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Amacg ve Kapsam

Mus Alparslan Universitesi Fen Bilimler Dergisi, temel bilimler, mithendislik bilimleri, cevre ve enerji alanlarinda
ulusal ve uluslararas: diizeyde yapilan bilimsel nitelikli ve 6zglin ¢aligmalar1 bilimsel bir yaklasimla ele almak
amactyla yayimlanan uluslararas1 hakemli bir dergidir. Mus Alparslan Universitesi Fen Bilimleri Dergisinin temel
amact; uluslararasi alanda bilim ve teknolojideki yenilikler ve gelismeler, giincel ortaya konulan bilimsel ¢aligmalar,
tespit edilen sorunlarin ve ¢éziim Onerilerinin tartisildigt 6zgiin ve nitelikli makaleler yayinlanan bilimsel bir dergi
olmaktir. Ayrica Mus Alparslan Universitesi Fen Bilimleri Dergisi, yiiksekdgretim kurumlarinda gérev alan
akademisyenler, lisansiistli 6grenciler, sanayi ve endiistride ¢alisan kisilerin akademik ve mesleki gelisimlerine katki
saglayan bilimsel, nitelikli akademik ¢aligmalarin yayginlastiriimasina hizmet etmeyi hedeflenmektedir.

Mus Alparslan Universitesi Fen Bilimleri Dergisi; temel bilimleri, tarim ve uygulamali bilimleri, doga bilimleri
ve mithendislik alanlari ile alakali konularda 6zgiin ve nitelikli bilimsel ¢alismalari kapsamaktadir. Dergide, yukarida
belirtilen alanlarda yapilmis deneysel ve teorik ilerlemeleri iceren bilimsel ve 6zgiin arastirma makalesi tliriindeki
bilimsel calismalara ve gilincel igerikli derlemelere yer verilmektedir. Dergide yayimlanan tiim makalelere DOI
numarasi atanmakta ve yayimlanan makaleler i¢in herhangi bir ticret talep edilmemektedir. Mug Alparslan
Universitesi Fen Bilimleri Dergisinde yayimlanan yazilarm bilimsel ve hukuki sorumlulugu, yazarlarina aittir.
Yayimlanan yazilarm biitiin yaym haklar1 Mus Alparslan Universitesi’ne ait olup yaym, yaymcinin izni olmadan
kismen veya tamamen elektronik ortama taginamaz. Mus Alparslan Universitesi Fen Bilimleri Dergisi, 6zgiin bilimsel
aragtirmalar ile uygulama ¢aligmalarina yer veren Haziran ve Aralik sayisi olmak iizere yilda iki defa diizenli olarak
yayimlanan bir dergidir.

Mus Alparslan Universitesi Fen Bilimler Dergisi asagidaki indekslerce taranmaktadir:

e Academic keys

e 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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Aims and Scope

Mus Alparslan University Journal of Science is an international refereed journal that is published with a scientific
approach in order 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 is covered 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 are included experimental and theoretical advances mentioned above in the fields in the
journal. All published articles in the journal are assigned a DOl number and no fee is charged for the published articles. The
authors are belong to scientific and legal responsibility of the articles published in Mus Alparslan University Journal of
Science. Mus Alparslan University is belong to all publishing rights of the published articles and it cannot be publish 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 Academic keys

e CAB Abstract

e CiteFactor

e COSMOS IF

e CrossRef DOI

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

e Index Copernicus

e 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 Yaym Etigi ve Sorumluklar

MAUNFBD Dergisinde uygulanan yayin siire¢lerinde yazarlar, hakemler ve editorler etik ilkelere yonelik
standartlara uymasi 6nem tagimaktadir. MAUNFBD Dergisinde yayin etigi kapsaminda tiim yazarlar, hakemler ve
editorler asagidaki etik sorumluluklar: tasimasi beklenmektedir. Asagida yer alan etik gérev ve sorumluluklar
olusturulurken agik erigim olarak Committee on Publication Ethics (COPE) tarafindan yaymlanan etik kurallara ve
sorumluluklar dikkate alinarak hazirlanmistir.

Yazarlarin Etik Sorumluluklar:

Yazar(lar)in gonderdikleri caligmalarin 6zglin olmasi beklenmektedir. Yazar(lar)in baska calismalardan
yararlanmalar1 veya baska caligmalari kullanmalart durumunda eksiksiz ve dogru bir bi¢cimde atifta bulunmalar
ve/veya alint1 yapmalar1 gerekmektedir. Caligmanin olusturulmasinda igerige katki saglamayan kisiler, yazar olarak
eklenmemelidir. Yazarlar ¢aligmalarint ayni anda birden fazla derginin basvuru siirecinde bulunduramaz. Her bir
bagvuru Onceki bagvurunun tamamlanmasini takiben baslatilabilir. Bagka bir dergide yaymnlanmig calisma
MAUNFBD Dergisine gonderilemez. Yayinlanmak {izere gonderilen tiim ¢aligmalarin varsa ¢ikar ¢atigmasi teskil
edebilecek durumlari ve iliskileri agiklanmalidir. Yazar(lar)dan degerlendirme siiregleri ¢ercevesinde makalelerine
iliskin ham veri talep edilebilir, boyle bir durumda yazar(lar) beklenen veri ve bilgileri yayin kurulu ve bilim kuruluna
sunmaya hazir olmalidir. Degerlendirme siireci baglamig bir ¢alismanin yazar sorumluluklarinin degistirilmesi (Yazar
ekleme, yazar sirast degistirme, yazar g¢ikartma gibi) teklif edilemez. Yazar(lar) kullanilan verilerin kullanim
haklarina, aragtirma/analizlerle ilgili gerekli izinlere sahip olduklarini veya deney yapilan deneklerin rizasinin
alindigin1 gosteren belgeye sahip olmalidir. Yazar(lar)in yayinlanmig, erken goriiniim veya degerlendirme
asamasindaki caligmasiyla ilgili bir yanlis ya da hatay1 fark etmesi durumunda, dergi editdriinii veya yayinciy1
bilgilendirme, diizeltme veya geri ¢ekme islemlerinde editorle isbirligi yapma ylikiimliliigii bulunmaktadir.

Editorlerin Etik Gorev ve Sorumluluklari

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

Genel Gorev ve Sorumluluklar

Siirekli olarak derginin gelisimini saglama, dergide yaymlanan caligmalarin kalitesini gelistirmeye yonelik
stiregleri yiiriitme, okuyucularin ve yazarlarin bilgi ihtiyaglarin1 karsilamaya yonelik ¢aba sarfetme, diizeltme,
aciklama gerektiren konularda yayn agisindan agiklik ve seffaflik gosterme. fikri miilkiyet haklar1 ve etik
standartlardan taviz vermeden is siireclerini devam ettirme editdriin gorev ve sorumluluklarindandir.

Hakemlerin Etik Sorumluluklar:

Sadece uzmanlik alani ile ilgili calisma degerlendirmeyi kabul etmelidir. Tarafsizlik ve gizlilik igerisinde
degerlendirme yapmalidir. Gizlilik ilkesi geregi inceledikleri ¢aligmalart degerlendirme siirecinden sonra imha
etmelidir. Degerlendirme siirecinde ¢ikar ¢atismasi ile karsi karsiya oldugunu diisiiniirse, calismay1 incelemeyi
reddederek, dergi editoriinii bilgilendirmelidir. Degerlendirmeyi nesnel bir sekilde sadece ¢alismanin igerigi ile ilgili
olarak yapmalidir. Degerlendirmeyi yapici ve nazik bir dille yapmalidir. Diismanlik, iftira ve hakaret igeren agagilayici
kisisel yorumlar yapmamalidir. Degerlendirmeyi kabul ettikleri c¢aligmayr zamaninda ve yukaridaki etik
sorumluluklarda ger¢eklestirmelidir.

Yaymcinin Etik Sorumluklar

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

Yazarlar ile iliskiler

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



Onerilerini goz ardi etmemelidir. Yeni editor, ¢aligmalara yonelik olarak dnceki 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

Editor; dergi yayin politikalarinda yer alan Kér Hakemlik ve Degerlendirme Siireci politikalarini uygulamakla
yilikiimliidiir. Hakemleri yayinin alan konusuna uygun olarak secilmelidir. Yayimnin degerlendirme siirecinde gerekli
tiim bilgileri hakemlere saglamakla yiikiimliidiir. Yazarlar ve hakemler arasindan ¢ikar ¢atismasi olup olmadigim
gozetmek durumundadir. Yaymin degerlendirme siirecinde hakemlerin kimlik bilgilerini gizli tutmalidir. Hakemleri
tarafsiz, bilimsel ve nesnel bir dille calismay1 degerlendirmeleri i¢in tesvik etmelidir. Hakem havuzunun genis bir
yelpazeden olusmast icin adimlar atmalidir. Hakemlerin performansini artirici uygulama ve politikalar belirlemelidir.
Bilimsel olmayan degerlendirmeleri engellemelidir.

Okuyucu ile Tliskiler

Editor tiim okuyucularin ihtiyag duyduklari bilgi, beceri ve deneyim beklentilerini dikkate alarak karar vermelidir.
Yaymlanan galismalarin okuyucu, arastirmaci, uygulayici ve bilimsel literatiire katki saglamasina ve 6zgiin nitelikte
olmasina dikkat etmelidir. Editor okuyuculardan gelen geri bildirimleri dikkate almak, agiklayici ve bilgilendirici geri
bildirim vermekle yiikiimliidiir.

Yaymn Kurulu ile iliskiler

Editor, tiim yayin kurulu {iyelerinin siiregleri yayin politikalar1 ve yonergelere uygun ilerletmesini saglamalidir.
Yayin kurulu iiyelerini yaym politikalar1 hakkinda bilgilendirmeli ve gelismelerden haberdar etmelidir. Yeni yaym
kurulu iiyelerini yayin politikalar1 konusunda egitmeli, ihtiya¢ duyduklari bilgileri saglamalidir.

Dergi Sahibi ve Yaymci ile iliskiler

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

Kisisel Verilerin Korunmasi

Editor; degerlendirilen ¢alismalarda yer alan deneklere veya gorsellere iliskin kisisel verilerin korunmasini
saglamakla yiikiimliidiir. Calismalarda 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 c¢alismalarda insan ve hayvan haklarmin korunmasini saglamakla ytikiimliidiir.
Caligmalarda kullanilan deneklere iliskin etik kurul onay1, deneysel aragtirmalara iligkin izinlerin olmadigi durumlarda
calismay1 reddetmekle sorumludur.

Olasi Suiistimal ve Gorevi Kotiiye Kullanmaya Karsi Onlem

Editor; olasi suiistimal ve gorevi kotliye kullanma iglemlerine karsi 6nlem almakla yiiktimlidiir. Bu duruma
yonelik sikayetlerin belirlenmesi ve degerlendirilmesi konusunda titiz ve nesnel bir sorusturma yapmanin yani sira,
konuyla ilgili bulgularin paylagilmasi editoriin sorumluluklari arasinda yer almaktadir.

Fikri Miilkiyet Haklarinin Korunmas

Editor; yaymlanan tiim makalelerin fikri miilkiyet hakkini korumakla, olasi ihlallerde derginin ve yazar(lar)in
haklarini savunmakla yiikiimliidiir. Ayrica editdr yaymnlanan tim makalelerdeki igeriklerin baska yaymlarin fikri
miilkiyet haklarini ihlal etmemesi adina gerekli 6nlemleri almakla yilikiimliidiir. Bu agamada yazarlardan makaleleri
ile birlikte almis olduklari intihal raporu talep edilmektedir.

MAUNFBD Dergisinde Etik Olmayan Bir Durumla Karsilagirsaniz!

MAUNFBD Dergisinde yukarida bahsedilen etik sorumluluklar ve diginda etik olmayan bir davranis veya igerikle
karsilagirsaniz liitfen s.bozari@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

The editor is obliged to ensure the protection of human and animal rights in the evaluated works. Ethics committee
approval for subjects used in studies is responsible for refusing to work in cases where there is no permit for
experimental research.

Measure Against Potential Abuse and Abuse

The editor is obliged to take measures against possible abuse and misconduct. In addition to conducting a rigorous
and objective investigation about the identification and evaluation of complaints for this situation, sharing the findings
on the subject is among the responsibilities of the editor.



Protection of Intellectual Property Rights

The editor is obliged to protect the intellectual property right of all published articles and to defend the rights of
the journal and author (s) in possible violations. In addition, the editor is obliged to take necessary precautions so that
the content in all published articles does not violate the intellectual property rights of other publications. At this stage,
the plagiarism report they received with the articles is requested from the authors.
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ABSTRACT

In today’s world, logistics problems are crucial for the supply chain management. The vehicle routing problems are
one of the most studied combinatorial optimization problems in the logistics literature. In real life applications, all of
the parameters of the problem may not be known. In this paper, we considered the capacitated vehicle routing problem
with stochastic demands. Uniform and normal distributions were analyzed on customer demands to observe the
stochastic nature of the problem. These methods were compared by using GAMS with different test problems which
were taken from the literature. The clustering analysis including the K-means algorithm also applied on large-sized
test problems. All of the obtained results were presented in detail.

Keywords: Clustering Analysis, K-Means, Modelling, Stochastic Demand, VRP

Stokastik Talepli Kapasite Kisith Ara¢c Rotalama Problemleri i¢cin Bir Kiimeleme
Algoritmasi

(074

Giiniimiiz diinyasinda, tedarik zinciri yonetimi i¢in lojistik problemler gok kritiktir. Ara¢ rotalama problemi, lojistik
literatiiriinde en ¢ok c¢alisilan kombinatoryal optimizasyon problemlerinden biridir. Gergek hayat uygulamalarinda
problemin tiim parametreleri bilinmeyebilir. Bu ¢aligmada, stokastik talepli kapasite kisitli arag rotalama problemi ele
alinmistir. Problemin stokastik yapisim1 gézlemlemek i¢in miisteri talepleri diizgiin ve normal dagilimlar ile analiz
edilmistir. Bu yontemler, literatiirden alinan farkl: test problemleri ile GAMS kullanilarak karsilagtirtlmigtir. Biiyiik
boyutlu test problemleri i¢in k-ortalamalar algoritmasini igeren kiimeleme analizi uygulanmigtir. Elde edilen tiim

sonuclar ayrintili olarak gosterilmistir.

Anahtar Kelimeler: Kiimeleme Analizi, K-Ortalamalar, Modelleme, Stokastik Talep, ARP

INTRODUCTION

Today, transportation is an important problem to find the
best routes with minimum costs for many different firms.
There are different types of transportation problems.
Vehicle routing problems (VRP) are mainly considered
in this area. VRPs are first studied by Dantzig and
Ramser [1]. After this, there have been many studies on
this topic. The most studied variants of VRPs are
capacitated VRP, open VRP, VRP with time windows,
split delivery VRP, VRP with backhauls etc.

In the nature of the problem, parameters are generally
known in advance. But in real life, all parameters may not
have to be known. Therefore, several of the problem
parameters such as demand, time, distance and others
may be stochastic [2,3,4,5]. Therefore, the stochastic
VRP is an important variant of the VRP. Stochastic VRP
considers one or more parameters of the problem as
stochastic or unknown during the planning horizon.

These parameters may be the presence of the customers,
the nature of the customer demand, service time, time
windows etc.

The most common variants of stochastic VRP are VRP
with stochastic customers (Dror and Trudeau [2]; Laporte
et al. [3]). Smith et al. [4] considered stochastic demand
dynamic VRP with multiple vehicles priority. Tripathi et
al. [5] analyzed stochastic customer demand using ant
based simulation. Erera et al. considered the same
problem with duration constraints [6]. Moghaddam et al.
[7] considered stochastic demand by using advanced
particle swarm optimization. Goodson [8] studied
stochastic customer demand. They analyzed the problem
with the cyclic order simulated annealing procedure to
solve the multi-compartment VRP. Niu et al. [9] studied
multi-objective algorithm for green vehicle routing
problem with stochastic demands. Florio et al. [10]
analyzed the branch-and-price algorithm for the vehicle
routing problem with stochastic demands. Gaur et al. [11]
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improved approximation algorithms for cumulative VRP
with stochastic demands. Xia et al. [12] presented a
discrete algorithm for the regarding problem. Salavati-
Khoshghalb et al. [13] proposed an exact algorithm for
the VRP with stochastic demand. Islam et al. [14] studied
the mixed fleet based green clustered logistics problem
under CO2 emission cap.

There are also different papers focusing on clustering.
Kamisli and Durak [15] studied capacitated, open and
heterogeneous fleet vehicle routing problems by applying
the cluster first-route second method to solve these
problems. In the research report of Bruwer [16], the k-
medoid clustering method is modeled and evaluated for
the Capacitated VRP. Comert et al. [17] studied
capacitated VRP. All customers were clustered using K-
means, K-medoids and random clustering with
considering vehicle capacity.

The objective of the problem is minimizing total routing
cost. In real life, there are not always deterministic
parameters for the regarding problem to solve (Alpaslan
Takan and Agayeva [18]). Therefore, the stochastic data
must be included in the model to better describe the real
world. In this paper, we studied the capacitated vehicle
routing problems with stochastic demands. To analyze
the problem, two different distributions are used which
are uniform and normal. After handling the problem as
stochastic, we used clustering analysis to solve large-
sized test problems easily. All computational results are
explained in detail.

The remainder of this paper is organized as follows. The
details of the mathematical model, methods used for
stochastic demands and the clustering analysis including
the k-means algorithm are given in the materials and
method part. The computational results are demonstrated.
Finally, concluding remarks are provided.

MATERIALS AND METHODS

Mathematical Model of the Problem

The three-index formulation of the capacitated vehicle
routing problem which was introduced by Toth and Vigo
[19] is given below:

Notation

n: total number of customers

K: total number of vehicles

i,j: customer indices i,j ={1,..,n}. 1 is the depot
location.

k: set of vehicles k = {1, ..., K}

d;: demand of customer i

Qy: capacity of vehicle k

c;;- cost of traveling from customer i to customer j

Decision variables

xijk:{o

Positive variables
Uu;, U,j

The objective function:

Minz = ¥iii Xiwi Y=t CijXijk @

Constraints:

Die Xjei di Xijie < Qg vk (2
o1 Ximk — g1 Xmjk =0 m=2,..,n; Vk (3)

T Dk Xy = 1 j=2,..,n (4)

ui—uj+nZI,§=1xiijn—1 l,jzz;_n;l:/:] (5)

xijx € {0,1} Vijk (6)
The objective function (1) is the minimization of the total
traveling cost. Constraint (2) describes the capacity
constraint. The total capacity of the route can not exceed
the capacity of that vehicle. Constraint (3) states the
vehicle flow. If a vehicle travels from city i to city m, this
vehicle also travels from city m to city k (or depot).
Constraint (4) states that a vehicle must travel to each city
exactly once. Constraint (5) is the subtour elimination
constraint which is described by Miller et al. [20].
Constraint (6) describes the binary variable.

Methods Used For Stochastic Demands

The parameters Q, d; and c¢;; in the model of the
capacitated vehicle routing problem examined above are
deterministic. For the stochastic part of this model which
we are considering, demand values are taken with
random variables (Agayeva and Alpaslan Takan [21]).
To take into account various uncertain situations,
demands are analyzed with two different approaches as
uniform and normal distribution. Below explains the
application details of these distributions.

a)Uniform distribution: It refers to situations that
correspond to the homogeneous division of claims. In
this case, we simulate the demands as a uniformly
distributed random variable defined in the interval
between the smallest demand and the largest demand, in
other words on the interval :

[dmin' dmax] :D ~U[dmin' dmax]

b) Normal distribution: It is a type of continuous
probability distribution for a real-valued random
variable. The second type for simulation of stochastic
demands is Normal distribution N(u, o?); where u = D,
and 0% =s3.

1, if vehicle k travels from customer i to customer j
otherwise
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Clustering Analysis

Clustering analysis is a common technique for statistical
data analysis. It is used in many fields such as pattern
recognition, image analysis,  bioinformatics, data
compression, computer graphics, machine learning etc.
In this paper, for clustering the customers, we have
considered K means algorithm. This method has the
advantage to solve large-sized vehicle routing problems
easily. The main steps of clustering algorithms are given
below.

Step 1. Cluster the customers regarding their coordinates.
Weka is used for K-means algorithm.

Step 2. Solve VRP with stochastic demands for each
cluster by using GAMS. For each cluster, total costs are
calculated.

In the following, the k-means algorithm is explained in
detail.

K-Means Algorithm

The k-means algorithm is an unsupervised learning and
clustering algorithm. The K-means clustering method is
to partition a dataset consisting of N data objects into K
clusters given as input parameters. The aim is to ensure
that the clusters obtained at the end of the partitioning
process have maximum similarities within clusters and
minimum similarities between clusters. K means
algorithm assumes Euclidean space. It picks one point at
random, then k-1 other points, each as far away as
possible from the previous points.

i. [Initialize the center of clusters
ii. Attribute the closest cluster to each data point
iii. Set the position of each cluster to the mean of all
data points belonging to that cluster.
iv. Repeat steps 2-3 until convergence.

RESULTS AND DISCUSSION

To analyze the effect of the inclusion of uncertainty in
the model, Augerat [22] and Christofides et al.’s [23] test
problems were studied (data was taken from
http://vrp.atd-lab.inf.puc-rio.br/index.php/en/). First,
VRP with stochastic demand problem was solved by
GAMS. All test problems could not be solved by GAMS.
For this reason, clustering algorithms were applied and
then all costs for each cluster was calculated for the total
routing costs. Table 1 shows the detailed computational
results obtained by GAMS/Cplex solver. To solve the
problems, the time limit of GAMS was given 1 hour for
each problem. First column of Table 1 indicates the name
of the studied test problem ( For example: A-n32-k5
means 32 customers and 5 vehicles), the second column
shows the vehicle capacity, the third column is the
optimal solution of the problems. Column 4 presents the
solution found when the customer demands have a
uniform distribution. The last column shows the results

of problems when the customer demands have a normal
distribution.

Table 1. Solution of the problem with stochastic demand

Test Vehicle Optimal Uniform Normal
problem  capacity solution distribution distribution

A-n32-k5 100 784 1002.3 988.76
A-n44-k6 100 937 1125.6 11141
A-n54-k7 100 1167
B-n31-k5 100 672 959 956.38
B-n38-k6 100 805 936.5 924.6
B-n45-k5 100 751 1012.2 1003.8
B-n57-k9 100 1598
M-n101-

K10 200 820
M-n121-

K7 200 1034

M-n151-

K12 200 1053

The results show that when the number of customers are
greater than 45, GAMS/Cplex could not find the solution
in the given time limit( for the problems A-n54-k7, B-
n57-k9, M-n101-k10, M-n121-k7, M-n151-k12). For the
other instances, normal distribution gave better results
than uniform distribution.

In Table 2, solutions of the clustered problem with
stochastic demand were given for both distributions.

Table 2. Solution of the clustered problem with stochastic
demand

Test Vehicle Optimal  Uniform Normal
problem capacity solution distribution distribution
A-n32-k5 100 784 1102 996.4
A-n44-k6 100 937 1229 1365.1
A-n54-K7 100 1167 13325 1342.2
B-n31-k5 100 672 865 993.5
B-n38-k6 100 805 984.4 966.3
B-n45-k5 100 751 1004 991.1
B-n57-k9 100 1598 1755.6 1886.3
M-n101- 1116.9

K10 200 820 1222.5
M2l 200 1034 1365 1456.2
M-n151- 1226.8

K12 200 1053 1544.4

From Table 2, It is observed that all large-sized test
problems could be solved by clustering k-means method.
First all problems were clustered, and then total costs for
each cluster were calculated. For instance, for the
problem M-n151-k12, normal distribution gave better
result but for the problem M-n121-k7, uniform
distribution found better solution than normal.

Figure 1 shows an example of the WEKA clustering of
the M-n101-k10 test problem by using the k-means
algorithm. There are 10 clusters for the regarding
problem. Each cluster is shown by different colors (The
blue point in the middle of the graph indicates the depot
location).
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Figure 1. An example of the WEKA clustering by using the k-
means algorithm (test problem:M-n101-k10)

CONCLUSIONS

Within the scope of this study, the stochastic demand
vehicle routing problem, which is frequently encountered
in the literature is discussed. Today, stochastic models
are of great importance for expressing these situations, as
sudden and unexpected changes are encountered a lot in
real life problems. These models emphasize the
consideration of previously unnoticed or unexpected
effects. Therefore, stochastic models reflect real life
better than deterministic models. The problem under
consideration has different application areas in real life.
In [24], the authors focus on the optimal control problem
for stochastic switching systems with the quadratic cost
function. In [18], the authors also analyzed the stochastic
demand VRP for the small-sized test problems and
different test problems which consider a maximum
number of 23 customers were studied by uniform,
exponential and poisson distributions. The papers
[6,7,10] consider the vehicle routing problem with
stochastic demand. Unlike these studies, in this paper,
stochastic demand VRP is considered for the large sized
problems by using clustering methodology (maximum
number of customers were taken 151). Two different
distributions which are uniform and normal also applied
to the studied test problems. By working on 10 different
test problems, the results obtained by GAMS/Cplex
solver were compared in detail. Generally, better results
were observed when customer demands fit the normal
distribution. Since GAMS could not find a solution when
the problem size increases, the clustering method k-
means was used for obtaining the solution for the
regarding problems. In this way, large-scale problems
could also be solved easily. This is the motivation and the
difference of this paper.

Different clustering approaches may be used in future
studies. The advantages of the methods can be discussed
by using different clustering approaches. The applied
methods may also be analyzed in more detail by
considering different test problems from the literature.
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Bu calismada, cebirin temel konularindan biri olan halka yapisinin 6zel bir hali olan modiil kavrami ele alinarak
tanimlanan modiillerin projektif boyutlar1 yapisi kullanilarak, yeni bir ¢alisma alani olan nétrosofik kiime kavrami
iizerine tasinarak, ilk defa ndtrosofik modiillerin projektif boyutlar1 yapisi olusturulmustur. Giris boliimiinde bu
tanimlamanin yapilabilmesi i¢in gerekli olan halka, modiil, modiil homomorfizma, dizi ve nétrosofik modiil yapilarinin
temel tanimlar ile bazi ornekleri verilmigtir. Ana konuda ise ndtrosofik modiillerin projektif boyutu kavrami ile ilgili
yeni temel tanimlar ile genel teoremlerin ispatlarinin verilmesinin yani sira bu tanim ve teoremler ile ilgili gerekli
ornekler verilerek konu aydinlatiimistir.

Anahtar Kelimeler: Modiil, Notrosofik, Projektif boyut

Projective Dimensions of Neutrosophic Modules
ABSTRACT

In this study, the projective dimensions of the neutrosophic modules were formed for the first time by using the
projective dimensions of the modules, which was defined by the concept of the module, which is a special case of the
ring structure, which is one of the basic subjects of algebra, and moved to the concept of the neutrosophic set, which is
a new field of study. In the introduction, basic definitions and some examples of a ring, module, module
homomorphism, sequence and neutrosophic module structures, which are necessary for this definition, are given. In the
main topic, new basic definitions and proofs of general theorems related to the concept of the projective dimension of
neutrophic modules are given, and the subject is clarified by giving necessary examples about of these definitions and
theorems.

Keywords: Modul, Neutrosophic, Projective dimension

Smarandanche gibi bazi arastirmacilar, cebir lizerine
yaptigt  calismalarda, noétrosofik teori kavramin
tanimlayarak nétrosofik cebirsel yapilari

GIRIS

Klasik modiiller temsil teorisinin ¢aligmasinda kullanilir.

1950’11 yillarda homolojik yontemlerin tanimlanmastyla
birlikte modil teorisinin kullanim alan1 daha da
genislemis oldu. Bugiinlerde ise modiil teorisi cebir
calismalarinda kendi basma c¢alisilabilen bir alan oldu.
Notrosofi kavrami ise ilk olarak yeni bir felsefe dali
olarak Florentin Smarandanche tarafindan 1980 yilinda
tammlanmistir.  Notrosofik  kavraminin  temelini
belirsizlik kavrami olusturur. Belirsizlik kavrami bilimin
birgok alaninda karsilagilan bir problemdir. Florentin
Smarandanche yaptig1 ¢alismalarda belirsizlik kavramini
kullanarak matematikte bir kiime tanimlamistir. Bu
kiimede; T sembolii ile dogrulugu, F sembolii ile
yanlighigt ve 1 sembolii ile belirsizligi ifade etmistir.
Notrosofik kiime kavrami, bulanik kiime kavraminin
genellestirilmis halidir [1].

Belirsizlik tip bilimi, ¢evre, ekonomi, sosyal bilimler
gibi pek ¢ok alanda biiylik bir sorun olusturmaktadir.
Klasik yontemler bu tiir sorunlarin iistesinden gelmeye
yetmemektedir. Ciinkii klasik yontemlerin smiflandirma
yontemleri  yetersiz  kalmaktadir. Cebir alaninda
belirsizlikler {izerine tanimlanan kiime teorileri bazi
yazarlar tarafindan da farkli sekilde tanimlanmistir.

961

olusturmuglardir. Smarandanche tarafindan yapilan bu
caligmalar, cebirsel yapilar da ilk notrosofik yapimin
olusmaya baslamasini saglamistir. Daha sonra baska
arastirmacilar tarafindan da gelistirilerek ortaya konan
yeni tanim ve teoremler, giiniimiizde notrosofik cebirsel
yapilari, yeni aragtirmacilar tarafindan tizerinde ¢aligma
yapilabilmesi daha cazip bir konu haline getirmistir. Bu
durum, nétrosofik yapilart birgok alanda kullanilabilir
bir teori haline getirerek nétrosofik yapilarin 6nemi
artirmistir [2,3].

Konu ile ilgili uzun konu dis1 agiklamalardan kaginmak
icin homolojik boyutlarin tanimmi © Ext’ veya ‘Tor’
kullanmadan, fakat projektif modiil kullanilarak bir
tanim  verilmistir. Bu tamim i¢in Kaplansky’nin
calismalarindan  yararlanilmistir.  Schaunel teoremi,
Kaplansky 1958 sonbaharinda Chicago tniversitesinde
homolojik cisim teorisi iizerinde bir ders anlattiginda
Schaunel tarafindan tasarlandi. Kaplansky’nin fikirlerini
kullanarak sonsuz projektif boyutlarin modiiliiniin bazi
ornekleri kolayca yapilabilmektedir.

Bu c¢alismada, daha Once iizerinde calisilmis olunan,
modiillerin homolojik boyutlar1 yapisi kullanilarak yeni
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bir yap1 olan nétrosofik modiillerinin projektif boyutu
tanimlanacak ve bazi teorilerinden bahsedilecektir. Bu
teoriler, notrosofik  halkalarm  boyutlar1  olarak
tanimlanan  bazt  yeni  sayisal  degismezlerin
tanimlanmasini saglayacaktir. Notrosofik modiillerinin
projektif boyutlar1 ile ilgili tanim ve teoremler
verilmeden once konuyu temel olusturacak olan halka,
cisim, modiil, modiil homomorfizmasi ve dizi
kavramlart ve noétrosofik modiil hakkinda temel
tanimlardan bahsedilecektir.

MATERYAL ve YONTEM

Bu bolimde noétrosofik  modiillerin - homolojik
boyutlarma temel olusturacak sekilde halka, ideal,
modiil, modiill homomorfizmasi ve izomorfizmasi,
diziler ve nétrosofik modiillerin tanimlar1 ile bazi
teoremler verilmistir.

Tanmmm 1: R bos kiimeden farkli ve +, . ikili iglemleri

iizerinde tanimli bir kiime olsun. Eger

1) (R,*) bir degismeli gruptur.

2) Herxyi¢inxy €R

3) Her x,y,zeR i¢in x(yz) = (xy)z

4) Her x,y,z €R i¢in (xty)z = xztyz

X(y+2z) = Xy+xz

sartlarim saglaniyor ise (R,+,) ikili islemine bir halka
denir. Eger her x,yeR igin xy = yx oluyorsa R ’ye
degismeli halka denir. Her xeR igin 1, -X= X-1,=X
olacak sekilde bir 1reR varsa bu halkaya birim elemanli
halka denir [4].

Tanim 2: R birimli degismeli bir halka ve 1g # Og olsun.
Eger R’nin sifirdan farkli her alemanmin tersi var ise R’
ye cisim denir [5].

Tamim 3: R kiimesi bir halka ve bostan farkli A kiimesi
de R nin alt kiimesi olsun. Eger A kiimesi;

1) Herab €A igina-beA

2) HerreRveacAiginareAveracA
sartlarin1 sagliyor ise A kiimesine R’nin bir ideali denir.
A< R seklinde gosterilir

Tamm 4: R kiimesi bir halka ve X R i¢in;
{l,: viel, I, <RveX C I}

idealler ailesi olsun. O zaman
ﬂ I, ye X kiimesi tarafindan iiretilen ideal denir ve (X)
iel
ile gosterilir. X* in elemanlarina (X) idealinin {iretegleri
denir.
X =1{a,,..a,} ise (X)=(a,,..a,) ile ifade edilir ve (X)
idealine sonlu iiretilmis ideal denir [7].

Tammm 5: Tek bir eleman tarafindan iretilen ideale
temel ideal denir[7].

Tamm 6: R bir halka ve A# R olacak sekilde A< R
olsun. Her x,yeR i¢in, xye A= X€A veya yeA

oluyorsa A kiimesine bir asal ideal denir [7].
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Tammm 7: R kiimesi bir halka ve A # R olacak sekilde
A<R olsun. Ac Bc R olacak sekilde her B <R ideali
icin A = B veya B = R oluyorsa A idealine R’nin bir
maksimal ideali denir [7].

Tanmm 8: R bir halka, M bir degismeli ve toplamsal
grup ve
<+ RxM->M
(r,v) > r.v
seklinde tanimlanan bir dis islem olsun. Her r, 11, I, € R
ve her v, vi,v2 € M igin

1) r(vitvy) =rvitrvp
2)  (ntr)v=nv+ryv
3)  (rur)v =ri(rv)

Sartlar1 saglanir ise, o zaman M’ ye bir R-modiil denir.
Ayrica
4) Her veM ve 1reR igin Igv =V

oluyor ise M’ ye birimli modiil denir [3].

Tanmm 9: R bir halka, V bir R-modiil olsun. Eger A
kiimesi bir R-modiil ise A kiimesine V’nin alt modiil
denir [3].

Tanim 10: R degismeli bir halka, V R-modiil, I, J < R
ve IV, V’ nin alt modiilii olsun. IV, {rg: rel ve veV}
{rg trel, ge M} kiimesi  tarafindan {retilir.

Asagidaki 6zelliklere sahiptir [8];
niv ={Zrigi ‘rel,veV,ne IN}
i-1
2)1(IV)=(13)V
3)a € R icin (Ra)V’ nin yerine aV yazilir.
(Ra)V ={aV :veV}
Tamm 11: R degismeli bir halka, M modiil, G de M’nin
bir alt modiilii ve J # & olacak sekilde J = M olsun.
(G:3)=(G:J)={ reR :VjelicinrjeG}
ifadesi bir ideal olur.
Eger N, J tarafindan iretilen M’ nin alt modiilii ise
(G:J)=(G:N) ‘dirr meM igin (G {m}) ‘nin yerine
(G:m) yazilwr.
Eger G=0 ise
(0:3)={reR:Vjel icinrj=0}

kiimesine J 'nin sifirlayan1 denir ve Ann.(J) ya da
Ann(J) ile gosterilir. Ayn1 zamanda meM igin m
‘nin sifirlayani (0 : m) ile gosterilir [8].

Onerme 12: | <R ideali degismeli halka olsun.
I = Anng(R/1)=(0:;1+1)olur [7].

Onerme 13: R degismeli bir halka, M modiil ve N, N’
ve G de M’ nin alt modiilii ve (G,),., ve (N,),..

M’nin alt modillerinin iki ailesi olsun.



DG :N)= (G, :N)

AeA e
2)G: ZNz) = ﬂ(G 'N;)
AeA el
olur [8].
Tamm 14: M ve N kiimeleri R degismeli halkas1
iizerinde iki modil olsun. f : M — N doniigimii
1) Her a,b € M i¢in f(a+b) = f(a) + f(b)
2) Hera € M ver € R i¢in f(rm) = rf(m)
bu

sartlarini sagliyorsa modiil

homomorfizmasi denir [9].

doniisiime

Tammm 15: Bir f : A—>B doniisiimii birebir ve 6rten
modill  homorfizmas1 ise bu homomorfizmaya
izomorfizma denir. A= B ile gosterilir [9].

Tamim 16: R degismeli bir halka M modiil ve G, M’nin
alt modiilii olsun. Her me M i¢in m— f(m)=m+G

olarak tammmlanan f:M — M /G doniisiimiine dogal
(kanonik) homomorfizma denir ve f ortendir [9].

Tanmmm 17: R degismeli halka, G, M, N modiil ve
g:G—>M ve f:M — N modiil homomorfizmalari

olsun.

G—25>M—F>5N
diziside Im g = Cekf ise bu diziye M modiil tam dizisi
denir. Genel olarak

d
> Mn_l—H) M ni—} M n+1L}M n+l—>...

dizisi her M, de tam ise bu diziye modiil tam dizisi
denir. Ornegin Imd, =Cekd,_, iken

d
Mp1—=2> Mp—y Mpss

dizisi tamdir. Genel olarak

0> K—5 L5y M-0

diziye kisa tam dizi denir [10].

Tamim 18: R degismeli halka ve L, M, N birer R modiil
ve

0-»L—5 M—5 N-0

modiil homomorfizmalarinin kisa tam dizisi olsun. Bu
dizi Im f =Cekg, M’ nin bir direkt toplami oluyorsa
bu diziye split dizi denir.

Buradan Dizi splittir < M =Cekg @ G olacak sekilde
M’ nin bir G alt modiil vardir [10].

Onerme 19: 0= R degismeli bir halka ve F sonlu taban
ile serbest modiil olsun. O zaman F i¢in her taban
sonludur ve F igin iki tabanin elemanlar1 ayni sayiya

sahiptir. F i¢in bir taban i¢inde ki elemanlarin sayisina
F’nin rank: denir ve rank(F) ile gosterilir [11].
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Tamm 20: X bir
homomorfizmasi

modiill ve ¢:A—>B modiil

Vi:X>B

homomorfizmasi i¢in h: X = A modiil homomorfizmasi
varsa X modiiliine projektif modiil denir [10].

olsun. modiil

Teorem 21: Her serbest modiil projektiftir [11].

Onerme 22: X projektif modiil ve X =M @ N ise M
projektif modiildiir [12].

Onerme 23:
projektiftir [12].

(M,+,.) degismeli bir R halkasi tizerinde herhangi bir R-
modiil ve M(I) = (MuUI) kiimeside M ve I tarafindan
olusturulan bir nétrosofik kiime olsun.

Tanim 24: M(I) nétrosofik grubu (M(l),+,.) ikili iglemi
ile degismeli bir R halkasi iizerinde R x M(l) —» M(I)
olacak sekilde bir ndtrosofik modiil olusturur ve buna
zay1f n6trosofik modiil denir [3].

Projektif modiillerin direkt toplami

Tanim 25: Eger notrosofik M(I) kiimesi bir ndtrosofik
R() halkas1 iizerinde R(I) x M(I) - M(I) olacak
sekilde notrosofik modiil oluryor ise, o zaman M(I)
kiimesine kuvvetli nétrosofik modiil denir [3].

Tanmm 26: M(I) kiimesinin elemanlarina noétrosofik
vektorler ve R(I) halkasmnin elemanlarina noétrosofik
skaler denir [8].

Onerme 27: Eger k,p,m,n € M igin x = k+pl, y = m+nl
€ M(I) ve a,b € R i¢in q = a+bl € R(l) ise 0 zaman
noétrosofik kiimelerde toplama ve ¢arpma iglemi

x+y = (k+pl)+(m+nl)= (k+m)+(p+n)l
gx = (a+bl).(k+pl)= ak+(ap+kb+bp)l
seklinde tanimlanir [13].

Ornek 28: M(I) bir R halkasi iizerinde zayif ndtrosofik
R-modiil ve nétrosofik R(I) halkasi iizerinde bir kuvvetli
R-modiil olsun [13].

1) M"(I) bir R halkas: tizerinde zay1f nétrosofik R-
modiill ve noétrosofik R(I) halkasi iizerinde
kuvvetli nétrosofik R-modiildiir.

2)  Mm=(l) ={[ai]:a;€R(D)} bir R halkas: {izerinde
zayif noétrosofik modill ve nétrosofik R(I)
halkasi iizerinde kuvvetli nétrosofik R-
modiildiir.

Teorem 29: Her kuvvetli ndtrosofik modill aym
zamanda bir zayif nétrosofik modiildiir[13].

Ispat : Kabul edelim ki M(I) bir notrosofik R(T) halkas1
iizerinde kuvvetli nétrosofik R-modiil olsun. Her R
halkas1t noétrosofik R(I) halkasinin bir alt kiimesi
oldugundan her kuvvetli nétrosofik modiil ayn1 zamanda
bir zayif notrosofik modiil olur.

BULGULAR ve TARTISMA

Onerme 30: R degismeli birimli bir halka ve M(I)
nétrosofik modiil ve P(I) projektif ndtrosofik modiil
olmak iizere



O—->KM)—->PH——M({1)—>0
O—->LD—->QH)—~£—->M()—0
dizileri modil homomorfizmalarinin notrosofik tam
dizisi ise
O>KMH—->LMD®P(—>QW)—0

olacak sekilde notrosofik tam dizisi vardir. Ozellikle
Q(I) projektif notrosofik modiil ise 0 zaman

KheQ) =L e P(I)

elde edilir.
ispat: X (1) = {(p.q) < P() @Q(): (p)= 5(a)}
kiimesi P(l) ® Q(l) ’nin alt nétrosofik modiilii olsun.

7 X(1) — p(1)

7,(p.a)=p
doniistimii o6rtendir. p = a+bl ve q = c+dl olmak iizere,
VpeP(l) ig¢in B drten oldugundan p(q)=a(p)
olacak sekilde qeQ(l) vardir. Boylece (p, q)e X(1)
ve ﬂl(p,Q)z p elde edilir.
Cekz, = {(0,): (0.9) X}
={(0.0): p(a)=0}

=¢k S=L()
bulunur. Boylece

O—>L()—> X()——>P(l)>0
notrosofik tam dizisi elde edilir. Benzer sekilde
0—->K()—> X(1)—2>Q(l) >0

nétrosofik tam dizisi elde edilir. P (1) projektif
nétrosofik modiil oldugundan

O—>L()—> X)) —/—>P(1)>0
notrosofik tam dizisi split dizi olur ve
L(1)@ P(1) = X (1) elde edilir.

0— K(I) = X(1) > Q(I)——0
notrosofik tam dizisinde X (1) yerine L(1)® P(l)
yazilirsa istenen

0> K()—>L()@P()——Q(l) >0

notrosofik tam dizisi elde edilir. Q(I) projektif nétrosofik
ise bu dizi split oldugundan

K(heQ(Hz=L(Hh®P()
elde edilir.

Sonuc¢ 31: P(l1) ve Qi(l)’ler iki projektif ndtrosofik

modiiller olmak tizere
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0>K(I)>P_ (I)>>P(),>PR(1)—>M()>0
0> L(1N)>Q, (1) > >Q(1)>Q(N—L>M(1) >0

notrosofik modiill homomorfizmalarinin notrosofik tam
dizisi olsun. O zaman

K(N®Q,,(1)®P,,(N®Q, ,(1)®--
=L(1)®P,,(N©Q, ,(N®P, ()@

elde edilir.

Ispat: K(l)=gekax ve L'(lI)=¢ekf olsun. Bir
onceki  Snermeden  K'(I)@Q,(1) = L'(1)®P,(I)
oldugundan.

0> K1) =B (1) == R(1) > R(N®Qy(I)
> K'()®Q,(1)—>0
0->L(1)->Qu()—>>Q,(1)->Q()®R(l)
>L'()@PR,(1)—>0
nétrosofik tam dizileri yazilabilir. Tiimevarim metodu

kullanilarak igleme devam edilirse istenen sonug¢ elde
edilir.

Tamm 32:  A(l),B(l)e7(l); olsun.
notrosofik modiiller kiimesidir.)
A(DND®P)=B()®Q(l) olacak sekilde P(1),
Q(l) e 7(1), projektif nétrosofik modiiller varsa A(l)
ve B(I)’ya projektif olarak denktir denir. A(l) ~ B(l)
ile gosterilir. ‘~’ bir denklik bagintisidir.

i) A(D@P()=A(I)®P(I) olup yansima o6zelligi
vardir.

i) A(1) ~ B(I) olsun. O zaman

A(D@P)=B()@Q(l)
sekilde P(1), Q()eM(l),
notrosofik modiilleri vardir.

B(1)®Q(l)= A(l)® P(l) oldugundan B(I)~ A(l)
bulunur.
iii) A(l)~B(l) ve B(l) ~ C(1) olsun. O zaman
ADh@P()=B(l)®Q(l)
B(hY@Q)zC(HeT()

olacak sekilde P(I), Q(I), T(I)e7(1),projektif
ndtrosofik modiilleri vardir. A(1)® P(l) = B(l1) @ Q(l)
ve B(N@®Q(I)=C(1)®dT(Il) ise

A P)=C)eT()
olur. Buradan A(1) ~ C(l) bulunur.

@(1)q

olacak projektif

A(l)’nin nétrosofik denklik siniflarini [A(l)] ve boyle
biitiin denklik siniflarin kiimesini G(I) ile gosterelim. O
zaman  notrosofik  G(I) lzerinde ikili islem
[A(H]+[B()]=[A() @ B(1)] olarak tanimlanir ve bu

tanim iyi tanimlidir ve agagidaki 6zelliklere sahiptir.



Onerme 33: (G(I),+) birim elemanli degismeli bir
ndtrosofik yarigruptur [P(I)]’mn G(l)’da tersi vardir.
< [P(1)]=0< P(1) projektif nétrosofik modiildir.

ispat: G(1)’nin birim elemant [»] nétrosofik modiildir.
[X(O}[Y (H]eGq) isin

X+ MI=[xmeY)]
olup [X (1) @Y (1)] G(1) dir.
X H}[z(H]e Q) igin
(XM]+rmD+zMm]=[(xmeym)elzm)]

=[(xmevym)ezm]
=[xmemezm))
=[xH]+yrmezm)]
=[XM]+[¥M]+[zM))

bulunur.
NOIEOIESOE20)
=[r(mex(mn]
=[y(H]+[x (1]
oldugundan G(1) degismelidir.

Benzer islemler yapilirsa (n>0) igin P”[M (I)]
asagidaki sekilde bulunur. P (I)’ler projektif nétrosofik

modiil olmak tizere

o R ()P (1)

=Ry (1)

modiil homomorfizmalarinin nétrosofik tam dizisi olsun.
Bu diziye M() nétrosofik modiliiniin  projektif
¢Ozinlrligl denir.

> R(1)

B SM(1)—0

Tanim 34: M(l) € 7(1)r nétrosofik modiiliiniin projektif
boyutu

pd(M ()= pdg (M (1))=min {n: 2"[M()]=0}
olarak tamimlanir. Boyle bir n yoksa de(M (I)) =0

alinir.

Onerme 35: pd(M(1))=0 olmasi durumunda M (l)
projektif notrosofik modiil olur.

0O->MM)>M(I)—>0 dizisi
projektif notrosofik modiil oldugu agiktir.

Ispat: icin - M (l)

Onerme 36: M(l) € 7 (I)rve N >0 igin

i) pd.(M(1))<nolur.
i) P, ()—2=P,(I) > R) > P,() > M(1) >0

dizisi i¢in ¢ek(on-1) projektif ndtrosofik modiildiir.
il) 0> B, (1) —=> Py, () —>e- > B ()
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>RNH->M(1)—0
olur. Sonlu nétrosofik modiil homomorfizmalarinin
sonlu bir notrosofik tam dizisi vardir. Ayrica n>1 i¢in

a, split degilse pd(M (I)): n olarak alinir.
Tamm 37: Bir R halkasiin global boyutu

gl.dimR =sup{pd;(M):M e M} <
olarak tanimlanir.
Sonu¢ 38: M(I) e7(l)projektif ndtrosofik modiil ise
gl.dim R(I) <1 dir.

Teorem 39: a = x+yl ve b = w+zl olacak sekilde
a,beR(l) i¢in ann (a)=bR(l) ve ann,(b)=aR(l)
olacak sekilde aR(l) @ bR(I) toplam R(l) ya denk
degilse 0 zaman

pd(ar(1))= pd(bR(1)) =0
olur. aR(1) ®bR(1) = R(l)ise

pd(ar(1))= pd(bR(1))=0
olur.
Ispat: R(1) — aR(l)
X —> ax

olacak sekilde dontisiimii tanimlansin. Bu doniisim
ortendir ve gekirdegi ann, (a)=bR(l) dir.

0—bR(l)—>R(I)—>aR(l) >0
notrosofik tam dizisi elde edilir. Boylece
Plar(n)]=[brR)]
olur. Benzer sekilde
PloR(1)]=[ar()]

olur. Eger aR(l) projektif notrosofik modiil degilse o
zaman pd(aR(I)) ve pd(bR( I)) sifir olmadigindan

pd(ar(1))= pd(bR(1)) =0

olur. Yani N gift ise an(x)=ax ve n tek ise
a,(x)=bx olacak sekilde

S R —E s R()—4 R(1)—23aR(1) -0

homomorfizmalarinin
Diger yandan eger

nétrosofik  modiil
¢Ozlinirliigii  bulunur.

sonsuz
ar(l)
projektif nétrosofik modiil ise

0 —>bR(l1) > R(l) »>aR(l) >0
dizisi split olup

aR()@bR(1) = R(I)

elde edilir.
Ornek 40:R(l) =K[t] ve n>2 igin t"=0 olsun.

a=t ve b=t"" alinirsa



[(@R() ®@bR(NX™ =0 ve ROI)™ %0
oldugundan
aR(1)®bR(1) = R(I)
izomorfizmasi bulunamaz. Boylece
pd(ar(1)) = pd(bR(1)) = o

olur. Buradan da gl.dim R(I) = elde edilir.
Ornek 41: R(l) = k[x, y] ve Xy =0 olsun. a=x ve
b =y alinirsa o zaman,

0—>bR(l1) > R(lI) »>aR(l) >0

dizisi split degildir. Split olsayd1 bR(I) R(I) ’nin direkt
toplam1 ve sifirdan farkli bir idempotet eleman igerir.
Fakat

bR(1) = yk[x, y]= yk[y]=K[y]

oldugundan bR(I)’min sifirdan farkli bir idempotent
eleman1 yoktur. Boylece

pd(aR(1))= pd(bR(1))=co Ve gldim R(l) =00
bulunur.

Teorem 42: Modil homomorfizmalarinin notrosofik
tam dizisi 0 —> X (1) >Y(l) > Z(l1) >0 olsun. O

zaman pd(A(1)), pd(B(1)) ve pd(C(l))’lerden ikisi
sonlu ise {igiinciisti de sonludur. Ayrica
1) pd(X (1)< pd(Y (1)) ise
pd(Z(1))= pd(Y (1)) dir
2) pd(X(1))> pd(Y (1)) ise
pd(Z(1))= pd(X (1))~+1dir.
3) pd(X(1))=pd(Y(1)) ise
pd(Z(1))< pd(X(1))+1 dir.

Sonug¢ 43: Modiil homomorfizmalarinin nétrosofik tam
dizisi 0 > X (1) > Y (1) > Z(1) - 0 ise, 0 zaman

pd(Y (1)) < max{pd(X (1)), pd(Z(1))}
olur.
ispat: (1) pd(X (1)< pd(Y (1)) oldugunu kabul
edelim. O zaman
pd(Z(1))= pd(Y(1))> pd(X(1))
olur. Buradan
max {pd(X (1)), pd(Z(1))}= pd(z(1))= pd(Y (1))
bulunur.

(2) pd(X(1))> pd(Y (1)) oldugu kabul edilirse
pd(Z(1))= pd(X(1))+1
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olur. Buradan da
max{pd(X (1)), pd(Z(1)}= pd(X (1)) +12 pd(¥(1))+2
bulunur.
(3) pd(X (1))= pd(Y (1)) oldugunu kabul edersek
pd(Z(1)< pd(X(1))+1
olur. Eger pd(Z(1))< pd(X(1))+1 ise 0 zaman
mex{pd(X (1)), pd(Z(1))}= pd(X(1))= pd(Y (1))
bulunur. Diger taraftan
max{pd(X (1)), pd(Z (1))} = pd(X (1))+1= pd(¥ (1)) +1
elde edilir.
Onerme 44: M(1)=@® M, (I) olsun. O zaman
pd(M (1))=sup{pd(M, (1))} dir.
ispat: 2" [#(1)]=K, (1) olsun. O zaman
p"[M (|)]: @K, (I)olur. Boylece
P'[M(1)]=0< P"[M;(h]=0
olur. ¥, e F(1) igin n>sup{pd(M, (1))} bulunur.

Onerme 45: R(l) bir halka ve x € R(l)igin x elemani
sifir bolen olmayan R(I)’nin her eleman: ile degigmeli

olan bir eleman olsun. §(|):& bolim halkasi
XR(1)

pd.(M(1))=n<oo
pd (M (1))=n+1 olur

olmak tlzere ise 0 zaman

Onerme 46: pd (M (1 )) =oo oldugunda yukaridaki
onerme dogru degildir. Ciinkii R(1)=Q(I)(t) ve
x=1% i¢in M(1)=Q(l) nétrosofik modiil olsun. O
zaman pd_(M(l))=ooolur. Fakat M temel ideal
bolgesi olan R iizerinde projektif olmayan bir ntrosofik
modiil oldugundan pd, (M (1))=1 olmalidir.

Sonug¢ 47: R(1)=0 ve gl.dim ﬁ(l) =Nn<oo ise 0
zaman gl.dim R(l) > n+1 olur.

Asagida tanimlanan nétrosofik regiiler dizi kavrami
yardimi ile, projektif boyutu ile birlikte verilen bir
noétrosofik modiil kavrami tanimlanabilir.

Tammm 48: R(l) bir nétrosofik halka olsun. Eger
Xiy Xy yeuny X, stralt dizisi

1) vizligin 3" xR(1)=R(1)

2) X nin R(1)/(xR(1) +---+x_4R(I))

sartlarini saglar ise, bu diziye bir notrosofik regiiler dizi
denir. Ayrica nétrosofik halkalarin goriintiisii sifir bolen
dizi degildir.



Not: Bu tanima gore R(1) # 0 ise ¢ dizisi nétrosofik
regiilerdir.

Onerme 49: X, X,,+, X, dizisi R(l) nétrosofik

halkasinda bir nétrosofik regiiler dizi ve

1= Z X; R(I) olsun. O zaman pd((R(I)/1)r)=n olur.
i=1

SONUC

fIk olarak 1958 yilinda Schnuel tarafindan homolojik
cisim {izerine yapilan ¢aligmalar da ortaya attigi tanim
ve teoremler, homolojik yontemlerin tanimlanmasi ile
birlikte daha genis bir alanda kullanilmaya baslamistir.
Bu teoremler, soyut cebir alaninda halkalarin boyutlari
olarak tanimlanan bazi yeni sayisal degismezlerin
tanimlanmasini  saglamigtir. Bu makale calismasinda,
daha once Schnuel’in tarafindan tanimlanan homolojik
kavrami ele alinarak, gilincel c¢aligma alani olan
noétrosofik modiil kavrami {izerine tasiyarak, yeni bir
kavram olan, nétrosofik modiillerin projektif boyutu
kavrami tanimlanmistir. Konu hakkinda bazi teoremler
verilmig ve konu gerekli 6rnekler ile agiklanmistir. Bu
calisma ileride konu {izerine c¢aligma yapacak olan
aragtirmacilara  yol  gostermesi umut  edilerek
hazirlanmistir.
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ABSTRACT

In this study, two lagged fractional order singular neutral differential equations are considered. Using the advantage
of the association property of the Riemann -Liouville derivative, the derivative of the appropriate Lyapunov function
is calculated. Then, with the help of LMI, sufficient conditions for asymptotic stability of zero solutions are

obtained.

Keywords: Asymptotic stability, Fractional singular equations, Lyapunov method

Gecikmeli Riemann-Liouville Kesirli Singiiler Sistemlerin Kararhhk Analizi

0z

Bu ¢alismada gecikmeli kesirli mertebeden singiiler nétr iki diferansiyel denklem ele alinir. Riemann-Liouville
tirevin birlesme 06zelliginin avanataji kullanilarak uygun Lyapunov fonksiyonun tiirevi hesaplanir. Sonra LMI
yardimryla sifir ¢6ziimlerin asimptotik kararlilig1 icin yeter sartlar elde edilir.

Anahtar Kelimeler: Asimptotik kararlilik, Kesirli singiiler denklemler, Lyapunov metodu

INTRODUCTION

It is thought that the fractional derivative was first
introduced in 1695 with the question asked by the
Marquis de L'Hospital in the letter he sent to Gottfried
Wilhelm Leibniz [1]. Books with a very high impact
factor have been written on the fractional derivative and
are the inspiration for the studies in the literature [1-4].
Especially in the last 20 years, studies on fractional
derivatives continue to increase. A summary of some of
these studies is given below.

In [5], Heymans and Podlubny show, through a series of
examples in the field of viscoelasticity, that it is possible
to attribute physical meaning to initial conditions
expressed in terms of Riemann-Liouville fractional
derivatives. In [6], Deng et al. consider the stability of a
time-delayed n-dimensional fractional linear differential
equation system by using the Laplace transform. In [7-
9], the authors give sufficient conditions for the stability
of certain fractional differential equation systems with
the help of LMI. In [10,11] the authors investigate the
stability of certain systems of fractional differential
equations by using Lyapunov's second method. In [12],
Aguila-Camacho et al. prove the

1
Eththz(t) < x(0)§,Dix(t), Vq € (0,1)

inequality for the Caputo derivative. This inequality
facilitates the application of Lyapunov's second method.
In [13-27], the authors apply the Lyapunov method,
which is generally an effective method, by considering
the behavior of solutions of certain differential
equations with or without fractional delay. Researchers

can refer to references and their references for more
information.

Preliminaries

In this section, definitions of the Riemann-Liouville
fractional derivative and integral and some lemmas
which will be used in the proof of the main results are
given. The Riemann-Liouville fractional integral is

defined as
t

D7Ix(t) =
x =
ot O

The Riemann-Liouville fractional derivative is defined
as

tngx(t) =
n).

(t — )7 x(s)ds, (g >0)

1 an .t x(s)
['(n—q) dt" Yty (t—-s)9+t1-n

ds, (n—-1<¢g<

Lemmal ([4]) If p > q > 0, then

tthq( tth_px(t)) =t th_px(t) 1)
holds for “’sufficiently good’” functions x(t). In
particular; this relation holds if x(t) is integrable.

Lemma 2 ([18]) Let x(t) € R™ be a vector of
differentiable function. Then the following relationship
holds for vq € (0,1)

~ o DE (AT (©OPx(1)) < xT ()P, Dix(), VE = t,  (2)
where P € R™™ s a constant, square, symmetric and
positive semi definite matrix.

Lemma 3 ([3]) Let us first define ®: d(x,) = x(t) —
Cx(t — 7). The operator @ is said to be stable if the zero
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solution of the homogeneous difference equation
®(x,) =0, t=0 is uniformly asymptotically stable.
Note that the operator @ is stable if || C |I< 1.

MAIN RESULTS

In this section, two different equation models of
singular fractional order with delay arguments are
discussed. The first of these equations;
E;,Dfx(t) = Ax(t) + Bx(t — 7, (t))
+Ce, DEx(t — 72(1)) @)

where 0 <a <1, x(t)€R™ is the state vector
E, A, B,C € R™"™ are constant matrices, for all
t > tg, T1(t),T,(t) > 0 aretime-varying delays.
The second equation is considered that
E, Dfx(t) = Ax(t) + le(t - rl(t))

+B,x(t — 7,(t)) + Cy D x(t — 75(8))  (4)
where 0<a <1, x(t) €R™ is the state vector
E,A,B;,B,,C € R™™ are constant matrices and
7,(t), T5(t), 75(t) > 0 are time-varying delays for all
t >t

Theorem 4 The trivial solution of system (3) is
asymptotically stable, if for all ¢t > ¢t,, 7;(t) <d; <
1 (i = 1,2), 1,(t) is a bounded function and there exist
positive and symmetric definite matrices P,Q,R;, R,
such that the following LMI holds:

Mll
Mi;
M

M12
M22
M3;

M13
M23
M33

M= <0, %)

Where

My, = PA+ ATP 4+ Q + AT(R, + mR,)A,
My, = PB + AT (R, + mR,)B,

Mys = PC + AT (R, + mRy)C

My, = BT(Ry + mR;)B — (1 —d)Q,
M,; = BT (R, + mR,)C,

Ms; = C"(Ry + mR;)C — (1 — d3)Ry,

and m is a constant such that |z, (t)| < m.

Proof. Let the Lyapunov-Krasovskii functional is
defined by:
V(t) = ( ,DEH(xT(OPTEx(L))

0
+ f (Ee,DEx(t + 5))" Ry (E, Dfx(t + 5))ds
—T2(t)
t t
+f f (E¢,D&x(s))"R, (Etng‘x(s)) dsdo
t-75(6) /6
t
+f xT(s)Qx(s)ds. (6)
t-11(t)

With the help of Lemma 1, the derivative of I/ (t) along
the trajectories of (3) is obtained as follows:

V() = ( ,DE(xT(®PTEx(D)) + xT(£)Qx(t)
—(1 = (@)X (t — 7.()Qx(t — 74(1))

+(E, DEX(1))T Ry (B, DEX(D))

—(1 = 13()) (B¢, DEx(t — T2(t))) Ry (B, DEx(t

—15(1)))
+7(t) (E, DEX(£))" Ry (Er, Df (1))
t
—(1—73() (EyDEx(5))" Ry (Er, DEx(s))ds
t-72(8)

Using Lemma 2, it is written as

V(t) < 2xT(®)PTE, DEx(t) + xT (£)Qx(¢)

—(1 = d)x"(t — 1, ()Qx(t — 1(t))

+(E¢, DEX(6))" Ry (¢, DEX(2))

—(1 = dy)(Ee, Dfx(t — 7,(t)))" Ry (E D x(t
—12())

+1(Ee, DEx(£))T Ry (e, DEx()). Y

Note that

2xT ()PTE, Dfx(t)
= 2xT(O)PT[Ax(t) + Bx(t — 74(t)) + C;, Dfx(t
— 1,(1)]
=xT()(PTA+ ATP)x(t) + 2xT (t)PTBx(t — 1.(¢))
+2xT(t)PT Cy DEx(t — 7,(t)) 8

and
(E¢yDEx(£))" Ry (E¢, Dfx (1))
+ m(E;, Dfx(£))" Ry (Er, Df x (1))
= [Ax(®) + Bx(t — 7, ())+Ce, DEx(t — 7,(0))] (R,
+mR,)
[Ax(t) + Bx(t — 7, (t)) + C, DEx(t — 7,(1))]
= xT()AT (R, + mR,y)Ax(t) + xT ()AT (R,
+ mR,)Bx(t — 71(t))
+xT (AT (R, + mRz)Cton‘x(t —1,(0))
+xT(t — 7,(t))BT (R, + mR,)Ax(t)
+xT(t — t,(t))BT(R; + mR,)Bx(t — 7,(t))
+x7(t — 7,(£))BT (R; + mR,)C, DEx(t — T,(t))
+(¢o Dfx(t — 1,(£)))"CT (R, + mR,)Ax(t)
+(, DEx(t — 12(0)))"CT(Ry + mRy)Bx(t — 741(¢))
+(, DEx(t — T2(O)TCT(Ry +
mR,)C, DEx(t — 7,(1)). 9)
By substituting the equations (8) and (9) in (7), it is
obtained as

V(t) < xT(t)(PTA+ ATP)x(t)
+2xT(t)PTBx(t — 1,(t))
+2xT(t)PTCtODf‘x(t —1,(0) + xT()Qx(¢)
—(1 = d)x"(t — 1, ()Qx(t — 71(t))
—(1 = dy) (B¢, DEx(t — 12())) Ry (B DEX(t
—72(1)))
+xT (AT (R, + mRy)Ax(t) + xT (t)AT (R,
+ mR,)Bx(t — t,(t))
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+xT()AT (R, + mR,)C, Dfx(t — T,(t))

+xT(t — 7,(t))BT (R, + mR,)Ax(t)

+xT(t — t,(t))BT(R; + mR,)Bx(t — 7,(t))

+x7(t — 7,(£))BT (R; + mR;)Cy DEx(t — T,(t))

+(eo DEX(t — 72(£)))"CT (Ry + mR,)Ax(t)

+(gDEx(t — 12(0)))"CT (Ry + mR2)Bx(t — 74(t))

+(e, DEx(t — T2(O))TCT(Ry + mR,)C, D x(t
—1,(1).

Thus it is written as

V(t) < ETME
where

&= ("), x"(t = 711(0), (¢, D x(t = T, (DN

(10)

From (5) it is said that V(t) is negative definite, which
means that the trival solution of system (3) is
asymptotically stable.

Theorem 5 The trivial solution of system (3) is
asymptotically stable, if for all t > ty, 7;(t) < d; <
1 (i =1,2), 1,(t) bounded function and there exists
positive and symmetric definite matrices P,Q4,Q,, R
such that the following LMI satisfies:

Niy Nip Nig
N=|N{; Ny Ny |<0,

N1T3 NZTS N33

(11)
where

Ny, = ETPA + ATPE + Q, + Q, + mATRA,
N,, = ETPB + mATRB,

N3 = —ATPC,
Ny, = mBT"RB — (1 —d)Qy,
N,; = —BTPC,

N33 = —(1—-d3)0Q,,

and m is a constant such that |z, (t)| < m.

Proof. Let the Lyapunov-Krasovskii functional is
defined by:

V(&) = ;,DEH((Ex() — Cx(t — 72(0))"PT (Ex(D)

= Cx(t — 12(1))))
t t
+f xT(s)Qx(s)ds +f xT(s)Q,x(s)ds
t—14(t) t—12(t)

e Jo (DS (Ex(s) = Cx(s =
T2()))TR (e, D (Ex () = Cx(s = 7(s))))dsdo. (12)

With the help of Lemma 1, the derivative of V (t) along
the trajectories of (3) is obtained as follows:
V() = ¢ DE((Ex(t) — Cx(t — 72(6)))" P(Ex(t)

= Cx(t = 12(1))))

+xT(®)Qx(t) — (1 — 1 (0)xT (t — 71(£)) Q1 x(t
—11(1))

+xT(£)Qx(t) — (1 — 1())xT (t — T,(£)) Q2x(t
—1,(1))

+7,(t) (¢, DFF (Ex(t) — Cx(t — 72(£)))) R (¢, D (Ex(t)
—Cx(t—1; (t)g))
~(1=1(0) fi_, oy GeoDE(Ex(s) —

Cx(s = 12(s)))"R(¢, D& (Ex(s) — Cx(s — 12(5))))ds

Using Lemma 2 it is written as

V(t) < 2(Ex(t) — Cx(t — 15(t)))" P, DE(Ex(t)
— Cx(t —12(1)))
+xT(0)Qux(t) — (1 — d)x" (t — 71(£)Q1x(t — 7,(t))
+xT(£)Qxx(t) — (1 — dp)x" (t — 7,(£))Qxx(t
—1,(1))
+m(e, DF (Ex(t) — Cx(t — 12(t))))"R(¢, D& (Ex(t) —
Cx(t — 72(1)))). (13)

Note that

2(Ex(t) — Cx(t — 12(1)))" P D (Ex(t) — Cx(t
—12(t)))

= 2(Ex(t) — Cx(t — 1,(t))TP(Ax(t) + Bx(t
—17,(¢)))

=xT(t)(ETPA + ATPE)x(t) — 2xT(t
—1,(t))CTPAx(t)

+2xT()ETPBx(t — t,(t)) — 2xT(t —

7,(t))CTPBx(t — 7,(t)) (14)

and

m(e, Dff (Ex(t) — Cx(t — 72(£))))"R(;, D (Ex (L)
= Cx(t — 15(1))))
= m[Ax(t) + Bx(t — 71 (£))]"R[Ax(t) + Bx(t
- 7(1)]
= mxT (t)ATRAx(t) + mxT (t)ATRBx(t — t,(t))
+ mxT(t — 7,(t))BTRAx(t)
+mxT (t — 7,(t))BTRBx(t — 7,(t)) (15)
By substituting the equations (14) and (9) in (13), it is
obtained as

V(t) < xT(t)(ETPA + ATPE)x(t)
=2xT(t — 7,(£))CTPAx(t)
+2xT(OETPBx(t — 7,(D))
=2xT(t — 1,(£))CTPBx(t — 7,(t))
+xT () Qrx(t) — (1 — dx" (t — 71(£)) Qx(t — 74(1))
+xT () Q2x(t) — (1 — dp)x" (t — 72 (£)) Qzx(t
— 12(t))
+mxT (t)ATRAx(t) + mxT (©)ATRBx(t — 7,(t))
+ mxT(t — 7,(t))BTRAx(t)
+mxT(t — 7,(£))BTRBx(t — 7,(1)).

Thus it is written as

V(t) < ETME (16)
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where

§=(T(@®),x"(t — 1 (), x"(t — ()"
From (11) it is said that V(t) is negative definite, which
means that the trival solution of system (3) is
asymptotically stable.

Theorem 6 The trivial solution of system (4) is
asymptotically stable, if for all ¢ > t,, 7{(t) <d; <
1 (i = 1,2,3), 75(t) bounded function and there exists
positive and symmetric definite matrices P,Q,R;, R,
such that the following LMI satisfies:

Mll
M1
Mis
Mi,

My,
My,
M
M3,

<0, (17)

where

M;; = PA+ ATP 4+ 2Q + AT(R; + mR,)A,

My, = PB, + AT(R, + mR,)B,,

Mys = PB, + AT(R, + mR,)B,,

My, = PC + AT(R, + mR,)C,

My, = B (Ry + mR;)B; — (1 — d1)Q,

M3 = B{ (R + mR;)B,

M, = BI (R; + mR,)C,

M3 = B] (R; + mR;)B, — (1 - dy)Q,

M, = Bj (R + mR,)C,

Mys = CT(Ry + mR)C — (1 —d3)Ry,
and m is a constant such that |75 (t)| < m.

Proof. Let the Lyapunov-Krasovskii functional is
defined by:

V(t) = . DEH(xT(O)PTEx(D)) +

ft xT(s)Qx(s)ds + ft xT(s)Qx(s)ds
t-4(8) t

—=72(t)

0
+ f (Ee, DEx(t + )Ry (E¢, Dfx(t + 5))ds
-73(t)

+ 0o Jy (BeyDEX($))R, (B, DEx(s)) dsde. (18)

With the help of Lemma 1, the derivative of V (t) along
the trajectories of (4) is obtained as follows:

V(6) = ( ,DE(xT(®PTEx(D)) + xT(£)Qx(¢)

—(1 =7 (O)x" (t — 71 ()Qx(t — 7,(t))

+xT(©)Qx(t) — (1 — 15(0)x" (t — 72(£)Qx(t
—1,(1))

+(E, DEX())" Ry (E, DEx(1))

—(1 = 73()) (B¢, DEx(t — T3(t))) Ry (B, DEX(t
—13(0)))

+73(t) (E¢, Dfx(£))" Ry (E¢y DEX (1))

A=) [ e )R, (B, DEx() s

t-13(t)

Using Lemma 2 it is written as

V(t) < 2xT()PTE, DEx(t) + 2xT (£)Qx(¢)

—(1 = d)x" (t — 7,()Qx(t — 71(t))

—(1 = d)x" (t — 1) Qx(t — 7,(1))

+(Ee, DEx(£))" Ry (E¢, DEx (1))

—(1 = d3)(E, DEx(t — t3(t)))" Ry (B¢, DEx(t
—73(8)))

+m(E, Dfx(t))" Ry (Ee, DEX(L))

Note that

(19)

2xT (t)PTE, Dfx(t)

= 2xT(£)PT[Ax(t) + Byx(t — T1(t)) + Box(t — 75(t))
+ Ce, DEx(t — 13(1))]

=xT()(PTA + ATP)x(t) + 2xT (t)PTByx(t — 7,(t))
+2xT(t)PTB,yx(t — 1,(t)) +

2xT(t)PTCt0D;"x(t —13(t)) (20)

and

(E¢, DEx (1)) Ry (Ee, DEX(L))
+ m(E, Dfx(t))" Ry (E¢, DEx(t))
= [Ax(t) + Byx(t — 71 (t)) + Box(t — 15(t))
+ C, DEx(t — 73(1))] (R, + mRy)
[Ax(t) + Byx(t — 71()) + Box(t — 72(1))
+ Co,DEx(t — 13(D)]
= xT()AT (R, + mR,y)Ax(t) + xT ()AT (R,
+ mRy)Bx(t — t.(t))
+xT()AT (R, + mR,)B,x(t — 1,(t)) + xT (t)AT (R,
+ mRy)Cy, D x(t — 73(1))
+xT(t — 7,(t))BT (R, + mR,)Ax(t) + xT (¢t
—1,(8))B] (R, + mRy)Byx(t
—74(t))
+xT(t — 7.(£))B] (R, + MR,)B,x(t — 7,(1)))
+x7(t — 7,())B (R; + mR,)C, DEx(t — 75(t))
+xT(t — 1,(t))BI (R, + mR,)Ax(t) + xT (¢t
—17,(t))B] (R; + mR;)B; x(t
—74(1))
+x7(t — 72(£))B] (Ry + mRy)B,x(t — 7,(t))
+xT(t = 12(8))B; (Ry + mRy)Ce DEx(t — 73(1))
+(¢o Dfx(t — 13(t)))"CT (R, + mR,)Ax(t)
+(eDEx(t — 73(0)))"CT(Ry + mRy)Byx(t — 74(t))
+(eo Dfx(t — 13(t)))"CT (R, + mR,)B,x(t — 7,(t))
+(, DEx(t — 13(0)))TCT(Ry + mR,)C, Dfx(t —

73(1)). (21)

By substituting the equations (20) and (21) in (19), it is
obtained as

V(t) < xT(t)(PTA+ ATP)x(t) + 2xT (t)PTB,x(t
—17,(t)) + 2xT(£)PTB,x(t — T,(t))
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+2xT ()P C,, DEX(t — 13(8)) + 2xT ()Qx(t) — (1
—d)x"(t —7.(£)Qx(t — 7,(1))
—(1 = d)x" (t — 7,(£)Qx(t — 72(t))
—(1 = d3)(E;, Dfx(t — 13(t)))" Ry (E D x(t
—73(1)))
+xT()AT (R, + mRy)Ax(t) + xT () AT (R,
+ mRy)B1x(t — t.(t))
+xT(£)AT (R, + mR,)B,x(t — 1,(t)) + xT (£)AT (R,
+ mR,)Ce D x(t — T5(t))
+xT(t —1,(t))BT (R, + mR,)Ax(t) + xT(t
= 11(t))BT (Ry + mR,) B x(t
—7,(1))
+x7(t — 1,(0))B] (Ry + mRy)B,x(t — 7,(t)))
+xT(t — 71())B] (Ry + mR,)Cy DEx(t — T5(t))
+xT(t — 7,(t))BI (R, + mRy)Ax(t) + xT(t
—17,(t))B3 (R + mR;)B; x(t
—71(1))
+x7(t = 12(£))B; (R, + mRy)Byx(t — 75(1))
+xT(t = 72(t))B] (R, + mRy)C DEX(t — T5(1))
+(e, Dffx(t — 13(£)))" CT (Ry + mRy) Ax(t)
+(ey D x(t — 73(£)))"CT (Ry + mR2)Byx(t — 74(t))
+(¢o Dfx(t — 13(£)))TCT (Ry + mR,)Box(t — 7,(1))
+(e, DEx(t — T3(D))TCT(Ry + mR,)C, D x(t
- 73(1)).
Thus it is written as
V(t) < ETME

(22)
where

&= (xT(t),xT(t - Tl(t)),xT(t -1, (t)), (tODf‘x(t
— T (O)N"
From (17) it is said that VV(t) is negative definite, which
means that the trival solution of system (4) is
asymptotically stable.

Theorem 7 The trivial solution of system (23) is
asymptotically stable, if for all t > ty, 7;(t) < d; <
1 (i =1,2), t53(t) bounded function and there exists
positive and symmetric definite matrices P,Q;,Q,, R
such that the following LMI satisfies:

Ny Niz Ny
N=[N; Ny Np|<O0

N1T3 NérB N33

(23)

where

Ny, = ETPA + ATPE + Q, + Q, + mATRA,
N,, = ETPB + mA"RB,

N13 = _ATPC,
Ny, =mB"RB — (1 —d,)Qy,
N23 = _BTPC,

N33 = —(1—-d;)Q,,

and m is a constant such that |z5(t)| < m.

Proof. Let the Lyapunov-Krasovskii functional is
defined by:

V(t) = ¢, DFH(Ex(t) — Cx(t — 73(0))"PT (Ex(D)
— Cx(t = 7:(0))

+J xT(s)Q,x(s)ds +] xT(s)Q,x(s)ds
t-71(t) t

; —T2(t)
+f xT(s)Qsx(s)ds
t-73(t) . .
+ e Jo (oDEEX() = Cx(s =
73(s))))"R(¢, D (Ex(s) — Cx(s — T5(s))))dsdb.
With the help of Lemma 1, the derivative of V (t) along
the trajectories of (4) is obtained as follows:
V(t) = 1, DF (Ex(t) — Cx(t — 73(£)))"P(Ex(t)

= Cx(t —13(1))))
+xT(0)Qx(t) — (1 — T1())xT (t — 7, (£)) Q1 x(t

—71(1))

+xT () Qzx(t) — (1 — T5(0)x" (t — 72()) Q2 x(t
—12(8))

+xT()Qzx(t) — (1 — T3(0)x" (t — 73()) Q2 x(t
—13(8))

+73(6) (¢, DE(BX () = Cx(t = T3(6)))) R (¢, DE(Ex(2)
— Cx(t = 7(t))))
—(1 =750 f_,, ) o DEER(S) =
Cx(s = T3())))R(;, DE (Ex(s) = Cx(s — T3(5))))ds

Using Lemma 2 it is written as

V(t) < 2(Ex(t) — Cx(t — 13(t)))" P, DE(Ex(t)
— Cx(t —13(1)))

+xT(0)Qux(t) — (1 — d)x" (t — 71(£)Q:x(t — 74(t))

+xT(£)Qx (1) — (1 — dp)x" (t — 7,(t))Qox(t
—75(8))

+xT(0)Qsx(t) — (1 — d3)x" (t — 73(t))Q3x(t
—15(8))

+m(e, D (Ex(t) — Cx(t — 73(t))))"R(;, Df (Ex(t) —

Cx(t — 73(t))). (24)
Note that
2(Ex(t) — Cx(t — 13(t))) P, Df (Ex(t) — Cx(t
= 13(1)))
= 2(Ex(t) — Cx(t — t3(t)))TP(Ax(t) + Byx(t
= 11(1)) + Box(t — 7,(1)))
=xT(t)(ETPA + ATPE)x(t) — 2xT(t
—13(t))CTPAx(t)
+2xT(6)ETPByx(t — T,(t)) + 2xT (t)ETPB,x(t
—72(t))
—2xT(t — 13(£))CTPBx(t — 1,(t)) — 2xT(t —
73(t))CTPByx(t — T5(t)) (25)

and

973



m(e, D (Ex(t) — Cx(t — 13(£))))" R(¢, DF (Ex(t)

— Cx(t — 73(1))))
= m[Ax(t) + Byx(t — 1.(t)) + Byx(t

— T (EODI"R[Ax(t) + Byx(t — 74(1))

+ Byx(t — 15(t))]
=mxT(t)ATRAx(t) + mxT (£)ATRB;x(t — 7,(t))

+ mxT()ATRB,x(t — 1,(t))
+mxT(t — 7, (£))BFRAx(t) + mxT(t

— 171(t))BI RByx(t — 74(t))
+mxT(t — 7, (6))BTRB,x(t — 1,(t)) + mxT (¢

— Tz(t))B%RAx(t)
+mxT(t — 7,(£))BIRBx(t — 7,(t)) + mxT (t —
7,())BI RBx(t — 7,(1)). (26)
By substituting the equations (25) and (26) in (24), it is
obtained as

V(t) < xT(t)(ETPA + ATPE)x(t)
—2xT(t — 15(£))CTPAx(t)
+2xT()ETPByx(t — 7,(t))
+2xT()ETPB,x(t — 1,(t))
—=2xT(t — 13(t))CTPB x(t — 7,(t)) — 2xT (¢t
— 13(t))CTPByx(t — 72(1))
+xT(©)Qux(t) — (1 — d)x" (t — 71(8))Qx(t — 74(t))
+xT(0)Qzx(t) — (1 — dp)x" (t — (1)) Q2x(t
—72(1))
+xT(©)Qsx(t) — (1 — d3)x"(t — 73(1))Qax(t
—13(1))
+mxT (£)ATRAx(t) + mxT (t)ATRB,x(t — 7,(t))
+ mxT()ATRB,x(t — 1,(t))
+mxT (t — 7,(t))BT RAx(t) + mxT (t
— 71(£)) BT RByx(t — 74(t))
+mxT (t — 7,())BT RB,x(t — 7,(t)) + mxT(t
— 7,(t))B; RAx(t)
+mxT (t — 7,(£))BIRB x(t — 7,(t)) + mxT (¢t
— 7,(t)) B3 RB,x(t — 7,(1))

Thus, it is written as
V(t) < &TM¢E

(27)
Where

&= ("), x"(t — (), x"(t — T2(8)), x" (¢
— (0"
From (23) it is said that V (t) is negative definite, which
means that the trival solution of system (4) is
asymptotically stable.
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ABSTRACT

The geomagnetic field acts as both the shield and the electron density regulator for the ionosphere. The effect of the
geomagnetic field on the ionosphere can be examined separately for the geomagnetically quiet and disturbed days. In
the current study, the performance of the ionospheric models was evaluated for three different severe geomagnetic
storms periods during the year of 2015, which was in the beginning of the descending phase of the 24" solar cycle.
These three storms occurred during 17-18 March, 22-23 June and 20-21 December of year 2015 in which first one
expressed as St. Patrick's Day geomagnetic storm. The relationship between Total Electron Content (TEC) was
measured by Global Positioning System (GPS) and evaluated with NeQuick 2, IRI 2016, IRI Plas (without any input-
“IRI Plas”) and IRI Plas TEC (with TEC input- “IRI Plas TEC”) global models at three Turkey IGS station namely
Ankara (39.57 N, 32.53 E), Istanbul (40.58 N, 29.05 E) and Erzurum (40.39 N, 40.42 E) investigated. The comparison
was made separately for pre-storm, during storm and post-storm by using the Mean Absolute Error (MAE), Root
Mean Square Error (RMSE) and Mean Absolute Percentage Error (MAPE) metrics and symmetric Kullback-Leibler
Distance (KLD) methods. Among the empirical models, IRI Plas TEC is generally present to be better results than
other models for all storm processes. It can be stated that IRl 2016 is better in the storm return phase compared to
other phases of the storm.

Keywords: IRI 2016, IRI Plas, NeQuick 2 Model, Total Electron Content

2015 Yilinda Meydana Gelen Ug Siddetli Jeomanyetik Firtina Siiresince Deneysel
Iyonosferik Modellerin Karsilastirilmasi

(074

Jeomanyetik alan, iyonosfer i¢in hem kalkan hem de elektron yogunluk diizenleyicisi gérevi goriir. Jeomanyetik alanin
iyonosfer tizerindeki etkisi, sakin ve firtinali giinler i¢in ayr ayri incelenebilir. Bu calismada, 24. giines devrinin
azalan fazinin baglangici olan 2015 yili boyunca iyonosferik modellerin performansi ii¢ farkli siddetli jeomanyetik
firtina dénemi i¢in degerlendirilmistir. Bu ii¢ firtina, 2015 yilimin 17-18 Mart, 22-23 Haziran ve 20-21 Aralik
tarihlerinde meydana gelmis ve bunlardan ilki St. Patrick Giinii jeomanyetik firtinasi olarak ifade edilir. Toplam
Elektron igerigi (TEC) arasindaki iliski Kiiresel Konumlandirma Sistemi (GPS) ile 6l¢iilmiis ve NeQuick 2, IRT 2016,
IRI Plas (herhangi bir giris olmadan- “IRI Plas”) ve IRI Plas TEC (TEC girisi ile- “IRI Plas TEC”) ile
degerlendirilmistir. Ankara (39.57 K, 32.53 D), istanbul (40.58 K, 29.05 D) ve Erzurum (40.39 K, 40.42 D) olmak
iizere li¢ Tirkiye IGS istasyonunda kiiresel modeller incelenmistir. Karsilastirma, Ortalama Mutlak Hata (MAE),
Ortalama Kare Hata (RMSE) ve Ortalama Mutlak Yiizde Hata (MAPE) metrikleri ve simetrik Kullback-Leibler
Mesafesi (KLD) kullanilarak firtina dncesi, firtina sirasinda ve firtina sonrasi i¢in ayr1 ayri yapilmistir. Ampirik

modeller arasinda IRI Plas TEC, tiim firtina siiregleri igin genel olarak diger modellerden daha iyi bulunmustur. IRI
2016'nin firtina doniis asamasinda firtinanin diger asamalarina gore daha iyi oldugu ifade edilebilir.

Anahtar Kelimeler: IRI 2016, IRI Plas, NeQuick 2 Model, Toplam Elektron igerigi

communication. These devices, especially the ionosonde

INTRODUCTION and scattering radar, are not available to a very common

The ionosphere is the region that starts at an altitude of
about 50 km from the earth and extends to an altitude of
1000 km. This region is measured with tools such as
scattering radar, ionosonde and satellite-GPS

installation network due to the high cost of installation
and maintenance. lonospheric medium outside the
installation areas are modeled with empirical models
such as IRl and NeQuick 2 and many models such as
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ARIMA, machine learning, deep learning, experimental
orthogonal analysis [1-6].

The ionospheric medium is studied by the total electron
content (TEC), which refers to the electron content in the
beam path between the satellite and the receiver. These
TEC values can be obtained by GPS-based measurement
methods as well as empirical models. IRI, which is the
most comprehensive and widely used model among these
empirical models, provides the parameter many
ionospheric ion concentrations (O+, H+, He+, N+, NO+,
O+2, Cluster ions), equatorial vertical ion drift, vertical
ionospheric electron content (VTEC)[6-9].

The IRl model calculates TEC up to a maximum of
10000 km, ion temperature, electron temperature, etc up
to 2000 km. To calculate TEC and electron density (Ne),
these heights were extended by the IRI-PLAS model up
to the upper limit of 20200 km[10-12]

Another empirical ionospheric model, the NeQuick
model, is based on the DGR model developed by Di
Giovanni and Radicella (1990) [2]. The NeQuick is an
experimental model chosen as the ionospheric delay
correction model of GALILEO single frequency
receivers [13, 14]. The model has a simpler and simpler
use than models such as Global Assimilation of
lonospheric  Measurements (GAIM) and Electron
Density Assimilative Model (EDAM) [15]. The
NeQuick model provides the electron density values for
the altitude value determined by entering the desired
latitude and longitude value. It also provides the TEC
values in a beam path between the satellite and the GPS
for the given latitude and longitude value. For all these
values, it also includes the number of sunspots and the
F10.7 solar flux values [16-18].

There are many models that evaluate the performance of
any given model. In this study, the relation between the
TEC values measured by GPS and TEC obtained from
the NeQuick 2, IRI-2016 and IRI-PLAS model at Ankara
(39.57 N, 32.53 E), Istanbul (40.58 N, 29.05 E) and
Erzurum (40.39 N, 40.42 E) stations for three different
magnetic storm processes that occurred during the year
of 2015 investigated. The reason for choosing these
stations is that they are located on almost the same
latitude and allow to evaluate the results of a longitudinal
change. TEC values obtained were compared using the
Mean Absolute Error (MAE), Root Mean Square Error
(RMSE), Mean Absolute Percentage Error (MAPE)
methods and Symmetric Kullback-Leibler Distance
(KLD) methods, which are widely used in ionospheric
model comparisons [19-21].

MATERIALS AND METHODS

The performance of the empirical models during the
storm process, 72 hours before and 72 hours after the
main phase of three different severe geomagnetic storms
that occurred in March, June and December in 2015, the
beginning of the descending phase of the 24" solar cycle
were evaluated. 1% storm 17-18 March 2015 Patrick's
Day geomagnetic storm[31], 2™ storm 22-23 June 2015
geomagnetic storm[32] and 3" storm 20-21 December
geomagnetic storm [33] occurred.

Measured TEC data is taken as Rinex file from TNPGN-
Active, Turkish National Permanent GPS Network.
Then, these data were turned into regular data through the
system established within the Department of Electrical
and Electronics of Hacettepe University and called
“http://www.ionolab.org/” on the internet[22-24]. IRI
2016 TEC date is taken by choosing Ne F-peak(CCIR),
F-peak storm model (on) to optional input values. No
other changes were made in the opened interface
window[6, 25]. IRI Plas TEC values were obtained in
two different ways, without making any changes to the
opened interface and by simply selecting TEC in the
Solar Proxy Index in the opened interface[12, 26, 27].
Geomagnetic indices are taken from
https://omniweb.gsfc.nasa.gov, which is operating within
NASA. NeQuick 2 model data is taken from the web
interface of the model, https://t-
ict4d.ictp.it/NeQuick2[18]. All TEC data were obtained
in universal time (UT) for altitudes between 110 km and
10000 km and comparisons were made as hourly values.
The statistical metrics and Symmetric Kullback-Leibler
Distance (KLD) given below were used to compare the
GPS TEC values with the empirical models TEC
(NeQuick 2 TEC, IRI 2016 TEC, IRI-Plas without any
input (IRl Plas), IRI-Plas with TEC input (IRl Plas
(TEC))) values.

Mean Absolute Error
1
MAE = -37ej] 1)

Root Mean Square Error

n o2
RMSE = |29 @)
n

Mean Absolute Percent Error
_ 100w lejl
MAPE = —=3' =2 ®)
In this equations, n represents the number of samples, ej
is the difference of the measurement value from the
model value, and Aj is the measurement value [19, 28].

Symmetric Kullback-L eibler Distance (KLD)

In statistical comparisons, the symmetric Kullback-
Leibler Distance (KLD) is widely used to identify
similarities and differences between two possible density
distributions [21, 29, 30]. In order to compare the
measured TEC values obtained hourly from different
empirical models is normalized to its value at time t for u
the empirical model or the measured TEC value by
equation 4.

=~

Pyt = Xyq [Z:S:Ni Xud (Tl)]_l (4)

where d represents the hourly TEC values. Nove N;
indicate the start and end values of the investigated storm
phase (pre, during and post), respectively.

P = Ng a ﬁu; (Tl)
KL(Pu;d\PU;d) = Zn:Ni Pu;d(n) In (ﬁV;Z(n)) (5)
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KL(P,,q\Py.q) = Zf’lim P,y(m)In (Pv;d(n)) (6)

ﬁu;d(n)
where N; <n < N,. "u" stands for NeQuick model
TEC values, and “v” stands for TEC values for the other
empirical model used in the comparison. The symmetric
Kullback-Leibler distance is defined as the sum of the

Kullback-Leibler divergences [21, 29].
KLD(ﬁv;d; ﬁu;d) = KL(ﬁu;d\ﬁv;d) + KL(ﬁv;d\ﬁu;d) (7)

RESULTS AND DISCUSSION

The performance of the models was evaluated for three
different severe geomagnetic storm periods in 2015.

Determination of Geomagnetic Storm Processes

The variation of geomagnetic indices over time of the
investigated geomagnetic storm processes is shown in
Figures 1, 2, and 3.

Figure 1 shows the temporal variation of geomagnetic
indices for the 17-18 Mach 2015 storm process known in
the literature as St. Patrick’s Day geomagnetic storm[34].
A geomagnetic storm began at approximately 04:45 UT
on March 17, when a coronal mass discharge (CME) hit
Earth's magnetic field. Initially, the Interplanetary
Magnetic Field (IMF) Bz component went north for a
time, reaching ~27 nT, and the storm made a sudden
storm commencement before turning south by about
06:00 UT. The storm reached peak (severe) intensity at
~00:00 UT on March 18 with a minimum Dst of ~-223
nT and recovered on March 25. Initial phase starting at
07:00 UT on 16 March (IMF-Bz =10 nT, kp*10=37, Dst
=2 nT) continued until 17 March 06:00 UT (IMF-Bz =19
nT, kp*10=47, Dst = 56 nT). The storm main phase that
started from this moment continued until 17 March 22:00
UT (IMF-Bz =-15.5 nT, kp*10=77, Dst =-223 nT). Then
the storm return phase started. This phase lasted until 20
March 12:00 UT (IMF-Bz =0.1 nT, kp*10=27, Dst =-48
nT) [34, 35].

15March | 16 March | 17 March 18 March | 19 March | 20 March

%?

kp*10
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o
1
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Sttt}
1alalal
Lololadltalsl
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T T T
0 24 48 72 96 120 144
Time (hour-UT)

Figure 1. Temporal variation of geomagnetic indices for 1%
storm days.

The storm began in June 2015 with two CMEs hitting the
Earth at ~5:45 UT and ~18:38 UT on 22 June 2015. The
solar speed increased from ~450 to ~700 km/s and
pressure from 7 to 55 nPa. The IMF Bz fluctuated from

southward/northward from ~19:20 UT on 22 June to ~08
UT on 23 June. It remained southward for longest
duration from 08 UT to 12 UT on 23 June 2015, which
caused minimum Dst of ~ —204 nT at ~4:30 UT on 23
June 2015[36].

Figure 2 shows the time change of geomagnetic indices
for the 2" storm period. Initial phase starting 21 June at
15:00 UT (IMF-Bz =-0.1 nT, kp*10=10, Dst =2 nT),
continued until 22 June 06:00 UT (IMF-Bz =-3.1 nT, kp*
10=43, Dst =13 nT). The storm main phase that started
from this moment continued until 23 June 04:00 UT
(IMF-Bz =-20.8 nT, kp*10=77, Dst =-204 nT). Then the
storm return phase started. This phase lasted until 24 June
19:00 UT (IMF-Bz =1.7 nT, kp*10=27, Dst = -47 nT)
[37].

21 June 26 June

22 June | 23June |

50 E

O-M/\—"» 4
_50_
-100
-150
-200

T T T T
0 24 48 72 96 120 144
Time(hour)

Figure 2. Temporal variation of geomagnetic indices for 2"

storm days.
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Dst (nT)

A strong geomagnetic storm (level G3) occurred on 19—
21 December 2015. This storm was initiated as a result
of a class C6 solar flare and two coronal mass ejections
that occurred on December 16, 2015. It reached Earth's
magnetosphere on December 19, 2015, when a sudden
increase in the parameters of the solar wind and
interplanetary magnetic field (IMF) was recorded. The
sudden onset of storm (SSC) was recorded on December
19, 2015 at ~16:16 UT. Shortly after the shock, the IMF
vertical component (Bz) moved strongly southward to -
10 nT, a few minutes later the IMF Bz turned north and
reached ~14 nT at 17:07 UT[38].

Figure 3 shows the time change of geomagnetic indices
for the 3" storm period. Initial phase starting at 11:00 UT
on December 19 (IMF-Bz =-0.1 nT, kp*10=10, Dst =5
nT) continued until December 19 at 23:00 UT (IMF-Bz
=2.2 nT, kp*10) =40, Dst =40 nT). The storm main
phase, which started from this moment, continued until
December 20, 22:00 UT (IMF-Bz =-17.8 nT, kp*10=6.3,
Dst =-155 nT). Then the storm return phase started. This
phase lasted until 21 December 21:00 UT (IMF-Bz =0.9
nT, kp*10=13, Dst =-38 nT) [33, 38, 39].
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17Dec. | 18Dec. | 19Dec. , 20Dec. , 21Dec. |, 22Dec Plas TEC models at Ankara station for the 1% Storm is
shown in Figure 4. The evaluation results of the model

'W (by using Equations (1), (2), (3) and (7)) are given in
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Table 1. The variation of NeQuick 2 values generally
shows a similar distribution for the whole examined time.
It is observed that the difference between the distribution
of NeQuick 2 TEC and the measured value increases in
the main phase of the storm and decreases in the return
phase. The highest similar distribution of NeQuick 2 and
IRI 2016 model TEC values can be understood from the
metric models and the KLD model. The reason for this
may be that both models make ionospheric topside
; estimations with the same method. During the storm, the
0 2 8 72 % 120 144 \weakest correlation was observed between NeQuick 2

Time (hour-UT) .
Figure 3. Temporal variation of geomagnetic indices for 3@ ~ and measured TEC values in both MAE and RMSE

storm days. metrics and KLD value, except for MAPE value. The
best agreement with the measured TEC value for all
Analysis results for Ankara station storm conditions is between IRI Plas and IRI Plas TEC.

The temporal variation of the measured TEC and TEC
obtained from NeQuick 2 model, IRI 2016, IRI Plas, IRI
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Table 1. Comparison results for the 1% geomagnetic storm process at Ankara station

Measured -NeQuick 2 Measured - IRI-2016 Measured - IRI-Plas Measured - IRI-Plas (TEC)

pre- during  post pre- during  post pre- during  post pre- during  post

storm storm storm storm storm storm storm storm storm storm storm storm
MAE 928 7,55 128 592 6,68 068 365 569 014 288 564 0,10
RMSE o978 1182 246 615 1081 131 411 99 027 335 986 0,31
MAPE 4255 2997 2410 2945 2599 13,58 16,78 2143 1396 13,67 22,22 17,92
KLD 0022 0101 0020 0024 0112 0015 0006 0108 0019 0007 0108  0.018

The temporal variation of TEC values measured and
obtained with empirical models is shown in Figure 5 for
the 2" geomagnetic storm process. The evaluation results
of the model (by means of Equations (1), (2), (3) and (7))
are given in Table 2. The distribution curves are quite
similar while there are the amplitude differences of these
changes. In the KLD analysis model, it is seen that KLD
takes small values in all comparisons. However, the

weak relations NeQuick 2 —-measured. When the MAPE
metric results and the pairwise comparisons are
examined, it is seen that there are values that can be
expressed well. In this respect, the results are consistent
with [16]. The RMSE value is a measure of the errors of
the predictive model. If the MAPE value is < 10, it is
considered an excellent model, and if the value is < 20, it
is considered a good model result indicator [19].

largest values in the KLD and RMSE and MAE metrics
were calculated throughout the storm, except for the
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Table 2. Comparison results for the 2" geomagnetic storm process at Ankara station

) Measured - IRI-Plas

Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas

(TEC)

pre- during post  pre- during post  pre- during post  pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 581 445 486 827 7,95 422 633 558 448 514 4,90 4,78
RMSE 628 535 751 857 899 655 6,94 7,02 6,09 584 6,29 5,94
MAPE 2156 2230 2067 3226 3498 17,99 2298 2233 22,70 18,03 19,45 26,08
KLD 0002 0031 0042 0003 0023 0068 0008 0030 0.083 0008 0030 0.082

Figure 6 shows the temporal change of TEC values
measured and obtained from the empirical models TEC
for the 3 geomagnetic storm process. The evaluation
results of the model (by using Equations (1), (2), (3) and
(7)) are given in Table 3. While the TEC values measured
during the storm show an increase and fluctuations at
noon, it is seen that the increases occur while the
fluctuations are not observed in the empirical models.

When the KLD analysis and metrics were examined It is
seen that empirical models give more successful results
in the pre-storm period, but this success rate decreases
during and post storm. When the metric values are
examined, it is seen that there is a better relationship
between the IRl Plas TEC values and the measurement
values.
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Figure 6. Variation of measured- NeQuick 2 TEC (a), Measured - IR1 2016 TEC (b), Measured - IRI Plas TEC (c), Measured - IRI
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Table 3. Comparison results for the 3™ geomagnetic storm process at Ankara station

) Measured -  IRI-Plas
Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas
(TEC)
pre- during post  pre- during post  pre- during post  pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 372 351 379 2,77 3,69 1,88 2,81 2,59 320 234 2,37 2,58
RMSE 436 3,98 541 2,99 4,24 2,09 403 3,33 414 326 2,87 3,39
MAPE 3374 30,10 3058 3120 3166 2202 2041 1976 30,66 17,76 1824 2530
KLD 0005 0063 008 0003 0023 0068 0008 0030 0083 0008 0031 0.0082

Analysis results for Erzurum station

The variation of the measured and empirical model TEC
values obtained for Erzurum station for the 1%tstorm was
shown in Figure 7. The evaluation results of the model
(by means of Equations (1), (2), (3) and (7)) are given in
Table 4. When the measured values are examined, an
increase in TEC values is observed, especially with the
main phase of the storm. Then, it was started to decrease
with the return phase. While this increase was not
observed in the empirical models examined, the decrease

was observed in other models except NeQuick 2.
Especially small KLD values indicate the existence of a
positive correlation between the measured and empirical
models, while higher results in the obtained values during
main phase indicate the aspects that need improvement
of the empirical models. The fact that the MAPE Metric
values obtained by using the IRI Plas and IRI Plas TEC
models for the periods outside the main phase of the
storm are less than 20 indicates that the performance of
the models is good.
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Figure 7. Variation of measured- NeQuick 2 TEC (a), Measured - IR1 2016 TEC (b), Measured - IRI Plas TEC (c), Measured - IRI
Plas TEC (d) for the 1%t geomagnetic storm at Erzurum station. The time duration between the dashed black lines indicates the

storm time
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Table 4. Comparison results for the 15t geomagnetic storm process at Erzurum station

) Measured - IRI-Plas

Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas

(TEC)

pre- during  post pre- during  post pre- during  post pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 928 6,72 1,50 594 6,02 1,02 381 486 035 313 477 0,22
RMSE g56 8,69 288 617 7,78 1,95 414 713 068 347 7,19 0,44
MAPE 4353 31,96 26,68 30,66 2943 18,90 18,88 2250 17,09 16,15 22,63 19,60
KLD 0036 0092 0035 0040 0103 0.056 0.012 0.082 0017 0012 008 0.034

Figure 8 shows the temporal variation of both measured
and empirical models TEC values for the 2™ storm
process. The evaluation results of the model (by
Equations (1), (2), (3) and (7)) are given in Table 5.
When the curves are examined, it is observed that
NeQuick 2 TEC values consisted of the measured values,
especially pre and post storm time. When the statistical
metric results given in Table 5 are examined, it is seen
that during the storm, both metrics (RMSE and MAPE)

and KLD values are higher than the pre and post storm
times. In addition, the fact that MAPE values are less than
20 in these processes shows that the NeQuick 2 model is
a good model for this storm process [16, 21]. It is possible
to express the IRI Plas TEC model as a good model, since
the metrics and KLD values are quite small and the
MAPE values are less than 20.
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Table 5. Comparison results for the 2" geomagnetic storm process at Erzurum station

) Measured - IRI-Plas

Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas

(TEC)

pre- during post  pre- during  post pre- during post  pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 511 450 401 753 7,33 343 561 504 348 442 440 3,63
RMSE 521 521 562 753 825 471 586 633 437 474 565 4,40
MAPE 2063 2333 19,63 3091 34,15 17,11 22,07 2159 19,80 17,09 18,79 22,02
KLD 0002 0064 0058 0001 0026 0045 0003 0031 0054 0.004 0031 0.053

Figure 9 shows the temporal variation of TEC values
obtained by measured and obtained with empirical
models for the 3 storm at Erzurum station. The
evaluation results of the model (by using Equations (1),
(2), (3) and (7)) are given in Table 6. It has been observed
that the NeQuick 2 model TEC values provide
exaggerated values before and after the storm, and this
exaggeration is approximately equivalent to the increase
in the TEC caused by the storm. However, the high
values of the MAPE metric and KLD also indicate a weak

relationship between the NeQuick 2 model TEC and the
measured TEC. Unlike other storm processes for this
station, model performance appears to be better during
the main phase of the storm during this storm period.
Considering that the TEC values increase during the main
phase of the storm, it is observed that the model values
actually make a higher prediction for the non-storm
conditions.
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Table 6. Comparison results for the 3™ geomagnetic storm process at Erzurum station

Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas Measured - IRI-Plas
(TEC)
pre- during post  pre- during post  pre- during post  pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 422 332 403 322 365 228 324 230 324 277 210 267
RMSE 4904 378 563 346 416 254 441 292 425 367 256 354
MAPE 3845 3021 34,36 3462 3268 2561 2536 1857 33,22 22,62 17,29 2841
KLD 0176 0.110 0106 0.136 0083 0075 0061 0039 0035 0055 0.036 0.035

was seen that the difference between the noon maximums

Analysis results for Istanbul station before the storm continued during the storm period, while

Figure 10 shows the time variation of the TEC values
measured with the TEC values obtained from the
empirical models for the 1st storm at the Istanbul station.
The evaluation results of the model (by Equations (1),

a good fit was obtained with the return phase of the storm.
This is consistent in KLD value and metrics. While the
IRI Plas and IRI Plas TEC models show good results pre-
storm, the NeQuick 2 and IRI 2016 show good results

post storm, and KLD and metrics show that they are

(2), (3) and (7)) are given in Table 7. When the measured .
compatible.

TEC values with the NeQuick model were examined, it
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Table 8. Comparison results for the 1% geomagnetic storm at Istanbul station

) Measured - IRI-Plas

Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas

(TEC)

pre- during  post pre- during  post pre- during post  pre- during  post
storm storm storm storm storm storm storm storm storm storm storm storm
MAE 901 6,18 088 573 571 029 350 526 034 289 531 0,49
RMSE 950 894 1,71 6,04 7,78 059 400 7,13 072 332 715 0,98
MAPE 4243 2648 1517 29,33 2523 17,59 16,62 24,30 27,92 14,29 2563 34,09
KLD 0030 0088 0015 0032 0.095 0.015 0.011 0.083 0.023 0012 0.079 0.027

The variation of the TEC values measured with the TEC
values obtained from the empirical models for the 2"
storm at the Istanbul station is given in Figure 11. The
evaluation results of the model (by means of Equations
(1), (2), (3) and (7)) are given in Table 8. When the values
measured with the NeQuick model were compared, it
was understood from the KLD and metric results that it

gave good results especially after the storm and relatively
good results before and during the storm. It is seen from
the KLD value and metrics that the Measured TEC has a
good relationship with IRl 2016 during post storm, IRI
Plas (TEC) model values during pre-storm and storm
times [19].
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Table 8. Comparison results for the 2" geomagnetic storm at Istanbul station

] Measured - IRI-Plas
Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas
(TEC)
pre- during  post pre- during post  pre- during  post pre- during  post
storm  storm  storm  storm  storm  storm storm storm  storm  storm storm  storm
MAE 4,91 4,20 4,32 7,34 6,95 3,96 5,35 4,85 4,51 4,18 4,21 4,87
RMSE 5,10 4,83 6,85 7,37 7,94 6,05 5,60 6,00 5,76 4,52 5,34 574
MAPE 20,66 2305 19,28 3151 3259 17,77 21,90 2140 23,84 16,76 1864 27,53
KLD 0.003 0.057 0.087 0.003 0.028 0.036 0.003 0.033 0.082 0.004 0.033 0.081

In Figure 12, the variation of the TEC values measured
and the TEC values obtained from the empirical models
for the 3" storm at the Istanbul station is shown. The
evaluation results of the model (by Equations (1), (2), (3)
and (7)) are given in Table 9. When the measured values
with the NeQuick model values are examined (Figure
12a), it is seen that the NeQuick model predicts

exaggerated values. It is observed that these exaggerated
values are compatible with the amount of increase in the
TEC values measured by the storm. The best fit of the
measured TEC can be seen from the KLD model and
metric values that it provides with IRl 2016 during post
storm.
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Table 9. Comparison results for the 3™ geomagnetic storm at Istanbul station

. Measured -  IRI-Plas
Measured -NeQuick 2 Measured - IR1-2016 Measured - IRI-Plas
(TEC)

pre- during  post pre- during  post pre- during  post pre- during  post

storm  storm  storm  storm  storm  storm  storm  storm  storm  storm  storm  storm

MAE 385 3,26 403 263 322 1,39 330 289 437 272 254 371
RMSE 485 395 599 280 3,84 1,74 481 376 500 399 320 4,24
MAPE 3511 2838 3452 3020 2847 1800 2550 2389 5541 21,13 21,37 48,67
KLD 0.132 0.110 0.045 0.050 0.044 0.015 0.037 0.047 0.018 0.017 0.023 0.009

When the obtained results are compared with the
literature, it is seen that consistent results are obtained.
Tariku Y., 2020 is calculated that the RMSE values
obtained in the comparison of NeQuick, IR1 2016 and IRI
Plas 2017 are compatible with the values obtained from
the study[40]. However, Okah et al., 2018, compared to
NeQuick and IRI Plas 2017, which is consistent with the
low predicted result of the NeQuick model during the
high solar activity period, but the opposite result was
obtained with the lower predicted result of IRI Plas
2017[41]. In another study, it was stated that the IRI Plas
model was better than the NeQuick model at low
latitudes, and the NeQuick model was better at high
latitudes[42].

CONCLUSIONS

The change in TEC is one of the most important
parameters in observing space weather, affecting
satellite-based = communication,  positioning  and
navigation processes [43]. The TEC values are measured
by satellite and GPS receivers, as well as estimated by
models such as IRl and NeQuick. Model estimations are
very important especially in regions where measurement
is not made. In this context, in this study, the performance
of empirical models was evaluated for three different
severe geomagnetic storm processes that occurred in
2015, the beginning of the descending phase of the 24"
solar cycle.

Although the NeQuick 2 model is climatically expressed
[15], it seems to be the subject of many scientific studies
(shown in the references section of this study). It is
known that the IRI 2016 has a sub-option to choose from
for the storm, while the NeQuick model does not. Among
the empirical models, IRI Plas TEC was generally found
to be better than other models for all storm processes. It
can be stated that IRl 2016 is better in the storm recovery
phase compared to other phases of the storm. From the
study made, it can be stated that empirical model still
needs to be developed for all stations and all storm
processes.
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ABSTRACT

Flexible pavements, also called asphalt pavements, are constituted of a bituminous surface course, subbase, and base
layer constructed over a subgrade. The bituminous surface layer consisting of one or two layers transfers the traffic
loads to the lower layers. The subbase and base layers of flexible pavements are constructed to support the surface
layers and to distribute the loads from these layers to the subgrade safely. These layers must have the sufficient
bearing capacity to support the surface layers and should also be resistant to detrimental environmental effects. In
addition, the thickness of pavements is directly dependent on the bearing capacity of the subgrade. The materials
used for the construction of the subgrade, subbase, and base layers in Turkey must meet the requirements specified
in the Turkish Highways Technical Specifications. The previous specification published in 2006 was replaced by a
new specification in 2013, which is still in effect. The current study compares the geotechnical parameters of the
Highways Technical Specification published in 2006 and 2013 with a particular focus on flexible pavements. For an
appropriate flexible pavement design, the importance of using high-quality and rigid materials that are more
resistant to heavy loads, fragmentation, water sensitivity, and wearing effects of freezing and thawing is highlighted.

Keywords: Subbase, Flexible Pavement, Geotechnic, Highways Technical Specification, Subgrade, Base

Karayollar1 Teknik Sartnamelerinde Yer Alan Esnek Ustyap: Geoteknik Parametrelerinin
Karsilastirilmasi

0z

Asfalt kaplamalar olarak da adlandirilan esnek kaplamalar, taban zemini iizerine insa edilmis bitimli bir yiizey
tabakasi, alt temel ve temel tabakalarindan olusurlar. Bitiimlii yiizey tabakasi, bir veya iki katmandan olusur ve
trafik yiiklerini alt katmanlara aktarir. Esnek kaplamalarin alt temel ve temel tabakalar1 yiizey tabakalarini
desteklemek ve bu tabakalardan gelen yiikleri taban zeminine giivenle yaymak igin ingaa edilirler. Bu tabakalar,
bitimlii yiizey tabakalarini desteklemek igin yeterli tasima kapasitesine sahip olmali ve ayrica zararli gevresel
etkilere karsi dayanikli olmalidirlar. Ayrica kaplama kalinliklari dogrudan taban zeminin tagima kapasitesine
baglidir. Tirkiye'de taban zemini, alttemel ve temel tabakalarimin yapiminda kullanilan malzemeler, Karayolu
Teknik Sartnamesinde belirtilen gereksinimleri karsilamalidir. 2006 yilindan sonra yaymlanan ve halen yiiriirliikte
olan mevcut sartname 2013 yilinda yayinlanmistir. Mevcut ¢alisma, 2006 ve 2013 yillarinda yaymlanan Karayollari
Teknik Sartnamesi'nin geoteknik parametrelerini, 6zellikle esnek tistyapilara odaklanarak karsilastirmaktadir. Uygun
bir esnek listyap: tasarimi igin agir yiiklere, parcalanmaya, su hassasiyetine, donma ve ¢oziinmenin asmdirici
etkilerine kars1 daha direncli, kaliteli ve rijit malzemelerin kullanilmasmin 6nemi vurgulanmistir.

Anahtar Kelimeler: Alt Temel, Esnek Kaplama, Geoteknik, Karayollar1 Teknik Sartnamesi, Taban Zemini, Temel

INTRODUCTION other hand, the superstructure is a layered structure

comprised of a surface course, base, and subbase that
Road Superstructures are genera“y classified into two distributes the traffic loads to the infrastructure (3-5)
categories based on structural behavior: Flexible and ~ The flexible pavement layers transfer the stress to the
rigid pavement. While bitumen is used as binding Sub-layers by grain-to-grain transfer through the points
material in flexible pavements, cement is used in rigid ~ Of contact of the granular structure. A well-compacted
pavements (1). A flexible road structure is constituted of ~ and well-graded granular layer spread the loads over a
two parts substructure and superstructure. The  Wider area. The load distribution ability of these layers
substructure is composed of cuts and fills (2). On the  depends on the quality of the material used in layers (6-
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8). The schematic view of the stress distribution of
flexible pavement is given in Figure 1 (9).

Vertical Stress

Foundation Stress

Figure 1. Stress Distribution in Flexible Pavement (9).

The surface course usually constitutes two bituminous
layers as a binder and wearing or surface course. The
subbase and base are constructed with granular
materials as seen in Figure 2. Before building a
superstructure, the substructure (subgrade) is prepared
following the specifications to provide the desired
support to the superstructure. The pavement
performance is directly related to the granular layers.
Therefore, providing a well-built subgrade, subbase, or
base course under the surface course of flexible
pavement enhances the pavement service life
significantly and thus works out economically in the
long term (8, 9).

Figure 2. Layers of Flexible Pavement

The engineering properties of materials used in road
construction are specified with technical specifications
in societies. In Turkey, the required properties of road
materials are determined by Highways Technical
Specifications. Following the establishment of the
General Directorate of Highways, the first technical
specification was published in 1952. The Highways

Technical Specification was updated in various years,
including 1963, 1973, 1978, 1989, and 2006 taking into
account the developments in the world and the
innovations that our country needs. Finally, the
specification, which is still current, was published in
2013 and is still up-to-date (10). In this study, a
comparison of geotechnical parameters of Highways
Technical Specification published in 2006 and 2013 for
flexible road subgrade, subbase, and base layers was
made and presented briefly. A comprehensive review of
the literature indicates that this study is the first of its
kind. It contributes to the current literature, providing
significant insights, particularly into the position and
development of the geotechnical parameters of flexible
pavements in the technical specification.

MATERIALS AND METHODS

In this study, the Highways Technical Specifications
published in 2006 and 2013 were used as material. The
geotechnical properties of the subgrade, subbase and
base layers were compared according to the 2006 and
2013 technical specifications.

Subgrade

The subgrade that is made of natural soil is the
substructure layer of pavement and is prepared to
withstand the loads transferred from superstructures
(11). A real in-situ view of subgrade preparation is
presented in Figure 3.

Figure 3. A subgrade construction

The subgrade is comprised of cuts and fills. If the
elevation of natural soil is above the grade elevation
(project elevation of road structure), the subgrade
structure is formed with cuts work. In the opposite case,
it consists of fills. The fill materials must be adequate
for the technical properties indicated in Highways
Technical  Specification.  The  comparison  of
geotechnical properties of fill material according to the
specifications of 2006 (HTS 2006) and 2013 (HTS
2013) is presented in Table 1.

994



Table 1. Geotechnical comparison of fill material for subgrade

vehicle (14-17). A view of subbase preparation from in

Specification Limits

situ is given in Figure 4.

Test HTS HTS
(2006) (2013)
Liquid Limit (LL), % <60 <60
Plasticity Index (PI), % <35 <35
('\gf:r;dgﬁg grryét\é\f ight > 1450 tm® > 1450 t/m?
Soaked CBR, % >8 >8

When analyzing Table 1, it is determined that there is
no change in limiting values for geotechnical properties
of fill materials indicated in 2006 and 2013 technical
specifications except the soaked CBR (California
Bearing Ratio) value. While it was accepted that the
CBR value should be greater than or equal to 8 in 2006,
this value was requested to be greater than 8 in 2013
and it was desired to stay on the safer side by asking for
more rigid material. The subgrade soil is required to
constitute materials that are insensitive to freezing and
thawing. There is no change in the limit values specified
in both 2006 and 2013 technical specifications for
materials that are not sensitive to freezing and thawing.
The soil that is resistant to freezing and thawing must
have a liquid limit value equal to or greater than 25%.
The plasticity index value and water absorption in
coarse aggregate must be equal to or less than 6% and
3%, respectively. In addition, the percentage of material
that passes through the 0.075 mm sieve must be less
than 12 (12, 13).

If the subgrade soil does not meet the criteria for the
CBR value, it is replaced in the required thickness with
soil that is called a protective layer and has a CBR value
greater than 10%. The criteria specified for the
protective layer are the same in both technical
specifications. The liquid limit (LL), plasticity index
(PI), and materials that pass through the 0.075 mm sieve
are less than 40, 15, and 50%, respectively for the
materials of the protective layer (12, 13).

The limit values of compaction for the fill section of the
subgrade are the same in both technical specifications.
The required compaction for the first 80 cm fill
thickness is 100%, and 95% for the fill layers beneath
80 cm and determined using the proctor test (12, 13).

Subbase

A subbase is a layer of pavement constituted of granular
materials and formed to support the base layer and
transfer the loads to the subbase safely [8]. The subbase
is an important layer for pavement for being a
secondary load distribution and drainage layer and acts
as a preparatory platform for the construction of the
base layer of the road structure. The bearing capacity of
the subbase is an important criterion as it affects the
strength and durability of flexible pavement. The lower
subbase material quality results in thicker pavement
layers, increasing the cost of road construction. It may
be omitted for the roads that only serve foot traffic;
however, it is necessary for the roads that serve the

Figure 4. A subbase layer construction

The materials to be used in subbase construction could
be sand, gravel, bank gravel, decomposed rock, slag,
crushed stone, and scraped asphalt. The term scraped
asphalt is used first in HTS (2013). The ratio of scraped
asphalt to be used in the mixture is a maximum of 25%
as given in the specification and will only be used in the
manufacture of Type B subbase given in Table 2 (12,
13). The comparison of types of subbase according to
the sieve analysis is presented in Table 2. When
examining Table 2, it is recognized that only gradation
limits of Type B changed in HTS published in 2006 and
2013 to obtain more dense mixtures (12, 13).

When the subbase material is supplied from sand-gravel
quarries, the gradation of the run-of-the-mine material
will be following the Type A gradation limits. In case
the subbase material is prepared by crushing from sand-
gravel or quarries, the gradation of the material should
obey Type-B gradation limits (12,13).

The comparison of required geotechnical properties of
the subbase layer in HTS (2006) and HTS (2013) is
presented in Table 3 (12, 13).

When examining Table 3, it is recognized that the
required specification limits of liquid limit (LL), and
plasticity index (Pl) remained the same for both
technical specifications. While in HTS (2006) the Los
Angeles value is desired to be equal to or less than 50%,
in HTS (2013) this limit is reduced to 45, and it is
recommended to stay on the safer side by asking for
more resistant aggregates against fragmentation. In
addition, there were no limitations on water absorption
of the subbase material in HTS (2006). However, it was
limited to a maximum of 3.5% in HTS (2013) targeting
more durable aggregate against freezing-thawing cycles.
The quantity of organic matter in subbase material was
limited to a maximum of 1% in HTS (2006), whereas it
was required not to contain any organic material in HTS
(2013) because of affecting the durability of the road
structure adversely. As for thermal and weathering
durability of subbase material, in HTS (2006), this test
was specified to conduct with Na,SO, solution and it
was required not to pass the value of 20%. However,
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this test was declared to conduct with MgSO, solution
in HTS (2013) and was required not to exceed the value
of 25%.

Table 2. Comparison of gradation limits of subbase material

Table 4. Compaction criteria comparison of subbase material

Specification limits

Specification limit

. Type-A Type-B
Sieve 9% Passing 9% Passing
HTS HTS HTS HTS
(2006) (2013) (2006) (2013)
75 100 100 - -
50 - - 100 100
37,5 85-100 85-100 80-100 80-100
25 - - 60-90 60-90
19 70-100 70-100 - 45-80
9,5 45-80 45-80 30-70 30-70
4,75 30-75 30-75 25-60 25-55
2,00 - - 15-40 15-40
0,425 10-25 10-25 10-20 10-20
0,075 0-12 0-12 0-12 0-12

Type-A Type-B
Test

HTS  HTS HTS HTS

(2006)  (2013) (2006) (2013)
Minimum 95 96 97 98
Compaction, %
Optimum
Moisture Wopt+ 2 (Wopt - 2)- Wopt

Content, %

Table 3. Geotechnical comparison of subbase material

Specification Limits

Test HTS HTS
(2006) (2013)

Liquid Limit (LL), % <25 <25
Plasticity Index (PI), % <6 <6
Los Angeles, % <50 <45
Water Absorption, % <35
(For fine and coarse agg.) -7
Organic Matter, % <1 Negative
Clay Lump and
Dispersible Grain <2 <2
ratio, %
Thermal and
Weathering <20 (Na,SOy) <25 (MgSO0y)

Durability, %

The soaked CBR value for the subbase material that is
compacted to the degree of 97% maximum dry density
should be a minimum of 30% and 50% for Type-A and
Type-B, respectively specified in HTS (2006). In HTS
(2013), only the compaction degree was increased to
98%, the other parameters for CBR remained the same
(12, 13). The comparison of compaction parameters
according to the modified proctor test of subbase
material in HTS (2006) and HTS (2013) is presented in
Table 4. It was determined from Table 4 that the
required compaction degree was increased by 1% for
both types of subbase materials in HTS (2013) targeting
denser structures compared with HTS (2006). The
moisture content remained unchanged in both two
technical specifications (12, 13).

Base

The base which is one of the main superstructure layers
with certain characteristics is constructed in a
determined thickness over the subbase layer to support
the surface course layer, distribute the stress, provide
good drainage and minimize the freezing and thawing
effect. The base layer should have sufficient thickness
to receive and distribute traffic loads and should be
constructed with good-quality materials (8, 15, 17, 18).
A situ view of the base layer construction is given in
Figure 5.

J—

Figure 5. A base layer construction

The foundation layer is built on a subbase or subgrade
with sufficient bearing capacity in three types as
specified in the Highways Technical Specification:

1- Granular Base: A type of layer that is constructed by
using gravel, crushed gravel, crushed slag or crushed
stone, and fine material, mixing the material prepared to
give continuous gradation within certain gradation
limits with water and, in one or more layers, on the
subbase or subgrade layer with sufficient bearing
capacity prepared following the specifications, in the
form of one or more layers, according to the plan
specified in the project. It is the layer formed by laying
and compacting per the profile and cross-sections.

2- Plant-mix Base: A type of base layer is constructed
on the prepared surface of the material formed by
mixing at least three different particle size groups,
coarse and fine, in a plant with appropriate proportions
of water, using crushed gravel, crushed slag, crushed
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stone, and fine material to provide continuous gradation
within certain gradation limits. It is the layer formed by
laying and compacting one or more layers following the
specified plan, profile and cross-section.

3-Cement-bound granular base layer: A type of layer
that is constructed with the material prepared by mixing
the cement-bound foundation layer, crushed gravel,
crushed slag, crushed stone, and fine material to give
continuous gradation within certain gradation limits in a
plant with appropriate proportions of cement and water,
and on an adequate subbase, the plan, profile specified
in the project and it is the layer formed by laying and
compacting one or more layers following the cross-
sections (12, 13, 19).

In the construction of the three types of base layers
given above, an aggregate could be gravel, crushed
gravel, crushed stone, sand, and slag. The required
coarse and fine aggregate properties from three types of
the base layer and their comparison between technical
specifications published in 2006 and 2013 are presented
in Table 5 and Table 6, respectively (12, 13).

When Table 5 is analyzed, it is recognized that some
geotechnical specifications changed with HTS (2013).
In HTS (2006), the flakiness index was determined for
the granular base and plant-mix base separately for each
standard. However, it was given for the whole layer in
HTS (2013). The flakiness index ratio decreased with
HTS (2013) by targeting a more rigid aggregate because
of aggregate that has high flakiness index is crushed
under heavy loads simply. The Los Angeles value
decreased from 40% to 35% with HTS (2013) thus
again staying on the safe side in selecting aggregate. As
for water absorption, it is not given a limit value in HTS
(2006). However, it was noted that if the aggregate has a
water absorption value greater than 4%, it will be
decided whether the aggregate will be used after the
freezing test. In HTS (2013), the water absorption value
of aggregate was limited to 3%. Similar to the subbase,
the thermal and weathering test was specified to conduct
with different solutions. In HTS (2006), this test was
declared to conduct with Na;SO4 solution and the
maximum value was 15%. However, in HTS (2006), the
preferred solution was MgSO, and the limit value was
20%. In Table 6 for fine material, while the limit values
of liquid limit and plasticity index are given in HTS
(2006), it was requested to be non-plastic material in
HTS (2013). So, it was aimed to use an aggregate that is
not sensitive to water. It is stated that the administration
will decide whether to use aggregates with a water
absorption value of more than four percent in the fine
material, similar to the coarse material, after the natural
frost test. The organic matter ratio was limited to 1% in
HTS (2006). However, in HTS (2013), it was requested
that the material should not contain any organic matter
(12,13).

Table 5. Geotechnical comparison of base for coarse material

Specification Limits

Test HTS HTS
(2006) (2013)
. <40t <30°
0 < <
Flakiness Index, % <352 <254
Clay Lum.p and Dispersible <1 <1
Grain Ratio, % - -
Los Angeles, % <40 <35
Water Absorption, % - <3
Organic Matter, % Negative Negative

Thermal and Weathering

Durability, % <15 (Na,SOq)

<20 (MgSOy)

L:Flakiness index for granular base following BS 812
2:Flakiness index for plant-mix base following BS 812
3:Flakiness index for base following BS 812
4:Flakiness index for base following TS EN 933-3

Table 6. Geotechnical comparison of base for fine material

Specification Limits

Test HTS HTS
(2006) (2013)

Liquid Limit (LL), % <25 NP
Plasticity Index (PI), % <6 NP
Clay Lump and
Dispersible Grain <1 <1
Ratio, %
Water Absorption, % - <3
Organic Matter, % <1 Negative

The base material for the granular base layer was
divided into three groups Type-A, Type-B, and Type-C
according to the gradation limits in HTS (2006) and
HTS (2013). The material that is used for the base layer
is required to be within gradation limits and should be
well-graded. Table 7 states the comparison of HTS
(2006) and HTS (2013) for granular bases according to
the gradation limits. When Table 7 is analyzed, it is
recognized that there is a change in gradation limits in
Type-A material. The gradation limits remained the
same in both technical specifications. In HTS (2013), it
is requested that Type-A and Type-B granular base
material is used in asphalt concrete roads. In state roads
that will be constructed as chip seals, Type-A or Type-B
gradation limits should be used. In provincial roads that
will be constructed as chip seals, one of Type-A, Type-
B and Type-C could be used depending on the project
conditions.

In HTS (2006), the gradation limits of granular base
material should meet one of Type-A, Type-B, and Type-
C in asphalt concrete roads (11,12). In chip seal roads, if
the thickness of the base layer specified in the project is
less than 20 cm, the entire layer of the granular base will
be constructed with Type-C. If it is more than 20 cm,
the granular base could be constructed with one of
Type-A, Type-B, and Type-C.

Table 7. Comparison of gradation limits of granular base
material
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Specification limits

Type-A Type-B Type-C
Sieve % Passing % Passing  %Passing
HTS HTS HTS (2006) HTS (2006)
(2006) (2013) HTS(2013) HTS (2013)
50 100 100 - -
375 80-100 80-100 100 -
25 60-90 60-90 70-100 100
19 - 45-80 60-92 75-100
9,5 30-70 30-70 40-75 50-85
4,75 25-55 30-75 30-60 35-65
2,00 15-40 - 25-40 25-50
0,425 8-20 10-25 10-25 12-30
0,075 2-8 0-12 0-12 0-12

In both technical specifications, the soaked CBR values
of the granular base materials that are compressed to
98% of the maximum dry unit weight found with the
Modified Proctor should not be less than 100%. The
compaction parameters remained the same in both HTS
(2006) and HTS (2013). The minimum compaction
degree and moisture content according to the modified
proctor test is 98% and (Wopt - 2) — Wopt, respectively
in both technical specifications.

The plant-mix base material is divided into two groups
according to the gradation limits as Type-I and Type-II
in HTS (2006) and HTS (2013). In both technical
specifications, the plant-mix base layer materials have
the same gradation limits as given in Table 8 (12,13).

Table 8. Comparison of gradation limits of plant-mix base
material

found with the Modified Proctor should not be less than
120%. The compaction parameters remained the same
in both HTS (2006) and HTS (2013). The minimum
compaction degree and moisture content according to
the modified proctor test are 100% and (Wopt-1) —
Wopt, respectively.

In the cement-bound granular base layer in both
technical specifications of HTS (2006) and HTS (2013),
one type of gradation limit was used and there was seen
no change in gradation limits as seen in Table 9. In both
technical specifications, it was stated that the
compressive strength of the 7 days cured cement-bound
granular base materials that are compacted to the degree
of 98% of the maximum dry unit weight that is found
with the modified proctor test should be between 35-55
kg/cm?. The compaction degree that is found following
the modified proctor test for both technical
specifications should not be less than 98%.

Table 9. Comparison of gradation limits of cement-bound
granular base material

Specification Limits

Specification limits

. Type-I Type-II
Sieve 9% Passing 9% Passing
HTS HTS HTS HTS
(2006) (2013) (2006) (2013)
37,5 100 100 - -
25 72-100 72-100 100 100
19 60-92 60-92 80-100 80-100
9,5 40-75 40-75 50-82 50-82
4,75 30-60 30-60 35-65 35-65
2,00 20-45 20-45 23-50 23-50
0,425 8-25 8-25 12-30 12-30
0,075 0-10 0-10 2-12 2-12

In HTS (2013), it was specified that if the thickness of
the plant-mix base layer is equal to or greater than 15
cm based on the design project, the plant-mix base
materials must stay within Type-1 gradation limits. If it
is less than 15 cm, Type-II gradation will be used then.
However, in HTS (2006), there was no information on
which type of rating should be used and under what
conditions. In both technical specifications, the soaked
CBR values of the plant-mix base materials that are
compressed to 100% of the maximum dry unit weight

Sieve % Passing
HTS HTS
(2006) (2013)
37,5 100 100
25 72-100 72-100
19 60-92 60-92
9,5 40-75 40-75
4,75 30-60 30-60
2,00 20-45 20-45
0,425 8-25 8-25
0,075 0-10 0-10
CONCLUSION

The Highways technical specification was last published
in 2013 by the General Directorate of Highways and is
still in effect. As a result of the development of
technologies, the specifications are constantly updated
and renewed by the administrations in line with the
requirements. In this study, a comparison was made
between the Highways Technical Specifications
published in Turkey in 2006 and 2013 in terms of
geotechnical parameters of flexible pavements. The
subgrade, subbase, and base layers of flexible pavement
are the main topics of this study. The geotechnical
parameters in the technical specifications were
compared comprehensively. When the last specification
is compared with the previous specification, it is seen
that the geotechnical parameters are more stringent in
terms of material quality. In the current specification, it
is requested that the aggregates used in flexible
pavement granular layers have higher stability,
fragmentation and abrasion resistance, and durability
performance, thus it is aimed to obtain more rigid and
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stable mixtures. In addition, it is recommended to [19.] https://constrofacilitator.com/different-layers-of-
produce denser mixtures by changing the aggregate flexible-pavement/ Accessed Date: 22.08.2022.
gradation with the current specification. It is thought

that this study will contribute to the current literature on

the position and development of the geotechnical

parameters of flexible pavements in the technical

specifications.
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oz

Kaktiis armut bitkisi (Opuntia ficus-indica (L.) Mill.) yetistigi cografya ve iklim kosullar1 nedeniyle sicakliga ve
kurakliga toleranst oldukca yiiksek olan bir kaktiis tiiriidiir. Bu kaktiis tiirliniin bozulmaya baslayan kladotlar1 ve
meyveleri mayalarin ve diger mikroorganizmalarin ¢ogalabilmesi i¢in uygun alan olusturmaktadir. Maya hiicreleri
stres kosullarinda stres metaboliti olarak trehaloz ve glikojen biriktirir. Calismamizda kaktiis armut meyvesinden
stres direncli maya tiirlerinin izole edilerek molekiiler yontemlerle tanimlanmasi ve depo karbonhidrat birikimlerinin
belirlenmesi amaglandi. Termotolerant ve osmotolerant maya suslarinin molekiiler tanimlanmasinda 26S rDNA-
D1/D2 gen bolgesinin dizi analizi kullanildi. Stres direngli maya suglarinin trehaloz ve glikojen birikimleri stres
kosullarinda enzimatik olarak belirlendi. izole edilen K. marxianus, K. lactis ve P. kudriavzevii maya tiirlerine ait
tiim maya suslarinin termotolerant ve osmotolerant maya suslar1 oldugu gozlendi. K. marxianus ve K. lactis maya
tirlinde stres metaboliti olarak glikojenin P. kudriavzevii maya tiiriinde ise trehalozun tercih edildigi belirlendi.
Diger izole edilen A. pullulans, H. opuntiae ve P. kluyveri tiirlerine ait maya suglari arasinda stres toleransinin ve
depo karbonhidratin stresin derecesine ve cesidine bagli olarak degistigi tespit edildi. Izole edilen K. marxianus ve
K. lactis maya suslarinin siit tiriinleri endistrisinde, P. kudriavzevii maya suslarinin ise biyoetanol ve fermentasyon
enddistrisinde kullanim1 i¢in uygun potansiyele sahip olduklar1 degerlendirildi.

Anahtar Kelimeler: Is1 Stresi, Ozmotik Stres, rDNA, Stres Metaboliti

Molecular Identification of Stress Tolerant Yeasts Isolated from Cactus Pear Fruit
(Opuntia ficus-indica L.) and Reserve Carbohydrate Accumulations

ABSTRACT

Cactus pear plant (Opuntia ficus-indica (L.) Mill.) is a type of cactus with a high tolerance to heat and drought due
to the geographical and climatic conditions in which it grows. The fruits and decaying cladodes of the cactus pear
plant provide a suitable environment for yeasts and other microorganisms to grow. Yeast cells accumulate trehalose
and glycogen as a stress metabolite under stress conditions. Our study, it was aimed to isolate stress-tolerant yeast
species from cactus pear fruit and identify them with molecular methods, and determine their storage carbohydrate
accumulations. Sequence analysis of the 26S rDNA-D1/D2 gene region was used for molecular identification of
thermotolerant and osmotolerant yeast strains. Trehalose and glycogen accumulations of stress-tolerant yeast strains
were determined enzymatically under stress conditions. All isolated strains belonging to K. marxianus, K. lactis and
P. kudriavzevii yeast species were determined as thermotolerant and osmotolerant. It was determined that K.
marxianus and K. lactis yeast species preferred glycogen as a stress metabolite while P. kudriavzevii yeast species
accumulated trehalose. Stress tolerance and the type and amount of reserve carbohydrate were found to be various
among the other isolated yeast strains of A. pullulans, H. opuntiae and P. kluyveri depending on the degree and type
of stress. It has been evaluated that the isolated K. marxianus and K. lactis yeast strains have the potential to be used
in the dairy industry, while the P. kudriavzevii yeast strains are suitable for use in the bioethanol and fermentation
industry.

Keywords: Heat Stress, Osmotic Stress, rDNA, Stress Metabolite

GIiRIiS bilinmektedir. Meksika kokenli olan bu  bitki
Amerika'nin tropikal ve subtropikal bolgelerinde, Giiney
Afrika'nin  kurak ve yar1 kurak bolgelerinde ve
Akdeniz’in kiyr kesimlerinde dagilim gostermektedir

Cactaceae familyasina ait olan kaktiis armut bitlisi
(Opuntia ficus-indica (L.) Mill.) meyveli bir kaktiis
taridir. Dogada 200-300 farkli tirlinin  oldugu
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[1]. Ulkemizde ise Ege ve Akdeniz bdlgesinde dagilim
gostermekte olup Adana, Mersin, Antalya, Hatay,
Osmaniye ve Mugla illerinde yetistirilmektedir [2].
Halk arasinda Hint inciri, Misir inciri, Frenk inciri, Kilis
inciri, babutsa, kiire¢ yemisi, pabug inciri, esek inciri,
sabbara, frencir, kaktiis meyvesi ve kaynanadili gibi
farkli isimlere sahiptir. Birgok meyvenin dogal olarak
yetisemedigi kurak alanlarda yetigebilmesi ve kuraklik
toleransinin  yiiksek olmasi nedeniyle oOnemli bir
tarimsal tiriindiir. Bu kaktiisiin meyveleri sekil, boyut ve
renk bakimindan degisken olup ¢ok sayida sert ¢ekirdek
igeren etli bir yapidadir. Kaktiis armut meyvesi besleyici
ve sagligi gelistirici 6zellikleri nedeniyle son yillarda
biiyiik ilgi gormektedir. Agirlikli olarak taze meyve
olarak tiiketildigi gibi meyve suyu, recel, marmelat ve
sarap olarak da tiiketilmektedir. Kaktlis armut meyvesi
o6nemli bir seker, mineral ve prebiyotik lif kaynagidir.
Ayrica tokoferoller, arotenoidler, flavonoidler, fenolik
asitler, taurin ve vitaminler (A, B6, C, E ve K) gibi
biyolojik aktiviteye sahip ¢esitli bilesikler icermektedir
[3, 4, 5, 6]. Daha o6nce yapilan bilimsel calismalarda
kaktiis armut meyvesinin icerdigi bilesiklerden dolay1
anti-inflamatuar, anti-kanserojenik, anti-iilserojenik,
hipokolesterolemik, hipoglisemik, hepatoprotektif ve
bagisiklik uyarict 6zelliklere sahip oldugu gosterilmistir
[4,5, 6,7, 8, 9]. Ulkemizde yiiksek lif iceriginden dolay1
kilo kontroliinde ve bagirsak problemlerinde, meyve ve
yapraklardaki yogun su oranindan dolayr cilt
kurumalarma karsin nemlendirici olarak, kolesterol ve
kan sekeri seviyesinin kontroliinde, vitamin igeriginden
dolay1 iist solunum yolu hastaliklarinin tedavisinde ve
rahatlatic1 6zellige sahip riboflavin igeriginden dolay1
stres koruyucu olarak kullanilmaktadir.

Kaktiis bitkisinin meyveleri ve bozulmaya baslayan
kladotlart mayalarin g¢ogalabilmesi ig¢in uygun alan
olusturmaktadir. Cilriiyen kaktiis meyve dokusunda
bulunan mayalar genellikle diger meyvelerde bulunan
maya tiirleri ile benzer olmakla beraber sadece nekrotik
kaktiis dokularindan izole edilen tiirler kaktofilik
mayalar olarak kabul edilmektedir [10, 11]. Mayalar
kaktiis nekrotik dokularina Drosophilla, kuglar ve
bocekler gibi vektorler araciligiyla taginmaktadir. Pichia
cactophila, Candida (Ogataea) sonorensis, Clavispora
opuntiae, Kodamaea nitidulidarum, Candida restingae,
Wickerhamiella  cacticola ve  Sporopachydermia
kompleksinin tiirleri en yaygin kaktofilik tiirlerdir [11,
12, 13]. Ulkemizde kaktiis meyvesinden izole edilerck
tanimlanan maya tiirleri ile ilgili bir ¢alisma daha 6nce

yaptlmamigtir.  Agirhikli  olarak  kaktiis  bitkisinin
yetistirilmesi ile ilgili kosullarmin optimizasyonu,
meyvenin  biyokimyasal igerigi, fermentasyonu,

antimikrobiyal ve antioksidan ozellikleri ile ilgili
caligmalar yapilmistir [14, 15, 16, 17, 18, 19].

Mayalar farkli besin kaynaklarini kullanarak degisken
ve ekstrem g¢evre kosullarinda hayatta kalabilen
canlilardir. Maya hiicrelerinde depo karbonhidratlar
olan trehaloz ve glikojenin hiicredeki miktarlari
hiicrelerin fizyolojik durumuna, iireme asamalarina ve
ireme ortamlarina gore degiskenlik gdsterir [20].

Trehaloz ve glikojen glikozda iiremekte olan maya
hiicrelerinde logaritmik safhanin sonunda biriktirilmeye
baglayip duragan asamada devam eder [21, 22]. Ancak
181 stresi ozmotik stres, oksidatif stres ve diger ¢evresel
stres kosullarinda logaritmik asamada da trehaloz ve
glikojen birikimi gergeklesir.

Stres kosullarinda biriktirilen trehaloz ve glikojen stres
sonrasinda stresten ¢ikmak icin enerji kaynagi olarak
kullanilir. Ornegin maya hiicrelerinde spor olusumu ve
olgunlagsmas1 siiresince biriktirilen glikojen enerji
kaynagi olarak kullanilirken, trehaloz olgunlasmis olan
spor iginde bekletilerek spordan ¢ikista enerji kaynagi
olarak kullanilir [23]. Ayrica stres kosullarinda trehaloz
proteinlerin konformasyonlarinin bozulmasini engeller
ve denatiire proteinlerin agregasyonunu baskilar.
Boylece trehaloz hiicre zarim ve hiicresel proteinleri
stabilize ederek stres koruyucu etkisini gosterir [24].
Trehaloz sentezinde gorev alan trehaloz 6 fosfat sentaz
enzimi (Tpslp) hekzokinaz (Hxk2p) enzim aktivitesini
kontrol ederek glikolitik yolagi ve heksoz tasiyict
proteinleri (Hxt1-14p) etkileyerek glikoz alimimni kontrol
eder. Boylece hiicredeki enerji (ATP) seviyesini kontrol
ederek depo karbonhidrat metabolizmasinm1 ve stres
cevabinin olusmasint diizenler [25, 26, 27]. Bu
nedenlerden otiirii trehaloz ve glikojen stres koruyucu
molekiiller veya stres metabolitleri olarak bilinirler [24].

Kaktiis armut bitkisi stres toleransi yiiksek olan bir bitki
oldugu i¢in barindirdigr mikrobial biota igerisinde stres
tolerans1  yiiksek mikroorganizmalarin  bulunmasi
kuvvetli bir olasiliktir. Bu nedenle ¢aligmamizda kaktiis
armut meyvesinden maya tiirlerinin izole edilerek
sicaklik ve ozmotik stres direnci yiiksek olan maya
tirlerinin  molekiiller  yontemlerle  tanimlanmasi
amaclanmistir. Ayrica stres direnci ylksek maya
tirlerinin ~ stres  kosullarinda  biriktirilen  stres
metabolitinin ¢esidi ve miktar1 belirlenmistir.

MATERYAL ve YONTEM
Maya izolasyonu

Kaktiis armut meyve Ornekleri olgunlasma donemi
icerisinde 2019 yilinin Agustos ve Eylil aylarinda
Mersin ve Adana illerinden aseptik kosullarda toplandi.
Calismada kullanilan kaktiis armut meyveleri, Mersin
ilinin Karacailyas (36° 50' 55.7" K 34°43'48.0" D) ve
Kumkuyu (36°30'33.1" K 34°11'53.5" D) ilgelerinden,
Adana ilinin Biyiikkapili (36°52'22.1" K 35°33'53.3" D)
ve Akpmar (36°49'18.5" K 35°36'28.4" D) ilgelerinden
toplandi. Meyve orneklerinin tartimlari yapilarak %2
sodyum sitrat ¢ozeltisi iginde homojenize edildi. Daha
sonra seri dilusyonlar1 hazirlanarak %0,25 sodyum
propionat iceren YGC (40 gr/l Yeast Extract Glucose
Chloramphenicol Agar) kati besi ortamina ekimleri
yapildi ve 30 °C’de 2-3 giin inkiibe edildi. Petrilerdeki
maya  kolonilerinin ~ sayimi  yapilarak  koloni
olusturabilen birim degerleri (CFU/ml) hesaplandi.
Koloni morfolojilerine gore farkli maya kolonileri
rastgele secilerek YPD (10 gr/l Yeast Extract, 20 gr/l
Bacto-peptone, 20 gr/l Agar, %2 Dextrose) kat1 besi
ortamma gegirildi ve 30 °C’de 2-3 giin inkiibe edildi.
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YPD besi ortaminda iireme gosteren maya suslart %20
gliserol igerisinde -80 °C’de stokland.

Is1 ve Ozmotik Stres Diren¢ Testi

Maya suslarinin stres direnglerini belirleyebilmek igin
oncelikle izole edilen tiim maya suslarmm YPD zengin
besi ortaminda gecelik kiiltiirleri olusturuldu. Taze YPD
sivi kiiltiirlerine gecelik kiiltiirlerden maya hiicreleri
gecirilerek eksponensiyel asamaya kadar (ODggo=1,0)
30 °C’de sabit calkalama ile (120 rpm) ¢ogaltildi. Bu
siire boyunca her iki saatte kiiltiirlerden 6rnek alinarak
ODeoo degeri spektrofotometre kullanilarak olg¢iildi.
Ayrica alman oOrnekler YPD kat1 besi ortamina seri
dilusyon yapilarak ekildi ve CFU/ml degeri belirlendi.
Daha sonra maya suslarina ait CFU vs ODggo
kalibrasyon grafigi olusturuldu. Kalibrasyon grafigi
kullanilarak logaritmik asamadaki (ODgge=0,5-0,6)
maya hiicrelerinden 5 pl’de 10°%, 104 10% 10?2 ve 10
hiicre olacak sekilde seyreltmeler yapilarak YPD kati
besi ortamima ekimleri yapildi. Sicaklik testi i¢in maya
hiicreleri YPD kat1 besi ortaminda 25 °C, 30 °C, 37 °C,
40 °C ve 42 °C’de 2-3 giin inkiibe edildi. Ozmotik
strese karsi direnglerini belirleyebilmek i¢in YPD kati
besi ortamina farkli tuz konsantrasyonlari (0,2M, 0,4M,
0,6M, 0,8M, 1,0M, 1,2M ve 1,4M NaCl) ilave edildi ve
maya hiicreleri 30 °C’de 2-3 giin inkiibe edildi [28].
Testler her maya susu i¢in her tekrarda ii¢ set olarak ii¢
kez tekrar edildi.

PCR Amplifikasyonu ve Restriksiyon Profillerinin
Belirlenmesi

Maya suslarinin genomik DNA izolasyonu daha 6nce
kullanilan yontem ile yapildi [29]. 26S rDNA-D1/D2
gen bolgesinin PCR amplifikasyonu igin NLI (5'-
GCATATCAATAAGCGGAGGAAAAG-3) ve NL4
(5-GGTCCGTGTTTCAAGACGG-3) primerleri
kullanilarak daha once belirtilen PCR kosullarinda
gergeklestirildi [30]. Benzer sekilde ITS1-5.8S-1TS2
rDNA gen bolgesinin PCR amplifikasyonu igin ITS1
(5-TCCGTAGGTGAACCTGCGG-3) ve ITS4 (5-
TCCTCCGCTTATTGATATGC-3") primerleri
kullanilarak daha once belirtilen PCR kosullarinda
amplifikasyonlari yapildi [31]. Elde edilen PCR iiriinleri
%1.5 agaroz jelde elektroforez edilerek amplikonlarin
uzunlugu Gel-Pro Analyzer v4.0 programi kullanilarak
belirlendi. 26S rDNA-D1/D2 ve ITS1-5.85-ITS2 rDNA
gen bolgelerine ait amplikonlarm piirifikasyonlar
yapilarak ITS1-5.8S-1TS2 rDNA gen bdlgesine ait
amplifikasyon {irtinlerinin Hinfl, Haelll ve Hhal
restriksiyon enzimleri ile iretici firmanin Onerdigi
kosullarda  restriksiyon kesimleri  gerceklestirildi.
Restriksiyon iirtinleri %1,5 agaroz jelde elektroforez
edilerek bantlarin uzunlugu Gel-Pro Analyzer v4.0
programi kullanilarak belirlendi.

Dizi Analizi ve Filogenetik Analizler

Sicaklik ve ozmotik stres direnci yiiksek olan maya
suslarinin restriksiyon profilleri kullanilarak farklh
profile sahip en az bir maya susu DNA dizi analizi i¢in
rastgele segildi. Segilen maya suslarinin 26S rDNA gen

bolgesine ait PCR iriinleri DNA dizi analizi i¢in
firmaya gonderildi. Firma tarafindan gonderilen DNA
dizilerinin  benzerlik analizleri (DNA Sequence
Similarity Analysis) NCBI (National Center for
Biotechnology Information) servisinin sundugu BLAST
(Basic Local Alignment Search Tool) analiz programi
kullanilarak yapildi ve analizi yapilan suslarla en
yiiksek homoloji gosteren tiirler belirlendi. 26S rDNA
gen bolgesine ait DNA dizileri MEGA-X programi
altinda sunulan ClustalW v1.6 parametresi kullanilarak
hizalandi. Daha sonra tanimlanan maya tiirlerinin
filogenetik analizleri MEGA-X programi altinda yer
alan Maksimum parsimoni agact 1000 tekrarli boostrap
parametresi ile olusturuldu. Filogenetik analizlerde
tirler arasi  uzakliklarin  belirlenebilmesi  igin
Schizosaccharomyces pombe maya tiirii dis grup olarak
se¢ildi.

Trehaloz ve Glikojen Birikimi

Maya hiicreleri YPD sivi1 kiiltiirlerinde sabit ¢alkalama
ile (120 rpm) 30 °C’de eksponensiyel asamaya kadar
(ODgp0=0,5-0,6) iiretildi. Bu agsamada maya kiiltiirleri 6
kisma ayrildi ve birinci kisimdaki hiicre kiiltiirii i¢indeki
maya hiicreleri stres oOncesi trehaloz ve glikojen
birikimini belirlemek i¢in kullanildi. Tkinci kisimdaki
maya kiiltiirleri 37 °C’de ve figiincii kisimdaki maya
hiicreleri 40 °C’de sabit calkalama ile 4 saat inkiibe
edildi. Dordiincii, besinci ve altinci kisimdaki hiicre
kiiltiirleri steril distile su ile yikandiktan sonra sirasiyla
0,8M, 1,0M ve 1,2M NaCl igeren taze YPD sivi
kiiltiirlerine aktarildi ve 30 °C’de sabit ¢alkalama ile 4
saat inkiibe edildi. Inkiibasyon sonrasi maya
hiicrelerinin trehaloz ve glikojen birikimleri daha once
kullanilan yontemle belirlendi [32]. Maya hiicreleri
0,25M Na,C0; iginde siispanse edilerek 2 saat
kaynatildiktan sonra 150 pl 1M asetik asit ve 600 pl
0,2M sodyum asetat pH 5.2 ilave edilerek iki kisma
ayrildi. Birinci kisimdaki hiicre lizatinin iizerine 3mU
trehalaz enzimi (Sigma, T8778) ilave edilerek 37 °C'de
18 saat ve ikinci kisimdaki hiicre lizatinin {izerine
1U/ml amiloglikozidaz enzimi (Sigma, 10115) ilave
edilerek 57 °C'de 18 saat inkiibe edildi. Enzimatik
reaksiyon sonucu agiga ¢ikan glikoz miktar1 glikoz-
oksidaz-peroksidaz (GOD-POD) kiti (Fluitest®-GLU,
Biocon, Almanya) kullanilarak belirlendi. Standart
glikoz ¢ozeltisine gore glikoz konsantrasyonlari
hesaplanarak elde edilen sonuglar maya yas agirligina
gore normalize edildi ve miligram hiicrede biriktirilen
mikrogram glikoz olarak (pg glikoz/mg yas maya
agirhign) olarak verildi.

istatistik Analizler

Tiim testler en az ii¢ tekrarli ve her tekrarda i set
olacak sekilde gergeklestirildi. Veri analizi SPSS (v.
10.0) istatistik programida Bagimsiz-Orneklem T-testi
%095 giiven seviyesi kullanilarak yapildi ve p<0,05
istatistiksel olarak anlamli kabul edildi.
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BULGULAR VE TARTISMA
Termotolerant ve  Ozmotolerant  Mayalarin
Belirlenmesi

Hint inciri olarak ta bilinen kaktiis armudu Akdeniz ve
Ege bolgelerinin kiy1 kesimlerinde dogal olarak yetisen
kurakliga ve sicakliga direncgli bir bitki tiriidiir.
Caligmamizda kaktiis armut meyvesi Adana ve Mersin
illerinden olgunlagsma doneminde toplanarak maya
izolasyonunda kullanildi. Farkli koloni morfolojisi
(formu, kenari, tepesi, yiizeyi ve rengi) gosteren 66
maya susu izole edildi. Kaktiis armut meyvesinde maya
yogunlugu 2,1X10® CFU/ml olarak hesaplandi.

izole edilen maya suslarimin  stres  direncini
belirleyebilmek igin eksponensiyel asamaya kadar
firetilen tiim maya suslarindan 10°, 104 10%, 10% ve 10
hiicre gelecek sekilde petrilere ekimleri yapildi. Is1 stresi
testi icin maya hiicreleri zengin besi ortaminda farklh
sicakliklarda inkiibe edildi. 37 °C ve iizerindeki
inkiibasyon sicakliklarinda 103, 10% ve 10 hiicre
sayisinda iireme gosteren maya suslari 1s1 stresine
direngli maya suslar1 olarak degerlendirildi. Is1 stresi
sonrasi tim maya suslar1 25 °C ve 30 °C°de %100 iireme
gosterdikleri i¢in Tablo 1’de yalnizca 30 °C sonuglari
verildi. izole edilen maya suslarindan yalmzca 22 tanesi
37 °C ve istiindeki sicakliklarda en az %75 iireme
gosterirken 19 maya susunun bu sicakliklarda tireme
gostermedigi belirlendi. 37 °C’de %75 iireme gosteren
31 maya susundan 3 tanesinin 40 °C’de %75 ve 42
°C’de %25 tireme gosterdigi, 6 maya susunun ise 40
°C’de %50 {ireme gosterirken 42 °C’de iireme
gostermedigi belirlendi. 37 °C’de %50 ve altinda {ireme

Tablo 1. Maya suslarinin 1s1 stresinde tireme sonuglart

gosteren 16 maya susundan yalnizca 12 tanesinin 42
°C’de %25 {ireme gosterebildigi diger 4 maya susunun
ise 40 °C ve 42 °C’de lireme gosteremedigi kaydedildi.

Ozmotik stres testi i¢in maya hiicreleri farkli tuz
konsantrasyonlari igeren zengin besi ortaminda 30 °C’de
inkiibe edildi. 0,8M ve tizerindeki tuz
konsantrasyonlarinda 103, 10? ve 10 hiicre sayisinda
iireme gosteren maya suglart ozmotik strese direngli
maya suslar1 olarak degerlendirildi ve elde edilen
sonuclart Tablo 2’de verildi. Tim maya suslarinin
diisiik tuz konsantrasyonunda (0,2M ve 0,4M) %75 ve
iizerinde iireme gosterdikleri belirlendi. izole edilen 9
maya susunun 0,8M ve  Ustlindeki tuz
konsantrasyonlarinda en az %50 iireme gostermesinden
dolay1 ozmotik stres direnci yiiksek maya suslar1 olarak
degerlendirildi. 0,8M tuz konsantrasyonunda %350
iireme gosteren 54 maya susundan 42 tanesinin 1,0M ve
izerindeki tuz konsantrasyonlarinda %25, 12 maya
susunun ise 1,2M ve iizerindeki tuz
konsantrasyonlarinda %25 tireme gosterdigi gozlendi.

Bu sonuglara gore izole edilen 66 maya susundan 25
tanesinin (P13, P15, P20, P24, P29, P33, P35, P37, P38,
P39, P43, P44, P45, P46, P47, P48, P49, P55, P57, P61,
P62, P63, P64, P65 ve P66) 1s1 stresine karsi direngli, 11
maya susunun (P15, P27, P29, P31, P33, P35, P36, P37,
P39, P55 ve P57) ozmotik strese karsi direngli ve 8
maya susunun (P15, P29, P33, P35, P37, P39, P55 ve
P57) hem 1s1 hem de ozmotik strese karsi direngli
oldugu belirlendi. Is1 stresi ve ozmotik stres sonuglarma
gore 28 maya susu direngli maya suslar1 olarak
degerlendirildi.

Inkiibasyon Sicaklig
Maya Suslari 30°C___ 37°C____40°C____42°C
P13, P15, P20, P24, P33, P38, P39, P43, P44, P45, P46, PA7, PA8, P49,
PS5, P57, P61, P62, P63, P64, P65, P66 AR AN AN I
P29, P35, P37 F+H+ F++ +++ +
P11, P12, P36, P40, P42, P53 bt - ++ -
P3, P8, P22, P26, P27, P28, P30, P31, P32, P34, P41, P60 T -+ + -
P4, P21, P25, P59 T + - -
P1, P2, P5, P6, P7, P9, P10, P14, P16, P17, P18, P19, P23, P50, P51, it ) ) )
P52, P54, P56, P58
10-102 hiicre: ++++; 103 hiicre:+++; 10* hiicre:++, 10 hiicre:+
Tablo 2. Maya suglarinin ozmotik streste tireme sonuglari

Mava Sus| Tuz Konsantrasyonu

aya susiart 02M _ 04M _ 06M _ 08M  10M  12M _ 14M
Eég, P27, P29, P31, P33, P35, P36, P37, et o et .t ++ -+ -+
P55, P57, P64 F+H+ +++ F++ e+ +++ + +
P34, P38, P40, P42, P43, P44, P45, P46,
P47 P48, P49, P53 +H++ +++ +++ ++ ++ + +
P1 - P14, P16 - P26, P28, P30, P32, P41,
P50, P51, P52, P54, P56, P58, P59, P60, ++++ +++ ++ ++ + + +

P61, P62, P63, P65, P66

10-102 hiicre: ++++; 103 hiicre:+++; 10* hiicre:++, 10 hiicre:+
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Maya Tiirlerinin Tanimlanmasi
Analizi

Maya tiirlerinin suslar1 arasinda fizyolojik 6zellikler ve
stres toleranslar farkliliklar gostermektedir. Bu nedenle
calismamizda stres direnci yiiksek olan maya suslarina
ilave olarak diger maya suslarinin da genomik DNA
izolasyonlar1 yapilarak ITS1-5.8S-ITS2 rDNA gen
bolgesinin Hinfl, Haelll ve Hhal enzimleri ile kesim
sonuclarma gore restriksiyon profilleri olusturuldu.
Boylece ayni tiire ait maya suslarinin stres toleranslari
arasindaki farkliliklarin belirlenmesi hedeflendi. Maya
suslarmm ITS1-5.8S-ITS2 rDNA gen bolgesinin
restriksiyonu sonrasinda 6 farkli restriksiyon profili
olustugu ve stres direnci yiiksek olan maya suslarinin 5
farkli profil iginde yer aldiklar1 gézlendi (Tablo 3). Stres
direnci yiiksek 28 maya susundan 16 tanesinin birinci
profili, 6 tanesinin ise ikinci restriksiyon profilini
olusturdugu goézlendi. Birinci restriksiyon profilinde yer
alan 12 maya susu ve ikinci profilde bulunan tiim maya
suslar1 26S rDNA gen bolgesinin DNA dizi analizi i¢in
secildi. Ucgiincii, doérdiincii ve besinci restriksiyon
profilinde yer alan maya suslarindan stres direnci
yiiksek olan P20 maya susu iiglincii profili, P45 maya
susu dordiincii profili ve P64 maya susu besinci profili
temsilen dizi analizi i¢in se¢ildi.

ve Filogenetik

Tablo 3. ITS PCR-RFLP sonuglari

Restriksiyon Enzimleri

Maya Suslari Hinfl Haelll Hhal
P13, P15, P24, P29,
P33, P35, P37, P44, 225-210-

P46, P48, P49, P55, 225-180-80 400-150 50

P57, P61, P62, P66

P38, P39, P43, P47,  275-200- 320-200-
P63, P65 125-80 650-100 190
P1, P2, P4, PS5, P6,
P7, P8, P9, P10, P14,
P16, P17, P18, P19, 280-180-80  450-150 20%1090‘
P20, P23, P50, P51,
P52, P54, P56, P58
P21, P28, P30, P32,
P34, P36, P41, P45, *00% 500100 310300
P53, P60
P3, P11, P12, P22,
P26, P27, P31, P40,  250-200 375-100  180-95-90
P42, P64

215-140-  300-200-  290-220-
P25, P59 140-100 100 90

Stres direnci yiiksek olan 28 maya susunun 21 tanesi
26S rDNA gen bolgesinin DNA dizi analizi ve tiir
tanimlamasi i¢in kullanildi. Elde edilen DNA dizilerinin
benzerlik analizleri NCBI servisinin sundugu BLAST
analiz programi kullanilarak yapildi ve analizi yapilan
suslarla en yiiksek homoloji gosteren tiirler belirlenerek
Tablo 4’te wverildi. Elde edilen tir tanimlama
sonuclarina gore birinci restriksiyon profilinde yer alan
12 maya susu (P13, P15, P24, P33, P44, P46, P48, P49,
P57, P61, P62 ve P66) Pichia kudriavzevii maya tiirii
olarak tanimlandi. Ikinci restriksiyon profilini olusturan
6 maya susundan bir tanesi (P43) Kluyveromyces lactis
olarak diger bes maya susu (P38, P39, P47, P63 ve P65)
ise Kluyveromyces marxianus olarak belirlendi. Ugiincii
restriksiyon profilinde yer alan P20 maya susu
Aureobasidium pullulans, dordiincii profilde yer alan
P45 maya susu Hanseniaspora opuntiae ve besinci
profilde yer alan P64 maya susu Pichia kluyveri olarak
tanimlandi. Bu sonuglara gore birinci profilde yer alan
16 maya susu P. kudriavzevii olarak, tgiincii profilde
yer alan 22 maya susu A. pullulans olarak, dérdiincii
profilde yer alan 10 maya susu H. opuntiae olarak ve
besinci profilde yer alan 10 maya susu P. kluyveri
olarak  degerlendirildi. Boylece  kaktiis  armut
meyvesinden izole edilerek tanimlanan maya tiirlerinin
yiizdelik dagilim1 A. pullulans igin %33, P. kudriavzevii
icin %24, P. kluyveri i¢in %15, H. opuntiae igin %15,
K. marxianus igin %8, R. glutinis i¢in %3 ve K. lactis
icin %2 olarak belirlendi.

Tablo 5. 26S rDNA bolgesi kullanilarak tanimlanan maya
tiirleri ve Genbank Erigim Kodlart

Strese direngli maya suglar1 koyu-kalin olarak ve 26S rDNA
gen bolgesi sekansi yapilan maya suglart alti ¢izili olarak
gosterildi.

Diger restriksiyon profilinde stres direnci yiiksek maya
susu bulunmadig: i¢in bu profilden DNA dizi analizi
icin maya susu segilmedi. Ancak altinci restriksiyon
profilinde yer alan P25 ve P59 maya suslar1 koloni
morfolojisine (koloni formuna, koloni kenarina, koloni
tepesine, koloni yiizeyine ve koloni rengine gore) ve
ITS1-5.8S-ITS2 rDNA gen bolgesinin restriksiyon
analizine gore Rhodotorula glutinis maya tirii olarak
degerlendirildi.

Maya Tanimlanan Maya Tiirii GenBank

Susu (Referans Erisim Numarasi) Erigim Kodu
P13 P. kudriavzevii (MH545928.1) MW832516
P15 P. kudriavzevii (K'Y108850.1) MwW832517
P20 A. pullulans (JX462671.1) MWwW832518
P24 P. kudriavzevii (K'Y108850.1) MW832519
P33 P. kudriavzevii (K'Y108850.1) MW832520
P38 K. marxianus (KY108103.1) MW832521
P39 K. marxianus (KY108106.1) MW832522
P43 K. lactis (KY108006.1) MW832523
P44 P. kudriavzevii (KY108850.1) MW832524
P45 H. opuntiae (KY107820.1) MW832525
P46 P. kudriavzevii (JX645718.1) MW832526
P47 K. marxianus (KC544466.1) MWw832527
P48 P. kudriavzevii (K'Y108850.1) MW832528
P49 P. kudriavzevii (K'Y108850.1) MW832529
P57 P. kudriavzevii (MH545928.1) MW832530
P61 P. kudriavzevii (K'Y108850.1) MWwW832531
P62 P. kudriavzevii (K'Y108850.1) MW832532
P63 K. marxianus (KY108106.1) MW832533
P64 P. kluyveri (KY108826.1) MW832534
P65 K. marxianus (KY108106.1) MW832535
P66 P. kudriavzevii (KY108850.1) MW832536

Endiistriyel olarak 6nemli olan Saccharomyces

cerevisiae maya tiiriine ilave olarak diger stres toleransi
yiiksek non-Saccharomyces maya tiirlerinin izolasyonu
ve tamimlanmasi olduk¢a O6nemlidir. Ozellikle Pichia,
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Debaryomyces ve Kluyveromyces cinslerine ait maya
tirlerinin farkli streslere karsi toleransinin yiiksek
oldugu bilinmektedir [33, 34, 35, 36]. K. marxianus maya
suslarinin  yiiksek  sicakliklarda etanol  iiretme
kapasitesine sahip olmalarindan dolayr K. marxianus
endiistriyel olarak 6nemli bir maya tiiriidiir [41, 42, 43,
44, 45]. Benzer sekilde P. kudriavzevii maya tiiriniin de
1s1 direncinin ve etanol iiretim kapasitesinin yiiksek
olmasi sebebiyle son yillarda olduk¢a 6nem kazanan bir
maya tiiriidiir [42, 43, 44]. Calismamizda da izole edilen
K. marxianus, K. lactis ve P. kudriavzevii maya
tiirlerine ait tim maya suslari 1s1 ve ozmotik strese karsi
toleransli olduklarindan endiistriyel potansiyele sahip
maya suslar1 olarak degerlendirildi.

Pullulan polisakkaritinin {iretiminde yaygin olarak
kullanilan A. pullulans oldukga genis bir dagilim alanina
sahip olup poliekstremotolerant maya tiirtidiir [45, 46, 47,
48]. A. pullulans maya tiiriine ait suslar yiiksek tuz
igeren ortamlarda, asidik ve bazik ortamlarda ve diisiik
sicakliklarda hayatta kalabildigi i¢in stres direncli maya
tiirli  olarak bilinmektedir [49, 50, 51, 52]. Ancak
calisgmamizda izole edilerek A. pullulans olarak
tanimlanan 22 maya susundan bir maya susu (P20) harig
diger maya suslariin 1s1 stresine ve ozmotik strese
direngli  olmadiklar1  gozlendi. Agirlikli  olarak
fermentasyon proseslerinde kullanilan H. opuntiae
etanol direnci yiiksek olan bir maya tiiriidiir [53, 54]. S.
cerevisiae gibi H. opuntiae maya tiirii de Avrupa Gida
Giivenligi Otoritesi (The European Food Safety
Authority, EFSA) tarafindan giivenli (Qalified
Presumption of Safety, QPS) maya tilirii olarak
degerlendirilmektedir  [55]. H. opuntiae olarak
tanimlanan 10 maya susundan P45 maya susunun 1s1
stresine ve P36 maya susunun ozmotik strese karsi
direncinin yiiksek oldugu belirlendi. Diger H. opuntiae
maya suslarinin ise 1s1 stresine ve ozmotik strese karsi
direnglerinin degisken ve disik seviyede oldugu
gozlendi. Bezer sekilde P. kluyveri olarak tanimlanan
P64 maya susunun 1st stresine, P27 ve P31 maya
suslarinin  ozmotik strese karst direngli olduklari
gozlendi. Diger P. kluyveri olarak tanmimlanan maya
suslarindan ise 1s1 stresine ve ozmotik strese karsi
direnglerinin diigiik veya orta seviyede ve degisken
oldugu gozlendi. Bu sonuclara gore stres toleransinin K.
marxianus ve P. kudriavzevii maya tirlerinin suslari
arasinda farklilik gostermedigi, A. pullulans, H.
opuntiae ve P. kluyveri maya tiirlerinin suslar1 arasinda
ise farklilik gosterdigi belirlendi.

Molekiiler olarak tanimlanan K. marxianus, K. lactis, P.
kudriavzevii, A. pullulans, H. opuntiae ve P. kluyveri
maya tiirlerine ait 26S rDNA gen bolgelerinin
filogenetik analizleri MEGA-X programi altinda
sunulan ClustalW v1.6 parametresi kullanilarak yapildi.
Elde edilen Maximum parsimoni filogenetik agac1 Sekil
I’de wverildi. Filogenetik analizlerde tiirler arasi
uzakliklarin belirlenebilmesi i¢in S. pombe maya susu
dis grup olarak se¢ildi. Elde edilen aga¢ uzunlugu 625,
tim niikleotid bolgelerinin CI (Consistency Index)
degeri 0,713, RI (Retention Index) degeri 0,876, RC

(Rescaled Index) degeri 0,625 olarak belirlendi. Ayrica
maksimum parsimoni agacina ait parsimony informatif
bolgeler i¢in iCI (Consistency Index) degeri 0,680, iRI
(Retention Index) degeri 0,876 ve iRC (Rescaled Index)
degeri 0,596 olarak hesaplandi [56]. Maksimum
parsimoni agaci bootstrap metodu 1000 tekrarli olarak
ve Subtree-Pruning-Regrafting (SPR) algoritmasi
kullanilarak olusturuldu. Elde edilen bootstrap degerleri
agacta verilirken, 50’nin altinda olan bootstrap degerleri
gosterilmedi [57, 58]. Maksimum parsimony agacina
gbdre maya susglar1 iki ana klada ayrildi. Birinci kladda
yer alan A. pullulans maya susunun diger tim maya
suslarmdan ayrildig1 gozlendi. ikinci kladda yer alan 20
maya susundan 13 tanesinin Pichia cinsine ve 6
tanesinin Kluyveromyces cinsine ait oldugu, H. opuntiae
maya susunun ise Kluyveromyces cinsinden ayrildigi
tespit edildi.

|00E A. pullulans (JX103180.1 CEC RMa-S-5)
A. pullulans (P-20)
100 H. opuntiae (KY107820.1 CBS:8820)
4 H. opuntiae (P-43)
K. marxianus (KY108078.1 CBS:458)
K. lactis (KY108006.1 CBS:5669)
o7 K. lactis (P-43)
100 B [ K. marxianus (P-39)
K. marxianus (P-47)
85 jﬁ K. marxianus (P-38)
| K. marxianus (P-65)
K. marxianus (P-63)

%0 96

72

8

% P. kluyveri (KY108826.1 CBS:7275)
P. kluyveri (P-64)

— P. kudriavzevii (KY108856.1 CBS:7322)
—— P. kudriavzevii (P-46)
—— P. kudriavzevii (P-57)

P. kudriavzevii (P-13)
—— P. kudriavzevii (P-15)

P. kudriavzevii (P-24)
———— P. kudriavzevii (P-44)
—— P. kudriavzevii (P-33)
— P. kudriavzevii (P-62)
—— P. kudriavzevii (P-66)

P. kudriavzevii (P-48)
—— P. kudriavzevii (P-49)
P. kudriavzevii (P-61)
Schizosaccharomyces pombe (KF278469.1 ATCC 16979)

Sekil 1. Maksimum Parsimoni filogenetik agaci. MP agaci,
MEGA-X programi igerisinde yer alan filogenetik analiz
programinda, Subtree-Prunning-Regrafting (SPR) algoritmasi
ve bootstrap metodu kullanilarak, 1000 tekrarli olarak
olusturuldu. %50’nin altinda kalan bootstrap degerleri
gosterilmedi.

Stres Direnci Yiiksek Mayalarin Trehaloz ve
Glikojen Birikimleri

Maya hiicrelerinin stres kosullarinda stres metaboliti
olarak trehaloz ve glikojen biriktirmesinden dolay1
calismamizda 1s1 stresine ve ozmotik strese direncli
maya tiirlerinin biriktirdigi trehaloz ve glikojen miktar1
belirlendi. Her maya tiiriinii temsilen bir maya susu
secilerek logaritmik asamaya kadar stres icermeyen
ortamda {iretilerek 1s1 stresi i¢in 37 °C ve 40 °C’ye ve
ozmotik stres i¢in 0,8M, 1,0M ve 1,2M tuz igeren iireme
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ortamlarma gegcirildi. Stres kosullarinda 4 saat tiretilen
maya hiicrelerinin depo karbonhidrat miktart enzimatik
olarak belirlendi.

P. kudriavzevii maya susunun (P15) stres kosullarinda
belirlenen trehaloz ve glikojen miktar1 Sekil 2’de
verildi. Stres igermeyen kosullarda P. kudriavzevii maya
susunda  Olgiilen  glikojen  miktarinin  trehaloz
miktarindan fazla oldugu (p<0,05), stres kosullarinda ise
trehaloz miktarinda anlamli artis oldugu gozlendi
(p<0,05). Maya hiicrelerinin trehaloz miktarinda 37
°C’de 15 kat 40 °Cde 7 kat, 08M tuz
konsantrasyonunda 4 kat, 1,0M tuz konsantrasyonunda
10 kat ve 1,2M tuz konsantrasyonunda 15 kat artis
(p<0,05) gozlendi. Hiicre iginde biriktirilen trehalozun
ozmotik stresin oranina paralel olarak arttig1 1s1 stresinin
oranina gore ise azaldigi tespit edildi. Glikojen
miktarindaki anlamli azalma (p<0,05) ise stres
kosullarinda glikojen sentezleyemedigi, aksine glikojeni
yiktig1 gozlendi. P. kudriavzevii maya tiiriiniin stres
metaboliti olarak trehalozu tercih ettigi belirlendi.

K. marxianus (P39) ve K. lactis (P43) maya suslarinin
stres kosullarinda biriktirdigi trehaloz ve glikojen
miktar1 Sekil 3 ve Sekil 4’te verildi. Stres igermeyen
kosullarda K. marxianus ve K. lactis maya suglarinin
biriktirdigi glikojen miktarinin trehaloz miktarindan
fazla oldugu (p<0,05) gozlendi. Stres kosullarinda K.
marxianus maya susunun trehaloz ve glikojen
miktarinda 5 ile 10 kat arasinda anlamli bir artis
(p<0,05) oldugu belirlendi. K. marxianus maya
hiicrelerinin 37 °C’de biriktirdigi trehaloz ve glikojen
miktarinm birbirine yakin seviyede oldugu gézlenirken
40 °C’de glikojen miktarinin trehaloz miktarindan
yaklagik 2 kat fazla oldugu (p<0,05) belirlendi. Ozmotik
stres kosullarinda K. marxianus maya hiicrelerinin
glikojen birikiminin trehaloz birikiminden 2-4 kat fazla
(p<0,05) oldugu gozlendi. K. marxianus maya
hiicrelerinde hiicre iginde biriktirilen trehaloz ve
glikojen miktarinin uygulanan stresin oranina paralel
olarak artt1g1 tespit edildi. K. marxianus maya susunun
stres metaboliti olarak trehaloza ilave agirlikli glikojen
biriktirdigi belirlendi.
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Sekil 2. Stres kosullarinda P. kudriavzevii (P15) maya tiiriiniin
trehaloz ve glikojen birikimi
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Sekil 3. Stres kosullarinda K. marxianus (P39) maya tiiriiniin
trehaloz ve glikojen birikimi

K. lactis maya hiicrelerinin trehaloz miktarinin 37 °C’de
9 kat ve 40 °C’de 7 kat arttig1 (p<0,05) gozlenirken
glikojen miktarinin 37 °C’de 2 kat arttig1 40 °C’de ise
degismedigi (p<0,05) belirlendi. Ozmotik stres
kosullarinda ise K. lactis maya hiicrelerinin trehaloz ve
glikojen birikiminin 5 ile 10 kat arasinda arttig1
(p<0,05) gozlendi. K. lactis maya hiicrelerinin 1s1
stresinde trehaloz miktarmin glikojen miktarindan fazla
oldugu, ozmotik streste ise glikojen miktarinin trehaloz
miktarindan fazla oldugu belirlendi. Bu durum stresin
cesidine gore K. lactis maya hiicrelerinin biriktirdigi
stres metabolitinin degistigini gdstermektedir.
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Sekil 4. Stres kosullarinda K. lactis (P43) maya tiiriiniin
trehaloz ve glikojen birikimi

A. pullulans (P20) maya susunun stres kosullarinda
biriktirdigi trehaloz ve glikojen miktar1 Sekil 5’te
verildi. Stres icermeyen kosullarda A. pullulans maya
susunun  biriktirdigi trehaloz miktarmim glikojen
miktarindan yaklasik 24 kat fazla oldugu (p<0,05) stres
kosullarinda ise anlamli olarak azaldigi belirlendi.
Logaritmik asamada biriktirilen trehalozun %350’sinin
1s1 stresinde ve yaklasik %80°nin ozmotik stres
kosullarinda  yikildigi, glikojen  miktarinin  ise
degismedigi gozlendi. Bu durum A. pullulans maya
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hiicrelerinin stres kosullarinda trehaloz ve glikojen
disinda farkli bir stres metabolitini (6rnegin gliserol)
biriktirebilecegini diisiindiirmektedir.

A. pullulans
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Sekil 5. Stres kosullarinda A. pullulans (P20) maya tiiriiniin
trehaloz ve glikojen birikimi

H. opuntiae (P45) maya susunun stres kosullarinda
biriktirdigi trehaloz ve glikojen miktar1 Sekil 6°da
verildi. Stres igermeyen kosullarda H. opuntiae maya
susunun trehaloz ve glikojen miktarlar arasinda anlamli
bir fark olmadigi, stres kosullarinda ise trehaloz ve
glikojen miktarinda en az 2 kat artis (p<0,05) oldugu
belirlendi. Ist stresinde maya hiicrelerinin trehaloz
birikiminin 3 kat glikojen birikiminin ise 2 ile 4 kat
arasinda artt1ig1, sicaklik arttikca biriktirilen depo
karbonhidrat ¢esidinin trehalozdan glikojene dogru
kaydig1 gozlendi. Maya hiicrelerinin 0,8M ve 1,0M tuz
konsantrasyonundaki  trehaloz miktarinin  glikojen
miktarindan 2-3 kat daha az oldugu (p<0,05), 1,2M tuz
konsantrasyonunda ise glikojen miktarinin azaldigi
trehaloz miktarinin arttig1 belirlendi. Bu durum H.
opuntiae maya hiicrelerinde stresin miktarina ve
cesidine gore trehaloz ve glikojen birikiminin
degistigini gostermektedir.
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Sekil 6. Stres kosullarinda H. opuntiae (P45) maya tiiriiniin
trehaloz ve glikojen birikimi

P. Kkluyveri (P64) maya susunun stres kosullarinda
biriktirdigi trehaloz ve glikojen miktart Sekil 7’de

verildi. Stres igermeyen kosullarda P. kluyveri maya
susunun  icerdigi  trehaloz  miktarinmm  glikojen
miktarindan fazla oldugu (p<0,05), stres kosullarinda ise
trehaloz ve glikojen miktarinda anlamli bir artig oldugu
gozlendi. Is1 stresinde maya hiicrelerinin trehaloz
birikiminin glikojen birikiminden 2 kat fazla oldugu
(p<0,05), ozmotik stres kosullarinda ise stresin
yogunluguna gore trehaloz birikiminin azaldig1 (p<0,05)
glikojen birikiminde ise anlamli bir fark olmadig:
belirlendi.
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Sekil 7. Stres kosullarinda P. kluyveri (P64) maya tiiriiniin
trehaloz ve glikojen birikimi

SONUC VE ONERILER

Farkli fizyolojik streslere karsi toleransi yiiksek olan
maya tirleri gida endiistrisinde, firincilikta, ilag ve
alkollii igecek tiretiminde kullanilmaktadir. S. cerevisiae
Avrupa Gida Giivenligi (European Food Safety
Authority, EFSA) ve Gida ve Ilag Kurumu (Food and
Drug Administration, FDA) tarafindan giivenli olarak
tanimlanan (Generally Recognized As Safe, GRAS) ve
en yaygin kullanilan maya tiiridiir. S. cerevisiae maya
tiri disinda strese dayanikli non-Saccharomyces maya
tirlerinin ~ tamimlanmast  ve  endiistriyel alanda
kullanilmas: tiir gesitliligi agisindan oldukg¢a dnemlidir.
Bu nedenle calismamizda stres toleransi yiiksek olan
kaktiis armut bitkisinden sicaklik ve ozmotik stres
direnci yiiksek maya tiirleri izole edilerek molekiiler
yontemlerle tanimlandi. Ayrica stres direnci yiiksek
maya tiirlerinin stres kosullarinda biriktirdigi depo
karbonhidrat ¢esidi ve miktar1 belirlendi. izole edilen 66
maya susundan 25 maya susunun 1s1 stresine karsi, 11
maya susunun ozmotik strese kars1 ve 8§ maya susunun
hem 1s1 stresine hem de ozmotik strese karsi direngli
oldugu belirlendi.

Son yillarda dondurulmus-hamur endiistrisinde (frozen-
dough) kullanilan kryo-mayalarin (Cryo-yeast) dnemi
artmistir.  Kryo-mayalarin en temel o6zelligi depo
karbonhidrat birikiminin 6zellikle trehaloz birikiminin
yiiksek olmasidir [59, 60]. Ayrica bu mayalarin
donmaya kars1 direngli oldugu gibi 1s1 ve ozmotik strese
(seker ve tuz kaynakli) karst da direngli olmalari istenen
ozelliklerdir [25, 61, 62, 63]. Trehaloz ayrica
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yiyeceklerin dayanikliligini artirmada, ilag ve kozmetik
endiistrisinde  stabilizator olarak  kullanilmaktadir.
Endiistriyel amaglarla kullanilan mayalarin iiretim
sirasinda  ve sonrasinda  dayanikliliklari  maya
hiicrelerinin farkli karbonhidratlar1 enerji kaynagi olarak
kullanabilmelerine ve degisik metabolitleri
biriktirebilmelerine baglidir. Trehaloz ve glikojen stres
kosullarinda biriktirilen ve hiicreleri olumsuz dis
etkenlere karst1 koruyan metabolitlerdir. Trehaloz
biriktirmeyen maya hiicreleri ise glikojen gibi alternatif
karbon kaynaklarni  depo karbonhidrati olarak
biriktirmektedir. Trehaloz ve glikojen birikimi yiiksek
olan mayalar endiistriyel Oneme sahip mayalar
oldugundan c¢aligmamizda stres direngi yiikksek maya
tiirlerinin trehaloz ve glikojen birikimleri belirlendi.

K. marxianus ve K. lactis maya tiirleri stres kosullarinda
agirlik olarak glikojen biriktirirken P. kudriavzevii maya
tiiriiniin agirlik olarak trehaloz biriktirdigi tespit edildi.
K. marxianus, K. lactis ve P. kudriavzevii maya
tirlerine ait izole edilen tiim maya suslarinin
termotolerant ve ozmotolerant 6zelliklerinden ve yiiksek
miktarda stres metaboliti biriktirdiklerinden dolay1
endiistriyel Oneme sahip maya tirleri olduklar
belirlendi. Diger izole edilen A. pullulans, H. opuntiae
ve P. kluyveri maya tiirlerinde stres toleransinin suslar
arasinda  farkliik  gosterdigi  belirlendi.  Stres
metabolitinin ¢esidinin ve miktarinin stresin derecesine
ve c¢esidine gore maya tirleri arasinda farklilik
gosterdigi tespit edildi. Ancak bu sonucun dogrulanmasi
icin ayn1 maya tiirline ait diger maya suslarinda da
benzer analizlerin yapilarak etanol stresi gibi farkl: stres
kosullarinda da tekrar edilmesi gerekmektedir. A.
pullulans maya tiiriinde stres kosullarinda trehalozun
yikildigr ve glikojenin sentezlenmedigi goézlendi. Bu
nedenle daha sonraki ¢alismalarda maya hiicrelerinde
trehaloz ve glikojene ilave olarak diger bir stres
metaboliti olan gliseroliin miktarinin belirlenmesi uygun
olacaktir.
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ABSTRACT

In this study, biosynthesis and in vitro phytochemical composition, antibacterial and antioxidant activities of silver
nanoparticles were investigated by using aqueous leaf, flower and root extracts of Primula vulgaris (P. vulgaris
subsp. vulgaris). The synthesized silver nanoparticles (AgNPs) were confirmed by color conversion and ultraviolet-
visible (UV-visible) spectrophotometry. The appearance of a dark brown color and a UV absorption spectrum range
at 440 nm confirmed the synthesized silver nanoparticles. The antimicrobial activity of silver nanoparticles
synthesized from the leaf of P. vulgaris; S. aureus 25+1, S. epidermidis 20+1, P. aeruginosa 20+1, A. hydrophila
21«1, C. albicans 25+1, C. tropicalis 25«1, C. parapsilosis 2241 and C. glabrata 20+1 mm zone diameter was
determined. The most antimicrobial effect of P. vulgaris leaf aqueous extract; S. aureus 20+1, S. epidermidis 18+1,
A.hydrophila 15+1, P. aeruginosa 12+2, C. albicans 18+1, C. glabrata 18+1, C.tropicalis15+2, and C. parapsilosis
15+2 mm zone diameter was revealed. The presence of flavonoids, terpenoids, protein, and carbohydrates was found
to be higher in silver nanoparticles synthesized in the flower part of P. vulgaris, according to phytochemical
screening. While saponins were detected in P. vulgaris root extracts, tannins and protein were detected in the leaf
extract. The flower had the highest total phenolic extract content of the silver nanoparticle (29.08+0 mg GAE/g
DW), while the leaf and root had the lowest total phenolic content of 9.06+0.5 and 8.64+3.3 mg GAE/g DW,
respectively. The flower had the highest total phenolic extract content of the plant aqueous extracts (25.10+0.2 mg
GAE/g DW), while the leaf and root had the lowest (8.28+0.5 and 5.20+0.0 mg GAE/g DW, respectively).The
DPPH (1,1-Diphenyl-2-picrylhydrazil) assay was used to assess free radical scavenging activity. The antioxidant
activity of AgNPs biosynthesized using P. vulgaris flower extract was 90.6 %, while P. vulgaris flower aqueous
extracts were 86.3 %.

This can be concluded that silver nanoparticles synthesized using P. vulgaris flower extract are useful in the
preparation of pharmacologically useful drugs.

Keywords: Antimicrobial, Antioxidant, Primula vulgaris, Silver nanoparticle

Primula vulgaris'ten Sentezlenen Giimiis Nanopartikiillerin Antimikrobiyal ve Antioksidan
Potansiyeli

0z

Bu calismada, Primula vulgaris'in (P. vulgaris subsp. vulgaris) sulu yaprak, ¢icek ve kok ekstreleri kullanilarak
glimiis nanopartikiillerin biyosentezi ve in vitro fitokimyasal bilesimi, antibakteriyel ve antioksidan aktiviteleri
arastirilmistir. Sentezlenen giimiis nanoparcaciklar (AgNP'ler), renk doniisiimii ve ultraviyole-g6riiniir (UV-goriiniir)
spektrofotometrisi ile dogrulandi. Koyu kahverengi rengin gériiniimii ve 440 nm'de bir UV absorpsiyon spektrum
araligi, sentezlenen glimiis nanopargaciklari dogruladi. P. vulgaris’in yaprak ekstraktindan sentezlenen giimiis
nanopartikiildeki en fazla antimikrobiyal etki; S. aureus 25+1, S. epidermidis 20+1, P. aeruginosa 21+1, A.
hydrophila 21«1, C. albicans 25+1, C. tropicalis 25+1, C. parapsilosis 22+1 ve C.glabrata 201 mm zon ¢apu ile
belirlendi.P. vulgaris yaprak sulu ekstraktin en fazla antimikrobiyal etki; S. aureus 20+1, S. epidermidis 18+1,
A.hydrophila 15£1, P. aeruginosa 1242, C. albicans 18+1, C. glabrata 18+1, C.tropicalis15+2 ve C. parapsilosis
15+£2 mm zon ¢ap1 ortaya konmustur. Fitokimyasal taramaya gore P. vulgaris'in ¢icek kisminda sentezlenen giimiis
nanopartikiillerde flavonoidler, terpenoidler, protein ve karbonhidratlarin varligi daha yiiksek bulunmustur. P.
vulgaris kok ekstraktlarinda saponinler tespit edilirken, yaprak ekstraktinda tanen ve protein tespit edildi. P. vulgaris
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yaprak ekstraktindan sentezlenen giimiis nanopartikiillerin antimikrobiyal aktivitesinin, P. vulgaris yaprak sulu
ekstraktinin antimikrobiyal aktivitesinden daha aktif oldugu bulundu. Cigek, giimiis nanopartikiilin en yiiksek
toplam fenolik ekstrakt igerigine (29.08+0 mg GAE/g DW) sahipken, yaprak ve kok, sirasiyla 9.06+0.5 ve 8.64+3.3

mg GAE/g DW ile en diisiik toplam fenolik icerige sahipti.

Bitki sulu ekstraktlar1 arasinda en yiiksek toplam fenolik ekstrakt icerigi ¢igekte bulunurken (25.10+£0.2 mg GAE/g
DW), yaprak ve kok en diigiik (sirasiyla 8.28+0.5 ve 5.20+0.0 mg GAE/g DW) bulundu. DPPH (1,1-Difenil-2-
pikrilhidrazil) tahlili, serbest radikal siipiirme aktivitesini degerlendirmek i¢in kullanildi. P. vulgaris ¢icek oziitii
kullanilarak biyosentezlenen AgNP'lerin antioksidan aktivitesi %90,6 iken, P.vulgaris ¢igek sulu 6ziitleri %86.3'tiir.
Buradan P. vulgaris ¢icek ekstresi kullanilarak sentezlenen giimiis nanopartikiillerin farmakolojik olarak faydali
ilaclarin hazirlanmasinda faydali oldugu sonucuna varilabilir.

Anahtar Kelimeler: Antimikrobiyal, Antioksidan, Giimiis nanopartikiil, Primula vulgaris

INTRODUCTION

Bioactive nanoparticles (NPs) from plant extracts have
an important place in researching new anti-cancer
agents and developing more effective drugs. Non-toxic,
ecological, metal based, and size of less than 100 nm
NPs (such as gold, silver, palladium, manganese, zinc)
using obtained plant extracts from plants by different
methods can be synthesized. The recommended
practical approach for generating NPs without the use of
high pressure, high temperatures, or harmful chemicals
is biological synthesis, often known as green synthesis
[1]. Alkaloids, amino acids, flavonoids, terpenoids, and
other phenolic compounds are found in plants that serve
as bioactive compound reservoirs, and these compounds
work as excellent reducing agents for the bioreaction of
metals in NPs, which have a wide range of biological
applications [2-3]. Plant or algae extract-mediated
bioreaction for photosynthesis of AgNPs involves
mixing the aqueous extract with silver nitrate solution
[4-5]. The plant-mediated green synthesis system seems
to be a method that leads to the product of stable NPs in
a quicker time and provides constant construction. In
this case, herbs including phytochemicals with a high
therapeutic impact seem to be a principle for NP
synthesis as they are released from toxic chemicals [6].

The Primula genus has around 400 species that belong
to the Primulaceae family and are found throughout the
northern hemisphere's temperate and cold zones.
Saponins, alkaloids, tannins, terpenes, and phenolic
chemicals are abundant in Primula species [7-8].
Primula species are used as popular ornamentals,
traditional medicinal plants, and model organisms [9].
Primula is a very important medicinal plant and they
are used in medicine for the treatment of cramps,
spasms, paralysis, and rheumatic pains. Primula
includes saponins, which are expectorant, and anodyne,
which is the main element of aspirin, and salicylates,
which have anti-inflammatory and febrifuge impacts.
Flowers are anodyne, diaphoretic, diuretic, and
expectorant [10]. The essential oils of Primula vulgaris
were evaluated for antibacterial activity against nine
bacterial species and shown to be effective against M.
smegmatis [11].

P. vulgaris leaves and root extracts show antibacterial
action against E. coli and P. aeruginosa, according to

Majid et al. [12]. Saponins and phenolic glycosides are
found in the Primula genus [13]. Various species of
Primula have been shown to have antioxidant,
antibacterial, antimycobacterial, antifungal, cytotoxic,
antiviral, antiangiogenic, anti-inflammatory, and
antimitotic properties, as well as cytotoxic, antiviral,
antiangiogenic, anti-inflammatory, and antimitotic
benefits, according to some studies [14-15]. Cellular
stress occurs when the body's free radicals and
antioxidants are out of balance, resulting in cellular
damage. DNA is a common target of oxidative stress,
and DNA damage induced by reactive oxygen species
(ROS) is linked to a variety of disorders, including
cancer, heart disease, and diabetes. Antioxidant
molecules found in plants, such as polyphenolic
chemicals, protect cells from the harmful effects of
reactive oxygen species (ROS). The antioxidant effect
of phenolic compounds is defined by their ability to
give electrons to reactive oxygen species (ROS), chelate
metal ions, and stimulate antioxidant enzymes. Various
investigations have revealed that P. vulgaris extracts
have antioxidant properties [14-16].

In the literature reviews, there is no before a published
report on the antimicrobial and antioxidant activity of
aqueous extracts and the biosynthesized silver
nanoparticules (AgNPs) from leaf, flower and root of P.
vulgaris.

This article presents the first report on antimicrobia and
antioxidant activities of the biosynthesized AgNPs from
P. vulgaris grown in southern Turkey.

In this study, we aimed to investigate the antimicrobial
and antioxidant activities of biosynthesized silver
nanoparticles and aqueous extract from P. vulgaris.

MATERIALS AND METHODS

Analytical grade reagents were utilized throughout. The
Milli-Qwater purification system was used to obtain
ultrapure water for all of the aqueous solutions
(Millipore Corporation, MA, USA). Silver nitrate salt
(AgNOs) and DPHH (2,2-diphenyl-1-picrylhydrazyl)
were purchased from Sigma-Aldrich- Germany. The
fresh plant parts ( leaves, roots, and flower) of P.
vulgaris were collected from Salipazart (Samsun),
Turkey (Latitude 41° 4' 50" N, longitude 36° 49' 36" E)
in May 2019.
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Preparation of the Primula vulgaris Extracts

For the preparation of Primula vulgaris extract, the
leaves, roots, and flowers of the plant sample
(identification was determined by Dr. Ekrem Aktoklu, a
plant systematic expert at Kirsehir Ahi Evran
University) were washed with water on the same day,
they were dried in a 50°C oven for 24 hours before
being pulverized using a mechanical muller. 10.0 gram
of powdered all the extracts (leaves, roots, and flowers)
were boiled for 20 minutes at 100 °C in 100 mL of
distilled water. It was then filtered through Whatman
filter paper and centrifuged twice at 10,000 rpm to
obtain all the extracts. The obtained extracts were stored
in sterile tubes at 4 °C until use.

Synthesis of silver nanoparticle

Silver nitrate was used as a precursor in the synthesis of
silver nanoparticles. Ten milliliters of aqueous extracts
were mixed with 90 ml of 10 mol/L AgNOj; solutions
and kept in dark for the synthesis of silver nanoparticles
at room temperature for 24 h .After 24 h, the solution
was centrifuged at 6000xg and the pellet was collected,
rewashed with distilled water and stored for 24 hours
without light (25 °C).

After, it was observed that the color of the samples
turned brown. The color change proves the
formation/reduction of silver nanoparticles (Fig. 1a, 1b,
and 1c). The reduced silver nanoparticles solutions were
transported to falcon tubes and centrifuged at 4,500 rpm
for 1 hour. After centrifugation, the liquid part of the
falcon tubes was left, and the wet solid sample
accumulated at the bottom of the tube was given to the

Eppendorf tubes.
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Figure 1. Color Change in Solution After Incubation 24 Hours
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a) AgNPs from leaf, b) AgNPs from flower, ¢) AgNPs from
root

Analysis of the UV-VIS Spectrum

A preliminary test for the formation of silver NPs was
carried out using a UV-Visible spectroscopy technique.
UV-Visible spectrophotometer (Shimadzu, Japan) was
used to measure a volume of 1.0 mL of the reduced
silver nanoparticles solutions at wavelengths between
200 and 700 nm.

Microorganisms

The microorganisms were obtained from the Kirgehir
Ahi Evran University microbiology laboratory. 16
bacterial strains and 4 yeast strains as S. aureus ATCC
29213, S. epidermidis ATCC 12228, L. monocytogenes
ATCC 35152, B. cereus 709 Roma, B. subtilis ATCC
6633, E. coli ATCC 25922, K. pneumoniae ATCC
13883, C. jejuni ATCC 33560, E. aerogenes ATCC
51342, S. dysenteriae ATCC 11835, S. typhimurium
ATCC 14028, V. angilarum ATCC 43312, P.
aerogenosa ATCC 27853, A. hydrophila ATCC 7966,
P. mirabilis ATCC 29906, P. vulgaris ATCC 29905, C.
albicans ATCC 90028, C. parapsilosis M006, C.
tropicalis M007 and C. glabrata ATCC 90030 were
used.

Assays for Antimicrobial Activity

The antimicrobial activity of aqueous extracts and
biosynthesized AgNPs obtained from each of the
flowers, leaves, and roots was tested against selected
bacterial and yeast strains. All microbial strains are kept
in Nutrient Broth at 4 °C. The antimicrobial efficacy of
the plant extracts was evaluated against the given
strains. Tyriptic Soy Broth (TSB) and Tyriptic Soy Agar
(TSA) were used as media for the growth of
microorganisms.

The antimicrobial activity of extracs and AgNPs was
analyzed by using agar well diffusion method against
bacterial and yeasts. Prepared TSA and sterilized at 121
°C. The medium was transferred into each sterilized
Petri plate. Then 0.1 mL of diluted microbial cultures
were spread over TSA. The 6-mm diameter well was
drilled with a sterile drill for TSA. The plates were
incubated for 24 hours at 37°C. The diameter of the
resulting inhibitory zone was measured after incubation,
and average results were reported [17].

Qualitative Phytochemical Analysis

To observe the common phytoconstituents, a qualitative
phytochemical examination of the P. vulgaris extract
(leaf, flower, and root) was done using standard
experimental protocols. Among the phytoconstituents,
flavonoid (Shinoda test), terpenoids (Salkowsi test),
saponins (Frothing test), tannins (Ferric chloride),
carbohydrates (Molisch test), and Protein (Biuret test).
These tests yielded either positive (+) or negative (-)
results [18-19].



Antioxidant Activity
Total Phenolic Content (TPC)

The Folin-Ciocalteu method was used to define the
complete quantity of phenolic in the PVE with little
change (—). Each test composition was done in
triplicates. The total phenolic content (TPC) was
measured in milligrams per gram of sample as a Gallic
acid equivalent (GAE) [20].

Total Flavonoid Content (TFC)

The restricted aluminum chloride technique was used to
prepare the total levels of flavonoids in the extracs [21].
The findings were duplicated three times. In the mg/g
sample, the total flavonoid content (TFC) was reported
as GAE.

Scavenging of DPPH Radical

0.1 mM DPPH (2, 2-diphenyl-1-picrylhydrazyl): 0.0027
g weighed and dissolved in 70 ml methanol. Aqueous
leave, flower, and root extracts and AgNPs were taken
in 50 pl and transferred to test tubes. After mixing 1 ml
of 0.1 mM DPPH radical into methanol with vortex, it
was held at room temperature for 30 minutes in the
dark, and UV-Vis spectroscopic data were taken at 517
nm (UV-VIS Shimazu, Japan). As a control, ascorbic
acid was employed. Silver nanoparticles were examined
at different concentrations (100, 50, 25, and 12.5
pug/mL). The experiment was repeated three times.

% inhibition = [(AC — AS)/AC] x 100 was used to
quantify radical scavenging activity, where AC
represents the absorption of a blank sample (t = 0 min)
and AS represents the absorption of the tested extract
solution [22].

Statistical Analysis

The means () (n = 3) plus the standard deviation of the
means were used to express all experimental results.

Microsoft Excel was used to conduct the statistical
analysis. Significant P values were defined as those less
than 0.05.

RESULTS and DISCUSSION

Biosynthesized of AgNPs

UV-Vis spectra of the reduced/synthesized silver
nanoparticles using leave, flower, and root extracts of P.
vulgaris solutions are shown in Fig.la, 1b, and lc.
Maximum absorption wavelength for reduced AgNPs
solutions from root, flower, and leaf were found as 440
nm. Formations of silver nanoparticles by UV-vis
spectrophotometer is a very important technique. It has
been reported in different studies that strong and large
surface absorption peaks were observed in the formation
of various metal NPs of 2-100 nm size [23].

Despite the fact that the plasmon band of the P. vulgaris
extracts (leaf, flower, and root) components is broad,
they are read in the spectrophotometric range. UV-
Visible spectroscopy (excitation band close to 450 nm
for silver) revealed the synthesis of silver nanoparticles
with a 24-hour absorbance rise. According to Mie
theory, only a single surface plasmon resonance (SPR)
band is required in the absorption spectra of spherical
nanoparticles. The number of peaks increases as
anisotropy increases [24-25].

In the UV-vis spectrum, extracts containing silver
nanoparticles revealed a peak of 423 nm, according to
Kotakadi et al. [26].

In another study, it was stated that the extracts
containing silver nanoparticles showed a peak of 404 in
the UV spectrophotometer. In our study, 440 nm peak
of silver nanoparticles synthesized from P. vulgaris
showed (Figure 2).

Absorbanee (Abs)
o o

o o 0 o
'Y

()

=

— Leaf
e FhOWET

- Root

)

350 <00

Wase Leagth (am)

Figure 2. UV-Vis Spectra of P. vulgaris Leaf, Flower and Root Extract in Appearance of Ag+ lons at 25°C
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Antimicrobial Activity of Aqueous Extracts and
AgNPs

The antimicrobial activity of biosynthesized silver
nanoparticles and aqueous extracts (leaf, flower, and
root) was tested using the agar well diffusion method on
14 bacteria and four yeast species. Table 1 lists a few of
the impacts. Antimicrobial activities of aqueous extracts
and AgNPs against bacteria and yeasts were determined
in millimeters. Ofloxacin (5 pg) and Fluconazole (10
ug) were used as controls. The antimicrobial effects of
aqueous extracts and AgNPs were determined in
triplicate for each microorganism. To various degrees,
all of the aqueous extracts and AgNPs tested inhibited
both Gram-positive and Gram-negative bacterial
species.

Silver nanoparticles showed that they had antimicrobial
activity against E. coli and S. aureus by disrupting the
surface of cell walls [27].

Results revealed that P. vulgaris leaf extract exhibit
inhibitory effects against S. aureus and S. epidermidis
that showed zone of inhibition 201 and 18 = 1 mm
and A. hydrophila and S. dysenteriae showed zone of
inhibition 15+1 mm and B. subtilis, P. mirabilis, and P.
vulgaris showed zone of inhibition 13+£2 and B. cereus,
E. aerogenes and P. aeruginosa showed zone of
inhibition 1242 mm aqueous extract. Our results
showed that leaf extract had the same effect against C.
parapsilosis and C. tropicalis and the zone diameter
was measured as 15 £ 2 mm. The effect of the leaf
extract against C. albicans and C. glabrata 18 + 1
inhibition zone diameter was measured.

In a study on antifungals, it was reported that crude
extract of P. macrophylla with benzene and ethyl
acetate exhibited highest antifungal activity on T.
longifilis and M. canis [28]. Crude extracts from the
aerial parts of P. longipes were found to have
antibacterial activity against Gram-positive and Gram-
negative bacteria in another study [29]. P. vulgaris leaf
extracts were reported to have inhibitory action against
gram-positive bacteria (S. pneumoniae, S. pyogenes, S.
aureus, and S. epidermidis) in earlier research [30],with
MICs ranging from 32 to 64 pg/ml. Plants including
Jatropha curcas [31], Argimone maxicana [32], and
Punica granatum have been found to produce silver
nanoparticles in the past [33]. Bar et al. [31] and
Khandelwal et al. [32] reported on the antibacterial
activity of AgNPs in a series of papers. Devanesan et al.

[33] observed a zone of inhibition in E. coli, P.
aeruginosa, P. wulgaris, S. typhi, S. aureus, S.
epidermidis, and K. pneumoniae when the produced
nanoparticles were investigated.

Our results showed that AgNPs from leaf extract had
the best antimicrobial effect. In AgNPs from leaf
extract, B. cereus, B. subtilis, E. aerogenes, A.
hydrophila, S. dysenteriae, S. epidermidis, S. aureus, P.
aeruginosa, P. mirabilis and P. vulgaris showed the
widest zone 25+1-15+1mm in diameter. Other bacteria
showed an inhibition zone of 8 mm or less. Yeast
formed a zone diameter of 25+1- 20+1 mm from silver
nanoparticles from leaf extract. Among yeasts, the
highest antimicrobial activity was observed in C.
albicans and C. tropicalis.

In silver nanoparticles from flower extract, S.
epidermidis, S. aureus, B. cereus, B. subtilis, E.
aerogenes, P. aeruginosa and A. hydrophila show an
inhibition zone of 18+0-10+1 mm, while other bacteria
have zones of 6 mm or less. showed. S. epidermidis, S.
aureus, B. cereus, B. subtilis, P. aeruginosa, and A.
hydrophila displayed inhibition zones of 10£15 mm in
silver nanoparticles from root extract, while other
bacteria showed inhibition zones of 5 mm or less. In the
root, all yeasts formed a zone diameter of 100 mm.
AgNPs showed more antimicrobial activity to yeasts
compared to bacteria. None of the tested extracts did
show inhibitory effects against E. coli, K. pneumoniae,
and S. typhimurium. In antimicrobial evaluation, the
zone with the diameter of < 8 mm was considered as
inactive; 10+0-18+1 mm as less active, and 20+1-25+1
mm as very well active.

The release of silver cations from silver nanoparticles,
which act as a reservoir for them, is responsible for
silver nanoparticles antibacterial activity [34].

Silver nanoparticles from leaf extract showed good
antimicrobial activity in C. albicans, C. glabrata, C.
parapsilosis and C. tropicalis. Silver nanoparticles
contain more antimicrobial activity to yeasts than
bacteria.
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Table 1. Antimicrobial Activity of Aqueous Extracts and Silver Nanoparticles

Zone Diameter (mm) of aqueous extracts and silver nanoparticles

Zone Diameter (mm) of Aqueous Extracts

Zone Diameter (mm) of Silver Nanoparticles

Microorganisms Leaf Flower  Root Leaf Flower  Root Ofloxacin Flukonazol
(Sng) (10pg)

S. aureus ATCC 29213 20+1 13+1 12+0 25+1 15+1 15+0 20+1 0

S. epidermidis ATCC 12228 18+1 12+1 10+0 20+1 15+1 10+0 2142 0
L.monocytogenes ATCC35152 5+1 6+1 2+1 8+1 6+1 5+1 20=+1 0

B. cereus 709 Roma 12+2 10+0 100 15+1 100 100 30=+1 0

B. subtilis ATCC 6633 13+2 12+1 10+1 15+1 15+1 10+1 1542 0

E. coli ATCC 25922 0 0 0 0 0 0 15+1 0

K. pneumoniae ATCC 13883 0 0 0 0 0 0 20+1 0

C. jejuni ATCC 33560 642 60 2+1 8+2 6+0 5+1 20+£1 0

E. aerogenes ATCC 51342 12+2 8+0 2+1 15+1 10+0 5+1 20+1 0

S. dysenteriae ATCC 11835 15+1 6+0 540 18+1 6+0 540 20+1 0

S. typhimurium ATCC 14028 0 0 0 0 0 0 20+2 0

V. angilarum ATCC 43312 6+0 3+0 2+0 8+0 540 540 15+1 0

P. aeruginosa ATCC 27853 12+2 12+0 10+0 20=+1 15+0 10+0 22+1 0
A.hydrophila ATCC 7966 15+1 12+1 12+1 20+1 1541 10+1 10+1 0

P. mirabilis ATCC 29906 13+2 3+] 3+1 15+1 5+1 5+1 10+1 0

P. vulgaris ATCC 29905 1342 4+1 2+1 162 5+1 5+1 25+1 0

C. albicans ATCC 90028 18+1 150 8+1 25+1 1840 10+0 0 25+1
C. parapsilosis M006 1542 15+0 7+1 22+1 18+0 10+0 0 25+1
C. tropicalis M007 1542 1240 8+0 25+1 1540 10+0 0 25+1
C.glabrata ATCC 90030 18+1 13+1 7+0 20+1 15+1 10+0 0 23+1

Phytochemicals Analysis and Antioxidant Activity
Phytochemicals Analysis of Silver Nanoparticles

Flavonoids, saponin, and tannin were found to be active
components in the plant based on the findings of
phytochemical screening. Table 2 summarizes the
phytochemical screening of the aqueous extract of P.
vulgaris leaf, flower, and root, both qualitatively and
quantitatively. The analysis explained the existence of

several phytoconstituents in the leaf extract, including
flavonoids, tannins, phenolic compounds, glucosides,
and proteins. The early research showed that plant
includes phenolic and flavonoids maintain powerful
antioxidant abilities and from the biosynthesis of
nanoparticles [35].

Tablo 2. Phytochemical screenings of Biosynthesized Silver Nanoparticles from P. vulgaris Leaf, flower and Root

Silver nanoparticles

Phytochemicals Test Result

Leaf Flower Root
Flavonoids Shinoda ++ +++ +
Terpenoids Salkwaski - + -
Saponins Frothing ++ ++ +++
Tannins Ferric chloride ++ + +
Carbonhydrates Molish ++ +++ ++
Proteins Biuret + + -

(+++) = strong presence, (++) = moderate presence, (+) =

A yellow precipitate showed the presence of tannins in
the P. vulgaris leaf extract. In P. vulgaris carbohydrates
screening, a reddish-purple ring was found to be high in
the flower, while it was weaker in the leaf and root.
Obtaining a purple color as a result of protein screening
in P. vulgaris extracts was found to be positive in leaf
and flower extracts. Green synthesis of AgNPs was

Less present, (-) = Absent

carried out using P. vulgaris leaf, flower, and root
extract. In this way, nanoparticle synthesis with plant
extract is more advantageous than known resistant
antibiotics as it is cost-effective, friendly, and easy to
use.

In another study, Green synthesis of gold nanoparticles
and silver nanoparticles synthesized from Pistacia
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atlantica were reported to be a very good friendly and
non-toxic source [36].

According to phytochemical screening, the presence of
flavonoids was determined to be weaker in the leaf and
root part while a yellow coloration was observed in the
flower part of P. vulgaris. While terpenoids were found
positive in flower extracts of P. vulgaris, leaves and
roots were also evaluated as negative. Saponins were
positive in root extracts of P. vulgaris, while leaves and
roots were also considered to be moderate availability.
The presence of these phytochemicals in P. vulgaris is
an indication that antibacterial and antioxidant activity
may also occur.

In our study, silver nanoparticles were synthesized using

flavonoids was observed in flowers (11.27 = 0.4), while
the lowest one was observed in the root (0.53 + 2.2.2) in
extract.

The content of flavonoid expressed as equivalents,
varied 4.32 £0.4 (leaf), 19.67 £ 2.2, and 1.98 £ 2.6 mg
equivalent/g silver nanoparticles (Table 3). The flower
showed the highest amount of flavonoid contents
followed by leaf and root in AgNPs. Flavonoids show
antioxidant activity and their effects on human nutrition
and human health are quite high. It is well known that it
handles the antioxidant effect in flavonoid plants
containing hydroxyl functional groups [40].

Tablo 3. Total phenolic (mg GAE/g DW) and Total
Flavonoids Contents of (mg CE/g) Aqueous Extracts and
Silver Nanoparticles

leaf, root, and flower extracts of P. vulgaris. This study
also can serve as the main source of P. vulgaris extracts

Total Phenolic (mg GAE/g DW) Total Flavonoid (mg CE/qg)

phytochemicals for pharmaceutical products, so the P. Leaf  Flower ~ Root  Leaf  Flower Root
vulgaris plant can be used for treatment in various Aqueous 8.284+0.5 25.10+0.2 520+0.0 1.36+2.2 11.27+ 0.53+£2.2
diseases Extracts 0.4

' Silver 9.06+0.5 29.08+0.1 8.64+3.3 4.32+0.4 19.67+2.2 1.98+2.6

Total Phenolic (TPC) and Total Flavonoid (TFC)
Content of Extracts and Silver Nanoparticles

The Folin-Ciocalteu reagent was used to determine the
total phenolic content. Total phenolic content of the
boiled water of P. vulgaris extracts express grams of
Gallic acid equivalents (GAE).

Total phenolic compounds in sections changed, with
values ranging from 8.28 0.5 mg/g for the leaf, 25.10
0.2 mg/g for the flower, and 5.20 0.0 mg/g for the fruit,
expressed as gallic acid equivalents (GAE). The flower
had the greatest total phenolic content of all the flowers.
Orhan et al. [30] study that TPC usage of P. vulgaris
water extract has 7.55 mg of GAE/g extract. A water
extract of P. vulgaris had a TPC value of 89.6 g
GAE/mg extract in a different investigation.
Furthermore, for a concentration of 45 g/mL, the DPPH
inhibition values of P. vulgaris water extract are 43%
and 99.5 percent, respectively [15].

The total phenolic contents of AgNPs were in 9.06 + 0.5
(leaf), 29.08 + 0.1(flower), and 8.64 + 3.3 (root) mg
GAE/g DW range which is in agreement with values
reported before [37]. The highest amount of total
phenolic was observed in flowers (AgNPs), while the
lowest one was observed in the root. The total phenolic
content values obtained for the ethanol extracts of the
primula are different from that reported for aqueous
ethanol extracts of the primula, 535.4 mg GAE/ 100 g
for flowers [38]. Phenolic compounds are thought to
provide color, taste, aroma and beneficial effects on
health. It is also believed to contribute to the quality and
nutritional value. The phytochemical results may create
a link between antibacterial and antioxidant activity. It
can find an important place as an antimicrobial and
antioxidant agent [39]. The highest amount of total

Nanoparticles

Antioxidant Activity of Aqueous Extracts and Silver

Nanoparticles

In this study, the antioxidant activities of silver
nanoparticles and aqueous extracts were evaluated using
DPPH radical scavenging assay. As it is depicted in
Table 4 the inhibition varied between 32.6-41.5 % for
leaf, 78.4-86.3% for flower and 28.3-36.7 % for root in
12.5 and 100 (ug/mL) concentration of extracs. As it is
depicted in Table 4 the inhibition varied between16.4-
23.2% for roots, 16.0-17% for leaves and 14.9-24.7
%.for flowers. Table 4 shows that AgNPs from flower
extracts provide the most DPPH radical scavenging
activity (90.6 %) at higher concentrations (100 pg/mL).
At 50 pg/mL and 100 pg/mL, silver nanoparticles from
the leaf showed moderate inhibition of DPPH % 48.8
and 58.4. Also, At 50 pg/mL and 100 pg/mL, AgNPs
from root extracts showed moderate inhibition of DPPH
% 46.3 and % 48.4. Ascorbic acid showed the highest
inhibition of DPPH at 100, 50, 25 and 12.5 pug/mL with
96.0 %, 95.1 %, 93.1 and 90.1 %. The result indicated
that the % inhibition of DPPH by pg/mL was dose-
dependent. The antioxidant activity obtained in the
present study is different from that reported for aqueous
ethanol extracts of the primula, research obtained 86.65
% [38]. Primrose water extract and ethanol are effective
DPPH radical scavenging which was 99.5 and 99.4 [15].
Demir et al., [40] stated that the extract prepared with
dimethyl sulfoxide from P. vulgaris flowers has strong
antioxidant properties.
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Table 4. Antioxidant Activities of Aqueous Extracts and Silver Nanoparticles in DPPH Assay

% DPPH inhibition by Aqueous Extracts and Silver Nanoparticles

Agueous Extracts

Silver Nanoparticles

Concentration Leaf Flower  Root  Leaf Flower  Root % DPPH inhibition by Ascorbic Acid
(ng/mL)

100 415 86.3 36.7 58.4 90.6 48.4 96.0

50 40.0 83.4 34.3 48.8 86.7 46.3 95.1

25 35.7 82.6 32.3 46.6 84.6 42.3 93.1

12.5 32.6 78.4 28.3 45.6 81.5 40.2 90.3
Antioxidants are of great importance in reducing
oxidative stress, which plays a role in disease
development by damaging biological molecules [41]. REFERENCES

Oxidative stress plays a role in various acute and
chronic pathological processes such as cellular aging,
acute and chronic Kidney disease, cardiovascular,
cancer, neurodegenerative diseases, and biliary tract
diseases [42]. The consumption of antioxidants is
necessary to maintain the homeostasis balance in the
human body, to prevent and treat diseases. But synthetic
antioxidants have some degree of toxicity. Thus, taking
natural antioxidants from food is the first choice,
because natural antioxidants play an important role in
the prevention and treatment of diseases [43-44].
Antimicrobial and antioxidant activities of P. vulgaris
extracts are promising that silver nanoparticles with new
antioxidant and antimicrobial activity may find a wide
area of use in medicine. More research is needed,
especially to get therapeutic drugs. With detailed studies
on this subject, the usage areas of nanoparticles can be
further expanded.

CONCLUSION

Consequently, Silver nanoparticles were synthesized by
using P. vulgaris extracts (leaf, flower, and root) grown
under in vitro conditions. Gram-positive bacteria are
more vulnerable to gram-negative bacteria, according to
antibacterial investigations. In short, antioxidants have
an active function in inhibiting and destroying free
radicals, thus helping the body's defense mechanism on
disease and chronic infections.

In this study, Silver nanoparticles showed good
biological activities, antimicrobial and antioxidant
activity, and phytochemical properties. This may be
useful for pharmacologists to discover safe and cost-
effective drugs for the treatment of ailments rather than
synthetic drugs.

Thus, the synthesized nanoparticles became a good
alternative to developing an antimicrobial and
antioxidant agent.
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Mus Alparslan Universitesi Fen Bilimleri Dergisi Haziran ve Aralik sayist olmak iizere yilda iki defa yayimlanan uluslararasi
hakemli bir dergidir. Derginin asil amact 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 gdsterilmeden hicbir yerde kullanilamaz. Dergiye
gonderilen makalelerin icerikleri 0zgiin, daha 6énce herhangi bir yerde yayimlanmamis veya yayimlanmak lizere
génderilmemis 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 gore hazirlanmis “6rnek_makale” dosyasini bilgisayariniza indirmeniz ve makalenizi
bu makaleyi érnek 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 listii bir siiriimde hazirlanarak génderilmelidir.

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 yazilmalidir. 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 unvanlari; 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 yazilmalidir.

e Makale bashgy, icerikle uyumlu, icerigi en iyi ifade eden bir baslik olmalidir. Baslik, kalin ve 12 punto biytkligiinde
olmali ve ilk harfler biiyiik olacak sekilde sayfa ortalanarak yazilmalidir. Makaleler aym 6zellikte ingilizce bir
baslik/title icermelidir.

e Makalenin basinda, konuyu kisa ve 6z bicimde ifade eden ve en az 75, en fazla 150 kelimeden olusan Tiirkce “Oz”
bulunmahdir. Oz iginde, 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 bosluk
birakilarak, en az 3, en ¢ok 6 sozciikten olusan anahtar kelimeler verilmelidir. Anahtar kelimeler makale icerigi ile
uyumlu ve kapsayicl olmalidir. Aym sekilde makaleler Ingilizce bir bagslik/title, anahtar sbzciikler/keywords ve
0z/abstract icermelidir.

e MAUNFBD'in yayin dili Tiirkce ve Ingilizcedir.

e Herhangi bir sempozyum veya kongrede sunulmus olan calismalar 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, Sonug¢ vb. yer alacak sekilde
hazirlanmali ve alt bagliklar ikinci derece basliklar Times New Roman 10 punto ile saga hizali 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 alinmals, agik ve yalin bir anlatim yolu izlenmeli, amag
ve kapsam disina tasan gereksiz bilgilere yer verilmemelidir. Makalenin hazirlanmasinda gecerli bilimsel yontemlere
uyulmali, ¢alismanin konusu, amaci, kapsami, hazirlanma gerekgesi vb. bilgiler yeterli dl¢iide ve belirli bir diizen
icinde verilmelidir.

e Bir makalede sirasiyla 6zet, ana metnin béliimleri, kaynak¢a ve (varsa) ekler bulunmalidir. Makalenin bir “Giris” ve bir
“Sonug¢” bolimii bulunmalidir. “Giris” ¢alismanin amaci, 6nemi, dénemi, kapsami, veri metodolojisi ve planini mutlaka
kapsamalidir. Konu gerektiriyorsa literatiir tartismasi da bu kisimda verilebilir. “Sonu¢” arastirmanin amag ve
kapsamina uygun olmali, ana ¢izgileriyle ve 6z olarak verilmelidir. Metinde s6zii edilmeyen hususlara “Sonug”ta yer
verilmemelidir. Belli bir diizen saglamak amaciyla ana, ara ve alt bagliklar kullanilabilir.

e Tablo/Sekillerin numarasi ve basligi bulunmalidir. Tablo ¢iziminde dikey c¢izgiler kullanilmamalidir. Yatay cizgiler ise
sadece tablo i¢indeki alt bagliklar1 birbirinden ayirmak i¢in kullanilmahdir. Tablo/Sekil numarasi iiste, tam sola dayali
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 tizere ana, ara ve alt bashklar kullanilabilir. Makale bashg disindaki
diger tiim bashklar 10 punto yazilmalidir. Birinci derece baglklar biiyiik ve koyu karakterde; ikinci derece basliklar,
yalnmz ilk harfleri biiyiik ve koyu olmayan; ti¢lincti derece basliklar ise yalnz ilk harfleri biiyiik, koyu olmayan ve italik
harflerle yazilmalhdir. Ayrica basliklar, 6ncesi ve sonrasi 6 nk olacak sekilde ayarlanmalidir.
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e Kaynak géstermede makale igerisinde “koseli parantez igerisinde numara” ile yazilmahdir. Her kaynak kendi
orijinal dilinde verilmelidir. Kaynaklar Times New Roman 9 punto ile yazilmaldir. Kaynaklar yazilirken siralama
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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.

If you 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.

e The articles should be in MS Word 2007 or higher version.

o 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.

e 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.

o 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.

e 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.

e MAUNFBD is published in Turkish and English.

e 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.

e 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.

e Formulas and equations need to be written via Math Type or Word Equation Editor.

e 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.

e 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.

e 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.

e 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,
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e Aydin I, Karakose E., Karakése 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
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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 Stireci

MAUNFBD'ye gonderilen yazilar, énce Yayin Kurulunca dergi ilkelerine uygunluk acgisindan bir 6n degerlendirmeye
tabi tutulur. Dergi kapsamina girmeyen veya bilimsel bir yazi formatina igerik ve sekil sartlari agisindan uymayan
yazilar, hakemlik siireci baglatilmadan geri ¢evrilir ya da baz1 degisiklikler istenebilir. Yayin i¢in teslim edilen
makalelerin degerlendirilmesinde akademik tarafsizlik ve bilimsel kalite en 6nemli dl¢iitlerdir.

MAUNFBD'’ye yayin kurallarina uygun olarak goénderilen 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 istiine ¢ikmamasi gerekmektedir. ilgili
calismada herhangi bir intihale rastlanmadig takdirde degerlendirilmek iizere o alandaki ¢alismalariyla taninmis iki
hakeme gonderilir. MAUNFBD Dergisi, stirecin her asamasinda, hakem ve yazarlarin isimlerinin sakl tutuldugu cift-
kor hakemlik sistemini kullanmaktadir. Hakem raporlar bes yil siireyle saklanir. Makaleyi degerlendiren iki hakemden
birisinin olumlu digerinin olumsuz rapor vermesi durumunda makale ii¢clincii hakeme gonderilmekte veya Yayin
Kurulu, hakem raporlarini inceleyerek nihai karar1 vermektedir.

MAUNFBD’e gonderilen ¢alismalarda yazarlar, hakem ve Yayin Kurulunun elestiri ve onerilerini 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 iist 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 doniis olmamasi nedeniyle yeniden hakem atama vb. nedenlerden
dolay1 hakem degerlendirme siireci uzayabilmektedir.

MAUNFBD’e makale gonderen 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, cevre bilimi, saglik, eczacilik, miihendislik bilimleri vb. tiim fen
bilimlerine ait o6zgiin ve nitelikli bilimsel c¢alismalar1 destekleyerek bilim camiasinda {iretilen bilgileri
akademisyenlerin ve kamuoyunun istifadesine sunmak amaciyla yeni ve 6zgiin ¢alismalara yer verilmektedir.

MAUNFBD’e gonderilecek ¢alisma, alaninda bir boslugu dolduracak 6zgiin bir yazi olmali ya da daha o6nce
yayimlanmis ¢alismalari degerlendiren, konuya dair yeni ve dikkate deger goriisler ortaya koyan inceleme olmaldir.

MAUNFBD’e gonderilecek yazilar makale, geviri ve kitap tanitimi tiiriinde olmalidir. Dergimize gonderilen ¢eviri
yazilar i¢in, makale sahibinin yayin izni ve orijinal metin gereklidir.

MAUNFBD’e yayin dili Tiirkce ve ingilizce'dir.

MAUNFBD’e gonderilen ¢alismalar daha o6nce higbir yerde yayimlanmamis ve halihazirda yayimlanmak tzere
sunulmamis olmalidir. Bilimsel bir toplantida sunulmus bildiriler, durum agik¢a belirtilmek sartiyla dergiye
gonderilebilir.

MAUNFBD’e Kis/Aralik ve Yaz/Haziran sayisi olmak tizere yilda iki defa diizenli olarak yayimlanmaktadir.

MAUNFBD’e gonderilen yazilara telif hakki 6denmez. Yayimlanan makalelerin telif hakki Mus Alparslan Universitesi
Fen Bilimler Dergisi’'ne aittir.

MAUNFBD'de yayimlanan yazilarin bilimsel ve hukuki sorumlulugu yazarlarina aittir.

MAUNFBD'de yer alan yazilardaki goriis ve diisiinceler yazarlarinin kisisel gorisleri olup derginin ve bagl oldugu
kurumlarin gorislerini yansitmaz.

MAUNFBD’e gonderilen galismalar, TUBITAK ULAKBIM’in DergiPark Sistemi (UDS) iizerinden elektronik ortamda
gonderilmektedir. Bu sisteme http://dergipark.gov.tr/MAUNfbd da yer alan "Kullanici Sayfasi/Yeni Gonderi"
linkinden ulagilabilir. S6z konusu sisteme kayit yapilip makale gonderildikten sonra hakem siireciyle ilgili gelismeler
ve hakem degerlendirme raporlari yazarlar tarafindan kolaylikla takip edilebilir.
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Editorial Principles

MAUNFBD is a national and international peer-reviewed journal that publishes authentic and qualified works with a
scientific approach in the fields of science, basic and engineering sciences. It is published to contribute to raising the
quality of the social sciences studies, development of methods and practices, to strengthen the communication
between theoretical and practical studies, and to enrich the science literature.

MAUNFBD supports all the authentic and qualified scientific studies in the science fields including maths, physic,
chemistry, biology, health, pharmacy, engineering sciences etc. It publishes new and authentic works to offer the
knowledge produced by scientific circles for the benefit of academics and public.

The works that are sent to MAUNFBD must be both an authentic work to eliminate a lack in the literature or a review
assessing the previously-published works and suggesting relevant, new, and noteworthy opinions.

The texts that are sent to MAUNFBD include articles, translations, and book promotions. For the translated texts,
publication permission of the owner of the article and the source text are required.

Publication languages of MAUNFBD are Turkish and English.

The works that are sent to MAUNFBD must not be published previously anywhere. They have to be ready for
publication. The papers that have previously been presented in a scientific meeting can be sent to the journal if it is
clearly indicated.

MAUNFBD is regularly published in Winter/December and Summer/June per year.

No copyright payment is made for the papers that are sent to MAUNFBD. The copyrights of the works that are
published in MAUNFBD are transferred to Mus Alparslan University Journal of Science.

Scientific and legal liabilities of the articles published in MAUNFBD belong to the authors.

All the opinions and ideas indicated in the articles that are published in MAUNFBD are authors’ personal opinions and
do not reflect the opinions of the Journal or the affiliated institutions by any means.

The works that are sent to MAUNFBD are sent to TUBITAK ULAKBIM’s DergiPark System (UDS) in electronical
environment. This system can be accessed via http://dergipark.gov.tr/MAUNfbd under the link “User Page/New
Submission”. After registering in the system and submitting the paper, the developments regarding the reviewing
process and reviewer reports can be followed by the authors.
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