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Editorial to the Special Issue on Selected Papers from
International Conferences on Science and Technology, ICONST 2019

This special issue of the Bilge International Journal of Science and Technology Research contains
selected papers from ICONST 2019 which was held on August 26-30, 2019 in Prizren, Kosovo with
international attendance.

The 2% International International Conferences on Science and Technology (ICONST 2019) organised
by Kutbilge Association of Academicians is held on the August 26-30, 2019 in Prizren, Kosovo. The
aim objective of “ICONST 2019” is to bring together leading academicians, researchers, scholars and
administrators from all over the world to exchange and share their experiences and research results
about all aspects of Life Sciences, Natural Sciences, Engineering Sciences and Technology and
discuss the practical challenges encountered and the solutions adopted.

ICONST-2019 offered three different thematic symposiums in 2019 These are:

International Conference on Natural Sciences and Technology (NST): The aim of the conference is to
prepare a qualified discussion environment in the frame of sustainability perspective by bringing
together the scientists involved in natural science research. Because science is critical to overcome
complexities such as climate change, loss of biodiversity, pollution and poverty reduction. Science is
the basis for new approaches and solutions to these issues.

International Conference on Life Sciences and Technology (LST): The aim of the conference is to
bring together the scientists working in the field of life sciences and to develop new knowledge in the
life sciences by combining the most cutting edge areas of research in academic disciplines such as
medicine and biology with new, advanced methods of analysis from disciplines such as mathematics,
chemistry, pharmacology, physics and computer science.

International Conference on Engineering Sciences and Technology (EST): The aim of the conference
is to contribute to scientific development by discussing the studies of scientists who are involved in
the design of engineering products with sustainable design skills and creating a lasting impact on
future generations. Creating knowledge and understanding through science makes us equipped to find
solutions to today’s economic, social and environmental challenges, to reach sustainable development
and more green societies.

223 papers have been submitted for presentation at ICONST 2019 (NST, LST and EST). Based on
review reports by experts in the Scientific Committee, 203 papers (191 orals and 12 posters) have

been accepted for presentation at the conference.

We would like to thank the contributing authors for accepting our invitation, and also to the
anonymous reviewers who helped us ensure the high technical quality of the accepted papers.

The Organizing Committee
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Samet Memis'*, Serdar Enginoglu, Ugur Erkan?

Abstract: In this study, we propose a classification method based on normalised Hamming pseudo-
similarity of fuzzy parameterized fuzzy soft matrices (fpfs-matrices). We then compare the proposed method
with Fuzzy Soft Set Classifier (FSSC), FussCyier, Fuzzy Soft Set Classification Using Hamming Distance
(HDFSSC), and Fuzzy k-Nearest Neighbor (Fuzzy KNN) in terms of the performance criterions (accuracy,
precision, recall, and F-measure) and running time by using four medical data sets in the UCI machine
learning repository. The results show that the proposed method performs better than FSSC, FussCyier,
HDFSSC, and Fuzzy kNN for “Breast Cancer Wisconsin (Diagnostic)”, “Immunotherapy”, “Pima Indian

Diabetes”, and “Statlog Heart”.

Keywords: Fuzzy sets, soft sets, fpfs-matrices, similarity measure, data classification.

1. Introduction

Soft sets (Molodtsov, 1999), a standard and
practical mathematical tool, are often used for
modelling uncertainties, and a great variety of
studies have been conducted on this concept
(Cagman and Deli, 2012a, b; Deli and Cagman,
2015; Enginoglu et al., 2015; Senel, 2016;
Zorlutuna and Atmaca, 2016; Atmaca, 2017; Citak
and Cagman, 2017; Riaz and Hashmi, 2017;
Atmaca, 2019; Citak, 2018; Riaz and Hashmi,
2018; Riaz et al., 2018; Senel 2018a, b; Janaetal.,
2019; Karaaslan, 2019a, b; Sezgin et al., 20194, b).
Fuzzy soft sets (Maji et al., 2001; Cagman et al.,
2011b), fuzzy parameterized soft sets (Cagman et
al., 2011a), and fuzzy parameterized fuzzy soft sets
(fpfs-sets) (Cagman et al., 2010) are among known
general forms of soft sets. Also, studies on the
matrix representations of these sets have been
increasingly continued such as soft matrices
(Cagman and Enginoglu, 2010), fuzzy soft

!Department of Mathematics, Faculty of Arts and Sciences, Canakkale
Onsekiz Mart University, Canakkale, Turkey

2Department of Computer Engineering, Faculty of Engineering,
Karamanoglu Mehmetbey University, Karaman, Turkey
*Corresponding author: samettmemis@gmail.com

matrices (Cagman and Enginoglu, 2012), and
fuzzy parameterized fuzzy soft matrices (fpfs-
matrices) (Enginoglu, 2012; Enginoglu and
Cagman, In Press). Even if parameters and objects
have uncertainties, fpfs-matrices can successfully
model such problems.

The rest of the paper is organised as follows: In
Section 2, we present definitions of fpfs-sets
(Cagman et al., 2010; Enginoglu, 2012), fpfs-
matrices (Enginoglu, 2012; Enginoglu and
Cagman, In Press), and normalised Hamming
pseudo-similarity of fpfs-matrices. In Section 3, we
propose Fuzzy Parameterized Fuzzy Soft
Normalized Hamming Classifier (FPFSNHC)
using normalised Hamming pseudo-similarity of
fpfs-matrices. In Section 4, we compare FPFSNHC
with Fuzzy Soft Set Classifier (FSSC) (Handaga et
al., 2012), FussCyier (Lashari et al., 2017), Fuzzy
Soft Set Classification Using Hamming Distance
(HDFSSC) (Yanto et al., 2018), and Fuzzy k-

Citation (Atif): Memis S., Enginoglu, S., Erkan U., (2019). A Data
Classification Method in Machine Learning Based on Normalised
Hamming Pseudo-Similarity of Fuzzy Parameterized Fuzzy Soft
Matrices. Bilge International Journal of Science and Technology
Research, 3 (Special Issue): 1-8.
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Nearest Neighbor (Fuzzy kNN) (Keller et al.,
1985) in terms of the performance criterions
(accuracy, precision, recall, and F-measure) and
running time by using four medical data sets in the
UCI machine learning repository (Dua and Graff,
2019). The results show that proposed method
performs better than FSSC, FussCyier, HDFSSC,
and Fuzzy kNN for “Breast Cancer Wisconsin
(Diagnostic)”’, “Immunotherapy”, ‘“Pima Indian
Diabetes”, and “Statlog Heart”. Finally, we discuss
the need for further research. This study is a part of
the first author’s PhD dissertation.

2. Preliminaries

In this section, firstly, we present the concept of
fpfs-matrices (Enginoglu, 2012; Enginoglu and
Cagman, In Press). Throughout this paper, let E be
a parameter set, F(E) be the set of all fuzzy sets
over E, and u € F(E). Here, a fuzzy set is denoted

by {”(")x 1X € E} instead of {(x, u(x)) : x € E}.

Definition 2.1. (Cagman et al., 2010; Enginoglu,
2012) Let U be a universal set, u € F(E), and a be
a function from u to F(U). Then, the set
{(*®x, a(*®x)): x € E} being the graphic of a
is called a fuzzy parameterized fuzzy soft set (fpfs-
set) parameterized via E over U (or briefly over U).

In the present paper, the set of all fpfs-sets over U
is denoted by FPFSg(U). In FPFSg(U), since the
graph(a) and «a generated each other uniquely,
the notations are interchangeable. Therefore, as
long as it does not cause any confusion, we denote
an fpfs-set graph(a) by a.

Example 2.1. Let E = {x1,%X5, X3, %4} and
U= {uli Uy, U3, Uy, us}- Then,

a= {(O'le,{0'7u1, 031{4}), ( OXZ, {Oiul’ 048u3’ 1u5})’

0.9 0.4 0.2 0.7 1 0.6 0.9
( xs'{ Uy Uy “4})( "4'{ Uy us})}

is an fpfs-set over U.

Definition 2.2. (Enginoglu, 2012; Enginoglu and
Cagman, In Press) Let « € FPFSg(U). Then, [a;;]
is called the matrix representation of a (or briefly
fpfs-matrix of ) and is defined by

[@o1 Qo2 Qo3 -+ Qon
ai; A2 A3 . Qqp
lay] = |

Am1 Am2 Am3 o Amn

such that fori € {0,1,2,---}and j € {1,2,---},
_ {#(xj): i1=0
U a*®x) (), i #0
Here, if |[U| =m — 1 and |E| = n, then [a;;] has
order m X n.

Throughout this paper, the set of all fpfs-matrices
parameterized via E over U is denoted by
FPFS:[U].

Example 2.2. The fpfs-matrix of the fpfs-set a
provided in Example 2.1 is as follows:

0.5 0 09 1 7
07 01 04 06
0 0 02 0
0 08 0 0
03 0 07 0

L0 1 0 0.9
Secondly, we present the normalised Hamming
pseudo-similarity of fpfs-matrices.

[ai,-] =

Definition 2.3. Let [a;;], [b;;] € FPFSg[U]. The
normalised Hamming pseudo-similarity of [a;;]
and [b;;] is defined by

gt Z?=1|(10jaij — bo;bj|

(m—-1n

s([ag], [bij]) =1—

3. Fuzzy Parameterized Fuzzy Soft Normalized
Hamming Classifier (FPFSNHC)

In this section, firstly, we give some necessary
notations. Let wu,v € R™. Then, the Pearson
correlation coefficient between u and v is defined
by

Puv) = nytuw; — Ch u)(Eh, v;)

VInZE uf = QL w)?ln XL, vi — G, v)?

Throughout this paper, let [dm] be a data matrix
having order mxn, [dm] be the feature
fuzzification of [dm], the last column of [dm] be
the class column, [tm] be a training matrix which
is a submatrix of [dm], [tm"] be a submatrix of
[tm] whose values of the last column are equal to
r, and [tm]’ be j** column of [tm].

Secondly, we propose FPFSNHC classification
algorithm. FPFSNHC'’s steps are as follows:
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FPFSNHC’s Algorithm Steps

Step 1. Read a nonempty [dm]

Step 2. Calculate the feature weight vector
[fwy;] based on the Pearson correlation
coefficient between feature vectors and class
vector defined by

fwsj = P([dm)/, [dm]"), for j € {1,2,..,n — 1}
Step 3. Obtain [dm] such that for i€
{1,2,...,m}andj € {1,2,...,n},

dmij .
—_ j#En
dm; = { max dmy;
dmij, ] =n

Step 4. Obtain [tm] from the [dm]

Step 5. Obtain [tm"] for all r

Step 6. Calculate the cluster centre matrix [e,;]
such that for ie{1,2,..,k,} and jE€
{1,2,..,n—1},

Ky
— 1 T
er]' = _Z tmu
k L
i=

Here, k,. is row number of [tm'].
Step 7. Obtain the train fpfs-matrices [af;] such
that for all 7, ag; = fwy; and aj; = e
Step 8. Obtain the unknown class data [uy;]
from the test data
Step 9. Obtain the test fpfs-matrix [b;;] such
that by; = fw;; and by; = uy;
Step 10. Compute S, for all r defined by
m—-1yn T 4T

S, = S([ai,j], by]) =1- i=1 Zj:(;rllaijgjn_ by b}
Step 11. Obtain ¢ such that ¢ = arg mTaXST
Step 12. Assign the data [u,;] without class to
class ¢
Step 13. Repeat Step 9-12 for all data [uy;]
without class in test data

4. Simulation Results

In this section, we first simulate the algorithms
using “Breast Cancer Wisconsin (Diagnostic)”,
“Immunotherapy”, “Pima Indian Diabetes”, and
“Statlog Heart” datasets provided in UCI Machine
Learning Repository (Dua and Graff, 2019) and
detailed in Table 1. We then compare the
performance of the algorithms by using four
performance criterions: accuracy, precision, recall,
and F-measure, defined by

TP+TN

A -
CUracY = TP X TN + FP + FN

Recall == L
T TP YN
recision = o —p
2(Precision X Recall) _ 2TP

F—-M = =
CaSUre = T ecision + Recall  2TP + FP + FN

where TP: True positive, FP: False positive, TN
True negative, and FN: False negative.

Here, the accuracy of a classifier is calculated by
dividing the total correctly classified positives and
negatives by the total number of samples, the
precision of a classifier is calculated by dividing
correctly classified positives by the total positive
count, the recall of a classifier is calculated by
dividing correctly classified positives by total true
positive class, and the F-measure of a classifier is
harmonic mean of precision and recall values.

Table 1. Description of The UCI data sets.

No. Name Instances  Attributes  Class
1  Breast Cancer 569 30 2
2 Immunotherapy 90 7 2
3 Pima Diabetes 768 8 2
4 Statlog Heart 270 13 2

Secondly, we present the performance results of
the algorithms in Table 2 for “Breast Cancer
Wisconsin ~ (Diagnostic)”’, in  Table 3
“Immunotherapy” data sets, in Table 4 for “Pima
Indian Diabetes”, and in Table 5 “Statlog Heart”
data sets. In Figures 1-4, we give the figures of
Table 2-5. In Table 6 and Figure 5, we give the
running times of algorithms for all of four medical
data sets. We use MATLAB R2019a and a
workstation with I(R) Xeon(R) CPU E5-1620
v4@3.5 GHz and 64 GB RAM for simulation. All
simulation results are obtained at random 100
independent runs. A split of data 80 per cent is a
training set, and 20 per cent is a testing set. The
performance results are obtained by averaging the
performance values of each class.

Table 2. The average accuracy, precision, recall,

and F-measure results (%) of algorithms for

“Breast Cancer Wisconsin (Diagnostic)” data set.
Breast Cancer Wisconsin (Diagnostic)

Classifier Accuracy Precision Recall F-Measure
FSSC 93.54 93.16 92.98 93.00
FussCyier 93.77 94.40 92.27 93.11
HDFSSC 92.90 92.90 91.79 92.23
Fuzzy kNN 91.35 91.05 90.30 90.56
FPFSNHC 94.10 94.64 92.70 93.48
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Table 3. The average accuracy, precision, recall, Table 5. The average accuracy, precision, recall,
and F-measure results (%) of algorithms for and F-measure results (%) of algorithms for
“Immunotherapy” data set. “Statlog Heart” data set.
Immunotherapy Statlog Heart
Classifier Accuracy Precision Recall F-Measure Classifier Accuracy Precision Recal F-Measure
FSSC 62.28 61.15 65.84 56.69 FSSC 80.78 81.30 81.61 80.49
FussCyier 68.00 63.48 68.12 60.99 FussCyier 82.46 82.54 81.69 81.73
HDFSSC 67.89 62.98 68.09 60.78 HDFSSC 79.81 79.50 79.36 79.18
Fuzzy kNN 61.33 45.04 45.60 43.18 Fuzzy kNN 58.22 57.84 57.70 57.01
FPFSNHC 70.67 66.68 73.16 64.63 FPFSNHC 83.39 83.79 82.50 82.62
Table 4. The average accuracy, precision, recall, Table 6. The mean running times of the algorithms
and F-measure results (%) of algorithms for “Pima for the data sets (In Seconds).
Indian Diabetes” data set. Pima
Pima Indian Diabetes Classifier g;iztr Immunotherapy Dl_ncE’ian SI’-t;’jegt(r)tg
iabetes
Classifier Accuracy Precision Recall F-Measure
FSSC 0.00113 0.00039 0.00125  0.00063
FSSC 70.69 69.97 71.70 69.62 )
FussCyier 7301 20.62 2091 20,58 FussCyier 0.00077 0.00041 0.00074  0.00050
HDFSSC 73.24 71.23 72.28 71.41 HDFSSC 0.00085 0.00036 0.00089 0.00050
Fuzzy kNN 67.27 64.25 64.22 64.03 Fuzzy kNN 0.00681 0.00041 0.00557 0.00114
FPFSNHC 73.94 7151 71.61 71.43 FPFSNHC 0.00157 0.00053 0.00157  0.00084
95
94
93 3
92
91
90
Accuracy Precision Recall F-Measure
el FSSC === FussCiyer HDFSSC Fuzzy kNN === FPFSNHC

Figure 1. The Figure of the average accuracy, precision, recall, and F-measure results (%) of algorithms for
“Breast Cancer Wisconsin (Diagnostic)” dataset in Table 2
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Figure 2. The Figure of the average accuracy, precision, recall, and F-measure results (%) of algorithms for
“Immunotherapy” dataset in Table 3
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Figure 3. The Figure of the average accuracy, precision, recall, and F-measure results (%) of algorithms for
“Pima Indian Diabetes” dataset in Table 4
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Figure 4. The Figure of the average accuracy, precision, recall, and F-measure results (%) of algorithms for
“Statlog Heart” dataset in Table 5
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Figure 5. The Figure of the mean running times of the algorithms for the data sets in Table 6
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5. Conclusion

In this paper, we have proposed the classification
method FPFSNHC based on normalised Hamming
pseudo-similarity of fpfs-matrices. We then
compare proposed method with FSSC (Handaga et
al. 2012), FussCyier (Lashari et al. 2017),
HDFSSC (Yanto et al., 2018), and Fuzzy kNN
(Keller et al. 1985) in terms of the performance
criterions (accuracy, precision, recall, and F-
measure) and running times by using four medical
data sets in the UCI machine learning repository
(Dua and Graff, 2019). In Immunotherapy data set,
FPFSNHC (70.67, 66.68, 73.16, 64.63) has
advantage over FSSC (62.28, 61.15, 65.84, 56.69),
FussCyier (68.00, 63.48, 68.12, 60.99), HDFSSC
(67.89, 62.98, 68.09, 60.78), and Fuzzy kNN
(61.33, 45.04, 45.60, 43.18) and in Statlog Heart
data set, FPFSNHC (83.39, 83.79, 82.50, 82.62)
has advantage over FSSC (80.78, 81.30, 81.61,
80.49), FussCyier (82.46, 82.54, 81.69, 81.73),
HDFSSC (79.81, 79.50, 79.36, 79.18), and Fuzzy
kNN (58.22, 57.84, 57.70, 57.01), concerning
accuracy, precision, recall, and F-measure results,
respectively. The results show that the proposed
method performs better than FSSC, FussCyier,
HDFSSC, and Fuzzy kNN for the data sets.
Moreover, fpfs-matrices can model classification
problems containing uncertainty about which
parameters being more effective to classify data.
Therefore, it is worthwhile to study developing
different classification algorithms by using
different similarity measures of fpfs-matrices
because success can be increased by using different
data sets and membership functions.

Moreover, different classification algorithms also
can be developed by using soft decision-making
methods via fpfs-matrices such as (Enginoglu and
Memis, 2018a, b, ¢, d; Enginoglu et al., 2018a, b,
¢, d; Enginoglu and Cagman, In Press).
Additionally, this study also gives an inspiration
about how to construct fpfs-matrices for real-life
problems such as data classification.
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Abstract: According to recent statistics, breast cancer is one of the most prevalent cancers among women
in the world. It represents the majority of new cancer cases and cancer-related deaths. Early diagnosis is
very important, as it becomes fatal unless detected and treated in early stages. With the latest advances in
artificial intelligence and machine learning (ML), there is a great potential to diagnose breast cancer by
using structured data. In this paper, we conduct an empirical comparison of 10 popular machine learning
models for the prediction of breast cancer. We used well known Wisconsin Breast Cancer Dataset
(WBCD) to train the models and employed advanced accuracy metrics for comparison. Experimental
results show that all models demonstrate superior accuracy, while Support Vector Machines (SVM) had
slightly better performance than other methods. Logistic Regression, K-Nearest Neighbors and Neural
Networks also proved to be strong classifiers for predicting breast cancer.

Keywords: Breast Cancer, Artificial Intelligence, Machine Learning, Medical Decision Support Systems

1. Introduction

Breast cancer is the second largest cause of cancer
deaths among women (American Cancer Society,
2018). According to studies (Siegel & Jemal,
2015), there is an increase in the occurrence rate
recently. Fortunately, breast cancer is also among
the most curable cancer types if it is diagnosed in
early stages (Akay, 2009). Early diagnosis
followed by appropriate cancer treatment helps
eliminate  the deadly risk significantly.
Furthermore, accurate classification of benign
tumors can prevent patients undergoing
unnecessary treatments.

Diagnosis of breast cancer and classification of
patients into malignant or benign groups is the
subject of recent research. Artificial Intelligence
and Machine learning plays a vital role in a wide
range of critical applications, such as image
recognition, natural language processing, time
series forecasting, regression and prediction. The
use of an accurate machine learning algorithm for
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Konya, Turkey

2 Selguk University, Faculty of Technology, Department of Computer
Engineering, Konya, Turkey
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early detection could definitely save precious
lives. Because of its unique advantages in critical
features detection from complex breast cancer
datasets, machine learning (ML) is widely
recognized as the methodology of choice in breast
cancer pattern classification and forecast
modeling (Yue, Wang, Chen, Payne, & Liu,
2018). Previous studies had significant results for
the classification of breast cancer by employing
various Machine learning models (Agarap, 2018).

In this paper, we compare popular and trending
machine learning methods effectively used in
real-world classification problems. We utilized
breast Cancer data available from the Wisconsin
dataset from University of California at Irvine
(UCI) machine learning repository with the aim of
developing an accurate comparison.

The remainder of this paper is organized as
follows. Firstly, a brief literature review has been
conducted in Section 2. Then, basic information
about ML models is documented in Section 3.
Citation (Atif): Unal, H. T., Bassiftgi, F. (2019). An Empirical
Comparison of Machine Learning Algorithms for Predicting Breast

Cancer. Bilge International Journal of Science and Technology
Research, 3(Special Issue): 9-20.
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Next, the experimental setup and results with a
thorough discussion is provided in Section 4 and
Section 5 respectively. Finally, conclusions and
future works are outlined in Section 6.

2. Literature Review

Numerous studies have been published and
various classification techniques were developed
for predicting breast cancer through Machine
Learning. Most of the works evaluated their
proposed models using the dataset taken from the
UCI machine-learning repository.

Polat and Giines (2007) conducted breast cancer
diagnosis by using Least Square Support Vector
Machines (LS-SVM). They evaluated the
robustness of their model via k-fold cross
validation with accuracy, sensitivity and specify
metrics. They obtained classification accuracy of
98.53%. Akay (2009) employed an SVM-based
method combined with feature selection. He
obtained an accuracy of 99.52% with his
proposed model containing five features.
Sadhukan (2020) and Upadhyay compared KNN
and SVM to predict breast cancer and analyzed
digital image of a fine needle aspirate (FNA) of
breast tissue with image processing to extract
features of kernel of the cells. Sri et al (2019)
proposed SVM and Neural Network models for
tumor prognosis. By using WEKA tool, they
applied 10-fold and 5-fold cross validation for
high precision results. Kadam et al (2019)
proposed feature ensemble learning based on
Sparse Autoencoders and Softmax Regression for
classification of Breast Cancer into benign or
malignant. They obtained 98.60% true accuracy
with their proposed model. Sethi (2018) compared
evolutionary algorithms and machine learning
predicting breast cancer in three different datasets.
Jain et al (2018) presented a hybrid machine
learning framework for the diagnosis of breast
cancer and diabetes using feature selection and
classification techniques. Their model identified
significant risk factors related to both chronic
disease datasets by applying different feature
selection techniques and hybridization of Relief
Feature Ranking with Principal Component
Analysis (PCA) method. Rustam and Hartini
(2019) proposed a new ML method based on
kernel, which is a modification of KC-Means
combining K-Means and Fuzzy C-Means
algorithms together with kernel function. They
applied C-Means algorithm on the centers of a
fixed number of groups founded by K-Means, in
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order to improve the accuracy of classification.
Rashed et al (2019) developed a novel network
architecture with an inspiration from U-net
structure to predict breast cancer in early stages.
Omondiagbe (2019) investigated classification
performance of Support Vector Machine (using
radial basis kernel), Artificial Neural Networks
and Naive Bayes for breast cancer prediction,
focusing on integrating machine learning
techniques with feature selection and extraction
methods. They proposed a hybrid approach by
reducing the number of features with linear
discriminant analysis (LDA).

3. Methodology

Literature on the subject of breast cancer
prediction is mostly based on traditional methods.
As a fairly new discipline, data science takes
advantage of vast amounts of data at our disposal
today and availability of advanced computational
power. These factors make it possible the
improvement of existing prediction methods and
contribute to the development of new and better
algorithms. In this section, we introduce several
popular machine learning algorithms for
prediction of breast cancer.

3.1. Dataset

The dataset used in this study is publicly available
and was created by Dr. William H. Wolberg,
physician at the University of Wisconsin Hospital
at Madison, Wisconsin, USA. To create the
dataset Dr. Wolberg used fluid samples, taken
from patients with solid breast masses and a user-
friendly graphical software called Xcyt, which is
capable of perform the analysis of cytological
features based on a digitized image of a fine
needle aspiration (FNA) procedure of a breast
mass.

The program describes the characteristics of the
cell nuclei present in the image and uses a curve-
fitting algorithm, to compute ten features from
each one of the cells in the sample, than it
calculates the mean value, extreme value and
standard error of each feature for the image,
returning a 30 real-valuated vector. Dataset
consists of 569 instances of which 357 instances
are benign and 212 are malignant cases. A
Digitized Image of FNA is depicted in Figure 1.
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Figure 1. Digitized Image of FNA. Benign (top)
and Malignant (bottom).

3.2. Feature selection and preprocessing

Feature Selection is the process of automatically
or manually selecting features which contribute
most to model prediction. Having irrelevant
features in data can decrease the accuracy of the
models and make the model learn based on
irrelevant features. Feature selection is often
confused with dimensionality reduction. The
purpose of both methods is to simplify the data
that feeds the algorithm. However, while the
feature selection inputs the data to the model
without altering it, the dimensionality reduction
can process the data to obtain data of different
structures and sizes.

An important feature of decision tree-based
classifiers is that they can analyze the attributes in
the dataset well and prioritize the data columns
that yield the best results. Using this feature in the
Extreme Gradient Boosting algorithm, we
extracted the 10 most important features in the
Wisconsin Breast Cancer Dataset (shown on
Fig.2). This allowed us to simplify the model
make better predictions in a reasonable amount of
time.

perimeter_worst

area_warst

o 10 20 30 40 50 60 70

Table for

Feature
Wisconsin Breast Cancer Dataset

Figure 2. Importance
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3.3. ML Algorithms

Machine learning models have been employed in
the last decade as serious competitors to classical

statistical algorithms for prediction (Tokmak &
Kiiciiksille). In machine learning, the ability of a
model to predict categorical values based on a
training dataset is called classification (SENOL &
MUSAYEV). In this paper, we used Logistic
Regression (Hosmer Jr, Lemeshow, & Sturdivant,
2013; Kleinbaum, Dietz, Gail, Klein, & Klein,
2002; Wright, 1995), K-Nearest Neighbors
(Cover & Hart, 1967; Han, Kamber, & Pei, 2011,
Ho, 1998), Support Vector Machines (Boser,
Guyon, & Vapnik, 1992; Cortes & Vapnik, 1995;
Vapnik, 1998), Classification and Regression
Tress (Breiman, Friedman, Olshen, & Stone,
1984; Morgan & Sonquist, 1963; Timofeev,
2004), Naive Bayes (Clark & Niblett, 1989;
Frank, Hall, & Pfahringer, 2002; Zheng & Webhb,
2000), Support Vector Machines (Boser et al.,
1992; Cortes & Vapnik, 1995; Vapnik, 1998),
ensemble techniques like Adaboost Classifier
(Freund & Schapire, 1997; Li, Wang, & Sung,
2008), Gradient Boosting Classifier (Friedman,
2001, 2002), Random Forest (Breiman, 2001;
Liaw & Wiener, 2002), Extreme Gradient
Boosting (Chen & Guestrin, 2016; Chen, He,
Benesty, Khotilovich, & Tang, 2015; Friedman,
2001) and finally Artificial Neural Networks with
Multilayer Perceptron (Hecht-Nielsen, 1992;
Mitchell, 1997; Rosenblatt, 1958; Tekin & Can)

4. Experimental Setup

In order to evaluate the performance of given
models, a series of experiments have been
conducted. The models have been implemented
with Python 3.7 programming language, using
Keras framework and Tensorflow as a backend,
running on Google Colaboratory Notebook. It is
powered by single Tesla K80 GPU on free cloud
service.

Initially, we load the dataset and make an
exploratory data analysis to extract best features
for determining major reasons of malignant
tumors. Later, we modify data structure to prepare
training on machine learning models. Finally, we
apply selected algorithms and record results of
their performance for prediction.

We used various advanced performance metrics
to evaluate our model. The main score is based on
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the accuracy of the model, which basically shows
the number of successful predictions. Precision
(sensitivity) gives the percentage of the positive
predictions that were correctly identified. Recall
(specificity) which is another performance metric
is the percentage of correctly predicted positive
cases. F-measure metric is the harmonic average
of the precision and recall. Calculation of those
metrics is given in equation 1-4.

| ~ TN + FP "
CoUracy = N+ FP+TN + FP

FoM _ 2 x Precision x Recall B
easure = Precision + Recall

TP
pp PP 3
Precision FP+TP (3)
TP
I 4
Recall FNTTP 4)

True Positive (TP): Benign samples classified as
benign.

True Negative (TN):
classified as malignant.
False Positive (FP): Benign samples classified as

Malignant  samples

malignant.

False Negative (FN): Malignant samples
classified as benign.

Confusion Matrix: The confusion matrix

provides statistics about correct and incorrect
predictions. It makes a comparison of expected
values within the test set with the predicted values
in the training set. The columns represent the
predictions, while the rows indicate actual labels.
The chart gives an idea about the performance of
the classifier algorithm. Elements of a typical
Confusion Matrix are given in Table 1.

Table 1. Elements of Confusion Matrix

Actual Class
Positive (P) | Negative (N)
Predicted | True True. True Negative
Class (M Positive (TN)
(TP)
False E?)!ssﬁive False
(F) (FP) Negative (FN)
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Cross-Validation (CV): Cross-validation is a
technique used for making sure that our model is
well trained, without using the test set. It consists
in partition data into k portions of equal length.
For each portion, we train the model on the
remaining k-1 parameters and evaluate it on
partition i. The overall score is the mean of the K
scores calculated.

There are two types of cross validation splits:
- Leave one out cross validation
- K-fold cross validation

Leave one out CV cycles over the dataset and
removes one test group per iteration that will not
be included in the training set but instead will be
used to test the model’s performance.

K-fold CV takes a K variable as an input, partition
the dataset into K parts, cycles over the parts and
for each cycle leaves the single portion out of
training and use it as a test set.

By using k-fold validation we make sure that the
model uses all the training data available for
tuning the model, it can be computationally
expensive but allows to train models even if little
data is available. The main purpose of k-fold
validation is to get an unbiased estimate of model
generalization on new data.

Stratified k-Fold: In stratified k-fold, the aim is to
include the same proportion of data labels for
each test portion. For example, if the data has
%75 Benign and %25 malignant samples, every
fold contains the same percentage of benign and
malignant samples.

Repeated k-fold: In repeated cross-validation, the
cross-validation procedure is repeated n times,
giving n random partitions of the original sample.
Mean values of results for each n partition
produce a single prediction.

5. Results and Discussion

The results were achieved using 10 fold cross-
validation for each model, and are based on the
average results obtained. Table 2 shows the
complete set of results in a tabular format.

Cross-validation results were auspicious. The
results indicate that Support Vector Machines
gained top performance when compared to other
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nine models. Neural Networks, KNN and Logistic
Regression Models have also demonstrated
significant success when predicting breast cancer.
Naive Bayes and CART showed relatively poor
performance but the prediction rates are at an
acceptable level for our problem.

Table 2. Experiment Results

Std.
: Cross Validation
Algorithms Accuracy (Mean) (+-
%)
Logistic Regression (LR) | 0.9772 0.0207
K-Nearest Neighbors
(KNN) 0.9701 0.0236
Decision Trees (CART) 0.9349 0.0197
Naive Bayes (NB) 0.9332 0.0376
Support Vector
Machines (SVM) 0.9789 00131
Adaboost Classifier
(ADB) 0.9649 0.0157
Gradient Boosting
Classifier (GRAD) 0.9612 0.0307
Random Forests (RF) 0.9613 0.0324
Extreme Gradient
Boosting (XGB) 0.9630 0.0269
Neural Networks (MLP) 0.9772 0.0175

Comparison of ML Algorithms has been depicted
in Figure 3. Detailed cross validation results for
all algorithms have been tabulated at Table 3.

CV Accuracy (Mean)
1.00

0.98

0.96

Accuracy

0.94

0.92 4

0.90 T T T T T T T T T T
LR KNN CART NB SVM ADB GRAD RF XGB ML

Figure 3. ML Comparison Chart
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Table 3. Cross Validation Results for All
Algorithms

LOGISTIC REGRESSION (LR)

Conf_usion Precision | Recall Fl Acc.
Matrix Score
35 1 B | 0.9459 0.9722 | 0.9589

0.9483
2 20 M | 0.9523 0.9090 | 0.9302
36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 22 M | 1.0000 1.0000 | 1.0000
36 0 B | 0.9473 1.0000 | 0.9730

0.9649
2 19 M | 1.0000 0.9048 | 0.9500
36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 22 M | 1.0000 1.0000 | 1.0000
35 1 B | 0.9722 0.9722 | 0.9722

0.9649
1 10 M | 0.9524 0.9524 | 0.9524
36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 22 M | 1.0000 1.0000 | 1.0000
34 2 B | 0.9714 0.9444 | 0.9577

0.9474
1 20 M | 0.9091 0.9524 | 0.9302
34 1 B | 1.0000 0.9714 | 0.9855

0.9821
0 21 M | 0.9545 1.0000 | 0.9767
35 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 21 M | 1.0000 1.0000 | 1.0000
35 0 B | 0.9459 1.0000 | 0.9722

0.9643
2 19 M | 1.0000 0.9048 | 0.9500
Mean Accuracy : 0.9772
Std (+/-) %: 0.0207
K-NEAREST NEIGHBOR (KNN)
Confusion . F1
Matrix Precision | Recall Score Acc
35 1 B | 0.9211 0.9722 | 0.9459

0.9310
3 19 M | 0.9500 0.8636 | 0.9048
36 0 B | 0.9730 1.0000 | 0.9863

0.9828
1 21 M | 1.0000 0.9545 | 0.9767
35 1 B | 0.9722 0.9722 | 0.9722

0.9649
1 20 M | 0.9524 0.9524 | 0.9524
36 0 B | 0.9730 1.0000 | 0.9863

0.9825
1 20 M | 1.0000 0.9524 | 0.9756
36 0 B | 0.9730 1.0000 | 0.9863

0.9825
1 20 M | 1.0000 0.9524 | 0.9756
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36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 21 M | 1.0000 1.0000 | 1.0000
36 0 B | 0.9474 1.0000 | 0.9730

0.9649
2 19 M | 1.0000 0.9048 | 0.9500
35 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 21 M | 1.0000 1.0000 | 1.0000
35 0 B | 0.9459 1.0000 | 0.9722

0.9643
2 19 M | 1.0000 0.9048 | 0.9500
34 1 B | 0.9189 0.9714 | 0.9444

0.9286
3 18 M | 0.9474 0.8571 | 0.9000
Mean Accuracy : 0.9701
Std (+/-) % : 0.0236
DECISION TREES (CART)
Confusion - F1
Matrix Precision | Recall Score Acc.
35 1 B | 0.9459 0.9722 | 0.9589

0.9483
2 20 M | 0.9524 0.9091 | 0.9302
34 2 B | 0.9444 0.9444 | 0.9444

0.9310
2 20 M | 0.9091 0.9091 | 0.9091
& 3 B | 0.9429 0.9167 | 0.9296

0.9123
2 19 M | 0.8636 0.9048 | 0.8837
35 1 B | 0.9459 0.9722 | 0.9589

0.9474
2 19 M | 0.9500 0.9048 | 0.9268
33 3 B | 0.9706 0.9167 | 0.9429

0.9298
1 20 M | 0.8696 0.9524 | 0.9091
33 3 B | 1.0000 0.9167 | 0.9565

0.9474
0 21 M | 0.8750 1.0000 | 9333
36 0 B | 0.9474 1.0000 | 0.9730

0.9649
2 19 M | 1.0000 0.9048 | 0.9500
32 3 B | 1.0000 0.9143 | 0.9552

0.9464
0 21 M | 0.8750 1.0000 | 0.9333
32 3 B | 0.9697 0.9143 | 0.9412

0.9286
1 20 M | 0.8696 0.9524 | 0.9091
33 2 B | 0.8919 0.9429 | 0.9167

0.8929
4 17 M | 0.8947 0.8095 | 0.8500
Mean Accuracy : 0.9349
Std (+/-) %: 0.0197
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NAIVE BAYES CLASSIFIER (NB)

Conf_usion Precision | Recall Fl Acc
Matrix Score
34 2 B | 0.9444 0.9444 | 0.9444

0.9310
2 20 M | 0.9091 0.9091 | 0.9091
34 2 B | 0.9444 0.9444 | 0.9444

0.9310
2 20 M | 0.9091 0.9091 | 0.9091
33 3 B | 0.9429 0.9167 | 0.9296

0.9123
2 19 M | 0.8636 0.9048 | 0.8837
34 2 B | 0.9714 0.9444 | 0.9577

0.9474
1 20 M | 0.9091 0.9524 | 0.9302
33 3 B | 0.8684 0.9167 | 0.8919

0.8596
5 16 M | 0.8421 0.7619 | 0.8000
36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 21 M | 1.0000 1.0000 | 1.0000
36 0 B | 0.9474 1.0000 | 0.9730

0.9649
2 19 M | 1.0000 0.9048 | 0.9500
33 2 B | 1.0000 0.9429 | 0.9706

0.9643
0 21 M | 0.9130 1.0000 | 0.9545
34 1 B | 0.9189 0.9714 | 0.9444

0.9286
3 18 M | 0.9474 0.8571 | 0.9000
33 2 B | 0.8919 0.9429 | 0.9167

0.8929
4 17 M | 0.8947 0.8095 | 0.8500
Mean Accuracy : 0.9332
Std (+/-) % : 0.0376
SUPPORT VECTOR MACHINES (SVM)
Confusion Precision | Recall | - Acc.
Matrix Score
35 1 B | 0.9722 0.9722 | 0.9722

0.9655
1 21 M | 0.9545 0.9545 | 0.9545
36 0 B | 1.0000 1.0000 | 1.0000

1.0000
0 22 M | 1.0000 1.0000 | 1.0000
35 1 B | 0.9722 0.9722 | 0.9722

0.9649
1 20 M | 0.9524 0.9524 | 0.9524
36 0 B | 0.9730 1.0000 | 0.9863

0.9825
1 20 M | 1.0000 0.9524 | 0.9756
35 1 B | 0.9722 0.9722 | 0.9722

0.9649
1 20 M | 0.9524 0.9524 | 0.9524
36 0 B | 1.0000 1.0000 | 1.0000 | 1.0000
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0 21 | M [ 1.0000 | 1.0000 | 1.0000 3B |1 B | 09722 | 09722 | 0.9722
% |0 B | 0.9730 | 1.0000 | 0.9863 1 T VRN TR R R
1 20| W [ To000 | ossz [ 097 | 3B |1 B | 00722 | 09722 | 0.9722
3% |1 B | 1.0000 | 0.9714 | 0.9855 1 T EVR N TR R
0 W [oesis | Loo00 [og7eT | o % |0 B | 0.9730 | 1.0000 | 0.9863
3B |0 B | 0.9722 | 1.0000 | 0.9859 1 20| Toooo | ossze [ oeTe |
1 20w Too00 | omze [ | 3B |1 B | 09722 | 0.9722 | 0.9722
3B |0 B | 0.0459 | 1.0000 | 0.9722 1 20| 0wz | 0wz [omm |
2 oW L0000 | 0g048 [0gea0 | - 3B |1 B | 0.0450 | 0.9722 | 0.9589
Mean Accuracy - 0.9789 2 oW oss00 o0 (o9 |
Std (+) % 0.0131 % |0 B | 1.0000 | 1.0000 | 1.0000
1.0000

0 21 | M | 1.0000 | 1.0000 | 1.0000
ADABOOST CLASSIFIER (ADB) B |1 B | 09722 | 0.9722 | 0.9722 0.9649
Contusion — 3 1 20 | M | 09524 | 0.9524 | 0.9524
Matrix Precision | Recall Score Acc

3B |0 B | 1.0000 | 1.0000 | 1.0000
3B |1 B [09450 0oz [ 0589 | 5 T T oo Toooo Troooo | ~O°%°
2 20 | M | 09524 | 0.9091 | 0.9302 = 1o = o897 Tooo0 05488
3B |1 B [oorzz |osrzz [omizz | 7 =T T Toooo T os0es Togorr 1 2%
1|21 | M) 09545 | 09545 | 0.9545 3 |2 |B |08919 |009429 | 09167
S 1 B | 09459 | 0972210989 | ) 4 7w o8 | 08095 [ 08500 |
2 19 | M | 09500 | 0.9048 | 0.9268 Miean Acouracy 5561
% |0 B [09730 | 10000 09883 | ST % 50307
1 20 | M | 1.0000 | 0.9524 | 0.9756
3B |1 5 [ooase o972z [0%® | RANDOM FOREST )
2 19 | M | 09500 | 0.9048 | 0.9268 — — —
3 |1 | B | 10000 | 0.9722 | 0.9859 Matrix Precision | Recall | g | ACC
0 7T oo | o000 [T | 3B |1 B | 0.0211 | 0.9722 | 0.9459
3B |1 B | 1.0000 | 0.9722 | 0.9859 3 oW o900 | 0636 [ 09008 |
0 T o | L0000 | % |0 B | 0.0474 | 1.0000 | 0.9730
34 |1 B | 1.0000 | 0.9714 | 0.9855 2 26| [ Tooo0 | o8oor [0g8zd |
0 oW 0954 | 10000 [ orer | % |0 B | 0.9730 | 1.0000 | 0.9863
3B |0 B | 0.0450 | 1.0000 | 0.9722 1 70| Too00 | 0wz [oere |
2 oW | L0000 | 008 (om0 | - % |0 B | 1.0000 | 1.0000 | 1.0000
3% |1 B | 0.0444 | 0.9714 | 0.9577 0 T | 10000 | L0000 | Tooee |
2 oW oss00 | 0s0a8 (0938 | 3B |1 B | 00211 | 0.9722 | 0.9459
Mean Accuracy : 0.9649 3 18 M | 0.9474 0.8571 | 0.9000 0.9298
Std (+) % 0.0157 % |0 B | 1.0000 | 1.0000 | 1.0000

1.0000

0 21 | M | 1.0000 | 1.0000 | 1.0000
GRADIENT BOOSTING CLASSIFIER (GRAD) %k 10 B | 09730 | 1.0000 | 0.9863 0.9875
Confusion — 3 1 20 | M | 1.0000 | 0.9524 | 0.9756
Matrix Precision | Recall Score Acc.
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33 |2 B [ 1.0000 [ 0.9429 | 0.9706 524 2
0.9643
0 21 | M | 09130 | 1.0000 | 0.9545 36 |0 |B |0 | 10000 | L0
35 0 B | 0.9459 1.0000 | 0.9722 1.0000
0.9643 o |22 | m | X0 | 10000 | 1000
2 19 M | 1.0000 | 0.9048 | 0.9500 000 0
3 |2 B | 08910 | 0.9429 | 0.9167 % |0 |B |9 | 10000 |27
0.8929 i ° 0.9649
4 17 M | 0.8947 | 0.8095 | 0.8500 5 55501
2 19 M ) 0.9048 ’
000 0
Mean Accuracy : 0.9613
1.0 1.000
Std (+/-) % : 0.0324 36 0 B 000 1.0000 0
1.0000
1.0 1.000
0 21 M 000 1.0000 0
EXTREME GRADIENT BOOSTING (XGB)
Confusi = 35 1 B 3'292 0.9722 2'972
ontusion Precision | Recall Acc. 0.9649
Matrix Score 09 0.952
1 20 M 5'24 0.9524 4'
35 1 B | 09722 | 09722 | 0.9722
0.9655 1.0 0.985
1 21 M | 09545 | 0.9545 | 0.9545 3B |1 [ B | g | 09722 |4
0.9825
3% |2 B | 09714 | 0.9444 | 0.9577 09 0076
0.9483 0 21 M 545 1.0000 7
1 21 M | 09130 | 0.9545 | 0.9333
0.9 0.972
3% |0 B | 0.9730 | 1.0000 | 0.9863 B 11 B |9 | 0972 |,
0.9825 0.9649
1 20 | M| 10000 |[0.9524 | 09756 1 12 |m 2.294 0.9524 2.952
36 |0 B | 09730 | 1.0000 | 0.9863 — o
0.9825 . .
1 20 | M [ 10000 [ 0.9524 | 09756 L 1B oo | 097 5
0.9821
35 1 B | 0.9459 0.9722 | 0.9589 o |21 Im |99 | 10000 | 9976
0.9474 545 7
2 19 M | 09500 | 0.9048 | 0.9268 P (1)0% - é.ooo
36 |0 B | 1.0000 | 1.0000 | 1.0000 10000
1.0000 10 1000 |
0 21 M | 1.0000 | 1.0000 | 1.0000 0 |21 | M | g | 20000 |
36 |0 B | 09730 | 1.0000 | 0.9863 0.0625 = 1o | |08 | Looo [os7
: 459 | 0 2
1 20 | M [ 10000 | 0.9524 | 09756 0.9643
1.0 0.904 0.950
34 1 B | 1.0000 0.9714 | 0.9855 2 |19 M |0 ls 0
0.9821
0 21 M | 0.9545 1.0000 | 0.9767 Mean Accuracy : 0.9772
35 0 B | 0.8974 1.0000 | 0.9459 Std (+/-) % : | 0.0175
0.9286
4 17 M | 1.0000 | 0.8095 | 0.8947
4 |1 B | 0.8947 | 09714 | 09315 09107 In order to evaluate overall performance of an
4 17 M | 0.9444 0.8095 | 0.8718 | algorithm, learning curves can be utilized to
Niean Acoiracy 39630 measure how many training sample is required to
v ' reach optimum performance. Learning curves
Std (+/-) % 0.0269 depict the test and training score of a classifier for
various lengths of training samples. It is a visual
indicator of how the performance is increased by
NEURAL NETWORK (MLP) adding new training samples and whether the
Confusion Pre 1 classifier is adversely affected from a variance
Matrix o Recall | geore | ACC error or a bias error. Learning curves for the
algorithms are depicted on Figure 4.
35 |1 |8 |5 |oor22 | 3%° Gap between the two curves shown above,
09483 determines the interpretation of the models in the
2|20 | M | og | 09091 | o930 bias-variance landscape. A narrow distance shows
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low variance. On the contrary, a wide gap
indicates that validation error will generally be
higher. If we change the training set sizes, the
pattern will likely to continue, and the value
between training and validation errors will draw
that distance between the two learning curves. If a
model performs better on the training set and poor
on the test set, overfitting will occur.

Learning curves of above models clearly
demonstrate that KNN and Logistic Regression
show significant performance with less training
examples. Although, performing best among the
other models, SVM needs more samples to reach
best accuracy.
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Learning Curve GRAD
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Figure 4. Learning Curves for ML Algorithms

6. Conclusions and Future Work

This paper presented a comparison between
several classification techniques in machine
learning  (Logistic  Regression,  K-Nearest
Neighbors (KNN), Decision Trees (CART),
Naive Bayes, Support Vector Machines (SVM),
Adaboost Classifier, Gradient Boosting Classifier,
Random Forests, Extreme Gradient Boosting and
Neural Networks), for the prediction of breast
cancer. The selected techniques were applied to
the well-known ‘Wisconsin Breast Cancer
dataset’ as a part of UCI data repository. The
results showed that all methods performed
remarkable performance, while LR, SVM and
MLP gained the best metrics.

18

We also have identified which features contribute
to predict breast cancer by using tree based
classifiers. Application of data visualization and
data analytics techniques, together with the
application of data science tools, allowed the
understanding of feature's predictive relevance.

Our ongoing research efforts are geared toward
applying advanced Machine Learning techniques
to recent real world problems on various domains
and increasing the prediction performance with
fine-tuning of hyper parameters.

Code for the models can be found on Github
repository:
https://github.com/htanerunal/breast_cancer/blob/
master/breast_cancer_ML_comparison.ipynb
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Abstract: Ay and Tolun [An Archaeometric Approach on the Distribution of Troadic Granite Columns in
the Western Anatolian Coasts. Journal of Archaeology & Art, 156, 2017, 119-130 (In Turkish)] have
analysed the distribution of the monolithic columns produced in the ancient granite quarries, located in
Troad Region and Mysia Region in Northwestern Anatolia, by archaeometric analyses. Moreover, they
have achieved some results by interpreting the prominent data obtained therein. In this study, we propose a
novel soft decision-making method, i.e. Monolithic Columns Classification Method (MCCM), constructed
via fuzzy parameterized fuzzy soft matrices (fpfs-matrices) and Prevalence Effect Method (PEM). MCCM
provides an outcome by interpreting all the results of the analyses mentioned above. We then apply the
method to the problem of monolithic columns classification. Finally, we discuss the need for further
research.

Keywords: Ancient Granite Quarries, Classification, fpfs-matrices, Monolithic Columns, Soft Decision-

Making

1. Introduction

In the Roman Imperial Period, Troad Region and
Mysia Region are two essential regions contained
ancient granite quarries (Figure 1. a.) (Galetti et
al., 1992; Williams-Thorpe and Thorpe, 1993;
Williams-Thorpe and Henty, 2000) such as Kogali
(Figure 1. b.), Akcakecili (Figure 1. c.), and
Kozak (Figure 1. d.) which known to be produced
monolithic granite columns in Anatolia. While
Kogali and Akgakegili ancient granite quarries in
Troad Region (Ponti, 1995; Ay, 2017; Ay and
Tolun, 2017a, b) are located in Ezine/Canakkale,
Kozak ancient granite quarry in Mysia Region
(Williams-Thorpe et al., 2000) is located in
Bergama/lzmir.

However, there are not exist a sufficient number
of an archaeological document about some
subjects such as the exportation of the columns
produced in these centres located in Troad and
Mysia Region.
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For this reason, to locate the source of a column
considered in an ancient city, the method
commonly used is to compare some
archaeological samples taken from this city and
some geological samples taken from the granite
quarries by using mineralogical-petrographic and
geochemical analyses (Williams-Thorpe and
Thorpe, 1993; Williams-Thorpe and Henty, 2000;
Williams-Thorpe et al., 2000; Potts, 2002;
Williams-Thorpe, 2008; Ay, 2017; Ay and Tolun,
2017b).

The mineralogical-petrographic analyses are an
examination of the samples in a microscopic
environment using their thin sections. These
analyses carry out to determine the types,
guantities, sizes, and shapes of the minerals
forming the rock types, main and secondary
components of the samples (Galetti et al., 1992;
Williams-Thorpe, 2008; Ay, 2017; Ay and Tolun,
Citation (Atif): Enginoglu, S., Ay, M., Cagman, N., Tolun, V.
(2019). Classification of the Monolithic Columns Produced in Troad
and Mysia Region Ancient Granite Quarries in Northwestern

Anatolia via Soft Decision-Making. Bilge International Journal of
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2017b). The geochemical analyses perform in
determining the type and number of major
elements contained in the samples (Galetti et al.,
1992; Potts, 2002; Williams-Thorpe, 2008).

Recently, Ay and Tolun have examined the
distribution in Northwestern Anatolia of the
monolithic columns produced in the ancient
granite quarries, located in Troad Region and
Mysia Region, by using archaeometric methods
(Ay, 2017; Ay and Tolun, 2017b). For this aim,
by using the qualitative mineralogical-
petrographic and geochemical analyses, they have
compared the geological samples taken from
Kogali-Akgakegili ancient quarries in Troad
Region and Kozak ancient quarry in Mysia
Region with the archaeological samples taken
from Smintheion (Smintheion 1, Smintheion 2),
Pergamon Red Hall/Serapeion, Smyrna Agora
(Smyrna Agora 1, Smyrna Agora 2), Tlos
Stadium, Tlos Theatre, and Side Theatre.

Moreover, Ay and Tolun have divided the
samples into two groups as ancient granite
quarries and ancient city (Figure 2). They first
have compared the results of each group in itself.
Afterwards, they have compared separately the
archaeological samples with the geological
samples and have revealed which archaeological
samples are more similar to which geological.

The results show that the granite columns in
Smintheion 1, Smintheion 2, Smyrna Agora 2,
Tlos Stadium, and Side Theatre may originate
from the Kogali-Akgakecili granite quarries
located in Troad Region while the others may
originate from Kozak quarry located in Mysia
Region.

o G Troad
O\ Kozak Dag

22

d.
Figure 1. a. Troad and Kozak ancient quarries in
the Roman period (Williams-Thorpe, 2008) b.
Akgakecili quarry c. Kocgali quarry d. Kozak
quarry (De Vecchi et al., 2000)

The concept of soft sets was introduced by
Molodtsov (1999) to cope with uncertainty and
have been applied to many areas from analysis to
decision-making problems (Maji et al., 2001,
Cagman and Enginoglu, 2010; Cagman et al.,
2010; Cagman et al., 2011a; Cagman and Deli,
2012; Deli and Cagman, 2015; Enginoglu and
Demiriz, 2015; Enginoglu and Dénmez, 2015;
Enginoglu et al., 2015; Karaaslan, 2016; Senel,
2016; Zorlutuna and Atmaca, 2016; Atmaca,
2017; Bera et al., 2017; Citak and Cagman, 2017;
Senel, 2017; Citak, 2018; Enginoglu and Memis,
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2018a, b, c, d; Enginoglu et al., 2018a, b, c, d;
Gulistan et al., 2018; Mahmood et al., 2018; Riaz
and Hashmi, 2018; Riaz et al., 2018; Senel, 2018;
Ullah et al., 2018). Recently, some soft decision-
making methods constructed by fuzzy
parameterized fuzzy soft matrices (fpfs-matrices)
have enabled data processing in many problems
containing uncertainty. Being one of these
methods, Prevalence Effect Method (PEM)
(Enginoglu and Cagman, In Press) has been
applied to a performance-based value assignment
to some methods used in noise removal so that the
methods can be ordered in terms of performance.
We wuse this method for classification the
monolithic columns mentioned in (Ay, 2017; Ay
and Tolun, 2017b). The results show that
Monolithic Columns Classification Method
(MCCM) is successfully model the monolithic
columns classification (MCC) problem. Here,
fpfs-matrices have a row consisting of the
significance degrees (membership degrees) of the
parameters. These values are usually determined
by consulting an expert.

A The ancient citiesclaiming to have columns from Troad ancient quarries
& The ancient cities where samples were taken
% The ancient quarrieswhere samples were taken

21
§ 422
23, 24
Pt
o o : ; 2%
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R

e, - wA,/ =7

lfiguré 2. The estimated-distribution of Troad
granite columns in Western Anatolia (Ay and
Tolun, 2017b)

In this study, we have identified the values, that
is, the weights of archaeometric and geochemical
parameters, concerning the opinions mentioned in
(Ay, 2017; Ay and Tolun, 2017b). Moreover, Ay
and Tolun have considered of more effective the
geochemical data than the archaeometric data.
Therefore, we set a higher value to geochemical
data than archaeometric data in the final decision
step.

In Section 2 of the present study, we present the
concept of fpfs-matrices and PEM. In Section 3,
we give all the results of the qualitative
mineralogical-petrographic  and  geochemical
analyses provided in (Ay, 2017; Ay and Tolun,
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2017b). In Section 4, we propose a hew method,
i.e. MCCM. In section 5, we apply MCCM to the
MCC problem. Finally, we discuss the need for
further research.

2. Preliminaries

In this section, we first present the concept of
fuzzy soft matrices (fs-matrices) (Cagman and
Enginoglu, 2012). Throughout this paper, let U be
universal set, E be a parameter set, F(E) be the
set of all fuzzy sets over E, and u € F(E). Here, a

fuzzy set is denoted by {“(x)x txX € E}

Definition 2.1. (Cagman et al., 2011b) Let U be a
universal set, E be a parameter set, and a be a
function from E to F(U). Then, the set
{(x, a(x)): x € E} being the graphic of « is called
a fuzzy soft set (fs-set) parameterized via E over
U (or briefly over U).

In the present paper, the set of all fs-sets over U is
denoted by FSg(U). In FS;(U), since the graphic
of a (graph(a)) and a generate each other
uniquely, the notations are interchangeable.
Therefore, as long as it does not cause any
confusion, we denote an fs-set graph(a) by a.

Example 2.1. Let E = {x1, %5, X3, %4} and
U = {uy, uy, uz, uy, us}. Then,

a = {(xl’ {0'9u1, 0'5u4}), (xz’ {0'3u2, o.su3})’

(X3, {0'7111, 0.8u3’ 0'611.4}), (x4’ {u3’ 0.9u5})}
is an fs-set over U. Here, for brevity, the notation
uy is used instead of 'u; and also the elements
which have zero membership value such as °us,
does not show in the sets containing them.

Definition 2.2. (Cagman and Enginoglu, 2012)
Let « € FSg(U). Then, [a;;] is called the matrix
representation of a (or briefly fs-matrix of «) and

is defined by
(A11 Q12 13 . Qqp
az1 Q2 Ap3 on

lay] =]

such that fori € {1,2,--}and j € {1,2,---}, a;; ==
a(xj)(u;), where a(x;j)(u;) refers to the
membership degree of w; in the fuzzy set
a(x;).Here, if [U| =m and |E| =n, then [a;]
has order m x n.
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From now on, the set of all fs-matrices
parameterized via E over U is denoted by FSg[U].
Example 2.2. The fs-matrix of a provided in
Example 2.1 is as follows:
09 0 07 O
0 03 O 0
[a;;] =0 0.5 08 1
05 0 06 O
0 0 0 0.9

Secondly, we present the concept of fpfs-matrices.

Definition 2.3. (Cagman et al., 2010; Enginoglu,
2012) Let U be a universal set, u € F(E), and a
be a function from p to F(U). Then, the set
{(*®x, a(*®)x)): x € E} being the graphic of a
is called a fuzzy parameterized fuzzy soft set
(fpfs-set) parameterized via E over U (or briefly
over U).

In the present paper, the set of all fpfs-sets over U
is denoted by FPFSg(U). In FPFSg(U), since the
graph(a) and a generate each other uniquely,
the notations are interchangeable. Therefore, as
long as it does not cause any confusion, we
denote an fpfs-set graph(a) by a.
Example 2.3. Let E = {x,x5,%x3,%x4} and
U = {uq,u,, us, uy, ug}. Then,
a= {(0.8x1’ {0.9u1’0.5 u4})’ (0x2’ {0.3u2’0.5 u3})’

O, 7w, s, 0 ), (g, (s, us )
is an fpfs-set over U.

Definition 2.4. (Enginoglu, 2012; Enginoglu and
Cagman, In Press) Let a € FPFSg(U). Then,
[a;;] is called the matrix representation of a (or
briefly fpfs-matrix of @) and is defined by

Qo1 Qo2 Qo3 Qon

a;1 Qg2 Qg3 A1n
[ay] = |}

Am1 Am2 Am3 Amn

such that fori € {0,1,2,---}and j € {1,2,--},
a;; = #(x]-), i=0
T a*Px) (), i#0
Here, if [U| =m — 1 and |E| = n, then [a;;] has
order m X n.

Herein, the set of all fpfs-matrices parameterized
via E over U is denoted by FPFS;[U].
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Example 2.4. The fpfs-matrix of a provided in
Example 2.3 is as follows:

08 0 01 1
09 0 07 0
[@]=[0 03 0 0
W7o 05 08 1
05 0 06 0

0 0 0 0.9
Definition 2.5. (Enginoglu, 2012; Enginoglu and
Cagman, In Press) Let [a;;] € FPFSg[U]. For all
i and j, if a;; = A, then [a;;] is called A-fpfs-
matrix and is denoted by [A]. Here, [0] is called
empty fpfs-matrix and [1] is called universal fpfs-
matrix.

Definition 2.6. (Enginoglu, 2012; Enginoglu and
Cagman, In Press) Let [a;], [b], [cij] €
FPFSg[U]. For all i and j, if ¢;; == |a;; — byjl,
then [c;;] is called symmetric difference between
[a;;] and [b;;] and is denoted by [a;;]A[b;;].

Finally, we present the soft decision-making
method PEM provided in (Enginoglu and
Cagman, In Press). Throughout this paper, I, =
{1,2,...,n}and I :={0,1,2, ..., n}.

PEM Algorithm Steps

Step 1. Construct an fpfs-matrix [a;]

suchthati € I, andj € I,
Step 2. Obtain a matrix [s;;] defined by

n 1 m 1 n
Su = m aj )|~ ai ) aojai;|,i €1
i Zj=1[(mzk=1 kl)(nzt=1 ”) 0j l}] m

Si1
Step 3. Obtain a decision set {m‘?xsklui | u; € U}

(m+1)xn

3. The Qualitative Mineralogical-Petrographic
and Geochemical Analyses Results

In this section, we give tables of the results of the
gualitative ~ mineralogical-petrographic ~ and
geochemical analyses provided in (Ay, 2017; Ay
and Tolun, 2017b). The qualitative mineralogical-
petrographic analyses result from Kocgali and
Akgcakecili are the same, and the geochemical
analyses results are close to each other. Since
Kogali and Akcake¢ili ancient quarries are the
same structure, Ay and Tolun have compared
eight samples with two sources: Bergama Kozak
and Kogali-Akgakecili in (Ay, 2017; Ay and
Tolun, 2017b). Therefore, in the next section, we
use the mean results from Kogali and Akgakegili.
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Table 4. Results of the mineralogical-petrographic analyses of

plagioclase in thin-sections

S
Z § 2 (:;J_ o | 513 = §
= Q = o = = B <
Plagioclase § % n g3 £ % £legle s =l e § J—’; o
L | 2] S 22|23 |5|glE|2|2|8|8|8|5|2c¢
Sl s|1S|e|S|e|E|E|S| 2|58 S|E|ls|&E|=|8)|<
S N S| || 5|s|=| 8| 8|l x|&|le|las|l=s|=|=2]%=
S|e|l=S|f|o|d&|a|l=|o|o|8|T|x|IT|x|la|ll|O|F
Side Theatre o/0)J]1|jO0]O|J]O]J]O]J]O|JO]J]O]1]|]1]0|J]O]J]O]O]O|O]O
Tlos Theatre o/0)J]1|]O0O]jO|JO]J]O|]O|JO]J]O]1]1]0|J]O]J]O]JO]O|O]O
Tlos Stadium 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
Smyrna Agora 1 0|0 1|10 /]0]0]O]JO]O]O 1 110]J]0]0]J]O]J]O]JO]O
Smyrna Agora 2 1]0(0]J]O0OJO]1]O0]O 1 110 110 1]1]0(0 1]10(0
Pergamon Red Hall 010 1/0]0]J1]0]0O 1 /00 110 11010 110(0
Smintheion 1 ofjo0jJ1jojoOo|j1]Oj]OfJO]J]O]O]1]0OJ]O]J]O]O]O|O]|1
Smintheion 2 of1jo0jo0OjO|JO]JO|jO|JO]J]O|O]1]0O0]J]O]JO]O]O|O]1
Bergama Kozak 0|0 1|]0/0]1]J]0|0O0]|]1T]J0]|]0O0]1]0O 1100 1100
Kogali 1]0|0|O0O|JO]J1]|]O0O|JO]JO|JO|O|J1T]|]O]|]1]|]O|O|1]oO]1
Akgakegili 1]ojojojoOojJ1]ojOo]jJOjOjO|J1T|]O0]|]1]O0ofjOo|1]oO]1
Table 5. Results of the mineralogical-petrographic analyses of quartz in thin-sections
‘§ % 2 'é o 813 2 §
Ll y| § El=2|8|2|s|8|g|s|E|8|g|E|&|E|E
sl s|S|lels|e|lE|Ele| 2 E|lgle|lE|ls|&|=]|8|c<
S N S|l el |5l s|l=|s| 8= S| s | S|l || 8|2 =
S|o|=S|Z|o|8|d|S2|o|o|B|T|X|T|&|a|a|Oo|E
Side Theatre ojojoj1jo0|l0|JO]JO|O]JOfJO|JO]J]1T]O]|]O]O|JO]|J]O]O
Tlos Theatre ojojoj1jo0fj0jJO0OjJOjO]|]OfJO|J]O]J]1T]O]|O]O|JO]J]O]O
Tlos Stadium ojojoj1jo0oj0jJOojJOjO]j]OfJO|JO]J]1T]O]|]O]O|JO|JO]O
Smyrna Agora 1 o0jo0jojoj0O0O|J]O]J]O]J]O]J]O]J]0O]O]O 0JojO0OjJO0O[0O]J]0]O
Smyrna Agora 2 0] 0 1|]0[0]J]OfJO]O|JO]J]O|JO]O 1 1 0Joj0]J]0]oO
Pergamon Red Hall 010 1/0j]0|J]O|JO]J]O]J]O]J]O]O]O 1 1 1]10]0]0]0O
Smintheion 1 ojojoj1jo0ojo0ojoOojJoOojoOojOfjfOjJO]J1T]O|1]O|JO|1]0O
Smintheion 2 ojojoj1jo0ojfo0ojojojojojfojoj1]joj1joO0ofjO0o|1]0O
Bergama Kozak 0] 0 1|1]0[0|]O0O|JO]O|JO[O]O]O 1 1 1100|000
Kogali ojo0oj1j0}j0O0fO|JO]JO|JO|OfJO|JO]J1]1]|1]|]0|O0O]|1]0O
Akgakegili ojojr1jojojojoOojJoOojoOojOfjOojO]1T]1]1]0O0|O0|1]0O
Table 6. Results of the geochemical analyses of thin-sections
> wn ~ o o ~
Geochemical Analyses E § Céb S:. e ;En 3 E :Z‘?' E
Side Theatre 5.9 5.0 2.0 0.7 59.5 16.3 5.1 0.2 34 0.8
Tlos Theatre 5.0 4.5 2.2 0.3 63.5 15.8 3.7 0.1 3.2 0.7
Tlos Stadium 5.3 4.9 1.9 0.6 60.5 16.6 5.1 0.1 35 0.7
Smyrna Agora 1 4.4 3.9 1.0 0.1 67.4 15.7 2.8 0.1 34 0.5
Smyrna Agora 2 5.7 52 23 0.5 59.6 16.8 4.1 0.1 3.6 0.9
Pergamon Red Hall 55 4.6 21 0.3 61.9 16.3 34 0.1 33 0.7
Smintheion 1 4.6 3.8 17 0.4 63.6 15.9 4.4 0.1 35 0.6
Smintheion 2 4.8 3.9 17 0.4 63.8 15.8 4.3 0.1 35 0.6
Bergama Kozak 4.7 4.2 2.0 0.3 64.2 15.9 3.7 0.1 34 0.7
Kogali 5.0 4.6 1.9 0.5 61.5 16.4 45 0.1 3.6 0.7
Akcakecili 5.0 4.4 1.9 0.5 61.6 16.1 4.7 0.1 315 0.7
Kogali-Akgakegili 5.0 45 1.9 0.5 61.55 16.25 4.6 0.1 3.55 0.7
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Table 7. Results of the geochemlcal analyses of thin-sections (normallsed via maximum value in Table 6)

Geochemical Analyses 2 ON S = S ON o, 2 % <)
(Normalised) © 2 = o A =z b = z =
Side Theatre 0.0875 | 0.0742 | 0.0297 | 0.0104 | 0.8828 | 0.2418 | 0.0757 | 0.0030 | 0.0504 | 0.0119
Tlos Theatre 0.0742 | 0.0668 | 0.0326 | 0.0045 | 0.9421 | 0.2344 | 0.0549 | 0.0015 | 0.0475 | 0.0104
Tlos Stadium 0.0786 | 0.0727 | 0.0282 | 0.0089 | 0.8976 | 0.2463 | 0.0757 | 0.0015 | 0.0519 | 0.0104
Smyrna Agora 1 0.0653 | 0.0579 | 0.0148 | 0.0015 | 1.0000 | 0.2329 | 0.0415 | 0.0015 | 0.0504 | 0.0074
Smyrna Agora 2 0.0846 | 0.0772 | 0.0341 | 0.0074 | 0.8843 | 0.2493 | 0.0608 | 0.0015 | 0.0534 | 0.0134
Pergamon Red Hall 0.0816 | 0.0682 | 0.0312 | 0.0045 | 09184 | 0.2418 | 0.0504 | 0.0015 | 0.0490 | 0.0104
Smintheion 1 0.0682 | 0.0564 | 0.0252 | 0.0059 | 0.9436 | 0.2359 | 0.0653 | 0.0015 | 0.0519 | 0.0089
Smintheion 2 0.0712 | 0.0579 | 0.0252 | 0.0059 | 0.9466 | 0.2344 | 0.0638 | 0.0015 | 0.0519 | 0.0089
Bergama Kozak 0.0697 | 0.0623 | 0.0297 | 0.0045 | 0.9525 | 0.2359 | 0.0549 | 0.0015 | 0.0504 | 0.0104
Kogali-Akgakegili 0.0742 | 0.0668 | 0.0282 | 0.0074 | 0.9132 | 0.2411 | 0.0682 | 0.0015 | 0.0527 | 0.0104

4. Research Method

In this section, we first present MCCM and which

also uses the abilities of PEM (Enginoglu and

Cagman, In Press).

Algorithm Steps of MCCM

Pre-processing Steps for Archaeometric
Data

Step 1. Construct fs-matrices [afy] = for
archaeological samples, forall z € I,

Step 2. Construct fs-matrices [b;] ~ for
geological samples, forall z € I,

Step 3. Obtain [c7* ., defined by ¥ = b;
suchthatz € I, and k € I,

Step4 Obtain [dff]  defined by [dff] =

— [¢7¥]A]az] such that z € I, and k € I,

Main Steps for Archaeometric Data

Step 1. Construct  fpfs-matrices [e ](m+1)xn
suchthati € I, j € I,,and i # 0 = e/ = dff
Step 2. Apply PEM to [ef] for all z € I,, and

k € I,.. That is, obtain [f;}],.x, defined by

1 n n 1 m
z . | zk _ zk zk ,zk
f;:k - (nzlzlell )Zj:1 [<m2p21 ep,>€0, e” :|
suchthatz € I, and k € I,
Step 3. Obtain  [gixlmxr
W f_Z
=1 Jik
Step 4, Obtain [s}

defined by g =

«lmxr defined by

ik
———, maxg; #0
1 _ Jmaxg;  tel
Sik = tel,
maxg;; =0
ik tel, Yit
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Pre-processing Steps for Geochemical Data
Step 1. Construct  fs-matrices [a;;] ~ for
archaeological samples

Step 2. Construct  fs-matrices [b;;] ~ for
geological samples

Step 3. Obain fs-matrices [cf]
cf = by; such that k € I,

Step 4. Obtain fs-matrices [dl"] X defined by

[a¥] = [1] — [cf]A[ay;] such that k € I,

defined by

Main Steps for Geochemical Data
H k

Step 1. Construct  fpfs-matrices [eij]( e

suchthati € I, j € I, and i # 0 = efs = df;

Step 2. Apply PEM to [ef] for all k € Ir. That

is, obtain [ fi; Inx, defined by
)]

ﬁk_(_ 11” Z] 1[(

suchthati € I, and k € I,
Step 3. Obtain [s3, ], defined by

ma;( f tel it
€
siz = tel, lt r
]lk’ ItnaIX]it 0

Output Steps

Step 1. Obtain the decision matrix [s;]mxr
such that s;; = 0.25s}, + 0.75s3,

Step 2. Obtain the decision sets D, =
{u; |sy = man Sipy such thatk,p € I,

Secondly, we illustrate MCCM for z =k = 2,
that is, for the Amphibols data given in the
previous. Faithfully to the Ay and Tolun's
opinions, we set
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[0.01,0.01,0.04,0.01,1,1,1,1,1,1,0.01, 0.01,
0.01, 0.01, 0.01, 0.01, 0.01, 0.01, 0.01]
and
[0.6,0.6,0.01,0.7,1, 0.8, 1, 0.01, 0.7, 0.01]

to the weights of the archaeometric and
geochemical parameters, respectively. Moreover,
Ay and Tolun (2017b) consider more effective the
geochemical data than archaeometric data.
Therefore, we set 0.25 and 0.75 values to these
data as weights, respectively, in the final decision
stage.

Pre-process Steps for Archaeometric Data

Step 1. and Step 2.

Let U={ugi€lg}, V={v:kel} and E; =
{xj:j €0} such that wu, =Side Theatre,
u, =Tlos Theatre, uz; =Tlos Stadium,
u, =Smyrna Agora 1, us =Smyrna Agora 2,
u, =Pergamon  Red Hall /  Serapeion,
u, =Smintheion 1, ug =Smintheion 2,
v, =Bergama Kozak, v, =Koc¢ali-Ak¢akecili,
x; = Coarse-Medium-Fine, x, = Coarse -
Medium, x; = Medium-Fine, x, = Fine, x5 =
Chloritised, x, = Sericitised, x, = Pertitic, xg =
Mirmekitic, x, = Carbonated, x,, = Clayed,

[a] =

P O P, kP O Fkr OO

OO R, RFPr OO OO
O OO0 o0 oo oo
O, OO FRFR OFr R
OO r OO0 o oo
O OO0 o0 oo oo
O 0O o0 oo o oo
O 0O o0 o oo oo

o o 1 0 O o 0 o
GIEI

Step 3.

7] =

OO0 o0 oo o oo
OO0 o000 o oo
e e
OO0 oo o oo
OO0 oo o oo
O OO0 oo o oo
O OO0 oo o oo
O 0O 0o oo oo

O O P O O O O O

e
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X1, =ldiomorphic
X1, =Hypidiomorphic

(Self-Shaped),
(Semi-Self-Shaped),

x13 =Xenomorphic  (Self-Shapeless), x4, =
Homogeneous,  x;5 =Recrystallised  (Wavy),
X16 =Prismatic, X1, =Flat Prismatic,

x1g =Clean Surfaced, and x;4 =Twinning.
Therefore, the fs-sets of the Amphiboles data are
as follows:
a = { (x1, {us, ug}), (x3, {uz, us, ug, ug}),
(g, {u1, Uz, us, u7}), (x5, {6 1), (X9, {u6}),
Oy, {ug, U, us}), (12, U), (14, {Us, u6}),
(16, {5, us D}
B = {(x3,V), (x9, V), (11, {v1}), (¥12, V), (%14, V),

(%16, V)}
where @ denotes empty fuzzy set. Here, for
brevity, the notation u; has been used instead of
lu,. Also, the elements such %u; and (x,, @)
have not been shown in the sets containing them.

The fs-matrices corresponded to the fs-sets @ and
B, respectively, are as follows:

O O O O O o o o
O Ok P O O O O
O O O O O O o o
O O P P O O O O
O O O O O o o o
O O O O O o o o
O O O O O O o o

O OO0 o0 oo oo
e e

O O O O O Fr Bk Bk,

o o
o -
—
o o
-
o o
[EEEN
o
o
o
[

O OO0 oo o oo
O OO0 oo o oo
e
O OO0 oo o oo
e
O OO0 o0 oo oo
e
O OO0 o0 o o oo
O OO0 o0 o o oo
O OO0 o0 o o oo




Step 4.

@71 =

e == = S =
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e e

O Fr P O FrLr OO

O Fr Pk O FrLr OO

e = =T N S N S =
I = T e e T T T R =

Main Steps for Archaeometric Data

Step 1.

1

7] =

I == T S SN =

Step 2.

[fik] =

Step 3.

1

el

0

Ok, kB O Fr O

3.6520
3.6520
4.1821
3.3886
4.1768
3.5453
3.3886
3.9178

3.5157
3.6240
3.5548
3.5167
4.2189
4.4318
3.6016
3.5155

[ 0.01 0.01 0.01 0.01

0

P O FrP PP OPFr O

3.2720
3.3803
3.4438
3.3788
4.1625
4.1732
3.7574
3.8252

I T = N = N SN
I T = N = N SN
O OFr OO0 o0 oo

T e e T el
L e
O OPFrPr OO0 OO O
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1
1
1
1
1
1
1
1
1

I = T = = T T N S =
e ===
I = T = = T T N S =
e
OO krRr P, OO oo
e el
OO Fr PFPr OO oo
= = T = T = =
e el
N = e = T = T = =

0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 |
11 0 1 0 1 1 1

0
0
0
1
1
1
1
1

s
s
OO RFr P, OO o
el
OO RFr L OO o
el
el
e e

Step 4.

0.7933 0.7383
0.8177 0.7627
0.8021 0.7771
0.7935 0.7624
0.9519 0.9392
1.0000 0.9416
0.8127 0.8478
0.7932 0.8631

[Silk] =

Pre-process Steps for Geochemical Data
Step 1. and Step 2.

Let U={u:i€lg}, V={v:k€elL}, and E, =
{y;: 1 € 1,5} such that u, =Side Theatre, u, =Tlos
Theatre, u; =Tlos Stadium, u, =Smyrna Agora
1, us =Smyrna Agora 2, u, =Pergamon Red Hall
|/ Serapeion, u, =Smintheion 1, ug =Smintheion
2, v, =Bergama Kozak, v, =Kocali-Ak¢akegili,
y1 =Ca0, y, = Fe;03, y3 = MgO0, y, = P,05,
Vs = Si0;, y6 = AlO3, y; = K;0, yg = MnO,
vq = Na,0, and y,, = TiO,. Therefore, the fs-
sets of the Amphiboles data are as follows:
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— 0.0875 0.0742 0.0786 0.0653 0.0846 0.0846 0.0682 0.0712
Y= {(Y1,{ Uy, Uy, Us, Uy, ’ U, Uz, ug}),

Us
0.0682 0.0564 0.0579
) uﬁ; u7; u8});

0.0579 0.0772
) )

Us Uy Us
{0'0297u 0.0326,, 0.0282), 00148, 0.0341, 0.0312, 0'0252u7,0'0252u8}),

1, 27 3 4 57 67

0.0742 0.0668 0.0727
(YZl{ Uq, Uy,

(Y3'

0.0104 0.0045 0.0089 0.0015 0.0074. 0.0045 0.0059 0.0059
(yar {201 %%y, @005y, 00089y, 00015y, 00074y 0.0045, 00055, 0:005%,.1),

0.8828 0.9421 0.8976 1,0000 0.8843 0.9184 0.9436 0.9466
(J/s'{ Uy, Uy, us, Uy, Us, Us, Uz, us}),

{0.2418u 0.2344u 0.2463u 0.2329u 0.24—93u 0.24—18u 0'235911.7,0'234411.8}),

1, 27 3 4 5 67

(YG'

0.0757 0.0549 0.0757 0.0415 0.0608 0.0504 0.0653 0.0638
(17, {2075 uy, 005y, 0787y, 00Ky, 0:0008y, 0050, | 0.0653, 006381,

0.0030 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015 0.0015
(ySl{ ulr u2| ] ] ] u6l u7l u8})1

Us Uy Us
{0.0504u 0.0475,, 0.0519, 0.0504, ~0.0534, 0.0490, 0‘0519u7,0‘0519u8}),

1, 27 37 49 57 67

(_')/9,

0.0119,, 0.0104,, 0.0104,, 0.0074,, 0.0134,, 0.0104,, 0.0089,, 0.0089
(J’w,{ Uy, Uy, Uus, Uy, Us, Ue, Uz, us})}

S = {(yl’ {0.0697171’ 0.074—2172})’ (yz’ {0.0623171’ 0.06681]2})’ (y3’ {0.0297171’ 0.02821]2})’
(y4’ {0.0045171’ 0.0074—172})’ (ys’ {0.9525171’ 0.91321]2}) , (y6, {0.23591]1' 0.2411172})’
(y7’ {0.054—9171, 0.0682172})’ (ys’ {0.00151]1’ 0'0015172}), (yg’ {0.0504—1]1' 0'0527172}),

(J’w, {0.0104—171, 0.0104172})}

The fs-matrices corresponded to the fs-sets y and &, respectively, are as follows:

0.0875 0.0742 0.0297 0.0104 0.8828 0.2418 0.0757 0.0030 0.0504 0.0119

0.0742 0.0668 0.0326 0.0045 0.9421 0.2344 0.0549 0.0015 0.0475 0.0104

0.0786 0.0727 0.0282 0.0089 0.8976 0.2463 0.0757 0.0015 0.0519 0.0104
[a;j] = 0.0653 0.0579 0.0148 0.0015 1.0000 0.2329 0.0415 0.0015 0.0504 0.0074
0.0846 0.0772 0.0341 0.0074 0.8843 0.2493 0.0608 0.0015 0.0534 0.0134
0.0816 0.0682 0.0312 0.0045 0.9184 0.2418 0.0504 0.0015 0.0490 0.0104
0.0682 0.0564 0.0252 0.0059 0.9436 0.2359 0.0653 0.0015 0.0519 0.0089
0.0712 0.0579 0.0252 0.0059 0.9466 0.2344 0.0638 0.0015 0.0519 0.0089

[by] = [ 0.0697 0.0623 0.0297 0.0045 0.9525 0.2359 0.0549 0.0015 0.0504 0.0104
Y 0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
Step 3.
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
2] = 0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
Y 0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104
0.0742 0.0668 0.0282 0.0074 0.9132 0.2411 0.0682 0.0015 0.0527 0.0104

Step 4.
0.9867 0.9926 0.9985 0.9970 0.9696 0.9993 0.9925 0.9985 0.9977 0.9985
1 1 0.9956 0.9971 0.9711 0.9933 0.9867 0.9948 1
0.9956 0.9941 1 0.9985 0.9844 0.9948 0.9925 09992 1
[d2] = 0.9911 0.9911 0.9866 0.9941 0.9132 0.9918 0.9733 0.9977 0.9970
Y 0.9896 0.9896 0.9941 1 0.9711 0.9918 0.9926 0.9993 0.9970

0.9926 0.9986 0.9970 0.9971 0.9948 0.9993 0.9822
0.9940 0.9896 0.9970 0.9985 0.9696 0.9948 0.9971
0.9970 0.9911 0.9970 0.9985 0.9666 0.9933 0.9956

0.9963 1
0.9992 0.9985
0.9992 0.9985

PR RRPRRRE R
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Main Steps for Geochemical Data

Stepl.
0.6 0.6 0.01 0.7 1 0.8 1 0.01 0.7 0.01
0.9867 0.9926 0.9985 0.9970 0.9696 0.9993 0.9925 0.9985 0.9977 0.9985
1 1 0.9956 0.9971 0.9711 0.9933 0.9867 1 0.9948 1
0.9956 0.9941 1 0.9985 0.9844 0.9948 0.9925 1 0.9992 1
[e3] = | 0.9911 09911 0.9866 09941 009132 009918 009733 1 0.9977 0.9970
0.9896 0.9896 0.9941 1 0.9711 0.9918 0.9926 1 0.9993 0.9970
0.9926 0.9986 0.9970 0.9971 0.9948 0.9993 0.9822 1 0.9963 1
0.9940 0.9896 0.9970 0.9985 0.9696 0.9948 0.9971 1 0.9992 0.9985
0.9970 0.9911 0.9970 0.9985 0.9666 0.9933 0.9956 1 0.9992 0.9985
Step 2. B _ Step 2.
5.1804 5.2810 Side Theatre Kocali-Akgakegili
5.3326 5.2865 Tlos Theatre Bergama Kozak
5.2087 5.3150 ) . »
52470 51519 Tlos Stadium Kocali-Akgakegili
[fi] = 51927 592767 Smyrna Agora 1 Bergama Kozak
5.2773 5.3157 Smyrna Agora 2 Kocali-Akgakegili
5.3211 5.2906 Pergamon Red Hall Bergama Kozak
L 5.3276 5.2569 _ Smintheion 1 Kocali-Akgakecili
Step 3. Smintheion 2 Kocali-Akgakecili
0.9715 0.9903 )
1.0000 09913 5. Conclusion
0.9768 0.9967 We, in this paper, proposed a novel method
[s2] = 0.9840 0.9661 MCCM to model an MCC problem. We then
tk 0.9738 0.9895 applied MCCM to the data provided in (Ay, 2017,
0.9896 0.9968 Ay e}nd Tolun, 2017b). Th_e results affirmed thoge
0.9978 0.9921 obtained by archaeometric analyses. Since this
' ' method is the first, it could not be compared with
| 0.9991 0.9914 | other methods for now. Soon, however, if another
soft decision-making method that differs from
Output Steps PEM is applied to this problem, then a
comparison of these methods can be given.
Step 1.

0.9269 0.9273 Acknowledgements
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Abstract: We carried out a thorough examination of the structural and electronic features of undoped and
Nitrogen (N)-doped ZnO nanoparticles (NPs) by the density-functional tight-binding (DFTB) method. By
increasing the percent of N atoms in undoped ZnO NPs, the number of bonds (n), order parameter (R) and
radial distribution function (RDF) of two-body interactions such as Zn-Zn, N-N, O-O, N-O, etc. were
investigated using novel algorithms. Our results show that the total n of Zn-Zn interactions is greater than
that of Zn-Zn, N-N, N-O, and O-O; thus, it means that Zn atoms have a greater preference for N or O
atoms. The RDFs of Zn and O atoms increase based on the increase in the content of N atoms. The R of
Zn, O and N atoms demonstrate that O and N atoms tend to locate at the center, whereas Zn atoms tend to
reside on the surface. The density of state (DOS) indicates that the undoped and N-doped ZnO NPs
demonstrate a semiconductor-like behavior that is coherent with measured data. The HOMO-LUMO
energy gap decreases from -4.717 to -0.853 eV. n increase in the content of N atoms contributes to the

destabilization of ZnO NPs due to a decrease in the energy gap.

Keywords: Productivity, Nanoparticle, N-doped ZnO, Electronic Structure, Data Science

1. Introduction

Nanoparticles (NPs), tiny objects whose sizes are
lay between 1 and 100 nanometers, are finding
use in diverse areas including energy, electronics,
biomedical and optical fields due to their shape
dependence properties as opposed to their bulk
structure. More specifically, metallic NPs exhibit
properties useful as both insulators and
semiconductors and have been  widely
investigated (Wang, 2007; Yang, et al. 2008;
Kushwaha, 2012). ZnO and its NPs, in particular,
have been an area of intense scrutiny (Kog, et al.
2019; Rezkallah, et al. 2017; Caglar, et al. 2019;
Coskun, et al. 2018), because they have a wide
bandgap and excellent optical properties for
optoelectronics applications, being widely studied
in various fields as photodetectors (Chang, et al.
2012), energetic materials (Barziniy, et al. 2019),
and biomedical agents (Zhang, 2013).

This study aims at investigating the effect of
Nitrogen (N) on ZnO NPs using the density-
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Tunctional ugnt-niaing (DF1B) method. Among
the analyses, we conduct are studies of the
HOMO, LUMO and HOMO-LUMO gap (Ej),
total energies, density of states (DOS), as well as,
the structural analysis such as radial distribution
functions (RDFs), order parameter (R) to learn
about how behave Zinc (Zn), Oxygen (O) and N
atoms and the number of bonds (n) of two-body
interactions in the undoped and doped ZnO NPs.
To supplement our work on structural changes,
we implemented programs in R code
(https://github.com/hasankurban/Structural-
Analysis-NanoParticles) to analyze the RDF, n
and R.

2. Material and Method

We used the DFTB+ code (Aradi, et al. 2007),
which is an implementation of DFTB method,
with the 3ob/30b-3-1 (Gaus, et al. 2013; Kubillus,
et al. 2015) set of Slater Koster parameters to

Citation (Atif): Kurban, M., Kurban, H., Dalkilig, M., (2019).
Controlling Structural and Electronic Properties of ZnO NPs: Density-
Functional Tight-Binding Method. Bilge International Journal of
Science and Technology Research, 3(Special Issue): 35-39.


http://dergipark.gov.tr/bilgesci
mailto:kutbilgescience@gmail.com

Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 35-39

compare the structural features and electronic
structure of studied ZnO NPs.

To make the program more accessible to non-
computational scientists, we have also ensured
that the programs are simple to use. Additionally,
we have added functionality to include analysis of
the n, R, and RDF of the ZnO NPs in terms of an
increase in the N content. The code is open source
and it is freely available online, thus, researchers
can visualize their data using the code.

3. Results
3.1. Structural analysis

The initial structure of undoped ZnO NP with n =
258 atoms is indicated in Fig. 1. All of the ZnO
NPs were characterized by 30x30x30 supercells
of the hexagonal crystal structure (wurtzite, space
group P6smc). We carved a spherical ZnO NP
from this bulk hexagonal supercell. The radius of
the NP is set to the desired value (0.9 nm) and
only atoms within that sphere are considered,
whereas those outside the sphere are removed. All
calculations are carried out at constant volume.

Figure 1. Initial structure (polyhedral) of undoped
ZnO NP with 258 atoms. (Red is Oxygen, grey is
Zinc).

The n;; represents the nearest neighbor contacts
number, which is also the number of bonds, and
usually used to distinguish the degree of packing,
a significant property of NP. The n;; (Wu, et al.
2016) for the NPs is given by

n = ij(?tj ®

1,7; < 125,
0,7; > 121"
r;; is the distance between i and j atoms and rii.o)
is obtained by fitting the experimental data and
represents a nearest neighbor criterion (NIST,

where &;; ={ i,j =12n, O or N,
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2019; Czajkowski, et al. 1999). Fig. 2 indicates
the total n in the ZnO NP with 258 atoms. The
curve of ZnO NP in Fig. 2 reveals that the n of
N-N and N-O interactions increases gradually in
terms of increase in the content of N. Moreover,
the total n of Zn-Zn interactions is comparatively
smaller than the total n, while the n of N-N is the
smallest. These results show that N atoms incline
to make more bonds with O atoms: that Zn; tends
to locate at the surface. Additionally, the total n
of Zn-Zn bonds is larger than that of N-N, N-O,
0-0 and Zn-Zn. it means that Zn atoms have a
higher priority for N or O atoms than for Zn
atoms based on the increase of N content. Here, it
is interesting to note that there is no experimental
data on the Zn-O and Zn-N two-body interactions,
thus, Zn atoms probably adhere to N or O atoms.
Ry, represents the order parameter and is used to
find a stable structure in the NP. One needs to
calculate Ry, (Kurban, et al. 2016) which helps to
investigate the segregation of atoms in the NP.
Ry, is the average distance of a type T; atoms
according to a center of a NP,

TLTi

Ry, = oL (2)
ti=1

where is the number of T; type atoms, and r; is the
distance of the atoms to the coordinate center .
We define a distance from the center of NP to a
reference point as e to indicate the location of
atoms; if Ry, < €miy (@ “small” value), the T;
type atoms are assumed to be at the center, and if
Ry, > €max (a “large” value), the T; type atoms
are assumed to be at the surface region of NP. If
neither is true, i.e, if €npm <Ry, < €pax (@
“medium” value), it is assumed a well-mixed NP.
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Figure 2. The number of bonds of binary N-N, N-
0O, 0-O and Zn-Zn interactions based on an
increase in the content of N atoms.
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Figure 3. The order parameter of Zn, O and N
atoms in the ZnO NPs.

Fig. 3 demonstrates the R of Zn, O and N atoms
based on the N content in the ZnO NPs. Here, the
R shows the changes in the structural properties of
ZnO NP with a change N-doped ZnO NPs. The R
of Zn, O and N atoms indicate that N atoms
incline to locate at the center, while Zn atoms
tend to occupy the surface. The R of N atoms to
the surface is related to its lower cohesive energy.
Besides, the R demonstrates different features
when it comes to an increase in the content of N
atoms. For example, R, values sharply increase
after doping 35% N, and R, smoothly decrease.

The Radial Distribution Function (RDF), a
significant parameter, is known as the probability
of finding a particle at a distance r from another

37

tagged particle. The RDF is mathematically
shown as follows:

ey = N/ Ul X Ve X V) where @y
represents the mean number of atoms in a shell of
width dr at distance r;, |A| is the total atom
number and V; is the volume of the spherical
shell and V, is the mean atom density.

Fig. 4 indicates the RDF Zn-Zn, O-O and N-N
two-body interactions in the studied ZnO NPs.
The RDFs are searched for each interactions of
optimized NPs. Zn-Zn has a narrower and higher
distribution than O-O interactions. With regards
to an increase in the content of N, the peaks for
both pairs increase. Moreover, the fluctuations
were observed in obvious peaks of N-N
interactions with raising the content of N.

75

5.0

RDF

0.0

0.5 1.0 1.5 20

RDF

¢

Figure 4. Radial distribution function of undoped
(up) and doped (down) ZnO NPs.
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3.2. Electronic structure

In Fig. 5, we demonstrate the results of the
HOMO, LUMO and Fermi levels with respect to
N content to acquire detailed information on
electronic states in the undoped and N-doped ZnO
NPs. When it comes to an increase in the content
of N, the density of localized states concomitantly
decreases, thus the greatest contribution comes
from the undoped ZnO NPs and then these
fluctuations progressively also disappear. It has a
sharply increasing tendency to occur in the region
of between -10 and -15 eV. The DOS figures also
demonstrate that the studied ZnO NPs have the
energy gap, so, all the NPs indicate
semiconductor character. With increasing the
content of N, the changes in HOMO, LUMO and
Fermi energy were predicted in a different manner
like an increase and a decrease.

The HOMO energy level for undoped ZnO NP is
-7.89 eV, i.e., about 0.97 eV higher than that of
the 50% N-doped NP (-6.91 eV) which is the
lowest HOMO level among the other NPs models
and thus it is less reactive, but more stable (see
Fig. 6, Table 1). On the other hand, Fermi
energies are in the middle of the valence and
conduction band. The HOMO-LUMO energy gap
of undoped ZnO NP is 4.71 eV, which decreases
from -4.717 to -0.853 eV. It is clear then that an
increase in the content of N atoms contributes to
the destabilization of ZnO NPs due to a decrease
in the energy gap.

Orbital

Undoped Zn0
10% Nedoped Zn0
15% N-doped Zno
— 25% N-doped Zn0
‘ 35% Nedoped Zn0
— 40% Nedoped ZnD
45% N-doped ZnO
50% N-doped Zn0

DOs

250 ’ \
vl K
L, S

5
Energy (eV)

Figure 5. The total density of states (DOS) of
undoped and N-doped ZnO NPs.
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Figure 6. HOMO, LUMO and Fermi energies of
undoped and N-doped ZnO NPs.

Table 1. The electronic properties such as HOMO
(H), LUMO (L), Energy gap (Eg), and Fermi
energy (Ef) of undoped and N-doped ZnO NPs.

H L E, Er
Undoped ZnO  -7.89 -317 471 -553
10% N-doped  -7.88 -591  1.96 -6.89
15% N-doped ~ -7.79 -5.94 185 -6.86
250 N-doped  -7.74 -589 184 -6.82
350 N-doped  -7.85 -6.02 1.82 -6.93
40% N-doped ~ -7.40 -5.90 150 -6.65
45% N-doped  -6.91 -5.91 099 -6.41
50% N-doped  -6.91 -6.06  0.85 -6.49

Energy (eV)

25 35 4
N content (%)

Figure 7. HOMO-LUMO energy gap of undoped
and N-doped ZnO NPs.

4. Discussion and Conclusions

In this study, we use the DFTB method and study
electronic structural features of undoped and
Nitrogen (N)- doped ZnO NPs with 258 atoms.
To carry out structural analysis, we developed a
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new code in R code to conduct structural analysis,
i.e., analyzing the RDF, n and R of two-body
interactions of atoms in the ZnO NPs. Our results
show that the total n of Zn-Zn two-body
interactions is larger than that of N-N, N-O, O-O,
and Zn-Zn; thus, it means that Zn atoms have a
higher priority for N or O atoms. N atoms
contribute to the stabilization of the ZnO NPs.
The R of Zn, O and N atoms indicate that N atoms
tend to locate at the center, while Zn atoms
incline to occupy the surface. The HOMO
decreases; however, the LUMO increase, thus the
HOMO-LUMO band gap declines from 4.717 to
0.853 eV. The decline in the HOMO value
contributes to the stabilization of the ZnO NPs.
The DOS analysis also shows that ZnO NPs
exhibits a semiconductor-like character.
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Abstract: The electronic and photophysical features of F8T2 organic semiconductor-based on a single atom
substitution and temperature have been carried out by the self-consistent charge density-functional based
tight-binding (SCC-DFTB) which is based on the density functional theory (DFT) and molecular dynamics
(MD) methods. First of all, the heat treatment was carried out on the F8T2 from 50 K to 600 K. After that,
the optoelectronic features of F8T2 by substitution of some nonmetallic single atoms, such as Fluorine (F),
Bromine (Br) and lodine (1) was studied. Herein, the dipole moments, HOMO, LUMO, bandgap and Fermi
energies were searched. Also, the absorbance has been examined by time-dependent (TD)-DFTB. The
obtained results of F8T2 were compared to experimental results. The HOMO value was found as -5.045 eV,
which is compatible with its experimental value (-5.44 eV); the LUMO value was found -2.729 eV, which
is coherent with the experimental LUMO value (-2.95 eV). Similarly, the bandgap of F8T2 (2.32 eV) was
found to be compatible with measured result (2.49 eV). The bandgap for F8T2 increased from 2.32 eV (at
0 K) to0 3.03 K (at 663.38 K) which is about 0.71 eV wide than that of F8T2 at 0 K. The maximum absorbance
is found as 437 nm which is very well matched with experimental value (465 nm).

Keywords: F8T2, Absorbance, Electronic structure, TD-DFTB.

1. Introduction

Recently, organic semiconductors have been of
significant attention in many applications such as
electronic and photonic applications (Cheng, et al.
2019; Zhang, et al. 2018). Among them, poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-bithiophene] (F8T2)
which has high ionization potential (5.5 eV), is a
significant category in organic field-effect
phototransistors as the active material (Whang, et
al. 2010; Sirringhaus, et al. 2000). Besides, the
transistors demonstrate a highly stable and
reproducible  response when exposed to
temperature (Whang, et al. 2010).

The photophysical features of materials are highly
tunable with a change in temperature and an atom
doped on it (Kurban, 2018; Kurban, et al. 2016).
Herein, the electronic structure and photophysical
features of organic F8T2 semiconductor have been
studied by the self-consistent charge density-

*Kirgehir Ahi Evran University, Department of Electronics and
Automation, 40100, Kirsehir, Turkey
* Corresponding author (Mustafa Kurban): *mkurbanphys@gmail.com

functional based tight-binding (SCC-DFTB) which
is based on the density functional theory (DFT) and
molecular dynamics (MD) methods in this study
(Aradi, et al. 2007; Elstner, et al. 1998). First of all,
the heat treatment was carried out on the F8T2
from 50 K to 600 K. After that, the properties
mentioned above of F8T2 by substitution of some
nonmetallic single atoms, such as Fluorine (F),
Bromine (Br) and lodine (I), was performed. The
dipole moments to understand the interactions in
F8T2 molecule, as well as, HOMO, LUMO,
bandgap energies and Fermi energies were
investigated. Also, the absorbance spectra were
carried out time-dependent (TD)-DFTB.

2. Material and Method

The electronic and photophysical properties of
undoped and Br-, |- and F-doped F8T2 have been
examined using SCC-DFTB implemented in
DFTB+ code (Aradi, et al. 2007) with the 3ob/3ob-
Citation (Atif): Kurban, M. (2019). The Effects of A Single Atom
Substitution and Temperature on Electronic and Photophysical

Properties F8t2 Organic Material. Bilge International Journal of Science
and Technology Research, 3(Special Issue): 40-44.
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3-1 (Gaus, et al. 2013; Kubillus, et al. 2015) set of
Slater Koster parameters. On the other hand, DFTB
approximates a Taylor series expansion of the total
energy density functional theory (DFT). The SCC-
DFTB includes a self-consistent charge step,
optimizing the (Mulliken) charges, thus it
improves very much the accuracy of the DFTB
method. MD method was used to search
temperature dependence properties in the frame of
DFTB+ code. Besides, the absorption spectra were
calculated by the TD-DFTB method based on
Casida's approach (Andersen, 1980).

3. Results
The different views obtained from the optimized

geometry of F8T2 organic molecule are indicated
in Fig. 1.

Figure 1. Different views obtained from the
optimized geometry of F8T2 organic molecule.
(YYellow is Sulfur, purple is Hydrogen and brown
is Carbon).

To get more information on electronic states in
undoped F8T2 organic semiconductor, firstly, a
deep analysis has been performed on the electronic
total DOS at different temperatures and doped
single atoms (see Fig. 2). The density of localized
states decreases in terms of an increase in
temperature where the greatest contribution comes
from F8T2 at 0 K and Br-doped F8T2. These
oscillating behaviors progressively continue based
on the increase in temperature, but there is a shift
in energy values. The density of localized states
shows a sharp increase between -8 and -7 eV.
Besides, the DOS analysis demonstrates that F8T2
have the bandgap, so, all the nanoparticles show
semiconductor character. There is an increase in
HOMO, and a decrease in LUMO and Fermi
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energy is slightly increasing with increasing
temperature in the range of 0-600 K.

The HOMO value for F8T2 organic semiconductor
is -5.04 eV wide, i.e., about 0.40 eV smaller than
the experimental data (-5.44) (Kettner, et al. 2016),
which is more reactive, while being less stable than
F8T2 at high temperatures (see Fig. 3). Fermi
energies are in the middle of the valence and
conduction band. The HOMO-LUMO energy gap
of F8T2 is 2.31 eV, which increases from 2.31 to
3.03 eV in the range of 0-600 K (see Fig. 4),
because of the interatomic spacing increases. It is
clear then that a rise in the temperature contributes
to the stabilization of F8T2 because of an increase
in the bandgap. The total energy (per/atom), which
is the sum of potential and kinetic energy, also
increases under heat treatment (see Fig. 4).
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Figure 2. The total density of states (DOS) under
heat treatment and atom doped F8T2.
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Figure 3. The HOMO, LUMO and Fermi energy
levels of F8T2 under heat treatment.
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Figure 4. The variations of the HOMO-LUMO
energy gap and total energy (per/atom) of F8T2
under heat treatment.

On the other hand, the energetic properties of Br, |
and F doped-F8T2 have been investigated. The
HOMO, LUMO, bandgap and Fermi energies were
given in Table 1. The bandgap of pure F8T2 are in
the following decreasing order: F8T2> I-doped
F8T2> F-doped F8T2> Br-doped F8T2 (see Table
1). The experimental energy gap value of F8T2 is
2.49 eV wide (Kettner, et al. 2016), i.e., about 0.17
eV greater than that of DFTB calculations which
are very compatible with experimental data. The
HOMO value for Br-doped F8T2 organic
semiconductor is -3.78 eV wide, i.e., about 1.26
eV smaller than that of undoped F8T2 (-5.04 eV).
The HOMO value for I-doped F8T2 is -5.17 eV
wide, i.e., about 0.12 eV greater than undoped
F8T2. This also indicates that the transfer of the
electrons from HOMO to LUMO for Br-doped
F8T2 is easier that of undoped and | and F-doped
F8T2.
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Table 1. The HOMO (H), LUMO(L), Energy gap
(Eg) and Fermi Energy (EF) of undoped and Br-,
I- and F-doped F8T2.

Structures H L Eq Er
F8T2-DFTB -5.04 -2.72 231 -3.88
F8T2-Exp. -544 -295 249 -
I-doped -5.17  -349 167 -433
F-doped -479 -313 166 -3.96
Br-doped -3.78  -268 109 -3.23

The dipole moment (Dw) is related to differences
in electronegativity. The bigger Dm corresponds to
stronger intermolecular force. Herein, the Dy in x-
, Y- and z-directions as a function of temperature
was shown in Fig. 5. Our results show that the Dx
(-0.48 Debye) at 0 K for F8T2 causes the largest
negative charge separation in the x-direction. Dy
decreases in terms of temperature along x-
directions; it increases along y and z directions.
After 500 K, it started increasing up to almost 663
K. When it comes to Br, | and F doped F8T2, the
biggest component of DM for Br-doped F8T2 is
found to be along the x-axis (-1.39 Debye) which
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Figure 5. The variations of dipole moments of
F8T2 in different x, y, z directions under heat
treatment.
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Figure 6. Absorbance spectra of (a) undoped F8T2
under heat treatment and (b) atom doped F8T2.

means large negative charge separation in the x-
direction.

The biggest value of DM for Br-doped F8T2
corresponds to the stronger interaction among the
atoms in the molecule. These results are
compatible with the bandgap because the lowest
bandgap of Br-doped F8T2 infers that electrons
easily jump from HOMO to LUMO. Herein, there
is a correlation between DM and the bandgap of
the undoped and doped FT82. Thus, it can be
expressed that the large DM has small bandgap.

Absorbance spectra of F8T2 at different
temperatures and Br, | and F-doped F8T2 were
depicted in Fig. 6 (a, b). The F8T2 exhibits the
maximum peaks 2.84 eV (436 nm) for undoped
F8T2 corresponds to the ultraviolet (UV) region,
which is very well matched with experimental data
2.66 eV (465 nm) (Kettner, et al. 2016). The
absorbance spectrum of F8T2 decreases
concomitantly with an increase in temperature
where the maximum spectra of F8T2 (361 nm; 3.43
eV) are smallest at 600K. The absorption peaks are
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getting narrower and have smaller magnitude from
0 K to 600 K. It is also clear from the spectra that
the structures are shifted towards higher energy in
going from 0 K to 600 K. Absorbance spectra of
Br-, I- and F-doped F8T2 are 2.20 eV (563 nm),
234 eV (529 nm) and 2.38 eV (501 nm),
respectively. The obtained results show that a
single atom substitution significantly improves the
photophysical properties of F8T2.

4. Discussion and Conclusions

The electronic and photophysical properties of
F8T2 organic semiconductor-based on a single
atom substitution and temperature have been
researched by the DFTB approach. The predicted
HOMO (-5.045 eV) and LUMO (-2.729 eV)
energies were compatible with measured HOMO
(-5.44 eV) and LUMO (-2.95 eV) energies.
Besides, the bandgap (2.32 eV) is compatible with
measured result (2.49 eV). The bandgap of F8T2
increased from 2.32 eV (at 0 K) to 3.03 K (at
663.38 K) which is about 0.71 eV wide than that of
F8T2 at 0 K. The biggest component of dipole
moment for Br-doped F8T2 is along the x-axis (-
1.39 Debye), thus there is a large negative charge
separation in the x-direction. Besides, there is a
correlation between Dy and the energy gap of the
undoped and doped FT82. The maximum
absorbance is 437 nm which is very well matched
with experimental value (465 nm). Br-, I- and F-
were doped on F8T2; such doping procedure
significantly  improves the  photophysical
properties of F8T2.
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Abstract: As the technology progresses, the electronic components become smaller and at the same time
continue to produce more heat, and therefore development of new high heat-flux cooling technologies have
become obligatory. The mini and millimeter-scale phase change cooling systems, which have a reduced size
and a large surface area where heat transfer can take place, have become an integral part of advanced cooling
systems. When comparing phase-change cooling systems with other cooling systems, a relatively low flow
rate of very high evaporation heat, which is associated with the phase change for most fluids, allows large
amounts of heat to dissipate with flow boiling and substantially solves the many problems. The two-phase
cooling technologies used for critical applications include; heat pipes, loop heat pipes and capillary pumped
loops which are all passive hence very reliable solutions relying on only capillary effects. Though this
passive device cannot meet future high cooling demands because of the limitations of the capillary pumping
in terms of heat flux, transport distance and multiple heat source capabilities. On the other hand, in boiling
and condensing flows functionality problems arise since at the micrometer and millimeter-scale,
shear/pressure forces dominate over gravitational forces and cause thermally hydro-dynamically
ineffective/problematic liquid-vapor configurations — such as plug/slugs flow regimes. For this reason, to
overcome the requirement of large amounts of heat transfer from limited spaces and resolving the above
problem, novel millimeter-scale phase-change devices should be developed. In this study, for the design of
millimeter-scale boilers a 3D Ansys-Fluent© simulation model was developed and numerical simulations
were conducted for two different cooling fluids (water and FC-72), different mass flow rates and two
different channel heights. Moreover, to examine the simulation results Taguchi method was used. In order
to realize thin film annular flow over the boiler surface, employed specific boundary conditions in the 3D
simulation model were obtained by means of one dimensional Matlab© simulation code. By means of
utilizing the evaluated numerical results, distribution of heat transfer coefficient, vapor quality and pressure
drop over the heat transfer surfaces were reported.

Keywords: Heat Transfer, Boiling flow, Phase Change, Computational Fluid Dynamics, Taguchi Method.

1. Introduction

The rapid improvements in the performance of
miniature and electronic devices have resulted in a
significant challenge in the thermal management of
these devices. The heat dissipation from these
high-performance and compact devices has
reached great values, and as a result traditional
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cooling methods such as air cooling have become
ineffective. The heat transfer coefficient in
applications such as high-power lasers, microwave
devices and radars is about 10 MW/m? (Lee and
Mudawar, 2008). However, overpressure drop and
uneven temperature distribution can be
accompanied by electronic chips. In contrast, flow
boiling in mini and millimeter channel heat sinks
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of Design Parameters Using Taguchi Method. Bilge International
Journal of Science and Technology Research, 3(Special Issue): 45-57.


http://dergipark.gov.tr/bilgesci
mailto:kutbilgescience@gmail.com

Bilge International Journal of Science and Technology Research 2019 (Special Issue): 45-57

can achieve higher heat transfer rates, better axial
temperature homogeneity, lower mass flow rates,
and lower pressure differential or less pumping
power than single-phase flow (Consolini and
Thome, 2009; Karayiannis et al., 2010).

The increasing development of electronical
systems has become an increasing trend among the
separate branches of the Defense industry (Park
and Vallury, 2006; Park and Jaura, 2002;
Kuszewski and Zerby 2012; Ponnappan et al.,
2002; Park and Zuo, 2004).

In the defense industry of many developed
countries, research has been conducted to increase
the power density while reducing the size of the
hybrid electric vehicle, electrical electronic
subsystems, and the component parts to increase
the component power that supports this strategy
(Moore, 1993; Urciuoli et al., 2012). However, the
new generation of electronic systems produces
multiple kilowatt waste heat with heat fluxes at a
predicted future device level up to 1000 W/cm?
(Lee and Mudawar, 2009). To achieve this,
innovative condensers and boilers operating in the
cyclic regime and interrupted by the negligible
effect of gravity must be developed (Kivisalu etal.,
2014). The advantages of operating these
capacitors in pulsatile mode are also discussed.
Such millimeter-scale capacitors (Kivisalu et al.,
2014) are of great value in the design of new
generation space-based thermal systems and
gravity insensitive aircraft-based  systems
(including avionics cooling).

The application of various micro and mini channel
designs has started to gain considerable importance
(Tuckerman and Pease, 1981; Sullivan, et al.,
1992; Hall and Mudawar, 1995). Regardless of a
particular heat sink configuration, critical cooling
options carried out beyond a laboratory
environment are based on almost single-phase
liquid flow designs (Mudawar, 2009). But with the
ever-increasing electronic heat flows and the
installation of single-phase thermal management
problems, cooling schemes using liquid-vapor
phase change (two-phase cooling) have been
examined as a new generation cooler superior to
single-phase cooling systems that are practical and
cost-conscious. In many studies, it has already
well-known two-phase flow technologies as an
appropriate solution to meet the stringent demands
for high cooling needs requirements (Kuszewski
and Zerby 2012; Ponnappan et al., 2002). In the
two-phase cooling cycle, when it exceeds the
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boiling point, a portion of it is obtained in a
gas/liquid mixture and at least a portion of the
liquid is converted into vapor upon heating. This
generally means that the temperature of the heat-
collecting surface is called the saturation
temperature of the liquid or boiling and the use of
a cooling fluid. At this temperature, the vapor
pressure of the liquid is equal to the ambient
pressure, thus causing vapor bubbles to form, grow
and eventually detach from the surface at the solid
and liquid interface. As shown in Figure 1, the heat
transfer coefficients obtained from the two-phase
flow may have a greater heat transfer than
equivalent single-phase forced or natural heat
convection (Mudawar, 2001).

Air (]
Fluorochemical Liquids [ ] Natural Convection
Water
Air : ]
Fluorochemical Liquids ] Single-phase
Forced Convection
Water I
Fl hemical Liqui
uorochemical Liquids Boiling
Welr E—
1 L 1 L 1 1 I 1
104 103 102 10 100 10! 102 10°
h[W/iem?-K ]

Figure 1. Heat transfer coefficients for various
fluids (Mudawar, 2001).

Two-phase mini and millimeter channel systems
have received great interest as a method for
electronic cooling with high heat flux. Although it
has been shown that flow in the large surface area
of the microchannels increases the heat transfer
coefficient in single-phase flow (Tuckerman and
Pease, 1981; Phillips, 1990). Additional gains in
heat transfer coefficient can be obtained by
allowing the liquid to evaporate along the mini and
millimeter channel walls. For these reasons, recent
research has focused on two-phase cooling and
mini and millimeter channel flow boiling. The
controlled heat transfer mechanism in the mini and
millimeter channels is thought to be the
evaporation of the thin liquid film around the
bubbles in the micro-channels (Chen, et al., 2013;
Mersen, 2017). There are several general literature
reviews of one-dimensional and two-dimensional
FC-72 flow boiling and heat transfer, depending on
channel geometry (Pereira et al., 2017; Ansys,
2017; Kivisalu et al., 2014; Naik, et al.2014).

In this study, we will examine the numerical heat
transfer with different ducts at different heights,
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refrigerants with different properties, different
flow rates, different vapor qualities, fluid pressures
and different heat fluxes with Taguchi method.

2. Material and Method
2.1. Taguchi method

The Taguchi method is an experimental design
method that tries to minimize the number of
experiments by selecting the most optimal
combination of levels of factors that can be
controlled against uncontrollable factors that
consist of variables and levels before conducting
experiments (Cantyilmaz, 2001; Omeroglu, 2018).

In this method, one of the ranking method,
observation method, variance method, analysis of
factor effects, column differences method and
graphical representation methods are applied to
determine factor levels (Ross, 1989). In another
study (Caliskan, et al., 2015), using the Taguchi
method, Reynolds's number and jet-plate distances
performed heat transfer measurements on the
surface for a sequential jet array.

In this study, by means of using Taguchi
experimental design method, optimum levels of
parametric values were applied in order to examine
the in heat transfer characteristics in a millimeter
channel.

Taguchi analysis was carried out by using Minitab
18.0°, which has a capability to evaluate the
statistical functions. In the Minitab software,
orthogonal array (OA) designs for the array design,
whose degrees of freedom should be greater than
or at least equal to those of the design parameters,
generated. Therefore, L8 corresponds to the design
considered and the factors are shown in Table 1.
The main target is to increase the bubbles and
therefore maximum heat transfer. The performance
statistics were preferred as the optimization
measure and implemented for the “large is better”
condition and determined by means of the below
equation.

2, = =10log ;X0 7) )

Where, Y is the performance value of the
experiments and Z shows the performance
statistics, while n is the repetition number in the
experiments.
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Table 1. Parameters and their values
corresponding to their levels
Parameters Levels
Channel height 5mm 8mm
Fluid Material Water FC-72
Heat flux 107 w/m? | 200 w/m?
Pressure 1.5 bar 3 bar
Total Mass flow 140 200
rate kg/m?s kg/m?s
Steam quality 0.61 0.67

In the test plan, optimum operating conditions for
optimum values of parameters affecting system
performance may not be always available. Ideal
operating conditions which correspond to
performance could be evaluated by means using
the Orthogonal Array (OA) balanced character.

In Table 2 and Table 3, the contributing ratios of
all factors on the performance are specified based
on the SNR values. In the tables ideal combination
of the important parameters can be estimated. For
implementing the reproducibility — approval
procedure, the deviation of the SNR between the
current and ideal conditions after the first
prediction was attained. From the SNR deviations,
the ideal parameters estimated from the parameter
design can be validated.

The levels of the process parameters and factors
are given in Table 2, and Table 3 shows the
orthogonal sequence L8 of the desired
experimental design.
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Table 2. Experimental L8 (2 ~ 6) orthogonal sequence and SNR values plan

Ex no Channel height | Fluid Material | Heat flux | Pressure | Mass flow rate Steam quality
(A) (B) ©) (D) (E) (F)
1 1 1 1 1 1 1
2 1 1 1 2 2 2
3 1 2 2 1 1 2
4 1 2 2 2 2 1
5 2 1 2 1 2 1
6 2 1 2 2 1 2
7 2 2 1 1 2 2
8 2 2 1 2 1 1
Table 3. Numerical plan of L8 (2 ” 6) orthogonal sequence and SNR values
. Outlet Vapor Plane Thermal
Plane Vapor Quality | SNR1 Quality SNR2 Conductivity SNR3
0.67 -3.4785 0.65 -3.7417 0.21 -13.5556
0.72 -2.8533 0.7 -3.0980 0.18 -14.8945
0.69 -3.2230 0.69 -3.2230 16.5 24.3496
0.64 -3.8764 0.66 -3.6091 21.12 26.4938
0.64 -3.8764 0.65 -3.7417 0.23 -12.7654
0.69 -3.2230 0.68 -3.3498 0.21 -13.5556
0.69 -3.2230 0.68 -3.3498 22.18 26.1945
0.62 -4.1521 0.63 -4.0131 24 27.6042
Tables 4, 5 and 6 and Figures 2, 3 and 4 show the Main Effects Plot for SN ratios
SIN or signal to noise ratio and variable level. High . . S . ;
delta refers to the high S/N ratio variation of the
design parameter. Sequence refers to the surface
area, which is the most important design g™
parameter. =
Table 4. Contribution ratio and factorial effect for L=

vapor volume fraction

Response Table for Signal to Noise Ratios for
plane Vapor friction
Level A B C D E F
1 -3.36 | -3.36 | -3.43 | -345 | -3.52 | -3.85
2 -362 | -3.62 | -355 | -353 | -3.46 | -3.13
Delta | 0.261 | 0.261 | 0.12 | 0.07 | 0.06 | 0.71
Rank 3 2 4 5 6 1

As shown in the figure 2, 3 and 4, the millimeter
channel heat exchanger is open with all three
effective parameters, increasing the channel
height, the type of fluid flowing, and the mass
efficiency as well as increasing efficiency.
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Figure 2. The Effect of the Parameter On
Performance Statistics (For vapor quality in the
plate).
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Table 5. Factorial effect and contribution ratio for
projected outlet vapor volume fraction

Response Table for Signal to Noise Ratios for
lane Vapor friction
Level | A B c D E F
1 342 | -348 | 355 | 351 | -358 | -3.78
2 | 361 | -355 | -348 | -352 | -3.45 | -3.25
Delta | 020 | 007 | 0.07 | 0003 | 0132 | 0.52
Rank | 5 5 4 6 3 1

Main Effects Plot for SN ratios
Data Means

A B [ o E F

P\

Mean of SN ratios

Signalta-noiss: larger is batte

Figure 3. The Effect of the Parameter on
Performance Statistics (for vapor quality in outlet).

Table 6. Contribution ratio and factorial effect for
thermal conductivity

Response Table for Signal to Noise Ratios for
lane Vapor friction

Level | A B c D E F
1 | 5598 | -13.7 | 652 | 624 | 621 | 6.94
2 | 7051|2634 | 613 | 6.41 | 644 | 5.70

Delta | 1452 | 4003 | 039 | 017 | 023 | 1.24

Rank | 5 1 4 6 5 3
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Main Effects Plot for SN ratios
Data Means
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Figure 4. The effect of the parameter on
performance statistics (for thermal conductivity in
plate).

Taguchi analysis is also useful for predicting the
best case from selected experimental cases. In this
study, a response named outlet temperature was
selected and the S/N ratio results discussed in the
previous sections. Figures 2, 3 and 4 are 5
millimeters away from the x, y plane and the z
plane, respectively. The steam quality value shows
the average ratio and S/N ratio results for responses
with the value of the steam quality at the outlet and
the thermal conductivity value. As it can be seen
from the tables and figures, for both fluid flow
steam quality plays an important role in the
measurement of vapor volume fraction and fluid
material is considered as one of the most important
and effective parameters in heat transfer
coefficient.

and millimeter

2.1. Flow boiling in mini

Channels

In two-phase heat transfer systems, it can operate
at lower flow rates and lower pumping power than
single-phase forced convection heat exchangers
based on latent heat of the working fluid. A single-
phase liquid system with a temperature increase
limited to 25 ° C will require approximately seven
times the flow rate of a two-phase system to reject
the same amount of heat (Agostini, 2007,
Hannemann, et al., 2004; Marcinichen and Thome,
2010; Pan, et al. 2015). It also ensures lower flow
rates and smaller thermal management systems
(Mudawar, 2001; Willingham and Mudawar,
1992). In a study related to this, (Mishima and
Hibiki, 1996) examined the air/water flow of the
vertical and horizontally directed capillary tubes
connected to the closed rings and found that these
same capillary forces affect the bubble dynamics
and the flow regime of the air/water mixture.
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Based on the analysis of data from various sources
(Tran, et al.1996; Lazarek and Black, 1982;
Cooper, 1984; Cooper, 1989; Liu and Winterton,
1991), they proved that the micro-regime had
begun if the number of limitations was greater than
0.5 in another study (Kuznetsov, 2013), when the
width of the channel falls below the capillary
constant (4c), it points to a similar criterion at
which the mini and millimeter regime begin:

20
Oc = \]g(Pl—Pz) @)

They investigated three micro, mini and macro
regimes on Bond number (Bo), which is also
related to surface tension, gravity and hydraulic
diameter (Cheng, et al. 2007).

_ 2
Bo = g(p1 UPZ)Dh 3)

They also investigated that the gravitational effects
of the mini and millimeter channels and that the
Bond number is less than 0.05 can be overlooked
in this region, but in small channels the Bond
number (Bo) is between 5 and 30 and proved that
the surface tension and gravitational effects are
small but still present. These results are shown in
Figure 2a (Harirchian and Garimella, 2009a;
Harirchian and Garimella, 2009b; Thome, et al.,
2013). They proposed the convective limiting
number as a combination of the Bond number and
the Reynolds number, and this is the correct
method to define the flow limitation.

Bo'/? x Re = G_L%(g(m—l)z)l);zl)yz @)
H1 a

Here the viscosity (i) is the mass flux (G) and the
characteristic length (Lc) is the square root of the
cross-sectional area of the channel as opposed to
the normal hydraulic diameter. Two simulation
tools and mathematical models for the definition of
the above were proposed in separate articles
(Narain, et al. 2004; Liang, et al., 2004).

The limitation is a feature of mini and millimeter
channel flow, which can be regarded as decisive
criteria between mini, millimeter or macro. In
many studies, the authors compared these
transition criteria with other experimental data
using different fluids, and all made good estimates.
(Figure 2b). In Figure 2-b, the researchers
emphasize that the cross-sectional area rather than
the hydraulic diameter or aspect ratio is important
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in this determination. Although there is no clear
consensus as to what distinguishes the mini and
millimeter channel from a conventional channel, it
is clear that there are significant differences
between the two dimensions.
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Figure 5. (a) A combination of the convective
limiting number, the Bond number and the
Reynolds number (Harirchian and Garimella,
2009b; Thome, et al., 2013). (b) The transition
from various other studies to the unrestricted flow

Three boundary conditions are required to fully
uncover the mini and millimeter channel problem
and solve the equations. Each channel has its
boundary conditions are set in Fluent. Boundary
conditions include:

* Mass flow rate (depends on the input limit of mini
and spindle channel)

* Output pressure (depends on mini and spindle
channel output limit)

» Wall temperature (depends on mini and spindle
channel wall limit)
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Basic equations are discretized using finite
difference schemes.

We first designed the geometry using drawing
programs such as SolidWorks. Typically, the CAD
geometry consists solely of the solid body structure
from which the design is produced.

Figure 6a shows a millimeter channel heat
exchanger which is used as the CFD model. In the
model, two-phase liquid fields were formed along
with the heat-exchanger by means of the thermal
energy supplied from the bottom wall. Each phases
(liquid and vapor) enter the system from different
inlets and exit from two different outlets.

Figure 6b shows a schematic dual phase heat
exchanger of the same millimeter channel which
were used to develop simple dual input and dual
output.

Outlet
WateT™~

Y \Bottom Wall
(heat source)

Inlet
Vapor

Channel Width - 10 mm

Vapor, .

(b)

Figure 6. Two-input and two-output dual-phase
heat exchanger (a) 3D view (b) cross-section view
(Soroush, 2019)

In  further applications of CFD, geometric
simplifications were made during geometry
generation by methods such as 3D or symmetrical
to reduce the complexity of areas that do not affect
the physics of the overall solution. For conjugate
heat transfer problems, such as heat exchanger
modelling, it is important to construct the geometry
of the liquid areas in such a way that the solid
boundaries in contact with the liquid are perfect
and matched. The stability of the solutions were
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obtained from two different methods (1-D and 2-
D) is given in (Naik, et al. 2015) and the stability
of gravity-driven and shear-driven flows is given
in (Naik, et al. 2015), respectively.

After the geometry is created for both the gas and
liquid areas, the calculation area in which the CFD
simulation is solved was created. By using ANSY'S
Mesher®, the best mesh was produced using
different mesh configurations. For conjugate heat
transfer problems, it is common practice to connect
solid and fluid areas to mesh using appropriate
methods, and to provide a unity between areas
(providing a one-to-one mesh face). Conformal
meshes eliminate any interpolation found in
incompatible meshes, providing accuracy for
improved mesh production. In all simulation cases,
the solution is highly dependent on the mesh
resolution. To understand this situation, it is useful
to complete a network convergence study and a
mesh validation test must be performed in this. For
this reason, a mesh independency study was
performed.

Then, for an optimal solution, simulations were
carried out under predefined initial and boundary
conditions, which depend on the desired operating
conditions of the design. Main boundary
conditions for heat exchangers are energy
operating conditions, such as flow conditions
passing through each fluid area, such as mass flow
rates and pressure properties, or initial
temperatures of liquids entering the heat
exchanger. This study only deals with steady-state
cases, but it is necessary to establish initial
conditions for transient cases in other CFD
problems.

Simulation with appropriate mesh and initial and
boundary conditions can now be approached for
simulation resolution, with conditions set in the
CFD solvent. Under start-up conditions, a desired
mass flow of liquid at a given temperature can be
performed in many ways using manual initiation or
automatic methods. With the combined algorithm,
the iterative decoding process provides the
temperature, speed and pressure profiles for each
of the channel flows by solving the annular flow
model using the current conditions of the CFD
simulation and the solution was initiated. The
linked algorithm is iterative and each of the
solutions for the model and CFD simulation will be
interconnected, and once a repetition is complete,
the channel outlet pressure, wall temperature
profile, and mass flow rates through the channels
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are updated according to the flow model. ANSYS
Fluent was used to perform numerical functions
and the liquid-vapor interface in this simulation
was solved by accepting a finite volume (VOF)
model. In this model, by solving an additional
continuity-like equation for the volume fraction, it
is assumed and realized that the two-phases are
incompressible and do not penetrate each other.
The sum of the volume fractions of the two-phases
in each cell is combined and the properties of a
single liquid are calculated based on the volume
weight fraction of each phase in the cell. In this
study, a group of mathematical models,
conservation laws for mass, momentum and
energy were solved.

In the current analysis study, the VOF model was
used to simulate multiphase flow, while
gravitational acceleration was given on the minus
y axis and its value was taken as 9.813 m/s2.
Furthermore, water and FC-72 were used as the
working fluid, and the thermophysical properties
of the fluids at the saturation temperature
corresponding to the fluid 1bar are shown in Table
1 from the Fluent® substance database.

The liquid water was selected as the secondary
phase (liquid phase) and, due to the dynamic
behaviour of the two-phase flow, a transient
solution with a period time of 0.001 s was used for
the all cases. A combination of the SIMPLE
algorithm for pressure-speed coupling and the
calculation of momentum and energy and the
standard k- model were used to model turbulence.
Table 7 shows the thermodynamic properties of
both fluids and the calculations were made by
means using the default data in this table.

Table 7. Properties of working fluids used in
simulation

Water | Water FC-72 FC-72
Feare lw | v | © | W
Density 1000 | 0.5542 | 1674.75 | 13.01
(kg/m®)
Cp(/kg*K) | 4182 | 2014 | 1052.85 | 1100.24
Thermal
Conductivity | 0.6 | 0.0261 | 0.05725 | 0.0536
(W/m*K)
Viscosity | 5009 | 13e-6 | 0.00064 | 0.00043
(kg/m*s)
Molecular
Weight 1801 | 18.0152 | 340 340
(kg/kmol)
Reference
Temperature | 298.15 | 298.15 329.15 329.15
(K)

52

In order to reduce the simulation time of the boiling
process, the initial temperature of both the boiling
surface and the liquid was selected above the
boiling point. As the coolant fluid,
perfluorohexane, a Fluorinert™, commercially as
FC-72 was used. The basic physical properties of
this dielectric fluid are reported in Table 1. FC-72
is thermally and chemically stable, compatible
with sensitive materials, flammable, non-toxic,
colorless and has no ozone depletion potential.
This combination of features makes the FC-72
particularly suitable for applications such as heat
sinks for electronic components in combination
with low viscosity. It should be also noted that the
latent heat of the FC-72 is significantly higher (88
kJ/kg) than the specific heat capacity (1.1 kJ/kgK).

3. Results and Discussion

In the project a one-dimensional Matlab©
simulation code was developed using existing
theories/correlations in the literature in order to
design a boiler. Using this simulation code,
evaporator designs can be realized for different
fields of application and operating conditions.
Afterwards 3D simulation studies were carried out
for the boiler geometry which was designed by
means of using the developed one-dimensional
Matlab© simulation code. In this study, as
refrigerant; FC-72 (Fluorinert™) and water were
used. then, using the Taguchi (L8) method, after
eight analyzes, as shown in TOable 3, the S/N
numbers were calculated and tabulated, and finally
the heat transfer coefficient and steam quality for
both fluids were calculated and compared to the
values obtained in the Matlab® code.

By the proposed new method (continuous steam
recirculation), the thin film was provided for
different thermal boundary conditions of the
continuous flow regime, eliminating
hydrodynamic and other thermally inefficient flow
regimes.

Figures 7 and 9 illustrate their effect on heat
transfer coefficients and steam quality for each
experiment. The heat transfer coefficients of the 8
mm milichannel are approximately 12% lower
than that of the 5 mm millimeter channel. This may
be due to an increase in perimeter which
contributes to the effective distribution of the heat
load to each channel (5 and 8 mm). In addition, the
heat transfer coefficients of steam quality in the 8
mm millimeter channel are smaller than those in
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the 5 mm millimeter channel. As a result, the
height of the channel causes an adverse effect.

074 Vapor Quality
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Figure 7. Vapor quality value for each experiment
Figures of 8, 11 and 12, illustrates the calculated
thermal conductivity values of the fluids for
different cases.
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Figures 13 and 14 show the velocity vector of the
millimeter channels of fluids near the inlet having
both heights (5mm and 8mm). In the 5mm channel,
the steam flow enters having higher velocity than
the 8mm channel, which can cause a high pressure
difference.

Figure 13. Fluid flow vector for 5 mm channel
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Figure 14. Fluid flow vector for 8 mm channel
4. Conclusions

Numerical research has been conducted to
investigate the flow boiling of water vapor and FC-
72 at different flow rates, heat fluxes, pressures,
vapor qualities. The effect these parameters on heat
system performance were discussed. Finally, the
main results are plotted as follows:

» Vapor quality increases with the increase of
steam flow and hence the Reynolds number, but as
millimeter channel height increases, the heat
transfer coefficient decreases.

» Depending on the hydraulic diameter of the mini
channel, the Reynolds number of high inlet vapor
and the boiling in the millimeter channel for the
external heat flux will be greater than necessary
conditions.

« Wall temperature decreases along the flow
direction to increase thin film thicknesses. This
may result in increased thermal resistance in the
wall. However, in order to avoid dry-out instability
at the outlet, film thickness was maintained at
certain values (minimum 30 pm).
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Abstract: According to the WHO's report, the risk of diabetes is increasing and one in eleven people now
have diabetes. By 2030 the patients with diabetes will increase in a sharp manner like doubling the
number nowadays, and so 90% will carry type-2 diabetes. To put the blood glucose level under control, in
a stable level with low deviations is the effective way to prevent or delay type-2 diabetes. Hence, the use
of traditional herbal supplements and fruit-vegetable extracts stands out and commonly used all over the
world in high volumes. The use of traditional herbs has advantage on the lowering the cost of medication,
and one another advantage is the avoiding the side effects such as flatulence, diarrhoea, tiredness and upset
stomach.

The objective of this review was to evaluate in vitro and in vivo studies (animal and human) of some
antidiabetic fruits. Health benefits of the antidiabetic fruits is well-recognized and traditionally
consumption of some fruits draw attention for the prevention of type-2 diabetes due to their active
hyperglycemic constituents.

The publications cited originate from electronic databases such as Google Scholar, Pubmed, Web of
Science, Scopus, Wiley-Blackwell and Springer. Scientific name of the fruits, the words antidiabetic,
hypoglycemic and type 2 diabetes were used as keywords for search.

Certain fruits may be used in the management of diabetes (acarbose-like activity) due to some bioactive
compounds of fruits such as polyphenols and essential oils, which inhibit digestive enzymes or act as
insulin like molecules. This review highlights the benefits of antidiabetic fruits, and active chemical
constituents of them. These fruits have significant role in the control of type-2 diabetes.

Keywords: Antidiabetic Fruit; Hypoglycemic; Type 2 Diabetes; Phenolics; Essential oil

Teleased Dy Intesunal microviTius Cells (VIarieb,
2004). The o-1,2 and a-1,4 glycosidic bonds of
sucrose are hydrolysed by the active site of

1. Introduction

Carbohydrates cover about 56% of the usable

4 . . sucrase.
energy in the diet (Paulev & Zubieta, 2004). Two CH.OH
or more mono-saccharides combine to synthesize |;

. . . . O H HO O H
oligo- and polysaccharides. While generating H/H I0CH, \l
energy oligo- and polysaccharides are catabolized |\OH H o \H HOZ L\t on
to the monosaccharides. Sucrose is a disaccharide HO |— |— :
and synthesized by the reaction between glucose GlH OH OH H
and fructose (Figure 1). ueose Fructose

Sucrose

Sucrase (EC 3.2.1.48) is an enzyme that catalyze

the enzymatic hydrolysis of sucrose in humans. In
the studies it was reported that sucrase locates in
the intestinal surface of enterocytes and is
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Figure 1: Structure of sucrose, maltose and
isomaltose.
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There are some transporters which is responsible
from transport of liberated glucose and fructose
from sucrose. These transporters are the sodium-
dependent glucose transporter SGLT1 (active
transport) and sodium-independent transporter
GLUT?2 (facilitated) (Goodman, 2010). Two Na*
molecules are to be connected to SGLT1, to
permit glucose binding to allow glucose to enter
the enterocytes (Figure 2). Glucose is also able to
be transported through GLUT2 that is present at
the basal surface of the intestine. Following that
glucose sustains to enter the blood circulation and
fructose follows the same path to enter and exit
the cells via GLUT2. Following the absorption of
postprandial glucose in the blood, it is transported
to body cells via the bloodstream (Figure 2).
Insulin is secreted from the pancreatic B-cells to
maintain the glucose homeostasis in the body and
insulin allows uptake of glucose to the muscle and
adipose tissues (Leney and Tavare, 2009; Govers,
2014). After hydrolysis of glucose from sucrose
post-prandial blood glucose level starts to
increase and hydrolyzed fructose is utilized in the
liver to generate components such as glucose,
glycogen and pyruvate (Torronen et al., 2010).
Hence those metabolism steps may have role in
the improvement type-2 diabetes.
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Figure 2 Carbohydrate absorption (Paulev &
Zubieta, 2004). G: glucose

In the development of diabetes glucose has
significant role. Deficient or impaired insulin
signaling results in high blood glucose level hence
insulin  resistance/deficiency  cause  type-2
diabetes. The expected glucose level of human is
~4 mM (72 mg/dl). After food intake such as a
proper meal, temporarily it may get higher to
level <7.8 mM (140 mg/dl) (NICE, 2011). The
raise of the blood glucose level has influence on
the secretion of the insulin, there after the muscle
cells absorb the excess glucose and store as
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glycogen (Nelson and Cox, 2000). Accordingly, if
the blood glucose becomes to the normal level,
the insulin begins to reduce. Because of the
shortage in the insulin production or enough
production level but ineffective feature of the
insulin stimulates the type-2 diabetes. The
ineffective insulin is conceptualized as insulin
resistance and high blood glucose level is
conceptualized as hyperglycemia (Nelson and
Cox, 2000).

The International Diabetes Federation (2016)
reported that more than 371 million people suffer
from the diabetes. Moreover, it is projected that
more than 550 million people by 2030 which
means 9,5 % of the world population will be
having type-2 diabetes (Ogurtsova et al., 2016).
One another issue in academic research sheds
light onto the medical costs of the type-2 diabetes
patients. In the European countries 1/10 of the
healthcare costs are for the diabetes (196 billion
USD in 2010), and the 2030 projection for these
costs are to be 235 billion USD in 2030 (Zhang et
al., 2010).

The medication used for the treatment of the
diabetes are most commonly drug intake.
However, the drugs are used in high amounts all
around the world, there are many side effects such
as flatulence, diarrhea, tiredness and upset
stomach. Acarbose, metformin, sulphonylureas,
and glitazones are major components in the
chemical drugs which are intaken by the patients.
These components have different impact on the
blood glucose level. For instance, acarbose puts
the control on the glucose level to rise in high
level after meals; metformin affects the liver to
avoid releasing glucose to the blood,;
sulphonylureas has impact on the pancreas; and
glitazones has impact on the body cells
sensitivity.

Herbal treatment is opening another way for the
diabetes to avoid the side effects aforementioned.
Dabaghian and colleagues (2012) reported that
around 3 million diabetic patients in the USA
utilized herbal remedies and supporting this case
WHO reported that approximately % of the world
population prefer traditional herbal remedies for
health issues arise. In these cases, daily dietary
intake of the humans may help to prevent type-2
diabetes. As the blood glucose level has impact on
the diabetes, for the treatment or prevention of the
type-2 diabetes, the blood glucose level must be
regulated. To decrease the blood glucose level
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two different processes can be followed: digestive
enzymes for disaccharides can be inhibited and/or
inhibition of the glucose transporters (GLUTSs and
SGLT1) to stop/decrease glucose absorption in
the intestine.

Thus, controlling the blood glucose level will
decrease the risk of diabetes and related diseases
such as obesity, heart disease, damage the kidney,
retina and peripheral nerves (Williamson and
Carughi, 2010; Hauner et al., 2012).

Most of the people prefer to use plants as they are
safer (as they have no side effects compared to
synthetic drugs), cheaper and more efficient
(Durmuskahya and Ozturk, 2013). Depending on
the region different plants and its parts (the whole
plant, flower, leaf, bark or fruit) may be used for
the treatment of diabetes.

In this review, it was aimed to report antidiabetic
activity of fruits that analyzed through in vitro
and/or in vivo methods in the literature. It was
discovered that polyphenols and essential oils of
some fruits have effect on regulating the sugar
level in the blood, and so they can be used to
prevent  type-2  diabetes.  For instance
Sarcopoterium spinosum, Japanese apricot, Ficus
deltoidea, Passiflora ligularis, Persea Americana,
Rosa canina, Vaccinium myrtillus, Terminalia
catappa L., Myristica fragrans, Pimenta dioica,
Momordica charantia, Sarcopoterium spinosum,
Mango, Pyracantha fortuneana, Chrysophyllum
cainito L., Pometia pinnata, Malus communis L.,
Empetrum nigrum L., Momordica charantia,
Zizyphus lotus, Xylopia aethiopica, Morinda
Citrifolia L., Malus communis L., Coriandrum
sativum L., Juglans regia L., Sorbus umbellate,
Fritsch var. Cretica, Schneider and encapsulated
Citrus limon Osbeck were reported for their
inhibitory activity on oa-amylase and -
glucosidase enzymes (Smirin et al., 2010; Park et
al., 2012; Misbah et al., 2013; Saravanan and
Parimelazhagan, 2014; Oboh et al., 2014; Asghari
et al., 2015; Guder et al., 2015; Adefegha et al.,
2016; Loizzo et al., 2016; Khatib et al., 2017;
Elyasiyan et al., 2017; Sekar et al., 2017; Putri et
al., 2017; Wei et al., 2017; Doan et al., 2018;
Sukiman et al., 2018; Yegin et al., 2018; Hyun
and Kim 2018; Hwang, 2018; Yegin et al., 2018;
Deniz et al., 2018; Raimov and Fakir., 2018;
Incegul et al., 2018; Marmouzi et al., 2019;
Mohammed et al., 2019; Simomara et al., 2019).
Juniperus  communis, Eugenia jambolana,
Foeniculum vulgare, Secale cereale L., Carum
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carvi and Capparis spinosa L., Rosa canina L.,
Rhus coriaria L., Phaleria macrocarpa, Persea
americana Mil., Pithecellobium dulcee Benth,
Carum carvi, Vacciniummyrtillus, Backhousia
citriodora oil, Vanilla planifolia Andrews were
analyzed for their antidiabetic effects using STZ
or alloxan induced rats (Medina et al., 1993;
Kelkar and Kaklij (1997); Ozbek, 2002; Ozbek et
al., 2002; Eddouks et al., 2004; Orhan et al., 2009;
Mohammadi et al., 2010; Rabyah et al., 2012;
Thenmozhi et al., 2012; Pradeepa et al., 2013; EI-
Soudi et al., 2014; Erjaee et al., 2015; Asgary et
al., 2015; Mishra et al., 2019; Kanedi et al.,
2019). There are also some clinical studies
reported about the antidiabetic effects of fruits
such as Sumac Rhuscoriaria L., Berberis fruit,
Rosa canina L., Citrus junos Tanaka, Balanites
aegyptiaca Del., Cambuci, cagaita, camu-camu,
jaboticaba juices (Shidfar et al., 2013; Moazezi
and Qujeq, 2014; Dabaghian et al., 2015; Hwang
et al., 2015; Rashad et al., 2017; Balisteiro et al.,
2017).

2. Antidiabetic Activity of Dietary Fruits in In-
vitro Studies

The effect of dietary components in lifestyle in
the prevention and management of type 2 diabetes
has been getting attention for long time. Most of
the in-vitro studies indicate that intake of fruits
and their polyphenol or essential oil compounds
have antidiabetic effects which are listed in Table
1 and then briefly explained.
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Table 1. Summary of antidiabetic activity of dietary fruits in-vitro studies

Analysed/ major Plant Food Experimental Effect Reference
polyphenols model
Catechin and Sarcopoterium  Adipose tissue and Increased insulin  Smirin et al., 2010
epicatechin spinosum hepatocytes cells secretion
Hydroxycinnamic Japanese apricot  a-Glucosidase 20% inihibition of Parketal., 2012
acid, chlorogenic enzymes, murine  a-glucosidase
acids 3T3-L1 fibroblasts activity,
cells insulin-like

activity
Flavan-3-ol Ficus deltoidea  Rat intestinal o- 1Cs.0.473 mg/ml  Misbah et al.,
monomers, glucosidase 2013
proanthocyanidins,
and C-linked flavone
glycosides
Ellagic acid, gallic Passiflora a-Amylase and a- Inihibition of o- Saravanan and
acid, and rutin. ligularis glucosidase enzymes amylase: 82.56 %  Parimelazhagan,

a-glucosidase: 2014

75.36 %
Syringic acid, Persea a-Amylase and a- 1Cso mg/ml: Oboh et al., 2014
eugenol, vanillic acid, Americana glucosidase enzymes a-amylase  0.057
isoeugenol, guaiacol, and
kaemferol, catechin a-glucosidase

0.241
Daucosterol and D- Rosa canina Yeast a-glucosidase  1Csp; 0.3 pg/ml Asghari et al,
glucono-1,4-lactone 2015
Antochyanins, Vaccinium a-Amylase and o- [Cso pg/ml: Guder et al., 2015
malvidin-3-O- myrtillus glucosidase enzymes  a-amylase 61.3
glucoside and

a-glucosidase

128.9
Chlorogenic acid, Terminalia a-Amylase and o- [Cso pg/ml: Adefegha et al.,
ellagic acid and catappalL. glucosidase enzymes o-amylase 510.11 2016
kaempferol and

a-glucosidase

583.33 pg/ml

Myristica a-Amylase and a- ICsy of o-amylase Loizzo etal., 2016
fragrans glucosidase enzymes  62.1 and a-

glucosidase  75.7
Rhamnetin, lutein, pg/ml
ferulic acid, quercetin- The 1Cso of
3-O-glucoside and acarbose for a-
rutin amylase

50.0 and -

glucosidase  35.5

pg/ml

Pimenta dioica
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Coumarin, alkaloid,
steroid and phenols

Momordica
charantia

Intestinal o-
glucosidase

a-Amylase

1479 and o-
glucosidase 152.8
pg/ml

Low inhibition of
a-glucosidase

Khatib et al., 2017

activity
Catechins and Sarcopoterium inhibition activity of 1Csy pg/ml: Elyasiyan et al.,
phenolics spinosum a-amylase and a- oa-amylase 0.29 2017
glucosidase enzymes and
a-glucosidase
0.125 mg/ml
3T3-L1 adipocytes
cells Increased insulin
secretion and
improved the
transmission of
insulin signalling
Magniferin Mango a-Amylase and a- 1Cs Of. Sekar et al., 2017
glucosidase enzymes mango, magniferin
and acarbose is
112.8, 36.84 and
21.33 pg/ml
Acarbose:  0.064 Putri etal., 2017
ppm
Mango: 64.71 ppm
Proanthocyanidin Pyracantha Intestinal a- 1Csp: 0.15 pg/mL Wei et al., 2017
fortuneana glucosidase
Phenols, tannin, Chrysophyllum  o-Amylase and o- 1Cs(pug/ml) of. Doan et al., 2018
glycosides, cainito L glucosidase enzymes  fruit 1.20 and
terpenoids, and acarbose 198.17
saponin
Tannins and saponins  Pometia Intestinal o- ICsp of methanol Sukiman et al.,
pinnata glucosidase extract 169.81 2018
pg/ml
Quercetin glycosides, Malus Inhibition of a- ICso (ug/ml) of a- Yeginetal., 2018
procyanidin B2, communis L. amylase and a- amylase  501.08
chlorogenic acid, glucosidase and o-glucosidase
epicatechin, phloretin 924.93
glycosides
Anthocyanins, Empetrum Inhibition of a- ICs (ug/ml) o- Hyun and Kim
proanthocyanidins and  nigrum L. amylase and «- glucosidase 0.5 2018
flavonoids glucosidase and a-amylase 100
Catechin, flavonoids, Momordica Intestinal o- At 100 pg/ml of Hwang, 2018
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caffeic  acid, p- charantia glucosidase
coumarc acid, ferrulic

acid, isoflavones,

terpenes, and

glucosinolates

Gallic acid, ferulic Zizyphus lotus Inhibition
and vanillic acids, amylase
rutin, catechin and glucosidase
epicatechin

Oleanolic acid, Xylopia Inhibition
sesquiterpenoids, aethiopica amylase
diterpenoids, glucosidase
triterpenoids

a-Ketoglutaric ~ acid Morinda Intestinal
and malic acid Citrifolia L. glucosidase

inhibition of «a-

glucosidase (%)

bitter melon 30.0

and acorbose 22.6
of a- ICs (ug/ml) o- Marmouzi et al,
and o- amylase 31.9 and 2019

a-glucosidase

27.95
of a- ICsp values (o- Mohammed et al.,
and o- amylase: 89.02 + 2019

.12 mM, «a-

glucosidase: 46.05

+0.25 mM

a- 1Csp 2899 pnpg Simomara et al.,
GAE/mi 2019

Smirin and colleagues (2010) studied the effect of
Sarcopoterium spinosum extract (SSE) in the
management of diabetes employing in vitro and in
vivo methods. They discovered that due to
catechin and epicatechin content of SSE, the root
extract of Sarcopoterium spinosum indicated
insulin-like effect in skeletal muscle, adipose
tissue and hepatocytes cells and increased insulin
secretion in vitro. It was also reported that SSE
improved glucose tolerance but did not affect
fasting glucose level of genetically diabetic male
KK-Ay mice when they fed in short term period
with  the extract. In addition, chronic
administration of SSE decreased blood glucose
level, plasma insulin and free fatty acid and was
reported as beneficial for hypoglycemic effect.

Park and colleagues (2012) investigated the
antidiabetic effect of 50 commonly consumed
fruit and vegetables in Korea either in whole juice
(WJ) samples or ethanolic extract (EE). Firstly,
inhibition of a-glucosidase enzymes was
investigated in the presence of commonly
consumed fruits and vegetables. Japanese apricot
(20.0 %) showed the highest inhibition activity
within the WJ fruits. Among ethanolic extract of
the fruits; pear (28.3%), Japanese apricot (17.4%),
cucumber (13%) and plum (8%) had better a-
glucosidase inhibitory activity compared to other
EE fruits. Following those analyses to obtain the
insulin-like activity of those fruits, murine 3T3-
L1 fibroblasts cells were used with/without
insulin. From WJ fruits only Japanese apricot
demonstrated insulin-like activity but EE fruit
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cucumber, pear and plum indicated insulin-like
activity with insulin sensitizing ability.

To regulate the blood glucose level, the use of tea
bags and/or capsules of Ficus deltoidea is getting
popular in Malaysia. Water and ethyl acetate
fraction of the fruit was investigated for its
antidiabetic activity with in vitro methods. In
contrast to above researches, Misbah and
colleagues (2013) did not observe any corelation
between phenolic content and antidiabetic activity
of the fruit. The ICsp value of rat intestinal o-
glucosidase inhibition of the fruit’s water
extraction was detected as 0.473 mg/ml. It was
concluded that the antidiabetic activity of the fruit
may be about other polar plant components and
phenolics together (Misbah et al., 2013).

Antidiabetic activity of Passiflora ligularis fruits
were analyzed using various solvents extractions.
Acetone extract of the fruit exhibited the highest
phenolic compound and showed significant
inhibitory activity on a-amylase (82.56 %) and a-
glucosidase (75.36 %) enzymes (Saravanan and
Parimelazhagan, 2014).

Persea americana (avocado) fruit and leaf were
reported due to its inhibitory activity on a-
amylase and a-glucosidase enzymes (Oboh et al.,
2014). The research reported that the inhibition of
a-amylase with fruit is higher than the leaf. In
contrast the inhibitory activity of leaf on a-
glucosidase was better than fruit. The inhibition
activity of fruit may be related to rich constituent
of  phenolics such as syringic acid,
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epigallocatechin, isoeugenol, kaemferol, catechin,
ferulic acid, apigenin, and epigallocatechin-3-O-
gallate.

Asghari and colleagues (2015) investigated the
inhibitory activity of Rosa canina fruit on yeast a-
glucosidase with different extraction methods.
Solvents used in those methods are n-hexane,
ethyl acetate, acetone and methanol. The acetone
extract showed the highest inhibition with an I1Cs
value of 0.3 pg/ml. The fruit contains high
amount of phytosterols (daucosterol and D-
glucono-1,4-lactone) and their ICso values of
yeast a-glucosidase activity were calculated as
13.3 and 6.5 pM respectively which is lower than
acarbose (ICsp 16.1 uM).

A research analyzed the antidiabetic activity of
bilberry (Vaccinium myrtillus L.) fruit using
different extraction solvents. Bilberry is rich in
anthocyanin constituent and this can influence its
inhibitory activity. The inhibition of a-amylase
was found highest for methanol extraction with an
ICso value of 61.3 pg/ml and for a-glucosidase
activity 1Cso value was detected highest for
ethanolic extraction as 128.9 ug/ml (Guder et al.,
2015).

Adefegha and colleagues (2016) investigated the
effect of almond (Terminalia catappa L.) fruit
parts (hull and drupe) extracts on a-amylase and
a-glucosidase enzymes. For both a-amylase and
a-glucosidase the drupe extract exhibited the
highest inhibition with an 1Cs value of 510.11
and 583.33 pug/ml, respectively. The major
components of the fruit were identified as
chlorogenic acid, ellagic acid and kaempferol and
the result of this study indicated that the
antidiabetic activity might be related with those
phenolic contents.

In recent years dried powder of nutmeg mace
(Myristica fragrans) and pimento (Pimenta
dioica) is using as spice and functional ingredient
due to its effect on carbohydrate digestive
enzymes; o-amylase and a-glucosidase. L00zio
and colleagues found that mace inhibited ao-
amylase and a-glucosidase with an ICsy value of
62.1 and 75.7 pg/ml, respectively. While acarbose
inhibited a-amylase and a-glucosidase activity
50.0 and 35.5 pg/ml respectively, pimento
inhibited them 1479 and 152.8 pug/ml,
respectively (Loozio et al., 2016).
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Ethanolic and aqueous extracts of Momordica
charantia fruit was tested for its a-glucosidase
inhibitory activity and phytochemicals screening
(coumarin, alkaloid, steroid and phenol) (Khatib
et al., 2017). Both extracts showed low inhibition
effect on a-glucosidase activity however previous
study of the authors tested in vivo activity of the
fruit and found that fruit was indicated high
antidiabetic activity. Therefore, it was concluded
that its antidiabetic activity is not related with the
inhibition of digestive enzymes, but it might be
about the carbohydrate transport or uptake
mechanism (Khatib et al., 2017).

Elyasiyan and colleagues (2017) analyzed the
antidiabetic effect of Sarcopoterium spinosum (S.
spinosum) rich in catechins and phenolics. Firstly,
they measured the inhibition activity of a-amylase
and a-glucosidase enzymes and reported the 1Csp
values as 0.29 and 0.125 mg/ml respectively.
Then glucose uptake into 3T3-L1 adipocytes
showed that it also increased insulin secretion and
improved the transmission of insulin signaling
that leads to the induction of glucose uptake.

Ripe and unripe mango fruit contains magniferin
which is a xanthone glycoside and may decrease
blood glucose level due to its inhibitory activity
on carbohydrate digestive enzymes. The ICsp
value of a-glucosidase enzymes with mango,
magniferin and acarbose was found as 112.8,
36.84 and 21.33 pg/ml respectively (Sekar et al.,
2017). In another study Putri and colleagues
(2017) also observed the antidiabetic activity of
peel, flesh, endosperm, and endocarp of the 4 type
of mango fruits. While the 1Cs value of acarbose
was found as 0.064 ppm, the ethanolic extract of
the manalagi endosperm had the highest
inhibitory activity with 1Cso value of 64.71 ppm.
Therefore, as well as the fruit the peel of the fruit
may be also used as an alternative to control
blood glucose level even it did not indicate as
good inhibitory activity as positive control
(acarbose).

Pyracantha fortuneana fruit (PFF) is a fruit which
is rich in proanthocyanin. The results of the
research indicated that PFF inhibited a-
glucosidase in a non-competitive type with the
ICs0 value of 0.15 pg/ml (Wei et al., 2017). The
study also demonstrated the inhibitory mechanism
of proanthocyanins on a-glucosidase.

Doan and colleagues (2018) analyzed the
hypoglycemic activity of Chrysophyllum cainito
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L with both in vitro and in vivo methods. The
inhibition of a-glucosidase activity of the extract
and acarbose were found as 1Cso 1.20 and 198.17
pg/ml respectively. The extract was administered
to normal and alloxan-induced diabetic mice at
500 mg/kg and found that fasting blood glucose
level significantly reduced in diabetic mice. Thus,
antidiabetic activity of the fruit comes from its
effect on glucose uptake stimulation and o-
glucosidase inhibition due to its phenols, tannin,
glycosides, terpenoids, and saponin content.

In a recent research, antidiabetic activity of
Pometia pinnata was studied using various
solvents (methanol, ethyl acetate, n-hexane) for
the fruits extraction (Sukiman et al., 2018). It was
reported that the I1Cso values of a-glucosidase for
the methanol, ethyl acetate, n-hexane extract of
the P. pinnata was obtained as 169.81 ug/mL,
505.55 pg/mL and 263.18 pg/mL respectively.
The phenolic content of the methanolic extraction
was higher than other solvent extractions
therefore this may be related with better inhibitory
activity on a-glucosidase enzyme.

Yegin and colleagues (2018) investigated the
inhibition of a-amylase and a-glucosidase activity
by Malus communis L. (Piraziz apple). The
authors analyzed the antidiabetic activity by
spectrophotometry. Piraziz apple inhibited o-
amylase and a-glucosidase with 1Cso values of
501.08 and 924.93 pg/ml respectively. When they
used acarbose as a positive control, they found
that the inhibition of a-amylase and a-glucosidase
with ICsp values of 94.35 and 75.20 pg /ml
respectively. They concluded that the inhibition
activity of acarbose was higher than Piraziz apple
for both a-amylase and a-glucosidase enzymes.

Crowberry (Empetrum nigrum L.) has been
traditionally used due to its rich anthocyanins
content, together with proanthocyanins and
flavonoids (Hyun and Kim 2018). Ethyl-acetate
fraction of the fruit extract exhibited significant
inhibition of a-glucosidase and a-amylase
activities with an 1Csp of 0.5 and 100 pg/ml
respectively. The correlation analysis indicated
that the significant inhibition of a-glucosidase and
a-amylase activities by the ethyl acetate fraction
was due to the presence of polyphenolic
compounds.

Bitter melon (Momordica charantia) is a phenolic
rich fruit and there are some researches about its

antidiabetic activities. The taste of bitterness
comes from catechin, flavonoids, caffeic acid, p-
coumaric acid, ferulic acid, isoflavones, terpenes,
and glucosinolates content of the fruit. The
inhibitory activity of bitter melon and acarbose
was discovered for a-glucosidase enzyme. At 100
pg/ml of bitter melon extract and acarbose
concentration the percentage inhibition was found
as 30.0 and 22.6, respectively (Hwang, 2018).

Marmouzi and colleagues (2019) investigated the
antidiabetic  activity of  Zizyphus  lotus
(Rhamnaceae) fruit. The major components of the
fruit were gallic acid, ferulic and vanillic acids,
rutin, catechin and epicatechin. The fruit
demonstrated inhibition activity against o-
amylase and o-glucosidase enzymes with an 1Csg
value of 31.9 and 27.95 pg/ml respectively.

Ethiopian pepper (Xylopia aethiopica (Dunal) A.
Rich) is a type of fruit which is used as spice in
West and Central Africa. The major constituents
of the fruit were oleanolic acid, sesquiterpenoids,
diterpenoids, triterpenoids and  polyphenol.
Oleanolic acid (OA) indicated a significant
inhibition effect with lower 1Csy values (o-
amylase: 89.02 + 1.12 mM, a-glucosidase: 46.05
+ 0.25 mM) than other fractions and the acarbose
(Mohammed et al., 2019).

Morinda citrifolia L. is a fruit which is used as
nutraceutical beverage due to its antidiabetic and
antioxidant activities. In one of the recent papers,
the antidiabetic activity of fermented Morinda
fruit juice was tested and its 1Csq value calculated
as 28.99 ug GAE/ml. It was concluded that the
antidiabetic activity may be due to the organic
acid (a-ketoglutaric acid and malic acid)
composition of the fermented fruit (Simomara et
al., 2019).

3. Antidiabetic Activity of Dietary Fruits in In-
vivo Studies

Animal Studies:
Antidiabetic activities of commonly consumed

fruits, rich in phenolics and volatiles, in animal
studies were presented in Table 2.

Table 2. Summary of antidiabetic activity of dietary fruits in animal studies
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Analysed/ major Plant Food Experimental Type of Effect Reference
polyphenols model interaction
a-Pinene, sabinene, Juniperus STZ-induced 250 mg/kg bw  Decreased Medina et
quercetin-hexoside, communis female Wistar rats (body weight)  blood glucose al., 1993
isoscutellarein-8-O- of fruit level and body
hexoside administration  weight
for 24 days
Flavones, saponins, Eugenia STZ-induced 1.25mg/kg bw Blood glucose Kelkar and
proteins and jambolana Wistar rats level decreased Kaklij
tannins 50 % (1997)
Trans-anethol, Foeniculum Alloxan induced Saline: 0.2 ml Blood glucose Ozbek, 2002
fenchon, limonen, vulgare diabetic rats glibenclamide:  level
methyl chavicol, a- 3 mg/kg significantly
felandren Foeniculum reduced at 4h
vulgare Mill. Glibenclamide
essential oil: 5 reduced the
ml/kg blood glucose
level
significantly at
1, 2, and 24h.
Ferulic acid Secale cereale L. Alloxan induced Saline: 0.2 ml Extract Ozbek et al.,
dehydrodimer (diFA), diabetic and normal  Glibenclamide: indicated lower 2002
caffeic acid, sinapic rats 3 mg/kg antidiabetic
acid Extract: 5 activity
ml/kg compared to
glibenclamide
Decreased
blood glucose
level only
between 0-4 h.
Rutin, carvone, Carum carvi and Healthy and STZ 20 mg/kg of Blood glucose Eddouks et
limonene, carveol, Capparis spinosa induced diabetic extract level reduced al., 2004
dihydrocarveol, L. rats administered Plasma insulin
thymol to rats for 14 concentrations
days did not change
Anthocyanin, several Rosa canina L. Healthy and STZ Different The extract Orhan et al.,
glycosides of induced diabetic solvent (water fraction) 2009
quercetin rats extracts of the  that has the
fruit were lowest phenolic
administered content
250 mg/kg for  exhibited the
7 days highest
reduction of
blood glucose
level
Reduction may
be due to
oligosaccharide
rich of water
fraction
Gallic acid, Rhus coriaria L. Alloxan induced Ethanolic Blood glucose Mohammadi
protocatechuic diabetic wistar rats extract of fruit  level of the etal., 2010
acid, p-OH-benzoic were given to diabetic rats
acid and vanillic acid rats at a dose decreased 26%
of 200 mg/kg compared to
for 21 day control group.
Kaempferol, Phaleria STZ induced Different Methyl and n- Rabyah et
myricetin, naringin, macrocarpa diabetic male extraction butanol al., 2012
and rutin Sprague Dawley fractions of fractions

rats

extract given

lowered plasma
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Hydroxybenzoic and
hydroxycinnamic
acids and
procyanidins

Quercitrin, rutin,
kaempferol, naringin
and daidzein

Carvone, y —
Terpinene and
Limonene

Anthocyanins

Citral

o-Guaiacol, p-
creosol, p-
vinylguaiacol, p-
hydroxybenzaldehyde,
vanillic acid and
vanillin

Persea americana
Mil.

Pithecellobium
dulcee Benth

Carum carvi

Vacciniummyrtillus

Backhousia
citriodora oil

Vanilla planifolia
Andrews

STZ induced
diabetic and normal
male Wistar Albino
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Juniperus communis is a type of berry reported as
antidiabetic fruit. The researchers administered
the healthy and STZ-induced female Wistar rats
with the fruit and observed that 250 mg/kg body
weight (bw) of fruit administration for 24 days
decreased blood glucose level and body weight
significantly (Medina et al., 1993).

In another study antidiabetic compound was
extracted from the fruit of Eugenia jambolana and
then analyzed for its antidiabetic activity. Kelkar
and Kaklij (1997) analyzed the effect of Eugenia
jambolana on the blood glucose levels of STZ-
induced Wistar rats. The identified antidiabetic
compounds were peptidyl glycan and an
oligosaccharide (Mw 6.0 and 1.2 kD). It was
observed that loading peptidyl glycan preparation
to rats at a dose of 1.25 mg/kg body weight (bw)
decreased the blood glucose level by 50 % and
oligosaccharide (8.0 mg/kg bw) reduced 30%.

Foeniculum vulgare (fennel) essential oil (FEO)
was analyzed for its hypoglycemic activity using
alloxan induced diabetic rats. Glibenclamide was
used as positive control and saline was used as a
control. The blood glucose level of rats was
analyzed at 0, 1, 2, 4 and 24 hours after
administration of FEO, glibenclamide and saline.
It was discovered that FEO only significantly
decreased the blood glucose level at 4h but
glibenclamide reduced the blood glucose level
significantly at 1, 2, and 24h. The lethal dose
(LDso) of FEO was found as 6.149 ml/kg (Ozbek,
2002).

Ozbek and colleagues (2002) analyzed the effect
of Secale cereale L. fruit decotation extracts in
alloxan diabetic and healthy rats. The blood
glucose level of rats was analyzed at 0, 1, 2, 4 and
24 hours after administration of extract,
glibenclamide, and saline as a control. It was
observed that Secale cereale L. extract decreased
blood glucose level between 0-4 h but observed
lower antidiabetic activity compared to
glibenclamide.

The essential oil content of Cuminum cyminum
L. fruit indicated similar hypoglycemic effect
with reference drug glibenclamide in the alloxan
induced diabetic and healthy rats (Ceylan et al.,
2003). The lethal dose (LD50) of fruit was 0.780
ml/kg.
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In another study, the hypoglycaemic effects of
aqueous extracts of Carum carvi (CC) and
Capparis spinosa L. (CS) fruit were investigated
in healthy and STZ induced rats. It was observed
that administration of CC and CS aqueous
extracts (20 mg/kg) to rats for 14 days decreased
the blood glucose level in STZ rats but did not
change normal rats. Also, the basal plasma insulin
concentrations of both groups remained same in
both acute and chronic treatments (Eddouks et al.,
2004).

Fruit of Rosa canina L. is used traditionally in the
management of diabetes in Anatolia. The ethanol
extract of fruit was administered (250 mg/kg) to
normal and STZ induced rats for 7 days. Also,
different fractions of ethanolic extracts were
administered to rats as well as EtOAc, n -BuOH,
R-H,O. It was observed that antidiabetic activity
of fruit was not related with phenolic content as
R-H,O fraction demonstrates the highest
inhibitory activity on blood glucose level (Orhan
et al., 2009).

Mohammadi and colleagues (2010) studied fruits
of Rhus coriaria L. (Anacardiaceae) which is
traditionally used to treat diabetes in lran. The
ethanolic extract of fruit was analyzed with in
vitro and in vivo studies. Alloxan induced wistar
rats were fed with 200 mg extract/kg body weight.
In the first day, postprandial blood glucose level
was decreased by 24% and after 21-day, blood
glucose level was decreased by 26% compared to
control group. The maltase and sucrase activities
were inhibited by 44 and 27% respectively by
using extract. However, there were not any
changes observed on the transcription level of
INS (mRNA levels of insulin) and GLUT-4
genes. The authors concluded that the fruits of
Rhus coriaria L. may improve the life of type 2
diabetic patients.

Anti-hyperglycemic  activity of  Phaleria
macrocarpa (PM) fruit was studied with
methanolic extract which was further fractionated
with chloroform (CF), ethyl acetate (EAF), n-
butanol (NBF) and aqueous (AF) fractions
(Rabyah et al., 2012). STZ induced male Sprague
Dawley (SD) rats were administered with 1 g/kg
of above fractions and postprandial glucose levels
were observed with intraperitoneal glucose
tolerance test. While NBF fraction decreased the
blood glucose level, other fractions did not affect.
In addition, the rats were treated with the fractions
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(1 g/kg) for 12 days and ME and NBF fractions
lowered plasma insulin level significantly and
dose-dependently inhibited glucose transport
across isolated rat jejunum which implies an
extra-pancreatic mechanism.

In one of the researches the hydro-methanolic
(2:3) extract of the Persea americana Mil.
(avacado) was administered to both STZ induced
and normal male Wistar Albino rats for 8 weeks
at a dose of 300 mg/kg bw. It was reported that n-
hexane fraction of the extract exhibited the
highest antidiabetic activity in STZ-induced rats
and concluded that avocado may be beneficial to
control blood glucose level (Thenmozhi et al.,
2012).

Pradeepa and colleagues (2013) assessed the
antidiabetic  activity of  polyphenol rich
Pithecellobium dulcee Benth. (Leguminosae)
fruits and treated STZ induced and normal male
Wistar Albino rats with 300 mg/kg bw of extract
orally for 30 days. It was found that the extract
rich in phenolic compounds such as quercitrin,
rutin, kaempferol, naringin and daidzein may
influence amorilate of blood glucose level. It was
reported that the fruit is none toxic and
significantly reduced the levels of blood glucose.

Carum carvi (caraway) is an aromatic plant and
traditionally used for the treatment of metabolic
disorders. EI-Soudi and colleagues (2014)
analyzed the renoprotective effect of caraway
essential oil in male albino rats. The major
essential oil of the caraway was Carvone (70.1%),
and it was followed by y —Terpinene (12.6%) and
Limonene (5.5%). The STZ-induced and normal
rats were treated with 10 mg/kg bw caraway
essential oil orally for 3 weeks. The
morphological examination of the kidneys is a
key factor to observe diabetic nephropathy. It was
showed that diabetic rats which fed with Carum
carvi oil has an improvement with minor
pathological changes in their kidneys compare to
diabetic rats which were not administered with
Carum carvi oil. Therefore, it was reported that
Carum carvi essential oil exhibited renoprotection
against diabetic nephropathy due to its essential
oil. There was another study about the effect of
Carum carvi oil on STZ-induced Wistar male
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rats. The results of this study was also in
agreement with Neveen and collagues (2014) as it
was reported caraway seed oil supplementation
decreased blood glucose level in diabetic rats
(Erjaee et al., 2015).

It is believed that Vacciniummyrtillus (bilberry)
has antidiabetic activity and therefore it is used
traditionally within the prediabetics and diabetic
patients. The researchers treated the diabetic
alloxan rats with bilberry (2 g/d) and
glibenclamide (0.6 mg/kg bw) for 4 weeks. It was
found that bilberry supplementation decreased
plasma glucose level better than glibenclamide
and this effect might be related with anthocyanin
content of the fruit (Asgary et al., 2015).

Anti-diabetic activity of citral was studied
recently using high-fatdiet (HFD) and
streptozotocin (STZ) induced diabetic rats. The
study revealed the effect of citral on carbohydrate
metabolic regulatory enzymes in the liver. Rats
were treated with 45 mg/kg bw of citral for 28
days and it was discovered that citral and
glibenclamide decreased blood glucose level in a
percentage of 55.3 and 58.7 respectively (Mishra
etal., 2019).

Kanedi and colleagues discovered whether the
ethanolic extract of vanillin (Vanilla planifolia
Andrews) has hyperglycemic effect in alloxan
induced rats. The ethanolic extract of vanillin
contains bioactive compounds of flavonoids,
antioxidants, and phenols. 150 mg/ml of extract
was administered to mice for 20 days. On the
20th day it was found that vanilla fruit extract
decreased blood glucose level better than that
glibenclamide did.

Clinical Trials:

Antidiabetic activity of dietary fruits such as
Sumac Rhuscoriaria, berberis fruit, Rosa canina,
Citrus junos, Balanites aegyptiac, cambuci,
cagaita, maracuja-alho, cupuagu, camu-camu and
jaboticaba in clinical trials were presented in
Table 3.
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Table 3. Summary of antidiabetic activity of dietary fruits in clinical trials

Analysed/ major Plant Food Experimental Type of Effect Reference
polyphenols model interaction
Gallic acid, methyl Sumac Type-2 Double blind Plasma glucose and Shidfar et
gallate, kaempferol, RhuscoriarialL. diabetic randomized HbAlc (Glycosylated al., 2013
and quercetin patients clinical study hemoglobin) level
significantly decreased
compared to control
Anthocyanins, Berberis fruit Type-2 Randomized, Serum glucose HbAlc Moazezi
(delphinidin, diabetic double-blind, and  level reduced and Quijeq,
cyanidin) patients placebo- compared to control 2014
controlled study
Proanthocyanidin Rosa canina L. Type-2 Randomized Fasting blood glucose Dabaghian
aglycones diabetic controlled cross- level significantly etal., 2015
patients over decreased
HbAlc level did not
changed
Rutin, quercetin,  Citrus junos  Prediabetic Double-blind, Fasting blood glucose Hwang et
tangeretin, Tanaka patients Crossover, level significantly al., 2015
naringin, and placebo decreased
hesperidin controlled Postprandial ~ glucose
level slightly reduced
Furostanol saponins, Balanites Type-2 Randomised Reduced postprandial Rashad et
rutin, quercetin, aegyptiaca Del.  diabetic controlled cross- blood glucose level al., 2017
syringic acid patients over 26.9%
Syringic acid Cambuci, Healthy Randomised Reduced blood glucose  Balisteiro et
Quercetin derivates cagaita, camu- humans controlled cross- al., 2017

Catechin
Epicatechin

camu jaboticaba
juices

Kaempferol
derivates

Free ellagic acid
Total ellagic acid
Myricetin derivates

over

Forty-two patients of type-2 diabetics were fed
with Sumac Rhuscoriaria L. for 3 months to
analyze the effect of Sumac on serum glycemic
status (Shidfar et al., 2013). This clinical trial was
controlled as double-blind randomized study and
volunteers were fed with 3 g/day sumac powder
(n=22) or placebo (n=19) every day. Blood
samples were collected before and after the
intervention and it was found that serum glucose
and HbAlc (Glycosylated hemoglobin) levels
were decreased significantly in volunteers fed
with sumac powder.

Moazezi and Qujeq, (2014) studied with 30 type-
2 diabetic patients and fed them with berberis
fruit extract for 8 weeks with a dose of 2 mg/day.
The serum glucose HbA1c level of the volunteers
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who consumed barberry fruit had a significant
decrease compare to group consumed placebo.

Rosa canina L. (rose hip) fruit extract have been
traditionally used as antidiabetic fruit in Iran.
Type-2 diabetic patients took rose hip fruit extract
and toast powder capsule (placebo) for 3 months.
Blood samples were collected before and after the
intervention. It was reported that while the fasting
blood glucose level significantly decreased in
fruit extract consumed group, HbAlc group was
not significantly more than placebo group.
Therefore, the researchers suggested repeating the
clinical study with larger dose of the fruit
(Dabaghian et al., 2015).
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Hwang and colleagues (2015) studied 40
prediabetic patients fed with the ethanol extracts
of Citrus junos Tanaka peel (YE-4250 mg/day)
for 16 weeks. The intervention study was
conducted in double-blind, crossover, placebo
controlled. Fasting plasma glucose, postprandial
glucose, and fasting plasma insulin concentrations
were assessed after end of each 8 weeks. It was
found that while fasting plasma glucose level
significantly reduced in YE group postprandial
glucose slightly decreased and results supported
that YE might be a useful supplement for
prediabetic patients.

The effect of ethanol extract of Balanites
aegyptiaca Del. (BE) (Zygophyllaceae) fruits on
glucose control in elderly 30 type-2 diabetic
people was evaluated in a recent study. Two
groups were assigned for the intervention:
placebo control and BE group. During 8 weeks of
the study volunteers were fed with 400 mg/day
BE fruit extract capsule or placebo test. The
results of the 8 weeks treatment indicated that BE
fruit extract reduced postprandial blood glucose
level by 26.9% (Rashad et al., 2017).

Balisteiro and colleagues (2017) studied with 23
healthy subjects and fed them with different
traditionally consumed fruit juices (or cambuci,
cagaita, maracuja-alho, cupuagu, camu-camu and
jaboticaba) in Brazilian. On the first visit the
participants fed with 50 g white bread plus 300
mL of water (control meal) and after 1-week
interval they consumed 50 g white bread plus 300
mL fruit juices (test meal). The results indicated
that cambuci, cagaita, camu-camu and jaboticaba
juices reduced blood glucose level compared to
control.

4. Conclusion

In this review, the antidiabetic potential of the
selected fruits was summarized. The present data
demonstrated the short and/or long-term potential
and traditional usage of the antidiabetic fruits
using in vitro and in vivo studies. The present
studies indicated that due to phenolic and volatile
contents of the fruits, they may inhibit digestive
enzymes, improve insulin sensitivity, stimulate
insulin ~ secretion,  decrease  carbohydrate
absorption and/or increase peripheral glucose
uptake. In vitro studies explained the mechanism
of action on the inhibition of a-glucosidase and a-
amylase enzymes, cell culture experiments
provide more details about fruits action to the
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transport or uptake of glucose and stimulation of
insulin secretion. However, there are only limited
in vivo studies about their antidiabetic effect.
Therefore, to promote rational use of these fruits
it is needed to have more biological knowledge on
the specific mechanism for treatment of diabetes.
Further in vivo studies are necessary to elucidate
the effect of fruits and its active constituent on
carbohydrate mechanism.

References

Abou El-Soud, N. H., El-Lithy, N. A., EI-Saeed,
G., Wahby, M. S., Khalil, M. Y., Morsy,
F., & Shaffie, N. (2014). Renoprotective
effects of Caraway (Carum carvi L.)

essential oil in streptozotocin induced
diabetic rats. Journal of Applied
Pharmaceutical Science, 4(2), 27-33.

https://doi.org/10.7324/JAPS.2014.40205
Adefegha, S. A., Oboh, G., Oyeleye, S. I, &

Ejakpovi, I.  (2017).  Erectogenic,
Antihypertensive,  Antidiabetic,  Anti-
Oxidative  Properties and  Phenolic

Compositions of Almond Fruit (Terminalia
catappa L.) Parts (Hull and Drupe) — in
vitro. Journal of Food Biochemistry, 41(2),
1-12. https://doi.org/10.1111/jfbc.12309

Adefegha, S. A., Oyeleye, S. I., & Oboh, G.
(2015). Distribution of Phenolic Contents,
Antidiabetic Potentials, Antihypertensive
Properties, and Antioxidative Effects of
Soursop (Annona muricata L.) Fruit Parts
in  Vitro. Biochemistry ~ Research
International, 2015.
https://doi.org/10.1155/2015/347673

Al-Gubory, K. H., & Laher, 1. (2018). Preface.
Nutritional Antioxidant Therapies:
Treatments and  Perspectives, Vv-vi.
https://doi.org/10.1007/978-3-319-67625-8

Ali, R. B., Atangwho, I. J., Kaur, N., Abraika, O.
S., Ahmad, M., Mahmud, R., & Asmawi,
M. Z. (2012). Bioassay-guided antidiabetic
study of Phaleria macrocarpa fruit extract.

Molecules, 17(5), 4986-5002.
https://doi.org/10.3390/molecules1705498
6

Altun, M. L., Citoglu, G. S., Yilmaz, B. S,
Ozbek, H., Bayram, I, & Cenglz, N.
(2010). Hepatoprotective and
hypoglycemic activities of Viburnum



Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 58-76

opulus L.  Turkish  Journal  of
Pharmaceutical Sciences, 7(1), 35-48.

Andersson, U., Berger, K., Hogberg, A., Landin-
Olsson, M., & Holm, C. (2012). Effects of
rose hip intake on risk markers of type 2
diabetes and cardiovascular disease: A
randomized, double-blind,  cross-over
investigation in obese persons. European
Journal of Clinical Nutrition, 66(5), 585—
590. https://doi.org/10.1038/ejcn.2011.203

Anwer, T., Sharma, M., Khan, G., Igbal, M., Ali,
M. S., Alam, M. S., ... Gupta, N. (2013).
Rhus  coriaria  ameliorates  insulin
resistance in non-insulin-dependent
diabetes mellitus (NIDDM) rats. Acta
Poloniae Pharmaceutica - Drug Research,
70(5), 861-867.

Asgary, S., Rafieiankopaei, M., Sahebkar, A.,
Shamsi, F., & Goli-malekabadi, N. (2016).
Anti-hyperglycemic and anti-
hyperlipidemic effects of Vaccinium
myrtillus fruit in experimentally induced
diabetes (antidiabetic effect of Vaccinium
myrtillus fruit). Journal of the Science of
Food and Agriculture, 96(3), 764-768.
https://doi.org/10.1002/jsfa.7144

Asgary, S., Rafieiankopaei, M., Sahebkar, A.,
Shamsi, F., & Goli-malekabadi, N. (2016).
Anti-hyperglycemic and anti-
hyperlipidemic effects of Vaccinium
myrtillus fruit in experimentally induced
diabetes (antidiabetic effect of Vaccinium
myrtillus fruit). Journal of the Science of
Food and Agriculture, 96(3), 764-768.
https://doi.org/10.1002/jsfa.7144

Asghari, B., Salehi, P., Farimani, M. M., &
Ebrahimi, S. N. (2015). o-Glucosidase
Inhibitors from Fruits of Rosa canina L.
Records of Natural Products, 9(3), 276—
283.

Atal, S., Atal, S., Vyas, S., & Phadnis, P. (2016).
Bio-enhancing effect of Piperine with
Metformin on lowering blood glucose
level in Alloxan induced diabetic mice.
Pharmacognosy Research, 8(1), 56-60.
https://doi.org/10.4103/0974-8490.171096

Balisteiro, D. M., Araujo, R. L. de, Giacaglia, L.
R., & Genovese, M. I. (2017). Effect of
clarified Brazilian native fruit juices on
postprandial glycemia in healthy subjects.
Food Research International, 100(May),

72

196-203.
https://doi.org/10.1016/j.foodres.2017.08.0
44

Buah, E., Boerl, S., & Daun, D. A. N. (2016).
Combination of ethanolic extract of a-
glucosidase inhibitory activity of Phaleria
macrocarpa (Scheff.) Boerl. Fruits and
Annona muricata L. Leaves. Majalah Obat
Tradisional, 21(2), 63-68.
https://doi.org/10.22146/tradmed;.12819

Ceylan, E., Ozbek, H., & Agaoglu, Z. (2003).
Cuminum cyminum L. (Kimyon) Meyvesi
Ugucu Yaginin Median Lethal Doz (LD
50) Diizeyi ve Saglikli ve Diyabetli
Farelerde Hipoglisemik Etkisinin
Aragstirilmasi, 10(2), 29-35.

Dabaghian, F. H., Kamalinejad, M., & Shojaei, A.
(2012). Presenting anti-diabetic plants in
Iranian traditional medicine, 3(November),
70-76. https://doi.org/10.5897/JDE12.004

De Medina, F. S., Gamez, M. J., Jimenez, I.,
Jimenez, J., Osuna, J. I., & Zarzuelo, A.
(1994). Hypoglycemic activity of juniper
“berries.” Planta Medica, 60(3), 197-200.
https://doi.org/10.1055/s-2006-959457

Debeljak, J., Ferk, P., Cokoli¢, M., Zavratnik, A.,
Tavéar Benkovié, E., Kreft, S., & Strukelj,
B. (2016). Randomised, double blind,
cross-over, placebo and active controlled
human pharmacodynamic study on the
influence of silver fir wood extract
(Belinal) on  post-prandial  glycemic
response. Pharmazie, 71(10), 566-569.
https://doi.org/10.1691/ph.2016.6658

H. Van, Riyajan, S., lyara, R, &
Chudapongse, N. (2018). Antidiabetic
activity, glucose uptake stimulation and a-
glucosidase inhibitory  effect  of
Chrysophyllum cainito L. stem bark
extract. BMC  Complementary and
Alternative  Medicine, 18(1), 1-10.
https://doi.org/10.1186/s12906-018-2328-0

Donado-Pestana, C. M., Moura, M. H. C., de
Araujo, R. L., de Lima Santiago, G., de
Moraes Barros, H. R., & Genovese, M. I.
(2018). Polyphenols from Brazilian native
Myrtaceae fruits and their potential health
benefits against obesity and its associated
complications. Current Opinion in Food

Doan,



Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 58-76

Science, 19, 42-49.
https://doi.org/10.1016/j.cofs.2018.01.001

Eddouks, M., Lemhadri, A., & Michel, J. B.
(2004). Caraway and caper: Potential anti-
hyperglycemic plants in diabetic rats.
Journal of Ethnopharmacology, 94(1),
143-148.
https://doi.org/10.1016/j.jep.2004.05.006

Elyasiyan, U., Nudel, A., Skalka, N., Rozenberg,
K., Drori, E., Oppenheimer, R.,
Rosenzweig, T. (2017). Anti-diabetic
activity of aerial parts of Sarcopoterium
spinosum. BMC Complementary and
Alternative  Medicine, 17(1), 1-12.
https://doi.org/10.1186/s12906-017-1860-7

Erjace, H., Rajaian, H., Nazifi, S., &
Chahardahcherik, M. (2015). The effect of
caraway (Carum carvi L.) on the blood
antioxidant enzymes and lipid peroxidation
in streptozotocin-induced diabetic rats.
Comparative Clinical Pathology, 24(5),
1197-1203.
https://doi.org/10.1007/s00580-014-2060-1

Raimov, R., Fakir, Hiseyin. (2018). Orman
Koyliilerinin Odun Dis1 Orman Uriinlerini
Kullanim  Olanaklart  (Egirdir ~ Yoresi
Omegi). Bilge International Journal of
Science and Technology Research, 2, 132—
144.
https://doi.org/10.30516/bilgesci.490659

Giancarlo, S., Rosa, L. M., Nadjafi, F.,, &
Francesco, M. (2006). Hypoglycaemic
activity of two spices extracts: Rhus
coriaria L. and Bunium persicum Boiss.
Natural Product Research, 20(9), 882-886.
https://doi.org/10.1080/147864105005201
86

Giider, A., Giir, M., & Engin, M. S. (2015).
Antidiabetic and Antioxidant Properties of
Bilberry (Vaccinium myrtillus Linn.) Fruit
and Their Chemical Composition. Journal
of Agricultural Science and Technology,
17(2), 401-414.

Hashem Dabaghian, F., Abdollahifard, M.,
Khalighi Sigarudi, F., Taghavi Shirazi, M.,
Shojaee, A., Sabet, Z., & Fallah Huseini,
H. (2015). Effects of Rosa canina L. fruit
on glycemia and lipid profile in type 2
diabetic patients: A randomized, double-
blind, placebo-controlled clinical trial.

73

Journal of Medicinal Plants, 14(55), 95—
104.

Hwang, E. S. (2018). Comparison of antioxidant
capacity and o -glucosidase inhibitory
activity between bitter melon (Momordica
charanti) fruit and leaf extract. Asian
Pacific Journal of Tropical Biomedicine,
8(4), 189-193.
https://doi.org/10.4103/2221-1691.231280

Hwang, J. T., Yang, H. J., Ha, K. C., So, B. O.,
Choi, E. K., & Chae, S. W. (2015). A
randomized, double-blind, placebo-
controlled clinical trial to investigate the
anti-diabetic effect of Citrus junos Tanaka
peel. Journal of Functional Foods, 18,
532-537.
https://doi.org/10.1016/j.jff.2015.08.019

Hyun, T. K., Ra, J. H., Han, S. H., & Kim, J. S.
(2018). Antioxidant, antimicrobial, and
antidiabetic activities of crowberry fruits.
Indian Journal of Pharmaceutical Sciences,

80(3), 489-495.
https://doi.org/10.4172/pharmaceutical-
sciences.1000382

Ibitoye, O. B., Uwazie, J. N., & Ajiboye, T. O.
(2018). Bioactivity-guided isolation of
kaempferol as the antidiabetic principle
from Cucumis sativus L. fruits. Journal of
Food Biochemistry, 42(4), 1-7.
https://doi.org/10.1111/jfbc.12479

Incegiil, Y., Karaboyaci, M., Aydin, E., Ozcelik,
M. M., Ozkan, G. (2018). Production and
characterization of natural lemonade
powder using [-Cyclodextrin particles.
Bilge International Journal of Science and
Technology  Research, 2,  10-18.
https://doi.org/10.30516/bilgesci.480942

Jyothsna, D. K. (2017). The Study of Effect of
Pomegranate Juice on Type 2 Diabetes
Mellietus. IOSR Journal of Dental and
Medical  Sciences, 16(04), 28-30.
https://doi.org/10.9790/0853-1604032830

Kaleem, M., Medha, P., Ahmed, Q. U., Asif, M.,
& Bano, B. (2008). Beneficial effects of
Annona squamosa extract in
streptozotocin-induced  diabetic  rats.
Singapore Medical Journal, 49(10), 800-
804.

Kaleem, M., Sheema, Sarmad, H., & Bano, B.
(2005). Protective effects of Piper nigrum



Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 58-76

and Vinca rosea in alloxan induced
diabetic rats. Indian Journal of Physiology
and Pharmacology, 49(1), 65-71.

Kanedi, M. (2019). Fruit Extract of Vanilla
(Vanilla planifolia Andrews) Lowers Total
Blood Glucose in  Alloxan-Induced
Hyperglycemic Mice. European Journal of
Pharmaceutical and Medical Research,
6(9), 314-316. Retrieved from
https://www.researchgate.net/publication/3
36936580

Kelkar, S. M., & Kaklij, G. S. (1997). A simple
two-step  purification of antidiabetic
compounds from Eugenia jambolana fruit-
pulp: proteolytic resistance and other
properties. Phytomedicine, 3(4), 353-359.
https://doi.org/10.1016/s0944-
7113(97)80009-8

Khaliq, T., Sarfraz, M., & Ashraf, M. A. (2015).
Recent progress for the utilization of
Curcuma longa, Piper nigrum and Phoenix
dactylifera Seeds against type 2 diabetes.
West Indian Medical Journal, 64(5), 527—
532.
https://doi.org/10.7727/wimj.2016.176

Khatib, A., Perumal, V., Ahmed, Q., Uzir, B., &
Murugesu, S. (2017). Low inhibition of
alpha-glucosidase and xanthine oxidase
activities of ethanol extract of Momordica
charantia fruit. Journal of Pharmaceutical
Negative Results, 8(1), 20-24.
https://doi.org/10.4103/0976-9234.204906

Lerman-garber, 1., Ichazo-cerro, S., Zamora-
gonzalez, J., & Posadas-romero, C. (1994).
Monounsaturated Fat Diet, 17(4), 311-
315.

Loizzo, M. R., Sicari, V., Tenuta, M. C., Leporini,
M. R., Falco, T., Pellicano, T. M., Tundis,
R. (2016). Phytochemicals content,
antioxidant and hypoglycaemic activities
of commercial nutmeg mace (Myristica
fragrans L.) and pimento (Pimenta dioica
(L.) Merr.). International Journal of Food
Science and Technology, 51(9), 2057-
2063. https://doi.org/10.1111/ijfs.13178

Mahadeva Rao, U. S. (2018). In vitro free radical
scavenging and reducing potentials as well
as inhibitory potential on a-amylase and a-
glucosidase activities of fruit of Morinda
citrifolia (Rubiaceae). Research Journal of
Pharmacy and Technology, 11(9), 4135-

74

4142, https:/doi.org/10.5958/0974-
360X.2018.00760.6

Marmouzi, 1., Kharbach, M., ElI Jemli, M.,
Bouyahya, A., Cherrah, Y., Bouklouze, A.,
... Faouzi, M. E. A. (2019). Antidiabetic,
dermatoprotective, antioxidant and
chemical functionalities in Zizyphus lotus
leaves and fruits. Industrial Crops and

Products, 132(June 2018), 134-139.
https://doi.org/10.1016/j.indcrop.2019.02.0
07

Misbah, H., Aziz, A. A., & Aminudin, N. (2013).
Antidiabetic and antioxidant properties of
Ficus deltoidea fruit extracts and fractions.
BMC Complementary and Alternative
Medicine, 13.
https://doi.org/10.1186/1472-6882-13-118

Mishra, C., Khalid, M. A., Fatima, N., Singh, B.,
Tripathi, D., Waseem, M., & Mahdi, A. A.
(2019). Effects of citral on oxidative stress
and hepatic key enzymes of glucose
metabolism in streptozotocin/high-fat-diet
induced diabetic dyslipidemia rats. Iranian
Journal of Basic Medical Sciences, 22(1),
49-57.
https://doi.org/10.22038/ijbms.2018.26889
.6574

Moazezi, Z., & Qujeq, D. (2014). Berberis Fruit
Extract and Biochemical Parameters in

Patients with  Type Il  Diabetes.
Jundishapur, 9(2), 1-4.
Mohammadi, S., Kouhsari Montasser, S., &

Feshani Monavar, A. (2010). Antidiabetic
properties of the ethanolic extract of Rhus
coriaria fruits in rats. DARU, Journal of
Pharmaceutical Sciences, 18(4), 270-275.

Mohammed, A., Victoria Awolola, G., Ibrahim,
M. A., Anthony Koorbanally, N., & Islam,
M. S. (2019). Oleanolic acid as a potential
antidiabetic  component of  Xylopia
aethiopica (Dunal) A. Rich. (Annonaceae)
fruit: bioassay quided isolation and
molecular docking studies. Natural Product
Research, 0(0), 1-4.
https://doi.org/10.1080/14786419.2019.15
96094

Nabi, S. A., Kasetti, R. B., Sirasanagandla, S.,
Tilak, T. K., Kumar, M. V. J., & Rao, C.

A (2013). Antidiabetic and
antihyperlipidemic  activity of  Piper
longum root aqueous extract in STZ



Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 58-76

induced diabetic rats. BMC
Complementary and Alternative Medicine,
13. https://doi.org/10.1186/1472-6882-13-
37

Nowicka, P., Wojdylo, A., & Samoticha, J.
(2016). Evaluation of phytochemicals,
antioxidant capacity, and antidiabetic
activity of novel smoothies from selected
Prunus fruits. Journal of Functional Foods,
25, 397-407.
https://doi.org/10.1016/j.jff.2016.06.024

Oboh, G, Isaac, A. T., Akinyemi, A. J., & Ajani,
R. A. (2014). Inhibition of key enzymes
linked to type 2 diabetes and sodium
nitroprusside induced lipid peroxidation in
rats’ pancreas by phenolic extracts of
avocado pear leaves and fruit. International
Journal of Biomedical Science, 10(3),
210-218.

Ogurtsova, K., Rocha, J. D., Huang, Y.
Linnenkamp, U., & Guariguata, L. (2017).
IDF Diabetes Atlas: Global estimates for
the prevalence of diabetes for 2015 and
2040. Diabetes Research and Clinical

Practice, 128, 40-50.
https://doi.org/10.1016/j.diabres.2017.03.0
24

Orhan, N., Aslan, M., Hosbas, S., & Deliorman
Orhan, D. (2009). Antidiabetic effect and
antioxidant potential of Rosa canina fruits.
Pharmacognosy Magazine, 5(20), 309-
315. https://doi.org/10.4103/0973-
1296.58151

Ozbek, H. (2002). Foeniculum Vulgare Miller
(Rezene) Meyvesi Ugucu Yagmin Lethal
Doz 50 (LD50) Diizeyi ve Saglkli ve
Diyabetli Farelerde Hipoglisemik Etkisinin
Arastirilmast. Van Tip Dergisi, 9(4), 98—
103.

Ozbek, H., Ozgokee, F., Ceylan, E., & Ta, A.
(2002). Secale cereale L. (Cavdar)
Meyvesi Dekoksiyon Ekstresinin Saglikli
ve Diyabetli Farelerde Hipoglisemik
Etkisinin Arastirilmasi, 9(3), 73—77.

Park, J. H., Kim, R. Y., & Park, E. (2012).
Antidiabetic  activity of fruits and
vegetables commonly consumed in Korea:
Inhibitory potential against a-glucosidase
and insulin-like action in vitro. Food
Science and Biotechnology, 21(4), 1187-

75

1193. https://doi.org/10.1007/s10068-012-
0155-5

Pradeepa, S., Subramanian, S., & Kaviyarasan, V.
(2013).  Biochemical evaluation of
antidiabetic properties of Pithecellobium
dulce fruits studied in streptozotocin
induced experimental diabetic rats.
International Journal of Herbal Medicine,
1(4), 21-28. Retrieved from
https://pdfs.semanticscholar.org/5b3a/7af0
05fd589792f943102c710067e78483b6.pdf

Putri, N. P., Nursyamsi, K. S., Prayogo, Y. H.,
Sari, D. R., Budiarti, E., & Batubara, I.

(2017). Exploration of Mango Fruits
(Mangifera indica) as a-Glucosidase
Inhibitors.  Biosaintifika:  Journal  of

Biology & Biology Education, 9(3), 554.
https://doi.org/10.15294/biosaintifika.v9i3.
10516

Rashad, H., Metwally, F. M., Ezzat, S. M,
Salama, M. M., Hasheesh, A., & Motaal,
A. A. (2017). Randomized double-blinded
pilot clinical study of the antidiabetic
activity of Balanites aegyptiaca and
UPLC-ESI,MS-MS identification of its

metabolites.  Pharmaceutical  Biology,
55(1), 1954-1961.
https://doi.org/10.1080/13880209.2017.13
54388

Sancheti, S., Sancheti, S., & Seo, S. Y. (2013).
Antidiabetic and antiacetylcholinesterase
effects of ethyl acetate fraction of
Chaenomeles sinensis (Thouin) Koehne
fruits in streptozotocin-induced diabetic
rats. Experimental and Toxicologic
Pathology, 65(1-2), 55-60.
https://doi.org/10.1016/j.etp.2011.05.010

Saravanan, S., & Parimelazhagan, T. (2014). In
vitro antioxidant, antimicrobial and anti-
diabetic properties of polyphenols of
Passiflora ligularis Juss. fruit pulp. Food
Science and Human Wellness, 3(2), 56-64.
https://doi.org/10.1016/j.fshw.2014.05.001

Sekar, V., Chakraborty, S., Mani, S., Sali, V. K.,
& Vasanthi, H. R. (2019). Mangiferin from
Mangifera indica fruits reduces post-
prandial glucose level by inhibiting a-
glucosidase and a-amylase activity. South
African Journal of Botany, 120(2017),
129-134.
https://doi.org/10.1016/j.sajb.2018.02.001



Bilge International Journal of Science and Technology Research 2019, 3(Special Issue): 58-76

Shidfar, F., Rahideh, S. T., Rajab, A., Khandozi,
N., Hosseini, S., Shidfar, S., & Mojab, F.
(2014). The effect of Sumac rhuscoriaria
L. Powder on serum glycemic status,
ApoB, ApoA-l1 and total antioxidant
capacity in type 2 diabetic patients. Iranian
Journal of Pharmaceutical Research, 13(4),
1249-1255.
https://doi.org/10.22037/ijpr.2014.1585

Simamora, A., Santoso, A. W., & Timotius, K. H.
(2019). A-Glucosidase Inhibitory Effect of
Fermented Fruit Juice of Morinda citrifolia
L and Combination Effect with Acarbose.
Current Research in Nutrition and Food
Science, 7(1), 218-226.
https://doi.org/10.12944/CRNFSJ.7.1.21

Smirin, P., Taler, D., Abitbol, G., Brutman-
Barazani, T., Kerem, Z., Sampson, S. R.,
& Rosenzweig, T. (2010). Sarcopoterium
spinosum extract as an antidiabetic agent:
In vitro and in vivo study. Journal of
Ethnopharmacology,  129(1), 10-17.
https://doi.org/10.1016/j.jep.2010.02.021

Studies, M. (2013). Diversity of Ethno -
Medicinal Plants for Diabetes from
Bahraich (U.P.) India, 1(1), 13-23.

Sukiman, M., Margaretha, J. A., & Irawan, C.
(2018). Evaluation of antidiabetes activity
of matoa seed extract (Pometia pinnata)
using enzym a -glucosidase, 7(5), 10-12.

Takahashi, K., Yoshioka, Y., Kato, E., Katsuki,
S., lida, O., Hosokawa, K., & Kawabata, J.
(2010). Methyl caffeate as an «-
glucosidase inhibitor from  Solanum
torvum fruits and the activity of related
compounds. Bioscience, Biotechnology
and Biochemistry, 74(4), 741-745.
https://doi.org/10.1271/bbb.90789

Thenmozhi, A., Shanmugasundaram, C., &
Mahadeva Rao, U. S. (2012). Biochemical
evaluation of anti-diabetic Phytomolecule
through  bioactivity —guided  solvent
fractionation and sub-fractionation from
hydro-methanolic (2:3) extract of alligator
pear fruit in streptozotocin induced
diabetic rats. Journal of Applied
Pharmaceutical Science, 2(1), 61-69.

Ulutas Deniz, E., Yegenoglu, S., Sézen Sahne, B.,
& Gengler Ozkan, A. M. (2018). Kisnis
(Coriandrum sativum L.) fiizerine bir
derleme. Marmara Pharmaceutical Journal,

76

22(1), 15-28.
https://doi.org/10.12991/mpj.2018.36

Vahid, H., Rakhshandeh, H., & Ghorbani, A.
(2017). Antidiabetic properties of Capparis
spinosa L. and its components.
Biomedicine and Pharmacotherapy, 92,
293-302.
https://doi.org/10.1016/j.biopha.2017.05.0
82

Wei, M., Chai, W. M., Yang, Q., Wang, R., &
Peng, Y. (2017). Novel Insights into the
Inhibitory Effect and Mechanism of
proanthocyanins from Pyracantha
fortuneana Fruit on a-Glucosidase. Journal
of Food Science, 82(10), 2260-2268.
https://doi.org/10.1111/1750-3841.13816

Yegin, S. C., Guder, A., Kilig, A., & Aydin, H.
(2018). New Apple Culture: Investigation
of Antioxidant Contents and Antidiabetic
Effect of Piraziz Apple (Malus communis
L.). Journal of the Institute of Science and
Technology, 8(3), 237-242.
https://doi.org/10.21597/jist.458644



Bilge International Journal of Science and Technology Research

Web : http://dergipark.gov.tr/bilgesci - E-mail: kutbilgescience@gmail.com

il

Topografik Ozellikleri Kullanarak Arazi Morfolojisi Analizi:
Usak Ulubey Kanyonu Ornegi

Received: 11.11.2019 ISSN: 2651-401X
Accepted: 29.12.2019 e-1SSN: 2651-4028
DOI: 10.30516/bilgesci.645588 3(Special Issue), 77-88, 2019

Ahmet Cilek'*, Sitha Berberoglu!, Miige Unal Cilek!, Cenk Dénmez*

Ozet: Yeryiizii sekilleri, gegmiste fizyografik ve morfometrik haritalar el yontemleri ile gizilerek
konumsal teknolojilerin gelismesiyle arazi formlarinin otomatik iiretilmesi, veri tabanlarinda depolanmasi
kolaylasarak, jeomorfoloji, toprak, ekoloji, peyzaj mimarlig1 gibi fiziki planlarla ilgilenen pek ¢ok bilim
dah tarafindan daha etkin kullanilmaya baglamistir. Bu ¢alismada Ulubey Kanyonlarinin arazi formlarini
Cografi Bilgi Sistemleri araciligiyla Topografik Pozisyon indeksi (TPI) ile morfolojik analizler yaparak
siniflandirmak amac¢lanmigtir. Usak Ulubey Kanyonu, Amerika Birlesik Devletleri‘nin Arizona eyaletinde
bulunan Biiyiik Kanyon’dan (Grand Canyon) sonra diinyanin en bilyiik ikinci kanyonu unvanina sahiptir.
Usak‘in Ulubey ilgesinde yer alan kanyon, Ulubey ve Banaz ¢aylar1 boyunca devam eden bir ana kanyon
ve buna baglanan onlarca bilyilk yan kanyonlardan olugmaktadir. Morfolojik smiflandirmalarin
olusturulmasinda 30 m ¢oziiniirliikte ASTER Sayisal Yiikseklik Modeli (SYM) kullanilmistir. Arazi
morfolojisinin olusturulmasinda SYM verilerinden iiretilen egim, egrisellik, yiikseklik farki, topografik
aciklik vb. morfolojik parametreler kullanilmaktadir. TPI hesaplanmasinda kullanilan Jennes algoritmast,
en kiigiik kareleri kullanarak belirlenen pencere boyutuna ikinci dereceden bir polinom yerlestirerek ¢ok
Olgekli bir yaklasim kullanmaktadir. Arastirmada farkli 6lgekteki SYM verileri igin 300 m ve 2000 m
pencere genisligi kullanilarak sonuglar karsilastirilmistir. Olusturulan morfolojk smiflar kanyonlar, sig
vadiler, yaylalar, tabanli vadiler, ovalar, agik yamaglar, dik yamagclar, vadilerde tepeler, orta egimli sirtlar
veya ovalardaki kii¢iik tepeler, zirveler olmak tizere 10 sinifta toplanmaktadir.

Bu calismadan elde edilen bilgiler, farkli 6zelliklere sahip arazi degigkenleri (toprak, bitki Ortiisi,
yiikseklik vb.) i¢in dogal siirlar olarak kabul edilen yiizey morfolojisinin siniflandirilmasi 6zellikle arazi

bozulmasi ve jeomorfolojide belirlenmesinde faydali olacaktir.

Anahtar Kelimeler: Arazi Formu, Ulubey Kanyonu, Topografik Pozisyon indeksi, CBS

Landform Analysis using Topographic Characteristics: An
Example of Usak Ulubey Canyon

Abstract: Earth shapes, physiographic and morphometric maps have been drawn by hand in the past. With
the development of spatial technologies, automatic production of landforms and storage in databases has
become easier and has been used more effectively by many disciplines interested in physical plans such as
geomorphology, soil, ecology and landscape planning. This study aims to classify the landforms of Ulubey
Canyons by morphological analysis with Topographic Positions Index (TPI) using Geographical
Information Systems. Usak Ulubey Canyon is the second largest canyon in the world after the Grand
Canyon in Arizona, USA. The canyon, located in the Ulubey district of Usak, consists of a main canyon
along the Ulubey and Banaz streams and dozens of large side canyons connected to it. ASTER Digital
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Elevation Model (DEM) with 30 m resolution was used to form the morphological classifications.
Morphological parameters such as slope, curvature, height difference, topographic aperture, etc. are used
to generate the land morphology. The Jennes algorithm used in the TPI calculation uses a multi-scale
approach by placing a quadratic polynomial in the specified window size using the least squares. In this
study, 300 m and 2000 m window widths were combined for landform classification. The morphological
classes are classified into 10 class including i) canyons, deeply incised streams ii) mid-slope drainages,
shallow valleys iii) upland drainages, headwaters iv) U-shape valleys v) plains vi) open slopes vii) upper
slopes, mesas viii) local ridges/hills in valleys ix) mid-slope ridges, small hills in plains x) mountain tops,
high ridges. The information obtained from this study, classification of surface morphology considered as
natural boundaries for land variables (soil, vegetation, height, etc.) with different characteristics will be
useful in determining land degradation and geomorphology.

Keywords: Landform, Ulubey Canyon, Topographic Position Index, GIS

1. Giris

Son yillarda arazi formunun siniflandirilmasi igin
otomatik tekniklerin uygulanmasi ¢ok yaygin hale
gelmistir (De Reu vd. 2013; Grohmann ve
Riccomini 2009; Han vd. 2011; Ilia vd. 2017; llia
I vd. 2013; Mokarram vd. 2015; Mokarram ve
Sathyamoorthy 2018; Rigol-Sanchez vd. 2015;
Seif 2014; Skentos ve Ourania 2017; Tagil ve
Jenness 2008). Arazi formu siniflandirmasi yer
bilimleri ile sinirli olmayip ozellikle arkeoloji,
ekoloji, tarim, ormancilik, kirsal peyzaj planlama,
afet yonetimi gibi bir bilim dali i¢in de 6nemli bir
veri kaynagi oldugu kanitlanmigtir (Ho ve Umitsu
2011; Hoersch vd. 2002; Mac Millan vd. 2003;
Martin-Duque vd. 2003; McNab 2007; Mert vd.
2013; Orug vd. 2017; Ozdemir ve Ozkan 2016;
Verhagen ve Dragut 2012; Sentiirk vd. 2019;
Tekin ve Can, 2019). Morfometri, yer sekillerinin
kantitatif bir tanmm1 saglar ve matematik,
miihendislik ve son yillarda bilgisayar bilimi
kombinasyonunu  kullanarak tiiretilmektedir.
Blaszczynski’ye (1997) gore arazi morfolojisi yer
sekilleri, ovalar, dag silsileleri gibi biiyiik 6lgekli
Ozelliklerden bireysel tepeler ve wvadiler gibi
kiigiik  Olgeklere kadar degisen diinyanin
yiizeyindeki spesifik jeomorfolojik &zellikler
olarak tanimlanmaktadir. Tepe, ova, vadi gibi
topografik 6zellikler egim, derinlik ve engebelilik
hakkinda bilgiler verdigi ig¢in peyzaji etkileyen
fiziksel ve biyolojik islemler igin Onemlidir.
Bitkilerin dogal habitatlari, erozyon potansiyeli ve
giines radyasyonu arazi formu ve konumu ile
dogrudan ilgilidir.

Sayisal yiikseklik modelleri (SYM) topografyanin
digital olarak temsil edilmektedir ve 1970’lerin
basindan beri her alanda kullanilmaktadir.
SYM’ler ve gim, baki, golgeli yamagclar,
hidrolojik yap1 gibi bu veriden {iretilen veriler
jeomorfolojik ve jeomorfometrik ¢aligmalar igin
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aragtirmacilar tarafindan kullanilmusgtir.
Jeomorfolojik arastirmalarda, arazinin
morfometrik parametrelerinin incelenmesi, arazi
formunun yorumlanmast i¢in biiyilkk O6nem

tagimaktadir. Arazi morfolojisi verisi
multispektral goriintiiler ile birlikte
kullanildiginda jeoloji, litoloji, toprak, arazi

ortiisti/kullanimi, fay hatlar1 gibi birgok yersel
bilgi i¢im hizl1 ve faydali bilgiler saglamaktadir.

Bu c¢alismada da SYM verilerine gelismis
konumsal istatistik ve  gOriinti  isleme
algoritmalart  uygulayarak  Usak  Ulubey
Kanyonunda arazi formlarini topografik poziyon
indeksi (TPI) yardimiyla arazi formlarmni yari
otomatik olarak tanimlamak ve siniflandirmaktir.

2. Materyal ve Yontem
2.1. Calisma alam

Calisma alani, Ege Denizi'ne akan Biiyiik
Menderes Nehri’nin baglica kollarindan olan
Banaz ¢ay1 ve Ulubey Deresi’nin gegtigi alani
kapsayan Ulubey kanyonlari 500-1000 m
geniglige, 135-170 m derinlige ve 40-45 km
uzunluga sahip olup Banaz-Ulubey akarsular
boyunca  uzanmaktadir. Dikey  tektonik
hareketlerden etkilenerek Biiylkk Menderes
Grabeninin ¢6kmesiyle Horst-Graben sistemi
seklini alarak karstik bir olusum meydana
getirmistir. 27 Haziran 2013 tarihinde tabiat parki
olarak ilan edilen Ulubey Kanyonu ve cevresi
jeolojik, jeomorfolojik, bilimsel ve kiiltiirel agidan
ender ozelliklere sahiptir. Ege ve I¢ Anadolu
bolgeleri arasinda bir ge¢is alani {izerinde
bulunmasi sebebiyle her iki bdlgenin iklim
ozelliklerini bir arada gosterir. Ege kiyilarina gore
yazlar1 sicak ve kurak gecen, kislari ise Ic¢
Anadolu Bolgesi’ne gore daha iliman gegen bir
gecis iklimine sahiptir. Ege Denizi {izerinden
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gelen hava kiitlelerinin getirdigi yagislar bolgenin
iklimini nemli hale getirir. Yillik ortalama yagis

miktart 551.0 mm’dir ve aylara-mevsimlere gore
diizensiz bir dagilis gostermektedir.
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Sekil 1. Calisma alan1 ve yiikseklik haritasi

2.2. Metod
2.2.1. Topografik Pozisyon indeksi (TPI)

Andrew Weiss TPI kavramimi ve nasil
hesaplanacagini  ESRI  Uluslararas1  Kullanici
Konferansinda bir poster sunum ile ortaya
cikarmigtir (Guisan vd. 1999; Jones vd. 2000;
Weiss 2001). TPI'yi farkli 6lgeklerde ve egim
verisini kullanarak bir alant hem egim durumuna
(sirt, vadi tabani, orta egim vb.) hem de arazi
formuna gore (dik dar kanyonlar, genis vadiler,
ovalar, a¢ik yamaclar vb.) siniflamaktadir.
Gelistirilen algoritma sisteminin basit¢e temeli bir
pikselin yiikseklik degeri ile o hiicrenin

etrafindaki komsu piksellerin ortalama degeri
dikkat alir. Cikan deger pozitif ise o pikselin diger
piksellerden yiiksek oldugu, negatif ise de diisiik
oldugu anlamima gelmektedir. Ayrica pikselin
egim derecesi de baz1 simiflarda dikkate
alinmaktadir. Eger bir hiicre komsu hiicrelerinden
onemli oranda yiiksek ise o bdlgeler tepe veya sirt
olarak smiflandirilmaktadir. Komsu hiicrelere
gore Onemli derecede diisik degerler ise o
hiicrenin vadi tabani veya tabana yakin oldugunu
gostermektedir. Sifira yakin degerler ise diiz
alanlart veya orta egimli alanlar olarak
smiflandirilir. Bu durumda egim derecesi de
hesaba dahil edilerek diiz alanlar ile orta egimli
alanlar ayirt edilmektedir (Sekil 2).
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Vadiler ve

L anas Egim diisiik ise diiz alanlar Sirt ve
amyol Egimli alanlar ise Orta Egimli Alanlar Tepeler
dipleri
~t- + el
Negatif TPI 0 Pozitif TPI
—_——— S— —

Sekil 2. TPI degerlerinin arazi formunun belirlenmesindeki durumu (Jenness 2006)

TPI hesaplamast dogal olarak biiyiik oranda
Olcege baglidir. Bir sira daglardaki tepe noktasi
bir otoyol insaat ekibine acilan sirt veya bir fareye
ise diiz bir alan olarak algilanabilir (Jenness
2006). Boylece iiretilen siniflandirmalar tamamen
peyzaj analizinde kullandiginiz 6lgege baghidir.

Ormnegin Sekil 3 de verilen ¢izimde TPI ii¢ farkli
Olcek kullanilarak ayni nokta i¢in hesaplanmistir.
Kullanicilar kendi ¢aligmalarinda hangi 6lgegin en
uygun oldugunu dikkatlice diisiinmelidir. Biiytik
habitatlarin 6zellikleri hakkinda bir g¢aligmada
biiyiik ve belirgin bir arazi formu tanimlanabilir.

Ug farkh 6lgekte TPI hesaplamasi

TPI~O0 TPI> O TPI< 0

— —_ b - /
: : W
1 1} 1}
) ] 1
1} L} L}
1 1 1}
: : :

A B €

Sekil 3. Farkli 6lgeklerde TPI hesaplamasi (Jenness 2006)

Omegin bir dag aslanm1 cevresindeki yiizlerce
metre yiiksekligindeki sirt ¢izgisi kiigiik tepeler ve
engebelilikten daha fazla etkilenecegi
muhtemeldir. Diger bir Ornekte kanyonun
dibindeki kiigiik bir tepenin iistiindeki nokta bir
Olcekte kanyon olarak siniflandirilirken, bagka
6lcekte tepe olarak simiflandirilabilir. Uygulamada
her ikisi de dogru ve gecerli bir siniflandirmadir.
Kullanicilar hangi 6l¢egin ¢alismasinda uygun
oldugunu belirlemesi gerekmektedir. Olgek TPI
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analizinde kullanilan komsu pikseller tarafindan
belirlenmektedir. Az komsu piksellerin dahil
edilmesi ile kiigiik ve yerel tepeler, vadiler; ¢ok
komsu piksellerin dahil edilmesi biiyiik olgekli
ozellikler simiflanir (Sekil 4). Her iki komsuluk
simiflandirmalarinin© ve  egim  durumunun
kullanilmasi ile Weiss (2001) tarafindan yaklagim
gelistirilerek 10 smifli arazi formu smiflari
meydana gelmistir.
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Kii¢iik Komsulukta Egim Durumuna Gore Siniflandirma

Cok yiiksek
TPI

Diisiik TPI

OrtaTPI
Dik Egim

OrtaTPI Cok diisiik
AzEgim  TPI

Biiyiikk Komsulukta Egim Durumuna Gére Smmiflandirma
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Sekil 4. Farkli komsuluk hesaplamalarinda TPI ve arazi formu simiflandirmasi (Jenness 2006)

3. Bulgular

TPI degerleri iki farkli
kullanilarak hesaplanmistir.

komsguluk mesafesi
300 m yarigaph

dairesel komsulukta 10 piksel yaricapinda
hiicrelerin  degerleri hesaba dahil edilerek
yaptlmaktadir. 2000 m yarigapli  dairesel
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komsulukta ise 67 piksel yaricapinda komsu
hiicrelerin degeri hesaplanmistir. 300 m yaricaplt
veriden kanyonlar ve yan baglantilar1 detayli bir
sekilde ¢ikartilirken, 2000 m yaricap1 veri ile
genel kanyon sistemi (Sekil 5) ortaya
konulmustur.
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Sekil 5. Ulubey kanyonlari

TPI degerleri 300 m komsulukta 141 ile -183
arasinda, 2000 m komsulukta ise 660 ile -487
arasinda bulunmugstur. Sifira yakin alanlar diiz
alanlar1 (egimin sifira yakin oldugu yerler) ve orta

82

egimli alanlari, yiiksek degerler zirve ve sirtlari,

eksi  degerler ise
gostermektedir (Sekil 6).

vadi

ve

kanyonlart
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Sekil 6. Farkli komsuluklarda (300m ve 2000m) TPI verisi tiretimi

TPI verileri iiretildikten sonra CBS yazilimlari
kullanilarak arazi formu verisi tretilmistir (Sekil
8). Cizelge 1°de belirtilen TPI deger araliklan
Model Maker kullanilarak otomatik siniflayici
modeli uygulanmigtir. Bu model igerisine ¢alisma
alan1 smir1, TPl 300, TPl 2000 ve SYM verileri
dahil edildiginde otomatik olarak hesaplamalar

yapilacak ve arazi formu sonug haritast 10 sinifta
siniflanacaktir. Boylelikle islemler arasinda
iiretilecek veri (Sekil 7°da yesil renkli veriler)
kalabalig1 ve olas1 yanlis degerler girilme hatasi
onlenecektir. Model istenildigi takdirde ise TPI
deger esikleri degisikligine olanak saglamaktadir.

Sekil 7. TPI verisinden arazi formu iiretilmesinde ArcGIS yazilimiyla modelin uygulanmasi
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Sekil 8. Ulubey alt havzasi Arazi formu siniflar1 haritasi

TPI degerleri ve egim derecesi dikkate alinarak
¢aligma alani i¢in arazi form siniflar1 Gretilmistir.
Toplamda on farkli siif her hiicredeki iki farkli
komguluktaki TPI degerlerinden esik degerler
kullanilarak smiflandirilmaktadir. Ornegin
kanyon alanlar kiigik ve biiyik komsulukta -1
degerine esit veya kiigiik olmasi gerekmektedir.
Ovalar/diizliik alanlar ise kiigiik ve biiyiik
komsulukta -1 ile 1 arasinda ve egim derecesi de
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5 dereceden disiik olmasi gerekmektedir.
Olusturulan arazi formlarinin alan ve yiizde
dagilimi Cizelge 1°de verilmistir. Ozellikle ovalar
ve agik yamaglarin ¢aligma alaninda baskin
smiflar olarak goriilmektedir. Ancak
kanyonlarinda 6nemli miktarda alan kapladig:
dikkat ¢cekmektedir.
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Cizelge 1. Caligma alan1 arazi formlart siniflari, kapladig: alanlar ve TPI degerleri (Weiss, 2001)

Arazi formu Siiflari Alan Siniflama tanimlari
Ha % Egim Kiiciik Komsuluk Biiyiik Komsuluk

(300 m) (2000 m)

Kanyonlar, Derin Akarsular 4510.17 2.1 - TPI<-1 TPI<-1

\?;;? cgimlidrenajlar, 12| 4155387 | 53| - TPI<-1 1<TPI<1

Yiiksek drenajlar, Ust nehir i ) TPI<-1 TPI> 1

kollar1

U Seklinde vadiler

(Tabanl vadiler) 6677.37 3.1 - -1<TPI<1 TPI<-1

Ovalar, diizliikler 107510.76 493 | <5 -1<TPI<1 -1<TPI<1

Acik yamaglar 60353.19 217 >5 -1<TPI<1 -1<TPI<1

Platolar 8445.06 3.9 - -1<TPI<1 TPI>1

Lokal sirtlar/Vadilerdeki 303.39 01 ) TPI> 1 TPI < -1

tepeler

Orta egimli

sirtlar/Ovalardaki kiigiik 12482.37 5.7 - TPI>1 -1<TPI<1

tepeler

Dag zirveleri/ yiiksek sirtlar 6084.09 2.8 - TPI > 1 TPI> 1

Uretilen verilerde dogruluma verileri, yiiksek
¢Ozinlrliklii goriintiiler, meveut siniflandiriimis
goriintiiler veya CBS veri katmanlarindan elde
edilerek test edilebilir. Siniflandirilmis  bir
haritanin ~ dogrulugunu degerlendirmenin  en
yaygm yolu, yer gergegi verilerinden bir dizi
rastgele nokta olusturmak ve bunu bir hata
matrisindeki siniflandirilmis verilerle
kargilagtirmaktir. Bu amagla iiretilen haritanin
dogruluk degerlendirmesi igin ¢aligma alaninda

alansal biiylikliiklere gore orantili rastgele 147
nokta se¢ilmis ve her bir noktanin yer gergegi
verileri  karsilastirilmigtir.  Hata  matrisleri
olusturularak her bir arazi formu smifi igin
dogruluk degerlendirme sonuglari Cizelge 2’de
verilmistir. Dogruluk analizinde, her bir smif igin

kullanicinin

hesaplanmustir.

85

dogrulugu
dogrulugunun yani sira genel kappa istatistigi

Ve

ureticinin
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Cizelge 2. Arazi formlar1 siniflart dogruluk analizi matrisi (Weiss, 2001)

Orta egimli N
e Lokal Dag
g rtlar/ . .

ST - Ezli);anlm' z‘;aﬁ;ﬂh U Seklinde |Ovalar, Acik Platol. sirtlar/ f)uvaalgr daki zirveleri/  [Kullamer

razi Formu Siniflar s - . atolar adilordel i s

] r r : Vadilerdeki |, . . iksek
Akarsular [t vadi vadiler diizlikler |yamaglar ) adil 6? ki | citk yi Sff Dogrulugu
epeler ) sirtlar
tepeler

Kanyonlar. Derin . 1 0 0 o 0 0 0 DR
Akarsular E :
Orta egimli drenajlar, s1g
vadi 1 9 0 0 0 0 0 0 0 0.90
U Seklinde vadiler 1 1 8 0 0 0 0 0 0 0.80
Ovalar, dizlikler 0 0 0 46 1 2 0 0 0 0.94
Agctk yamaglar 0 0 0 0 25 1 1 0 0.89
Platolar 0 0 0 1 1 8 0 0 0 0.80
Lokal sirtlar/Vadilerdeki 0 0 0 0 0 0 T . 0 D
tepeler
Orta egimli
sirtlar/Ovalardaki kictik 0 0 0 0 0 0 1 9 0.90
tepeler
Dag zirveleri/ yiiksek 0 0 0 0 0 0 0 . B
sirtlar 9
Uretici Dogrulugu 0.80 0.82 0.89 0.98 0.93 0.80 0.82 0.75 1.00 0.89

Hata matrisi simiflamanin % 89 dogrulugunu ve
genel kappa istatistik degerini 0.87 olarak
hesaplamaktadir. Foody (2002)’ye gore % 85’in
tizerinde dogruluk olan siniflandirmalarin kabul
edilebilir degerde oldugunu ifade etmektedir.

4. Tartisma ve Sonugclar

Jeomorfolojik analizlere dayanan CBS ve uzaktan
algilama teknikleri ile birlikte peyzaj analizi ve
haritalama teknikleri dogal kaynaklarin yonetimi
icin faydali araglardir. Bu calismada yar1 otomatik
bir arazi formu smiflarin1 tretmek igin TPI
indeksi kullamilmigtir. Weiss (2001) tarafindan
geligtirilen yontem kullanilarak ekoloji, toprak,
jeoloji, planlama gibi konularda ¢aligan
aragtirmacilar i¢in 6nemli olabilecek ve ¢ok ¢esitli
peyzaj morfolojik 6zellikleri saglayacak yaklagim
Biiyiik Menderes Havzasi Ulubey kanyonlarinda
TPI'nin topografik o6zellikleri tanimlamak igin
giiclii bir arag¢ oldugu ortaya konulmustur.

Sonug olarak, kanyonlarin hem jeolojik ortamin
hem de topografyanin jeomorfolojik gelisimine

Kappa Istatistigi 0.87

katkida bulunan faktorler oldugu goriilmektedir.
Alanin biiylik bir boliimiinii ova/diizliik alanlar
olustururken, nehir aglart etrafinda ¢ok sayida
kanyonlar meydana geldigi goriillmektedir. Arazi
formunun olusturulmas: ile boylesi farkli arazi
tiplerinin  tespit edilmesi One ¢itkmaktadir.
Otomatik olarak arazi formu smiflandirmasinin
morfoloji ile ilgilenen bilim dallart i¢in gii¢lii bir
cografi islem teknigi oldugunu gostermektedir.
Arazi formu smiflarinin jeolojik birimler ile
iligkilendirilmesi ise jeomorfolojik yapt ve
jeolojik yapmin olusumu hakkinda anlamli
bilgiler i¢in kullanilabilmektedir. Ayrica bu
verilere ek olarak SYM’lerden iiretilmis arazi
rolyefi, egrisellik, topografik aciklik, egim, vadi
derinligi, yiizey piriizliligi gibi verilerle daha
detayli morfometrik analizler yapilabilir.
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Ozet: Belediye kat1 atik tesisleri diinyadaki kentlesme, sanayilesme, niifus artisi ve teknolojik gelismelerin
sonucu karar vericilerin (mimarlar, sehir plancilari, yerel makamlar, bakanlar vb.) en uygun yer segmesine
onem kazandirmaktadir. Ancak, uygun depolama alanini belirlemek ve degerlendirmek igin ¢evresel,
sosyal, ekonomik ve teknik faktorleri iceren ¢ok disiplinli ¢aligmalara ihtiya¢ vardir. Bu nedenle, bu
calisma Adana’daki c¢evresel ve sosyo-ekonomik kisitlamalar1 dikkate alarak mevcut belediye kati atik
tesisinin alan uygunlugu degerlendirmek icin ¢ok kriterli bir model gelistirmeyi amaclamaktadir. Bu
baglamda oncelikle depolama sahasi uygunluk kriterleri literatiir arastirmasi ile belirlenmistir. Ikinci
asamada her kriter katman olarak belirlendi ve uygun ve uygun olmayan alanlar Cografi Bilgi Sistemleri
ortaminda analiz edilmistir. Ugiincii asamada ise kriterlerin deger araliklar1 fuzzy (bulamk mantik)
yontemiyle standardize edilmistir. Son olarak standardize edilen katmanlar gakigtirilarak uygunluk haritasi
elde edilmistir. Sonug olarak, karar vericiler kat1 atik depolama sahasi i¢in uygun yerin degerlendirilmesi
ve segilmesi gerekliligi ile kars1 karsiya kalarak bu ¢ok kriterli analiz yonteminden faydalanabilir. Mevcut
kat1 atik depolama alaninin ¢evre ve sosyal yasam iizerindeki olumsuz etkilerden dolay1 en uygun alan
olmadigini gostermektedir, ancak bu c¢alisma yeni kati atik depolama alanlarinin se¢iminde ekonomik ve
ekolojik faydalar saglayacaktir.

Anahtar Kelimeler: Kat1 Atik Depolama Alani, CBS, Cok Kriterli Analizler, Fuzzy Logic

Evaluation of the Location Selection Suitability of Adana
Municipality Solid Waste Facility with Spatial Information
Technologies

Abstract: Municipal solid waste (MSW) gain importance for decision maker (architects, city planners,
local authorities, ministries, etc.) to select suitable location, as a results of the rapid urbanization,
industrialization, population growth, and technological development in the world. However,
multidisciplinary studies involving environmental, social, economic and technical factors are required to
decide and evaluate suitable landfill location. Therefore, this study aims to develop a multi-criteria model
for evaluating the land use suitability for existing MSW considering environmental and socio-economic
constraints in Adana, Turkey. In order to achieve this goal, firstly landfill suitability criteria and their
evaluated values were defined by literature review. Secondly, each criteria were defined as a layer and
then suitable and unsuitable area were analysed by Geographic Information Systems (GIS). Thirdly, the
criteria were standardized to equalize the value ranges with each other by Fuzzy method. Finally, the
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standardized criteria maps were overlaid and MSW suitability class were determined in the result map.
Consequently, the decision-makers, faced with the need of evaluating and selecting the suitable location
for MSW landfill can benefit from this multi-criteria model. The findings of the research indicate that
existing MSW landfill is not the best suitable area due to the negative effect on environment and social
life, however, this study will provide economic and ecological benefits in the selection of new MSW

storage sites.
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1. Giris

Diinyada teknolojik gelismeler ile birlikte
kentlesme ve endiistrilesme hiz kazanmis ve bu
durum hem cevre ilizerinde hem de insan saglig
iizerinde  olumsuz  etkilerini = gOstermeye
baglamigtir.  Son yillarda gerek sivil toplum
kuruluslarinin gerekse kent iizerinde s6z sahibi
olan karar vericilerin (mimarlar, sehir plancilari,
yerel yonetimler, bakanliklar, vb.) ¢aligmalart ile
stirdiiriilebilir ¢evre ve kamusal alan planlart
o6nem kazanmistir. Siirdiiriilebilirligin saglanmasi
icin karar vericilerin sadece kamu yarar goz
ontinde bulundurmasi yeterli olmadig1 giiniimiiz
sartlar;, ¢evresel, sosyal, ekonomik ve teknik

konularinin da dahil edildigi biitiinciil bir
yaklasim  gerektiren  ve  farkli  meslek
disiplinlerinin de  dahil oldugu planlarin

tiretilmesini  zorunluluk haline doniistirmiistiir
(Torabi-Kaveh vd., 2016; Khan vd., 2018;
Demesouka vd., 2019, Unal vd. 2019). Kat1 atik
entegre tesisleri bu tiir planlarin tretilmesi
gereken ve son yillarda karar vericilerin {lizerinde
durdugu calisma konularindan birisidir. Ciinkii
kat1 atik tesisleri yapim ve isletme asamalarinda
cevre (su kirliligi, toprak kirliligi, hava kirliligi
vb.) ve toplum saghgmi (koku etkisi, sagliga
zararlt gazlarin salinimi, vb.) etkilemekte, kisith
alan kullanimina sahip olunmasindan dolay1
kamulasgtirmada ekonomik siirlayicilarla
kargilagmaktadir. Kati1 atik depolama alaninin
uygun yer se¢im kararlari sadece ulusal degil
uluslararasi diizenlemelere de uymak zorundadir
(Demesouka vd., 2019). Bu yiizden karar vericiler
iyl se¢im ve yoOnetim stratejine sahip olmayan
depolama tesislerinin ¢evre ve halk saghgi
tizerindeki olumsuz etkilerinin bilincinde olmali
ve uygun depolama alani se¢im karari verilirken
bu risklerin en diisiik seviyede olmasina &zen
gostermelidirler (Oniit ve Soner, 2008; Gbanie
vd., 2013; Soltani vd., 2015; Torabi-Kaveh vd.,
2016; Khan vd., 2018).

Kat1 atik depolama sahasinin uygun yer segim
kararinin verilmesi karmagik ve ¢ok disiplinli bir
siregtir. Katt atik depolama sahasi segim
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probleminin konumsal olmasi gereKlligl Cograti
Bilgi Sistemleri (CBS) kullanimini gerektirir.
McHarg’in harita katmanlama fikrine dayanarak
(McHarg, 1992), konumsal bilgilerin y&netimi,
detaylandirilmasi ve performansinin
desteklenmesi ig¢in  desteklenen prosediirler,
konumlandirma analizindeki rollerini arttirir. CBS
tabanli ¢ok kriterli analiz (MCDA) yontemi,
mekansal ve mekansal olmayan pek ¢ok veriyi
dikkate  alarak  kullanilabilecek  bilgilere
doniistiiren ve uygun yer se¢im kararlarinin
belirlenmesinde kritik unsurlart g6z Oniinde
bulunduran ve pek ¢ok c¢aligmanin konusunu
olusturan akilli bir sistemdir (Malczewski, 2004;
Sumathi  vd., 2008). Literatiir incelemeleri
sonucunda Analytic Hierarchical Process (AHP),
Analytic Network Process (ANP), Weighted
Linear Combination (WLC) veya Simple Additive
Method (SAM) ve Fuzzy Logic siireclerini
igerebilen ¢ok kriterli analizler uygun alan se¢imi
belirlemede en ¢ok kullanilan yontemlerdir. Kati
atik entegre tesisleri igin uygun yer se¢im
kararinin  verilmesinde ¢ok kriterli analiz
yontemini  kullanan  ve  ilk  olabilecek
calismalardan Vuk vd., (1991), Cheng vd., (2002,
2003) ve Queiruga vd., (2008) Onceden
belirlenmis aday sahalarin degerlendirilmesinde
kullanmislardir. Alumur ve Kara (2007), Emek ve
Kara (2007) ve Colebrook ve Sicilia (2007) diger
yazarlardan farkli olarak, yer se¢im karart
almmasinda oOnceden belirlenen aday alanlari
degerlendirmemis, c¢aligma sinirlart igerisindeki
tim alanlarda c¢ok kriterli analiz yontemi
araciligryla uygun aday alanlar1 belirlemislerdir.
Erkut ve Newman (1989), Khan ve Faisal (2008)
ve Aragonés-Beltran vd. (2010) kat1 atik entegre
tesisleri i¢in uygun yer secim kararnda bilgi ve
deneyime gore belirlenen kriterler ve alternatifler
arasindaki etki ve etkilesimleri dikkate alan AHP
siirecini ele almiglardir.

Hizli kentlesme sonucunda potansiyel alan
kullanimlarina dikkat etmeyen gelismekte olan
iilkelerde, ¢evre mevzuatinin gelistirilmesi kati
atik depolama alaninin uygun yer se¢im kararinin
alinabilmesinde uygun alan kullanim
optimizasyonunu saglayacaktir. Gelismekte olan
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tilkeler arasinda yer alan Tirkiye’de kati atik
tretimi son 10 yilda 25.373.000 tondan
31.584.000 tona yiikselmis, kontrolli kati atik
depolama alanlar1 ise yaklagik % 60 artmistir
(TUIK, 2018). Caligma alamini olusturan Adana
kentinde ise hizli niifus artigt ¢Op iretiminin
artmasina, hizli kentlesme ise mevcut kat1 atik
entegre tesisinin yerlesim alani igerisinde
kalmasma ve koku etkisinin kentin saglik ve
sosyal yasamimi olumsuz etkilemesine sebep
olmustur. Bu baglamda ¢aligmanin amaci, cografi
bilgi sistemleri ve ¢ok kriterli analiz yontemi
kombinasyonu ile kati atik tesisleri uygun yer
secimin degerlendirilmesi i¢in bir metodoloji
ortaya koymaktir. Calisma ile pek ¢ok cevresel ve
sosyo-ekonomik  faktér  sistematik  olarak
degerlendirilmistir. Caligma sonucunda ise karar
vericilerin dogru alan kullanim kararlarini

verebilmeleri  i¢in  gilivenilir, uygun ve
uygulanabilir somut verilerin elde edilmesi
hedeflenmistir.

2. Materyal ve Yéntem
2.1. Calisma alam

Tiirkiye’nin niifusu en yiliksek 5. kenti olan
Adana, Cukurova metropoliten alaninin da
merkezi konumundadir (37°00'N 35°19'E). Bu
alan ilkenin en verimli tarim arazilerini
kapsadigindan tarirm ve tarimsal  sanayi
gelismistir. Bu gelisme dnemli diizeyde istihdam
kapasitesi yarattigindan kirsal kesimden kente
yogun bir i¢ go¢ olusmustur. Boylece 1980’lerin
baginda 500.000 olan kent niifusu 2018 yilinda
yaklagtk  2.220.125’¢  yiikselmistir. ~ Kent,
aralarindaki sinirlart Seyhan nehri ve ana sulama
kanalinin belirledigi ve 2018 niifuslar1 parantez
iginde belirtilen dort ilgeye ayrilmistir: Cukurova
pomanyg % 1? L R b Rusya

=4
Bulgaristan [

DS

— Kibris® ‘
330 g0 LUbpen

A (Em isril Urdf)r;

(365.735), Sarigam (173.154), Seyhan (793.480)
ve Yiiregir (415.198) (TUIK, 2018) (Sekil 1).
Adana’nin 1985-2015 déneminde hazirlanan imar
plan ve iyilestirmelerinde dort ilge merkezinde de
artan niifusun konut gereksiniminin
kargilanmasina oncelik verilmistir. Bu durum,
hizl1 kentlesme ve niifus artisi ile birlikte kentsel
atiklarin  miktarmin  artmasma yol a¢mis ve
kentsel atiklarin depolanma gereksinimini ortaya
cikarmistir.

Adana Biiyiiksehir Belediyesi siirlart igerisinde;
15 adet ilge belediyesi yer almaktadir. Bu
belediyelerin  sorumlulugunda olan yerlesim
yerlerinden kaynakli kati atiklar 2011 yilindan
itibaren Adana Entegre Kati Atik Bertaraf
Tesisi’nde toplanmaktadir. Bu tesis ile ilgili bazi
sayisal veriler sunlardir: 1.800 ton/gilin evsel kati
atik, 4 adet aktarma istasyonu, 15 adet Semitrey
ile (her birinin kapasitesi ortalama 25 ton), hizmet
verdigi niifus 2.149.260 kisi, ve 2013 yil
verilerine gére atik miktar1  519.140,440
ton/yildir. Fakat son yillarda mevcut kat1 atik
tesisinin yerlesim alanlar1 igerisinde kalmasi,
gevreye ve kent yasamina olumsuz etkilerinin
bulunmasindan dolayr mevcut yer sec¢iminin
degerlendirilmesi ihtiyaci ortaya ¢ikmistir.

Arastirma alani olarak mevcut kati atik depolama
alaninin se¢ilmesinin ana nedenleri;

e Adana Sarigam ilgesinde yapilagmaya
oncelik tanmmmasindan dolayr mevcut
tesisin yerlesim alani icerinde kalmast,

e Depolama alanindan kaynakli gazlarin
kent sagligini olumsuz yonde etkilemesi,

e Koku etkisinin kentin sosyal yasantisini
olumsuz etkilemesi olarak siralanabilir.

Mevcut Kati Atik

Depolama,Sahast
Adana
)
" 2 A “
. \ ,
| — i — — ‘\ 2755
»

Sekil 1. Calisma alan1 sinirlari, Adana/Tiirkiye
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2.2. Yontem

Calismanin yontemi bes asamadan olusmaktadir
(Sekil 2):

e Kati attk tesisinin yer seg¢imin
uygunlugunun  belirlenebilmesi  igin
gerekli kriterlerin literatiir aragtirmasi ve
uzman goriisleri dogrultusunda
belirlenmesi

e Cografi Bilgi Sistemleri tabanli Cok
Katmanl Analiz yonteminin
uygulanmasi

o  Gerekli katmanlarin belirlenmesi,

o Uygun ve uygun olmayan alanlari

belirtecek sekilde siniflandirma
yapilmasi,

o Standardizasyon (Fuzzy yontemi ile
haritalarin ayn1 birime getirilmesi)

e Kati atik toplama tesisi yer se¢im
uygunlugunun haritalanmasi

e Kati attk toplama tesisi alaniin
uygunlugunun belirlenmesi ve
derecelendirilmesi

e Sonuglar  dogrultusunda  Onerilerin

gelistirilmesi

e
L[] Literatir

—Yasa/Yénetmelik

_| &Eg& Uzman Gériisl

| ALAN UYGUNLUK KRITERLERI

I
[ |

| COK KRITERLi ANALIZLER |

CEVRESEL SOSYO-EKONOMIK
FAKTORLER FAKTORLER
»| Katmanlarin belirlenmesi
| Su ytizeyleri | |Yerle§im/Endﬂstri |
| Hakim riizgar yénii | | Havaalani | &
Uygun ve uygun olmayan ﬁ-"
| Fay hatlan | |Gﬁrsel etki | alanlarin belirlenmesi C’}\
| Litoloji | |Yo||ar | . o
- - - Standardizasyon —

| Egim | | Boru/Elektrik hatlarii | (FuZzY) a
e
Yiikseklik Cakistirma @
|

Sonug ve Onerilerin Gelistirilmesi |

Sekil 2. Calismanin akis diyagrami

2.2.1. Verimlilik Kavramm ve Verimliligi

Artirmaya Yonelik Uygulamalar

Uygun bir depolama sahasimin segilmesinde,
cevresel, ekonomik, sosyolojik, teknik ve politik
yonden 6nemli olan en uygun yeri belirlemek icin
kapsamli bir degerlendirme siireci gerekmektedir
(Ersoy ve Bulut, 2009; Nas vd., 2010; Yildirim,
2012; Soltani vd., 2015). Ciinkii depolama sahas1
gevre, halk saglig1 ve giivenligi lizerinde olasi bir
etkiden kaginmali, diger dogal ve insan yapimi
sistemlerle herhangi bir etkilesimde bulunmasi
engellenmelidir (Gorsevski vd., 2012; Soltani vd.,
2015). Bu yiizden yer se¢iminin uygunlugunun
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degerlendirilmesinde en oOnemli ilkeler ¢evre
koruma, halk saglig1 ve giivenligidir (Kontos vd.,
2005; Oniit ve Soner, 2008; Sumathi vd., 2008).

Bu  belirlemeler  dogrultusunda
kullanilan  kriterler ulusal ve uluslararasi
yaymlanmig yazinlardan faydalanarak
belirlenmistir (Cizelge 1). Pek c¢ok c¢alismada
degerlendirme  kriterleri  ¢evresel,  sosyal,
ekonomik ve teknik faktorlerden ikisini ya da
ticiinii igerecek sekilde faktoér gruplari altinda
toplanmigtir  (Su vd., 2007; Ramjeawon ve
Beerachee, 2008; Tuzkaya vd., 2008; Ersoy ve
Bulut, 2009; Wang vd., 2009; Aragonés-Beltran
vd., 2010; Sener vd., 2010; Tavares vd., 2011;

caligmada
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Effat ve Hegazy, 2012; Eskandari vd., 2012;
Gorsevski vd., 2012; Nazari vd., 2012; Zelenovié
Vasiljevi¢ vd., 2012; Demesouka vd., 2013;
Gbanie vd., 2013; Motlagh ve Sayadi, 2015;
Torabi-Kaveh vd., 2016).

Bu calismada ise kriterler ¢evresel ve sosyo-
ekonomik olmak iizere iki faktdr grubu altinda
toplanmis, 8 ana grup ve 14 kriter depolama
alani1  degerlendirmek icin  belirlenmistir.
Cevresel faktorler hidroloji, hava, jeoloji, toprak
ve alan kullanimi ana kriterlerinden olugmakta
iken, sosyo-ekonomik faktorler sosyal ve tekno-

ekonomik ana  kriterlerinden  olusmaktadir.
Cevresel faktorler kati atik toplanma alanlarinin
cevreye verecegi zararlarin minimuma
indirgemesini  hedeflemekte  iken,  sosyo-
ekonomik faktorler ise kat1 atik toplama
alanlarmin  hem yapim hem de isletme
asamasindaki maliyetlerini minimum diizeyde
olmasimi saglayacak kriterlerden olusmaktadir.
Cizelge 1 alan kullanom  uygunlugunun
belirlenmesinde kullanilacak kriterlerin hiyerarsik
yapisini gostermektedir.

Cizelge 1. Alan uygunluk kriterlerinin hiyerarsik yapisi

.. ANA :
FAKTORLER KRITERLER ALT KRITERLER
Hidroloji Yiizey sular1 (goller, nehir, sulama kanallar1 vb.)
Hava Riizgar yonu
Jeoloji Fay hattina yakinlik
Litoloji
CEVRESEL Topografya Egim
FAKTORLER Baki
Yiikseklik
Toprak Toprak tekstiirti

Alan Kullanimi

Korunan alanlar (milli parklar, yaban hayat: koruma
ve gelistirme sahalari, sulak alanlar vb.), orman,
tarim, kiiltiirel alanlar (Arkeolojik, tarihi, turistik
alanlar vb.)

Sosyal

Yerlesim alanlarina yakinlik

Hava alanina yakinlik

SOSYO-EKONOMIK

Gorsel etki

FAKTORLER Tekno-ekonomik

Yoldan uzaklik

Elektrik, gaz ve gii¢ kaynaklarina yakinlik

2.2.2. Calismada kullanilan veriler

Depolama sahas1 se¢im siirecini etkileyen her bir
kriterin Cografi Bilgi Sistemi (CBS) ortaminda
haritalanabilmesi igin bir veri seti olusturulmus.
Bu veri setleri farkli veri tabanlar1 ve kurumlardan
saglanmistir. Toprak verileri, Tarim ve Koy Isleri
Bakanligi'ndaki Koy Hizmetleri Genel
Miidiirliigii'nden sayisal olarak temin edilmistir.
Verilerdeki bilgiler arasinda biiyiikk toprak
gruplari, mevcut arazi kullanimlari, arazi kullanim
kabiliyeti ve arazi tipi yer almaktadir. Adana sehri
icin her bir toprak birimi i¢in gecirgenlik ve
toprak tekstiirii bilgilerini igeren toprak hidrolojik
Ozellikleri onceki calismalar ve  bilimsel
raporlardan elde edilmistir. (Cilek, 2017; Cilek ve
Berberoglu, 2019). Alan  kullamimlarinin
siniflandirilmasinda  CORINE  arazi  ortiisii
siniflarindan faydalanilmigs ve Tarim ve Orman
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Bakanligi'ndan temin edilen veriler, yiiksek
¢ozlniirlikli uydu goriintilleri ve topografik
haritalar araciligiyla farkli alan kullanimlar
(yerlesim alani, havaalanlari, tarim alanlari, su
ylizeyleri, vb.) haritalanmistir. Ayrica egim, baki
ve yiikseklik haritalar1 30 m ¢6ziiniirliikkliit ASTER
uydu verisinden elde edilmistir. Litoloji, fay hatt,
akarsu ve ylizey suyu verileri 1/100.000 6lgekli
jeolojik haritalardan elde edilmistir. Yedi farkli
litolojik grup farkli kaya tiirlerine gore
smiflandirilmistir. Ek olarak, anayollar ve diger
tali yollart igeren yol ag1 haritast OpenStreetMap,
topografik haritalar ve yiiksek ¢6ztniirlikli uydu
goriintiilerinden elde edilen veriler dogrultusunda
sayisallagtirilmistir. Boru hatlari, Petrol Boru
Hatt1 Sirketi tarafindan, elektrik hatlar1 ise
Tiirkiye Elektrik Iletim Sirketi Bolge Ofisi
tarafindan dijital olarak saglanmstir.
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2.2.3. Cok katmanh analizler

Katt attk depolama arazileri i¢in alan
uygunlugunu belirlemek i¢in kullanilan CBS
ortaminda Fuzzy fonksiyon standardizasyonu ile
birlestirilmis ¢ok kriterli analizler metodolojinin
ikinci asamasidir. Karar verme siirecinde
giiniimiizde kullanilan en yaygin yontemlerden
birisi olan ¢ok kriterli analizlerin (MCA) temel
amaci, olas1 ¢oziimlerin karsilagtirilmasinda bir
belirleyici olarak, karar verme siirecinde coklu
kriterlerin entegrasyonunun saglanmasidir. Bu
sonuca ulasabilmek igin MCA degerlendirme
setlerine, alternatif  setlerine ve fikirleri
uygulayabilmek igin dogru tekniklere ihtiyag
duyulmaktadir.
MCA yapilan uygulamalarda degerlendirme
asamalarini 6zetlemek gerekirse;

e Gerekli katmanlarin belirlenmesi,

e Uygun ve uygun olmayan alanlari

belirtecek sekilde siniflandirma
yapilmasi,

e Standardizasyon (Haritalarin ayni birime
getirilmesi)

e Kriterlere ait haritalarin gakistirilarak
sonug haritasinin elde edilmesi

Katmanlarim Dbelirlenmesi: Bu c¢alismada,
belediye kati atik bertaraf tesisi yer sec¢iminin
uygunlugunun ¢evresel ve sosyo-ekonomik
yonden degerlendirilmesi ve analiz edilmesi
amaclanmistir. Bu baglamda, c¢alisma alani i¢in
cevresel ve sosyo-ekonomik faktorleri iceren
genis bir veri seti {iretilmigtir. Elde edilen
sonuglarin daha kolay ve anlasilir bir sekilde karar
vericiler tarafindan anlasilabilmesi igin farkli
ozellikleri iceren 14 degerlendirme kriteri dnceki
caligmalar araciligiyla belirlenmistir.

Uygun ve uygun olmayan alanlarin
belirlenmesi: Cok kriterli analizlerde O6nemli
noktalardan biri de ¢alisma alanina ait faktorlerin
ve kisitlayicilarin  (limitlerin)  belirlenmesidir.
Faktorler ve kisitlayicilar; spesifik alternatiflerin
uygunlugunu azaltan veya arttiran kriterlerdir. Bu
kriterler hedeflenen aktivitelere bagh olarak
belirlenmektedir. Kisitlayicilar, diistiniilen
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alternatiflerin sinirlarimi géstermektedir ve uygun
olan ya da olmayan alanlar olarak kesin sonuglari
belirtmektedir. Kisitlayicilar, Boolean haritast
olarak ifade edilir ve uygun alanlar igin 1, uygun
olmayan alanlar i¢in 0 degerini almaktadir.

Standardizasyon: Depolama alaninin
uygunlugunun saptanmasinda, belirlenen her bir
kriter farkli katmanlarda haritalanmistir. Fakat bu
asamadaki Onemli noktalardan birisi Fuzzy
fonksiyonlar1 temel alinarak standardizasyonun
saglanmasidir (Saaty, 1990; Saaty, 2008; Forman
ve Selly, 2002; De Feo ve De Gisi, 2014) .
Kriterler belirlendikten sonra, farkli 6l¢ii degerine
sahip olan haritalar ortak bir birime getirilmistir.
Faktorler 0-1 arasinda yeniden dlgeklendirilmistir.
0 degeri, uygun olmayan, ldegeri ise en uygun
alanlar1 temsil etmektedir. Standardizasyon adi
verilen bu  islemde, Fuzzy  yaklagimi
kullanilmigtir. Bu yaklasimda her bir Fuzzy seti
fonksiyonu degerlendirilerek bu setlere ait her bir
piksel icin degerlendirilme yapilir. Sigmoidal, J-
shaped ve dogrusal fonksiyonlar deger
Ol¢egindeki en yiiksek ve en diisik degerlerden
elde edilen kontrol noktalari ile bigimlendirilirler.
Ilk nokta fonksiyonun sifirdan yiikselmeye
basladigr alam temsil etmektedir. Ikinci nokta
fonksiyonun 1’e ulastig1 yerdir. Ugiincii nokta
fonksiyonun yeniden 1 den asagi dogru diismeye
basladigi alan ve 4. nokta ise fonksiyonun 0
degerine geri dondiigii alandir. The Sigmoidal ("s-
shaped") bicim Fuzzy seti teorilerinde en cok
kullanilan fonksiyondur ve kosiniis fonksiyonu
kullanilarak  iretilmistir. ~ Asagida  Fuzzy
fonksiyonun ihtiya¢ duydugu 4 adet kontrol
noktasina ait degerler verilmigtir. Bunlar
sigmoidal egri lizerinde a, b, ¢, d olarak Sekil 3’te
gosterilmistir:

a = fonksiyonun ‘0’ 1n izerine ¢iktig1
nokta

b = fonksiyonun ‘1’e ulastig1 nokta

¢ = fonksiyonun ‘1’ den azalmaya
basladigi nokta

d = fonksiyonun ‘0’oldugu nokta
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Sekil 3. Sigmoidal Fonksiyonlar (A) Monoton Olarak Artan, (B) Monoton Olarak Azalan, (C) ve (D)

Simetrik (Unal vd. 2019)

Sigmoidal fonksiyonuna ait {iyeler monoton
olarak artan, monoton olarak azalan, simetrik (iist
sol, iist sag, alt sol ve alt sag) sekilde
olabilmektedir. Fonksiyonun monoton olarak
arttig1l durumlarda b, ¢, d kontrol noktalari igin
verilen  degerler aymidir. Aymi  sekilde
fonksiyonun monoton olarak azaldigi durumlarda
ise a, b, ¢ kontrol noktalar1 ayn1 degere sahiptir.
Fuzzy uygulamasi ile ayni zamanda, Boolean

yaklagimi diginda (0-1, uygun degil-uygun),
yumusatilan  smurlar  da  (uygun  olabilir)
olusturulmaktadir.

Cakistirma: Cok kriterli analizlerin son agamasi
ise farkli kaynaklardan elde edilen farkli

Olceklerdeki verilerin standardize edilerek farkli
veri formatindaki verilerin (point, line, polygon)
cakistirilmasidir. Boylece karar verme siirecinde
farkli kisitlayicilarin dahil edildigi en uygun
sonu¢ elde edilebilecektir (Carver, 1991).
Calismanin bu asamasinda standardize edilen her
bir kritere ait ayrt bir uygunluk haritasi
olusturulmus ve bu haritalarin  gakigtiritlmasi
sonucunda sonug haritasi elde edilmistir. Kati atik
tesisi depolama sahasinin uygunluk smifi 5°li
Likert 6lgegi araciligi ile belirlenmistir (Cizelge
2).

Cizelge 2. Yer secim uygunlugunun Likert 6l¢egine gore siniflandirilmasi

Puan Sinifi Uygunluk Simifi Renk
% 0-20 Cok diisiik
%20,01-40 Diisiik
%40,01-60 Orta
%60,01-80 Yiiksek
9%80,01-100 Cok yiiksek i

3. Bulgular

Kati atik depolama tesisinin yapim ve isletme
asamasinda c¢evre ve halk saglhigina verebilecegi
zararlarin en diisiik seviyede olmasina Ozen
gosterilmelidir. Bu yiizden ¢alismanin
yonteminde de bahsedildigi gibi alan sec¢iminin
uygunlugunu degerlendirmede kullanilacak olan
kriterlerin belirlenmesi biiylik 6nem tagimaktadir.
Calismada diger 6nemli bir adim ise belirlenen
kriterlerinin secilme sebepleri ve fuzzy yontemi
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ile degerlendirme yapilabilmesi i¢in gerekli olan
smir degerlerinin belirlenmesidir. Bu kapsam
dogrultusunda son 10 yili iceren 28 adet ¢aligma
incelenmis ve ¢evresel ve sosyo-ekonomik olmak
tizere 2 faktor altinda toplanan 14 kriter depolama
alaninin uygunlugunun degerlendirilmesi igin
sec¢ilmistir. Kriterlerin belirlenmesinde alanda
kullanilabilirligi, veri erisilebilirligi ve farkh
bolgelerde de caligma yonteminin
uygulanabilirligi ~ dikkate — alinmistir.  Aym
zamanda c¢alismalarda en ¢ok kullanilan kriterler
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ve kriterlere ait degerler uzman goriisleri edilen ozellikler Cizelge 3’te, degerlendirme
tarafindan  degerlendirilerek  se¢ilmigtir. Bu araliklar1 ise Cizelge 4’te verilmistir.
dogrultuda kriterlerin degerlendirilmesinde dikkat

Cizelge 3. Alan uygunluk kriterlerinin degerlendirme 6zellikleri

Degerlendirme Kriterlerinin Ozellikleri

1. Yeriistii su kaynaklari

Tiirkiye Su Kirliligi Kontrol Yo6netmeligi (2004) ve literatiir incelemelerine gore (Dorhofer ve
Siebert, 1998; Kontos vd., 2005; Akbari vd., 2008; Ramjeawon ve Beerachee, 2008; Wang vd.,
2009; Moeinaddini vd., 2010; Nas vd., 2010; Sener vd., 2011; Gorsevski vd., 2012; Alavi vd., 2013)
depolama alani su kaynaklarini kirletebilecegi i¢in 6nemli su yiizeyleri (gol, nehir, kanallar, vb.)
yakininda konumlandirilmamalidir. Ayrica yaban hayatinin tiremesi ve gelismesi icin 6nemli sulak
alan kenarlarinda, evsel ve tarimsal sulama i¢in kullanilan su kaynaklari (kuyu, nehir, baraj golii,
vb.) yakinlar1 da ¢op depolama alani i¢in uygun sayilmamaktadir. Aksi takdirde insan ve g¢evre
tizerinde geri doniisii olmayan etkilere sebep olabilmektedir (Effat ve Hegazy, 2012; Aydi vd.,
2013). Bu nedenle depolama alani olarak segilen yerin herhangi bir su yiizeyine 500 m” den fazla
yakin olmamasi gerekmektedir.

2. Riizgar yonii

Kat1 atik depolama alaninin hakim riizgar yoniinde konumlandirilmas: ve yerlesime yakin olmasi
tesisten kaynakli kotii koku ve zararli gazlarin yerlesim alanlarma tasinmasina sebep olmaktadir
(Ramjeawon ve Beerachee, 2008; Ekmekgioglu vd., 2010; Sener vd., 2010; Demesouka vd., 2013;).
Koku genellikle havada ¢ok diisiik konsantrasyonlarda ¢oziinen kimyasal maddelerden
kaynaklanmaktadir ve atik alanlarin yakinlarinda yer alan insanlar igin ¢esitli saglik sorunlarina
neden olabilir (Wu vd., 2018). Bu yiizden kokudan kaynakli olumsuz etkileri 6nleyebilmek i¢in bu
aragtirmada hakim riizgar yonii dikkate alinmalidir (Sener vd., 2011; Demesouka vd., 2013; Torabi-
Kaveh vd., 2016). Tiirkiye Ulusal Meteoroloji Ajansi'ndan 6lgiilen veriler, giineybati-kuzeydogu
riizgarlarinin ¢aligsma alaninda hakim riizgar yonii oldugunu gostermektedir. Bu nedenle, riizgarlarin
ortak etkisi altinda kalan bolgeler yerlesim yerlerine gore en diisiik agirlik degerlerine sahip
olmustur.

3. Fay hatlarina yakinhk

Fay hatlar1 genellikle yiiksek gecirgenlikte ve gozenekli yapidadir. Bu durum fay hatlari iizerinde
veya yakininda yer alan depolama tesislerinden kaynakli yer alti su kaynaklarinin herhangi bir
deprem sonrasinda kirlenmesine neden olabilmektedir. Bu nedenle fay bolgesine yakin alanlarda
deprem kaynakli riskleri onlemek igin dikkat edilmesi gereken Onemli faktorlerden birisidir
(Tuzkaya vd., 2008; De Feo ve De Gisi, 2010; Moeinaddini vd., 2010; Effat ve Hegazy, 2012;
Gorsevski vd., 2012; Demesouka vd., 2013).

4. Litoloji

Jeoloji kat1 atik depolama alanlarina uygunluk kriterini planlamada 6nemli bir rol oynamaktadir.
Bolgeye 6zgii jeolojik 6zelliklerin dagilimi farkli kayag tiirlerine rocks (Ramjeawon ve Beerachee,
2008; Demesouka vd., 2013;). Segilecek alanin kayag tipine gore ylizey gegirgenligi kategorize
edilerek belirlenmis ve en uygun alanlar degerlendirilmistir (Gorsevski vd., 2012; Demesouka vd.,
2013). Calismalar incelendiginde, aliivyon ve kiregtast alanlarinin silt, kum ve ¢akil oranlarindan
dolay1 gecirgenliklerinin yiiksek olmasi ve yeralt1 su kaynaklarinin kirlenmesine yol acabilecekleri
diistincesi ile uygun olmadig1 sonucu elde edilmistir. Diger yandan tamamen diisiik hidrolik
iletkenligi olan kil katmanlarindan olusan karasal ¢okeltiler en uygun alanlar olarak
degerlendirilmistir (Sener vd., 2011; Aydi vd., 2013).

CEVRESEL FAKTORLER
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CEVRESEL FAKTORLER

5. Egim

Arazi ylizeyinin egimi depolama alaninin uygunlugunun belirlenmesinde 6nemli faktdrlerden
birisidir. Yiiksek egime sahip alanlar insaat, kazi ve bakim maliyetlerini arttirmakla birlikte erozyon,
toprak kaymasi, infiltrasyonun azalmasi, toprak ve su iceriginin kirlenme riski, kara ve yer alt1
akisinin hizi gibi birgok onemli peyzaj siireglerini etkilemektedir. Ayrica yiiksek egimler kati atik
tesisine ulagim ve kati atiklarin bertaraf edilmesinde maliyetin artmasina sebebiyet vermekte iken
diiz alanlar veya diisiik egime sahip alanlarda ise fazla suyun tahliye edilmesi yani drenaj problemleri
ortaya ¢ikmaktadir. Bu yiizden ¢ogu calismada %10 egimden diisiik %30 egimden yiiksek alanlar
uygunluk agisindan degerlendirme dis1 tutulmustur (Gemitzi vd., 2007; Tuzkaya vd., 2008; Wang
vd., 2009; Nas vd., 2010; Sener vd., 2010; Tavares vd., 2011; Gorsevski vd., 2012; Aydi vd., 2013;
Demesouka vd., 2013).

6. Baki

Bu asamada bakinin degerlendirilmesinde alanin hakim riizgar yonii dikkate alinmistir (Sener vd.,
2010; Gbanie vd., 2013;). Depolama alanindan kaynakli koku etkisi ve hava kirliligi riizgar ile
taginarak yerlesim alanlarini etkileyebilmektedir. Bu yiizden c¢alisma alaninda 30x30 m
coziiniirliiglinde goriintl ve dijital yiikseklik modeli aracilig ile alanin baki haritasi elde edilmis.
Her bir pikselin hakim riizgar yonii ve kentle olan iliskisi kurularak yerlesime gore riizgar yoniinde
bulunan bolgeler diisiik uygunlukta, bulunmayan bolgeler yiiksek uygunlukta olacak sekilde
degerlendirilmistir (Sener vd., 2010; Effat ve Hegazy, 2012; Gbanie vd., 2013).

7. Yiikseklik

Yiikseklik, atik bertaraf isleminde ¢ok Onemli bir faktordiir. Yiiksek alanlar, yiiksek bertaraf
maliyeti, alanin goriinlirligiiniin fazla olmasi, hakim riizgardan korunmada yetersizliklerin
olmasindan dolay1 uygunsuz sayilir. Diger yandan da deniz seviyesine yakin konumlandirilan
depolama alanlar1 temiz su kaynaklarinin kirlenmesine sebep olabilmekte ve drenaj problemleri ile
karsilasilabilmektedir. (Ekmekg¢ioglu vd., 2010; Aydi vd., 2013; Demesouka vd., 2013). Bu yiizden
uygun alanlar ne yapim ve isletme asamasinda maliyetleri arttiracak kadar yiiksekte olmali, ne de
drenaj ve ¢evre problemlerine yol agabilecek kadar al¢akta olmalidir (Kontos vd., 2005; Akbari vd.,
2008; Ekmek¢ioglu vd., 2010).

8. Toprak tekstiirii

Toprak tekstiirii, yeralt1 suyunun kirlenme riskini belirlemede dnemli bir rol oynamaktadir ve bu
nedenle belirli bir alanda bir depolama sahasmin uygunlugunun belirlenmesinde anahtar
kriterlerdendir (Sumathi vd., 2008; Effat ve Hegazy, 2012;). Alanda bulunan toprak stabil olmali
ve ana topragin gecirgenligi miimkiin oldugunca az olmalidir (Ramjeawon ve Beerachee, 2008).
Bolgedeki toprak gecirgenlik ozellikler goz oOniinde bulunduruldugunda bu kriter 3 grupta
degerlendirilmistir. Yiiksek gegirgenlige sahip kumlu ve kum icerigi yiiksek topraklarin uygunlugu
en diisiik diizeyde, orta diizeyde ve nispeten daha az gegirgen olan kumlu-killi topraklar orta diizey,
ve neredeyse ¢ok az gecirgenlige sahip killi ve kil igerigi yiiksek toprak tiirleri ise en yiiksek diizeyde
uygunluga sahiptir (Sener vd., 2011; Gorsevski vd., 2012; Aydi vd., 2013; Demesouka vd., 2013).
Killi topraklar gegirimsizlik ve gelen suyu filtreleme 6zelliklerinin yiiksek olmasindan dolay1 en
yiiksek diizeyde uygun bulunmaktadir.

9. Arazi ortiisii ve alan kullamimlari

Kat1 atik depolama alaninin bulundugu bolgedeki arazi ortiisii ve alan kullanimlarinin belirlenmesi
ozellikle cevresel ve sosyal agidan etkilenmelerin en diisiik diizeyde olmasimi saglamak agisindan
onemlidir (Tavares vd., 2011). Bu ¢alismada, CORINE arazi ortiisti siniflar1 dikkate alinarak 6nceki
caligmalardan elde edilen depolama alaninin uygun konumlanabilecegi alanlar belirlenmistir. Sonug
olarak tarima elverisli alanlar 6zellikle 1. ve 2. simif tarim topraklari, kentsel alanlar, sulak alanlar,
korunan alanlar, tarihi ve kiiltiirel alanlar ¢cop depolama alanlarina uygunlugu degerlendirilirken
oncelige sahip degildirler (Wang vd., 2009; Aragonés-Beltran vd., 2010; De Feo ve De Gisi, 2010;
Ekmekg¢ioglu vd., 2010; Moeinaddini vd., 2010; Sener vd., 2011; Tavares vd., 2011; Effat ve
Hegazy, 2012; Gorsevski vd., 2012; Alavi vd., 2013; Aydi vd., 2013). Fakat maden sahalari,
santiyeler, moloz yigma alanlari, bitki drtiistiniin seyrek ya da hi¢ olmadi bdlgeler depolama alanlari
icin oncelikli alanlar olarak karsimiza ¢ikmaktadir (Wang vd., 2009; Moeinaddini vd., 2010; Sener
vd., 2011; Gorsevski vd., 2012; Alavi vd., 2013; Demesouka vd., 2013).

Cizelge 3. iin devami1
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SOSYO-EKONOMIiK FAKTORLER

10. Kentsel yerlesim ve endiistriyel alanlardan uzakhk

Cop alanlann koku ve giiriilti yayilim, gorsel peyzaj kalitesinin azalmasi, miilk degerinin
azalmasina, tatli su akiferlerinin kirlenmesinden dolay1 saglik problemlerinin olusmasi gibi olumsuz
sonuglara yol agabilecegi i¢in kentsel yerlesim alanlar1 ve endiistriyel alanlardan miimkiin oldugunca
uzakta konumlandirilmalidir (Wang vd., 2009; Aragonés-Beltran vd., 2010; Moeinaddini vd., 2010;
Nas vd., 2010; Tavares vd., 2011; Effat ve Hegazy, 2012; Gorsevski vd., 2012; Aydi vd., 2013).

11. Havaalanindan uzakhk

Cop depolama alanlarinda kuslarin beslenmesinden dolay1 yiiksek sayida kusun yer almasi ve
depolama alanindan salinan gaz, toz ve partikiillerin havada bulunmasindan dolay1 ugaklarin inis ve
kalkiglarinda giivenlik problemi ortaya ¢ikmaktadir (Wang vd., 2009; Moeinaddini vd., 2010;
Demesouka vd., 2013;). Bu yiizden havaalanlarina giivenli bir mesafede konumlandirilmasi
gerekliligi ortaya ¢ikmaktadir. Onceki caligmalar temel alindiginda havaalam cevresindeki 3 km
yarigapa sahip alanlarda depolama alaninm bulunmasinin uygun olmadig1 sonucu elde (Kontos vd.,
2005; Effat ve Hegazy, 2012; Demesouka vd., 2013). Bu ¢alismada da belirlenen mesafe igerisinde
kalan alanlar uygun olmayan alanlar olarak belirlenmistir.

12. Peyzaj ve gorsel etki

Depolama sahalarmin goriis alan1 igerisinde goriinmesi estetik acidan rahatsiz eden ve peyzajin
gorsel kalitesini bozan unsurlardan birisidir (Tavares vd., 2011). Kati atik depolama sahasinin
karayollarindan, demiryollarindan ve yerlesim yerlerinden goriinmesi peyzaji olumsuz yonde
etkileyecektir. Bu yiizden her bir pikselin yoldan goriiniirligii analiz edilmistir (Moeinaddini vd.,
2010).

13. Yoldan uzakhk

Depolama sahasi tiim hava sartlarinda alternatif yollarla ulasabilecek bir yerde bulunmalidir (Cevre
ve Orman Bakanligi, 1991) (Sener vd., 2006; Sener vd., 2010, Sener vd., 2011). Fakat depolama
alanlar1 yatirim ve islerme agamasindaki maaliyeti cok fazla arttirmamasi i¢in mevcut yol agindan
¢ok uzakta olmamalidir (Ramjeawon ve Beerachee, 2008; Aragonés-Beltran vd., 2010; De Feo ve
De Gisi, 2010; Nas vd., 2010; Gorsevski vd., 2012; Alavi vd., 2013; Aydi vd., 2013).

14. Elektrik ve boru hatlarina uzakhk

Ekonomik diisiince, depolama alanlarinin degerlendirilmesinde her zaman 6nemli rol oynamaktadir.
Bu nedenle, enerji hatlar1 ve boru hatlar1 depolama alanina ne kadar yakinsa, yatirim maliyetlerini
diisiirmeye yardimei oldugu igin o kadar iyidir (Aragonés-Beltran vd., 2010; Tavares vd., 2011; Effat
ve Hegazy, 2012; Ghanie vd., 2013). Ote yandan, elektrik hatlar1 ve boru hatlar1 atik depolama
alanindan giivenli bir mesafede olmalidir, ¢iinkii depolama sahasi bunlara zarar ( Moeinaddini vd.,

2010; Demesouka vd., 2013).

Ozet olarak, cevresel risklerin 6nlenmesi ve halk
saghigina kirlilik etkisinin azaltilmasi igin bir
depolama sahasi kurulmali ve tasarlanmalidir.
Depolama sahalari igin sinirli alanlar arasinda dik
yamaglar, kentsel yerlesimler ve sanayi bolgesi,
havaalanlari, yilizey su kiitleleri, faylar, baskin
rlizgar yoni, arazi kullanimi ve son olarak litoloji
bulunmaktadir. Depolama sahasit bu kriterlere
gore yerlestirilmelidir. Ote yandan, atik depolama
sahasi, karayolu gelisimini korumak, mevcut
yollara ulasim maliyetini azaltmak ve atik iiretim
merkezi yatirim maliyetlerini azaltmak igin
elektrik ve boru hatlarina miimkiin oldugunca
yakin yerlestirilmelidir. Bu ¢alisma, kismen ilgili
Kat1 Atik Kontrol Yonetmeligi’'ne ¢cogunlukla ise
cevresel ve sosyo-ekonomik faktorleri hesaba
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katan uluslararast uygulamalara dayandirilmigtir.
Boylece c¢alisma  metodolojisi  ulusal  ve
uluslararasi ¢aligmalardan elde edilen degerler
dogrultusunda farkli c¢alisma alanlarinda da
uygulanabilir hale gelmistir.

CBS veri tabaninda hazirlanan veriler, ayni dlgege
getirilmesi icin Fuzzy yontemi kullanilmistir.
Yontem ile veriler yapilan 6nceki caligmalarin
incelenmesi, yonetmelikler ve uzman goriisleri
dogrultusunda 0 ile 1 arasinda
standartlastirilmustir. Olgiitlere uygulanan Fuzzy
fonksiyon ve kullanilan degerler Cizelge 4'te ve
Fuzzy uygulamasi sonucunda ayni 6l¢ii birimine
getirilmis haritalar ise Sekil 4'te verilmistir.
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Cizelge 4. Kriterler degerlendirilmesinde kullanilan deger araliklar1 ve Fuzzy fonksiyon tipleri (Unal vd.

2019)
Alan Uygunluk Kontrol noktalar1 Fuzzy
Kriterleri a b [ d fonksiyonlari
. Increasing - S
Yiizey sulari 500 m 2000 m - - shaped
Hakim riizgar yonii 45° 135° 135° 225° Symmetric
gary 225° 315° 315° | 360° sigmodial
Fay hattina yakinhk 500 m 1000 m Increasing - S
shaped
Kumullar Kirintili ve
Litoloji Neritik kltaksal k1|r1nt111 Increhasmg -S
kalkerler ayacar, shape
Karbonat kayalar
Egim % 10 % 40 Decreasing - S
shaped
Balkt 45° 135° 135° 225° Symmetric
225° 315° 315° 360° sigmodial
. . Decreasing - S
Yiikseklik 100 m 250 m shaped
Toprak tekstiirii Kumlu Killi Increasing - 5
shaped
CORINE
Alan kullanimi ve kodu: CORINE kodu:
arazi ortiisii 120,211,400,5 133
00
Yerlesim ve Svmmetric
endiistriyel 1000 m 7500 m - | 14000 m il
alanlardan uzakhk 9
Havaalanindan Increasing - S
uzakhk 3000 m 8000 m shaped
. " . Decreasing - S
Peyzaj ve gorsel etki om 10000 m shaped
Yoldan uzakhk 500 m 2000 m Decreasing - S
shaped
Elektrik ve boru Increasing - S
hatlarina uzakhk 100m 500 m shaped

Cizelge 3’teki kaynaklardan faydalanmistir.

Cizelgedeki sayisal verilerin olusturulmasinda olgiitlerin degerlendirme 6zelliklerinin agiklandigt

On dort adet standart hale getirilmis kriterler 0 ile
1 arasinda siyah- beyaz renk oOlgeginde her bir
kriter i¢in ayri ayr1 haritalanmistir (Sekil 4).
Haritalarda siyah alanlar kriterlerin uygun oldugu
bolgeleri gosterir iken, beyaz alanlar ise
belirlenen degerler diginda kalan uygun olmayan
bolgeleri  gostermektedir.  Ayrica  calisma

99

kapsaminda degerlendirilen kriterlerin yer se¢im
uygunlugunu degerlendirmede esit diizeyde
o6nemli oldugu diisiincesi ile kriter
agirhiklandirmast yapilmamistir. Bdylece sonug
haritas1 {izerinde her bir kriter aynm Onem
derecesine sahip olacaktir.
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Sekil 4. Standardize edilmis her bir kriter i¢in uygun alanlarin haritalanmasi

Sekil 4 incelendiginde mevcut kat1 atik tesisi
yerlesim alanma ve Incirlik Askeri Hava Alanina
cok yakin konumlanmasindan dolay1 ¢ok diisiik
uygunluk degeri almistir. Ayrica alanin hakim
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riizgar yoniinde olmasi, tesisten kaynakli zararlt
gazlarin ve kokunun kente taginmasina sebep
olacagi i¢in, bu yonden de uygun bulunamamustir.
Calisma alaniin mevcut yol agina yakin olmasi
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¢Oplerin  transfer iglemi ag¢isindan olumlu
degerlendirilirken, kotii  goriintiilere  sebep
vermesinden dolay1 peyzaj ve gorsel kaliteyi
olumsuz yonde etkilemektedir. Dogalgaz ve
elektrik hatlarina uygun mesafede olmasi ise
ekonomik yonden olumludur. Ekolojik agidan
kriterler ~degerlendirildiginde, g¢alisma alam
filtreleme ozelligi yliksek olan killi toprak
tekstiiriine sahip, ayni zamanda mevcut su
yiizeylerine zarar vermeyecek mesafededir. Arazi
Ortlisiiniin tarim, mera ve c¢ayir alani olarak
siniflanmasi, gecirgenligi ve gozenekliligi yiiksek
olan karbonatli kaya¢ ve traverten gibi litolojik

Ozelliklere sahip olmasindan dolay1r ise orta
derecede uygun bulunmustur. Alanin egimi %0-
10 arasinda degismekte ve alami smirlari
icerisinde  baki  ¢esitlilik  gostermektedir.
Yiikseklik acgisindan ise belirlenen degerler
disinda  kalmasindan  dolay1  hi¢  uygun
bulunmamustir. Biitiin bu belirlemeler
dogrultusunda katmanlarin ¢akistirilmasi ile elde
edilen sonu¢ haritasinda ¢alisma alanmnin
uygunlugu %56 ile orta derece uygun
bulunmustur (Sekil 5).

Kati Atik
Tesis Uygunlugu

[ Meveut Kati Atik Depolama Sahasi _ High : 1

Kati Atik Tesisi
Uygunluk Haritasi

,? 7 ~ Korunan Alanlar
— Low:0

Sekil 5. Kati atik depolama sahasi uygunluk haritast

4. Tartisma ve Sonugclar

Diinyada kati atik depolama alanlariin yapim ve
isletme agsamalar1 pek ¢ok yerel yonetim ve karar
vericiler tarafindan en 6nemli konulardan birisi
olmustur. Hizli niifus artist  sonucunda
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yapilasmaya Oncelik taninmasit ile birlikte
Adana’da yer alan mevcut kati atik entegre tesisi
yerlesim alani igerisinde kalmis, artan kati atik
dretimini karsilamakta kapasite olarak yetersiz
kalarak gerek c¢evre gerckse sosyal yasam
lizerinde olumsuz etkilerini hissettirmistir. Biitiin
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bu belirlemeler dogrultusunda Adana’da ikinci bir
kat1 atik entegre tesisi insaatini s6z konusu
olmustur. Bu sebepten birinci katt atik sahasinin
yer se¢cim uygunlugu incelenmis ve yeni
planlanan alanlarda benzer sorunlardan kagimmak

icin pek c¢ok farkli unsurun g6z Oniinde
bulunduruldugu calisma metodolojisi
olusturulmustur.

Kat1 atik yonetimi ¢evresel, teknik, kentsel yasam
kalitesi, halk saglig1 ve sosyal yasam gibi pek cok
farkli  faktorlerin  anlasilmasimi  gerektiren
karmasik bir karar verme siirecidir. Onceki
calismalar incelendiginde bu karmagik karar
verme siireci lizerine ¢esitli ¢alismalar yapilmis
ve alan uygunluklarinin degerlendirilmesinde ¢ok
katmanli analiz yontemleri kullanilmistir. Bu
calismada da g¢ok katmanli analizler ve Fuzzy
yontemi alan uygunlugunun degerlendirmesi ve
siniflandirmasinda  yardimer  olmustur. Fuzzy
yontemi  ile  farkli  faktorler  arasindaki
belirsizlikler tanimlanmig ve karar vermedeki
karmasik siire¢ kolaylastirilmistir. Calismada
politik ve finansal/ekonomik kisitlamalar (tesisin
alan biyikligi, yatirim/isletme asamasindaki
maliyetler vb.) plan ve politikalara gore
degisebilir ve gelistirilebilir olmalarindan dolay1
degerlendirme disinda tutulmusken, degistirilmesi
ve geri doniisiimii zor olan, insan ve yaban hayati
acisindan siirdiiriilebilirliginin saglanmasi gereken
onemli c¢evresel faktorler ve sosyo-ekonomik
faktorler  altinda  toplanmis 14 kriter
degerlendirmeye dahil edilmistir. Konu ile ilgili
literatiir, yasa ve yonetmeliklerin incelenmesi ve
uzman goriislerinin  alimmasi sonucunda bu
kriterlere ait degerlendirme araliklar1 elde
edilmistir. Bu degerler Fuzzy yonteminde 0 ve 1
olan fonksiyon kontrol noktalarmin belirlenmesi
ve kriterlerin standardizasyon siirecinde kritik
oneme sahip olmustur. Ciinkii farkli deger
araliklarina  sahip  farkli  olgeklerdeki  her
degiskenin fiziksel anlammi g6z Oniinde
bulundurmak sonug haritasinin dogru
yorumlanabilmesi acisindan 6nemlidir. Calisma
da tiim kriterlerin standardizasyonu ile birlikte her
bir kriter i¢in ayr1 ayr1 uygunluk haritalar1 CBS
araciligt  ile olusturulmus ve haritalarin
cakistirilmasi sonucunda alan uygunluk haritasi
elde edilmistir.

Degerlendirme sonucunda mevcut kati atik
depolama alani orta diizeyde uygun ¢ikmistir. Bu
durum yeni yapilacak ya da yapilmasi planlanan
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kati atik tesislerinde benzer problemlerle
karsilagilmamasi igin uygun yer seciminde dikkat
edilmesi gereken unsurlari ortaya koymaktadir.
Kriterlerin degerlendirilmesinde son 10 y1il1 igeren
ulusal ve wuluslararast pek ¢ok caligmadan
faydalanilmigtir. Bu yonii ile ¢aligmanin farkl
bolgelerde yer alan benzer c¢alismalarin
degerlendirilmesinde karar vericilere yol gosterici
olmas: beklenmektedir. Ayrica yeni yapilmasi
planlanan tesislerin yer se¢imlerine karar vermede
ilgili farkli otoritelerin bir araya gelmesini
saglamaya yardimci olmakta ve alanin neden
secildigi ile ilgili somut verilere dayali bir
yaklagim gergeklestirmeyi saglamasi
amaglanmustir.
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Abstract: JP-8 fuel used in the aviation industry, especially in military fields, is used as a common
military fuel between NATO countries. As the basic substance of JP-8 fuel, kerosene flares at high
temperatures directly increases aircraft safety and freezing point is around -49 ° C, it is advantageous to
use easily in fuel systems. In this study, the effects of jp-8 and diesel fuel mixtures on engine performance
were investigated experimentally. A 3-cylinder, four-stroke, turbocharged diesel engine with pump
injector fuel system was used for this purpose. 5% JP8 was added to diesel fuel. It was used as a fuel in the
engine and the obtained values were analyzed according to the diesel fuel..
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1. Introduction

Since the industrial revolution, industrial energy
has been suppied by fossil fuels. It leads to an
incease in the atmosphere of the Earth and the rate
of cabon dioxide and harmful compounds
(Sungur, Topaloglu 2018). To reduce the amount
of crude oil in the environment and to limit the
use of alternative fuels for internal combustion
engines. In this frame, it is important that the fuel
is a propellant (JP) fuel, JP- 8. In order to improve
the efficiency of the fuel distribution system, the
US Department of Defense (DoD) introduced a
single fuel (JP-8) policy for all its air and ground
vehicles. JP-8. Ultra Low Sulfur Diesel. Thus, it
is very important, to study the autoignition,
combustion, and emissions characteristics of
different types of JP-8 fuels used in military
diesel engines (Wei, Liu et al. 2019). Unlike
conventional diesel fuels, JP-8 has a wide
variation, in particular cetane number, volatility
and formulation. One of the reasons for the
change in JP-8 properties may be refinery and
unrefined oil sources. (Uyumaz, Solmaz et al.
2014).
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Turbocharged diesel suggestion of high power
density, hardness and reasonable reliability. While
the Commercial World relies on fuels specifically
designed for use in diesel engines, the reduction
of army logistics has reduced the total number of
fuels. (Fernandes, Fuschetto et al. 2007, Lee and
Bae 2011, Asokan, Senthur Prabu et al. 2019).
Further, one for both airplane jet engines and
vehicle diesels offers a chance for great benefits
in weather conditions. (Sundararaj, Kumar et al.
2019).

JP-8 or JP8 (for "Jet Propellant 8") is a jet fuel
used in a variety of US military. MIL-DTL-83133
and British Defense Standard 91-87 and similar to
Jet A-1 of commercial aviation, but with the
addition of corrosion inhibitor and anti-icing
additives (Ning, Duan et al. 2019, Sogut, Sec¢gin
et al. 2019).

A kerosene-based fuel, JP-8 is projected to remain
in use at least until 2025. It was beginning
introduced at NATO bases in 1978. Its NATO
code is F-34. The various properties of JP-8 fuel
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are shown in Table 1(Lee and Bae 2011, Lee, Oh
etal. 2012, Lee, Lee et al. 2015).
2. Material and Method

From fossil diesel fuel and JP-8 fuel. This mixture
was prepared by adding 5% by volume JP-8 to the
diesel fuel. He opened the chamber of the newly
prepared fuels and was allowed to bind within 48
hours and any phase separation and collapse were
observed. Before all tests, the fuel system was
flushed from the previous fuel. The engine is

heated to operating temperature. The tests were
repeated 3 times and averaged the measured
values.

This level has a tester consisting of diesel engine
and hydraulic dynamometer to compare diesel
fuel and JP8 diesel fuel. A Volkswagen brand
three-cylinder, four-stroke, water-cooled pump
injector diesel engine is used in the experiments.
2. The manufacture of a hydraulic dynamometer
with a shear power of 100 kW in the experiments.

Table 1. Diesel and JP8 Properties

Froperty Diesel JP-8 Test Method
Density @ 15°C, kg/L 0.8334 0.8001 ASTM D-1298
Distillation, °C ASTM D-86

10% Rec. Temperature 218 151

50% Rec. Temperature 283 200

90% Rec. Temperature 348 238
Sulfur Content, % wt 0.033 0.2532 ASTM D-4294
Copper Strip Corrosion 1A 1A ASTM D-130
Flash Point 65 445 (D-56) ASTM D-93
Kin. Viscosity @ 40°C, cSt 292 (40°C) 4.05 (-20 °C) ASTM D-445
Cetane Index 57 53 ASTM D-4737
Cetane Number 55 51 FuelTech I1QT
CFPP 7 n/a IP-309
Freezing Point n/a -48 ASTM D-2386
WSD, pm 455 720 CEC F-06-A-96
Conductivity (pS/m) nfa 420 ASTM D-2624

Table 2. The technical characteristics of the diesel engine used in the study

Type of engine 4 stroke
Engine volume 1422 cc
Number of cylinders 3
Diameter of cylinder 79.50 mm
Stroke length 95.50 mm

Maximum power
Maximum Torque

52 kW @ 4000 rpm
155 Nm @ 1600 rpm

Compression ratio 19.5:1
Fuel system Pump injector
Fuel Type Diesel
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The characteristics of the engine dynamometer used in the experiments are given in Table 3.

Table 3. The characteristics of engine dynamometers

Model BT-190 FR
Capacity 100 kwW
Maximum rotation 6000 rpm
Maximum torgque 750 Nm

The technical information on the exhaust emission device used in the experiments is given in Table 4.

Measurement Ranges Unit Value
CO % 0-9.99
CO. % 0.19.99
HC ppm 0-2500
Iy % 0-1.99
07) % 0-20.8
NOXx ppm 0-2000
Operation temperature °C 5-40
Supply voltages \ 12

The test setup is shown in Figure 1.

Intake Air 3 5
— 4
P )
B . ( = 1. Test Engine
ﬂ: 2 M * 2. Dynamometer
' 3. Air mass sensor
6 4. Pressure sensor

seduee 5. Dynamometer controller
N 6. Data acquisition system
—

Exhaust Gas <t |

Figure 1. Engine test equipment
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Figure 2. Variation of engine power with engine speed

The changing of the engine torque values is
shown in Figure 3. The engine torque numbers
showed a reduction with the reduction of the
engine brake power. When this shape is analyzed,
it can be shown that the max. torque numbers is

gain at 2000 rpm. Engine torque at 2000 rpm is
measured as 81 Nm with diesel fuel use. The
values are very close to each other when using
both fuels.
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Figure 3. Variation of engine torque with engine speed

The values of specific fuel consumption
according to engine speed can be seen in Figure.
4. The lowest specific fuel consumption with all
fuels was achieved in the range of 1950-2200
rpm. At this rpm, the use of the JP8 compared to
the diesel fuel and the specific fuel consumption
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values up to 10% increased. Due to the low
heating value of the JP8 fuel, the fuel
consumption and specific fuel consumption of the
pump increases by using diesel fuel, sending more
fuel owing to the pump to gain near power.
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Figure 4. Relationship between specific fuel consumption and engine speed

4, Discussion and Conclusions

In this study, performance tests of fuel mixtures
obtained by mixing 5% by volume of aviation
fuel JP-8 to reference diesel fuel and diesel fuel
were examined comparatively. A 3-cylinder, 4-
stroke diesel engine with pump injector was used
for these experiments. as a result of experiments
although the lower thermal values of the JP-8 and
the reference diesel fuel are very close to each
other, the lower density of the JP-8 results in less
energy being introduced into the unit volume of
the cylinder and as a result of this, in blend fuels
containing JP-8, a reduction in engine torque was
observed due to the amount of JP-8 in the
mixture.
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arrange both stability and strength to the hoof
wall injury. As the result, the horse will be
allowed to perform while the healing will take
place so that the crack will grow out.

1. Introduction

Hoof crack is a damage in the wall of the hoof.
There are various types of cracks such as grass,

sand, heel, bar, toe and quarter cracks. These In most cases, it is unlikely that hale regular horn
defects might appear in every hoof of hoofed will split. However, if a line of weakness exists in
animal, whereas this study is focused on horses. the hoof wall, resultant domestic stress
Hoof-wall defects, especially quarter cracks, are a concentration might result in the formation of a
prevalent cause of decreased athletic performance fissure in the hoof wall. (O'Grady, 2001).

in competition horses and frequently lead to foot

lameness. (O'Grady, 2001). Mechanical stabilization is required for the

treatment of hoof cracks. Both in this study and in
the previous one composite materials were used.
In the first study, in the Suleyman Demirel
University, the composite consisted of: solid
polyurethane, B-cyclodextrin and tea tree oil,
whereas in discussed study, executed in the Lodz
University of Technology, the same ingredients
with the addition of propolis were used. The

Unluckily, quarter cracks might be painful.
Generally, the reasons are infection or instability,
caused by movement of the hoof wall posterior to
the crack. This frustrating cause of lameness
originating in the foot usually represent a
significant  therapeutic challenge for both
veterinarian and farrier. It is especially

problematic for equine practitioners according to
the fact that in general horses that develop quarter
cracks must continue to perform. To let that
happen, it is crucial for the reconstruction to
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Engineering Dept. 32260, Isparta, TURKEY
3*Corresponding author (iletisim yazar1): kames1901@gmail.com

addition of propolis was intended to make the
fragile samples from the previous study more
flexible.
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Polyurethane is a copolymer formed by
conjugation of diol and diisocyanate groups has
high strength; extremely good abrasion resistance;
good resistance to gas, greases, oils, and
hydrocarbons; and excellent resistance to oxygen
and ozone. (Ebewele, 2000) Moreover, it is
biocompatible. The tea tree oil was used
according to its  properties:  antifungal,
antibacterial, antiseptic, anti-inflammatory, anti-
cancer, insect repellent and insecticide.
(Callander, 2012) However, this essential oil
cannot be used without a sufficient and
appropriate barrier to increased solubility in water
and volatilization. In order to attain the barrier,
the TTO is being encapsulated in B-cyclodextrin
particles. (Bhandari, 1998).

The propolis is a new ingredient used in this
research. It is a natural resinous mixture produced
by honeybees from substances collected from
parts of plants, buds, and exudates, is a lipophilic
in nature, brittle and hard material and it becomes
soft, gummy, pliable and very sticky when heated.
(Hausen et al. 1987) Generally, raw propolis is
composed of about 50% resins, 30% waxes, 10%
essential oils, 5% pollen, and 5% of various
organic compounds. (Wagh, 2013) The
temperature mainly affects the consistency of
propolis. It is much harder and more resistant to
temperature than wax. At 15 ° C, propolis is hard
and brittle, at 34.5-36 ° C (nest temperature) it
becomes soft and plastic, and at temperatures
above 45 ° C - sticky and sticky. It is liquid at 70-
80 ° C, although for some propolis samples the
melting point is above 100 ° C. (Kujumgiev et al.
1999) Propolis has various pharmacological
activities. It is the most biologically active among
bee products. The most important and known
properties of propolis are antimicrobial and

antiinflammatory, antioxidant, antitumor and
immunostimulatory  activity (Wagh, 2013).
Propolis  presence should strengthen the

composite and improve its properties. (Wolska et
al. 2016)

2. Material and Method

Ingredients: Izopianol 40/30 W/PIR, Purinova Sp.
z.0.0 being a mixture of polyols and selected
auxiliary agents. Purocyn B, Purinowa Sp. z.0.0
being a polymeric diisocyanate of
diphenylmethane. Propolis: Gospodarstwo
Pasieczne Lukasiewicz (Poland). B-cyclodextrin
from Pol-Aura (Poland). Tea tree oil from Vivio
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(Poland). All solvents used in the studies were
analytical grade.

2.1. Preparation of tea tree oil/cyclodextrin
inclusion complex

The inclusion complex was received by following
the ‘Paste method’ recipe described in Shrestha,
M., Ho, T. M., & Bhandari, B. R. (2017).
(Shrestha et al. 2017). The preparation method
was made in the exact way as the complex in the
first study. (Sobkowiak et al. 2018)

2.2. Preparation of the composite material

Thirteen samples were prepared; they varied
according to ingredients and its amounts:

. e Pure polyurethane — the reference
sample (sample No. 1)
. * 1%, 3% and 5% TTO/B -CD and 99%,

97%, 95% polyurethane (sample No.2, No.3, No.
4)

. * 1%, 3% and 5% propolis and 99%,
97%, 95% polyurethane (sample No.5, No.6,
No.7)

. * 1% TTO/B -CD + 1% propolis and 98%
polyurethane (sample No.8)

. * 3% TTO/B -CD + 3% propolis and 94%
polyurethane (sample No.9)

. * 5% TTO/B -CD + 5% propolis and 90%
polyurethane (sample No.10)

. * 1%, 3% and 5% TTO and 99%, 97%,

95% polyurethane (sample No.11, No.12, No.13)

All samples were prepared by mixing an additive
and polyol firstly and adding isocyanate
afterwards: 65g ingredient A (polyol mixture) and
104g ingredient B (isocyanate). They were
formed in plastics buckets.

3. Results

Four quantities were measured: density, tensile
strength, compression test and impact resistance.

3.1. Density

Sample size: 25 mm x 25 mm x 25 mm. Five
samples were tested. Samples were weighed on
the laboratory balance. For the additive TTO/CD
the density is decreasing with the increase in the
amount of it. The same situation is for composite
containing TTO/CD/Propolis. On the other hand,
for samples with propolis and TTO tendency
differs.
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Figure 1. Density of the composites
3.2. Tensile strength

Tensile strength test was performed according to
ASTM D3039 standard test method by means of
Zwick Roell 1435. Sample size: 100 mm x 25 mm
x 10 mm. Five samples were tested. Tensile
strength for the reference is the highest. Results
are the lowest for TTO/CD. Only for composite
comprising propolis the tensile strength is
growing with the percentage of a supplement.

Tensile strength (TS) [MPa]
0,18
0,16

0,14
0,12
0,1
0,08
0,06
0,04
0,02
0]

Refernece TTO/CD Propolis Propolis/TTO/CD

m1% m3% m5%

Figure 2. Tensile strength of the composites
3.3. Compression test

Compression test was performed according to
ASTM D3574-C standard test method by means
of Zwick Roell Retroline. Sample size: 25 mm x
25 mm x 25 mm. Five samples were tested.
Addition of both TTO/CD and TTO/CD/Propolis
resulted in gradual weakening of the composite.
Results are the most satisfying for the sample
with propolis. Composite containing TTO seems
to be also successful, however, errors in the
measurements are significant.
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Compression test after deformation 10% [MPa]
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Figure 3. Compressive strength of the composites
3.4. Impact resistance

Impact resistance test was performed according to
ASTM D 256 standard test method by means of
Cometech QC-639P/Q with charpy’s hammer of
strength 2J. Tests were carried out on a cross-
section not on the width. Sample size: 10 mm x
15 mm x 100 mm. Five samples were tested.
Addition of TTO/CD resulted in significant
weakening of the composite. Addition of
TTO/CD/Propolis partly affected the lowering
strength. 1% and 3% of propolis increased the
strength while 5% decreased it. Here again the
TTO seems to be also successful, however, errors
in the measurements are significant.

Impact resistance [J/m2]

400

300

200

100 I
0

Refernece TTO0/CD Propolis Propolis/TTO/CD

m1% m3% W5%

Figure 4. Impact resistance values of the
composites

4. Discussion and Conclusions

First of all, in the composite material containing
TTO/CD and TTO/CD/Propolis the density is
decreasing, which means that pores inside the
structure were increasing. According to this the
tensile strength is decreasing. Over the
compression test we can see lower shears, what is
consistent with the theory. What is more, impact
resistance  test results are  compatible.
Unfortunately, the addition of the tea tree oil/b
cyclodextrin inclusion complex in the composite
influences the increase of porosity. The reason is
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probably the moisture residues. On the other
hand, for samples containing TTO/CD/Propolis
for the impact resistance test, there is no big drop
in strength as it is for sample containing only
TTO/CD. All test results are satisfying, especially
for 1% of TTO/CD/Propolis, errors are not
significant. In all likelihood, TTO/CD/Propolis is
a promising sample and small changes in the
system could be enough, such as changing the
proportions of ingredients or finer grinding of
propolis, heating it and dispersing to achieve
better results. (samples No.2,3,4 and No0.8,9,10).
The density of the composite material containing
propolis, in comparison to the reference sample, is
decreasing at the begging and increasing
afterwards. Notwithstanding, during the tensile
strength test the endurance does not show an
upward trend with the increasing amount of
propolis. Furthermore, it is not even higher the
endurance for the reference sample. There is a
possibility that addition of larger particles of
propolis in the composite might cause the increase
of an error (in the structure it appears as a
dispersed wax in the form of slightly larger
fragments). Whereas, these errors do not differ
between each sample. The propolis affects the
increase of compressive strength except for the
sample containing 1%. The reason might be an
insufficient amount of the ingredient. (samples
No.5,6,7).

For samples containing tea tree oil the
heterogeneous structure is visible after cutting the
prepared composite. Moreover, it is visible in
large measurement errors, which results from the
dependence: the more homogeneous the structure,
the more accurate the measurements. Therefore,
despite the fact that the results in the impact
resistance test are satisfying, they cannot be taken
into account. Same of samples could not be tested
according to its incorrect structure (Picture 1):

Figure 5. The incorrect structure of samples
containing TTO
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To summarise, both of studies conducted in
Suleyman Demirel University, Isparta, Turkey
and Lodz University of Technology, Lodz, Poland
were very evolving and gave us the opportunity to
get to know with the properties of composite
materials with selected compositions. In both
studies an addition of TTO/CD lowered the
strength of the substance as its content increased.
The reason is probably the moisture residues. It
cannot be said that samples comprising tea tree
oil/cyclodextrin inclusion complex or only
propolis were unsuccessful, while they were
worse than the another one. The sample
containing mixture of propolis and tea tree oil/b-
cyclodextrin was the most successful. Errors were
not significant, and all results formed a coherent
whole. The last composite, which included the tea
tree oil could not be compared with the rest of
samples according to big errors and
heterogeneous structure, on the other hand, its
reinforcement of the material is visible and might
be inspected in future research.
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