2.70 mg/mL), indicating reduced
AChE interaction at higher CuO-NP concentrations.

In terms of MAO inhibition, the most pronounced effect
was seen at 10.0 mg/L CuO-NPs with an ICso of 2.33 +
0.07 mg/mL, followed by 1.0 mg/L (3.20 + 0.02 mg/mL)
and 0.1 mg/L (4.58 £ 0.18 mg/mL). These results suggest
that CuO-NPs exert a dose-dependent inhibitory effect on
MAO activity. The control group exhibited a moderate
level of inhibition with an ICso of 3.68 + 0.11 mg/mL.
Urease inhibition also followed a clear dose-responsive
trend. While the control extract showed an ICso of 10.48
+ 0.90 mg/mL, CuO-NP treatment at 10.0 mg/L
significantly improved inhibition, yielding the lowest
ICso value of 2.93 + 0.06 mg/mL. Lower doses showed
reduced activity, with ICso values of 6.05 + 0.17 mg/mL
at 1.0 mg/L and 13.36 + 0.78 mg/mL at 0.1 mg/L.

For HIV-1 reverse transcriptase (RT), all CuO-NP-
treated groups exhibited mild to moderate inhibition. The
highest activity was recorded at 10.0 mg/L (26.22 +
1.87%), marginally higher than the control group (25.48
+ 1.11%). The lowest inhibition was observed at 0.1
mg/L (18.98 * 1.70%), while 1.0 mg/L showed
intermediate activity (21.04 £ 1.71%). Nevirapin, used as
a positive control, displayed a high inhibition level (93.98
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* 2.94%), but was marked as t.e. (tested but excluded
from comparative analysis due to mechanistic
differences).

Table 6. Inhibitory activities (ICso values) against AChE,
MAO-A, urease, and HIV-1 RT enzymes for extracts from
CuO-NP-treated seedlings.
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Data are presented as mean + SD (n=15). Different letters indicate
significant differences at p < 0.05 according to Tukey’s test. *Medium
containing 0.1 mg/L KIN was considered as control group and all media
containing nanoparticles were also supplemented with 0.1 mg/L KIN.
n.t: Not tested.

Taken together, these findings indicate that CuO-NPs
exert selective, concentration-dependent inhibitory
effects on enzyme activity. While moderate
concentrations (1.0 mg/L) were most effective for AChE,
higher doses (10.0 mg/L) provided superior inhibition of
MAO, urease, and HIV-1 RT. These bioactivities may be
associated with CuO-NP-induced accumulation of

specific polyphenolic compounds with known inhibitory
properties, such as rosmarinic and ferulic acids.

Volatile Compounds (GC-MS Analysis)

The GC-MS analysis of M. officinalis essential oils
revealed distinct qualitative and quantitative variations in
volatile compounds among the control group (0.1 mg/L
kinetin) and CuO-NP-treated groups (0.1, 1.0, and 10.0
mg/L) (Table 7). Various constituents were detected,
with geranial, neral, verbenol, and limonene oxide being
among the dominant compounds across all samples.

Table 7. GC-MS-identified essential oil components (%) of M.
officinalis under CuO-NP treatments.

Cont. 0.1 1.0 10.0
* mg/ mg/  mg/

L L L
Valeraldehyde 625 n.d. n.d. 0.23 nd.

Compound RI

Hex-2(E)-enal 854 0.82 040 nd. n.d.
Nona- 859 n.d. 0.73 n.d. n.d.
2(E),6(E)-
dienal
Hept-5-en-2- 986 0.36 0.62 050 n.d.
one <6-methyl-
>
Geranyl 994 n.d. n.d. nd.  0.36
acetone
Myrcene 996 0.16 n.d. n.d. n.d.
Cymene <para- 102 0.13 n.d. n.d. n.d.
> 4
Limonene 102 1.19 n.d. n.d. n.d.
9
Linalool 110 0.26 0.80 0.62 n.d.
4
Verbenol 112 1.76 214 301 172
0
Citronellal 115 0.14
9
Limonene 117 1.20 1.07 181 111
oxide <trans-> 1
Acetovanillone 118 0.38 n.d. 0.92 n.d.
2
Pent-2(E)-enal 120 0.07 n.d. n.d. n.d.
8
Oct-7-enol 124 0.24 n.d. n.d. n.d.
<3,7-dimethyl- 0
>
Caprylaldehyd 124 n.d. nd. 024 nd.
e 1
Neral 125 29.16 325 323 296
0 7 6 5
Nerol 126 4.48
4
Geranial 128 5171 601 571 66.3
1 6 2 5
Citronellyl 128 0.13 n.d. n.d. n.d.
acetate 8
Lavandulol 131 0.05 n.d. n.d. n.d.
1
Geraniol 133 0.53 n.d. n.d. n.d.
2
Eugenol 136 0.11 n.d. n.d. n.d.
7
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Geranyl 139 0.74 n.d. n.d. n.d.
acetate 2
Verbenone 142 0.23 n.d. 0.99 n.d.
8
Caryophyllene 143 1.73 n.d. n.d. 0.81
<beta-> 0
Aromadendren 147 0.11 n.d. n.d. n.d.
e 2
Isovalerate 151 0.10 n.d. 0.28 n.d.
<allyl-> 1
Heptylidene 154 0.10 n.d. n.d. n.d.
acetone 6
Caryophyllene 158 n.d. nd. 062 nd.
oxide 4

Bergamotol 194 0.15 n.d. n.d. n.d.
<(2)-, alpha- 9
trans->
Viridiflorol 240
8
*Medium containing 0.1 mg/L KIN was considered as control group
and all media containing nanoparticles were also supplemented with 0.1
mg/L KIN.

2.75 n.d. n.d. n.d.

Geranial was the major compound, accounting for
51.71% in the control and increasing with CuO-NP
treatments, reaching a peak of 66.35% at 10.0 mg/L CuO-
NP. Similarly, neral levels ranged between 29.16% and
32.57%, remaining relatively stable across treatments.
Verbenol showed a dose-dependent increase, from 1.76%
in the control to 3.01% at 1.0 mg/L CuO-NP, before
slightly declining at 10.0 mg/L (1.72%).

A notable finding was that limonene oxide content
increased from 1.20% in the control to 1.81% under 1.0
mg/L CuO-NP, while linalool and acetovanillone levels
also peaked at this concentration (0.80% and 0.92%,
respectively). Certain compounds such as nona-
2(E),6(E)-dienal and  caprylaldehyde  appeared
exclusively in CuO-NP-treated samples, indicating a

possible  CuO-NP-induced  biosynthetic  pathway
activation.
In contrast, several monoterpenes (e.g., myrcene,

cymene, citronellal, and geraniol) were only detected in
the control group and disappeared with CuO-NP
exposure. These observations suggest both upregulation
and suppression of specific metabolic routes depending
on the nanoparticle dose.

Gene Expression

To evaluate the molecular responses of M. officinalis to
copper oxide nanoparticles (CuO-NPs), the relative
expression levels of three key genes involved in
phenylpropanoid  metabolism-PAL  (phenylalanine
ammonia-lyase), TAT (tyrosine aminotransferase), and

RAS (rosmarinic acid synthase)-were quantified via
gRT-PCR under varying CuO-NP concentrations (0.1, 1,
and 10 mg/L). Expression profiles of PAL, TAT, and
RAS genes suggest a dose-dependent activation of
phenylpropanoid metabolism under CuO-NP treatment.
The highest CuO-NP concentration (10 mg/L)
consistently led to the most pronounced upregulation
across all genes, pointing toward a potential elicitor

effect at higher doses. GAPDH was used as a reference
gene for normalization.

PAL expression exhibited a concentration-dependent
upregulation in response to CuO-NP exposure Figure 2).
Compared to the kinetin control (0.1 mg/L KIN, set as
1.00), a modest increase was observed at 0.1 mg/L CuO
(0.91-fold), followed by a significant elevation at 1 mg/L
(set as baseline 1.00), and a striking ~4.9-fold induction
at 10 mg/L CuO-NP. The strongest PAL induction under
10 mg/L suggests activation of phenylpropanoid
biosynthesis, potentially as a defense mechanism against
oxidative stress induced by higher nanoparticle
concentrations.
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Figure 2. Expression profiles of PAL gene in M. officinalis
seedlings.

The expression of RAS showed a pronounced
upregulation only at the highest CuO-NP concentration
(Figure 3). While expression levels remained minimal at
0.1 mg/L KIN (0.0057), 0.1 mg/L CuO (0.097), and 1
mg/L CuO (0.12), a marked ~10.6-fold increase was
detected at 10 mg/L CuO-NP. This dose-dependent
increase implies that RAS activation is responsive to
elevated CuO-NP-induced stimuli and may reflect an
upregulated biosynthetic pathway for rosmarinic acid
under stress conditions.
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Figure 3. Expression profiles of RAS gene in M. officinalis
seedlings.

TAT expression followed a biphasic pattern (Figure 4).
Relative to the control (1.00), a strong downregulation
was observed at 0.1 mg/L CuO (0.19-fold), followed by
moderate activation at 1 mg/L (0.32-fold), and a
substantial increase at 10 mg/L CuO-NP (1.52-fold). This
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pattern indicates that TAT responds dynamically to
increasing nanoparticle stress, with maximum.
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Figure 4. Expression profiles of TAT gene in M. officinalis
seedlings.

DISCUSSION

This study showed that copper oxide nanoparticles (CuO-
NPs) have a significant impact on the growth,
metabolism, and overall physiology of lemon balm (M.
officinalis subsp. officinalis) when grown in vitro.
Depending on the concentration used, CuO-NPs acted
either as growth stimulators or stress inducers,
highlighting the importance of dosage in plant-
nanoparticle interactions.

The observed growth responses of M. officinalis
seedlings to CuO-NP treatments revealed a dose-
dependent biphasic trend, a hallmark of many
nanoparticle—plant interactions. At low concentrations
(0.1 mg/L), CuO-NPs significantly enhanced shoot
elongation and leaf formation compared to the control.
This suggests that trace amounts of copper may act
similarly to micronutrients, supporting cell division,
chloroplast development, and hormonal balance essential
for aerial organ growth [2]. However, at higher
concentrations (10.0 mg/L), shoot parameters declined,
likely due to Cu-induced oxidative stress that may impair
cell elongation and metabolic homeostasis.

Remarkably, root-related parameters displayed an
opposite trend. While low CuO-NP concentrations
supported limited root development, 10.0 mg/L CuO-
NPs significantly increased root number, suggesting that
moderate stress conditions triggered an adaptive
developmental shift favoring below-ground
organogenesis. Such compensatory root proliferation is
commonly reported under abiotic elicitor exposure and
may reflect an effort by the plant to enhance water and
nutrient uptake under perceived stress conditions [23,24].
Root elongation, on the other hand, was maximized at 1.0
mg/L CuO-NP, indicating that moderate concentrations
may be optimal for promoting root cell expansion
without imposing excessive stress. The decline in root
length at 10.0 mg/L, despite the increase in root number,
suggests a trade-off between root branching and axial
growth, which may be driven by hormonal imbalances or
ROS accumulation under higher nanoparticle load.

The percentage of dry weight, used as a proxy for
biomass accumulation, also varied with CuO-NP
concentration. Although 10.0 mg/L increased root
biomass through proliferation, the highest dry weight

percentage was recorded in the control group, indicating
that excessive CuO exposure may impair overall carbon
assimilation and storage efficiency despite localized
organ expansion.

These findings confirm that CuO-NPs exert dual roles
depending on dose-acting as stimulants at low levels and
stressors at higher concentrations. Such dose-specific
responses are consistent with hormetic effects observed
in other plant species exposed to metal-based
nanoparticles, where growth-promoting effects at sub-
toxic doses are often followed by inhibitory or toxic
effects beyond a certain threshold [25,26]. Understanding
this balance is essential for optimizing nanoparticle-
based elicitation strategies in plant biotechnology
application.

The increase in total phenolic (TPC) and flavonoid
content (TFC) observed in CuO-NP-treated M. officinalis
seedlings highlights the nanoparticles’ role as potent
abiotic elicitors of secondary metabolism. A clear dose-
dependent response was noted, with 10.0 mg/L CuO-NPs
inducing the highest TPC (43.45 £+ 0.80 mg GAE/g) and
TFC (1.716 + 0.03 mg QE/qg) levels. These enhancements
are consistent with prior findings that metal-based
nanoparticles can trigger reactive oxygen species (ROS)
formation, which in turn activates antioxidant defense
mechanisms  and  upregulates  phenylpropanoid
biosynthesis [27,28].

HPLC analysis further clarified the impact of CuO-NPs
on individual phenolic constituents. Rosmarinic acid, a
known antioxidant and anti-inflammatory compound
characteristic of M. officinalis, was significantly elevated
in the 10.0 mg/L treatment group, reaching 20.796 ug/g
compared to 14.435 pg/g in the control. This suggests a
strong  metabolic  redirection toward terminal
phenylpropanoid  products under  CuO-induced
elicitation. Supporting this, a decrease in upstream
precursors such as caffeic acid and p-coumaric acid was
observed in CuO-treated samples, consistent with a
feedback-driven channeling of intermediates into
downstream branches of the biosynthetic pathway
[25,29].

Notably, while low CuO-NP doses stimulated modest
increases in some phenolics, higher concentrations
appeared to suppress less stable intermediates, possibly
due to oxidative degradation or feedback inhibition
mechanisms. The concerted enhancement of specific
end-products under CuO-NP elicitation aligns with
previous studies showing that nanoparticles can influence
enzymatic activity and gene expression involved in
secondary metabolism [24,26].

Overall, these findings suggest that CuO-NPs modulate
phenolic metabolism in a concentration-sensitive manner
by promoting the biosynthesis of key bioactive
compounds. Such modulation is valuable for
phytopharmaceutical applications where enhanced
production of select phenolics-especially rosmarinic
acid-is desired. These results also provide a biochemical
basis for the observed increases in antioxidant and
enzyme inhibitory activities, establishing a strong link
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between metabolite accumulation and functional
bioactivity.

The antioxidant potential of M. officinalis extracts
increased significantly in response to CuO-NP
treatments, with the highest activity observed at 10.0
mg/L across all assays. This concentration yielded the
greatest CUPRAC value (504.3 umol TE/g) and the
lowest SCso values in both DPPH (68.67 pg/mL) and
ABTS (4.05 mg/mL) assays, suggesting a strong
enhancement of the plant’s non-enzymatic antioxidant
defense system. These improvements parallel the dose-
dependent increases in total phenolic and flavonoid
content, as well as the HPLC-confirmed accumulation of
key antioxidant compounds such as rosmarinic and
ferulic acids.

Phenolic compounds, particularly those with ortho-
dihydroxy or methoxy functional groups, are known to
efficiently scavenge free radicals and chelate metal ions
[9]. The elevation of such compounds under CuO-NP
elicitation likely contributes directly to the enhanced
antioxidant profiles observed in this study. Rosmarinic
acid, for instance, has been shown to neutralize reactive
oxygen species (ROS) by donating hydrogen atoms and
stabilizing phenoxyl radicals through resonance, making
it a central player in antioxidant activity.

The results also indicate that antioxidant response is
highly sensitive to nanoparticle dose. While 0.1 and 1.0
mg/L CuO-NPs moderately improved activity, maximum
efficacy was reached at 10.0 mg/L. This supports the
notion that a threshold concentration of nanoparticles is
required to induce sufficient metabolic stress to activate
the phenylpropanoid pathway and trigger defense
responses  without  causing  toxicity.  Similar
concentration-dependent trends have been reported in
other medicinal plants treated with metal-based
nanoparticles, such as ZnO, FesO4, and AgNPs, where
elicitation of antioxidant pathways was linked to
nanoparticle-induced redox perturbations [25,27].
Interestingly, although the CUPRAC assay provided a
broad measure of reducing capacity, the radical
scavenging assays (DPPH and ABTS) were more
discriminative of nanoparticle dose effects, possibly due
to the differing reactivity of specific phenolics toward
distinct radical species. This highlights the importance of
using multiple assays to comprehensively assess
antioxidant behavior.

In summary, the enhanced antioxidant performance of
CuO-NP-treated M. officinalis is strongly associated with
nanoparticle-induced phenolic accumulation,
particularly of rosmarinic acid. These findings support
the utility of CuO-NPs as effective abiotic elicitors for
improving the nutraceutical potential of medicinal plants
through targeted enhancement of antioxidant capacity
The enzyme inhibition results clearly demonstrated that
CuO-NP-treated M.  officinalis  extracts  exert
concentration-dependent bioactivity across a panel of
clinically relevant targets, including AChE, MAO,
urease, and HIV-1 reverse transcriptase (RT). Among
these, the strongest AChE inhibition was observed at 1.0
mg/L CuO-NP, suggesting that this concentration may

optimize the balance between secondary metabolite
induction and phytotoxicity. Notably, higher doses such
as 10.0 mg/L showed reduced AChE inhibitory activity,
which may reflect a shift in metabolite profile or
saturation of bioactive compound production.

In contrast, MAO and urease inhibition improved
progressively with increasing nanoparticle concentration,
with the lowest ICso values recorded at 10.0 mg/L. These
results suggest that enzymes involved in oxidative
metabolism or microbial virulence may be more
responsive to metabolite accumulation triggered by
higher elicitor doses. The moderate yet consistent
inhibition of HIV-1 RT across all concentrations,
particularly at 10.0 mg/L, also points to a broader
spectrum of bioactivity in CuO-NP-treated extracts.
These enzyme-inhibitory effects are likely mediated by
the increased presence of polyphenolic compounds,
especially rosmarinic acid, ferulic acid, and gallic acid,
all of which have been reported to possess multi-target
inhibitory potential due to their ability to bind enzyme
active sites or metal cofactors [30,31]. The correlation
between elevated phenolic content (as confirmed by
HPLC and TPC/TFC assays) and improved inhibitory
activity supports this biochemical linkage.

Notably, the differences in inhibition profiles across
enzymes highlight the selective influence of CuO-NPs on
metabolic pathways. For example, while AChE
inhibition peaked at moderate dose levels, urease and
MAO responded better to higher concentrations. This
divergence could result from distinct structure—activity
relationships among individual phenolic constituents, or
from varying sensitivities of enzyme systems to stress-
induced phytochemical changes.

Overall, the enzyme inhibition patterns observed in this
study suggest that CuO-NPs can effectively modulate the
production of functionally bioactive compounds in M.
officinalis,  with  implications for  developing
phytochemical-based inhibitors for therapeutic or
agricultural use. These findings align with previous
studies demonstrating the potential of nanoparticle-
elicited plant systems in generating natural enzyme
inhibitors with diverse target selectivity [25,26].

The findings demonstrate that CuO nanoparticles
significantly modulate the essential oil composition of M.
officinalis, with both enhancing and suppressing effects
on specific secondary metabolites. The marked increase
in geranial and neral content in CuO-NP-treated groups,
particularly at 10.0 mg/L, suggests a stimulation of the
terpenoid biosynthetic pathway, possibly via stress-
induced activation of terpene synthases.

The elevation in verbenol and limonene oxide at low to
moderate CuO-NP concentrations further supports the
hypothesis that CuO-NPs act as elicitors, promoting
oxidative and enzymatic processes that favor
monoterpene and sesquiterpene biosynthesis. However,
the decline in certain volatile constituents such as
myrcene and cymene indicates that some biosynthetic
routes may be selectively repressed or that enzymatic
competition occurs under nanoparticle stress.
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Remarkably, the appearance of compounds not detected
in the control group (e.g., nona-2(E),6(E)-dienal,
caprylaldehyde) suggests that CuO-NP exposure may
induce the de novo synthesis of stress-related volatiles or
intermediates associated with lipid peroxidation.

These results align with previous studies reporting that
metallic nanoparticles can serve as abiotic elicitors in
aromatic and medicinal plants, enhancing secondary
metabolite yield while reshaping their metabolic profiles.
Therefore, the application of CuO-NPs, particularly at
optimized  low-to-moderate  concentrations, may
represent a promising strategy to enrich essential oil
quality in M. officinalis cultivation.

At the molecular level, gene expression data confirmed
these changes. Genes involved in phenolic biosynthesis-
PAL, TAT, and RAS-were all upregulated under 1.0
mg/L CuO-NPs. PAL, for instance, is the key gateway
enzyme in the phenylpropanoid pathway, and its
activation sets the stage for many important secondary
metabolites [29]. The coordinated upregulation of TAT
and RAS suggests a targeted boost in rosmarinic acid
production. In contrast, gene expression levels dropped
under high nanoparticle stress, echoing the biochemical
results.

In summary, this study shows that carefully dosed CuO-
NPs can improve plant growth and boost production of
beneficial bioactive compounds in M. officinalis by
stimulating both metabolic and genetic pathways.
However, too much of a good thing-like 10.0 mg/L-can
backfire, causing stress and reducing productivity. This
reinforces the importance of optimizing nanoparticle
concentrations when using them as elicitors in plant
science and biotechnology.

Looking ahead, future research should explore the
signaling pathways involved, such as the roles of ROS,
calcium, and plant hormones like jasmonic and salicylic
acid. Broader "omics"  approaches, including
transcriptomics, proteomics, and metabolomics, could
provide deeper insight into how nanoparticles influence
plant systems at the molecular level.

CONCLUSION

This study provides clear evidence that copper oxide
nanoparticles (CuO-NPs) significantly modulate the
growth, secondary metabolism, and molecular responses
of M. officinalis L. subsp. officinalis under in vitro
conditions. The findings reveal a dose-dependent
biphasic effect of CuO-NPs, where low concentrations
(0.1 mg/L) enhance shoot development, while higher
doses (10.0 mg/L) trigger root proliferation, secondary
metabolite accumulation, and gene upregulation linked to
phenylpropanoid biosynthesis.

Elevated total phenolic and flavonoid contents at 10.0
mg/L CuO-NP were associated with improved
antioxidant potential and greater rosmarinic acid levels,
as confirmed by HPLC and antioxidant assays. Enzyme
inhibition results demonstrated the bioactivity of CuO-
NP-treated extracts against key targets, including AChE,
MAO, urease, and HIV-1 RT, reflecting the therapeutic

potential of nanoparticle-elicited plant systems.
Additionally, essential oil profiling and gene expression
analysis provided further insights into CuO-NP-induced
metabolic reprogramming and activation of defense-
related pathways.

Taken together, these findings support the use of CuO-
NPs as effective abiotic elicitors to enhance the
phytochemical content and functional quality M.
officinalis. However, the concentration of nanoparticles
is critical, as excessive exposure may induce oxidative
stress and suppress certain physiological traits. Future
work should focus on elucidating the underlying
signaling mechanisms and applying omics-based tools to
better understand nanoparticle—plant interactions for
optimized biotechnological applications.
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Bu ¢aligmanin amaci biyolojik bilimler galigan farkl: disiplinler i¢in Drosophila melanogaster’in tanitilmasi ve model
organizma olarak kullanildigi c¢alismalarin anlamli bir biitiin icerisinde sunulmasidir. Bu amagla organizmanin
tanitilmasi i¢in fizyolojik ve anatomik oOzellikleriyle yasam donglisi gorseller esliginde daha anlasilir hale
getirilmistir. Ayrica diger model organizmalar hakkinda bilgiler verilerek D. melanogaster ile mukayesesi yapilmistir.
D. melanogaster’in hastalik modellerine deginilmis, farkli uygulamalarin organizmadaki etkileri literatiir destegiyle
sunulmustur. Béylece gida ve beslenme aragtirmalarinda giderek daha fazla aragtirmaya konu olan D. melanogaster’in
cevre ve beslenme faktorlerine yanit olarak besin alimi, viicut kompozisyonu, bagirsak bariyer fonksiyonu,
mikrobiyota, dogurganlik, yaglanma ve yasam siiresinin sistematik olarak belirlenebilecegi goriilmiistiir. Ote yandan
metabolik hastaliklar, dolasim ve bosaltim sistemi hastaliklari, kanser ve noérodejeneratif hastaliklar iginde
organizmanin yogun olarak kullanildig1 anlagilmaktadir. Sonug olarak D.melanogaster’ in saglik, gida ve beslenme

calismalarinda model olarak kullanilabilecegi, lilkemizde saglik alaninda arastirma yapan kisi ve kurumlarca
kullanimiyla anlamli verilere ulagilabilecegi, zaman ve maliyet agisindan faydali olabilecegi ongorilmektedir.

Anahtar Kelimeler: Drosophila melanogaster, Model organizma, Hastaliklar, Beslenme

The Place and Importance of Drosophila melanogaster in Nutrition and Disease Modeling

ABSTRACT

The aim of this study is to introduce Drosophila melanogaster for different disciplines working in biological sciences
and to present the studies in which it is used as a model organism in a meaningful whole. For this purpose, the
physiological and anatomical characteristics and life cycle of the organism were made more understandable with
visuals. In addition, information about other model organisms was given and compared with D. melanogaster. Disease
models of D. melanogaster were mentioned and the effects of different applications on the organism were presented
with the support of literature. Thus, it was seen that food intake, body composition, intestinal barrier function,
microbiota, fertility, ageing and life span of D. melanogaster, which is the subject of more and more research in food
and nutrition research, can be systematically determined in response to environmental and nutritional factors. On the
other hand, it is understood that the organism is intensively used in metabolic diseases, circulatory and excretory
system diseases, cancer and neurodegenerative diseases. As a result, it is predicted that D.melanogaster can be used
as a model in health, food and nutrition studies, meaningful data can be obtained by the use of people and institutions
conducting research in the field of health in our country, and it can be beneficial in terms of time and cost.

Keywords: Drosophila melanogaster, Model organism, Diseases, Nutrition.

GIRIS v' Insan fizyolojisi ve anatomisiyle yiiksek oranda
benzerlik gostermesi,

Model organizmalar; laboratuvar ortaminda ya da yapay Jenerasyon siiresinin kisa olmasi,

sartlarda iiretimi gergeklestirilen ve iiretiminin devam Embriyojenik gelisiminin kolay takip edilmesi ve

ettirilmesi basit olan, deney c¢aligmalarinda avantaj miidahale sansinin olmasi,

AN

saglayan ve biyolojik siireglerin arastirilmas1 amaciyla v*  Kiiltiir ortamina kolay alinabilmesi,

yararlanilan  canlilardir.  Model  organizmalarin  v* Deney ¢aligmalarina ve genetik analizlere uygunluk
deneylerde kullanilma nedenleri insan genomuna gostermesi,

gostermis olduklar1 genetik ve biyolojik benzerliklerdir. v Etik sorun olusturmamasi gibi énemli hususlar yer
Model organizmalar, insanlar iizerinde yapilamayacak almaktadir.

deney ¢aligmalarinda kullanilmaktadirlar [1]. Bir canlimn~ Model organizmalarin sundugu avantajlar arasinda gen
model organizma olarak tercih edilmesinde; diizeninin, fizyolojik ve biyolojik islemlerin ve
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hastaliklarin mekanizmasinin anlagilmasi yer almaktadir
[5]. Her model organizmanin sagladigi avantajlarin yani
sira baz1 dezavantajlart da bulunmaktadir (Tablo 1).

Bu nedenle caligilacak hastalik iizerinde dogru sonuglar
elde edebilmek i¢in uygun modeli secebilmek dnemlidir.
Organizmalar arasinda var olan tiirlerin gostermis
olduklar1 genetik benzerlik bir organizma ile yapilan
calismadan elde edilen sonuglarin diger tiirlerde de veri

nematodlar ve koli basilleridir. Giiniimiizde ise gelisen
teknolojiyle birlikte omurgali ve omurgasiz canli
tirlerinin molekiiler ve genetik yapilarmin daha iyi
anlasilmasi icin ¢aligmalar gerceklestirilmis ve onemli
adimlar atilmistir [1,5]. Omurgasiz model organizmalarin
tercih edilme nedenleri iiretimlerinin kolay olmasi, kisa
stirede ¢ok sayida iiretilebilmeleri, bakimlart igin fazla
maliyet gerektirmemeleri, deneylerde kolayca kullanilip

olarak kullanilabilecegi anlami tasimaktadir. 90°li  kisa siirede sonug vermeleridir [2]. Yaygin olarak tercih
yillarda insan genomuyla ilgili yapilan calismalarda edilen omurgasiz canlilardan biri de Drosophila
siklikla kullanilan model organizmalar fareler, mayalar, —melanogaster Meigen, 1830 olmustur.
Tablo 1. Deneysel Caligsmalarda Kullanilan Model Organizmalarin Avantaj ve Dezavantajlar [1,3,4,5,6.]
Avantaj Dezavantaj
Omurgasiz Canlilar
Genetik analizler i¢in uygundur. Omurgali degildir.

Etik sorun olusturmaz.

Insan hastaliklariyla iliskili pek cok ortolog gene sahiptir.
Insan fizyolojisi ve anatomisiyle yiiksek oranda benzerlik
gosterir.

Birgok farkl: tiirde molekiiler teknik kullanilabilir.
Genomik dizisi tamamlanmustir.

Sistem kurmak kolaydir.

Genetik manipiilasyonlara son derece uygundur.
Bakim maliyeti diigiiktiir ve iiremesi kolaydir.

Kisa émiirliidiir.

Gelisimi hizlidir.

Son derece verimlidir, her giin oviilasyon gerceklesir.

Drosophila
melanogaster
(Meyve Sinegi)

Insandaki bazi1 dokular1 (kemik,
kikirdak) bulundurmamaktadir.
Insanlardaki her hastalik
modellenememektedir.

Genetik analizler i¢in uygundur.
Birgok farkli tiirde molekiiler teknik kullanabilir.
Genomik dizisi tamamlanmustir.

Genetik manipiilasyonlara oldukga yatkindir.
Hermafrodittir, kendi kendine doéllenebilir.
Sistem kurmak kolaydir.

Kisa dmiirliidiir.

Bakim maliyeti digiiktiir ve kolay tiretilebilir.
Son derece verimlidir, her giin oviilasyon gerceklesir.
Gelisimi hizlidir.

Yetigkinlige kadar gelisimleri seffaftir ve takip edilebilir.

Caenorhabditis elegans
(Yuvarlak kurt)
Maupas, 1899

Dondurulup saklanabilir ve gerektiginde tekrar kullanilabilir.

D. melanogaster’e gore insana
daha az benzerlik gosterir.
Insan fizyolojisine benzer bir
fizyolojiye sahip degildir.
Bazi embriyolojik
manipulasyonlar zordur.
Bagisiklik sistemi yoktur.

Omurgal Canhlar

Genetik analizler i¢in uygundur.
Embriyosu seffaf oldugu i¢in embriyo gelisim siireci

52;—5——‘,____{%, rahatlikla gdzlemlenebilir.
- s;'""'_' Insan genomuna uygun en basit omurgalidir.
Embriyolojik manipiilasyon miimkiindiir ve genis tarama
imkani sunar.
Diger omurgalilara benzer organ sistemleri bulundurur.
Danio rerio Bagisiklik sistemi tamdir.
(Zebra bahigy) Gelisimi hizlidar.
Hamilton, 1822 Yiiksek dogurganlik gosterir, bir ila iki haftada bir yumurta
birakir.

Insan fizyolojisine benzer bir
fizyolojiye sahip degildir.

D. melanogaster ve C. elegans ile
karsilastirildiginda bakim
acisindan nispeten pahalidir.
Biyolojik ortami insanlardan ¢ok
farklidir.

Memelilere kiyasla viicut 1sis1
diisiiktiir ve ortam sicakligindan
etkilenir.
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Mus musculus
(Fare)

Genetik analizler icin uygundur.
Insanlara benzer bir patolojiye sahiptir.
Filogenetik olarak insanlara yakindir.

Insan genomu ile yiiksek oranda benzerlik gosterir.
Gelisim siiregleri diger memelilerinkine benzemektedir.
Genomlar1 tamamen agiklanmustir.
Laboratuvarda tiretimleri kolaydir.

Genetik manipiilasyon, diger
model organizmalardan daha zor
ve karmasiktir.

Bakim maliyeti yliksektir.
Gebelik siiresi uzundur, ¢alismak
zaman alicidir.

Biiyiik 6lgekli caligmalar
sinirlidir.

Linnaeus, 1758

Xenopus laevis
(Kurbaga)
Daudin, 1802

Omurgali gelisimi i¢in uygundur.
Embriyonik gelisim hizlidir.
Seffaf bir embriyoya sahiptir ve embriyosu bilyiiktiir, bu
nedenle manipiile edilmesi kolaydir.

Insan fizyolojisine benzer bir
fizyolojiye sahip degildir.
Transgenik hayvan olusturmak
zordur.

Jenerasyon suresi uzundur.
Zay1f bir genetik haritaya sahiptir.

Mantar

Saccharomyces
cerevisiae (Maya)
Meyen, 1838

Genetik analizler i¢in uygundur.
Birgok farkli tiirde molekiiler teknik kullanilabilir.
Genomik dizisi tamamlanmustir.
Ucuz ve kolay Uretilebilir.
Bakimi kolaydir.
Okaryottur.
Hiicre bolinmesi insana benzer.
izole edilmesi kolaydir.
Patojen degildir.

Insan fizyolojisine benzer bir
fizyolojiye sahip degildir.

Bu calismada beslenme ve diyetetik, gida mithendisligi
biyoloji, tip gibi beslenme ve saglik alanlarinda faaliyet
gosteren disiplinlerin aragtirmalarinin ilk agsamalarinda
D. melanogaster’i rahatlikla kullanabilecekleri ilgili
literatiire atif yapilarak gosterilmeye calisilmistir. Bu
amacla 0Ozellikle fizyolojik, metabolik hastaliklar,
biyolojik gelisim, sinir, kanser ve norodejeneratif
hastaliklar gibi bir¢ok hastalik i¢in ¢ok yonlii bir model

organizma olarak D. melanogaster’in  kullanimi
orneklerle acgiklanmistir. Ayrica muhtemel
aragtirmacilarin  ve  okuyucularin  konuyla ilgili

farkindaliklarini artirmak ve model organizmay1 daha iyi
taniyabilmeleri amactyla model organizmanin gelisimi,
yagsam dongisu, anatomisi ve fizyolojik 6zellikleri
hakkinda da bilgiler verilmistir.

Drosophila melanogaster’in Tarihsel Sureci

Drosophila, Drosophilidae familyasinda yer alan, meyve
veya sirke sinegi olarak bilinen kiiglik sineklerdir.
Ozellikle ciiriiyen meyveler olmak (zere clrlyen
besinler dzerinde bulunurlar [7]. D. melanogaster,
Antarktika disinda diinyanin her yerinde var olan ortak
bir canli tiirtidiir. Yaklagik 15.000 y1l 6nce Giiney Sahra
Alt1 Afrika'dan Avrupa'ya gog etmis daha sonra diinyanin
geri kalan kisminda kolonilesmis ve son birkac yiizyil
icinde Amerika'ya ulagmistir. Yakin tarihte yapilan
meyve ticareti D. melanogaster’in go¢ etmesinde biyuk
etkendir [5]. Anavatan1 Tropikal Sahra Alt1 Afrika olan
D.melanogaster’in hayatta kalabilmesi igin iliman iklim

bolgelerinde yagsamasi gerekir. Bu nedenle yeni yasam
yerlerine uyumu incelemek igin de kullanilmaktadir.
D.melanogaster, D.erecta, D.yakuba, D.simulans,
D.santomea gibi 2000'den fazla tanimlanmig Drosophila
tiirli vardir; ancak, bu tiirlerin gogu arasindaki filogenetik
iligkiler ¢o6ziilememistir ve taksonomistler arasinda
tartisgtlmaktadir ~ [5].  Arastirmacilar,  Drosophila
cinsindeki tiirleri spermlerinin boyutundan tiirlesme
geemislerine kadar incelemektedirler. Yaklagik iki
dizine Drosophila tirinin mevcut genom dizileri
bulunmaktadir. Bunlardan ilk tamamlanan ve model
¢alismalarinda siklikla tercih edilen D. melanogaster
olmugtur. Ciinkii D. melanogaster endemik degildir,
diinyanin her yerinde kolaylikla ulasilabilir, uzun
zamandir lizerinde ¢alisildig1 i¢in anatomisi ve fizyolojisi
aciklanmistir, hiicre ¢esitleri ¢ok iyi bilinmektedir,
genlerin tanimlanmasinda kullanilmis ve daha sonra bu
genlerin ~ homologlarmin  insanlarda  bulundugu
kesfedilmistir [5]. Son yillarda, Drosophila yaygin olarak
genetik, ilag taramast ve toksisite, immiinoloji,
metabolizma ve beslenme ile ilgili ¢aligmalarda yer
almaktadir. Ek olarak bir sinek ve memeli bagirsagi
arasinda gostermis oldugu yapisal ve fonksiyonel
benzerligin yiiksek olmasi sayesinde bagirsak ile ilgili
sorunlar1 anlayabilmek i¢in ¢alismalarda Drosophila "ya
ozel ilgi duyulmaktadir [2].

Sophophora alt cinsinde bulunan D. melanogaster ilk kez
1901 yilinda Harvard’da William Castle ve arkadaslar
tarafindan laboratuvarda ¢alisilmistir. Ancak Thomas
Hunt Morgan, hi¢ stiphesiz Drosophila c¢aligmalarinin
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babast olarak kabul edilmektedir [9]. Thomas Hunt
Morgan 20. yiizyilin baginda Columbia Universitesi'nde
D. melanogaster’i model organizma olarak kullanmistir.
ilk cahigmasi ise genleri tammlamak ve genlerin
kromozomlar i¢inde yer aldigini belirtmek i¢in Gregor
Mendel’in 6nerdigi kalitim teorisini gelistirmek olmustur
[8]. Yapilan calismayla genlerin kromozom i¢inde yer
aldig1 kanitlanmis ayrica beyaz gboz rengi geninin X
kromozomu ile tasindigi ortaya ¢ikarilmistir. T.H.
Morgan kromozom kalitim teorisini dogrulayarak iin
kazanmis, bilim camiasinin dikkati model organizma
olarak kullanilan D. melanogaster’e c¢ekilmistir [5].
1920'lerde Drosophila'y1 kullanan Muller, X 1sinlarinin
genlerin mutasyon oraninda biiylik bir artisa neden
oldugunu ve aslinda kromozomlar1 kirabilecegini
kesfetmistir [8,9]. Daha sonra D. melanogaster ile
yapilan ¢aligmalarla dogustan gelen bagisiklik sisteminin
tanimlanmasi, sirkadiyan ritim kontroliinii yapan
molekiiler mekanizmalarin ¢ozliimlenmesi ve erken
embriyonik gelisimin genetik kontrolii gibi bir¢ok
mekanizma aydinlatilmistir [5]. Drosophila, son 40 yilda
genler tarafindan embriyo gelisiminin tek hiicreden nasil
olgun ¢ok hiicreli organizmaya doniistirdigini
anlayabilmek i¢in yaygin olarak kullanilan bir model
haline gelmigtir [9]. Gunimizde dinya genelinde
binlerce laboratuvar giicli bir model organizma olan D.
melanogaster’i incelemektedir. Clnki laboratuvarda
kolayca kiiltiirlenebilir, bircok yavru olusturabilir ve kisa
jenerasyon siresine sahiptir; ek olarak, insan genomuna
kiyasla daha basit bir genoma sahiptir, gen haritasi
cikarilmigtir ve insan hastaliklariyla iligkili pek ¢ok
ortolog gene sahiptir [5].

Drosophila melanogaster’in
Biyolojik Ozellikleri

Yasam dongiisii ve

D. melanogaster’in model sistem olarak kullanilmasinin
en biiylik avantaji, genomunun tamamen dizilenmis ve
aciklanmig olmasinin yani sira ¢ok sayida doliin hizli bir
sekilde tiretilmesine izin veren kisa yagsam dongiisiine
sahip olmasidir[10]. Drosophila metamorfoz gegiren bir
canhdir. Yasam donglsi 4 temel evreden olusur:
Embriyo, larva, pupa ve yetiskin (Sekil 1) [11]. D.
melanogaster'de, déllenen yumurtanin yetiskin sinege
dontigsme islemi 25°C'de yaklagik 9-10 ginlik surecte
gerceklesirken 18°C'de bu sure 19 gine kadar
¢ikabilmektedir. Yani bu islemin gergeklesme siiresi
biiyliik olciide sicakliktan etkilenmektedir. Dollenme
iizerine, embriyogenez 24 saatte tamamlanir, ardindan
her agama gecisinde bir deri degistirme olayi ile birinci,
ikinci ve Ugunci donem olarak adlandirilan ii¢ larva
asamas1 gergeklesir. Birer giin siiren ilk iki evrenin
ardindan iki gilin siiren {giincli evre gerceklesir.
Doéllenmeyi takip eden besinci gilin sonunda larvanin
geligimi tamamlanmis olur ve sinekler sert ve koruyucu
6zelligi olan kitin yapili bir pupa (puparium) icerisinde
baskalasim gecirir. Dort-bes giin kadar pupa durumunda
kalan sineklerin birgok larva dokusu bu surecte
parcalanir [7]. Sinegin gelecekteki yetigkin yapilari, esas
olarak farklilagsmamis epitelden olusan hayali diskler

olarak larva iginde bulunur ve larvalarda bulunan bu 19
hayali diskten gozler, bacaklar ve kanatlar gibi bircok
yetiskin yap1 gelisir [10]. Insanlar gibi, Drosophila’da da
yetiskin dokular1 genellikle yenilenemez; bir sinegin
kanatlarmi koparirsaniz, bir daha kanatlar1 gelisemez.
Ancak bu durum hayali diskler icin gegerli degildir.
Clnku zarar goren hayali diskler yenilenebilme
ozelligine sahiptir. Bu sebeple son zamanlarda yenilenen
doku genetigini incelemek igin D. melanogaster siklikla
bagvurulan bir model organizma olmustur [12]. Yetiskin
sinekler, eklozyon adi verilen bir siiregte pupa
durumundan ¢ikar ve 8-12 saat iginde cinsel olarak
olgunlasarak yasam dongiisiiniin kendini tekrar etmesine
izin verir [7]. Bu davranissal ve fizyolojik olgunlagsma
donemi, tireme ¢aginda fenotipik esnekligi diizenleyen
nérohormonal yollarin uzun vadeli modiilasyonuna yol
act1@1 i¢in yetiskin sineklerin sosyal islevselligi agisindan
kritik 6neme sahiptir [68]. Bu ddénemde izole edilen
sinekler yasamin ilerleyen siireclerinde uyku siiresinde
azalma veya uyku boliinmeleri, asir1 besin alimi, hiicresel
streste artis, yasam siiresinin kisalmasi ve saldirganlik
gibi davranislar sergilemektedirler [68]. Olusan yetigkin
bireylerin ortalama yasam siiresi 40 ila 50 giin arasinda
degismektedir [11].

Yumurta
Yetiskin b/
Eklozyon {t%; 1.Evre
10.g0n 6’

3.Evre

Sekil 1. Drosophila melanogaster’in Yasam Dongiisii [13].

Karakteristik bocek morfolojisine gore, yetiskin meyve
sineklerinin govdesi 3 ana boliimden olusur: basg, gogiis
ve karin (Sekil 2). Kafada gozler ile birlikte gidanin
almmas1 ve tadinin algilanabilmesi igin uzatilip geri
cekilebilen tat alma organini temsil eden yiyecegin
bagirsaga ulasmasint saglayan hortum benzeri yapilar
bulunur. Gogiis li¢ bolime ayrilmigtir: bir ¢ift bacakl
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prothorax (anterior), bir ¢ift bacak ve bir ¢ift kanattan
olusan mesothorax (middle), bir ¢ift bacak ve bir ¢ift
yulardan (modifiye kanatlar) olusan metathorax
(posterior). Disiler ve erkekler morfolojik 6zelliklerle
kolayca ayirt edilebilir, dzellikle disiler genellikle daha
biiytiktiir ve sivri uglu bir karina sahiptir, erkekler ise
arka segmentte bir epandrium (erkek dis genital organi)
ile siyah pigmentasyonlu yuvarlak bir karna sahiptirler

Erkek

Ug cift bacak

Daha kiiciik viicut boyutu
5 abdominal segment
Karm altta yuvarlaktir
Givde ucu koyu renklidir

Duyusal kllar

Bas

[14]. Yetigkin sinekler ¢ok karmagik organizmalardir.
Memeli beyni, periferik sinir sistemi, kalbi, akcigerlere
benzer trakea sistemi, bobreklere benzer malpighian
tibtilleri, bagirsaklari, adipoz doku ve karacigerin
fonksiyonlarim1 birlestiren oenositli yag govdesi ve
ireme sisteminin esdeger islevlerini yerine getiren
yapilara sahiptirler [15].

Antenler

| Disi

Daha biiyiik viicut boyutu

7 abdominal segment

Karin asagiya dogru diniiktiir
Givde ucu acik renklidir

Dabha biiyiik bagirsak

Kanatlar

Sekil 2. Drosophila melanogaster’in Morfolojisi [16].

Drosophila
Mikrobiyota

melanogaster Bagirsak  Yapis1  ve

Drosophila bagirsag: visseral kaslar, sinirler ve trakea ile
cevrili basit bir epitelden olusan ©on bagirsak, orta
bagirsak ve arka bagirsak olmak {izere ii¢ ana boliime
ayrilmistir  [17,18,19].  On  bagirsak  ektodermal
kokenliyken, orta bagirsak ve arka bagirsak diger tiim
organlar gibi endodermal kokenlidir [20]. Drosophila
bagirsak epiteli birbirinden farkli 4 hiicre tipinden
olusmaktadir: enterositler, enteroendokrin hiicreler,
bagirsak kok hiicreleri ve olgunlagsmamis progenitor
enteroblastlar (Sekil 3). Enteroblastlar, henliz tam olarak
tanimlanamayan ve ¢esitli farklilasma sinyalleri
sayesinde enterositlere veya enteroendokrin hiicrelere
doniisebilen hiicrelerdir [21]. Enterositler ise bagirsagin
farkli boliimlerinde morfoloji ve islev agisindan 6nemli
derecede farklilik gosterirler. Enterositler sindirim
enzimleri salgilar besinlerin emilim ve tasinmasinda rol
alirlar. Enteroendokrin hiicreler ise bagirsak motilitesini
diizenleyen hormonlari salgilar ayrica dis ortamdan gelen
biyotik ve abiyotik uyaranlara karsi da islev goriirler
[22]. Ayrica enteroendokrin hiicreler, Drosophila’ nin
dogustan gelen bagisiklik sistemi i¢in ilk antimikrobiyal

savunmay1 saglarken organizmanin beslenme durumunu
iletmek ve memeli ortologlarina benzer sekilde besin
mevcudiyetine yanit olarak davranigi ve metabolizmayi
modiile etmek i¢in bagirsak-beyin ekseni gibi organlar
aras1 iletisimi kontrol eden hormonal sinyaller ve
peptitler de uretirler [18, 22]. Bagirsak epiteli dig ortamla
stirekli temas halindedir, ancak bagirsak kok hiicreleri
kismen izole edilmistir yani hem Drosophila’da hem de
insanlarda dis ¢evreden korunmaktadir [23]. Insan ince
bagirsaginda bulunan kript benzeri nis yapilar ve
salgilanan mukus tabakasi gibi karbonhidrat agisindan
zengin bariyerler, bagirsak kok hiicrelerini cesitli dis
uyaranlardan izole eden koruyucu bir ortam saglar.
Mukus, antimikrobiyal rollere sahip fiziksel bir
bariyerdir ve bakteri Onleyici 0zelligi olan miisin
glikoproteinlerinden olusur [24]. Drosophila’da bagirsak
epitelinde mukus tabakasina ek olarak kitin ve
proteinlerden olusan yar1 gegirgen bir yapi, peritrofik zar
da bulunmaktadir [18]. Peritrofik zar bagirsakta goriilen
bakteriyel enfeksiyonlara karsi koruyucu rol oynar. Bu
bariyerler sayesinde bagirsak epitelini hem bakterilerden
hem de bagirsak limeninde bulunan toksik bilesiklerden
koruyarak insan mukus tabakasina benzer Ozellik
gosterirler [18]. Ancak Drosophila’da insanlardan farkli
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olarak dendritik hiicreler, makrofajlar, eozinofiller, mast
hiicreleri ve adaptif bagisiklik hiicreleri gibi dogustan
gelen bagisiklik hiicrelerini igeren lamina propria bag
dokusu bulunmamaktadir [25]. Peritrofik zar ve lamina
propria mikrobiyal bilesenlerin veya metabolitlerin
enterositlere temas etmeden ve zarar vermeden
gecmesine secici olarak izin veren yapilardir [21].
Drosophila adaptif bagisikliktan ve dogustan gelen
bagisiklik hiicrelerinden yoksun oldugu i¢in konagin
bagisiklik sistemi bu agidan Drosophila modelinde
incelenememektedir [17].

Drosophila’nin  bagirsak yapist ve islevleri insan
bagirsagiyla benzerlik gdstermektedir. Yetigkin
sineklerde 6n bagirsak yiyecegin yutuldugu ve enzimler
tarafindan islendigi agiz boslugu, yemek borusu ve
gidanin depolanmasi, karigtirilmast ve
detoksifikasyonunu saglayan kursaktan olusur [14,18].
On bagirsak, gida gegisini kontrol eden bir sfinkter olan
kardiya ile orta bagirsakla baglantilidir [19]. Gidanin
sindirim enzimleri (karbohidrazlar, proteazlar ve lipazlar
gibi) tarafindan sindirilmesi ve absorpsiyonu orta
bagirsakta gerceklesir. Bu nedenle orta bagirsak,

metabolik olarak en aktif, sindirimin merkezi bolgesidir
[21]. Gegmiste On, orta ve arka olmak iizere 3 boliime
ayrilan orta bagirsak giniimiizde farkli metabolik ve
sindirim islevleri olan 6 anatomik bdlgeye (RO-R5)
ayrilmistir (Sekil 3) [18]. Arka bagirsak boliimiinde ise
omurgalilarda bulunan bobreklere benzer islevi olan
malpighian tiibiillerinden salinan su, iyonlar ve besinlerin
emilimi dlzenlenmektedir [26]. Drosophila’nin orta
bagirsak boliimii insan ince bagirsagina benzerken arka
bagirsak insan kolonuna benzerlik gostermektedir [21].
Spesifik olarak memelilerde sindirim, proteinlerin
aminoasitlere pargalanmasini, mineral ve metallerin
absorpsiyonunu  kolaylagtiran ~ asidik  sartlarda
gerceklesirken sineklerde memelilerden farkli olarak,
ndtr veya bazik sartlarda sindirim gergeklesir [18].
Drosophila bagirsagi esas olarak notr veya hafif alkalidir,
ancak arka bagirsakta oldugu gibi bazi kisimlar gii¢lii bir
sekilde asidik ozellik gosterir. Bu nedenle bagirsak
boyunca mikrobiyal c¢esitlilik, dagilm ve yogunluk
degiskenlik gostermektedir [27].

Orta bagirsak

On bagirsak

Ozofagus
Kursak R1 R2

Bagirsak
Kok hiicresi

R3 R4 RS Arka bagirsak

Malpighian tiibiil

Peritrofik zar

Enterositler

Enteroendokrin

hiicreler

Enteroblastlar

Sekil 3. Drosophila melanogaster’in bagirsak yapisi ve hiicre gesitleri. R1-5: Bélge 1-5 [17].
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D. melanogaster’in  bagirsagi, Lactobacillus
plantarum, Acetobacter pomorum ve Lactobacillus
brevis dahil olmak tizere 3 ila 30 tiir arasinda degigen
sinirl sayida kommensal bagirsak bakterisine ev
sahipligi yapar [28]. Insan gastrointestinal
sisteminde ise, 500'den fazla farkli bakteri tiirii dahil
olmak tiizere ¢ok sayida mikroorganizma mevcuttur
[14]. Saglikli insanlarin mikrobiyotas1 Bacteroidetes
(Bacteroides spp.), Firmicutes (Lactobacillus spp.),
Actinobacteria (Bifidobacterium spp.),
Proteobacteria (Escherichia, Helicobacter) ve
Verrucomicrobia (Akkermansia spp.) olmak Uzere
bes filumdan olusur [29]. Bu mikrobiyota gesitliligi
cocukluk ¢agi ve ileri yag donemlerinde yetiskinlik
doénemine goére daha degiskendir [30]. Drosophila
bagirsagl ise insan mikrobiyotasina kiyasla daha az
cesitlilik gostermektedir. Sineklerin mikrobiyal
cesitliligindeki bu basitligin sebebi tam olarak
belirlenememekle birlikte; memelilerde daha yiiksek
mikrobiyal ¢esitlilik gida ¢esidine ve adaptif
bagisiklik sisteminin varligina baglanmaktadir [2].

Bagirsak oksijen konsantrasyonu veya pH'daki
degisiklikler, genotip, gelisim ve yas, fizyoloji ve
bagisiklik yaniti, cografi konum, rahatsizliklar ve
cevresel sartlar gibi konake¢i faktorleri de dahil
olmak flizere ¢esitli faktorler de Drosophila
bagirsaginda mikrobiyota ¢esitliliginin  azligimni
aciklayabilir [31]. Ornegin misir unu ve soya unu
gibi kompleks polisakkaritlerle beslenen
laboratuvarda yetistirilen sineklerin
mikrobiyotasinda yiiksek miktarda Lactobacillus
(Lactobacillus simifindan Firmicutes) bulunurken,
seker acisindan zengin diyetlerle beslenenlerde
Acetobacteraceae  (o-Proteobacteria)  bulunur.
Ozellikle baskin olan tiirler ise Acetobacter ve

Gluconobacter’dir  [26]. Bazi sineklerde ise
Acetobacteraceae ve Lactobacillus’u yok edecek
kadar  a-Proteobacteria veya  Enterococcus
bulunmaktadir. Dogal ortaminda yetisen Drosophila
ile laboratuvar sartlarinda yetistirilen Drosophila
mikrobiyotasi arasinda farkliliklar bulunur. Dogal
ortamda yetisen sineklerin bagirsagi
Acetobacteraceae, Lactobacillales  ve  a-
Proteobacteria bakimindan daha fazla g¢esitlilik
gostermektedir [32]. Ek olarak dogal Drosophila
popiilasyonlarinda Lactobacillus miktar diisiik veya
hi¢ tespit edilmemisken, yalmizca Lactobacillus’u
temsil eden Leuconostoc, Enterococcus ve Weissella
bol miktarda bulunmustur [33]. Henlz yeterince
calisma olmasa da, cilirlimiis meyvelerle beslenen
Drosophila’larin =~ bagirsak ~ mikrobiyotasinda
Hanseniaspora, Pichia ve Candida gibi mayalarda
tespit edilmistir [26].

Drosophila melanogaster’ de Omiir Uzunlugu ve
Beslenme

D. melanogaster’in 6miir uzunlugunu etkileyen
parametreler arasinda beslenme &nemli bir yer
almaktadir. Drosophila’da obeziteye neden olan
bir¢ok etmen sinegin Omiir uzunlugu {izerinde de
etki gostermektedir. D. melanogaster’in genis bir
diyet kompozisyonu oldugu bilinmektedir [34].
Diyet kisitlamasi, yasam siiresini uzatmak icin
bilinen en {inlii, evrimsel olarak korunmus bir
yontemdir [35]. Yiksek sekerli ve yiiksek yagh
diyetlerde kullanilan seker ve yag ¢esitleri de yagam
stiresi iizerinde degisken ozellikler gostermektedir
(Tablo 2).

Tablo 2. Obeziteye Neden Olan Etkenlerin Drosophila’nin Yasam Siiresine Etkisi [36].

Obezite etkeni icerik Yag Glisemi Omiir Referans
Yiiksek Sekerli Sakaroz 1 1) 1 37
Diyet Glikoz 1 1 0 38
Sakaroz ) 1 l 39
Sakaroz 1 ] l 40
Yiiksek Yagh Domuz yag1 1 1 l 41
Diyet Hindistan cevizi yag 1 @ ! 42
Diyet kisitlamasi ~ Aminoasit kisitlamasi 1 - 1 43
Maya kisitlamasi 1 %] 1 44

1: Artig, |: Azalis, -: Degisiklik yok, @: Belirlenemedi

Drosophila melanogaster’in insan Hastahklarimn
Modellemesinde Kullanim

Karmasik  yapi  gosteren  insan  hastalik
mekanizmalarini  modelleyebilmek igin uygun
organizmay1 se¢gmek olduk¢a zordur ve se¢gmeden
once hastalik patolojisi iyi degerlendirilmelidir.
D.melanogaster’ in omurgasiz bir canli olmasi, agik
dolasim sisteminin olmasi, kan, kemik ve kikirdak
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gibi dokularinin olmamasi ve insanlarda var olan
organlarin bazilarini bulundurmamasi bu canlinin
insan ¢alismalar i¢in ne kadar uygun olabilecegini
diisiindiirmektedir [9]. Ancak gen ekspresyonu,
sinaptogenez, hiicre sisteminin isleyisi, hiicre ici
protein akis1 ve hiicrelerin 6liimii gibi insana benzer
mekanizmalar bulundurmasi ve kiiciikk boyutlu
olmasi, in vitro sartlarda kisa zamanda, kolay ve
diigik maliyetle g¢ogaltilmasi, genomu (zerinde



degisiklik yapilabilmesi model olarak tercih
edilmesini saglamaktadir [5, 49]. 2000’li yilarda
tamamlanan ¢alismalar sonucunda elde edilen
bilgilere gore insanlarda var olan genlerin ylzde
60’1n1n ve insanlar iizerinde hastalik yapan genlerin
de ylizde 70-75’inin D. melanogaster’de fonksiyonel
ortologlari oldugu tahmin edilmektedir [10, 49]. iki
genom arasinda gozlenen bu benzerlik sayesinde D.

melanogaster model organizma olarak
A Drosophila
]
IPCs
On bagirsal

~ Proventrikiil

Kursak
On orta bagirsak +
Orta orta bagirsak l Orta
(Bakar hiicre bolgest) T bagwsak
Arka orta bagirsak {
Malpighlan tiibiilleri Al
bagirsak

Reklum, aniis

kullanilabilmekte béylece insan biyolojisi, hastalik
siirecleri, hastaliklarin  genetik ve  hiicresel
mekanizmalari arastirilabilmektedir. D.
melanogaster araciligiyla arastirma teknikleri énce
sinek {izerinde agiklanip daha sonra memeli
sistemlerinde donistiiriilmektedir. Bu nedenle insan
hastaliklarinin aydinlatilmasinda D. melanogaster
blyik 6nem arz etmektedir [10].

B Insan

Bobrek —

ince bagirsak

Kaln bagirsak —

Rektum, aniis

Sekil 4. Yetiskin Drosophila melanogaster ve insanlar Arasindaki Gastrointestinal Sistem Anatomisinin Karsilastirilmast.
IPCs: Insiilin Ureten Hiicreler [45].

Drosophila  son yillarda gida ve beslenme
calismalar1 icin ¢ok yonlii ve degerli bir model
organizma olarak gorilmektedir [49]. Memelilerle
gostermis oldugu birgok benzerlik beslenme
miidahale c¢alismalarinda  kullanim  kolaylig
sunmaktadir [45,49]. Drosophila’nin viicut yapisi
memelilere kiyasla daha basit olmasina ragmen kalp,
akciger, bobrek ve bagirsak gibi organ sistemlerini
bulundurmaktadir [49]. Drosophila’nin memeli
gastrointestinal sistemiyle gostermis oldugu yapisal
(sekil 4) ve fonksiyonel benzerlik sayesinde de
Drosophila gastrointestinal sisteminde yapilan
caligsmalarla bagirsak homeostazina,
rejenerasyonuna ve timor gelisimine neden olan,
konak  bagisikliginin,  metabolizmasinin  ve
davraniglarinin diizenlenmesine aracilik eden ¢oklu
hiicresel ve molekiiler siireclere 1s1k tutulmustur
[45]. Drosophila, norolojik hastaliklar,
kardiyovaskiiler hastaliklar, diyabet ve obezite gibi
metabolik bozukluklar olmak (zere birgok farkli
patolojik durumun genetik ve biyolojik ¢aligmalari
i¢in iyi bir model olusturmaktadir (Tablo 3) [46].
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Beslenme c¢aligmalari, bireylerde veya genel
popiilasyonda tiiketilen besinlerin saglik ve hastalik
arasindaki  karmagik  etkilesimleri  incelemek
amaciyla yapilirlar. Diyetin  bireyin  saghigi
iizerindeki potansiyel etkisi ve beslenmenin yagsamin
vazgecilmez bir parcast olmast gbéz Oniine
alindiginda beslenme flizerine yapilan galismalarin
son derece 6nemli olmasi sasirtict degildir [76].
Ancak beslenme ¢aligmalarini insanlar {izerinde
yiriitmek  kolay degildir. Bu ¢alismalar,
katilimeilarin tiikettigi besinleri kontrol etmek igin
tlim ana ve ara 6glinleri, atistirmaliklar1 ve igecekleri
saglamalhidir. Bu nedenle pahalidirlar  ve
katilimcilara yiyecek hazirlamak ve saglamak igin
ozel tesislere ihtiya¢ vardir. Caligmalara katilan
katilimcilarin siirece adapte olmalar1 ve yagsamlarini
ona gore sekillendirmeleri gerekir. Bu durumda
zaman ilerledik¢e katilimcilarin uyumsuzluk riskini
artirabilmekte ve bu nedenle ¢alisma bulgular ciddi
anlamda etkilenebilmektedir. Katilimeilarin uyum
derecesini kesin olarak belirlemek zordur ¢lnki
kendilerine verilen yiyecekler disinda bagka
yiyecekler  vyiyebilirler ~ veya  yiyeceklerini



bagkalariyla paylagabilirler. Bu calismalar hem
aragtirmacilar hem de katilimeilar i¢in yogun emek
gerektirir. [76]. Tiim bu nedenlere ek olarak besin ve
organizma etkilesimlerinin karmasikligi nedeniyle
fizyolojik ve patolojik strecleri anlamak icin model
organizmalar {izerinde gergeklestirilen beslenme
caligmalar1 O6nem arz etmektedir. Drosopihla
melanogaster’ de birgok avantaji sayesinde
beslenme ¢alismalarinda siklikla tercih edilen model
organizmalardan biri olmugtur. Drosophila diyetleri
genellikle maya, misir, sakaroz ve agardan
olugsmaktadir [58]. Ancak modellenecek hastaliga
gore cesitli diyet modifiyeleri uygulanabilmektedir.
Ornegin obezite veya diyabet fenotiplerinde yiiksek

kisitlamasi yapilarak ¢alismalar gergeklestirilir [58].
Hastalik fenotipleyen Drosophila modelleri, diyet-
hastalik etkilesimlerini belirlemek icin farkli diyet
rejimlerine tabi tutulabilir. Diyet bilesimindeki
farklilikar Drosophila’ da saglik ve yasam siiresinde
gesitli  farkliliklar  gosterir  [49].  Beslenme
perspektifinden bakildiginda, besin alimi, besin
se¢imi, viicut kompozisyonu, enerji harcamasi ve
mikrobiyota kompozisyonu hastalik fenotipi icin
6nemli gostergelerdir [58]. Bu gdstergeler, deneysel
ortama bagli olarak lokomotor aktivite ve uyku,
bilis, stres ve enfeksiyon yanit, yasam siiresi ve
dogurganlik gibi diger islevsel testlerle de
tanimlanabilmektedir. Bu tiir c¢alismalarin nihai

yagli  ve/veya  yiiksek sekerli diyetler amaci, hastalik siirecini hafifleten veya hizlandiran
uygulanmaktadir [51]. Diyet kisitlamasi gereken besin maddelerinin  veya diyet rejimlerinin
modellemelerde ise protein ve/veya aminoasit belirlenmesidir [58].
Tablo 3. Beslenme kaynakli Cesitli Hastaliklarin Drosophila Modeli Uzerinde incelenmesi [47,48].
Modellenen Modelde Uygulanan Elde Edilen Sonuglar Referanslar
Hastaliklar Deneysel Yontem
Metabolik Hastahklar
Insiilin eksikligi (T1D  Insiilin iireten hiicrelerin ~ Hiperglisemi, korunmug insiilin duyarligi, [47]
modelleri): kismi ablasyonu dolagimdaki lipit seviyelerinde artig, korunmus insiilin
duyarlilifi, yasam siiresinde artis ve dogurganlikta
azalma
Insiilin iireten hiicrelerin ~ Gelisimsel gecikme, kiigiik viicut boyutu, hiperglisemi [47]
tam ablasyonu ve korunmus insiilin duyarlilig:
1Ip2-3 ve 5'in genetik Geligsimsel  gecikme, kiiciik  viicut  boyutu, [50]
bozulmasi hiperglisemi,  korunmus  insiilin  duyarliligs,
dogurganlikta azalma ve yasam siiresinde artig
1p1-4 ve 5'in genetik
bozulmasi
Insiilin direnci (T2D Insiilin reseptorii [52]
modelleri): heterozigot mutantlari )
Yuksek ILP sekresyonu, normal karbonhidrat
Yag govdesinde insiilin seviyeleri
reseptoriiniin yikilmasi
YSD Hiperglisemi, insiilin direnci, gelisimsel gecikme, [53]
kicuk vucut boyutu, yasam siiresinde kisalma,
ILP'lerde erken yiikselme ardindan azalma
Kan glikoz ve trigliserit seviyelerinde artig [54]
Glikoz ve trigliserid seviyelerinde artig, yasam [55]
stiresinde kisalma
YYD (hindistan cevizi ILP'lerde erken yikselme, hiperglisemi, insilin [56]
yagi) direnci,
YYD (domuz yagi) Insiilin direnci, hiperglisemi ve yasam siiresinde [57]
kisalma
Hipoglisemi CC hicre ablasyonu [47]
modelleri:
AKH'nin genetik Obezite, hipoglisemi ve aglik direnci [59,60]

bozulmasi
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Lst'nin genetik Yuksek ILP sekresyonu ve hipoglisemi [61]
bozulmasi
Obezite YYD (hindistan cevizi ~ Yag birikimi, insilin direnci, hiperglisemi, [56]
yagi) hiperinsulinemi,
YYD (Hurma yag- Vicut trigliserit ve glikoz seviyelerinde artig, yagam [36]
hindistan cevizi yagi) stiresinde azalma, soguga ve anoksiye karsi toleransta
azalma
YYD (domuz yag1) Yag birikimi [57]
YSD (sakaroz) Yag birikimi, insiilin  direnci, hiperglisemi, [53]
hiperinsillinemi, gelisme geriligi
Yag birikimi, insilin direnci, hiperglisemi, yasam  [48, 62,63]
stiresinde kisalma, dogurganlikta azalma,
kardiyomiyopati, bdbrek fonksiyon bozuklugu,
dehidratasyon
Kalp Hastaliklar1
Kalp Fonksiyonlari YYD (Hindistan cevizi ~ Kardiyak lipit birikimi, azalmis kardiyak kontraktilite [56]
yagi) ve kardiyomiyopati, kardiyak toksisite
YSD (Sakaroz) Kardiyak aritmi, yasam siiresinde kisalma, kardiyak [53]
islev bozuklugu
Bobrek Hastaliklar:
Kronik Bobrek YYD Bobrekte lipit birikimi, nefrosit boyutlarinda artis, [64]
Yetmezligi mitokondri ve endoplazmik retikulum hacimlerinde
azalma, albuminin nefrosit birikiminde azalma
Renal Tbdler YSD (sakaroz) Kronik hiperglisemi nedeniyle malpighian tiibiillerde [65]
Disfonksiyonu fizyolojik ve anatomik deformasyon
Podosit Disfonksiyonu YSD (siikroz) Nefrosit kaybi, nefrosit fonksiyonunda azalma [62]
Bobrek Tasi YSD (siikroz) Urik asit birikimi, tiibiil taglarinin gelisimi ve tiibiil [63]
disfonksiyonu
Kanser
Timor Geligimi Diyet kisitlamasi Timor baskilayict gen PTEN homologunda islev [66]
(protein, seker) kaybi, organ bilyiimesinde azalma (mutant hiicreler
enerjilerini bdyle sagliyor)
HSD (slikroz) Timor gelisimi ve metastaz [67]

T1D: Tip 1 Diyabet, T2D: Tip 2 Diyabet, YSD: Yiiksek Sekerli Diyet, YYD: Yiiksek Yagh Diyet, ILP: Insiilin Benzeri Peptit,
CC: Korporo Kardiak, AKH: Adiponektin Hormon, Lst: Limostatin, AkhR: AKH reseptoriini kodlayan gen
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Drosophila, biyolojik ve tibbi arastirma incelemeleri i¢in
gucli bir model olusturmakla birlikte son yillarda cesitli
kimyasallarin giivenlik ve risk degerlendirmesinde
toksikolojik ¢alismalarda da yaygin olarak kullanilan bir
model haline gelmistir [69]. Literatirde yer alan
calismalar incelendiginde konuyla ilgili farkli caligmalar
goriilmiis olup asagida sunulmustur;

Kadmiyum, dogal kaynaklar ve endiisriyel faaliyetler
sonucu ¢evreye yayilan agir metallerden biridir.
Kadmiyuma maruziyet nedeniyle olusan hasarin
belirlendigi bir c¢aliymada disi sineklerde, toksisite
grubunda kontrol grubuna kiyasla Drosophila émriinde
kisalma, oksidatif stres dlzeyinde ve antioksidan
savunma  sisteminin  bozulmast  sonucu lipit
peroksidasyonunda artig gézlemlenmistir [70].
Klorpirifos, su ve besinlerde yaygin olarak bulunan
pestisitlerden biridir. insan saglig1 iizerinde cesitli zararli
etkileri vardir. Mitokondriyal islev bozuklugu sonucu
meydana gelen norodejeneratif ~ hastaliklarda
klorpirifosun glutatyon, reaktif oksijen tirleri ve
mitokondiyal islev iizerindeki etkisinin incelendigi bir
calismada sineklerde reaktif oksijen tiirlerinde artis,
indirgenmis glutatyon seviyesinde azalma ve oksitlenmis
glutatyon formunda artis, mitokondriyal aktivitelerde
inhibasyon ve sineklerde 6lim meydana gelmistir [71].
Klorpirifosun hareket tzerindeki etkilerinin incelendigi
bir bagka c¢alismada ise diyetinde klorpirifos bulunan
sineklerde artan stres nedeniyle antioksidan enzim
seviyeleri azalmis, hareket yetenekleri hizlanmig ancak
diizensiz hale gelerek oOliim oraninda artiga sebep
olmustur [72].

Gida katki maddesi olarak kullanilan E171 TiO;
(Titanyum dioksit)e maruz birakilan Drosophila
modellerinde hayatta kalma, dogurganlik, pupalagsma
stireci ve antioksidan enzim aktivitesi gibi parametrelerin
izlendigi bir ¢aliymada sineklerin hayatta kalma ve
dogurganlik  durumlart  etkilenmezken pupalagma
siirecinde artis ve antioksidan enzim olan katalaz
aktivitesinde azalma meydana gelmistir [73].

T1bbi iirlin ve cihazlarda, gida depolama malzemelerinde,
kozmetiklerde ve endustriyel Urlinlerde yaygin olarak
kullanilan giimiis nanopartikiillerine (AgNP) maruz
kalan Drosophila modellerinde pigmentasyon kusurlari
ve hareket yeteneklerinde azalmalar meydana gelmistir
[74]. Antimikrobiyal ajan olarakta kullanilan giimiis
nanopartikillerine maruz kalan Drosophila modellerinin
kullanildig1 baska bir ¢alismada ise dogurganlikta
azalma, gelisim agamalarinda gecikme, agirhik kaybi,
DNA hasar1 ve oksidatif stres diizeyinde artis meydana
gelmistir [75].

SONUC

D. melanogaster, biyolojik arastirmalarda en 1iyi
karakterize edilen model organizmalardan biri olmasi
nedeniyle beslenme ve hastalitk modellemelerinde ¢ok
uygun bir model sistem olarak kullanilabilir. Insanlarda
saglik ve hastaliklarin temelinde yer alan temel biyolojik
surecler Drosophila’da benzerlik gdéstermektedir. Ve
insan iizerinde hastalik yapan genlerin biiyiik bir kismu

Drosophila’da fonksiyonel ortolog bulundurmaktadir.
Ek olarak Drosophila’nin etik sorun olusturmamasi,
bakim maliyetlerinin az olmasi, kisa yasam dongiisii,
endemik olmamasi ¢aligmalarda biiylik avantajlar
saglamaktadir.  Bu  nedenle temel  biyolojik
mekanizmalar1 ¢ozebilmek igin Drosophila gucli bir
modeldir. Gelisen teknoloji ile insan hastaliklar1 tizerinde
yapilacak caligmalarla Drosophila modelinin kullanimi
daha da 6nem kazanacaktir.
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Yazim Kurallari

Mus Alparslan Universitesi Fen Bilimleri Dergisi Haziran ve Aralik sayist olmak iizere yilda iki defa yayimlanan uluslararasi
hakemli bir dergidir. Derginin asil amaci fen bilimleri, temel alanlar ve miihendislik alanlarinda nitelikli akademik
calismalarin yayimlanmasina katki yapmaktir.

Dergide yayimlanan makaleler yazi islerinin izni olmaksizin baska hi¢ bir yerde yayimlanamaz veya bildiri olarak sunulamaz.
Kismen veya tamamen yayimlanan makaleler kaynak gésterilmeden hicbir yerde kullanilamaz. Dergiye génderilen
makalelerin icerikleri 6zgiin, daha dnce herhangi bir yerde yayimlanmamigs veya yayimlanmak iizere gonderilmemis olmalidir.
Makaledeki yazarlar isim sirast konusunda fikir birligine sahip olmalidir.

Makalenin hazirlanmasi sirasinda yardimci olmast amactyla, internet sitemizde yazarlar icin linkinin altinda yer alan
MAUNFBD Dergisi yazim kurallarina gére hazirlanmis “6rnek_makale” dosyasini bilgisayariniza indirmeniz ve makalenizi bu
makaleyi 6rnek alarak hazirlamaniz, diizenlemelerde kolaylik ve zaman tasarrufu saglayacaktir. Bu makaleyi bilgisayariniza
Word programinda sablon (template) olarak kaydederek de makalenizi hazirlayabilirsiniz.

e Makaleler MS Word 2007 veya lstii bir stirimde hazirlanarak gonderilmelidir.

e Sayfa yapisi dzel boyutta (15.5x23 cm), MS Word programinda, Times New Roman veya benzeri bir yazi karakteri ile
10 punto, tek satir araligiyla yazilmaldir. Sayfa kenarlarinda iist 2.5 cm olmak tizere diger kenarlar i¢in 2.5 cm bosluk
birakilmali ve sayfalar numaralandirilmalidir.

e Yazar(lar)in ad(lar) ve soyad(lar), kurumsal unvanlary; yazar(lar)in gérev yaptig1 kurum(lar) ve e-posta adres(ler)
bilgileri verilmelidir. Ayrica makalelerde sorumlu yazar belirtilmelidir. Times New Roman 10 punto, tek satir araligiyla
yazilmaldir.

e Makale bashgy, icerikle uyumlu, icerigi en iyi ifade eden bir baslik olmahdir. Baslik, kalin ve 12 punto biiyiikliigiinde
olmal1 ve ilk harfler biiyiik olacak sekilde sayfa ortalanarak yazilmalidir. Makaleler aym 6zellikte ingilizce bir
baslik/title icermelidir.

e Makalenin baginda, konuyu kisa ve 6z bicimde ifade eden ve en az 75, en fazla 150 kelimeden olusan Tiirkce “Oz”
bulunmaldir. Oz icinde, yararlanilan kaynaklara, sekil ve cizelge numaralarina deginilmemelidir. Adres/ler den 2 satir
bosluk birakildiktan sonra, Times New Roman 10 punto, tek satir araligiyla yazilmahdir. Oziin altinda bir satir bogluk
birakilarak, en az 3, en ¢ok 6 sozciikten olusan anahtar kelimeler verilmelidir. Anahtar kelimeler makale igerigi ile
uyumlu ve kapsayici olmalidir. Aym sekilde makaleler Ingilizce bir baglik/title, anahtar sézciikler/keywords ve
0z/abstract icermelidir.

e MAUNFBD'in yayin dili Tiirkce ve ingilizcedir.

e Herhangi bir sempozyum veya kongrede sunulmus olan c¢alismalar kongrenin adi, yeri ve tarihi belirtilerek
yayimlanabilir. Bir arastirma kurumu veya fonu tarafindan desteklenen ¢alismalarda destegi saglayan kurulusun adi ve
proje numarasi verilmelidir.

e Makaleler Giris, Materyal ve Metod, Deneysel Kisim, Gere¢ ve Yontem, Tartisma, Sonu¢ vb. yer alacak sekilde
hazirlanmali ve alt basliklar ikinci derece basliklar Times New Roman 10 punto ile saga hizal olarak diizenlenmelidir.

e Formiiller ve denklemler Math Type ya da Word Denklem Diizenleyici kullanilarak yazilmahdir.

e (Calisma, dil bilgisi kurallarina uygun olmalidir. Makalede noktalama isaretlerinin kullaniminda, kelime ve kisaltmalarin
yaziminda en son ¢ikan TDK Yazim Kilavuzu esas alinmaly, agik ve yalin bir anlatim yolu izlenmeli, amag ve kapsam
disina tasan gereksiz bilgilere yer verilmemelidir. Makalenin hazirlanmasinda gecerli bilimsel yontemlere uyulmali,
calismanin konusu, amaci, kapsami, hazirlanma gerekgesi vb. bilgiler yeterli dlgide ve belirli bir diizen iginde
verilmelidir.

e Bir makalede sirasiyla 6zet, ana metnin béliimleri, kaynakea ve (varsa) ekler bulunmalidir. Makalenin bir “Giris” ve bir
“Sonug¢” bolimi bulunmalidir. “Giris” ¢calismanin amaci, 6nemi, dénemi, kapsami, veri metodolojisi ve planini mutlaka
kapsamalidir. Konu gerektiriyorsa literatiir tartismasi da bu kisimda verilebilir. “Sonu¢” arastirmanin amag ve
kapsamina uygun olmal, ana ¢izgileriyle ve 6z olarak verilmelidir. Metinde s6zli edilmeyen hususlara “Sonu¢”ta yer
verilmemelidir. Belli bir diizen saglamak amaciyla ana, ara ve alt basliklar kullanilabilir.

e Tablo/Sekillerin numarasi ve basligi bulunmalidir. Tablo ¢iziminde dikey cizgiler kullanilmamalidir. Yatay ¢izgiler ise
sadece tablo i¢indeki alt bagliklar1 birbirinden ayirmak i¢in kullanilmalidir. Tablo/Sekil numarasi tiste, tam sola dayal
olarak Times New Roman 10 punto yazilmali; tablo/sekil adi ise, her sozciigiin ilk harfi biiyiik olacak sekilde
yazilmalidir. Ayrica tablo/sekiller siyah beyaz baskiya uygun hazirlanmaldir.

e Makalede, diizenli bir bilgi aktarimi saglamak lizere ana, ara ve alt bagliklar kullanilabilir. Makale bashig1 disindaki diger
tiim basliklar 10 punto yazilmalidir. Birinci derece basliklar biiyiik ve koyu karakterde; ikinci derece basliklar, yalniz
ilk harfleri biiyiik ve koyu olmayan; tigiincii derece basliklar ise yalniz ilk harfleri biiytik, koyu olmayan ve italik harflerle
yazilmalhdir. Ayrica bagliklar, 6ncesi ve sonrasi 6 nk olacak sekilde ayarlanmalidir.
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BiRiNCi DERECE BASLIK
Ikinci Derece Baslik
Uciincii Derece Baslik

e Kaynak gdstermede makale icerisinde “koseli parantez icerisinde numara” ile yazilmaldir. Her kaynak kendi
orijinal dilinde verilmelidir. Kaynaklar Times New Roman 9 punto ile yazilmalidir. Kaynaklar yazilirken siralama
asagidaki sekilde olmalidir:

e ChenY.R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

e  Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55, 348-363, 2008.

e  Yetis H, Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

e Aydinl, Karakose E., Karakose M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

e MAUNFBD’e yazim kurallarina uygun olarak goénderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Dergide intihal denetimi iThenticate programi ile yapilmaktadir ve intihal denetiminde kabul edilebilir
benzerlik orani en fazla %20 olmaldir.

e Yayim asamasinin ilk adimi i¢in makaleler Online Basvuru Sistemi araciliiyla yollanmalidir. Bagvurunun hemen
ardindan elektronik posta adresinize otomatik olarak bir onay mesaji génderilecektir. Daha fazla bilgi i¢in
http://dergipark.gov.tr/ MAUNfbd elektronik adresi araciligiyla editériimiizle baglantiya gecilebilir.
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Instructions for Authors

MAUNFBD is an international peer-reviewed journal that is published two times a year. The purpose of the journal is to make
contributions to publishing qualified academic studies in sciences, basic and engineering areas.

The articles that are published in the journal cannot be published or presented anywhere else unless permission is granted
from the editorial board. The articles that are published either partially or completely cannot be used anywhere else unless
reference is given. The content of the articles that are sent to the journal has to be authentic, not previously published or sent
to be published. The authors of the articles have to have a consensus regarding the list of the names in the article.

Ifyou download the “sample article” that was prepared according to spelling rules and format of the MAUNFBD journal from
our website through the link for authors to help you prepare the article, this will save your time and facilitate the preparation
process. You can also prepare your article by saving this sample as a template on the Microsoft Word program.

The articles should be in MS Word 2007 or higher version.

The layout has to be custom-designed (15.5x23 cm). The file format has to be MS Word. The font has to be Times New
Roman or a similar one with a size of 10. The file has to have single-line spacing. Page margins have to be 2.5 cm on the
top and 2.5 cm for all the other sides. The pages have to be numbered.

The articles need to include the name(s), surname(s), institutional title(s), institution name(s), and e-mail address(es)
of the author(s). In addition, the corresponding author has to be indicated in the articles. The font has to be Times New
Roman with a size of 10 and single line spacing.

The title of the article has to be consistent with the content and must reflect the content in the best way possible. The
title has to be boldface with a font size of 12. The first letter of all the words has to be uppercase. The title has to be
centered. The articles need to have an English title with the same properties.

The article needs to include an “Abstract” at the beginning not less than 75 words nor longer than 150 words
summarizing the content in the most precise and concise way. The abstract must not include references, figures, and
table numbers. Leaving a space under the abstract, the author has to add keywords including at least 3 and utmost 6
words. The keywords have to be consistent with the content and need to be comprehensive. Similarly, the articles have
to include an English title, keywords, and abstract.

MAUNFBD is published in Turkish and English.

The works that are presented in any symposium or congress can be published after specifying the name, place and the
date of the congress. The works that are supported by a research organization or fund have to indicate the name of the
supportive organization and the number of project.

The articles have to be organized as introduction, body, experimental, result and discussion and conclusion. Sub-titles
and lower-level titles have to have a font size of 10 and be right-aligned.

Formulas and equations need to be written via Math Type or Word Equation Editor.

The study has to comply with grammatical rules. The latest Turkish Language Association Spell Check has to be
employed regarding the use of punctuation, spelling of the words, and abbreviations. The text is expected to be clear
and simple. No expressions out of purpose and scope must be included in the work. The valid scientific methods have
to be employed to prepare the article. The content, purpose, scope, justification, etc. of the study have to be provided as
much as needed in a certain order.

An article is expected to include abstract, sections of the main text, references, and appendices (if there is any)
respectively. An article has to have an “Introduction” and “Conclusion” sections. The “Introduction” is definitely
expected to include the purpose, importance, period, scope, data methodology, and outline of the study. If it is necessary
for the subject to be dealt with, literature review can be given in this section as well. The “conclusion” needs to be in
compliance with the study’s purpose and scope. It needs to be given generally and concisely. The points that are not
mentioned within the text must not be included in “conclusion”. Headings, titles, and sub-titles can be used to organize
the text.

Tables/Figures need to be numbered and given with their titles. No vertical lines must be used to draw the tables.
Horizontal lines can only be used to separate the sub-titles within the table from each other. Table/Figure number has
to be at the top left-aligned and non-Italic with Times New Romans 10 font. The name of tables/figures has to be written
with each word having its first letter uppercase. In addition, tables/figures have to comply with black and white print.
If there is anything in the table that requires reference, the references must be given at the bottom of the table with in-
text reference format.

Headings, titles, and sub-titles can be used to ensure an ordered information transfer. All the other titles except for the
title of the article have to have a font size of 10. First-level titles need to be uppercase and boldface; the first letters of
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all the words in the second-level titles need to be uppercase and not boldface; and only the first letters of the words in
the third-level titles need to be uppercase, and these titles have to be italic. In addition, the titles have to be organized
with 6 nk before and after the title.

FIRST-LEVEL TITLE
Second-Level Title
Third-level Title

@) The reference should be marked with "number in square brackets" in the article. Each reference must be given
in its original language. The references should be written in Times New Roman 9 point. When writing the
references, the sequence should be as follows:

e ChenY.R, Chao K, Kim M. S. Machine vision technology for agricultural applications, Computers and Electronics
in Agriculture, 36, 173-191, 2002.

e  Kumar A. Computer vision based fabric defect detection: a survey, IEEE Transactions on Industrial Electronics,
55,348-363, 2008.

e  Yetis H, Baygin M., Karakdse M. A New Micro Genetic Algorithm Based Image Stitching Approach for Camera
Arrays at Production Lines, The 5th International Conference on Manufacturing Engineering and Process (ICMEP
2016), 25-27 May, 2016.

e Aydinl, Karakose E., Karakose M., Gengoglu M.T., Akin E., A New Computer Vision Approach for Active Pantograph
Control, IEEE International Symposium on Innovations in Intelligent Systems and Applications (IEEE INISTA
2013), Albena, Bulgaria, 2013.

e Lim S. H. Video-processing applications of high speed cmos image sensors, The Degree of Doctor of Philosophy,
Stanford University, 2003.

The manuscripts that comply with the publication principles of anemon are passed through plagiarism checking. The
journal uses the Ithenticate software to detect instances of overlapping and similar text in submitted manuscripts. If
the similarity level is above %20, the manuscript is not accepted for publication.

The articles are sent through Online Application System for the first step of the publication. An automatically-sent
confirmation message is sent to your e-mail address upon the completion of the application. For further information,
please contact the editor via http://dergipark.gov.tr/MAUNfbd.
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Degerlendirme Siireci

MAUNFBD'’ye gonderilen yazilar, énce Yayin Kurulunca dergi ilkelerine uygunluk acisindan bir 6n degerlendirmeye
tabi tutulur. Dergi kapsamina girmeyen veya bilimsel bir yazi formatina icerik ve sekil sartlar1 agisindan uymayan
yazilar, hakemlik siireci baslatilmadan geri cevrilir ya da bazi degisiklikler istenebilir. Yayin icin teslim edilen
makalelerin degerlendirilmesinde akademik tarafsizlik ve bilimsel kalite en 6nemli dl¢iitlerdir.

MAUNFBD'’ye yayin kurallarina uygun olarak gonderilen makaleler, daha sonraki asamada intihal denetiminden
gecirilir. Mus Alparslan Universitesi Fen Bilimleri Dergisi'nde intihal denetimi, Ithenticate paket programi aracihgiyla
gerceklestirilmekte ve intihal denetiminde, benzerlik oraninin %20’nin iistiine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig) takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme gonderilir. MAUNFBD Dergisi, slirecin her asamasinda, hakem ve yazarlarin isimlerinin sakh tutuldugu cift-kér
hakemlik sistemini kullanmaktadir. Hakem raporlar bes y1l siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale ii¢iincii hakeme gonderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MAUNFBD’e gonderilen ¢alismalarda yazarlar, hakem ve Yayin Kurulunun elestiri ve oOnerilerini dikkate alirlar.
Katilmadiklar1 hususlar varsa gerekgeleriyle birlikte itiraz etme hakkina sahiptirler. Dergideki hakemlik siirecinde,
akademik unvana sahip kisilerin yayinlari i¢in ancak esit ya da list derecede akademik unvana sahip kisiler hakem
olabilir.

MAUNFBD’e hakem degerlendirme siireci, istenilmeyen nedenlerden dolay1 bazen uzun siirebilmektedir. Normal
kosullarda editor tarafindan 6n degerlendirme asamasi bir hafta; hakem degerlendirme siireci de 8 hafta olarak
planlanmaktadir. Ancak hakemlerden zamaninda déniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MAUNFBD’e makale gdnderen yazar/yazarlar, Derginin s6z konusu hakem degerlendirme kosullarini ve siirecini kabul
etmis sayilirlar.

MAUNFBD’de yayimlanmasina karar verilen (kabul edilen) calismalarin telif hakki, Mus Alparslan Universitesi’ne
devredilmis sayilir.
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Peer Review Process

The papers that are sent to MAUNFBD are subjected to preliminary assessment by the Editorial Board to see whether
the work complies with the principles of the journal. The papers that are out of the scope of the journal or do not comply
with the format of a scientific text either in terms of content or style are either rejected or demanded to be corrected
prior to peer-review process. Academic objectivity and scientific quality are the most important criteria for the
assessment of the articles that are submitted to be published.

The articles that comply with the publication principles of MAUNFBD are passed through plagiarism checking. Journal
of Social Sciences of Mus Alparslan University uses the iThenticate software to detect instances of overlapping and
similar text in submitted manuscripts. The journal allows an overall similarity of 20% for a manuscript to be considered
for publication. After determining an acceptable similarity rate, the article is sent to two reviewers who are known for
their studies in the relevant field. MAUNFBD employs double-blind review system in which the names of neither the
reviewers nor the authors are disclosed in any of the phases of the process. Reviewer reports are saved for five years.
If one of the reviewers gives positive feedback while the other gives negative feedback, the article is either sent to a
third reviewer or Editorial Board examines the reviewer reports to make the final decision.

The authors submitting papers to MAUNFBD take into account the criticisms and suggestions of the reviewers and the
Editorial Board. The authors also have the right to object to the points with which they disagree. In the reviewing
process, the publications of people with academic titles are only reviewed by academics of either an equal or a higher
degree.

Assessment process of MAUNFBD may sometimes take long periods of time due to undesired reasons. Normally,
preliminary assessment by the editor takes a week while reviewer’s assessment period takes 8 weeks. However,
reviewer assessment process may get longer when reviewers do not respond on time or in cases of appointing a new
reviewer and so on.

The author/authors submitting papers to MAUNFBD is/are considered to have accepted the aforementioned reviewing
conditions and process of the journal.

The copyrights of the works that are decided to be published (accepted) in MAUNFBD is transferred to Mus Alparslan
University.
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Yayin Ilkeleri

MAUNFBD, ulusal ve uluslararasi diizeyde yapilan, fen, temel alanlar ve miihendislik bilimleri alaninda 6zgiin ve
nitelikli calismalari, bilimsel bir yaklasimla ele alarak fen bilimler alanlarindaki ¢alismalarin niteliginin ylikselmesine,
yontem ve uygulamalarin gelismesine, kuram ve uygulama alanlarindaki ¢alismalar arasinda iletisimin gliclenmesine
ve fen bilimleri alanindaki literatiiriin zenginlesmesine katki saglamak amaciyla yayimlanmaktadir.

MAUNFBD’e, matematik, fizik, kimya, biyoloji, ¢evre bilimi, saglk, eczacilik, miithendislik bilimleri vb. tiim fen
bilimlerine ait 6zgiin ve nitelikli bilimsel ¢alismalar1 destekleyerek bilim camiasinda iiretilen bilgileri akademisyenlerin
ve kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢alismalara yer verilmektedir.
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