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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 seasonal dynamics of reptile species, particularly their responses to temperature
fluctuations, play a crucial role in their ecological functioning. Here we report the winter activity
of the Blunt-nosed Viper (Macrovipera lebetinus), a reptilian species primarily distributed across
the Middle East for the first time. While extensive research exists on various aspects of this
species, including taxonomy and distribution, there remains a notable gap in the understanding of
its winter behaviors. By conducting field observations in the Direktasi-Bitlis province of Tiirkiye,
present study offers novel insights into the winter activity of M. lebetinus. The study identifies a
juvenile specimen of M. lebetinus exhibiting activity during December, a period typically
associated with hibernation in reptiles. The observed air temperature of approximately 15.1°C is
noteworthy as an unusual value. This anomaly prompts an exploration into the potential influences
of climate change on reptilian hibernation patterns. The findings highlight the vulnerability of
ectothermic creatures to temperature fluctuations induced by climate change, which can disrupt
their hibernation cycles and lead to untimely activity. Since this study represents the first time the
winter activity of M. lebetinus has been documented. Moreover, the study underscores the critical
implications of disrupted hibernation for reptilian populations, potentially jeopardizing their
survival and reproductive success. The unforeseen activity observed in M. lebetinus serves as a
poignant example of how climate-induced temperature shifts can disrupt established ecological
rhythms, posing significant threats to species viability.

Koca engeregin (Macrovipera lebetinus) Tiirkiye'deki Olagandisi Kis Aktivitesi Kaydi

Anahtar
Kelimeler
Engerek,
Stiriingen,
Hibernasyon,
Anadolu

Oz: Siiriingen tiirlerinin mevsimsel dinamikleri, 6zellikle de sicaklik dalgalanmalaria verdikleri
tepkiler, ekolojik islevlerinde 6nemli bir rol oynar. Bu ¢alismada Macrovipera lebetinus (Koca
Engerek)in kis aktivitesi ilk kez rapor edilmistir. Bu tiirle ilgili taksonomi ve dagilim dahil olmak
iizere cesitli yonlerde genis kapsamli aragtirmalar mevcut olmasina ragmen, kis davranislarimni
anlama konusunda énemli bir bosluk bulunmaktadir. Tiirkiye'nin Direktasi-Bitlis ilinde yapilan
saha gozlemleri ile bu ¢aligma, Aralik ayinda aktivite gosteren M. lebetinus'un kig aktivitesi
hakkinda yeni veriler sunmaktadir. Yaklasik 15.1°C olarak tespit edilen gézlem hava sicakligi
olagandis1 bir deger olarak dikkat gekicidir. Bu anormallik, iklim degisikliginin siirtingen kis
uykusu desenleri iizerindeki potansiyel etkilerini aragtirmaya yol agmaktadir. Zira bu ¢aligma ile
M. lebetinus’un ks aktivitesi ilk kez gozlenmistir. Haliyle bu ¢aligsma, iklim degisikligi tarafindan
tetiklenen sicaklik dalgalanmalarinin, siiriingenlerin hibernasyon doéngiilerini bozabilecegini ve
aktiviteye yol acabilecegini vurgulamaktadir. Dahasi, bu ¢alisma hibernasyondan erken uyanma,
siiriingen popiilasyonlar1 i¢in kritik sonuglara yol acabilecegini ve bunun potansiyel olarak hayatta
kalma ve ireme basarisin1 tehlikeye atabilecegini gostermektedir. M. lebetinus'ta gozlenen
beklenmedik aktivite, iklim tarafindan tetiklenen sicaklik degisikliklerinin mevcut ekolojik
ritimleri nasil bozabilecegine dair etkileyici bir 6rnek olusturmakta olup, tiirlerin yasamsalligi i¢in
onemli tehditlere 6rnek olmaktadir.



https://orcid.org/0000-0002-0498-0208
https://orcid.org/0000-0003-0834-5081

Tr. J. Nature Sci. Volume 13, Issue 4, Page 1-4, 2024

1. INTRODUCTION

A considerable number of organisms, including reptile
species, rely heavily on seasonal temperature fluctuations
to perform their daily functions, as their body
temperatures are highly sensitive to variations in the
surrounding environment [1]. For instance, during the
warm seasons, these organisms engage in reproduction,
nutrition, biological activity, food capturing, and predator
evasion. However, during the cold seasons, their
physiological processes become impeded by the low
temperature, rendering them incapable of carrying out
these activities [1,2-7]. As a result, they restrict their
physiological endeavors and exhibit a preference for
specialized biological processes like hibernation or
brumation [8]. These inclinations enable them to maintain
optimal health, dormancy, and shelter beneath the ground
or in a nest, thereby consuming minimal energy until the
subsequent mild season [8].

Nonetheless, meteorological conditions can occasionally
cause atypical fluctuations in temperature. Elevated
temperatures that occur in the winter months have the
potential to induce transient awakenings and atypical
behavior in these organisms [1,9].

The Blunt-nosed Viper (Macrovipera lebetinus) is one of
two Macrovipera species, that inhabits in this region [10].
It is a species that has a very wide distribution in the
Middle East and is generally distributed in the south,
southeast, east, and northeast of Tirkiye [11].
Macrovipera lebetinus is listed as Least Concern (LC) on
the IUCN Red List. In fact the species is locally threatened
in some regions due to habitat loss and persecution, its
overall population has a declining trend. Their habitat
preferences are generally steppe-like semi-arid areas such
as forests, shrubs, rocky areas, and deserts [11,12]. Its
vertical distribution generally reaches up to 2500 meters
above sea level [11]. However, this altitude preference is
between sea level and 1700 m for the Mediterranean
region [12].

Although various taxonomic, systematic, phylogenetic,
and distributional studies have been conducted on M.
lebetinus [13-15], ecological studies are quite lacking
[12]. For instance, research on the spring activities of
males of this species in Tirkiye and Cyprus has been
conducted; however, information regarding their winter
activities is currently unavailable. In this context this
study provides novel insights into the winter activity of
species of blunt-nosed vipers for the scientific community
as a case study.

2. MATERIAL AND METHOD

The M. lebetinus specimen was detected during a field
study between 13:30 and 14:30 in Direktasi-Bitlis
province (Figure 1) (GPS data: 38.30 N; 41.97 E;
elevation about 1500 m asl.). The air temperature and
humidity in the observation area were taken with a digital
thermometer (HTC 288-ATH ®) and was 15.1°C. The
soil surface and under 10 cm temperatures were measured
by Fluke Type K Thermocouple Probes. The wind speed

was measured by Multicomp Pro Anemometer. The
specimen was diagnosed by direct observation and no
treatment was performed. Despite this, the specimen’s size
suggested that it was a juvenile. The photographs of the
specimen were captured in the field, and it was
subsequently relocated from the location where the
specimen was found.

S
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Figure 1. The map shows observed activity locality of M. lebetinus
species (red circle).

3. RESULTS

The juvenile individual of the Blunt-nosed viper was
observed on December 4, 2023 (Figure 2). The sample
was detected in the area where pistachio trees were
located during pistachio pruning. While the soil surface
temperature in the observation area was measured as
17.6°C and the temperature 10 cm below the soil was
measured as 20.1°C, the wind in the observation arca was
calculated as 2m/sec and the humidity was 86.9%.

igure‘2 j pec R s
Bitlis province (Tiirkiye) during the winter period (4 December 2023).

4. DISCUSSION AND CONCLUSION

Since M. lebetinus is an ectothermic creature like other
reptiles, it has to spend the winter months in hibernation.
Otherwise, since their physiological activities, which
depend on the temperature of the environment, will
decrease, it will be difficult for them to reach prey to
escape from predators. It may cause both the death of the
viper species and a decrease in its body mass due to a lack
of calories [1,9,16].

No winter activity investigation on M. lebetinus has been
documented in the literature up to date. Therefore, this
study is the first and an important study showing the
activity of this species in December. The fact that the air
temperature of the area where the snake was observed is
approximately 15°C is perhaps one of the important
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reasons for this winter activity. Because it has been
reported that the activity temperature of the environment
for many snake species is between 10-25°C [7].

The reason why the viper species reported in the present
study showed winter activity may be that daily
temperature changes are very fluctuating. Otherwise,
according to seasonal norms, the air temperature is
expected to be lower since the altitude of the area where
the viper species is observed is 1500 m above sea level.
Therefore, this is not a common occurrence and seems to
be very rare for reptile species during the winter months.

Global climate change seems to be one of the important
factors affecting the hibernation period of all ectothermic
creatures in the near future [12]. This will cause daily
temperature activities in the winter months to be
unbalanced and reptile species to be warm enough to be
active. In addition, reptile species can wake up from
hibernation early and exhibit reproductive behavior due to
these temperature changes [17-19].

Ultimately, species that are deceived by untimely
temperatures and start breeding activities will have to
enter hibernation again as a result of the deterioration of
air temperatures and decrease in air temperatures. This
may cause the extinction of the generation of these reptile
species in the year in which winter activity is observed
and their offspring not being able to develop [20].
Stiimpel et al. (2019) report that March seems to be the
earliest month in which M. lebetinus exhibits activity. A
four-month interval separates the months of activity that
are documented in this research.

The majority of reptile species are sensitive to
temperature changes. The reason for this is that these
creatures carry out all their biological activities between
certain temperatures. When temperatures decrease, they
go into hibernation or brumation processes, ensuring the
continuity of their lives and minimizing energy losses.
Although the M. lebetinus specimen observed in this
study is normally active after March, this is the first time
such a situation has been encountered. This situation is
probably a result of daily temperature changes in the
winter months caused by climate change.

According to the temperature data provided by the
Turkish State Meteorological Service, it is seen that the
temperature changes in the area where the species is
observed, have decreased significantly in the
approximately 2.5-month period since December 4, 2023.
This shows that hibernation activity is believed to be
continued for all reptile species living in that region. As a
result, disruption of hibernation activities in reptile
species are important factor that can affect their lives.
These temperature fluctuations could put species at risk of
extinction in the future.
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Abstract: Accurately modeling wind speed is important in estimating the wind
energy potential of a specified region. Two- parameter Weibull distribution is the
most widely used and accepted distribution in the energy literature. However, it does
not model the all wind speed data encountered in nature. Therefore, in this study,
different distributions are used for modeling wind energy, such as Gamma,
lognormal, Generalized Rayleigh. The estimators of the unknown parameters of these
distributions are found by using maximum likelihood estimators.

Riizgar Hiz1 Verilerinin Farkh Dagihmlara Gore Istatistiksel Analizi: Bitlis, Tiirkiye

Anahtar Kelimeler
Riizgar hiz1 verileri,
Weibull dagilimi,
Gamma dagilimi,
Log-normal dagilimi,
Genellestirilmis Rayleigh

Oz: Riizgar hizinm dogru bir sekilde modellenmesi, belirli bir bolgenin riizgar
enerjisi potansiyelinin tahmin edilmesi a¢isindan énemlidir. Tki parametreli Weibull
dagilimi enerji literatiirinde en yaygin kullanilan ve kabul edilen dagilimdir. Ancak
dogada karsilagilan tiim riizgar hiz1 verilerini modellemez. Bu nedenle bu ¢alismada
riizgar enerjisinin modellenmesinde Gamma, log-normal, Genellestirilmis Rayleigh
gibi farkli dagilimlar kullanilmistir. Bu dagilimlarin bilinmeyen parametrelerinin

dagilima,
En ¢ok olabilirlik tahmini

tahmin edicileri, maksimum olabilirlik tahmin edicileri kullanilarak bulunur.

1. INTRODUCTION

Energy consumption is rising substantially as a result of
both population growth and advancements in technology.
One of the most crucial elements in the growth of a
country is its energy needs [1,2]. These days, fossil fuels
are used extensively in practically every aspect of daily
life, such as production, logistics, and heating. However,
continued consumption of fossil fuels endangers both
people and the world in the long run due to carbon
emissions, air pollution, and climate change [3]. To solve
these problems, it is recommended to use environmentally
friendly alternative energy sources including geothermal,
solar, and wind power. Therefore, renewable energy
sources have attracted attention in recent decades,
particularly in developed countries [4, 5].

A promising renewable energy source, wind power can be
used for stand-alone, remote, and grid-connected

applications in addition to direct energy delivery [6]. Over
the past 20 years, wind power generation has grown
amazingly rapidly, and it is now a mature, reliable, and
efficient technology for producing electricity [3]. It has
been used as an essential renewable energy source in
electricity production in many developed countries.

To effectively and economically obtain wind energy,
there are two key components. The first of these is where
the wind system will be built. The second is to decide on
the statistical distributions to be used to determine wind
speed characteristics. Accurately determining the wind
speed distribution has an important impact on wind power
calculations [7]. Because small errors in the modeling of
the wind speed data lead to significantly larger errors in
the energy outcome computation [8]. The Weibull
distribution is frequently used in literature to model wind
speed data. However, it is not suitable for all wind regimes
[9-10]. Therefore, different distributions including
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Gamma, inverse Weibull, Inverted Kumaraswamy,
lognormal, and inverse Gaussian are used for modelling
the wind speed, see [8,11-15]. Considering all these
points, Weibull, Gamma, log-normal, and Generalized
Rayleigh distributions are used in modeling wind energy
in this study. The estimators of the unknown parameters
of these distributions are found by using maximum
likelihood estimators (MLEs). The originality of this
study comes from the fact that it considers different
statistical distributions to model wind speed data.

The rest of the study is organized as follows. In section 2,
the distributions used in the study are given along with the
ML method for estimating parameters of the Weibull,
Gamma, inverse Gauss, and lognormal distributions. In
section 3, application results are presented and modeling
performances of the given distributions are compared. In
section 4, the study is finalized with some concluding
remarks.

2. MATERIAL AND METHOD

This section provides parameter estimations and the
probability distribution functions (pdf), the cumulative
density function (cdf) for the Weibull, and gamma,
lognormal, and generalized Rayleigh distributions.

2.1. Weibull Distribution

Among lifetime distributions, the Weibull distribution is
one of the most often used. W. Weibull first proposed the
Weibull distribution and used it to describe the
distribution of a materials breaking strength. The
reliability theory, numerous environmental science fields,
and renewable energy have all benefited greatly from the
distribution; see [16-18]. The probability density function
(pdf) and the pdf cumulative density function (cdf) and of
the Weibull distribution are:

fla,B) = I;Lax“_le(fx)a <x<o;a>0,8>0 (1)

and

x

F(x;a,B) = 1—e(/”)_aO<x<00; a>0,8>0. (2

Here, o is the shape parameter and [ is the scale
parameter.

2.1.1 Parameter estimation of Weibull distribution

Let X,,X,,...,X,, be a random sample from Weibull
distribution. The likelihood function is given by:

L a ) = el @ e @ )
Following that, the logarithm of L(x; a, B) is defined as

follows to define the log-likelihood function:

N
InL = nlna —nalnf + (@ — D X, nx; — X7y (%) )]

By taking the partial derivative of (4) with respect to a and
B, and equating them to zero, we obtain the following log-
likelihood equations:

aiTnL = g —nlnf + YL, Inx; — X, (%)a In (%) =0 (5)

dinL.  -na &

aY™ . xf
5 =5 T e =0 ©)

Then, from the solution of equation (6), the parameter 8
is obtained as

1

- ()

n

By substituting the solution of 8 into equation (5), we
have

n a n
Yicqxiinxg 1 ¥i_glnx;
LA 2 =0.

teq X a n

The equation g(a)=0 cannot be solved explicitly, but a
numerical method should be used to solve this equation.
The & can be obtained by using the following well-known
Newton-Raphson formula

g(@m) _
G m =123,

Am+1=a, —

where @, is as initial value and g'(&) is the derivative of
g(a). Then the ML estimator of 3 is given as follows:

- (st

2.2. Gamma Distribution

IS

Because of its flexible shape, the positively skewed
gamma distribution has numerous applications in a
variety of industries, including hydrology, engineering,
medicine, seismology, and reliability. The works of
Aksoy [19], Shapiro and Chen [20], and Hristopulos et al.
[21] provide a thorough summary of the literature's study
on the application of gamma distribution.

The pdf and the cdf of the Gamma distribution are given
by:

1 —-X

fOO) = 15 x e, x> 00, >0, ™
and

x a-1 5
FG) = Jy rpex“tePdx x> 00,8 >0, ®)

respectively.
2.2.1. Parameter estimation of Gamma distribution
Let X;,X,, ..., X, be a random sample of size n from

Gamma (a, B) distribution. The likelihood function for
X;i=1,2,..,niswritten as follows:
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X
1 (a-1) ,~F
l 11"(0{)[)’“ xl e (9)

Lix;a,B) =
Then the log-likelihood function is defined as the
logarithm of L(x; a, B) is given by:

InL(x;a,B) =

—ninl (@) —naln(B) + (¢ — 1) XX, Inx; — %Z}Ll x. (10)
The likelihood equations are found by equating the first
partial derivatives of InL(x; a, §)with respect to the o and
B parameters to zero. The a and B parameters are shown
as follows:

a;—ZL =-—n¥(a) —nnf+ Yy~ Inx; =0 (11)
and
alnL -na
W—Tﬂgz =x; = 0. (12)
alnr(a)
Here ¥(a) = is the digamma function. Then, by

solving equation (1 1), the parameter f is found as:

B__ llxl

Substitution of § into equation (12), the resulting equation
in o becomes

—n‘{’(a)—nln( i 1x)+2‘,?:11nxi=0.

This equation does not yield an explicit estimator for the
o; therefore, we resort to iterative methods. Hence,
approximate solutions for the parameters are found using
iterative numerical methods. In this study, we used the
Newton Raphson method.

2.3. Lognormal Distribution

The lognormal distribution, a long-tailed, positively
skewed distribution, is a suitable model for reliability and
life span study. Furthermore, Johnson et al. [22] mention
that it can be used as a model for several applications in
engineering and medical.

The pdf of the log-normal distribution is given by:

—_1(lnx—u

2
) x> 0ueRT>0, (13)

f(x) = XTV2T

where % is the shape parameter and u is the scale
parameter.

2.3.1. Parameter estimation of lognormal distribution
The likelihood function based on the observed values of a

random sample from the lognormal distribution with pdf
(13) is given by

n lezgzzl 1(lnxl #) (14)

1
L(x;pu,7) = e =1

Then the log likelihood function is

InL(x; u,7) =
N2
—nlnt — gln(ZTL’) - InX; — ’f 1 (M) (15)

By taking the derivatives of InL with respect to these
parameters and equating them to zero, the following
likelihood equations are obtained

dlnL _ Y Inx; Znu

o =0 (16)

and

dlnL _ -n n (nx;_w? _

2 272 =1 ot =0. an

Thus, the MLs are

N n Inx; .
= Hel gng g2 = 1

n 2
Yi=q Inx;
e (b = H2)
respectively.
2.4. Generalized Rayleigh Distribution

For data modeling, Burr [23] provided twelve distinct
kinds of cumulative distribution functions. Out of the
twelve, Burr-Type X and Burr-Type XII were the two
distribution functions that attracted the greatest attention.
The generalized Rayleigh distribution was appropriately
termed and the two parameter Burr Type X distribution
was recently presented by Surles and Padgett [24]. Keep
in mind that the exponentiated Weibull distribution,
which was first put forth by Mudholkar and Srivastava
[25], includes the two-parameter generalized Rayleigh
distribution as one of its members. Both general lifetime
modeling and the modeling of strength data can benefit
greatly from the application of this distribution.

The pdf of the two-parameter generalized Rayleigh
distribution is:

fGga,) =

-1
2a02xe~ (1= e~ x> 0,0,1>0.  (18)

2.4.1. Parameter estimation of generalized Rayleigh
distribution

Let X;,X,,...,X, be random sample of size n from

generalized Rayleigh distribution with a and 2
parameters, then the likelihood function can be written as:

L(x;a, 1) = ongnj2n Hvlﬂ:lxie—(lxi)z(l _ e_(le-)z)aﬂl (19)
Then, the log-likelihood function InL(x; a, 1) as follows:

InL(x; a, 1) = nin2 + nina + 2nl

+ZInxL—}LZZ
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n
+(a — 1)2 ln(l — e‘()‘x)z).
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When we take the derivatives with respect to parameters
normal equations become:

alnL —

T = A S (1 - ") =0 (20)

and

alnL 2 12 —(Ax)?

% = 7” =223, x? + 2A(a — 1)2’;:11‘_‘:_W =0 (21)

Note that @ and A are not in explicit form and hence,
numerical methods, such as fixed-point solution. The ML
estimators of generalized Rayleigh distribution can be
seen from Esemen and Giirler [26].

3. DATA AND APPLICATION

In this section, the data set introduced and the Weibull,
Gamma, lognormal, and generalized Rayleigh
distributions are applied to the hourly wind speed data
(m/s). The performances of the distributions are compared
using several well-known criteria, such as the AIC,

Table 1. ML estimators of the parameters for the given distributions

R? and RMSE. For analyzing MatlabR2021 software is
used.

3.1. The Data Set

In this section, hourly wind speed data (m/s), measured
hourly at 10m from Bitlis, Turkey during January,
February, March, and April 2017 is used. There are 2978
observations recorded. The data is taken with official
permission from the Turkish State Meteorological
Service. For the hourly wind speed data (m/s), estimates
of the parameters of above mentioned distributions are
obtained as reported in Table 1. To determine the
distribution providing better determination (R?) and
Akaike information criteria (AIC) values for each
distribution, as shown in Table 2. In addition to these
statistical criteria, the cumulative density function of the
given distributions is presented in Figure 1 for wind speed
data.

Table 2 gives the values of the evaluation criteria for the
generalized Rayleigh, Gamma, Weibull, and lognormal
distributions. It is well-known that a better fit is indicated
by lower values of the AIC and RMSE and higher values
of the R?.

Month Weibull Gamma Lognormal G.Rayleigh
a B a B Q 3 a A
January 1.207 2.796 1477 1.767 0.895 0.585 1.567 0.706
February 1.432 2.364 1.999 1.067 0.488 0.781 2.292 0.906
March 1.853 3.064 2.827 0.961 0.813 0.679 3.175 0.725
April 1.639 3.643 2.220 1.467 0.939 0.776 2.299 0.588
Table 2. Modeling performances of the given distribution for wind speed data

Month Weibull Gamma Lognormal G. Rayleigh

R? RMSE AIC R? RMSE AIC R? RMSE AIC R? RMSE AIC
January 0.9675 | 0.0513 | 2739.63 | 0.9969 | 0.0498 | 2706.23 | 0.9932 | 0.0242 | 2546.33 | 0.9527 | 0.1534 2765.87
February | 0.9778 | 0.0401 | 2134.90 | 0.9989 | 0.0309 | 2109.78 | 0.9829 | 00363 | 219420 | 0.9193 | 0.2145 | 0.2180.32
March 0.9968 | 0.0160 | 2625.55 | 0.9998 | 0.0132 | 2635.83 | 0.9717 | 0.0471 | 2725.20 | 0.9085 | 0.2338 2778.88
April 0.9990 | 0.0094 | 2907.13 | 0.9995 | 0.0203 | 2905.42 | 0.9715 | 0.0477 | 2990.68 | 0.9049 | 0.2391 2986.68

(a) January

(b} February
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It can be seen from Table 1 that the Gamma distribution
provided the smallest values for the AIC, and RMSE and
the largest values for the R? . In other words, the Gamma
distribution performed better than the other three
distributions in modeling the first months of 2017 of Bitlis
province. Furthermore, in Figure 1 are consistent with
Table 2.

4. CONCLUSION

In this study, the Weibull, Gamma, lognormal, and
generalized Rayleigh are used in modelling the wind
speed data of Bitlis in Turkey for the first four months of
2017. In parameter estimation, the ML estimation
methods are considered. The results summarized in both
Figure 1 and Table 2 show that the Gamma distribution
described wind speed data in Bitlis during January,
February, March, and April 2017 better than Weibull,
lognormal, and generalized Rayleigh distributions.
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Abstract: This study was conducted to analyze the labor in the agricultural sector and determine
the employment structure according to production activities for a micro-scale structure. Within
the scope of this study, according to the production patterns of agricultural enterprises, the
working time realized during the season on 1 decare area was calculated. Although many
components are effective on the working time of the labor, technological changes, qualifications,
and skills of the labor have been ignored. In this study, agro-ecological areas were taken into
consideration to make an evaluation by considering ecological, geological, and topographical
conditions. The findings showed that these variables were effective on working hours. The
calculated working hours were based on 1 male labor unit for 1 decare. For all regions, tomato
was the crop that required the most time in production, and the average working time per decare
was 127 hours 41 minutes. After tomato, apple with 119 hours 55 minutes and cherry with 111
hours 16 minutes were the crops requiring the longest working hours in Konya province. It is
expected that the products grown in the research region will be a reference for standardized
working hours and contribute to the studies to be conducted for planning the workforce and
increasing the agricultural employment potential in the region.

Tarim Isletmelerinde Uretim F aaliyetlerine Gore Standart Calisma Siirelerinin

Hesaplamasi

Anahtar
Kelimeler
Isgiicii,

Tarim,

Standart isgiicii,
Caligma siiresi,
Tarimsal iggiicii

Oz: Tarim sektoriindeki isgiicii varhgmin analiz edilebilmesi ve mikro dlgekte bir yapi icin
tretim faaliyetlerine gore istihdam yapisinin belirlenebilmesi amaciyla bu ¢alisma
gerceklestirilmistir. Caligma kapsaminda tarim isletmelerinin tiretim desenlerine gore 1 dekar
alanda sezon boyunca gergeklestirilen calisma zamanlar1 hesaplanmistir. Isgiiciiniin calisma
zamanina yonelik olarak bir¢ok bilesen etkili olsa da teknolojik degisimler, isgiicliniin sahip
oldugu nitelik ve yetenekler goz ardi edilmistir. Calisgmada ekolojik, jeolojik ve topografik
kosullarin dikkate almarak bir degerlendirme yapilabilmesi amaciyla agro-ekolojik alanlar
dikkate alinmistir. S6z konusu degiskenlerin c¢aligma siireleri {izerinde etkili oldugu
belirlenmistir. Hesaplanan c¢aligma siireleri 1 dekar i¢in 1 erkek isgiicii birimi iizerinden
gergeklestirilmistir. Tiim bolgeler i¢in liretiminde en ¢ok zamana ihtiyac¢ duyulan {iriin domates
olup, dekarda ¢aligma siiresi ortalama 127 saat 41 dakikadir. Domatesten sonra 119 saat 55
dakika ile elma ve 111 saat 16 dakika ile kiraz Konya ilinde en uzun ¢aligma siirelerini gerektiren
urlinlerdir. Arastirma bolgesinde yetistirilen iirlinlerin standartlagsmis ¢aligma siireleri igin
referans olmasi, isgiiciiniin planlamasi ve bolgedeki tarimsal istihdam potansiyelinin artirilmas1
icin yapilacak ¢alismalara katki saglamasi beklenmektedir.
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1. INTRODUCTION

In all global markets and economies, the focus is on
increasing productive capacity and production volume; in
short, economic growth is targeted. Within the framework
of these targets, it is necessary to determine the
contribution of cultural, scientific, institutional, and
technological factors to economic growth [1]. The
analysis of sectoral contributions is critical in economic
growth processes, and it is necessary to determine partial
productivity increases in agricultural and non-agricultural
sectors [2]. Standardized and scientifically accepted data
are needed for the theoretically accurate calculation of
productivity and for comparisons at regional, national,
and international levels. These data will be a reference for
comparison and evaluation processes. However, it should
not be ignored that this is a theoretical assumption.
Structural changes in the economy make it difficult to set
and manage standards, particularly for labor markets. The
emergence of labor-intensive services that require less
capital in the market, the restructuring of firms by taking
into account numerical flexibility as a result of increased
competition, the reduction of costs by firms through
technological innovation, the emergence of new markets,
the facilitation of employers' hiring and firing of workers
through flexibility provisions in labor laws, the visibility
of women in the labor market and employers' search for
flexibility have increased non-standard forms of work [3-
4]. In line with these effects, there has been a change in
the organic structure of employment relations, and the
agricultural sector has also been part of this change.
Organizational units, the conditions that will arise for
work areas, and the use of many inputs that can be
measured in different units will produce many different
outputs [5-6]. In addition, in labor-intensive sectors, such
as agriculture, the qualifications and competencies of the
labor will also cause productivity to change.
Standardizing the working conditions of the agricultural
labor is significant in increasing efficient production and
quality. While standards pave the way for planned
production, production processes should also be
developed on this basis. In the agricultural sector, it is
necessary to establish specific working standards to
improve the performance of the labor working outside the
enterprise and to create efficient work by combining work
and knowledge.

Seasonal working conditions in the agricultural sector,
especially in crop production, prevent the standardization
of the workforce, which is reflected in contractual, wage
and social security conditions. Non-standardized
employment leads to much lower incomes than standard
jobs. For example, in EU countries, temporary jobs are
paid on average 20% less than permanent jobs [7-8].
Short-term work allows employers to avoid redundancy
costs and offers numerical flexibility with easy hiring and
firing [9]. Non-standardized forms of work are usually
characterized by fixed-term or short-term work [10-11].

Setting standards for working hours in agricultural
enterprises is crucial for the sustainability of the
enterprise. In terms of accounting for the activities in the
enterprise and determining product prices, the reference
prices in the agricultural sector constitute the labor given
to the product. The wages of the people who work in
agricultural production units and carry out production are
expressed in labor expenses. Since these expenses can be
directly associated with the cost of the product, they are
directly charged to the cost of the product. Apart from the
main labor expenses, wages, such as overtime work and
product premiums, are also included in direct labor
expenses [12-13]. Considering the time worked by the
entrepreneur and his family members as labor in the cost
calculation, "if the entrepreneur and his family members
did not work, the work done by them would be done by
foreign labor for a fee" and secondly," it should provide
the opportunity to compare with enterprises employing
foreign labor" [14]. The labor and time spent on
agricultural work are usually calculated in real prices. For
example, if hoeing is done by unpaid family labor, the
total working time spent on hoeing should be considered,
as well as the prevailing labor wages in the region [14].

Agricultural labor and labour practices play a central role
in the sustainability of enterprises [15-16] and are one of
the main components of social sustainability [17-18].
Therefore, planning for agricultural enterprises is likely to
contribute to the effective and efficient use of resources.
However, it is necessary to regulate the labor and working
conditions within the enterprise. Since the agricultural
sector constitutes the basis of economic activities, the
successful implementation of planning in the sector will
directly contribute to the management and planning of
other sectors. Given the changing conditions for
agricultural production and the constraints specific to
agricultural production, it is necessary to calculate
product-based standard working hours in rural areas.
Within the scope of this study, working hours were
calculated by considering agro-ecological regions and
product pattern with a micro-scale application.

2. MATERIAL AND METHOD

The study was conducted with the permission of Selcuk
University, Agricultural Faculty, Scientific Ethics
Committee, decision numbered 528366 dated 01.06.2023.

Agro-ecological zones refer to regions divided into sub-
areas with similar environmental characteristics, potential
yield, and land suitability [19]. Konya is among the
provinces with high agricultural production potential in
Tiirkiye. The province stands out in terms of its high
product diversity and agricultural employment diversity.
Agro-ecological zones of Konya province is provided in
Table 1 below.
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Table 1. Agro-Ecological Zones of Konya Province

Percentage | Annual
Region Districts in the Region Area (ha) (%) (mm)
Region 1 | Cumra, Karatay, Meram, Sel¢uklu 704.649 16.90 <400
Region 2 | Akoéren, Ahirli, Bozkir, Giineysinir, Hadim, Tagkent, Yalihiiyiik 525.234 12.60 >400
Region 3 | Aksehir, Eregli, Halkapinar, Ilgin, Tuzluk¢u 597.982 14.30 >400
Region 4 | Beysehir, Derbent, Derebucak, Doganhisar, Hityiik, Seydigehir 589.385 14.20 <400
Region 5 | Altinekin, Cihanbeyli, Celtik, Emirgazi, Kadmhani, Karapmar, Kulu, Sarayonii, Yunak 1.752.150 42.00 <400
Total 31 District 4.169.400 100.00 -

Source: [20-21]

There were more than 120,000 agricultural workers
employed only in the livestock sector in Konya. This
study was carried out to determine the perspective
towards the labor employed permanently and seasonally
in various jobs. A stratified random sampling method was
used to determine the number of enterprises to be
surveyed; 5% error and 90% confidence limits were used.
As in determining the number of surveys, Yamane's [22]

Table 2. 1st Region Distribution of Survey Numbers by Districts

formula was used to determine the stratum distribution. In
line with the results obtained, 375 surveys were conducted
in 2022. The questionnaires were obtained from face-to-
face data. Accordingly, the distribution of the number of
enterprises to be surveyed according to districts and strata
was determined by proportioning the number of
enterprises of each district to the "k" value of the strata
(number of enterprises/k).

Total Number of
Region 1 Enterprises 1st Layer 2nd Layer 3rd Layer
Sample Number 3 25 49
k value 5.076 609 311
Cumra 5.548 1 9 18
Karatay 5.621 1 9 18
Meram 2.126 0 3 7
Selguklu 1932 0 3 6
Toplam 15.227 3 25 49
Table 3. 2nd Region Distribution of Survey Numbers by Districts
Total Number of Enterprises 1st Layer 2nd Layer 3rd Layer 4th Layer
Region 2 Sample Number 3 14 23 10
k value 1.363 292 178 409
Akoren 630 0 2 4 2
Ahirli 386 0 1 2 1
Bozkir 780 1 3 4 2
Giineysinir 980 1 3 6 2
Hadim 1.024 1 4 6 3
Tagkent 171 0 1 1 0
Yalthityiik 118 0 0 1 0
Toplam 4.089 3 13 23 10
Table 4. 3rd Region Distribution of Survey Numbers by Districts
Total Number of Enterprises 1st Layer 2nd Layer 3rd Layer 4th Layer
Region 3 Sample Number 2 18 49 19
k value 8.700 967 405 916
Aksehir 4.215 0 4 10 5
Eregli 5.585 1 6 14 6
Halkapinar 499 0 1 1 1
Illgin 5270 1 5 13 6
Tuzlukeu 1.830 0 2 5 2
Toplam 17.399 2 18 43 19
Table 5. 4th Region Distribution of Survey Numbers by Districts
Total Number of Enterprises 1st Layer 2nd Layer 3rd Layer
Region 4 Sample Number 6 30 47
k value 1.663 333 212
Beysehir 2.895 2 9 14
Derbent 824 1 2 4
Derebucak 128 0 0 1
Doganhisar 2098 1 6 10
Hiiyiik 1571 1 5 7
Seydisehir 2.460 1 7 12
Toplam 9.976 6 30 48
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Table 6. 5th Region Distribution of Survey Numbers hy Districts

Total Number of Enterprises 1st Layer 2nd Layer 3rd Layer

Region 5 Sample Number 3 28 52

k value 12.001 1.286 692

Altinekin 3.085 0 2 4
Cihanbeyli 6.215 1 5 9
Celtik 1.677 0 1 2
Emirgazi 1905 0 1 3
Kadinhan 4.758 0 4 7
Karapinar 5.263 0 4 8
Kulu 4.856 1 4 7
Sarayonii 3.622 0 3 5
Yunak 4.621 1 4 7
Toplam 36.002 3 28 52

The total amount of labor that agricultural enterprises
have is a factor that restricts production processes. To
calculate the amount of labor used in agricultural
production, a standard male labor unit is needed.
"Standard Male Labor Unit" (SMLU) is the value of an
average labor working at most 8 hours a day [23]. In this
study, the working hours of an ESU (between the ages of
15-49) needed based on crops on one decare of land
according to the agro-ecological regions of Konya
province were calculated. Regarding the use of labor, the
unit of time measurement (hours, minutes) is the most
appropriate distribution method. For example, it is a very
healthy measure since the hours of machine and labor
used in tillage activities overlap [13]. Thus, the hour unit
was used to express the labor within the scope of this
study.

3. RESULTS

Working hours by crop differ according to the climatic
and topographical characteristics of agro-ecological
regions. For example, Akoren, Ahirli, Bozkir, Giineysinir,
Hadim, Tagkent, and Yalihiiyiik districts are in the second
region. These districts are generally mountainous, and
their land structures are small and fragmented. This
situation causes the working time of the enterprises to be
prolonged due to their land structures, even if the tractor-
pulling power and machinery and equipment features are
similar. The level of specialization of the workforce in the
study area was ignored to determine a standard working
time. Because, although the labor does not have similar
physical characteristics in every enterprise, the practices
acquired for the work, the techniques used and the way
the work is done are the features that directly affect the
change in working hours.

In addition to climatic and topographical characteristics,
the environmental and economic opportunities of the
enterprises may also cause changes in the duration of

work. In crops, such as wheat, barley, and chickpea,
which are both irrigated and dry farmed, working hours
vary according to irrigation activities. For example, in the
first region where Cumra, Karatay, Meram and Selguklu
districts are located, the same procedures are applied for
irrigated barley and wheat and three hours and 28 minutes
of work is needed for all operations from planting to
harvesting in one decare. For wheat and barley produced
in the dry, 52 minutes of working time is sufficient.
Therefore, in irrigated areas where sprinkler irrigation is
used, separate working time is needed for laying,
transporting, and collecting the pipes and working times
differ.

Tomato is the crop that requires the most working time on
average across all regions. In the third region, which
includes the districts of Aksehir, Eregli, Halkapinar, [lgin
and Tuzlukgu, the working time required for tomato,
which is cultivated mainly in Eregli, is 127 hours and 41
minutes for a male laborer. Intensive labor is needed for
tomatoes, especially during irrigation, top rowing, hoeing,
and harvesting periods. After tomatoes, apple is the crop
that requires the most working time. For apples, 119
hours, and 55 minutes of working time is needed for a
male labor in one decare of land in the regions’ average.
Although the working time varies according to the variety
and yield in apple production, considering that there are
approximately 200 trees and an average yield of 100 kg
per tree in semi-dwarf varieties grown throughout Konya,
the average working time required in the harvest period
for one decare is 63 hours and 39 minutes. In addition,
acting precisely in apple harvesting is significant for the
preservation and trade of the fruit and is effective in
extending the working time. The third product that
requires the longest working time is cherry. The average
working time of cherries in the regions is 111 hours and
16 minutes. In cherry production, harvesting accounts for
approximately 50.00% of the working time.

Table 7. Standard Working Hours in the Agricultural Enterprises Investigated are Presented

Regions Region 1 Region 2 Region 3 Region 4 Region 5 RegionAverage
Wheat (Irrigated) 3.28 4.21 3.43 4.07 3.44 3.52
Barley (Irrigated) 3.28 4.21 3.43 4.07 3.44 3.52
Wheat (Dry) 0.52 131 1.03 1.22 1.02 1.10
Barley (Dry) 0.52 131 1.03 1.22 1.02 1.10
Grain Maize 4.45 5.51 5.21 5.36 4.55 5.17
Silage Maize 4.45 5.51 5.21 5.36 4.55 5.17
Sunflower (Oil) 3.21 0.00 3.55 0.00 3.29 3.35
Sunflower (Snack) 6.20 7.06 6.27 0.00 6.11 6.31
Clover 3.25 0.00 3.50 4.20 3.48 3.51
Sugar Beet 20.45 0.00 21.26 22.24 21.30 21.25
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Chickpea 6.17 9.38 6.22 9.48 6.09 7.39
Beans (Dry) 13.19 14.08 0.00 14.23 13.30 13.43
Potato 25.26 0.00 26.45 27.43 0.00 26.38
Hungarian Vetch 241 3.25 3.00 3.16 2.48 3.02
Oats 3.42 1.49 0.00 141 3.48 2.45
Zucchini (Snack) 11.04 12.25 11.33 12.08 11.17 1141
Onion (Dry) 13.21 0.00 0.00 0.00 13.34 13.28
Grape 0.00 44.41 0.00 42.19 0.00 43.30
Lavender 0.00 2041 0.00 28.10 0.00 28.56
Peach 0.00 38.46 0.00 0.00 0.00 38.46
Walnut 0.00 55.23 0.00 0.00 0.00 55.23
Cherry 0.00 113.16 109.15 0.00 0.00 111.16
Pear 0.00 74.07 0.00 0.00 0.00 74.07
Apple 0.00 124.36 115.13 0.00 0.00 119.55
Strawberry 0.00 83.43 0.00 81.05 0.00 82.24
Rye 0.00 0.00 1.49 0.00 1.39 1.44
Poppy 0.00 0.00 25.45 27.16 25.49 26.17
Tomato 0.00 0.00 127.41 0.00 0.00 127.41
Sour Cherry 0.00 0.00 109.00 0.00 0.00 109.00
Plum 0.00 0.00 65.40 0.00 0.00 65.40
Lentil 0.00 0.00 0.00 34.25 31.53 33.09
Safflower 0.00 0.00 0.00 3.01 0.00 3.01
Melon 0.00 0.00 0.00 27.34 0.00 27.34
Canola 0.00 0.00 0.00 0.00 3.18 3.18
Cumin 0.00 0.00 0.00 0.00 3.33 3.33
Millet 0.00 0.00 0.00 0.00 4.03 4.03
Grass 0.00 0.00 0.00 0.00 3.22 3.22
Fallow 0.12 0.20 0.15 0.18 0.15 0.16

4. DISCUSSION AND CONCLUSION

This study was carried out to determine working time and
standard labor units in the agricultural sector. The labor
requirements for different crops, especially in agro-
ecological regions, were examined as crop production is
generally carried out in open areas and varies according
to seasonal conditions. Within the product group, cherry
has the highest SMLU value. Since the maintenance
processes of cherry are sensitive and require intensive
labor during harvest periods, its value in the regions’
average was 2.259. In addition, there is a need for a labor
that is advanced regarding qualifications in the harvesting
processes of cherries and that will contribute to reducing
the wastage rate without damaging the product. After
cherries, sugar beet was determined as the crop with the
highest SMLU requirement in the regions’ average. The
SMLU value of sugar beet is 1,652. As a result of the need
for intensive use of labor, especially during the hoeing
periods of the product, the SMLU value was high. Wheat,
frequently preferred in the production processes in the
research region and the enterprises examined, has an
SMLU value of 0.734. According to the regions’ average,
the enterprises in the 5th region had the highest value in
the SMLU in irrigated wheat production. In the 5th region
where  Altinekin, Cihanbeyli, Celtik, Emirgazi,
Kadinhani, Karapinar, Kulu, Sarayonii, and Yunak
districts are located, the SIB used in the production
process is 1.145. The use of standard labor is an important
data for calculating labor needs and planning areas where
employment opportunities can be provided according to
the production pattern. Standard labor needs may decrease
due to the participation of specialized labor in
employment or the widespread use of technology.
Therefore, there is a need for controlled development in
the agricultural sector, which contributes to the
employment of many people.

The definition of standard work units is important for
increasing productivity and optimizing the use of labor on
farms. Standards ensure the planning of business
processes and the efficient use of resources, while
creating a competitive advantage for businesses.
However, the applicability of these standards may vary
depending on the geographical and climatic conditions of
farms. For example, long working hours in regions with
mountainous and fragmented terrain may make it difficult
to set standards. For this reason, it is necessary to define
standard working units in the agricultural sector and to
evaluate the specific conditions of each region and each
product when planning production at both micro and
macro levels.

As in all sectors, the aim is to create sustainable
production processes and optimize the use of resources in
the agricultural sector, and existing policies are being
renewed with these objectives in mind. Determining the
standard labor force in the agricultural sector makes it
possible to measure and improve labor productivity over
a given period. This will help to reduce energy
consumption and therefore the carbon footprint, while
increasing the accuracy of reporting by providing
reference values for the calculation of labor-related
emissions. In addition to environmental contributions, a
mechanism can be established to ensure social
sustainability. Standardized labor is critical to ensuring
decent working conditions. Standardization of labor in the
agricultural sector helps to ensure the protection of
workers' social rights, fair remuneration and healthy
working conditions.

It is necessary to collect standardized, gender-
disaggregated and more detailed data on time use and to
formulate specific policies for agricultural employment.
To this end, special funding should be allocated to
project/program designs and activities that can provide
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information on this issue. A map of working hours should
be prepared, considering the technologies used in all
agricultural activity areas. Develop and test specific
indicators, methodologies, and tools (e.g., surveys and
censuses) to measure agricultural workload. In this way,
it will be possible to identify alternative working areas and
income-generating activities for both on-farm and off-
farm labor. It is important to identify and manage working
hours to increase income-generating activities, especially
for seasonal labor.
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Keywords Abstract: Cancer is the leading cause of death worldwide after heart disease. Currently,
Rat erythrocyte, breast, lung, bowel, and prostate cancer are the most common cancers in the worldwide.
Glutathione S- By stopping cancer cells from dividing, spreading, growing, making more cells, and
transferase, then destroying them, chemotherapy drugs are used to treat diseases caused by cancer.
Purification, The glutathione S-transferase enzyme is responsible for the detoxification of xenobiotic
Chemotherapeutic molecules produced by the body during cancer treatment. In this study, glutathione S-
drugs, transferase enzyme (GST) was purified from the erythrocytes of rats by affinity column
Enzyme activity chromatography in one step. The SDS-PAGE (gel electrophoresis) was used to verify

the GST enzyme's purity, A single protein band was obtained. The GST enzyme was
purified with 22.5 EU/mg specific activity, 237.14 purification-fold, and 48.98%
purification yield. Then, the in vitro effects of chemotherapy drugs 5-fluorouracil (5-
FU) and cyclophosphamide (CP) on purified GST enzyme activity were investigated.
The research results showed that both 5-fluorouracil and cyclophosphamide increased
GST activity in the concentration ranges of (0.385 to 15.4 mM) and (19.15 to 191.5
mM), respectively.

Bazi Kemoterapétik flaclarin Sican Eritrositleri Glutatyon S-transferaz (GST) Enzimi
Uzerine In Vitro EtKileri

Anahtar Kelimeler Oz: Kanser diinya ¢apindaki oliimlerin kalp hastaliklarindan sonra 6nde gelen
Sican eritrosit, nedenidir. Giiniimiizde meme, akciger, bagirsak ve prostat kanseri diinya ¢apinda en
Glutatyon S-transferaz, sik goriilen kanserlerdir. Kemoterapi ilaglari, kanser hastaliginin tedavisinde kullanilan
Saflagtirma, ve kanser hiicrelerinin boliinmesini, yayilmasini, bilyliimesini ve daha fazla hiicre
Kemoterapo6tik ilaglar, olusturmasini durduran ilaglardir. Glutatyon S-transferaz enzimi, kanser tedavisi
Enzim aktivitesi sirasinda  viicudun  drettigi  ksenobiyotik molekiillerin  detoksifikasyonundan

sorumludur. Bu ¢aligmada si¢an eritrositlerinden glutatyon S-transferaz enzimi (GST,
EC: 2.5.1.18) afinite kolon kromatografisi ile tek adimda saflastirildi. GST enziminin
safligini control etmek ig¢in SDS-PAGE (jel elektroforezi) kullanildi. Jelde tek bant elde
edildi. Saflastirma iglemi sonucunda GST enzimi 22,5 EU/mg spesifik aktiviteyle ve
%48,98 verimle 237,14 kat ile saflikta elde edildi. Daha sonra 5-florourasil (5-FU) ve
siklofosfamid (CP) kemoterapi ilaglarinin saflastirilan GST enzim aktivitesi tizerindeki
in vitro etkileri arastirildi. Arastirma sonuglari, hem S5-florourasil hem de
siklofosfamidin sirastyla (0,385 ila 15,4 mM) ve (19,15 ila 191,5 mM) konsantrasyon
araliginda GST aktivitesini arttirdig belirlendi.
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1. INTRODUCTION

Cancer is a large category of illnesses that includes the
unnatural growth and division of cells, Cancer is one of
the most prevalent diseases, and it causes a lot of
deadliness. Advances in cancer prevention and treatment
have resulted in longer lifespans or even healing for some
patients who have cancer diseases. However,
chemotherapy drugs are still required for most patients,
and they often cause severe side effects [1]. There are
many different chemotherapy drugs used to treat various
kinds of cancer diseases, 5-fluorouracil (5-FU) is an
anticancer drug used to treat several types of cancer such
as breast, lung, skin, and head [2]. 5-FU can enter cells
through the wuracil transport system, inhibiting
thymidylate synthase enzymes and RNA synthesis
function, and acts on the S-phase of the cell cycle to cause
DNA damage [3]. Cyclophosphamide (CYP) is a
chemotherapy drug widely used to treatment of various
neoplastic diseases and chronic autoimmune diseases.
Cyclophosphamide chemotherapy can damage normal
cells in the body, such as the heart, bladder, and testicle.
This can lead to multiple organ toxicity [4,5].

Glutathione molecule is a natural antioxidant that plays a
major role in neutralizing xenobiotic compounds, this
impact is attributable to the capacity of the sulfhydryl (-
SH) group on cystine amino acid by donating more
electrons and preventing tissue cells from being damaged
as associated with the defense of cellular against toxicity.
There are two main sources formation of xenobiotic
molecules. First, endogenous factors of normal cellular
metabolism such as endoplasmic reticulum oxidation,
electron transport chain, and most enzymatic activity.
Second, exogenous factors such as chemotherapy,
radiation, cigarette, and oxygen themselves. The body
detoxification process works to out most of the xenobiotic
molecules produced by both above sources through the
use of group enzymes [6-9]. Glutathione S-transferases
(GSTs) are a multigene family of enzymes with about 223
amino acids in total. They are categorized, as alpha, zeta,
theta, kappa, mu, pi, sigma, and omega GST isoforms
based on their amino acid sequence and specificity of
substrates [10]. Glutathione S-transferase can be detected
in both eukaryotic and prokaryotes, and work to detoxify
xenobiotic compounds from exogenous and endogenous
living cells by catalyzing glutathione natural anti-oxidant
molecule reactions with xenobiotics, changing toxic
molecules to non-toxic metabolizable molecules and
excretion from the body. Glutathione S-transferase is an
important enzyme that helps to detoxify harmful
compounds by catalyzing the conversion of glutathione-
toxic compounds into non-harmful substances [8,11-13].

The purpose of this study is to purify glutathione S-
transferase (GST) enzyme from rat erythrocytes and
investigate the effects of 5-fluorouracil and
cyclophosphamide chemotherapy drugs on enzyme
activity from in vitro, possibly the results of this study
could help improve the treatment of cancer disease and
have benefits in toxicology systems, the clinical cancer
research community must collaborate and focus on new

research that uses comprehensive results to determine the
best way to treat cancer diseases.

2. MATERIAL AND METHOD
2.1 Materials

Reduced glutathione (GSH), 5-FU (5-Fluorouracil),
ethylene diamine tetra acetic acid (EDTA), B-
mercaptoethanol, 1-chloro-2,4-dinitrobenzene (CDNB),
TEMED (N, N, N, N-tetramethyl-ethylenediamine),
acrylamide, Tris (Trihydroxy methyl amino methane),
and glutathione-agarose affinity gel got from Sigma-
Aldrich  (Sigma-Aldrich and MERCK, Darmstadt,
Germany). Ammonium persulfate (Chem Solute Bio).
CYP (Endoxan) was purchased from a pharmacy
(Istanbul, Turkiye). Glycerol, isopropanol, Ammonium
sulfate, stacking gel, separation gel, separation buffer,
Coomassie Brilliant Blue R-250, paint solution, and
fixing solution (Fishcer Scientific).

2.2 Methods
2.2.1 Preparation of homogenate

The blood sample of the rat was obtained from the Bing6l
University Experimental Research Center and brought the
sample to the biochemistry laboratory in anticoagulant
tubes, it was centrifuged at (4 oC, 2,500 Xg, for 15 min),
discarded plasma and saved rat erythrocytes were in the
refrigerator at -20 °C according to the cold chain rule. The
rat erythrocyte sample was washed with KCI solution
(0.16 M) and centrifuged at (4 °C in 2,500 Xg for 15 min)
three times repeating this step, and the erythrocyte cells
were hemolyzed with ice water in the ratio of (1: 5 =
erythrocyte: ice water), then centrifuged at (40C in 10,000
Xg for 60 min), finally, 3.5 mL supernatant was saved for
purification of GST and the precipitate was discarded
[14-16]. The study was designed and conducted
according to ethical norms approved by the Animal
Experimentation Ethics Committee of the Bingol
University (Bingol, Turkiye) (Protocol No. 2019-
85680299/020).

2.2.2 GST enzyme activity determination

The activity of glutathione S-transferase enzyme was
measured by monitoring the absorbance of 24-
dinitrophenyl glutathione product of a reaction between
1,2-dichloro-4-nitrobenzene (CDNB) and reduced
glutathione (GSH) at 340 nm in a spectrophotometer
(Shimadzu UV-1601, Australia) [17-19].

2.2.3 Applied glutathione-agarose affinity
chromatography for Purification of GST enzyme

The affinity column chromatography of glutathione-
agarose was prepared and the flow rate of the column was
adjusted by using a peristaltic pump to 20 mL/h. Next
using (10 mM KH2PO4 and 150 mM NacCl) equilibration
solution to adjust the pH = 7.4 of the column. Then the
hemolytic erythrocyte sample was placed on the column
and washed column with (10 mM KH,PO4 and 0.1M KClI,
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pH = 8.0) buffer solution. Then, continued washing
process until the absorbance of the column eluate at 280
nm was 0.05. Finally, using gradient elution purifies the
GST enzyme. The gradient elution solution consists of
(1.25-10 mM GSH and 50 mM Tris-HCI, pH = 9.5) and
using Eppendorf tubes (1.5 mL) to collect eluates and,
absorbance was measured spectrophotometrically at 340
nm [13, 18, 20].

2.2.4 Protein assay

The qualitative protein was tested by measuring the
absorbance of tyrosine and tryptophan amino acids in the
protein structure at 280 nm. standard bovine serum
albumin was used to determine quantitative protein by
measuring absorbance spectrophotometrically at 595 nm
based on the Bradford method [21, 22].

2.2.5 Applied SDS-PAGE to control enzyme purity

The pure glutathione S-transferase enzyme was examined
by gel electrophoresis (SDS-PAGE) method, and the
purified GST enzyme was seen as a single band of protein
on the SDS-PAGE, according to the Laemmle procedure
[23].

2.2.6 In vitro investigation of chemotherapeutic drugs

The in vitro effect of chemotherapy drugs on the
Glutathione S-transferase enzyme activity in rat
erythrocytes was determined by adding different
concentrations of 5-fluorouracil (0.385 to 15.4 mM)
respectively and  different  concentrations  of
Cyclophosphamide (19.15 to 191.5 mM) respectively into
the reaction medium in the cuvette and measured
absorbance spectrophotometrically at 340 nm. The
absorbance of absence drugs used as control (%100
activity). Graphs of % activity against drug concentrations
were drawn using MS Excel program.

3. RESULTS

Glutathione S-transferase (GSTs) enzyme of phase Il
detoxification process that works to protect cellular
organs from attack xenobiotic reactive molecule, It acts as
a catalyst for the conjugation of the glutathione (GSH)

Table 1. Purification table of GST enzyme in the rat erythrocyte

molecule to numerous electrophilic molecules, both
endogenous and exogenous, the conjugation reaction of
glutathione involve in the first step of the mercapturic acid
pathway causes the elimination of the toxic compound
[24].

The G6PD enzyme functions in the pentose phosphate
pathway and produces NADPH [25,26]. NADPH ensures
that GSH in the cell remains in its reduced form [27].
Glutathione is linked to defense against some cancer
etiology as it is the principal intracellular antioxidant,
detoxifies several carcinogens through phase I
conjugation, and maintains immunological function by
controlling the mitogenic response and lymphocyte
proliferation [28]. Among the enzymes that shield organ
cellular structures from damage caused by carcinogens
and toxic chemicals, glutathione S-transferase is the most
significant enzyme, It is important for detoxifying
endogenous and exogenous toxic substances. GST
enzyme catalyzes the reaction between glutathione and
electrophile toxic molecules to form glutathione S-
conjugates, which are crucial for the deactivation and
subsequent excretion of xenobiotic molecules [29].

The purification process of the Glutathione S-transferase
enzyme from rat erythrocytes was carried out by applying
the GSH-agarose affinity column chromatography
method. It is a one-step process that is powerful, simple
to perform, inexpensive, and takes less time. Portable and
very effective for large quantities of enzymes that have
been purified. The same method was applied to purify
GST enzyme from human hepatoma [29], catfish
intestinal mucosa [30], rainbow trout liver [31], and the
freshwater fish  Monopterus albus's liver [32],
erythrocytes of children with Down syndrome (DS) and
healthy children [33], from rat liver [34], Van Lake fish
muscle tissue [23], and the human erythrocyte [12]. GST
Enzyme activity measured during the purification process
is a significant key and helps to continue the study.

In this study, purification of rat erythrocyte glutathione S-
transferase (GST) enzyme was carried out with 22.5
EU/mg specific activity, 237.14 purification-fold, and
48.98% purification yield, by a one-step of GSH-agarose
affinity column chromatography (Table 1).

Total - . Total Total Specific e
Purification Steps Volum ('ECJ;;’T']E’) (E{O/trf]'lr_‘) Activity Protein Activity | Yield % P“n”;'(;’l":‘j“"
(mL) g (EV) (mg) (EU/mg)
Hemolaysate 35 0.315 3.32 1.105 11.62 0.095 100 1
Glutathione agarose
affinity 2 0.27 0.012 0.541 0.024 22.569 48.98 237.142
chromatography

The results were compared with GST purification from
the human placenta tissues with 23.7 EU/mg specific
activity, 11% vyield, and 1107 folds [35], from the turkey
liver 164.31 U/mg specific activity, 45% yield and 252.7-
folds [36] and human erythrocytes 16.2 EU/mg specific
activity, 35% vyield and 265.97-folds [12]. The result of
this study is near to the result of the human erythrocytes
study it is a significant point.

The SDS-PAGE method was used to verify the GST
enzyme's purity. A single protein band of the purified
GST enzyme appeared on the SDS-PAGE, which
revealed the enzyme was successfully purified and
allowed the study to continue (Figure 1).
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Figure 1. SDS-PAGE of rat erythrocytes GST enzyme.

The same way is used in the human erythrocytes [12],
human hepatoma [29], rat liver [34] and brain cytosol of
rats [37]. The study's findings demonstrate that GST
enzymes in rat erythrocytes have been successfully
separated from other enzymes, which is a positive result
that should encourage researchers to continue with
additional research steps.

In vitro, study to investigate the chemotherapy drug
effects on the purified GST enzyme activity from the rat
erythrocyte was performed, and the results show both
5-Fluloruracil and Cyclophosphamide chemotherapy
drugs increased the GST enzyme activity from the
concentration range 0.385 to 15.4 mM (Figure 2) and
19.15to0 191.5 mM (Figure 3) respectively.
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Figure 2. In vitro effect of 5-Fluorouracil on GST enzyme activity
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Figure 3. In vitro effect of cyclophosphamide on GST enzyme activity

4. DISCUSSION AND CONCLUSION

The results indicated that both drugs have a positive effect
by increasing GST enzyme activity when the
concentration of the drugs is increased. This is crucial to
the field of pharmacology because it helps scientists to
understand how drugs affect the biological system in
living cells and how the body's living cells react
particularly chemotherapy drugs, which have a long list of
side effects when used to treat cancer. These side effects
make patients more likely to experience complications
and eventually destroy their bodies. Researchers must
work with utmost sincerity, patience, and honesty to get
information about drugs and treatment ways to improve
pharmacologist science. Comparing this study's findings
to those of other studies, it was found both 5-FU and
tamoxifen chemotherapy drugs increase the GST enzyme
activity that is purified from erythrocytes of humans [12].
5-FU and tamoxifen chemotherapy drugs increase the
activities of 6PGD and G6PD enzymes [38]; the GST
enzyme from human erythrocytes was found to be
inhibited by the effects of paclitaxel, cyclophosphamide,
and gemcitabine [39].

Glutathione S-transferase enzyme purification was
carried out in the rat erythrocytes in one step by using
GSH-agarose affinity column chromatography. The
purified enzyme was examined using SDS-PAGE. In the
second phase, the effects of 5-fluorouracil and
cyclophosphamide chemotherapeutic drugs on enzyme
activity were investigated. The findings indicate that both
drugs increase GST enzyme activity. This study results
may be a guide for purification studies on the GST
enzyme and chemotherapy approaches whose target is the
GST enzyme.
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Abstract: The aim of this study was to determine the phenolic content of Rosa
pimpinellifolia (L.) fruit extract and antibacterial, antioxidant activity and show the
cytotoxic effects of different concentrations of Rosa pimpinellifolia L. fruit extract
obtained by ultrasonic assisted method on MCF-7 cell line by WST-8 assay. Antibacterial
effects analyzed by disk diffusion method and determined that there was no antibacterial
effect in 500 pg/mL Rosa pimpinellifolia L. fruit extract dose. In addition, the total
phenolic content was determined by the Folin-Ciocalteu method and found that total
phenolic content is 37.5+0.2 mg GA/g. Antioxidant activity value was determined as
32.06+1.1 mg TE/g by ABTS method and 23.47+1.6 mg TE/g by DPPH method. The
highest cytotoxic effect of Rosa pimpinellifolia L. fruit extract was determined in dose
of 40 ug/mL on MCF-7 cell.

Tiirkiye'nin Kuzeydogusunda Yetisen Siyah Kusburnu (Rosa Pimpinellifolia L.)
Meyvelerinin Fitokimyasal Analizi ve Antioksidatif, Antimikrobiyal ve In Vitro Sitotoksik

Ozelliklerinin Belirlenmesi

Anahtar Kelimeler
Rosa pimpinellifolia (L.),
MCEF-7,

Antibakteriyal,
Antioksidan,
Sitotoksisite

Oz: Bu galismanin amaci, Rosa pimpinellifolia (L.) meyve ekstraktinin fenolik igerigini
ve antibakteriyel, antioksidan aktivitesini belirlemek ve ultrasonik destekli yontemle elde
edilen farkli konsantrasyonlarda Rosa pimpinellifolia (L.) meyve ekstraktinin MCF-7
hiicre dizisi lizerindeki sitotoksik etkilerini WST-8 analizi ile gostermektir Antibakteriyel
etkiler disk difiizyon yontemiyle analiz edilmis ve 500 pg/mL Rosa pimpinellifolia (L.)
meyve ekstrakti dozunda antibakteriyel etkinin olmadig1 belirlenmistir. Ayrica toplam
fenolik igerik Folin-Ciocalteu yontemiyle belirlenmis ve toplam fenolik igerigin 37.5+0,2
mg GA/g oldugu bulunmustur. Antioksidan aktivite degeri ABTS yontemiyle 32.06+1,1
mg TE/g, DPPH yontemiyle ise 23.47+1.6 mg TE/g olarak belirlenmistir. Rosa
pimpinellifolia (L.) meyve ekstraktinin MCF-7 hiicresi tizerindeki en yiiksek sitotoksik
etkisi 40 ug/mL olarak belirlenmistir.

1. INTRODUCTION

Cancer, characterized by the uncontrolled growth and
spread of cells in the body, poses a significant global
public health concern, with its prevalence on the rise [1-
3]. According to data from the World Health Organization
(WHO) on cancer statistics, breast cancer accounts for

12%, lung cancer 12%, colorectal cancer 11%, prostate
cancer 8%, stomach cancer 6%, liver cancer 3%, with the
remaining 48% encompassing other types of cancer.
Among these, breast cancer is the most frequently
diagnosed cancer in women, with projections indicating a
doubling of the 8.1 million deaths recorded in 2012 by the
year 2040. Particularly alarming is the diagnosis of breast
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cancer in young women aged 20-59, who face an
increased risk of mortality within this demographic [4, 5].
Various risk factors contribute to the etiology of breast
cancer, including certain medical conditions, sedentary
lifestyles, obesity, exposure to environmental toxins and
trauma to breast tissue, and prolonged use of exogenous
hormones [6]. Breast cancer presents a complex
phenotype, encompassing both carcinoma in situ and
invasive carcinoma, with diverse histological subtypes

[71.

One promising avenue in cancer treatment lies in the use
of medicinal aromatic plants. In this regard, rosehip fruit
emerges as a potential alternative remedy. Belonging to
the genus Rosa within the Rosaceae family, rosehip is
characterized by its erect or shrubby stature, ranging in
height from 1.5 to 3.5 meters, depending on the variety.
The fruit typically exhibits an elliptical shape and is found
in hues of yellow, red, and orange [8]. Rosehip boasts a
spectrum of health-promoting properties, including anti-
inflammatory, antioxidant, immunomodulatory,
cardioprotective, anticancer, antidiabetic,
neuroprotective, and antibacterial effects. Rosehip is
renowned for its rich phytochemical composition,
comprising phenolics, flavonoids, folic acid [9], vitamins
such as a-tocopherol (Vitamin E) and y-tocopherol [10],
terpenes, carotenoids, galactolipids, minerals, and tannins
[11]. Furthermore, it contains essential fatty acids such as
oleic, linoleic [12], alongside catechin, chlorogenic acid,
caffeic acid, and apigenin 7-O-glucoside [13].

Our study is conducted in the province of Bayburt, an area
characterized by its natural landscape, nestled within the
inner region of the Upper Coruh Basin, within the
widened portion of the valley carved by the Coruh River.
There is limited research on the biological activity of Rosa
pimpinellifolia (L.) extracts naturally occurring in
Bayburt province. This research aims to determine the
phenolic content, antibacterial and antioxidant activity of
Rosa pimpinellifolia (L.) fruit extract at varying
concentrations, as well as its cytotoxicity on breast cancer
cells.

2. MATERIAL AND METHOD

This study was conducted using the data of Biisra KICIK's
master's thesis (YOK ID: 701041).

2.1. The Methanolic Fruit Extract Preperation

Black fruit rosehip (Rosa pimpinellifolia L.) was gathered
from the same plants and location in Bayburt Province,
Central District Giimiigsu Village, at an altitude of 1.817
m. A portion of the collected R. pimpinellifolia (L.) plant
was dried in a dark environment away from sunlight
exposure for extraction processes. The completely dried 1
g fruit sample was pulverized, and added 10 mL of 80%
methanol. The mixture was then subjected to an ultrasonic
water bath at 40 °C for 60 minutes. Then, it was
centrifuged at 5000 rpm for 30 min, and transferred into a
glass tube. The extraction process was conducted twice,
and the resulting supernatants were pooled together to

attain a total volume of 25 mL using methanol. The
mixture was then passed through a 0.45 pum membrane
filter and subsequently transferred to an amber bottle. The
extract was stored at -20°C for further analysis, while the
remainder was dried using a vacuum evaporator,
lyophilized.

2.1.1. Evaluation of total phenolic content

The total phenolic content was determined following the
Folin-Ciocalteu method as outlined by Magalhaes et al.
(2010), with gallic acid employed as the reference
standard. In summary, 50 pL of fruit extract was
combined with 50 pL of Folin-Ciocalteu reagent (1:5, v/v)
and 100 pL of sodium carbonate (Na,CO3) solution (0.35
M) in a microplate well. The mixture was allowed to react
for 3 minutes, after which the absorbance was measured
at 760 nm using a spectrophotometer (Multiskan GO
Thermo). All measurements were conducted in triplicate.
The outcomes were quantified and expressed as gallic
acid equivalent (mg GAE/g).

2.1.2. Determination of in vitro antibacterial effect

For the assessment of antibacterial activity, 24-hour-old
cultures were employed. Pathogenic strains, preserved as
stock cultures at -20°C, were introduced into tryptic soy
agar (TSA) medium using the streak plate inoculation
technique. After inoculation, single colonies were
selected from the strains and incubated at 37°C for 24
hours. These colonies were then transferred to sterile
tryptic soy broth medium in 15 mL Falcons and incubated
for 18 hours. The resulting strains were adjusted to 0.5
McFarland standard turbidity and used as the inoculum
[14]. The in vitro antibacterial activities of Rosa
pimpinellifolia (L.) extracts were evaluated using the disc
diffusion method. The solvent was evaporated from the
methanol extract, previously prepared using ultrasonic
extraction, using a nitrogen volatilization device. After
quantifying the obtained active substance, dimethyl
sulfoxide (DMSO) was added to achieve a dose of 500
pg/mL. Subsequently, 10 pL of this extract was taken and
impregnated into 6 mm diameter blank antimicrobial
susceptibility discs (OXOID). The impregnated discs
were then allowed to dry in a sterile cabinet for two hours.
Following this drying period, pathogenic microorganisms
were inoculated onto TSA media using sterile cotton-
tipped swabs. Immediately after inoculation, the discs
impregnated with water and methanol extracts, prepared
using microwave and ultrasonic extraction methods, were
carefully positioned in the petri dishes [15, 16].

2.1.3. Determination of antioxidant activity

For the 2,2-azino-bis 3-ethylbenzthiazoline-6-sulphonic
acid (ABTS) test, the ABTS reagent was prepared at a
concentration of 7 mM by dissolving it in water. The
solution was subsequently mixed with 2.45 mM
potassium persulfate, and the resulting mixture was kept
in the dark at room temperature for 12-16 hours prior to
utilization.To perform the test, 1 mL of methanolic fruit
extract and 1 mL of ABTS solution were diluted with
methanol (80%) to a total volume of 4 mL. After sealing
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the tubes, they were left at 25 C for 6 minutes. Following
this incubation period, the absorbance was measured at
734 nm. All measurements were conducted in triplicate,
and the results were expressed as trolox equivalent (TE
mg/g). For the 1,1-diphenyl-2-picrylhydrazyl (DPPH)
test, DPPH solution was prepared by dissolving it in 185
pL methanol, to which 15 pL of fruit extract was added
and vortexed for 10 seconds. This mixture was then kept
at room temperature in the dark for 45 minutes. After the
incubation period, the absorbance was measured at 515
nm using a microplate reader (Multiskan Go, Thermao).
All measurements were performed in triplicate, and the
results were expressed as trolox equivalent (TE mg/g)
[17,18].

2.1.4. Cell culture and viability analysis

Black rosehip extract was dissolved in DMSO at 20
mg/mL and concentrations of 400, 300, 200, 100, and 40
pug/mL were prepared by serial dilution. The breast cancer
cell line MCF-7 was cultured in RPMI 1640 medium
supplemented with 10% fetal bovine serum (FBS) in 25
mL flasks to support cell proliferation. Cell transfer was
carried out using trypsin-Ethylenediaminetetraacetic acid
(EDTA) solution after rinsing with phosphate buffered
saline (PBS) buffer to ensure viable cells at the flask base.
Subsequently, flasks were incubated for 24-48 hours in a
5% CO- incubator at 37°C. Cell viability was assessed
before each passage using trypan blue dye. After
centrifugation, the cell suspension was quantified on a
Thoma slide stained with trypan blue dye. Tetrazolium
salts, which are organic compounds with a heterocyclic
structure, undergo reduction by gaining electrons and
transform into a formazan structure, resulting in a color
change [19] due to active mitochondria breaking the
tetrazolium rings [20]. This color change is absent in dead
cells, leading to no formation of color. Therefore, the
quantity of formazan dye produced is directly
proportional to the number of living cells. Water-soluble
tetrazolium-8 (WST-8) is reduced by dehydrogenases in
cells to yield an orange-colored product soluble in cell
culture medium. MCF-7 cells were seeded into 96-well
plates and incubated at 37°C for 24 hours to allow for
proper adherence to the well surfaces. Following the
incubation period, the medium was aspirated from the
wells. The cells were then exposed to varying
concentrations of black rosehip extract (400, 300, 200,
100, and 40 pg/mL) in triplicate. A DMSO-treated group
served as the negative control, while a group treated with
medium containing 10% DMSO functioned as the
positive control. Upon completion of the optimized
incubation periods, cell viability was assessed using the
Cell Viability Detection Kit-8 (CVDK-8, EcoTech
Biotechnology) following the manufacturer's instructions.
In brief, the culture medium from the treated cells was
replaced with fresh medium containing 10% CVDK-8
solution, and changes in cell viability were quantified by
measuring the optical density at 590 nm. [21].

2.1.5. Statistical analysis

The cytotoxicity investigation was performed with three
repetitions, and the data were presented as mean +

standard deviation. Statistical analysis was conducted
utilizing Student’s t-test through GraphPad Prism
software. A significance level of p < 0.05 was considered
statistically significant.

3. RESULTS

In this study, the methanol extract prepared using Rosa
pimpinellifolia (L.) fruit sample exhibited a total phenolic
content of 37.5 £ 0.2 mg/g GA/g. However, when tested
against 10 different pathogenic bacteria at a concentration
of 500 pg/mL (Table 1), the extract showed no
antibacterial effects, as evidenced by the absence of
inhibition zones around the antimicrobial test discs.

Table 1. Antimicrobial effect of R. pimpinellifolia (L.) fruit methanolic
extract depending on 500 pg/mL dose application
No Microorganisms 1ZD GEN 20%DMSO
p1 Bacillus cereus - 20 -

BC 6830

Enterococcus - 17 -
p2 faecalis

NCTC 12697

Staphylococcus - 19 -
P3 aureus

NCTC 10788

Staphylococcus - 18 -
P4 aureus

BC 7231

Staphylococcus - 17 -
PS aureus

ATCC25923

Escherichia coli - 15 -

NCTC 9001

Escherichia coli - 14 -

BC 1402

Pseudomonas - 13 -
P8 aeruginosa

NCTC 12924

Salmonella - 16 -
P9 Typhimurium

RSSK 95091

Yersinia - 19 -
P10  enterocolitica

ATCC 27729
1ZD : Inhibition zone diameter (mm); GEN: Gentamicin = positive
control; 20%DMSO = negative control

GRAM (+)

P6

P7

GRAM (-)

Furthermore, the antioxidant capacity of the Rosa
pimpinellifolia (L.) fruit extract was assessed using the
ABTS and DPPH test methods. The results showed an
antioxidant capacity of 32.06 = 1.1 mg TE/g by the ABTS
test and 23.47 + 1.6 mg TR/g by the DPPH test (Table 2).

Table 2. Antioxidant activity (ABTS, DPPH) and total phenolic
compounds assays results of R. pimpinellifolia (L.) methanolic fruit
extract
R. pimpinellifolia ABTS DPPH  TPC (mg
i (mg TE/g) (mg TE/g) GA/g)

Methanolic Fruit

Extract 32,0£1.1

23,4+1.6 37,5+0.2

Regarding cytotoxicity, different doses (400 pg/ml, 300
pg/ml, 200 pg/ml, 100 pg/ml, 40 pg/ml) of the methanol
extract of Rosa pimpinellifolia (L.) fruit were evaluated
for their effects on the breast cancer cell line (MCF-7)
over a 72-hour period. All doses of the fruit extracts
exhibited antiproliferative properties in MCF-7 cells.
Notably, doses of 100 pg/ml and 40 pg/ml demonstrated
higher antiproliferative effects compared to doses of 400
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pg/ml, 300 pg/ml, and 200 pg/ml. Specifically, the highest
cytotoxic effect was observed at a concentration of 40
pg/ml, while the lowest was found at 400 pug/ml. The
cytotoxic effect was statistically significant at
concentrations of 200 pug/ml, 100 pg/ml, and 40 pg/ml
(Fig. 1) (p < 0.05).

120

100

% Viabilty

Control 400 pg/ml. 300 pg/mL 200 pg/ml. 100 yg/ml. 40 ygmL.

Figure 1. % Viability results of R. pimpinellifolia (L.) fruit extract on
MCEF-7 cells (*<0.05)

4. DISCUSSION AND CONCLUSION

The discrepancy between the findings of the study
conducted by Oz et al. [22] and the current study
regarding the antimicrobial activity of essential oils from
Rosa canina (L.) and R. pimpinellifolia (L.) plants,
particularly in relation to different plant parts, underscores
the variability in antimicrobial properties within and
between different plant species. While they observed
limited and low-level antimicrobial activity in essential
oils extracted from flower, leaf, and stem samples of Rosa
canina (L.) and R. pimpinellifolia (L.) plants, no
antimicrobial activity was detected in essential oils
obtained from fruits. On the other hand, Gidik et al. [23]
evaluated the antimicrobial activity of rosehip samples
against various microorganisms and found antimicrobial
effects at a concentration of 40 mg/mL. This contrasts
with the current study's findings, where the extracts of R.
pimpinellifolia (L.) fruit samples prepared using
ultrasonic and microwave-assisted extraction methods
showed no antibacterial effect against the selected target
pathogens at a concentration of 500 pg/mL. The
discrepancy between these studies could be attributed to
several factors, including differences in the extraction
methods, concentrations tested, variations in microbial
strains used, and inherent differences in the chemical
composition of the plant materials. Additionally, the
specific antimicrobial assays employed in each study may
have different sensitivities and specificities, leading to
variations in the observed results. Overall, these findings
highlight the importance of considering various factors
when assessing the antimicrobial activity of plant extracts
and emphasize the need for further research to elucidate
the mechanisms underlying these activities and their
potential applications. The comparison of the findings
from our study with those of other research efforts sheds
light on the variability in phenolic content and antioxidant
activity across different Rosa species and extraction

methods. The total phenolic content of R. pimpinellifolia
(L.) fruit extract was determined to be 37.5 + 0.2 mg/g,
which is notably higher than the values reported by
Shameh et al. [24] for various Rosa species, including R.
canina. Additionally, the antioxidant activity of R.
pimpinellifolia (L.) extract, as measured by ABTS and
DPPH assays, was found to be 32.06 mg TE/g and 23.47
mg TE/g, respectively, demonstrating a substantial
antioxidant effect and reported lower total phenolic
content and antioxidant activity values for Rosa species,
including R. canina, suggesting potential species-specific
variations or differences in extraction methods and
conditions. Similarly, Tahirovi¢, Basi¢ [25] found varying
phenolic content and antioxidant activity in R. canina
extracts prepared using different solvents, with 80%
methanol yielding lower phenolic content compared to
50% methanol. This indicates that the choice of solvent
and its concentration can influence the extraction
efficiency of phenolic compounds. Furthermore, Demir et
al. [26] observed similar DPPH values for different Rosa
fruit samples compared to our study's findings, indicating
consistency in antioxidant activity within the genus Rosa.
Overall, the discrepancies in phenolic content and
antioxidant activity observed across different studies
could stem from various factors, including genetic
variability among Rosa species, environmental
conditions, extraction methods, and analytical techniques
used for assessment. Further research exploring these
factors is necessary to better understand the composition
and bioactivity of Rosa species extracts. The comparison
of our study's findings with those of other research
endeavors highlights the variability in total phenolic
content and antioxidant activity among different Rosa
species, as well as the influence of various extraction
parameters. In our study, the antioxidant activity of R.
pimpinellifolia (L.) fruit extract, determined by the ABTS
method, was found to be 32.06 mg TE/g, which is
substantially higher than the values reported by Gidik et
al. [23] for different Rosa species collected from Bayburt,
Tiirkiye. Similarly, they reported the total phenolic
content reported for these Rosa species was higher
compared to the values obtained in our study, indicating
potential differences in phenolic composition among Rosa
species from different regions. Moreover, the total
phenolic content determined in the methanol extract of R.
pimpinellifolia fruit in our study was lower than that
reported by Giiven [27] and Fattahi et al. [11] for the same
species, suggesting variations in phenolic composition
even within the same species. The discrepancy in
antioxidant activity and total phenolic content among
different studies can be attributed to several factors,
including genetic variability among Rosa species,
environmental conditions, harvesting time, extraction
solvent type and ratio, as well as extraction methods and
procedures. Additionally, variations in analytical
techniques and assay conditions may contribute to
differences in reported values. Furthermore, Oz et al. [22]
highlighted the variability in antioxidant activities of
essential oils obtained from different plant parts of R.
pimpinellifolia (L.) and R. canina (L.), with higher
antioxidant activities observed in essential oils from R.
pimpinellifolia (L.). They also noted differences in total
phenolic content between different harvest vyears,
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underscoring the impact of temporal variations on
chemical composition and biological activities. Overall,
these findings emphasize the need for standardized
methods and careful consideration of extraction
parameters when evaluating the chemical composition
and biological activities of Rosa species extracts.
Additionally, further research exploring the effects of
environmental factors and harvesting time on the
bioactivity of Rosa species is warranted to better
understand and harness their therapeutic potential. The
literature on the anticancer and cytotoxic properties of
black rose hips (Rosa pimpinellifolia) is relatively sparse.
However, a notable study by Demir et al. in 2021
investigated the antioxidant potential and cytotoxic
effects of R. pimpinellifolia extract on human colon
(WiDr), liver (HepG2), and lung (A549) cancer cell lines,
in comparison to normal fibroblast (BJ) cells. The
researchers quantified the extract's total phenolic content
as 16.4+0.4 mg gallic acid equivalent, total flavonoid
content as 5.2+0.2 mg quercetin equivalent, and reducing
power as 34.3£2.4 mg trolox equivalent per gram of
sample. Their findings revealed that the extract exerted a
selective cytotoxic effect on all three cancer cell lines in a
dose-dependent manner, underscoring its potential
therapeutic applications [28]. In our study, it was
observed that cytotoxicity decreased as the concentration
increased, confirming the need to use low concentrations
of active substances in cytotoxicity studies. This is
because the administration of high concentrations of the
substance may have a nutritive effect on cancer cells or
may have an unreasonably high cytotoxic effect.
Therefore, when calculating the concentration, it is
important to conduct preliminary trials and observe the
effects at low concentrations.

In summary, the results of this study suggest that R.
pimpinellifolia (L.) fruits hold promise for applications in
various industries, including food and pharmaceuticals,
owing to their notable antioxidant capacity and total
phenolic content. However, further research is necessary
to delve into the specific phenolic compounds present in
the plant and their roles in conferring antioxidant and
antiproliferative effects. Understanding the individual
phenolic profiles of R. pimpinellifolia (L.) fruits could
provide insights into their potential health benefits and aid
in the development of novel products with enhanced
bioactivity. Additionally, elucidating the mechanisms
underlying the antioxidant and antiproliferative properties
of these fruits could pave the way for the development of
targeted therapies for various ailments, including cancer.
Moreover, exploring the variability in phenolic
composition among different harvests and geographical
locations may uncover factors influencing the bioactivity
of R. pimpinellifolia (L.) fruits, thereby facilitating
optimized cultivation and harvesting practices to
maximize their therapeutic potential. In conclusion, while
this study sheds light on the promising attributes of R.
pimpinellifolia (L.) fruits, further research is warranted to
unlock their full potential and capitalize on their valuable
bioactive compounds for the benefit of human health and
well-being. Moreover, it is crucial to perform additional
molecular biology experiments on the extract that
demonstrated cytotoxic effects in cell culture studies.

Specifically, it is important to ascertain the mechanism of
cell death, particularly by identifying whether it occurs
through apoptotic pathways. In this regard, the expression
levels of genes associated with apoptosis can be analyzed
to provide a deeper understanding of the underlying
processes. Furthermore, positive outcomes from in vitro
studies must be proven in vivo animal experiments to
confirm the therapeutic potential and biological relevance
of the findings.
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Keywords Abstract: Hemp (Cannabis sativa L.) is an economical plant with a diploid chromosome number
Hemp, of 2n = 20 and used in many areas, especially in industry. The aim of this study is to perform
Chromosome, detailed karyotype analysis and detailed chromosomal measurements using five different
Karyology genotypes of the plant known as diploid chromosome number 2n = 20, to determine the karyotype

asymmetry for the first time, and to investigate the polyploidy variations. The diploid
chromosome number and karyotype formula were 2n = 2x =20 = 18m + 2sm. The karyotype had
small metacentric and submetacentric chromosomes. The smallest chromosome length, largest
chromosome length, total haploid chromosome length, and average haploid chromosome length
were 2.41, 3.55, 29.87, and 2.99 um, respectively. Intrachromosomal and interchromosomal
karyotype asymmetries were calculated using many different parameters, mainly Mca (mean
centromeric asymmetry) and CVc¢. (variation coefficient of chromosome length). According to
the asymmetry values, the species had quite symmetrical karyotype. Although the diploid
chromosome number was known as 2n = 20, detailed karyotype analysis and asymmetry data
were presented for the first time by this study. In addition, in the study carried out on five different
genotypes, polyploidy variation was detected in one genotype.

Kenevirde (Cannabis sativa L.) Detayh Karyotip Analizi, Karyotip Asimetrisi ve Poliploidi

Anahtar Oz: Kenevir (Cannabis sativa L.), diploid kromozom sayis1 2n = 20 olan ve sanayi basta olmak
Kelimeler iizere birgok alanda kullanilan ekonomik bir bitkidir. Bu ¢alismanin amaci, diploid kromozom
Kenevir, sayis1 2n = 20 olarak bilinen bitkinin bes farkli genotipini kullanarak detayli karyotip analizini
Kromozom, ve detayli kromozomal dl¢iimlerini yapmak, karyotip asimetrisini ilk kez belirlemek ve poliploidi
Karyoloji varyasyonlarini aragtirmaktir. Diploid kromozom sayisi ve karyotip formiilii, 2n = 2x =20 = 18m

+ 2sm’dir. Karyotip, kiiclik metasentrik ve submetasentrik kromozomlara sahiptir. En kii¢iik
kromozom uzunlugu, en biiyiik kromozom uzunlugu, toplam haploid kromozom uzunlugu ve
ortalama haploid kromozom uzunlugu sirastyla 2.41, 3.55, 29.87 ve 2.99 pum’dir.
Intrakromozomal ve interkromozomal karyotip asimetrileri, Mca (ortalama sentromerik asimetri)
ve CVcL (kromozom uzunlugunun varyasyon katsayisi) parametreleri kullanilarak hesaplandi.
Asimetri degerlerine gore tiir oldukca simetrik karyotipe sahiptir. Diploid kromozom sayis1 2n =
20 olarak bilinmesine ragmen detayli karyotip analizi ve asimetri verileri ilk kez bu ¢aligma ile
ortaya konmustur. Ayrica bes farkli genotip iizerinde yapilan galismada bir genotipte poliploidi
varyasyonu tespit edilmistir.
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1. INTRODUCTION

Hemp (Cannabis sativa L.) is an economical plant with a
diploid chromosome number of 2n = 20 and used in many
areas, especially in industry. Its fibers, stems and seeds
are used in many different areas such as energy,
construction, medicine, and food. In archaeological
studies, the remains of fabric made from hemp were found
in 8000 BC and the hemp was the first plant used to make
rope. Itis a plant originating from a very wide distribution
area extending from the Caspian Sea and the Himalayan
mountains to China and Siberia. It is known that it was
found in Anatolia in 700-800 BC [1, 2]. Today, it is
classified as drug type (medicinal cannabis or marijuana)
and fibre type (industrial hemp), depending on its
cannabinoid content and use [3].

Modern phylogenetic research mainly relies on
morphological and  molecular  characters, but
chromosomal characters and karyotype evolution play an
important role to evaluate origin of the plants and
interspecific relationships [4, 5]. The fundamental
characters of chromosomal data are basic number (x),
diploid number (2n), and chromosome lengths, which are
total length, long arm length, short arm length, and
relative length. These basic characters can be changed
numerically by aneuploidy and polyploidy mechanisms,
or structurally by rearrangements such as deletions,
inversions, duplications, and translocations. All these
mechanisms produce the intrachromosomal and
interchromosomal variations in karyotypes by changing
centromere position and chromosome morphology [6, 7].

In Cannabis sativa, the diploid chromosome number is 2n
= 20 consisting of eighteen autosomal chromosomes and
one pair sex chromosomes [8-12]. The aim of this study
is to perform detailed karyotype analysis and detailed
chromosomal measurements using five different
genotypes of the plant known as diploid chromosome
number 2n = 20, to determine the karyotype asymmetry
(intrachromosomal and interchromosomal asymmetry)
for the first time, and to investigate the polyploidy
variations.

2. MATERIAL AND METHOD
2.1. Plant Material

Within the scope of the study, five different hemp
genotypes were used as material. They were Emindnii,
Kavacik, Maltepe, Spice bazaar, and Van genotypes. The
hemp seeds were obtained from the Institute of Hemp
Research.

2.2. Cytogenetic Procedure

(i) Germination; the hemp seeds were germinated
between moist filter papers in petri dishes at room
temperature. (ii) Pretreatment; the germinated seeds were
pretreated in alpha-monobromonaphthalene solution at
4°C for 16 h. (iii) Fixation; then the materials were fixed
in fixative solution containing ethanol:glacial acetic acid
(3:1, v:v) at 4°C for 24 h. (iv) Hydrolysis; the materials

were hydrolyzed in 1 N HCI at 60°C for 12 min. (v)
Staining; the materials were stained in acetoorcein (2%)
for 2 h. (vi) Preparation; the preparations were made by
the squash method [13].

2.3. Karyotype Analysis

At least 10 well-spread metaphase plates were used for
chromosomal  measurements.  The  chromosomal
measurements were performed by the KaryoType 2.0
software using well-spread metaphase plates. The
following parameters were used to karyotype analysis:
short arm length (p), long arm length (q), total
chromosome length (CL = p + q), total haploid length
(THL = CL; + CL + CL3+ ....onene.. CLy), relative
length (RL) = [(p + q)/THL] x 100, mean chromosome
length (MCL = THL/n), and centromeric index (CI) =
[(p)/(p + g)] x 100. The karyotype formulae were detected
based on arm rates (r = g/p) as described by Levan et al.
[14]. The monoploid ideograms were drawn by the
ChemDraw Professional software depending on short arm
and long arm lengths.

Karyotype = asymmetries  were  estimated by
intrachromosomal asymmetry (Mca = mean [(Zq — Zp) /
(Zq + Xp)] x 100) and interchromosomal asymmetry
(CVcL = [SD (standard deviation) / MCL] x 100). Mca
and CVc_ refer to the mean centromeric asymmetry and
variation coefficient of chromosome length, respectively
[15, 16].

3. RESULTS AND DISCUSSION

The somatic metaphase chromosomes and monoploid
ideogram of Cannabis sativa were represented in Figure
1 and Figure 2. In Cannabis sativa, the diploid
chromosome number was determined as 2n = 20 in all
genotypes and 2n = 20, 40 in Eminénii genotype. No
satellites and seconder construction were observed in
Cannabis sativa karyotype measurements. Srivastava et
al. [8] reported the secondary constriction in chromosome
3.

The chromosomes were type of metacentric and
submetacentric and the karyotype formulae were 2n = 2x
=20 = 18m + 2sm in all genotypes and 2n = 4x = 36m +
4sm in Eminonii genotype (Table 1). It was reported that
the diploid chromosome number of Cannabis sativa was
2n = 20 [10-12] and the karyotype formula was 18m +
2sm [8, 9]. These data were compatible with our study
results.

Eminénii genotype showed polyploidy variation with
ploidy level of 4x. There was only one report in the
literature regarding the polyploidy variation of Cannabis
sativa. Moteg [17] reported that the chromosome number
and ploidy level were 2n = 20, 40, 80 and 2x, 4x, 8X,
respectively. Since our country has very different climate,
soil, and geographical characteristics, it has a suitable
environment for plant karyological variations. Plant
communities can also show morphological and genetic
variations at various levels by adapting themselves to their
environment.
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Figure 1. Metaphase chromosomes (2n = 20) of the spice bazaar genotype (A). Polyploidy variation observed in Eminénii genotype (2n = 40) (B)
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Figure 2. The monoploid ideogram of Cannabis sativa.
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Table 1. The diploid chromosome numbers and karyotype formulae of
hemp genotypes.

Genotype 2n Karyotype formula
Eminéni 20 18m + 2sm

40 36m +4sm
Kavacik 20 18m + 2sm
Maltepe 20 18m + 2sm
Spice bazaar 20 18m + 2sm
Van 20 18m + 2sm

Table 2. Detailed chromosome measurements of Cannabis sativa.

The smallest chromosome length, the largest chromosome
length, total haploid chromosome length was average
chromosome length were 2.41 pm, 3.55 pm, 29.87 pm,
and 2.98 um, respectively. The values of relative length
and centromeric index ranged from 8.06-11.88% and
35.77-50.00%, respectively (Table 2). The low
centromeric index indicated movement away from the
median region. The chromosome 9 was an asymmetric
chromosome with the lowest centromeric index and the
highest arm ratio.

Karyotype asymmetries were calculated with CV¢L and
Mca values, which were considered the most reliable
interchromosomal and intrachromosomal parameters.
CVcL and Mca values were 11.50 and 7.07, respectively.
According to these values, the karyotype of Cannabis
sativa was quite symmetrical.

Chromosome Length Longarm | Shortarm Arm Relative length Centromeric index Chromosome type
pair (pm) (pm) (pm) ratio (%) (%)
1 3.55 1.80 1.75 1.03 11.88 49.30 metacentric
2 3.25 1.65 1.60 1.03 10.87 49.23 metacentric
3 3.20 1.63 157 1.04 10.71 49.06 metacentric
4 3.08 1.54 1.54 1.00 10.30 50.00 metacentric
5 3.06 1.78 1.28 1.39 10.24 41.83 metacentric
6 3.02 1.52 1.50 1.01 10.10 49.67 metacentric
7 2.94 1.49 1.45 1.03 9.84 49.32 metacentric
8 2.92 1.72 1.20 143 9.77 41.10 metacentric
9 2.46 1.58 0.88 1.80 8.23 35.77 submetacentric
10 241 1.22 1.19 1.03 8.06 49.38 metacentric

4. CONCLUSION

In the present study, it was recorded only one
chromosome number (2n = 20) in all genotypes excluding
polyploidy (2n = 40) in Eminéni genotype. The
polyploidy was not very common in Cannabis sativa and
in this respect, it was an important variation. In addition,
the karyotype asymmetry was reported for the first time.
The results made a significant contribution to Cannabis
cytotaxonomy.
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Abstract: The goal of this article is to examine AW (k) -type curves in Euclidean 3-space
according to a modified orthogonal frame with non-zero curvature. Firstly, the relations
between the curvatures x,z for AW (k) -type curves in the modified orthogonal frame are
given. Also, the harmonic curvatures of AW (k) -type curves according to this frame are

obtained. The results are illustrated in examples. Finally, slant helices are analyzed for the
modified orthogonal frame and some relations are obtained for the curvatures of the curve
to be of AW (1) and AW (2) type in case the curve is a slant helix.

Modifiye Ortogonal Catida AW(K) -Tipinde Egriler

Anahtar Kelimeler
AW (k)-tipinde egriler,
Modifiye ortogonal cati,
Harmonik egrilikler,
Slant helisler

Oz: Bu calismanin amaci 3-boyutlu Oklid uzay1 E®de AW (k) -tipinde egrileri, egrilik ile
modifiye edilmis ortogonal catiya gére analiz etmektir. ilk olarak modifiye ortogonal
catiya gore AW (k) -tipinde egriler igin x, 7 egrilikleri arasindaki bagintilar verilmistir.
Ayrica bu catiya gore AW (K) -tipinde egrilerin harmonik egrilikleri elde edilmistir.
Bulunan sonuglar 6rnekler iizerinde gosterilmistir. Son olarak, slant helisler modifiye
ortogonal catiya gore incelenmis ve egrinin slant helis olmasi durumunda egrinin

egriliklerinin AW (1) ve AW (2) tipinde olmasi i¢in bazi bagmtilar elde edilmistir.

1. INTRODUCTION

Arslan et al. [1] explored the concept of AW (k) -type
submanifolds, and many subsequent studies have
focused on AW (k) -type curves. For example, the
authors in [2, 3] provided detailed characteristics and
curvature criteria for these curves in E". In [4],
AW (k)(k =1,20r 3) -type curves and surfaces were
considered. AW (k) -type curves in Euclidean, Lorentz,

and Galilean spaces have vyielded several intriguing
findings in [5-7]. In Euclidean 3-space, a moving frame
at a particular point on any regular curve is known as a
Frenet frame. The tangent, normal, and binormal vectors

of the curve, which are the curve’s Serret-Frenet vectors,
combine to form the orthonormal Frenet frame of the
curve. With this frame, the curve's curvature and torsion
functions can be determined. In this regard, there are
numerous sources of research on the Frenet frame of the
regular curve [8-10].

A regular curve is defined as having functions (torsion
and curvature) that can be differentiated at every point
on the curve, in accordance with the basic theorem of
regular curves [11]. On the analytical curves, the
curvature function might, nevertheless, be zero at certain
locations. It is evident that the curvature function x
isn’t always differentiable since the principal normal and
binormal vectors of the curves are typically
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discontinuous at the curvature's zero point. In this
instance as well, an analytical curve’s Frenet derivative
equations lead to uncertainty at the point where the
curvature disappears. Various substitute frames have
been constructed to eliminate these uncertain situations
[12, 13]. Many researchers have examined curves and
surfaces using these different frameworks [14-16]. After
considering this issue, Hord [17] and Sasai [18] engaged
in a different frame that is effective on these issues.
Sasai [19] presented an orthogonal frame for unit speed
analytical curves in a straightforward but practical
method. Even though the curvature function x
multiplies each Frenet vector to get these modified
orthogonal frame vectors, they enable the application of
a new formula that corresponds to the Frenet derivative
equations for the aforementioned situation. With its help,
analytical curves with singular points can be explored
efficiently.

Subsequently, Biik¢ili et al. [20] expanded Sasai's [21]
investigation and got the newly modified frame by using
the Frenet vectors and the torsion. The modified
orthogonal frame of a curve in Lorentzian or Euclidean
3-space has been the area of several searches [22-27].

The arrangement of the paper is as follows. The 2
section gives some basic concepts on modified
orthogonal frames with non-zero curvature over the
curves. Curves of type AW(K) are given in the 3" section

using the modified orthogonal frame in E*. In the 4
section, the findings regarding the harmonic curvatures
of the AW (k) curves in the modified orthogonal frames

and their status as general helix, slant helix, and circular
helix are discussed.

2. MATERIAL AND METHOD

Let « be a space curve in Euclidean 3-space according
to the arclenghtS. At each point «(s) on a curve « ,

there are vectors the tangent t, principal normal n, and
binormal b respectively. The Serret-Frenet equations
are given by

t = Kn,
n =—xt+ b,
b =—zn,

where x,z represent the first and second curvature of
the curve, respectively.

Let «:1 > E® bea space curve. We assume that the
curvature ¥ of « is not identically zero. As a result,
the modified orthogonal frame {T,N, B} with the
curvature x of the curve o can be defined. Now we
define the modified orthogonal frame {T,N,B} as
follows:

da dT
= N=—, B=TAN.

T_il
ds ds

The following represents the relationships between the
modified orthogonal frame {T, N, B} and Frenet frame

{t, n, b}at non-zero positions of x

T=t,
N =kn, (1)
B = kb.

The modified orthogonal frame {T, N, B} satisfies the
below relations,

<T,T>=1
<N,N>=< B,B>:K’2,

<N,T>=<B,T>=<B,N>=0, )

where (,) isthe inner product.
Due to these equations, the derivative equations of the
modified orthogonal frame {T, N, B} are given as

T'=N,

) o K
N'=-xT+—N +7B,
K

K!
B'=—rN +—B, ®)
K

det(a , o &)

where, 7= is the torsion of « . The

K
frame denoted by equations (1) and (3) is called a
modified orthogonal frame with curvature [20].

Proposition 2.1 [2] Let » be a Frenet curve of E®
osculating order 3. Then we have

y =t,
7/” =t =«n,
7 =—k’t+x n+xrh,
y Bk t+ (,(” — -k )+ (2/<'z-+ KT,)b,

where, x = x(s),z =z (s) are the curve's curvature and

. rod
torsion of the curve » and y -7

ds

Let y be a Frenet curve of osculating order in E®, then
we have
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N, = «n,
N, =x n+xrh,
N, = (" —k° -k T2)N+ (2K 7+ k7 )b,

where the curve's curvature and torsion are represented
by the values of x = x(s), r =z (s) of the curve y [2].

Definition 2.1 [2] For the Frenet curves,
i) of type weak AW (2) if they satisfy;

N, =< N,,N, > N,
ii) of type weak AW (3) if they satisfy;
N, =< N,,N, > N_,
where,

x N

L x
L N

SN

I
Definition 2.2 [2] Frenet curves are,

i) oftype AW() if they satisfy;

ii) of type AW (2) if they satisfy;
N, 12 N, =(N,,N,ON,,
iii) oftype AW (3) if they satisfy:
NG 12 N, = (N, NN,

Definition 2.3 [28] Let » be a unit speed curve of
osculating order d. The functions

H :1 > E1<j<d-2 defined by

K, (S) 1
H,(s)= Bt Hk ={D,H,, +H, ,x}—,

K, () K
2<j<d-2

are called the harmonic curvatures of y, where vli=y

and  x,(8),x,(S),...,k,_, Frenet curvatures » which
are not necessarily constant.

Definition 2.4 [29] A curve y with x, #0 is called a
slant helix if the principal normal lines of the curve »
make a constant angle in a fixed direction.

Theorem 2.1 [23] Let y: 1 —> E® be a unit speed curve

in E>. Then » is a slant helix determined by the
modified orthogonal frame if and only if

T
3

(K2 + 12)2
is constant.

3. RESULTS

3.1. Curves in the Modified Orthogonal Frame
AW (k) -type curves in the modified orthogonal frame in

E*® are introduced in this section, along with some
results and examples.

Proposition 3.1 Let y» be a curve with arclenght

parameter s and belonging to osculating order 3 in E®
and {T, N, B}be a modified orthogonal frame. We have
y =T,
7 :T}/ = N ,

Y

2 K
y =-xT +—N_+7B ,
Y K ¥ 4

) , K P 2tk ,
y==3kxT +| ——x" -7 [N +| —+7 |B..
' K V4 K Y

We will use some notations for defining AW (k) -type
curves determined by the modified orthogonal frame
like as follow

A =N )

®)

K P 27k , (6)
A =|—-x"-7° I[N +| —+17 |B,.
73 Y Y

K K

Corollary 3.1 7,7 ,7" and ™ are linearly dependent

if and only if An’Arz and A” are linearly dependent.

Definition 3.1 Frenet curves are,
i) of type modified AW (1) if they satisfy;

_o (7)

73 !

ii) of type modified AW (2) if they satisfy;
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IA 1A =(A A YA , ®)
72 73 7372 72

iii) of type modified AW (3) if they satisfy,
14, 1174, = (4,4, )4, .. (9)

Definition 3.2 The unit speed curves of order 3 are

i) of type weak modified AW (2) if they hold;

A, =<4, A >A& (10)

4, =< 4,4 >4, (1)
where,

—~ % A~

A, =2

14, I
Ay2
_ A, <A, A, >4,
”Z;’z_< ;17’2’;{;’1 > ;{;’1 ”

Theorem 3.1 Let » be a curve with arc-length
parameter s and belonging to osculating order 3. If »
is of type modified AW (1), then the curvature equations
are given by

(12)

K 2 2
—-x" -7 =0
K

and

(13)

C
T=—.CcER,(k#0)
K

Proof. We can easily obtain from equation (6) and (7)
Corollary 3.2 Every plane curve of AW (1) type is also

weak AW (2) type.

Theorem 3.2 Let the curve » be a unit speed curve of
order 3. If the curve y is of type modified AW(2) ,
then the curvature relations of the curve is given by

2 ! ! 4 " 3 2 14
2tk " +T Kk Kk +t1xk —tk Kk +7 Kk =0. (14)

Proof If equation (5) and equation(6) are substituted
into equation (8) , then we get equation (14).

Theorem 3.3 Let the curve » be a unit speed curve of

order 3. If the curve y is of type modified AW (3), then
there is a relation between curvatures as follows

2tk +7 k=0 (15)

and

c
T=—, c€ER, (k #0) (16)

K

Proof If equation (4) and equation (6) substitute into
equation (9) we get equations (15) and (16).

Theorem 3.4 Let the curve y be a unit speed curve of
order 3. If the curve y is of type weak modified
AW (2) then the curvature relation is provided by

" 17
K> +=—-1% =0. 4
K
Proof By the below equation
- 1 (18)
A-—8
K
if we equations (6) and (18) substitute into

equation (10), then we have equation (17) .

Theorem 3.5 Let the curve y be a unit speed curve of
order 3. If the curve y is of type weak modified

AW (3) then the curvature equations is given by

217c' + T'K‘ =0. (19)
Proof By the below equation
1 (20)
A =—N,
K

if equations (6) and (20) are substituted into equation
(11), then we have equation (19).

Example 3.1 Let us consider the curve ¢, (s) which is
given by

S s s
¢, (s) = (cos —,sin——,—).
1 27 2 '\2
The curve C, satisfies modified AW (2), AW (3) - type
1 1
curves conditions, for «(s) = 5 and z(s) = 5

Example 3.2 Let us consider the curvec,(s) which is
given by
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. =N B (22)
s,—(2sinh(21In's) —cosh(2In's), K
| ' g (23)
S . — K 1
g(2 cosh(21n s) —sinh(21n s) a,, = <7 — K21+ 3 )Ny
3Hxk —kH B
The curve c,(s) satisfies modified AW (3) type curve + H? v

condition, for x =1 and r =-2, see Figure 1.
where x, 7, H are curvature, torsion, and harmonic

curvature of AW (k) -type curves respectively. Also
k'H—xH'

K
r=—and 7'= 5
H H

Theorem 3.7 If y is a weak harmonic curve of the
modified AW (2) -type, then the equation is provided
by

&, 1 (24)
— -k |1+— |=0.
K H
3.2. Curves with Harmonic Curvatures in the
Modified Orthogonal Frame 1 (25)

Figure 1. The curve of c,.

Theorem 3.6 7", " are linearly dependent if and K

onlyif y is a general helix. if equations (23) and (25) are substituted into

o _ equation (10), then we have equation (24).
Proof If 7,7 and ™ are linearly dependent, then
the following equation is valid: Theorem 3.8 Let the curve » be a unit speed curve of

order 3. The modified AW (1) -type with harmonic

curvature has no general, circular helix.
0 1 0 Proof Let the curve » be a helix. Thus H is constant,
K '
-’ - r =0. H =0. Since » is a modified AW (1) -type with
" ' harmonic curvature we get
, K 2 2 21Kk :
—3kKx — -k -7 +7
", 1
— -k (1+—) N
, K H 0
K K d (s =0,
T T ds 7(s) T B

. H? (26)
— = constantand  is a general helix. In reverse y is 1

4 ~k*(Ll+——5)#0 .

H
K " " .
a general helix, thus — = constant and 7',y , 7™
T

are linearly dependent. Since there are no solutions of the differential equations
We will use some notations for defining AW (k) -type in equation (26), the proof is completed.

curves determined by the modified orthogonal with

harmonic curvatures like the following Theorem 3.9 If the curve » is a weak harmonic curve

of the modified AW (3)-type, then the equation is given
=N @) by
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3H K~k H 27)
i =0.
Proof By the below equation
- (28)

if equations (23) and (28) are substituted into
equation (11), then we get equation (27) .

Theorem 3.10 If the curve y is a harmonic curve of the
modified AW (1) -type, then the equation is provided by

L, 1 3Hx —xH
K H H

Proof From equations (7) and (23), the proof is
obvious.

Theorem 3.11 If the curve y is a harmonic curve of the
modified AW (2) -type, then the equation is given by
3H k2 —xx H
Vg 1
-Hrx +x H1+—)
H

. =0.
KH (29)

Proof If equations (22) and (23)substitute into equation
(8), then we get equation(29).

Corollary 3.3 If the curve y is the general helix of the
modified AW (2) -type with harmonic curvature, then
the equation is given by

, " 1
3k’ -k K +K4(1+—2) =0.
H

Theorem 3.12 If the curve y is a harmonic curve of the
modified AW (3) -type, then the equation is given by

3Hx —x H =0. (30)

Proof If equations (21) and (23) are substituted into
equation (9), then we get equation (30).
Corollary 3.4 Let the curve y be a harmonic curve of

the modified AW (3) -type curve. If » is a general
helix, then » isa circular helix.

Proof As the curve » be a helix, H is constant and
H =0. By equation (30), we have

3Hx =0.Since H=#0,x =0
thus y is a circular helix.

and 7 = constant,

3.3 Slant Helices in the Modified Orthogonal Frame

Corollary 3.5 If the curve » is a slant helix

belonging to the osculating order 3 in E® , then the
curvature equation is provided by

3
T =c(k® +1%)2, Cc€ER. (1)

Theorem 3.13 Let the curve y be a slant helix belonging

to the osculating order 3 in E° . If the curvey is of the
AW (1) -type, then the formula is provided by

3¢ Jx 6 2E 5 1 6 2E
— 29— (x +C¢)? -9 k' (x” +C°)?

4
2¢C |k
K" =
2
C
3
—K —7320
K

Proof From derivated equation (13),

’

' 2cx
T =-—rp
K

is obtained. If we substitute equation (13) into equation
(14), then we get the proof.

Theorem 3.14 Let » be a slant helix belonging to the

osculating order 3 in E3. If y is of the AW(2) - type,
then the equation is provided by

21(;{/)2 +q (K2 +12)3/2 Kk—k't—me" + k" = 0. (32)
Proof Using equation (31) and equation (14) we
obtain equation (32).

Theorem 3.15 Let the curve » be a slant helix

belonging to an osculating order 3 in =i y is of the
AW (3) - type, then the formula is provided by

2e’x’ +¢, (x° + c?)¥? =o.

Proof Since the curve y is a slant helix of AW (3) -
type equations (15), (16) and (31) hold.
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4. DISCUSSION AND CONCLUSION

In 1999, Arslan et al. [2] reduced the notion of a
submanifold of type AW (k) to a curve of type AW (k)

and showed the relations between the first and second
curvatures of such curves with respect to the Frenet
frame.

In this study, we first define AW (k) -type curves

determined by the modified orthogonal frame in 3-
dimensional Euclidean space and obtain some relations
between their curvatures that the curve is AW (k) -type

curves. Then, the first harmonic curvature of this curve
according to the modified orthogonal frame is found and
the condition needed that is both sufficient and necessary
for the curve to be a general helix is given. In addition,
the curve is AW (k) -type curves, the first harmonic

curvature, and some relations between the curvatures are
found and a conclusion is given about the general helix
and circular helix.

Finally, slant helices according to the modified
orthogonal frame are analyzed and some relations are
obtained for the curvatures of the curve to be AW (1) -

type curve and AW (2) -type curve in case the curve is a
slant helix.

This study will shed light on the characterization of
AW (k) -type curves for different frames for researchers
working in this field.
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Keywords Abstract: The mechanical properties of steel welds of different compositions are affected by
Weldability, the mechanical properties of the filler wires used, and it is important for practitioners to analyze
Inconel Electrodes, the results in situ without detailed metallographic studies. In this study, the joining of the
316L, material pair A 312 TP 316L stainless steel and A106 Gr.B carbon steel was investigated by
A106, Tungsten Inert Gas (TIG) and Shielded Metal Electrode Welding (SMAW) using different
GTAW, welding wires and different welding parameters. In the first welding process, A 312 TP 316L
SMAW stainless steel and A106 Gr.B carbon steel materials were welded by GTAW (Gas Tungsten Arc

Welding) method using 2.4 mm ER309L electrode for root and hot passes and by SMAW
(Shielded Metal Arc Welding) method using 2.5 mm E309L-15 electrode for filler and cover
passes. In the second welding process, A 312 TP 316L stainless steel and A106 Gr.B carbon
steel materials were welded by GTAW method using 2.4 mm INCONEL 82 (ER NiCr-3)
electrode for root and hot passes and by SMAW method using 2.5 mm INCONEL 182 (E
NiCrFe-3) electrode for filler and cover passes. Tensile test, bending test, hardness test, PMI
(Positive Material Identification) test carried out and macro images of the welded parts were
taken and compared. As a result, the weldability of stainless and carbon steels with different
filler metals and their effects on mechanical properties were investigated. The results show that
welding with E309L stainless steel gives better results than welding with Inconel 182.

Benzer Olmayan 316L ve A106 Celiklerin, GTAW ve SMAW ile 309L ve Inconel 82
Elektrotlar Kullamlarak Kaynaklanabilirligi

Anahtar Oz: Farkli bilesimlere sahip celik kaynaklariin mekanik 6zellikleri, kullanilan dolgu tellerinin
Kelimeler mekanik 6zelliklerinden etkilenmektedir ve uygulayicilar i¢in detayli metalografik ¢aligmalar
Kaynak Kabiliyeti, yapmadan sonuglar1 yerinde analiz etmek 6nemlidir. Bu ¢aligmada, A 312 TP 316L paslanmaz
Inconel Elektrotlar, celik ve A106 Gr.B karbon ¢eligi malzeme ciftinin birlestirilmesi, farkli kaynak telleri ve farkli

316L, kaynak parametreleri kullamlarak Tungsten Inert Gaz (TIG) ve Korumali Metal Elektrot
A106, Kaynagi (SMAW) ile incelenmistir. Ik kaynak isleminde, A 312 TP 316L paslanmaz celik ve
GTAW, A106 Gr.B karbon celik malzemeler kdk ve sicak pasolar i¢in 2.4 mm ER309L elektrot
SMAW kullanilarak GTAW (Gaz Tungsten Ark Kaynagi) yontemiyle ve dolgu ve ortii pasolari igin 2.5

mm E309L-15 elektrot kullanilarak SMAW (Korumali Metal Ark Kaynagi) yontemiyle
kaynaklanmustir. ikinci kaynak isleminde, A 312 TP 316L paslanmaz gelik ve A106 Gr.B karbon
¢elik malzemeler, kok ve sicak pasolar i¢in 2,4 mm INCONEL 82 (ER NiCr-3) elektrot
kullanilarak GTAW yontemiyle ve dolgu ve ortii pasolart i¢in 2,5 mm INCONEL 182 (E
NiCrFe-3) elektrot kullanilarak SMAW yoéntemiyle kaynaklanmigtir. Cekme testi, egme testi,
sertlik testi, PMI (Positive Material Identification) testi yapilmistir ve makro goriintiileri alinmig
ve karsilastirllmistir. Sonug olarak, paslanmaz ve karbon ¢eliklerin farkli dolgu metalleri ile
kaynaklanabilirligi ve mekanik 6zellikler iizerindeki etkileri arastirilmistir. Sonuglar paslanmaz
¢elik E309L kullanilarak yapilan kaynaklarin Inconel 182 ile yapilan elektrodlara gore daha iyi
sonuglar verdigini gostermektedir.
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1. INTRODUCTION

Austenitic  stainless steels (ASSs) are extensively
employed due to their superior mechanical properties and
excellent corrosion resistance [1,2]. The microstructure of
ASSs is primarily influenced by alloying elements like Ni
and Cr, which contribute to a fully-austenitic structure,
ensuring weldability, strength at room and high
temperatures, oxidation resistance, and corrosion
resistance [3]. These steels are often preferred for the use
in seawater and various chemical environments, but the
choice of a specific steel grade with an appropriate
chemical composition is crucial, depending on the
environmental conditions [4-6]. A 312 TP 316L steels
provide, among the most commonly used ASSs,
significantly enhanced strength, creep resistance, and
notably, corrosion resistance, especially in highly-
corrosive  settings such as  chloride-containing
environments, seawater, chemical environments, and sub-
zero temperatures [6,7]. Carbon steel alloy pipes of grade
A106-Gr.B are typically employed in power plants,
boilers, oil and gas refineries, as well as in ship
manufacturing applications, under conditions of elevated
pressures and temperatures. In the petroleum refineries,
these steel pipelines play a crucial role in conveying gas,
oil, and their derivatives from the production area to local
markets or for export [12]. Fusion welding of A 312 TP
316L and A106 Gr.B is essential due to its widespread
applications across various industries. Several fusion
welding processes, including Gas Tungsten Arc Welding
(GTAW) [8,9], Shielded Metal Arc Welding (SMAW)
[10] have been utilized for fabricating A 312 TP 316L
joints and A106 Gr.B joints. The mechanical properties
and corrosion resistance of these joints are influenced by
the chemical composition and solidification of the weld
metal during fusion welding processes [8-11]. SMAW is
a metal joining process that holds a predominant position
in small-scale industries and remains extensively
employed in domestic, maintenance, fabrication, and
offshore applications [13], which can efficiently operate
with both alternating and direct current power sources,
depending on specific requirements [14,15]. On the other
hand, GTAW process is an electric arc welding technique
that utilizes non-consumable tungsten electrodes with
filler metal is introduced through a separate filler rod
using commonly used shielding gases that include argon,
helium, nitrogen, hydrogen, or a mixture thereof [16]. In
their study, Pahlawan et al. [17] analyzed the effect of the
welding electrode on the tensile strength, macrostructure
and microstructure of steel ST41 and 316L stainless steel
weld metal. The two electrode types used in the study
were E309-L and E6013 with SMAW process. Tensile
test results showed that the welding process produced the
maximum tensile strength greater than the parent material
strength level. It has been found that welding with E6013
tends to have a lower corrosion resistance. In their study,
Sirohi et al. [18] prepared a different welded joint from
Inconel 718 and 304L austenitic stainless steel using a
combined procedure with GTAW and SMAW processes
using Ni-based fillers: ERNiCr-3 and ENiCrFe-3. Welded
joints were investigated in terms of metallographic tests
and mechanical properties, and a relationship between the
microstructure and the resulting mechanical properties

was established. Room temperature tensile test results
showed that damage to the weld metal could result from
the partition of alloying elements along the dendritic gaps.
It was observed that the impact resistance of the weld
metal was quite low compared to the base metals, and it
was thought that this may be due to the formation of the
NbC phase along the dendritic gaps. Ni-based super alloy
Inconel 625 and stainless steel AISI 304L base materials
were joined by TIG (Tungsten Inert Gas) method using
ER310 and ERNiCrMo3 filler metals Tiimer & Kerimak
[19]. Due to Ni content of filler metals, all notch impact
test samples displayed ductile nature after fracture.
Additionally, ERNiCrMo3 filler metal displayed
improved notch impact toughness results in comparison
to other filler metals.

In this study, two separate welding processes were used to
investigate the compatibility of Inconel 82/Inconel 182
and 309L filler metals for joining 316L and A106 carbon
steels, and to observe whether sufficient mechanical
properties were provided by dissimilar welds deposited by
two different welding processes. Tensile tests, hardness
tests, bend tests and PMI tests were carried out on the
welds and their effects on weld quality were discussed.

2. MATERIAL AND METHOD

2.1. Preparation and Assembly of Test Samples for
Welding Process

Itis well known that increasing the carbon content of steel
leads to reduced weldability due to cracking as a result of
thermal stresses and the presence of hard phases such as
martensite during the cooling stage. However, the
situation becomes more complicated when ferrite-
promoting alloying elements such as Cr are introduced
during welding; the weld metal is at risk of containing
carbides, reducing the mechanical properties of the weld
metal. To prevent the formation of chromium carbides,
Ni-containing alloys are effectively used, as was the idea
behind this research. The chemical composition of the
7.11 mm thick 316L stainless steel and A106 Gr.B carbon
steel used in this study is shown in Table 1. In the first
welding process, A 312 TP 316L and Al106 Gr.B
materials were joined by GTAW method using 2.4 mm
ER309L electrode, and SMAW method using 2.5 mm
E309L-15 electrode. The first welding process was given
the code W-309. In the second welding process, A 312 TP
316L and A106 Gr.B materials were joined by GTAW
process using 2.4 mm INCONEL 82 (ER NiCr-3)
electrode, and SMAW welding method using 2.5 mm
INCONEL 182 (E NiCrFe-3) electrode. The second
welding process was given the code of W-INC.

The base metal, electrodes, welding processes and passes
used in the W-309 coded welding process and W-INC
coded welding process are shown in Figure 1. The
chemical compositions of the electrodes are given in
Table 2.

In the W-309 coded welding process, root pass and hot
pass were made by the GTAW method, filler pass and two
cover passes were made by the SMAW method, whereas

42




Tr. J. Nature Sci. Volume 13, Issue 4, Page 41-48, 2024

in the W-INC coded welding process, the root pass and
the hot pass were made by the GTAW method and filler
pass and two cover passes were made by the SMAW
method. The weld groove and weld passes for the W-309
and W-INC coded welding process are shown in Figure 2.

The design of weld passes, operating parameters of weld
deposition i.e. the welding current and voltage,
weld/electrode travel speed and the total heat input values
of the W-309 and W-INC welding processes are given in
Table 3 and Table 4.

37.5°(+2.5/-2.5)

~A106Gr.B — \/* 75°(+5/-5), V groove

W-INC

TA312TP316L -

A - -

W-309 :
GTAW (1 and 2) GTAW (1 and 2) N { 1
2.4 mm ER309L clectrode by GTAW 2.4 mum INCONEL 82 clectrode by GTAW \

SMAW (3,4 and 5) SMAW (3,4 and 5)

2.5 mm ER309L-15 electrode by SMAW 2.5 mm INCONEL 182 electrode by SMAW [

1.6 ($0.8) mm(

2.5(F1) mm

Figure 1. Base metals, electrodes, welding methods and welding
passes used in W-309 and W-INC coded welding processes

Figure 2. Weld groove measurements

Table 1. Chemical compositions of A 312 TP 316L and A106 Gr.B base metals (Fe: Bal. and in wt. %)

C Si Mn P S Cr \Y Mo Ni Cu B Nb Ti N
A106 GrB 0.12 0.27 |1.07 |0.012 |0.003 |0.03 0.01 [0.01 |0.03 |0.04 |0.0004 0.001 0.02 -
316L 0.013 0.38 1.41 |0.026 0.001 16.75 - 211 |114 [036 |- - - 0.065
Table 2. Chemical compositions of the electrodes (wt. %)

C Si Mn P S Cr Mo Ni Cu Nb Ti Fe

ER309LSI 0.01 0.7 2 0.01 0.01 23 013 | 139 0.1 - - -

E309L-15 0.04 | 034 | 21 0.013 0.003 235 | 017 13 0.05 - - -
ERNICr-3 (INCONEL 82) 0.03 | 008 | 31 0.01 0.001 20.1 - 723 | 001 | 24 | 03 | 13
ENiCrFe-3 (INCONEL 182) 0.04 0.8 5.8 0.01 0.014 16 - 69.2 - 1.8 0.1 59

Table 3. Weld passes, weld current, weld voltage, weld/electrode travel speed and overall heat input values in the W-309 coded welding process

Welding Diameter Weld Current | Weld Voltage
Weld Layers | Process Class (mm) Polarity | Range (A) Range (V) Travel Speed (mm min™) | Heat input (KJ mm™)

Root GTAW | ER309L 240 DC(-) 107-111 10-12 36.00 2.22

Hot GTAW | ER309L 240 DC(-) 145-150 11-13 87.00 1.34
ER309L-

Fill SMAW 15 2.50 DC(+) 70-75 24-26 84.00 1.39
ER309L-

Cover SMAW 15 2.50 DC(+) 85-90 22-23 94.00 1.32
ER309L-

Cover SMAW 15 2.50 DC(+) 85-90 22-23 93.00 1.33

Table 4. Weld passes, weld current, weld voltage, weld/electrode travel speed and overall heat input values in the W-INC coded welding process

Weld Diameter Weld Current | Weld Voltage
Layers | Process Class (mm) Polarity | Range (A) Range (V) Travel Speed (mm min™) | Heat input (KJ mm)
INCONEL
Root | GTAW 82 2.40 DC(-) 100-110 10-11 32.64 2.02
INCONEL
Hot GTAW 82 2.40 DC(-) 150-160 13-14 77.63 1.61
INCONEL
Fill SMAW 182 3.25 DC(+) 90-95 19-20 110.48 0.97
INCONEL
Cover | SMAW 182 3.25 DC(+) 80-85 18-19 114.90 0.79
INCONEL
Cover | SMAW 182 3.25 DC(+) 80-85 18-19 112.65 0.81
During the execution of GTAW, pure argon gas was used 2.2. Mechanical and Hardness Tests Applied to

as shielding gas with flow rate of 12-16 It min-1. ESAB Welded Parts

TIG 3001i make and model welding machine was used for
GTAW passes.

Mechanical tests, i.e. tensile test (DIN EN ISO 6892-1),
bending (ASTM E290) and hardness tests were performed
on welded parts and macro images were taken after
metallographic preparation. In addition, PMI (Positive
Material Identification) tests were also carried out. The
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hardness tests were carried out using Qness brand
hardness tester device with a setting of HV10 (10kgf)
using Vickers tip. Instron-5989 was used as the tensile test
device and a cross-head speed of 3 mm min-1 was used.
In the bending tests, 4 bending test specimens (BT) from
the W-309 and the W-INC coded welding processes were
used. The parameters and conditions employed in the
bending tests are given in Table 5.

Table 5. Parameters used for bending test
Sample Distance Between Diameter of Bending
Rollers (mm) Mandrel (mm) Angle

W-309-
BT1
W-309-
BT2
W-309-
BT3
W-309-
BT4
W-INC- 51 30 180°
BT1
W-INC-
BT2
W-INC-
BT3
W-INC-
BT4

Hardness values were obtained from welds coded with W-
309 and the W-INC welding process, on 15 points along
the line for the cover pass and at 15 points along the line
for the root pass.

3. RESULTS AND DISCUSSION
3.1. Microhardness Test Results

The microhardness distribution values for the W-309
coded weld are shown in Figure 3 and the hardness
distribution values for the W-INC coded weld are shown
in Figure 4. Microhardness values were obtained from the
W-309 and W-INC coded welds at 15 points along the
cover pass line and 15 points along the root pass line. The
distribution of 15 points taken from the root and cover
pass is as follows. Hardness measurement points 1, 2, 3
are from 316 stainless steel base material; points
numbered 4, 5, 6 are from 316 stainless steel HAZ (Heat
Affected Zone), points numbered 7, 8, 9 are from weld
filler metal; points 10, 11, 12 are taken from A 106 Gr.B
carbon steel HAZ and points 13, 14, 15 are taken from A
106 Gr.B carbon steel base material.

200
190 g
180 ,';...,"'
o BT L
160
150

Hardness Value (HV10)

130
Hardness Measurement Number (mm)
==@== Cover Pass -4+ Root Pass

Figure 3. Hardness distribution for base metals, heat affected zones
and weld metal in W-309 series

=]
S

73
3

3

Hardness Value (HV10)
Y
=)
P
%

z

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Hardness Measurement Number (mm)

==&== Cover Pass *+®++Root Pass

Figure 4. Hardness distribution for base metals, heat affected zones
and weld metal of W-INC series

Figures 3 and Figure 4 show the microhardness values for
the cover pass and root pass for W-309 and W-INC coded
welds, respectively; it can be seen that the average root
pass microhardness value is higher than the average cover
pass microhardness value in the weld metal. The lowest
hardness value is 135HV measured in the A106 Gr.B base
metal zone and the highest hardness value is 197HV,
which is the value in the root pass weld metal zone.
Considering the average hardness values, the average
hardness values for the W-INC coded welds are slightly
higher. Although the base metals and number of passes
are the same for both welding processes, the electrodes
used are different. For W-INC, welding using INCONEL
82 (ER NiCr-3) and INCONEL 182 (E NiCrFe-3)
electrodes produced higher hardness than welding with
ER309L and E309L-15 electrodes. It can be assumed that
the reason for such variation could be related to the matrix
hardness, which caused such a small variation in hardness
despite the fact that the root weld metal contains less Si.
Higher Si content increases the strength and hardness of
stainless steels. Si addition leads to the formation of high
amount of y phase precipitated in eutectic nodules and
significantly promotes a Mo(Ni,Si)2 Laves phase in the
alloys containing Mo [20,21]. Interestingly, the W-309
welds should contain a higher amount of Si, but the effect
is not obviously observed as their hardness is lower on
average, which may be due to Si loss or weld tempering
and redistribution of elements during high heat input
deposition of the cover pass. However, the W-INC series
also suffers from the same effect, so it can be argued that
the top layer depositions are inherently less hard due to
factors such as highly tempered and reduced
microstructural content and also internal stresses. The root
passes and other passes are always tempered with the
subsequent weld pass deposited on top of each other and
therefore the grain sizes in the heat affected zone and the
weld zone can be altered to a limited extent due to the heat
input effect both in the base metal and in the vicinity of
the weld zone [22]. The root pass weld is also annealed
with the hot pass weld, but the stress development may
not be as effective for surface-facing passes such as root
welds, which may result in higher residual stresses in the
weld and higher microhardness results. Another factor by
which the hardness may increase is that the formation of
intermetallics in superalloy welds [23,24], however, it is
not always desirable to have intermetallics phases as they
may lead to the formation of stresses leading to cracks or
resulting in the excessive hardness of matrix [25,26]. In
Figure 4, the cover pass and root pass hardness values are
given for the W-INC coded welding joint, and it is seen
that the root pass hardness value has a slightly higher
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hardness than the cover pass hardness value in the weld
filler. The highest hardness value is 198HV, which is the
Heat Affected Zone value of the root pass. The presence
of higher amounts of Ni, Cr and Mo in electrode for root
weld may have led to the formation of harder phases
which may have increased the hardness of this zone. The
lowest hardness value is 147HV in the A106 Gr.B base
metal region.

Carbon Steel

3.2. Macro Image Interpretation and PMI Test Results

The macro images of the W-309 coded and the W-INC
coded welding processes are shown in Figure 5a and b. It
was determined that the welding method coded W-309
which involves the electrodes of ER309L and E309L-15
that are frequently used in the industrial applications in
the joining of A 312 TP 316L and A106 Gr.B materials
have good weld penetration property and that there is no
observed discontinuity or defect on the weld surface and
on base metal.

Carbon Steel

Figure 5. Macro images of a) W-309 coded welding process and b) W-INC coded welding process

As shown in Figure 5b, a discontinuity type structure was
encountered in the sample welded with INCONEL 82 (ER
NiCr-3) and INCONEL 182 (E NiCrFe-3) electrodes,
specifically on the 316L side. In addition, the appearance
of different microstructures can also be seen in the weld
metal produced with INCONEL electrodes.

3.3. PMI Values After Welding Processes

PMI values for the W-309 and W-INC coded welding
process were measured after each welding process and are
given in Table 6.

Table 6. Positive Material Identification (PMI) values for W-309 and W-INC coded welding process

Positive Material Identification (PMI)

W-309 Cr Ni Mn Mo Ti Fe
316L (Base Metal) BM1 16.81 11.6 - 2.08 - Bal.
309L (Weld Metal) WM1 22.94 13.05 - - - Bal.
A106 (Base Metal) BM2 0.03 0.06 1.16 - - Bal.

W-INC Cr Ni Mn Mo Ti Fe
316L (Base Metal) BM1 16.51 10.29 - 214 - Bal.
Inconel (Weld Metal) WM1 16.52 61.14 - 0.073 1.02 Bal.
A106 (Base Metal) BM2 0.024 0.039 1.16 - - Bal.

As can be observed from Table 6 that there is a little
variation in base metal compositions regarding Mn, C, Cr,
N, and Mo, however, the Cr and Ni contents of weld
metals in both weld processes are different with respect to
electrode compositions. This may be due to the fact that
the electrodes used in welding are different even though
the base metals are the same. This is expected when base
metals and electrode compositions are dissimilar and a
mixing of base metal and electrode at a ratio of, for
example, 50% is assumed to occur. This dilution is more
apparent when two distinctive compositions are used for
welding [26,27]. The calculations based on the Creq and
Nieq values show that, 316L base steel falls within
austenite or right at the border of Austenite 5% ferrite
zone (Creq: 19.43, Nieq: 12.5) according to Schaffler
diagram whereas the electrode materials i.e. ER309LSi
and ER309L15 fall in Austenite+10% ferrite zone
(Creq:24.18 + Nieq:15.25). On the other hand, weld metal

composition of W-309 weld process based on Cr and Ni
values shows that W-309 weld metal is fully austenitic,
which can be understood from the featureless appearance
of weld metal cross section, too. Elements from the
electrode chemical content have a strong effect on the
final composition of weld metal [28]. It is such that in the
W-309 coded welding process, the weld metal has a
higher Cr content (from 16.75 to 22.94 wt%) and higher
Ni content (from 11 to 13 wt%) whereas the W-INC coded
welding process weld metal has produced lower Ni
percentages (from 69 to 61 wt%) and higher Ti content
(from 0.1 to 1.02 wt%). It is interesting note that the
increase in Ti content is very high compared to filler
metals and base metal contents of Ti. Some losses of
alloying elements apart from Ti may have occurred due to
evaporation as a result of high heat released during
welding process, increasing the amount of Ti in the weld
metal.
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3.4. Tensile Test and Bending Test Results

The samples for which tensile and bending tests were
performed are shown in Figure 6. A 3-point 180° bending
test was applied to the test piece samples. The samples
showed successful performance in the 180° bending test,
and although the materials were bent 180°, they did not
break. There was no tearing was observed, and no visible
discontinuity or defect was detected along the bent
surface. The successful results of the samples that were
exposed to 180° three point bending test showed that the
welding process was carried out correctly and the selected
filler metals were suitable for material combination
selected for this process.

Figure 6. Tensile and 180° three point bending tested samples

Tensile test results on samples obtained from the welding
process coded W-309 and coded W-INC are given in
Table 7. The tensile test results are given in Figure 7.

Table 7. Cross sectional area, flow stress, Fmax, elongation and
maximum tensile strength values obtained from specimen the welding
rocess coded W-309 and W-INC

Cross-
sectional
area Ro.2 Fmax Rm Elongation
Sample (mm?) | (Nmm?) | (kN) | (Nmm?) (%)
W-309-1 138 462 777 563 28.33
W-309-2 138 451 76.45 554 27.33
W-INC-1| 189.05 286 96.2 50884 29.9
W-INC-2 190 286.37 97.86 515.07 29.83

Tensile Strength Results

570
Z 560
S35
& ,.0
< 540
=
= 530
=
£ 520
7]
< 510
E 500
= 490

480

W-309-1 W-309-2 W-INC-1 W-INC-2
Samples

Figure 7. Comparative table for tensile strengths of W-309-1, W-309-
2, W-INC-1, W-INC-2

As a general requirement for the successful joint, the
tensile strength of the weld zone of the welded samples
should be higher than the tensile strength of the base
metal. Dissimilar joints can be, on the other hand, may
differ depending on the amount and type of filler metal
compositions. In this study, high amount of Ni, Cr and Nb
in INCONEL filler metals results in the hardening of weld
metals in W-INC series but bending tests indicate that
both weld metals do not fail and but deforms in ductile
manner owing to high amount of Ni present in the weld
metal and stainless steel, which can be also be observed
in some dissimilar steel produced with stainless steel and
carbon steels [28-30]. In the test samples (Figure 6), the
appearance of cracking of bent surfaces followed by the
rupture occurred on A106Gr.B carbon steel side, one of
the base metals. Yield and ultimate tensile strength values
of welds made with ER309L and E309L-15 filler metals,
are slightly higher than those of samples made with
INCONEL 82 (ER NiCr-3) and INCONEL 182 (E
NiCrFe-3) filler metals, as a result of high amount of
austenite or Ni in microstructures of INCONEL
containing welds. However, there is almost no difference
in tensile strength values within the groups of welds tested
for different zones of the welds.

4. CONCLUSION
Following conclusions can be drawn from this study:

1. Bending test results showed that the samples failed in
base metal, namely A106Gr.B carbon steel, and no
visible discontinuity or error was detected in weld
metal.

2. Itwas concluded that yield and tensile strength values
of welds made with ER309L and E309L-15 filler
metals are higher than the welds made with
INCONEL 82 (ER NiCr-3) and INCONEL 182 (E
NiCrFe-3) filler electrodes.

3. The root pass hardness value for W-309 coded weld
metal has a higher hardness than the cover pass
hardness value of the weld filler metal. The root pass
hardness value for the W-INC coded weld metal has
a higher hardness than the cover pass hardness value
in the weld filler.

4. Considering the average hardness values, the average
hardness values for the W-INC coded welding
process are higher; INCONEL 82 (ER NiCr-3) and
INCONEL 182 (E NiCrFe-3) electrodes produced
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higher matrix hardness than ER309L and E309L-15
electrodes.

It was determined that ER309L and E309L-15
electrodes used in the joining of A 312 TP 316L and
A106 Gr.B produced good weld penetration with no
discontinuity or defects in the weld surface and base
metal. However, INCONEL 82 (ER NiCr-3) and
INCONEL 182 (E NiCrFe-3) electrodes produced a
slightly less penetration, especially on the 316L side
of the welds.

Some changes in the compositions of weld metals
have been observed after welding processes, which
may be due possibly to the fact that the electrodes
used in welding passes are different compared to base
metals.
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Abstract: This research was carried out to compare the perspectives and satisfaction of local
people who benefited and did not benefit from projects implemented in micro-catchments in
the provinces of Bingol, Eldzig, and Mus. The survey, focus group (FG) interviews, and key
informative (KB) interviews were conducted in selected villages between the 16th and 25th
of August, 2021. The "Chi-square independence test" was used to compare beneficiary and
non-beneficiary responses to some questions. It was determined that the participants were
generally satisfied with the project activities from which they benefited. Furthermore, the
majority of people agreed that such projects should be continued. When individuals who
didnt benefit from the project were statistically compared, it was determined that there were
significant positive developments such as the use of new agricultural technology, increased
production area, increased irrigated land, and increased use of forests and pastures. Within
the context of all of this information, it is thought that the project is an important source of
development opportunity for the region and that this level of development will emerge more
clearly in the coming years.

Murat Nehri Rehabilitasyon Projelerinden Dogrudan Faydalanan ve Faydalanmayan Yore

Halkinin Goriislerinin Karsilastirilmasi

Anahtar Kelimeler
Mikro havza,

Ki kare

bagimsizlik testi,
yeni tarimsal
teknoloji,

projeden

dogrudan

Oz: Bu calisma; Bingél, Elazig ve Mus illerinde yer alan mikro havzalarda uygulanan
projelerden faydalanan ve faydalanmayan yore halkinin proje hakkindaki goriis ve
memnuniyetlerinin karsilastirilmast amaciyla yapilmistir. Arastirmada; 16-25 Agustos 2021
tarihleri arasinda segilen kdylerde yapilan anket ¢alismasi, odak grup (OG) goriismeleri ve
kilit bilgilendirici (KB) goriismeler birincil verileri olugturmustur. Projeden dogrudan
faydalanan ve faydalanmayan bireylerin bazi sorulara verdigi cevaplarin karsilagtirilmasinda
“Ki kare bagimsizlik testi” kullanilmustir. Katilimcilarin genel olarak yararlandiklari proje
faaliyetlerinden memnun oldugu sonucuna varilmistir. Ayrica bireylerin gogunlugu bu tiir
projelerin _devam etmesi gerektigi seklinde goriislerini ifade etmislerdir. Projeden
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faydalanan
bireyler,
projeden
faydalanmayan
bireyler
cikacagi diistiniilmektedir.

faydalanmayan bireyler ile faydalanan bireyler istatistiki olarak karsilastirildiginda; yeni
tarimsal teknoloji kullanma, {iretim sahasini ¢ogaltma, sulanan araziyi arttirma, ormanlardan
ve meralardan daha ¢ok faydalanma gibi 6nemli olumlu gelismelerin oldugu belirlenmistir.
Biitiin bu bilgiler cergevesinde projenin bdlge icin kalkinma agisindan dnemli bir firsat
kaynag1 oldugu ve bu kalkinma diizeyinin gelecek yillarda daha net bir sekilde ortaya

1. INTRODUCTION

The Murat River Basin Rehabilitation Project (MRWRP)
aims to ensure sustainable use of vegetation, soil, and
water  resources, natural resource rehabilitation,
sustainable land management, increasing the welfare of
the region's people, providing employment, reducing
migration from rural to urban areas, landslide and flood
control, and improving transportation [1,2,3,4]. The
General Directorate of Forestry is the MRWRP's main
executive, and the General Directorate of Combating
Desertification and Erosion is in charge of monitoring and
evaluation. Within the scope of the project, which was
planned to be implemented in 25 micro-catchments in the
provinces of Bing6l, Elazig, and Mus, 36 basins, 292
villages, 20 thousand 850 households, and 131 thousand
52 citizens benefited directly or indirectly.
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Figure 1. Provinces where MRWRP is implemented
Activities Performed Under the Project
Investments for the improvement of natural resources

It has been used for afforestation, soil conservation and
erosion control, rehabilitation of degraded oak forests,
and improvement of pasture and grazing areas.

Investments to Increase Income and Improve Living
Conditions

Improvement of wheat and barley yield, improvement of
animal production (forage crop production in wet and dry
areas, improvement of animal shelters (barn),
improvement of plant production (establishment of indoor
orchard, field vegetable production, greenhouse vegetable

production), small-scale irrigation sub-investments (water
storage ponds, improvement of soil irrigation channels,
in-field drip irrigation, village fountain for common use),
the development of beekeeping and the introduction and
dissemination of energy-efficient technologies (solar
water heating units, house insulation (building insulation),
energy-efficient (cooker) stoves, stone bread ovens for
general use).

Education And Awareness Activities

To protect natural resources and raise the income level of
the local people, training and awareness raising activities
were carried out on the subjects of natural resource
protection, use, and development, increasing agricultural
productivity, improving animal and plant production,
promoting environmentally friendly practices, organic
agriculture, contracted sapling production, and product
marketing.

Strengthening Institutional Capacity

Project; through experience gained in project construction
techniques, project approach, logical framework, soil
conservation techniques, monitoring and evaluation, and
evaluation of non-wood product opportunities,
institutions' capacity is increased and inter-institutional
cooperation is developed.

Studies were conducted to determine the satisfaction level
of local people who benefited from the projects
implemented in micro-basins located in Bing6l, Elazig
and Mus provinces by [5], and to determine the opinions
of local people who did not benefit from the Murat River
Rehabilitation Projects by [6]. This research was carried
out to compare the perspectives and satisfaction of local
people who directly benefited and did not benefit from
projects implemented in micro-catchments in the
provinces of Bingdl, Elazig, and Mus.

2. MATERIAL AND METHOD

The standard, beneficiary and non-beneficiary
questionnaire prepared for the International Fund for
Agricultural Development (IFAD) Annual Results
Surveys was finalized in agreement with the
Administration regarding objectives of the project. This
survey was applied in the selected villages between 16-25
August 2021. In addition, the research team conducted
focus group (FG) interviews and key informative (KB)
interviews as well in the selected villages. Within the
scope of the project, 241 villages and in 34 micro-
catchments in question were specified in the technical
specifications for the study to be sampled. Survey study
and other studies were carried out by systematic random
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sampling method in 30 villages where project activities
were implemented and selected in consultation with local
authorities. Considering the number of villages within the
scope of the project in the provinces, 12 villages from
Elazig, 11 from Bingdl and 7 from Mus were determined.
For this, the village names sent from the project area were
listed alphabetically; the systematic random sampling
coefficient was determined by dividing the total number
of villages by the number of villages to be studied. By
starting from the first village and skipping with the
determined coefficients, the randomly selected villages
were determined as the villages to be studied. In this
context, a survey was conducted with 336 beneficiaries.
37.3% of the surveys were carried out in the villages of
Bingol, 34.8% in the villages of Elazig and 27.9% in the
villages of Musg (Table 1). When comparing the answers
of beneficiaries and non-beneficiaries to some questions,
whether there is a relationship between the two questions
was anaishallysed by cross-tables and the chi-square
independence test for these tables. The chi-square
independence test has been used in many studies
[7,8,9,10,11,12,13,14).

Table 1. Number of villages surveyed on provincial basis

Provinces Number of | Number of | Ratio
villages surveys
Bingdl 11 125 37.3
Elazig 12 117 34.8
Mus 7 94 27.9
Total 30 336 100
3. RESULTS

The relationship between the availability of cash income
sources and beneficiaries and non-beneficiaries is given
in Table 2. It was determined that 61% of the individuals
who answered this question had a cash income source on
the general average, and 39% did not have a cash income
source. While the rate of having a source of cash income
for individuals benefiting from the project was 59.1%, this
rate was determined as 64.9% for those who did not
benefit from the project. It has been determined that there
is no statistically significant relationship between having
a cash income source and being a project beneficiary. In
the study conducted by [15] this article evaluates the
impact of the Livelihood Empowerment Against Poverty
(LEAP) program on reducing rural poverty in the Karaga

district of Northern Ghana. Utilizing a mixed-methods
research design, the study compares the livelihoods of
LEAP beneficiaries with those of non-beneficiaries. The
findings indicate that the program significantly
contributes to poverty reduction among the poor and
vulnerable populations. The article recommends that
school children benefiting from LEAP should be exempt
from paying additional costs such as examination and
PTA fees. Additionally, it suggests establishing a subsidy
system for agricultural inputs to empower beneficiaries to
engage in farming, thereby fostering long-term poverty
alleviation. The study which was carried out by [16]
aimed at determining variations in access to basic
livelihoods between programme beneficiaries and non-
beneficiaries. The results indicate that program
beneficiaries were approximately 4.5 times more likely to
access at least three meals per day compared to non-
beneficiaries. Additionally, beneficiaries were about 3.9
times more likely to achieve an average dietary diversity
score of 4.0 compared to non-beneficiaries. Furthermore,
beneficiaries had roughly 3.3 times the odds of
establishing an income-generating activity to enhance
their income compared to non-beneficiaries. These results
suggest that the program's impact was statistically
significant across all five indicators examined in the
study. In a previous study conducted in Nigeria the results
indicated that socio-economic characteristics
significantly influence the income and productivity of
respondents in the study area. The findings showed a male
dominance among both beneficiary and non-beneficiary
farmers. Most respondents, both beneficiaries and non-
beneficiaries, had farm sizes between 0.5 and 1.0 hectares
before and after the NSPFS project, respectively.
Statistical analysis revealed a significant difference
between the socio-economic characteristics of NSPFS
project beneficiaries and non-beneficiaries. The
regression result showed that NSPFS project has positive
impact on crop productivity of beneficiary farmers in the
study area. The net farm income realized by the responder
is indicates an increase in the net farm income of both
beneficiaries and non-beneficiaries. NSPFS had impact
on crop productivity of beneficiaries. Other reasons by the
non-beneficiaries for not participating include lack of
capital, not being a member of any farmer’s cooperative
society and also bad experience from other agricultural
projects [17].

Table 2. The relationship between the availability of cash income sources and beneficiaries and non-beneficiaries

51

Groups
The status of having a cash income source or not P — — Overall average/Total
Non-beneficiaries Beneficiaries
Number 109 195 304
Yes "
Ratio (%) 64.9 59.1 61
N Number 59 135 194
0
Ratio (%) 35.1 40.9 39
Number 168 330 498
Total -
Ratio (%) 100.0 100.0 100
Chi square and p value 1.569 and 0.210

The relationship between the main income source of the
household and beneficiary and non-beneficiary
individuals was found statistically significant.

Considering the general averages of the individuals who
answered this research question, the rate of agricultural
production and sales as the main income source of the
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households is 22.2%, the rate of animal production and
sales is 30.7%, the rate of unqualified labor is 6.4%, the
rate of salaries and wages is 25.5%, the rate of state
support is determined as 5.6% and the rate of other income
sources is determined as 8.6% (Table 3). The rate of the
project beneficiaries having agricultural production and
sales, animal production and sales income sources was
found higher than the rate of individuals who were not
beneficiaries. It has been determined that the household
income sources of non-beneficiary individuals are salaries
and wages at a high rate. The present study aimed to
examine the impact of family income and conditional cash
transfers on changes in household food insecurity (FI)
status in a highly vulnerable municipality in Northeast
Brazil. There was a 17.5% reduction in food insecurity

(FI) prevalence over time, with 24.5% of families who
were food insecure in 2011 becoming food secure by
2014. After adjustments, it was found that families who
did not see an increase in their total household income or
experienced a reduction in their cash transfer amount were
ata higher risk of persistent FI over time. Without the cash
transfer program, approximately 10% of the families that
transitioned from food insecure to food secure would have
remained food insecure. The decrease in food insecurity
(FI) occurred in an area of extreme climatic and social
vulnerability. These changes were more closely
associated with the cash transfer program than with the
increase in family income over time [18].

Table 3. The relationship between the main source of income of the household and beneficiaries and non-beneficiaries

***: p<0.01

Individuals who answered the questions of his survey
generally, 91.9% stated that they had no other source of
income, and 8.1% stated that they had another source of
income. The rate of the beneficiaries having other income
sources was calculated as 3.7%, while the rate of those
who did not benefit from the project was found as 16.1%
(Table 4). The relationship between having another source
of income and beneficiary and non-beneficiary
individuals was found statistically significant. Micro
watershed projects abroad have yielded a range of
impactful results, showcasing the effectiveness of
integrated land, water, and vegetation management. For
instance, in Mexico, the Strengthening Project for the
National Micro-Watershed Programme faced challenges
with budget allocation and government support, but it still
managed to implement numerous conservation

workshops and small community-based projects for soil
and water management [19]. Meanwhile, in India, the
Karnataka Watershed Development Project (Sujala)
made extensive use of satellite imagery and GIS
technologies to plan and monitor interventions, helping to
rejuvenate rural landscapes and boost agricultural
productivity in semi-arid regions. This project highlighted
the role of technology in watershed management and
earned several prestigious awards [20]. Another study in
Gujarat examined the impact of watershed programs on
soil erosion, groundwater levels, and socio-economic
indicators, finding notable improvements. These projects
used a Watershed Performance Benchmarking Index
(WPBI) to evaluate success across various metrics, such
as crop productivity, income generation, and migration
reduction [21].

Groups
Main source of income of the household P — — Overall average/Total
Non-beneficiaries Beneficiaries
. . Number 13 95 108
Agricultural production and sale -
Ratio (%) 7.8 29.8 22.2
. . Number 33 116 149
Animal production and sale -
Ratio (%) 19.8 36.4 30.7
. Number 17 14 31
unqualified labor force -
Ratio (%) 10.2 44 6.4
. Number 67 57 124
Salaries wages -
Ratio (%) 40.1 17.9 255
Number 9 18 27
State support -
Ratio (%) 54 5.6 5.6
Number 25 17 42
Other - 52
Ratio (%) 15.0 53 8.6
Number 167 319 486
Total -
Ratio (%) 100.0 100.0 100.0
Chi square and p value 74.902 and 0.000***
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Table 4. The relationship between having another source of income and beneficiaries and non-beneficiaries

The status of having another source of income
Groups Total
Yes No
L Number 27 141 168
Non-beneficiaries -
Ratio (%) 16.1 83.9 100.0
L Number 11 288 299
Beneficiaries -
Ratio (%) 3.7 96.3 100.0
Number 38 429 467
Overall average/Total =
Ratio (%) 8.1 91.9 100.0
Chi square and p value 22.099 and 0.000***

The relationship between ownership of agricultural land
and beneficiary and non-beneficiary individuals is given
in Table 5. It was determined that half of the individuals
who answered this research question generally owned
agricultural land and half of them did not. Ownership rate
of individuals benefiting from the project was determined
as 50.6%, and ownership rate of individuals not benefiting

from the project was determined as 48.8%. One example
is the "Wellness and Agriculture for Life Advancement"
(WALA) project in Malawi. This project, which focused
on improving watershed management and livelihoods,
demonstrated substantial benefits in terms of crop yields,
soil quality, and resilience to climate shocks [23].

Table 5. The relationship between ownership of agricultural land and beneficiary and non-beneficiary individuals

Ownership status of agricultural land
Groups Total
Yes No
. Number 82 86 168
Non-beneficiaries -
Ratio (%) 48.8 51.2 100.0
. Number 165 161 326
Beneficiaries -
Ratio (%) 50.6 49.4 100.0
Number 247 247 494
Overall average/Total -
Ratio (%) 50.0 50.0 100.0
Chi square and p value 0.144 and 0.704

Considering the relationship between the increase in the
production area compared to the previous year and the
beneficiary and non-beneficiary individuals, it has been
concluded that there is a statistically significant
relationship between the production area situation, which
is determined to be dependent on the beneficiaries of the
project and those who do not benefit from the project, and
benefiting or not benefiting from the project. While the
rate of individuals expressing that the production area has
increased compared to the previous year is 11.3%, this

rate was found as 10.4% for individuals who are project
beneficiaries and 50% for individuals not benefitting from
the project. Half of the individuals who did not benefit
from the project stated that the production area increased
compared to the previous year (Table 6). One example is
the "Wellness and Agriculture for Life Advancement”
(WALA) project in Malawi. This project, which focused
on improving watershed management and livelihoods,
demonstrated substantial benefits in terms of crop yields,
soil quality, and resilience to climate shocks [23]

Table 6. The relationship between the increase in the production area compared to the previous year and the beneficiary and non-beneficiary individuals

The increase in the production are compared to last year
Groups Total
Yes No
. Number 3 3 6
Non-beneficiaries -
Ratio (%) 50.0 50.0 100.0
L. Number 27 232 259
Beneficiaries -
Ratio (%) 104 89.6 100.0
Number 30 235 265
Overall average/Total =
Ratio (%) 11.3 88.7 100.0
Chi square and p value 9.149 and 0.002**

#*: p<0.05

Individuals who answered this survey question stated that
53.8% of them do animal hushandry in general and 46.2%
of them do not. The rate of animal husbandry was found
as 57.8% for the project beneficiaries and 45.8% for the
individuals who did not benefit from the project. These
two situations on whether the status of doing animal
husbandry depends on being a project beneficiary or not
has been determined as a statistically significant

relationship. It was concluded that individuals who are
project beneficiaries have a higher rate of animal
husbandry (Table 7). One example is the "Wellness and
Agriculture for Life Advancement" (WALA) project in
Malawi. This project, which focused on improving
watershed management and livelihoods, demonstrated
substantial benefits in terms of crop yields, soil quality,
and resilience to climate shocks [23].
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Table 2. The relationship between the status of animal husbandry and beneficiary and non-beneficiary individuals

The status of animal husbandry
Groups Total
Yes No
L Number 77 91 168
Non-beneficiaries -
Ratio (%) 458 54.2 100.0
L Number 192 140 332
Beneficiaries -
Ratio (%) 57.8 42.2 100.0
Number 269 231 500
Overall average/Total =
Ratio (%) 53.8 46.2 100.0
Chi square and p value 6.461 and 0.011**

The relationship between the status of earning income
from agricultural and animal production and the
beneficiary and non-beneficiary individuals is given in
Table 8. While the overall rate of individuals earning
income from agricultural and animal production is 33.7%,
this rate is determined as 34.5% for individuals benefiting
from the project and 32.1% for those who do not benefit

from the project. One example is the "Wellness and
Agriculture for Life Advancement" (WALA) project in
Malawi. This project, which focused on improving
watershed management and livelihoods, demonstrated
substantial benefits in terms of crop yields, soil quality,
and resilience to climate shocks [23].

Table 8. The relationship between the status of earning income from agricultural and animal production, and beneficiary and non-beneficiary individuals

Groups The status of earning income from agricultural and animal production
Yes No Total
Non-beneficiaries Number 54 114 168
Ratio (%) [32.1 67.9 100.0
Beneficiaries Number 114 216 330
Ratio (%) [34.5 65.5 100.0
Overall average/Total Number 168 330 498
Ratio (%) [33.7 66.3 100.0
Chi square and p value 0.287 and 0.597

Considering the relationship between borrowing status
and beneficiary and non-beneficiary individuals, it was
determined that 33.9% of the individuals benefiting from
the project borrowed money, and 27.8% of the individuals
who did not benefit from the project borrowed money. It
was determined that 33.6% of the individuals who replied
this question, on general average, borrowed (Table 9).

One example is the "Wellness and Agriculture for Life
Advancement” (WALA) project in Malawi. This project,
which focused on improving watershed management and
livelihoods, demonstrated substantial benefits in terms of
crop yields, soil quality, and resilience to climate shocks
[23].

Table 9. The relationship between borrowing status and beneficiary and non-beneficiary individuals

Groups Borrowing status
Yes No Total
Non-beneficiaries Number 5 13 18
Ratio (%) 27.8 72.2 100.0
Beneficiaries Number 113 220 333
Ratio (%) 33.9 66.1 100.0
Overall average/Total Number 118 233 351
Ratio (%) 33.6 66.4 100.0
Chi square and p value 0.290 and 0.590

In general, 25.9% of the individuals who answered this
question stated that their household income level has
improved. The rate of stating that the household income
has improved for the individuals who benefited from the
project was 23.6%, while the rate of the ones stating that
the household income has improved for the individuals
who did not benefit from the project was found as 30.4%
(Table 10). In a previous study conducted in Nigeria the
results indicated that socio-economic characteristics
significantly influence the income and productivity of
respondents in the study area. The findings showed a male
dominance among both beneficiary and non-beneficiary

farmers. Most respondents, both beneficiaries and non-
beneficiaries, had farm sizes between 0.5 and 1.0 hectares
before and after the NSPFS project, respectively.
Statistical analysis revealed a significant difference
between the socio-economic characteristics of NSPFS
project beneficiaries and non-beneficiaries. The
regression result showed that NSPFS project has positive
impact on crop productivity of beneficiary farmers in the
study area. The net farm income realized by the responder
is indicates an increase in the net farm income of both
beneficiaries and non-beneficiaries. NSPFS had impact
on crop productivity of beneficiaries. Other reasons by the

54



Tr. J. Nature Sci. Volume 13, Issue 4, Page 49-57, 2024

non-beneficiaries for not participating include lack of
capital, not being a member of any farmer’s cooperative

society and also bad experience from other agricultural
projects [15].

Table 10. The relationship between the improvement in household income level and beneficiaries and non-beneficiaries

The improvement in household income level
Groups Total
Yes No
L Number 8 160 168
Non-beneficiaries -
Ratio (%) 48 95.2 100.0
L Number 78 252 330
Beneficiaries -
Ratio (%) 23.6 76.4 100.0
Number 129 369 498
Overall average/Total =
Ratio (%) 25.9 74.1 100.0
Chi square and p value 2.620 and 0.106

The relationship between the project's job finding or
improving working conditions and the relationship
between beneficiary and non-beneficiary individuals was
statistically significant. When the distribution of the
opinions of the individuals who answered this question is
examined, 63.1% of the individuals who benefited from
the project thought that the project had an effect on
finding a job or improving their working conditions. On
the other hand, the rate of individuals not being project
beneficiaries but thinking positively about the issue was
determined as 4.8%. The impact of the project on finding
a job or improving working conditions was determined as
41.3% in general average. It has been concluded that a

high percentage of the individuals benefiting from the
project think that the project has a positive effect on
finding a job or improving working conditions (Table 11).
The study revealed that the dependency ratio to total
workers was 0.40 for beneficiary families and 0.26 for
non-beneficiary families. It was found that there was a
significant change in the area of major crops, increase in
productivity and increase in net returns of beneficiary
farms due to the interventions of the project. Return per
investment of agricultural and horticultural products was
higher in beneficiary farms than in non-beneficiary farms
[22].

Table 11. The relationship between the project's ability to find a job or improve working conditions and beneficiary and non-beneficiary individuals

The project's ability to find a job or improve
Groups working conditions Total
Yes No
. Number 8 160 168
Non-beneficiaries -
Ratio (%) 4.8 95.2 100.0
. Number 178 104 282
Beneficiaries -
Ratio (%) 63.1 36.9 100.0
Number 186 264 450
Overall average/Total .
Ratio (%) 41.3 58.7 100.0
Chi square and p value 147.86 and 0.000***

The relationship between the forest utilization status and
beneficiary and non-beneficiary individuals is given in
Table 12. When the distribution of the opinions of the
individuals who answered this question is examined, the
overall average rate of the individuals benefiting from the
forest is 37.3%, while this ratio is determined as 50.3%
for the individuals benefiting from the project and as 3.8%
for the non-beneficiaries. The relationship between forest
utilization and beneficiary and non-beneficiary
individuals was statistically significant. It has been
determined that individuals benefiting from the project
benefit from forests at a higher rate. One example is the
"Wellness and Agriculture for Life Advancement"
(WALA) project in Malawi. This project, which focused
on improving watershed management and livelihoods,

demonstrated substantial benefits in terms of crop yields,
soil quality, and resilience to climate shocks [23]. In
Bolivia, the concept of "watershed agreements" has been
applied as a locally-driven, adaptive model for managing
water resources and mitigating climate change. These
agreements incentivize upstream landowners to conserve
forests in exchange for benefits such as training in
sustainable practices. This model has expanded
significantly, with thousands of families now involved in
watershed conservation efforts, covering vast areas of
land. The success of this project highlights the importance
of community engagement, reciprocal benefits, and local
design flexibility in fostering sustainable environmental
governance [24].
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Table 12. The relationship between forest utilization and beneficiary and non-beneficiary individuals

Status of forest utilization
Groups Total
Yes No
L Number 5 125 130
Non-beneficiaries -
Ratio (%) 38 96.2 100.0
L Number 168 166 334
Beneficiaries -
Ratio (%) 50.3 49.7 100.0
Number 173 291 464
Overall average/Total =
Ratio (%) 37.3 62.7 100.0
Chi square and p value 86.358 and 0.000***

The relationship between the benefiting status of the
common pasture land and the beneficiary and non-
beneficiary individuals was statistically significant. When
the distribution of the opinions of the individuals who
answered this question is examined, it is determined that
53% of the individuals benefit from the pasture lands on
the general average, while this rate is determined as 60.7%
for the individuals who are project beneficiaries and
38.1% for the individuals who are not project
beneficiaries (Table 13). It was determined that

individuals benefiting from the project benefited from the
common pasture land at a higher rate. The study revealed
that the dependency ratio to total workers was 0.40 for
beneficiary families and 0.26 for non-beneficiary
families. It was found that there was a significant change
in the area of major crops, increase in productivity and
increase in net returns of beneficiary farms due to the
interventions of the project. Return per investment of
agricultural and horticultural products was higher in
beneficiary farms than in non-beneficiary farms [22]

Table 13. The relationship between the status of benefiting from common pasture land and beneficiary and non-beneficiary individuals

Status of benefiting from common pasture land*
Groups Total
Yes No
. Number 64 104 168
Non-beneficiaries -
Ratio (%) 38.1 61.9 100.0
. Number 199 129 328
Beneficiaries -
Ratio (%) 60.7 39.3 100.0
Number 263 233 496
Overall average/Total =
Ratio (%) 53.0 47.0 100.0
Chi square and p value 22.731 and 0.000***

4. DISCUSSION AND CONCLUSION

The percentage of project beneficiaries with agricultural
production and sales, animal production and sales, and
other sources of income was found to be higher than the
percentage of non-beneficiaries. Individuals who
benefited from the project had a lower rate of having other
sources of income than those who did not benefit from the
project. It was discovered that project beneficiaries have
a higher rate of animal husbandry. It has been determined
that a high percentage of those who benefit from the
project believe that the project helps them find work or
improves their working conditions. It has been determined
that individuals who benefit from the project benefit more
from forests and common pasture land.

In general, based on the information gathered from the
participants, it is possible to conclude that the project
activities resulted in positive developments in the villages
and made a significant contribution to rural development.
Furthermore, with the assistance of project activities,
income-generating activities have increased in the
villages. It has been concluded that the MRWRP activities
have reduced the pressure on forest vegetation, and the
improvements made in pasture areas have made
significant contributions to animal husbandry. It was
determined that the participants were generally pleased
with the project activities from which they benefited.
Furthermore, the majority of people agreed that such

projects should be continued. When the individuals who
do not benefit from the project are statistically compared
to the beneficiaries, it has been determined that there are
significant positive developments such as the use of new
agricultural technology, increased production area,
increased irrigated land, and increased use of forests and
pastures. Within the context of all of this information, it is
believed that the project is a significant source of
development for the region, and that this level of
development will become clearer in the coming years.
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Abstract: This study investigates the catalytic performance of ZnO nanoparticles (NPs)
synthesized using ethanolic turmeric extract for the hydrolysis of NaBHa. The ZnO NPs were
characterized using scanning electron microscopy (SEM), energy dispersive X-ray analysis
(EDX), and transmission electron microscopy (TEM) to determine their morphology and
elemental composition. Ultraviolet (UV) spectroscopy and zeta potential measurements were
also conducted to evaluate optical properties and colloidal stability. The ZnO NPs exhibited
granular morphology with an average diameter of 0.6 um and a Zn-to-O weight ratio of 57:43.
Particle size distribution ranged from 30 nm to 70 nm, enhancing catalytic efficiency by
increasing the surface area-to-volume ratio and active sites for the hydrolysis reaction. UV
spectra revealed absorption peaks at 253 nm, 513 nm, and 977 nm, indicating intrinsic bandgap
absorption and surface-related states. The zeta potential of -5.78 mV suggested moderate
stability, with some agglomeration observed in solution. The ZnO NPs significantly improved
hydrogen generation, increasing the hydrogen volume from 29.4 mL to 383.4 mL, achieving
nearly a 13-fold enhancement in NaBH, hydrolysis.

Yesil Sentez ile Uretilen ZnO'nun NaBH: Hidrolizi Uzerindeki Katalitik Etkisinin

incelenmesi

Anahtar Kelimeler
Yesil kimya,
Hidrojen iiretimi,
NaBHy, hidrolizi,
TEM,

Zn0O

Oz: Bu galisma, NaBH/iin hidroliz reaksiyonu igin etanolik zerdecal 6ziitii kullanilarak
sentezlenen ZnO nanopartikiillerinin (NP'ler) katalitik performansini arastirmaktadir. ZnO
NP'lerin morfolojisi ve elementel bilesimini belirlemek amaciyla taramali elektron mikroskobu
(SEM), enerji dagilimli X-1s1n1 analizi (EDX) ve transmisyon elektron mikroskobu (TEM) ile
karakterizasyon yapilmistir. Optik Ozellikleri ve kolloidal kararliligi degerlendirmek igin
ultraviyole (UV) spektroskopisi ve zeta potansiyel Ol¢iimleri de gergeklestirilmistir. ZnO
NP'lerin ortalama 0,6 pm ¢apinda graniiler bir morfolojiye ve %57 Zn ile %43 O agirlik
oranina sahip oldugu belirlenmistir. Pargacik boyutu dagiliminin 30 nm ile 70 nm arasinda
degismesi, yiizey alani/hacim oranini ve reaksiyon igin aktif alanlari artirarak katalitik
verimliligi artirmigtir. UV spektrumlari, 253 nm, 513 nm ve 977 nm’de doruklar gostermis ve
bu doruklar, igsel bant aralig1 sogurmasi ve yiizeyle iligkili durumlarla iliskilendirilmistir. -5,78
mV olarak 6lgiilen zeta potansiyeli, ¢dzeltide bir miktar aglomerasyon gozlenmesine ragmen,
orta derecede bir kararlilik Onermistir. ZnO NP'ler, NaBH4 hidrolizinde iiretilen hidrojen
miktarini 29,4 mL’den 383,4 mL’ye ¢ikararak hidrojen iiretiminde yaklagik 13 katlik bir artis
saglamistir.
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1. INTRODUCTION

Hydrogen is a important energy carrier in the global
transition towards clean and sustainable energy systems.
Its significance arises from its ability to function as both
a clean fuel and a key enabler for reducing greenhouse
gas emissions, offering practical solutions to the growing
demand for sustainable energy alternatives. Due to its
role in mitigating environmental challenges, hydrogen
has become central to various national and international
strategies focused on achieving net-zero emissions. In
addition to its environmental benefits, hydrogen plays a
significant role in industrial processes, including the
synthesis of chemical compounds, petroleum refining,
and the production of ammonia for fertilizers [1-3]. An
essential application of hydrogen lies in the development
of fuel cells, which provide a promising alternative to
conventional fossil fuel-based energy sources. Fuel cells
convert hydrogen into electricity with high efficiency,
offering a low-carbon solution for power generation and
transportation. However, efficient storage and transport
remain challenges due to hydrogen's low density, high
diffusivity, and flammable nature, necessitating the
development of practical hydrogen storage technologies.
Among the various methods, NaBH4 has emerged as a
viable hydrogen storage material because of its stability
and ability to release hydrogen gas upon hydrolysis [4-
6]. The use of NaBH, for hydrogen storage offers several
advantages. It allows for safe, compact, and efficient
hydrogen storage and transport, addressing key
challenges associated with conventional hydrogen
storage. NaBHy, is particularly advantageous due to its
solid form, which simplifies handling and minimizes
safety risks. Furthermore, it provides a high hydrogen
content by weight, making it attractive for applications
requiring high energy density [7-9]. The hydrolysis of
NaBH4 is a straightforward, low-cost process that
generates hydrogen gas under mild conditions, ensuring
high-purity hydrogen without the risk of contamination
or undesirable side reactions [10, 11]. The effectiveness
of NaBHs hydrolysis depends significantly on the
catalysts used to promote the reaction. Transition metal
oxides and other nanomaterials have been widely
explored as catalysts for this purpose, aiming to enhance
hydrogen production rates and reduce activation energy
barriers [5, 7, 12]. Notable studies in the field include the
work of Changwoo Kim et al. [13] who synthesized
cobalt oxide nanorods (wz-CoO-NRs) via the thermal
decomposition of cobalt oleate and cobalt stearate. Their
study demonstrated that wz-CoO-NRs achieved a
hydrogen production rate of 10,367 mL min? g* at 293
K with an activation energy of 27.4 kJ mol?,
highlighting the importance of morphology and surface
characteristics for catalytic efficiency. Similarly, Guo et
al. [14], developed NiCoB hollow nanospheres using
galvanic replacement. These nanospheres exhibited
superior catalytic activity with a hydrogen production
rate of 6400 mL H, min* g at 303 K and an activation
energy of 33.1 kJ mol?, attributed to their large surface
area and electronic effects. In another study, Kiling and
Sahin [15], synthesized a Zn complex of 4,4'-
methylenebis(2,6-diethyl)aniline-3,5-di-tert-

butylsalicylaldimine and characterized its catalytic

performance for NaBHs hydrolysis. Their results
indicated activation energy of 22.978 kJ mol?, with
hydrogen generation rates of 952.5 mmol H, g min* at
50°C and 6144 mmol H, g!' min? at 30°C,
demonstrating the critical role of synthesis parameters in
determining catalytic efficiency.

Given the growing demand for environmentally friendly
hydrogen production, the exploration of green synthesis
methods for catalysts has gained momentum. Green
synthesis techniques, which employ environmentally
benign solvents, plant extracts, and renewable
precursors, offer a sustainable approach to catalyst
development. In the study achieved by Boro et al., they
investigated the green synthesis of ZnO nanoparticles
using ethanolic leaf extract of Xanthium indicum, a plant
native to North East India with pharmaceutical
applications. The ZnO nanoparticles were characterized
by DLS, TEM, FTIR, UV-Vis and XRD and showed
high antioxidant, antimicrobial, antifungal and
photocatalytic activities compared to their chemically
synthesized counterparts. This eco-friendly approach
offers a cost-effective alternative by reducing the need
for toxic reagents and energy-intensive processes. The
findings highlight the potential of green ZnO
nanoparticles for applications in nanodevices, energy
storage and healthcare [16]. Naiel et al. synthesized zinc
oxide (ZnO) nanoparticles using the aqueous extract of
Limonium pruinosum (sea lavender). The ZnO NPs
exhibited an average size of ~41 nm and a
hexagonal/cubic crystal structure. The findings highlight
the biocompatibility, environmental friendliness, and
cost-effectiveness of these ZnO NPs, making them
promising candidates for biomedical and therapeutic
applications [17]. ZnO is known for its high surface area,
chemical stability, and catalytic versatility, making it
suitable for various industrial applications, including
hydrogen production [18, 19]. Furthermore, ZnO’s non-
toxic nature aligns with sustainability goals, ensuring
safer handling and reduced environmental impact
compared to other catalytic materials [20, 21]. In this
context, zinc oxide (ZnO) synthesized via green
chemistry principles presents an attractive candidate for
NaBH4 hydrolysis reactions.

This study aims to investigate the catalytic performance
of green-synthesized ZnO in NaBHs hydrolysis
reactions. By using a sustainable synthesis route, this
research contributes to the development of eco-friendly
catalysts while addressing key challenges in hydrogen
storage and production. The findings are expected to
advance the practical application of NaBH, as a
hydrogen carrier and promote the integration of green
chemistry principles in catalytic material design.

2. MATERIAL AND METHOD

The ZnO nanoparticles were synthesized through an
environmentally friendly method using turmeric extract
without any toxic reducing chemicals. To prepare the
turmeric extract, 10 grams of turmeric powder were
weighed and mixed with 100 mL of 70% ethanol. The
mixture was shaken well for 5 minutes and then allowed
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to soak for two days at room temperature (approximately
25-30°C). The resulting ethanol extract was filtered
using qualitative Whatman filter paper no.1 (125 mm)
and stored at 4°C. For the synthesis of ZnO
nanoparticles, a zinc (lI) nitrate solution at a
concentration of 10 mM was combined with 50 mL of
the turmeric ethanolic extract and incubated at 60°C for
60 minutes in a dark room. Afterward, the mixture was
cooled to 25°C for 24 hours, followed by centrifugation
at 3600 rpm for 30 minutes. The product was then
washed several times with distilled water and ethanol.
Finally, a dark brown precipitate was formed, which was
dried at 90°C for 1 hour. The synthesized ZnO
nanoparticles (NPs) were analyzed using various
techniques. Scanning electron microscopy (SEM) was
performed on a JEOL JSM-5500LV. Energy dispersive
X-ray analysis (EDX) was conducted with an X-ray
micro-analyzer (Oxford 6587, INCA) attached to the
SEM, operating at 20 kV. Transmission electron
microscopy (TEM) was carried out on a Thermo
Scientific Talos F200i using carbon-coated grids (Type
G 200, 3.05 um diameter). The zeta potential of the NPs
was measured using a Malvern Panalytical instrument
with ethanol as the dispersant. UV-Visible absorption
spectroscopy was performed using a Unicam UV-VIS
spectrophotometer UV2. To determine the rate of
hydrogen generation, a hydrolysis reaction was
conducted using a continuous system. Initially, 0.15 g of
NaBH. was added to the reaction vessel in the absence
of a catalyst, and the volume of hydrogen gas produced
was measured over a period of 900 seconds.
Subsequently, the experiment was repeated under the
same conditions with the addition of 0.15 g of ZnO
catalyst to the reaction mixture. Both were introduced
into a two-neck flask, and the resulting hydrogen gas
was captured and measured using an inverted, solution-
immersed graduated cylinder. The volume of hydrogen
gas collected in the graduated cylinder was carefully
recorded, and adjustments were made to account for the
volume changes due to the evaporation of water at the
reaction temperature. This method ensured accurate
measurement of the hydrogen gas produced, allowing for
a precise determination of the catalytic activity of ZnO
in the hydrolysis reaction of NaBHa. The presence of
ZnO catalyst enhanced the hydrogen generation rate,
which was systematically compared to the control
reaction without the catalyst.

3. RESULTS

In this study, we aimed to synthesize ZnO nanoparticles
through an environmentally friendly method using
ethanolic extract of turmeric. Turmeric is a commonly
used spice in India and other Asian countries. The main
active ingredient in turmeric is curcumin, chemically
known as "(1E,6E)-1,7-bis(4-hydroxy-3-
methoxyphenyl)hepta-1,6-diene-3,5-dione" (Figure 1).
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Figure 1. The molecular structure of curcumin

As illustrated in Figure 1, curcumin features two
hydroxy groups (-OH) and two methoxy groups (-OCHz)
on its aromatic phenyl rings. These rings are connected
by a heptadiene chain with two conjugated double bonds
(C=C), creating a rigid and planar structure [22, 23].
Curcumin appears as a yellow to orange solid, with
limited solubility in water but good solubility in organic
solvents such as ethanol, methanol, and acetone. Its
phenolic groups contribute to its well-documented
antioxidant and anti-inflammatory properties [24-26].

The synthesized ZnO NPs were analyzed by SEM-EDX
and related results were given in Figure 2. SEM-EDX
analysis is a very useful method for morphological and
compositional data for analyzing NPs. The granular
shaped ZnO NPs were detected in SEM image with
0.791 pum average diameter. The precision with which
the elemental composition of ZnO may be obtained
makes these methods very useful for their analysis. The
ZnO NPs EDX spectrum was shown in Figure 2, where
zinc (Zn) and oxygen (O) are represented by separate
peaks. The successful production of zinc oxide is
confirmed by the presence of these Zn and O peaks in
the EDX spectrum. The weight% values of Zn and O
were 57 and 43%, respectively.
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Figure 2. SEM-EDX anaysis of ZnO

Sadiya Samar et al. [27] synthesized ZnO via extract of
Chenopodium album leaf, agglomeration was detected as
the similar situation in Figure 2. Production of ZnO
using green synthetic route was achieved by Boro et al.
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[16] via ethanolic leaf extract of Xanthium indicum plant
which is available only in North-East India. According
to morphological analysis results, same structural view
was detected.

TEM study was carried out after SEM-EDX
investigation to obtain a more complete understanding of
the ZnO structure. While the following TEM
examination revealed higher resolution imaging and
deeper insights into the crystalline structure of the ZnO
samples, the SEM-EDX initially provided surface
morphology and elemental composition data.

Size | Exp | Mag Spot | HT Pixel size | Fov 200 nm
2048 500 ms 36000x 3 200 kV | 805.0 pm | 1.649 ym Ceta

Figure 3. TEM anaysis of ZnO

As seen from Figure 3, the partice size was ranged
between 30 nm and 70 nm. The distribution of sizes at
the nanoscale is highly useful for catalytic processes,
like the hydrolysis of NaBH4. Because smaller particles
have a larger surface area to volume ratio, there are more
active sites available for catalytic reactions. The
efficiency and rate of the hydrolysis process can be
greatly enhanced by this greater surface area, resulting in
more efficient production of hydrogen. Catalytic
performance can be achieved by exact control over
particle size and distribution, as demonstrated by TEM
investigation. These characteristics together demonstrate
ZnO nanoparticles' potential as an efficient catalyst in a
range of chemical reactions, including the efficient and
sustainable hydrolysis of NaBH. to produce hydrogen.
According to literature the synhesis mechanism can be
clarifed, for this purpose UV analysis should be helpful.
The obtained results were given in Figure 4.

Curcumin is a beta-diketone characterized by the
replacement of two hydrogen atoms with feruloyl
groups, existing in two tautomeric forms: keto and enol
[28, 29]. The keto form predominates in acidic and
neutral pH environments, while the enol form is stable in
alkaline conditions. Structurally, curcumin comprises a
seven-carbon linker and three key functional groups: an
a, PB-unsaturated B-diketone moiety, an aromatic O-
methoxy-phenolic group, and a seven-carbon chain. The
a, B-unsaturated carbonyl groups bridge the aromatic
rings, and the diketones can deprotonate to form
enolates, with the a, B-unsaturated carbonyl acting as a
acceptor for nucleophilic addition. The antioxidant
properties of curcumin are due to its phenolic groups,

while its hydrophobic character stems from the carbon
linker. To enhance its biological activity, curcumin has
been modified, taking advantage of its strong metal-
chelating properties via the a, B-unsaturated PB-diketo
moiety [30, 31].
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Figure 4. The UV sprectra of extract (a) and ZnO (b)

UV-vis spectroscopy was employed to study metal
binding to curcumin, which typically occurs through the
B-diketone group via chelation. This process involves the
formation of dative covalent bonds, where one atom
provides both electrons for the bond, introducing
semipolar characteristics [32]. Metal coordination often
involves one or two curcumin molecules, occasionally
three, as seen in some complexes like the hexagonal
structure. Metal-curcumin binding through the enolic
group induces structural changes, with variations in
metal-oxygen bond lengths and coordination geometries
depending on the metal-to-curcumin ratio [32]. ZnO
exhibited absorption peaks in its UV spectra at 253 nm,
513 nm, and 977 nm. The ZnO material's structural
features and several electronic transitions are responsible
for these peaks. The intrinsic bandgap absorption of
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Zn0O, which correlated to the electrical transition from
the valence band to the conduction band, was most likely
the cause of the absorption peak at 253 nm. This peak is
associated with the excitonic absorption typical of ZnO
nanostructures, and ZnO has a wide bandgap of about
3.37 eV. The ZnO lattice's defect states or impurities
could be related to the peak at 513 nm. Defect states like
oxygen vacancies or zinc interstitials can produce
additional absorption features in the visible spectrum by
generating localized energy levels within the bandgap.
Surface states or deep-level imperfections may be the
cause of the absorption peak at 977 nm. These deep-level
flaws have the ability to trap electrons and aid in near-
infrared absorption. Surface states or plasmonic
phenomena resulting from ZnQO's contact with its
surroundings may possibly play a role in this absorption
property [33-35]
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Figure 5. The zeta potential of ZnO

Figure 5 showed the zeta potential measurements for
ZnO nanoparticles (NPs). Typically, ZnO NPs with a
size of approximately 5 nm exhibit zeta potential values
ranging from -20 mV to +20 mV Ates [36] Generally,
ZnO NPs possessing a zeta potential less than -10 mV
demonstrate increased stability in aqueous solutions due
to electrostatic repulsion, which prevents particle
aggregation. In the current study, the measured zeta
potential value was -5.78 mV. According to the
literature, zeta potential values closer to zero indicate a
propensity for particle agglomeration due to reduced
electrostatic repulsion. Zeta potential is a critical
parameter in evaluating the colloidal stability of
nanoparticle suspensions. Higher absolute values of zeta
potential (either positive or negative) suggest stronger
repulsive forces between particles, thereby enhancing

stability [37]. Conversely, lower absolute values, as
observed here, suggest weaker repulsive interactions and
a higher likelihood of aggregation. The measured zeta
potential of -5.78 mV for ZnO NPs indicates that while
there is some repulsion, it is insufficient to prevent
agglomeration entirely [38]. Thus, the ZnO NPs in this
study were prone to agglomeration (as seen in SEM
micropgraph)

The catalytic behavior of ZnO was investigated and
related results were presented in Figure 6.
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Figure 6. The hydrogen gas volume in the absence (a) and presence (b)
of ZnO NPs catalyst

According to obtained result the produced hydrogen gas
was 29.4 mL after 560 s, in the absence of ZnO but the
value was increased almost 13 times in presence of ZnO
NPs. The obtained hdrogen gas was almost 383.4 mL in
the presence of ZnO after 430 s.

Table 1. Comparative analysis of catalysts for hydrogen generation from NaBHs under various conditions

Catalysts Size (nm) Catalyst (mg) Conditions (mLHTS‘lR min) References
Ni-B - Foam 20 wt% NaBH,, 5 wt% NaOH, 60 °C 130 [39]
CuFe;0,/RGO 5 30 40 mg NaBH, 622 [40]

Ni - 75 wi% 14 wt% NaBHj, 30 °C 96.3 [41]
Ni-Ru/50WX8 20-60 200 10 wt% NaBH,, 5 wt% NaOH, 35 °C 400 [42]

G-CoB 15-100 100 568 mg NaBH,, 20 °C 258 [43]

Ru-Ni/Ni - - 20 wt% NaBHj, 1 wt% NaOH, 30 °C 360 [44]

Pt/C0304 39.8 10 100 mg NaBH, 120 [45]

Zn0O NPs 30-70 150 150 mg NaBH,, 25 °C 356.5 In this study

A comparative analysis of catalysts for producing ZnO NPs can compete with other catalysts.

hydrogen from NaBH. under various circumstances was
shown in Table 1, using 150 mg of NaBH4at 25°C, our
work showed hydrogen generation rate (HGR) of 356.5
mLHz g min*? using ZnO nanoparticles (NPs) with a
size range of 30-70 nm. Because of this performance,

CuFe;04/RGO, for example, demands a greater NaBH4
load (40 mg) and smaller particle sizes (5 nm), although
achieving a HGR of 622 mLH; g min™. This suggests
that material synthesis needs to be tightly controlled. In
this study, ZnO NPs perform better than some catalysts
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that use more material and complex compositions. For
instance, Ni-B foam achieves 130 mLH, g min? at
60°C, whereas Pt/Co304 only reaches 120 mLH; g min-
1 with 10 mg of catalyst. Additionally, Ni-Ru/50WX8
shows a higher HGR of 400 mLH. g min but requires
200 mg of catalyst and operates at 35°C, demonstrating
that ZnO NPs offer a simpler, scalable option under this
condition. ZnO NPs are effective and useful catalyst that
offers a high rate of hydrogen generation under
comparatively simple circumstances. Higher HGRs are
produced by some catalysts, although they frequently
require greater amounts of material, intricate
compositions, or higher temperatures. This study
showcases the scalability and simplicity of ZnO NPs for
sustainable hydrogen generation, with opportunities for
future  work focused on optimizing reagent
concentrations and exploring synergistic catalyst
combinations.

4. DISCUSSION AND CONCLUSION

The synthesized ZnO NPs demonstrated high potential
for catalytic applications, particularly in the hydrolysis
of NaBH, for hydrogen generation. SEM-EDX analysis
confirmed the granular morphology of the ZnO NPs with
an average diameter of 0.6 um and provided precise
compositional data, indicating a Zn to O weight ratio of
57% to 43%. The particle size distribution ranged from
30 nm to 70 nm, enhancing catalytic efficiency due to
the increased surface area-to-volume ratio, which
provides more active sites for reactions. UV
spectroscopy revealed absorption peaks at 253 nm, 513
nm, and 977 nm, attributed to intrinsic bandgap
absorption, defect states, and surface states, respectively.
The zeta potential measurement of -5.78 mV indicated
moderate stability in aqueous solutions, although some
agglomeration was seen. Despite this, the ZnO NPs
significantly improved hydrogen production in the
NaBHs4 hydrolysis reaction, increasing the volume of
hydrogen generated from 29.4 mL to 383.4 mL,
demonstrating a nearly 13-fold enhancement. These
findings highlight the importance of particle size control
and surface characteristics in optimizing the catalytic
performance of ZnO NPs, making them a promising
material for efficient hydrogen generation.
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Keywords Abstract: The use of mobile robots has become increasingly prevalent in various sectors,
Finite element including industry, healthcare, logistics, and services. One of the most crucial attributes of
analysis, these robots for their intended applications is their capacity to transport payloads. Autonomous

Mobile robot,  mobile vehicles capable of carrying payloads are robots that process data received from their

Autonomous environment through electronic components. They contain and deliver the load to the target
location in accordance with the data. This study presents the design of a mobile robot with
scissor lift and swerve driving systems. Finite element analysis was employed to investigate
the stress and deformation behavior of the designed vehicle under a load. The suitability of the
materials used for the design was verified as a result of the analyses. Subsequently, the ability
of the real-time driving algorithms to act in possible scenarios is tested in a simulation
environment.

Swerve Siiriis Sistemine Sahip Otonom Mobil Robotun Tasarimi ve Mekanik Analizleri

Anahtar 0z: Mobil robotlar, endiistride, saglik sektoriinde, lojistik sektoriinde ve servis hizmetlerinde
Kelimeler: kullanimiyla giderek artan popiilerlik kazanmistir. Bu robotlarin kullanim amaglart arasindaki
Sonlu en 6nemli Ozellikleri arasinda faydali yiik tasiyabilme kabiliyetleridir. Bu maksatla mobil
elemanlar robotun yiik tagima kabiliyetinin kazandirilmasinda tasarim ve donanim énem kazanmaktadir.
analizi, Bu ¢aligmada, makasli kaldirag sistemine sahip olan ve “swerve” siiriis sistemiyle hareket eden
Mobil robot, mobil robotun tasarimi sunulmaktadir. Tasarlanan aracin yilk altindaki gerilim ve
Otonom deformasyon degisimlerini incelemek i¢in sonlu elemanlar kullanilmistir. Analizler

sonucunda kullanilan malzemelerin tasarima uygunlugu kontrol edilmistir. Yapisal analizi
tamamlanan aracin ger¢ek zamanli siiriis algoritmalarinin olas1 senaryolar karsisindaki hareket
kabiliyeti simiilasyon ortaminda test edilmistir.

1. INTRODUCTION multidirectional movement in time and space are utilized

[1]. Robots are technological systems that perceive their
In a world characterized by constant change, the capacity environment for specific purposes and generate motion
to adapt to novel situations and acquire new skills and plans by evaluating the information they obtain [2]. They

abilities is essential. Within this context, robots capable of have a wide range of applications, including industrial
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manufacturing, healthcare, space exploration, and
domestic use [3]. Consequently, robotics has become a
pervasive feature of the contemporary world, including
roles directly oriented towards humans, and is employed
in numerous contexts. The human need for technological
solutions, which has consistently influenced the evolution
of technology, has led to the development of mobile
robots, as stationary robots are no longer sufficient.

Autonomous robotic systems are increasingly being
employed to develop innovative tools to enhance work
efficiency and perform multiple operations in diverse
environments, as well as a potential countermeasure to the
impending issue of labor shortages [4]. Autonomous
mobile robots (AMR) are defined as robots that operate in
accordance with environmental information obtained by
sensors, cameras, artificial intelligence applications, and
other means. They autonomously perform assigned tasks
[5]. In contrast to many industrial robots, mobile robots
are capable of navigating to their task locations without
human intervention, possess expansive movement areas,
and complete their tasks by reaching the desired location
while avoiding obstacles under varying conditions [6].
Mobile robots are increasingly utilized in numerous
industrial and specialized applications. They can be
designed according to the specific requirements of their
intended use. Mobile robots, which are equipped with
various components for different purposes and controlled
by diverse software algorithms, are capable of detecting
environmental data such as lines, light, and sound
autonomously and moving automatically. Alternatively,
they can be controlled manually with the assistance of a
user interface. The motion mechanisms of mobile robots
represent a crucial aspect. Although the motion
mechanisms in the vehicle affect numerous parameters,
the selection of an appropriate wheel for the vehicle and
the creation of wheel configurations on the chassis result
in the vehicle being used with high efficiency [7]. Mobile
robots are categorized into three types according to their
motion mechanism: wheeled, tracked, and legged
systems.

The wheel is the most commonly used motion mechanism
in mobile robots. Wheeled robots have been the most
prevalent locomotion mechanism due to their simple
structure, high acceleration, and ease of control. One of
the most widely used wheeled mobile robots in industry
is the autonomous mobile robot for load handling [8].

The designs of robots used for load-carrying vary
according to the manner in which they lift and carry the
load. In this context, the weight and dimensions of the
load to be transported are the most critical parameters in
the system design. Mechanical tests of prototypes made in
this field provide great convenience for the design
process, cost, and optimization through simulation
programs. Consequently, software programs are capable
of conducting analyses of interdisciplinary studies, such
as mechanics, structural analysis, computational fluid
dynamics, and heat transfer, employing the finite element
method [5].

The Finite Element Method (FEM) is a numerical analysis
technique used to solve complex engineering problems
and predict the behavior of a structure or system when
subjected to physical effects. This method is based on the
principle of dividing the design into small finite elements
and analytically examining each element [9]. FEM allows
for the identification of potential weak points in the
design, optimization of material usage, and verification of
safety factors. Additionally, it simulates the system's
stress, deformation, and other mechanical properties
before producing physical prototypes, thereby helping to
reduce costs and accelerate the design process.
Consequently, it ensures that the design can operate
reliably even under the most challenging conditions, thus
preventing potential design errors.

This paper presents the design of an autonomous mobile
robot with load-carrying capability developed in a
Computer-Aided Design (CAD) environment. The
mechanical system of the designed mobile robot was
analyzed using the Finite Element Analysis (FEA)
method to assess total deformation and stress.
Furthermore, the wheel driving capability of the vehicle
and mechanism of the scissor system were tested in a
simulation environment. In the rest of the paper, Section
2 describes the system, programs used, general control
mechanism, structural characteristics of the designed
vehicle, and types of mechanical analysis used. Section 3
presents the analysis set-up and test results. Section 4
discusses the overall conclusion of the paper.

1.1 Related Works

In this section, within the scope of our study on AMRs,
we review the literature on the utilization of AMRs in the
industrial and social domains, mechanical analysis, and
simulations of driving systems. The keywords “AMR,”
“ANSYS,” “Driving Systems,” and “Simulation” were
employed in the literature search. A summary of the
pertinent studies identified using these keywords is
presented in Table 1. AMRs utilized for material handling
and storage in the industry can be readily integrated with
various mapping techniques, providing a significant
advantage for transportation operations.

AMRs are employed not only in industrial logistics but
also in numerous areas for societal benefits. AMRs have
recently become prevalent, particularly in the healthcare
sector, where they have been effectively utilized for the
transportation of medicines and food within hospitals.
Baskoro et al. [10], in their study titled “An Autonomous
Mobile Robot Platform for Medical Purpose”, asserted
that the highly maneuverable AMR named ROM20 can
be utilized in various applications such as disinfectant
mist spraying and food distribution heating in a hospital
environment. This study demonstrates the functionality of
AMRs in the healthcare field. In another study by Yan et
al. [11] posited that AMRs provide significant advantages
in material-handling operations in industrial applications.
They also noted that AMRs face flexibility challenges in
path alterations but overcome this issue by employing
Simultaneous Localization and Mapping (SLAM)
techniques.
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Recent advancements in drive mechanisms for
autonomous robots with high maneuverability have led to
substantial progress. The work of Dhelika et al. [12]
serves as an exemplar, wherein a motorized hospital bed
utilizing a swerve drive mechanism was developed to
provide holonomic mobility in healthcare environments.
The simplicity and cost-effectiveness of the swerve drive
system facilitate its integration into existing systems with
minimal modifications. Additionally, the work by Zigi et
al. [13] presents significant research on drive mechanisms
and mobility systems for autonomous mobile robots. This
study thoroughly examines the advantages and challenges
of swerve drive systems, proposing novel methods for
enhancing maneuverability and mechanical durability.
The research strengthens the scientific foundation of the
swerve drive system utilized in our vehicle and directly
relates to previous studies on drive mechanisms.

The mechanical design and analysis of autonomous
mobile robots have been extensively studied using
simulation tools such as Ansys, which provides robust
capabilities for structural and dynamic evaluations. Demir
et al. [14] conducted static and dynamic analyses of a
mobile transportation robot with mecanum wheels,
utilizing Ansys Workbench to assess the robot's structural
integrity under a maximum load of 300 N. The study
calculated critical parameters such as maximum stress and
deformation to validate the design under extreme
operating conditions. In another study, Prabhakaran et al.

Table 1. Summary of key studies on AMRs

[15] focused on a mobile robot designed for material
handling, analyzing the structural behavior of the robot's
chassis under a 300 N payload. The researchers utilized
Ansys to simulate and validate the mechanical integrity of
the chassis, ensuring the design could withstand the
operational stresses, with maximum stress values of 35.99
MPa and deformation calculated at 0.000248 m.

Simulations of autonomous mobile robots and robotic
systems are extensively employed to enhance the
accuracy and efficiency of real-time applications. Koca et
al. [16] simulated a mobile tank-driving robot in ROS and
Gazebo environment. In this study, the physical and
inertial properties of the robot were defined, and the
motion and control of the robot were simulated. The
simulations have made significant contributions in terms
of identifying the challenges that mobile robots may
encounter in real environments. Specifically, modeling
and simulation of tank driving systems increase the
reliability of real-time applications and facilitate the
development of these systems. Agrali et al. [17] simulated
robot arms with the V-REP (CoppeliaSim) simulator. In
the study, MATLAB and V-REP were synchronized to
control the robot arm with a PID controller, and trajectory
tracking and torque control were simulated with forward
and inverse kinematic methods. This approach has been
employed to ensure the accurate operation of robot arms,
and such simulations are considered an important step
towards more precise control of robotic systems.

Key Findings

Study Focus Area Technigues Used
Baskoro et al. Use of AMRs in ROM20 AMR in hospital
(2020) [10] healthcare environments

The developed ROM20 AMR was used in various hospital
applications such as disinfectant spray and food distribution,
demonstrating the functionality of AMRs in healthcare.

Yan et al. (2023) Material handling in
[11] industrial environment

SLAM (Simultaneous
Localization and Mapping)

AMRs provide significant advantages in material handling,
overcoming flexibility issues in path changes through SLAM
techniques.

Dhelika et al.
(2021) [12]

Holonomic mobility
and drive mechanism

Swerve drive mechanism

The swerve drive mechanism-equipped motorized hospital bed
offers simplicity and cost-effectiveness, enabling easy
integration into existing systems.

Drive mechanisms and

Zhaoetal. (2023) mobility systems in

Swerve drive system

The study presents new approaches to enhance the
maneuverability and mechanical durability of swerve drive

[13] AMRs systems in AMRs.
Demir et al. . . Static and dynamic analysis | The Mecanum wheeled mobile robot's ability to safely operate
(2021) [14] Mechanical analysis with Ansys Workbench under a load of 300 N was analyzed.

Prabhakaran et
al. (2021) [15]

Structural durability
analysis

SolidWorks and Ansys

The structural design of a mobile robot capable of carrying 30
kg was analyzed to determine maximum stress and deformation
values.

Koca et al. (2020)
[16]

AMR simulation

Simulation in ROS and
Gazebo

A tank-steer mobile robot's physical and control features were
successfully simulated for real-time applications.

Agral et al.(2020)

Robot arm simulation

MATLAB and V-REP
synchronization, PID

The robot arm’s torque and trajectory control were successfully

[17] controller

simulated using inverse and forward kinematic methods.

2. MATERIAL AND METHOD

The AMR development phase is divided into design,
mechanical analysis, hardware, software, and simulations.
In this study, the CAD program SolidWorks was used for
vehicle design. SolidWorks was chosen because of its
user-friendly interface, comprehensive range of tools, and
robust simulation capabilities. Among CAD programs,
SolidWorks facilitates the modeling of complex
geometries and rapid visualization of designs. It is also
compatible with analytical methods such as the FEM and

simulations that incorporate strength analysis [18]. The
Ansys software utilized in these simulations directly
supports SolidWorks file formats, such as. stl, .sldasm,
and parasolid, enabling the seamless transfer of designs to
the analysis environment. This approach mitigates the
potential issues that may arise during file transfer. Driving
simulations were conducted in a CoppeliaSim
environment to perform the necessary tests, and the AMR
behavior in various scenarios was investigated. Figure 1
shows the design stages of the mobile robot with payload-
carrying capability.
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Figure 1. Design stages of a mobile robot with payload-carrying
capability

Mechanical analysis is an essential stage in which a model
designed with SolidWorks and prepared for analysis must

Reduced Physical
Model

Physical World

Figure 2. The process from a model's real-world state to its discretized state

FEA encompasses specific components such as thermal,
electromagnetic, fluid, and structural operating
environments. This analytical method provides a detailed
visualization of structural deformation and torsion, while
simultaneously illustrating the distribution of stresses and
displacements. In structural simulations, FEA facilitates
the production of stiffness and strength visualizations and
contributes to the optimization of weight, materials, and
costs. Furthermore, it offers a diverse range of simulation
options to regulate the complexity between the modeling
and analysis of a system.

In FEA, objects with complex geometries, which are
challenging to analyze as a single unit, are subdivided into
numerous smaller parts and analyzed separately. These
subdivisions are referred to as “mesh”. The mesh
constitutes an integral component of the model and
requires careful control to obtain the optimal results.
Elements comprising small shapes are interconnected by
points (nodes) that form the geometry of the model.
Figure 3 illustrates the node structure that connects the
elements [20].

prism | wedge

Figure 3. lllustrates the node structure that connects the elements

Mesh quality, element size, and element type are the most
critical factors to consider when conducting a mesh

be performed prior to production, particularly when its
primary function is load-bearing. Ansys, which is utilized
for the mechanical analysis of the vehicle, conducts the
analysis using the FEM.

FEM is the process of transforming a finite function into
a vector space using numerical methods in the domain of
infinite function. [19]. The structure under analysis is
divided into a specific number of small parts, termed finite
elements, with the objective of mathematically examining
the 'behavior' of each part using formulas derived from
partial differential equations. The process from a model's
real-world state to its discretized state is shown in Figure
2.

Analytical Model Separated Model

analysis. The element size can be reduced in specific
regions of the model, which is particularly crucial in
critical areas where a high stress or deformation is
anticipated. The mesh quality is ensured by through the
uniformity of the element shape and optimized size
distribution. Optimizing the mesh structure enhances
accuracy while maintaining a reasonable solution time. To
improve the mesh quality, adjustments are made based on
the type and quantity of the elements utilized. Different
element types and sizes influence the analysis results [21].

Mesh types are generally categorized as two-dimensional
and three-dimensional. Two-dimensional structures are
classified as triangular, and quadrilateral meshes.
Triangular mesh comprises three-sided elements, and is
generally preferred for surface modeling, and is utilized
for modeling complex surfaces owing to its flexible
structure. A quadrilateral mesh consists of four-sided
elements and is often favored to provide more stable
results in smooth geometries. Examples of three-
dimensional mesh structures include tetrahedral,
hexahedral, and wedge meshes. Tetrahedral mesh consists
of tetrahedron elements and enables the modeling of
complex geometries with high accuracy. Hexahedral
mesh comprises hexahedron elements and is suitable for
planar structures or regular geometries. Wedge mesh
contains prism/wedge elements and is employed in
transition zones, complex structures, or when detailed
modeling of specific parts is required, which is
particularly advantageous in areas that require precise
examination.

Selecting appropriate mesh element types for the part
reduces the number of elements, thereby decreasing the
analysis time and post-analysis processing time.
Furthermore, for nonlinear systems and instances in
which the arrangement of elements is physically
significant, the utilization of hexahedral and quadrilateral
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shaped elements is more suitable. Consequently, hex20,
tet10, and wed15 were predominantly used in the analysis.
The mesh types are also formulated according to the
combination of the element types. The mesh types vary
based on the arrangement and structure of the elements.
Each mesh type presents distinct advantages and
disadvantages; therefore, a type that aligns with the
requirements of the application should be selected. A
structured mesh is preferable for simpler geometries and
when expeditious solutions are required, whereas a
nonstructured mesh offers a more flexible solution for
complex geometries. Hybrid mesh is frequently utilized to
balance both accuracy and solution efficiency in complex
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models. An adaptive mesh is an appropriate method to
achieve precise results; however, the processing time and
computational cost are higher [21].

The appropriate selection of the mesh structure and type
is a critical factor that directly influences the accuracy of
the simulation results and the efficiency of the

computational process. The determination of which mesh
type to employ should be based on consideration of the
model geometry and the parameters to be analyzed.
Figure 4 shows the Ansys interface of the mesh analyzed
part.
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Figure 4. Ansys interface of the mesh analyzed part

Ansys is comprised of various programs for conducting
different analyses. In this study, Workbench and
Mechanical from the Ansys suite were utilized. Ansys
Mechanical, which performs static and dynamic analyses
of parts and assemblies in complex structures as well as

Element Metrics

torsion, stress, vibration, and heat transfer analyses,
simulates this work and enables the observation of their
behavior in real-world conditions [22]. The steps of the
FEM in Ansys are schematized in flowchart form in
Figure 5.
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Figure 5. The steps of the FEM in Ansys

In the subsequent phase, simulations are utilized to
examine real-time robot system design, modeling, and
production, encompassing computer, electronics,
mechanics, and control systems, among other
interdisciplinary aspects. This process evaluates the
performance of the model in the design verification stage
prior to initiating production under the specified
environmental conditions. Given that simulators are
appropriate  for conducting necessary tests of a
theoretically designed robot or robotic system in a virtual
environment, numerous robot simulators such as Gazebo,
Webots, and CoppeliaSim have been developed [17].
Among these platforms, CoppeliaSim, which was
employed in this study, facilitates the simulation of
complex robotic scenarios by creating and manipulating
3D models of robots, sensors, and environments [23]. In
the CoppeliaSim environment, the system requires control
through code blocks to enable the movement and
processing of data received from sensors of the mobile
robot. Within the CoppeliaSim simulation environment,
Lua Script can be utilized to control the mobile robot's
movement via code blocks; alternatively, programming
languages such as MATLAB, C/C++, or Python can be
employed. Python, a high-level programming language
known for its versatility and extensive library support,
was selected for the implementation of the motion and
deep learning algorithms of the mobile robot [17].

The Spyder integrated development environment (IDE)
was employed to develop and manage Python code in
conjunction with CoppeliaSim. Spyder provides support
for developers and contributes to more effective
simulation execution [24].

2.1. Robot Kinematics

Robot kinematics is employed to investigate the motion
of robots within a given workspace. By leveraging robot
kinematics, the position and orientation of the end effector
and the corresponding joint variables can be determined
within the robot's operational environment. Robot
kinematics is divided into two distinct categories: forward

Calculate the required result

Interpret the analysis outcomes

kinematics and inverse kinematics. The forward
kinematics of the robot is employed to determine the
position of the end effector corresponding to the value of
each joint variable, while each joint variable
corresponding to the position of the end effector is
calculated by inverse kinematics [25].

2.1.1. Wheel kinematics

As the wheel system of the vehicle, as shown in Figure 6,
a DC motor was used to rotate the wheel, and a servo
motor was used to direct the wheel at certain angles to
increase the movement capacity. A total of 8 motors were
used in each wheel, one DC motor and one servo motor.

1 [

Figure 6. Single wheel structure of the designed vehicle

71



Tr. J. Nature Sci. Volume 13, Issue 4, Page 66-84, 2024

Vehicle structures with an independent translation and
steering module on each wheel are called Wheel
Independent Steering or Swerve Drive. Such drive
systems are used in weight transportation, agricultural
machinery or the Mars Rover. Advantages of the swerve
drive system:

e The system provides a high level of mobility. In
swerve driving, the direction of movement and
orientation are independent, allowing the robot
to face forward while moving sideways.
Furthermore, the Instantaneous Center of
Rotation (ICR) is not fixed in swerve driving, as
in ackermann and differential driving. This
flexibility allows it to combine linear and
rotational movements, which other driving
systems cannot do.

Vy v, v,
: F—,
vil T |y, e W v,

Figure 7. Wheel configurations

In short, in the designed autonomous mobile vehicle, the
wheels are controlled independently at different angular
speeds. If we consider the single-wheel system, the DC
motor performs a rotational motion in the y-axis, which

o
Figure 8. Vehicle-wheel axis sets

The vector sum of the wheel speeds is shown in Equation
1. If the position of the vehicle relative to a fixed set of
axes x and y, the direction of our position axis remains
constant as the vehicle moves. The position of the single
wheel structure relative to the axis of rotation is

# = (1,15,0) . When the robot moves with a linear
velocity %= (v,,1,,0) and an angular @ =
(0, 0, w,) the linear velocity of the wheel is calculated as
in Equation 2 [27].

e They have wheel structures suitable for payload
carrying. Although the degree of freedom is the
same as for swerve driving, omni wheels cannot
carry the same load due to the lower carrying
capacity of the rollers that allow them to move
sideways.

e It does not depend on wheel deflections as a
multi-wheel differential drive does. This allows
the robot to use more motor torque to move
forward, consuming less power. While omni and
mecanum wheels have movement limitations
due to wheel clogging in dust and dirty
environments, swerve drive wheels do not have
such problems [26]. Figure 7 shows the wheel
configurations.

v, v,
/ ﬁf Pl 3 v,
v
/ v
Vs Ve -
i / — v,

allows the wheel to perform a translational motion in the
x-axis. The servomotor adjusts the wheel orientation by
rotating in the z-axis. Figure 8 shows the vehicle-wheel
axis sets.

)
O]

The matrix form of the linear velocity of the wheel is
presented in Equation 3. If we assume that the angular
velocity of the vehicle is zero, the displacement matrix is
as shown in Equation 4. Substituting this equation into
Equation 3, Equations 5 and 6 are obtained.
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By applying Equations 7 and 8, the vehicle velocity is
calculated sinusoidally according to the origin. The
velocity of the wheel:

6(t) = arctan (vmy (t),vmx(t)) — (10)
wt ,mod 2w

2.1.2. Lift system kinematics

Autonomous mobile robots with payload carrying
capability require special payload lifting mechanisms to
move payloads from one location to another. These
mechanisms can operate both manually and
automatically. In general, scissor platforms are the
preferred option, as they minimize the footprint of the
payload lifting mechanism within the mobile robot and
avoid the restriction of its mobility. These platforms are
composed of scissors fixed to each other by bearings at
the joints, and they offer a high payload capacity and
durability.

For the movement of the scissors, the shaft of a servo
motor is connected to the cylinder between two opposite
scissors. With the rotation of this shaft connected to the
servo motor, the scissor bases are shifted back and forth.
So the upper platform to which the scissors are connected
moves simultaneously on the vertical axis. In line with
this movement, the height of the platform is adjusted and
the load handling operation takes places. Figure 9 shows
mechanism of lift system.

| CE— S ]

Figure 9. Lift system

w : Distributed load

d,c: Length of AC

L : Length of the scissors

h : Platform height

Fyy and Fpy : FOrces applied by the scissors to the platform
L,,: Distance of the distributed load to the moment point

The vertical height of the scissors system to which the
upper platform is connected is h, the angle of the scissors
with the horizontal is 0 and the connections between h and
0 are shown in Equation (11-17).

s (M (dac)’ (11)
2=(3) +(3)
N A (12)
) =»-(5)
T (O] = [0 (6) + vy (O ®)
% =cosf XL (13)
2
2 14
<g) =12 — (cosf x L)? (14
2 15
<g) = 12(1 — cosf?) = L? X sinf? (19)
n (16)
sm9=% ,h=2XLXxsin0
dac a7

Instead of point forces, a distributed load is applied to the
scissors system. The applied distributed load must be
converted into a single singular force in order to substitute
it in the moment and force equations. k represents the area
of the upper platform where the distributed load is
applied, m represents the total mass of the platform and
the distributed load. W represents the total force exerted
by the upper platform and the distributed load reduced to
a singular force. This transformation is shown in Equation
18.
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W=wxlL (18)

During the movement of the scissor system, points A and
B remain stationary while points C and D move. Due to
this motion, the velocity equations of points C and D are
expressed in Equation (19-29) [19].

Velocity equations for point C:

G
d (20)
Ve=Ve+— )
c=Vet g (TE
r¢ = |CG| X cosO X i+ sinf X j (21)
G
d ao
—(Tc)= |CG| X cosf X — X i X sinf (22)
dt\ g dt
y do i
at
dG ) deo (23)
VCx —E— |CG| X sin @ XE
dG do (24)
Vey = |CG| % cos @ XE
Velocity equations for point D:
G
(26)

d
VD = VG +E(T%)

rp = |DG| X cos@ X i+ |[DG| xsin@ xj  (27)
G

G : de (28)
VDxZE—lDG|XSln9 XE

G deo (29)
Vby =7 |[DG| X cos @ X —

dt

The free body diagram of the scissors used in the lifting
system is shown in Figure 10. In this diagram, the
connection point of the scissors is called G and the
connection points between the scissors and the platform
are called A, B, C, D.

F
Cy FAy
Figure 10. Free body diagram of scissors

The clockwise direction was determined as the direction
of rotation of the moment and considered as the positive
direction for the whole equation. Then, the total moment
and the total force in the x and y axis were calculated for
the whole system. These calculations are expressed in
Equation below [19].

X Mp=0;-Wx|L,|+2X%xFg, x|DP| =0 (30)

(31)
DB =0 2Ry — W +2F5, =0
32
ZFX=O; FGX_FA.X':O ( )
(33)
ZFy=O, _FDy+FGy+FAy=O

Y M; =0; — Fpy X 2 X cos 6 — Fg,, X (34)
L xsin(90 — 6) + F;, X L X sin@
(35)
ZFxZO; FCX_FGJC:()
(36)
ZFy=O, _FBy_FGy+FCy=0

2.2. Robot Controller

Sensors and simulation environments are often used in
robots to obtain the information required for joint
handling, such as robot positions, velocities and
interaction forces between the load and mobile robots
[28]. In order to analyze the motion of the mobile robot in
real environment, the URDF file of the vehicle designed
in  Solidworks is exported to the CoppeliaSim
environment. Figure 11 shows the vehicle exported to the
CoppeliaSim environment. URDF (United Robotics
Description Format) file is a language format written in
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accordance with XML (Extensible Markup Language)
language structure to describe robots. In this file,
“continuous” is used for continuous rotation and
“revolute” is used for rotation within a certain angle
range.

Figure 11. The vehicle exported to CoppeliaSim environment

Python was used to control the parameters of the vehicle
exported to the CoppeliaSim environment. To establish a
connection between CoppeliaSim and Python language,
Spyder IDE, which has an easy and understandable
interface and can be easily integrated with CoppeliaSim,
was used. In this way, the program is made ready to
control the parameters such as velocity, direction and
angle of the joint that give the mobile robot the ability to
move.

2.3. System design

One of the challenges faced by mobile robots is the
problem of localization in an indoor environment.
Inaccurate localization can lead to inefficient path
planning and inaccurate detection of obstacle locations.
Therefore, it is possible to improve the indoor localization
of mobile robots by using different sensors. Sensors
integrated into the robot include ultrasonic, infrared and
laser sensors, as well as LIDAR, depth and stereo vision
cameras [29]. Figure 12 shows the system design.
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Figure 12. System design

Today, autonomous vehicle technologies are advancing
rapidly with the integration of Artificial Intelligence (Al)
and deep learning algorithms. These developments
require powerful processing capabilities and advanced
Al-enabled hardware. NVIDIA Jetson Nano, a platform
designed for robotic systems, was used as the main
processor board. Jetson Nano manages the processes of
collecting and processing data from various sensors in an
autonomous vehicle, generating the corresponding control
commands, and providing communication between the
vehicle and the ground station via a Wi-Fi module.
Electronic components connected to the main processor
board:

NS o)

LIDAR (Laser Imaging Detection and Ranging)
is a system that detects the position and distance
of objects by sending laser pulses and calculating
the return time of signals reflected from objects.
In autonomous vehicles, LIDAR sensors
continuously scan and map the vehicle's
surroundings [30].

Algorithms that combine camera, depth and
image data are used to efficiently perform
artificial intelligence tasks such as object
recognition, path tracking and mapping.

The weight sensor is responsible for calculating
the weight of an object by measuring the strain
on the vehicle. The data obtained from the sensor
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is used to determine whether the lift is capable of
lifting the load in question.

e Arduino Mega is a coprocessor board used to
reduce the processing intensity on the main
processor board.

Arduino is an open source physical programming
platform that realizes basic input and output applications
with peripherals using the processing/wiring language
[31].

The Arduino Mega, preferred for its large number of
input/output pins and ease of use, sends data from sensors
and electronic components to the main processor card.
The main processor provides motor control according to
the data received from the board. Electronic components
connected to the coprocessor board:

e Ultrasonic sensors are detection devices that
measure the distance of objects with sound
waves. By placing this sensor all around the
vehicle, the autonomous vehicle can detect
objects and avoid collisions by avoiding objects.
This increases the vehicle's ability to maneuver
effectively and ensures safe progress.

e IMU is an electronic unit that collects various
data such as angular velocity (gyro),
acceleration, magnetic field and inclination
(inclinometer) in a single sensor. These sensors
are needed in areas such as factories where
GNSS signals may be insufficient or interrupted
[32].

e The motors and driver boards are controlled by
Arduino Mega and used to control the motion of
DC and servo motors.

2.4. Experimental setup

In the design of AMR, the weight and dimensions of the
payload to be transported represent among the most
critical factors that directly affect the payload capacity. In
order to ensure the safe transportation of the load, it is
imperative that the maximum weight does not exceed the
capacity of the AMR. The design of the vehicle's transport
platform is informed by an understanding of the
dimensions of the load. In the process of sizing an AMR
the physical characteristics of the area in which it will
operate are taken into account. These include the width of
roads, narrow passages, and the robot's ability to navigate
these environments. Additionally, the design considers
the presence of other equipment in the operational
environment, such as safety sensors and emergency stop
mechanisms. It also ensures that there is sufficient space
for batteries and motors, preventing any potential hazards
to personnel.

The payload carrying vehicle, which was designed as an
original design unlike the current examples, is shown in
Figure 14. When designing the vehicle, it was taken as a
reference that it can go under a 50x95 cm platform and
carry a load of 125 kg. Accordingly, the weight of the
vehicle designed in 885x796x464 mm dimensions is
approximately 60 kg. According to the dimensions of the

vehicle, which is moved with the swerve driving system,
the wheel dimensions were determined as 125x40 mm.

Figure 13. Closed and open state of the scissor system

The scissor system used for load carrying in the mobile
robot is 400x360x120 mm in closed state and
400x360x323 in open state and is shown in Figure 13. In
addition, the upper platform to which the scissors are
connected can be opened to a height of 187 mm from the
upper base of the vehicle. The chassis, to which the
wheels are attached, and which carries the electronics and
the lifting system, has dimensions of 460x500%218 mm.
In designing the chassis, several considerations were
taken into account, including the ability to safely carry the
load and the lifting system, support for the body,
dimensions that fit within the body, and sufficient space
for electronic components.

Figure 14. Side view of the designed vehicle

The materials that are scheduled to be utilized in the
production of the vehicle are stainless steel and an
aluminum alloy. Stainless steel is renowned for its
exceptional corrosion and rust resistance in industrial
settings, which guarantees the AMR's durability and
dependability over an extended period. Furthermore,
stainless steel was selected for the scissors, pins, and
cylinder due to its superior strength compared to
aluminum alloys, which allows for the safe transportation
of heavy loads. Aluminum alloy was selected for the
body, chassis, wheel joints, and the upper and lower base
of the lift due to its lightweight, durable, and easily
machinable properties. The reduced weight of aluminum
alloys results in decreased energy consumption, which in
turn improves the vehicle's driving dynamics and
increases maneuverability, thereby extending battery life
[33]. The structural properties of the materials used in the
mobile vehicle are shown in Table 2.
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Table 2. Material information

Stainless Aluminum
Properties Steel Alloy Unit
Density 7750 2770 Kgm?®
Young's Modulus 193000 71000 MPa
Poisson Ratio 0.31 0.33 MPa
Shear Modulus 73664 26692 MPa
Yield Strength 207 280 MPa
Tensile Strength 586 310 MPa

The strategic selection of mesh sizes in ANSY'S analysis
is of great importance in terms of providing the
appropriate sensitivity to different regions of the analysed
structure. In this study, the smallest mesh size of 3 mm
was preferred for critical connection points with high
stress concentrations, joints of moving parts and areas
with complex geometries. More detailed analyses were
performed by using this small mesh size, especially in
areas that require precise solutions such as connection
points in the lever system and wheel connection areas.

Conversely, the largest mesh size employed in the
analysis, 6 mm, was utilised in regions where the load
density is more homogenously distributed and does not
necessitate high precision. This approach was selected in
order to optimise the solution time and reduce the
computational load. The largest mesh size was employed
for the wheel diameter, while the remaining components
were modelled with appropriate mesh sizes between these
two sizes. Consequently, different mesh sizes were
chosen according to the requirements of each region,
resulting in an optimal balance between solution time and
accuracy.

The mesh, stress, and deformation analyses of the design
were transferred to the static structural module of Ansys
for analysis. Initially, a static analysis of the mesh was
performed, which examined the real-world behavior of
the analyzed parts under load. Based on the analysis, a
determination was made regarding the suitability of the
materials used in the design.

3. RESULTS

To obtain results approximating real-world conditions
from finite element analyses conducted using Ansys, it is
essential to carefully examine the values of element
quality and skewness derived from the mesh analysis.
Element quality can be calculated as the ratio of the
volume to the sum of the squares of the edge lengths for
2D elements. In another way, for 3D elements, it is
calculated as the square root of the cube of the sum of the
squares of the side lengths. Element quality represents a
composite quality metric ranging from zero to one. When
the parameter value is ‘one’, it indicates an ideal cube or
square. When the value is zero, it has a negative volume.
[34].

For Mesh, skewness is one of the primary quality
measures.Skewness determines the proximity of a face or
cell to its ideal (equilateral or equiangular) shape. A
skewness value approaching 0 indicates that the element
closely approximates its ideal shape (e.g., equilateral
shapes for triangular or quadrilateral elements). As the

skewness value increases, the elements deviate further
from the ideal shape, potentially distorting the analysis
results. In Ansys, the skewness value is typically
measured on a scale from 0 to 1, with a recommended
maximum value of 0.95.Lower skewness values facilitate
more accurate analysis results [35].

The results of the analysis show that element quality
varies between 0.8 and 1 on average, while skewness is
between 0.1 and 0.2. Therefore, it can be concluded that
the deformation analysis, which evaluates how much a
structure or material changes shape under applied forces
and assesses its performance under real-world conditions,
and the stress analysis, which determines the internal
forces acting within a material and its ability to withstand
applied loads, yield results that are close to reality.

The results of the analyses of the body, chassis, wheel
mechanism, and lift system are listed in Table (3-6).

3.1. Body

For the outer shell of the vehicle, a body with dimensions
0f 885x670%355 mm was designed using aluminum alloy,
which is a tough material. Figure 16 shows the element
metric values of the different mesh types in the car body
mesh analysis. It can be seen that element types such as
tet10, hex20, wed15, tri3, and quad4 were used. This
indicates that a hybrid mesh structure is preferred for
representing the complex geometry of the model more
accurately.For the outer shell of the vehicle, a body with
dimensions of 885x670%355 mm was designed using
aluminum alloy, which is a tough material.

The tet10 (tetrahedral) elements used in the analysis are
typically preferred for irregular mesh structures and are
useful for solving complex geometries. However, they do
not provide the same level of accuracy as hexahedral
elements do. In contrast, hex20 (hexahedral) elements,
which occupy a large space in the model, offer a high
solution accuracy and computational efficiency in regular
mesh structures. Additionally, wed15 (wedge) elements
are used in areas close to the surfaces of the model; these
elements are beneficial in regions where triangular-based
prismatic structures must align with complex surfaces.
The surface elements in the model are represented by tri3
and quad4 elements. tri3 (triangular) elements are
preferred for more complex surfaces and irregular areas,
while quad4 (quadrilateral) elements are used to convert
regular surfaces into a more homogeneous mesh structure
[36-37].

In conclusion, the hybrid mesh structure was optimized
according to the geometric characteristics by combining
both regular and irregular elements. This strategy
enhances the solution accuracy while balancing
computational costs. In particular, the combined use of
hex20 and tetl0 elements allows for a denser mesh
structure in critical areas, thereby increasing the reliability
of the analysis results. The 3D model in Figure 15
illustrates the distribution of these elements over the
model, showing the homogeneity of the mesh structure,
both on the surface and within the internal structure.
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Figure 15. Body mesh analysis

Figure 16 and the data presented in Table 3 were used to
evaluate the quality of the mesh structure used in the
vehicle body design and the geometric accuracy of its
elements. The graph examines various quality metrics of
the elements with two particularly significant metrics:
element quality and skewness values.

The element quality is a critical factor in determining the
analytical accuracy of mesh structures. The average
element quality value is 0.78, which is considered
acceptable, although the ideal value is closer to 1. A value
of 0.78 indicates that most elements possess sufficient
quality; however, some elements may exhibit reduced
quality. The maximum element quality value is 1,
indicating that some elements are of excellent quality,
while the minimum quality value of 0.0295 suggests that
certain elements have very low quality. Nonetheless, the
presence of such low-quality elements in the non-load-
bearing sections of the body is unlikely to significantly
affect the overall accuracy of the results.

The skewness metric reflects the distortion in the shape of
the elements. A low skewness value indicates a better
element geometry. The maximum skewness value is 0.99,
suggesting that some elements are nearly deformed. Such
high skewness values can lead to erroneous deformation
and stress analysis. The average skewness value of 0.3 is
generally acceptable; however, caution may be necessary
in regions where elements exhibit high skewness. The
minimum skewness value of 1.3x107!'° is nearly zero,
indicating that some elements have a very regular shape.
Owing to the complex structure of the body, 1,463,049
elements and 2,798,461 nodes were utilized. This large
number of elements signifies a detailed analysis and
appropriate representation of the intricate geometry of the
body.

These data suggest that, overall, the body mesh structure
is sufficient, although improvements could be made in
terms of element quality and skewness in certain areas. In
particular, during the deformation and stress analyses,
elements with high skewness may result in erroneous
outcomes. However, considering that these areas do not

bear loads, their effect on the overall analysis results is

expected to be minimal.

Table 3. Body mesh analysis results

400.00 {mm)
)

Number of Number of Element Skewness
Elements Nodes Quality
Max: 1 Max: 0.99
1463049 2798461 Avg: 0.78 Avg: 0.3
Min: 0.0295 Min:1.3x10%°

The effects of the forces on the vehicle's body are
evaluated through deformation analyses, as shown in
Figure 16, while the stress analyses are presented in
Figure 17. The deformation analysis illustrates the
deformations that occur under an applied force of 325 N
on the body. This analysis is critical for understanding the
mechanical stability and durability of the body.

According to the analysis results, the deformation ranged
from 0 to 0.55 mm. This is considered a very small
deformation range. Given the dimensions of the vehicle
body, this amount of deformation can be deemed
insignificant. Considering that the body is not a primary
load-bearing component and that a durable material such
as aluminum alloy is used, it can be stated that this
deformation does not pose a safety concern.

In conclusion, the body exhibits good resistance to the
applied forces, and the resulting deformation is not
significant enough to affect the structural integrity of the
vehicle. This indicates that the body was designed safely,
with minimal deformation occurring in sections that did
not carry loads.
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Figure 16. Vehicle body deformation analysis

The stress analysis illustrates the stresses occurring in
various regions of the body under the same applied force
of 325 N. The stress values range from 0 to 33.6 MPa.
Considering the force applied on the body and the
mechanical properties of the material, these stress levels
are also quite low. Given the mechanical properties of
aluminum alloy, these stress levels remain well below the
yield limits of the material.

In other words, according to the stress analysis results, the
body remained within a safe operating range under the
applied forces. No excessive stress occurs in any part of
the body, indicating that the design of the body possesses
adequate durability against forces and pressures.
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Figure 17. Vehicle body tension analysis

In other words, according to the stress analysis results, the
body remained within a safe operating range under the

Nuswtar of Dements

.___._LI_ALL-I
e, 4 £ = I'kn;:;lhlrhiv-u &

Figure 18. Chassis mesh analysis

applied forces. No excessive stress occurs in any part of
the body, indicating that the design of the body possesses
adequate durability against forces and pressures. Both
analyses are critical simulations that examine the
mechanical properties of the body. The deformation
analysis in Figure 16 demonstrates that the body deforms
minimally under applied forces. However, the stress
analysis in Figure 17 shows that the stresses occurring in
different regions of the body remain within a safe range.
These results indicate that the design of the vehicle and
the materials used are safe against forces and loads and
are unlikely to cause issues in the long term.

3.2. Chassis

The chassis has dimensions of 460x500x218 mm and is
generally rectangular. Therefore, the chassis, which
carries the entire weight and load of the system, is one of
the most critical components for autonomous vehicles.
Accordingly, the chassis is designed using aluminum
alloy, which is both lightweight and durable. The main
reason for this is that aluminum increases the carrying
capacity while simultaneously reducing the overall weight
of the vehicle. In addition, aluminum alloys offer high
strength and corrosion resistance, creating long-lasting
and durable structures. This is especially critical for
autonomous mobile vehicles that operate under harsh
environmental conditions.

The mesh structure used in the analysis of the chassis was
determined based on the complexity of the geometry and
the accuracy of the analysis. Despite the rectangular
structure of the chassis, a more flexible and adaptive mesh
structure is required in some curved regions and corners.
Therefore, the mesh structure shown in Figure 18 was
obtained using tetrahedral (tet10) and hexahedral (hex20)
elements together for the mesh element, and mesh
analysis of this structure was performed. Tetrahedral
elements were used in the geometrically complex and
angular regions to capture fine details and model complex
areas more precisely. On the other hand, hexahedral
elements have a more regular structure, especially when
used on flat surfaces and rectangular structures, and are
preferred on wider and flatter surfaces. The choice of
these mesh elements reduced the analysis time and at the
same time increased the accuracy of the chassis analysis.
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The results of the mesh analysis for the chassis are
presented in Table 4. According to this table, the chassis
contains 43760 elements and 210717 nodes in total. The
large number of elements allows the geometry to be
modeled in detail and allows better determination of the
stress and deformation values at different points of the
structure. This is of great importance in the analysis of
critical load-bearing structures such as chassis. The
maximum element quality calculated in the analysis is 1,
and the average quality is 0.89, indicating that the mesh
structure is of very high quality. A high element quality
improves the accuracy of the analysis results, allowing the
stress distributions on the structure to be accurately
calculated. On the other hand, skewness, which is another
important parameter that evaluates the deformation of the
mesh elements, was found to have a maximum value of
0.93 and an average skewness value of 0.1. A low
skewness value indicates that the shape of the elements is
close to their ideal geometry; thus, the analysis results are
reliable.

Table 4. Chassis mesh analysis results

Number  of | Number of | Element Skewness
Elements Nodes Quality

Max: 1 Max: 0.93
43760 210717 Avg: 0.89 Avg: 0.1

Min: 0.0527 Min: 1.3x10%°

The reference force of 1300 N applied to the chassis was
calculated according to the lifting capacity of the vehicle
and the maximum load it can carry. This force was applied
to the chassis, and its durability and deformation capacity
were tested. The deformation and stress analyses of the
chassis are presented in Figures 19 and 20, respectively.
As a result of the analysis, the total deformation values
vary between 0 and 0.1878 mm. This deformation range
shows that the chassis undergoes minimal deformation
under load and, therefore, has sufficient structural
strength. In addition, the stress values on the chassis were
found between 2.71x10-6 MPa and 35.84 MPa. These
values indicate that the material is within the safe
operating range by maintaining its elastic limits.

Figure 19. Chassis deformation analysis

Based on the mesh and stress analyses, it is concluded that
the chassis design is adequate in terms of both mesh
quality and load-carrying capacity. A high-quality mesh
structure and low skewness values indicate that the
chassis provides reliable analysis results. Considering the
stress and deformation results on the chassis, it is
concluded that the design is suitable for the production
phase.

79636

3906
270786 Min

0 15000 00,00 (mem)
— — )
5.0 2500

Figure 20. Chassis tension analysis
3.3. Wheel Mechanism

A 125%x40 mm drive wheel made of polyurethane material
was used in an autonomous mobile vehicle with a Swerve
driving system. The polyurethane material wheel, which
was selected considering that the autonomous mobile
vehicle will be operated in a factory environment, can be
under load up to 250 kg; therefore, the wheels were
selected as fixed points when performing deformation and
stress analysis. The mesh analysis of the aluminum alloy
apparatus, which is utilized for the attachment point to the
vehicle and the connection of the motors, which are
integral to the driving system, to the wheel (the most
crucial component), is shown in Figure 21. To enhance
the quality of mesh analysis, appropriate element types
were selected for the components in question. Cartesian
mesh analysis was employed for the rectangular and
square parts, whereas the sweep method was used for the
cylindrical regions. Additionally, body sizing and face
sizing were applied to the remaining parts. Once the
requisite mesh types were selected, enhancements were
made to the analysis by determining the mesh size
according to the overall characteristics of the part.
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Figure 21. Wheel system mesh analysis

A: Static Structural
Total Deformation

Type: Total Deformation
Unit: mm

Upon examination of the mesh analysis results for the
wheel system illustrated in Table 5, it becomes evident
that the skewness and element quality values are
calculated using 73,864 nodes and 25,743 elements
following the implementation of the aforementioned
improvements. Based on these calculations, the maximum owsisss
skewness value is 0.92 and the average element quality .
value is 0.87. Because the values obtained were within the

desired range, it is concluded that the mesh analysis is

sufficient.

Time: 15

6052024 00:11
0041372 Max
0036776
0032179
0027582
0,022985
0016388
0013791

0,00 50,00 100,00 (mm)
— — )
25,00 75,00

Table 5. Wheel system mesh analysis results Figure 22. Wheel system deformation analysis

Mechanical analysis of the wheel mechanism was
conducted under the assumption that the total weight of
the vehicle with the maximum load (1800 N) would be
borne by the wheels in the absence of friction.

The deformation and stress analyses of the wheel module
as a function of the applied force are shown in Figures 22
and 23, respectively. As a result of these analyses, it can
be seen that the total deformation value is between 0 and
0.04 mm, while the stress values are between 3.44x10-6
MPa and 75.37 MPa. Considering these results, it is
observed that the wheel module is sufficiently durable to
fulfill the desired task.

Number of Number of Element Skewness e
Elements Nodes Quality éﬁ;-é%:mmwm-m)sm
Max: 1 Max: 0.92 60520240013
25743 73864 Avg: 0.87 Avg: 0.19 B3
Min: 0.19 Min: 1.3x10° Pt

50,248
4,074
33,499
25,124
16,749
83747
3,4462¢-6 Min

100,00 (mm)

Figure 23. Wheel system stress analysis
3.4. Lift System

The wvehicle's lifting system had dimensions of
400x360%323 mm. The upper and lower bases were
constructed from aluminum alloys owing to their light
weights. The scissors, cylinder, and pins were
manufactured from stainless steel, owing to their
durability. Analyses were conducted to assess whether
these materials would also demonstrate the desired
performance in practice. The results of the analysis are in
accordance with the expected outcomes based on the
calculations performed using the kinematic equations.
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Figure 24. Lift system mesh analysis

Figure 25 illustrates the table of the mesh analysis for the
element types, while Table 6 presents the results. As
observed in Figure 24, tetl0, hex20, and wedl5 were
utilized in the mesh analysis. As indicated in Table 6,
there are 83944 elements and 381605 nodes. The average
element quality value obtained from the table is 0.89,
which indicates that the geometry is of a high quality and
that the analysis can be conducted with confidence. The
simplicity of the shape has resulted in the average
skewness value coming out low at 0.098644. This
indicates that the system is relatively balanced.

Table 6. Lift system mesh analysis results

Number of Number of Element Skewness
Elements Nodes Quality
Max: 1 Max: 0.99
83944 381605 Avg: 0.89 Avg: 0.0986
Min: 0.23 Min: 1.3x10%°

Figure 25 presents the results of the deformation analysis.
The results indicate that the system is at a minimum
deformation level, demonstrating high resistance to
deformation. The maximum and minimum deformation
values obtained are 0.65 mm and 0 mm. Figure 26
displays the stress analysis results against a 1250 N force
applied to the system. The results indicate a maximum
value of 58.76 MPa and a minimum value of 1.14x1010
MPa. The choice of materials aluminum alloy and
stainless steel confirms the system's outstanding
resistance to stress and its capability to comfortably
withstand loads up to 127.2 kg. Based on the analyses
conducted, it can be concluded that the lift system
designed is suitable for operational use.
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Figure 25. Lift system deformation analysis
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Figure 26. Lift system tension analysis
4. DISCUSSION AND CONCLUSION

This study focuses on the design, kinematic analysis, and
mechanical durability of an autonomous mobile robot
equipped with a scissor lift mechanism and a swerve drive
system. The necessary electronic components for the
vehicle's mobility and structural integrity have been
identified, and kinematic formulas have been derived
through theoretical calculations. The analyses conducted
have confirmed that the vehicle can lift loads of the
desired weight.

FEA was conducted utilizing Ansys to investigate the
stress and deformation distributions of the vehicle under
various loads, evaluating the vehicle's structural integrity
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in simulated real-world conditions. A maximum
deformation of 0.55 mm and a stress of 33.6 MPa were
observed under a force of 325 N applied to the body. The
chassis exhibited a maximum deformation of 0.1878 mm
and a stress of 35.84 MPa under a load of 1300 N. The
wheel mechanism demonstrated the capacity to support
loads with a deformation of 0.04 mm and a stress of 75.37
MPa under a force of 1800 N. The lifting mechanism was
analyzed with a force of 1250 N, resulting in a
deformation of 0.65 mm and a stress of 58.76 MPa.

The analyses indicated that the vehicle, constructed of
aluminum alloy and stainless steel, possesses the capacity
to bear loads of up to 1250 N without significant
deformation or stress. The quality of the mesh, skewness
values, and element types (tet10, hex20 etc.) contributed
to the accuracy and reliability of the analyses.

This study focuses on the avoidance system of the mobile
robot, neglecting significant factors such as the control of
the lever system and frictional forces. However, in
practical applications, these omitted factors can
substantially impact the vehicle's performance. Notably,
temperature variations are critical to the long-term
durability of the design. Thermal expansion at elevated
temperatures or contraction at low temperatures can result
in deformation and loss of precision in mechanical
systems. Furthermore, particulate matter, prevalent in
industrial environments, can increase frictional forces on
wheel steering mechanisms, potentially leading to
obstructions or wear. This may affect steering accuracy,
particularly in independent wheel control systems.
Additionally, while static load tests verify instantaneous
structural durability, it is essential to consider that the
vehicle will be subject to fatigue and wear effects during
prolonged use. Repetitive loads can cause mechanical
components to deteriorate over time, increasing the risk of
failure. Moreover, the vibrations and sudden impacts that
the mobile robot will experience in industrial applications
can also negatively affect structural integrity. Considering
these factors, it is evident that the elements disregarded in
the design process can adversely impact the long-term
performance and durability of the robot. Therefore, a
more comprehensive analysis and testing against dynamic
loads in conjunction with environmental factors could be
conducted to obtain results more representative of real-
world conditions.

Future research will encompass a more comprehensive
analysis that incorporates the simulation of the lift system,
as well as the effects of dynamic loads, friction, and
dynamic behavior under varying operational conditions.
Dynamic analysis—time-dependent assessments—will
be conducted following the static analysis, as such
analyses are more complex and time-consuming.
However, they are essential for evaluating the system's
performance under real-time external forces and changing
speeds, ensuring reliable operation in real-world
scenarios. Additionally, the development of path planning
algorithms that enable the robot to navigate safely by
sensing its environment is proposed. The application of
deep learning methods and camera-based image
processing techniques for object recognition will also be

considered. Furthermore, techniques for effective
mapping will be explored, enabling the robot to create a
map of its environment and utilize it efficiently. Research
will be conducted on SLAM (Simultaneous Localization
and Mapping) algorithms, which allow robots to
determine their positions while mapping unknown
environments. The Gazebo simulation environment has
been selected for these studies. The preference for Gazebo
over CoppeliaSim is attributed to Gazebo's broader
resources and the availability of numerous ready-made
packages that can integrate seamlessly with ROS (Robot
Operating System). This will facilitate more efficient and
straightforward execution of tasks such as mapping,
image processing, and simulation integration.
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Abstract: In this study, the reactions of hexachlorocyclotriphosphazatriene, N3PsClg (1) with
bulky phenols (2a and 2b) have been reported. For this purpose, two different phenols [2,4-di-
methyl-phenol (2a) and 3,4-di-methyl-phenol (2b)] were selected. Reactions were carried out
preparing sodium salts of phenols in tetrahydrofuran (THF) solvent at a 1:1 molar ratio and
under argon atmosphere. Two new mono phenoxy-substituted phosphazene compounds
[(N3PsClsOCsH3-Me-2,4 (3) and N3PsClsOCgHs-Me-3,4 (4)] were separated and purified from
the reaction mixtures using thin layer and column chromatography techniques. The molecular
structures of new compounds were characterized by *H, °C, 3P NMR spectroscopy and
elemental analyses.

Bulky phenols are widely used as antioxidant. Therefore, it can be expected that the new
compounds obtained may show antioxidant activity. Moreover, since the obtained hew mono
phenoxy-phosphazene derivatives contain five P-Cl bonds, these compounds have potential
use in the preparation of new small organocyclophosphazene derivatives.
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Oz: Bu calismada hacimli fenoller ile hekzaklorosiklotrifosfazatrienin reaksiyonlari rapor
edildi. Bu amag i¢in, iki degisik fenol [2,4-di-metil-fenol (2a) ve 3,4-di-metil-fenol (2b) ]
secildi. Reaksiyonlar argon atmosferi altinda 1:1 mol oraninda tetrahidrofuran (THF)
¢coziiciisii iginde fenollerin sodyum tuzlar1 hazirlanarak gergeklestirildi. Tki yeni mono fenoksi-
slibstitiie fosfazen bilesigi [N3P3ClsOCeH3z-Me-2, 4 (3) and N3P3ClsOCgsHs-Me-3, 4 (4)] ince
tabaka ve kolon kromatografisi teknikleri kullanilarak reaksiyon karigimlarindan ayrildi ve
saflastirildi. Yeni bilesiklerin molekiiler yapilar1 *H, 3C, 3'P NMR spektoskopisi ve elemental
analiz yontemleri ile karakterize edildi.

Hacimli fenoller antioksidan olarak yaygin bir sekilde kullanilmaktadir. Bu nedenle elde
edilen yeni bilesiklerin antioksidan aktivite gdstermesi beklenebilir. Ayrica elde edilen yeni
mono fenoksi-fosfazen tiirevleri bes tane P-Cl bag: icerdiginden bu bilesikler yeni kiigiik
organosiklofosfazen tiirevlerinin hazirlanmasinda potansiyel kullanima sahiptir.

1. INTRODUCTION

One of the most studied and best known heterocyclic

compounds are

popular compound in the cyclophosphazene series, and
its reactions have been investigated in great detail [5-10].
The  physical and chemical  properties  of
cyclotriphosphazene derivatives, depending on of the

cyclophosphazenes [1-4].

Hexachlorocyclotriphosphazene [N3PsCls, trimer (1)] is
a very important compound due to used in synthesis of
most halophosphazenes. This compound in the most

substituted groups. These derivatives are used in the
preparation of functional materials in many fields
(science, technology, medical) as antimicrobial,
anticancer, antifungal, antibacterial, antitumor, liquid
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crystals, organic light emitting diodes (OLEDs), flame
retardant properties, electrical conductivity, fluorescent
chemosensors [11-28].

A large number of reactions of phenols with
hexachlorocyclotriphosphazatriene,[NsP3Cls, (1)] have
been investigated [29-31]. Phenoxy derivatives of
compound (1) are potentially used in the preparation of
many organophosphazene derivatives. These derivatives
found variety of applications in science and technology
including, nonlinear optical properties, thermal and
electrochemical properties, flame retardant, thermal
stability [32-35].

In this study, the bulky phenols have been selected as a
nucleophile. Bulky phenols are widely used as
antioxidants. Because bulky phenols are interested in
preparation of stable phenoxyl radicals and biologically
active compounds such steric factors of substituents also
play a major role in determining the biological activity
and effective antioxidant activity of these kind of
chemicals via inhibiting lipid peroxidation and lowering
the oxidative stress of the organism [36-37].

We have previously reported the reactions of N3PsClg
with 2, 6-di-tert-butylphenoxide, 2, 6-di-tert-butyl-4-
methylphenoxide, 2, 4, 6-tri-tert-butylphenoxide, 2, 4, 6-
tri-methyl-phenoxide and N4P4Clg with 2,6-di-tert-butyl-
4-methylphenoxide [38-42].

In the present work have been reported the reactions of
N3P3sClg with the sodium salts of 2, 4-di-methyl-phenol,
3, 4-di-methyl-phenol. Two new mono- (2,4-di-methyl-
and 3,4-di-methyl-) phenoxy-substituted phosphazene
compounds were obtained as major products. The
structures of these obtained compounds were determined
by elemental analysis, 'H, ¥C and 3P NMR
spectroscopy techniques.

2. MATERIAL AND METHOD
2.1. Experimental

Synthetic steps were carried out under an inert
atmosphere by using standard schlenk techniques.
Hexachlorocyclotriphosphazatriene, [NsPsCls], (1), was
provided by Aldrich and purified recrystallization from
n-hexane. 2,4-Di-methyl-phenol and 3,4-di-methyl-
phenol (Aldrich Chemical Co. Ltd.) were used as
supplied. The tetrahydrofuran (THF) used as solvent was
distilled under argon from sodium benzophenone prior to
use. Reactions were observed by using silica gel 60 Fzs4
pre-coated Thin Layer Chromatography (TLC) plates
(Merck, Kieselgel 60, 0.25 mm thickness) and the
separating conditions were determined. The separation
of compounds 3 and 4 was achieved by column
chromatography using silica gel (Merck, Kieselgel 60,

230-400 mesh, for 3 g crude product, 100 g silica gel in
a column, of 3 cm in diameter and 60 cm in lenght ).

The structures of 3 and 4 were determined by elemental
analyses, 'H, 3C, 3P NMR spectroscopy and purity of
the new compounds was checked by TLC. Microanalysis
were carried out with a LECO 932 CHNS-O apparatus.
Melting points were measured in open capillary tubes
with an Elektrothermal-9100 melting point apparatus and
were uncorrected.

'H (300.13 MHz), ¥C (75.47 MHz), and %P (121.49
MHz) spectra were recorded in CDCIs solutions a
BRUKER 300 MHz spectrometer using 85% H3POa as
an external reference for 3P and TMS as internal
reference for 'H NMR. All data were recorded for
solutions in CDCls. The H- and ¥C-NMR chemical
shifts were measured using SiMes (8=0) as an internal
standard, and the 3P chemical shifts were measured
using 85% H3PO, as an external standard.

2.1.1. Synthesis of 2-(2,4-di-methylphenoxy)-2,4,4,6,6-
pentachlorocyclo-22°, 415, 6A°-triphosphazatriene (3)

General method for the preparation, of phenoxy
substituted phosphazenes derivatives 3 and 4 (Figure 1.).

To a solution of the respective phenol (1.05 g; 8.62
mmol) in THF (15 mL) at 20 °C during 0.5 h, metallic
Na (0.99 g; 43 mmol) were added under argon
atmosphere. The excess of Na was removed by filtration
and the solution of the sodium phenoxide was cooled
and then frozen with a liquid nitrogen-acetone mixture.
To this mixture N3PsClg (1) (3 g; 8.62 mmol) in 10 mL
of THF was added and the resulting mixture was stirred
to come to an ambient temperature. The mixture was
stirred 48 hour at room temperature, after the
precipitated salt (NaCl) was filtered and the solvent was
removed with rotary  evaporator. Column
chromatography was applied to the remaining white
solid. The reaction mixture was chromatographed on
silica gel: 100 g [eluent: acetone : n- hexane 1:3 (for 3);
dichloromethane : n- hexane 1:10 (for 4)].

2-(2, 4-di-methylphenoxy)-2,4,4,6,6-pentachlorocyclo-
225, 415, 6)5-triphosphazatriene (3)

Viscous oil; Yield: 0.856 g (23 %). Found: C, 22.60; H,
2.36; N, 9.23 % Calcd for N3P3sClsCg HoO (433.5 g/mol)
: C, 22.16; H, 2.07; N, 9.69 %. NMR (CDCls): 'H, § 2.12
(s, 3H, CHgs-ortho), 2.33 (s, 3H, CHgs-para), 7.00-7.28
(m, 3H, Ar-H) (Figure 3.); C, § 16.55 (s, 1C, CHs-
ortho), 20.82 (s, 1C, CHs-para), 120.63; (s, C(6),
phenyl), 127.68; (s, C(2), phenyl), 129.91; (s, C(5),
phenyl), 132.38; (s, C(4), phenyl), 136.28; (s, C(3),
phenyl), 146.24 (s, 1C, C-ipso) (Figure 4.); 5P, AB;
pattern, 5a=12.43, 6g=22.53, 2Jag =59.9 Hz. (Figure 2.).
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Figure 3. *H NMR spectra of compound (3)
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Figure 4. *C NMR spectra of compound (3)

2-(3, 4-di-methylphenoxy)-2,4,4,6,6-pentachlorocyclo-
235, 435, 6)5-triphosphazatriene (4)

Viscous oil; Yield: 0,969 g (26 %). Found: C, 22.72; H,
2.54; N, 9.33 % Calcd for

N3P3ClsCs HoO (433.5 g/mol) : C, 22.16; H, 2.07; N,
9.69 %. NMR (CDCls): H, § 2.25 (s, 3H, CHs-para),
2.28 (s, 3H, CHz-meta), 6.92-7.28 (m, 3H, Ar-H); 13C, ¢
19.21 (s, 1C, CHs-meta), 19.89 (s, 1C, CHgs-para),
118.14 (s, C(6), phenyl), 118.21 (s, C(2), phenyl) ,
122.18 (s, C(5), phenyl) , 134.44 (s, C(4), phenyl) ,
138,27 (s, C(3), phenyl), 147.87 (s, 1C, C-ipso); 3P, AB;
pattern, da= 12.46, dg = 22.43, 2Jas = 59.9 Hz.

3. RESULTS

The reacions of 1 with an equimolar amount of 2a and
2b in THF gave the mono-substituted products 3 and 4.
New compounds were isolated as a highly viscous oil
from the reaction mixtures by column chromatography.
The structures of compounds 3 and 4 were identified by
using elemental analyses; 'H-, 3C-, and 3'P- NMR
spectroscopy. The elemental analyses and NMR results
are consisted with the predicted structures as explained
in the experimental section. The results of elemental
analyses of compounds 3 and 4 showed that one chlorine
atoms in phosphazene was replaced by an phenol
reactive.

'H NMR spectra of compounds 3 and 4 are relatively
simple, but informative. The methyl protons resonate at o
=2.12 (s, 3H, CHs-para) and 2.33 (s, 3H, CHs-ortho) (in
a 1:1 ratio), 7.00-7.28 (m, 3H, Ar-H) for 3. For 4, the
protons of methyl group at the meta position and methyl
group at the para position gave singlets at 6 =2.25 (s, 3H,
CHgs-para) and 2.28 (s, 3H, CHs-ortho) (in a 1:1 ratio),
6.92-7.28 (m, 3H, Ar-H) respectively. The *C NMR
signals for 3, (CHs-orto), (CHs-para), (C(6)-phenyl,
C(2)-phenyl, C(5)-phenyl, C(4)-phenyl, C(3)-phenyl and
C-ipso are observed at 16.55, 20.82, 120.63, 127.68,
129.91, 132.38, 136.28, and 146.24 respectively.

— — -
80 60 40 20

ppm

The 3C NMR signals for 4, (CHs-meta), (CHs-para),
(C(6)-phenyl, C(2)-phenyl, C(5)-phenyl, C(4)-phenyl,
C(3)-phenyl and C-ipso are observed at 19.21, 19.89,
118.14, 118.21, 122.18, 134.44, 138.27, and 147.87
respectively.

The 3P NMR spectra of the compounds 3 and 4 showed
an AB; type spin system because of two differernt
phosphorus environments within the molecules. The
proton-decoupled 3P NMR spectral data of compounds
3 and 4 were very similar. Chemical shifts were 6
PCI(OPh) = 12.43, § PCl,= 22.53 in 3, & PCI(OPh) =
12.46, 5 PCl,= 22.43 in 4. Two bond-coupling constants
2)op of compounds are the same. This value is 59.9 Hz.
All these data are in good agreement with the literature
values [43-46].

4. DISCUSSION AND CONCLUSION

In this study, reactions of
hexachlorocyclotriphosphazatriene (1) with  bulky
phenols were investigated. The reaction of 1 with an
equimolar amount of sodium salts of 2a-b in THF gave
the monosubstituted products (3 and 4). Products were
isolated by column chromatography.

The structures of two mono-phenoxy-substituted
phosphazene derivative compounds (3 and 4) are
described by 'H, ®C, 3P NMR spectroscopy, and
elemental analyses.

The compounds prepared are important. Because bulky
phenols have effective antioxidant properties. Therefore,
the antioxidant effect of these compounds (3 and 4) can
be examined in the future.

Additionally, since these compounds contain five P-ClI
bonds, they can be used in the synthesis of new
phosphazene derivative compounds by interacting with
different nucleophiles.
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Abstract: This study, conducted at a secondary school in the cold winter-hot summer climate
type of Bingol, Turkey, measured temperature, air velocity, and relative humidity, while
collecting satisfaction surveys. The findings indicate that while winter indoor temperatures
generally remain within comfort ranges, some classrooms have indoor radiation temperatures
below 17°C. In summer, indoor temperatures often exceed the 26 °C comfort threshold, reaching
30-35°C in August. Air velocity assessments reveal that speeds above 0.4 m/s in summer
provide relief from high temperatures, while speeds below 0.2 m/s in winter are adequate.
Children show greater sensitivity to high temperatures than adults, adapting by adjusting
windows or clothing. The PMV/PPD model inaccurately predicts students' thermal sensations,
showing higher dissatisfaction rates in summer (40.4%) compared to winter (6.8%). The study
emphasizes the importance of both natural and mechanical ventilation, advocating for natural
ventilation due to its energy efficiency and health benefits. The findings suggest that optimizing
thermal conditions through sustainable design practices can significantly enhance health,
comfort, and learning outcomes in educational settings.

Egitim Binalarinda Termal Konfor Kosullarinin Degerlendirilmesi ve Tyilestirilmesi: Bir

Ortaokul Ornegi

Anahtar
Kelimeler

I¢ mekan konforu,
Is1l konfor,

Okul yapilari,
Ogrenci
memnuniyeti,
Saha c¢alismasi,
PMV/PPD

Oz: Bu galisma, Bingol, Tiirkiye'deki soguk kis-sicak yaz iklim tipinde bulunan bir ortaokulda
gerceklestirilmistir. Calismada sicaklik, hava hizi ve bagil nem Ol¢limleri yapilirken,
memnuniyet anketleri de toplanmistir. Bulgular, kig aylarinda i¢ mekan sicakliklarinin
genellikle konfor araliklarinda kaldigini, ancak bazi siniflarda i¢ mekan radyasyon
sicakliklarinin  17°C'nin  altinda oldugunu gostermektedir. Yaz aylarinda ise i¢c mekan
sicakliklart genellikle 26°C konfor esigini asarak, agustos ayinda 30-35°C'ye ulagmaktadir.
Hava hiz1 degerlendirmeleri, yaz aylarinda 0.4 m/s'nin tizerindeki hizlarmn yiiksek sicakliklardan
rahatlama sagladigini, kis aylarinda ise 0.2 m/s'nin altindaki hizlarin yeterli oldugunu ortaya
koymaktadir. Cocuklar, yiiksek sicakliklara karsi yetiskinlere gore daha duyarlidir ve pencere
agma veya giyimlerini ayarlama yoluyla uyum saglamaktadirlar. PMV/PPD modeli,
ogrencilerin termal hislerini dogru bir sekilde tahmin edememekte ve yaz aylarinda (%40.4) kis
aylarma gore (%6.8) daha yliksek memnuniyetsizlik oranlar1 gostermektedir. Caligma, dogal ve
mekanik havalandirmanin 6nemini vurgulamakta ve enerji verimliligi ve saglik yararlar
nedeniyle dogal havalandirmay:1 desteklemektedir. Bulgular, siirdiiriilebilir tasarim
uygulamalariyla termal kosullarin optimize edilmesinin egitim ortamlarinda saglik, konfor ve
o0grenme sonuglarini 6nemli 6l¢iide iyilestirebilecegini gdstermektedir.
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1. INTRODUCTION

The educational environment plays a significant role in
influencing students' academic success. Students'
awareness of this environment is crucial for learning
efficiency and the comfort conditions of the learning area
[1-5]. During the school period, students typically spend
approximately one-third of their days inside school
buildings [6,7]. The comfort conditions of the
environment have a direct impact on users' physiological
and psychological well-being, which in turn affects their
performance of activities [8,9]. Unfavourable comfort
conditions in schools, including high temperatures,
excessive noise, inadequate lighting, student density, and
inadequate equipment for age groups, can negatively
affect students' academic performance and cause health
problems. Additionally, poor thermal comfort conditions
in classrooms can lead to increased energy consumption
[10]. The first scientific studies on the effects of thermal
comfort conditions in classrooms on students'
performance began in the mid-1950s. In recent years,
there has been a resurgence of interest in thermal comfort
theory, leading to renewed efforts to characterise the
thermal environment in a way that is both objective
(through measurement) and subjective (through the
opinions of users).

In order to achieve optimal comfort conditions, it is
essential to consider the individual user's behaviour and
spontaneous adaptation to the surrounding environment
[11,12]. Further investigation into the relationship
between performance and environmental conditions could
lead to improvements in comfort levels [13]. A number of
studies have demonstrated that the comfort conditions
experienced in different types of buildings and climates
can vary considerably [14-17]. Consequently, research
conducted in different climatic regions is of great
importance in terms of comparison and evaluation. Recent
studies have revealed that children's metabolic rates,
clothing and behaviour differ from adults, and this also
creates differences in their feelings of thermal comfort
[18-20]. Data on children's thermal comfort are not
determined in the standards. Consequently, Yun et al. and
Teli et al. have conducted several studies, including those
by Teli et al. [19] and Yun et al. [21], which have
employed adult PMV models to compare the thermal
comfort of children with that of adults. Ter Mors [22]
found that the PMV-PPD method underestimated
children's thermal sensation by up to 1.5 points in three
free-running primary schools in the Netherlands,
highlighting children's greater sensitivity to high
temperatures and distinct thermal comfort characteristics
compared to adults [22]. Furthermore, a study conducted
in classrooms in different climates demonstrated that
children feel more comfortable at lower temperatures than
adults. Yang et al. [23] observed that studies focusing on
primary schools where children are located are limited in
the literature.

Although recent studies have investigated the thermal
comfort and sensations experienced by schoolchildren in
cold climate regions [14], it is evident that further research
is required in order to achieve more accurate findings. In

this study, indoor temperature, relative humidity, air
velocity, predicted percentage of dissatisfied (PPD), and
the sensation scale for the predicted mean vote (PMV)
were examined using both subjective and objective
measurements. The study commenced with a
comprehensive literature review, during which the scope
of the study was delineated. Subsequently, measurements
were conducted at the selected school, which is a public
institution that caters to students from low- and middle-
income backgrounds. The study observed the adaptation
of students in the 11-14 age group to indoor thermal
environments in naturally ventilated classrooms. The
primary objective of the field study is to examine students'
feelings and preferences during cooling and heating
periods in classrooms within a school building, with the
specific aim of determining existing thermal comfort
levels to create an environment conducive to studying and
intellectual development. The specific aims are to:

o Determine the existing thermal comfort levels
for each of the places studied in order to provide
a suitable environment for studying and the
development of intellectual activities.

e Investigate differences in students' subjective
votes regarding the preferred temperature for
their best academic performance, taking into
account their local context and climatic situation.

The study structure is presented in Figure 1.

Results and

Identification Methods Analysis .
Discussion

Data management and

Thermal comfort analysis

w0ISN[0)

Collection of data

Determinal
and PPD se;
for Bingd!

Figure 1. The structure of the study
1.1. Previous Studies

It can be observed that personal factors exert a significant
influence on indoor comfort, to a degree that is
comparable to that of environmental factors [24]. While
environmental factors are defined as indoor air
temperature, relative humidity, air velocity and average
radiation temperature, personal factors are divided into
the individual's clothing thermal resistance and activity
level. The Predicted Mean Vote (PMV) thermal sensation
index, developed by Fanger [25], is used to express
whether an environment is perceived as thermally
comfortable by a large group of people. The Predicted
Percentage of Dissatisfaction (PPD) index is a metric
developed based on the PMV index and used to estimate
the percentage of users who are dissatisfied with thermal
comfort conditions [26]. The PMV-PPD and adaptive
models have been widely used by researchers [27].

The estimation of the PMV and PPD degree in the
environment to which standard people are exposed is
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investigated on a scale in line with the model created by
Fanger and enables the determination of acceptable
thermal environmental conditions. In an environment
with a high number of people; With the help of this scale,
environmental conditions are estimated with the response
levels of users in the range of £3 (warm/warm/slightly
warm/neutral/slightly cool/cool/cold). The scope of
standards can be divided into three categories: indoor
environment in general (ISO 17772, EN 15251, EN
16798), thermal environment (ISO EN 7730, ASHRAE
55, GB/T 50785, SS 553), and indoor air quality
(ASHRAE 62.1, ASHRAE 62.2, AS 1668- 2, SS 554)
[28]. On the other hand, in Europe, 1ISO 7730 and in North
America, ASHRAE Standard 55 are widely accepted for
thermal comfort standards [28,29]. Since our study is on
indoor thermal environment ISO (International
Organization for Standardization) EN (European Norm)
7730, ASHRAE (American Society of Heating,
Refrigerating and Air-Conditioning Engineers) 55
standards are necessary and sufficient to evaluate the
results. The ISO EN 7730 thermal comfort standard,
based on the PMV model developed by Fanger in 1970, is
widely used to evaluate moderate thermal environments
in HVAC systems. While its validity in unconditioned
environments has been criticized, Fanger suggested the
use of PMV in naturally ventilated spaces could be
effective with an expectation factor [30]. The PMV model
is frequently applied in school thermal comfort
assessments.

Kwok and Chun [31] examined thermal comfort in
naturally ventilated and air-conditioned classrooms in
Japan. Havenith [18] measured the metabolic rates and
clothing insulation of school children, highlighting age
and activity-specific climate control needs. Studies by
Zhang et al. [32] and Hwang et al. [33] assessed the
applicability of ASHRAE specifications in tropical and
subtropical schools. Hussein and Rahman [34] found
higher heat tolerance among Malaysian school
participants due to the regional climate. Sanders [35]
developed indoor air quality standards for primary
schools in Texas, finding that location, orientation,
material selection, and ventilation system design
significantly impact indoor air quality. Poor ventilation
was linked to reduced learning performance, health risks,
and economic costs.

Yildirim [36] emphasized the importance of heat and
sound control in educational buildings for student health
and learning performance, highlighting the role of
insulation. The study proposed solutions for heat and
sound comfort issues in Turkish schools, noting that
thermal comfort improves teacher and student
performance. Proper heating in insulated environments
can enhance energy efficiency and reduce pollution, with
insulation materials impacting indoor air quality.
Kocahakimoglu [37] found daily variations in indoor
environmental quality in primary schools, with higher
pollutant levels on weekends and indoor ozone levels
linked to outdoor conditions [26]. Teli et al. [29] and
Humphreys [38] revealed that children’s thermal
perceptions differ from those of adults, with children
being less sensitive to temperature changes. Studies by

Hwang et al. [33], Kwok and Chun [31], and Zhang et al.
[32] assessed the applicability of ASHRAE specifications
in tropical schools. Heracleous and Michael [39] found
high thermal tolerance among students in Cyprus during
both winter and summer. Rodriguez et al. [15]
emphasized behavioural, contextual, and age-related
influences on thermal comfort in Bogota schools.

2. MATERIAL AND METHOD

2.1. Location and description of the building and the
classrooms

The city of Bing6l is located in the Upper Euphrates
Section of the Eastern Anatolia Region in Turkey, at 41°
20" and 39° 56' east longitudes and 39° 31' and 36° 28'
north latitudes (Figure 2a). According to the Trewartha
climate classification, Bing6l province has a climate type
that is cold in winters and hot in summers. According to
the universal temperature scale, the average temperature
in January is -2.6 °C, while the average temperature in
July is 26.7 °C. The research was conducted in a school
that provides education to students aged 11-14. The
school was built in 2003 and is located among residential
settlements (Figure 2b-c). The school has an indoor space
of 7400 square meters. Figures 3a-b show the floor plan
and entrance facade of the school.

(b) ) (c)
Figure 1.a. The location of Bingdl province on the map of Turkey [40],
b,c. The location of the examined school in the city (taken from google
earth and edited by the authors)

The school building consists of a U-shaped layout with a
basement, ground floor, and three upper floors.
Classrooms are primarily located in the north-south
oriented side branches, while social activities and
common areas are situated in the main middle arm and
east-west direction (Figure 3a,3b).
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a ) - 7 - b o
Figure 3.a. The floor plan of the school, b. The view of the entrance
facade

The school has a total of 32 classrooms, averaging 53 m?
in size with an average of 1.39 m? per student. Window
areas in the classrooms where the study was conducted are
presented in Table 2. The walls were insulated using the
sheathing technique, and the roof design featured a hipped
roof system with wide eaves for rain and sun protection.
Measurements and evaluations were conducted for the
eight classrooms located on the top floor (Figure 4).

Table 1. Characteristics of the selected classrooms
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Figure 4. Locations of the classes on the plan

Figure 4 illustrates the distribution of classes within the
architectural plan. Four classes (5D, 5E, 5G, 6G) face
south, while the remaining four classes (6K, 61, 6H, 5H)
face north. The spatial characteristics of the school and
the classrooms where measurements were taken are
described in Table 1.

Class 5G 5H 5E 5D 6G 6H 6K 6l
Width(m) 6.80 6.80 6.80 6.80 6.80 6.80 6.80 6.80
Length (m) 7.60 7.55 7.80 7.60 7.80 7.88 8.60 7.60
Height (m) 3.90 3.90 3.90 3.90 3.90 3.90 3.90 3.90
Volume (m®) 208.22 207.64 224.48 200.66 209.43 208.85 219.77 200.46
Floor area (m?) 53.39 53.24 57.56 51.45 53.70 53.55 56.35 51.34
Total door area (m?) 2.90 2.90 2.90 2.90 2.90 2.90 2.90 2.90
Total windows area (m?) 11.55 11.55 9.90 8.25 11.55 11.55 9.90 8.25
The ratio of window area to the floor area 0.21 0.21 0.17 0.16 0.21 0.21 0.17 0.16
Number of students in the class 45 40 40 35 42 40 45 40
Wall material Water-based paint + gypsum plaster + brick wall + eps insulation (8 cm.)
Floor material Artificial glossy granite + reinforced concrete
Ceiling material Water-based paint + reinforced concrete + eps insulation (10cm) + wooden roof cover
Lighting type Fluorescent lamp
Heating type Natural gas

During the preparation phase, several visits were made to
the school to obtain building plans, gather operational
information, and take photographs of each area. Prior to
the commencement of the experiments, teachers were
provided with a thermal comfort information form, which
outlined the parameters of the study and informed them of
the importance of thermal comfort. Students were also
given a brief overview of the measurements that would be
conducted by the teachers and researchers. Technical
equipment was installed in the middle of the classroom for
the duration of the study (Figure 5¢ and Table 1).

2.1. Thermal comfort surveys and Data analysis
method

Based on the adaptive approach, which suggests people
influence their thermal environment consciously or
unconsciously [41], we measured conditions in eight
north-south oriented top-floor classrooms, expecting them
to experience the greatest heat loss. The first stage of the
study involved the evaluation of thermal comfort
parameters through measurements. Thermal comfort is
defined as "a state of mind that expresses satisfaction with
the thermal environment and is evaluated through
subjective evaluation" [42]. This was analysed through
field measurement studies. The measured and
investigated thermal comfort objective parameters are as
follows [43,38,44,45]:

e Indoor air temperature :Ti (°C)
e Indoor radiation temperature : TR (°C)
e Relative humidity :RH (%)
e Indoor air velocity :Va (m/s)

The temperature on the surface of the walls surrounding
the environment may be higher or lower than that inside
the space. For example, while the wall temperatures are
below the indoor temperature in winter, they are above the
indoor temperature in summer. Heat transfer by radiation
occurs between these walls and the human body, causing
discomfort to users. Therefore, it is necessary to consider
the temperatures taken from the walls surrounding the
interior space and to evaluate the radiation temperatures
of the space. The radiation temperatures of the space can
be calculated using different methods. If the instantaneous
indoor temperatures (Ti) are known, the Indoor radiation
temperature (TR) value can be calculated with equation 1,
depending on the indoor temperature (Ti) [46,47].

TR =099 xT; —0.01, R? =0.99 (D)
In this study, indoor comfort conditions were examined
during the summer and winter periods at an educational
institution in Turkey, where the academic year is divided
into two semesters - Fall and Spring. Fall semester starts
in September and ends in February, while spring starts in
February and ends in June, and summer courses are held
during the summer months when there is no regular
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education. The winter period (cold months) is when
education is in session and students are present at school.
The measurements used in this study included data from
October to March for the winter period and data from
June, August, and September for the summer period.
Measurements were taken three times a month, once a
week during the summer and winter periods in 2021-
2023, as well as in August during summer school, at
secondary school in Bingdl. During measurement, the
probes were positioned 1.1 meters above the ground to
replicate the seated position of students and were placed
at least 1.5 meters away from external walls and doors.
Instruments were shielded from direct sunlight, cleaned,

Table 2. Characteristics of the selected classrooms

and regularly calibrated [14]. The devices used in the
study are listed in Table 2 and images taken during the
measurements of the schools and classrooms where the
measurements were made are shown in Figure 5 (a, b, c).
These testing devices were pre-calibrated before starting
the tests, and the measurement time took an average of 45-
60 minutes in each classroom. The measurement
arrangement was positioned equidistantly according to the
sitting position of the students. Throughout the study,
classroom windows were closed in winter and opened in
summer to facilitate natural ventilation, with
consideration given to the students' seating positions.

Parameters Instrument Range Accuracy

Qutdoor Temp. Testo 480 CMI 0 to 60 °C +0.5

Comfort Temp. Testo 480 CMI 0 to 60 °C +0.5

Relative Humidity (RH) Testo 480 CMI 0 to 100% + (1.0% RH + 0.7% Reading)
Air flow rate Hot Wire Anemometer DT8880 0.1to 25.0 m/s + %5+ 0.1m/s

Globe Temperature Cool-Us CU-IT InfraRed Thermometer 0 to 50 °C +0.4°C

Figure 5. a,b. Images from classes during measurement, c. Measurement set views

Thermal comfort ranges, given in ASHRAE Standard 55
and ISO 7730 international standards [48,49,42], were
considered for evaluation using tables and graphics. The
recorded data were analysed in detail to evaluate Fanger's
indices, PMV and PPD, for thermal comfort according to
International ASHRAE Standard 55 and 1SO 7730
standard [50,25].

In the study, a survey was administered to the students
during the measurements in the classes where
measurements were made. The scope of this study
encompassed a total of 264 individuals aged 11-14,
surveyed in eight classrooms. In alignment with the
methodology employed in this study, Teli et al. [29]
surveyed an average of 230 pupils aged 7-11 in all eight
classrooms of the school during the heating season.
Additionally, the suitability of the school where the
research was conducted for the study was also taken into
consideration. However, it was selected as it had the
highest number of students among the schools that were
rebuilt following the 2003 Bingol earthquake. In line with
the research objectives, a study was conducted with
secondary school students. In determining the schools to
be studied, conditions such as suitability, ease of
accessibility, voluntariness in participation, and obtaining
a sufficient number of participants were taken into
consideration in terms of researchers, school
administrators and teachers. A total of 124 male (42%)

and 170 female (58%) students participated in the study.
Although there is a uniform, which is an official dress
code determined by the school, wearing a uniform is not
mandatory. Some students wore loose clothing, but it was
observed that most students came to school in the form
determined by the administration. Consequently, average
clothing insulation values for children were calculated (
ISO 7730). In addition, the questionnaire administered to
all classes at the beginning of the lesson during the
measurements. They were in class for about 60 minutes.
During the process of conducting objective
measurements, students were requested to complete a
questionnaire. Participants were given the questionnaires
30 minutes after entering the classroom to ensure they had
sufficient time to acclimate to the environment (Duration
of one lesson 45-60 min.). Teachers were asked to assist
in making the questionnaire understandable. The survey
questions briefly included the following topics:

e Respondent's thermal sensation rating for the
indoor thermal environment, based on the 7-
point ASHRAE thermal sensation scale (cold,
cool, slightly cool, neutral, slightly warm, warm,
hot).

Feeling of comfort.

Dress information.

Feeling of tiredness.

Students' activities during the survey.
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As a result of the study, evaluations were made by
comparing the results of the surveys and measurements.

3. RESULTS AND DISCUSSION

In this study, indoor comfort conditions were examined
during the summer and winter periods at an educational
institution in Turkey, where the academic year is divided
into two semesters - Fall and Spring. The measurements
used in this study included data from October to March
for the winter period and data from June, August, and
September for the summer period. Measurements were
taken three times a month, once a week in 2020-2022.

In this study, indoor air temperature (Ti), indoor radiation
temperature (TR), relative humidity (RH), and air
velocities (Va) were measured, and graphs based on
instantaneous and periodic average data were created. As
mentioned before since our study is on an indoor thermal
environment 1SO EN 7730, and ASHRAE 55 standards
are necessary and sufficient to evaluate the results.
According to ISO 7730, the winter comfort temperature
for 50% relative humidity is 20-24°C, while it is known
to be 23-26°C in the summer period [51,26]. In the
Khovalyg et al. [29] study, the winter temperature range
is 19-25°C according to the ISO7730 standard, while it is
20.5-24.5°C according to Ashrae 55. Again, according to
the 1SO7730 standard, the summer temperature range is
22-27°C; According to Ashrae 55 it is 24-27°C. As can be
seen, 1SO 7730 keeps the comfort range wider, while
Ashrae 55 narrows the comfort range by 2-3°C. While
ISO 7730 has different categories, Ashrae does not have
any categories and determines the acceptable values of the
thermal environment. In this regard, ASHRAE 55
summer and winter comfort temperatures were taken as
reference in the range of 23-26°C and 20-24°C,
respectively, and relative humidity was taken as reference
in the range of 30-60% for both summer and winter
periods.

3.1. Indoor Air Temperature Measurement Results of
Spaces

Figure 6 presents graphs illustrating the temporal
evolution of indoor air temperatures in classrooms during
the winter months. To facilitate comparison, the lower and
upper limits (20-24°C) of the ASHRAE 55 standard for
winter are also included in the same graphs. The data in
the graphs indicates that indoor temperatures in the
classrooms from October to March range between 20-
25°C. It can be observed that the indoor temperature
values for these months remain within the standard value
range. In March, the indoor temperature in the 5D and 5G
classrooms falls slightly below the standard minimum
value of 19°C. However, the overall indoor temperature
in March ranges from 19-22°C, which is close to the
standard values.
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Figure 6. The temperature of indoor classrooms during the winter period

Figure 7 presents the instantaneous indoor air
temperatures of the classes during the summer period. In
order to facilitate comparison, the summer temperature
lower and upper limits (23-26°C) of the ASHRAE 55
standard are also provided. The results in Figure 7 indicate
that the temperature values for June, August and
September are in the range of 25-28°C, 30-37°C and 23-
26°C, respectively. Therefore, the values of June and
September are within the standard range. However, for
August, which is the hottest and driest month of the year,
it is observed that the comfort value is significantly
exceeded. Consequently, it can be concluded that indoor
temperatures in educational institutions exceed the upper
limit of the comfort standard, particularly during the
hottest months of the year in this region, namely July and
August. It is therefore necessary to implement measures
to reduce temperatures to the standard value range.
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Figure 7. The mean indoor air temperature of the classrooms during
the summer period

3.2. The Results of the Indoor
Temperatures Measurements of the Spaces

Radiation

Indoors radiation temperatures play a crucial role in
providing suitable comfort conditions and ensuring
appropriate insulation in buildings. Proper insulation can
help maintain appropriate radiation temperatures,
preventing wall temperatures from dropping too low in
winter and rising too high in summer. For example, during
the winter months, outdoor temperatures can be very cold,
causing wall temperature values to be slightly lower than
indoor temperatures. However, to ensure comfort, a
maximum difference of 3°C is required between the wall
temperature and the indoor temperature. If the
temperature difference is greater than 3°C, radiation heat
transfer between the body and the cold wall can cause
discomfort, even if the environment is heated. Therefore,
according to TS 825 (standard in Turkey) insulation
standards, the wall temperature value should be at least
17°C. Similarly, during the summer months, air
temperatures in various regions can reach very high
temperatures such as 40°C. However, the indoor
temperature will be lower than this value. Walls facing the
warm environment will be warmer than the interior, and
even if the interior is ventilated with a device such as an
air conditioner, discomfort can occur due to radiation
from the high-temperature outer wall to the person's body.
Therefore, the insulation properties of the building should
be designed so that the interior surface temperature is no
more than 3°C lower than the indoor temperature values
(for all surfaces such as roof, wall, etc.) Appropriate
thermal insulation must be used in the building to provide
summer and winter comfort conditions (TS 825). With
proper thermal insulation, heat losses from inside to
outside are prevented in winter, and heat transfer from
outside to inside is prevented in summer. Comparisons of
indoor temperature and indoor radiation temperature
values of classrooms in winter and summer seasons are
given in table 3 and Figure 8 (a, b).
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Table 3. A comparison of the mean indoor temperature during the winter
and summer seasons, along with the indoor radiation temperature values

Average
parameters 5G | 5H 5E | 5D [6G | 6H | 6K 6l
Winter period
T; 19.6/19.9 | 18.8|19.6 |[20.6 | 21 20 21.1
RH (%) 36.6/35.6 | 38.6(36.4|40.1| 40 | 489 | 39.7

Tr 16.1|15.3 | 12.8|18.3 |18.3 | 17.6 | 18.3 | 16.62
Summer period

Ti 30.5| 29 31 |31 |30 | 28 28 28
RH (%) 23 |23 21 | 22 | 25 25 23 25
Tr 27 |28 29 | 28 | 28 | 26 27 27
Winter Period
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Figure 8.a. Comparison of winter indoor temperature, indoor radiation
temperature values, b. Comparison of summer indoor temperature,
indoor radiation temperature values

The instantaneous indoor radiation temperatures,
calculated using equation 1 as a function of the indoor
temperature, are shown in Figures 9 and Figure 10 for the
winter and summer periods, respectively. Figure 9
indicates that, during the winter period, the indoor
radiation temperatures generally fall below the lower limit
of the ASHRAE 55 standard, with the exception of
October, November, and December. The indoor
temperature graphs presented earlier indicate that the
indoor temperatures range between 20 and 25 degrees
Celsius in October and November, 20 and 22 degrees
Celsius in December and January, and decrease slightly to
19 and 22 degrees Celsius in March. It is evident that the
indoor radiation temperatures for these months decreased
by 1-2°C and fell below the lower limit of the comfort
conditions in some classes in October and November, and

below the lower limit for all classes in December and
January.

As can be observed, while the indoor temperatures are
within the comfort range in winter, the indoor radiation
temperatures are at the lower limit of TS 825. It is evident
from Table 3 and Figure 8 that the wall temperature value
drops to 12°C in March, which is below the 17°C
threshold set out in the TS 825 standard. While proper
heating can be achieved, it cannot be said that proper
insulation has been provided. This is problematic, as the
wall temperature has dropped to 12°C even in March. The
indoor radiation temperatures will be lower due to the wall
temperatures in February and January when the cold is
more severe. This will cause condensation on the walls
and, subsequently, mould growth.
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Figure 9. Indoor radiation temperatures in the winter period

Figure 10 presents the instantaneous indoor radiation
temperatures during the summer months. The data
indicates that the values in June fall within the ASHRAE
standard limits and are therefore suitable for comfort
conditions. However, the temperature values in August
exceed the standards by approximately 30°C, with
maximum values observed. In contrast, temperatures in
September are below the standard. As with the overall
conclusion drawn from the indoor temperature results
presented in these graphs, it is evident that necessary
precautions should be taken to manage high temperatures
when these spaces are used in July and August, which are
the hottest and driest months of the summer.
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Figure 10. Summer Indoor radiation temperatures

3.3. The results of the relative humidity measurements
of the spaces

Relative humidity is another important parameter that
affects thermal comfort. It is defined as the ratio of the
amount of water vapour in the air to the maximum amount
of water vapor it can hold at the same temperature,
expressed as a percentage. As shown in Equation 2, it is
calculated by dividing the absolute pressure of the air by
the saturation pressure at the same temperature.
According to the ASHRAE 55 standard, the
recommended relative humidity range for comfort is
between 30-65%. However, some sources suggest that a
range of relative humidity of 35-60% would be more
suitable [51]. It is useful to evaluate the relative humidity
discomfort in cases where it is below the lower limit and
above the upper limit. If the relative humidity value falls
below the lower limit (below 30-40%), it causes health
problems such as dryness and itching on the skin and lips.
On the other hand, in cases of over 65%, it will cause
discomfort such as difficulty in breathing, excessive
sweating, and feeling of suffocation. These conditions can
have a significant impact on human work and
productivity. The World Health Organization reports that
there is a possibility of airborne transmission as well as
human-to-human transmission of viruses. It has also been
determined by many studies that contamination and
viruses are frequently transmitted through the air. This
situation is closely related to the amount of humidity in
the air. The rate of spread of influenza (flu) virus is higher
when the relative humidity is below 40% (Metz, 2015).
This is why low relative humidity is a major contributing
factor to seasonal flu outbreaks, especially during the
winter months [52].
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Figure 11. Relative humidity values in winter period

Figure 11 presents instantaneous relative humidity graphs
for different spaces during the winter months. Based on
these graphs for the winter period in Figure 10, it can be
seen that relative humidity rates fall within the standard
range except December and January months. However, in
December and January, relative humidity rates are

between 15-25%, indicating discomfort. This extreme
drop in relative humidity can be attributed to the hot and
dry weather during these months in 2022-2023. As a
matter of fact, according to Turkey's meteorological data,
2022 December has been recorded as 15 sunny days and
8 rainy days. In summary, the months of December and
January were quite dry in the related year. As for the
summer period, the relative humidity values for most
classes are close to the lower limit of 30-35% (as shown
in Figure 12). Therefore, it can be concluded that these
classes are generally uncomfortable, especially in August
when humidity levels are lowest. Table 3 also provides
similar results for relative humidity values. The average
humidity level during the winter period is above 35%,
while the average values during the summer are at around
30%, dropping to 12% in August, which is the hottest and
driest month of the summer.
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Figure 12. Relative humidity values in the summer period

3.4. The results of the air velocity measurements of the
spaces

Measurements were made in naturally ventilated
classrooms with air circulation through windows and
doors. Lee and Zakaria (2024) state in their study that
classroom ventilation is very important when it comes to
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creating a successful learning environment, with several
advantages in terms of comfort and productivity for both
students and teachers [58].

The comfort conditions of an environment are closely
related to the air velocity, as well as the temperature and
humidity of the ambient air. While stagnant air at low
temperatures does not cause discomfort, it can become
suffocating in high temperatures. For instance, at an
ambient temperature of 20 °C, a comfortable air velocity
is 0.15 m/s, whereas at an ambient temperature of 24 °C,
an air velocity of 0.22 m/s is more suitable for comfort
[53]. Therefore, buildings should be designed to make the
most of natural ventilation, taking into account the
climatic conditions of the region and the orientation of the
building. In this regard, it is recommended that buildings
be designed in a manner that optimises the utilisation of
natural ventilation, taking into account the climatic
conditions of the region and the orientation of the
building. The air velocities of the classes for the winter
and summer periods are presented in Figures 13 and 14.
From the winter period graph, it can be seen that the air
velocities of the classes are at the standard value in
December. However, the data for October is mostly above
0.2 m/s, which is uncomfortable. In some classes, the data
for January exceeds 0.2 m/s. In February, the air velocities
in the 5H and 5D classes increased to 1 m/s at certain
moments due to door or window openings. However,
when considering all other classes, the velocity values
were consistently below 0.2 m/s throughout the
measurement period. It is evident that the velocity value
exceeded 0.2 m/s during the measurement period in
almost all classes in October. This can be attributed to the
fact that October is a transitional month between the
summer and winter periods, with doors and windows not
generally kept closed during this time. It is understood
that the values in December, January, and February,
which are the other months of the winter period, are
generally below 0.2 m/s (Figure 13).
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Figure 13. Air velocities of the winter period

Figure 14 presents summer air velocities. The August
graph shows that only classes 5H and 5G have air
velocities close to the standard value (approximately 0.2
m/s), while the other classes have much higher air
velocities. The optimal air velocity for comfort during
summer is 0.22 m/s at an ambient temperature of 24 °C
(Halic1 2019). Given that the average ambient temperature
in August is 33 °C, an ambient air velocity of around 0.4
m/s is not considered uncomfortable, as it will mitigate
the effect of the sweltering heat. Since ventilation is
achieved through window openings in the summer period
and measurements are taken while the windows are open,
it is apparent that the air velocities are higher (around 0.4
m/s) compared to the winter months. Nevertheless,
prolonged exposure to air velocities of 0.6 or 0.8, as
illustrated in Figure 14, may have detrimental effects on
one's health, even during the summer months.
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Figure 14. Air velocities of the summer period

3.5. Thermal responses: thermal sensation and
thermal preference votes

The evaluation of the survey data applied during
measurements in the classrooms is included in this
section. According to the survey data applied during the
study, students expressed a preference for additional
insulation layers, such as school jackets, coats, or thermal
underwear, to prevent heat loss from the body during the
winter months. Consequently, the "clo” values of average
clothing insulation for children are employed in ISO
7730. The clothing thermal resistance was calculated as
0.35 for the summer period and 0.70 for the heating
period, providing an "error band" for PMV estimation. As
there was no significant difference in the values of the
thermal parameters, each class was characterised by a
single PMV and PPD value. A total of 3% of the collected
responses were excluded from the data analysis. This
approach of excluding inconsistent responses from the
analyses was adopted in line with previous studies
[29,54]. The PPD values derived from the measured data
were contrasted with the percentage of dissatisfied
individuals estimated by evaluating the questionnaires.
The thermal sensations of the users were gauged using the
ASHRAE scale, with thermal sensation values (TSV)
ranging from cold (TSV = -3) to hot (TSV = +3) (Table
4).

Table 4. The thermal sensation scale (TSV)

Cold Cool Slightly  Neutral Slightly =~ Warm  Hot
cool warm
-3 -2 -1 0 +1 +2 +3

In the PMV formula (ISO 7730), the metabolic rate is
factored in two ways. The metabolic rate of an average
adult at rest (RMR) is integrated into the empirical
equation with a resting value of 58.15 W/m2. This is
described as the ratio of the metabolic rate during physical
activity to the resting metabolic rate, commonly referred
to as “MET.” According to ASHRAE [29], 1 MET is
defined as “the metabolic rate of a sedentary person
(seated, quiet): 1 MET = 58.15 W/m? = 50 kcal/(h-m?).”
By its design, the PMV equation is tailored to adult
physiology. Additionally, the metabolic rates per unit skin
surface area for various activities provided by frequently
used standards reflect typical values for an average adult.
These values are derived from experiments involving
adult subjects and may not directly apply to children.
Children have a higher resting metabolic rate per kilogram
of body weight compared to adults, which gradually
decreases as they grow. Furthermore, children's school

day activities differ significantly from those of adults.
Consequently, there is a pressing need for a thermal
comfort model that specifically addresses the
physiological characteristics of children.

Table 5. Survey results according to the thermal sensation scale

. Thermal Sensation scale (TSV)
Period Ti 3 2 K] 0 1 3 Total
5G | 196 | O 0 0 0 3 5 0 10
5H [ 199 [ 0 0 3 5 10 6 0 26
- |5E | 188 | O 0 0 2 3 3 0 8
2 5D 196 0] 0 [ 1 | 3 2 4 | 0 | 10
& [6G [ 2060 1 2 4 11 15 2 34
g [6H] 210 o] o [ 3 5 14 | 12 [0 34
£ [ 6K 20 0 0 0 2 8 6 0 18
2 6l 211 | 0 0 2 8 9 11 0 30
Total 0 1 11 29 60 64 5 170
% 0|06 ) 65| 171 | 352 | 376 | 3.0
5G | 267 | 0 0 0 7 5 6 0 18
5H | 258 | O 0 0 1 4 2 0 8
T |5E | 268 | 0 0 0 8 6 2 0 16
S [SD | 269 | 0 0 2 6 5 5 0 18
E 6G [ 268 | O 0 0 6 7 9 8 30
“E’ 6H 26 0 0 2 2 5 5 0 16
g 6K | 261 | O 0 0 0 4 4 0 8
» |6l [ 259 ] 0 0 0 2 4 4 0 10
Total 0 0 4 32 40 37 11 124
% 0 0 3.2 | 258 | 323 | 299 | 8.9
Cumulative total 0 1 15 61 100 101 16
% 0| 04 |51 ] 207 | 340 [ 344 | 54

Several previous thermal comfort studies with children
used calculations in the PMV model to address the
difference in metabolic rates. Havenith [18] determined
that metabolic rates for school activities are in the range
of 52-64 W/m2. This value is approximately 10% lower
than the adult's sedentary activities (office work) (70
W/mz2) equivalent. Children's RMR has been measured in
numerous studies over the past 20 years, but there is no
standard value that can be used to calculate the "MET" for
the "average" child. For this reason, the metabolic rate
used in the literature was calculated as 1.2 MET (58/48.8)
(sedentary activity) [24,29,55]. The survey results
according to the thermal sensation scale are shown in
Table 5 and Figure 15 (a, b). According to the related table
survey results of the thermal sensation scale, 124 surveys
were collected in this period due to the winter period
coinciding with the Covid epidemic, and 170 surveys
were collected in the summer period due to the decrease
in the effect of the epidemic and normalization of the
process.
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Figure 15. a. Graph of winter period survey results according to
ASHRAE Thermal Sensation Scale, b. Graph of summer period survey
results according to ASHRAE Thermal Sensation Scaled

In the winter period, 17.1% of students voted 'neutral,’
while 58.8% voted within the comfort range (-1 to +1).
During the summer period, 25.8% voted 'neutral,’ and
61.3% voted within the comfort range (-1 to +1). Overall,
it was found that students generally fell within the comfort
range in both seasons. Some students felt the classrooms
were too cool in winter, but this was due to their clothing
choices, as many wore coats and thermal underwear. The
majority of students (89.9%) voted within the range of 0
to +2, indicating their comfort level. Factors contributing
to this comfort level included high-temperature natural
gas heating, double-glazed windows, and crowded
classrooms. During the summer period, even with
windows open, 88% of students voted within the range of
0 to +2, while nearly 78% expressed a desire for cooler
classrooms in summer. The measurements showed that
the thermal comfort level was generally within the
standard range, except for August. The PMV average was
0.34 with a PPD index of 36.2%. According to surveys,
6.8% of students were dissatisfied during the winter
period, while 40.4% were dissatisfied during the summer
period. This indicates that students' thermal comfort
aligns with the measurements but differs slightly from the
PMV model, highlighting the unique thermal sensations
of children. Factors such as limited control over windows
and clothing adjustments in classrooms may contribute to
these differences.

Mustapha et al. (2024) state that, in general, the reliability
and validity of different methods used in thermal comfort
studies depend on the specific context and purpose of the
assessment. In addition, the combination of different
methods, such as the use of field measurement methods to
measure actual thermal conditions and the use of
subjective assessments to capture the individual
experiences and preferences of building occupants, can
provide a more comprehensive and reliable assessment of
thermal comfort in classrooms and emphasises the
importance of future research in different climate zones
[59]. In this context, the results of this study conducted in
a cold climate region provide reliable, original and
valuable data.

4. CONCLUSION AND RECOMMENDATIONS

In this study, thermal comfort research was conducted
during the summer and winter periods from 2021 to 2023,
as well as in August during the summer school session, at
a secondary school in Bing6l. This school has the highest
number of students among the secondary schools built
after the 2003 earthquake in Bingdl. The research was
conducted using both qualitative and quantitative research
techniques, with questionnaires used for the qualitative
aspect and devices used for the quantitative aspect. The
study involved evaluating the responses of 264 students,
aged 11 to 14, who each completed a questionnaire
containing 28 questions. Simultaneously, climatic
variables were also measured to correspond with the
students' thermal perception. The analytical study
includes a comparison between the students' thermal
sensation and preference, the derivation of thermal
neutrality and comfort range, and a comparison of results
with national and international thermal comfort standards.
Uncomfortable temperatures directly or indirectly affect
the comfort status of individuals. So, this can harm
student's health, work efficiency, and energy savings.
According to the measurement results, although the
indoor temperatures are in the comfort range in the winter
period, it has been observed that the indoor radiation
temperatures of some classrooms are below 17°C in the
winter months. During summer, the indoor temperature is
generally above the comfort upper value (Ti > 26°C),
reaching high temperatures of 30-35°C, especially in
August, the hottest month.

Comfort conditions are closely related to the relative
humidity and air velocity as well as the temperature of the
indoor air. The relative humidity of the ambient air is also
adversely affected in case of hot or cold conditions of
outside. It has been determined from the results that both
summer and winter relative humidity values are generally
low. The shift of relative humidity to the uncomfortable
range brings along various diseases and disorders,
especially viruses such as influenza virus in winter. Low
relative humidity also increases the risk of contamination.
It is known that virus transmission is less, especially at
high temperature and relative humidity values [56].
Uncomfortable relative humidity will also cause an
increase in upper respiratory tract infections, as well as
cause dryness, irritation, and itching on the skin. In this
regard, it is essential to have devices that control humidity
and temperature in places such as schools, universities,
student dormitories, factories, and work workshops where
many people gather. However, it is useful to inform
people about situations where these parameters are in the
uncomfortable zone. Accordingly, it is necessary to take
measures such as automatic activation of the heater or air
conditioner when necessary, operating the device that
humidifies the environment in case of low humidity, or
lowering high humidity through the air conditioner.

Apart from temperature and relative humidity, air velocity
is also a parameter to be considered. In transition months
between the summer and winter periods (like October and
November), doors and windows are not kept closed
generally. So, in these months, the air velocity has

103




Tr. J. Nature Sci. Volume 13, Issue 4, Page 91-106, 2024

exceeded 0.2 m/s. The values for the winter (December,
January, and February) period, when the doors and
windows are kept closed, are generally below 0.2 m/s and
are in the standard range. The air speeds of the summer
season were generally around 0.4 m/s, and it cannot be
said to be uncomfortable as it will reduce the
overwhelming effect of the extremely high-temperature
values in the relevant months. As well-known stagnant air
at low temperatures does not disturb; In case of high
temperatures, the stagnant air will be suffocating. For
example, while the airspeed is 0.15 m/s at an ambient
temperature of 20 °C, 0.22 m/s at an ambient temperature
of 24 °C is more suitable for comfort [53]. In this regard,
natural or mechanical ventilation of the environment is
even more important. Although some studies say that
mechanical ventilation is more suitable for Thermal
comfort in Schools [57], natural ventilation should be
preferred more since mechanical ventilation includes both
energy consumption and negative conditions such as sick
building syndrome. Therefore, it should be designed to
make maximum use of natural ventilation, taking into
account the climatic characteristics of the region where
the buildings will be constructed and the location of the
building according to the directions.

The study revealed that children are more sensitive to high
temperatures compared to adults, and thus prefer lower
temperatures in classrooms. Children tend to adapt to
thermal sensations by opening and closing windows and
doors, as well as wearing light clothing during the summer
period in classrooms where they spend most of their day.
During the winter period, it was observed that they tend
to wear thicker clothing to maintain thermal comfort. The
PMV/PPD model does not provide full success in
predicting the thermal sensations of students in naturally
ventilated classrooms. While it shows the maximum
percentage (31.6%) of the students who are not satisfied
with the indoor conditions, the thermal sense of 89.1% of
the students falls within the comfort range (-1 to +1).
According to the surveys, only 6.8% of the students were
dissatisfied during the winter period, while 40.4% were
dissatisfied during the summer period. So, it was
determined that the thermal comfort of the students was
compatible with the measurements and slightly different
from the PMV model. The extremely high temperature
and dryness of the summer months, in which it is seen,
caused the dissatisfaction rate to be higher. Insufficient
ventilation also affects this situation negatively. This
result also shows that children's thermal sensations are
different from adults. Children's behaviour in adapting to
the environment by opening and closing windows or
adjusting their clothes in classrooms may explain such
differences. A lot of work has been and continues to be
done on the indoor thermal comfort of educational
buildings. These studies carried out in different climatic
regions, are of great importance for comparison and
evaluation. It is expected that this study will lead to further
research for schools in the region. Considering the
relationship between energy efficiency, physical comfort
conditions, and learning in school buildings, it would be
beneficial to include passive features in school buildings
to make them thermally comfortable throughout the year

while using minimal energy, and thus make them
sustainable.

Finally, although this study was conducted in Bing6l,
further research is needed in schools located in different
climate regions to assess thermal comfort conditions more
broadly. To enhance the generalizability of the findings,
conducting similar studies in other climates will provide
a more comprehensive understanding. Implementing
sustainable design practices in school buildings can
significantly improve health, comfort, and learning
outcomes in educational environments.
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Abstract: Accurate wind speed prediction is critical for energy planning and sustainable
development, particularly in regions like Mus, Turkey, where renewable energy potential remains
underexplored. While many studies focus on wind speed forecasting using conventional methods,
there is a research gap in evaluating the comparative effectiveness of advanced Long Short-Term
Memory (LSTM) architectures for this purpose. This study aims to assess the predictive
performance of five LSTM models (Vanilla LSTM, Stacked LSTM, Bidirectional LSTM,
Attention LSTM, and Residual LSTM) on daily wind speed data from Mus. The dataset, obtained
from the Mus Meteorological Office, consists of 20,088 daily wind speed measurements from
1969 to 2023. The results demonstrated that the Vanilla LSTM achieved the lowest MSE and
MAE, indicating its superior overall accuracy, while the Attention LSTM achieved the lowest
MAPE, showcasing better percentage-based accuracy. These findings suggest that Vanilla LSTM
and Attention LSTM are the most effective models for wind speed forecasting in Mus. The choice
between these models depends on prioritizing either absolute error minimization or percentage
error accuracy, providing a strategic framework for model selection in similar renewable energy
forecasting applications.

Riizgar Hiz1 Tahmini icin LSTM Mimarilerinin Karsilastirmal Analizi: Tiirkiye, Mus'ta

Bir Vaka Calismasi

Anahtar
Kelimeler
Eneriji,
LSTM,
Riizgar hizi,
Tahmin,
Zaman serileri

Oz: Riizgar hiz1 tahmini, enerji planlamasi ve siirdiiriilebilir kalkinma igin kritik bir éneme
sahiptir. Yenilenebilir enerji potansiyelinin yeterince arastirilmadigr Tirkiye'nin Mus gibi
bolgelerinde 6zellikle daha dnemlidir. Pek ¢ok c¢alisma riizgar hizi tahmini i¢in geleneksel
yontemlere odaklanmis olsa da, gelismis Uzun Kisa Siireli Bellek (LSTM) mimarilerinin
kargilagtirmali etkinligini degerlendirme konusunda bir arastirma eksikligi bulunmaktadir. Bu
calisma, Mus bolgesindeki giinliik riizgar hiz1 verilerinde beg farkli LSTM modelinin (Vanilla
LSTM, Stacked LSTM, Bidirectional LSTM, Attention LSTM ve Residual LSTM) tahmin
performansini degerlendirmeyi amaglamaktadir. Mus Meteoroloji Midiirliigii'nden elde edilen
veri seti, 1969-2023 yillarim1 kapsayan 20.088 giinliik riizgar hiz1 6l¢iimiinden olusmaktadir.
Sonuglar, Vanilla LSTM'in en diisik MSE ve MAE degerleri ile genel dogrulukta iistiin
performans gosterdigini, Attention LSTM'in ise en diisiik MAPE ile yiizdesel dogruluk agisindan
daha basarili oldugunu gostermektedir. Bu bulgular, Vanilla LSTM ve Attention LSTM
modellerinin Mus veri setinde riizgar hizi tahmini i¢in en etkili modeller oldugunu ortaya
koymaktadir. Bu modeller arasindaki se¢im, toplam hata veya yiizdesel hata
onceliklendirilmesine bagl olarak stratejik bir ¢ergeve sunmaktadir.

1. INTRODUCTION

In today's world, climate change and environmental
impacts have made the use of sustainable and renewable
resources in energy production imperative. Wind energy

sources. Precise wind speed prediction is essential for
maximizing the efficiency of wind energy utilization.
These predictions are used in various fields, including
energy production forecasts, turbine placement, and
energy grid management.

is recognized as one of the most crucial renewable energy
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Wind energy is essentially a byproduct of the sun. The
uneven heating of the atmosphere by the sun, the irregular
surfaces of the Earth (such as mountains and valleys), and
the planet's rotation around the sun all combine to create
wind. Because wind is abundant and will persist as long
as the sun heats the Earth, it is a sustainable resource.
Wind energy is a clean and renewable power source.
Wind turbines use the power of the wind to drive a
generator and produce electricity. Wind generates
electricity without burning fuel or creating air pollution.

Land-based, large-scale wind turbines are among the most
cost-effective energy sources available today. Moreover,
the cost efficiency of wind energy continues to improve
with advancements in wind energy science and
technology. Wind energy can be seamlessly incorporated
into rural or isolated areas, including farms, mountainous
regions, or coastal and island areas, where strong wind
resources are frequently present. These prime wind
locations are usually found in regions with sparse
populations.

Wind farms impact the environment differently than
traditional power plants, but there are still concerns about
the noise from turbine blades and the visual impact on the
scenery. There are also impacts on wildlife.

Turkey plans to significantly increase its renewable
energy capacity by 2035, with substantial growth in solar,
wind, and hydroelectric energy. Given the growing
preference for renewable sources in new installations, it is
anticipated that renewable energy will account for 64.7%
of the total installed capacity. Turkey aims to achieve net
zero emissions by 2053. By 2035, the installed capacity
of wind energy is projected to reach 29.6 GW (24.6 GW
onshore, 5 GW offshore). Wind and solar are considered
intermittent renewable energy sources. (Turkey National
Energy Plan (2020-2035), 2022)

Energy production and consumption require extensive
planning skills. The greatest support for this planning
comes from advancing technology. The increase in data
and the development of artificial intelligence technologies
have significantly aided this planning. Long-term
recorded meteorological data serve as a guide in
predicting energy production and consumption. Some of
this data consists of a series of data points or observations
recorded at different or regular intervals. Defined as time
series data, this information can be analyzed using
artificial intelligence techniques, and it can be used for
future predictions.

Time series forecasting is a method that predicts future
events based on historical data. Recent advancements in
this field have been substantial, particularly with the rise
of deep learning techniques. Long Short-Term Memory
(LSTM) networks have gained significant attention for
their effectiveness in time series forecasting. LSTM
networks have demonstrated remarkable success in
predicting meteorological time series data due to their
capacity to  capture long-term  dependencies,
distinguishing them from other forecasting models [1].

This study was conducted to analyze regional wind energy
and predict wind energy using machine learning methods,
utilizing long-term daily average wind speed data from
Mus Province. For this study, 54 years of daily average
wind speed time series data, spanning from 1969 to 2023,
were obtained from the Mus Central Meteorology
Measurement Station (38°45'03.3"N 41°30'08.1"E). The
dataset comprises a total of 20,089 daily records. Each
record in our dataset includes the day, month, year, and
average wind speed. Wind measurements were taken at a
height of 10 meters above ground level. The central region
of Mus does not experience strong winds. However,
certain areas of Mus hold potential for wind energy
production. Consequently, various projects have been
initiated to harness wind energy in Mus, and it is
anticipated that the number of such projects will increase
over time[2].

The primary objective of this study is to predict future
wind speeds using wind speed data from Mus Province
spanning from 1969 to 2023. The aim is to provide
analyses to support decision-makers in showcasing the
regional wind energy potential. Additionally, the study
seeks to evaluate the performance of the Long Short-Term
Memory (LSTM) model and examine the impact of
different LSTM model selections on performance. For
this purpose, forecasts will be made using various LSTM
models. Efforts have been undertaken to boost the use of
wind energy, a clean and renewable source, for generating
electricity, in support of the goal to achieve a zero-carbon
footprint.

2. LITERATURE REVIEW

Studies on wind speed forecasting typically focus on
physical models, statistical methods, machine learning
and deep learning techniques, as well as combined and
hybrid models [3].

Physical methods rely on data such as terrain, topography,
obstacles, atmospheric pressure, and ambient temperature
for predictions. These models, however, demand
significant computational resources and require detailed
information about various weather variables, which may
not always be available [4].

Statistical methods include techniques such as Kalman
filtering, ARIMA, and wavelet transform [5].
Autoregressive Integrated Moving Average (ARIMA)
models are commonly used [6]. However, the accuracy of
these models depends on the characteristics of the dataset
and model parameters, and they often fall short in
complex and variable datasets. Statistical methods are
particularly less favored when data is nonlinear.

Machine learning techniques offer more flexible and
powerful forecasting capabilities compared to statistical
methods. Techniques such as Support Vector Machines
(SVM) [7] and Decision Trees [8] are commonly used for
wind speed prediction. However, the performance of
these techniques often varies depending on the size and
complexity of the dataset.
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Deep learning techniques, particularly in large and
complex datasets, exhibit strong performance. Recurrent
Neural Networks (RNNs) are commonly used for
forecasting temporal dependencies [9]. However, RNNs
face challenges in learning long data sequences. Long
Short-Term Memory (LSTM) networks address these
issues. LSTM networks play a significant role, especially
in predicting time series data. Studies have demonstrated
that LSTM networks perform exceptionally well in wind
speed forecasting [10].

Kose and Giineser [11] evaluated the annual wind speed
distribution and wind power density at seven stations in
the Western Black Sea Region of Turkey for the period
2010-2014. The results indicate that, with the exception
of Sinop, the region does not have sufficient wind energy
potential for investment in wind energy.

Wadi et al. [12] carried out a technical evaluation of
Turkey's wind energy potential. They conducted a
feasibility study using hourly wind speed data recorded at
a height of 30 meters in the Catalca district from 2008 to
2010, aiming to assess the potential use of wind energy in
Turkey. The Weibull two-parameter probability function
was employed to estimate monthly and annual wind
potential and power density, utilizing three different
calculation methods. The simulation outcomes indicated
that the studied area is appropriate for establishing large-
scale wind farms.

Onat and Ersoz [13] examined the wind climate
characteristics and energy potentials of three regions in
Turkey. They used a five-layer Sugeno-type ANFIS
model to identify the relationship between wind speed and
other climatic variables to determine the wind
characteristics in these regions. In the second phase, they
employed WASP software to analyze the wind energy
potential using wind speed data. Finally, the study
calculated the technical electricity output and capacity
utilization rates of installed turbines if wind farms were to
be established in the selected regions.

Arslan et al. [14] analyzed the wind speed variability
across Turkey and its influence on electricity production
from 1980 to 2013. The study utilized reliable data from
77 stations. Hourly average wind speeds of 3.80 m/s or
higher were recorded at the Gokgeada, Canakkale, and
Mardin stations, located in the Aegean, Southeastern, and
Marmara regions of Turkey, respectively. Wind energy
potential was assessed using the Weibull distribution. The
findings reveal that Catalca boasts the highest wind
energy potential in Turkey, not only due to its high wind
speeds but also because of its vast rural areas suitable for
wind farm development.

Sirdag [15] used harmonic analysis to model daily wind
speed data collected from ten stations in Turkey's
Marmara region between 1993 and 1997, accounting for
various meteorological conditions. Notable differences in
wind patterns were found between the western and eastern
parts of the Marmara region. The study involved
calculating the contribution of each harmonic component

to the total variance, which led to the creation of regional
variance maps.

Shao et al. [16] introduced a wind speed forecasting
model utilizing LSTM neural networks, optimized with
the  Firework  Algorithm (FWA) for tuning
hyperparameters. The performance of this optimized
model was assessed against other deep learning and
regression-based wind speed prediction methods. The
findings revealed that the LSTM model enhanced with
FWA achieved lower prediction errors compared to
alternative wind speed forecasting models.

Pradhan et al. [17] created a hybrid model for forecasting
wind speed, consisting of two phases. The first phase
involves breaking down wind speed sample data using
wavelet techniques, while the second phase uses this
decomposed data for predictions with a Recurrent
Wavelet Neural Network (RWNN). To evaluate the
model's performance, it was compared with traditional
Recurrent  Neural Network (RNN) forecasting
approaches. The results from real-world data highlighted
the model's effectiveness in terms of average absolute
error and convergence rate.

Lu et al. [18] performed an extensive review of
metaheuristic optimization techniques for forecasting
wind energy. They created a detailed classification system
for these algorithms to enhance the optimization of wind
energy forecasting model parameters. The algorithms are
designed to discover optimal solutions within constraints,
which are essential for fine-tuning the primary parameters
of forecasting models. They also proposed a thorough and
scientific multi-error evaluation framework for analyzing
wind energy forecasting errors. This review covers
various error evaluation methods, including deterministic,
uncertainty, and testing approaches. Additionally, it offers
a quantitative analysis of the strengths, weaknesses,
accuracy, and computational costs associated with these
methods.

Hu et al. [19] aimed to enhance wind speed forecasting
accuracy with their LSTMDE-HELM approach. This
method combines LSTM networks, Hysteretic Extreme
Learning Machine (HELM), Differential Evolution (DE)
algorithm, and nonlinear hybrid mechanisms. To improve
the Extreme Learning Machine (ELM) performance, they
integrated a hysteretic biological neural feature into the
ELM's neuron activation function. Furthermore, because
the ideal number of hidden layers and neurons per layer in
the LSTM was not initially clear, the DE algorithm was
used to optimize these parameters. This approach aims to
strike a balance between learning accuracy and model
complexity. The hybrid model was evaluated using data
from a wind farm in Inner Mongolia, China, with two
forecasting intervals: ten minutes (short-term) and one
hour (medium-term). The findings reveal that this hybrid
method outperforms other models across four
performance metrics and in statistical assessments.

Chen et al. [20] developed a new two-layer nonlinear
combination method called EEL-ELM for short-term
wind speed forecasting problems, such as ten minutes and
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one hour ahead predictions. To demonstrate the
effectiveness of the proposed EEL-ELM method, two
real-world case studies from a wind farm in Inner
Mongolia, China, were applied. Simulation results reveal
that EEL-ELM achieved better forecasting performance
compared to eight other wind speed forecasting methods,
based on three evaluation metrics and three statistical
tests.

Alhussan et al. [21] proposed an improved model for
enhancing wind speed forecasting accuracy. They utilized
a novel optimization algorithm known as Generalized
Adaptive Differential Evolution (GADTO), which
integrates Dipper-Throated Optimization (DTO) with
Genetic Algorithm (GA). This optimization technique
was applied to fine-tune the parameters of a Bidirectional
LSTM (BiLSTM) forecasting model. To assess the
statistical significance of their approach compared to
existing methods, they employed variance analysis
(ANOVA) and Wilcoxon signed-rank tests. The findings
confirmed the statistical significance and reliability of
their method, achieving a mean root mean square error
(RMSE) of 0.00046, which outperforms the accuracy of
other new forecasting methods.

Subramani et al.’s [27] study reviews advancements in
renewable energy, focusing on solid oxide fuel cells and
electrolysers for green hydrogen production. Highlighting
the significance of wind energy, it emphasizes accurate
forecasting for efficient energy management. Machine
learning methods like Support Vector Regression (SVR)
and Random Forest have improved prediction accuracy.
The paper also explores challenges like uncertainty in
renewable energy production, data availability, and model
interpretability, aiming to enhance grid integration and
support a sustainable future.

A key challenge in wind energy utilization is its variability
across seasonal and interannual timescales due to
atmospheric changes. Yang et al.’s study [28] highlights
a model's ability to provide skillful seasonal wind energy
predictions in the U.S. Great Plains, particularly during
peak energy seasons (winter and spring). The model
leverages year-to-year variations in the El Nifo-Southern
Oscillation, which influence large-scale wind and storm
patterns. In the Southern Great Plains, it predicts
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Figure 1. Average Daily Wind Speed of Mus
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significant wind energy changes months in advance with
high accuracy. This capability supports optimizing wind
energy use during peak production periods.

In wind forecasting, different time intervals are used in
the literature (long term: >3 days, medium term: a few
hours - 3 days, short term: a few minutes - a few hours).
However, these time periods are not fixed and vary
according to researchers and needs [22, 23]. Some studies
have divided the time intervals into four categories as
"very short", "short", "medium" and "long", each of which
has been aimed at different areas of use [24]. In addition,
some other studies have determined intervals of a few
hours for the short term, a few hours to 3 days for the
medium term and >6 days for the long term [25, 26]. This
study, which makes daily forecasts, can be accepted as
medium term when evaluated according to different
studies.

3. MATERIAL AND METHOD
3.1. Data and Wind in Mus

Data obtained from the Mus Provincial Directorate of
Meteorology were preprocessed and prepared for
application to the LSTM model. Due to technical reasons,
dates with missing measurements were identified, and the
missing values for these dates were replaced with the
averages of corresponding days and months from 1969 to
2023. The dataset includes 20,088 daily wind speed
measurements. Measurement values for the specified time
interval are shown in Figure 1. 80% of the data was used
for training, while the remaining data was used for testing.
Additionally, 20% of the training data was reserved for
validation. The data was normalized to a scale between 0
and 1.

In Mus, summers are characterized by hot, dry, and clear
weather, while winters are known for being freezing,
snowy, and partly cloudy. Annual temperatures generally
vary between -20°C and +30°C [29]. Wind patterns in any
area are strongly affected by local topography and other
environmental factors, resulting in more pronounced
variations in wind speed and direction at any given
moment compared to average conditions.
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Figure 2 provides information on the wind speed
distribution in Mus Province. It is observed that the most
common daily average wind speed range is between 10
and 20 m/s. The average wind speed in the dataset is
approximately 6.31 m/s, with a standard deviation of
around 3.88 m/s. This standard deviation of 3.88 m/s
indicates a wide dispersion of wind speed values around
the mean in the dataset.

Wind Speed Distribution

Frequency

o 10 20 30 40 50
Wind Speed (m/s)

Figure 2. Wind Speed Distribution in Mus

Examining the boxplot in Figure 3, the minimum wind
speed is 0 m/s, indicating that there were some days with
no wind. This could potentially be a measurement error.
It is observed that 25% of the wind speed values in the
dataset are below 3.5 m/s, which is the first quartile. The
median wind speed, which is the 50th percentile, is below
5.1 m/s. While the annual average wind speed is 6.31 m/s,
the median is 5.1 m/s. The fact that the mean is slightly
higher than the median suggests that a few high wind
speed values (outliers) are raising the average.
Additionally, 75% of the wind speed values are below 8.2
m/s, indicating that a large portion of the dataset has
moderate wind speeds. The wide distribution of the data
is an important factor to consider in the modeling process.
The highest recorded wind speed is 48.9 m/s, which
suggests the presence of very strong winds.

Boxplot of Wind Speed
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Figure 3. Boxplot of Wind Speed in Mus

For Mus, considering the hourly average wind vector
(speed and direction), the average daily wind speed shows
slight seasonal variations throughout the year. Figure 4
presents the monthly average wind speeds for the years
1969-2023. The windiest period of the year, characterized
by an average wind speed exceeding 7 m/s, lasts from

April to September. May is the windiest month in Mus,
with an hourly average wind speed of around 8.57 m/s.
Conversely, January is the calmest month, with an hourly
average wind speed of approximately 4 m/s.
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Figure 4. Monthly average wind speed

Examining the monthly and annual average wind speeds
in Figure 5, some years show noticeable increases or
decreases. The year with the highest annual average wind
speed was 1979, with an average speed of 9.33 m/s. In
contrast, 2014 had the lowest average wind speed at 2.27
m/s.

Monthly and Yearly Average Wind Speed
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Figure 5. Monthly and Yearly Average Wind Speed in Mus

In Figure 6, the “Observed” section represents our
original time series data, encompassing all changes in
wind speed over time. This data includes seasonal
variations, long-term trends, and random fluctuations.
The “Trend” component illustrates long-term trends over
time, showing whether wind speed generally increases or
decreases. In Mus, we can observe both long-term
increases and decreases in wind speed. The “Seasonal”
component represents regular, repeating changes
occurring at specific times of the year. The “Residual”
component refers to random fluctuations that the model
does not explain. It represents what remains after
removing the trend and seasonal components from the
observed data. This component indicates irregular and
unpredictable changes in the dataset. Significant
fluctuations in the residual component may suggest that
the model does not fully capture all the dynamics of the
data. Variations can be observed in certain time intervals.

111




Tr. J. Nature Sci. Volume 13, Issue 4, Page 107-119, 2024

—— QObserved
40
20
o T T T  : T T
1970 1980 1990 2000 2010 2020
10
— Tend
8 ; =
6
4
2
1970 1980 1990 2000 2010 2020
4
— Seasonal
2
0
-2
1970 1980 1990 2000 2010 2020
.2 —— Residual
20
0
1970 1980 1990 2000 2010 2020
Figure 6. Observed, Trend, Seasonal, Residual behavior of wind speed in Mug
3.2. Long-Short Term Memory Forget Gate

LSTM networks are a type of artificial neural network
commonly used for modeling time series data. They are
designed to address the long-term dependency problems
encountered by traditional Recurrent Neural Networks
(RNNs). LSTMs are highly effective for sequence
prediction tasks because they can retain information over
long periods. The architecture of an LSTM can be
visualized as a series of repeating “blocks” or “cells”. An
LSTM network consists of five fundamental components:
hidden state (h;), cell state (c;), forget gate (f), input gate
(i ) and output gate (o, ). These components work
together to control how information is stored, updated,
and retrieved, enabling LSTMs to handle complex time
series and sequence data effectively.

o o

Ce-1q / C,

h,

tanh] (0] h

-
)  —

Figure 7. The architecture of an LSTM

The forget gate determines which information from the
cell state should be discarded. The output of the forget
gate is computed using the sigmoid activation function.

fy = o(Wg - [he_y, X¢] + bp) 1)

o is the sigmoid function. W is the weight matrix for the
forget gate. by is the bias vector for the forget gate. h,_;,
is the hidden state from the previous time step. x, is the
input vector at the current time step. The forget gate's
output, f,, is a vector with values between 0 and 1,
indicating how much of each component of the cell state
should be retained or forgotten [30].

Input Gate

The input gate controls how new information is added to
the cell state. This process occurs in two stages: first, it
determines how much of the new information should be
updated; second, it generates candidate values for the cell
state.

The input gate's output and the candidate values for the
cell state are determined through the following
calculations:

ip = o(We - [he_q, X¢] + bp) )
¢; = tanh(W - [he_y,X] + be) 3)

In summary, the input gate determines which portions of
the new information will be incorporated into the cell
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state, while the candidate cell state offers the potential
new information for addition [31].

Updating the Cell State

The cell state is updated using the outputs from the forget
gate and the input gate:

e =ft 1t is-C (4)

c; is the updated cell state. c;_, is the cell state from the
previous time step. f; - c._, represents the amount of
information retained from the previous cell state. i, - ¢;
represents the amount of new information added to the
cell state. This mechanism allows the LSTM to maintain
long-term dependencies by effectively managing and
updating the cell state over time.

Output Gate

The output gate determines which information from the
cell state will be outputted. The output gate's output is
calculated as follows:

lo = 0(Wo * [he—1, %] +bo) (®)

The hidden state (h;) is then calculated using the output
gate's output and the updated cell state:

h; = o, - tanh (c;) (6)

Through these equations and gates, the LSTM model
effectively manages long-term dependencies and
overcomes the long-term dependency problems faced by
traditional RNNs.

3.3. Performance Evaluation

Five different LSTM architectures were employed to
make predictions, and their performance was compared.
Each model's predictions were assessed against the actual
values using various error metrics. The training process
was conducted over 100 epochs, and minibatches
consisting of 32 samples were utilized. The prediction
performance was evaluated using the following three loss
function metrics:

Mean Squared Error (MSE): It calculates the mean of
the squared differences between predicted and observed
values. MSE assigns greater weight to larger errors
compared to smaller ones, which makes it effective for
evaluating the extent of prediction errors. Smaller MSE
values suggest that the model’s predictions are more
accurate.

1 n
MSE=->"" (=9’ ™
n i=1

Mean Absolute Error (MAE): It assesses the mean of
the absolute differences between predicted and actual
values. MAE gives equal weight to all errors, without

emphasizing larger errors over smaller ones. Lower MAE
values indicate a higher overall accuracy of the model’s
predictions.

1 n
MAE = — E lyi — il (8)
n i=1

Mean Absolute Percentage Error (MAPE): It
calculates the average of the absolute differences between
predicted and actual values, expressed as a percentage of
the actual values. MAPE offers a percentage-based
evaluation of prediction errors, with lower MAPE values
reflecting a smaller percentage of error in the predictions.

1 n
MAPE = —Z
n i=1

In all models, the LSTM layer contained a default of 50
neurons. The dropout rate was set at the default value of
0.2, the learning rate was maintained at 0.001, and the
Adam optimization algorithm was used. These parameters
are significant factors influencing each model's training
and prediction performance. The evaluation determined
which model demonstrated superior performance.

x100 9)

Vi

3.4. LSTM Models
Vanilla LSTM

The Vanilla LSTM is a single-layer, straightforward
LSTM network. Initially proposed by Hochreiter and
Schmidhuber (1997), this model is commonly used for
processing time series and sequential data [1]. LSTM cells
are capable of storing and updating information over time,
making them effective for learning long-term
dependencies. However, the disadvantage of the Vanilla
LSTM is that its performance can be limited, especially
on very deep and complex data. The model may tend to
forget the information it has learned over time, making it
less effective at learning more complex relationships. Its
advantages include its ability to learn long-term
dependencies and its generally easy implementation [32].
A Vanilla LSTM model typically consists of an input
layer, an LSTM layer, and an output layer. Input Layer
receives a sequence containing time steps and features.
LSTM Layer processes the data by updating the cell state
and hidden state. The output layer is usually a dense layer
and produces the final predictions. Vanilla LSTM
networks are utilized in various domains, including time
series  forecasting, language modeling, machine
translation, and speech recognition. In this study, the
model comprises a single LSTM layer, a dropout layer,
and an output layer as seen in Figure 8.

Prediction

=
3
Q) LSTM1 > DROPOUT > DENSE
=

Figure 8. Vanilla LSTM
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Stacked LSTM

The Stacked LSTM network consists of multiple LSTM
layers stacked on top of each other. The advantage of this
structure is that it increases the capacity to learn more
complex and abstract features. Deeper structures
generally provide stronger model performance. However,
the disadvantage of Stacked LSTM is that it carries the
risk of overfitting, as the model requires larger parameter
sets and more computational power [33].

A Stacked LSTM model typically includes an input layer,
multiple LSTM layers, and an output layer. Stacked
LSTM networks are used for handling complex sequential
data tasks, including natural language processing (NLP)
and sophisticated time series forecasting [33]. In this
study, the model architecture stacks two LSTM layers as
seen in Figure 9. The first LSTM layer generates outputs
for all time steps, which are then fed into the second
LSTM layer. A dropout layer follows each LSTM layer.

—  LSTM1 >

DROPOUT

h

np

LSTM2

DROPOUT 2 DENSE

W

Prediction

Figure 9. Stacked LSTM
Bidirectional LSTM

The Bidirectional LSTM network analyzes input data in
both forward and backward directions, enabling the model
to capture contextual information from both past and
future time steps at each stage. However, the disadvantage
of this model is the increased computational cost due to
bidirectional learning [34].

Typically, a Bidirectional LSTM model includes an input
layer, a bidirectional LSTM layer, and an output layer.
The Bidirectional LSTM layer comprises two distinct

LSTM layers: one processes data in the forward direction
and the other in the backward direction. This architecture
is particularly useful for tasks that benefit from
understanding context from both directions, such as
natural language processing (NLP), bioinformatics,
speech recognition, and sentiment analysis. [10, 35]. In
this study, the model includes two bidirectional LSTM
layers, each followed by a dropout layer as seen in Figure
10. Each LSTM layer is configured to operate in both
forward and backward directions.

v

BI-LSTM1 3 DROPOUT

BI-LSTM2 >

DROPOUT > DENSE

Prediction

Figure 10. Bidirectional LSTM
Attention LSTM

The attention mechanism enables the model to prioritize
different input time steps differently, particularly in noisy
and fluctuating data. When integrated into LSTM
networks, known as Attention LSTM, this mechanism
allows the model to concentrate on key time steps,
improving its overall performance. The attention
mechanism allows the model to focus on important
information, so it can go beyond the limited memory
capacity of LSTM. The advantage of this model is that it
can make more accurate predictions, especially in data
with long-term dependencies. The disadvantage is that it

requires additional computational load and more time to
train the model [36].

An Attention LSTM model typically includes an input
layer, an LSTM layer, an attention layer, and an output
layer. Attention LSTM networks are particularly effective
for tasks that require emphasis on specific segments of the
input, such as machine translation, image captioning,
speech recognition, and text summarization [37, 38]. In
this study, the model includes the attention mechanism in
addition to LSTM layers as seen in Figure 11. The first
LSTM layer generates outputs for all time steps, which
are then processed by the attention layer

LSTM1 > ATTENTION

A 4

LSTM2 >

DROPOUT > DENSE

Prediction

Figure 11. Attention LSTM
Residual LSTM
Residual LSTM networks use residual connections to

overcome the vanishing gradient problem commonly
found in deep networks. These connections help preserve

the flow of information between LSTM layers, making it
possible to train deeper models more effectively. Its
advantages are that it provides a more efficient learning
process and is resistant to the vanishing gradient problem.
However, the disadvantage of Residual LSTM is that the
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model becomes more complex with additional layers and
parameters, and therefore carries the risk of overfitting
[39].

A Residual LSTM model generally includes input layer,
multiple LSTM layers, residual connections and output
layer. Residual connections facilitate information flow
between LSTM layers by bypassing some layers, thus
mitigating the vanishing gradient problem. Residual
LSTMs are used in tasks requiring very deep networks,
such as advanced time series analysis and complex

sequence modeling [40, 41]. In this study, the residual
model comprises three LSTM layers connected with
residual connection as seen in Figure 12. The first two
LSTM layers generate outputs for all time steps. The third
LSTM layer integrates with the last time step of the first
LSTM layer via an Add layer to form a residual
connection. The model is completed with a dropout layer
and an output layer.

l

LSTM1 > LSTM2 — LSTM3

Input

RESIDUAL N
CONNECTION | LRy

DENSE

W
Prediction

Figure 12. Residual LSTM
4. RESULTS

When evaluating LSTM models, it is crucial to consider
both their performance and training time to determine
which model is most appropriate for a given application
scenario. In this study, various LSTM models have been
compared specifically for wind speed forecasting. This
comparison helps identify the model that best balances
prediction accuracy and computational efficiency for the
task at hand. This comparison does not mean that these
models always give similar ranking results. Comparing
models with the same hyperparameters (learning rate,
dropout rate, number of LSTM units) allows you to
assume that the performance differences are due solely to
the model architectures. This approach provides a good

Table 1. Performance Evaluation of LSTM models

starting point to see the relative differences between the
models. It makes the results more methodologically
meaningful. However, different structures of LSTM
architectures may give different responses to the same
hyperparameter set. Since Stacked and Residual LSTM
contain more parameters, they may need different
learning rate or dropout rate values to reach optimum
performance. Attention and Bidirectional LSTM have
more information processing capacity and therefore may
work better with a different number of units (number of
LSTM cells). Rather than comparing the models, it would
be healthier to perform hyperparameter optimization to
obtain better results and fully evaluate the potential of
each model. This study did not focus on suitable
hyperparameters.

Model MSE Time MAE Time MAPE Time
Vanilla LSTM 4.218 2s 9ms/step 1.410 1s 8ms/step 0.299 1s 6ms/step
Stacked LSTM 4.258 3s 15ms/step 1.441 2s 13ms/step 0.305 2s 11ms/step
Bidirectional LSTM 4.384 4s 18ms/step 1.470 4s 21ms/step 0.299 3s 15ms/step
Attention LSTM 4.256 3s 14ms/step 1.505 3s 15ms/step 0.288 1s 8ms/step
Residual LSTM 4.373 2s 10ms/step 1.425 3s 18ms/step 0.302 2s 12ms/step

Table 1 offers a comparison of performance metrics to
determine the most effective LSTM model for wind speed
forecasting for Mus dataset. Mean Squared Error (MSE),
Mean Absolute Error (MAE), and Mean Absolute
Percentage Error (MAPE) are metrics. These metrics
allow for a comprehensive assessment of the models'
prediction accuracy from different perspectives.
Additionally, training times help evaluate the model's
complexity and computational efficiency.

The Vanilla LSTM model shows the lowest MSE and
MAE values, demonstrating its superior overall
performance. It can be seen in Figure 13 and Figure 14.
Its MAPE value is also moderate compared to other
models, suggesting a reasonable level of percentage error
in predictions. Given its simpler architecture, the Vanilla
LSTM has the shortest training time, making it a favorable
option for scenarios that require rapid model training.
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Best Model (Vanilla LSTM) Predictions vs True Values
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Figure 13. Vanilla LSTM predictions with MSE loss function
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Figure 14. Vanilla LSTM predictions with MAE loss function

The Attention LSTM model has a moderate MSE value
but achieves the lowest MAPE, indicating that it makes
the least percentage error in predictions. Despite having a
somewhat higher MAE value, the model's ability to focus
on significant time steps has reduced the overall
percentage error rate. The inclusion of the attention
mechanism has not significantly increased the training
time, suggesting that the Attention LSTM can provide
rapid training even with the addition of this mechanism.
Due to the nature of time series such as wind, Attention
models are better able to capture trends and sudden
changes.

2000 2500 3000 3500 4000
Time

The Residual LSTM model shows higher error rates than
other models for both MSE and MAE. Its MAPE value is
average. The residual connections have not significantly
improved the model's performance on this dataset. In
terms of training time, the model shows an average
performance.

Overall, the Attention LSTM model demonstrates the best
performance in terms of MAPE as seen in Figure 15. This
indicates that the model is more consistent and accurate in
percentage terms. However, the Vanilla LSTM model has
the lowest MSE and MAE values, showing the best
performance in terms of total error amount.
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Best Model (Attention LSTM) Predictions vs True Values
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Figure 15. Attention LSTM predictions with MAPE loss function

Based on the results, it would be beneficial to focus on
optimizing and fine-tuning the better-performing Vanilla
and Attention LSTM models. If the percentage error rate
is higher, the Attention LSTM model should be preferred.
However, if minimizing the total error amount is the goal,
the Vanilla LSTM model is a more suitable option.

Table 2. Total parameters of Models

Model Total Parameter Numbers
Vanilla 10,451
Stacked 30,651
Attention 30,651
Residual 50,851
Bidirectional 81,301

Table 2 shows the total numbers of parameters for each
model. Total parameter numbers reflect the complexity
and computational requirements of each model. Vanilla
LSTM (10,451 parameters) is suitable for small data sets
due to its simplicity and fast training. Stacked and
Attention LSTM models (30,651 parameters) can learn
more complex dependencies; Attention provides a more
focused context between time steps, while Stacked
provides a broader perspective. Residual LSTM (50,851
parameters) is advantageous in cases that require deep
structures and aim to reduce gradient loss. Bidirectional
LSTM (81,301 parameters) can provide the strongest
results by learning the past and future simultaneously, but
it carries the highest computational cost and overfitting
risk. If there is no significant difference between the
results, models with fewer parameters may be preferred.

The difference between the models is higher in
comparison in terms of time. It is seen that there is no
extreme difference in the results in terms of error metrics.
Since there is no significant difference between error
metrics, simpler or faster models may be preferred. If your
application requires real-time prediction, models that
require less computation time (e.g. Vanilla LSTM) should
be preferred. Attention and Bidirectional LSTM models

2000 2500 3000 3500 4000
Time

generally learn more information, but in time series such
as wind this can create an unnecessary time cost if this
extra information is not useful. Therefore, the model to be
chosen also depends on the dataset.

5. CONCLUSION

This study compared the performance of five distinct
LSTM architectures for wind speed prediction in Mus,
Turkey. The findings indicate that both Vanilla and
Attention LSTM models are effective for wind speed
prediction in Mus, with the Vanilla LSTM model
excelling in total error minimization and the Attention
LSTM model excelling in percentage error accuracy.

Overall, the study's findings underscore the efficacy of
LSTM techniques in predicting wind speed and
emphasize their potential for real-world applications. The
success of LSTM models in predicting wind speed is a
significant step for wind energy production and
management. Accurate predictions can improve energy
production planning and grid management processes.

In this study, an initial comparison was made with the
same hyperparameters for all models, in a subsequent
study, individual hyperparameter settings for each model
should be optimized using Grid Search or Bayesian
Optimization methods to get the best results. This makes
it better for us to reveal the true potential of the models.
Future work could involve further optimization and fine-
tuning of these models to enhance their predictive
capabilities. To further enhance the performance of the
Vanilla and Attention LSTM models, hyperparameter
optimization and additional data preprocessing techniques
can be applied. The effects of different learning rates and
dropout rates can also be explored.

117




Tr. J. Nature Sci. Volume 13, Issue 4, Page 107-119, 2024

Acknowledgement

I would like to thank MUS Provincial Directorate of

Meteorology for their information sharing and support.

REFERENCES

[1]

[2]
(3]

[4]

[5]

(6]

[7]

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Hochreiter S, Schmidhuber J. Long Short-Term
Memory. Neural Comput 1997; 9: 1735-1780.
Governorship of Mus, www.mus.gov.tr.

Shang Z, He Z, Chen Y, et al. Short-term wind speed
forecasting system based on multivariate time series
and multi-objective optimization. Energy 2022; 238:
122024,

Wu C, Wang J, Chen X, et al. A novel hybrid system
based on multi-objective optimization for wind
speed forecasting. Renew Energy 2020; 146: 149—
165.

Aly HHH. An intelligent hybrid model of neuro
Wavelet, time series and Recurrent Kalman Filter for
wind speed forecasting. Sustain Energy Technol
Assessments 2020; 41: 100802.

Liu X, Lin Z, Feng Z. Short-term offshore wind
speed forecast by seasonal ARIMA - A comparison
against GRU and LSTM. Energy 2021; 227: 120492.
He J, Xu J. Ultra-short-term wind speed forecasting
based on support vector machine with combined
kernel function and similar data. EURASIP J Wirel
Commun Netw 2019; 2019: 248.

Xu W, Ning L, Luo Y. Wind Speed Forecast Based
on Post-Processing of Numerical Weather
Predictions Using a Gradient Boosting Decision
Tree Algorithm. Atmosphere (Basel) 2020; 11: 738.
Wang Y, Zou R, LiuF, et al. A review of wind speed
and wind power forecasting with deep neural
networks. Appl Energy 2021; 304: 117766.

Joseph LP, Deo RC, Prasad R, et al. Near real-time
wind speed forecast model with bidirectional LSTM
networks. Renew Energy 2023; 204: 39-58.

Kose B, Giineser MT. Assessment of Wind
Characteristics and Wind Energy Potential in West
Black Sea Region Of Turkey. Eskisehir Tech Univ J
Sci Technol A - Appl Sci Eng 2019; 20: 227-237.
Wadi M, Kekezoglu B, Baysal M, et al. Feasibility
Study of Wind Energy Potential in Turkey: Case
Study of Catalca District in Istanbul. In: 2019 2nd
International Conference on Smart Grid and
Renewable Energy (SGRE). IEEE, pp. 1-6.

Onat N, Ersoz S. Analysis of wind climate and wind
energy potential of regions in Turkey. Energy 2011,
36: 148-156.

Arslan H, Baltaci H, Akkoyunlu BO, et al. Wind
speed variability and wind power potential over
Turkey: Case studies for Canakkale and Istanbul.
Renew Energy 2020; 145: 1020-1032.

Sirdag S. Daily wind speed harmonic analysis for
Marmara region in Turkey. Energy Convers Manag
2005; 46: 1267-1277.

Shao B, Song D, Bian G, et al. Wind Speed Forecast
Based on the LSTM Neural Network Optimized by
the Firework Algorithm. Adv Mater Sci Eng 2021,
2021: 1-13.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Pradhan PP, Subudhi B. Wind speed forecasting
based on wavelet transformation and recurrent
neural network. Int J Numer Model Electron
Networks, Devices Fields; 33. Epub ahead of print
12 January 2020. DOI: 10.1002/jnm.2670.
LuP,YelL, Zhao Y, et al. Review of meta-heuristic
algorithms  for  wind  power  prediction;
Methodologies, applications and challenges. Appl
Energy 2021; 301: 117446.

Hu Y-L, Chen L. A nonlinear hybrid wind speed
forecasting model using LSTM network, hysteretic
ELM and Differential Evolution algorithm. Energy
Convers Manag 2018; 173: 123-142.

Chen M-R, Zeng G-Q, Lu K-D, et al. A Two-Layer
Nonlinear Combination Method for Short-Term
Wind Speed Prediction Based on ELM, ENN, and
LSTM. IEEE Internet Things J 2019; 6: 6997—7010.
Alhussan AA, M. El-Kenawy E-S, Abdelhamid AA,
et al. Wind speed forecasting using optimized
bidirectional LSTM based on dipper throated and
genetic optimization algorithms. Front Energy Res;
11. Epub ahead of print 1 June 2023. DOI:
10.3389/fenrg.2023.1172176.

Chandra DR, Kumari MS, Sydulu M. A detailed
literature review on wind forecasting. In: 2013
International Conference on Power, Energy and
Control (ICPEC). 2013, pp. 630-634.

Keren B., Sabitha K. Probabilistic forecasting of
wind power generation using extreme learning
machineinvolving bootstrap method. ITECH 2016;
04: 729-736.

Azad HB, Mekhilef S, Ganapathy VG. Long-Term
Wind Speed Forecasting and General Pattern
Recognition Using Neural Networks. IEEE Trans
Sustain Energy 2014; 5: 546-553.

Wang X, Guo P, Huang X. A Review of Wind Power
Forecasting Models. Energy Procedia 2011; 12:
770-778.

Sharma N, Deo R. Wind speed forecasting in Nepal
using self-organizing map-based online sequential
extreme learning machine. In: Predictive Modelling
for Energy Management and Power Systems
Engineering. Elsevier, pp. 437-484.

Subramani K, J SS, Habelalmateen MI, et al.
Predicting Wind Energy: Machine Learning from
Daily Wind Data. E3S Web Conf 2024; 540: 03009.
Yang X, Delworth TL, Jia L, et al. Skillful seasonal
prediction of wind energy resources in the
contiguous United States. Commun Earth Environ
2024; 5: 313.

Tugal I, Sevgin F. Analysis and forecasting of
temperature using time series forecasting methods a
case study of Mus. Therm Sci 2023; 27: 3081-3088.
Lu J, Wang Y, Zhu Y, et al. DACLnet: A Dual-
Attention-Mechanism CNN-LSTM Network for the
Accurate  Prediction of Nonlinear InSAR
Deformation. Remote Sens 2024; 16: 2474.

Lattari F, Rucci A, Matteucci M. A Deep Learning
Approach for Change Points Detection in INSAR
Time Series. IEEE Trans Geosci Remote Sens 2022;
60: 1-16.

118




Tr. J. Nature Sci. Volume 13, Issue 4, Page 107-119, 2024

[32] Wu'Y, Yuan M, Dong S, et al. Remaining useful life
estimation of engineered systems using vanilla
LSTM neural networks. Neurocomputing 2018;
275: 167-179.

[33] Ma M, Liu C, Wei R, et al. Predicting machine’s
performance record using the stacked long short-
term memory (LSTM) neural networks. J Appl Clin
Med Phys; 23. Epub ahead of print 16 March 2022.
DOI: 10.1002/acm2.13558.

[34] da Silva DG, Meneses AA de M. Comparing Long
Short-Term Memory (LSTM) and bidirectional
LSTM deep neural networks for power consumption
prediction. Energy Reports 2023; 10: 3315-3334.

[35] Ghosh S, Ekbal A, Bhattacharyya P. Natural
language processing and sentiment analysis:
perspectives from computational intelligence. In:
Computational Intelligence Applications for Text
and Sentiment Data Analysis. Elsevier, pp. 17-47.

[36] Muhammad K, Mustageem, Ullah A, et al. Human
action recognition using attention based LSTM
network with dilated CNN features. Futur Gener
Comput Syst 2021; 125: 820-830.

[37] Kang Q, Chen EJ, Li Z-C, et al. Attention-based
LSTM predictive model for the attitude and position
of shield machine in tunneling. Undergr Sp 2023;
13: 335-350.

[38] Wen X, Li W. Time Series Prediction Based on
LSTM-Attention-LSTM Model. IEEE Access 2023;
11: 48322-48331.

[39] Yue B, Fu J, Liang J. Residual Recurrent Neural
Networks for Learning Sequential Representations.
Information 2018; 9: 56.

[40] Vatsa A, Hati AS, Kumar P, et al. Residual LSTM-
based short duration forecasting of polarization
current for effective assessment of transformers
insulation. Sci Rep 2024; 14: 1369.

[41] Fu S, Zhang Y, Lin L, et al. Deep residual LSTM
with domain-invariance for remaining useful life
prediction across domains. Reliab Eng Syst Saf
2021; 216: 108012.

119




Volume 13, Issue 4, Page 120-128, 2024 https://doi.org/10.46810/tdfd.1528676 Research Article

[—
BINGOL
UNIVERSITY

iirk Doga ve Fen Dergisi
Turkish Journal of Nature and Scierice

www.dergipark.gov. tr/tdfd

Antioxidant Potential and Phytochemical Profile of Althaea (Hatmi) and Hibiscus Flower

Extracts: A Comprehensive Analysis

Hafize DILEK TEPEY " Fatma DOYUK!

1 Manisa Celal Bayar University, Application Science and Research Center (ASRC), Manisa

Hafize DILEK TEPE ORCID No: 0000-0002-6035-6901
Fatma DOYUK ORCID No: 0000-0002-3448-9540

*Corresponding author: hafize.dilek@hotmail.com

(Received: 05.08.2024, Accepted: 20.09.2024, Online Publication: 30.12.2024)

Keywords

Althaea officinalis L.,
Hibiscus sabdariffa,
Phytochemicals,
Phenolic compound,
Extraction,
Chromatographic
methods

Abstract: In this study, the bioactive components and antioxidant properties of Althaea
(Hatmi) and Hibiscus plants were assessed using various methods. Both aqueous and ethanol
extracts of these plants yielded distinct and effective results. Antioxidant activity was
evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), and Ferric Reducing Antioxidant Power
(FRAP) assay at concentrations of 25, 50, 75, and 100 mg/mL. Hatmi extracts, both ethanol
and aqueous, exhibited high DPPH activity, particularly at 75 and 100 mg/mL, while Hibiscus
showed a linear increase in DPPH activity with concentration, reaching 2000 pM Trolox
Equivalent (TE) /g dry weight (DW) at 100 mg/mL. In ABTS assays, lower concentrations of
ethanol extracts were more effective, but higher aqueous concentrations showed greater
activity. FRAP results indicated high antioxidant activity in Hatmi ethanol extracts, with
activity reaching 2700 uM TE/g DW at higher concentrations. Phenolic analysis revealed high
levels of apigenin 7-glucoside, hesperidin, and caffeic acid in Hatmi, while Hibiscus extracts
contained significant amounts of chlorogenic acid and quercetin. Gas Chromatography-Mass
Spectrometry (GC-MS) analysis showed that Hatmi had a higher abundance of volatile organic
compounds compared to Hibiscus.

Althaea (Hatmi) ve Hibiscus Cicek Ekstrelerinin Antioksidan Potansiyeli ve Fitokimyasal

Profili: Kapsamh Bir Analiz

Anahtar Kelimeler
Althaea officinalis L.,
Hibiscus sabdariffa,
Fitokimyasal
bilesenler, Fenolik
bilesik, Ekstraksiyon,
Kromatografik
yontemler

Oz: Bu calismada, Althaea (Hatmi) ve Hibiscus bitkilerinin biyoaktif bilesenleri ile
antioksidan ozellikleri ¢esitli yontemlerle degerlendirildi. Her iki bitkinin sulu ve etanol
ekstrelerinden farkli ve etkili sonuglar elde edildi. Antioksidan aktiviteler, 25, 50, 75 ve 100
mg/mL konsantrasyonlarinda 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) ve Ferric Reducing Antioxidant Power (FRAP)
testleri kullanilarak 6l¢iildii. Hatmi ekstreleri, hem etanol hem de sulu ekstraktlarda, 6zellikle
75 ve 100 mg/mL konsantrasyonlarinda yiiksek DPPH aktivitesi gosterdi. Hibiscus
ekstrelerinde ise DPPH aktivitesi, konsantrasyon arttik¢a dogrusal bir sekilde yiikseldi ve 100
mg/mL'de 2000 uM Trolox Esdegeri (TE) /g kuru agirlik (DW) seviyesine ulasti. ABTS
testlerinde, diisiik konsantrasyonlardaki etanol diisiik konsantrasyonlarda bile etki gosterirken
(25, 50 mg/mL), sulu ekstraksiyonlarinin yiiksek konsantrasyonlari (75, 100 mg/mL) daha
fazla aktivite gosterdi. FRAP testlerinde, Hatmi etanol ekstrelerinde yiiksek antioksidan
aktivite gézlemlendi ve yiiksek konsantrasyonlarda 2700 uM TE/g DW seviyelerine ulasildi.
Hatmi ¢iceklerinde yiiksek miktarda apigenin 7-glukozid, hesperidin ve kafeik asit gibi
fenolikler elde edilirken, Hibiscus ekstrelerinde ise onemli miktarda klorojenik asit ve
kuersetin fenolik bilesenleri elde edildi. Gaz Kromatografisi-Kiitle Spektrometrisi (GC-MS)
analizi, Hatmi c¢iceklerinin ugucu organik bilesen c¢esitliligi ve miktart agisindan Hibiscus
ciceklerinden daha zengin oldugunu gostermistir.
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1. INTRODUCTION

Consumers are becoming increasingly health-conscious
and prefer foods with high nutritional value [1,2]. Many
consumers prefer products derived from natural sources
over those containing synthetic chemicals due to potential
negative health impacts [2,3]. Therefore, many
researchers have focused on the potential benefits and
importance of wild medicinal plants for food and human
health, showing growing interest in this field [2-5]. Some
studies have indicated that a quarter of the world's
medicines and drugs are produced from medicinal plants
[6,7]. Research on the chemical and pharmacological
aspects of wild plants has played a significant role in
increasing the use of medicinal plants by revealing the
presence of bioactive compounds and their beneficial
effects on human and animal health systems[8—10].

The Malvaceae family is represented worldwide by over
80 genera and more than 1000 species. Most commonly
found in South America, members of this family are
present nearly everywhere except for the coldest regions
of the world [11,12]. The plants of this family are herbs
or shrubs, usually with stellate hairs. The Malvaceae
family has medicinal uses thanks to mucilage, fixed oils
and essential oils. Some of the most commonly used
species in folk medicine are as follows: Althaea
officinalis, Malva sylvestris, Alcea biennis, Abelmoschus
esculentus, Hibiscus [13-17].

Figure 1. Althaea officinalis L.

Althaea officinalis Linn (AO), known as marshmallow
(Hatmi in Tiirkiye), is a hairy herb, annual and perennial
plant belonging to the family Malvaceae (Figure 1) [18].
AO parts have been traditionally utilized in the treatment
of various ailments such as coughs, colds, stomach ulcers,
kidney stones, enteritis, and mucous membrane irritation
[19,20]. Multiple studies have indicated the diverse
therapeutic properties of AO extracts, including
antitussive, anti-inflammatory, anti-estrogenic,
antimicrobial, immunomodulatory, and antioxidant
effects [19-22] Analytical investigations have revealed
the predominant composition of AO, which comprises
starch (25%-35%), pectin (11%), sucrose (10%),
mucilage (5%), and saccharides [18-21,23]. Despite its
extensive traditional use and therapeutic potential, the
chemical profile of AO remains relatively understudied,
with only 46 compounds identified thus far,
encompassing 17 flavonoids, 3 coumarins, 1 steroid, 1
triterpenoid, and 24 other miscellaneous compounds [24].

A

Figure 2. Hibiscus sabdariffa

Hibiscus sabdariffa (HS) is a tropical shrub belonging to
the Malvaceae family with red or green edible calyxes
(Figure 2). These parts are rich in protein, calcium, niacin,
riboflavin, iron, phenols, amino acids, carotene, and
vitamin C [25]. Due to its high content of polyphenolic
acid, triterpenoids, polysaccharides, organic acids (citric,
malic acids, etc. , and flavonoids, HS is widely known as
a medicinal plant in tropical countries [26]. The calyces
contain high levels of anthocyanins, such as delphinidin-
3-sambubioside, cyanidin-3-sambubioside, cyanidin-3-
glucoside, and delphinidin-3-glucoside, which make them
a promising natural colorant for various food industrial
purposes, including the production of juices, wines, and
carbonated soft drinks [27]. Additionally, studies have
shown that beers supplemented with Hibiscus sabdariffa
or sea buckthorn have higher levels of bioactive
compounds and antioxidant activity compared to control
samples [28,29].

The purpose of this study is to compare the phytochemical
compositions and antioxidant properties of Hibiscus
sabdariffa (HS) and Althaea officinalis Linn (Hatmi),
emphasizing their medicinal and industrial potentials.
Both plants have significant potential in these areas, but
they exhibit important differences. HS is notable for its
nutrient-rich calyces and potential as a natural colorant,
while AO is recognized for its versatile therapeutic
properties. This review underscores the necessity for
further research into the chemical constituents and
pharmacological effects of HS and AO, offering insights
that could lead to expanding applications in both medicine
and industry.

2. MATERIAL and METHOD
2.1. Extraction methods

Dried Hibiscus sabdariffa (Hibiscus) and Althaea
officinalis L. (Hatmi) flowers were obtained from a local
market in Manisa, Tirkiye (Figure 3). A sample of 1
gram was taken, and 40 mL of ethanol (100%) was added.
Extraction was carried out using Ultra-turrax (IKA T25,
Staufen, Germany) at 5000xg for 3 min at room
temperature for 30 min. The resulting extract solution was
filtered and stored in amber glass bottles at +4 °C until
further analysis. In the experiments, the abbreviations
used are as follows: HA: Althaea ethanol extract, HA AQ:
Althaea aqueous extract, HIBIS ETOH: Hibiscus ethanol
extract, and HIBIS AQ: Hibiscus agueous extract.
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Figure 3. a) Dried Hatmi flowers, b) Dried Hibiscus flowers.
2.2. Antioxidant activity assays

The FRAP analysis was performed according to the
following procedure with some modifications [30]. The
stock solutions included 300 mM acetate buffer (3.1 g
C2H3Na02.3H20 and 16 mL C2H402), pH 3.6, 10 mM
TPTZ (2, 4, 6-tripyridyl-s-triazine) solution in 40 mM
HCI, and 20 mM FeCI3.6H20 solution. The fresh
working solution mix was prepared as follows: 25 mL
acetate buffer, 2.5 mL TPTZ solution, and 2.5 mL
FeCl3.6H20 solution and then warmed at 37 0C before
use. Leaves extracts (150 puL) were allowed to react with
2850 pL of the FRAP solution for 30 min in a dark
condition. Then, absorbance was taken at 593 nm using
the spectrophotometer (TECAN, Mainnedorf,
Switzerland). The standard curve was linear between 25
and 600 mM Trolox. Results were expressed in mM
Trolox equivalents (TE)/g dry mass (DM).

The DPPH analysis was performed according to the
following procedure with minor modifications [31]. The
stock solution was freshly prepared by dissolving 24 mg
of DPPH in 100 mL of methanol, and then 10 mL of this
solution was taken and diluted with 45 mL of methanol.
Leaves extracts (150 pL) were allowed to react with 2850
pL of the DPPH solution for 2 h in a dark condition. Then,
absorbance was taken at 515 nm using the
spectrophotometer (TECAN, Maénnedorf, Switzerland).
The standard curve was linear between 25 and 800 mM
Trolox. Results are expressed in mM Trolox equivalents
(TE)/g dry mass. In all measurements, additional dilution
was needed if the analysis value measured was over the
linear range of the standard curve.

For ABTS assay of leaf extracts was performed according
to the following method with some modifications [32]. A
stock solution containing 7.4 mM ABTS and 2.6 mM
potassium persulfate was prepared. The prepared stock
solution was kept at room temperature for 12 h and then 1
mL was taken and diluted with 60 mL of methanol before
the analysis. Leaves extracts (150 uL) were allowed to
react with 2850 uL of the ABTS solution for 2 h in a dark
condition. Then, absorbance was taken at 734 nm using
the spectrophotometer (TECAN, Miénnedorf,
Switzerland). The standard curve was linear between 25
and 600 mM Trolox. Results were expressed in mM
Trolox equivalents (TE)/g dry mass).

2.3. Determination of phenolic compounds by LC-
MS/MS

Determination of phenolic profiles of leaves extracts,
high-performance liquid chromatography-mass
spectrometer - mass spectrometer (Agilent 1260 Triple
Quadrupole MS/MS) were used. Each analysis was
performed with three replications. HPLC column C18
ODS used in the analyses (25x4.6 mmx5 pm) was used.
Injection volume for analysis: 2 pL. Water/0.1% formic
acid (A), and methyl alcohol (99.9%) (B) were used as a
carrier phase. The gradient method is as follows: 3 min
2% B, 6 min 25% B, 10 min 50% B, 14 min 95% B, 17.5
min 2% B. Flow rate: 0.4 mL/min. The identification of
compounds was performed in positive and negative
modes [33].

2.4. Determination of volatile organic molecules by
GC-MS

Volatile molecules in the extract were qualitatively
analyzed in electron ionization (EI) mode with Agilent
Technology 7890A Gas Chromatography (GC) Mass
spectrometer (MS). Chromatographic column Agilent
HP-5 MS, capillary column (30 m x 0.25 mm, the film
thickness of 0.25 mm). The furnace temperature was
started at 40°C, followed by standing for 5 min, then at
5°C min-1 at 280°C and held for 5 min. Helium gas
(99.999%) was used as the carrier gas. The constant flow
rate is 1.5 mL min-1 and the injector temperature is
250°C. The extract was injected in splitless mode with 1.0
mL. Interpretation of the mass spectrum was performed
according to the National Institute of Standards and
Technology (NIST) database.

3. RESULTS and DISCUSSION
3.1. Antioxidant activity results

Antioxidant activity was evaluated using DPPH, ABTS,
and FRAP parameters. The ethanol and aqueous extracts
of Hatmi and Hibiscus plants were compared at
concentrations of 25, 50, 75, and 100 mg/mL. In the
DPPH activity assays, both the ethanol and aqueous
extracts of Hatmi flowers exhibited high levels of activity,
particularly at concentrations of 75 and 100 mg/mL. In
contrast, for the Hibiscus flowers, a linear increase in
DPPH activity was observed with increasing
concentrations in both extracts. At a concentration of 100
mg/mL, the activity reached up to 2000 uM TE/g DW.
Consequently, it was determined that Hibiscus flowers
provided a more significant response in DPPH activity
(Figure 4a). In ABTS assays, low-dose ethanol
extractions of Hatmi and Hibiscus plants have proven
more effective (25, 50 mg/mL). Antioxidants are essential
for maintaining overall health because they protect the
body from oxidative stress, which is caused by free
radicals. Free radicals are unstable molecules that can
damage cells, proteins, and DNA, potentially leading to
aging and various diseases, including cancer, heart
disease, and neurodegenerative disorders [34-36].
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Figure 4. a) DPPH activity, b) ABTS activity, c) FRAP activity results
of extracts. a: compared to 25 mg/mL, b: compared to 50 mg/mL, c:
compared to 75 mg/mL, d: compared to 100 mg/mL. P<0.05.

The ABTS activity results at these concentrations range
between 220 and 280 uM TE/g DW. However, in the
aqueous extractions of both plants, higher concentrations
demonstrated even greater activity (75, 100 mg/mL). At
these concentrations, the ABTS activity levels reach the
range of 350-400 uM TE/g DW (Figure 4b). According
to the FRAP results, the ethanol extract of Hatmi flower
exhibited high antioxidant activity. Specifically, at
concentrations of 75 and 100 mg/mL, activity results of
2400 and 2700 uM TE/g DW were obtained, respectively.
Additionally, the aqueous extract of the Hibiscus flower
also demonstrated significant antioxidant activity. It was
observed that as the concentration increased, the FRAP
activity also showed a linear and significant increase
(Figure 4c). Farhat et al. found that the capacity of Althaea
officinalis water extract to scavenge DPPH free radicals
increased with higher concentrations, achieving a strong
antioxidant activity of 75% at 6.0 mg/mL [37]. The
findings of Farhat et al. show a significant similarity to
our study. Their research indicates that the capacity of

plant extracts to scavenge free radicals increases with
higher concentrations. This aligns with our results, which
also demonstrate that higher concentrations tend to
enhance antioxidant activity. In particular, the ethanol
extract of the Hatmi flower exhibits strong antioxidant
activity, paralleling the findings of Farhat et al. Similarly,
the increase in activity observed in the aqueous extract of
the Hibiscus flower highlights the critical impact of
concentration on antioxidant effectiveness. These
findings suggest that concentration plays a crucial role in
enhancing the antioxidant potential of plant sources [37] .

3.2. Phenolic compounds results by LCMSMS

Table 1. Phenolic compounds of Hatmi plant extracts.

Compound Name HA(uEg;;())H HA AQ (ng/g)
(-)-Epicatechin 0.680+0.03 0.658+0.08
(+)-Catechin ns 0.549+0.054
2.5-Dihydroxybenzoic acid 1.535+0.10 4.309+.005
3’4'Dihyd“:g’ghe”y'awic 0.194+0.01 | 0.237+0.163
3-Hydroxybenzoic acid 9.420+0.28 29.490+1.07
3-hydroxytyrosol 0.708+0.01 1.409+0.037
4-Hydroxybenzoic acid 8.729+0.21 25.995+0.12
Apigenin 7-glucoside 884.195+2.8 30.005+1.53
Apigenin 53.52240.11 75.292+1.81
Caffeic acid 34.211+0.02 85.764+4.38
Chlorogenic acid 0.912+0.07 11.935+0.10
Eriodictyol 0.671+0.06 3.207+0.04
Ferulic acid 16.254+0.32 80.174+1.34
Gallic acid 1.144+0.01 6.242+0.39
Hesperidin 200.592+5.04 | 199.320+6.51
Hyperoside 0.402+2.544 113.594+1.27
Kaempferol 29.354+0.05 26.310+1.04
Luteolin 1.635+0.202 2.837+0.134
oleuropein 0.043+0.002 0.032+0.001
p-Coumaric acid 14.983+0.280 61.565+0.54
Pinoresinol 0.375+0.100 131.416+12.6
Protocatechuic acid 1.502+0.045 4.211+0.02
Pyrocatechol 0.611£1.31 0.168+0.05
Quercetin 2.90+0.10 7.849+0.52
Rosmarinic acid 0.073+0.008 0.010+0.001
Sinapic acid 0.438+0.04 2.387+0.16
Syringic acid 4.804+0.14 13.709+0.93
Taxifolin 12.417+0.07 | 264.049+15.92
Verbascoside 0.077+0.07 0.820+0.155

According to the results obtained from the analysis of
phenolic components, different compounds were obtained
from the ethanol and aqueous extractions of Hatmi
flowers. Specifically, apigenin 7-glucoside was found in
high amounts in the ethanol extract at 884.19 ug/g.
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Subsequently, hesperidin (200.592 pg/g), apigenin (53,52
ng/g), and caffeic acid (34.21 pg/g) were determined to
be present in high amounts. In the aqueous extracts of
Hatmi flowers, phenolic components such as hesperidin
(199.32 pg/g), pinoresinol (131.41 pg/g), and taxifolin
(264.04 pg/g) were found in high amounts (Table 1).
Farhat et al. identified the following phytochemicals in
the extraction of the Athena plant using LC-MS analysis:
5 phenolic acids (syringic acid, gallic acid, caffeic acid, p-
coumaric acid, and trans-ferulic acid) and 8 flavonoids
(catechin, apigenin, chrysin, quercetin, kaempferol,
genistein, rutin trihydrate, and galangin) [37]. The anti-
cancer effects observed in the water extract can be
attributed to its major constituents, including
polysaccharides, flavonoids, phenolic acids, and
coumarins [38,39]. Especially, Quercetin exhibits strong
antioxidant and anti-inflammatory properties that are
closely related to the prevention and treatment of
cardiovascular diseases and cancer [40].

Table 2. Phenolic compounds of Hibiscus plant extracts.

Compound Name Hil(;:g:/g) H gl{g]})'gl)‘Q
2,5-Dihydroxybenzoic acid 8.01+0.31 27.39+0.71
3,4-Dihydroxyphenylacetic acid 0.11+0.03 0.01+0.002
3-Hydroxybenzoic acid 1.20+0.16 3.54+0.21
3-hydroxytyrosol 0.07+0.001 0.11+0.01
4-Hydroxybenzoic acid 0.94+0.01 2.80+0.26
Apigenin 7-glucoside 0.32+0.016 ns
Apigenin 1.49+0.012 ns
Caffeic acid 18.64+0.08 28.41+0.30
Chlorogenic acid 452.50+4.14 | 942.34+6.06
Ferulic acid 2.77+0.10 3.75+0.16
Gallic acid 13.29+0.12 203.45+3.12
Hesperidin 32.18+0.31 8.09+0.30
Hyperoside 24.53+0.45 56.96+0.04
Kaempferol 6.51+0.19 1.94+0.36
p-Coumaric acid 1.92+0.13 3.51+0.18
Pinoresinol 0.80+0.02 24.18+0.38
Protocatechuic acid 8.12+0.08 28.63+0.06
Pyrocatechol 5.81+0.27 25.53+0.22
Quercetin 69.72+0.06 49.69+0.15
Sinapic acid 3.52+0.08 4.79£0.11
Syringic acid 25.11+0.53 38.09+0.65
Taxifolin 0.55+0.07 0.7420.02
Verbascoside 0.01£0.001 0.23+0.01

In the ethanol and aqueous extracts of hibiscus flowers,
common phenolic compounds such as chlorogenic acid,
quercetin, syringic acid, caffeic acid, and hyperoside were
obtained in high amounts. However, some were found
predominantly in ethanol extracts, while others were more
abundant in aqueous extracts. For instance, chlorogenic
acid (942.34 pg/g), hyperoside (56.96 pg/g), and caffeic

(28.41 ng/g) acid were found in higher quantities in the
aqueous extracts, whereas quercetin (69.72 pg/g) and
hesperidin (32.18 pg/g) were obtained in higher amounts
in the ethanol extract (Table 2). Plant phenolic
compounds possess strong free radical scavenging
activity and high antioxidant capacities, making them
more antimicrobial and effective against various diseases
and infections [41]. Therefore, the high phenolic content
found in this study suggests that consuming H. sabdariffa
plants and their products could enhance human health by
neutralizing free radicals, which may help prevent
neurodegenerative diseases and cancer development [9].
The findings regarding the phenolic compounds in both
ethanol and aqueous extracts of hibiscus flowers highlight
the complexity and variability of these bioactive
compounds. The presence of significant amounts of
chlorogenic acid, hyperoside, and caffeic acid in the
aqueous extracts suggests that these compounds may be
particularly effective in enhancing the antioxidant
properties of the plant when extracted with water.
Conversely, the higher levels of quercetin and hesperidin
in the ethanol extracts indicate that certain phenolic
compounds are more soluble in organic solvents,
potentially enhancing their bioavailability.

Given that plant phenolic compounds are known for their
strong free radical scavenging activity and high
antioxidant capacities, the findings imply that the
consumption of H. sabdariffa and its products could
provide substantial health benefits. The ability of these
compounds to neutralize free radicals may contribute to
the prevention of oxidative stress-related conditions, such
as neurodegenerative diseases and cancer.

3.3. Volatile organic molecules result by GC-MS

In GC-MS analysis of volatile organic compounds from
extracts of Hatmi and Hibiscus flowers, it was found that
Hatmi flowers contained a greater abundance of organic
compounds than Hibiscus. The results were determined
by scanning against the device library, accepting matches
above 80%. Tricosane, linoleic acid ethyl ester, ethyl
oleate, nonanoic  acid, p-vinylguaiacol, 9,12-
octadecadienoic acid (Z, Z), cis-vaccenic acid, and other
organic volatile compounds were obtained from the
extract of Hatmi flowers (Table 3). In a study, it was
demonstrated that the hexane extract of A. officinalis
flowers is rich in both saturated fatty acids (including
palmitic acid, nonacosane, heptacosane, and pentacosane)
and unsaturated fatty acids (such as omega-3 a-linolenic
acid and omega-6 linoleic acid) [42]. Flavonoids are a
class of heterocyclic natural compounds that are widely
distributed in plants, occurring as glycosides and free
aglycones. Consistent with the authors' findings, A.
officinalis was found to be rich in quercetin, rutin,
apigenin, coumarins, and kaempferol [43]. These
compounds exhibited cytotoxic activities against cancer
cells by interacting with various molecules involved in
apoptosis and proliferation pathways [44,45].
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Table 3. Volatile organic molecules of Hatmi plant extracts.

CAS Label Mass | Formula m/z Library Score
(DB) (DB) (Lib)
5906-76-3 Dimethylsilanol; Silanol, dimethyl 76 C2H80Si 45.1 Wiley7Nist05.L 84.12
1464-53-5 2,2-Bioxirane 86 C4H602 55.1 Wiley7Nist05.L 84.58
600-22-6 Propanoic acid, 2-oxo, methyl ester 102 C4H603 43.1 Wiley7Nist05.L 85.68
42403-25-8 Pyrrolidine- Alpha, Alpha, Alpha, 75.1 C4H5D4N 43.1 Wiley7Nist05.L 85.38
Alpha- D4
98-00-0 2-furanmethanol 98.1 C5H602 81.1 NIST11.L 93.6
10230-62-3 2,4-dihydroxy-2,5-dimethyl-3(2H)- 144 C6H804 101 NIST11.L 88.74
furan-3-one
33325-40-5 Propanoic acid,3- (acetylthio)-2- 162 C6H1003S 43.1 Wiley7Nist05.L 80.81
methyl
65-71-4 Thymine 126 C5H6N202 43.1 Wiley7Nist05.L 83.47
30533-08-5 2-propanamine, N-methyl-N-nitroso 102 C4H10N20 43.1 Wiley7Nist05.L 80.15
28564-83-2 4H-pyran-4-one, 2,3-dihdyro-3,5- 144 C6H804 43.1 NIST11.L 95.68
dihydroxy-6-methyl
25395-31-7 1,2,3-propanetriol, diacetate 143.9 | C7H1205 43.1 Wiley7Nist05.L 82.1
112-05-0 Nonanoic acid 158 C9H1802 43.1 Wiley7Nist05.L 88.75
7786-61-0 p-vinylguaiacol 150.1 | C9H1002 135 Wiley7Nist05.L 93.36
1000130-99-3 | Z-10-Tetradecen-1-ol acetate 254 C16H3002 43.1 NIST11.L 84.77
1000130-14-3 | d-glycero-d-ido-heptose 210 C7H1407 57.1 NIST11.L 82.02
0-00-0 3-deoxy-d-mannoic acid lactone 1419 | C6H1005 57.1 Wiley7Nist05.L 83.39
502-69-2 2-pentadecanone,6,10,14-trimethyl 268 C18H360 43.1 NIST11.L 87.98
57-10-3 Hexadecanoic acid 256.2 | C16H3202 73 Wiley7Nist05.L 96.06
628-97-7 Hexadecanoic acid, ethyl ester 284.3 | C18H3602 88.1 Wiley7Nist05.L 96.13
60-33-3 9,12-Octadecadienoic acid (Z,2) 280.2 | C18H3202 67.1 NIST11.L 85.07
506-17-2 Cis-Vaccenic acid 281.1 | C18H3402 55.1 NIST11.L 87.99
544-35-4 Linoleic acid ethyl ester 308.3 | C20H3602 55.1 NIST11.L 82.69
111-62-6 Ethyl oleate 310.3 | C20H3802 55.1 Wiley7Nist05.L 88.75
111-61-5 Octadecanoic acid, ethyl ester 312.3 C20H4002 88.1 NIST11.L 87.35
638-67-5 Tricosane 324.4 | C23H48 57.1 NIST11.L 95.95
301-02-0 9-Octadecenamide, (Z) 281.1 | C18H35NO 59.1 NIST11.L 81.72
629-99-2 Pentacosane 352.4 | C25H52 57.1 NIST11.L 90.91
593-49-7 Heptacosane 380.4 | C27H56 57.1 NIST11.L 90.75
621-61-4 Octadecanoic acid, 2-hydroxy-1- 358.2 | C21H4204 98.1 NIST11.L 89.89
(hydroxymethyl) ethyl ester
Table 4. Volatile organic molecules of Hibiscus plant extracts.
CAS Label Mass (DB) | Formula (DB) m/z Library Score
(Lib)
1112-39-6 Silane, dimethoxydimethyl 120.1 C4H1202Si 105 Wiley7Nist05.L 81,23
497-23-4 2 (5H)- Furanone 84 C4H402 55.1 NIST11.L 90.22
98-01-1 Furfural 96 C5H402 39.1 NIST11.L 99.15
8.03.2170 2,5 - Furandione, d 112 C5H403 68.1 NIST11.L 93.53
620-02-0 2-Furancarboxaldehyde, 5-methyl 110 C6H602 53.1 NIST11.L 97.76
161500-43-2 Oxazolidine, 2,2-diethyl-3-methyl 140.2 C8H17NO 114 NIST11.L 83.96
932-85-4 2 (3H)- Furanone, 5-ethoxydihydro 129.1 C6H1003 85 NIST11.L 91.29
28564-83-2 4H-Pyran-4-one,2,3-dihydro-3,5- 144 C6H804 431 NIST11.L 95.21
dihydroxy-6-methyl
67-47-0 5-hydroxymethylfurfural 126 C6H603 97 NIST11.L 97.92
498-07-7 beta-D-Glucopyranose ,1,6,anhydro 161.8 C6H1005 60.1 NIST11.L 91.96
80286-58-4 Arteannuic acid 234.2 C15H2202 121.1 NIST11.L 82.4
112-39-0 Hexadecanoic acid, methyl ester 270.2 C17H3402 74.1 NIST11.L 86.12
57-10-3 Hexadecanoic acid 256.2 C16H3202 73.1 Wiley7Nist05.L 94.89
60-33-3 9,12-Octadecadienoic acid (Z,2) 280.2 C18H3202 67.1 NIST11.L 93
301-02-0 9-Octadecenamide, (Z) 281.1 C18H35NO 59.1 Wiley7Nist05.L 87.08
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Volatile organic molecules such as furfural, arteannuic
acid, hexadecanoic acid methyl ester, hexadecanoic acid,
and 9-octadecenamide (Z) were obtained in extracts of
Hibiscus flowers. The gas chromatography-mass
chromatography (GC-MS) analysis of oil from H.
sabdariffa flower obtained from Nigeria showed the
presence of linoleic acid (22.7%) and hexadecenoic acids
of 64.3% [46]; the seed oil from Austria showed oleic
acid (24.7%), linoleic acid (43.2%) and palmitic acid
(17.3%) as the major chemical compositions [6].
However, a-terpineol and linalool dominated the seed oil
from Cuba [47]. It can be observed that there is no
uniformity in the chemical compositions of the oil; it
varies based on geographical locations [48].

These findings suggest that environmental factors, such as
soil composition, climate, and agricultural practices, play
a crucial role in determining the chemical profiles of
Hibiscus oils. This lack of uniformity highlights the
importance of considering geographic variations when
evaluating the potential applications of these oils in food,
cosmetics, or medicinal uses. Further studies could
explore the implications of these differences for the
antioxidant and therapeutic properties of Hibiscus
extracts, potentially leading to more targeted applications
based on specific regional profiles.

4. CONCLUSION

The findings of this study indicate that aqueous and
ethanol extractions produce different effects on the
bioactive components and antioxidant properties of the
plants. Notably, the aqueous extract of the Hibiscus
flower exhibited high DPPH radical scavenging activity,
while the ethanol extract of the Hatmi flower was found
to be more effective in FRAP assays. This suggests that
the choice of solvent significantly influences the profile
of active compounds and their corresponding activities.
Agueous extractions typically tend to extract polar
compounds, particularly phenolic compounds and
antioxidants that are soluble in water. The richness of such
compounds in the Hibiscus flower may be one of the key
reasons for its high antioxidant activity. In contrast,
ethanol and other less polar solvents are more effective at
extracting phenolic compounds and fatty acids.

The high activity observed in the ethanol extract of the
Hatmi flower may therefore result from ethanol's ability
to solubilize these compounds more effectively. These
differences highlight the critical role that the extraction
methods play in determining the active components
obtained and, ultimately, their potential health benefits.
Thus, further investigation into these plants, particularly
using various extraction methods, is essential to better
understand their health benefits and enhance their
potential in pharmaceutical applications.

REFERENCES

[1] LiH Bin, Cheng KW, Wong CC, Fan KW, Chen F,
Jiang Y. Evaluation of antioxidant capacity and total
phenolic content of different fractions of selected
microalgae. Food Chemistry 2007;102:771-6.
https://doi.org/10.1016/J.FOODCHEM.2006.06.02
2.

[2] Awolu OO, Oladeji OA. (PDF) Natural Plant
Pigments and Derivatives in Functional Foods
Development n.d.
https://www.researchgate.net/publication/35278771
8_Natural_Plant_Pigments_and_Derivatives_in_Fu
nctional_Foods_Developments (accessed May 10,
2024).

[3] Aberoumand A. A Review Article on Edible
Pigments Properties and Sources as Natural
Biocolorants in Foodstuff and Food Industry
2011:71-8.
https://www.researchgate.net/publication/22849288
1 A_Review_Article_on_Edible_Pigments_Propert
ies_and_Sources_as_Natural_Biocolorants_in_Foo
dstuff_and_Food_Industry (accessed May 10,
2024).

[4] Collins AR. Antioxidant intervention as a route to
cancer prevention. European Journal of Cancer
(Oxford, England: 1990) 2005;41:1923-30.
https://doi.org/10.1016/J.EJCA.2005.06.004.

[5] Seal T, Pillai B, Chaudhuri K. Evaluation of
Nutritional Potential of Five Unexplored Wild
Edible Plants Consumed by the Tribal People of
Arunachal Pradesh State in India. Journal of Food
and Nutrition Research, Vol 5, 2016, Pages 1-5
2016;5:1-5. https://doi.org/10.12691/JFNR-5-1-1.

[6] Malik RN, Husain SZ, Nazir I. Heavy metal
contamination and accumulation in soil and wild
plant species from industrial area of Islamabad,
Pakistan. Pakistan Journal of Botany 2010;42:291—
301.

[71 Cragg GM, Newman DJ. Natural product drug
discovery in the next millennium. Pharmaceutical
Biology 2001;39:8-17.
https://doi.org/10.1076/PHBI.39.7.8.5868.

[8] Maganha EG, Halmenschlager R da C, Rosa RM,
Henriqgues JAP, Ramos ALL de P, Saffi J.
Pharmacological evidences for the extracts and
secondary metabolites from plants of the genus
Hibiscus. Food  Chemistry  2010;118:1-10.
https://doi.org/10.1016/J.FOODCHEM.2009.04.00
5.

[9] Fraga CG, Croft KD, Kennedy DO, Tomas-
Barberan FA. The effects of polyphenols and other
bioactives on human health. Food & Function
2019;10:514-28.
https://doi.org/10.1039/C8FO01997E.

[10] Prosper An C, Esiaba I, Ajbaye O, Adesuyi AO.
Polyphenolic Content and Antioxidant Activity of
Hibiscus sabdariffa Calyx. Research Journal of
Medicinal Plant 2011;5:557-66.
https://doi.org/10.3923/rjmp.2011.557.566.

[11] Goldberg A, Hutchinson J. Hutchinson’s Families:
Third Edition. Taxon 1974;23:627.
https://doi.org/10.2307/1218791.

126




Tr. J. Nature Sci. Volume 13, Issue 4, Page 120-128, 2024

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

Heywood VH (Vernon H. Flowering plants of the
world 1979:335.

Tiirkan S, Malyer H, Oz Aydin S. Ordu ili ve
Cevresinde Yetisen Bazi Bitkilerin Etnobotanik
Ozellikleri. Fen Bilimleri Enstitiisii  Dergisi
2006;10:162-6.

Rouhi H, Ganji F. Effect of althaea officinalis on
cough associated with ACE inhibitors. Pakistan
Journal of Nutrition 2007;6:256-8.
https://doi.org/10.3923/PJN.2007.256.258.

Kiltir §. Medicinal plants used in Kirklareli
Province (Turkey). Journal of Ethnopharmacology
2007;111:341-64.
https://doi.org/10.1016/j.jep.2006.11.035.

Kara AA, Algur OF, Késeoglu MS. Bazi Sifali
Bitkilerin ~ Helicobacter =~ pylori  {izerindeki
Antimikrobiyal Aktiviteleri. Cumhuriyet Science
Journal 2016;1. https://doi.org/10.17776/csj.32537.
Baytop T. Tirkiye’de Bitkiler ile Tedavi (Gegmiste
ve Bugiin) Tiirkiye’de Kullanilan Tibbi Bitkiler.
40th ed. Istanbul: I.U.Eczacilik Fak..; 1984.
Al-Snafi AE. The Pharmaceutical importance of
Althaea officinalis and Althaea rosea: A review.
International Journal of PharmTech Research
2013;5:1378-85.

Fahamiya N, Shiffa M, Aslam M, Nazeem Fahamiya
C, Muzn F. Unani perspective of Khatmi (Althaea
officinalis). Journal of Pharmacognosy and
Phytochemistry 2016;5:357—60.

Reinelt N, Melzig MF. Der Echte Eibisch Althaea
officinalis L. Zeitschrift Fur Phytotherapie
2017;38:91-6. https://doi.org/10.1055/S-0043-
103256/ID/R04-17-PORT-REINELT-0029/BIB.

Satish Kumar S, Sudhakar S, Kapil S, Snigdha T.
Ethnopharmacological Review on  Althaea
Officinalis. WwwWjppsCom 2016;5:425.

https://doi.org/10.20959/wjpps20167-7095.

Singh A, Idris M. A brief review on a Unani Drug:
Khatmi (Althaea officinalis). Asian Journal of
Pharmacy and Pharmacology 2018;4:394-8.
https://doi.org/10.31024/ajpp.2018.4.4.3.

Mousavi SF, Razavi SMA, Koocheki A.
Marshmallow (Althaea officinalis) flower gum.
Emerging Natural Hydrocolloids: Rheology and
Functions 2019:397-423.
https://doi.org/10.1002/9781119418511.CH16.
Xue T-T, Xu H-B, Tang Z-S, Duana J-A, Liu H-B,
Shi X-B, et al. Progress in Chemical Compositions
and Pharmacological Activities of Althaea
officinalis. Med Res 2021;5:210002—-210002.
https://doi.org/10.21127/yaoyimr20210002.
Shruthi VH, Ramachandra CT, Nidoni U,
Hiregoudar S, Naik N, Kurubar AR. Physico-
Chemical, Nutritional and Functional Properties of
Roselle (Hibiscus sabdariffa L.). International
Journal of Current Microbiology and Applied
Sciences 2017;6:2976-82.
https://doi.org/10.20546/ijcmas.2017.612.347.
Amaya-Cruz D, Peréz-Ramirez IF, Pérez-Jiménez J,
Nava GM, Reynoso-Camacho R. Comparison of the
bioactive potential of Roselle (Hibiscus sabdariffa
L) calyx and its by-product: Phenolic
characterization by UPLC-QTOF MSE and their

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

anti-obesity effect in vivo. Food Research
International 2019;126:108589.
https://doi.org/10.1016/j.foodres.2019.108589.

Cn O, Mo C, Fc I, Chukwuma Mo. Phytochemical
analysis and medicinal uses of Hibiscus sabdariffa.
International  Journal of Herbal Medicine
2015;2:16-9.

Adadi P, Kovaleva EG, Glukhareva T V., Shatunova
SA, Petrov AS. Production and analysis of non-
traditional beer supplemented with sea buckthorn.
Agronomy Research 2017;15:1831-45.
https://doi.org/10.15159/AR.17.060.

Essiedu JA, Adadi P, Kovaleva EG. Production and
characterization of beer supplemented with Hibiscus
sabdariffa (Malvaceae). Food Frontiers 2022;3:328-
38. https://doi.org/10.1002/fft2.127.

Benzie IFF, Strain JJ. The Ferric Reducing Ability
of Plasma (FRAP) as a Measure of “Antioxidant
Power”: The FRAP Assay. Analytical Biochemistry
1996;239:70-6.
https://doi.org/10.1006/AB10.1996.0292.
Brand-Williams W, Cuvelier ME, Berset C. Use of
a free radical method to evaluate antioxidant
activity. LWT - Food Science and Technology
1995;28:25-30. https://doi.org/10.1016/S0023-
6438(95)80008-5.

Arnao MB, Cano A, Acosta M. The hydrophilic and
lipophilic contribution to total antioxidant activity.
Food Chemistry 2001;73:239-44.
https://doi.org/10.1016/S0308-8146(00)00324-1.
Goren AC, Cikrikei S, Cergel M, Bilsel G. Rapid
quantitation of curcumin in turmeric via NMR and
LC-tandem mass spectrometry. Food Chemistry
2009;113:1239-42.
https://doi.org/10.1016/j.foodchem.2008.08.014.
Varigh B, Caglayan C, Kandemir FM, Giir C, Ayna
A, Geng A, et al. Chrysin mitigates diclofenac-
induced hepatotoxicity by modulating oxidative
stress, apoptosis, autophagy and endoplasmic
reticulum stress in rats. Molecular Biology Reports
2023;50:433-42.  https://doi.org/10.1007/S11033-
022-07928-7/FIGURES/4.

Eriten B, Kucukler S, Gur C, Ayna A, Diril H,
Caglayan C. Protective Effects of Carvacrol on
Mercuric Chloride-Induced Lung Toxicity Through

Modulating ~ Oxidative  Stress,  Apoptosis,
Inflammation, and Autophagy. Environmental
Toxicology 2024.

https://doi.org/10.1002/TOX.24397.

Kucukler S, Benzer F, Yildirim S, Gur C, Kandemir
FM, Bengu AS, et al. Protective Effects of Chrysin
Against Oxidative Stress and Inflammation Induced
by Lead Acetate in Rat Kidneys: a Biochemical and
Histopathological Approach. Biological Trace
Element Research 2021;199:1501-14.
https://doi.org/10.1007/S12011-020-02268-
8/TABLES/5.

Farhat C, Younes H, Alyamani OA, Mrad M,
Hourani N, Khalifeh H, et al. Chemical
characterization and in vitro biological evaluation of
aqueous extract of Althaea officinalis L. flower
grown in Lebanon. Journal of Herbal Medicine
2022;34:100575.

127




Tr. J. Nature Sci. Volume 13, Issue 4, Page 120-128, 2024

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

https://doi.org/10.1016/j.hermed.2022.100575.
Boker I, Sendker J, Stark T, Kelber O, Fink C,
Hensel A. Cytoprotective effects of aqueous extracts
from marshmallow roots (Althaea officinalis L.).
Zeitschrift Fiir Phytotherapie 2012;33.
https://doi.org/10.1055/S-0032-1313246.

Tobyn G, Denham A, Whitelegg M. Althaea
officinalis, marshmallow; Malva sylvestris,
common mallow; Alcea rosea, hollyhock. Medical
Herbs 2011:67-78. https://doi.org/10.1016/B978-0-
443-10344-5.00013-6.

Formica J V., Regelson W. Review of the biology of
quercetin and related bioflavonoids. Food and
Chemical Toxicology 1995;33:1061-80.
https://doi.org/10.1016/0278-6915(95)00077-1.
Panche AN, Diwan AD, Chandra SR. Flavonoids:
An overview. Journal of Nutritional Science 2016;5.
https://doi.org/10.1017/INS.2016.41.

Mahdi  Valiei. Chemical composition and
antimicrobial activity of the flower and root hexane
extracts of Althaea officinalis in Northwest Iran.
Journal of Medicinal Plants Research 2011;5.
https://doi.org/10.5897/JMPR11.963.

Kadhum HH, Abd AH, Al-Shammari AM. HPLC
analysis and chemical composition identification of
isolated flavonoid fraction of Althaea officinalis
from Irag. AIP Conference Proceedings 2019;2123.
https://doi.org/10.1063/1.5116972.

Kuntz S, Wenzel U, Daniel H. Comparative analysis
of the effects of flavonoids on proliferation,
cytotoxicity, and apoptosis in human colon cancer
cell lines. European Journal of Nutrition
1999;38:133-42.
https://doi.org/10.1007/S003940050054.

Ramos S. Effects of dietary flavonoids on apoptotic
pathways related to cancer chemoprevention. The
Journal of Nutritional Biochemistry 2007;18:427—
42,
https://doi.org/10.1016/J.JNUTBIO.2006.11.004.
Inikpi E, Lawal OA, Ogunmoye AO, Ogunwande
IA. Volatile composition of the floral essential oil of
Hibiscus sabdariffa L. from Nigeria. ~ 4 ~ American
Journal of Essential Oils and Natural Products
2014;2:4-07.

Pino C, Olmo-Mira F, Cabello P, Martinez-Luque
M, Castillo F, Roldan MD, et al. The assimilatory
nitrate reduction system of the phototrophic
bacterium  Rhodobacter ~ capsulatus  E1F1.
Biochemical Society Transactions 2006;34:127-9.
https://doi.org/10.1042/BST0340127.

Alara OR, Abdurahman NH. GC-MS and FTIR
analyses of oils from Hibiscus sabdariffa, Stigma
maydis and Chromolaena odorata leaf obtained from
Malaysia: Potential sources of fatty acids. Chemical
Data Collections 2019;20:100200.
https://doi.org/10.1016/j.cdc.2019.100200.

128




Volume 13, Issue 4, Page 129-134, 2024

https://doi.org/10.46810/tdfd.1529274 Research Article

Y

Tiirk Doga ve Fen Dergisi

Bi N:G OL Turkish Journal of Nature and Science

UNIVERSITY

www .dergipark.gov. tr/tdfd

Bioactive component analysis and in vitro antioxidant activities of Plantago Major L.

Berna SAHIN'““", Ahmet SAVCI?

1Department of Molecular Biology and Genetics, Faculty of Arts and Sciences, Mus Alparslan University, 49250

Mus, Tiirkiye
Berna SAHIN ORCID No: 0009-0008-7176-539X
Ahmet SAVCI ORCID No: 0000-0002-9609-785X
*Corresponding author: a.savci@alparslan.edu.tr

(Received: 06.08.2024, Accepted: 16.12.2024, Online Publication: 30.12.2024)

Keywords
Antioxidant,
Free Radical,
HPLC,
Phenolic,

P. major

Abstract: Plantago major L. (P. major) is a plant used by people for medicinal purposes. This
study prepared ethanol extract after species identification of P. major plant growing in Varto
district of Mus. Phenolic content and amount were determined by high pressure liquid
chromatography (HPLC). Four different methods were used for antioxidant activities. As a result
of the chemical content analysis of the plant, the highest amount of trans-p-cumaric acid (89.0
ng/ul), abscisic acid (11.4 ng/uL) and salicylic acid (8.20 ng/uL) were detected. When the
antioxidant results were evaluated, it was observed that the extract scavenged DPPH and ABTS
radicals with a power close to that of standard antioxidants. At the same time, the extract
significantly reduced Fe®* and Cu?* ions. It was found that the activity of the samples generally
increased with increasing absorbance. The fact that there are few studies on the antioxidant activity
of P. major in the literature makes this study even more important. We hope that this study will
shed light on future research on this species.

Plantago Major L.'nin biyoaktif bilesen analizi ve in vitro antioksidan aktiviteleri

Anahtar
Kelimeler
Antioksidan,
Serbest Radikal,
HPLC,

Fenolik,

P. major

Oz: Plantago major L. (P. major) halk arasinda tibbi amaglarla kullanilan bir bitkidir. Bu
calisgmada, Mus'un Varto il¢esinde yetisen P. major bitkisinin tiir tanimlamasi yapildiktan sonra
etanol ekstrakti hazirlanmistir. Fenolik igerigi ve miktar1t HPLC ile belirlendi. Antioksidan
aktiviteler i¢in dort farkli yontem kullanildi. Bitkinin kimyasal igerik analizi sonucunda sirasiyla
en yiiksek miktarda Trans-p kumarik asit (89.0 ng/uL), Absisik asit (11.4 ng/uL), Salisilik asit
(8.20 ng/puL) tespit edildi. Antioksidan sonuglar degerlendirildiginde, ekstraktin DPPH ve ABTS
radikallerini standart antioksidanlara yakin bir giicle temizledigi goézlenmistir. Ayn1 zamanda
ekstrakt Fe®* ve Cu?* iyonlarmi énemli 6lciide azaltmistir. Orneklerin aktivitesinin genel olarak
absorbans artisiyla birlikte arttig1 tespit edilmistir. Literatiirde P. major'un antioksidan aktivitesi
tizerine sinirli sayida ¢alisma olmasi bu ¢aligmay1 daha da 6nemli kilmaktadir. Bu ¢alismanin, bu
tirle ilgili gelecekte yapilacak arastirmalara 151k tutacagini umuyoruz.

1. INTRODUCTION

Molecules with unoccupied electrons in their terminal
orbitals are defined as free radicals. An excess of these
radicals, which are constantly produced in the body,
causes oxidative damage. As a result of oxidative damage,
various diseases occur in the body, including cancer,
cardiovascular diseases, neurodegenerative diseases,
Alzheimer's and immune diseases. Therefore, free
radicals must be neutralised by antioxidants [1,2].

Enzymes, the glutathione molecule and hormones, which
are endogenous antioxidants, are the molecules

responsible for establishing the basic antioxidant balance.
However, in addition to these molecules, exogenous
molecules may also need to be ingested to scavenge free
radicals. Plants, which contain important bioactive
components, are the most important members of the
exogenous antioxidants [3-5].

Plantago, which belongs to the Plantaginaceae family, is
a plant used by the public for medicinal purposes. It is
known that this plant, whose leaves, roots, seeds and
aerial parts are consumed, is used as a wound healer and
in the treatment of skin diseases. This genus, which is
represented by about 275 species worldwide, has been
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reported to have 22 species in Turkey, two of which are
endemic [6,7].

P. major L., whose benefits as a folk medicine have been
recognised worldwide for many years, is known to
contain a variety of bioactive constituents, including
phenolic acid derivatives, flavonoids, terpenoids fatty
acids, and, alkaloids, which contribute to its specific
healing sides [8]. Various studies have reported that P.
Major has antioxidant, antibacterial, anti-inflammatory
and wound healing properties [9-11]. In this study, we
determined the phenolic content of P.Major using high
pressure liquid chromatography (HPLC). In this research
we determined the phenolics of P. major using high
pressure liquid chromatography (HPLC). We used
various in vitro methods to determine its antioxidant
properties. We believe that this study will guide future
studies and make a significant contribution to the
literature.

2. MATERIAL AND METHOD
2.1. Plant collection and species identification

P. Major L. was collected in East Anatolia, Mus, Varto
district, and the species was determined by Murat Aydin
SANDA of the Molecular Biology and Genetics
Department of Mus Alparslan University. The chemical
processes were carried out in the laboratories of Mus
Alparslan University.

2.2. Preparation of Extracts

The plants were collected during the growing season
(May, 2024) and dried. After species identification, the
ethanol extract of the plant was obtained using a Soxhlet
apparatus. For the extracts, about 50 g of plant samples
were dissolved in 300 mL of ethanol. The extracts were
filtered and Iyophilised in the laboratories of the
Molecular Biology and Genetics Department of Mus
Alparslan University.

2.3. Phenolic Compound Analysis by HPLC

Agilent Technologies 1260 Infinity Il HPLC device
(Agilent, USA) was used to determine the phenolic
substance content. Ascorbic acid, gallic acid, 3,4-
dihydroxybenzoic acid, 4-hydroxybenzoic acid, trans-p-
coumaric acid, myricetin, abscisic acid, quercetin,
apigenin, kaempferol, curcumin, catechol, vanillin,
caffeic acid, cinnamic acid, rosmarinic acid and salicylic
acid (Dr. Ehrenstofer GmbH, Germany) standards were
used. The final concentrations of the standards were
weighed to be 10 mg/mL and placed in 50 mL volumetric
flasks. The prepared standards were prepared by adding
1% acetic acid and 1/9 acetonitrile to the prepared
standards. The stock solution required to dissolve the
standards was prepared by adding 1/1 methanol to the
solution. Stock standards were prepared in 5 different
dilutions (100 mM, 75 mM, 50 mM, 25 mM and 10 mM)
and loaded onto the HPLC device [12]. For HPLC
analysis, 1 mL of the previously prepared ethanol extract
was taken, 4 mL of stock solution was added and

vortexed. The mixture was passed through filters with a
pore diameter of 0.45 pm and approximately 0.5 mL was
transferred into vials. Samples were loaded onto the
HPLC device to determine the phenolics in the resulting
mixture. As mobile phases, 1% acetic acid was used for
solvent A and acetonitrile was used for B. The HPLC
configuration consists of 1260 DAD WR detector (272,
280 and 310 nm), 1260 Quat Pump VL pump (1 mL/min
flow rate), 1260 Vialsampler (20 pl injected) and G7130A
column oven (28 °C). The analytical column used for
analysis is ACE 5 C18 (250x4.6 mm id). The necessary
procedure and information to load the homogenates we
prepared before into HPLC were performed according to
our previous study [13].

2.4. Antioxidant Assays
2.4.1. Reducing Power of Fe®* lons

The reducing power of Fe®* ions to Fe** ions was
determined by Oyaizu method [14]. The volume of the
samples (25, 50 and 100 pg/mL) taken in tubes was
completed to 200 pL with distilled water. After adding
500 pL each of buffer solution (pH: 6.6) and KsFe(CN)s
to each tube, it was incubated for twenty minutes (50 °C).
Then 500 pL of trichloroacetic acid (TCA) was added to
the mixture. After centrifugation, 500 pL of the
supernatant was taken and the same amount of distilled
water and 100 pL of FeCls were added. Absorbances were
measured at 700 nm in a micro-volume
spectrophotometer.

2.4.2. Cu? lons Reduction Power By CUPRAC
Method

After taking different concentrations of extracts and
standards into test tubes, their total volumes were made
up to 1 mL with distilled water. 0.25 mL each of CuCly,
ethanolic neocuprin and acetate buffer were added. After
thirty minutes of incubation, the absorbance values of the
samples at 450 nm were recorded [15].

2.4.3. DPPH Radical Scavenging Assay

Ethanol was added to the extracts (25 pg/uL, 50 pg/pL
and 100 ug/uL) in test tubes to a final volume of 600 puL.
After 200 pL of 1,1-diphenyl-2-picrylhydrazyl (DPPH)
solution was added, the reaction was allowed to incubate
for about 30 minutes to complete the reaction.
Absorbance values at 517 nm were measured with the
help of a spectrophotometer [16].

2.4.4. ABTS Radical Scavenging Assay

(2,2'-Azino-bis(3-ethylbenzthiazoline-6-sulfonic  acid)
(ABTS) solution was diluted with phosphate buffer until
the absorbance of the solution reached 0.750 = 0.025 at
734 nm. After the total volume of the samples was made
up to 200 mL with water, 1 mL of ABTS* solution was
added. After 30 minutes of incubation, the absorbance
values of the extracts were measured at 734 nm [17].
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3. RESULTS
3.1. Phenolic Substance Analysis

The phenolic compound composition of P. major
analysed by HPLC device was evaluated with the
phenalics introduced as standard. The results showed that
the extract contained significant amounts of phenolic
compounds (Table 1). According to the results, the
highest amounts of trans-p-cumaric acid (89.0ng/uL),
abscisic acid (11.4 ng/pL), salicylic acid (8.20 ng/uL),
rosemarinic acid (3.32 ng/uL), ascorbic acid (2.48 ng/uL),
myricetin (2.05ng/ul) and cinnamic acid (0.79 ng/uL)
were detected in the extract. Chromatograms of the
standards and ethanol extract used in HPLC analysis are
shown in Figure 1 and Figure 2.
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Figure 1. Chromatogram curves of the standards used in HPLC analysis
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3.2. Antioxidant Activities

Four different in vitro methods were used to determine the
antioxidant properties of the extracts. The data obtained
as a result of the research showed that P. major has strong
antioxidant properties. The % activities of extract and
standard antioxidants at the highest concentration, FRAP,
CUPRAC, DPPH and ABTS are shown in Table 2. The
FRAP method was preferred to determine the reducing
power of ferric ions. According to the experimental
results, the extract was found to have lower activity than
standard antioxidants (BHA, BHT and AA). However, it
was observed that the extract had significant activity and
its activities increased as the concentration of the samples
increased (Figure 3).

Excess iron, one of the most important metals for the
organism, can cause several undesirable side effects.
Excess Fe?* ions in the environment can be converted to
hydroxyl radical, a very dangerous free radical, by the
Fenton reaction [21]. Therefore, FRAP is one of the most
preferred methods for researchers. In our research, we
found that studies on the reducing power of the genus
Plantago were quite limited. Beara et al. found that
extracts of P. altissima and P. lanceolata strongly reduced
ferric ions [18]. Huan et al. reported that polysaccharides
from Plantago asiatica L. have significant reducing
power, but lower than the antioxidant power of BHT [22].
In another study, P. albicans ethanol extract was found to
have stronger reducing activity than hexane,
dichloromethane and acetone extracts and weaker
reducing activity than ascorbic acid (AA) [23]. The results
of this study generally support previous studies.
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Figure 2. Chromatogram curves of the P.major ethanol extract used in
HPLC analysis
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Table 1. Phenolic substance amounts (ng/uL) by the HPLC analysis
results of P.major ethanol extract
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Ascorbic acid 2,483
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Trans-p coumaric acid 89.085
Myricetin 2.058
Abscisic acid 11.416
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Rosemarinic acid 3.322
Salicylic acid 8.209

Figure 3. Comparison of ferric ion reduction capacities of ethanol
extract of P. major with standard antioxidants (BHA, BHT and AA)

According to the CUPRAC results of this study, the
extract strongly reduced Cu?* ions and had similar
performance with standard antioxidants. The activities of
all samples were found to increase with increasing
concentration (Figure 4). In previous studies, no study
was found on the reducing power of cupric ions in this
plant genus. Therefore, this study may be the first in this
area.
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Figure 4. Comparison of cupric ion reduction capacities of ethanol
extract of P. major with standard antioxidants (BHA, BHT and AA)

According to the results of DPPH radical scavenging
activity, it was observed that the extract scavenged
radicals very strongly. At the highest concentration
(100pg/mL), the DPPH radical scavenging percentages of
the samples were as follows: BHA (88.57%) > AA
(84.89%) > P. major (81.72%) > BHT (64.61%).
Furthermore, the activities of the samples increased with
increasing concentration (Figure 5).
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Figure 5. Comparison of DPPH radical scavenging activity of P. major
extract with standard antioxidants

The ABTS radical scavenging results showed similar data
to the DPPH results. It was observed that the activities
generally increased with increasing concentration (Figure
6). The ABTS radical scavenging percentages of the
samples at the highest concentration were ranked as
follows: AA (93.10) > BHA (92.50) > P.major (91.05) >
BHT (84.52).
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Figure 6. Comparison of ABTS radical scavenging activity of P. major
extract with standard antioxidants

Table 2. Antioxidant activities of extract and standart antioxidants at

100uL

Samples Ferric ion Cupric DPPH ABTS

(100pL) reduction ion radical radical
capacities reduction | scavenging | scavenging

(%) capacities activity activity

(%) (%) (%)

P.major | 77.01+0.3 | 25.61+0.2 | 81.72+0.1 91.05+0.4
BHA 85.63+0.11 | 29.36+0.5 | 88.57+0.3 92.50+0.1
BHT 85.96+0.7 | 27.43+0.2 | 64.61+0.3 84.52+0.2
AA 82.60+0.2 | 25.62+0.8 | 84.90+0.1 93.10+£0.2

4. DISCUSSION AND CONCLUSION

In the literature review, it was observed that the genus
Plantago contains various bioactive components such as
phenolics, flavonoids, terpenes, alkaloids and
polysaccharides. According to the research results of
Beara et al. it was found that P. altissima and P.
lanceolata extracts were rich in phenolic acids [18].
Significant amounts of p-hydroxybenzoic acid, gallic
acid, chlorogenic acid, vanillic acid, luteolin, cinnamic
acid and apigenin were detected. Another study reported
that P. major leaf and seed extracts contained significant
amounts of phenolic and flavonoids [19]. Kartini et al.
reported that the methanol extract of P. major contained
significant amounts of chlorogenic acid, caffeic acid,
vanillin and p-coumaric acid [20]. Although this study is
similar to studies in the literature, there are differences in
the content and amounts of phenolic compounds. This
could be due to different species, geographical
differences, climate change and different solvent usage.

Excess iron, one of the most important metals for the
organism, can cause several undesirable side effects.
Excess Fe?* ions in the environment can be converted to
hydroxyl radical, a very dangerous free radical, by the
Fenton reaction [21]. Therefore, FRAP is one of the most
preferred methods for researchers. In our research, we
found that studies on the reducing power of the genus
Plantago were quite limited. Beara et al. found that
extracts of P. altissima and P. lanceolata strongly reduced
ferric ions [18]. Huan et al. reported that polysaccharides
from Plantago asiatica L. have significant reducing
power, but lower than the antioxidant power of BHT [22].
In another study, P. albicans ethanol extract was found to
have stronger reducing activity than hexane,
dichloromethane and acetone extracts and weaker
reducing activity than ascorbic acid (AA) [23]. The results
of this study generally support previous studies.

Several studies on the DPPH radical scavenging activity
of the genus Plantago were found in the literature. Kadri
reported that P. albicans ethanol extract scavenged DPPH
radicals more than other extracts and standard
antioxidants. The results of the study were as follows
Ethanol (IC50: 19.17) > Acetone (IC50: 21.33) >
Aqueous (IC50: 64.33) > Ascorbic acid (IC50: 102.00) >
Dichloromethane (IC50: 169.00) > Hexane (IC50:
515.33) [21]. In another study it was reported that P. ovata
Forssk polysaccharides were very effective in scavenging
DPPH radicals [24]. According to the results of the study
by Kartini et al., methanol extract of P. major scavenged
DPPH radicals very strongly [20]. In another study,
Bahadori et al. found that methanol extract of P.
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lanceolata scavenged DPPH radicals strongly according
to the results of their study [6]. When the results of this
study are compared with previous studies, they are found
to be mutually supportive.

In the study by Huan et al. the ABTS radical scavenging
activity of P. asiatica L. polysaccharides was found to
increase with increasing concentration [22]. In another
study, water and ethanol extracts of P. albicans were
found to be more effective in scavenging ABTS radicals
than hexane, dichloromethane and acetone extracts [23].
There is no study on the ABTS radical scavenging activity
of P. major. However, our study is in parallel with studies
on other plant species.

Plants rich in phenolic compounds, which are commonly
used for medicinal purposes, are antioxidant organisms
that act as electron donors to scavenge free radicals. In
this study, ethanol extract of P. major collected in Mus
province was prepared after species identification.
Phenolic content and amount were determined by HPLC
apparatus. Four different in vitro methods were used to
determine the antioxidant capacity of the extract. As a
result of the chemical content analysis of the plant, the
highest amount of trans-p-cumaric acid (89.0 ng/uL),
abscisic acid (11.4 ng/pL) and salicylic acid (8.20 ng/uL)
were detected. When the antioxidant results were
evaluated, it was observed that the extract scavenged
DPPH and ABTS radicals with a power close to that of
standard antioxidants. At the same time, the extract
significantly reduced Fe®* and Cu?* ions. It was found that
the activity of the samples generally increased with
increasing absorbance. The fact that there are few studies
on the antioxidant activity of P. major in the literature
makes this study even more important. We hope that this
study will shed light on future research on this species.
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Abstract: Gears are important machine elements widely used in industry. A mechanism can
consist of only two gears, while in more complex systems, gears of different sizes and numbers
are used. However, the use of a large number of gears can increase the weight and cost of the
machine. The production methods developed with today's technology allow for the easy
production of all kinds of geometries. In this study, in order to minimize the weight of spur
gears, triangular, square and hexagonal shaped infill geometries were applied to the gear body.
Designs with different edge lengths and infill thicknesses were modeled with SolidWorks
software and finite element analysis was performed in ANSYS software. As a result of the
analyses, it was determined that the square profile design offered the lightest solution. When
compared to the unfilled design, a 63.65% reduction in weight was achieved.

Farklh Dolgu Geometrilerine Sahip Disli Carklarda Agirhgin Optimize Edilmesi

Anahtar
Kelimeler

Diiz Digli Carklar,
Govde Tasarimi,
3D Modelleme,
Sayisal Analiz

Oz: Disli carklar, endiistride yaygin olarak kullanilan 6nemli makine elemanlaridir. Bir
mekanizma yalnizeca iki disli ¢arktan olusabilecegi gibi, daha karmagsik sistemlerde farkli
boyutlarda ve sayilarda disliler kullanilmaktadir. Ancak, fazla sayida disli ¢arkin kullanimi
makine agirligini ve maliyetini artirabilmektedir. Giiniimiiz teknolojisiyle gelisen iiretim
yontemleri, her tilirlii geometrinin kolayca {iretilmesine olanak tanimaktadir. Bu ¢aligmada, diiz
disli ¢arklarin agirligini minimuma indirmek amaciyla, ¢ark govdesine iiggen, kare ve altigen
sekillerinde dolgu geometrileri uygulanmistir. Farkli kenar uzunluklari ve dolgu kalinliklarina
sahip tasarimlar, SolidWorks yazilimi ile modellenmis ve ANSYS yaziliminda sonlu elemanlar
analizi gergeklestirilmistir. Analizler sonucunda, kare profilli tasarimin en hafif ¢6ziim sundugu
belirlenmistir. Dolgusuz tasarimla karsilastirildiginda, agirlikta %63,65 oraninda bir azalma
elde edilmistir.

1. INTRODUCTION

Gear systems play a crucial role in power transmission
and regulating mechanical motion. Widely used across
industries such as manufacturing, automotive, and
aerospace, these systems are continuously optimized for
performance, durability, and energy efficiency. In recent
years, topology optimization has emerged as a prominent
method in gear design. This approach is recognized as a
powerful tool for reducing structural weight and
enhancing mechanical performance [1-3].

Studies on the potential of topology optimization in gear
design demonstrate its ability to balance lightweight and
durability. Ramadani et al. [4] explored the feasibility of
using this method to design low-vibration, lightweight
gear bodies. Patel and colleagues [5] highlighted that
topology optimization could significantly reduce weight
while improving energy efficiency in automotive
applications.

Asymmetric tooth designs in gear systems have gained
attention as an alternative method to enhance mechanical
performance. Kapelevich [6] emphasized that such
designs increase tooth strength, thereby extending
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operational life. Similarly, Song and Kim [7] investigated
the impact of asymmetric tooth geometries on vibration
reduction.

Material selection and heat treatment techniques have also
been comprehensively examined for their effects on the
performance of gear systems. Sharma et al. [8]
demonstrated the positive impact of heat treatment on
durability, while Dogan and Kamer [9] emphasized that
additive manufacturing methods enable the production of
optimized gear designs with reduced material usage.
Additive manufacturing also facilitates the creation of
complex geometries.

The integration of lattice structures has been identified as
a significant innovation for lightweight and high-strength
gear designs. Kara and Altun [10] noted that these
structures are effective in reducing weight. Additionally,
Maiti et al. [11] examined the impact of composite
materials on lightweight gear systems, highlighting their
advantages in vibration control and durability, which
support modern design approaches.

Understanding and controlling the vibration behavior of
gear systems is crucial for overall performance. Li et al.
[12] analyzed how vibration characteristics can be
optimized through material choices. Furthermore, studies
on lubrication techniques to minimize energy losses in
gear systems are noteworthy. Xu and Zhang [13] reported
the positive effects of innovative lubrication solutions on
energy efficiency.

Moreover, artificial intelligence and machine learning
methods have ushered in a new era in gear design. Wang
and Chen [14] demonstrated how these methods could be
employed to rapidly generate optimized designs. It is
anticipated that these technologies will play a significant
role in the design of more complex systems in the future.

2. MATERIAL AND METHOD

In the study, the material to be used in gear designs was
first determined. For this purpose, Polyamide (PA), a
polymer material frequently used in engineering
applications and easily producible through additive
manufacturing, was selected. To obtain the mechanical
properties of the material, a Type IV tensile test specimen
was designed according to the ASTM D638 (ASTM,
2014) standard [9].
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Figure 1. Tensile test specimens

To obtain the mechanical properties of the Polyamide
material, a Polyamide filament from Flashforge was
procured. The designed test specimen was produced using
the FDM method. An industrial 3D printer, the
CoreMax600 Pro, was used for the production of the test
specimens. The specimens were tested using the
Shimadzu AGS-X tensile testing machine available at our
university. The tensile test was conducted on the
specimens using the Shimadzu AGS-X tensile testing
machine with a 10 kN load capacity, maintaining a grip
distance of 65 mm. The tests were carried out at a tensile
speed of 5 mm/min until the specimens experienced
failure. Five Polyamide (PA-Nylon) specimens were
subjected to testing, and their mechanical properties were
compared after the tensile tests.

iy

Figure 2. Tensile testing setup

Tablel. Test results

Number | Yield Strength (Mpa) Young's Modulus (Mpa)
1 87,621 2540,129
2 93,503 2744,989
3 83,899 2459,031
4 79,552 2502,065
5 85,166 2635,595
Average 85,9482 2576,3618

2.1. Modeling of Gear Wheels

In the subsequent phase of the study, individual gear
models were created using SolidWorks. The solid models
were then analyzed using the finite element analysis
(FEA) software ANSYS Workbench. The CAD model of
the spur gear involved in this study was created with the
following design parameters:

Module (m): 4 mm
Number of teeth (z): 25
Pressure angle (a): 20°
Gear width: 20 mm
Shaft diameter: 20 mm
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During the design process of the gear wheels, the
Equations dialog box in SolidWorks was used. The
equations that define the geometric dimensions of the gear
were imported into SolidWorks, and these parameters
were applied to model the gear accurately.

The gear’s tooth profile was designed as an involute
profile. To generate this profile, involute profile equations
were entered into the curve drawing command in
SolidWorks, enabling the creation of the precise tooth
profile.

Equations, Global Variables, and Dimensions
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Figure 3. Equation Used in Solidworks

Subsequently, the gear model was created in SolidWorks
using these equations throughout all stages of the design.

Figure 4. Model of Spur Gear

In the study, triangular, hexagonal, and square geometries
were utilized for the gear designs. The designs were made
in such a way that there were no gaps in the gear body,
with 4 different edge lengths and 4 different fill
thicknesses for each geometry. For the hexagonal
geometry, a total of 16 gear designs were created using
edge lengths of 6 mm, 8 mm, 10 mm, and 12 mm, and fill
thicknesses of 1.5 mm, 2 mm, 2.5 mm, and 3 mm. As an
example, visual representations of gears with the same
thicknesses but different edge lengths are provided.

12 mm edge length
1,5 mm fill thickness

10 mm edge length
1,5 mm fill thickness

6 mm edge length
1,5 mm fill thickness

8 mm edge length
1,5 mm fill thickness

Figure 5. Hexagonally Geared Designs

For the square geometry, a total of 16 gear designs were
created using edge lengths of 10, 12, 14, and 16 mm, and
fill thicknesses of 1.5, 2, 2.5, and 3 mm. Visual

[

representations of gears with the same thicknesses but
different edge lengths are provided as examples.

12 mm edge length
2 mm fill thickness

14 mm edge length
2 mm fill thickness

16 mm edge length
2 mm fill thickness

10 mm edge length
2 mm fill thickness

Figure 6. Square Geometry Gear Designs

For the triangular geometry, a total of 16 gear designs
were created using edge lengths of 12, 14, 16, and 18 mm,
and fill thicknesses of 1.5, 2, 2.5, and 3 mm.

12 mm edge length 14 mm edge length 16 mm edge length

2,5 mm fill thickness | 2.5 mm fill thickness | 2,5 mm fill thickness

18 mm edge length
2.5 mm fill thickness

Figure 7. Triangle Geometry Gear Designs
2.2. Finite Elements Analysis

In the analysis phase, the analysis of a standard spur gear,
which had not undergone any material removal, was first
performed. Subsequently, analyses of the specially
designed spur gear models were conducted in the static-
structural mode of ANSY'S Workbench 2020 R1.

Initially, the designs were created in SolidWorks. The
designed gear models were then imported into ANSYS.
For the solid models introduced into ANSYS, Polyamide
(PA), the most commonly used material in gear
manufacturing, was assigned, taking into account both
cost considerations and material preference.

As another step in the finite element analysis, meshing
was performed. The mesh applied to the gear models
significantly impacts the analysis results. Initially, a
default mesh was applied, and the sizing command was
used to improve the mesh quality. After completing the
meshing process, boundary conditions were defined. The
gear wheels were fixed at the shaft hole, and loading was
applied to the tooth profile, as shown in Figure 8.

Figure 8. Finite Element Model of the Gear: (a) Mesh Structure and (b)
Boundary Conditions
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In the analyses performed, forces of 250N, 500N, 750N,
1000N, and 1250N were applied incrementally to the
samples. The force at which yield stress was reached was
considered as the failure load.
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Flgure 9. Applied Loads in the Finite Element Model

The same boundary conditions were applied to all gear
models, and stress analyses under load were performed.
The Von-Mises maximum stress values from the stress
analyses were used as the basis for evaluation.

Figure 10. Von-Mises Stress Distribution of the Untreated Spur Gear

In Figure 10, the stresses resulting from the applied loads
on the spur gear are shown step by step. As expected, the
yield stress was reached at the tooth root and along the
line. The force at which yield stress was achieved was
considered the failure load. Yield stress was reached at
step 4.5, with the applied force being 1125 N. Thus, the
untreated spur gear reached yield stress at 1125 N.

4R1

8 mm edge length1,5 mmlJ\ | 8 mm edge length 2 mm
Figure 11. Von-Mises Stress Distribution of Hexagonal Geometry
Gears with 8 mm Edge Length and 1.5 mm

and 2 mm Fill Thicknesses

a-s-:g!-; :
uii i

§§iia
H

:

| 10 mm edge length 2 mm | |

10 mm edge length1,5 |
Figure 12. Von-Mises Stress Distribution of the Square Geometry Gear

with 10 mm Edge Length and 1.5 mm
and 2 mm Fill Thicknesses
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16 mm edge length1,5 mm 16 mm edge length 2 mm

Figure 13. Von-Mises Stress Distribution of the Triangular Geometry
Gear with 16 mm Edge Length and 1.5 mm and 2 mm Fill Thicknesses

In the designed gears, it is desired that the maximum stress
always occurs at the tooth root for each loading condition.
For the triangular geometry, this condition is achieved
with a fill thickness between 1.5 mm and 2 mm. At 1.5
mm thickness, the maximum stress appears on the body
and in different regions of the geometry and edge lengths.
This stress distribution indicates that these areas may fail
under operating conditions. However, when the thickness
is increased to 2 mm, it is observed that the body is safe,
and the maximum stress shifts to the tooth root (Figures
11-13).

3. RESULTS AND DISCUSSION

Initially, designs were created for gears with triangular,
square, and hexagonal geometries on the gear body, using
4 different edge lengths and 4 different fill thicknesses.
Stress analyses of the designed gears were conducted
using the ANSY'S program to evaluate their performance
under load.

The analysis showed that in fully filled spur gears, the
maximum stress occurred at the tooth root, which is
typical for spur gear designs. For gears where material
was removed from the body, it was observed that the
stresses increased as the material was removed toward the
center of the gear. The material removal process
continued until the stresses were reduced to a level below
the yield stress, thus achieving the goal of reaching the
optimal weight without compromising the strength of the
gear. The weights of the designs were obtained using
SolidWorks and compared with the weight of the
untreated spur gear to assess the effectiveness of the
material reduction.

138



Tr. J. Nature Sci. Volume 13, Issue 4, Page 135-140, 2024

During the gear selection process, the gears where the
maximum stresses were concentrated at the tooth root
under loading conditions were considered optimal. Gears
where maximum stresses appeared on the gear body were
excluded from consideration, as these areas would likely
be more prone to failure or damage during operation. This
careful approach ensured that only the designs with the
most reliable stress distribution and optimal performance
were chosen for further evaluation.

10 mm edge length 3 mm fill thickness

14 mm edge length 1,5 mm fill thickness

Figure 14. Optimum Gears for All Geometries

Among all the designs and weights, the lightest gear was
achieved with the square geometry. This gear represented
a significant weight reduction of 63.65%, marking a
groundbreaking achievement in the literature for such a
substantial weight reduction.

The use of lightweight gears offers several advantages in
mechanical systems. First, reducing the weight of the
gears helps decrease the overall weight of the system,
leading to improved energy efficiency. As the weight
decreases, the friction and energy losses in the system are
also minimized. This not only leads to energy savings but
also improves the balance and stability of mechanical
systems, enabling machines to operate with greater
precision and efficiency. Additionally, lightweight gears
are easier to handle and assemble, simplifying the
logistics and labor involved in manufacturing and
maintaining the system.

With the continuous advancement in technology, further
reductions in gear weight can be achieved by exploring
different gear geometries and incorporating artificial
neural networks into the design process. These
innovations hold great potential for optimizing gear
performance, enhancing energy savings, and reducing
material usage, contributing to the development of more
sustainable and efficient mechanical systems.
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Abstract: Plant growth regulators (PGRs) are broadly used in turfgrass management.
Gibberellic acid is also applied in many plants due to its positive effects on plant growth and
development. However, some studies have indicated that these applications may have a negative
effect on color. The study aimed to find out the effect of different doses of gibberellic acid
applications on visual quality in different turfgrass species. Gibberellic acid was applied as
control, 0.05 and 0.1 kg ha. Among the turfgrass species, twenty different cultivars of four
different species were used as material in the experiment. Although studies have demonstrated
that this plant growth regulator enhances stress tolerance, it has been observed to diminish color
values (L, a*, b*). Visual quality is a crucial aspect of lawns. The study also revealed that grass
varieties exhibited differential responses to gibberellic acid with respect to visual quality and
color properties.

Akdeniz ikliminde Renk Bakimindan Cim Cesitlerinin Giberellik Aside TepKkisi

Anahtar
Kelimeler
Renk,

Cim,

Bitki biiyiime
diizenleyicisi
Cim kalitesi

Oz: Bitki biiyiime diizenleyicileri ¢im alan y&netiminde yaygin olarak kullanilmaktadir.
Giberellik asit de bitki bitylimesi ve gelisimi lizerindeki olumlu etkileri nedeniyle birgok bitkide
uygulanmaktadir. Ancak, bazi galigmalar bu uygulamalarin renk iizerinde olumsuz bir etkiye
sahip olabilecegini gostermistir. Bu ¢aligma, farkli ¢im tiirlerinde farkli dozlarda giberellik asit
uygulamalarinin gorsel ve renk kalitesi izerindeki etkisini bulmay1 amaglamistir. Giberellik asit
kontrol, 0.05 ve 0.1 kg ha* olarak uygulanmistir. Cim tiirleri arasinda 4 farkli tiiriin 20 farkli
cesidi denemede materyal olarak kullanilmistir. Gorsel kalite, gorsel derecelendirme sistemi
kullanilarak degerlendirilmistir. Renk kalitesi spektrofotometre kullanilarak incelenmistir.
Genel olarak, giberellik asit kullaniminin gorsel kalite {izerinde olumsuz etkileri oldugu
gbzlenmistir. Bu bitki biiyiime diizenleyicisinin stres kosullarina karst direnci artirdigini
gosteren caligmalar olmasina ragmen renk degerleri (L, a*, b*) acisindan diislislere neden
oldugu g6zlenmistir. Gorsel kalite ¢im alanlar igin ¢ok 6nemlidir. Calisma neticesinde ayrica
¢im cesitlerinin gorsel kalite ve renk ozellikleri bakimindan giberellik aside farkli tepkiler
verdigi gozlemlenmistir.

1. INTRODUCTION

Turfgrass is a vital component of urban and suburban
landscapes, offering functional, environmental, and
aesthetic advantages. Studies have shown that turfgrasses
play a role in reducing soil erosion, surface runoff, and
safeguarding water quality [1]. Additionally, they aid in

carbon sequestration, nutrient cycling, and maintaining
water quality [2]. Turfgrass also helps mitigate the
impacts of urban sprawl in rapidly urbanizing societies [3]
and it is good for menthal health. The economic
significance of the turfgrass industry is substantial, driven
by factors such as property development, environmental
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benefits, and the aesthetic appeal of turfgrass in urban
environments [4].

Turfgrass color is a critical aspect of turfgrass quality due
to its aesthetic significance. Studies have emphasized the
importance of turfgrass color in enhancing the visual
quality of turfgrass [5]. The color of turfgrass is a key
characteristic that significantly influences its overall
quality and appeal to consumers [6]. Maintaining an
intense green color in turfgrass is essential for improving
its aesthetic value and increasing consumer acceptance
[6]. Additionally, turfgrass color is commonly used as a
primary indicator of its quality conditions [7].

The color of turfgrass is influenced by various factors
such as fertilization, genetic characteristics, and
environmental conditions. Nitrogen is crucial for
maintaining turfgrass density and color, as well as
enhancing its resistance and recovery from stress [8].
Studies have shown that the application of colorants can
enhance turfgrass color and quality, especially during
stressful and dormant periods [9,10]. Moreover, the
genetic color of turfgrass cultivars plays a significant role
in achieving the desired aesthetic value of turfgrass [11].
Furthermore, research has underscored the significance of
color differentiation in turfgrass studies, as it has
ramifications for a multitude of facets of turfgrass
research, including the utilization of pesticides, fertilizers
and cultivars. [12]. Digital image analysis is a valuable
method for quantifying turfgrass color and evaluating
turfgrass quality in research studies [13].

Table 1. Soil traits of the experiment field (0-30 cm)

Gibberellic acid (GA) has been identified as a key
regulator affecting various aspects of plant growth and
development, including turfgrass. Gibberellin application
resulted usually in the yellowing of grass leaves. This
effect can be reduced by higher nitrogen fertilization.
Gibberellic Acid is used in sports facilities to extend the
period of exploitation from early spring to late autumn.
Research has shown that GA application can enhance
growth rates in turfgrass, potentially aiding in the
recovery of injured areas by promoting growth in the
surrounding turf [14]. Moreover, GA has been linked to
regulating shoot elongation in higher plants, which is
crucial for managing turfgrass effectively [15]. However,
it is thought that it may have a negative effect on the color
quality of grass. In this study conducted for this purpose,
the effects of different doses of gibberellic acid on the
color quality of twenty different grass species in the
Mediterranean climate were examined.

2. MATERIAL AND METHOD
2.1. Study site

The field study was established at Aydin Adnan Menderes
University (Aydm, Tirkiye) Research and experimental
fields (37° 45' 51" N, 27° 45' 32" E, 27 m altitude) as a
split-plot experiment in randomized block design with
three replications in 2023-2024. The soil in which the
experiment was conducted had an alkaline, sandy-loamy
texture, low organic matter content, and an adequate
amount of mineral matter, based on samples taken before
to the experiment (Table 1.).

P K Ca Mg Na Fe pH Total Salt Organic
ppm ppm ppm ppm ppm ppm (%) Matter
(%)
19 903 2740 1164 46 8.32 8.16 0.0093 1.20

When the climate data taken during the turfgrass
vegetation period in the area where the experiment was
carried out were compared with the long-term means, it
was observed that the experimental year was warmer and

drier in terms of average temperatures. Especially high
winter temperatures caused a faster growth in all turfgrass
species (Table 2.).

Table 2. Some climate variables for the years 2023, 2024 and long-term mean”

Mean Temperature (°C) Total Precipitation (mm)
Months 2023/24 LTM 2023/24 LTM
September 24.8 23.9 22.1 43.8
October 19.7 18.8 2.2 79.9
November 15.9 134 1514 40.9
December 11.7 9.4 95.1 50.9
January 9.5 8.2 74.2 27.8
February 10.4 9.4 6.1 13.4
March 12.7 12.1 5 17.9
April 19.1 16.2 21.9 10.0
Total 154 13.9 378 573.7

LTM: Long term mean: 1985-2022.
2.2. Field management

A total of 20 cultivars of four different species were
used in the experiment. These cultivars are generally

the ones that can be evaluated in mixtures and used
intensively in turfgrass areas. Information about the
varieties is given in Table 3.
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Table 3. Cultivars of the experiment

Lolium perenne L. Festuca arundinacea L. Poa pratensis L. Festuca rubra rubra
Belida Sergei Zeptor Kolossos
Sox Fan Greenfront Geisha
Blackstone Eye Candy
Troya Tomcat-1
Monsieur Brockton
Stravinsky Jaguar AG
Spark Meister
Ankyra Starlett
Essence

The experiment was conducted with three replications,
with 75 grams of grass seed applied per square meter.
Irrigation was performed on a daily basis until
germination, utilizing an oscillating garden lawn
irrigation nozzle that allowed for the precise control of
its width. The first mowing process took place when the
plants reached a height of 15 cm. The mowing
operations were carried out with AL-KO HIGHLINE
46.5 P-A gasoline lawnmower from a height of 7-8 cm
in order not to affect any kind of development. No
herbicide was applied for weed control in the trial, and
Fiskars® Stand-up Weed Puller (4-claw) was used to
remove weeds. Turfgrasses were fertilized with mineral
fertilizers at rates: 180 kg N ha, 60 kg P,Os ha?, and
120 kg K0 ha before sowing. From March onwards,
a fertilization rate of 50 kg N ha* was applied following
each mowing, marking the onset of active growth.
Gibberellic acids were applied in March 2024 at three
rates (control, 0.05, 0.1 kg PGR ha) with knapsack
sprayer. Irrigation was done with sprinkler irrigation
systems according to the water capacity of the field only
when the plant needs it.

2.3. Measurements

The color parameters such as L* (Lightness), a* (Red to
green), and b* (yellow to blue) of the samples were
determined by using a colorimeter (Hunter lab, Color
flex EZ model: 45°/0°). Then, the CIE L*a*b* values
related to each sample were recorded separately. The
chroma was assessed following the methodology
outlined by Rezah et al. [16]. The Commission
Internationale de I'Eclairage (CIE) Lab color system was
used to compute color parameters in relation to the D65
illuminant standard. The projection of color components
is represented by this CIELab system on the axes L, a,
and b. Lightness is represented by the L value, which is
100 for white and 0 for black. The chromatic coordinates
that are described by the values a and b are green-red
and blue-yellow, respectively. A hue of green or blue is
represented by a negative an or b, and a hue of red or
yellow by a positive an or b, respectively. In accordance
with the National Turfgrass Evaluation Program
(NTEP) in the United States [17,18] turfgrass quality
was measured on a scale of 1 to 9, with the lowest score
indicating broad leaf, very poor appearance, and light
green turfgrass, and the highest score indicating thin

leaves, a very good appearance, and dark green
turfgrass. Three turfgrass characteristics were assessed:
leaf texture, overall appearance, and turfgrass color.
Green canopy cover measured by Canopeo was
maesured at after gibberellic acid application. Canopeo
is a tool developed for measuring fractional green
canopy cover in various vegetation types, including
turfgrass. It utilizes color ratios of red to green (R/G) and
blue to green (B/G) along with an excess green index to
assess canopy cover [19]. Research has shown that
Canopeo is effective in estimating green coverage of
living turfgrasses, although additional calibration may
be necessary for colorant-treated turfgrasses [20].
Measurements were carried out 30 days after the
application of the treatments.

2.4. Statistical analysis

Statistical analyses were performed using R Studio
(v4.1.2) [21]. The Shapiro-Wilk test was used to
determine the distribution of normality. The
relationships between the traits were analyzed at p<0.01
level of significance by using analysis of variance and
LSD test in randomized completely block design as split
plots.

3. RESULTS AND DISCUSSION

Turfgrass cultivars had significantly different color
characteristics. However, they all had in common their
response to gibberellic acid application doses.
Yellowish and lighter leaves appeared as gibberellic
acid application increased. For L* values, the interaction
was significantly different. Higher gibberellic acid doses
resulted in lighter leaves (L = 38.46). Among the
cultivars, Festuca arundinacea cv. Greenfront had the
lightest character (L= 42.39). However, the control
treatment of this variety was also lightest. The darkest
(L= 31.34) turfgrass cultivar was Lolium perenne cv.
Blackstone. The stunning result was that the increase in
gibberellic acid dose in this turfgrass cultivar did not
increase the lighter properties of the turfgrass color
much. Since the cultivars had their genetic
characteristics, the changes in all of them were at
different levels (Table 4.).
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Table 4. Effect of gibberellic acid application on turfgrass color CIELab (L*) parameter.

L*

Cultivar/Doses Control 0.05 kg ha™ 0.1 kg ha™ Mean**
Lp-Belida 38.90 39.98 42.95 40.61 ¢
Fa- Sergei 39.13 39.17 41.94 40.08 d
Pp-Zeptor 38.46 39.62 40.34 39.47e
Fa-Greenfront 41.77 42.07 43.33 42.39a
Fa-Eye Candy 29.10 34.81 35.94 33.28 k
Lp-Sox Fan 29.04 35.18 36.44 33.55 jk
Lp-Blackstone 30.81 31.46 31.76 31.34m
Lp-Truva 30.12 31.90 34.40 32.141

Fa-Tomcat 32.24 32.13 36.32 33.56 jk
Lp-Monsieur 31.10 33.48 36.81 33.79 1
Fa-Brockton 34.66 37.90 37.98 36.84 h
Pp-Geisha 38.09 38.98 39.04 38.70 f
Lp-Stravinsky 38.17 41.32 41.73 40.40 cd
Frr-Kolossos 39.69 41.46 42.31 41.15b
Lp-Spark 32.02 38.73 41.26 37.34¢g
Fa-Jaguar AG 33.74 37.92 40.62 37439
Fa-Meister 31.03 32.56 36.78 33.46 jk
Lp-Ankyra 31.88 33.60 34.72 33.40 jk
Fa-Starlett 32.73 33.55 35.94 34.071

Lp-Essence 29.96 32.05 38.63 33.54 jk
Mean** 34.13¢ 36.39b 38.46 a

cv:1.28 LSDcul: 0.43, LSDdoses: 0.17; **mean values with different letters are significantly different (p < 0.01).

In terms of a* mean values, significantly different
characteristics were observed for both varieties and
doses. Higher green (a*= -8.668) was observed with the
increase in dose. However, the increase in green color
does not show a characteristic alone. At the same time,
b* averages should also be examined together. The
increase in b* characteristic leads to an increase in the
yellowish characteristic. The b* values, which we will
explain after expressing the differences between grass
varieties, also increased with the increase in gibberellic

acid dose. Among the turfgrass cultivars, the highest
green (a*=-9.317) was obtained with Festuca
arundinacea cv. Brockton. The lowest was obtained
with Lolium perenne cv. Spark and Festuca
arundinacea cv. Sergei. As observed in Lightness
values, the averages of this character also showed
different results according to genetic differences (Table
5.).

Table 5. Effect of gibberellic acid application on turfgrass color CIELab (a*) parameter.

a*

Cultivar/Doses Control 0.05 kg ha™ 0.1 kg ha™ Mean**
Lp-Belida -8.256 -8.670 -8.760 -8.562 j

Fa- Sergei -5.943 -7.603 -8.320 -7.288 a
Pp-Zeptor -6.503 -9.513 -9.700 -8.572

Fa-Greenfront -7.353 -8.690 -9.270 -8.437

Fa-Eye Candy -6.673 -9.050 -9.350 -8.357 hj
Lp-Sox Fan -6.960 -9.040 -9.666 -8.555

Lp-Blackstone -7.280 -8.193 -8.706 -8.060 fg
Lp-Truva -7.696 -7.893 -8.283 -7.957 eg
Fa-Tomcat -7.473 -7.636 -9.403 -8.171 g1
Lp-Monsieur -7.476 -7.686 -8.600 -7.921 eg
Fa-Brockton -8.736 -9.553 -9.663 -9.3171

Pp-Geisha -8.626 -8.783 -9.153 -8.854 k
Lp-Stravinsky -7.546 -7.636 -7.753 -7.645 bd
Frr-Kolossos -8.026 -8.053 -8.263 -8.114 gh
Lp-Spark -7.083 -7.290 -7.673 -7.348 a
Fa-Jaguar AG -6.763 -7.920 -7.593 -7.425 ab
Fa-Meister -7.390 -7.573 -8.226 -7.730 ce
Lp-Ankyra -8.076 -8.266 -8.850 -8.397 1§
Fa-Starlett -6.720 -8.343 -8.453 -7.838 df
Lp-Essence -7.183 -7.576 -7.683 -7.481 ac
Mean** -7.388 a -8.248 b -8.668 ¢

cv:3.52 LSDcul:0.266 LSDdoses:0.103; **mean values with different letters are significantly different (p < 0.01).

Significantly different traits were observed for the b*
character in relation to the a* parameter. Likewise, the
interaction was significant as in all traits. This character,
in which yellowish was observed in a certain way, had
higher values with the increase in dose. In this respect,
the highest result (b*= 18.26) was obtained with 0.1 kg
hal. Although it was observed that Poa pratensis cv.
Zeptor was the yellowest among the varieties

(b*=24.68), when the control group was controlled, it
was observed that this variety was more yellow than the
other varieties before the plant growth regulator
application. In this respect, the most striking yellowing
was observed in Festuca arundinacea cv. Eye Candy.
The variety average with the lowest yellow color
pigment was Lolium perenne cv. Sox Fan, cv.
Blackstone (Table 6.).
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Table 6. Effect of gibberellic acid application on turfgrass color CIELab (b*) parameter.

b*

Cultivar/Doses Control 0.05 kg ha™ 0.1kg ha™ Mean**
Lp-Belida 17.78 18.80 19.03 18.53 d
Fa- Sergei 17.88 21.30 21.75 2031c
Pp-Zeptor 23.65 24.99 25.40 24.68a
Fa-Greenfront 12.96 18.79 19.76 17.17 fg
Fa-Eye Candy 12.46 17.03 17.50 15.661

Lp-Sox Fan 11.89 13.86 14.84 13.531

Lp-Blackstone 11.76 14.03 14.33 13.371

Lp-Truva 14.78 18.27 19.05 17.37 ef
Fa-Tomcat 13.55 14.81 22.41 16.92g
Lp-Monsieur 13.41 13.94 17.02 14.79 jk
Fa-Brockton 21.57 23.39 23.68 22.88 ¢
Pp-Geisha 15.86 16.87 17.88 16.87 g
Lp-Stravinsky 14.04 15.13 15.53 14.90

Frr-Kolossos 16.41 16.75 17.10 16.759
Lp-Spark 14.04 14.37 14.87 14.43 k
Fa-Jaguar AG 14.88 15.57 16.41 15.621

Fa-Meister 13.06 17.07 17.53 15.89 hi
Lp-Ankyra 16.76 17.87 18.34 17.66 e
Fa-Starlett 14.66 16.86 17.00 16.17 h
Lp-Essence 14.00 15.22 15.83 15.01j

Mean** 15.27 ¢ 17.24b 18.26 a

cv:2.64 LSDcul: 0.41 LSDdoses: 0.16; **mean values with different letters are significantly different (p < 0.01).

It was observed that gibberellic acid treatments caused
statistical differences at the level of (p < 0.01) in terms
of canopy cover and visual quality among turfgrass
species. The changes observed in terms of color
characteristics were in the same direction in terms of
canopy cover and visual quality characters. It was
determined that gibberellic acid treatments decreased
the canopy cover as well as the color quality. Compared
to the control treatment, all but three varieties were
observed above 90% cover. Lolium perenne cv.
Stravinsky was the cultivar that was observed to be more
affected by canopy cover with gibberellic acid

application. Lolium perenne cv. Essence was the least
affected variety and had the highest average value
(97.49%). The effect of gibberellic acid on visual quality
was determined by visual rating. Decreases in visual
quality were observed due to yellowish. The highest
visual quality value was obtained from the control with
6.75. Although there were different visual values among
the varieties, Festuca arundinacea cv. Starlett had a
higher visual quality (6.33). The rapid decline in visual
quality was observed with Lolium perenne cv. Truva
(Table 7.).

Table 7. Effect of gibberellic acid application on turfgrass canopy cover and visual quality

Canopeo (Canopy Cover%)** Visual Quality(1-9)**
Cultivar/Doses Control 0.05 kg 0.1 kg Mean Control 0.05 kg 0.1 kg Mean
ha™ ha™ ha™ ha™

Lp-Belida 92.70 87.66 87.37 89.24 f 6.00 4.33 3.33 4.55
Fa- Sergei 98.37 95.69 94.68 96.24bc 6.33 5.33 4.00 5.22 dg
Pp-Zeptor 97.41 97.58 91.41 95.47cd 6.33 4.66 3.33 4.77 &1
Fa-Greenfront 90.37 87.25 86.52 88.05 f 5.66 5.00 4.00 4.88 fh
Fa-Eye Candy 98.69 92.51 92.16 94.45de 7.00 5.33 4.33 5.55 be
Lp-Sox Fan 98.40 95.44 92.22 95.35¢cd 6.66 6.00 5.00 5.88 ab
Lp-Blackstone 96.05 98.49 95.92 96.82ab 7.00 5.00 3.33 5.11 eg
Lp-Truva 86.48 79.81 77.53 81.271 8.00 4.00 2.66 4.88 fth
Fa-Tomcat 95.14 87.76 83.98 88.96 f 7.00 5.33 3.00 5.11eg
Lp-Monsieur 98.98 96.89 96.34 97.40ab 8.00 5.33 4.33 5.88 ab
Fa-Brockton 85.09 84.15 81.77 83.67h 6.00 5.00 3.33 4.77 g1
Pp-Geisha 97.92 97.28 93.61 96.27ac 6.00 5.00 3.33 4.77 g1
Lp-Stravinsky 98.37 80.95 80.56 86.62 ¢ 6.00 5.00 4.00 5.00 fh
Frr-Kolossos 97.47 95.03 90.90 94.47de 5.66 4.33 3.00 4331
Lp-Spark 95.99 95.66 92.36 94.67de 7.66 5.66 4.00 5.77 bc
Fa-Jaguar AG 97.70 97.22 87.02 93.98 ¢ 6.33 6.00 4.66 5.66 bd
Fa-Meister 96.05 92.87 92.96 93.96 ¢ 8.00 4.66 3.33 5.33 cf
Lp-Ankyra 94.54 89.43 80.67 88.21 f 7.00 5.00 2.66 4.88 fth
Fa-Starlett 87.19 80.89 77.03 81.70 1 7.33 5.66 6.00 6.33a
Lp-Essence 98.14 97.76 96.56 97.49a 7.00 5.00 3.00 5.00 fh
Mean** 95.05a 9151b 88.58 ¢ 6.75a 5.08 b 3.73¢

cv:1.44 LSDcul: 1.23, LSDdoses:0.47, cv:10.74 LSDcul:0.52 LSDdoses:0.20 ; **mean values with different letters are significantly different

(p <0.01).
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Gibberellic acid, a plant growth regulator, has been
extensively studied for its effects on plant pigments.
While gibberellic acid is known to positively influence
various aspects of plant growth and development, such
as stem elongation, germination, and flowering [22],
there is evidence suggesting that it can have negative
effects on plant coloration. Research has shown that
gibberellic acid can alter the contents of pigments in
plants. For instance, a study on the application of
gibberellic acid on Asarum europaeum L. cut leaves
found that gibberellic acid affects the biosynthesis of
photosynthetic pigments [23]. Additionally, the
application of gibberellic acid, along with other
phytohormones, was found to increase pigment content
in salinized wheat plants [24]. Gibberellic acid is
reported to have very positive effects on tillering,
growth and root characteristics in plants [25]. However,
there is also striking information that gibberellic acid
applications in particular yellowish turfgrass species
[26]. In a study on this subject, the effect of different
plant growth regulators on turfgrass species was
examined. The results clearly indicated that gibberellic
acid caused color loss in turfgrass species [17]. Despite
its positive properties, this study aimed to examine the
effects on color loss, canopy cover and visual quality in
different turfgrass species. The fact that the studies on
this subject are in different species and there are not
enough studies on this subject has revealed the necessity
of this study for turf areas where color quality is very
important. It is also stated that the color loss problem
that will occur in turf color and quality can be reduced
by using higher nitrogen fertilizer [27].

4. CONCLUSION

Gibberellic acid (GA) is a plant growth regulator widely
used in agriculture and turfgrass areas to enhance plant
growth and development. GA promotes cell elongation
and division, resulting in increased shoot growth and
overall turf vigor. This can be particularly advantageous
during the early growing season or in cool climates
where turfgrass might otherwise be slow to green up.
Additionally, the application of GA can improve the
grass’s stress tolerance. It aids in strengthening the turf
against environmental stresses such as drought, salinity,
and extreme temperatures, making it more resilient and
maintaining its aesthetic appeal under challenging
conditions. However, there are some considerations to
keep in mind when using GA on turfgrass. Different
turfgrass species respond differently to GA, so
understanding the specific needs and responses of the
turfgrass being managed is essential. At the same time,
striking results were obtained in this study based on the
potential that gibberellic acid applications may cause
yellowing of turfgrass color and changes in visual
quality for these and similar reasons. In the study
conducted on different species varieties, the negative
effects of gibberellic acid applications on canopy
coverage, especially in the establishment year, were
revealed. In terms of color values, decreases in green
color quality were detected especially with increasing
dose. Different responses were observed among species.
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Abstract: This retrospective study analyzed the prevalence, etiology, and treatment methods of
limb fractures in 288 cats that were admitted to the Siirt University Animal Health Application and
Research Hospital between 2018 and 2023 with trauma-related fractures. The findings revealed that
the most common fractures occurred in the femur (47.91%), tibia-fibula (22.56%), and humerus
(11.45%). It was determined that 56.25% of the fractures were caused by unknown traumas,
23.95% by fall from heights, and 19.79% by traffic accidents. In terms of treatment approaches,
surgical intervention was preferred in complex cases, while cage rest and medical treatment [(0.3
mg/kg for 3 days meloksikam (Meloxicam, Bavet, Tuzla, Istanbul, Tiirkiye)] were chosen for
simpler fractures. Surgical treatment was applied in 54.3% of femur fractures and 67.6% of tibia-
fibula fractures. These findings highlight that the fracture type and severity of trauma are key
factors in determining the appropriate treatment strategy for feline limb fractures. The research
findings will contribute to future studies on the most frequently broken bones in cats, the rates of
surgical or conservative treatment of these fractures, and various factors that may affect treatment
choices. Conducting more comprehensive studies on the subject will make significant contributions
to the literature and to veterinary clinicians.

Kedilerde Ekstremite Kiriklarinin Retrospektif Analizi: 288 Olgu (2018-2023)

Anahtar
Kelimeler
Kedi,

Kirik,

Medikal tedavi,
Retrospektif,
Cerrahi tedavi

Oz: Bu retrospektif ¢alismada, 2018-2023 yillar1 arasinda Siirt Universitesi Hayvan Sagligi
Uygulama ve Arastirma Hastanesi'ne getirilen ve travmaya bagl ekstremite kirig tespit edilen 288
kedide kiriklarin prevalansi, etiyolojisi ve tedavi yontemleri analiz edildi. Bulgular, en sik goriilen
kiriklarin femur (%47,91), tibia-fibula (%22,56) ve humerus (%11,45) kemiklerinde meydana
geldigini gosterdi. Olgularin %56,25'inin sebebi bilinmeyen travmalar, %23,95'nin yiiksekten
diisme ve %19,79unun da trafik kazasi nedeniyle meydana geldigi belirlendi. Tedavi
yaklasimlarinda, kompleks vakalarda operatif miidahale 6n plana ¢ikarken, daha basit kiriklarda ise
kafes istirahati ve medikal tedavi tercih edildi. Femur kiriklarinin %54,3 ve tibia-fibula kiriklarinin
ise %67,6’sinda operatif tedavi yontemi uygulandi. Calismadan elde edilen veriler kedilerde
ekstremite kiriklarinin tedavisinde dogru tedavi stratejisinin belirlenmesinde kirik tiirii ve travma
siddetinin Onemli faktorler oldugunu gosterdi. Arastirma bulgulari, kedilerde en sik kirilan
kemikler, bu kiriklarin cerrahi veya konservatif yontemlerle sagaltim oranlar1 ve tedavi segimlerini
etkileyebilecek ¢esitli faktorler iizerine ileride yapilacak olan galigmalara katki saglayacak nitelikte
olup, konuyla ilgili daha kapsamli ¢aligmalarin yapilmasi literatiir bilgiye ve klinisyen veteriner
hekimlere 6nemli katkilar sunacaktir.
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1. INTRODUCTION

A fracture is defined as the complete or partial disruption
of bone integrity. The clinical signs of fractures include
lameness, swelling, abnormal mobility, and crepitus, and
these signs vary depending on the affected bone, the
fracture’s location, and type (transverse, oblique,
comminuted, spiral, etc.) [1, 2]. In cats, limb fractures
are more common than other types of fractures [3].
Studies report that femur fractures are the most
frequently observed, with hind limb fractures occurring
more often than forelimb fractures [2, 4-7].

The etiology of fractures in cats and dogs includes fall
from heights, traffic accidents, human-induced injuries,
animal bites, and unknown traumas [1, 7-10]. The
incidence of fractures in cats varies depending on factors
such as age, gender and activity level. Younger, more
active cats are at higher risk of fractures due to fall from
heights, traffic accidents, fights, or pathological
conditions that weaken the bones [2].

Understanding fracture biomechanics and classification
is critical for effective treatment, as these factors guide
surgical techniques and postoperative care strategies [2,
11]. According to Farghali et al. [2], fracture
classification should consider the cause of the fracture,
whether it is open or closed, the severity of bone
damage, the number of fragments, the direction of the
fracture line, the location, bone stabilization, the severity
of soft tissue damage, and the time of occurrence.

Bone fractures in cats can be treated using various
operative and conservative treatment methods (cage
rest+medical treatment). Treatment options include
external and internal fixation, supportive bandaging,
cage rest, and limb amputation. The choice of
appropriate treatment depends on the type of fracture,
availability of necessary orthopedic implants, and the
owner’s consent [6, 12, 13].

This retrospective study aims to provide descriptive data
on the prevalence, etiology, and types of fractures in cats
presented to Siirt University Animal Health Application
and Research Hospital between 2018 and 2023, with an
emphasis on the demographic characteristics of the
affected cats, including age, gender and breed.

2. MATERIAL AND METHOD

In this retrospective study, data from 288 cats of various
breeds, ages, and genders, admitted to Siirt University
Animal Health Application and Research Hospital
between 2018 and 2023 with limb fractures confirmed
by clinical and radiological examinations, were
analyzed.

The cats were classified by age into three groups: 0-1
year (excluding one-year-olds), 1-2 years (including one-
and two-year-olds), and >2 years (excluding two-year-
olds). They were also categorized by breed as mixed

breed, British Shorthair, Scottish Fold, Van cat, Ankara
cat, Siamese, and Persian cat.

Affected bone was assessed based on the anatomical
position of the fracture line. In addition, the etiology of
the fractures was classified into categories such as
unknown trauma, traffic accidents, and fall from heights.
The treatment options applied were evaluated as surgical
interventions and conservative tratments.

Ethical Approvment: This study is not subject to the
permission of HADYEK in accordance with the
“Regulation on Working Procedures and Principles of
Animal Experiments Ethics Committees” 8 (k). The
data, information and documents presented in this article
were obtained within the framework of academic and
ethical rules.

3. RESULTS

This study evaluated 288 cases of limb fractures
diagnosed among 1,524 cats admitted to Siirt University
Animal Health Application and Research Hospital
between 2018 and 2023, representing 18.89% of the total
cases. The annual distribution of cases was recorded as
10.7% (n=31) in 2018, 19.7% (n=57) in 2019, 27%
(n=78) in 2020, 18% (n=52) in 2021, 12.8% (n=37) in
2022, and 11.4% (n=33) in 2023. The highest incidence
of fractures was observed in 2020, followed by a decline
in cases after 2021.

Of the 288 cats evaluated, 50.69% (n=146) were male
and 49.30% (n=142) were female. In terms of age
distribution, 46.87% (n=135) were in the 0-1 year group,
43.05% (n=124) in the 1-2 year group, and 10.06%
(n=29) were 2 years or older. Breed distribution showed
that 79.51% (n=229) of the cats were mixed breed,
6.59% (n=19) were British Shorthair, 5.55% (n=16) were
Scottish Fold, 3.81% (n=11) were Van cats, 2.08% (n=6)
were Ankara cats, 1.38% (n=4) were Siamese cats, and
1.04% (n=3) were Persian cats (Table 1).

In terms of etiology, 56.25% (n=162) of the fractures
were caused by unknown trauma, 23.95% (n=69) were
due to fall from heights, and 19.79% (n=57) resulted
from traffic accidents. The anatomical distribution of
fracture etiology is shown in Table 2.

The treatment methods applied to the cases are presented
in Table 3. The findings indicate that both cage rest
combined with conservative treatment and surgical
intervention combined with medical treatment [(0.3
mg/kg for 3 days meloksikam (Meloxicam, Bavet, Tuzla,
Istanbul, Tiirkiye)] were utilized. All cases received
medical treatment, and femur and tibia-fibula fractures
were the most common fracture types requiring surgical
intervention.
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Table 1. Distribution of signalment information for the cases included in the study, along with the etiology and anatomical localization of the
fractures identified.

Signalement n %
Male 146 50.69
Female 142 49.30
0-1 Age 135 46.87
1-2 Age 124 43.05
>2 Age 29 10.06
Mixed Breed 229 79.51
British Shorthair 19 6.59
Scottish Fold 16 5.55
Van Cat 11 3.81
Ankara Cat 6 2.08
Siamese cats 4 1.38
Persian Cat 3 1.04
Etiology of Fractures

Fall From Heights 69 23.95
Unknown Traumas 162 56.25
Traffic Accidents 57 19.79
Affected Bones

Femur 138 47.91
Tibia- Fibula 65 22.56
Humerus 33 11.45
Radius-Ulna 20 6.94
Metacarpus 19 6.59
Metatarsus 13 451
Total 288 100

Table 2. Distribution of fractures according to their etiological data in the cases.

Fractures Unknown Traumas Fall From Heights Traffic Accidents Total

Femur 73 (52.89%) 33 (23.91%) 32 (23.18%) 138 (47.91%)
Tibia- Fibula 36 (55.38%) 15 (23.07%) 14 (20.53%) 65 (22.56%)
Humerus 15 (45.45%) 11 (33.33%) 7 (21.21%) 33 (11.45%)
Radius-Ulna 17 (85%) 3 (15%) 0 20 (6.94%)
Metacarpus 12 (63.15%) 4 (21.05%) 3 (15.78%) 19 (6.59%)
Metatarsus 9 (69.23%) 3(23.07%) 1 (7.69%) 13 (4.51%)
Total 162 (%56.25) 69 (23.95%) 57 (19.79%) 288 (100%)
Table 3. Distribution of treatment methods applied for the diagnosed fractures. 150
Fractures Cage Rest + Medical Treatment Surgical Treatment + Medical Treatment Total
Femur 63 (45.6%) 75 (54.3%) 138 (100%)
Tibia- Fibula 21 (32.3%) 44 (67.6%) 65 (100%)
Humerus 13 (39.3%) 20 (60.6%) 33 (100%)
Radius-Ulna 7 (35%) 13 (65%) 20 (100%)
Metacarpus 8 (42.1%) 11 (57.8%) 19 (100%)
Metatarsus 6 (46.1%) 7 (53.8%) 13 (100%)
Total 118 (40.9%) 170 (59%) 288 (100%)

4. DISCUSSION AND CONCLUSION

This study provides a retrospective evaluation of feline
limb fractures diagnosed over the past five years at Siirt
University Animal Health Application and Research
Hospital. It differs from previous studies by focusing
solely on cats and comprehensively evaluating fractures
in all limb regions.

Previous research has shown that hind limb fractures,
particularly femoral fractures, are the most common in
cats [2, 4, 7, 8]. The finding in our study that femur
fractures were the most prevalent is consistent with these
prior findings. In our study, fractures were most
frequently observed in the femur, followed by the tibia-
fibula, humerus, radius-ulna, metacarpal, and metatarsal
bones. These results align with other studies in the
literature. For instance, Farghali et al. [2] found that
femur fractures were the most common, followed by
tibia-fibula, humerus, radius-ulna, and other bones.
Similarly, Ali [8] also reported femur as the most
frequently fractured bone, but found radius-ulna
fractures to be more prevalent than tibia-fibula fractures.

Thus, the affected bones in our study shows similarities
with Farghali et al. [2] and partial agreement with Ali

8.

The etiology of feline limb fractures shows significant
variability. Studies by Scott and McLaughlin [14] and
Piermattei et al. [15] have identified traffic accidents and
fall from heights as the leading causes of fractures in
cats. However, our study revealed a different distribution
of trauma etiology. In our findings, the most common
cause of fractures was unknown trauma (56.25%),
followed by fall from heights (23.95%) and traffic
accidents (19.79%). The high incidence of unknown
trauma is likely due to the fact that many of the patients
were stray cats, and the history provided by municipal
workers or animal welfare volunteers may have been
incomplete. Additionally, environmental factors, living
conditions, and regional traffic patterns may have
influenced this distribution. Stray cats, living without
control and exposed to the external environment, are
more susceptible to trauma, and the exact cause of their
injuries may often remain undetermined.



Tr. J. Nature Sci. Volume 13, Issue 4, Page 148-152, 2024

When examining age and gender distribution, our study
produced results both similar to and different from
previous research. In a study conducted by Farghali et al.
[2] of 149 cats, 60.83% were female and 39.17% were
male, contrasting with our results, where no significant
difference was observed between the genders. Farghali et
al. [2] also found that the majority of fracture cases
occurred in younger cats, a finding consistent with our
study. Hill [16] reported that 75% of fractures occurred
in cats aged 2 years or younger, and Phillips [17] found
that 80% of fractures were in cats under 3 years of age.
Our study showed a slight male predominance, in line
with previous research, with 46.87% of fractures
occurring in cats aged 0-1 years and 43.05% in the 1-2
year age group. These findings suggest that the small
differences in gender distribution are negligible, while
young cats remain at higher risk of fractures.

Various surgical and conservatif treatment (cage
rest+medical treatment) options are available for
managing feline limb fractures [7, 12, 18]. Studies
indicate that surgical methods are typically preferred in
more complex cases, while cage rest and medical
treatment are often suitable for simpler fractures with
high healing potential [12, 18]. In our study, cage rest
combined with medical treatment was employed in
45.6% of femur fractures, 32.3% of tibia-fibula fractures,
39.3% of humerus fractures, 35% of radius-ulna
fractures, 42.1% of metacarpal fractures, and 46.1% of
metatarsal fractures. Surgical intervention combined
with medical treatment was applied in 54.3% of femur
fractures, 67.6% of tibia-fibula fractures, 60.6% of
humerus fractures, 65% of radius-ulna fractures, 57.8%
of metacarpal fractures, and 53.8% of metatarsal
fractures. Despite the higher number of femur fractures,
the relatively lower rate of surgical intervention may be
due to factors such as the patient’s overall condition or
the pet owner refusing the operation. Ultimately, fracture
type, location, and owner preferences play crucial roles
in determining the treatment strategy [12, 19].

The results of this study revealed that the most common
fractures in cats occur in the femur, with the majority of
these fractures being attributed to unknown traumas.
Additionally, the data showed a higher incidence of
fractures in younger and inexperienced cats, with femur
and tibia-fibula fractures often requiring surgical
intervention. The frequent occurrence of unknown
traumas in stray cats highlights this as a significant
etiological factor in clinical practice, emphasizing the
need for more detailed evaluations of such cases. This
study has the potential to serve as a significant reference
for future research regarding the types of bones that are
most frequently fractured in cats, the proportion of these
fractures that are treated surgically  versus
conservatively, and the factors that may influence
treatment options. Future investigations should address
these topics more comprehensively in order to deepen
the knowledge base in this field and provide guidance
for clinical practice.
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Abstract: Cirrhosis is a chronic liver condition characterized by gradual scarring of the
tissue in the liver, which then leads to one of the more serious health problems. Early
diagnosis and detection of this condition are critical to managing the patient's situation and
planning his treatment. Machine learning is a computer science field in which many
complex issues have otherwise been successfully resolved, especially in medicine. This
work focuses on constructing an artificial intelligence system, assisted by machine learning
algorithms, to help professionals diagnose liver cirrhosis at its early stage. In this paper,
four different models have been constructed with the aid of clinical parameters of patients
and machine learning techniques: Random Forest, KNN, histogram-based Gradient
Boosting, and Soft Voting. Two feature selection methods (Chi-Square and mutual
information) have been combined to select the most relevant features in the dataset. Then
non-ensemble and ensemble methods are applied to detect the liver disease. The random
forest model achieved the highest score among other model with 97.4 % accuracy with a
10-fold cross-validation method.

Topluluk ve Topluluk Olmayan Makine Ogrenmesine Dayah Karaciger Sirozu Evrelerinin

Siniflandirilmasi

Anahtar Kelimeler
Karaciger sirozu,

Yapay zeka,

Karsilikli bilgi,
Yumusak oylama,
K-katl ¢apraz dogrulama

Oz: Siroz, karacigerdeki dokunun kademeli olarak yaralanmasiyla karakterize kronik bir
karaciger rahatsizligidir. Bu rahatsizlik ilerleyen donemde daha ciddi saglik sorunlarina
yol acar. Bu rahatsizligin erken teshisi ve tespiti, hastanin durumunu yonetmek ve
tedavisini planlamak igin kritik 6neme sahiptir. Makine 6grenimi, 6zellikle tipta birgok
karmagik sorunun basariyla ¢6ziildiigi bir bilgisayar bilimi alanidir. Bu ¢alisma,
profesyonellerin karaciger sirozunu erken agsamada teshis etmelerine yardimei olmak igin
makine Ogrenimi algoritmalariyla desteklenen bir yapay zeka sistemi olusturmaya
odaklanmaktadir. Bu makalede, hastalarin klinik parametreleri ve makine O6grenimi
tekniklerinin yardimiyla dort farkli model olusturulmustur: Rastgele Orman, KNN,
Histogram Tabanli Gradyan Artirma ve Yumusak Oylama. Veri kiimesindeki en alakali
ozellikleri segmek icin iki ozellik segme yontemi (Chi-square ve karsilikli bilgi)
birlestirilmistir. Ardindan karaciger hastaligini tespit etmek i¢in topluluk dis1 ve topluluk
yontemleri kullanilmistir. Rastgele orman modeli, 10 kath ¢apraz dogrulama yontemi ile
%97,4 dogrulukla diger modeller arasinda en yiiksek puani elde etmistir.
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1. INTRODUCTION

The body's largest organ is the liver, which is important in
digestion and detoxification. However, factors such as
viral infections and alcohol consumption can damage the
liver, leading to life-threatening conditions [1]. Liver
conditions, including hepatitis, cirrhosis, liver tumors, and
cancer, are significant contributors to mortality
worldwide. Cirrhosis alone is responsible for hundreds of
thousands of death annually. There are approximately 71
million people worldwide who have liver cirrhosis and
other chronic liver diseases, and it resulted in an estimated
1.3 million deaths in 2021 [2]. The World Health
Organization has considered liver cirrhosis to be one of
the major concerns to global health, adding about 3—4
million new cases yearly. The highest frequency is in the
developing countries in Asia and Africa, in contrast to
Western nations in Europe and North America [3].
Symptoms of liver cirrhosis frequently appear only in the
later stages of the disease. Most infected patients,
however are asymptomatic at the initial stages thus
resulting in a more significant damage of the liver and rise
in mortality rates [4]. The vaccination is not an option for
individuals with severely damaged livers. Thus,
establishing the extent of damage to the liver is very
necessary to ensure that doctors can quickly identify and
provide treatment for chronic infections. Full treatment
ensures that the illness does not pass from one individual
to another [5]. Machine learning, as a subset of artificial
intelligence, has been an emerging avenue that potentially
diagnoses and classifies cirrhosis. Based on large datasets
and algorithms, machine learning models could analyze a
variety of factors and patterns in a patient to predict the
likeliness of cirrhosis [6]. Machine learning may have the
potential to improve diagnosis for diseases that have made
an interest in the biomedical field while bringing down
diagnostic costs simultaneously [7].

Several machine learning algorithms have been executed
for identifying liver conditions. Meng et al. [8] applied a
dataset of ROI ultrasound images consisting of 79 images
of healthy liver ROIs, 89 images of early-stage liver
fibrosis ROIs, and 111 images of late-stage liver fibrosis
ROIs. They pose a liver fibrosis classification method
employing transfer learning (TL) with VGGNet, and a
deep classifier called FCNet. Huang et al. [9], discover
how features such as gender and weight could impact the
commonness of liver cirrhosis in different populations.
The study states that all of the above-mentioned criteria
should be taken into consideration while developing any
manual or Al-driven system to get the desired results for
the most appropriate treatment solutions from health
experts. In simple research Cheng et al. [10], the
contribution of attributes by patients was considerably
different in terms of sex, body mass index, bilirubin,
alanine aminotransferase, and so on. The study has shown
that the mean BMI value for male patients over 60 is lower
than for female patients under 60. Higher BMI values are
also linked to an increased risk. Using Regression
Logistic, and RF, Bedeir and Hadi [11] developed a
machine learning model to predict cirrhosis liver. Every
model was assessed based on performance measures such
as accuracy and test error. The results obtained from

employing the feature selection method were compared
with those obtained without feature selection. The results
highlighted that the Random Forest model gives the best
accuracy at 96.59 %. The authors suggest future studies to
measure the performance of the proposed framework in
different patient populations and healthcare settings. The
data set used in [12] is the northeast Andhra Pradesh, India
dataset obtained from the UCI Machine Learning
Repository In this study, they employed six concepts of
machine learning like Logistic Regression, KNN,
Decision Tree, Support Vector Naive Bayes and Random
Forest. In another paper, ensemble methods that give high
results on different data sets were examined [13].
Additional metrics evaluated the performance of models
based on different performance measures like accuracy,
precision, recall and F1-score. Topcu et al. [14] employed
Logistic Regression (LR), K-Nearest Neighbors (KNN),
Random Forest (RF), AdaBoost, and Bernoulli Naive
Bayes (BernoulliNB). The Random Forest algorithm
achieved the highest score, approximately 98%. The
paper employed a "Cirrhosis Patient Survival Prediction”
dataset from the UCI. This dataset contained 418 patients
with liver conditions and 17 clinical features to predict the
state of patients with liver cirrhosis. In another study,
Zhang et al. [15] built a machine learning-based model to
identify and predict the different fibrosis stages. They
employed clinical data from 618 chronic hepatitis patients
treated at Zhejiang Provincial People's Hospital between
February 2017 and September 2021. Six different learning
algorithms (Logistic Regression, Support vector machine,
Bayes, K-Nearest Neighbor, Decision Tree (DT), and
Random Forest) were used to build the predictive model.
The researchers identified the most relevant features from
the data with maximum relevance, minimum redundancy
(mRMR), and gradient boosting decision tree (GBDT)
methods. The Decision Tre model showed strong
performance in detecting liver fibrosis stages with high
Area under the Curve (AUC) values in both the training
cohort (0.898 to 0.944) and the external validation cohort
(0.876 to 0.933). Choi and Oh [16] built a machine
learning-based approach to detect and predict liver
cirrhosis. They employed a dataset of 6980 patients
treated between January 2021 and December 2018.
Machine learning (Gaussian Naive Bayes, Extreme
Gradient Boosting (XGBoost), Random Forest, and Least
Absolute Shrinkage and Selection Operator Regression)
was applied to identify significant risk factors for
cirrhosis. The XGBoost model performed best, with AUC
values of 0.832 in the training set and 0.829 in external
validation, proving the most effective for cirrhosis
prediction. In another paper, Hirano et al. [17] used image
data from 75 patients who had undergone liver biopsy and
contacted CT scans. The model's performance was
evaluated using recall, accuracy, and specificity metrics.
They utilized logistic regression with L2 norm
regularization to combine multiple texture features from
CT images into single combined features. The combined
feature showed the highest performance with an accuracy
of 76%.

Devikanniga et al. [18] assessed models' performance
through precision, recall, and accuracy. They employed
an optimized support vector to predict liver disease
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accurately. The support vector was optimized using the
crow search Algorithm (CSA). The optimized support
vector model outperformed traditional SVM and State-of-
the-art classification models. The SVM showed an
accuracy of 99.49 %. In another paper, Md et al. [19]
leverage ensemble learning algorithms to predict liver
disease. The dataset in this study is the Indian liver patient
dataset. The most relevant features were selected through
univariate selection, feature importance, and correlation
matrix. Among the six ensemble methods (Gradient
Boosting, XGBoost, Bagging, Random Forest, Extra
Trees, Stacking), the Extra tree method achieved the
highest accuracy score of 91.82%.

In this paper, the proposed approach is using Random
Forest and KNN, Histogram-Based Gradient Boosting,
Soft Voting to classify the patients with different stages
of cirrhosis. The performance of these algorithms was
compared in terms of accuracy, precision, recall and F1-
score. The remainder of the paper is structured as follows:

Cimhosis Patient
Survival Dataset L sor 9 . "
Step 1: Define the ) _S.en:! Data Step 3 Modd selection 5
problem Cleaning/Preprocessing & Training
Liver Disease
Datasel

Figure 1. Approach for liver cirrhosis detection
2.1. Datasets

The paper employed a "Cirrhosis Patient Survival
Prediction™ dataset acquired from the UCI repository. The
original data originated from a Mayo Clinic study on
primary biliary cirrhosis (PBC) of the liver, conducted

Table 1. Cirrhosis dataset attribute description (Dataset 1) [20]

Section 1 reviews related work in machine learning for
cirrhosis classification and prediction, while Section 2
presents our approach. The findings are presented in
Section 3 and a few avenues for future work follow the
conclusion.

2. MATERIAL AND METHOD

The proposed method comprises different sections that
work simultaneously to achieve the study objective. To
start, the dataset is collected then the preprocessing step
occurs. The datasets are split into tests and training sets
following the preprocessing step. The classification
algorithms like Random Forest, KNN, and histogram-
based Gradient Boosting and Soft Voting are trained and
tested using the K-fold cross-validation method on the
Cirrhosis Patient Survival Prediction dataset. And liver
disease dataset. Figure 1 displays the block diagram of the
proposed method, beginning with the initial step of
sourcing the datasets from the UCI repository.

Step 4: Test the model
results & Perdormance

¥

Accuracy, Precision,
Recall and F1-score

between the years 1974 and 1984. This dataset contained
418 patients with liver conditions and 20 clinical features
to predict the state of patients with liver cirrhosis. Among
these, 10.53% are male patients, and 89.47% are female
patients. Table 1 contains a brief description of the
attributes and their data types.

S.No.| Attribute Description Data type
1 |ID Unique identifier Integer
2 |N-Days Number of days between registration and the earlier of death, transplantation, or study analysis time in July 1986 |Integer
3 |[Status Status of the patient C (censored), CL (censored due to liver tx), or D (death) Categorical
4 |Drug Type of drug D-penicillamine or placebo Categorical
5 |Age Age Integer
6 |Sex M (male) or F (female) Categorical
7 |Ascites Presence of ascites N (No) or Y (Yes) Categorical
8 |Hepatomegaly|Presence of hepatomegaly N (No) or Y (Yes) Categorical
9 |Spiders Presence of spiders N (No) or Y (Yes) Categorical
10 |Edema {\rl]épa(;;e/;jema and no diuretic therapy for edema), S (edema present without diuretics), or Y (edema despite diuretic Categorical
11 |Bilirubin Serum bilirubin Continuous
12 |Cholesterol |Serum cholesterol Integer
13 [Albumin Albumin Continuous
14 |Copper Urine copper Integer
15 |Alk_Phos Alkaline phosphatase Continuous
16 [SGOT SGOT Continuous
17 |Tryglicerides |Tryglicerides Integer
18 |[Platelets Platelets per cubic Integer
19 |Prothrombin |Prothrombin time Continuous
20 |[Stage Histologic stage of disease (1, 2, 3, or 4) Categorical
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Another dataset was used to expand the research. The
second dataset was collected from a hospital in the
Northeast of Andhra Pradesh, India. The Data contains
584 patients’ records; 416 patients were diagnosed with
liver disease, and 167 patients were healthy individuals,
highlighting an imbalance between the two classes. The

Table 2. Liver disease dataset attribute description (Dataset 2) [21]

dataset's attributes comprise aspects related to patient
demographics and different biomarkers affiliated with
liver disease. In Table 2, there is a brief description of all
features of the liver disease dataset.

S.No. |Attribute |Description Data type
1 |[Age Age Integer
2 |Gender Gender of the patient Binary
3 |TB Total Bilirubin Continuous
4 |DB Direct Bilirubin Continuous
5 |Alkphos |Alkaline Phosphotase Integer
6 |Sgpt Alamine Aminotransferase Integer
7 |Sgot Aspartate Aminotransferase Integer
8 |TP Total Proteins Continuous
9 |ALB Albumin Continuous
10 |A/G Ratio |Albumin and Globulin Ratio Continuous
11 |Selector |ltis the target variable, 1 means patient is suffering from liver disease, and 0 means the patient is heathy. Binary

2.1.1. Dataset pre-processing

Data pre-processing is a fundamental process in the field
of data analysis. It entails preparing raw data, which
includes cleaning and organizing, to render it suitable for
machine learning models. Depending on the dataset,
different pre-processing technigques can be used [22]. Data
cleaning is the step that deals with the handling of missing
and noisy data to achieve data consistency. For the
Cirrhosis Patient Survival Prediction dataset, the missing
values have been handled using two methods. Median
imputation replaces missing values in numeric columns
with the median value of that column. The mode
imputation method replaces the missing values of
nonnumeric columns with the most frequent value in the
respective column [23]. Traditional machine learning
algorithms are driven by mathematical models and hence
require numeric computations and statistical operations.
Since these algorithms are searching for meaningful
patterns or relationships in the data, it becomes a necessity
that the data has to be in a numerical representation
format. Categorical variables were converted by a label
encoding method. Scaling is one of the fundamental
stages of preprocessing in machine learning workflows
aimed at improving performance. The attributes will be
scaled with the StandardScaler technique. In the dataset,
the target value Stage is imbalanced. The imbalance of
such a target variable was stabilized before the methods
of classification were applied, followed by the application
of SMOTE-Tomek Link [24]. This method is a technique
for handling imbalanced datasets. The SMOTE method
generates synthetic samples for the minority class rather

than simply duplicating existing minority samples. This
approach is employed because it eliminates the risk of
overfitting when the same data points are duplicated.

Here is a brief description of how the SMOTE method
works:

e For every instance in the minority class, SMOTE
determined its K-Nearest Neighbors within the same
class. Then, it chooses one of the nearest neighbors at
random.

e A new synthetic sample is created by interpolating
between the original sample and the selected
neighbor. The formula to create a synthetic sample is
below:

synthetic sample = sample + gap(neighbor — sample)

Where gap is a random value between 0 and 1 this process
repeats until the minority class has the same number of
observations as the majority class, balancing the overall
class distribution.

The synthetic sample allows the models to learn
observations of minority class patterns, enhancing
classification results across all classes and, foremost more
generalized performance.

Figure 2 presents the bar chart of the outcome variable
before and after SMOTE.
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Figure 2. (a) Bar plot of outcome variable before SMOTE, (b) Bar plot of outcome variable after SMOTE.

2.2. Feature Selection

Feature Selection methods are techniques employed to
reduce the features in the dataset to improve the
performance machine learning models. Therefore the less
relevant and redundant features are removed from the
dataset Over the past few decades, several algorithms
have been elaborated to pinpoint the most relevant
attributes. In this study, two methods have been combined
to select the most significant features.

2.2.1. Chi-square test

Chi-Square test is a statistical method that does not form
hypotheses regarding the distribution pattern of the
dataset. Chi-Square method measures the obtained results
experimentally with expected results theoretically. It
analyzes the relationship between the target and the
categorical variables. Chi-square tests use the same
formula to calculate the statistic. The formula is shown in
Equation 1. Chi-square (X?):

2
eTeE

Where:
e X2 is the chi-square test statistic
e ¥ is the summation operator
¢ O is the obtained frequency
¢ E is the expected frequency

2.2.2. Mutual information

Mutual Information is a statistical measure employed to
scale the information obtained about the target variable
through random variables. Mutual information between
two variables, X and Y, spelled as I(X;Y), describe how
much knowing the value of X dismisses ambiguity about
Y. If X and Y are independent, I1(X;Y)=0 means X
contributes any information about Y. If X and Y are
entirely dependent, then I(X;Y) is maximized. The
formula is shown in Equation 2. Mutual Information:

Stagel Stage2 Staged Staged
Stages
b)
o~ p(x,y)

xeX yeY
Where:

p(x,y) = the joint probability distribution of X and Y
p(x) and p(y) = the marginal distribution of X and Y

Higher Mutual information score indicates that the
random variable has useful information about the target
variable.

Unlike other feature selection methods, mutual
information does not assume a specific distribution and
selects features with no linear relevance to the target. The
features chosen for this statistical measure are Platelets,
Spiders, Trylicerides, Bilerubin, SGOT, Sex, Ascites,
Chotesterol, Drug, Copper, Alk-Phos, Status, N-Days and
Age.

2.3. Brief
Techniques

Description of Machine Learning

2.3.1. Random forest

Random Forest is a supervised machine learning method
for regression and classification problems. The Random
Forest model combines the output of several decision
trees to attain one result. Every tree in the ensemble is
constructed of a data slice drawn from a training set with
replacement [25]. The performance it gives is better than
that of other models. This classifier is able to manage
large datasets.

Here is a brief description of how the Random Forest
technique works:

e Preparation Data: The dataset is split into train and
test sets. Random Forest can handle categorical and
numerical datasets.

e Random Sampling and bootstrapping: Random forest
builds every tree on various random samples of the
training dataset. Each sample is drawn with
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bootstrapping, meaning that some samples will repeat
while others will not.

e Growing each decision tree: Random forest selects a
random sample of feature sets at every split. Random
feature selection enhances generalization. After
selecting a subset, the model determines the best split
by evaluating different thresholds. Every tree grows
until it grows fully.

e Aggregating Predictions: After all trees grow to the
maximum depth, prediction are made individually for
each input sample. The class with the most votes from
the individual trees is chosen as the final output for
classification tasks.

Random Forest model sets the default number of trees at
100 and the gini criterion for splitting nodes. These
parameters allow the trees to grow with no limit on the
depth of the trees.

2.3.2. K-Nearest neighbor

K-Nearest Neighbor algorithm is one of the simplest
supervised learning machines. The KNN technique is
employed for the classification and regression tasks. The
KNN algorithm registered all the available data and
groups to make a new data point based on similarity.

Here is a brief description of how the K-Nearest
Neighbors (KNN) technique functions [26]:

e Data Representation and Initialization: Every data
point is illustrated in multi-dimensional space. Each
dimension corresponds to the feature of dataset. KNN
technique does not learn from the training phase as the
other algorithms. Instead, it memorizes the training
dataset.

e Distance Calculation: KNN calculates the distance
between a new data point and other points to predict
the class of the data point. Common distance metrics
exclude Euclidean, Manhattan and Murkowski
distances.

e Finding Neighbors:  Following the distance
calculation step, KNN selects the nearest data points
to the new data points.

e Majority Voting: To classify the new data point, the
class that occurs the most among the neighbors is
assigned to it.

The KNN model is set with the default Euclidean distance
to extend the proximity between data points. By default,
the number of neighbors was set to 5, and the leaf size was
assessed to 30.

2.3.3. Histogram-based gradient boosting

HistGradientBoosting  short  for  Histogram-Based
Gradient Boosting is powerful supervised machine
learning method designed for both regression and
classification tasks. This algorithm is an ensemble
machine learning that creates an accurate predictive
model by sequentially combining several weaker models,
typically decision trees. It is another gradient boosting

algorithm, that utilizes histogram-based techniques to
speed up the training phase and improve memory
efficiency. In the Histogram-Based Gradient Boosting
classifier, the default learning rate was set to 0.1, and the
default number of boosting iterations to 100. The default
value for the minimum number of samples required in a
leaf node is 20.

2.3.4. Soft voting

Voting is an ensemble machine learning technique that
merges predictions from several models to enhance model
performance beyond what a single model could achieve
alone. This ensemble method helps individual model
weaknesses and enhances overall performance. There are
different types of ensemble techniques. Soft voting, or
weighted voting, considers the probability scores assigned
by each base model for each class. It calculates the
weighted average of these probabilities to make the final
prediction. The voting classifier employs a soft voting by
default; each classifier is included in the voting classifier
with no weighting. Figure 3 illustrates the soft voting.

Id ™
Ensemble's Prediction

A" J

I R —

( N ~ N
HistGradientBoosting's
prediction

Random Forest's prediction { KNN's prediction
J

Figure 3. Working process of soft voting

2.4. Performance Measurement Metric

Random Forest, histogram-based Gradient Boosting,
KNN and Soft Voting algorithms are used in this study.
Experiments are performed using hold out method.
Accuracy, F-Measure, Recall and Precision measures are
used for the classification of observations. Confusion
matrix is a tabular representation of prediction outcomes
of any binary. The form of the confusion matrix is given
in Figure 4.
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Figure 4. Confusion matrix elements
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o TP refers to True Positive. True, it can be understood
as the model expected to show positive class.

e False Positive is FP. Though it is False, it can be
understood as the model projected positive class.

o False Negative refers to FN. Though it is False, one
can understand it as the model expected negative
class.

e TN, or True Negative, is It is True and can be seen as
the model expected negative class.

The accuracy metric refers as the number of correct
predictions to the total number of predictions. The
accuracy formula is shown in Equation 3.

Y(TP + TN)

Y(TP + FN + TN + FP) @)
The precision metric is used to overcome the limitation of
accuracy. The precision determines the proportion of
positive prediction that was actually correct and is shown
in Equation 4.

Accuracy =

The Recall metric calculate the proportion of actual
positive that was identified incorrectly. The metric
formula is given in Equation 5.

_ »TP
Recall = 27(”) ) 5)

3. RESULTS AND DISCUSSION

Table 3 presents the results of different machine models
with cross-validation method. Different performance
metrics were used to assess the performance of four
machine learning classifiers on a cirrhosis dataset. The
outcomes reveal that Random Forest classifier exhibit the
highest accuracy score (96.6%), recall (86.7%), precision
(97.7%), and F1-score (86.7%). This method is succeeded
by the soft voting and hist gradient boosting methods,
which achieve a commendable 95.2% and 94.7%
accuracy score respectively. KNN has the lowest accuracy
score (76.6%).

Precisi XTP 4

recision S (TP + FP) (@)
Table 3. Performance of classification algorithms on various measures (5-fold cross-validation)

Model Accuracy Precision Recall Fl-score
Random Forest 0.966 0.967 0.842 0.867
KNN 0.890 0.920 0.836 0.864
HistGradientBoosting 0.947 0.792 0.772 0.767
Soft Voting 0.952 0.790 0.777 0.769
Table 4. Performance of classification algorithms on various measures (10-fold cross-validation) with Dataset 1

Model Accuracy Precision Recall Fl-score
Random Forest 0.974 0.878 0.875 0.900
KNN 0.895 0.879 0.839 0.850
HistGradientBoosting 0.940 0.742 0.754 0.745
Soft Voting 0.959 0.811 0.796 0.791
Table 5. Performance of classification algorithms on various measures (10-fold cross-validation) with Dataset 2

Model Accuracy Precision Recall F1-score
Random Forest 0.8092 0.8139 0.8090 0.8083
KNN 0.7381 0.7328 0.7378 0.7563
HistGradientBoosting 0.7959 0.8010 0.7956 0.7947
Soft Voting 0.8032 0.8108 0.8030 0.8018

Regarding F1-score, Random Forest performed the best
with a score of 86.7%, whereas HistGradientBoosting had
the lowest F1-score at 76.7%. Based on these evaluation
metrics, Random Forest emerged as the most effective
classifier to classifying the stage of cirrhosis.

Looking at Table 4 in terms of accuracy values, The
Random Forest algorithm is concluded to perform better
than the four algorithms in comparison. It gives higher
accuracy in respective to other classification algorithms
with an accuracy of (97.4 % for 10-fold cross-validation).
The remaining three methods have achieved acceptable
scores on the various performance classifications.
However, a rise in the accuracy score is seen in this table
compared to when the 10-fold cross-validation method is
applied.

Table 5 presents the results of different machine models
with 10-fold validation. Different performance metrics
were used to assess the performance of four machine

learning classifiers on the liver disease dataset. The
Random Forest model achieved the highest accuracy,
precision, recall and Fl-score.  Then, the
HistGradientBoosting and soft voting model achieved a
score slightly lower than the score achieved by the
Random Forest. The KNN model showed the lowest
accuracy score. The KNN is only a non-ensemble model,
so it tends to be biased toward the majority class in
imbalanced datasets since it is likely to have more nearby
points from the dominant class. Random Forest is an
ensemble of decision trees that fuses several decision
boundaries. Random Forest model minimizes overfitting
and accomplishes high accuracy. By bootstrapping and
selecting a sample of the features at every split, random
forest prevents any single tree from dominating the
decision-making process. The model is more robust and
less sensitive to the noise in the dataset. Compared to the
two other ensemble models, Random Forest's
performance changes depending on the dataset.
Furthermore Random Forest model reduces the false
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positives and negatives. Random Forest can handle non-
linear data and performs well with default parameters.
Unlike KNN, it struggles when the decision boundary is
complex. Compared to the KNN model, ensemble models
like Random Forest, HistGradientBoosting, and Soft
Voting produce superior accuracy, precision, recall, and
F1-score. Reducing bias and variance enhances stability
and captures complex patterns.

4. CONCLUSION

Liver disease, including cirrhosis, is a significant
contributor to mortality in today’s world. The application
of machine learning techniques holds promise in reducing
mortality rates by facilitating early disease detection. This
study evaluated the cirrhosis dataset using four
classification algorithms: Random Forest, histogram-
based Gradient Boosting, KNN, and Soft Voting
algorithms. In the experiment, two feature selections have
been employed to drop the redundant attributes. Random
Forest achieved the highest accuracy with the cross-
validation method and was superior to other machine
learning algorithms in two datasets. The work can be
extended and improved employing a more suitable dataset
can give more in-depth information on the variables that
can help predict classifying the disease in a better way. In
order to achieve this, hyperparameters can be employed
to optimize the performance of ensemble and non-
ensemble methods.
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Abstract: Aspirin is one of the most widely used non-steroidal anti-inflammatory drugs
worldwide. Neurodegenerative diseases adversely affect the central nervous system, leading to
cognitive decline. Aspirin has different pharmacological activities at different doses. Therefore,
this study aimed to determine the effects of acetylsalicylic acid (ASA), the active ingredient of
aspirin, administered at different doses on the parameters that play a role in cognitive function
using molecular and histological methods and behavioral tests. For this purpose, 28 Wistar rats
were divided into 4 groups. Control, ASA-low dose (1mg/kg), ASA-moderate dose (10mg/kg)
and ASA-high dose (100mg/kg). ASA was intragastrically administered as a single dose, and an
open field test was performed 3 hours later. Subsequently, hippocampus tissues were obtained,
and the hippocampus tissue structure was analyzed by analyzing the parameters involved in
antioxidant capacity, inflammation, apoptosis, and memory. ASA, especially at moderate doses,
increased antioxidant capacity and partially reduced inflammation and apoptotic damage. At high
doses, the opposite effect was observed, and the damage levels. Similar effects were detected by
histological examination. Although there were no structural defects at low or moderate doses,
structural defects were observed at high doses. Although there was no difference in the open field
test findings between the groups, the time spent in the center, distance traveled, and speed were
slightly higher in the ASA moderate-dose group. In conclusion, ASA may contribute to the
improvement of cognitive function at low and moderate doses. However, high doses may cause
cognitive impairment.

Farklh Dozlarda Asetilsalisilik Asit Uygulamasinin Sicanlarda Davrams Bozukluklar:

Uzerindeki Etkilerinin Arastirillmasi

Anahtar
Kelimeler
Apoptozis,
Aspirin,
Davranigsal
bozukluklar,
Inflamasyon,
NSAID

Oz: Aspirin, diinya genelinde en yaygin kullanilan non-steroid anti-inflamatuvar ilaglardan
biridir. Norodejeneratif hastaliklar merkezi sinir sistemini olumsuz etkileyerek biligsel
fonksiyonlarin gerilemesine neden olur. Aspirin farkli dozlarda farkli farmakolojik aktiviteye
sahiptir. Bu nedenle bu g¢aligmadaki amag, farkli dozlarda uygulanan aspirin etken maddesi
asetilsalisilik asitin (ASA) bilissel fonksiyonlarda rol oynayan parametreler {izerindeki
etkilerinin molekiiler ve histolojik yontemlerle ve davranis testleri ile belirlenmesidir. Bu amag
dogrultusunda 28 Wistar rat 4 gruba ayrilmistir. Kontrol, ASA-diisiikk doz (1mg/kg), ASA-orta
doz (10mg/kg) ve ASA-yiiksek doz (100mg/kg). ASA tek doz intragastrik olarak uygulandi ve 3
saat sonrasinda acik alan testi uygulandi. Ardindan hipokampiis dokular1 alinarak antioksidan
kapasite, inflamasyon, apoptozis ve hafizada rol oynayan parametrelerin analizi ile hipokampiis
doku yapist incelendi. ASA 6zellikle orta dozda antioksidan kapasiteyi arttirip, inflamasyon ve
apoptotik hasari kismi olarak azaltmistir. Yiiksek dozda ise tersi etki gostererek hasar diizeylerini
arttirmistir. Benzer etkiler histolojik incelemede de tespit edilmis olup diisiik ve orta dozda
yapisal bozulmalar yok iken yiiksek dozda yapisal bozukluklar goriilmiistiir. Agik alan testi
bulgularinda gruplar arasi fark yok iken merkezde gegirilen siire, kat edilen mesafe ve hiz ASA
orta doz uygulanan grupta kismen daha yiiksektir. Sonug olarak, ASA diisiik ve orta diizeyde
biligsel fonksiyonlarin iyilesmesine katki saglayabilir ancak yiiksek dozda biligsel fonksiyonlarin
bozulmasina neden olabilir.
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1. INTRODUCTION

Neurodegenerative diseases affecting the central nervous
system (CNS) cause damage to nerve cells and
neurological problems, placing significant burdens on
patients, their relatives, and the healthcare sector.
Cognitive impairment caused by Alzheimer's disease
(AD) has a significant negative impact on the quality of
life of middle-aged and older individuals worldwide [1].
Neurodegenerative diseases, such as AD, begin with the
gradual onset of memory loss. Over time, they manifest
themselves with cognitive and behavioral problems, such
as impairments in language, planning ability, and
visuospatial skills [2].

Antibiotics and salicylates are the drugs of choice in both
outpatients and inpatients; common side effects include
diarrhea and gastrointestinal irritation, while toxic effects
on the CNS are less well documented [3]. Acetylsalicylic
acid (ASA, aspirin) is a non-steroidal anti-inflammatory
drug (NSAIDs) commonly used to relieve pain, fever, and
inflammation [4]. ASA is consumed globally at an
average of 30 grams per person per year, with daily
consumption reaching 35,000 kilograms in the United
States alone; it is prescribed as secondary prophylaxis
after heart attack in both Asian and Western societies for
its antiplatelet effects; and low-dose long-term ASA is
also used to reduce the risk of heart attack and stroke in
individuals without a history of cardiovascular disease

[5].

Some correlative studies indicate an unclear relationship
between aspirin treatment and memory [6]. There is no
evidence that low-dose aspirin improves cognitive
performance in healthy women aged 65 years and older.
Higher doses that inhibit COX enzymes may be more
effective than the low doses of 75 mg used in the AD2000
study, but they also carry a higher risk of toxicity. In
addition, these higher doses were found to have similar
properties to NSAIDs [7]. Neuroinflammation is a major
driver of many neurodegenerative diseases, such as
multiple sclerosis, AD, and Parkinson’s disease. While
cytokines, growth factors, and reactive oxygen species
(ROS) are released to aid neuronal repair, these
substances can damage healthy tissues in chronic
conditions, and oxidative stress is manifested in many of
these diseases by an imbalance between ROS production
and antioxidant defense [8] High doses of aspirin lead to
increased levels of malondialdehyde (MDA), a product of
lipid peroxidation (LPO), which can cause serious
changes in the brain. LPO affects cell functions involving
polyunsaturated fatty acids, impairing the activity of
membrane-bound enzymes and can lead to atrophy or
death of neurons. MDA level is used to assess ROS-
induced brain damage in aging and neurodegenerative
diseases and may affect learning and memory functions in
the hippocampus [7]. Brain damage and neuronal loss are
also associated with activation of microglia, astrocytes
and invasive macrophages that overproduce toxic
substances such as tumor necrosis factor (TNF)-a, and
interleukin (IL)-1B [9]. The reasons for adverse effects of
aspirin may be due to variations in experimental models
or specifically to the concentrations of aspirin

administered. It is well-established that low, moderate,
and high doses of aspirin target different molecules [10].
This suggests that ASA may have different
pharmacological and biological effects at different doses.

The aim of this study was to compare the effects of ASA,
which is recommended for use in CNS-related diseases,
on cognitive functions and brain memory markers at
different doses. For this purpose, biochemical, molecular,
and histological methods were used.

2. MATERIAL AND METHOD
2.1. Chemicals

ASA (299.0%, CAS Number: 50-78-2) and other
chemicals were obtained from Sigma (St. Louis, USA).

2.2. Ethics Committee Aprproval

Ethical approval was obtained from Necmettin Erbakan
University Local Animal Experiments Ethics Committee
(25.09.2024, 2024-87).

2.3. Experimental Groups and Procedures

In the experiment, 28 Wistar albino rats weighing 220-
250 g and aged 10-12 weeks were used. Animals were
kept in cages in a controlled room with a constant
temperature of 24-25°C and a twelve (12 h) hour dark-
light cycle (07:00-19:00 light; 19:00-07:00 dark). They
were given unlimited access to water and standard chow.
All animal experiments were performed at the
KONUDAM Experimental Medicine Application and
Research Center (Konya / Tiirkiye). Rats were randomly
divided into 4 groups with 7 rats in each group.

1: Control Group: 1 ml of physiologic saline was
administered via intragastric gavage.
2: ASA - low dose (ASA-L): ASA 1 mg/kg was
administered via intragastric gavage.
3: ASA - moderate dose (ASA-M): ASA 10 mg/kg was
administered via intragastric gavage.
4: ASA - high dose (ASA-H): ASA 100 mg/kg was
administered via intragastric gavage.

The protocol for ASA administration and tissue collection
time was determined from the study by Senol et al. [7] and
the doses were determined based on the study of
Espiridiao et al. [11].

2.4. Open Field Test

The open field apparatus was made of water-resistant
material and had a square shape with a base size of 80 X
80 cm and a height of 40 cm. The base was marked with
16 equal squares, and the 4 squares in the center were
classified as the “center area” and the 12 squares on the
edges as the “peripheral area”. During the experiment, rats
were placed in the center of the area and allowed to
explore the area freely for 5 min; video recording was
performed during this time. The time spent in the center,
the number of transitions to the center, the distance moved
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in the center, and the velocity were recorded in the four
squares in the center area to assess anxiety levels. After
the experiment, the open field apparatus was cleaned with
ethanol in each rat to eliminate any remaining odors [12].

2.5. Tissue Collection

Three hours after ASA administration, the animals were
decapitated under light sevoflurane anesthesia, and brain
tissue samples were collected. Then, some brain tissue
samples were stored at -80°C until genetic analyses were
performed. The other part was left in 10% formaldehyde
solution for use in histological analyses.

2.5.RT-PCR

Table 1. Primer sequences

At the end of the experiment, relative mRNA transcript
levels of the gene regions listed in Table 1 were
determined in hippocampus tissue samples using qRT—
PCR. A QlAzol Lysis Reagent (79306; Qiagen) was used
for total RNA isolation from hippocampus tissue samples.
cDNA synthesis from the obtained total RNA was
performed using the OneScript Plus cDNA Synthesis Kit
(ABM, G236, Richmond, Canada). The prepared cDNASs
were combined with primer sequences and BlasTag™ 2X
gPCR MasterMix (ABM, G891, Richmond, Canada) to
form a reaction mixture. This mixture was run on a Rotor-
Gene Q (Qiagen) device in the cycle and temperature
program described according to the manufacturer’s
instructions. After the completion of the cycles, gene
expression was normalized to B-Actin and evaluated by
the 2-44CT method [13].

Gene Sequences (5°-3°) Product length
F: AGTCCCGCCCCTTCTAAAAC

Cu-Zn SOD R: CAATGGCCTCTGTGTAGCCC 387

AT F: ATGGCAACTGTCCCTGAACT 670
R: AGTGACACTGCCTTCCTGAA

. F: CTCGAGTGACAAGCCCGTAG 290
R: ATCTGCTGGTACCACCAGTT

N F: AGTCCCGCCCCTTCTAAAAC 108
R: CAATGGCCTCTGTGTAGCCC

15 F: ATGGCAACTGTCCCTGAACT 17
R: AGTGACACTGCCTTCCTGAA

NP F: CTCGAGTGACAAGCCCGTAG -
R: ATCTGCTGGTACCACCAGTT

Caspase-d F: ACTGGAATGTCAGCTCGCAA 70
R: GCAGTAGTCGCCTCTGAAGA

. F: TTTCATCCAGGATCGAGCAG 154
R: AATCATCCTCTGCAGCTCCA

Bol2 F: GACTTTGCAGAGATGTCCAG s
R: TCAGGTACTCAGTCATCCAC

lutamat F: ACAGCAGAGTTCCAGGACAG o,
R: GTCTATGTGAAGGTCACGCC
F: TAGTTAGCCACCCGCCTACT

NMDA-R R: GTCCGCGCTTGTTGTCATAG 357
F: TGCACAGACCACTGATGGAC

CREB R: CTGTGTAGGAAGTGCTGGGG 160
F: GTCAACCACTTCGCTCCTGA

HSP27 R: CGACTCTGGGCCTCCAATTT 268

5 Actin F: CAGCCTTCCTTCCTGGGTATG 260
R: AGCTCAGTAACAGTCCGCCT

2.6. Histopathological Examination

Hippocampus tissue samples were fixed in 10% neutral
formalin buffer for 24 h. After tissue tracking was
completed, 5 um thick sections were prepared from the
paraffin blocks using a microtome. These sections were
placed on slides, stained with hematoxylin and eosin
(H&E), examined, and photographed using an Olympus
Cx 43 microscope (Japan).

2.6. Statistical Analysis
One-way ANOVA followed by Tukey’s post hoc test

(SPSS 20.0; Chicago, USA) was applied to analyze the
differences and significance levels between the groups.

All results are presented as mean + SE. p<0.05 was taken
as the significance level.

3. RESULTS
3.1. Open Field Test Findings

In the open-field test (Figure 1), the distance moved in the
center (A), velocity (B), time spent in the center (C), and
the number of transitions from the edge to the center (D)
were determined. For all these parameters, the highest
level was observed in the ASA-M group, and the lowest
level was observed in the ASA-H group. The differences
between the groups were not significant (p>0.05).
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Figure 1. Open field test results
3.2. Antioxidant Capacity Findings hippocampus tissues (Figure 2). The highest activities of
SOD, CAT, and GPx were detected in the ASA-M group,
Superoxide dismutase (SOD), catalase (CAT), and whereas the lowest activities were detected in the ASA-H
glutathione peroxidase (GPx) activities were determined group (p<0.05).
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Figure 2. Effects of different doses of ASA on antioxidant enzymes in rat hippocampus tissues. Values are given as mean + SE. Different letters indicate
statistical difference: *p<0.05

3.3. Apoptosis Findings protease-3 (Casp-3) and BCL2-associated X (Bax) and
antiapoptotic B-cell lymphoma 2 (Bcl-2) levels were
To determine the extent of apoptotic damage in determined (Figure 3). The highest levels of Casp-3 and

hippocampus tissues, apoptotic cysteine-aspartic acid Bax and the lowest levels of Bcl-2 were detected in the
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ASA-M group, whereas the lowest levels of Casp-3, Bax,
and Bcl-2 were detected in the ASA-H group (p<0.05).
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Figure 3. Effects of different doses of ASA on apoptotic and antiapoptotic markers in rat hippocampus tissues. Values are given as mean + SE. Different
letters indicate statistical difference: *p<0.05

3.4. Inflammation Findings The lowest NF-xB, TNF-o, and IL-1p levels were

Nuclear factor kappa B (NF-xB), TNF-a, and IL-1f detected in the ASA-M group (p>0.05), whereas the 166

MRNA transcription levels were determined to determine highest NF-xB, TNF-a, and IL-1 mRNA transcription

inflammation damage in hippocampus tissues (Figure 4). levels were detected in the ASA-H group (p<0.05).
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Figure 4. Effects of different doses of ASA on inflammatory markers in rat hippocampus tissues. Values are given as mean + SE. Different letters
indicate statistical difference: *p<0.05
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3.5. Memory markers expressions

Glutamate, cAMP-response element binding protein
(CREB), and N-methyl-D-aspartate (NMDA) mRNA
transcription levels associated with memory were
analyzed (Figure 5). The highest glutamate and CREB

Glutamate

%

levels were observed in the ASA-M group, whereas the
lowest levels were observed in the ASA-H group
(p<0.05). The highest level of NMDA was observed in the
ASA-H group, whereas the lowest level was observed in
the ASA-M group (p<0.05).
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Figure 5. Effects of different doses of ASA on glutamate, CREB and NMDA mRNA transcription levels in rat hippocampus tissues. Values are given

as mean + SE. Different letters indicate statistical difference: *p<0.05
3.6. HSP27 exprenssions

HSP27 mRNA transcription, which protects against
apoptotic damage in hippocampus tissues, was also
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determined (Figure 6). HSP27 levels increased in the
ASA-L and ASA-M groups, with the highest level in the
ASA-M group and the lowest level in the ASA-H group
(p<0.05).
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Figure 6. Effects of different doses of ASA on HSP27 mRNA transcription levels in rat hippocampus tissues. Values are given as mean + SE. Different

letters indicate statistical difference: *p<0.05

3.7. Histopathological examinations

In the histopathological study, the morphological findings
of the hippocampus were examined at high magnification
(200x) according to the hematoxylin and eosin (H&E)
staining results and are presented in Figure 7. When
hippocampus samples obtained from rats in the control
group were examined, it was observed that they had a
normal histological structure. In addition, the CA1, CA2,
CA3, and CA4 regions and the dental gyrus region could

be easily distinguished. To standardize our comparisons,
the CAl and dental gyrus regions were defined and
examined at high magnification (Figure 7a, 7al). In the
low- and moderate-dose images of the ASA-treated
groups, the regular, dense, and regular arrangement of
neurons in the CAL regions of the hippocampi was
striking. In addition, neurons in the CAL region had clear,
dark nuclei and a light cytoplasm. In the dental gyrus
region, the molecular, granular, and polymorphic cell
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layers were regular; in particular, the cells in the granular
layer were quite compactly arranged and had
characteristic cell bodies (Figure 7b, 7b1, 7c, 7cl). High-
dose ASA treatment had undesirable effects, such as
irregular neuronal arrangement and decreased neuronal

density, compared with the control. There were also
vacuoles and degenerative changes in the pericellular
areas of the cells. In addition, nuclei became unclear and
smaller, and cytoplasmic borders lost their normal
structure (Figure 7d, 7d1).

Figure 7. Representative photomicrographs of CAl and dental gyrus regions of the hippocampus in all experimental groups. A,al: Normal morphology
of CAl and dental gyrus regions in control group, b,b1: ASA-L group, c,c1: ASA-M group, d,d1: ASA-H group. Arrowheads: degenerating neurons,
arrows: pericellular vacuolization. Hematoxylin and Eosin (H&E) staining, Original magnification: X200.

4. DISCUSSION AND CONCLUSION

NSAIDs are widely used worldwide to control pain and
inflammation,  with  approximately 70  million
prescriptions written each year in the US alone; these
drugs usually have mild side effects at normal doses but
can cause serious toxicity at excessive doses [14]. ASA is
also an NSAID, and it can exert different pharmacological
effects at different doses. Therefore, the effects of acute
ASA administration at different doses on behavioral
disorders were investigated using molecular, histological,
and cognitive tests.

Inflammation and neutrophil migration are critical in the
pathogenesis of NSAIDs [15]. Inflammation is the initial
response of an organism to injury, which, when
uncontrolled with the release of inflammatory mediators,
can lead to inflammatory diseases and organ dysfunction
[16]. NF-kB upregulation plays an important role in
triggering inflammation [17]. NF-«xB is involved in the
stimulation of proinflammatory cytokines [18]. In the
inflammatory  process, NF-kB undergoes rapid
phosphorylation by IkBoa and IkB kinase-p (IKKp),
leading to the release of pro-inflammatory cytokines [19].
TNF-a and IL-1B, which are among these
proinflammatory cytokines, are effective in the
development of inflammation [20,21]. TNF-a leukocyte
migration to the inflamed area in the tissues [22,23]. IL-
1B triggers acute inflammatory responses by increasing
the expression of adhesion molecules on endothelial cells,
mobilizing inflammatory cells, and leading to the
proliferation of circulating leukocytes [24]. In this study,
the mRNA transcription levels of NF-«B, TNF-a, and IL-
1B, which are effective against inflammation, were
highest in the ASA-H group. In contrast, NF-xB, TNF-a,
and IL-1p mRNA transcription levels were lower in the

ASA-L and ASA-M groups than in the control group.
These findings suggest that ASA can effectively alleviate
inflammation at low and moderate doses and
neuroinflammatory at high doses.

Oxidative stress is defined as the disruption of the balance
between ROS and antioxidants in the presence of ROS
[25,26]. In addition to neuroinflammation, oxidative
stress has been suggested to contribute to the
pathophysiological processes leading to neuronal loss in
individuals with aging and neurological diseases, such as
Alzheimer’s disease and Parkinson’s disease [27].
Oxidative stress activates different damage pathways [28—
30]. The body has a defense system against the damage
caused by free radicals [31]. Antioxidants are enzymatic
and nonenzymatic agents [32]. Antioxidant enzymes such
as SOD, CAT, and GPx are actively involved in
scavenging oxygen-derived free radicals from oxidative
stress to prevent further cell damage [33-35]. SOD, which
converts superoxide to hydrogen peroxide (H205), is an
important antioxidant enzyme involved in oxidative
stress, whereas CAT, which converts H,O, to oxygen and
water, also plays an important role. Furthermore, GPx
neutralizes the effects of cytotoxic lipid peroxides and
H>0; as a defense mechanism [36,37]. ROS, which are
known as free radicals, cause oxidative damage by
affecting macromolecules such as carbohydrates,
proteins, nucleic acids, and lipids [38]. Increased ROS
can cause cell death through proteolysis and lipid
oxidation [39,40]. Owing to these properties, oxidative
stress causes neuronal damage in brain tissue, which has
at low defense against oxidative stress [41]. Potentially
toxic drugs and their metabolites directly affect the
biochemistry of the cell, firstly through increased
oxidative stress and secondly through altered intracellular
signaling pathways associated with apoptotic or necrotic
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cell death [42]. According to the antioxidant capacity
findings obtained in our study; ASA tried to resist
neuronal damage by increasing antioxidant capacity at
low and moderate doses, but at high doses it reduced
antioxidant capacity and left the tissue vulnerable to
neuronal damage.

Apoptosis, which protects the body by eliminating
damaged or dangerous cells, can also cause stress or
damage to healthy cells [43,44]. A relationship between
intracellular ROS levels and apoptosis has also been
reported [45]. Apoptosis pathways are activated by DNA
or protein damage following excessive ROS production
[46]. Apoptosis can also be induced by various stimuli
such as cytokines, hormones, toxic insults, and viruses
[47]. The mitochondrial pathway plays critical roles in
apoptosis and is regulated by members of the Bcl-2
protein family, such as Bax and Bcl-2 [48,49]. Disruption
of the balance between Bax and Bcl-2 in favor of Bax
leads to the release of cytochrome C from mitochondria
into the cytoplasm [50]. After cytochrome C passes into
the cytoplasm, it combines with Apaf-1 to activate
apoptotic caspase [51]. Caspases are inactive inside the
cell; when a caspase becomes active, a chain reaction
activates other pro-caspases [52]. Caspase-3, an important
caspase, is also known as executioner caspase and is pro-
apoptotic [53,54]. In this study, it was found that apoptotic
activity in the ASA-H group was triggered by increased
Casp-3 and Bax levels and a decrease in Bcl-2. On the
other hand, in the ASA-L and ASA-M groups, apoptotic
Casp-3 and Bax levels decreased while antiapoptotic Bcl-
2 levels increased. When the apoptotic findings are
evaluated together, ASA has ameliorative properties
against apoptosis at low and moderate doses and increases
at high doses.

Glutamate is an excitatory neurotransmitter in the brain
that plays an important role in neuronal functions such as
learning and memory. The activation of NMDA receptors
leads to the formation of reactive oxygen and nitrogen
species, which contribute to neuronal death [7].
Phosphorylation activation of CREB exhibits protective
properties against apoptosis by accelerating Bcl-2
activation [55]. CREB is also one of the factors involved
in memory and learning [56]. Glutamate and CREB
mRNA transcription levels were increased in the ASA-M
group, which may have contributed to the increase in
neuronal and cognitive activity. The lowest NMDA level
was detected in the ASA-M group. According to these
findings, moderate-dose ASA may have a positive effect
on cognitive function. High doses showed the opposite
effect.

The open field test is commonly used to measure general
locomotor activity and willingness to explore in rats [12].
Data on the effect of aspirin on cognitive functions are
inconsistent; some studies suggest that ASA does not
affect memory, while others argue that it positively affects
neurocognitive behaviors. Furthermore, few placebo-
controlled studies have failed to confirm the positive
effects of aspirin on cognitive decline [57]. Increasing
evidence suggests that aspirin may slow the progression
of vascular pathology and cognitive loss in AD. However,

even at low doses, there is a risk of serious side effects,
especially in elderly patients [7]. Although there was no
difference between the groups in the findings of the open
field test, the time spent, distance moved, and velocity in
the center area were observed in the ASA-M group.

A similar picture was observed in hippocampus tissue. In
ASA-L and ASA-M groups, histologic features close to
the control group were found. However, in the ASA-H
group, the adverse effects caused irregular arrangement
and decreased density of neurons. In this group, there
were signs of vacuolization and degeneration in the areas
around the cells. Cell nuclei became smaller and indistinct
and the boundaries of the cytoplasm were disrupted.
Decreased  antioxidant capacity and increased
inflammation and apoptotic damages detected especially
in the ASA-H group may have played a role in the
formation of these structural defects.

As a conclusion, ASA may be effective in the prevention
of behavioral disorders at low and moderate doses,
whereas, at high doses, it may have the opposite effect and
contribute to the progression of behavioral disorders.
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Abstract: Cut roses are a popular choice for bouquets and floral arrangements, but their
short vase life can be a significant drawback. This study investigated the use of hydrogen
peroxide (H20-) and sodium hypochlorite as potential treatments to extend the vase life of
cut roses. Cut flowers (R. hybrida cv ‘Samourai’) were placed in glass containing solutions
in six different treatments: Hydrogen peroxide (H202, 400, 600, 800 puM); Sodium
hypochlorite (NaOCI, 50, 100, 200 mg L) and distilled water as a control. Vase life, relative
fresh weight, water uptake, color change of flower, flower open rate, pH and EC changes of
solutions were among the parameters recorded over 15 days. According to the results, the
solution containing 600 uM of H,O; resulted in the highest values for vase life, relative fresh
weight, water uptake, and least color change of the flowers. This was followed by the
solution containing 400 uM of H20,. The 50 mg L™ sodium hypochlorite treatment, along
with the control, resulted in the lowest outcomes in terms of vase life, water uptake, and
overall flower quality preservation during the vase life period. The quality and postharvest
performance of cut rose flowers were found to be significantly affected by the use of 400
uM and 600 uM H>O; in preservation solutions.

Sodyum Hipoklorit ve Hidrojen Peroksidin Kesme Giil Ciceklerinin Vazo Omrii Uzerine

Etkisi

Anahtar Kelimeler
Kesme ¢igek,

Su alimi,

Hidrojen peroksit,
Sodyum hipoklorit,
Kesme giil

Oz: Kesme giiller, buketler ve ¢igek aranjmanlarinda kullanilan 6nemli siis bitkilerindendir
ancak kisa vazo Omiirleri bu kullanimlart i¢in dezavantaj olusturmaktadir. Bu caligmada,
farkli dozlarda hidrojen peroksit (H202) ve sodyum hipoklorit (NaOC]l) kullanilarak kesme
giillerin vazo omrii lizerine etkileri aragtirilmigtir. Caligmada R. hybrida cv. 'Samourai’
kesme ¢igekleri 6 fakli uygulama igerisindeki soliisyonlara yerlestirilmistir. Hidrojen
peroksit, 400, 600, 800 uM dozlar1 ile Sodyum hipoklorit 50, 100, 200 mg L dozlar
kullanilan arastirmada kontrol grubu olarak ise distile su kullanilmistir. Vazo 6mrii, oransal
taze agirlik, toplam su alimi, goncalarin renk degisimi, ¢igek agilim orani, soliisyonlarin pH
ve EC degisimleri 15 giin boyunca izlenmistir. Sonuglara gére, 600 uM H20, uygulamasi
vazo Omrii, taze agirlik, su alimi ve en az ¢igek renk degisimi bakimindan en yiiksek
degerlere sahipti. Bunu 400 uM H>O; iceren uygulama takip etmistir. Vazo 6mrii boyunca
kontrol ile birlikte 50 mg L sodyum hipoklorit uygulamasi hem vazo dmrii, su alimi
bakimindan hem de ¢igeklerin kalitelerinin korunmasinda iyi bir sonu¢ vermemistir. 400 uM
ve 600 pM H>0:- igeren vazo soliisyonlarinin kullanilmasi kesme giil ¢igeklerinin kalitesinin
ve vazo Omriiniin onemli 6l¢iide etkilendigi bulunmustur. 400 ve 600 uM H>0,
uygulamalarmin kesme giil ¢igeklerinde vazo dmriinii uzattig1 ve ¢igek kalitesini korudugu
belirlenmistir

173



https://orcid.org/0000-0003-0854-7134
https://orcid.org/0009-0008-5304-8290
https://orcid.org/0000-0002-3958-6374
https://orcid.org/0009-0008-8792-2847

Tr. J. Nature Sci. Volume 13, Issue 4, Page 173-179, 2024

1. INTRODUCTION

Extending the vase life and maintaining the quality of
cut flowers is a crucial aspect of the floriculture
industry. Factors such as water loss, ethylene exposure,
microbial growth, and physiological changes can
significantly impact the postharvest longevity of cut
flowers [1]. Many variables affect cut flower vase life
and postharvest performance [2,3]. Numerous elements
influence it, such as ethylene, the atmosphere's makeup,
flower handling, growing conditions, carbohydrates,
blockage of the xylem channel, and chemical
preservation solutions [4, 5] states that the most
prevalent microorganisms in vase solutions, foliage,
and stems of cut flowers are filamentous fungus,
bacteria, and yeasts [6]. In the case of cut rose flowers,
a common practice is to use chemical preservatives to
prolong their vase life [6,7,8].

The post-harvest longevity of cut flowers is a critical
factor in their successful commercialization and
consumer satisfaction. Among the various flower
varieties, roses are particularly susceptible to early
senescence, leading to significant postharvest losses.
[9]. To address this challenge, researchers have
explored the use of treatments to prolong the vase life
of cut roses. One potential approach is the application
of sanitizing agents, such as sodium hypochlorite
(NaClO) and hydrogen peroxide (H202), which have
been shown to have antimicrobial properties and the
ability to regulate physiological processes in cut
flowers [1]. Sodium hypochlorite is a widely used
disinfectant that can effectively suppress the growth of
harmful bacteria and fungi, thereby reducing the risk of
pathogen-induced deterioration in cut flowers [1].
Hydrogen peroxide, on the other hand, is a potent
oxidizing agent that can directly impact the
biochemical and physiological processes involved in
flower senescence. [10]. Some studies have
demonstrated that the treatment of these chemicals can
significantly enhance the vase life of various cut flower
species, including gladiolus and potted plants.
However, there is a lack of comprehensive research on
the specific effects of sodium hypochlorite and
hydrogen peroxide on the vase life of cut rose flowers.
The present study aims to investigate the efficacy of
sodium hypochlorite and hydrogen peroxide, as cost-
effective and readily available alternatives, on the vase
life of cut roses.

2. MATERIAL AND METHOD

2.1. Material

Cut roses of Rosa x hybrida cv. ‘Samourai’ were used
in the experiments. Early in the morning, flowering
stems were taken at the tight (loose pointed bud) stage
(commercial harvest stage) from a commercial grower
in Sanlurfa. In line with commercial procedures, stems
were graded for consistent quality, bundled into
bunches of several stems, and then recut to 35 cm in
length. Within four to five hours, the bouquets were
packed dry and delivered from the cultivation field to
the refrigeration laboratory in commercial flower

boxes. The study was carried out in the vase life room
of Bingdl University, Department of Horticulture.

In order to prevent air embolism, flowering stems were
trimmed to a uniform length of 35 cm under distilled
water upon arrival at the laboratory. Before being used,
knives were surface sterilized by being rinsed in 95%
(v/v) ethanol. Hands were used to remove leaves from
the lowest 20 centimeters of stems that would have
otherwise been submerged in vase water. The stems
were arranged at random in glass vases holding 1000
ml of test solutions at different concentrations 1000 ml
of distilled water (control). As mentioned previously
for cutters, ethanol was used to surface sterilize glass
vases. Various concentrations of Hydrogen Peroxide
(H20,, 400, 600, 800 uM; Sigma) and sodium
hypochlorite (NaOCI, 50, 100, 200 mg L*; Sigma)
were the test solutions. Flowers were put in a controlled
environment room at 12 h photoperiod (08:00-20:00
h), 60+5%, 20=1-C, relative humidity, and provided by
15 mol photons m~2 st irradiance of fluorescent lamps
On the day of the vase life experiment, the solutions
were prepared freshly.

2.2. Method
2.2.1. Vase life

Each flower's vase life was determined by counting the
days from the day the flowers were placed to the test
solutions until they lost their decorative value (color
altered, wilted, and lost turgidity). The maximum width
of each blossom was used to establish the flower
diameter, which was then measured using a vernier
caliper. Fifteen flowers were chosen for each treatment,
and vase life averages were calculated.

2.2.2. Relative fresh weight (RFW;%), Total
solution uptake (g stem)

The average daily amount of vase solution absorbed by
cut roses, vases, and flower stems was measured by
independently weighing every three days. The results
of subtraction were expressed in milliliters (mL). Fresh
weight of flower stems was measured individually and
every three days; the findings were reported as a
percentage of the initial fresh weight (RFW).

Every three days the weights of the flowers and vases
without flowers were measured separately. The average
daily water uptake (Equality 1.) was calculated as
follows:

Daily water uptake (g stem™ day?) = (S1.1-Sy) @)

where St is the weight (g) of the vase solution on day t
=1, 2, 3, etc. and S; .1 is the weight (g) of the vase
solution on the previous day. The daily water intakes
were then summed to determine the total solution
uptake.
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2.2.3. Colour change of flowers through the vase
life

Color variations were recorded from the first to the last
day, and CIELAB values were calculated using a
colorimeter (Lovibond; Spectrophotometer a sphere,
Serie SP60).

The CIE L, a*, and b* color space system was used to
gather measurements, and the a* and b* values were
used to determine the hue angle (%°) ((Equality 2.) and
chroma values (C*) (Equality 3.)

[° = 180 + tan 1 (b*/a*)] )
[C* = (@*? + b*2)1/2] 3)

2.2.4. Flower opening rate (FOR)

The bud diameter was measured every three days from
day O for up to 9 days in order to determine the flower
opening rate. An equation of [11] was adjusted to
estimate the ratio of flower opening (Equality 4.)

FOR (%) =

Flower diameter on the dn—Flower diameter on the d0

2.25. pHandEC of solutions through the vase life

Days 0 through 15" day were used to measure the pH
of the solutions using a pH/ORP meter (HI 2211
HANNA Instruments RI/USA) and a Conductivity
Benchtop (Orion 3-Star, Thermo Scientific) to estimate
the electrical conductivity (EC).

2.3. Statistical Analysis

The experiment was established according to the
randomised plots design with 5 replications and 3
plants in each replicate. Using SPSS software, the data
were analyzed using analysis of variance (ANOVA),
and differences between means were examined using
the Duncan multiple test (P<0.05).

3. RESULTS
3.1. Vase Life
Although statistically significant differences were

observed between the treatments in terms of vase life,
Hydrogen peroxide 600 uM and Hydrogen peroxide

: x100 400 uM were in the same statistical group (P< 0.05).
4 Flower diameter on the do The longest vase life was determined in Hydrogen
peroxide 600 puM with 12.0 days, followed by
i Hydrogen peroxide 400 uM with 11.60 days and
n: 0,3,6,9 the end of the measurement Sodium hypochlorite 200 mg L™ with 10.0 days. The
shortest vase life was obtained from the control group
with 8.0 days (Figure 1).
175
1160a 1202
12,00
5 10.0ab
9.33a
1000 3.0b 8.27b 8.40b
= 8,00
E 6,00
= 400
2,00
0,00
Control SH50 SH100 SH200 HP400 HP600 HP800

Treatment

Figure 1. Effect of different vase solutions on the vase life of cut roses (SH 50; sodium hypochlorite 50 mg L™, SH 100; sodium hypochlorite 100 mg
L%, SH 200; sodium hypochlorite 200 mg L™, HP 400: Hydrogen peroxide 400 uM, HP 600: Hydrogen peroxide 600 uM, HP 800: Hydrogen peroxide
800 pM).

3.2 Relative Fresh Weight (RFW;%), Total
Solution Uptake (g stem™),

until the third day, at which point it steadily dropped in
all treatments (Figure 2).

The relative fresh weight of cut roses was found to
grow in all treatments (except from SH 100 treatment)
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Figure 2. Effect of different vase solutions on relative fresh weight change in cut roses (SH 50; sodium hypochlorite 50 mg L, SH 100; sodium
hypochlorite 100 mg L, SH 200; sodium hypochlorite 200 mg L™, HP 400: Hydrogen peroxide 400 uM, HP 600: Hydrogen peroxide 600 uM, HP
800: Hydrogen peroxide 800 uM).

Similar findings were obtained for solution uptake in solution uptake was determined in HP 600 treatment
terms of vase life results and statistically significant (58.61 g stem™), followed by HP 400 treatment (49.11
differences were observed between treatments in terms g stem™). The lowest solution uptake was realised in the
of total solution uptake (P< 0.05). The highest total control group (Figure 3).

R 58.91a 176

Hé 60,00

o 44.33b 49.11 ab
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% 40,00

-}
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0,00
Control SH50 SH100 SH200 HP400 HP600 HP800

Figure 3. Effect of different vase solutions on total solution uptake in cut roses (SH 50; sodium hypochlorite 50 mg L%, SH 100; sodium hypochlorite
100 mg L%, SH 200; sodium hypochlorite 200 mg L%, HP 400: Hydrogen peroxide 400 uM, HP 600: Hydrogen peroxide 600 uM, HP 800: Hydrogen
peroxide 800 uM).
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3.3. Flower Opening Rate (%)
The fastest rate of flower opening was observed using
sodium hypochlorite 100 mg L™, though the lowest

150,00
___ 100,00
S
g ]
@]
LL
50,00
0,00 I

SH100

ratio of flower opening was hydrogen peroxide 600 uM
treatment. (Fig. 4).

6 9

Vase Life (day)

SH200

HP400 HP600 = HP800

e CONtrO| e SH50

Figure 4. Flower Opening Rate (FOR) in cut roses (SH 50; sodium hypochlorite 50 mg L, SH 100; sodium hypochlorite 100 mg L*, SH 200; sodium
hypochlorite 200 mg L™, HP 400: Hydrogen peroxide 400 uM, HP 600: Hydrogen peroxide 600 uM, HP 800: Hydrogen peroxide 800 uM).

3.4. Colour Change of Flowers

Using a colorimeter, the adaxial side of each fresh petal
measured during the vase life (day 0, day 6, day 12, day
15) was used to quantify each cultivar's color. The petal
color was measured using the CIE L*a*b* color space:
The values of a* are red (positive) and green (negative);
b* are yellow (positive) and blue (negative); C*, color
chroma (higher values denoting increased brightness);
h*, the color's hue angle between 0 and 360 [12]. L*,
the color's lightness, falls between 0 (black) and 100
(white). As each rose was viewed through a different
solution, the colors were perceived differently.
Brightness values (L*) of most roses changed during
the vase life (Table 1). Other variations in L* a* b*
values were seen in the study throughout the vase life
of cut red roses. The fresh rose color exhibits high

luminosity, or brightness, which is why the 'Samourai’
cultivar of rose flowers had a high L* value rating on
the 0. day. The color turned dull and the L* value
decreased in all treatments—including the control—
when the blossom had fully faded. In general, the value
of the some treatment and control increased as the
flower withered and turned brown, orange, pink, or
yellow in the latter days of its vase life. The b*-value
of cut rose is positive during the vase life. Aging may
cause a modest browning or yellowing of the plants.
Hue angles (h° angle) and C* values for red roses
changed significantly during the vase life for all
treatments (Table 1). The maximum color change was
determined at 200 mg L sodium hypochlorite the
minimum color change was determined in 600 uM
H,0, (HP 600) (Table 1).

Table 1. The impact of different vase solutions on the hue angle (%°), chroma (C*), CIE L*a*b* color values of cut roses throughout their vase life

Day 0 Day 6

Day 12 Day 15

—
e

Treatme

L*

a*

b*

he

C*

L*

a*

b*

he

C*

L*

a*

b*

he

C*

L*

a*

b*

he

C*

Control

36.5

36.5

36.5

21.87

55.6

34.3

48.5

20.64

23.0

52.8

25.0

30.79

19.2

31.9

36.3

18.4

29.5

15.0

27.0

33.1

SH50

32.5

46.7

19.7

22.86

50.6

31.8

45.9

18.4

21.8

49.6

28.1

41.39

15.0

19.8

44.0

27.4

41.3

125

16.9

43.7

SH100

32.8

46.4

17.1

20.20

494

311

445

15.84

19.6

47.4

23.9

33.01

6.72

115

33.7

15.7

18.1

0.99

3.13

18.1

SH200

32.7

45.9

19.7

23.26

49.9

315

44.3

17.32

21.4

47.5

16.2

29.29

2.79

54

29.4

15.8

20.4

25

6.98

20.6

HP400

34.1

51.9

20.4

21.43

55.7

33.7

48.7

18.9

21.2

52.2

31.9

46.63

16.8

19.8

49.6

29.9

44.7

15.9

19.7

475

HP600

35.7

49.7

19.7

21.65

53.4

35.2

43.7

17.88

22.3

47.2

33.6

41.8

153

20.1

445

30.8

40.7

14.9

20.1

43.3

HP800

35.6

50.4

20.5

22.10

54.4

29.6

49.3

19.45

21.6

53.0

29.3

47.47

115

13.6

48.8

28.7

45.3

111

13.8

46.7

SH 50; sodium hypochlorite 50 mg L%, SH 100; sodium hypochlorite 100 mg L%, SH 200; sodium hypochlorite 200 mg L%, HP 400: Hydrogen peroxide

400 uM, HP 600: Hydrogen peroxide 600 uM, HP 800: Hydrogen peroxide 800 uM).
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4. DISCUSSION AND CONCLUSION

Cut roses are highly susceptible to water stress as the
water balance in the petals is easily disturbed after
harvesting and cut roses can also be affected by biotic
stress causing microbiological vascular occlusion [12].
Our study reveals not only the water uptake of
‘Samourai’ cut roses after harvest, but also that the
water relations of cut roses can be improved by adding
additives to the vase solution. Placing the flowers in
Hydrogen peroxide solution at a dose of 600 puM
increased the vase life by 50% (Table 1), whereas H,0;
treatment at a dose of 800 uM caused a decrease in vase
life. It is well known that H,O, can cause oxidative
stress at high concentrations [13, 14]. On the other
hand, low H;O levels can improve resistance to a
number of abiotic stressors, such as heat, drought, cold,
and UV radiation. [15]. It has been found that H,O; can
positively regulate cut flower senescence at optimal
concentrations. An essential signaling molecule, H,0,
is involved in many areas of plant development.[15].
Hydrogen peroxide has been shown in several scientific
studies to help extend the vase life of cut flowers. In
parallel with our study, a study on cut Oriental x
Trumpet hybrid lilies revealed that hydrogen peroxide
at a concentration of 600 uM increased the vase life of
flowers from approximately 9.8 days to 12.8 days. This
dose also delayed the opening time of flowers and
helped to maintain chlorophyll and water content in the
leaves. However, higher concentrations (800 and 1200
uM) showed negative effects. Similarly, in cut peony
and gladiolus flowers, hydrogen peroxide treatments
have been reported to be associated with oxidative
stress and delay the vase life of flowers under the right
conditions [16, 17]. A lack of study has been done on
the benefits of H,O, for cut flower preservation, despite
the fact that it has been discovered to regulate a number
of plant growth processes [18, 19, 20]. The pigments in
petals showed less change in Hydrogen peroxide 400
uM, and 600 pM treatments during the vase life.
Hydrogen peroxide may be an effective agent against
bacterial or fungal pathogens due to its antimicrobial
action, effectively limiting pathogens  while
maintaining water transmission and the stability of
pigments in the bud. In addition, low doses of C;H:
oxidate may cause activation of antioxidant systems
without causing damage. This may have limited the
oxidation and degradation of pigments by triggering
protective responses of cells against harmful effects.

Cut flowers are complicated plant organs; if the
postharvest quality of the blooms is lost, the market
may reject the product. This study analyzed the visual
keeping quality of cut roses using flower opening and
senescence. When flowering stems were immersed in
600 uM H»0;, they exhibited reduced flower opening
and senescence in comparison to the control. This
supports the earlier finding that 600 pM H20>
prolonged vase life and parallels thestudy [17]. Many
physiological and biochemical processes, including
disruption of the water balance, deterioration of
photosynthetic pigment, decrease of metabolic
components, and loss of membrane integrity, are linked
to the senescence of cut flowers [21, 22]. In this study,

there was a significant decrease in the RFW of flowers
during the vase life (Figure 2), which has also been
reported by some researchers [23, 24]. Compared to the
control, 600 uM H0, significantly reduced the RFW
decline of the flowers placed in the vase and the relative
fresh weight of the flowers was the highest in the study
(Figure 2). This indicates that H,O- in the vase solution
reduces the water loss of flowers. In addition, studies
have proved that H,O; plays a role in ABA-induced
stomatal closure [25, 26]. Stomatal closure is known to
be associated with an increase in RFW [27]. Our results
also show that the loss of fresh weight was significantly
suppressed by 600 uM H,O,This suggests that H,O,
can improve the water balance of cut flowers.
According to Ishashi et al. [28], H20- spraying enabled
Glycine max L. to avoid drought stress also through the
maintenance of leaf water content. The control group
in the study had the greatest pH, while the SH 50
treatment on day 0 had the lowest pH. During the vase
life, pH changes varied in all treatments (Table 1). The
pH fluctuations observed during the vase life can
potentially be attributed to the composition of the fluids
inside, the transport physiology of the plant and the
amount of microorganisms involved in its metabolism.
Shanan [29] and Paul et al. [30] also obtained similar
results in their studies. EC values increased throughout
the vase life including of the control. This may be due
to an increase in the amount of dissolved ions in the
water, deterioration in the quality of the vase solution
or increased growth of microorganisms. Cell fluids
released from plant stems may also increase the EC
value. In addition, as bacteria grow in the vase solution,
organic and inorganic substances may be released as a
result of the metabolic activities of these
microorganisms, which may increase the EC value of
the water.

In conclusion, the vase life and preservation quality of
cut flowers were enhanced by the vase solution's ideal
H.0; concentrations. Among all the ageing parameters
evaluated, 400 pM and 600 uM H>O, treatments
maintained water uptake and reduced the proportional
fresh weight loss of flowers, thus increasing the vase
life of flowers. This study showed that H,O, at 600 pM
dose can be effective in extending the vase life of cut
flowers and can be used as a potential floral
preservative at the end of harvest of cut roses.
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Abstract: Cisplatin is one of the most active cytotoxic agents used mainly in the treatment of solid
tumors. High doses and long-term use of Cisplatin are known to cause cardiotoxicity. In recent
years, the antiapoptotic and antioxidant effects of Carvacrol in cardiovascular diseases have
attracted attention. In this study, the effects of Carvacrol on Cisplatin-induced cardiotoxicity in a
rat model were investigated using biochemical and histological methods. Twenty-eight rats were
divided into 4 groups: 1. Control group, 2. Carvacrol group, 3. Cisplatin group, 4. Cisplatin +
Carvacrol group. The expression of antioxidant enzymes, proinflammatory cytokines, apoptotic,
and autophagic proteins was examined in heart tissue obtained from rats sacrificed after the last
drug administration. Additionally, heart tissue was evaluated histopathologically. Cisplatin has
been observed to cause oxidative stress and inflammatory damage in animal heart tissue. Carvacrol
administration significantly increased antioxidant enzyme (superoxide dismutase and glutathione
peroxidase) activities while suppressing inflammatory markers (NF-«B, TNF-a, IL-1p).
Additionally, Cisplatin induced apoptotic (caspase-3, Bax, Bcl-2) and autophagic (Beclin-1,
LC3A, LC3B) markers. It has been determined that carvacrol can protect heart tissues from the
destructive effects of cisplatin by exerting anti-apoptotic and anti-autophagic effects. The
expression levels of Notchl and Hesl, which were decreased by cisplatin administration, were
upregulated after administration of Carvacrol. H&E staining results showed that Carvacrol
preserved myocardial tissue integrity. In conclusion, Carvacrol showed a cardioprotective effect
against cisplatin-induced cardiotoxicity.

Karvakrol Sican Kalp Dokusunda Notch/Hes1 Sinyal Yolunu, Oksidatif Stresi ve Hiicre
Oliimiinii Diizenleyerek Sisplatin Kaynakh Kardiyotoksisiteyi lyilestirir

Anahtar
Kelimeler
Sisplatin,
Karvakrol,
Kardiyak Doku,
Oksidatif Stres,
Apoptozis,
Sigcan

Oz: Sisplatin esas olarak kati tiimérlerin tedavisinde kullanilan en aktif sitotoksik ajanlardan
biridir. Sisplatin’in yiikksek doz ve uzun siireli kullanimi kardiyotoksisiteye neden oldugu
bilinmektedir. Son yillarda kardiyovaskiiler hastaliklarda Karvakrol’iin antiapoptotik ve
antioksidan etkileri ilgi gormistiir. Bu calismada, bir sigan modelinde Karvakrol’in Sisplatin
kaynakli kardiyotoksisite iizerindeki etkileri biyokimyasal ve histolojik yontemler kullanilarak
arastirtlmistir. Yirmi sekiz sigan 4 gruba ayrildi: 1. kontrol grubu, 2. Karvakrol grubu, 3. Sisplatin
grubu, 4. Sisplatin + Karvakrol grubu. Son ilag uygulamasindan sonra 6ldiiriilen siganlardan elde
edilen kalp dokusunda antioksidan enzimlerin, proinflamatuar sitokinlerin, apoptotik ve otofajik
proteinlerin  ekspresyonu incelenmistir. Ayrica kalp dokusu histopatolojik  olarak
degerlendirilmistir. Sisplatin'in hayvanlarin kalp dokusunda oksidatif strese ve inflamatuar hasara
neden oldugu goézlenmistir. Karvakrol uygulamasinin antioksidan enzim (siiperoksit dismutaz ve
glutatyon peroksidaz) aktivitelerini onemli 6l¢iide artirirken, inflamatuar belirtegleri (NF-xB,
TNF-a, IL-1B) baskiladi. Ayrica Sisplatin’in apoptotik (caspase-3, Bax, Bcl-2) ve otofajik (Beclin-
1, LC3A, LC3B) belirtegleri indiikledi. Karvakrol’iin ise anti-apoptotik ve anti-otofajik etki
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gostererek kalp dokularimi Sisplatin’in yikici etkisinden koruyabildigi belirlenmistir. Sisplatin
uygulamasi ile azalmig Notchl ve Hesl ekspresyon seviyeleri Karvakrol uygulamasindan sonra
diizenlenmistir. H&E boyama sonuglar1 Karvakrol’iin miyokardiyal doku biitiinliiglinii
korudugunu gdstermistir. Sonug¢ olarak, Karvakrol Sisplatin kaynakli kardiyotoksisiteye karsi

kardiyoprotektif bir etki gosterdi.

1. INTRODUCTION

Cancer, which is expected to increase in the future and
poses a major health risk worldwide, is a major cause of
disease-related morbidity and mortality. Cancer-related
morbidity is not only caused by the disease but also
includes the effects of chemotherapy [1-3]. Anti-cancer
drugs must be prescribed to treat the disease, and the
outcome is hoped to be successful. However, this hope is
soon disappointed due to the effects of harmful chemicals
that cause multi-organ toxicity and disruption of DNA
structure and/or function [4,5]. Cisplatin (CIS, cis-
dichlorodiamine platinum 1), an anticancer drug, is an
inorganic platinum widely used for treating many solid
cancers [6,7]. Because CIS cannot distinguish between
normal and cancer cells, toxic effects that occur during its
use may result in a reduction in the dose or
discontinuation of treatment. CIS causes various dose-
dependent acute and cumulative side effects, including
nephrotoxicity, cardiotoxicity, neurotoxicity, ototoxicity,
myelosuppression, and gastrointestinal toxicity [8,9].
There is evidence that CIS can cause acute or chronic
cardiotoxicity in the form of electrocardiographic changes
and arrhythmias (ventricular arrhythmias,
supraventricular ~ tachycardia, atrial  fibrillation,
atrioventricular block), myocarditis, pericarditis, acute
myocardial infarction, hypertension, and coronary
vasospasm [8-11]. Recent studies have suggested that
oxidative stress plays a significant role in the
aforementioned CIS-induced side effects [6,9].

CIS treatment stimulates oxidative stress, apoptosis, and
autophagy, and these adverse effects are attributed to its
side effects in the body [6,8,9]. Because the
oxidant/antioxidant balance is disrupted by excessive
production of reactive oxygen species (ROS), increased
oxidative stress affects macromolecules, such as
membrane lipids, proteins, and DNA, in body cells and
thus damages cell integrity [12,13]. Despite this
information, the mechanisms involved in cardiotoxicity
are still not well characterized. Researchers are constantly
searching for ways to prevent the side effects of CIS,
increase chemotherapy effects, and reduce costs [7].

Many antioxidants and drugs have been used to
completely or partially protect vital organs and cells
against CIS damage. However, hope lies in the
combination of herbal medicines with targeted drugs.
Medicinal plants and their active ingredients are widely
used to treat diseases [7,14]. Several medicinal plants
have been reported to reduce the toxicity of CIS [7,15-
17].

Carvacrol (CRV) is the major monoterpene phenol
isomeric with thymol, and it is found in various essential
oils in plant species such as Origanum, Thymus, and

Corydothymus. Essential oils containing high CRV levels
have strong antioxidant properties comparable to those of
ascorbic acid, butylated hydroxytoluene, and vitamin E
[6,18]. CRV possesses various pharmacological
properties, including  antioxidant,  antimicrobial,
antibacterial, and antiapoptotic properties, through its
inhibition of proapoptotic effects [7,19,20].

Preventing and/or reducing the side effects of cancer
drugs are among the main concerns for patients who must
take medications for a long time or permanently. This
study describes a novel method for achieving success
without exposing these treatments to new drug toxicity.
Therefore, this study investigated the efficacy of CRV in
improving the toxic effects by inhibiting CIS-induced
oxidative damage and apoptosis in rat cardiac tissues.

2. MATERIAL AND METHOD
2.1. Chemicals and Reagents

CIS (CDDP, 25 mg/50 mL) was purchased from Kogak
Farma (Istanbul, Turkey). CRV (CAS No. 499-75-2,
purity: 98%) was obtained from Sigma-Aldrich Co. (St.
Louis, MO, USA). Other chemicals (analytical grade)
used in this study were purchased from Sigma and Merck.

2.2. Animals and Experimental Design

In this study, 28 Wistar albino rats, weighing 200-250 g
and aged 10-12 weeks, were used. The animals were kept
in cages in a controlled room with a constant temperature
of 24-25°C and a twelve (12 h) hour light-dark cycle
(07:00-19:00 light; 19:00-07:00 dark). Rats were fed
unlimited amounts of water and standard chow. All
animal experiments were performed at the KONUDAM
Experimental Medicine Application and Research Center.
The procedures were approved by the local Animal
Experiments Ethics Committee (Date: 25.09.2024,
meeting no: 2024-080). Previous studies were used to
determine the drug and active ingredient doses in this
study [4,21,22].

Wistar albino rats were randomly divided into 4 groups
with 7 rats in each group.
e Control group: Physiological serum was
administered intraperitoneally on the first day.
e Carvacrol group: 50 mg/kg CRV was given
orally for 4 days.
e Cisplatin group: On day 1, a single 7 mg/kg dose
of CIS was administered intraperitoneally.
e Cisplatin + Carvacrol 50: On the first day, 7
mg/kg CIS was administered intraperitoneally as
a single dose, and 50 mg/kg CRV was
administered orally for 4 days.

181




Tr. J. Nature Sci. Volume 13, Issue 4, Page 180-191, 2024

24 hours after the last drug administration (day 5), the
animals were decapitated under light sevoflurane
anesthesia, and heart tissue and blood samples were
collected. Blood samples were transferred to vacuum
tubes without anticoagulant for biochemical analyses,
centrifuged at 3000 rpm at +4 °C for 10 min, and the
serum was separated and stored in a deep freezer at -20°C
until biochemical analyses were performed.

2.3. Real Time PCR (RT-PCR)

The relative mRNA transcript levels of the gene regions
listed in Table 1 were examined in the heart tissues of rats
with CIS injury and CRV administration using gqRT-PCR

Table 1. Primer sequences

technique. First, total RNA was isolated from tissues
using QIAzol Lysis Reagent (79306; Qiagen). Then,
cDNA synthesis was performed from these RNA samples
using the OneScript Plus cDNA Synthesis Kit (ABM,
G236, Richmond, Canada). The prepared cDNAs were
mixed with primer sequences and BlasTaq™ 2X qPCR
MasterMix (ABM, G891, Richmond, Canada) to form a
reaction mixture. The mixture was run on a Rotor-Gene Q
(Qiagen) instrument for specified time and temperature
cycles according to the manufacturer’s instructions. After
completion of the cycles, gene expressions were
normalized to B-Actin and evaluated using the 2-AACT
method [23].

Gene Sequences (5°-3°) Product length
F- AGTCCCGCCCCTTCTAAAAC

Cu-Zn SOD R: CAATGGCCTCTGTGTAGCCC 387

AT F: ATGGCAACTGTCCCTGAACT 670
R: AGTGACACTGCCTTCCTGAA

. F: CTCGAGTGACAAGCCCGTAG 290
R: ATCTGCTGGTACCACCAGTT

NFB F: AGTCCCGCCCCTTCTAAAAC 106
R: CAATGGCCTCTGTGTAGCCC

15 F: ATGGCAACTGTCCCTGAACT 17
R: AGTGACACTGCCTTCCTGAA

NFo F: CTCGAGTGACAAGCCCGTAG 139
R: ATCTGCTGGTACCACCAGTT

Caspase-d F: ACTGGAATGTCAGCTCGCAA 70
R: GCAGTAGTCGCCTCTGAAGA

. F: TTTCATCCAGGATCGAGCAG o2
R: AATCATCCTCTGCAGCTCCA

Bol2 F: GACTTTGCAGAGATGTCCAG s
R: TCAGGTACTCAGTCATCCAC

) F: TCTCGTCAAGGCGTCACTTC

Beclin-1 R: CCATTCTTTAGGCCCCGACG 198
F: GACCATGTTAACATGAGCGA

LC3A R: CCTGTTCATAGATGTCAGCG 139

cam F: GAGCTTCGAACAAAGAGTGG 17
R: CGCTCATATTCACGTGATCA
F: GTGGGATGGACTGGACTGTG

Notchl R: GCGCAGGAAGTGGAAGGAGTT 117

Hoct F: CGCCGGGCAAGAATAAATGA "
R: ATGTCTGCCTTCTCCAGCTT

5 Actin F: CAGCCTTCCTTCCTGGGTATG 250
R: AGCTCAGTAACAGTCCGCCT

2.4. Histopathological Analysis

Tissue specimens were kept in 10% formalin solution for
48 h for fixative purposes. Fixed tissues were first passed
through increasing grades of alcohol (70-100%) and then
cleared in xylene. As the last step in the tissue tracking
phase, 5 pm thick sections were prepared from the
prepared paraffin blocks using a microtome. The prepared
sections were stained with hematoxylin and eosin (H&E)
for general histological evaluation. Stained sections of
cardiac tissues were examined under a light microscope
(Olympus Cx43; Japan) and photographed.

2.5. Statistical Analysis

Statistical analysis of biochemical findings was
performed using one-way ANOVA and Tukey HSD test
was used to determine the relationship between the
groups. Results are presented as Mean + Standard Error
Mean. The results of histological examination were

analyzed using the nonparametric Kruskal-Wallis test and
Mann-Whitney U test for comparison of paired groups.
The statistical significance level was set as p < 0.05.

3. RESULTS

3.1. Anti-Oxidant Effect of Carvacrol on Cisplatin-
Induced Oxidative Stress

The antioxidant effects of CRV on CIS-induced oxidative
stress in rat heart tissue are presented in Figure 1. In the CIS
alone group, there was a significant decrease in the
expression of SOD, CAT, and GPx compared with the
control group. In contrast, combined treatment with CIS
and CRV triggered an increase in the levels of antioxidants
(SOD, GPx) compared with the CIS group. These results
demonstrate that CRV partially reduces the CIS effect by
decreasing total antioxidant activation in rat cardiac tissue.
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Figure 1. Effect of Carvacrol and Cisplatin treatments on SOD, CAT, GPx mRNA expression levels in heart tissue. Values are given as mean + SD.
Control vs others: *p < .05, **p < .01, ***p < 001, CIS vs others: *p < .05, #p < .01, #p <.001

3.2. Anti-Inflammatory Effect of Carvacrol on
Cisplatin-Induced Inflammation

The expressions of inflammation markers in rat heart
tissue are presented in Figure 2. In this study, CIS
administration induced a series of inflammatory changes
that mediated cardiac tissue damage. The levels of NF-
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kB, TNF-o and IL-1PB, which are important markers
involved in inflammation, were higher in the CIS group
than in the control (p <0.001). Combined treatment with
CIS and CRV reduced the levels of these markers by
attenuating CIS-induced inflammation. However, there
was no significant difference in NF-kB, TNF-o and IL-1f
levels between the control and CRV groups.
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Figure 2. Effect of Carvacrol and Cisplatin treatments on NF-xB, TNF-o, IL-13 mRNA expression levels in heart tissue. Values are given as mean +
SD. Control vs others: *p < .05, **p < .01, ***p < .001, CIS vs others: *p <.05, #p < .01, ##p < .001
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3.3. Anti-Apoptotic Effect of Carvacrol on Cisplatin-
Induced Apoptosis

The anti-apoptotic effect of CRV against CIS-induced
apoptosis in rat cardiac tissue is presented in Figure 3. The
expression levels of pro-apoptotic Bax, anti-apoptotic
Bcl-2, and caspase-3 (Casp-3) proteins were examined,
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and no significant differences were found between control
and CRV. While there was a decrease in Bcl-2 expression
in the CIS group, there was a significant increase in Bax
and Casp-3 protein levels. In the CIS+CRV group, there
was an increase in Bcl-2 expression and a significant
decrease in Bax and Casp-3 protein expressions, unlike
the group given only CIS.
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Figure 3. Effect of Carvacrol and Cisplatin treatments on Bax, Bcl-2, Casp-3 mRNA expression levels in heart tissue. Values are given as mean + SD.
Control vs others: *p < .05, **p <.01, ***p < 001, CIS vs others: “p < .05, #p < .01, #p < .001

3.4. Anti-Autophagic Effect of Carvacrol on Cisplatin-
Induced Autophagy

Autophagic protein levels using the PCR method are
presented in Figure 4. In the CIS group, Beclin-1, LC3A,

and LC3B expression levels increased significantly
compared with the control group (p<0.001). On the
contrary, there was a significant decrease in autophagic
parameters in the CIS+CRV group.
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Figure 4. Effect of Carvacrol and Cisplatin treatments on Beclin-1, LC3A, LC3B mRNA expression levels in heart tissue. Values are given as mean +
SD. Control vs others: *p < .05, **p < .01, ***p < .001, CIS vs others: *p < .05, #p < .01, *p < .001

3.5. Effect of Carvacrol on Cisplatin-Induced
Decreased Notchl and Hesl Protein Expressions

In this study, the Notchl/Hesl pathway was examined
using RT-PCR, and the results are presented in Figure 5.
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The results show that CIS treatment downregulates the
Notchl/Hesl pathway. However, CRV application
significantly increased Notchl and Hesl levels compared
with the CIS group (p <0.05).
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Figure 5. Effect of Carvacrol and Cisplatin treatments on Notch 1, Hes1 mRNA expression levels in heart tissue. Values are given as mean + SD.
Control vs others: *p < .05, **p < .01, ***p < 001, CIS vs others: *p < .05, #p < .01, **p < .001

3.6. Effect of Carvacrol
Morphological Changes

on Cisplatin-Induced

To evaluate the effects of CISand CRV on the heart,
histopathological analysis was performed using H&E
staining. The results are presented in Figure 6. When the
cardiac histological structure of the control group was
examined, the myocardial layer was normal. The muscles
in this layer were regularly arranged, the cytoplasm was
slightly acidophilic, and the nucleus was single, oval, and
central. There were vessels in the connective tissue

between the muscles (Figure 6A). No histopathological
lesions were observed in the group that received only
CRV (Figure 6B). In the CIS administration group, there
were degenerative changes in the myocardial layer.
Specifically, these events primarily disturbed cardiac
myofibril organization and eosinophilic changes in the
cytoplasm of cardiocytes. Additionally, pyknotic nuclei
and vacuolization in the cytoplasm were observed. When
the connective tissue was examined, there was vascular
congestion, hemorrhage, and inflammatory cell
infiltration consisting of lymphocytes (Figure 6C). The
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combination of CIS and CRV caused mild edema in the
interstitial area, decreased bleeding, and vascular
congestion. Except for mild vacuolar degeneration in a
few cardiocytes, almost all cardiocytes exhibited an

appearance close to that of the control. The
Table 2. Scoring of histopathological changes
Histopathological changes Control

Disruption of cardiac muscle architecture -

Vascular congestion -

Interstitial hemorrhage -

Inflammatory cell infiltration -

Necrosis -

histopathological findings show that the model was
successfully established and that CVR treatment had a
protective effect (Figure 6D). Histopathological results
are summarized in Table 2.

CRV CIS CIS + CRV
- +++ +
- +++ +
- ++ +
- +++ +
- ++ +

The severity of the lesions was graded as follows: score (—) was considered normal, score (+) was considered mild, score (++) was considered moderate,

and score (+++) was considered severe.

Figure 6. Histopathological evaluation results of rat cardiac tissues treated with Cisplatin (CIS) and Carvacrol (CRV). Heart sections of control (A)
and CRV only group (B) show typical histological architecture. CIS only group (C) shows severe histological changes with general loss of normal
architecture including disorganized cardiac myofibrils, vascular congestion (thick arrow) and hemorrhage (thin arrow), inflammatory cell infiltration
(arrowhead), necrotic cardiomyocytes (curved arrow). CIS+CRYV (D) shows mild myocardial degenerative changes such as almost regular cardiac
myofibrils, decreased inflammatory cells (arrowhead), rare areas of vascular congestion (thick arrow). Hematoxylin and Eosin (H&E) staining, (Bar:

50 um)
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4. DISCUSSION AND CONCLUSION

Despite its healing effects of CIS, which has a very
important place in the fight against cancer, CIS has many
side effects. In particular, ventricular dysfunction,
impaired cardiomyocyte contractility, and bradycardia
due to cisplatin distribution in the sinoatrial node area are
of great concern [10, 11]. The first step underlying these
hemodynamic abnormalities in the heart is oxidative
stress, as presented in this study. Others include effects on
inflammation, apoptosis, autophagy, and the Notch
signaling pathway [11, 24-26].

Chemotherapeutic drugs generally damage the cell
membrane and release intracellular proteins. This may be
due to cell membrane lipid peroxidation, which may
impair the integrity and function of cardiocytes [14, 27,
28]. Due to these effects, CIS increases reactive molecules
in heart tissue and causes depletion of antioxidant
molecules [29]. GSH, an antioxidant, plays an important
role in maintaining cell security and scavenging ROS.
SOD, CAT, and GPx are antioxidant enzymes necessary
for improving heart function. While CAT and GPx
dissociate H202, SOD dismutates the superoxide anion
[30-36]. The wuse of antioxidant treatment in
chemotherapy is an important area of research because of
the potential of antioxidants to mitigate the harmful side
effects of chemotherapeutic agents while maintaining or
enhancing their efficacy. Chemotherapeutic agents
produce excess amounts of reactive oxygen species as part
of their mechanism of action against cancer cells.
Oxidative damage may also affect the integrity of healthy
tissues and has side effects, such as cardiotoxicity,
nephrotoxicity, hepatotoxicity, and neurotoxicity.
Antioxidants can counteract this damage by neutralizing
ROS and reducing tissue damage in healthy cells [37-39].
In this study, it was determined that acute administration
of CIS probably induced lipid peroxidation in the heart
tissue and thus reduced SOD, CAT, and GPx activities.
This result is likely due to inhibition of the breakdown of
02- into molecular oxygen and water. CRV
administration regulated antioxidant levels (SOD, GPx)
similar to the control.

Oxidative stress and inflammation are closely related
biologically and play common roles in the pathogenesis
of organ damage [40-42]. Increased ROS contributes to
disease pathogenesis by mediating the expression of the
redox-sensitive transcription factor NF-kB and inducing
excessive release of proinflammatory cytokines [43-46].
Previous in vitro rat studies have shown that CIS triggers
NF-B and inflammatory cytokine mRNA expression in
different tissues and causes damage to multiple organs
[17, 47]. The current study revealed that Cisplatin causes
an increase in the expression levels of NF-kB, TNF-o and
IL-18 and this increase is a strong trigger for the
inflammatory cascade. In conclusion, CIS induces
inflammatory cell infiltration into cardiac tissue. When
cisplatin and CRV combined treatment was compared
with CIS treatment alone, a decrease in NF-kB, TNF-a
and IL-1B expressions was observed. This result was
found to be consistent with recent studies showing that
CRV has anti-inflammatory properties [6,19].

Another important consequence of CIS-induced ROS
increase is the apoptosis process [20]. Bax protein plays
an important role in apoptosis and is a proapoptotic factor
found in the cytosol that belongs to the Bcl-2 family.
When apoptosis is triggered, Bax is transported to the
mitochondria, and cytochrome c release is induced [48,
49]. Cytochrome c released into the cytosol also initiates
the activation of cysteine proteases. Among cysteine
proteases, caspase 3 is the main apoptotic effector, leading
to cytoskeletal disassembly, nuclear destruction, and other
changes associated with apoptosis [50-53]. All
mechanisms involved in inducing caspase-3 activity play
arole in CIS-induced apoptosis [54].

In the present study, it was found that the ratio of the
proapoptotic Bax gene to the antiapoptotic Bcl-2 gene
shifted toward proapoptosis in pathological processes
such as ischemic heart disease, dilated cardiomyopathy,
and myocardial infarction [16, 17]. In another study,
following CIS administration, a significant increase in
caspase-3 activity and nuclear DNA fragmentation was
observed in heart tissue, which was reported to indicate
apoptotic cell death [55]. This study showed that CIS
treatment was associated with Bax overexpression and
low expression of the antiapoptotic Bcl-2 gene. Therefore,
the Bax/Bcl-2 ratio increased; it was shown that it acts as
a regulator determining the sensitivity of cells to apoptosis
as a proapoptotic index. In addition, CIS has been shown
to activate all these apoptotic pathways and trigger
caspase 3. These results can be explained by the fact that
CIS significantly promotes the release of large amounts of
reactive oxygen species, which is considered a direct
trigger for the apoptosis process. CRV treatment showed
its effect by suppressing the expression of the
proapoptotic Bax protein, reducing the expression of the
apoptotic mediator Casp-3, and increasing the expression
of the antiapoptotic Bcl-2 molecule. In conclusion, CRV's
regulation of the mitochondrial pathway may be due to its
strong antioxidant properties that potentially prevent
apoptosis.

Another consequence of CIS-induced oxidative stress is
cardiac cell death, which involves autophagy and
apoptosis [56]. Autophagy is an important mechanism for
controlling cell homeostasis. It is a critical biological
process involved in catabolic processes, such as the
elimination of damaged and misfolded proteins [57].
However, excessive autophagy stimulates functional and
structural disorders in cells [58, 59]. The autophagy
process is regulated by specific genes such as Beclin-1,
LC3A, and LC3B [60]. Beclin-1 is an indispensable
protein for cell-related processes such as development,
immunity, and tumor suppression. LC3 activates
autophagosome formation, and LC3A is converted to
LC3B form via conjugation with
phosphatidylethanolamine. LC3B protein is triggered by
oxidative stress and contributes to the formation of
autophagosome [42, 61, 62]. In the current study, it was
found that CIS increased Beclin-1, LC3A, and LC3B
expression in rat heart tissue, whereas CRV treatment
decreased autophagy protein expression. In the present
study, the increase in autophagy with CIS drug
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administration caused cell damage, which can also be
explained in histopathological images.

The discovery of new pathways that may play a role in
CIS-induced cardiac tissue damage is a promising
therapeutic approach. In recent years, the possible role of
the notch pathway in CIS-induced organ toxicities has
been investigated, and it has been emphasized that this
pathway should also be investigated. The notch signaling
pathway is conserved throughout evolution and plays a
critical role in determining cell fate during development.
The notch gene family encodes a single-pass
transmembrane receptor that participates in the signaling
pathway [26, 63]. Mammals have four notch genes (Notch
1-4). JAG1, JAG2, DLL1, DLL3, and DLL4. Notch1 and
Notch2 are widely expressed in mammals and play an
important role in embryonic development. One of the
best-known notch target genes is the Hairy-Enhancer of
Split (HES)1 protein, which acts as a transcriptional
repressor [63, 64]. In this study, the mRNA levels of
Notchl and Hesl were significantly decreased in the CIS
group, and CRV treatment significantly increased the
decrease in translational levels of the evaluated Notchl
and Hes1 pathway molecules.

Studies have emphasized that oxidative stress,
inflammation, and cell death contribute to the
pathophysiology of acute CIS-induced cardiotoxicity,
with pathological changes being involved in the process
[14, 24, 29].

The biochemical and molecular findings in the present
study were confirmed by histopathological examination
of heart tissues showing fiber degeneration, vascular
congestion, hemorrhage, inflammatory cell infiltration,
and necrosis in the CIS group. In addition, in the
histopathological evaluation performed in the group given
CRV together with CIS, CRV protected the myocardial
structure. In summary, the antioxidant potential of CRV
reduced histopathological changes, supporting our
hypothesis that it could protect against CIS-induced
cardiotoxicity.

In conclusion, the findings show that CRV has promising
cardioprotective effects against CIS-induced
cardiotoxicity and improves cardiac damage markers. The
healing effect of CRV was achieved by reducing oxidative
stress, inflammation, apoptosis, and autophagy.
Additionally, the Notch signaling pathway was impaired
in CIS but was reversed by CRV. This study revealed a
possible role for the Notch pathway in the pathogenesis of
cisplatin-induced cardiotoxicity. This strategy also paves
the way for further investigation of the Notch pathway and
makes it promising to test other Notch inhibitors for their
possible cardioprotective properties in future studies.
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Keywords Abstract: Mineral wools are widely used insulation materials in the construction industry;
Geopolymer, however, their non-recyclable nature poses an environmental challenge. In this study,
Alkaline activation, mineral wool wastes were sustainably utilized by grinding them into powder and activating
Mineral wool, them with Na.SiOs and NaOH solutions. During the production process, different silica
Rock wool, modulus ratios of Na.SiOs (2.0, 2.5, and 3.0) were examined, and the optimal ratio was
Glass wool determined to be 2.5. The mechanical properties of the samples were evaluated after curing

at various temperatures (25°C, 50°C, 75°C, and 100°C), with the maximum compressive
strength of 59.2 MPa observed in glass wool samples. Thermal curing enhanced compressive
strength, particularly at 75°C, for glass wool-based samples. Additionally, the compressive
strengths of the samples stabilized after a curing period of 90 days. These findings
demonstrate the feasibility of recycling mineral wool wastes into high-performance materials
and highlight the significant role of thermal curing in enhancing mechanical properties.

Atik Mineral Yiinlerin Jeopolimer Uretiminde Kullaniminin incelenmesi

Anahtar Kelimeler Oz: Mineral yiinler insaat sektdriinde yaygin olarak kullanilan yalitim malzemeleridir; ancak

Jeopolimer, geri doniistiiriilemeyen yapilar1 ¢evresel bir sorun tegkil etmektedir. Bu ¢alismada, mineral
Alkali aktivasyonu, yiin atiklari toz haline getirilip Na=SiOs ve NaOH ¢ozeltileri ile aktiflestirilerek siirdiirtilebilir
Mineral yiin, bir sekilde degerlendirilmistir. Uretim siirecinde farkli Na2SiOs silika modiilii oranlari (2.0,
Tas ylini, 2.5 ve 3.0) incelenmis ve optimum oran 2.5 olarak belirlenmigtir. Numunelerin mekanik
Cam yiinii ozellikleri ¢esitli sicakliklarda (25°C, 50°C, 75°C ve 100°C) kiirlendikten sonra

degerlendirilmis ve en yiiksek basing dayanimi 59,2 MPa ile cam yiinii numunelerinde
gozlenmigtir. Termal kiirleme, cam yiini bazli numuneler i¢in 6zellikle 75°C'de basing
dayanimint artirmistir. Ayrica, numunelerin basing dayanimlart 90 giinliik bir kiirleme
siiresinden sonra stabilize olmustur. Bu bulgular, mineral yiin atiklarmin yiiksek
performansli malzemelere geri doniistiiriilmesinin uygulanabilirligini géstermekte ve termal
kiirlemenin mekanik &zelliklerin gelistirilmesindeki 6nemli roliinii vurgulamaktadir.

1. INTRODUCTION K>SiO3 are mainly used as alkaline solutions. In general,

geopolymers show better mechanical performance [8, 9].

Ordinary cement production is a main contributor to CO,
[1]. An alternative activity to reduce CO, emission from
ordinary Portland cement production is geopolymer-
based binder materials development [2].
Geopolymerization is the dissolution of aluminosilicate in
an alkaline condition, and result a three-dimensional
network between amorphous and semi-crystalline [3].
Sources of aluminosilicate can be natural [2-4] or
industrial by product [5-7]. NaOH, Na;SiOs, KOH and

Buildings account for about 33% of global energy
consumption and about 30% of CO, gas, in addition
approximately than 1/2 of buildings' energy consumption
is by building heating and cooling [10]. So there are an
interest in finding and production of new binding
materials containing Phase Change Materials to
improving and decreasing energy consumption. There are
some studies on these topics [11-13]. The conversion of
waste and byproduct materials to cementing materials
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helps conserving the environment and existing resources.
Geopolymers considered as principal alternative to
ordinary cement and can significantly reduce harmful gas
emissions and greatly reduce the high energy
consumption in cement industry [3, 14, 15]. Geopolymers
can be prepared from aluminosilicate-based or kaolinite-
rich industrial waste materials with an alkaline solution
[16, 17]. Geopolymers show better mechanical
performance [18-20]. In cold countries, structures are
exposed to frost. This is a major problem in terms of
durability [21, 22]. The effect of freeze-thaw cycles on the
mechanical properties of cementitious and some
geopolymer binders has been studied in many
investigations [23-27]. Rock and glass wools are the most
used insulation materials in the building industry [28].
These wastes are produced by demolition. European
countries produced 2.3 million tons waste mineral wool
and will increase to 2.5 million tons by 2020 [29]. Rock
and glass wool wastes are non-recyclable material. Since
these natural or industrial geopolymer base materials can
be used in many industrial by-product materials, CO;
emission reductions of up to 80% compared to Portland
cement can be achieved [30]. Mineral wools have
acceptable chemical composition for geopolymerization
(Table 1).

Table 1. Rock and glass wool Chemical composition
[31]

Component SW New SWOId GWNew GW Old
[%0] [%0] [%0] [%0]
CaO 18.2 16.6 7.9 7.3
SiO, 394 44.1 61.3 61.9
Al,O3 15.9 14.3 2 3.3
Fe,O3 9.8 55 1.4 1.2
Na,O 13 1.2 16.3 16
KO 0.5 0.3 1 0.8
MgO 11.4 14.7 2 2.9
P,0s 0.1 0 0.2 0
TiO: 1 0.2 0.1 0
SO; 0.1 0 2 0.3
Cl 0 0 0.1 0.1
LOI 550°C 4.3 2.6 9.4 8.8

In terms of amorphous feature which increases their
reactivity, they are completely amorphous and this is seen
with the help of X-ray and XRD results [32, 33]. This
study justifies the feasibility of rock and glass wool as
geopolymer base material. UPV and compressive strength
tests results provided main measurement for this

feasibility.
Sio,

Silisa fume

Glass wool

Rockwool

Metakaolin

Portland

cement
AlL,O,+ Fe,0,

7 7 7 7

CaO+MgO
Figure 1. Comparison of chemical compositions of various alkali
binder based materials [34]

The chemical compositions of mineral wool compared to
other alkali active binders are shown in Figure 1.

In the study by Weil et al. two geopolymer mixtures were
prepared to examine the CO, emissions that cause global
warming. At the end of this study, they stated that
geopolymers derived from fly ash and slag emitted less
CO; than normal cement [35]. Energy consumption in
geopolymer cements production is approximately 40%
less than normal Portland cement [36]. It is stated that the
amount of Si/Al is important factor in the geopolymer
production [37]. Torgal et al. [38] reported that the main
materials that can be activated with alumina and silicate
based alkalis are kaolinite clay, metakaolin, combining of
fly ash and metakaolin in different ratios, combining of
slag and metakaolin in different ratios and mixtures of
slag and red mud. They conducted Ca-Si and Ca-Al based
experiments on these materials and measured the
hydration development with XRD and infrared rays. Kong
et al [39] exposed metakaolin and fly ash to high
temperatures together and made them more active. They
stated that this was due to the high amount of alumina and
silica in fly ash. They determined that metakaolin had an
amorphous structure at high temperatures (approximately
800°C) and transformed into an activated aluminosilicate.
The effects of aggregate, plasticizer and temperature on
geopolymer cement were investigated in the study. It was
stated that as the sample sizes increased, the compressive
strength decreased due to thermal cracks. If the aggregate
grain diameters were smaller than 10 mm, the shelling
was more common. It was thought that this phenomenon
could be prevented if it was larger than 10 mm. It was
stated that the superplasticizer additive reduced the
strength in geopolymer concretes and did not have a
significant contribution to the total workability.

In the study conducted by Malolepszy 2009, it was stated
that Na2COs is suitable for activating slags containing
large amounts of C:MS (M: alkali metal). It was stated
that NaOH is a good activator for slags containing large
amounts of C2AS. The activation of different systems
with NaOH, Na;COs; and Na,OSiO, was investigated by
Krivenko (1992). It was stated that Na,SiOs; (sodium
silicate or glass water) is a very effective activator [40].
Allahverdi et al., [41] prepared geopolymer cement using
pumice type natural pozzolan around Taftan Mountain
and combinations of NaOH and Na,SiOs as activators.
Three different silica moduls were prepared by adding
sodium hydroxide to sodium silicates. Three different
geopolymer cement systems were formed with sodium
oxide contents weight. Water/cement ratio was taken as
0.36, 0.40 and 0.44. As a result of the study; they stated
that Taftan pozzolan can be activated by using NaOH and
Na,SiOz in appropriate proportions; it can be converted
into geopolymer cement formation providing appropriate
workability and 28-day compressive strength of 63 MPa.
It was explained that natural pozzolans can be activated
and geopolymer cement can be produced by using a
mixture of sodium silicate and sodium hydroxide in
certain proportions as alkali activators. In the literature,
early strength, acid resistance, sulfate behavior, shrinkage
of geopolymers has been investigated, especially on fly
ash. [42-46]. Energy  consumption in  the
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geopolymerization is almost 40% less than the energy
needed ordinary Portland cement [36].

Atis et al. [47] investigated the use of a new binder that
would activate slag without using Portland cement in their
studies. Compressive strengths, flexural tensile strengths
were measured and drying shrinkage in a 6-month period
was examined. At the same time, the hydration
development of the samples was examined. It was stated
that the setting start and end times were earlier in liquid
sodium silicate and sodium hydroxide-activated cements
compared to normal Portland cement, and the cements
activated with sodium carbonate were the same as normal
Portland cement. It was stated that with the increase in the
silica modulus, the effect of liquid sodium silicate on
gaining final strength and flexural tensile strength was
higher. It was stated that the mortars produced with
sodium silicate and sodium hydroxide-activated slags
were more brittle, and the behavior of the mortars
produced with sodium carbonate was similar to normal
Portland cement.

Komljenovic et al [48] investigated the microstructure
properties of fly ash (Class F) geopolymers. They stated
that the most important parameters in the alkali activation
method are activator properties and density, while the
important parameter in fly ash is fineness. They stated that
the compressive strength of fly ash geopolymers (<43pm)
is generally high. The best results were obtained by using
sodium silicate solution. It was stated that the
compressive strength is largely dependent on the Si/Al
ratio. Anuar et al [49] used NaOH and Na;SiO3; mixed as
alkaline liquid in their studies. In this study, geopolymer
concrete samples were used in two different molars (8M
and 14M sodium hydroxide NaOH). 3, 7, 14, 21 and 28
day compressive strengths were tested in laboratory
conditions. They stated that the best result for
compressive strength was obtained by 14M NaOH.

A major environmental challenge for the construction
industry is the non-recyclability of mineral wool waste. In
recent years, efforts have focused on recycling these
wastes and developing environmentally friendly binder
systems. This study aims to transform mineral wool waste
(glass wool and rock wool) into sustainable materials. The
waste materials were processed using the alkaline
activation method and investigated at different silica
modulus ratios (2.0, 2.5, and 3.0). Additionally, the
effects of thermal curing conditions (25°C, 50°C, 75°C,
and 100°C) on the mechanical properties were examined.
The primary objective of the study is to identify the
optimal parameters for converting mineral wool waste
into high-performance materials. The findings not only
contribute to sustainable material design but also provide
an environmentally friendly solution for addressing the
issue of mineral wool waste.

2. MATERIAL AND METHOD
2.1. Material

Mineral wools were obtained from waste mineral wools
that had completed their service life at Bingdl University

education facilities. These mineral wools were ground in
the Los Angeles Device (Figure 2) and then made ready
for use with the help of a ring grinder.

Figure 2. Grinding stages of mineral wool

Mineral wools consisting of rock wool and glass wool
were ground and made ready for use in geopolymer
production (Figure 2).

2.2. Alkaline Solution Production Method

According to the results obtained from the preliminary
experiments, different mixtures of glass water and sodium
hydroxide solutions were used for alkaline solution
production in this study and project. In alkaline solution
production, Na,SiOs/NaOH mixtures were prepared at 3
different ratios. Compressive strength and UPV tests were
carried out for geopolymers produced at three different
ratios. Our Na,SiOs/NaOH ratios were selected as 3, 2.5
and 2 (Figure 3).

Figure 3. Produced samples (a) rock wool, (b) glass wool

2.3. Experimental Procedure

The compressive strength of the geopolymer composites
after curing was determined according to ASTM C109.
UPV was performed according to the principles specified
in ASTM C597-16. Experiments were carried out with
three specimens from each mixture group. The average
of 3 sample results for each mixture group was used.
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3. RESULT AND DISCUSSION

3.1. Compressive Strength and Ultrasonic Pulse
Velocity Tests

Compressive strength and ultra sound tests were
performed on samples produced from glass wool and rock
wool. The material and molarity used were taken into
account when coding the sample. For example, when
coding for C3, the first letter of the glass wool in the
mixture and the molarity ratio were used. Our samples
were produced in 3x3x3 cm® molds and their 3, 7, 14, 28
and 90 day compressive strengths and UPV values were
measured. The 1-day compressive strength of our samples
was determined to be very high. According to the results,
it was determined that the samples produced from glass
wool were more advantageous in geopolymer production.
In other words, higher strength geopolymer samples can
be produced by using glass wool. Considering this
situation, the experiments were continued on glass wool.
The compressive strength and UPV test results related to
glass wool are presented in Figures 7, 8. In all three
molarity cases, the one-day compressive strengths of the
samples were higher than 60 MPa. However, in the 3
Molarity and 2 Molarity usage cases, the compressive
strengths decreased to 30.04 MPa and 25.80 MPa,
respectively.
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Figure 4. Results of glass wool based samples (a) compressive strengths
and (b) UPV

In the 2.5 molarity case, the compressive strength was
obtained as 59.20 MPa. The 90-day compressive strengths
in the C2 and C3 coded samples decreased by
approximately 65% and 50%, respectively (compared to
the one-day compressive strengths). Compared to the
change in the C2 and C3 coded samples, the compressive
strength in C2.5 was less than 10% (Figure 4a). When the
UPV test results are examined; In the 90-day

measurements, there was an approximately 25% increase
in the UPV value in the C2.5 coded sample, while there
was a decrease of approximately 15% and 10% in the C2
and C3 coded samples, respectively (compared to the one-
day UPV values). In the first 7-day measurements, an
increase in UPV values is observed for all molarity
conditions. However, there was a decrease in the UPV
value of the 28-day sample (Figure 4b).

Compressive strength and UPV test results for rock wool
are presented in Figures 5. In all three molarity cases,
there was a decrease in the compressive strength of the
samples up to the 7-day curing period. The 90-day
compressive strengths for T3, T2.5 and T2 were
determined as 21.70 MPa, 20.01 MPa and 23.40 MPa,
respectively. The decrease in 90-day compressive
strengths for T3 and T2.5 was approximately 40%, while
it was approximately 50% for T2 (Figure 5a). When the
UPV test results are examined; In the 90-day
measurements, there was an approximately 3% increase
in the UPV value in the T2 coded sample, while there was
a smaller decrease of less than 1% in the C2 and C3 coded
samples (compared to the one-day UPV values). In the
first 7-day measurements, a decrease in UPV values is
observed for all molarity conditions (Figure 5b).

s0 (a)
I

aT3 mT25 =T2

Compressive Strength (MPa)

Curing Time (Days)

1500

Ultrasonic Puke Velocity (m/fs)

w
=1

1 3 7 28 50

Curing Time (Days)
Figure 5. Results of rock wool based samples (a) compressive strengths
and (b) UPV

It is clearly seen in Figure 4a and Figure 5a that the 7 and
28-day compressive strengths of the samples did not
become stable. On the other hand, when Figure 4a and
Figure 5a are examined, it is seen that the compressive
strengths of the samples became stable at the end of 90
days. Therefore, in the study, the 90-day compressive
strengths were taken into account when determining the
molarity ratio with the rock wool and glass wool to be
used. When the 90-day compressive strengths are taken
into account, the sample using the C2.5 coded glass wool
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with 2.5 molarity gives the best compressive strength. In
the continuation of the study, 2.5-molarity mixtures were
prepared under three different curing temperatures (25 °C,
50 °C and 100 °C) to determine the effect of the curing
temperature on the compressive strength.

In the study of Yadollahi et al. [50] it was stated that the
increase in silica modulus increases the compressive
strength. Similarly, in our study, it was observed that the
compressive strength values obtained for 2.5 silica
modulus were higher than 2 silica modulus in the samples
using glass wool. However, a reverse situation was
detected in the samples where stone wool was used.

Different

3.2 Compressive Tests at

Temperatures

Curing

In the continuation of the studies, the compressive
strengths of the 2.5 molarity samples produced from glass
wool at 25 °C, 50 °C and 100 °C cure temperature
conditions were determined. In addition, the experiments
conducted at 75 °C were repeated against any doubts. The
results are presented graphically in Figures 11-13. Since
the necessary hardening did not occur in the samples kept
in the mold at 25 °C for 24 hours, their 1-day strengths did
not yield results. For this reason, their 3, 7, 14, 28 and 90-
day compressive strengths were examined. However,
since there was no problem in the initial cure conditions
of 50 °C and 100 °C, their 1, 3, 7, 28 and 90-day
compressive strengths were examined.
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Figure 6. Compressive strengths of 2.5 molarity samples produced from
glass wool (a) at 25-50°C and (b) at 75-100°C curing conditions

When the compressive strengths of the samples produced
from glass wool under 75 °C curing conditions were
examined, the highest compressive strength was reached
in the 3-day samples. However, there was a decrease in
the compressive strength in the 7 and 28-day samples
(Figure 6b).

When the compressive strengths of the samples produced
from glass wool were examined under 25 °C curing
conditions, the highest compressive strength was reached
in the 28-day samples. The compressive strength took its
lowest value in the 3-day samples. There was an increase
in compressive strength in direct proportion to the curing
time (Figure 6a).

In samples produced from glass wool under 50 °C and 100
°C cure conditions, compressive strengths increased in
direct proportion to the cure time. While the first day
compressive strength of samples produced at 50 °C was
39 MPa, the 28-day compressive strength was determined
as 65.278 MPa. While the first day compressive strength
of samples produced at 100 °C was 90.945 MPa, the 28-
day compressive strength was determined as 91.037 MPa.
When the results were examined, it was seen that the
samples produced under the initial cure conditions of 100
°C reached the best compressive strength. However, as the
cure time increased, it was seen that the compressive
strength of samples produced at 75 °C cure temperature
was better.

Figures 6a and 6b show that curing temperature and
curing time have a significant effect on compressive
strength. At low temperatures (25 °C and 50 °C), the
compressive strength increased up to 28 days, while a
decreasing trend was observed after 28 days. At higher
temperatures (75 °C and 100 °C), although the strength
was high on the first day, fluctuations occurred depending
on the curing time. Especially at 75 °C, the strength
increased again at the end of 90 days, while at 100 °C, the
strength decreased on the 3rd day and then recovered.
This shows that both temperature and time-dependent
chemical processes have complex effects on material
properties.

4. CONCLUSION

This study demonstrated that mineral wool waste,
including glass wool and rock wool, can be effectively
utilized as raw materials for alkali-activated materials.
The results revealed that the chemical and mineralogical
composition of these wastes makes them highly suitable
for alkali activation. The results are listed below:

e The mechanical properties of the specimens were
significantly improved by thermal curing. The
highest compressive strength (59.2 MPa) was
obtained in glass wool specimens cured at 75°C.
This shows that a suitable curing temperature
improves the strength by increasing the density of
the binder matrix.

e The effect of silica modulus ratios (2.0, 2.5 and
3.0) on mechanical properties was investigated and
the optimum silica modulus ratio was determined
as 2.5. This ratio balanced the amount of silica
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dissolved, ensuring adequate polymerisation and
increasing the homogeneity of the binder matrix.
Glass wool samples exhibited higher mechanical
properties compared to stone wool. This was
attributed to the higher SiO: content in glass wool
and a structural composition more favourable to
alkali activation.

It was observed that the compressive strength
values stabilised at the end of the 90-day curing
period. This shows that the long-term mechanical
performance is reliable and the effects of curing
time decrease with time.

This study has shown that mineral wool waste can
be utilised to produce sustainable materials for the
construction industry. The recovery of wastes both
reduces the environmental burden and provides an
opportunity for the development of new binder
systems.

Although the findings of the study prove that mineral

wool wastes are applicable

in the production of

construction materials, their long-term durability and
performance under different environmental conditions
need to be investigated. Additionally, the effects of
chemical and structural properties of different waste
sources (e.g. old mineral wool and new mineral wool) on
performance should be investigated in detail.
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Abstract: Canine leishmaniasis is a lethal zoonotic disease caused by Leishmania infantum (L.
infantum) and seen in Asia, Europe, America, and Africa. Dogs play an important role in the spread
of the disease as they can be infected clinically and are reservoirs for other mammals and humans.
The aim of the present study was to investigate the prevalence of leishmaniasis in asymptomatic
dogs in Bingdl province. In this study, a total of 84 dogs of different breeds, ages, and sexes
(male/female) were used. Leishmania antibody IgG levels in the serum of the dogs were measured
using an ELISA Kit. It was determined that 5 (19.2%) of the dogs aged <2 years and 7 (12.1%) of
the dogs aged >2 years were Leishmania seropositive. 7 (17.9%) of the female dogs and 5 (11.1%)
of the male dogs were detected Leishmania seropositive. The prevalence of Leishmania
seropositive was determined as 14.2% in this study. The effect of gender (p=0.562) and age
(p=0.501) factors on the occurrence of Leishmania infection was not determined. In conclusion,
in this study, the prevalence of leishmaniasis in asymptomatic dogs in Bingdl province, which is
not an endemic region, was determined. This finding shows the presence of Leishmania infection
in the region and poses a significant risk to public health.

Tiirkiye'nin Bingol ili Kopeklerinde Leishmaniasis Seroprevalansimin Arastirilmasi

Anahtar Oz: Kopek leishmaniasisi, Leishmania infantum’un (L. infantum) yol actigi Asya, Avrupa,
Kelimeler Amerika ve Afrika kitalarinda goriilen 6ldiiriicii zoonotik bir hastaliktir. K&pekler hem klinik
Kopek, olarak enfekte olabildikleri hem de diger memelilere ve insanlara rezervuarlari olduklart igin
ELISA, hastaligin yayilmasinda 6nemli bir rol oynamaktadir. Mevcut ¢alisma ile Bing6l ilindeki
Leishmania, asemptomatik kopeklerde leishmaniasis prevalansinin arastirilmasi amaglanmigtir. Bu ¢alismada
Prevalans farkli 1irk, yas ve cinsiyetten (erkek/disi) olusan toplam 84 adet kopek kullanildi. Kopeklerin
serumunda leishmania antikoru IgG seviyeleri bir ELISA Kiti kullanilarak 6l¢iildii. Yas1 <2
olanlardan 5 (%19.2), 2> olanlardan 7 (%12.1) adet kopegin leishmania seropozitif oldugu
belirlendi. Disi kdpeklerin 7 (%17.9), erkek kopeklerin 5 (%11.1) tanesinin leishmania seropozitif
oldugu tespit edildi. Caligmada leishmania prevalanst %14.2 olarak belirlendi. Leishmania
enfeksiyonunun goriilmesinde cinsiyet (p=0.562) ve yas (p=0.501) faktorlerinin etkisi tespit
edilmedi. Sonug¢ olarak, bu ¢aliyjmada endemik bolge olmayan Bing6l ilinde asemptomatik
kopeklerde Leishmaniasis prevalansi tespit edilmistir. Bu bulgu, bolgede leishmania
enfeksiyonunun varligini gostererek, halk sagligi acisindan onemli bir risk teskil ettigini ortaya
koymaktadir.
1. INTRODUCTION be the main reservoir of human infection and
phlebothumus sand flies are known to be the vectors of
Canine leishmaniasis is a lethal zoonotic disease caused the disease [1]. Dogs play an important role in the spread
by Leishmania infantum (L. infantum) and seen in Asia, of the disease as they can both be clinically infected and

Europe, America and Africa. Domestic dogs are known to act as reservoirs for other mammals and humans [2]. In
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addition, it can be transmitted non-vectorally between
dogs through blood transfusion, placenta, and mating [3].
Leishmania species are defined as diheteroxenous
parasites because they complete their life cycle in the
bodies of both a vertebral and an invertebral vector [1].
Leishmania parasites exist in two main morphological
forms, amastigote and promastigote. Sand flies ingest
infected macrophages containing the amastigote form
while sucking blood from infected animals [1]. In the
vector's organism, it turns into a promastigote form within
4-25 days and multiplies by simple division. Then, this
form is transferred to the host while the vector sucks
blood. In the host, the parasite infects macrophages and
initiates the disease with the amastigote form [3].
Leishmaniasis disease is seen in four main clinical forms:
visceral, cutaneous, mucocutaneous, and diffuse
cutaneous forms. In Turkey, two forms caused by
different leishmania species are seen as cutaneous
leishmaniasis (CL) and visceral leishmaniasis (VL) [3, 4].
Although the most common form of the disease is the
cutaneous form, the visceral form is the most serious as it
clinically affects vital organs [3]. In dogs affected by the
disease, showing more than three clinical signs are
classified as symptomatic, dogs showing one to three
clinical signs are classified as oligosymptomatic, and dogs
showing no clinical signs are classified as asymptomatic
[4, 5]. Common clinical symptoms of leishmaniasis
include local or generalized lymphadenopathy, weight
loss, anorexia, dermatological lesions, swelling in the
joints and legs, and onychogryposis, while less common
clinical symptoms include eye lesions, epistaxis, renal
failure, lameness, diarrhea, and meningitis [1, 4].
Although the prevalence of leishmaniasis may vary
depending on the diagnostic method used, it is reported to
be between 0% and 27.5% in Turkey [3, 6, 7], percent
16.6 in the Mediterranean basin with 2.5 million infected
dogs, and 15.2% globally [8]. The prevalence of
leishmaniasis in asymptomatic dogs in Bing6l province is
unknown. Based on this, the aim of the present study was
to investigate the prevalence of leishmaniasis in
asymptomatic dogs in Bingdl province.

2. MATERIAL AND METHOD

The study was conducted with the approval of the Bing6l
University Animal Experiments Local Ethics Committee
(B.U HADYEK Date: 2024/01 Decision No:01/08).

2.1. Collection of Blood Samples

In this study, a total of 84 dogs of different breeds, ages
and genders were used. Breeds, ages and genders of dogs
are presented in Table 1. The study was conducted in
Bingdl province, which is located between 41° 20 and 39°
- 56° east longitudes and 39° - 31 and 36° - 28° north
latitudes of Turkey. The animals were brought to the
Internal Medicine Department of the Animal Hospital of
the Faculty of Veterinary Medicine of Bingol University.
As a result of the systematic clinical examination, age,
gender and clinical examination findings were recorded.
Five ml blood samples were taken from the vena cephalica
antebrachi of the animals into gel serum tubes (BD
Vacutainer, Plymouth, UK). Blood samples were

centrifuged at 5000 rpm for 5 minutes and the sera were
transferred to Eppendorf tubes and stored at -20 oC for up
to 3 months until analyzed.

2.2. ELISA Analysis

Leishmania antibody IgG levels in the serum of dogs were
measured using a commercially available ELISA Kit
(Shanghai Coon Koon Biotech Co., Ltd, China, CK-bio-
24415) according to the manufacturer’s instructions. The
method relies on the ability of biotinylated detection
antibodies to capture the leishmania antibody 1gG present
in serum. Before 50 pL of positive and negative control
were placed into the positive and negative wells, while 10
pL serum samples were diluted with 40 uL sample diluent
and added to the remaining wells. Next, 100 puL HRP
conjugate reagent was added to each well and incubated
at 37 oC for 60 min. After the incubation step, the plate
was inverted to empty all contents and were washed 5
times with 400 puL of wash solution. Subsequently, 50 pL
of chromogen solution A and then 50 uL of chromogen
solution B were added to each well respectively and
incubated at 37 oC for 15 min. After that, 50 pL stop
solution was added to each well. Absorbances were
measured in the microplate reader at a wavelength of 450
nm within 15 min after having added the stop solution.
The ELISA test was considered valid, if the mean
absorbance of the positive control was greater than 1.00
and the mean absorbance of the negative control was less
than 0.15. The evaluation of the test result was based on
the critical cut off value. The critical cut off value was
calculated by adding 0.15 to the average absorbance value
obtained in the negative control wells. The absorbance of
the sample was considered negative if less than this cut-
off value and positive if greater than or equal to this cut-
off value.

2.3. Statistical Analysis

Statistical analysis of the data was performed using SPSS
26 (IBM SPSS Statistics for Windows, Version 22.0.
Armonk, NY: IBM Corp.). Gender and age variables were
compared using the Chi-square test. Differences with a
value of <0.05 were considered statistically significant as
a result of the analysis.

3. RESULTS

In the study, 84 dogs consisting of Kangal, Golden
Retriever, Malinois, and mixed breeds were used.
Information was obtained from the patient owners that all
of the dogs lived in a home and went outside at certain
times of the day. When the dogs were categorized
according to age, 26 were <2 years old, 58 were 2> years
old, and when classified according to gender, 45 dogs
were male and 39 dogs were female. It was determined
that 5 (19.2%) dogs aged <2 years and 7 (12.1%) dogs
aged >2 years were seropositive for leishmania. 7 (17.9%)
female dogs and 5 (11.1%) male dogs were found to be
seropositive for leishmania. The prevalence of leishmania
seropositive was found to be 14.2% in the study. Gender
(p = 0.562) and age (p = 0.501) factors had no effect on
the occurrence of leishmania infection. The obtained
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epidemiological data, animal number information,
percentage expressions, and Chi-square test results are
presented in Table 1.

Table 1. Prevalence of leishmania infection and
epidemiological data based on sex, age and race and Chi-
square test results

Epidemiological Number and Number Chi-
Data Rate of Dogs  and Rate of  square
Tested Positive test P
Dogs values
Breed
Kangal 15 (%17.8) 5 (%33.3)
Golden 2 (%2.3) -
Retreiver
Malinois 23 (%27.3) 1 (%4.3)
Mix Breed 44 (%52.3) 6 (%13.6)
Sex 0.562
Male 45 (%53.5) 5 (%11.1)
Female 39 (%46.4) 7 (%17.9)
Age 0.501
<2 26 (%30.9) 5(%19.2)
2> 58 (%69.04) 7 (%12.1)
Total 84 12(%14.2)

4. DISCUSSION AND CONCLUSION

Leishmaniasis is considered a neglected tropical zoonotic
disease that poses a potentially fatal risk to humans and
causes serious public health problems in developing
countries. Dogs that show clinical signs of disease can be
diagnosed and managed. However, asymptomatic dogs
are potential sources of leishmania vector infection and
facilitate the transmission cycle of the disease [9]. In order
to adequately implement the necessary control measures
for leishmania disease and reduce transmission, its
prevalence in a region must be known. In this study, the
prevalence of leishmania in asymptomatic dogs in Bingol
province is reported for the first time.

Various serological diagnostic tests, including indirect
immunofluorescence tests, direct agglutination tests,
ELISA tests, and cross immunoelectrophoresis, are used
in the diagnosis of leishmaniasis [10]. Molecular tests can
go beyond the limitations found in serological tests, but it
is stated that they are not fully applicable in field studies
due to high cost and laboratory environment requirements
[11]. Immunochromatographic tests and direct
agglutination tests are frequently used in the field and
their confirmation is done with ELISA tests that allow the
evaluation of more animals [12]. In this direction, in the
presented study, it was preferred to investigate the
prevalence of leishmaniasis in dogs in Bingdl province
with the ELISA method, similar to the studies conducted
by Zerpa et al. [13] and Arslan et al. [14].

Leishmaniasis is more common seen in Mediterranean
regions with tropical and subtropical climates due to the
long lifespan and breeding season of sandflies and is
considered endemic in these areas [15]. Among the
regions of Turkey considered endemic for leishmaniasis,
seropositivity rates have been reported as 14.1% in
Aydin/Kusadasi, 4.6% in Izmir/Selcuk, 3.8% in

Manisa/Turgutlu, 22% in Mugla/Bodrum [5], 27.18% in
Adana [16], and 18.5% in Mersin [17]. Similarly, high
prevalence rates have been detected abroad, including
18.6% in South America [8] and 33.1% in Venezuela [13]
where it is considered endemic. However, as a result of
changing climatic conditions and animal movements, the
disease is also encountered in non-endemic regions. When
the prevalence in non-endemic regions is evaluated, it has
been detected as 58.1% in Germany [18], 2.72% in valley
villages and 11.32% in villages on the foothills of
mountains in France [19], 4.7% in northern Spain, 3%
[20], in Cankiri province in Turkey [21], 2.92% in
Istanbul province [22], and 0% in Diyarbakir province [7].
In this study, it was determined that the seroprevalence of
leishmaniasis in dogs in the hon-endemic Bing6l province
was 14.2%, and this finding was higher than in the non-
endemic regions of Cankir1, Istanbul, Diyarbakir, France,
and lower than in the non-endemic region of Germany.
The differences in the seropositivity prevalence rates of
leishmaniasis in non-endemic regions may be related to
the results of climate conditions, animal movements,
types of analysis, and variable protective measures.

Age is considered a risk factor for leishmaniasis, for
which no consensus has been reached [20,23]. Dantas-
Torres et al. [24] and Galvez et al. [25] reported higher
leishmania seropositivity rates in young dogs, while Mir6
et al. [20] and Selim et al. [26] reported higher
seropositivity rates in older dogs. In contrast to these, in
the study conducted by Miranda et al. [23] and Almeida
et al. [27], age was not seen as a risk factor, while in the
study conducted by Galvez et al. [28], it was reported that
a bimodal age distribution could be formed, with one peak
in young dogs (1-2 years old) and the second peak in old
dogs (7-8 years old). The reason for the variability in the
age factor among leishmaniasis seropositive studies is
explained as the immaturity of the immune system in
young people or the fact that resistant animals are infected
at a young age and the immune system weakens in older
ages and as a result of various diseases [23]. In this study,
according to the Chi-square test result, age factor was
found to be a factor that did not affect leishmaniasis
seropositivity (p = 0.501). The results obtained in the
present study are consistent with those determined by
Almeida et al. [27] and Mir¢ et al. [20]. It is thought that
this variability between studies is related to race,
categorization of age range, environmental factors, and
population size.

The gender factor is considered a risk factor in some
studies [5, 28], while it is considered insignificant in some
studies [14, 29]. While a study by Dantas Torres et al. [24]
reported higher seropositivity in male dogs, studies by
Almeida et al. [27] and Cortes et al. [30] found no
difference between the genders. In studies with higher
prevalence in males, this was attributed to the fact that
male dogs exhibit more roaming behaviour [26].
Although the number of male dogs was relatively higher
in this study, the Chi-square test between male and female
dogs did not reveal a significant difference in
leishmaniasis seropositivity (p=0.562). The results
obtained in the present study are similar to those of
Almeida et al. [27], Selim et al. [26], and Cortes et al. [30]
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but not in agreement with those found by Dantas-Torres
et al. [24].

In conclusion,

in this study, the prevalence of

leishmaniasis was detected in %14.2 asymptomatic dogs
in Bingdl province, which is not an endemic region. This
finding shows the presence of leishmania infection in the
region and poses a significant risk to public health. The
data obtained may form an important basis for the
development of effective control strategies and public
health measures in our country. In further studies, it will
be useful to evaluate different risk factors in the
prevalence of leishmania, to test various diagnostic
methods and to conduct research in a larger study
population.
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Abstract: With its abundant natural beauty and pristine ecosystems, Bing6l is one of Turkey's
best-kept natural secrets. One of the most remarkable elements of these beauties is the natural
lakes in the region. However, for many years, both security and carelessness have prevented
these lakes' tourism potential from being realised. Ecotourism, which aims to sustainably protect
natural and cultural resources, offers an important opportunity for the development of tourism
in these regions. This study examined the ecotourism potential of four natural lakes in the
province of Bingdl with the goal of promoting tourism in these areas.

Within the scope of the research, firstly, a survey was conducted with 192 people to determine
the perspectives of Bingdl people on ecotourism and the potential in the province where they
live. SWOT studies were conducted for four designated natural lakes (Balpmar Lake, Gerindal
Lake, Natural Thermal Water Situated in Ilicalar, Sarigicek Lake) in collaboration with
professionals, including academics and students from the landscape architecture department.
Based on the collected data, the research concluded with the creation of landscape designs for
the chosen lakes. The primary objective of this project is to serve as a model for ecotourism
design of concealed natural attractions.

Doganin Sessiz Hazineleri: Bingol Géllerinin Ekoturizm ile Uyamsi

Anahtar Kelimeler
Ekoturizm,

Bingol, Dogal Golle
Peyzaj Tasarimi

Oz: Bingol, zengin dogal giizellikleri ve bozulmamus ekosistemleriyle Tiirkiye'nin gizli kalmus
doga hazinelerinden biridir. Bu giizelliklerin en dikkat ¢ekici unsurlarindan biri de bolgedeki
dogal gollerdir. Ancak, bu gollerin turizm potansiyeli uzun yillar boyunca gerek giivenlik
gerekse ihmalkarlik nedeniyle g6z ardi edilmistir. Dogal ve kiiltiirel kaynaklarin siirdiiriilebilir
sekilde korunmasini amaglayan ekoturizm, bu boélgelerdeki turizmin gelismesi igin dnemli bir
firsat sunmaktadir. Bu baglamda, Bingo6l ilindeki dort dogal gol, ekoturizm potansiyeli agisindan
incelenmis ve bu bolgelerin turizme kazandirilmasi hedeflenmistir.

Aragtirma kapsaminda ilk olarak Bingdl halkinin ekoturizme ve yasadiklar ildeki potansiyele
bakis agilarini belirlemek icin 192 kisi ile anket caligmasi yapilmigtir. Secilen dort dogal gol i¢in
(Balpinar Golii, Gerindal G6li, Ilicalar Beldesi Dogal Termal Su Yatagi, Sarigigek G6lii) uzman
kisiler ile (6gretim elemanlar1 ve peyzaj mimarligi bolimi &grencileri) SWOT analizleri
yapilmistir. Elde edilen veriler dogrultusunda son olarak segilen gollerin peyzaj tasarimlari
yapilarak arastirma sonug¢landirilmistir. Yapilan bu ¢alismanin sakli kalmis dogal giizelliklerin
ekoturizm planlamasinda drnek olmasi aragtirmanin temel amacidir.
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1. INTRODUCTION

Anatolia is abundant in natural and cultural resources, as
it is a region where numerous civilisations thrived
thousands of years ago, leaving behind their remnants.
Consequently, itaccommodates many forms of tourist [1],
[2]. In 2019, global tourism revenue was estimated at 2
trillion dollars [3], [4]. Ecotourism activities, expanding
at an average annual rate of 10%, are among the most
rapidly increasing sectors in the global tourism market.
Ecotourism activities represent 1-2% of the overall
tourism market [3], [4], [5]. The Turkey Tourism Strategy
2023 document indicates that Turkey possesses
distinctive opportunities in various forms of tourism
beyond coastal tourism; however, this potential remains
underexploited. It also highlights the overconcentration in
the Mediterranean-Aegean coastal region, unregulated
construction, inadequate infrastructure, and
environmental issues in the coastal hinterlands and
adjacent areas. The paper aims to leverage the natural,
cultural, historical, and geographical assets of our country
while maintaining a balance between preservation and
utilisation, and to enhance tourism by offering alternative
options [3], [6]. The potential of Turkey, coupled with the
diminishing rural population and the escalating demand
for rural development, renders ecotourism an optimal
tourism strategy for the nation, necessitating the
promotion of ecotourism to economically invigorate rural
regions [3].

Ecotourism encompasses all tourism activities occurring
in natural and cultural settings, with the objective of
fostering the social and economic advancement of local
communities through environmental conservation. These
activities emphasise the acknowledgement and
advancement of the local culture, geology, flora, and
fauna of a certain place [7]. Ecotourism, as defined by the
International Ecotourism Society, refers to responsible
travel to natural regions that conserves the environment,
supports the welfare of local communities, and
incorporates interpretation and education. Training must
encompass both personnel and guests [8]. The rise in this
form of travel poses a concern, including the depletion of
natural resources. Consequently, in addressing the
demand for diversity, it is equally crucial to cultivate
environmental  consciousness in  regions  where
ecotourism operations occur [9]. The Turkey Tourism
Strategy 2023 asserts that ecotourism will facilitate
economic stabilisation in its implementation regions,
generate employment opportunities, foster business
growth, enhance infrastructure investments, offer
recreational and touristic prospects, augment public
revenues, and elevate local awareness regarding
environmental conservation and development [10].

Ecotourism endeavours seek to offer guests enlightening
and enriching experiences while safeguarding natural and
cultural heritage [11]. The sustainable utilisation of
natural resources in ecotourism is achievable through
multidisciplinary planning that safeguards existing
habitats while preserving the biological integrity of the
region [12].

Numerous initiatives categorised as rural tourism,
ecotourism, and agrotourism are designed and executed
within various rural and regional development programs
in our country. These activities have the capacity to
augment the family income of the residents in the region
and generate new employment opportunities [13], [14].
Bingdl signifies the area of lakes and a multitude of lakes.
Subsequently, Bingdl was referred to as Cevlik. Cevlik
denotes a vineyard-garden. Cevlik is a designation
currently employed by the inhabitants of Bing6l [15]. The
province of Bingdl contains lakes that are remarkable
natural phenomena. These natural ecosystems have gone
unexamined for numerous years, their aesthetic appeal
and ecological importance obscured. The increasing
interest in ecotourism has illuminated these 'silent jewels,’
offering a significant chance to preserve and highlight
their distinctive attributes. This article examines the
integration of natural lakes in Bingdl province into
ecotourism, the local populace's attitudes towards
tourism, and landscape design methodologies. The
findings of this study regarding the awakening of nature's
quiet treasures through ecotourism and the future of
sustainable tourism may be pertinent to both planners and
practitioners.

2. MATERIAL AND METHOD
2.1. Study Areas

The research region selected comprises Balpinar,
Gerindal, Sarigigek lakes, and the Ilicalar Town Natural
Thermal Water, which have gained significant popularity
among users in Bingdél Province and have had
considerable growth in drawing domestic tourists in
recent years. The primary rationale for selecting these
areas is their recognition within Bingdl province, although
they fail to garner adequate attention due to insufficient
advertising (Figure 1).

| Merkez

Figure 1. Location of designated lakes

Balpinar Lake, designated as a study area, is also referred
to as Metan and Kiz Lake in the region. The lake
encompasses a surface area of roughly 2000 square
meters. The lake is situated at an elevation of roughly
2000 m, 21.5 km from the town of Bingo6l. It is rumoured
that a young girl took her own life by leaping into this lake
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after being denied her beloved. Subsequent to this event,
the lake was designated as Girl Lake in the area [16]
(Figure 2).

IRt
alpmar Lake

igure 2.

Gerindal Lake, another lake, is situated inside the confines
of Saban village, 18 km from the city of Bingdl. Academic
investigations indicate that the lake environs harbour new
floristic records [17], [18]. Furthermore, the lake's
position at the confluence of the Elazig and Bingdl
provincial borders has resulted in a direct confrontation
between the two provinces. The lake, possessing
significant ecotourism potential, will attract numerous
tourists following strategic planning and promotion [19].
The interviews revealed that the location is intriguing due
to the belief among the populace that its water possesses
therapeutic properties (Figure 3).

Fiure 3.Geria| ake
Another lake chosen for the study was Sarigigek Lake,
also referred to as Siiliiklii Lake. Sarigicek Lake is about
17.5 km from the town of Bingdl (Figure 4). The user

interviews revealed that the region is notable for its
natural beauty and bike paths.

ity T T —————

Figure 4. Sarigigek Lake

The final region chosen for the investigation is the natural
thermal water situated in Ilicalar, Bing6l province. The
pond, much frequented by visitors, is situated 21.1 km
from the town of Bingdl (Figure 5). The demand for
thermal centres has recently surged as individuals have
begun to choose healthy lifestyles and eschew synthetic
medications [20]. Consequently, the promotion of regions
with these characteristics has become significantly
important for tourism. This location was chosen for the
research to promote the natural water supply for
ecotourism.

Figure 5. Natural thermal water situated in Ilicalar
2.2. Executing Surveys and SWOT Analyses

Public engagement is seen as a fundamental element of
local tourist development [21]. During the execution of
integrated planning, the populace assumes stewardship of
the region and readily supports planners and
implementers [22]. The natural lakes of Bingdl present a
significant possibility for ecotourism due to their
ecological diversity and aesthetic appeal. Nonetheless,
tourist endeavours in the region cannot achieve
sustainability without the backing of the local populace,
as indicated in the research. The objective of conducting
surveys is to ascertain how user demands will vary by
incorporating diverse user profiles into the research [23].

This research performed 192 surveys to elucidate the
perspectives of various user profiles from the population
of Bingdl towards tourism and to illuminate shortcomings
in present tourist activities.

SWOT analysis is applicable in the phases of strategic
planning, problem identification, and solution creation.
This strategy is often employed when numerical data is
inadequate and the information is in the memory of
specialised individuals or consumers [7], [24], [25]. To
assess the strengths, weaknesses, opportunities, and
threats of the chosen places, SWOT analyses were
conducted with the expert group and the students from the
Department of Landscape Architecture (Figure 6).

;ﬂ' ‘ Ve
Figure 6. S ysis,

Y

] 5
SWOT and research trips

urvey,

2.2. Development of Landscape Designs

A respectful approach to environment in landscape design
constitutes a fundamental principle of ecotourism [26].
Ecotourism and landscape design are crucial for the
conservation of natural resources and the implementation
of sustainable environmental planning. Landscape design
in ecotourism initiatives aims to conserve natural
aesthetics and bolster the ecology. In this instance,
landscape design offers tourists an aesthetically pleasing
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and informative experience by maintaining the area's
natural integrity, whilst mitigating environmental
degradation and fostering regional growth. Ecotourism
planning seeks to conserve the region's unique ecological
structure [27].

Ecotourism-oriented landscape designs were
implemented around the chosen lakes following the
collection of user feedback during the project phase.
These designers sought to establish spaces that harmonise
with the natural surroundings, prioritise ecological
sustainability, and provide both aesthetic and utilitarian
experiences for visitors. The research seek to both restore
Bingdl's natural lakes and promote them as ecotourism
destinations.

Landscape designs were developed utilising AutoCAD,
ArchiCAD, and Lumion software, with distinct 3D
visualisations created for each lake included in the
research, as given in the article.

3. RESULTS AND DISCUSSION
3.1. Survey Questions and Responses Obtained

The surveys indicated that most participants stressed the
necessity of developing alternative tourism products in
Bingdl to enhance ecotourism. The surveys conducted in
the province indicate that the ecotourism potential
remains undiscovered due to inadequate promotion and
advertising, that the assessments of touristic supply are
insufficient, yet the development of ecotourism is
expected to continue to rise.

The research articulates that Bingdl province possesses
year-round ecotourism potential, is geographically
proximate to regions with established ecotourism, is less
renowned than competing provinces, has a sufficient
young population available for ecotourism initiatives, and
can diversify tourism activities due to its rich folkloric
culture.

Analysis of another survey question reveals that
awareness of ecotourism in Bingdl is inadequate, there are
infrastructural deficiencies in ecotourism services,
unplanned development is leading to the degradation of
natural and cultural resources, and there are shortcomings
in financing and support for tourism.

It was found that ecotourism regions are expanding due to
advancements in communication and transportation
infrastructure, and that interest in tourism activities in
Bingol province is steadily rising. Upon enquiring about
the participants' perspectives and recommendations for
the advancement of ecotourism initiatives in Bingdl
province, they expressed a desire to enhance transit
infrastructure, elevate public awareness, and offer training
on the sustainability of environment and natural
resources. Participants highlighted several issues,
including the inadequate advertising and marketing in
Bingol, which possesses significant ecotourism potential
year-round due to its natural lakes, waterfalls, plateaus,
ski centres, and thermal springs. Consequently, it fails to
capture a substantial share of tourism compared to
neighbouring provinces. Additionally, social facilities in

current tourism areas are lacking, and there is insufficient
financial and incentive support for the restoration and
rehabilitation of these regions. Management systems
require enhancement, and tourism activities must be
diversified (Table 1).

Table 1. Survey questions and responses obtained

Question Criteria N Frequance
Other 7 3.60
Job Officer 45 23.40
Student 107 55.70
Private sector 33 17.20
Balpinar 50 26.00
Gerindal 49 25.50
Study Area Sanigigek 50 26.00
Ilicalar 43 22.40
Alternative tourism Totally agree 101 52.60
products should be Agree 66 34.40
developed for the Undecided 13 6.80
development of Disagree 9 4.70
ecotourism Totally disagree 3 1.60
How do you Very high 20 10.40
evaluate the High 26 13.50
ecotourism Normal 47 24.50
potential of Bingol Low 87 45.30
province? Very Low 12 6.30
Whathdo );OU IthinI; Very high 20 10.40
is the level o .
effectiveness of the High 20 10.40
activities for Normal 47 24.50
dlve!'5|_f|cat|0n pf Low 70 36.50
touristic supply in
Bingol province? Very Low 35 18.20
When tze Totally agree 50 26.00
consumption trends
in  the tourism Agree m 40.10
sector are observed, Undecided 52 52.00
the devglopment 9f Disagree 9 9.00
ecotourism will .
continue to increase Totally disagree 4 4.00
The abundance of 1 34 17.70
diverse tourism
resources and the 2 49 25.50
possibility for year- 3 57 29.70
rqunfi tour.lsm in 4 34 17.70
Bingol province
1(Weak/Strong)5 5 18 9.40
Proximity to 1 35 18.20
developed regions
in terms of 2 51 26.60
ecotourism due to 3 63 32.80
its geographical 4 31 16.10
location '
1(Weak/Strong)5 5 12 6.30
Lower demand for 1 44 22.90
alternative
activities of 2 42 21.90
equivalent quality 3 45 23.40
compared to rival 4 31 16.10
provinces
1(Weak/Strong)5 5 30 15.60
Young and 1 18 9.40
dynamic 2 38 19.80
populatl(_)r_1 that can 3 51 26.60
be utilised in
ecotourism supply 4 43 22.40
1(Weak/Strong)5 5 42 21.90
Exotic culture with 1 18 9.40
rich folkloric and 2 19 9.90
cultural elements 3 45 26.40
and an emphasis on
hospitality 4 49 24.10
1(Weak/Strong)5 5 58 30.20
1 41 21.40
2 51 26.60
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Question Criteria N Frequance Question Criteria N Frequance
Proximity of the 3 69 35.90 ecosystems subject 4 34 17.70
selected areas to 4 20 10.40 to ecotourism
settlements 5 1 570 1(Not important 5 50 26.00
1(Weak/Strong)5 ' /Important)5
Awareness of % 1312 ;?gg Standardisation of 1 27 14.10
ecotourism is at an 3 62 32:30 alternative touri;m 2 39 20.30
adequate level 4 2 12.50 products by losing
1(Weak/Strong)5 ’ their local 3 61 31.80
5 32 16.70 characteristics
Inadequacies in the 1 5 7.80 . 4 42 21.90
h 1(Not important
infrastructure 2 38 19.80 /important)
utilised for 3 68 35.40 P 5 23 12.00
ecotourism services 4 32 16.70 Marketing 75 39.10
1(Weak/Strong)5 5 39 20.30 Management and
Destruction of 1 31 16.10 business 93 48.40
natural, cultural administration
and historical 2 35 18.20 The most Protection of the
resources due to 3 56 29.20 problematic areas ecological 80 41.70
unplanned ' for ecotourism environment
development and 4 28 14.60 development Financing 79 41.10
utilisation Infrastructure and 81 4220
1(Weak/Strong)5 5 42 21.90 transport '
Financing 1 35 18.20 Education and 9 47.90
difficulties and employment )
inadequacy of 2 28 14.60 No idea 49 25.50
support 3 52 27.10 Easy transport 15 7.80
mechanisms for i . Education 26 13.50
ecotourism 4 37 19.30 ?:c?';ﬁmags%g':s'ogr‘? Marketing/Advertising 32 16.70
1(Weak/Strong)5 5 40 20.80 nc sugges Social facilities 15 7.80
diversification  of ; -
Development  of 1 32 16.70 tourism in Bingdl Financial supports 20 10.40
green consumer - Improvement of
movement based on 2 23 12.00 province management systems 16 8.30
environmental 3 46 24.00 Diversification of
sensitivi tourism activities 19 9.90
ty 4 28 14.60
1(Not important / 63 3280
5 . L
'E”)‘(p‘;'r::?;f = The outcomes of the survey indicate that nearly all
ecoﬁourism 1 28 14.60 participants recognise the ecotourism potential of Bingol
coverage area 9 - 18.20 province. It has been concluded that it fails to garner the
thanks to ' requisite attention in the province owing to insufficient
developing 3 38 19.80 investments  resulting  from  both  promotional
communication and . .
trans : shortcomings and economic challenges.
portation
P 4 38 19.80
facilities
1(Not important 3.2. Outcomes of SWOT Analysis
5 53 27.60
/Important)5
i':ttg;‘:s'z'ca“"” ?rf 1 19 9.90 SWOT analyses were performed independently for four
ecotourism, culture ) - 1410 distinct locations by specialists and students from the
and special interest i Bing6l University Department of Landscape Architecture
LOU”Sm' tWh;_CV; 3 43 2940 (Table 2). Within the scope of the project, the experts
within the borders were selected among the academicians of landscape
of Bingdl province 4 58 30.20 architecture, faculty of agriculture, faculty of veterinary
1(Not  important 5 45 23.40 medicine and vocational school of social sciences who are
/important)s familiar with Bingdl province. All of the students are
The ageing Bingdl 1 14 7.30 undergraduate  students of landscape architecture
population has a 2 23 12.00
high potential in department.
. 3 70 36.50
terms of ecotourism
1(Not important 4 45 2340
/Important)5 5 40 20.80
Ecotourism 1 30 15.60
iictiv!ties | in 2 39 20.30
ocations close 1o 3 65 33.90
Bingol province
1(Not important 4 28 14.60
/Important)5 5 30 15.60
Increasing the 1 32 16.70
competitiveness of 2 35 18.20
rival provinces 3 57 29.70
1(Not important 4 33 17.20
/Important)5 5 35 18.20
Risk of . 1 19 9.90
isk 0 destruc_tl_on 5 1 21.90
of sensitive
3 a7 24.50
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Table 2. Outcomes of SWOT Analysis

Internal analysis

External analysis

Sufficient Utilisation of
geothermal
amount and .-~ Elevated
Insufficient energy A
thermal i seismic hazard
- advertising resources for . -
quality of the e in areas with
= and applications
& | subterranean . geothermal
= promotion such as -
S | water - springs
= heating,
resources
= among others.
E Inability to Facilitating
= | Thermal attract regional .
2 - Economic
= | water investors who  development .
“ - fluctuations
5 | resources can  will convert  through the mav postnone
= | be utilised for thermal conversion of Y postp
z - . the intended
Z | therapeutic resources into  thermal .
= - . investments.
£ | purposes. economic resources into
5 investments  investments
= The province
= provi Execution of
£ | is recognised - In the long
s |. - investments
% | in the region - g term, global
z Insufficient utilising EU :
for thermal . warming may
. transport grant funding
tourismand . pose a
infrastructure  and N
attracts significant
. contracted -
visitors for - issue.
: projects
this reason.

3.3.

Landscape Designs

and livestock
management

Strengths Weaknesses  Opportunities Threats
Insufficient
Supported by transport
natural h
infrastructure
resources and I
- Contamination
has an Significant
- of the lake and
adequate Inadequate tourism - -
e - its environs by
@ | supply of advertising potential s
= visitors
S | water and
= throughout promotion
£ | all seasons
=
= .
& | Numerous Insufﬂuent_ It possesses  The lake's
. understanding : -
endemic on tourism the potential ~ considerable
plant species No facilities to enhance depth poses a
can thrive in are available regional drowning risk
the vicinity of surroundin development  for anybody
the lake. 9 via tourism. who enter it.
the lake.
Adequate . Exhibiting
water levels  Insufficient I
. significant
in the lake transport .
- h potential for
during all infrastructure tourism
seasons.
The lake Facilitating
possesses a |
legendary rura
- advancement
narrative.
® Inadequate Additional
e -
< promotion natural _
= | Visually and attractions in gc()):tc‘?fn:;llalake
8 | appealing advertising the area are S
c and its vicinity
-= | (heart) aspect observable by visitors
& | of the lake during Y
excursions to
the lake.
Functioning
as a crater
lake No facilities ~ The lake is
The lake and  are available  suitable for
its environs surrounding  summer
host diverse  the lake. activities.
vegetation
and animals.
Enhancing During the
R tourism winter months,
Utilising potential via  the thick ice
natural water - .
promotional  covering that
resources for and forms on the
nourishment -
. advertising surface
Intermittent P Lo
S initiatives diminishes
reduction in oxygen levels
water volume potentially
Proximal to Possessing harming the
o | the urban ecotourism aquatic
=< | core potential organisms
j residing in the
3 lake.
>3 Initiation of
5 reverse
Facilitated migration in
roadway the region
transportation Lack of through the Unconscious
awareness promotion of  water usage
regarding the  tourism might
Contribution  lake's tourism diminish water
to'the region  potential Contribution availability.
with
- to rural
agricultural
advancement

During the design process, people familiar with the lakes
were questioned to identify the problems they observed,
which informed the subsequent designs. Satellite and
drone imagery were utilised during the planning phase to
measure the lake areas and serve as a foundational
reference.

3.3.1. Balpmar Lake

The region's name clearly indicates its extensive
utilisation by beekeepers in Bingdl province. Balpinar
Lake, a popular destination for individuals seeking to
gather mushrooms and the edible plant known as rhubarb
(Rheum ribes), attracts numerous visitors. Designs were
developed in accordance with the requirements gathered
from the designated nature path and picnic area and
included into the project.

The user interviews indicated a heightened desire for
walking pathways and picnic spaces surrounding the lake.
Landscape designs were also influenced in this manner
(Figure 7).

Figure 7. Balpinar Lake lndsce design
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3.3.2. Gerindal Lake

Gerindal Lake is notable for its heart-shaped surrounding
landscape. Due to the proximity of the lake to the city, the
presence of plateaus on the road leading to the lake in the
summer months, which are intensively used by the people
engaged in nomadic animal husbandry, the stabilised
roads, the fact that important destinations in terms of
beekeeping are on the route, and the fact that it offers
beautiful mountain views for Bingdl province, which is
famous for its mountains, the region is especially
frequented by nature walks and motocross trips. During
the summer months, it accommodates beekeepers, animal
breeders, and researchers on its indigenous plant species
diversity. In accordance with the gathered requirements,
the design of walking trails, picnic places, a facility for
basic necessities, and appropriate zones for water
activities has emerged as a priority. Subsequently,
landscape designs were created and incorporated into the
research (Figure 8).

Fiure 8. Gerindal Lake landscape design
3.3.3. Saricicek Lake

Sarigigek Lake is a popular destination for visitors who
engage in walking and picnicking, owing to its close
vicinity to Bingdl city core. Consequent to the user
interviews, the design of the area as a picnic space and the
incorporation of water sports facilities emerged as
primary considerations. The concepts that evolved
informed the designs, which were incorporated into the
research (Figure 9).

3

Figure 9. Sarigicek Lake landscpe design

3.3.4. Natural thermal water situated in Ihcalar

The interviews yielded requests for the lake, characterised
by its natural open pool structure, to be developed for
winter tourism, to construct social amenities in the
vicinity, and to promote ecotourism. Designs were

developed in accordance with the obtained demands and
incorporated into the research (Figure 10).

Figufé.lo. Natural Thermal Water Situated in Ilicalar

Ecotourism is a sustainable tourism model that
emphasises the conservation of the natural environment
and the cultural history of a location. It constitutes a
response to mass tourism and serves as an appropriate
alternative for ecologically sensitive regions, as it is not
confined to a particular season and incorporates
components of rural and cultural tourism [28]. This
research aims to establish an ecotourism route in Bing6l
province that accommodates year-round tourism by
transcending seasonal limitations.

The correlation between ecotourism and landscape design
is crucial for the preservation of natural regions,
sustainable tourism, and the support of local communities.
Landscape design is essential for reducing ecological
degradation and improving tourist experiences by
maintaining the natural integrity of ecotourism locations.
Ecological establishments like Feynan Ecolodge provide
visitors with an experience that enhances environmental
consciousness through sustainable designs utilising local
materials. Furthermore, visitors are afforded the
opportunity to engage with nature through
environmentally integrated design, so enhancing the role
of ecotourism in sustainable development. Ecological
resorts like Elewana Tarangire Treetops in Tanzania offer
tourists an immersive experience in nature through
environmentally integrated architecture and efficient
water management systems. These projects help the local
economy while preserving the natural scenery.
Conversely, institutions like the Oregon Zoo Education
Centre enhance environmental awareness and promote
sustainability through their educational initiatives [29].

Designs that ensure the protection of natural habitats and
biodiversity support nature-based tourism and contribute
economically to local communities [27]. Sustainable
landscaping strategies in these projects encompass the
preservation of indigenous flora and water resources
while honouring the natural ecosystem. Simultaneously,
features such as ecological paths, observation points, and
informational signage facilitate ecotourism's contribution
to enhancing environmental consciousness while
acquainting visitors with the region's natural splendour.
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4. DISCUSSION AND CONCLUSION

Ecotourism, an expanding sector of the tourism industry,
has garnered significant interest in recent years for its
capacity to foster environmental conservation, cultural
preservation, and sustainable economic growth. An
increasingly significant feature of ecotourism is its
correlation with landscape design.

Landscape design seeks to uphold ecological and cultural
values grounded in sustainable principles. Consequently,
landscape architects may conserve natural ecosystems
while simultaneously developing tourist attractions. Such
designs assist the primary objectives of ecotourism:
enhancing environmental awareness and bolstering the
local economy [30].

The interplay between ecotourism and landscape design is
intricate and multifarious. Ecotourism offers a concrete
economic motivation for conservation, as it is an industry
that significantly relies on the natural resources of
numerous sites. Nonetheless, the same business may
present considerable risks to the environment if not
meticulously controlled and engineered.

Landscape design is essential for the advancement and
efficacy of ecotourism projects. Landscape design may
improve visitor experiences, promote the preservation of
natural settings, and foster a stronger link between tourists
and the local ecology. A poorly planned area will lack a
conceptual framework to direct tourism development and
destination management, adversely affecting actual
ecotourism benefits [31].

Bingdl possesses significant potential for ecotourism
because to its natural landscapes and lakes. Landscape
design initiatives can save and enhance these natural
regions while economically benefiting local populations.
Landscaping focused on ecotourism around water
resources will enhance visitor experiences and foster
ecological sustainability. Consequently, enhancing
Bing6l's ecotourism potential can safeguard the region's
natural resources and elevate the living standards of its
inhabitants. It will also promote ecotourism by offering an
educational experience to visitors.

As a result of the surveys conducted within the scope of
the research, it was concluded that the people of Bingol
are conscious about ecotourism, that they cannot receive
sufficient investment compared to the neighbouring
provinces, and that they will support the activities to be
carried out since they think that they will prevent
migration as they can create employment. They also
stated that they will contribute to the construction of
settlement and necessary equipment applications as both
local and provincial people.

Upon evaluating the answers derived from the
questionnaires, the objective is to advance ecotourism in
Bingol province;
e Formulating strategies to guarantee sustainable
utilisation in the regions,

e Creating marketing and promotions to attract
visitors to regions that are secure and remain
unspoiled,

e The formulation and execution of ecotourism
initiatives ought to have financial backing from
both governmental and commercial entities,

e Promoting tourism variety in the province,
which possesses significant folkloric and
gastronomic attributes,

e Local governments ought to promote ecotourism
to the public via social and economic awareness
initiatives,

e The importance of teaching and creating
awareness among local communities regarding
this subject should be underscored.

Considering the lakes in the study area and the activities
that can be done;

Balpinar Lake stands out as an area frequently visited by
users due to its proximity to the centre, the well-
maintained road on which transportation is provided and
the collection of plants with income-generating value.
When we look at the disadvantages of the lake, the small
surface area of the lake, the fact that it does not provide
living opportunities for living creatures in the lake, and
the infrastructure (electricity, sewerage) do not provide
opportunities for activities such as water sports, fishing
and accommodation.

Gerindal Lake stands out with its natural beauties.
Especially the presence of endemic plants in the region
causes the region to be visited frequently due to scientific
studies. The surface area of Lake Gerindal is large enough
to allow water sports. However, as in Balpmnar Lake, it
does not allow activities such as accommodation in the
region due to the insufficiency of infrastructure facilities
and the difficulty of transportation and the difficulty of
access by road in case of any emergency.

Sarigigcek Lake is among the regions frequently visited by
local people due to its natural beauty, proximity to the
centre and proximity to Sarigigek village. The lake in
question also provides water sports as a surface area.
Here, the establishment of a facility will be problematic
due to the fact that the lands around the lake are private
parcels.

Ilicalar natural hot water spring is foreseen to be an area
where accommodation facilities are planned in line with
the request of the people of the region due to its proximity
to the town centre, the richness of infrastructure facilities,
and the fact that it is a place that can be reached by public
transport.

As a result of the research conducted based on all these
situations, when the potentials of the 4 lakes subject to the
research are evaluated, it is seen that all of them have their
own unique characteristics. If ecotourism planning is to
be made, it has been concluded that the priority ranking
should be Ilicalar-Balpinar-Gerindal and Sarigicek Lake.

Furthermore, based on the observations, interviews, and
surveys, it can be stated that the residents of Bingdl
endorse ecotourism, desire its development in the region
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as a source of employment and income, and possess the
requisite awareness. Ecotourism undeniably serves as a
spur for the social and economic development of local
populations in today's more popularised globe. This
research has been conducted to advance ecotourism
planning in Bing6l province and to motivate institutions
and organisations towards this objective.
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