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TURK DOGA VE FEN DERGISI

Amag

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanan Bing6l Universitesi Fen Bilimleri Enstitiisiine ait ulusal ve
hakemli bir dergidir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin her
alaninda Ozgiin, yayimlanmamus, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi ¢aligmalarin bilim alemine sunulmasi amaciyla kurulmustur.

Kapsam

Tiirk Doga ve Fen Dergisinde Miihendislik, Ziraat, Veterinerlik, Fen ve Doga Bilimleri alanlarindan olmak iizere Tiirkce
ve Ingilizce hazirlanms orijinal makale, derleme ve sempozyum degerlendirmesi gibi galismalar yayimlanir. Tiirk Doga
ve Fen Dergisi sadece online sistemde yaymlanmakta olup ayrica kagit baskis: bulunmamaktadir.

Merhaba...

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanmakta olup Bingl Universitesi Fen Bilimleri Enstitiisiine
aittir. Bahar ve giiz donemi olmak {izere yilda iki defa ¢ikarilan ulusal hakemli bir dergi olarak ilk sayisin1 2012 bahar
doneminde yayimlamistir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin
her alaninda 6zgilin, yayimlanmamis, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi caligmalarm bilim alemine sunulmasi amacityla kurulmustur. {lk sayisindan bugiine kesintisiz olarak
faaliyetlerini siirdiirmektedir.

Tiirk Doga ve Fen Dergisi sadece online sistemde yayinlanmakta olup ayrica kagit baskist bulunmamaktadir. Dergimize
gelen her ¢aligma 6ncelikle Turnitin intihal programinda taranmaktadir. Dergimizde editorlerin, hakemlerin ve yazarlarin,
uluslararasi yayim etik kurallarina uymasi ve makalelerin yazim kurallarina uyumlu olmasi zorunlulugu vardir.

Yazarlar yayimlanmak tizere dergimize gonderdikleri c¢alismalari ile ilgili telif haklarin1 zorunlu olarak Bing6l
Universitesi Tiirk Doga ve Fen Dergisi’ne devretmis sayilirlar. Yazarlardan herhangi bir iicret talep edilmemektedir.
Yazarlarin degerlendirmeleri, dergimizin resmi goriisii olarak kabul edilemez. Calismalarin her tiirli sorumlulugu
yazarlarina aittir. Arastirma {irlinleri igin etik kurul raporu gerekli ise, ¢alisma {izerinde bu raporun alinmig oldugu
belirtilmeli ve kurul raporu sisteme kaydedilmelidir. Arastirma ile ilgili intihal, atif manipiilasyonu, sahte veri uydurma
vb. suistimallerin tespit edilmesi halinde yayim ve etik ilkelerine gére davranilir. Bu durumda ¢alismanin yayimlanmasini
onlemek, yayimdan kaldirmak ya da bagka islemler yapmak i¢in gerekli igslemler takip edilmektedir.

Dergimizde, kaynak gosteriminde uluslararasi Vancouver sistemine gegilmistir. Ayrica dergimiz, Creative Commons ile
lisanslanmak suretiyle dergimizde yayimlanan makalelerin paylasimi, kaynak gdsterimi ve yayimlanmasinda dergi ve
yazar haklarim1 korumaya almistir. 2018 yili giiz doneminden itibaren makaleler, uluslararas1 yazar kimlik numarasi
ORCID No’su ile yayimlanmaktadir.

Dergi ekibi, dergimizin ulusal ve uluslararasi indekslerce taranan bir dergi olmasi yoniinde ¢aligmalarimi titizlikle
stirdiirmektedir. Dergimize gosterilen ilgi bu yonde bizleri tesvik etmeye devam edecektir.

Bing6l Universitesi Fen Bilimleri Enstitiisii tarafindan yayimlanmaktadir
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Abstract: The cucumber plant (Cucumis sativus L) is an important cultivated plant produced
worldwide. Cucumber mosaic virus (CMV), one of the common viral diseases, causes economic
losses by reducing the yield and quality of the cucumber plant. In the observations performed in
Diyarbakir in September 2021, cucumber plants showing virus-like symptoms such as mosaic,
irregular yellowish spots, and deformity on the leaves were observed. Symptomatic and non-
symptomatic samples were collected and subjected to a reverse transcription polymerase chain
reaction (RT-PCR) using CMV-specific primers, and the produced DNA bands were visualized
on an agarose gel. CMV infection was detected in seven of the 15 samples. Bacterial cloning and
sequencing of a randomly selected specimen determined that the CMV partial coat protein gene
was 593 bp long and was registered in the NCBI database with the accession number
MW962979.1. According to the phylogenetic tree performed with different isolates of CMV,
Diyarbakir CMV isolate clustered with CMV isolates from Australia, Israel, Spain, Hungary,
Japan, and Korea forming Subgroup IA. The presence of CMV and group/subgroup diagnosis in
cucumber plants grown in the Diyarbakir region were confirmed molecularly for the first time by
this study.

Diyarbakar flinde Yetistirilen Hiyar Bitkilerinde Hiyar Mozayik Viriisii’niin Genetik

Cesitliligi

Anahtar
Kelimeler
Kilif proteini,
RT-PCR,
Klonlama

Oz: Hiyar bitkisi (Cucumis sativus L.) diinya ¢apinda iiretilen énemli bir kiiltiir bitkisidir. Yaygm
viral hastaliklarindan biri olan Hiyar mozayik viriisii (Cucumber mosaic virus, CMV) hiyar
bitkisinde verim ile birlilkte kaliteyi diisiirerek ekonomik kayiplara neden olmaktadir. Diyarbakir
ilinde 2021 yil1 Eyliil ayinda yapilan gézlemlerde, yapraklarda mozaik, diizensiz sarimsi lekeler
ve deformite gibi viriis benzeri simptomlar gosteren hiyar bitkileri gozlenmistir. Simptom gdsteren
ve gostermeyen Ornekler toplanarak CMV spesifik primerler kullanilarak ters transkriptaz
polimeraz zincir reaksiyonu (RT-PZR)’na tabi tutulmus ve iiretilen DNA bantlar1 agaroz jelde
goriintiilenmistir. CMV infeksiyonu 15 6rnekten yedisinde belirlenmistir. Rastgele segilen bir
ornegin bakteriyel klonlanmasi ve dizilenmesi sonucunda, CMV kismi kilif proteni geninin 593
bp uzunlugunda oldugu belirlenmis ve NCBI veri tabanina MW962979.1 erisim numarast ile
kaydedilmistir. CMV’nin farkli izolatlartyla gerceklestirilen filogenetik agaca gore, Diyarbakir
CMV izolat1 Subgrup IA grubunu olusturan Avustralya, Israil, Ispanya, Macaristan, Japonya ve
Kore’ye ait CMV izolatlari ile kiimelenmistir. Diyarbakir bolgesinde yetistirilen hryar bitkilerinde
CMV ’nin varlig1 ve grup/subgrup teshisi ilk defa bu ¢alisma ile dogrulanmustir.
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1. INTRODUCTION

Cucumber mosaic virus (CMV), responsible for
significant agricultural losses in many cultivated plants
worldwide, is probably one of the viruses with the largest
host range among plant viruses. CMV firstly described in
1916 by Doolittle in Michigan and by Jagger in New York
is a disease of cucurbits. CMV has a high degree of
diversity and a large number of isolates due to differing
biological and molecular properties [1, 2]. CMV, a type
of member of the Cucumovirus genus, has a wide host
range with 1241 species in 101 plant families consist of
monocotyledon and dicotyledonous plants. In addition,
the virus's host range includes a large number of wild
species that are important for its year-round survival, as
well as plants from all kinds of cultures such as food and
feed products, ornamental plants [3].

CMV virions are icosahedral particles having a diameter
of 29 nm and include 18% RNA and a single capsid
protein (CP) with 180 subunits. CMV genome having
single-stranded positive-sense RNA consists of three
pieces named as RNA1, RNA2 and RNAS3 in decreasing
order of size. RNA1, which is monocistronic, encodes
protein la. This fragment includes an admitted
methyltransferase domain at its N-terminal portion and
also a helicase domain at its C-terminal portion. RNA2
encodes the huge 2a protein containing the GDD motif
typical responsible for an RNA-dependent RNA
polymerase (RdRp), as well as the small 2b protein
expressed from an open reading frame 2b (ORF2b). 2b
protein is a suppressor of RNA silencing. RNA3 encodes
the coat (CP) and the movement proteins (MP) has a
bicistronic structure. The first ORF of each bicistronic
RNA is expressed from genomic RNA, but the second
ORFs are expressed from RNA4 and RNA4A [4]. CMV
divided into two groups as group | and Il according to
their serological relationships and genetic diversity by
Palukaitis et al. [5]. CMV causes typical mosaic
symptoms on melon and cucumber leaves, stunting and
reduced fruit yield. Symptoms on fruits are usually seen
in the form of spots or mosaics. Adult plants of some
cucumber cultivars may show rapid and complete wilting
a few days after CMV infection. In pumpkin, the
symptoms of CMV are very severe, including mosaic,
yellow spots and leaf rot. Infected plants often deform
fruit, drastically reducing fruit retention, or even stopping
[7]. The existence of CMV has been reported in many
countries in the world and has been detected in many
regions and plants in Tirkiye [8, 9, 10, 11, 12].

Recently, the research in the world shown that CMV
subgroup I divided into two subgroups (la and Ib) with the
analysis of non-protein coding regions at the 5' end and
the CP gene [6]. Previous studies have shown the presence
of CMV infections in various hosts in Turkey, as
described by several researchers [29, 32, 36, 37, 38]. A
few studies have shown that subgroup IA isolates are
frequently observed in molecular investigations carried
with CMV [34, 39, 40]. Moreover, Group Il and subgroup
IB have been seen in Turkey in recent years [33].
Although CMV infection has been reported in cucumber

growing regions in our country, the genetic diversity of
these isolates remains unknown.

Turkey stands out as one of the leading nations worldwide
in the production of vegetables from the Cucurbitaceae
family, with Diyarbakir playing a significant role in this
contribution [31]. Cucurbits are susceptible to a wide
variety of wviral infections, which may result in
considerable productivity reductions in these crops [18].
The objective of this study is to identify CMV in the
cucumber plant and to investigate its genetic diversity in
the cucumber growing areas of Diyarbakir, which is
located in the Eastern Anatolia region of Tiirkiye. It has
also been investigated the phylogenetic relationships of
Diyarbakir isolate using other worldwide CMV isolates
from the gene bank for determine the genetic diversity.

2. MATERIAL AND METHOD
2.1. Virus Isolates and Total RNA Extraction

In 2021, fresh leaves were collected from 5 CMV-
suspicious and 10 healthy-looking plants out of a total of
15 plants in the five fields where cucumbers were grown
Cmar town of Diyarbakir. Total RNA isolation was
performed by using method described by Foissac et al.
[13]. The RNA samples obtained were stored at -80°C for
testing.

2.2. cDNA Synthesis and PCR

The cDNA synthesis was performed by using RNAs
obtained from the previous step. Gene-specific
oligonucleotide designed for CP was used in cDNA
synthesis. cDNA synthesis was carried out in two steps.
In the first step, 12 pl of the reaction mixture (2 pl RNA,
1 ul ANTP, 8 ul RNase-free water and 1 pl reverse primer
were incubated at 65°C for 5 minutes and then was kept
on ice for 5 minutes. In the second step, a mixture of
components of 1 ul RNase-free water, 4 pul SX RT buffer,
1 pl reverse transcriptase and 2 pl 0.1 M DTT was
incubated at 42°C for 45 minutes and then at 70°C for 15
minutes, respectively. cDNAs in a total volume of 20 pul
were stored at -80°C until use. Specific forward and
reverse primers were used to obtain the coat protein gene
of CMV (Table 1). 25 ul RT-PCR reaction volume
contains 3 ul cDNA, 15.6 ul nuclease-free water, 0.5 pul
dNTP, 0.4 ul DreamTaq DNA polymerase (Thermo
Scientific), 1.5 pl MgCl,, 2.5 pl 10X Taq buffer, 0.5 pl
forward and reverse primer. RT-PCR reactions were
performed with the following conditions: initial
denaturation 1 cycle at 94°C for 2 min, 36 cycles of 94°C
for30s, 52°C for 30 s, and 72°C for 45 and final extension
of 1 cycle at 72°C for10 min. The standard marker (1 kb,
Thermo Scientific) (5 pl ) and obtained reaction products
(15 pl) were run on an agarose gel (1.5%) including
IXTAE Buffer and EtBr (1%) for 45 minutes at 85 volts
and visualized under UV light. In order to strengthen the
accuracy of PCR tests, CMV [14] isolate obtained from
previous studies was used as a positive control and
asymptomatic cucumber samples were used as negative

controls.
Table 1: Primer information that is used for the CMV CP gene
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Primer . Positio Pro_duct
Primer sequence size Ref.
name n
(bp)

FOMar | 5 GCCACCAAAAATAGAC | 1484-

d CG3’ 1502 [35]
primer
Reverse 5’ATTCGCTGGCGTGGAT 2057— 593 [35]
primer TTCT3’ 2076

2.3. Sequencing analysis, BLAST and Phylogenetic
construction

RT-PCR amplified DNA was purified with the Gene Jet "
(Cat. No. KO0691, Thermo) in accordance with the
manufacturer's instructions. Purified products were
cloned into the prokaryotic cloning vector (pGEM T-
Easy, Promega) and transferred to E. coli by electro
transformation method. Recombinant plasmids including
CMV coat protein in bacteria were purified with Miniprep
Kit (Thermo Genelet Plasmid, Cat. No. K0503,) and
DNA fragment of CMV coat protein sequenced by next
generation sequencing (NGS)
(Sentebiolab/Ankara/Tiirkiye) [41]. The resulting
sequence has been registered in the NCBI database.

A phylogenetic tree was generated with the CMV coat
protein sequence belong to Diyarbakir isolate, 25 different
sequences from different hosts and countries (including
CMV IA, CMV IB and CMV II group) on the NCBI
website. Pairwise identity of CMV isolates used in the
present study calculated with Sequence Demarcation Tool
Version 1.2 (SDTv1.2). The phylogenetic dendogram was
created with the Neighbor-Joining method (NJM) using
CLC Main Workbench 6.7.1 software with 100
replications. Tomato aspermia virus, accession number
EF153735, was assigned as outgroup in order to promote
better branching of the tree.

3. RESULTS

As a result of the field studies carried out in the province
of Diyarbakir in the Eastern Anatolia region, symptoms
caused by viruses and virus-like factors such as mosaic
and blistering, yellowish spots and abnormal leaves were
observed on the leaves from the cucumber production
areas. The total of 15 cucumber leaves in this study were
collected and RT-PCR tests applied to the collected
samples yielded DNA bands of approximately 593 bp in
7 samples, confirming the presence of CMV (Figure 1).
According to the PCR test results, the percentage of
infection was calculated as 46.6.

ML S Al o T8 % IER N

1000 bp

_—

500 bp

E—

590 bp

Figure 1. Agarose gel electrophoresis image of RT-PCR products
obtained using CP specific primers for cucumber samples collected from
Diyarbakir province. M: Marker, P: Positive control, N: Negative
control

After the RT-PCR result, bacterial cloning of a CMV
isolate from 7 samples that gave positive results among
the plants tested in Diyarbakir province was performed
and its nucleotide sequence was revealed. The resulting
partial coat protein nucleotide sequence was named
Diyarbakir D4 and registered in the gene bank with the
accession number MW962979.1 as shown in figure 2.

BLAST analysis was performed to determine the
nucleotide similarity ratio of the obtained sequence from
the current study. According to the comparison based on
other CMV isolates worldwide, the similarity rate of
Diyarbakir D4-CMV isolate was found to be between
96.63% and 99.49% at the nucleotide level (Figure 3).
Based on the sequence of 593 nucleotides, we also
investigated the phylogenetic relationships of Diyarbakir
D4-CMYV isolate with other isolates and to which group it
belongs. While constructing the tree, 25 different DNA
sequences selected from Group | (A and B) and Group Il
from different gene sources were used (Table 2).

GCCACCAAAAATAGACCGTGGGTCTTATTACGGTAAAAGGTTGTTACTACCTGATTCAGTCACGGA
ATATGATAAGAAGCTTGTTTCGCGCATTCAAATTCGAGTTAATCCTTTIGCCGAAATTTGATTCTACCG
TGTGGGTGACAG TCCGTAAAGTTCCTGCCTCCTCGGACTTATCCGTTGCCGCCATTTCTGCTATGTTT
GCGGACGGAGCCTCACCGGTACTGGTTTATCAGTATGCCGCATCTGGAGT CCAAGCCAACAACAA
ACTGTTGTATGATCTTTCGGCGATGCGCGCTGATATAGGTGACATGAGAAAGTACGCCGTCCTCGT
GTATTCAAAAGACGATGCGCTCGAGACGGACGAGCTAGTACTTCATGTTGACATCGAGCACCAAC
GCATTCCCACGTCTGGAGTGCTCCCAGTCTGATTCCGTGTTCCCAGAATCCTCCCTCCGATCTCTGT
GGCGGGAGCTGAGTTGGCAGTTCTGCTATAAACTGTCTGAAG TCACTAAACGTTTTTTACGGTGAA
CGGGTTGTCCATCCAGCTTACGGCTAAAATGGTCAGTCGTGGAGAAATCCACGCCAGCAGAT

Figure 2. Partial coat protein nucleotide sequence (593 bp) obtained by
cloning of CMV isolate (MW962979.1) obtained from Diyarbakir
province

Table 2. Gene bank information relating to the genes used in the
investigation of phylogenetic relationships of Diyarbakir D4 isolate

N Country Accession Plant Gene Virus
0 number source source types
noted in
NCBI
1 Australia U22821 - Complet Group |
e and I
2 Israel U66094 Cucurbita Complet -
pepo e
3 Spain AM183119 Tomatoes Complet  Group IB
e
4 Hungary AJ517802 Raphanus Genomic -
sativus RNA
5 Japan D28487 Licopersico Complet Subgrou
n e pl
esculentum
6 Korea L36251 - Complet -
e
7 Korea AF013291 - Complet -
e
8 India AF281864 Datura Complet -
innoxia e
9 Thailand AJB10259 Chili pepper CP -
10 China KJ746022 Nicotiana CcP -
tabacum
11 Tiirkiye KY474380  Kidney bean CP -
12 Tirkiye MW96298 Cucumis CcP -
0 melo
13 Tiirkiye MT361015 Cucumis CcP -
melo
14 Tiirkiye MT361015 Cucumis CcP -
melo
15 Japan AB042294 - Complet -
e
16 USA U31220 Musa Complet -
e
17 China AF268598 Banana Complet -
e
18 - M21464 - Complet -
e
19 India AJ585086 Lilium Genomic -
RNA
20 USA AF127976 - Complet -

e
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21 India HE583224 Nicotiana Genomic
glutinosa RNA

22 - L15336 - Complet
e

23 Japan AB006813 Complet
e

24 Netherland AJ304397 Alstroemeri CP

S a

CP: Coat protein

uz1220

AF281864
AJB10258
KJT46022

Ky474380
ABD42294
AF013291
Dz8487
L36251
AM1BING
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uzzs1
UBE094
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L15336
AJ304397
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AJS85086
HES83224
AF268598
EF153735

Pairwise identty (%)

ABD42294
AFD13201
AF127976
AJ3D4IIT

L15336

Figure 3. Similarity matrix created by using nucleotide sequences of
CP genes of Diyarbakir D4 isolate and world CMV isolates

Based on sequence similarity ratios, the results are
consistent with the phylogenetic tree constructed with the
same sequences. According to the phylogenetic tree
formed by the neighbor-joining method, 3 groups were
formed, namely Group I (A and B) and Group Il
According to the phylogeny, it was determined that the
CMV D4 isolate clustered with the isolates of Subgroup
IA (Figure 4).

4 UBe21 . )

CMV subgrup IA

AF013291
— AF281864 N
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—
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Figure 4. Phylogenetic dendrogram of CP gene sequences of CMV
isolates. Diyarbakir D4-CMYV isolate is shown in red (MW962979)

CMV isolates from Australia, Israel, Spain, Hungary,
Japan and Korea were also included in the cluster
(Subgroup IA) in which Diyarbakir isolate accession
number MW962979 is located. In addition, as result of the
isolate obtained from the cucumber showed a closer
phylogenetic relationship with the CMV isolates isolated

from Australia, Israel, Spain and Hungary. Different
clustering of Japanese and Korean isolates with other
isolates in subgroup 1A by tree supports this information.
On the other hand, although they share almost the same
geography, the Diyarbakir cucumber isolate and the
melon plant isolates with accession numbers M\W962980,
MT361015 and MT361015, also reported from Tiirkiye,
were in different groups. On the other hand, although they
share almost the same geography, the Diyarbakir
cucumber isolate and the melon plant isolates
(MW962980, MT361015 and MT361015) reported from
Tiirkiye, clustered in different groups. Also, it can be
concluded that plant species as based on Table 2 is not
important in phylogenetically separating CMV groups.

4. DISCUSSION AND CONCLUSION

Cucurbits are an important host of many viral pathogens.
The viruses can cause %50 to 100% damage depending
on the plant species, vector density, virus strain and
environmental conditions. Mixed infection of these
viruses with other viruses has the potential to cause
epidemics in vegetable growing areas around the world
[15, 16]. CMV is prevalent in mostly all continents,
including Europe, Asia, North America, Africa, and
Australia [17]. CMV s also widespread in agriculture in
Tirkiye and constitutes a wide viral study area. The
presence of CMV has been reported in many cultivated
and wild plants such as tobacco, beans, spinach, peppers,
tomatoes, cucumbers olives and Polygala myrtifolia [18,
19, 20, 21, 22, 23, 24]. Virus and virus-like symptom
symptoms, including mosaic and blistering, yellowish
spots, and abnormal leaves, were noted on cucumber
leaves harvested from in this study. These symptoms are
in agreement with those reported in other studies in the
literature [25, 26].

CMV has been reported nationally in different
geographies and in different hosts in Tiirkiye. The 113
tomato leaves in total with virus and virus-like symptoms
from production areas in the Marmara region were tested
with the DAS-ELISA test (Double-antibody sandwich
enzyme linked immuno sorbent assay) by Karanfil [27].
The infection rate was founded 30.08% in the samples
collected. In a similar study conducted in the same region
(Canakkale, Bursa and Bilecik), the presence of CMV
with the DAS-ELISA test was determined in 67 of 77
samples belong to different plant species and the infection
rate was reported as 87% [22]. A research conducted in
the Western Mediterranean area revealed that 53 out of
138 tomato samples, accounting for 38.40% of the total,
were found to be infected with CMV [28].

In the surveys carried out in Bing6l province in 2019,
melon leaf samples with mosaic patterns in different
shades of green and vein bands and leaf deformations
were collected and analyzed with PCR to detect the
presence of CMV and Watermelon mosaic virus (WMV).
As a result of RT-PCR performed using primer sets
specific to the coat protein (CP) gene, it was determined
that the partial coat protein gene length contained 657 bp
[29]. Furthermore, two separate research have shown the
existence of CMV isolate in the region of Diyarbakir. [30,
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31]. In the study carried out by Oztiirk [30] in the fields
of watermelon cultivation, leaf curling, chlorotic
mottling, mosaic formations, thinning and fruit
deformations were detected in plants and tested with
DAS-ELISA tests against various cucurbit viral agents. In
the study, 53 of 60 leaf samples infected with one or more
viruses. While Zucchini yellow mosaic virus (ZYMV)
had the most infection, the lowest infection rate was found
in CMV. In the other study carried out in Diyarbakir, a
total of 547 samples, including 34 cucumbers, 176
zucchini, 142 watermelons and 195 melons, were
collected and tested by applying the DAS-ELISA method
against 7 cucurbit viruses. As a result of the analysis,
CMV pathogen was reported with an infection rate of
18.28% in 100 of 547 samples [31]. The result of previous
studies regarding molecular characterization of CMV
illustrated that CMV isolates of Tiirkiye are generally 80-
100% similar to the world isolates [32, 33]. In this regard,
the results provided from this study are consistent with
those from previous studies.

Geographical conditions have been suggested as a
potential influence on phylogenetic groupings. However,
it has been shown that the geographical origins of CMV
do not have a significant impact on its phylogenetic
grouping. It has been suggested that isolates from the
immediate region are distributed in different phylogenetic
groups [34]. In spite of the fact that a great number of
research on CMV have been conducted in our country, the
fact that the majority of these studies were conducted
using the ELISA test results in uncertainty about the
differentiated groups and subgroups of CMV isolates. The
subgroup 1A CMV isolates are present in different plants
in Tirkiye [27, 33]. Moreover, the availability of
subgroup IB and Il isolates has been stated in different
studies.

In the present study, the phylogenetic relationships of
CMV and its infection in cucumber plants obtained from
Diyarbakir province were revealed. Moreover, this study
is the first report in Diyarbakir province where this isolate
isincluded in Subgroup IA. In addition, the registration of
the CP partial gene sequence of the cucumber CMV
isolate to GenBank for the first time is among the original
outputs of the study. Although the infection rate was
calculated as 46.6 according to the collected samples, it is
recommended to test the samples with the PCR test, which
is more sensitive than the DAS-ELISA test by using more
samples for the current rate. In addition to the partial coat
protein, the complete gene of coat protein of belong to
CMV Diyarbakir D4 isolate should be amplified and
molecular characterization should be made.
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Abstract: Native to the Mediterranean and southwest Asia, Celtis australis is used in folk
medicine to treatment of many diseases such as peptic ulcer, diarrhea, dysentery, pain, and colic.
However, there are very few studies on the effects of this species on cancer. We report for the
first time the cytotoxic and genotoxic properties of C. australis on the human ovarian cancer cell
line A2780. In the study, C. australis extract prepared in ethanol/phosphate buffer was applied to
A2780 cells. The change in viability level in A2780 cells after treatment was determined by MTT
assay and DNA damage was determined by single-cell gel electrophoresis (Comet) analysis. Our
results showed that plant extract application at doses above 200 pg/mL significantly decreased
A2780 cell viability (p<0.05). The IC50 value for A2780 cells of C. australis was determined as
251.43 pg/mL. Comet analysis results revealed that 50 pg/mL and above dose applications
increased the level of DNA damage (p<0.05). These results suggest that C. australis mediates cell
death by inducing DNA damage in A2780 cancer cells.

Celtis australis insan Over Kanseri Hiicrelerinde DNA Hasarim indiikleyerek Sitotoksik

Etki Sergiler

Anahtar
Kelimeler
Over kanseri,
Celtis australis,
Sitotoksisite,
DNA hasari

Oz: Akdeniz ve giineybat1 Asya’ya 6zgii olan Celtis australis, halk tibbinda yaprak ve meyveleri
peptik iilser, ishal, dizanteride, agr1 ve kolik gibi birgok hastaligin tedavisinde kullanilmaktadir.
Buna kargin bu tiirlin kanser iizerine etkilerini konu edinen oldukg¢a az sayida ¢alisma vardir. Bu
caligmada C. australis’in insan over kanseri hiicre serisi A2780 iizerine sitotoksik ve genotoksik
Ozelliklerini ilk defa rapor ediyoruz. Calisgmada C. australis’in etanol/fosfat tamponu igerisinde
hazirlanan 6ziitii A2780 hiicrelerine uygulandi. Uygulama sonrast A2780 hiicrelerinde canlilik
diizeyi degisimi MTT analiziyle, DNA hasar ise tek hiicre jel elektroforezi (Comet) analizliyle
belirlendi. Sonuglarimiz 200 pg/mL {izeri dozlarda bitki 6ziitli uygulamasinin A2780 hiicre
canlihgmi anlamh diizeyde azalttigim gosterdi (p<0.05). C. australis’m A2780 hiicreleri igin
IC50 degeri 251,43 pg/mL olarak belirlendi. Comet analiz sonuglart 50 pg/mL ve iizeri doz
uygulamalarmmm DNA hasar diizeyini arttirdigin1 ortaya koydu (p<0.05). Bu sonuglar C.
australis’m A2780 kanser hiicrelerinde DNA hasarini indiikleyerek hiicre Oliimiine aracilik
ettigini gostermektedir.

1. INTRODUCTION

Cancer is an important public health problem that
negatively affects human health and quality of life and is
increasing day by day. It is characterized by abnormal
growth of cells in any tissue of the body as a result of
genetic alteration and spread to different regions [1].

Ovarian cancer is the eighth leading cause of cancer-
related death in women worldwide. It is the fifth most
common cause of cancer-related death in women in
Australia, North America and Western Europe [2]. In
Turkey, ovarian cancer is women’s the 7th most
common cancer type [3]. According to World Health
Organization data, 295,414 people were diagnosed with
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ovarian cancer in 2018 and 184,799 people died from
ovarian cancer that year [4].

Medicinal plants, which have been used for therapeutic
purposes from the past to the present, have been
instrumental in the discovery and development of many
drugs in modern pharmacy [5, 6]. Celtis australis, also
known as the hedgehog in our country, grows wild in
temperate Mediterranean regions (e.g. southern Europe,
northern Africa) and Southeast Asia. It has been reported
that C. australis is an important source of fiber, protein,
vitamins and also important bioactive compounds such
as lutein, B-carotene, zeaxanthin and tocopherols in fruit
samples [7]. It also contains rare flavonoids (such as
flavone O-glycosides and flavone C-glycosides) and
important metabolites such as tannins and saponins [8,
9]. Due to these, it is reported to exhibit strong
antimicrobial and antioxidant effects [7]. Moreover,
considering the cytotoxic effects of these compounds, it
can be assumed that the extract prepared from the fruits
and leaves of C. australis may have cytotoxic potential.

A few number of studies report the cytotoxic effect of
Celtis species against cancer cells. It has been reported
that a new flavonoid C-Glycoside isolated from C.
australis and C. occidentalis leaves exhibits strong
antioxidant effects and cytotoxic effects on different
cancer cell lines [10]. Acquaviva et al. have shown that
the extract obtained from C. aetnensis caused cell
damage and inhibited viability by interfering with the
oxidant/antioxidant cell balance in Caco-2 human colon
carcinoma cells [11]. In addition, local people in South
Africa use the sun-dried bark and roots of C. africana in
the treatment of cancer [12, 13]. However, most other
studies have focused on content analysis of these genres.
This study aimed to elucidate the in vitro effects of C.
australis on ovarian cancer, an important malignancy in
women. In this context, the cytotoxic activity and
genotoxic effect of C. australis extract against A2780
cell lines were evaluated.

2. MATERIAL AND METHOD
2.1. Preparation of Plant Extract

Ripe fruits of C. australis were extracted in 80%
ethanol/phosphate buffer at a ratio of 1:10 (g/mL). The
solvent of the extract was evaporated in a rotary
evaporator (Buchi R100, Switzerland) and the total
volume was made up to 10 mL with phosphate buffer.
The stock solution was sterilized by filtration through a
0.22 pm filter and stored at 4°C for the duration of the
experiment.

2.2. Cell Culture Studies

Human ovarian cancer cell line A2780 was used in the
study. Cells were cultured in RPMI-1640 medium (10%
FBS, 1% penicillin-streptomycin solution, 1% non-
essential amino acid solution). Cell flasks were
maintained at 37°C (Thermo Forma II CO Incubator,
USA) with 5% CO, throughout the experimental
process. Confluent cells were removed with

trypsin/EDTA solution and cell counting was performed.
96-well plates were used for cytotoxic assays.
Approximately 15,000 cells were seeded in each well.
The next day, the medium in the well was aspirated and
a new medium was added. The treatment groups were
treated with different doses (50-600 pg/mL) of the
prepared plant extract for 24 hours. At the end of the
period, cell viability levels in the groups were
determined by MTT assays [14]. The absorbance values
obtained from the wells were ratioed to the control
absorbance value and percent viability values were
calculated.

2.3. Genotoxicity Analysis

In the study, DNA damage effects of plant extract were
determined by single-cell gel electrophoresis (Comet)
analysis [15]. For analysis, cells were seeded in 6-well
plates. Cells were treated with 50, 100, and 200 pg/mL
doses of the plant extract for 24 hours. The collected cell
samples were then washed with phosphate buffer and
resuspended. Approximately 10,000 cells were mixed
with low-melting agarose and this mixture was dropped
onto agarose-coated slides and coverslips were closed.
The preparations were kept at 4°C for 10-15 minutes and
the coverslips were separated. The slides were then kept
in lysis solution for 1 hour and placed in a horizontal gel
electrophoresis tank. Samples were run at 25 volts
(maximum 300 mA) for 25 minutes. After
electrophoresis, the slides were washed 3 times for 5
minutes with a neutralization buffer. Finally, ethidium
bromide solution was added to the slides and DNA
damage images were recorded under a Zeiss AXio
Scope.Al fluorescence microscope. Analyses were
performed using Tritek Comet Score software. This
program analyzes images using the background of the
image taken as a reference and wuses pixel
changes/intensity to determine the level of DNA
damage. Tail length (tail length; TL), tail moment (tail
moment; TM), tail intensity (tail intensity; TI). and
%DNA tail ratio (%DNA tail) parameters were
determined for at least 100 random cells from each

group.
2.4. Statistical Analysis

Sigma Plot 12 package program was used in the analysis.
The normal distribution of the analyzed variables was
examined by the Shapiro-Wilk test before comparisons
were made between groups. Kruskal Wallis H test was
used to determine the differences between groups and
Dunn's test was used for multiple comparisons.
Statistically, p<0.05 was considered statistically
significant. After MTT assays, the IC50 of the plant
extract for A2780 cells was calculated using AAT
Bioquest IC50 Calculator [16].

3. RESULTS
3.1. Cell Viability Level

The viability change in the A2780 cell line treated with
different concentrations of C. australis plant extract is
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shown in Figure 1. 24 hours after treatment, C. australis
400 and 600 pg/mL doses significantly reduced cell
viability compared to the control group (p<0.05).
Furthermore, the IC50 value on C. australis A2780 cells
was determined as 251.43 pg/mL.
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Figure 1. Viability change (%) in A2780 cell line 24 hours after plant
extract treatment. Box plots are expressed as median (min.—max.).
*p<0.05 compared to control.

3.2. Impact on DNA Damage

After MTT analysis, doses with at least 70% viability
were applied to the cells for Comet analysis. The results
of Comet analysis after the treatments are summarized in
the Table 1. Accordingly, %DNA tail and Tl parameters
determined after the treatments were higher in the
treatment groups compared to the control group
(p<0.05). On the other hand, no difference was observed
between the groups in the other two parameters (TL and
TM). These results indicate that the plant extract causes
DNA damage and decreases cell viability. Microscope
images of the study are presented in Figure 2.

Table 1. Comet analysis results

%DNA tail TL TI ™

Control 4.03 1.00 30405.00 0.01
] (283-5.03) | (0.00-2.00) | (21320.00-37024.00) | (0.00 - 0.06)

50 uo/mL. 4.61 0.00 34439.00 0.00
e (3.12-9.01)* | (0.00-3.00) | (22192.50 - 84088.00)* | (0.00-0.13)

100 pgm. 10.89 0.00 99552.50 0.00
(3.84-43.72)* | (0.00-8.75) | (25614.25-510185.75)* | (0.00-133)

200 pg/m. 1111 1.00 75139.00 0.02
(3.58 - 88.37)* | (0.00 - 48.50) | (30188.50 - 705810.00)* | (0.00 - 31.43)

Values expressed as median (25% - 75%). *p<0.05
compared to the control group.

Figure 2. DNA damage image after plant extract application to A2780
cell line. (A,B: control group, C,D: 50 pg/mL, E,F: 100 pg/mL and
G,H: 200 ng/mL plant extract treated groups. X100).

4. DISCUSSION AND CONCLUSION

Recent developments have led to the realization that free
radical-induced lipid peroxidation and DNA damage are
associated with major health problems such as cancer
and aging. Plant-derived antioxidants are reported to be
effective in protecting against these processes [17-19].
C. australis has various uses in folk medicine. Studies
have shown that this species is a rich source of
phytochemicals such as phenolic compounds, flavonoids
and minerals [20, 21]. Most of the studies on C. australis
have focused on revealing the phytochemical
composition of the plant and determining its antioxidant
activity. In this study, we present the first findings
showing the cytotoxic and genotoxic effects of C.
australis species on ovarian cancer A2780 cells.

Few studies have focused on the effects of C. australis
on cancer cells. EI-Alfy et al. evaluated the cytotoxic
effects of ethanol and aqueous extracts of C. australis
and C. occidentalis plants on human hepatocellular
carcinoma (HEP-G2), leukemia carcinoma (CCRF-
CEM), colon adenocarcinoma (COLO 205), ovarian
adenocarcinoma (NIH: OVCAR-3) and gastric
carcinoma (NCI-N87) cell lines. The results showed that
COLO 205, HEP-G2 and NCI-N87 cell lines were the
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cancer types most affected by the viability change after
treatments. ED50 values for C. australis ovarian
adenocarcinoma cells were reported as 77.65 + 0.52
pg/mL  (ethanolic extract) and 72.77 £ 0.48 pg/mL
(aqueous extract) [10]. Some studies on other Celtis
species support the cytotoxic activity of C. australis.
Acquaviva et al. reported that C. aetnensis extract
applied at doses of 5 pg/mL and above-induced
apoptosis in Caco-2 cells and decreased cell viability. In
addition, while an increase in reactive oxygen level was
observed in cell lines after plant extract application, a
decrease in HO-1 protein expression, which mediates
cell survival, was detected [22]. In another study, the
cytotoxic effect of two new triterpene ester isolates from
C. philippinensis on Lul (human lung cancer), Col2
(human colon cancer), KB (human oral epidermoid
carcinoma) and LNCaP (hormone-dependent human
prostate cancer) was investigated. The results of the
study revealed that these compounds exhibited
significant cytotoxic effects in cell lines with ED50
values generally in the range of 5-15 pg/mL [23].

This study provides evidence that C. australis extract,
which is considered a valuable medicinal plant species,
exhibits strong cytotoxic and genotoxic effects against
ovarian cancer cell line. Our results showed that C.
australis extract significantly decreased cell viability in
A2780 cells at doses above 200 pg/mL and caused DNA
damage from 50 pg/mL. These results show that C.
australis extract causes cell death by inducing DNA
damage in A2780 cells. Our study supports the growing
data in this field showing the anti-cancer effect of Celtis
species. We can say that this species, which is widely
used in traditional medicine practices, reveals these
effects through the secondary metabolites it contains. In
light of the study’s findings, further investigation into
the use of this plant is necessary as a supplementary
natural product for cancer treatment and prevention in
both in vitro molecular study and in vivo animal models.
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Abstract: This experimental study has been carried out by using gamma backscattering method
which is a non-destructive method. Some elements which are in the atomic number range of
4<7<48 have been used as backscatterer samples to investigate the variation of backscattering
factor, asymmetry factor, and tailing factor with atomic number. These samples were irradiated
by y-rays of 59.54 keV energy emitted from a 10 uCi **Am point radioactive source. To count
the backscattered photons from samples, a high purity germanium detector (HPGe) with a
resolution of 182 eV at 5.9 keV and active area of 200 mm? was used. It was concluded that the
coherent to backscattering ratio, asymmetry factor, and tailing factor increased with increasing
atomic number, but the count rate and backscattering factor decreased.

Gama Geri Sacilma Yontemini Kullanarak 59.54 keV'de 4<7<48 Atom Numarasi
Arahgindaki Bazi Elementler I¢cin Geri Sacilma, Asimetri ve Kuyruklanma Faktorlerini

Belirlemeye Yonelik Deneysel Calisma

Anahtar
Kelimeler

Geri sagilma,
Geri sagilma
faktori,
Asimetri
faktori,
Kuyruklanma
faktori,

HPGe dedektor

Oz: Bu deneysel calisma, tahribatsiz bir yontem olan gama geri sagilma yontemi kullanilarak
gercgeklestirilmistir. Geri sagilma faktorii, asimetri faktorii ve kuyruklanma faktoriiniin atom
numarasia gore degisimini arastirmak igin, geri sagici numuneler olarak 4<7Z<48 atom
numarasi araligindaki bazi elementler kullanilmistir. Bu numuneler, 10 uCi **!Am radyoaktif
nokta kaynaktan yayilan 59.54 keV enerjili y-1sinlart ile i1ginlanmistir. Numunelerden geri
sacilan fotonlar1 saymak igin, 5.9 keV'de 182 eV ¢oziiniirliige ve 200 mm? aktif alana sahip
yiiksek saflikta germanyum dedektorii (HPGe) kullanildi. Koherent/geri sagilma orani, asimetri
faktorii ve kuyruklama faktoriiniin artan atom numarasi ile arttigi, ancak sayma hizi ve geri
sacilma faktoriiniin azaldig1 sonucuna varildi.

1. INTRODUCTION

Backscattering (i.e., backscatter) is defined as the
reflection of radiation or particles back to the direction
from which they came. Backscattering has many
important application areas as astronomy, radar systems
(especially weather radar), radiation dosimetry, fiber
optics, photography, X-ray imaging, neutron or X-ray
spectroscopy, and medical ultrasonography. The gamma
backscattering method is a non-destructive method. This
method can be used to determine physical parameters as
thickness (or saturation thickness), density, and shape of
backscattering samples (or materials). When the material
used as target are irradiated by gamma photons, the

gamma photons are backscattered from the interior of the
target and then these gamma photons backscattered
backwards are detected using a detector in this method.

There are many studies with regard gamma backscattering
in the literature. Because the backscattering method is
very useful, it is used to determine parameters such as
effective atomic number, saturation thickness, and albedo
factor for a material. Udagani [1] studied experimentally
gamma backscattering and saturation thickness for granite
and glass using ¥’Cs radioactive source and Nal(TI)
detector at 180° scattering angle. Then, Udagani [2]
investigated gamma ray backscattering for water,
kerosene, petrol, and admixture of kerosene and petrol.
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He concluded that the gamma backscattering technique is
very useful and sensitive analytical technique for
performing quantitative analysis of samples. Almayahi
[3] measured the backscattering factor of gamma rays for
pure concretes of different thicknesses using gamma
energies in range of 0.088 MeV to 1.253 MeV and a
Nal(TI) scintillation detector. He concluded that the
backscattering factor increased with increasing target
thickness and gamma photon energy. However, he
observed that the backscattering factor remains constant
at a certain thickness value called the saturation thickness.
Singh et al. [4] measured effective atomic number of
composite materials at 662 keV using gamma
backscattering technique. They investigated the effect of
target thickness on intensity distribution of gamma
photons. These gamma photons are multiply
backscattered from targets. They found that intensity of
multiply backscattering increased with increasing target
thickness and finally saturated. Also, Singh et al. [5]
determined the effective atomic number of biomedical
samples the same technique. Kiran et al. [6] carried out an
experimental study to determine effective atomic number
of composite materials by Compton scattering. Then,
Kiran et al. [7] calculated the effective atomic number of
some construction materials for gamma photons scattered
in backward direction of 90° to incident photon and
detected the backscattered gamma photons by a Nal(TI)
detector. Uzunoglu et al. [8] investigated experimentally
the multiple scattered fraction as a function of target
thickness for HgO and PbO at a scattering angle of 168°,
and incident gamma photon energy of 59.54 keV.
Backscattered photons were collected using a HPGe
semiconductor detector in their study. Ravindraswami et
al. [9] studied experimentally selected polymers by
multiple scattering of gamma rays of 662 keV energy and
detected the backscattered photons by a Nal(TI) detector.
In their study, the detector was placed at an angle of 90°
to the incident gamma photons. They compared their
experimental results with the results obtained from Monte
Carlo N-particle simulation code. Sharma et al. [10]
investigated effective atomic numbers for binary alloys as
PbSn, PbZn and ZnSn at 662 keV using gamma
backscattering  technique. They compared their
experimental results with the theoretical ones which were
obtained from WinXCom, and observed that there is a
good agreement between theoretical and experimental
results. Wirawan et al. [11] performed simulations using
Monte Carlo GEANT4 toolkit for analyzing the gamma
backscattering of different flaw types and their
orientations. Sabharwal et al. [12] measured albedo
factors for targets of different atomic numbers and various
target thicknesses using backscattered gamma photons of
279, 320, 511 and 662 keV. They detected the
backscattered gamma photons by an Nal(TI) scintillation
detector and found that the energy albedos decreased with
the increase in the atomic number of the target and
incident gamma photon energy. Naji et al. [13] examined
the effect of backscattering gamma radiation on X-ray
image contrast. Qutub MAZ. [14] investigated the photon
backscattering for various stainless-steel thicknesses. He
carried out this work using the FLUKA code for Monte
Carlo simulations in the 0.25- 20 MeV energy range.

Ozdemir et al. [15] determined asymmetry factor and
energy shifts of the Kg and K, peaks for the transition
metals by using a Si(Li) detector at temperatures between
40 and 400 °C. Gotmar et al. [16] explored the peak tailing
in linear chromatography. They mentioned that peak
tealing reduces often considerably the resolution between
analytes and causes band interference. In addition, they
presented that it prevents an accurate interpretation of UV
spectra. Also, peak tealing reduces the accuracy of
quantitative results. Therefore, the tailing (or fronting) of
the peak has an undesirable effect, which is a problem in
XRF peak analysis as well as in chromatography. Wahab
et al. [17] carried out detection and quantitation of
fronting, tailing. In addition, they investigated the effects
of tailing and fronting on asymmetry measurements.

Parameters such as peak height, area, and resolution are
very important for peak shape analysis. Gaussian function
is used to assess problems in a peak such as tailing (or
fronting), shouldering, or siplitting. The Gaussian
function, which is widely used, enables qualitative and
quantitative assessment of individual contributions to the
overall peak distortion. But this situation is rarely noticed
and it is never quantified. Therefore, the signal to noise
ratio should be determined for XRF analysis and this ratio
should be high.

In this experimental study, peak asymmetry has been used
as a way to quantify the contributions of fronting and
tailing to non-Gaussian peaks with gamma backscattering
method. The variation of count rate, backscattering factor,
coherent to backscattering ratio, asymmetry factor (As)
and tailing factor (TF) with atomic number were
investigated using backscattered peaks of some elements
which are in 4<Z<48 atomic number range.

2. MATERIAL AND METHODS
2.1. Experimental Setup and Acquisition System

In this work, some elements which are in the atomic
number range of 4<7<48 were used as samples for gamma
backscattering method. These elements in the form of foil
were Be, Cu, Nb and Cd. The masses of these samples
were 0.47877, 0.16778, 0.27006 and 0.57235,
respectively. These samples were irradiated with gamma
rays of 59.54 keV energy emitted from 2*!Am point
radioactive source which has an activity of 10 uCi. High-
Purity Germanium (HPGe) detector, which has a DSG
planar high purity germanium crystal with an active
diameter of 16 mm, was used to detect gamma photons
backscattered. In addition, this detector has an active area
of 200 mm?, sensitive depth (i.e., active thickness) of 10
mm, Be window thickness of 0.12 mm, distance from
window (i.e., distance between Ge crystal and Be
window) of 5 mm, and a resolution of 182 eV at 5.9 keV.
A bias voltage of -1500 V was applied to the detector.

The time used as the data acquisition time was 18000 s for
each measurement. The channel was set to 4096 for the
multichannel analyzer. To ensure optimum detector
performance specified by the manufacturers, the time
constant of the amplifier was set to 6 us. MAESTRO,
which is a computer program, was used to govern and
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control the operating parameters of the system. The
Origin 7.5 software program was used to analyze the pulse
height spectra acquired with and without the
backscattered target.

The experimental setup of the present measurements for
backscattering method is shown in Figurel. According to
Figure 1, the distance between the point radioactive
source and the HPGe detector is 1.9 cm. Also, the distance
between the point radioactive source and sample is 1 mm.
The centers of the HPGe detector, radioactive point
source, and target are on the same axis. The backscattering
angle was 180°. HPGe detectors should always be kept at
low temperatures such as liquid nitrogen temperature,
which is -196°C. For this, detector crystal is placed in a
dewar containing liquid nitrogen.

Figure 1. Experimental setup of the present measurements for
backscattering method

2.2. Calculation Method of
Asymmetry and Tailing Factors

Backscattering,

The gamma backscattering method, which is dependent
on the sample property, is based on the Compton
scattering effect. Compton scattering is the scattering of a
high-energy photon from an electron, which is generally
considered to be at rest and free, or from a bound electron
whose binding energy is small compared to the energy of
the incident photon. Compton scattering is dominant for
light (or low atomic number) elements. The backscattered
gamma rays are those scattered through a large angle (>
120°) by the shielding or target. Compton scattering
energy (or backscattering energy) varies with angle.
When angle approaches 180°, the maximum energy to
sample is transferred. In this study, the backscattering
angle is 180° as seen from Figure 1. The energy
dependence of backscattered gamma photons as a
function of angle is given by the following formula:

E=m+ (Ei/moczl)(l — cos 0)]

(1)

where E;, E;, m,, c and 0 are the energy of incident
photon, the energy of scattered (or backscattered) photon,
the rest mass of the electron, the speed of light, and the

scattering (or backscattering) angle, respectively. In this
equation, myc? is the rest mass energy of an electron and
its value is 511 keV.

The backscattering factor depends on some variables.
These are thickness of the backing material, kinetic
energy of particle, and atomic number of the backing
material. To understand the effect of backscattering, a
source backscattering factor (F,) must be calculated [3,
18]. It can be defined by the following equation:

Ny
Fy = 2= % 100% (2)

L

where N, and N; are number of photons counted with
source backing, and humber of photons counted without
source backing, respectively.

An ideal peak has a sharp symmetrical shape on a flat
baseline such as a Gaussian peak. However, a peak can
deviate from this ideal form for different reasons. These
are that the peak can be asymmetrical, flatten and broader,
or the baseline can rise.

Asymmetry factor (4,) describes how symmetrical a peak
is, as the name indicates. In addition, it also indicates
whether a peak has either fronting or tailing. Namely, the
asymmetry factor is a way of measuring peak tailing (or
fronting). It is related to the distances from the center of
the peak to either side of the peak (i.e, right or left of
peak). Asymmetry factor is calculated by the following
equation [17]:

Ag = (bc/ca)qgy, (3)

where bc is the distance from the centre line of the peak,
which is a perpendicular line drawn from maximum point
of the peak, to the left back slope of the peak measured at
10% of peak height. Also, ca is the distance from the
centre line of the peak to the right front slope of peak
measured at 10% of peak height. All A; measurements
were made for 10% of the maximum peak height. The
value of A is equal to 1 for exactly symmetrical peaks. If
the value of Aj is less than 1, fronting is observed at the
peak. On the contrary, if A is greater than 1, tailing is
observed at the peak.

Peak fronting occurs when the first half is broader than
the second half, and the second half is narrower in an
asymmetric peak. The inverse of peak fronting is called
as peak tailing. Such a peak is asymmetrical and also
second half is broader than the front half of peak. Peak
tailing is calculated by the following equation [17]:

TF = (ab/2ac)sy, 4)
where ab is defined as the distance from the right front
slope of the peak to the left back slope. Also, ac is the
distance from the centre line of the peak to the right front
slope. All TF measurements were made for 5% of the
maximum peak height.

3. RESULTS AND DISCUSSION
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For this study, the experimental measurements were
performed by using gamma backscattering method at
scattering angle of 180° as seen from Figurel. Be, Cu, Nb,
and Cd which are in the atomic number range of 4<7<48
and in the form of foil were used as samples. These
samples were irradiated by y-rays of 59.54 keV energy
emitted from 2*!Am point radioactive source, which has
an activity of 10 pCi. Gamma photons backscattered from
these samples were counted using an HPGe detector.
Then, the spectra were obtained for with and without
backscattering (or backscatterer) sample. The typical
backscattering spectra obtained with and without a Be
sample were shown in Figure 2. The value of energy for
backscattered peak was calculated by using Equation 1.
For this study, the energy of the backscattered peak was
defined as 48.287 keV.

1800000 = h X =
¢ without backscatterer sample mo_':;i_‘ (;“\,c'en”
1600000 | = with backscatterer sample €
1400000 280004 ® backscattered peak without Be I ] o
o backscattered peak with Be ::
]200000 ad 24000 Fia] .'
?
w 20000 L4
10000004 £ s
.'2 S 16000 i
g i
3 800000 i .®
o PEN
600000 80008 ] : :
3120 31503180 3210 3240 3270 s 3
400000 Channel R
.
565060 Backscattered peak H
= ] 48.287 keV ’
o A7 SR 2
\. TS PGS IR ) T T T T
3000 3150 3300 3450 3600 3750 3900

Channel
Figure 2. Typical backscattering spectra obtained with and without a
Be sample

To define the peak area under the backscattering peak,
'substract baseline' mode was first used in the peak
analyzer of Origin 7.5 program. The baseline subtraction
is used to estimate and eliminate background noise.
Signals with intensity lower than a threshold value are
considered to be noise. So, these undesirable background
signals must be removed of peak or spectrum. Because of
the shifts away from a Gaussian peak (that is, because it
is a peak that cannot be fitted to the gaussian function), it
is necessary to select the correct peak regions. Region of
interest (ROI) was defined between the start and stop

channels of peak to determine the net peak areas under
these backscattering peaks [1]. Then, the area under the
backscatter peak was calculated by summing the counts
corresponding to each channel in this region. For this total
area of peak in the ROI region, the counts were integrated
by Origin 7.5 program. The representation for ROI
analysis under the backscattering peak on a typical
spectrum obtained from Be was shown in Figure 3.
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Figure 3. Representation for ROI analysis under the backscattering
peak on a typical spectrum obtained from Be

As seen from Figure 3, ROI-1 is the start point and ROI-
2 is the stop point of the ROI region of the backscattering
peak. The values of counts under ROI, count rate,
backscattering factor (F,) (which is calculated using
Equation 2), and coherent to backscattering intensity ratio
(Coherent/BS) were given in Table 1. Also, the variations
of these parameters dealing with backscattering with
various atomic numbers were shown in Figure 4.

When the Table 1 and Figure 4 are examined, it is seen
that the counts under ROI, the count rate, and
backscattering factor decrease with increasing atomic
number, but the coherent to backscattering intensity ratio
increases. The experimentally measured values of these
parameters were fitted to the second-degree polynomial
curves. The fit functions and the correlation coefficients
obtained for these fit functions are also given in Figure 4.
It is seen that these correlation coefficients are quite high
from Figure 4.

Table 1. The values of measured parameters dealing with backscattering for various atomic number

Counts Count
Elements z Under ROI Rate Fy Coherent/BS
Be 4 285531 15.863 1.092 170.709
Cu 29 269578 14.977 1.031 180.352
Nb 41 257113 14.284 0.984 188.297
Cd 48 234241 13.013 0.911 203.211
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Figure 4. Variation of a) counts under ROI, b) count rate, c) backscattering factor (Fy), and d) coherent to backscattering (Coherent/BS) intensity ratio

as a function of atomic number (Z)

As a result of the interaction of high-energy rays with
target, either complete absorption or scattering occurs
for each interaction. When electromagnetic radiation is
sent on any material, photons can interact with bonded
atomic electrons, free electrons, the nucleus or the
Coulomb field of electrons, nucleons or the whole
nucleus, or they can pass without any interaction.
Interactions with energies up to 10 MeV often result in
any of the events such as photoelectricity, Compton or
pair production [19]. However, cross sections can be
used to determine what kind of the interactions occur
when a photon of 59.54 keV energy interacts with the
material. For this study, the coherent, incoherent

(Compton or backscattering), photoelectric cross
sections for 59.54 keV energy, and their contributions to
total photon interaction (%) were calculated using
WinXCOM program. Then, these results were given in
Table 2. According to Table 2, there is a relationship
such as Compton>coherent>photoelectric between
scattering and photoelectric effects of the elements with
low atomic number. Conversely, it is obvious that there
is a relationship such as
photoelectric>coherent>Compton for elements with
large atomic numbers.

Table 2. The cross sections obtained for 59.54 keV energy using WinXCOM program and their contributions to total photon interaction (%)

Cross Sections

The contributions to total photon interaction (%)

(cm’g?)
V4 Coherent Incoherent Photoelectric Coherent Incoherent Photoelectric
4 0.005 0.143 0.001 3.339 95.948 0.713
29 0.109 0.131 1.385 6.727 8.081 85.193
41 0.184 0.122 3.812 4.468 2.955 92.576
48 0.229 0.115 5.759 3.757 1.887 94.357

When photons are sent onto the target, these photons not
only lose energy as they pass through the target, but also
scatter at very small angles along their path. Single
scattering occurs if there is only one scattering in a
target, and multiple scattering can occur if there are
more than once scatterings in a target. Photons scattered
from a target that undergo re-scattering from
neighboring atoms in target cause to multiple scattering

[8]. The parameters such as photon energy, scattering
angles, source and detector collimation, sample
thickness, and density must be taken into account for the
experimental determination of multiple scattering. In
Compton scattering or backscattering, the incoming
photon undergoes to multiple scattering in the sample
before it leaves the sample. The multiple scatterings of
photons occur as a hump on the left slope of the
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Compton (or backscattering) peak. This hump is shown
in Figure 5 for Be. Because the hump is on the left slope
of the peak, peak fronting occurs, not tailing. The peaks,
which has a such hump, are not perfect like the Gaussian
peak, so they are not symmetrical. It is known that
tailing or fronting is most clearly seen close to the
baseline. A representation for measurement of peak
tailing factor and asymmetry factor is given in Figure 5.
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Figure 5. Representation and measurement of peak tailing factor and
asymmetry factor

Asymmetry factors were calculated using Equation 3 at
10% of peak height. Also, tailing factors were calculated
using Equation 4 at 5% of peak height. The channel to
which the maximum peak height corresponds,
asymmetry factor and tailing factor are given in Table 3.
In addition, the number of channels to the left and right
of backscattering peak is defined as A and B,
respectively. The values of A and B are also given in
Table 3 for both asymmetry factor and tailing factor.
Thus, the amount of tailing at the backscattering peak
was determined for various atomic numbers. When the
Table 3 is examined, it can be concluded that A is bigger
than B and there is a tailing on the left slope of
backscattering peak. That is, there is peak fronting for a
backscattering peak, which in this case TF is lower than
1. Also, it was found that the values of asymmetry factor
and tailing factor approach 1 with increasing atomic
number. Because, as the asymmetry factor is closer to 1,
as the symmetry of backscattering peak is greater.

Table 3. The channel numbers of backscattering peak maximum for elements of various atomic numbers, the values of their asymmetry factors (4)

and tailing factors (TF)

Channel
Z Peak Max. Ag A B TF A B
4 3201 0.763 38 29 0.924 46 39
29 3198 0.875 32 28 0.944 45 40
41 3195 0.897 29 26 0.950 40 36
48 3194 0.926 27 25 0.953 32 29

4. CONCLUSION

The experiments were carried out using gamma
backscattering method in this study. The variation of
count rate, backscattering factor, coherent to
backscattering ratio, asymmetry factor (4) and tailing
factor (TF) with atomic number were investigated for
some elements which are in 4<Z<48 atomic number
range. It is concluded that the count rate, and
backscattering factor decrease with increasing atomic
number, but the coherent to backscattering intensity
ratio increases. Then, the variation of the interaction
cross sections (the coherent, incoherent (Compton or
backscattering), photoelectric) with atomic number and
their contributions to total photon interaction (%) were
defined for 59.54 keV energy using WinXCOM.
Finally, how the asymmetry factor and peak tailing
change with atomic number was investigated for
asymmetric backscattering peaks. It was seen that the
photoelectric absorption increases as the atomic number
increases, the multiple scattering will decrease and
therefore the peak tailing will also decrease. So, the
contributions of multiple scattering on backscattering
peak were quantified. Because the backscattering
method is nondestructive method, it can be used for
qualitative and quantitative analysis of compounds,
alloys, and composite materials.
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Abstract: Children with ADHD may experience challenges such as attention deficits,
behavioral problems, educational problems, and low self-confidence. This study summarizes
research aiming to evaluate the diagnosis of attention deficit hyperactivity disorder (ADHD)
with electroencephalography (EEG) signals. The research used EEG data from 30 children
diagnosed with ADHD and 30 healthy control groups. EEG data was first processed for noise
reduction purposes and then classified using deep learning models such as ConvMixer,
ResNet50, and ResNetl18. The findings show that ConvMixer demonstrates high accuracy in
classification. while requiring low computational resources. Additionally, the effects of
different channels on the usability of EEG signals in the diagnosis of ADHD were examined,
and the T8 channel was found to be particularly effective. In conclusion, the study emphasizes
the effectiveness of lightweight models and underscores the significance of specific EEG
channels in diagnosing ADHD using EEG signals.

Convmixer ve SDD Kullanillarak DEHB Hastahiginin EEG Sinyalleri ile Otomatik Olarak

Tespit Edilmesi

Anahtar
Kelimeler
EEG,

Derin Ogrenme,
DEHB,

Stirekli dalgacik
donistimil

Oz: DEHB, ¢ocuklarda dikkat eksikligi, davranis problemleri, egitimle ilgili sorunlar ve diisiik
ozgiliven gibi problemler olusturabilir. Bu ¢alisma, Dikkat Eksikligi Hiperaktivite Bozuklugu
(DEHB) teshisini elektroensefalografi (EEG) sinyalleriyle degerlendirmeyi hedefleyen bir
aragtirmay1 Ozetlemektedir. Arastirma, 30 DEHB tanist almis ¢ocuk ve 30 saglikli kontrol
grubunun EEG verilerini kullanmistir. EEG verileri dncelikle giiriiltii azaltma amacryla islenmis
ve ardindan ConvMixer, ResNet50 ve ResNetl8 gibi derin 6grenme modelleri kullanilarak
siniflandirilmistir. Bulgular, ConvMixer'in diisiikk hesaplama kaynaklarina ihtiyag duyarak
yiksek siniflandirma basaris1 elde ettigini gostermektedir. Ayrica, EEG sinyallerinin DEHB
teshisinde kullanilabilirligi konusunda farkli kanallarin etkileri incelenmis ve T8 kanalinin
ozellikle etkili oldugu tespit edilmistir. Bu ¢alisma, EEG tabanli DEHB teshisi i¢in daha hafif
modellerin kullanilabilirligini ve EEG kanallarinin 6nemini vurgulamaktadir.
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1. INTRODUCTION

ADHD is a neurodevelopmental disorder that typically
manifests in childhood, affecting at least 5 out of every
100 children today [1]. ADHD can cause problems in
children such as attention deficits, behavioral problems,
educational problems, and low self-confidence. Early
diagnosis of ADHD helps to create a treatment plan
appropriate  to children's needs, improve school
performance, and support social and emotional
development. ADHD symptoms cause some changes in
brain activity. For this reason, an electroencephalogram
(EEG) may reveal some findings that show symptoms of
ADHD. Since deep learning methods can automatically
analyze EEG data, they can be used as an effective tool
to distinguish between individuals with ADHD and
healthy individuals.

Numerous studies have been conducted in the literature
using artificial intelligence techniques to classify people
with  ADHD and healthy individuals. Tosun [2]
investigated how different frequency light stimuli
affected the diagnosis of ADHD. This data set was
obtained by the researcher using the power spectral
densities and spectral entropy values that were generated
from the EEGs of the patients. The researcher created his
own data set. The researcher used support vector
machines (SVM) and long-short-term memory (LSTM)
as classifiers. With the eyes closed, the results showed
88.88% classification accuracy in the Fpl and F7
channels and 92.15% at rest.

Five Azure Kinect units and depth sensors were used to
gather the skeletal data of children as they played a game
that Lee et al. [3] designed for the purpose of screening
and diagnosing ADHD in children. The child is required
to follow a robot that follows a predetermined path in a
game meant to screen diagnoses. The skeletal data
utilized in this study were separated into two categories:
"play" data, which was collected while the child was
playing, and "waiting" data, which was collected when
the child was waiting while the robot guided. The RNN
series, bidirectional layer, and weighted cross-entropy
loss function of the GRU, RNN, and LSTM algorithms
were used to classify the resultant data. Out of all of
these techniques, the LSTM algorithm with a weighted
cross-entropy loss function and a bidirectional layer
achieved 97.82% classification accuracy.

Two novel deep learning techniques for the classification
of ADHD based on functional magnetic resonance
imaging (fMRI) were presented by Wang et al. [4].
Convolutional neural networks and independent
component analysis were employed in the first. The
correlation autoencoder method was applied in the
second one. Both approaches outperformed traditional
approaches in terms of performance.

The gradient-weighted class activation mapping
technique was used by Chen et al. [5] to visualize EEG
signals in their investigation. 50 children with attention
deficit hyperactivity disorder were studied; 9 girls and 41
boys provided EEG signals for the data collection. From

spatial frequency anomalies in the EEGs, they were able
to obtain the power spectral density. The researchers'
classification accuracy was 90.29% when they used this
feature as the convolutional neural network's (CNN)
input.

Lee et al. [6] used deep learning and skeletal data to
classify ADHD in children. Data from engaging games
were accurately classified into three groups: ADHD,
ADHD-RISK, and Normal. 98.15% classification
accuracy was attained with the use of bi-directional
LSTM and channel attention model. A major
contribution to the differentiation of the ADHD-RISK
class was made by the study.

Saurabh et al. utilized functional magnetic resonance
imaging (fMRI) data during resting-state to diagnose
ADHD. They classified ADHD using voxel data in RSN
active regions, utilizing a modified BLSTM maodel [7].
For classification accuracy, the model scored 87.50%.
An evaluation was conducted in comparison to
alternative approaches.

Tang et al.[8] used the ADHD-200 database as a data set.
The suggested network architecture consisted of a
modified autocoding network and a binary hypothesis
testing framework. The study employed binary
hypothesis testing as a means of handling incomplete
data, and during feature selection, the brain functional
connections from the test and training data sets were
combined. The purpose of the modified autocoding
network was to capture more useful features. The
ADHD-200 database was used for experiments, and the
method's average accuracy was 99.6%.

EEG signals were used as the data set by Ahmadi [9],
who proposed a computer-aided diagnosis system that
can accurately diagnose ADHD. Deep convolutional
neural network (CNN) architecture is used in the
suggested technique. With the combination of B1, B2,
and y bands, the highest classification accuracy was
obtained. It was discovered that the success rate attained
was 99.46%. In this study, deep learning and an EEG
signal were used to classify children with ADHD and
healthy children.

A total of 121 children and 19 channels, aged 7 to 12,
comprised 61 children with ADHD and 60 healthy
children [10] were the data set utilized by
Maniruzzzaman et al. [11]. In the study by et al., key
features were chosen using the LASSO logistic
regression model after optimal channels were chosen as
the network architecture using two different techniques
based on SVM and t-test. Consequently, the following
six machine learning-based classifiers were employed:
logistic regression, multilayer perceptron, k-nearest
neighbor, random forest, and Gaussian process
classification (GPC). By using these techniques, it was
possible to identify children with ADHD from healthy
children with an accuracy rate of 97.53%.

Park et al. [12] objectively detected physical aggression
in children by utilizing machine learning and physical
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activity data from wearable sensors. An activity monitor
worn three times a week by 39 individuals with and
without ADHD served as the data set for the study
conducted by. The random forest method was used to
perform machine learning, and patterns describing times
of physical aggression were examined. With an 89.3%
area under the curve, 82.4% F1 score, 85.0% recall,
82.2% sensitivity, and 82.0% accuracy, the model was
able to distinguish between episodes of physical
aggression. The sensor's vector magnitude feature was
crucial to the model's operation. This research may offer
a useful method for remotely identifying and controlling
child aggression.

Ghasemi et al. used machine learning to improve the
accuracy of ADHD diagnosis. Event-Related Potentials
(ERP) data from ADHD patients and healthy control
groups were used as the data set in the study by [13].
Features for frequency bands were calculated by
processing ERP signals. Seven distinct machine learning
algorithms were used for the classification process.
Selected features have been combined with care. Deep
Learning, Logistic Regression, and Generalized Linear
Modeling techniques produced the best classification
results. The AUC value is greater than 0.999 and the
average accuracy rate is 99.85%. The ability to
differentiate ADHD from the control group was better
demonstrated by high and low frequencies (Beta, Delta).
A machine learning expert system that reduces ADHD
misdiagnosis and aids in treatment efficacy evaluation
was created in this study.

Mikolas [14] trained a linear SVM classifier with
anonymized data from clinical records to identify
participants with ADHD from a population presenting a
variety of psychiatric conditions. With 66.1% accuracy,
children and adolescents diagnosed with ADHD were
distinguished from those without the disorder. SVM with
single features produced accuracies with slightly
different and overlapping standard deviations. Their
developed method, which combined 19 features in an
automatic feature selection process, produced the best
results.

In this study, a deep learning-based method was
developed to automatically diagnose ADHD from EEG
signals. The open-access data set [10], created with the
participation of boys and girls between the ages of 7 and
12, consists of the EEG signals of 61 children with
ADHD and 60 healthy children. EEG signals consisting
of 19 channels were divided into segments by a multi-
part signal segmentation procedure, with each channel
becoming a separate vector. Each EEG signal is divided
into 4-second segments. A 50Hz notch filter was applied
to reduce noise and fluctuation in each EEG segment.
Using a continuous wavelet transform, each EEG
segment was converted into an image in the frequency-
time domain. Each of the 19 channels is classified
separately into two classes: ADHD and healthy. In Part
2, the dataset and materials used will be given. In the
third part, the findings will be mentioned, and in the
fourth part, discussion and conclusions will be given.

2. MATERIAL AND METHOD
2.1. Dataset

In this research, the open-access data set obtained from
[10] was used. This data set includes 30 children
diagnosed with Attention Deficit Hyperactivity Disorder
(ADHD) and 30 healthy controls for whom an
experienced child and adolescent psychiatrist confirmed
this diagnosis according to DSM-IV criteria. The group
diagnosed with ADHD consists of 22 boys and 8 girls,
and their average age is 9.62 + 1.75 years. The healthy
control group consists of 25 boys and 5 girls, and their
average age is 9.85 £+ 1.77 years. Among the children
diagnosed with ADHD, 25 had combination subtypes, 3
had attention deficit subtypes, and 2 had hyperactivity
subtypes.

Children diagnosed with ADHD were referred to the
child and adolescent psychiatry clinic at Roozbeh
Hospital, and these children had never used medication
before. The control group was selected from two
different sources: the first was selected from a primary
school with 25 male students; the other 5 female students
were selected from an all-female primary school.
Children in the control group were evaluated by a child
and adolescent psychiatrist to determine possible
disorders. As a result of this evaluation, it was
determined that none of the children in the control group
had psychiatric problems.

Exclusion criteria for children diagnosed with ADHD
and healthy controls included history of significant
neurological disorder, brain injury (including epilepsy),
history of serious medical illness, learning or verbal
disability, other psychiatric disorders, and use of
benzodiazepine and barbiturate medications.
Additionally, after the Raven Progressive Matrices Test
was administered to children, participants who showed
above-average success were included in the study.

2.2. Preprocessing

EEG signals in the data set were recorded according to
the 10-20 standard with a sampling frequency of 128 Hz
and were recorded with 19 channels (Fz, Cz, Pz, C3, T3,
C4, T4, Fpl, Fp2, F3, F4, F7, F8, P3, P4, T5, T6, O1,
02). Each channel was converted into a separate signal
vector. 19 signal vectors were obtained for each sample.
Then, a 50 Hz Notch Filter was applied to these signal
vectors to minimize noise. Then, each signal vector was
divided into 4-second segments without overlapping. For
each channel, a total of 79287 segments were obtained,
including 2330 ADHD segments and 1843 healthy
segments. The pre-processing procedure performed is
given in Figure 1.
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Converting 19 channels in the EEG
signal into separate vectors
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Procedure for dividing each channel into non-
overlapping 4-second segments

v

Figure 1. Preprocessing procedure performed

2.3. Continuous Wavelet Transform

Each of the 4-second segments obtained in the pre-
processing section was converted into heat map images
in the frequency-time domain using the continuous
wavelet transform (CWT). The resulting images were set
to 224x224, which is the input size of the deep learning
networks to be used. CWT is a mathematical process or
a spectral analysis method applied to analyze a signal in
time-frequency space [15]. EEG signals examine
changes in brain activity over time. Frequency
components of the EEG are also of high importance.
Because oscillations at different frequency levels
represent different brain activities [16] . CWT analyzes
EEG signals in the time-frequency domain and shows
which frequency components are effective in which time
interval. The basic equation of CWT is as follows:

CWT(a,b) = f x(®) xlp*(%) dt (1)
Here a is the scale factor and determines the time scale
of the signal. b is the position parameter and determines
the time position of the signal. The result of CWT(a,b) is
indexed by time (a) and scale (b). This represents the
analysis of the signal at different time scales. Xx(t)
represents the signal under consideration. 1" is a wavelet
function and is used to measure the frequency
components and time positions of the signal. By

performing the CWT  transformation, wavelet
coefficients were obtained as follows:
COEFS = CWT(x(t), fs) (2)

Here, COEFS are the wavelet coefficients. f; is the
sampling frequency of the EEG device. Since the
sampling frequency is given as 128 Hz in the data set,
fswas chosen as 128 Hz.

The obtained wavelet coefficients were multiplied by a
scalar, their logarithm was taken, and then their absolute
value was taken.

img = log|COEFS.x COEFS)| 3)

Here img is the resulting image matrix. This matrix was
visualized to scale, and a heat map image (HMI) was
obtained. For each channel, a total of 79287 HMI was
obtained, including 2330 ADHD HMI and 1843 healthy
HMI. The stages of obtaining an HMI and an example of
the obtained HMI are given in Figure 2.

Figure 2. Stages of obtaining HMI

2.4. Classification Method

The resulting 224x224 size images were classified using
Convolutional Neural Network (CNN). The flow
diagram of the classification is given in Figure 3.

Y N abup
A\

I\
[7A\)

*__ll convenutionat

Recorded FEG Signal

Figure 3. Flow diagram of the applied system

ConvMixer, ResNet50 and ResNetl8 were used as
classifiers. 70% of the data is reserved for training and
30% for testing. Each channel is classified separately.

2.4.1. ConvMixer

ConvMixer[17] is a deep learning model very similar to
MLP-Mixer[18]. In MLP-Mixer, a multilayer perceptron
is used to process data in the spatial dimension and mix
the channel size, while in ConvMixer, depth convolution
called DepthWise is used for spatial mixing. This
structure first involves a patch placement layer and is
then built by multiple iterations of a simple fully
convolutional block. Patch embeddings defined by p and
embedding size h can be implemented as a convolution
operation with input channels c;,, output channels h,
kernel size p and step size p:

Zy = BN(a{conva - (X,stride = p, kernelg,, = p)}) 4)
ConvMixer combines several components to process
data:

Patch Embedding Layer: Input data is processed with
this layer. In this layer, the data is divided into small
patch regions and each patch region is converted into a
vector by embedding. The stage of converting the input
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data into lower-dimensional vector representatives is
achieved with this layer.

Convolutional Block: ConvMixer consists of fully
connected layers repeated consecutively. These blocks
use the basic convolution operation. Each block consists
of two steps. The first of these steps is depth
convolution, where a convolution is applied where the
number of groups is equal to the number of channels. It
changes the overall structure of the feature map by
comparing channel-level information. The second step is
the point convolution step. This step allows further
processing of pixel and position features.

Normalization and Activation: Normalization and
activation are applied after each convolution. In this
way, the model is ensured to stabilize education and
learning.

Global Pooling: After a series of repetitions of
ConvMixer blocks, global pooling is applied to create a
general summary of the entire feature map, and a feature
vector is obtained as a result of this process.

Classification Layer: In the final stage, this feature
vector is passed to a softmax classification layer and
classification of objects or patterns is performed through
this layer.

The network architecture used is given in Figure 4.

ConvMixer Layer
Rasidual Comnection

:
ADHD or Harmal

Global Average Pooling
1
Fully Connected Layer

§ §
i H
L g L33 () I E
i dit
i 2

5
4

Figure 4. ConvMixer Network Architecture

2.4.2. ResNet50

ResNet [19], developed by Kaiming He and other
researchers in 2015, is a family of network architectures.
The main feature of ResNet is the use of so-called "skip
connections” or  “shortcut connections”.  These
connections allow the network to be made deeper,
making it easier to train the network and more resistant
to overfitting. In this study, ResNet models were also
used to classify ADHD and healthy and compare them
with the ConvMixer architecture.

Input Layer: ResNet-50 model takes an image of
224x224 pixels as input. This image is usually
represented as a tensor consisting of three-color channels
(RGB).

Convolution Layers: ResNet-50 contains several
convolution layers. Convolution layers are used to
capture and extract different features of the image. Each
convolution layer implements a convolution operation
that comes with weight matrices (W) and bias terms (b).

The mathematical expression of this process is as
follows:

H; = f(W; * H;i_y + b)) (5)

Here H; represents the output of the layer, W; represents
the convolution kernel, H;_, represents the output of the
previous layer, b; represents the bias term and f
represents the activation function.

Y = f(WX +b) (6)

Here Y is the classification result; W, weight matrix; X,
feature vector; b is the bias term and f is the activation
represents the function.

Skip Connections: ResNet-50 uses connections called
"skip connections" or "redundant connections” that
specifically help train deeper networks. These
connections add the output of one layer to the input of
another layer, making the flow of information smoother
and allowing the network to become deeper.

2.4.3. ResNet18

Basically, ResNet18 has a similar structure to ResNet50.
ResNet18 consists of 18 layers in total, while ResNet50
consists of 50 layers. For this reason, the depth of
ResNet50 is greater than ResNetl18. This will directly
increase the number of parameters of ResNet50
compared to ResNetl8. In terms of generalization
ability, ResNet50 can generalize better. For this reason,
it will work better than ResNet18 in complex situations.
Being a model with a higher number of parameters
indicates that ResNet50 requires more computational
power and memory. In short, while ResNet50 can give
better results in larger and more complex data sets,
ResNetl8 can be described as a simpler model that
achieves better results with less data. In the study,
classification was performed with both ResNetl8 and
ResNet50 and these two models were compared in terms
of classification success.

Deep learning techniques were applied in a MATLAB
environment to automate the classification of Attention
Deficit Hyperactivity Disorder (ADHD) using EEG
signals. The EEG data, collected from 121 children 60
diagnosed with ADHD and 61 healthy controls were
processed into individual vectors for each channel to
facilitate detailed analysis. A 50 Hz Notch filter was
applied to clean each signal from noise. Each vector,
cleared of noise after the Notch filter, was divided into
4-second segments. 4173 segments were obtained for
each channel, 2330 of which were ADHD and 1843 were
healthy. The resulting 4173 segments were converted
into heat map images in the time-frequency domain
using the SDD method. The resulting 4173 images were
set to 224x224 size. Of these 4173 images, 80% were
randomly divided as training data and 20% as test data.
For each channel, 3378 training and 835 test images
were obtained. A total of 4173*19=79287 images were
obtained. In total, 64182 images were allocated to
training and 15105 images were allocated to testing.
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Some parameters of pre-trained models are given in
Table 1.

3. RESULTS OF EXPERIMENTS

Analyzes were carried out in MATLAB environment to
automatically classify ADHD disease with deep learning
using EEG signals. EEG signals received from a total of
121 children, 60 of whom had ADHD and 61 of whom
were healthy, were turned into a separate vector for each
channel. A 50 Hz Notch filter was applied to clean each
signal from noise. Each vector, cleared of noise after the
Notch filter, was divided into 4-second segments. 4173
segments were obtained for each channel, 2330 of which
were ADHD and 1843 were healthy. The resulting 4173
segments were converted into heat map images in the
time-frequency domain using the SDD method. The
resulting 4173 images were set to 224x224 size. Of these
4173 images, 80% were randomly divided as training
data and 20% as test data. For each channel, 3378
training and 835 test images were obtained. A total of
4173*19=79287 images were obtained. In total, 64182
images were allocated to training and 15105 images
were allocated to testing. Some par ameters of pre-
trained models are given in Table 1.

Table 1 Parameters for Pre-Trained Models

Table 2 Achieved Classification Accuracy Rates

Model .

Parameters ConvMixer ResNet50 ResNet18

'S?fe“t Image | 5o4x024x3 224x224x3 | 224x224x3

Mini-batch

size 64 64 64

Number of

epochs 10 10 10

Initial

Learning 0.001 0.001 0.001

rate

Optimizer Adam Adam Adam

ﬁctlva}tlon Softmax Softmax Softmax
unction

Verification 3 3 3

Frequency

Depth 5

Patch Size 9

An example classification process is given in Figure 5.

Waining Progeees (04-0E89 2181

A Pt A S ey . ey, .

Figure 1 An example for training process

The accuracy rate and average accuracy rate obtained for
each channel using Convmixer in detecting ADHD from
EEG signals are as in Table 2.

ConvMixer ResNet50 ResNet18 Mean
Fpl 73.16 75.33 72.18 73.5567
Fp2 74.37 73.89 68.82 72.3600
F3 70.9 75.81 76.02 74.2433
F4 70.3 68.74 71.46 70.1667
C3 72.22 77.25 72.18 73.8833
C4 70.18 68.86 69.3 69,44
P3 76.29 76.29 76.26 76.28
P4 65.39 67.19 65.71 66.0967
o1 71.86 715 72.66 72.0067
02 65.15 66.23 67.63 66.3367
F7 73.53 70.9 73.86 72.7633
F8 73.65 73.53 76.74 74.64
T8 75.81 78.92 71.7 77.4767
P7 70.9 74.01 74.82 73.2433
P8 70.9 71.98 75.3 72.7267
Fz 78.68 63.47 64.51 68.8867
Cz 74.13 73.65 76.98 74.92
Pz 77.13 78.8 69.78 75.2367
Mean 72,475 72.575 72.383

4. DISCUSSION AND CONCLUSION

Table 2 presents the classification results achieved for
each channel using pre-trained ResNet and ConvMixer
architectures. Classification performance varies for each
EEG channel. ConvMixer achieved the highest
classification accuracy among all channels, with 78.68%
for the Fz channel, while ResNet50 attained the highest
accuracy at 78.92% for the T8 channel. ResNetl8
achieved the highest classification accuracy among the
channels, reaching 76.74% for the F8 channel. Upon
examining the classification success obtained by
averaging results across 19 channels, ResNet50
exhibited the highest accuracy at 72.575%, followed
closely by ConvMixer with 72.475%. ResNet18 gave the
lowest classification success with 72.383%. However, all
three classifiers gave an average classification accuracy
of around 72%.

When their classification success was evaluated, almost
three classifiers gave approximately the same
classification success. However, when ResNet and
ConvMixer are compared, ResNet has many more
parameters than ConvMixer architectures. This means
that ResNet requires more computational resources than
Convmixer. ConvMixer is a lighter model and consumes
less resources. Again, ResNet uses skip connections and
cut connections, while ConvMixer focuses on planar
comparison of features. In this study, it was revealed that
ConvMixer provides features almost as good as
ResNet50 with less workload and cost. In addition, the
fact that it gives better results than ResNet18 shows that
ConvMixer can give better results at some points, even
though it has lower depth compared to ResNet
architectures.

Another point of focus was which of the 19 channels
arranged according to the 10-20 system while recording
EEG signals could be more effective in recognizing
ADHD with EEG. As stated above, ConvMixer gave
high classification success in the Fz probe, ResNet50
gave high classification success in the T8 probe, and
ResNet18 gave high classification success in the F8
probe. In this way, it is difficult to deduce which channel
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is better for ADHD detection with EEG signal. For this
reason, it was estimated which probe would give the best
results for automatic ADHD detection by taking the
average of the 3 classifiers. As can be seen, the T8 probe
was the probe that gave the highest classification success
with an average of 77.4767%. This means that the region
of the brain where the T8 probe is inserted may be more
effective in diagnosing ADHD, and this may be a topic
of discussion that may generate new ideas for expert
neurologists on this subject.

The biggest disadvantage of this study is its
classification accuracy, which is not high. This may be
due to the complex and noisy structure of EEG signals.
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Abstract: An increase has been observed in concerns about cybersecurity threats in smart
energy management on a global scale. Industrial Control Systems, or simply ICSs, are
frequently present in industries and essential infrastructures, such as water treatment
facilities, nuclear and thermal plants, heavy industries, power production, and distribution
systems. ICS devices are high-risk targets for attacks and exploitation with significant
security difficulties for ICS vendors and asset owners. Like many consumer electronics,
industrial systems are susceptible to a bevy of vulnerabilities that hackers can exploit to
launch cyber attacks. Extensive use of ICSs in Critical Infrastructures (CI) increases the
vulnerability of CI to cyber attacks and makes their protection a critical subject. This study
first contributes to a novel line of research considering how deception can be used by
defenders in strategic terms with the objective of introducing uncertainty into an adversary’s
perception of a system patch management process in order to protect ICSs. Thus, we explore
deceptive patch management models for the purpose of providing better insight into
developing future cybersecurity techniques for ICS attacks.

Kesfedilen Giivenlik Ac¢iklarina Dayal Endiistriyel Kontrol Sistemlerini Korumaya Yonelik

Yaniltict Yama Coziimleri

Anahtar Kelimeler
Siber giivenlik,
Endiistriyel kontrol
sistemi,

Yama yonetimi,
Yazilim giivenlik
ac1g1 tahmini

Oz: Kiiresel 6lgekte akilli enerji yonetiminde siber giivenlik tehditlerine yonelik endiselerde
artis gozleniyor. Endiistriyel Kontrol Sistemleri veya kisaca EKS'ler, su aritma tesisleri,
niikleer ve termik santraller, agir sanayiler, enerji lretimi ve dagitim sistemleri gibi
endiistrilerde ve temel altyapilarda siklikla bulunur. EKS cihazlari, EKS saticilari ve varlik
sahipleri i¢in 6nemli giivenlik giicliikleri iceren saldirilar ve istismar igin yiiksek riskli
hedeflerdir. Pek c¢ok tiiketici elektronigi gibi, endiistriyel sistemler de bilgisayar
korsanlarinin siber saldirilar baslatmak icin yararlanabilecekleri bir dizi giivenlik agigina
kargt hassastir. EKS'lerin Kritik Altyapilarda (KA) yogun kullanimi, KA'larin siber
saldirilara karsgi savunmasizligini artirmakta ve bunlarin korunmasini kritik bir konu haline
getirmektedir. Bu ¢aligsma ilk olarak, EKS'leri korumak igin bir diigmanin bir sistem yama
yonetimi siirecine iligkin algisina belirsizligi sokmak amaciyla, aldatmanin savunucular
tarafindan stratejik terimlerle nasil kullanilabilecegini ele alan yeni bir arastirma hattina
katkida bulunuyor. Bu nedenle, EKS saldirilarina yonelik gelecekteki siber giivenlik
tekniklerinin gelistirilmesine iliskin daha iyi bir anlayis saglamak amaciyla aldatict yama
yonetimi modellerini arastirtyoruz.

1. INTRODUCTION

An Industrial Control Systems (ICS) represents a range of
individual control systems and other hardware that
operate together with the vulnerability of automating or
conducting industrial processes. The ICS domain has

suggested automated tools and environments that are
capable of simulating real control system hardware and
software behaviors and ensuring a virtualized
environment for the purpose of modeling a single type of
ICS, such as Programmable Logic Controllers (PLCs),
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Distributed Control Systems (ICS), and Supervisory
Control and Data Acquisition (CI).

It is vital to enhance the vulnerability of both enterprise
networks and ICSs by strengthening cyber security across
all points of ICSs. A vulnerability in a computer system
represents a weak point, that a hacker can exploit and
attack the system. It is possible to categorize the
vulnerabilities exploited in the following way: Type 0
indicates zero-day vulnerabilities; Type 1 refers to known
vulnerabilities; Type 2 denotes vulnerabilities that
originate from protocols, services, and tools that are
inherently insecure by nature; Type 3 indicates
vulnerabilities related to the insecure configuration of
equipment and networks; Type 4 refers to social
engineering.

Three main events (discovery, disclosure, and patch)
mark a vulnerability’s lifecycle. The discovery of a
vulnerability by a vendor, third-party institutions, or
hackers indicates the lifecycle’s beginning. Its public
disclosure by the vendor, third-party institutions, or
security researchers represents the following event. Black
risk refers to the time period between discovery and
disclosure. In the said period, the existence of the
vulnerability is known only to a closed group of
individuals. The patch release by the vendor represents
the following event. Gray risk represents the time between
the vulnerability disclosure and the patch release date.
Nevertheless, the patch will not be installed instantly by
all users when it is released by the vendor. White risk
denotes the period between the patch date and the date of
its installation by all users. A vulnerability’s lifecycle
comes to an end at the moment of installing the patch by
all users.

Patches ensure a direct understanding of the said
vulnerabilities in unpatched systems. Conventional
patches are capable of weakening systems due to leaking
information to an attacker concerning the condition of the
system. The patches in question present defects to
attackers, which they can use for the purpose of acquiring
increased privileges, stealing data, and/or performing
malicious unauthorized acts. Deceptive patches impact
the decision of an attacker.

The major cybersecurity attacks on ICS infrastructures
carried out in the last 20 years represent the most
prominent ones with regard to the economic loss
described [1]. We investigated them by suggesting
possible solutions to prevent such attacks. In Asghar et al.
[2], we primarily, examined a number of available studies
suggesting several security evaluations, guidelines, and
metrics, which might be beneficial for network
administrators in predicting the possible risk and guiding
them in finding the best solution to protect the ICS from
attacks or deliberate assaults. In Upadhyay et al. [3], we
presented a timeline analysis of the effect of deceptive
patches and ultimately analyzed a formal model of
deceptive patches, examining the theoretical security of
deceptive patches with a game-theoretic approach. In
Mughaid et al. [4], we utilized the world rank of news
websites as the primary factor of news accuracy by

employing two common and trusted website rankings.
The findings demonstrate that the suggested method
yields promising results in comparison to other
comparative methods in identifying the accuracy of the
news. In Mughaid et al. [5], a methodology for wireless
cyber attack detection in 5G networks on the basis of
implementing K-Nearest Neighborhood (KNN), Decision
Trees (DTs), multi-class Decision Forest (DF), multi-
class Decision Jungles, and multi-class Neural Network
(NN) techniques. A superior performance was obtained as
a result of the experiments carried out, with a 99%
accuracy for the KNN algorithm and 93% for DF and NN.
The difficulties of implementing traditional security
measures for ICS with the objective of addressing security
ICS concerning security requirements were highlighted in
[6]. Yantz [7] assessed patch management, compliance,
and risk management in the business world from the
perspective of Operating System (OS vendors and
employee productivity. Hassani [8] provided a strong
foundation for the process that could be improved in the
future with novel applications, better solutions, and
methods for patch management. This research indicated
that security patch management is essential in
vulnerability management due to its functioning as a
remediation plan in vulnerability management. Moreover,
a risk-based approach to vulnerability management was
presented on a solid basis in [9]. A data set of the gas

pipeline control system, one of the essential
infrastructures, was employed in [10].
Since reliability and safety represent essential

components for an ICS, it is mandatory to understand the
attack vectors and threat landscape, involving the
resulting threats, to ensure the continued safety and
security of control systems. This study contributed to the
cybersecurity knowledge by providing patch management
solutions for targeted cyber attacks with vulnerabilities of
ICSs.

This study contributed to the knowledge of cybersecurity
by providing a patch management model of the targeted
cyber attacks with vulnerabilities of ICSs. An efficient
cybersecurity strategy for an ICS must implement
defense-in-depth, which represents a method of layering
security mechanisms in order to minimize the failure of a
mechanism to a minimum. A vulnerability can be
removed by a patch. However, a patch may also present a
higher risk from a production or safety perspective. Patch
management should be applied as a systematic,
documented, and accountable ICS patch management
process to manage exposure to vulnerabilities.

The main contributions of the current work are listed
below:

e The current study represents the first model defining
software security patches and applying deceptive
principles to ICSs, making the said methodology a
new approach toward efficient analysis and proposing
security vulnerability solutions for ICSs.

e The current work presents the novel feasibility of the
model based on the basis of deceptive patch models.
The most common attacks chosen are used, showing
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the possibility of applying deception to patching
security vulnerabilities in ICSs.

We exploit a novel ICS patch management process to
capture solutions for the targeted cyber attacks with
vulnerabilities of 1CSs.

We investigate how to utilize compensating deception
patch-based solutions for security vulnerabilities to
reliably secure their control systems.

The organization of the rest of the current article is
presented below. Section 2 introduces the overview of the
background. Section 3 presents the proposed model.
Finally, Section 4 ends with the conclusions and outlines
future work.

2. BACKGROUND
2.1. ICS Security Management

Security standards, among the ICS security issues,
indicate the need for securing the ICS environment in an
explicit way. The standards comprise security concepts,
policies, risk management approaches, and security
safeguards. The guidelines present suggestions for the
measures that should be taken in case of attack detection.
Moreover, they suggest the best practices and present an
overview of the most essential security measures that all
users can comprehend. It is possible to utilize the different
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metrics defined in the guidelines for the purpose of
assessing cybersecurity strategies.

ICS standard protocols perform the collection and
measurement of the system’s status, utilize control-layer
protocols with the objective of configuring the automation
controller, send novel logic, and update the code.
Nevertheless, the control layer protocols are
predominantly vendor-specific protocols.

Figure 1 shows an overview of the ICS system. It is
possible to divide a complete ICS infrastructure into three
layers. In the corporate network layer, a supervisory
computer or a Human Machine Interface (HMI) can be
accessed remotely by managers in a remote way. In the
logic control layer (in other words, SCADA/DCSs ), an
HMI or a cloud-based supervisory computer is utilized by
system administrators to monitor the purpose of
monitoring the status and sending the command for
updating the control sequence. Additionally, all control
devices (e.g., PLCs and sensors), protocols (e.g.
Distributed Network Protocol version 3 (DNP3)/Modbus,
and production sites are categorized as physical control
layers.

Possible weaknesses in corporate
networks

* \irus (anti-virus software not
installed, anti-virus detection
signatures not updated).

* Social engineering attacks {phishing,
rogue access point).
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Possible weaknesses in SCADA/DCS

* Configuration vulnerabilities (default
system configurations are used,
critical configurations are not stored
or backed up, and OS and application
security patches are not maintained).
* \Weaknesses in security architectures
(firewall, intrusion detection system
are not installed).

* Software vulnerabilities (buffer
overflow attacks, DoS attacks).
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Figure 1. lllustration of overview of the ICS system cyber security [2]
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Possible weaknesses in production
environments

* Communication vulnerabilities (use
of insecure industry-wide ICS
protecols, DNP3 or Modbus).

* Hardware vulnerabilities (insecure
remote access of ICS components,
inadequate physical protection of
critical systems, and unauthorized
personnel have physical access to the
equipment).
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2.2. Patch Management in ICS

Software patch usually represents a piece of code utilized
with the objective of fixing, altering, or updating anything
in the software. It is necessary not to confuse patches with
updates or upgrades since patches are generally employed
to deal with single problems, while updates frequently
involve a number of patches and improvements, and
upgrades usually present novel versions and
characteristics.

The deceptive patch types are presented below:

Diverse Patch: Patch diversity deals with the mono-
culture issue caused by the available patching practices
and may adversely influence resources utilized for
development and exploitation. Due to the possibility of
releasing multiple patches for a vulnerability, attackers
should develop many exploits for every version of a patch
to owe the potential for a widespread attack.

Faux Patch: A faux patch comprises fake patches for
vulnerabilities not existing in the same sense, whereas a
traditional patch comprises legitimate patches for existing
vulnerabilities. A ghost patch is created by a faux patch
when combined with a traditional patch. A faux patch is
implemented in the best way to input validation
vulnerabilities. In this way, we utilize deception to benefit
from this frequently employed technique for the purpose
of fixing the vulnerability type in question. Fake patches
are similar to decoy passwords and decoy documents.

Obfuscated Patch: A legitimate vulnerability is fixed by
an obfuscated patch, which is ideally designed to be
infeasible for the purpose of reversing engineer and
uncovering the underlying defect. The mentioned patches
increase the effort required for the adversary to define the
vulnerability being fixed by the patch. Since the said
patches fix legitimate vulnerabilities, they change the
program’s semantics. The objective of the patches in

Table 1. Industrial Control System Attack

question is to confuse attackers as they perform exploit
development by burying the actual vulnerable code in
layers of the obfuscated patch code.

Active: An active response patch fixes the underlying
vulnerability but responds to adversarial interaction as if
the vulnerability is still present. In the interaction with an
active response patch, attackers must, in ideal, be unable
to find whether the remote system is patched or
vulnerable. The primary aim of the mentioned patches is
to impact attackers to make them believe in the success of
their exploit, which will ensure that defenders monitor the
actions of the adversary during their attack.

A security patch refers to a change in an asset to correct a
weakness induced by a vulnerability. The objective of a
security patch is preventing exploitation and mitigating
threats to an asset. Hackers continuously develop novel
techniques with the aim of breaking software and
exploiting defects for the penetration of security
measures.

Vulnerabilities and bugs in ICS software modules may
lead to severe results. However, frequent patching of the
said systems can cause mission-Cl to be intolerably
unavailable. The wvulnerability trends in software
considerably influence the process of discovery and
subsequently trigger a patch deployment for suppressing
the potential possibility of a breach.

A patch management program is centered on safe
procurement, testing, and implementing the trusted
patches to keep ICS more secure. It ensures that the ICS
is up-to-date and safeguarded against malware and
hackers. It is applicable to all hardware and software
components of ICS, in both Information Technology (IT)
and OT. Patches are required to assist in resolving security
vulnerabilities and addressing functional problems. Table
1 represents Industrial Control System attacks.

Attack Ref SRA PM CM NS

SRP OTD EAS

ANHSF SCM A&T

Slammer [11]

Stuxnet [12]

VPN Filter [13]

Black Energy [14]

NotPetya [15]

Industroyer [16]

Steel Mill [17]

Triton [18]

Shamoon [19]

SRA.: Secure Remote Access, PM: Patch Management, CM: Credential Management, NS: Network Segmentation, SRP: Software Restriction Policies,

OTD: Outbound Traffic Detection, EAS: Execution of Explicitly Allowed Software, ANHSF: Audit Network Hosts for Suspicious Files, SCM: Secure

Configuration Management, A&T: Awareness and Training

3. PROPOSED MODEL

This study presents novel research, considering the
possibility of strategic use of deception by defenders with
the aim of introducing uncertainty into the adversary's
perception of a system. In the current research, we
concentrate on deceptive patches, in which standard
software patches are designed for the purpose of limiting

the knowledge that an adversary can acquire about the
underlying vulnerability.

This study demonstrates the feasibility of applying
deception, in the form of fake patches, to ICS attacks. We
believe that the approach in question, either as a stand-
alone technique or in combination with other deceptive
and detection methods, can cause an exponential increase
in program analysis, making exploit generation on the
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basis of patches a costly procedure while increasing the
program runtime only at a minimal level.

3.1. Deceptive Patch Solutions for ICS Attacks

With the persistence of observed trends in ICS
environments, attackers have scant motivation to adjust a
set of Tactics, Techniques, and Procedures (TTPs) from
currently successful behavior types. What is more
important is that security suggestions and guidance should
be expanded to involve fundamental detection and
monitoring strategies, which are capable of identifying (or

blocking) fundamental behaviors related to available
adversary TTPs. Policymakers and defenders should seek
avenues with the aim of enhancing defense and response
acrooss the whole chain of events constituting and
intrusion scenario. In this way, the response is provided at
earlier stages, which minimize effects and protect crucial
services. In this way, the response is provided at earlier
stages, which minimizes effects and protects crucial
services. Figure 2-3 demonstrates an attack on corporate
information system hosts.
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Figure 2. An attack on corporate information system hosts.

Deceptive patches have three general categories: faux
patches that present a fix for a vulnerability not exist in
reality, obfuscated patches that hide the vulnerability
being dealt with, and active response patches that fix the
vulnerability while trying to convince adversaries that the
system remains unpatched. To analyze ICS attack-based
security, we propose to present it based on all types of
patch solutions.

ﬁ
{} Total Control
-

Servers, Workstations

In attack [11], a vulnerability in Microsoft SQL Server
2000 constituted the basis of the worm, which penetrated
the network of the nuclear power plant through the laptop
of a contractor connected to the facility’s business
network. The worm could access the monitoring system
by leveraging incorrect network isolation and made it
inaccessible because of the large traffic created.
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Remediate Vulnerability; It is necessary to keep ICS
isolated from the corporate network utilizing firewalls.
While it is understood that there is no possibility for
complete ICS isolation, a solution is to limit the number
of entry points into the ICS from the corporate network
and keep them monitored. It is recommended to update
and perform maintenance checks on servers on a regular
basis with the objective of reducing the probability of
attacks. Following the mentioned event, the update of all
Microsoft SQL servers’ software in the power plant was
updated, and patches were installed.

In attack [12], Stuxnet physically delivered a number of
its first infections physically, in other words, through a
USB flash drive. Thus, it tried to spread to other
workstations in the target network through numerous
alternative zero-day vulnerabilities, such as a) USB flash
drives, b) the Windows Print Spooler service, ¢) network
shares or the Server Service, and d) local privilege
escalation.

Remediate Vulnerability; The attackers employed a
workaround method with the aim of bypassing such
solutions by infecting the personal computers of
individuals with legitimate physical access to the plant's
system of the plant. It is also necessary to monitor the
physical components of the plant for the purpose of
detecting an unusual behavior of a component in order to
detect any compromise of the ICS of the plant in the
shortest time. It is necessary to authenticate the control
loops among the mentioned entities in a proper way and
verify the results of their feedback loops.

The proposed deceptive patch solution is an active
response patch. An active response patch fixes the
underlying vulnerability and responds to adversarial
interaction as if the vulnerability no longer exists (and
possibly issues an intrusion notification). This type of
patch presents deceptive data to attackers in real-time. In
other words, data is statically or dynamically produced
and introduced to attackers to impact their decision-
making process. According to the non-interfering feature,
faux patches must not change the program’s semantics;
the verify step will reveal that fake patches do not change
the behavior of the program. In the interaction with an
active response patch, attackers must, in ideal, be unable
to find whether the remote system is patched or
vulnerable. The exploitation of a vulnerability by active
response patches, which respond to exploits using the
same response as an unpatched program. The said
masking will increase the resources required for dynamic
analysis tools to recognize unpatched systems.

Attack [14] equipped adversaries with the toolset for the
purpose of performing reconnaissance in IT and accessing

software, including VPN and remote access tools. With
the above-mentioned access type, attackers can connect to
the OT in a direct way and realize their malicious acts.

Remediate Vulnerability; In case of infecting the system
with malware, there is a possibility of using decrypting
tools to decrypt the Master File Table (MFT) with the aim
of recovering files impacted by the attack. Performing the
system’s regular backups represents another good
practice. If damage to the OS cannot be repaired, it is a
possibility of reverting back to the version that has been
previously saved version in a safe manner. It is possible
to employ sandboxing technology for testing emails and
documents entering the network and deploy proxy
systems for the control of inbound and outbound
communication paths. Strong authentication and
encrypted communication are needed during remote
access to ensure that attackers do not access ICS remotely.

Attack [15] represents a cryptoworm attack against MS
Windows-basedhosts. A defect in the company’s patch
update policies ensured that the attackers compromised
certain servers. The modification of the malware was
performed to utilize an open-source credential dumping
tool, showing that user passwords are stored in the
memory of the computer for the purpose of spreading
across the network. It could be limited by performing
frequent updates of the OS and establishing antimalware
and antivirus utilities.

Remediate Vulnerability: In case of infecting the system
by the malware, there is a possibility of using decrypting
tools to decrypt the MFT with the aim of recovering files
impacted by the attack. Performing the system’s regular
backups represents another good practice. If damage to
the OS cannot be repaired, it is a possibility of reverting
back to the version that has been previously saved version
in a safe manner.

The proposed deceptive patch solution is a faux patch. A
ghost patch is created by a faux patch when combined
with a traditional patch. A faux patch is implemented in
the best way to input validation vulnerabilities. In this
way, we utilize deception to benefit from this frequently
employed technique for the purpose of fixing the
vulnerability type in question. Fake patches are similar to
decoy passwords and decoy documents. Adding
conditional and/or assertion statements to the code, which
is capable of detecting invalid input, represents the
conventional way to fix the said vulnerability type.
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Figure 3. An attack on corporate information system hosts.

In attack [16], the attackers utilized a misconfiguration
providing bidirectional data flow, with the objective of
gaining a foothold on the ICS network. Industroyer
performs scanning and prepares lists of all the OPC
servers that the software provides. Moreover, it tries to
alter the state of devices that are connected to the said
OPC servers. The attackers exploited vulnerabilities
targeting the devices of grid operations and network
communications, infecting them via spear-phishing
campaigns and the fundamental lack of security
mechanisms for ICS protocols.

Patch
Successful?

YES

The proposed solution is a diverse patch. Patch diversity
deals with the mono-culture issue caused by available
patching practices and may adversely affect resources
utilized for development and exploitation. Due to the
possibility of releasing multiple patches for a
vulnerability, attackers should develop many exploits for
every version of a patch to owe the potential for a
widespread attack. Implementing software diversity in
patch development, using deceptive language in patch
notifications, and re-releasing the said patches as novel
updates may impact attackers by leading to uncertainty in
the reconnaissance phase of their attack.
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In attack [17], spear-phishing and social engineering
tactics were employed by the attackers with the objective
of accessing the business network. Thus, they established
access to the OT network and could connect to individual
control systems.

Remediate Vulnerability; Tools such as defense systems
and firewalls must be utilized to protect interconnections
between the OT network and the corporate network for
the purpose of safeguarding against the above-mentioned
intrusions. Additionally, it is necessary to minimize the
number of connection interfaces between the corporate
network and the OT network. In attack [18], the goal of
the malware was to breach the controllers’ safety
mechanisms in the target facility. Pieces of evidence show
that the attackers may have acquired access to the OT
network almost a year prior to the incident. Due to a
misconfigured firewall, the attackers gained a foothold on
the target controller by utilizing a custom-made TRITON
attack framework. Attack [19] represents malware aiming
to render the computers in the target organizations
unusable as a result of wiping their hard drives. The
malware could carry out its acts because of the
interconnected computers in the business network, stolen
credentials, and the usage of a legitimate driver. Because
the exchanged data between the OT and IT are utilized for
the purpose of determining the requirements and
procedures of the business, such terrible attacks on the IT
network can deprive the ICS of high-level site operations,
supporting the process of production in the OT.

The proposed deceptive patch solution is an obfuscated
patch. Implementing polymorphic patches represents a
solution to it. Randomization can be employed by ghost
patches to create polymorphic patches, which can be
distributed based on the basis of various heuristics (such
as on the basis of region, OS version, or staggered by
time). The non-deterministic characteristics of a
polymorphic ghost patch can make exploit development
more difficult since the same patch will not be
implemented on every end system. In the above-
mentioned situation, it will also be necessary to change
the conventional patch for every patch instance for the
purpose of preventing attackers using multiple instances
of a patch to expose the legitimate vulnerability.

4. CONCLUSION

Industrial computer networks have recently been
constantly exposed to cyberattacks. The detection and
patch philosophy constitute the basis for numerous
security solutions in the said area. A systematic approach
toward managing and employing software patches may
assist organizations in enhancing the general security of
their IT systems in an inexpensive way. This study
presented the first map for formally modeling the security
of the suggested deceptive defense techniques for ICS.
The proposed patch methodology is the first work on
solutions for ICS software vulnerabilities using deceptive
patch types in most common ICS attacks. This paper
provided evidence indicating that the applied deceptive
patch methodologies keep ICSs more secure.

Investigating and implementing deep learning to
deception is a future research field that may have an
enormous effect on the way of our defense.

Acknowledgement
This manuscript does not contain any studies with human
participants carried out by any of the authors.

REFERENCES

[1] Alladi T, Chamola V, Zeadally S. Industrial control
systems: Cyberattack trends and countermeasures.
Computer Communications. 2020; 155(22):1-9.

[2] Asghar MR, Hu Q, Zeadally S. Cybersecurity in
industrial control systems: Issues, technologies, and
challenges. Computer Networks. 2019; (165):1389-
1286.

[3] Upadhyay D, Zaman M, Joshi R, Sampalli S. An
efficient key management and multi-layered security
framework for SCADA systems. IEEE Transactions
on Network and Service Management.2021; 19 (1):
642-660.

[4] Mughaid A, Al-Zu’bi S, Al Arjan A, Al-Amrat R,
Alajmi R, Zitar RA, et al. An intelligent
cybersecurity system for detecting fake news on
social media websites. Soft Computing. 2022;
26(12):5577-5591.

[5] Mughaid A, AlZu’bi S, Alnajjar A, AbuElsoud E,
Salhi SE, et al. Improved dropping attacks in 5G
networks using machine learning and deep learning
approaches. Multimedia Tools and Applications.
2022: 82(1): 1-23.

[6] Idrissi OE, Mezrioui A, Belmekki A. Cybersecurity
challenges and issues of industrial control systems—
some security recommendations. IEEE International
Smart Cities Conference (ISC2). Casablanca: April;
2019. p. 330-335.

[71 Yantz M. [Internet]. Importance of patch
management to avoid business vulnerabilities; 2023
[cited 2023 March 13]. Available

from:https://itsupportguys.com/importance-of-
patch-management-to-avoid-business-
vulnerabilities.

[8] Hassani P. Implementing patch management process
[dissertation].  School of Technology Degree
Programme in Information and Communication
Technology; 2020.

[9] Koskenkorva H. The role of security patch
management  in  vulnerability = management
[dissertation]. Finland: South-Eastern Finland
University of Applied Sciences; 2021.

[10] Sogiit E, Erdem OA. Endistriyel kontrol
sistemlerine (SCADA) yonelik siber terdr saldiri
analizi. Politeknik Dergisi.2020;23(2):557-566.

[11] Holloway M. Slammer worm and David-Besse
nuclear plant [Internet]; 2015 [cited 2022 April 12].

Available from:
http://large.stanford.edu/courses/2015/ph241/hollo
way?2/.

[12] Nourian A, Madnick S. A systems theoretic
approach to the security threats in cyber-physical
systems applied to Stuxnet. IEEE Transactions on

33




Tr. J. Nature Sci. Volume 13, Issue 1, Page 26-34, 2024

Dependable and Secure Computing. 2015;15 (1):2—
13.

[13] Largent W [Internet]. New VPNFilter malware
targets at least 500k networking devices worldwide;
2018. [cited 2022 Jun 6]. Available from:
http://blog.talosintelligence.com/2018/05/
VPNFilter.html.

[14] Xiang Y, Wang L, Liu N. Coordinated attacks on
electric power systems in a cyber-physical
environment. Electric Power Systems Research.
2017;149(6): 156-168.

[15] Furnell S, Emm D. The ABC of ransomware
protection, Computer Fraud &  Security.
2017;(10):5-11.

[16] Cherepanov [Internet]. A new threat for industrial
control systems; 2021 [cited 10 August 2023].
Available from: https://www.nae.edu/
File.aspx?id=266340.

[17] Lee RM, Assante MJ, Conway T. German steel mill
cyber attack. Industrial Control Systems. 2014;1-15.

[18] Johnson B, Caban D, Krotofil M, Dan S, Brubaker
N, Glyer C [Internet]. Attackers deploy new ics
attack framework triton and cause operational
disruption to critical infrastructure; 2023 [cited 2023
September 10]. Available
from:https://www.fireeye.com/blog/threat-
research/2017/12/attackers-deploy-new-ics-attack-
framework-triton.html.

[19] Symantec [Internet]. The shamoon attacks. [cited

2022  March  6]. Available  from:
http://mwww.symantec.com/connect/blogs/shamoon-
attacks.

[20] Panetta K. [Internet]. Gartner top 10 security
projects for 2020-2021; 2021.[cited 2023 January
15]. Available from:
https://www.gartner.com/smarterwithgartner/gartne
r-top-security-projects-for-2020-2021/

[21] Olswang A, Gonda T, Puzis R, Shani G, Shapira B,
Tractinsky N. Prioritizing vulnerability patches in
large  networks. Expert  Systems  with
Applications.2022; 116467.

[22] Corallo A, Lazoi M, Lezzi M, Luperto A.
Cybersecurity awareness in the context of the
Industrial Internet of Things: A systematic literature
review. Computers in Industry. 2022; 137(4):1-16.

[23] Bristow M, Sans A [Internet]. A SANS 2021 Survey:
OT/ICS Cybersecurity. Survey; 2021. [cited 2023
Januray 15]. Available from:
https://www.sans.org/white-papers/SANS-2021-
Survey-OTICS-Cybersecurity/

[24] Yang B, Zhang Y. Cybersecurity analysis of wind
farm industrial control system based on hierarchical
threat analysis model framework. International
Conference on Computing, Communication,
Perception, and Quantum Technology, CCPQT
2022. Xiamen: IEEE p. 6-13.

34



https://www.gartner.com/smarterwithgartner/gartner-top-security-
https://www.gartner.com/smarterwithgartner/gartner-top-security-

Volume 13, Issue 1, Page 35-39, 2024

https://doi.org/10.46810/tdfd.1394182 Research Article

[—)
BINGOL
UNIVERSITY

Tiirk Doga ve Fen Dergisi
Turkish Journal of Nature and Scierice

www.dergipark.gov. tr/tdfd

Investigation of Fourier Transform Infrared (FT-IR) Spectroscopy and Chemometric
Analysis Method as an Alternative Method in the Diagnosis of Prostate Cancer

Yilmaz SAHIN®

Atatiirk University, Vocational School of Health Services, Department of Therapy and Rehabilitation, Erzurum,

Turkey
Yilmaz SAHIN ORCID No: 0000-0003-2998-8879
*Corresponding author: yilmazsahin86@gmail.com

(Received: 21.11.2023, Accepted: 17.01.2024, Online Publication: 26.03.2024)

Keywords
FT-IR
Spectroscopy,
Prostate
cancer,
Diagnostic
methods,
Chemometric
Analysis

Abstract: Prostate cancer is one of the most common types of cancer in men. It usually grows
slowly and may not show obvious symptoms at first. Prostate cancer can be diagnosed by
symptoms or by a doctor performing certain tests during routine health checkups. These tests
include physical examination, PSA (Prostate Specific Antigen) Test, biopsy, imaging techniques,
and Gleason score. In addition, Fourier transform infrared spectroscopy (FT-IR) is an analysis
method used for prostate cancer diagnosis. This study aims to demonstrate FT-IR spectroscopy
as an alternative method to other diagnostic methods in the diagnosis of prostate cancer. The FT-
IR spectroscopy method is used to examine the molecular structure of samples. For prostate
cancer diagnosis, FT-IR spectroscopy can be used to identify molecular changes in prostate
tissue and identify characteristics by which cancerous cells differ from healthy cells. FT-IR
spectroscopy is based on spectral data obtained by exposing samples to infrared radiation. These
spectral data are based on properties associated with the movements of the molecules contained
in the samples, such as vibration, rotation and bending. Molecular changes caused by diseases
such as prostate cancer may be evident in these spectral data. These changes can provide
information about the presence or stage of cancerous cells. Data obtained using FT-IR
spectroscopy is processed with statistical analysis methods. These analyses are used to identify
molecular differences between cancerous and healthy prostate tissues. In this way, FTIR
spectroscopy can help obtain sensitive and accurate results in the diagnosis of prostate cancer.

Prostat Kanseri Tamisinda Alternatif Bir Yontem Olarak Fourier Doniisiimlii Kizilotesi
(FT-IR) Spektroskopisi ve Kemometrik Analiz Yonteminin Incelenmesi

Anahtar
Kelimeler
FT-IR
Spektroskopisi,
Prostat kanseri,
Teshis
yontemleri,
Kemometrik
Analiz

Oz: Prostat kanseri, erkeklerde en sik goriilen kanser tiirlerinden biridir. Genellikle yavas biiyiir
ve ilk baglarda belirgin belirtiler gdstermeyebilir. Prostat kanseri teshisi, belirtiler veya rutin
saglik kontrolleri sirasinda doktorun belirli testler yapmasiyla konulabilir. Bu testler; Fiziki
muayene, PSA (Prostat Spesifik Antijen) Testi, biyopsi, goriintiileme teknikleri, gleason
skorudur. Bunlarin yanisira, Fourier doniigiimlii kizilotesi spektroskopisi (FT-IR), prostat kanseri
teshisi i¢in kullanilan bir analiz yontemidir. Bu galisma da prostat kanseri teshisinde diger teshis
yontemlerinde alternatif bir yontem olarak FT-IR spektroskopisini gostermektir. FT-IR
spektroskopi yontemi, 6rneklerin molekiiler yapisini incelemek i¢in kullanilir. Prostat kanseri
teshisi i¢in FT-IR spektroskopisi, prostat dokusundaki molekiiler degisiklikleri belirlemek ve
kanserli hiicrelerin saglikli hiicrelerden farkli oldugu 6zellikleri tespit etmek amaciyla
kullanilabilir. FT-IR spektroskopisi, drneklerin infrared radyasyona maruz birakilmasiyla elde
edilen spektral verilere dayanir. Bu spektral veriler, 6rneklerin igerdigi molekiillerin vibrasyon,
rotasyon ve biikiilme gibi hareketleriyle iliskilendirilmis 6zelliklere dayanir. Prostat kanseri gibi
hastaliklarin neden oldugu molekiiler degisiklikler, bu spektral verilerde belirgin olabilir. Bu
degisiklikler, kanserli hiicrelerin varligt veya evresi hakkinda bilgi verebilir. FT-IR
spektroskopisi kullanilarak elde edilen veriler, istatistiksel analiz yontemleriyle islenir. Bu
analizler, kanserli ve saglikli prostat dokular1 arasindaki molekiiler farklari belirlemek igin
kullanilir. Bu sekilde, prostat kanserinin teshisinde FTIR spektroskopisi hassas ve dogru
sonuglar elde etmeye yardimci olabilir.
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1. INTRODUCTION

Prostate cancer is the second most common type of
cancer among men in the world and is estimated to be
the sixth most common cause of cancer-related deaths.
Although imaging techniques are advancing today,
digital rectal examination (DRM), prostate-specific
antigen (PSA) and biopsy indication remain the basic
methods for diagnosing prostate cancer [1]. Prostate
cancer usually does not cause symptoms in the early
stages. Still, in later stages, it may cause symptoms such
as frequent urination, pain in the pelvis, difficulty
urinating, and blood in the urine. Imaging methods such
as positron emission tomography (PET), computed
tomography (CT) and magnetic resonance imaging
(MRI) are essential methods used today for the advanced
diagnosis of prostate cancer [2]. With these imaging
methods, it may be difficult to precisely determine the
location and boundaries of prostate cancer due to the
limitations of a single imaging method, such as
insufficient resolution and sensitivity. For this reason,
combining more than one imaging method for accurate
and definitive diagnosis may sometimes be necessary
[3], [4]. FTIR spectroscopy is an essential alternative for
many clinical applications, from cancer screening,
diagnosis and evaluation of response to treatment to
continuous monitoring of disease progression or
regression [5]. As with other types of cancer, it is
essential to diagnose prostate cancer quickly, cheaply
and accurately. Therefore, FT-IR spectroscopy is used as
an auxiliary diagnostic method in the diagnosis of
prostate cancer, showing high specificity and accuracy.
This study aims to show that FT-IR spectroscopy can be
used as an alternative method to existing imaging
methods in the diagnosis of prostate cancer.

2. MATERIAL AND METHOD

2.1. Fourier Transform Infrared

Spectroscopy

(FT-IR)

Accurate classification and staging of cancer is one of
the most essential uses of FTIR spectroscopy [5]. FTIR
spectroscopy is a technique that has been used for many
years to analyze chemical components. This infrared
spectroscopy has significantly increased its capacity to
analyze residual types of biological samples in recent
years. Figure 1 shows the FT-IR spectroscopy device.
The reason for such approaches is the lack of methods
with high sensitivity and specificity for early cancer
diagnosis. FT-IR spectroscopy is a technique that
examines vibrations at the molecular level. Here,
functional groups are associated with characteristic
infrared absorption bands corresponding to the
fundamental vibration bands of these functional groups
[6]. This spectroscopic method allows us to investigate
the vibrational properties of amino acids and cofactors
sensitive to minimal structural changes. The spectrum of
each molecule varies depending on the wavelength and
amount of infrared radiation it absorbs. Therefore, the
studied sample's absorbance peaks for the multiplex
parameters of the lipidome, proteome, metabolome, and
genome produce a signature fingerprint. These

biochemical fingerprints are specific to the molecular
changes of different diseases and contain essential
information in diagnosing each disease. Since biological
materials absorb in the mid-IR region (400-4000 cm-1),
amide | is the spectral fingerprint region measured to
examine these samples (1700-1500 cm-1). The higher
wavelength region (3500-2550 cm—1) is associated with
stretching vibrations, including C-H, O-H, N-H, and S—
H. Low wavelength regions are generally associated with
bending and carbon skeleton fingerprint vibrations [7].
Figure 2 shows typical FT-IR spectra of biomolecules
and relevant functional groups in biofluids at 3000-800
cm—1 wavelengths. In summary, the vibrational
frequencies of a particular chemical group are expected
to be in certain regions depending on the type of atoms
involved and the type of chemical bonds. Tables are
available for amino acid side chains and the main
chemical groups. One of the most essential advantages
of IR spectroscopy is that it offers the opportunity to
study solid, liquid, gas, powder and fiber materials with
appropriate  preparation. With IR spectroscopy,
successful results have been obtained by examining
proteins, peptides, lipids, biomembranes, carbohydrates,
pharmaceuticals, foodstuffs, and plant and animal
tissues. One of the most essential advantages of IR
spectroscopy is that it offers the opportunity to study
solid, liquid, gas, powder and fiber materials with
appropriate  preparation. With IR  spectroscopy,
successful results have been obtained by examining
proteins, peptides, lipids, biomembranes, carbohydrates,
pharmaceuticals, foodstuffs, and plant and animal tissues

[8].

Figure 1. FTIR Spectroscopy Device
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Figure 2. Typical FT-IR spectra of biomolecules and relevant
functional groups in biofluids at wavelengths of 3000-800 cm—1 [7]

2.2. Chemometric Analysis

As in many fields, multivariate statistical clustering and
classification methods are used to analyze spectroscopic
data. Multivariate statistical methods try to optimize the
use of studies involving more than one measured
variable [9]. Since large-scale data generated by
spectroscopy-based methods sometimes make it
challenging to perform practical analysis with known
spectral analysis methods, multivariate chemometric
analyses are needed, especially in distinguishing
between groups and determining specific spectral
biomarkers. One chemometric analysis technique is
Principal  Component  Analysis  (PCA).  This
transformation technique reduces the dimensions of a
data set containing many interrelated variables to fewer
dimensions while preserving the variance in the data as
much as possible. This technique has been combined
with portable FT-IR spectroscopy for cancer diagnosis
[10] and many cancers as its yield [11] has been noted.
PCA can also be wused for clustering. Another
chemometric analysis technique is hierarchical cluster
analysis (HCA). When deciding which clusters should be
combined in studies, there must be a similarity measure
between data sets. PCA can distinguish these similar
variables, but it may not always make a good distinction.
This analysis technique mainly aims to group groups
based on their characteristic features [11], [12]. This
critical analysis technique, developed to improve the
noninvasive diagnosis of brain tumors, can provide
information from which the relative position and
distribution in feature space of selected tumor classes
can be calculated from magnetic resonance imaging and
spectroscopy data. For example, Figure 3 displays the
information obtained with the help of chemometric
analysis using magnetic resonance images and
spectroscopy in brain tumor classification [12]. In
another study where chemometric analysis methods were
applied, serum samples taken from nearly 100 prostate
cancer patients were examined. The infrared spectrum of
serum from these samples, as seen in Figure 4, provided
valuable information about biomolecules such as
structure, functional groups, bond types and their
interactions. Prostate volume, density, etc. Another

method used to diagnose prostate cancer early using
features is the Support Vector Machine (SVM) algorithm
[13]. SVM is used in pre-processing the Prostate cancer
dataset to reduce inhomogeneous distributions in the
dataset [14]. Rustam et al. In a study conducted by SVM,
it was concluded that SVM was better at classifying
prostate cancer data, especially in terms of accuracy. It
has also been stated that this method shows promise in
allowing healthcare personnel to classify diseases or
other medical conditions easily [15].

spectral information
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Figure 3. Data processing and data analysis on magnetic resonance
images [16].
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Figure 4. Bond structures corresponding to infrared (FTIR) bands and
spectral regions obtained from blood sera from prostate cancer patients
[17]

3. RESULTS

In cancer diagnosis, the sensitivity and specificity of
biomarkers currently used to detect the disease are
generally low. For example, the prostate-specific antigen
(PSA) test detects prostate cancer. Although the
specificity of this test is as high as approximately 87-
95%, its sensitivity is much lower, ranging from 33-59%
[14]. FT-IR spectroscopy can distinguish cancer samples
from non-cancers with high sensitivity, specificity, and
accuracy. Therefore, it can be used as a prospective new
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diagnostic method for many different types of cancer. In
his study on ten prostate cancer tissues and ten healthy
tissues, Albayrak used orthogonal partial minimum
analysis, an advanced form of principal component
analysis (PCA), to determine the behavior of these 20
samples against infrared light between 50-4000 cm-1
applied squares analysis (Orthogonal Partial Least
Square, O-PLS) algorithm. He performed O-PLS
analysis to distinguish cancerous and healthy cells. The
sensitivity and specificity of the proposed method were
found to be very high with the help of the Orthogonal
Signal Correction (OSC) pre-processing way, thus
showing that the FT-IR method could be an alternative
method for prostate cancer diagnosis from paraffin
blocks [15]. Baker et al. They used 40 prostate cancer
tissue biopsy samples obtained as paraffin-embedded
blocks from 39 male patient [16]. Serial sections of 10-
micron thickness were collected from each sample.
Infrared rays were applied to malignant samples of
hematoxylin and eosin (H&E) sections. As a result,
overall sensitivity and specificity rates of 92.3% and
98.9%, respectively, were recorded [18]. Their results
also show that, for the first time, a system based on two-
band criteria identifies features that distinguish tumors
that are clinically confined to the prostate from those that
are clinically invasive. These findings are essential in
developing better prostate cancer diagnosis, prognosis,
and treatment planning techniques [19]. For example,
when defining the tumor volume in patients receiving
radiotherapy treatment, determining the border of the
clinical target volume (CTV) in the tissue is also crucial
regarding possible reactions [20]. FTIR spectroscopy
appears promising as an alternative clinical tool to other
diagnostic tools in cancer diagnosis. It is a label-free,
non-invasive, non-destructive, fast and objective
technology for prostate cancer diagnosis and beyond.
FTIR spectroscopy provides essential information about
the origin and progression of the disease based on
biochemical changes in the preliminary diagnosis of the
disease. FTIR analysis of urine samples combined with a
multivariate (PCA) model (Figure 5) of a simple, rapid,
accurate, inexpensive, noninvasive method may be a
potential noninvasive alternative for cases where the
results of PSA testing are unstable.
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Figure 5. Propose workflow for FTIR analysis and derivation of
diagnostic classifier for prostate cancer detection using PCA score plot
[21].

Variability from patient to patient, tissue to tissue, and
even cell to cell must also be taken into account.
Therefore, it isn't easy to access relevant information.

This situation has been implemented and adapted in
many techniques.

4. DISCUSSION AND CONCLUSION

The importance of spectral analysis is becoming more
important day by day. Especially considering the impact
of the results obtained in medical diagnoses, the
combination of spectral analysis and data processing
must give the "right answer". However, sometimes it can
be impossible to find the right answer in real life.
Therefore, complex simulated data sets containing
measurement artifacts, sample-to-sample variability, and
instrumental variability can be critical in validating and
optimizing data analysis techniques. Optimized
spectroscopic technologies and analysis techniques are
essential for disease diagnosis and beyond.

REFERENCES

[1] M. Bilal, A. Javaid, F. Amjad, T. A. Youssif, and S.
Afzal, “An overview of prostate cancer (PCa)
diagnosis: Potential role of miRNAs,” Transl.
Oncol., vol. 26, p. 101542, Dec. 2022, doi:
10.1016/j.tranon.2022.101542.

[2] T.T.Wheeler, P. Cao, M. D. Ghouri, T. Ji, G. Nie,
and Y. Zhao, “Nanotechnological strategies for
prostate cancer imaging and diagnosis,” Sci. China
Chem., vol. 65, no. 8, pp. 1498-1514, Aug. 2022,
doi: 10.1007/s11426-022-1271-0.

[3] W. Hou et al., “Nanoparticles for multi-modality
cancer diagnosis: Simple protocol for self-assembly
of gold nanoclusters mediated by gadolinium ions,”
Biomaterials, vol. 120, pp. 103-114, Mar. 2017,
doi: 10.1016/j.biomaterials.2016.12.027.

[4] B. Shi et al., “Multifunctional gap-enhanced Raman
tags for preoperative and intraoperative cancer
imaging,” Acta Biomater., vol. 104, pp. 210-220,
Mar. 2020, doi: 10.1016/j.actbio.2020.01.006.

[5] K.-Y. Su and W.-L. Lee, “Fourier Transform
Infrared Spectroscopy as a Cancer Screening and
Diagnostic Tool: A Review and Prospects,”
Cancers (Basel)., vol. 12, no. 1, p. 115, Jan. 2020,
doi: 10.3390/cancers12010115.

[6] K. M. G. Lima, K. B. Gajjar, P. L. Martin-Hirsch,
and F. L. Martin, “Segregation of ovarian cancer
stage exploiting spectral biomarkers derived from
blood plasma or serum analysis: ATR-FTIR
spectroscopy coupled with variable selection
methods,” Biotechnol. Prog., vol. 31, no. 3, pp.
832-839, May 2015, doi: 10.1002/btpr.2084.

[71 M. J. Walsh et al,, “FTIR Microspectroscopy
Coupled with Two-Class Discrimination Segregates
Markers Responsible for Inter- and Intra-Category
Variance in Exfoliative Cervical Cytology,”
Biomark. Insights, vol. 3, p. BMI.S592, Jan. 2008,
doi: 10.4137/BMI.S592.

[8] Cirak Olgun, “Yildiz Teknik Universitesi Fen
Bilimleri Enstitiisii Fourier Transform Infrared
Spektroskopisi (FT-IR) 1ile Siitte Tiir Tayini
Yapilmasi,” 2017. Accessed: Dec. 26, 2023.
[Online]. Available: chrome-

38




Tr. J. Nature Sci. Volume 13, Issue 1, Page 35-39, 2024

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

extension://efaidnbmnnnibpcajpcglclefindmkaj/http
s:/ffood.yildiz.edu.tr/media/files/25(4).pdf

M. J. Baker et al., “Using Fourier transform IR
spectroscopy to analyze biological materials,” Nat.
Protoc., vol. 9, no. 8, pp. 1771-1791, Aug. 2014,
doi: 10.1038/nprot.2014.110.

W. J. Zheng Y, Xiao M, Jiang S, Ding F, “Coating
fabrics with gold nanorods for colouring, UV-
protection, and antibacterial functions,” Nanoscale,
vol. 5:788, p. 95, 1951.

L. Wang and B. Mizaikoff, “Application of
multivariate data-analysis techniques to biomedical
diagnostics based on mid-infrared spectroscopy,”
Anal. Bioanal. Chem., vol. 391, no. 5, pp. 1641-
1654, Jul. 2008, doi: 10.1007/s00216-008-1989-9.
M. ALBAYRAK, “Fourier Doniisiimlii Kizilotesi
Spektroskopisinin  Prostat Kanseri Teshisinde
Kullanilabilirliginin Aragtirilmasi,” Igdir
Universitesi Fen Bilim. Enstitiisii Derg. , vol. §, no.
4, pp. 223-227, Jun. 2018.

M. Cmar, M. Engin, E. Z. Engin, and Y. Ziya
Atesci, “Early prostate cancer diagnosis by using
artificial neural networks and support vector
machines,” Expert Syst. Appl., vol. 36, no. 3, pp.
6357-6361, Apr. 20009, doi:
10.1016/j.eswa.2008.08.010.

B. A. Akinnuwesi et al., “Application of support
vector machine algorithm for early differential
diagnosis of prostate cancer,” Data Sci. Manag.,
vol. 6, no. 1, pp. 1-12, Mar. 2023, doi:
10.1016/j.dsm.2022.10.001.

Z. Rustam and N. Angie, “Prostate Cancer
Classification Using Random Forest and Support
Vector Machines,” J. Phys. Conf. Ser., vol. 1752,
no. 1, p. 012043, Feb. 2021, doi: 10.1088/1742-
6596/1752/1/012043.

A. W. Simonetti, W. J. Melssen, M. van der Graaf,
G. J. Postma, A. Heerschap, and L. M. C. Buydens,
“A  Chemometric Approach for Brain Tumor
Classification Using Magnetic Resonance Imaging
and Spectroscopy,” Anal. Chem., vol. 75, no. 20,
pp. 5352-5361, Oct. 2003, doi: 10.1021/ac034541t.
“Prostate Cancer Serum Spectra as Indicators of
Early Diagnosis Using FTIR-ATR Fourier
Transform Infrared Spectroscopy,” J. Pharm.
Negat. Results, vol. 13, no. SO3, Jan. 2022, doi:
10.47750/pnr.2022.13.503.126.

B. Holmstrom, M. Johansson, A. Bergh, U.-H.
Stenman, G. Hallmans, and P. Stattin, ‘“Prostate
specific antigen for early detection of prostate
cancer: longitudinal study,” BMJ, vol. 339, no.
sep24 1, pp. b3537-b3537, Sep. 2009, doi:
10.1136/bmj.h3537.

M. J. Baker, E. Gazi, M. D. Brown, J. H. Shanks, P.
Gardner, and N. W. Clarke, “FTIR-based
spectroscopic analysis in the identification of
clinically aggressive prostate cancer,” Br. J.
Cancer, vol. 99, no. 11, pp. 1859-1866, Dec. 2008,
doi: 10.1038/sj.bjc.6604753.

O. V. Gul and M. Duzova, “Effect of different CTV
shrinkage and skin flash margins on skin dose for
left chest wall IMRT: A dosimetric study,” Radiat.

Phys. Chem., vol. 216, p. 111445, Mar. 2024, doi:
10.1016/j.radphyschem.2023.111445.

[21] X.-L. Yap, B. Wood, T.-A. Ong, J. Lim, B.-H. Goh,

and W.-L. Lee, “Detection of Prostate Cancer via
IR Spectroscopic Analysis of Urinary Extracellular
Vesicles: A Pilot Study,” Membranes (Basel)., vol.
11, no. 8, p. 591, Jul. 2021, doi:
10.3390/membranes11080591.

39




Volume 13, Issue 1, Page 40

-46, 2024 https://doi.org/10.46810/tdfd.1350936 Research Article

—
BINGOL
UNIVERSITY

Tiirk Doga ve Fen Dergisi
Turkish Journal of Nature and Scierice

www.dergipark.gov. tr/tdfd

Green Supplier Assessment with Fuzzy Expert System Approach

Cagatay TEKE"'"

1Bayburt University, Engineering Faculty, Industrial Engineering Department, Bayburt, Tiirkiye

Cagatay TEKE ORCID No: 0000-0002-6975-8544
*Corresponding author: cagatayteke@bayburt.edu.tr

(Received: 28.08.2023, Accepted: 23.01.2024, Online Publication: 26.03.2024)

Keywords
Fuzzy expert
system,

Green supplier,
Green supplier
assessment,
Green supply
chain
management

Abstract: Today, reasons such as increasing pollution on a global extent and limited raw
material resources are increasing the interest in green supply chain management (GSCM).
GSCM includes the processes starting from the very beginning of the production process of a
product, completing the production, delivering the product to the customer, and recycling the
product at the end of its useful life. Its main purpose is to eliminate or minimize the damages
caused to the environment in all of these processes. In order to achieve this goal, it has great
importance to assess the suppliers, which are one of the most important components of the
production process, in terms of becoming a green supplier.

In this study, a fuzzy expert system model has been developed to assess the green suppliers
based on green production technology, environmental management system, pollution control,
product cost, quality, and lead time criteria. To test the performance of the developed model, 32
different suppliers were assessed with this model and the green supplier score was calculated.
Also, Mean Square Error (MSE) and coefficient of determination (R?) have been calculated to
measure the performance of the developed model. While the MSE value was found to be
0.0481, the R? value was 0.9999. These values show that the green supplier assessment
performance of the developed model is quite high.

Bulanik Uzman Sistem Yaklasimi ile Yesil Tedarik¢i Degerlendirmesi

Anahtar Kelimeler
Bulanik uzman
sistem,

Yesil tedarikei,
Yesil tedarikgi
degerlendirmesi,
Yesil tedarik

zinciri yonetimi

Oz: Giiniimiizde kiiresel 6lgekte artan kirlilik ve smirli hammadde kaynaklar1 gibi nedenler,
yesil tedarik zinciri yonetimine (YTZY) olan ilgiyi artirmaktadir. YTZY, bir iiriiniin iiretim
stirecinin en bagindan baslayarak, liretiminin tamamlanmasi, {iriinliin miisteriye teslim edilmesi
ve kullanim dmrii sonunda riiniin geri doniistiiriilmesine kadar olan siiregleri kapsamaktadir.
Temel amaci, tim bu siireclerde ¢evreye verilen zararlart ortadan kaldirmak veya en aza
indirmektir. Bu hedefe ulasmak igin iiretim siirecinin en 6nemli bilesenlerinden biri olan
tedarikgilerin yesil tedarik¢i olma agisindan degerlendirilmesi biiyiik nem tagimaktadir.

Bu ¢aligmada, yesil iiretim teknolojisi, gevre yonetim sistemi, kirlilik kontrolii, lirlin maliyeti,
kalite ve teslim siiresi kriterlerine dayali olarak yesil tedarikgilerin degerlendirilmesi igin
bulanik bir uzman sistem modeli gelistirilmistir. Gelistirilen modelin performansini test etmek
amactyla 32 farkli tedarik¢i bu modelle degerlendirilmis ve yesil tedarik¢i puani hesaplanmustir.
Ayrica, gelistirilen modelin performansini dlgmek i¢in Ortalama Karesel Hata (MSE) ve
belirlilik katsayist (R?) hesaplanmistir. MSE degeri 0,0481, R? degeri ise 0,9999 olarak elde
edilmistir. Hesaplanan bu degerler, gelistirilen modelin yesil tedarik¢i degerlendirme
performansinin oldukga yiiksek oldugunu gdostermektedir.

1. INTRODUCTION

activities related to the flow of information, services, and
materials with a strategic approach in the process from

Supply chain management (SCM) can be considered as raw materials to finished products in the production

integrating  planning,

implementation, and control process. SCM plays a key role in increasing operational
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efficiency in the enterprise. By eliminating unnecessary
operations, cost minimization will be ensured and time
loss will be prevented. Thus, it will be possible for the
enterprise to direct its relevant resources to other areas

[1].

When SCM is mentioned, supply chain and supplier
concepts come to mind. Supplier is the name given to the
external organizations in which the products to be
offered to the last users of the enterprise are supplied by
purchasing the raw materials or materials used in the
production process in the production enterprises. The
supply chain, on the other hand, is the process of
purchasing and shipping the raw materials of the product
desired to be produced in the production enterprises from
the supplier and finally entering the warehouse of the
enterprise.

Green Supply Chain Management (GSCM) has garnered
a great deal of attention with increasing pressures on
environmental sustainability. Instead of focusing on
products, services, and intra-business organizational
activities, the focus has shifted to life cycle analysis,
supply chains, and extended producer responsibility.
GSCM can be defined in several ways. Most of these
definitions depend on the practitioner's or researcher's
perspective. This perspective is similar to describing
supply chain management in general [2]. GSCM can be
defined as integrating environmental thinking into
supply chain management, which includes product
design, material sourcing, material  selection,
manufacturing processes, delivery of products to final
consumers, and end-of-life management of products.
That is, it obliges to include the idea of the environment
as a whole in every stage of the product and service [3].

Ecodesign and
Design for the

Environment
Product

Management and
Extended

\ Producer
\ / Responsibility

Green Supply

Product Life
Cycle Analysis

Chain
Management
Environmental \ :
Management Industrial
Systems Ecology and

Common Life

Figure 1. The main corporate, commercial, and technical factors
affecting green supply chain management [2]

If we examine the concept of a green supply chain, it
aims to reduce environmental degradation through the
adoption of green practices in business processes. Air
pollution and water pollution can be given as examples
of these environmental distortions. It can reduce
environmental pollution and production costs, and at the
same time promote economic growth. In addition, it can
create a competitive advantage with greater customer
satisfaction and provide better opportunities for the

enterprise to export its products to environmentally
friendly countries [4]. On the other hand, a green
supplier can be defined as an external actor in the
production process that supplies the raw materials
needed by an enterprise in the production process in
accordance with the factors in the production
environment and environmental standards [5].

The rest of this study has the following structure; Section
2 provides the literature review of the related article.
Section 3 proposes a fuzzy expert system model. Section
4 presents the results and discussion. In the final section,
the gains obtained through the study were evaluated in a
general framework.

2. LITERATURE REVIEW

When the literature is examined, there are many studies
on the selection of green suppliers. For example, Daldir
and Tosun [6] used multi-criteria decision-making
techniques for the selection of green suppliers in their
study. Specified criteria for green supplier selection have
been identified as green storage, green recycling, green
production  capacity, green packaging, resource
consumption, pollution control, product cost, lead time,
error rate, warranty policies, and environmental
competencies and documents. Fuzzy analytical hierarchy
process (FAHP), one of the multi-criteria decision-
making techniques, was used to determine the criterion
weights. Within the framework of the existing criteria,
five suppliers were evaluated and the Fuzzy WASPAS
method was used to select the most suitable green
supplier.

Denizhan et al. [7] conducted a study to select the most
suitable green supplier. Three alternative suppliers were
examined using FAHP and AHP methods, and the most
appropriate green supplier selection application was
carried out. Within the scope of the study, six main
criteria were determined as quality, cost, delivery,
service, technical criteria, and green criteria. Four
different results were obtained after the application. The
first of these is the selection of the most suitable supplier
using the FAHP method, and the second is the selection
of the most suitable green supplier using the FAHP
method. Then, the most appropriate supplier selection
and the most appropriate green supplier selection were
carried out using the AHP method.

In the study conducted by Cinar and Uygun [8], the
criteria of quality conformity, green product design,
green purchasing, green production, and environmental
management system were based and the intuitive FAHP
method, which is one of the multi-criteria decision-
making techniques, was used. Three different alternative
suppliers were examined and the most suitable one
among them was tried to be determined.

Sisman [9] made the selection and assessment of green
supplier development programs. In this context, the
criteria that will enable the assessment of green supplier
development programs with the nominal group technique
have been determined first. The specified criteria were
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determined as cost, manufacturing output, resource use,
quality, technology, environmental design,
environmental management system, green image, green
purchasing, reverse logistics, manufacturing and use.
Then, the fuzzy MOORA method, one of the multi-
criteria decision-making techniques, was used to rank
and assess alternative programs.

Calik [10] carried out an application to select the best
green supplier among five alternative suppliers by using
fuzzy multi-objective linear programming and interval
type 2 FAHP method. Within the scope of the study, a
manufacturing manager, an academician, and an
industrial engineer were first selected and this three-
person committee determined the five criteria to be used
in practice. These criteria are cost, late delivery, carbon
dioxide emission, pollution generation, and the use of
environmentally friendly materials. In order to determine
the weights of the criteria, interval type 2 FAHP method
was used. In the ranking of alternative green suppliers,
fuzzy multi-purpose linear programming method was
used.

Akin [11] addressed the green supplier selection problem
and used the generalized trapezoidal fuzzy flexible sets
method to solve this problem. The green supplier
selection problem has four criteria and these are service
level, quality, price, and environmental management
systems. There are a total of eleven suppliers assessed
within the scope of the study, of which three are palm oil
suppliers, three are sunflower oil suppliers, four are olive
oil suppliers and one is a soybean oil supplier. While
choosing the best green supplier, it was decided to
determine the most suitable supplier for each oil type.

Erbuyik et al. [12] carried out the most appropriate green
supplier selection application in the automotive industry
by using the electre method in their study. The criteria
for the selection of green suppliers are determined as
quality competencies, engineering competencies, green
logistics  management, cost performance, and
management strategies. The SWARA method was used
to determine the weights of the criteria. Three alternative
suppliers were ranked using the Electre method.

Soyer and Tiirkay [13] made an application in the white
goods industry within the scope of their study. The
subject of the application is the selection of green
suppliers and the criteria have been determined first in
order to make the selection of green suppliers. These
criteria are green competencies, environmental
effectiveness, organizational factors, costs, and green
image. The criteria were determined by a team of
fourteen experts, which includes four production
managers, one purchasing manager, four quality
specialists, four production staff, and one purchasing
specialist. The Analytical Network Process (ANP)
method was used both in determining the weights of the
criteria and in assessing the two alternatives.

Yerlikaya et al. [14] discussed the supplier selection
problem based on environmental waste criteria in their
study. The problem consists of four alternative suppliers

and five criteria. These criteria are the cost, the
percentage of returns, the proportion of chemical waste,
the demand, and the percentage of delay in delivery. The
entropy method was used to determine the weights of the
criteria. In order to determine how much purchase will
be made from each supplier, a fuzzy multi-purpose linear
programming approach was used.

Calik [15] conducted a study on the implementation of
green supplier selection in the food industry. Nine
criteria have been determined within the scope of the
application and these criteria are the ratio of cost to
price,  quality, delivery, technology  ability,
environmental management system, pollution control,
environmental ability, air emissions, and energy
consumption. The best worst method, entropy method,
and CRITICAL method were used to obtain the criterion
weights. The five alternative suppliers were ranked using
the COPRAS, WASPAS, and MABAC methods.

Madenoglu [16] discussed the problem of green supplier
selection for a business that produces furniture. The
relevant problem includes five criteria and three
suppliers. The criteria are determined as cost, quality,
delivery, technical and green criteria. The Fuzzy
SWARA method was used to determine the weights of
the criteria. In the ranking of suppliers, fuzzy TOPSIS,
fuzzy VIKOR, fuzzy gray relational analysis, and fuzzy
ARAS methods were used. A green supplier ranking was
performed with each of these methods, and the most
suitable supplier turned out to be the same in all four
methods.

Lee et al. [17] developed a model for green supplier
selection. Firstly, the criteria for the selection of classical
suppliers and green suppliers were differentiated using
the Delphi method, and the criteria for the selection of
green suppliers were determined. These criteria are
quality, technology compatibility, total product life cycle
cost, green image, pollution control, environmental
management, green production, and green competition.
For the selection of the most suitable green supplier, the
fuzzy extended AHP method was used.

Hashemi et al. [18] proposes a model for selecting green
suppliers. While the proposed model uses the ANP
approach to determine the criterion weights, it uses the
gray relational analysis method in the supplier selection
phase. To illustrate how the model works, an exemplary
problem in the automotive industry is considered. In
addition, the criteria determined for the selection of
green suppliers are collected under the main headings of
economic criteria and environmental criteria.

Bali et al. [19] proposed an integrated approach for the
selection of green suppliers in their study. This approach
incorporates intuitionistic fuzzy sets and gray relational
analysis methods. The proposed approach was applied to
a numerical example. It includes five alternative
suppliers and eight assessment criteria. The criteria were
determined as service quality, green image, use of green
materials, waste control in production, green product,
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distribution, reverse logistics, green design-research and
development.

Yu and Hou [20] made an application on the green
supplier ~ selection problem in an automobile
manufacturing company. Four main criteria have been
determined in order to assess the five alternative
suppliers within the scope of the problem. These criteria
are product performance, supplier criterion, cooperation
and development potential, and green performance. The
modified multiplicative AHP method was used for the
assessment of suppliers. In addition, the assessment of
suppliers was carried out by the classical AHP method,
and the results obtained from both methods were
compared.

Freeman and Chen [21] conducted a study using the
AHP method, entropy method and TOPSIS method for
the selection of green suppliers. Five alternative
suppliers were assessed in terms of five main criteria.
The main criteria were determined as cost, green
competition,  quality,  delivery  schedule, and
environmental management performance. The AHP
method and entropy methods were used to determine the
weights of the criteria. In the process of assessing the
alternatives, the TOPSIS method was used.

However, a limited number of studies are available
regarding the green supplier assessment [22-26]. On the
other hand, no study was found in which a fuzzy expert
system model was created based on green production
technology, environmental management system,
pollution control, product cost, delivery time and quality
criteria in order to make a green supplier assessment.
Therefore, it can be easily said that this study will be the
first research attempt within the framework of this
subject. In addition, this study will make a significant
contribution to the relevant literature.

3. DEVELOPED FUZZY EXPERT SYSTEM
MODEL

The fuzzy expert system is a hybrid artificial intelligence
(Al) technique that combines fuzzy logic and expert
system methods. Thus, the possibility of combining the
advantages of fuzzy set theory with the inference ability
of the expert system arises. The working procedure of
the fuzzy expert system is shown schematically in Figure
2.

The first step of the fuzzy expert system model
developed within the scope of the study is to determine
the input and output variables. For this purpose, the
opinions of a team of six experts on purchasing and
GSCM and the studies in the literature were taken as a
basis. As a result, green production technology,
environmental management system, pollution control,
product cost, quality, and lead time were determined as
input parameters. The output parameter is determined as
the green supplier assessment score.

The general structure of the developed fuzzy expert
system is shown in Figure 3.

Inference

Defuzzification
mechanism

.m‘; _—

Figure 2. The working procedure of the fuzzy expert system
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Figure 3. The general structure of the developed fuzzy expert system

Then, fuzzy sets and membership functions of each
variable were determined according to the opinions of
the expert team. Triangular and trapezoidal membership
functions were used as membership functions. The fuzzy
sets of the variables are shown in Table 1, and the

mathematical representation of the membership
functions is as follows:
0 , X< a,and x = az
x—aq
— ,au<x=<a
pu(Xy) = az—aq ! 2 (1)
as—x
P ,a; < x <as
( 0 ,X<aandx=>d
= ,a<x<b
b—-a
uix) = 1 b<x<c @)
a-x ,c<x<d
d—c

Afterward, the rule base of the developed fuzzy expert
system model has been established by taking into
account the expertise of the relevant team. Four input
variables have two fuzzy sets. The two input variables
have three fuzzy sets each. Therefore, there are a total of
24 x 32 = 144 rules in the rule base. Different methods
can be used as an inference mechanism. These are
methods Mamdani, Sugeno, Tsukamoto, Larsen, Sen,
Zadeh, Dines-Rescher, and Godel [27]. Mamdani
approach was used as the inference mechanism in the
model, depending on the type of information modeling.
Thus, the output of the model will be included in a fuzzy
set.
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Table 1. The fuzzy sets of the variables

Variable Range  Fuzzy set
. 0 No
Green production technology 1 Yes
. 0 No
Environmental management system 1 Yes
. 0 No
Pollution control 1 Yes
0-40 Low
Product cost 3070 Medium
60-100 High
0-40 Low
uali 30-70 Medium
Quality 60-100 High
. 0 Delayed
Lead time 1 In-time
0-36 Very low
5-40 Low
Assessment score 14-86 Medium
60-95 High
64-100  Very high

It is necessary to defuzzificate the fuzzy values obtained
as a result of inference mechanism. This is done in the
defuzzification interface. In this interface, fuzzy values
are converted to net values by using the center of gravity
method. Finally, the obtained value is the output of the
model and gives the assessment score of the green
supplier.

4. RESULTS AND DISCUSSION

The surface view of the developed fuzzy expert system
model is available in Figure 4.

Surface Viewer: green supplier assessment - m} X

File Edit View Options

@
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~
=)
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In order to test the performance of the model, a green
supplier assessment of 32 different suppliers was made.
A sample of these assessment data is given in Table 2.

Table 2. A small example of the data set

quality product-cost
* (input): product-cos...  (input): quality ~  Z (output): assessment .
X grids: 15  grids: 15 Evaluate
Ref. Input [111 NaN NaN 1] HP‘D‘ points: — 4gq || Help | Close |‘

No file name was specified ‘

Figure 4. Surface viewer for product cost and quality variables

This surface view shows the impact of quality and
product cost variables on the supplier assessment score.
Both the quality variable and the product cost variable
have a positive relationship with the supplier assessment
score. In other words, increasing the value of both
variables increases the supplier assessment score.

No | GPT | EMS | PC | PCost | Quality | LT | ASM | ASE
1 1 1 0 70 65 1 77.1 77
2 0 1 1 80 45 0 70 70
3 1 0 1 55 70 1 62.6 63

15 1 0 0 85 50 0 53.3 53

16 1 1 1 20 95 0 58.7 59

17 0 1 0 30 25 1 38.9 39

30 1 1 1 85 80 0 86.8 87

31 1 0 1 65 35 0 45 45

32 0 0 1 40 15 0 20.1 20

GPT: Green Production Technology, EMS: Environmental

Management System, PC: Pollution Control, PCost: Product Cost,
Quality: Quality, LT: Lead Time, ASM: Assessment Score of the
Model, ASE: Assessment Score of the Experts

MSE error type was used to measure the error in green
supplier assessment. The formula for this method is as
follows:

MSE =~ (At — Ft)? ©)

While F; refers to the estimated value, A: refers to the
actual value. When these definitions are associated with
the study, the value obtained from the model is called Ft.
A: is the assessment score of the experts. Additionally,
this value represents the average score of the experts. As
a result of the calculation made with the available data,
the MSE value was found to be 0.0481. In other words,
the performance of the developed fuzzy expert system
model was determined as 95.19%. In addition, regression
analysis was performed to confirm the high prediction
performance. The information regarding this analysis is
given in Figure 5.

Regression Analysis

100
80 y = 1.0006x - 0.0373
60 R® = 0.9999
“40
20
0
0 20 40 60 80 100
At

Figure 5. Regression analysis of the developed model

As a result of the regression analysis, the coefficient of
determination (R?) was calculated as 0.999. This value
shows that the developed fuzzy expert system model
represents the expertise of the experts in the green
supplier assessment quite well.

5. CONCLUSION
This study aims to develop a fuzzy expert system model

to perform green supplier assessment. In this context, a
team of experts in green supplier assessment has been
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established. As a result of the expert knowledge of this
team and the examination of the studies in the literature,
the input variables of the fuzzy expert system model
were determined as green production technology,
environmental management system, pollution control,
product cost, quality, and lead time. The output variable
of the model is the green supplier assessment score.
MSE and R? are calculated to measure the performance
of the model. The calculated MSE and R? values showed
that the developed fuzzy expert system model has a very
high performance. Especially in cases where experts in
green supplier assessment are limited or difficult to
reach, the relevant model will be an important tool for
fast and accurate decision making.

Al-driven green supplier assessment will require
improving explainable Al for transparent decision-
making, integrating the internet of things for real-time
environmental monitoring, addressing ethical concerns,
ensuring global standardization, and exploring
collaborations between humans and Al. Future studies
are expected to show a trend in this context.

REFERENCES

[1] Smith AD. Exploring strategic partnering in supply
chain management: case study of successful
practices. In: Mamun Habib MD, editor. Supply
chain management: practices, applications and
challenges. New York: Nova Science Publishers;
2016.

[2] Sarkis J. Green supply chain management. New
York: ASME Press and Momentum Press; 2014.

[3] Bhattacharjee K. Green supply chain management-
challenges and opportunities. Asian Journal of
Technology & Management Research.
2015;5(1):14-19.

[4] Khan SAR. Introduction of green supply chain
management. In: Khan SAR, editor. Green
practices and strategies in supply chain
management. Intech Open; 2019.

[5] Mendoza-Fong JR, Garcia-Alcaraz JL, Ochoa-
Dominguez HDJ, Cortes-Robles G. Green
production attributes and its impact in company’s
sustainability. In: Garcia-Alcaraz JL, Alor-
Hernandez G, Maldonado-Macias AA, Sanchez-
Ramirez C, editors. New perspectives on applied
industrial tools and techniques. 1st ed. Springer
Cham; 2018. p. 23-46.

[6] Daldir I, Tosun O. Green supplier selection using
fuzzy WASPAS. Uludag University Journal of The
Faculty of Engineering. 2018;23(4):193-208.

[71 Denizhan B, Yilmaz Yalginer A, Berber S. An
application of green supplier selection using
analytic hierarchy process and fuzzy analytic
hierarchy process methods. Nevsehir Journal of
Science and Technology. 2017;6(1):63-78.

[8] Cmar A. Uygun O. Selecting green supplier using
intuitionistic fuzzy AHP. Journal of Intelligent
Systems: Theory and Applications. 2019;2(2):24-
31.

[9] Sisman B. Evaluating and selection of green
supplier development programs by using fuzzy

MOORA. Journal  of
2016;11(44):302-15.

[10] Calik A. Green supplier selection with fuzzy multi-
objective linear programming and interval type-2
fuzzy AHP method. The Journal of Selcuk
University Social Sciences Institute. 2018;39:96-
109.

[11] Akin N. Generalized trapezoidal fuzzy soft set:
application to green supplier selection problem.
Afyon Kocatepe University Journal of Social
Sciences. 2021;23(1):158-71.

[12] Erbiyik H, Alkan Kabak¢t G, Erdil A. Supplier
selection in the automotive sector with the electre
method: an application for green supplier selection.
European Journal of Science and Technology.
2021;(24):421-29.

[13] Soyer A, Tiirkay A. Green purchasing and green
supplier selection: an application in the white goods
sector. Journal of Engineering Sciences and Design.
2020;8(4):1202-22.

[14] Yerlikaya M, Efe B, Efe O. Environmental waste
criterion-based supplier selection problem. The
International New Issues in Social Sciences.
2017;5(5):311-22.

[15] Calik A. Green supplier selection using group
decision making methods: a case study from the
food industry. The International Journal of
Economic and Social Research. 2021;17(1):1-16.

[16] Madenoglu F. Green supplier selection in fuzzy
multi  criteria decision making environment.
Business and  Management  Studies:  An
International Journal. 2019;7(4): 1850-69.

[17] Lee AHI, Kang H, Hsu C, Hung H. A green
supplier selection model for high-tech industry.
Expert Systems with Applications.
2009;36(4):7917-27.

[18] Hashemi SH, Karimi A, Tavana M. An integrated
green supplier selection approach with analytic
network process and improved grey relational
analysis. Int. J. Prod. Econ. 2015;159:178-91.

[19] Bali O, Kose E, Gumus S. Green supplier selection
based on IFS and GRA. Grey Systems: Theory and
Application. 2013;3(2):158-76.

[20] Yu Q, Hou F. An approach for green supplier
selection in the automobile manufacturing industry.
Kybernetes. 2016;45(4):571-88.

[21] Freeman J, Chen T. Green supplier selection using
an AHP-Entropy-TOPSIS framework. Supply
Chain Manag. 2015;20(3):327-40.

[22] Agarwal G, Vijayvargy L. (2012). Green supplier
assessment in environmentally responsive supply
chains through analytical network process.
International MultiConference of Engineers and
Computer Scientists, IMECS 2012. Hong Kong:
2012. p. 1218-23.

[23] Foroozesh N,  Tavakkoli-Moghaddam R.
Assessment of green supplier development
programs by a new group decision-making model
considering possibilistic statistical uncertainty.
Journal of Quality Engineering and Production
Optimization. 2018;3(2):1-10.

Yasar  University.

45




Tr. J. Nature Sci. Volume 13, Issue 1, Page 40-46, 2024

[24] LiL, Wang H. A green supplier assessment method
for manufacturing enterprises based on rough ANP
and evidence theory. Information. 2018;9(7):162.

[25] Mahdavinia R. Green supplier assessment using
fuzzy hierarchical technique at pars khodro
company in Iran. 3rd International Conference on
Management, Industrial Engineering, Economics
and Accounting. Sofia; 2003. p. 1-15.

[26] Mishra A, Rani P, Pardasani K, Mardani A. A
novel hesitant fuzzy WASPAS method for
assessment of green supplier problem based on
exponential information measures. J. Clean. Prod.
2019;238:117901.

[27] Ozkan, M. An application for individual employee
performance evaluation by fuzzy inference system.
Cumhuriyet University Journal of Economics and
Administrative Sciences. 2018;19(2):372-88.

46




Volume 13, Issue 1, Page 47-53, 2024 https://doi.org/10.46810/tdfd.1385118 Research Article

A

Tiirk Doga ve Fen Dergisi

Bi N:G OL Turkish Journal of Nature and Science
LJ N I VE RS ] TY www.dergipark.gov. tr/tdfd

Investigation of the Effects of PFKFB3 Small Molecule Inhibitor KAN0438757 on Cell
Migration and Expression Level of N-cadherin Protein in Glioblastoma Cell Lines

Seher SARUHAN'*"| Deniz OZDEMIR' "~ Remziye SAFA'*" Can Ali AGCA"

!Bingél University, Faculty of Arts and Sciences, Department of Molecular Biology and Genetics, Bingél, Tiirkiye

Seher SARUHAN ORCID No: 0000-0003-1641-8519
Deniz OZDEMIR ORCID No: 0000-0001-7659-742X
Remziye SAFA ORCID No: 0009-0002- 0392-3196
Can Ali AGCA ORCID No: 0000-0002-0244-3767

*Corresponding author: c.aliagca@gmail.com

(Received: 02.11.2023, Accepted: 10.02.2024, Online Publication: 26.03.2024)

Keywords
KANO0438757,
PFKFB3,
Glioblastoma,
Migration

Abstract: Reprogramming of energy metabolism in cancerous cells plays a crucial role in
promoting the epithelial-mesenchymal transition (EMT) program that is linked to malignancy.
PFKFB3 (6-phosphofructose-2-kinase/fructose-2,6-bisphosphatase 3), which is responsible for
energy metabolism, is a significant glycolytic activator involved in the progression of various
types of tumours, including glioblastoma. PFKFB3 has the capacity to alter the expression of
EMT-related proteins, thereby influencing the EMT program amongst tumour cells. When
undergoing EMT, glioblastoma cells acquire a mesenchymal phenotype associated with
augmented cellular motility, invasiveness, and resistance to therapy. Inhibition of PFKFB3 in
glioblastoma cells has promising potential as a therapeutic strategy to target EMT and halt cancer
progression. PFKFB3 inhibitors are compounds that can block PFKFB3 activity, inhibiting
glycolysis in cancer cells. KAN0438757 is a novel, selective inhibitor of PFKFB3 that exhibits
anti-tumour effects in various cancer models both in vitro and in vivo. The study evaluated the
impact of a novel inhibitor on the viability, migration, and death of glioblastoma cancer cell lines
U373 and U251 using WST-1 cell viability, AO/EtBr staining western blotting, and wound
healing assays. The results showed that cell viability decreased and dose-dependent apoptotic
morphological changes were observed in glioblastoma cells after KANO0438757 treatment.
Moreover, the protein level of EMT-associated N-cadherin decreased, leading to reduced cell
migration. In conclusion, it is possible that KAN0438757 could elicit anti-tumour effects in
glioblastoma by reversing the EMT programme and inducing apoptotic morphological changes in
cancer cells.

PFKFB3 Kiiciik Molekiil Inhibitorii KAN0438757'nin Glioblastoma Hiicre Hatlarinda Hiicre
Migrasyonu ve N-kadherin Proteininin Ekspresyon Diizeyi Uzerine Etkilerinin Arastirilmasi

Anahtar
Kelimeler
KANO0438757,
PFKFB3,
Glioblastoma,
Migration

Oz: Tiimér hiicrelerinde enerji metabolizmasinin yeniden programlanmasinin, malign 6zelliklerle
iliskili epitelyal-mezenkimal gecis (EMT) programinin desteklenmesinde 6nemli bir rol oynadigi
bilinmektedir. Enerji metabolizmasinda gorev alan PFKFB3 (6-phosphofructose-2-
kinase/fructose-2,6-bisphosphatase 3), glioblastoma dahil olmak {izere ¢oklu timér tipi
ilerlemesinde rol oynayan oOnemli bir glikolitik aktivatordiir. PFKFB3, EMT ile iliskili
proteinlerin  ekspresyonunu modiile ederek tiimdr hiicrelerinde EMT  programini
etkileyebilmektedir. EMT sirasinda glioblastoma hiicreleri, artan hiicre hareketliligi, istilacilik ve
tedaviye direng ile iligkili bir mezenkimal fenotip kazanmaktadir. Glioblastoma hiicrelerinde
PFKFB3'in inhibisyonu, EMT'yi hedeflemek ve kanser ilerlemesini engellemek igin potansiyel
bir terapotik strateji olarak goriilmektedir. PFKFB3 inhibitorleri, PFKFB3'in aktivitesini bloke
edebilen ve dolayisiyla kanser hiicrelerinde glikoliz siirecini inhibe edebilen bilesiklerdir.
KANO0438757, PFKFB3'iin yeni ve se¢ici bir inhibitoriidiir. KAN0438757'nin hem in vitro hem
de in vivo olarak cesitli kanser modellerinde anti-tiimor etkilerine sahip oldugu gosterilmistir.
Yeni inhibitdriin glioblastoma kanseri hiicre hatlar1 U373 ve U251'de hiicrelerin canlilifi, hiicre

47



https://orcid.org/0000-0003-1641-8519
https://orcid.org/0000-0001-7659-742X
https://orcid.org/0009-0002-%200392-3196
https://orcid.org/0000-0002-0244-3767
http://www.dergipark.gov.tr/tdfd

Tr. J. Nature Sci. Volume 13, Issue 1, Page 47-53, 2024

gbcii ve hiicre olimii tlizerindeki etkisi, WST-1 hiicre canlilhigi, AO/EtBr, boyama western
blotlama ve yara iyilestirme testleri ile arastirildi. Elde ettigimiz sonuglarda, glioblastoma
hiicrelerinde, KAN0438757 tedavisinden sonra hiicre canliliginin azaldig1 ve doza bagl apoptotik
morfolojik degisiklikler goriildii. Ayrica EMT iligkili N-cadherin proteininin diizeyinin azaldig1

ve hiicre gociiniin de

baskilandigini

gozlemlendi. Sonu¢ olarak, KANO0438757'nin

glioblastomada, EMT programini tersine gevirerek ve kanser hiicrelerinin apoptotik morfolojik
degisikliklere yol agarak anti-tiimdr aktiviteye sahip olabilecegini diisiindiirmektedir.

1. INTRODUCTION

Gliomas constitute approximately 80% of malignant
tumours and 30% of brain tumours. Gliomas are
classified by the World Health Organization (WHO) as
types 1, 2 (low-grade gliomas), 3 (anaplastic glioma) and
4 (Glioblastoma (GBM)) according to their general
characteristics [1]. GBM is a highly aggressive form of
this type of this classification. Although many treatments
have been applied for glioblastoma, according to studies,
no further progress has been made in the last decade [2].
To this end, blocking the growth-promoting kinase
targets of glioblastoma seems to be a reasonable
treatment strategy that requires further study [3]. As with
most cancers, glioblastomas tend to favour aerobic
glycolysis  over  oxidative  phosphorylation, a
phenomenon known as the Warburg effect [4,5].
Glioblastoma cells exhibit elevated levels of fructose-
2,6-bisphosphate (F2,6BP), essential controller of 6-
phosphofructo-1-kinase, significant enzyme responsible
for regulating the rate.Glycolytic flux is controlled
through several enzyme steps in glycolysis, including
those catalysed by the enzymes phosphofructokinase-1
(PFK1) and 6-phosphofructokinase-2-kinase/fructose-
2,6-bisphosphatase (PFKFB) [6]. The bifunctional
enzyme family known as PFKFB is expressed by four
different genes and is important for cancer metabolism.
PFKFB enzymes are crucial for regulating glycolysis.
They can be classified into four groups: PFKFB1,
PFKFB2, PFKFB3 and PFKFB4[7]. The activity of the
PFKFB3 enzyme plays an important role in glycolysis
metabolism because the kinase/phosphatase ratio of
PFKFB3 is very high, thus enabling the formation of F-
2,6-BP and increased glycolysis [8]. As a result of
various studies, PFKFB3 was found to be overexpressed
in different human cancers, including malignant glioma
[9]. PFKFB3 is overexpressed in GBM and has been
shown to promote tumour growth and invasive ligation.
PFKFB3 promotes GBM growth and invasiveness
through several mechanisms; Increasing the production
of F2,6BP, a master regulator of glycolysis, can promote
Warburg effect, a metabolic change characteristic of
cancer cells, and suppress programmed cell death.
PFKFB3 can also promote epithelial-mesenchymal
transition (EMT) in GBM cells by activating a number
of signalling pathways, including the PI3BK/AKT/mTOR
and the TGF-B1 pathways [10]. EMT is a complex
biological process in which epithelial cells mislay their
epithelial properties and take on mesenchymal ones.
That procedure crucial for normal embryonic
development but may also play a role in cancer
progression. Glioblastoma cells often receive EMT to
obtain increased invasiveness and disseminate to other
parts of the brain [11]. EMT is an a hallmark of cancer

and has been demonstrated to enhance tumor invasion,
metastasis, and treatment resistance [12]. The
downregulation of epithelial markers (E-cadherin) and
the overexpression of mesenchymal markers (N-
cadherin) characterize EMT [13]. EMT is a significant
factor in the progression of GBM. Promisingly, PFKFB3
inhibitors can halt EMT and offer a new therapeutic
strategy for GBM [14]. Furthermore, targeted PFKFB3
inhibition may be an effective treatment for CNS
patients. PFKFB3 inhibitor treatment have shown its
potential to improve the sensitivity of tumors that are
resistant to treatment, both to chemotherapy and
radiation [15, 16]. Anti-PFKFB3 and anti-VEGF
combination treatment significantly increased the
survival rate of preclinical models of glioblastoma and
eliminated resistance to anti-angiogenic therapy, as
reported by Zhang et al. [17]. In 2018, a specific small
molecule inhibitor called KAN0438757 was discovered.
It was found to have a high level of selectivity for the
PFKFB3 kinase domain. KANO0438757 induced an
increase in cell permeability and a decrease in cell
viability in various types of cell lines via suppression of
PFKB3-118-20]. Conversely, KANO0438757 treatment
produced radiosensitivity and cytotoxicity in cancer cells
at concentrations that normal cells tolerated. The use of
KANO0438757 after ionising radiation has inhibited the
PFKFB3 molecule. This inhibition also prevented
PFKFB3, BRCAl and RAD51 from being nuclear
localised. All of these molecules have been deemed
essential for proper homologous recombination repair.
Furthermore, KANO0438757 efficiently inhibited dNTPs
during double-stranded DNA repair by inhibiting
homologous recombination repair activity. As a result,
H2AX levels increased and ionizing radiation caused
cell cycle arrest [19]. In the case of human colorectal
cancer cells, cell migration has been inhibited by
KANO0438757, along with a decrease in associated
PAXLLIN, VINCULIN and CORTACIN genes. In vivo
administration of KANO0438757 has been found to be
non-toxic [20]. However, the effect of KAN0438757
specifically on cell migration in glioblostoma is still
mysterious.

This study aimed to is to focus and investigate the
anticancer status, cell viability and migration of
KANO0438757 in glioblostoma and the EMT-amplified
protein N-cadherin.

2. MATERIAL AND METHOD

2.1 Cell Culture

In this study, human glioblastoma U373 and U251 cell
lines purchased from ATCC (American Type Culture
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Collection) were used. The cells were grown DMEM
medium supplemented with 10% fetal bovine serum and
64 pg/ml penicillin + 0.1 mg/ml streptomycin in in 5%
C02/95% air at 37 °C unless otherwise stated.

2.2 WST-1 Viability Test

Water-soluble tetrazolium salts, known as WSTs, are
commonly used for testing cell viability. These tests
determine cell viability using spectrophotometry. The
viability of untreated cells was set as 100%, and the
viability of treated cells is expressed as a percentage (%)
in comparison. Once the cells had reached a specific
density, they were transferred to a 96-well plate with
3000 cells per well and incubated overnight in a CO;
environment. The plate was then kept in the CO;
incubator for several hours. Following this, glioma cell
lines were treated with varying doses of KAN0438757
for 48 hours. WST-1 dye was added to each well at a
volume of 10 pul and left to mix for 2-3 minutes.
Afterwards, the plate was measured at 450 nm using the
ELISA reader device [21].

2.3 Wound-Healing Migration Assay

The cells were plated onto a 6-well plate with a density
of 8,000 cells per well and grown to reach 85-90%
confluence. Subsequently, a 100 pL tip were used to
produce uniform strips in the cell wells by making a
scratch, followed by washing the plates with PBS. After
this step, the cells were treated with serum-free
DMEM/medium that contained different concentrations
of KANO0438757 (5, 10, and 25 puM).The gap regions
were photographed with a phase contrast microscope
(Olympus, CKX41, Tokyo, Japan) at certain time
intervals (0, 24, 48, 72 hours). Wound closure
percentage was calculated using ImageJ software based
on the cell-free area, as has been previously described
[22, 23]. (Wound Closure % = {(At=0 — At=Ah )/At=0}
*100. At=0 = area of the wound measured immediately
after scratching. At=Ah = area of the wound measured h
hours after the scratch is performed.)

2.4 AO/EBFr Staining

In a 6-well plate, U373 and U251 cells were sown
(15x10* cells per well) and incubated for overnight. The
cells were treated with different concentrations of
KANO0438757 (5, 10, and 25 uM). After the treatment
period was over, acridine orange ethidium bromide dye
was prepared and added to each well from the mixture.
Imaging was then carried out under a microscope. Live
cells were green under the microscope, but dead cells
appeared red [24].

2.5 Western Blotting

Under denaturing conditions, the cells were separated
using SDS-PAGE (12%) gel [25]. Proteins were
subsequently transferred onto a PVDF membrane
following their separation on the gel. Following transfer,
the membrane was incubated for 1 hours at room
temperature with 5% BSA (Bovine Serum Albumin)

dissolved in 1X TBS-T (TrisBuffered Saline and Tween
20) solution. Membrane were shaken overnight at +4 °C
with the appropriate primary antibody (anti-N-cadherin
(Santa Cruz, sc-7939, 1:1000) and anti-GAPDH (Santa
Cruz, sc-365062, 1:1000). Membrane was rinsed with
1X TBS-T for 5 minutes/5 times the next day before
being incubated with secondary antibody (anti-mouse or
anti-rabbit) for 60 minutes at room temperature. Images
were acquired using the chemiluminescence method
after the membrane was washed with 1X TBS-T for 5
minutes/5 times. Image-j was used to determine band
intensities densitometrically (National Institute of
Health, Bethesda, MD; Image J). Each band's intensity
was normalized to the intensity of the matching GAPDH
band.

2.6. Statistical Analyses

All results were assessed using the Graph Pad Prism 5.01
software. Statistical analysis was performed through
one-way ANOVA followed by post-hoc Tukey test and
was repeated three times for reproducibility.

3. RESULTS
3.1 Effect of KAN0438757 on Cell Viability

To investigate the effects of KAN0438757 cell viability,
U373 and U251 cell line were treated with different
doses of KANO0438757 (5, 10, 25, 50 and 100 pM).
According to the data obtained as a result of the
measurement, KAN0438757 was shown to impair cell
viability in the U373 cell line in a dose-dependent
manner, with a sharper drop noted at 25 uM as shown in
Figure 1A. Similarly, KANO0438757 reduced cell
viability in the U251 cell line Figure 1B. Cell viability
was shown to be significantly reduced in both cell lines,
particularly after the 10 pM dosage.
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Figure 1. Effect of KANO0438757 on cell viability of human
glioblastoma (U373 and U251) cell lines. (A, B) U373, U251 cells
were exposed to for 48 hours with KAN0438757 and cell viability was
evaluated using WST-1 assays.
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3.2 Effect of KAN0438757 on Cell Migration

We further investigated KANO0438757 effects on
migration of U373 and U251 cells. The cells received
treatment with KANO0438757 (5, 10, and 25 M), as
indicated in Figs. 2A and 2B. For 72 hours, wound
closure percentages in U373 cells were 20,78% at 10 M
and 8,13% at 25 M. Similar to U373 cells, the
percentages of wound closure were 38,18 % at 10 pM
and 13,19 % at 25 uM, respectively in U251 cells. U373
cells treated with low doses of KANO0438757
demonstrated that the intercellular gap was closed after
48 hours. On the other hand, it was showed that the
intercellular distance in the cells treated with 25 uM of
KANO0438757 had a very low mobility after 48 hour
compared to the control group. At 5 uM of
KANO0438757, there was no statistically significant
difference in inhibition effect in both cells lines.
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Figure 2. Effect of KAN0438757 on Cell Migration in U373 cell line.
KANO0438757 (5-25 M) was applied to U373 cells for 72 hours.
Subsequently, the wound-healing assay was conducted to determine
cell migration. (A) Microscopic images (4x-500pum) of U373 cells
following various treatments with KAN0438757. (B) The wound was
measured for closure. All of the data given are from three distinct tests.
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Figure 3. Effect of KAN0438757 on Cell Migration in U251 cell line.
The U251 cells were treated with KANO0438757 (5-25 uM) for 72
hours. Subsequently, the wound-healing assay was conducted to
determine cell migration. (A) Images (4x-500um) taken using a
microscope of U25 cells following various treatments with
KANO0438757. (B) The wound was measured for closure. All of the
data given are from three distinct tests.

3.3. Effect of KAN0438757 on Cell Death in U251 and
U373 Cells

In order to determine whether the growth inhibition by
KANO0438757 was associated with cell death,
gliobalstoma cells treated with KAN0438757 were
analyzed for dual staining (AO/EB staining). Figure. 4-A
and B shows that when treated with KAN0438757, the
ratio of apoptotic cells significantly increased in cells at
high dose of KANO0438757. Given the administered
dosage of 5 and 10 uM, the number of viable cells is
relatively considerable. The cells treated with 25 uM of
KANO0438757 were observed to change from green to
yellow and orange which suggests that when exposed to

KANO0438757, U251 and U373 cells underwent the
typical changes of apoptosis.

A-U373

Control 5uM 10 pM 25 uM
B-U251
Control 10 pM 25 uM

5uM

Figure 4. Effect of KAN0438757 on the apoptotic cell death in human
glioma cells was evaluated by fluorescence microscopy using acridine
orange/propidium iodide double staining. Detection of apoptotic
morphology was performed using fluorescent staining of U251 and
U373 cell lines with acridine orange-ethidium bromide (AO/EB) after
treatment with KAN0438757 (5-25 pM) for 72 hours. Apoptotic cells
emit red fluorescence while as viable cells emit green fluorescence. An
increase in the number of apoptotic cells was observed as the
KANO0438757 dose increased. This figure presents the outcomes of at
least three separate trials (Original magnification 20x).

3.4. Western Blotting

To further investigate the molecular basis effect of
KANO0438757 on N-cadherin in gliobasltoma cancer
cells, we examined the expression N-cadherin after
treatment with different concentrations of KAN0438757
by western blot analysis. At 5 uM of KAN0438757,
there was no statistically significant difference in N-
cadherin expression in both cells lines (Figure 5B and
5C). N-cadherin, expression levels were decreased after
exposure to 25 uM KANO0438757 compared with the
levels in control cells.

A U373 MG U251 MG
KANO0438757 (uM) 0 5 25 0 5 25

130- N-Cadherin

Cc
.

*

150

150 ns * ¥

100

100 —

50

Relative protein expression
Relative protein expression

0 0
KAND438757 (uM) O 5 25 KAND438T57 (M)

Figure 5. Effect of KAN0438757 on N-cadherin. A) Westsern blot
bands. (N-cadherin and GAPDH Western blotting was used to evaluate
protein expression levels.), B-C) N-cadherin protein expression levels
levels. GAPDH was used as control. Control group and compared, *P
< 0.05, **P < 0.01

4. DISCUSSION AND CONCLUSION

Metastasis, known as the process in which the cancerous
cell leaves the primary tumor tissue, passes through the
basement membrane to the circulatory system, reaches
different tissues and forms a secondary tumor, is the
main cause of death from cancer [26]. Despite this
important effect on cancer deaths, the molecular
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mechanisms of invasion and migration, which form the
basis of metastasis, remain unknown. The escape of
cancerous cells from the primary tumor tissue is
associated with increased migration potential with the
reduction of intercellular junction proteins and
acquisition of mesenchymal phenotype, called EMT,
which has basic functions such as embryogenesis and
wound healing in the normal physiological process [27].
The EMT process is mediated by various transcription
factors, mainly the Snail, Twist and Zeb family [28]. The
roles of transcription factors in EMT are mainly by the
regulation of various proteins as an example E and N-
cadherin, p-catenin, vimentin and fibronectin and
suppression of intercellular tight junctions [29]. Various
growth and differentiation factors such as fibroblast
growth factor (Fibroblast Growth Factor; FGF), wnt and
notch proteins are involved in the initiation of the EMT
process. Among these factors, transforming growth
factor B (Transforming Growth Factor ; TGFf), which
is an important inducer of EMT, is largely involved in
cancer studies [30].

PFKFB3 is an enzyme that is essential in glycolysis, the
process by which cells convert glucose into energy [8].
PFKFB3 has been shown to be activated by hypoxia and
other stress signals and promotes EMT [31]. EMT is a
process in which epithelial cells that are normally tightly
packed and adhere to each other lose their cell-cell
adhesion and become more mesenchymal-like.
Mesenchymal cells are more mobile and can migrate to
other parts of the body [32]. EMT is crucial for a
diversity of processes, including development, wound
healing, and cancer metastasis. In cancer, EMT is
thought to promote metastasis by allowing cancer cells
to escape from the primary tumor and travel to other
parts of the body. PFKFB3 has been shown to be
involved in EMT in several ways. First, PFKFB3 can
activate transcription factors that promote EMT, such as
Snail and Twist [33]. Second, PFKFB3 can increase the
production of extracellular matrix proteins that may aid
in the migration of cancer cells [34]. Third, PFKFB3 can
enhance the generation of reactive oxygen species,
which can cause cell-cell adhesions to break down and
induce EMT[35]. Here are some additional research
findings regarding the relationship between PFKFB3 and
EMT; The study in human breast cancer cells showed
that inhibition of PFKFB3 reduced EMT and increased
the sensitivity of cells to chemotherapy [36]. According
to another research in colorectal cancer cells, inhibition
of PFKFB3 reduced the cells' ability to metastasize [37].
Overall, the research suggests that PFKFB3 plays a role
in EMT and that inhibiting PFKFB3 could be a potential
therapeutic strategy for cancer. More study is needed,
however, to fully understand the role of PFKFB3 in
EMT and to create safe and effective PFKFB3
inhibitorsPFKFB3 is a key enzyme in glycolytic tumor
metabolic reprogramming, and protein levels of PFKFB3
are substantially higher in high-grade gliomas (HGGs)
than in low-grade gliomas. The significance of PFKFB3
splice variants in glioblastoma development and
prognosis is still poorly known. Therefore, it is desired
to reveal a new strategy to treat cancer using PFKFB3
inhibitors in the treatment of glioblastoma. Inhibitors

that provide inhibition of PFKFB3 appear as four
different molecules: 3PO, PFK15, PFK158 and
KANO0438757 [19,40]. Among these inhibitors,
KANO0438757 is a new inhibitor that has been studied in
recent years, and it has been determined that it
selectively inhibits the proliferation of cancer cells. It
was also concluded that inhibition of PFKFB3 with
KANO0438757 impairs DNA repair, resulting in death of
cancer cells. However, there is no study yet to reveal the
effects of KANO0438757 inhibitor on glioblastoma cells.
As a result, we explored the consequences of the
KANO0438757 on cell migration and N-cadherin protein
expression levels in glioblastoma cell lines in this study.

In this study, cell viability, cell proliferation, cell death,
cell migration, and protein levels such as N-cadherin
were analyzed in glioblastoma cell lines U373 and U251
cells. In our study, firstly, the effect of KAN0438757
inhibitor on cell viability were assessed in U373 and
U251 cell lines. The WST-1 viability test revealed that
cell viability reduced dose-dependently in both cell lines.
In the study of Oliveira et al., it was observed that after
treatment with KANO0438757 in colorectal cancer cell
proliferation was significantly reduced, especially at 50
and 75 uM doses. In a separate investigation Yan et al.
reported that inhibition of PFKFB3 by oxaplatin in colon
cancer not only reduces cell viability but also promotes
apoptotic cell death [38]. Cell migration was determined
by our next experiment, Wound Healing. Glioblastoma
cell lines U373 and U251 were treated with
KANO0438757 for 0-72 hours. In the U373 cells, it was
observed that it inhibited the migration ability of the
cells depending on the dose and time. It was concluded
that the U251 cell line significantly affected cell
migration compared to the U373 cell line and reduced
the migration abilities of the cells. According to the
information we obtained as a result of these findings, it
was determined that the KAN0438757 inhibitor inhibited
the migration ability of cells in glioblastoma cells in a
time and dose dependent manner. Yan et al. [38] has
shown that it significantly reduced cell migration and
invasion activity in colorectal cancer cell lines. In
another study, Veseli et al. observed that treatment with
3P0, significantly inhibited cell migration in endothelial
cells. These results, like the results we obtained in our
study, show that PFKFB3 inhibitors have a significant
decrease in the migration ability of cancer cells and this
has an important role in leading cancer cells to death
[41].

Preceding studys has shown that the overexpression of
PFKFB3 elevates the migratory and invasive capabilities
in tumour cell, while reducing the expression of E-
cadherin and upregulating N-cadherin. Specifically, the
transcription factors Snail and Twist are notably induced,
which have been found to contribute significantly to
EMT [14]. Western blot results of the N-cadherin
showed that the KANO0438757 caused a decrease in
U251 cell lines, especially in the high-dose group
compared to the control. In addition, it was determined
that KANO0458757 treatment caused a very dramatic
decrease in N-cadherin protein expression in U373 cell
lines. Yalgin et al. in their study in 2023 showed that
silencing of PFKFB3 caused changes in the expressions
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of E-cadherin, Vimentin and EMT genes in different
cancer cell lines [33]. We have shown that PFKFB3
inhibitor can cause a phenomenon that supports the
changes in EMT proteins that we have obtained
consistent with this result.

Apoptosis is the removal of infected, damaged, or
undesirable cells in order to preserve cell homeostasis.
Another experiment, AO/EtBr staining experiments,
examined cell death in glioblastoma cell lines after
treatment of the KANO0438757 inhibitor. Firstly, it was
observed that the cells tended towards death with a
reduction in cell count in the U251 cell line, especially in
the 25 uM dose group. On the other hand, in the U373
cell line, it was also detected that in the 25 uM dose
group, significant cells are close to death and some of
these even death. In the work of Wang et al. [39]
apoptosis was looked at to determine cell death. It was
determined that PFK15, an inhibitor of PFKFB3 in
rhabdomyosarcoma cells, had a stimulating effect on cell
viability loss after induction with 3MA. It has also been
observed that PFK15 has multiple cell death-inducing
effects other than caspase-dependent apoptosis.

The study shows the significance of PFKFB3-mediated
metabolism in the development of EMT in glioblastoma
cells and indicates that KANO0438757 could be a fresh
approach to treating glioblastoma.
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Abstract: Pneumonia is a global health concern, responsible for a significant number of deaths.
Its diagnostic challenge arises from visual similarities it shares with various respiratory
diseases, such as tuberculosis, complicating accurate identification. Furthermore, the variability
in acquiring and processing chest X-ray (CXR) images can impact image quality, posing a
hurdle for dependable algorithm development. To address this, resilient data-centric algorithms,
trained on comprehensive datasets and validated through diverse imaging methods and
radiology expertise, are imperative. This study presents a deep learning approach designed to
distinguish between normal and pneumonia cases. The model, a hybrid of MobileNetV2 and the
Squeeze-and-Excitation (SE) block, aims to reduce learnable parameters while enhancing
feature extraction and classification. Integration of the SE block enhances classification
performance, despite a slight parameter increase. The model was trained and tested on a dataset
of 5856 CXR images from Kaggle's medical imaging challenge. Results demonstrated the
model's exceptional performance, achieving an accuracy of 98.81%, precision of 98.79%, recall
rate of 98.24%, and F1-score of 98.51%. Comparative analysis with various Convolutional
neural network-based pre-trained models and recent literature studies confirmed its superiority,
solidifying its potential as a robust tool for pneumonia detection, thus addressing a critical
healthcare need.

MobileNetV2 ve Sikma-Uyarma Agindan Olusan Hibrit Bir Yaklasim Kullanilarak Pnémoni

Tespiti

Anahtar
Kelimeler
Derin Ogrenme,
Goglis Rontgeni
Goriintiileri,
Pnomoni
Tespiti,
MobileNet

V2,

Sikma ve
Uyarma Agi

Oz: Pnomoni, 6nemli sayida 6liimden sorumlu olan kiiresel bir saglik sorunudur. Teshis
zorlugu, tiiberkiiloz gibi ¢esitli solunum yolu hastaliklariyla paylastigi ve dogru tanimlamay1
zorlagtiran gorsel benzerliklerden kaynaklanmaktadir. Ayrica, gogiis rontgeni goriintiilerinin
elde edilmesi ve islenmesindeki degiskenlik, goriintii kalitesini etkileyerek giivenilir algoritma
gelistirmenin 6niinde bir engel olusturabilir. Bu sorunu ¢dzmek i¢in, kapsamli veri kiimeleri
iizerinde egitilen ve ¢esitli goriintiileme yontemleri ve radyoloji uzmanligi ile dogrulanan esnek
veri merkezli algoritmalar zorunludur. Bu ¢alisma, normal ve pnémoni vakalarini ayirt etmek
icin tasarlanmis bir derin 6grenme yaklagimi sunmaktadir. MobileNetV2 ve Sikistirma-Uyarma
(SU) blogunun bir hibriti olan model, o6zellik ¢ikarma ve smiflandirmay: gelistirirken
Ogrenilebilir parametreleri azaltmay1 amaglamaktadir. SU blogunun entegrasyonu, hafif bir
parametre artigina ragmen siniflandirma performansini arttirmaktadir. Model, Kaggle'in tibbi
goriintiileme yarigmasindan alinan 5856 gogiis rontgeni goriintlisiinden olusan bir veri kiimesi
iizerinde egitilmis ve test edilmistir. Sonugclar, %98.81 dogruluk, %98.79 kesinlik, %98.24 geri
¢agirma orani ve %98.51 F1 puani elde ederek modelin olaganiistii performansin1 géstermistir.
Cesitli Evrigimsel sinir ag1 tabanli 6nceden egitilmis modellerle ve son literatiir ¢aligmalariyla
yapilan karsilagtirmali analiz, modelin istiinliigiinii dogrulayarak pndmoni tespiti igin saglam
bir ara¢ olarak potansiyelini saglamlastirdi ve bdylece kritik bir saglik hizmeti ihtiyacim
karsiladi.
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1. INTRODUCTION

Pneumonia stands as a respiratory ailment provoking
inflammation in either one or both lungs, leading to
manifestations like coughing, fever, and respiratory
distress. The timely identification of pneumonia proves
crucial in ensuring effective therapy and enhanced
patient recovery. Regrettably, pneumonia constitutes
merely one among numerous pulmonary ailments, and as
a result, radiographic findings don't consistently verify a
pneumonia diagnosis. Consequently, given the present
technology available, it remains unfeasible to
definitively differentiate pneumonia from alternative
lung disorders based on radiological criteria [1,2].

Developing accurate algorithms to detect pneumonia
requires large amounts of meticulously annotated data, a
task that can be particularly demanding. The complexity
escalates when tackling pneumonia, as it necessitates
skilled radiologists for data annotation, and the
availability of labeled images is limited. Deep learning
(DL), a subset of artificial intelligence, has emerged as a
formidable tool for pneumonia identification and
diagnosis through medical imaging, such as chest X-rays
(CXR) [3,4]. DL algorithms possess the capability to
undergo training on vast archives of CXR images,
enabling them to discern unique features and attributes
indicative of pneumonia's presence. This procedure
involves utilizing convolutional neural networks
(CNNs), a specialized category of DL frameworks
exceptionally skilled in tasks related to image
recognition. By scrutinizing the texture, shape, and pixel
intensity within CXR images, CNNs can develop the
ability to precisely identify areas within the image that
correspond to regions of the lungs affected by infection
or inflammation [5,6].

Following their training, DL models possess the
capability to categorize novel CXR images, determining
whether they exhibit indications of pneumonia or not.
This process can be executed instantly, rendering it a
potentially valuable resource for healthcare practitioners
in the prompt diagnosis and treatment of pneumonia in
patients. Furthermore, DL models can provide support to
radiologists in the interpretation of CXR, thereby
diminishing the chances of incorrect diagnoses and
enhancing patient results [7-9]. Considering these
advantages offered by DL techniques, they are
commonly employed in scientific studies to diagnose
pneumonia through the analysis of CXR images. Some
of these studies are as follows.

Reshan et al. [2] introduced an advanced DL model for
distinguishing between severe and normal cases of
pneumonia. They harnessed eight pretrained models:
ResNet50, ResNet152V2, DenseNet121, DenseNet201,
Xception, VGG16, EfficientNet. To assess the efficiency
of their model, they utilized the identical Kaggle dataset
comprising 5856 CXR images. Their findings
demonstrated that the MobileNet model yielded the
highest accuracy, achieving an impressive 94.23%. In
this research, Singh et al. [4] suggested a quaternion-
based residual network to classify pneumonia cases in

CXR images. They extended the use of the residual
network into the quaternion realm to differentiate
between CXR images as either indicative of pneumonia
or normal. This approach yielded an accuracy of 93.75%
and an Fl-score of 0.94, outperforming the traditional
real-numbered residual network in terms of performance.
Szepesi et al. [10] presented a CNN framework crafted
to ensure an accurate and efficient method for detecting
pneumonia through the analysis of CXR images. A
notable innovation in their approach was the integration
of a dropout layer positioned amidst the convolutional
layers within the network. Rather than relying on pre-
existing networks, they constructed a CNN model from
the ground up, incorporating models of transfer learning.
The method under consideration underwent training and
testing using a collection of 5856 annotated CXR images
provided within the context of a medical imaging
competition hosted on Kaggle's platform. As a
consequence of the experimental investigations,
accuracy level of 97.2% was achieved. Ahmad et al. [11]
devised an approach to autonomously identify
pneumonia by combining pre-trained ResNet and
DenseNet169 models. They assessed the model's
effectiveness using a set of 5856 CXR images from the
well-balanced Kaggle platform. This method attained a
90% accuracy rate in its performance evaluation. Shah et
al. [12] suggested an CNN method based on the VGG16
model. They tested the proposed method using 5856
CXR images. They achieved 96.6% accuracy with their
proposed method. Stephen et al. [13] presented a CNN
model specifically designed to classify and detect the
presence of pneumonia in a dataset containing CXR
images. They assessed the effectiveness of this
innovative approach by employing a dataset consisting
of 5856 CXR images, ultimately achieving a
classification accuracy of 93.73%. Rajaman et al. [14]
introduced a CNN-driven decision support platform for
the rapid and precise identification of pneumonia in
pediatric CXR. They employed innovative and cutting-
edge visualization techniques to elucidate model
predictions, which holds great importance in guiding
clinical decision-making. Furthermore, the encouraging
results exhibited by the tailored VGG16 model, trained
on the present tasks, indicate its ability to effectively
acquire knowledge from a limited set of intricate data,
resulting in reduced bias and enhanced generalization
capabilities. They tested the proposed method using
5856 CXR images. They achieved 96.2% accuracy with
their proposed method. Togagar et al. [15] amalgamated
profound attributes extracted from multiple deep models
to create an effective deep attribute collection.
Subsequently, they employed various algorithms like
decision trees and k-nearest neighbors for categorizing
this deep attribute ensemble. Additionally, they utilized
methods such as linear discriminant analysis and k-
nearest neighbors in the realm of pneumonia detection.
They tested the proposed method using 5849 CXR
images. They achieved 96.84% accuracy with their
proposed method. Chouhan et al. [16] introduced a
model structured around an ensemble architecture,
integrating results from multiple pre-existing models to
aid in the diagnosis of pneumonia. They achieved an
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accuracy of 96.39% as a result of experimental studies
using 5232 CXR images.

In this study, a hybrid MSENet model consisting of pre-
trained MobileNetV2 and Squeeze-and-Excitation (SE)
block is proposed to detect normal and pneumonia
disease conditions. The purpose of the hybrid MSENet
model is to improve the classification accuracy by
decreasing the number of trainable parameters. The
number of trainable parameters is reduced with the pre-
trained MobileNetV2. Given that the SE block is
tailored to enhance the representational quality of the
CNN, it is incorporated into CNNs within this
investigation to enhance both feature extraction and
classification performance. The integration of SE block
into the proposed method is driven by their ability to
bolster classification performance with only minimal
augmentation to the overall parameter count. To assess
the performance of the MSENet model put forward, an
examination was conducted using a dataset consisting of
5856 publicly accessible CXR images within the Kaggle
platform. While MobileNetV2 achieved 97.78%
accuracy, MSENet, which is a combination of
MobileNetV2 and SE block, achieved 98.81% accuracy.
MobileNetV2 has the fewest parameters compared to
other pre-trained network architectures compared with
2.228.994 trainable parameters. MSENet has 2.228.995
trainable parameters. Compared to MobileNetV2, the
number of trainable parameters increased by 1, while the
classification accuracy increased by 1.03%. Besides, the
MSENet model was compared with the pre-trained
models and it was observed that it gave the best
classification accuracy value. In addition, it was
compared with methods from the literature using the
same dataset and it was observed that the MSENet
model gave the most successful results.

The remainder of this manuscript comprises three
distinct sections. In Section 2, we introduce the CXR
image dataset employed in this research. Also, within
this section, we delve into the description of our
MSENet approach, along with the theoretical foundation
of MobileNetV2 and the SE block. Section 3 outlines the
experiments carried out in conjunction with our
proposed method. Section 4, Conclusions, provides a
comprehensive overview of the entire paper.

2. MATERIAL AND METHOD
2.1. Dataset

The dataset employed in this research was sourced from
one of Kaggle's DL competitions [17]. This dataset
comprises lung CXR images of children aged one to five
years old, sourced from Guangzhou Women and
Children's Medical Center. These lung CXR images
underwent validation by healthcare experts as part of
standard patient care procedures. The dataset consists of
a total of 5856 labeled images, with 4273 indicating
cases of pneumonia and the remaining 1583 classified as
negative cases (hormal). All scans were represented as
grayscale images, with dimensions varying from
1346x1044 to 2090x1858 pixels. To match the

anticipated input format of most CNN network
architectures, all images were resized to dimensions of
224x224x3. Figure 1 displays some sample images from
the dataset.

ALl

NORMAL

NORMAL

A\ :
PNEUMONIA PNEUMONIA

PNEUMONIA
Figure 1. Samples of CXR images

2.2. MobileNetV2

MobileNetV2 stands out as a compact deep neural
network, characterized not only by its reduced size but
also its computational efficiency, all while delivering
strong performance [18]. MobileNetV2 represents an
enhanced iteration of MobileNetV1 [19], incorporating a
linear bottleneck layer and the inverted residual block as
additional components. The network architecture's
specifications are detailed in Table 1. Within the
inverted residual block (IRB), the initial step involves
expanding the input channels via a 1x1 convolution to
acquire additional features. Subsequently, feature
extraction occurs through a 3x3 convolution, followed
by channel reduction via 1x1 pointwise convolution.
This entire sequence of operations follows the
"expansion-convolution-compression” scheme, which
proves to be more efficient and less reliant on parameters
compared to the direct utilization of a 3x3 convolutional
network.

The linear bottleneck (LB) layer substitutes the ReLU6
activation function within the second-to-last layer with a
linear function. This change eliminates the RelLU6
activation between the high-dimensional and low-
dimensional sections, effectively addressing the issue of
ReLU6 discarding low-latitude information following
the IRB. The core structure of MobileNetV2, known as
the bottleneck residual block, is created by combining
the IRB with the LB layer. When stride (s) equals 1, the
shortcut is employed; when s equals 2, the shortcut is
omitted, as depicted in Figure 2.

The model took as input the preprocessed chest X-ray
images resized to 224x224x3. To start, a convolution
operation with 32 channels and a stride of 2 was
executed, resulting in a feature layer sized 112x112x32.
Subsequently, after applying 7 bottleneck residual
blocks, the feature layer expanded to 7x7x320.
Following this, a 1x1 convolution operation was applied
with 1280 channels and a stride of 1, resulting in a
feature layer of 7x7x1280. Ultimately, a global average
pooling operation was incorporated to diminish the
feature dimensions from 7x7x1280 to a mere 1280, by
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implementing a downsizing procedure following this
feature map.

Table 1. Parameters defining the structural configuration of the
MobileNetV2 feature extraction network

Input Operator t c n s (stride)
224x224x3 Conv2D 3x3 - 32 1 2
112x112x32 Bottleneck 1 16 1 1
112x112x16 Bottleneck 6 24 2 2
56x56x24 Bottleneck 6 32 3 2
28x28x32 Bottleneck 6 64 4 2
14x14x64 Bottleneck 6 96 3 1
14x14x96 Bottleneck 6 160 3 2
7X7x160 Bottleneck 6 320 1 1
7x7x320 Conv2D 1x1 - 1280 1 1
7x7x1280 avgpool 7x7 - 1 -

Within Table 1, "t" represents the factor by which the
initial 1x1 convolutional expansion channel is multiplied
within each bottleneck residual block. "c" denotes the
count of output feature layer channels, "n" signifies the
frequency at which the present convolutional block is
iterated, and "s" indicates the convolutional step size
utilized within the current convolutional block.

‘ Add F

T ‘ Conv 1x1, Linear ‘
‘ Conv 1x1, Linear ‘ T
T - Dwise 3x3, Stride (s)=2,
§ RelLU6
‘ Dwise 3x3, ReLU6 ‘ S T
ey
T [}
‘ Conv 1x1, ReLUG6 ‘
‘ Conv 1x1, ReLU6 ‘
=2

s=1
Figure 2. Bottleneck residual block in MobileNetV2

2.3. Squeeze-and-Excitation (SE) Block

The SE block offers a framework for CNNs that
enhances channel relationships without substantially
increasing computational overhead. This block
effectively enhances vital feature information by
recalibrating the input features it receives. Utilizing the
SE block contributes to the enhancement of
interdependencies among channels, thereby augmenting
the relevance of feature information for chest X-ray
image classification tasks. Figure 3 illustrates the
structural outline of the SE block, which functions as
follows: Initially, the SE block takes in a feature map
along with its current channel count. Subsequently,
employing Global Average Pooling (GAP), each channel
is transformed into a single numerical value (referred to
as "squeeze"). In this process, the feature maps
associated with each channel are condensed into 1x1
feature maps using a channel descriptor technique like
GAP. This stage produces a scalar value encapsulating
general channel information. The primary objective of
the "squeeze™ operation is to establish a global receptive
field, facilitating the utilization of global information
even by the lower network layers. Following the

"squeeze" operation, the "excitation™ process comes into
play, generating weights for individual feature channels
based on specified parameters. These parameters are
trained explicitly to capture the correlations existing
among feature channels. The architecture incorporates
two fully connected layers (FC layers) to manage the
method's complexity, facilitate generalization, and
introduce a bottleneck structure for modeling channel
correlations. The initial FC layer serves to reduce the
feature dimensions, which are then expanded back to
their original size in the subsequent FC layer. Between
these two FC layers, the ReLU activation function is
employed to infuse non-linearity into the network,
allowing it to better adapt to intricate channel
correlations. Contrasted with a direct FC layer, the
utilization of two FC layers enhances the model's non-
linear characteristics, enabling improved accommodation
of complex channel relationships while also reducing
computational load and parameter count. After the FC-
ReLU-FC sequence, the sigmoid function is invoked to
compute normalized weights ranging between 0 and 1.
Subsequently, a scaling procedure is applied to adjust the
normalized  weights in accordance with the
characteristics of each channel. Importantly, these
operations within the SE block incur minimal additional
computational overhead. This block can be effortlessly
integrated into various methods due to its capability to
enhance classification performance [20-22].
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Figure 3. Squeeze-and-Excitation (SE) Block
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2.4. Proposed MSENet Method

The proposed MSENet model is a hybrid model
consisting of MobileNetV2 and SE block as shown in
Figure 4. MobileNetV2 aims to decrease the number of
trainable parameters. As the SE block is intended to
enhance the representational quality of a CNN, this
research combines it with MobileNetV2 to enhance both
feature extraction and classification performance.
Besides, the SE block is integrated into the proposed
model as it increases the classification accuracy by
minimizing the total number of parameters.

The input image from the proposed MSENet model is
224x224x3.The MobileNetV2 model was first applied to
this image. In the MobileNetVV2 model, a convolution
process is first applied with a kernel size of 3x3 and a
stride value of 2. After this convolution, a feature map of
size 112x112x32 is obtained. Then, after applying
bottleneck residual blocks seven times in a row, a feature
map of size 7x7x320 is obtained. The image size given
to the input of each bottleneck residual blocks and the
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image size obtained at the output are given in Table 1.
After the bottleneck residual blocks, a convolution
process of 1x1 size and 1280 filters is implemented to
the 7x7x320 feature map. The size of the feature map
obtained after this process is 7x7x1280. A global mean
pooling process is then applied to this feature map
followed by a downscaling procedure to reduce the
feature sizes from 7x7x1280 to only 1280. After the
operations performed in the MobileNetV2 feature
extraction block, the output is given to the input of the
SE block. The SE block consists of Squeeze, Excitation
and Scaling stages as shown in Figure 3. After these
operations are performed in the SE block, GAP and then
batch normalization (BN) operations are performed.
GAP is a pooling technique designed to substitute the FC
layers typically found in standard CNNs. Using GAP, a
separate feature map is generated for each category in
the classification task's final layer. Instead of introducing
FC layers atop these feature maps, each map undergoes
averaging, resulting in a vector that is directly passed to
the softmax layer. Furthermore, the incorporation of
GAP in the proposed method offers the advantage of not
having any parameters to optimize in the GAP layer,
effectively preventing overfitting. The output of the GAP
layer is fed into a softmax function for feature
classification and the prediction of CXR images.
However, prior to softmax, BN is applied to streamline
and accelerate the training process. Finally, Softmax
assigns probabilities to each class and the sum of these
probabilities equals one.

Conv2D 3x3

v
SE Block
2262203
Input Image l

Global Average
Pooling

Bottleneck

Bottleneck ¢

Bottleneck Batch Normalization

Bottleneck
Softmax
Bottleneck l l
Conv2D 1x1
NORMAL

PNEUMONIA

Average Pooling 7x7

MobileNetV2 feature
extraction network

Figure 4. Proposed MSENet model
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3. RESULTS OF EXPERIMENTS

in the

In this section, the hyperparameters used
experimental studies, the evaluation criteria used, the
classification results obtained from the experimental
studies and the discussion of these results are presented.

3.1. Parameter Setting

A specific set of hyperparameters is used to train the
model using the Keras and TensorFlow library in the

kaggle environment. Experimental studies for the CXR
images dataset were performed with TPU VM v3-8, a
hardware accelerator in the kaggle environment. Overall,
we expect that the use of hyperparameters, optimizers and
callbacks in combination with Keras-TensorFlow and the
Kaggle environment will allow us to achieve state-of-the-
art results with our proposed method architecture. The
hyperparameters used include batch size, image size,
training-test-validation separation, number of epochs. To
train the proposed method, a batch size of 128, an image
size of 224x224x3 and a training-test-validation
separation of 80%-10%-10% are used. Out of 5856 CXR
images, 4684 images were used for training, 586 for
validation and 586 for testing. In addition, the model is
trained for 100 epochs. Adam optimizer is used to
minimize the loss function and optimize the model. In
addition to the hyperparameters, two special callbacks are
used to optimize the training process. The first callback is
the ReduceLROnPlateau callback, which is used to
reduce the learning rate when the loss of validation stops
the recovery. This helps to stabilize the training process
and avoid overlearning. In this callback, 0.000001 is
taken as the lower bound of the learning rate
(min_learning_rate). Also, the factor value to reduce the
learning rate is 0.3. The second callback is the
ModelCheckpoint callback, which is used to record
model weights at regular intervals during training. This
allows us to save the best model based on validation
accuracy and load it for future use.

3.2. Performance Metrics

The effectiveness of the proposed approach is gauged by
employing performance metrics like precision, F1-score,
recall, and classification accuracy. Performance metrics
provide a quantitative and objective measure of the
effectiveness of a model's predictions. They are also
necessary to evaluate classification performance. These
metrics provide different perspectives on the
performance of the model, each with its own strengths
and limitations. A detailed description of these metrics is
as follows. Accuracy, a key performance evaluation
metric, measures the percentage of correct estimations
produced by the method. It is determined as the number
of correct estimations divided by the total number of
estimations made. The computation of the accuracy
value is done as detailed in Equation (1). Precision, a
measure of the proportion of true positives in all positive
estimations made by the proposed method, is determined
as the number of true positives divided by the sum of
true positives and false positives. The calculation of the
precision value is as in Equation (2). Recall, a metric that
measures the proportion of true positives among all true
positive samples in the dataset, is determined as the
number of true positives divided by the sum of true
positives and false negatives. Recall is formulated as in
Equation (3). The F1 score, which is the harmonic mean
of recall and precision, is an indispensable metric for
balancing recall and precision, especially when classes
are unbalanced. It ensures a single score that captures
both precision and recall, making it a powerful measure
for overall model performance evaluation [5,9,23]. The
F1 score is computed as outlined in Equation (4) .
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) 4 B TP +TN (1)
ccuracy (Acc) = TP+ FP +TN + FN
TP
. . = ——— 2
Precision (P) TP + FP @
TP
_ TP 3
Recall (R) TP+ FN ®

. F15) = 2 Precision x Recall @)
— score (F15) = 2x Precision + Recall

All these performance metrics are deduced from the
confusion matrix. An illustrative representation of a
confusion matrix can be observed in Figure 5. Within a
standard confusion matrix, there exist four primary
elements: True Positives (TP): These denote cases where
the genuine category is affirmative (for example, class
1), and the model accurately forecasts it as affirmative.
True Negatives (TN): These represent instances in which
the true category is negative (e.g., class 0), and the
model correctly anticipates it as negative. False Positives
(FP): These instances arise when the true category is
negative, but the model incorrectly anticipates it as
affirmative. False Negatives (FN): These arise from
situations where the authentic category is affirmative, yet
the model erroneously predicts it as negative.

Actual
Positive (F) Negative (IN)
Positive (F) TP FP
Prediction ) _
MNegative FN
(N)

Figure 5. Confusion matrix
3.3. Experimental Studies and Results

In order to analyze the classification performance of the
proposed MSENet model, extensive experimental studies
were performed on a 2-class (Normal and Pneumonia)
CXR images dataset. The confusion matrix of the
MSENet model is given in Figure 6. In the test dataset,
159 out of 164 Normal CXR images and 420 out of 422
Pneumonia CXR images were correctly predicted. It is
seen that a total of 579 images are correctly predicted in
all classes from a total of 586 test datasets. Based on
these results in the confusion matrix, the classification
accuracy of the proposed MSENet model was obtained
as 98.81%.

The MobileNetV2 model used in the proposed MSENet
model is a pre-trained model. Accordingly, the MSENet
model is compared with different pre-trained models and
the results are given in Table 2. Table 2 shows that
98.81% accuracy, 98.79% precision, 98.24% recall and
98.51% F1-score were obtained with the proposed
MSENet model. The closest accuracy, precision and F1-
score values to the proposed method are obtained with

the Xception model with 98.12%, 98.05% and 97.49%,
while the closest recall value is obtained with the
MobileNetVV2 model with 97.22%. The lowest accuracy
value was obtained in VGG16 with 96.42%, the lowest
precision value was obtained in EfficientNetBO with
95.94%, the lowest recall value was obtained in VGG16
with 94.32% and the lowest F1-score value was obtained
in VGG16 with 95.61%. Considering all the results in
Table 2, it is seen that the proposed MSENet model is
more successful than all methods. Considering the
parameter numbers of each model, it is seen that the
lowest number of parameters is obtained with
MobileNetV2. With MobileNetVV2, 97.78% accuracy,
97.02% precision, 97.22% recall and 97.12% F1 score
values were found. In the proposed MSENet model, the
SE block was added to the MobileNetV2 model. SE
block increased the number of parameters by 1.
However, it increased the accuracy by 1.03%, precision
by 1.77%, recall by 1.02% and F1 score by 1.39%.

The proposed MSENet model was compared with
different studies from the literature using the same
dataset and the results are given in Table 3. The
proposed MSENet model achieved 98.81% classification
accuracy. The MobileNet model developed by Reshan et
al. [2] achieved an accuracy of 94.23%, while the
Quaternion CNN model developed by Singh et al. [4]
reached 93.75%. Szepesi et al. [10] achieved a 97.2%
accuracy using CNN with modified dropout. Ahmad et
al. [11] attained 90% accuracy with the Pre-trained
ResNet and DenseNet169 models, whereas Shah et al.
[12] obtained 96.6% accuracy with the Efficient VGG16
model. Stephen et al. [13] achieved an accuracy of
93.73% using their CNN model when compared to other
models. It is evident that the MSENet model introduced
in this study outperforms all other models in terms of
success.
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Figure 6. Confusion matrix of the proposed MSENet model
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Table 2. Comparison of different pre-trained models (%)

Model Acc P R F1S #Params
VGG19 96.42 96.94 9432  95.61 20.026.434
Xception 98.12 98.05 96.94 97.49 20.815.146
ResNet50 97.10 96.43 95.78  96.10 23.542.786
DenseNet121 97.10 96.34 96.14 96.24 6.957.954
NasNetMobile  97.61 96.85 96.85 96.85 4.237.204
EfficientNetBO  96.93 95.94 96.3 96.12 4.012.670
MobileNet 97.44 97.23 96.29 96.76 3.211.074
MobileNetV2 97.78 97.02 97.22 97.12 2.228.994
MSENet 98.81 98.79 98.24  98.51 2.228.995

Table 3. Comparison results with studies in the literature using the
same dataset (%)

Study in the Literature Model Acc
Reshan et al. [2] MobileNet 94.23
Singh et al. [4] Quaternion CNN 93.75
Szepesi et al. [10] CNN + modified dropout 97.2
Ahmad et al. [11] Pre-trained ResNet and 90
DenseNet169

Shah et al. [12] Efficient VGG16 96.6
Stephen et al. [13] CNN 93.73
Proposed MSENet Model ~ MobileNetV2 and SE block  98.81

4. CONCLUSION

Within the scope of this study, a new DL-based hybrid
method for pneumonia detection using CXR images is
proposed. The proposed method consists of a
combination of pre-trained MobileNetVV2 and SE block
(MSENet). The primary objective of this proposed
MSENet model is to enhance classification accuracy
while simultaneously reducing the number of learnable
parameters. The utilization of pre-trained MobileNetV2
effectively reduces the count of learnable parameters, a
signifcant aspect of our approach. The SE block is
specifically tailored to augment the quality of
representation within  CNNs, and it is seamlessly
integrated into our investigation to amplify both feature
extraction and classification performance. The
integration of the SE block into our proposed MSENet
model is driven by its capability to enhance classification
performance with only marginal adjustments to the
overall parameter count. To assess the performance of
the MSENet model proposed in this study, we employed
a dataset consisting of 5856 publicly available CXR
images within the Kaggle environment. MobileNetV2
achieved an accuracy of 97.78%, whereas the combined
MSENet, comprising MobileNetV2 and the SE block,
achieved an accuracy of 98.81%. It's worth noting that
MobileNetV2 boasts the lowest parameter count
compared to other pre-trained network architectures,
with a mere 2.228.994 trainable parameters. In contrast,
the MSENet incorporates 2.228.995 trainable
parameters. This results in a minor increase of just 1
parameter  compared to  MobileNetV2,  while
concurrently  achieving a notable increase in
classification accuracy by 1.03%. Furthermore, when
compared to various pre-trained models, our proposed
MSENet demonstrated the highest classification
accuracy. Additionally, in a comparative analysis with
existing literature methods on the same dataset, the
MSENet approach exhibited the most remarkable results.
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Abstract: In this study, glutathione reductase (EC 1.8.1.7; GR, Glutathione: NADP*
oxidoreductase), which is the key enzyme of antioxidant metabolism, was purified from sheep
spleen using ammonium sulfate precipitation and 2', 5-ADP Sepharose-4B affinity
chromatography. As a result of purification, the GR enzyme was purified, with 20.03 EU/mg of
specific activity, 1564.8 times a yield of 40.61%. The purity of the enzyme was checked by SDS-
PAGE. In the characterization studies, optimum pH, optimum ionic strength, stable pH, optimum
temperature and subunit molecular mass of the enzyme were determined. In addition, Ku and
Vmax values were found to determine the enzyme's affinity for GSSG and NADPH substrates. It
was determined as Ky constant 0.0061 mM and Vmax value 0.259 EU/mL, for NADPH, Ku
constant was determined as 0.351 mM and Vmax value was determined as 0.604 EU/mL for
GSSG. In addition, the effects of ampicillin, streptomycin sulfate, gentamicin, cefoperazone
sodium and precort-lyo on enzyme activity were investigated. It was determined that these drugs
showed an inhibitory effect on GR enzyme activity purified from sheep spleen tissue. The ICsp
values for precort-lyo, ampicillin, streptomycin sulfate, cefoperazone sodium, and gentamicin
were 1.27, 3.22, 7.95, 16.97, and 17.20 mM, respectively; and Ki constants were calculated as
0.466+£0.387 (competitive), 1.057+0.110 (non-competitive), 3.386+£1.305 (competitive),
4.91040.960 (competitive), and 20.770+8.169 mM (non-competitive), respectively.

Koyun Dalak Dokusundan Glutatyon Rediiktaz Enziminin Saflastirilmasi,
Karakterizasyonu Ve Bazi Antibiyotiklerin Enzim Aktivitesi Uzerine Etkilerinin

Arastirilmasi

Anahtar
Kelimeler
Glutatyon
rediiktaz,
Koyun
dalak,
Saflagtirma,
Antibiyotik,
Inhibisyon

Oz: Bu calismada, antioksidan metabolizmanin anahtar enzimi olan glutatyon rediiktaz (EC
1.8.1.7; GR, Glutatyon: NADP* oksidorediiktaz), koyun dalak dokusundan amonyum siilfat
coktiirmesi ve 2', 5'-ADP Sefaroz-4B afinite kromatografisi kullanilarak, 20.03 EU/mg spesifik
aktivite ile %40.61 verimle 1564.8 kat saflagtirildi. Enzimin safligi SDS-PAGE ile kontrol edildi.
Enzime ait karakterizasyon c¢aligsmalarinda, optimum pH, optimum iyonik siddet, stabil pH,
optimum sicaklik ve alt birim molekiil kiitlesi belirlendi. Ayrica enzimin GSSG ve NADPH
substratlarina ait olan Ky ve Vmax degerleri bulundu. NADPH i¢in K sabiti 0,0061 mM ve Vmax
degeri 0,259 EU/mL, GSSG igin Km sabiti 0,351 mM ve Vmax degeri 0,604 EU/mL olarak
belirlendi. Buna ilaveten ampisilin, streptomisin siilfat, gentamisin, sefoperazon sodyum ve
prekort-lyo'nun enzim aktivitesi tizerine etkileri aragtirildi. Bu ilaglarin koyun dalak dokusundan
saflastirllan GR enzim aktivitesi {lizerinde inhibitér etki gosterdigi belirlendi. Prekort-liyo,
ampisilin, streptomisin siilfat, sefoperazon sodyum ve gentamisin ilaglar1 i¢in ICso degerleri
sirastyla 1.27, 3.22, 7.95, 16.97 ve 17.20 mM ve Ki sabitleri sirasiyla 0,466+0,387 (yarigmali),
1,057+0,110 (yarigmasiz), 3,386+1,305 (yarismali), 4,910+£0,960 (yarigmali) ve 20,770£8,169
mM (yarigmasiz) olarak hesaplanmistir.
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1. INTRODUCTION

Glutathione (GSH, y-L-glutamyl-L-cysteinyl-glycine) isa
low molecular weight thiol that is responsible for
protecting organisms from the harmful effects of reactive
oxygen species (ROS) and reactive nitrogen species
(RNS) [1]. GSH is highly reactive and often conjugates
with other molecules via its sulfhydryl moiety. GSH,
detoxification of intracellular free radicals, xenobiotics,
some antineoplastic drugs and some metabolic end
products by conjugation, protection of thiol groups of
some proteins such as hemoglobin and various enzymes,
DNA and protein synthesis, amino acid transport,
breaking of disulfide bonds of some proteins such as
insulin, intracellular cysteine. It plays a role in many vital
reactions inside the cell. GSH metabolism may play both
a protective and pathogenic role in cancer. It is very
important in the removal and detoxification of
carcinogens, and reactions in this pathway can have a
significant impact on cell survival [2,3].

Glutathione reductase (E.C. 1.8.1.7; GR) is in the group
of oxidoreductases [4]. GR is an important enzyme that
catalyzes the conversion of oxidized glutathione (GSSG)
to reduced glutathione (GSH) according to the following

reaction and keeps the GSH/GSSG ratio at a certain level.
GR

GSSG + NADPH + H* ——» 2GSH + NADP*

The GSH/GSSG ratio in erythrocyte cells s
approximately 500/1. A decrease in this ratio in
erythrocyte cells causes hemolysis [5]. For the reaction
catalyzed by GR to occur, NADPH supplied from the
pentose phosphate pathway is needed [6].

GR is found in prokaryotes in the periplasmic space in
relation to the inner membrane facing the cytoplasm, in
the cytoplasm in eukaryotes, and in organelles including
the nucleus and mitochondria [7]. It was determined that
the enzyme, whose structure was first determined by
Meldrum and Tarr in 1935, carried out the reduction
reaction of GSSG in the blood and NADPH was a cofactor
in this reaction [8]. In previous studies, GR enzyme,
porcine erythrocyte, bovine erythrocyte, rat liver, bovine
liver, sheep brain, mammalian tissues such as sheep liver,
rainbow trout and turkey liver tissue, fungi,
microorganisms such as cyanobacteria, vegetable plants
such as wheat, corn, pea and spinach. It has been
characterized by purification from many prokaryotic and
eukaryotic sources [9,10].

Antibiotics are drugs that treat infectious diseases as well
as enable many modern medical procedures, including
cancer treatment, organ transplants, and open heart
surgery. However, the misuse of these drugs causes the
patient to suffer from drug side effects, as well as financial
losses and a rapid increase in antimicrobial resistance
(AMR), where some infections can no longer be
effectively treated [11]. In Kinetic studies on enzymes, it
has been determined that drugs, including antibiotics,
interact with enzymes and affect enzymes in vivo and in
vitro [12, 13]. In studies carried out to date, it has been

determined that the GR enzyme has not been purified
from sheep spleen.

The aim of this study is to purify and characterize the
glutathione reductase enzyme, which has an important
effect on the regulation of glutathione metabolism in the
cell and accordingly the functioning of the antioxidant
system, from sheep spleen, and amoxicillin, tylosin,
ampicillin, streptomycin sulfate, gentamicin, cefuroxime
sodium, cefazolin sodium, cefaperazone sodium,
lincomycin, and clindamycin. To investigate the in vitro
effects of novamizole, ketogenic and precort-lyo drugs on
enzyme activity.

2. MATERIAL AND METHOD
2.1. Material and Method Subheading
2.1.1. Material

NADPH, NADP*, GSH, GSSG, bovine serum albumin
(BSA), N,N,N',N'-tetramethyl ethylenediamine TEMED,
sodium bicarbonate, ethylenediaminetetraacetic acid
(EDTA), Coomessie Brillant Blue G-250, sodium
dodecylsulfate (SDS), ammonium sulfate,
trihydroxymethylaminomethane (Tris), Acryamide, N,N'-
methylene bisacrylamide, 2', 5’-ADP Sepharose-4B were
obtained from Sigma Chemical Comp. and E.Merc AG.

2.1.2. Supply of sheep spleen tissue and preparation of
homogenate

The sheep spleen used in the study was obtained from the
Meat and Milk Institution of Bing6l and brought to the
laboratory according to the cold chain rules. 15 g of fresh
spleen tissue was suspended in 45 mL of 50 mM KH2PO,
(pH: 7.5) buffer. Then it was centrifuged at 13.000 g for 1
hour and homogenate was formed by discarding the
precipitate. All operations were carried out at +4 °C [9,
14].

2.1.3. Measuring enzyme activity

The activity measurement of the GR enzyme purified
from sheep spleen tissue was carried out according to the
method described by Carlberg and Mannervik [15]. This
method is based on the determination of the amount of
NADPH at 340 nm, which decreases due to the oxidation
of NADPH in the presence of oxidized glutathione
(GSSG).

2.1.4. Ammonium sulphate precipitation and dialysis

Ammonium sulfate precipitation was performed for the
prepared homogenate. For this purpose, precipitation was
performed in the ranges of 0% - 20%, 20% - 30%, 30% -
40%, 40% - 50%, 50% - 60%, 60% and 70%, respectively,
and the interval in which the enzyme precipitated was
determined [16].
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2.1.5. Enzyme purification by 2', 5'-ADP sepharose-4B
affinity chromatography

The supernatant obtained as a result of homogenate
preparation and ammonium sulfate precipitation was
applied to the 2', 5-ADP Sepharose-4B affinity
chromatography column. For this; 2',5'-ADP sepharose-
4B gel was weighed 2 g dry. Afterwards, this gel was
washed several times with 400 mL of distilled water to
remove impurities, and the gel was swollen during this
time. The air formed due to inflation was removed by
vacuuming method using a water trumpet. The prepared
gel was packed into a cooled column consisting of a 1x10
cm closed system. The column is 0.1 M K-acetate/0.1 M
K-phosphate (pH=7.85), 0.1 M K-phosphate/0.1 M KCI
(pH=7.85) and 50 mM KH,PO4 washed with /1 mM
EDTA (pH=7) buffers. After washing the column, the
enzyme was eluted with elution buffer (50 mM KH,PO./1
mM EDTA, 1mM GSH and 0.5 mM NADPH, pH 7.3).
The equilibration of the column was understood from the
approximate equalization of the absorbance at 280 nm
with the buffer passed through the column. Elutions were
taken into 1.5 mL eppendorf tubes and activity
measurements were made [14, 17, 18].

2.1.6. Control of enzyme purity and determination of
molecular mass by SDS-PAGE

The degree of purity of the GR enzyme purified from
sheep spleen tissue and the molecular mass of the possible
subunit of the enzyme were determined by SDS-PAGE
based on the Laemmli method [19].

2.1.7. Protein determination

The protein amounts in the supernatants obtained as a
result of homogenate, ammonium sulfate precipitate and
2', 5'-ADP Sepharose-4B affinity chromatography were
determined by Bradford method. Standard bovine
albumin solution (containing 1 mg protein in 1 mL) was
used to create a standard graph, and protein amounts were
determined by using the standard graph.

2.1.8. Optimum pH studies

Tris-HCI with pH values of 7, 7.5, 8.0, 8.5 and 9.0 for the
determination of the optimum pH of the GR enzyme
purified from sheep spleen tissue and pH of 5.5, 6.0, 6.5,
7.0, 7.5 and 8.0 KH,PO. buffers were used.

2.1.9. Optimum ionic strength studies

To determine the optimum ionic strength of the GR
enzyme purified from sheep spleen tissue, activity
measurements were made using 0.01, 0.02, 0.04, 0.06,
0.08, 0.1, 0.2,0.4, 0.5, 0.8 and 1 M KH2PO; solutions at
optimum pH.

2.1.10. Stable pH studies

For the determination of stable pH value of GR enzyme
purified from sheep spleen tissue, KH,PO, with pHs of 5,
5.5,6,6.5, 7.0,7.5and 8.0 and pH of 7, 7.5, 8.0, 8.5 and
9.0 Tris-HCI buffers were used. Measurements were
made for 7 days and the stable pH of the enzyme was
determined.

2.1.11. Effect of optimum temperature on enzyme
activity

In order to determine the effect of optimum temperature
on the GR enzyme purified from sheep spleen tissue,
activity measurements were made between 0°C and 90°C
at 10°C intervals.

2.1.12. Kinetic studies

In order to determine the Ky constant and Vmax value of
the substrates of the GR enzyme purified from sheep
spleen tissue, activity measurements were made at 5
different concentrations, which are the substrates of the
enzyme, GSSG and NADPH. Lineweaver-Burk graphs
were drawn and Ky and Vmax Values were determined for
NADPH and GSSG substrates with the help of these
graphs [20].

2.1.13. In vitro inhibition studies

In order to examine the effects of some drugs on the GR
enzyme activity purified from sheep spleen tissue, drugs
at different concentrations were taken and added to the
cuvette medium. 1Csq values for drugs that cause enzyme
inhibition, such as prekort-lyo, ampicillin, streptomycin
sulfate, cefoperazone sodium and gentamicin, were
calculated using the Activity%-[I] graphs drawn. In order
to determine the Ki constants of these drugs showing
inhibitory effect, enzyme activities were measured at 3
different fixed concentrations and 5 different substrate
concentrations. Lineweaver-Burk graphs were created by
converting each activity value to enzyme unit and
calculating 1/V and 1/[S] values. Using these graphs, Ki
constants and inhibition types were determined.

3. RESULTS

In this study, the GR enzyme was purified with a specific
activity of 20.03 EU/mg, 40.61% vyield and 1564.8-fold
from sheep spleen tissue using homogenate preparation,
ammonium sulfate precipitation and 2', 5',-ADP
Sepharose-4B  affinity chromatography. Purification
results of GR enzyme purified from sheep spleen tissue
aregiven in Table 3.1.
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Table 3.1. Purification steps of glutathione reductase enzyme

Total Activity Protein Total Total Specific Pur.
Purification step Volume | (EU/mL) | (mg/mL) | Protein | Activity | Activity | vield % fold
(mL) (mg) (EU) [ (EU/mg)
Homogenate 25 0.523 40.85 1021 13.075 0.0128 100 1
i iDi i -700
Ammonium sulfate precipitation (40-70%) 13 0.689 52.94 688 8.957 0.0130 68.50 1.015
Affinity Chromatog. 9 0.590 0.029 0.265 | May.31 | 20.Mar 4061 | 1564.8
3-8% SDS-PAGE was performed to determine the purity 025
of the GR enzyme purified from sheep spleen tissue. The
SDS-PAGE photograph is shown in Figure 3.1. The 0.20
logMK-Rf graph was drawn for the determination of the q
molecular mass of the possible subunit of the enzyme. The 5 0.15
molar mass of sheep spleen GR enzyme was calculated as [‘f
approximately 91 kDa by using the graphic equation. Z0.10
a2
o P 0,05
\ f
\ \ y \
- 0.00
= 000 020 040 060 080 100 120
= KH,PO, [M]
— Figure 3.3. pH-Activity graph showing the result of the optimum pH
study for sheep spleen tissue GR enzyme.
0.14
Gl | ——Ph=53
== o2 A —=— PS5
:f 0.1 - AN /\ N ’
- - £ e N —+—Ph=6
s 2 B 2008 — —— Ph=6.3
Figure 3.1. SDS-PAGE photograph obtained for the GR enzyme. Well ; 0.06 | —Ph=7
1: standard protein (molecular size of the markers; 175, 130, 95, 70, 62, B Ph75
51,42, 29, 22, 14 and 10.5 kDa), wells 2 and 3: pure GR enzyme from E 0.04 N e
the affinity column. Ph=8
0.02
The optimum pH of GR enzyme purified from sheep 0 ‘ . : .
spleen tissue was determined as 8.0 (KH.PO, buffer), 0 50 100 150 200
optimum ionic strength was 0.1 M (KH.PO, buffer), Time (h)
Stabl? pH was 7'0.(KH2PO4 bu.f‘.fer) .and flgures 32,33 Figure 3.4. Stable pH graph for sheep spleen tissue GR enzyme using
and flgurgs shown in 3.4. In addition, in studies conducted KH,PO, buffer solution at different pHs
to determine the effect of temperature on the GR enzyme,
the temperature with the highest enzyme activities was 06
determined as 40°C and is shown in figure 3.6.
05
=—#=—K-phosphate == Tris/HCl 0,4
0,25 goa
=
— 02 23]
= =02
S £
é 0,15 E 01
é 01 - O .
; 005 0 10 20 30 40 50 60 70 80
' Heat (°C)
0 . . s . Figure 3.5. Sheep spleen tissue GR enzyme, activity-temperature
- change graph.
P

Figure 3.2. pH-Activity graph showing the result of the optimum pH
study for sheep spleen tissue GR enzyme.
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Lineweaver-Burk plot was drawn to determine the Ky
constant and Vmax value for GSSG and NADPH, which
are the substrates of the GR enzyme purified from sheep
spleen tissue. Using the graph, the Ku constant was
0.0061 mM and the Vmax value was 0.259 EU/mL for
NADPH, and the Ku constant was 0.351 mM and the Vmax
value was 0.604 EU/mL for GSSG, it was shown in
Figures 3.6 and 3.7.

35 ¥=0.5813% + 1.6535

30
25
20
15
10

1VAY%

wn

2000 10 20 30 40 50 60
1/[GSSG] mM

Figure 3.6. Plot 1/V-1/[S] plotted to determine the Ky constant and
Vmax Of the GSSG substrate

y=0,0895x+0,9738

v

-40 -20 0 20 40 60 80 100 120
U[NADPH] mM

Figure 3.7. Plot 1/V-1/[S] plotted to determine the Ky constant and Vpmax
of the NADPH substrate

As a result of the kinetic studies, ampicillin, streptomycin
sulfate, gentamicin, cefoperazone sodium and precort-lyo
showed an inhibitory effect on the GR enzyme activity.
It was determined that amoxicillin, tylosin, cefuroxime
sodium, cefazolin sodium, lincomycin, novamizole,
ketogenic and clindamycin drugs did not show any
activation or inhibition effect on the GR enzyme activity.
For ampicillin, streptomycin sulphate, gentamicin,
cefoperazone sodium and precort-lyo drugs showing
inhibitory effects on the enzyme, Activity%-[I] graphs
were drawn and 1Cso values were calculated with the help
of these graphs (Figure 3.8-3.9 and Table 3.2).

y=99,549¢ 0043
100 < RZ = 0‘9473

% Actiivity

Gentamicin [mM]

Figure 3.8. Effect of ampicillin on sheep spleen GR enzyme

y = 1026960723«
100 4 R2=0,9262

% Activity

0 1 2 3 4 5
Ampicillin [mM]

Figure 3.9. Effect of gentamicin on sheep spleen GR enzyme

Table 3.2. ICs values found for some drugs

Drug 1Cs (MM)

Precort-lyo 1.27 66
Ampicillin 3.22

Streptomycin sulfate 7.95

Cefoperazon sodium 16.97

Gentamicin 17.20

Lineweaver-Burk graphs were drawn for ampicillin,
streptomycin sulfate, gentamicin, Cefoperazone sodium
and precort-lyo drugs, which had an inhibitory effect on
GR enzyme activity purified from sheep spleen tissue, and
Ki constants and inhibition types were determined with
the help of these graphs (Figure 3.10-3.11 and Table 3.3).
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Figure 3.10. Lineweaver-Burk plot for determination of Ki constant for
gentamicin sulfate plotted on five different substrates and three different
inhibitor concentrations

Figure 3.11. Lineweaver-Burk plot for determination of Ki constant
for streptomycin sulfate plotted on five different substrates and three
different inhibitor concentrations

Table 3.3. Ki values and inhibition types calculated from Lineweaver-Burk plots plotted for sheep spleen GR enzyme at five different substrates and

three different concentrations of constant inhibitor

Inhibitor [1] (mM) Ki(mM) Average Ki(mM) Type of inhibition

Ampicillin [11] = 2.862 mM [I12] = 3.816 [11]=1.172 mM [12] = 1.048 non-competitive
mM  [I13] =4.770 mM mM  [13]= 0.951 mM 1.057 £0.11

Gentamicin sulfate | [11] =12.56 mM [I2] = 16.76 [11] = 28.55 mM [12] = 21.50 non-competitive
mM  [I13] = 20.94 mM mM  [13]=12.26 mM 20.770 + 8.17

Streptomicin [11] =5.157 mM [12] = 6.876 [I1]= 4.83mM [12] = 3.04 competitive

sulfate mM [13] = 8,600 mM mM [13] = 2.29 mM 3.386+1.31

Cefoperazon [11] =4.992 mM, [12] = 9.984 | [I11]=3.88 mM [I2] = 5.07 competitive

sodium mM, [13] = 19.968 mM. mM [I3] =5.78 mM 4910 +0.96

Precort-lyo [11] = 0.089 mM, [I12] =0.356 | [I1] = 0.19 mM [I2] = 0.30 0.466 = 0.39 competitive
mM, [I13] = 1.780 mM mM  [I3] = 091 mM

4. DISCUSSION AND CONCLUSION

The GR enzyme (E.C. 1.8.1.7; GR), which belongs to the
oxidoreductases (NADP* oxidoreductase) enzyme group,
catalyzes electron transfer between reduced pyridine
nucleotides and disulfide substrates. GR enzyme is a very
important enzyme for glutathione metabolism, which
plays a major role in the balanced and regular conduct of
biochemical events in the cell by converting more than
99% of oxidized glutathione (GSSG) into reduced
glutathione (GSH) in the reaction it catalyzes [21].

In this study, the GR enzyme, whose importance was
explained above, was first purified and characterized from
sheep spleen tissue using ammonium sulfate precipitation
and 2', 5'-ADP Sepharose-4B affinity chromatography,
and the effects of some drugs on enzyme activity were
also investigated. In this method, there is an advantage in
terms of using less chemicals in a shorter time and reuse
of the used materials, purification at once and applying a
high volume of substance. When the literature studies are
examined, GR enzyme was purified 5 456 times from
bovine liver with 38.4% vyield by 2', 5'-ADP Sepharose-
4B affinity chromatography [10]. GR enzyme was
purified from rainbow trout liver 1654 times with 41%
efficiency [22]. In another study, it was purified 5.823
times from human erythrocytes with 24% yield [23].

SDS-polyacrylamide gel electrophoresis method was
performed according to Laemmli (1970) procedure in
order to control the purity of the enzyme and to determine
the molecular mass of its possible subunit. The subunit
molecular mass of the GR enzyme was calculated as
approximately 91 kDa. This value found in the study
shows similarities with mouse kidney and liver, sheep
liver [24, 25, 26].

In our study, the optimum pH for the GR enzyme was
determined as 8.0 (in 0.1 M KHyPO, buffer). In the
literature search, it was seen that the optimum pH of the
GRs purified from different sources was between 7 and
8.5 [4, 10, 22, 27, 28].

Sheep spleen GR enzyme was determined as optimum
ionic strength 100 mM KH,PQO,4 buffer. This value was
found to be close to the values found in studies conducted
in various sources before [4, 22, 25, 27]. Considering the
activities measured for 7 days, it is seen that the stable pH
is 7.0 K-phosphate buffer. It was determined that this pH
value is close to stable pH values of GR enzyme purified
from bovine erythrocyte , rainbow trout liver and turkey
liver [4, 22, 27]. By examining the effect of temperature
on the enzyme, the temperature at which the enzyme
showed the highest activity was determined as 40°C. In
previous studies, these values were determined as 55°C
for bovine erythrocytes, 60°C for sheep liver, 55°C for
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beef liver, 10°C for trout liver, 40°C for turkey liver, 35-
50°C for sheep spleen [4, 22, 25, 27, 29].

In studies conducted to determine the Ku constant and
Vmax Vvalue for GSSG and NADPH, which are the
substrates of sheep spleen GR enzyme, the Ky constant is
0.0061 mM and the Vmax value is 0.259 EU/mL for
NADPH, and the Ky constant is 0.351 mM and the Vmax
value is 0.604 EU/mL for GSSG was determined.
According to these results; It was determined that the
affinity of the GR enzyme to the NADPH substrate was
higher than its affinity to the GSSG substrate. This result
is in agreement with the values found for sheep liver and
bovine erythrocyte GR enzymes [10,27].

In our study, the effects of some drugs on enzyme activity
were also investigated. In inhibition studies, it was
determined that ampicillin, streptomycin sulfate,
gentamicin, cefoperazone sodium and precort-lyo
substances inhibited the enzyme, but amoxicillin, tylosin,
cefuroxime sodium, cefazolin sodium, lincomycin,
novamizole, ketogenic and clindamycin substances did
not affect the enzyme activity. Precort-lyo, ampicillin,
streptomycin  sulfate, cefoperazone sodium and
gentamicin showing inhibitory effects found 1Cso values
of 1.27, 3.22, 7.95, 16.97 mM and 17.20 mM,
respectively, and K; constants 0.466 =+ 0.387
(competitive), 1.057 £ 0.110 (non-competitive), 3.386 +
1.305 (competitive), 4.910 + 0.960 (competitive), 20.770
+ 8.169 (non-competitive) mM. According to these
results, it was determined that the drug with the most
effective inhibitory effect on sheep spleen GR enzyme
activity was precort-lyo, and the drug with the lowest
inhibitory effect was gentamicin.

Today, many of the drugs that are used intensively for
treatment in human and veterinary medicine act on
regulatory enzymes that have important roles in
metabolism [28-33]. An inhibition that may occur in the
activity of these enzymes may play a role in eliminating
any problem in cell metabolism or in correcting the
situation caused by a pathogenic microorganism in the
cell. The results of this study show that ampicillin,
gentamicin, streptomycin sulfate, cefoperazone sodium
and precort-lyo drugs have inhibitory effects on GR
enzyme purified from sheep spleen. From this
perspective, it may be a guide for treatments in which the
GR enzyme is used as a target in human and veterinary
medicine and for future studies on this enzyme.
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Abstract: Classification algorithms are commonly used as a decision support system for
diagnosing various diseases, such as breast cancer. However, the accuracy of classification
algorithms can be affected negatively if the data contains outliers and/or noisy data. For this reason,
outlier detection methods are frequently used in this field. In this study, we propose and compare
various models that use various clustering algorithms to detect outliers in the data preprocessing
stage of classification to investigate their effects on classification accuracy. Clustering algorithms
such as DBSCAN, HDBSCAN, OPTICS, FuzzyCMeans, and MCMSTClustering (MCMST) were
used separately in the data preprocessing stage of the k Nearest Neighbor (KNN) classification
algorithm for outlier elimination, and then the results were compared. According to the results, the
kNN + MCMST model most effectively eliminated outliers. The classification accuracy of the KNN
+ MCMST model was 0.9834, which was the best one, while the accuracy of the kNN algorithm
without using any data preprocessing was 0.9719.

Meme Kanseri Teshisinde Kiimeleme Algoritmalarimim Veri On Isleme Amaciyla

Kullanilmasi Uzerine Bir inceleme

Anahtar
Kelimeler
Sapan veri
tespiti,
Kiimeleme,
Siniflandirma,
Meme kanseri
teshisi.

Oz: Simiflandirma, meme kanseri teshisinde oldugu gibi pek ¢ok hastaligin teshisi konusunda karar
destek sistemleri olarak kullanilmaktadir. Verilerin sapan ve/veya giriltilii veri igermesi
durumunda siniflandirma algoritmalarinin basarisi olumsuz etkilenebilmektedir. Bu nedenle bu
alanda sapan veri tespit yontemleri sik¢a kullanilmaktadir. Bu ¢alismada sapan verileri tespit etmek
amaciyla ¢esitli kiimeleme algoritmalarmin smiflandirmanin  veri 6n isleme asamasinda
kullanilmast durumunda smiflandirma basarisinin  nasil etkilenecegine yonelik modeller
onerilmekte ve kiyaslanmaktadir. Kiimeleme algoritmalarindan DBSCAN, HDBSCAN, OPTICS,
FuzzyCMeans ve MCMSTClustering (MCMST) algoritmalar1 k en yakin komsu (kNN)
siiflandirma algoritmasinin veri 6n isleme agamasinda sapan verileri ortadan kaldirma amaciyla
ayrt ayrt kullanilmig ve sonuglar karsilagtirilmistir. Elde edilen sonuglara gére MCMST
algoritmasinin sapan verileri ortadan kaldirmada daha basarili oldugu tespit edilmistir. Veri
onigleme islemi yapilmaksizin kNN algoritmasiin kullanilmasi durumunda siniflandirma basarist
0.9719 iken; en yiiksek siniflandirma basarisina ulagan kNN + MCMST modelinin dogruluk
oraninin 0.9834 oldugu tespit edilmistir.

1. INTRODUCTION

Breast cancer is the most common type of cancer among
women and has a high mortality rate if not diagnosed
and treated in time. Every year, 2 million 800 thousand
women worldwide are diagnosed with breast cancer.
However, 90% of patients successfully overcome breast

cancer with early diagnosis and treatment [1]. This
underscores the critical importance of early detection
strategies in combating breast cancer and reducing its
mortality rates.

Classification, a sub-branch of machine learning, is used
in many areas [2-6]. One of these areas is health
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applications. The use of classification algorithms as a
decision support system contributes significantly to the
diagnosis of diseases. Several classification algorithms
are commonly employed in healthcare settings for
disease diagnosis, including breast cancer. Because,
classification algorithms can predict new arrival data by
learning from existing ones. Naive Bayes [7], Support
Vector Machines (SVM) [8], kNN [9], Decision Trees
[10], and Artificial Neural Networks [11] are widely
used in this field. These algorithms demonstrate varying
degrees of effectiveness in accurately classifying
medical data and assisting healthcare professionals in
making informed decisions regarding patient care.

The most important factor that reduces the classification
accuracy of classification algorithms in machine learning
is the presence of outliers and noisy data. Outlier data
can arise due to data processing errors, sampling errors,
data entry errors, and natural causes (changes in the
data). This kind of data can cause classification
algorithms to learn the data incorrectly, thus reducing
their accuracy. Data preprocessing serves as a crucial
step in enhancing the robustness of classification
algorithms against outliers. Numerous methods have
been proposed in the literature to detect outliers. Isolated
Forests [12], Local Outlier Factor (LOF) [13] One-Class
SVM [14], and IQR [15, 16] are the leading methods of
this area. In addition, clustering algorithms are also
frequently used to detect outliers. K-means [17] and
DBSCAN [18] are two of these algorithms. Clustering
algorithms are used to detect outliers as they can assume
that data outside clusters are outliers.

Efficient outlier detection holds paramount importance
in classification tasks, particularly in healthcare
applications such as breast cancer diagnosis. Identifying
and mitigating outliers not only improves the accuracy of
classification algorithms but also enhances the reliability
of diagnostic decisions. By leveraging advanced outlier
detection techniques, healthcare professionals can ensure
that classification models are trained on high-quality,
representative data, leading to more precise and
actionable insights. Thus, the integration of robust
outlier detection methodologies into the data
preprocessing pipeline is essential for optimizing the
performance of classification algorithms and ultimately
improving patient outcomes.

In this study, DBSCAN [18], HDBSCAN [19], OPTICS
[20], FuzzyCMeans [21], and MCMST [22] clustering
algorithms were used to reveal their contribution to the
success of classification algorithms when they are used
to detect outliers in the data preprocessing stage of
classification. To reveal the performance of the models,
the obtained results were compared in terms of both
classification success and run-time complexity. So, the
main contribution of this study to the literature can be
summarized as follows:

o Different clustering algorithms were used in the
data preprocessing stage of classification and their
contribution to classification accuracy was analyzed.

. The MCMST algorithm was used for the first
time in this study to detect outliers in data preprocessing
and contributed significantly to high classification
accuracy.

The rest of the paper is organized as follows: The second
section discusses the literature review, while the third
section provides information about the algorithms used
in this paper. Next, section four presents detailed
information about the proposed models. Then, in the
fifth section, we provide details about the experimental
study and setup. In the sixth section, we share and
discuss the results. Finally, in the seventh section, we
conclude the study and share plans for future works.

2. LITERATURE REVIEW

In recent years, numerous studies have explored the
application of machine learning algorithms, including
ANNs , SVM, Naive Bayes, and kNN, for breast cancer
diagnosis using the Wisconsin Breast Cancer Dataset
(WBCD). While these studies have reported high
classification accuracies, a critical examination reveals
certain drawbacks and gaps that warrant further
investigation.

One of these studies was proposed by Chen et al. in [23]
in 2011. The authors aimed to diagnose breast cancer
using rough sets and SVM. Their proposed model
achieved 99.41% classification accuracy. Marcano-
Cedeno and Andina [24] used ANN with metaplasticity-
based multilayer perceptron algorithm for breast cancer
diagnosis and achieved 96.26% accuracy. In another
study, Seera and Lim [25], proposed an intelligent
system for breast cancer diagnosis with a hybrid model
including a Fuzzy Min-Max Neural Network, Regression
Tree, and Random Forest algorithms. It was found that
the model they proposed reached 98.84% classification
accuracy. In the proposed model, the Fuzzy Min-Max
Neural Network was responsible for incremental
learning, the Regression Tree for data intelligibility, and
the Random Forest for improving prediction accuracy.
Another study in this field was carried out by Zheng et
al. [26] to classify breast cancer dataset using SVM with
k-means clustering algorithm. In their proposed model,
the k-means algorithm clusters the data into cancerous
and non-cancerous clusters, while SVM classifies the
data using these clusters. The accuracy of their models
was measured as 97.38%. In the work presented in [27],
Jabbar aimed to improve the accuracy of breast cancer
diagnosis using a community learning approach. For this
purpose, Bayesian Networks and Radial Basis Function
are used in the proposed method. According to the
findings, the proposed model reaches 97% classification
accuracy. Similarly, Abdel-Zaher and Eldeib in [28]
used Deep Belief Networks to diagnose breast cancer.
According to the obtained results, their proposed system
achieves an accuracy of 99.68%. In addition, Kamel et
al. in [29] aimed to classify breast cancer data with the
Gaussian Naive Bayes algorithm and achieved 98%
accuracy.
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In addition to these studies, artificial neural networks
and deep learning-based models have been proposed for
breast cancer diagnosis and classification, especially in
recent years. In one of them, Alickovic and Subasi in
[30] aimed to classify a breast cancer dataset using
Normalized Neural Networks. According to the
experimental results, it was found that their models
achieved 99.27% classification accuracy. Similarly,
Singh et al. [31] used a Feature Importance Score-Based
Functional Link Artificial Neural Networks to classify
the same dataset. The proposed model achieved
classification with 99.41% accuracy. In addition, in the
work given in [32], Kaur proposed a Dense
Convolutional Neural Network-based framework for the
same aim. His model's performance was also successful,
similar to that of other ANN-based models. Its
classification accuracy was 98.2%.

Along with the machine learning algorithms shared
above, the KNN classification algorithm is also widely
used for breast cancer diagnosis in various hybrid
structures. In [33], one of these studies, Pawlovsky and
Matsuhashi used Genetic Algorithm (GA) for component
selection to improve the accuracy of kNN. For this
purpose, they tried to make the GA select the best
choromosomes. According to the experimental results,
their proposed model achieved better results than the
standard kNN on UCI's breast cancer dataset. While the
standard KNN classifies the data with an accuracy of
76%, the proposed model classifies the data with an
accuracy of 79%. In another study, Rajaguru and
Chakravarthy [34] performed feature selection on breast
cancer data using Principal Component Analysis and
then classified the dataset using KNN and Decision
Networks to compare the results. According to the
results, kNN classified the dataset with 95.61%
accuracy, while the Decision Tree classified it with
91.23%. In [35], Admassu performed hyperparameter
optimization to determine the most accurate value of k
for the KNN algorithm. The most appropriate k values
for the breast cancer dataset were determined as 8 and
39, according to the findings. It was observed that the
classification performance was 94.35% for the
mentioned k values. Besides, in [36], Henderi et al.
studied the effect of normalization on classification
performance. They normalized the breast cancer dataset
with Min-Max and Z-Score Normalization methods and
classified it with KNN. The classification accuracy of
their model was 98%. In [37], another study in this field,
Tounsi et al. examined the effect of feature selection
methods on the classification accuracy of breast cancer
dataset. For this purpose, they classified the data using
SVM and kNN after feature selection. The findings
determined that KNN can classify with 96.83% when Ant
Colony Optimization is used as the feature selection
method. Another study aiming to classify breast cancer
dataset with KNN and using feature selection was
proposed by Priyadarshini et al. in [38]. The authors
applied various feature selection methods to various
datasets, including a breast cancer dataset, and then
classified them with kKNN. The results show 99.51%
accuracy can be achieved when the kNN classification
algorithm is used with the Equilibrium Optimizer.

As can be seen from the studies we have discussed in
this section, clustering algorithms are underutilized for
breast cancer diagnosis. This is one of the most critical
drawbacks of existing studies. Specifically, density-
based clustering algorithms like MCMST, which is very
successful in detecting outliers, are anticipated to
contribute to classification success significantly. To
address this shortcoming in this area, this study is also
crucial.

3. PRELIMINARIES
3.1. KNN (k-Nearest neighbors)

kNN is a simple and easy-to-understand algorithm with
few parameters (k parameters representing only the k
nearest neighbors) and high classification ability. As can
be seen in Figure 1, KNN decides which class to assign
the data to by looking at its k nearest neighbors. The
dominant class among these k neighbors is determined as
the class to which the relevant data will be assigned.

k=5
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+ + @ 1 —
% T —e—
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Figure 1. A kNN exmple ( k=5).
3.2. Clustering Algorithms

Clustering algorithms are unsupervised learning
algorithms that define clusters based on similarities and
dissimilarities and do not require class labels. They are
machine learning methods that can provide excellent
results, especially when class labels are missing,
incomplete, or inconsistent. For this purpose, they
usually use the distances among the data as the similarity
criteria. Euclidean distance, Mahalanobis, City Block,
and Manhattan are commonly used distance calculation
methods. K-means [17], DBSCAN [18], HDBSCAN
[19], OPTICS [20], FuzzyCMeans [21], and MCMST
[22] are some examples of these Kinds of algorithms.

3.3. Outlier Detection

As shown in Figure 2, outliers refer to data that exhibit
characteristics outside the normal. Outlier detection
methods, also called anomaly detection, are proposed to
detect such abnormal data. Various methods have been
proposed to detect outliers, including IForest, MAD,
IQR, and LOF. The main goal of such methods is to
detect outliers through various mathematical and/or
statistical calculations. Apart from such methods,
clustering algorithms are also used to detect outliers. The
main idea behind using clustering algorithms for
detecting outliers is to detect data that fall outside
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clusters by defining clusters. In particular, density-based
clustering algorithms such as DBSCAN achieve very
successful results in this regard.

A Dataset Contains Outliers

10

6 ° 00'.000:.{: ,‘?’?’Q.
> * o, * % L] °
gtf "o Ny

Figure 2. An example that shows outliers.
3.4. MCMST Algorithm

The MCMST algorithm is a density-based clustering
algorithm that achieves high clustering success by using
a KD-Tree data structure to define micro-clusters and
then applying the Minimum Spanning Tree to these
micro-clusters to identify the macro clusters [22]. As can
be seen in Figure 3, since the MCMST algorithm is a
density-based clustering algorithm, it is an algorithm that
can both define clusters in arbitrary-shapes and detect
outliers with high accuracy.

12

10 A

0.8 1

0.6

y-axis

0.4

x-axis

Figure 3. Clustering example with MCMST [22].

4. PROPOSED MODELS: CLUSTERING-BASED
OUTLIER DETECTION AND KNN CLASSIFIER
MODELS FOR BREAST CANCER DIAGNOSIS

This section provides detailed information about the
proposed models. In this study, DBSCAN, HDBSCAN,
OPTICS, FuzzyCMeans, and MCMST clustering
algorithms were used as clustering algorithms. As seen
in Figure 4, the proposed model first passes the dataset
through an outlier filter using various clustering
algorithms. Then, the data set, which has been cleaned
from outliers, is subjected to classification with the KNN

classifier. In the last stage, the obtained results are
evaluated.

Classifier

Outlier
Detection

Clustering Algorithms
Figure 4. Proposed model.

Classification|
Results

4.1. Outlier Detection Using Clustering Algorithms

Clustering algorithms are methods that classify data into
groups according to the similarities among them. In
particular, density-based methods use various parameters
for clustering. In short, an amount of data group with an
enough density in a certain area that is above a certain
threshold value are defined as clusters. Data groups that
fall below this threshold are defined as outlier data. At
this point of view, clustering algorithms are widely used
in the data preprocessing stage to detect outliers. As
illustrated in Figure 5, the process of eliminating the
outliers is expected to have a positive effect on the
clustering success. The first figure indicates the raw data
with outliers, while the second figure illustrates the
processed data. In this study, we use various clustering
algorithms in the data preprocessing stage of
classification algorithms to eliminate outliers and
examine the possible impact of clustering algorithms on
classification performance.

1.0 1
0.8 4
061
0.4+ X

024

0.0 4

Figure 5. An example of outliers’ elimination.
4.2. Classifier

In this study, we used the KNN as a classifier because it
is easy to use, simple, and achieves successful results.
Another important advantage of the kNN is that it uses
only one parameter.

5. EXPERIMENTAL STUDY

In this section, we share detailed information about the
experimental studies carried out to demonstrate the
performances of the proposed models.
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5.1. Used Dataset and Data Preprocessing

In this study, the Wisconsin Breast Cancer Dataset is
used to measure the success of the proposed models. The
dataset contains information about breast cancer
diagnoses of 569 patients. Each record consists of 30
features. To make the parameter selection process easier,
the data were normalized using Min-Max Normalization.
Let Xminmax be Min-Max Normalization of feature x that
is the scaled value between [0, 1], Xmin be the minimum
value of x feature, and Xmax be the maximum value of x;
Xminmax 1S calculated using Eq. (1).

— _*"Xmin (1)

x .
MinMax Xmax—Xmin

5.2. Parameter Setting

Both clustering algorithms and kNN use various
parameters. To understand which parameters achieve the
best results, a random search method was performed for
each algorithm. The range of parameters used is
provided in Table 1. In addition, k-fold cross-validation
was used to ensure that the results of the models were
properly tested. Here, k is set to 5, and the dataset is
divided into 75% training and 25% test data.

Table 1. Range of parameters.

Table 2. Confusion matrix.

Actual

TP FP

Predicted

FN TN

Algorithm Parameter range

kNN k=[1, 20]

kNN + DBSCAN k=[1, 20], eps=[0.01, 1],
min_samples=[1, 30]

k=[1, 20], min_cluster_size=[1, 20],

kNN + HDBSCAN min_samples=[1, 30]

k=[1, 20], eps=[0.01, 1],,

kNN + OPTICS min_samples=[1, 30]
kNN + FuzzyCMeans k=[1, 20], c=[1, 30], m=[1, 30]
KNN + MCMST k=[1, 20], N=[1, 30], r=[0.01, 1],,

n_micro=[1, 30],

5.3. Metrics to Measure the Classification

Performance

Since a classification model was used in this study, the
Accuracy, Precision, Recall, and F1-Score, commonly
used metrics, were used to measure classification
success. These metrics are calculated from the confusion
matrix given in Table 2. Let True-Positive be TP, True
Negative be TN, False Positive be FP, and False
Negative be FN; each metric is calculated by Eq. (2), (3),
(4), and (5), respectively.

A _ TP +TN @)
CCUracY =Tp Y TN + FP + FN
TP
o 3
Precision TP P 3)
TP
[ — 4
Recall TPTFN 4)

Fl_s _ 2 * Precision * Recall (5)
core = Precision + Recall

6. EXPERIMENTAL RESULTS AND DISCUSSION

In order to determine which clustering algorithm is more
successful in detecting outliers, each clustering
algorithm was run on the WBCD dataset with parameters
randomly selected from the range given in Table 1. Then
the results were analyzed by classifying with KNN. Each
algorithm was run 100 times and the parameters given in
Table 3 that provided the highest classification accuracy
were determined. Each clustering algorithm detected a
different number of outliers with these parameters, as
shown in Table 4. Likewise, the classification successes
shown in Table 5 were obtained when the models were
tested with these parameters.

Table 3. The best parameters for each algorithm.

Algorithm Parameters

kNN k=12

kNN + DBSCAN k=5, eps=0.54, min_samples=5

kNN + o o _
HDBSCAN k=3, min_cluster_size=3, min_samples=2
kNN + OPTICS k=16, eps=0.32, min_samples=13

kNN + —Q e -

FuzzyCMeans k=8, =13, m=2

kNN + MCMST k=4, N=4, r=0.58, n_micro=24,

When the results are analyzed, it is seen that the
MCMST + KNN model gives the highest classification
performance. If the dataset was subjected to
classification with kNN without using any outlier
detection method, KNN classified the dataset with an
accuracy of 0.9719. However, an accuracy rate of 0.9834
was achieved when the outliers were detected and
deleted with the MCMST clustering algorithm on the
dataset and then classified with KNN. If the effects of
other clustering algorithms on the classification
performance of kNN are analyzed, we can see that
DBSCAN and FuzzyCMeans algorithms slightly
increase the classification success, although not as much
as MCMST. However, it is seen that HDBSCAN and
OPTICS algorithms have a negative impact on
classification performance.

Table 4. Number of detected outliers for the models.

# of Detected
Algorithm Qutliers Outliers Ratio (%)

kNN - -

kNN + DBSCAN 48 8.44
kNN + HDBSCAN 42 7.38
kNN + OPTICS 41 7.21
kNN + FuzzyCMeans 24 4.22
kNN + MCMST 7 1.23

74



Tr. J. Nature Sci. Volume 13, Issue 1, Page 70-77, 2024

Table 5. Comparison of classification performance of models.

Accuracy | Precision | Recall | F1-
Score

kNN 0.9719 0.9634 0.9771 | 0.9694
kNN + DBSCAN 0.9769 0.9702 0.9789 | 0.9742
kNN + HDBSCAN | 0.9696 0.9596 0.9715 | 0.9651
kNN + OPTICS 0.9646 0.9495 0.9703 | 0.9584
kNN +

FuzzyCMeans 0.9755 0.9677 0.9759 | 0.9714
kNN + MCMST 0.9834 0.9796 0.9846 | 0.9817

When kNN was applied to the dataset without
performing any preprocessing related to outlier
detection, the confusion matrices shown in Figure 6 were
obtained. On the other hand, when the MCMST
clustering algorithm, which had the highest classification
accuracy, was used with KNN, the confusion matrices
given in Figure 7 were obtained.
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Figure 6. Confusion matrices and their average obtained from k-fold
cross-validation for kNN (k=5).

Actual Labels
Actual Labels

Predicted Labels

Another point that we analyzed in the proposed study is
the run-time complexity of models. As shown in Figure
8, the fastest model among others was the one in which
the KNN was run alone. However, it should be noted that
no outlier detection is performed in this model. In
contrast, the model with the highest run-time was kNN +
OPTICS. When the kNN + MCMST model, which
achieves the highest classification success, is examined,
it is seen that although it is slower than the other 4
models, it is considerably faster than the kNN + OPTICS
model.

After determining that the model with the highest
classification success was kNN + MCMST, we
examined the effect of KNN's single parameter k on the

classification success. We chose k from [1, 50] interval
and ran the model for each value of k. The obtained
results are illustrated in Figure 9. When the results are
analyzed, it can be said that the k value affects model
success, but it does not have a great effect. However, the
value k = 4 gives the highest classification success.

The MCMST algorithm, as mentioned in the related
study, is a very successful algorithm for detecting
outliers. This is because this algorithm identifies clusters
with a micro-cluster-based density approach. This
approach makes the detection of outliers more efficient.
Therefore, the MCMST + kNN model is expected to
give better results than other models. The results
obtained also support this expectation.
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Figure 7. Confusion matrices and their average obtained from k-fold
cross-validation for KNN + MCMST (k=5).
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The Effect of k values on Classification Performance

10 T————

0.8 1

Accuracy
o
[=)]

L

o
=
L

0.2 1

040 T T T T T T
0 10 20 30 40 50

k value

Figure 9. The effect of k values on the kNN + MCMST model
classification.

7. CONCLUSION

In this study, the effect of using clustering algorithms in
the data preprocessing stage to eliminate outliers on the
classification accuracy of the WBCD dataset was
investigated. For this purpose, the mentioned dataset was
first processed with DBSCAN, HDBSCAN, OPTICS,
FuazzyCMeans, and MCMST clustering algorithms to
identify and eliminate outliers and then these data were
separately classified with kNN that is a simple and
effective algorithm.

According to the results, KNN + MCMST was the model
with the highest classification performance. The highest
classification accuracy was achieved by the KNN +
MCMST model, which had an accuracy of 0.9834. In
contrast, the accuracy of the KNN method without any
data preprocessing was 0.9719. Although the run-time of
the model is a little high, it is at an acceptable level.
However, three predefined parameters for MCMST are
difficult for regular users to determine. This is the most
crucial limitation of the model. Given the success of the
MCMST clustering algorithm in enhancing classification
accuracy, future studies could investigate its integration
with deep learning-based models. We can achieve even
higher classification accuracy and robustness by
leveraging the strengths of both clustering algorithms
and deep learning architectures, such as convolutional
neural networks (CNNSs) or recurrent neural networks
(RNNS). This hybrid approach could offer novel insights
into the complex patterns underlying breast cancer
diagnosis and contribute to the development of more
effective diagnostic tools. The models to be developed
are planned to be tested in different clinical data sets and
in different fields. This will be important in testing the
proposed model's effectiveness in different fields.
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Abstract: This study examined the effect of royal jelly on some hematological values against
sodium arsenite (NaAsO,)-induced toxicity in rats. Royal jelly is a known functional bee product;
therefore, its potential to protect against these effects is of great importance. In this study, the
effects of royal jelly on hematologic changes were investigated. In the study, 35 healthy Wistar
albino male rats weighing 250-300 g and 12—-13 weeks old were used. Rats were administered daily
by gavage for 14 days. WBC, LYM, MID, GRA, RBC, HGB, MCHC, MCH, MCV, HCT, PLT,
MPV, and PDW values were measured in blood samples. When the measured values were
analyzed, the MID, RBC, MCHC, MCH, MCV, and PDV values did not show statistical
significance in all experimental groups (P>0.005). However, significant decreases in %LYM,
%MID, HCT, and PLT values and increases in WBC, GRA, and %GRA counts were observed in
all groups (P < 0.005). This review shows that royal jelly has a potential effect on the
hematological and immune systems against toxicity caused by harmful heavy metals such as
arsenic. In particular, further research is required to identify the most effective dosage of royal
jelly. The results highlight the protective potential of royal jelly against toxicity, which requires
further investigation.

An Siitiiniin Sodyum Arsenit Toksisitesine Kars1 Bazi Hematolojik Parametreler Uzerindeki

Koruyucu Etkisi: Ratlarda Bir inceleme

Anahtar
Kelimeler

Ar siitii,
sodyum arsenit,
hematolojik
parametreler,
agir metal
toksititesi

Oz: Bu calisma, ratlarda sodyum arsenit (NaAsO) kaynakli toksisiteye karsi ar1 siitiiniin bazi
hematolojik degerlere olan etkisini incelemektedir. Ar siitii, bilinen fonksiyonel bir ar1 tiriiniidiir ve
bu nedenle, bu etkilere karsi koruma saglama potansiyeli biiyilk 6nem tagimaktadir. Caligmada,
hematolojik degisiklikler tizerinden ar1 siitiiniin etkileri arastirilmaktadir. Calismada, 250-300 gram
agirhigindaki 12-13 haftalik 35 saglikli Wistar albino erkek sigan kullanildi. Siganlara 14 giin
boyunca gavaj yolu ile giinliik olarak uygulama yapildi. Kan 6rneklerinde WBC, LYM, MID,
GRA, RBC, HGB, MCHC, MCH, MCV, HCT, PLT, MPV ve PDW degerleri 6l¢iildii. Olgiilen
degerler incelendiginde, MID, RBC, MCHC, MCH, MCYV ve PDV degerleri tiim deney gruplarinda
istatistiksel olarak anlamlilik goéstermedi (P>0.005). Ancak, %LYM, %MID, HCT ve PLT
degerlerinde tiim gruplarda onemli diisiisler, WBC, GRA ve % GRA sayilarinda ise artiglar
gozlendi (P < 0.005). Bu inceleme, ar1 siitiiniin arsenik gibi zararli agir metallerin neden oldugu
toksisiteye karsit hemotolojik sistem ve bagisiklik sistemi {izerinde potansiyel bir etkisi oldugunu
gostermektedir. Ozellikle, ar1 siitiiniin en etkili dozajinin belirlenmesi igin daha fazla arastirmaya
ihtiyag vardir. Sonuglar, ar1 siitiiniin toksisiteye karst koruyucu potansiyelini vurgulamakta olup, bu
potansiyelin daha fazla arastirilmasi gerekmektedir.
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1. INTRODUCTION

Royal jelly is an extremely valuable bee product that
provides numerous benefits in terms of nutrition and bee
diversity. Interestingly, although all bees have the same
genetic makeup, queen bees, and worker bees differ
significantly in their physiology and morphology - this
difference can be attributed to the exclusive consumption
of royal jelly by queen bees [1]. Royal jelly is known as
a nutrient considered extremely valuable for health and
is used as a cosmetic and dietary supplement, with the
belief that its effects on bees will have similar effects on
humans. Royal jelly is notable for its unique biochemical
composition, a special secretion produced by bees of the
Apis mellifera species. Its proteins, lipids, vitamins,
minerals, and bioactive peptides support the potential
health benefits of these components on the body. The
health benefits of royal jelly have been studied in various
aspects such as immune system modulation, antioxidant
effects, maintenance of skin health, and alleviation of
aging processes [2]. The pharmacological properties of
royal jelly have been characterized by a range of
biological activities observed in experimental animals.
These activities include growth-promoting, antiseptic,
antitumor, antibacterial, antioxidant, immunomodulatory,
antihypertensive, and anti-inflammatory activities. In
addition, royal jelly is believed to have anti-aging,
healing, hypoglycemic (anti-diabetic) and anti-cancer
properties. Biologically, the special components in royal
jelly form the basis for these various pharmacological
effects. For example, proteins may support the
mechanisms behind growth-promoting effects, while
antioxidants may be effective in reducing cellular
damage. The immunomodulatory effects of royal jelly
can be explained by exerting a regulatory effect on the
immune system [3].

Heavy metals are elements that have a high atomic mass,
metallic properties, a density greater than 5 g/cm3, and
are chemically stable and widely distributed in nature.
Heavy metals are elements that can enter the body
through the mouth, respiratory tract, and skin. These
metals can have toxic effects even at low concentrations,
meaning they can be harmful even in very small
amounts. These dangerous properties arise because
heavy metals are easily absorbed in the body, but cannot
be effectively eliminated from the body. In living
organisms, heavy metals can accumulate and
concentrate. These metals can cause serious health
problems when they exceed a certain threshold dose.
These problems can include poisoning, organ damage,
and even death [4]. Although industrialization has
brought many economic and technological benefits to
humanity, it is also an important factor that has led to an
increase in environmental problems. This process has led
to the emergence of environmental problems such as
heavy metal pollution and these problems have reached
great dimensions over time. With the increase in
industrial activities around the world, the number of
metal elements exposed to the external environment has
also increased. More than 35 of these metals have been
detected in the external environment and 23 of these
elements are heavy metals. Heavy metals are elements

found in nature and can be released into the environment
as a result of human activities such as various industrial
processes, mining activities, energy production, and
vehicular traffic. Many of these metals can enter the
body through the mouth, respiratory tract, and skin and
therefore have the potential to harm human health and
the environment [5].

Arsenic (As) is one of the twenty most common
elements in the earth's crust and is classified as a metal
and nonmetal element in terms of its chemical
properties. Because of this property, arsenic is also
called a metalloid. Arsenic occurs naturally in different
parts of the Earth's crust and is present as part of various
minerals and ores. Industrial and agricultural practices
can lead to the release of arsenic into the environment,
which can cause arsenic contamination in water sources
and soils. Arsenic can pose a significant hazard to human
health. Exposure to high levels of arsenic can cause
serious health problems and have carcinogenic effects. It
is therefore important to monitor and control arsenic
contamination. Arsenic, as an element released into the
environment by both natural processes and human
activities, is of great importance in the fields of
environmental chemistry and health sciences. Its
environmental and human health impacts are the focus of
scientific research and it is important to learn more about
arsenic from an environmental and human health
perspective [6].

Hematology is an intriguing field of research that
focuses on the cellular components of blood, including
erythrocytes (red blood cells), leukocytes (white blood
cells), and platelets (thrombocytes), and studies the
relationship between the physiology and pathology of
these components. By understanding the normal
functioning of these cells, hematologists can identify and
treat a range of blood-related health conditions. Blood
studies provide deep knowledge about the functions and
changes of these cellular components, which contributes
significantly to our understanding of the functioning of
the human body. Hematology sheds light on
understanding and treating blood diseases, immune
system problems, and other health conditions related to
the circulatory system. Blood analysis and the study of
cellular components help diagnose diseases early,
formulate treatment plans, and monitor patients' health

[71.

Hematological parameters such as red blood cell count,
white blood cell count, and hemoglobin concentration
are widely used as clinical indicators of health and
disease. These parameters are a reflection of the
biochemical components and cellular structure of the
blood and provide important information about the
overall health status of the body. Red blood cell count
correlates with hemoglobin levels, reflecting the body's
capacity to transport oxygen. Hemoglobin is an
important molecule that determines the blood's ability to
carry oxygen. Therefore, red blood cell count and
hemoglobin concentration are critical in diagnosing and
monitoring oxygen transport problems such as anemia.
White blood cell count reflects the activity of the
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immune system and is used to monitor various health
problems, such as infections and inflammatory
conditions. The number and types of white blood cells
help determine the type and severity of infections. These
hematologic parameters play an important role in
establishing medical diagnoses and treatment plans.
They are also regularly monitored to monitor patients'
health status and assess their response to treatment.
Thus, hematologic parameters are an indispensable tool
for disease diagnosis and treatment management in the
medical field [8]. Leukocytes, also known as white blood
cells, are essential in the immune system and are divided
into two main categories: granulocytes and
agranulocytes. Granulocytes, with small particles, are the
first line of defense against diseases, while
agranulocytes, monocytes, and lymphocytes are the
immune system's clean-up crew and direct long-term
immune responses, creating specialized defense
mechanisms like antibodies [9]. Leukocytosis is a
condition where the number of white blood cells in the
body exceeds normal levels, often indicating health
issues and being linked to the immune system. It is
crucial to identify and treat the cause of leukocytosis to
ensure proper health outcomes [10]. White blood cells
(WBCs) are vital in our body's defense system,
constantly active in the bloodstream. They protect
against threats and are activated by pathogens or harmful
substances. This self-defense mechanism increases
leukocyte  numbers, preventing infections and
maintaining health. Leukocytosis, a natural defense
mechanism, can signal health problems like infections.
The WBC value includes neutrophils, eosinophils,
lymphocytes, monocytes, atypical leukocytes, or any
combination thereof [12]. Lymphocytes, agranulocytes,
are white blood cells that play a crucial role in the
immune system. They detect and respond to antigens,
forming an essential part of the body's defense
mechanism against infections. Lymphocytes identify
foreign organisms or pathogens, activating other immune
system components to protect against infections. Their
role is vital in maintaining the health of the immune
system and protecting the body from harmful agents
[13]. Monocytes, agranulocytes, are white blood cells
that play a crucial role in the body's immune system.
They detect, engulf, and eliminate foreign substances
through phagocytosis, acting as the first line of defense
against infectious agents in rats. Monocytes recognize
harmful organisms or foreign substances and neutralize
them, making them a vital component of the immune
response. Their role is vital for the body's health and the
effectiveness of the immune system, making their
function crucial [14]. Platelets, a small, reactive blood
cell, play crucial roles in fibrosis and blood clotting
processes. They undergo changes when stimulated by
inflammatory cytokines and classical activators, altering
cell shape, forming pseudopodia, and releasing
cytoplasmic granules. Platelets accumulate rapidly at
damaged sites and form the first line of defense, making
their multifaceted role critical for maintaining body
health [15].

Previous studies on the effect of arsenic on the
hematopoietic system indicate that exposure to high

doses of arsenic can affect and alter the hematopoietic
system and these hematopoietic parameters [16]. In
blood samples, blood leukocyte parameters, blood
erythrocyte-hemoglobin, hematocrit parameters, platelet-
related parameters WBC, LYM, MID, GRA, RBC,
HGB, MCHC, MCH, MCV, HCT, PLT, MPV, and
PDW values were examined and the potential effect of
royal jelly on the hematological system and immune
system against the toxicity caused by sodium arsenic was
evaluated.

2. MATERIAL AND METHOD

2.1. Animal Selection and Permissions: Thirty-five
male Wistar albino rats weighing 250-300 grams and 12-
13 weeks old were used for the experiment. Animal
experiments were performed at Bingdl University
Animal Experiment Center. The permission for the
experiment was obtained from Bing6l University Animal
Experiments Local Ethics Committee with the decision
number 07/01 dated 09.12.2021.

2.2. Animal Care: Rats were kept in a control room
with a temperature of 24-25°C and a twelve-hour dark
photoperiod (19:00-07:00 dark; 07:00-19:00 light).
Animals were given unlimited access to water and
standard food. Rats were rested and acclimatized for one
week while they were maintained in cages.

2.3. Experimental Groups: Rats were
divided into five different groups:

randomly

a) Control Group (C): Rats were given 0.5 cc saline by
gavage for 14 days.

b) Royal Jelly Group (R): Rats were given 1 g royal
jelly at a dose of 200 mg/kg, dissolved in 10 cc distilled
water, and given 0.5 cc by gavage for 14 days (Solution
was prepared daily).

¢) NaAsO2 Group (Arc): Rats were given NaAsO:; at a
dose of 10 mg/kg for 14 days, 1.250 g NaAsO; was
dissolved in 250 cc distilled water to form a stock
solution and given 0.5 cc by gavage.

d) NaAsO: + Royal Jelly 100 mg/kg Group (Arc-R-
100): Rats were given NaAsO- at a dose of 10 mg/kg
from the stock solution orally for 14 days. Royal jelly
was administered 30 minutes before NaAsO;
administration at a dose of 100 mg/kg by dissolving
0.250 g royal jelly in 5 cc distilled water and
administering 0.5 cc by gavage (Solution was prepared
daily).

e) NaAsO: + Royal Jelly 200 mg/kg Group (Arc-R-
200): Rats were given NaAsO; at a dose of 10 mg/kg
from the stock solution orally for 14 days. Royal jelly
was administered 30 minutes before NaAsO;
administration at a dose of 200 mg/kg by dissolving 1 g
royal jelly in 10 cc distilled water and administered by
0.5 cc gavage.
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2.4. Sample Collection and Determination of

Hematologic Parameters

One day after the end of the study period, animals were
decapitated under sevoflurane anesthesia, and blood
samples were collected in 3 ml EDTA vacuum tubes.
Blood samples were analyzed for White Blood Cell
Count (WBC), Lymphocyte (LYM), Monocyte (MID),
Granulocyte (GRA), Erythrocyte (RBC), Hemoglobin
(HGB), Mean Corpuscular Hemoglobin Concentration
(MCHC), Mean Corpuscular Hemoglobin (MCH), Mean
Corpuscular Volume (MCV), Hematocrit (HCT),
Platelet Count (PLT), Mean Platelet Volume (MPV),
Platelet Distribution Width (PDW) parameters were
analyzed. Blood samples were read on BeneSphera™
Brand Hematology Analyzer. Analyses were performed
using standard methods [17].

2.5. Statistical Analysis

Differences between the experimental groups were
determined using IBM SPSS Statistical software
(Version 27) (USA). Statistical evaluation of the data
was performed using One-Way ANOVA and Bonferroni
test as post hoc. Values were considered statistically
significant at P < 0.005.

3. RESULTS

WBC, LYM, MID, GRA, RBC, HGB, MCHC of (C),
(R), (Arc), (Arc-R-100), (Arc-R-200) groups, MCH,
MCV, HCT, PLT, MPV, PDW values are given in Table
1. Statistical comparison was made between the (C)
group, (R) group, (Arc) group, (Arc-R-100) group, and
(Arc-R-200) group. Values are the mean values of seven
separate observations with a standard deviation.
Statistically significant values are marked in the table. In
all experimental groups, MID, RBC, MCHC, MCH,
MCV, PDV hematologic values were statistically
insignificant in all groups.

3.1. When the control group and other groups were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

i.  Between (C) + (R) group; A statistically significant
difference was found in %LYM value. This
indicates that royal jelly may affect the percentage
of lymphocytes.

ii. Between (C) + (Arc) group; Statistically significant
differences were found in WBC, GRA, %LYM,
%MID, %GRA, PLT, HCT values. This indicates
that arsenic exposure may affect these parameters.

iii. Between (C) + (Arc-R-100) group; Significant
differences were found in WBC, GRA, %LYM,
%MID, %GRA values. This indicates that there
were significant differences in the values of white
blood cells (WBC), granulocytes (GRA), the
percentage of lymphocytes (%LYM), the
percentage of medium-sized cells (%MID), and the
percentage of granulocytes (%GRA) between the
group treated with 100 mg/kg royal jelly (Arc-R-
100) and the control group. These results indicate

that royal jelly has a protective effect against
arsenic toxicity.

iv. Between (C) + (Arc-R-200) group; Significant
differences were found in %LYM, %MID, %GRA,
HCT wvalues. This indicates that there were
significant differences in the percentage of
lymphocytes (%LYM), the percentage of medium-
sized cells (%MID), the percentage of granulocytes
(%GRA), and hematocrit (HCT) values between
the group treated with 200 mg/kg royal jelly (Arc-
R-200) and the control group ©. These results may
indicate that royal jelly has a protective effect
against arsenic toxicity.

3.2. When the royal jelly group was compared with
the other groups; the following hematologic values
were found significant (P<0,005) (Table 1).

i. Between (R) + (Arc) group; A significant
difference was found in the PLT value. This
indicates that arsenic exposure may affect the
platelet count.

ii. Between (R) + (Arc-R-100) group; Significant
differences were found in WBC and LYM values.
This indicates that royal jelly may affect these
parameters.

iii. Between (R) + (Arc-R-200) group; A significant
difference in HGB value was found. This indicates
that royal jelly may affect hemoglobin levels.

3.3. When the arsenic group and other groups were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

i.  Between (Arc) + (Arc-R-100) group, PLT
ii. Between (Arc) + (Arc-R-100) group; PLT, MPV

Significant differences were found in PLT and MPV
values. This indicates that royal jelly may modify the
effect of arsenic exposure on these parameters.

3.4. When NaAsO: + royal jelly 100 mg/kg group
and NaAsO: + royal jelly 200 mg/kg group were
compared statistically; the following hematologic
values were found significant (P<0,005) (Table 1).

Between (Arc-R-100) + (Arc-R-200); the HGB value
(P<0,005) was found significant, while other
hematological values (P>0,005) were found statistically
insignificant. This indicates that different doses of royal
jelly may have different effects on hemoglobin levels.

81




Tr. J. Nature Sci. Volume 13, Issue 1, Page 78-87, 2024

Blood Leukocyte Parameters |

45
4
35 = i T
3

;z,s

g 2 N
15 @ b
1 2 a a
o« B R P 1B ED
. | | N N

Q) (R) (Arc)  (Arc-R-100) (Arc-R-200)

OWBC (1079/L) ELYM (1079/L) MID (1079/L) EGRA (1079/L)

Figure 1. Blood Leukocyte Parameters in Control and Experimental
Groups a- The difference compared to the control group is statistically
significant (P<0.005) b- The difference according to the royal jelly
group is statistically significant (P<0.005)
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Figure 2. Percent Blood Leukocyte Parameters in Control and
Experimental Groups a- The difference compared to the control group
is statistically significant (P<0.005)

When the blood leukocyte parameters in the control and
experimental groups were examined, the effects of
different treatments (Control Group, Royal Jelly Group,
NaAsO, Group, and different concentrations of Royal
Jelly & NaAsO,) on blood leukocyte parameters were
revealed. Compared to the control group, significant
changes were observed in the blood leukocyte
parameters of the royal jelly group and NaAsO, Group.
In particular, WBC (1079/L) values were significantly
higher in the Royal Jelly Group compared to the control
group (P<0.005). Furthermore, a significant decrease
was observed in LYM (%) and GRA (%) values in the
NaAsO; group compared to the control group (P<0.005)
(Figure 1-2).
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Figure 3. Blood Erythrocyte-Hemolobin Parameters in Control and
Experimental Groups d- There is a significant difference between the
100 mg/kg group of royal jelly and the 200 mg/kg group of royal jelly
(P<0.005)

When the blood erythrocyte-hemoglobin parameters in
the control and experimental groups were examined, the
effects of different treatment groups (control, royal jelly,
NaAsO;, and royal jelly + NaAsO, combinations ) on
RBC, HGB, MCHC, MCH, and MCV values were
shown. A significant difference was found between the
100 mg/kg royal jelly group and the 200 mg/kg royal
jelly group in the HGB parameter (P<0.005). The
findings indicate that royal jelly dosage has a significant
effect on blood erythrocyte-hemoglobin parameters. In
particular, a significant difference was found between
100 mg/kg and 200 mg/kg royal jelly doses, indicating
that royal jelly has a dose-dependent effect on these
parameters (Figure 3).
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Figure 4. Hematocrit Parameter in Control and Experimental Groups
a- The difference compared to the control group is statistically
significant (P<0.005)

The control group and Royal Jelly Group had higher
hematocrit levels than the NaAsO, -exposed groups,
while the hematocrit levels decreased in the NaAsO; -
exposed groups. However, when royal jelly was given
before NaAsO., exposure, there was a partial
improvement in hematocrit levels. This suggests a
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potential protective effect of royal jelly against NaAsO,
toxicity. These findings are statistically significant
(P<0.005)
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Figure 5. Platelet-Related Parameters in Control and Experimental
Groups a- The difference compared to the control group is statistically

significant (P<0.005) b- The difference according to the royal jelly
group is statistically significant (P<0.005) c- The difference compared
to the arsenic group is statistically significant (P<0.005)

There was no statistically significant difference in PDW
values between any groups. The decrease in the MPV
value indicates a decrease in the size of platelets. The
decrease in MPV values compared to the arsenic group
may indicate that royal jelly may have a protective effect
against arsenic toxicity. Arsenic can impair the
formation and function of blood cells. This can lead to
changes in the size and number of platelets. However, a
reduction in MPV values was observed in the royal jelly
group, suggesting that royal jelly may mitigate these
negative effects. Compared to the control group and the
royal jelly group, a significant decrease in PLT levels
was observed in the NaAsO. group. However, in the
royal jelly-treated groups Arc-R-1 and Arc-R-2, PLT
levels were higher than in the NaAsO group. This
suggests that royal jelly has a protective effect against
NaAsO; -induced toxicity (Figure 5).

Table 1. Some Hematological Parameters in Control and Experimental Groups a- The difference compared to the control group is statistically
significant (P<0.005) b- The difference according to the royal jelly group is statistically significant (P<0.005) c- The difference compared to the
arsenic group is statistically significant (P<0.005) d- There is a significant difference between the 100 mg/kg group of royal jelly and the 200 mg/kg

group of royal jelly (P<0.005)

Hemogram Control
Group +SD +SD

Royal Jelly Group

NaASO: Group | 100 mg/kg 200 mg/kg
+SD Royal Jelly + Royal Jelly+
NaASO:z Group | NaASO:Group

+SD +SD
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4. DISCUSSION

Royal jelly is a natural product produced by the
hypopharyngeal and mandibular glands of worker bees
and has been widely used in alternative medicine for
centuries. Rich in ingredients, royal jelly is abundant in
proteins, lipids, amino acids, minerals, and vitamins. It
also contains bioactive compounds such as peptides,
flavonoids, fatty acids, and phenolic acids [18]. Heavy
metal pollution is a serious concern for the environment
and human health. However, some supplements may
play a potential role in reducing the harmful effects
caused by heavy metals in the body. These supplements
may help prevent the accumulation of heavy metals in
the body or reduce their toxicity [19]. Thanks to its
antioxidant properties, royal jelly can reduce cellular
oxidative stress, regulate the immune system, suppress
inflammation, and reduce the effects of aging. It can also
fight germs with antibacterial and disinfectant properties,
have anti-cancer potential, lower blood pressure by
dilating blood vessels, improve cholesterol levels,
protect liver health, and inhibit tumor development.
Royal jelly is, therefore, a valuable natural supplement
that offers many important health benefits [20]. Arsenic
is one of the heavy metals found in nature, and humans
can be exposed to it through inhaled air, consumption of
food and water, and skin contact. Once in the body, it
can affect many organ systems, including the skin,
respiratory, cardiovascular, immune, reproductive and
urinary systems, digestive, and nervous systems [21].
Hematology and biochemical indicators are reliable
parameters for assessing the health status of humans and
animals suffering from arsenic poisoning. These
indicators are important for monitoring the effects of
arsenic exposure and determining the degree of toxicity.
Hematological parameters provide information on blood
composition and circulatory system health, while
biochemical indicators assess body functions and organ
systems. These parameters play a critical role in
detecting arsenic poisoning and guiding treatment
processes [22]. This research was conducted to predict
the extent to which the harmful effects caused by arsenic
exposure can be reduced by royal jelly. This evaluation
included hematological parameters, as these parameters
can help determine the degree of harmful effects on the
blood components of animals. The monitoring of
hematological parameters was used as an important tool
to evaluate the protective effect of royal jelly against
arsenic and arsenic-induced toxicity and to provide
important information in this regard. Some values from
studies on sodium arsenite exposure in rats are as
follows. Kumari et al. [23] observed a significant
decrease in WBC, RBC, Hb, Hct, MCV, and MCH in
rats exposed to sodium arsenite. However, MCHC
remained the same. Sharma and Rani [24] reported a
decrease in RBC, Hb, HCT, and PLT and an increase in
WBC values. Ola-Davies et al. [11] found significant
decreases in PCV, Hb, and RBC, increases in WBC,
platelets, lymphocytes, and eosinophils, and decreases in
neutrophils and monocytes. The reasons for the
differences in the data obtained from different studies
may be various environmental factors such as
application method, dose, and application time.

Granulocytes are white blood cells that play an important
role in the immune system's response to conditions such
as infection, allergies, and asthma. Granulocytes are the
most common type of white blood cells and are usually
divided into three main categories: neutrophils,
eosinophils, and basophils. These cells play important
roles in various immune responses [25]. Kumari et al.
found that granulocyte values were significantly higher
in rats exposed to sodium arsenite compared to the
control group. In our study, a significant increase in
granulocytes was observed in rats exposed to sodium
arsenite compared to the control group (P<0.005). This
increase was not significant in the royal jelly group
(P>0.005). The results suggest that royal jelly, instead of
lowering granulocyte levels, may stimulate more
granulocyte production by making the immune system
more active.

White blood cells or leukocytes play a vital role in
phagocytosis, immunity, and defense against infection
[26]. Increased white blood cell counts are known to be a
normal reaction to foreign bodies [27]. Ewere et al. [28]
found that WBC values in rats exposed to sodium
arsenite increased significantly compared to the control
group. In our study, an increase in WBC levels was
observed. Especially in Arc and Arc-R-100 groups, this
increase in WBC levels was found to be statistically
significant. In addition, it was observed that this increase
became insignificant compared to the control group
when the amount of royal jelly in the Arc-R-100 group
was increased to 200 mg/kg in the Arc-R-200 group and
the values approached the control values. This shows
that the amount of royal jelly can affect WBC levels and
can be considered an indicator of recovery. These results
indicate that royal jelly has a protective effect against
sodium arsenite exposure and has a positive effect on the
immune system.

Lymphocytes are an important part of the immune
system and initiate immune responses by sensing
pathogens entering the body. A low lymphocyte count
can cause the body to become vulnerable to germs and
diseases. This can reduce the body's ability to maintain
an effective defense mechanism against harmful
microorganisms. Individuals with a low lymphocyte
count may therefore have an increased risk of infection
and may need to take extra precautions [29]. Ola-Davies
et al. found that LYM values increased in rats exposed to
sodium arsenite compared to the control group. Our
research findings show a significant increase in LYM
levels between the R group and the combination groups
Arc-R-100 and Arc-R-200. This suggests that royal jelly
may have a positive effect on the immune system by
increasing the number of lymphocytes. Furthermore, the
lymphocyte percentage values were statistically
significantly increased in the arsenic-exposed groups
unlike the other groups (P<0.005). This supports the
hypothesis that royal jelly has the potential to increase
the HCT count of other shaped elements in the
bloodstream and suggests that royal jelly may have
positive effects on the immune system and provide a
protective effect against toxicity.
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Monocytes play a critical role in the immune system,
having the ability to transform into macrophages and
dendritic cells when needed to fight against infections.
When they move into infected tissues, they help to
activate the adaptive immune system by initiating an
inflammatory response. The versatility of monocytes is
considered a vital component of the immune system's
defense against harmful pathogens [9]. Ola-Davies et al.
observed that % LYM values decreased in rats exposed
to sodium arsenite compared to the control group.
According to our study, a significant decrease in the
number of monocytes was observed in rats exposed to
sodium arsenite. This decrease was valid for all groups
except for the royal jelly group. These results are in line
with the study conducted by him and his team. In
addition, while the MID value in the Arc-R-100 group
showed the lowest value in percentage terms, it was
observed that these values gradually approached the
control group with the increase in the amount of royal
jelly in the Arc-R-200 group. This finding again refers to
the potential of royal jelly to support the immune system.

Arsenic can negatively affect heme metabolism by
binding to hemoglobin. This effect results in a decrease
in hemoglobin levels inside red blood cells. Hemoglobin
is a critical component that ensures the ability of red
blood cells to transport oxygen. Due to its effect on
hemoglobin, arsenic can impair the function of red blood
cells and negatively affect oxygen transportation
throughout the body. Therefore, it is important to
monitor hematological parameters to understand and
prevent arsenic-related health problems [30]. Arsenic
exposure has been reported to contribute to anemia in
humans and rodents by suppressing bone marrow
function [31]. There appears to be a possible correlation
between arsenic exposure and RBC and HGB levels.
This relationship may be attributed to the reduced
capacity of the bone marrow to produce red blood cells,
leading to anemia in these groups [32]. Basher et al. [33]
reported that HGB and RBC values decreased in rats
exposed to sodium arsenite compared to the control
group. In our study, HGB and RBC values decreased
compared to the control group. There was a significant
decrease in HGB level (P<0.005) between the R group
and Arc-R-2 and between Arc-R-1 and Arc-R-2 groups.
Although these decreases were not significant in the
RBC parameter, they were parallel in terms of
significance. Although the group given royal jelly alone
(R) had the highest HGB and RBC counts, the
combination of sodium arsenite and royal jelly and the
increased dose of royal jelly caused a greater decrease in
HGB and RBC counts. This may be because individuals
administered sodium arsenic may have experienced
anemia due to persistent high levels of this substance in
their bloodstream, which may have triggered erythrocyte
hemolysis and subsequent decrease in hemoglobin
levels.

Hematocrit, also known as packed cell volume, is used
to determine the percentage of red blood cells in whole
blood. Automated methods calculate this value by
multiplying the number of RBCs and the average cell
volume, while manual methods involve measuring the

hematocrit after centrifugation of a microcapillary tube
filled with whole blood [7]. Hematocrit refers to the
percentage of packed blood cells relative to the total
blood volume. The formula HCT = (RBC x MCV)/10 is
used to calculate hematocrit. Following research, it has
been found that chronic exposure to low levels of arsenic
can negatively affect the body's red blood cells,
hematocrit, and hemoglobin levels [16]. There appears to
be a discernible association between arsenic exposure
and decreased RBC and HCT/PCV measurements [30].
Sharma and Rani observed that arsenic exposure
significantly decreased HCT levels in albino rats. In this
study, the lowest HCT level was observed only in the
group given sodium arsenite. Recent research suggests
that low HCT levels may indicate different health
conditions. Low HCT values may be a result of
conditions such as anemia, excessive fluid intake, renal
failure, or chronic inflammatory diseases [34]. The
highest HCT level was detected only in the royal jelly
group, suggesting that royal jelly may increase
hematocrit levels. In conclusion, in the study, hematocrit
levels increased in royal jelly-treated groups but
decreased in sodium arsenite-treated groups. This
suggests that royal jelly may increase hematocrit levels
and arsenic exposure may decrease hematocrit levels.

One of the important values in hematologic analysis is
the Mean Platelet Volume and Platelet count. MPV
shows the average size of platelets and often reflects
platelet activity. These parameters are vital for
understanding the functioning of the blood coagulation
system and for diagnosing various hematological
disorders [35]. Mean Platelet Volume determines the
overall size of blood cells by measuring the size of
platelets. These parameters are used in routine blood
morphology tests and play an important role in assessing
blood clotting ability [36]. In the study, it was found that
the highest MPV rate was in the Arc group and the
lowest MPV rate was in the Arc-R-200 group. Kalia et
al. reported that arsenic exposure caused a decrease in
platelet levels in their study [37]. The highest mean PLT
value was observed in the Arc-R-100 and Arc-R-200
groups. The reason for this is that MPV is inversely
proportional to platelet count under normal physiologic
conditions. That is, the higher the platelet count, the
lower the mean volume of platelets, and this is
associated with maintaining blood clotting ability and
maintaining a constant mass of platelets. [38]. This
suggests a decrease in the average volume of platelets
accompanying their increased production. In different
pathological conditions, this normal physiological ratio
can be disrupted. In particular, increased or abnormal
platelet production, increased destruction of platelets, or
the effect of activation factors on platelets can lead to
changes in the ratios between MPV and PLT. These
changes can be observed during hematologic analyses
and can provide healthcare professionals with important
information about the condition of blood cells.

5. CONCLUSION

Sodium arsenite exposure can cause hematologic
changes in rats. These changes include an increase in

85




Tr. J. Nature Sci. Volume 13, Issue 1, Page 78-87, 2024

white blood cells and decreased levels of red blood cells,
hemoglobin, and hematocrit. An increase in
granulocytes, a marked increase in lymphocytes, and a
decrease in monocytes have also been observed. Arsenic
exposure can also cause a decrease in hemoglobin and
erythrocyte levels and a decrease in hematocrit levels.
These findings emphasize that arsenic exposure can have
serious effects on hematological parameters. It is
suggested that royal jelly administration may influence
these changes and in some cases may be protective
against arsenic exposure. In particular, royal jelly may
have the potential to protect the body against toxicity by
increasing white blood cell count and lymphocyte count.
Changes in mean platelet volume and platelet count were
also observed and it is thought that royal jelly may affect
these changes. Royal jelly may have protective effects
against sodium arsenite toxicity and has been shown to
have positive effects on the immune system. However,
decreases in red blood cells, hemoglobin, and hematocrit
levels have been noted and further research is needed.
Further studies are also needed to identify the
components of royal jelly that contribute to these
positive effects.

The study did not show significant differences in
hematologic parameters such as MID, RBC, MCHC,
MCH, MCV, and PDW. However, decreases in %LYM,
%MID, HCT, and PLT values and increases in WBC,
GRA, and %GRA values were observed in all
experimental groups. These results indicate that royal
jelly may strengthen the immune system against the
effects of harmful substances such as arsenic. The study
also emphasizes the possible protective role of royal jelly
against toxic effects. This suggests that royal jelly may
provide positive effects on health and may be a valuable
complementary food for those aiming to improve health.
However, further research is needed to determine the
appropriate royal jelly dosage and to understand the
mechanisms in more depth. This information highlights
the potential protective effects of royal jelly and its
positive effects on the immune system.
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Abstract: Temperature and irradiance levels are two examples of environmental variables that
affect the power value produced by photovoltaic panels. Therefore, in order to transfer the
maximum power value from the PV panel to the load under varying climatic conditions, maximum
power point tracking (MPPT) algorithms and DC-DC converter topologies are used. In this study,
the performances of boost converter and CUK converter circuit topologies are investigated under
variable irradiance and variable load conditions by using a neural network-based MPPT algorithm
learning particle swarm optimization (PSO). As the first scenario, it is analyzed assuming that the
temperature and irradiance values coming to the panel are constant. As the second scenario, the
performance evaluation of the converter topologies according to the current, voltage and power
parameters is made for the variable load situation. As the last scenario, the difference in the
irradiance value coming to the panel depending on the sun's condition during the day has been
examined. Canadian Solar CS6P-250P PV panel is used in the study. 50 kHz is selected as the
switching frequency. According to the results obtained, it has been observed that the CUK
converter circuit topology reaches the maximum power point faster than the boost converter circuit
topology both in dynamic environmental conditions and load change, and the oscillation at this
point is less. It is aimed to increase the performance of this method, which uses boost converter
topology and MPPT in the literature, by applying CUK converter topology.

Degisken Yiik ve Iklim Kosullar1 Altinda Miistakil Calisan PV Sistemleri icin CUK

Doniistiiriicii Topolojili PSO Egitimli Sinir Ag1 Tabanh MPPT

Anahtar
Kelimeler
Maksimum gii¢
noktasi takibi,
Parcacik siirii
optimizasyon
tabanli sinir agi,
CUK
dontistiiriicd,
Yiikselten tip
dontstiirici

Oz: PV panellerden elde edilen gii¢ degeri sicaklik ve 1s1mm degerleri gibi cevresel faktorlere
bagli olarak degismektedir. Bu nedenle degisen iklim kosullarinda PV panelden maksimum gii¢
degerinin yiike aktarilmasi i¢in maksimum gii¢ noktasi izleme (MPPT) algoritmalar1 ve DC-DC
doniistiiriicii topolojileri kullanilmaktadir. Bu ¢alismada, pargacik siirii optimizasyonu (PSO)
O0grenen sinir ag1 tabanli MPPT algoritmast kullanilarak, yiikselten tip donistiiriicii ve CUK
dondstiirticii devre topolojilerinin performanslari degisken 1sinim ve degisken yiik kosullar altinda
incelenmistir. Ilk senaryo olarak panele gelen sicaklik ve 1smim degerlerinin sabit oldugu
varsayilarak analiz edilmistir. Ikinci senaryo olarak degisken yiik durumu igin akim, gerilim ve
giic parametrelerine gore doniistiiriicii topolojilerinin performans degerlendirmesi yapilmistir. Son
senaryo olarak ise giin igerisinde glinesin durumuna bagl olarak panele gelen 151mim degerindeki
farklilik incelenmistir. Calismada Canadian Solar CS6P-250P PV panel kullanilmistir.
Anahtarlama frekansi olarak 50 kHz secilmistir. Elde edilen sonuglara gore CUK doniistiiriicii
devre topolojisinin hem dinamik g¢evre kosullarinda hem de yiik degisiminde yiikselten tip
doniistiiriicii devre topolojisine gore maksimum gii¢ noktasina daha hizli ulastig: ve bu noktadaki
salinimin daha az oldugu goriilmiistiir. Literatiirde yiikselten tip doniistiiriicii topolojisi ve MPPT
kullanan bu ydntemin performansinin CUK doniistiiriicii topolojisi uygulanarak arttirilmasi
hedeflenmistir.
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1. INTRODUCTION

Due to factors such as technological developments,
increasing population and developing industry, the need
for electrical energy is increasing over time. Fossil energy
fuels, which are used to meet the energy needs, that are of
primary importance in the development of countries, are
gradually depleted. The use of fossil energy fuels is
decreasing day by day due to the harmful gases they emit
to the environment. Renewable energy sources have been
used in order to meet the increasing energy demand in
recent years. The most important advantages of these
resources are that they are clean, constantly renewable,
reduce environmental pollution and have low operating
costs. The most important renewable energy sources used
today are hydroelectric energy, wind energy, solar energy,
geothermal energy and wave energy. Solar energy
systems are preferred because they have no fuel costs,
contain no moving parts, are resistant to climate changes
and directly convert solar energy into electrical energy.
Photovoltaic (PV) panels are the most important part of
solar energy systems. PV panels are obtained from the
combination of PV cells. PV panels are connected in
series or parallel to create an energy system at the desired
power level. Another important factor affecting the PV
panel efficiency is the amount of solar irradiance reaching
to the panel. During the day, the amount of irradiance
reaching to the panel is reduced in cases such as cloudy
weather and tree shadows. As a result, the amount of
power produced decreases and the panel efficiency
decreases. For these reasons, MPPT algorithms are used
to increase panel efficiency. MPPT algorithms basically
try to provide maximum energy to the load by optimizing
the duty ratio of the DC-DC converters that provide the
connection between the PV panel and the load. MPPT
control algorithms are divided into two groups as analog
and digital control. MPPT is provided with the help of
conventional controllers by comparing the reference
voltage and output voltage produced PV panel in analog
control. In the digital control method, the control signal is
produced directly by the pulse width modulation (PWM)
generator.

In both control methods, the aim is to transfer the power
obtained from the PV panel to the load with the highest
possible efficiency through optimization algorithms.
Optimization algorithms are classified as classical and
metaheuristic. Classical optimization algorithms are
frequently preferred in real-time applications due to their
advantages such as simple structure and easy
applicability. The most used optimization algorithms for
MPPT applications are perturb and observe algorithm
(P&O) [1-8], incremental conductance algorithm (INC)
[9]. MPPT is preferred as analog control method in fuzzy
logic-based algorithms (FLC) [3,10-11], neural network-
based (NN) [12-16] and machine learning based [17]
algorithms. Under partial shading conditions, bypass
diodes cause multiple local maximum points in the P-V
characteristic. In this case, classical optimization
algorithms cannot reach the global maximum because
they follow the local maximum. Metaheuristic

optimization algorithms are used to increase PV panel
efficiency. Major metaheuristic optimization algorithms;
African vulture optimization algorithm (AVOA) [18],
crow search algorithm (CSA) [19], butterfly optimization
algorithm (BOA) [20], whale optimization algorithm
(WOA) [21], most valuable player algorithm (MVPA)
[22], squirrel search algorithm (SSA) [23], shuffled frog-
leaping algorithm (SFLA) [24,25], BAT search [26],
Harris hawk optimization (HHO) [27], search and rescue
algorithm (SRA) [28] and particle swarm optimization
(PSO) [7,29-33]. There are comparisons of some
metaheuristic  optimization algorithms based on
performance parameters such as complexity, efficiency,
and convergence time [34,35]. Al-Majidi et al designed a
feedforward artificial neural network (ANN) for MPPT.
In order to increase the accuracy of the model designed
for MPPT, the PSO algorithm is used for the initial
weights and selection of the best topology. While training,
irradiance values and temperature values are determined
as input variables, and power value is determined as
output variable. In order to prove the accuracy of the
designed model, a real-time data collection system is
created. With this system, 48500 data are collected in a
year on sunny and cloudy days. The suggested approach
is compared with P&O, FLC, and traditional ANN
algorithms. The outcomes gained show that the proposed
strategy is successful. A boost converter topology is
recommended to raise the input voltage produced by the
PV panel [36]. In this study, it is aimed to increase the
performance of the proposed method by applying it to
amplifying type and CUK converter circuit topologies.
This paper is structured as follows: PV cell model, boost
converter, CUK converter, PSO, NN and PSO training
NN are explained in Sect. 2. The simulation model created
to compare the performance of the boost converter and
CUK converter circuit topologies and the results are
presented comparatively in Sect. 3. Finally, conclusions
are given is Sect. 4.

2. MATERIAL AND METHOD
2.1. PV Cell Model

PV cells are obtained from the combination of p-n
semiconductor elements. PV cells are semiconductor
materials that generate current depending on the
irradiance value. The most frequently used single-diode
PV cell model in the literature for modeling PV cells is
shown in Figure 1 [37]. L,, is the current produced by
light photons, I; is the diode current, G is the irradiance
value from the sun, T is the temperature value, Vp is the
voltage value obtained from the PV panel. In materials
with a thin film structure made up of extremely thin
layers, R, represents the total of the resistances formed
between the layers and surrounding the cell, and R;
represents the sum of the resistances of the semiconductor
material forming the cell and the contact resistances
formed at the junction points of the cells.
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Nomenclature Abbreviation
PV Photovoltaic BOA Butterfly optimization algorithm
MPPT Maximum power point tracking WOA Whale optimization algorithm
PWM Pulse width modulation MVPA Most valuable player algorithm
P&O Perturb and observe SSA Squirrel search algorithm
FL Fuzzy logic SFLA Shuffled frog-leaping algorithm
P&O Perturb and observe HHO Harris hawk optimization
INC Incremental Conductance SRA Search and rescue algorithm
NN Neural networks PSO Particle swarm optimization
CSA Cuckoo search algorithm ANN Artificial neural network
BLDC Brushless direct current ML Machine Learning
AVOA African vulture optimization algorithm
G ik The two most significant factors influencing PV panel
! v AL output power are temperature and irradiance levels.
4 Ir R I . . .
L Figure 2 shows the voltage dependent variation of the
T_,CD Toy D Rp ':‘E Vv output power and current of the Canadian Solar CS6P-
250P PV panel according to the constant irradiance and
o variable temperature values. It is seen that as the

Figure 1. Single diode PV cell model [16]

The equations for modeling PV panels are given in
Equations (1-5).

I=L,—-1;—1I, (1
Vg
Iy =1, (e kT — 1) (2)
Vag=V +1IRs (3)
q(V+IRg)
Id = IO e nkT (4)

av+1Rs)\  V + IRg
1=1pv—10(e kT )—R—
14

Where n represents the diode ideality constant, T
represent for the cell temperature (K), k is the Boltzman
constant (J/K), q is the electron charge (C) and Io
represents reserve saturation current (A). Canadian Solar
CS6P-250P was used as PV panel in the study. The
features of this panel are given in Table 1.

Table 1. Canadian Solar CS6P-250P

Parameters Value
Maximum Power 249.83 W
Open Circuit Voltage 37.2V
Vmp 301V
Isc 8.87 A
Imp 8.3A
Temperature coefficient of Isc (%/deg.C) 0.063698
Temperature coefficient of Voc (%/deg.C) -0.3654
Ncell 60
10 Canadian Solar CS6P-250P;
T 25°%
= 35 °C
E 5 45 °C |
E]
o
0 : : : . : . 58
0 5 10 15 20 25 30 35 40
Voltage (V)
300 ;
= 25 °C
= 200 | - 35 °CH
o 45 °C
Z 100 .
o
o . : : . : . b
0 5 10 15 20 25 30 35 40
Voltage (V)

Figure 2. PV system curves at fixed 1000 W/m2 irradiance value

temperature value increases, the voltage value decreases
and the power value increases in Figure 2.

Figure 3 illustrates the variation of the output power and
current depending on the voltage, according to the
constant temperature and variable irradiance values. As
can be seen from Figure 3, the current value decreases as
the irradiance value decreases. In addition, since the
power value depends on the voltage and current values, it
is seen that there is a decrease in this value.

Canadian Solar CS6P-250P

10 F 1 kw/m?
0.8 kW/m

o
T

Current (A)
-
o
=<
=
EN

N

0 5 10 15 20 25 30 35 40
Voltage (V)

1
0.

0.6 kW/m?
0.4 kW/m*

Power (W)

L L L L L L

0 5 10 15 20 25 30 35 40
Voltage (V)

Figure 3. PV system curves at fixed 25C temperature value
2.2. Boost Converter Model

Step up circuit topologies that transfer the unadjusted DC
voltage value applied to the input to the output at higher
levels and adjustable. It is also known as step up
converter. It operates in two different states depending on
the open or close state of the switching element. In the
case of switching is ON-mode, the diode is polarized in
the opposite direction and shows open circuit property. In
the case of switching is OFF-mode, the diode is forward-
biased and shows short-circuit characteristics. The boost
converter circuit topology is shown in Figure 4 [16].

YYY\ ||
L1 +
L D |

Figure 4. Boost converter circuit topology
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The boost converter parameters are determined using the
following equations. Average output current;

I, = P 6
0=y ©)
Al = (0.05) (7
Vin
AV =V,(0.01) (8)
Inductance;
_ Vin (VO - Vzn) (9)
fAIV,
Capacitance;
Vi, Vo = V;
C — I.Tl( 0 I.Tl) (10)

FAIV,

The circuit parameters of the boost converter used in
simulation studies are given in Table 2.

Table 2. The parameters of Boost converter topology

Parameters Value
L 1mH
Cinand C, 100 uF-42.5 uF
R. 30Q
Switching Frequency (f) 50 kHz

2.3. CUK Converter Model

CUK circuit topologies that transfer the DC voltage value
applied to the input to the output at higher or lower levels.
Today, CUK converters are used in brushless direct
current (BLDC) motor driver circuits, renewable energy
systems and pulse width modulation (PWM) based PV
systems. The most important difference of CUK
converters from other converters is the use of capacitors
for energy transfer. The CUK converter circuit topology
is shown in Figure 5.

Figure 5. CUK converter circuit topology

The following equations are used in the CUK converter
design given in Figure 5;

Duty ratio;
D= % (11)
VL’n - VO
Average inductance currents;
. Ps 12
i1 = VI"J" (12)
7 (13)

il =
_VO

Rate of change inductance currents;

Qi = i1 (%10) (14)
Aiy =1i5(%10) (15)
Inductances;
Vin D
L =—— (16)
! fAi,
L, = 2D (17)
2 fAi,

Rate of change capacitance voltage;

AV = (Vi — V) 0.01 (18)

Load resistance;
RV (19)

P
Capacitances;
¢, =D 20
YU RfAV, (20)
Ch =

27 0.01f28L, (21)

where we have; Vi, input voltage (V), Vo output voltage
(V), iL average inductance current (A), D duty ratio, 4i_
rate of change inductor current, L inductance (H), C
capacitance (F), 47V; rate of change capacitor voltage, R
load resistance (), f switching frequency (Hz), r ripple,
ra ripple at Cs.

Circuit parameters of the CUK converter used in
simulation studies are given in Table 3.

Table 3. The parameters of CUK converter

Component Parameters
L;and L, 5.74 uH—1.59 uH
C,and C, 39.5 uF- 8.36 uF

R 30Q
Switching Frequency 50 kHz

2.4. Particle Swarm Optimization

The PSO algorithm was first developed in 1995 by R.C.
It was introduced by Eberhart and J. Kennedy. The basis
of the algorithm is based on the behavior of flocks of
birds. Swarms are made up of particles. Each particle
adjusts its position to its best position, taking advantage
of its previous experience. Afterwards, all particles update
their position according to the best particle of the swarm.
This process continues until the goal is reached. In Figure
6, the flow chart of the PSO algorithm is given. The
particle velocity and position are shown in the equations
below. The velocity and position information of the
particles are calculated according to Equation 22 and
Equation 23 [31].

P xi

g _ i
. . -x
Viy1 = Wy, + cirand + czrand% (22)

Xip1 = Xp + Vjoyq (23)
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Establish the parameter
(w,cq,62)

Set the initial position and
velocity of the particles to
be random.

Update position and
velocity

|<7

Calculate the fitness
function

|Update pbest and gbest |

IT termination
criteria satisfied?

Show optimum
parameters

Figure 6. PSO flowchart
2.5. Neural-Network Model

The first artificial neural network model was created in
1943 by W. McCulloch and W. Pitts. In general, neural
networks have usage areas such as system modeling,
handwriting recognition, automatic vehicle control, voice
recognition, fingerprint recognition and meteorological
interpretation. An artificial neuron is shown in Figure 7.

f (activation) [ v; '

activation function output

threshold
Figure 7. Artificial neuron

2.6. PSO training Neural-Network Model

PSO algorithm is used in training neural networks in order
to obtain faster training process and convergence time.
The algorithm is started by choosing a random location
for each particle. The velocity and position information of
each particle is updated using Equation 22 and Equation
23 by creating loops as many as the number of particles.
Then the Gbest value is updated by comparing it with the
Pbest values in each iteration. Finally, the algorithm is
terminated by looking at the stopping criteria. The
flowchart of NN training with PSO is shown in Figure 8.

START
Initialize Parameters

]
M

get x; and v;

Update velocity and
position

l

LocalP(i) < Pbest(i)
l Y
Pbest(i)=P(i) e i=i+1 ‘—I
l |
Y

i=i+1 | < number of particle

! I

Y a
Gbest < Min H —

I = number of particle ~~——
s !
get Pbest Iteration ++
N Y
Pbest < Gbest Iteration < Max A
I i
Gbest=Pbest (j) —_— ( FINISH e

Figure 8. PSO training NN Algorithm [38]
3. RESULTS AND DISCUSSION

The simulation model shown in Figure 9 was created to
compare the performances of the boost converter and the
CUK converter. While creating the simulation model,
Canadian Solar CS6P-250P was chosen as the PV panel.
Boost converter and CUK converter circuit topologies are
utilized as DC-DC converter architectures to raise the
voltage at the panel output. 309 resistive as load, PSO
trained neural network maximum power point tracking
(NN MPPT) algorithm is used to optimize the duty ratios
of converter topologies. The irradiance values were
determined as 1000 W/m?, 800 W/m?, 600 W/m?, 400 W/m?
in the first case, constant 700 W/m? in the second case and
a trapezoidal function in the last case. Irradiance values
for different scenarios are shown in Figure 10.

1000

800 -—\—\
600

500

o 0.1 0.2 0.3 0.4 0.5 06 0.7 08 0.9 1
Time (seconds)
a

First Scenario
Secend Scenario

©
2
=]

Iradiance (Wlmz)
“
=1
[=]

Third Scenario

Irradiance (mez]

o 1 2 3 4 5 6 7 8 9 10
Time (seconds)
b

Figure 10. Irradiance values for a) first and second scenarios, b) third
scenario
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Figure 9. Simulation Model

First Scenario: In the first scenario, the irradiance value
was initially selected as 1000 W/m? and the converter
performances were examined by reducing 200W/m? in
0.2s intervals. The irradiance value was determined as 800
W/m?in the 0.2-0.4s time interval, 600 W/m? in the 0.4-
0.6s time interval and 400 W/m? in the 0.6-0.9s time
interval. Irradiance values are chosen as high, medium
and low irradiance levels and the changes in current,
voltage and power at these values are investigated. The
temperature was determined as 25°C fixed values. Figure
11 shows the time-dependent variation of the load
currents of the boost converter and CUK converter circuit
topologies.

Boost Converter
CUK Converter

Current (A)
o

0o 0.2 0.4 0.6 0.8 1

Time (seconds)
Figure 11. Boost converter and CUK converter output currents

In Table 4, the current values of both converters are given
for the scenario determined above.

Table 4. The performance of Boost and CUK converter topologies

Time . Boost CUK
Irradiance Value
Converter | Converter
0-0.2s 1000 W/m? 2.856A -2.88A
0.2-0.4s 800 W/m? 2.558A -2.58A
0.4-0.6s 600 W/m? 2.21A -2.24A
0.6-1s 400 W/m? 1.81A -1.83A

L

MPPT BOOST PWM BOOST

In Figure 12, the change in the voltage values of the boost
converter topology and the CUK converter topology due
to the decrease in the irradiance value at certain time
intervals is shown.

—— Boost Converter
CUK Converter

Voltage (V)

0.8 1

0.2 0.4 0.6
Time (seconds)
Figure 12. Boost converter and CUK converter output voltages

The variation of the load voltage obtained depending on
the irradiance value with respect to time is given in Table
5.

Table 5. The performance of Boost and CUK converter topologies

Time Irradiance Boost CUK
Value Converter Converter
0-0.2s 1000 W/m? 85.6V -86.5V
0.2-0.4s 800 W/m? 76.6V -77.5V
0.4-0.6s 600 W/m? 66.5V -67V
0.6-1s 400 W/m? 54V -54.5V

In Figure 13, the variation of the power consumed on the
load connected to the output in DC-DC converter
topologies according to time is given.
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Figure 13. Boost converter and CUK converter output powers

In Table 6, the power values transferred to the load for the
first scenario are shown in comparison.

Table 6. The performance of Boost and CUK converter topologies

Time Irradiance GMPP Boost CUK
Value Converter | Converter
0-0.2s 1000 W/m? 249.83W 244 5W 249.12W
0.2-0.4s 800 W/m? 201.56W 196 W 200.5W
0.4-0.6s 600 W/m? 152.01W 147W 150.6W
0.6-1s 400 W/m? 101.36W 98W 99.5W

When the results of both converters are examined, it is
seen that the CUK converter circuit topology reaches the
MPP point in a shorter time compared to the boost
converter topology for the first scenario. In addition, it has
been observed that there is less oscillation in the current,
voltage and power values of the CUK converter circuit
topology at the MPP point. The performance criteria such
as settling time, rise time and oscillation (output power)
of these two converters are shown in Table 7
comparatively.

Table 7. Comparison of Boost and CUK converter performance (0-0.2s)

Boost Converter
CUK Converter

Current (A)

0 0.‘2 0.‘4 0;6 O.‘S 1
Time (seconds)
Figure 14. Boost converter and CUK converter output currents

As the load value connected to the output of the converter
changes, the current value also changes accordingly. The
current values obtained for this scenario are shown in
Table 8.

Table 8. The performance of Boost and CUK converter topologies

Time Irradiance Load Boost CUK
Value Converter | Converter

0-0.3s 700 W/m? 20Q 2.98A -2.95A

0.3-0.6s 700 W/m? 25Q 2.62A -2.63A

0.6-1s 700 W/m? 30Q 2.39A -2.4A

Performance Metrics Boost CUK
Converter Converter
Settling time (sec) 132 ms 10 ms
Rise time (sec) 110 ms 5.14 ms
Oscillation (%) (Power) % 1.78 % 0.22

Second Scenario: In the second scenario, the effect of
load change on converter performance (current, voltage
and power) was examined by keeping the irradiance value
and temperature constant. For this purpose, the irradiance
value is determined as 700 W/m? and the temperature was
determined as 25°C fixed values. The situation where the
load value changes at intervals of 0.3s has been examined.
The load value was determined as 202 in the 0-0.3s time
interval, the load value in the 0.3-0.6s time interval as 250
and the load value in the 0.6s and later time period as 30€.

Figure 14 shows the variation of the currents of the boost
converter and CUK converter circuit topologies for the
load change situation at certain time intervals.

Figure 15 shows the time-dependent variation of the
output voltages of the second scenario boost converter and
CUK converter.

80 T T T T

60 -

Boost Converter
40 - 70 —— CUK Converter
20 |

ot

Voltage (V)

-20

-40

-60

80 I . . L
0 0.2 0.4 0.6 0.8 1

Time (seconds)
Figure 15. Boost converter and CUK converter output voltages

The change in the current value affects the voltage value
so that the power transferred to the load remains constant.
The output voltage values of both converters for 700
W/m2 fixed irradiance value and variable load values are
given in Table 9.
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Table 9. The performance of Boost and CUK converter topologies

Time Irradiance Load Boost CUK
Value Converter | Converter
0-0.3s 700 W/m? 20Q 58.6V -59vV
0.3-0.6s 700 W/m? 25Q 65.5V -65.8V
0.6-1s 700 W/m? 30Q 71.8V -72.1V

Figure 16 is given for the type converter and the CUK
converter topology that amplify the time-dependent
variation of the power dissipated on the load.

200

150 r

Boost Converter
CUK Converter

Power (W)
g

50

[¢]

0 012 0.‘4 0.‘6 018 1
Time (seconds)
Figure 16. Boost converter and CUK converter output powers

In Table 10, the power values transferred to the load for
the second scenario situation are presented.

Table 10. The performance of Boost and CUK converter topologies

Time Irradianc Loa GMPP Boost CUK
d Converte | Converte
e Value r r

0-0.3s 700 Wim? | 20Q 176.941 171.6W 174W
W

0.3- 700 Wim? | 25Q 176.941 171.6W 174W
0.6s W

0.6-1s 700 Wim? | 30Q 176.941 171.6W 174W
W

It has been observed that the CUK converter circuit
topology reaches the MPP point quickly for the situation
where the load value changes at certain intervals, while
the boost converter topology cannot fully reach the MPP
point and oscillates more in current, voltage and power
values. DC-DC converters performance parameters rise
time, settling time and oscillation (%) for the two
designed models are given in Table 11.

Table 11. Comparison of Boost and CUK converter performance (0-
0.25)

Performance Boost CUK
Metrics Converter Converter
Settling time (sec) 122 ms 9ms
Rise time (sec) 90 ms 4.1 ms
Oscillation % 2.298 % 0.115
(%) (Power)

Third Scenario: As the last scenario, the difference in the
irradiance value coming to the panel depending on the
sun's condition during the day has been examined. In
order to evaluate this situation, a function whose
irradiance value changes trapezoidal is chosen. The
variation of irradiance with time for this scenario is shown
in Figure 10b. At 700 W/m?, 25 °C, GMPP is 50.027W,
while for 1000 W/m?, 25 °C, the GMPP is 249.83W. The
boost converter output power is given in Figure 17.

0 2 4 6 8 10
Time (seconds)
Figure 17. Boost converter output power

The irradiance value was determined as 200 W/m? in the
0-1s time interval. In this case, the settling time is 0.123s
and the output power is 47.5W. In the 1-4s time interval,
the irradiance value increased linearly. Depending on the
increase in irradiance, the power value transferred to the
load also increased. In the case of 1000 W/m? irradiance
in the 4-6s time interval, the power value is 244.5W.
While the irradiance decreases linearly between 6-9s, the
power value also decreases as the power value changes
directly proportional to the irradiance. Finally, when the
irradiance value is considered 200 W/m? again, the output
power value is measured as 47.5W.

250
200
150
100 |
50— —

of

Power (W)

0 2 4 6
Time (seconds)

Figure 18. Boost converter output power

The CUK converter output power is seen in Figure 18.
The output power value transferred to the load in the 0-1s
time interval was measured as 48W in 0.016s. Figure 18
shows an increasing power change in response to the
increasing irradiance value in the 1-4s time interval, and
a decreasing power change depending on the decreasing
irradiance value in the between 6-9s. The power is
249.6W in the between 4-6s. Finally, when the irradiance
value is considered as 200 W/m? again, the power value is
measured as 48W.

4. CONCLUSION

Solar energy systems are the most preferred renewable
energy source due to their low maintenance costs. In order
to adjust the output voltage of the PV panel to the desired
values, booster type and CUK converter topologies are
used. In this study, the PSO-based NN optimization
algorithm was applied to both converter topologies. The
performance of the converters for different scenarios was
compared according to parameters such as settling time,
rise time and oscillation. Firstly, DC-DC converter
topologies for variable irradiance conditions are
compared and performance criteria are presented. As the
second scenario, the performance evaluation of the
converter topologies according to the current, voltage and
power parameters is made for the variable load situation.
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In this situation, the CUK converter topology has reached
its MPP by responding faster to all load change situations.
Since the angle of incidence of the sun rays cannot reach
the panels at the same rate during the day, the irradiance
value is determined as a trapezoidal function in order to
evaluate this scenario. The performance of the DC-DC
converters under these scenarios is investigated. It is
observed that the CUK converter responds faster to
changes and reaches MPP earlier than the boost converter.
In studies conducted for three different cases, it is
observed that the CUK converter reaches the MPP faster
and oscillates less than the boost converter.
Matlab/Simulink program is used for simulation studies.
PSO algorithm is frequently preferred in optimization
problems due to its advantages such as simple structure
and easy applicability. In this study, the panel data is
trained with a neural network based on the PSO
optimization algorithm. CUK converter circuit topology
has been applied to this method, which is mostly used with
boost converter structure in the literature, and it has been
tried to contribute to the relevant field and successful
results have been obtained. As a future research, the
application of different optimization algorithms that have
not yet been applied in this field to these systems will be
studied.
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Keywords Abstract: The presence of soil affected by cadmium (Cd) and lead (Pb) and their metals is
Quinoa, increasing daily. Quinoa is a plant that can grow in harsh conditions due to being a halophyte
Chenopodium plant. This study was planned to examine the effects of lead and cadmium metals, two of the
quinoa Willd, most common metals today, on plant growth, physiology and some biochemical properties of
Heavy Metal, quinoa. Within the scope of the study, heavy metal applications were made as 1 control (no
Cadmium, application), 4 doses of Cd (50, 100, 150 and 200 mg/kg), and 4 doses of lead (500, 1000, 1500,

Lead 2000 mg/kg). In this study, which was carried out in Atatiirk University Plant Production and
Application Center greenhouse conditions, it is observed that the metals applied negatively
affected the parameters in the plant, and cadmium metal had a more toxic effect than lead metal.
It is determined that the fresh weight of the plant lost 62% at the Cd 200 level and 45% at the Pb
2000 level compared to the control group.

Kadmiyum ve Kursun Uygulamalarmin Kinoanin (Chenopodium ginoa Willd.) Gelisimi ve
Fiziksel Yapis1 Uzerine Etkisi

Anahtar Oz: Cd ve Pb metallerinin etkiledigi toprak varligi her gecen giin artmaktadir. Kinoa halofit bir
Kelimeler bitki oldugundan tuzlu topraklarda yetisme kabiliyetine sahiptir. Bu ¢aligma, gliniimiizde sik¢a
Kinoa, rastlanan metallerden ikisi olan kursun ve kadmiyumun, kinoada bitki biiylimesi, fizyolojisi ve
Chenopodium bazi biyokimyasal 6zelliklerine olan etkilerini incelemek igin planlanmigtir. Caligma kapsaminda
quinoa Willd, 1 kontrol (hi¢bir uygulama yapilmayan), Cd 4 doz (50, 100, 150 ve 200 mg/kg), kursun 4 doz
Agir Metal, (500, 1000, 1500, 2000 mg/kg) olacak sekilde agir metal uygulamalar1 yapilmistir. Atatiirk
Kadmiyum, Universitesi Bitkisel Uretim ve Uygulama Merkezi sera kosullarinda yapilan bu ¢alismada
Kursun uygulanan metallerin bitkideki parametreleri olumsuz etkiledigi, kadmiyum metalinin, kursun

metalinden daha toksik bir etkiye sahip oldugu gorilmistiir. Bitki yas agirliginin Cd 200
seviyesinde kontrol grubuna gore %62, Pb 2000 seviyesinde ise %45 oraninda kayba ugradigi
tespit edilmistir.

1. INTRODUCTION

Quinoa (Chenopodium quinoa Willd.) belongs to the
Chenopodiaceae family, growing in the Andes Mountains
region of South America [1]. Its extraordinary adaptation
to climate and soil conditions increases the spreading
worldwide. It is widely grown worldwide, including
Europe, North America, North Africa and Asia [2, 3]. The
chemical and nutritional compositions of quinoa are

greatly affected by genetic diversity, geographical
locations and growing environmental conditions [4]. It is
reported that the number of countries where quinoa grows
was 8 in 1980 and 40 in 2010, which is more than 100 in
2021 [5]. Quinoa cultivation in Turkey started in the
2000s. It was initially a product exported from South
American countries and sold in luxury markets at high
prices, but today, it has begun to take place at more
affordable prices with the spread of domestic production.
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Studies on identifying and developing suitable varieties
for Turkey among the quinoa species brought from abroad
are continuing. Limtar White, the first possible variety for
Turkey, received production permission in 2016.
According to unofficial figures, it is estimated that it is
cultivated in approximately 15 thousand decree areas in
our country [6].

Quinoa seeds are used in human nutrition, like bulghur
and rice, and since it does not contain gluten, they are
known as a safe food source for celiac patients, a genetic
disease [7]. The protein content of quinoa seeds is
between 7.5% and 22.1%, which means that the plant is a
good protein source [8, 9]. Quinoa is also used as a forage
plant and in animal nutrition in dry grass and silage form
due to its ability to be easily ensiled [10]. The straw and
hay of the plant have been included in the nutrition
programs of sheep, cattle and horses in South America for
many years [11].

Quinoa is known as one of the most essential grains of the
21st century due to its nutritional and biological properties
and its resistance to environmental conditions [12]. There
is particular interest in quinoa due to its ability to adapt to
harsh conditions, including saline soils, drought and
stressful environments. The reason why it is resistant to
arid conditions is that it has a tap root system. [13]. Most
scientific research on quinoa focuses on its behavior on
abiotic stresses such as drought and salinity. In recent
years, many studies have been conducted on this plant's
harsh temperature conditions and heavy metal stress [14].
Some quinoa varieties can accumulate high amounts of
metal in their leaf tissues even if the soil or environment
contains a low rate of heavy metal. This situation
increases the importance of the plant when assessed with
heavy metal pollution increasing [15].

Overuse of chemical fertilizers in agricultural activities
causes the accumulation of potassium, nitrogen,
phosphorus and some nutrients in the soil.
Disproportional use of pesticides and chemical fertilizers,
industrial activities and environmental pollution cause
heavy metal accumulation. It is reported heavy metal
pollution affects approximately 235 million hectares of
arable land worldwide [16]. As seen in all kinds of
pollution, firstly plants are affected by heavy metal
pollution [17]. Heavy metals accumulate in soils on the
surface or at depths near the surface [18]. Heavy metal
stress conditions negatively affect plant growth, yield and
productivity. As a result of these adverse effects, the
plants' metabolic, physiological and biochemical
properties are involved [19]. These metals, which
accumulate in plants, enter the food chain, reach other
living organisms, and can increase toxic levels for human
health. Each plant has the potential to absorb and
accumulate heavy metals. Many studies have shown
variations in metal uptake, even among different
genotypes of the same plant species [20].

Cadmiim and lead are the most known heavy metals. Cd
enters the human body through the food chain and causes
serious health problems [21]. The use of cadmium in
many industrial branches increases the risk of
contamination of foodstuffs with soil, air and water. It is

one of the leading metals from agricultural activities [22,
23]. It causes oxidative stress, growth delay and inhibition
of plant enzymatic reactions [24, 25, 26]. In addition, it
causes chlorosis (yellowing) and color change (browning)
at the root tips and that can cause plant death.

Heavy metals prevent the transportation of nutrients from
the root to the leaves and branches and negatively affect
photosynthesis by suppressing chlorophyll biosynthesis
[27, 28]. Also, some lead is present in plants, but that does
not mean lead is an essential component in metabolism
[29]. Increasing its concentration in the soil suppresses the
growth and development of plants and decreases yield
[30, 31]. Additionally, Pb negatively affects seed
germination and suppresses the plant's root development,
even causing the death of the plant [32, 33, 34, 35].
Halophytic plants such as quinoa can be used for cleaning
soils contaminated with lead and cadmium metals [19].
Within the scope of this study, the effects of different
doses of cadmium and lead metals on plant growth,
physiology and some biochemical properties of quinoa
were examined.

2. MATERIAL AND METHOD

The study uses the seeds of the Titicaca variety of quinoa
(Chenopodium quinoa Willd.). The experiment was
performed for 9 different applications (control + 4 Cd
applications + 4 Pb applications) and three replications for
each. There were two pots in each repetition. It was
applied in a completely randomized design with 54
(9x3x2=54) pots. The volume of each pot is 2 liters and it
was filled with a mixture of garden soil, peat and sand. In
the control group, heavy metal application was not made.
Heavy metal applications were performed by four
different doses of cadmium and lead. Cd dose was
performed by using CdSO..8H,0 with 50, 100, 150 and
200 mg/kg. Lead doses were applied using PbNO3; with
500, 1000, 1500 and 2000 mg/kg. Heavy metals were
added into the soil mixture in each pot by a homogeneous
mixture and each incubation period was performed for
three weeks. Soil and heavy metal concentration rates
were determined from the literature reviews [36, 37, 38].
At the end of the incubation period, 7 seeds were planted
in each pot with a depth of 1 to 1.5 cm. After the seedlings
were formed, thinning was done and 4 seedlings were left
in each pot. The moisture rate of the soil was constantly
checked and required watering was applied at appropriate
rates. The potting work was completed in 50 days.
Afterwards, the following measurements and analyzes
were made.

2.1. Physical Methods

Within the scope of the study, seedling height (cm) and
number of leaves are measured. Additionally, fresh and
dry weights (g) of roots and above-ground plant parts
were determined. The samples were kept at 68 °C to
determine the dry weights until they reached constant
weight. LICOR, LI-3100 model (Lincoln, NE, USA)
device was used for leaf area measurement and SPAD-
502 model chlorophyllometer (Konica Minolta Sensing,
Inc., Japan brand) was used for chlorophyll determination.
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2.2. Electrical Conductivity (EC)

When plants are exposed to stress, the damage usually
occurs in leaf tissue or cell membranes. The damage rate
is measured by measuring the electrical conductivity in
fresh leaf tissues. In this study, two plants were randomly
selected from each replicate and the youngest leaf on the
plant was used for electrical conductivity measurement.
Samples taken from the leaves with a diameter of 1 cm
were put in 20 ml of pure water and shaken for 24 hours
and then electrical conductivity was measured [39]. In this
way, permeability, which also indicates damage in the cell
membranes, was determined (EC1). Afterwards, the
samples were put in an autoclave at 121 °C for 20 minutes
to ensure the complete disintegration of cells and tissues
and then the second measurement was performed (EC2).
Finally, the required calculation determines the relative
electrical conductivity ratio (EC1/ EC2) [39].

2.3. Leaf relative water content (LRWC)

Leaf relative water content (LRWC) was determined
according to [39].

2.4. Hydrogen Peroxide (H202) Analysis

For this analysis, the methods and applications mentioned
in the studies of Sahin et al. and Caska Kiligaslan et al.
were preferred [40, 41]. The procedures and sequences
mentioned here were applied to quinoa with minor
modifications. In this context, firstly, leaf tissues were
homogenized in 0.1% (w/v) TCA solution on ice and the
homogenate was centrifuged at 12,000 g for 15 minutes.
The resulting supernatant was added to the mixture of 10
mmol I* potassium phosphate buffer (pH 7.0) and 1 mol
IT potassium iodide. Following this process,
measurements were made at a 390 nm absorbance level.
Measures made at different intervals were evaluated using
a standard curve created under appropriate conditions.

2.5. Lipid Peroxidation
Analysis

(Malondialdehit-MDA)

For MDA analysis, the methods mentioned in the studies
of Sahin et al. and Cagka Kiligaslan et al. were used [40,
41]. The leaves were put into the fine powder using liquid
nitrogen and then leaf extracts were extracted using cold
ethanol. The obtained crude extracts were centrifuged at
12,000 g for 20 minutes with heated trichloroacetic acid,
thiobarbituric acid, butylated hydroxytoluene and a
supernatant mixture. Then, the mixture was cooled in an
ice bath and centrifuged again. Finally, measurements
were made at 400, 500 and 600 nm absorbance values.
Finally, the MDA concentration is defined with the help
of a coefficient of 155 mmol Lt cm™.

2.6. Statistical Assessment
Within the scope of the study, a random parcel trial design

was preferred and three repetitions were made. SPSS 18
package program was used to evaluate the results,

analysis of variance and Duncan's multiple comparison
test was applied.

3. RESULTS

The effects of cadmium and lead metals at different
concentrations on quinoa development are presented in
Table 3.1. The plant height is negatively affected by Cd
and Pb applications. The results for both metals are
statistically in the same group. The lowest values for fresh
and dry weights of plants and roots were determined at the
highest metal concentrations. For the Cd 200 level, fresh
plant weight decreases by 62% compared to the control,
and for the Pb 2000 level, it reduces by 45%. Heavy
metals are known to prevent the plant from absorbing
nutrients from the soil. This situation restricts plant
growth parameters such as plant and root lengths, number
of leaves and leaf area [42, 43]. Similar results were
obtained in our study when compared to previous studies.
Fresh root weight decreases by 64% and 50% in Cd 200
and Pb 2000 exposures. Heavy metal deconstructs the
structure of cell membranes and damages the root
surfaces, negatively affecting root length [44]. In a similar
study made on quinoa, root dry weight decreased by 66-
63% in Cd 90 and Pb 150 applications [19]. In another
study, where the heavy metal concentrations were applied
to annual grass (Lolium multiflorum Lam.) at the same
rate, even seed emergence was not achieved with the last
two doses of cadmium metal, while all seeds emerged
ultimately in quinoa [45].

Table 3.1. Effect of Cd and Pb exposure on quinoa development

Plant Plant Plant Root Plant
Expos length fresh Dry_ Fre§h Dr){
ure (cm) weight (q) Weight Weight Weight

@) () ()

Contr | 9,350+1,3 | 1,910+0,4 0,300+0,1 | 0,145+0,0 | 0,100+0,0
ol 43a 95a 41a 07bc 14b
Cd50 | 9,433+1,1 | 1,600 0,227+0,0 | 0,120+0,0 | 0,097+0,0

Ola +0,150ab 28ab 17de 06b
Cd 9,233£1,6 | 1,300+0,2 0,153+0,0 | 0,110 0,083+0,0
100 92a 36bc 25bc +0,100e 06b
Cd 10,400+2, | 1,397+0,5 0,163+06 | 0,087+0,0 | 0,067+0,0
150 007a 06abc Obc 06f 06bc
Cd 9,133£0,9 | 0,723 0,117+0,0 | 0,053+0,0 | 0,027+0,0
200 24a +0,171d 28¢c 069 06d
Pb 9,667+1,0 | 1,583+ 0,167+ 0,170+£0,0 | 0,103+0,0
500 69a 0,231ab 0,035bc 10a 06b
Pb 10,500+0, | 1,677+0,1 0,200+0,0 | 0,157 0,867+0,0
1000 854a 40ab 17bc +0,012ab 57a
Pb 9,833£0,4 | 1,407+0,0 0,177+0,0 | 0,134+0,0 | 0,080+0,0
1500 16a 86abc 06bc 06cd 10b
Pb 9,734+0,3 | 1,057+0,2 0,140 0,073+£0,0 | 0,040+0,0
2000 21a 06¢d +0,026bc 23fg 10cd

There is no statistical difference between the means
shown with the same letter given. The effects of lead and
cadmium applications on the number of leaves in quinoa
are shown in Table 3.2. The leaf area of the control group,
which is 12,750, decreased to 9,667 for cadmium 200
(24% decrease). It is reported that heavy metals
decompose the chloroplast structure and thus reduce the
chlorophyll content of plants. However, it also negatively
affects stomatal conductance in plants, preventing the
continuity of the photosynthesis process and reducing
water consumption. As a result, yield and product quality
are also negatively affected [46]. Although the amount of
chlorophyll in some applications decreases in this study
compared to the control group, it is included in the same
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statistical group (Table 3.2). Leaf area decreases with the
increase in heavy metal. At the highest dose of cadmium,
the leaf area had the lowest value among all samples
(42,570 cm?/plant). Lead applications negatively affect
the leaf area, and the results of Pb 1500 and 2000
applications were in the same statistical group. Electrical
conductivity increases with heavy metal applications, and
LRWC value decreases. The decrease in LRWC value
may be due to heavy metal-induced reductions in
hydraulic conductivity [47].

Table 3.2. Effects of Cd and Pb exposure on physical properties

Leaf Chlorop Leaf area
Expo Number hll EC LRWC
sure (for each Y (cm?/plant (%) (%)
(SPAD)
plant) )
Contr | 12,750+0, 43,4001 | 98,640+£13, | 54,815+4 | 82,745+4,
ol 636ab ,697a 641a ,772¢c 433a
Cd50 | 13,5330, 42,367+3 | 76,163£19, | 65,153+5 | 80,8371,
585a ,564a 247abc ,505b 385a
Cd 10,800+2, 39,006, | 67,090+12, | 72,050+1 | 72,9231,
100 066bc 090a 588abc ,516a 414bc
Cd 11,600+1, 42,2041, | 74,907+21, | 72,170+1 | 68,760+1,
150 558abc 509a 010abc ,607a 711d
Cd 9,667+1,2 40,767+5 | 42,570+3,7 | 73,843 63,837+2,
200 42c ,670a 12¢ +3,112a 169e
Pb 10,900+1, 41,9043, | 77,503+16, | 65,593+0 | 76,790+2,
500 015bc 650a 840abc ,115b 931b
Pb 12,300+1, 43,734+2 | 89,510 71,970+1 | 69,260+1,
1000 277ab ,040a +18,312ab ,573a 905cd
Pb 11,267+0, 40,334+6 | 58,313+11, | 73,827+0 | 66,537
1500 058abc ,407a 553bc ,769a +2,188de
Pb 12,734+1, 4226742 | 63,397428, | 74,736+0 | 63,863+l
2000 021ab ,532a 080bc ,788a 824e

*There is no statistical difference between the means shown with the
same letter given

The effects of Cd and Pb on H,O, and MDA values are
presented in Table 3.3. As can be seen from the table, an
increase in H,0O, and MDA enzyme activities is observed
as a result of heavy metal applications. H.O activity,
which is 89,400 in the control group, increased to 136.,00
mmol/kg with Cd application. Higher values were
obtained in Pb applications than in the control, except for
the Pb 500 application. Pb 1000 and Pb 2000 applications
were stayed in the same statistical group. The type of
stress factor varies depending on many factors such as the
processes occurring in the plant and the type of plant [48].
As the ratio of applied Cd and Pb elements increases, the
MDA content in quinoa rises steadily. The enzyme
activity known as malondialdehyde (MDA) varies
depending on the type and severity of stress [49]. In a
study investigating the effects of drought stress on quinoa,
it is reported that, due to the increase in the stress factor,
root length, root fresh-dry weight and chlorophyll amount
in plants decreases compared to the control group, the
MDA value increases by 82% [50]. Researchers attributed
these results to the severe damage caused by heavy metal
stress in plant cells [51].

Table 3.3 Effect of Cd and Pb on enzymes of quinoa

Exposure H,0, (mmol kg1 MDA (nmol g}
Control 89,400+ 23,416bc 5,876+ 0,655ab
Cd 50 122,533+ 11,582ab 6,367+ 1,787ab
Cd 100 122,700+ 13,323ab 6,334+ 0,631ab
Cd 150 135,933+ 22,982a 6,627+ 0,340ab
Cd 200 136,00+ 24,093a 7,107 £ 0,304a
Pb 500 75,166+ 20,004¢ 5,467 +0,093b
Pb 1000 109,133+ 28,916¢ 5,573+ 0,466b
Pb 1500 125,300+ 4,479ab 6,474+ 0,271ab
Pb 2000 115,833+ 11,202a 6,850+ 0,685ab

*There is no statistical difference between the means shown with the
same letter given

As it is known, plants exposed to some environmental
effects or stresses are treated differently. The most
common of these is some reactive oxygen species
accumulation in plant tissues [41]. Some free radicals
resulting from oxidative stress provoke lipid peroxidation
in the cell membrane, leading to malondialdehyde (MDA)
formation. Many scientific studies address this issue and
investigate possible harms and treatments [52, 53, 40, 55].
This study observed that both H,O, and MDA levels
increased significantly due to the Cd and Pb heavy metal
stress applied. This situation can be expressed as an effort
to adapt quinoa to current conditions to reduce the harmful
effects of relevant heavy metals or eliminate these effects.
Some studies have reported that quinoa plants exposed to
heavy metals or different stresses have effective
mechanisms in these and similar ways [56, 57, 58].

4. CONCLUSION

The results showed that quinoa was negatively affected by
Pb and Cd metals in all parameters, and its toxic effect
increased depending on the increase in concentration.
Seed germination occurred at all concentrations of both
metals. Cd had a more toxic effect compared to Pb metal.
Quinoa has a defense mechanism against heavy metals by
increasing enzyme activity. More detailed studies are
needed to understand the defense mechanism of quinoa,
which is known to be resistant to abiotic stresses.
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Keywords Abstract: Upland cotton is the most widely cultivated among cotton species and is the best
Drought tolerance, natural fiber source for the textile industry. However, abiotic stress, particularly drought
Cotton, stress, adversely affects important cotton planting regions. This study uses phenotypic
Cluster, drought markers to ascertain the tolerances of some advanced cotton lines under the limited
Morphological irrigation conditions obtained from the drought-tolerant variety development breeding
traits, program. The study was conducted according to the completely randomized design with
Stress factors three replications. A total of 16 genotypes were used, with fourteen lines selected from the

F, segregation stage of the drought-tolerant variety breeding program, and two varieties used
as control varieties. Variance analysis (ANOVA) was conducted, and the results revealed
highly significant variations between the means (P<0.01). The highest root length (RL, 46
cm) was recorded in the Aras 24 genotype, while the lowest was in Aras 28 (15 cm). Aras
40 showed the highest root weight (RW, 0.241 g) value, followed by Aras 24 (0.210 g) and
TEX (control 0.206 g). The lowest RW values were seen in Aras 28 (0.086 g) and Aras 29
(0.089 g). Regarding lateral fresh weight (LFW), Aras 28 recorded the lowest (0.019 g),
while Aras 24 recorded the highest value (0.088 g). Lastly, Aras 41 showed the highest
relative water content (RWC) value of 92%, followed by Aras 38 (89) and TEX (76). In
conclusion, if the breeding program is continued with Aras 41, Aras 40, and Aras 24
varieties, it will significantly contribute to the goal.

Bazi Upland Pamuk (Gossypium hirsutum L.) Pamuk Genotiplerinin Su Noksanhgi Stresi
Altinda Toleranshklarinin Goriintiilenmesi

Anahtar Kelimeler Oz: Upland pamugu biitiin pamuk tiirleri arasinda en fazla yetistiriciligi yapilan pamuk
Kuraklik toleranst, tiiriidiir ve tekstil endiistrisi i¢in en iyi dogal lif kaynagidir. Ancak, 6zellikle kuraklik stresi
Pamuk, gibi abiyotik stres faktorii pamuk yetistirilen alanlar1 olumsuz yonde etkilemektedir. Bu
kiimelenme, calisma, kurakliga dayanikli ¢esit gelistirme 1slah programindan elde edilen bazi ileri pamuk
Morfolojik hat ve genotiplerinin kisintili sulama kosullari altindaki toleranslarmi belirlemek i¢in
ozellikler, fenotipik kuraklik markoérlerinden yararlanilarak yiiriitiilmistiir. Arastirma tesadiif parselleri
Stres faktorleri deneme desenine gore 3 tekerriirlii olarak yiriitilmistir. Kurakliga toleransli c¢esit

gelistirme programimin F» segregasyon asamasindan segilen on dort adet hat, iki ¢esit de
kontrol olmak tizere 16 genotip kullanilmistir. Varyans analizi (ANOVA) sonucunda
ortalamalar arasindaki farkliliklar 6nemli bulunmustur (P<0.01). En yiiksek kok uzunlugu
(RL) Aras 24 genotipinde (46 cm), en diisik kok uzunlugu (RL) degeri ise Aras 28 (15
cm)’de kaydedilmistir. Aras 40 en yiiksek Kok agirligt (RW) (0.241 g) degerini gostermis ve
bunu Aras 24 (0.210 g) ve TEX (0.206 g) kontrol ¢esidi takip etmistir. En diisiik RW degeri
ise Aras 28 (0.086 g) ve Aras 29 (0.089 g) genotiplerinde goriilmistiir. Lateral taze agirlig
(LFW) ise en diisiik deger Aras 28 (0.019 g), en yiiksek deger Aras 24 (0.088 g) genotipinde
kaydedilmistir. Aras 41 genotipi en yiiksek bagil su igerigi (RWC, 92) degerini gdstermis ve
bunu Aras 38 (89) ve TEX (76) kontrol ¢esidi takip etmistir. Sonug olarak, kurakliga karsi
tolerant ¢esit gelistirme 1slah programina Aras 41, Aras 40 ve Aras 24 ile devam edilmesi
halinde bu 1slah programinin bagariya ulagsmasinda 6nemli katkilar saglayacagi anlagilmistir.
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1. INTRODUCTION

Upland cotton (Gossypium hirsutum L.) with
allotetraploid (2n=4x=52; AADD) genome is one of
the most important field crops in the world [1]. Since it
is the largest source of natural fiber consumed
worldwide, it meets approximately 90% of the world's
cotton production [2]. In addition to being an oil plant
in terms of oil obtained from its seeds, it also provides
raw materials for many industries. It constitutes the
primary source of income for millions of people. Due
to drought around the world, cotton production in the
last five years has decreased from 13,960 million bales
to 11,935 million bales, resulting in a decrease in
production by approximately 14% [3]. Although the
cotton plant (Gossypium spp.) has a higher tolerance to
abiotic stress factors such as drought than other
important industrial field crops, profound decreases are
observed in its yield when exposed to drought stress
for a long time [4].

High temperatures caused by global warming increase
evaporation.”. This leads to the induction of water
stress in the cotton plant.It causes the cotton plant to
enter into water stress. Without water, it becomes
imperative to turn to many alternatives. Considering
the importance of reducing the expenses of the
enterprises, it is seen that the breeding studies to be
carried out to increase the tolerance of water stress,
which is one of the biggest problems in the cultivation
of cotton plants, are of critical importance. Due to the
narrow genetic diversity in the Upland cotton species,
it is challenging to select varieties for cultivars with
high drought stress tolerance [5].

Genetic diversity consists of allelic variations of genes;
differences in the plant genome sequence are the result
of the reflections in the phenotype as a result of factors
such as changes in the gene pool and population of the
cotton species [6]. The drought resistance of plants can
be followed by morphological characteristics [7]. Saad
et al. [8] investigated the relationship between
morphophysiological selection and linkage among
traits in a study on cotton. The narrowing genetic
diversity of Upland cotton in various ways makes it
difficult to be successful in intraspecies crossing
studies. Studies have shown that the selection of the
varieties that will participate in the variety
development breeding program as parents among the
commercial varieties increases the success of the
crossbreeding breeding program to be carried out for

the variety breeding since the commercial varieties
have high values in terms of agronomic and
technological parameters, that is, they have high allele
frequency [9].

Since the seedling period is the most sensitive period
of cotton, it is a critical period for the following growth
stages, when drought stress is most evident [10].
Various parameters are used to evaluate the reactions
of cotton genotypes to drought stress during the
seedling period. Parameters such as root length (RL),
excised leaf water loss, root weight (RW), leaf area
(Leaf Area, LA), stomatal conductivity and density,
number of lateral roots (LNR), and relative water
content (RWC) are the extensively used to assess the
drought tolerance of plants [11]. Again, to understand
the genetic potential and performance of the plant
under drought stress during the seedling period, besides
the root system-related parameters, morphological
characters [12], cotton seedling period characters [13],
seed germination characters [14], and relative growth
rate [15]. are used.

This study aims to determine the tolerances of some
advanced cotton lines under the deficit irrigation
conditions obtained from the drought-tolerant variety
development breeding program using morphological
drought markers such as germination rate (%) fresh
lateral weight (LFW) and Relative Water Content
(RWC), Root length (RL), and Root weight (RW).
These parameters were used to determine the tolerance
level and genotypes of the cotton lines to facilitate the
decision regarding which genotype to choose to
continue with the breeding program.

2. MATERIAL AND METHOD
2.1. Plant Materials and Climatic Parameters

In the experiment, 14 genotypes provided from STAR
SEED company (www.startohum.com) of Upland (G.
hirsutum L.) cotton genotypes obtained from the F»
segregation stage of the variety development breeding
program against drought were used as plant material.
As control varieties, TEX and Beyaz Altin 119 (BA-
119) commercial varieties were used, which are not
only tolerant to drought stress, but also have wide
adaptability, are highly productive, and are intensively
planted in the Southeastern Anatolia region, one of the
regions where cotton cultivation is done in Turkey.

Table 1. The long-term climatic parameters for all months in the province of Bingol (URL 1, 2022)

Long-term climate data of Bingol province (1927-2021)

MONTHS
1 2 3 4 5 6 7 8 9 10 11 12 Annual

Average Temperature (°C) -2.3 -1.1 4.2 108 [16.3 | 22.0 [26.7 | 26,5 [21.3 |14.2 | 6.8 0.6 12.2
Average Maximum Temperature (°C) 2.3 3.9 9.5 16.7 229 [29.4 [346 [34.7 |29.8 |216 [126 |51 18.6
Average Lowest Temperature (°C) -5.9 -4.9 -0.1 5.8 10.2 | 14.7 [19.0 |18.7 [136 |83 |22 -2.8 6.6
Average Sunbathing Time (hours) 34 44 4.9 5.5 71 (91 [94 |90 |81 |61 [45 3.2 6.2
Average Number of Rainy Days 110 |19 112 112 (112 |13 |11 (11 |13 |88 [18 110 [95.1
Average Monthly Total Rainfall (mm) 140.4 | 128.7 |129.8 | 1164 |76.2 |20.6 |70 |42 |12.6 |66.2 |106.1 |136.4 [944.6
Highest Temperature (°C) 133 |16.2 |223 |30.3 [33.9 |38.0 [42.0 [413 |37.8 321 |255 |228 |420
Lowest Temperature (°C) -232 |-216 |-203 [-9.2 10 [35 |88 |78 |42 |-24 [-150 [-251 |-251
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2.2. Method
2.1.1. Calculation of germinating percentages

Humus soil taken from forest areas was used to prepare
the seedbed. By making three holes in the bottoms of 5-
liter pots, the water given to them remained in the root
zone, preventing the genotypes from being exposed to
physiological drought stress. Drought-tolerant Ba 119
and TEX were used as control cultivars in the
experiment, which was established with three
replications according to the completely randomized
design.

The pots experiment involved thoroughly watering all
pots until they reached a field capacity (800 m L-1,
utilizing the following formula to determine field
capacity.

Field capacity= (Weight of soil at maximum water
holding-weight of oven-dried soil)/weight of oven-dried
soil) (Junker et al., 2015).

To reach the field capacity, 800 m L™ water was given to
the plants during sowing (100% field capacity, Control).
25 days after sowing (DAS), all plants germinated and
emerged, drought stress treatments were started to be
applied. These treatments included slight drought at 75%
field capacity (600 m L), moderate drought at 50%
field capacity (400 m L), and severe drought at 25%
field capacity (200 m L1).

The trial, which was established on Jul 30, 2022, in
Turkey-Bing6l Geng (Coordinates: 38 © 442 58" N and
40 ° 32' 11" E), was terminated on September 20 (52
days).

was terminated. Observations were made for the
genotypes’ germination percentages (%) 15 days after
sowing using the formula mentioned below:

o Germinated seeds
Germination percentage (%) = leoo

Measurement of relative water content: Root weight (g)
and Lateral fresh weight (g) were directly measured on a
precision balance. After the experiment was terminated,
the root length (cm) was measured without damaging the
roots. The following formula was used to obtain the
Relative Water Content (RWC) value:

(FW-DW

Relative Water Content (RWC) = (T?DV\;XIOO [16]

FW is fresh weight, DW is dry weight while TW is
Turgid weight.

Fresh weights of 0.6 cm radius discs cut from leaves of
each genotype were weighed for turgid weight
approximately four days after the last exposure to
drought stress. These were placed in Petri dishes filled
with distilled water (dH20), and turgid weights were

measured after 4 hours. After this stage, the leaf discs'
dry weights were measured at 60 °C in the oven, and the
Relative water content (RWC) values were calculated.

2.3. Statistical Analysis

The means of morphological markers that reflect drought
stress in phenotype, such as root length (RL), root
weight (RW), lateral fresh weight (LFW), and relative
water content (RWC), were compared using analysis of
variance (ANOVA) to assess the significance of the
differences. The means were compared with the Least
Significant Difference (LSD) test at the p<0.05
significance level. The phylogenetic tree was built using
the means of drought-related morphological traits based
on the kinship of genotypes using JMP 17.0 (JMP®,
Version <17>.

3. RESULTS AND DISCUSSIONS

The majority of breeding programs primarily select
cotton with high seed yield and fiber quality under ideal
field conditions. The environmental factors effect, which
results in low heritability of seed yield and yield
parameters [18], however, means that the response to
selection is low under inappropriate conditions.
Additionally, there are unfavorable correlations between
yield and fiber quality traits. In order to simultaneously
increase yield and fiber quality, it is crucial to screen
cotton for drought tolerance under field conditions. This
is because of other abiotic stress factors, such as heat,
salt, and biotic stresses, can also have an impact on the
results. Although it is more practical to screen a large
collection of germplasm at the seedling phase in a
greenhouse [19], the true value of a genotype must be
evaluated in the field before being used in breeding for
drought tolerance. Utilizing a small part of genotypes
from one to some cultivars and breeding lines, efforts
have been made to develop cotton under drought
conditions so far [20, 21, 22].

A large genetic and breeding population for drought
tolerance was only briefly evaluated in a few studies [23,
24, 25, 26]. However, research on how drought stress
effects cotton yield at the crucial seedling stage is
lacking.  Therefore, the cotton seeds of advanced
genotypes under water-stressed conditions  were
measured to calculate various sensitivity and tolerance
indices to investigate suitable stress resistance indices
for screening of cultivars under drought.

As a result of the analysis of variance performed at a
95% confidence level, the differences between
genotypes for all phenotypic markers were found to be
very significant (P<0.01), except for the lateral root
weight. Accordingly, while the highest germination rate
(%) was recorded in the Aras 30 (90%) genotype, the
lowest germination rate was observed in the Aras 24
(40%) genotype.
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Genotypes Germination, Percent (%), Root Length (RL)
seedling stage is lacking. Therefore, cotton seeds of
advanced genotypes under water-stressed conditions
were measured in order to the highest average root
length was Aras 24 (46 cm), while the lowest was Aras
28 (15 cm). Regarding root length, the mean for all the
genotypes was 27 ¢cm. A root length above the average
was obtained in half of the genotypes. In contrast, a root
length close to the average was obtained in the other half
(Table 2, Fig. 1). A replication of the Aras 24 genotype
resulted in 52 cm of taproot length (Fig. 1). Zahid et al.
[27] observed an average Root length of 5.163 c¢cm in
their trials in which they investigated the reactions of 23
cotton genotypes to drought stress during the seedling
period. They obtained a lower average root length
compared to our study because the cotton plant
terminated the experiment when it reached the level of 4
true leaves. Studies have shown that the deep root
system increases drought tolerance, improves water and
nitrogen uptake from the soil, and reduces Axial root and
lateral branching, which puts an extra load on the plant
under drought stress [28].

Figure 1. G. hirsutum L. Morphological structure of roots and root lengths

Table 2. The means of some drought traits of Upland cotton species

GENO. GP RL RW LFW RWC
Aras 21 77ad 32bc 0.132bc | 0.024c 0
Aras 22 67ad 27be 0.119c 0.056bc 65ac
Aras 24 40d 46a 0.210ab 0.088ab | 42hc
Aras 25 43cd 33bc 0.147bc | 0.024c 42bc
Aras 28 87a 15f 0.086¢ 0.019¢c 47bc
Aras 29 47hd 24cf 0.089c 0.029bc | 42bc
Aras 30 90a 18ef 0.095¢ 0.056bc 62ac
Aras 36 73ad 19df 0.118c 0.026¢ 36¢d
Aras 37 80ac 29be 0.085¢c 0.047bc | 70ac
Aras 38 83ab 26bf 0.113c 0.048bc 89

Aras 39 80ac 25¢cf 0.131bc [ 0.059bc | 68ac
Aras 40 60ad 37ab 0.241a | 0.084ac T4ac
Aras 41 70ad 30bd 0.159ac 0.036bc 92a
Aras 42 70ad 22cf 0.135bc [ 0.057bc | 41bc
Ba 119 73ab 22cf 0.160ac 0.067bc 62ac
TEX 83ab 29be 0.206ab 0.087ab | 76ab
Mean 70 ad 27be 0.13bc 0.079ac 56

The highest root weight was measured in the Aras 40
genotype with an average of 0.241 g, followed by Aras
24 (0.210 g) and control variety TEX (0.206 g). In the
experiment, where the mean root weight of all genotypes
was measured as 0.13 g, the lowest average root weight
was observed in the Aras 28 (0.086 g) and Aras 29
(0.089) genotypes, respectively. Some plants, such as
cotton, try to reach deep or distant waters by developing
their root systems in the first stages of drought stress.
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Developing the root system in field crops is possible not
only by root length but also by increasing root weight,
number of laterals, and root density per plant. Although
the cotton plant develops a root system that is 10 times
the length above the ground under drought stress in the
first place, it shows that the root system weakens over
time under long-term drought stress [29]. In addition,
stomata, which close in order to minimize water loss in
water deficiency, will reduce the uptake of CO,, which is
a component of photosynthesis, so the rate of
photosynthesis decreases and the growth of cotton
decreases and as a result, the yield decreases [30]. Riaz
et al. [31] conducted a 52-day experiment to monitor
drought stress using forward-line genotypes in
greenhouse conditions. As a result of the experiment,
they stated that the new genotypes' root weight (RFW,
Root fresh weight) varied between 0.39 and 0.57 g.
Although parallel to our study, their superior root weight
can be associated with the stabilization of humidity and
temperature under controlled conditions or the frequency
of irrigation.

Aras 21
g ——
Aras28
Aras22
Aras39 e

R
Aras37

Aras38 :
Aras28 —————

Aras30
Aras36
i P

Aras24

Arasél - !
Aras4l -
TEX

&
Ti.

Figure 2.The Phylogenetic Tree of Upland cotton genotypes under
drought-stress using JMP 17.0 ver. Software

Genotypes were divided into two main clusters, as seen
in Fig. 2. While Aras 24, Aras 40, Aras 41, and control
variety TEX were clustered in the first cluster, the
remaining genotypes formed a separate cluster. They
were divided into two sub-clusters among themselves.
Genotypes close to a common ancestor come together in
the same cluster, while genotypes far from each other in
origin are classified in clusters far from each other.

While the number of lateral roots provides the
opportunity to take water and nutrients by spreading over
a vast extent in the root area, the weight of the lateral
roots tries to increase tolerance to drought stress by
storing Glucose (CsH1206) compound in the roots when
the cotton plant starts to experience water stress. In this
study, Aras 24 showed the highest (0.088 g) LFW,
followed by TEX with a 0.087 g average.

In the experiment in which the lateral fresh weights
mean of the genotypes were calculated as 0.079 g, the

lowest average was followed by Aras 28 with an average
of 0.19 g and Aras 25 and Aras 21 genotypes with an
average of 0.024 g.

Figure 3. Scr
genotypes.

The water content in the leaves is one of the essential
drought indicators showing the drought stress tolerance
of the cotton plant. Generally, plants with high leaf water
content are drought-tolerant [32]. Fig. 3 shows G.
hirsutum L. cotton genotypes being screened for their
drought resistance. Relative Water Content (RWC)
content should be mentioned because Aras 21 genotype
dries up at the last stage of the limited irrigation
application in the experiment. However, while Aras 41
genotype showed the highest value with an RWC of 92
%, Aras 38 (89%) and control variety TEX (76%)
followed it. The lowest value was measured in Aras 36
(36%) genotypes, followed by Aras 42 (41%), Aras 24
(42%), and Aras 25 (42%) genotypes. The average RWC
values of all genotypes were recorded as 56 % (Table 2).
Similar RWC values have been found by Akbar and
Hussain [33] and Eid et al.[34]. The RWC value
decreases under long-term water stress (Ullah et al.,
2012) [35].

4. CONCLUSION

The current study's analysis of morphological parameters
such as RW, RL, LFW, and RWC allowed for the
conclusion that these indices serve as the most accurate
predictors of yield in drought-stressed environments.
The genotypes that exhibited high values for the
parameters mentioned above were capable of producing
high yields under stress environments.

As a result, it has been observed that if the cultivar
development breeding program is continued with Aras
41, Aras 40, and Aras 24 varieties, it will significantly
contribute to the goal. The genotypes that are promising
under drought stress need to be planted in uncontrolled
field conditions for a more comprehensive evaluation.
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Abstract: Due to its high-water content, milk is an important source of different microbial
contents, especially lactic acid bacteria. This study aims to isolate and identify lactic acid bacteria
from raw milk samples collected from Erzurum and its surroundings, and to introduce possible new
species, or genera, to the taxonomy. For this purpose, DNAs of pure bacterial cultures obtained
from 50 raw milk samples were isolated, isolates that differed from each other were selected by
rep-PCR. A total of 11 different species and subspecies [Corynebacterium casei, Enterococcus
italicus, E. durans, Lactococcus lactis, Lactococcos lactis subsp. lactis, Lactococcos lactis subsp.
hordniae, Lactobacillus paracasei, Leuconostoc lactis, Staphylococcus succinis, Streptococcus
parauberis and S. uberis] were determined in raw milk samples by 16S rRNA sequence analysis. It

was concluded that the (GTG)s-PCR method was more successful than BOX-PCR in the
identification of lactic acid bacteria isolated from raw milk samples at a species and subspecies
level, and the isolate TS10, which was 98% similar to S. uberis, maybe a new species and should be
re-examined with advanced diagnostic techniques.

Erzurum Yéresinden Toplanan Cig Siit Orneklerinden Laktik Asit Bakterilerinin Izolasyonu,

Identifikasyonu ve Molekiiler Karakterizasyonu

Anahtar
Kelimeler

Cig siit,

Laktik asit
bakteri,
Identifikasyon,
rep-PCR,
16S-rRNA
sekans analizi

Oz: Siit, sahip oldugu yiiksek su aktivitesi nedeniyle basta laktik asit bakterileri olmak iizere, farkli
mikrobiyal igerikler agisindan 6nemli bir kaynaktir. Bu ¢alismada Erzurum ve gevresinden toplanan
¢ig siit orneklerinden, laktik asit bakterilerinin izolasyonu, identifikasyonu ve olasi yeni tiir veya
cinslerin taksonomiye kazandirilmasi hedeflenmistir. Bu amagla, Erzurum ve ilgelerindeki
iireticilerden toplanan 50 adet ¢ig siit 6rneginden elde edilen saf bakteri kiiltiirlerinin DNA’lar1
izole edilerek, rep-PCR ile birbirinden farkli olan izolatlar se¢ilmis ve 16S rRNA sekans analizi ile
¢ig siit orneklerinde 11 farkh tiir ve alt-tiiriin [Corynebacterium casei, Enterococcus italicus, E.
durans, Lactococcus lactis, Lactococcos lactis subsp. lactis, Lactococcos lactis subsp. hordniae,
Lactobacillus paracasei, Leuconostoc lactis, Staphylococcus succinis, Streptococcus parauberis ve

S. uberis] varlig: tespit edilmistir. Incelenen ¢ig siit drneklerinden izole edilen laktik asit bakterinin
tiir ve tiir alt1 diizeyde identifikasyonunda (GTG)s-PCR yonteminin, BOX-PCR’a gore daha basarili
oldugu, %98 oraninda S. uberis’e benzerlik gosteren TS10 kodlu izolatin yeni tiir olabilecegi ve
ileri tan1 teknikleri ile yeniden incelenmesi gerektigi sonucuna varilmistir.

1. INTRODUCTION

People need high-quality foods with high nutritional
value to sustain their essential activities. The most
preferred and first thing that comes to mind is milk and
dairy products. “Raw milk” is defined as milk that is
milked from the animal at certain intervals, from which
no components are removed, or any other substance is

added, and which is not subjected to any prior
processing, such as being sent to a factory to be
processed [1].

Milk is a nutriment that has a key position in the
nutrition process, containing high-quality protein,
minerals such as calcium, phosphorus and zinc, and
vitamins such as carotenoids, riboflavin, A, D, E, K, B1
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(thiamine), B6, B12 and niacin. Since the foods in the
milk and dairy products group are rich in calcium, they
are important for the healthy development of bones and
teeth of individuals, especially in the age groups between
adolescence and adulthood; in adults, it has a key role in
protecting against cardiological problems, high blood
pressure, stroke, osteoporosis, Type 2 diabetes, and
colon cancer [2].

Milk allows microorganisms to multiply rapidly under
inappropriate milking and storage conditions. Microbial
contamination, especially results after milking, increases
the acidity in milk and therefore causes coagulation in
milk. Medicines used in disease treatment, pesticides,
antibiotics, detergent residues, estrus, gestation, and
body secretions affect the structure of raw milk.
Therefore, in cases where the microorganism load in raw
milk is not at an acceptable level, human health will be
threatened, and serious milk production losses will grow

up [1].

The first diagnosis of lactic acid bacteria as a group was
made based on their ability to ferment and coagulate
milk with coliform bacteria. Coliform bacteria were
separated from the lactic acid bacteria group, with the
introduction of microorganisms of the Lactobacillus type
into taxonomy by Beijerinck in 1901. Lactic acid
bacteria are defined as cocci or rod-shaped
microorganisms that are gram-positive, endospore,
oxidase, catalase-negative, anaerobic, or facultative
aerobic, can tolerate acid, can grow at low pH and salt
concentrations, are strongly fermentative, produce lactic
acid as the final product during sugar fermentation [3,4].
While morphological and physiological tests are widely
used in the diagnosis of lactic acid bacteria, now,
additional molecular tests (such as API, FAME, SDS-
PAGE, PCR-RFLP, rep-PCR and 16S rRNA sequence
analysis) are also conducted since merely conventional
analyses (such as gram; endospore staining;
determination of salt, pH and temperature values at
which bacteria develop optimally; motility; catalase;
oxidase; and gas production test from glucose) are
insufficient for identification [1,5,6].

Most of the lactic acid bacteria found in milk and used as
probiotics are classified as GRAS (Generally
Recognized as Safe) microorganisms because they are
not pathogenic, they produce antimicrobial substances,
they are suitable for technological and industrial
processes, and they are tolerant to acid and bile. In the
last decade, there has been a significant increase in
research based on the isolation and identification of
lactic acid bacteria from different sources and the
determination of their potential to be used as probiotics
[1,6]. This study aims to isolate and identify lactic acid
bacteria, which are very important for public health and
food safety, from raw milk samples collected from
Erzurum and its surroundings, and to introduce possible
new species or genera into taxonomy.

2. MATERIAL AND METHOD
2.1. Material

50 raw milk samples collected under aseptic conditions
from different locations, including Erzurum and its
districts (Aziziye, Pasinler, Yakutiye (Dumlu), Tekman,
Ispir and Koprukoy) in the summer period, were brought
to the laboratory under the cold chain. The analyses and
further processing were started immediately.

2.2. Isolation of Lactic Acid Bacteria

For the isolation of test bacteria, a serial dilution tube
(101-107) was prepared using 0.85% sterile
physiological water. Subsequently, 0.1 ml of these
dilutions was taken and dispersed on MRS (de Man,
Rogosa and Sharpe) and M17 Agar and incubated at 35
°C for 48 hours under both aerobic and anaerobic
conditions. At the end of this period, isolates that are
believed to be different from the developing colonies in
terms of cell and colony morphology were selected.
Three phase lines were inoculated onto MRS and M17
Agar and incubated at 35 °C. Afterward, colonies were
taken from each pure culture with a sterile loop,
inoculated into MRS Broth/M17 Broth and kept in a
shaking incubator at 35 °C for 24-48 hours. At the end of
this period, stock tubes were prepared from the test
strains and stored at -86°C until further analysis [7].

2.3. ldentification of Isolates Using Conventional
Methods

Bacteria from the stock were revived using MRS/M17
agar before the test isolates were diagnosed using
conventional methods. Subsequently, morphological,
physiological, and biochemical characteristics of the
isolates were determined [8,9]. Different strains were
selected and subjected to molecular characterization.

2.4. Molecular Characterization of Isolates

2.4.1. Genomic DNA
fingerprinting

isolation and molecular

A single colony was taken from the Petri dishes of each
test strain revived on MRS/M17 agar, inoculated into
MRS/M17 Broth, and incubated for 48 hours. At the end
of this period, the genomic DNA of bacteria was isolated
according to the Promega Wizard® genomic DNA
purification kit (A2360) protocol [10]. Subsequently, the
amount of DNA was adjusted by spectrophotometer to
be between A260/A280=1-1.9. To reveal the genomic
differences between the test isolates, rep-PCR [BOX-
PCR and (GTG)s-PCR] genomic fingerprint analysis was
performed using BOXA1R (5-
CTACGGCAAGGCGACGCTGACG-3) and (GTG)s
primers (5-GTGGGTGGTGGTGGGTG-3). To obtain
PCR products, 27 pL reaction mixture was prepared as
follows: 5 pL Specific Gitschier Buffer, 2.5 uL dimethyl
sulfoxide (100%, 20X), 1.25 uL dNTPs (10 mM), 1.25
uL bovine serum albumin (20 gL?), 3.0 pl primers (5
mM), 0.3 uL Taq polymerase (250 U) and 13.7 uL. PCR
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grade water. In conclusion, 3 pL of DNA whose
concentration was adjusted to 50 ng was added to each
PCR tube (excluding the negative). PCR reactions were
conducted employing a thermal cycler, with the specified
conditions for (GTG)s-PCR as follows: initial
denaturation at 94 °C for 7 minutes; 36 cycles at 94 °C
for 1 minute, annealing at 53 °C for 1 minute utilizing
the (GTG)s primer, and extension at 65 °C for 8 minutes;
followed by a final polymerization at 65 °C for 16
minutes before cooling at 4 °C. In the case of BOX-PCR,
the process involves an initial denaturation at 95 °C for 7
minutes, followed by 36 cycles that include 94 °C for 1
minute, annealing at 53 °C for 1 minute using the BOX
primer, extension at 65 °C for 8 minutes, and concluding
with a final polymerization at 65 °C for 16 minutes in
advance of cooling to 4 °C [11-13].

2.4.2.16S rRNA-PCR

The evolutionarily conserved 16S rRNA gene region is
very important in terms of bacterial taxonomy. For this
purpose, the 16S rRNA region was amplified using
primers 27F (5-AGAGTTTGATCCTGGCTCAG-3)
and 1492R (5'-GGTTACCTTGTTACGACTT-3)
[14,15]. 13.1 pl ddHO, 3 ul 10X PCR buffer, 1.8 pl
MgCly, 1.2 ul DMSO, 0.6 ul dNTP, 3 ul (5 uM) forward
primer (27F), 3 ul (5 uM) reverse primer (1492R), 0.3 pl
Taq DNA polymerase and 4 pl template DNA (50 ng).
The resulting 16S rRNA PCR products were cloned into
the pGEM-T Easy Cloning Vector (Promega,
Southampton, UK) using Escherichia coli JM101 strain
according to the manufacturer's instructions. After
cloning, colonies that gave positive results were selected;
plasmid isolation was performed and sent to Macrogen
Company (Netherlands) for sequence analysis. The
obtained 16S rRNA sequence results were compared
with other bacteria in GenBank® and EzTaxon
(https://blast.ncbi.nlm.nih.gov/Blast.cqi?PROGRAM=bl

astn&PAGE_TYPE=BlastSearch&LINK_L OC=blastho

me and http://www.ezbiocloud.net/eztaxon/identify), the
similarity ratios between them were determined and their
GenBank® No’s were achieved [16,17].

3. RESULTS AND DISCUSSION

Lactic acid bacteria have great industrial importance
because they are used as starter cultures in the
production of various foods, produce antimicrobial
substances and included in the formulations of probiotic
products. Many dairy products, such as raw milk, kefir
and white cheese, are good sources of lactic acid
bacteria. Lactic acid bacteria play a very important role
in the formation of the unique taste and aroma
characteristics of different fermented dairy products.
Therefore, the isolation and identification of lactic acid
bacteria from natural sources is of great importance [18].
In this study, conventional and  molecular
characterization of 11 different species and sub-species
from raw milk samples collected from Erzurum and its
districts were performed.

3.1. Isolation and Identification of Lactic Acid
Bacteria

In this study, a total of 150 bacteria were purified (Table
1) isolating from 50 raw milk samples taken from milk
producers via cold chain in Erzurum Aziziye, Pasinler,
Yakutiye (Dumlu), Tekman, Ispir and Koprukoy districts
under aseptic conditions, and stock cultures were
prepared.

Table 1. The localities of raw milk samples and Isolated Lactic acid
bacteria strains

Location of Isolates Isolates
Aziziye TS4,TS19,TS7
Pasinler TS5,TS6,TS8
Tekman TS10,TS17
Yakutiye (Dumlu) TS1,TS2,TS3
Ispir TS9,TS11
Koprukoy TS13,TS18

150 pure isolates were subjected to pre-screening in
terms of colony morphology, Gram, catalase, and
oxidase properties. Consequently, DNA isolations of
selected 130 isolates, which were believed to be
phenotypically different, were differentiated using rep-
PCR [BOX and (GTG)s-PCR], and the presence of 15
different isolates was observed (Figure 1 and Figure 2).

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

3000 bp >

1000 bp >

500bp >

Figure 1. BOX-PCR of test isolates: M [Marker (BioLabs
N0550S);100, 200, 300, 400, 500, 600, 700, 800, 900,1000, 1200,
1500, 2000, 3000, 4000, 6000 and 1-19; samples]

6 7 8 9 10 11 12 13 14 15 16 17 18 19

Figure 2. (GTG)s-PCR of test isolates: M [Marker (BioLabs
N0550S);100, 200, 300, 400, 500, 600, 700, 800, 900,1000, 1200,
1500, 2000, 3000, 4000, 6000 and 1-19; samples]

In the BOX-PCR analysis performed for this purpose, it
was determined that the isolates contained at least two
polymorphic bands between 650-3000 bp and a
maximum of 11 polymorphic bands between 400-6500
bp. As a result of the later (GTG)s-PCR analysis; it was
determined that the test strains gave at least 3
polymorphic bands between 600-3000 bp and a
maximum of 14 polymorphic bands between 300-6500
bp. (GTG)s-PCR was more effective in revealing
genomic differences between strains than BOX-PCR.
Ledina et al. [19] performed the isolation and
identification of lactic acid bacteria from raw milk and
cheese samples in their study, and like our study, they
concluded that the (GTG)s fingerprint analysis method
was highly successful in revealing the distinction
between strains. The 16S rRNA gene region of 15 test
strains which were believed to be different according to
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the results of the genomic fingerprint analysis, was
amplified with universal primers (27F and 1492R).
Afterward, PCR products were run on agarose gel (1%)
and it was observed that all isolates gave a single band
(1500 bp) (Figure 3). 16S rRNA PCR products were
cloned using the appropriate vector system. Colony PCR
(Figure 4) was performed by selecting white colonies
containing the relevant gene, and plasmid isolation was
performed using the isolation kit (A1330) from Promega.

7 8 9 10 11 12 13 14 15 N

»;‘.: "i‘ “‘2 o ‘,’“'

1500 bp > _--ﬁ-—u--*- s act ot

Figure 3. Gel image of 16S rRNAs of various isolates: M [Marker
(BioLabs N0550S)];100, 200, 300, 400, 500, 600, 700, 800, 900,1000,
1200, 1500, 2000, 3000, 4000, 6000, N; Negative Control and 1-15;
samples]

Figure 4. Colony PCR image: M [Marker (BioLabs N0550S);100, 200,
300, 400, 500, 600, 700, 800, 900,1000, 1200, 1500, 2000, 3000, 4000,
6000 and 1-19; samples]

Then, whether the plasmid carried the desired gene
region was analysed using the EcoRI rapid cut-off
enzyme. Samples that gave positive results and had the
optimum concentration were sent to Macrogen
(Netherlands) for sequence analysis [20]. After the 16S
rRNA sequence data were made significant, they were
compared (Blast) with the sequences in Eztaxon and
GenBank®, and then GenBank® numbers were obtained
from NCBI (Table 2).

Table 2. 16S rRNA sequence analysis results, similarity ratios and
GenBank® No’s of test isolates

Code of Name of Isolate Similarity GenBank®

Isolate Ratio (%) No

TS1 Enterococcus italicus 99.43 MW433826

TS2 Leuconostoc lactis 99.50 MW433829

TS3 Enterococcus italicus 99.23 MW433845

TS4 Streptococcus 99.50 MW433848
parauberis

TS5 Enteroccocus durans 99.43 MW433847

TS6 Corynebacterium casei  99.20 MW450777

TS7 Lactococcus lactis 99.36 MW450701

TS8 Lactococcus lactis 99.50 MW450781

TS9 Enterococcus italicus 99.36 MW450782

TS10 Streptococcus uberis 98 MW450783

TS11 Enterococcus italicus 99.93 MW450787

TS13 Staphylococcus 99.9 MW450820
succinus

TS17 Lactococcus lactis 99 MW4508551
subsp. lactis

TS18 Lactococcus lactis  99.85 MW450862
subsp. hordniae

TS19 Lacticaseibacillus 99.50 MW463461
paracasei subsp.
paracasei

Using the data obtained within the scope of the study, a
phylogenetic tree was drawn with the NJ (Neighbor-
Joining) method to reveal the phylogenetic relationship
between lactic acid bacteria (Figure 5).

g4 1817 (MIW450835)
Lactococcus lactis subsp. lactis (DSM 4643)
TSI8 (MIW450862)
88 Lactococcus lactis subsp. hordniae (DSM 20450)
187 (MW450701)
188 (MW450781)
Lactococcus lactis (DSM 20481)
0 IS4 (MIW433848)
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Figure 5. Neighbor-Joining-Phylogenetic tree created with 16S rRNA
sequence analysis of lactic acid bacteria and reference strains

In the study conducted by Lusk et al. [21], it was
concluded that the amplification of the 16S rRNA gene
region was highly successful in the identification of the
microflora in cheese, especially at the species level.
Similar results have been presented by different
scientists, and these data are compatible with our results
[22,23]. From the test isolates; it was concluded that
TS1, TS3, TS9 and TS11 are similar to Enterococcus
italicus; TS2 is similar to Leuconostoc lactis; TS4 is
similar to Streptococcus parauberis; TS5 is similar to E.
durans; TS6 is similar to Corynebacterium casei; TS7
and TS8 is similar to Lactococcus lactis; TS13 is similar
to Staphylococcus succinus; TS17 is similar to L. lactis
subsp. lactis; TS18 is similar to L. lactis subsp.
hordniae; TS19 is similar to Lactobacillus paracasei
(>99%), and the isolate TS10 showed 98% similarity to
Streptococcus uberis, TS10 which is similar to S. uberis,
maybe a new species and should be investigated with
further diagnostic techniques (Table 2).

In the study conducted by Kirmaci [24], 143 isolates
were obtained from raw sheep milk and the species-level
identification of the samples was carried out by 16S
rRNA sequence analysis. It was determined that 48.95%
of 143 isolates are Enterococcus spp., 40.55% are
Lactococcus spp., 9.10% are Lactobacillus spp., 0.69%
are Streptococcus spp. and 0.69% are Leuconostoc spp.
As a result, it was observed that samples of the
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Enterococcus and Lactococcus genera constituted the
dominant flora. Results like the literature data were
obtained in the performed study. Detailed
morphological,  physiological, and  biochemical
characteristics of 11 different strains were investigated
by randomly selecting one of the isolates belonging to
the same species (TS1 from TS1, TS3, TS9 and TS11
isolates; TS7 from TS7 and TS8 strains) that were
believed to be different. As a result of this study, it was
observed that all the isolates were Gram-positive,
endospore negative, nonmotile, with stem cell
morphology (excluding TS6 and TS19), catalase
(excluding TS6 and TS13) and oxidase (excluding TS4
and TS13) negative, and homofermentative (TS2, TS7
and TS19 are heterofermentative). In their study, Fortina
et al. [25] revealed that the Enterococcus italicus species
was gram-positive; it had an endospore, catalase, oxidase
negative, homofermentative, nonmotile and stem cell
morphology and can grow at 10-45 °C, pH 9 and 6%
NaCl concentration. TS1, TS3, TS9 and TS11 isolates
which were isolated within the scope of our study,
showed 99% similarity to the Enterococcus italicus
species and also showed characteristics parallel to the
literature data.

It was determined that the isolate TS10, which has a
98% similarity to Streptococcus uberis was gram-
positive, catalase-negative, and grown in the 0-6% salt
concentration range, at 15-50 °C. In the study conducted
by Odierno et al. [26], the same bacterial species were
isolated from raw milk, identification was performed,
and similar results were obtained. Unlike others, the
genomic similarity ratio of the isolate we obtained to the
strains in GenBank® is 98% instead of 99%.

As a result of the studies carried out to determine the salt
tolerance (0-12%) of the isolated lactic acid bacteria: it
was determined that test isolates TS1, TS2, TS6, TS7,
TS12, TS13 and TS18 were grown at 0-8%; the samples
TS4, TS5 and TS10 were grown in the 0-6% salt range,
and the TS17 was grown in the 0-10% salt range. In the
study conducted to determine the pH ranges in which
test strains can grow: it was observed that isolates TS1,
TS2, TS5 and TS18 were grown in the pH range of 5-11;
isolates TS4, TS7, TS17 and TS19 were grown in the pH
range of 5-9; isolates coded TS6, TS10 and TS13 were
grown in the pH range of 3-11. Furthermore, it was
determined that all the strains grew at 20-50 °C (except
for isolates TS7, TS17 and TS19, these strains can grow
at the highest temperature of 45 °C), while isolates TS10
and TS13 could also grow at low temperatures such as
15 °C.

In the study conducted by Tanguler [27], it was
determined that Lactobacillus, Pediococus and
Leuconostoc genera isolated from turnip juice grew at
pH 4 but could not grow at pH 9.6. It was determined
that other bacteria, except L. buchneri, from the species
Lactobacillus plantarum, L. buchneri, L. brevis, L.
fermentum and L. delbrueckii, which were used as
controls for the same study, grew at pH 4.4. It was
determined that the TS2 determined as Leuconostoc
lactis grew in the pH range of 5-11, unlike the literature.

Kuikui et al. [28] isolated lactic acid bacteria from rice
silage and identified those using phenotypic and
genotypic methods. Because of the phenotypic
characterization, it was observed that most of the isolates
did not show any growth at low pH and temperature
values such as pH 3 at 45 °C and could only grow at a
maximum salt concentration of 6.5%. In our study,
contrary to the literature data of the isolates; it has been
determined that most of the isolates can grow at 20-50
°C, in the pH range of 3-11, and at 0-8% salt
concentration. This reveals that the physiological
characteristics of isolates may vary depending on the
location and the difference in isolated sources.

In this study conducted by Brennan et al. [29], it was
determined that Corynebacterium casei LMG S-192647
standard strain obtained from cheese is a catalase-
positive, oxidase negative, non-motile and non-spore-
forming bacterium. In parallel with the literature data, it
was determined that the isolate TS6 (C. casei) obtained
from raw milk was catalase positive, oxidase negative,
non-motile, grew at 0-8% salt concentration, in the pH
range of 3-11 at 20-50 °C.

In the study conducted by Sanchez et al. [30], it was
determined that the optimum pH at which the isolate
CRL264, which is like Lactococcus lactis, could grow
was 6.6 and the temperature was 30 °C. In parallel with
the literature data, it was observed that the TS7 obtained
in our study showed growth at pH 5-9 and 20-45 °C.

4. CONCLUSION

As a result of the research, it was concluded that raw
milk samples collected from Erzurum and its districts
have a very wide microflora most of the species
belonging to the genera Lactococcus and Enterococcus
constitute the dominant flora compared to other species
according to conventional test results that must be
supported by molecular methods. Among the rep-PCR
methods, (GTG)s-PCR is more effective in the
identification of lactic acid bacteria at the species and
sub-species level than the BOX-PCR method, in view of
the fact that isolates survive a wide range of pH,
temperature and salt concentrations. Some differences
between the physiological characteristics of the bacterial
strains isolated within the scope of the study and the
literature data may depend on the source from which the
strains were isolated, ambient conditions and the isolated
habitat. These isolated and identified strains are
applicable in biotechnological processes, and also
according to the 16S rRNA gene analysis results, the
TS10 showed 98% similarity to the Streptococcus
uberis, maybe a new species and must be analysed with
further diagnostic techniques.
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Abstract: Most of the academic research that has been done on beekeeping focuses on bee
health, ways to protect bees from diseases, and how to get more yield. However, there are also
ergonomic risks during beekeeping activities that affect the health of beekeepers and indirectly
affect productivity. In this study, ergonomic risks that threaten the health of beekeepers were
investigated. The most important ergonomic risks for beekeepers are those that threaten the
health of the musculoskeletal system. These risks arise from working with improper body
posture for long periods, manual handling/lifting, and the use of non-ergonomic hand tools.
Measures and solutions that can be applied to protect the health of beekeepers against
ergonomic risks and to increase working efficiency are presented.

Aricilik Faaliyetlerinde Ergonomi

Anahtar
Kelimeler
Aricilik,
Ergonomi,
Arici saglik
riskleri,
Kas-iskelet
sistemi sagligi

Oz: Aricilik iizerine yapilan akademik arastirmalarin ¢ogu ar1 saghgi, arilar hastaliklardan
koruma yollar1 ve nasil daha fazla verim alinabilecegi iizerine odaklanmaktadir. Bununla
birlikte, aricilik faaliyetleri sirasinda aricilarin sagligimi etkileyen ve dolayli olarak verimi
etkileyen ergonomik riskler de vardir. Bu ¢alismada, aricilarin sagligini tehdit eden ergonomik
riskler aragtirtlmistir. Aricilar i¢in en énemli ergonomik riskler kas-iskelet sistemi sagligini
tehdit eden risklerdir. Bu riskler, uzun siireler boyunca uygun olmayan viicut durusu ile
calisma, elle tasima/kaldirma ve ergonomik olmayan el aletlerinin kullanimindan
kaynaklanmaktadir. Ergonomik risklere kars1 aricilarin sagligini korumak ve ¢alisma verimini

artirmak i¢in uygulanabilecek dnlemler ve ¢ozliimler sunulmustur.

1. INTRODUCTION

Beekeeping activities, which date back to 4500 BC [1],
turned into a large-scale individual and commercial
practice with the development of hives with removable
frames in the 1800s [2]. The beekeeping industry and the
extraction of honey have always been important for the
global economy [3] and are also of great importance for
the economy of our country [4]. In the last 10 years, there
have been a total of 180 thousand beekeepers in Turkey,
140 thousand of which are stationary and 40 thousand are
itinerant [4]. Although beekeeping is an important sector,
it has not reached its real potential. The main reasons for
this are lack of experience and knowledge,
accommodation, marketing and bee diseases [5].
Solutions to these problems in the beekeeping sector are
possible  through technological and engineering

interventions and innovations [2]. However, there are also
risk factors that threaten the health of beekeepers such as
environmental factors, especially climatic conditions,
psychological difficulties and mechanical hazards [6]. A
limited number of studies have been conducted on what
these risk factors that threaten the health of beekeepers are
and how they can be prevented [2]. One of these health
problems is musculoskeletal disorders. The most common
health problems of beekeepers are pain in the back and
lumbar regions [7].

Ergonomics is an interdisciplinary science aimed at
adapting the work environment and conditions to the
physiological and psychological capabilities of
individuals, thereby reducing stress and fatigue in
employees and enhancing productivity [4]. Effective
application of ergonomics in the workplace significantly
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contributes to the prevention of musculoskeletal disorders
and occupational diseases among employees. Ergonomic
studies include training on risky situations, body
mechanics and exercise. In addition to preventing
occupational accidents and occupational diseases, mental
and physical protection of employees is among the goals
of ergonomics [8].

In this study, the ergonomic risks that beekeepers are
exposed to were investigated and the measures and
solutions that can be applied to protect the health of
beekeepers and increase their working efficiency against
these risks were discussed.

2. METHOD

In the present study, ergonomic risk factors that
beekeepers are exposed to during bee care and honey
harvesting processes were determined in Bing6l. The
most significant ergonomic risk factors are those that
threaten musculoskeletal health. The methods used to
assess exposures leading to musculoskeletal diseases are
divided into three classes; personal survey methods,
methods based on systematic observations and direct
measurement methods [9]. In the study, ergonomic risk
factors identified using methods based on systematic
observations were photographed and recorded.

Ergonomic risk factors such as manual lifting and
carrying, working in improper body postures, prolonged
standing, and the use of hand tools were identified.
Suggestions for eliminating or mitigating these risk
factors through regulations and techniques that do not
endanger the musculoskeletal system are presented.

3. RESULTS AND DISCUSSION

The most common health problems among beekeepers are
low back and back pain. These health problems are caused
by the fact that the hives that beekeepers often have to
carry have a weight of about 30-40 kg and beekeepers
work in the wrong body posture for a long time [7]. Figure
1 shows pictures of manual lifting and carrying in
beekeeping activities. When Figure 1 is examined, it is
seen that the beekeeper grasps the load by leaning his
body forward to lift a hive on the ground. During this type
of lifting, the load is lifted using the lumbar and back
muscles, which causes a great deal of force to be applied
to the intervertebral discs. The weight of the hives usually
ranges between 30-40 kg. It has been reported that if a
load of 40 kg is lifted from the floor by bending the torso
forward, a load of 450 kg can act on the discs between the
vertebrae [10]. Such large loads acting on the disc
structures between the vertebrae can cause serious
damage to the spine. One of these damages is injuries such
as hernias, which occur as a result of slipping of the discs
between the vertebrae or ejection of the support fluid sacs
in these discs. Industrial lifting principles have been
developed to protect the health of the spine during the
lifting of loads on the ground in industry. Leg muscles,
which are biomechanically much more advantageous and
stronger, should be used instead of anatomically weak
lumbar muscles when lifting loads on the floor [10]. As

shown schematically in Figure 2, the principle should be
to approach the load by bending the knees to keep the
body as upright as possible and to perform the lifting
process using the leg muscles. Beekeepers should be
informed about this industrial lifting principle. Thus, it
will be possible to prevent spinal disorders that may be
caused by load lifting. Another measure that can be taken
to prevent the torso from leaning forward during the
lifting of the hives is the use of stands with a height
suitable for the anthropometric characteristics of the
beekeeper. What is meant by the appropriate height here
is that the handles of the hive should be raised to a level
between the beekeeper's fingertips and waist. In this way,
the beekeeper will be able to grasp the hive by keeping his
body upright and will be relieved of large loads that may
affect the cartilage discs between the vertebrae during
lifting from the ground.

Figure 1. Wrong lifting procedures that threaten spinal health

Normal
Stress

0 h
Fé'e

Figure 2. Industrial load lifting principle
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Figure 3 depicts images related to the transportation of
heavy loads in beekeeping work. Carrying or supporting
heavy loads under inappropriate ergonomic conditions
increases the risk of injury [11]. Two different groups of
injuries can occur in handling operations using the hands.
The first group includes cuts, bruises, and fractures
resulting from accidents, while the second group
comprises musculoskeletal injuries [12]. Musculoskeletal
injuries can affect muscles, tendons, ligaments, joints,
nerves, blood vessels or related soft tissues as a result of
incorrect body posture, repetitive movements and
vigorous exertion [13]. These injuries often lead to
decreased work performance among employees,
consequently reducing the quality and efficiency of their
work. Most beekeepers complain of fatigue, back pain,
upper body and neck pain, hand or arm pain due to manual
material handling [7]. In addition, muscle fatigue and pain
in the shoulders may occur as a result of weight bearing
and increased duration of this carrying [14]. Local muscle
fatigue is a result of increased intramuscular pressure and
decreased blood flow in the muscles of the upper
extremities as the arm is lifted. Restriction of muscle
blood flow impairs muscle metabolism and increases
metabolite accumulation, thus causing muscle fatigue
[15].

Figure 3. Transportation of heavy loads in beekeeping

Lifting, holding, and carrying heavy loads can quickly
lead to fatigue, strain, and health problems [10]. It is of
paramount importance for beekeepers to adhere to the
following recommendations while lifting and carrying
loads, such as hives, to prevent musculoskeletal disorders.

» To prevent the torso from bending forward when
lifting the hives, the position of the hive handles should
be between the fingertips and waist level.

« Lifting the hives with mechanical lifts to waist height
will reduce the risk of spinal or muscle damage.

« Itis important that the handles that enable the gripping
of the hives or loads have the appropriate geometry and
dimensions. The geometry and dimensions of the
handles are among the factors that determine the limit
values in load lifting. The small size of the handles
reduces the grip and the force that can be applied,
making transportation difficult on the one hand, and on
the other hand, it can cause accidents and injuries as a
result of slipping. In addition, the handles should not
have sharp corners [10].

« A hive or load being transported should be kept as
close to the body as possible.

« If possible, it is easier and safer to transport hives or
loads by mechanical means such as wheelbarrows.

« Transportation should not be performed on rough or
uneven ground [15]. During transportation on uneven or
uneven ground, it may be necessary to apply
momentarily very large forces that can cause injuries to
muscles and tendons in order to maintain balance. In
order to prevent this, a place with a smooth ground
should be selected as much as possible or corrections
should be made on the ground.

Figure 4 shows images related to working in the wrong
body posture. During the bee care and honey harvesting
processes related to beekeeping, it is necessary to work
for a long time in inappropriate wrong body postures as
shown in the figure. The opposite of the wrong body
posture is referred to as neutral posture. The term neutral
posture is used for the torso as well as for different joints.
For the torso, neutral posture is the posture in which the
natural curvature of the spine is maintained during sitting
or standing, and the body is aligned and balanced [10].
Incorrect body posture is a major problem that affects the
balance and proper alignment of the body. Incorrect body
posture leads to unbalanced use of muscle groups,
resulting in pain, strain and muscle strains. In addition,
long-term incorrect body posture can lead to serious
health problems such as chronic back pain, neck problems
and spinal curvature. Beekeepers' frequent movements
such as squatting, bending, twisting, reaching, and
working on the knees can cause posture disorders [7].
Especially during bee care and honey harvesting,
arrangements must be made to ensure the maintenance of
neutral body posture by preventing repetitive and
prolonged movements that cause incorrect body postures
such as squatting, bending, reaching and turning with
waist and shoulder bending. One of these arrangements is
to raise the hives to a height suitable for the
anthropometric measures of the beekeeper. This can be
achieved by using hive stands. Aiyeloja et al [3]
conducted a study on the ergonomics of hive stands height
and hive type in honey harvesting. In this study, it was
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reported that hives usually have a height of 30 cm and for
human height of 150-180 cm, placing stands with a height
of 70 cm under the hives moderately improves ergonomic
conditions. For the best working conditions, it was
recommended to place stands with a height of 80-84 cm
under the hives [3]. To avoid incorrect body postures, the
body should be in neutral posture, facing and close to the
work being done. It is also important for the health of the
spine that rotational movements are made on the feet, not
on the waist and shoulders. In order to avoid turning and
bending movements in the back area, the employee should
be careful not to go beyond the reach of their arms.

Beekeepers have to working in a standing posture for long
periods of time during bee care and honey harvesting
processes, which can adversely affect musculoskeletal
health. Prolonged standing without adequate rest breaks
may lead to joint disorders, back pain, swelling in the feet
and legs and muscle fatigue, as well as heart and
circulatory disorders [16]. Working in a sitting posture is
not an alternative to working in a standing posture. It is
useful to sit, walk and do stretching exercises
intermittently to prevent the adverse effects of prolonged
standing [7].

Figure 4. Working in the wrong body posture during bee care

Beekeeping is an occupational group in which hand and
wrist areas are used intensively. During bee care and
honey harvesting, repetitive movements are performed
using some hand tools. Examples of these repetitive
movements include the use of bee smoker and hive tool as
shown in Figure 5. The uncapping fork, wire embedder

and bee brush are also frequently used hand tools in
beekeeping. Continuous and repetitive hand movements
can lead to carpal tunnel syndrome over time. Carpal
tunnel syndrome causes numbness, tingling and pain in
the hand as a result of compression of the nerves on the
inside of the wrist [17]. Measures such as maintaining a
neutral wrist posture during beekeeping activities and
taking periodic rest breaks are important to reduce the risk
of beekeepers encountering such health problems.

Figure 5. Wrist working in a non-neutral position during the use of hand
tools.

4. CONCLUSIONS

In this study, ergonomic risks to which beekeepers are
exposed were investigated. Measures that can be taken to
protect the health of beekeepers against the identified
risks and suggestions for improving working conditions
in ergonomic terms are presented. Musculoskeletal
system diseases are the leading ergonomic risks for
beekeepers. To prevent these risks, the following
recommendations should be taken into consideration:

« It is of great importance to comply with the industrial
load lifting principle in manual lifting operations and to
raise awareness of beekeepers in this regard.

» Manual handling of heavy loads should be avoided,
and mechanical means should be used for such loads.

* Neutral body posture should be maintained during bee
care and honey harvesting operations by placing stands
under the hives. In order to maintain a neutral body
posture, it is also important that the body is facing and
close to the work being done. Bending, turning or over-
reaching movements should be avoided, especially
using the waist and shoulders.

« If prolonged standing work is necessary, intermittent
sitting, walking or stretching exercises should be
performed.

 The neutral position of the joints must be maintained
during the use of hand tools.
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Abstract: In the last 20 years, phytase enzyme has attracted the attention of scientists in the fields
of environmental protection, nutrition and biotechnology. Myo-inositol hexaphosphate
phosphohydrolase (phytase), which is a type of phosphatase enzyme, catalyzes the hydrolysis of
phytate into less phosphorylated inorganic phosphates and phytate. Phytases of microbial origin
are widely used in biotechnological applications (paper industry, feed industry, food industry and
soil improvement). In the present study, phytase enzyme was partially purified from Lactobacillus
brevis NM-34 strain isolated from fresh kashar cheese and the pH and temperature values at which
the enzyme showed optimum activity were determined. L. brevis NM-34 exhibited a phytase
activity of 243.80 U/mL as a result of ammonium sulphate precipitation. In the ammonium sulfate
range (40-60%), where the highest phytase activity was observed, the protein concentration was
measured as 0.989 mg/mL. K and Vmax values of phytase enzyme were determined as 0.0146
mM and 1.6 pmol/min, respectively. The pH and temperature values at which the partially
purified phytase showed optimum activity were found to be pH 5 and 50 °C, respectively. Based
on the findings from our research, the enzyme purified from this bacterium was found to have
unique properties that make it suitable for use in industrial applications.

Taze Kasar Peynirinden Izole Edilen Lactobacillus brevis'ten Fitaz Enziminin Kismi

Saflastirilmasi ve Biyokimyasal Karakterizasyonu

Anahtar
Kelimeler
Lactobacillus
brevis,

Fitaz,

Enzim
saflagtirmasi

Oz: Son 20 yilda fitaz enzimi gevre koruma, beslenme ve biyoteknoloji alanlarinda bilim
insanlarinin dikkatini ¢ekmistir. Fosfataz enzim grubunda yer alan miyo-inositol heksafosfat
fosfohidrolaz (fitaz), fitatin daha az fosforile edilmis inorganik fosfatlara ve fitata hidrolizini
katalizler. Mikrobiyal kaynakl fitazlar biyoteknolojik uygulamalarda (kagit endiistrisinde, yem
sanayinde, gida endiistrisinde ve toprak iyilestirmede) yaygin bir sekilde kullaniimaktadir.
Mevcut ¢calismada, taze kasar peynirinden izole edilen Lactobacillus brevis NM-34 susundan fitaz
enzimi kismi olarak saflagtirildi ve enzimin optimum aktivite gdsterdigi pH ve sicaklik degerleri
belirlendi. L. brevis NM-34 amonyum siilfat ¢oktiirmesi sonucunda 243.80 U/mL’lik bir fitaz
aktivitesi sergiledi. En yiiksek fitaz aktivitesi goriilen amonyum siilfat araliginda (%40-60)
protein konsantrasyonu 0.989 mg/mL olarak 6l¢iildii. Fitaz enziminin Ky Ve Vmax degerleri
strastyla 0.0146 mM ve 1.6 pmol/min olarak belirlendi. Kismi olarak saflastirilan fitazin optimum
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aktivite gosterdigi pH ve sicaklik degerleri sirasiyla pH 5.0 ve 50 °C olarak bulundu.
Aragtirmamizdan elde edilen bulgulara dayanarak, bu bakteriden saflastirilan enzimin endiistriyel
uygulamalarda kullanilmasini uygun kilan kendine 6zgii niteliklere sahip oldugu tespit edilmistir.

1. INTRODUCTION

Recently, there has been increasing interest in lactic acid
bacteria (LAB) that can produce lactic acid in the
fermentation of carbohydrates and are now widely used in
many different industrial fields [1,2]. LAB are catalase
negative, non-sporulating, gram positive, acid tolerant,
cocci or rod-shaped microorganisms living on
carbohydrate-rich substrates [1,3,4,5].

LAB is a large group of bacteria, including genera such as
Lactobacillus, Lactococcus, Pediococcus, Enterococcus
and Streptococcus, which are widespread in a variety of
environments and have many ecological roles, especially
playing an important role in the fermentation processes of
food products [6,7]. LAB on the 'Generally Recognized as
Safe' list are very useful in many industries as they
produce organic acids and other metabolites that prevent
spoilage in food, increase flavour development, as a result
of fermentation [6,8].

Phytic acid (PA) is an organic form of phosphorus that is
present in nature and plays a non-nutritive role,
accounting for 60-90% of the total phosphorus content in
many seeds and grains during the ripening period [8,9,10].
Phytase enzyme is an important phosphatase that mainly
catalyzes phytate into myo-inositol and inorganic
phosphate [11,12].

Phytases are isolated from many organisms such as plants,
bacteria and fungi [10,13,14]. However, it seems that
plants are more preferred than other phytase sources in
commercial industrial applications due to the catalytic
properties of microbial phytases, their abundance,
versatility, easier production, economic stability and
environmental friendliness [13,15,16]. The application of
microorganisms or enzymes isolated from them in sectors
vital to human health is a subject of debate concerning
their safety. Phytase enzymes produced by LAB can be
used in various industries as they produce safe, cost-
effective enzymes with high purity and stability [10,17].

In this study, it was aimed to partially purify phytase from
L. brevis NM-34 strain isolated from fresh kashar, to
determine the optimum pH and temperature values at
which the enzyme showed the highest activity, and to
determine the protein concentration, Ky and Vmax values
of the enzyme after purification.

2. MATERIAL AND METHOD

2.1. Bacterial Strain

L.brevis NM-34 strain was isolated from fresh kashar
cheese and identified. The strain is preserved in the culture
collection of N. Dikbas in the Department of Agricultural
Biotechnology, Faculty of Agriculture, Atatiirk
University.

2.2. Phytase Enzyme Production

The strain was inoculated from M17 Agar to M17 Broth
and incubated at 35°C for 2 days. The precipitate was then
centrifuged at 9000 rpm at 4 °C for 10 min. The
supernatant was used to measure enzyme activity [8].

2.3. Partial Purification of Phytase

Partial purification of phytase enzyme was carried out
according to Demir et al. [18] L. brevis NM-34 strain
grown in M17 Broth under appropriate conditions (48 h at
35°C) was centrifuged (10 min at 9000 rpm at 4°C).
Phytase was partially purified using ammonium sulfate at
a concentration of 0-80%. The partially purified enzyme
was dissolved in sodium acetate buffer (0.1 M, pH 6.0)
and stored at +4 °C for further studies.

2.4. Measurement of Enzyme Activity

Phytase activity measurement was determined according
to Dikbas et al. [8]. Samples containing 0.1 mL of phytase
were incubated at 50 °C for 10 min after adding sodium
phytate (0.25 mL of 2 mM). After hydrolysis, the reaction
was terminated by adding 10% (w/v) trichloroacetic acid.
The sample was measured against a blind sample in a
spectrophotometer (700 nm).

2.5. Protein Determination

Protein concentration was performed according to
Bradford [19] using bovine serum albumin as standard
during purification and measured spectrophotometrically
at 595 nm.

2.6. Determination of Optimum pH Value of Enzyme

Substrate solutions of the enzyme were prepared by using
buffer solutions with different pH values (sodium acetate
(pH 2.0-3.0), sodium citrate (pH 4.0-5.0-6.0), Tris-HCI
(pH 7.0-8.0-9.0), sodium carbonate (pH 10.0-11.0)) to
determine the pH value at which phytase showed
optimum activity. The pH value at which the enzyme
showed the highest activity was determined by measuring
the absorbance values in the spectrophotometer (700 nm)
[20].

2.7. Determination of Optimum Temperature of
Enzyme

In order to determine the temperature value at which
phytase showed the highest activity, the reactions were
carried out in the range of 10-90°C with a temperature
increase of 10°C. A water bath was used for the
determination of temperature measurements. The
optimum temperature of the enzyme was determined by
measuring absorbance values in a spectrophotometer (700
nm) [21].
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2.8. Determination of Km and Vmax VValues

The activity of phytase enzyme was measured under
optimum conditions at different substrate concentrations
and Ky and Vmax values were determined by drawing
Lineweaver-Burk graph [22].

3. RESULTS
3.1. Partial Purification Results of Phytase Enzyme

Phytase enzyme from L. brevis NM-34 strain was
partially purified by ammonium sulfate precipitation in
the range of 0-80%, and phytase activity of each range
was measured. The purification range with the highest
activity was determined to be 40-60% with an activity of
243.80 U/mL (Figure 1). The protein concentration in the
range of 40-60% was measured as 0.989 mg/mL.
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Figure 1. Phytase enzyme activity of ammonium sulfate ranges

3.2. Optimum pH and Temperature Results of
Phytase Enzyme

The pH and temperature values at which the phytase
enzyme purified from L. brevis NM-34 strain showed
optimum activity were determined as pH 5.0 and 50 °C,
respectively. It was determined that phytase showed an
activity of 67.1 U/mL at pH 5.0 and 115.87 U/mL at 50
°C (Figure 2,3).
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Figure 2. Effect of pH on activity of phytase enzyme
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Figure 3. Effect of temperature on activity of phytase enzyme

3.3. Km and Vmax Values

As a result of testing the phytase enzyme for L. brevis
NM-34 strain against sodium phytate, the enzyme showed
a Ky value of 0.0146 mM and a Vma value of 1.6
pmol/min (Figure 4).

v =0.0088x +0.0006
R*=0.9368

1/V (EU/mL)!

-0.1
1/[S] (mmol 1)

Figure 4. Graph for determining K, and Vnax values of phytase
enzyme for phytate

4. DISCUSSION AND CONCLUSION

Enzymes are routinely used in many industrial fields.
Phytase, one of the industrial enzymes, plays an important
role in the field of biotechnology due to its worldwide
adoption and being the subject of various studies [9].
Phytases exhibit exceptional versatility in a variety of
fields, including human dietary enrichment, animal feed
development and industrial processes, driving interest in
the discovery of new microorganisms capable of
producing phytases [15].

In the present study, the phytase activity of L. brevis NM-
34 strain was found to be 243.80 U/mL after partial
purification. Demir et al. [22] reported the specific
activity of phytase of L. coryniformis as 202.25 (EU/mg
protein). Sharma et al. [23] cloned the phytase gene
identified as PhyLf isolated from L. fermentum NKN51
and determined the specific activity of phytase as 174.5
U/mg. Bhagat et al. [24] reported that the phytase of L.
paracasei isolated from Kalarei showed a specific activity
of 278 U/mg. Karagéz et al. [11] and Ahire et al. [25]
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determined the specific activity of phytase purified from
L. plantarum as 278.82 EU/mg and 48.59 U/mg,
respectively. Dikbasg et al. [8] determined the phytase
activity of L. brevis isolated from kashar cheese as 212.97
U/mL. Dikbas et al. [15] reported the specific activity of
phytase enzyme purified and isolated from L.
coryniformis as 188.31 (EU mg ! protein).The data
obtained in our study are consistent with the literature.

In this study, the concentration of the protein was
measured as 0.989 mg/mL after partial purification.
Dikbas et al. [8] from L. brevis and Dikbas et al. [15] from
L. coryniformis determined the protein value of the
phytase enzyme they purified as 0.504 mg/mL and 0.16
mg/mL, respectively. Karagéz et al. [11] reported the
protein concentration of phytase purified from L.
plantarum as 0.11 mg/mL. Sandez Penidez et al. [26]
reported the protein value of phytase enzyme partially
purified from L. plantarum as 0.08 mg/mL. Demir et al.
[22] determined the protein amount of phytase purified
from L. coryniformis as 0.12 mg/mL in their study. These
findings in the literature support our results.

After partial purification of the enzyme, the phytase
enzyme for L. brevis NM-34 strain was tested against
sodium phytate as substrate and the kinetic parameters of
the enzyme were calculated by Lineweaver-Burk plot. Ki,
and Vmax values of the enzyme were determined as 0.0146
mM and 1.6 pmol/min, respectively. It can be concluded
that the partially purified phytase has a high affinity for
sodium phytate with low Ky, and Vimax Values compared to
phytases purified from different sources. Furthermore, the
evaluation of the Kinetic parameters of phytase showed
that the enzyme could be used in industrial applications.
Our results are similar to other studies in the literature
[8,22,27,28].

In order to determine the optimum temperature and pH
values of the phytase enzyme, activity measurements
were made in the range of pH 2.0-11.0 and in the
temperature range of 10-90°C. The optimum temperature
at which phytase showed optimum activity was 50 °C and
the pH value was determined as pH 5.0. In contrast to the
results obtained, Sumengen et al. [29] determined the
temperature and pH values at which the phytase of L.
plantarum isolated from turnip showed optimum activity
as 120 °C and pH 3.4, respectively. Arif et al. [30]
reported that L. gallinarum (PDP10), L. reutri (PDP24)
and L. fermentum (FYP38) isolated from fermented milk
products showed the highest phytase activity at pH 5 at
35°C. Bhagat et al. [24] reported the optimum temperature
and pH of the enzyme purified from L. paracasei, a
species with the highest phytase activity, as 37 °C and 5.5,
respectively. Similar to our results, Demir et al. [22] found
that phytase purified from L. coryniformis isolated from
curd cheese and Sharma et al. [23] found that recombinant
PhyLf phytase isolated from L. fermentum NKN51
showed optimum activity at pH 5.0 at 60 °C. Dikbas et al.
[8] determined the pH and temperature at which the
phytase enzyme partially purified from L. brevis showed
optimum activity as pH 3.0 and 60 °C, respectively.
Sandez Penidez et al. [26] found that L. plantarum
CRL1964 (PhyLP) phytase exhibited optimum activity at

pH 4.5 and 55°C. Based on the literature studies and the
findings obtained, it is seen that the phytase enzyme
purified from Lactobacillus spp. is generally acidic and
shows optimum activity in the range of 35-70 °C.

The results obtained in the present study show that L.
brevis NM-34 strain can produce phytase with high
activity. According to the results obtained, our study
confirmed that the phytase enzyme produced by L. brevis
is an important biotechnological product that can be used
in many different industrial fields due to its characteristic
properties. Lactic acid bacteria are microorganisms that
are important for food safety and preservation and have
received limited research. Therefore, further studies are
needed to isolate phytase-producing LABs and determine
the biochemical properties of the enzymes to further
increase their commercial applicability.

REFERENCES

[1] Mora-Villalobos JA, Montero-Zamora J, Barboza N,
Rojas-Garbanzo C, Usaga J, Redondo-Solano M, et
al. Multi-product lactic acid bacteria fermentations:
A review. Ferment. 2020; 6(1):23.

[2] Wang Y, WuJ, Lv M, Shao Z, Hungwe M, Wang J,
et al. Metabolism characteristics of lactic acid
bacteria and the expanding applications in food
industry. Front Bioeng Biotechnol.2021;9:612285.

[3] Mbandlwa P. LAB as probiotics and silage
inoculants for enteric methane [dissertation].
University College Cork; 2022.

[4] Pirouzian HR, Pourjafar H, Probiotic Lactic Acid
Bacteria 46. Handbook of Food Bioactive
Ingredients;1473.

[5] Onoruoiza MA, Ayodele AM, David-Momoh TE, A
Review on the Effects of Functional Food on
Humans and Microorganisms. Int J Probiotics and
Dietetics.2024; 4(1):01-14.

[6] Avyivi RD, Gyawali R, Krastanov A, Aljaloud SO,
Worku M, Tahergorabi R, et al. Lactic acid bacteria:
Food safety and human health applications.
Dairy.2020;1(3):202-232.

[7] Mathur H, Beresford TP, Cotter PD, Health benefits
of lactic acid bacteria (LAB) fermentates.
Nutrients.2020; 12(6):1679.

[8] Dikbas N, Ugar S, Alim S, Purification of phytase
enzyme from Lactobacillus brevis and biochemical
properties. Biol.2023;1-9.

[9] Handa V, Sharma D, Kaur A, Arya SK,
Biotechnological applications of microbial phytase
and phytic acid in food and feed industries. Biocatal
Agric Biotechnol. 2020; 25:101600.

[10] Sharma N, Angural S, Rana M, Puri N, Kondepudi
KK, Gupta N, Phytase producing lactic acid
bacteria: Cell factories for enhancing micronutrient
bioavailability of phytate rich foods. Trends Food
Sci Technol.2020; 96:1-12.

[11] Karagéz FP, Demir Y, Kotan MS, Dursun A,
Beydemir S, Dikbas N, Purification of the phytase
enzyme from Lactobacillus plantarum: The effect
on pansy growth and macro—micro element content.
Biotechnol Appl Biochem.2021; 68(5):1067-1075.

126




Tr. J. Nature Sci. Volume 13, Issue 1, Page 123-127, 2024

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Han R, Chen JY, He SX, Liu CJ, Dai ZH, Liu X, et
al. Phytate and arsenic enhance each other’s uptake
in  As-hyperaccumulator Pteris vittata:  root
exudation of phytate and phytase, and plant uptake
of phytate-P. Environ Sci Tech.2022; 57(1):190-
200.

Rizwanuddin S, Kumar V, Naik B, Singh P, Mishra
S, Rustagi S, et al. Microbial phytase: Their sources,
production, and role in the enhancement of
nutritional aspects of food and feed additives. J
Agric Food Res.2023;100559.

Pragya Sharma KK, Kumar S, Manisha Singh D,
Kumar V, Singh B, (2023). Enhanced production
and immobilization of phytase from Aspergillus
oryzae: a safe and ideal food supplement for
improving nutrition. Lett Appl Microbiol.
2023;76(2): ovac077.

Dikbas N, Parlakova Karagéz F, Ucar S, Demir Y,
Ornamental cabbage (Brassica oleracea var.
acephala) responses to phytase enzyme purified
from Lactobacillus coryniformis application.
Biotechnol Appl Biochem.2023.

Joudaki H, Aria N, Moravej R, Rezaei Yazdi M,
Emami-Karvani Z, Hamblin, MR, Microbial
Phytases: Properties and Applications in the Food
Industry. Curr Microbiol. 2023; 80(12):374.
Priyodip P, Prakash PY, Balaji S, Phytases of
probiotic bacteria: characteristics and beneficial
aspects. Indian J Microbiol. 2017; 57:148-154.
Demir Y, Senol Kotan M, Dikbag N, Beydemir S,
Phytase from Weissella halotolerans: purification,
partial characterisation and the effect of some
metals. Int J Food Prop. 2017;20(2):2127-2137.
Bradford MM, A rapid and sensitive method for the
quantitation of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal
Biochem. 1976;72(1-2):248-254.

Caglayan C, Taslimi P, Tiirk C, Gulcin I, Kandemir
FM, Demir Y, et al. Inhibition effects of some
pesticides and heavy metals on carbonic anhydrase
enzyme activity purified from horse mackerel
(Trachurus trachurus) gill tissues. Environ Sci
Pollut Res. 2020; 27:10607-10616.

Sanbuga E, Nadaroglu H, Dikbas N, Senol M, Cetin
B, Purification, characterization of phytase enzyme
from Lactobacillus plantarum bacteria and
determination of its kinetic properties. Afr J
Biotechnol. 2014;13(23).

Demir Y, Dikbas N, Beydemir S, Purification and
biochemical characterization of phytase enzyme
from Lactobacillus coryniformis (MH121153). Mol
Biotechnol. 2018; 60:783-790.

Sharma R, Kumar P, Kaushal V, Das R, Navani NK,
A novel protein tyrosine phosphatase like phytase
from Lactobacillus fermentum NKN51: cloning,
characterization and application in mineral release
for food technology applications. Bioresour
Technol. 2018; 249:1000-1008.

Bhagat D, Slathia PS, Raina N, Sharma P,
Production of phytase from Lactobacillus paracasei
strain and its probiotic profile. Indian J Exp Biol.
2019; 57:839-851

[25]

[26]

[27]

[28]

[29]

[30]

Ahire JJ, Jakkamsetty C, Kashikar MS, Lakshmi SG,
Madempudi RS, In vitro evaluation of probiotic
properties of Lactobacillus plantarum UBLP40
isolated from traditional indigenous fermented food.
Probiotics Antimicrob Proteins. 2021;13(5):1413-
1424,

Sandez Penidez SH, Velasco Manini MA, Gerez CL,
Rollan GC, Partial characterization and purification
of phytase from Lactobacillus plantarum CRL1964
isolated from pseudocereals. J Basic Microbiol.
2020;60(9):787-798.

Georgiev D, Dobrev G, Shilev S, Purification and
properties of a phytase from Candida melibiosica
2491. Emir J Food Agric.2018;927-934.
Abdolshahi A, Yancheshmeh BS, Arabameri M,
Marvdashti LM, Phytase from Bacillus sp. Strain
LA12: isolation, purification and characterization. J
Microbiol Biotechnol Food Sci. 2021;10(4):572-
576.

Sumengen M, Dincer S, Kaya A, Production and
characterization of phytase from Lactobacillus
plantarum. Food Biotechnol.2013;27(2):105-118.
Arif A, Nawaz M, Rabbani M, Igbal S, Mustafa A,
Yousuf MR, et al. Screening, characterization and
physicochemical optimization of phosphorus
solubilization activity of potential probiotic
Lactobacillus spp. Pak Vet J. 2018;38(3):316-320.

127




Volume 13, Issue 1, Page 128-132, 2024

https://doi.org/10.46810/tdfd.1401246 Research Article

Y

Tiirk Doga ve Fen Dergisi

Bi N:G OL Turkish Journal of Nature and Science

UNIVERSITY

www .dergipark.gov. tr/tdfd

Vibration Response of Thermoplastic Veil Interleaved Carbon Fiber Reinforced Epoxy

Yavuz Selim TARIiHY*

Composites

, Volkan ACAR2“™", Omer GUNDOGDU2" | Adem YAR?

! Vocational College of Technical Sciences, Bingdl University, Bingdl/Tiirkiye
2 Department of Mechanical Engineering, Atatiirk University, Erzurum/Tiirkiye

% Department of Mechanical Engineering, Bingdl University, Bingdl/Tiirkiye

Yavuz Selim TARIH ORCID No: 0000-0002-8267-7706
Volkan ACAR ORCID No: 0000-0001-7412-301X
Omer GUNDOGDU ORCID No: 0000-0003-2656-4181
Adem YAR ORCID No: 0000-0002-1432-9590

*Corresponding author: ystarih@bingol.edu.tr

(Received: 8.12.2023, Accepted: 17.03.2024, Online Publication: 26.03.2024)

Keywords
Natural
frequency,
Damping,
Thermoplastic
veil,

PEEK,

PA,

Abstract: This study investigated the vibration responses of carbon/epoxy composites
interleaved with polyether ether ketone (PEEK) and poliamid (PA) thermoplastic veils. The
composite manufacturing was carried out using the vacuum-assisted resin transfer molding
(VARTM) technique utilizing veils interleaved carbon fabrics, and the test specimens were
prepared according to the ASTM E756-05 standard. The vibration tests showed that the
thermoplastic veil reinforcement increased the natural frequencies of the composites but
decreased the damping ratios. In this context, approximately a 29% increase was recorded
in the natural frequencies of PA interleaved composites, and it was observed that the
thermoplastic veil reinforcement significantly affected the dynamic properties.

Termoplastik Kece ilaveli Karbon Fiber Takviyeli Epoksi Kompozitlerinin Titresim Cevabi

Anahtar Kelimeler
Dogal frekans,
Soéniim,
Termoplastik

kege,

PEEK,

PA,

Oz: Bu calismada, polieter eter keton (PEEK) ve poliamid (PA) termoplastik kege ilave
edilmis karbon/epoksi kompozitlerinin titresim cevaplari incelenmistir. Karbon elyaflar
arasina ilave edilen kegeler ile VARTM teknigi kullanilarak kompozit iretimleri
gergeklestirilmis ve ASTM E756-05 standardi kullanilarak test numuneleri hazirlanmistir.
Yapilan titresim testleri, termoplastik kece ilavelerinin, kompozitlerin dogal frekanslarin
arttirdigr fakat soniim oranlarini azalttigi anlagilmistir. Bu kapsamda, PA takviyeli
kompozitlerin dogal frekanslarinda yaklasik %29’luk artiglar meydana gelmis ve
termoplastik kege takviyesinin dinamik 6zellikleri dnemli dl¢iide etkiledigi goriilmiistiir.

1. INTRODUCTION

as hybridization, stitching, etc., are available to improve
interlaminar properties [5]. One of them is nanostructure

Carbon fiber-reinforced polymer composites are widely
used in many sectors, such as aviation, wind turbines,
energy, etc., because of their superior mechanical
properties [1]. However, laminated composite structures
are susceptible to delamination damage [2].
Delaminations resulting from micro-cracks, voids formed
during manufacturing, and damage occurs under loads
reduce the composite's rigidity, strength, and service life
[3]. The presence of damages, such as delamination and
matrix cracks, cause composites to have low interlaminar
properties which negatively affect the mechanical
performance of the composite [4]. Various studies, such

reinforcement. The primary purpose of this process is to
strengthen the fiber/matrix interface or toughening the
resin. However, the difficulties of dispersion of
nanostructures in the resin stands out as a problem that
needs to be overcome [6]. A promising method for
improving the interlaminar properties is the interleaving
process.

The interleaving process is a method that increases the
fracture toughness of the composite interface. Nanofiber
veils, short fibers, and thermoplastic films are frequently
used in interleaving processes. [6]. In one of these studies,
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the interface of the laminated composite consisting of
carbon fiber prepregs was reinforced with ultra-thin short
aramid fiber veils. A toughened interface was created by
strengthening the resin-rich regions between the layers
with the veil [7]. In another study, carbon and glass
nonwoven veils with different arial densities were
interleaved to unidirectional glass fiber-reinforced
composites and the mode | and mode Il fracture toughness
of these composites were determined. In all veil-
interleaved composites, fracture toughness increased by
5-25% compared to non-veil-interleaved composites
during propagation [8].

The meltability of some veils has also been the topic of
study. In a study, meltable/non-meltable hybrid veils were
interleaved to carbon composites. It was reported that the
meltable veil strengthened the matrix, while the non-
meltable veil created a bridging effect and significantly
improved the fracture toughness of the composites [9].
Veil interleaving for fatigue-based delaminations has also
been the topic of investigation. In a study conducted on
this topic, significant increases were recorded in the
fatigue life of composite manufacturing by interleaving
processes using meltable (PA) and non-meltable
polyphenylene-sulphide (PPS) resins [10]. Also, studies
on the surface treatment of thermoplastic veils are
available to ensure a better bonding with epoxy. For
example, by applying the UV-irradiation technique to the
PPS veil surface, the veil/epoxy interface improved, and
the fracture toughness of the composites increased [11].
In another study in this context, nickel-coated carbon fiber
veils were interleaved between carbon prepregs and
increased the impact contact force [12].

Another process in the veil interleaving is
nanostructure/veil interaction. It was observed that PPS
veil reinforcement increases the fracture toughness, and
composites interleaved with multi-walled carbon
nanotube (MWCNT) reinforced PPS wveils exhibit
additional advantages with the bridging effect occurring
at the interface between the epoxy/veil interface with the
presence of MWCNTSs [13]. In another study, partially
cured, functionalized graphene-reinforced epoxy veils
were interleaved to the carbon/epoxy composite, and
significant increases were observed in the mode | test
compared to control specimens [14].

Studies have also been carried out on the vibration
response behavior of composites interleaved with veils.
For example, a study utilizing four different
thermoplastic-elastomer veil reinforcements exhibited

that the wveil reinforcement significantly affected the
damping ratios of carbon fiber prepregs [15]. In a study
regarding carbon composites interleaved with poly
(ethylene-co-acrylic acid) (PEAA), the veil reinforcement
significantly increased the damping ratio of the composite
[16]. In another study in which the hybridization of basalt
fibers between carbon layers can be considered an
interleaving process, it was observed that basalt fiber
reinforcement improved the damping ratios of hybrid
composites [17]. In a previous study conducted by our
research group, the vibration responses after the impact of
carbon and glass fiber composites interleaved with five
different thermoplastic veils were examined, and
significant improvements were noted, especially in the
natural frequencies of the carbon composites [18].

In this study, the vibration response behaviors of PEEK
and PA veil interleaved carbon composites were
investigated. In the previous study carried out by our
research group [18], the vibration response of specimens
prepared for impact testing was discussed. This study
investigated the natural frequency and damping ratio
performances of vibration specimens prepared per the
ASTM E756-05 standard [19].

2. MATERIAL AND METHOD
2.1. Materials

Carbon fabric in plain weaving with a nominal weight of
500 g/m? utilized in the study was supplied from
Carbomid Co. (Istanbul/Turkey). Duratek DTE 1120
epoxy and DTS 1151 hardener were used as epoxy system
(Duratek Co. Kocaeli/Turkey). Thermoplastic veils (PA
and PEEK) with 10 g/m? areal weight were purchased
from Technical Fiber Products Ltd. (Cumbria/England).

2.2. Composite Manufacturing

Vacuum-assisted resin transfer molding (VARTM) was
used in laminated composite manufacturing [20]. A
schematic view of the VARTM technique is given in
Figure 1. This technique is based on the principle of
vacuuming the release film, fabric, peel ply and flow mesh
stacked on the mold with a vacuum bag and the resin
infusion. The resin system was prepared by mixing the
resin with a mechanical mixer at 500 rpm for five minutes,
with an epoxy/hardener ratio of 100/27 by weight
according to the recommendation of the resin system’s
manufacturer [21]. The prepared resin system was
subjected to a degassing process in a vacuum chamber.

Pressure sensor

]
To vacuum
pump

Vent

Resin

|
Sealant Mold

Figure 1. The VARTM technique, adapted from [18, 20]

Catch pot
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The interleaving of thermoplastic veils in composite
manufacturing is based on the principle of interply
hybridization. Accordingly, the manufacturing details
given in Table 1 are presented for the interleaving process
performed by placing veils between the eight-layer carbon
composite layers. Figure 2 shows the schematic of
thermoplastic veil-reinforced and unreinforced products.

Table 1. Manufactured composites in the study.

2.3. Vibration Tests

Vibration tests were performed according to the ASTM
E756-05 standard [19]. In this context, specimens with a
dimension of 25x250 mm? were prepared (Figure 3), and
vibration responses were obtained using the PULSE
vibration test measurement setup (Briiel & KjaerSound &
Vibration Measurement A/S, Denmark), (Figure 4). The
impact of creating a vibration response in the test

Staking Sequence Designation specimens was applied using an impact hammer.

[C/CICICICICICIC] Carbon-8 Vibration responses of the specimens were achieved with
[C/PEEK/CIPEEK/C/IPEEK/CIPEEK/C/PEEK/  Carbon-8/7- ' ib P ter. Nat I? d damning dat

CIPEEK/CIPEEK/C] PEEK a laser vibrometer. Natural frequency and damping datas

[C/PA/C/IPA/ICIPAICIPA/C/IPA/CIPAICIPAIC] Carbon-8/7-PA

Thermoplastic

veils [8/7] =

Plain woven
carbon fabric

[8C]

Figure 2. Composites interleaved with/without veils, adapted from [18]

were obtained with the ME'scopeVES software [22-24].
The tests were carried out under clamped-free boundary
conditions.

"

-

¢

Figure 3. Dimensions of a vibration test specimen [20].
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Figure 4. Schematic representation of the vibration measurement system, adapted from [18, 20]

3. RESULTS AND DiSCUSSIONS

Six specimens from each composite group were used in
the clamped-free condition in the vibration tests. The
average of the values obtained with at least three hammer
strikes for each specimen was taken. The results were
analyzed by calculating the final average values and
standard deviations for the average vibration results of the
composite group. In this context, the first natural
frequency values and damping ratios were determined.
Table 2 shows the first natural frequency and damping
ratio values obtained. Figure 5 shows the graphs of the
vibration test results.

Tablo 2. First natural frequency and damping ratio values [20].

. 1Natural . .
Designation Stacking Frequency Damping Ratio
Sequence (%)
(Hz)

Carbon-8 8 54.6+1.71 0.574+0.141
Carbon-8/7-

PEEK 8/7 59.7+2.76 0.541+0.166
Carbon-8/7-PA  8/7 70.4 £+ 1.05 0.476+0.126

It was understood that thermoplastic veil interleaving
increases the first natural frequency of carbon composites.
Accordingly, the average natural frequencies of Carbon-
8/7-PEEK and Carbon-8/7-PA specimens increased by
approximately 9% and 29%, respectively, compared to
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the control specimen. On the other hand, decreases in the
damping ratios of carbon composites with veil
reinforcement were observed. In this context,
approximately 6% and 17% decreases occurred in
Carbon-8/7-PEEK and Carbon-8/7-PA  composites,

respectively.
a0

70 1

8897

60 1 BAE

a0 1

40 1

Matural Frequency (Hz)

Carbon-8 Carbon-8/7-FPEEK.  Carbon-8/7-PA

10
09 - b
= 087 0.574 0541
E'\\_\: D? P
2 I 0.476
205 L
5 I 7, N\
E 04
SR
024 / \
041 -
0o ; : % &
Carbon-8 Carbon-8/7-PEEK.  Carbon-8/7-PA

Figure 5. Vibration test results, a) 1st natural frequency, b) damping
ratio.

In the study, it is thought that the wveils interleaved
between the layers provide enhanced adhesion with
epoxy. Therefore, it is assumed that veils that create a new
interface with epoxy increase the interlaminar toughness,
and this improvement increases the rigidity of the
composites. As the stiffness of the composites increased,
the natural frequency values also increased. On the other
hand, increasing stiffness had adverse effects on damping,
and decreases in damping ratios were recorded. The
inverse relationship between stiffness and damping is a
phenomenon. In a study, it was noted that basalt fiber
hybridization increased the damping ratios of carbon
composites, and this was due to the low stiffness of the
basalt fiber composites [17]. A similar trend is observed
in our study.

On the other hand, in the study conducted by our research
group [18], vibration responses of specimens with similar
composites used in this study were investigated according
to the condition of pre/post impact testing. In the
motioned research [18], natural frequencies of the pre-
impact specimens with dimensions of 100x150 mm? were
significantly higher than those prepared according to
ASTM E756-05 standard in this study. In addition, it was
noted that the damping ratio of PEEK interleaving was
slightly lower compared to the similar specimen used in
this study. However, the damping ratios of other

composites were found to be higher than their equivalents
in this study. In this context, it has been understood that
dimensional difference is an effective parameter for
vibration response. Moreover, it is thought that the
mechanical properties of composites with increased
natural frequency enhance as their stiffness increases.

4. CONCLUSION

In this study, the effect of two different thermoplastic
veils interleaved between the layers of carbon fiber-
reinforced composites on the vibration response behavior
of the composite was experimentally investigated. The
results are summarized below.

e It was observed that both veil interleaving had
enhanced adhesion with epoxy and toughened the
interface. Therefore, the stiffness and natural
frequencies of the modified composites were

increased.
o Decreases were observed in damping ratios.
e While PA veil interleaving exhibited high

performance in terms of natural frequency, PEEK
veil interleaved composites show similar damping
behavior with non-interleaved composites.
For future studies, it is necessary to interleave these veils
in different stacking squences within the composite by an
interply  hybridization and to perform  more
comprehensive vibration analyses.
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Abstract: Nickel is a metal widely used in many industrial applications, but despite its superior
properties, it also has some shortcomings. Carbon-based structures can be important
reinforcement elements in improving the properties of metals. By providing a balance between
the high corrosion resistance, high electrical conductivity and good magnetic properties of the
nickel material and the lightness and high strength of carbon-based structures, a material with
advanced properties can be obtained. Therefore, in this study, a new Nickel-Carbon
nanostructure supported by a covalently bonded graphene-carbon nanotube (CNT) skeleton
structure is presented. Additionally, it was aimed to investigate the mechanical properties and
deformation mechanisms in all directions by designing three materials with different geometric
dimensions (Ni-G-CNT(5,5), Ni-G-CNT(10,10) and Ni-G-CNT(15,15)). According to the
results, it was observed that G-CNT structures increased the tensile and compressive behavior
of the Ni structure in the CNT direction. With the addition of G-CNT structures, a 36% increase
in the elastic modulus of the nickel structure and a 12% increase in the maximum tensile value
were observed. For tensile loading in the CNT direction, as the CNT diameter decreases, the
elastic modulus of the hybrid structures increases, while the maximum stress values are
independent of the CNT diameter. As the CNT diameter increases, the ductility of the structures
increases. In terms of compressive strength, it has been observed that in the linear region, as the
CNT diameter increases, the strength generally increases and in the condensation region, it
exhibits better compressive strength. With this study, an anisotropic nanostructure that is lighter
and can exhibit higher mechanical strength compared to the Nickel structure is presented.

Grafen-CNT Takviyeli Nikel Metal Matrisli Nanokompozit Yapinin Mekanik Ozelliklerinin

incelenmesi

Anahtar
Kelimeler
Nikel,

Karbon bazli
nanomalzemel
er,

Mekanik
ozellikler,
Molekiiler
dinamik
simiilasyonlari

Oz: Nikel, bir¢ok endiistriyel uygulamada yaygin olarak kullanilan bir metaldir, ancak iistiin
ozelliklerinin yani sira bazi eksik yanlart da mevcuttur. Metallerin 6zelliklerini iyilestirmede
karbon temelli yapilar 6nemli takviye elemani 6zelligi gosterirler. Nikel malzemesinin yiiksek
korozyon direnci, elektrik iletkenligi ve iyi manyetik 6zelligi ile karbon bazli yapilarin hafiflik
ve yiiksek mukavemeti arasinda bir denge saglayan gelismis 6zelliklere sahip bir malzeme elde
edilebilir. Bu nedenle, bu ¢alismada, kovalent olarak bagl grafen-karbon nanotiip (KNT) iskelet
yapist ile desteklenmis yeni bir nikel-karbon nanoyapisi sunulmaktadir. Ayrica, farkli geometrik
boyutlara sahip ii¢ malzeme tasarimi (Ni-G-CNT(5,5), Ni-G-CNT(10,10) ve Ni-G-CNT(15,15))
yapilarak yapilarin tiim dogrultulardaki mekanik 6zellikleri ve deformasyon mekanizmalari
aragtirmistir. Sonuglara gore, G-CNT yapilarinin Ni yapisinin ¢ekme ve basma davranigint KNT
dogrultusunda artirdig1 goriilmiistiir. G-CNT yapilarinin eklenmesi ile nikel yapisinin elastik
modiili degerinde %36, maksimum gerilme degerinde ise %12 artis gozlenmigtir. KNT
dogrultusunda ¢ekme yiiklemeleri igin KNT cap1 azaldik¢a hibrit yapilarin elastik modiilii
artarken maksimum gerilme degerleri KNT c¢apindan bagimsizdir. KNT ¢apt arttikca ise
yapilarin siineklikleri artmaktadir. Basma dayanimi agisindan ise lineer bolgede genel olarak
KNT cap1 arttikga dayanimin arttigi yogunlasma bolgesinde ise daha iyi basma dayanimi
sergiledigi gortilmiistiir. Bu galisma ile Ni yapisina kiyasla daha hafif ve daha yiiksek mekanik
dayanim sergileyebilen anizotropik bir nanoyap1 sunulmustur.
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1. INTRODUCTION

Today, materials science and engineering form the basis
of advanced technologies and innovative applications. In
this field, improving and optimizing the properties of
materials is vital to improving performance in various
industries. In this context, hybrid nanocomposites have
attracted great attention from researchers in recent years.
Metal matrix nanocomposites have an important place in
this field[1]. Among metals, nickel is very important due
to its rust resistance, high temperature and chemical
resistance, improved electrical conductivity and magnetic
properties [2, 3]. Due to these properties, it is used in
many areas such as automotive, shipbuilding, maritime,
chemical industry, electric motors, magnetic sensors and
power plants [4, 5]. Despite the many good properties of
nickel material, its mechanical strength is not at the
desired level [6]. For this reason, there is a need to
strengthen it with various reinforcement materials.

Many materials are used as reinforcement materials in
metal matrix nanocomposites [7, 8]. Among these,
nanoscale materials such as graphene and CNT (Carbon
Nanotube) have the potential to provide excellent
reinforcement in composite materials because they have
unique mechanical, electrical and thermal properties [9-
12]. Some studies indicate that there is a potential to form
a strong bond between carbon-based structures and some
metals such as Ni, Pt, Pd and Ti [13, 14]. When nickel
metal is combined with CNTs and graphene, a nickel
matrix composite can be obtained, which is important for
many applications. For this reason, there are various
studies in the literature about carbon-based structures and
nickel. For example; Jiang and his team[15], synthesized
CNT/Ni hybrid nanostructure arrays using one-step
chemical vapor deposition method (CVD). The study has
shown that these structures can be used as high-
performance capacitor materials thanks to their large area
capacitance and superior rate capacitance. In another
study, Wang et al. [16] investigated the effects of Ni-
MWCNTSs with different aspect ratios on the uniaxial
tensile behavior of ultra-high strength concrete (UHPC)
by experimental and MD analyses. The results obtained
showed that the presence of Ni-MWCNTs markedly
changed the tensile performances of UHPC.

Producing nanostructures and investigating their
properties experimentally is a very expensive and difficult
process. For this reason, using the Molecular Dynamics
(MD) method provides a great advantage when
investigating the properties of these structures [17, 18].
Molecular dynamics simulations are a powerful tool for
studying material behavior at the atomic level. This
method allows modeling of material behavior, taking into
account atomic interactions and material properties. If we
look at some studies conducted in this context; Zhou et al.
[6] investigated the mechanical properties of nanoporous
nickel and carbon nanotube (CNT) reinforced composites
using molecular dynamics (MD) simulations at 900K. It
was found that out-of-plane mechanical behavior were
better than in-plane properties and CNT reinforcement
increased the elastic modulus, tensile strength and
compressive strength while decreasing the weight of the

composites. Song and Zha [19] examined the behavior of
nickel-plated single-wall CNTs and their gold matrix
composites under axial loading using MD simulations. As
a result, they found that although nickel plating reduced
the tensile strength, nickel-CNT reinforcement could
increase the Young's modulus of the composite. Yan et al.
[20] investigated the mechanical properties of CNTs with
different geometric properties embedded in the nickel
matrix. They investigated the effects of CNT rotation
angle, CNT number and CNT length on the deformation
mechanism, ultimate tensile strength (UTS) and Young's
modulus. It has been observed that the distribution of long
and short CNTSs significantly affects the Young's modulus
and UTS of CNT/Ni nanocomposites, and the number of
CNTSs increases these properties.

There are some studies in the literature on composite
materials obtained by combining graphene and CNT
structures with nickel material. However, although the
single effects of graphene and CNT have been mostly
studied, there are no studies in which they are used
together. For this reason, in this study, the Nickel
nanocomposite structure supported by the G-CNT
skeleton structure obtained by covalently bonding
graphene to the CNT side walls was modeled with MD
simulations and its mechanical properties were
investigated. This new carbon-metal hybrid nanostructure
is called Ni-G-CNT (Nickel-Graphene-CNT). In addition,
in this study, three models with different G-CNT
skeletons (G-CNT(5, 5), G-CNT(10, 10), and G-CNT(15,
15)) were created by keeping the carbon density constant
and their mechanical behaviors such as tensile and
compression were compared. It is thought that the results
will make a significant contribution to the design and
production of more durable, lightweight and high-
performance materials. Additionally, this composite has
the potential to be used in structural components in the
aerospace, automotive and aerospace industries.

2. MATERIAL AND METHOD
2.1. Atomistic Modeling

The Ni-G-CNT hybrid structures proposed in this study
consist of a Nickel matrix nanocomposite structure
reinforced with graphene-CNT skeleton covalently
bonded together along the CNT. Atomic models of the
relevant nanostructures were created in three steps. In the
first step, the atomic coordinates of graphenes (GNRs)
and carbon nanotubes (CNTs) were created separately
using Visual Molecular Dynamics (VMD) [21] software.
In the second step, a certain number of graphene sheets
were placed along the outer surface of the CNTs and a G-
CNT skeleton was formed by creating a covalent bond
between the graphene and CNT structures with the help
of thermal welding process. In the next stage, the G-CNT
skeleton structure was embedded in the nickel matrix and
the atomic model of the Ni-G-CNT structures was
obtained. After the coordinates of the nanostructures are
created, they are minimized and stabilized at room
temperature (300 K) and their stability is examined. The
diagram of the modeling process of hybrid nanostructures
is shown in Figure 1.
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Figure 1. Schematic representation of the modeling process of Ni-G-
CNT structures.

In this study, three different Ni-G-CNT structures
containing different G-CNT types (G-CNT(5, 5), G-
CNT(10, 10), and G-CNT(15, 15)) with equal lengths and
CNTs of different diameters containing approximately a
fixed number of carbons were created. In order to provide
approximately equal carbon atom density, the size of
graphene and the number of CNTSs vary depending on the
models. The dimension and numbers of the carbon
nanotubes and graphene used in the structures are given
in Table 1.

Table 1. Dimension and atomic numbers of graphene and CNTSs in
models.

Models | Ni-G-CNT(55)  Ni-G-CNT(10,10)  Ni-G-CNT(15,15)
CNT

Type (5,5) (10,10) (15,15)
CNT

Diameters 0.6808 1.3560 2.0324
(nm)

2 E [ > ssx20 7.5%20 6.44x20
25

o .= | |

2

o (<)

.'Dé x 5.5%20 4.5x20 3.5x20
CNT

Numbers 16 12 12
GNR

Numbers 24 17 17

To create G-CNT structures, it is necessary to create
covalent bonds between graphene plates and CNTSs. This
process is carried out by the thermal welding method,
which is an annealing process [22, 23]._In this annealing
process, graphene sheets are aligned to the CNT side
walls. Then, by applying high temperatures to the
boundaries of CNT and graphene, bonds break in the
structures and new bonds are formed between graphene
and CNT. High temperatures are required to ensure bond
formation during the thermal welding process. In order to
save time and cost by performing this process in a lower

temperature and time range, partial deformations are
created in the atoms on the CNT side surfaces
corresponding to the side surfaces of the graphene sheets.
In this way, it is possible to create new ligaments more
easily with the sagging ligaments created. Sample
representations of Ni-G-CNT structures can be seen in
Figure 2.

|
5
|
-
.
2

(©) (d)
Figure 2. Sample representations of Ni-G-CNT structures; (a) Ni-G-
CNT(5,5), (b) Ni-G-CNT(10,10), (c) Ni-G-CNT(15,15), (d) 3D image
of Ni-G-CNT(5,5).

2.2. Simulation Details

MD simulations for the thermal welding process and
mechanical analysis are performed using the open source
Large Scale Atomic/Molecular Massively Parallel
Simulator (LAMMPS) [24]. MD simulations provide
interactions between atoms using interatomic potentials to
calculate material behavior. In this study, hybrid potential
was used for the interaction between atoms. In this
context, the Adaptive Molecular Reactive Empirical
Boundary Series (AIREBO) potential is used for the
carbon atom interaction between graphene and CNT[25,
26]. The AIREBO potential is an important potential that
can represent a dynamic system as it can accurately
predict the formation of new bonds. The Embedded Atom
Method (EAM) is used for force calculations between
nickel atoms[27, 28]. Lennard jones potential is used for
hybrid interactions between nickel and carbon atoms [29-
31]. In the thermal welding procedure, the Nosé-Hoover
thermostat and the canonical ensemble (NVT) system
were used as thermodynamic properties to ensure the
thermal balance of the system. The time step of the
simulation was determined as 0.001 picoseconds (ps).
Periodic boundary conditions are defined in all directions
for the system to represent a large material structure.

The sintering temperature of nickel metal and the
temperature values (1200 K) required to form covalent
bonds between graphene and CNTSs are very close to each
other. For this reason, the thermal welding process is
applied simultaneously to graphene and CNT atoms. In
the thermal welding process, first the environment is kept
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at 300 K for 50 picoseconds (ps) to achieve thermal
equilibrium. Then, the temperature of the atoms in the
region is gradually increased to the reference temperature
of 1200 K with a temperature increase of 300 K. Energy
is needed for both the sintering process and the breaking
of bonds in CNTs and the formation of bonds with
graphene. To provide this energy, the ambient
temperature is kept constant at 1200K for 60 ps. Then,
fractional cooling is performed to reduce the temperature
of the region from 1200 K to 300 K within 50 ps. Finally,
it is relaxed for 50 ps at 300 K. Thus, the stability of the
bonds in the connection regions is examined [32]. The
bonds formed between CNTSs and graphene at the end of
the thermal welding process are shown in Figure 3.

@ ()
Figure 3. Covalent bonds formed between CNT and graphene layers, a)
bond view, b) close bond view.

Once the atomic models are created, the free energy
profiles are monitored for 100 ps at room temperature to
observe their thermal stability. For this process, it is
thermalized at room temperature using the Nose-Hoover
thermostat and NPT assembly. Mechanical tensile and
compression analyzes were carried out by selecting the
loading rate of 0.001 ps—1, which is widely used in the
literature, and equilibrated at room temperature with NVT
integration. Tensile analyzes were carried out separately
in all three directions (X, Y, Z) to calculate the Elastic
modulus (E), yield stress (oy) and ultimate stress (cu)
values of the material and compare them with each other.
Compression analyzes were carried out only in the CNT
direction (Z), which is thought to exhibit the best behavior
of the material. The atomistic stresses used to generate the
stress-strain curves are calculated using the Virial stress
theorem[33].

3. RESULTS AND DISCUSSION

In this study, firstly, the energy profiles were examined at
300 K for a sufficiently long time to examine whether the
nanostructures were thermodynamically stable. It is seen
that the energy values of the proposed structures remain
almost constant. Additionally, there is no significant
structural change in the structures compared to the initial
design, indicating that they are thermodynamically stable.
After it was understood that the structures were stable,
mechanical tests were carried out.

3.1. Tensile Behavior

In this study, the tensile strengths of Ni-G-CNT structures
supported by nickel and three G-CNT nanoskeleton
system with different CNT diameters in each direction
were analyzed by MD simulations under uniaxial loading.

Since the structure has an anisotropic structure in terms of
model, it exhibits different mechanical properties in each
direction. The stress-strain graph of the structures
obtained from the analysis results in the z-axis direction
is given in Figure 4.

24 4 Ni
Ni-G-CNT(5,5)-Z
22 1 Ni-G-CNT(10,10)-Z
204 —— Ni-G-CNT(15,15)}Z |
18
T 16 i
a
O 141
ﬁ 12
5 ]
@ 104
8 .
E .
44

0 T T T T T T T T T
000 005 010 015 020 025 030 035 040 045 05(
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Figure 4. Tensile stress-strain curves of Ni-G-CNT structures in the z
direction.

When the stress strain values in the CNT direction of the
structures given in Figure 4 are examined, it is seen that
with the addition of the G-CNT structure to the Ni
structure, the mechanical properties increase with a partial
decrease in the ductility of the nickel structure. When the
mechanical behaviors of the structures are compared
within themselves, the highest value in this direction
belongs to the [CNT (5,5)] Ni-G-CNT(5,5) structure
containing small diameter CNTs. The addition of carbon
structures increased the tensile behavior of the structures
in the linear region. It has been observed that as the CNT
diameter increases, the elastic modulus and yield stress
values of the structures decrease, but they still have high
values compared to the Nickel structure. Although there
was a regularly decreasing relationship between
mechanical properties and increasing CNT diameter in the
linear region, no regular relationship was found between
CNT size and mechanical behavior after the linear region.
Although the elastic modulus values of the Ni-G-CNT
(15,15) structure are the lowest, it has the highest
maximum stress value and exhibits a behavior similar to
nickel in terms of ductility. The mechanical values of the
structures in the CNT direction are given in detail in Table
2.

Table 2. Mechanical properties of the structures under tensile stress in
the Z direction.

Elastic Yield Yield Ultimat Ultimate
Models Module Stri\'n Strength stra'ar: € Strength
(GPa) : (GPa) ! (GPa)
Ni
! 211,02  0,0368 7,33 0,223 20,96
Ni-G-
CNT(5,5) 287,48  0,0349 10,95 0,203 23,34
Ni-G-
CNT(10,10) 282,42 0,0346 9,94 0,215 22,31
Ni-G-
CNT(1515) 280,91 0,0331 8,20 0,224 23,47
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©) ®

Figure 5. Deformation states of the Ni-G-CNT(5, 5) structure depend
on tensile loading perpendicular to the plane, (a) 0.02, (b) 0.06, (c) 0.12,
(d) 0.20, () 0.22 and (f) 0.44.

In order to better understand the deformation mechanism
of Ni-G-CNT structures, the deformation states of an
example structure due to tensile loading in the CNT
direction are given in Figure 5. When the images are
examined, the stresses in the structure gradually increase
due to the strain. It has been observed that most of the
stresses are concentrated in graphene and CNTSs, but
nickel material also carries the load. The first rupture
deformation occurred at the nickel atoms located at the
border between 0.07 and 0.08. For this reason, a decrease
in the stress curve is observed. From this point on, stresses
accumulate in graphene and CNTSs and it is seen that the
stresses increase again and reach the maximum value in
the 0.20-0.23 strain range. As seen in Figure 5. (e), it was
observed that the breaks in this range occurred diagonally
from the midpoint of the graphene. Although there was a
rapid decrease in stresses after the maximum stress value
with the rupture of the ligaments, the stresses continued to
increase up to 0.30-0.31¢ because the other unruptured
graphene and CNT structures continued to carry stress.

14 Ni-G-CNT(5,5)-X |
13 Ni-G-CNT(10,10)-X|
—— Ni-G-CNT(15,15)-X|

Stress (GPa)

T T T T T T T
000 005 o010 015 020 025 030 035 040 045 050
Strain (g)

Figure 6. Tensile stress-strain curves of Ni-G-CNT structures in the x
direction.

In order to examine the behavior of the structures in the
horizontal direction, when the stress strain curves in the
transverse direction of CNT of the structures given in
Figure 6 are examined, it was observed that the stresses
increased linearly, followed by a partial decrease in the
stresses and then increased again. It is thought that the
reason for the decrease in this first region is due to the
flattening of CNTs with circular cross-sections. After the
flattening of the CNTs occurred, the stresses increased
again and reached the maximum stress value in the range
0f 0.30-0.37¢ and ruptures occurred in the structure. When
the mechanical behaviors of different N-G-CNT
structures were compared with each other, it was seen that
the highest value in this direction belonged to the Ni-G-
CNT (5,5) structure and the lowest value belonged to the
Ni-G-CNT (15,15) structure. As the CNT diameter
increases, the ductility of the material increases, while its
elastic modulus, Yield stress and ultimate tensile strength
decrease. Table 3 shows the detailed mechanical values of
the structures.

Table 3. Mechanical properties of the structures under tensile stress in
the X direction.

Vodels  Module 9 uengin  Vlimate  grorcs

(GPa) (GPa) (GPa)
c.Z'i(stS) 266,73 00247 514 0305 11,78
CN’}‘I'i(-leO?lO) 22374 00259 474 0321 11,16
CNﬁ‘(‘leS:ls) 18469 00122 2,59 0,367 9,22

The deformation states obtained for the transverse tensile
loading of the Ni-G-CNT(5x5) structure are given in
Figure 7. As can be seen from the deformation images, the
stresses in the structure increase up to 0.025¢ due to the
shape change. After this value, it was observed that the
stresses decreased and then increased again as flattening
occurred in the circular sections of CNTs. The majority of
the stresses occur in graphene. After 0.025¢, fluctuating
decreases and increases in stress values are observed as
the contractions continue in the circular cross-sections of
CNTs. The rupture in the structure occurred in the
graphene region at values of 0.305, 0.321 and 0.367e,
from small-diameter CNT structures to large ones,
respectively. When the tensile strengths of the structures
in the transverse direction of CNTs were compared with
the nickel structure, it was observed that the tensile
strength decreased in this direction but the ductility
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increased. It is thought that this decrease is due to two
reasons. The first reason may be the fact that CNTs are
located in the transverse direction and the flattening of
their circular cross-sections. The second reason is that it
is thought that nickel atoms exhibit rigid motion and do
not contribute to tensile strength due to the division of
nickel atoms by the G-CNT cage system.

©
Figure 7. Deformation states of the Ni-G-CNT (5, 5) structure subjected
to tensile loading in the transverse direction, (a) 0.00, (b) 0.10, (c) 0.20,
(d) 0.30 and (e) 0.31.
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Figure 8. Tensile stress-strain curves of Ni-G-CNT structures in the y

direction.

The stress-strain curves of the structures in the y-axis
direction are given in Figure 8. When the stress strain
curves were examined, it was seen that the behavior was
parallel to the x-axis. The stresses increase until the CNT
strength is exceeded and then show a partial decrease due
to the narrowing in the cross-section. Table 4 gives the
mechanical values of the structures in the Y direction.

o
=1

Table 4. Mechanical properties of the structures under tensile stress in
the Y direction.

Elastic vield Yield Ultimate Ultimate
Models Module Strain Strength strain Strength
(GPa) (GPa) (GPa)
Ni-G-
CNT(5,5) 266,73  0,0247 5,14 0,305 11,78
Ni-G-
CNT(10,10) 244,75  0,0257 5,29 0,303 13,02
Ni-G-
CNT(15,15) 19546 0,0171 2,81 0,351 13,28

Figure 9. Deformation states of the Ni-G-CNT(5, 5) structure subjected
to tensile loading in the Y direction, (a) 0.00, (b) 0.10, (c) 0.16, (d) 0.22,
(e) 0.30 and (f) 0.31.

When the values were examined, it was seen that the
elastic modulus values decreased as the CNT diameter
increased. However, unlike the x direction, the highest
maximum stress value and ductility were seen in the Ni-
G-CNT (15x15) structure containing CNTs with the
largest diameter. It is seen that the tensile strengths of the
structures change depending on the number and
arrangement of graphene and CNT. Since the Ni-G-
CNT(5,5) structure has the same number of graphene and
CNTs in both directions, its mechanical strength is the
same, while in the other two structures, it is seen that the
mechanical strength in the Y direction is higher than in
the x direction. This is related to the presence of fewer
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CNTs and graphene in the Y direction. In this direction,
graphenes is longer and the number of divisions in the
nickel structure due to G-CNT connections is less. For this
reason, it is thought that the decrease in mechanical values
is less. Deformation images of the structures are given in
Figure 9. When the deformation images are examined, it
is seen that the stresses are mostly concentrated in the
graphene, similar to the x direction, and the rupture starts
from the graphene in the middle part.

3.1. Compression Behavior

To examine the compression performances of the
structure obtained by adding the G-CNT skeleton
structure to the Ni structure, the comparative compressive
stress-strain curves of different Ni-G-CNT structures are
given in Figure 10.

500 T T T

450 Ni
Ni-G-CNT(5,5)-Z
400 Ni-G-CNT(10,10)-Z E

—— Ni-G-CNT(15,15)-Z
350 -

T 300 g
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Ni-G-CNT(10,10)-Z J
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(b)
Figure 10. (a) Compressive stress-strain curves of Ni-G-CNT structures
in the z direction, (b) zoomed region for 0,00-0,25 strain.

When the behaviors were examined, three different
regions were observed. It was observed that in the first
region, the stresses in the structure increased linearly up
to ¢ = 0.035-0.050. Then, the slope of the stresses
decreases to a certain value. It was observed that after this
value, a concentration zone was formed where the stresses
increased. Adding G-CNT structures to the structure
increased the compressive strength of the nickel material.
When the structures were evaluated in terms of CNT
dimensions, it was seen that as the diameter of the CNTs
increased, up to a certain value in the linear region, the
stress values and CNT strengths were higher. Although

the increases in this part are low, the stress contribution is
more clearly seen in the condensation and hardening
region. Detailed mechanical values of the structures are
given in table 5.

€=0.50

(@) (b)
Figure 11. Compressive stress-strain curves in the Z direction of the Ni-
G-CNT(15x15) structure, (a) the entire structure, (b) G-CNT skeleton.
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Table 5. Mechanical properties of Ni-G-CNT nanomaterials for uniaxial
compressive loading.

Model name Elastic Yield Yield
Module (GPa) strain (%)  Strength (GPa)

Ni 245,67 0,048 11,49
Ni-G-

CNT(5) 302,33 0,054 14,25
Ni-G-

CNT(10,10) 306,15 0,053 16,14
Ni-G-

CNT(15,15) 307,65 0,047 14,49

In order to better understand the compression behavior,
the stress images of the materials were examined (Figure
11). The first stresses in the structure occurred in graphene
and CNTs rather than nickel. It has been observed that as
the stresses increase, bending begins in the CNTs and
increases up to €=0.03-0.05. After this value, the slope of
the increase in stresses decreases due to lateral
deformations occurring in CNTSs. In this part, the stresses
show a low slope. It was observed that the stresses
increased again with an increasing slope starting from g =
0.10. When the structures with different CNT diameters
were examined, in the structures containing large
diameter CNTSs, the stress was higher in the first region,
while this difference became more evident in the
concentration region. The highest compressive strength
belongs to the Ni-G-CNT(15,15) structure.

4. CONCLUSION

In summary, in this study, a new nanostructure was
presented by embedding the carbon-based skeleton
structure created by covalently bonding Graphene and
CNT together into nickel metal. After checking the
thermodynamic stability of the structures, mechanical
analyzes were performed using MD simulations. The
results showed that strong covalent bonds were formed
between graphene and CNT structures and a structure
exhibiting higher elastic modulus, ultimate strength and
strain values in the vertical direction was obtained
compared to the Ni structure. With the addition of G-CNT
structures, a 36% increase in the elastic modulus of the
nickel structure and a 12% increase in the maximum
tensile value were observed. The structure inherently
exhibits an anisotropic behavior. Additionally, when the
effects of different CNT diameters on the mechanical
strength of the structure were investigated, it was seen that
larger diameter CNTs were better in compressive strength
in the vertical direction. The situation may differ in tensile
strength. With this study, an important G-CNT structure
reinforcement has been presented to improve the low
mechanical strength of nickel material, which has unique
properties such as rust resistance, high temperature,
electrical conductivity and chemical resistance.
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Abstract: Energy-based seismic analysis and structural design require understanding the
seismic input energy response of reinforced concrete buildings subjected to strong ground
motions. Thus, calculating and predicting input energies becomes of great importance. The
object of this study is to introduce a regression model for predicting the seismic input energies
of reinforced concrete buildings using the 6 February 2023 Kahramanmaras/Pazarcik
earthquake which devastating damage occurred. For this purpose, three regular 3, 6 and 9-storey
residential reinforced concrete buildings are designed. Input energy response histories of
buildings subjected to a set of horizontal acceleration histories of 67 stations of the February 6
Kahramanmarag/Pazarcik earthquake were obtained. Subsequently, the ground motion
parameters were used to estimate the input energies. It was revealed that acceleration-based
parameters generally had better consequences than velocity-based parameters in low periods,
while the opposite was the case in high periods. In 3, 6 and 9-storey buildings, the highest
correlation coefficients were obtained in Ic (0.91), ASI (0.83) and VSI (0.73) parameters,
respectively. This study proposed new equations in which multiple ground motion parameters
are combined to better reflect input energy from a single parameter. In the multi regression
where all parameters were used, correlation values (R?) of 0.94, 0.85 and 0.77 were determined,
respectively, according to the number of floors of the buildings. As the height and period of the
buildings increase, the multiple linear regression coefficient decreases and the estimation of
input energy becomes difficult with the ground motion parameters.

6 Subat 2023 Kahramanmaras Depremi Kullanilarak Betonarme Binalarin Sismik Giris
Enerjisinin Tahmin Edilmesine Yonelik Regresyon Modeli Gelistirilmesi

Anahtar
Kelimeler
Kahramanmaras
depremi,

Sismik giris
enerjisi,

Coklu
regresyon,
Korelasyon

Oz: Enerji bazli sismik analiz ve yapi tasarimi, kuvvetli yer hareketlerine maruz kalan
betonarme binalarin sismik girig enerji tepkisinin anlagilmasini gerektirir. Bu nedenle giris
enerjilerinin hesaplanmasi ve tahmin edilmesi biiyilk 6nem kazanmaktadir. Bu c¢aligmanin
amaci, yikici hasarlarin meydana geldigi 6 Subat 2023 Kahramanmarag/Pazarcik depremini
kullanarak betonarme binalarin sismik giris enerjilerini tahmin etmeye yodnelik bir regresyon
modeli ortaya koymaktir. Bu amagla 3, 6 ve 9 kath {i¢ adet diizenli konut betonarme bina
tasarlanmigtir. 6 Subat Kahramanmaras/Pazarcik depreminin 67 istasyonunun bir dizi yatay
ivme gegmisine tabi tutulan binalarin giris enerji tepki ge¢misleri elde edildi. Daha sonra giris
enerjilerini tahmin etmek i¢in yer hareketi parametreleri kullanildi. Diisiik periyotlarda ivmeye
dayal1 parametrelerin genellikle hiza dayali parametrelere gore daha iyi sonuglara sahip oldugu,
yiiksek periyotlarda ise bunun tam tersi oldugu ortaya ¢ikti. 3, 6 ve 9 katli binalarda en yiiksek
korelasyon katsayilar sirasiyla I¢ (0,91), ASI (0,83) ve VSI (0,73) parametrelerinde elde edildi.
Bu ¢alisma, tek bir parametreden gelen girdi enerjisini daha iyi yansitmak i¢in birden fazla yer
hareketi parametresinin birlestirildigi yeni denklemler Onermistir. Tim parametrelerin
kullanildig1 ¢oklu regresyon modelinde binalarin kat sayisina gore sirasiyla 0,94, 0,85 ve 0,77
korelasyon degerleri (R?) belirlendi. Binalarin yiiksekligi ve periyodu arttik¢a ¢oklu dogrusal
regresyon katsayisi azalmakta ve yer hareketi parametreleri ile girdi enerjisinin tahmini
zorlagsmaktadir.
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1. INTRODUCTION

Tiirkiye has been affected by many devastating
earthquakes throughout its history, as it is a seismically
active region. [1]. Tirkiye experienced massive
destruction during the earthquake couple which
occurred, at nine-hour intervals in Pazarcik (M 7.7) and
Elbistan (My 7.6) on February 2023 [2]. On February 6,
the accumulated energy of the Eastern Anatolian Fault
Zone (EAFZ) was released by a tearing mechanism from
north to south, just like a zipper [3]. The successive
occurrence of these earthquakes caused property damage
and loss of life three times than of the 1999 Marmara
earthquake [4]. Balun [5] stated this situation as the
seismic energy intensity of the February 6
Kahramanmaras earthquake was much greater than
previous earthquakes in Tiirkiye after the invention of
devices. After these two significant earthquakes, in 11
different provinces more than 50,000 people lost their
lives and caused many buildings to collapse or
significant structural damage [6]. Previous studies
pointed out the damage of the many types of structures.
Destructions and damages were observed, especially in
reinforced concrete buildings, which constitute the
majority of the building stock of the region, and it was
stated that poor materials, workmanship quality,
inadequate detailing and architectural design errors were
the main factors of these damages [1,3,4,7-9].
Furthermore, masonry structures, mosques and minarets
were also examined and damages due to structural
defects were reported [2,6,10]. It has been understood
that earthquake code design criteria and requirements are
insufficient in some regions. Considering the very severe
earthquake level, it is a striking result that the
accelerations obtained from many stations exceed the
response spectrum values estimated by Tirkiye Building
Earthquake Code (TBEC 2018) [4,10]. All these field
observations have revealed that construction and design
defects cause inevitable loss of life and property. It has
also been emphasized that ground motions above the
design spectrum values are another important cause of
damage. Apart from the structural damage caused by
buildings, examining the density distribution after these
earthquakes through peak ground acceleration and
estimation of actual loss of life and structural damage
has contributed to the literature [11,12]. In addition to all
the researches and assessments made, it is thought that
the interpretation of the February 6 earthquakes through
the estimation of the seismic input energies will be
valuable in terms of understanding both the design
approach and the destructive effects of these
earthquakes.

Strong ground motions that have occurred in the world
in recent years have caused serious damage to relatively
many new buildings designed according to conventional
force or displacement-based seismic methods. If the
instance exists due to deficiencies in the seismic design
code, it is further confirmation that force or
displacement-based design does not result in reliable
structural seismic design of building systems [13]. This
situation has increased the importance of energy-based
design. To overcome these problems, an alternative

seismic analysis and design approach that takes into
account the duration, frequency content and cumulative
damage potential of ground motion, defined as energy-
based seismic design, has been introduced by Housner
[14].

Although earthquakes are quite irregular ground
motions, the input energy passing through the structure
is a very stable parameter. Part of the input energy
passing through the structure by ground motion is
distributed by the damping mechanism, while the other
part is distributed by cyclic energy [15-17]. Energy-
based methods are achieved by providing sufficient
capacity to building elements compared to seismic
demand. The basis of energy-based seismic design is that
the loading effect of seismic excitation on structures can
be interpreted not as separate forces or displacements,
but as the product of both in terms of input energy.
However, it is accepted by many authors that the loading
history affects the cumulative damage in seismic
excitations [18-21].

Energy and energy parameters are the most promising
parameters for the design of structures exposed to
moderate or severe earthquakes. In the energy-based
design approach, the primary task is the precise
calculation of the input energy. Practical prediction of
seismic input energy of multi degree of freedom systems
(MDOF) is quite essential, especially in terms of
seismic-based design [22]. The damage potential of
structures is not only affected by the characteristics of
ground motion but is also a function of structural
characteristics. With a similar approach, seismic input
energy is also affected by both characteristics. The
damage potential of structures is generally reflected by
ground motion parameters such as peak ground
acceleration (PGA), peak ground velocity (PGV) and
peak ground displacement (PGD). Although PGA is
widely used as a dominant parameter in the assessment
of structural performance, some studies have shown that
this parameter alone does not have a strong correlation
with structural damage [23-25]. Correlations and
relationships of ground motion parameters with seismic
input energy can eliminate complex calculations. In
support of this, many studies in the literature have found
relationships between ground motion characteristics and
structural damage [26-28]. However, in most studies, it
has been difficult to establish strong relationships
between damage potential and ground motion
characteristics [16,29]. It is thought that evaluating more
than one parameter together will provide advantages in
seismic input energy estimation.

Unlike the studies conducted for the February 6
Kahramanmarags earthquake, estimating the input energy
that causes structural damage with ground motion
parameters in this study is a different perspective in
terms of seismic evaluation. For this purpose, this study
aims to reveal a strong correlation with seismic input
energy by taking into account multiple regression in
which ground motion characteristics are considered
together. Three regular residential reinforced concrete
buildings with 3, 6 and 9 storeys were designed to
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determine the relationships between seismic input energy
and ground motion parameters. Input energy response
histories of 3D-designed buildings subjected to a series
of horizontal acceleration histories of 67 stations of the
February 6 Pazarcik earthquake were obtained, and their
correlations with seismic parameters were evaluated.
Ultimately, seismic input energy will be predicted using
the multiple regression analysis based on several
parameters, such as acceleration, velocity, displacement,
frequency and duration.

2. STRONG GROUND MOTION DATASET

The current study consists of 25 ground motion
parameters to analyze the relationship with seismic input
energy. In structural damage assessment, commonly
used peak values alone do not lead to an understanding

Table 1. Seismic parameters

of the damage potential of strong ground motions to
structures. Many other ground motion parameters can
contribute to structural damage [30]. The seismic
parameters given in Table 1 are classified according to
acceleration, velocity, displacement, frequency and
ground motion duration. Additionally, in this study,
significant duration was considered to reveal the
duration effect. The values of parameters used in the
study are determined using the software SeismoSignal
(2021) [31]. The relationship between a parameter and
other parameters can be examined through correlation
analysis. Additionally, multiple regression analysis was
performed to reveal the relationship of multiple
parameters with seismic input energy and equations were
obtained for prediction.

Type Parameter Definition Formula
PGA Peak ground acceleration PGA = max]|a(t)|
. 1
arms Root-mean-square of acceleration Apys = ,t— [a(t)]?dt
tot
T t
I Avrias intensity I, = —J. a?(t)dt
29 Jo
o . 3
3 lc Characteristic intensity I, = (agus)2yteor
1] t
.8 CAV Cumulative absolute velocity CAV = f a(t)dt
- 0
'% SMA Sustained maximum acceleration 3rd largest peak in acceleration time history
S EDA Effective Design Acceleration Peak acceleration value above 9 Hz
§ Ags Ags Parameter The acc. level below 95% of the total I,
<
SCAV Standardized Cumulative Absolute Velocity SCAV = Z(H(PGA) —0.025) f la(t)|dt)
Saavg Average Spectral Acceleration Sa(ri.ny = (1_[5 (T; ))
ASI Acceleration spectrum intensity ASI = f S.(& =0.05,T)dT
0.1
PGV Peak ground velocity PGV = max|v(t)|
. 1
VRMS Root-mean-square of velocity Vpus = = [v(t)]?dt
tot
2 t
3 SED Specific energy density SED = f [v(D)]?dt
T 0
% SMV Sustained maximum velocity 3rd largest peak in velocity time history
2 MIV Maximum Incremental Velocity Acc. curve between two zero crossings of the accel.
> 2.5
VSI Velocity spectrum intensity VSI :J. S, (¢ =0.05,T)dT
25
HI Housner intensity HI = f PSV(¢ =0,05,T)dT
0,1
2
@ PGD Peak ground displacement PGD = max|d(t)|
Qo
D ) , 1
Z drms Root-mean-square of displacement drms = -~ [d(t)]?dt
[a) tot
Vmax/@max Peak velocity to acceleration ratio Vinax/ Cmax
>
§ 32 Ty Predominant Period The period at which the maximum spectral acc.
38 . % C2/f;
E T Mean Period Ty = S C?
- N . The time period over which total Arias Intensity is collected
c 0/,-050,
% § Ds.g5 Significant duration (5%-95%) from 5% to 95%
c 8 - . The time period over which total Arias Intensity is collected
S 05-750
A Ds.75 Significant duration (5%-75%) from 5% to 75%

Analyzes were performed under the ground motion
record set listed in Table 2 for the determined building

models. Both horizontal components of the 67 station
records of the 2023 Kahramanmarag earthquake, which

144



Tr. J. Nature Sci. Volume 13, Issue 1, Page 142-151, 2024

occurred at 04:17 local time and had a magnitude of
My 7.7, extracted from the AFAD database, were used.
Furthermore, the coordinates of the stations, shear
wave velocity (Vso) of the soil and distance to
epicenter values are also given. The selection criterion
for ground motions is that the peak ground acceleration
values of the records are greater than 0.1g, where g is
the gravitational acceleration. In the analysis,
acceleration records were used without spectrum

matching. The aim is to reveal the relationships that are
the subject of the article by using real ground motions
of the Kahramanmaras earthquake, which caused a lot
of destruction and loss of life. In the intensity map in
Figure 1 presented by AFAD [32], it is seen that
ground motions greater than 0.1 g mostly occur in
Hatay and Kahramanmaras provinces and their
surroundings.

Table 2. The properties of the selected earthquake records (February 6 Kahramanmaras (My, 7.7))

No Station City District Longitude Latitude V30 (M/s) Repi (km)
1 120 Adana Yumurtalik 35.790 36.770 439 125.25
2 125 Adana Ceyhan 35.796 37.015 208 114.62
3 131 Adana Saimbeyli 36.115 37.857 None 103.35
4 201 Adryaman Adryaman 38.267 37.761 391 120.12
5 213 Adiyaman Tut 37.930 37.797 None 96.48
6 2703 Gaziantep Sahinbey 37.350 37.058 758 37.34
7 2704 Gaziantep Nizip 37.802 37.009 721 74.10
8 2708 Gaziantep Islahiye 36.648 37.099 523 40.77
9 2709 Gaziantep Islahiye 36.670 37.129 555 37.45
10 2711 Gaziantep Yavuzeli 37.560 37.317 None 45.88
11 2712 Gaziantep Nurdag1 36.733 37.184 None 29.79
12 2714 Adiyaman Besni 37.621 37.492 None 55.92
13 2715 Gaziantep Islahiye 36.686 36.855 None 57.62
14 2716 Gaziantep Islahiye 36.688 36.856 None 57.38
15 2717 Gaziantep Islahiye 36.691 36.855 None 57.34
16 2718 Gaziantep Islahiye 36.627 37.008 None 48.30
17 3112 Hatay Iskenderun 36.148 36.588 233 111.31
18 3115 Hatay Belen 36.165 36.546 424 113.7
19 3116 Hatay Iskenderun 36.207 36.616 870 105.38

20 3123 Hatay Antakya 36.160 36.214 470 143.00

21 3124 Hatay Antakya 36.172 36.239 283 140.11

22 3125 Hatay Antakya 36.133 36.238 448 142.15

23 3126 Hatay Antakya 36.138 36.220 350 143.54

24 3129 Hatay Defne 36.134 36.191 447 146.39

25 3131 Hatay Antakya 36.163 36.191 567 144.98

26 3132 Hatay Antakya 36.172 36.207 377 143.12

27 3133 Hatay Reyhanl 36.574 36.243 377 123.47

28 3134 Hatay Dértyol 36.205 36.828 374 90.29

29 3135 Hatay Arsuz 35.883 36.409 460 142.15

30 3136 Hatay Altindzii 36.247 36.116 344 148.38

31 3137 Hatay Hassa 36.489 36.693 688 82.48

32 3138 Hatay Hassa 36.511 36.803 618 71.70

33 3139 Hatay Kirikhan 36.414 36.584 272 96.19

34 3140 Hatay Samandag 35.950 36.082 210 165.82

35 3141 Hatay Antakya 36.220 36.373 338 125.42

36 3142 Hatay Kirikhan 36.366 36.498 539 106.49

37 3143 Hatay Hassa 36.557 36.849 444 65.13

38 3144 Hatay Hassa 36.486 36.757 485 77.04

39 3145 Hatay Kirikhan 36.406 36.645 533 91.13

40 3146 Hatay Belen 36.227 36.491 None 114.57

41 4404 Malatya Piitiirge 38.874 38.196 1380 190.02

42 4406 Malatya Akgadag 37.974 38.344 815 143.07

43 4408 Malatya Dogansehir 37.887 38.096 654 116.59

44 4611 Kahramanmarag Caglayancerit 37.284 37.747 731 55.32

45 4612 Kahramanmarag Goksun 36.482 38.024 246 95.59
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46 4613 Kahramanmarag Andirm 36.357 37.570 998 68.19
47 4614 Kahramanmarag Pazarcik 37.298 37.485 541 31.42
48 4615 Kahramanmarag Pazarcik 37.138 37.387 484 13.83
49 4616 Kahramanmaras Tiirkoglu 36.838 37.375 390 20.54
50 4617 Kahramanmaras Onikisubat 36.838 37.375 574 38.04
51 4618 Kahramanmaras Onikisubat 36.872 37.600 715 37.84
52 4619 Kahramanmaras Onikisubat 36.866 37.587 545 36.73
53 4620 Kahramanmaras Onikisubat 36.898 37.586 484 35.48
54 4621 Kahramanmaras Dulkadiroglu 36.929 37.593 714 35.42
55 4624 Kahramanmaras Onikisubat 36.918 37.536 280 29.73
56 4625 Kahramanmaras Dulkadiroglu 36.982 37.539 346 28.40
57 4626 Kahramanmaras Onikisubat 36.915 37.575 317 33.89
58 4629 Kahramanmaras Tiirkoglu 36.789 37.287 382 22.05
59 4630 Kahramanmaras Tiirkoglu 36.789 37.287 347 21.89
60 4632 Kahramanmaras Tiirkoglu 36.774 37.256 428 24.09
61 6303 Sanlurfa Siverek 39.329 37.752 986 208.12
62 6304 Sanlurfa Bozova 38.513 37.365 376 130.27
63 6305 Sanlurfa Haliliye 38.513 37.365 None 155.06
64 8002 Osmaniye Bahge 36.562 37.192 430 4391
65 8003 Osmaniye Osmaniye 36.269 37.084 350 72.18
66 8004 Osmaniye Kadirli 36.098 37.380 426 84.20
67 NAR Kahramanmarag Pazarcik 37.157 37.392 None 15.35
EPes ] AFAD i

Figure 1. AFAD-RED intensity map of M, 7.7 magnitude earthquake [32].
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3. BUILDING MODEL

Building models with 3, 6 and 9 storeys are designed to
represent the building inventory in the earthquake
affected region. Even if buildings have different
numbers of storey, buildings may have similar mass
and period values due to their structural features. In
this study, models were designed to provide diversity
in terms of mass and period and correlations were
examined. The plan and 3D model of the buildings in
which nonlinear analyses were performed is given in
Figure 2 and 3. The building structural system consists
of frames with beams and columns but no shear walls.
In the building model with four bays with a fixed width
of 5.0 m, the storey height is 3.0 m on all storeys.
Structural elements are designed by TBEC 2018 [33]

code. The periods of the models representing low-rise,
medium-rise and high-rise buildings are 0.40, 0.67 and
0.96 seconds, respectively. The floor/slab thickness is
maintained at 0.15 m. The column dimensions are
selected as 0.4x0.4 m, 0.5x0.5 m and 0.6x0.6 m for 3, 6
and 9-storey buildings, respectively. All beam
dimensions are considered as 0.25x0.5 m. A rigid
diaphragm model is assumed of the lateral response for
the beam at each story level. The additional dead and
live loads acting on floors are assumed to be 1 kN/m?
and 2 kN/m?, respectively. In the design and analysis
process, the C25 grade concrete (28-day characteristic
compressive strength of 25 N/mm?) and the S420 grade
of both longitudinal and transverse reinforcement steel
(yield strength of 420 N/mm?) are used for structural
elements. Nonlinear time history analyses are
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performed in ETABS V19 by using 134 different
ground motion records of the 2023 Kahramanmarag
earthquake.

Figure 2. Plan of building models
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Figure 3. 3D models of buildings (3, 6 and 9-storey)

4. RESULTS AND DISCUSSIONS

Nonlinear time-history analyses were performed with
134 different acceleration records from 67 stations, and

seismic input energies were obtained for each building
model. Figure 4 presents the stations where the greatest
input energy transmitted to 3, 6 and 9-storey buildings
occurs and the graph of this energy change. First of all,
the maximum input energies for each building model
were calculated with the station data of the 2023
Kahramanmarag/Pazarcik earthquake. Among 67
stations, the maximum input energies for 3, 6 and 9-
storey buildings were obtained in
Kahramanmas/Pazarcik, Hatay/Defne and
Hatay/Antakya, respectively. This result shows that
low-period structures in Kahramanmaras and high-
period structures in Hatay were exposed to more input
energy during the earthquake. Increasing seismic input
energy may also increase the damage potential,
depending on the building features.
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Figure 4. Input energies of 3, 6 and 9-storey RC buildings

In order to make a more accurate assessment, input
energy values per unit mass (E/m) were obtained and
buildings with different storey numbers were compared
for 4 stations (Figure 4). These stations are among the
stations where the highest acceleration values were
obtained in the Pazarcik earthquake. E/m values in
Kahramanmaras, where the highest acceleration ground
motion occurs (2.43 g), again show that buildings with
low periods have to deal with more seismic energy.
The same situation was effective in 6-storey buildings
in Hatay (station 3129 and 3135) and 9-storey
buildings in Gaziantep (station 2708). Hatay and
Kahramanmaras data in Figure 5 supports the results in
Figure 4. At station 4614, less input energy was
transferred per unit mass in structures with higher
periods.
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Figure 5. E/m values of stations (4614, 3129, 3135, 2708) for 3, 6
and 9-storey buildings

The ground motion parameters given in Table 1 for
each station were obtained by SeismoSignal.
Correlation analyses of the proposed ground motion
parameters were performed with the Pearson

correlation coefficient matrix (Equation 1). In this
equation, xi and yi indicate the correlation parameters,
X and y indicate the mean values of x; and Vi,
respectively.  The  correlation  coefficient, a
dimensionless quantity of variance, is commonly used
and ranges from -1 to +1.

_ 2 =) —y)
VEO; — 02y, — 7)?

M

The bolded parameters in Table 3 indicate the first 6
highest correlation values in each parameter
classification. While ground motion parameters are
mostly positively correlated with seismic input energy,
significant durations and some frequency-based
parameters have a negative correlation. Displacement-
based parameters were not among the parameters with
the highest correlation. In 3, 6 and 9-storey buildings,
the highest coefficients were obtained in I (0.91), ASI
(0.83) and VSI (0.73) parameters, respectively. It has
been determined that displacement-based, frequency-
based and duration-based parameters have weaker
relationships with input energy. In the correlation
assessment, only input energy and one ground motion
parameter were taken into account.

Table 3. Correlation coefficients (R) of ground motion parameters
with input energy

Type Parameter  3-storey  6-storey  9-storey

PGA 0.86 0.74 0.55

arms 0.90 0.72 0.57

la 0.88 0.56 0.42

% Ie 0.91 0.66 0.51

£ CAV 0.87 0.69 0.55

= SMA 0.90 0.73 0.54

2 EDA 0.83 0.78 0.58

§ Ags 0.86 0.74 0.55

SCAV 0.88 0.68 0.54

Saavg 0.54 0.78 0.72

ASI 0.88 0.83 0.57

PGV 0.46 0.65 0.6

- VRus 0.41 0.59 0.64
2

& SED 0.38 0.59 0.7

2 SMV 0.51 0.66 0.66

é MIV 0.43 0.69 0.67

> VSl 0.53 0.77 0.73

HI 0.49 0.74 0.72

53 PGD 0.28 0.45 0.47

88 dawss 0.38 0.44 0.47

Vimax/8max -0.27 -0.09 0.00

§§ T, -0.07 0.12 0.35

T8 T -0.19 0.03 0.20

-3 Ds.g5 -0.28 -0.29 -0.26

38 Dss 0.25 0.28 027

Figure 6 shows the changes in the correlation of
acceleration-based, velocity-based and displacement-
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based parameters. Figure 6a indicates that the
correlation values in acceleration-based parameters
decrease as the number of storey increases. Only the
data obtained from the Saavg parameter are excluded
from this situation. Figure 6b explains that velocity-
based parameters are generally more effective in
buildings with high periods. Velocity-based parameters
used in input energy estimation of low-period
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(a) I 3-storey I 6-storey 9-storey]

0.6

Correlation Coefficent (R)

02
= 2 > <« < 9
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Figure 6. Correlation coefficients (R) of parameters with in

parameters
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Table 4 contains the parameters with the highest
correlation with seismic input energy for 3, 6 and 9-
storey buildings. It has been determined that seismic
input energy and acceleration-based parameters (arwms,
la, Ic, ASI, SCAV, SMA) are in higher correlation in
low-period structures. This situation changes as the
period of the structure increases and as a result, the
correlation relationship shifts towards velocity-based
parameters (VSI, HI, SED, SMV, MIV). In many
studies, it has been stated that peak ground motion
parameters and acceleration-based parameters are in
high correlation with demand variables in short-period
structures [34-37]. In structures with intermediate
periods, the input energy is closely related to both
acceleration-based (ASI, Ags, SA, EDA) and velocity-
based parameters (VSI, HI). arms, ASI and VSI
parameters reflect the input energy potential as the best
single parameter for 3, 6 and 9-storey buildings,
respectively.

Table 4. Predominant parameters for 3, 6 and 9-storey buildings

3-storey 6-storey 9-storey
arms ASI VSI
20 I Vsl HI
< g
E E le HI SED
3 g ASI Ass SMV
S
at SCAV SA MIV
SMA EDA SA

The method used to explain the cause-effect
relationships between two or more independent
variables affecting a variable with a model and to
determine the effect levels of these independent

o o e o

Correlation Coefficent (R)

o

structures make their estimation more difficult. When
both graphs in Figure 6 are examined, it is determined
that acceleration-based parameters have a higher
correlation with mean input energies than velocity-
based parameters. The highest correlation occurs
between the Ic.-3-storey building and the lowest
correlation between the PGD-3 storey building.

(b) _ 3-storey [l 6-storey 9-storey
0.9 4
84
7 4
6
5
44
0.3
0.2 -

ut energy (a) acceleration-based parameters, (b) velocity and displacement-based

variables is called multiple regression analysis. In this
study, parameters used for multiple linear regression
analysis define amplitude, frequency, and duration
characteristics of ground motion. Predictive
relationships are developed with multiple variables.
Multiple regression analysis has been executed and
performed for 25 ground motion parameters (GMP).
The determinant coefficient (R?), which expresses the
degree of closeness to reality of the multiple regression
where the dependent variable is input energy, is
detailed in Table 5. Two different models were
considered in this assessment. The first one expresses
the multiple regression developed with the 6 ground
motion parameters with the highest correlation value,
while the second one covers all (25) ground motion
parameters. Higher correlation values were obtained in
the approach where all ground motion parameters were
taken into account. Additionally, the highest R? values
emerged for both models in low-period structures. As
the building period increases, differences occur
between the actual values in the calculation and the
estimated values. As a result of linear regression
analyses performed, equations 2, 3 and 4 were derived
separately for 3, 6 and 9-storey buildings, respectively.
The number of variables has been reduced to easily
calculate the amount of input energy in the equations
with fewer parameters (the first 6 GMPs).

Table 5. Correlation (R) and determinant (R?) coefficients of GMP’s

6 GMP All (25) GMP
R R? R R?
3-storey 0,93 0,87 097 0,94
6-storey 087 0,76 0,92 0,85

9-storey 0,75 0,56 0,88 0,77
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E;(m?/s?) = —=0.151 — 6.796azys — 0.0601, + 15.1541, + 1.682ASI — 0.166SCAV — 1.282SMA )
E;(m?/s?) = —0.449 + 3.198A4SI + 0.013VSI — 0.015HI + 0.01244s + 3.048S, — 1.350EDA ©)
E;(m?/s?) = —0.351 + 0.023VSI — 0.019HI + 7.6E~*5SED — 0.001SMV — 0.001MIV + 0.184S, 4)

5. CONCLUSION

In this study, input energy estimation for the
devastating 6 February 2023 Kahramanmarag
earthquake was carried out and which parameters were
highly correlated in which periods were revealed. As a
result of the analyses of the structures, it is shown that
the low-period structures in Kahramanmarag and the
high-period structures in Hatay are exposed to more
input energy during the earthquake. It is worth noting
that only structures with limited period values were
analyzed. It has been found that acceleration-based
parameters generally have better results than velocity-
based parameters in low periods, and the opposite
occurs in high periods. This study also proposed new
regression equations in which multiple ground motion
parameters are combined to better reflect input energy
from a single parameter. With multiple linear
regression analysis, a strong relationship between
ground motion parameters and input energy was
detected in low-period structures, and it was revealed
that it was easier to estimate input energy with ground
motion parameters in such structures for this
earthquake. There is less difference between the
coefficients of the two regression models proposed for
low-period structures. However, to provide higher
correlations in future studies, the database should be
expanded, that is, more earthquake ground motion data
should be used. The relationship between seismic
parameters and input energies is also affected by the
use of regression types. By accurately calculating
and/or estimating input energies, damage indices and
input energies can be more closely correlated in
practice. Additionally, results can be obtained as to
which earthquake parameters are more effective for a
certain building stock. In subsequent studies, it is
suggested that the relationships between strong ground
motion parameters and input energy transmitted to the
structure should be developed in irregular buildings.
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Abstract: Fungi play a pivotal role in our ecosystem and human health, serving as both essential
contributors to environmental sustainability and significant agents of disease. The importance of
precise fungi detection cannot be overstated, as it underpins effective disease management,
agricultural productivity, and the safeguarding of global food security. This research explores the
efficacy of vision transformer-based architectures for the classification of microscopic fungi
images of various fungal types to enhance the detection of fungal infections. The study
compared the pre-trained base Vision Transformer (ViT) and Swin Transformer models,
evaluating their capability in feature extraction and fine-tuning. The incorporation of transfer
learning and fine-tuning strategies, particularly with data augmentation, significantly enhances
model performance. Utilizing a comprehensive dataset with and without data augmentation, the
study reveals that the Swin Transformer, particularly when fine-tuned, exhibits superior
accuracy (98.36%) over the ViT model (96.55%). These findings highlight the potential of
vision transformer-based models in automating and refining the diagnosis of fungal infections,
promising significant advancements in medical imaging analysis.

Mantar Enfeksiyonlarmin Gelismis Tespiti Icin Goriintii Déniistiiriiciileri Kullamlarak

Mikroskobik Mantar Goriintiilerinin Siniflandirilmasi

Anahtar Oz: Mantarlar, hem gevresel siirdiiriilebilirlige temel katkida bulunarak, hem de énemli hastalik
Kelimeler etmenleri olarak hizmet ederek, ekosistemimizde ve insan sagliginda kritik bir rol
Goriintii oynamaktadirlar. Mantarlarin hassas olarak tespiti, etkili hastalik yonetimi, tarimsal verimlilik ve
dontistiiriiciiler, kiiresel gida giivenliginin korunmasi agisindan énemlidir. Bu arastirma, ¢esitli mantar tiirlerinin
Swin mikroskobik goriintiilerinin siniflandirilmasinda  goriintii  doniistiiriici  tabanli mimarilerin
doniistiiriici, etkinligini kesfetmekte ve mantar enfeksiyonlarinin tespitini gelistirmeyi amaclamaktadir.
Goriinti Calisma, 6nceden egitilmis temel goriintii doniistiiriicii (ViT) ve Swin doniistiiriici modellerini
siiflandirma, kargilagtirmis, 6zellik ¢ikarma ve ince ayarlanma yeteneklerini degerlendirmistir. Nakil 6grenme
Mantar ve ince ayar stratejilerinin, 6zellikle veri artirimi ile birlikte, model performansint 6nemli 6lgiide
enfeksiyonu, artirdig1 belirlenmistir. Veri artirrmi yapilmis ve yapilmamis kapsamli bir veri setini kullanarak
Mikroskobik yapilan ¢alisma, ince ayar yapildiginda Swin donistiiriicliniin (%98,36), ViT modeline kiyasla
gorseller (%96,55) istiin dogruluk sergiledigini ortaya koymustur. Bu bulgular, mantar enfeksiyonlarinin
tanisini otomatiklestirmede ve iyilestirmede vizyon doniistiiriicli tabanli modellerin potansiyelini
vurgulamakta, tibbi goriintiileme analizinde 6nemli ilerlemeler vaat etmektedir.
1. INTRODUCTION is evident in their contributions to medicine, agriculture,
and ecological processes through antibiotic production,
Fungi are critical to addressing global challenges, food fermentation, and nutrient cycling, contrasted with
significantly impacting both ecosystems and human their potential to cause diseases in humans, animals, and
health. They exist in diverse forms, from complex plants, leading to significant health and economic
multicellular organisms to single-celled entities, thriving concerns [1-3].

mostly on land in soil or plant matter. Fungi's dual nature
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Fungal infections pose a substantial challenge to global
health, impacting millions of people each year across
various demographics and geographic locations. Fungal
diseases, ranging from minor infections like athlete's foot
to severe systemic conditions, pose threats to humans,
animals, and crops, impacting economic stability and
food security [2,4-6]. Accurate fungi identification is
crucial for enhancing human well-being, promoting
effective disease treatment, optimizing agricultural
practices, and preventing disease outbreaks. Early and
precise diagnosis is key to effective treatment, reducing
the risk of severe outcomes and ensuring appropriate
care. Particularly, microscopic fungi are major culprits
behind  superficial  infections, making precise
identification crucial for successful treatment [7-9].

Traditional diagnostic methods, reliant on microscopy
and culture techniques, face challenges in speed and
specificity, leading to a demand for more advanced
solutions. Automated fungi classification, leveraging
deep learning algorithms, offers significant advantages
in processing efficiency, diagnostic accuracy, and cost
reduction. It enables rapid analysis of large image
datasets, facilitating timely and informed decisions in
healthcare and agriculture. Automated classification
mitigates the risk of human error and supports research
by providing consistent, reproducible results, which is
critical for understanding disease patterns and
contributing to public health efforts [7,8,10,11].

Recent advances in deep learning have shown promise in
different fields [12-14], especially in medical image
analysis [15-18]. The integration of deep learning
techniques for fungal detection, especially through
microscopic imaging, has demonstrated the ability to
accurately identify various fungal species, highlighting
the technology's potential in both medical and
agricultural fields [8,9,19]. A multitude of studies have
applied convolutional neural networks (CNNs) and,
more recently, vision transformers, demonstrating their
efficacy in distinguishing fungal species with high
accuracy. These advances offer profound implications
for understanding the morphological diversity of fungi
and their impact on human health and food security [20—
22].

For instance, the work of S. S. Gaikwad et al. highlights
the application of CNN models to categorize fungi
affecting apple plant leaves, achieving an impressive
88.9% accuracy using images from an accessible plant
pathology dataset. This study illustrates the potential of
deep learning in agricultural disease management by
facilitating early detection and treatment of fungal
infections in crops [20]. Similarly, L. Picek et al.
introduced the Danish Fungi 2020 dataset, a
comprehensive collection aiding in the fine-grained
classification of fungal species. Their research
underscores the challenges posed by highly unbalanced
class distributions and complex class hierarchies in
fungal identification. By comparing CNN models and
vision transformers, they demonstrated the superior
performance of vision transformers, with an accuracy of
80.45% and a notable reduction in classification error,

showcasing the potential of these models in handling
complex, fine-grained classification tasks [21]. Koo et al.
developed a deep learning model with a regional
convolutional neural network to detect fungal hyphae in
microscopic images, achieving high sensitivity (95.2%
for 100x and 99% for 40x magnification models) and
specificity (100% for 100x and 86.6% for 40x
magnification models), suggesting significant
improvements over conventional fungal infection
diagnostics [23]. Gao et al. (2021) developed an
automated microscope coupled with a deep learning
model, primarily ResNet-50, to enhance fungal detection
in dermatological samples. The system demonstrated
high sensitivity (99.5% for skin, 95.2% for nails) and
specificity (91.4% for skin, 100% for nails), showcasing
the potential to significantly improve efficiency and
accuracy in fungal diagnostics in dermatology [24]. In
another vein, M. A. Rahman et al. explored the
classification of pathogenic fungi using deep CNN
models across several well-known architectures. Their
study, which achieved top accuracy of 65.35% with the
DenseNet model, underscores the diverse capabilities of
CNNs in processing microscopic images to distinguish
among 89 different fungal genera, thereby contributing
to faster and more accurate diagnostic processes [22].

C. J. P. Sopo, F. Hajati, and S. Gheisari’s work further
exemplifies the role of deep learning in fungi
classification, experimenting with different CNN models
and training approaches. Their findings, particularly the
high performance of the VGG16 model under transfer
learning, highlight the effectiveness of leveraging pre-
trained models to enhance classification accuracy in
specialized domains such as mycology [25]. Nawarathne
et al. explored the classification of fungi images using
various CNNs, addressing challenges like class
imbalance through data augmentation and employing
multiple preprocessing techniques. By testing thirteen
pre-trained CNN models across different image
resolutions, the research finds the BigTransfer (BiT)
model, particularly with a mix of original and high-
resolution images, to outperform others with an accuracy
of 87.32%, with optimal precision, recall, and F1-score
[26]. Cinar et al. investigated the application of deep
learning techniques for detecting fungal infections from
microscopic images, employing CNNs and transfer
learning for accurate classification of various fungal
species. Through data augmentation and fine-tuning, the
study achieves significant improvements in accuracy as
97.19%, showcasing the potential of deep learning in
enhancing diagnostic processes for fungal infections
[27]. These studies exemplify the continuous evolution
of methodologies in the classification and identification
of fungal infections, promising to improve diagnostic
processes through increased efficiency and reduced
costs, with profound implications for global health,
agriculture, and ecological preservation.

Our study delves into the application of deep learning
techniques, specifically leveraging vision transformers
within a framework that utilizes the DeFungi dataset,
transfer learning, and data augmentation to enhance the
accuracy of fungal detection from microscopic images.
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The aim is to improve the identification and
classification of fungal infections, thereby supporting
clinical decision-making with rapid, accurate, and
scalable diagnostic tools.

The remaining of the paper is organized as follows. In
Section 2, the details of the methodology are given, such
as dataset, data augmentation, vision transformer
architectures, transfer learning, and experimental details.
In Section 3, the results of the proposed methods and
corresponding discussions are presented. The conclusion
of the study is reported in the last section.

2. MATERIAL AND METHOD

In the Methodology section, an approach employing
vision transformers for classifying fungi images into five
distinct categories is detailed. This section describes the
process of dataset selection and preparation, the
application of data augmentation techniques to enhance
model performance, the experimental setup, and the
architecture of the vision transformers utilized.
Additionally, the application of transfer learning and
fine-tuning processes aimed at enhancing the accuracy of
the model is described.

2.1. Dataset

The DeFungi dataset utilized for this study was acquired
from the University of California Irvine (UCI) Machine
Learning Repository [25]. The images in the dataset
were provided by a mycological laboratory in Colombia.
The dataset contains images depicting superficial fungal
infections attributed to yeasts, molds, and dermatophyte
fungi. These images underwent a detailed classification
process, being manually sorted into five distinct
categories with the assistance of domain experts to
ensure the categorization's accuracy and relevance.
Subsequently, automated coding procedures were
employed to crop and patch these images. The finalized
dataset includes a total of 9,114 images, distributed
across five categories. The fungi image samples from the
dataset are shown in Figure 1.

2.2. Data Augmentation

Data augmentation was implemented to enhance the
diversity of the training dataset, especially to increase
the representation of underrepresented classes. The
augmentation aimed to balance the number of images
across all categories, as depicted in Table 1, which
illustrates the image counts in each class before and after
augmentation. The augmentation procedure involved
four specific transformations applied to the images in the
dataset such as vertical flip, horizontal flip, and 45-
degree rotations.

For each class (H1, H2, H3, H5, and H6), the number of
images was augmented to match a target value. The
target for classes H2, H3, H5, and H6 was set to
approximately match the initial count of H1, which had
the most images at 4404.

Hl

H2

H3

HS5

H6

Figure 1. Representative images illustrating five distinct classes within
the fungi dataset. H1) Tortuous septate hyaline hyphae (TSH), H2)
Beaded arthroconidial septate hyaline hyphae (BASH), H3) Groups or
mosaics of arthroconidia (GMA), H5) Septate hyaline hyphae with
chlamydioconidia (SHC), and H6) Broad brown hyphae (BBH).

This target was selected to ensure that each class had a
similar number of images, thus preventing class
imbalance that could bias the model training. The
augmentation script dynamically generated the required
number of images by applying the aforementioned
transformations consecutively to existing images until
the target count was reached. The generated images were
saved with a unique naming convention indicating the
class, the type of transformation, and a sequence humber
to ensure uniqueness. This data augmentation process
allowed the creation of additional training data, which
was essential for training robust models capable of
generalizing well across different presentations of fungal
classes. It increased the total number of images in the
dataset from 9,114 to 22,004, significantly enriching the
dataset and providing more variability for model
training.

Table 1. Number of images for different classes before and after data
augmentation.

Classes Original Data With Data Augmentation
H1 4404 4404
H2 2334 4400
H3 819 4400
H5 818 4400
H6 739 4400
Total 9114 22004

2.3. Vision Transformer Architectures

In this study, we explore the application of vision
transformer models for image classification tasks. Vision
transformers represent an adaptation of the transformer
architecture, originally designed for natural language
processing [28], to the domain of computer vision.
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Figure 2. Schematic representation of the Vision Transformer (ViT) model utilized in the study, illustrating the transformer architecture adapted for
the task of classifying fungi images into five categories, highlighting the sequence of image patches, positional embeddings, multi-head attention,

and the fully connected layers.

Unlike traditional convolutional neural networks
(CNNSs), vision transformers divide an image into a
series of patches and process these patches as a
sequence, employing self-attention mechanisms to
capture global dependencies within the image [29,30].

In the first model, the base Vision Transformer (ViT)
model is utilized [29]. This approach segments an image
into fixed-size patches, linearizes these patches, and then
processes them through a series of transformer blocks
that include multi-headed self-attention and position-
wise fully connected layers. The base ViT model treats
the image as a sequence of patches to learn
representations, relying on the self-attention mechanism
to weigh the importance of each patch relative to others
in the image. The architecture of the ViT model is shown
in Figure 2.

Additionally, the Swin Transformer is employed, which
is a variation of the standard ViT that introduces a
hierarchical structure through the use of shifted windows
[31]. This design allows the Swin Transformer to
efficiently manage computational resources by focusing
on smaller sections of the image at lower levels of the
hierarchy before progressively merging these sections at
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higher levels. The Swin Transformer's unique approach
to partitioning the image and processing it in stages
enables it to adaptively focus on different scales of
image features, potentially offering advantages in
capturing both local and global image contexts. Figure 3
shows the Swin Transformer architecture.

2.4. Transfer Learning and Fine-Tuning

Transfer learning is a machine learning methodology
where a model trained on one task is repurposed for a
second related task [32]. This approach is often utilized
in image classification, with models pre-trained on large
and diverse datasets, such as ImageNet, to leverage
learned features and patterns applicable across various
visual domains [33]. By starting with models that have
already learned a broad representation of images, the
training process can be accelerated, higher performance
achieved with less labeled data, and model
generalization improved.

Fine-tuning represents a specific application of transfer
learning, where the pre-trained model is further adjusted
to suit the target task more closely. This process involves
unfreezing some or all of the layers of the pre-trained
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Figure 3. lllustration of the Swin Transformer utilized for image classification, detailing the mechanism of shifted windows and embedded patch
processing for feature extraction, as applied to the categorization of complex image data.
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model and continuing the training process on the new
dataset. The extent of the fine-tuning can vary, from
adjusting just the final layers to retraining the entire
network. This allows the model to adapt the generic
features learned from the initial dataset to the nuances of
the new task, enhancing performance on the target
domain [32,34].

In this study, both the base ViT and Swin Transformer
models were employed, leveraging their pre-training on
the ImageNet dataset [35] to harness a rich feature set
relevant to the image classification tasks at hand. Two
principal approaches were taken: feature extraction and
fine-tuning. In feature extraction, the pre-trained models
were used as feature extractors. Images were passed
through the models to obtain high-level feature
representations from the layers preceding the output
layer. These features were then used as input to fully
connected layers designed for the classification tasks in
this study. This method benefited from the deep and
complex representations learned by the models without
necessitating extensive retraining. The second approach
involved fine-tuning the pre-trained models on the
specific fungi dataset of this study. This involved
making minor adjustments to the model parameters to
better align with the specific features and distributions of
the task. After fine-tuning, features extracted from these
adjusted models were fed into fully connected layers for
classification.

2.5. Experimental Details

The Python programming language was used for the
preprocessing and training operations. The vision
transformer models are implemented in the PyTorch
framework. Computational experiments were performed
on a workstation with the following properties: Intel i5-
12600k CPU, 64 GB RAM, and NVIDIA RTX 3090 Ti
24 GB GPU.

Two distinct approaches for image classification were
implemented utilizing the base VIiT and Swin
Transformer models. The first approach involves fine-
tuning, where the pretrained vision transformers are
adapted by replacing their classification head with a new
fully connected layer tailored to our specific number of
output classes. This method allows the entire network to
learn and adjust to our dataset during training. The
second approach is feature extraction, where vision
transformer models are utilized to generate feature
representations of the images, effectively freezing the
pretrained layers and only training a series of new fully
connected layers for classification. This custom network
consists of dense layers with ReLU activations, batch
normalization, and dropout for regularization,
concluding with a softmax layer for output. The training
involved optimizing these layers with an Adam
optimizer and categorical cross-entropy loss, using the
features extracted from vision transformers as input.
Hold-out validation is utilized to assess the performance
of image classification models. Data is allocated as 70%
for training, 15% for validation, and the remaining 15%
for testing.

To assess the performance of our image classification
models, four metrics are employed: accuracy, precision,
recall, and F1-score. Accuracy measures the proportion
of correctly identified images across the dataset,
providing an overall effectiveness of the model.
Precision quantifies the accuracy of positive predictions,
indicating the model's ability to minimize false positives.
Recall assesses the model's capability to correctly
identify all relevant instances, reflecting its sensitivity.
F1-score combines precision and recall into a single
metric, offering a balanced view of the model’s
performance by accounting for both the precision's and
recall's contributions.

3. RESULTS AND DISCUSSION

The detection of fungi plays a pivotal role in addressing
key global challenges, impacting both human health and
ecosystems. Fungi, which range from simple single-
celled organisms to complex multicellular forms, are
significant for their contributions to medicine,
agriculture, and ecological balance, but also pose serious
health and economic risks through disease [1-3].
Accurate identification of fungi is essential for effective
disease management, enhancing agricultural efficiency,
and safeguarding food security. Traditional diagnostic
methods often fall short in speed and accuracy,
underscoring the need for advanced, automated
classification techniques. Leveraging deep learning-
based algorithms for fungi detection promises greater
diagnostic precision, efficiency, and cost-effectiveness,
crucial for early and accurate diagnosis, ultimately
supporting healthcare, agriculture, and ongoing research
efforts [7-9].

In this study, the efficacy of vision transformer models
for classifying medical images, specifically for fungi
diagnosis, was assessed. The findings suggest that vision
transformer models are potentially more adept at
capturing detailed and nuanced features from complex
medical images than conventional approaches, indicating
their capacity to improve diagnostic accuracy. This paper
outlines the model's accuracy rates, feature extraction
capabilities, and the outcomes of fine-tuning, alongside
discussing the progress in fungi image classification
facilitated by the use of vision transformer models.

The comparison between Convolutional Neural
Networks (CNNs) and vision transformer models reveals
unique strengths and challenges for each technology.
CNNs excel in identifying spatial features in images due
to their strong image analysis capabilities and are more
computationally efficient, particularly with smaller
datasets or images. However, they face challenges in
modeling long-range dependencies, though there are
methods to address this issue. Thanks to their localized
processing and shared weight architecture, CNNSs
typically offer better generalization on smaller datasets.
Conversely, vision transformers are capable of
identifying complex global patterns by analyzing images
as a whole, which requires more computational
resources, especially for processing larger images.
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Table 2. Model performance metrics for feature extraction and fine-tuning. All values are percentages.

Data

. Method Model Accuracy Precision Recall F1-Score

Augmentation

No Feature Extraction Swin Transformer 82.32 82.43 82.32 81.40
No Feature Extraction ViT 86.70 86.56 86.70 86.48
No Fine Tuning Swin Transformer 90.87 90.84 90.87 90.80
No Fine Tuning ViT 88.39 88.44 38.39 88.35
Yes Feature Extraction Swin Transformer 92.61 92.71 92.61 92.57
Yes Feature Extraction ViT 94.34 94.35 94.34 94.33
Yes Fine Tuning Swin Transformer 98.36 98.38 98.36 98.36
Yes Fine Tuning ViT 96.55 96.55 96.55 96.54

Their use of self-attention mechanisms allows them to
effectively handle long-range dependencies.
Additionally, vision transformers tend to scale better
with larger datasets compared to CNNs [30,36-38].

The architectural distinctions between the models play a
pivotal role in their ability to manage the complexities
inherent in various classification challenges. The base
ViT model, with its straightforward approach to treating
images as sequences of patches, demonstrates
remarkable efficiency in capturing global image features.
However, its performance indicates potential limitations
in scenarios requiring a nuanced understanding of local
features due to its uniform treatment of image patches. In
contrast, the Swin Transformer's hierarchical, shifted
window approach introduces a level of adaptability and
efficiency not present in the base VIiT model. By
processing images in stages and allowing for variable-
sized representation, the Swin Transformer exhibits a
more nuanced capability to balance between local and
global feature recognition. This structural difference
notably enhances the model's performance on complex
image classification tasks, where the interplay of local
and global image features is critical. A key advantage of
the Swin Transformer is its linear computational
complexity, achieved by applying self-attention in a
localized manner. On the other hand, the ViT model
faces quadratic computational complexity due to its
global application of self-attention across all patches.

The comprehensive results presented in Table 2, in
conjunction with the visual examples from Figure 1,
shed light on the ability of ViT and Swin Transformer
models to handle the complexity and variability inherent
in microscopic fungi images. The distinct textural and
morphological features across the five classes, as
depicted in Figure 1, underscore the challenges faced in
accurate fungi classification.

When the models were not fine-tuned nor exposed to
data augmentation, the VIT model displayed a
commendable aptitude for feature extraction with an
accuracy of 86.70%. This suggests an innate capability
of VIiT model to discern proper features even in
unaltered datasets. The Swin Transformer lagged slightly
behind with an 82.32% accuracy rate. However, once
fine-tuned, the Swin Transformer's accuracy improved
remarkably to 90.87%, outperforming the fine-tuned ViT
model's accuracy of 88.39%.

This improvement hints at the Swin Transformer's ability
to adapt its architecture more effectively upon learning
from the dataset's specific characteristics.

The introduction of data augmentation substantially
increased the number of images across all categories,
with the total image count rising from 9,114 to 22,004.
This enhancement in dataset volume, particularly for
underrepresented classes such as H3, H5, and H6, has
contributed to the notable performance gains observed in
the models. The feature extraction capacity of the Swin
Transformer enhanced to 92.61% accuracy, while the
VIiT model reached 94.34%, indicating a significant
positive impact of data augmentation in preparing the
models to recognize and generalize from the diversified
visual data. Notably, the fine-tuning of both models with
data augmentation yielded the most impressive
outcomes, with the Swin Transformer reaching an
accuracy of 98.36% and the VIiT model an accuracy of
96.55%. These results reflect the models' enhanced
ability to classify complex patterns observed in the
varied images, achieving high precision, recall, and F1-
scores uniformly across classes.

a) Train Loss 1001 b)
| Validation Loss
101 |
9201
0.81{
9
< gof
n 0.6 z
g 8
= 3
o
041 g 0]
0.2
60 {
| Train Accuracy
0.0 Validation Accuracy
. : ; . ' J gll . , . : 2
0 20 40 60 80 100 0 20 40 60 80 100
Epochs Epochs
127
c) Train Loss 100 d)
\
1.04 | >
2 £
0.81
g
= 80
g 0.61 g
=t 5
S
0.4 g
|
0.2
60 |
0.01 Train Accuracy
| Validation A y
50
o 20 40 60 80 100 o 20 40 60 80 100
Epochs Epochs

Figure 4. Training performance comparison for the ViT and Swin
Transformer models during the feature-extraction approach with
augmented data. Subfigures (a) and (b) illustrate the accuracy and loss
plots for the ViT model, while subfigures (c) and (d) show the same for
the Swin Transformer model.
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Figure 5. Training performance comparison for the ViT and Swin

Transformer models during the fine-tuning approach with augmented

data. Subfigures (a) and (b) depict the accuracy and loss plots for the

VIiT model, whereas subfigures (c) and (d) present these plots for the

Swin Transformer model.

The use of transfer learning and fine-tuning in this study
is justified by their demonstrated ability to enhance
model performance, especially in situations with limited
labeled data. By beginning with models that have
learned comprehensive visual representations, the need
for extensive computational resources and time required
to train complex models from scratch is reduced. The
nuanced textural differences and class-specific features
highlighted in Figure 1 may explain the models'
improved performance when fine-tuned with data
augmentation, as the process likely aids the models in
learning to differentiate subtle variations and complex
patterns within and across the classes.

Figures 4 and 5 display the training performance of the
ViT and Swin Transformer models with augmented data.
In feature extraction (Figure 4), both models exhibit high
validation accuracy, with ViT reaching convergence
swiftly, indicative of efficient feature transfer. For fine-
tuning (Figure 5), the Swin Transformer slightly
outperforms VIiT in validation accuracy, suggesting a
better adaptation to the fungi classification task. Figure 6
depicts confusion matrices for VIT and Swin
Transformer models with augmented data. Both models
exhibit high classification accuracy across all classes,
with improved precision upon fine-tuning, as shown by
denser diagonals in Figures 6¢ and 6d. Fine-tuning
particularly enhances the Swin Transformer's ability to
distinguish between the more confusable classes.

In conclusion, the exemplary performance of the Swin
Transformer and VIiT models, especially when fine-
tuned with augmented data, demonstrates their
robustness and adaptability in classifying high-
variability microscopic images. Such findings are
promising for the field of automated medical diagnosis,
suggesting that with sufficient training and data
enhancement, these models can potentially serve as
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Figure 6. Confusion matrices demonstrating classification accuracy
with augmented data for (a, ¢) the ViT model and (b, d) the Swin
Transformer model, with (a, b) illustrating results from feature
extraction approach and (c, d) fine-tuning approach, respectively.

H3
Predicted

reliable tools for accurate fungi classification, ultimately
aiding in the prompt and precise diagnosis of fungal
diseases.

4. CONCLUSION

Understanding the intricate role of fungi within our
ecosystems and their impact on human health
emphasizes the need for nuanced approaches to their
detection and management. The development of
advanced diagnostic tools stands as a critical step
towards mitigating the risks fungi pose, while also
leveraging their beneficial properties for environmental
and medical applications. This research underscores the
transformative  potential of  employing  vision
transformer-based models in the classification of
microscopic fungi images. The Swin Transformer model,
especially with fine-tuning and data augmentation,
emerges as particularly effective, demonstrating a
notable accuracy improvement (98.36%). These results
not only advocate for the integration of vision
transformer technologies in medical diagnostics but also
mark a promising avenue for future research. Further
exploration into optimizing these models for broader
diagnostic  applications and investigating  their
performance in diverse medical imaging contexts could
lead to significant enhancements in automated disease
detection, offering a new horizon for precision medicine
and healthcare.
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Abstract: In this study, natural dyes that were obtained from the branches, flowers and leaves of
Salvia urica were utilized as sensitizers in TiO.-based dye-sensitized solar cells (DSSCs). XRD
and FE-SEM were used to analyze the crystal structure and morphological properties of the
produced TiO2 nanopowders, respectively. The optical properties of natural dyes extracted from
the Salvia urica plant were investigated by UV-vis spectroscopy. Functional groups in natural dyes
were detected by FTIR spectroscopy, while DSSCs were evaluated for photovoltaic performance
and electrochemical impedance. The findings confirmed that the dye obtained from the flower
absorbs a wider wavelength of light in the visible region. Among all other natural sensitizers, the
highest power conversion efficiency was seen in the flower dye-sensitized cell. This situation was
explained by the very strong interaction of the carboxyl/hydroxyl groups and the TiO; surface.
The efficiencies of DSSCs sensitized with flower, branch and leaf dye of Salvia urica were 0.33%,
0.28%, and 0.19%, respectively.

Salvia urica’min Farkh Kisimlarindan Ekstrakte Edilen Boyalarin Boya Duyarh Giines

Pillerinde Kullanimi

Anahtar
Kelimeler
Boya duyarlt
giines pili,
Dogal boyalar,
Fotovoltaik
performans

Oz: Bu calismada TiO; esasli boya duyarl: giines pillerinde hassaslastiric1 olarak Salvia uricanin
yapraklarindan, ¢igeklerinden ve dallarindan faydalanildi. Sentezlenen TiO2 nano tozlarinin kristal
yapisint ve morfolojik 6zelliklerini analiz etmek i¢in sirasiyla XRD ve FE-SEM kullanildi. Salvia
urica bitkisinden ekstrakte edilen dogal boyalarin optik ozellikleri UV-vis spektroskopisiyle
incelendi. Boya duyarli gilines pilleri fotovoltaik performans ve elektrokimyasal empedans
agisindan incelenirken dogal boyalardaki fonksiyonel gruplar FTIR spektroskopisiyle tespit edildi.
Bulgular, ¢igekten elde edilen boyanin goriiniir bolgede 15181 daha genis bir dalga boyunda absorbe
ettigini dogruladi. Diger tiim dogal hassaslastiricilar arasinda en yiiksek gii¢ doniisiim verimi ¢igek
boyasiyla duyarlilastirilmig hiicrede goriildii. Bu durum karboksil/hidroksil gruplari ile TiO2
yiizeyinin ¢ok gli¢lii etkilesimi ile agikland1. Salvia urica'nin ¢igek, dal ve yaprak boyasi ile duyarh
hale getirilen DSSC'lerin verimliligi sirastyla % 0,33, % 0,28 ve % 0,19 bulundu.

1. INTRODUCTION

Rapidly increasing industrialization brings energy
demands to higher levels [1]. All countries have turned to
alternative energy sources for meeting their increasing
energy demands [2]. One of the main causes of this is that
fossil fuels will run out shortly and pose a risk to the
environment [3]. This viewpoint emphasizes how
important environmentally friendly and renewable

sources of energy are [4]. Particularly alluring are
photovoltaic systems, which directly transform solar
energy through electrical power [5]. Due to their high
efficiency, solar cells made with silicon achieved an
important milestone on the path to commercialization in
these circumstances [6]. Many developed and developing
countries use these silicon-based photovoltaic modules
extensively and produce energy. However, as silicon-
based solar cells are costly, studies on eco-friendlier and
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more economical solar cell technologies have accelerated
[7]. Thanks to their low cost and easy production
processes, dye-sensitized solar cells are pivotal to
scientific and technological developments within this
framework [8]. As a result of intensive studies on DSSCs,
power conversion efficiencies of over 15% have been
achieved [9]. This is an important step toward the
commercialization of DSSCs in a short span time [10].
Researchers are attempting to improve the power
conversion performance of DSSCs by focusing on the
photonode layer, dye, redox electrolyte, and counter
electrode because the efficiency of these devices is still
below the level that is desired [11]. The components of a
DSSC are a dye molecule, counter electrode, electrolyte
solution, and photoanode layer [12]. The mechanism of
operation of a typical DSSC seems quite simple, as shown
in Fig. 1. Sensitizing molecules of dye absorb the photon
flux emitted on the exterior of TiO2 when light strikes the
photoanode layer, exciting the electrons in the sensitizer
[13]. The transparent conductive oxide, the electrolyte
solution, and the cathode, in that order, receive the
generated current. In order to finish the cycle and direct
the ions into the dye solution, the counter electrode
provides ions into the redox solution.

ﬁﬂ#

”0
@ 3I k) FTO
TiO:
Load Electrolyte
Le“ B I- —> FTO
e —_ Pt

Figure 1. A standard DSSC’s operating concept.

There are two types of dyes employed in DSSCs: natural
and synthetic. Synthetic dyes are also categorized as
metal-free organic dyes and metal complex dyes [14]. The
classification of dyes used as sensitizers in DSSCs is
given in Fig. 2. The dye used as a sensitizer in DSSCs is
important for photovoltaic performance. The properties
that the dye used in a DSSC must have are summarized
below [15];

Its visible region must possess a strong absorption quality.
It must contain carbonyl and/or hydroxyl groups that will
create energetic interaction with the TiO surface.

The lowest conduction band must match the Lowest
Unoccupied Molecular Orbital (LUMO) level.

The redox level of the electrolyte solution must be
higher than the Highest Molecular Orbital (HOMO)
level.

Metal complex dyes have been utilized in DSSCs to
achieve high power conversion efficiencies. In particular,
DSSCs with power conversion efficiencies over 15%
have been successfully produced using Ruthenium (Ru)

based dyes [16]. On the other hand, these dyes are
expensive and pose a great risk to the environment.
Additionally, metal complex dyes face stability problems
due to recombination events within the cell [17]. This
circumstance has brought attention to metal-free organic
dyes, which are an excellent substitute because they are
less harmful to the environment, affordable, readily
accessible, and do not contain metal. Intensive research
has been conducted to achieve high power conversion
efficiency in DSSCs using metal-free organic dyes [18].
Metal-containing dyes have lower extinction coefficients
than metal-free organic-based dyes. Additionally, they
enable the use of thinner oxide films that minimize energy
losses during charge transfer [19]. However, because of
their intense and narrowed absorptions in the visible light
spectrum's blue region, they have a low light collection
efficiency. In this instance, the metal-free organic dye-
sensitized DSSCs' efficiency values stayed below 10%
[20].

The high costs of metal complex dyes, difficult synthesis
steps and environmental hazards limit the wide range of
use of these dyes in DSSCs and encourage the search for
alternative sensitizers. This makes the non-toxic,
environmentally friendly natural sensitizing dyes
prominent [13]. Numerous organic dyes have already
been investigated thus far for use as DSSC sensitizers.
Among these dyes, the most commonly used are
chlorophylls, carotenoids, betalains, anthocyanins and
flavonoids [21]. The classification of natural dyes is
determined by the chemical structures and photophysical
properties of plants. Carbonyl and/or hydroxyl groups in
the plant structure have a strong interaction with the TiO>
surface due to their chemical structure [22]. This kind of
interaction lessens the recombination of charge in the
contact point and promotes electron transfer to TiOy's
conduction band [23]. Natural dyes obtained from plants
are put to use in areas such as the pharmaceutical industry,
textile dyes and food [24]. Among these plants, the genus
Salvia has an important place in the food, medicine and
cosmetic industries. Salvia urica, also known as lime tea,
grows in the Mediterranean region and is in high demand
due to its aromatic properties. Dyes extracted from the
above-ground parts of the Salvia urica plant have
antibacterial, antifungal and dyeing properties [25]. The
main pigment found in the structure of this plant is
eupatilin and they are organic compounds defined as 6-0-
methylated flavonoids. Eupatilin is considered a
flavonoid as it represents the methoxy groups of the C6
atom attached to the flavonoid backbone [26].
Nonetheless, DSSCs sensitized with natural dyes do not
possess the desired level of power conversion efficiency,
so researchers have carried out different studies to
increase the stability of the dyes used in DSSCs.
Researchers have implemented strategies such as
purification by column chromatography [27], the use of
different extraction methods [28], and mixing natural dyes
[29]. In a study by Zhou et al., catalysts in DSSCs were
made from natural dyes that were taken from 20 various
plants, and the highest efficiency value (1.17%) was
obtained from Mangosteen extract [30]. In a study by
Kristoffersen et al.,, cell performance increased
significantly after the removal of nonpigmentary organic
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components from the anthocyanin dye [31]. In a study
reported by Hamadanian et al., the cell sensitized with the
Consolida ajacis plant exhibited the highest cell
performance with 0.6% among 10 different plant extracts
[32]. In a study by Ramomoorthy et al., cells sensitized
with a mixture of betalain and anthocyanin showed the
highest efficiency [33]. Nnorom et al., obtained the
highest power conversion efficiency (0.58%) by using
Baphia nitida dye in DSSCs prepared using natural
sensitizers [3]. In a study by Calogero et al., cell efficiency
was improved by up to 1.6% by using different extraction
methods [34]. Ahmadi et al improved the filling factor up
to 0.76 in lichen Collema nigra dye-sensitized DSSCs
[35]. Singh et al. reported 0.72 mA/cm? Js, 5.55 V Ve,
0.70 FF and 0.28% power conversion efficiency using
Tropaeolum majus flowers as sensitizers [36]. When the
studies conducted with natural dyes are examined,
attempts have been made to increase the power
conversion efficiency of DSSCs by using techniques such
as different dye extraction methods, different solvents,
purification processes and mixing natural dyes. The aim
of this study is to investigate how dyes extracted from
different parts of a plant species that have not previously
been used in DSSCs affect cell performance.

Three DSSCs were made for this study using dyes that
were extracted from the Salvia urica plant's leaves,
branches, and flowers. DSSCs sensitized with Salvia
urica have not been previously reported in the literature.
It has also been observed that natural dyes that were
gleaned from various sections of the plant have different
sensitization performance.

DYES

Natural
Anthocyanin \I/ \l/
Metal organic Metal-free
Betalin complex dyes organic dye:
Ru-based dyes | Coumarin I

Chlorohyll

Zinc-based dyes | Cyanine I

LT

Eupatilin
(Salvia urica)

Figure 2. Classification of dyes used as sensitizers in DSSCs.
2. EXPERIMENTAL
2.1. Materials

The Salvia urica plant used as a sensitizer in this study
was obtained from the city of Elazig in the Eastern
Anatolia Region of Turkey. The chemicals were
purchased commercially to be used in the experiments and
they were not subjected to additional purification. The
chemicals used in the study and the companies from
which they were purchased are summarized below;
Tetraisopropyl (TTIP)- >97.0% purity — Acros Organic
Ethyl cellulose - Sigma-Aldrich

a-terpineol - Acros Organic

FTO glass-TC030 sodalime/resistivity 10 Q/sq-Solaronix
Pt Pastes (Liquit paint:Platisol-T)-Aldrich

Redox solution (AN-50) - iodide/tri-iodide/Solaronix
Thermoplastic sealing gasket (Meltonix 20 pm)/Solaronix
Absolute ethanol (ethyl alcohol)- Sigma-Aldrich
Hydrochloric acid (HCI) - Sigma-Aldrich.

2.2. Synthesis of TiO2 Nanoparticles

In this study, TiO, based nanopowders were synthesized
by the sol-gel method that was also used previously [37].
2 ml TTIP and 50 ml absolute ethanol were mixed
vigorously at ambient temperature until the color of the
mixture turned yellow. While this process was continuing,
0.19 ml HCI was added dropwise to the mixture and
stirred for another 24 h. Pure water and alcohol were used
several times to wash the precipitate obtained after
centrifugation. The cleaned precipitate was kept in an
oven at 50 °C to dry for 12 h before it was sintered in a
high temperature operate furnace at 400 °C for 1 h. The
synthesized TiO; particles were pulverized with a mortar
and stored in a desiccator in a dark environment.

2.3. Extraction of Natural Dyes

The leaves, branches and flowers of the Salvia urica plant
were carefully removed from the plant skeleton. Plant
parts were cleaned of dust by repeatedly washing leaves
and branches in pure water and then drying them in an
oven. These plant parts were pulverized with the help of a
high-speed grinder. A 10 g portion of each powder was
placed into 3 different soxhlet cartridges. Each soxhlet
system received ethyl alcohol (150 ml) and the system
was siphoned until the dye extraction was finished. In this
study, ethyl alcohol was used as a solvent to separate the
dye from plants. Many previous studies have shown that
eupatilin dye is more soluble in ethyl alcohol [32,38,39].
The extracted dyes were adjusted to the appropriate
concentration with the help of a rotary evaporator so that
80% of the alcohol was recovered. Finally, it was passed
through a filter paper to remove insoluble residues in the
dye and stored in a dark environment at 4 °C. In Fig. 3,
the extraction processes of natural dyes are shown.
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Salvia Salvia Salvia
Urica Utica Utica
e branch flower

ROTARY EVAPORATOR|

FYTRONIX SOLAR SIMULATOR

SOXHLET APPARATUS

Figure 3. Extraction of dye from flowers, branches and leaves of
Salvia urica.

2.4. Assembling of DSSC

TiO; paste was prepared with the same procedure that was
used in previous studies on high-performance DSSCs
[40]. For this purpose, 225 mg TiO,, 100 mg ethyl
cellulose and 10 ml absolute ethanol were ultrasonically
mixed until the dispersion of TiO; particles in the mixture.
After the ultrasonic treatment was completed, this mixture
was magnetically stirred strongly (1000 rpm) for 24 h in
a dark environment at room temperature. Some of the
alcohol in the mixture was removed with the help of a
rotary evaporator to achieve the appropriate paste
consistency. Then, the process of cleaning the FTO was
started. Commercially purchased FTO glasses were
ultrasonically treated separately in acetone, ethyl alcohol
and water. Using the doctor blade method, a synthesized
paste was created on the conductive part of the cleaned
glasses. The produced photoelectrodes were sintered for
45 min at 450 °C after being dried in an oven for 30 min
at 80 °C. The photoelectrodes were left in a vacuum
desiccator to cool following the sintering process. The
preparation stages of the photoanode layer are given in
Fig. 4. When the temperature of the photoelectrodes
dropped to an average of 70 °C, they were removed from
the desiccator. While the TiO, thin film was in the up
position, it was dipped into previously prepared natural
dyes and left for 24 h. Photoanodes sensitized with natural
dyes were immersed in an alcohol solution several times
to remove undissolved residues on the TiO. surface.
These photoanodes, sensitized with natural dyes, were
quickly dried in the cold air form of a dryer and stored in
a desiccator. After the preparation of the photoanode
layer, the production of Platinum (Pt) counter electrodes
began. The even distribution of the commercially
purchased platisol paste on the conductive part of the pre-

cleaned FTO was handled with an acrylic brush. The Pt
paste was spread smoothly on the conductive part of the
FTO with a brush and heat treated at 450 C for 15 min.
For the assembly of DSSCs, a thermoplastic seal was
placed around the TiO; thin films and combined with the
counter electrode. To combine the sealing gasket and the
counter electrode, the photoanode layer was subjected to
heat treatment at 100 °C for 20 s. Redox solution was
injected onto the TiO; surface through a hole on the upper
surface of the Pt electrode, using a special syringe that
prevents the formation of air gap.

Muffle
Furnace

Photoanode Photoanode

TiO:
Paste

Figure 4. Preparation of the photoanode layer.

The production of DSSCs was completed after a
thermoplastic sealing gasket was utilized to close the hole
in the Pt electrode. A representative view of a typical
DSSC is seen in Fig. 5.
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Figure 5. Parts of a consolidated DSSC.
2.5. Characterization

In this study, the crystal structure and morphological
properties of TiO, thin films produced by the sol-gel
method were analyzed with the Rigaku X-ray diffraction
(XRD) system and Zeiss Sigma 300 field emission
electron microscope (FESEM), respectively. While the
measurement of the thickness of TiO, films was carried
out with Kla Stylus Profiler P7, Brunauer-Emmett-Teller
(BET) was used to determine the pore size and specific
surface area of the synthesized TiO, particles. The
absorption properties of the extracted natural dyes were
measured with the UV-3600 Shimadzu-Japan device.
Fourier transmission infrared (FTIR) spectra were used to
detect some functional groups in natural dyes (Thermo
Scientific Nicolet Summit device). Electrochemical
Impedance Spectra (EIS) and Photovoltaic measurements
of DSSCs were recorded by the Fytronix Impedance
Analysis System and the LSS 9000 I-V Characterization
System (Fytronix Solar Simulator).
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3. RESULTS AND DISCUSSION

The method called sol-gel is employed to produce TiO;
nanoparticles which structures can be ssen in Fig. 6. The
sharp peaks seen in the Fig. 6 reflect the crystalline nature
of TiO; nanoparticles. The peak positions (101) (004)
(200) (105) (211) (204) (116) (220) (215) correspond to
the anatase TiO; according to JCPDS card number; 50-
00-223. The photoanode layer in high-performance
DSSCs is mostly formed with anatase TiO; [41].

The average particle size of the metal oxide
semiconductor TiO, nanopowder was determined using
the William-Son-Hall formula and XRD spectra seen in
the Eq. 2[42]. Bs in this equation reflects the FWHM,
which is the full-width value at half the height of the peak.
The symbols "¢", "6", "D", and "£" in the equation
correspond to the lattice voltage, reflection angle of the
peaks, crystal size, and X-ray wavelength, respectively.
The average crystal size of TiO, particles synthesized
according to this formula is 14.28 nm.
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Figure 6. XRD example of the synthesized metal-oxide semiconductor

nanopowder.

Fig. 7 shows the surface photographs of the TiO thin film
coated on the FTO surface using the doctor blade method
at 1 um and 100 nm scales. As seen in the Fig.7, almost
all TiO, nanoparticles have a spherical structure. TiO;
nanoparticles are tightly bonded to each other. The tight
contact of thousands of aggregations improves electron
transport. Such a contact provides more pathways for the
transport of electrons injected into the thin film and
minimizes electron losses [43]. The average size of TiO,
nanoparticles in the photoanode layer is 15 nm.
Nanoparticles have a central function as donors and
acceptors in the active layer of DSSCs. The size of TiO;
nanoparticles in the photoanode layer affects both
electron transfer and recombination states of holes. As the
size of the particles decreases, the surface/volume ratio
and surface area increase. This causes increased dye
absorption on the surface [44].

Figure 7. SEM images at different scales of TiO2 based
nanopowder produced with the sol-gel technique.

The specific surface area and pore size of the produced
TiO2 nanopowders were determined by the BET method.
The isotherm curve of the produced sample is given in
Fig. 8. The adsorption and desorption curves of N, gas are
associated with the Brunauere Deminge Deminge Teller
(BDDT) classification. According to this classification,
the synthesized TiO- particles reflect the isotherm type IV
and mesoporous structure. Both pore size and specific
surface area of TiO2 in DSSCs play important roles in cell
performance. The specific surface area and pore size of
the synthesized TiO; particles were recorded as 6.28 m?/g
and 70.95 nm, respectively. Increasing the specific
surface area and pore size of nanoparticles in the
photoanode layer improves the dye loading and electron
transport pathways of the TiO, thin film [45].
Morphological parameters obtained from BET studies
showed that the synthesized TiO, nanoparticles were
suitable for high-performance DSSCs [46].
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Figure 8. N, adsorption/desorption graphs of semiconductor metal-
oxide TiO, powders.

Fig. 9 shows the UV-vis absorption spectra of dyes
obtained via flowers, Salvia urica plant’ branches and
leaves. Such dyes can evidently be used as sensitizers in
DSSCs, for light is absorbed by them in the UV-vis.
Differences in the absorption behavior of the dyes
significantly affected the performance of the synthesized
solar devices. This is due to the different pigment
structures in natural dyes. The maximum absorbance
wavelength of 3 dyes extracted from different sections of
the Salvia urica plant is 660 nm. Additionally, the dye
extracted from the flower has an additional peak at 473
nm. The dye utilized by the plant's flowers exhibits two
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distinct peak patterns inside the visible region, indicating
that it has the highest absorption. Peaks at 660 nm indicate
that the dye is eupatilin, which generally belongs to the
flavonoid class [32]. The extra peak exhibited by the
flower dye at 473 nm reveals the presence of chlorophyill
in the respective dye extract. Chlorophyll is known to
strongly absorb light within the observable spectrum,
particularly from wavelengths as 400 to 500 nm [47].
Compared to dyes extracted from the branches and leaves,
the Salvia urica plant's flowers demonstrated absorption
at a wider wavelength in the visible spectrum. It is known
that the absorption behavior at this wider wavelength
increases cell performance [48]. Additionally, absorptions
in different energy regions help DSSCs capture more
photons [49]. The dye obtained from the flowers of the
Salvia urica plant absorbs a wider wavelength, resulting
in higher cell performance. Furthermore, dyes obtained
from various plant parts may have different absorption
qualities, according to UV research.
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Figure 9. Natural dye absorption spectra obtained from various
components of Salvia urica.

Fig. 10 shows the FTIR spectra of 3 natural dyes leached
from different sections of the Salvia urica plant. The
chemical structure of eupatilin, the basic pigment of
Salvia urica, is given in Fig. 11. The functional groups
that constitute the basic structure of natural dyes that are
put to use as sensitizers in cells were determined thanks to
the spectrum which shown at the Fig. 10. For natural dyes
to form a strong interaction with the TiO- surface, they
must contain carbonyl and/or hydroxyl groups in their
chemical structure. Natural dyes that are derived from
various sections of the plant showed identical spectral
properties, and the presence of functional groups in the
main pigments is manifested by the peaks observed in the
IR spectra of these dyes [14,32,47]. However, the
spectrum of the dye derived from the flowers of the Salvia
urica plant showed stronger characteristic absorption.
This is due to the superposition of the two main pigments
(chlorophyll, and eupatilin) in the dye [38]. The dyes
obtained from this plant's branches and leaves have nearly
identical spectra. The hydroxyl group presence in the
three natural dye extracts is indicated by the broad peak at
3321 cm? [50]. The peaks at 2923 and 2851 cm™ are
attributed to alkyl C-H of polyphenolic compounds
[14,48]. The peaks appearing at 1600 cm correspond to
aromatic ring vibrations [49]. The peak at 1259 cm™ is
assigned to the C-N stretching of amine groups, while the

sharp peak observed at 1046 cm* corresponds to the C-O-
C stretching of carbohydrate or ester groups [3,21]. The
bands attributed to 990 and 917 cm arise from out-of-
plane bendings of the C-H bond [51]. FTIR test results
clearly show that, for DSSCs, natural pigments containing
carbonyl and/or hydroxyl functional groups are applicable
and useful sensitizers.
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Figure 10. FTIR spectra of dyes leached from flowers, branches and
leaves of the Salvia urica plant.

Figure 11. Chemical structure of eupatilin.

The electrochemical impedance spectra (EIS) of DSSCs
sensitized with natural dyes are shown in Fig. 12(a).
Under 100 mW/cm2 of enlightenment, EIS analyses were
recorded in frequency ranges ranging from 0.1 Hz to 100
kHz. With the aid of the Zview program, resistance
parameters were computed from EIS data and are shown
in Table 1. DSSC electrochemical spectra are typically
shown as three semicircles. There is a correspondence
between the first semicircle in the high-frequency region
and the charge transfer at the counter electrode. The back
reaction at the TiO/electrolyte interface and the transport
of injected electrons in the TiO; film are mirrored by the
second semicircle in the mid-frequency region. The third
semicircle in the low-frequency region is attributed to the
Warburg diffusion process of 1713 in the redox electrolyte
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[52]. In the Nyquist diagram shown in Fig. 12(a),
semicircles of the high and medium-frequency regions
can be seen. The absence of the third semicircle in the
low-frequency region may be due to Warburg diffusion of
redox couples [53]. The series resistance (Rs) value is
associated with the intersection of the high-frequency
region with the real axis, while R¢ and R stand for the
resistance of the charge transfer at the electrode as Pt and
the resistance of electron transfer between TiO--
electrolyte, respectively. It can be seen in Table 1 that R
and Rcu values are very close to each other since the same
Pt electrode and iodide/tri-iodide redox solution were
used in DSSCs sensitized with natural dyes [54].
Therefore, when examining the interface resistances of
cells, the impedance value (Rcw) that originates from the
transfer of electron out of the conduction band of TiO; to
the FTO glass must be taken as the reference. Increasing
the diameter of the Nyquist curves representing Rt leads
to lower cell performance. When Table 1 is examined, the
Reo values of DSSCs sensitized with the flower, branch
and leaf dye of the plant were calculated as 120.6, 140.1
and 162.7 Q, respectively. DSSCs sensitized with
sensitizers obtained from the branches and leaves of the
Salvia urica plant have higher Re. The higher charge
transfer resistances of these cells cause higher distortion
and separation and negatively affect their power
conversion efficiency [55]. In addition, due to increasing
Reo values, the V. values of the DSSCs produced
decreased from 0.65 to 0.55 V. Because as the R¢, value
increases, slower electron transfer occurs at the
TiOq/electrolyte interface, resulting in lower Vo values
[56]. In DSSCs, low Re values accelerate the charge
transfer between the photoanode layer and the Pt
electrode. The lower Re. value shown by flower dye-
sensitized DSSC is consistent with the higher cell
performance it exhibits [57].

Table 1. EIS parameters of DSSCs sensitized with flowers, branches

and leaves of Salvia urica.
Sample Rs (Q) | Reu (Q) Rez () | Ce (us)

DSSC sensitized 15.3 6.4 120.6 1310
with flowers of
Salvia urica plant

DSSC sensitized 17.1 8.1 140.1 834
with branches of
Salvia urica plant

DSSC sensitized 19.2 8.9 162.7 752
with leaves of
Salvia urica plant

Electron lifetimes (Ce) of DSSCs obtained via natural
dyes acquired from different Salvia urica plant sections
were calculated with the help of Eq. 2 [58] from the Bode
graph given in Fig. 12(b). The fmax in Eqg. 2 is the
maximum peak frequency of the Bode lines. The C.
values of DSSCs sensitized with flower, branch and leaf
dye were found to be 1310, 834 and 752 ps, respectively.
The higher electron lifetime of flower dye-sensitized
DSSC is due to its higher recombination resistance.
Increasing electron lifetime in a cell improves cell
performance by limiting the recombination of electrons
and redox pairs [59]. Conversely, though the frax value of
DSSC obtained via dye leached from the leaves of Salvia
urica has the lowest electron lifetime since it is in the

high-frequency region. This caused the leaf-sensitized
cell to have the lowest efficiency value.
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Figure 12. a) Nyquist curves, b) Bode curves of DSSCs using sensitizers
extracted from different parts of Salvia urica.

Photoelectric properties of DSSCs sensitized with
flower, branch and leaf dye of the Salvia urica plant
were examined using artificial sunlight under 100
mW/cm? light intensity (AM 1.5G). Js-V curves of
DSSCs sensitized with natural dyes are seen in Fig.
13. Photovoltaic cell parameters for instance
efficiency of cell (I]), density of short circuit (Js)
current, open circuit (Vo) voltage and factor of
filling (FF) of natural dyes based DSSCs were
calculated by Eq. 3, 4 as is shown in Table 2.
Compared with other sensitizers, the flower dye-
sensitized cell has the best cell efficiency (I]= 0.33)
with a short-circuit current density of 0.73 mA/cm?,
an open-circuit voltage of 0.65 V, and a filling factor
of 0.71. When DSSCs sensitized with dyes leached
from different parts of the Salvia urica plant are
compared to the performance of cells produced with
conventional inorganic Ruthenium complex dyes
(11=6.86%), the cell efficiency is very low [13].
However, intensive research on organic-based dyes
shows that these dyes are promising for DSSCs in
the near future [60]. Additionally, in a study reported
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by Lohar et al., they reported a cell performance of
0.152 % in cells where Salvia divinorum, one of the
different species of Salvia, was used as a sensitizer.
The photoelectric performance of DSSC sensitized
with dye obtained from the flowers of the Salvia
urica plant is higher than cells sensitized with branch
and leaf dye. This may be due to the higher presence
of some functional groups that show superior
performance in DSSCs in the flower-extracted dye.
Because the charge transfer transition of flavonoid
and chlorophyll pigments from HOMO to LUMO
requires less energy. As a result of such behavior, the
pigment molecules are energized by visible light,
resulting in a wider absorption band in the UV-vis
[61]. Two intense absorptions of the flower dye over
a wide area in the visible region support this
situation. Moreover, the higher V. value (0.65 V) of
DSSC sensitized with flower dye is a result of the
strong interaction of alkyl chains with the TiO;
surface. Such an interaction prevents the leakage of
electrons from the photoanode layer into the
electrolyte solution [62]. The lower V¢ (0.55 V) and
Jsc (0.52 mA/cm?) values of the leaf dye-sensitized
cell can be attributed to the poor electron injection
and the low concentration of some pigments that
exhibit high performance in DSSCs [63]. As a result,
it appears that dyes leached from different parts of
natural plants may have different sensitization
performances.
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Table 2. DSSCs’ photovoltaic results sensitized with flowers, branches
and leaves of Salvia urica.

Jsc Voc Il
Sample (mAlcm?) V) FF %)
DSSC sensitized with
flowers of Salvia urica 0.73 065 | 0.71 | 0.33
plant
DSSC sensitized with
branches of Salvia urica 0.68 0.60 | 0.69 | 0.28
plant
| DSSC sens_mzeq with 052 055 | 068 | 0.19
eaves of Salvia urica plant

4. CONCLUSION

In this study, the performance of dyes extracted from the
flowers, branches and leaves of the Salvia urica plant on
DSSCs was examined. The production of TiO;
nanoparticles was successfully performed using the sol-
gel method and photoelectrodes were prepared by the
doctor blade method. XRD studies confirmed that TiO,
was in the anatase phase. SEM images showed that TiO>
nanoparticles had a spherical structure in close contact
with each other. Fourier spectroscopy testing revealed that
dyes containing carbonyl and hydroxyl groups were
suitable sensitizers for DSSCs. Dyes extracted from the
flowers, branches and leaves of the Salvia urica plant
showed different absorption behaviors in the visible
region. UV-vis studies showed that the flower dye
exhibited absorption over a wider wavelength range in the
visible region. It was determined from EIS analysis that
the longest electron lifetime (1310 ms) was in the flower
dye-sensitive DDSC. This was attributed to the high
recombination resistance of the flower dye-sensitized cell.
The flower dye-sensitized DSSC exhibited the best cell
performance (0.33%) with, 0.71 FF, 0.65 V V and 0.73
mA/cm? Ji.. This behavior was explained by the strong
absorption of the flower dye in the visible region and the
higher presence of some functional groups in this natural
dye. The low V. (0.55 V) and Jsc (0.52 mA/cm?) values
of the leaf dye-sensitized cell were attributed to poor
electron injection and low concentration of some high-
performance pigments. Dyes extracted from different
parts of natural plants may exhibit different sensitizing
performances in DSSCs. In addition, natural dyes used as
sensitizers in DSSCs can offer a sustainable solution to
meet energy needs as they are cheaper and eco-friendly.
The use of dyes to be leached from different parts of plants
with different extraction methods in DSSCs is promising
for high-performance DSSCs. Organic-based dyes,
especially those obtained with pure critical and high-
pressure extraction systems, can be used as high-
performance sensitizers in DSSCs.
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Abstract: Let f iR — R be a locally integrable function, and define the dyadic maximal

function
2l

Tf (X):Supj% j f (x—t)dt|.
0

Letl< p<oo,and We Ap, ie.,

1
1 1 e
sup, (—Iw(x)dx] —Iw(x) Pdx | < oo,
|11 |1
where the supremum is taken over all intervals | in IR . In this research we prove that Tf

maps the weighted Hardy space H (W) to the weighted L"(W) space. More precisely, we
show that there exists a positive constant & such that

7] <ef

forall f e H'(w).

L'(w) H (w)

ikili Maksimal Fonksiyon Agirhkh H*(w) Hardy Uzayim Agirhkh L'(w) Uzaymna

Doniistiiriir

Anahtar
Kelimeler
Agirlikli Hardy
uzayi,
Muckenhoupt
agirligi,

Ap agirhgi,
Hardy uzay,
Ikili maksimal
fonksiyon

Oz: Yerel olarak integrallenebilen bir f : IR — R fonksiyonu igin Tf ikili maksimal

fonksiyonunu
1%
Tf (x):supjg j f(x—t)dt

0

olarak tammlayalim. 1< p <o ve WGAp olsun. Yani supremum R reel sayilar

kimesindeki bittin | araliklar {izerinden alinmak iizere
1
1 1 —
sup, [—Iw(x)dx} —Iw(x) Pdx | < oo
K |11y

olsun. Bu aragtirmada Tf fonksiyonunun agirlikli Hardy uzayr H'(W) y1 agirhkh L (W)

uzayina doniistiirdiigii gosterilmistir. Yani her f € H l(W) icin
[Tty < @l £

olacak sekilde bir pozitif & sabitinin varlig1 gosterilmistir.

L (w) H (w)
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1. INTRODUCTION

We say that a positive function we L5 (R) is a
Muckenhoupt’s Ap weight for some 1< p <o if the
following condition is satisfied:

sup, (ﬁ!w(x)dx]{ﬁ!w(x)p‘l dxj <00,

where the supremum is taken over all intervals | in R .
We say that W e A if given any interval | in R there

exists a constant C > 0 such that
1
mjw(y)dy < Cw(x)
|
forae Xel.
We say that we A if there exist 0 >0 and £>0

such that given an interval | in R, for any measurable
set Ec I,

|El<o-|1|=WE)Q-¢) -w(l)

where
w(E) = _[ W,
E

One can find an extensive study of weighted Ha‘c'i\)//)
spaces H P (w) in Garcia-Cuerva, J. (1979), where W
Ap weight. The atomic

is a Muckenhoupt’s

characterization of H " (w) has also been given in
Garcia-Cuerva, J. (1979). Given a weight function W on

R, as usual we denote by LP(w) the space of all
functions satisfying

[0 = 1T 0] W)X < 0.

R
When p =00, L*(w) is equal to the space L™ and

|f

=|f

L™ (w) >

Let ¢ be a function in S(IR"), the Schwartz space of
rapidly decreasing smooth functions, satisfying

j P(x)dx =1,

Define
¢ (x) =t"g(x/1),

and the maximal function f* by

t>0, xeR,

f*(x):stu§)|f ¢ (X)|.

Then H P (W) consists of those tempered distributions
S'(R") for which f* e L"(w) with

[ =l

These weighted Hardy spaces H P (W) can also be
characterized in terms of these atoms in

LP(w)

the following way:

Definition 1. Let 0 < p<1<g<o0 and P # (such
that we A, with critical index ¢, . Set [] the integer
function. For S € 7 satisfying sz[n(qW/ p—l)] , a

real-valued function a defined on R is called a
(p,q,s) -atom with respect to W if

(i) a e L (w) and is supported on an interval
I 1

i 1/9-1/p

(ii) ||a||Lq(W) <w(l) ,

(iii) J.a(X)X“dX =0 for every multi-index o
R
with || <s.

The real-valued atom defined above is called a (p,q,S)
-atom centered at X; with respectto W (W—(p,Q,S) -
atom centered at X, ), where X, is the center of the

interval | .

Remark. Let @ be any real-valued w—(p, g, S) -atom

supported in an interval | . Then we
have

j| a(x) [P w(x)dx <1.

Proof. Let @ be any B -valued w—(p,Q,S) -atom. It
; p

is clear that & € Ly (W) and ”a”Lg w < 1,

since by Holder’s inequality

j la(x) > w(x)dx < Hapuu(w) ( j w(x)dx]

|
:”a”:_)q(w) 'W(I)lip/q
<1,

where r=q/pand1/r'=1-1/r=1-p/q.

Note that analog to the classical case any function in
H P (w) admits a decomposition
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f =Zﬂ,lai , where a,’s are W—(p, g, S) -atoms and
Z|ﬂ,||p <oo. For a fixed weight function W and

f e HP(w) it is well known (see Garcia-Cuerva, J.
(1979)) that

Up
[y =it A" ]

2. RESULTS

Let f:[R — R bealocally integrable function, and
define the dyadic maximal function

ok

TF (%) = sup, Zik [ f (=t
0

It is clear that Tf (X) =sup, |K * f (X)| , where

1
KOO =25 240y 0)-

Our first result is the following lemma that will be
used when proving our main result:

Lemma 1. There exists a positive constant C
independent of y € R such that

j sup, | K(x—y)—K(x)|dx<C.
[x[>2]y]
Proof. Let

1 1
(Dk (X! y) = ZTZ[O’Zk](X - y) _z_kl[o‘zk] (X)

1 1
=5 Xy ¥ =5 X9 (X)-
First consider the case X>0, y>0. Since x> 2y,

1
we obviously have @, (X,y) =

o Xy a2y (x). If for

some k € Z" we have X > y + 2%, itis then clear that

®, (X,y)=0. So we only need to consider the case

D, (x,y)= 2—1k;([y'y+2k](x) when evaluating the
integral.

Now assume that X <0, y <0. Since | X|>2|y|, we
have y > X, and thus we obtain @, (X, y) =0. Also,
same is true if X <0, y > Osince this implies X<y .

If x>0, y<0, we have the same situation as in the

first case.
We conclude that we only need to evaluate

1
®k (X7 y) = ? Z[y'ijzk] (X) ]

and we have

| sup [ K(x=y)-K(x)|dx

xI>21y]

1
= _[ supk—;([yvmk](x)dx

2k
[x>2]y]
y-¢-2k

1
= sup, — dx
{ Pe

=1
and thus, our proof is complete.

Lemma 2. There exists a constant C > O such that
j |TF (X) | w(x)dx <C j | £(x)|” w(x)dx

R R

forall f eL?(w), 1< p<oo,where

Lp(w):{f R R:| f(x)|pw(x)dx<oo}.

Proof. Recall the Hardy-L ittlewood maximal function

1
M (X) = sup, m! f(x—t)dt,

where the supremum is taken over all intervals | in R .
It is clear that for any X € R we have Tf (X) < Mf (X)
and it is also well known (see Muckenhoupt, B. (1972))
that there exists a constant C > O such that

j| MF (x) | w(x)dx < cj| f(x) [P w(x)dx
fﬂir all fel’(w),1< pioo . We thus obtain
JITF 00 P wO)dx < [|MF ()] w(x)dx
) icﬂ f ()P w(x)dx
and this completes our proof.R

We can now state and prove our main result:

Theorem 1. Let 1< p<oo,and We Ap Then there

exists a constant C > O such that

L PR e] 1 e
forall f e H'(w).
Proof. Given an interval | =1(x,;R) in R with

center X, and length 2R, and denoting by [ the double

interval, | =1(X,;2R), we first claim that
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j|T(f)|w(x)dxgc||f||
R-I

L (w)

forevery f e L'(w)supportedin | such that
j f(x)dx=0.

But for such a function f ,

TF () = [{K(x=y) =K (x=x,)} - f (y)dy
(xel)
and therefore

[ 17F 00 | w(x)dx
<[ [ sup [{K(x=y)—K(x=x)}- f(y)] dyw(x)dx

k=¥ |22R>2ly x|

<C [ [f(y)Iw(y)dy.

ly=%|<R
which proves our claim.
Let now a(X) be an atom with supporting interval J ,
and let | be the smallest interval containing J , and J
as before. Then there exists a positive constant C; such
that

[ ITa() w(x)dx <C, . 175

R-T
On the other hand, since by Lemma 2

j | Ta(x) ' w(x)dx <C, j la(x) |* w(x)dx

we have by Holder’s inequality,

(Cw(I)"

L (w)

I | Ta(x) [ w(x)dx < C,[a(x)|
|

< Constant.
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Abstract: Traditional and alternative medicine practices are used in Turkey, as well as around the
World, to protect health and treat various diseases. Among these applications, Apitherapy has come
to the fore particularly in recent years. As the use of medicines causes serious side effects,
especially on human health, people are increasingly turning to alternative medical treatments.
Apitherapy is a treatment method involving bee products such as honey, pollen, Royal Jel, propolis,
and bee venom. It is primarily used for the purpose of promoting a healthier lifestyle. While these
products have been traditionally used in various treatments for many years, their systematic use has
gained prominence in recent years. Studies have shown that these products strengthen the immune
system, provide protection against various types of cancer, and exhibit antimicrobial and
antioxidant properties. In addition, the high protein, vitamin, mineral and amino acid content in
these products increases the treatment potential. However, in addition to the benefits of these
supportive and therapeutic substances, there is also the possibility of various toxic effects when
used irregularly and without medical supervision. Sometimes these conditions can lead to various
organ failures. This review aims to reveal the adverse effects encountered in the use of bee products
and apitherapy applications and emphasizes that all natural products, especially bee products,
should not be used uncontrolled.

Ar Uriinleri ve Kontrolsiiz Kullanimlarindan Kaynaklanabilen Saghik Sorunlari

Anahtar
Kelimeler
Apiterapi,
Bal,

Ari poleni,
Propolis,
Apilarnil
Ari zehri

Ozet: Tim Diinya’da oldugu gibi Tiirkiye’de de sagligin korunmasi ve gesitli hastaliklarm
tedavisinde geleneksel ve alternatif tip uygulamalar1 kullanilmaktadir. Apiterapi bu uygulamalar
arasinda ozellikle son yillarda dikkat gekmektedir. Tlag kullaniminin &zellikle insan saghgi agisinda
ciddi yan etkilere sebep olmasindan dolay1 insanlar yan etkileri az veya hi¢ olmayan alternatif tibbi
tedavi yontemlerine yonelmektedir. Apiterapi, bal, polen, arisiitii, propolis, ar1 zehiri gibi ar1
iiriinleriyle yapilan bir tedavi yontemi olup daha ¢ok saglilikli yasam amaciyla da kullanilmaktadir.
Art iirinleri her ne kadar uzun yillardir geleneksel olarak gesitli tedavilerde kullaniliyor ise de
ozellikle son yillarda daha sistematik olarak kullanilmaya baslandi. Bu iiriinlerin, immun sistemi
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giiclendirdigi, ¢esitli kanser tiirlerine karst koruyucu oldugu, antimikrobiyal, antioksidan 6zellik
gosterdigi yapilan calismalarda anlagilmigtir. Ayrica bu iirlinlerin yiiksek oranda protein, vitamin,
mineral, aminoasitler igermesi de bu tedavi potansiyellerini yiikseltmektedir. Bununla beraber, her
destekleyici ve tedavi edici maddenin yararlarinin yaninda, diizenli ve doktor kontroliinde
kullanilmadiklarinda gesitli toksik etki gosterme ihtimali vardir ve bazen bu durumlar ¢esitli organ
yetmezligine de neden olabilmektedir. Bu derleme, ar1 iirlinlerinin kullanimi ve apiterapi
uygulamalarinda karsilagilan olumsuz etkileri ortaya koymayi amaglamakta ve bagta ar1 iiriinleri
olmak iizere tiim dogal {iriinlerin kontrolsiiz kullanilmamasi gerektigini vurgulamaktadir.

1. INTRODUCTION

Apitherapy has been increasingly utilized in recent years.
However, as with any supportive or complementary
product, the use of supplementary foods may have
beneficial effects, they may also have harmful
consequences for health. Therefore, the application of
apitherapy under the medical supervision has gained
importance. In this review, the benefits and potential
risks of bee products will be discussed based on recent
studies.

1.1. Honey

Honey is divided into two primary groups, flower honey
and secretory honey, based on the origin of the collected
nectar by bees. Flower honey originates from the nectar
of various plant flowers, and notable varieties include
lime, clover, citrus, cotton, thyme, and acacia honey.
Secretory honey is sourced from plant secretions such as
pine, oak, and leaf honey [1]. It is prohibited by law and
regulation to add any external substance or to remove
any substance from the natural structure of honey that
contains many bioactive substances beneficial to health.
According to the Turkish Food Codex Honey Regulation
[2], honey should have a distinctive taste and odor,
should be free of any additives, should not contain pollen
and honey-specific substances that have not been
removed, and should not contain pathogens, parasites
and their eggs that are harmful to health such as
Clostridium botulinum.

Honey contains on average 80% carbohydrate, 17%
water and various minor compounds including organic
acids, mineral salts, vitamins, proteins, phenolic
compounds, fats, and free amino acids [3] The colour of
honey can vary from a light yellow to a dark brown or
even black colour. The colour of honey is determined by
compounds such as the phenolic compounds of the
pollen, carotene and anthocyanidins. Dark honey has
higher mineral content and antioxidant properties than
light honey [4].

Honeybees generally prefer flowers as a source of nectar
and sometimes use secretions left by trees (oak honey) or
secretions left by insects in trees (pine honey) [5].
Depending on the source of honey and the substances it

contains, honey has antimicrobial, antitumour,
antiparasitic, immunomodulatory, anti-inflammatory,
antioxidant, gastroprotective (antiulcerative),

cardioprotective, hepatoprotective, antianemic, prebiotic,
antiosteoporotic, and wound healing properties [6].

Honey has been recognized for its effectiveness against
both gram-negative and gram-positive bacteria [6]. In a
study [3], a 10% concentration of honey applied to the
Echinococcus granulosus parasite, which causes hydatid
cyst (echinococcosis), exhibited a lethal effect from the
third minute onwards. Aksoy et al. [7] evaluated the
antimicrobial activity of honey samples collected from
Bingol region and reported that 0.1 mL honey inhibited
the growth of bacterial species such as Escherichia coli,
Staphylococcus aureus, Klebsiella pneumoniae, Bacillus
brevis, Pseudomonas aeruginosa, as well as fungal
species like Candida albicans and Rhodotorula rubra.
The antibacterial properties of honey are due to its
osmotic structure and H>O, formed by the glucose
oxidase enzyme in its structure, in addition to phenolic
compounds [8].

Viuda-Martos et al. [6] reported that flavonoids such as
pinocembrin, galangin and caffeic acid phenethyl ester
(CAPE) inhibit bacterial RNA polymerase. In addition,
they reported that quercetin inhibited ATP synthesis of
the bacterium by increasing the permeability of the cell
membrane, leading to the loss of the ability to transport
substances through the cell membrane and mobility.

The anti-cancer effects of honey has been noted across a
range of tumour cells, including those associated with
breast cancer, cervical cancer, leukaemia, renal cell
cancer, bladder cancer, colon cancer, prostate cancer,
oral cancer, bone cancer, and brain cancer [9]. Apart
from honey's antimicrobial, antioxidant, and anticancer
effects, researches indicate that the metabolites within its
composition also exhibit positive influences on wound
healing, as well as on the diseases of digestive system
and cardiovascular system [9]. Ajibola et al. [10]
reported that honey reduces the effect of gastritis and
ulcer by inhibiting the development of Helicobacter
pylori bacteria, the main causative agent of gastric ulcer.
In addition to the many beneficial health effects of
honey, it is emphasized that there are also some adverse
effects. One of these situations is mad honey poisoning.
Mad honey poisoning occurs when consuming honey
produced from Rhododendron flowers containing
grayanotoxin. Rhododendron is commonly found in the
eastern Black Sea region and cities bordering the Black
Sea in Turkiye. The flowers, particularly in spring,
provide a rich source of nectar for honeybees.
Grayanotoxins bind to sodium channels, resulting in
their effects. The heart is the organ most rapidly affected
by this toxin. Death with severe bradycardia can occur
with consumption of this honey. Symptoms of poisoning
in humans depend on the amount of honey consumed
and may include increased salivary secretion, vomiting,
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and paraesthesia around the mouth and extremities. The
clinical signs are typical of grayanotoxin poisoning, as
indicated by the patient's history of eating honey and
clinical findings [11].

The consumption of honey is not recommended for
infants under one year of age due to the possible
presence of Clostridium botulinum bacteria spores.
These spores can open in the stomach and intestines,
producing toxins that cause poisoning. Symptoms
typically include nervous system issues, weakness,
decreased sucking, weak crying, constipation, and
diminished muscle strength. If the symptoms untreated,
respiratory muscle involvement can lead to death [12].

1.2. Propolis

Propolis is a collective term referring to a resinous
substance that honeybees gather from various plants,
along with pollens and waxes. Additionally, its quality is
enhanced by incorporating assorted saliva and enzyme-
containing secretions. Resin, primarily sourced from
trees, is collected by bees, who enhance it with
substances from their salivary glands and further process
the mixture using their mandibles. Bees use propolis to
disinfect honeycombs, as a building material and for
mummification. The word, propolis, Pro”; front,
entrance, and “police”; is Greek in origin, it means city
and was used in relation to honeybees defending their
hives [13].

The colour of propolis varies, appearing in shades of
yellow, brown, or green, influenced by the region of
collection and the diversity of the local plant flora.
Structurally, it has a sticky and resinous form. It is
known as bee glue due to its gummy feature. Propolis
turns rigid and fragile when the temperature drops below
10 degrees, and it becomes smooth and resin-like at
temperatures between 15 and 25 degrees. At 30-40
degrees, it becomes softer and has a pronounced sticky
structure. It turns into the structure known as liquid
propolis at temperatures above 40 degrees [14].

Propolis comes from several continents, locations, and
plant species, which contribute to its unique
composition. The composition and structure of propolis
vary based on the diversity of plants accessible to bees.
Propolis activities could consist of enhancing the
stability of the structure and lowering vibration,
enhancing the hive's thermal insulation, and minimizing
water loss and offering defence against infections
through antifungal and antibacterial qualities [15,16].

Propolis is primarily created by plants, compounds
released by the metabolism of honeybees, and elements
that arise during propolis synthesis (17). Propolis
typically consists of approximately 50% plant resin, 30%
wax, 10% essential oils, and 5% pollen. Its composition
also contains small quantities of other chemicals (5%)
including benzoic acid, lactones, quinones, steroids,
sugars, vitamins (B1, B2, B3, and B6) and natural
pigments (carotenoids and chlorophyll). Among the
most significant chemical components of propolis are

flavonoids, responsible for its antibacterial, antiviral,
anti-fungal, and anti-inflammatory properties, along with
aromatic acids, terpenoids (including diterpenoid acids
and triterpenoids), fatty acids, esters, phenols, aldehydes,
and ketones. [15, 18].

According to the researches propolis and its extracts in
particular, have been shown to possess antibacterial,
antiviral, antifungal, antioxidant anti-inflammatory, anti-
allergic, anticarcinogenic, anti-diabetic, cytostatic,
hepatoprotective, photoprotective, immunogenic, and
because of its wide range of biological actions, including
anaesthetic, it has been used for a very long time for both
illness prevention and therapy [19, 20, 21, 22, 23].
Propolis is beneficial in treatments of tumours, some
types of cancer, some neurological diseases, mouth
sores, wound, burn and respiratory system diseases (flu,
pneumonia, bronchitis), some digestive system diseases,
and infections affecting the urinary tract. [17, 24, 25]

Propolis and its constituents play a crucial role in
promoting good health and preventing and treating
minor illnesses. It has many positive qualities, however
researches have shown that in those who are allergic to
any of its constituents, it can trigger allergic reactions.
The following adverse reactions were observed:
dyspnea, oral pain, perioral dermatitis, labial edema,
peeling of the lips, and contact cheilitis [26, 27]. Propolis
has been found to contain a few allergens, including
phenylethyl caffeate, ferulic acid, benzyl caffeate, 3-
methyl-2-butenyl caffeate, geranyl caffeate, methyl
cinnamate, benzyl alcohol, and tectochrysin. Propolis
should also be routinely tested in children and
adolescents prior to prescription, as it appears to be one
of the most common allergens [26].

Moreover, heavy metals and other environmental
contaminants may be present in propolis as a natural
product. According to the analysis, six harmful metals
were detected in 106 samples of raw propolis from
Brazil [20], Harmful metals, as they do not break down
naturally, can build up in organisms throughout the food
chain and ultimately reach humans primarily through
food (up to 90%). It's noteworthy to note that heavy
metal concentrations are decreased by 24.24% to
100.00% during the filtration and separation of crude
propolis [26].

A study assessing the effects of propolis extracts on
health revealed that propylene glycol extract led to blood
vessel dilation and neuron apoptosis in brain tissue.
Furthermore, it was observed that propylene glycol
extracts of propolis exhibited higher toxicity levels
compared to olive oil and water extracts. Consequently,
olive oil and water extracts of propolis are regarded as
safer alternatives for pregnant and infant rats in
comparison to propylene glycol extract [28].

Propolis and products derived from it have the potential
to become contaminated with in-hive acaricides such as
coumaphos and tau-fluvalinate. Moreover, since
honeybees utilize propolis in the hive as a protective
substance and building material, they are consistently
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exposed to pesticide residues present in the product [29].
The available data suggests that various pesticide
residues, particularly acaricides, may accumulate in
perge, propolis, and beeswax, reaching concentration
levels exceeding a thousand pg/kg [30].

Diagnosing medication-induced liver injury can pose a
challenge for many potential causes, including both
prescription and over-the-counter medications, as well as
herbs and other medicines. Propolis is not currently
listed as a cause, and there is no recommended dosage as
the product is considered safe. But a case report
describes a young man who experienced elevated liver
enzymes because of chronic consumption of high doses
of propolis [31].

Propolis finds extensive use in traditional medicine, so
more research in this area is necessary. Additional data
collection is needed to assess the potential harmful
impact of this bee product when consumed in large
amounts over an extended period. Despite the numerous
advantages, widespread accessibility, and economic
viability, it is crucial to reconsider the potential
applications of propolis and its flavonoids as medicinal
treatments.

1.3. Bee Pollens

Basically, Pollen, the reproductive cell of flowering
plants, is a microscopic structure resembling grains that
is discovered in the anthers of stamen within closed-
seeded plants. Honeybees collect and process this pollen
into bee pollen.

Thanks to its high protein content, it plays a crucial role
in sustaining the nutrition of bees royal jell production,
the development of the muscular and digestive systems
of young bees, the development of offspring, in short, in
ensuring the continuity of the colony [32].

Different plant sources are the reason to produce
different colours, such as red, yellow, green, purple and
orange. The size (6-300 pum), colour and shape of pollen
grains varies according to its plant origin [32; 33].

The physical, biological, or chemical properties of pollen
may vary depending on the geographical location of the
region from which it is collected, climatic
characteristics, storage and packaging [33]. Typically,
bee pollen constitutes a multicomponent colloidal system
consisting of biopolymers and diverse particles,
including oil droplets, gas bubbles, lipid crystals, and
more.

According to plant sources, pollen has approximately
200 components. Although the carbohydrate ratio of bee
pollen varies between 13-55%, it is around 30.8% on
average. Of the total 30.8%, 25.7% comprises glucose
and fructose sugars, while the protein content of bee
pollen ranges from 10% to 40% depending on the plant
source, with an average of 22.7%. [34]

Recently, there has been significant interest in refining
snacks using honey-making irritant, as it serves as an

excellent model for healthy minerals [35)]. It holds
lipids, proteins and micronutrients essential principally
for honeybees, while presenting nutraceutical potential
for human countering many afflictions [36].

Bee pollen has a wide range of therapeutic properties,
including antioxidant, antimicrobial, fungicidal, anti-
radiation, hepatoprotective, chemoprotective, and/or
chemotherapeutic It has preventive, anti-inflammatory
and intestinal function regulating activities. Additionally,
it improves cardiovascular health and acts as an
antibiotic, anticancer, and antidiarrheal agent. It also
strengthens the digestive and immune systems,
consequently delaying aging, and improving issues such
as gastroenteritis, arteriosclerosis, respiratory diseases,
and prostate problems [37]. In addition to the therapeutic
effects of pollen, many side effects including allergic
reactions such as anaphylactic shock have been reported.

1.3.1. Pollen Allergy

In addition to the therapeutic effects of pollen, anti-
therapeutic properties have also been revealed by various
studies. Pollen allergy, anaphylactic shock and many side
effects are examples. Pollen allergy is the result of a
distinguishing reaction invulnerable structure to an
irritant. Antigen-presenting cells (APCs) introduce the
invulnerable response by communicating incidental
signals to added containers. T cells are triggered by
aeroallergens [38]

1.3.2. Bee Pollen-Induced Anaphylaxis:

There are various reports of acute susceptible reactions
induced by honey-making pollen, containing anaphylaxis
[39, 40, 41]. The literature reports cases of anaphylaxis
linked to bee pollen consumption, yet many individuals
are unaware of this potential danger. Evidence
supporting this association mainly stems from case
reports and a single small case-control study. For
example, Cohen and others reported three cases of
allergic rhinitis, one of them developed severe allergic
reactions after consuming honey containing dandelion
pollen, indicating cross-allergenicity between wind-
pollinated ragweed and insect-pollinated dandelion [40,
42].

They have also documented hypersensitive reactions
triggered by honey-making pollen [42]. In 50% of these
cases, individuals sensitized to wind-pollinated irritant
pollen experienced intrinsic allergic responses after
consuming honey-made pollen containing bug-pollinated
Compositae family appendages like dandelion and
goldenrod. Common syndromes observed include facial
edema, urticaria, and transient allergic rhinitis.

1.3.3. Other Side Effects of Bee Pollen

Despite honey-making irritant appearing to be generally
safe and effective, approvals for using honey-making
pollen for hypersensitivity, immunological, and other
conditions, as well as emphasizing the healthful
compounds it contains, it is essential to consult a
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physician before utilizing any unrefined product for any
medical condition. Some irritant contains poisonous
wealth such as mannose sugars, miscellaneous alkaloids,
heavy metals, pesticides, herbicides, mycotoxins,
microorganisms, medicines and polyphenolic
compounds [42, 43]

Due to the aforementioned anti-therapeutic effects,
pollen and pollen products need to be thoroughly
characterized for allergens and other components with
potentially harmful effects.

In conclusion, there are many mechanisms and much to
be investigated on the anti-therapeutic effects of pollen.

14. Royal Jelly

Royal Jelly (RJ) which is also known as Apilak has
creamy composition and displays colour range between
white to yellow. This substance is produced by worker
honeybees locally in their hypopharyngeal and
mandibular glands. In their life circle, specifically,
during the beginning of their larvae stages, bees are fed
by this unique food for first three days. Subsequently, the
worker bees’ diet substitutes to different food choice
which is named as perge that includes dominantly honey
and pollen while the bees that is selected as the future
queen bee proceed to consume RJ for rest of its lifetime
[44].

RJ has traditionally been favored in alternative medicine,
particularly since ancient times in Egypt, and throughout
Asian apitherapy practices, it has been utilized
extensively. Today, RJ is favored in the pharmaceutical
and alimentary industries and is available over-the-
counter as a dietary supplement [45].

RJ contains approximately 67%  water, 16%
carbohydrates, 12.5% protein and amino acids, and 5%
lipids, with notable variations observed among different
sources [46]. The distinct and abundant nutritional
content of carbohydrates, proteins, lipids, vitamins,
minerals, polyphenols, flavonoids, and several
biologically active substances is attributed to the many
pharmacological properties of RJ [47]. The primary
constituent of RJ is protein, accounting for 50% of its
dry matter [48]. Sugars, mainly glucose and fructose,
compromise 90% of the overall carbohydrates content of
RJ, while sucrose 0.8-3.6%. [49]. Minor components of
RJ are enzymes, minerals, vitamins and phenolics [46].

RJ contains royalisin peptides and antimicrobial jelleins,
MRJPs, 10-hydroxy-2-decenoic acid (10-HDA), which
have anti-inflammatory, immunomodulatory,
antimicrobial, metabolic syndrome-protecting,
neuromodulatory and anti-aging properties [45].

Several research have documented antimicrobial effects
of RJ on bacterial, fungal and viral pathogens, while
hypotensive, antihypercholesterolemic, antitumor, and
anti-inflammatory effects have been reported in model
animals [50].

Furthermore, clinical studies have demonstrated
antidiabetic effects, benefits for non-malignant prostatic
hyperplasia, and assistance in wound repair for diabetic
foot ulcers [51].

RJ is considered a significant contributor to healthy
aging and longevity. This is because it promotes the
overall health and reproductive capabilities of queen
bees. Queen bees, which can produce up to 3,000 eggs in
a day and live for up to five years, owe their longevity to
RJ, while sterile worker bees typically survive for only
45 days 45 days [52]. The beneficial effects of RJ in
humans extend beyond physical health improvements to
encompass enhancements in general mental health,
including reductions in anxiety levels and improvements
in mood and mild cognitive decline among the elderly
(>60 years) [53, 54].

The neurological psychological benefits of RJ are shown
by changes in biomarkers of physical health; cholesterol
and apolipoproteins can be given as examples.
Hypercholesterolaemia has been shown to favour the
accumulation of B-amyloid, leading to neuronal loss - a
signature finding of Alzheimer's disease. On the other
hand, the decrease in plasma lipids caused by RJ has
been related with an increase in antioxidant effect, a
decline in B-amyloid accumulation and the protection
against neuronal damage [55].

In terms of appropriate RJ usage dose, research has
shown that 100 mg/kg is typically the most efficient
dose, and greater doses are rarely needed. 0.5g/day is
suggested and can be continued for 2 to 12 months for
infants. For adults, doses ranging from 1 to 5 grams per
day can be taken based on the underlying medical
condition. To achieve more potent and rapid results, a
higher dosage of 10 grams per day can be administered
for a shorter duration, such as 3 months with 10 days per
month [56].

Ensuring the effectiveness of RJ is essential for its
successful application in promoting health. Exposure to
heat and certain handling methods can compromise the
constituents and efficacy of RJ. Most of RJ's biological
properties diminish after being exposed to 40°C for 30
days [57].

Royal jelly is utilized in various products globally,
including dietary supplements, beverages, beauty items,
and numerous other goods. While it is regarded as
relatively harmless and non-toxic adverse reactions of RJ
have been reported, the most common of which are
allergic reactions, with symptoms ranging from slight to
serious [58]. These reactions range from mild to serious,
mild gastrointestinal upset, haemorrhagic colitis, and
typically include rash, allergic rhinitis, contact dermatitis
eczema, conjunctivitis acute asthma, anaphylactic shock,
bronchospasm and in a few cases fatality [58, 59].

As with honey, environmental pollutants may exist in RJ.
The most prevalent are organochlorine,
organophosphorus and carbamate pesticides, which are
generally under the minimum hazard grade.
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Nevertheless, there have been instances where the highly
toxic chloramphenicol has been detected [60].

Bee products like pollen, honey, and venom may lead to
allergic reactions that are less severe when compared to
those caused by royal jelly. People allergic to these
products should not take RJ orally. In addition, caution
should be taken when advising RJ to pregnant or
breastfeeding women, children [59] and patients with a
medical background of allergic conditions such as
asthma, rhinitis or atopic dermatitis. If allergic reactions
occur following the initial consumption of RJ, this could
be attributed to the presence of allergens that cross-react
with RJ. [58]. Intake of RJ can incidentally cause contact
dermatitis, anaphylaxis, and asthma while MRJP-1 and
MRIJP-2 are reported as potent allergens [61].

In conclusion, to ensure the efficient and harmless use of
RJ as a dietary supplement allergy test should be carried
out prior to RJ consumption [58, 59].

1.5. Bee Venom

Bee venom, also known as apitoxin, has a significant
role in the defence of the bee colony and is produced in
the venom glands located in the abdominal cavity of the
bee and stored in the venom sac. The amount of this
venom collected in the sac is approximately 0.3 mg. Bee
venom is a clear and acidic (pH 4.5-5.5), odorless and
watery liquid with a bitter and pungent taste and
yellowish-white crystalline structure when dried [62].

The arrangement of bee venom changes depending on
many factors to a degree the race of the bee, feeding
environments, collection time, and the encircling flora.
In general, bee venom consists of various bioactive
molecules such as peptides such as melittin, apamin,
mast cell degranulation peptide (MCD peptide); minerals
such as P, Ca and Mg; enzymes such as phospholipase
A2, hyaluronidase, lysophospholipase; biological amines
such as dopamine and histamine; and phospholipids [63,
64].

The therapeutic effect of bee venom has been examined
by in vivo and in vitro studies, such as its anti-

inflammatory, analgesic, anti-hepatotoxic,
cytoprotective, antioxidant, antimicrobial, antiviral,
radioprotective,  antimutagenic, anti-arthritic  and

anticancer effects [19, 45, 65, 66]. Furthermore, it has
been shown that bee venom halts the progression of
Alzheimer's disease by protecting the nervous system
[67].

The various and complex arrangements of bee venom
and the synergistic effects between these components
have been stated to aggravate multiple organ damage.
Therefore, the mechanisms of toxic reactions caused by
bee stings should be thoroughly investigated before
treatment with bee venom [68]. The components of bee
venom that cause these effects are mainly melittin and
phospholipase A2. Melittin has been stated to have
analgesic, anticancer, and anti-inflammatory effects.
However, it has inflammatory, cytolytic, and hemolytic

effects at high doses. Phospholipase A triggers
inflammation is a strong allergen and is the most harmful
bee venom component. In the body, it can cause
hemolysis and damage the lipid structure of the cell
membrane, leading to cell damage and lysis [69]
Hyaluronidase has an allergic effect, while apamin has a
neurotoxic effect at high doses. Histamine is another
component of bee venom with allergic effects [70].

Bee venom injection, like many different alternative
medicine approaches, has been used for thousands of
years to relieve pain and various symptoms of
inflammatory and painful diseases. Bee venom may be
applied in various ways, such as direct bee sting, bee
venom injection, or bee venom acupuncture [71].
Clinically, injection of bee venom into acupuncture
points has been reported to be successful in the treatment
of diseases such as arthritis, Parkinson's disease, multiple
sclerosis neuropathic pain, and Alzheimer's disease. In
the treatment of rheumatoid arthritis, bee venom
treatment in combination with other medications has
been reported to be more efficient than treatment with
medication alone. In addition, the relapse rate was
significantly reduced in patients treated with bee venom
[72]. Bee venom has also been reported to have many
beneficial effects in vivo and in vitro in Amyotrophic
Lateral Sclerosis (ALS), a central nervous system
disease defined by degeneration of upper and lower large
motor neurons resulting in muscle weakness, including
anti-neuroinflammation, reduced neuronal mortality, and
decreased glutamate toxicity. A recent study proved that
treatment with bee venom showed bright results as a safe
adjunctive treatment for Parkinson's disease, providing
significant  clinical improvement compared to
conventional treatment. In Parkinson's Disease in vivo
and in vitro, bee venom improved motor symptoms
through anti-neurodegenerative effects [71].

Studies have been conducted to examine the anti-cancer
activity of bee venom in lung cancer, colon cancer,
prostate cancer, melanoma, pancreatic cancer, and many
different cancer cell lines. The mechanism of anti-cancer
action of bee venom depends on the inhibition of cell
proliferation, induction of cell death and apoptosis,
inhibition of metastasis, and cytotoxicity. It has been
reported that beekeepers have a lower incidence of
cancer compared to others, especially a significantly
lower incidence of lung cancer [73].

Treatment with bee venom can be therapeutically
beneficial or harmful in some patients. Although bee
venom therapy is studied as a hopeful therapeutic
alternative for the treatment of chronic pain and various
diseases, it has not been accepted by food and drug
authorities globally. The first reason is that bee venom
can cause various allergic reactions in susceptible
individuals, which include systemic and anaphylactic
reactions. Allergy to bee venom is hazardous and can be
lethal [74]. In the study investigating the organismal
response  following injection of melittin and
phospholipase A2, rats were injected with the potential
stressors melittin and phospholipase A2. As a result, it
was reported that these compounds are extremely potent
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stress factors, toxic at the doses tested, and cause
degenerative changes in various cell compartments,
especially mitochondria [75].

Systemic allergic bee sting reactions have been notified
in 3,4% of children and 7,5% of adults. These allergic
responses can be mild with skin symptoms such as
flushing and angioedema, or categorized as moderate to
severe with the risk of lethal anaphylaxis. For this
reason, allergy testing should be performed before bee
venom treatment [76].

Besides all this, bee venom is a neurotoxin, and apamin
in its composition has been shown to trigger depression
and drowsiness in rats by blocking Ca+2-dependent K+
channels (Ludman and Boyle, 2015). Additionally,
histamine, acetylcholine, and norepinephrine, which also
exist in bee venom, have been shown to affect neuronal
responses in rats [77].

Bee venom increased ion permeability and haemoglobin
release in human erythrocytes and had a significant lysis
activity on human erythrocytes [78].

Several research studies have shown that the therapeutic
use of bee venom is contraindicated in children under 5
years of age, pregnant and lactating women, Type 1
diabetes, infections, kidney and liver failure, hepatitis,
heart and lung problems, and chronic tuberculosis [79].

In conclusion, despite the therapeutic effects of bee
venom therapy that have been concluded in many
diseases, its safety is still a limitation and an obstacle to
its use as the main treatment. In a systematic review and
meta-analysis, 58 out of 145 studies reported mild to
severe adverse outcomes following administration [80].
Therefore, more studies are needed to evaluate the safe
use and efficacy of bee venom therapy.

1.6. Apilarnil

Apilarnil, which 1is obtained by collecting and
homogenizing Drone larvae in 3-7 days, contains a small
amount of RJ, perge, honey and propolis. Although it is
not usually used, the honeycomb with apilarnis is cut by
beekeepers and thrown away. Apilarnil is a highly
concentrated nutritious bee product which ingredients
are known to have antiviral, immune-boosting,
regenerative power and vitality of the body [81]. It is
contained proteins, carbohydrates, fats, polyphenols,
amino acids, vitamins (vitamin A, betacarotene, B1, B6,
and choline), minerals (calcium, phosphorus, sodium,
zinc, manganese, iron, copper, and potassium),
hormones, unsaturated compounds (desenoic acids and
sulthydryl compounds), antiviral substances [82].
Apilarnil contains all the essential amino acids of the
basic building block of bee larvae so that it is considered
a complete food and is widely used in human and animal
diets [14].

It has been established by studies that apilarnil stimulates
spermatogenesis in men, since it comes mainly from the
structure of the male bee larva and is very rich in
androgenic hormones. Therefore, both the androgenic

and anabolic effect of apilarnil is considered a natural
alternative to medicines and chemicals to stimulate
sexual development [83, 84]. Bee larvae in honeycomb
cells are consumed as food in many countries [85]. Most
of the economically important and edible insects are
obtained through production in existing agricultural
systems. Apilarnil was first used in Romania in 1980. It
was applied by Nicola Iliesu for the treatment of the
elderly with neurodegenerative, psychotic or sexual
disorders [84].

Male bee larvae are mostly considered a byproduct of
beekeeping but have recently been advocated as a high-
protein food source. There are some cases related to their
allergenic potential [86]. An instance involves a 29-year-
old beekeeper who encountered an anaphylactic reaction
after consuming a freshly prepared beverage made from
male bee larvae. Larval specific susceptibility has been
tested and confirmed by basophil activation tests [87]. It
has been established that there is an IgE-mediated
allergy to drone larvae. There are not enough case
reports to develop a specific awareness of the
allergenicity of bee larvae, but allergen awareness
against the use of apilarnil may be recommended if cases
of allergy to other bee products are considered.

It has been described that in some cases of overdose,
gastric pain, nausea, diarrhoea. In addition, toxicity,
hyperandrogenism, hyperspermatogenesis and a strong
antibacterial effect against gram-positive bacteria
(Bacillus aureus) may occur if the dosage exceed normal
usage [88].

The primary function of Apilarnil is to contribute to the
battle against disease progression and potentially offer
remedies. The diseases that Apilarnil may alleviate
include; hypoproteinemia, metabolic diseases, decrease
in muscle body weight, chronic fatigue syndrome,
physical fatigue, convalescence, premature aging,
depression in the elderly, diseases of the nervous system
(mental disorders, neuro-psychomotivational diseases),
respiratory apparatus diseases, skin deficiencies [89].

Especially, owing to its sexual development properties,
Apilarnil offers notable benefits in treating conditions
originating from the genital areas, deficiencies in
hormones, vitamins, and minerals essential for the
optimal development and function of these organs. It is
particularly effective against sexual impotence, including
issues like low spermatogenesis, erectile dysfunction,
and shortened sexual activity duration in men. Moreover,
it proves beneficial in addressing endocrine system
disorders such as weakened pituitary and adrenal glands,
along with alleviating premenstrual syndrome [83, 89].

Several factors may diminish the efficacy of Apilarnil. In
cases of diathesis, the body may struggle to digest or
absorb Apilarnil efficiently, leading to inadequate
processing of its components. Another factor relates to
genetic issues;, when the "target" organs, such as the
endocrine glands, exhibit significant structural or genetic
problems, they may not effectively utilize the active
compounds present in Apilarnil. It can be inferred that
Apilarnil, like other bee products, cannot cure every
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disecase or bodily issue in instances of diathesis or
genetic problems [89].

Performing apitherapy applications by unqualified
people, using products that are not medical products,
uncontrolled use of products that do not have dose
studies, or epigenetic problems specific to the person to
whom the application is made may cause negative results
in treatment with bee products.

The use of bee products both as food and for apitherapy
purposes is very important. However, some allergic
reactions may occur in users after the consumption of
bee products, incorrect apitherapy applications may be
made by non-experts, or some undesirable effects may
occur after apitherapy applications in patients.

Although the right applications have been made, the fact
that the product used is exposed to environmental
contaminants and heavy metals such as pesticide-derived
organochlorines, organophosphates, carbamates, and
chloramphenicol during the production phase causes the
production of unhealthy raw materials [90]. Synthetic
acaricides are mostly fat-soluble and persistent in wax
[91] These drug residues accumulated in apitherapy
products adversely affect human health and are not
suitable for apitherapy. In nature, toxic substances
absorbed and stored by plants, as well as pesticides,
poison honeybees and their products. All kinds of fat-
soluble toxins can be absorbed, and even after a long
time, when consumed as food or used in cosmetics, it
shows its harmful effect. However, bee products are
preferred over drugs due to resistance to antibiotics.
Therefore, these products must be natural, antibiotic
residue-free products with known quality standards.

1.7. Beeswax

Beeswax is a natural product synthesized from eight wax
glands located in the abdomen of the female worker bee
and used in the construction of honeycombs [92]. It is
mostly produced by Apis mellifera and Apis cerena, the
two most commonly bred species by human.

The amount of beeswax secreted is mostly determined
by the needs of the colony. A.mellifera can produce
approximately half of its body weight in beeswax
throughout its life [93]. Beeswax is secreted in liquid
form by 12-18 days old young worker bees, and
solidifies into flakes as a result of contact with air [94].
The secreted beeswax appears thin and almost white, but
later, when it comes to in contact with honey and pollen,
it becomes intensely yellowish and solidifies due to the
effect of the carotenoid pigment passing through the
pollen. After four years, its color turns brown because it
includes a cocoon [94, 95].

Bees consume 6-10 kg of honey to secrete one kilogram
of beeswax and produce the beeswax by forming clusters
from their wax glands [96]. The content of the beeswax
varies depending on the location of production, the type
of honeybee and the age of the beeswax. However,
unhydrolyzed beeswax generally contains 71% of esters,

15% of hydrocarbons, 8% of free acids and 6% of the
other compounds.

Beeswax is resistant to acids and also gastric juices of
honeybees. Water and cold alcohol can not dissolve
them, but they are partially soluble in boiling alcohol and
completely soluble in chloroform, carbon disulfide and
hot turpentine essence. The density of beeswax at 15°C
varies between approximately 0.960-0.970 kg/m* and it
melts in the temperature range 63.5-64.5C [94].

Beeswax has a much larger range of uses compared to
other bee products. In the past, beeswax candles were
valued more because they had a higher melting point
temperature value than other candles and could stay
upright in hot weather [93]. In ancient Rome, a cream
containing beeswax, olive oil and rose water, known as
cold cream, was used to treat burns, cuts, bruises and
fractures. Beeswax is included in the first cosmetic
cream, together with olive oil and water/rose water
emulsion, obtained by the Greek physician Galen in 150
B.C.

Beeswax has also been used in modeling and casting
processes, there are sculptures made of beeswax [93,
97]. According to researchs beeswax and various
combinations of beeswax show antimicrobial properties
[97]. Kacaniova et al. [98], collected propolis, bee pollen
and beeswax samples from two different places in
Slovakia and evaluated their antimicrobial activity
against various bacteria, molds and yeasts. Beeswax
extracts showed antimicrobial effects.

The approach to treatment of non-alcoholic fatty liver
disease, which is a disease that can progress to liver
fibrosis and cirrhosis, is nutritional change and weight
loss. There is no completely successful pharmacological
approach, but alternative treatments are being tried to be
applied. Studies have shown that a mixture of beeswax
alcohols with antioxidant effects, called D-002, help
protect the liver [99]. In this research the effectiveness of
D-002 was investigated and has been determined that
100 mg D-002 per day improves ultrasonographic
findings and insulin resistance indicators in patients, but
it has been reported that further studies are needed for
confirmation.

Puente et al. [100] determined that administration of D-
002, a mixture of beeswax alcohols, administered at 50-
100 mg/day for 6 weeks positively affected osteoarthritis
symptoms. There was amelioration in pain and stiffness
and improvement in physical functionality were
observed.

In the study of Perugini et al. [101], 178 beeswax
samples collected from Italian hives between 2013 and
2018 were tested for 247 pesticides and the existence of
one or more pesticides was determined in 73.6% of the
samples. On average, each beeswax sample was reported
to contain an average of three different pesticides, each
containing up to 14 compounds, some of which are
banned in Europe or not permitted in Italy.
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It has been determined that more lipophilic pesticides are
predominantly found in beeswax. While chromium and
zinc were at the highest average concentration values in
honey samples, lead and molybdenum were detected
only in beeswax. It has been reported that the results
obtained show that daily consumption of honey and
beeswax may endanger the health of children [102].

1.8. Api-Air

Api-air is an area where the air from beehives is used.
The hive contains many flavonoids, including RIJ,
propolis, honey and pollen. The api-air system was
introduced by the German beekeeper Hans Munsch. The
basic principle of the api-air system is based on the
inhalation of the volatile active components in the bee
products in the hive [96].

Heinrich Huttner developed a technique that uses
beehive air for treating respiratory diseases. The method
involves a hole in the top of the hive equipped with a
ventilator and air, a hose through which the patient
breathes, and a mask [103]. This therapy is used to treat
asthma, bronchitis, pulmonary fibrosis, and respiratory
infections [104].

A study identified 56 volatile components in beehive air
originating from honey, propolis, perge, RJ, and
beeswax. These components include fatty acids,
alcohols, aldehydes, esters, ethers, hydrocarbons, phenol,
ketones, nitrogenous compounds, and terpenes [105]. In
terms of antibacterial activity, beehive air has only been
shown to be effective against saureus. However,
individuals using beehive air have reported experiencing
relaxation, uninterrupted and restful sleep, increased
lung capacity, and improved breathing comfort. Beehive
air has also been claimed to be effective in treating
various diseases, including bronchitis, asthma, allergies,
chronic  obstructive pulmonary disease (COPD),
emphysema, immune system deficiencies, migraines,
and depression. The patients underwent several medical
evaluations, including observation of attacks, lung
capacity tests, blood tests, and isotope measurements,
which showed a rapid and effective recovery process. A
beehive air condensation device has been developed for
Hiveair in Ukraine.

Currently, in some European countries, such as Germany
and Slovenia, this treatment is administered to humans
by inhalation of beehive air in well-structured rooms.
The aroma produced and inhaled in beehives has been
suggested to be beneficial to human health. Air saturated
with essential odours treats people with respiratory
diseases. This alternative medicine is still a new field of
study.

Some cases encountered after the use of other bee
products or during their application are not known
because they have not been written up. Api-air is one of
the popular applications today. Although this application
seems to be an innocent application, there are oral
reports that the patient died during api-air application
due to mycoplasma formation in the hive [106].

2. CONCLUSION

Bee products exhibit numerous pharmacological
activities. It is a well-known fact that bee products are
used in the treatment of many diseases. However, it is
also known that this usage area lacks any control
mechanism and is not subject to regulation. Therefore, as
observed in many instances, it has been noted that bee
products exhibit side effects ranging from mild to
potentially fatal levels. To prevent unexpected side
effects and potential harms, it is essential that the
products obtained after production undergo quality tests
and are prepared according to appropriate standards
through various processes. Furthermore, routine
monitoring of the quality and residue of these products
should be conducted through analyses. Based on the
detailed information provided, we strongly advise that
apitherapy should be carried out under the supervision of
a medical professional, considering the potential health
issues it may pose.
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