Sakarya University Journal of Science (SAUJS)

e-issn: 2147-835X

SAU Fen Bil Der/SAUJS
Cilt/Volume: 27
Sayi/lssue: 4
Agustos/August 2023



www.saujs.sakarya.edu.tr

Sakarya Universitesi Fen Bilimleri Enstitiisii Dergisi
(Sakarya University Journal of Science)
Cilt/Volume: 27 No/ Issue:4 Agustos/August 2023
Editor Kurulu/Editorial Boards

Owner

Hamza Al, Sakarya University (Turkey)

Publishing Manager

Hiseyin Ozkan Toplan, Metallurgical and Materials Engineering, Sakarya University (Turkey)

Editor-in-Chief

Omer Tamer, Physics, Sakarya University (Turkey)

Associate Editors

Ihsan Hakan Selvi, Information Systems Engineering, Sakarya University (Turkey)

Editors

Abderrahmane Benbrik, M'Hamed Bougara University at Boumerdes (Algeria)
Abdullah Oguz Kizilcay, Computer Engineering, Zonguldak Bilent Ecevit University (Turkey)

Ali Cemal Benim, Faculty of Mechanical and Process Engineering, Duesseldorf University of Applied
Sciences (Germany)

Ali Demir, Mathematics, Kocaeli University (Turkey)

Aligholi Niaei, Chemistry, Tabriz University (iran)

Asli Ucar, Faculty of Health Sciences, Nutrition and dietetics, Ankara University (Turkey)
Asude Ates, Environmental Engineering, Sakarya University (Turkey)

Bahadir Saygl, Physic, Ege University (Turkey)

Baris Ylce, Engineering Management, Exeter University, UK

Belma Zengin Kurt, Chemistry, Bezmialem Vakif University (Turkey)

Benjamin Durakovic, Department of Industrial Engineering, Bosnia International University of
Sarajevo (Bosnia and Herzegovina)

Berrin Denizhan, Industrial Engineering, Sakarya University (Turkey)

Can Serkan Keskin, Chemistry, Sakarya University (Turkey)

Caner Erden, International Trade and Finance, Sakarya University of Applied Sciences (Turkey)
Ceren Tayran, Physic, Gazi University (Turkey)

Cansu Akbulut, Biology, Sakarya University (Turkey)

Ece Ummii Deveci, Environmental Engineering, Nigde Omer Halisdemir University (Turkey)

Edgar Perez-Esteve, Food Technology, Polytechnic University of Valencia (Spain)



Elif Agcakoca, Civil Engineering, Sakary Apllied Science University (Turkey)

Elif Eker Kahveci, Mechanical Engineering, Sakarya University (Turkey)

Erman Aslan, Mechanical Engineering, Kocaeli University (Turkey)

Fahrettin Horasan, Computer Engineering, Kirikkale University (Turkey)

Faruk Firat Calim, Civil Engineering, Alparslan Tirkes University (Turkey)

Feyza Gurbuz, Industrial Engineering, Erciyes University (Turkey)

Francesco de Paulis, Electrical and Electronics Enginering, University of L'Aquila (Italy)
Gokhan Dok, Civil Engineering, Sakary Apllied Science University (Turkey)

Grazyna S Martynkova, Nanotechnology Centre, VSB-Technical University of
Ostrava - Nanotechnology Centre (Czech Republic)

Grzegorz Jaworski, Physics, Heavy lon Laboratory, University of Warsaw (Poland)

H. F. Nied, Department of Mechanical Engineering and Mechanics, Lehigh University (U.S.A.)
Hakan Alp, Geophysical Engineering, Cerrahpasa University (Turkey)

Hatice Esen, Industrial Engineering, Kocaeli University (Turkey)

Huaseyin Aksoy, Biology, Sakarya University (Turkey)

Issa Al-Harty, Civil and Architectural Engineering, Sultan Qaboos University (Oman)

ibrahim Bahadir Basyigit, Electrical and Electronics Engineering, Isparta Apllied Science University
(Turkey)

ismail Hakki Demir, Architecture, Sakarya University (Turkey)

Kamaruzzaman Sopian, Renewable Energy, Universiti Kebangsaan Malaysia (Malaysia)

Khalifa Al-Jabri, Civil and Architectural Engineering, Sultan Qaboos University (Oman)

Kevser Ovaz Akpinar, Computer Engineering, Rochester Institute of Technology of Dubai (Dubai)
Luan Thach Hoang, Mathematics, Texas Tech University (U.S.A.)

Luis A. Materon, Biology, The University of Texas Rio Grande Valley (USA)

M. Hilmi Nisanci, Electrical and Electronics Engineering, Sakarya University (Turkey)

Mahmud Tokur, Metallurgical and Materials Engineering, Sakarya University (Turkey)

Mehmet Emin Aydin, Industrial Engineering, University of Bedfordshire (UK)

Mehmet Uysal, Metallurgical and Materials Engineering, Sakarya University (Turkey)

Mesut Baran, Electrical and Computer Engineering, FREEDM Systems Center, North Carolina State
University (U.S.A)

Mirag Alaf, Metallurgical and Materials Engineering, Bilecik Seyh Edebali University (Turkey)

Mohammad Sukri bin Mustapa, Faculty of Mechanical & Manufacturing Engineering, Universiti Tun
Hussein Onn Malaysia (Malaysia)

Muhammed Fatih Adak, Computer Engineering, Sakarya University (Turkey)
Muhammed Maruf Oztiirk, Computer Engineering, Siileyman Demirel University (Turkey)
Murat Glzeltepe, Mathematics, Sakarya University (Turkey)

Murat Sarduvan, Mathematics, Sakarya University (Turkey)



Murat Tuna, Chemistry, Sakarya University (Turkey)

Mustafa Akpinar, Software Engineering, Sakarya University (Turkey)

Mustafa Giilfen, Chemistry, Sakarya University (Turkey)

Nahit Gencer, Chemistry, Balikesir University (Turkey)

Nazan Deniz Yon Ertug, Biology, Sakarya University (Turkey)

Necati Olgun, Mathematics, Gaziantep University (Turkey)

Nihan Akinci Kenanoglu, Biology, Canakkale Onsekiz Mart University (Turkey)

Oguz Kurt, Biology, Manisa Celal Bayar University (Turkey)

Osman Sonmez, Civil Engineering, Sakarya University (Turkey)

Ozan Erding, Electrical and Electronics Engineering, Yildiz Technical University (Turkey)

Raja Mazuir Raja Ahsan Shah, Aerospace and Automotive Engineering, Coventry University (United
Kingdom)

Rifki Terzioglu, Electrical and Electronics Engineering, Bolu Abant izzet Baysal University (Turkey)
S.C. Yao, Mechanical Engineering, Carnegie Mellon University, PA (U.S.A)

Sadik Kakag, Mechanical Engineering, TOBB ETU (Turkey)

Selma Ozcag, Mathematics, Hacettepe University (Turkey)

Seong Jin Park, Department of Mechanical Engineering, Pohang University of Science and Technology
(Korea)

Serap Cosansu Akdemir, Food Engineering, Sakarya University (Turkey)

Syed Nasar Abbas, Food Engineering, Curtin University (Australia)

Senay Cetin Dogruparmak, Environmental Engineering, Kocaeli University (Turkey)

Tahsin Turgay, Architecture, Sakarya University (Turkey)

Tauseef Aized, Mechanical Engineering, University of Engineering and Technology (Pakistan)
Tuba Tatar, Civil Engineering, Sakarya University (Turkey)

Tugrul Cetinkaya, Metallurgical and Materials Engineering, Sakarya University (Turkey)

Ufuk Durmaz, Mechanical Engineering, Sakarya University (Turkey)

Urvir Singh, Electrical and Electronics Enginering, Schweitzer Engineering Laboratories: SEL Inc.
(US.A)

Managing Editor

Huseyin Yasin UZUNOK, Physics, Sakarya University (Turkey)

Statistical Editor

Onder Gékmen YILDIZ, Mathematics, Bilecik Seyh Edebali University (Turkey)

English Language Editor

Seckin Ari, Computer Engineering, Sakarya University (Turkey)



Technical Editor

Hatice Vural, Electrical and Electronics Enginering, Amasya University (Turkey)

Editorial Assistant

Ahmet Erhan Tanyeri, Sakarya University (Turkey)

Evrim YUksel, Sakarya University (Turkey)



SAKARYA UNIVERSITESI FEN BILIMLERI ENSTITUSU DERGISI
(SAKARYA UNIVERSITY JOURNAL OF SCIENCE)

ICINDEKILER/CONTENTS
Cilt‘Volume: 27 - No‘lssue4: :AGUSTOS‘AUGUST—ZOZB:

RESEARCH ARTICLES
Title Authors Pages
Analysis of Occupational Health and Safety Risks in Mustafa OZDEMIR, Serhan 708-723
Beekeeping with FMEA Method KOKHAN
Mathematical Modelling of Shear Cutting Process of
Grain Oriented Electrical Steels Using Regression Nihat CELIK, Alaaddin TOKTAS 724-734
Modelling
Venom Peptides of Crotalus atrox Against SARS-Cov-2 -
Spike Protein and Human ACE2 Receptor by Molecular  |Suleyman ILHAN 735-743

Docking Analysis

Synthesis and Characterization of Novel Water-Soluble
Tetra-Substituted Zn(II) Phthalocyanine Containing Yasemin BAYGU 744-756
Triazole and Galactose Moieties

Two Significant Factors Affecting the Dimensions of the |Memnune KARDES, Koray OZTURK
ZnO Nanorods During Chemical Bath Deposition: 757-767
Precursor Solution Concentration and HMTA Content

Synthesis and Structural Investigations of 1, 2-bis(2-

ethoxybenzylidene) hydrazine Sevel KANSIZ 768-780

Conversion of Cellulose to 5S-HMF in the Presence of Halit L. HOS"GUN, Ozlem TOPCU, E.
Silica-Alumina Catalysts Synthesized by Dual Template at|Zafer HOSGUN, Berrin BOZAN 781-791
Low Temperature

Encoder Hurwitz Integers: Hurwitz Integers that have the |Ramazan DURAN

“Division with Small Remainder” Property 792-812
A Research on the Anatomical and Ecological Sibel ULCAY
Characteristic of Onosma mollis DC. (Boraginaceac) 813-821
The Effects of Route Optimization Software to the Ali DURDU, Muhammed Faik KAYA £27-833
Customer Satisfaction
An Ethnobotanical Study on Plants Used in the Treatment |Songiil KARAKAYA, Zehra
of Gynecological Diseases in Some Provinces of the KIMISOGLU, Umit INCEKARA, 834.843
Eastern Anatolia Region ngan QKS@ML, Yusuf Ziya

SUMBULLU, Ahmet POLAT
Development of Cordierite Based Carrier Refractory Murat ISPALARLI, Zuhal 844.857
Sagar Bodies for Bone Porcelain Firing Process KARAAGAC

Radon Gas Estimation from Building Materials Safa BASDEMIR, Caner YALCIN 858-864




Potential Health Risks of Chloroacetanilide Herbicides:

Ahmet Ali BERBER, Sefika Nur

An In Silico Analysis DEMIR, Nihan AKINCI 865-871
KENANOGLU
A Novel Machine Learning-based Diagnostic Algorithm [Serkan DUZAYAK, Muhammed $72-886
for Detection of Onychomycosis through Nail Appearance |Kiirsad UCAR
Characterization of Polyphenol Oxidase from Eruca sativa [Negin SHABNAM, Sibel
KAHRAMAN 887-894
Experimental and Numerical Investigation of Flexural Semsettin KILINCARSLAN, Yasemin
Properties of Solid Wood Materials Reinforced with SIMSEK TURKER 895-901
Various FRP
Bibliometric Profile of Global Scientific Research on Aysen Nil BERBER, V. Ziilal
Monitoring and Assessment of Aquatic Toxicology (2015- [SONMEZ, Ceyhun AKARSU, Niiket [902-911
2019) SIVRI
The Effect of Royal Jelly on Irisin in Experimentally Selcen CAKIR
. . 912-919
Diabetic Rats
Survay Study of Antimicrobial Activities of Different Mehtap USTA 920-929

Region Honeys in Turkey

WWW.SAUJS.SAKARYA.EDU.TR




Sakarya University Journal of Science
SAUIJS

ISSN 1301-4048 e-ISSN 2147-835X Period Bimonthly Founded 1997 Publisher Sakarya University
http://www .saujs.sakarya.edu.tr/

Title: Analysis of Occupational Health and Safety Risks in Beekeeping with FMEA Method

Authors: Mustafa OZDEMIR, Serhan KOKHAN

Recieved: 2022-11-25 00:00:00
Accepted: 2023-02-18 00:00:00
Article Type: Research Article

Volume: 27
Issue: 4
Month: August
Year: 2023
Pages: 708-723

How to cite

Mustafa OZDEMIR, Serhan KOKHAN; (2023), Analysis of Occupational Health and
Safety Risks in Beekeeping with FMEA Method. Sakarya University Journal of
Science, 27(4), 708-723, DOI: 10.16984/saufenbilder.1228959

Access link

https://dergipark.org.tr/en/pub/saufenbilder/issue/79486/1228959

New submission to SAUJS
http://dergipark.gov.tr/journal/1115/submission/start



Sakarya University Journal of Science 27(4), 708-723, 2023

Analysis of Occupational Health and Safety Risksin Beekeeping with
FMEA Method

Mustafa OZDEMIR 1=, Serhan KOKHAN"?!

Abstract

Contrary to popular belief, beekeeping, which dates back to prehistoric times and is one of the
most important plant and animal production branches today, is not an innocent profession in
terms of occupational health and safety. In this study, in order to determine the occupational
health and safety risk factors in the beekeeping profession, Interviews with beekeepers were
conducted in 10 apiaries operating in Bayburt, where especially wandering beekeeping is
practiced. In light of the data obtained from the danger hunt applied by the occupational health
and safety specialist, ergonomic, physical, biological, and chemical risks were revealed using
the FMEA risk analysis method. The effect, probability, and detection values were found for
each failure mode, and then Risk Priority Number values were calculated. As a result of the
study, for the five basic stages of beekeeping, 15 processes, 39 failure modes, 72 potential
effects, and 39 failure causes were determined. Failure modes with a Risk Priority Number
value of 100 and above were evaluated as “situations where urgent action and axiom should be
taken,” and preventive axioms were proposed for each relevant failure mode. The number of
studies on the risk factors in the beekeeping profession is very limited in the literature. For this
reason, it is predicted that this study will fill an important gap in the related field and make
significant contributions to the literature.

K eywor ds. Beekeeping, FMEA, occupational health and safety, risk management
1. INTRODUCTION beekeeping is carried out quite intensively.
This has made Turkey the 3rd in the world

Beskeeping is a production activity that with 8,179,000 hives after Indiaand Chinain

includes producing bee products such as
honey, roya jelly, bee venom, pollen, and
propolis by combining plant resources, bees,
and labor, as well as producing gqueen bees,
swarms, and pack bees, which constitute an
essential source of income [1]. In Turkey,
which is at a high level in terms of natura
conditions, it is seen that the profession of

terms of the number of hives, according to
2020 data [2]. Although the profession of
beekeeping is defined in the "Dangerous'
profession class with the code 01.49.01
NACE (EU Economic Activities
Nomenclature) according to the Workplace
Hazard Classes List published in the Officid
Gazette dated 27.2.2017 and numbered
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29992, both those who practice this
professon and the institutions and
organizations that provide beekeeping

education do not show sufficient sensitivity
about the occupational health and safety risks
in the beekeeping profession. Studies on
occupational health and safety revea that

occupational accidents, work-related
diseases, and occupational diseases can be
significantly  prevented if  conscious,

effective, and adequate health and safety
measures are taken. In order to prevent or
minimize occupational headth and safety
risks, it is important to control the hazards
while they are at the source, to plan the
working systems, and to prefer less dangerous
processes instead of dangerous ones. In

addition, it is necessary to create an
occupational health and safety culture by
using less dangerous machinery or equipment
and persona protective equipment and by
adopting occupational health and safety
issues by both management and employees
[3,4]. Inthestudies carried out in this context,
it isimportant to investigate the occupational
health and safety risks in the beekeeping
profession, defined in the dangerous class,
and to determine what precautions should be
taken against these risks. In the literature,
very few studies examine the beekeeping
profession's occupational health and safety
risk factors. The information about these
studiesis presented in Table 1 below.

Table 1 Literature

References

Results

(5]

Asaresult of the examination of 45 bibliographic sources, it was concluded that beekeepers
generally facerisks such asmechanical and physical difficulties, environmental and climatic
conditions, stress, insomnia, irregular diet, and occupationa accidents.

6]

In the risk analysis made with the FMEA method, especially in terms of food safety, in a
honey production unit in Tunisia, it was determined that 56% of the non-compliances were
caused by not applying good hygiene and good farming practices.

[7]

In the study conducted with Fine-Kinney Risk Assessment Method on some beekeepersin
Turkey, serious chemical, biological, physical, and ergonomic risk factors were determined
in beekeepers.

(8]

In the study carried out in Turkey, it was concluded that alergy testing for bee stingsis very
rare in beekeepers, they stay in tents or barracks, traffic accidents, scorpion, snake bites, tick
bites, and fire incidents are common in bee sting transportation, and sometimes bear and pig
damages are seen.

[9]

In the study conducted on 3 beekeepersin Australia, it was determined that beekeepers are
exposed to ergonomic risks, bee stings, and chemical risks due to heavy loads such as hives.

[10]

In the study on beekeepers health problems and bee allergy, it was determined that
beekeepers have health risks such as bee venom and propolis alergies (including
anaphylaxis) and Lyme borreliosis associated with tick bites.

The profession of beekeeping

involves consider al risk factors in beekeeping and

reduce them.

significant heath and safety risks, and
reducing theserisksis crucial. However, only
considering certain risk factors can lead to
ignoring all the other risks and failing to take
necessary precautions. Therefore, it is
necessary to examine al risk factors in
beekeeping and take measures accordingly.
This is important not only for the health and
saofety of beekeepers but aso for the
sustainability of this profession. Thus,
scientific research and studies are needed to

Sakarya University Journal of Science 27(4), 708-723, 2023

As far as it has been examined, studies on
occupational health and safety risk factors in
beekeeping only focus on ergonomics, animal
attack, etc. focuses on specific risk factors. In
addition, existing risk analysis studies do not
offer effective solutions. In this study, al
possible risk factors (ergonomic, physical,
biological, and chemical) are examined and
solutions are offered for permanent and
migratory beekeepers.
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This study primarily aims to investigate what
kind of risks can be associated with
beekeeping applications throughout all stages
(settlement in the selected apiary, spring
maintenance and works, harvest works,
autumn maintenance and works,
winterization) in terms of occupationa health
and safety. Subsequently, it seeks to identify
the measures that can be taken to minimize
these identified risks.

In this respect, it can be said that this study
has an original quality.

2. MATERIAL AND METHODS
2.1. Material

This research has been planned as a cross-
sectional study to determine the occupational
health and safety risks in the beekeeping
profession and the urgent and non-urgent
measures to be taken against these risks. The
materials used in the research consist of the
data obtained from the interviews with the
beekeepers and the danger hunt applied by the
occupational health and safety specialistin 10
apiaries, including the fixed and itinerant
beekeepers operating in Bayburt province.
The Failure Mode Effects Anaysis (FMEA)
method was used in the analysis, and studies
were carried out to determine occupational
health and safety risksin terms of ergonomic,
physical, biological, and chemical aspects.
Coordinate and map information of the study
apiariesaregivenin Figure 1 and Table 2.

v e 0 v
o r'/lr#':‘(’ e ' 3 4 o «"'
Figure 1 Representation of apiariesincluded in

the study on the map

Sakarya University Journal of Science 27(4), 708-723, 2023

Bayburt province is among the newly
developing regions in beekeeping and
according to the data of the Agricultura
Economy and Policy Development Institute
Tepge Beekeeping 2022 Product Report.
There are 75,088 hives in the province, and
500 tons of honey were produced in the same
year [2].

Table 2 Coordinate information of apiaries
included in the study

Place Names Coordinates

Aksar 40°21' 02" N 39° 58' 26" E
Cigdemtepe  40° 19'57" N 40° 08' 07" E
Demir6zii 40° 09' 43" N 39° 53'35"E
Kavakyant 40° 17' 24" N 40° 30'45" E
Kitre 40° 18'41" N 39°51' 55" E
Kop 40° 03' 54" N 40° 26' 14" E
Aslandag 40° 13'51"N 40° 13'48" E
Sirakayalar  40° 05' 51" N 40° 15' 38" E
Taht 40° 17' 18" N 40° 25' 39" E

Yukar1 Kirzi  40°23' 16" N 40° 05' 20" E

2.2. FMEA Method

Reliability isthe probability that acomponent
or system will perform its intended function
for a specified period of time under specified
operating conditions[11]. Reliability analysis
also aimsto measure and analyze a system to
eliminate or reduce its failures, probabilities,
and security risk. Commonly used reliability
analysis techniques are fault tree anaysis
(FTA) [12-14], failure mode and effect
analysis (FMEA) [15, 16], root cause anaysis
(RCA)[17, 18], and event treeanaysis(ETA)
[19, 20]. Unlike other reliability management,
FMEA is a proactive method to prevent
system failures. Its main purpose is to
identify, prioritize and act on known or
potential system failure modes before they
occur. The FMEA stages are shown in Figure
2[21, 22].

There are different effect, probability, and
detection scales in the literature. The scale
values recommended and widely used in the
study arein Table 3-5[23-32].
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Identify all known or potential
failure modes of a system

.

Determining the probable
causes of each failure and

determining the impact,

probability, and detection

!

Sorting recognized failure

modes according to risk

priority number (RPN) values

I

Taking corrective action for

higher-risk failures and
recalculating RPN values

Figure 2 FMEA stages
Table 3 Effect of error mode, intensity of impact, and scale values
Effect (E) Error Mode Score
Dangerous without warning  Potential failure mode death without warning 10
Dangerous with warning Death by warning of a potential failure mode 9
Very high Serious injury at the disability level 8
High Incapacity level injury 7
Temperate Improvement with a break of one month or more 6
Low Improvement with a one-week break 5
Very low Improvement with a one-day break 4
Small Improvement with a short break 3
Very small Recovery with rapid intervention 2
None No effect 1

Table 4 Probability expression, number of errors, and scale values of the error mode

Probability of Errors (P) Error Number Score
Very High: Failureisamost inevitable >1in2 10
1in3 9
High: Repeated errors 1in8 8
1in20 7
1in80 6
Moderate: Occasional errors 1in 400 5
1in 2,000 4
Low: Relatively few errors 1in 15,000 3
1in 150,000 2
Remote: Failure unlikely <1in 1,500,000 1

Sakarya University Journal of Science 27(4), 708-723, 2023
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Table 5 Detection of fault mode, detection probability, and scale values by process control

Detection (D) Detection Probability with Process Control Score
Absolute Uncertainty Cannot detect error 10
Very far It is doubtful that it will detect the error 9
Far Itisunlikely that it will detect the error 8
Very low Very low chance of detecting the error 7
Low Low probability of detecting the error 6
Temperate Medium probability of detecting the error 5
Moderately high The probability of detecting the error is above medium 4
High High probability of detecting the error 3
Very high The probability of detecting the error isvery high 2
1

Almost certain Detects error

While calculating the RPN value, according
to Table 3-5, the effect (E), probability (P),
and detection (D) values determined by the
occupational health and safety expertsin line
with the data obtained in the face-to-face
interviews with the beekeepers are multiplied
by each other (RPN = E * P * D). In the
evaluation of RPN scores in the study; It has
been determined by occupational safety
experts that if the RPN score is below 40,
there is no need to take any precautions, if 40
< RPN < 100, precautions can be taken, and if
it is above 100, it is necessary to take
precautions and improve it.

3. RESULTS

In the FMEA tables created in the study, error
modes were determined for each process.
These error modes were classified in terms of
their potential effects, and possible causes of
errors were determined. Impact, probability,
and detection values were determined for

Sakarya University Journal of Science 27(4), 708-723, 2023

each potential impact in line with expert
opinions, and RPN valueswere calculated. By
the determined classification, priority axioms
have been determined for error effects with
RPN values above 100. In addition to these
axioms, In the FMEA tables created in the
study, error modes were determined for each
process. These error modes were classified in
terms of their potential effects, and possible
causes of errors were determined. Impact,
probability, and detection values were
determined for each potential impact in line
with expert opinions, and RPN values were
calculated. By the determined classification,
priority axioms have been determined for
error effects with RPN values above 100. In
addition to these axioms, axiom suggestions
are also presented for al potential error
effects with RPN values between 40 and 100.
The analyzes made are given in Tables 6-10.
Examples of some failure modes identified in
FMEA tables before and after improvement
are presented in Figure 3-12.
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Table 6 Risk assessment reports 1

Probable After The Axiom
Potential Failure Potential Effect(s) of Cause(s) Suggested
Stage Process Mode Failure of E P D RPN Axioms E P | D |RPN
Failure
> | Transfer of Hives | Traffic accident Death C1 9 3 8 | 216 Al 9 2 7 | 126
8 | tothe Selected Injury 8 3 8 | 192 8 2 7 | 112
£ |Apiay Minor Injury 5 3 8 | 120 51 21| 7| 70
3 Bee sting Death Cc2 9 5 2 | 90 A2 9 4 2 72
3 L oss of Workforce 4 | 5| 2|40 4 | 41 2 | 3R
& | Transport Incorrect Transport Short-Term Muscle and C3 5 6 5 | 150 A3 5 4 5 | 100
Q Joint Traumas
= Permanent Muscle and
E Joint Disorders 7 4 5 | 140 7 2 5 70
© Injury 5| 5| 5 |12 53|57
E Trips, Slips, and Fallsin | Minor Injury c4 3 5 5 75 A4 3 4 3 36
§ the Field Serious Injury 4 4 5 | 80 4 3 3 36
Death 9 3 5 | 135 9 2 3 54
Cleaning of Hive |Beesting Death C5 9 6 2 | 108 A2 9 3 2 54
Flight Holes, Loss of Workforce
g Ventilation 4 6 2 | 48 4 3 2 24
g Nutritional Bee sting Death C6 9 6 2 | 108 9 3 2 54
o Supplementation L oss of Workforce 4 6 2 48 4 3 2 24
5 If Therels Not Fire Minor Injury C7 5 4 2 | 40 A5 5 2 2 20
© | Enough Food For -
£ Bros g Incorrect Transport ?S_ort Term Muscle and C3 5 5 5 | 125 A6 5 4 5 | 100
S int Traumas
= Permanent Muscle and
c
'g Joint Discomfort ! 3 5 | 105 ! 2 > 70
> Spraying Ighatl atlt c;nsit_)l soning Loss of Workforce C8 5 6 6 | 180 A7 5 4 5 | 100
£ ontac! in
5—3_ Poisoning 5 6 6 | 180 5 4 5 | 100
Chemica Burns Injury and Loss of Work 7 6 3 | 126 7 4 2 56
Oral Poisoning Loss of Workforce C9 5 5 5 | 125 5 3 4 60

Sakarya University Journal of Science 27(4), 708-723, 2023
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Table 7 Risk assessment reports 2

: . Probable After The Axiom
Stage | Process Poten't\;la(l) d';aj lure Potential Effect(s) of Failure o??:l;ﬁ?e E|P|D]|RPN ng??nid El p|DIRPN
Honey Bee sting Death C5 96| 2| 108 A2 91 3 |2 ™
Harvest L oss of Workforce 416] 2| 48 41 3 2| 24
Incorrect Transport Short-Term Muscle and Joint Traumas C3 5[5]5] 125 A6 5| 4 | 5] 100
Pgrmanent Muscle and Joint 21315 105 21 2 5] 70
Discomfort
Sunburn and L oss of Workforce C10 5[5]5] 125 A8 5| 4 | 4] 80
Sunstroke Short-Term Loss of Workforce 3/4|5] 60 31 3 /4] 36
Working in the Sun Sun Spots on the Skin 3|5|5]| 75 3| 3|5 45
Non-Ergonomic Permanent Muscle and Joint Ci11 A9
Working Type Discomfort (Varicocele etc.) 776 294 7] 4| 5]140
Fire L oss of Workforce 66| 3] 108 A10 5] 5 2] 50
@ |Transport | Incorrect Transport Short-Term Muscle and Joint Traumas C3 5|16 |5]| 150 A6 5] 4 | 5] 100
S B?;"Oargfg:t'v' uscle and Joint 7| 4|5 140 71 2|5]| 70
g Injury 5|55 125 5/ 3|5 75
B Stuck in the Fidd, Minor Injury C4 3|5|5]| 75 A4 3| 4 |3]| 36
T Slip, and Fall Serious Injury 41415 80 41 3 3] 36
Death 9 (3]|5] 13 9|1 2 |3]| 5
Unequipped Transport | Hand Cut Ci15 516 4] 120 All 5] 4 14| 80
Hon_ey Imprope_:r Honey Hand Cut 55| 4| 100 Al12 5|4 al 80
Straining | Harvesting
Process Strainer Accidents Injury Due to Entrapment of the Limbs C16 6 | 6| 3| 108 A13 6| 4 3] 72
(Hand-Arm) into the Machine C17 6| 6| 3| 108 6| 4 |3 72
Injury of Limbs (Hand-Arm) Due to C18 Al4
Electric Shock 6|7 ]3| 126 6| 5|1 30
During the | Wild Animal Attack | Death C19 9 (5|6 270 A15 9| 3 |3 81
Harvest Long-Term Loss of Workforce 6 |5] 6| 180 6| 3 3| %4
Process Short-Term Loss of Workforc 5|15 6| 150 5| 3 |3] 45
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Table 8 Risk assessment reports 3

Potential _ _ Probable Suggested After The Axiom
Stage Process Failure Mode Potential Effect(s) of Failure o??:lfsuﬁ?e E P D |RPN Axioms | E | P | D | RPN
Colony Bee sting Death C5 9 6 2 | 108 A2 9 (3|2| 54
£ | Consolidation L oss of Workforce 4 | 6| 2 | 48 4 | 3|2 24
g Incorrect Short-Term Muscle and Joint Traumas C3 5 5 5 | 125 A6 514| 5] 100
= Transport Permanent Muscle and Joint Discomfort 7 3 5 | 105 7125 70
8 Bellows Fire L oss of Workforce C12 6 6 3 | 108 A10 5|5| 2] 50
§ Genera Injury Hand Cut C13 5 5 4 | 100 All 5(14|4]| 80
@ | cleaning Incorrect Short-Term Muscle and Joint Traumas C3 5 5 5 | 125 A6 5|14| 5] 100
é Transport Permanent Muscle and Joint Discomfort 7 3 5 | 105 7125 70
‘® |Diseaseand |Inhalation Loss of Workforce c8 Al6
£ | paasite Poisoning 5 6 6 | 180 514|5] 100
£ |Treatment  [Contact/Skin | Lossof Workforce c | 6l 6 | 180 clals] 100
2 Poisoning
2 Chemical Burns | Injury and Loss of Workforce 7 6 3 | 126 714| 2| 56
Oral Poisoning | Loss of Workforce C9 5|5 5 | 125 513]4] 60
Transfer of Traffic accident | Death C1 9 3 8 | 216 Al 9| 2| 7] 126
Hivesto the [njury 8 | 3] 8 |192 8 | 2|7 ]112
Wintering HiveFirein Death Cl4 9 4 5 | 180 Al7 91 2|5]| 9
Site Vehicle Injury 8 4 5 | 160 8|/2|5]| 80
c Bee sting Death C2 9 5 2 90 A2 94| 2| 72
% Loss of Workforce 4 | 5] 2] 40 4 4al2] 3
N | Transport Incorrect Short-Term Muscle and Joint Traumas C3 5 6 5 | 150 A6 54| 5]100
oo Transport Permanent Muscle and Joint Discomfort 7 4 5 | 140 712|570
= Injury 5 | 5] 5 [125 5[3[5] 75
= Stuckinthe | Minor Injury ca | 3|55 | 75| A8 |3|4]3] 3
Field, Slip, and | Serious Injury 4 | 4] 5|80 4 |3]3] 36
Fall Death 9 3 5 | 135 9| 2|3 54
Narrowing the | Bee sting Death Cc2 9 5 2 90 A2 914|272
barrel holes L oss of Workforce 4 5 2 40 4 | 4| 2| 32
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Table 9 Probable cause(s) of failure

Code Probable Causes
C1 Insomnia, Inattention, Inattention, Fatigue, Rushing, Bee Sting
C2 Bee Sting by aVenom Susceptible Person

Non-Ergonomic Transport Methods, Unsuitable Body Position, and Vehicleless

3 Cargo Transport
C4 Working on Rough Terrain, Carelessness, Insufficient Lighting, Slippery Ground
c5 The sting of a Person Sensitive to Bee Venom by a Bee Due to Not Using Protective
Equipment during Cleaning
C6 The sting of a Person Sensitive to Bee Venom by Bee Due to Not Using Protective
Equipment during Nutritional Supplementation
c7 Failure to Extinguish the Fire Burned During the Preparation of the Nutritional
Supplement (Sherbet) After the Process
C8 Incorrect Spraying, Not Using Personal Protective Equipment (Mask, Gloves, etc.)
C9 Medicated Cake Consumption
C10 Long-Term Unprotected Working in the Sun
Cl1  Working for along time while standing
Leaving the bellows used during the honey harvest in the apiary without being
C12 Y
extinguished
During the cleaning of the hive, not using a protector and contacting the hand with the
C13 .
cutting metal on the cover
cl4 Late Detection of the Fire Caused by the Carriage of the Unextinguished Bellows in
the Vehicle and Exposure to the Firein the Vehicle
C15 Carrying a Hive with One Person, Holding the Hive from Inappropriate Places
C16 Inserting the Limbsinto the Machine while the Manual Honey Extractor is Working
C17  Inserting the Limbsinto the Machine while the Electric Honey Extractor is Working
C18 Electric Leakage in Electric Honey Extractor
C19 Animal Attack That Comes To Apiary To Meet Its Nutritional Needs (Bear, Pig,

etc.)
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Table 10 Suggested axioms
Code Axioms
Should not go out in traffic tired and Sleepless.
Al Excessive Speed should be avoided.
Transportation should not be done during the periods when the bees are actively
working.
Bee suits, gloves, etc, and protective equipment should be used.
Perfume, etc., that bees will percelve as a threat should not be used.
Bananas, etc., should not be eaten, which bees are sensitive fruits.
A2 Light-colored clothing should be worn.
Sudden and harsh movements should be avoided while cleaning and airing.
Allergy medication should be available for reactions that may occur after a bee
sting.
Prolonged standing work should not be done.
A3 Pay attention to ergonomic carrying positions while carrying loads.
If possible, the hives should be carried with two people, or a wheelbarrow should
be used.
Care should be taken to choose less rough terrain in selecting an apiary.
Ad Before settling in the apiary, a detailed land exploration should be made.
An adequate lighting system should be installed.
In case of excessive fatigue, transportation should be avoided.
The fire lit to prepare sherbet should be burned in places far from grassy and
A5 wooded aress.
There is aways a fire extinguisher in the apiary, a bucket filled with water, a
shovel, etc., for firefighting. Fire equipment must be available.
Do not work standing up for long periods.
AG Attention should be paid to ergonomic carrying  positions.
Transportation should be done with two people if possible; if not, handcart, etc.,
tools should be used.
Spraying should not be done without learning the technical spraying methods.
A7 Learning the medication dosages
Use of personal protective equi pment and equi pment
Paying attention to MSDS labels on drugs
Do not work under the sun for a long time.
A8 Hats, scarves, gloves, etc., and, protective equipment should be used.
An alternating working system should be established.
AQ Periodic rest breaks  should be given while  working.
An alternating working system should be established.
The bellows used during honey harvest should be burned and extinguished in
places far from grassy and wooded areas.
A10 There is always a fire extinguisher in the apiary, a bucket filled with water, a

shovel, etc., for firefighting.
Fire equipment must be available.
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Table 10 Suggested axioms (continue)

Code

AXxioms

All

If possible, the hives should be caried by two people
Work gloves should be used in transportation operations.

A12

Work gloves should be used.

A13

The machine should not be intervened before the honey filtering process is
completed.

A lid system should be installed on the honey extractor, which opens when the
filtering processis finished.

Al4

The machine should not be intervened before the honey filtering process is
completed.

A lid system should be installed on the honey extractor, which opens when the
filtering process is finished.
A leakage current relay should be used.

Al5

Electric fence and strobe light should be used.
Systems with motion-sensitive Sensors should be used.
If legal conditions are met, he must have alicensed weapon.

A16

Technical Spraying methods should be learned.
Education should be given about appropriate periods and appropriate dosages for
medi cation.

Personal protective equipment (mask, gloves, etc.) must be used during spraying.
The safety information (MSDS) written on the drugs used should be respected.

Al7

Do not rush while moving; the bellows should be entirely deflated before putting
them in the vehicle.
Combustible and combustible materials and bellows should never be placed side
by side.

A18

Care should be taken to choose less rough terrain in selecting an apiary.
Before settling in the apiary, a detailed land exploration should be made.
An adequate lighting system should be installed.
In case of excessive fatigue, transportation should be avoided.
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' 2o Ry : i
Figure 11 Sunburn Caused by Working Without
Gloves
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Fi gﬂre 12 Worki ngwith Gloves nburn

4. DISCUSSION

This study was conducted to determine the
risk factors in occupational health and safety
in the beekeeping sector; Face-to-face
interviews and in-depth interviews were
conducted with the employees of 10 apiaries
operating in Bayburt, one of the regions of
Turkey with dignificant potential in
beekeeping. Then, with the collected data,
occupational health and safety risksrelated to
ergonomic, physical, biological, and chemical
factors were analyzed with the FMEA risk
anaysis method, and axiom plans were
created against these risks. It has been
predicted that if the axioms recommended for
each process with a high-risk value, such as
permanent muscle and joint disorders,
respiratory, contact poisoning, death, and

Sakarya University Journal of Science 27(4), 708-723, 2023

injury that may occur due to wild animal
attack and after beehive firein the vehicle are
implemented, there may be significant
decreasesin RPN values.

It isthought that the study will fill an essential
gap in the literature and will aso be a
reference study in terms of content and
method for future academic and field studies.
It is recommended that researchers who will
work on a similar subject should consider
especially bee breeds, climate, geographical
conditions, beekeepers occupational health
and safety awareness level, and cultura
codes.
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Mathematical Modelling of Shear Cutting Process of Grain Oriented
Electrical SteelsUsing Regression Modelling

Nihat CELIK "**'| Alaaddin TOKTAS?

Abstract

This article proposes a regression model for the shear-cutting process of grain-oriented
electrical steel magnetic cores of transformers made from different gages and magnetic
properties of steels. In the experimental runs, 3 levelsfor thickness (230, 270, and 300 um) and
4 |evelsfor magnetic features of electrical steelsare considered. Core steels are supplied asfoils
and dlit to designed lengths in ditting machinery along the rolling direction of coils. The best
magnetic features rely on therolling direction of the coil and the transverse direction of the coil
is subject to the shear-cutting process. The result of cutting operations, discontinuities, and
degradations in magnetic properties may occur because of deterioration in crystallography and
strain gradation on laminated sheets. Shear-cutting process factors have a strong influence on
magnetic degradation even the magnitude of the no-load loss of the transformer core. In this
study, the mathematical relation between shear cutting factors sheet thickness ST, counts of hits
CH, and the response burr length BL is determined using regression modeling. For this purpose,
the process parameters of GEORG TBA 400 cut-to-length machinery in use core production is
studied. The calculated coefficient of determination is close to aimost 1.00 i.e., R> = 0.9896
which means the factors are sufficient to model the response, and the model is obtained with a
good prediction performance. The am of the present study is building up a useful process
control tool for the machinery and raise a discussion alike processin industry.

K eywor ds. Shearing, regression, burr, deformation, modelling

1. INTRODUCTION

The cut-to-length processis an important part
of the core manufacturing of transformers
because of plastic deformations and
discontinuities that emerged aong the
transverse direction (TD) of steel. Length of
burrs BL can indicate that plastic deformation
occurred during shear cutting. BL levels of
the cutting process are subject to be under a

limited level. Such that, no-load losses,
EDDY and stray loses can be kept under the
desired level for stacked cores regarding |IEC
60604-02. No-load losses are an important
part of the total operation cost calculation of
a transformer during at least 30 years life
span, especially operated in partly loading
conditions of a transformer in a grid.
Transformer cores are made by stacking
grain-oriented electrical steel laminations,
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before stacking a few mechanica processes
like dlitting, and mitering must be applied.
Advanced magnetic properties show up on
therolling (i.e., easy magnetization) direction
of core steels because of the grain orientation
pattern of laminations. Thicknesses are equal
to or under 300 microns because of
descending EDDY losses in AC magnetic
field. The mitering process is very important
because some of the magnetic features of
steedd are disappeared because of the
mechanism of the cutting process and
emerged plastic deformations on the near-cut
surface. Some of the variancesin the shearing
process like cutting speed, diving angle of the
upper tool, sharpness of tools, length of burr,
thickness, hardness of sheet, cutting
clearances, etc., have an influence on the
deterioration magnetic properties of stedl.

There are some published studies about
statistical analysis and modeling of the shear-
cutting process for transformer core steel.
Wadi et al. [1] considered different blanking
parameters such as neurad  network
methodology and regression analysisin 1999.
Baudion et al. [2] studied magnetic
degradation on non-oriented electrical steels
and blanking parameters in 2003. Peksoz et
al.[3] proposed another experimental model
for the degradation of magnetic properties of
non-oriented electrical steelsfrom the cutting
line between grain size and silicon content of
materials in 2008. Al-Momami et al. [4]
created their datistical data from finite
element modeling of the cutting process and
implemented a neural network and multiple
regression anaysis in 2012. Multiple
regression analysis was applied, and models
were proposed [5] by Bashah et al. for die
designersto estimate the spring-back effectin
relation to design variables called die radius,
punch radius, depth, and weight in 2012.

Models evaluated as capable to predict the
spring-back response with high R? predicted
values and supported by the results of the
validation procedure. In another research for
regression analysis and modeling, an adaptive
response surface modeling was proposed by

Sakarya University Journal of Science 27(4), 724-734, 2023

Karaoglan e al. [6] and regression
coefficients were calculated by supporting of
consonant process parameters based on an
experimental setup in 2014. A regression
model proposed in 2017 by Park et al. [7] for
the reconfigurable cold-forming process of
thin steel sheets. The effects of clearance,
blanking forces, and sheet thickness on burr
length were also studied, and a regression
model by Cavusoglu et al. [8] was proposed
in 2017. Multiple regression analysis and
finite element ssimulation were studied by
Badgujar et al. [9] for sheet forming in 2017,
also Bohdal et al. [10] studied dlitting process
parameters and made graphical modeling
between process parameters and magnetic
propertiesin 2020.

Another research was issued by Zhao et al.
[11] about the usage of nonlinear regression
modeling between process parameters in the
monitoring of the turning process in 2020.
Neseli et al. [12] experienced DOE and RSM
for surface roughness and vibration level
optimization on cylindrica  grinding
machinery in 2012. Potana et al. [13]
predicted the temperature of human being
buildings by MLR modeling in 2022 and
Hanief et al. [14] researched the turning
process by process parameters via MLR and
ANN in 2016. Lee et al. [15] researched
optimized CNC turning processes with DOE,
RSM, and ANN tools. The authors presented
several regresson models for different
machine types in 2010. Patel et al., [16]
established linear and non-linear multiple
regresson models on image processing
systems to optimize the detection error of
surface roughness in 2020.

Guided by previous research, to control the
emerging of burr on the mitering process of
grain-oriented electrical steels, a simply
applicable regresson model proposed for
burr levelsto keep under desired leve for the
aim of preventing magnetic degradation of
electrical steels. Even, the supposed
regression model can be useful in process
control  applications. The  presented
regression model in this research is useful for
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keeping burr length which is an indicator of
plastic deformation level in the shear cutting
process, to keep within limited length thus
preventing excessing plastic deformation and
magnetic degradation at lower degrees on
mitered edges to produce more efficient
magnetic cores of transformers. This paper is
part of research about building lower no-load
loss cores with decreasing shear cutting
degradation and recurring them with
annealing after cutting.

Materials and methods are presented in the
next section, data acquiring methodology is
expressed, a quadratic regression analysis is
implemented with acquired data for the
blanking process, and amodel is proposed for
process control activities as a conclusion.

2. MATERIALSAND METHODS

Author of this article improved a regression
model for shear-cutting process like as some
of referenced researcher have aready done
but only 2 of shear cutting process predictors
included and left non-measurable and
controllable process parameters out for this
specific process.

Sample groups are defined as five different
types of industrial GO codes as shown in
Table 1. These codes are generic and used for
manufacturing the transformer coresin BEST
TRANSFORMER COMPANY.

Table 1 Main GOES types used in core
production in BEST Transformer

Table 2 Chemical composition of GO steels

Atom. Si C Mn S Cu P Al  Fe

W% 3.09 0.054 0.072 0.018 0.075 0.015 0.010 Bal.

Typica GOES consist of at most 3.00 - 3.25
Si%, very little C, and other elements, and the
rest is ferritic Fe. Typica mechanical
properties of GOES blanked in this project
are presented in Table 3.

Table 3 Mechanical properties of grain-oriented
steel cut samples

Thick Tensile  Yielding Elon Hard
Type ness Strength Strength gation ness

(um) (MPa)  (MPa) (%) (Hv])
Typel 300 361 336 12 205
Type2 230 352 330 12 200
Type3 270 358 333 13 204
Typed 270 358 333 13 204
Types 300 361 336 12 205

Type Nominal Well-known
Number  Thickness (um) descriptions

Typel 300 (M5-0.30)

Type2 230 (MoH -0.23)
Type3 270 (NV279)

Typed 270 (MoH -0.27)
Type5 300 (M4 -0.30 PH110)

It isseen in Table 1 that the most frequently
consumed steel thickness are 0,23 and 0,30
mm. Additionaly, the chemical composition
of Fe-Si 3,09% isgivenin Table 2.
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Grain-oriented €electrical steel foils are
provided as in Table 1 and dlit to designed
lengths. The dlitting process is aso very
precious and valuable for plastic deformation
evaluation and has an important influence on
the magnetic properties of the stacked core.
For the current study, dlitting is not in scope.
Slitted foils loaded to mitering machinery to
get mitered laminations. Both ends of
laminations are mitered such that « is45° and
symmetrically as shown in Figure 1. The
dimensions of laminations are defined asL1=
300 mm, L> = 180 mm, and W = 60 mm.
Because the diving angle of the upper blade
changes about (2.0 = 2.5°), thorough W
emerged BL may show gradient. So, 3
different BL measuring points were selected
for each cutting side and the maximum value
was considered to represent the BL value of
ends.

B Side w b a. ASide

Rolling Direction

Ll.
Figure 1 Main size of thin sheet GO lamination
mitered at GEORG TBA400
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The shear-cutting process executed in
GEORG TBA 400 tried to be modeled with
some of the process variances. Classica
shear-cutting process parameters as the
hardness of the steel sheet, the kinematic
energy level of the upper blade (i.e., the
velocity of upper blades), cutting forces
occurring during diving of blades into the
sheet, applied forces by upper blade holder,
diving angle of upper blades, stroke of blades
and a vertical clearance of blades are omitted
in the model because of these process
parameters are not possessing control ability
or strictly kept as constant by machinery
producer. Instead of these physical shear-
cutting process parameters, direct or indirect
process variables are chosen for modeling the
critical output of the process.

BL is very critica in core building and
expected that should be kept under crucial
limits to ensure total no-load losses of the
core as caculated level, this could be by
minimizing of magnetic degradation of steel
during mitering. Figure 2 shows how burr
formed in shear cutting process.

1: Roll over

2: Sheared zone
g 3: Ductile fracture

<
RV |

Figure 2 Surface profile after shear cutting
process

Magnetic degradation is resulting from
plastic deformation on mitered corners where
flux movement is subject to change in
vectorial direction in the core structure.
Because of that, BL is considered a
conclusive dependent variable of this specia
blanking process.

As shown in Figure 3 horizontal clearance of
blades between the upper blade and lower
blades is also another important parameter of
the blanking process. In this case, as a main

Sakarya University Journal of Science 27(4), 724-734, 2023

setting parameter of machinery, horizontal
clearance of blades is always kept under
limited values

Clearance

Upper
Knife

Sheared Metal

Lower
Knife

Figure 3 Simple presentation of horizontal
clearance between blades

with Go & NoGo gages, preset values of the
machine were 10 pum shims might be Go but
20 um might be NoGo gages. Because of the
very narrow adjustment gap and, not having
any finetuning ability in the setup of
machinery, horizontal clearance of blades is
accepted as a constant parameter of the
process. Although, the thickness of sheet
lamination may vary regarding the chosen
type of steel. As shown in Table 1, there are
three different thicknesses of sample groups
that show different effects regarding the
horizontal clearance of blades. This means,
al other conclusions accepted as
immeasurable results of the process alike
morphology of cut surface, plastic strains
achieved during cutting, length of DAZ, and
dislocation gradient near cut surface, all
would be admissible that count on sheet
thickness. Direct control of the horizontal
clearance ratio of blades is not possible
because of machinery stationary setup, but
indirect effects can be representable by
changing sheet thicknesses. Because of that,
another independent variable of the shear-
cutting process is chosen as Sheet Thickness
ST.

The last independent variable would have
been indicator of wearing oof blades. All
blades are expected to have a sharp edge
profile initialy. By the time, after a working
period, blades can get worn. During the
process, there is no possibility for direct
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measuring of the blunting level of blades.  Table 4 Experimental setup; CH values of blades,

When a sharpened or original blade is fixed dates, sample types and group numbers

to the blade holders, fixing dates are recorded Countsof HitscH £ X1nd Datecf

and counts of hits can be recorded TyPe —Sde BSde Group
automatically. So, the researcher can get the Nu. Blade Blade ASde BSde U
count of hits CH to show the blunting level of CHa _ CHe

blades till than initial fixing date to the ~ Typel ~ 69520 586753 02.04.20 22.02.20
measuring day. In this study, CH values Type2 69542 586801 02.04.20 22.02.20
represent the wearing level of blades and  Types 69563 586825 020420 22.02.20
accepted an independent variable CHa for A

; ¢ Typed 69586 586846 02.04.20 22.02.20
side blade and CHg for B side of blades.

Typeb 69607 686867 02.04.20 22.02.20

Mitered cut Sarnp'e geometry is shown in Typel 179132 668567 02.04.20 22.02.20
Figure 1. Data of samples were collected as Type2 179154 668588 02.04.20 22.02.20
shown in Table 4 and Table 5, such that  r1ypes 170176 668603 0204.20 22.02.20
different CH values for different blades were

: ) Type4 179198 668630 02.04.20 22.02.20
collected to present different wearing levels
of blades TypeS 179220 668651 02.04.20 22.02.20

Typel 203727 642597 19.01.21 28.10.20

In a summary, the dependent variables of the  Type2 203751 641979 19.01.21 28.10.20
blanking process are defined as burr length  7ype3 203775 642001 19.01.21 281020
BL, as the first independent variable is sheet
thickness ST and the second one is counts of
hits CH. With these 3 variables, experimental
runsare performed. Theexperimental runsare  Typel 429935 90466 19.01.21 15.02.21
givenin Table 5 and summarized in Table 6. Type2 429958 90487 19.01.21 15.02.21
Different trades of grain-oriented electrical Type3 420980 90508 19,0121 150221
steels Typel to Type5 were cut at 4 different
dates with different counts of hits values of
blades. 20 pieces produced from each type of
grade at once. Both sides of the blades (A side
and B side) were considered individually and
CH vaues were recorded to represent the
wearing level of the blades. Actual thickness
values of samples were recorded as ST values
by 3 points in each mitered edge along the
width, W. Measurement of sheet thicknesses
and BL of cut samples executed by a
micrometer within 1 um scale.

Typed 203779 642023 19.01.21 28.10.20
Type5 203823 642045 19.01.21 28.10.20

Type4d 430002 90529 19.01.21 15.02.21
Type5 430024 90550 19.01.21 15.02.21

A A B B B W W W W WDNDNDNDNDNDDNDP P PR PR
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Table 5 BL and ST Measuring from GEORG TBA 400

A Side of blades B Side of blades
Number of samples  N; N2o N N2o
BL ST BL ST BL ST BL
Group Type vaues STag vaues Bl vaues STag vaues Bl values STag values Bl vaues STag values Bl
284 0 282 0 285 6 284 8
Typel 285 284 2 2 284 283 2 2 285 285 8 8 283 283 8 8
282 1 282 1 284 1 282 1
224 1 225 3 224 7 224 12
Type2 225 223 1 1 24 224 3 3 24 224 11 11 223 224 11 12
220 1 224 2 224 1 224 0
260 1 258 1 259 2 255 13
Group 1 Type3 261 260 2 2 256 257 2 2 260 259 2 2 258 257 10 13
259 1 257 1 257 1 258 1
265 5 263 2 266 7 264 8
Typed 265 266 2 5 264 264 1 2 267 267 5 7 264 264 6 8
267 0 264 1 267 2 265 1
288 1 285 4 288 10 285 8
Types 287 287 2 2 285 284 1 4 288 288 0 10 285 284 2 8
286 2 283 2 287 2 283 1
288 6 289 0 288 10 289 11
Typel 287 286 0 6 288 288 1 1 287 287 10 10 288 288 8 11
284 0 286 1 285 2 288 2
224 1 223 1 222 11 222 12
Type2 224 224 0 1 222 222 0 1 223 222 18 18 223 222 14 14
223 1 222 0 222 2 222 2
256 3 260 1 257 13 257 11
Group 2 Type3 256 256 1 3 257 258 1 1 259 258 3 13 256 256 11 11
256 0 258 0 257 3 256 3
267 3 265 1 266 7 266 5
Typed 268 267 1 3 266 266 1 1 266 266 6 7 267 266 5 5
267 1 266 0 265 1 266 2
287 1 284 2 287 13 288 12
Type5 287 287 1 1 286 285 1 2 286 286 9 13 287 287 6 12
287 0 285 1 286 4 286 1
297 7 295 4 297 10 294 10
Typel 298 298 1 7 294 295 1 4 299 299 5 10 297 295 3 10
300 2 297 3 301 1 295 5
227 6 227 7 224 11 226 6
Type2 224 225 4 6 28 221 4 7 24 224 14 14 227 227 10 10
223 3 225 3 224 5 228 8
258 9 260 12 260 13 260 15
Group 3 Type3 259 258 2 9 282 268 4 12 0 257 259 2 13 260 260 9 15
258 1 262 1 260 7 261 2
259 10 261 9 261 16 260 10
Type4 258 259 2 10 261 260 7 9 258 259 1 16 260 260 10
259 1 258 2 258 11 260 1
287 5 290 6 286 7 288 10
Types 285 286 3 5 289 289 3 6 286 286 7 7 287 287 1 10
285 2 289 2 287 2 287 1
290 1 293 2 287 1 291 1
Typel 288 287 1 4 290 290 3 3 286 286 1 1 287 287 1 1
282 4 288 1 286 1 283 1
228 3 226 1 228 2 225 2
Type2 229 228 6 6 27 226 4 4 27 21 2 2 225 225 1 2
227 1 226 2 226 1 224 1
259 3 259 3 254 4 260 2
Group 4 Type3 256 257 3 3 260 260 5 5 | 253 254 1 4 260 260 2 3
255 3 262 1 255 3 259 3
265 1 259 1 261 1 260 2
Typed 259 262 6 6 257 258 1 4 261 261 2 2 260 259 2 2
261 3 257 4 261 2 258 2
289 1 288 4 289 2 292 1
Types 287 287 1 2 289 288 1 4 289 289 1 2 2900 290 2 2
286 2 288 2 288 2 289 2

As mentioned before, the maximum value of
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in regression analysis. So, 240 different BL
measuring is recorded to represent BL values and 240 different ST measurements are
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recorded in Table 5. On the other hand, an
average of 8 different CH valuesisrecordedin
Table 4.

This research was executed for exploring a
regression model for defined process
variances. For this purpose, the General Full
Quadratic Regression model is applied as
given in Equation (1) below. The g vector
which is composed of the parameters of the
regression mode is given in Equation (2).
Finally, the calculation of the § vector and the
definitions of Y and X matrices are given in
Equations (3) and (4), respectively:

Yy =Bo+ X1 Bi Xy + X1 Bu X +

i<j Bij XuuXju + €y (D
ﬁT = [BOIBIIBZI 'Bn] (2)
B=&"X)TXTY) Q)
Y1 [1 X117 Xp1 Xf X3y Xy Xy ]
[yz] 1 x5 Xp x122 x222 X12 X22

Y= y3] X =11 x3 xp3 x5 X35 Xi3%p3 ‘ (4)
YN 1 xy Xon x121v x22N X1N X2N

As described above, the variance of the shear-
cutting process is defined as Sheet Thickness
(ST) and Counts of Hits of blades (CHa and
CHg.). Accepting withinitial conditions of the
blade are identic, and all other cutting
parameters of blades are stationary, intact,
and the only parameter that can be observed
is the Count of Hits, values of CHa and CHg
integrated as CH. Also, in the same manner,
the researcher integrated BLa and BlLg as if
one variance BL.

For ST spot checks, an average of 3 points
along mitered edge W is accepted to represent
actual ST values as shown in Figure 1. All BL
and ST checks were recorded from the first
sample of N1 and the last sample of N2 of the
sample groups. Table 6 shows the combined
measuring of variances produced by merging
and ssimplifying of Tables 4 and 5. Some of
the rows which have responded values very
close to each other are extracted from main
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Table 6. So the modeled number of rows
decreased to 17.

Table 6 Summarize of measurements

CH ST BL
179164 223.0 7
179208 266.5 3
203761 225.7 7
429945 288.5 4
429990 258.5 5
430012 259.7 6
430024 287.8 4
586763 283.8 8
586811 223.8 12
586856 265.5 8
668577 287.5 11
669613 257.0 13
642607 297.2 10
641989 225.5 14
642055 286.8 10
90518 256.8 4
90560 289.5 2

3. RESULTS AND DISCUSSIONS

By running the Equations (1-4) through the
data presented in Table 6, the regression
equation for BL is calculated. For this, the
Minitab dtatistica package is used. The
calculated model is presented in Equation (5):

BL = 72,0602852442791 —
(0,000029801809832xCH) —
(0,42722756659429xST) +
(0,00000000004238 xCH?) +
(0,00065412941627xST?) +
(0,00000004535513xSTx CH) 5)
Equation (6) is used to calculate the R? value
(which is used to determine if the factors are
adequate to represent the change in the

response):

=2
_ BTXTy-nyY

R2
—2
YTYy—-ny

(6)
From the equation, R? is calculated as 0.9896

(which isvery close to 1) and this means CH
and ST is seems too sufficient to explain the
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variagtion at BL and cannot need to use
additional blanking process parameters.

CH ST

T

200000 400000 600000 220 240 260 280 300
Figure 4 How BL changes one of CH and ST

Figure 4 showsthat no multicollinearity effect
on the model. Each variance varies response
with different affection ratios.

Figure 5 How BL changes with CH* ST and ST

Figure 5 shows how BL changes with the
setting of CH separately and the interactions
of CH*ST.

Figure 6, Residuals vs Fitted values scattering
plots shows no  clustering and
heteroscedasticity on change of variance. No
constant variance scattering plot  was
observed from residual s vsfitted values. Only
one observation (Row 10) shows us a large
residual. Scattering around zero seems
random.

05

00 .

05

Figure 6 Residuals vs Fitted values
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Figure 7 Normal probability plot
Histogram
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Figure 8 Histogram of residual s about normal

Figure 7 shows normal probability plot of
residuals and Figure 8 shows the normal
distribution of residuals. Finally, Analysis of
Variance (ANOVA) is performed using

Minitab. The ANOVA results are
summarized in Table 7.
P vaue is found very smaller than

(0.000<0.05) which means the model is
significant a& a 95% confidence level.
Verification of caculated results with
experimentally measured values is given in
Table7.

As is seen from Table 8, the maximum
residual value is -0.91729937, and the
maximum absolute deviation ratio is 12.9%.
and the average percentage of residuals can be
calculated as 3.35%.
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Table 7 Analysis of Variance

. . F- P-
Source DF Adj SS Adj MS Vaue Vaue
Model 5212.006 42.401 209.25 0.000
Linear 2159.066 79.533 392.50 0.000
CH 1138.386 138.386 682.94 0.000
ST 1 42.287 42.287 208.69 0.000
Square 2 30.325 15.163 74.83 0.000
CH*CH 1 26.164 26.164 129.12 0.000
ST*ST 1 1763 1763 870 0.013
2-Way 1 0918 0918 453 0.057
Interaction
CH*ST 1 0918 0.918 453 0.057
Error 11 2229 0.203
Total 16 214.235

Table 8 Matching of experimental and calculated
results of the model

CH ST BL Fited Residuals Rf(ig;a‘
179164 2230 7 745110205 -0.15110295 -2.11%
179208 2665 3 284861520 015138471  531%
208761 2257 7 673000941 026999059  4.01%
429945 2885 4 380818487 010181513  2.61%
429990 2585 5 530656857 -0.39656857 -7.35%
430012 2507 6 531446752 068553248  12.90%
430024 2878 4 392126833 007873167  2.01%
586763 2838 8  B8.5850585 -0.15850585 -194%
586811 2238 12 1227467597 -0.27467597 -2.24%
586856 2655 8  8.01729937 -091729937 -10.20%
668577 2875 11 1104108672 -0.04108672 -0.37%
660613 2570 13 1232334083 067665917  549%
642607 2972 10 O.88155331 011844669  120%
641980 2055 14 1388728650 011271350  0.81%
642055 2868 10 1002780691 -0.02789691 -0.28%
90518 2568 4 418061699 -0.18961699 -4.53%
90560 2805 2 203852089 -0.03852050 -1.89%

When the model applies to process control of
wearing level of blades can be predicted
without any other measure and the burr length
of mitered coils will have kept under the
desired level.

4. CONCLUSION

The shear-cutting process is very a critical
stage of the transformer core production
process. Observations on GEORG TBA 400
model cut-to-length blanking machinery in
BEST Transformer have been made and data
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recorded for optimizing burr length. As
variable of burr length represents the plastic
deformation level of mitered laminations.
Burr lengths should be under control and
limited range regarding |EC 60604-02. When
aregression model occurred for the blanking
process, dependent and independent variables
process chosen as mentioned above, a
meaningful model derived with R? = 0.9896
and model proposed for practice process
control beneficial. For the next step of the
study, the selection type of predictor
variances and observation method of
independent variables can be improved;
wearing level of blades values can be derived
by optical inspections. Further, for a more
precious model, hardness and type of
laminations can also join the observations.
Hopefully, producing more efficient power
transformer cores and reducing no-load losses
of transformers in the grid will complement
additional value and motivation to the next
generations.

A mathematical process control model based
on regression analysis can be raised to get
useful and confidential process control
activities for the traditional process shear-
cutting  process.  Predictors  observed
physicaly and known experientially might be
in the model.
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Venom Peptides of Crotalus atrox Against SARS-Cov-2 Spike Protein and
Human ACE2 Receptor by Molecular Docking Analysis

Suleyman ILHAN "1

Abstract

Venoms are composed of about 100 to 500 pharmacologically active compounds. Less than
0.01% of these compounds have been identified and a significant mgjority of them act on
unknown receptors. Here, the potential Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2) activities of selected Crotalus atrox venom peptides (CVPs) including
Atrolysin D (AD), vascular apoptosis-inducing protein-1 (VAIP-1), Catrocollastatin (CC),
and Calcium-Free Phospholipase A2 (CFP) were investigated via molecular docking analysis.
CVPs were docked against human angiotensin-converting enzyme-2 (ACE-2) and 3-
chymotrypsin-like protease (3CLpro) viral spike protein. All CVPs had low binding energies
to both 3CLpro and ACE2, suggesting that they interacted strongly with the active sites of
enzymes, compared to the reference drugslopinavir and ritonavir. The binding energy of
3CLpro was -139.517 kcal/moal, -96.239 kcal/mol, -121.590 kcal/mol, -259.424 kcal/mol with
AD, VAIP-1, CC, and CFP, respectively. CFP showed a very strong binding activity with
3CL pro, suggesting that it could be a very effective compound in inhibiting the SARS-CoV-2
virus. The binding energy of ACE2 was -101.165 kcal/mol, -73.064 kcal/mol, -106.918
kcal/mol, -82.830 kcal/mol with AD, VAIP-1, CC, and CFP, respectively. AD made a much
stronger bond with ACE2 than reference drugs, showing that it could be used as a virus-
protective component in humans. The results suggest a potential drug candidate for the
development of therapeutics against Coronavirus disease 2019 (COVID-19). In vitro and in
Vivo experiments are needed to confirm these compounds' potential preventive and therapeutic
effects.

Keywords: Crotalus atrox venom, COVID-19, SARS-CoV-2, 3CLpro, ACE-2.

1. INTRODUCTION

Many people have died as a result of the
breakout and quick spread of the coronavirus
disease 2019 (COVID-19) epidemic brought
on by the SARS-CoV-2 coronavirus. New
mutations have emerged, extending to the
disease's complexity. According to estimates

from the World Heath Organization, the
SARS-CoV-2 epidemic killed more than 6
million people and infected more than 700
million individuals across many different
nations. As a result, the fight to stop this
epidemic has spread globally. The COVID-19
epidemic continues to represent a Sserious
thret to humanity despite severd
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vaccinations and pharmacological treatment
attempts because of the weakened immune
system.

Angiotensin-converting enzyme, also known
as ACE, produced on the surface of host cells
is bound by spike protein (glycoprotein S) by
the SARS-CoV-2 virus, which preferentially
targets lung cells[1]. Angiotensin-converting
enzyme| (ACE-1) and angiotensin-converting
enzyme Il (ACE-11) are both enzymesthat are
involved in the production of angiotensin.
ACE-II found in the human body is involved
in controlling blood pressure by converting
angiotensin | to angiotensin 1l. It has been
determined that SARS-CoV-2 in humans uses
ACE2 asits cdllular entrance receptor [2].

The vira particle that gets inside the cell is
not encoded, and when the -coronavirus
genome is transcribed, it often results in an
800 kDa polypeptide. Ppla and pplab in
ORFla and ORFlb are prepared for
polyprotein synthesis [3]. These polyproteins
are proteolytically broken down into a variety
of proteins by the enzymes papain-like
protease (PLpro) and 3-chymotrypsin-like
protease (3CLpro). 3CLpro can cleave the
polypeptide at various sites into 16 different
nonstructural polypeptidesto produce various
proteins involved in viral genome replication
and transcription [4]. 3’ terminus of the gene,
which exhibits extreme polymorphism,
contains 3CLpro, which is crucia for the
replication of viral particles. It is aso thought
to be akey target for halting the spread of the
illness by obstructing the vira polyprotein's
active cleavage sites. This information on
SARS-CoV-2 has led to the acceptance of
ACE2 and 3CL pro as prospective targets for
the creation of antiviral medications [4].

There are many studies ongoing to search for
new vaccines/drugs for COVID-19.
Researchers from around the world are
working together to accelerate the
development of potentia treatments and
vaccines for the virus. Many organizations,
including the WHO, and the National
Institutes of Health are dedicated to

Sakarya University Journal of Science 27(4), 735-743, 2023

researching new treatments and vaccines for
the virus. Natural compounds (herbs, spices,
and medicines made from animals) are the
richest source of reference for the search for
anti-viral molecules [5-8]. Plants are
investigated because of their high antioxidant
and immune-enhancing effects, and animal
venoms are aso investigated because they
contain active compounds with different
mechanisms of action. Among the natura
compounds, snake venoms are a source of
potentially helpful therapeutic chemicals
because of their biological activities [9, 10].
They might contain substances useful in the
design or development of pharmaceuticals,
leading to the identification of novel proteins
and protein families. Crotalus sp. belongs to
the family of pit vipers. They are venomous
and are typically found in parts of North,
Central, and South America. They have a
distinctive rattle at the end of their tail that
they use as a warning signal when they feel
threatened. C. atrox, aso known as the
western diamondback rattlesnake, is a
venomous species of rattlesnake. The venom
of C. atrox consists of severa proteins
including phospholipases A2, C-type lectins,
metalloproteinases,  hyaluronidase, and
bradykinin-potentiating  peptides. These
proteins have various effects on prey such as
paraysis, pain, and hemorrhagic activity.
Since the venom proteins of C. atrox have a
wide variety of protein cocktails, it is
conceivable whether there is an interaction
between the spike protein of COVID-19,
which may be relevant in evaluating potential
therapeutic treatments.

A computer method called molecular docking
is used to estimate the interactions between
two molecules, usually small molecules like
pharmaceuticals. The two molecules must fit
into abinding site, and thefit isthen evaluated
by evaluating the energies of their interactions
[11]. It is a research method that fuses
physica and chemical principles with
complex computational algorithmsto provide
a useful tool for anayzing the source and
mechanism of potential new compounds [12].
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Therefore, to comprehend the underpinnings
of COVID-19,

computational research to shed light on snake
venom protein interactions would be useful.

In this study, the interactions of C. atrox
venom peptides (CVPs) Atrolysin D (AD),
vascular apoptosis-inducing protein-1 (VAIP-
1), Catrocollastatin (CC), and Calcium-Free
Phospholipase A2 (CFP) with 3CLpro and
ACE2 receptors were investigated, and
potential anti-viral molecules targeting
SARS-CoV-2 were explored.

2. MATERIALSAND METHODS
2.1. Receptor Preparation

The SARS-CoV-2 man protease 3CLpro
(PDB ID: 6LU7) and ACE2 (PDB ID: 1R42)
were chosen as receptors. The protein
databank's PDB format was used to download
the three-dimensiona (3D) structures of the

3CLpro and ACE2 proteins
(https.//www.rcsh.org/). The load
distribution, hydrogenation, and water

removal processes al made use of the
PyMOL software. Then, using MG Tools by
AutoDock Vina program, hydrogen atoms
were added to the acceptor molecule [13]. For
future investigations, the structure was saved
in PDB format.

2.2. Ligand Preparation

Identified snake venom proteins three-
dimensional structure were retrieved in PDB
format from PubChem: Atrolysin D (PDB ID:
1ATL), vascular apoptosis-inducing protein-
1 (PDB ID: 2ERO), Catrocollastatin (PDB
ID: 2DW?2), Calcium-Free Phospholipase A2
(PDB ID: 1PP2). Autodock Vina 4.25.1
software was used for water removal,
hydrogenation, and adjusting the load
distribution.

2.3. Molecular Docking

Computational Docking uses statistical and
machine-learning methods to predict the

Sakarya University Journal of Science 27(4), 735-743, 2023

interaction between molecules. It can be used
to visudize and study protein-ligand
interactions, design novel drugs, and predict
drug effectiveness. By using Autodock Vina,
high throughput molecular docking was
performed. The grid center for 3CLpro was
set as X= 21.41, Y=3.62 and Z=21.94 with
dimensions of the grid box 60 A"x 60 A*x 60
A°. The grid center for ACE2 was set as
X=19.81, Y=-5.57 and Z=14.73 with the grid
box 60 A°x 60 A°x 60 A°. After calibration
and optimization, the same grid box size and
other parameters were applied to the docking
experiments of al four proteins, and the entire
setup was performed to generate different
docked conformations. To see how
molecules secondary structures resembled,
PyMOL was utilized.

3. RESULTSAND DISCUSSION

A computational technique called in silico
docking is used to anticipate the binding
affinity of a small molecule drug to a target
protein. In silico docking can be used to find
possible small molecule inhibitors for
antiviral drug development that can attach to
vird proteins and interfere with their
function, reducing vira reproduction and
infection. Snake venoms are produced in
venom glands and contains several proteins,
enzymes, and peptideswith various biological
activity. While the majority of a snake's
venom is utilized for defense and predation,
some of the venom's components have been
discovered to have medicinal qualitiesand are
used as medications for a variety of medica
disorders. Some examples of drugs devel oped
from snake venom can be listed as anti-
venoms, blood pressure medications, pain
medications, anti-cancer agents and
neurological medications [9]. Overal, drugs
obtained from snake venoms have great
potential for treating a variety of medical
conditions. Here, to explore a possible
therapeutic target for COVID-19 disease,
3CLpro and human ACE-2 receptors were
docked with CVPs using in silico methods.
Since hydrogen bonds (H-bonds) and steric
interactions (such as Van der Waals
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interactions) are vital for ligand-target protein
interactions and binding affinity, we
investigated the binding affinity of the venom
between the SARS-CoV-2 target protein
3CLpro and human ACE2. PubChem CID,
molecular formula and 2D protein structures
of the venom were obtained from the
PubChem library database. The binding
energies, H-bond interaction scores and
amino acid interactions with 3CLpro and
ACEZ2 ligands are presented in Table 1.

All CVPs had low binding energies to
3CLpro, suggesting that they interacted
strongly with the enzyme's active sites. The
binding energies of these CV Ps ranged from -
96.239 to -259.424 kca/mol for 3CLpro
which were comparable with the binding
energies of reference drugs lopinavir (-
126,713 kca/mol) and ritonavir (-108,731
kcal/mol). The binding energy of 3CLprowas
-139.517 kcal/mol, -96.239 kca/mol, -
121.590 kcal/mol, -259.424 kca/mol with
AD, VAIP-1, CC, and CFP, respectively
(Table 1). The most prominent binding
energy vaues were calculated as -139.517
kcal/mol for AD and -259.424 kcal/mol for
CFP, which were lower than the reference
drugs lopinavir and ritonavir, indicating a
strong binding affinity. CFP is a human
neutrophil-calcium  modulating  protein
isolated from C. atrox venom [14]. Although
its biological activities have not been studied
much, it has many interesting properties such
as heat stability, activity on non-aqueos and
lipid molecules. CFP showed a very strong

Sakarya University Journal of Science 27(4), 735-743, 2023

binding activity with 3CL pro, suggesting that
it can aso bevery effectivein virus. CFP aso
formed hydrogen interaction with Cys29, and
steric interactions with Asp49 and Pheb
(Figure 1A-B). AD is a hemorrhagic
metalloproteinase isolated from C. atrox
venom. It is a reprolysin subfamily of zinc
metalloproteinases and is an effective
inhibitor of platelet aggregation [15]. AD had
high binding affinity with 3CL pro and formed
hydrogen interactions with Argl67, Gly169,
Glul43 and Prol68. It also formed steric
interactions with Val138, Leul70, Hisl42,
Leul08, Argl67 and Glul43 (Figure 1C-D).
CC is another peptide isolated from C. atrox
venom, is an inhibitor of collagen-induced
platelet aggregation prothrombin activator
[16]. It had a -121.590 kcal/mol binding
energy which was lower than reference drug
Ritonavir. It formed hydrogen interactions
with Leud47, Alad79, Cys 481 and steric
interactions with Glu480 (Figure 2A-B).
VAIP-1 is an apoptosis-inducing peptide that
target vascular endothelial cells and has the
lowest binding energy with 3CLpro [17]. It
formed hydrogen interactions with His18 and
Argl3, and steric interactions with GIn16 and
Argl3 (Figure 2C-D). All CVPs dso
displayed low values of binding energy to
ACE2. These CVPs had binding energies that
varied from -73.064 to -106.918 kcal/mol
(Table 1). All tested CVPs had binding
energies with ACE2 higher or similar to the
reference drugs Lopinavir (-80.524 kcal/mol)
and Ritonavir (-73.550 kcal/mal).
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Table 1 Interaction of the SARS-CoV2 Main Protease 3CL pro with C. atrox venom proteins.

Docking Score

Protein name Ligand (EBindi g HBond  Amino acid Residue
nergy,
Kcal/mol)
Val13s, Leul70,
Argl67, 11e165,
3CLPro -139.517 -8573  Gly169, His142,
Thr139, Glu143,
Leul08, Prol168
Atrolysin D Gly109, Glu143,
Thri39,  Cysl64,
Tyrl76, Val13s,
ACE2 -101.165 9278 |i165, Arglo7.
Gly169, Leul70,
Pro168
Glu480,  Cys48l,
Vascular 3CLPro -96.239 -6.138  Alad79, L eud4?,
Apoptosis-
Inducing Glua4s
- Asp582 Leus87
rotein-1 _ _ ’ '
p ACE2 73.064 9247 | iror
Aspd16,  Gludo7,
3CLPro -121.590 -8.440 Glyad2,  Asnd2s
. Gln424, Asn422,
Catrocollastatin -~ -106.918 6147  Cysi7,  Gludov,
Asp4dl6
. i Cys29(R), Asp49(R),
CaciumFree  S--PIO 259.424 500 istg(R), Phes(R)
Phospholipase Leul9, Glu6, Cys29,
A2 ACE2 -82.830 5140 Lo
3CLPro 126,713 7414  CYSH Throe
L opinavi Asnos, Throe,
ACE2 -80.524 11160 C¥S95, Glyo4, lles,
Prol
Asn98, Ile3, Thros,
3CLPro -108,731 -3.045  GIn2
Ritonavir Asn98, 13, Throe,
ACE2 -73.550 -15.621  Prol
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Figure 1 (A) Molecular docking of SARS CoV-2 main protease (3CLpro) and Cacium-free
phospholipase A2 (B) interactions with key residues. (C) Molecular docking of SARS CoV-2 main
protease (3CL pro) and Atrolysin D and (D) interactions with key residues (Red dashes show steric

interactions and blue dashes show hydrogen bonds)
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Figure 2 (A) Molecular docking of SARS CoV-2 main protease (3CLpro) and Catrocollastatin (B)
interactions with key residues. (C) Molecular docking of SARS CoV-2 main protease (3CL pro) and
Vascular apoptosis-inducing protein-1 (D) interactions with key residues (Red dashes show steric
interactions and blue dashes show hydrogen bonds)
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Figure 3 (A) Molecular docking of ACE2 and Calcium-free phospholipase A2 (B) interactions with
key residues. (C) Molecular docking of ACE2 and Atrolysin D (D) interactions with key residues (Red
dashes show steric interactions and blue dashes show hydrogen bonds)
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Figure 4 (A) Molecular docking of ACE2 and Catrocollastatin and (B) interactions with key residues.
(C) Molecular docking of ACE2 and Vascular apoptosis-inducing protein-1 (D) interactions with key
residues (Red dashes show steric interactions and blue dashes show hydrogen bonds)
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The binding energy of ACE2 was -101.165
kcal/mol, -73.064 kca/mol, -106.918
kcal/mol, -82.830 kcal/mol with Atrolysin D
(AD), VAIP-1, Catrocollastatin (CC), and
Calcium-Free Phospholipase A2 (CFP),
respectively (Table 1). VAIP-1 with the
lowest binding score amost the same as
Ritonavir. It formed hydrogen bonding with
Met585 and steric interactions with Leu587
and Asp582 (Figure 3A-B). AD formed
hydrogen interactions with Glu143, Thr139,
Prol68, Argl67, and llel65; formed steric
bondswith Thr139, Cysl164, Tyrl76, Va 138,
llel65, and Gly169 (Figure 3C-D). The
peptide with the greatest binding affinity to
human ACE2 was found as CC. Compared to
Lopinavir and Ritonavir, CC had a higher
affinity for binding hydrogen bonds with
Asn422, Cys417, Glud07, and Asp4l6 and
steric interactions with GIn424, Cys417,
Glud07, and Asp416 (Figure 4A-B). CFP had
the similar results to Lopinavir and it formed
hydrogen bondswith Cys29 and Glu6 (Figure
AC-D).

These in silico analysis results highlight the
CVPs tested as potential anti-SARS-CoV-2
components. However, it is important to
validate the results of in silico docking using
in vitro and in vivo studies to ensure that the
compounds are effective and safe for use as
antiviral drugs.
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Synthesisand Characterization of Novel Water-Soluble Tetra-Substituted
Zn(l1) Phthalocyanine Containing Triazole and Galactose Moieties

Yasemin BAYGU™?

Abstract

In this study, new water-soluble non-peripheral tetra-substituted zinc complex of
phthal ocyanine which is contain gal actose moi eties was synthesized. ZnPc-| was prepared from
the galactose substituted dicyano compound by the cyclotetramerization reaction. This dicyano
compound was synthesized by Click reaction between 3-(pent-4-yn-1-yloxy)phthal onitrile and
6-azido-6-deoxy1,2:3,4-di-O-isopropylidene-a-D-galactopyranose. ZnPc-l11 was obtained by
hydrolysis of the protected isopropylidene groups in ZnPc-1 in TFA and water mixture. The
galactose linked Zn(I1) phthal ocyanine was achieved to dissolve in common polar solvents and
water. All of the new compounds were characterized by elemental analysis, *H NMR, *°C NMR,
IR, UV—vis and MS spectral data.

Keywords: Zinc(Il) phthalocyanine, galactose, click reaction, water soluble phthal ocyanine

1. INTRODUCTION

Phthal ocyanine (Pc) compound having 18 -
electron systems contains four nitrogen atoms
in the central cavity and it is known as blue-
green-coloured [1]. Phthal ocyanines and their
metal complexes are widely used a wide
range of areas for along time beacuse of their
matchless electronic properties of the
phthalocyanine core, high degree of
aromaticity and the ability to be added
different substituents. Their applications such
as non-linear optical devices [2], sensors [3],
liquid crystals [4], dye-sensitized solar cells
(DSSCs) [5], Langmuir-Blodgett films [6],
and photodynamic therapy [7] can be showed
as example. Phthalocyanines are generaly
soluble in commonly used organic solvents

due to substituents such as akyl, alkoxy,
crown ethers.

Photodynamic therapy (PDT) is a clinical
treatment method that depended on the use of
light to treat a number of cancerssuch asearly
gastrointesti, oesophageal, lung and skin
cancer [8]. A non-toxic, photosensitizing drug
known as aphotosensitizer (PS) isused inthis
treatment method. The photosensitizer causes
the formation of reactive oxygen species,
which is known as singlet oxygen, from
molecular oxygen by using light of the
appropriate wavelength. Phthalocyanines are
used as second generation photosensitizers
[9] because they have photophysical and
photochemical properties such as no dark
toxicity, strong absorption a long
wavelengths, high singlet oxygen production

* Corresponding author: ybaygu@pau.edu.tr (Y. BAYGU)
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efficiency, chemical stability and penetration
into deep tissues [10, 11]. Phthalocyanine
compounds must be water-soluble for to be
used as photodynamic therapy agents. For this
reason, substituents such as carboxylate,
sulfonate and quaternized amino groups can
be added to their peripheral, non-peripheral or
axial positions. However anionic sulfonated
phthalocyanines tend to aggregate in water
[12]. In conclucion their photosensitizing
ability islost for their usein PDT. Therefore
gaactosed  or glucosed  substitued
phthalocyanines have prepared in literature
[13, 14]. Morever, carbohydrate moieties
such as galactose suggests the specific affinity
for tumour tissues for application as
photosensitizers in PDT, because the cancer
cell gets its energy from carbohydrate. [15-

17].

Click Chemistry which was caled by
Sharpless is used to connect various
functional groups together [18]. Click
reactionsthat are selective, cheap and easy are
obtained by using copper(l) catalyst between
azide and alkyne compounds with high yield
[19]. Thanks to these characteristics, Click
reactions are commonly used in the synthesis

of  carbohydrate-containing  porphyrins
derivatives[20, 21].
In this study, the synthesis and

characterization of zinc(ll) phthalocyanines,
whose galactose derivatives are protected by
acetyl units and gal actose derivatives contain
hydroxyl groups, werereported. A new water-
soluble zinc(Il) phthalocyanine containing
akyl-linked triazole wunits and tetra-
substituted gal actose groups was synthesi zed.
This new compound exhibited the partially-
aggregated behavior in agueous media. The
structures of al new compounds were
confirmed by using elemental analysis, H
and BC NMR, FT-IR, UV-vis, and MS
spectral techniques.

Sakarya University Journal of Science 27(4), 744-756, 2023

2. EXPERIMENTAL
2.1. General

All chemicals which were used for synthesis
of reactions were purchased from
commercial suppliers and n-pentanol was
dried according to the procedure [22]. FT-IR
spectra were recorded on Perkin-Elmer
UATR Two spectrometer. *H and *C NMR
spectra were measured by Adgilent-vnmrs
400/54 and Varian Mercury plus 300 MHz
spectrometers. M ass spectra were determined
on a Micromass Quattro Ultima LC-MS/MS
and on a Bruker Daltonics Microflex LT
MALDI-TOF spectrometers. The UV-vis
absorption spectra were measured on a
Shimadzu UV-1601 spectrophotometer by
using double-beamed in 1 mL quartz cuvette.
Elemental analyses were determined on a
Costech ECS 4010 instrument. Melting points
were measured on an electro therma melting
point apparatus in a sealed tube.

2.2. Synthetic Procedures and Spectral
Data

2.2.1. Preparation of
(((3aR,5R,5aS,8aS,8bR)-2,2,7,7-
tetramethyltetrahydro-5H-bis([1,3]
dioxolo)[4,5-b:4',5'-d] pyr an-5-yl)methyl)-
1H-1,2,3-triazol-4-
[)propoxy)phthalonitrile (3):

3-(3-(1-

A suspension of copper(ll) acetate
monohydrate (0.2 g, 0.98 mmol) and sodium-
L-ascorbate (0.4 g, 2.01 mmoal) in water (35
mL) was added to the mixture of compound 1
(2.05 g, 5mmol) and compound 2 (2.159, 7.5
mmol) in tert-butanol (35 mL). Then, the
mixture was stirred under argon atmosphere
at room temperature for overnight. The end of
this period, the reaction mixture was poured
into water (70 mL) and stirred and then
extracted with dichloromethane (3x25 mL).
The collected organic extracts was washed
brine solution (50 mL) and dried over
anhydrous MgSOs. The product was stirred
with diethyl ether and filtered off. Then dried
in vacuo to give cream coloured solid. Yield:
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1.93 g (77.82%), m.p: 150-152 °C. H NMR
(300 MHz, CDCls), (8: ppm): 7.63 (s, 1H,
HC=C), 7.53-7.30 (s, 3H, C-H)aom, 5.45 (s,
1H, -OCH), 4.62-4.30 (m, 4H, -OCH), 4.17
(m, 2H, -OCHy), 4.15 (d, 2H, -NCH>), 2.93
(m, 2H, -CCH>), 2.25 (m, 2H, -CH2CH>),
1.46-1.24 (s, 12H, CH3). *C NMR (75 MHz,
CDCl3), (8: ppm):161.51, 134.90, 134.83,
125.26, 125.20, 117.21, 115.6, 113.30,
110.08, 109.20, 105.02, 96.40, 71.42, 71.35,
70.89, 68.89, 67.48, 50.65, 28.40, 26.18,
26.11, 25.10, 24.61, 21.81. FT-IR (ATR, cn7
1. 3151 (triazole), 3087 (C-H)aom, 2995-
2903 (C-H)aipn, 2234 (C=N), 1299, 1070,
1007. MS (m/z): 496.03 [M+H]*, 518.01
[M+Na]*, 597.05 [M+2K+Na]*. Anal. cad.
for CasH29N50s: C, 60.60; H, 5.90; N, 14.13.
Found: C, 60.76; H, 5.94; N, 14.20.

2.2.2. Preparation of ZnPc-I:

Non-periphera substitue dinitrile compound
(3) (0.25 g, 0.5 mmoal), anhydrous zinc(Il)
acetate (33 mg, 0.18 mmol) and 5 drops of
DBU in dry pentanol (3.5 mL) were heated
and stirred at 155 °C under argon atmosphere
for 24 h in a Schlenck system.. After cooling
to room temperature, the reaction mixturewas
poured into hexane (20 mL) and then
centrifuged. Purification of the crude product
was carried out by column chromatography
on silica gel using dichlorometane/ethanol
(98:3) to give green solid. Yield: 66 mg
(26.4%), m.p> 300 °C. *H NMR (400 MHz,
CDCl3), (6: ppm): 9.20 (s, 4H, HC=C), 8.09-
7.51 (s, 12H, C-H)arom, 5.44 (s, 4H, -OCH),
4.58-4.28 (m, 16H, -OCH), 4.21 (m, 8H,
OCHy), 4.14 (m, 8H, -NCH>), 2.97 (s, 8H, -
CCHy), 2.57 (m, 8H, -CH2CH>), 1.45-1.16 (s,
48H, CH3). ®°C NMR (100 MHz, CDCl3), (6:
ppm): 156.17, 153.60, 141.62, 136.25,
13455, 125.73, 122.46, 115.44, 109.76,
109.69, 108.89, 96.06, 71.04, 70.62, 70.19,
67.97, 67.11, 50.26, 29.12, 25.88-24.32,
21.93. UV-vis (CHCl3): Amax (log €): 705
(5.26), 637 (4.51), 322 (4.65). FT-IR (ATR,
cml): 3149 (triazole), 3048 (C-H)arom.,
2933-2856 (C-H)aliph, 1627 (C=N), 1451,
1324, 1152. MS (m/z): 2045.68 [M]*. Anal.
cad. for CiooH116N20024Zn: C, 58.66; H,

Sakarya University Journal of Science 27(4), 744-756, 2023

5.71; N, 13.68; Zn, 3.19. Found: C, 58.78; H,
5.85; N, 13.76; Zn, 3.32.

2.2.3. Preparation of ZnPc-II:

ZnPc-1 (61.35 mg, 0.03 mmol) was stirred in
trifluoro acetic acid water mixture [(9:1) (1.5
mL)] at room temperature for 35 minute.
Diethyl ether (6 mL) was added to the
solution at the end of this period and the
product precipitated. The green solid was
filtered off, washed with diethyl ether and
then dried under vacuo. Yield: 46.09 mg,
(89.06%), m.p> 300 °C. *H NMR (400 MHz,
DMSO-ds), (6: ppm): 8.59 (s, 4H, HC=C),
8.07-7.57 (s, 12H, C-H)arom, 4.96-353 (m, 52
Ga-H and -OH), 3.14 (s, 8H, -CCHy), 2.57
(m, 8H, -CH2CH). *C NMR (100 MHz,
CDCl3), (5: ppm): 156.17, 146.98, 146.31,
140.03, 136.35, 123.24, 119.58, 115.19,
102.25, 97.91, 76.42, 72.07, 70.01, 69.26,
68.78, 51.31, 29.60, 21.92. UV-vis Amax (log
g): 708 (5.31), 638 (4.58), 327 (4.62) in
DMSO, 682 (4.64), 319 (4.47) in H20. FT-IR
(ATR, cml): 3269 (OH), 3153 (triazole),
2924-2882 (C-H)aiph, 1673 (C=N), 1268,
1198, 1058. MS (m/z): 1725.95 [M]*. Anal.
cald. for CzeHgaN200242Zn: C, 52.86; H, 4.90;
N, 16.22; Zn, 3.79. Found: C, 53.03; H, 5.02;
N, 16.39; Zn, 3.93.

3. RESULTSAND DISCUSSION

The synthetic routes were described to
prepare Zn(I1) phthalocyanines in Scheme 1.
The precursor compound 3 was synthesized
via Husgein 1,3-dipolar cycloaddition
reaction between 3-(pent-4-yn-1-
yloxy)phthalonitrile [23] and 6-azido-6-
deoxy1,2:3,4-di-O-isopropylidene-a-D-

gaactopyranose [24] in the presence of
copper(ll) acetate monohydrate and sodium-
L-ascorbate in water/tert-butanol mixture
(1:1) a room temperature in high yield
(77.82%). FT-IR spectrum of this compound
was showed characteristic vibrations at 3151
cm? for triazole and at 2234 cm? for C=N
moieties (Figure 1). In the ESI mass spectra
of compound 3 a m/z = 496.03, 518.01,
597.05 signals should be concerned [M+H]*,
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[M+Na* and [M+2K+NatH]" ion peaks
respectively (Figure 2). These mass spectra
were  confirmed the structure.  The
characteristic triazole resonances at 6 = 7.63

s

HO o PH
OH
/\/\(\N OH
’HO
T
N Zln~ N
Ho §g
HO
ZnPc-| II
HO 0 OH

ppm in *H NMR spectra and & = 134.9 and
12520 ppm in ¥C NMR spectra were
confirmed the formation of compound 3
(Figure 3 and Figure 4).
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Scheme 1 The synthesis procedure of ZnPc-II

[ H |
E %} K ©
E e 5
T SR 3
g 80 3 o5 | 14 of\
o E B OoO% R N
c E a O w N SN
g3 g 3 2L Il 4° s
€ 75 f | | o &
g g sls °
© E ufo
E 703 Sl |l 2
I E ol | [ko N
E L ogl|lg
3 =
3 | R
65 7 5 o
= ~
38 8
60
E |
E =
E o
55 3 S
50 3 I\
= | (=}
3 = O
E o~
= N
3 o
T T T T T T T [ T T T T T e I T T
3200 3000 2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm-1)

Figure 1 IR spectrum of compound 3
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Zn(I1) phthal ocyanine (ZnPc-1) was prepared
from compund 3 by the template reaction with
anhydrous Zn(l1) acetate and a few drop of
DBU in dry n-pentanol under reflux in inert
atmosphere. Purification of the ZnPc-I by
column chromatography on silica gel using
dichlorometane/ethanol (98:3) gave a blue-
green solid in  yiedd 26.4%. The
phthal ocyanine formations was supported by
disappearance = of  characteristic =~ C=N
stretching vibration at 2234 cm? in the
precursor compound 3 in the FT-IR spectra
In addition to that, the novel signal at 1627
cmt concerning C=N moieties al so supported
the phthalocyanine formation (Figure 5). The

molecular ion peak at m/z = 2045.68 [M]*
confirmed the proposed structure in the
MALDI-TOF mass spectrum of ZnPc-l,
(Figure 6). A proton belonging to triazole
groups was observed at & = 9.20 and the other
aromatic ring protons were observed at o =
8.09-7.51 ppm in the *H NMR spectrum of
ZnPc-1 (Figure 7). In the 3C NMR spectrum
of ZnPc-1, the disappearance of characteristic
C=N signal belonging to the precursor
compound 3 at & = 113.30 ppm and the
appearance of the novel signalsat 6 = 141.62
ppm concerning C=N moieties was indicated
the phthal ocyanine formation (Figure 8).
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Figure 5 IR spectrum of ZnPc-
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Figure 6 Mass spectrum of ZnPc-|
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ZnPc-| was stirred in a mixture of trifluoro
acetic acid and water (9:1) at room
temperature for 35 minute. As aresult of this
process, the isopropylidene groups of ZnPc-I
were deprotected and ZnPc-11 was obtained
in very high yield (89.07%). This compund
dissolved in water due to galactose units. The
presence of O—H stretching vibrations at
3269 cm! in FT-IR spectrum of this
compound supported the removal of the
protecting groups (Figure 9). The molecular

ion peak being at m/z =1725.95 [M]" was
confirmed the structure in the MALDI-TOF
mass spectrum of ZnPc-11 (Figure 10). The
chemical shifts at 6 = 1.45-1.16 ppm should
be indicated the disappearance of
isopropylidene group of ZnPc-11 (Figure 11).
The observed novel moieties at 6 = 25.88—
24.32 ppm in the 3C NMR spectrum of
ZnPc-11 also showed the formation of ZnPc-
Il (Figure 12).
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Figure 9 IR spectrum of ZnPc-II
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Figure 10 Mass spectrum of ZnPc-I|
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Figure 12 3C NMR spectrum of ZnPc-I|

The synthesized novel zinc(ll)
phthalocyanines ZnPc-l and  ZnPc-lI
exhibited inthe ground state typical electronic
absorption having with the characteristic 7—
7* transitions of the phthalocyanine corein Q
band region. These absorbtions were
observed at A = 705 nm in chloroform for
ZnPc-1 and 708 nm in DMSO, 682 nm in
water for ZnPc-11 respectively. These single
and narrow transitions in Q band region of
UV-vis spectrawhere are shown in Figure 13
and Figure 14 indicated the monomeric and
non-aggregated behaviors of ZnPc-l in
chloroform and ZnPc-Il in DMSO. The UV-
vis spectra of ZnPc-l1l showed that the k

[y
~
wu

Absorbance

A=
U

intensity of Q band is much lower in water

than in DMSO. This dituation can be 0
comment as showing aggregated behaviors of 250 450 650 850
ZnPc-11. However this aggregation is much Wavelength

lower than according to in a similar study  Figure 13 UV-vis Spectrum of ZnPc-1 (10° M in
[25]. Alkyl groups linked by triazole ringsin chloroform)

ZnPc-1 and ZnPc-Il compunds may have

prevented aggregation.
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Figure 14 UV-vis Spectrum of ZnPc-1l (10° M
in water and DM SO)

4. CONCLUSION

In summary, compund 3 was synthesized
using Husgein 1,3-dipolar cycloaddition
reaction between 3-(pent-4-yn-1-
yloxy)phthalonitrile (1) and azido of
galactose compound (2). ZnPc-1 was obtained
from tetramerization of compound 3. ZnPc-I|
was prepared with hydrolysis of ZnPc-1. All
of novel compounds was characterized by
various spectral data. Thus water soluble and
partialy aggregated phthal ocyanine
containing four D-galactose units was
obtained. This new water soluble compound
due to carbohydrate moieties can be used for
the potential application as photosensitizersin
PDT.
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Two Significant Factors Affecting the Dimensions of the ZnO Nanorods
During Chemical Bath Deposition: Precursor Solution Concentration and
HMTA Content

Memnune KARDES ¥ Koray OZTURK?

Abstract

The effects of zinc ion concentration and hexamethylene tetramine (HMTA) content of the
agueous precursor solution on the aspect ratios of the one-dimensional (1D) ZnO nanorods
during chemical bath deposition (CBD) were investigated. The ZnO nanorods were grown on
these seeded substrates by the low-temperature CBD method at 95 °C for 5 h. In the first part
of thisinvestigation the zinc nitrate hexahydrate (ZNH) to HMTA molar ratio was kept constant
at aratio of 1:1 for each of the CBD solutions prepared with different Zn*? ion concentrations
of 0.025, 0.035, 0.050, and 0.075 M. The number densities of the nanorods (i.e., number of
nanorods per unit area) were increased with the increasing concentration. In the second part,
the ZNH to HMTA molar ratio was varied to differ from the 1:1 value and, in turn, to obtain
the precursor solutions relatively rich in Zn*? or OH~ions. Here, the concentration of the
precursor solution was kept constant at 0.05 M. The lateral growth perpendicular to the c-axis
of the ZnO nanorods was found to be suppressed with the increasing HMTA content (e.g., for
the ZNH to HMTA molar ratio of 0.4: 1) due to its capping effect. However, the precursor
solution containing an excessive amount of HMTA led to adecreasein the probability of crystal
growth, which has been attributed to the OH ™ ion enrichment.

Keywords. ZnO nanorods, CBD, HMTA, aspect ratio, crystal growth

1. INTRODUCTION

One-dimensiona (1D) ZnO nanorods are
promising candidates among nanomaterials,
which have been the building blocks of many
electronic, optoelectronic, photovoltaic, and
photocatal ytic applicationsin recent years [1,
2]. Especialy in photocatalytic applications,
it is important to increase the surface-to-
volume ratio as the efficiency increases when
the molecules are adsorbed on (relatively)

larger catalyst surface area. The surface-to-
volume ratio of ZnO nanorods is extremely
high, and their structure (along the rod growth
direction) is more conducive to charge carrier
transfer and the effective separation of
electron-hole pairs[3, 4]. ZnO nanostructures
have been synthesized by a wide variety of
methods, including spray pyrolysis, chemical
vapor transport (CVT), chemical vapor
deposition (CVD), pulsed laser deposition
(PLD), sol-gel, chemical bath deposition
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(CBD), and hydrothermal synthesis [5-8]
CBD is one of the most widely used methods
because of its low cost and temperature
requirement. The most important advantage
of the CBD method is that almost any
substrate can be used for the growth of
vertical ZnO nanorods by forming aZnO seed
layer [9, 10]. The quality of the crystal growth
depends on the growth time and temperature,
and on the chemical bath conditions, such as
the nature and concentrations of chemicals,
the pH of the growth solution, and the control
of additives to control the structura
morphology of ZnO nanorods [11]. Previous
studies have revealed that it is possible to
control the aspect ratio of ZnO nanorods on
the substrate by varying the bath temperature
in the CBD process. Poorngar et al. [12]
reported that the aspect ratio
(Iength/diameter) of ZnO nanorods increased
as the growth temperature (80-90°C)
increased. Abdulrahman et al. investigated
[13] the effects of different growth
temperatures (65-115°C) on the crystal
structure of ZnO nanorods and emphasized
that the aspect ratio increased with growth
temperature up to 95°C and it tended to
decrease with increasing temperature to 115
°C. Zn%** and 0%~ ions tend to be adsorbed
into polar planes such as (001) to minimize
the surface energy during the ZnO nanorod
growth process. Temperatures that provide
sufficient thermal energy (e.g., 95 °C) lead to
anisotropic growth of ZnO nanorods along
the c-axis. However, a low temperatures,
sufficient thermal energy may not be supplied
for the ions to be adsorbed on polar surfaces.
Therefore, the ions will adsorb randomly in
different crystallographic planes such as
(101) and (100) [14, 15]. Moreover, the
reaction rate in the CBD process resultsin the
formation of structures of different sizes and
irregular morphology. Therefore, it is
required to control the chemical reaction by
using convenient additives such as organic
ligands and surfactants. Amine molecules
such as hexylamine, ethylenediamine,
trimethylamine and butylamine are frequently
used as additives in the CBD precursor
solution [16]. Hexamethylenetetramine

Sakarya University Journal of Science 27(4), 757-767, 2023

(HMTA) is a nonionic, heterocyclic tertiary
aminethat ishighly solubleinwater and often
preferred as a reducing agent and pH
regulator among amine molecules. In recent
studies, it has been revealed that HMTA acts
as a capping agent that promotes anisotropic
growth along the c-axisin additiontoits OH~
ion provider (pH regulator) effect [17, 18].
Considering the importance of surface areain
photocatalytic  reactions, studies with
different molar ratios will be carried out to
determine the effect of HMTA concentration
in the precursor solution on ZnO nanorods
morphol ogy.

In this study, the effects of precursor solution
concentration and HMTA content on the
growth of ZnO nanorods were investigated.
To facilitate effective crystal growth, all
nanorod arrays to be characterized were
grown on the seeded chemically stable and
optically transparent glass lamella. The five-
step wet chemical dip-coating technique was
used to provide complete coverage of the
glass surfaces with the ZnO seed layer. ZnO
nanorods were successfully grown on the
seeded glass substrate by a low-temperature
(=95 °C) CBD method. The molar ratio of
Zn?*/OH~ is crucia in the morphology
control of ZnO nanostructures. The multiple
roles of HMTA were revealed by examining
in detail the structural properties of grown
ZnO nanorods by non-equimolar zinc nitrate
hexahydrate (ZNH) and
hexamethylenetetramine (HMTA)
concentrations over awide range.

2.METHODS

The surface must be clean (free of impurities)
and suitable for chemica bonding. For this
purpose, glass lamellas (2.5 cm x 1cm x 7.5
cm) were placed vertically in the chalet. It
was kept overnight at 70 °C (oven) in an
agueous solution of hydrochloric acid (HCI,
Merck 36.7%) prepared at a ratio of 1.5 by
volume. Then, the lamellas were washed with
distilled water, and they were kept in 0.2 M
NaOH (Merck) agueous solution at 70 °C for
4 hours. The glass surface was activated after
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washing with distilled water and drying at 80
°C for 1 hour. The presence of active
nucleation sites lowers the thermodynamic
barrier and supports the nucleation and crystal
growth stages. Therefore, a two-step seed-
mediated process was followed to grow ZnO
nanorods. ZnO seed solution was prepared by
gtirring 0.1 M zinc acetate dihydrate
(Zn(C,H;0,).2H,0, Merck) (ZAD) and 0.2
M NaOH in 100 mL of ethanol at 60 °C for 2
hours (pH~10.1). Activated glass surfaces
were coated using dip-coating technique at a
speed of 100 mm/min and dried at 130 °C for
5 minutes. It has been reported that optimum
seed thickness is obtained by 4-6 dip-coating
cycles to promote crystallization and
aignment of ZnO nanorods [19, 20].
Therefore, this coating step was repeated 5
times. In our previous study [21], the effect
of different annealing temperatures (250-400
°C) of the seed layer on the crystallinity and
orientation of the ZnO nanorods was
investigated. Good crystallinity and sufficient
seed densities were obtained at 400 °C.
Therefore, the seeded samples were annealed
at 400 °C in the present study.

CBD precursor solutions were prepared by
mixing zinc nitrate hexahydrate (ZNH)
(Zn(NO3), - 6H,0, Sigma Aldrich) and
hexamethylenetetramine (HMTA) (C¢H12 Ny,
Merck) agueous solutions a  room
temperature. The molar ratio of the solution
was fixed at 1:1, whereas concentrations are
set as 0.025, 0.035, 0.050, and 0.075 M. The
effect of HMTA concentration in the
precursor solution on the aspect ratios of ZnO
nanorods was evauated by changing the
ZNH: HMTA molar ratios. For this, precursor
solutions rich in Zn*? ions (L:1/4 (Z4),
1:1/25 (Z2.5), 1:1/1.5 (Z1.5) and 1:1 (Z1)
(ZNH: HMTA)) and vice versa OH™ ions
(/4:1 (20.25), 1/25:1 (Z0.4) and 1/1.5:1
(Z0.6) (HMTA: ZNH)) were prepared. The
value corresponding to state 1 for each sample
was fixed a 0.05 M. ZnO nanorods were
synthesized by CBD method in 5 hours at 95
°C on the seeded glass substrates. At the end
of the reaction, the samples were washed
several timeswith acetone and distilled water,
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respectively. Finally, sasmples were kept in an
oven at 150 °C for 30 minutes to evaporate
the excess water. The crystal structures of all
sampleswere determined by X-ray diffraction
analysis (XRD, Rigaku DMax 200) using Cu-
Ko radiation with a scanning range of 20 =
20 — 70° and a wavelength of A = 1.5406
nm. In addition, the morphologies of the ZnO
nanorods were investigated using scanning
electron  microscopy (SEM,  Philips
XL30SFEG). Before and after the CBD
process, the pH vaues of the precursor
solutions were measured by the pH meter
(Ohaus Starter 300).

3. CONCLUSIONSAND DISCUSSION
3.1. The Effect of Molar Concentration

The crystalographic structures of ZnO
nanorods grown with 0.025, 0.035, 0.05, and
0.075 M concentrations are shown in Figure
1a. All observed diffraction peaksin the XRD
patterns are consistent with the standard
diffraction peaks of the hexagonal wurtzite
phase of ZnO (JCPDSNo. 36-1451). No other
impurity diffraction peaks were represented.
The strong diffraction peaks are located at
20 = 34.4°, 20 =31.7°, and 26 = 36.2°,
and the corresponding planes of ZnO are
(002), (100) and (101), respectively [22, 23].
The texture of ZnO nanorods for all samples
were achieved aong the polar c-axis
corresponding to the (002) plane of ZnO. It
was observed that the orientation along the c-
axis increased with increasing molar
concentration. The peak intensities of the
sample of Z35 (0.035 M) were considerably
higher than the other samples (Figure 1b). On
the other hand, the orientation was partialy
impaired when the concentration increased
from 0.050 to 0.075 M. The deformation of
orientation was due to the impact of HMTA
on the growth characteristics of ZnO
nanorods.

Furthermore, the preferred orientation of ZnO
nanorods was evauated according to the
texture coefficient (TC) expressed in
Equation 1.

759



Memnune KARDES, Koray OZTURK

Two Significant Factors Affecting the Dimensions of the ZnO Nanorods During Chemical Bath Deposition:...

I(002)/
Lio02)

TC002) = 15005, . Jaon s
Lioo2) L1y

D)

where I,y is the obtained XRD peak
intensity corresponding to (h k 1) plane and
It i1y is the intensity of the (h k I) plane
related to the standard powder diffraction
intensities of the (h k 1) plane [12, 24]. The
caculated TC g2y Values of al samples are
listed in Table 1. The degree of c-orientation
of the Z35 sample is ~0.92 which validates a
high preferential orientation of ZnO nanorods
along the c-axis. However, the TC ;) value
of ~0.72 of the Z25 sample confirmed its
random orientation (Figure 1b).
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Figure 1 8) XRD patterns of ZnO nanorods
grown at different molar concentrations (i.e.,
0.025, 0.035, 0.05, and 0.075 M) and b)
Enlargement of the region between 30-40°
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Table 1 The texture coefficient of (002) plane
(T C(002)) of ZnO nanorods grown at different
concentrations (i.e., 0.025, 0.035, 0.05, and

0.075 M)
Samples TCo02)
725 0.79
Z35 0.92
Z50 0.88
Z75 0.85

Top and cross-sectional SEM views of ZnO
nanorods were grown by CBD with 0.025,
0.035, 0.05 and 0.075 M concentrations are
shown in Figure 2. ZnO nanorods with the
hexagona cross-section were successfully
grown in al samples, while lengths and
diameters of nanorods were slightly varied.

Figure 2 The top and cross-sectional SEM views
of ZnO nanorods synthesized at a, b) 0.025, c, d)
0.035, e, f) 0.05, and g, h) 0.075 M

It has been seen that ZnO nanorods with low
molar concentration (0.025 M) were
randomly oriented and the number of
nanorods per unit area is relatively less
(Figure 2a, b). The vertical aignment of
nanorods improved with increasing molar
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concentration (Figure 2c-h). During growthin
a solution containing 0.025 M HMTA, the
HMTA concentration in the solution at the
bottom of the nanorods gradually decreases
and this reduces the steric hindrance effect.
The higher the HMTA concentration, the
more controlled growth occurs. On the other
hand, the number of nanorods for the sample
of Z75 (Figure 2e, f) was quite high and this
negatively affected the aignment.

The diameters, lengths, and aspect-ratios of
ZnO nanorods synthesized at different
concentrations measured via SEM images are
listed in Table 2. All vaues were the
arithmetic mean and standard deviation of 10
measurements. The average diameters of ZnO
nanorods were 120, 250, 200, and 175 nm for
the sample of Z25, 735, Z50, and Z75,
respectively. The average length of ZnO
nanorods were 660, 1450, 1220, and 1040 nm
for the sample of 725, 235, Z50, and Z75,
respectively. The mean diameter and length
values of the Z35 sample were quite high
compared to the other samples, and these data
confirm that the peak intensities are high in
XRD patterns. However, the maximum
aspect-ratio was achieved with the sample
with 0.05 M concentration.

Table 2 The diameters, lengths, and aspect-ratios
of ZnO nanorods grown at different
concentrations (i.e., 0.025, 0.035, 0.05, and
0.075 M) calculated via SEM images

Samples Diameter Length (nm) Aspect-
(nm) Ratio
Z25 120+ 20 6604100 5.6
Z35 250+ 18 1450+90 5.8
Z50 200+ 17 1220+80 6.2
Z75 175+19 1040+80 5.9

3.2. The Effect of HMTA Content

The effect of hexamethylenetetramine
(HMTA) concentration used as a reducing
agent and pH regulator in CBD precursor
solution on ZnO nanorods morphology was
investigated. Top and cross-sectional SEM
images of ZnO nanorods grown with different
ZNH: HMTA molar ratios are shown in

Sakarya University Journal of Science 27(4), 757-767, 2023

Figure 3 and Figure 4. It has been seen that
ZnO nanorods were successfully grown for
al ZNH:HMTA ratiosrichin Zn?* ions (i. e.,
1:1/4 (Z4), 1:1/2.5 (22.5), 1:1/1.5 (Z1.5), and
1:1 (Z1)) (Figure 3). It was clearly seen that
the lengths of the nanorods increased, and
their alignment improved with decreasing
[Zn?*: OH™] molar ratio.

Figure 3 Top (a-g) and cross-sectional (b-h)
SEM views of ZnO nanorods grown using
solution with ZNH: HMTA molar ratios of a, b)
4,c,d)25¢f)1l5andg h) 1

On the other hand, SEM images for
ZNH:HMTA ratios rich in OH™ ions (i.e,
14:1 (20.25), 1/2.5:1 (Z0.4), and 1/1.5:1
(20.6)) are shown in Figure 4. ZnO nanorods
were able to be grown for the ZNH:HMTA
ratio of 0.6. However, the molar ratios of 0.25
and 0.4 were insufficient for the nucleation of
nanorods (Figure 4a-d). Moreover, ZnO
nanorods were almost absent at the higher
molar ratio of 0.4 (Figure 4c, d), while the
crysta growth was partially present at the
0.25 molar ratio (Figure 4a, b).

The diameter, length, and aspect-ratios of
ZnO nanorods were measured for all samples
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using top SEM views and the values (the
arithmetic mean and standard deviations of 10
measurements) were listed in Table 3. Also,
the pH values before and at the end of the
CBD reaction as a function of the ZNH:
HMTA ratio are shown in Figure 5.

Figure 4 Top (a-g) and cross-sectiona (b-h)
SEM views of ZnO nanorods grown using
solution with ZNH: HMTA molar ratios of a, b)
0.25,¢,d) 04,¢e,f)0.6andg, h) 1

It has been observed that the lengths of ZnO
nanorods increased rapidly when the ZNH:
HMTA molar ratio decreased from 4 to 1. On
the other hand, the pH values of the solutions
rich in Zn?* ions (i.e, ZNH:HMTA ratio
between 1 and 4) amost remained constant at
values of ~6.8 and ~6.4 before and after the
CBD process, respectively. However, the
lengths of nanorods were decreased when the
molar ratio decreased below 1. The pH values
of the solutions rich in OH™ ions (i.e,
ZNH:HMTA ratio between 0.25 and 1) before
and after the CBD process are strongly
decreased from ~7.0 to ~7.8 and ~7.0 to
~7.5, respectively (Figure 5). The diameters
of the ZnO nanorods reached the largest value
in the sample with amolar ratio of 0.6 ZNH:
HMTA (ZS0.6).
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Table 3 The diameters, lengths, and aspect-ratios
of ZnO nanorods grown at different
concentrations (i.e., 0.025, 0.035, 0.05, and
0.075 M) calculated via SEM images

Samples Diameter Length (nm) Aspect-

(nm) Ratio

Z4 180+ 21 500+ 80 2.7
2.5 190+ 18 600+ 100 3.1
Z15 250+17 920+ 100 3.6

Z1 200+ 17 1220+ 80 6.1
Z06 180+20 1010+ 100 5.6
Z0.4 - - -
Z0.25 130422 230%50 1.7

The aspect ratios of ZnO nanorods reached to
a maximum value of 6.1 for the Z1 coded
sample. When the HMTA concentration is
increased further, the solution is enriched
with OH™~ ionsandthe Zn?* ion concentration
decreases. Thus, the probability of nucleation
is reduced. Moreover, the decrease in the
diameter of nanorods with increasing HMTA
ratio is direct evidence that HMTA
significantly suppresses radial growth and
promotes axia growth. While HMTA acts as
a pH regulator, it aso plays multiple roles
with a steric hindrance effect that inhibits
lateral growth.

8.0
7.8
7.6
7.4
7.2
7.0
6.8
6.6

6.4
6.2 OH™ rich

—=— Before CBD
—e— After CBD

pH

6.0

025 04 06 1 15 25 4
ZNH:HMTA ratio

Figure 5 Evolution of the pH values before (gray
dots) and after (black dots) CBD as a function of
the [ZNH: HMTA] ratio

In the photocatalysis process, the organic
pollutant molecules are adsorbed on the
photocatalyst sample surfaces. The catalytic
reactions take place on the surfaces of the
catalyst. Therefore, the geometric factors
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such as diameter, length, and surface area of
ZnO nanorods ae crucia in the
photocatalytic degradation rates. In previous
studies, it was reveal ed that a high aspect ratio
supplied more adsorption sites for the
efficient catalytic reaction [25, 26]. Reduced
aspect ratios, however, lead to the adsorption
of molecules mostly on the top surfaces. On
the other hand, excessively lengthened
nanorods may prevent UV light penetration
on entire surfaces. Therefore, the aspect ratio
of ZnO nanorods is expected to be at an
optimum level for adequate interactions with
UV light [21].

3.3. Growth M echanism of ZnO nanor ods

The preferential growth mechanism of ZnO
nanorods by CBD is explaned by
thermodynamic considerations. The top and
lateral faces of ZnO nanorods are composed
by polar c-planes with lower surface energy
and non-polar m-planes, respectively. Total
free energy is minimized when the surface
area of non-polar m-plane vertical latera
facesis improved by promoting axia growth
at the expense of radial growth [27, 28]. The
axial growth rate typically exceeds the radial
growth rate due to kinetic factors. Therefore,
ZnO nanorods is generally terminated with a
polar c-plane due to the electrostatic
interactions of Zn?* and OH~ ions in the
precursor solution. However, it should be
noted that growth rates are limited by the
mass transport of chemicals in the precursor
solution [29]. The priority of binding to the
polar surfaces of ZnO by chelating HMTA
molecules is due to the capping agent effect.
HMTA can bind to the crystal surfaces of
ZnO in two ways. It occurs by hydrogen
bonding between ammonium cations and 02
crystal ions, or by a covalent bond between
basic N atoms and the acidic Zn?* region.
HMTA prevents Zn?* entry to the lateral
surfaces and facilitates its anisotropic growth
in the [001] direction by binding to the non-
polar lateral surfaces of ZnO [30].
Commonly, it provides —OH ions to regulate
the pH of the acidic solution because of Zn?*
hydrolysis. HMTA can play an active rolein
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the morphology of ZnO nanorods, both as a
capping agent and as a pH regulator
depending on the molar ratio of ZNH:HMTA.
The HMTA source decomposes to form
formaldehyde and ammonia with sufficient
therma energy by reaction (2). Ammonia
reacts with water to provide OH™ ions
dissolved in water through reaction (3) and
(4), and theseions can react with Zn?* to form
ZnO by reaction (5) and (6). Typical reactions
are described below [10]:

CeH;,N, + 6H,0 > 6HCOH + 4NH;  (2)

NH; 4+ H,0 - NH; + OH"- ©)
Zn2?* + 20H™ - Zn(OH), 4
Zn(NO3), — Zn?~ + 2NO3 (5)
Zn(OH), 5 Zn0 + H,0 6)

4. CONCLUSION

The multiple roles of HMTA content and the
concentration of CBD solution on the
dimenson of ZnO nanorods were
investigated in this study. ZnO nanorods were
successfully grown on the glass substrate by
seed-mediated approach using the low-
temperature CBD method. The effects of zinc
ion concentration and HMTA content of the
CBD solution on the crystal orientation and
aspect ratios of ZnO nanorods were
investigated.  The  crystallinity  and
morphological analysis indicated that the
orientation and number densities of the
nanorods (i.e., the number of nanorods per
unit area) were increased with the increasing
molar concentration from 0.025 to 0.05.
Moreover, ZNH: HMTA molar ratio of
precursor solution is critical in the growth of
ZnO in liquid phase by CBD. It was found
that increasing HMTA content promoted the
growth of ZnO nanorods along the c-axis, and
the lateral growth was suppressed by the
capping effect of HMTA. It is reveded that
the largest axial growth rate of ZnO nanorods
was reached for the [ZNH: HMTA] ratio of 1.
HMTA induces vertical growth of ZnO
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nanorods along the c-axis through a steric
hindrance effect that inhibits lateral growth.
However, excessive HMTA content led to a
reduced probability of crysta growth
attributed to OH™ ion enrichment.
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Synthesisand Structural Investigations of 1, 2-bis(2-
ethoxybenzylidene)hydrazine

Sevgi KANSIZ ™t

Abstract

Thetitled compound, 1,2-bis(2-ethoxybenzylidene) hydrazine was devel oped using the reaction
of 2-ethoxybenzaldehyde and hydrazine monohydrate in an ethanolic solution. In the Schiff-
based hydrazine compound, C1sH20N20>, the mid-point of the nitrogen atoms of the central
hydrazine moiety is located in inversion symmetry. In CigH20N202, C—H--N hydrogen bond
linked the molecules, and the framework stabilized by weak C—H-n and m-n stacking
interactions. MEP, HOMO and LUMO analysis were performed with the DFT/B3LY P method
and the 6-311+G(d,p) basis set. The energies of frontier orbitals were calculated to understand
specific molecular properties such as electronegativity, chemical reactivity, chemical hardness
and softness. For investigating the contributions of various intermolecular contacts within the
hydrazine compound, Hirshfeld surface analysis was performed. The largest contribution of the
compound to the main interactions comes from the H---H (64%), C---H (16%) and N---H (9%)
interactions.

Keywords: Schiff base, hydrazine, X-ray, DFT, Hirshfeld surface analysis

1. INTRODUCTION

Schiff base compounds are among the
important inorganic materials due to their
flexibility in coordination geometries,
forming many metal complexes, easy
synthesis and stability of their compounds [1-
5]. Schiff base compounds are small
molecules that are obtained as a result of the
nucleophilic addition reaction of aldehydes or
ketones with primary amines and contain
carbon-nitrogen double bonds (-CH=N) [6].
Schiff base ligands can form highly stable 4,
5, or 6-ring aromatic compounds. For this, it
is necessary having asecond functional group
close to the azomethine group and a

displaceable hydrogen atom. This group is
preferably the hydroxyl group. Schiff base
compounds, which are used extensively in the
field of coordination chemistry due to their
electron-donating ability, are used in many
new areas [7] from the health field [8] to the
dyeing industry [9] due to their properties
such as electroluminescence effects [10],
fluorescence [11], and nonlinear optics [12].
Hydrazine, which is a strong reducing agent,
is frequently used in areas such as various
industrial, pharmacological, and many other
applications [13, 14]. Hydrazine derivatives
having awide range of usesasan intermediate
in the synthesis of pharmaceutical drugs, as a
polymerization catdyst and in plastic
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processing, are also considerably used as a
technological compound in the magnetic and
biomedical fields [15].

In this study, a hydrazine-Schiff base
compound, C18H20N202, 1,2-bis(2-
ethoxybenzylidene) hydrazine was

synthesized as a result of the condensation
reaction of 2-ethoxybenzaldehyde and
hydrazine monohydrate in an ethanolic
solution. The theoretical calculations of the
Schiff-based hydrazine compound, its
structure was identified by the X-ray
diffraction technique, were compared with the
data obtained from the crystalographic
analysis. In order to examine the theoretical
structure of the 1,2-bis(2-ethoxybenzylidene)
hydrazine molecule, the Gaussian package
program was used and its three-dimensional
approximate geometry was drawn in the
GaussView program [16, 17]. In 4l
theoretical calculations, the density functional
method (DFT) and Becke type 3-parameter
LeeYang-Par model (B3LYP) and 6-
311+G(d,p) basis set were used [18]. After
optimization, the frontier molecular orbitals
energies, global hardness and softness
parameters, electrophilic and nucleophilic
regions on the molecular electrostatic
potential map were determined, and the
results were evaluated under these headings.
In addition, visual representation of dnorm,
shape index, and curvedness maps obtained
by Hirshfeld surface analysis, percent
contribution of atoms to interactions, and
two-dimensional fingerprint determinations
were obtained using the Crystal Explorer
program [19].

1.1. Crystallographic Part

An appropriate single crystal was selected for
the Schiff-based hydrazine derivative
compound and data collection was obtained
by STOE IPDS 2 image plate detector using
MoKa radiation (A = 0.71073A). X-AREA as
used for data collection and cell enhancement
and X-RED was used for data reduction [20].
The structure of the Schiff-based hydrazine
derivative compound was determined using

Sakarya University Journal of Science 27(4), 768-780, 2023

the SHEL XT structure solution program [21].
The direct methods were employed to solve
the structure of the compound, followed by
refinement using full-matrix least-squares
techniques on F? using SHELXL [22]. The
refinement was carried out against al
reflections to ensure a thorough and accurate
analysis of the structure. In the refinement
process, the hydrogen atoms were constrained
by difference maps, which allowed for amore
precise determination of their positions. The

hydrogen atoms

were

aso refined

isotropically, meaning that their thermal
motion was assumed to be the same in al

directions.

In contrast, al

non-hydrogen

atoms were refined anisotropically, which
means that their thermal motion was alowed
to vary depending on the direction. This
approach ensured that the most accurate
positions and thermal parameters were
determined for each atom in the compound.
Detailed parameters of the crystal structure

aregivenin Table 1.

Table 1 Experimental details of thetitle

compound
CCDC number 2177378
Chemical formula CigH20N202
Mr 296.36
Radiation type Mo K\a
Wavelength 0.71073
Crystal System, Space Monaoclinic, P2i/c
Group
Data collection STOE IPDS 2
Diffractometer
Temperature 296
a,b,c(A) 7.6871(11), 11.7638(11),

9.0832(12)

a, B,y 90, 102.257(10), 90
Cell Volume, V 802.67(18)
p (mm™) 0.08
Absorption correction integration
No. of measured, 7323, 2592, 1505
independent and
observed [I > 20(I)]
reflections
No. of reflections 2592
No. of parameters 101
Crystal Size 0.75x 0.67 x 0.58
F(000) 316
Theta range for data 1.7-31.6
collection
z 2

Limiting Indices

Rint

Fina R Indices [F? > 2o
(F)], wR(F), S

Apmax, Apmin (C/Aa)

-9<h<11,-14<k<17,
-13<1<13

0.052

0.046, 0.128, 0.99

0.18,-0.14
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1.2. Methods

The utilization of DFT caculations with
various parameters and analyses provides a
comprehensive understanding of a molecule's
electronic properties, reactivity, and stability.
This knowledge can guide the design and
synthesis of new compounds with desired
properties. In this study, DFT was employed
to optimize the molecular structure of the
compound utilizing the B3LYP functiona
and the 6-311+G(d,p) basis set. The B3LYP
functiona is a hybrid functional that
combines the Becke three-parameter
exchange functional and the Lee-Yang-Parr
correlation  functional. The optimized
structure was evaluated for stability using
frontier orbitals (HOMO and LUMO) and
susceptibility to chemica activity was aso
explored. Chemical activity parameters such
as kinetic stability, chemica stability, and
intramolecular charge transfer were aso
determined. Additionaly, molecular
electrostatic potential (MEP) analysis was
used to identify electron-rich and poor
regions. The optimized geometry of the
compound, MEP map, and HOMO-LUMO
energy gaps were visualized using the
GuassView 5.0 software.

The analysis of Hirshfeld surfaces [23, 24],
aong with their corresponding two-
dimensional (2D) fingerprint plots, is a
powerful tool for investigating intermolecular
interactions within acrystal structure [25-27].
The Hirshfeld surface is generated by
mapping the electron density of a crystal
structure onto a three-dimensional grid
surrounding the molecule. Subsequent
analysis of the surface provides information
about intermolecular interactions within the
crystal, such as the location and strength of
hydrogen bonds and other non-covaent
interactions. The dnorm property, whichis used
inthisanalysis, isameasure of the normalized
contact distance between two atoms within a
crystal structure. This property is defined in
terms of the van der Waals (vdW) radii of the
atoms, as well as the distances between their
respective vdW surfaces. A 2D fingerprint

Sakarya University Journal of Science 27(4), 768-780, 2023

plot isused to visualize the combination of the
de and di properties of the Hirshfeld surface.
This tool can be used to identify specific
regions of the surface that correspond to
particular types of intermolecular interactions
and to compare the surface properties of
different crystal structures. To perform these
calculations and generate visualizations of the
Hirshfeld surfaces and their associated 2D
fingerprint plots, the Crystal Explorer 21
software package was employed.

1.3. Synthesis of
ethoxybenzylidene) hydrazine

1,2-bis(2-

To synthesize 1,2-bis(2-ethoxybenzylidene)
hydrazine, a solution of 2-
ethoxybenzal dehyde (1.50 g, 10 mmol) in 10
mL of ethanol was added to a solution of
hydrazine monohydrate (65%) (0.38 g, 5
mmol) in 5 mL of ethanol with constant
stirring at 0°C. The resulting mixture was
stirred at room temperature for 12 hours until
alight-yellow solid precipitated. The mixture
was then filtered and washed with cold
ethanol before being left to dry a room
temperature. The obtained solid was
recrystalized from ethanol, resulting in a
yield of 82% (1.45 g, 4.9 mmol) (Figure 1).

Figure 1 Synthesis of the title compound
2. CONCLUSIONS AND DISCUSSION
2.1. Crystal Structure of C1sH20N202

The structure of the Schiff base hydrazine
derivative mentioned in the title is presented
in Figure 2. It is important to note that the
asymmetric unit of this compound comprises
one-half of the centrosymmetric molecule. X-
ray analysis revealed that the Schiff-based
hydrazine derivate compound, CigH20N20z,
crystallizes in the P2:/c space group in the
monoclinic system. Unit cell parameters; a =
7.6871(11), b = 11.7638(11), c = 9.0832(12)
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A, 0=90°, f= 102.257(10)° and y= 90°. The
conformation of the Schiff base is nearly
coplanar, which is evident from the C2—
C1—N1—NT1' torsion angle of 179.65 (12)°.
This observation is further supported by the
C3—C2—C1—N1 torson angle of 6.29
(18)°, which confirms that the phenol ring and
the Schiff base are coplanar. The bond lengths
of C7-0O1 and C8-O1 are 1.3612(14) A and
1.4284(13) A, respectively (Table 2). These
values are in agreement with the standard
values reported for single C—O bonds [28-
30]. The bond lengths of C7-O1 and C8-0O1
were calculated as 1.3613 A and 1.4283 A,
respectively. These values are in close
agreement with the experimental data
obtained from the X-ray crystal structure, as
illustrated in Figure 1, indicating that the DFT
caculations accurately predicted the
molecular geometry of the compound. The
C1—N1 bond is notably short, measuring
1.2659 (13) A, indicating the presence of a
C=N double bond. In contrast, the hydrazine
bond length of N1—N1' is relatively long,
measuring 1.4059(17) A, which suggests that
a single bond exists. The N—N hydrazine
bond length observed in this study appears to
be consistent with previously reported values.
While the value obtained in this study is
1.4059 (17) A, which is slightly longer than
the reported range of 1.360-1.376 A [31-33]
in other studies, this difference is not
significant enough to suggest any
discrepancies between the current results and
previously reported values. Overdl, these
findings support the reliability and validity of
the experimental measurements and provide
useful information for further investigations
of the electronic and chemical properties of
the compound. Likewise, C7-O1-C8, C1-N1-
N1' and C2-C1-N1 bond angles were obtained
as 117.93(8)°, 112.75(12)° and 121.97(11)°.
The bond angles of C7-01-C8, C1-N1-N1'
and C2-C1-N1 were calculated as 117.9372°,
112.7641° and 121.9653°, respectively. The
good agreement between the calculated and
experimental bond lengths and angles
underscores the reliability and utility of DFT
as atool for predicting and understanding the
properties and reactivity of molecules. In this
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way, the calculated bond lengths and angles
provide valuable insights into the electronic
structure and bonding patterns of the
molecule, which are critical for understanding
its chemica behavior. Therefore, the
consistency between the optimized geometry
given by the DFT calculations and the
experimental crystal structure is a positive
indication of the quality of the calculations
and the confidence that can be placed in the
results.

X-Ray

DFT
Figure 2 Molecular structure of thetitle
compound

The molecules in CigH20N20> are linked by
C4-H4--N1' hydrogen bond (Table 3). C4
atom (symmetry code: X, y, z) acts as a donor
and forms C—H---N hydrogen bonds with the
N1 atom (symmetry code: X, —y—1/2, z-1/2).
In this interaction, the distances between the
atoms of C4-H4 (D—H), H4--N1 (H---A) and
C4--N1 (D---A) were obtaned as 0.93,
2.62(3) and 3.5476(12) A, respectively.
Additionally, C8-H8B--Cgl and ==
stacking interactions between the benzene
rings stabilized the molecular structure,
inhere Cgl isthe centered of the benzenering
and Cgl---Cgl distance is 3.6442(12) A with
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a slippage of 0.659 A. Some interactions are
shown in Figure 3.

Figure 3 The crystal packing of thetitle
compound

Table 2 Some selected geometric parameters for
the title compound

Bond (A) Angle (deg)
N1-N1i 1.4059(17) C7-01-C8 117.93(8)
C7-01 1.3612(14) C9—C8-01 107.43(9)
C8-01 1.4284(13) C2—C7-01 116.05(9)
C1-N1 1.2659(13) C6—C7-01 124.32(10)
C1-C2  14578(14) C2-CI-N1  121.97(11)
C8-C9  14959(18) CI-NI-N1i 112.75(12)
C2-C3 1.3897(16) C3—C2-C1 121.33(9)
C3-C4 1.3747(15) C7-C2-C1 119.98(10)
C7-C2 1.4046(15) C4-C3-C2 121.31(10)

Table 3 Interactions geometriesinthe title

compound
D-H:-A D-H H-A DA D-H:-A
C4—H4 NI’ 093 262 3.5476(12) 178(2)

C8-H8B---Cgl® 0.97 2.84 3.6689(12)
Symmetry codes: (i) x, ~y—1/2, z-1/2; (i) —x, —y, 2.

144(2)

2.2. Molecular Orbitals of C1s8H20N202

The ability of a molecule to donate electrons
is defined as the HOMO energy (Enomo),
while the ability to accept electronsis defined
asthe LUMO energy (ELumo). The electronic
properties and reactivity of the Schiff-based
hydrazine derivative compound were
investigated by performing DFT calculations
in the gas phase environment. To gain further
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insight into the electronic structure of the
molecule, the HOMO and LUMO surface
views are given in Figure 4. Upon conducting
thisstudy, it wasfound that the energy gap for
the compound was obtained as AE =3.77 eV,
and it was predicted that the optimized
structure under investigation is stable. The
parameters of hardness and softness for a
molecule optimized in a gas phase
environment are calculated based on the
HOMO and LUMO orbital energies. The
chemical hardness and softness parameters
are important descriptors of the electronic
properties and reactivity of a molecule [34-
37]. The hardness parameter is defined as the
resistance of a molecule to electron transfer
and is calculated as the average of the energy
difference between the HOMO and LUMO
orbitals. A high hardness value indicates that
the molecule has a strong resistance to
electron transfer and is less reactive. On the
other hand, the softness parameter is defined
as the inverse of the hardness and represents
the ease with which the molecul e can undergo
electron transfer. A low softness vaue
indicates that the molecule is more reactive
and has a higher tendency to undergo
chemical reactions. These parameters can be
used to predict the stability and reactivity of a
molecule under different conditions and can
provide valuable insights into the chemical
properties of the compound. In this study, the
hardness and softness parameters of the
Schiff-based hydrazine derivative compound
were calculated as 1.89 (eV)™* and 0.26 eV,
respectively, indicating a high chemica
hardness and low softness (Table 4). This
high hardness value, combined with its low
softness value, suggests that the molecule has
high kinetic stability and low chemica
activity, indicating its potential for use as a
stable compound in various applications.

To further assessthe stability of the molecule,
chemical activity parameters, such as
chemical potential, electronegativity, and
hardness, were calculated. Chemical potential
represents the energy required to add an
electron to a system, and electronegativity
indicates the tendency of an atom to attract
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electrons. A high hardness value indicates a
greater resistance of the molecule to electron
transfer, whereas a low softness value
indicates a greater tendency of the molecule
to undergo chemical reactions. The studied
molecule was found to have high chemical
hardness, suggesting very little
intramolecular charge transfer and a greater
resistance to electron transfer. This suggests
that the molecule has high kinetic stability
and low chemica reactivity, making it a
promising candidate for further studiesin the
field of organic synthesis and medicina
chemistry.

9 20
" e % LUMO
j)/’ 'm N

% ‘,‘

A(Egomo - Evumo) =3.77 eV

&
92
(5

>
Figure 4 The frontier molecular orbitals of the
title compound

Table 4 The HOMO-LUMO and related
descriptors of thetitle compound

Parameters CagH20N202
Erumo (eV) -1.98
Enomo (eV) -5.75
Energy band gap |Enomo- ELumol| 3.77
Ionization potential (/ = —Enomo) 5.75
Electron affinity (4 = —ELumo) 1.98
Chemical hardness (77 = (I-4)/2) 1.89
Chemical softness (= 1/27) 0.26
Electronegativity (y = (I+A4)/2) 3.86
Chemical potential (u = -(I+A4)/2) -3.86

2.3. Molecular Electrostatic Potential

Molecular electrostatic potential (MEP) is a
valuable tool in understanding the reactivity
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and behavior of molecules [38-42]. It is a
graphical representation of the electrostatic
potential energy of a molecule at different
points on its surface. MEP is calculated using
guantum mechanical calculations, and the
resulting MEP surface is often displayed
using a color scale to highlight regions of
positive or negative potential. In general,
regions of high positive potential on an MEP
surface correspond to electrophilic regions,
while regions of high negative potentia
correspond to nucleophilic regions. The color
scale you mentioned is often used to interpret
the MEP surface, with red indicating the most
positive potential and blueindicating the most
negative potential. Intermediate colors such
as orange, yellow, green are used to indicate
potential values between these extremes.
MEP can be used to predict how a molecule
might react with other molecules or reagents,
as electrophilic molecules will tend to react
with nucleophilic molecules. Additionally,
MEP can provideinsightsinto the behavior of
biological molecules, such as enzymes and
receptors, by highlighting regions of the
molecule that are most likely to interact with
other molecules.

The MEP surface is given in Figure 5. The
electron-poor region in the neutral molecule
is coded in blue, while the electron-rich
regions appear in red. The red spots
positioned on nitrogen atoms are the most
negative regions. These regions represent
regions that are active in the formation of
hydrogen bonds and have a high electrophilic
affinity. Regions with the most positive
nucleophilic nature are located in regions
where hydrogen atoms are concentrated. The
electronegativity of benzene rings showed a
redshift. On the MEP top surface, there is a
representation of the electron density in the
form of two-dimensional surface curves. The
fact that the structure is prone to chemical
activity and the presence of intramolecular
and intermolecular hydrogen bonds predict
that the electrophilic nature of the structures
is more dominant.
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PR —m—— JY00

Figure 5 MEP map of the title compound
2.4. Hirshfeld Surface Analysis

The Hirshfeld surface analysis was employed
as a tool to visualize the Van der Waals
distances and identify intermolecular
interaction points. Two-dimensional
fingerprint determination was also carried out
using Hirshfeld surface analysis to determine
the percentage of interactions of atoms within
the molecule. The equation for dnorm used in
Hirshfeld surface analysisis defined as:

rorm = (ch - FY)/riv® + (dl - re¥®)/rev®

Here, riV™ represents the Van der Waals
radius of the atom inside the surface, while
re’™ represents the Van der Waals radius of
the atom outside the surface. The values of d;
and de represent the separations between the
closest atoms inside and outside the surface,
respectively. The dnorm Value ranges between
-1 and 1, where negative values represent
contact regions shorter than the sum of the
Van der Waals radii, while positive vaues
represent regionswith longer separations. The
dnhorm Values close to zero indicate the absence
of any interatomic interaction. Thus, the dnorm
function is wused to visudize the
intermolecular contacts and non-covalent
interactions between atoms in a molecule,
providing information about the geometry
and strength of these interactions. The
Hirshfeld surface maps of dnorm, Shape index,
and curvedness (Figure 6) are used to analyze
the intermol ecular interactions and molecular
packing in a crystal structure [43-47]. The
shape index is a measure of the local

Sakarya University Journal of Science 27(4), 768-780, 2023

curvature of the surface and can be used to
identify regions of the surface where there are
7+ interactions between molecules. The
curvedness, on the other hand, is a measure of
the global curvature of the surface and can be
used to identify regions where there are
hydrogen bonds or other types of
intermolecular interactions.

Curvedness

Figure 6 Hirshfeld surfaces of the title compound

Figure 6 presents the Hirshfeld surface maps
that show the dnhom, shape index, and
curvedness maps. The dnorm function is the
most basic surface map that visualizes the
contact areas shorter than the sum of the Van
der Waals radius, and these regions are
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colored in red. The blue-colored regions, on
the other hand, represent intermolecular
distances that are longer than the sum of the
Van der Waals radii. The indices of the dnorm
surface ranged between -0.1269 and 1.2504,
while the shape index and curvedness were
obtained between -1 and 1 and -4 and 4,
respectively. The shape index provides a
description of planar =#--'m interactions
between molecules, which are represented by
adjacent red and blue triangles in the shape
index of the Hirshfeld surface.

H--H(64%) ' C-H(16%) |

N-+-H (9%)

T R T N---H contacts
Figure 7 Two-dimensional fingerprint plots for
the title compound

Additionally, hydrogen bonds on the
Hirshfeld dnorm surface were shown in Figure
6, where the regions colored in red clearly
demonstrated the presence of hydrogen
bonds. Figure 7 shows the two-dimensional
fingerprint maps, which indicate the
contributions of different types of
intermolecular interactions to the total
Hirshfeld surface. H--H interactions
accounted for the largest contribution to the
total Hirshfeld surface (64%), followed by
C---H (16%), N---H (9%), C---C (6.6%),
O---H (3.7%), and C---O (1.7%), as shown in
Figure 8. Overdl, the Hirshfeld surface
analysis provided valuable insights into the
intermolecular interactions and the molecular
properties of the compound.
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Figure 8 Intermolecular interactions with
percentagesin the title compound

3. CONCLUSION

In this study, the chemical activity and other
calculations of the 1,2-bis(2-
ethoxybenzylidene) hydrazine molecule, that
structure was elucidated by X-ray diffraction
anaysis, was performed using Density
Functional Theory (DFT). Theoretica
computational methods alow us to have
information about properties that cannot be
obtained experimentally and to determine the
chemical active sitein advance. In thisway, it
helps us to make predictions about the
molecular groups to be synthesized. In this
context, the geometric parameters obtained
from X-ray diffraction were compared with
the geometric parameters obtained from the
DFT method. Consequently, it revealed that
the results are close to the experimental data.
The hardness (1.89 eV) and softness (0.26
(eV)?1) values of the optimized structure,
whose energy range was calculated as 3.77
eV, predict that the molecule is quite stable
with low chemical activity. In the MEP map,
the most negative regions were illustrated in
red on the nitrogen atoms, and these regions
represent regions that are active in the
formation of hydrogen bonds and have a high
electrophilic affinity. The regions with the
dominant nucleophilic nature are located in
the regions where hydrogen atoms are
concentrated. With Hirshfeld surface maps,
the package structure and molecular
interactions of the molecular structure were
obtained and visualized. As a result of the
Hirshfeld surface analysis, it was noticed that
the H--H (64%) and C---H (16%)
interactions made the greatest contribution to
the Hirshfeld surface.
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In summary, the Schiff-based hydrazine
derivative compound was subjected to a
comprehensive characterization using severa
analytical techniques, including single-crystal
X-ray diffraction, DFT studies, and Hirshfeld
surface anaysis. The crystallographic data
obtained from the X-ray diffraction
experiment was in good agreement with the
results of the DFT calculations and Hirshfeld
surface analysis. The DFT studies provided a
detailed understanding of the electronic
properties, stability, and reactivity of the
compound, while the Hirshfeld surface
analysis alowed for the identification of
specific intermolecular interactions in the
crystal structure. Overall, the combined use of
these techniques provided a thorough
characterization of the compound and a
deeper understanding of its properties and
behavior.
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Conversion of Celuloseto 5-HMF in the Presence of Silica-Alumina
Catalysts Synthesized by Dual Template at Low Temperature

Halit L. HOSGUN "*%'| Ozlem TOPCUY " E. Zafer HOSGUN? ", Berrin BOZAN?

Abstract

In this study, which incorporates many principles of green chemistry (use of renewable
feedstocks, catalysis, improvement of energy efficiency, and harmless solvents and auxiliaries),
the single-phase catal ytic conversion of celluloseto 5-HMF in over silica-aluminacatalystswas
investigated. A seriesof dual-template silica-aluminacatalystswith CTAB asthe main template
and F127 or triethylamine (TEA) as the co-template were synthesized at a low temperature of
60 °C and characterized by XRD, N2 adsorption-desorption technique, FT-IR and pyridine
adsorption FT-IR. The surface areais increased by using the second template in silica-alumina
catalyst. In addition, the acidity of the surface was changed by using the second template. The
cellulose conversion and yield of 5-HMF increased from 36% to 52% and from 3.13% to 4.24%,
respectively, due to the properties gained by using the second template. 52% cellulose
conversion and 8.13% selectivity of 5-HMF were obtained in aqueous medium, 220 °C and 6
h reaction time with the catalyst using TEA as co-template. Eco-friendly silica catalysts
synthesized at low temperatures with adual template can be considered as apotential alternative
for the conversion of cellulose into value-added biobased products.
Keywords: Cellulose, 5-HMF, heterogeneous catalysis, green chemistry

1. INTRODUCTION abundant raw material, lignocellulosic
biomass can be used as a substitute for fossil
Despite the increasing demand for energy and  resources[1, 2].
chemicals, the supply of fossil resources such
as oil, coa, and natural gas is gradualy
decreasing. In addition to this supply-demand

Cedllulose, together with hemicellulose and
lignin, is the main component of biomass.

imbalance, considering supply chain security
and environmental issues, it is necessary to
use aternative sources to fossil fuels for
energy and chemica production. As an

Many value-added products are derived from
glucose by the hydrolysis reaction of
cellulose, apolymer composed of multiple D-
glucose units linked by p-1,4-glycosidic
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bonds. 5-HMF, one of the high value-added
chemicals, is an important building block
because it can be converted into many
compounds currently derived from petroleum
through various reaction pathways [3, 4].

The reaction steps for 5-HMF synthesis from
celluloseis carried out in 3 steps [5]:

Step 1: Hydrolysis reaction of cellulose to
glucose,

Step 2: Isomerization reaction of glucose to
fructose,

Step 3: Dehydration reaction of fructose to 5-
HMF.

Lewis acid catalysts are used for the
isomerization reaction, while the steps of
hydrolysis of cellulose to glucose and
dehydration of fructose to 5-HMF take place
in the presence of Bronsted acid catalysts [6].

There are numerous studies in the literature
on the catalytic conversion of cellulose to 5-
HMF using homogeneous catalysts such as
metal chlorides [7, 8], mineral acids[9], and
ionic liquids [10], as well as solid acid
heterogeneous catalysts such as SnNb2Os-
ZrO,  [11], H-ZSM-5 [12], and
niobium/carbon composites [13]. Due to the
drawbacks of homogeneous catalysts such as
corrosion, difficulty in separation from the
product mixture, and environmental
pollution, many researchers have preferred
the use of heterogeneous cataysts in the
synthesis of 5-HMF from cellulose [14, 15].

Silicacalumina catalysts with moderate
acidity have been used in many industrial
applications, e.g., hydrocarbon cracking [16,
17], in deoxygenation/ hydrodeoxygenation
reactions [18, 19], in the conversion of
methanol to olefins [20], and in bio-ail
refining[21, 22]. In their two studies, Pham et
a. used Al-incorporated SBA-15 and Al-
MCM-41 catalysts to convert cellulose to 5-
HMF. Al-incorporated SBA-15 catalysts
prepared by the atom implantation method

Sakarya University Journal of Science 27(4), 781-791, 2023

and containing 10% Al, achieved the highest
conversion, selectivity, and efficiency values
(62.14%, 68.51%, and 42.57%, respectively),
while the Si:Al molar ratio was 30. The
maximum cellulose conversion (69%) and 5-
HMF selectivity (59.04%) were obtained with
the MCM-41 catalyst. The authors
emphasized that the main factor affecting 5-
HMF selectivity and cellulose conversion is
the Bronsted/Lewis acid ratio of the catalysts
[23, 24].

There are various methods for the preparation
of ordered metal oxides and zeolites. The use
of various templates is one of these methods.
In some cases, the use of two templates is
preferred. Intheliterature, there are studieson
zeolites (ZSM-5 [25, 26], HZSM-5 [27],
AIPO-18 [28], SAPO-CLO [29]), dumina
[30] and silica[31-33] synthesized using dual
templates. Emdadi et a. synthesized
nanolayer coupled ZSM-5 zeolites using
Gemini-type surfactants and TPAOH as
binary templates. The hydrophobic akyl
chains of the Gemini-type surfactant used in
this study effectively limited the growth of
ZSM-5 nanolayers. On the other hand,
TPAOH played asimplerolein the formation
of a sdf-column of zeolite precursors to
strengthen the interlamellar structure [34]. In
their study, synthesizing a hierarchically
layered titanosilicate-1, Wang et al. used the
bolaform surfactant as the primary template
and the co-template TPAOH. It was reported
that the bolaform surfactant enabled the
formation of ultrathin nanolayers of TS-1
crystals, while TPAOH induced and regul ated
nucleation [35]. Shi et a. reported surface
area of 96 m?/g and 102 m?/g, respectively, in
their alumina synthesisusing SDSand CTAB
single template, while the surface area of
aluminausing SDS and CTAB dual template
was 140 m?/g [36].

In this study, silicaalumina catalysts were
synthesized by dual templating with CTAB as
the main template and F127 or triethylamine
(TEA) as co-templates. A series of samples
were prepared by changing the molar ratio of
CTAB to F127 or TEA (1:4, 1:8, 1:16). The
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textural properties and crystal structures of
the prepared samples were characterized and
their catalytic activities in the conversion of
cellulose to 5-HMF were evaluated. Water is
used as a solvent in the conversion of
cellulose into value-added chemicals. This
study also covers many principles of green
chemistry such as the use of cellulose as a
feedstock (use of renewable feedstock), the
preference of heterogeneous catalysts instead
of homogeneous catalysts (catalysis), low-
temperature synthesis (increase of energy
efficiency) and the use of water as a solvent
(benign solvents and auxiliaries).

2. EXPERIMENTAL
2.1. Materials

Aluminum nitrate nonahydrate (AlI(NOs)3
9H>0) from Fluka was used as the Al source.
Sodium silicate solution as S source,
((N&O(SiO2)x  xH20), d=1.39 g/cmd),
Pluronic F127, and celulose (CAS
Number:9004-34-6, product code C6288)
were  supplied by Sigma-Aldrich.
Cetyltrimethylammonium bromide (CTAB),
sulfuric acid (d=1.83 g/cm?, in >95% purity),
and triethylamine (TEA, d=0.728 g/cm?, in
99% purity) were purchased from Aldrich,
Fischer Scientific, and Acros Organics,
respectively. All chemicas were used as
received.

2.2. Synthesis Procedur e of Catalyst

Solution A and solution B are obtained by
dissolving surfactant (CTAB and varying
amounts of TEA or F127) and auminum
nitrate nonahydrate in water. Solution A,
solution B and 2.5 mL of H2SO4 were added
to the sodium silicate solution and stored in an
oven at 60 °C for 7 days. The samples were
then washed until the pH = 10 and filtered.
The samples were then dried overnight and
calcined in an oven (12 h at 550 °C, under
heating conditions of 1 °C/min). The CT was
coded for the samples synthesized with
CTABI/TEA, whereas the CF was coded for
the samples synthesized with CTAB/F127.
The numbers at the end of the codes represent

Sakarya University Journal of Science 27(4), 781-791, 2023

themolar ratio of CTAB:TEA or CTAB:F127
used. C stands for the sample prepared with
CTAB.

2.3. Characterization Studies

X-ray diffraction analysis was performed to
determine the crystal structure. XRD of
Rigaku Ultima Il brand operated with a
voltage of 40 kV and 15 mA, scanning speed
of 4 °C/min. The surface and pore properties
of the catal ystswere determined with nitrogen
adsorption-desorption isotherms using the
Micromeritics TriStar 3020 model. Prior to
measurement, all samples were degassed
under these conditions: first at 90 °C for 1
hour and then at 300 °C for 24 hours under
vacuum. Surface area, pore volume, and pore
diameter were caculated using BET
(Brunauer-Emmet-Teller) theory using these
isotherms. FTIR analyzes were performed
using Perkin Elmer Spectrum Two
spectrophotometer systems to  identify
characteristic peaks and functional groups.
Spectrawere recorded over the spectral range
of 4000-400 cm? with a resolution of 4 cm™.
The DRIFT analyses with pyridine-adsorbed
patterns were performed on the same FT-IR
instrument in the 400- 4000 cm'® range.

The DRIFT analyses were used to determine
the content of Bronsted and Lewis acid sites
on the catalyst by infrared spectra of pyridine
(Py-IR) adsorbed on the catalysts as in the
literature [37].

2.4. Study on the Catalytic Conversion of
Céelulose to 5-HMF Performance of
Catalysts

Temperature had the greatest effect on
cellulose degradation, as the temperature
increasesup to 220 °C when the concentration
of ionic products increases in the subcritical
water range [38]. The reaction temperature
and time were selected from previous work
for comparison of results[14, 38]. The
reactions were carried out in a Teflon-lined
autoclave at 220 °C for 6 h. The ratio of
cellulose to catalyst was 4:1 (w/w) and the
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reaction was carried out in an agueous
medium. After filtration through a 0.45 um
filter, the collected clear liquids were
analyzed by High Performance Liquid
Chromatography (HPLC, Agilent 1100,
USA). The HPLC system was equipped with
a refractive index detector (Agilent) and a
Bio-Rad column (300 mm x 7.8 mm, Aminex
HPX-87H) at 60 °C. The mobile phase was
0.005 M H2SOs at aflow rate of 0.6 mL min™2.,
Cdlulose conversion (X), 5-HMF yield (Y),
and selectivity (S) were calculated using the
following equations:

)_ Amount of cellulose reacted (g)

XCellulose (% %100 (1)

Initial amount of cellulose (g)

Produced 5-HMF (mole)
Glucose content of cellulose (mole)

Ys mr (%)= X100 (2)

Produced 5-HMF (mole)
Cellulose reacted (mole)

Ss.amr (%)= x100 (©)]
The glucose content of celulose was
determined using moles of glucose units in
cellulose.

3.RESULTS
3.1. Characterization of the Catalysts

The N2 adsorption-desorption isotherms and
the pore size distribution curves of catalysts
prepared with CTAB/F127 and CTAB/TEA
dua templates are shown in Figure 1 and
Figure 2, respectively. As can be seen in
Figure 1 and Figure 2, the catalysts prepared
with dual templates exhibit atype IV isotherm
with a pronounced H3 hysteresis loop
according to the IUPAC classification. The
BET, externa and microporous surface areas,
and pore volumes of al catalystsarelisted in
Table 1. The sdlicaaumina catalyst
synthesized with CTAB has a relatively low
surface area (41.8 m?/g). Using F127 or TEA
with CTAB as a template significantly
increases the surface area of the catalysts.
Increasing the molar ratio of TEA and F127
increased the surface area and pore volume of
the catalysts. However, further increasing the
molar ratio of F127 from 8 to 16 decreased
surface areas. The results also showed that the

Sakarya University Journal of Science 27(4), 781-791, 2023

catalysts with TEA had smaller micropore
surface area. According to the BJH pore size
distribution results, it was found that TEA
resulted in smaller mesoporous silica
particles, while F127 increased the particle
diameter. This is compatible with the
literature [39].

Quantity Adsorbed (cm*g STP)
(

— 3
= [}

Relative Pressure ) Relative Py

Figure 1 N adsorption-desorption isotherms and
BJH pore size distribution plots (insets) of the
catalysts prepared with CTAB/F127
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Figure 2 N adsorption-desorption isotherms and
BJH pore size distribution plots (insets) of
catalysts prepared with CTAB/TEA

Table 1 Texture parameters of the catalysts.

SBET S@(t Smicro Vpore
Sample  arg) (mirg): (milg)  (cm¥lg)
C 41.8 33.9 79 0.183
CT4 85.0 76.6 84 0.293
CT8 136.6 135.9 0.7 0.348
CT16 145.8 1429 2.9 0.357
CF4 76.18 63.74 12.44 0.334
CF8 80.23 66.54 13.69 0.452
CFl16 4510 36.85 8.25 0.246

a BJH adsorption branch
b t-Plot method

The XRD patterns of the synthesized catalysts
are shown in Figure 3. A peak centered
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approximately at 20 = 23° in the XRD pattern
indicates that the catalysts are amorphous.
Thisresult isconsistent with theliterature[40,
41]. There are no auminadiffraction linesin
the XRD patterns of the samples. This can be
explained by the fact that aimost al Al is
contained in SIO; [42].

Intensity (a.u.)

T T T T T T 1
10 20 30 40 50 60 70 80
Two-Theta (deg)

Figure 3 XRD patterns of cataysts

The FTIR spectra of the catalysts are shown
in Figure. 4. Absorption bands around 1100
cm!, 820 cm! and a 470 cm!' were
identified. The band a 470 cm? can be
attributed to the bending vibrations of Si-O-
Si. The other two bands at 820 cm™ and 1100
cmt are dueto the Al-O-Al stretching and the
asymmetric stress vibrations of Si-O (S),
respectively [43, 44].

o)

—c

—CT4
cT8
cT16
CF4

: CF8

| ——CF16

N TN

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

Transmission (%

Wavenumber (cm™)

Figure 4 FTIR spectra of the samples

Pyridine was adsorbed on the synthesized
catalysts and the acidic properties were
investigated using the FT-IR spectra (see in
Figure 5). The peaks around 1540 cm™ and
1450 cm? correspond to Brensted acids and
Lewis acids, respectively. The band at 1490
cm? is attributed to the presence of both

Sakarya University Journal of Science 27(4), 781-791, 2023

Brensted and Lewis acid sites [45, 46]. While
CTAB itself does not exhibit Brensted or
Lewis acid peaks, use of the co-template
resulted in Bronsted and Lewis acids.

CT8

CT16

CF4

CF8

CF16

1600 1580 1560 1540 1520 1500 1480 1460 1440 1420 1400
Wavenumber (cm-')

Figure 5 The infrared spectra of the cataysts
adsorbed with pyridine

3.2. Results of the Catalytic Activity
Studies

The results of the experiments on the
synthesis of 5-HMF from cellulose in the
presence of catalysts synthesized with the
dual template using CTAB as the main
template and F127 or triethylamine (TEA) as
the co-template are shown in Table 2. The
conversion of cellulose was 36%, and the
yield and selectivity of 5-HMF were 3.13%
and 9.64%, respectively, with the catalyst
when only CTAB was used as the template, at
220 °C and 6h, respectively. Thisresult could
be due to the absence of Breonsted and Lewis
acid sites of the catalyst. The combination of
CTAB and TEA has a positive effect on the
conversion of celluloseto 5-HMF. At amolar
ratio of CTAB:TEA of 1.4, the conversion of
cellulose was increased by 45%, while the
yield of 5-HMF increased dightly. Further
increasing the molar ratio of CTAB:TEA
resulted in lower conversion of cellulose but
higher yield of 5-HMF. Catalysts synthesized
with CTAB and F127 as dual templates were
not as effective as CTAB/TEA in the
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converson of celulose. CTAB/F127
catalysts showed a slight increase in both the
conversion of cellulose and the yield of 5-
HMF a al molar ratios. Only a 1.8
CTAB/F127 has a high sdlectivity of 11.02%.

Table 2 Valuesfor conversion, yield and
selectivity values obtained from experiments
carried out with different catalysts.

Xceluose ~ Y5HMF  SsHMF
=mle o) ) ()
C 36 3.13 9.64
CT4 52 3.84 8.13
CT8 39 4.04 11.63
CT16 42 4.24 11.09
CF4 38 3.67 10.6
CF8 39 3.86 11.02
CF16 41 3.35 8.96

The results obtained in this study were
compared with studies from the literature on
the conversion of cellulose to 5-HMF carried

out in asingle phase (Table 3). Although high
cellulose conversion or 5-HMF efficiency
was obtained in a short time with the
homogeneous catalysts FeClz and CrCl3, there
aredifficultiesin the separation of the product
mixture. As for the reaction conditions, ionic
liquids were often used, which are expensive
and practically unsuitable for large-scale
applications. Considering the surfaces of the
catalysts and the water used as reaction
medium in this study, we can assume that the
obtained results are consistent with those
reported in the literature. A catalytic
conversion of cellulose using only water as a
solvent, as in this study, was performed by
Nandiwalaet a. In the study by Nandiwala et
al. in the presence of abimodal-HZ-5 catalyst
with a Si/Al ratio of 30 at a cellulose/catalyst
ratio of 1:2 (the cellulose/catalyst ratio in this
study was 4:1), 67% cellulose conversion and
46% 5-HMF yield were achieved [12].

Table 3 Some studies on the synthesis of 5-HMF from cellulose in asingle phase in the literature.

Catalyst Solvent  co-solvent/ co- Cellulose/Cataly  Reaction  Reaction Xca  Ys Reference

catalyst st (9/9) Time Temperature (%)  nwr
O (%)

FeCl; Water 1-ethyl-3- 0.1/0.06 10 min 140 724 236  Abou-
methylimidazolium Y ousef
chloride et.a.[7]

CrCls Water 1-ethyl-3- 0.1/0.06 10 min 140 356 849  Abou-
methylimidazolium Y ousef
chloride et.a.[7]

Bimodal-HZ-5 Water 0.25/0.5 4hr 190 67 46 Nandiwae

et.al [12]

Phosphotungstic THF Water 0.5/0.5 6 hr 190 na 8.50 Fan et.

acid (PHA) al.[14]

Amberlyst-15 THF 0.5/0.2 6 hr 190 na 9.30 Fan et.

al.[14]

Al-MCM-41 Water 1-butyl 3-imidazium  2/0.2 2hr 170 69 4056 Pham
chloride et.al.[24]

Sulfuric acid Water 1-Butyl-3- 0.1/0.05 lhr 120 na 36.33 Tyagi

modified Active methylimidazolium et.al.[47]

Carbon chloride

Cr doped Sulfuric Water 1-Butyl-3- 0.1/0.05 1 120 na 49.02 Tyagi

acid modified methylimidazolium et.al.[47]

Active Carbon chloride

ChnH5-nCeW1,04  Water 0.5/0.2 5hr 160 74 136 Laiet.

al.[48]

Cr[(DSHPW1,04]  Water 0.2g/0.06 mmol 2 hr 150 771 527 Zhao

3 et.al.[49]

CT-4 Water 1/0.25 6 hr 220 52 3.84  Thisstudy

na: not available

4. CONCLUSION

This study was carried out considering many
rules of green chemistry, namely synthesis at
low-temperature, use of water as an
environmentally friendly solvent, reaction in

Sakarya University Journal of Science 27(4), 781-791, 2023

the presence of a heterogeneous catalyst and
use of renewable raw materials. In summary,
dua templated silica-alumina catalysts were
synthesized at low temperature, and their
catalytic activity wastested for the conversion
of celluloseto 5-HMF in water assolvent. The
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use of co-templates in the synthesis of the
catalysts resulted in an increase in surface
areafrom 41.8 m?/gto 145.8 m?/g. In addition
to the increase in the surface area of the
catalyst synthesized using single CTAB as a
template, it was observed that the acidity of
the surface area of the catalysts synthesized
using the dual template aso changed.
Catalysts synthesized using TEA as co-
template showed better cellulose conversion
and 5-HMF yield after 6 h reaction time in
water at 220 °C compared to catalysts
synthesized using F127 as co-template. When
cellulose was converted in the presence of
CT16 catalyst, the highest 5-HMF yield of up
to 4.24% was obtained at 42% cellulose
conversion. This is the first report describing
the synthesis of 5-HMF from cellulose using
a silicaaumina catalyst synthesized at low
temperature as a dual template. The results
obtained in this study for cellulose conversion
and 5-HMF vyield, carried out according to
green chemistry rules, are compatible with
other studies on 5-HMF synthesis from
cellulosein the literature.
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Encoder Hurwitz Integers. Hurwitz I ntegersthat havethe
“Division with Small Remainder” Property

Ramazan DURAN*1

Abstract

Considering error-correcting codes over Hurwitz integers, prime Hurwitz integers are
considered. On the other hand, considering transmission over Gaussian channel, Hurwitz
integers, whose the norm is either a prime integer or not a prime integer, are considered. In this
study, we consider Hurwitz integers, the greatest common divisor of components of which is
one, i.e., primitive Hurwitz integers. We show, with the help of a proposition, that some
primitive Hurwitz integers accompanied by a related modulo function are not suitable for
constructing Hurwitz signal constellations. To solve this problem, we show, with the help of a
proposition, the existence of primitive Hurwitz integers that have the "division with small
remainder” property used to construct the Hurwitz constellations. We aso call the set of these
integers named as "Encoder Hurwitz Integers" set. Moreover, we examine some properties of
the mentioned set. In addition, we investigate the performances of Hurwitz signal
constellations, which are constructed accompanied by arel ated modul o function using Hurwitz
integers, each component of which isin half-integers, for transmission over the additive white
Gaussian noise (AWGN) channel by means of the constellation figure of merit (CFM), average
energy, and signal-to-noise ratio (SNR).

Keywords. Quaternion integers, Hurwitz integers, residual class, signal constellations, code
constructions

1. NTRODUCTION a isequa to N(a) = af + o . Theinverse of

a Gaussian integer o isequa to at=—2—

A Gaussian integer isacomplex number, each N ()
a

component of which isin integers. The set of

Gaussian integers that is denoted by Z[i] is
shown by
Z[i]={a=al+a2i Loy, 0, € 7,07 =—1} . Let

a=a,+a,, be a Gaussan integer. The

conjugate of a Gaussian integer o isequal to
a =a, —a,l . The norm of a Gaussian integer

* Corresponding author: rduran@aku.edu.tr (R. DURAN)

where N(a)=0. A Gaussian integer « is

called a prime Gaussian integer if itsnormis
a prime integer. A Gaussian integer o is
caled a primitive Gaussian integer if the
greatest common divisor (gcd) of its
componentsisone, i.e. gcd(e,,«,) =1.In[1],
codes over Gaussian integers were first
presented by Huber. His original idea is to
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regard a finite field as a residue class of the
Gaussian integer ring modulo a prime
Gaussian integer. Moreover, the Euclidean
division isused to get a unique element of the
minimal norm in each residue class, which
represents each element of a finite field.
Therefore, each element of a finite field can
be represented by a Gaussian integer with the
minimal Galoisnormintheresidueclass. The
visudization of the residue classes of
Gaussian integers, Eisenstein-Jacobi integers,
guaternion integers, Lipschitz integers, or
Hurwitz integers, respectively, is caled a
signa  congtellation, which is a
communication term. In coding theory, each
element of the signal constellation refersto a
complex-value codeword. Huber is used

prime Gaussian integers such that
1=p mod 4, where p=ax and
a,>a,>0. In this study, we consider

primitive Gaussian integers, the norm of
which is either a prime integer or not a prime
integer, where «a,>a,>0. Codes over

Gaussian integer rings were studied in papers
[2-5].

Quaternions are anumber system that extends
complex numbers. Let
=1, + 7l + 7y ) + m,K beaquaternion. Here
7, isthereal part, and 7, +7,j + 7,k isthe
imaginary part. Multiplication of two
guaternions has no commutative property, in
general. Multiplication of two quaternions has
commutative property if their imaginary parts
are parallel or conjugate to each other. A
guaternion = is called a quaternion integer
just if =, 7,, 7, and =z, arein integers. In
[6], Ozen and Giizeltepe studied codes over
gquaternion integers, which have the
commultative property. Codes over quaternion
integers were studied in papers [6-10]. A
guaternion integer 7 is called a Lipschitz
integer just if its components are in integers.
A Lipschitz integer 7 is called a primitive
Lipschitz integer if the greatest common
divisor of its components is one. Codes over
Lipschitz integers were studied in papers[11-
14, 19, 27].

Sakarya University Journal of Science 27(4), 792-812, 2023

A quaternion integer z is caled a Hurwitz
integer just if its components are either in 7

orin Z+%. A Hurwitz integer 7 iscaled a

primitive Hurwitz integer if the greatest
common divisor of its componentsis one. In
[15], Giizeltepe studied the classes of linear
codes over Hurwitz integers equipped with a
new metric that refer asthe Hurwitz metric. In
[16], Rohweder et al. presented a new
algebraic construction technique to construct
finite sets of Hurwitz integers by a respective
modul o function. Moreover, they investigated
the performances of Hurwitz signal
constellations constructed by Lipschitz
integers for transmission over the additive
white Gaussian noise (AWGN) channel.
Codes over Hurwitz integers were studied in
papers [15-21].

Thiswork isorganized as follows: In the next
section, we give some basic information used
throughout this paper. In Section Ill, we
define a new set named "encoder Hurwitz
integers'. This set comprises to the Hurwitz
integers that have the "division with small
remainder” property. In Section IV, we
investigate the performances of Hurwitz
signal constellations constructed by primitive
Hurwitz integers, whose components are in

Z+%, for transmission over the AWGN

channel by means of constellation figure of
merit (CFM), average energy, and signal-
noise-to ratio (SNR). Finally, we concludethe
paper in Section V.

2. PRELIMINARIES

We begin with some basic definitions.

Definition 2.1Let 7 =7, + 7,i + 7] + 7,K be
aquaternion. A quaternioninteger z iscalled
a Hurwitz integer just if ether

T Ty Tigy Ty €45 OF  JT, 7T, 705, 7T, eZ+§.

The set of all Hurwitz integersthat is denoted
by H isshown by
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AT+ + KT, Ty T, €L

H= 1
Orﬂl,ﬂz,ﬂs,ﬂ4€z+§
Z)UH(ZQJ.

2
For instance, J_rliiiiijilk and
2 27 2

1 1. o

iEiE j are not Hurwitz integers, but

i§_§iiljizk is a Hurwitz integer and

2 2 2 2

so on. The ring of Hurwitz integers forms a
subring of the ring of al quaternions since it
is closed under multiplication and addition.
The conjugate of a Hurwitz integer = is
T=m—-mi—-nj—n,K. The norm of a
Hurwitz integer T IS
N(7)=r-ZT=nr]+r)+7;+7,. The

inverse of a Hurwitz integer 7 is
7t=—"_ where N(x)#0.
N(~)

Definition 2.2Let 7 be a Hurwitz integer.
The Hurwitz integer 7 is caled a prime
Hurwitz integer if its norm is a prime integer.

instance, and

ﬂ:§+§|—§1+ k are the prime Hurwitz
2 2 2
integers

N(7)=2°+(-3*+1*+3°=23
3 (5 ( 3) (7Y
N ==+ =]+ =+ =| =23.
ZEHRHECIRE
Definition 2.3Let 7 = 7, + 7, + 7] + 7,K be
a Hurwitz integer. If 7 isaHurwitz integer,
whose each component is in integers, then it
iscalled aprimitive Hurwitz integer just if the
greatest common divisor of its componentsis
one, i.e. gcd(m,7,,7my7,)=1. If 7 is a

Hurwitz integer, whose each component isin
half-integers, then it is called a primitive

For r=2-3+j+3K

since
and

Sakarya University Journal of Science 27(4), 792-812, 2023

Hurwitz integer just if the greatest common
divisor of its numeratorsis one.

Note that, in this study, unless otherwise
stated, we consider primitive Hurwitz
integers, the norm of which is either a prime
integer or not a prime integer, where
M2, 2my 27w, >0.

Definition 2.4 [15] Let ¢ and 7 be Hurwitz
integers. If there exists Ae’H such that
g,—q,=4Aa, then q,,q, € ’H are said to be
right congruent modulo 7. This relation is
denoted by q, =, q,. Here, =, is represented
as the right congruent. This relation ¢, =, 0,
isan equivalencerelation. The elementsin the
right idea <ﬂ>={ﬂ,7z:ieH} define a
normal subgroup of the additive group of the
ring H . Theset of cosetsto (z) in H defines
the Abelian group denoted by H_ =H/{x).
Analogous results are valid for left congruent
modulo 7 .

Note that we consider the left congruent
modulo an element 7 in the Hurwitz integers
rings. Therefore, we consider the elementsin

the left ideal <7z> :{7[/1:/167-(} )

Definition 25A notation for the nearest
integer rounding is denoted by [-]. It is
rounding a rational number to the integer
closest to it. Each component isrounded to the
integer closest to it for a quaternion,
respectively.

Considering half-integers, the rounding is
done by the following. We take an example

=, where 7z, isanoddinteger. If 7z, isan odd

negative integer, then we round it as

B T 1
o [|Z2I=22 1
»2“ 2 2 @

bk @
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If 7, isapositiveinteger, then we round it as

| = 1 3
[ ] —_— | =— ——
»2]] 52 ©
. Al [mll (m 1 _ (4)
| 2 2 2 2
For instance, let 7Z'=§+Ei—lj—§k be a
4 2 2 2

Hurwitz quaternion. By eg. (1), eg. (2), eg. (3)
and eqg. (4), we get

m-[di25-54

5 0. |(1f. (5
=(=I+l=li=(=]i-(=]k
LBl
=1+0-i—0-j—-2-k=1-2k.
In the rest of this study, we consider eg. (3)
and eg. (4) since 7 is a primitive Hurwitz

integer.

Definition 2.6Let 7 be a primitive Hurwitz
integer, and let zeZ,. The modulo

function x: 7y ,, — H, isdefined by
Z)=zmodr=z-7-|7'z|=2- ﬂ. 5

u(2)=zmodz=z-7|7'7] ”HN(E)N (5)

Here, 7 is the well-known residual class

N(r)
set of ordinary integers ring with N(x)
elements, H_ isthe left residual class set of
z with respect to the modulo function in eq.
(5), and u,(Z) is given the remainder of z

with respect to the modulo function in eg. (5).
The quotient ring of the Hurwitz integers
modulo this equivalence relation, which we

denoteas #, ={zmodr|zeZ,,}. Thisset
contains N(z) elements. If 7 is a prime
Hurwitz integer, then the modulo function x

Sakarya University Journal of Science 27(4), 792-812, 2023

defines a bijective mapping from Z, , to H, .
Therefore, the modulo function 4 is aring

isomorphism. Because there exists an inverse
map [22], and we have

#(z+2)=n(z)+u(z) and

#(z2)=u(z)u(z), forany z,z,€7,,.
If =~ is a primitive Hurwitz integer, the
modulo function 4 is a group isomorphism

with respect to addition between Z and
H

"

N(7)

A signal constellation is a physical diagram
describing al the possible symbols a
signaling system usesto transmit data. Itisan
aid in designing better communications
systems. [23]. These symbols represent the
codewords. In other words, they represent the
elements, defined as the complex-value
codewords, in the set of the residual class of
Hurwitz integersring. Thus, in therest of this
study, we use the “signal constellation” term
instead of “the set of residual class”’ term. We
can take an example, "Hurwitz signa
constellation” instead of the “residue classes
of modulo an element 7 in the Hurwitz
integers rings”. You can find more details
about signal constellation in [23].

You can find more details about the
arithmetic properties of quaternions and
Hurwitz integersin [24-25].

3. ENCODER HURWITZ INTEGERS

The Euclid divison agorithm states that
given positive integers a and b, there exist
unigue integers q and r suchthat a=bq-+r
and O<r <b. Here, a isthe dividend, b is
the divisor, g is the quotient, and r is the

remainder. Considering Hurwitz integers, the
Euclid division agorithm states that given
Hurwitz integers 6 and 7, there exist unique
Hurwitz integers g and y such that

O=nrp+y and 0<N(y)<N(x). In other
words, Hurwitz integers, each component of

whichisin Z+%, satisfy the Euclid division
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algorithm but Hurwitz integers, each
component of which isin integers, do not. We
cal that Hurwitz integers that satisfy the
Euclid division have the “division with small
remainder” property. The key point is that the
Euclid division agorithm is not worked with
some Hurwitz integers. Note that, in this
study, we consider the primitive Hurwitz
integers. Therefore, in this study, we
investigate which primitive Hurwitz integers
satisfy the Euclid division or not.

The following proposition shows that the
remainder and dividend are equal to each
other for the primitive Hurwitz integers, each
component of which is an odd integer.

Proposition 3.1 Let ~ be a primitive

Hurwitz integer, each component of which is
an odd integer. Then,

N [uﬂ (@D ~N(2) ©

with respect to the modulo function in eqg. (5).

Proof Let 7=m+7mi+mj+7,kK be a

primitive Hurwitz integer, each component of
which isan odd integer. By eqg. (5),

7N(7)
ﬂ(N(ﬂ)]:N(ﬂ)_ﬂ 2
2 2 N(r)
N _ 1]
2 2

=¥—(ﬂl+ﬂ2i+ﬂ3j+ﬂ4k)w

T, =TT — 1, —ﬁ4kﬂ
) :

=

AR
By e (3) and eq. (4, H- 5l

Sakarya University Journal of Science 27(4), 792-812, 2023

U (%jI@-(ﬂl+ﬂzi + 70, +ﬂ4k)|:(%—%j

— T~ T, Ty~ T,
2

_N(z) | #mi+mi+ri+nm,
)

+

A T T~ Ty~ Ty + T+ MW~ 7 |,
2

IO Tly + T+ Ty 0, — Ty + Tty — Moy — Ty 7T, + 70, j
2

Tt = Tt Ty Ty~ M+ T~
2

_ N(=) N(ﬂ)+7rl+7r2+7r3+7r4
2 2 2

Mt Mty [ A -7 j
2 2
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+(—7z1—7z22+7r3+7z4jk

_ M+t A,
2

—T T, =T+ T, .
+( 1 2 3 4)

2

+(_ﬁl+ﬁ22+”3_”4)j+(_ﬂl_ﬁ22+ﬂ3+ﬂ4jk'

Therefore, we get

N(:“z(@j}: N[JZ'1+7Z'2-|2-7T3+7Z'4

-+, =T+, . T+, T, T, .
_l_( 1 22 3 4j|+( 1 22 3 4]1

4(7tf+7r22+7r32+7rf) ) ) ) )
= =7+, T+ 7T,
4 1 2 3 4

Consequently, N(yﬂ(N(”))) N(z). This

compl etes the proof.

The following proposition implies that the
primitive Hurwitz integers, each component
of which is in integers, do not have the
"division with small remainder” property.

Proposition 3.2 Let ~ be a primitive
Hurwitz integer, each component of which is
in integers, and let S be a Hurwitz integer,

where N(3)=0. Then, N(x,(8))<N(z).

Proof Let 7 beaprimitive Hurwitz integer,
each component of which is in integers, and

let g=p+p0i+p0]+0,k be a Hurwitz
integer, where N () +0. By eq. (5), we get

w0185

Sakarya University Journal of Science 27(4), 792-812, 2023

Then, we get

7 (B)=r - H’f—ﬂﬂ ey ﬂﬁﬂ
T

VA

Zﬂ_l(ﬂ1+ﬂ2i + 5] +ﬂ4k)

_Hﬂ1+ﬂ2i + s ] +ﬂ4kﬂ

7
— B B+ B+ Bk

~|7 B+ B+ B+ K]

S N R R SR
vz o K (s K TRz |
i A S G B |
Ha g7 B]) i+(7 B~ = 8] K-
Hereby, we get

_II”&:BJ” < % )

7 p, [[ ‘1132]”g

I\JIH

7By ﬂﬂ_lﬂsm <

NI

ﬂilﬁ H”71ﬂ4 ]” <

I\JII—‘

Then, we get
1
l]])z < Z ’

(v a-[8]) <

(ﬂ’lﬁ’l - [[7[’1

-I>|H
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(= *p-[78]) <7,

-bll—\

<3

Therefore, we get

(ﬂ’lﬂl —[[77’1

N(7 2w, (8))= (=~ [=A])
R L R C S EaA ]
([ A])

L REEGRER

Consequently, ~ since N(u,(8))<N(x)
N (ﬂfl,uﬂ (ﬂ)) = N (;;

completes the proof.

N—"

Examplel Let 7=3+i+j+3k be a
primitive Hurwitz integer. By eq. (5), the
Hurwitz signal constellation is

#:(0)=0, p, (1) =1 p,(2)=2
#:(3)=3 1, (4) =-2-2],
u,(5)=-1-2j,u,(6)=-2j,
# (7)=1-2], 1, (8) =2-2j,

M, =1 u, (9)=3-2j, u, (10) = 4-2j, . (7)
i, (1) =-3+2j, u, (12) = -2+ 2],
i, (13)=-1+2j, u_(14) = 2j,
1, (15)=1+2j, 4, (16) = 2+ 2j,
w1, (17)=-3, u, (18)=-2, 1, (19) = -

This set must contain twenty elements, but it
contains nineteen elements since

U, (10) =z=0modr, where
N, (10))=N(z)=20. Consequently, the
Hurwitz integer 7 =3+i+ j+3k does not
have the "divison with small remainder"

Sakarya University Journal of Science 27(4), 792-812, 2023

property (see Proposition 3.2). In other words,
the Euclidean division agorithm does not
work for the primitive Hurwitz integer

7=3+i+j+3k. In addition, to be a
Euclidean metric, the inequality
d(a,p)+d(B,6)>d(a,6) should be

verified, where «,f,0H,. Because the
conditions i) d(«,B8)=0 if and only if
a=p, and ii) d(a,p)=d(B )
supplied. We consider o =z, (10)=4-2j,
B=u,(19)=—1and 0=, (18)=—2 in (7).

are

(a,8)=29 since N(B-a)=29,
d(B.0)=1 since N(6-p)= and
d(a,0)=40 since N(6—a)=40.
Therefore, 29+1=30>40 since
d(a,p)+d(B,6)>d(a,0). This is a

contradiction. The Euclidean metric does not
satisfy the Hurwitz signal constellation H,

constructed by the primitive Hurwitz integer
7=3+i+]j+3k.

In the following definition, we define a new
set named the encoder Hurwitz integer, which
consists of the primitive Hurwitz integers that
have the "division with small remainder"

property.

Definition 3.1Let 7 =7, + 7l + 7] + 7,K be
a primitive Hurwitz integer. If a primitive
Hurwitz integer 7~ does not satisfy the

condition N['L‘”(N(zﬂ)n N(z) (see

proposition 3.2) with respect to the related
modulo function, then it is called an encoder
Hurwitz integer. Note that a primitive
Hurwitz integer 7, each component of which

isin Z +%, isan encoder Hurwitz integer.

The above definition isflexible. So, the set of
encoder Hurwitz integers is expandable or
collapsible depending on the related modulo
technique. According to Definition 3.1, the
set of encoder Hurwitz integers in this study

798



Ramazan DURAN

Encoder Hurwitz Integers: Hurwitz Integers that have the “Division with Small Remainder” Property

consists of the primitive Hurwitz integers,
each component of which is not an odd
integer (or each component of whichisnot the
same parity). In other words, the set of
encoder Hurwitz integers in this study
consists of the primitive Hurwitz integers,

each component of which is either in Z+%

or not an odd integer (or components are not
the same parity). In mathematics, parity isthe
property of an integer of whether it is even or
odd [26].

Let us now show that the modulo function

is aring isomorphism when = is an encoder
Hurwitz integer.

Theorem 3.1 Let # be an encoder Hurwitz
integer, and let 7,z e€Z,. The map

u: ZN(”) — H_ isaring homomorphism.

Proof Let 7 be an encoder Hurwitz integer
and, let z,z, €7, By ed. (5), we get

uﬁ(zl)=zlm0dﬂ=zl—ﬂﬁN;&)]l

and

#,(z,)=2modr = zz—ﬂﬁ N;(Zj[)m-
o] =

u, where 4, and 4, are Hurwitz

We suppose that Alzﬁ

7z,
ﬂ( p—y
i HN(ﬂ)
integers, each component of which is in
integers. Therefore, we get

7=+ 1, (2) (8)
and
2,= o+ 1, (2,), ©)

Sakarya University Journal of Science 27(4), 792-812, 2023

respectively. Since

ﬂ”(a+é)=24+é—ﬂﬂ%m, eq.(8)

and eg. (9), then we get

1 (z+2)=mh+p (2)+7d, + 1, (2,)

_ﬂﬁﬁ(%wﬂ(a)wﬂzwﬂ(é))ﬂ
N(7)

=k + 1, () + 7, + 11, (2,)

_ﬂ|l777z/11+7?,u”(Zilzl—i(—:;rﬂz+ﬁuﬁ(zz)m

=+ p (2)+ 7y + 1, (2,)

‘;tﬂ(zz)m_

(7

T At —7z|lﬁ'u”(zll\)l

Since 4, and 4, are the Hurwitz integers,
each component of which isin integers, then

A +A, =4 +4,. Hereby, we get
H (2 +2,)=7h +p (7)+ 7,

(1 (2)+1,(2))]

b1, (2,) 7y =7

By eg. (5), we get

1 (z+2)= (1. (2)+n.(z))modz .

On the other hand, according to the modulo
function in eg. (5), we get

ﬁ(zlzz)w

= dr=zz —
1. (22,)=2zz,modr =22, ”N N(7)

799



Ramazan DURAN

Encoder Hurwitz Integers: Hurwitz Integers that have the “Division with Small Remainder” Property

By eg. (8) and eqg. (9), we get

1 (22)=(7+ 1 (2)) (7 + 4, (2,))

_ﬂ[r(ﬂ%wﬁ(zl))(%+ﬂﬁ(22))m
N(z)

= Ty + Tt (2, ) + 1, (2) 7y

i () ()| A 2)

+

7?/1”(21)7[/12+77/1”(21)ﬂn(22)[|_
N(7)

Since N(7z) =77, then, we get
1, (22,) = th7hy + mh, (2,) + w1, (2) 74,
+,(2) 1, () =7 Ardy =7 | 2apt, (2)]

_ﬂwﬁﬂﬂ(a)ﬂ%]l_”rﬂz(zl)uﬁ(zz)m_

N(7) N ()
Since Ay = Aty
[, (2)]= A, (2,) and
mu (z)mh, | . (2)7h, en we
ﬂ N(r) ﬂ P

1, (22,) = thzhy + i, (2,) + 1, (2) 74,
+14,(2,) 1, (2,) = 2o, = whopt, (2,)

ﬁﬂ”(zl)ﬂn(zz)u

N(7)

—u,,(Zl)ﬂ/lz—ﬂ”

Sakarya University Journal of Science 27(4), 792-812, 2023

By eqg. (5), we get
1(22,)= . (z) p.(z,)modz.

Consequently, « function is a ring
homomorphism. This completes this proof.

Theorem 3.2 Let 7 be an encoder Hurwitz
integer. Then, Zy,, =H, .

Proof Let 7 be an encoder Hurwitz integer
and, let z,z, € Z,,,. According to Theorem
3.1, u functionisaring homomorphism. The

modulo function in Definition 2.6 is a
surjective  ring  homomorphism  since

H, ={u,(D|zeZy, | =lmu. I z=0,
then 2, (0)=0. On the other hand, If z>1,

then u_(2z) >1. Hereby, the modulo function
u is a bijective ring homomorphism since

Ker,u={ZeZN(”) | 1, (2) =O} ={0}.

Consequently, the modulo function x is a
ring isomorphism since it is both a surjective
ring homomorphism and a bijective ring
homomorphism, ie Z,,,=H,. This

compl etes the proof.

The following proposition demonstrates that
the encoder Hurwitz integers have the
"division with small remainder” property.

Proposition 3.3 Let 7 be an encoder
Hurwitz integer. Then, N(x,(z))<N(x).

Proof Let 7=m+7mi+mj+7,k be an

encoder Hurwitz integer. If encoder Hurwitz
integer 7, each component of which is in

Z+%,then N(,u,,(z))< N (7) holdson. For
encoder Hurwitz 7, each component of

which is in integers, let us analyze step by
step.

CasellLet 7 bean encoder Hurwitz integer,
each component of which is in integers.
Supposethat let 7z, be an eveninteger, and let
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r,, 7y and 7, be odd integers. Therefore,
N(7) isan odd integer. By eq (5), we get

u,(2)= z—;r[[;r’lz]] :
Therefore, we get

7t (2)=rn"z-7"'% I[ﬂ_lz" =n'z- Hﬂ"lzﬂ

Since 7 =&, — m,i — 73] — K, then we get
1 _ 72'12 _ 72'22 i 72'32 .
e )= e

:Nﬂf;: “ N”C?)]li

- N(lnka(lﬂ)f[an)‘ﬂNfﬂx]‘

‘_N(z)_J"‘[Nfﬂf"N&)_]k'

Since z, is an even integer, z,, 7, and 7z,

areodd integers, N(7) isan odd integer, and

N(7)
2

isnot an integer, then we get

7,2 _ 4 1
OS 1 _ 1 —
N(7) _N(ﬁ)mﬁ
7w,z » 4 1
OS 2 _ 2 =,
N(;r) N(ﬂ')m<2

Sakarya University Journal of Science 27(4), 792-812, 2023

T2 [ T2 1
OS 3 _ 3 =,
N(z) N(ﬂ)]]<2
4 » T,Z 1
OS 4 _ 4 i
N(ﬂ') N(/Z')N<2

Therefore, we get

" ( e ﬁ Nﬂffzz)M* " [ YEN yE
X o ) e e

366
<|=|+l=|+=|+ =] =L
2 2 2 2
Hereby, we get

N (72'_1/1” (Z)) =N (7["1) N (1, (z))

=LN(yﬁ(z))<1.

N(z)

Conseguently, N(u (2)) < N(x).

Case2Let 7 be an encoder Hurwitz integer
each component of which is in integers.
Suppose that let 7, and 7, be even integers,
andlet 7, and 7, be odd integers. We should
check whether to verify or not eq. (6) in
Proposition 3.1 since N(7) is an even

integer. Let z:w. Then, we get
p (N(ﬂ)j: N(ﬂ)_” ”_lM

2 2 2 |
Therefore, we get
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7 [z N(7)\, _ N(z)
:__H. NG, (<) ==

Since 7 = 7z, — m,i — 7, — m,K , then we get Consequently, N(ﬂﬁ(N(zﬂ)))< N(). Onthe

4 [N(z)) =, (=), ﬂsj. (@j other hand, let 2+ N) Then we get

A e e Bl [ Bl el Bl ¢ 2
2 2 2 2 2
, . u,(2)= Z—ﬁ[[ﬂ_lzll.

Tk sb ez

2] 2 2] 2 Hereby, we get
:ﬂ_ﬂﬂﬂ_ ﬂ_ﬂﬂ‘ i 72'_1/1”(2)=7Z'_12—7Z'_17Z'[[7Z'_12]l

2 121 \2 |2

e

] ] Since 7 =7, — 7, — 7, ) — K, then we get
TT. .
=== and H— :?2 since 7, and 7,

a:re__even integers. By egq. (3), then 7w ()= 2z _( T2 ]i— 732 jj

iz T ﬂu:—”“_l since 7, N(z) (N(z) N(7)

| 2] 2 | 2 2 , ‘ ﬁ

and 7, are odd integers. Therefore, we get 72 | | 2 |, | 72
)

N IN(z)] [N(7)]

V 7z | . V T,z ﬁ
+ j+ k
)N [N(7),

Hereby, we g N _Nﬂézr)H‘[ () ﬂ o) ]‘
rn (339 ‘[wﬁ)‘ :Nﬂ(i)m"‘(N”E‘;)‘“N”E‘;)i]k'
N(ﬂ‘l)N[,uﬂ[N(ﬂ) j:(_%j:(_l}z Since 2= N(zﬂ)’ then we get

donfa(M)-22s sl

2
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7,2 _ 7,2 1
OS 2 _ 2 —
N(z) _N(ﬂ)m%
7.2 » T2 1
OS 3 _ 3 =,
N(?Z') N(ﬂ')m<2
7,2 — 7,2 1
0<| T2 | FaZ | o1
N(z) N(ﬂ)N<z

Therefore, we get

7z

NL@)‘NN(@

=7r’lZ—II7r’lZ]]: 7z - E .
N(z) [ N(7)
Since 7 = &, — m,i — ;] — K, then we get

i

N?i)—(mﬂ)}{ﬁi)]j

B Nﬁ{‘;)]k—:&;)wl\'ﬂ(i)]li

1

7t (2)=

7z | . —72'42-
k
’ N<ﬂ>m”kw(n>1
7z » Tz 7T,z _

W[Nﬂf;'ﬂ@@z):

1 (1) (1) (1Y)
BEGEEROR

2 2 2 2
Therefore, we get

N (7[71;1” (Z)) =N (7{71) N (,uﬁ (Z))

Consequently, N(x,(z))<N(x).
Case3Let 7 bean encoder Hurwitz integer,

each component of which is in integers.
Supposethat z,, 7, and 7, areevenintegers,

and 7, isan odd integer. Therefore, N(7) is
an odd integer. Then we get

1, (2)= Z—ﬁ[[ﬂ_lz]].
Hereby, we get

ﬂ’luﬂ ( Z) =n'z-7'n |[7r’lz]]

Sakarya University Journal of Science 27(4), 792-812, 2023

>N<ﬂ>N—[N”€i>—NN<z>‘ '

kel REER

Since r, isan odd integer, 7,, 7, and 7, are

even integers, and N(7) is an odd integer,
then we get

0= Nﬂ(l7zz)_-Nﬁ(l7Zz)]] <%’
R
SRR
0= Nﬁ(étzzz)_»Nﬂ(‘tyzz)]] <%'

Hereby, we get
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o R el [ o B

1 (1) (1) (1Y
HREEORE

2 2 2 2
Therefore, we get

N (72‘1/1” (Z)) =N (72'"1) N(x, (z))

1.

ﬁ N(x,(z))<1.
Then, we get  N(x(2))<N(7)
Consequently,  N(x,(z))<N(x). This

compl etes the proof.

The following examples give an example for
each case in the proof of Proposition 3.3.

Example2 (Casel) 7=1+3+2j+k isan
encoder Hurwitz integer. By eg. (5), the
Hurwitz signal constellation 7, is

#.(0)=0, 1, (1)=1 u,(2)=2

i, (3)=i+j-2k, u, (4)=-1+2j+Kk,

i, (5)=2j+k, p,(6)=1+2j+Kk,
M, =1{p, (7)= 2+2]+k 1, (8)=-2-2j -

1. (9)=-1-2j -k, u,(10)=-2j -k,

#, (11)=1-2j -k, #,,(12)=—i—j+2k,

#,(13)=-2, 1 (14)=-1,

The set contains fifteen elements since
N(7)=15. The norm of each element in the

set is less than the norm of the primitive
Hurwitz integer (encoder Hurwitz integer) 7.

Example3(Case2) 7=2+3i+j+2k is
an encoder Hurwitz integer. By eg. (5), the
Hurwitz signal constellation 7, is

Sakarya University Journal of Science 27(4), 792-812, 2023

#.(0)=0, 1, (1)=1 p,(2) =211, (3) =3
u,(4)=1+2+2j -k, 1 (5)=-2-2j -k,
, (6)=-1-2j—k,u (7)=-2j-k,

1, (8)=1-2j -k, u, (9)=2-2j -k,

T, (10) =14 2) +k, 1, (11) = 2] +K,

u,(12) =1+ 2j +k, 1, (13) =2+ 2j +k,

1, (14) =—1-2i 2] +k, 11, (15) = -2 - 2] +k,
U, (16):—2,,uﬂ (l7)=—l

The set contains eighteen elements since
N(7)=18. The norm of each element in the

set is less than the norm of a primitive
Hurwitz integer (encoder Hurwitz integer) =

Example4 (Case3) 7=2+3i+2j+2k is
an encoder Hurwitz integer. By eqg. (5), the
Hurwitz signal constellation H, is

#:(0)=0, 1 (1) =1 p,(2) =211, (3) =3
1, (4)=1+21+2) -2k, 1, (5)=2+2i +2j - 2k
u,(6)=3-i—j+ku (7)=—2-i-j+k,
p, (8)=—1-i—j+k,p (9)=—i—j+k,
’ u,(10)=1-i—j+kp, (1) =-1+i+ j-k
T, (12) =i+ j—kop, (13)=1+i+ j -k
i, (14)=2+i+j-k,u, (15)=3+i+j-k
1, (16) = —2-2i -2 + 2K,
p, (17)=-1-21-2j+ 2K, u_(18)=-3
(19)=

-2, 1, (17)=-1

The set contains twenty-one elements since
N(7) =21. The norm of each element in the

set is less than the norm of a primitive
Hurwitz integer (encoder Hurwitz integer) 7.

Example 2 (case 1), example 3 (case 2), and
example 4 (case 3) verify al the conditionsto
be a Euclidean metric. Also, the Euclidean
division agorithm works for these primitive
Hurwitz integers (encoder Hurwitz integers).

In the following example, according to the
presented algebraic construction technique in
[16] by Rohweder et a., we show that a
Hurwitz integer 7 , each component of which
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isinintegers, does not have the "division with
small remainder” property.

Example5 In [16], Rohweder et al.

presented the new construction method for
Hurwitz integers by

(10)

where 7 is a primitive Hurwitz integer and
ZEZN(”). They proposed four-dimensional

Hurwitz signal constellations are obtained
from the following mapping

H =L ]O,, (11)

where £_ is the subset of Lipschitz integers.
It can be evaluated by

£, ={u (a+hi)labez, |,

where ZN(”) denotes the ring of integers
modulo N(7). Also, O, in eq. (11) is the

corresponding coset of half-integers. It can be
calculated by

O, ={u,(h+w)|he L},

whereW:£+£i+Ej+1k.Withrespectto
2 2 2 2

the related modulo technique in [16], the size
of the set in eq. (11) is 2N? (). Wetake an
example 3+i in[16, Tablel]. We have

i1, (5+5j) since a:m:5 and
N(3ai
b=@:5. By eg. (10), we get

(3+i)

/4,(5+5j)=5+5j-ﬁ%

Sakarya University Journal of Science 27(4), 792-812, 2023

15-5i +15]j +5k

10 ﬂ(3+i)

=5+5j—(1+)(3+i)=5+5]-3-i-3j+k

:5+5j—|[

=2-1+2j+Kk.

Since N(u, (5+5]))=N(3+i), then we get
5+5j =0mod(3+i). Also, x,(0)=0 since

a=0 and b=0. So, we conclude that the set
ineg. (11) has elements|ess than two hundred
e ements since

1, (0)= s, (5+5j)=0mod(3+i). This

contradicts the size of the Hurwitz signal
constellation with two hundred elements. By
Proposition 3.1, we say that the Hurwitz
(Lipschitz) integer 3+i is not a suitable
Hurwitz (Lipschitz) integer for constructing
the Hurwitz signal constellation. Similarly,
we can show that the primitive Hurwitz
(Lipschitz) integer 2+2i+ j+k is not a
suitable Hurwitz (Lipschitz) integer for
constructing the Hurwitz signal constellation
with respect to the algebraic construction
techniquein [16].

4. PERFORMANCES OF HURWITZ
SIGNAL CONSTELLATIONSFOR
TRANSMISSION OVER AWGN
CHANNEL

In this section, we present some distance and
performance measures. In addition, we
investigate the performances of Hurwitz
signa constellations constructed by primitive
Hurwitz integers (encoder Hurwitz integers),
each component of which is in haves-
integers, for transmission over the additive
white Gaussian noise (AWGN) channel by
the agency of the constellation figure of merit
(CFM), average energy, and signal-to-noise
ratio (SNR) gain.

Wefollow the proceduresin [27] for distance,
performance measures, and set partitioning
property. The average energy of a signd
constellation denoted by £ is computed by
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1 N IT)*].

NG7) Z; N(x,(2)).

E =

The sguared Euclidean distance of two
Hurwitz integers in the Hurwitz signa
constellation is defined as

dE(9’¢)= N((D—@),

and the minimum sguared Euclidean distance
of the signal constellation is

&2 =mind_ (0,¢),

where 6,90 H,_. In [28], Forney and Wei

proposed the constellation figure of merit
(CFM) to compare signal constellations of
different dimensions. The CFM istheratio of
the minimum squared Euclidean distance and
the average energy per two-dimension. The

CFM of a M -—dimensiona signd
constellation is computed by
2
CFM = Mo, .
28

/4

A higher CFM leadsto better performance for
transmission over an AWGN channel [27].
Signal-to-noise ratio (SNR or S/N) is a
measure used in science and engineering that
compares the level of a desired signa to the
level of background noise [29]. SNR is
defined by the ratio of signal power to the
noise power, often expressed in decibels. A
ratio higher than 1:1 (greater than O dB)
indicates more signal than noise [29].
Asymptotic coding gain means a higher
signa-to-noise ratio (SNR) [1]. The SNR of
signal and noise power is computed by

NR; 4y =10-log,, (CFM of signal)  (12)
and
NR, . =10-l0g,,(CFM of noise),  (13)

Sakarya University Journal of Science 27(4), 792-812, 2023

respectively. As the noise, we consider the
Gaussian signal constellation G, , where o is

a primitive Gaussian integer. Therefore, the
SNR code gan of a Hurwitz signd
constellation over the AWGN channel is

NRg =NR, ~NR, ,

where Hurwitz signal constellation H_, and
Gaussian signal constellation G, . By eq. (12)
and eg. (13),

NR; =10-log,,(CFM of H,)
—10-log,,(CFM of ¢,)

CFM of H,,}

=1 loglO[CFM of G

Note that the number of elements in the
Hurwitz signal constellation and the Gaussian
signa constellation should be the same to
compare performances over the AWGN
channel. According to the modulo functionin
Definition 2.6, the Hurwitz signa
constellations that have the same size as
Gaussian signal constellations almost show
the same performances for transmission over
the AWGN channel. Moreover, the squared
Euclidean distance of the Hurwitz signal
constellations and the Gaussian signa
constellations, the size of which is the same,
is one. The set partitioning aims to find a
subset with a large squared Euclidean
distance. Therefore, we obtain the Hurwitz
signal constellations, which have the larger
CFM, showing better performance for
transmission over the AWGN channel.

A residue class ring of Hurwitz integers H,
arises from the residue class ring of integers
Zyy=101...,N(2)-1 for an integer
N(1), where A is a proposed primitive
Hurwitz integer. If N(Z) is not a prime
integer, then we can partition the set '+, into
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subsets of equal size. Let N(4)=c-d. In
other words, we can partition the set ‘H, into

c subsets H\”,..,HY each with d
elements. The subsets correspond to the
Hurwitz signal constellations H.%,..., H\*"?,
where

H ={ 1, (0), 11, (), 1, (2) ..o 1, ((d =2)c)}

and H\",...,H\"" arethecosatsof H”,i.e.

H :{yi(z):yﬂ(z—l)em(o)},

0 ={,ul(|),,u/1 (1+2c), +30)}
\ :

ooty (I +(d=1)c)

where

The subset H\” is an additive subgroup of
H, since the modulo function x is an
isomorphism with respect to addition.

The SNR gain of the subset of a proposed
Hurwitz signal constellation over the AWGN
channel is computed by

N 0-1 g0

=10-lo — |,
RIB glO CFM .
wherethe subset of a proposed Hurwitz signal
constellation +®, and Gaussian signal

constellation G, .

In therest of this paper, we consider primitive
Hurwitz integers (encoder Hurwitz integers)
such tha =m27,27,27,>0. We
investigate the performance of Hurwitz signal
constellations  constructed by  primitive
Hurwitz integers (encoder Hurwitz integers),

each component of which isin Z+%, over

the AWGN channel.

In Table 1, we present the performance of
Hurwitz signal constellations constructed by
primitive Hurwitz integers (encoder Hurwitz
integers), each component of which is in

Sakarya University Journal of Science 27(4), 792-812, 2023

Z+ % , over the AWGN channel by means of

average energy, CFM, and SNR coding gain.
In Table 1, the Hurwitz signal constellations
obtained by the modul o function in Definition
26 have amost similar properties as
Lipschitz signal constellationsin the paper of
Freudenberger et a. [27]. The performance of
Hurwitz signal constellationsin Table 1 isnot
so good but better than nothing according to
the performance of the Lipschitz signal
constellations in [27, Table 1] over the
AWGN channel. Moreover, the performances
of proposed Hurwitz signal constellations
constructed by primitive Hurwitz integers
(encoder Hurwitz integers), each component
of which is in integers, are the same as the
performances of proposed Lipschitz signal
constellationsin [27, Tablel].

In Table 2, we present the performance of the
proposed Hurwitz signal  constellation
constructed by proposed primitive Hurwitz
integers (encoder Hurwitz integers), each

component of which is in Z+%, over the

AWGN channel by means of average energy,
CFM, and SNR coding gain. The proposed
Hurwitz signal constellationsin Table 2 have
advantage performances for transmission
over the AWGN channel by set partitioning
property. There also exist different proposed
primitive Hurwitz integers (encoder Hurwitz
integers) used to construct proposed Hurwitz
signa constellations that have higher CFM
and lower average energy in equal size. You
can see the following examples. Moreover,
the below examples are given clues about the
construction of tables.

Example6 We consider the proposed
Hurwitz signal constellation with
N=3-13=39 elements. There exist four
different proposed primitive Hurwitz integers
(encoder Hurwitz integers) used to construct
the proposed Hurwitz signal constellation
with- N=39. These proposed primitive
Hurwitz integers (encoder Hurwitz integer)
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7 7. 7. 3 9 5. .5
ae —+—-i+—-j+=k, —+=i+=j+=k

2 2 27 2 2 2 2
9 7. 5. 1 11 5. 3. 1
—+—i+—j+=k, and =+=i+=j+=k.
2 2 2 2 2 2 2 2

Thereisno Gaussian signal constellation with
N=39 elements. Note that proposed
primitive Hurwitz integers (encoder Hurwitz
integers) are not to be the same size as
primitive Gaussian integers. Therefore, we
could use set partitioning property on
proposed primitive Hurwitz integers (encoder

Hurwitz integers). Firstly, we consider

proposed primitive Hurwitz integers (encoder

Hurwitz  integer) g+Zi +§ j +lk and
2 2 2" 2

11 5.

E+§| +— j+= > k For the proposed Hurwitz

signal constellatlon Hg 751 , the minimum
22 E 2

squared Euclidean distance, average energy
and CFM are 1, 125128 and 0.1598,
respectively. The proposed Hurwitz signal
constellation H, , . , ispartitionthe c=3

22 2 2
different subsets with each set d=13
elements. The minimum sguared Euclidean
distance, average energy, and CFM of

Hurwitz signal constellation H®, . |, are

—+— |+ j+= k

9, 11.5385, and 1.5600, respectively. The
minimum squared Euclidean distance,
average energy, and CFM of the Gaussian
signal constellation G, ,, with 13 elements
are 1, 21539, and 0.4643, respectively.
Therefore, the SNR coding gain of the
proposed Hurwitz signal constellation

7_(9(0)7. 5.1 IS
5+E|+EJ+Ek
CFM of }@?zﬁjék
N 10lo 222 2
R};gl 2 9 TCFM of Groo

:1OIog(@j =5.26 dB.
0.4643

Sakarya University Journal of Science 27(4), 792-812, 2023

The minimum squared Euclidean distance,
average energy, and CFM of the proposed
Hurwitz signal constellation Hﬂﬁ. 5.3, are
1, 125128, and 0.1598, respectlvely. The
proposed Hurwitz signal constellation

is partition the c=3 different

2 2+2H2k
subsets with each set of d =13 elements. The
minimum squared Euclidean distance,
average energy, and CFM of Hurwitz signal

constellation Hfo’ 2 are 9, 11.5385, and
1.5600, respectlvely. The average energy,
minimum sgquared Euclidean distance and
CFM of Hurwitz signa constellations

HO Hfo’ ~, arethesame. So,
5*5'+§'+2k 2

Hurwitz signal constellatl ons H, .

4 |+ J+ k

and

transmission over the AWGN channel.
Lastly, we consider proposed primitive
Hurwitz integers (encoder Hurwitz integers)

7 7. 7. 3 9 5. 5. 5
—+—i+—=j+=k, and —+—=i+—=j+=Kk.
2 2 2 2 2 2 2 2
For both proposed Hurwitz signa
constellations, the minimum  squared

Euclidean distance, average energy, and CFM
arel, 12,5128, and 0.1598, respectively. The
average energy, minimum squared Euclidean
distance and CFM of =, , , and

—+—i+—j+=k,
22 2 2

HO . . ae 3, 115385 and 0.5200,

it ]+7k
22

r&cpectlvel y. Therefore, the SNR coding gain
of these proposed Hurwitz signal
constellations is

AR, - 10Iog(%’2j _049dB.

Conseguently, the proposed Hurwitz signal
constellations Hg . and H, . 5 ;

=+ 71 7k —+=i+=j+=k
2 2 272 22 2 2

have higher CFM, better SNR coding gain,
and larger minimum square Euclidean
distance. We choose the proposed primitive
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Hurwitz integer (encoder Hurwitz integer)
11 5. 3. 1 .
—+—i+—=j+=k torepresentin Table 2.
2 2 2 2

Example7 We consider the proposed
Hurwitz signal constellation with
N=3-20=87 elements. There exist eight
different proposed primitive Hurwitz integers
(encoder Hurwitz integers) used to construct
proposed Hurwitz signal constellations with
N =87. These proposed primitive Hurwitz

integers (encoder Hurwitz integers) are
11 11. 9. 5 13 9. 7. 7
—+=i+=j+=k, —+—=i+=j+=k,
2 2 2 2 2 2 2 2
13 11. 7. 3 13 13. 3. 1
—+=i+=j+=Kk, —+—=i+—=j+=k,
2 2 2 2 2 2 2 2
15 7. 7. 5 15 11. 1. 1
—+—i+—=]+—=Kk, —+—=i+=j+=Kk,
2 2 2 2 2 2 2 2
17 5. 5. 3 17 7. 3. 1
—+—i+—=j+=k, and —+=i+—=j+=k.
2 2 2 2 2 2 2 2

Thereisno Gaussian signal constellation with
N =87 elements. The minimum squared
Euclidean distance, average energy, and
CFM  of proposed Hurwitz signa
constellations constructed by these proposed
primitive Hurwitz integers (encoder Hurwitz
integers) are 1, 285057, and 0.0702,
respectively. These proposed Hurwitz signal
constellations are partition the ¢ =3 different
subsets with each set d =29 elements. We
consider the Hurwitz signal constellations

(0) (0) i
311 7. 3 and 7.7 3.1 Wlth 29
e e R e i+ j+=k

2 2 2 2 2.2 2 2

elements. The minimum sguare Euclidean
distance of these signal constellationsislarger
than others. The minimum square Euclidean
distance of these signal constellations is 9,
but the othersare 6. Also, the average energy
and CFM of these signal constellations are
275172 and 0.6541, respectively, but the
othersare 27.5172 and 0.4361, respectively.
The minimum sguared Euclidean distance,
average energy, and CFM of the Gaussian
signal constellation &;,,, with 29 elements

ae 1, 48276, and 0.2071, respectively.
Therefore, the SNR coding gain of Hurwitz

Sakarya University Journal of Science 27(4), 792-812, 2023

signd  constellations © ., ad
E+5|+51+5k
S)Jiﬁ itk Is
2 2 2 2
0.6541
NR,, =10l ———— [=4.99dB.
Re Og(o.zonj

Table 1 Table of CFM, energy and SNR coding
gain of Hurwitz signal constellations constructed
by primitive Hurwitz integers (encoder Hurwitz

integer), each component of whichisin 7 + % ,

( d : The number of elementsin the Hurwitz
signal constellation, G, : Gaussian signa
constellation, H, : Hurwitz signal constellation )

o Signal
Primitive Constellations
d Hurwitz CEM
[dB]
Integers (77) ENERGY
G H,
33 1.1 12500  1.6667
—+—i+=j+=k .
> 375217 Toswo 1200 M
13 §+§i+§j+§k 04643  0.5200 0.49
2 2 2 2 21538 3.8462
5 5 3. 3 03542 0.3864
—+=i+=j+=k .
2% 21"%¢ oems sares O
n 9.3.3. L 02404 02551 (.26
2 2 2 2 41600  7.8400
o 9.5,3; L 0271 02180 02
2 2 27 2 48276 9.1724
11 5. 1. 1 0.1623  0.1690
—+—-i+=j+=k .
S R I T 6.1622  11.8378 018
m U.5,8;,,8 01464 01519 o016
2 2 22 6.8203  13.1707
53 13,5,3;,3 _011%2 0116 o1
2 2 2 2 88302 17.1698
61 15.3,3;, 1, 0084 0108 o010
2 2 22 101639  19.8361
65 l—l+l—1i +§j +§k 0.0923  0.0945 0.10
2 2 2 2 10.8308  21.1692
7,1;,1;.1, 00822 00839 009
73 2 2 2 2 121644  23.8356
13 13 1. 1 0.0706  0.0719
—+—=i+=j+=k .
8 5 wuer zgm 0%
7 7. 3. 3 0.0674  0.0686
—+—i+=j+=k
89 2 2 2 : 2 148315  29.1685 0.08
97 19 N 5 - 1 |+ 1 K 0.0619 0.0628 0.06
2 2 22 161649  31.8351
Consequently, the  Hurwitz  signd

constellations that have higher CFM and
larger minimum sguare Euclidean distance
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©) ©
ae Mgy 7 3 and H, , 5 N We choose

=i+ j+=k —+— |+ j
2 2 2 2 2

the proposed primltlve Hun/vitz

13 1—1|+—J+:23k to represent in Table 2.

2 2

integer

Table 2 Table of CFM, energy and SNR coding
gain of Hurwitz signal constellations constructed
by proposed primitive Hurwitz integers (encoder
Hurwitz integers), each component of whichisin

%+% , (N : Thesize of Hurwitz signal

constellation, ¢ : the number of subsets of the
proposed Hurwitz signal constellation, d : the
size of subsets of the proposed Hurwitz signal
constellation, G, : Gauss signa constellation,

#!% : the subset of H, , where X, isthe
proposed Hurwitz constellation )

Signal
Proposed Primitive Cons(t:?lz:\itlons SNR
N=c-d Hurwitz Integers
¢ ) ENERGY (48]
G HO
1.2500 1.6667
15=3.5 z+3|+1]+1k 1.25
2 2 2 2 0.8000 3.600
39=3.13 11 5 3. 1 0.4643 1.5600
i+ Zj+2k 5.26
2 2 2 2 2.1538 11.5385
51=3.17 11 7. 5. 3 0.3542 1.1591
=+—i+=j+=k 5.15
2 2 2 2 2.8235 15.5294
=3. 0.2404 0.7653
=325 18,9 T L 5.03
2 2 2 2 4.1600 23.5200
=3 0.2071 0.6541
87=329 13 l—1|+zj+§k 4.99
2 2 2 2 4.8276 27.5170
185=5-37 21 13. 9. 7 0.1623 0.8447
—+=i+=j+-k 7.16
2 2 2 2 6.1622 59.1892
205=5-41 27 9. 3. 1 0.1464 0.7593
—+=i+=j+=k 7.15
2 2 2 2 6.8293 65.8537
=5. 0.1132 0.5824
265-5-53 27 15, 9, 5, 111
2 2 2 2 8.8302 85.8491
427=7-61 33 21. 13. 3 0.0984 0.7058
—+—i+—j+=k 8.56
2 2 2 2 10.1639 138.8520
455=7-65 33 11 9 3 0.0923 0.4724
—+=i+=j+=k 7.09
2 2 2 2 10.8308  105.8460
511=7-73 @ 2—1| E i+ 15 15, 0.0822 0.5874 854
2 2 22 12.1644 166.8490 '
595=7-85 33 29 21 3 0.0706 0.5030
—+—it+=j+=k 8.53
2 2 2 2 14.1467 194.847
623=7-89 35 33 13. 3 0.0674 0.4800
—+—i+—=j+=k 8.53
2 2 27 2 14.8315 204.1800
873=9.97 41 31. 29. 3 00619  0.5654
—+—i+—j+=k 9.61
2 2 2 2 16.1649 286.5150

Sakarya University Journal of Science 27(4), 792-812, 2023

5. CONCLUSION

We showed, with the help of a proposition
(Proposition 3.1), some Hurwitz integers are
inappropriate for constructing Hurwitz signal
constellationswith N(a) elements, where o

IS a primitive Hurwitz integer. To solve this
problem, we presented a proposition to help
find out the primitive Hurwitz integers that
have the division with small remainder (see
Proposition 3.1). We aso caled the set of
these integers the "Encoder Hurwitz Integers'
set. We showed, with the help of aproposition
(see Proposition 3.3), the Euclid division is
satisfied by encoder Hurwitz integers.
Moreover, we presented new Hurwitz signal
constellations  constructed by  Hurwitz
integers, each component of which isin half-
integers. Weinvestigated the performances of
these signal constellations for transmission
over the AWGN channel.
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A Research on the Anatomical and Ecological Char acteristic of Onosma
mollis DC. (Bor aginaceae)

Sibel ULCAY ™!

Abstract

In this study, endemic Onosma mollis DC. it is aimed to examine the anatomical and ecological
features of (Boraginaceae) plant in detail and to be compared with the other studies. According
to the cross-sections, the root is secondary. Primary pith rays that 2-3 layered are observed.
Epidermis is single-layered in stem transverse section. Eglandular hairs in the epidermis are
simple, with one and two cells. Glandular hairs are capitate, digitate and with two cells. Just
under the epidermis, 2-3 rows of collenchyma cells are formed. Both the upper and the lower
surface of leaf is covered with numerous eglandular hairs. Eglandular hairs are 2-3 branched.
Glandular hairs are of capitate, digitate and peltate type. The habitat of the O. mollis plant is
mountain slopes, meadows, and prairies. The soil in which the species growsis clay and loamy.
Itisalso classified asslightly alkaline, salty, calcareous, low phosphorus and high in potassium.

According to its organic matter content, it isin the group of good humus soils.

K eywor ds. Onosma, Onosma mollis, Boraginaceae, anatomy, ecology

1. INTRODUCTION

Boraginaceae family is a big family
containing approximately 154 genera and
2500 species, which is spread in the temperate
and subtropical areas of the world and mainly
inthe Mediterranean region [1]. Onosma L. is
agenus belonging to the Boraginaceae family
and distributing 101 species of this genusin
Tiirkiye. Among these species 50 of these are
endemic [2 revised according to Firat and
Binzet 2021 and add to references list]. The
roots of the species belonging to the Onosma
genus are used for purposes of treatment and
as dye substance [3, 4]. It is used for cuts,
swelling, wounds and ulcers in the continent
of Asiaand especialy in India. Again, itis

mentioned that the dye obtained from the
plant is used in religious ceremonies in the
same region [5]. Some species belonging to
the genus are used in Sanhwurfa and the
surrounding region as chewing gum. It has
been stated by Kahyaoglu and Tiirkoglu that
Onosma mollis DC. species collected from
Elazig and its surrounding region had
antimicromial effect against bacteria and
yeast [6]. The O. mollis around the region of
Giiriin (Sivas) -Tohmastream isvauablewith
respect to medical and aromatic aspects and it
has been stated by Bozkurt that it has
characteristics that can be used in planting
studies[7].
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Y-linoleic acid is present in most members of
the Boraginaceae family. Stearidonic acid is
the other chemical component which has been
determined in members of stearidonic acid
family. These compounds bear nutritional
value and medical importance [8]. Velasco
and Goffman state that these chemica
compounds bear importance for the
Boraginaceae family taxonomicaly [8].
Metcalfe and Chalk and Watson and Dallwitz
have defined the characteristic features of
Boraginaceae family [9, 10]. Akgin, Binzet
and Orcan, Kodal, Binzet and Akg¢in, Giiven
et al., Akcin et al., Ak¢in and Binzet, Selvi et
al., have conducted various studies relating
with species belonging to Onosma and
distributing in Turkey [11-18]. In these
studies, the morphological, anatomical,
micromorphological, palynol ogical
characteristics of some species belonging to
the Onosma genus have been determined.

Anatomical features of organs such as root,
stem and leaf of species having similar
morphological features may reveal significant
differences. In accordance, anatomical
characteristics are used in taxonomy in recent
years [19]. Onosma is a genus that has
systematic and taxonomic  problems.
Anatomical and micromorphologica studies
also constitute an important criterion in the
differentiation of species[20]. Inthisstudy, it
has been aimed to determine the anatomical
features of O. mollis. and to eliminate some
deficiencies it has got and to revea the
ecological characteristics that have not been
investigated before. The results obtained will
contribute to other studies on the Onosma
genus.

2. MATERIALSAND METHODS

O. mallis constituting research subject has
been collected In May 2019 in Yildizeli
(Sivas) at a height of 1600 m, at 26 km
northwest of the district. The identification of
plant samples was made according to the
Flora of Turkey [21]. Some of the materials
that were collected were turned into
herbarium  specimens  (Voucher and

Sakarya University Journal of Science 27(4), 813-821, 2023

herbarium number: Sulcay60, 356), while
some of them were made into stock samples
having 70% alcohol (Stock number A94).
Manual sections were taken to determine the
anatomical features. Glycerin-gelatin was
used as the examination medium in the
sections. Preparations were made permanent
by using the glycerin gelatin method [22].
Preparations have been examined with Nikon
Eclipsse Ni microscope and Nikon DS-F1
screening system and photographs have been
taken. 25 measurements on average were
made from tissues such as epiderma and
parenchyma collenchyma that were seen in
the sections being examined. As a result of
these measurements, minimum, maximum,
average values and standard error values of
the anatomical characters have been
calculated.

For ecological studies soil samples have been
taken from the areawhere plant samples were
collected. During the field work, after
removing the upper surface of the soil, a
section of approximately 1 kg was taken with
depth and diameter in the range of 0-20 cm.
After these samples were dried in air and
passed through a2 mm sieve, they were made
ready for analysis [23]. Soil analyzes have
been conducted in 2 replications. Saturation
percentage was obtained by saturating the
colloid surface areas with water [24]. The pH
and total salinity determinationswere madein
the saturation sludge [25, 26]. Organic
material has been classified by using modified
Walkey-Black wet burning method [27].
Total lime was made with Schelbler
cacimeter [28] and it was classified
according to Ulgen and Yurtsever [29].
Useful phosphorus determination was made
by extracting soils with sodium bicarbonate
(pH: 8.5, 0.5 N NaHCOg) [30]. Changeable
potassium was determined [31] by extracting
it with ammonium acetate (pH: 7, 1 N
NH4OAc). Among the elements passing into
the solution phase, concentration of
phosphorus was determined by using the UV -
VIS Spectrometer device, while the
concentration of potassium was determined
by using the Flame Spectrometer device.
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3.RESULTS
3.1. Anatomical Results

In cross-sections taken from the root of the
taxon, periderms cellsarein 2-3 rows. Cortex
parenchyma cells which are right at the
bottom are polygonal in shape and have 10-15
rows. Phloem is circular in shape and form a
large region. Cambium is in a crushed
condition and it is not fully apparent.
Endodermis is seen in the secondary root
cross-section (Table 1). 2-3 layered primary
pith arms are formed (Figure 1, A).

Epidermis cells are circular in shape and have
a single row in the stem cross-section.
Eglandular hairs on the epidermis are simple,
having one and two cells (Figure 1, C). Short-
stemmed capitate (Figure 1, D), digitate
(Figure 1, D), peltate (Figure 1, E) are
observed on the stem. Cuticle is observed on
the epidermis cells of the stem. 2-3 rows of
collenchyma cells surrounding the stem
cross-section are observed right below the
epidermis.

Figure 1 Cross-section of O. molllis. A root, B, C, D, E stem, ca; cambium, ch; capitate hair, cal;
collenchyma, cp; cortex parenchyma cell, dgh; digitate glandular hair, €; epidermis, en; endodermis,
oce; one celled eglandular hair, tce; two celled eglandular hair, p; peridermis, peh; peltate hair, ph;
phloem, ppa; primary pith arms, pi; pith, sch; short stalked capitate glandular hair, sgh; sesil glandular
hair, tce; two celled hair, xy; xylem (Scale 100 pm)

Cortex parenchyma cells at the parts which
are close to the collenchyma cells have been
crushed. Cortex is constituted of 8-10 rows of
parenchyma cells. Phloem is crushed under
the cortex and it consists of cellsin 3-4 rows.
Cambium is not apparent. Pith consists of
parenchymacells (Table 1). Cuticleis present
on the leaf lower epidermis and the cells are
polygona in shape and they have a dense
sequence, and they are quite different with

Sakarya University Journal of Science 27(4), 813-821, 2023

respect to size. At the lower epidermis,
numerous simple eglandular hairs are
observed (Figure 2, C, E) while digitate
glandulars are aso seen (Figure 2, C, F). On
this surface, stomata cells with 3-5
neighboring cells are observed and stomatais
anisocytic and anomocytic. Number of
stomata is higher with respect to lower
surface. On the upper surface stomata are
anisocytic and anomocytic (Figure 2, D).
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Table 1 Anatomical measurements of O. mollis
Width (um) Mean + Se  Length (um)-Mean+ Se

Root Periderm cells 19.57+3.02 33.95+4.80
Trachea 48.97+11.42
Cortex cells 23.054+5.57 63.98+8.56
Phloem 15.62+2.28
Endodermis 20.17+3.42 28.37+8.02
Stem Epidermis cells 11.29+2.53 24.54+5.66
Cortex cells 24.96+6.18 36.88+6.78
Cuticle 4.88+1.54
Trachea 21.95+5.62
Pith parenchyma cells 35.16+7.5
L eaf Cuticle 7.71£1.58
Palisade parenchyma 20.46+3.30 50.20+7.27
Spongy parenchyma 16.39+4.05 39.57
Lower epidermis 14.21+3.96 23.18+4.60
Upper epidermis 20.54+1.30 44.61+1.94
Phloem 3.90+1.92

Upper epidermis surface is having numerous,
eglandular hairs, again. Eglandular hairs on
the upper surface have 3-4 branched (Figure
2, H). Together with sessile capitate (Figure
2, 1) and digitate glandular (Figure 2, G) hairs
are also observed. In the leaf cross-section of
the O. mollis, 2-3 rows of palisade
parenchyma are observed at the bottom and
top sections, while 2 rows of spongy
parenchyma are seen in the middle, and the
mesophyll is equifacial (Figure 2, B). 2-3
rows of collenchyma cells are present right
below the lower epidermis cells. Phloem
consists crushed cells in 3-4 rows (Figure 2,
A).

3.2. Ecological Results

The habitat of the O. mollis plant is mountain
slopes, meadows, and prairies. Saturation
percentage of soil where the species grow is
62.7% and the soil is clayey and loam. It has
apH vaue of 8.01 and it is dightly alkaline.
Total amount of water soluble salt of the soil
is 26.4% and it is classified among saline
soils. It is 1.46% in terms of lime and it is
considered as calcareous soils. With respect

Sakarya University Journal of Science 27(4), 813-821, 2023

to chemical features, available phosphorus
amount of the soil is 4.47 kg/da and it is
classified among Low Phosphorus soils.
Amount of potassium that can be obtained is
733.85 kg/ha and it is classified as high.
Amount of organic matter is 3.52% and it is
classified in the group of Good Humus soils
(Table 2).

4. DISCUSSIONS

In this study, the anatomical and ecological
features of O. mollis species have been
examined in detail. Theroot of the species has
secondary features. Periderm is multilayered.
In the species of Onosma auriculata Aucher
ex DC, multilayered peridermis and
secondary root structure have been
determined by Ak¢in and Binzet [17].
Endodermis can be clearly seen. While
endodermis is clearly seen in the species of
Onosma nana DC. endodermis can not be
distinguished in Onosma discedens Hausskn.
ex. Bornm. [32]. No information has been
found in the literature regarding the 2-3
layered primary pith arms in the O. mollis
Species.
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Figure 2 Cross section (A, B) and superficial section of leaf (C, D) O. mallis. F, G; digitate glandular
hair, H: branched eglandular hair, I; capitate glandular hair. beh; branched eglandular hair, ph; phloem,
ue; upper epidermis, le; lower epidermis, pp; palisade parenchyma, sp; spongy parenchyma, col;
collenchyma, vb; vascular bundles, s; ssomata, ue; upper epidermis, le: lower epidermis, fbc; feather
base cell, (Scale 100 um)

Table 2 Ecological characteristics of O. mollis

Physical properties

Saturation (%) Texture
62.7 Clayey and loam
Chemical properties
Total Salt pH Lime Organic Phosphorus  Potasyum
Solublein (%) Matter (kg/da) (kg/da)
Water (%) (%)
26.4 8.01 1.46 3.52 4.47 733.85

Stem epidermis cells of the O. maollis plant
have single-row and they are hairy. In the
species of Onosma caucasica Levin. ex
M.Pop, stem epidermis cells have single-row
and they are covered with characteristic hairs.
These hairs are branched from the base and
they have various types as being simple,
unicellular, capitate and glandular [33]. Hairs

Sakarya University Journal of Science 27(4), 813-821, 2023

of the O. mollis species are observed as being
simple, unicellular, double-branched and
capitate glandular hairs. A thin cuticle layer
covers the stem as in the case with O.
caucasica species [33]. Binzet and Akgin
state that there is athick cuticle in the species
of Onosma frutescens Lam as well and 2-3
rows of collenchyma cells surround the stem
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right below the epidermis [34]. It has been
stated by Giiven et al (2013) that in the species
of Onosma aucheriana DC. and Onosma
roussael DC., thereis collenchyma present in
1-6 rows at the sections close to the epidermis
[16]. The cortex parenchyma cells in the
section under the collenchyma cells are
crushed in the species of O. mollis and
parenchyma cells in parts close to the phloem
are apparent. Teke and Binzet have stated that
some of the cortex parenchyma cells are
crushed in the plant of Onosma nana DC. as
well [32]. In the stem cross-section of the
plant that constitutes this study, 3-4 rows of
prominent phloem cells and 1-2 rows of
cambium are observed. In O. angustissimum,
xylem, phloem and cambium are in
distinguishable situation [35].

In the leaf cross section of the taxon, the
palisade parenchyma consists of 2-3 rows of
cells at the bottom and top, while the spongy
parenchyma in the middle part consists of 2
rows of cells. In O. papillosa Riedl species,
paisade parenchyma has 2-3 layers, while
spongy parenchyma has 3-4 layers [17]. It
was reported by Selvi et al. that the leaves are
equifacial in O. argentata Hub. -Mor., O.
sericea Willd. and O. rechingeri in Riedl taxa
[18]. It was reported by Binzet and Teke that
the leaves of O. mollis DC. and O.
halophylum Boiss. & Heldr plants were also
equifacial [36]. According to Daironas et al.
only the upper epidermis side of O. caucasica
plant has palisade parenchyma in the form of
two layers[33]. In the plant of O. rutila Hub.
-Mor. anomocytic and starocytic stomata is
observed on the lower and upper leaf surface
[17]. In the O. mallis plant, anomocytic and
anisocytic stomata have been determined.
Metcalfe and Chalk have stated that
Boraginacaeae family had anomocytic and
anisocytic stomata on both of the leaf surfaces

[9].

O. bracteosum Hausskn. & Bornm is sandy-
loamy, sandy-clayey, loamy and dlightly
alkaline, and its salt concentrationislow [37].
The soil of the O. mallis plant is clayey and
loamy and dlightly akaline. The soil of the

Sakarya University Journal of Science 27(4), 813-821, 2023

plant that constitutes the subject of our
research is classified in the group of saty,
calcareous, low phosphorus and good humus
soils.

5. CONCLUSION

Asaconclusion, in this study anatomica and
ecological characteristics of O. mollis have
been examined in detail. The existence of
primary pith armsin the root, the types of hair
present on the stem and leaf, the presence of
collenchyma and the ecologica
characteristics of the species have been
revealed by us for the first time. The findings
will contributeto abetter understanding of the
species and to clear the deficiencies.
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The Effects of Route Optimization Softwareto the Customer Satisfaction

Ali DURDU™

Abstract

. Muhammed Faik KAYA?

Route optimization, which is a result of the advancement of technology today, makes
companies profitable within months. The aim of this study is to explain the relation between
route optimization software and the customer satisfaction. Route optimization softwares
become widely used by the companies and this study touches briefly on the subject of the
relation between route optimization software and customer satisfaction level. While explainthis
relation, the study described route optimization software, how it works and its execution aress.
Hereafter, the article start to explain customer satisfaction and route optimization software’s
effects on customer satisfaction and conclude the study. In the drafting and writing process of
this article, thetopic is detaily searched and analyzed.

K eywor ds. Route optimization, customer satisfaction, software

1. INTRODUCTION

As of today, the usage of technological
advancements by the companies are
significantly increase because they are pretty
simple and make the job easier than it seems.
In addition to that, after the applying process
of technology, companies become profitable
within months. Altought the transition seems
scary and risky process by the business
owners and managers, the results are worth to
take that decission because the technological
advencements are generally increase the
competetive advantage of companies in the
presence of ther rivals. Earlier to take
transition decision, better the market pozition
in an industry.

Recently, as the technology improve,
companies start to benefit from it. One of
these technologies is the route optimization.
Route optimization ssmply sequencing the
adresses that need to be visit and bring
visibility to your deliveries. It counts al the
constratintslike fleet size/capacity, number of
addreses to deliver, number of addresses to
pick-up. In addition to these constraints it is
aso count the road Dblockages, park
restrictions and even weather warnings. After
the dispatcher import addresses into the
system and then algorithmis start to find the
best route and sequnce the addreses, withinn
secondsit givesyou the optimal routefor your
deliveries. According the features that
provided by the route optimization company
that the company choose, the dispatcher of a
company can add and drop addresses and
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send the optimized route to the drivers’
phone. This facility provides same-day
delivery and/or same-day pick-up options.
Route optimization has aso green side which
istrend concept for any businessin these days
[1]. The reason of green delivery is that with
the optimized routes, drivers spend less time
in traffic and they make less kilometer so that
trucks consume less fuel which also decreases
the carbon emmision. So that less fuel usage
isjust not cutting your cost but also decrease
the carbon emmision and keep our
environment green for the generations to
come. This situation is kind of win-win for
both the company and the environment. In
addition to that, route optimization saves your
time. Instead of manually dispatching all the
routes whics takes to many times to organize,
you can simply click one botton and it
dispatch al the adresses perfectly and gives
you more accurate results. Thus, asadelivery
business you can give more time on other
important functions of your company [2].

Customer satisfaction has  important
signafigance of any kind of companies
because consumers are the main sources of
your profit and no one wants to loose their
satisfaction or trust. One of the way of
customer satisfaction is making fast and safe
deliveries. Even if its possible making same
day deliveries would led to high level of
customer satisfaction. This is where route
optimization came into place. Route
optimization facilitates same-day delivery
option by doing so the companies can
increase their customers’ level of satisfaction.
Moreover, the visibility of the deliveries has
also positive impact on customer satisfaction
because customers can know in which time
period their cargos going to be delivered and
plan rest of their day accordingly. The
delivery time window also allows customer to
determnine his/her own delivery time period.
For instance a customer can choose as a
delivery time period between 5 p.m. to 6 p.m.
and the delivery company can optimize the
route accordingly [3].
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Chu et al. discussed how an online meal
delivery platform can improve the
performance of last mile delivery services
using multi-source data. Delivery time is a
critical but uncertain factor for online
platforms, which are aso considered to be the
main challenges in order assignment and
forwarding servicee To overcome this
challenge, they propose a data-driven
optimization approach that combines machine
learning techniques with capable vehicle
routing optimization. Machine learning
methods can provide more accurate
predictions and are gaining more and more
attention in the field of operations research.
However, unlike the traditional predict and
then optimize paradigm, they used a new
intelligent predict then optimize framework
generated by the decision error instead of the
prediction target prediction error when
applying machine learning [4].

Banyai proposed a real-time scheduling
optimization model focusing on the energy
efficiency of the operation. After the study is
a systematic literature review, this article
introduces a mathematical model of last mile
delivery problems including scheduling and
assignment problems. The am of the
proposed model is to determine the optimal
assignment and scheduling for each order so
as to minimize energy consumption allowing
to increase energy efficiency. Next, a
heuristic based on black hole optimization,
whose performance is validated by different
benchmark functions, is described. The
scenario analysis in the proposed model
vaidates the model and evaluates its
performance to improve energy efficiency in
last mile logistics [5].

Eskandaripour and Boldsaikhan reviewed
numerous research findings on drone last-
mile delivery in recent years, selecting a
collection of mostly articles from 2011 to
2022. They analyzed their datain terms of key
technical challenges such as routing, cargo
distribution optimization, battery
management, data communication and
environmental protection. These challenges
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have been seen to be interrelated in terms of
enabling eco-friendly, efficient, lean, last-
mile drone delivery [6].

Liu's study aimed to solve the last mile
deployment of rural e-commerce logistics
(RECL) for the survival of the third-party
logistics enterprise. Taking into account the
characteristics of RECL (long transport chain
and low consumption density), a route
optimization model for last mile distribution
of RECL was established to maximize the
profit of the state-subsidized logistics
enterprise. Theanalysisresults also show how
the number of vehicles affects the maximum
profit of the logistics enterprise and the scope
of the RECL logistics network [7].

Ferer et al. proposed a compromise
programming model for multi-criteria
optimization for humanitarian organizations
to carry large amounts of aid for distribution
after disasters. At this point, the proposed
model includes multiple and often conflicting
performance criteria for the last mile
distribution, such as handling, time
(deprivation), cost, scope, equity and safety.
The proposed moddl is the first multi-criteria
model capable of generating atool programin
humanitarian aid delivery. The proposed
multi-criteria optimization is tested with a
realistic test case based on the 2010 Pakistani
floods [8].

2. ROUTE OPTIMIZATION AND
USAGESAREAS

Recent technological advencements led to
new opportunities for companies in every
sector. It is important to keep track those
opportunities and take the risk of applying
process for your company. The businesses
who took that risk and apply new
technologies have gained competetive
advantage over their rivals.

One of those technological advencements is
route optimization. Route optimization tries
to reduce the total distance that each truck
made and increase the efficiency of

Sakarya University Journal of Science 27(4), 822-833, 2023

deliveries. What mean by efficiency of
deliveriesisthat it cuts cost via spending less
hour in the traffic and decreases fue
consumption. It takes less time to dispatch all
the addreses that need to be visit and increase
the accurateness of the addreses because the
human factor is not involved in dispatching
process, if the dispatcher import al the
addreses without making any mistakes then
the algorithim sequence those addreses in a
perfect manner [9].

The algorithims that help to optimize routes
are playing crucia role here. Route
optimization is a combinatorial optimization
problem that aims to get around a given
number of points with the least cost. For its
solution, many heuristic algorithms that are
used in many areas have been developed. The
reason for the development of heuristic
algorithms is that the route optimization
problem is a problem that cannot be achieved
with any algorithm. It is difficult to optimize
Route optimization in polynomial time and
close to optimum results can be found with
the help of heuristic algorithms [1].

In addition, it brings flexibility to your
deliveries. Every delivery includes different
constraints for example their size, delivery
time window, the tempurature range etc., and
route optimization software counts all these
constraints, algorithimswork accordingly asa
result it brings the optimal option for your
deliveries[10].

Moreover in flexibility part urgent situation
can happen in any company. There could be
managerial  crisis, liquidity crisis or
environmental crisis. These can happen at any
time and companies should be ready to all of
theseissues. In delivery companiesthe risk of
crisis is much more because they are dealing
with customers and they have fleet that
anytime could led to a problem. For instance,
one of driver can get sick or one of the truck
could breakdown in that situatuion the
dispatcher can easily assign the duties of the
sick driver to other drivers, share the duties
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and it does not let any delays and
inconvenience in delivery process [11].

Also in dispatching process one of the trucks
could breakdown in such situation it is
important to have back-up plans, in such
situation route optimization comes with life-
saving feaute the re-optimization tool. Re-
optimization allows the dispathcer to assign
duties to any driver in the mission. However,
thisfeatureisnot facilitated by all of the route
optimization software companies. The
companies who offer this quality generally
charge higher prices compare to the others.
That iswhy it isimportant to choose the right
route optimization software company for your
business[12].

Applying new technologies to your company
is important but it aso important that
choosing the right company to use
technology. There are severa route
optimization software companies and they are
becoming more and more. The important
decision that companies decide is which route
optimization software company to work with.
There are severa factors that you need to
consider before make an agreement with route
optimization software company.

First thing that you need to consider is
whether the optimization company’s facilities
is matching with your delivery portfolio and
comes with a solution to your problems. If the
route optimization software company supply
al of your regquirements you can move
forward and consider other important factors.
The next thing that you should care about is
the useness of the software. It should not
requires high level of training and examining
because they are al cost for the company.
That iswhy it should be easy to learn and use
like a dailiy used applications WhatsApp,
Twitter, Youtube. In addition to reason of
easy to use is that the users of this software
(dispatcher(s) and drivers) are avarage
people, they do not have any technica
knowledge about route optimization software
that is why the software itself should be easy
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to use and the users can get what they want
easily and quickly.

Other important factor when we try to find
best fit route optimization software to our
company is that it should has accurate
estimated time of arrival information. Thisis
an important indicator because consumers
like to see their deliveries’ situation and they
want to arrange their job according the arrival
time of their delivery. More accurate
estimation time of arrival information more
you have satisfied customers which laterly
mention in this article.

If al other requirements supplied, you should
look for other important indicator which is
efficiency of route optimization software. The
map view of the software should be clear for
the dispatcher and drivers so that there would
not be any mistake made by them. Also the
addresses must be clearly registered in order
to prevent any wrong cargo delivery.

Last and may be the most important thing that
you should consider before get route
optmization  software is  application
programing interface (API) integration. AP
integration is crucial because the dispatcher
optimize the route on computer however in
order to send this information to the drivers
phone the route optimization software
company needs to have mobile application
that is avalable on ios and android
application markets. The availability of the
application is not enough by itself, it hasto be
working without any misinformation and
error because only one single mistake can
effect the whole delivery chain.

Route optimization software has been using
by different industires with different
purposses. However, surely these industires
have one common goal which is to reduce
cost and increase the efficiency of
transportation. This is the main reason of
having route optimization software by various
of industryies and hundered of businesses.
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Route Optimization has basic usage areas
such as logistics and fleet management, food
delivery services, hedth services, waste
collection, and marketing. One of the sectors
where route optimization is used the most is
logistics. It is vitally important for the
company to calculate the most ideal route,
especialy for long-distance cargo delivery
[13].

By using route optimization, logistics
companies can reduce the number of vehicles
and drivers they have, thus reducing fuel
budgets. Route optimization automates and
distributes workloads across your fleet. GPS
tracking devices connected to vehicles in the
fleet track the location of these vehicles and
collect historical data. Route optimization
enables efficient weekly long-distance
planning, including overnight stops and
planned breaks. This routing also complies
with regulations in various countries and
regions.

Demand for ordering food from outside has
surged, especialy since the pandemic.
Therefore, route optimization is a necessary
path for both service quality and carrier safety
in ordering food industry. Route optimization
is aso used in the food distribution sector,
where delivery is made by motor courier, by
determining the most efficient routes with
routes cal cul ated based on real road distances
[13].

In a dynamic and competitive industry like
the food industry, efficiently serving
consumers is critical. Many food delivery
companies face many challenges, including
find the fastest routes and fulfill ordersin a
timely and appropriate manner.

One of the best use cases for route
optimization is the healthcare industry. Route
optimization isn't just for time-consuming
emergencies. It also increases the efficiency
of medical facilities in regular home visits to
provide preventive health services. For
example, routing injection teams to operate
during the Covid-19 period can greatly
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improve the efficiency of heathcare also it
helped to slow down the inflected people rate
with the increasing rate of vaccination.

Moreover, route optimization alows
healthcare workers to spend more time with
their patients, thus improving the quality of
testing and service and reducing costs as in
other areas because healthcare workers get
paid for the servie that they make not for
travelling. In addition to that, it helpsto make
appointments more predictable. All these
factors increase customer satisfaction and
improve the quality of healthcare services.

Route optimization, which was started to be
implemented in the city of Homestead in
Florida, gave very positive results. The most
appropriate point in the city and when to
collect waste can be determined with a
geographic information system (GIS) based
route optimization modeling software. For
this, parameters such as the amount of waste
produced, the number of houses and
workplaces served, and the distance from the
collection point to the storage facility are
used. In this way, the waste collection time
from each region can be shortened [14].

Thanks to route optimization, municipalities
can increase the number of waste collection
points without increasing staff or building
new  facilities. Additionally, route
optimization has benefits such as maximizing
staff efficiency, reducing service costs, and
significantly reducing fuel consumption [15].

Route optimization has aso great impact on
improving  your  marketing  strategy.
Marketing departments that have to work in
the field can achieve great success with the
right route optimization technology. Route
optimization allows businesses to easily
monitor changing market dynamics and
customer status. This allows us to better
understand our geographical distribution
areas and specialize in the specific conditions
of each region. Marketers are good at dealing
with unexpected changes. Last-minute
booking requests, varying weather conditions,

826



Ali DURDU, Muhammed Faik KAYA

The Effects of Route Optimization Software to the Customer Satisfaction

or transportation delays. In short, fast and
effective route automation is critica for
businesses that rely on field-based
workforces, especially in times of change and
uncertainty [16].

3. THE RELATIONSHIP BETWEEN
ROUTE OPTIMIZATION AND
CUSTOMER SATISFACTION

The term customer satisfaction is become an
important parameter for amost every
company because customers are the one who
isthe biggest source of profit to companies. In
the absence of even one customer, companies
need to find someone else to maintain its
profit. In such situation the effect of one
customer is also getting bigger and bigger
with the help of again technology. The reason
of that impact is social media and the online-
shopping applications.

One single customers dissatisfaction has an
impact on amost hundereds of potential
buyers and it led you to lost those potential
customers. In such situation, potential buyers
are searching for buyers feedbacks, photos of
the product and comparision videos. If they
see any disturbunce about product, service or
difficulities in delivery process, they would
give up on that product. In addition to effect
of socid media and online shopping
applications, a bad experince of a customer
can effect the inner circle, familiy and friends
and it again led to decrease in the sales of
company. Theresearchs showsthat customers
arewilling to pay more on the product just for
having better customer service. They can
even give up on the product that they used to
buy just for better traited. This situation
shows that having satisfied customers has
great 1mpact on companiy’s succes.
Therefore, resolving customer complaintsand
ensuring customer satisfaction required
overcoming pretending. Companies that
develop various strategies to ensure customer
satisfaction in the sector can achieve their
goals. Increasing this satisfaction level is
possible by meeting the customer's needs and
meeting their wishes [17].
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Today, meeting customer demands in the
shortest time and at the least cost is the most
challenging task of maintaining any supply
chain. The most challenging process in the
sustainability of the supply chain is to meet
customer demands in the shortest time and at
the least cost. To solve this challenge, the
vehicle routing problem (VRP) plays an
important role in logistics. While a single
warehouse is designed for customers in a
modeled VRP, in red life asingle warehouse
will not be sufficient to meet customer
demand or customer satisfaction. In this
context, Ragjak et al. proposed a model that
solves the customer satisfaction-based multi-
depot vehicle routing problem (MDVRPCS).
Since MDVRPCS is an NP-hard problem, ant
colony optimization (ACO) has been
proposed to solve MDVRPCS. The proposed
algorithm has been tested for well-known
problem examples in the literature. The
results show that the agorithm can obtain
good optimal solutions [18].

Dynamic vehicle routing and scheduling
problem is a waell-known complex
combinatoria optimization problem that has
recelved great attention in recent years.
Barkaoui presents an algorithm in his work
that clearly ams to improve customer
satisfaction, presenting a new strategy for
integrating anticipated future visit requests
during plan creation. An evaluation of the
proposed agorithm was performed using a
pre-designed hybrid genetic algorithm for the
dynamic vehicle problem with time windows,
which we modified to achieve customer
satisfaction across multiple visits. The
simulations and the value of the revisited
algorithm utilizing the new strategy are
compared and its effect on the level of
customer satisfaction is clearly shown [19].

In their study, Zhang et a. proposed a route
optimization model based on customer time
satisfaction of the instant distribution system,
since the actual factors in the instant
distribution service scenario are not sufficient
in the current distribution route optimization.
The model proposed in the study includesreal
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factors in instant delivery such as flexible
time window, pay-to-order mechanism, time
required for seller to prepare goods before
delivery, and delivery consolidation. In the
developed model, a multi-objective
optimization framework based on the
customer's total cost function and time
satisfaction was created. Double layer
chromosome coding based on supplier-to-
node mapping and access order was
performed and non-dominant sequencing
genetic algorithm version I (NSGA-II) was
used to solve the problem. According to the
numerical results, when the customer's time
satisfaction istaken into account in the instant
delivery  routing  problem,  customer
satisfaction has increased effectively and the
balance between customer satisfaction and
delivery cost has been achieved by Pareto
optimization [20].

® 25%

® 14%M

® 14%
13%
13%
10%
8%
5%

Figure 1 Bigges Last Mile Challenge [21]

A
SN
S

A survey was conducted with 194 managers
from leading global logistics providersin the
industry and 129 supply chain managers from
retailers, manufacturers and brands [12].
Participants in this study were asked
guestions about changing consumer behavior
and increasing shipping costs. In the table
formed by the answers, it is seen that the
growth of e-commerce has led to a 33%
increase in B2B (Business to Business) last
mile delivery demand and a 67% increase for
B2C (Businessto Customer) businessesin the
same period. Accordingly, with the increase
in the volume of last mile deliveries, whichis
one of the biggest challenges, it becomes
difficult to maintain efficiency and manage
costs.

According to the graph that emerged as a
result of the research in Figure 1, 25% of
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companiestoday cite"Delivery Efficiency” as
the biggest challenge in the final stage [16].
This is followed by “margins” with 14%,
“Customer Demands” with 14%, “Delivery
Agility” with 13%, “Costs” with 13%, “End
Customer Interaction” with 10%, “Missed
Deliveries” with 8% and "Others" with 5%.
With the conclusion drawn from here, it is
seen that the biggest difficulty is deivery
efficiency.

17,0%

42,0%

41,0%

Decrased Incrased

Figure 2 Margins of companiesin last mile [21]

Stayed the same

In the survey, the increase, decrease and stay
of the margins of the companies that used last
mile route optimization in the last 18 months
were examined. As a result of the research,
some surprises were found in the data
obtained for the last mile chalenges. For
example, margin protection of companies and
increased costs are ranked significantly lower
than delivery efficiency. This can be caused
by final rate increases among some of the
major last mile providers causing last mile
rates to vary. As can be seen in Figure 2,
which was created in the light of the data
obtained, the providers stated that the
companies saw fixed or increasing margins
the most, and only 42% had their margins
decreased, 41% remained the same, and
increased 17% [21].

The relationship between route optimization
software and customer satisfaction is quite
interesting topic to search about because it is
kind of win win situation for both parties -
customer and company-. It is a “win” for
companies because with the help of the route
optimization software, they can decrease cost
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which include fuel, total distance, work shifts
and increase the efficiency of deliveries. It is
also a “win” for customers because it
promotes on-time deliveries, visibility of the
delivery, same-day delivery or pick-up
options, accurate estimated time of arrival
(ETA), customer update facility and
preference of way to update [22].

Thefirst effect of route optimization software
to the customer sdatisfaction is on-time
deliveries. On-time deliveries has significant
effects on customer satisfaction because
amost every customer would be happy if
their cargo delivered at time. No one wants
delays and cancels in their deliveries. Route
optimization software offers this facility via
powerfull agorithims that sequance the
addreses and reduce the total distance. With
the help of route optimization software delays
that caused by delivery company amost
become impossible because it has accurate
estimated time of arrival datawhich isanother
effect that | detaily explain in the coming
effects. On-time deliveries become amost
impossible espacially in the Covid-19 era
because the amount of online orders has
increased  gignificantly and  delivery
companies had hard times to supply that
demand.

At that time, the importance of route
optimization solution become apparent for
delivery companies and for the satisfaction of
the customers. In addition to pandemic era, in
some important days in the year, cargo
companies become too busy like valentines
day, mothers day, chrismist eraetc. and cargo
companies cannot succesfuly deal with all the
deliveries without the help of route
optimization software. Moreover, the black
friday madness become popular all over the
world and online shopping plartforms are
vanguards of this period that is why people
show overfondness to discounted products
and there is congestion in delivery process
and lot of delays and cancels happen in the
delivery process. As a result customers
became aggrivied and there is absoulitly no
satisfaction. Therefore route optimization
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software effects the whole delivery processin
a good way and increase the number of on
timedeliverieseven in the peak times resulted
with satisfied customers.

The second effect of rotue optmization
software to the customer satisfaction is
visibility of the delivery. This feature of the
route optimization software increases the
customer satisfaction because the customers
can know exactly where their cargo is and
want to get updated by the delivery company.
If delivery company leave the customer in the
dark and does not give any information about
his/her cargo then customer would be disturb
in that situation. This problem led to decrease
in customer satisfaction. In order to prevent
this, route optimization software comes with
the feature of real-time tracking with the help
of this feature customers can exactly now
wheretheir cargoisandif any urgent situation
happen they can see that situation in the
tracking page. In addition to that, the
customers can see their drivers name, the
vehicle type and the status of their cargo.
Even this tracking page has not crithical
importance, it gives customer confidence and
make away with their concuesness while
improving customer satisfaction [23, 24].

Another effect of route optimization software
to the customer satisfaction is same-day
delivery or pick-up options. This effect may
be the most important tool for customer
satisfaction because the avaibility of same-
day delivery or pick-up shows that your
system is working fluently there is not any
problem and in particularly you are fast at
your deliveries. Ten years ago, if you say
same-day deliveres are possible then no one
ever going to believe you but now it becomes
even norma to our ears. Thanks to route
optimization software, the delivery points can
re-arrenge with the option of “re-optimizing”.
If there is any same-day delivery option, the
dispatcher can re-optimize the route and make
the same-day delivery or pick-up possible.
However, this feature is not available al the
route optimization software companies. If
same-day deliveries are important tool for the
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companies then they should choose the
company with offers re-optimization feature
in its software product [25, 26].

The accurateness of estimate time of arrival
has crucial effect on the customer satisfaction.
Better estimation means more satisfied
consumers in that equation. Every late
delivery is not different than the failed
delivery for all the delivery businesses that is
why delivery businesses needs to deliver
customers’ cargos on time. Estimation of
arrival could be very important in that sense
because consumers can arrange their daily
plans accordingly and they want their cargos
in the estimated time of arrivals. Therefore,
early deliveries even could be a problem
because as the consumer make their plan
according the estimated time of arrival, he/she
could not be a home for recieving the
package. Late deliveries is aready problem
for the consumer and it means failed delivery
for business owner. So that route
optimization software helps the delivery
businesses to have better guess on estimated
time of arrival and it increases the consumer
satisfaction. In addition, some customers may
want to recieve hisher delivery before/after
certain hour or between certain hours, in that
sense route optimization software allows the
dispatcher the plan the route accordingly. The
dispatcher needsto enter these parametersand
just need to click optimize botton. The
algorithimsitselfs handle the rest and plan the
route according the needs of the customers

[27].

The last feature of route optimization
software that effect customer satisfaction is
the customer updating. Customer updating is
an intregrated system tool with the route
optimization. Sometimes despite the fact that
al of your effort and plan, things can go bad
and unlucky which resulted with late
deliveries. At that time the communication
with customer is essantial because the
customer generally wonder what happened to
his’her delivery. If as a delivery company,
exceed the estimated time of arrival then it
needs to update to its customer. Route
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optimization software offersthisfacility in its
system. Generally this system is which means
customer can aso leave message to the
courier like “leave it to door”” and couirier will
act accordingly. Moreover, there are bunch of
ways to update the customer. The company
can update the customer via e-mail, phone or
sms according to preference of the customer.
Generaly most preffered way to update is
SMS because it is quick and fast way to
comunicate and the clients can get
notification within seconds. It does not
disturb you in your daily life like phone call
and you can have it wherever you are you do
not need internet connection for receiving
SMS. As a result, communication and
informing the customer increase the
satisfaction level and promotes the usage of
route optimization software among delivery
companies.

4. CONCLUSION

In conclusion, the effects of technology to the
businesses are sedl their fate. The businesses
which has applied this technological
advencements to the their business became
sector leaders and keep the competetive
advantage against their rivals. On the other
hand, companies which unable to apply those
devel opmentsinto their system cannot hold in
competetive area of the sector and either
bankrupted or lost their market position.

In order to keep track latest technological
advencements, companies always looking for
additional value activity actions. What can
they bring to the company that maximizes its
profit or minimizes cost. They should aso
looking for increasing efficiency in their
work. Route optimization comes at that stage.
It brings reliable, efficient and appliable
solutions to deivery companies. Roiute
optimization software minimizes cost via
reducing fuel consumption and travel time
which aso led to decrease in carbon
emmisons to the environment. Moreover, it
increases the efficiency of deliveries which
means that it requiresless time to dispatch the
addresses and less time to reach that addreses
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with accurately. Additionally it is easy to
apply to the companies. The only think that
you business is to buy the software as a
service product and let them do therest. When
compare its cost with the money that the
business spend without the help of route
optimization, the company company even
become more profitable with the help of this
software product.

Customer satisfaction side of the route
optimization software is the topic that mainly
covered in this article. Route optimization
software has huge contribution to customer
satisfaction in that respect. Nowadays it is
hard to achiave customer satisfaction because
customers can lot of aternatives and even in
a single mistake the companies can loose a
customer. To prevent such kind of situations,
companies need to serve their customers as
they deserved. Route optimization softwareis
such a good opportunity for the companies
that want to achiave customer satisfaction. It
render benefits of on-time deliveries,
visibility of the delivery, same-day delivery
or pick-up options, accurate estimated time of
arrival (ETA), customer update facility and
preference of way to update. All these factors
which explained detailly in the article
contributes the customer satisfaction while
decreasing the overal cost. Thanks to route
optimization software the firm and the
customer side are both satisfied.

Overall, route optimization softwareisaquite
good option for delivery companies that is
provided with the help of the technological
advencements. Companies who use this route
optimization software can get the benefitslike
reducing delivery cost, increasinf efficiency
of deliveries and increasing number of profit.
Thus, route optimization software has huge
contribution on customer satisfaction. It
makes happy faces for you and creates plased
and loyal customersfor the businesses. Route
optimization sofware can bring the companies
to the next level without taking any risk.
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An Ethnobotanical Study on Plants Used in the Treatment of Gynecological
Diseasesin Some Provinces of the Eastern Anatolia Region
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Abstract

This work was supported by “The Republic of Turkey Ministry of Agriculture and Forestry
General Directorate of Nature Conservation and National Parks.” It was carried out to document
the plants used by people living in and around Ardahan, Igdir and Kars provinces between
2020-2021 for gynecological diseases. For this purpose, medicina plants used by the public for
therapeutic purposes were collected and determined, their use, and parts used were reported,
and herbarium samples were prepared. Regular visits were arranged to the regions where the
research was carried out, and surveys were conducted by interviewing and speaking with the
ared's people. It was determined that 34 medicinal plant taxa belonging to 18 plant families
were used in gynecological diseases among the people of Ardahan, Igdir and Kars provinces
and their surroundings. These plants include 26 wild species and 7 cultivated species. It has
been observed that the most commonly used medicina plant families in gynecological diseases
are Asteraceae (6), Malvaceae (5) and Lamiaceae (3). Although traditional medicineis widely
practiced in theregionswhereit isstudied, it israpidly being replaced by modern medicine and
pharmacy.

Keywords. Eastern Anatolia, gynecological diseases, Ardahan, Igdir, Kars

1. INTRODUCTION primitive  and indigenous  peoples.

Ethnobotany is defined as the study of the

The term ethnobotany was first introduced by
the American botanist Dr. John William
Hershberger during a conference in
Philadelphia in 1895. He utilized this term to
describe his research on "plants produced by

direct relationship and interaction between
human populations and plants in different
cultures. Ethnobotany investigates
interactions and relationships between plants
and humans. It has been reported that out of
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approximately 4.22 million flowering plants
in the world, more than 50,000 are utilized for
medicinal purposes. The World Health
Organization (WHO) has shown that 80% of
the world's population depends on traditional
medicines, and the magority of these
treatments involve plant extracts. In fact,
three-quarters of the world's population
cannot afford modern medicines and rely on
traditional herbal drugs. Until the mid-19th
century, herbs were the primary therapeutic
agents utilized by people, and their role in
medicine remains significant today. In the late
19th century, ethnobotany began to improve
as a science offering novel tools for
pharmaceutical search. Public institutions
such as the WHO and private pharmaceutical
companies have started investing in
ethnobotanical discoveries[1].

Medicinal herbs are a significant component
of local medicinal systems around the world.
Ethnobotanical accumulation is accepted as
part of acultures"traditional” knowledge. For
many years, Europe benefited from the
ancient accumulation of local cultures,
especialy in newly discovered regions. Most
of the modern drug molecules and some
phytotherapeutic preparations utilized today
are derived from herbsfound in the traditional
knowledge of indigenous cultures. In the 18th
century, explorers such as British Richard
Spruce and German Alexander von Humbol dt
studied the use of plants by indigenous
communities in detail, including the
preparation of curare, which was used as an
arrow poison in South America and later
became famous as an important muscle
relaxant. Therole of ethnobotany in the search
for new drugs remained important until the
second half of the 20th century, when other
approaches became more popular [2].

The Eastern Anatolia Region isamountainous
and high region that is rich in terms of
physica geography due to the mountains
extending in the east-west direction and the
basins between these mountains. While fertile
agricultural areas are found in intermountain
basins and tectonic depressions, high

Sakarya University Journal of Science 27(4), 834-843, 2023

mountains are important grazing areas. In this
context, the region can be considered an
important agriculture and animal husbandry
area of our country. The region has difficult
conditions, especialy with its climatic and
geographical structure. The reflection of
environmental conditions on the cultura
process and the traceability of this reflection
through the data obtained through the studies
carried out are of great importance [3, 4].

An estimated one million women in the world
are exposed to urogenital infections such as
non-sexually  transmitted urinary  tract
infections and bacteria vaginosis every year.
At least 75% of women have a history of
genital infections. In various studies carried
out in Turkey, genital tract infection was
found to be a common problem. In a study,
genital infections were found in 65.6% of
women. Vaginal infections are diseases that
can be treated and prevented or complications
can be reduced with early diagnosis and
treatment. Although it may not be commonly
discussed, vaginal infections are a significant
health issue due to their high prevaence and
potential complications. These infections can
lead to various problems, such as negative
impacts on body image, an increasein vagina
symptoms or unpleasant odors, fear of
contracting sexually transmitted diseases or
cancer, avoidance of sexual activity due to
pain or discomfort, physica fatigue and
weakness, psychological issues, and anxiety
about infertility. Additionally, they can result
in economic losses, loss of time, and
decreased workforce productivity. [5].
Numerical data on the use of medicinal plants
in Ilica (Erzurum) were evaluated and it
reported that the rate of plants used in
gynecological diseases and diabetes was 4.2%
[6]. Numerical data on the use of medicinal
plants in Igdir were evaluated and it was
reported that the ratio of plants used in
gynecological diseases was 5.35% [7]. This
research examined traditiona plants used in
gynecological diseases among the people in
Ardahan, Igdir and Kars provinces and their
surroundings between 2020-2021.
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2. MATERIALSAND METHODS
2.1. Study Areas

Study area

The Eastern Anatolia region, where the
provinces selected as the study area are
located, are neighbors of Centra Anatolia
Regioninthe west, Azerbaijan and Georgiain
the northeast, Southeastern Anatolia Region
and Iraqg in the south, and Iran and Armeniain
the east. Due to its geographical location, it
has become an important crossroads for
ancient communities/civilizations. The region
isthe highest region of our country and due to
this feature, the winters are very harsh and
rainy, and the summer season is short and dry.
It is aregion that is not very suitable for life
with its rugged lands. For this reason, since
ancient times, settlements have been
established in suitable habitats, that is, on flat
plains. Despite these difficult geographical
conditions, the region has been the residence
of many communities throughout the ages.
The most important factor in this is rich
natural resources and pasture areas of great
importance for animal husbandry. The region
is geographically divided into four sub-
sections:  “Upper  Euphrates  Section”,
“Erzurum-Kars Section”, “Upper Murat Van
Section” and “Hakkari Section” [8]. (Figure
1).

Figure 1 The location of the study areasin the
region.

2.2. Data collection

Within the scope of the study, information
was compiled by face-to-face interview
method in field studies carried out in 120
villages (Ardahan-40, Igdir-30 and Kars-50).
In order to identify people with traditional
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knowledge, general information about the
project was given by contacting the mukhtar
beforehand and information was obtained
about people with traditional knowledge.
People with traditional knowledge were
informed about the content of the project
through the headmen and they were made
available during the fieldwork. In addition,
interview-based interviews were conducted
with people in village coffeehouses, mosgues,
village/district solidarity/association unions,
public education centers, agricultural
chambers and cooperatives through questions
and answers. Of the informants, 121 were
women and 48 were men.

2.3. Plant Samples

Plantswere collected from selected villages of
Ardahan, Igdir and Kars provinces between
2020-2021. Herbarium materials are kept in
Atatlirk University Biodiversity Application
and Research Center and Igdir University
Biodiversity Application and Research Center
herbariums. The collected plants were
identified using “The Flora of Turkey and East
Aegean Islands.” [9,10]. Scientific names of
plant species have been updated using the
relevant databases
(www.worldfloraonline.org.). [11].

3.RESULTS

Demographic  characteristics of  the
participants were recorded through face-to-
face interviews. Demographic characteristics
of the participants are presented in Table 1.

It was determined that a total of 34 plant taxa
belonging to 18 plant families were used in
gynecologica diseases among the people of
Ardahan, Igdir and Kars provinces and their
surroundings. Of these, 27 are natural and 7
are cultivated plants. Detailed information
about the family, Latin/scientific-local names,
usage patterns and the relevant region of the
plants used are given in Table 2.

836



KARAKAYA et al.

An Ethnobotanical Study on Plants Used in the Treatment of Gynecological Diseases in Some Provinces o...

Table 1 Demographic characteristics of the participants.

Demographic characteristics Number
Age Total=169
31-40 9

41-50 37

51-60 50

61-70 42

70 above 30

Gender Total=169
Female 121

Male 48
Educational level Total=169
[literate 82
Primary school 73
Secondary school 11

High school 3
Employment status Total=169
Housewife 121
Farmer 32
Pensioned 12
Shepherd 2

Other jobs 2

Table 2 Plants used in gynecological diseases in ardahan, igdir and kars provinces and surroundings.

Family Name Species Local Usage methods Province  Herbarium No.
Name Name
Amaryllidacea Allium cepa Sogan Lightly cooked onion is used externally for  Igdir -
e L.* the fall of the umbilica cord.
Onion peels are boiled with water and this Kars
mixtureisplacedin ajar. Drink aglassevery
morning on an empty stomach. So you have
achild.
Asparagaceae  Asparagus Mergjo The fruits of the plant are eaten in the Igdir ATAIG-27
officinalis morning on an empty stomach for infertility.
L.
Asteraceae Achillea Sarigicek, The decoction prepared with flowers is Kars ATA/G-3
millefolium  Kiligotu  drunk 3timesaday on an empty stomach for
L. menstrual cramps.
The decoction prepared with the aeria parts  Kars
of the plant is consumed in gynecological
diseases.
Asteraceae Arctium Gabalak Leaves of Arctium platylepis, Malva INWM 000035
platylepis neglecta and Plantago major are mixed and
(Boiss. & beaten. It is then boiled with milk. This
Bal.) Sosn. mixture is wrapped around the belly of the
ex Grossh. woman who wants to get pregnant and left
for 1-2 hours.
Asteraceae Helichrysu ~ Nego The decoction prepared with the flowers of  Ardahan  INWMO000030
m plicatum the plant isdrunk against infertility.
DC.
Asteraceae Helichrysu  Altinotu  If thedecoction prepared with theflowersof Kars ATA/G-238
m the plant is drunk on an empty stomach in
arenarium the morning for 1 week, those who do not
(L.) have children will have children.
Moench
Asteraceae Cirsium Meryema  Decoction prepared with the flowers of the Kars ATA/G-239
macrobotry  na plant is drunk 1 tea glass on an empty
s (C. Koch) stomach during menstruation against
Boiss. menstrual pain.

Sakarya University Journal of Science 27(4), 834-843, 2023
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Table 2 Plants used in gynecological diseases in ardahan, igdir and kars provinces and surroundings.

(continue)

Asteraceae

Asteraceae

Boraginaceae

Boraginaceae
Capparaceae

Caprifoliaceae

Cucurbitaceae

Fabaceae

Gentianaceae

Lamiaceae

Lamiaceae

Lamiaceae

Malvaceae

Tanacetum
coccineum
(willd.)
Grierson
Tanacetum
vulgarelL.

Alkanna
tinctoria
(L.) Tausch

Alkanna
orientalis
(L.) Baiss.
Capparis
spinosa L.
Cephalaria
procera
Fisch. &
Avé-Lall.
Cucurbita

pepo L.*

Glycyrrhiza
glabra L.

Gentiana
lutea L.

Lavandula
stoechas
L.*
Mentha
longifolia
(L. L.
Teucrium
poliumL.

Alcea
hohenackeri
Boiss.

Sender

Sendel

Havaciva
, Havajo,
Havaciva
, Sormuk

Havaciva
, Havdjo,
Havaciva
Gundrabe
ji, Kapari
Polya

Gundribe
ji

Sirinbiya
n

Camigkir
an

Karabag
otu

Y arpuz

Sanct otu,
Mervend,
Mervend
e

Hatmi
gigegi,
Hiro

The aeria parts of the plant are collected and
boiled in water. It is added to the bath water
and the genital area is washed with this
water for the treatment of infertility.

The decoction prepared with the aerial parts
of the plant is drunk by women who do not
have children.

The roots of the plant are collected, roasted
in butter, wax is put on it and roasted alittle
more, the prepared mixture is kept at room
temperature and applied to wounds and
cracks after birth.

The whole plant is dried and ground into
powder, then baked with flour and cil. This
mixture is used externally in gynecological
diseases by applying it to the genital area.
Decoction prepared with plant rootsis drunk
in menstrual pain (1 glass of water in the
mornings for 3 days).

A childless woman sits on hot water after
boiling the aerial partsof Alkannaorientalis,
Malva neglecta and Plantago major.

The aerial parts of Alkanna tinctoria, Malva
neglecta and Plantago major are boiled and
a childless woman sitsin hot water.

The decoction prepared with the fruits of the
plant is drunk in uterine inflammations.

The decoction prepared with the seeds of the
plant is drunk in the morning on an empty
stomach for menstrual pain.

Fruit seeds are removed and crushed with
stones. Add garlic and green lentils and
cook. The prepared mixture is fed to the
woman who wants to have a child 3 daysin
arow.

The woman who wants to have a child is
seated on the water obtained by boiling the
roots of this plant.

Drink 1 glass of the decoction prepared with
the whole plant on an empty stomach for
infertility.

The decoction prepared with the aerial parts
isdrunk as an anti-inflammatory.

Theflowering aeria part isadded to the bath
water. It relieves inflammation in
gynecological diseases.

The decoction prepared with the aerial parts
of the plant is drunk for menstrua pain.

The genita area of women without children
is exposed to the steam of the boiled
marshmallow flower. Drink 1 glass of the
decoction prepared with flowers on an
empty stomach in the morning for 1 week.
The decoction prepared with the flowering
aerial parts of the plant is drunk for
infertility.

Ardahan

Kars

Ardahan

Igdir

Kars

Igdir

Igdir

Igdir

Ardahan

Kars

Igdir

Kars

Kars

Ardahan

Igdir

Kars

Kars

ATA/G-209

ATA/G-240

INWM 000051

ATA/G-8

ATA/G-53

ATA/G-241

INWMO000043

INWM 000032

ATA/G-211

ATA/G-7
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Table 2 Plants used in gynecological diseases in ardahan, igdir and kars provinces and surroundings.
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(continue)

Malvaceae Alcea
striata Alef.

Malvaceae Alcea
calvertii
(Boiss.)
Boiss

Malvaceae Alcea
apterocarpa
Boiss.

Malvaceae Malva
neglecta
Wallr.

Pinaceae Pinus
sylvestrisL.

Plantaginacea  Plantago
e lanceolata
L.

Hiro

Gilhat1

Hiro

Gorgut
Dolik,
Ebemgii
MeCi
Ebem
Komeci,
Ebemgii
meci

Ebe
Komeci
Ebemko
MeCi
Doldolig,
Dalig,
Ebegiime
ci

Cam,
Kara
katran

Pelheves

The flowers of the plant are boiled and used
as an anti-inflammatory in gynecological
diseases.

The decoction prepared with the plants
above-ground parts is drunk in uterine
inflammations.

It is used as a decoction prepared with the
flowers of the plant and as an anti-
inflammatory in gynecological diseases.

An infusion prepared with flowers is given
to the childless woman.

The decoction prepared with the flowers of
the plant is used as an anti-inflammatory in
gynecological diseases.

The leaves of the plant are boiled. It is
inserted into the vagina to relieve
inflammation.

The decoction prepared with the aerial parts
of the plant isdrunk as an anti-inflammatory
in gynecological diseases.

The aerial parts are boiled in milk. The
woman who wants to have a child sitson it.
The decoction prepared with the aerial parts
of the plant isdrunk as an anti-inflammatory
in gynecological diseases.

The decoction prepared with the aerial parts
of the plant isdrunk as an anti-inflammatory
in gynecological diseases.

The aeria parts of Alkanna tinctoria,
Alkanna orientalis and Plantago major are
boiled and the childless woman sits in hot
water.

Childless woman sits on hot water after
Malva neglecta leaves and Plantago
lanceolata leaves are boiled.

Leaves of Arctium platylepis, Malva
neglecta and Plantago major are mixed and
beaten. It is then boiled with milk. This
mixture is wrapped around the belly of the
woman who wants to get pregnant and left
for 1-2 hours.

Women who do not have children are fed a
mesal prepared from the above-ground parts.
The childless woman sits in the decoction
prepared with the above-ground parts of the
plant.

The decoction prepared with the leaves of
the plant is drunk twice a day for menstrual
pain during menstruation.

The decoction prepared with budsis drunk 2
times aday for uterine inflammation.
Prepared with young, green pine cones, the
decoction is drunk in the morning on an
empty stomach as a menstrual cramp.

The decoction prepared with pine cones
from the plant is given to women with labor
pains 2-3 times.

After the leaves of the plant are crushed, itis
used externally for uterine inflammation.
Childless woman sits on hot water after
Malva neglecta leaves and Plantago
lanceolata leaves are boiled.

Igdir

Igdir

Igdir

Ardahan

Igdir

Ardahan

Ardahan

Igdir

Ardahan

Igdir

Igdir

Igdir

Igdir

Igdir

[gdir

Kars

Kars

Ardahan

Kars

[gdir

Igdir

ATAIG-242

ATA/G-6

ATA/G-243

INWM 000039

INWM 000026

ATA/G-164
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Table 2 Plants used in gynecological diseases in ardahan, igdir and kars provinces and surroundings.

(continue)
Plantaginacea  Plantago Baga Leaves of Arctium platylepis, Malva Igdir INWM 000028
e major L. Yapragi,  neglecta and Plantago major are mixed and
Pelheves  beaten. It is then boiled with milk. This
mixture is wrapped around the belly of the
woman who wants to get pregnant and left
for 1-2 hours.
The childless woman sits on the decoction  Kars
prepared with the aerial parts of the plant.
The aerial parts of Alkanna tinctoria, Malva  Igdir
neglecta and Alkanna orientalis are boiled
and a childless woman sits on hot water.
Poaceae Hordeum Arpa The fruit stem of the plant is cooked andthe  Ardahan -
wvulgareL.* honeycomb is added to it. This mixture is
applied to the woman's vagina for
infertility..
Poaceae Triticum Bugday After giving birth, women are fed a food Igdir -
aestivum called “hedik” made with wheat so that they
L.* have plenty of milk. Hedik is a food
prepared by boiling wheat with water and
salting it.
Polygonacese  Rumex Evelik If aglass of the infusion prepared with the  Igdir INWM 000029
crispusL. leaves is drunk every morning until the
disease ends, the uterus is cleaned.
Rosaceae Alchemilla  Adanpen Tea, which is prepared as a decoction from  Kars ATA/G-244
pseudocarta  gesi the aeria parts of the plant, is consumed in
linica Juz. (Gogebak uterineinflammation.
an)
Rosaceae Rosa canina  Silan Thefruits of the plant are drunk after boiling  Kars INWM 000038
L. in uterine inflammation.
Solanaceae Hyoscyamu  Patpata, The leaves of the plant are boiled with milk.  Ardahan ~ INWM000042
sniger L. Patpat In order to prevent infection in
gynecological diseases, this mixture is
applied externally to the genital area.
The agria parts of the plant are boiled and  Igdir
women without children sit on the steam.
Solanaceae Solanum Patates Lightly cooked potatoes are used externally  Igdir -
tuberosum in thefall of the umbilical cord.
L.*
* Cultivated plants
The most commonly used families in 4. DISCUSSION

gynaecological diseases are Asteraceae (5-
Achillea  millefolium L., Héelichrysum
arenarium (L.) Moench, H. plicatum DC.,
Tanacetum punctatum (Desr.) Grierson, T.
vulgare L.,), Malvaceae (5- Alcea calvertii
(Boiss)) Boiss, A. apterocarpa Boiss., A.
striata Alef., A. hohenackeri Boiss., Malva
neglecta Wallr.) ve Lamiaceae (3- Lavandula
stoechas L., Mentha longifolia (L.) L.,
Teucrium polium L.). The most commonly
used herbs are Alkanna tinctoria (L.) Tausch,
Plantago major L., M. neglecta and Alcea
striata Alef.

Sakarya University Journal of Science 27(4), 834-843, 2023

As a result of the literature review, it was
determined that most of the previous
ethnobotanical studies in Ardahan, Igdir and
Kars regions covered the Eastern Anatolia
Glycyrrhiza glabra L., T. polium, M.
neglecta, Plantago lanceolata L., P. major L.,
Rumex crispus L., H. niger, M. longifolia,
which were determined to be used in
Ardahan, Igdir and Kars, were also included
in our study. It has been determined that these
plants are used for similar purposes [12-14].
In other ethnobotanical studies conducted in
the Eastern Anatolia Region, Amaranthus
retroflex L. [14, 15], Mentha longifolia (L.)
Hudson subsp. longifolia, Rumex patientia L.
[16], Achillea biebersteinii  Afan., A.
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coarctata Poir., A. millefolium L. subsp.
millefolium, A. wilhelmsii C.Koch, A. setacea
Waldst. & Kit.,, Ajuga chamaepitys (L.)
Schreber subsp. chia (Schreber) Arcangdi
var. chia, Anchusa azurea Miller, Betula
litwinowii Doluch, Cardamine uliginosa
Bieb., Chenopodium album L. subsp. album
var. album, C. murale L., Ferula caspica
Bieb.,, Galium humifusum Bieb., G.
tricornutum Dandy, Heracleum trachyloma
Fisch. & Mey., Hypericum lydium Boiss., H.
scabrumL., Juglansregia L., Plantago major
L. subsp. intermedia (Gilib.) Lange, Rumex
crispus L., Salvia hydrangea DC. ex
Bentham, Scorzonera cana (C. A. Meyer) var.
jacquiniana (W. Koch) Chamberlain, S
laciniata L. subsp. laciniata, S suberosa
C.Koch subsp. suberosa, S tomentosa L.,
Tanacetum punctatum (Desr.) Grierson,
Urticadioica L., Verbascum cheiranthifolium
Boiss [14], Cephalaria gigantea (Ledeb.)
Bobrov, Marrubium catariifolium Desr,
Tanecetum balsamita L., T. coccineum
(Willd.) Grierson subsp. chamaemelifolium
(Somm. et Lev.) Grierson. [17] plants have
been found to be used in gynecological
diseases.

The medical folklore of the Eastern Anatolia
Region is especialy important because some
settlements in this region are scattered and
preserved. Many plants are known for their
therapeutic properties in and around the
provinces of Ardahan, Igdir and Kars, and
some of them are used in gynaecological
diseases. Due to the limited industry and
transportation facilities, most of the traditions
that have been maintained in this region for
many years have survived to the present day,
and the plants that are among these traditions
and have atherapeutic effect have taken their
place in urban life as wel as in the
countryside. General information about these
plants and their uses are presented in Table 2.

5. CONCLUSION
The fact that people increasingly prefer

natural medicine is among the main
reasons why plants gain even greater

Sakarya University Journal of Science 27(4), 834-843, 2023

importance today. The study of folk
medicine, which is a part of folk culture,
contributes to a better analysis of the
society in many ways and to the treatment
methods developed by modern medicine.
From the past to the present, the use of
plants in gynecological diseases has been
found in many sources. Although
traditional medicineiswidely practiced in
theregionswhereitisstudied, itisrapidly
being replaced by modern medicine and
pharmacy. In addition, traditional
knowledge is rapidly disappearing due to
the migration of people living in rura
areasfrom villagesto big cities, especialy
to Istanbul in recent years. This is
particularly evident in the provinces of
Ardahan and Kars. For thisreason, despite
the deep-rooted history in such provinces,
the transfer and use of traditional
knowledge has remained limited.
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Development of Cordierite Based Carrier Refractory Sagar Bodies for
Bone Por celain Firing Process

Murat ISPALARLI "1*", Zuhal KARAAGAC?

Abstract

During the firing process of porcelain tableware; Biscuit firing takes place at low temperatures
(980-1000°C), while glazed firing takes place at high temperatures (1250-1280°C for soft
porcelain, 1350-1380°C for hard porcelain). Biscuit firing in bone porcelain products, which is
in the soft porcelain class, is done at higher temperatures than glazed firings. Due to the
presence of bone ash in the Bone China recipe formulation, it causes the bodies to undergo
vitrification in a narrow range and thus the final product to deform during sintering. Bone
porcelain products are fired on carrier refractories called sagar so that they do not deform during
sintering. Sagars are designed to support that model for each product model and do not shrink
or deform during firing thanks to its low thermal expansion coefficient. In this study, a
refractory body with a porous structure with the code of "PS1-Std" was developed by
performing the characterization analyzes of refractory products with different technical
properties supplied from different companies. In order to improve the mechanical properties by
changing the ratios of talc, alumina, quartz and zircon in the recipe composition; A refractory
product containing 8.47% zircon in its recipe composition and containing indialite, corundum,
mullite, quartz and zircon phases after sintering has been developed. The microstructure images
of the developed refractory product were examined with the support of SEM analysis. It has
been observed that refractory products obtained as a result of recipe development studies offer
a10% longer service life than equivalent refractory products.

Keywords: Biscuit, bone porcelain, cordierite, sagar, vitrification

1. INTRODUCTION

As a ceramic material, bone porcelain (Bone
China) emerges as an extremely superior
product in terms of its technical and aesthetic
properties. In terms of aesthetic properties,
they condtitute the most attractive and
expensive tableware in the world, mainly in
terms of translucency, whiteness, glossy

* Corresponding author: mispalarli@porland.com.tr (M
1 Porland Porselen San. ve Tic. A.S.
E-mail: zkaraagac@porland.com.tr

glazed surface and high mechanical properties
(high strength). According to the definition of
the American Society for Testing and Materia
(ASTM), bone china is a soft porcelain with
high transdlucency, containing 25% bone ash.
Bone ash is used as an ingredient in the bone
china body, and this addition gives this
product its unique properties. The traditional
composition of the bone china body includes
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50% bone ash, 25% plastic clay (as
plasticizer) and 25% cornish stone. The
microstructures of bone porcelain are known
as PB-tricalcium phosphate (B-Cas(POas)2) (B-
TCP), anorthite (CaAl2SiOs), a-quartz (SiO2)
and calcium aluminosilicate glass. According
tothe BSEN 8654:2015 standard, it isdefined
as follows; Products that consist of a ceramic
body containing at least 35% bone ash and
defined as tricalcium phosphate are called
bone china (Bone China) [1, 2].

The cornice stone mentioned in the bone
porcelain body composition isbasically atype
of pegmatite. Mineralogically, it contains
feldspar, quartz and micaand is used as aflux
in the body. For this reason, feldspathic raw
materials are preferred instead of this raw
material. In general, potassium and sodium
feldspars are used as a flux in porcelain.
Anorthite is another mineral for white fired
porcelain bodies [3, 4-7].

In bodies containing calcite, the anorthite
phase is interesting because of the low
temperature required for its formation and the
properties it imparts to the final product.
Anorthite; although lower temperatures are
also mentioned in the literature, it generally
begins to form as a result of the reaction of
kaolin and wollastonite at temperatures of
1100°C  and above. Two  different
crystallization structures are encountered in
the formation of anorthite. If the primary
crystallization structure of anorthite is
encountered, anorthite also creates a high rate
of vitrified phase and excessive shrinkage
occurs. The use of anorthiteis not appropriate,
since a high rate of vitrified phase will occur
in bodies with porous structure [8].

In Kosecavus's thesis titled "Anorthite
synthesis and characterization from volcanic
tuff", anorthite was produced by powder
metallurgy method using volcanic tuff and
different proportions (2%, 4%, 6%) boron
(boric acid). The samples obtained were
sintered at different temperatures and it was
observed that there was a stable change in
temperature with the increase of boron ratio at
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1100°C. Deformation was observed at

1200°C and 1300°C [9].

Bone porcelain production has always been a
very difficult process; It requires strict control
over a number of process parameters such as
particle size distribution, temperature of the
dryer, density of the mixture and biscuit
baking temperature. One of the most
important problems of bone porcelain
production is the narrow firing range. Open
pores that can be found in the structure are the
most obvious parameters that restrict full
permeability.

Permanent holes and damages may occur in
the body due to its bad shapein firing applied
below the optimum firing temperature. Thisis
because bone ash contains carbonate, which
acts as a powerful melter that can make the
body quite malleable. When the pore
relationship between a standard bone china
and hard porcelainis examined; Paralel to the
temperature increase, vitrification for hard
porcelain takes place around 1200°C, which is
well below the maximum firing temperature.
In addition, bone porcelain has an apparent
porosity of around 20% at this temperature. It
is expected that the sintering of bone porcelain
and the sintering of this product will be
handled in two different stages.

Accordingly, in accordance with the
remarkable changes in porosity and reduction
in surface area, the existence of solid state
sintering in the range of 700-800°C is
mentioned, while the existence of liquid phase
sintering, which is explained by the shrinkage
and open pores that move away in paralel
with the increase in bulk density, in the range
of 1000-1150°C is mentioned. It is formed by
the transformation of metakaolinin claysinto
acicular-shaped mullite crystals and slica
glassin therange of 950-1000°C. As feldspars
start to melt between 1010-1100°C, the first
interactions take place between the materials
that make up the groups. Potassium feldspar
melts at 1150°C, sodium feldspar at 1050°C.
Potassium feldspar appearsin the liquid phase
below 1000 °C in contact with the silicate and
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if there is the effect of water vapor. The
melting effects of feldspars with kaolin above
1050°C cause the formation of a glassy phase
and the formation of feldspar examination
acicular  (primary) mullite and row
(secondary) mullite at the edges of the kaolin.
Shrinkage occurs as a result of sintering of
liquid phase components [1, 10, 11].

Thefirst firing, called “Biscuit Firing”, unlike
the conventional porcelain production of bone
china, is in the oxidizing atmosphere in the
biscuit oven; Depending on the particle size
distribution and fina composition of the
prepared bodies, they are fired a a
temperature of approximately 1200-1300°C
for an average of 15 hours. At this stage, a
shrinkage of about 20% in the raw products
tends to cause deformation and cracking. The
product shrinks during firing and is very
sensitive to overfiring. In order to prevent
deformation during sintering, bone porcelain
products arefired on acarrier refractory called
sagar, which has a low thermal expansion
coefficient and therefore does not cause
shrinkage or deformation problems during
firing. If the temperature rises dightly above
the ripening point, it will cause the product to
form bubbles and voids that cause a spongy

body [12].

Playing a major role in the firing stage in the
porcelain industry, refractories are defined as
materials that are resistant to high
temperatures and resistant to the effects of
solid, liquid and gaseous substances at these
temperatures. Of refractories; There are
varieties based on magnesite or chrome
magnesite, spinel, zircon, alumina and silica.
Cordierite ceramics, It is used in the
production of industrial ceramics due to its
low coefficient of thermal expansion and
excellent thermal shock resistance, high

theemal and chemical stability. The
stoichiometric formula of cordierite is
2Mg0O.2Al2,03.5502, and its chemica

composition is 13.7%MgO, 34.9% Al>Os and
51.4% SiO». In acordierite mixture consisting
of clay, talc and alumina, at temperatures
higher than 1250°C, clay and talc transform
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into mullite and protoenstatite (MgO.SiOy).
Then, cordierite phase is formed between
1250-1430°C from the alumina composition
of mullite and protoenstatite. In the formation
of cordierite phase, SIOz in the structure is
released from both mullite and protoenstatite.
However, while Al2Oz and MgO are only
released from mullite and protoenstatite, here
mullite plays the main role in the formation of
cordierite. Because Al:03 is the main
component in cordierite formation compared
to MgO. The coefficient of thermal expansion
is more sensitive to MgO change than other
ingredients [13, 14].

One of the negative features of cordierite
ceramicisthat it haslow toughness properties.
Different studies have been carried out by
adding ZrO- to the formulation in order to
Improve its low toughness properties. It is a
widely known phenomenon that the strength
and toughness of ceramic materias increase
with the transformation of zirconia from
tetragonal to monoclinic. Although the
toughening of zirconia has been applied to
many ceramics, the most studied system is
zirconiatoughened alumina[15].

In this study, the development of an
aternative formulation to carrier saggars for
the imported bone porcelain process in bone
porcelain production and the characterization
anayses of the developed body were
investigated by supporting it with (XRF,
XRD, XRD, SEM, EDX).

2. MATERIALSAND METHOD
2.1. Analysis of Equivalent Products

Physical tests of equivalent products caled
cordierite, mullite-cordierite and sagar in the
market were carried out in the Porland
Porcdlain  R&D  Center  Laboratory.
CIEL*a*b* color measurements of the
products were made with the "Konica -
CMA145" brand device and the results are
givenin Table 1.
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Table 1 Color chromatic coordination
measurements of alternative commercia products

(cP)

Firm Product L* ar b*
CP1  Sagar 9394 -041 433
CP2  Cordierite 9598 -031 386
CP3  Cordierite 8307 303 18.36
cpa MU ozas 114 382

Table 2 Alternative commercial products; Water
absorption, apparent porosity, apparent relative
density, bulk mass measurements

Analysis CP1 CP2 CP3 CP4
Water

Absorption 1653 14.36 10.82 11.23
(%)

Apparent 3034 2816 2205 26.73
porosity (%)

Apperent

Relative 0263 0273 0261 03.25
Density

(gr/cm?)

Bulk Mass

@i 01.84 0196 02.04 02.38

Table 3 Chemical analysis of commercial

products
(%Xide CPL  CP2 CP3 CP4
S0, 4856 4427 5003 16.82
A,O; 4124 5152 4041 8145
FeO;  O0L12 0045 0119 0043
TiO, 0024 0049 0054 00.25
ca0 0018 0015 0024 00.11
MgO 0728 0249 0673 00.10
NaO 0000 00,00 00.00 00.29
K- 0L00 0063 00.86 00.30
KK. 0038  00.00 00.00 00.25

Water absorption measurements and bulk
densities of the products under vacuum were
measured with the "Ceramic" device. Device
- VSVD/60" brand device and results are
given in Table 2. Characterization analysis of
equivalent products were also made by the
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Ceramics Research Center (SAM). chemical
compositions (XRF) are given in Table 3 and
phase anaysis results (XRD) are given in
Table 4.

Table 4 Phase analysis of selected commercia

products
(%) CP1 CP2 CP3 CP4
Indialite 54.47 26.13 55.17 -
+0 +0 +0
Corundum - 8.26 - -
+0.4
Mullite 26.77 40.18 2478 67.23
+09 +09 +0.9 +0.9
Amorf 18.76 20.39 15.61 32.77
+1.6 1.6 +19 419
Cristobalite - 0.05 4.45 -
+0.2 +0.2

2.2. Experimental Studies

According to the results of the literature
review and the anaysis of equivaent
products, considering the availability and
costs of raw materials, The raw materialsto be
used in the study were determined by
evaluating their chemical properties, physical
properties, availability and cost.

In the study, the raw materials used to create
the refractory body recipe and the raw
materials whose chemical analyses were
determined according to Table 5 were mixed
in the ratios determined according to Table 6.
“PS1-Std.” PS2, PS3, PS4, PS5, PS6, PS7 and
PS8 tria recipes were prepared in order to
increase the thermal-mechanical activity of
this standard recipe.
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Table 5 Chemical analysis of raw materials (XRF) used in recipe preparation

% Kaolinl Kaolin2 Clay Calcined Talc Zircon Quartz K-
Alumina Feldspar
SO 45.13 44.72 53.14 00.56 6441 31.96 99.13 67.46
Al,03 38.85 39.34 29.68 98.24  00.69 09.47 00.41 17.73
Fe:03 00.78 00.49 02.40 00.02  00.34 00.15 00.03 00.09
TiO, 00.09 00.08 01.33 00.03  00.08 00.35 00.04 00.03
CaO 00.12 00.09 00.66 00.06 01.26 0145 00.02 00.10
MgO 00.60 00.38 00.67 00.26 2484 07.99 00.00 00.00
Na.O 00.56 00.55 00.53 00.68 0049 04.52 00.04 02.72
K20 01.79 00.66 02.16 00.04  00.23 01.58 00.06 11.32
ZrO; 00.00 00.00 00.00 00.00 00.00 41.85 00.00 00.00
K.K. 12.08 12.69 09.43 00.10 07.66 00.68 00.27 00.55

Table 6 The percentage (%) components of the raw materials that make up the cordierite-based bodies

recipes

Raw Material (%) PS1-Sd. P2 PS3 P PS5 P% PS7 P33

Clay 07.92 09.75  09.66 09.30 0888 0885 0847 0847
Kaolin 1 19.80 2390 23.67 2279 2177 2168 20.76 20.76
Calcined Alumina 25.74 25.36 25.12 2418 2311 2300 22.03 2203
Kaolin 2 09.90 09.75 16.42 1581 1511 15.04 1440 1440
Talc 20.79 20.48 20.28 2325 2225 2215 2542 21.18
Quartz 10.89 10.73 04.85 0465 0444 0442 0423 04.23
K-Feldspar 04.96 00.00 00.00 00.00 00.00 00.00 00.00 00.00
Zircon 00.00 00.00 00.00 00.00 0444 0444 0423 08.47
Bentonite 00.00 00.00  00.00 00.00 00.00 0042 0042 00.42

Raw materials were weighed accordingtothe plastic and increasing the  shaping

ratios determined in the recipe in Table 6 and
loaded into the ball mill. In order to increase
the thixotropy property of the mud, 0.42%
bentonite was added to the recipe and the mud
rheology was brought to the desired values.
Standard production steps are as follows; By
adding water to the raw material mixture, the
liter weight of which will be adjusted in the
range of 1350-1420 gr/lt in the mill and the
desired TDA; D (90): ground to 15-20 um
range. After obtaining the particle size
distribution approval according to Table 7 for
the sludge suspension, it is filtered through a
100 DIN sieve and turned into KEK with a
Filter Press. Then, the sludge (KEK) coming
out of the Filter Press is opened with a mixer
and filtered through a 60 DIN sieve with the
help of electrolyte by adjusting itsliter weight
in the range of 1730-1800 gr/It. The reason
why sludge is grinded in alow liter mill first
isto turn it into a KEK after the Filter Press
and open it again, making the mud more
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performance in the pressure casting method in
mass production. However, since the trial
stages of the study were carried out in the
laboratory, the sludge was not made into cake
with a filter press. However, in order to
increase the plasticity of the mud and to
analyze its rheological properties, the mud
that was ground in the mill and reached the
desired particle size distribution range was
turned into sausage with the help of plaster
molds. After turning the mud into sausage, it
was opened again in the mixer. In order to
determine the rheological values of the recipe
suspensions, casting mud 1710-1720 gr/It liter
weigh was prepared.

Raw materials were weighed according to the
ratios determined in the recipe in Table 6 and
loaded into the ball mill. In order to increase
the thixotropy property of the mud, 0.42%
bentonite was added to the recipe and the mud
rheology was brought to the desired values.
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Standard production steps are as follows; By
adding water to the raw material mixture, the
liter weight of which will be adjusted in the
range of 1350-1420 gr/It in the mill and the
desired TDA; D (90): ground to 15-20 pum
range. After obtaining the particle size
distribution approval according to Table 7 for
the sludge suspension, it is filtered through a
100 DIN sieve and turned into KEK with a
Filter Press. Then, the sludge (KEK) coming
out of the Filter Press is opened with a mixer
and filtered through a 60 DIN sieve with the
help of electrolyte by adjusting itsliter weight
in the range of 1730-1800 gr/It. The reason
why sludge is grinded in a low liter mill first
isto turn it into a KEK after the Filter Press
and open it again, making the mud more
plastic and increasing the shaping
performance in the pressure casting method in
mass production.

However, since the trial stages of the study
were carried out in the laboratory, the sludge
was not made into cake with a filter press.
However, in order to increase the plasticity of
the mud and to analyze its rheologica
properties, the mud that was ground in the mill
and reached the desired particle size
distribution range was turned into sausage
with the help of plaster molds. After turning
the mud into sausage, it was opened again in
the mixer. In order to determine the
rheological values of the recipe suspensions,
casting mud 1710-1720 gr/It liter weigh was
prepared.

The firing of the prepared carrier refractory
bodies was caried out in FORNO
CERAMICA brand furnaces in the R&D
Center laboratory of Porland Porcelain.
Furnace regimes PS1-Std. determined on the
basis of the coded prescription. The initial
firing temperature for the sintering of the
developed carrier refractory bodies was
carried out for 18-20 hours at the same
temperature (980°C-1000°C) with the biscuit
firing applied in standard porcelain
production. If the firing range of cordierite is
too narrow and the sintering range is
exceeded, the formation of a high amount of
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liquid phase makes it difficult to bake these
products. For the sintering of the recipes
prepared within the scope of the study for the
second firing; The oven regime with a peak
temperature of 1300°C and a peak residence
time of 60 minutes was chosen.

Table 7 Grain sizes after grinding of prescription

suspensions
Grain size (ym) D(10) D(50) D(90)
PS1-Sd. 0.891 6.207 17.628
P2 0568 6.103 17.021
PS3 0.680 6.190 17.498
P 0498 5921 16.213
PS5 1.037 5.879 16.186
PS5 0464 5715 15.247
PS7 1622 5962 17.863
PS8 0.166 5.671 18.702

In order to determine the physical properties
of the prepared bodies, Porland Porselen A.S.
Inthe R&D Center laboratory; The drying and
firing shrinkage of the sampleswere measured
from the shrinkage rods after sintering and
caculations were made according to the
formulasin ASTM C-236 standard.

__ Lp-Ld

Sd = +-=x100 1)

It’s here; Sd represents the dry shrinkage
percentage (%), Lp represents the length of
the wet test product (mm), and Ld represents
the length of the test specimen after drying
(mm).

st =2+ 100 @)
Lp

It’s here; St firing shrinkage percentage (%)
and Lf firing test sample length (mm).
Strength measurements of sintered samples
were calculated by three-point bending test.
Rectangular bending strength formula in
ASTM C 974 standard was used to calculate
the strength values [16].

3PL
2bd?

M= 3)

It's here; M represents the bending strength
(MPa), P is the applied load (N), L is the
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distance between supports (mm), b is the
sample width (mm), and d is the sample
thickness (m). Deformation is the bending of
the bar during sintering depending on
temperature and time. After sintering,
deformation bars are placed on millimetric
paper and the amount of deformation is
caculated. Water absorption test was
performed according to BS EN 1217 standard
method A and calculations were made. Here;
The m? shows the weight of the sample after
the water absorption test (gr) and the ml
shows the weight of the sample before the
water absorption test [2, 17, 18].

Water Abs. (%) = ((mzn_L_ml)) * 100 (4
1

“PS1-Std. and PS8” coded samples; XRF
(Rigaku brand, ZSX Primus Model X-Ray
Fluorescent device with semi-quantitative
chemical analysis) and XRD (Minifleks-600
model, Rigaku brand, X-Ray Diffraction
device  (26=5°-70°))  analysis  were
performed. Electron microscope (SEM)
analysis was performed on samples coded as

Table 8 Rheological values and moldi

"PS1-Std. and PS8" by the Ceramics Research
Center (SAM). For analysis, the surface of the
samples was coated with gold (Au) and
paladium (Pd), ensuring conductivity, and
BSE images were taken and analyzed with
elemental distribution (EDX).

3. FINDINGS AND DISCUSSION

Within the scope of the study, a total of 8
carrier refractory bodies recipes with the
codes PS1-Std., PS2, PS3, PS4, PS5, PS6, PS7
and PS8 were prepared. The data on the
rheological results of the suspensions are
given in Table 8. The plasticity water,
kneading water, water absorption percentages
under vacuum and mechanical properties of
dry, biscuit (after the 1st firing) and firing
(after the second firing) of the prepared bodies
are given in Table 9. Refractory bodies; The
thermal expansion coefficients were measured
at 0300x107 °C, a400x10" °C and a500x10-
7 °C values after sintering in the furnace
regime with a peak temperature of 1300 °C
and a peak residence time of 60 minutes and
aregivenin Table 10.

Nng processes of prescription suspensions

Values PSI-Sd. P2 PS3 PHA PS5 P PS7 PS3
Electrolyte amount (%) 0.1 0.1 012 012 012 015 015 015
Liter weight (gr/It) 1720 1729 1710 1711 1711 1721 1724 1718
Viscosity (sn) 18 17 18 19 19 24 26 26
Thixotropy (sn) 1 1 1 1 1 2 2 2
5 min. flesh thickness (mm) 15 199 193 197 183 209 217 214
Table 9 Mechanical properties of the devel oped support refractory bodies
Test Methods PS1- P2 PS3 P PH P% PS7 P8
Dry shrinkage (%) 3.1 195 21 2.5 2.65 2.13 2.4 2.31
Biscuit shrinkage (%) 378 292 32 327 313 364 342 365
Firing Shrinkage (%) 7.8 3.4 5.6 4.5 6.53 6.7 725 6.05
Dry Strength (kg/cn?) 112 126 125 134 121 1475 1485 1574
Biscuit Srength (kg/cn?) 35.7 438 4736 50.7 557 66.2 6587 68.89
Firing Srength (kg/cn¥) 205 227 245 265 365 395 370 415
Deformation (mm) 4 1 1 2 2.5 2 3 2
Plasticity water (%) 25 26 28 27 29 38 37 38
Kneading water (%) 28 30 31 29 32 40 39 39
Water Absorption Vacuum 13 20 18 12 14 15 13 17
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Table 10 Thermal expansion coefficients of refractory body samples

Samples a 300x10" (°C) a 400x107 (°C) a 500x107 (°C)
PS1-3d. 34.2 37.6 37.7
P2 30.5 31.2 33.6
PS3 27.5 28.2 29.3
P 27.8 29.2 30.2
PH 27.5 28.2 29.2
PS5 26.6 27.3 28.2
PS7 26.4 27.3 28.0
PS8 26.7 27.7 28.8

In a cordierite mixture consisting of clay, talc
and alumina, at temperatures higher than 1250
°C, clay and talc transform into mullite and
protoenstatite (MgO.SIO2). Later, cordierite
phase is formed between 1250-1430°C from
the combination of mullite and protoenstatite
with alumina. In the formation of cordierite
phase, both mullite and protoenstetite are
exposed as SiO2 in the structure. However,
alumina and MgO are only released from
mullite and protoenstatite, where mullite plays
the main role in cordierite formation. Because
Al203 is the main component in cordierite
formation compared to MgO. The coefficient
of therma expansion is more sensitive to
MgO change than other ingredients [14].

Thermal expansion coefficient measurements
of refractory samples are given in Table 10.

According to Table 6; "PS1-Std." Talc raw
material, which is used at the rate of 20.79%
in the recipe composition, has been increased
to 21.18% in the PS8 recipe. According to
Table 5; It is seen that talc raw materia
contains 24.84% MgO according to its
chemical composition. According to Mayer
and Havas, it is known that the average
coefficient of thermal expansion of MgO is
0.1x10-7°C-1. The percent increase in the
MgO ratio in the PS8 coded recipe
composition explains the decrease in the
thermal expansion coefficient indicated in
Table 10 [19]. PS1-Std. coded refractory
body and PS8 coded refractory bodies are
given comparatively in XRF (X-Ray
Fluorescence) Table 11., XRD (X-Ray
Diffraction) patterns are given comparatively
in Graph 1.

Table 11 After sintering PS1-Std. and chemical analyses of PS8 coded refractory bodies (XRF)

(%) SO, AlOs

Na;O MgO CaO TiO;

FeOs Z2rO, ZnO KO  P.Os HfOZ AZ.

PS1Sd 47.15 4325 059 6.81 027 010 048 000 0.00 1.03 0.07 0.00 0.25

PS8

43.06 4056 000 707 036 011 056 6.02 124 059 0.07 016 0.20

After the sintering process, indidlite,
corundum, quartz and mullite common phases
were determined according to the XRD
anaysis results of the "PS1-Std. and PS8"
coded refractory samples. Due to the addition
of 8.47% zircon in the PS8 coded refractory
body recipe, a different zircon phase was
detected in the XRD analysis. For this reason,
zircon phase was observed in the phase
analysis of the PS8 coded body, different from

Sakarya University Journal of Science 27(4), 844-857, 2023

the standard body. In the literature, studies on
the observation of corundum and quartz phase
are mentioned as follows; “The cordierite
phase starts to form around 1200 °C, but rather
than forming aone, corundum, enstatite,
fosterite, spinel, anorthite and quartz phases
are encountered with this phase depending on
the operating conditions, and therefore,
thermal expansion coefficients are obtained at
high values” [20-23].
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Graph 1 XRD diffraction patterns of refractory samples coded "PS1-Std" and "PS8" after sintering

In Graph 1, the microstructure images taken
from the cross-sectional area of the PS1-Std
coded and PS8 coded refractory samples,
which were sintered in the furnace regime
with a peak of 1300°C and a dwell time of 60
minutes, are given. While mullite crystals are
clearly observed in the microstructure images
of the PS1-Std coded refractory sample, with
the addition of zircon in the PS8 coded
refractory  structure; Zircon appears as
dispersed phasesin amullite matrix.

I

Figure 1 PS1-Std. and SEM analysis images of

Kumar et al. in their study named “Processing
and characterization of pure cordierite and
zirconia-doped cordierite ceramic composite
by precipitation technique”; There are two
types of cordierite ceramics, porous and
dense. Porous cordierite ceramic has much
better thermal shock properties than dense
one, but has poor mechanical resistance. Inthe
study of Kumar et al., with the addition of pure
cordierite (MgO: 13.8% wt., Al2Os: 34.8%

Sakarya University Journal of Science 27(4), 844-857, 2023

SEM (Scanning Electron Microscope) images
of PS1 and PS8 coded samples; BSE
(Reflected Electron) cross-sectiona surface
images are given in Figure 1. EDX anaysis
was applied to determine the elemental
compositions in selected areas of the samples
whose surface and cross-section images were
given. Images of the regions selected for EDX
analysis are given in Figure 2 and Figure 3.
Elemental distributions are given in Table 12
and Table 13.

L — ~

PS8 coded refractory samples; a) 3.00KX BSE image

taken from the fracture surface of the PS1-Std coded sample, b) 3.00KX BSE image taken from the
fracture surface of the PS8 coded sample

wt., SiO2: 51.4% wt.) and zirconia at the rate
of 5-20% by weight it is understood that the
mechanica and thermal properties of the
samples are improved in direct proportion.
When the PS1-Std and PS8 coded refractory
samples are examined, it is seen that both
bodies have a porous structure. In the
microstructure images of the PS8 coded
refractory sample, dark grains represent
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alumina and white grains represent zircon
grains.

In the SEM images of both samples, three
points were selected from the surface and
EDX analysis was applied to determine their
elemental distribution. PS1-Std the EDX
analysis of the coded refractory sample is

given in Figure 2 and the elemental analyses
of the selected pointsare given in Table 12 the
EDX analysis of the PS8 coded refractory
sample is given in Figure 3 and the elemental
analyses of the selected points are given in
Table 13 [24].

Figure 2 PS1-Std. SEM image of the coded refractory sample and three points selected for EDX
analysis on theimage; a) Spectrum 1, b) Spectrum 2 and c) Spectrum 3

PS1-Std. whose SEM images are given in
Figure 1 @) within the refractory; black areas
indicate that the sample has aporous structure.
According to the EDX analysis of the points
selected according to Table 12; It is seen that
there is an elemental distribution forming the

corundum, mullite, indialite and quartz
phases. PS1-Std in the surface image of the
refractory sample, acicular structuresare more
prominently seen. PS1-Std. XRD phase
anaysis and EDX analysis results of the
sample confirm the formed phases.

Table 12 PS1-Std EDX analyses of selected points on the SEM image of coded refractory samples

Spectruml Spectrum? Spectrum3

Wt.% AW % Wt. % AW % Wt. % AW %
Mg 01.17 00.98 00.00 00.00 01.43 01.19
Al 06.23 04.70 00.00 00.00 08.28 06.25
S 38.50 27.90 46.70 33.30 36.50 26.50
K 03.21 01.67 00.00 00.00 02.51 01.30
6] 50.80 64.70 53.20 66.60 50.60 64.40
Ca 00.00 00.00 00.00 00.00 00.54 00.27

Elect ron image 1

Figure 3 PSB SEM image of the coded refractory sample and three p0| nts selected for EDX anal ysrs
on theimage; @) Spectrum 1, b) Spectrum 2 and ¢) Spectrum 3

Sakarya University Journal of Science 27(4), 844-857, 2023
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Within the PS8 coded refractory whose SEM
images are given in Visua 1.b; black areas
indicate that the sample has aporous structure.
According to the EDX analysis of the points
selected according to Table 12; It is seen that
the phases that may occur are the elemental
distribution forming the corundum, mullite,
indialite, quartz and zircon phases. In Figure 1
b) PS8 inimage. The reason why acicular and
curved structures supporting primary or
secondary mullite formation cannot be seenin
the surface image of the refractory sample is
due to the fact that zirconium dioxide forms a
homogeneous structure on the mullite phases.

In Figure 2, PS1-Std. SEM image of the coded
refractory sample is given. EDX anaysis
results of 3 different points selected on the
relevant SEM image are given in Table 12.
PS1-Std. When the XRD anaysis of the
refractory sample is examined; It is observed
that indialite, corundum, quartz and mullite
phases are formed. It is seen that the indialite
phases are homogeneously distributed as
small white grains. The structures displayed

as blocks between the grains represent the
quartz phase. Acicular mullite crystals are
observed between quartz grains and indialite
structures. In Figure 3, white dots represent
ZrOo, black dark regions represent pores and
dark gray regions represent Al>Os (corundum)
grains. The XRD phase analysis of the PS8
coded sample confirms the phases formed
when it is examined in terms of elemental
analysis according to the EDX anaysis
results. In the patent study of Avedikian and
his colleagues named “Sintered refractory
product with improved resistance to thermal
shocks”; “Mullite-zirconium dioxide grain is
understood as a refractory grain in which
chemical analysis obtained by sintering or
melting revedls the presence of mostly
(Al203), silica (S102) and zirconium dioxide
(ZrOy); silicaand alumina are available in the
form of 2Si02-3Al.03 (mullite). Therefore,
alumina (Al203), silica (SiOz) and zirconium
dioxide (ZrO) are the three main components
by weight of a mullite — zirconium dioxide
particle.” have stated [25].

Table 13 PS1-Std. EDX analyses of selected points on the SEM image of coded refractory samples

Spectrum 1 Spectrum 2 Spectrum 3

Wit. % AW. % Wt. % AW. % Wt. % AW. %
S 46.70 33.30 15.10 16.50 39.80 28.40
O 53.30 66.70 35.00 66.72 51.70 64.90
Zr 00.00 00.00 49.90 16.78 00.00 00.00
Na 00.00 00.00 00.00 00.00 01.50 01.39
Mg 00.00 00.00 00.00 00.00 01.61 01.33
Al 00.00 00.00 00.00 00.00 05.39 03.98

4. RESULTS There are two main reasons for this. The

In the study, in order to prevent deformation
during sintering in bone porcelain products,
bone porcelain is fired on a refractory carrier
caled sagar, which has a low thermal
expansion coefficient and does not cause
shrinkage or deformation problems during
firing. In this study, it is aimed to develop a
formulation as an aternative to the imported
carrier saggars in bone porcelain production.
Based on the chemica composition of
cordierite, it is very difficult to develop
cordieriteasaceramic material using only raw
materials.

Sakarya University Journal of Science 27(4), 844-857, 2023

multiplicity of eutectic points and the
difficulty of approaching equilibrium. Since
the eutectic points are very closeto each other,
even the dlightest deviation from the actual
composition causes melting or the formation
of unwanted phases. During firing, cordierite
compositions show short firing intervals. That
IS, due to the proximity of various eutectic
points, the amount of liquid increases rapidly
and it is difficult for the structure to turn into
a glassy state. The firing interval can be
Increased by adding some melting additivesto
the body.
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In this study, PS1-Std. standard refractory
recipe and PS2, PS3, P4, PS5, PS6, PS7 and
PS8 coded recipes were prepared. To the
prepared prescription suspension; viscosity,
thixotropy and 5 min. At the end of the period,
wall thickness controls were carried out and
rheological properties were determined. At
this stage, the problem of sticking to the mold
was observed in the PS2, PS3, PS4 and PS5
refractory casting mud suspensions prepared
to improve the standard recipe. Therefore, in
the continuation of the study, 0.42% bentonite
addition was applied in PS6, PS7 and PS8
recipes. In order to determine the mechanical
properties of PS6, PS7 and PS8 coded
refractory  bodies whose  rheological
properties are accepted within the criteria;
shrinkage percentage, strength, deformation
and water absorption under vacuum (%) tests
were carried out. When comparing the three
recipes developed, it was seen that the PS8
recipe was advantageous in terms of its
mechanical properties. Dry shrinkage is
2.31%, biscuit shrinkage is 3.65% and baking
shrinkage is 6.05%. The strength vaues
obtained in terms of strength values were
measured as PS1-Std < PS2 < PS3 < PS4 <
PS5 < PS6 < PS7 < PS8. Asit is known from
the literature, porous refractories have higher
thermal properties. For this reason, the high-
water absorption value of the PS8 coded
refractory sample was evaluated as positivein
terms of its thermal properties.

Imported equivalent carrier sagar refractories
are used against the PS8 coded carrier
refractory body to preserve their mechanical
and microstructural properties; The water
absorption rate of the equivalent hose under
vacuum is between 9.8-17% and its dry
strength is specified as 10-15 kg/cm?. If
chemical anadyses (XRF) of equivaent
products are in charge; It is seen that SIO-
expanded in the range of 16.82-50.03 percent
(%) and Al>Os expanded in therange of 40.41-
81.45 percent (%). It is seen that the product
of the Al20s/SIO> ratio in the composition is
called sagar, cordierite or mullite cordierite as
superiority in Table 3. It is seen that the dry
strength of the PS8 coded final product

Sakarya University Journal of Science 27(4), 844-857, 2023

developed is 15.74 kg/cm? according to Table
9.

The water absorption under vacuum was
measured as 17%. PS8 coded contents
obtained after sintering were designed as
43.06% SiO; and 40.56% Al>O3 according to
Table 11 in the chemica analysis of sagar
refractory body bodies. In order to configure
the mechanical properties of the cavitiesin the
structure, 8.47% zircon was added to the PS8
coded recipe. In PS7 and PS8 coded
prescriptions, improvement in mechanical
properties is observed with the addition of
zircon. In the study, the improvement in
mechanical properties with the addition of
zircon was supported by the appearance and
microstructure of the mullite phase formed by
XRD, SEM and EDX analyses in both
structures. The developed refractory body can
be shaped according to different bone
porcelain product forms and used as a bearing
refractory. It has been observed that the
bearing refractory products for the bone
porcelain firing process developed as a result
of the project offer a 10% longer service life
compared to the equivalent refractory
products that were imported and used in
production before the project.
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Radon Gas Estimation from Building Materials

Safa BASDEMIR?

Abstract

Caner YALCIN*?

Radon gas originating from building materialsis generally thought to cause low concentration.
Investigation and estimation of radon levels originating from building materials are important
in terms of public health due to the use of dense concrete in tunnel form type houses, which is
abuilding typewidely used in Turkey, even though asignificant part of Turkey isan earthquake
zone. In this article, the effects of different parameters such as 22U concentration in building
materials, diffusion constant of building elements, emanation rate, and ventilation rate on radon
gas concentration are investigated. As aresult, it is concluded that in some cases (such as high
diffusion coefficient and insufficient ventilation rate) in houses built with tunnel form concrete
structures, the radon level arising from building materials can reach a level that cannot be

neglected.

K eywor ds: Radon, emanation rate, diffusion coefficient, exhalation rate, concrete

1. INTRODUCTION

Approximately 85% of the radiation that
people are exposed to is of natural origin and
15% is artificial. Approximately 50% to 60%
of this natural radiation exposure is due to
radon gas [1-2]. Radon gas is the radioactive
gas resulting from the decay of the 23U
isotope. The half-life of radon gas (%?Rn) is
3.8235days [3]. It is a colorless, odorless,
tasteless gas that we cannot detect with our
senses [4].

Radon gas causes very serious problems for
human health. There is strong evidence that
lung cancer can occur as a result of exposure
to radon and radon decay products in indoor
environments, and that it is the second most
important cause of cancer after smoking,

according to a report published by the
International Commission on Radiological
Protection (ICRP) and the World Hedth
Organization (WHO) [5-6]. The International
Commission on Radiological Protection
(ICRP) specified the maximum amount of
radon gas that should be present in the indoor
environment as 200-300 (Bq m™) in 2007,
while the Turkish Atomic Energy Authority
(TAEK) accepted 400 (Bq m™) as the limit
value. In Sweden, the limit value is 200 (Bq
m3) [7]. The United States Environmental
Protection Agency (EPA) specified that the
amount of radon generated should be below
148 (Bg m?3). It also states that radon levels
below this value still pose a risk [8]. The
World Headlth  Organization (WHO)
recommends a limit level of 100 (Bq m?) to
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minimize the health hazards caused by radon
gasindoors [6].

In 1984, TAEK (Turkish Atomic Energy
Authority) started a study to determine radon
levels in homes, and as a result of this study
(completed in 2004), the average radon level
was found to be around 35+12 (Bq m™) [4].
When the radon activity concentration is
compared with the results of the literature
reviews, it has been shown that the average
radon level of Turkey is81 (Bqm™) [9].

When the literature reviews on radon
measurements in homes are examined [9-12],
it is stated that the ground floorsare at risk in
genera. Thereason for thisisthe high amount
of radon gas leaking from the soil to the
houses.

However, radon gas is found not only in soil
but also in building materials. Studies have
shown that there are uranium and thorium
isotopes in different building materials such
as sand, cement, or brick [13]. However, in
the literature reviews, it is stated that the
radon concentration originating from the
building materialsislow in the apartments on
the upper floors of the buildings. In this
article, in order to test this general opinion,
radon gas originating from building materials
will be estimated in buildings made with
building materials with different radiation
levels and properties.

1.1. Radon in Soil and Rocks

Uranium and thorium elements, which are a
part of the earth’s make-up, are abundant in
soil and rocks. Thorium and radium appear
during the radioactive decay series of 23U,
which isin the soil. Radium diffuses into the
upper layers of the soil. 2?°Ra isotope, which
has a haf-life of 1600 years, decays
continuoudly in the soil. As a result of this
decay, radon atoms are formed, alowing
radon to be found freely in the soil [14]. The
radon concentration in the soil depends on the
radioactivity mass concentration of the
radium in the sail, its diffusivity, and the type
of sail [15].

Sakarya University Journal of Science 27(4), 858-864, 2023

1.2. Effect of Radon on Human Health

Radon forms radioactive aerosols by clinging
to dust and water droplets in the air. These
dust and water droplets are retained by the
lungs through respiration. The energy
released during the decay of these radioactive
particles trapped by the lungs damages the
lung tissue. As a result of this damage, it
causes cancer [14].

According to the Nationa Radiological
Protection Board (NRPB), at |east 2500 of the
41,000 lung cancers in the UK annually are
attributable to radon. The Internationa
Commission on Radiologica Protection
(ICRP) attributes 10% of total lung cancersto
radon [16].

2. MATERIALSAND METHODS
2.1. Sample Room Model

There are many different types of buildings
around the world. The tunnel form method is
asteel formwork system that allows the load-
bearing wall and slabs to be poured at once.
When the formwork is removed, the upper
concrete slab forms, while the side concretes
form reinforced concrete shear walls.

The sample room model shown in Figure 1
was used to investigate the radon
concentration from construction materials. It
is assumed that all the walls of the room are
laid with concrete 10 cm thick. Our sample
roomis3x3x2.8 minsizeand hasafloor area
of 9 m? and avolume of 25.2 m3. Calculations
were made when the room had awindow and
a door and no objects in it. In an average
house, about 10% of the volume of the room
is occupied by furniture. It should be taken
into account that this situation will increase
the radon concentration at the same rate.
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Figure 1 Sample room model made with tunnel
form

2.2. Theoretical Framework
2.2.1. Emanation rate

Not al of the radium atoms in porous
materials can escape into the space around the
pores. Emanation Rate is the rate at which the
radium atoms in the material escape into the
gpace of the pores of the material.

The fraction of emanation, f, is equal to the
ratio of the rate of emanation and the
production rate of Radon. The fraction of
emanation is shown in equation (1).

E

f=a Y
Where E isthe rate of radon production inside
the sample and Ara (Bq kg?) is the radium
activity. The highest fraction of emanation
from the soil is20% [17].

As a result of the studies for concrete, the
fraction of emanation produces different
results between 0.07 and 0.14. These studies
show that the fraction of emanation average
valueis0.11+ 0.02 [18].

2.2.2. Exhalation rate

Exhalation Rate is defined as the number of
radon atoms escaping from the sample
towards the medium per unit of time.

Radon is transported from the wall into the
room by diffusion. Diffusion isthe most basic
mechanism described by Fick's law.
Simplifying the definition in the first theory
of Fick's law, it can be considered a one-

Sakarya University Journal of Science 27(4), 858-864, 2023

dimensional equation. The one-dimensiona
form of the first theory of Fick's law is given
in equation (2).

2
J=-D3; @
Where Jistheradon flux (Bqm?s?), Disthe
radon diffusion coefficient (m?s?), dC/0Z is
the concentration gradient (Bq m) [19].

The radon diffusion in the material varies
depending on factors such as the porosity of
the material found and the particle size. It is
stated that the diffusion constant of concrete
isbetween 101° (m? s1) and 10 (m? s?) [17].

If equation (2) is solved, the exhalation rate
can be calculated by equation (3) below.

2:Cscl'A
ed/l_sec(—d/l) ©)

E =
Where E is the exhalation rate (Bq m? h'l),
Cxc is the average concentration in the wall
(Bgm), | is the radon diffusion length (m),
and d (m) is the thickness of the wall.

The radon diffusion length is given in
equation (4).

L= (D/Agn)"/? (4)

Where | is the radon diffusion length (m), D
is the radon diffusion coefficient (m? s1), Agn
is the radon decay constant (2.11-10° s?)
[20].

2.2.3. Radon concentration

When t—oo, the radon concentration in the
room is shown in equation (5) [21].

6 A
Co = Gbdili (5)

B ARn*+240)Vroom

Where C. is the radon concentration in the
room (Bqm?),i=1, 2, 3,4,5, 6 are surfaces
in theroom, E; isthe exhaation rate, Ai isthe
surface area (M?), Amn is the radon decay
constant (h'%), Ay isthe ventilation rate (h%).
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In the absence of t—oo, the radon
concentration at different time intervals is
shown by equation (6) [17].

C(t) = Cop(1 — e~ Grati)ty (6)
3. RESULT AND CONCLUSIONS

The given equations show that the radon gas
that will accumulate in the room varies
depending on factors such as the diffusion
coefficient, the radium concentration in the
wall concrete, the emanation rate, the wall
thickness, the ventilation rate, the volume,
and the surface area. According to the
different values of these variables, the radon
concentration accumulated in the sample
room model was caculated. In Al
calculations, it has been assumed that the
radon concentration in the room is zero and
the only contribution to the radon
concentration that will accumulate in the
room comes from the building materials.

Asaresult of the calculations, it was seen that
the changesin the ACH (air changes per hour)
value gresatly affect the radon concentration
that will occur in the environment. Table 1
shows how the radon concentration that will
occur in the environment changes under
different concentration values of ACH by
keeping the diffusion coefficient 108 (m? s1)
and the fraction of emanation 0.11.

Table 1 Radon concentration resulting from the

change of ACH values
Cra ACH (b}
(Ba/kg)
01 02 03 04 05
10 14 9 7 6 5
50 61 33 23 18 15
100 120 63 44 33 27
150 179 94 64 49 40
For figure 2, the diffusion constant

108 (m? sY), and the fraction of emanation
0.11 are kept constant. With this constant
value, itisshown how the ACH value changes
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with time by taking 0, 0.1, 0.2, 0.3, 0.4 and
0.5 respectively.

100 5

o
Ll

——ACH=0h"

ACH=0.1h"
——ACH=0.2h"
----- ACH=0.3h"
----- ACH=04h"
----- ACH=05h"

Radon Concentration (Bqlma)

o

1I0 Zb 3‘0 4ID EIO EID
Time (h)
Figure 2 Variation of the effect of different ACH
values on radon concentration with time

As seen in Figure 2, the radon concentration
reaches its maximum level in a very short
time (approximately 10 h).

While keeping diffusion coefficient at
108 (m?s?) and ACH = 0.1 (hl) rates
constant, according to different radium
concentration values (10, 20, 30, 40, 50, 75,
100, 125, 150 (Bq kg1), radon concentrations
to accumulate in theroom were calculated. As
a result of these caculations, radon
concentrations were found as, in order, 14.18,
25.18, 37.75, 49.53, 61.31, 90.77, 120.23,
149.68 and 179.14 (Bq m™3).

As mentioned in the fraction of emanation
section, the fraction of emanation rate in
concrete varies between 0.07 and 0.14 [18].
While keeping the diffusion coefficient
constant at 108 (m? s1), radium concentration
50 (Bq kg?), and ACH = 0.1 (h'%), according
to different fractions of emanation 0.07, 0.08,
0.09, 0.10, 0.11, 0.12, 0.13, 0.14 radon
concentrations to accumulate in the room
were caculated. As a result of these
cal culations, radon concentrationswere found
as 39.89, 45.25, 50.60, 55.96, 61.31, 66.67,
72.03, and 77.38 (Bq m).

In order to caculate the minimum radon
concentration to accumulate in our room
modd, when we take the diffusion coefficient
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as 10° (m?s?t), ACH 0.5 (h?), fraction of
emanation 0.07, and radium concentration
10 (Bq kg?), the radon concentration was
found to be 2.55 (Bq m®). Similarly, in order
to caculate the maximum radon
concentration to accumulate in our room
model, when we take the diffusion coefficient
as 10 (m? s1), ACH 0.1 (h}), fraction of
emanation 0.14, and radium concentration
150 (Bq kg?), the radon concentration was
found to be 227.34 (Bq m™3).

The radon concentration accumulated in the
room varies depending on the diffusion
coefficient, ventilation rate, fraction of
emanation, and the radium (*%U)
concentration in the concrete. It has been
observed that in some cases, it can contribute
to the accumulation of radon gas in houses
built with the tunnel form, where the use of
concrete is high. It has been observed that
radon concentrations above 100 Bg, which is
specified as the upper limit by WHO, may
occur in the total radon concentration in the
room, especialy in cases where the
ventilation rate is low. In order to minimize
this situation, it is important to investigate
building materials such as sand, cement, and
concrete to be used during the construction of
the building, to determine their concentration
values and to predict the amount of radon that
will contribute to the environment.
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Potential Health Risks of Chloroacetanilide Herbicides: An In Silico
Analysis

Ahmet Ali BERBER*', Sefika Nur DEMIR"?"*/| Nihan AKINCI KENANOGLU?

Abstract

The extensive use of herbicidal products in agriculture and forestry has raised concerns over
potential adverse effects on human health and the environment. Chloroacetanilide herbicides
are agroup of synthetic chemicals used to control weeds in agriculture and forestry. However,
so[me of their members have been characterized as possible carcinogens. The genotoxicity and
carcinogenicity of two chloroacetanilide herbicides, delachlor and xylachlor, are discussed.
This article proposes to use tools to predict their potential toxicities based on their chemical
structure. Four software tools, Vega Hub, Toxtree, Lazar, and TEST, are used to predict the
potential genotoxic and carcinogenic effects of the herbicides. Vega Hub uses QSAR models,
Toxtree uses a decision tree approach, Lazar uses data mining algorithms, and TEST uses
QSAR methods to estimate toxicity. The canonical Simplified Molecular Input Line Entry
Specification (SMILES) systems of delachlor and xylachlor are entered into each software tool
to create a prediction. The study found that delachlor and xylachlor is a class 3 highly toxic
compounds with potential mutagenic and carcinogenic effects based on Toxtree and VegaHub.
Meanwhile, Lazar and TEST predicted that delachlor and xylachlor are unlikely to be
mutagenic. This study to determine the toxicity of the herbicides delachlor and xylachlor has
shown that the possible effects of these herbicides on health and the environment need to be
further investigated. The results provide valuable insights into chloroacetanilide herbicide
toxicity and help develop safer, more environmentally friendly aternatives.

Keywor ds. Genotoxicity, carcinogenicity, in silico, chloroacetanilide herbicides

1. INTRODUCTION their lives. However, plant diseases, insects,

and weeds reduce productivity and quality.

The agricultural sector is responsible for  Therefore, agrochemicals such as herbicides
producing the food people need to sustain  help farmers to control these adverse effects
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and increase crop yields [1]. However,
concerns about potential adverse effects on
human health and the environment have
arisen from the widespread use of these
chemicals. One such concern, which can pose
a significant threat to public health and the
environment, is the potential genotoxic and
carcinogenic effects of herbicides[2, 3].

Chloroacetanilide herbicides are a group of
synthetic chemicals that are widely used for
the control of weeds in agriculture and
forestry. These herbicides are widely used to
grow cereals, corn, soybeans, cotton, and
many other crops. Due to their effectiveness
in controlling weeds that can cause significant
yield losses, the use of these herbicides has
increased significantly in recent years [4].

Chloroacetanilide herbicides share the 2-
chloroacetanilide molecular core, differing
only in type and arrangement of substitutions
[5]. In spite of the importance of the
production of herbicides, there is one aspect
that is ill dramatic. the carcinogenic
potential of the chloroacetanilide herbicides.
Some of the members of the chloroacetanilide
herbicide family have been characterized by
the US Environmental Protection Agency as
possible carcinogenic compounds [6].
However, the carcinogenic mechanism of
chloroacetanilide  compounds  remains
unclear, athough some experiments suggest
that the carcinogenic properties are related to
the herbicides ability to nucleophilically react
with DNA [7]. Studies have shown that
exposure to some of the chloroacetanilide
herbicides can cause a range of adverse
effects on non-target organisms, including
humans [8-11]. These effects include
developmental abnormalities, reproductive
toxicity, and carcinogenicity. Therefore, it is
essential to evaluate the potential toxicity of
these herbicides and develop safer
alternatives to minimize their environmental
and health impacts.

Delachlor and xylachlor are two of the
herbicides of the chloroacetanilide group
(Figure 1). Delachlor is an herbicide widely

Sakarya University Journal of Science 27(4), 865-871, 2023

used to control weeds in crops such as
sugarbeet and cereals. It is aso used in
combination with other herbicides to control
weeds in rice fields. Its chemica formulais
C1sH2CINO». Xylachlor is an herbicide that
has been used for pre-emergence or pre-plant
control of annual rgrasses in cereals and other
crops. Its chemical formula is C13H1sCINO
[12].

Figure 1 Chemical structures of a) delachlor and
b) xylachlor

In silico tools are computer-based methods
for predicting chemicals potential toxicity
from their chemical structures. Without the
need for anima testing or expensive
laboratory equipment, in silico toxicity
prediction tools may provide an accurate
assessment of a xenobiotic's toxicity [13].
This is beneficid because it alows
researchers to assess the potential toxicity of
a compound or drug quickly and easily
without having to incur the cost and time
associated with more traditional methods. In
addition, by analysing the structure of the
molecule and its potentia interactions with
the system, in silico tools can provide a more
comprehensive assessment of a compound's
toxicity than traditional methods [14].

The study aimed to use four software tools,
Vega Hub, Toxtree, Lazar, and TEST, to
predict the potential toxicity of these
herbicides based on their chemical structures.
The findings of this study will provide
valuable insights into the toxicity of
chloroacetanilide herbicides and aid in the
development of safer and more sustainable
alternatives.
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2. METHODOLOGY

The study used four in silico tools to predict
the potential genotoxic and carcinogenic
effects of delachlor and xylachlor: VegaHub,
Toxtree (Estimation of Toxic Hazard- A
Decision Tree Approach), Lazar and TEST
(Toxicity Estimation Software Tool). The
software tools were selected for their ability
to predict the toxicity of chemicals based on
their chemical structure. Each of them is open
source and free public software.

Vega Hub is a software tool that uses
guantitative structure-activity relationship
(QSAR) models to predict the toxicity of
chemicals based on their physical, chemical
and biological properties [15]. QSARs use
mathematica models to predict levels of
toxicity based on the physical properties of
the molecular structure of a chemical, known
asmolecular descriptors. Thetool predictsthe
toxicity of chemicals based on their similarity
to known toxic compounds. It assigns a
consensus score to each prediction. This
software has an open structure for data
sharing and modelling and can be easily used
by any user [16].

Toxtree was devel oped in accordance with the
REACH (Registration, Evaluation,
Authorisation and Restriction of Chemicals)
regulation to assess the toxic effects of
chemical substances. It is a software tool that
uses a decision tree approach to predict the
toxicity of chemicals based on their structural
derts. The tool predicts the toxicity of
chemicals by identifying structural features
associated with toxicity [17].

Lazar is an open-source web application that
uses data mining agorithms to derive
predictions for untested compounds from
experimental training data, which can be any
dataset containing chemical structures and
biological activities. Lazar offers researchers
a versatile solution by providing both a user-
friendly interface and alarge database [18].

Sakarya University Journal of Science 27(4), 865-871, 2023

The Toxicity Estimation Software Tool
(TEST) has been developed to facilitate the
prediction of chemical toxicity using
Quantitative Structure Activity Relationship
(QSAR) techniques. TEST analyses the
molecular structure of an organic chemical
entered by the user to determine toxicity
values and physical properties. TEST has no
external software requirements and users can
enter a chemical to be evauated via a
provided chemical sketch window, atext file
of the structure or a database of structures.
Various advanced QSAR methods are used
within TEST to calculate the necessary
molecular descriptors [19].

The canonical Simplified Molecular Input
Line Entry Specification (SMILES) systems

of delachlor
(CC1=C(C(=CC=C1)C)N(COCcCc(C)C)C(=0
)CClI) and xylachlor

(CC1=C(C(=CC=CI)N(C(C)C)C(=0)CcC)C
) were entered into each software tool to
predict their potential toxicity and
carcinogenicity [20, 21]. The software tools
use a variety of agorithms and models to
predict the toxicity and carcinogenicity of
chemicals based on their chemical structures.

3. RESULTS

Toxtree predicted that delachlor is a class 3
highly toxic compound with potential
mutagenic and carcinogenic properties based
on structural alerts. Vega Hub predicted that
delachlor is a mutagenic and potentialy
carcinogenic compound with a consensus
score of 0.45, indicating moderate confidence
in the prediction. Therefore, Vega Hub
predicted that delachlor is not genotoxic, but
the model predictions were not in agreement.
On the other hand, TEST predicted that
delachlor is non-mutagenic with a consensus
score of 0.28, while LAZAR predicted that
delachlor is non-mutagenic with a probability
of 0.419 but cannot predict carcinogenicity.

For xylachlor, toxtree predicted that it is a
class 3 highly toxic compound with potential
mutagenic and carcinogenic properties based
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on structural alerts. Vega hub predicted that
xylachlor is a mutagenic and potentially
carcinogenic compound with a consensus
score of 0.525, indicating a moderate level of
confidence in the prediction. However, vega
hub also predicted that xylachlor is not
genotoxic, indicating that its carcinogenic
properties may be due to mechanisms other
than dna damage. Test predicted that
xylachlor is non-mutagenic with a consensus
score of 0.26, while lazar predicted that
xylachlor is non-carcinogenic and non-
mutagenic with probability scores of 0.217
and 0.213 respectively.

4. DISCUSSION

In silico toxicology prediction tools, also
known as computational toxicology, offer
several advantages in the field of toxicology.
Firstly, they are cost-effective and reduce the
need for animal testing, which can be
expensive and time-consuming. Secondly,
they provide quick and efficient identification
of potentially toxic substances, which can be
useful in the early stages of drug
development. Additionally, they can be used
to predict the toxicity of chemicals that have
not yet been tested, alowing for more
informed decision-making in terms of public
hedlth and environmental safety [14].
However, in silico toxicology prediction tools
do have their limitations. One of the biggest
limitations is the lack of complete accuracy,
as the predictive models are based on
assumptions and extrapol ations from existing
data. Furthermore, these tools are not yet able
to fully replace animal testing, as there are
still certain aspects of toxicity that cannot be
accurately predicted in silico [22].

There have been many studiesin the literature
on the potential health risks of the
chloroacetanilide family of herbicides. The
most common chloroacetanilide herbicides

are  acetochlor, aachlor, butachlor,
metolachlor, s-metolachlor, pretilachlor,
propachlor and  propisochlor.  These

herbicides may have adverse effects on
human hedlth, according to some studies.

Sakarya University Journal of Science 27(4), 865-871, 2023

These herbicides are classified by the USEPA
as Class B2, L2, and C carcinogens and are
reported to have moderate to high chronic
toxicity [23, 24]. For example, one study has
shown that chloroacetanilide herbicides such
as dachlor increase the likelihood of
developing Parkinson's disease [25].
Ecotoxicological studies suggest that these
herbicides are the causal agents for DNA
damage and tumor induction in rats, fish, and
human lymphocyte cells found in in vitro
studies [26-29].

This study was conducted using in silico
analyses to determine the potential toxicity of
delachlor and xylachlor herbicides. Analyses
through four different software such as
Toxtree, Vega Hub, TEST and LAZAR
showed that both herbicides exhibited
mutagenic and carcinogenic properties in
Toxtree and VEGA software. Nonetheless,
the results of TEST and LAZAR predicted
that delachlor and xylachlor were non-
mutagenic, while xylachlor was non-
carcinogenic.

Our results suggest that two commonly used
herbicides, delachlor and xylachlor, may have
potentially harmful effects on human health
and the environment. These results emphasize
the importance of using in silico tools to
determine the toxicity of herbicidesaswell as
other chemicals.

5. CONCLUSION

Our study highlights the need for continued
research and monitoring of herbicides such as
delachlor and xylachlor and underscores the
importance of using advanced computational
tools to identify and mitigate potential health
and environmental risks associated with
chemical use in agriculture and forestry. The
discrepancies in the predictions among the
software tools may be due to the differences
in the agorithms and models used, as well as
the limitations of the in silico approach. In
silico predictions are based on the chemical
structure of the compound and do not take
into account the complex interactions and
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metabolic processes that occur in vivo.
Therefore, the in silico predictions should be
interpreted with caution and confirmed by in
vitro and in vivo experiments. Despite the
limitations of the in silico approach, it can
provide valuable insights into the potential
toxicity of chemicas and ad in the
development of safer and more sustainable
aternatives. By taking a proactive approach
to chemical safety, we can ensure that we are
protecting human health and the environment
for generations to come.
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A Novel M achine L ear ning-based Diagnostic Algorithm for Detection of
Onychomycosisthrough Nail Appearance

Serkan DUZAYAK ¥/, Muhammed Kiirsad UCAR"?

Abstract

Onychomycosisis the most common nail fungus disease in clinical practice worldwide, caused
by the localization of various fungal agents, including dermatophytes, on the nail. The tests
traditionally used for diagnosing onychomycosis are native examination, histopathological
examination with periodic acid Schiff (PAS) staining, and nail culture. Thereisno gold standard
method for diagnosing the disease, and the diagnosis process is time-consuming, costly, and
quite laborious. Today, new technol ogies are needed to detect onychomycosisviaAl-based ML
to reduce the clinician and laboratory-induced error rate and increase diagnostic sensitivity and
reliability. The present study aimed to design a decision support system to help the specialist
doctor detect toenail funguswith artificial intelligence-based image processing techniques. The
toenail images were taken by any camera initialy from the individuals referred to the clinic.
The image is divided into 12 RGB channels. Three hundred features were removed from each
channel as 25 in the time domain. The best features were selected through feature selection
algorithms in the next step to increase the performance and reduce the number of features, and
models were created by algorithm classification. The average performance values of all
proposed models, accuracy, sensitivity, and specificity, are 89.65, 0.9, and 0.89, respectively.
The performance values of the most successful model-created accuracy, sensitivity, and
specificity are 97.25, 0.96, and 0.98, respectively. Although the proposed method, according to
the findings obtained in the study, has many advantages compared to the literature, it can be
used as a decision support system for clinician diagnosis.

Keywor ds: Onychomycosis, nail fungus, image processing, artificia intelligence, machine learning

1. INTRODUCTION by aging. Furthermore, tinea pedis history,

trauma, obesity, diabetes mellitus are other

Onychomycosis is the most common nail
fungusdiseasein clinical practiceintheworld
caused by the localization of various fungal
agents including dermatophytes on the nail
[1], [2]. Therisk of onychomycosis increased

risk factors [3]. The condition constitutes a
public heath problem because it is
transmitted from person to person and
through direct contact with contaminated
surfaces. Furthermore, the quality of life of
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patientsis impaired due to aesthetic problems
caused by deformities in the nails, localized
pain in dystrophic nails that may affect the
daily life[4].

The tests which are traditionally used for the
diagnosis of onychomycosis are native
examination (microscopic KOH test),
histopathological examination with periodic
acid schiff (PAS) staining, and nail culture.
None of these tests are considered a stand-
alone standard test. The combined use of the
tests may increase the sensitivity and
specificity. However, there is not any
consensus on the most appropriate test
combination. The most important
disadvantage is that the nail culture which is
another diagnostic method may provide a
result after 3 weeks at least, and the culture
procedure bears the risk of contamination.
Another diagnostic test is histopathological
examination with PAS staining; however, this
test poses a disadvantage because it cannot be
applied to al patients and is expensive [5].
The KOH analysis is more practica and
cheaper than other methods. However,
limitations of this test include variable
sensitivity between 44% and 100%, the
possibility of being affected by experience of
the clinician, and average testing period
between 30 and 60 minutes.

Since the visual diagnosis is at the forefront,
dermatology is increasingly involved in
artificial intelligence (Al) studies. Machine
learning (ML) is a component of Al which
recognizes models synthesized from data and
automatically teaches the tasks to the
machines[6]. Although Al and ML have been
developed in dermatology mostly for the
diagnosis of melanoma and non-melanoma
cutaneous tumors, they are also used for
evaluation of psoriasis, atopic dermatitis,
cutaneous ulcers and  detection  of
onychomycosis [7-11]. Today, new
technologies are needed for the detection of
onychomycosis via Al-based ML in order to
reduce the clinician and laboratory-induced
error rate and increase diagnostic sensitivity
and reliability.

Sakarya University Journal of Science 27(4), 872-886, 2023

The artificial intelligence agorithms have
been used frequently in the field of
dermatology in the recent years [12-14].
These applications include skin cancer
detection [13, 15]. It is possible to create
artificial intelligence-based decision support
systemswith every image taken from the skin,
such as psoriasis, onychomycosis and acne
[12]. Artificial intelligence methods have
started to be preferred frequently in the
dermatological oncology [12]. Deep learning
artificia intelligence algorithms are preferred
since applications with image processing
frequently have higher performance value
[16-19]. The most significant disadvantage of
deep learning is requirement of much when
compared to classica machine learning
algorithms[18].

Onychomycosis is one of the diseases that is
frequently studied in dermatology. The
disease may be diagnosed with microscopic
images as well as artificial intelligence-based
diagnosis with skin images [14]. The model
offered in this study works with microscopic
images with a achievement rate of 95.9%
based on artificia intelligence. It was stated
in the aforesaid study that the clinician may
diagnose with an accuracy rate of 72.8%.
Microscopic images are needed for diagnosis
in the relevant study. The present study offers
a method that diagnosis may be established
with clinical images of nails without the need
for microscopic images. The diagnosis period
thereby may become shorter.

The accuracy rate of a proposed model based
on artificial intelligence for the diagnosis of
onychomycosis has been reported to be
84.58% [20]. Disease diagnosis in
dermatology is based on tissue and color
analysis [21]. The color and tissue changes
appear inthe course of onychomycosis. Inthis
case, diagnosis can be made by using color
analysis with the help of image processing
techniques[22, 23]. The mainstay of artificial
intelligence and image processing studies is
color analysis and the perception of this color
difference by the artificial intelligence.
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In two different studies, the accuracy rates of
the deep learning-based diagnostic system
were reported as 65% with the nail images
obtained from Kaggle [24, 25]. The accuracy
rates 1f both studies are quite lower. A
previous study conducted by Han et a. in
2018 developed a diagnostic model through a
data set of approximately 50 thousand nail
images with deep learning-based methods
such as CNN, R-CNN, ResNet-152, and
VGG-19 [8]. The sensitivity of model
performance values ranged between 87.2 and
96.7, the specificity was between 69.3 and
96.7, and AUC value ranged between 0.82
and 0.98. These high-performance values are
an indication that artificial intelligence may
be used in dermatology. Kim et al. offered
CNN deep learning model in adifferent study
[26]. The sengitivity and specificity values of
the model performance were 70.2 and 72.7,
respectively. The sensitivity and specificity of
labeling done by 5 dermatologists were 73
and 49.7 in the aforesaid study. It is
noteworthy that the artificial intelligence
model has a higher achievement rate than
dermatologists.

Unlike the literature, the aim of the present
study was to detect Onychomycosis with a
high achievement rate with the help of
classical machine learning algorithms instead
of deep learning methods. This study aims to
design a decision support system that would
help the specialist doctor for the detection of
toenail fungus with artificial intelligence-
based image processing techniques. The
procedures are carried out as follows in a
referring individual in the study. In the first
step, toenail images are taken from the
individual with the help of any camera. The
noise is removed from the captured images
with the help of digital filters. The clarified
images are split into 12 RGB channels for
more information extraction. Twenty-five
(25) features are extracted in the time domain
from each channel information. A total of 300
extracted features become parameters
representing images. The best features were
selected through feature selection algorithms
in the next step in order to increase the

Sakarya University Journal of Science 27(4), 872-886, 2023

performance and reduce the number of
features. After this stage, classification
models are created through data sets created
with selected features. The created modelsare
ready for useintheclinic.

2. MATERIAL AND METHOD

The present research was carried out within
the frame of the steps shown in Figure 1. The
aim of the study isto detect nail fungus based
on artificial intelligence with nail fungus
images. Within this context, the data were
collected from individuas to create an
artificial intelligence model. Theimages were
then cleared through digital filters and
separated into RGB channels. Different
images were obtained during the filtering.
Feature extraction was performed from the
obtained image channel information.
Relevant features are selected with the help of
feature selection agorithm. The artificia
intelligence trainings were carried out
through  different  machine  learning
algorithms at the last stage. The detailed
additional information for the process stepsis
given in the sub-titles.

2.1. Data Collection

This research includes sick and healthy nall
images collected from 76 individuals who
have referred to dermatology and venereal
diseases polyclinic of Sakarya Karasu Public
hospital between 02/01/2020 and 02/01/2021
(Table1.).

Table 1 The distribution of gender-based age
individual count

Mde Female Totd
n 39 37 76
Mean 37.18 33.30 35.29
Std 13.85 1334 13.65
Min 18 18 18
Max 67 60 67

n: number of individuals
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Figure 1 Study implementation process

Nail images collected from a total of 76
individuals including 39 males and 37
females were classified as fungal disease or
healthy by the specialist within the framework
of examinations (Table 2.). In other words,
more than one image was taken from an
individual.

Table 2 Distribution of the images as sick,
healthy, and gender-based

Made Femae Total
Patient 155 87 242
Healthy 139 307 446
Total 294 394 688

2.2. Image Preprocessing

Totally 688 nail images collected from
individuals were preprocessed (Figure 2.). As
afirst step, the nail image on each finger was
trimmed rawly. Manual segmentation was
performed on the trimmed image. A mask was
created for each image. Image smoothing was
performed by applying an averagefilter to the
segmented image. The Hue Saturation Value
(HSV) image of both filtered and unfiltered
image was obtained. As a result of this
process, four images including the original,

Sakarya University Journal of Science 27(4), 872-886, 2023

the original mean filtered, the original HSV
and the filtered HSV image appeared. The
RGB channels of each image are separated
and the image is rendered processable. After
this stage, the feature will be extracted from
each RGB channel.

Nail Image

Selected Nail

4
“'\’ E HSV Information of
. Image
o —
J L

Manual Segmentation

Figure 2 Detailed visual representation of the
signal processing process

The steps and step outputs related to the
process of filtering the original image and
obtaining the HSV information are shown in
detall in Figure 3.

2.3. Feature Extraction

After the processing steps of the images, four
images (Orginal Image, Average Filtered
Image, Original Image HSV Information And
Average Filtered Naill HSV Information,
Figure 3.) and their 12 RBG channel
information were obtained for each nall
image. A total of 300 features were extracted
from each channel, including 25 statistical
featuresin the time domain (Table 3.).

Figure 3 The change of the images after filtering.

‘ ‘ Average Filtered Nail i G

Mask Average Filtered Nail
‘ HSV Information
L
4
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The features were released in the MATLAB
environment and the MATLAB library was
used for some features. Ozellik ¢ikarma
olduk¢a Onemli bir siirectir. Feature
extraction is a very important process. The
extracted features should describe the signal
well. It is known that statistical-based feature
extraction processes, which are thought to
describe data sets well in previous studies,
affect performance quite well. For thisreason,
the study was carried out using the features
used in the literature before [27-31].

2.4. Featur e Selection

Three hundred (300) features were extracted
from four images and 12 RGB channels for a
nail image until this stage. The aim of the
feature selection step is to improve the
performance of machine learning by weeding
out irrelevant features.

A previous study in which the Eta feature
selection algorithm was compared with other
algorithms states that it could be more
efficient than existing algorithms in terms of
performance [27].

Eta feature selection algorithm is used to
select features to increase  model
performance.

The feature selection algorithm based on the
eta correlation coefficient performs the
selection process between the unordered
gualitative (Sick/ Healthy) variables and the
continuous numerical variables (the average
pixel value of the image) according to the
level of the correlation coefficient.

Sakarya University Journal of Science 27(4), 872-886, 2023

Table 3 Mathematical equationsfor the features[27]

No. Feature Equation
n
1 | Kurtosis X :Z(xa)—i)“/(n-l)s“
i=1
n
2 | Skewness xs.@:Z(x,- ~%3/ (n-ps3
i=1
3 | *IQR IQR=iqr (%)
4 DK DK =(S/%)100
5 | Geometric Mean G=g++%
6 Harmonic Mean H=n/(i+...+i)
X *n
Activity - Hjort
i Paramte);ersJ A=
8 '\P/Ia?grli:gersHJ o M :%2 /s?
10 | * Maximum Xmax = Mmex(X )
Xn+1 1 x odd
~ | 2
11 | Median X=1q
—(Xpn +Xp ) :xeven
20— 4
2 2
12 * Mgan Absolute MAD = mad(x)
Deviation
13 | * Minimum Xrin =min(x )
14 | * Central Moments CM = moment(x,10)
n
_ 1 1
15 | Mean XZHZ:;W £x0)
i=1
n
16 | Average Curve Length CL== > K —X-1l
i=2
n
1 2
17 | Average Energy E:H X
i=
n
18 | Root Mean Squared Xrms = %qu 12
i=1
19 | Standard Error Sx=S/n
n
20 | Standard Deviation S= ’%Z(xi -X)
i=1
1 n
21 | Shape Factor SF=Xrmg/ (FZJM_')
i=1
2 | peompositon S0 = el
23 | * 25% Trimmed Mean T25=trimmean(x, 25)
24 | * 50% Trimmed Mean T50=trimmean(x,50)
25 | Average Teager Energy

n
1 2
TE:H E (X 1-%%-2)
i=3

* The feature was computed using MATLAB
IQR Interquartile Range, DK Coefficient of Variation
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The algorithm calculates a correlation
coefficient between each feature of the image
and theimagetag (r) [32]. Ther coefficient is
called the inter-correlation coefficient Eta.
Calculated correlation coefficients are rated
between 0 and 1, with 1 indicating the best
correlation. The features are arranged in order
of relevance by arranging the r values from
the largest to the smallest. After this stage,
models are created by selecting the best X%
features in order to determine how many
features would affect the performance. The X
indicates the percentage quantity that is
wanted to be selected. In this study, 20
different values were determined by
increasing the X value between 5 and 100
with 5 step intervals. The models created with
each value are called levels. As the feature
selection level isincreased, in other words, as
the X value is increased, new datasets are
created. Twenty feature groups were created
at the end of this process.

2.5. Machine Learning

In this research, three basic machine learning
methods were preferred due to their higher
performance. The first of these is artificial
neural networks (ANN) which are the basis of
deep learning [33, 34]. ANN is an agorithm
that has higher performance as classical
machine learning algorithms and fast deep
learning. The performance could be made
guite higher depending on the type of
problem. The deep learning models are the
right choice, especially for problems where
direct processing of images is required,
however, ANN can remain at the basic level.
However, as the complexity of the problem
decreases, preferring ANN models may bethe
right choice. The biggest chalenge during
ANN trainings is performing the parameter
optimization depending on the data set.
Therefore, many trials should be done by
changing the ANN parameters for different
datasets during the training. This number of
trials may be up to millions. Some parameters
may be kept constant in order to reduce the
number of trials. For example, trainlm is one
of the most optimized structures among ANN

Sakarya University Journal of Science 27(4), 872-886, 2023

training algorithms. Therefore, keeping such
parameters constant will reduce the number of
trial variances.

Anocther agorithm is the Support Vector
Machine (SVM) used in classica machine
learning [35, 36]. SVM isone of the classical
machine learning agorithms with higher
adaptability to datasets, higher performance
and shorter training time in general. The aim
of the algorithm is to create an n-dimensional
plane that will divide the dataset into two
classes. The dataset is sized depending on the
number of features. The agorithm has two
basic working structures including linear and
non-linear. Depending on the suitability of the
data set, this structure may be preferred by the
user.

The last method is Ensemble Decision Trees
(EDT) containing a hybrid structure [37, 39].
Ensemble structures are generaly hybrid
structures created by combining more than
one algorithm. These hybrid structures take
the average of decisions given by all
algorithms in the structure and reflects to the
output. The output may be found by the
average or weighted grading. This means that
the effect of each machine learning on the
output is determined by proportioning it
between 0 and 1. The algorithm with the
highest performance would be more effective.
In this type of structures, it is often preferred
because the error rate decreases, and single
classifiers come together to create models
with higher performance.

CNN isanew artificial intelligence algorithm
that is frequently used today. However, high
performance computers or servers are
required for its use. Since high-performance
computers are costly, classica machine
learning algorithms are preferred in this
study. In order for the successrate to be at the
same level with deep learning methods,
innovations have been made in the signa
processing process [8, 9, 26].
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2.6. Performance Assessment Criteria

In this study, six performance evaluation
criteria which are frequently used in the
literature were preferred. These include
accuracy, sengitivity, specificity, F-Measure,
Kappa coefficient, and AUC vaue. The
eguations of the parameters may be accessed
viarelevant reference [40]. The models were
divided into two as training by 80%, and test
by 20% (Table 4.).

Table 4 The data distribution for training and test

process
The Training Test Tot
dataset (80%) (20%) a
Patient: 193 49 242
Healthy 244 60 304
3.RESULTS

The aim of the study is to detect nail fungus
with artificial intelligence-based nail images.
The data collected in the polyclinic were
obtained from 688 nall images of 76
individualswith 242 sick and 446 healthy nail
images. A total of 12 imageswere obtained by
preprocessing each image (Figure 2.). After
preprocessing, 25 features were extracted
from each image and 300 features were
extracted from 12 images in total (Table 3.).
Eta feature selection algorithm is used to
Improve machine learning models.

The features are selected with a certain
amount through the feature selection
algorithm, and models at different levels are
created (Table 5.). The best result in the table
is marked in red. The level 1 model was
created by selecting the best 5% features. The
models were created with three machine
learning at this level. A total of 15 features
were selected with 5% features. Thirty
features were selected with the best 10%
features for the level. Tree models were
created with three machine learning at this
level. The achievement rate reaches its
maximum when the amount of features

Sakarya University Journal of Science 27(4), 872-886, 2023

increases and reaches by 90%. The
achievement rate was 79.82 a 5%, and
97.25% at 90%. Balance and higher levelsare
expected in other parameters as well as
accuracy rate. The sensitivity and specificity
values of the model created with 5% feature
are 0.84 and 0.83. Such values are 0.96 and
0.97 with afeature by 90%. The closeness of
these ratios indicates that the model is stable
and balanced. In the graphical representation
of the performances, it has been determined
that the performance increases when the
number of features increases (Figure 4.) .
Different performance values are compared
on the spider chart for the best performance
Level 10 and 18 (Figure 5.). Different
performance values are compared on the
spider chart for the best performance Level 10
and 18. It was determined that the EDT model
for level 18 and the SYMS model for level 10
were the most efficient.

The model performance values proposed in
this study were compared with the results of
the studiesin the literature (Table 6, 7.). The
reason for the proposed model being better
than others stated in the literature may be the
steps in the image processing processes. The
difference here is the methods chosen in the
feature extraction, feature selection, and
classification stages.
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Table 5 Model performances
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Table 5 Modd performances (continuance)

Info Performance Evaluation Criteria Info Performance Evaluation Criteria
L=1, NF=15, FP=5 L=11, NF=165, FP=50
Model Acc Sen Spe F-O Kappa AUC Model Acc Sen Spe F-O Kappa AUC
CNet 8349 084 083 084 0.67 0.84 CNet 88.07 0.88 0.88 088 0.76 0.88
EDT 80.73 084 078 081 0.61 0.81 EDT 9633 094 098 096 0.93 0.96
SVMs 7982 088 073 0.80 0.60 0.81 SVMs 88.07 090 0.87 088 0.76 0.88
L=2, NF=30, FP=10 L=12, NF=180, FP=60
Model Acc Sen Spe F-O Kappa AUC Model Acc Sen Spe F-O Kappa AUC
CNet 8349 082 08 083 0.67 0.83 CNet 91.74 0.92 092 092 0.83 0.92
EDT 8440 086 083 085 0.69 0.85 EDT 9633 096 097 096 0.93 0.96
SVMs 8624 090 083 0386 0.72 0.87 SVMs 8899 094 0.85 0.89 0.78 0.89
L=3, NF=45, FP=15 L=13, NF=195, FP=65
Model Acc Sen Spe F-O Kappa AUC M odel Acc Sen Spe F-O Kappa AUC
CNet 8716 0.86 088 087 0.74 0.87 CNet 8624 0.88 0.85 0.86 0.72 0.86
EDT 8716 0.88 087 087 0.74 0.87 EDT 91.74 092 092 092 0.83 0.92
SVMs 7982 0.80 080 0.80 0.59 0.80 SVMs 90.83 0.92 090 091 0.82 0.91
L =4, NF=60, FP=20 L=14, NF=210, FP=70
Model Acc Sen Spe F-O Kappa AUC Model Acc Sen Spe F-O Kappa AUC
CNet 8349 084 083 084 0.67 0.84 CNet 9358 092 095 093 0.87 0.93
EDT 8899 090 088 089 0.78 0.89 EDT 9633 094 098 096 0.93 0.96
SVMs 8257 082 083 082 0.65 0.82 SVMs 8991 0.88 092 0.90 0.80 0.90
L=5, NF=75, FP=25 L=15, NF=225, FP=75
M odel Acc Sen Spe F-O Kappa AUC M odel Acc  Sen Spe F-O Kappa AUC
CNet 88.07 0.88 088 088 0.76 0.88 CNet 8991 092 0.88 090 0.80 0.90
EDT 8991 090 090 090 0.80 0.90 EDT 8991 094 0.87 090 0.80 0.90
SVMs 8899 090 088 0.89 0.78 0.89 SVMs 8624 084 0.88 0.86 0.72 0.86
L =6, NF=90, FP=30 L=16, NF=240, FP=80
M odel Acc  Sen Spe F-O Kappa AUC M odel Acc  Sen Spe F-O Kappa AUC
CNet 9266 090 095 092 0.85 0.92 CNet 69.72 100 045 062 0.42 0.73
EDT 9358 094 093 094 0.87 0.94 EDT 9450 092 097 094 0.89 0.94
SVMs 90.83 090 092 091 0.81 0.91 SVMs 91.74 088 095 091 0.83 0.91
L=7, NF=105, FP=35 L=17, NF=255, FP=85
Model Acc Sen Spe F-O Kappa AUC Model Acc  Sen Spe F-O Kappa AUC
CNet 8991 086 093 0.89 0.79 0.90 CNet 9358 094 093 094 0.87 0.94
EDT 9266 090 095 092 0.85 0.92 EDT 9633 094 098 096 0.93 0.96
SVMs 89.91 092 088 090 0.80 0.90 SVMs 8899 0.86 092 0.89 0.78 0.89
L=8, NF=120, FP=40 L=18, NF=270, FP=90
M odel Acc Sen Spe F-O Kappa AUC M odel Acc  Sen Spe F-O Kappa AUC
CNet 9266 090 095 092 0.85 0.92 CNet 9266 096 090 093 0.85 0.93
EDT 9174 090 093 092 0.83 0.92 EDT 9725 096 098 097 0.94 0.97
SVMs 8899 086 092 0.89 0.78 0.89 SVMs 9266 094 092 093 0.85 0.93
L=9, NF=135, FP=45 L=19, NF=285, FP=95
M odel Acc Sen Spe F-O Kappa AUC Model Acc Sen Spe F-O Kappa AUC
CNet 90.83 090 092 091 0.81 0.91 CNet 90.83 092 090 091 0.82 0.91
EDT 8991 092 088 090 0.80 0.90 EDT 9725 09 098 097 0.94 0.97
SVMs 90.83 090 092 091 0.81 0.91 SVMs 8349 084 083 084 0.67 0.84
L =10, NF=150, FP=5 L =20, NF=300, FP=100
Model Acc Sen Spe F-O Kappa AUC M odel Acc Sen Spe F-O Kappa AUC
CNet 9266 092 093 093 0.85 0.93 CNet 91.74 092 092 092 0.83 0.92
EDT 9358 096 092 0.94 0.87 0.94 EDT 9358 092 095 093 0.87 0.93
SVMs 9358 096 092 094 0.87 0.94 SVMs 91.74 090 093 092 0.83 0.92
L: Level, NF: Number of Feature, FP: Per centage of L: Level, NF: Number of Feature, FP; Per centage of
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Figure 4 Graphical representation of model
performances

4. DISCUSSION AND CONCLUSION

Early diagnosis in dermatology is of vita
importance for improving the quality of life.
There is a need for new, reliable and fast
decision support systems that will shorten the
diagnostic processes for early diagnosis. New
artificial  intelligence-based  diagnostic
techniques that meet the specifications may
be devel oped today. The aim of thisstudy was
to develop afast and reliable decision support
system based on artificial intelligence for the
detection of Onychomycosis. There are
guidelines suggested for image processing
processesin the literature [41].
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Figure 5 Spider graphical representation of
model performancesfor levels 10 and 18

These outlines consist of image, feature
extraction, feature selection, and
classification steps. The system performance
here is directly dependent on the process
developed. It has been recently discovered
that performances may be increased very well
with deep learning methods [33]. With all
these devel opments, interest in the use of deep
learning methods has increased. However, the
need for high-performance computers for the
training of deep learning agorithms is
increasing day by day. The interest in
classical machine learning still continues due
to this disadvantage. In this study, classical
machine learning algorithms were preferred
considering hardware inadequacies.
Considering the applicability of the systems,
it is obvious that high-capacity computers
cannot exist in every clinic. All image
processing processes are done by algorithmin
deep learning when classica machine
learning agorithms are preferred, deepening
should be applied in image processing
processes. Digital filters are used to process
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images in this study. The noise on the image
iscleared. In addition to thefilters, theimages
were separated into channel information and
different  information was  produced.
Revealing different information that defines
the image is thereby aimed. However, having
alot of information does not mean that they
are meaningful. Therefore, feature selection
algorithms are used to highlight useful
information. It is seen in the results that the
selected features increase the performance
(Tableb.). Thisincreaseisanindication of the
efficient implementation of the process. The
results obtained are compatible with the
literature. In addition, the feature selection
algorithm hel ped to increase the performance.

There are studies recommended for the
diagnosis of Onychomycosis in the literature
[8, 9, 26]. The common feature of these
studies is performing deep learning-based
classification. Image preprocessing is
relatively very less. Images areintegrated into
the system with their tags. The image
processing processis driven by deep learning.
Although this process seems relatively
adequate, it is quite time consuming for
training time. Furthermore, it has a different
disadvantage that requiring high level
hardware. The most significant advantage of
these systems is their high-performance
value. The compactness of the model
provides a great advantage to the developers
[42, 43]. However, non-model devel opment
of deep learning processes is possible by an
expert developer, like this study.

The performance value of the model proposed
in this study is higher than the model results
made with deep learning in the literature
(Table 6, 7.) [5, 8, 14, 26]. This may be
associated with the feature extraction and
selection process in image processing. In this
study, unlike the literature, high performance
is achieved with the help of classical machine
learning algorithms instead of deep learning
methods. The results obtained are quite good
compared to the literature. The image
processing process has greatly increased the
performance.
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Table 6 Comparison of literature results

No References Method Image
. Microscopic
1 [14] Yilmaz2022  Deep Learning Image
- S Microscopic
2 [14] Yimaz2022  Specialist Clinician Image
Nijhawan . )
3 [20] 2017 Deep Learning Nail Image
4  [24] Indi 2016 Deep Learning Nail Image
5 [25] Kanchna2021 Deep Learning Nail Image
6 [5] Velasguez- KOH-Systematic
Agudelo 2017 Compilation
Velasquez- .
7 [5] Agudelo 2017 Histopathol ogy
8 [26] Kim2020 Deep Learning
. Five Specialist
9 [26] Kim2020 Clinicians
10 [13] Han2018 Deep Learning
11 Model Ensemble Decision Nail I mage
Offered Tree 9

Table 7 Comparison of literature results 2
No Acc Sen Spe F-M K AUC F1 Pre

1 9590 955 975 0991 955 9558

2 728 61 95 0.87 7469 96.3

3 8511 898 89.1 0.848
4 65
5 65
61 95
6 @4 (75
100) 100
84 89
7 (61- (44
93 100
8 702 727
9 73 497
10 87.2- 69.3- 0.82-
9.7 967 0.98

11 9725 96 98 097 094 097

: F-Measurement, AUC: Area Under the Receiver Operating
Characteristic (ROC) Curve, Acc Accuracy, Sen Sensitivity, Spe
Specificity, Pre Precision, K Kappa, F1 F1-Score

After onychomycosis formation on the nail,
pigments of different colors begin to formin
thenail. Thisan important point for diagnosis.
A study conducted in 2022 developed an
onychomycosis diagnosis algorithm with
deep learning methods based on changes in
nail pigments [40]. The achievement rate of
the system was evaluated over the pigment-
based estimation. The most important
limitation of the study is that the performance
values given are not comparable with other
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studies in the literature. All the results given
in this study have been evaluated from
different perspectives so that they can be
compared with the literature. The results
obtained are better than the literature. This
may be because the image processing process
Is done effectively.

Researches on artificia intelligence in
different methods continue for the diagnosis
of onychomycosis [44, 45]. Methods
considered as new research topics are Nail
Dermoscopy (Onychoscopy), Reflectance
Confoca Microscopy and Molecular Assays.
The developed methods are till being
investigated in the literature and their
sensitivity varies between 52.9% and 100%.
This change in sensitivity still indicates that
research needs to continue.

Itisan inevitable fact that the development of
artificial  intelligence-supported diagnostic
processes in dermatology will facilitate the
work of dermatologists. As the society,
dermatologists and developers may adapt to
this process faster, the diagnosis and
treatment times will be shorter. Therefore,
artificia intelligence studies in dermatology
have started to have a vital importance.
Further studies are important building blocks
needed for systems to become perfect.

This study is one of the artificial intelligence
applications in dermatology. The proposed
method for the detection of Onychomycosis
in the study is different and better than the
literature in terms of performance and
procedure steps. The significant advantages
of the study may be listed as follows. 1.
Conventional machine learning agorithms
were preferred instead of deep learning, and
the training period was shortened. 2. More
detailed information about the images is
reveadled along with the advanced image
processing process. 3. The relevant
information of the images is selected through
the help of feature selection agorithms.
Significant improvements were thereby
achieved in traning duration and
performance. 4. The performance value of the

Sakarya University Journal of Science 27(4), 872-886, 2023

models proposed in this study has a higher
accuracy rate compared to the literature. 5.
The model developed is adequate to work on
al kinds of platforms. When al these
advantages are considered in generad, it is
evauated that the proposed model may help
the dermatologist as a decision support
systemin the clinic.
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Characterization of Polyphenol Oxidase from Eruca sativa

Negin SHABNAM*®'| Sibel KAHRAMAN™?

Abstract

Enzymatic browning reactions by polyphenol oxidases cause alteration of appearance, flavor
and nutritive value of vegetables and fruits. It is one of the important problems for vegetables
used as salads and causes lots of economic losses. In this study, polyphenol oxidase (PPO)
from Eruca sativa was extracted and characterization studies were carried out. Substrate
specificity for variable substrates, optimum pH, optimum temperature, effect of different metal
ions were assayed. Km and Vmax values were determined as for pyrocatechol Km = 10.24 mM,
Vmax = 0.0018 U min'?, catechin; Km = 12.57 mM, Vma = 0.0012 U min'?, gallic acid; Km =
23.07 MM, Vmax = 0.0001 U mint. Optimum pH and temperature were determined as pH:7.0
and 20 °C respectively. Effect of various metal ions such as, K*, Fe&?*, Mg?*, Zn?*, Cu?* and
Hg?" on enzyme activity were measured. K*, Mg?*, Zn?*, Cu?* ions inhibited PPO activity

significantly. However Fe?* ion did not inhibit PPO activity.

Keywords. Characterization, Eruca sativa, enzyme, polyphenol oxidase

1. INTRODUCTION

Polyphenol oxidases (PPO, EC 1.14.18.1) are
a group of copper-containing enzymes which
catalyses two basic reactions, in the presence
of molecular oxygen, the o-hydroxylation of
monophenols to give o-diphenols and the
subsequent oxidation of o-diphenols to o-
guinones[1, 2]. O-quinones are the precursors
of the browning products [3]. Enzymatic
browning reaction is one of the important
problems for vegetables especially for salads
and causes lots of economic loss. Because,
enzymatic browning poses a significant issue
for vegetables used in salads since it can lead
to undesirable changes in their appearance,
flavor, and nutritive value, which can directly

affect consumer and

marketability.

acceptance

Purification and characterization studies were
carried out for many different plants,
vegetables and fruits because of the role of
PPO in enzymatic browning reactions. Since
many studies aimed to suppress the activity of
PPO for protecting its quality.

Eruca sativa is an edible annual plant, also
known as salad rocket, roquette [4]. Eruca
sativa, which is widely popular as salad, is
one of the species of Eruca native to the
Mediterranean region; Morocco, Portugal,
Syria, Lebanon and Turkey [5, 6]. It isagood
source of vitamin A, vitamin C, calcium, iron
and minerals and antioxidants like flavonoids.
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Hydroxycinnamic and kaempferol derivatives
are the main phenolic compounds in Eruca
sativa [7]. After harvesting the plant these
phenolics are subjected to oxidation which
leads to enzymatic browning. This affects
nutritive values and aso organoleptic
properties of the plant like appearance, flavor
and acceptance of the consumers. Browning
reactions are also sign for injury.

In our study, biochemical characterization of
Eruca sativa PPO was aimed by determining
pH and temperature effect on enzyme
activity, substrate specificity, effect of metal
ions and inhibitors and also Kkinetic
determinations like Km and Vmax values for
different substrates. The novelty and benefit
of this study liein the detailed analysis of the
PPO enzyme in Eruca sativa, for which
limited research has been previousy
conducted. We determined the optimum
conditions for enzyme activity, such as pH,
temperature, substrate specificity, and the
effect of metal ions and inhibitors. This in-
depth analysisoffersvaluableinsightsinto the
factors affecting PPO activity, which may
potentially lead to innovative strategies for
the prevention of enzymatic browning in
Eruca sativa and the enhancement of its
overall quality and consumer acceptance.
These findings could contribute to devel oping
strategies for preventing quality lossin Eruca
sativa, in terms of appearance, taste, and
nutritional value.

2. EXPERIMENTAL
2.1. Materials

Pyrocatechol, catechin and galic acid were
obtained from Sigma Aldrich, Merck (St
Louis, MO, USA). All the chemicals used in
the study were analytical grade.

2.2. Plant Material

The identified Eruca sativa seeds were used
from Istanbul tohumculuk. They had been
cultivated in Ulus Organic Garden (Istanbul)
between March and June 2015. They were

Sakarya University Journal of Science 27(4), 887-894, 2023

stored at +4 °C until further use. All of the
studies were performed within 24 hours after
the plants were collected.

2.3. Preparation of Crude Enzyme Extract

E. sativa (5 g) was homogenized by using
Waring blender (Waring commercial, USA)
in 40 mL of 50 mM phosphate buffer
(pH=7.0). The homogenate was filtered
before centrifugation with a NF 400R
centrifuge at 4100 rpmfor 20 minat 4 °C. The
supernatant was used as the enzyme extract.

2.4. Enzyme Activity Assay

PPO activity was determined with
spectrophotometer (Optizen POP, KLAB,
Dagjeon, Republic of Korea) by using
pyrocatechol as substrate, measuring the
increase in absorbance at 420 nm [8]. The
reaction mixture contained 1.9 mL of 50 mM
substrate solution prepared in 50 mM
phosphate buffer at pH: 7.0 and 0.1 mL of
enzyme solution. For enzyme activity, one
unit was described as change 0.001 in
absorbance per minute.

2.5. Evaluation of Enzyme Properties
2.5.1. Substrate specificity

Substrate specificity was tested by using 50
mM solutions of pyrocatechol, catechin and
galic acid. The reaction of substrates with
PPO was measured spectrophotometrically at
the particular wavelength of each substrate in
50 mM phosphate buffer (pH 7.0).

2.5.2. Effect of pH on PPO activity

Optimum pH for E. sativa PPO activity was
assayed by monitoring its activity at pH range
of 4.0-100 with 50 mM buffer
solutions.  Acetate buffer (pH 4.0-5.0),
phosphate buffer (pH 6.0-7.0), and Tris-HCI
buffer (pH 8.0-9.0) were used for different
pH degrees. PPO activity was determined
under the standard assay condition.
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2.5.3. Effect of temperature on PPO
activity

Optimum temperature for E. sativa PPO
activity was assayed by measuring the
enzyme activity at different temperatures.
Enzyme was incubated at water bath for 45
min at the temperatures from 20 to 70 °C with
10 °C increases, prior to the addition of
substrate. PPO activity was determined with
pyrocatechol substrate.

2.5.4. EnzymeKkinetic parameters

The specificity of E. sativa PPO activity was
distinguished by mixing the crude extract
with three different substrates. pyrocatechal,
catechin and gallic acid at 420 nm at various
concentrations; 5, 10, 15, 20, 25 and 30 mM.
The kinetic data was plotted as 1/V versus
V[S]. The Michaelis-Menten constant (Km)
and maximum velocity (Vmax) parameters
were obtained with variable substrate
concentrations in the standard reaction
mixture. Substrate specificity (Vmax/Km) was
determined by using Lineweaver-Burk plot

[9].
2.5.5. Effect of metal ionson PPO activity

The effect of 5 mM solution of each metal
ions such as K*, Fe&?*, Mg?*, Zn?*, Cu?* and
Hg?* on enzyme activity was evaluated and
then percentage residual activitieswere found
out in comparison with standard assay
mixture in the absence of metal ion.

3. CONCLUSIONS AND DISCUSSION
3.1. Substrate Specificity

The varied number of phenolic compounds
were reported as substrates for PPO. In this
study, pyrocatechol, catechin and gallic acid
were used for comparing substrate specificity.
Pyrocatechol was used as main substrate
because the enzyme showed high affinity
(Table 1). It was followed by gallic acid and
catechin respectively. The relative activities
of the other substrates calculated regarding

Sakarya University Journal of Science 27(4), 887-894, 2023

the pyrocatechol activity. E. sativa PPO
showed low affinity towards catechin and
galic acid. The affinity order of the enzyme
towards the substrates pyrocatechol >
catechin> gallic acid. In a separate study on
lentil sprout PPOs [10], it was demonstrated
that the enzyme had the greatest affinity for
catechol (Km = 1.32, 1.76, and 0.94 mM,
respectively), which is consistent with our
findings.

Table 1 Substrate specificity of Eruca sativa

PPO
Relative activity
Substrates (50 mM) (%)
Pyrocatechol 100
Catechin 14
Gallic acid 21

3.2. Kinetic Parameters

Km value is showing the affinity of the
enzyme towards the tested substrate. Lower
values are indicatives of high affinity,
however higher values are indicatives of low
affinity. For E. sativa PPO activity,
MichaglisMenten constant (Km), the
maximum reaction velocity (Vmax), and Vimax /
Km values were calculated using Lineweaver
and Burk [9] method (Table 2). Km and Vmax
values for pyrocatechol, catechin and gallic
acid substrates were calculated and can be
seen from the Table 2. E. sativa PPO had the
highest affinity to pyrocatechol substrate due
to smallest Km value (10.24 mM). All the
determination studies were done using same
substrate concentrations. Km vaue was
reported for mamey fruit PPO Km = 44 mM
[11], 682.5 mM in cabbage [12] and 20 mM
in Stanley plum [13] for catechol substrate.
The blueberry PPO exhibited a Km of 15 mM
and Vmax of 2.57 DA420 nm/min [14], for
blackberry PPO, Km of 17 mM and Vmax of
2.02 DA420nm/min, with catechol [15]. Zhao
et al., [16] reported 10.17 mM Km value with
catechol for sugar cane similar to our
findings. Catechin was reported as the best
substrate with a Km of 0.49 mM for Indian tea
leaf PPO [17].
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Table 2 Kin and Vimax Values of E. sativa PPO for

different substrates
Substrates Km Vimax (UM
GomM)  (mM)  mind)  VmedKm
Pyrocatechol 10.24 18x10° 1x10°
Catechin 46.84 32x10° 6.8x10°
Gallic acid 23.07 1x10%  4.3x10°

These differences for Km value caused by
substrate, type of extraction, purity fold of the
enzyme, and location of the enzyme [18].

3.2.1. Effect of pH

The activity of E. sativa PPO was determined
at different pH values, changing from 4.0 to
10, using pyrocatechol as substrate. All
procedure was done at room temperature.

The results show that highest activity peak
was obtained at pH 7.0 (Figure 1). When the
pH of the media changes, also the charge of
the enzyme’s surface which affecting the
solubility and conformation of it. That also
affectsthe binding of the enzyme with various
substrates and inhibitors[19]. Generally, PPO
enzyme from different sources like plants,
vegetables and fruits show its maximum
activity near to neutral pHs [1, 5] therefore
our result is consistent with the literature. Itis
worth noting that PPO reached its maximum
activity near pH 7.5 for Acetes chinensis[20].
Altunkaya [5] found out optimum pH as 6.0
for fresh cut rocket PPO. It was also reported
that optimum pH was 7.0 for borage PPO
[21], red chard PPO [22], mamey fruit PPO
[11].
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Figure 1 pH stability of E. sativa PPO
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E. sativa PPO activity was decreased either
alkaline or acidic pH’s. Enzyme was almost
fully inactivated at extreme alkaline
conditions like pH:10 and also activity loss
was observed for acidic pH’s (4.0-6.0). E.
sativa PPO activity at pH: 5.0 was lost 80%.

3.2.2. Effect of temperature
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=
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Figure 2 Temperature effect on E. sativa PPO

The effect of temperature between 20 and 70
°C were determined using pyrocatechol as
substrate (Figure 2). Enzyme was incubated
prior to the substrate addition. The results
show that optimum temperature for E. sativa
PPO was 20 °C. The enzyme activity was
decreased in significant proportions higher
than 50 °C. Moreover when the enzyme
incubated at higher temperatures like 50-70
°C it was amost totaly inactivated (5.5%
residual activity).

Temperature is one of the parameters which
modulate the catalytic activity of enzymes
either increasing or decreasing the activity.
Optimum temperature for PPO was reported
as 10 °C to 60 °C for different sources and
substrates [23]. Moreover PPO was known as
stable at lower temperatures but unstable at
higher temperatures [5]. E. sativa PPO
activity was decreased with increasing
temperatures and its activity amost
completely lost when the assay temperature
reached 60 °C. PamaOrozco et a. [11]
found that the mamey PPO activity decreased
between 50-60 °C and after 65 °C no activity
remained. Optimum temperature was
reported as 30 °C for fresh cut rocket PPO [5].
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Sikora et al. [10] reported the maximum
activity of PPO from lentil sprouts occured at
35 °C when using catechol as the substrate.

3.2.3. Effect of metal ions

The effects of various metal ions on the E.
sativa PPO activity were studied at a
concentration of 5 mM using pyrocatechol
substrate at standard assay conditions. The
results are presented as percentages of
residual activity of PPO in Table 3.

Table 3 Effect of metal ions on E. sativa PPO

activity
Metal ions Relative activity (%)
K+ 21.78
Fe?* 100
Mg** 24.81
Zn? 23.48
Cu** 32.57
Hg?* 62.50

K*, Mg?, Zn?*, Cu?*, Hg?" ions decreased the
PPO activity. The minimum residual activity
was calculated as 21.78 % in the presence of
K™ ions. However, enzyme kept its activity in
100% after the addition of Fe?* ion. Zhao et
al. [16] reported inhibitory effect of K*, Mg?*"
Zr?*, Cu?* ions on sugar cane PPO. In
contrast to that Mg?* and Cu?* increased
Thomson seedless grape PPO activity, while
Zn?* and K* had an inhibitory effect [24].
Jang et al. [25] found out that PPO activity
was inhibited by Mg?* and Cu?* and activated
by Fe** and Zn?* for Solanum tuberosum
Jasim. Metal ions play important roles in
maintaining substrate binding in the active
site of metalloenzymes and in controlling the
redox activity of metaloenzymes in
enzymatic reaction [26], and the influence of
metal ions on the activity of PPO is more
complicated, with the degree of influence
varying across different sources [27]. For
instance, the activity of PPOs from flower
buds of Lonicera japonica increased in the
presence of Zn?* and Mg?* (10 mM) [28].

Sakarya University Journal of Science 27(4), 887-894, 2023

4. CONCLUSION

In this study, we amed to provide a
comprehensiveinvestigation of PPO in Eruca
sativa, focusing on its biochemical properties
and the effects of different factors on its
activity. Our findings revealed the enzyme's
highest affinity for pyrocatechol (Km = 10.24
mM) among the three tested substrates. The
optimal pH for enzyme activity was found to
be 7.0, with a decline observed at acidic pH
values between 4.0 and 6.0 and alkaline pH
values between 8.0 and 10.0. The optimal
temperature was determined to be 20 °C, and
the enzyme was found to be unstable at high
temperatures.

Among the tested metal ions, the maximum
decrease in enzyme activity occurred in the
presence of K*, while enzyme activity
remained intact in the presence of Fe?*. These
findings contribute to our understanding of
the optimal conditions for Eruca sativa PPO
activity and the potential use of inhibitors for
preventing quality loss. This study presents
valuable insights into the potential
applications of Eruca sativa PPO and paves
the way for future research on preserving the
appearance, taste, and nutritional value of the
plant.
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Experimental and Numerical | nvestigation of Flexural Propertiesof Solid
Wood Materials Reinforced with Various FRP

Semsettin KILINCARSLAN "1 Yasemin SIMSEK TURKER*

Abstract

Wood materia is destroyed over time by biotic and abiotic factors. Many of the historical
buildings are made of wooden materials and these materials can degrade over time with the
effect of environmental conditions. In order to ensure the sustainability of these buildings with
historical value, they need to be repaired and strengthened over time. In this study, 20x20x360
mm wood specimens of Ash tree species were strengthened with carbon, basalt and glass based
FRP materias. The flexura properties of the reference sample without wrapping and the
samples reinforced with carbon, basalt and glass based FRP material were examined. For this
purpose, at first three-point bending test has been performed, and then obtained results are
compared with the numerical ones found from finite element analysis software ANSYS. As
result, a good agreement has been found between experimental and numerical results. As a
result of the flexural tests, the load-displacement curves, values of flexural strength and values
of modulus of easticity the samples were determined. In this study, it was determined that the
highest load carrying capacity value belongs to the sample reinforced with carbon-based FRP
polymers.

K eywor ds. Reinforcement, wood structures, wood materials, numerical, ANSY S
1. INTRODUCTION In addition to its many positive features, wood
also has some undesirable features that limit

the areas of use or cause problems during its
use. With these inconvenient features, the

Wood is a construction, aesthetic and
engineering material with a wide range of

uses, its many positive properties [1, 2]. Its
biologica structure, physical and mechanical
properties and chemical composition alow
wood to be used in many different products.
The fact that wood is a good insulation
material and its resistance high vaues
compare to its density are among the reasons
for preference [3-7].

wooden element requires maintenance, repair
and reinforcement over time. There are many
studies on those improvements of wooden
materials and it is important to strengthen
these structures. Wooden structures have
traditionally been reinforced with pieces of
steel and wood materia [8]. It was stated that
theinvestigation of the effect of reinforcement
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with fiber-reinforced polymers (FRP) on
different properties of wooden elements dates
back to the 60s[9].

Fiber reinforced polymer (FRP) composites
consist of fibers embedded in a polymer
component matrix. Composite materia,
which consists of a combination of fiber and
this polymer component matrix, has superior
properties than its original components. In
recent years, various studies have been carried
out on the strengthening of wood materials
with FRP polymers [10-14]. Spaun (1981)
[15] examined the increase in stiffness and
tensile strength by performing the bending test
of reinforced beams using glass fiber
reinforcement. In later studies, carbon fiber
started to be used as a reinforcement material
for the reinforcement of beams [9]. Garcia et
al., (2013) [16] stated in their study that if the
lower surface of a beam subjected to bending
is reinforced with FRP (carbon and basalt-
based fabrics) composite materias, there will
be an increase in bearing capacity as well as
an increase in ductility.

Kilincarslan and Simsek Tiirker (2021) [17],
are aimed to strengthen the joints of carbon
fiber reinforced polymer and glulam column-
beam joints. For this purpose, using
WV90080 and ALUMIDI 160, WV90110 and
ALUMIDI 200 connection elements, they
produced 2 column-beam connection samples
of each connection type. They prepared one of
the samples produced in each connection as a
reference and the other as areinforced sample.
They subjected the produced column-beam
joint samples to the load-displacement test
within the framework of the experiment.

It was determined that the load carrying
capacity, energy dissipation capacity and
rigidity values of the samples whose column-
beam connections were strengthened were
high. It has been stated that reinforcement
with carbon-based FRP fabric increases the
strength and durability of the column-beam
connection area.

Sakarya University Journal of Science 27(4), 895-901, 2023

Karagoz Isleyen and Kesik (2021) [18] 22
used carbon fiber reinforced polymer to
improve the mechanical behavior of old wood
samples that were damaged over time due to
various environmental and biological factors.
They investigated the effect of FRP
reinforcement on the strength values of old
and new wood specimens under bending and
compression loads. They found that the values
of flexural strength for new wood, reinforced
old wood and reinforced new wood increased
by 28%, 34% and 59%, respectively,
compared to the old unreinforced wood
material. They determined that the values of
elasticity modulus of new wood, reinforced
old wood and reinforced new wood were 15%,
19% and 34% higher than the old wood,
respectively.

In this study, it was aimed to investigate the
effect of reinforcement with carbon, glass and
basalt-based polymer fabric on the flexural
properties of Ash beams.

2. MATERIAL AND METHODS

In this study, Ash (Fraxinus excelsior L.)
wood species, which is widely used in the
production of wood composites and especially
for structural purposes, is studied. The Ash
beam samples used in the study have been
supplied from Nasreddin Forest Products
(Naswood) Ltd. in the Antalya region. The
wooden beams are manufactured from
smooth, knot-free, flawless timber with
dimensions of 20x20x360 mm. Before the
beams are tested, all samples have been kept
at temperature 20 °C (£2) °C and relative
humidity 65% (£5) conditions until they
reached the same equilibrium humidity. After
the samples were kept in the air-conditioning
cabinet, the humidity levels were checked
with an electric humidity meter.

Fiber reinforced polymer fabric based on
carbon, glass and basat is used for
reinforcement in the study. The technical
properties of the FRP fabricsused aregivenin
Table 1.
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Table 1 The technical properties of carbon, glass
and basalt fabrics (BASF, 2020)

Structure of the Carbon  Glass Basdlt
Material

Weight (g/m?) 300 300 200
Modulus of Elasticity 230 72 82
(GPa)

Tensile strength 4900 3900 3200
(N/mn?)

Design Section 0.166 1162 0.167
Thickness (mm)

Elongation at Break (%) 2.1 4.8 35
Width (mm) 500 500 500

In this study, at least two layers of wrapping
are used for the strengthened samples with
fiber-reinforced polymer fabrics, due to two
layers of wrapping is proposed in the practical
use of industry. Roll priming is performed to
form a thin film layer (0.1 -0.2 mm) with an
epoxy-based primer developed for the
MasterBrace® FRP (MasterBrace® P 3500)
System. After the priming process, Devel oped
Epoxy adhesive for MasterBrace® FRP
(MasterBrace® SAT 4500) Fibrous Polymer
System is used. Epoxy adhesive is applied to
the primed surfaces with aroller to achieve a
thickness of 1 mm. As seen in Figure 1, the
wrapping process of wooden beams with FRP
composites has been performed in a U-shaped
reinforcement in three regions of the beam.
After the epoxy adhesive is applied, fibrous
polymer fabrics cut in appropriate sizes are
stretched in the direction of their fibers and
adhered to the surface, immediately. Then, it
is ensured that the epoxy is absorbed into the
fabric and there is not any gap between it and
the surface by pressing in the direction of the
fibers of the fibrous polymer fabrics with a
roller. After the first layer of adhesive is
completed, the same operations have been
repeated once again, the second layer is
wrapped and the wrapping process is
completed.

The wrapped beams are kept for 1 week
before being subjected to the three-point
bending test. Flexura strength tests are
carried out on 20x20x360 mm specimens
prepared in accordance with TS 2474 (2005).
In the bending tests, the loading speed is set as
6 mm/min constant speed and the experiments

Sakarya University Journal of Science 27(4), 895-901, 2023

are carried out. The span of the support points
istaken as 300 mm in the experiments.

Ay s A
Figure 1 Image of the wrapping process with
FRP polymers, A: Preparing the beams for
wrapping after the priming process B: Wrapping
the beams with FRP polymer fabric

The flexural strength and modulus of

elasticity are determined as follows,
respectively.
o _aP,l

= 20h? )
_ APP®

Abh®Af )

where “Eis the flexural strength (N/mm?),

Frax is the breaking load (N), lis the space

between the support points (mm), b is the

width of the specimens (mm) and h is the

height of the specimens (mm), AP=FK-R s

the increase of force in the loading/ deflection

curve linear section [N], Af=1,- 1 is the
deflection increase in the middle of the test
specimen’s length.

The flexura strength and modulus of
elasticity values of the beams are determined,
and the effect of reinforcement with carbon,
glass and basalt-based FRP fabric polymers
on the flexural properties of Ash beams are
investigated.

The wooden beams ae modeled and
numerically analyzed in the finite element
analysis software ANSY S. Due to wood is an
anisotropic material owing to the presence of

897



Semsettin KILINCARSLAN, Yasemin SIMSEK TURKER

Experimental and Numerical Investigation of Flexural Properties of Solid Wood Materials Reinforced wi...

knots and defects, it is generally modeled as
orthotropic material in numerical analysis.
The behaviors of wood behaviors are
described using the engineering constants
such asthe modulus of elasticity (MOE) inthe
longitudinal, radial, and tangentia directions
(Ex; Ey; Ez), shear modulus (Gxy, Gxz, Gyz),
and Poisson’s ratio.

After the material definition, the loads and
supports are also defined and meshed. The
thickness values of the FRP fabrics are taken
as 0.166 mm during the modeling. Figure 2,
shows A) Reference beam, B) 360 mm long
beam reinforced with various FRP fabrics.

Figure 2 Modding of beamsin ANSY S Software
A: Reference sample B: Reinforcement with FRP
polymersin 360 mm length

As a result of the analyzes made in the
ANSYS Software program, the results are
givenin Figure 3.

e o
oim Hin
Ie i
Basalt Glass

Figure 3 Finite e ement analysisimages of 1roko
samples reinforced with Carbon, Basalt, and
Glass FRP polymers

e r
o -
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After performing the analyzes with ANSY'S,
the finite element results and the static
analysis results are compared.
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3. RESULTS AND DISCUSSION

In this study, Ash beams are reinforced with
carbon, glass and basalt based FRP fabrics.
Reference beams and reinforced beams are
subjected to the bending test. Load-
displacement graphs and values of flexural
strength-modulus of elasticity obtained in the
study are given in Figure 4, Figure 5 and
Figure 6.

10000 + A
8000 -
6000 - e — ~2
Z 4 ;/\
g = References
84000 Experimental
- l(—'RIE-Carbon !
2000 - Experimental
I(SRIE-Bant !
o (Experimental)
0 2 4 6 8 10 12 14 16 18 20 22 24
Displacement (mm)

Figure 4 L oad-displacement graphs of beams

It was determined that the load bearing
capacities of the beams reinforced with
carbon, basalt and glass-based FRP polymers
increased by 56.95%, 36.00% and 4.57%,
respectively, compared to the reference
sample. It was determined that the
displacement amounts of the reinforced
beams increased by 40.02%, 3.37% and
1.04%, respectively, in carbon, basalt and
glass-based fabrics compared to the reference
beams.

140
T 120
=100
< 80
E’ 60
# 40
T 20
g 0
i References FRP-Basalt
= Numerical Experimental

Figure 5 Flexural strength of reference and
reinforced beams
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Figure 6 Modulus of elasticity of reference and
reinforced beams

When Figure 4 and Figure 5 are examined, the
values of flexural strength of the beams
reinforced with carbon, basalt and glass-based
polymer fabricsincreased by 23.68%, 18.10%
and 7.71%, respectively, compared to the
reference beams. The values of modulus of
elasticity increased by 23.36%, 17.48% and
5.02%, respectively. Results of the static
bending test were compared with those for
numerical ones, it was observed that both
results are in good agreement.

4. CONCLUSION

In this study, the effect of reinforcement with
carbon, basalt and glass-based fiber reinforced
polymer fabric on the bending properties of
ash beams was investigated. It has been
determined that strengthening with FRP
polymersincreasestheload carrying capacity,
displacement amount, flexural strength values
and modulus of elasticity of wood materials.
When the test results obtained from the
experiments and the values obtained by
numerical modeling were compared, it was
seen that both results gave almost the same
values. Compared with the reference samples,
it was determined that the highest flexura
strength and modulus of elasticity were
obtained by carbon-based FRP polymers, and
the lowest load-carrying capacity was
obtained by glass-based FRP polymers. It has
been determined that this change is
compatible with the modulus of elasticity
values of FRP fabrics. It has been concluded

Sakarya University Journal of Science 27(4), 895-901, 2023

that the FRP polymer fabrics used can be used
to strengthen wooden structures.
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Abstract

In recent decades, extensive research has been conducted to explore toxicity in the aquatic
environment. In spite of the extensive research conducted on toxicity in the aquatic
environment, there is a need for acomprehensive analysis that integrates various aspects of the
research landscape. This study focused on: i) providing characteristics of research areas of
publications, ii) assessing productive countries and institutions, iii) identifying research topics
based on certain keywords and defining research hotspots, and iv) assisting in the perspective
of current hot topics, future trends, and challenges. A systematic review and analysis of studies
on natural water and wastewater toxicology from the Scopus database were conducted, covering
the period from 2015 to 2019. This study presents a temporal distribution of publications
considering several factors, such as materials, types of toxicity, test organisms, journals, and
country. By conducting acomprehensive search on Scopus, our study identified atotal of 7,043
articles on acute (62%) and chronic toxicity (38%). Freshwater environments accounted for the
majority of acute and chronic toxicity studies, while studies on wastewater environments were
relatively scarce. Daphnia magna emerged as the most used organism, representing 41% of
acute toxicity studies and 27% of chronic toxicity studies. The results show that Chinais the
most productive country with 330 articles. The study has made it possible to visualise an
effective contribution to science by filling the existing gaps. It has provided some perspectives
and insights for the development of further research on this topic.

Keywords. Ecotoxicity, acute, chronic, aquatic systems, bibliometric analysis

1. INTRODUCTION literature on a particular topic. Recently, the
bibliometric method has been used in various

Examining the studies of each branch of  contexts to identify research gaps for future
science shows the stages of development in  studies and to show trendsin research activity
the field. It is also important to determine  [2-7]. Therefore, bibliometric andysis is
which tOpiCS have been the focus over time nowadays a promising aternative approach

[1]. Bibliometric analyses areimportant tools ~ for assessing research on water and
to assess and measure the growth of the \yastewater toxicity.
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Aquatic toxicology is the scientific field that
examines the impact of substances and
physicochemical conditions on plants and
animals residing in water ecosystems. It
encompasses the investigation of mechanisms
through which aterations in water quality or
food availability influence the growth,
reproduction, behavior, and survival of
aquatic organisms. The discipline of aquatic
toxicology delves into the effects of both
synthetic chemicals and naturally occurring
substances, as well as human-induced and
natural activities, on aguatic organisms at
various levels of organization. These levels
range from subcellular and individual
organisms to communities and ecosystems

[5].

The most effective way to protect aquatic
ecosystems is to measure and monitor
changes in the area of concern [8]. Toxicity
testing is important for monitoring water
guality and discharge areas, protecting
organisms in the food chain and determining
the stimulatory effects of toxic substances on
organisms [9-11]. Toxicity tests conducted
for this purpose attempt to determinethetoxic
effect on the sdlected organism
(acute/chronic) based on exposure [12].
Factors such as organism types, trophic levels
(producers, primary and  secondary
consumers, decomposers), taxonomic groups,
organism species and strains, age, Sex,
temperature, body mass index, maturity, and
experimental  environmental  conditions
affecting the quality of life of the organism
are effective in determining the endpoint of
toxicity [13]. By conducting bioanalysis
studies, ecotoxicity can be demonstrated in
environmental risk assessment and water
quality/pollution control [14]. Pollutants
originating from industrial, domestic and
agricultural activitiesfirst flow into riversand
enter lakes and oceans through them.
Pollution of water bodies not only affects the
creatures they harbour, but also reaches
humans through the food chain [15-18].

Zooplankton are frequently utilized in
ecotoxicological tests due to their high
sensitivity to toxic chemicals and their crucial

Sakarya University Journal of Science 27(4), 902-911, 2023

rolein the lentic food chain. These organisms
can provide vauable insights into their
responsesto toxicity and the overall effectson
the ecosystem [19-20]. However, not every
organism that meets the requirements of a
toxicity test may be suitable. For instance, in
environments with lower toxicity, such as
surface waters, it is more appropriate to
employ more sensitive test organisms.

Despite the considerable research efforts
dedicated to the study of toxicity in the
aquatic environment, there remains aneed for
a comprehensive analysis encompassing the
various facets of the research landscape [5].
Theam of thisstudy is, therefore, to evaluate
the studies on toxicity in water and
wastewater from the Scopus database
(Elsevier), in order to address the existing
research gaps comprehensively. This study
focuses on severa objectives: i) providing
characteristics of the research areas covered
in the publications, ii) assessing productive
countries and institutions, iii) identifying
research topics based on specific keywords
and defining research hotspots, and iv)
offering insightsinto current hot topics, future
trends, and challenges.

2. MATERIALSAND METHODS
2.1. Keywords Used in Literature Search

This study utilized the Scopus search engine
to identify acute and chronic toxicity studies
in the field of environmenta sciences
conducted between 2015 and 2019. The
identification of toxicity studies was
performed in two steps using predefined
keywords, encompassing research on both
acute and chronic toxicity. In the first step, a
genera search was conducted using keywords
such as "toxicity," "acute/chronic,” "journal,”
"environmental science,” "article and
"years' to identify relevant publications. The
second step involved a focused search using
the keywords "toxicity" and "acute" or
“chronic" or "freshwater (FW)" for freshwater
environments, "marine water (MW)/seawater
(SW)" for seawater environments, and
"wastewater (WW)"  for  wastewater
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environments. Additionally, theyears"2015,"
"2016," "2017," "2018," and "2019" were
selected to assess changes over time, applying
the restriction to both the first and second
search criteria.

2.2. Limitations of the Study

The identified search was limited to the
research field of environmental science. In
this way, study areas such as medicine,
chemistry and pharmacology, or any other
departments of toxicology were excluded.

Publications were searched for the words
"article” or "origina research" to identify
original studies. Articles published in book
chapters, reviews, opinion pieces and
conference papers were excluded from the
analysisfor reasons of scientific acceptability.
In addition, publications that did not contain
multiple research informants such as
organism, environment and/or substance were
not included in this study. These studies were
included in the group "Other".

2.3. Analysis and Visualization of Data in
the Study

Microsoft Excel® and VOSviewer® (version
1.6.16) were used for the visual representation
of the data. The data obtained on organisms,
countries and journals were transferred to the
VOSviewer® programme and displayed
visualy, as the VOS analysis tool shows the
best performance among the other techniques
[21]. VOSviewer® supports the visua
representation and verification of bibliometric
networks by providing easy access to the
VOS mapping method [21]. The
interpretation of the images, the size of the
circles on the map, the font used, and the
number of classes are indicated by colour
clusters. The interpretation of the similarity
and reationship between the circles is
indicated by the distance between the circles
[22].
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3. RESULTSAND DISCUSSION

To interpret the results of the study, each
article identified in the Scopus search tool
between 2015 and 2019 was categorised by
research environment (freshwater, seawater,
and wastewater), toxicity (acute/chronic),
authors, organism, article title, journal name
and years. The data are presented and
interpreted in subheadings by toxicity
exposure, research setting, years, test
organism, countries, and published journals.

3.1. Distrubution by Exposure

Based on the Scopus search, 7043 articles
were found on acute and chronic toxicity
between 2015 and 2019 in the first search. Of
these, 62% were acute, while 38% of them
were chronic studies. The second search
revealed 1162 articles on acute toxicity and
613 articles on chronic toxicity. 5268 articles
identified out of 7043 products are included
in the "others" category (see subtitle 2.2). Of
the articles in the "Others" category, 3186 of
them were related to acute toxicity and 2082
to chronic toxicity (Figure 1).

The first search found a large number of
articles because there was no restriction of
"FW, WW, SW and MW" in the search field.
In the second search, the keywords "FW,
WW, SW and MW" were used to restrict the
research environment in aquatic areas.
However, despite the use of keywords to
restrict the research environment, it was
found that there are also studies where the
search field is not aquatic areas. The present
study is based on literature searches where
samples were taken from aguatic
environments for toxicity testing.
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Acute Others Chronic

Figure 1 Distribution by exposure (“Others”
category considered)

No search criteria were used to identify
studies involving organisms. For this reason,
each of the articles was examined
individually, and the articles that did not
contain organism species were excluded. In
this way, the types of organisms were
determined. However, the limitation of the
search field is not the only factor here.
Although the keywords "toxicity, acute,
chronic, FW, WW, SW and MW" and the
limiting criteria "journdl, article,
environmental science, 2015, 2016, 2017,
2018 and 2019" were used, it was found that
some studies did not meet these criteria
When the articles found in the second search
were examined individually, studiesthat were
not related to environmental science were
excluded to ensure that publications from
different disciplines were not encountered as
science. For this reason, the importance of
examining the content of the articles became
apparent. All these identified studies were
included in the category "Other".

Theresultsindicated ahigher number of acute
toxicity studies compared to chronic toxicity
studies. This difference can be attributed to
the fact that acute toxicity tests provide faster
results for researchers compared to chronic
toxicity tests. Furthermore, chronic toxicity
studies tend to be more costly and time-
consuming [23]. Acute toxicity tests are often
preferred in emergency situations or when
there is a need for a quicker assessment of
chemicals, wastewater, or water samples.
However, combining acute toxicity studies
with chronic toxicity studies enables a more
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comprehensive toxicologica  evaluation,
allowing for the consideration of various risk
scenarios.

3.2. Distrubution by Environment

The second search, limited to the research
setting, found 1775 articles, of which 682
were in FW, 596 in SW and 497 on WW.
Most studies on acute toxicity were found in
FW with arate of 36% and the fewest in WW
environmentswith arate of 31%. On the other
hand, most chronic toxicity studies were in
FW (46%) and the fewest in WW (22%)
(Figure 2).

Figure 2 Intersection of acute and chronic
toxicity studies across different research
environments (2015-2019)

In some studies, both acute and chronic cues
were included together. In total, there are 311
articles containing both acute and chronic
toxicity studies. The overlap of acute and
chronic toxicity studies included 147 FW, 87
SW and 69 WW studies.

Given the geographical locations of countries,
freshwater ecosystems tend to be more
widespread and accessible compared to
seawater ecosystems. Freshwater resources
encompass a Vvariety of water bodies,
including lakes, rivers, and streams, whereas
seawater ecosystems are limited to seas and
oceans. Considering that  freshwater
ecosystems play a crucial role in sectors such
as agriculture, drinking water supply, energy
production, and industry, addressing water
resource conservation and human health
becomes of greater importance.
Consequently, researchers may be inclined to
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focus more on understanding the toxic effects
within freshwater ecosystems. However, it is
important to acknowledge that the choice of
test organisms used can also be considered as
another contributing factor. Daphnia magna,
a small planktonic crustacean, is commonly
used for toxicity tests that provide rapid
results. For this reason, "freshwater" was the
most commonly studied medium in both acute
and chronic toxicity studies, while seawater
was the least studied environment.

3.3. Distrubiton by Years

Studies on acute and chronic toxicity were
categorized as FW, WW, and MW-SW to
analyze their distribution over the years. In
terms of acute toxicity, there were 232
studies, while chronic toxicity studies
numbered 122, as depicted in Figure 3. The
figure clearly illustrates the numerical
dominance of acute toxicity studies over
chronic toxicity studies. In the case of acute
toxicity, the highest number of studies (102
articles) was observed in FW in 2018,
whereas the lowest number (48 articles) was
recorded in SW in 2015. Regarding chronic
toxicity, the most studies were conducted in
FW, totaling 70 articles in 2018, whereas the
fewest studies (22 articles) were carried out in
WW between 2015 and 2017.

In Figure 3, aregression line was added to the
graph to better observe the changes in the
acute and chronic toxicity studies. The
regression analysis resulted in R? values of
0.825 for acute toxicity studies and 0.705 for
chronic toxicity studies, indicating a
moderately strong fit between the regression
line and the data. Although an R? value
approaching 1 would indicate a closer fit, the
obtained values still suggest a significant
relationship between the variables. From
2015 to 2019, there was a genera increase in
acute toxicity studies, with relatively small
increases observed in 2017 and 2019. On the
other hand, no definite increase was observed
in the chronic toxicity studies. The growing
importance of environmental awareness and
management in recent years has contributed
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to theincreasing number of studiesinthefield
of ecotoxicology, highlighting the need for
further investigation.

400

350

R2=0.8259
300

250

200 Acute
R2=0.7049
Chronic
150

Number of articles

100
50

0
2015 2016 2017 2018 2019
Years

Figure 3 Change in acute and chronic toxicity
studies over the years

3.4. Distribution By Test Organisms

Daphnia magna emerges as the predominant
organism, accounting for 41% in acute
toxicity studies and 27% in chronic toxicity
studies. Among the standardized test
protocols, toxicology testsinvolving Daphnia
magna take precedence due to its easy
availability, low cost, ease of cultivation and
maintenance, reproducibility, and extensive
scientific data available for this organism.

In addition to Daphnia magna, other
frequently employed organisms in acute
toxicity studies include Aliivibrio fischeri,
Danio rerio, and Artemia salina, while
chronic toxicity studies commonly utilize
Ceriodaphnia dubia, Aliivibrio fischeri, and
Hyalella azteca (Figure 4). Aliivibrio fischeri
has gained popularity in recent years among
laboratories and researchers due to its
heightened sensitivity and significantly faster
testing durations (5, 15, and 30-minute
exposures) compared to toxicity tests
conducted with Daphnia magna [24, 25].
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Figure 4 Representation of the organisms most
commonly used in acute and chronic toxicity
studies

3.5. Distribution By Country

When examining the distribution and
collaborations among countries regarding
acute and chronic toxicity, it becomes evident
that 64 countries were identified for acute
toxicity and 54 countries for chronic toxicity
between 2015 and 2019 (Figure 5-a). Notably,
there are distinct clusters represented by nine
different colors. However, the presence of
Japan (14 publications) and Sweden (15
publications) in relatively smaller clusters
suggests a comparatively lower emphasis on
toxicity studiesin these countries compared to
the USA and China, anong others.

Figure 5-b and Figure 5-c provide a more
detailed analysis of acute toxicity and chronic
toxicity, respectively. In the realm of acute
toxicity studies, Chinatakesthelead with 243
articles, followed by Brazil with 122 articles
and the USA with 111 articles. When
assessing the aguatic areas where these
studies were conducted in China, it is
observed that 60 articles focused on
freshwater (FW), 77 articles on seawater
(SW), and 106 articles on wastewater (WW).

Regarding chronic toxicity studies, the USA
tops the list with 93 articles, closely followed
by China with 87 articles. Other countries
with a notable number of studies include
Brazil (51 articles) and Australia (42 articles)
(Figure 5-¢). In terms of specific aguatic
areas, the number of published studiesin FW,
SW, and WW were 43, 40, and 17,
respectively. Overall, China, the USA, and

Sakarya University Journal of Science 27(4), 902-911, 2023

Brazil emerge as the top three countries in
both acute and chronic toxicity studies. These
findings highlight that the focus of scientific
research may vary depending on factors such
asacountry'slevel of development, proximity
to the sea, or abundance of water resources.
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Figure 5 @) Network analysis of the publishing

density of countries. b) Countries studying on

acute toxicity ¢) countries studying on chronic
toxicity

3.6. Distribution of Studies By Journals
Published

Figure 6 presents a visua representation of
the prominent journals in the field of acute
and chronic toxicity studies. The journals are
grouped based on their publication frequency,
resulting in multiple clusters. The larger red
circlesin the center indicate the journals with
the highest number of published studies.
Among these leading journals, Environmental
Toxicology and Chemistry stands out as the
largest circle. Other influential journalsinthis
field include Ecotoxicology and
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Environmental Safety, Chemosphere, Among the 155 journals publishing acute

Environmental Science and Pollution toxicity studies, the maority (Q1 category)
Research, and Science of the Total accounted for 78 journals. Similarly, 78
Environment. journals in the chronic toxicity studies

nmental sciepce and technology

enviranmental monioring and assessment
environmefifg! pollution

[ 3
science of the QI environment

plosone

ology ai e!w'u'unmental safety aquatie toxicolo
environmental s(»en’w'd pollution research

category fell into the Q1 category.
Consequently, thereisalinear increasein the
number of journals from the Q4 category to
the Q1 category. It is notable that the majority
of publications in both acute and chronic
toxicity studies appear in Q1 category
journals, while the fewest publications are
found in Q4 category journals.

4. CONCLUSIONS

A VOSviewer | enronmanioxcotysnd prarmaciosy

Figure 6 Network analysis of journalsin which

most acute and chronic toxicity studies were This study presents a comprenensive

bibliometric analysis of acute and chronic

published . S
toxicity studies in water and wastewater,
N utilizing data from the Scopus database. The
Acute Toxicity analysis provides valuable insights into

research  trends, key characteristics,
knowledge structures, and hotspots in this
field.

The findings of the performance analysis
indicate a consistent upward trend in the
number of publications addressing acute and
chronic toxicity. Among the total studies,
62% focused on acute toxicity, with a

significant portion of these studies conducted
in freshwater environments. Daphnia magna
emerged as the most commonly used
organism, accounting for 41% of acute
toxicity studies and 27% of chronic toxicity
studies. Notably, China, the USA, and Brazil
emerge as the top three countries contributing
to both acute and chronic toxicity research.

HQL MQ WQ3 mQ4

Chronic Toxicity

To safeguard the ecological balance in water
ecosystems, it is crucial to enhance studies
that focus on the characterization of water
areas, examine the relationship between
pollution levels and toxicity, implement
robust toxicity monitoring methods, and
promote scientific research in these domains.

QI WmQ mMQ3 MQ4

Figure 7 Q factor of journalsin which acute and

chronic toxicity studies were published Among the countries engaged in
environmental toxicology, Turkey
Figure 7 illustrates the classification of demonstrates a commendable research

output, surpassing the efforts of many other
nations. This emphasizes the importance for

journals that published acute and chronic
toxicity studies based on their Q-factors.
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countries to prioritize acute and chronic
toxicity studies as a means to protect and
preserve the ecosystem.
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The Effect of Royal Jelly on Irisin in Experimentally Diabetic Rats

Selcen CAKIR ™*

Abstract

Diabetes Méllitus (DM) is considered a very common health problem today. It causes many
acute and chronic complications and negatively affectsthe quality of life of patients. It isknown
that diabetes has an impact on many biochemical processes. This study aimed to evaluate the
interaction between royal jelly (RJ) and diabetes with irisin, a parameter that has not been
investigated before. The study was planned with 3 groups:. control group, DM group, DM+350
mg/kg RJ group. In the experiments, 18 female Wistar albino rats were studied. Irisin levelsin
rat blood serum were determined using the ELISA (Enzyme-Linked Immuno Sorbent Assay)
method. Glucose levels in blood taken from the tail vein were determined with a glucometer.
As aresult of the experimental study, a statistically significant difference was found in the
DM+350 mg/kg RJ group compared to the control group (p<0.05). The selected dose reduced
serum irisin levels in RJ applications. With diabetes, a statisticaly significant increase was
observed in blood glucose levels (p<0.05). Although the RJ application caused a numerical
decrease, it was not statistically significant. Previous studies have emphasized the effect of RJ
on DM and blood biochemical parameters, however, the observation that the relevant dose of
RJreducesirisin levelsisrecent. Therelationship of irisin with energy metabolism isstill being
investigated. Further studies are required to explain the relationship between irisin and RJ.

Keywords. Diabetes mellitus, Irisin, Royal jelly

1. INTRODUCTION also known as adipokines, areinvolved in this
hemostasis[2].

Diabetes mellitus (DM) isametabolic disease

that is characterized by high fasting blood
glucose and causes damage to carbohydrate,
lipid, and protein metabolism. In patients with
DM, the high level of blood glucose bringsthe
problem of energy homeostasis along [1]. As
a concept, energy homeostasis includes
energy expenditure, digestion, and energy
storage in adipose tissue. Peptide hormones,

Irisin was recently identified by Bostrom et a.
(2012) and is a peptide with 112 amino acids
and a weight of 12,587 kDa [2]. Irisin was
recognized as an adipokine due to its
contribution to the mechanism that causes the
browning of white adipose tissue [3-5]. It is
also a myokine that is secreted from muscles
and is associated with exercise. The presence
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of irisin has been demonstrated in adipose
tissue, muscles, cerebrospinal fluid, breast
milk, saliva, and Purkinje cells in the
cerebellum. Irisin is an anti-diabetic and anti-
obesity hormone and achieves this effect by
affecting adipose tissue metabolism and
maintaining glucose homeostasis [2].

Irisin regulates energy metabolism by
inducing the browning of white adipose
tissue. It is mainly expressed in muscles as
fibronectin type 1l domain-containing 5
(FNDC5), a type | membrane precursor
protein, and then secreted into the circulatory
system [4]. The extracellular part of FNDC5
is cleaved and secreted as irisin. FNDCS is
one of the target proteins of the peroxisome
proliferator-activated receptor gamma co-
activator lo (PGC-1a) [2,6]. Therefore, irisin
has drawn great attention as an attractive
target in the fight against obesity and type 2
diabetes mellitus (T2DM). Irisin levels can be
increased by PGC-lo overexpression and
aerobic exercisetraining [7]. Irisin modul ates
glucose metabolism and insulin sensitivity in
skeletal muscles and participates in
neuroplasticity and satiety in the central
nervous system. It also regulates the
remodeling of the pancreas, bone tissue, and
adiposetissue [3]. It is stated that irisin levels
increase in obesity and decrease in T2DM
patients. Clinical studies have indicated that
irisin may be a predictive marker for insulin
resistance, T2DM, or metabolic syndrome

8.

Royad jelly (RJ) is an important food that
ensures the devel opment of the queen bee[9].
The unique protein structure of RJ has been
subject to many studies. Thanksto its content,
this product has positive effects, especially on
blood sugar, obesity, and diabetes [10]. RJis
arich food consisting of proteins, fatty acids,
vitamins, carbohydrates, and minerals such as
iron, calcium, copper, potassium, magnesium,
zinc, and sulfur [11]. Besides hypoglycemic
[10], hypotensive [12], and
antihypercholesterolemic [13], activities, it
has been shown to have high antioxidative
and free radical scavenging activity [14].
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The drugs used in the treatment of diabetes
have high side effects; therefore, aternative
treatments have begun to be investigated. For
this reason, interest in natural products that
lower blood sugar has increased. In a healthy
diet, in addition to carbohydrates,
macronutrients such as lipids, proteins, and
water, micronutrients, vitamins, and minerals
are needed. RJ is considered a promising
therapeutic product thanks to its rich
biological content, but there are not enough
studies on it. This study aimed to test the
effect of RJ on the irisin parameter, which
changesin DM.

2. METHODS

The number of subjects in the study was
determined in G*Power 3.1 program. The
total sample size was determined as 18 with
an effect size of 0.85, an o error of 0.05, and
aPower(1-B) of 0.80. Eighteen female Wistar
albino rats weighing 200-250 g were divided
into 3 groups, resulting in 6 ratsin each group.
Experiments were carried out in Canakkale
Onsekiz Mart  University, Experimental
Research Application and Research Center
under a temperature of 21 £+ 2 °C, a humidity
of 50% + 5%, and a cycle of 12 hours light
and 12 hours dark. Groups were formed asin
Table 1. Toinduce diabetes, 50 mg/kg of STZ
was administered by intraperitoneal injection.
Three days later, blood glucose levels were
measured with aglucometer. Ratswith alevel
of 250 mg/dl and above were considered
diabetic. RJ was administered by gavage 5
daysaweek under conditions approved by the
ethics  committee. Throughout  the
experiment, animals were given water and
pellets ad-libitum.

2.1. Biochemical Analysis

At the end of the experiment, the animals
were fasted for 10 hours and anesthetized by
administering 70 mg/kg Ketamine and 10
mg/kg Xylazine intraperitoneally (ip). After
30 minutes, blood was taken from their hearts
by puncture and the blood was transferred to
anticoagul ant-free tubes for serum. After the
tubes were centrifuged at 1400 g at 4 °C for
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10 minutes, the serum was separated and
stored in labeled tubes at -80 °C. In the study,
Rat Irisin ELISA Kit Cat. No: Elabscience (E-
EL-R2514), Biotek ELx800 ELISA Reader,
and Biotek EL x50 washer were used. Glucose
levels in blood taken from the tail vein were
determined with a glucometer.

2.2. Statistical Analysis

The SPSS 23.0 program for Microsoft was
used for the statistical evauation. The
difference between the groups was
determined by a one-way analysis of variance
(ANOVA) (p<0.05). The evauation was
made using mean and standard deviation
values (M £ SD). The difference between the
groupswas eval uated with the Tukey post hoc
test.

Table 1 Design of groups

Experimental and control Number of
groups animals per group
Control group 6
Diabetes group (DM) 6
Diabetes + 350 mg/kg 6

Royal jelly (DM+RJ)

3. RESULTSAND DISCUSSION

Figure 1 shows serumirisin levels. According
to the results, there was no datistica
difference between the control group and the
DM group. After RJ application, serum irisin
levels decreased. A statistical difference was
found between the control group and the DM -
RJ group (p<0.05).

Figure 2 shows blood glucose levels. There
was a dSatisticaly significant increase
between the control group and DM and
DM+RJ groups (p<0.05) whereas no
satistically  significant  difference  was
determined between the DM and DM+RJ
groups.

Sakarya University Journal of Science 27(4), 912-919, 2023

Figure 1 Blood serum irisin ng/ ml. “*” indicates
astatistical difference compared to the control
group (P<0.05, M £ SD)

Figure 2 Blood Glucose levels mg/ ml. “*”
indicates a statigtical difference compared to the
control group (P<0.05, M £ SD)

Studiesonirisin, arecently identified peptide,
have mostly focused on exercise, obesity,
T2DM, and metabolic syndrome [15, 16]. No
sufficient number of studies has examined the
relationship between STZ-induced
experimental diabetes and irisin. STZ-
induced experimental diabetesreducesinsulin
secretion by causing the destruction of -
cells. It aso causes significant body weight
loss due to dehydration caused by polyuria
[1]. STZ-induced DM causes impairment in
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glucose metabolism and also poses a serious
risk for energy metabolism.

In the study conducted by Malfitano et a., in
which experimental diabetes was induced
with 50 mg/kg STZ, it was emphasized that
blood glucose level increased whereas body
weight and serum insulin level decreased
[17]. Moreover, in experimentally diabetic
rats induced by 65 mg/kg STZ, firstly the
activation of gluconeogenesis for energy
production and then the over-mobilization of
muscle proteins and lipids were emphasized
[18]. Similar to previous studies, in this study,
it was observed that STZ-induced DM
increased glucose levels.

Although irisin is a member of energy
metabolism that has just begun to be
investigated, it is emphasized that it may have
anti-obesity and anti-hyperglycemic effects
[3]. Jang et a. (2021) investigated the
relationship between irisin and FNDCS5 in
diabetic mice and reported low plasma irisin
levels [19]. It was shown that STZ-induced
mice have significantly reduced plasmairisin
levels as well as low FNDC5 expression in
different tissues compared to controls. It was
also concluded that the increase in glucose
uptake resulted from irisin which induces the
expression of Glucose transporter type 4
(GLUT4) in adipocytes [1]. Expression of
genes encoding GLUT4 proteins, carnitine
pamitoyl transferase, and hormone-sensitive
lipaseis reported to be significantly increased
in adipocyte tissues of irisin-treated
individuals [20, 21]. In a study conducted on
individuals with normal glucose tolerance
who had been newly diagnosed with T2DM,
serum irisin levels of individuals with T2DM
were found to be lower compared to the
control group [21]. Irisin increases glucose
uptake and glycogenolysis while decreasing
lipid accumulation, adipogenesis, and
gluconeogenesis [20]. It is aso stated that
irisin  reduces diabetes-related  insulin
resistance [22,23]. In addition to studies
showing that theirisin level decreasesin DM,
there are data emphasizing an increase.
Norheim et a. (2014) reported that the plasma
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irisin levels of the prediabetes group were
higher compared to the control group [24].
Al-Daghri et a. (2015) similarly reported
higher irisin levels in subjects with T2DM
than in healthy controls [25]. According to
some views, the first increase seen in serum
irisin occurs in the obese and diabetic groups.
In the second stage, this mechanism is
depleted or acclimated, possibly resulting in
lower irisin secretion. This can be considered
the reason for the contradictory results in the
studies [26,27]. In this study, no statistically
significant difference was determined
betweenirisin levelsin the diabetes group and
the control group. The reason for this can be
considered as the completion of this study in
4 weeks. Moreover, it has been emphasized
that measurement is difficult due to the short
half-life of irisin [5].

In a study conducted on serum fasting blood
glucose and serum glycosylated hemoglobin
levels in women with T2DM, it was reported
that RJ significantly decreased serum fasting
blood glucose and increased insulin
concentration  [28].  Furthermore, RJ
significantly reduced serum fasting blood
glucose, while increasing insulin, albumin,
and total protein levels in STZ-induced
diabetic rats [9]. In a study conducted with
long-term RJ administration, it was reported
that irisin inhibited a key enzyme, glucose-6-
phosphatase by inducing the expression of
protein kinase activated by adiponectin
receptor-1 mRNA and phosphorylated AMP
in  abdomina fat and thus, cured
hyperglycemia [10]. 10-hydroxy decanoic
acid, the active agent of RJ, has a healing
effect on hyperglycemia and insulin
resistance [10]. After RJ administration in
STZ-induced diabetic rats, there was an
improvement in serum biochemical changes
and oxidative stress of the liver and pancreas,
and anincrease in serum insulin level [14]. In
this study, serum irisin levels decreased after
RJ administration compared to the control
group. Due to the antihyperglycemic effect of
both RJ and irisin [8,20,29], it has been
evaluated that RJ may reduce irisin
expression in STZ-induced DM.
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It has been reported that irisin is extremely
difficult to monitor. Evaluating the data with
different techniques will enable us to achieve
more comprehensiveresults. In future studies,
the am is to overcome this limitation with
advanced techniques and more studies on
dosing for longer periods.

4. CONCLUSION

Recent studies have shown that irisin, an
adipomyokine, may play a role in the
regulation of thermogenesis, total body
energy metabolism, and glucose homeostasis.
Therefore, some studies are focusing on the
evaluation of irisin as a therapeutic agent.
Although studies have shown that
recombinant irisin can be given externdly, it
is possible to try different substances and
combinations that balance the circulating
irisin level. Especialy the short half-life of
irisin complicates the external use of this
peptide for therapeutic purposes. However,
the determination of the auxiliary dose of a
product that increases the secretion of this
peptide and also supports the treatment of
diabetes will contribute to the literature. In
this study, it was observed that the relevant
dose of RJ decreased blood glucose but did
not significantly increase irisin levels. The
reason for this may be associated with the
selected RJ dose or the duration of
administration. Further studies are required to
better elucidate the mechanisms of action of
both irisin and RJ.
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Survay Study of Antimicrobial Activities of Different Region Honeysin
Turkey

Mehtap USTA *?

Abstract

Honey is a functiona food with high nutritional properties and rich in bioactive components.
The fact that the biological activity of honey differs according to botanical origin, geography
and climatic characteristics necessitates a comprehensive consideration of monofloral and
multifloral honeys produced in Turkey. The adoption of the understanding of replacing natural
preservatives with synthetic products enables the search for alternative uses of honey. For this
purpose, the antimicrobial activities of linden, rhododendron, chestnut and multifloral honeys
were determined in this study and their antimicrobial activities were compared. Obtained zone
diameters were statistically compared with the IBM SPSS version 22.0 statistical program.
According to the results, it was determined that in general, multifloral honey has higher
antimicrobia activity than monofloral honey, rhododendron honey from monoflora honeys
shows strong inhibition against the tested microorganisms, and Y aova linden honey has the
weakest antibacterial effect. It was determined that the antimicrobial activity in al honey
varieties was generally bacteria > yeast > mold respectively.

Keywords. Antimicrobial activity, honey, microbiology, monofloral, multifloral
1. INTRODUCTION Scientific studies have reported that honey
has antioxidant, antidiabetic, antimicrobial,

Honey isahighly nutritiousfood produced by  anti-inflammatory, antiproliferative,

bees using pollen and plant secretions.
Although it varies depending on the variety of
plants obtained, it isknown that there are over
200 compounds in honey. While sugars
constitute 95% of the dry matter as the basic
component, the rest is composed of proteins,
free amino acids, phenolic compounds,
vitamins, mineras and organic acids. It has
been stated that the amount and variety of
minor components aso vary according to bee
species, seasona and environmental factors
[1-5].

anticancer and antimetastatic effects, which
are important for human health, thanks to its
many bioactive components [6-17]. It is
stated that its antimicrobial activity is due to
its biological properties, hydrogen peroxide,
osmolarity, acidity, aromatic acids and
phenolic compounds [18, 19].

In studies examining the antibacterial effect,
it has been reported that honey has an
inhibitory effect on approximately 60 species
of Gram-negative and Gram-positive bacteria
with  aerobic/anaerobic properties [20].
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Among the reported bacterial species, it was
determined that it showed broad-spectrum
activity on antibiotic-resistant strains, and
honey had a bactericidal effect, especially on
methicillin-resistant Staphylococcus aureus
(MRSA). It has aso been reported to be
effective on clinica strains of biofilm-
forming  Saphylococcus aureus and
Pseudomonas aeruginosa [21]. However,
many Candida spp., Trichosoporon spp. and
antifungal activity against mold species
(Fusarium  oxysporum, Cladosporium
herbarum, Botrytis cinerea, Aspergillus
flavus) [22-24].

Honeys are named according to the plant
source from which they are obtained and its
diversity, geography and production methods.
Generally, it isdivided into two as flower and
secretion honey according to the way the
nectar is obtained. Flower honeys are called
monofloral and multifloral according to the
floral sources they contain. Monoflora
honeys are preferred by today's consumers
because of their different tastes and the
biologica benefits they provide. Since minor
components such as aromatic and phenolic
compounds, to which antimicrobial activity
and other biological benefits are attributed,
vary according to the floral source, different
monofloral honeys are available for various
uses [25].

Turkey is extremely suitable for the
production of different kinds of monofloral
honeys due to its favorable ecology, rich
vegetation and faunistic diversity. Among
these, chestnut, linden, rhododendron, thyme,
lavender and citrus honeys are among the
honeys whose production has become
increasingly widespread from past to present
[26]. When the studies on this subject are
examined, the determination of the inhibition
zone and the Minimum Inhibition
Concentration (MIC) is generally focused on
determining the antimicrobia activities of
multifloral and monofloral honeys.

Sakarya University Journal of Science 27(4), 920-929, 2023

In this study, it was aimed to determine the
antimicrobial activities of monofloral honeys
such as rhododendron, chestnut, linden and
multifloral honey, which are known to be
widely produced in Turkey, as well as the
inhibition zone and MIC vaue, as well asthe
Minimum Bacterial/Fungicidal Honeys that
have a killing effect on microorganisms.
Concentrations (MBK/MFK) were aso
determined.

2. MATERIALSAND METHODS
2.1. Materials

In this study, 25 different flower honey and
chestnut honey from 5 different regions were
used. The flower and chestnut honeys used in
the experiment were obtained from
beekeepers in different regions of Turkey
(Glimiishane, Artvin, Ordu, Rize, Isparta,
Bingdl, Bursa, Erzincan, Aydin, Ardahan,
Kars, Yaova). It has been confirmed by
beekeepers that flower honeys are linden,
rhododendron and multifloral. Honey
samples were stored in the dark and at room
temperature until the beginning of the
analysis.

2.2. Methods
and

221 Test micr oor ganisms
Inoculums Preparation

The antimicrobial properties of honey were
tested on the bacteriaand yeast givenin Table
1. Bacteria (Mueller Hinton Broth) and yeast
(Sabouraud Dextrose Broth) was adjusted to
0.5 McFarland turbidity with appropriate
medium after 24 hours of incubation at 37°C
and 25°C, respectively.

2.2.2. Agar well diffusion method

100 pL of set inoculum; Mueller Hinton Agar
(MHA) for bacteria and SDA medium for
yeast were transferred to the surface and
spread with a drigalski spatula. 50 uL of 70%
(v/v) honey sample was added to the wells
opened sterilely with a 5 mm diameter tip
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(Magaldi et a. 2004, Vagas et a. 2007).
Bacteriawere incubated at 37°C for 24 hours
and yeast at 25°C for 48 hours for 3 to 5 days.
The inhibition zone diameters (mm) formed

were measured. Sterile water was used as
negative control. Kanamycin was used as a
positive control.

Table 1 Test microorganisms used for the antimicrobial activity

Microorganism

Bacteria/Fungus'Y east

Bacillus subtilis ATCC 6051-U Bacteria
Enterobacter cloacae ATCC 2468 Bacteria
Enterococcus feacalis ATCC 51299 Bacteria
Escherichia coli ATCC 2471 Bacteria
Klepsiella pneumonia ATCC 700603 Bacteria
Proteus vulgaris ATCC 6896 Bacteria
Salmonella typhimurium ATCC 13311 Bacteria
Serretia marcescens ATCC 13880 Bacteria
Saphylococcus epidermis ATCC 14990 Bacteria
Candida albicans ATCC 10351 Y east
Penicilliumitalicum ATCC 10454 Fungus

2.2.3. Liquid microdilution method

Each honey sample was adjusted to nine
different doses in the range of 10-90% (v/v)
with sterile water and 180 pL sample was
transferred to the microplate. Inoculum
prepared in 0.5 McFarland turbidity standard
was diluted 1:20 and added to the microplate
with 20 pL of inoculum [27, 28]. Bacteria
were incubated for 18-24 hours at 37°C, yeast
and fungus were incubated for 46-72 hours,
and the microorganism density was measured
at 600 nm with amicroplate reader.

2.2.4. Statistical analysis

Zone diameters are given as mean + standard
deviation. The obtained zone diameters were
statistically compared with the IBM SPSS
version 22.0 statistical program. First of al, it
was tested whether the data fit the normal
distribution (Shapiro-Wilk Test), then the

Sakarya University Journal of Science 27(4), 920-929, 2023

statistical differencein the dataconforming to
the normal distribution was determined by
applying the oneeway ANOVA anaysis,
which is a parametric test, and the Duncan
multiple comparison test. The Kruskall Wallis
H test was used for data that did not fit the
normal distribution, and the Mann Whitney U
test was used to determine the difference
between the groups.

3. RESULTSAND DISCUSSION

Inhibition zones formed by honey samples on
bacteria, yeast and fungus are given in Table
2. Accordingly, it was seen that al honey
samples exhibited antibacterial and antifungal
activity on the selected microorganisms, and
the results of both methods used were
consistent with each other. It was determined
that the effects of honey varieties on different
microorganisms were statistically different
(p<0.001).
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In this study, the antimicrobial effect of 11
different microorganisms against 25 different
types of honey were tested. Microorganisms
BacillussubtilisATCC 6051-U, Enterobacter
cloacae ATCC 2468, Enterococcus feacalis
ATCC 51299, Escherichia coli ATCC 2471,
Klepsiella pneumonia ATCC 700603,
Proteus vulgaris ATCC 6896, Salmonella
typhimurium ATCC 133113880
Saphylococcus epidermis, ATCC 10351 and
Penicillium italicum ATCC 10454. Honey
samples, obtained from the regions where the
beekeeping  industry is  developed,
representing different regions of Turkey.
These honey samples are multifloral,
chestnut, rhododendron from Giimiishane,
multifloral and chestnut from Artvin,
multifloral and rhododendron from Ordu,
chestnut and linden from Rize, linden and
multifloral from Isparta, multiflora and
linden from Bingodl, Chestnut and linden from
Bursa, multifloral and chestnut from
Erzincan, linden and multifloral from Aydin,
linden and multifloral from Ardahan, linden
and chestnut from Kars and multifloral and
linden from Yalova In particular, the same
type of honey was tried to be selected. It is
aimed to see the differences of the same type
of honey according to the region. Considering
these results, the highest rate for Bacillus
subtilis seemsto befor G. Rhododendron. For
Enterobacter cloacea, the highest rate was
seen for G. Rhododendron again.
Enterecoccusfeacalis gavethe highest ratefor
G. Multifloral. Escherichia coli gave the
highest rate for G. Rhododendron. Klepsiella
pneumonia gave the highest rate for O.
Rhododendron. Pretous vulgaris gave the
highest rate for G. Multifloral. Salmonella
typhium gave the highest rate in R. Linden
honey. Serretia marcescens gave the highest
rate in O. Multifloral honey. Staphylococcus
epidermis bacteria gave the highest ratein O.
Multifloral honey. Candida abicans yeast
gave the highest rate for O. Rhododendron
honey. Penicillium italicum gave the highest
rate for |. Linden honey. It was determined
that antibacterial properties between honeys

Sakarya University Journal of Science 27(4), 920-929, 2023

did not cause asignificant difference between
gram properties of bacteria (p<0.001).

The abbreviations of the honey names in the
table are as follows. G. Multifloral:
Gilimiishane  Multifloral, G. Chestnut:
Gumiishane Chestnut, G. Rhododendron:
Gilimiishane Rhododendron, Art. Multifloral:
Artvin Multifloral, Art. Chestnut: Artvin
Chestnut, O. Multiflora: Ordu Multifloral, O.
Rhododendron: Ordu Rhododendron, R.
Chestnut: Rize Chestnut, R. Linden: Rize
Linden, 1. Linden: Isparta Linden, I.
Multifloral: Isparta  Multifloral, B.
Multifloral: Bingdl Multifloral, B. Linden:
Bingol Linden, Bu. Chestnut: Bursa Chestnut,
Bu. Linden: Bursa Linden, E. Multifloral:
Erzincan Multifloral, E. Chestnut: Erzincan
Chestnut, Ay. Linden: Aydin Linden, Ay.
Multifloral: Aydin Multifloral, Ar. Linden:
Ardahan Linden, Ar. Multifloral: Ardahan
Multifloral, K. Linden: Kars Linden, K.
Chestnut: Kars Linden, Y. Multifloral:
Yaova Multifloral, Y. Linden: Yadova
Linden.

Among the honeys used in this study, except
for multifloral honey, the antimicrobial effect
was found to be bacteria > yeast > mold,
respectively (p<0.001). In this respect, it can
be said that the antibacterial activity of
monofloral honey is higher than its antifungal
property. MIC, MBK and MFK values of
honey are given in Table 3. It was observed
that 10-60% (v/v) concentrations of honey
samples were sufficient to inhibit all bacteria.
These results emphasize that it is similar to
the agar well diffusion method. According to
the results of the liquid microdilution
analysis, MIC values were listed as mold >
yeast > bacteria, and molds were seen to be
the most resistant group of microorganisms.
This result supports the agar well diffusion
method. As aresult of both antimicrobia and
MIC tests, it is seen that the most effective
samples are those obtained from Glimiishane.
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Table 2 Inhibition zone diameter of honey samples on test microorganisms (mm)
Bacillus Enteroba Enteroco Escheric Klepsiell Proteus Salmone Serretia  Saphyloc Candida Penicilli

subtilis  cter ccus hiacoli a wvulgaris lla marcesc  occus albicans um
ATCC60 cloacae feacalis ATCC2 pneunoni ATCC6 typhimur ens epidermis  ATCCI10 italicum
51U ATCC24 ATCC51 471 a 896 ium ATCC13 ATCC149 351 ATCC10
68v 299 ATCC70 ATCC13 880 90 454
0603 311

G. 15.46+£0. 17.26+0. 22.30+0. 20.20+0. 16.36+0. 23.26+0. 18.23+0. 17.10+0. 19.00+0.7 14.26+0. 15.03+0.

Multiflora 66® 61 55° 584 57° 54¢ 60° 40 5 54% 17

|

G. 18.10+£0. 17.30+0. 19.10+0. 22.33+0. 18.20+0. 18.10+1. 18.00+0. 18.10+0. 20.06+0.5 15.16+0. 17.00+0.

Chestnut ~ 78° 51 56% 54° 51° 19° 57° 41° 2 61 57

G. 22.03+0. 24.90+0. 23.20+0. 24.33+0. 20.33+0. 18.26+0. 19.10+0. 17.33+0. 17.96+£0.5 16.30+0. 14.26+0.

Rhododen 53¢ 49 60 57 33 55° 62 75> 7% 47° 40°

dron

Art. 14.06£0. 14.96+0. 17.00+£0. 16.00£0. 20.26+0. 21.43£0. 19.00+0. 19.20+0. 21.43£0.2 13.90+£0. 13.43+0.

Multiflora 67 50 69>* 57¢ 37¢ 29¢% 72% 55% 9de 45° 297

|

Art. 20.53+0. 21.83+0. 22.90+0. 19.03+0. 21.63+0. 17.26+0. 16.96+0. 19.36+0. 20.26+0.0 16.10+0. 14.70+0.

Chestnut. 24 44¢ 45° 17% 28¢% 08> 24P 31% 8¢ 15P 86™

O. 17.33+0. 17.30+£0. 16.80+0. 16.86+0. 20.93+0. 19.23+0. 21.43+0. 24.33+0. 22.63+0.3 15.60+0. 15.46+0.

Multiflora 12% 26> 11° 28° 27¢ 08% 29¢e 08’ 2¢ 25% 32%

|

O. 21.70+£0. 22.80+0. 20.80+0. 23.60+0. 22.46+0. 19.46+0. 19.30+0. 18.66+0. 16.96+0.2 17.76+0. 15.73+0.

Rhododen 35% 36° 36¢ 40 27° 27% 05% 33 8° 27 54

dron

R. 16.40+0. 17.60+0. 20.53+0. 18.33+0. 18.60+0. 22.63+0. 21.86+0. 19.80+0. 19.33+0.3 15.06+£0. 14.93+0.

Chestnut ~ 25° 11 29¢ 33 11° 24° 33¢% 30% 3 67 58

R.Linden 14.50+0. 17.30+0. 17.83+0. 17.96+0. 19.26+0. 21.83+0. 22.40+0. 20.96+0. 16.26£0.0 14.93+0. 16.20+0.
25® 05 08> 57 37% 41¢% 05° 08! 8° 27 20P

I.Linden 17.06+0. 17.36+£0. 17.00+0. 15.93+0. 19.46+0. 20.80+0. 17.60+0. 18.33+0. 17.83+0.0 15.00+0. 17.20+0.
18> 14 11> 18® 12% 114 40 33 g 11%® 36>

I 21.06+£0. 19.10+£0. 16.56+0. 17.63+0. 18.76+0. 18.70+0. 15.83+0. 16.03+0. 14.30+0.2 13.73+0. 13.50+0.

Multiflora 18% 47¢% 23° 20 38° 17° 32 27° 5% 142 252

|

B. 19.33£0. 17.90+0. 15.90+0. 16.43+0. 16.40+0. 14.33+0. 17.50+0. 16.33+0. 18.36+£0.3 14.53+0. 16.33+0.

Multiflora 23% 110 32% 28° 340 37%® 36 37° 8° 442 43°

|

B.Linden 15.33+0. 14.40+0. 16.33£0. 13.43+0. 17.40+0. 17.33£0. 15.33+£0. 15.40+0. 14.36x0.4 13.36:0. 11.20+0.
35% 34 40° 34? 32 37 37® 32% o® 412 467

Bu. 15.36+£0. 14.40+0. 15.36+0. 14.33+0. 14.43+0. 13.33+0. 16.33+0. 17.50+0. 16.33+0.4 11.50+0. 12.37+0.

Chestnut ~ 34® 34 407 37%® 44 407 35° 36> 4° 322 342

Bu. 17.53+0. 17.36+£0. 19.60+0. 21.66+0. 15.53+0. 14.50+0. 17.46x0. 16.60+0. 17.33+0.3 15.73+0. 14.13+0.

Linden 40> 34> 61% 33* 24 36® 35> 20° 5 14% 24

E. 16.36+0. 15.33+0. 15.33+0. 17.30+0. 17.46+£0. 18.46+0. 19.36+£0. 22.00+0. 17.36+0.3 16.33+0. 16.43+0.

Multiflora 34° 35% 37® 35> 40~ 40° 58% 158 7% 35° 35°

|

E. 16.36+£0. 15.46+0. 17.56+0. 16.50+0. 18.40+0. 18.46+0. 15.70+0. 16.70+0. 17.53+0.3 15.70+0. 16.53+0.

Chestnut ~ 41° 40% 43> 40° 3 3 20% 17° 20 20% 41°

Ay. 18.23+0. 19.86+0. 16.56+0. 15.66+0. 17.40+0. 20.63+0. 22.83+0. 21.66+0. 16.93+0.1 16.76+£0. 14.40+0.

Linden 46° 43% 21° 20% 34> 18¢ 08° 33* 7° 14° 32®

Ay. 17.26+£0. 17.93+0. 15.53+0. 17.70+0. 16.56+0. 16.23+0. 16.03+0. 18.83+0. 20.00+0.1 15.80+0. 16.93+0.

Multiflora 31%* 06> 44% 37> 53° 28° 14° 08¢ 7d 11* 47°

|

Ar. 18.33+0. 19.80+0. 16.46+0. 17.53+0. 17.36£0. 16.23+0. 16.00+0. 16.76+0. 18.33+0.3 14.23+0. 15.00+0.

Linden 88° 11% 47° 37 32 31° 20° 26° 5° 397 57

Ar. 14.46+0. 15.63+0. 15.56+0. 16.93+0. 16.36£0. 18.36+0. 19.70+0. 17.40+0. 16.36£0.3 14.70+0. 14.43+0.

Multiflora 35%® 42% 38® 63° 340 34°¢ 51% 37* 7* 17® 31®

|

K.Linden 18.90+0. 17.80+£0. 19.00+£0. 19.96+0. 13.40+0. 15.46+0. 17.43+£0. 18.93+0. 14.50+0.3 13.83+0. 16.26+0.
20° 11% 11% 14% 34° 35% 31 21° 6% 08 37°

K. 17.33+0. 18.96+0. 16.36+0. 17.30+0. 15.40+0. 14.83+0. 16.40+0. 17.33+0. 18.40+0.3 15.46+0. 14.80+0.

Chestnut 33 14° 34° 65> 32 41%® 34° 35> 4° 407 50%

Y. 15.80+£0. 15.50+0. 16.40+0. 14.50+0. 17.53+0. 16.23+0. 14.70+0. 18.33+£0. 16.50+0.2 11.46+£0. 13.80+0.

Multiflora 11%® 36® 36° 36%® 47 39° 17 35° 50 43 112

|
Y.Linden 11.06+0. 15.46+0. 14.36+0. 13.36+0. 16.40+0. 17.43+0. 14.33+0. 15.33+0. 16.66+0.3 13.33+0. 13.33+0.
542 35® 34% 370 34° 43 35® 33 3b° 33 33
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In this study, the antimicrobial effect of 11
different microorganisms against 25 different
types of honey were tested. Microorganisms
BacillussubtilisATCC 6051-U, Enterobacter
cloacae ATCC 2468, Enterococcus feacalis
ATCC 51299, Escherichia coli ATCC 2471,
Klepsiella pneumonia ATCC 700603,
Proteus vulgaris ATCC 6896, Salmonella
typhimurium ATCC 133113880
Saphylococcus epidermis, ATCC 10351 and
Penicilliumitalicum ATCC 10454. When the
antimicrobial results are examined, it is
observed that the effects of rhododendron,
linden and multifloral honeys obtained from
Gilimiishane are high. When all the results are
examined, it is seen that the activity of honey
from the Black Searegion is high. Of course,
it can be said that thisisrelated to the flora of
thisregion.

The antimicrobia activity of honey depends
on its acidity, pH, osmotic pressure, and
enzymatic hydrogen peroxide production via
glucose oxidase. As additional honey
components, aromatic acids or phenolic
compounds may contribute to the overal
antimicrobial activity. The reason for the
antibacterial activity observed in various
honey samples was classified as four factors.
These; inhibition due to high sugar
concentration (low water activity), hydrogen
peroxide formation, presence of
proteinaceous antimicrobial components and
unidentified components [29].

It is known that honey has a broad spectrum
antimicrobial effect against bacteria and
many yeast/mold species [30-33]. In a study
examining the antimicrobia activity and
mechanism of action of multifloral and
monofloral honeys, all bacteria except P.
aeruginosa ATCC 27853 were found in all
honey samples. Antibacterial effects were
observed at different concentrations on
however, it has been determined that 100%
(v/v) concentrations of some multifloral
honeys and monofloral honeys provide
inhibition on bacteria such as L.
monocytogenes ATCC 15313, B. cereus
ATCC 9634 and Streptococcus mutans

Sakarya University Journal of Science 27(4), 920-929, 2023

ATCC 25175[34]. Itisthought that hydrogen
peroxide and high sugar concentration in the
structure of honey are the main factors in
providing antimicrobial activity, while
phenolic compounds and other component
diversity cause honey to show activity in a
wide spectrum [1, 35, 36].

In this study, antibacteria and antifungal
activity of multifloral honey was found to be
higher compared to other honey samples. Itis
predicted that the diversity of componentsin
multifloral flower honey contributes to the
antimicrobial activity and thus has an
inhibitory effect on more microorganisms. In
the study evaluating the antifungal activities
of honeys with different floral sources
(multifloral, eucalyptus, orange and
rhododendron) on forty different yeast strains
including C.albicans, Candida kruse,
Candida glabrata and Trichosoporon, the
MIC vaue on multifloral flower honey C.
albicanswas 35%. Whileit was56 (v/v), MIC
values in rhododendron, orange and
eucalyptus honeys were reported as 40.00%,
62.22% and 44.44%, respectively [22]. These
findings support that the multifloral flower
honey in the study showed high antifungal
activity compared to other honeys.

Mundo et d., intheir microbiological analysis
on 27 honey samples from different flora and

geographical regions, 7 food spoilage
microorganisms  (Alcaligenes  faecalis,
Aspergillus niger, Bacillus

stearothermophilus, Geotrichum candidum,
Lactobacillus  acidophilus,  Penicillium
expansum, Pseudomonas fluorescens) and 5
pathogens that cause food poisoning (Bacillus
cereus, Escherichia coli O157:H7, Listeria
monocytogenes, Salmonella enterica, Ser.
typhimurium, and Saphylococcus aureus)
They found that they showed inhibitory
properties on staph. Inhibition effect was
observed in the samples on aureus. None of
the samples inhibited mold growth [29].
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Table 3 MIC, MBC and MFC of honey samples (% v/v)

Microorgan  Bacill Enterob  Enteroc  Escheri Klepsiell Proteu Salmon  Serretia  Saphyloc  Candid  Penicill

isms us acter occus chia a s ella marcesc  0ccus a ium
subtili  cloacae  feacalis  coli pneumon  vulgari  typhimu  ens epidermis  albican  italicum
s ATCC2 ATCC5 ATCC ia S rium ATCC1 ATCC14 s ATCC1
ATCC  468v 1299 2471 ATCC70 ATCC ATCCl1 3880 990 ATCC1 0454
6051U 0603 6896 3311 0351

G. 30 50 40 30 40 50 20 40 50 60 70

Multifloral

G. Chestnut 40 40 30 50 60 30 30 40 50 70 80

G. 50 30 50 60 50 40 40 50 60 60 70

Rhododendr

on

Art. 30 40 20 40 30 50 30 40 50 70 90

Multifloral

Art. 20 30 40 50 30 40 50 40 30 50 60

Chestnut.

O. 20 20 30 40 30 50 30 20 40 60 70

Multifloral

0. 50 40 50 50 60 40 30 20 40 50 60

Rhododendr

on

R. Chestnut 30 20 40 20 30 40 50 40 30 60 70

R. Linden 30 40 20 40 40 30 20 50 60 70 80

I. Linden 40 20 30 50 30 20 50 40 30 60 50

l. 20 60 30 40 30 50 20 30 40 50 60

Multifloral

B. 30 40 20 40 30 50 40 30 60 70 60

Multifloral

B. Linden 20 10 40 30 50 40 30 20 50 50 60

Bu. 20 30 40 30 20 50 40 30 60 60 70

Chestnut

Bu.Linden 20 40 30 30 40 50 60 40 30 50 60

E. 20 50 40 30 20 40 30 50 60 50 70

Multifloral

E. Chestnut 50 20 40 40 30 30 20 40 40 60 70

Ay.Linden 30 20 40 40 20 50 40 40 50 60 60

Ay. 30 50 20 40 20 40 50 40 50 60 80

Multifloral

Ar. Linden 40 10 30 20 30 40 30 50 30 60 70

Ar. 20 40 30 30 40 30 50 50 60 70 80

Multifloral

K. Linden 30 20 40 20 30 40 40 50 50 70 60

K.Chestnut 20 30 50 30 40 10 40 30 50 60 50

Y. 20 20 30 40 30 50 40 30 10 50 70

Multifloral

Y. Linden 20 20 30 30 20 40 50 30 60 50 40

4. CONCLUSION

In this study, the highest antimicrobia
activity was observed against rhododendron
honey obtained from Giimiishane of E. coli
with a ratio of 24.33+0.57. The lowest
antimicrobia activity was the activity of
linden honey obtained from Yalova against
Bacillus subtilis with a ratio of 11.06+0.54.
As it is known, rhododendron honeys are
unigue to the Black Sea Region and should be
consumed in a controlled manner due to their
toxic effects. Antibacterial activity is
significantly related to the acidity of honey,
but is not pH dependent. The antibacterid

Sakarya University Journal of Science 27(4), 920-929, 2023

activity of honey varies depending on the
plants from which it is produced rather than
the genus of the bee [1].

According to the findings, as stated in the
literature, the characteristics of honey, the
environment in which it is grown, and the
obtained plants are important. In terms of
content and medicinal properties, the
properties of honey differ according to the
obtained plants.
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