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SECURE COMMUNICATION USING THE CHAOTIC VAN DER POL-DUFFING
OSCILLATOR IN SIX -DIMENSIONAL

C. AYDIN
KTU Department of Physics
ORCID: 0000-0002-6351-0740
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Abstract

The main purpose of secret communication is the fact that the transmitted information can not
be easily deciphered and understood by someone else in any way. Although secure
communications can be done by different methods at present time, recent developments have
shown that it can be performed by using the encrypted form of the chaotic method. In order to
transmit secret or encrypted information at the same time, one can make use of the chaotic
van der Pol-Duffing oscillator (VPDO) systems for high-dimension. In order to design a 6-
dimensional chaotic system using the Lyapunov function approach, subsystems of the 6-
dimensional VPDO system are synchronized by linking them with three and four signals. We
have observed synchronization when there exist an asymptotic stability and an appropriate
Lyapunov function. We also have calculated the Lyapunov exponents ( 2.06, 0.31, 0.00, 0.00,
0.00, -78.05) , Kolmogorov entropy ( 2.37) and divergence values ( -78,72) for driving three
variable

Keywords: Chaotic ystem,Van der Pol-Duffing oscillator,Lyapunov exponent, Kolmogorov
entropy.

L.Introduction

There are many systems in nature which demonstrate non-linear behaviour. Heart beats,
progress of signals in time taken from the brain, the change in blood concentration of patients
who suffer from blood cancer disease, atmospheric changes, uncertainities in economic
events, turbulent flow, the behaviours demostrated by non-linear elements in electrical
circuits; and even psychological situation of any patient and the range of diseases depending
on geographical regions or seasons may be shown as examples of these behaviours. Such
kind of behaviours have taken a shape which is difficult to be predicted under certain
parameters and begining circumstances by means of periodic doubling in the form of mono-
stable, bistable and quadruple stable etc[1].

The study of nonlinear behaviour goes back to Poincare's study of celestial mechanics in
1890s. The first study in modern sensewas made by a meteorology scientist, Edward
N.Lorenz in 1963in order to clear mixing events in atmosphere by heating a liquid or gas
layer from below and later the temperature and velocity fields be opened into spatial Fourier
series[2]. While Lorenz modeling his system, he used a non-linear system which composed
of three first-order linear differential equations.
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Theoretical studies about heart beats were made by Van der Pol and Van der Mark in
1927[3]. Violent severe beats regarding heart were classified by non-mathematicians
depending on the heart's dynamics. EEG signals are an important source which explain
different data knowledge about the heart.

Heartbeats generally display a structure similiar to a sine wave. In case of examining an EEG
signal in detail, it is possible to see parts of the heart having different characteristics features.
In such kind of a signal, P wave is related to artia, the QRS complex is related to stimulation
of venticles and T wave is related to reverting back of the stimulated venticles. The equations
which describe electrical actions of the heart are complicated and they vary from person to
person. Normally, the stimulation of heart is correlated with a mechanical compression.
Studying various behaviours of non-linear systems has sweeped rapidly to other areas of
science, too. First of all the word CHAOS was used by York and Li [4]. Chaotic chips have a
very important place in producing computers and all other technology based devices.
Although secret communication is able to done by different methods at present time recent
developments have shown that secret communication can be done in amore secure form by
chaotic method. In secret communucation, Pecora and Carroll[5] used 3-dimensional Lorenz
and Rossler systems including simple type chaotic term, He and Vaidya[6] used 5-
dimensional Lorenz system, K.Murali and M.Lakshmanan [7] used 3-dimensional Van der
Pol-Dufing Oscillator(VPDO) system and even Tamasevicius|[8] used hyper-chaotic systems
in cases of driving by a single variable. One of the most important cases to be taken into
consideration in communication systems is the capacity of the unit which will provide
communication. In other words, the case of transmitting more than one information
simultaneously since low-dimensional systems are not able to provide more than one
communication possibility at the same time, it has been a necessity to create high-
dimensional systems. Also in addition, the main purpose of secret communication is the fact
that the transmitted information can not be easily deciphered and understood by someone else
in any way.

It has been shown that such kind of an information transmitting process will be able to do by
hyper-chaotic systems having 2-positive Lyapunov exponents rather than chaotic systems
having single positive Lyapunov exponent. For that purpose, Pecora and Carroll's approach to
synchronization was applied to 3-dimensional Lorenz and VPDO systems in this study, and
compatible results with the literature were obtained. In order to transmit a great number of
information simultaneously, chaotic VPDO systems having 6-dimensions were formed. In
order to ensure these systems to show chaotic behaviour, they were provided to have negative
divergence. Poincare maps giving well results in low-dimensional systems have been used in
high-dimensional systems chaotic analysis. Besides that, an important chaocity condition in
high-dimensional systems is the existence of a finite Kolmogorov entropy which is bigger
than zero. A convenientrelationship has been found between Kolmogorov entropy and
dimensions of the systems created for this purpose, and in case of the existence of infinite-
dimensional systems a finite Kolmogorov entropy like has been obtained.Because of being
noise like, chaotic signs have been used in secret communication and system control.
However, studies performed on this subject so far has shown transmission of only one
message. In this study, convenient chaotic systems have been constituted in order to transmit
1, 2, 3 and 4 messages at the same time, and obtained driving sub-systems chaocitiy and
response sub-systemsstability conditions have been searched. At the same time, it has been
shown that 3-dimensional VPDO system and 3-dimensional Lorenz systems will able to work
with each other synchronously.
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We have noted that the following criteria have been taken into consideration:

1) The systems have negative divergent,

i1) It should be ensured that all of the equilibrium (rest) points obtained from the systems?
jacobians are unstable.

i11) And finally it may be listed as the smallest Lyapunov exponential is correspond to system
divergence.

A Model Sytem-Duffing Ocillator

The Duffing oscillator with a double-well potential can be decribed by a nonlinear Langiven
of the form
mi-+y X+ % f(t) (1)

where y is the damping constant, ¢ is a double-well potential, and f is a random force or
white noise [9-13].

AAA

r

N c1|Vv, c2|v, Ll
[— — 3 I
—] —]

Figure.1 Equivalent circuit of the Van der Pol-Duffing Oscillator

The physical realization of Duffing oscillator circut is shown in Fig.1. The circuit element
denoted by N represent a nonlinear negative resistor and can be contructed by using a set of
diodes and an operational amplifier.The unfolding parameter is represented by the parameter
ywhich is controllled by offset voltage of amplifier. Such a nonlinear element can be decribed
as

Iy(V)=y+ aV+bl3 (2)
where a < 0 and b > 0. The circuit equation are easily obtained by Kirchoff’s law to the
various branches of the circuit as follows [14-17].

x=-m(x3-ax +p-y) , (3a)
y=X-y-z, (3b)
Z =Py. (3¢)

where differentiation is with respect to time, X,y and z correspondto the rescaled form of the
voltage across capasitor C;, the voltage across capasitorC,, and the current through
L respectively.The rescaled circuit parameters m,a,[3, andp

m=C,/C; , o=-(1+ar),p=C,r?>/L ,u=(br3) 2V 4)
where punfolds the double well, if p=0 then the wells have equal probability and the system
becomes

X =m(x3-ax -y) , (5a)
Y=X-y-z, (5b)
% =By. (5¢)
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Synchronization
There are several types of synchronization.One of them holds for systems which are not
chaotic, but follow periodic limit cycles. Here achaotic synchronization approach is
introduced together with the necessary and sufficient condition for synchronization of linear
or nonlinear systems. This approach exploits an appropriate Lyapunov function to globally
establish the asymptotic stability of subsystem.

For a slave system governed by the subsystem (5a), the folowing set of equations can be
written

x'=x (6a)
y'=x-y'-z', (6b)
z'=py’". (6¢)
Considering the differences between the unprimed and primed quantities and staring them
yr=-y-z" (7a)
z=py” (7b)
If the Lyapunov function chosen as
E=(y"+27), (8)
then

o _dr
E _dtS O s (9)

The equality sign applies only at the origin, therefore the subsystem (6b) and (6¢) is global
asymptoticallystable. Thus the master and slave systems eventuallyare synchronize

II. Calculations
We choise of the system form should be based on the fact that master and slave system would
be sychronous.

The 6-dimensional hyper-chaotic van der Pol-Duffing oscillator systems( for m=100, 0=0,35
and B=300) which have been created to meet these conditions are as follows respectively:

X, = —100x3 + 35x; + 100x, + x4, (10.a)
X, = 0875+ x; —x, —x3 , (10.b)
X3 = 300x;, , (10.0)
Xy = —Xy — X453 — Xg ) (10.d)
X5 = —Xy — X4 — 5Xg , (10.¢e)
X6 = X1 — X3 — X ) (10.1)

The slave has an identical set of equations with the master expect the signal x; which is
common. Notice that the subsystems are nonlinear, although this is not always
necessary.Notice that x3, which is seen as variable in Eq. (11), is not a state variable anymore
but it is treated as a paramaster in the system. If we indicate the differences between the
dynamic variables of drive and response systems by using symbol, i.e. if a variable
transformation is done as
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% = —100x,> + 35x + 100x} + x} (11.a)
X, =0.875+x; — x5 — x3 ) (11.b)
X, = —xy—x3° —xl ) (11.¢)
Xs' = —x,—x5 —5xi ) (11.d)
X =x1— X3 — x4 , (11.e)

X] = X1 — X1, X5 =Xy — X5, Xy =X4— Xy, Xe =X5—Xc and x; = xg — Xg, the following
system is obtained

x; = (35— 100k,)x; + 100x3 + x5 kg = x2 + 0, + x}° (12.a)
X3 =x;—x; , (12.b)
Xp = —x5 — koxi — x5, ky = x3+xx5 + %37, (12.¢)
Xi=—x5—x;—5x , (12.d)
xé =Xx; — Xg . (12.e)

The Lyapunov function is
E :%(xfz +x3% + x5+ a4+ x?) ,

(13.2)
and
dE _ 2
— =k =m(a—k)x;? +mx; x; +x7 x5 —x5 x5 —kpx; —xi x;
2 2
X5 Xg —X4 Xz —5x5 +x7 x5 —x¢ <0 (13.b)
Then we obtained the Lyapunov exponents as
-1,-1,-5—ky,, m(a — k) (14)

Suppose that this system has been driven simultaneously by a 3-variable like
(X1, %2, x5 ),(X1, X4, Xg)

(X1, X3, X5),(X1, X3, X4), ... , (X1,X4,%g). If we choise (x; x, x3) set, the slave has an
identical set of

equations with master expect x;x, and x3 which are common. Notice that x;,x,and
x3which are seen as variables in Eq.(1) are not the state variables any more but they are
treated as a parameter in this system. If we indicate the differences between the dynamic
variables of drive and response system by using new symbols, i.e. if the differences between
the correponding dynamic variables of the master and slave are established and started, then

X4 ¥ =x4 - X4', X5¥=xs5 -x5' and xg*=x4- x5' the following system is obtained

x'4’ =—x, — xf’ — Xg, (15.a)
Xd = —x, — x4 — 5xi, (15.b)
X, =Xy — X3 — X§. (15.¢)
Then we get

Xp = —kyxi — x5, ky = X2+ x4 + x}°, (16.a)
xi = —x; — 5xi, (16.b)
X = —x;. (16.c)
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For providing the syncronization between the master and slave subsystems, each new state
variable

of the system should decrease in time should be zero in a short time interval. These conditions
happen for every varibles in Eq.(12a-e) system, i.e. the master (Eq.(11.a-f)) and slave system
(Eq. (12.a-c) systems are eventually synchronize.

The Lyapunov function can be further used to create a high-dimensional chaotic system, with
a nonlinear subsystem. Consider the Lyapunov function (For the rest(stability) of drive
subsystem a proper Lyapunov function which itself is defined positive and has negative
derivative can be chosen follows) given by

E= %( x32 + x2% +x}? (17)
The derivative of Eq. (14) with respect to time is given by
E=5) <0 (18)

It is clear that E<0 if x,* ,xc* and x¢* are same sign and k; is positiv and the equality sign
holds

only at the origin. Therefore, the slave system is globally asymptotically stable. Furthermore
,Lyapunov exponents of the slave are also not positive. For dissipative system it must be
ensured that the divergence of the system is negative which the value is -78,72 for this
system. The results related with Lyapunov functions, Lyapunov exponents ( 2.06, 0.31, 0.00,
0.00, 0.00, -78.05 ) and Kolmogorov entropy ( 2.37 ) have been summarezed in Table. 1 and
Table.2 for drive three and four variables, respectively.
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Table 1. The Lyapunov functions, Lyapunov exponents in case of driving three variables in 6-

dimensional.
Drive Response .
Subsystem | Subsystem Lyapunov Function Lyapunov Exponents
1
E = E(x’z"z + x° +x§2) >0
X1.X3.Xs | XpXaXe | E =100(0,35 — kq)x;? + xixh — kyxi? —k,,—1, (35 — 100k,)
— XpXg — xéz <0
1
E = E(xi‘z +x3° + xg‘z) >0 i 100k o e
XoXaXe | X1XeXs | B = 100(0,35 — ky)xg? — 5xi2 < 0,a < ky (35 =100k ),0,~
E = 1 %2 %2 x2 0
. -1,-1,—k,, >
xl)x37x5 x23x47x6 E — _xzz _ x;x; _ xzxg _ klxzz < O ) ) 1, =
E= 1(x*z + x2? +x*2) >0
X1,X3,X4 X2,X5,X¢6 . 2 z 5 6 '15'17'5
E=—x3*—x3xi —5x* —x* <0
1
E=—(x’1"2+x§2+x22)>0 1
. 2 , -1,5(035-1-k)
X3,X4,Xs5 X1,X2,Xg E =100(0,35 — kq)x1“ + (101)x7x; — B 2
X%+ xixt — x22 <0 F (035 = 1= k)2 + (035 — kg + 1)
E = l(x*z +x + x*z)
X1,X2,X4 X3,X5,X¢g . 2 3 > 6 05'55'1
E =-5x§2+x; (-x3 —x7)
1 %2 %2 %2
x19x29x5 x39x49x6 E N E(x3. + x4 + x6 ) 0; _1; _kl
E<O0
L 2 2
E==(x;*+x2* +x;
x17x27x3 x47x57x6 . 2 2 (x4 xs x6 ) 2 2 _1, _5, _kl
E = —kyx;” — x4x; — x3xe — 5xe” — x¢
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Table 2. The Lyapunov functions, Lyapunov exponents in case of driving four variables in 6-

dimensional.
Drive Response .
Subsystem | Subsystem Lyapunov Function Lyapunov Exponents
1
E = E(xéz + xgz)
X1, X2,X3,X4 X5,Xg E=—5x%—x2<0 -5,—1
_ 1 %2 %2
E = E(xz + x4 )
1
E = E(xé‘z + xi?
X1,X2,X4, Xg X3,Xs5 F=—5x2<0 -1,0
1
E = E(sz + xi?
X1, X2, X3,Xg X4,Xs E=—kx? —xixi—5x><0 -5,k
ki >0
X, and x: same sign
1
E= E(xsz + sz)
x17x37x4rx6 x27x5 E'v — _xzz _ x; x; _ ngz < 0 '1, ‘5
X5 and x: same sign
1
E= E(x;‘2 +x52) =0
X2,X3,X4, X5 X1,Xe E =100(0,35 — ky)xi? + x¢ xj — xg° _1'55 — 100 ky,
<0 1> 0.35
X¢ and x; opposite sign
1
E =§(x’1"2 +xf;2) >0
X5,X3,Xs5, X X1, X4 E =100(0,35 — ky)xi% + x x5 — kyxi? _kzlégs — 100k,
<0 1>0,35
x, and xj opposite sign
1 *2 *2
N E =5 +x7)>0 -5,35 — 100k,
2737 6 LS E =100(0,35 — ky)xi*> = 5xi2 < 0 ki > 0,35

ki >a

III.Conclusion
A possible application of synchronization of chaotic signal is to implement a secure
communication system.A method of transmitting signals in a secure way through chaos
synchronization in a physical model has been discused. A criterion for synchronization of
chaos based on the astmptotic stability has been created and the model developed has been
proved to be useful in analog signal transmission.
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Since chatoic signals are usually broadband, noise like, and difficult to predict, they can be
used for masking information bearing waveforms. A chaotic masking signal is added at the
transmitter to a message, and at receiver the masking is reproduced and removed from the
receiver the masking is reproduced and removed from the received signal. Also, the van der
Pol-Duffing oscillator can be used as model in physics, engineering, electronics, biology,
neurology and and other disciplines.
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C. AYDIN
KTU Department of Physics
ORCID: 0000-0002-6351-0740

A.1. AHMADOV
KTU Department of Physics
ORCID: 0000-0003-0662-5549

0. UZUN
KTU Department of Physics
ORCID: 0000-0002-6172-5801

ABSTRACT

In this article we study the higher-twist subprocesses q +§ — p*(or p~ )+y in the
proton-antiproton collisions and we discuss the phenemenological consequences of possible
HT contributions to prompt photon and meson production in pp and pp collisions. In order to
extracting higher twist subprocesses from leading twist back-ground we use the method of Du
and collaborators and various rho meson distribution amplitudes. In the numerics the
dependencies of the HT contribution on the transverse momentum and the rapidity are
discussed with special emphasis put on distribution amplitudes. Analysis of our results show
that with increasing pT , the higher twist contributions decrease more rapidly then leading
twist contributions. The preceding results demonstrate that higher twist contributions must be
considered especially in the region of low pT .

Keywords: Higher-twist, rho meson distribution amplitudes, vector meson production

PROTON PROTON CARPISMASINDA RHO MEZONU URETIMIi

OZET

Bu ¢alismada proton proton garpigsmalarinda q + q — p*(or p~ )+ y yiiksek tivist alt
siiregleri incelenmis ve rho mezon iireten siiregler icin yiiksek tivist katkilar1 hesaplanmaistir.
Farkli tho mezon dalga fonksiyonlari i¢in yiiksek tivist katkilarin, 6nder tivist katkilardan
ayristirllmas1 i¢cin Du ve ¢alisma arkadaslarinin uyguladiklar1 yontem kullanilmistir.
Hesaplamalar kisminda yiiksek tivist katkilarin enine momentuma ve rapiditeye gore degisimi
incelenmis, enine momentum artisi ile yiiksek tivist katkilarinin 6nder tivist katkilara oranla
daha hizli azaldig1 gozlenmistir. Ayrica hesaplamalar Ozellikle diisiik enine momentum
bolgesinde yiiksek tivist katkilarin 6nemli oldugunu gostermistir.

Anahtar Kelimeler: Yiiksek tivist, rho mezon dalga fonksiyonu, vektér mezon olusumu
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PERFORMANCE ANALYSIS OF TREE BASED MACHINE LEARNING
ALGORITHMS FOR PREDICTING THE TREATMENT OUTCOME OF HIGH-
INTENSITY FOCUSED ULTRASOUND ABLATION OF UTERINE FIBROIDS

Emine AKPINAR
Yildiz Technical University,Department of Physics
ORCID: 0000-0002-9155-8530

Bilgin KESERCIi
Universiti Sains Malaysia, Department of Radiology
ORCID: 0000-0002-8249-9284

ABSTRACT

Uterine fibroids, benign tumors that origin from the smooth muscle layer of the uterus
(myometrium), affect about 77% of women in the reproductive age group with symptoms like
heavy or abnormal uterine bleeding, pelvic pain or pressure, infertility, and recurrent
pregnancy loss. Magnetic resonance imaging (MRI)-guided high-intensity focused ultrasound
(HIFU) plays an important clinical role in the treatment of uterine fibroids. However, one of
the biggest challenges in this treatment is the selection of patients suitable for HIFU
treatment. Therefore, in this study, Tree based—including Decision tree classifier (DTC),
Random forest classifier (RFC), Extra trees classifier (ETC), Bagging classifier were used to
predict the treatment outcome of HIFU thearpy. We used multi-parametric (mp) MRI
parameters outlining its cellularity, diffusivity, and wvascularity. The screening MR
examinations of 73 women were included in the analysis. The diagnostic ability of the ML
classifiers was evaluated using standard performance metrics, including the area under the
receiver operating characteristic curve (AUROC), accuracy, sensitivity, and specificity and
Fl-score. RFC gave the best predictive performance with 0.92 AUROC and 0.96 accuracy
score. DTC and Bagging classifer showed the equal predictive performance. Their AUROC
and accuracy score values 0.91 and 0.88, respectively. ETC, which had the worst performance
among these classifiers, had 0.83 AUROC score and 0.90 accuracy score. For tree based ML
classifiers, specificity, sensitivity, precision, recall, F1 score ranged from 0.70 to 1.0, 0.84 to
1.0, 0.67 to 1.0, 0.67 to 1.0, 0.80 to 0.97, respectively. . This preliminary study indicates that
ML algorithms should be considered in assisting physicians to fully evaluate the outcome of
the HIFU therapy.

Keywords: Uterine Fibroids, Magnetic Resonance Imaging, Machine Learning

11

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

CLEAN ENERGY PRODUCTION WITH GASIFICATION FOR BIOMASS
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ORCID: 0000-0003-1849-8153

Dr. Ars. Gérevlisi Cemil KOYUNOGLU
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ORCID: 0000-0001-6309-1569

Summary

Solid fuel gasification, especially for solid fuels such as biomass, petcoke, coal and lignite, is
a process that converts biomass from a solid state to a gaseous state. Air and/or oxygen will
be transmitted to the system under control. In the presence of a controlled 'shortage' of oxygen
or air, the reducing conditions will be maintained. Gasification is carried out in a gasifier in
vacuum, athmospheric or pressurised conditions, and the product is a mixture of CO and Ho,
called generally syngas. Syngas that is produced can be used to generate electric power or
chemicals like ammonia, methanol, fertilizer or synthtetic fuels like gasoline,diesel etc.
Cleanest of all solid fuel based electric power technologies, gasification has significantly
lower levels of air emissions, solid wastes, and wastewater. The reason of its high
efficiencies, solid fuel gasification needs less solid fuel to produce the same amount of
energy, resulting in lower carbon dioxide (CO2 ) emissions. In comparison with combustion
technologies, gasification is more environmental friendly and particularly with regard to CO»,
SOz, NOx emmissions more advantageous. The sulphur present mainly forms H>S which can
be more readily removed than SO,. NO, NOx, dioxins or furanes are formed. Gasifier and
related facilities is one of the most important processes to produce energy and chemicals with
highest efficiencies. During the production of chemicals or synthetic fuels from syngas no
CO; will be emitted.

Fixed Bed Gasifier is the unique technology for gasification of solid fuels with low calorific
value with high efficiencies. Downdraft gasification is one of the most important processes to
produce energy and chemicals with highest efficiencies. With long years experience new
technologies have been developed,which can convert biomass, coal,lignite and their mixture
with solid wastes into clean and environmental friendly energy. The most important
advantage of the optimised downdraft gasification technology is the capability of recycling
low grade lignites and a wide range of solid wastes economically and above all in an
environmental fiendly way.

In this study, the physical properties, calorific values, proximate analysis, and ultimate
analysis of biomass samples were also elaborated on. Gasification with biomass, solid wastes
and solid fuels initially with downdraft gasification technology whether in our country or in
other countries will be described. After the first observation of biomass characteristics with
the optimum characteristics of a plant feasibility studies are discussed for the waste to energy
process using biomass. Additionally, the economic analysis of power capacity | MW, using
by patented fixed bed down-draft gasification system with combined heat and power station
will be set up for energy conversion of the residues was calculated and designed.

Keywords: highest, chemical, gasification
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OZET

Tiirkiye, cografi konumu ve jeolojik yapisi nedeniyle yenilenebilir enerji kaynaklar
bakimindan zengin bir iilkedir. Bu kaynaklardan azami 6lgiide yararlanmak hem enerji arz
giivenligine katki saglayacak hem de yeni istthdam alanlarimin olusumuna zemin
hazirlayacaktir. 2023 yilina kadar Tiirkiye’nin toplam enerji talebinin %30’unun yenilenebilir
enerji kaynaklarindan karsilanmasi ve elektrik tiretiminde dogalgazin payimin %30’un altina
disiiriilmesi 6ngoriilmektedir. Alim garantilerinin ve kurdaki artiglarin da etkisiyle YEKDEM
kapsamindaki garantili fiyatlardan yararlanmak isteyen yenilenebilir enerji santrallerinin
sayis1 yiikselmistir.

Bu ¢alismada; Tiirkiye’de 2019 ve 2021 yillarindaki elektrik iiretimi degerleri ve kaynaklara
gore dagilimi karsilastirilmistir. Toplam elektrik {iretiminde yerli (% 50,6) ve ithal (% 49,4)
kaynaklarin paylar1 esit diizeylerde olup, yaklasik olarak % 50 diizeylerindedir. Tiirkiye’de
2021 yilinda yenilenebilir kaynaklardan iiretilen elektrigin (118 514 469 MWh) pay1 % 35,8,
fosil kaynaklardan firetilen elektrigin (212 977 466 MWh) payr ise % 64,2 olarak
gerceklesmistir. Tiirkiye’de 2021 yilinda baslica yenilenebilir kaynaklar olan; hidrolik
kaynaklardan % 16,80, riizgardan % 9,39, giinesten % 4,01, jeotermalden % 3,25 ve
biyogazdan % 2,30 oranlarinda elektrik tiretilmistir.

Anahtar Kelimeler: Tiirkiye, Yenilenebilir enerji, Elektrik iiretimi
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ELECTRICITY GENERATION FROM RENEWABLE ENERGY SOURCES IN
TURKEY

ABSTRACT

Turkey is a country rich in renewable energy resources due to its geographical location and
geological structure. Making maximum use of these resources will both contribute to energy
supply security and pave the way for the creation of new employment areas. It is predicted
that, by 2023 30% of Turkey's total energy demand will be met from renewable energy
sources and the share of natural gas in electricity production will be reduced to below 30%.
With the effect of purchase guarantees and the increase in the exchange rate, the number of
renewable energy plants that want to benefit from the guaranteed prices within the scope of
YEKDEM has increased.

In this study; the electricity generation figures in Turkey and their distribution by sources of
generation in 2019 and 2021 were compared. Almost half of the produced electricity (50.6%)
is from domestic power plants. In Turkey, the share of electricity produced from renewable
sources (118 514 469 MWh) in 2021 was 35.8%, while the share of electricity produced from
fossil sources (212 977 466 MWh) was 64.2%. Main renewable sources of electricity
distribution in Turkey in 2021 are 16.8% from hydroelectric plants, 9.39% from wind, 4.01%
from solar, 3.25% from geothermal and 2.3% from biogas.

Keywords: Turkey, Renewable energy, Electricity generation
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OZET

Enerji fiyatlarinin hizla artmasi ve iklim krizi ile miicadele icin fosil kaynakli enerjiler yerine,
yenilenebilir enerji kaynaklarina duyulan ilgi artarak devam etmektedir. Tiirkiye’de bazi
girisimciler gilines enerjisinin kaynak olarak kullanildig1 enerji kooperatifleri kurmaktadirlar.
Enerji ve Tabii Kaynaklar Bakanligi, son giinlerde (Temmuz, 2022) Tiirkiye’nin giines
enerjisinden elektrik iiretiminde Avrupa’da birinci, diinyada dordiincli sirada oldugunu
aciklamigtir. Bakanlik, Tiirkiye’de yenilenebilir enerji kurulu giicliniin % 54’e yiikseldigini
bildirmistir.

Bu calismada, Tiirkiye’de yenilenebilir enerji iiretim ve tiiketiminin artirilabilmesi igin
yenilenebilir enerji kooperatiflerinin 6nemi tartisilmistir. Teorik olarak yerel dlgekte giines ve
rizgardan enerji lreten kooperatifler ¢oziim olabilecektir. Bununla birlikte, her yi1l % 8
oraninda artan enerji talebini uzun vadede enerji kooperatifleri ile karsilamak zor olacaktir.
Tiirkiye’de son donemde hizla artan enerji fiyatlarina ragmen, Avrupa’da yaygin olarak
karsilagilan enerji kooperatifciligi modeli heniiz ragbet gormemektedir. Giliniimiizde sadece 9
kooperatif aktif bir sekilde calismaktadir. Tiirkiye’de enerji iiretimine her an baglayabilecek
olan, ancak kurulum asamasinda kalan 41 kooperatif bulunmaktadir.

Normal kosullarda kooperatiflerin ortak bir arazide kurduklar1 gilines veya riizgar
santrallerinden (GES ve RES) fiiretilen elektrik sebekeye verilmekte ve sebekeden tiim
iiyelerine ulastirilmaktadir. Mahsuplagsma sonucunda, tiretimden fazla kullanilirsa, {iyelerin
o0deme yapmakta, enerji artmigsa sebekeye satistan iiyeler gelir elde etmektedir. Bitisik
konutlarda veya organize sanayi bolgelerinde (OSB) iiretilen enerjinin kendi iglerinde
kullanilmakta ve dagitimi yapilabilmektedir. Giinlimiizde uluslararasi sirketler, iklim krizi ile
miicadelelerinde, siirdiiriilebilir iiretim yapan tedarikgileri tercih ettiklerinden, bu tiir
girisimlerin cogalmasi gerekmektedir.

Anahtar Kelimeler: Tiirkiye, Yenilenebilir enerji, Kooperatiflesme
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RENEWABLE ENERGY COOPERATIVES FOR TURKEY

ABSTRACT

The interest in renewable energy sources, instead of fossil-based energies, continues to
increase in order to combat the rapid increase in energy prices and the climate crisis. Some
entrepreneurs in Turkey are establishing energy cooperatives in which solar energy is used as
a resource. The Ministry of Energy and Natural Resources announced recently (July, 2022)
that Turkey ranks first in Europe and fourth in the world in electricity generation from solar
energy. The Ministry reported that the installed capacity of renewable energy in Turkey rose
to 54%.

In this study, the importance of renewable energy cooperatives is discussed in order to
increase renewable energy production and consumption in Turkey. Theoretically,
cooperatives that produce energy from the sun and wind on a local scale can be the solution.
However, it will be difficult to meet the energy demand increasing by 8% each year with
energy cooperatives in the long run. Despite the rapidly increasing energy prices in Turkey
recently, the energy cooperative model, which is widely encountered in Europe, is not in
demand yet. Today, only 9 cooperatives are active. There are 41 cooperatives in Turkey that
can start energy production at any time, but remain in the establishment phase.

Under normal conditions, electricity produced from solar or wind power plants (GES and
RES) established by cooperatives on a common land is supplied to the grid and delivered to
all members from the grid. When monthly production of energy does not meet the energy
demand, the members have to pay the difference. On the other side of the equation, when the
production is more than the demand, the members bill the difference to the grid. The energy
produced in the same grid, both from residences and organized industrial zones (OSB) can
balance the energy draw of their neighbors. Today, such initiatives should be increased, as
international companies prefer sustainable production suppliers in their fight against the
climate crisis.

Keywords: Turkey, Renewable energy, Cooperatives

16

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

PREDICTION OF TOXICITY BASED ON LINEAR REGRESSION, SVM AND GPR
MACHINE LEARNING ALGORITHMS

Sema DEMIRCI UZUN

Departmentof Engineering Sciences/Engineering-Architecture Faculty, Izmir Katip Celebi
University

ORCID: 0000-0002-6445-5464

Vahide BULUT

Departmentof Engineering Sciences/Engineering-Architecture Faculty, Izmir Katip Celebi
University

ORCID: 0000-0002-0786-8860

Aytug ONAN

Department of Computer Engineering /Engineering-Architecture Faculty, Izmir Katip Celebi
University

ORCID: 0000-0002-9434-5880

Abstract

Metal and metal oxide nanoparticles (MeNPs, MeONPs) are utilized in various application
areas. They play critical roles in the pharmaceutical industry, in particular, as drug candidates
and functionalized medicinal compounds [1-2]'2. However, they have distinct toxicity
patterns comparing with their macroscale versions. The reduced size at nano-scale leads to
exponentially increasing the number of interactions with bio-nano interfaces. Understanding
these interactions and their potential roles has fundamental importance for identifying future
nanotoxicology paradigms [3]°. Testing of the biological uptake, biodistribution, and impacts
of MeONPs, which can be used to understand important nano-bio modes of action, is
significantly hampered by the tremendous physicochemical and structural variety of these
particles. Intelligent testing solutions that use non-testing predictive modeling should be
created in order to outperform the extremely resource-intensive case-by-case testing.

In recent years, Machine Learning (ML) has become a part of information technology and
because of this; it places at the center of our life. With the increasing amounts of data, the ML
mainstays of data analysis for technological progress [4]*.

! Medina C., Santos-Martinez M., Radomski A., Corrigan O., Radomski M., Nanoparticles: pharmacological and
toxicological signi_cance. British journal of pharmacology, 2007, 150, 552-558.

2 Vinardell M., Mitjans M., Antitumor activities of metal oxide nanoparticles. Nanomaterials, 2015, 5, 1004-
1021.

3 Sengul A.B., Asmatulu E., Toxicity of metal and metal oxide nanoparticles: a review, Environ Chem Lett,
2020, 18, 1659-1683.

4Smola, A., & Vishwanathan, S.V. Introduction to Machine Learning. Machine Learning Refined, 2020.
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ML has different applications in different areas such as web search, translation, natural
language processing, autonomous self-driving vehicles, and in the sciences like medical
diagnostics [5-9]°°7%°, nano sciences [10]'°, bioinformatics [11,12]'''? social media analysis
[13]'%, and robotics [14-15]'4!5. ML methods are also very popular to increase innovative
design of new materials, chemicals and chemical processes [16]'®. Regression techniques in
ML are used to measure the relationships between dependent and independent variables. The
statistical model Linear Regression (LR) establishes a linear model between an independent
and dependent variables [17]'7. Support Vector Machine (SVM) is currently a very popular in
the statistical learning and widely used for regression and classification of data. SVM’s
purpose is to obtain good generalization on learning patterns based on the structural risk
minimization (SRM) [18]'®. The Gaussian Process (GP) models produces data in some

domain and a multivariate Gaussian distribution is utilized by any finite subset of this domain
[19]".

5> Capper, D.; Jones, D. T.; Sill, M.; Hovestadt, V.; Schrimpf, D.; Sturm, D.; Koelsche, C.; Sahm, F.; Chavez, L.;
Reuss, D. E.; et al. DNA Methylation-Based Classification of Central Nervous System Tumours. Nature 2018,
555, 469-474.

¢ Klauschen, F.; Miiller, K.-R.; Binder, A.; Bockmayr, M.; Higele, M.; Seegerer, P.; Wienert, S.; Pruneri, G.; de
Maria, S.; Badve, S.; et al. Scoring of Tumor-Infiltrating Lymphocytes: From Visual Estimation to Machine
Learning. Semin. Cancer Biol. 2018, 52, 151-157.

7 Jurmeister, P.; Bockmayr, M.; Seegerer, P.; Bockmayr, T.; Treue, D.; Montavon, G.; Vollbrecht, C.; Arnold,
A.; Teichmann, D.; Bressem, K.; et al. Machine Learning Analysis of DNA Methylation Profiles Distinguishes
Primary Lung Squamous Cell Carcinomas From Head and Neck Metastases. Sci. Transl. Med. 2019, 11, No.
eaaw8513

§ Ardila, D.; Kiraly, A. P.; Bharadwaj, S.; Choi, B.; Reicher, J. J.; Peng, L.; Tse, D.; Etemadi, M.; Ye, W.;
Corrado, G.; et al. End-to-End Lung Cancer Screening With Three-Dimensional Deep Learning on Low-Dose
Chest Computed Tomography. Nat. Med. 2019, 25, 954— 961.

° Binder, A.; Bockmayr, M.; Hagele, M.; Wienert, S.; Heim, D.; Hellweg, K.; Ishii, M.; Stenzinger, A.; Hocke,
A.; Denkert, C.; et al. Morphological and molecular breast cancer profiling through explainable machine
learning. Nat. Mach. Intel. 2021, 3, 355-366.

10 Leinen, P.; Esders, M.; Schiitt, K. T.; Wagner, C.; Miiller, K.-R.; Tautz, F. S. Autonomous Robotic
Nanofabrication With Reinforcement Learning. Sci. Adv. 2020, 6, No. eabb6987.

I Lengauer, T.; Sander, O.; Sierra, S.; Thielen, A.; Kaiser, R. Bioinformatics Prediction of HIV Coreceptor
Usage. Nat. Biotechnol. 2007, 25, 1407—1410.

12 Senior, A. W.; Evans, R.; Jumper, J.; Kirkpatrick, J.; Sifre, L.; Green, T.; Qin, C.; Z idek, A.; Nelson, A. W_;
Bridgland, A.; et al. Improved Protein Structure Prediction Using Potentials From Deep Learning. Nature 2020,
577,706-710.

13 Perozzi, B.; Al-Rfou, R.; Skiena, S. DeepWalk: Online Learning of Social Representations. Proceedings of the
20th ACM SIGKDD International Conference on Knowledge Discovery and Data Mining; New York, NY,
USA, 2014; pp 701-710.

! Thrun, S.; Burgard, W.; Fox, D. Probabilistic Robotics; MIT Press: Cambridge, MA, 2005.

15 Won, D.-O.; Miiller, K.-R.; Lee, S.-W. An Adaptive Deep Reinforcement Learning Framework Enables
Curling Robots With Human-Like Performance in Real World Conditions. Sci. Robot. 2020, 5, No. eabb9764.

16 Tkatchenko, A. Machine Learning for Chemical Discovery. Nat. Commun. 2020, 11, 4125.

17 Sankranti Srinivasa Rao, Stock Prediction Analysis by using Linear Regression Machine Learning Algorithm,
International Journal of Innovative Technology and Exploring Engineering (IJITEE), ISSN: 2278-3075,
Volume-9 Issue-4, February 2020.

18 Basak, Debasish & Pal, Srimanta & Patranabis, Dipak. Support Vector Regression. Neural Information
Processing — Letters and Reviews. 11, 2007.

19 Ebden, M. Gaussian Processes: A Quick Introduction. arXiv: Statistics Theory, 2015.
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The Decision tree algorithms are first used [20]?° for prediction using the dataset in [21]°!.
Since the scores were low, we used Neural Network algorithms to improve the results [22]?2.
In this study, to enhance the scores Linear, Robust Linear regression techniques, Linear SVM,
Quadratic SVM, Cubic SVM, Fine Gaussian SVM, Medium Gaussian SVM, Coarse Gaussian
SVM, Squared Exponential GPR, Matern 5/2 GPR, Exponential GPR, Rational Quadratic
GPR, SVM Kernel and Least Squares Regression Kernel techniques are used to predict the
cytotoxicity of the inorganic MeONPs considering their physicochemical properties. The

results are given in Table 1 according to dataset in [21] as follows:

Table 1: Regression results according to the LR, SVM and GPR algorithms

Yontem / Olgiitler RMSE | R-Squared | MSE
Linear Regression 0.2331 0.56 0.054313
Robust Linear 0.20803 0.64 0.043275
Linear SVM 0.15907 0.79 0.025305
Quadratic SVM 0.15606 0.80 0.024353
Cubic SVM 0.15426 0.80 0.023796
Fine Gaussian SVM 0.29656 0.26 0.087946
Medium Gaussian SVM 0.14128 0.83 0.019959
Coarse Gaussian SVM 0.20209 0.66 0.040839
Squared Exponential GPR 0.34154 0.02 0.11665
Matern 5/2 GPR 0.34154 0.02 0.11665
Exponential GPR 0.14368 0.83 0.020645
Rational Quadratic GPR 0.14311 0.83 0.020481
SVM Kernel 0.14736 0.82 0.021714
Least Squares Regression Kernel | 0.15707 0.79 0.024669

As seen in Table 1, Medium Gaussian SVM method is the best method in terms of mean
absolute error (RMSE= 0.14128), mean square error (MSE=0.019959), and R-squared
measure (R-squared=0.83) among all the configurations in Table 1 and also previous results
obtained in [20] and [22].

Keywords: Metal/Metaloxide Nanoparticles, physicochemical parameters, Linear regression,
Support Vector Machine (SVM).

20 Uzun, S. D., Onan, A. and Bulut, V. Decision tree based toxicity identification of metal and metal oxide
nanoparticles. Izmir International Conference on Technology and Social Sciences (IICTSS), 2022.

21'V. Kovalishyn, N. Abramenko, I. Kopernyk, L. Charochkina, L. Metelytsia, I. V. Tetko, W. Peijnenburg, L.
Kustov, Modelling the toxicity of a large set of metal and metal oxide nanoparticles using the OCHEM platform,
Food and Chemical Toxicology, Volume 112, 2018, Pages 507-517, ISSN 0278-6915,
https://doi.org/10.1016/j.fct.2017.08.008.

22 Uzun, S. D., Bulut, V. and Onan, A. Toxicity Identification Using The Neural Network Algorithms. 3rd
International Conference on Applied Engineering and Natural Sciences ICAENS 2022, 2022.
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OZET

Hesaplamali geometrinin ilgilendigi problemlerden biri de diizlemsel digbiikey govdelerin
hesaplanmasidir. Literatiirde bir nokta kiimesinin digbiikey (konveks) govdesi, tiim noktalar1
iceren en kii¢iik digbiikey kiime veya noktalari iceren tiim digbiikey kiimelerin kesisimi olarak
ele alinirken ¢alismamizda digbiikey govde, eldeki noktalarin tiim olas1 disbiikey kiimelerinin
kombinasyonu seklinde incelenmistir [1], [2]. Diger taraftan disbiikey gévde kombinasyonu
teknoloji ve sanayinin dnemli operasyonlarindan biri olan rafineri isleminde karisimlarin
ayristirtlmasi konusunda farkli bir bakis ortaya koyarak ¢6ziim sunmaktadir. Bu kapsamda ele
alman karisim oOrnekleri ortaya konulan metotlar sayesinde bilesenlerine ayristirilmistir.
Ayrigtirma igleminin yaninda eldeki temel maddelerden istenilen herhangi bir karigimin
mimkiin olup olmadiginin da tespiti yapilabilmektedir. Bu c¢alismada temsili noktalarin
digbiikey kiimesini hesaplayan yontem ve herhangi bir noktanin bu kiime igerisinde olup
olmadigmi test eden metotlar sayesinde ele aliman endiistriyel problemler geometrik
perspektif agisindan ele alinmis ve incelenmistir.

Anahtar Kelimeler: Hesaplamali geometri, disbiikey govde, diizlemsel digbiikey govde,
konveks kiime kombinasyonu, rafineri islemleri, ayristirma

THE IMPORTANCE OF CONVECKET BODY COMBINATION IN THE REFINING
PROCESS

ABSTRACT

One of the problems that computational geometry deals with is the computation of planar
convex hulls. In the literature, the convex hull of a point cluster is considered as the smallest
convex set containing all points or the intersection of all convex set containing the points [1],
[2] in our study, the convex hull is examined as the combination of all possible convex set of
the points at hand. On the other hand, the convex hull combination offers a solution by
presenting a different perspective on the decomposition of mixtures in the refinery process,
which is one of the important operations of technology and industry. The mixture samples
discussed in this context were decomposed into their components by the methods introduced.
In addition to the decomposition process, it is also possible to determine whether any desired
mixture is possible from the basic materials at hand. In this study, industrial problems are
discussed and examined from a geometric perspective, thanks to the method that calculates
the convex set of representative points and the methods that test whether any point is in this
set.

Keywords: Computational geometry, convex hull, planar convex hull, convex set
combination, refinery operations, decomposition
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OZET
1950 yilinda Szész, kendi adiyla bilinen operatoriinii f € C[0, o) icin asagidaki sekilde
tanimlamistir:

- o k .k
Su(fi%) = e T B f (), x € [0, ).
1969 yilinda Jakimovski ve Leviatan, Favard- Szasz tipli operatorleri Appell polinomlar
yardimiyla

Jn(fi%) = ST () £5) , x € [0,00)

seklinde genellestirdiler.
Daha sonra 1996 yilinda Ciupa, bu operatorlerin asagidaki Durrmeyer tipli integral

modifikasyonunu tammladl
l+ k+1

P.(f;x) = mg(l) X2 oPi(nx) [ e AR (E)dt, x € [0, o).

Burada g(z) = Yr-oanz™, |z| <R, (R > 1) diskinde analitik bir fonksiyon, g(1) # 0 ve
pr(x) =0, k>0, asagidaki formda wverilen firete¢ fonksiyonlara sahip Appell
polinomlaridir:

gwe™ = p(ut
k=0

2005 yilinda Ismail, Cy(u; a) Poisson-Charlier polinomlarmin iirete¢ fonksiyonunu asagidaki
formda tanimladi:

Z Cr (u; a)— =el(1 —2)“, lt] < a.

Burada
k

csa) =y (4w, (2)

r=0

T

ve (a), Pochammer sembolii olup;

(@ =1, (@), = “F"E*)") a(@+1)..(a+k—1),k=1,2,..dir

Poisson-Charlier polinomlari a > 0 ve u < a igin pozitiftir.

2012 yilinda Varma ve Tagdelen ise Szdsz operatdrlerinin genellestirmesi olan, ayrik
ortogonal polinomlardan biri olan Charlier polinomlarin1 iceren pozitif lineer operatorleri
tanimladilar:
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_ L mx N C (—(a—Dnx;a) [k
L,(f;x,a) =e 1(1—5)( D 2 k f(g),a>1

k!
k=0

ve Korovkin tip teorem yardimiyla bu operatorlerin diizgiin yakinsakligini incelediler. Ayrica
klasik siireklilik modiiliinii kullanarak yaklagimin derecesi ile ilgili baz1 sonuglar elde ettiler.
Bu caligmalardan hareketle 2018 yilinda Deo ve Dhamija, f € C[0, o) icin asagida verilen
Durrmeyer tipi Charlier- Szasz pozitif lineer operatorlerini tanimladilar:

C Cr(—(a—Dnx;a) Atk

-1 1 a—1)nx
V.(f;x,a)=ce (1—5)( ) Z Kl F(A+k+1)f

k=0
Buradaa > 1,4 > 0,x € [0, ) ve I' gamma fonksiyonudur.

a — o ve A = 0 i¢in Mazhar ve Totik’in tanittig1 asagidaki Szasz -Durrmeyer operatorlerini
elde ederiz:

Ln(f32) = n 5oy f(OPne(£)dt)Pre ().

Bu calismada V;,(f; x, a) ile verilen Charlier- Szasz - Durrmeyer tipi operatorlerinin kompakt
kiimeler iizerinde Korovkin tip teorem yardimiyla yaklagimi incelenmistir. Daha sonra
stireklilik modiilii yardimiyla yakinsama hiz1 elde edilmistir. Ayrica Voronovskaja tip teorem
verilmistir.

Anahtar Kelimeler: Szisz -Durrmeyer tipi operatorler, Charlier polinomlari, Siireklilik
modiilii, Yaklasim hizi.

_nttll-l-kf(t)dt.

CHARLIER- SZASZ- DURRMEYER TYPE OPERATORS

ABSTRACT
In 1950, Szasz defined his well-known operator for f € C[0, o) as follows:

nx oy 0K ok
Sn(f;2) = e T o~ f(5), x € [0,00).
In 1969, Jakimovski and Leviatan introduced the generalizations of Favard- Szész type
operators by means of the Appell polynomials:

Jn(fi2) = S5 S k) £G), x € [0,00)

In 1996, Ciupa studied the following Durrmeyer-type integral modification of these
operators:

P.(f;x) = mg(l) Zk opk(nx)f e MtMEF(t)dt, x € [0, ).

where, g(z) = Yr—oanz™ is an analytic function in the disk |z| < R(R > 1), g(1) # 0 and
pr (x) > 0,, k = 0is the Appell polynomials have the generating functions of the following
form:

l+k+1

gwe™ = p(ut

In 2005, Ismail defined the generator function of Ci(u; a) Poisson-Charlier polynomials in
the following form:
k
Yo Cewa) = = et (1 -4, lt] < a.
where
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k

N W 1y
-3 (), ()
r=0
and (a)y is the Pochhammer’s symbol given as:
(@0 =1, (@) =2 =a(@+ D . (@+k =1,k =12,..

These Poisson—Charlier polynomials are positive fora > 0 and u < a.

Recently, in 2014, Varma and Tasdelen introduced positive the linear operators involving
Charlier polynomials, one of the discrete orthogonal polynomials which were generalization
of Szasz operators:

[oe)

_ 1 ime N Ce(—(@a—Dnx;a) _k
L,(f;x,a) =e 1(1—5)( D 2 k f( ),a>1

k! n
k=0

and they gave convergence properties of these operators with the help of Korovkin’s theorem.
Also they obtained the order of approximation by using the classical modulus of continuity.
Based on these studies, in 2018, Deo and Dhamija introduced the following Durrmeyer type
Charlier- Szasz positive linear operators for f € C[0, 00):

o Co(—(a—Dnx;a) nrtktt

|4 (fx a) — 6_1(1 _ l)(a—l)nx
nM a Eko k! FA+k+1)
= 0

where a > 1, 1 >0, x € [0, ) and I" is gamma function.
As a = oo and A = 0, we obtain again the following Sz4sz —Durrmeyer operators introduced
by Mazhar and Totik:

Ln(f3 ) = nZieo(fy F(OPne(Dd)Pr ().

In this study, the approximation of the Charlier- Szasz -Durrmeyer type operators given by
V,,(f; x,a) on compact sets with the help of Korovkin type theorem is examined. Then, the
convergence rate is obtained with the aid of the modulus of continuity. Also, Voronovskaja
type theorem is given.

Keywords: Szasz -Durrmeyer type operators, Charlier polynomials, Modulus of continuity,
Rate of convergence.

e—nttl‘ka(t)dt
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Ag-NHC COMPLEX WITH ANTIMICROBIAL POTENTIAL
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ABSTRACT

N-heterocyclic carbene (NHC)-supported silver complexes are highlighted as
pharmaceutically relevant systems due to their favorable structural diversity engineered by
various N-heterocyclic core molecules and various functionalized substituents, and in their
appropriate combination with a silver source develop as synergistically effective drug
candidates. These systems are highly researched for their antibacterial and anticancer
properties, with silver as the active ingredient and various substituted N-heterocyclic core
molecules resulting in favorable lipophilicity of the complex helping to deliver the metal ion
to the target site.
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Figure 1. Dietoxyethyl functional Ag-NHC complexes

Within the scope of the study, silver-NHC (Ag-NHC) complexes were synthesized from the
reaction of Ag>O with benzimidazolium salts. Characterizations of the synthesized Ag-NHC
complexes were made by 'H NMR, '3C NMR and microanalysis techniques. The biological
activity properties of these complexes were investigated according to the EUCAST and CLSI
protocols.

Keywords: Silver Carbene Complexes, Biological Activity, N-Heterocyclic Carbene
Acknowledgment: This study was supported by TUBITAK project no 120R030.
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ANTIMICROBIAL PROPERTIES OF BENZIMIDAZOLIUM SALTS
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ABSTRACT

Azoleum salts are generally used as precursors of metal-NHC complexes and are often one of
the by-products produced from the degradation of NHC-metal complexes. In extensive
literature searches, little research has been done on the antimicrobial and antifungal properties
of azolium salts with respect to various N-substituents.

e o’
:@EN/> 0/+\ . DMF :@EJ,:,)/;f 0™\
N N

\

R
Scheme 1. Synthesis of 5,6-Dimethyl Benz Imidazolium salts.

Within the scope of the study, new benzimidazolium salts were prepared from the reaction of
I-alkylbenzimidazole with alkyl halides in DMF. Characterizations of benzimidazolium salts
were made by '"H NMR, *C NMR and microanalysis techniques.
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Antimicrobial activity studies of the prepared compounds were performed according to the
EUCAST and CLSI methods.

Keywords: Benzimidazolium Salts, Antimicrobial Activity
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ALJINAT/SEPIYOLIT KOMPOZIT KURELERLE METILEN MAVISi
ADSORPSiYONU
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OZET

Bir polisakkarit olan aljinat, pek ¢ok alanda yaygin olarak kullanilan biyo-materyallerden
biridir. Aljinat jeli, kalsiyum gibi iki degerlikli iyonlarin varliginda ¢apraz baglanarak, film ya
da mikrokiireler olusturur. Iyonotropik jelasyon denilen yéntemle olusturulan mikro-kiireler,
organik ya da inorganik yapilarin adsorpsiyonunda kullanilabilir. Adsorpsiyon 6zellikleri ve
fiziksel dayanikliliklarinin arttirilmasi i¢in bazen yapiya cesitli dogal mineraller ya da
dogal/yapay polimerler katilabilir.

Bu calismada Aljinat polimeri ve Sepiyolit minerali ile kompozit boncuklar hazirlanmas,
ardindan boncuklarin bir model boyar madde olan metilen mavisilMM) adsorpsiyonunda
kullanim1 arastirilmistir. Adsorpsiyonun baslangic MM derisimi, pH, adsorban kiitlesi, zaman
ve sicaklik ile degisimi incelenmistir.

Adsorpsiyon izotermi ve ii¢ modele uyumu asagida goriildiigii gibidir. izoterm Giles’e gore
C-tiptir. 2000 mg g (6.25x10° mol L) baslangi¢ derisiminde bile izoterm dengeye
ulasmamis artmaya devam etmistir. Adsorpsiyon kapasitesi 190 mg g™ (0.6 mol kg!)’den
biiytiktiir.

Dubinin-Radushkevich izoterminden elde edilen adsorpsiyon enerjisi 7.40 kJ mol’!
bulunmustur. Bu veriye gore adsorpsiyonunu fiziksel oldugu sdylenebilir.

B, Freundlich izoterm sabiti’nin 1’e yakinligi, kompozitlerin metilen mavisine olan ilgisini
gosterir.
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Adsorpsiyonun ortam pH’sindan bagimsiz oldugu sonucuna varilmastir.

Elde edilen diger veriler de gbz oOniinde bulunduruldugunda, Aljinat/Sepiyolit kiirelerin,
metilen mavisi ve benzeri organik yapilar i¢in iyi bir adsorban oldugu séylenebilir.

Anahtar Kelimeler: Aljinat, Sepiyolit, Metilen Mavisi, Adsorpsiyon

METHYLENE BLUE ADSORPTION WITH ALGINAT/SEPIOLITE COMPOSITE
BEADS

ABSTRACT

Alginate, a polysaccharide, is one of the widely used biomaterials in many fields. Alginate gel
is cross-linked in the presence of divalent ions such as calcium, forming films or
microspheres. Microspheres formed by ionotropic gelation can be used for the adsorption of
organic or inorganic structures. Various natural minerals or natural/artificial polymers can
sometimes be added to the structure to increase their adsorption properties and physical
durability.

We prepared the composite beads with Alginate polymer and Sepiolite minerals in this study.
Then, we investigated the use of the beads in the adsorption of methylene blue (MM), a model
dyestuff. We investigated the variation of adsorption with initial MM concentration, pH,
adsorbent mass, time, and temperature.

The adsorption isotherm and its fit to the three models are below. The isotherm is C-type,
according to Giles. Even at the initial concentration of 2000 mg g (6.25x10-3 mol L), the
isotherm did not reach equilibrium and continued to increase.

Its adsorption capacity is above 190 mg g™ (0.6 mol kg™).

It is 7.40 kJ mol! in the adsorption energy obtained from the Dubinin-Radushkevich
isotherm. According to this data, it can say that the adsorption is physical.

Beta, Freundlich isotherm constant close to 1 indicates the affinity of composites for
methylene blue.
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The adsorption was independent of the ambient pH.

Considering the other data obtained, it can say that Alginate/Sepiolite spheres are suitable

adsorbent for methylene blue and similar organic structures.

Keywords: Alginate, Sepiolite, Methylene Blue, Adsorption

29

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

METHYL PARABEN ADSORPTION ON FERRITE/GRAPHENE OXIDE
MAGNETIC HYBRID ADSORBENTS

Yagmur SISMAN
Ege University, Faculty of Engineering, Chemical Engineering Department
ORCID: 0000-0002-9129-976X

Burcu PALAS
Ege University, Faculty of Engineering, Chemical Engineering Department
ORCID: 0000-0002-2815-0057

Giilin ERSOZ
Ege University, Faculty of Engineering, Chemical Engineering Department
ORCID: 0000-0002-5875-5946

ABSTRACT

Water is fundamental for human and environmental health. In last years, the rapid
industrialization, climate change, low levels of groundwater, unconscious use of water and
urbanization cause the depletion of this natural resource. In addition, the effluents generated
and discharged from various industries contain large amounts of hazardous organic
compounds. The presence of endocrine disruptors including parabens in aquatic medium
threaten the environmental health due to their persistence in nature. Parabens have been
widely used as preservatives in the cosmetic, personal care product, food and pharmaceutical
industries. They are used in a variety of commercial products including toothpaste, shampoos,
shaving gels, topical/parenteral pharmaceuticals, and makeup. Parabens have also been used
as food additives. There are many types of parabens in the ingredients of the products and are
used with other types of preservatives. Methylparaben, propylparaben, butylparaben and ethyl
paraben are the most common types of parabens used in cosmetics. Recent research has
warned that exposure to parabens can have harmful consequences on human health.
Therefore, use of efficient and environmentally friendly wastewater treatment systems for the
removal of persistent organic compounds is of significance. Adsorption is an easy, cheap, and
safe method to remove contaminants from wastewater. In addition, this method is considered
as one of the most effective methods to reduce organic and inorganic pollution in wastewater.
In this frame, adsorption of the model pollutant, methyl paraben was performed by using
CuFe>04/Graphene oxide magnetic adsorbents. Response surface methods were applied to
examine the interactive effects of adsorption parameters. Box-Behnken Design was used to
investigate the effects of adsorbent loading, pH, and shaking rate on paraben removal
efficiency. Increasing the adsorbent loading and shaking rate improved the paraben removal
efficiency. The adsorbent was more effective in basic medium. The optimum adsorption
conditions were determined as 0.80 g/L adsorbent loading, pH 10 and 359 rpm shaking rate.
Under these conditions 38.9% paraben removal was calculated. The adsorption behavior and
adsorption capacity of the CuFe>O4/Graphene oxide adsorbent for removal of methyl paraben
was studied by plotting Langmuir, Temkin, Freundlich and Dubinin-Radushkevich isotherms
at equilibrium conditions. Langmuir isotherm model provided the best fit to the equilibrium
data with a regression coefficient of 0.97.

Keywords: Adsorption, Paraben, Magnetic Hybrid Materials, Ferrite, Graphene Oxide
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1. INTRODUCTION

Water is fundamental for human and environmental health. Recently, the rapid
industrialization, climate change, low levels of groundwater, unconscious use of water and
urbanization cause the depletion of this natural resource. In addition, the effluents generated
and discharged from various industries contain large amounts of hazardous organic
compounds. The major organic contaminants are antibiotics, herbicides, insecticides and
fertilizers (Muhmood and Uddin, 2020). In recent years, environmental problems about the
chemical and biological contamination of water have grown to be a significant issue for
society and industry. Due to domestic and industrial activities, wastewaters have contained
undesirable toxic pollutants. The procedures used in current wastewater treatment techniques
combine physical, chemical, and biological processes (Ceretta et al., 2021; Crini et al., 2019).
The improper discharge of these contaminants can cause a severe threat to the human and
environmental health. For the protection of water resources, adequate removal of organic
carbon (C), nutrients (nitrogen (N), and phosphorus (P) development of efficient wastewater
treatment systems is necessary (Agiiera et al., 2020).

Parabens have been widely used as preservatives in the cosmetic and pharmaceutical
industries. They can be found in shaving gels, shampoos, skin lotions, toothpaste, and make-
up. Parabens are also used as food additives (Eriksson et al., 2008). Generally, parabens are
synthetic chemicals. Parabens extend the shelf life of items by acting as protectors.
Additionally, the parabens reduce fungi and dangerous microorganisms. Methylparaben,
propylparaben, butylparaben and ethyl paraben are the most common types of parabens used
in cosmetics.

Due to the extensive use of parabens, they are detected in wastewaters and water sources and
tend to accumulate. Recent research has warned that the effects of paraben exposure on
human health can be negative (Ana, Francisco and Paula, 2016). Advanced oxidation,
biodegradation, and adsorption are the most commonly used wastewater treatment methods
for paraben removal. In the present study methyl paraben adsorption performance of copper
ferrite/graphene oxide composite adsorbent was investigated. In the parametric study,
response surface methods were used and the optimum adsorption conditions were determined
by Box-Behnken Design. Additionally, the adsorption isotherms were investigated.

2. EXPERIMENTAL STUDY

2.1. Preparation of CuFe204/Graphene Oxide Adsorbent

Graphene oxide was prepared from graphite powder according to the modified Hummers
method (Hu et al., 2014). In order to prepare CuFe.O4/Graphene oxide composite adsorbent,
aqueous solution of copper nitrate trihydrate, iron nitrate nonahydrate, and citric acid
monohydrate were prepared by adjusting the molar ratio of Cu:Fe:Acid to 2:1:3. To achieve a
10% by wt. graphene oxide content in the composite catalyst, the necessary amount of
graphene oxide was added to this solution. The suspension was sonicated for 30 minutes to
distribute the graphene oxide uniformly. The suspension was then heated to evaporate water
until the gel form was observed. The gel was dried at 120°C for 2 hours and calcined at 400°C
for 2 hours for the removal of the nitrates (Kodasma et al., 2020).

2.2 Experimental Set-Up and Procedure

An orbital shaker and Erlenmeyer flasks are used in the adsorption experiments. Copper
ferrite/ graphene oxide was used as adsorbent. The required amount of adsorbent was added
into the 200 mL of 20 ppm methyl paraben solution after the pH adjustment. Dilute H>SO4 or
NaOH solutions were used to adjust the pH.
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Shaking rate was set to the desired value and samples were taken at certain time intervals.

2.3. Analysis

The methyl paraben removal was determined by the reduction in its characteristic absorption
band, located at 254 nm. The absorbance measurement were performed by using a d by using
a UV-Spectrophotometer.

Paraben removal efficiencies were evaluated according to the Equation 1:

. Ao'At
Removal Efficiency, %= [ A ] x100 (Eq. 1)
(0]
where A, is the initial absorbance value and A is the absorbance value measured at time t.

2.3 Parametric Study

In the parametric study, the interactive effects of adsorbent loading, initial pH and shaking
rate on paraben removal were investigated by using Box Behnken Design to determine the
most suitable adsorption conditions. The experimental plan was shown in Table 1.

Experiments Adsprbent pH Shaking Rate
Loading (g/L) (rpm)
1 0.20 4 350
2 0.80 4 350
3 0.20 10 350
4 0.80 10 350
5 0.20 7 300
6 0.80 7 300
7 0.20 7 400
8 0.80 7 400
9 0.50 4 300
10 0.50 10 300
11 0.50 4 400
12 0.50 10 400
13 0.50 7 350
14 0.50 7 350
15 0.50 7 350

Table 1. Experimental plan for the adsorption parametric study

3.0 RESULTS AND DISCUSSION

3.1. Interactive Effects of Adsorption Parameters

Three different adsorbent loadings (0.20 g/L, 0.55 g/L and 0.80 g/L) and pH values (4, 7, and
10) were tested to investigate the interactive influences of pH and of adsorbent loading. The
results are shown in Figure 1.
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Figure 1. Surface (a) and contour (b) plots showing the interactive effects of adsorbent
loading and pH.

According to the surface and contour plots, as adsorbent loading methyl paraben removal
efficiencies were improved. The increase in the removal efficiencies can be explained by the
availability of more active sites for adsorption (Danial Nayeri et al., 2019). The paraben
removal was favored in basic medium and as solution pH increases higher adsorption
efficiencies were obtained.

The interactive effects of pH and shaking rate on the adsorption efficiency are presented in
Figure 2. Shaking rates of pH 300, 350, and 400 rpm and pH 4, 7, and 10 were tested by
keeping the adsorbent loading at 0.5 g/L. From Figure 2, the increasing the shaking rate
resulted in increase in adsorption efficiencies up to a certain shaking speed. Above this speed,
the adsorption efficiencies decreased. Enhancement of the adsorption efficiencies can be due
to the fact that with the increased turbulence, boundary layer thickness around the adsorbent
particles decreases (Kavand et al., 2020). The movement of the molecules of the pollutant
around per unit adsorbent was promoted by increasing shaking rate up to 359 rpm, which in
turn, facilitate the accessibility of paraben onto the adsorbent. The decrease in the adsorption
efficiencies at high shaking speed can be explained by insufficient time for adsorption as a
result of the vortex phenomena (Mohammed and Kareem, 2019).
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Figure 2. Surface (a) and contour (b) plots showing the interactive effects of pH and shaking
rate.
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The model equation expressing the methyl paraben adsorption on copper ferrite/graphene
oxide adsorption is:

The optimum adsorption conditions were determined as 0.80 g/L. adsorbent loading, 359 rpm
shaking rate and pH 10. Under these conditions, the adsorption efficiency is calculated as
38.9%.

3.2. Adsorption Isotherms

At the optimized pH and shaking rate, five different adsorbent loadings (0.25 g/L, 0.50 g/L,
0.80 g/L, 1.0 g/L ad 1.5 g/L) were used to collect the adsorption equilibrium data. The
adsorption behavior of the CuFe2O4/Graphene oxide adsorbent for removal of methyl paraben
was studied by plotting Langmuir, Temkin, Freundlich and Dubinin-Radushkevich isotherms
at equilibrium conditions. Langmuir isotherm model provided the best fit to the equilibrium
data with a regression coefficient of 0.97.
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Figure 3. Adsorption Isotherm Models (a) Temkin, (b) Langmuir, (c) Dubinin-Radushkevich,
(d) Freundlich models

4. CONCLUSIONS

In this study, adsorption was applied for the removal of methyl paraben from aqueous
solutions. CuFe,O4/graphene oxide magnetic adsorbents were used for the paraben removal.
In the parametric and isotherm studies, the following terms are concluded:

o Increasing the adsorbent loading and pH enhanced the paraben removal efficiency

. Increasing the shaking rate above the optimum value resulted in a decrease in removal
efficiencies.

o The optimum adsorption conditions were determined as 0.80 g/L adsorbent loading,

pH 10 and 359 rpm shaking rate.
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o Langmuir isotherm model was the most suitable model to express the methyl paraben
adsorption onto CuFe>O4/graphene oxide composite adsorbent.
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IKINCIL JENERASYON YENIDEN KAZANIM YAPILAN KIRMA PLASTIK
MALZEMELERIN DONUSUMSUZ HAMMADDE KARISIM YUZDELERININ
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OZET

Gilinlimiizde plastik hammadde fiyatlarinin siirekli olarak artmasi nedeniyle 1skartaya ayrilan,
atil durumdaki kullanilmayan ancak yeniden kazanim ile ikincil jenerasyon plastik
materyallerin tekrarli kullanimlar1 giin gegtik¢e dnem kazanmaktadir.

Bu calismada, endiistride PP, PA, ABS, LDPE, HDPE ve PC basta olmak {izere plastik
hammaddesi olarak kullanilan malzemelerin geri doniisiim teknikleriyle yeniden elde
edilebilirligi incelenmistir. Mekanik 6zelliklerin detayli olarak incelenmesi ve analiz edilmesi
maksadiyla ana plastik hammaddeye sirasiyla; %5, %10, %15, %20, %25 ve %30 oranlarinda
kirma geri doniistiiriilmiis plastik malzemeler eklenmistir. Dozajlama prosesi ile optimum
olarak bilesimi ayarlanan karigimlardan enjeksiyon yoOntemi kullanilarak baski alinmasi
suretiyle standartlara uygun olarak sahit numuneler hazirlanmistir.

Uretilen sahit numunelere yine standartlara uygun olarak cekme, egme ve darbe testleri basta
olmak Tlizere mekanik testler uygulanmistir. Test sonuclar1 analiz edilerek plastik
malzemelerde ki mekanik degisimler saptanmis ve plastik pargalarin kullanim yerlerine gore
geri doniisiimlii, geri doniisiimsiiz veyahut kirma plastik malzeme ile ana plastik hammadde
maksimum karigim oranlar1 (ylizdeleri) i¢in ¢alisma kapsaminda optimal indeks tablo (Tablo
1) olusturularak, endiistrinin dogrudan kullanimina sunulmustur.

Ayrica yapilan deneysel caligmalar sonucunda Tablo 1'de verilen maksimum sinir degerlerin
asilmasi durumunda; molekiiler bozunmalar, lokal deformasyonlar ve 6zellikle agik renkli
plastiklerde bolgesel sararmalar gibi istenmeyen hata olusumlar1 gozlemlenmistir. Bu nedenle
yapisal bozunmalardan kaynakli olarak olusabilecek yanma izleri, renk bozunmalar1 ve
sararmalar gibi istenmeyen deformasyon olusumlarinin bertaraf edilmesi i¢in Tablo 1’de
verilen optimum parametrik degerler olduk¢a 6nem arz etmektedir.
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Tablo 1. Kirma plastik materyal ile ana plastik hammadde maksimum karisim yiizdeleri.

Plastik Malzemelerin Sembolleri Kirma Plastik Materyal ile
ve Ana Plastik Hammadde
Acik Adlandirmalar "Maksimum Karisum Yiizdesi"
1. PP (Polipropilen) % 15
2. PA 66 (Poliamid 66 (Naylon 66)) % 20
3. ABS (Akrilonitril Butadien Stiren) % 20
4. | HDPE (Polietilen (Yiiksek Yogunluk) % 15
5. | LDPE (Polietilen (Al¢ak Yogunluk)) % 15
6. PC (Polikarbonat) % 20
7. POM (Polioksimetilen (Asetal)) % 10
8. PMMA (Polimetilmetakrilat) % 0 (Kirma materyal kullanilmaz.)
9. SAN (Stirenakrilonitril) % 20
10. GPPS % 30

Yeniden kazanim prosesleriyle elde edilen ikincil plastik malzemelerden alinan sahit
numunelerin darbe dayaniminin azaldigi, ancak ¢ekme ve egme yiizdelerinin ise kayda deger
seviyelerde degismedigi saptanmistir. Ayrica plastik malzemelere haiz mekanik 6zelliklerin
korunarak, karakteristik nitelik 6zelliklerininde gelistirilebildigi yapilan ¢alismalar sonucunda
tespit edilmistir.

Anahtar Kelimeler: Dozajlama, Enjeksiyon, Plastik, Proses, Optimizasyon.

OPTIMIZATION OF NON-RECYCLED RAW MATERIAL MIXTURE
PERCENTAGES OF SECONDARY GENERATION RECYCLED CRUSHED
PLASTIC MATERIALS

ABSTRACT

Nowadays, due to the continuous increase in plastic raw material prices, the reuse of
secondary generation plastic materials, which are discarded, unused, but not used in an
inactive state, are gaining importance day by day.

In this study, the recyclability of materials used as plastic raw materials in the industry,
especially PP, PA, ABS, LDPE, HDPE and PC was investigated. In order to examine and
analyze the mechanical properties in detail, the main plastic raw materials are respectively;
5%, 10%, 15%, 20%, 25% and 30% of crushed recycled plastic materials were added.
Witness samples were prepared in accordance with the standards by using the injection
method from the mixtures whose composition was adjusted optimally by the dosing process.
Mechanical tests, especially tensile, bending and impact tests, were applied to the produced
witness samples in accordance with the standards. By analyzing the test results, the
mechanical changes in the plastic materials were determined and the optimum index table
(Table 1) was created within the scope of the study for the maximum mixing ratios
(percentages) of the recyclable, non-recyclable or crushed plastic materials and the main
plastic raw materials according to the places of use of the plastic parts presented.
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Table 1. Maximum mixing percentages of crushed plastic material and main plastic raw

material.
Symbols of Plastic Materials Crushed Plastic Material With
and Main Plastic Raw Material
Explicit Designations "Maximum Mixing Percentage"
1. PP (Polypropylene) % 15
2. PA 66 (Polyamide 66) % 20
3. | ABS (Acrylonitrile Butadiene Styrene) % 20
4. HDPE (Polyethylene (High Density) % 15
5. LDPE (Polyethylene (Low Density)) % 15
6. PC (Polycarbonate) % 20
7. POM (Polyoxymethylene (Acetal)) % 10
8. PMMA (Polymethylmethacrylate) % 0 (Crushed material is not used.)
9. SAN (Styrenacrylonitrile) % 20
10. GPPS % 30

In addition, if the maximum limit values given in Table 1 are exceeded as a result of the
experimental studies; undesirable error formations such as molecular degradation, local
deformations and local yellowing especially in light colored plastics have been observed. For
this reason, the optimum parametric values given in Table 1 are very important in order to
eliminate unwanted deformation formations such as burning traces, discoloration and
yellowing that may occur due to structural deterioration.

It was determined that the impact strength of the witness samples taken from the secondary
plastic materials obtained by the recycling processes decreased, but the tensile and bending
percentages did not change at significant levels. In addition, it has been determined as a result
of the studies that the mechanical properties of plastic materials can be preserved and their
characteristic properties can be improved.

Keywords: Dosing, Injection, Plastic, Process, Optimization.
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OZET

Giliniimiizde hizlanan dijital doniisiim ve Endiistri 4.0 teknolojileri her isletmenin odak noktasi
haline gelmistir. Bu durum pandemiyle de birlikte daha da énem kazanmustir. Isletmelerin
rekabet giiclinii koruyabilmeleri ve Endiistri 4.0 ¢agina ayak uydurabilmeleri i¢in verilerinin
kesintisiz, hatasiz ve slirdiiriilebilir bir sekilde toplanmasi, tanimlanmasi, analizi ve
yoOnetilmesi hayati 6nem tagimaktadir. Bu islem ise son teknolojiye de uygun olarak Otomatik
Tanimlama ve Veri Toplama (OT/VT) sistemleri ile gerceklestirilmektedir. Giiniimiizde bu
amaclar icin kullanilan barkod sistemleri, RFID teknolojisi ve el terminalleri gibi bir¢ok farkli
otomatik tanimlama sistemleri ve uygulamalart bulunmaktadir. Bu ¢aligmada Ankara’da
faaliyet gosteren bir mobilya isletmesinin Endiistri 4.0 ¢agina ayak uydurmasi amacglanmustir.
Bu dogrultuda isletmenin iiretim siirecinde yasadig1 problemler incelenmis ve bu problemlerin
kok neden analizi yapilmistir. Bu analiz sonucunda malzeme yOnetiminde tutulan verilerin
eksikligi ve tutarsizliginin ana kaynak oldugu tespit edilmistir. Belirlenen bu probleme ¢6ziim
onerisi olarak OT/VT sistemlerinden barkod sisteminin kurulmasi uygun gorilmiistiir.
Onerilen barkod sistemi i¢in Visual Studio 2015 programi Windows Form Application
uygulamasi kullanilarak ara yiiz tasarimi yapilmistir. Yapilan arayiliz tasarimi ile isletmenin
hammadde tedarik¢isinden miigteri sevkiyatina kadar olan tedarik =zinciri siireci takip
edilebilir hale gelmistir.

Anahtar Kelimeler: Endiistri 4.0; Kok Neden Analizi; Otomatik Tanimlama ve Veri
Toplama (OT/VT)

INTEGRATING THE AUTOMATIC IDENTIFICATION AND DATA COLLECTION
(AI/DC) SYSTEM INTO A BUSINESS

ABSTRACT

Today, digital transformation and Industry 4.0 technologies accelerated have become the focal
point of every business. This situation has become even more important with the pandemic. It
is vital for businesses to collect, define, analyze and manage their data in an uninterrupted,
impeccable and sustainable manner so that they can maintain their competitiveness and keep
up with the age of Industry 4.0. This process is carried out with Automatic Identification and
Data Collection (AI/DC) systems in accordance with the current technology. Today, there are
many different automatic identification systems and applications such as barcode systems,
RFID technology and hand terminals used for these purposes. In this study, it is aimed for a
furniture company operating in Ankara to keep up with the era of Industry 4.0. In this
direction, the problems experienced by the company in the production process were examined
and root cause analysis of these problems was made.
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As a result of this analysis, it has been determined that the lack and inconsistency of the data
kept in material management is the main source. As a solution proposal to this identified
problem, the establishment of a barcode system from AI/DC systems was deemed
appropriate. For the proposed barcode system, the interface was designed using the Windows
Form Application in Visual Studio 2015. With the interface design, the supply chain process
from the raw material supplier to the customer shipment has become traceable.

Keywords: Industry 4.0; Root Cause Analysis; Automatic Identification and Data Collection
(AI/DC)

1.GIRIS

Isletmelerde siirdiirebilir bir tedarik zinciri ydnetiminin olmasi i¢in tedarikgiler arasinda
dolasan bilginin dogru ve diizglin kullanim1 ve yonetilebilmesi gerekmektedir. Bu dogrultuda
isletmeler verilerinin kesintisiz, hatasiz ve siirdiiriilebilir bir sekilde toplanmasi, tanimlanmasi,
analizi ve yoOnetilmesini saglayabilen teknolojilere ihtiyag duyulmaktadir. Pandemi
doneminde yasanan aksakliklar siirdiiriilebilir bir tedarik zincirinde bilisim teknolojilerini
daha da onemli hale getirmistir. Tedarik zinciri yonetiminde yasanan aksakliklarin Oniine
gecilebilmesi i¢in son gelisen teknolojiye de uygun olarak Otomatik Tanimlama ve Veri
Toplama (OT/VT) sistemleri tercih edilmektedir. Giiniimiizde bu amagclar i¢in kullanilan
OT/VT sistemleri arasinda; barkod sistemleri, RFID teknolojisi ve el terminalleri gibi bir¢cok
farkl1 otomatik tanimlama sistemleri ve uygulamalart bulunmaktadir. Nesnelerin dogru ve
hizl1 takibi ve hizli veri aktarimi, dogru iiretim planlamasi ve kontrolii ve siirdiiriilebilir bir
tedarik  zincirinin yonetimi bu yeni teknolojiler sayesinde basarili bir sekilde
gerceklesebilmekte ve isletmelere rekabet iistiinliigii saglamaktadir.

Bu ¢aligmada Ankara’da faaliyet gosteren bir mobilya isletmesinin Endiistri 4.0 ¢cagina ayak
uydurmasi amaglanmistir. Bu dogrultuda isletmenin iiretim siirecinde yasadigi problemler
incelenmis ve bu problemlerin kok neden analizi yapilmistir. Bu analiz sonucunda malzeme
yonetiminde tutulan verilerin eksikligi ve tutarsizliginin ana kaynak oldugu tespit edilmistir.
Belirlenen bu probleme ¢6ziim Onerisi olarak OT/VT sistemlerinden barkod sisteminin
kurulmas1 maliyetinin uygun olmasi, yonetilmesi, kurulmasi ve kullanimmin daha kolay
olmas: sebebiyle uygun goriilmiistiir. Onerilen barkod sistemi igin tutulmas: gereken veri
kayitlar1 SQL Server Management Studio 2014 veri tabaninda tutulmustur. Malzeme takibine
ait tiim siire¢ verileri ise barkodun icine tasarlanan ara yiizler yardimiyla girilmistir. Arayiiz
tasarimi1 Visual Studio 2015 programinda C# yazilim dili kullanarak Windows Form
Application ile yapilmistir. Yapilan arayiiz tasarimi isletmenin hammadde tedarik¢isinden
miisteri sevkiyatina kadar olan tiim tedarik zinciri siireci takip edilebilir hale gelmistir.
Calismanin ilerleyen boliimiinde sirasiyla literatiir arastirmasi, ¢alismanin metodolojisi,
uygulamasi ve son olarak sonug kisminda ¢alismanin katkilari sunulmustur.

2. LITERATUR ARASTIRMASI

Tedarik zinciri ve malzeme yOnetimi iizerine literatiirde bir¢ok c¢alisma yapilmistir. Gliniimiiz
Endiistri 4.0 ¢aginda ise tedarik zinciri siiregclerinde Otomatik Tanima (OT) ve Veri Toplama
(VT) sistemleri ile ilgili ¢aligmalarin giderek arttig1 goriilmektedir.

Bu ¢alismalardan bazilar1 asagida verilmistir;

Song ve arkadaglari, 2015 yilinda yaptiklari ¢alismasinda bir insaat sahasindaki malzeme
takibinin dogru ve ucuz maliyetle gerceklestirmek icin barkodlama ve GPS teknolojisine
dayanan bir yazilim modiiliine dayanan bir mobil cihaz gelistirmislerdir. Tong ve Sun, 2018
yilinda yaptiklar1 caligmalarinda elektrik giic malzemelerinin depo ydnetimini standart hale
getirmek i¢in barkod sistemi gelistirmislerdir.
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Gelistirdikleri barkod sistemiyle malzeme yonetim bilgi sistemi entegrasyonunu saglayarak
daha fazla malzeme depolama ve daha yiiksek envanter doniis hiz1 elde etmislerdir. Raog ve
arkadagslar1 2019 yilinda yaptiklar1 ¢alismalarinda bir otomobil sektdriinde faaliyet gosteren
bir isletmenin {riin kalitesi ve gelirini arttirmak i¢in malzeme envanter yonetimini
tyilestirmek amaclanmistir. Bu amagla isletmede E-Kanban uygulamasi ele alinmis ve kanban
kartlarin1 takip etmek icin barkod teknolojisi gelistirilmistir. Wang ve arkadaslari, 2020
yilinda yaptiklar1 ¢alismalarinda bir atolyenin malzeme yonetim sistemi i¢in loT(Interner of
Things) tabanli barkod sistemi gelistirmislerdir. Bu sistemle tedarik zinciri boyunca malzeme
hareketlerini izleme ve kontrol edilmesi saglanmistir. Kubanova ve arkadaglari, 2022 yilinda
yaptiklar1 ¢aligmalarinda bir sirketin kablo siparis siireglerini takip etmek amaciyla barkod
teknolojisini gelistirmislerdir. Onerdikleri yontem ile diizenli bir envanter olusturulmasi, hata
oranlariin diizenli olarak izlenmesi ve analiz edilmesi, veri tabaninin otomatiklestirilmesi ve
kontrol edilmesi, liretimde ¢ekme prensibinin uygulanmasi hedeflenmistir. Rungruengkultorn
ve Boonsiri, 2022 yilinda ¢aligmalarinda, Yalin Alt1 Sigma ve RFID teknolojisini kullanarak
giysi imalatinda depo siireglerini iyilestirmek ve ayrica Yalin Alti Sigma'nin {iretim
stireclerine ek olarak depo siireglerinde kullanilabilecegini gostermislerdir. Yalin Alt1 Sigma
ve RFID teknolojisi kullanildiginda isletmenin iiretim ¢evrim zamani yilizde 91,5 oraninda ve
teslim siiresinde yiizde 13 oraninda bir azalma ile sonu¢lanmistir.

Yapilan literatiir analizi sonucuna gore giinlimiizde OT/VT sistemleri arasinda en yaygin
olarak Barkod ve RFID sistemleri ile ilgili caligmalarin daha ¢ok oldugu goriilmiistiir.

3. METODOLOJI

Isletmede ¢alisanlarla ve yonetim kurulu ile gdriismelerimiz sonucunda bir¢ok problem tespit
edilmistir. Bu problemlerden en ¢ok karsilagilan problemin iiretilen profillerde yasanan agirlik
kaybr problemi oldugu sdylenmistir. Bu problemin kdk nedenlerini belirlemek igin balik
kil¢ig1 diyagramindan yararlanilmistir. Balik kilgig1 diyagrami sekil 1°de gosterilmistir. Sekil
1’deki diyagram incelendiginde iiretimde yasanan problemlerin asil olarak hammaddelerin
takip eksikliginden, malzemelerin dogru yonetilememesinden ve bilgisayarla entegre bir
sistemle veri tutulmamasindan kaynakli oldugu sonucuna varilmistir. Bu problemi ¢6zebilmek
amaciyla iiretim maliyetlerindeki artisi engellemek ve malzeme ve iiriin takibini yapilabilir
hale getirmek i¢in otomatik tanimlama ve veri toplama sistemlerinden barkod sisteminin
maliyetinin uygun olmasi, yonetilmesi, kurulmasi ve kullaniminin daha kolay olmasi
sebebiyle isletmeye kurulmasina karar verilmistir.

Malzeme |

Hammadde igeriklerinin kalite
rkian

Tedarikgi segimi

Hammadde takip eksikligi

Motivasyon Kaybi

iscinin egitim yetersizligi

Ozen ve dikkat eksikligi
s B el e

Gahiganin tecribe dizeyi
Elektrik kesintisi

AGIRLIK EKSIKLIGI

Uretim hatti, operatér, vardiya HATASI
bilgisinin tutulmamas:
Olgum yapan kiginin
Talep Tahmini yetersizligi Makine bakimlaninin aksatiimas: Makine galigma hizi hatasi
R

Makine Hazirlik Siiresinin Fazla

Uretim planlamada Olmasi

anlik degisimler Standart bir balam Kullamilan terazi
e -
—%'Ianlamaﬂnln Kullanim omri kallblasynnu
yapilmamasi
Uretim I l Bakim ‘ Makine/Ekipman Olgtim

Sekil 1. Agirlik eksikligi hatasi i¢in kok neden analizi
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4. UYGULAMA

Uygulama i¢in pilot iiriin ¢esidi olarak iiretim hacmi ve hammadde kullaniminin fazla oldugu
iretim grubu secilmistir. Hammadde halinde iiretim tesisine gelen iirliniin miisteriye sevk
edilmesine kadar olan tiim malzeme takip siireci barkodlama ile gerceklestirilmistir. Barkod
takip sisteminde kaydi tutulmasi gereken veriler SQL Server Management Studio 2014 veri
tabaninda tutulmustur. Malzeme takibine ait tiim siire¢ verileri barkodun icine tasarlanan ara
ylzler yardimiyla girilmistir. Arayiiz tasarimi1 Visual Studio 2015 programinda C# yazilim
dili kullanarak Windows Form Application ile yapilmistir.

5. SONUC

Bu c¢alismada Ankara’da mobilya sektoriinde faaliyet gosteren bir isletmenin iiretimde
yasadig1 problemler ele alinmis ve malzeme yonetimi yetersizligi ve tutulan verilerin eksikligi
ve tutarsizliginin sebep oldugu tespit edilmistir. Bu problemin giderilmesi i¢in ¢dziim Onerisi
olarak OT/VT sistemlerinden barkod sisteminin tasarimi yapilmistir.

Calismanin isletmeye katkilari ise su sekildedir;

. Tasarlanan barkodlama sistemi arayiizii, yoneticiye sunularak malzeme yonetiminde
yoneticinin hangi problemlere egilmesi gerektigine, problemlerin nereden kaynaklaniyor
olabilecegine dair karar alma siirecini hizlandirmasina olanak saglanmistir.

. Stirecin anlik olarak izlenebilmesi saglanarak {iretim yOnetiminin planlamasi ve
kontrolii kolaylagmustir.
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OZET

2019 yili sonlar itibariyla ilk kez Cin'in Wuhan sehrinde ortaya ¢ikan COVID-19 salgini,
yayilarak zamanla kiiresel sorun haline gelmistir. Tiim insanligin bu bilinmez hastalikla kars1
karsiya kalmasi yasam diizenini derinden etkilemistir. Salginin yayilimini azaltmak i¢in insan
hareketliliginin kisitlanmas1 onceligi ile gerceklestirilen Onlemler yeni normal diizenin
olusturulmasini gerekli kilmistir. Bu salgin ¢ok biiyiik insani kayiplara neden olmasinin yani
sira ekonomi, liretim ve hizmet gibi alanlarda da 6nemli derecede kayiplar olusturmustur.
Ozellikle ¢alisma diinyasinda yasanan kesinti birgok alana yansimistir. Bu siirecte uzaktan
calisma imkan1 olan ve yeterli teknolojik alt yapiya sahip isletmeler ¢aligmalarina devam
etmis ancak isin dogasi geregi boyle bir imkdni1 olmayanlar ara vermis veya en az kisi ile
calismalarini gerceklestirmistir. Is diinyasinda koklii degisikliklere yol acacak olan bu kriz
karsisinda isletmeler, c¢alisan saglhigin1 ve giivenligini tam anlamiyla korumak i¢in hizli bir
sekilde teknik ve organizasyonel énlemler almaya baslamustir. Ozellikle COVID-19 siirecinde
yasananlar bircok igverenin c¢alisan saghigi ve giivenligi konusunda geleneksel stratejik
diistincelerini degistirmesine neden olmustur. Ayrica salgin siireci ile bu son ylizyil igerisinde
olaganiistii bir hizla her alanda ger¢eklesen dijital doniistimiin is saglhig1 ve giivenligi alanina
da entegre edilmesi ivme kazanmigtir. Calisma diizeninin siirdiiriilebilirligini hem yasanan bu
salgin hem de olas1 durumlar karsinda devam ettirmek isteyen isletmeler ise, bu doniisiime
dahil olmaya baglamigtir. Yapay zeka, nesnelerin interneti, giyilebilir teknoloji, sanal
gerceklik, robot teknolojisi, biiylik veri, drone teknolojisi ve akilli alanlar gibi bir¢ok
teknolojiyi temel alan yeni nesil is saghigi ve giivenligi saglayicilar1 dikkat ¢ekmeye
baslamistir. Bu teknolojiler ile gelistirilen sistemler bazi isletmelerde kullanilarak hastalik
yayilimi azaltilmis ve tiim is saglig1 ve giivenligi alanindaki var olan operasyonlarin gdzden
gecirilmesine neden olmustur. Sonug olarak bu salgin siireci is saglhiginda ve giivenliginde
dijital teknoloji kullaniminin Onemini gozler Oniine sermistir. Ayrica es zamanl
degerlendirme ve analiz imkan1 sunan bu yeni nesil ¢oziimler ile ¢alisan saglig1 ve refahi
korunurken diger bir taraftan da isletme verimliligi ve tiretkenligi olumlu yonde etkilenmistir.
Bu yiizden bu olumlu etkilere sahip olmak isteyen isletmeler yasanan bu salgin siirecinden de
ders alarak is saglig1 ve giivenligi alaninda teknolojik doniisiime ayak uydurmali ve is sagligi
ve giivenliginde yer olan tiim stratejileri yenilik¢i diisiince ile gelistirmelidir. Bu ¢alismada,
COVID-19 salgini ile birlikte hiz kazanan is sagligi ve giivenligi alanindaki dijitallesme
siireci ayrintili bir sekilde incelenmis ve bu siiregte kullanilan yeni nesil is saglig1 ve giivenligi
cozlimleri degerlendirilmistir.

Anahtar Kelimeler: COVID-19, Yeni Nesil Is Saghgi ve Giivenligi, Dijital Doniisiim,
Teknoloji.

43

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

*Bu calisma, Cansu Doner tarafindan Ankara Yildirnm Beyazit Universitesi, Fen Bilimleri
Enstitiisii, Is Saglhigi Ve Giivenligi Anabilim Dali biinyesinde devam etmekte olan yiiksek
lisans tezinden yola ¢ikarak tiretilmistir.

AN ASSESSMENT ON COVID-19 AND THE NEW GENERATION OF
OCCUPATIONAL HEALTH AND SAFETY

ABSTRACT

The COVID-19 epidemic, which first appeared in Wuhan, China, as of the end of 2019, has
spread and became a global problem over time. The fact that all humanity is faced with this
unknown disease has deeply affected the order of life. In order to reduce the spread of the
epidemic, the measures taken with the priority of restricting human mobility necessitated the
establishment of a new normal order. In addition to causing great human losses, this epidemic
also caused significant losses in areas such as economy, production and service. In particular,
the interruption in the world of work has reflected in many areas. In this process, businesses
with the opportunity to work remotely and with sufficient technological infrastructure
continued their work, but those who did not have such an opportunity due to the nature of the
business took a break or carried out their work with at least one person. In the face of this
crisis, which will lead to radical changes in the business world, businesses have quickly
started to take technical and organizational measures to fully protect employee health and
safety. Especially the events experienced during the COVID-19 process have caused many
employers to change their traditional strategic thinking about employee health and safety. In
addition, with the epidemic process, the integration of digital transformation, which has taken
place in every field at an extraordinary speed in this last century, into the field of occupational
health and safety has gained momentum. Businesses that want to maintain the sustainability
of their working order both in the face of this epidemic and possible situations have started to
be involved in this transformation. The new generation of occupational health and safety
providers, which are based on many technologies such as artificial intelligence, internet of
things, wearable technology, virtual reality, robot technology, big data, drone technology and
smart fields, have started to attract attention. The systems developed with these technologies
have been used in some enterprises, reducing the spread of disease and causing the existing
operations in the field of occupational health and safety to be reviewed. As a result, this
epidemic process has revealed the importance of using digital technology in occupational
health and safety. In addition, these new generation solutions, which offer simultaneous
evaluation and analysis, protect employee health and well-being, while on the other hand,
operational efficiency and productivity are positively affected. Therefore, businesses that
want to have these positive effects should take lessons from this epidemic process, keep up
with the technological transformation in the field of occupational health and safety, and
develop all strategies in occupational health and safety with innovative thinking. In this study,
the digitalization process in the field of occupational health and safety, which accelerated with
the COVID-19 epidemic, was examined in detail and the new generation occupational health
and safety solutions used in this process were evaluated.

Keywords: COVID-19, Next Generation Occupational Health and Safety, Digital
Transformation, Technology.
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OZET

Sosyal bir varlik olan insanin, gegmisten bu yana ¢evresiyle etkilesim i¢cinde bulunmasi salgin
hastaliklarin genis alanlara yayilmasini kolaylastirmistir. Eskiden avcilik ile ugrasan
insanlarin bir salgin hastalifa yakalanma ihtimalleri diisiik olmus ¢iinkii kalabalik ortamlarda
bulunmadiklarindan risk faktoriiyle karsilasma ihtimalleri de azalmustir. insanlarin yerlesik
hayata ge¢cmesiyle birlikte, niifustaki artis ve beraberinde getirdigi temas, hastaliklarin artig
gostermesinde etkin rol oynamistir. Fakat su da bir gercektir ki teknolojinin 6n planda
olmadigr zamanlar insanlar birgok dogru bilinen seylerin yanlis oldugunun farkinda
olmamustir. Kirli atiklarin uygun hijyen kosullarinda aritilmadigi ve insanligin bu ortamlarda
bir arada yasadigi kacinilmaz bir gergek olmustur. Salgin hastaliklar tarihin her doneminde
goriilmiis ve en etkili oldugu donemler; savaslar, sanayi devrimi ile gevre-insan iliskileri
arasinda gecen zaman dilimleri olmustur. Kiiresel lgekte genis sahalara ve kitlelere yayilim
gosteren, toplumlar1 ve sosyal yasami olumsuz etkileyerek insan sagligini biiylik 6l¢iide tehdit
eden salgin hastaliklarin genel ad1 ‘Pandemi’ olarak tanimlanmaktadir. Pandeminin yayilimi
ve hareketi kisa siire icerisinde bir alandan bir alana veya bireyler aracilifiyla tasinarak
cografi alanlara etki etmektedir. Pandeminin tarihsel olaylarmma bakacak olursak; 1347-
1351°de etkin olan bubonik veba (kara 6liim) salgini, 1520°de goriilen Cigek hastaligi, 1918-
1919°da etkin olan Ispanyol gribi, 1981°de baslayan ve giincel devam eden HIV/AIDS, 2002-
2003’de goriilen SARS, 2009-2010’da goriilen Domuz gribi yani Swine Influenza Virus (SIV/
HINTI), 2012°de goriilen MERS, 2014-2016’da goriilen Ebola bulunmaktadir. Diinyada ilk
kez 29 Aralik 2019 yilinda Cin’in Wuhan kentinde bir hayvan pazarinda goriilen Yeni Tip
Koronaviriis daha sonrasinda biitiin diinyay1 etkisi altina alarak DSO tarafindan 11 Subat
2020 tarihinde Covid-19 olarak adlandirilmis ve 2020 Mart ayinda Pandemi olarak ilan
edilmistir. Bilim adamlarinin koronaviriis alanindaki c¢aligsmalari, koronaviriisiin Orta Dogu
solunum sendromu (MERS-Cov) ve siddetli akut solunum sendromu (Sars-Cov) kokenli,
bliyilkk virlis ailesinden meydana c¢iktigin1 = gostermektedir. Benzerlikleri sebebiyle
koronaviriise Sars-Cov2’de denilmektedir. Covid-19’un diger virlislerden farki ise hizli
yayilim gostermesi ve bulasiciliginin yiiksek olmasidir. Diinya genelinde de biiyiik artiglara
sebep olarak bir¢ok kisinin yasamini yitirmesine sebep olmustur. Ayrica son yillarda gelisen
sanayi faaliyetleri, hizli bir niifus artisina da katki saglamaktadir. Tarimsal is giiciiniin
azalmasi ile niifusun kentlere gd¢ etmesi sanayilesmeye katki saglamis ve is gorenlerin,
sahadaki olas1 kazalara karsi yetersiz bilgi ve birikimde olmasi is saghgi ve gilivenligine
egilimi arttirmigtir.

! Bu ¢aligma; Ankara Yildirrm Beyazit Universitesi Fen Bilimleri Enstitiisii, Is Saghgi ve Giivenligi Anabilim
Dal1 biinyesinde devam etmekte olan Yiiksek Lisans tezinden yola ¢ikarak iiretilmistir.
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Calisanlar salgin siireclerinde birgok is saghigi ve giivenligi olaylar1 ile karsi karsiya
kalmaktadir. Bunlar “psikolojik, fiziksel, kimyasal, ergonomik, biyolojik” gibi risk
etmenleridir. Calisma sartlarindaki zorluklar ve miicadeleler bireylerin bu riskler ile
karsilagmalarini kaginilmaz kilmaktadir. Ele alinan bu ¢aligma, risklerin ¢alisanlar tizerindeki
durumlarinin degerlendirilmesi lizerinedir.

Anahtar Kelimeler: Kiiresel Salgin, Covid-19, Is Saglig1 ve Giivenligi, Risk.

EVALUATION OF THE RISKS EXPOSED TO OCCUPATIONAL HEALTH AND
SAFETY BY EMPLOYEES DURING THE GLOBAL EPIDEMIC

ABSTRACT

The interaction of human, as a social creature, with his environment has facilitated the spread
of epidemics to large areas. In the past, people who were engaged in hunting were less likely
to catch an epidemic because they were not in crowded environments, so they were less likely
to encounter risk factors. With the transition of people to a settled life, the increase in
population and the contact it brought with it played an active role in the increase of diseases.
But it is also a fact that when technology was not at the forefront, people were not aware that
many of the things that were known to be true were wrong. It has become an inevitable fact
that dirty wastes are not treated under appropriate hygienic conditions and that humanity lives
together in these environments. Epidemics have been seen in every period of history and the
most effective periods are; wars have been the time periods between the industrial revolution
and the environment-human relations. The general name of epidemic diseases that spread to
large areas and masses on a global scale and threaten human health by negatively affecting
societies and social life is defined as 'Pandemic'. The spread and movement of the pandemic
affects geographical areas by moving from one area to another or through individuals in a
short time. If we look at the historical events of the pandemic; Bubonic plague (black death)
epidemic active in 1347-1351, Smallpox in 1520, Spanish flu active in 1918-1919, HIV/AIDS
that started in 1981 and currently continues, 2002-2003 SARS, Swine flu, namely Swine
Influenza Virus (SIV/ HINT) seen in 2009-2010, MERS seen in 2012, Ebola seen in 2014-
2016. The New Type Coronavirus, which was first seen in an animal market in Wuhan, China
on December 29, 2019 in the world, later affected the whole world, was named as Covid-19
by WHO on February 11, 2020 and declared as a Pandemic in March 2020. The studies of
scientists in the field of coronavirus show that the coronavirus originates from the large
family of viruses originating from the Middle East respiratory syndrome (MERS-Cov) and
severe acute respiratory syndrome (Sars-Cov). Because of its similarities, the coronavirus is
also called Sars-Cov2. The difference of Covid-19 from other viruses is that it spreads rapidly
and 1s highly contagious. It has caused great increases in the world and caused many people to
die. In addition, industrial activities that have developed in recent years also contribute to a
rapid population growth. The decrease in the agricultural workforce and the migration of the
population to the cities contributed to the industrialization and the insufficient knowledge and
experience of the workers against possible accidents in the field increased the tendency
towards occupational health and safety. Employees are faced with many occupational health
and safety incidents during the epidemic processes. These are risk factors such as
“psychological, physical, chemical, ergonomic, biological”. Difficulties and struggles in
working conditions make it inevitable for individuals to encounter these risks. This study is
about the evaluation of the risks on the employees.

Keywords: Global Epidemic, Covid-19, Occupational Health and Safety, Risk.
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ABSTRACT

AIM: In this study, it is aimed to determine the anatomical features of Scolymus hispanicus,
which is widely distributed in and around Kirsehir province, and to reveal its similarities and
differences with other taxa.

MATERIALS AND METHODS: Plant samples were collected from Kirsehir in 2020.
Transverse sections from the stem and both transverse and superficial sections of the leaves of
the collected specimens were taken by hand.

RESULTS: According to the cross-section of the stem, the epidermis cells are cylindrical and
covered with a thin cuticle. There are also cover hairs on the epidermis. The cortex consists of
circular shaped parenchymatic cells. Druze crystals are scattered on these parenchyma cells.
The pith region is quite wide and also bears druse crystals. Xylem and phloem are in a
continuous ring. The upper and lower epidermis cells of the leaf are circular. There is no
mesophyll differentiation. Mesophyll parenchyma cells are hollow. Stomata is anomocytic.
Keywords: Scolymus, Scolymus hispanicus, Anatomy, Asteraceae, Medicinal plant.
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Abstract

Plants are important sources for different industrial enzymes, but the number of plant-derived
enzymes used by industry for various reasons is quite low. Some plant extracts containing
several types of enzymes can be used as raw extracts or as a source of enzymes for high-value
products for industrial processes. Considering the need for new specific enzymes and that
only a small percentage of plant species have been tested, it is of great importance to
investigate plant extracts for enzyme production and activities. Opuntia ficus-indica is a
tropical and subtropical fruit from the Cactaceae family that grows in arid and semi-arid
regions such as America, Africa, Asia, Europe and Oceania. Every part of the O. ficus-indica
fruit, such as the stem, berry, and root, has traditionally been used as a valuable health-
promoting nutrient, in folk remedies such as rheumatism, diarrhea, asthma, ulcers, gonorrhea,
burns, wounds, and indigestion. However, they are used in modern medicine and nutrition as
well as in pharmacological and cosmetological applications.

The aim of the study is the purification of protease enzyme from cactus fruit using three-phase
partitioning (TPP) system and its optimization with the response surface methodology (RSM).
The fruit of the cactus plant was first homogenized with phosphate buffer. Homogenate/t-
butanol ratio was determined for protease purification. The ammonium sulfate concentration
was then determined. Purity control and molecular weight determination were done by using
SDS-PAGE. Optimum pH, optimum temperature and Km-Vmax were determined. Response
surface methodology was used for the optimization of these processes.

As a result, the protease enzyme was purified 12.27 times and a yield of 727.58% was
obtained with TPP.

Keywords: Opuntia ficus-indica, TPP, RSM, protease, purification.

Opuntia ficus-indica MEYVELERINDEN PROTEAZIN UC-FAZLI AYIRIMININ
YANIT YUZEY METODOLOJISIiYLE OPTIiMiZASYONU

Ozet

Bitkiler, farkli endiistriyel enzimler i¢in 6nemli kaynaklardir ancak endiistri tarafindan ¢esitli
nedenlerle kullanilan bitki kaynakli enzimlerin sayis1 oldukca azdir. Birkag tiir enzim igeren
bazi bitki ekstraktlari, endiistriyel islemlerdeki yliksek degerli iiriinler i¢in ham ekstrakt veya
bir enzim kaynagi olarak kullanilabilir. Yeni spesifik enzimlere duyulan ihtiya¢c ve bitki
tiirlerinin sadece kii¢lik bir yilizdesinin test edildigi géz oniine alindiginda, enzim {iretimi ve
aktiviteleri i¢in bitki ekstraktlarinin arastirilmasi biiylik 6nem tasimaktadir. Opuntia ficus-
indica, Amerika, Afrika, Asya, Avrupa ve Okyanusya gibi kurak ve yar1 kurak bolgelerde
yetisen Cactaceae familyasindan tropikal ve subtropikal bir meyvedir. O. ficus-indica
meyvesinin govde, meyve ve kok gibi her parcasi, romatizma, ishal, astim, iilser, bel
soguklugu, yaniklar, yaralar ve hazimsizlik gibi halk ilaglarinda geleneksel olarak sagligi
gelistirici degerli bir besin maddesi olarak kullanilmigtir. Ancak modern tip ve beslenmede
oldugu kadar farmakolojik ve kozmetolojik uygulamalarda da kullanilmaktadir.
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Calismanin amaci, ii¢ fazli ayirim (TPP) sistemi kullanilarak kaktiis meyvesinden proteaz
enziminin saflastirilmasi ve yanit yiizeyi metodolojisi (RSM) ile optimizasyonudur.

Kaktiis bitkisinin meyvesi 6nce fosfat tamponu ile homojenize edildi. Proteaz saflagtirmasi
icin homojenat/t-biitanol orani belirlendi. Amonyum siilfat konsantrasyonu daha sonra
belirlendi. Saflik kontrolii ve molekiiler agirlik tespiti, SDS-PAGE kullanilarak yapildi.
Optimum pH, optimum sicaklik ve Km-Vmax belirlendi. Bu siire¢lerin optimizasyonu ig¢in
yanit yiizeyi metodolojisi kullanildi.

Sonug olarak proteaz enzimi 12.27 kat saflastirilmis ve TPP ile %727.58 oraninda verim elde
edilmistir.

Anahtar Kelimeler: Opuntia ficus-indica, TPP, RSM, proteaz, saflastirma.
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Abstract

In terms of apricot production, Malatya meets 42.2% of Turkey's total production with 352
thousand tons of fresh apricot production in 2020. For this reason, the fact that the Malatya
region apricot has a large share in the domestic and international market (Anonymous 1) has
led us to determine the natural radioactivity of the Malatya region apricot. For this reason, our
study investigates how much radiation the Malatya apricot receives from nature during its
growth stage and whether it is within the limits determined by the world health organization.
For this purpose, sun-dried apricots grown in six different geological regions of Malatya
province were purchased from the producers. In order to analyze these apricots, they were
subjected to sufficient drying in the oven in the laboratory of the Physics Department of
Harran University and they were turned into powder with an automatic grinding mill in the
same laboratory. The powdered samples were left to rest for one month under suitable
conditions for the natural series to reach a stable radioactive equilibrium. Later, the
radioactivity concentrations of the samples were determined by using the Nal(T1) Gamma
Radiation detector, which was donated to the Physics Department by the Turkish Atomic
Energy Agency. In our analyses, the mean radioactivity concentrations were measured as 570
BqKg! for °K, 10.4 Bqkg! for ?°Ra and 2.6 BqKg™' for *’Th. These values are slightly
higher than the 400 BqKg™! value set for K in the International Atomic Energy Agency
report. The measured values for the other two radioisotopes were lower than the world
average. As a result, the amount of gamma radiation was found to be below the levels set by
the (United Nations Scientific Committee on the Effects of Atomic Radiation).

Keywords: Malatya Apricot, Natural Radiation, Gamma Spectroscopy,

Ozet

Malatya, kayis1 iiretimi agisindan 2020 yilinda 352 bin ton taze kayisi liretimiyle Tiirkiye
toplam iiretiminin %42,2’sini karsilamaktadir. Bu nedenle Malatya bdlgesi kayisisinin yurt
ici ve yurt dis1 pazarda biiylik paya sahip olmas1 bizi Malatya bolgesine ait kayisinin dogal
radyoaktivitesini belirlemeye yoneltmistir.  Bu nedenle calismamiz, Malatya bdlgesi
kayisisinin yetisme asamasinda dogadan ne kadar radyasyon aldigi ve bunun diinya saglik
teskilatinca belirlenen smirlarin igerisinde olup olmadig1 arastirmaktadir. Bunun ig¢in
Malatya’nin alti farkli jeolojik bolgelerde yetistirilmis ve kurutulmus kayisilar
yetistiricilerden alinmig ve 6rnekleme i¢in Harran iiniversitesi, fizik boliimii laboratuvarinda
bulunan etiiv firinda yeterli kurutma islemlerinden gecirilmis ve otomatik 6giitme degirmeni
tarafindan toz haline getirilmistir.
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Toz numuneler uygun sartlarda dogal serilerin radyoaktif kararli dengeye gelmesi icin bir ay
dinlendirmeye birakilmistir. Sonrasinda Tiirkiye Atom Enerjisi Kurumu tarafindan Fizik
Boliimiine bagislanan Nal(Tl) Gama Radyasyon detektorii kullanilarak radyoaktivite
konsantrasyonlar1 miktarlar1 belirlenmistir. Yaptigimiz analizlerde ortalama radyoaktivite
konsantrasyonlar1 “°K i¢in 570 BqKg™!, ?*°Ra i¢in 10.4 BqKg! ve 2*’Th i¢in 2.6 BgKg'
olciildii. Bu degerler, Uluslararasi Atom Enerjisi Ajansi raporunda *°K icin belirledigi 400
BqKg! degerinden bir miktar yiiksektir. Diger iki radyoizotoplar i¢in dlgiilen degerler diinya
ortalamasindan diisiik ¢ikmistir. Sonug¢ olarak gama radyasyon miktar1 Birlesmis Milletler
Atomik Radyasyonun Etkileri Bilimsel Komitesinin (UNCSEAR) belirledigi seviyelerin
altinda oldugu gorilmistiir.

Anahtar kelimeler: Malatya Kayisisi, Dogal Radyasyon, Gama Spektroskopisi,

GIRIS

Diinya 1lizerinde, yasayan canlilar farkli tiirdeki ¢evresel radyasyona maruz kalirlar.
Insanoglunun da bu radyasyondan etkilendigi gergektir. Ancak etkilenme doz miktar diisiik
oldugunda  hayatimizi olumsuz etkilemez. Giinlikk hayatta radyasyon kaynaklarini
haberlesmede ve saglik alaninda kullaniriz [1]. Radyasyon bir tiir enerji yayilmasi olarak
genis bir yelpazede enerji degerlerine sahiptir. Bu ¢alismamizda s6z konusu olan radyasyon,
atomlar1 ve molekiilleri iyonize edici olanidir. Bilindigi gibi insanlar da atomlardan tesekkiil
etmigtir. Viicudumuzdaki atomlar elektronlar vasitasiyla gerceklesen kimyasal baglar
vasitastyla molekiiller olusturur. Bu molekiillerin kararli olmasi ile hiicreler ve dokularimiz
gorev ve yapisal isleyislerini istenilen diizeyde sorunsuzca yapabilir. Eger en temelde bu
baglar koparsa hiicre c¢ekirdegi DNA sarmallarinda hasarlara yol acar. Bazen bu hasarlar
diizeltilemez ve hiicrenin yapisal isleyisinin bozulmasina, hiicrenin tiiriine gore gelecek
nesillere dahi bu bozuklugun aktarilmasi s6z konusu olabilir. Bu bakimdan yasadigimiz
ortamlarin ve aldigimiz besinlerin yaydigi radyasyonun Ol¢linii belirlemek bizler ve
nesillerimiz i¢in 6nem arz edebilmektedir. Bu ¢alismamanin amaci da iilkemizde Malatya ili
smirlart iginde farkli bolgelerde yetistirilen kayis1 {iriiniin i¢inde dogal olarak bulunan
radyoaktif elementleri (K*°, U?*® ve Th*}?) yaydig1 radyoaktivite degerlerini saptamaktir.
Birgok meyve sebze de potasyum igerdigi bilinmektedir [2]. Ozelikle bu kayismin icerdigi
potasyum miktarinin radyoaktif olan K*° izotopunun degerine ne sekilde yansidigini da
belirlemek miimkiin olmustur. Bu arada uranyum ve toryum radyoizotoplarinin aktiveleri de
belirlendi ve insan sagligina risk olusturup olusturmadig1 degerlendirildi.

ARASTIRMA VE BULGULAR

Radyoaktivitesi belirlenecek kayis1 kurulari Malatya ili Akc¢adag, Dogangehir, Hekimhan,
Battalgazi, Kale ve Piitiirge il¢elerinden toplandi. Toz haline getirmek icin bir siire etiiv de 60
C de bekletildi ve ardindan dgiitiiciide toz haline getirildi (Sekil 1.a). Yeniden icerebilecegi
nemden tiimiiyle armdirmak igin yine etiiv de 60 °C de yeterli siire birakild1 (Sekil 1.b).
Hemen sonrasinda sintilasyon detektoriimiizde kullanilan geometrisi uygun 100 ml hacimli
kaplara konuldu ve kapag1 sikica kapatildi. Numunelerin net kiitleleri 6l¢tildii ve kayit edildi
(Sekil 1.c). Bu sekilde hazirlanan numuneler 1 ay bekletildi. Detektdrde sayim isleminden
once bu siireyi beklemenin dogal radyoaktif serilerin bir kiz ¢ekirdegi radon (Rn?*?) gazinin
kagmayip numune igerisinde kalmasiyla radyoaktif dengeye gelmesini saglamaktir[3,4].
Boylelikle radyoaktif serinin tiim halkalar1 yani kiz c¢ekirdeklerinin aktivite seviyeleri
esitlenmis olacaktir. Bu uygulama 6l¢iimde s0yle bir kolaylik saglayacaktir: Radyoaktif seride
detektdr spektrumunda enerjisi diger piklerden ayrik olarak net bigimde belirgin pikleri
kullanimina imkan verir.

51

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

Ciinkii sintilasyon gama detektorlerinin verim degerleri diger detektorlerden ¢ok daha yiiksek
olmasina karsin enerji ¢oziiniirliigli yani pikleri ayirt etme niteligi diistiktiir[4]. Kullanilan
detektoriin enerji verim kalibrasyonlar1 standart radyoaktif kaynaklar yardimiyla yapildi [5]
(Sekil 1.d).

(c)
Sekil 1. a) Kuru kay1s drneklerinin 6giitiilmesi b) Orneklerin etiivde kurutulmasi
c¢) Orneklerin tartilmasi1 d) Nal gama sintilasyon detektoriiniin bilesenleri

Gama spektrumunda herhangi bir numunenin radyoaktivitesinin saptanmasi i¢in dnce detektor
kendi kursun zirh1 iginde 24 saat siireyle bos olarak ¢alistirilarak ortamin background denilen
taban sayimi yapildi. Sonra da her bir numune kursun zirh i¢indeki sintilasyon detektoriiniin
iizerine konularak 24 saat boyunca gama spektrumunu sekillendirecek olan sayimlar alindi.
Bu islemler boyunca detektor hi¢ kapatilmadi ve bir dizi halinde sayimlar kayit edildi. Cilinkii
farkli taban sayimlari farkli tarihlerde ortamin sicakligina gore farkliliklar gosterebilmektedir.
Ardindan K*® radyoizotopu i¢in 1460 keV enerji pikinin net saymm degeri bulunmasi icin
numune sayim i¢in bu piki basindan sonuna kadar tiimiiyle kapsayacak bi¢imde spektrumda
ilgili alanlar isaretlendi, pik altindaki alan degeri kayit edildi. Ayni pik alanlar1 bos sayimdaki
taban alani sayim degeri icin de yapildi ve kayit edildi. K* radyoizotopunun net sayrmu,
numunenin bulundugu durumdaki 6lgiimiin pik alanindaki sayimi degerinden background
taban sayim degeri ¢ikartilarak hesaplandi. Spektrumda toryum aktivitesi saptamak icin 2614
keV enerjili TI 2°® piki kullanildi. Uranyum aktivitesini belirleyebilmek igin ( ¢ogunlukla
serinin bir kiz ¢ekirdegi olan radyum ismiyle de adlandirilir) Bi*'* kiz ¢ekirdeginin 1764 keV
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enerjili gama piki spektrumda secilip kullanild1. Bu her iki pik i¢in de K*° radyoizotopunun
1460 keV pikine uygulanan ayni islemler ile net sayimlar hesapland1 (Sekil 2).
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Sekil 2. Nal (T1) sintilasyon detektoriinde alinan tipik bir gama spektrumu

Gama spektrumundaki net sayim degerleri birim siire basina sadece bir sayidan ibarettir. Bu

sayim degerlerinden birim kiitle basina aktivite degerlerine gecebilmek i¢in
__ Netsayim (1)

mPet
formiiliiniin kullanilmas1 gerekir [5,6]. Burada

A; numunenin birim kiitlesinin aktivitesi (Bq/kg)

m; numunenin kiitlesi (kg)

P; 1lgili radyoizotopun ilgili enerjide gama yayinlama olasilig1 (birimsiz)

g; kullanilan detektoriin ilgili se¢ilen enerjide verim degeri (birimsiz)

t; detektoriin saniye biriminde sayim siiresidir. Bu ifadede pay kismina Olgiilen sayim
degerleri K*, U** ve Th?>* radyoizotoplar1 i¢in s6z konusu pik sayim degerleri yazilarak
aktivite degerleri ayr1 ayr1 hesaplandi.

Bu arada her 6l¢liim isleminde kaginilmaz olan hatalarinda hesaplamasi yapildi. Radyasyon
Olcimlerinde hata veya belirsizlige c¢esitli kaynaklar sebep olmakla birlikte baslica
belirsizlik sebepleri; net sayim islemlerinden, detektor veriminden, gama 1sin1 yayinlama
olasiligindan, diizeltme faktorlerinden ve kiitle oOl¢iimlerinden kaynaklanabilir. Net
sayimdaki belirsizlik her bir sayimdaki belirsizliklerin toplami ile bulunup dolu sayimdaki
belirsizlik o ve bos sayimdaki belirsizlik isc net sayimdaki belirsizlik onet

oN = \/(GNdolu)A + (GNbos)A 2)
verilen ifade ile bulunur[4].

Aktivite dl¢limiinde yapilan hata hesab1 asagidaki formiil ile hesaplanir.

TG ()2 ()2 ()2 ®
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Burada
oA, aktivite hesabindaki belirsizlik
oN; net sayim belirsizlik
om; kiitle 6lgtimiinde belirsizlik
oP; gama yayimlanma olasiligindaki belirsizlik
og; kullanilan detektoriin verim hesabindaki belirsizlik

A; her bir 6rnek i¢in bulunan aktivite degerleridir.
Yukarida verilen (Sekil 2) gama spektrumunda en sagdaki pik 2614 keV enerjili T
radyoizotopuna aitttir, sagdan ikinci pik 1764 keV enerjili Bi*!'# radyoizotopuna aittir, sagdan
liciincii pik ise K* radyoizotopuna aittir. Piklerin altindaki genis alan ise gama
radyasyonunun her agida detektoriin atomlariyla Compton sagilmasindan kaynaklanmaktadir.
Bu taban sayimlari net dl¢limlerden arindirilmistir. Kuru kayist 0rneklerinden hazirlanan
numunelerin birim kiitle basina aktivite degerleri Tablo 1 de verilmistir.

1208

Tablo 1. Malatya il¢elerinin Kayis1 6rneklerinde elde edilen radyoaktivite konsantrasyonlari

Numune No Yer Adi K-40 (Bq/Kg) | U-238 (Bq/Kg) | Th-232 (Bq/Kg)
X1 KALE 623.9 + 58.6 185+2.3 34+0.22
X2 BATTALGAZI 530+24.9 98+1.2 36+0.23
X3 PUTURGE 587.1 £27.5 10.5+1.3 1.1+0.07
X4 DOGANSEHIR | 629.2 +29.3 43+0.5 23+0.15
X5 AKCADAG 558.2+26.2 11.2+14 43+0.28
X6 HEKIMHAN 4934 £ 23.1 82+1.0 0.6+ 0.04
Ortalamasi 570.3 10.4 2.6

SONUC

Olgiimler neticesinde K*° aktivite konsantrasyonu ortalama 570.3 Bg/Kg bulundu. En yiiksek
K* aktivite degeri Dogansehir ilgesinde yetistirilen kayisilarda tespit edilmistir. Uranyum
aktivite konsantrasyonu ortalama 10.4 Bg/Kg bulundu. En yiiksek U?*® aktivite degeri Kale
ilcesinde yetistirilen kayisilarda tespit edilmistir. Toryum aktivite konsantrasyonu ortalama
2.6 Bq/Kg hesaplandi. En yiiksek Th?*? aktivite degeri Akcadag ilcesinde yetistirilen
kayisilarda tespit edilmistir. K*° aktivite degerleri ile diger radyoizotoplarin aktivite degerleri
arasinda bir iliski yoktur. Numunelerde ¢evresel radyoaktif serpintiden kaynaklanan yapay
Cs'¥7 izotopu kayit edilmedi. Komsu iilke Irak’ta satilan baklagillerin K*°, uranyum ve toryum
aktivite konsantrasyonlar1 sirasiyla 385.8 Bq/Kg, 7.46 Bq/Kg ve 3.80 Bq/Kg ol¢iilmiistiir [7].
Yine ayni iilkede tiiketilen farkli meyve ve sebze tiirlerindeki dogal spesifik radyoaktivitelerin
ortalama degerleri K*, uranyum ve toryum icin sirasiyla (sebzeler igin) 186.2 Bq/Kg, 5.24
Bqg/Kg, 4.76 Bg/Kg ve (meyveler icin) K*® aktivitesi 211.6 Bq/Kg ve toryum aktivitesi 2.53
Bg/Kg bulunmustur [8]. Nevsehir ilinde yapilan bagka bir ¢alismada yorede yetistirilen
fasulye bitkisinin dogal radyasyon miktar1 belirlenmis ve tiiketimi halinde yillik etkin doz
esdegeri hesaplamak amaciyla farkli tiirdeki fasulye bitkilerinin 21 farkli 6rnekler toplanmis
K*, uranyum ve toryum aktivite konsantrasyonlar: sirastyla 461.47 Bq/Kg, 1.04 Bq/Kg ve
0.89 Bqg/Kg olciilmiistiir [9] Bu {iriinlerdeki radyoizotoplardan kaynakli aktivite degerleri
Birlesmis Milletler Atomik Radyasyonun Etkileri Bilimsel Komitesinin (UNCSEAR)
raporundaki degerlendirilmistir [10]. Calismamizdaki K*° aktivite degerleri diinya ortalama
degerlerinde (400 Bq/Kg) az miktar daha yiiksek bulundu. Ancak bu kayisilardaki deger de
kabul edilebilir smirlar icindedir. Uranyum ve toryum degerleri beklenildigi gibi diistik
seviyede belirlendi. Sonug¢ olarak Malatya ilinde yetistirilen kayist kurularmin beslenmede
giivenle tliketilmesinde bir sakinca yoktur.
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OZET

Biyokimyasal reaksiyonlar icin katalizor gorevi bulunan enzimler prokaryot veya okaryot
yapilt hiicrelerden sekrasyona ugrayabilmektedir. Prokaryot hiicrelerden sentezlenen enzimler
hiicresel, periplasmik bosluk veya siipernatant olmak {izere ii¢ farkli konumda gorev
yapabilirler. Hiicre ¢eperi bulundurmayan okaryot hiicrelerde ise hiicresel veya siipernatant
seklinde sekrasyona ugrayabilmektedir. Enzimlerin canlilar kadar endiistriyel boyutta da
islevleri oldukca 6nemlidir. Bundan dolay1 endiistriyel enzimlerin tercih edilmesi sirasinda
sentezlenen katalizorlerin konumlandig1 yer 6énemli olmakla beraber bu enzimlerin aktivite
degerleri ve etki mekanizmalar1 da dikkate alinmaktadir. Enzimlerin etki mekanizmasi
icerisinde degerlendirme yapilirken yapilarinda bulunan aminoasitlerin homolojisi ve {i¢
boyutlu yapilar1 da oldukga &nemlidir. Okaryot hiicresel yapiya sahip rumen fungal
enzimlerin saflastirilmasi ve endiistriyel alanda aktif olarak kullanilmaya baslamasi ile hem
bu mikroorganizmalarin hem de sentezledikleri enzimlerin 6nemini arttirmaya baglamistir.
Rumen fungal enzimler okaryot hiicreden sentezlenmesine ragmen bazi enzimlerinin
sentezlenmesinde gorevli kisimlarin (promotor, domain vb.) prokaryotik karaktere sahip
oldugu bilinmektedir. Potansiyel degere sahip olan bu enzimler arasinda ksilanaz ve seliilaz
enzimleri 6n plana ¢ikmaktadir. Bundan dolay1 bu ¢alismada endiistriyel alanda aktif olarak
kullanilan ksilanaz ve seliillaz enzimlerinin homoloji ve ii¢ boyutlu yapilar1 kiyaslanmistir.
Bunun icin NCBI (National Center for Biotechnology Information) veri tabanina kayitli olan
rumen fungal ksilanaz ve seliillaz enzimleri tercih edilerek Expasy ve Sanger gibi veri
programlari kullanilarak enzimlere ait homoloji ve swiss-modellemeleri yapilmastir.

Anahtar Kelimeler: Swiss-model, NCBI, Expasy, Ksilanaz, Seliilaz

MODELING OF SOME RUMENIAN FUNGAL ENZYMES WITH THE HELP OF
CURRENT DATABASES

Abstract

Enzymes, which act as catalysts for biochemical reactions, can be secreted from prokaryotic
or eukaryotic cells. Enzymes synthesized from prokaryotic cells can function in three different
locations: cellular, periplasmic space or supernatant. In eukaryotic cells that do not have a cell
wall, it can be secreted as cellular or supernatant. Apart from the biological catalyst function
of enzymes, it takes part in different places in the industrial field.
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Therefore, during the preference of industrial enzymes, the location of the synthesized
catalysts is important, but the activity values and mechanisms of action of these enzymes are
also taken into account. When evaluating the mechanism of action of enzymes, the homology
and three-dimensional structures of the amino acids contained in their structures are also very
important. With the purification of rumen fungal enzymes with eukaryotic cellular structure
and their active use in the industrial field, the importance of both these microorganisms and
the enzymes they synthesize has begun to increase. Although rumen fungal enzymes are
synthesized from eukaryotic cells, the parts responsible for synthesizing some of their
enzymes (promotor, domain, etc.) are known to have prokaryotic characteristics. Among these
enzymes with potential value, xylanase and cellulase enzymes come to the fore. Therefore, in
this study, the homology and three-dimensional structures of xylanase and cellulase enzymes,
which are actively used in the industrial field, were compared. For this, homology and swiss-
modeling of the enzymes were made by using data programs such as Expasy and Sanger by
choosing rumen fungal xylanase and cellulase enzymes registered in the NCBI (National
Center for Biotechnology Information) database.

Keywords: Swiss-model, NCBI, Expasy, Xylanase, Cellulase

Giris

Hayvanlarin diyetlerinin ortak bir bileseni, monokotiledonlu otlarda ve otsu odunsu bitkilerde
bulunan lignoseliilozdur. Agirlikli olarak seliilloz, hemiseliilloz, seliilozik olmayan
polisakkaritler ve ligninden olusan bitki materyalleri, gevis getirenlerin kendileri tarafindan
biiylik 6lciide parcalanamaz. Bunlarin pargalanmasi, konakei ile simbiyotik veya karsilikli
iliskiler i¢inde yasayan yerlesik mikroorganizma topluluklar1 tarafindan enzimler aracilifiyla
gerceklestirilir (Zhang ve ark., 2022). Rumen, bitki biyokiitlesini ve kompleks diyet
karbonhidratlarin1 fermente edilebilen ve daha sonra konak¢i hayvan tarafindan kullanilan
metabolitlere ve besin maddelerine doniistiiriilebilen ¢oziiniir sekerlere verimli bir sekilde
parcalayan arkea, bakteri, protozoa ve funguslarin karmasik bir mikrobiyal karigimini
barmdirir (Hagen ve ark., 2020). Anaerobik funguslar, sigir, koyun, kegi ve at gibi cok dnemli
hayvancilik ve eslik eden hayvan tiirleri de dahil olmak iizere biiyiik memeli otgullarinin
sindirim yollarinda yaygin olarak bulunur. Anaerobik funguslar hem hindgutta hem de
rumende bitki hiicre duvar pargalanmasinda kilit rol oynayan mikroorganizmalardir (Zhang
ve ark., 2022). Rumen funguslari, hareketli kam¢ili sporlarin (zoosporlar) sporangia'dan
iiretilmesini ve salinmasini i¢eren bir yasam dongiisline sahiptir. Bu zoosporlarin boyutlar1 2.5
- 20 um arasinda degisir. Zamanla gelisen zoosporlar yeni sporangia olusumunu sabitleyen bir
thallus yapisina doniisiir. Yasam dongiistindeki ¢oklu yapilar taksonlar arasinda énemli bir
degiskenlik gosterir ve bu nedenle cins veya tiir diizeyinde tanimlama i¢in de kullanilabilir
(Heath ve ark., 1983; Hanafy ve ark., 2017; Hanafy ve ark.,2022). Rumen funguslar1 bagirsak
mikroflorasinin ~% 8'ini olusturmasina ragmen, sahip oldugu enzimler ve kamgilar
yardimiyla diger rumen mikroorganizmalar1 tarafindan ulasilamayan dokulara fungal
misellerin penetrasyonu ile bitki biyokiitlesini pargalamaya biiylik oranda yardimci
mikroorganizmalardir. Funguslar, temel olarak diisiik maliyetli substratlarda biiyiiyebildikleri
ve hiicre dis1 olarak biiyiik miktarda enzim salgiladiklar1 i¢in endiistriyel 6neme sahip bir¢cok
enzimin iretiminde yaygin olarak kullanilmaktadir.(Berikten ve Kivang., 2021) Seliilaz ve
ksilanaz enzimleri rumen funguslar tarafindan iretilen bilinen en aktif fibrolitik enzimleri
olusturmakla beraber endiistride genis 6l¢iide kullanilmaktadir (Comlekgioglu ve ark., 2012).
Seliilazlarin  yenilenebilir enerji kaynaklart i¢in biiyiik potansiyele sahip olduklar
bilinmektedir. Seliilazlar, proteazlardan sonra diinyanin endiistriyel enzim pazarinda ikinci
stirada yer almaktadir.

57

—
| —



INTERNATIONAL GOBEKLITEPE APPLIED SCIENCES CONGRESS-IV
(THE PROCEEDINGS BOOK)
WEB: https://www.inbak.org/
E-MAIL: harrankongresi@gmail.com

Bununla birlikte, termostabil seliilazlar, yiiksek sicakliklardaki aktiviteleri ile deterjan
endiistrisinde renk parlatma ve yumusatmada, biyoetanol {iretimi icin lignoseliilozik
biyokiitlenin kullanom1 ve kagit endiistrisinde kagit geri doniisiimiine yardimci olarak
kullanilmaktadirlar Sharma ve ark., 2014). Ksilan ise bitki hiicre duvarinda bulunan
hemiseliillozun temel bilesenidir(Yegin S., 2017). Ksilanaz enzimleri tekstil, gida (meyve
sularinin durultulmasi amaciyla), yem endiistrisinde kullanilmaktadir (Aygan., 2008). Bu
caligmanin amaci endiistriyel alanda aktif olarak kullanilan ksilanaz ve seliilaz enzimlerinin
homoloji ve ii¢ boyutlu yapilarin kiyaslanmasidir.

Materyal — Metot

Ksilanaz ve seliilaz gen bolgelerine ait olan sekans bilgileri NCBI veri tabani kullanilarak
tespit edilmistir. ilgili sekans dizilerinine ait 3 boyutlu yap: analizi ve ilgili genlerin
karakterisizasyonu i¢cin expasy veri tabani kullanilmistir (https://www.expasy.org/ ) (Ge ve
ark., 2019; Bahaman ve ark.,2021). Ek olarak gen bolgelerine ait olan katalitik domain,sahip
oldugu aminoasit 6zelligi,bagli oldugu enzim ailesi vb Ozelliklerin analizi i¢cin Pfam veri
tabani kullanilmistir (https://pfam.xfam.org/ ) ( Sukharnikov ve ark.,2011; Liu ve ark.,2021).

Expasy ve Swiss Model

SWISS-MODEL, SWISS-MODEL Deposunu ve SWISS-MODEL Calisma Alanim
icermektedir. Karsilagtirmali bir yaklasim kullanarak bir proteinin 3D modellerini olusturmak
icin otomatiklestirilmis protein yapisi homoloji modelleme platformu ve UniProtKB'ye dayali
temel referans proteomlar: i¢in agiklamali modellerin veri tabani olarak gorev almaktadir
(https://www.expasy.org/resources/swiss-model) (Waterhouse ve ark.,2018).

Swiss Bioinformatics Resource Portal
e g BLAST, UniProt, MSH6, Albumin
SIB Resources ©

o W4 Wk

SwissDrugDesign Rhea Glyco@Expasy STRING

widening access to computer- Expert-curated database of Zooming in on web-based Protein-protein interaction

aided drug design biochemical reactions. glycoinformatics resources. networks and enrichment
analysis

neXtProt UniProtKB/Swiss-Prot SwissRegulon Portal SWISS-MODEL

Human protein knowledgebase Protein knowledgebase Tools and data for regulatory
genomics

Protein structure homology-
modelling

Sekil 1. Expasy veri tabani

Pfam veri tabani

Pfam, protein ailelerinin bir veri tabanidir (Sonnhammer ve ark.,1997). Pfam veritaban girisi,
HMMER yazilimini kullanarak bir profil gizli Markov modeli (HMM) olusturmak i¢in temel
olusturan bir merkezi hizalamasindan olusur (Sonnhammer ve ark.,1998). Son dénemlerde,
Pfam'da (https://pfam.xfam.org/ ) 6nemli degisiklikler meydana gelmis ve veri tabanina
kayith protein ailelerin sayis1 6nemli 6l¢iide artarak yaklasik olarak 17 binin lizerine ¢ikmuistir.
Etki alani sinirlarmin iyilestirilmesi, Pfam klanlarina gore smiflandirilmasi ve islevsel
aciklamalar1 dahil olmak iizere, mevcut verileri iyilestirme ¢abalariyla yeni eklemeler
yapilmistir (El-Gebali ve ark.,2019).
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»  January 2023, when it will be decommissioned. You can read more about the sunset period in our blog poste.

Pfam 35.0 (November 2021, 19632 entries)

The Pfam database is a large collection of protein families, each represented by multiple sequence
alignments and hidden Markov models (HMMs). More...
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Sekil 2. Pfam veri tabani

Hedef protein ve onun dizi homologlar1 arasindaki dogru bir ¢oklu dizi hizalamasi, farkli
konumlarda meydana gelen dizi degisikliklerinin bagintili modelleri dahil, homolog diziler
arasindaki amino asit varyasyonu hakkinda degerli bilgiler igerir. Ikincil yap1 dahil olmak
lizere ana omurga yapisinin tahminleri i¢in temeli olusturur. Benzer yerel yapilara sahip
oldugu tahmin edilen proteinlerden alinan omurga pargalarinin kitapliklari da model
olusturmada kullanilmak {izere birlestirilebilir. Yapt ve kalinti temaslarinin tahminleri,
gradyan tabanli optimizasyon, mesafe geometrisi veya par¢a montaji gibi tekniklerle 3B
model olusturmaya rehberlik eder. Modeller bir tiim atom enerji fonksiyonu ile rafine edilir ve
temsili olan benzer diisiik enerjili konformasyon kiimelerini tanimlamak i¢in birbirleriyle
karsilagtirilir. Modeller nihai tahminler olarak segilir (Sekil 3) (Kuhlman ve Bradley, 2019)
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Sekil 3. Protein yapinin 3 boyutlu yapilanma modeli (Kuhlman ve Bradley, 2019)

Bulgular ve tartisma

Ksilanaz enzimi ile ilgili ilk olarak xyn-11 geninin ilk yapisal agiklamasi Bacillus pumilus
(Arase ve ark.,1993; Ko ve ark., 1992) bakterisi yardimiyla gergeklestirilmis ancak 3 boyutlu
yapis1 hakkinda net bir bilgi elde edilememistir.Protein Veri Bankasinin gelismesi yardimiyla
ksilanaz genine ait ¢ok sayida 3 boyutlu veriler mevcuttur.
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Veri analizleri sayesinde enzime ait olan katalitik domain bdlgesi, aktif bolge ve B — a gibi
katlanmalar hakkinda net bir bilgi elde edilmektedir (Han ve ark., 2019; Dong ve ark.,2022).
Ksilanaz gen bolgesi katalitik alan, uzun ve derin bir yarik olusturan A ve B adli iki
antiparalel B-tabakadan (B-sheets) olusan bir 3 jole rulo (B-jelly-roll) mimarisi gosterir (Paés
ve ark.,2012). B iplikleri arasindaki bircok hidrojen bagi, ¢ergeveyi stabilize eder. B-tabaka A
neredeyse diizlemseldir, oysa p-tabaka B kismen kendi tizerine biikiillerek dik bir ac1
olusturur. B-tabaka B'nin altina benzersiz bir a-sarmal paketlenmistir (Sekil 4) (Paés ve
ark.,2012).

MN-Terminal

L

AL
% il

Sekil 4. Ksilanaz gen bolgesine ait 3boyutlu yapi. a:Topolojik gdsterim b: Cizgi gosterim
(Paés ve ark.,2012).

NCBI veri tabanma ‘AY133992.1° ile kayitlt olan Neocallimastix patriciarum’a ait ksilanaz
gen bolgesinin 3 boyutlu yap1 analizine gore, referans veri setindeki benzer biiylikliikteki
yliksek kaliteli proteinlerdeki ortalama skor puani olan QMEAN Z skoru refarans araliginda
oldugunu gostermistir (https://swissmodel.expasy.org/assess/2unNRy/01) (Sekil 5).
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Sekil 5. Ksilanaz gen bolgesine ait 3boyutlu yap1 ve QMEAN Z skoru

NCBI veri tabanma ‘AY133992.1° ile kayitlt olan Neocallimastix patriciarum’a ait ksilanaz
gen bolgesinin Pfam veri tabani kullanilarak yapilan sekans analizi sonucu GH 11 ailesine iiye
oldugu ve bu gene ait domain bolge aminoasit dizileri verilmistir (Sekil 6)
(https://pfam.xfam.org/search/sequence).
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Expasyveri tabam 3 boyutluyam 2e1
; e 9 Expasvver tabam sekans analiz sonueu

Sekil 6. Ksilanaz gen bolgesinin Pfarm analizi

Seliilazlar kimyasal katalizor olarak endoseliilaz ve ekzoseliilaz aktivitesine sahiptirler.Yaygin
olarak seliilazlar olarak bilinen endo-f (1-4)-glukan hidrolazlar veya endoglukanazlar
(E.C3.2.1.4), GH 5. ailesine iiyedir (www.cazy.org). GHS, katalitik domain yapisi a ve 3
katlanma seklinde ve P seritlerinin C-terminalinde bulunan iki siki korunmus karboksilatin
(genellikle iki glutamat) reaksiyonu katalize ettigi genel bir asit-baz hidrolizini i¢eren bir
tutma mekanizmas1 yoluyla glikozidik baglar1 pargaladigi bilinmektedir (Badieyan ve
ark.,2012).

Sekil 7. Seliilaz genine ait 3 boyutlu yapis1 (Santos ve ark.,2012)

Rumen fungusu olan Neocallimastix frontalis (U38843.1)’e ait seliilaz gen bolgesinin 3
boyutlu yap1 analizine gore, referans veri setindeki benzer biiylikliikteki yiiksek kaliteli
proteinlerdeki ortalama skor puani olan QMEAN Z skoru refarans araliginda oldugunu
gostermistir (https://swissmodel.expasy.org/assess/83Rz6S/01) (Sekil 8).
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Comparison with Nen-redundant Set of PDB Structures
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Sekil 8. Seliilaz gen bolgesine ait 3boyutlu yapt ve QMEAN Z skoru

Neocallimastix frontalis (U38843.1) seliilaz gen bolgesine ait Pfam veri taban1 kullanilarak
yapilan sekans analizi sonucu GH 5 ailesine iiye oldugu ve bu gene ait domain bolge
aminoasit dizileri verilmistir (https://pfam.xfam.org/search/sequence) (Sekil 9).

Cellylase Callulase (glycosyl hydrolase family 5)

erem

CBM 10
CEM 10 Cellulose or protein

ding domain
ding domain

Sekil 9. Seliilaz gen bolgesinin Pfarm analizi

SONUC

Endiistriyel 6neme sahip olan ksilanaz ve seliilaz enzimlerinin sahip oldugu optimum ¢aligma
sartlar1 bilinmektedri. Giinlimiizde bu enzimlerin gesitili veri tabanlarinda sekans,pH,sicaklik
ve 3 boyutlu veri analizleri mevcuttur. Rumen eksosistemi icersinde bulunan
mikroorganizmalara ait enzim aragtirmalar1 burada yayilis gosteren iiyelerin enzimlerininde
ticarei olarak kullanilmaya basladigini ve ¢esitli veri analizlerine eklendigi bilinmektedir.
Sonug olarak her iki rumen fungal enzimin sahip oldugu 3 boyutlu yapist ve kimyasal
karakterizasyonu sonucu veri tabaninda kayith olan diger enzimler ile yliksek homolojiye
sahip oldugu (QMEAN Z skoru) tekrardan gosterilmistir. Rumen fungal enzimlerin
endiistriyel alanlarda da saflstirilarak aktif olarak gorev alabilecegi diistiniilmiistiir.
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OZET

Ruminant hayvanlarin giinliik beslenme programi icerisinde fotosentetik dkaryot canlilar yer
almaktadir. Bu canlilarin sahip olduklar1 hiicre ¢eperlerinin ana omurgasimi  1-4 glikozit
baglar1 sonucu meydana gelen seliiloz polimeri olusturmaktadir. Seliiloz (B 1-4) herbivor
canlilarin sindirim kanalinda mutualist iligkiye sahip mikroorganizmalar yardimiyla hidrolize
edilebilmektedir. Herbivor sindirim kanalinda bulunan rumen funguslar1 morfolojik yapilari
yardimiyla bitkisel yapmnin dig yiizeyine kolonize olmakta ve oOkaryot sindirim enzimleri
sayesinde seliiloz yapmnin hidrolizini (EC 3.2.1.4) olduk¢a basarili bir sekilde
gerceklestirmektedirler. Calismamizda rumen funguslarindan Piromyces sp. susunun sahip
oldugu hiicresel (hiicre i¢i) ve siipernatant (hiicre dis1) Seliilaz (EC 3.2.1.4) enziminin in vitro
ortamdaki aktivitesi degerlendirilmis, reaksiyon sonucu olusan iirlinlerin kantitatif olarak
analizi ince tabaka kromatografisi (TLC) yardimiyla ger¢eklestirilmis ve enzimin calistig
optimum sicaklik ile pH degeri hesaplanmigtir. Ayni zamanda gesitli iyonlarin (Mn",Ca” ve
Co") enzimin ¢alismasi lizerine etki mekanizmasi incelenmistir. Enzim aktivesinin
degerlendirme islemi dinitrosalisilik asit (DNS) metodu yardimiyla gergeklestirilmistir. Enzim
aktivitesinin hesaplanmasi i¢in substrat olarak karboksimetilseliiloz (CMC) tercih edilmistir.
Piromyces sp.’ye ait olan seliilaz enziminin ¢alistigi optimum sicaklik aralifinin 45-50°C
arasinda oldugu tespit edilmistir. Enzim 4-5.5 pH araliginda maksimum aktivite gosterdigi
gozlemlenmistir. Kullanilan iyonlarin (ImM) aktivatdr etkinli§ine sahip oldugu tespit
edilmistir. CMC substratinin hidrolizi sonucu olusan {iriinlerin ince tabaka kromatografisi
icin Silika jel (Merck, 60, 20x20)’de kosturma sonucu standart solusyon ile ylikleme yapilan
orneklerin Rf (retention factor) degerleri de esit ¢ikmistir. Sonug olarak fungal Seliilaz
enziminin in vitro ¢alisma kosullar1 tespit edilmis ve enzim etkinligi sonunda olusan iiriiniin
varlig1 kantitatif olarak tespit edilmistir.

Anahtar Kelimeler: Piromyces sp., TLC, Seliilaz, Ruminant

RUMEN FUNGAL CELLULASE ENZYME ACTIVITY
Abstract
Photosynthetic eukaryotic creatures are included in the daily nutrition program of ruminant

animals. The main backbone of the cell walls of these living things is cellulose polymer,
which is formed as a result of f 1-4 glycoside bonds.
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Cellulose (B 1-4) can be hydrolyzed in the digestive tract of herbivorous organisms with the
help of microorganisms with mutualistic relations. The rumen fungi in the herbivore digestive
tract colonize the plant structure's outer surface with their morphological structure's help and
perform the cellulose structure hydrolysis (EC 3.2.1.4) quite successfully thanks to eukaryote
digestive enzymes. In our study, the in vitro activity of the cellular (intracellular) and
supernatant (extracellular) cellulase (EC 3.2.1.4) enzyme of Piromyces sp strain from rumen
fungi was evaluated, and the quantitative analysis of the products formed as a result of the
reaction was carried out with the help of thin layer chromatography (TLC) and the enzyme
The pH value was calculated with the optimum temperature at which it works. At the same
time, the mechanism of action of various ions (Mn+, Ca+, and Co+) on the cellulase enzyme
was investigated. The enzyme activity was evaluated with the help of the dinitrosalicylic acid
(DNS) method. Carboxymethylcellulose (CMC) was preferred as the substrate for the
calculation of enzyme activity. It has been tested that the optimum temperature value of
cellulase enzyme belonging to Piromyces sp is between 45-50 °C. It was observed that the
enzyme showed maximum activity in the pH range of 4-5,5. It has been determined that the
ions used (ImM) have activator activity. The Rf (retention factor) values of the samples
loaded with a standard solution as a result of running in silica gel (Merck, 60, 20x20) for thin
layer chromatography of products formed as a result of hydrolysis of CMC substrate also
turned out to be equal. As a result, the in vitro working conditions of the fungal Cellulase
enzyme were determined and the presence of the product formed at the end of the enzyme
activity was quantitatively determined.

Keywords: Piromyces sp., TLC, Cellulase, Ruminant

Giris

Biiyliik otoburlarin sindirim sisteminde bulunan anaerobik mantarlar, dogada bilinen
lignoseliilozik materyalin en etkili ve saglam sindiricileri arasindadir. Anaerobik funguslar,
bircok ekonomik 6neme sahip sigir, koyun, kegi ve at gibi otcullarinin sindirim yollarinda
yaygin olarak bulunur. Anaerobik funguslarin kesfi, funguslarin sahip oldugu zoosporlari
protozoa olarak siniflandirilmasindan dolay1 ge¢ kalinmistir. Rumen funguslar1 yap1 olarak
cok kameili ve tek kamegili olarak iki gruba ayrilmaktadir (O'Malley ve ark., 2012). Bu
funguslardan biri olan Piromyces cinsinin tiyeleri, monosentrik tallus (hem endojen hem de
eksojen sporangial gelisim ile), filamentli rizoidal sistem ve monoflagellenmis zoosporlar
(bazen iki ila tetra kamg¢il) ile karakterizedir. Sporangia, kiiresel, oval, piriform, elipsoidal ve
uzatilmis dahil olmak {izere ¢esitli sekiller gosterir (Boxma ve ark., 2004). Anaerobik
funguslar ¢ok yliksek seliilolitik aktiviteye sahiptir ve bu nedenle seliilozu ¢ok verimli bir
sekilde hidrolize ederler. Seliiloz hidrolizinde B-glukosidazlar, oligosakkaritleri glikoza
dontistiirdiikleri i¢in iirlin inhibisyonunun 6énlenmesinde énemli bir rol oynarlar (Harhangi ve
ark., 2012). Karbonhidratlara etki eden enzimler , karbonhidrat aktif enzimler (cazymler), cok
cesitli substratlar lizerinde g¢alisirlar. Karbonhidrat pargalanmasinda rol oynayan cazymler
arasinda glikozit hidrolazlar, polisakkarit liyazlar1 ve karbonhidrat esterazlar1 bulunur. Ek
olarak, yardimci aktivite enzimleri, bircok durumda dogada bozunan c¢esitli redoks
doniisiimleri gerceklestirir (Wardman ve ark., 2022). Ince tabaka kromatografisi (TLC)
adsorbsiyon esasina dayanir, bir adsorbsiyon kromatografisi teknigidir. Ince Tabaka
Kromatografisi (TLC), numune igeren mobil fazin, ince tabaka halinde kaplanmis kati
adsorbandan olugan sabit faz lizerinde kapiler akis ile ilerledigi bir analitik ayirma yontemidir.
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TLC ile yapilan mikotoksin analizlerindeki analitik islemler; ornekleme, ekstraksiyon ve
ekstrakt temizleme, yogunlastirma, kromatografik ayrim, kantitatif ve kalitatif tayin,
dogrulama testleri seklinde ilerlemektedir (Acu & Ozdestan, 2019; Van Egmond ve ark.,
2002). Diger kompleks tekniklere gore kullanim kolayligi, ucuz olmast ve onemli veriler
saglamasi halen ilk sirada tercih edilen metotlardan olmasina olanak saglamaktadir. Bu
calisgmanin amacit rumen funguslarindan biri olan Piromyces sp. susunun sahip oldugu
hiicresel (hiicre i¢i) ve siipernatant (hiicre dig1) Seliillaz (EC 3.2.1.4) enziminin in vitro
ortamdaki aktivitesi degerlendirilmesi, reaksiyon sonucu olusan iiriinlerin kantitatif olarak
analizi ince tabaka kromatografisi (TLC) yardimiyla gerceklestirilmesi ve enzimin calistigi
optimum sicaklik, pH degeri ve ¢esitli iyonlarmn (Mn',Ca” ve Co") enzim iizerine etkisi
degerlendirilmesidir.

MATERYAL VE METOD

Piromyces sp. susunun canlandirilmasi

Kahramanmaras Siitcii Imam Universitesi Ziraat Fakiiltesi Biyoteknoloji ve Gen Miihendisligi
Laboratuvar1 (BIGEM) kiiltiir koleksiyonundan Piromyces sp. susu sivi azot stogundan
anaerobik kosullar altinda ve karbondioksit (CO2) gazi yardimiyla canlandirma islemi
saglanmistir (Balch ve Wolfe, 1976).

Piromyces sp. susunun icin in vitro kosulu

Orpin (1975) tarafindan rumen mikroorganizmalarinin in vitro kosullarda gelisebilmesi icin
hazirlanmis anaerobik besi ortami tercih edilmistir. Besi ortaminda enerji kaynagi olarak
glikoz molekiilii kullanilmastir.

Piromyces sp. susunun Enzim Substratlarin Hazirlanmasi
Calismada kullanilan Seliiloz (Sigma'dan (ingiltere)) ticari substrat1 temin edildi. Substrat igin
500 mg tartild1 ve 100 mL (50mM) sodyumfosfat tamponu (pH:6.0) i¢inde ¢6ziildii.

Piromyces sp. susunun Enzim Aktivitesinin Belirlenmesi

Piromyces sp. suguna ait hem hiicresel hem de siipernatant enzim aktiviteleri, Miller (1959)
tarafindan agiklanan yontemle belirlendi. Ornekler 50°C'de 45 dakika inkiibe edilerek daha
sonra DNS (Dinitro salisilik asit) eklenerek enzim aktivitesi durduruldu ve karigimlar 5
dakika 100°C sicak su banyosunda bekletildi.

Seliilaz hidroliz iiriiniiniin ince tabaka kromatografisi (TLC) ile belirlenmesi

Optimum in vitro kosullar altinda enzimatik reaksiyon gerceklestirilmistir. Reaksiyon
sonunda meydana gelen yadimlama irlinlerinin belirlenmesi i¢in O6rnek ve standart
solisyonlar (Img/ml glikoz) silika gel plaka (Silica gel60, Merck, 20x20) iizerine
yuklenmistir. Hareketli faz olarak biitan-1-ol/asetik asit/su (2 : 1 : 1 - v/v/v) ¢Oziicii sistemi
icinde gergeklestirildi ve %50 (v/v) H2SO4'lin metanol karisimi piiskiirtiilmesinden sonra
hidroliz tiriinleri 120°C'de 10 dakika siireyle 1s1l isleme tabi tutularak bantlar belli oluncaya
kadar inkiibe edilmistir (Sugimura ve ark.,2003).

BULGULAR VE TARTISMA

Optimum pH tespiti

Rumen funguslariin sahip oldugu seliilaz enzimlerinin aktivite gosterdigi optimal pH aralig:
4.0-7.5 arasinda oldugu bilinmektedir (Borneman ve ark., 1989; Barichievich ve Calza, 1990;
Chen ve ark., 1994).
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Calismamizda Piromyces sp. susunun optimum calistigi pH araligr 3.5-8.0 arasinda oldugu
tespit edilmistir. Ancak seliilaz enziminin en iyi aktivite gosterdigi pH degeri 6.0 olarak
gozlemlenmistir. Enzimin hiicresel ve silipernatant aktivitelerinin optimum ¢alistigt pH
araliginin biribirine yakin oldugu da tespit edilmistir (Sekil 1).
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Sekil 1. Piromyces sp. susunun optimum c¢alistig1 pH aralig1 (kahverengi: hiicresel, mavi:
siipernatant)

Optimum sicakhik tespiti

Rumen ortaminin sicaklik degeri 38-41°C arasinda degiskenlik gOstermesine ragmen rumen
fungal enzimleri in vitro kosullar altinda 40-60°C arasinda etkinlik gosterdigi rapor edilmistir
(Liu ve ark., 2008). Liu ve ark (1997), Piromyces sp. susuna ait seliillaz enziminin in vitro
kosullar altinda optimum aktivite gosterdigi sicaklik degerinin 45°C oldugunu rapor
etmislerdir. Calismamizda kullanilan Piromyces sp. susuna ait seliilaz enziminin etkinlik
gosterdigi sicaklik araligi 30-60°C’de oldugu ve ortam sicakligin 40°C oldugu durumda enzim
etkinliginin %80 oraninda aktiviteye sahip oldugu gézlemlenmistir.
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Sekil 2. Piromyces sp. susunun optimum caligtig1 sicaklik aralig1 (kahverengi: hiicresel, mavi:
siipernatant)

Enzim iizerine iyon etkisi

Rumen funguslarina ait enzimlerin g¢alismasi iizerine iyonlarin ve bu iyonlara ait farkli
konstrasyonlarin etkileri farklilik gosterebilmektedir (Lee ve ark.,2004). Iyonlar enzimlerin
aktivator veya inhibitdr 6zellik kazanmasina etki etmektedirler (Zhao,2010). Calismamizda
kullanilan Mn*,Ca* ve Co" iyonlarin Piromyces sp. tarafindan salgilanan seliilaz enzimi
lizerine etkisi tespit edilmistir. Mn" iyonu enzim etkinligi tizerinde %60 oraninda aktivator
katki saglarken Co" iyonun 10mM’lik son konsantrasyon uygulamasinda enzim aktivitesi
%10 oraninda azalmistir (Cizelge 1).
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Cizelge 1. Piromyces sp. susu tarafindan salgilanan saliilaz enzimi {lizerine etki eden iyonlar.
Renklendirmede koyu renk aktivitenin yiiksek oldugunu temsil etmektedir.

1 mM 10 mM

Kontrol 100 100
Mn™?
Co'™?

Son iiriiniin TLC ile tespiti

Piromyces sp. susu tarafindan salgilanan seliillaz enziminin aktivitesi sonrasi olusan son
irlinlerin ince tabaka kromatografi bantlagmasi tespit edilmistir. Retention factor olarak
bilinen ve Rf = Coziinen madde mesafesi/¢coziicii madde mesafesi orani ile tespit edilen bu
deger sayesinde kullanilan standart soliisyon ile enzim aktivitesi sonrast olusan iirliniin Rf
degerlerinin esit olmasi gerekmektedir (Truter ve ark.,1965).

Piromyces sp.’ye ait olan seliilaz enzimin aktivitesi sonucu olusan sellobiyoz ve standart
soliisyon olarak kullanilan sellobiyozun Rf'degerleri 0,56 olarak tespit edilmistir (Sekil 3).

l

goziiciimadde mesafe

Cozinen madde mesafe

Sekil 3. Piromyces sp.’ye ait seliilaz enzim aktivitesi sonucu iiriin TLC goriintiisii.1:Siikroz
standart, 2:Sellobiyoz standart, 3 ve 4: Piromyces sp.’ye ait enzim aktivitesi

SONUC

Piromyces sp.’ait seliilaz enziminin in vitro optimum pH aralig1 bu enzimin rumen igerisi pH
(optimum 6.0-7.0) araligina (Duffield ve ark.,2004) yakin bir etkinlik gostermistir. Ye ve ark.
(2001) rumen fungusuna ait seliilaz enzim etkinligini 5.5 ile7.5 arasinda, Ljungdahl (2008)
rekombinat seliilaz enzim i¢in pH’in 6.0 oldugunu ve Li ve ark. (1997) ise 4.3 ile 6.8
araliginda oldugunu tespit etmislerdir. Piromyces sp.’ait seliilaz enziminin in vitro optimum
sicaklik araliginin 40-60° C arasinda bulunmasi Ye ve ark.(2001), Ko ve ark. (2011) ve
Morrison ve ark .(2016)’nin yaptig1 ¢aligmalara benzerlik gostermistir.
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Rumen funguslarina ait olan seliillaz enzim etkinligi sonucu olusan iiriinlerin TLC ile tespiti
olduk¢a 6nemli olmakla beraber kantitatif bir analiz olabilmektedir (Xue ve ark .,1992; Chang
ve ark.,1999; Meng ve ark.,2017; Liu ve ark..2022).
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OZET

Bu ¢aligmanin amaci; atik nitelikte olan portakal kabuklarinin misir silajina ilave edip katki
maddesi olarak degerlendirmektir. Bu amagla misir hasili hamur olum déneminde bigilerek
silotrak yardimiyla pargalatilip icerisine %0, 0.5, 1 ve 2 portakal kabugu eklenerek cam
kavanozlarda sikistirilip dorder tekerriir olacak sekilde silolanmistir. 60 giinliik fermantasyon
sonrasinda agilarak analizlere tabi tutulmustur. Silajlar i¢in 6nemli bir kriter olan pH degeri
elde edilen tiim gruplarda 3,64’iin altinda bulunmustur. Elde edilen silajlarin kaliteli silaj
niteligi tasidigi tespit edilmistir. Bu caligmanin sonucuna gore; portakal kabuklarinin
kurutulup musir silajina katilmas1 durumunda hayvan yemi olarak degerlendirilebilecegi, bu
tiir atik tirtinlerin hayvan yemi katki maddesi olarak kullanilmast durumunda ¢evre kirliliginin
ontine gecilebilecegi diisliniilmektedir.

Anahtar Kelimeler: Portakal kabugu, misir silaji, silaj katkisu.

EVALUATION OF THE CONTRIBUTION OF DRIED ORANGE PEEL TO CORN
SILAGE

ABSTRACT

The aim of this study was to add waste orange peels to corn silage and evaluate it as an
additive. For this purpose, the corn product was cut during the dough formation period,
shredded with the help of a silotracer, 0, 0.5%, 1 and 2 orange peels were added to it,
compressed in glass jars and then siled in four repetitions. After 60 days of fermentation, it
was opened and analyzed. The pH value, which is an important criterion for silages, was
found below 3.64 in all groups obtained. It has been determined that the obtained silages have
the quality of quality silage. According to the results of this study; It is thought that if the
orange peels are dried and added to corn silage, they can be used as animal feed, and if such
waste products are used as animal feed additives, environmental pollution can be prevented.
Keywords: Orange peel, corn silage, silage additive.

GIRIS

Yeterli miktarda nem igerigine sahip yemlerin uygun anaerobik sartlarda fermantasyona
birakilarak ile elde edilen yeme silaj, yapilan isleme silolama, yapildig1 yere silo adi verilir.
Son zamanlarda, tilkemizde silajlik bitkilerin iiretimi ve silaj yapimi hizla artmis olup, tiretilen
toplam silajin yaklasik %80’den fazlasin1t misir hasili bitkisinden hazirlanan silajlar
olusturmus ve en ¢ok silaj yapan bolgelerin basinda Marmara ve Ege Bolgesi gelmistir
(Algicek ve Karaayvaz, 2003). Bu kaba yem kaynaginin kalitesinin ve silolamadan beklenen
faydanin saglanmasinda, silolanan bitkinin suda c¢oziinebilir karbonhidrat (SCK) igerigi,
buffer kapasitesi (TK) ve kuru madde (KM) diizeyi ile silo ortamiin pH diizeyi, sicaklig1 ve
oksijen igerigi biiyiikk 6nemli etkenlerdir (Basmacioglu ve Ergiil, 2002). Silaj yapiminin ana
prensibi; anaerobik sartlarda laktik asit fermantasyonunun saglanmasi ile pH degerini hizli bir
sekilde diisiiriilmesi ve anaerobik sartlarin devamininin saglanmasidir.
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Silaj ana materyali olarak iiretilen yem hammaddeleri disinda sebze artiklari, meyve suyu
iretim atiklar1 ve bazi aga¢ yapraklar ile meyveleri de silaj olarak degerlendirilebilir
(Yildirim, 2015). Bazi meyvelerin besleme ve saglik agisindan onemli olan antioksidanlar,
antosiyaninler, karotenoidler, pektinler, yag asitleri, fenolik asitler ve bazi vitamin ve
mineraller bakimindan zengin olmalar1 (Velioglu ve ark., 1998) dolayisiyla bunlarin yan
iriinlerinin sadece yem kaynag1 olma diginda bu sayilan nitelikleri nedeniyle silaj kalitesine
de onemli katkilar1 olabilir. Bu c¢alismada atik nitelikte olan portakal kabuklarinin misir
silajina ilave edip katki maddesi olarak degerlendirilmesi amaglanmistir.

MATERYAL VE METOT

Arastirmada bitki materyali olarak hamur olum doéneminde hasat edilen misir hasili
kullanilmistir. Katki maddesi olarak %0, %0.5, %1 ve %2, oranlarinda portakal kabugu
kullanilmigtir. Arastirmada kullanilan misir solmaya birakildiktan sonra 1.5-2.0 cm
boyutlarinda parcalanmistir. Arastirmada hazirlanan silaj gruplari, misir hasili kontrol
(katkis1z), misir hasilina yas agirlik esasina gore %0.5, %1 ve %2 oraninda portakal kabugu
ilave edilerek toplam 4 farkli grup olusturulmustur. Denemede deseninde gruplar 4’er tekerriir
olarak olusturulmustur. Parcalanan misir bitkisine katki maddesi ilave edildikten sonra cam
kavanozlarda hava almayacak sekilde, agizlar1 sikica kapatilarak oda sicakliinda
fermantasyona bitrakilmistir. Cam kavanoz silajlart 60 giin sonra agilarak silaj 6rneklerine
kimyasal analizler uygulanmistir. Kavanozlarin ist kismi (3-5 cm’lik) atildiktan sonra,
homojen olarak alinan 25 g silaj 6rnegi lizerine 100 ml saf su ilave edilerek blender yardimi
ile 2 dakikalik bir siire ile parcalanmig, pargalanan silaj sivisinin pH degeri 6l¢iilmiistiir
(Polan ve ark., 1998). Calismada silaj materyali olarak kullanilan misir hasilindan elde edilen
silajlarin ham besin madde igeriklerinden olan kuru madde, ham kiil ve ham protein analizleri
AOAC (2005)’e gore, ADF ve NDF analizleri ise Van Soest ve ark. (1991)’e gore yapilmustir.
Ayrica silajlar  aerobik stabilite testine (CO: iiretim degerlerinin belirlenmesi) tabi
tutulmustur (Ashbell ve ark., 1991). Arastirma sonunda elde edilen veriler SPSS (2008) paket
programi ile degerlendirilmistir.

BULGULAR VE TARTISMA
Silajlik materyal olan misir hasili bitkisi ile kurutulmus portakal kabugunun ham besin madde
icerikleri Tablo 1'de verilmistir.

Tablo 1: Taze misir hasili ile kurutulmus portakal kabugunun ham besin madde icerikleri.

%KM %HK %HP %ADF %NDF
MH 28.94 7.83 8.10 32.24 55.05
KPK 91.37 3.86 4.23 16.27 20.78

MH: Misir Hasili; KPK: Kurutulmus portakal posasi; KM: Kuru madde, %; HK: Ham kiil,
%; HP: Ham protein, %; ADF: Asit deterjanda ¢oziinmeyen lif, %; NDF: Notr deterjanda
¢oziinmeyen lif, %.
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Tablo 2: Misir hasilina farkli seviyelerde kurutulmus portakal kabugu ilave edilerek
hazirlanan silajlarin besin madde igerikleri ile pH ve Aerobik stabilite degerleri.

#KM | onKk | %HP | %ADF | %NpF | PH | €O

Kontrol | 27.03 | 575 8000 | 32.82° | 5589 | 3.64° | 2.56°
%0.5 KPK | 27.08 | 7.39° 8.58° | 3283 | 5633 | 3.61° | LII"
%1 KPK | 27.04 | 7.19° 925 | 3338 | 5645 | 3.59° | 0.83°
%2 KPK | 27.11 | 723" 938 | 2973 | 5616 | 3.59" | 2.53°
SEM 0.075 | 0218 0.144 0386 | 0.192 | 0.007 | 0.206

P 0.985 | 0.008 0.000 0.000 | 0.793 | 0.000 | 0.000

a-¢: Her siitunda farkli harf tasiyan degerler farkli bulunmustur (P<0.05; P>0.05: 6nemsiz);
KPK: Kurutulmus portakal kabugu; KM: Kuru madde, %; HK: Ham kiil, %; HP: Ham
protein, %; ADF: Asit deterjanda ¢oziinmeyen lif, %; NDF: Notr deterjanda ¢oziinmeyen lif,
%; COz2: Karbondioksit olugumu, g/kg KM.

Misir hasili bitkisine farkli seviyelerde kurutulmus portakal kabugu ilave edilerek hazirlanan
silajlarin besin madde igerikleri Tablo 2’de sunulmustur. Tablo 2 incelendiginde misir
hasilina %0, %0.5, %1 ve %2 farkli seviyelerde kurutulmus portakal kabugu ilave edilerek
hazirlanan silajlarin %HK, %HP, %ADF, pH ve CO:; igeriklerine bakildiginda gruplar
arasinda farkliliklar istatistiksel olarak Onemli bulunmusken (p<0.05), %KM ve %NDF
iceriklerine bakildiginda ise gruplar arasinda farkliliklar istatistiki olarak Onemsiz
bulunmustur (p>0.05). Tablo 2 incelendiginde kontrol grubuna kiyasla portakal kabugu
ilavesine bagli olarak %HK ve %HP degerleri artmistir. Kurtoglu (1998), silajlarda Ham kiil
diizeylerindeki farkliliklarinin olmasinin nedenini, silajlik materyallerin inorganik madde
(toprak vb.) diizeylerinin farkliligindan kaynaklandig: bildirmistir. %HP degerinin artmasi ise
kurutulmus portakal kabugu ilavesinin protein fraksiyonlarinin denatiire olmasini biiyiik
Olciide engelledigi gozlemlenmistir. Silajlarin ADF degerleri incelendiginde %2 diizeyinde
portakal kabugu ilavesinin %ADF degerini diislirmiistiir. Silajlarin ADF orani, bitki hiicre
duvarinin yapisinda bulunan hem seliiloz hem de lignin miktarini ifade etmektedir. ADF oram
yemin sindirilebilirligi ile hayvanin enerji alimi hakkinda bilgi verir. Bu c¢alismadan elde
edilen ADF degerleri (% 33.38- 29,73 KM) araliginda tespit edilmistir. Silajlarin pH degerleri
arasinda en yiiksek pH (3.65) katkisiz hazirlanan silajdan elde edilmistir. Silo yemlerinin pH
degeri silaj kalitesini belirleyen en onemli unsurdur. Kaliteli bir silo yeminin pH’1 3.8-4.2
araliginda olmalidir (Uslu ve Kaya 2020). Arastirmada silajlarin pH igerikleri 3.65 ile 3.59
aralifinda tespit edilmistir. Silaj iiretimi sirasindaki yapilan uygulamalar ile silajlik bitkinin
uygun bi¢im zamaninda uygun biiyiikliikte dogranmasi, silaj yapilirken sikistirilmasi ve kisa
siire icerinde silonun kapatilmasi, silaj niteligini tanimlayan 6nemli unsurlardir (Keskin ve
ark., 2017). Silajin aerobik stabilitesi (CO; olusumu) 6nemli bir kriter olup silaj niteligiyle
ters orant1 i¢indedir. Yani silaj niteligi artikca aerobik stabilite diigmektedir. Havayla temas
eden silaj kisa siire iginde bozulabilmektedir. Bundan dolay1 istenilen nitelikte ve aerobik
stabilitede silaj elde etmek icin silolanacak materyale cesitli katki maddeleri katilmaktadir.
Aerobik stabilite agisindan CO: degerine bakildiginda en yiiksek deger kontrol grubu (%2,556
g/kg KM) ile %2 portakal kabugu katkili grupta (92,530 g/kg KM) bulunurken, en diisiik
deger %1 Portakal kabugu katkili (%0.833 g/kg KM) grupta bulunmustur (P<0.05).
Dolayisiyla portakal kabugunun musir silajina %1 olarak katilmasi CO; degerini diisiirerek
aerobik stabiliteyi iyilestirmistir.
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SONUC
Sonu¢ olarak tiim deneme grubu silajlar1 incelendiginde %1 diizeyinde portakal kabugu
ilavesinin pH degerini diisiirdiigii ve aerobik stabiliteyi iyilestirdigi belirlenmistir.
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ARI EKMEGININ BILESiMi ve SAGLIKLA ILiSKiSi

Berna DUMAN AYDIN
Dicle Universitesi Veteriner Fakiiltesi/Besin-Gida Hij. ve Tekn. Bol.
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OZET

Insanlarin saglikli ve kaliteli yasam istegi dogal maddelere olan ilgiyi giin gectikce
arttirmakta ve birgok arastirmacinin biiyiik ilgisini ¢ekmektedir. Hem dogal ve besleyici
olmas1 hem de tedavi edici 6zellikleri nedeniyle binlerce yildir bilinen ve kullanilmakta olan
ar1 lrtinlerinin saglik iizerine olumlu etkilerinin bilimsel arastirmalar ile de ortaya konmasi bu
iriinlerin daha yakindan bilinmesine ve daha fazla talep edilmesine neden olmaktadir. Ar
iirlinleri arasinda yer alan ve diger ar lriinlerine gore kismen daha az bilinen ar1 ekmegi
(perga); isci arilarin toplamis olduklar1 polenleri, nektar ve kendi salgiladiklar1 6zel enzimler
ile karistirarak bal petekleri icerisinde muhafaza ettikleri fermente bir ari tiriiniidiir. Ar
ekmegi besleyici ve apiterapotik etkilerinin yani sira yapisindaki bagsta serbest amino asitler,
vitaminler, doymamis yag asitleri (linoleik, linolenik ve arasidonik) ve fenolik bilesikler gibi
dogal antioksidanlar bu {irlinli 6zel ve benzersiz kilar. Ar1 ekmeginin kimyasal kompozisyonu
polen ile benzerlik gosterir. Ancak ar1 ekmeginde daha fazla enzim, karbonhidrat, K ve B
vitaminleri, daha az protein ve yag bulunur. Ustelik fermentasyon sonucu olusan laktik asit
nedeniyle pH degeri daha distiktiir. Ar1 ekmeginin liretimi sirasinda olusan fermentasyon
polenin ¢ok katmanli duvarinin parcalanmasina ve bunun sonucunda ari ekmeginin polene
gore daha iyi sindirilebilmesine ve insan bagirsak epitel hiicreleri tarafindan daha yiiksek
oranda absorpsiyonu sonucu biyoyararlaniminin artmasin1 saglar. Bu dogal (iriin,
biyokimyasal c¢esitliligi sayesinde sindirim ve endokrin sistemlerinin fonksiyonlarinin
diizenlenmesinde, bagisiklik sisteminin gli¢lendirilmesinde, anti-aging, anti-anemik ve
antimikrobiyal Ozelliklere sahiptir. Ayrica bazi1 arastirmalar ar1 ekmeginin i¢inde bulunan
vitamin ve minerallerden dolay1 asir1 ¢aligma ve depresyondayken zayiflayan sinir sistemi
fonksiyonlari giiglendirdigini, zihinsel saglik kosullarinin semptomlarin1 hafifletmeye
yardimci olabildigini gostermektedir. Yine ar1 ekmeginin i¢inde bulunan bilesenlerin tiimor
hiicrelerinin reaktivitesine karsi koruma sagladigi, baz1 kanser tiirlerinde kanser hiicrelerine
kars1 sitotoksik etki gosterdigi, normal hiicrelerde ise oksidatif stresi, iltihabi ve apoptozu
azaltabilen bilesiklere sahip oldugu ve proinflamator ajanlari inhibe ederek antiinflamatuar
etki gosterdigi bildirilmistir.

Sonug olarak ar1 ekmegi, yapisindaki yararli maddelerden dolay1 tiiketicilerin dogal ve
saghikli {riin beklentilerini karsilayabilecek diizeyde ve gelecekte bazi hastaliklarin
onlenmesi, kontrol edilmesi veya tedavi edilmesinde potansiyel bir segenek olabilecegini
gostermektedir.

Anahtar Kelimeler: perga, ar1 ekmegi, apiterapi, fonksiyonel gida

THE COMPOSITION OF BEE BREAD AND THE RELATIONSHIP WITH HEALTH

ABSTRACT

People's desire for a healthy and quality life increases the interest in natural substances day by
day and attracts great attention of many researchers. The positive effects of bee products on
health, which have been known and used for thousands of years due to their natural and
nutritive and therapeutic properties, have been revealed by scientific research, causing these
products to be known more closely and demanded more.
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Bee bread (perga), which is among bee products and is partially less known than other bee
products; It is a fermented bee product that worker bees keep in honeycombs by mixing the
pollen they have collected with nectar and special enzymes they secrete. In addition to its
nutritional and apitherapeutic effects, bee bread's natural antioxidants such as free amino
acids, vitamins, unsaturated fatty acids (linoleic, linolenic and arachidonic) and phenolic
compounds make this product special and unique. The chemical composition of bee bread is
similar to pollen. But bee bread contains more enzymes, carbohydrates, vitamins K and B,
less protein and fat. Moreover, the pH value is lower due to the lactic acid formed as a result
of fermentation. The fermentation that occurs during the production of bee bread causes the
multi-layered wall of the pollen to break down and as a result, the bee bread can be digested
better than pollen and its bioavailability increases as a result of its higher absorption by
human intestinal epithelial cells. Thanks to its biochemical diversity, this natural product has
anti-aging, anti-anemic and antimicrobial properties in regulating the functions of the
digestive and endocrine systems, strengthening the immune system. In addition, some studies
show that due to the vitamins and minerals in bee bread, it strengthens nervous system
functions that are weakened when overworked and depressed, and can help relieve symptoms
of mental health conditions. It has also been reported that the components in bee bread
provide protection against the reactivity of tumor cells, have a cytotoxic effect against cancer
cells in some types of cancer, have compounds that can reduce oxidative stress, inflammation
and apoptosis in normal cells, and have an anti-inflammatory effect by inhibiting
proinflammatory agents.

As a result, bee bread shows that due to the beneficial substances in its structure, it can meet
the expectations of consumers for natural and healthy products and may be a potential option
in the prevention, control or treatment of some diseases in the future.

Keywords: perga, bee bread, apitherapy, functional food
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THE BEHAVIOR OF Pseudoalteromonas haloplanktis OS-9 IN CONDITIONS THAT
MIMIC THE GASTROINTESTINAL ENVIRONMENT OF FISH

Ecren UZUN YAYLACI
Karadeniz Technical University, Department of Fisheries Technology Engineering
ORCDI: 0000-0002-2558-2487

Abstract

Pseudoalteromonas genus is a Gram-negative, rod-shaped, motile, and non-spore-forming
bacteria. Many Pseudoalteromonas species show antimicrobial properties by producing
various compounds such as extracellular serine proteases, metalloproteases, and other
proteolytic substances. Due to their antimicrobial properties, Pseudoalteromonas species are
preferred as probiotics in aquaculture. Probiotic bacteria must be able to survive in gastric-
duodenal fluids, attach to intestinal epithelial cells and colonize the gastrointestinal tract. The
aim of this study was to evaluate the behavior of Pseudoalteromonas haloplanktis OS-9 in
conditions mimicking the gastrointestinal tract of fish. Survival of the isolate in gastric acid
was determined by incubating statically at pH 2.0 or 3.0 at 29 °C for 3 hours. The number of
colonies was counted at 0, 1.5, and 3 hours during cultivation with the agar plate method. The
bile salt tolerance of the isolate was determined by incubation with 0.3% (w/v) ox gall for 12
hours at 29 °C in a shaker (120 rpm™). Samples were taken every 4 hours and colonies were
numbered using the agar plate method. All assays were carried out in triplicate. Cell adhesion
activity was determined by auto-aggregation and cell surface hydrophobicity methods. The
results showed that Pseudoalteromonas haloplanktis OS-9 could survive 0.3% ox gall and pH
2.0 and had high cell adhesion activity. It was determined that Pseudoalteromonas
haloplanktis OS-9 has the potential to survive in the gastrointestinal tract and to adhere well
to intestinal epithelial cells with its high hydrophobicity.

Keywords: Pseudoalteromonas haloplanktis, gastrointestinal tract, fish
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FARKLI BITKi CAYLARINDAKI TOPLAM FENOLIK BILESEN VE
ANTIOKSIDAN AKTiVITENIN BELIRLENMESI

Fadime SEYREKOGLU
Amasya Universitesi, Suluova Meslek Yiiksekokulu, Gida Isleme Boliimii
ORCID: 0000-0001-9787-4115

Ozet

T1ibbi aromatik bitkiler ve bu bitkilerden elde edilen ekstraktlar, ugucu yaglar bircok sektorde
yaygin olarak kullanilmaktadir. Ayrica bu bitkilerin ¢ay olarak tiiketimi giderek artis
gostermektedir. Calismamizda piyasadan temin edilen farkli bitki caylar1 farkli demleme
stirelerinde hazirlanmigtir. Elde edilen oOrneklerde toplam fenolik bilesen ve antioksidan
aktivite analizleri uygulanmistir. Calismada beyaz ¢ay, papatya cayi, probiyotikli yesil ¢ay,
chia tohumlu cay, karisik bitki cay1r ve siyah cay kullanilmistir. Caylarin demleme islemi
farkli siirelerde (5 ve 10 dakika) gergeklestirilmistir ve toplamda 12 adet Ornek elde
edilmistir.Biitiin 6rneklerde sicak su kullanilmistir. Orneklerde hazir bitki ¢ayma 100 mL
sicak su ilave edilerek 5,10 dakika demlenmistir. Biitiin 6rneklerde toplam fenolik madde ve
DPPH radikal siipiirme aktivite testleri uygulanmistir.

En ytiksek fenolik madde miktar1 5 dakika demleme ile elde edilen beyaz cayda 890,63mg
gae/mL olarak belirlenirken en diisiik fenolik madde miktar1 5 dakika demleme ile elde edilen
chia tohumlu c¢ayda 5,63 mg car/mL olarak gozlemlenmistir. En yiiksek DPPH radikali
siipiirme aktivitesi 10 dakika demleme ile elde edilen karisik bitki ¢cayinda % 80,94 olarak
hesaplanirken, en diisiik DPPH radikali siipiirme aktivitesi 5 dakika demleme ile elde edilen
probiyotikli yesil cayda % 33,42 olarak hesaplanmistir.

Toplam fenolik madde miktar1 beyaz cayda, probiyotikli yesil cayda demleme siiresinin artisi
ile azalirken, papatya ¢ay1, chia tohumlu cay, karisik bitki ¢ay1 ve siyah cayda artmistir. %
DPPH radikali siipiirme aktivitesi ise papatya ¢ay1 ve siyah cayda demleme siiresinin artisi ile
diiserken, beyaz cay, probiyotikli yesil cay, chia tohumlu ¢ay ve karisik bitki ¢cayinda artis
gostermistir. Caligsmamiz uygulama stiresinin hazir bitki ¢aylarindaki toplam fenolik madde
miktar1 ve % DPPH siipiirme aktivitesi iizerindeki etkisini gostermektedir. Siirenin artmasi
bazi ¢aylarda olumlu etki gosterirken bazilarinda ise olumsuz etki gostermektedir.

Anahtar Kelimeler: Bitki ¢ayi, fenolik, antioksidan.

DETERMINATION OF TOTAL PHENOLIC CONTENT AND ANTIOXIDANT
ACTIVITY IN DIFFERENT HERBAL TEA

Abstract

Medicinal aromatic plants and its extracts, essential oils are widely used in many sectors. In
addition, the consumption of these plants as tea is gradually increasing. In this study, different
herbal teas obtained from the market were prepared at different brewing durations. Total
phenolic content and antioxidant activity analyzes were applied in the samples. White tea,
chamomile tea, green tea with probiotics, chia seed tea, mixed herbal tea and black tea were
used in the study. The brewing process of the teas was carried out at different times (5 and 10
minutes) and a total of 12 samples were obtained. Hot water was used in all samples. In the
samples, 100 mL of hot water was added to the ready-made herbal tea and brewed for 5-10
minutes. Total phenolic content and DPPH radical scavenging activity tests were performed in
all samples.
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The lowest total phenolic content was determined as 5.63 mg GAE/mL in chia seed tea
obtained by brewing for 5 minutes while the highest amount of phenolic content was
determined as 890.63 mg GAE/mL in white tea obtained by brewing for 5 minutes. The
highest DPPH radical scavenging activity was calculated as 80.94% in mixed herbal tea
obtained by brewing for 10 minutes while the lowest DPPH radical scavenging activity was
calculated as 33.42% in green tea with probiotics obtained by brewing for 5 minutes.

The increament of brewing durations decreased the total amount of phenolic content in white
tea and green tea with probiotics while it increased in chamomile tea, chia seed tea, mixed
herbal tea and black tea. The increament of brewing durations decreased the % DPPH radical
scavenging activity in chamomile tea and black tea while it increased in white tea, green tea
with probiotics, chia seed tea and mixed herbal tea. This research shows the effect of
application time on total phenolic content and % DPPH scavenging activity in ready-made
herbal teas. Increasing the time has a positive effect on some teas, while it has a negative
effect on others.

Keywords: Herbal tea, phenolic, antioxidant.
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NUMERICAL SOLUTIONS OF A NONLINEAR PHYSICAL MODEL:
THE NEWELL-WHITEHEAD-SEGEL EQUATION

Asuman ZEYTINOGLU
Assist. Prof., Suleyman Demirel University, Department of Mathematics
ORCID: 0000-0001-5102-2152

Fatih Melih BAYRAM
Graduate Student, Suleyman Demirel University, Department of Mathematics
ORCID: 0000-0002-6796-3966

Abstract

In this paper, a comparative study of some Runge-Kutta methods combined with sixth-order
seven-points finite difference scheme for solving nonlinear Newell-Whitehead-Segel (NWS)
equation, which is known as an important mathematical model of reaction-diffusion processes
in various fields such as chemical engineering, mechanical engineering, bioengineering,
mathematical biology and fluid mechanics, is carried out. The proposed methods are directly
applied to the NWS model without any transformation or linearization procedure. In order to
reveal the accuracy and effectiveness of the proposed algorithms, numerical results and error
estimations of two test problems are given by comparing with the results of other methods in
the literature through tables and figures. Tables and graphs show that the results obtained are
in strong agreement with the corresponding analytical solutions and other results in the
literature and even have relatively higher accuracy than some of literature studies. In addition,
the easy application of the proposed algorithms to problems without the need for any
transformation/linearization makes them strong alternatives for solving similar models
representing various physical processes.

Keywords: The Newell-Whitehead-Segel equation, Nonlinear physical model, High order
finite difference scheme, Runge-Kutta methods, Numerical solutions

LINEER OLMAYAN BIR FiZIKSEL MODELIN NUMERIK COZUMLERI:
NEWELL-WHITEHEAD-SEGEL DENKLEMI

Ozet

Bu caligmada, kimya miihendisligi, makine miihendisligi, biyomiihendislik, matematiksel
biyoloji ve akigskanlar mekanigi gibi cesitli alanlardaki reaksiyon-difiizyon siire¢lerinin 6nemli
bir matematiksel modeli olarak bilinen lineer olmayan Newell-Whitehead-Segel (NWS)
denkleminin ¢6ziimii i¢in altinc1 mertebeden yedi noktali sonlu fark semasi ile birlestirilmis
bazi Runge-Kutta ydntemlerinin karsilastirmali bir calismasi sunulmaktadir. Onerilen
yontemler, herhangi bir doniistim veya dogrusallastirma prosediirii olmaksizin dogrudan NW'S
modeline uygulanmaktadir. Onerilen algoritmalarm dogrulugunu ve etkinligini ortaya koymak
icin, iki test probleminin sayisal sonuglar1 ve hata tahminleri, literatiirdeki diger yontemlerin
sonuglari ile tablolar ve grafikler araciliiyla karsilastirilarak verilmistir. Tablolar ve grafikler,
elde edilen sonuglarin literatiirdeki ilgili analitik ¢éztimler ve diger sonuclarla gii¢lii bir uyum
icinde oldugunu ve hatta bazi literatiir caligmalarindan nispeten daha yiiksek dogruluga sahip
oldugunu gostermektedir.
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Ayrica Onerilen algoritmalarin herhangi bir doniistiirme/dogrusallastirmaya ihtiya¢ duymadan
problemlere kolayca uygulanabilmesi, onlari, g¢esitli fiziksel siirecleri temsil eden benzer
modellerin ¢6ziimii i¢in giiclii alternatifler haline getirmektedir.

Anahtar Kelimeler: Newell-Whitehead-Segel denklemi, Lineer olmayan fiziksel model,
Yiiksek mertebeden sonlu fark semasi, Runge-Kutta yontemleri, Niimerik ¢oziimler
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BIO-MARANGONI CONVECTIVE PERISTALTIC FLOW OF HYBRID
NANOFLUID IN NON-UNIFORM CHANNEL

Namrata Kallolikar
Department of Mathematics, Karnatak University

Abstract

In this mathematical investigation, we have considered the influence of Marangoni on bio-
convection peristaltic flow of hybrid nanofluid and the study is additionally limited by the
assumption of a low Reynolds number and lubrication theory approximations. An internal
energy generation is also taken into account. The governing equations were transformed into a
non-dimensional form, which is solved by using the Homotopy Perturbation Sumudu
transformation method (HPSTM). The influence of wvarious physical parameters on
dimensionless velocity, temperature, volume fraction, Nusselt number, stream function has
been analysed. From the study, it is observed that velocity increases for Marangoni number
and Marangoni ratio parameter and it is decreases for bioconvection Rayleigh number. And it
is also noticed that motile microorganism density is lowered by a Peclet number and for the
bioconvection constant. Present study is useful, as microorganisms are favourable in the
decomposition of organic material, producing oxygen and maintaining human health.
Whereas the hybrid nanofluid Cu-CuO/blood instance is effective in lowering the stenotic
arteries hemodynamic. We have compared the present investigation with exact solution, and it
is in good agreement.

Keywords: Peristaltic flow, hybrid nanofluid, Marangoni effect, bioconvection, non-uniform
channel.
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UX STUDY ON HANDHELD AUGMENTED REALITY GAMES BY APPLYING
SPRADLEY'S NINE DIMENSIONS DESIGN PRINCIPLE
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ORCID: 0000-0002-5894-1036

Abstract

The first step in researching augmented reality was making a head-mounted three-dimensional
display at the beginning of 1968. The idea behind a three-dimensional display is to show the
user a perspective image from a different point of view that changes as the user moves. Since
that time, the majority of growth in augmented reality has been driven by technology. The
researcher's emphasis on AR's technological aspects, such as its hardware and software, has
resulted in very few initiatives directed toward user experience and exploration studies. To
address the transition of the notion of augmented reality from research/laboratories to the
general user, it is necessary to approach the technology in a more user-friendly, user-centric
manner. In this study, we focus on handheld augmented reality (HAR) gaming applications
and propose to employ Spradley's nine dimensions to investigate components of handheld
augmented reality experience so that designers may comprehend the human-centric design
approach. we posed a questionnaire to a diverse sample of 215 individuals. After the
questionnaire, we selected 35 individuals and provided them with our iPhonell to play AR
Gamest for direct observation.

In the result, we found out 61.9% of users know about HAR games, and 8.1% of users played
the AR game without understanding that it is known to handle augmented reality implying
that even after utilising augmented reality, many are unaware of it. 28.2% (strongly agree) and
32.5% (agree) on the issue that it is easier to get skilled at AR games. We conclude our
research by finding out there are 4 insights related to the HAR games. The detail of these
insights is discussed in context with the human-centric design in HAR games.

Keywords: handheld augmented reality (HAR), user-centric, Spradley's nine dimensions,
human-centric design
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Abstract

A Pump as Turbine (PAT) is a turbomachine that harnesses the kinetic and potential energy of
water to generate electricity through the rotational motion of the impeller and the coupling of
a generator. Compared to other types of turbines, PATs are a feasible alternative due to their
low cost, wide operating range, and mass production. The impeller is the most important
constructive component since it is the region where the energy conversion takes place and
higher hydraulic losses are generated.

To understand the performance of the turbomachine, the factors that affect the energy
conversion efficiency must be considered. The geometrical variables of the impeller directly
affect the fluid velocities inside the turbopump, which in turn influence the determination of
the head. Consequently, theoretical turbomachinery models have been identified that estimate
the fluid dynamic behavior of the pump. However, a direct relationship between the
theoretical hydraulic head at the best efficiency point (BEP) concerning geometrical
constructive variables for PATs is not considered.

The present investigation starts from the Euler equation for turbomachines and an alternative
equation is proposed for the geometric variables in turbine mode. The two-dimensional
triangle of velocities, formed in the suction and discharge of the blade, was taken as a basis.
Then, by applying the mass conservation law, an expression in terms of geometrical
parameters of the PAT was obtained to estimate the hydraulic head in the BEP. The results
were validated with PATs consulted in the literature, obtaining relative errors lower than 7%
when compared with experimental and CFD results. In conclusion, the proposed mathematical
model allowed estimating the hydraulic head at the BEP of a single-stage radial flow
centrifugal pump, considering only geometrical parameters.

Keywords: Mathematical model, Velocity triangle, Euler equation, Turbomachinery, Radial
flow.
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THE ROLE OF MULTI-LAYER ARTIFICIAL NEURAL NETWORK WITH
MAGNETIC RESONANCE SPECTROSCOPY PARAMETERS IN THE
DISCRIMINATION BETWEEN CEREBELLAR MEDULLOBLASTOMA AND
BRAINSTEM GLIOMA
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ABSTRACT

Brain tumors are the second most common cause of death after acute lymphoblastic
leukaemia in all childhood cancers. The majority of pediatric brain tumors, about 60-70%,
originate in the posterior fossa (PF). Although Medulloblastoma (MB) usually locate in the
cerebellum, it can either originate in the brainstem or directly invade the brainstem, which can
cause the misdiagnosis of MB as a Brainstem Glioma (BG). In addition, the treatment and
prognosis of MB and BG are different. Differentiation between these two types of tumors is
essential in the field of pediatric radiology. Therefore, in this study, we evaluated the role of
Multi-layer Artificial Neural Network (ANN) model to differentiate these tumors. The
screening MR examinations of 76 patients; MB (n=42) and BG (n=34) were included in the
analysis. We, in this study, used Magnetic Resonance Spectroscopy (MRS) features of the
tumors including the peak areas of N-acetyl-aspartate (NAA), phosphocreatine-creatine (Pcr-
Cr), choline-containing compounds (Cho) and the ratios of NAA/Pcr-Cr, NAA/Cho and
Cho/Pcr-Cr. Multi-layer neural network model (Number of neurons in input layer, hidden
layers and output layer is: 9,64, 64, 128, 128, 2 respectively) was used to differantiate MB
from BG. In addition, the model was compiled with Adam optimizer and Binary Cross-
Entropy loss function as parameters and was trained in a batch size of 16 and for 200
epochs.The efficiency of the model is evaluated using standard performance metrics,
including the area under the receiver operating characteristic curve (AUROC), accuracy,
precision, recall and Fl-score. The accuracy and AUROC values of the proposed neural
network model are 92% and 95%, respectively. For two tumors, precision, recall and F1-score
values ranged from 0.91 to 0.94, 0.88 to 0.95, 0.91 to 0.93, respectively. This preliminary
study indicates that neural network based modes should be considered for discriminating of
posterior fossa tumors.

Keywords: Medulloblastoma, Brainstem Glioma, Magnetic Resonance Spectroscopy, Multi-
Layer Artificial Neural Network
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Abstract

The study herein aims to evaluate the effectiveness of experimental parameters such as steel
tube thickness and yield strength, column diameter and length, and concrete compressive
strength on the axial compressive strength of concrete-filled steel tube (CFST) columns. For
that purpose, a wide-range and up-to-date data repository, consisting of 551 experimentally
tested circular CFST columns, has been compiled from the studies available in the literature.
The effectiveness of experimental parameters on the axial compressive strength of these
members was determined using principal component analysis (PCA), a beneficial statistical
technique that decreases the dimensionality of large datasets into smaller ones. Each
experimental parameter in the dataset follows a normal distribution. Almost all of the
correlations between the variables are significantly different from 0. The results indicated that
the most important parameter influencing the axial compressive strength is the diameter of the
column whereas the influence of steel tube yield strength is at a negligible level. Besides, it
was observed that there is a negative correlation between the materials strength and axial
compressive strength of the CFST column. Moreover, using 4 factors and one of the methods
(Varimax, Quartimax, Equamax, Parsimax, Quartimin, Promax, Orthomax, Oblimin)
available in XLSTAT, the dimension of the compiled dataset can be decreased and this
dimensionally decreased new dataset still reflects the original dataset.

Keywords: Circular section, Concrete-filled steel tube, Principal component analysis, Stub
column
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Abstract

The polluting elements that are introduced in a significant way into the environment are of
organic nature, such as detergents and dyes concentrated in large quantities in waste water
from the textile industries or of metallic nature, such as copper, zinc, cobalt and iron, present
in trace amounts, are essential for living organisms. or finally, other elements such as
mercury, lead or chromium which can only cause harmful effects . Chromium, an element
considered in this work, has been widely used against corrosion in industry since the
nineteenth century. Tanneries alone constitute the most important source of pollution by this
element. [3-5]. (0.06 to 0.09 g/l liquid effluent and 1.2 to 5.4 g/100g mineralized sludge) , far
exceeding global and national standards in industrial discharges To reduce the he impact of
this pollution several methods have been used: The precipitation of heavy metals has long
been the most widely used technique . Although this process is effective, it has drawbacks: in
fact, it produces large quantities of sludge with a very long settling time. The use of carbon in
the adsorption process is also in high demand. Activated carbon has a high adsorption
capacity mainly due to its large specific surface, but this process remains very expensive.
Attention was subsequently focused on the use of new adsorbents based on abundant natural
materials. This is the case for natural or synthetic zeolites, volcanic ash and especially clays .
Nowadays, a new family of microporous solids with controlled porosity similar to zeolites
and commonly called modified clays, is widely studied by many researchers. Many works on
adsorption report information on the different methods of synthesis and characterization, thus,
a wide variety of clays modified by cationic polymeric species has been implemented and
used in several chemical reactions.

Keywords: kaolin, metakaolin, zeolite LTA, geopolymers, adsorption, anionic dyes, heavy
metals
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Abstract

A series of modified hydrophobic and organophilic pillared clays were prepared by
exchanging some polymeric cations from Al, Fe or Ti into interlamellar space of an algerian
montmorillonite and then by co-adsorption of surfactant cationic cetyltrimethyl ammonium
bromide (CTAB). The most favorable pillaring conditions of these different pillared
complexes productions were function of the molar ratio OH (or H)/Metal, the final
concentration and aging of pillaring solutions and the CTA/pillared montm ratio. These
different inorgano-montmorillonites (CIM) and organo-inorganomontmorillonites complexes
(COIM) were characterized by XRD, BET surface area, FTIR spectroscopy, ATD/ATG,
CEC, surface acidity and zetametry. The adsorption of some micropollutants such as
pentachlorophenol (PCP), diuron and its degradation products (dichlorophenyl-methyl urea,
dichlorophenyl urea, and dichloroanilin), methyl parathion, sulfacid brilliant pink, humic
acids (HA) onto COIM shows generally a very high adsorbent-adsorbate affinity. According
to adsorption isotherms under different conditions, the sorptive capacities of these new
materials were considerably enhanced especially in acidic medium and with titanium and iron
pillared clay. The adsorption of PCP in competition with humic acids was considerably
influenced by the presence of this organic compound with high molecular weight and
hydrophobicity.

Keywords: pillared clays, montmorillonite, adsorption, phenols, pesticides, dyes, humic
acids.
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