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Editorial to the Special Issue on Selected Papers from
International Conference on Science and Technology, ICONST 2018

This special issue of the Bilge International Journal of Science and Technology Research contains
selected papers from ICONST 2018 which was held on September 5-9, 2018 in Prizren, Kosovo with
international attendance.

The 1% International International Conference on Science and Technology (ICONST 2018) organised
by Kutbilge Association of Academicians is held on the September 5-9, 2018 in Prizren, Kosovo. The
aim objective of “ICONST 2018 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 Basic Sciences, Natural Sciences, Engineering and Technology and discuss the
practical challenges encountered and the solutions adopted.

388 papers have been submitted for presentation at ICONST 2018. Based on review reports by experts
in the Scientific Committee, 278 papers (226 oral, 21 posters, and 31 virtual presentation) 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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Bioengineering Methods in the Production, Development and
Metabolism of Essential Oil in Plants

Ozlem Karaboyac1**, Semra Kili¢?

Abstract: Essential oils are odorous oily liquids derived from plant material. Essential oils have been used
extensively from pre-history times as, bactericidal, fungicide, insecticidal, and medical purposes. Many of
these components are produced as secondary metabolites in plants. Therefore, the development of
production of these components are important in terms of medicine and industry. In this study,
bioengineering methods used in the production, development and metabolism of essential oils in plants
were investigated. Recent developments on this issue have been summarized and reported.

Keywords: Essential oils, bioengineering, seconder metabolites

1. Introduction

People use plants to obtain an important portion of the essential foods they need to survive. Plants are a
crucial source of nutrients such as carbohydrates, protein, fat, minerals and vitamins. They also contain
highly important chemicals for pharmaceutical, chemical, cosmetic and agricultural control industries. These
chemicals are referred to as “secondary metabolites” and some plant products are considered under this
category. High diversity in the number and structure of secondary metabolites is a specific characteristic of
secondary metabolites. They are understood to have a very complicated mechanism specific to plants for
defence, protection, adaptation, survival and continuation of next generations. The available written historical
sources mention that ancient humans used plants for the treatment of various diseases. It is doubtless that this
type of usage was not based on the secondary products that are active substances but on the plant itself or its
extracts obtained through different means. Today, plants are used as pharmaceutical active ingredients.
Medical and aromatic plants are those ones that are used to prevent diseases, maintain health or treat
diseases. Medicinal plants are used in nutrition, cosmetics, body care, incense or religious ceremonies while
aromatic plants are used for good smell and taste (Bayram et al., 2010).

Essential oils are mixtures that are extracted from plant roots, bodies, leaves, fruits, barks and flowers by
different methods; are in liquid form at room temperature, volatile with a strong scent, can be easily
crystalized, are usually colourless or light yellow, give the plant its characteristic smell and flavour, contain
several compounds, have lipoid structure that can be drifted with water, contain oxygenated terpenoit
derivatives, benzoid compounds, nitrogen or sulphur and are usually comprised of terpens (Adams, 2004;,
Bayrak, 2006;, Calikoglu et al., 2006;, Evren and Tekgiiler 2011;, Yayli, 2013;, Kaya and Ergoniil 2015).
They exist in the glandular hair, secretion pocket, secretory canals or secretory cells depending on the family
of the relevant plant (Celik and Celik, 2007).

Suleyman Demirel University, Faculty of Engineering Bioengineering Citation (Atf): Karaboyaci, O., Kilig, S., (2018). Bioengineering

sztl' 32260, 'Sp‘?”?' TURKEY v of ) ol Methods in the Production, Development and Metabolism of Essential
Suleyman Demirel University, Faculty of Arts and Science, Biology Qil in Plants. Bilge International Journal of Science and Technology
Dpt. 32260, Isparta, TURKEY Research, 1-9.
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1.1. What is Essential Oil?

Essential oil is a natural, usually colourless or light yellow product with a strong scent that is obtained from
plant leaves, fruits, barks or roots, is in liquid form at room temperature and can be easily crystalized.

It is also referred to as essence or etheric oil because of its nice scent. It does not mix with water, which
makes it different from the fatty oil although it is defined as oil (Ceylan, 1983). Essential oils in plants are
obtained by various methods Once their components have been identified, than their use can be determined.
Generally, in order to determine the amount of this essential oil in the plants, certain parts must be subjected
to distillation with green or dried. After this process, the determination of volatile oil compositions is made
by methods such as GC and GCMS (Giilsoy and Merdin, 2017).

1.1.1. Chemical Characteristics of Essential Oils

Terpenes constitute the largest group in the chemical structure of essential oils. Some compounds also
contain low amount of alcohols, aldehydes, esters, phenols, nitrogen and sulphur. The oxygenated derivatives
that are formed due to the oxidation of terpenes give plants their scent and flavour while they are also
therapeutic (Linskens, 1997).

1.1.2. Pharmacological Properties of Essential Oils

The activity of an essential oil is confused with the action of the plant from which it is extracted. For
example, the essential oil of Rosmarinus is antimicrobial while the infusion of the plant has an antispasmodic
and choleretic effect.

The activities found in some essential oils are as follows;

Antiseptic activity: They are often antiseptic against strains that are resistant to antibiotics. Some essential
oils are also effective against fungi and yeasts. Almost all of them are used as preservative. Melisa officinalis,
Rosamarinus officinalis, Mentha piperita, Lavandula, Eucalyptus, Eugenia... vs. Sitral, Geraniol, Linalol and
Timol are more antiseptic than phenols.

Spasmolytic and sedative effect: They reduce and suppress GIS (gastro intestinal system) spasms. They often
increase gastric secretion and have “digestive” and ‘“‘stomachic” effect. They are effective in various
psychosomatic problems. Thymus, Ocimum, Angelica, Matricaria, Eugenia, Melisa, Mentha are spasmolytic.
O.Anisi is used internally as spasmolytic. O. Menthae shows spasmolytic effect by preventing calcium entry
into cells .

Irritant properties: Products such as turpentine increase blood flow in capillary vessels, local rash, sense of
burn and show slightly local anaesthetic effect in some cases if used externally. Qils such as Eucalyptus,
Pinus and O.Niaouli stimulate the cells in the mucosa and increase the mobility of the epithelium of the
bronchi (expectorant). Essential oils that are used in various sectors such as cosmetic, perfumery,
pharmacology and food industries have been extracted by different methods since the Romans.

Essential oils are used as spasmolytic, irritant, antiseptic, antimicrobial, antifungal, antiviral, antimutagenic
and antibiotic agents in the pharmacology (Evren and Tekgiiler, 2011).

2. Bioengineering Methods for Essential Oil Production and Metabolism

Increased industrial interest in plant-based chemicals has also been increasing the attention to the plants’
secondary metabolisms and the physiology and biochemistry of plant products. 1t is important to change the
phytochemical production positively through conventional and non-conventional biotechnological methods.
Most of the plants’ secondary metabolites (SM) depend directly and indirectly on the plants’ reactions to
various environmental factors and stimuli. They are usually produced at baseline level in their normal course
that is triggered by cell damage or as a reaction to external factors, and function as phytopharmaceuticals.
Secondary metabolites are usually produced in their normal course. They are triggered in case of cell damage
or as a reaction to external factors and start functioning as phytopharmaceuticals. Moreover, bioactive
compounds are used widely directly in cosmetics, aroma and perfumery industries, as paint and pigment,
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food additives, insecticides or as an important component in various formulations. The use of plant-based
bioactive compounds in modern medicine has successfully focused the global attention on the research of
medicinal plants at global level. The need for plant-based therapeutic molecules in the pharmaceutical
industries across the world has increased. The main ways of obtaining such components include extraction
from natural resources and chemical synthesis. Non-environmental friendly nature of conventional extraction
method that is non-renewable, uneconomical and time-consuming has increased the interest of global
scientific community in the biotechnology-based production systems (Dubey et al. 2017).

2.1. Plant Tissue Culture

It refers to the process of obtaining new tissues, plant or plant products (such as metabolites) from the whole
plant, plant parts such as cells (meristematic cells, cell concentration or callus cells), tissues or organs (apical
meristem, root etc.) under aseptic conditions (in an environment free from any kind of microorganisms) in an
in vitro medium. The main objectives of tissue culture are to develop a new variety and create genetic
diversity in the existing varieties. Furthermore, various tissue culture methods are routinely used to save and
endangered species and production of species that are difficult to propagate (Babaoglu et al. 2001).

2.2. Secondary Metabolites

They are produced by a very complicated mechanism that plants develop for defence, protection, adaptation,
survival and continuation of next generations. Secondary metabolites have important functions such as
resistance to various abiotic agents such as drought, salinity, UV beams; defence against herbivores and
microorganisms; attracting animals and other carriers for pollination and seed distribution. Moreover, they
also have an economic value. For example; they are used as pharmaceutical ingredients, food supplements
and in perfumes and agricultural control products. Since they are important not only for plants’ defence
against pathogens but also in economic and medical aspects, plant tissue culture techniques have become one
of the most important means for their production. (Atar and Colgegen 2013)

Plants are used as pharmaceutical active ingredients for most of the world population. Particularly in the
developing countries, 80% of the population meet their health requirements primarily through medicinal
products. Given that 80% of the world population live in the developing countries, 64% of the total world
population use plants for therapeutic purposes. In the developed countries, however, 25% of the prescribed
drugs are plant-based chemicals. There is no doubt that the exploration and assessment of plants used by
people for the treatment of various diseases, which are named as folk remedy, have played an important role
in their discovery (Babaoglu et al. 2001).

Today, secondary metabolites have a huge potential for use. There are some challenges and disadvantages in
extracting them from plants under natural conditions. Plants are raised in small quantities and at certain
development stages under natural conditions, during which they occupy agricultural fields; constant
collection of some plant species from the nature may pose extinction threat, while it is difficult and expensive
to collect some of them. Furthermore, the amount and quality of secondary metabolites are influenced by the
climate conditions. They can be produced in desired quantities at the desired time through biotechnological
means, extinction danger is also eliminated, while they can be produced in abundant amounts at standard
quality.

There are basically 3 systems to produce secondary metabolites through plant cell and tissue culture, which
can be summarized as follows.

2.2.1. Metabolite Production through Differentiated and Organized Cultures

Root Cultures: With this method, in cases where metabolites are synthesized in the root, the parts taken from
it are cultured in an appropriate medium. Moreover, adventive root cultures (root formed in another organ of
a plant apart from its normal root growth region) that are obtained by stimulating different tissues of the plant
(laves, body, nodes etc.) for root growth are preferred to produce secondary metabolites from some plants
(Erkoyuncu and Yorgancilar 2016).
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2.2.2. Metabolite Production through Non-Differentiated and Non-Organized Cultures

Callus is a stack of differentiated cells formed by plant cells or tissues placed in in vitro culture media. Callus
is usually formed on the surfaces of injured or cut tissues (Babaoglu et al. 2001). Callus cultures can be
described as masses with morphological irregularities formed by in vitro culturing of organs or tissue pieces
excised from the main plant that still retain their mitotic capabilities. The origin of the tissue where callus
culture is initiated plays an important role for the production of secondary metabolites (Erkoyuncu and
Yorgancilar 2016.).

2.2.3.  Micro Propagation Method

Micro propagation is a tissue culture technique used to propagate high number of genetically similar plants
quickly from the plant parts (embryo, seed, body, shoot etc.) that have the potential to form a whole plant in
the in vitro media under microorganism-free conditions (Ozkaynak and Samanci 2005).

Micro propagation also enables the vegetative propagation of several medicinal and aromatic plants fast and
in high quantities. If the nutrient requirements of plants, growth regulator and culture requirements are
known very well, all plant species can be produced using the micro propagation technique. The micro
propagation of medicinal and aromatic plants has considerable advantages such as availability of plants at
any time in a year, shorter culturing time, protection of endangered medicinal plants, phenotypic and
genotypic homogeneity of plants produced, easier production of challenging species in addition to the
benefits ot in vitro propagation methods (Erkoyuncu and Yorgancilar 2016).

Cell concentration is another non-differentiated and non-organized culture method for metabolite. The
difference in the culture medium of cell concentration from that of callus culture is that a thickening agent is
added to the callus culture medium whereas it is not added in the concentration medium. Therefore,
concentration medium is liquid. Callus cultures are used in order to get a good result from cell concentration
cultures, which is technically more advantageous. Parts taken from callus culture that has adapted to in vitro
medium can adapt to liquid medium more easily than those parts taken from the main plant (Atar and
Colgegen 2013).

Micro propagation is a production method that also allows vegetative propagation of medicinal and aromatic
plants fast and in high quantities. It is defined as obtaining new plants under in vitro conditions from the plant
parts that have the potential to form a whole plant (embryo, seed, body, shoot, root, callus, one cell or pollen
grain etc.). If the nutrient requirements of plants, growth regulator and culture requirements are known very
well, all plant species can be produced using the micro propagation technique. (Erkoyuncu and Yorgancilar
2016).

Hairy root method can be suggested as the most effective method of all the abovementioned ones. Hairy root
culture is more advantageous for secondary metabolite production compared to other culture systems because
of its various characteristics such a high growth rate and genetic and biochemical stability. Hairy root
cultures form model systems for plant metabolism and physiology. Plant cell concentration is one of the
culture stages of manufacturing special chemical substances and pharmaceuticals. Hairy roots are also used
as a source in transgenic plant regeneration (Atar and Colgegen 2013)

Biotechnological intervention makes it possible to remove the time, cost and geopolitical constraints of crop
production and overcome the challenging issues such as climate and disease without compromising the
sustainability of the nature. Majority of the biotechnology-based production systems include "the production
of plant-based therapeutic molecules using in-vitro plant cultures”. As regards the reasons of the of plants for
therapeutic purposes, we thing that any plant-based metabolite has a significant medicinal value or it act as a
precursor to start the medicinal action. Components that provide medicinal effect are usually the products of
secondary metabolites and thus they are produced in small quantities as they are not essentially required for
plant growth. Besides, production of plants that have medicinal metabolites may take several months or years
for the maturation of plants. Moreover, they are vulnerable to environmental and seasonal changes and thus
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cannot strike the supply and demand equilibrium. Due to their complex chemical complexes, their chemical
synthesis is boring and complicated. (Dubey et al. 2017)

In vitro plant culture under selective and nutritional conditions is a promising production technique, through
which is bioactive compounds are produced using isolated cells and/or organs. This technique is divided into
two categories as production based on cell concentration cultures and production based on roots/ hair roots.
As regards the comparison of cell concentration culturing method with plant root cultures and hairy root
cultures, the former has some limitations such as metabolite production in specialized cells at different
development stages and genetic instability of these cells. Features such as high growth rate and low culture
cost make hairy root cultures be superior to plant root cultures. Hairy root culture method have distinctive
features such as high growth potential, genetic and biochemical binding, low doubling time and etc.
Moreover, when optimized for liquid cultures, they can display their final growth and metabolite production
capabilities even at large-scale productions. There are research reports and reviews in the literature regarding
therapeutic SM production by hairy root culture method (Dubey et al. 2017).

3. Hairy Root Culture Method

Hairy root is indeed a plant disease. It is caused by Agrobacterium bacteria that are gram-negative bacteria in
the family of Rhizobiaceae which lives in the soil. Agrobacterium tumafaciens causes root collar tumours
while Agrobacterium rhizogenes leads to hairy root formation. This disease manifests itself as small and
excessive enlargements in the parts of trunks and roots that are closer to the soil surface. At early
development stages, tumours are more or less globular, white or nude coloured and very soft. At later stages,
external tissues become brown or black due to cell death and decay. They transfer their own DNA region to
the plant’s genome through the genes they carry in both their own genomes and plasmids, which leads to
hairy root disease (Hooykaas and Schilperoort 1984).

Hairy root culture has the following advantages: easy to apply, affordable, high genetic transformation rate,
stable metabolite yield as the stable settlement of the transferred gene in the genome, fast root growth without
need for external auxin use, same and even higher potential to produce secondary metabolites compared to
the main plant, allowing genetic manipulations targeted in the metabolic pathway where the synthesis
realized. Therefore, it is preferred for the production of several root-driven or non-root driven metabolites in
cases when other cell and tissue culture techniques are not appropriate (Erkoyuncu and Yorgancilar 2016).
Low production rate and high production costs are the main reasons why there is failure at industrial scale as
regards the production of secondary metabolites. Various strategies have been used to make hairy root culture
technology affordable for the production of therapeutic molecules. They include ambient optimization,
precursor feeding, elicitation and metabolic engineering. They have been extensively explored at a global
scientific platform for not only secondary metabolite production but also better understanding of natural gene
transfer and its physiological, molecular and biochemical results.

3.1. Ambient Optimization

Hairy root formation is followed by medium optimization. Hairy roots can basically grow in any basal tissue
culture medium as underlined in the studies of Murashige and Skoog, Gamborg's B5, Nitsch and Nitsch.
Nutritional requirements may vary depending on the plant system and purpose of establishing the roots.
Hairy roots of some plant species grow well in a medium enhanced with additional vitamin while those of
some other plant species require half and even a quarter of regular growth environment. Furthermore, the
amount of both carbohydrate source and nitrogen source and its type play an important role in growth and
SM production. Sometimes ambient optimization is needed to assess the relation between food supplement
and desired metabolite flow. The presence of a certain nutrient in the medium of hairy root cultures of some
plant species is important for not only growth but also accumulation of the desired metabolite (Murthy et al.
2014) (Pudersell et al. 2012). Media are optimized with hairy roots; while they are also considered as a
preliminary strategy to optimize metabolite production using hairy root cultures (Sung et al. 2000) .
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3.2. Elicitation

Elicits are compounds that stimulate any kind of plant defence. A wider definition of elicits includes
exogenous elicitors and compounds released by plants due to the movement of pathogenic substances
(pathogen (endogenous elicitors). Plants display a wide range of defence strategies against pathogen attacks.
Resistance to pathogens is realized by the existing (founder) and evoked defence systems. Induction defence
reactions are triggered after the recognition of a series of chemical factors named 'elicitors'. Indeed, the term
elicitor is used for molecules that can induce phytoalexin but it is currently used for compounds that
stimulate any kind of plant defence (Angelova et al. 2006).

Elicitation is the induced and/or extended biosynthesis of SMs due to the initiation of a physical, chemical or
biological elicitor (information molecule) in a plant system (Namdeo A. 2007). Information molecule
activates the inducible defence variables in a plant system and leads to the activation of its various protection
mechanisms. The biosynthesis of the same or new SMs in the sstem is induced or extended through such
mechanisms. As in robust plants, physical, chemical and biological factors trigger quantitative and qualitative
change in the biochemical profile of hairy roots due to the induced enzymatic pathways. Therefore,
elicitation is a widely acknowledged strategy applied to increase the production of therapeutic SMs that are
preferred to hairy root culture of medicinal plants. Root tissue’s response to the elicitor molecule requires a
well-defined signal transmission network on cell surface and inside cells. The interaction between signal
transducers and regulation of the next SMs’ biosynthetic pathway genes is the main reason for the changes in
the biochemical profiles of the hairy roots obtained (Goel et al. 2011) .

3.3. Precursor feeding, Biotransformation and Co-Culture Systems

Limitation of precursor molecules in the system is one of the main reasons for low SM yield of hairy roots.
Addition of metabolic pathway precursors to the medium may induce or improve the deired metabolite
synthesis or accumulation. In most of the cases, enzyme machine is available to proceed the desired
metabolites but the system cannot achieve optimum or sufficient yield due to the lack of close and remote
precursors. To solve this problem, biotransformation of precursors required to obtain the desired metabolite
has been explored for several plants (Murthy et al. 2014).

Plant-based pharmaceutical compounds that grow naturally acquire better therapeutic properties due to the
changes introduced to their molecular structures. There is an increasing commercial demand for these
analogues of natural compounds due to decreased toxicity, sufficient resolution and better pharmacokinetics.
Hairy root based biotransformation creates compounds with better therapeutic potential in which any
substrate transforms to the analogue of its molecule. It is known that there are remarkable therapeutic
compounds produced using the method of enzymatic transformation of medicinal plants’ hairy roots and
chemical reactions such as hydroxylation, glycosylation, glucosylation, oxidoreduction, hydrogenation and
hydrolysis caused by the enzymatic reactions (Srivastava V. 2015) .

3.4. Metabolic Engineering

Every biological system has a well-regulated information flow from genes to metabolites. At molecular level,
the activated regulatory network causes defined physiological and biochemical changes to keep the system
balanced during the initiation of excitatory signals. Due to their proximity to local plants, hairy root cultures
are globally used to investigate various aspects of plant behaviour and its regulation at molecular level under
variable conditions. Production of therapeutic SMs and their regulation by way of genetic manipulation
attract scientists. Metabolic engineering of hairy root based SM pathways can be manipulated through the
following ways.

3.4.1. Engineering of Metobolic Pathway Genes
Under this method, genetic manipulation directly leads to the desired metabolic shift. The concerned gene

may go through early or late /final biosynthesis step but engineering at the late/final steps results in more
satisfactory production. Target genes are usually on the rate-limiting step, which is followed by reactions
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catalysed by non-limiting enzymes. Multiple gene engineering is also a common trend. This approach has
been used to increase therapeutic molecules in tropane alkaloids (TA) and terpenoid indole alkaloids (TI1A)
(Moyano et al. 2003).

3.4.2. Transcription Factor Engineering

Plant SMs are primarily involved in plant-environment interactions. Such interactions are mediated by a
series of gene expression modulations through hormonal signalling followed by transcription factors (TF).
The reason why hairy root cultures produce high amount of SMs is because stress-related hormones that
regulate TFs are identified and used (Yang et al. 2012) .

3.4.3. Simultaneous Engineering of Metabolic Pathway Genes and Transcription Factors

Sometimes overexpression of TFs does not result in an increase in distinct metabolites. This is the result of
the regulation of multiple metabolic pathways which does not change the overall result significantly (Li et al.
2015) .

3.5. Addition and Expression of a Relevant Gene Isolated from a Different Source

Under this method, an unwanted molecule can only be produced by transferring a relevant gene segment to
the hairy root cells of host plants from a non-plant source. This approach is considered to be a logical action
to suppress the activity of unwanted genes related to the concerned property or metabolite. In general, this
strategy is used to define the significance of a gene in a biosynthetic pathway. Moreover, in hairy root culture
based SM production, the strategy is also used to produce unnatural metabolites or manipulate a metabolic
pathway (Runguphan et al. 2009).

3.6. Changing Chromosome Number

The purpose of this method is to increase the metabolite production potential by doubling or multiplying the
number of basal chromosomes, thereby increasing the overall plant potential. This method may originate
from the of conventional breeding which has a high productivity potential in polyploid plants. This
superiority also applies to the other properties of the plant including SM production. There is a correlation
between Changing Chromosome Number and enhancement of phytopharmaceuticals ( Lavania et al. 2005).

4. Biotransformation

All of the above-mentioned secondary metabolite production methods can be collected under the heading of
biotransformation. Plants are living organisms and they can consider as a biosynthetic laboratory for each
kind of metabolites. The interest in the production of secondary metabolites using there techniques stems
from there being commonly of high value but required in relatively small quantities. Biotransformation is
also a important technique for production of metabolite. Biotransformation is defined as the conversion of a
small part of chemical molecule by means of biological system (Dave et all 2014). Biotransformation
explores the unique properties of biocatalysts, namely their stereo-and region-specificity and their ability to
carry out reactions at no extreme pH values and temperatures. Biotransformation may be used to carry out
specific conversions of complex substrates using plant, animal or microbial cells or purified enzymes as
catalyst (NPTEL).

Biotransformation is an important implementation area for the production of secondary metabolites using
plant tissue and cell cultures. It has is a technology with the same synthesis cycle and applied to transform
less-beneficial to more-beneficial.

For example, digitoxin and digoxin are isolated from Digitalis lanata, which are the most important
ingredients of drugs that regulate heart rhythm. Although digitoxin is more available, digoxin is preferred
more commonly for treatment purposes. For that reason, transformation is realized via chemical synthesis
(Baydar and Telci 2015).
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Medical and aromatic volatile components can be produced in large quantities by biotransformation
techniques. In this review, biotransformation methods have been investigated and it is aimed to get an idea
about the possibilities of use of essential oil production techniques. therefore, understanding the importance
of the issue will allow new working groups to develop this techniques.

References
Adams R.P. (2004). ldentification of essential oil components by gas, quadrupole spectroscopy. Allured

publishing Co, Carol Stream, IL, USA, pp.1-456.

Angelova, Z., Georgiev, S., Roos, W. (2006). Elicitation of plants. Biotechnology Biotechnological
Equipment, 20(2), 72-83.

Atar, H., Colgecen, H. (2013). Bitki doku kiiltiiriinde iridoit glikozitler. Marmara Fen Bilimleri Dergisi,25(3),
115-133.

Babaoglu, M., Giirel, E., Ozcan, S. (2001) Bitki Biyoteknolojisi I. Doku Kiiltiirii ve Uygulamalari. Selguk
Universitesi Basimevi, 374.

Baydar, H., Telci, 1. (2015). Tibbi ve aromatik bitkilerde 1slah, tohumluk, tescil ve sertifikasyon. Tiirktop
Dergisi 5(15): 12-21

Bayrak, A. (2006). Gida Aromalar1. Gida Teknolojisi Dernegi Yayin no: 32. 497 s., Baran Ofset, Ankara.
Bayram, E., S. Kirici, S. Tans1, G. Yilmaz, O. Arabaci, S. Kizil, I. Telci (2010). Tibbi Ve Aromatik Bitkiler.
Ceylan, A. (1983). Tibbi Bitkiler-II. Ege Universitesi Ziraat Fakiiltesi Yaymi No:481, Bornova-izmir.

Calikoglu, E., Kiralan, M., Bayrak, A., (2006). Ucucu Yag Nedir, Nasil Uretilir ve Tiirkiye'deki Durumuna
Genel Bir Bakis Tiirkiye 9. Gida Kongresi, 24-26.

Celik, E., Celik, G.Y. (2007). Bitki ugucu yaglarinin antimikrobiyal ozellikleri. On-Line Mikrobiyoloji
Dergisi, 5(26).

Dave, V., Khirwadkar, P., Dashora, K. (2014). A review on biotransformation. Indian Journal of Research in
Pharmacy and Biotechnology, 2(2), 1136.

Dubey, S. K., Pandey, A., Sangwan, R. S. (2017) Current Developments in Biotechnology and
Bioengineering. ISBN: 978-0-444-63661-4 pages, Pages 259-282. Elsevier B.V Amsterdam,
Netherlands.

Erkoyuncu, M. T., Yorgancilar, M. (2016). Bitki Doku Kiiltiirii Yéntemleri fle Sekonder Metabolitlerin
Uretimi. Selguk Tarim Bilimleri Dergisi, 2(1), 66-76.

Evren M., Tekgiiler B., (2011). Ugucu Yaglarin Antimikrobiyel Ozellikleri* Mikrobiyoloji Dergisi , 9(3), 28-
40.

Giilsoy, S., Merdin, A. (2017). Boylu Ardi¢c (Juniperus excelsa Bieb.) Tiirlinliin Yapraklarinda Ugucu Yag
Miktar1 ve Bilesenleri. Bilge International Journal of Science and Technology, 1 (2): 119-128.

Goel M.K. ,Mehrotra S. ,Kukreja A.K. (2011). Elicitor-induced cellular and molecular events are responsible
for productivity enhancement in hairy root cultures: an insight study, Applied Biochemistry and
Biotechnology 165 (5-6) (2011) 1342-1355.

Hooykaas P. J. J., Schilperoort R. A. (1984). The moleculer genetics of crown gall tumorigenesis.  In:
Scandalios Jg, Caspari EW (eds), Advances in Genetics, Volume 22, Molekuler Genetics of Plants.,
pp. 209-283.

Kaya, D., Ergoniil, PG. (2015). Obtaining methods of volatile oils. GIDA-Journal of Food, 40(5), 303-310.

Lavania, U. C. (2005). Genomic and ploidy manipulation for enhanced production of phyto-
pharmaceuticals.” Plant Genetic Resources3.2 (2005): 170-177.



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 1-9

Linskens, H. F., Jackson, J.F. (1997). Modern Methods of Plant Analysis, Vol. 12: Essential Oils and waxes,
Springer, Germany,

Li B., Wang B. ,Li H. , Peng L. , Ru M. , Liang Z. (2016). Establishment of Salvia castanea Diels f.
tomentosa Stib. hairy root cultures and the promotion of tanshinone accumulation and gene expression
with Ag, methyl jasmonate, and yeast extract elicitation, Protoplasma 253 (1) (2015) 87-100.

Mehrotra, S., Srivastava, V., Rahman, L. U., Kukreja, A. K. (2015). Hairy root biotechnology—indicative
timeline to understand missing links and future outlook. Protoplasma, 252(5), 1189-1201.

Moyano E. , Jouhikainen K. , Tammela P., Palazo'n J., Cusido R. M., Pin ol M. T. (2013). Effect of pmt gene
overexpression on tropane alkaloid production in transformed root cultures of Datura metel and
Hyoscyamus muticus, Journal of Experimental Botany 54 (381) (2003) 203-211.

Murthy, H. N., Lee, E. J., Paek, K. Y. (2014). Production of secondary metabolites from cell and organ
cultures: strategies and approaches for biomass improvement and metabolite accumulation. Plant Cell,
Tissue and Organ Culture (PCTOC), 118(1), 1-16.

Namdeo, A. G. (2007). Plant cell elicitation for production of secondary metabolites: a review." Pharmacogn
Rev 1.1 69-79.

NPTEL Courses, IIT Guwahati Module 4 : Application of Cell Culture Systems in Metabolic Engineering
Lecture 38 : Biotransformation National Programme on Technology Enhanced Learning. Retrieved at
03-OCTOBER-2012

Ozkaynak, E., Samanci, B. (2005). Mikrocogaltimda Alistirma. Selguk Tarim Ve Gida Bilimleri Dergisi,
19(36), 28-36.

Pudersell, Katrin. (2012). Inorganic ions in the medium modify tropane alkaloids and riboflavin output in
Hyoscyamus niger root cultures. Pharmacognosy magazine 8.29 (2012): 73.

Runguphan, Weerawat, Justin J. Maresh, Sarah E. O'Connor. (2009). Silencing of tryptamine biosynthesis for
production of nonnatural alkaloids in plant culture. Proceedings of the National Academy of Sciences
106.33 (2009): 13673-13678.

Sung L.S. , Huang S.Y. (2000). Medium optimization of transformed root cultures of Stizolobium hassjoo
producing L-DOPA with response surface methodology, Biotechnology Progress 16 (6) (2000) 1135-
1140.

Yang C.Q., Fang X., Wu X.M., Mao Y.B., Wang L.J., Chen X.Y.(2012) Transcriptional regulation of plant
secondary metabolism, Journal of Integrative Plant Biology 54 (2012) 703-712.

Yayli, N. (2013). Ucucu Yaglar ve Tibbi Kullammlari. 1. Ilag¢ Kimyasi, Uretimi, Teknolojiisi,
Standardizasyonu Kongresi, Kimyagerler Dernegi, 29-31 Mart 2013, Antalya



Bilge International Journal of Science and Technology Research
Web : http://dergipark.gov.tr/bilgesci - E-mail: kutbilgescience@gmail.com

] I
Received: 09.11.2018 ISSN: 2651-401X 1

Accepted: 27.12.2018 e-1SSN: 2651-4028
DOI: 10.30516/bilgesci.480942 2(Special Issue), 10-18, 2018

Production and characterization of natural lemonade powder
using B-Cyclodextrin particles

Yasemin Incegiil’, Mustafa Karaboyaci®, Ebru Aydin',
Muhammed Mustafa Oz¢elik!, Giilcan Ozkan'”

Abstract: Encapsulation of lipophilic food ingredients with cyclodextrin improves the stability of aromas,
vitamins and coloring matter, as well as the prolongation of the product shelf life by preserving the
product both physically and chemically. In this study, we aim to produce natural lemonade powder
contains lemon peel oil, lemon juice, riboflavin, citric acid and stevia with B-cyclodextrin. Total moisture
content, total oil content, pH, titration acidity, and color of the encapsulated lemonade were analysed. As
well as total phenolic content, free radical scavenging activity, antidiabetic activity, volatile profile and
sensory properties were determined. As a result, total moisture content, total oil content as lemon oil, pH,
titration acidity, and color (L*, a*, b*) of the encapsulated lemonade were 7.14 %, 8.3%, 3.79, 0.48 mg
citric acid/g, and 56.6 (L*), -4.38 (a*), 10.93(b*). While total phenolic content and major volatile
compound (limonene) of encapsulated lemonade sample were 5.69 GAE/g and 59.58 %, the activity of
antidiabetic and free radical scavenging as antioxidant were not found. In assessing sensory characteristics,
a hedonic scale was used in the range of 1 to 9, and that the samples are liked by taking points around 7. In
our study, it is predicted that the antidiabetic and antioxidant activity of encapsulated lemonade could not
be determined because encapsules could be produced only by using a little amount of lemon oil and lemon
juice.

Keywords: B-Cyclodextrin Encapsulation, Lemonade, Antioxidant, Antidiabetic, VVolatile, Sensory

1. Introduction

In recent years, consumers prefer natural ready mix of food that provide various health benefits due to
including functional bioactive components. Lemonade is one of them and traditionally a homemade drink
using lemon juice and peel, water, and a sweetener such as cane sugar or honey. Citrus fruits such as lemon
are used lemonade production and has been used in food, medicine and perfumery industry for centuries due
to a unique nutritional value (Bruno et al., 2014). Especially Citrus peels are the waste product of fruit
processing industry rich in essential oil (EO) and the oil contains limonene and linalool major volatile
components (Min-Hsiung et al., 2009). The EOs has been widely used as preservatives in pharmaceuticals,
foods and other industries, and are generally regarded as safe (GRAS) (Kidem and Garba, 2017).

As pharmaceutically, the lemon peel also has high antioxidant, anticarsinogen and antimicrobial properties,
and a diabetes lowering effect due to its high polyphenol content, which promotes stimulation or regeneration
of B-cells (Naim et al., 2012; Kidem and Garba, 2017). Lemon peel extract was studied on mice with diabetes
and significantly reduced blood glucose levels (Naim et al., 2012).
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In food industry, lemon EOs is used as a flavoring agent in food products such as confectionery, bakery
products, desserts, ice creams and soft drinks due to its volatile components having a characteristic aroma
profile (Gonzalez-Molina et al., 2010; Mei et al., 2009; Reineccius et al., 2005). Lemon oil also is used for
providing a non-sour citrus aroma in lemon peel beverage such as lemonade and food formulations (Cannon
et al., 2015).

It has been recently dwelled on the different encapculation methods and mixture of coating materials to
produce powder of the beverages. Encapsulation is employed to protect chemically sensitive bioactive
compounds from degradation due to adverse environmental conditions and is also used to control the release
of the encapsulate and the different coating materials used for the encapsulation of bioactive compounds due
to their long-term storage stability (Szente and Szejtli, 2004; Mourtzinos et al., 2008; Astray and Mejuto,
2009). Cyclodextrins (a, B and y) are one of the best methods used in the encapsulation of many hydrophilic
and hydrophobic molecules, flavor substances and the powder beverages production of fruits, vegetables and
herbs in the food industry (Reineccius and Risch, 1986); (Reineccius et al., 2006; Avci and Dénmez, 2010)
because of their shapes of three-dimensional and cylindrical. (Eastburn and Tao, 1994; Crini and Morcellet,
2002; Singh et al., 2002; Magnusdottir et al., 2002; Valle, 2004; Vermonden et al., 2009; Astray and Mejuto,
2009; Song et al., 2009).

In this study, it was aimed to produce natural lemonade powder. The mix of lipophilic food ingredients
(lemon peel oil and riboflavin) and hyropylic ingredients (lemon juice, citric acid and stevia) encapsulated
with B-cyclodextrin method to improve the stability of aromas, acidity and coloring matter, as well as to
prolong of the product shelf life by preserving the product both physically and chemically.

2. Material and Method
2.1. Material

Materials used in this study are lemon juice, lemon peel oil, riboflavin, citric acid, stevia and beta
cyclodextrin. Cold-pressed 100 % lemon peel oil obtained from Botalife, f-cyclodextrin (Cavamax W7
pharma), and lemon juice were used as raw materials in the microencapsulation process. After encapsulation
citric acid monohydrate (Sigma), riboflavin-5-phosphate sodium (DSM) and stevia powder (Takita) were
added to the paste.

2.2. Encapsulation Method

Microencapsulation method is designed like Bhandari and colleagues’ (1999) method. They use 70 ml of
distilled water for 100 grams of B-cyclodextrin. In this research, we used 9 mL of lemon juice for preparing
10 grams of B-cyclodextrin for to obtain more taste and flavor. If the liquid is used at a lower rate, the dough
becomes solid too quickly and after that the additional components can not be dissolved in the dough
solution. The ratio of B-cyclodextrin to lemon oil was 88:12 in dry basis like Bhandari and colleagues (1998).
They found this ratio as an optimum amount (Bhandari et al., 1998). For preparing 10 grams of encapsulated
lemon oil 8.8 grams of B-cyclodextrin dissolved in 9 mL of lemon juice and stirred in mechanical stirrer at 60
rpm. After dispersion of B-cyclodextrin than 1.2 mL of lemon oil added to mixture and stirred 15 minutes.
Bhandari and colleagues (1999) found that 15 minutes is optimum kneading time for microencapsulation of
lemon oil. After 15 minutes, 0.0125 g (12.5 ppm) of riboflavin-5-phosphate sodium added to the mixture.
Followed by 1.2 g (6,000 ppm) citric acid and 6 g (30,000 ppm) stevia were added to dough mixture. The
mixture was stirred until it becomes dense. The resulting dough mixture was dried at 70 °C for 24 hours in
oven. Hardened dough is ground in the mortar and sieved from a 100-mesh sieve (Bhandari et al., 1999). And
thus, instant lemonade powder is obtained.

2.3. Total Moisture Content Analysis

The total moisture contetn of lemon oil filled cyclodextrin powder complexes was determined by AOAC
925.45 method (AOAC, 1996). 2 g of samples was weighed into aluminum weighing container and dried in a
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at 70 C. After drying, the conteiner was covered and cooled to 25 C in a desiccator with silica gel for about
20 min before weighing. This process was repeated every hour until the mass change was less than 2 mg.

2.4. Total Oil Extraction Analysis

For determination of total oil content of the cyclodextrin inclusion complexes, 2 grams of encapsulated
cyclodextrin with constant weighing was boiled in hexane (powder hexane ratio is 1 to 20) for 30 minutes by
using modified method of Bhandari et al. (1992) and Anandaraman and Reineccius (1987). After 30 minutes
100 mL destilled water was added to the solution and filtered. Filtrate was rinsed with hexane again and this
process was repeated for 3 times. The last filtrate was analyses with GCMS to be sure about there are no oil
in

the filtrate. Obtaioned residue was dried in an oven at 70 °C over a night. The amount of mass lost by the
cyclodextrin was calculated as the oil ratio of the complex.

2.5. Determination of pH value

Lemonade pH values were determined using a pH meter (Hanna Instruments USA). The liquid product was
read by directly immersing the probe.

2.6. Determination of Titration Acidity

5g of lemonade at room temperature is removed and titrated with 0.1 N NaOH adjusted to pH 8.1. The result
is expressed as citric acid.(Cemeroglu, 2007)

2.7. Color Analysis

Lemonade color values are determined by automatic color device (3nh, nh310). L*, a*, b* values were
determined with the device.

2.8. Total phenolic content

Total phenolic content (TPC) of the extracts was determined according to the method of Li et al., (2006).
Briefly, 0.4 mL of diluted extracts were mixed with 2 mL of 10-fold diluted Folin—Ciocalteu’s phenol reagent
and 1.6 mL of 7.5% Na2CO3 was added. The mixture was allowed to stand for 1 hour. The absorbance
versus prepared blank was read at 760 nm. Six different concentrations of gallic acid solutions (20— 200
mg/L) were used for calibrations. The final results were expressed as mg gallic acid equivalent (GAE) g of
dry lemonade.

2.9. Free radical scavenging activity

Free radical scavenging activity as antioxidant properties is under the influence of holding free radicals and
it’s been determined by using 1, 1-diphenyl-2-picrilhidrazil (DPPH) method (Dorman et al., 2003). The
powder of lemonade (2 g) was solved in 250 mL water. The solved lemonade in water were added 450 IL of
Tris-HCL solution (50 mM - pH 7.4) and 1 ml DPPH (0.1 mM) and were incubated for 30 minutes. The
absorbance of the standard and the samples were measured at 517 nm. Before calculating 1Cso value,
antiradical activity % of the extracts at different doses was determined using the following formula:

Free radical scavenging activity % = 100 x (absorbance of the control - absorbance of the sample/absorbance
of the control)

2.10. Determination of antidiabetic activity

The initial steps of method development involved determining the activities of sucrase, in an acetone-extract

of rat intestinal tissues and improving a previously published method (Aydin, 2015) by analysing glucose
production from sucrose with the hexokinase assay.
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2.11. Volatile compounds analysis

The 2 g lemonade sample is transferred to a 15 ml volumetric vial that is sealed with a silicone septum. The
sample is placed in a 45 °C heater block with stirring by means of a magnetic stirrer. Balancing was
performed for 15 minutes and then, a Carboxen/polydimethylsiloxane manual SPME fibre (75 mm Fused
Silica, Supelco Ltd., Bellefonte, PA, USA) was inserted into the vial and maintained in the head-space for 30
min at 45 C to extract volatile compounds from the lemonade. Finally, the fiber was placed in the injection
block of the gas chromatograph at 250 °C for 5 minutes to determine the flavor compounds obtained from
lemonade (Cevik et al., 2016).

2.12. Sensory analysis

Sensory analysis was carried out at Siileyman Demirel University Faculty of Engineering Department of
Food Engineering. A hedonic scale was used between 1 and 9. The number 1 on the scale is very bad, 5: the
middle and 9 were expressed in perfect form.

3. Results and Discussion
3.1. Physicochemical properties of encapsulated lemonade

The moisture content of the B-cyclodextrin inclusion complex was calculated 7.14 % by the vacuum-drying
method (AOAC, 1990). Bhandari et al., (1999) used this method and the calculate moisture content of the -
cyclodextrin 9.94%. Results are similar, and the moisture content of a sample is influenced by the climate of
the studied area and the humidity in the air.

The resulting total oil extraction results can also be evaluated as inclusion efficiency. As a result of the
analysis, it was determined that the cyclodextrin inclusion complex contains 8.3% lemon oil. Bhandari et al.
(1998) used the same method and they reported that 94.51 mg of volatiles/g of cyclodextrin, that is 9.451 g of
oil volatiles (or 9.68 g of lemon oil) per 100 g of B-cyclodextrin. Our total oil content is smilar to this result.
In our method we used hexane for to remove all lemon oil from hydrofobic cavity. Because hexan is an
apolar solvent and apolar cavity wants to take this solvent inside. Out side of the cyclodextrin is polar so after
boiling with hexane we add water to the flask for to solve cyclodextrin and than solution can be filter easly.

The lemonade pH and titration acidity values obtained by dissolving 2 g of lemonade preparation in 200 ml
water were found to be 3.79 + 0.01 and 0.48 + 0.02 mg citric acid/g sample respectively. Lemon by-product
characteristics were investigated, and the pH value was found to be 3.80. This value was found in the
literature between 3.14-3.96 (M’hiri et al., 2018). Lemon peel oil is a by-product of lemon and is
encapsulated in the production of lemonade and re-dissolved by dissolution in water. The pH value of
lemonade produced by using lemon juice and lemon peel oil was found in the current range in the literature.
It may be due to the presence of organic acids such as citric, ascorbic and malic acids in the lemon by-
product and lemonade high acidity.

Lemonade L*, a*, b* values were found to be 56.6 + 0.56, -4.38 £ 0.16 and 10.93 + 0.22 respectively. When
the color values of lemon wastes are examined, L *, a * and b * values are found as 43.78, 4.13 and 12.72
respectively (M’hiri et al., 2018). When we compare our results withthe study, the value of a* is very low,
which can be explained by the greening of the resulting color of the lemonade enriched with riboflavin.

3.2. Total phenolic compounds and functional properties of encapsulated lemonade

As a result of total phenolic substance amount analysis performed, the phenolic content of lemonade was
determined as 5.69 £+ 0.18 mg GAE/g. In the study conducted by M'hiri et al. (2018) the composition of
lemon waste products was investigated, and the total amount of phenolic substance was found to be 55.2 mg
GAE / g. The waste consists of lemon peel, lemon seed, dough and water. In our work, only lemon oil and
lemon juice are used. The phenolic content we found could be found to be lower because of the use of only
lemon oil and water and because of the encapsulation process.
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Free radical scavenging and antibiabetic activities as functional properties of powder lemonade produced in
the study have been reviewed. It is determined that, as a result of the analysis carried out, the antidiabetic and
antioxidant properties of the lemonade are not important due to the lowest content of lemonade oil and
phenolic in encapsulated product. Also, it was found that prepared lemonade did not inhibit the sucrase
activity. Therefore, it could conclude that lemonade does not have any antidiabetic activity.

3.3. Volatile properties of encapsulated lemonade

The oil obtained from the colored parts of the citrus peels consists of more than 100 compounds. The results
of analysis of the lemonade volatile compounds are given in the following Table 1. Composition of these oils
was terpenecarbons, oxygenated compounds and non-volatile compounds. Some important compounds in
citrus oils found as alpha-pinene, beta-pinene, myristine, lemonine, gamma-terpinene, valencene, sabinen,
neral and geranial (Karhan, 2006). The main component was determined that as limonene in proportion to
one of the most important components of essential oil (37.63-69.71%) of sour lemon peel by Bourgou et al.
(2012). In another study also conducted on lemon oil, it was stated that volatile oil predominates mainly of
Limonen (61.64%), B-pinene (13.85%) and y-terpinene (9.95%) (Hasani et al., 2018). In our study, limonene,
B-pinene and y-terpinen and fractions encapsulated with B-cyclodextrin were determined as 59.58% and
12.29% and 4.39% respectively. When these ratios are examined it can be concluded that the essential
components of lemon oil are successfully encapsulated with CD’s. The main constituents encapsulated in the
study were limonene (59.58%), y-terpinene (12.29%), B-pinene (4.39%), B-pisabolene (3.89%) and B-
myrcene (2.59) %.

Table 1. Lemonade volatile components

Name of volatile compounds Area Area%
a-Thujene 193910 0.06
a-Pinene 3328894 1.00
Camphene 532726 0.16
Sabinene 340410 0.10
B-Pinene 14591282 4.39
B-Myrcene 8627343 2.59
I-Phellandrene 704094 0.21
a-Terpinene 1765288 0.53
p-Cymene 6160958 1.85
Limonene 198119060 59.58
Z-Ocimene 492894 0.15
B-Ocimene 1020180 0.31
y-Terpinene 40880843 12.29
Isolimonen 176928 0.05
a-Terpinolene 5277306 1.59
p, a-Dimethylstyrene 7506035 2.26
Nonanal 127328 0.04
E-Sabinene hydrate 262164 0.08
B-Fenchyl alcohol 364244 0.11
Decanal 89169 0.03
Z-Citral 1266660 0.38
E-Citral 4044566 1.22
8-Elemene 121603 0.04
Citronellyl acetate 84169 0.03
Neryl acetate 5133534 1.54
Linalyl acetate 4729812 1.42
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B-Elemene 232858 0.07
Caryophyllene 1828104 0.55
a-Bergamotene 6030590 181
(E)-p-Farnesene 640090 0.19
B-Santalene 210499 0.06
B-Himachalene 157143 0.05
Curcumene 137105 0.04
Isocaryophyllene 297755 0.09
B-Selinene 120377 0.04
Valencene 191172 0.06
a-Selinene 208172 0.06
a-Bisabolene 1610211 0.48
(E,E)-a-Farnesene 958931 0.29
B-Bisabolene 12941173 3.89
a-Cedren 373112 0.11
Cadinene 173281 0.05
a-Patchoulene 136253 0.04
a-Humulene 365568 0.11
TOTAL 332553794 100.00

3.4. Sensory properties of encapsulated lemonade

The color, odor, flavor, sweetness, bitterness, sourness lemon flavor, taste of lemonade and overall
appreciation were evaluated sensory using hedonic scale. It is expressed that the smell and aroma of the
lemonade evaluated by the panelists is likes and resembles the classical lemonade. Likewise, it was
determined that lemon flavor was enough and liked. These results show us that the encapsulation process
using cyclodextrin particles is successful in lemonade odor, taste and aroma. Lemonade has parallel scores
when assessed for bitterness and sourness originating from phenolics, and this value is around 7. So, the
product is liked by bitter taste and sourness taste. The results obtained are given in Figure 1.

Flavor

Bitterness Sweetness

Lemon
Flavor

Figure 1. Sensory properties of lemonade
Conclusions

In summary, the mixure of lemon oil, lemon juice, citric acid, stevia and riboflavin was succesfully
encapsulated by using beta cyclodextrin to produce the powder of natural lemonade. Also, the volatile
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subtances of lemon oil was encapsulated succesfully and the sensory properties of the last product were
highly liked by the panelist. However, the functional properties as radical scavenging activity and
antidiabetic activity of the powder of natural lemonade were not determined. As a result, the encapsulated
lemonade product could be using home appliances and industry as natural powder formulation in practical.
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Preparation and Performance of Electroless Nickel on HVOF
(High-Velocity Oxygen Fuel) Sprayed Inconel 625 Nickel
Coating for Corrosion Protection Applications
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Abstract: High Velocity Oxy-Fuel (HVOF) spraying is one of the preferred surface engineering
technologies that can offer advantages such as user-friendliness and cost-efficiency in mass production of
coatings for various applications. While the main applications of the HVOF process are related to wear,
corrosion resistance can be one of the important desired features of the surface engineering process.
However, the porosity of HVOF sprayed coatings is usually a problem when coatings are used in corrosion
applications. Low carbon steel substrates were High-Velocity Oxygen Fuel (HVOF) sprayed with Inconel
625 and then coated with a thin film of electroless nickel (electroless nickel plating). Characterizations of
the coatings were carried out by using X-Ray diffraction analyses (XRD), Optical Microscopy (OM),
Scanning Electron Microscope (SEM) and microhardness measurements. Their corrosion behaviours were
evaluated by electrochemical polarization measurements in 3.5 wt. % NaCl solution. Results showed that
sequential application of HVOF spraying and electroless coating processes provided the multi-layered
coating consisting of an inner inconel 625 based layer and an outer Ni-P layer. Electroless Ni-P also
caused the remarkable increasing in the corrossion resistance as compared to the as-HVOF sprayed state.

Keywords: Corrosion, HVOF Spraying, Inconel 625, Electroless Nickel.

1. Introduction

The use of thermal sprayed corrosion-resistant coatings to protect an underlying steel substrate has received
much interest over the past few years (Johnson et al., 2011). The advantage of this method is the substantial
weight and cost reduction compared to using bulk alloys (Hjornhede and Nylund, 2004). A number of
thermal spraying methods are available including flame spraying, plasma spraying, arc thermal spraying, and
high velocity oxy-fuel (HVOF) spraying (Sidhu et al., 2005). In particular, HVOF is the most extended
method to process Inconel 625 coatings (Johnson et al., 2011). However, deposited Inconel 625 coating
designed for use in harsh service environments can be damaged because some residual oxides and porosity
remain at splat boundaries (Rakhes et al., 2011; Poza et al., 2014). To protect the HVOF sprayed Inconel 625
coating from the above aspects, extensive research is going on in the field of laser cladding onto the Inconel
625 coating by HVOF process (Nemecek et al., 2014). Nevertheless, it was found that the laser coating
demonstrated poor corrosion performance because cracking due to rapid melt pool solidification acted as
sites for crevice and pitting corrosion (Abioye et al., 2015). Therefore, we additionally carried electroless
deposition process to improve the corrosion performance onto the HVOF sprayed Inconel 625 coating to
reduce corrosion attack at the coating surface to any open porosity or splat boundaries. According to the
available literature, there is no such report on the HVOF sprayed Inconel 625 coating deposited with
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electroless Ni-P. In the present study, the HVOF-sprayed Inconel 625 coating has been subjected to Ni-P
coating and then its structural characterization and corrosion properties have been evaluated.

2. Material and Method

Commercially available spheroidal, gas atomized powder (Diamalloy-1005) manufactured by Sulzermetco
company with a nominal particle size range of —45 to +11 pm was used for this study. These particles are
similar to Inconel 625 properties and composition (Table 1). It is used in corrosive and erosive applications
like seawater environments. Inconel 625 was deposited onto rectangular low carbon steel substrates with
dimensions of 100 mm x 50 mm x 4 mm (length x width x thickness). The oxide film on the substrate was
removed with sandblasting followed by cleaning acetone to eliminate any residuals prior to HVOF spray
process.

Table 1. Chemical Composition of Diamalloy-1005 Powder.

Powder Chemical Composition (wt. %)
Material Ni Cr Mo Fe Co
Inconel 625 | 66.5 | 21.5 | 85 3 0.5

Before electroless Ni-P coating, the surfaces of the HVOF sprayed Inconel 625 coating were ground using
1200 grit SiC paper and mechanically polished with a fine grade Al,Os paste to achieve a certain surface
uniformity. Finally, the surfaces were thoroughly degreased with acetone, ultrasonically cleaned and etched
in a 30 vol. % HCI solution for 1 min. The commercial Ni—P electroless solution (Durni-Coat DNC 520-9)
containing 5 g/L nickel, 40 g/L NaH.PO; and suitable amounts of additive and stabilizer were used. The
stirring rate of plating bath was about 250 r/min, using a magnetic stirrer and a polytetrafluoroethylene
(PTFE) coated magnet with 2 cm length and 5 mm in diameter. The deposition was carried out in a 250 ml
thermostated double wall beaker at 90 °C and pH 4.6 for 1 h to achieve a thickness of 11.5 um.

Characteristics of the HVOF sprayed Inconel 625 and Ni-P treated coatings were investigated by microscopic
examinations, X-ray diffraction (XRD) analyses, microhardness measurements and corrosion tests. The
cross-sectional microstructure of the coatings was inspected with an Optical Microscopy (OM) and a
Scanning Electron Microscope (SEM) equipped with an Energy Dispersive Spectroscopy (EDS). The cross-
sectional microhardness measurements were carried out using a Vickers microhardness tester (Shimadzu)
with a load 50 g and a dwell time of 10 s.

The electrochemical corrosion tests of the coatings were performed utilizing a typical three electrode
potentiodynamic polarization test unit in the corroding media of aerated solution of 3.5 wt. % NaCl at room
temperature. Before potentiodynamic polarization measurements, an initial delay of 30 min. was employed in
order to measure the open circuit potential between working and reference electrodes. Potentiodynamic
polarization curves were generated by sweeping the potential from cathodic to anodic direction at a scan rate
of 1 mVs™, starting from — 0.8 up to - 0.2 V. The corrosion potential (Ecorr) and corrosion current density
(icorr) were determined using the Tafel extrapolation method. Finally, the surface images of the corroded
coatings were examined using an OM in order to determine the morphology of the developed corrosion.

3. Results and Discussion

Figure 1 shows OM images of the cross section of the HVOF sprayed Inconel 625 coating on low carbon
steel substrate. The characteristic structure of an as-sprayed Inconel 625 coating with thickness of
approximately 350 um, formed by incremental deposition of powder particles which deform on impact is
shown in Fig. 1 (a). Three discernable levels of contrast, white, black, and gray, were seen in the
microstructure. The black regions mostly located along the interface of the splats were identified as pores
(Fig. 1 b, as shown by the white arrows). EDS characterization was conducted to determine the composition
of the white and gray areas. According to the EDS results, white regions represented the base material
(Inconel 625) and the gray region represented oxide.
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Figure 2 depicts surface morphology and cross-sectional micrograph of the Ni—P deposit. Because of the low
amount of nodules on the Ni—P deposit (Fig. 2 a), it seems that the Ni-P coated surface had a low roughness
value Ra=0.16 = 0.01 um. Using the EDS analysis, it was determined that the Ni—P deposit contains 13 wt.
% phosphorous and 87 wt. % nickel. The coating with thickness of approximately 11.5 um was rather
compact without macro-defects such as porosity and showed a relatively good adherence to the HVOF
sprayed Inconel 625 coating (Fig. 2 b). After electroless Ni-P coating, a 1.16 fold increase in hardness (415
HVo.0s5) was achieved compared to the HVOF sprayed Inconel 625 coating not subjected to electroless
deposition (355 HV( gs).

Figure 1. Cross sectional observations of HVOF sprayed Inconel 625 coating (a) low-magnification and (b)
high-magnification.

Figure 2. (a) Surface morphology and (b) cross-section image of the Ni—P deposit.

The XRD patterns of the examined coatings are presented in Figure 3. The HVOF sprayed Inconel 625
coating presented FeNi, Ni, Fe;O3; and NiO phases. After electroless plating on the HVOF sprayed Inconel
625 coating, Ni-P fully coated on the surface as shown in XRD pattern of the Ni-P deposit. XRD pattern of
the Ni—P deposit exhibited a single broad peak indicative of the amorphous nature of the coating along with
the presence of a small crystallite in the coating microstructure (Fig. 3).
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Figure 3. XRD patterns of the examined coatings.

Representative potentiodynamic polarization curves obtained for all the coatings are displayed in Fig. 4. The
corresponding electrochemical corrosion parameters are shown in Table 2. As can be seen from Fig. 4, the
equilibrium corrosion potential (Ecor) of the HVOF sprayed Inconel 625 coating was -575 mV, and the
corrosion current density (Icor) Was 3.38 x 10 Acm. The corrosion potential and corrosion current density
of the Ni-P deposit were changed. The Ni-P deposit’s Ecorr Was -487 mV, which was positively shifted
88 mV. Besides, the lcor Was 2.04 x 10 Acm= which was reduced 1.34 x 10 Acm=2. Eg, indicates
the tendency of the sample to corrode. The more negative the value is, the more likely it is that
electrochemical corrosion will occur. I indicates how quickly the sample corrodes once it has been
corroded. Therefore, from the analysis results shown in Fig. 4 and Table 2, the improved corrosion resistance
for Ni-P deposit in comparison with the HVOF sprayed Inconel 625 coating is ascribed to dense and
porosity free coating as revealed from microhardness evaluation.
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Figure 4. Potentiodynamic polarisation curves for the examined coatings in a 3.5 wt.% NaCl solution.

22



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 19-24

Table 2. Corrosion potential and corrosion current density values obtained from the polarization curves.

Type of coating Ecorr,  lcorr, ACM™?,
(mV) (x10)
HVOF sprayed Inconel 625 coating -575 3.38
Ni-P treated coating -487 2.04

Figure 5 shows the corroded surfaces of the coatings. After polarization testing in 3.5 wt. % NaCl solution,
the HVOF sprayed Inconel 625 coating showed an isolated corrosion pits on the surface. However, a lower
Inconel 625 layer obtained by HVOF thermal spray process with an upper electroless Ni-P deposit was quite
smooth and did not show sign of corrosion. The results suggest that the Ni-P deposit is more protective in
nature than HVOF sprayed Inconel 625 coating. In agreement with these results, this significant enhancement
in the corrosion resistance of amorphous electroless Ni-P (with high P content) coating is due to the absence
of grain boundaries and the possible formation of a protective layer of nickel oxide and phosphorus
compound (Yan et al., 2015).

Figure 5. OM images of the (&) HVOF sprayed Inconel 625 coating and (b) Ni-P treated coating after
polarization test.
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4. Conclusions

HVOF thermal spray layer (Inconel 625) was coated with electroless Ni-P. The coatings were characterised
by microstructure analysis, microhardness measurements and corrosion tests, and the most relevant
conclusions can be summarised as follows:

-HVOF sprayed Inconel 625 coating followed by electroless Ni-P showed higher hardness and denser
structure without porosity when compared to the coating without Ni-P deposit.

-The corrosion resistance of Inconel 625 coating obtained by HVOF thermal spray technology has been
enhanced by adding an upper layer of a Ni-P deposit.
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TizSIC2, MAX Phase from TiC-Si-Ti Mixture

AhmetAtasoy'”, Emre Saka!

Abstract: There are more than ten MAX phase systems and more than fifty MAX phases. This work is
focused to produce Ti3SiC2 MAX phase using Si, C, TiC powders. On the DTA curve of the mixture
showed two exothermic peaks at temperature 970 and 1250 °C which were related with the formation of
the MAX structure on the carbide layer. TiSi, SiC, TiC and Ti3SiC2 phases were detected in the sintered
samples at temperature above 1300 °C for 3 h sintering time. At higher temperature and longer reaction
time, SiC decomposes depending on the holding and reaction temperature. The silicon to titanium carbide
and carbon ratios should be in stoichiometric but the silicon content of the starting composition requires
more than 20% excess.

Keywords: TiC, Silicon, Carbide, Machinable Ceramic

1. Introduction

Max phase was discovered by Nowontny and co-workers(Noontny 1970, 1982), but these new discovered
phases did not receive much attention until pure TizSiC, phase purely produced(Barsoum 1996). MAX phase,
M is early group of 2 elements, A is transition elements and X is C or N in the system. There are more than
ten discovered MAX phase systems can be classified according to the stoichiometric structure of the phases
which are 211, 312, 431, 523 and 735(Hu 2013). There are growing interests on the MAX materials family at
the last two decades because of the MAX phase materials combine metal and ceramic material properties
(Rodovic 2013; Barsoum 2001). The materials are very stable and desired at high temperature applications
(Chen 2001; Sunberg 2004). They have unique mechanical, thermal and chemical properties which are used
wide range of applications from cutting tools (Gilbert 2000), to as a radiation shielding material in nuclear
reactants(Hoffman 2012). These materials are new generation materials which replaced with the advanced
ceramics in the near future. The decomposition temperatures of the materials change between 850-2300°C,
depending upon the type and number of impurities present (Li 2003; Bao 2004; Zhen 2005). Preparation and
processing methods of MAX phase include solid state synthesis, mechanical alloying (Raoult 1994; Orthner
2002), arc melting (Gupta 2004), hot pressing (Zhou 2000a ), chemical vapour deposition(Zhou 2000b ),
spark plasma sintering (Zhou 2000c ), pulse discharge sintering, pressure less sintering(Sun 2002) and self-
propagation (Merzhanov 2004; Mishra 2011). Among the MAX phase ceramics, Ti3SiC2 is one of the most
attraction material which is half of the published papers were about it ( Barsoum 2001; Raoult 1994). It is
usually processed from pure Ti, Si, SiC and TiC powders or combinations at high temperature ( Barsoum
2000; Etzkorn 2007; Sun 2004; Pampunch 1989; El Saeed 2012). In our previous studies, high purity and
composite powders were synthesized successfully using a number of different starting materials and
compositions by pressure less and thermic processes. Depending on the starting composition, the desired
MAX phase was obtained by the aluminothermic reduction and carburizing of TiO,/SiO2/C/Al powders at
1400 °C for 2h. (Atasoy, 2016). A series of experimental studies have been carried using high purity Ti, Si
and graphite powders at a time temperature schedule of 1350 °C for 2 and 4 h. Addition of the TisSiC,, SiC
and TiC phases were formed. The formation of the MAX phase is more favourable at lower temperature. It
was found that, the carbon content has significant effect on the formed MAX phase in which it decomposes

* Department of Metallurgy and Materials Engineering Sakarya Citation (Atif): Atasoy, A., Saka, E., (2018). TizSiC2 MAX Phase from
University of Applied Sciences, Sakarya, Turkey. TiC-Si-Ti Mixture. Bilge International Journal of Science and
Technology Research, 2(Special issue), 25-31.
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to the carbides of Ti and Si at higher temperatures (Atasoy 2017). Based on our experimental studies, the aim
of the work presented here is to investigate the processing and formation of 312 TiSiC MAX phase from the
mixture of TiC, Ti and Si.

2.Materials and Method
In the present study, high purity TiC, Ti and Si powders were used as starting materials to synthesis TisSiC,
phase. The characteristic of the powders are given in Table 1.Titanim and silicon powders were provided

from the Alfa Aesar company. TiC powder was provided from.

Table 1.Some properties of the starting powders.

Mp ‘C D (g.cm?®) Par. size Purity (%)
TiC 3200 4.93 5-20um 99.99
Ti 1668 4506 5-7 um 99.99
Si 1412 2.33 2-5um 995

To prepare homogeneous mixture corresponding to the desired stoichiometric, the powders were ball milled
with silicon carbide balls for 6 h. After the mixing operation, green compacts were obtained from the cold
compaction of mixture with a uniaxial pressure of 300 MPa. After words the green compacts were placed in a
graphite crucible and sintered at temperatures between 1300-1500 °C under Ar atmosphere for various
holding times. The density of the green and the sintered samples were measured by Archimedes method. For
the determination of mineral in the starting mixtures and the obtained phases in the products, X-ray
diffraction method (D/max Rigaku, Japan) was used at the condition of Cu Ka radiation (A=0.15418 nm)
with a step size of 0.02° (20) and a scanning rate of 2° min-1. Energy dispersive analytical X-ray (EDAX)
was also used for basic chemical analysis. Thermal analysis of the mixture was performed on a simultaneous
thermal analyser (Netzsch STA 400, Germany). TG/DTA was performed in an alumina crucible, under
nitrogen atmosphere in the temperature range of 20-1450 °C and heating rate of 10 °C/min. For
microstructure and morphology of the starting and the reduced samples were investigated by scanning
electron microscopy (SEM) coupled energy dispersive X-ray spectroscopy (EDX).

For the preparing of ternary compound Ti3SiC2in a single stage, the solid-state reaction method was chosen.
Overall reaction to produce Ti3SiC2 by given reactions.

2TiC (s) + Ti + Si(s) + — TisSiCs 1)

To prepare homogeneous mixture corresponding to the desired stoichiometric, to minimize any
contaminations, the powders were ball milled with SiC balls for 6 h. After the mixing stage, green compacts
were obtained from the cold compaction of mixture with a uniaxial pressure of 300 MPa. After words the
green compacts were placed in a graphite crucible and sintered at temperatures between 1300-1500 °C under
argon atmosphere for various holding times.

For the determination of crystalline of the starting mixtures and the obtained phases in the products, X-ray
diffraction method (D/max Rigaku, Japan) was used at the condition of Cu Ka radiation (A=0.15418 nm)
with a step size of 0.02° (20) and a scanning rate of 2° min-1. Energy dispersive analytical X-ray (EDAX)
was also used for basic chemical analysis.

Thermal analysis of the mixture was performed on a simultaneous thermal analyser (Netzsch STA 400,
Germany). TG/DTA was performed in an alumina crucible, under nitrogen atmosphere in the temperature
range of 20-1450 °C and heating rate of 10 °C/min.

For microstructure and morphology of the starting and the reduced samples were investigated by scanning
electron microscopy (SEM) coupled energy dispersive X-ray spectroscopy (EDX).
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3.Results

For the preparing of ternary compound TisSiCzin a single stage, the solid-state reaction method was chosen.
The first step is the preparation of TiC, Ti and Si powder according to the reaction 1 in a stoichiometric
ratio. A green compact is prepared with this homogeneous mixture and put in an graphite crucible. They were
sintered at temperatures between 1300-1500 °C for various holding times under Ar.

In Figure 1 shows the X-ray diffraction pattern of the starting composition (at the bottom line). As expected it
consisted TiC, Si and Ti. This figure also presents the X-ray diffraction patterns of the sintered samples at
1300 °C for various holding times. depending on the sintering time, it was clear that the figure displays
different patterns and different newly formed phases such as SiC, TiSi inter metallic and TisSiC,. At this
sintering temperature, the sintering time has key role on the formation of the desired structure which needs
more than 2 h. At the experimental condition, the high percentage of the MAX phase was formed in 4 h.
holding time.
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Figure 1.XRD pattern of the sintered sample at 1300 °C for various times.
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Figure 2. XRD pattern of the sintered sample at 1400 °C for various times.

Figure 2 shows the sintered samples at 1400 °C which displays different patterns and the new formed phases.
At this temperature, the first reaction products were inter metallic phases of Ti-Si system where were TiSi,
TiSi, and TisSis. When the sintering time increases they were converted into the carbides and TisSiCzphases.
This observation and the results suggests that the formation of the phase starts with inter metallic and carbide
phases both depending on the sintering temperature and holding time.
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Figure 3. XRD pattern of the sintered sample at 1500 °C for various times.

Final X-ray diffraction patterns of the sintered samples at 1500 °C for various holding times were presented
in Figure3. As seen from it, TiC phase was increased and SiC was formed. It was very amazing results that at
his temperature, the formed MAX phase was disappeared. Our experiments showed that, the formed TisSiC;
phase was decomposed to TiC and SiC at both holding time. It was also assumed that the type of the used
crucible was important that when graphite crucible was used the formation of carbide phases was accelerated
as well as it decomposes the formed TisSiC, phase to carbides at higher temperatures. Our results showed
that, the stability of TisSiC, phase was related with the carbon content of the initial composition and the type
of crucible used.
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Figure 4. TG/DTA curves of mixture powders of Ti, TiC, Si and C powders.

Thermal analysis of the mixture of TiC, Ti and Si powder was presented in Figure 4. As seen from the TG
curve of the mixture, there is weight gain during the experiment. It can be seen that the weight gaining starts
at temperature above 400 °C and continuous with sintering temperature. Under the experimental conditions,
both of the starting powders were stable and the experiment was carried out in argon flow. This kind of
weight gaining can be explained by the oxidation of carbide or metallic portion of the starting composition.
More investigations are necessary to clarify the weight gaining of the mixture. On the other, three
endothermic and one exothermic peaks are observed on the DTA curve of the mixture. When compared
them, they were resulted in conflicting conclusions. Again, in presence of Ar flow, any oxidation reaction
should not take place in the mixture. However, some oxide content may come from the ball which was used
for milling stage. This kind of contamination may resulted weight gain in the sintered samples.

28



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 25-31

zZeku XS, 888

ZBky XS, BBa Smm

Figure 5.SEM micrograph of the sintered samples at 1300, 1400 and 1500 °C for 2h holding times.

Figure 5 shows the selected SEM micrograph after heat treating at different sintering temperatures for 2h.
The particles were composed of TiC, SiC and TisSiC,. At 1400 °C, the structure seems to be layered and has
more Ti3SiC; particles than the right and left side pictures. As confirmed by the X-ray diffraction patterns
(Figure 3) the particles on the right side of the Figure 5 belongs to TiC and SiC.

The reaction mechanism of the TisSiC, phase depends on the used powders. When thermo chemically stable
powders were used the reaction mechanism controls by diffusion model with solid state reaction between the
reactants. In the case of TiC-Ti and Si powders, the formation of Ti3SiC, phase rate controlling by the overall
reaction. The first nucleation of the Ti;SiC, starts on the surface of TiC and grows epitaxial.

4. Discussion and Conclusions

Many attempts have been reported the formation of the 312 phase. It was reported the phase composition and
the reaction mechanism of the MAX phase depends on the starting powders, the sintering conditions and
parameters and even depends on used crucible. When TiC and Si were used as starting powders, the Ti3SiC2
forms on the TiC phase. The wet ability of Si is more feasible and covers all around TiC particles during the
sintering stage. The growth mechanism of theTi3SiC2 is epitaxial.

It was very interesting results that there was no MAX phase at sintering temperature of 1500 °C for the
shorter or the longer holding times. The phase was decomposed into the carbides of Si and Ti. The tendency
of decomposition reaction may be related with the used crucible which was graphite where creates carbon
source that plays critical point in the system. The DTA curve showed a big exothermic peak nearly the same
temperature as those determined by the XRD analysis.

The results of X-Ray diffraction analysis were presented in Fig 1-3 showing the relative intensity of the
newly formed phases of the sintered samples. As the sintering time was increased, the formation of the
desired phase increased linearly except the highest sintering temperature of the mixture.

The results of TG/DTA experiments were reported in Fig 4 showing the relative mass variations and its

derivative as a function of temperature with a heating rate of 10 “Cmin-1. A significant mass gaining was
observed at temperature between 400-1500°C.
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Ti3SiC;, is a bridge material between ceramics and metals. It is also new generation ceramics. TiC, Ti and Si
powders used for synthesis of TisSIC;MAX phase by solid state method at a time-temperature schedule of
1300-1500 °C in Ar atmosphere condition. Depending on the reaction temperatures and the sintering time,
TiSi, SiC and TisSiC, phases were formed. TiC and SiC with elongated or equiaxed shape distributed in
Ti3SiC2 matrix. The formation of Ti3SiC2 depends on Ti-Si binary phases. Silicon content plays an
important role in the wetting of TiC particle and the formation of TisSiCyphase.TisSiC, phase was
successfully obtained at 1300 °C for 3 h sintering time, and it was decomposed into TiC and SiC at higher
temperature.

The further work should be performed to optimize the sintering process parameters and to investigate the
mechanical properties of the sintered samples.
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A Research As Mobbing Examination in Maritime Sector

Leyla Tavacioglu'”, Neslihan Gokmen?, Ozge Eski', Vedat Sar1!, A. Ceren Yilmaz!

Abstract: In the maritime industry, a person of lower class or rank is exposed to mobbing, which can easily
be observed. In Turkey, instead of expressing mobbing in a specific word as "bullying in the workplace",
replaced it as "emotional harassment", "psychological violence at work", "intimidation”. The aim of the
study is to determine the factors that affect the mobbing. Survey participants are 178 volunteers, almost all
of the maritime university faculties and several private companies participated the survey. Data were
collected in May 2018 in Turkey. Mobbing Scale (Leymann's LIPT-The Leymann Ivertory of Psychological
For Social Sciences) was used. Mobbing scale has 5 factors: relationship, threat and harassment, business
and career-related obstacles, private life, commitment to work. Statistical analysis were applied in SPSS
(Statistical Package for Social Sciences v24). According to demographics, relationships between factors
were assessed by correlation analysis. Multiple linear regression analysis was used to determine the factors
affected the mobbing. 5 regression models were set up for each 5 factors. Bivariate correlations with
Spearman’s rho coefficients between all factors are utilized. According to regression results, it is seen that
variables affected mobbing significantly. Demographics are effective in determining mobbing. Theoretical
and practical implications of the findings are discussed.

Keywords: Mobbing, LIPT, Mobbing Scale, Maritime.

1. Introduction

From hospitals to universities, employees encounter various problems in work environment. Mobbing is one
of the most serious of these problems. Mobbing is psychological harassment or violence that is continuously
or systematically applied by employees or employers for psychological or social reasons (Leymann 1990; Zapf,
1999; Einersen et al., 2003; Lewis, 2003; Tinaz, 2006). Mobbing is a term used to describe psychological
terror, emotional lynching, abuse, bullying and terrorization in the workplace. There are many studies related
to mobbing in the literature. In 1960, the definition of mobbing was first used to analyze animal behavior by
Konrad Lorenz. Brodsky (1976) defines mobbing as repressive, frightening, scary and uncomfortable behaviors
that are repeatedly and intentionally displayed by one repeatedly and persistently to intimidate and annihilate
another. Thylefors (1987) defines mobbing as repetitive negative behaviors against one or more people by one
or more people. Matthiesen, Raknes ve Rrokkum (1989) defines mobbing as repetitive negative behaviors that
one or more people carry out against one or more persons in the working environment. Leyman (1990) defines
mobbing as hostile and unethical behaviors carried out by one or more people systematically. Kile (1990)
defines mobbing as a derogatory action that a superior is performing openly or secretly. Wilson (1991) defines
mobbing as continuous and intentional maltreatment towards an employer. Adams (1992) defines mobbing as
behaviors aimed at giving spiritual suffering to those who are unable to defend themselves. Vartia (1993)
defines mobbing as regularly humiliating behavior against one person by one or more people. Bjérkqvist,
Osterman ve Hjelt-Back (1994) defines mobbing as a superior authority to use subordinates in humiliating,
arbitrary punishment (Einarsen, 2000). Zapf, Knorz ve Kulla (1996) describe mobbing as any negative
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behavior that affects both the psychology and the physical well-being of the victim. Davenport, Schwartz, and
Elliott define mobbing as a collection of evil movements, ideals and actions that are intended to force a person
or group of a worker to resign (2003).

Mobbing is an universal problem and can be observed in any industry. Regardless of their demographic
characteristics, every employee can be exposed to mobbing. Mobbing has different negative effects on
employees’ work life and private life; such as insomnia, anxiety, depression, irritability (Einarsen, 1999;
Leymann, 1990), lack of concentration (Namie, 2008), loneliness (Huse and Cummings, 1985), alienation from
work/organization (Tolan, 1981), desensitization to organizational values, goals and ethical rules (Tutar, 2004).
Mobbing is a process that can be end up with the resignation of the employee (Paparella et al., 2004).

There are several studies on mobbing-personal and organizational reasons, mobbing-organizational culture and
organizational climate. These studies indicate that mobbing has negative effect on performance and
productivity of the employee and the organization (Vartia, 2003). The maritime sector is one of the sectors
where mobbing is often encountered. Yildirim and Tavacioglu (2017), determined the relationship between
the job performance and job stress of the seafarers and carried out that mobbing increases working stress and
decreases personal performance. But, there is a big gap in this issue in the literature. The aim of this study is
to examine the mobbing perceptions of seafarers in terms of general variables such as age, gender, education
level, experience on board, and position at work.

2. Material and Method

Data were collected from 220 seafarers, but, in total, 178 seafarers participated in the survey (Response rate:
81%). Data were gathered online and anonymously through SurveyMonkey. Sample was recruited by sharing
the SurveyMonkey link with our network and through e-mails. To understand and measure mobbing, the
Leymann Inventory for Psychological Terrorisation (LIPT) scale was used. Questionnaire form was derived
from LIPT. The questionnaire consists of two parts. First part includes demographic characteristics of the
participants. The second part of the questionnaire includes mobbing questions. 7-point Likert scale ranging
from “strongly disagree” through to “strongly agree’” was used. Descriptive statistics were calculated for
continous variables (mean, standard deviation (SD), minimum, maximum, median), categorical variables (N,
%) and distribution of scales showed in Table 1. Pearson correlation analysis was used to determine two
normally distributed variables and Spearman’s rho correlation analysis was used to determine two non-
normally distributed variables. It is shown in Table 2 and Figure 1. Comparison of two independent and
normally distributed variables Student's t test was used, to compare two independent and non-normally
distributed variables Mann Whitney U test was used. Comparison of more than two independent and normally
distributed variables One Way ANOVA test was used, to compare more than two independent and non-
normally distributed variables Kruskal Wallis test was used. It is shown in Table 3. Multiple linear regression
modeling was used to examine the effect of independent variables on the continuous dependent variable, and
the Backward variable selection method was used. It is shown in Table 4. Statistical significance level was
determined as 0.05. The analysis was conducted by utilising SPSS 24.0 (Statistical Package for the Social
Sciences).

According to Table 1, 22 women (12,4%) and 156 men (87,6) participated in this study. 83 of 178 participants
(46,6%) are between 18-25 years. The educational status of 128 of 178 participants (71,9%) is bachelor degree.
55 of 178 participants (31,1%) have worked on board for 3-6 months. 80 of 178 participants (45,2%) are
deck/engine cadets.
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Table 1. Demographic characteristics of the participants (N=178) and distributions of scales

N %
18-25 83 46.6
Age (years) 25-30 51 28.7
30-45 33 18.5
45-60 9 5.1
60 and older 2 1.1
Female 22 12.4
Gender Male 156 87.6
High School 7 3.9
. Associate Degree 8 4.5
Education Bachelor Degree 128 71.9
Graduate Level 35 19.7
D ¢ ¢ Deck 128 71.9
cpartmen Engine 50 28.1
3-6 months 55 31.1
. 6-12 months 45 25.4
Experience (on board) 13 years 73 158
3 years and over 49 27.7
Deck/Engine Cadet 80 45.2
3.Officer /4. Engineer 18 10.2
2.0Officer /3. Engineer 27 15.3
.. Chief Officer /2. 24 13.6
Position ;
Engineer
Master/Chief 17 9.6
Engineer
Other 11 6.2
N Mean+SD Median
(Min.-Max.)
Relationship with Colleagues 178 2.45+1.18 (21_1%
Threat and Harassment 178 1.6410.84 (11'?73)
Barriers Related to Job and 178 2.92+1.5 2.44
Career (1-7)
Interference in Private Life 178 2.05£1.22 (11'_8%
Commitment to Work 178 2.5611.63 (2]?70)

3. Results

According to correlation analysis, there is no significant relationship between relationship with colleagues and
other scales (Spearman’s rho p>0.05). There are positive moderate statistically significant correlations between
threat and harassment and barriers related to job and career; interference in private life and commitment to
work. There is a positive weak correlation between barriers related to job and career and interference in private
life. There is a positive moderate statistically significant correlations between barriers related to job and carrier
and interference in private life (Table 2) (Zou et al., 2003; Rumsey, 2007). Figure 1 supports the correlation

results.
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Table 2. Correlation analysis between scales

r; Relationship Threat and Barriers Related Interference in | Commitment
with Harassment | to Job and Career Private Life to Work

Colleagues

Relationship with 1.000

Colleagues

Threat and -0.056 1.000

Harassment 0.461

Barriers Related to -0.002 0.471 1.000

Job and Career 0.984 <0.001

Interference in -0.143 0.609 0.379 1.000

Private Life 0.057 <0.001 <0.001

Commitment to -0.023 0.544 0.705 0.481 1.000

Work 0.762 <0.00 <0.001 <0.001

1 2 3 4

Figure 1. Scatter plots of correlations (1. Threat and Harassment 2. Barriers Related to Job and Career 3.
Interference in Private Life 4. Commitment to Work)
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Table 3. Comparison of Scales According to Demographics

Mean+SD Relationship Threat and Barriers Related Ir_1terfe_rence Commitment
Median (MTn Max)) with Colleagues Harassment to Job and in Pr_lvate to Work
) ' Career Life
18-25 2.6+1.2 1.7+0.9 3.1+15 2.2+1.3 2.7+1.7
2.3(1-7) 1.6 (1-7) 3(1-7) 2(1-7) 2(1-7)
25-30 24+1.4 1.5+0.9 3.1+1.7 1.9+1.3 2.8+1.7
Age 2 (1-6.4) 1.1 (1-6) 2.7 (1-7) 1.5 (1-6.2) 2.5 (1-7)
30-45 2.2+0.6 1.5+0.5 2.5+1.06 1.8+0.9 2.1+1.2
2.3(1.2-3.7) 1.4 (1-2.4) 2.1(1-5.2) 1.7 (1-4.5) 2 (1-5)
45 and older 2.1+0.8 1.8+0.9 1.7+0.7 1.9+1.1 2.1+0.7
2.1(1.2-4.1) 1.7 (1-3.4) 1.7 (1-3.4) 2 (1-5) 2 (1-3.5)
p* 0.199 0.165 0.006 0.576 0.285
Female 2.7+1.1 1.9+0.9 2.9+1.2 24+1.3 2.6+1.6
Gender 2.3(1.3-5.3) 1.6 (1-4.4) 2.7 (1-5.1) 2 (1-5) 2 (1-6)
Male 24+1.2 1.6+0.8 2.9+15 2+1.2 2.5+1.6
2.2(1-7) 1.3(1-7) 2.4 (1-7) 1.7 (1-7) 2(1-7)
P 0.221 0.068 0.456 0.191 0.658
High School 3.3+1 2.3+0.9 3.1+1.2 2.6+1.3 2.7+1.5
3.6 (1.9-4.6) 2 (1-3.7) 3(1.9-5) 2 (1-5) 2.5 (1-5)
Associate Degree 2.4+0.9 1.5+0.7 3.5+2.6 1.6+0.7 3.2+14
. 2.1(1.3-4.5) 1.2 (1-3.1) 2.1(1.2-7) 1.5 (1-3) 3.2 (1-5.5)
Education Bachelor’s 25+13 1.7+0.9 2.9+1.6 2.1+1.3 2.6+1.7
Degree 2.1(1-7) 1.4 (1-7) 2.7 (1-7) 1.9 (1-7) 2 (1-7)
Graduate Level 2.1+0.7 1.5+0.5 2.5+0.9 1.8+1 2.1+1.2
2.2 (1-4.7) 1.3 (1-2.7) 2.2 (1-4.9) 1.5 (1-4.7) 2(1-7)
p* 0.177 0.221 0.532 0.261 0.263
Deck 24+1.1 1.6+0.8 2.9+15 2+1.2 2.6+1.6
2.1(1-7) 1.4 (1-7) 2.4 (1-7) 2 (1-7) 2 (1-7)
Department Engine 2.5+12 1.740.9 2.9+16 2.1+13 25416
2.2 (1-6) 1.4 (1-6) 2.4 (1-6.7) 1.6 (1-6) 2 (1-6)
P 0.937 0.569 0.826 0.938 0.726
3-6 months 2.6+1.1 1.7+0.6 3.2+1.7 2.1+1.1 2.5+1.6
2.3 (1-5.1) 1.7 (1-3.7) 3(1-7) 2 (1-5.5) 2(1-7)
6-12 months 25+1.4 1.5+0.7 3.2+1.6 2.1+1.2 2.8+1.9
Experience 2.2(1.1-6.4) 1.3 (1-4.4) 3.2(1-6.9) 1.7 (1-6) 2 (1-6)
(on board) 1-3 years 2.7+1.4 1.9+15 2.9+1.4 2.3+1.7 2.9+1.7
2.3(1-7) 1.5 (1-7) 2.4 (1.2-7) 2(1-7) 2.5 (1-7)
3 years and more 2.1+0.7 1.4+0.6 2.2+1.1 1.8+0.9 2.2+1.3
2(1-4.7) 1(1-3.4) 2(1-5.2) 1.7 (1-5) 2(1-7)
p* 0.163 0.028 0.005 0.444 0.194
Deck/Engine 2.6+1.3 1.7+0.8 3.4+1.6 2.1+1.3 2.8+1.8
Cadet 2.3(1-7) 1.5 (1-7) 3.3(1-7) 2(1-7) 2(1-7)
3.0fficer 3+1.4 1.7+0.9 3.0+1.7 2.2+15 2.2+1.3
/4.Engineer 2.4 (1.41-6.24) 1.2 (1-4.71) 2.3 (1.25-6.75) 1.8 (1-6.25) 1.7 (1-5)
2.Officer 2.1+0.9 1.6+0.9 25+1.1 2.0+1.2 2.4+15
Position /3.Engineer 2.1 (1-6) 1.4 (1-6) 2.2 (1-6) 1.7 (1-6) 2 (1-7)
Chief Officer /2. 2.1+0.6 1.4+0.6 2.2+1.0 1.7+0.8 2.1+15
Engineer 2.1 (1-4.29) 1(1-3.14) 2 (1-4.75) 1.5 (1-4.25) 1.2 (1-7)
Master/Chief 1.9+0.6 1.4+0.4 2.2+41.3 1.6+0.7 2.2+1.2
Engineer 1.9 (1.18-3.65) 1.1 (1-2.43) 2 (1-5.25) 1.2 (1-3.75) 2 (1-5)
Other 2.5+0.9 2.0+0.7 2.6+1.1 2.4+1.2 2.5+1.2
2.3 (1.35-4.18) 2(1-3.43) 2.2 (1.25-5.13) 2 (1-5) 2.5 (1-6)
p* 0.064 0.066 0.004 0.454 0.218

There is a statistically significant difference in terms of threat and harassment distribution relative to the length
of time they have been working on board (Kruskal Wallis p<0.05). Threats and harassment averages were
found to be higher among those who worked 1-3 years (Mann-Whitney U p<0.008 Bonferroni correction).
There is a statistically significant difference in terms of barriers related to job and career relative to the length
of time they have been working on board, age and position (Kruskal Wallis p<0.05). Participants with age
group 45 and above had a lower average of barriers related to job and career than the other age groups.
Employees on board for 3 years and more were found to have lower average barriers to job and career (Mann-
Whitney U p<0.008 Bonferroni correction). Deck / Engine Cadets’ average of barriers related to job and career
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were statistically significantly higher than those of Chief Officers/ 2. Engineers (Mann-Whitney U p<0.005
Bonferroni correction).

After the comparison of the demographics, the regression model given in Table 4 was formed. Barriers to job
and career is dependent variable; age, position and experience on board were modeled as independent variables
and Backward variable selection method was used. There is no multicollinearity (VIF<10) and autocorrelation
(Durbin-Watson<?2). So, model can be interpreted and was found statistically significant (p<0.001). Age group
of 25 to 30 were reduced the barriers related to job and career by 1.25 (1/0.794) times according to the age
group of 18 to 25 and were reduced that scale by 1.15 (1/0.871) times according to the age group of 30 to 45.
2.0fficer/3.Engineer were reduced the barriers related to job and career by 1.49 times according to the
Deck/Engine Cadet and Chief Officer/2.Engineer were reduced that scale by 1.84 times according to the
Deck/Engine Cadet. Master/Chief Engineer were reduced the barriers related to job and career by 1.50 times
according to the Deck/Engine Cadet and Other position were reduced that scale by 1.11 times according to the
Deck/Engine Cadet.

Table 4. Regression analysis

Unstandardized Standard Standardized t p VIF
Yz Deviation Yz
Constant 3.287 0.165 19.936 <0.001
Age 25-30 0.794 0.286 0.240 2.775 0.006 1.486
Age 30-45 0.871 0.394 0.226 2.210 0.028 2.082
Position 3.Officer -0.656 0.382 -0.132 1721 0.087 1.176
/4.Engineer
Position 2.Officer
3 Engineer -1.491 0.371 -0.357 -4.020 <0.001 1573
Position Chief Officer -1.836 0.427 -0.419 4296 | <0.001 1.892
2. Engineer
Position Master/Chief -1.501 0.426 -0.295 3523 0.001 1.393
Engineer
Position Other 1114 0.467 -0.179 -2.385 0.018 1.124
R2 0.390
F/p 4.318/<0.001

Discussion and Conclusions

In this study, it is aimed to examine seafarers’ mobbing perceptions depending on the general variables, such
as age, gender, education level, experience on board, and position at work. It is found that gender and education
level didn’t make any difference on mobbing perceptions of the seafarers. Maritime sector is a men-oriented
sector. According to the Fourth European Working Conditions Survey (2007), women are more exposed to
mobbing than men. Ness et al. (2000) indicated that men are more exposed to mobbing than women. In the
study conducted by Mikkelsen and Einarsen (2002), there was no significant difference according to gender.
Regardless of educational level of seafarers, they can be exposed to mobbing on board.

Age, experience on board and position at work made difference on mobbing perceptions of the seafarers. With
the increase of the age and the experience on board, seafarers are less exposed to mobbing. This result is parallel
with the findings of Acar and Diindar (2008) and Ozyer and Orhan (2012). The height of the deck/engine
cadets’ mobbing average can be explained in this way.

Working on board is a though and complex situation, there are lots of stressor factors such as being far away
from home and loved ones, fatigue, long working hours, limited space, insufficient sleep and multinationality
(Amy, 2015). Effects of mobbing on seafarers can be decrased by improving work environment on board.

The first limitation of the study was sample characteristics in terms of gender. Our participants consist mostly
of men. Therefore, we cannot generalize our findings to women. The second limitation of the study was that

37



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 32-39

all participants were from Turkey. The study can be expandable by choosing multinational seafarers coming
from different countries.
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Investigation of Peroxidation Kinetics in Oil-in-water
Emulsions Induced by Cu(Il)
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Abstract: In this study, peroxidation of olive oil, corn oil, sunflower oil, walnut oil, argan oil, rosehip oil
emulsions was carried out in the presence of copper (II) ion at 37 ° C and pH 7 in a ventilated incubation
environment. Primer products (hydroperoxides) were monitored by Fe (1) SCN method and secondary
products (malondialdehyde) were analyzed by TBARS analytical methods. In addition, GC-MS analysis
were performed on the oils studied to identify compounds that behave as free radical scavengers or
hydrogen donors. Before preparation of the oil emulsions in water, iodine index determinations of the
degrees of unsaturation in the oils were made and found to be 86.28, 128.12, 140.22, 164.97, 97.29 and
183.58 gl2 / 100g for olive oil, corn oil, sunflower oil, walnut oil, argan oil and rosehip oil respectively.
The rate constants were calculated kwalnut oil > kargan oil > krosehip oil > ksunflower oil > kcorn oil >
kolive oil for FeSCN method and krosehip oil > kwalnut oil > kargan oil > kolive oil > ksunflower oil >
kcorn oil for TBARS method, respectively. As a result, pseudo first order kinetics of hydroperoxides and
aldehydes were observed in copper-catalyzed oil emulsions at 37 © C and pH 7, and the absorbance values
obtained as a function of the incubation period gave sigmoidal curves. This study showed that the
oxidation rates of fats are closely related to the conjugated fatty acids. It was thought that the kinetic data
obtained could be used to accurately calculate the shelf life of oils used as food components.

Keywords: TBARS Method, Ferric Thiocyanate Method, Olive oil, Corn oil, Sunflower oil, Walnut oil,
Argan oil, Rosehip oil, Lipid emulsion

Introduction

Nutritional oils, which have an important place among daily consumables, are among the most frequently
discussed topics in our country (Cabukel et al. 2009). Oils are one of the main nutrients necessary for people
to carry on their vital activities. An adult person has about 93 gr daily. oil is required. Apart from the contents
of other nutrients, the total amount of fat that should be taken directly is 63 grams. According to European
norms, if you consume about 24 kg of fat per person per year, it can be mentioned without a healthy diet
(Kolsarici et al. 2005).

Deterioration of lipid compounds is accelerated by increased oxidation in many circumstances such as
increase of metals in the medium, pH and temperature change (Das and Pereira, 1990). Lipids become
aggravated as the result of oxidation, and this oxidative aggravation is the main cause of food impairment.
The acceptability of a food product depends on the degree to which this degradation occurs. For this reason,
it is very important to evaluate the degree of oxidation (Grey, 1978). In addition, flavonoids found naturally
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in plants such as argan, rosehip, walnut and carnation oils are regarded as important compounds in order to
maintain stability against otoxidation on the lipids of plant sources (Das and Pereira, 1990). It is very
important to examine the antioxidant action mechanisms of these compounds which inhibit or delay lipid
oxidation in the lipid oxidation process.

In this study, lipid peroxidation rates of natural walnut oil, sunflower oil, olive oil, corn oil, Argan oil and
Rosehip oil were examined at 37 °© C and pH 7. In the experimental phase of this study, Fe (III) SCN was
used to examine the primary oxidation products and TBARS analytical methods were used to examine the
secondary oxidation products. Trans fat rates of these oils were also examined by chromotographic methods
and iodine numbers were determined.

Materials and Methods

Absorption measurements were recorded with SHIMADZU UVM-1240 UV-Visible spectrophotometer
(Shimadzu Corp., Kyoto, Japan). All experiments were performed at 37 © C in a NUVE BM 30 Circulation
Water Bath. Chromotographic measurements were performed using a Shimadzu GCMS QP 2010 ULTRA
instrument at RTX-5MS Capillary column (30m; 0.25mm; 0.25um) and 2000C ion source temperature. All
chemical compounds of the analytical reagent grade were purchased from Sigma-Aldrich Co. LLC. Distilled
water was used for all operations. The oils used were fresh from Dogavita Ilag Gida Sanayi ve Ticaret A.S.
(Ciftcizade, Tirkiye) and the production methods are summarized in Table 1.
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Figure 1: Absorbance-time graph of oxidation of (a)Argan, (b)Rosehip, (c)Sunflower,(d) Corn,(e) Olive, and
(HWalnut oils (Fe (111) SCN, and TBARS method measurements)

Preparation of Oil Emulsions

Span 80 and Tween 80 emulsifier mixture for all O / W emulsions was prepared as HLB value 10. A stock
solution of CuCl2, as a chelator for catalytic oxidation of oils, was prepared at a Cu(ll) concentration of 0.01
M. Amonium acetate buffer (1M, pH = 7) solution were used for incubation medium. (The concentration in
the emulsion solution is 0.9 M as 90 mL NH4Ac in 100 mL emulsion solution).

CH3COONH: — CH3COO™ + NH4*
According to 1= Z%ci.zf equation, I =0.9.

0.3 g of oil was weighed into a 100 mL volumetric flask. 3 mL of stock solution was added as an emulsifier
(Tween 80 + Span 80, HLB: 10, 0.3 g in 3 mL ethanol) (Hassan, 2015). 2 mL of ethanol and 90 mL of
NH4Ac (1M, pH = 7) buffer solution was slowly added to the mixture and emulsified by stirring through a
magnetic stirrer.

Measurements by GC-MS for fatty acid methyl ester (FAME) analysis

The oils were analyzed by GC-MS fatty acid methyl ester analysis (FAME) according to the IUPAC standard
method (IUPAC, 1992). Accordingly, the esterification pretreatment was carried out by treating 0.1 g of
sample with 10 ml of n-hexane and adding 0.5 ml of 2N methanolic KOH solution. The oven temperature
program is 5 minutes at 90°C, 4°C / min increase from 90°C to 250°C, 5 minutes at 250°C.

Kinetic Measurements:

For spectrophotometric measurements, 0.1 mL samples were taken at different time intervals throughout the
incubation. This 0.1 mL sample; 4.7 mL of liner containing 0.02 M iron (1) chloride solution prepared in
0.15 mL of 75% ethanol, 0.1 mL of 30% ammonium thiocyanate and 0.1 mL of 3.5% HCI was added. The
mixture was then allowed to stand for 3 minutes and the absorbance at 500 nm was read across the blanks
containing all the components except the oil emulsion and sigmoidal curves were obtained giving changes in
absorbance versus time (Yildogan-Beker et al., 2011).

Secondary oxidation products, symbolized as malondialdehyde in the oil emulsion, were determined by the
TBARS method. At certain time intervals from the standard and sample solutions incubated for this, 0.1 mL
of the sample was mixed with 0.15 mL of Trichloroacetic Acid (TCA, 2.8%), 0.1 mL of Thiobarbituric Acid
(TBA, 1%). And then 2.65 mL purified water was added to test tubes to give a total volume of 3 mL. It was
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stored for 15 min in a water bath at 95-100 ° C. It was cooled and 1 mL of ethanol was added. Shaken and the
absorbance was measured against a control band of 532 nm (Ohkawa et al., 1979).

Results and Discussion
lodine Indexes in Oils

lodine indices, a measure of the degree of unsaturation of the oils, were assigned to six different fat samples.
According to this, as shown in Table 1, the iodine indices are bigger and smaller for Kusburnu, Walnut,
Sunflower, Corn, Argan and Olive oils 183,58> 164,97> 140,22> 128,12> 97,29> 86,28 was found. As can
be seen, Rosehip and Walnut oils have more unsaturated fatty acids, while Argan and Olive oil have less
unsaturated fatty acids. Although nutritional experts appreciate the high levels of unsaturation of fatty acids
found in vegetable oils, they cause serious technological problems due to their greater susceptibility to
oxidation (Kowalski, 2007).

Table 1: Provision of oil used in working

Oil name Oil Botanical Name  Obtaining Method lodine Indexes
(gl2/100g)

Walnut Oil Juglans Regia Cold Press 164.97
Rosehip Qil Rosa canina Cold Press 183.58

Argan oil Argania Spinosa Cold Press 97.29
Sunflower oil Helianthus annuus Extraction 140.22

Corn oil Maize oil Extraction 128.12

Olive Qil Olea europaea Precision and extraction 86.28

GC-MS data in fats

GC-MS analyzes carried out using IUPAC standard method are given in Table 2 for Argan, Sunflower, Corn,
Olive, Walnut and Rosehip oils. The gas chromotograms of each oil found are shown by the nomenclature
based on the carbon number. According to this, in each oil, the 18-carbon fatty acids are found as linoleic
acid (9,12-Octadecadienoic acid (Z, Z)), oleic acid (9-Octadecenoic acid, (E)) and stearic acid methyl ester a
variety of fatty acids are generally observed between 16 and 24 carbons. Unlike these oils, Argan oil also has
fatty acids ranging from 8 to 14 carbon atoms.

Table 2: Fatty acid composition and trans fatty acid content (%) of Argan, Sunflower, Corn, Olive, Rosehip
and Walnut oils

Fatty acids Argan  Sunflower Corn Olive Rosehip  Walnut
Oil Oil Oil Qil Oil Qil

C8.0 0.12

C 10:0 0.06

C12:0 0.57

C14:.0 0.25 0.05

C 16:0 6.66 6.29 109 127 6.35 6.66

C17:.0 0.03 0.02 005 0.14 0.03

C 18:.0 4.15 4.85 2.8 397 4.2 3.16

C18:0¢9,c10 (ep.-9)** 0.11

C 20:0 0.53 0.27 046 056 0.35 0.14

C22:0 0.25

C23:0 (is0-20) 1.09 0.82 015 0.92 0.06

C24:0 0.22
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X SFA* 13.57 12.47 14.46 1752 11.87 10.05
Cl6:1w7 0.08 0.06 0.07 086 0.08 0.08
Cl7:1 0.21

C18:1 31.07
C18:1w9 33.74 30.38 31.81 7446 32.29

C20:1w9 0.33 0.11 034 031 0.16 0.21
X MUFA* 34.15 30.55 3222 75.84 3253 31.36
Cl14:2c1,c13 (T)*

C16:3 0,3
C18:2w6 49.93 56.99 53.12 6.64 556 57.5
C18:3 0.15

C18:3 ¢9,c12,c15-(Butyl)** 0.16
C20:2 0.06
X PUFA* 49.93 56.99 53.27 6.64 556 58.02
C18:1 19 (1,3-Dielaidin) 0.27
C18:2 c9,t11 0.05

C18:3 ¢9,t11,t13 2.22

X Trans 2.22 0.05 0.27
Bicyclo[10.1.0]tridec-1-ene 0.18
Decyl 0.11
cyclohexanecarboxylate

X Diger 0.29

Evaluation of kinetic parameters for primary and secondary oxidation product formation:

In accordance with the pseudo first order equation during the oxidation of the oils, hydroperoxides and k;
velocity constants as primary products and aldehyde and ketones as secondary products are formed with k;
rate constant. In the following autocatalytic parallel and successive reactions;

k

L= L00 - LOOH —» MDA (1)
k

L= MDA )

L, LOOH and MDA respectively represent lipid, lipid hydroperoxide and malondialdehyde. Pseudo first
order velocity constant (k) is calculated from the slope of the In [(1 - A) / A] curve according to t ;

In (1 - A) /A= In (1 - Ag) IAo - kt 3)

Ao is the absorbance at the beginning and Ay is the absorbance (Aspo nm or Ass, nm), which is proportional to
the total concentration of hydroperoxides or aldehydes at time t. Ferric thiocyanate (Fe (I111) SCN) (pseudo
first-order rate constants measured by Fe (I1) SCN) and thiobarbituric acid-reactive substances (TBARS)
methods were specifically named k1 and k2, respectively. In addition, the absorbance-time graphs of the
oxidation of Argan, Rosehip, Sunflower, Corn, Olive and Walnut oil are shown in Figure 1 after Fe (111) SCN
and TBARS measurements.

The rate of hydroperoxide formation was reported to be higher than the rate of degradation in the first two
hours of oxidation (Bondet et al., 2000). According to this, when the formation of primary oxidation products
of oils were examined, it was seen that Walnut oil oxidation occurred in 0-8 hour period and the maximum
speed constant was (5.11+1.45)x10? hours™. The lowest oxidation rate constant was (0.42+0.02)x10" hours?
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in olive oil. Hydroperoxide formation rates for oils Walnut oil> Argan oil> Rosehip oil> Sunflower oil> Corn
oil> Olive oil followed the order. The autoxidation rate is largely dependent on the rate of formation of the
fatty acid or acylglycerol alkyl radical. The relative oxidation rate of oleic, linoleic and linolenic acids has
been reported to be 1:40 to 50: 100 depending on the uptake of oxygen (Min et al., 1992).

Unsaturated fatty acids prevent atherosclerosis and coronary heart disease, and monounsaturated fatty acids
have been shown to reduce plasma LDL-cholesterol levels (Wolfram, 2003). Although unsaturated fatty
acids are highly effective in health, saturated fatty acids are subject to less peroxidation than unsaturated
equivalents (Rael et al., 2004). Fatty acid composition is composed of unsaturated fats and oils are oxidized
faster (Parker et al., 2003). Accordingly, we can associate the oxidation rates of walnut oil, argan oil, rosehip
oil, sunflower oil, corn oil and olive oils with the saturated and unsaturated fat ratios in Table 3. When the
total percentages of total polyunsaturated fatty acids (X PUFA) and total monounsaturated fatty acids (X
MUFA) are calculated in Table 2, Walnut oil (89.38% + 0.27% (trans) + 0.29% other fatty acids), Argan
(84.08% + 2.22% (trans)), Corn (85.49% + 0.05%), Rosehip (88.13%), Sunflower (87.54%), Olive (82.48%)
was found. These results are consistent with the large to small sequence of lipid oxidation rates calculated for
primary oxidation products.

Table 3. Kinetic data obtained from Cu (1) -induced oxidation of argan, rosehip, olive, sunflower and corn
oil emulsions.

Fe(I1NSCN Method TBARS Method

Oil Species  *kiSk (min ) x10"  r? *Kz£Sk (min 1) x10* 12

Walnut Oil (5.11£1.45) 0.620 (0.69+0.06) 0.919
Rosehip Oil  (1.91+0.23) 0.917  (0.69+0.07) 0.928
Argan oil (3.67+0.81) 0.767 (0.54+0.05) 0.944
Sunflower oil  (0.99+0.08) 0.929 (0.13+0.01) 0.858
Corn oil (0.63+0.05) 0.920 (0.11+0.01) 0.777
Olive Qil (0.42+0.02) 0.960 (0.21£0.01) 0.975

*(kland k2 are pseudo-first order rate constants with respect to hydroperoxides and malondialdehyde formation)

When the formation of secondary oxidation products of oils were examined, walnut oil and rosehip oil
oxidation were found to have the same rate constant. In spite of this, Figure 1 shows that walnut oil has
increased with higher absorbances in the range of 0-10 hours. Rosehip oil in the range of 0-20 hours
compared to the walnut oil was observed to have lower absorbances. Corn oil was found to have the lowest
rate constant in terms of secondary product formation.

Malondialdehyde and secondary product formation rates for oils Walnut oil = Rosehip> Argan oil> Olive
oil> Aygicek> Corn oil followed the order. The high proportion of unsaturated fats leads to the rapid
development of secondary products, as in the case of primary products. Walnut and rosehip oils have been
found to have nearly equal levels of unsaturated fat and equally equal rate constants. However, although olive
oil has the lowest unsaturated fat content in total, it has a slightly higher rate constant than corn and
sunflower oils in terms of secondary product formation. According to this, it is very difficult to explain
secondary product formations with saturated and unsaturated fat ratios.

Conclusion

Today, many studies show that the degree of unsaturation in the oil is an effective factor in the rate of
oxidation. However, we can see that in primary and secondary product formation in lipids, oxidation rates are
associated with fatty acids in very few studies. These results, of course, alone are not sufficient to examine
the rate constants. However, it can produce a comparative idea about the oxidation rates of oils. According to
these results, the differences in the fatty acid structure, such as the level of unsaturation and the position of
the double bonds and the stereoisomeric configuration, have shown that it can affect the fatty acid oxidation
rate.
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An Electrodeposition Method of Nickel-Graphene Composite
Coatings on Ti—-6Al-4V alloy
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Abstract: The main objective of this work has been the deposition of Nickel (Ni)-Graphene nanoplatelets
(GNPs) composites on a Ti-6Al-4V alloy substrate via a pulse current technique from a Watt’s type bath.
The characterization of the coatings was done by structural surveys, hardness measurements and wear
tests. In this current work, XRD and SEM analysis demonstrated the better grained and compact property
of the Ni-GNPs deposits. The surface roughness of the composite coatings was significantly decreased
with the addition of GNPs. Furthermore, the addition of GNPs in the Ni matrix improved both hardness
and wear behaviour of the composite coating compared to the pure Ni coating.

Keywords: Electrodeposition, Titanium, Surface modification, Wear.

1. Introduction

Titanium (Ti) and its alloys have been widely used in many sectors such as marine, medical, chemical,
automotive, aircraft and aerospace components. Such a wide range of their applications is related to high
tensile strength, low density and high resistance to corrosion (Roodposhti et al., 2018). However, their poor
wear resistance due to the low resistance to plastic shearing and the relatively high friction coefficient is one
of factors limiting their widespread usage in load bearing applications (Pohrelyuk et al., 2018). For this
reason, some surface engineering methods can be applied to Ti and its alloys to enhance service life of many
engineering components (Zhecheva et al., 2015).

Among the composite deposits, nickel (Ni) electrodeposition by the co-deposition with various particles in
electrolytic bath seems to be promising due to their high hardness, high wear, lubricity and good corrosion
resistance. Graphene nanoplatelets (GNPs) are one of the most promising carbon based materials due to its
extremely high Young's modulus up to 1 TPa and fracture strength approaching 125 GPa (Rashad et al.,
2015). According to the available literature, the electrodeposition of composites on difficult substrates such
as Ti requires overcoming the major challenge of achieving high codeposition rates and a uniform
distribution of particles in the Ni matrix (Baraka et al., 2002). Pulse electrodeposition is a well-known
method in the field of composite coatings. If used instead of the direct current (DC), pulse current (PC) in the
electrodeposition leads to several advantages including refinement of crystallites, reduction of porosity,
enhanced adhesion to the substrate, more uniform distribution of the coating, and improvement of mechanical
properties (Kumar et al., 2013).

In this paper, pulse electrodeposited Ni-GNPs composite coatings with different content of GNPs were
obtained and the morphology and microstructure of Ni-GNPs composite coatings electroplated on Ti-6Al-4V
alloy were investigated. In addition, wear resistance of resulted Ni-GNPs composite coatings were also
studied.

!Bilecik Seyh Edebali University, Engineering Faculty, 11210, Bilecik, Citation (Atif): Ozkan, O., Mindivan, H. (2018). An Electrodeposition
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2. Material and Method

GNPs reinforced Ni composite coatings were prepared under PC method from Watt's-type bath. Chemical
compositions and electrodeposition conditions are given in Table 1. GNPs supplied by GRAFEN-IGP2
(Grafen Chemical Industries, Turkey) with a lateral dimension of ~5 nm and a thickness of ~5-8 nm were
added into a plating bath containing 50 ml of the solution. A nickel plate was used as the anode and Ti-6Al-
4V alloy plate was used as the cathode. The bath was stirred by magnetic stirrer with a stirring rate of 300
rpm and heated to 50 °C. The electrodeposition was carried out using a PC power supplier. Before
electrodeposition, the Ti-6Al-4V alloy substrates were polished mechanically with 1000 grit SiC paper. After
polishing, the substrates were cleaned in distilled water, sonicated in acetone to remove the impurities, and
subsequently dried in air. Immediately following further washing in 50 gL™? NaOH solution at room
temperature for 1 min and activation in a mixture of 20% HNO; and 20% HF for 1 min, the substrate was
immersed into the bath for electrodeposition.

Table 1. Chemical compositions and electrodeposition conditions.

NiSO4.6H.0 300gL?
NiCl,.6H,O 50 gL
HsBO3 40 gL‘l
SDS (Sodium dodecyl sulfate) 0.2 gL
GNPs 0-0.2¢gL?
Temperature 50+5°C
Substrate Ti-6Al-4V
pH 4£2
Current density 4 AJdm?
Anode Ni plate
Type of current Pulse current (PC)
Magnetic stirring 300 rpm

After electrodeposition, the surface morphology and cross-sectional microstructure of Ni composite coatings
were characterized using a Scanning Electron Microscopy (SEM) coupled with an Energy Dispersed
Spectrometer (EDS) and an Optical Microscopy (OM), respectively. The phase constituents of the coatings
were determined by X-ray diffraction (XRD) using CuKa radiation with a Panalytical Empyrean
diffractometer. The cross-sectional microhardness of the coatings was measured using a Vickers diamond
indenter at an applied load of 50 g for 15 s.

Dry sliding wear tests were performed on a reciprocating wear tester at 25 °C and 40% relative humidity
under normal load of 5 N. A ball made of Al,O3; with diameter of 10 mm was used to wear samples with a
constant sliding speed of 1.7 cm s for the total sliding distance of 50 m. During wear testing, friction
coefficient data was continuously recorded. After the wear tests, wear tracks were analyzed by using a
contact type profilometer and the worn surfaces were examined by a SEM.

3. Results and Discussion

The morphologies of Ni and Ni-GNPs composite coatings produced on the Ti-6Al-4V alloy substrate are
illustrated in Figure 1. The pure nickel coating exhibited a dense structure with pyramidal Ni grains (Fig. 1
a). However, Ni-GNPs composite coatings with addition of the GNPs into the plating bath had finer and
more regular grains than the GNPs-free ones. It may be concluded that introduction of GNPs leads to the
refinement of the grains and improvement of the morphology uniformity in the composite coating surfaces.
This claim was confirmed by roughness results that had been given in Table 2. By increasing embedded
particles, the surface became smoother. Actually, the addition of GNPs increases the number of nucleation
sites and prohibits matrix growth, which, in turn, facilitates the formation of fine grains (Algul et al., 2015).
Figure 1 (b - c) clearly showed that the grain structure of the composite coating surfaces was uniaxial and
uniform.
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Figure 1. Surface morphologies of (a) pure Ni and Ni-GNPs composite coatings with (b) 0.1 gL and (c)
0.2 gLt GNPs in the plating bath.

Table 2. Roughness results of pure Ni and GNPs reinforced Ni composite coatings.

GNPs Content  Roughness parameters

(gL Ra Rz Rt
0 0.27 2.3 3
0.1 0.22 1.6 2.6
0.2 0.16 1.2 2.5

OM images of the cross-sections of Ni-GNPs composite coatings with 0.1 gL and 0.2 gL* GNPs in the
plating bath are shown in Figure 2. The obtained composite coatings were dense, homogenous, and uniform
and no microcracks or pores were observed between the substrate/coating interfaces.

Figure 2. Cross-section OM micrographs of Ni-GNPs composite coatings with (a) 0.1 gL and (b) 0.2 gL*
GNPs in the plating bath.

XRD patterns for pure Ni as well as Ni-GNPs composite coatings are presented in Figure 3. According to the
curves, with the incorporating of GNPs, the absorption intensity of the diffraction peak decreased. Also, the
effect of grain refinement of the GNPs in the Ni matrix due to the peak broadening around 51-53° as shown
in Fig. 3 b improved the structure of composite coating and made it uniform, compact and fine grained
(Algul et al., 2015). No carbon peak belong to GNPs was detected from the XRD pattern in Fig. 3, probably
due to the formation of low quantity and highly dispersive distribution of the fine GNPs (Uysal et al., 2016).
To confirm the existence of GNPs in the composite, EDS was used to measure the GNPs content (marked by
white circle) and the result is shown in Fig. 4, which clearly confirmed the presence of GNPs in the Ni
matrix.
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Figure 3. XRD patterns observed for (a) pure Ni and Ni-GNPs composites with different content of GNPs (b)
detailed (1 1 1) diffraction of Ni.
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Figure 4. (a) SEM image and (b) EDS analysis of Ni-GNPs composite coating electroplated with a 0.2 gL
GNPs in the plating bath.

Figure 5 shows difference in microhardness for pure Ni and Ni-GNPs composite coatings. The pure
Ni coating exhibited the hardness of 320 HV, s, in agreement with the typical values of pure Ni. The coating
electroplated with a 0.2 gL™* GNPs in the plating bath had the maximum hardness of 395 HV, g5, about 23 %
larger than that of the pure Ni layer. It is clear that an increase in amount of particles’ co-depositing caused
the increase of hardness of the composite coatings. The mechanism of strengthening the matrix is mainly due
to grain refinement, particle strengthening and dispersion hardening effects (Yu et al., 2018).

400 -
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Microhardness (HV; gs)
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GNPs content in the plating bath (g/L)

Figure 5. Microhardness variation of pure Ni and Ni-GNPs composite coatings.

The friction coefficient as a function of sliding distance for Ti-6Al-4V alloy, pure Ni coating and Ni-GNPs
composites with different content of GNPs are presented in Fig. 6. According to the curves, the friction
coefficients of Ni-GNPs composite coatings were significantly lower than those of pure Ni coating and Ti-
6Al-4V alloy. Figure 6 also revealed that all the composite coatings exhibited a steady value with minor
fluctuations, and the composite coating with 2 gL-* GNPs had the lowest friction coefficient. On the other
hand, the Ti-6Al-4V alloy showed friction coefficient values in the range of 0.6-0.9 with relatively heavy
fluctuations. Mindivan (2017) who investigated tribological behavior of Polyamide 6-GNPs composites,
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reported that GNPs acting as a lubricant diminished the direct contact between the counter face and the

matrix.
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Figure 6. Friction coefficient vs sliding distance for Ti-6Al-4V alloy, pure Ni coating and Ni-GNPs
composite coatings.

The common view of wear tracks of the Ti-6Al-4V alloy, pure Ni coating and Ni-GNPs composites with
different content of GNPs is shown in Fig. 7. When the track width was examined, the wear resistance of Ti-
6Al-4V alloy improved after PC electrodeposition. Clearly, the width of the wear track of the Ti-6Al-4V
alloy (Fig. 7 a) was larger than those of the pure Ni and GNPs reinforced Ni composite coatings as shown in
Fig. 7 b - d. Moreover, it can be found that the worn surface of the Ti-6Al-4V alloy exhibited a mixture of
abrasion and extensive plastic deformation. A relatively smooth worn surface was detected for the pure Ni
and Ni-GNPs composites. Especially, Al,O; ball did not create any measurable wear loss on the worn
surface of the Ni-GNPs composite coating with 0.2 gL™* GNPs in the plating bath. Table 3 shows the wear
rates of untreated and treated samples. Wear rate value of untreated Ti-6Al-4V alloy was found higher than
pure Ni and Ni-GNPs composites. It is inferred that the GNPs in the coating bring about an improvement in
wear resistance, which could be attributed to the GNPs slightly removed from the Ni matrix. Thus, the GNPs
acting as a solid lubricant would take the loads transmitted from the Ni matrix and cause a shear force
decrease between the contact face (Algul et al., 2015). It is worth mentioned that the dispersion strengthening
by incorporating GNPs can’t be ignored. Consequently, the wear resistance could be improved by including
the well distributed GNPs in Ni matrix.

Figure 7. Low and high magnification SEM micrographé of wear tracks generated on thé'(a) Ti-6Al-4V alloy,
(b) pure Ni coating and Ni-GNPs composite coatings with (c) 0.1 gL and (d) 0.2 gL* GNPs in the plating
bath.

51



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 47-52

Table 3. Wear rates of Ti-6Al-4V alloy, pure Ni and Ni-GNPs composite coatings.

Samples Wear Rate
(x10* mm3/Nm)
Untreated Ti-6Al-4V 5.64
Pure Ni 0.44
Ni-GNPs (0.1 gL™?) 0.24
Ni-GNPs (0.2 gL™?) 0

4. Conclusions

In this study, pure Ni and Ni-GNPs composite coatings were successfully prepared on the Ti6AI4V by pulse
electrodeposition. The XRD and SEM analysis demonstrated the better grained and compact property of the
Ni-GNPs deposits. The microhardness, wear resistance and friction coefficient of the pure Ni were greatly
improved by loading GNPs from 0 to 0.2 gL in the bath. In summary, the best behavior of friction
behaviour was the coating that was treated with 0.2 gL GNPs.
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The Faintest and Closest Clusters in CFHTLS W4

Mukadder igdi Sen *

Abstract: Using T0007 version of CFHTLS Wide 4 (W4) field observations, photometric redshift values
were calculated for 0.2 <z < 1.5. Also the values of VIPERS spectroscopic catalog were used to control
the obtained photometric redshifts. Using the galaxy SEDs in Le PHARE program the results obtained.
The best results were found in 17.5 <i'ag < 21.5 as catastrophic error of 8.5% and accuracy value of 0.031.
The catastrophic error and accuracy values in 17.5 < i'ag < 24 were determined as 4.1% and 0.030
respectively; the best correlation coefficient belongs to elliptical galaxies (r = 0.929). The relationship for
elliptical galaxies between the photometric and spectroscopic redshift values was determined as z, =
(0.953 + 0.008) zs + (0.083 £ 0.014). The detected clusters are in the range of 0.475 <z < 0.937. In our
calculations made by taking the Hubble constant value of 71 km s Mpc?, the distance of the faintest
cluster of (i") 23.946 mag is 1.22 x 102 km and the closest cluster is 0.61 x 10% km.

Keywords: Photometric Redshift, Large Scale Structure, Galaxies, CFHTLS

1. Introduction

If a system is moving away from us, a redshift occurs. Photometric redshifts have been used to determine the
large-scale structure of Universe in last times.

The spectral redshift method is giving quite accurate values. In this method, long observation times are
needed to observe the faint objects away from us, therefore the wavelength of the spectral lines of the object
can be found. However, taking long observation times from large telescopes are difficult. Thus, for this
reason, photometric observation is used to obtain redshifts of many objects in a very short time. A lot of
studies are performed to reduce the error of photometric redshifts.

The galaxies are also moving away from us. They have redshift values according to their distances, because
the universe has expanding which called as "Hubble expansion”. Because of this expansion, galaxies and
other type objects such as stars and quasars have “the cosmological redshift”. There is a relation between
distancing speed and distances as seen in the Hubble Law's relation in (1):

v=H.d @)
A?\_ \ (2
A% ©

Here , Ao is the value of wavelength when the object is stable, AL = A - Ao is the shift amount of the spectral
line, A is the value of observed wavelength, c is light speed and v is the speed of “coming and distancing”.
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The position of the lines in a spectrum is related to the relative speed between the source and the observer, as
seen from the Doppler relation (2) (Ao and c are known, A is obtained from observations and thus the speed
of v can be found and distance can be calculated by using Hubble constant value as 71 km s* Mpc!
(Feuerbacher and Stoewer, 2006)). The reliability of photometric redshifts depends on the method used to
find the photometric redshifts. In the range of 1.5 <z <2.2, star formation activity is maximum and the
accumulation of general mass are present, but there is no galaxy-like structure, therefore this z range (1.5 <z
<2.2) in the non-galactic astronomy is called by "redshift desert".

Arnouts et al. (1999) used the standard »? (chi-square) method. No spectral information was used in their
work. They used elliptical, Sbc, Scd, and irregular galaxies SEDs observed by Coleman et al. (1980) and
added a starburst (SB) SED from Kinney et al. (1996) and adapted them to ultraviolet and infrared
wavelengths. No redness value was applied for the spectral types prior to Scd. The results of the standard »?
method were compared with the values of spectroscopic redshift taken VIPERS for i" < 22.5. In the faint
magnitudes, galaxies of Az = (zs - z,) > 1 is very numerous often in the range of 1.5 < z, < 3. Most of the
catastrophic errors are due to misidentification of Lyman and Balmer cuttings. It is stated that the infrared
observation data is important in reducing of errors.

Ilbert et al. (2006) analyzed using the data of i'ag < 24 for the D1 deep area of CFHTLS. The authors used
3241 spectroscopic redshift values obtained from spectroscopic observations made by VIMOS (VVDS-
022604) for the D1 field in the range 0 < z < 5 to evaluate the photometric redshift results. It is stated by
writers that galaxy types are important on the results. The results show that the best accuracy and catastrophic
error values are in the range 0.2 <z < 1.5.

Coupon et al. (2009) obtained z, values by applying the filter fitting method to Terapix T0004 version for
CFHTLS wide and deep fields. They used 16983 highly accurate zs values from several spectroscopic
surveys to test their z, results. According to the authors, the range of 0.2 < z, < 1.5 is better compatible with
Zs values. The accuracy value in i'ag < 24 for the D1 field is 0.028 and the catastrophic error rate is 3.50%. In
large areas, the accuracy rate in i'ag < 22.5 is 0.036 and the catastrophic error rate is 2.80%. The catastrophic
error rates in large areas are 5% in i'ag <23 and 10% in i'ag < 24.

2.Material and Method
2.1. Material

The Wide 4 field (W4) photometric observations of the TO007 version made by Terapix with CFHTLS
u*g'ri'z ‘filters of Megacam cameras were used to obtain the best photometric refshifts. This data and the
spectroscopic redshifts taken from VIPERS (VIMOS Public Extragalactic Redshift Survey) catalog which
include the spectroscopic data of CFHTLS W4.

The central coordinates (a , 8) (J2000) of CFHTLS Deep and Wide fields are given in Table 1 (Hudelot et al.,
2012). The center coordinates of the W4 field are: RA (2000) = 22 13 18 and DEC (2000) = +01 19 00.
CFHTLS W4 field has 1258700 objects in the redshift range of 0 < z < 6. The observations of CFHTLS W4
in TOOO7 observation was divided into 25 subfields and their central coordinate informations (RA, DEC) are
taken from Terapix1 (2012) were given in Table 2 of igdi-Sen (2018).
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Table 1. Central coordinates of CFHTLS wide (W1, W2, W3 and W4) and deep fields (D1, D2, D3 and D4)
(Hudelot et al., 2012).

Coordinates of Reference Center

CFHTLS region (o, 8) (J2000)

D1 02:25:59 -04:29:40
D2 10:00:28 02:12:30

D3 14:19:27 +52:40:56
D4 22:15:31 -17:43:56
w1 02:18:00 -07:00:00
W2 08:57:49 -03:19:00
W3 14:17:54 +54:30:31
W4 22:13:18 +01:19:00

W4 _Spectro_PDR1 catalog of VIPERS (the Visible Multi-Object Spectrograph (VIMOS)) is used in our
analyszes. This catalog is made to obtain the spectroscopic values of ~ 100000 galaxies for i’ag < 22.5 and
0.5 <z < 1.2. The numbers of observed, detected objects and their measured and reliable object numbers are
seen in Table 2 (Garilli et al., 2014).

Table 2. The number informations of objects in W4_Spectro_PDR1 catalog (Garilli et al., 2014).

Field Observed objects  Detected objects ~ Measured redshift values  Reliable redshift values

w4 31260 29897 28041 24050

2.1. Method

To determine the cluster members from the redshift distribution, the object in every redshift (z) is taken as if
it is the center of a cluster. Limit range of z + 1.44 cau1+4) IS Selected as the limits of cluster. Here, the
correlation of 6a1+,5) Shows the accuracy value which is 1.44 (means 1c) and it covers more than 85% of the
cluster member galaxies. According to Wen and Han (2011), larger z range contains more galaxies, however,
there are more galaxies in the background. For this reason, less bright galaxies with a limit of M(i") < -21.5
are excluded in cluster detection. For detection of galaxy clusters, the histogram of the N - z; distributions are
used. For i'ag < 23 and i'ag < 24 in 0 < z < 5 redshift range, the histogram graphs of N(zp) — zp and N(zs) — zs
obtained by combining the z, and z; values in steps of 0.05 are shown in Figure 1. The different spectroscopic
distribution is found for each cluster. Since the cluster members are gravitationally connected, in the
histograms, the majority of the cluster members must be at about in the same z, with a broad peak that
reflects the total mass of the cluster. Since the number of cluster members determines the total mass, this
width depends on the mass of the cluster. If a galaxy with the greatest mass is in the potential center of the
cluster, the z-value of the cluster equals the peak value.
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Figure 1. The graphs of N(z) - z number density drawn with z values belong to spectroscopic observations
and our z, values for a) i'ag <23 and b) i'ag < 24 in 0 < z, <5. zsis indicated by a thick solid line. The values
of z, and zs are combined in steps of 0.05.

If the compared second object is a member of the cluster, then the z-value is in the range of z — 1.44 x 0.029
<z<z+ 144 x0.029, and the distance between two objects is less than/or equal to 0.5 Mpc. Firstly, the
distance of self-motion between the object and earth is calculated, then the angular diameter is calculated for
the physical diameter taken as 0.5 Mpc in redshift of the cluster. The galaxies located at these specific
diameters are detected. For this purpose, for a cluster with diameter of 0.5 Mpc, the core region of 0.25 Mpc
radius (DO) and the galaxies within the ring (D1) between 0.5 - 1 Mpc are detected (see Figure 2); the
numbers of galaxies are calculated and the surface density ratios (DO / D1) are found by dividing them into
their circular areas (x r?).

Figure 2. A sample of a core zone with a radius of 0.25 Mpc and a ring of 0.5 - 1 Mpc taken to identify
galaxy clusters.

3. Results

In igdi-Sen (2018), the obtaining methods of z, values in 0 < z < 5 were explained; the accuracy and
catastrophic values between z, and z; for these SEDs to compare the magnitudes in five different i’agranges
were given; obtained results from CFHTLS SEDs (n =11.40% and 6a(1+z5= 0.039) used in this study.
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The accuracy value (caz:zs) = 0.029) in the correlation (z = 1.44 6y ) USed to determine the cluster
boundaries as taken from llbert and et al. (2006). When M(i") < -21.5 limit was set, the galaxy numbers in our
catalog reduced from 28108 to 7164. The informations of 55 clusters detected from these galaxies with zg
valueand their coordinates are shown in Table 3.

Table 3. The properties of detected the faintest and the brightest clusters in CFHTLS W4. DO/D1 is the
surface density rate of cluster.

RA center DEC center Brightness zp Zs M(i") D0/D1
deg deg i
331.4277 2.1641 20.676 0.466 0,527 -21.411 4.8

333.6160  0.9046 23.946 0.770 0.935 -19.292 8

The distances of determined faintest and brightest galaxy clusters are calculated and given in Table 4.

Table 4. The distances of faintest and brightest galaxy clusters.

The faintest cluster The brightest cluster
(i’ As=23.946 mag) (i’ ae=20.676 mag)
3.95 x 10° kpc 2.23 x 10° kpc

4. Discussion and Conclusions

The obtained values of accuracy (0.030) and catastrophic error (1.92%) for 5214 galaxies at 17.5 <i'AB <
21.5 and 0.4 < zp < I (see Table 6 in Igdi-Sen, 2018) are the best results. The obtained results from elliptical
galaxies are 6Az/(1+zs) ~ 0.030 and n ~ 4.10% (see Table 7 in igdi-Sen (2018)). The best correlation
coefficient belongs to elliptical galaxies (r = 0.929). The best value of the linear fit equation between galaxy
types belongs to the elliptical galaxies. Here, zp = (0.953 + 0.008) zs + (0.083 + 0.014) is obtained. The fact
that the coefficient of zs is close to 1 suggests a good correlation between zp and zs. (see Figure 5 in gdi-Sen
(2018)). The apparent brightness is a key parameter for the photometric redshift estimations as seen in Table
6 of zdi-Sen (2018).

According to the rates of cluster surface density seen in Table 3, the rates of surface density of cluster
members are quite high. This situation shows that the selection method of cluster members is correct because
cluster members should have a higher surface density inside of the cluster area in the small radial circular
region of our calculations. The detected galaxy clusters are in the range of 0.475 < zs < 0.937. The faintest
cluster is i” AB =23.946 mag and the brightest cluster is i” AB = 20.676 mag. The distance of faintest cluster
is 3.95 x 106 kpc (1.22 x 1023 km). The brightest cluster was discovered in 2.23 x 106 kpc. The closest
cluster is in 2.01 x 106 kpc (0.61 x 1023 km).
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Effect of Different Ratios of Hungarian Vetch with Cereal
Crop Mixtures on Hay Nutrient Value
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Abstract: This study was conducted in order to determine the changes in digestibility and energy values
of hay depending on the application of Hungarian vetch-cereal crop mixtures at different ratios. The
research was carried out in Canakkale in 2009-2011. The study has been designed according to
randomized complete block design, and the plots were arranged as single and mixed (3:1, 2:2, 1:3
Hungarian vetch: cereal) crop sowing systems by using three replications with sowing Hungarian vetch
mixing with barley, wheat, oats and triticale. Crude cellulose (CC), digestible dry matter (DDM), total
digestible nutrients (TDDM), metabolic energy (ME), net energy (NEL) and relative feed value (RFV) like
characteristics was examined in this research. As the result of this research, the ratios of hay crude
cellulose (CC) were not significantly important in accordance to different forms of sowing, while the
values of DDM, TDDM, ME, NEL and RFV in hay were found higher in mixed sowing system than that
of single sowing of cereal crops. In the study, it has been concluded that for being able to produce hay
containing high nutrient value in the mixtures of Hungarian vetch with cereals then the mixture of wheat
with Hungarian vetch with the ratio of 3: 1 would be suitable to sow.

Keywords: Mixtures, forage, Hungarian vetch, barley, oat, wheat, triticale

1. Introdiction

Although rangeland-dependent livestock raising is common in Turkey, rangeland herbage and forage crops
grown over agricultural fields are far away from meeting roughage needs of the livestock. Therefore,
majority of roughage needs is met by low-quality (hay, straw, husk and etc.) feed sources (Gokkus, 1994).
However, high-quality feeds should be used for a productive and profitable livestock operation (Gokkus and
Kog, 1996). Such a case can only be overcome through increasing both the forage crops-cultivated lands and
the yields from these fields. Intercropping potentially increase yield and quality is feed crops. Intercropping
is defined as the cultivation of two or more crops within the same growth season over the same field under
the same natural conditions (Li, 1999; Zhang and Li, 2003; Hauggaard—Nielsen, 2006). Since fertilizers are
not used in intercropping systems, productions are cheaper and environment-friendly (Bakoglu, 2004).
Vetch-cereal intercropping systems are usually sown in winter either as main or second crop. Such
intercropping systems prevent lodging of vetch with weak stems, thus prevent quality losses. Therefore,
vetch species are commonly intercropped with cool-season cereals (Bakoglu and Memis, 2002). There are
several advantages of intercropping systems over sole sowings. Intercropping systems may provide a steady
nutrient cycle in soils and a better pests, disease and weed control (Ramartet et al., 2002; Szumigalski and
Rene, 2005). Legumes-Graminae intercropping systems are the most common intercropping systems. In
these systems, legumes meet majority of the nitrogen requirement of both own and the graminae species
through Rhizobium bacteria in their roots (Hiebsch and McCollum, 1987; Berg, 1990). Since legumes have a

Canakkale Onsekiz Mart University, Agriculture Faculty, 17020, Citation (Atif): Alatiirk, F., Gokkus, A., Baytekin, H., Parlak, A. O.,
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tap root system, they facilitate soil water intake and regulate soil physical structure (Rao et al., 1998).
Graminae species usually have lower protein contents than the legume species (Y1ldirim and Ozaslan Parlak
2017). To overcome such deficiency in animal feeding, Graminae species are generally intercropped with
legumes to increase protein content of roughage instead of using additional protein supplements (Robinson,
1969; Caballero et al., 1995;). In this study, Hungarian vetch was intercropped with cereals (wheat, barley,
oat, triticale) at different ratios and nutritive values of resultant herbage were investigated.

2. Material and Method

Field experiments were conducted over the experimental fields of Canakkale Onsekiz Mart University
(COMU) Dardanos Campus in 2009/10 and 2010/11 growing seasons. Monthly average temperatures of the
experimental site in 2009 and 2010 (15.9 and 16.4°C) were greater and monthly average temperature of the
year 2011 (13,8°C) was lower than the long-term monthly average temperature (15.5°C). The years 2009 and
2010 had greater precipitations (685.6 and 933.6 mm) and 2011 had less precipitation (548.6 mm) than the
long-term average (559.1 mm). Experimental soils have clay-loam texture with moderate lime, insufficient
nitrogen and phosphorus and sufficient potassium levels. Soils were poor in organic matter. “Anadolu
pembesi” cultivar of Hungarian vetch (Vicia pannonica), “Agile” cultivar of barley (Hordeum vulgare),
“Renan” cultivar of wheat (Triticum aestivum), “Servante” cultivar of oat (Avena sativa) and “Mikham-
2002 cultivar of triticale (Triticosecale Wittm. triticale) were used as the plant material of the experiments.
Sowing was performed in November of both years. Experimental materials (Hungarian vetch, barley, wheat,
oat and triticale) were both sole-sown and intercropped with Hungarian vetch at different ratios. In
intercropping systems, 1, 2 and 3 mixture ratios were used.

Experiments were conducted in randomized blocks design with 3 replications. Means were compared with
Duncan’s multiple comparison test (Diizgilines et al., 1987). SAS statistical software was used for statistical
analyses. Each block is composed of 17 plots and 2 m spacing was provided between the plots. Each plot had
5 rows 20 cm apart. Plot size was 1 m x 6 m = 6 m?, thus total site size was 750 m2. Sole alive seed (PAS)
quantity to be sown was calculated by using mixture ratio (%), number of alive seed per square meter in
mixture, thousand-seed weight (g), purity and germination ratio (%) (Altin et al., 2005).

The cell membrane components (hemicellulose, cellulose and lignin), NDF (neutral detergent fiber), ADF
(acid detergent fiber) and ADL (acid detergent lignin) were determined in accordance with the methods
specified by Van Soest et al. (1991). Digestible dry matter (DDM) and metabolic energy (ME) were
calculated by using the equations given by Adams (1994), crude cellulose and total digestible nutrient were
calculated by using the equations given by Anonymous, (2015) and net energy lactation was calculated by
using the equations given by Yilmaz et al. (2015).

DDM (%) = 102.45-1.114 % ADF

ME (Kcal/kg KM) = 3704-40.27 % ADF

CC (%) = 0.75 % ADF + 3.56

TDDM (%) = 81.38 + 0.36 % CP-0.77 % ADF

NEL (Mcal/Kg KM) = ((1.044-(0.0119) x % ADF ))*2.205

3. Results
Crude Cellulose

Crude cellulose (CC) is a structural carbohydrate constituting the primary building stone of cell membrane
(Taiz and Zeiger, 2007). Cellulose provides resistance for the cells (plants) and digestion of the cellulose is
relatively hard. Therefore, it is a significant indicator of feed nutritive values. In present experiments carried
out with Hungarian vetch-cool season cereals, average crude cellulose content of the treatments was
identified as 31.34%. There were significant differences in herbage CC content of the years (Table 1). The
CC content of the first year (28.12%) was lower than the CC content of the second year (34.56%). On the
other hand, differences in CC contents of sole sowing and intercropping systems were not found to be
significant in both years. Similarly, differences in CC contents of intercropping systems and mixture ratios
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were not found to be significant. Among the sole sowings, the lowest CC content was obtained from triticale
(26.21%) in the first year and from Hungarian vetch (32.37%) in the second year. For intercropping systems,
3Vetch-1Wheat, 2Vetch-2Barley and 1Vetch-30at mixtures had lower CC contents than the other mixtures
in the first year. In the second year, all mixtures had closer values to each other. As the average of two years,
CC contents of Hungarian vetch — barley, wheat, oat and triticale mixtures varied between 31.08 — 31.68%.
Similarly, herbage CC contents of 3. 2 and 1 Hungarian vetch ratios were also quite close to each other
(31.08%, 31.59% and 31.21%, respectively) (Table 1).

Table 1. Crude cellulose of sole-sown and mixtures of Hungarian vetch with cereals (%)

Mixtures 2009/10 2010/11 Mean
Hungarian vetch 28.10 a-d 32.87b 30.49
Barley 30.11 ab 33.50 ab 31.81
Wheat 29.90 ab 3497a 32.44
Oat 30.16 ab 34.12 ab 32.14
Triticale 26.21d 34.67 ab 30.44
3Vetch:1Barley 28.15 a-d 34.42 ab 31.29
2Vetch:2Barley 26.00d 34.99 a 30.50
1Vetch:3Barley 28.21 a-d 35.06 a 31.64
3Vetch:1Wheat 25.39d 35.32a 30.36
2Vetch:2Wheat 30.51a 33.92 ab 32.22
1Vetch:3 Wheat 27.26 bed 34.09 ab 30.68
3 Vetch:10at 26.89 cd 34.87 ab 30.88
2 Vetch:20at 29.65 abc 3495a 32.30
1 Vetch:30at 26.28d 3495a 30.62
3 Vetch:1Triticale 28.19 a-d 35.40a 31.80
2 Vetch:2Triticale 27.79 a-d 34.89 ab 31.34
1 Vetch:3Triticale 29.23 abc 34.60 ab 31.92
Monoculture Means 28.90 34.03 31.47
Mixture Means 27.80 34.79 31.30
Means 28.12b 34.56 a 31.34
Mixture type

Vetch-Barley 27.45 34.82 31.14
Vetch-Wheat 271.72 34.44 31.08
Vetch-Oat 27.61 34.92 31.27
Vetch-Triticale 28.40 34.96 31.68
Hungarian vetch Rate

3 Hungarian vetch 27.15 35.00 31.08
2 Hungarian vetch 28.49 34.69 31.59
1 Hungarian vetch 27.75 34.67 31.21

Pyear;<0.001, Pplants; 0.083, Pyear*plants; 0.001, Puetch rate; 0.548, Pmixtures; 0.692, Pyear*vetch rate; 0.230, Pyear*mixtures; 0.843

The present plant groups thus had ideal roughage components. Digestible Dry Matter: While the differences
in digestible dry matter (DDM) values of the years and year x plant groups were found to be significant,
differences in DDM of plant groups, Hungarian vetch mixtures and ratios and vetch ratios were not found to
be significant (Table 7). DDM values of the herbage harvested from sole sowing plots varied between 57.16
— 65.38%. The greatest DDM values were obtained from triticale (65.38%) and Hungarian vetch (63.41%)
plots in 2010. The lowest DDM values were obtained from wheat (56.28%) and oat (57.16%) plots in 2011.
In mixture plots, the lowest DDM value was obtained from 3Vetch-1Triticale (55.83%) plot and the greatest
DDM value was obtained from 3Vetch-1Wheat (66.23%) plot. Average DDM value of mixture plots was
60.10%. As the average of the mixtures, the greatest DDM value (60.32%) was obtained from vetch-wheat
mixture and the lowest DDM value (59.69%) was obtained from vetch-triticale mixtures. Herbage DDM
values varied with the vetch ratio of the mixtures. The greatest value (60.32%) was obtained from 75% vetch
ratio and the lowest value (59.79%) was obtained from 50% vetch ratio (Table 2).
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Table 2. Digestible dry matter of sole-sown and mixtures of Hungarian vetch with cereals (%)

Mixtures 2009/10 2010/11 Means
Hungarian vetch 63.41 a-d 58.46 a 60.94
Barley 61.32 cd 57.80 ab 59.56
Wheat 61.54 cd 56.28 b 58.91
Oat 61.27 cd 57.16 ab 59.22
Triticale 65.38 a 56.59 ab 60.99
3Vetch:1Barley 63.36 a-d 56.84 ab 60.10
2Vetch:2Barley 65.59 a 56.26 b 60.93
1Vetch:3Barley 63.30 a-d 56.18 b 59.74
3Vetch:1Wheat 66.23 a 55.91b 61.07
2Vetch:2Wheat 60.90d 57.37 ab 59.14
1Vetch:3 Wheat 64.28 abc 57.19 ab 60.74
3 Vetch:10at 64.67 ab 56.38 b 60.53
2 Vetch:20at 61.80 bed 56.30 b 59.05
1 Vetch:30at 65.30 a 56.30 ab 60.80
3 Vetch:1Triticale 63.32 a-d 55.83 b 59.58
2 Vetch:2Triticale 63.74 a-d 56.36 ab 60.05
1 Vetch:3Triticale 62.23 bed 56.66 ab 59.45
Monoculture Means 62.58 57.26 59.92
Mixture Means 63.73 56.47 60.10
Means 63.39a 56.70 b 60.05
Mixture type

Vetch-Barley 64.08 56.43 60.26
Vetch-Wheat 63.81 56.82 60.32
Vetch-Oat 63.92 56.32 60.12
Vetch-Triticale 63.10 56.28 59.69

Hungarian vetch Rate

3 Hungarian vetch 64.39 56.24 60.32
2 Hungarian vetch 63.01 56.57 59.79
1 Hungarian vetch 63.78 56.58 60.18

Pyear;<0.001, Pplants; 0.083, Pyear*plants; 0.001, Pvetch rate; 0.5483, Pmixtures; 0.102, Pyear*vetch rate; 0.894, Pyear*mixtures; 0.179

Total Digestible Nutrients

With regard to total digestible nutrients (TDDN) ratios, while the years, plant groups and year x plant groups
were found to be significant, the mixture type, vetch ratio in mixture, year x vetch-cereal mixture and year x
vetch ratio were not found to be significant (Table 3). In the first year of the experiments, sole-sown triticale
and Hungarian vetch herbage had greater TDDN values than the others. In the second year, sole-sown
Hungarian vetch had greater TDDN values than the other sole-sowings and mixtures. In mixtures, while
2Vetch-2Wheat and 2Vetch-20at plots had the lowest TDDN values in the first year, the TDDN values of the
mixtures were not significantly different in the second year. On the other hand, TDDN values of cereal and
vetch ratios in mixtures were close to each other. As the average of two years, TDDN of cereal ratios varied
between 55.51 — 56.53% and TDDN of vetch ratios varied between 55.56 — 56.29% (Table 3).
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Table 3. Total digestible nutrients of sole-sown and mixtures of Hungarian vetch with cereals (%)

Mixtures 2009/10 2010/11 Means
Hungarian vetch 59.77 a-e 55.88 a 57.83
Barley 58.20 b-e 53.27b 55.74
Wheat 57.34 cde 51.75b 54.55
Oat 57.48 cde 52.95b 55.22
Triticale 61.47 ab 52.08 b 56.78
3Vetch:1Barley 59.42 a-e 53.02b 56.22
2Vetch:2Barley 62.48 a 52.21b 57.35
1Vetch:3Barley 59.90 a-e 52.13b 56.02
3Vetch:1Wheat 62.26 a 52.00 b 57.13
2Vetch:2Wheat 56.34 e 53.33b 54.84
1Vetch:3 Wheat 60.76 abc 52.81b 56.79
3 Vetch:10at 60.06 a-d 52.40 b 56.23
2 Vetch:20at 56.74 de 5191b 54.33
1 Vetch:30at 60.86 abc 51.89b 56.38
3 Vetch:1Triticale 59.48 a-e 51.70 b 55.59
2 Vetch:2Triticale 59.47 a-e 51.95b 55.71
1 Vetch:3Triticale 58.28 b-e 52.17b 55.23
Monoculture Means 58.85 53.19 56.02
Mixture Means 59.67 52.29 55.98
Means 59.43 a 52.56 b 56.00
Mixture Type

Vetch-Barley 60.60 52.45 56.53
Vetch-Wheat 59.79 52.71 56.25
Vetch-Oat 59.22 52.07 55.65
Vetch-Triticale 59.07 51.94 55.51

Hungarian vetch Rate

3 Hungarian vetch 60.30 52.28 56.29
2 Hungarian vetch 58.76 52.35 55.56
1 Hungarian vetch 59.95 52.25 56.10

Pyear;<0.001, Pplants; 0.008, Pyear*plants; 0.001, Puetch rate; 0.344, Pmixtures; 0.280, Pyear*vetch rate; 0.265, Pyear*mixtures; 0.779

Metabolic Energy

As the average of sole-sowings and mixtures, herbage metabolic energy (ME) value of the first year (2.150
Mcal/kg) was significantly greater than the ME of the second year (1.902 Mcal/kg) (Table 4). In sole
sowings, triticale and Hungarian vetch had greater ME values than the others in the first year and Hungarian
vetch had greater ME values than the others in the second year. In mixtures, 2Vetch-2Wheat and 2Vetch-
20at mixtures had lower ME values than the others in the first year, but ME values of the mixtures were
close to each other in the second year. Significant differences were observed in ME values of cereals in
mixtures and Hungarian vetch ratios in mixtures (Table 4).
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Table 4. Metabolic energy (ME) of sole-sown and mixtures of Hungarian vetch with cereals (Mcal/kg)

Mixtures 2009/10 2010/11 Means
Hungarian vetch 2.162 a-e 2.022 a 2.092
Barley 2.105 b-e 1.928b 2.017
Wheat 2.074 cde 1.873b 1.974
Oat 2.079 cde 1916 b 1.998
Triticale 2.223ab 1.884b 2.054
3Vetch:1Barley 2.150 a-e 1.918 b 2.034
2Vetch:2Barley 2260 a 1.889 b 2.075
1Vetch:3Barley 2.167 a-e 1.886 b 2.027
3Vetch:1Wheat 2.252a 1.882b 2.067
2Vetch:2Wheat 2.038¢ 1.930b 1.984
1Vetch:3 Wheat 2.198 abc 1911b 2.055
3 Vetch:10at 2.173 a-d 1.896 b 2.035
2 Vetch:20at 2.053 de 1.878 b 1.966
1 Vetch:30at 2.202 abc 1.878 b 2.040
3 Vetch:1Triticale 2.152 a-e 1.871b 2.012
2 Vetch:2Triticale 2.151 a-e 1.880 b 2.016
1 Vetch:3Triticale 2.108 b-e 1.888 b 1.998
Monoculture Means 2.129 1.924 2.027
Mixture Means 2.159 1.892 2.026
Means 2.150a 1.902 b 2.026
Mixture Type

Vetch-Barley 2.192 1.898 2.045
Vetch-Wheat 2.163 1.907 2.035
Vetch-Oat 2.142 1.884 2.013
Vetch-Triticale 2.137 1.880 2.009
Hungarian vetch Rate

3 Hungarian vetch 2.181 1.892 2.037
2 Hungarian vetch 2.126 1.894 2.010
1 Hungarian vetch 2.169 1.891 2.030

Pyear;<0.001, Pplants; 0.008, Pyear<plants; 0.001, Pvetch rate; 0.367, Pmixtures; 0.262, Pyearvetch rate; 0.307, Pyear*mixtures; 0.793

Net Energy

With regard to net energy lactation (NE.), while the years and year x plant group were found to be
significant, plant groups, mixture types, year x vetch x cereal mixture, vetch ratios and year x vetch ratio
were not found to be significant (Table 5). In sole-sowings, the greatest NE_ values in 2009/10 growing
season were obtained from triticale (1.510 Mcal/kg) and Hungarian vetch (1.443 Mcal/kg) plots. On the other
hand, in 2010/11 growing season, significant differences were observed only between Hungarian vetch and
wheat plots. In mixtures, except for 2Vetch-2Wheat plots (1.359 Mcal/kg), the others has close NE, values to
each other in the first year. The NE_ values of the mixtures were also close to each other in the second year
(varied as between 1.188-1.240 Mcal/kg). Hungarian vetch — barley, wheat, oat and triticale mixtures had
NEL values of between 1.310-1.339 Mcal/kg, but the differences were not found to be significant. A similar
case was also valid for Hungarian vetch ratios of the mixtures (Table 5).
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Table 5. Net energy of sole-sown and mixtures of Hungarian vetch with cereals (Mcal/kg).

Mixtures 2009/10 2010/11 Means
Hungarian vetch 1.443 a-d 1.277a 1.360
Barley 1.373 cd 1.254 ab 1.314
Wheat 1.308 cd 1.204b 1.256
Oat 1.371 cd 1.233 ab 1.302
Triticale 1510a 1.214 ab 1.362
3Vetch:1Barley 1.442 a-d 1.223 ab 1.333
2Vetch:2Barley 1517a 1.203 b 1.357
1Vetch:3Barley 1.440 a-d 1.200 b 1.320
3Vetch:1Wheat 1.536 a 1.191b 1.364
2Vetch:2Wheat 1.359d 1.240 ab 1.300
1Vetch:3 Wheat 1.473 abc 1.234 ab 1.354
3 Vetch:10at 1.486 ab 1.207 ab 1.347
2 Vetch:20at 1.389 bed 1.204b 1.297
1 Vetch:30at 1.507 a 1.204b 1.356
3 Vetch:1Triticale 1.440 a-d 1.188b 1.314
2 Vetch:2Triticale 1.455 a-d 1.206 ab 1.331
1 Vetch:3Triticale 1.404 bed 1.216 ab 1.310
Monoculture Means 1.401 1.236 1.319
Mixture Means 1.453 1.210 1.332
Means 1.443 a 1.217b 1.330
Mixture Type

Vetch-Barley 1.464 1.209 1.336
Vetch-Wheat 1.456 1.222 1.339
Vetch-Oat 1.461 1.205 1.333
Vetch-Triticale 1.404 1.216 1.310
Hungarian vetch Rate

3 Hungarian vetch 1.476 1.202 1.339
2 Hungarian vetch 1.428 1.213 1.321
1 Hungarian vetch 1.456 1.214 1.335

Pyear;<0.001, Ppiants; 0.082, Pyeartplants; 0.001, Pvetch rate; 0.545, Pmixtures; 0.693, Pyear*vetch rate; 0.232, Pyeartmixtures; 0.843

Relative Feed Value

Significant differences were observed only in relative feed values (RFV) the years (Table 6). As the average
of the plant groups, RFV was calculated as 112.2 in the first year and as 97.7 in the second year. In sole-
sowings, average RFVs varied between 96.1-122.2 in 2009/10 growing season and between 92.8-105.7 in
2010/11 growing season. In mixtures, RFVs of the first and second year respectively varied between 973.5-
124.8 and between 91.9-107.9. As the average of two years, RFVs of the plant groups (102.4-108.9) were
quite close to each other. Based on vetch ratio of the mixtures, RFVs varied between 104.0-106.3 (Table 6).
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Table 6. Relative feed value of sole-sown and mixtures of Hungarian vetch with cereals.

Mixtures 2009/10 2010/11 Means
Hungarian vetch 117.0ab 105.7 a 1114
Barley 110.3 a-d 102.6 a 106.5
Wheat 100.5 bed 97.1a 98.8
Oat 96.1d 100.4 a 98.3
Triticale 122.2a 92.8a 107.5
3Vetch:1Barley 1199a 106.2 a 1131
2Vetch:2Barley 1248 a 924 a 108.6
1Vetch:3Barley 111.7 a-d 98.2a 105.0
3Vetch:1Wheat 115.4 abc 93.0a 104.2
2Vetch:2Wheat 106.5 a-d 1079 a 107.2
1Vetch:3 Wheat 113.3 a-d 99.4a 106.4
3 Vetch:10at 117.3 ab 95.3a 106.3
2 Vetch:20at 97.5cd 920a 94.8
1 Vetch:30at 120.0a 92.0a 106.0
3 Vetch:1Triticale 110.9 a-d 919a 101.4
2 Vetch:2Triticale 115.6 abc 95.0a 105.3
1 Vetch:3Triticale 108.2 a-d 98.8a 103.5
Monoculture Means 109.2 99.7 104.5
Mixture Means 113.4 96.8 105.1
Means 112.2 a 97.7b 105.0
Mixture Type

Vetch-Barley 118.8 98.9 108.9
Vetch-Wheat 111.7 100.1 105.9
Vetch-Oat 111.6 93.1 102.4
Vetch-Triticale 111.6 95.2 103.4
Hungarian vetch Rate

3 Hungarian vetch 115.9 96.6 106.3
2 Hungarian vetch 1111 96.8 104.0
1 Hungarian vetch 113.8 97.1 105.5

Pyear;<0.001, Pplants; 0.149, Pyear<plants; 0.031, Pvetch rate; 0.243, Pmixtures; 0.750, Pyearvetch rate; 0.700, Pyear*mixtures; 0.646

4. Discussion and Conclusions

Crude cellulose and similar fibrous compounds are quite significant substances for the quality of roughage
(Lithourgidis et al., 2006). Increasing ADF and NDF ratios (containing crude cellulose) result in decreased
dry matter intake (Van Soest, 1994). Normally legumes have less cell membrane than the graminae (Wilson,
1993). Although graminae species are rich in cellulose, hemicellulose and NDF-like structural substances,
they are poor in lignin (Smith et al., 1972). Therefore, lower membrane components were reported for
legumes in several previous studies (Barnett and Posler, 1983; Hoflich et al., 1990; Pmarcik, 1992; Carr et
al., 2004; Ross et al., 2004; Albayrak and Ekiz, 2005; Yisehak, 2008). In present study, Hungarian vetch also
had lower cell membrane components than the cereals, but the differences were not significant. Since sole
sown Hungarian vetch and mixtures were harvested at green (vegetative) stage, thus, their cell membranes
did not develop sufficiently, differences were not found to be significant. Membrane substances increase with
the progress of plant growth and development (Cherney and Hall, 2008).

Livestock productions are highly dependent on quantity and quality of roughage consumed by the animals
(Ullah, 2010). The quantity of roughage consumed varies with the nutritional values of the roughage. Dry
matter intake and total digestible nutrient generally positively influenced by intercropping systems (Cabarello
et al., 1995; Ullah, 2010; Sadeghpour et al., 2014). Since herbage cell membrane components decrease with
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the incorporation of legumes into mixtures, herbage DDM values increase in mixtures (Biyiikbur¢ and
Karadag, 2002; Tas, 2010). However, contradictory findings were also reported by Lithourgidis et al. (2006).
In present study, herbage DDM values significantly varied with the mixture formations. There is a negative
relationship between DDM and NDF (Horrocks and Vallentine, 1999). Insignificant differences between
NDF contents of mixtures and sole sowings were also resulted in insignificant increases in DDM values of
mixtures.

Herbage TDDN values were close to each other both in sole-sowings and mixtures. TDDN values of the
legumes are generally greater than the graminae species (Roberts et al., 1989; Lithourgidis et al., 2006).
Therefore, incorporation of legumes into mixtures is expected to increase TDDN values of the mixtures.
However, present cereals did not have different fibrous compounds from the Hungarian vetch herbage,
incorporation of vetch into mixtures did not result in a significant increase in TDDN of the herbage. Since
legumes have less cell membrane than the graminae, they have greater digestibility (Wilson, 1993). Since
mesophyll cells of legumes are also arranged in a looser fashion, digestive bacteria easily enter into the leaf
and thus digestion is facilitated (Hanna et al., 1973). With the progress of the ripening, less nutritive value
losses are experienced in legumes (Sanderson and Wedin, 1989). There aren’t any changes in tissue ratios in
legume leaves when they ripened (Wilson, 1993), lignin ratios in cell membranes of the graminae leaves and
stems are doubled with the ripening (Buxton, 1990). Although graminae species have greater fibrous
sections, they have greater digestibility ratios than the legumes (Buxton and Redfearn, 1996). In general,
legumes with lower cell membrane substances have greater nutritive values than the graminae species (Tan
and Mentese, 2003).

Generally increasing herbage ME values were reported for mixtures (Babayemi and Bamikole, 2006; Ajayi
and Babayemi, 2008). However, significant differences were not observed in present study between the ME
values of sole-sowings and mixtures. As it was stated for DDM and TDDN values, closer fibrous compounds
of Hungarian vetch and cereals (barley, wheat, oat, triticale) also resulted in insignificant differences in
digestibility and energy values.

Incorporation of legumes into mixtures generally increases NE_ values of the resultant herbage (Sadeghpour
et al., 2014; Yilmaz et al., 2015). In present study, NE, value of Hungarian vetch was also high. However, in
general, significant differences were not observed in herbage NE, values of both sole-sowings and mixtures.
Cell protoplasm and membrane components influence herbage energy values. While increasing fibrous
membrane components reduce energy values, protoplasm substances increase energy values (Cone et al.,
1999; Filya et al., 2002; Bliimmel et al., 2003; Aydin et al., 2007; Karabulut et al., 2007; Canbolat and
Karaman, 2009; Giirsoy and Mucit, 2014). In present study, insignificant differences in CP, NDF and CC-
like nutritive components of the herbage also were resulted in insignificant differences in NE_ values of sole-
sowings and mixtures.

Relative feed value is an index value revealing information about herbage quality and digestibility (Horrocks
and Vallentine, 1999). Generally, greater RFVs were reported for mixtures than the sole-sowings (Chapko et
al., 1991; Aasen et al., 2004; Carr et al., 2004). Legumes generally have greater relative feed values than the
graminae species (Lauriault and Kirksey, 2004). However, in present study, significant differences were not
observed between RFVs of sole-sowings and mixtures. Insignificant differences in the other herbage quality
parameters also resulted in insignificant differences in relative feed values of sole-sowings and mixtures.

In this study, effects of different mixture types and ratios on digestibility and energy values of resultant
herbage were investigated. While Hungarian vetch — cereal mixtures had lower crude cellulose contents than
the sole-sowings, mixtures had greater digestible dry matter, total digestible nutrient, metabolic energy, net
energy lactation and relative feed values than the sole-sowings. Similar changes were also observed with
increasing legume ratios in mixtures. It was concluded based on present findings that legumes incorporated
into mixtures to be grown to meet the quality roughage needs significantly improved the quality of resultant
herbage. For similar intercropping systems, 3Vetch-1Wheat was recommended as the ideal mixture.
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Mapping Urban Green Spaces Based on an Object-Oriented
Approach
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Abstract: The advent of technology and its implications on especially remote sensing image processing
using High Resolution Satellite Images (HRSI) to map land cover provide researchers to monitor land
changes, make landscape analyses, and manage land transformation. One of land dynamics that should be
mapped for the sustainability of urban area is green spaces. Urban green spaces, such as parks,
playgrounds, and residential greenery may promote both mental and physical health. Besides, they
contribute to ecosystem services such as reducing heat island effect and carbon storage, aiding water
regulation etc. Therefore, mapping urban green infrastructure from a high-resolution satellite image
provides an important tool to conduct studies, researches, and projects for sustainable development of
urban areas. As the material of this research, one of the orthophotos of Aydin urban area exemplifies the
park, the green cover in the agricultural area, the playground, and the residential garden, was used. For
classifying land cover from the orthophoto with Object-Based Image Analysis (OBIA), eCognition
Developer 9.0 software was utilized. To combine spectral and shape features, multiresolution
segmentation was implemented. Additionally, features as brightness and ratio green were used for the
extraction of urban green areas. In this research, urban green areas were successfully extracted from the
orthophoto and accuracy assessment was performed on the classified image. OBIA of high resolution
imagery enables to extract detailed information of various targets on urban areas. The result of accuracy
assessment of the classification achieved 84.68% overall accuracy. To increase the accuracy via manual
interventions, manual classification tool of eCognition Developer 9.0 may be used if needed.

Keywords: Urban Green Space, Green Infrastructure, Object-Based Classification, Aydin

1. Introduction

Urban areas are considered as economic, social, and cultural centers, which are also the most challenging
areas for remote sensing analysis due to high spatial and spectral diversity of surface materials (Herold et al.,
2003; Poursanidis et al., 2015; Hu et al., 2016). The spatial and spectral resolutions are significant in terms of
the accuracy of classified image of an urban area generally incorporating built-up environment (artificial
surfaces such as buildings, roads, sidewalks etc.), different vegetation covers (gardens, parks, urban forests,
etc.), bare soil areas and water bodies. Mapping urban land cover provides the primary data for various
studies such as change detection (Stefanov et al., 2011; Rogan and Chen, 2004; Shalaby and Tateishi, 2007,
Rawat and Kumar, 2015), assessment of urban public health (Wolch et al., 2014; Akpinar, 2016), evaluation
of urban ecosystem services (Derkzen et al., 2015; Bar¢ et al., 2016; Grafius et al., 2016), and monitoring
urban climate (Bechtel et al., 2015; Blok and Tschétschel, 2016). One of land dynamics that should be
mapped for the sustainability of urban area is green spaces. Urban green spaces may promote both mental
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and physical health (Maas et al., 2006; Lee and Maheswaran, 2011; Akpinar, 2016). Besides, they contribute
to ecosystem services such as reducing heat island effect and carbon storage, aiding water regulation etc.
(Tzoulas et al., 2007; Derkzen et al., 2015). Therefore, mapping urban green infrastructure from a high-
resolution satellite image provides an important tool to conduct studies, researches, and projects for
sustainable development of urban areas.

Based on remotely sensed data, image classification is an important process for mapping Land Use/Land
Cover (LULC) (Foody, 2002; Bartholome and Belward, 2005). The development of image classification
techniques has fostered the use of high resolution satellite images (HRSI) in remote sensing platforms with
different approaches (Baltsavias, 1996; Lu and Wang, 2007; Blaschke, 2010; Schowengerdt, 2012; Khatami
et al., 2016). High-resolution remote sensing technology provides strong support for the monitoring methods
and evaluation indicators of urban environment. Although the increasing development of technology-based
tools on especially remote sensing image processing, LULC mapping has a complicated procedure with a
plenty of factors affecting the quality of the final product (Goodin et al., 2015). Therefore, selecting the
accurate method to map LULC plays a key role for quantifying spatial information. As for the classification
methods, pixel-based and object-based approaches have been widely used in remote sensing (Duro et al.,
2012; Hussain et al., 2013; Xiong et al., 2017; lerodiaconou et al., 2018). The advantages of object-based
approach over the traditional pixel-based classification have been discussed in various researches and
demonstrated its advantages over the pixel-based approach (Yan et al., 2006; Gao and Mas, 2008; Weih and
Riggan, 2010; Myint et al., 2011; Huth et al., 2012). Object-based approach initially aggregates image pixels
into spectrally homogenous image objects using an image segmentation algorithm and then classifies the
individual objects while pixel-based classification focuses on individual pixels directly (Liu and Xia, 2010).
In addition to this, object-based image classification groups pixels and considers their shapes and sizes with
multi-resolution segmentation or segment mean shift (Gao and Mas, 2008; MacLean and Congalton, 2012).
Multiresolution segmentation generates homogenous image objects by grouping pixels with different
algorithms (Quian et al, 2007; Sahalu, 2014). Object-based approach combines three patterns (spectral,
spatial, and temporal pattern) of feature information in general. Regarding spectral information, brightness
values of the pixels are treated as features. Furthermore, spatial pattern analysis uses the neighborhood
relationship of each pixel or cluster, size and shape of clusters. Moreover, temporal pattern analysis is helpful
to make a change detection following a set of procedures for the classification (Jia, 2015).

According to the proposed various theories and methods for automatically acquiring information from HRSI,
it is difficult to accurately extract all kinds of target information using only one method (Haala and Brenner,
1999; Benediktsson et al., 2003; You-Shui et al., 2004; Lu and Weng, 2009). As indicated in the relevant
literature, the success of object-based classification is higher than pixel-based classification. Therefore, this
research focuses on an object-based decision tree classification using an orthophoto of Aydin urban area and
aims to present how can be urban green spaces mapped based on an object-oriented approach. In this context,
it is comprehensively used the spectral features to extract the green space information from the test area that
exemplifies the park, the green cover in the agricultural area, the playground, and the residential garden. For
classifying land cover from the orthophoto with OBIA, eCognition Developer 9.0 software was utilized. To
combine spectral and shape features, multiresolution segmentation was implemented. Additionally, features
as brightness and Green-Red Vegetation Index (GRV1) were used for the extraction of urban green areas.

2. Material and Method

The research area is in Aydin Province, the southwestern part of Turkey. The dominant landscape type is
fertile plain that irrigated by Great Meander. The province is bordered by the Aydin Mountains in the north
and the Mentese Mountains in the south. The western end of the province is the Aegean coast with extensive
salt marshes located around the river estuary and the Lake Bafa a major feature of the Menderes delta area
(Yazgi and Yilmaz, 2017). The province has both rural and urban landscapes. According to the
environmental report of Aydin, the average temperature is 17.7 °C, with an annual total rainfall of 645.1
kg/m2 in 2016 (Anonymous, 2017). The weather is hot in summer and warm all year round influenced by
Mediterranean climate.
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The research area is located on the fringe of Aydin urban settlement in the border of Mimar Sinan
Neighborhood of Efeler district where the largest number of residential buildings has been built in the last
decade. The satellite image captured in 2015 with 10 cm resolution and the development plan (DP) coded
M19-b-12-d-4-c, which are the materials of this research, were derived from Aydin Metropolitan
Municipality. The size of the image is 555 x 700 m covering a total of 338.5 m2. Figure 1 highlights urban
land uses and list of parks in the research area. We mainly focused on the park, the green cover in the
agricultural area (olive grove), park with the playground, and the residential garden as urban green spaces.
The orthophoto of the research area which has three spectral bands, Red, Green, Blue (RGB) is shown in
Figure 2.

Aydin

M19-b-12-d-4-¢

List of Parks in the Research Area
A Prof. Dr. Mehmet Fuat Turgut Park
B Sehit Mustafa Korkmaz Park

C Metin Oktay Park

D Erdal Inonu Park

; AREE = E Muhsin Yazicioglu Park
= A . 04 e F Aydinoglu Gazi Umur Bey Park
Urban Land Uses 171000 G Ali Narin Park

B Pk vith playground Cont ban fabs e H Aziz Nesin Park
Py sl i il i (fl} | Albay Sefik Bey Park
{ Residential garden Bare soil =5 J Sabiha Gokcen Park
| Olive grove Road and associated land

Figure 1. The location of the research area in Aydin urban settlement covering urban land uses and list of
parks (Source: corresponding author)

OBIA of high resolution imagery enables to extract detailed information of various targets on urban areas.
For classifying urban green spaces from the orthophoto with OBIA, eCognition Developer 9.0 software was
utilized. As the primary step in the object-based approach, segmentation was processed with selecting
optimal values for the main parameters (scale, shape, and compactness). Different combinations of these
parameters were applied to find out suitable values. To combine spectral and shape features, multiresolution
segmentation was implemented in this research which has been proven to be one of the most successful
image segmentation algorithms in the OBIA framework (Neubert et al., 2008; Aguilar et al., 2016).
Additionally, features as brightness and ratio green were used for the extraction of urban green areas.

As for calculating ratio green, Green-Red Vegetation Index (GRVI) formula was proposed as follows where
pgreen was reflectance of visible green (Tucker, 1979; Motohka et al., 2010):

GRVI=(p_green-p_red)/(p_greentp red)
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Turkiye
-
Aydin =
Province |*

- Efeler District D The research area

Figure 2. The location orthophoto of the research area in Aydin province

Brightness and ratio green values were estimated by applying a trial-and-error approach until finding the
suitable value (Figure 3). In the last step, accuracy assessment was done and Kappa coefficient (Congalton,

1991) was computed as:

I? _ N- Zz‘=1,nxii - Ei=1,n Xiv "Xy
= > .
N Zi=1,nxi+ Xyi

(Where n, i and j are the same as the former equation, N is the total number of observation, xi+ and x+i are
the number of total observations in the row i and the number of total observations in the column i

respectively)
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Figure 3. Proposed methodology
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3. Results

The orthophoto was loaded into eCognition Developer 9.0 and “Layer Mixing Tool” was used to set the
equalizing to manual since there are only three layers in the image. To reduce the number of objects, a
second level of segmentation was necessary. Therefore, segmentation phase consisted of two levels. First,
regarded as a region-based algorithm, multiresolution segmentation was applied. Then, the segmentation
parameters were defined after several trials (Figure 4). Layer weights were set to equal to one, scale equal to
30, shape factor to 0.8, and compactness to 0.5. Level 2 was for merging existing segments of level 1 based
on the absolute spectral difference known as spectral difference segmentation (Yu et al., 2006; Kressler et al.,
2005). This value changed between 5 and 15 and depends on the radiometric quality of the data. This allowed
the merging of large homogenous objects, such as fields and parks, while keeping other objects separate such
as buildings from the surrounding residential gardens (Kressler et al., 2005). The maximum spectral
difference was set to 10.

= __[Miehau
2 LSRN P 8
! T 1 Vo

Scale: 20, Shape: 0.8, Compactness: 0.5

Figure 4. The segmentation results with different parameters
Brightness value appeared when double-clicked on the Brightness tag in the Feature View tree. The suitable

values representing urban green spaces were between 57 and 84 (Figure 5). Following that, ratio green value
was computed using layer arithmetic algorithm
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Figure 5. Brightness value range for classifying urban green space

The layer arithmetic algorithm provides to perform mathematical operations on layers of the image. The
layers 1 through 3 are assigned as Red, Blue, and Green respectively (Figure 6). Ratio green value appeared
when double-clicked on the GRVI tag in the Feature View tree under customized section. The suitable values
representing urban green spaces changed between 131 and 173.
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Figure 6. The calculation of ratio green using layer arithmetic algorithm

In the last step, “assign class” was processed according to the criteria that we defined. For using algorithm
parameters, 'unclassified' box was overwritten in the Edit Process window. Then, conditions for brightness
and ratio green values were assigned. When the classification was completed, some faulty classes were
noticed on shadow and roof of the buildings due to their brightness and GRVI values. To prevent them, a
second classification was done based on “area” and “brightness” values. For the brightness value, the range
of 70-80 was recorded as a variable and for the area (pixel), 2500 was assigned after several trials (Figure 7).
The fault classifications were determined as error and extracted from the classification.
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Figure 7. Classification steps in process tree of eCognition
4. Discussion and Conclusions

To evaluate the quality of the classification, accuracy assessment was performed. The overall accuracy was
84.68% and Kappa coefficient was 0.84 which showed that the results were in the high level of agreement.
The results provided from the orthophoto misclassified some parts of urban green spaces due to the spectral
information of shadow. In addition to this, few parts of urban green spaces were not classified because of
their brightness and GRVI values. There were also conflictions between bare soil and urban green spaces. It
was understood that spontaneous vegetation cover on bare soil caused these conflictions. In similar cases,
manual classification tool of eCognition can be used and the failures may be eliminated. Therefore, the
overall accuracy of the final map can be improved. A second accuracy assessment was conducted to illustrate
this as an example after manual classification (Figure 8).

Automatic mapping of land cover types in urban area is one of the most challenging issues in remote sensing
(Hu et al., 2016; Jia et al., 2018). Despite the complexity of mapping LULC, various methods may be
integrated with each other to produce accurate LULC maps. As it can be seen in previous studies, generating
LULC databases with traditional methods are time consuming (Jia, 2015). In this paper, capacity of object-
based classification was tested to identify urban green spaces in a sample area of Aydin urban settlement. To
conclude, this paper has elaborated a sample workflow that extracts urban green spaces from an orthophoto
successfully which may be used as a reference for further remote sensing studies.

A ) S : =, \ \ e
o R A\ 5 Y \ b\
a) Automatic classification b) Manual classification
N)
| Urban green space 0 005 01 0,2 km A

Figure 8. The extraction of urban green space with automatic and manual classification
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Hashas Hasat Makinasi Gelistirilmesi

Cengiz Ozarslan'", Tiirker Saracoglu’, A. Fatih Haciyusufoglu?

Ozet: Hashas tarminda ekim, bakim ve hasat islemlerinin yogunlugu ve zorlugu hashas tarmmim
simirlandirmaktadir. Hashasin el ile tarladan toplanip, sonrasinda pargalanip ayrilmasi islemleri yogun emek
ve zaman tiiketimi gerektirmekte, bu ise maliyeti ¢ok artirmaktadir. Bu ¢alismada, hasat zamaninda ¢aligma
kosullarinin zorlugu, hasat igin isgiicii gereksiniminin fazlaligi, hasat zamaninda is¢i bulmanin zorlugu,
yiiksek isgi ticreti, el ile hasatta iiriinlin fazla yer kaplamasi, {irliniin araziden taginma kosullar1, birim
zamanda hasat veriminin diisiik olmasi gibi nedenlerden dolayi lilkemiz kosullari, mevcut uygulamalar ve
sorunlar dikkate alinarak haghas kapsiillerini hasat edip kapsiillerini parcalayabilecek ve parcalanmis
materyal i¢inden sap, tohum ve kapsiil pargalarini ayirabilecek bir hashas hasat makinasi prototipinin
gelistirilmesi amaglanmistir. Caligma tasarim ve imalat agamalarindan olusmaktadir.

Prototip makine; ana sase, dolap, bicme diizeni, iletim {initesi, harmanlama {initesi ve ayirma tinitesinden
olugmaktadir. Sase makinanin baglanti elemanlari, ylirime organlari, hasat {initesi, iletim {initesi,
harmanlama tinitesi, ayirma tinitesi ve gii¢ aktarim organlarin tizerinde toplandigi yapidir. Makine ana sasesi
iizerinde 4 adet tekerlek bulunmaktadir. Dolap, bigilecek saplar1 bigak agzina yatirmakta ve bigilen saplari
makinaya aktarmaktadir. Dolap, devir ayar imkan1 da taniyan hidrolik motor ile tahrik edilmektedir. Prototip
makinada 150 cm is genisliginde normal bigak tipinde ve keskin kenarlar1 digli yapida olan parmakli iiggen
yapraklt bigme diizeni kullanilmigtir. Bigme diizeni 1.69 m/s ortalama bigak hizini saglayacak sekilde 600
1/min ortalamada olmak iizere hidromotordan ayarlanabilmektedir. Dolap tarafindan yatirilan ve bigme
diizeni tarafindan bigilen {irliniin harmanlama {initesine iletimi i¢in bantli tip konveyorler kullanilmistir.
Bunun i¢in tasarimi yapilan konveydr, bigme diizeninin hemen arkasinda bigilen iiriinii yatay olarak
tasimakta, daha sonra harmanlama tnitesinin besleme agizina yiikseltecek sekilde iki kademeli imal
edilmistir. Konveyor 2 m/s ortalama iletim hiz1 saglayacak sekilde hidromotordan ayarlanabilmektedir.
Makinada sapl1 hashas kapsiillerinin par¢alanmasi i¢in bir ¢ift 300 mm ¢ap ve 900 mm uzunluk 6l¢iilerinde
yivli merdaneli harmanlama iinitesi tasarimlanarak imal edilmistir. Merdanelerin iizerinde kapsiillerin
tutularak araya cekilmesini kolaylastirmak amaciyla 45° egimli 2.5 mm derinlige sahip yivler
bulunmaktadir. Merdanelerden birisi 100 1/min, digeri 200 1/min devirlerde donecek sekilde kuyruk
milinden tahrik edilmektedir. Ayirma iinitesinde yer alan elek kasasinda iist iiste ii¢ elek yer almaktadir. Ust
elek, sap parcalarii tarlaya dokecek ve kapsiil pargalari ile tohumu alta gegirecek; orta elek kapsiil
pargalarini iizerinde toplayacak ve alt elek ise tohumu {izerinde tutup, tozu alta indirecek yapidadir. Elek
egimi 5°, elek ivmesi 11 m/s?, eksantrik yarigap1 2.5 cm ve eksantrik devir sayis1 200 1/min devirde donecek
sekilde kuyruk milinden tahrik edilmektedir.
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Development of Poppy Harvester

Abstract: The intensification and difficulty of cultivation, maintenance, and harvesting in poppy cultivation
limit the poppy cultivation. The processes of disintegration and separation after poppy collected by hand
from the field are required labor intensive and time-consumption; this increases the cost as well. It is aimed
that the development of poppy harvester prototype which harvest of poppy capsules, disintegrate of capsules,
separate seed, capsule and stem that is consider our country's conditions, existing applications and problems
therefore the reason as the hard working conditions, the surplus of labor requirements for harvesting, the
difficulty of finding workers at harvest period, high labor costs, occupying much of the product in the
harvesting, transport conditions from the field, low harvest yield. The study consists of design and
manufacturing stages.

The prototype machine consists of mainframe, reel, cutter bar, transmission unit, threshing unit and
separation unit. The mainframe is the structure that the machines are assembled on. The machine mainframe
has 4 wheels. The reel tilts the poppy stalks to the knife mouth and transfers to the conveyor. The reel is
driven by a hydraulic motor which also allows the setting of the speed. In the prototype machine, triangular
knife type with 150 cm work width and sharp edges with threaded construction was used. The cutter bar can
be adjusted to a mean speed of 600 1/min to provide a mean knife speed of 1.69 m/s. Belt type conveyors
have been used for conveying to the threshing unit of the product laid by the reel and harvested by the cutter
bar. The conveyor has been manufactured in two stages so as to transport the harvested product horizontally
just behind the cutter bar, then to raise it to the feed mouth of the threshing unit. The conveyor can be
adjusted by a hydraulic motor to provide an average conveying speed of 2 m/s. The threshing unit which has
a pair of 300 mm dia. and 900 mm length grooved surfaced roller was designed for breaking into pieces of
the poppy capsules. There are grooves with a depth of 2.5 mm inclined by 45° to facilitate gripping the
capsules by the rollers. One of the rollers is driven by the PTO, turning at 100 1/min and the other at 200
1/min. There are three sieves in the separation unit. The upper sieve transfers the parts of the stalk to the
field and the capsules parts and seeds to the middle sieve. The middle sieve holds the capsule parts. The
lower sieve holds the seeds and transfers the dust to bottom. Sieve inclination is 5°, sieve acceleration is 11
m/s? and the eccentric radius is 2.5 cm. The eccentric is driven by the PTO to turn at 200 1/min revolutions.

Keywords: Poppy, Harvest, Threshing, Separation

1. Giris

Ulkemizde geleneksel olarak tarimi yapilan hashas, Papaver somniferum L. tiirii olan tek yillik bir kiiltiir
bitkisidir. Bilimsel simiflandirmaya gore Papaver somniferum L., Rhoedales takiminin Papaveraceae
familyasindandir. Bu familya da Papaver cinsi igerisinde yer almaktadir. Hashas bitkisi 700-1200 metre
yiikseklikte, organik maddece zengin topraklarda en iyi sekilde yetismektedir. Toprak yorgunlugu olmamasi,

hastalik ve zararlilardan olumsuz etkilenmemesi i¢in haghag tariminda miinavebe uygulanmaktadir (Anonim,
2015).

Hashasin tohumundan, yagindan, kiispesinden, afyonundan, saplarindan ve gi¢eklerinden yararlanilmaktadir.
Ozellikle yag bitkileri arasinda 6nemli bir yere sahiptir. Tohumlar1 %44-54 yag icerigi ile bir besin maddesi
olarak kullanilmaktadir. Degisik ve cazip renkli tohumlar1 ekmek ve pastalar {izerine siis ve besin maddesi
olarak konulmaktadir. Yagi ¢ikarildiktan sonra geriye kalan kiispesi hayvan yemi olarak degerlendirilmektedir.
Bu sayede siitteki yag oranini yiikseltmektedir. Kapsiillerden elde edilen afyon, icerigindeki 20 cesit
alkoloidden dolayi tipta birgok ilacin hazirlanmasinda kullanilmaktadir. Dekardan ortalama 350 kg artik sap
elde edilmektedir (Erdurmus ve Ones, 1990). Hashas tohumlar1 gri-mavi, sar1, beyaz, ¢ig kahve ve pembe
renklerde olabilmektedir. Tiirkiye’de en fazla yetistirilen hashaglar sirasiyla mavi, beyaz ve sari1 tohumlu
cesitlerdir. Uretilen hashas tohumlarindan bir kismu iiretici ihtiyaglar1 icin ayrilmakta, geri kalan kismi ise
serbest piyasada iglem gormektedir. Tohumlarinin ayrica, kozmetik ve boya sanayinde de kullanildig:
bilinmektedir.
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Hashastan ekonomik degeri olan tohum ve kapsiil kabugu olmak iizere iki énemli {iriin elde edilmektedir.
Bunlarin disinda heniiz alkaloid olusmamus bitkiler; yesil salata, bitki artigi saplari ise yakacak olarak
ilkemizde degerlendirilmektedir.

Diinyada hashas ekimi Birlesmis Milletler Teskilat1 denetiminde yasal ana iiretici olarak Tirkiye, Hindistan,
Avustralya, Fransa, Ispanya, Macaristan’da yapilmaktadir. Ayrica Hindistan ve Kuzey Kore’de afyon iiretim
amagli; Avusturya, Almanya, Cekya, Hollanda, Polonya ve Ukrayna’da gida ve siis bitkisi amagli haghag ekimi
yapilmaktadir. Son bes yillik verilerin ortalamasina gore iilkemiz diinya yasal hashag ekim alanlari i¢erisinde
%48’lik bir paya sahiptir (Sekil 1) (Anonim, 2018).

Ulkemizde hashas ekimi 3298 Sayili Uyusturucu Maddelerle ilgili Kanun ve Yonetmelik gercevesinde lisansa
tabi, kontrollii ve ¢izilmemis haghas kapsiilii tiretimi seklinde yapilmaktadir.

Bakanlar Kurulu tarafindan haghas ekimine miisaade edilen yerlerde, Toprak Mahsulleri Ofisi (TMO) Genel
Miidiirliiglince yapilan planlama ¢ergevesinde, Birlesmis Milletler Teskilatinin iilkemize verdigi 70.000 hektar
limit dahilinde hashas ekimi ve ¢izilmemis kapsil tiretimi yaptirilmaktadir.

Diger

ispanya
9%

Macaristan

5%

Tiirkiye
48%

Hindi
8%

Sekil 1. 2013-2017 yillar1 ortalamalarina gére Diinya yasal hashas ekim alanlarinin dagilim

S6z konusu 70.000 hektar ekim limiti, ekilis ve liretim potansiyelleri dikkate alinarak yerlesim birimlerine
dagitilmaktadir. Yerlesim birimi bazinda verilen hashas ekim limitleri ¢iftgilere paylastirilarak bu limit
cergevesinde bir ¢iftgiye en fazla 3 tarlasinda hashas ekim izni verilmektedir (Anonim, 2018).

Hashas hassas bir bitki oldugundan olumsuz iklim kosullarindan (don, kuraklik, asir1 sicakliklar vs.)
etkilenmesi nedeniyle uzun yillar ortalamasina gére %33 civarinda kayip olusmaktadir. Ayrica hashas ekim
izni alip ekim yapmayan ciftcilerden kaynaklanan beyan kayiplari ise %14 civarinda bulunmaktadir. Uretim
kaybinin bazi yillarda %70’lere ulastig1 goriilmiistiir. 2017 yilinda tilkemizde yasal hashas ekim alan1 23.731
hektar olmustur. Bu alandan 13.836 ton kapsiil ve 15.244 ton tohum elde edilmistir (TUIK, 2017). Hashas ekim
izni verilip yukarida belirtilen kayiplardan arta kalan alanlarda haghas kapsiilii iiretimi gergeklestirilmektedir.
Hashas kapsiiliiniin uyusturucu madde i¢ermesi nedeniyle tek ve zorunlu alicisi TMO Genel Miidiirliigiidiir.
Ciftciler, trettikleri haghag kapsiiliinii izin belgelerinde belirtilmis olan miktarin iistiinde de olsa o yilin en geg
Eyliil ay1 sonuna kadar tespit edilen bedeli karsiliginda TMO is yerlerine teslim etmek zorundadirlar. Satin
alinan kapsiiller islenmek iizere Afyon Alkaloidleri Fabrikasi isletme Miidiirliigiine sevk edilmektedir. Hashas
tohumu gida amagh kullanildigindan serbest piyasada islem gérmektedir (Anonim, 2015).

Modern tarim tekniklerinin uygulanmasiyla iiretici sartlarinda 150 kg kapstil kabugu ve bundan daha fazla

tohumun dekardan alindig1 goriilmiistiir. Hashas tilkemizde genel olarak giizliik ekilmekle birlikte, kigtan zarar
goriilmesi halinde ya da kisin ¢ok sert gectigi yorelerde yazlik olarak da ekilebilmektedir. Giizliik ekim zamani,
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hashas ekim bdlgelerine gore bazi farkliliklar gdstermekle birlikte Ekim ayinin ilk haftasidir. Yazlik ekim
zamani ise Mart sonu Nisan basidir (Erdurmus ve Ones, 1990).

Uretim girdilerinde tasarruf, iiretimin her asamasinda {iriin kayiplarinin &nlenmesi, ekim metotlar1 ve
mekanizasyonu, saf ve temiz {irlin elde etme yontemleri haghas iiretimi ve mekanizasyonu sorunlarinin baginda
gelmektedir (Karaca, 1996).

Ulkemizde hashas ekimi genel olarak elle serpme seklinde yapilmakla birlikte son yillarda makina ile ekim
yontemine (30-40 cm sira aras1 mesafelerde) gegis yapilmaya baglanmistir. Elle ekimde tohum yalniz, bazen
de yar1 yariya ince kumla karistirilip tarlaya serpilmektedir. Serpme ekimde dekara verilen tohum 1-5 kg
arasinda degigmektedir. Makinali ekimde ise dekara verilen tohum miktar1 300 grama kadar diismektedir.
Makinali ekimde ¢ikislar iiniform olmakta, 6zellikle ¢apalama ve ilaglamada biiylik oranda isci tasarrufu
saglanmaktadir.

Hashas hasadi Temmuz-Agustos aylari icinde yapilmaktadir. Hashas kapsiilleri kurudugu zaman zarlar
tizerinde dizilen tohumlar kapsiil dibine dokiilmektedir. Bir bitki iizerindeki ya da bir tarladaki tiim kapsiiller
ayn1 zamanda olgunlagsmamaktadir. En son olusan kapsiiller en son olgunlastigindan hasada karar vermek igin
en alt kapsiillere bakmak gerekmektedir. Kapsiillerin agik ve kapali olusu bir ¢esit 6zelligi olmakla birlikte,
olgunlastig1 halde hasat edilmeyen ve giinese maruz kalan, diger bir ifadeyle asir1 derecede kuruyan kapsiillerde
de acilma goriilebilmektedir. Bu yiizden, hasatta tohum dokiilmesine ve kayba neden oldugundan hasat
zamanmin geciktirilmemesi gerekmektedir (Haciyusufoglu, 2013). Ayrica hasat sezonundaki olasi yagis
tehdidi kapsiillerin agilmasina, kapsiillerin kararmasina, tohumlarin doékiilmesine ve tohumun ¢imlenme
kabiliyetinin azalmasina yol acabilmektedir. Bu da kapsiil ve tohumun degerinin diismesine neden olmaktadir.
Dolayistyla haghag hasadinin kisa siirede tamamlanma zorunlulugu bulunmaktadir.

Hasat islemleri Diinya’da cesitli sekillerde yapilmaktadir. Afganistan, Hindistan, Pakistan gibi bazi iilkelerde
hashas kapsiilleri ¢izilerek (afyon sakizi c¢ikartilarak) yapilmaktadir. Avustralya, Romanya, Macaristan ve
Avusturya gibi iilkelerde ise hashas hasadi makina ile yapilmaktadir.

Uygulamada hasat mekanizasyonunda 2 yontem vardir:

1-) Kiigiik arazilerde kullanilmak {izere Macaristan’da saplar1 10—20 cm uzunluktan kapsiille birlikte kesen ve
bigme makinelerine monte edilebilir 6zel bir hasat adaptorii gelistirilmistir. Kesim sonrasinda, kapsiil ve tohum
ayirma, ciftlik merkezinde gergeklestirilmektedir. Burada iriin 6bekler halinde isleme zamanima kadar
saklanabilmektedir.

2-) Biiyiik arazilerde modifiye edilmis bicerdover ile hashas kapsiilleri 10-20 ¢cm uzunlugunda saplardan
kesilmektedir. Bu yontemin basarisi temiz ve yabanci ottan arindirilmis tarla kosullarina baghdir. Ayrica
bicerdoverle hasatta iiniform bitki yiiksekligi gerekmektedir. Bu ise tarlada yiiksek bitki yogunlugu ile
basarilabilmektedir. Bu durumda da bitki basina kapsiil sayisi diismektedir. Iliman iklimlerde optimum bitki
yogunlugu 450.000 bitki/ha olmakta ve bitki basina 1-2 kapsiil diismektedir. Ulkemiz kosullarinda bu degerler
sirastyla 25.000 bitki/ha ve 5-8 kapsiildiir.

Mekanize hasadin, iggiicii gereksinimini ve maliyeti azaltmasi gibi avantajlari olmasina karsin, hasat islemi
sirasinda kapsiil-tohum kaybi1 ve tohuma yiiksek oranda zarar vermesi ise dezavantajlarinin bulundugu ifade
edilmektedir (Németh, 1998). Bu tip kullanilan makinalarin bir diger bilyiik dezavantaji ise hasat edilen hashag
kapsiilii ile birlikte oldukga fazla miktarda hashas sapini karigtirmasidir. Bu olumsuzlugun elde edilen birim
hammaddede alkaloid oranin diistirdiigii belirtilmistir (Foldesi, 1992). Bu tip makinalar Avustralya gibi giinlitk
1siklanma siiresi yiiksek olan iilkelerde tercih edilmektedir. Bu bolgelerde yetisen hashas bitkisinde, 1siklanma
siiresi fazla oldugu icin kapstildeki alkaloid oraninin daha yiiksek degerlerde bulunmasi ve ayrica hashas bitki
boylarinin homojen olmasi bu gibi iilkelerde bu makinalarin kullanimina olanak saglamistir. Ancak iilkemizde
isletmelerin kiiciik 6l¢ekteki yapilar, bitki sap uzunluklarinin heterojen olmasi ve hasat sonrasi kapsiil pargalari
icinde istenmeyen materyal olarak sap parcalarinin karismasi bu makinalarin kullanimi i¢in dezavantajlar
olusturmaktadir.
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Afganistan, Cin ve Hindistan gibi iilkelerde ise kapsiil yesil iken kurumadan 6zel aletlerle gizilerek baz morfini
toplanmaktadir. Daha sonra kapsiiller el ile toplanip ¢uvallara doldurulmaktadir (Haciyusufoglu, 2013).
Tiirkiye’de hashas hasadi ise dogrudan kapsiillerin elle kirilmasi ile yapilmaktadir (Sekil 2). Elle hasatta,

kapsiiller sapa birlesme noktasindaki bogumdan kirilarak toplanmaktadir (Sekil 3). Kopartilan kapsiiller biiyiik
cuvallarda toplanarak depolanmaktadir.

Sekil 2. Tiirkiye’de hashag hasadi

; Kapsdl

Bogum
MNoktasi

>

Sekil 3. Haghas bitkisinin kapsiil, bogum ve sap kismi
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Hasat sonrasi toplanan iiriin kapsiil kirma makinasindan gecirilmekte veya tahta tokaglarla kirilmaktadir.
Ulkemizde elle hasat sonrasi kullanilan kapsiil kirma makineleri genellikle traktor kuyruk milinden hareket
almakta ya da elektrik motoru ile ¢aligtirilmaktadir. Bu makinelerin is kapasite ise yaklasik 2 ton/h’dir.

Kapsiil kirma makinelerinin besleme haznesine elle doldurulan hashas kapsiilleri, yedirme diizeni vasitasiyla
pargalama bolmesine aktarilmakta ve kapsiiller pargalanmaktadir. Buradan eleklere diisen kapsiil kiriklari ve
hashas tohumlar1 elenmektedir. Ayrilan hashas ve kapsiilleri ayr1 ayr1 ¢uvallara doldurulmaktadir. Ust elegin
delik ¢ap1 ortalama olarak 3-5 mm, alt elegin ise delik ¢aplar1 2-3 mm civarindadir. Alt elek kapsiil ve kavuz
parcalarint haghastan iyi ayirmalidir. Aksi durumunda yemeklik hashasin tadi acilagarak, kalitesizlesmektedir.
Karaca (1996), Afyon yoresinde imal edilen hashas kapsiilii kirma-ayirma makinasinin bazi yapisal ve isletme
Ozelliklerinin belirlenmesi ve gelistirilmesi olanaklarini aragtirmigtir. Bu amagla kirici iinite devri, elek stroku
ve besleme agzi kesit alaninin 6zgiil enerji tiiketimi, is kapasitesi ve temizleme etkinligi iizerine etkilerini tespit
etmistir. Sonug olarak 270 1/min kirici {inite devri, 58 mm elek strokuna karsilik 361 cm?1ik besleme agz1 kesit
alaninin en uygun ¢alisma durumu oldugunu saptamustir.

Hashasin tarladan toplanip, sonrasinda parcalanip ayrilmasi islemleri yogun emek ve zaman tiikketimi
gerektirmekte, bu ise maliyeti ¢ok artirmaktadir.

Hashas hasadinda karsilasilan sorunlar goéz dniinde tutuldugunda iilkemizdeki haghas tarimi yapilan ve ¢cogu
kiigiik oOlgekteki (ortalama 7 dekar) isletmelerde kullanilabilecek 6zgiin makinalara ihtiya¢ oldugu
goriilmektedir. Bu kapsamda, iilkemiz kosullarina uygun hashas kapsiillerini hasat edip kapsiillerini
parcalayabilecek ve parcalanmis materyal i¢inden sap, tohum ve kapsiil pargalarini ayirabilecek bir haghas
hasat makinasi prototipinin gelistirilmesi 6nemli bir ihtiyag¢ olarak goriilmiistiir.

Bu calismanin amaci; iilkemiz kosullari, mevcut uygulamalar ve sorunlar dikkate alinarak haghas kapsiillerini
hasat ederek parcalayan ve sapindan ayrilmis hashas kapsiilii ve tohumunun elde edilmesini saglayan hashas
hasat makinasi tasarim ve imalatinin gerceklestirilmesidir.

2. Materyal ve Yontem

Calisma iki agamadan olugmaktadir. Birinci asamada haghas hasat makinasinin tasarimi, ikinci asamada ise
imalati gergeklestirilmistir. Tasarim parametreleri ana hatlartyla belirlenen prototip makinanin tasarim
asamasinda, bilgisayar destekli tasarim programlarindan yararlanmilmistir. Makinanin ¢izimleri bilgisayar
ortaminda olusturulmug ve makinanin kat1 modeli ve teknik resimleri ortaya konulmustur.

2.1. Makinanin genel yapisi

Prototip makina, hasat {initesi, iletim {initesi, harmanlama iinitesi, ayirma iinitesi, ¢uvallama ve gii¢ aktarim
sistemi olmak iizere alt1 ana kisimdan olugsmaktadir. Bu alt1 ana kisim bir sasi iizerine monte edilmis olup sasi
tasima tekerlekleri vasitasiyla desteklenmektedir.

2.1.1. Hasat iinitesi

Hasat finitesi, makinanin fonksiyonlariin yerine getirilmesinde birincil 6ncelikli iinitedir. Uygun yapilan
hasadin, harmanlama ve ayirma islemlerinin basarisi ile {irlin kayiplari izerinde 6nemli etkileri bulunmaktadir.
Dolayistyla hasat {initesi i¢in; kullanilacak kesme yontemi, bigak tipi, bigak hizi, kesme genisligi, bigilecek
saplarin bigaga yonlendirilmesi ve bicilen saplarin makinaya aktarilmasi (dolap diizeni) islemlerinde uygun
parametrelerin se¢imi 6nem kazanmaktadir. Makinanin 6niinde bulunan hasat iinitesinde yer alan elemanlar ve
Ozellikleri asagida yer almaktadir.

Sap ayiricilar: Bigilen iiriinle bigilmemis iiriinii birbirinden ayirmak, bigme diizeni kenarina gelen {iriiniin

yatmasini veya dolap pervazina sarilmasini 6nlemek amaciyla bigme diizeninin her iki ucuna sap ayiricilar
yerlestirilmesi kararlagtirilmistir.
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Dolap: Hasat {initesi i¢inde bigme kalitesini en ¢ok dolap performansi etkilemektedir. Bigme diizeninin {istiinde
ve Onilinde donerek calisan dolap, bigilecek saplari bigak agzina yatirmakta ve bigilen saplari makinaya
aktarmaktadr.

Dolapta iki farkli ayar imkani bulunmaktadir. Bunlardan ilki dolabin yiikseklik ayaridir. Dolabin yiiksekligi,
amz yiiksekligi ve tarladaki bitki boyu goz 6niine alarak asagidaki esitlikten bulunmaktadir (Ulger, 1982).

D 2
G
C 2+3( )

Bu esitlikte; C, bigaklardan itibaren dolap merkezi yiiksekligi (cm); D, dolap gap1 (cm); H, sap yiiksekligi (cm);
h, bigme (aniz) yiiksekligi (cm) dir. Dolabin yiikseklik ayari, hasat iinitesinin sase iizerine yerlestirilen ii¢ adet
manivela diizeni ile saglanmaktadir.

Dolap ayarlarindan ikincisi dolabin devir ayaridir. Dolabin bigilecek saplar1 bicak agzina yatirabilmesi igin
pervazlardaki ¢evre hizinin makina ilerleme hizindan biiyiik olmasi (%10-25) gerekmektedir (Kadayifeilar,
1991). Dolabin tahriki, kolay devir ayar imkan1 saglayan bir hidrolik motor ile yapilmaktadir.

Bigme diizeni: Kombine kesme yapan parmakli tiggen yaprakli bigme diizeni kullanilmistir. Bigme diizeni
normal bigak tipinde ve keskin kenarlari disli yapidadir. Bu tip bigak kuru ve sert yapidaki {irlinlerin basariyla
kesilmesinde kullanilmaktadir. Bu tip materyaller i¢in uygun bigak ortalama hizi 1.3-1.9 m/s 6nerilmektedir
(Kadayifcilar, 1991). Bigme diizeni, hidrolik motor ile baglantili bir eksantrik diizen (Group Schumacher,
Germany) araciligtyla tahrik edilmektedir.

2.1.2. iletim iinitesi

Dolap tarafindan yatirilan ve bigme diizeni tarafindan bigilen {iriiniin harmanlama tinitesine iletimi i¢in bantl
tip bir konveyor kullanilmistir. Konveyor tek parca banttan, fakat iki boliimden olugmaktadir. Konveyoriin ilk
bolimii bigme diizeninin hemen arkasinda yer alan kisim olup ilerleme yodniine dik ¢alisan pervazli tip yatay
konumdadir. Diger kismi ise materyali harmanlama {initesine yiikseltecek egimli yonde hareket etmektedir.
Konveydre ait iletim kapasitesi agagidaki esitlige gore belirlenmistir (Ayik, 1985).

K=3.6-k-V

Bu esitlikte; K, konveyor kapasitesi (t/h); k, birim konveyor boyuna diisen 6zgiil yiik miktar (kg/m); V, iletim
hizidir (m/s).

k=F-y
Bu esitlikte; F, yiikiin enine kesit alan1 (m?); Y, yiikiin yigma agirhigidir (kg/m®).
2.1.3. Harmanlama iinitesi

Belirli bir sap uzunlugunda kapsiillerin kesilmesi durumunda, kapsiil kirma ve ayirma asamasinda bu artiklarin
(sap) uzaklastirilmasi gerekmektedir. Bu sorunun ortadan kaldirilmasi amaciyla belirli uzunlukta kesilmis sapa
sahip kapsiillerin kirilmasi i¢in uygun pargalama iinitesi kullanilmasi olduk¢a dnemlidir. Bu ¢aligsmada sapli
hashas kapsiillerinin pargalanmasina imkan tantyacak bir ¢ift yivli merdaneli par¢alama tinitesi tasarlanmustir.
Calismanin hazirlik siirecinde bu {initenin etkinligini ortaya koymak amaciyla bir model parcalama {initesi
(Sekil 4) ile yapilan 6n denemelerde sapl kapsiillerin bogum noktasindan pargalandigi, saplarin ise genellikle
tek parca halinde tniteyi terk ettigi ortaya konulmustur. Dolayisiyla parcalama iinitesinden sonraki ayirma
tinitesinde farkli boyutlardaki kapsiil parcalari, tohumlar ve saplarin birbirlerinden ayrilmasinin daha kolay
olacagi disiiniilmektedir.
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Sekil 4. Model haghag kapsiilii par¢alama tinitesi

2.1.4. Ayirma iinitesi

Harmanlama iinitesinin altina konumlandirilan ayirma tinitesinde farkl boyutlardaki kapsiil parcalari, tohumlar
ve saplar birbirlerinden ayrilmaktadir. Karaca (1996) ¢alismasinda kullandig1 hashas kapsiilii kirma-ayirma
makinasinda yer alan ayirma sisteminde elek egimini 0-3°, iist elek numarasini @5, alt elek numarasini 92, elek
alanlarin1 0.54 m? olarak vermistir. Gelistirilen prototip makinada bu &lgiiler esas alinarak, harmanlama
initesinden gelecek materyal dagilimlari da géz oniinde bulundurularak dlgiilendirme yapilmistir. Ayirma
{initesi elek kasasindan olusmaktadir. Elek kasasinda {ist iiste ii¢ elek yer almaktadir. Ust elek iki kademeli
delik ¢apma sahip yuvarlak delikli sac elektir. Orta elek ise kapsiil pargalart ile tohumu birbirinden
ayirmaktadir. Karigimin igindeki parcalanma sirasinda ortaya ¢ikan toz ise alt elegin altinda toplanmaktadir.

2.1.5. Cuvallama

Ayirma initesinden ¢ikan kapsiil pargalart ve tohumlar makinanin arkasima konumlandirilacak ¢uvallama
iiniteleri araciliyla ayr1 ayri guvallanacaktir.

2.1.6. Gii¢ aktarim sistemi

Gelistirilen prototip makina {izerinde gii¢ transferi yapilacak 6 nokta bulunmaktadir. Bunlar; dolap, bigme
diizeni, konveyor, parcalama initesi ve elek kasasidir. Ceki araci olan traktdriin kuyruk milinden alinan
hareketin parcalama iinitesi ve elek kasasina ihtiyag duyulan devir kademelerinde iletiminde uygun
rediiksiyona sahip mekanik gii¢ aktarim sistemleri (kayis-kasnak) kullanilmistir. Dolap, bigme diizeni ve
konveydr tahriki ise traktor hidrolik sisteminden beslenen hidrolik motorlarca saglanmaktadir.
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3. Bulgular

Tasarim agamasinda prototip makinanin ana kisimlarina iliskin belirlenen parametreler asagida verilmistir.
Ulkemizdeki hashas iiretim alanlarinin kiigiik 6lgekte olmasi nedeniyle prototip makinanin is genisliginin 1500
mm olmasi planlanmustir. Prototip makinada 1000 mm ¢apinda, 6 adet diiz pervaza ve her pervazda 12 adet
parmaga sahip dolap kullanilmistir. Bigme diizeni 1.69 m/s ortalama bigak hizini saglayacak sekilde 600 1/min
ortalamada olmak {izere hidromotordan ayarlanabilecek sekilde tasarimi gergeklestirilmistir. Ancak bu hiz
degeri traktor hidrolik ¢ikislarma yerlestirilen bir kisma valfi yardimiyla istenilen degerlerde
ayarlanabilmektedir.

Konvey6r 2 m/s ortalama iletim hiz1 saglayacak sekilde 380 1/min ortalamada olmak {izere hidromotordan
ayarlanabilmektedir. Bigme iinitesinde oldugu gibi konveyor hiz1 da traktor hidrolik ¢ikiglarina yerlestirilen bir
kisma valfi yardimiyla istenilen degerlerde ayarlanabilmektedir.

Model parcalama tinitesi ile yapilan 6n denemelerde merdanelerin 300 mm ¢ap ve 900 mm uzunluk Slgiilerinin
etkin bir parcalama i¢in yeterli oldugu goriilmiistiir. Merdanelerin iizerinde kapsiillerin tutularak araya
cekilmesini kolaylastirmak amaciyla 45° egimli 2.5 mm derinlige sahip yivler bulunmaktadir. Merdanelerden
birisi 100 1/min, digeri 200 1/min devirlerde donecek sekilde kuyruk milinden tahrik edilmektedir.

Elek kasasindaki iist elegin harmanlama {initesinin hemen altindaki boliimii g5 mm deliklere sahip olup, daha
sonraki boliimde delik ¢aplar1 27 mm’dir. Bu boliimde kapsiil pargalar: ve tohum alt elege gegerken saplar
elek tizerinde ilerleyerek tarlaya sevk edilmektedir. Kapsiil pargalar: orta elegin lizerinde hareket ederek elek
sonundaki ¢uvallama {initesine, tohumlar ise alt elek iizerinden bir diger ¢uvallama iinitesine ulagmaktadir.
Elek egimi 5°, elek ivmesi 11 m/s? eksantrik yaricap: 2.5 cm ve eksantrik devir sayis1 200 1/min devirde
donecek sekilde kuyruk milinden tahrik edilmesi planlanmustir.

Prototip makinanin tasarim agamasi sonucu olusturulan goériiniim Sekil 5’de sunulmustur.

Sekil 5. Makinanin genel sematik goriiniimii (1: Sasi, 2: Dolap, 3: Yatay konveyor, 4: Egimli konveyor,
5: Harmanlama {initesi, 6: Ayirma iinitesi)

Caligmada tasarim sonucu imalatt gergeklestirilen hashas hasat makinasinin genel goriniimi Sekil 6’da
verilmistir.
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Sekil 6. Imal edilen prototip makinanin genel goriiniimii
Tesekkiirler

Bu ¢alisma, Tiirkiye Bilimsel ve Teknolojik Arastirma Kurumu (TUBITAK) tarafindan (2150423 numarali
"Kombine Hashag Hasat Makinasi Prototipinin Gelistirilmesi" isimli proje ile) desteklenmistir.

Kaynaklar
Anonim (2015). 2014 Y1l Hashas Sektor Raporu. TMO Genel Midiirliigii, Ankara.

Ayik, M. (1985). Uriin Isleme Teknigi ve Makinalari. Ankara Universitesi Ziraat Fakiiltesi Yayinlar1: 957,
Ders Kitab1: 277, Ankara.

Erdurmus A, Ones Y. (1990) Hashas. T.M.O. Alkasan Yayimlar1 Mesleki Kitaplar, Ankara.

Foldesi D. (1992). Poppy. V: Cultivation and processing of medical plants. Hornok L. (ed.). Budapest,
Akadémiai Kiad6: 119-128.

Haciyusufoglu, A.F. (2013). Laboratuar Kosullarinda Hashas Kapsiil Toplama Sisteminin Gelistirilmesi.
Doktora Tezi, Adnan Menderes Universitesi Fen Bilimleri Enstitiisii Tarim Makinalar1 Anabilim Dali,
Aydm.

Kadayifeilar, S. (1991). Biger-Doverlerin Tasarim Esaslar1. Tiirkiye Zirai Donatim Kurumu Mesleki Yayinlar
No: 54, Ankara.

Karaca, H. (1996). Afyon Yéresinde Kullanilan Hashag Kapsiilii Kirma-Ayirma Makinasimin Bazi Yapisal ve
Isletme Ozelliklerinin Belirlenmesi ve Gelistirilmesi. Yiiksek Lisans Tezi, Selguk Universitesi Fen
Bilimleri Enstitiisii Tarim Makinalar1 Anabilim Dali, Konya.

Németh, E. (1998). Raw material production: cultivation of poppy in the temperate zone. In: Bernath J (ed)
Poppy: the genus Papaver. Harwood Academic, pp: 219-255, Amsterdam.

TUIK, (2017). Bitkisel Uretim Istatistikleri Veri Tabani; http://www.tuik.gov.tr (Erisim Tarihi: 06.08.2018).

Ulger, P. (1982). Tarimsal Makinalarin Ilkeleri ve Projeleme Esaslar1. Atatiirk Universitesi Yayinlar1 No: 605,
Ziraat Fakiiltesi Yayinlar1 No: 280, Ders Kitaplar1 Serisi No: 43, Erzurum.

91



Bilge International Journal of Science and Technology Research
Web : http://dergipark.gov.tr/bilgesci - E-mail: kutbilgescience@gmail.com

] I
Received: 11.12.2018 ISSN: 2651-401X 1

Accepted: 27.12.2018 e-1SSN: 2651-4028
2(Special Issue), 92-97, 2018

Farkhh Camur Tirlerinde Hicre Dis1 Polimerik Madde
Konsantrasyonu Belirlenmesi

Nazh Baldan Pakdil'", Murat Solak?, Cemre Karshoglu?,
Yalcin Ipek?, Burcu Uzun!

Ozet: Calismada, maya tiretim endiistrisi, patates cipsi isleme endiistrisi ve evsel atiksu aritma tesisi aritma
camurlarinda floklasmay1 etkileyen 6nemli gostergelerden biri olan hiicre dis1 polimerik madde (EPS)
konsantrasyonlar1 (protein, hiimikasit, polisakkarait, karbonhidrat) incelenmistir. Ayrica, aritma
camurlarmin karakterizasyonunun ortaya konulabilmesi i¢in Kapiler Emme Siiresi (KES), Ozgiil Filtre
Direnci (OFD), viskozite parametreleri analiz edilmistir. En yiiksek hiimikasit, protein ve karbonhidrat
miktar1 evsel atiksu aritma c¢amurlarinda tespit edilirken, gida sektorii agisindan patates cipsi isleme
camurlarinda ytiksek hiimikasit ve polisakkarit (453 mg/L) bulundugu gézlenmistir.

Keywords: Aritma ¢amurlari, Hiicre dis1 polimerik madde (EPS), Susuzlastirma.

Determination  of  Extracellular  Polymeric  Matter
Concentration in Different Types of Treatment Sludges

Abstract: In the study, extracellular polymeric substance (EPS) concentrations (protein, humic acid,
polysaccharide, carbohydrate), one of the important parameters affecting flocking in the yeast production
industry, potato chip processing industry and domestic wastewater treatment plant sludge were investigated.
In addition, to determine the characterization of sewage sludge, the Capillary Suction Time (CST), Specific
Filter Resistance (SRF), viscosity parameters were analyzed. While the highest amounts of humic acid,
protein and carbohydrate were detected in domestic wastewater sludge, high levels of humic acid and
polysaccharide (453 mg / L) were observed in potato chips processing sludge in terms of food sector.

Keywords: Sewage Sludge, Extracellular Polymeric Substances (EPS), Dewatering.

1. Giris

Hiicre dis1 polimerik bilesenler (EPS), bakteriyel hiicrelerin yiizeylerinde bulunan metabolik iiriinlerden
olugmaktadir. Bunlar; karbonhidratlar, polisakkaritler, proteinler, deoksiriboniikleikasitler, hiimik asit vb. gibi
cesitli organik maddeler igermektedir. Camur igerisindeki proteinler EPS bilesiminde daha baskindir. Biyolojik
camurlarin igerdigi hiicre dis1 polimerik bilesenlerin, bu ¢amurlarin suyunu vermesini zorlagtirdig1 ifade
edilmektedir (Ayol vd., 2007). Benzer olarak yapilan bir arastirmada da diisiik EPS icerikli ¢gamurlarin kolay
susuzlagtirilabilir oldugunu belirtilmistir (Mikkelsen ve Keiding, 2002).

Aktif camur olarak bilinen aerobik biyolojik aritim sonucunda elde edilen camur agirlikli olarak
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mikroorganizmalar ve adsorbe kat1 madde ve kolloidlerden olugmaktadir. Biyolojik camur organik madde
icerigi tipik olarak % 75, ortalama % 60-80 degerleri arasinda degismektedir. Organik madde igerigine bagl
olarak EPS icerigine sahiptirler (Tuan, 2012). Camur susuzlastirma islemleri, EPS ile ilgili camurun flok yapist,
boyutu ve bagl su icerigi gibi degiskenlerden etkilenmektedir. Bakterilerin disinda, hiicre disi polimerik
maddeler (EPS) ve gesitli organik ve inorganik yapilardan olugsmaktadir (Jin ve ark., 2004). Hiicre yapisinda
bulunan EPS, toksisite veya pH degisimi gibi durumlarda hiicreyi dis etkenlerden koruma fonksiyonuna
sahiptir (Liu ve Fang, 2003). Ancak, hem metabolizma veya mikroorganizma yikimlarindan hem de atiksuda
adsorbe edilmis bilesenlerden kaynaklanan EPS’nin fonksiyonlarinin kesin islevi tam olarak bilinmemektedir
(Jin ve ark., 2004).

Bu ¢aligmada, evsel aritma ¢amurlari, patates isletme endiistrisinden, maya tiretim endiistrisinden gelen aritma
camurlar1 kullanilarak, susuzlastirmayi etkileyen onemli gostergelerden biri olan hiicre disi polimer
bilesiklerinin etkileri, camurun susuzlastirilabilirligi hakkinda bilgi veren parametrelerle birlikte incelenmistir.
Artma c¢amuru numunelerinde EPSprotein, EPShiimikasit, EPSpolisakkarit, EPSkarbonhidrat
parametrelerinin analizi yapilarak aritma camurlarinin toplam EPS icerigi belirlenmistir. Aritma ¢amuru
numunelerinin karakterizasyonunun belirlenmesi igin Kapiler Emme Siiresi-KES, Ozgiil Filtre Direnci-OFD,
viskozite parametreleri analizlenmistir.

2. Materyal ve Yontem

Bu ¢alismada kullanilan aritma ¢amurlari evsel atiksu aritma tesisi, patates isletme endiistrisi aritma tesisi ve
maya iiretim endiistrisi aritma tesisinden tedarik edilmistir. Alinan aritma ¢amuru 6rnekleri iki giin siire ile
bekletilip camurun yogunlagsmasi saglandiktan sonra iist suyu alinarak elde edilen yogun camur 6rnegi deneysel
calismalarda kullanilmistir. Camur numuneleri +4 °C’de buzdolabinda saklanmustir.

Yogun ¢amur numunesinin karakterizasyonu belirlenmesi i¢in Kapiler Emme Siiresi-KES, Whatman 17 filtre
kagidi kullanilarak (Triton 304 cihazi ile SM 2710 G), Ozgiil Filtre Direnci-OFD, Whatman 2 filtre kagid
kullanilarak 35 kPa basing altinda (SM 2710 H), Viskozite Brookfieldviscometer DV2TLV cihaz1 ile
analizlenmistir (Lo vd, 2001, APHA, 2005). Deneysel ¢alismalar, 25+0,2°C’de gergeklestirilmistir.

EPS konsantrasyonunun belirlenmesinde 6ncelikle EPS igerigi aritma ¢amurlarindan ekstrakte edilmistir
(Frolund, 1996). Ekstraksiyon igleminin ardindan elde edilen ekstrat igerisinde protein, karbonhidrat,
polisakkarit ve hiimik asit konsantrasyonlar1 belirlenmistir. Protein konsantrasyonu standart Bovine Albumin
Cozeltisi temel alinarak spektrofotometrik olarak 750 nm dalga boyunda analizlenmistir (Lowry vd., 1951).
Karbonhidrat konsantrasyonunun belirlenmesi igin standart madde olarak aljinat secilmis ve 480 nm’de
spektrometrede belirlenmistir (Dubois vd., 1956). Polisakkarit belirlenmesinde reaktif olarak, fenol ve siilfirik
asit, absorbans egrisi hazirlanmasi igin D-glukozmonohidrat kullanilmustir. Polisakkarit analizi 490 nm de
gerceklestirilmigtir (Dubois vd., 1956). Hiimik asit analizi i¢in Lowry metodu modifiye edilerek hiimik asit
standardi kullanilmig ve 750 nm’de analizlenmistir (Lowry vd., 1951).

3.Bulgular

Deneysel ¢alismalarda 6ncelikle ham ¢amurlarin susuzlastirilabilirliklerini gésteren Kapiler Emme Siiresi
(KES), Ozgiil filtre direnci (OFD) ve viskozite parametreleri analizlenmistir. Buna gore patates cipsi
endiistrisinin en yiiksek KES degerine sahip oldugu, maya endiistrisinin ise en yiiksek OFD degerine sahip
oldugu gozlenmistir. Ham ¢amur karakterizasyonu sonucu yogun evsel aritma ¢amuru, patates endiistrisi
aritma ¢amuru ve maya endiistrisi aritma ¢camuru karakteristigi i¢in elde edilen degerler Cizelge 1’ de
verilmistir.
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Cizelge 1. Yogun Evsel Aritma Camuru, Patates Cipsi Uretim Endiistrisi Aritma Camuru ve Maya Endiistrisi
Aritma Camuru Karakteristigi

Evsel Aritma Camuru Patates Aritma Camuru Maya Aritma Camuru
KES
(sn) 14,6+7 68,9+15 10,5+2
OFD (m/kg) 1,23x10% 1 13 1,55 x10%
Lox10 4,33x1013+£1x10 7x10%
Viskozite (N.s/m?) 0,59+0,2 0,30+0,2 17,93 £14

Camurlarin toplam EPS igeriginin belirlenmesi amactyla ham ¢amur 6rneklerinin EPS (protein, hiimik asit,
karbonhidrat, polisakkarit) degerleri belirlenmistir. Farkli endiistrilere ait ham aritma ¢amurlarinin EPS
konsantrasyon degerleri Cizelge 2’ de verilmistir. Toplam EPS igerigi bakimindan patates cipsi endiistrisi en
yiiksek konsantrasyon degerine sahip oldugu goriilmiistiir. Tiim aritma ¢amuru numunelerinde toplam EPS
degerinin 6nemli bir boliimiiniin hiimik asit konsantrasyonunun olusturdugu, patates cipsi endiistrisi aritma
camurunda ise polisakkarit konsantrasyonu yiiksek oldugu goriilmiistiir (Uzun, 2015).

Cizelge 2. Farkli Endiistrilere Ait Ham Aritma Camurlarinin EPS Konsantrasyonlari

Evsel Aritma Camuru | Patates Aritma Maya Aritma Camuru
Camuru

Protein 172,24 210,21 76,81
(mg/L)

HiimikAsit 718,36 735,65 286,25
(mg/L)

Karbonhidrat 173,71 31,28 30,37
(mg/L)

Polisakkarit 34,99 452,90 237,90
(mg/L)

EPS toplam 1099,30 1430,04 631,33
(mg/L)

Patates endiistrisi aritma ¢amurunda diger aritma ¢camuru Orneklerine gore protein konsantrasyonunun daha
yiiksek oldugu belirlenmigtir. Patates isleme endiistrilerinde olusan atigin cinsi, 6zellikleri ve miktart her
adiminda farklilik gosteren kirlilik yiikii agir olan atiksu olarak degerlendirilir. Karbonhidrat konsantrasyonun
diger endiistrilere gore evsel aritma ¢amurlarinda daha yiiksek oldugu goriilmiistiir. Atiksularda bulunan
baglica organik bilesikler proteinler, karbonhidratlar, yaglar, petrol artiklari ve iiredir. Bu kapsamda, evsel
aritma camurunda yiiksek bulunan karbonhidrat konsantrasyonun insan kaynakli organik madde girislerinden
kaynaklandig1 diistiniilmektedir. Patates endiistrisi atiksularinda bulunan yiiksek nisasta icerigine bagl olarak
patates endiistrisi aritma camurlarinin polisakkarit konsantrasyonun diger endiistrilere gore daha yiiksek oldugu
tespit edilmistir.

Toplam EPS konsantrasyonu KES konsantrasyonu ile uyumlu oldugu yiiksek EPS igerigine sahip olan aritma

camurunda kapiler emme siiresinin daha biiyiik oldugu ve su verme oOzelliklerinin daha ko6t oldugu
gozlenmistir (Sekil 1)
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Sekil 1. EPSiopiam degeri ile KES karsilagtiriimast

Aritma ¢amurlarinin su verme dzelliklerini gosteren parametrelerden biri olan SRF ile EPS konsantrasyonu zit
olarak yiiksek EPS icerigine sahip camurun 6zgiil filtre direncinin daha az oldugu belirlenmistir (Sekil 2).
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Sekil 2. EPSopiam degeri ile OFD karsilastiriimast
OFD ile EPS arasindaki iliskiye benzer olarak yiiksek EPS konsantrasyonuna sahip aritma gamurunun viskozite

degerinin diisiik oldugu gézlenmistir. Maya endiistrisinden gelen aritma ¢amurunun diger ¢camur 6rneklerine
gore daha akigkan oldugu tespit edilmistir (Sekil 3).
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Sekil 3. EPSiopiam degeri ile Viskozite karsilastirilmasi

4. Tartisma ve Sonuglar

Sonug olarak, literatirde de belirtildigi tizere aritma ¢amurlarinin susuzlastirilmasinda etkili olan EPS
konsantrasyonu ¢esitli aritma ¢amurlari i¢in farkli seviyelerde oldugu goriilmistiir. Aritma ¢amurlarinin sahip
oldugu EPS miktar1 evsel atiksu degerleri gbz oniline alindiginda en yiiksek hiimik asit miktar1 oldugu
gozlenmistir. Hiimik asit miktar1 igin diger endiistrilere bakildiginda gida sektdrii camurlarinda en yiiksek
degerin patates aritma ¢amurunda oldugu goriilmiistiir. Ayn1 zamanda evsel aritma ¢amurunda yiiksek oranda
protein ve karbonhidrat gdzlenmistir. Patates endiistrisi aritma c¢amurlarina bakildiginda polisakkarit
miktarmin ¢alisilan diger endiistri aritma ¢amurlarina gore daha yiiksek oldugu belirlenmistir. Protein miktar1
acisindan en yiiksek degerin patates endiistrisi ve evsel aritma ¢amurunda oldugu belirlenmistir. Ayrica
camurun KES parametresi ile Toplam EPS degerinin uyumlu oldugu tespit edilmistir.
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Elma Isleme Atiklarinin Ozelliklerinin Belirlenmesi ve Bertaraf
Yontemlerinin incelenmesi

Kemal Siiliik!", ismail Tosun?, Kamil Ekinci?2

Ozet: Tiirkiye, elma ve elma isleme iiriinleri, meyve iiretim alam ve iiretim miktarlar1 bakimindan ilk on
ilke arasinda yer almaktadir. Diinyadaki elma iiretimi g¢ogunlukla Cin, ABD ve Tirkiye’de
gercgeklestirilmektedir. Tirkiye'de tretilen elmalarin % 76,3'0 on ilde gergeklestirilmektedir. Bu iller
arasinda ilk sirada yer alan Isparta'yr Nigde, Karaman ve Antalya takip etmektedir. Elma isleme
endiistrisinin 6n eleme-temizleme islemlerinden kaynaklanan atiklar, isleme ig¢in uygun olmayan yapraklar,
dallar ve meyvelerden olugmaktadir. Elma isleme atiginin yaklasik % 20'si hayvan yemine katki maddesi
olarak kullanilmakta ve geri kalan % 80'i diizenli/diizensiz depolama ve yakma islemleri ile bertaraf
edilmektedir. Bu ¢aligmada, elmanin 6n iglemlerinden kaynaklanan atiklarin fiziksel ve kimyasal 6zellikleri
belirlenmis ve bu atiklarin bertarafi i¢in stratejilerin gelistirilmesi amaglanmistir. Bu ¢alismada kullanilan
kat1 atik ornekleri, Isparta'da faaliyet gosteren Elmatas Goller Bolgesi Meyve ve Sebze Degerlendirme
Sirketi'nden alinmistir. Elde edilen 6rnekler su muhtevast, birim hacim agirligi (BHA), serbest bosluk orani
(FAS), organik madde (OM) igerigi, pH ve elektriksel iletkenlik (EC) degerleri, C/N orani, amonyum ve
nitrat degisimleri agisindan analiz edilmis ve elde edilen sonuglar degerlendirilmistir. Elma isleme
isleminden Once ve islem sirasinda asir1 su kullanilmaktadir. Elma isleme endiistrisi 6n eleme-temizleme
atiklarinda yapilan deneylerde su igerigi % 82,5, BHA 0,78 kg/l, FAS % 30,46, OM igerigi % 94,62, pH
4,12, EC 1,05 dS/m ve C/N orami 30 olarak bulunmustur. Elma isleme endiistrisi 6n eleme-temizleme
atiklarinin organik madde ve su muhtevasi yiiksek, pH degeri ise diisiiktiir. Bu atiklarin bitkisel ve hayvansal
kaynakli diger atiklar ile uygun oranlarda karistirilarak degerlendirilmesi mimkiindiir. Buna gore
kompostlama ve anaerobik aritim yontemleri alternatif bertaraf yontemleri olarak goriinmektedir.

Keywords: Elma igleme atiklari, kompostlama, yakma, bertaraf stratejileri, Isparta

Determination of Properties of Apple Processing Waste and
Investigation of Appropriate Disposal Methods

Abstract: Turkey is among the top ten countries in terms of apple and apple processing products, fruit
production area and production quantities in the world. Most of the apple production in the world are realized
in China, the US and Turkey. 76.3% of the apples produced in Turkey are performed in ten provinces. Isparta
is ranked the first follwed by Nigde, Karaman and Antalya. The wastes from pre-screening-cleaning
processes in the apple processing industry are composed of leaves, branches, and fruit that are not suitable
for processing. Approximately 20% of the apple processing waste is used as an additive to animal feed, and
the remaining 80% is disposed of by regular / irregular disposal and burning operations. In this study, the
physical and chemical properties of wastes from apples pre-processing were determined and the strategies

!Siileyman Demirel Universitesi, Miihendislik Fakiiltesi, 32260, Isparta, Citation (Atf): Siiliik, K., Tosun, 1., Ekinci, K. (2018). Elma lsleme
;l"urklye . . L. . . Atiklarmin  Ozelliklerinin Belirlenmesi ve Bertaraf Yontemlerinin
Isparta Uyg}“amf?l‘ B}l]mler Umversﬁesnj T?“m Bilimleri ve incelenmesi. Bilge International Journal of Science and Technology
Teknolojileri Fakiiltesi, 32260, Isparta, Tiirkiye Research, 2 (Special Issue): 98-108.
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for disposal of these wastes were aimed to be developed. Solid waste samples used in this study were
obtained from Elmatag Goller Region Fruit and Vegetable Processing Company operating in Isparta. The
obtained samples were analyzed for water content, weight per unit volume (BHA), free air space (FAS),
organic matter (OM) content, pH and electrical conductivity (EC) values, C/N ratio, phosphorus, ammonium
and nitrate changes and the results obtained were evaluated. Excess water was used before the apple
processing process and during the process. The results obtained from pre-screening-cleaning wastes of apple
processing industry showed that water content, BHA, FAS, OM, pH, EC, and C/N ratio were 82.5%, 0.78
ka/l, 30.46%, 94.62%, 4.12, 1.05 dS/m, and 30, respectively. Analysis results show that pre-screening-
cleaning wastes of apple processing industry have high organic matter and water content, while the pH value
is low. It is possible to evaluate these wastes by mixing them in appropriate proportions with other wastes
of vegetable and animal origin. Accordingly, composting and anaerobic treatment methods seem to be
alternative disposal methods.

Keywords: Apple processing wastes, composting, incineration, disposal strategies, Isparta.

1. Giris

Elma, iliman iklim meyve tiirleri grubu i¢inde yer alan ve diinyada iiretimi ¢ok olan meyvelerden biridir.
Elmanin yaygin bir kullanim alan1 bulunmaktadir. Gerek sofralarda meyve, regel, marmelat, ¢ay, sirke olarak
tilketilmekte gerekse tibbi alanda kullanilmaktadir. Diinya’da ve Tiirkiye’de elma iiretimi sirastyla 80 milyon
(FAO, 2013) ve 3 milyon tondur (TUIK, 2017). Diinya elma iiretiminde énde gelen iilkeler arasinda Cin,
Amerika Birlesik Devletleri (ABD) ve Tiirkiye yer almaktadir. 39 milyon tonluk elma tiretimi ile tiretim yapan
Cin’i, 4 milyon ton ile ABD, 3,1 milyon ton ile Tiirkiye izlemektedir. Ulkelere gore elma iiretim miktarlari
Cizelge 1’de gosterilmistir (FAO, 2013).

Cizelge 1. Ulkelerin Diinya elma iiretimindeki yeri

Ulkeler Elma Uretimi (ton) Oran (%)
Cin 39.682.618 49,10
ABD 4.081.608 5,05
Tiirkiye 3.128.450 3,87
Polonya 3.085.074 3,82
Italya 2.216.963 2,74
Hindistan 1.915.000 2,37
Fransa 1.737.482 2,15
Sile 1.709.582 2,12
ran 1.693.370 2,10
Rusya 1.572.000 1,95
Arjantin 1.245.018 1,54
Brezilya 1.231.472 1,52
Ukranya 1.211.400 1,50
Ozbekistan 937.000 1,16
Meksika 858.608 1,06
Diger iilkeler top. 14.516.876 17,95
Diinya 80.822.521 100

Diinyada elma iiretim miktarlari yillara gore siirekli artig gostermesine ragmen elma iiretim alanlart 1990’1l
yillarn ortalart itibariyle azalma egilimi gdstermis ve bu egilim 2009 yili itibariyle artisa gegmistir. {1k yillarda
elma iretim alanlarinda azalmalar olmasina ragmen elma iiretiminde artislar gozlenmistir. Elma 1slah
calismalarinin her gegen giin artmasi ve tarimsal teknolojilerinin gelismesi verimliligi artirmig ve iiretime
olumlu yansidigi goriilmiistiir (Aras, 2015).
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1.1. Tiirkiye’de elma iiretimi

Elma uzun yillardir Tiirkiye’de en ¢ok iiretimi yapilan meyve tiirii olmakla birlikte tarihsel siirecte ekonomik
anlamda da Tiirkiye nin en cazip meyve tiirii olmustur (Ercisli, 2004). Ulkemizin cografi yapisi ve iklim
kosullarina en uygun meyve olmasi hemen hemen her bélgede yetistirilmesine imkan saglamaktadir.
Ulkemizde tarima elverisli alanlarin yaklasik %15’inde meyve yetistiriciligi yapilmakta olup toplam meyve
alanlarinin %5,3’{inii elma olusturmaktadir. Ayrica 2014 yilinda yaklasik 1,8 milyon doniimliik alanda 2,5
milyon ton elma iiretilmistir (Anonim, 2014). TUIK verilerine gére Tiirkiye’de yillara gore iiretilen meyve
cesitleri ve iiretim miktarlar Cizelge 2’de gdsterilmistir. Biitiin illerimizde elma {iretimi yapilmakla birlikte 10
ilimiz ticari olarak &n plana ¢ikmaktadir (TUIK, 2017). Bu iller iginde Isparta, Karaman ve Nigde iiretimin
yaklagik yarisini karsilarken bu illeri Antalya, Denizli, Canakkale, Mersin, Kayseri, Kahramanmaras ve Konya
takip etmektedir. Elma tiretimin % 75,5’1ik kismi1 bu illerimizde yapilmaktadir.

Isparta ilinin genelinde ag¢ik ve kapali elma bahge sayisinin fazla olmasi, iilke elma iiretimi i¢indeki paymi
artirmaktadir. Bolgede elma yetistiriciligi 1960’11 yillarda baslamis ve giiniimiize 646.266 ton iiretime kadar
yiikselmistir. Elma {iretiminde Egirdir, Gelendost, Yalvag, Senirkent, Isparta Merkez ve diger ilgeler takip
etmektedir (Isci, 2014). Isparta ili ve ilgelerinde yetistirilen elma iiretim miktarlar1 Cizelge 3’te gdsterilmistir
(TUIK, 2017). Isparta’da Asya Meyve Suyu, Elmasu, Elmatas ve Anadolu Etap Meyve Suyu fabrikalar:
faaliyet gostermektedir.

1.1. Elma suyu iiretim teknolojisi

Tiirk Gida Kodeksi Meyve Suyu Ve Benzeri Uriinler Tebligi'ne gore (Teblig No: 2014/34), meyve suyu;
saglam, olgun, taze veya sogukta ya da dondurularak muhafaza edilmis, tek meyvenin veya daha fazla meyve
karigiminin yenilebilir kisimlarindan elde edilen, elde edildigi meyve ve meyvelerin karakteristik renk, aroma
ve tadina sahip, fermente olmamis ancak fermente olabilen {iriin olarak tanimlanmaktadir (Resmi gazete,
2014). Ana hatlariyla elma suyu endiistriyel tiretim prosesi is akis semast Sekil 1’de gosterilmistir. Elmalar,
stok alanindan, meyve bosaltma havuzlarina alinarak dik helezon yardimi ile meyve yikama havuzlarina
aktarilmaktadir. Yikama havuzlarinda, elma ile taginan toprak, tas, yaprak vb. maddelerin uzaklastirilmasi igin,
ham su ile yikama islemi uygulanmaktadir. 2. kademe yikamada ters osmoz suyu ile yikanip, son duslama
(durulama) yapilmaktadir. Yikama islemi tamamlanan meyveler, konveydr bant araciligi ile meyve pargalama
boliimiine iletilmeden 6nce, segme islemine tabi tutulmaktadir. Se¢gme boliimiinde, hammaddeki ham, ¢iiriik,
ezik, vb. kusurlu meyvelerin ve sap, yaprak gibi yabanci maddelerin segilme islemi gerceklestirilmektedir.
Yikanarak temizlenmis meyveler, ¢ekirdek ¢ikarma isleminin ardindan, degirmende parcalanarak elekten
gecirilip, meyve eti degirmenine aktarilmaktadir (AEP, 2016).

Cizelge 2. Tiirkiye’de yillara gére meyve iiretimi (ton)

Yillar Uziim Elma Portakal Kayisi
2005 3.850.000 2.570.000 1.445.000 894.000
2006 4.000.063 2.002.033 1.535.806 483.459
2007 3.612.781 2.457.845 1.426.965 589.732
2008 3.918.442 2.504.494 1.427.156 750.574
2009 4.264.720 2.782.365 1.689.921 660.894
2010 4.255.000 2.600.000 1.710.500 476.132
2011 4.296.351 2.680.075 1.730.146 676.138
2012 4.234.305 2.888.985 1.661.111 795.483
2013 4.011.409 3.128.450 1.781.258 811.609
2014 4.175.356 2.480.444 1.779.675 278.210
2015 3.650.000 2.569.759 1.816.798 696.100
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Cizelge 3. Isparta ili ve ilgelerinde yetistirilen elma iiretim miktarlar1 (ton) (TUIK, 2017)

2010 2011 2012 2013 2014 2015 2016 2017

Gelendost 193.243 186.427 196.994 196.932 195242 77.835 18.3654 183.047
Egirdir 154.084 217.889 230.994 235901 247.318 259.898 249.110 287.492
Yalvag 43.938 40461 34407 36.249 35961 13.371 17032 17.114
Senirkent 35.613 53.746 56.614 56.107 60.578 18.148 70472  52.466
Uluborlu 27.710 19.143 18778 18226 18.431 1.960 9.233 9.904
Aksu 17.876  18.434 19910 15.067 15.309 12.310 14.642  15.524
Merkez 17241 16.742 16.896 14.149 9.973 6.653 9.380 7.233
Gonen 15761 16.260 17.662 17.170 19.941 5.984 5.416 5.293
Atabey 15535  10.840 0.836  11.526 8.166 3.097 9.575 10.514
Sarkikaraagag 14654 18.631 21.348 20971 21902 25.354 20.557  21.491
Kegiborlu 8.256 5.596 5.596 4.921 4.920 4.520 3.287 3.261
Siitciiler 3.040 3.040 3.040 3.022 3.177 1.741 1.576 1.512
Yenisarbademli 2.420 2.720 2.720 4.621 5.348 5.067 2.569 2.524
Toplam 549.371 609.929 634.795 634.862 646.266 435938 596.503 617.375

Parcalanmig meyve eti (mayse), konsantre renk kaybini 6nlemek amaciyla, 1sitma islemine tabi tutulmakta ve
uygulama sicakligi 50-70 °Carasinda degismektedir. Isitma islemine tabi tutulan mayseye, mayse tanklarinda
renk veya enzim ilavesi yapilabilmektedir. Mayse enzimasyonunda, en onemli etken bekleme siiresi ve
sicakliktir. Boylelikle, yardimei enzim ilaveleri ile, elmadan maksimum verim alinmasi saglanmaktadir.
Enzimasyon isleminin ardindan presleme bdliimiine aktarim yapilmaktadir. Presleme ile, maysedeki sivi fazin,
meyve suyu olarak ayrilmasi ger¢eklesmektedir. Presleme isleminin ardindan 6n evaporasyon ve pastorizasyon
islemine tabi tutulan elma meyvesi, bu isleminin ardindan, enzimasyon ve durultma islemine tabi
tutulmaktadir. Devaminda pastdrizasyon, ultra filtrasyon ve evaporasyon islemi ile, sterileze edilmis, konsantre
edilmis, kimyasal degismeye karsi stabilize edilmis ve hacim azalmasi saglanmis olan elma suyu
iretilmektedir. Proses is akim semasinda da goriildiigii gibi proses esnasinda bazi kati ve sivi yan iiriinler-
atiklar olusmaktadir. Kat1 atiklar; elma posasi ile 6n eleme temizleme atiklarindan, atiksu ise 1. ve 2. yikama
isleminden meydana gelmektedir (AEP, 2016).
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Sekil 1. Endiistriyel elma suyu iiretimi is akis semast (AEP, 2016)

1.2. Elma isleme atiklarmin bilesimi

Elma isleme atiklar1 6n eleme-temizleme atiklarindan ve posadan meydana gelmektedir. On eleme-temizleme
atiklari; elma posasi ile birlikte ham, ¢iiriik, ezik, kusurlu meyvelerin sap ve yapraklari ve yabanci maddelerden
meydana gelmektedir. Elma suyu iretimi prosesinde Onemli miktarlarda elma posalari artik olarak
olugsmaktadir. Elma posasi yan iiriin olarak olusmakta olup, meyve suyu sanayi atiklarinin %25-35’ini
olusturmaktadir (Djilas vd., 2009, Vendruscolo vd., 2008). Elma posasinin bilesimi, proseste kullanilan
elmanin ¢esidine ve isleme asamasinda kullanilan preslemenin niteligine ve tekrarina bagh olarak degisiklik
gostermektedir (Paganini vd., 2005). Elma posasi ve kabugu, diger tarimsal atiklarda oldugu gibi hemiseliiloz,
selliiloz, lignin, mineral ve fenolik bilesiklerce zengin bir yapiya sahiptir (Karaboyaci vd., 2017). Elma posasi,
kabuk, ¢ekirdek, tohum, ¢anak yaprak, saptan ve yumusak dokudan olusmaktadir (Grigelmo vd.,1999). Elma
posasinin bilesiminde basit sekerler, az miktarlarda mineraller, proteinler ve vitaminler, bulunmaktadir (Jin
vd., 2002). Elma posasi ile ilgili yapilan ¢alismalarda nem igerigi %70-75 olarak bulunmustur (Bhushan vd.,
2008, Gullon vd., 2007). Elma posasinin fiziksel ve kimyasal 6zellikleri Cizelge 4’te verilmistir.
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1.3. Elma isleme atiklarmin kullanim alanlar

Elma suyu iiretim prosesi 6n eleme-temizleme esnasinda ¢ikan atiklar higbir igleme tabi tutulmadan kat1 atik
depolama sahalarinda depolanmaktadir. Ayrica tesiste uzun zamandir biriken bu atiklar dogal yollarla kurumus
ise dogrudan yakilarak bertaraf edilmektedir. Elma posasinin hem ekonomik hem de ekolojik ag¢idan en uygun
kullanim alaninin pektin tiretimi oldugu kabul edilmektedir. Elma suyu tiretiminde kullanilan ¢esitli enzimlerin
posada enzimatik reaksiyonu sonucu esmerlesmesiyle ortaya ¢ikan koyu renkten dolayi, posanin agik renkli
yiyeceklerde kullanimi sinirli olabilmektedir (Schieber vd., 2001).

Cizelge 4. Elma posasinin fiziksel ve kimyasal bilesenleri* (Bhushan vd., 2008)

Bilesen Miktar Bilesen Miktar
Nem (%) 3,90-10,80 Karbonhidratlarin alkolde eriyebilir fraksiyonu
Protein (%) 2,94-5,67 Sakaroz (%) 3,80-5,80
Toplam Karbonhidrat (%) 48,0-62,0 Fruktoz (%) 19,50-19,70
Lif (%) 4,70-51,10 Glikoz (%) 48,30

Suda ¢6ziinebilir Lif (%) 36,50 Ksiloz, mannoz, galaktoz (%) 1,204,40
Suda ¢oziinemez Lif (%) 14,60 L-malik asit (%) 2,60-3,20
Yag (%) 1,20-3,90 Arabinoz ve ramnoz (%) 7,90-6,0
Pektin (%) 3,50-14,32 Glikooligosakkaritler (%) 3,40-3,80
Kiil (%) 0,50-6,10 Ksilooligosakkaritler (%) 3,0-3,70
Mineraller Arabinooligasakkaritler (%) 0,20-0,40
Fosfor (%) 0,07-0,076 Uronik asit (%) 2,70-3,40
Potasyum (%) 0,43-0,95 Karbonhidratlarin alkolde ¢oziinemez fraksiyonu
Kalsiyum (%) 0,06-0,10 Glukan (%) 41,90-42,90
Sodyum (%) 0,20 Nisasta (%) 14,40-17,10
Magnezyum (%) 0,02-0,36 Seliiloz (%) 7,20-43,60
Bakir (%) 1,10 Ksiloz polisakkarit, mannoz-galaktoz 13,0-13,90
Cinko (%) 15,00 Arabinoz ve ramnoz polisakakrit (%) 8,10-9,0
Manganez (%) 3,96-9,00 Asit deterjan lignin (%) 15,20-20,40
Demir (mg/kg) 31,80-38,30 Uronik asit (%) 15,3

*Kurutulmus elma posast

Posanimn igerdigi bilesenlerin besin degerlerinin yiiksek olmasi ve geri kazaniminin miimkiin olabilmesi,
posanin gida katkist ve tamamlayicist olarak kullanim imkanini ortaya ¢ikarmis ve atiklara olan ilgiyi
artirmistir. Ancak bu islemler endiistriyel boyutta ileri teknoloji yatirimlar1 gerektirdiginden yiiksek maliyetleri
sebebiyle zaman zaman sadece bilimsel arastirmadan 6teye gegemeyen ¢alismalar seklinde kalmistir. Cesitli
aragtirmacilar tarafindan posadan enzim dretimi (Joshi vd., 2006, Schemin vd., 2005), organik asit
(Shojaosadati ve Babaeipour, 2002), etanol (Hang vd., 1981), aroma bilesenleri (Medeiros vd., 2000), dogal
antioksidanlar (Lu ve Foo, 2000) ve yenilebilir liflerin {iretimi (Masoodi vd., 2002) ile ilgili ¢alismalar
yapilmustir.

1.4. Elma suyu isleme atiklarinin ¢evresel etkileri
Artan niifus ile birlikte meyve isleyen fabrikalarin sayisinin da giin gegtikge artmasi géz Oniine alinarak, atik
miktarlarinin artmasi1 ve buna paralel olarak yeni atik problemlerinin ortaya ¢ikmasimi kaginilmaz hale

getirmektedir. Meyve isleme sanayi prosesinden dogal ve insan yasami iizerinde olumsuz etkileri bulunan
atiksular ve kat1 atiklar olugsmaktadir.
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Atiksular yiiksek oranda biyolojik olarak parcalanabilir organik madde muhtevasma sahiptir. Bu organik
maddeler, dogrudan toksik veya zararli olmamakla birlikte, cogunlukla seker tiirevi iceren bilesiklerden
meydana geldiginden, su kaynaklarina desarj edilmesi durumunda oksijen tiikketiminin artmasina sebep
olmaktadir. Mevye isleme atiksularinin yiiksek miktarda organik asit igermesi (diisiik pH), azot ve fosfor
eksikliginden kaynaklanan besin miktarinin az olmasi, iiretim prosesine bagli olarak atiksuyun miktarindaki ve
karaterizasyonundaki dalgalanmalardan dolay1 ham atiksuyun aritilmasi zor ve maliyeti de yiiksektir. Desarj,
eger bir su ortamina yapilacaksa tam aritim yapilmasi, kanalizasyona desarj yapilacaksa 6n aritim yapilmasi
zorunludur (Elmaslar, 2002).

Meyve isleme sanayinin kat1 atiklari; kabuklar, tohumlar, dal ve yapraklar, ¢iiriimiis, ezik meyveler ve elma
posasi igeren bitkisel atiklardir. Meyve suyu iiretimin her gecen giin artmasi ile birlikte mikrobiyal bozunmaya
egilimli organik madde igceren bu atiklarin da miktar1 artmakta ve giderek biiyliyen bir sorun haline
gelmektedir. Bu atiklarin depolanmasi, kurutulmasi ve taginmasi da maliyet gerektiren iglemlerdir. Meyve
isleme endiistrisine ait bitkisel kaynakli kat1 atiklar olusumundan sonra mikrobiyolojik olarak bozulmaya
baslarlar. Bu da goriintii ve koku kirliligine sebep olmaktadir. Bu problemlerin olusmamasi i¢in kurutma
alternatifi 6n plana ¢ikmakta ancak maliyeti yiiksek oldugundan dolay1 bu islem de birgok iiretici tarafindan
tercih edilmemektedir.

2. Materyal ve Yontem

Calismaya konu olan elma islemeden olusan (6n eleme-ayirma) kati atiklar Isparta'da faaliyet gosteren Elmatas
Goller Bolgesi Meyve ve Sebze Degerlendirme Sirketi'nden temin edilmistir (Sekil 2). Atiklar arazide bir siire
kurutulduktan sonra pargalayict yardimiyla 6giitiilmiis ve analizleri gerceklestirilmistir. Analiz metotlari
Cizelge 5’de verilmistir.

Sekil 2. Elma igleme 6n eleme-temizleme atiklar

Cizelge 5. Elma isleme atiklarinda yapilan analizler ve metotlar

*Parametre Analiz Metodu

SM TMECC

BHA TMECC

FAS TMECC

oM TMECC 03.02-A
pH TMECC 04.11-Al1:5
EC TMECC 04.10-A1:5
CIN Elemental Analiz
Amonyum SSSA, 1996

Nitrat SSSA, 1996

* SM: su muhtevasi, OM: organik madde muhtevasi,
BHA: birim hacim agirligi, FAS: serbest bosluk orani,
EC: elektriksel iletkenlik.
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3.Bulgular

Tiirkiye'de meyve suyuna islenen toplam meyve miktarlari 2000 yilinda 433.000 ton iken 2007 yilinda 737.000
ton, 2008 yilinda ise 771.000 tondur. Meyve suyuna islenen elma ise yillar icerisinde 244.000 ton ile 409.000
ton arasinda degisiklik gostermekte ve islenen meyveler iginde her yil en yiiksek oranda kalmaktadir. 2002 ile
2008 yillar1 arasinda meyve suyu sanayisinin isledigi meyve ve sebze miktarlar1 (Cizelge 6) g6z Oniine
alimdiginda Tiirkiye’de yillara gore meyve iiretimine gore her yil yaklagik ortalama tiretilen elmanin %13,5’1
meyve suyu olarak islenmektedir (MEYED, 2008., Akdag, 2009). Ulkemizde hammadde olarak elmanin pay1
yildan yila azalmakla beraber %43,3 ile ilk sirada yer almaktadir (Cizelge 7). Diger meyvelere oranla en fazla
oranda iglenen ve her yil giderek {iretimi artan elmanin (Cizelge 2) meyve suyuna iglenmesi sonucunda ortaya
cikan atiklar1 da artmaktadir. Elma isleme atiklar1 (posa dahil), elma suyu iiretim atiklarinin %25-35’ini
olusturmaktadir. Yani 2016 yili iiretim verilerine gore iilkemizde 133.125 ton elma isleme atig1 olugmus olup
bu atiklarin biiyiik ¢ogunlugu herhangi bir isleme tabi tutulmadan diizenli/diizensiz depolama tesislerine
gonderilmistir. Diinya genelinde ise bu rakam yaklasik 4,2 milyon tonlara kadar ulagmakta ve ¢evre icin ciddi
bir problem teskil etmektedir (Vendruscolo vd., 2008).

Calismada kullanilan elma isleme 6n eleme-temizleme atiklarinin baz fiziksel ve kimyasal analizleri yapilmis
olup Cizelge 8'de verilmistir. Analiz sonuglarina bakildiginda organik madde muhtevasinin ¢ok yiiksek oldugu

goriilmiis olup literatiir caligmalari ile de benzerlik gostermektedir (Cizelge 4).

Cizelge 6. Meyve suyuna islenen meyve miktarlar1 (bin ton) (TUIK, 2017; MEYED, 2008)

Meyve 2002 2003 2004 2005 2006 2007 2008
Visne 9,9 54,7 35,7 37,1 52,2 72,6 54,6
Kayist 13,9 34,8 24,8 30,8 36,1 38,2 74,9
Seftali 26,2 51,5 30,2 75,9 65,3 90,1 118,8
Elma 2445 3415 338,0 409,2 282,9 356,8 333,8
Portakal 31,7 28,3 46,2 33,1 37,8 53,3 63,9
Nar - - - 17,6 46,6 57,5 49,5
Havug - - - - - 30,6 30,7
Uziim - - - 10,9 8,4 18,3 16,9
Cilek - - - - - 4,1 7,7

Ayrica pH degeri ¢ok diisiik olmamakla birlikte elektriksel iletkenlik degeri de (1,05 dS/m) diigiiktiir. Nitrat
degerlerine bakildiginda yiiksek oldugu goriilmekte, bunun sebebinin de elma iiretimi esnasinda verilen
kimyasal azot kaynakli ilaclarin atiklara kadar taginmasindan kaynaklandig: diisiiniilmektedir. Ayrica atigin
cok yiiksek su muhtevasina sahip olmasi (%82,5), ele alinmasi gereken en 6nemli parametrelerden biri
oldugunu gostermektedir.

Cizelge 7. Islenen meyvelerin tiirlere gére dagilimi (%) (TUIK, 2017; MEYED, 2008)

Meyve 2002 2003 2004 2005 2006 2007 2008
Visne 2,9 10,5 7,0 5,9 8,9 9,8 7.1
Kayis 4,0 6,7 4,9 5,0 6,2 52 9,7
Seftali 7.6 99 59 11,9 11,2 12,2 15,4
Elma 70,7 65,5 66,2 65,1 48,6 48,4 43,3
Portakal 9,2 54 9,1 53 6,5 7,2 8,3
Nar - - - 2,7 8,0 78 6,4
Havug - - - - - 4,2 39
Uziim - - - 17 1,4 2,5 2,2
Cilek - - - - - 0,6 1,0
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Cizelge 8. Elma isleme 6n eleme-temizleme atiginin fiziksel ve kimyasal 6zelikleri

Parametre Elma Isleme 6n eleme-temizleme at131
MC (%) 82,5
OM (%) 94,62
pH 4,12
EC (dS/m) 1,05
TC (%) 44,28
TN (%) 1,48
CIN 30
BHA (kg/lt) 0,78
FAS (%) 30,46
NH4*-N (mg/kg) 34
NOs-N (mg/kg) 537

4. Tartisma ve Sonuglar

Isparta’da son 10 yilda elma iiretimi yillik ortalama olarak 590.000 ton/y1l olmustur. Tiirkiye’deki tiretimi en
cok Isparta’da gergeklestirilmekte olup (%20,4), bunu Karaman (%13,6), Nigde (%12,9) ve Antalya
izlemektedir. Proses sonrasi agiga cikan atik miktari, prosese giren elmanin %25-35’1 kadardir.

Elma isleme prosesinde yikama ve durulama esnasinda yillik ortalama 100.000 tonluk hammaddenin
yikanmasi i¢in, giinliik 2.500 m® yikama suyuna ihtiya¢ duyulmaktadir. Bu nedenle, elmalarin yikanmasi
sonucu giinde 2.500 m® atiksu olugmaktadir. Olusan atiksu ya paket aritma (fiziksel, kimyasal ve biyolojik
aritma) ile aritilarak kanalizasyona desarj edilmekte ya da 6n ¢okeltim havuzunda bekletilerek alic1 ortama
desarj edilmektedir.

Elma isleme prosesi sonucunda olusan kati atiklar 6n eleme-temizleme atiklar1 ve posa olmak lizere 2 grupta
ayrilmaktadir. On eleme-temizleme atiklar1 dal-budak atiklari, bitki kokii, sap1 ve gévdesi, yapraklar, ezik-
¢iiriik meyveler ve diger atiklardan olusmaktadir. Ikinci grup ise isleme sonrasi ayrilan ve prosesten gecen
tohum, pulp, posa ve kabuklardir. Birinci grupta ayrilan atiklar genelde biyogaz, kompost, hayvan yemi ve
giibrelemede kullanilmaktadir. Sadece yaklasik % 20’sinin hayvan yemi olarak kullanilmasi, bu atiklar i¢in
daha efektif bertaraf stratejisi olan kompostlamay1 6n plana ¢ikarmaktadir. Her iki atik tiiriiniin organik madde
acisindan zengin olmasi (%94,62), bu atiklarin kompostlagtirma ile degerlendirilebilecegi alternatifini daha
giiclii hale getirmektedir. Posa ve 6n eleme-temizleme atiklarinin su muhtevasinin yiiksek olmakla birlikte
(%82,5), bu atiklarin suyunu azalttiktan sonra veya daha diisiik su muhtevasin sahip biyo-bozunur atiklar ile
karistirilarak aerobik kompostlastirma yapilabilir. Prosesten elde edilecek kompost {iriinii meyve bahgelerinde
ve peyzaj alanlarinda kullanilabilir.

Sonug olarak, meyve isleme prosesi esnasinda ortaya g¢ikan kati atiklarin degerlendirilmesi, yalniz ¢evre
kirliliginin 6nlenmesi ag¢isindan degil, elde edilen iirlinlin ¢esitliligi agisindan da onemlidir. Bu nedenle
atiklarin kompostlastirilarak katma degeri yliksek olan kompost {iriiniiniin eldesi ve bu {irlinlerin meyvecilikte
ve diger tarimsal faaliyetlerde kullanilmasi insan saghgi, ¢evre kirliligi ve iilke ekonomisi agisindan biiyiik
Oonem arz etmektedir.

5. Tesekkiirler
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Miizik Notalarinin MATLAB Yazilimiyla Belirlenmesi

Hayati Mamur'*, Ayberk Aktas!, Sergen Kuzey?

Ozet: Miizik aletlerinden gikan seslerin her birinin kendine 6zgii frekanslar1 ve nota degerleri vardir. Bu
notalarin bilinmesi uzman kulagt i¢in ¢ok kolay iken, miizikle ugragsmamig bir kisi i¢in bunlarin
belirlenmesi hemen hemen miimkiin degildir. Bir miizik aletinden ¢ikan seslerin frekanslar1 ve nota
degerleri bilinir ve bunlar dijital bir ortama aktarilabilirse, diger aletlerle bunlarin kiyaslanmasi rahatlikla
yapilabilecektir. Bu frekans degerleri kullanilarak da degisik miizik pargalarinin bilgisayar ortaminda
yapilmasi kolaylasacaktir. Bunun i¢in bu ¢aligmada, bir miizik aleti olan gitardan ¢ikan nota degerlerinin
belirlenmesi ve bunlarin frekanslarinin saptanmasi icin MATLAB tabanli bir yazilim gelistirilmistir. Bu
yazilim sayesinde ilk olarak miizik aletinin sesi MATLAB ortamina kaydedilmistir. Daha sonra da bu
sesler islenerek frekanslari belirlenmis ve bunlarin hangi notay1 temsil ettigi ¢ikarimi yapilmistir. Bunlar
MATLAB grafik kullanici araylizi (GUI) yardimiyla da ekranda gorsellestirilerek kullaniciya
sunulmugtur. Saptanan degerlerin dogrulamast miizik notalarmi taniyict bagka bir yazilim ile
gerceklestirilmistir.

Anahtar Kelimeler: MATLAB, GUI, Fourier doniisiimii, ses frekansi

Determination of Musical Notes with MATLAB Software

Abstract: The sounds of musical instruments each have their own frequencies and note values. While it is
easy for the expert's ear to know these notes, it is almost impossible to identify them for a person who is
not involved in music. The frequencies and note values of these sounds coming from a musical instrument
are known and if they can be transferred to a digital environment, they can be compared with other
instruments. Using these frequency values, it will be easier to make different music pieces in computer
environment. In this study, MATLAB based software has been developed to determine the musical values
of notes and to determine their frequencies. Thanks to this software, the sound of the instrument was first
recorded in MATLAB. Then, these sounds were processed and their frequencies were determined and
which notes were represented. These are visualized on the screen with the help of the MATLAB graphical
user interface (GUI) and presented to the user. Verification of the detected values was carried out by
different software that recognizes the musical notes.

Keywords: MATLAB, GUI, Fourier transform, sound frequency

1. Giris

Sinyal isleme, analog ve dijital sinyaller iizerinde analizler yapmaktir ve ayrica bunlarda meydana gelen
zamansal ve mekansal degisiklikleri belirleyip gesitli yollarla sistemlere islenmis veri olarak gondermektir
(Basseville, 1989; Rabiner ve Gold, 1975; Antoniou, 2016). Elde edilen bu veriler kontrol sistemlerinde,
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haberlesme cihazlarinda ve goriintii aletlerinde yayginlikla kullanilmaktadir. Bu sinyal isleme ile mobil
robotlarda da 6nemli 6l¢tide ilerleme saglanmistir (Orman ve Derdiyok, 2017). Analog ve dijital sinyal
islemenin farkli yollar1 vardir. Genel olarak dort smifta toplanabilir. Bunlar: (a) Analog sinyal isleme
(Athreyas vd. 2016), (b) Ayrik zamanli sinyal isleme (Oppenheim ve Schafer, 2014), (c) Dijital sinyal igleme
(Antoniou, 2016) ve (d) Lineer olmayan sinyal islemedir (Bilgehan, 2015).

Sinyal islemenin amaglar1 arasinda sinyal kazancmin arttirilmasi, kalitesinin yiikseltilmesi ve 6zelliklerinin
belirlenmesi gibi hususlar vardir. Sinyal kazancinin arttirilmast ve islenerek yeniden yapilandirilmast bu
sinyalleri depolamaya ve istedigimiz amaglar dogrultusunda kullanmaya yaramaktadir. Sinyal kalitesinin
arttirilmasi; sinyalde bulunan goriintii kalitesinin yiikseltilmesi ve giiriiltiiniin en aza indirilmesini saglar.
Bunlarin yani sira ses, goriintii ve video gibi sikigtirma iglemleri ile depolama alanlarinin daha efektif olarak
kullanilmasina yardimc1 olur.

Sinyaller islenirken bize yardimci olacak en Onemli araglardan biri hizli Fourier (FFT - Fast Fourier
Transform) doniisiimiidiir. Sinyaller ifade edilirken ilk olarak zaman alaninda gosterilir. FFT ile bir sinyalin
zaman alanindan frekans alanina gecisi saglanir. FFT bir sinyalin igerdigi frekansi ifade eder ama zaman
araliklarinda bulunan frekanslarin hangilerinin oldugunu agiklayamaz (Katoh vd,. 2002). Eger zamana gore
degismeyen sistemlerin FFT leri ¢ikartilmak istenirse bunun igin basarili bir teknik FFT’dir. Gegici durum
analizleri gibi zamanla degisen sistemler i¢in FFT ¢ok basarilt degildir (Cooley vd., 1969). Bundan dolayidir
ki kisa zaman FFT g¢evrimlerine bagvurulur. Fakat burada da frekans degerleri i¢in problemler ¢ikmaktadir.

Sinyal islemenin ses ve goriintii konusunda yapilmis caligmalarina literatiirde ¢oklukla rastlamak
miimkiindiir. Biilbiil ve Karaci’nin (2007) bilgisayar ortaminda sesli komutlar1 tanima ile ilgili arastirmalari
vardir. Bu c¢alismada oriintii yontemi kullanilarak ses taniyan bir bilgisayar yazilimi hazirlanmig ve ses
tanimayla ilgili temel ilkeler sistematik bir icerikle anlatilmistir. Sonug olarak gelistirdikleri yazilimda ses
tanimayla ilgili 6n iglemler kullanici kontroliinde tek tek uygulanarak her uygulamanin sonucunda ¢ikan ses
sinyalinin grafigi sekil olarak goriintiilenmistir. Bray ve Tzanetakis (2005) sesin algilanmasini gii¢lestiren
giiriiltiilerle ilgili bir ¢alisma yapmustir. Algilama sirasinda ortaya g¢ikan sesin belirlenmesini giiglestiren
giiriiltiilerin nasil yok sayilmasi gerektigi hakkinda bilgiler verilmislerdir. Dede ve Sazli (2010) MATLAB’1
kullanarak ses tanima modiilii simiilasyonu ile ilgili ¢aligmalar yiiritmiistiir. Onlar ¢alismalarinda, biyometrik
bir sisteme ait ses tanima modiiliiniin benzetimini yapmak i¢in bir yazilim gelistirmislerdir. Daha sonra,
sistem genelinde on kisiden alinan yirmiser yetki talebi ile yapilan toplam 200 denemede yalnizca iki tane
yanlis sonu¢ alinmisg, diger 198 denemede ise basarili olunmustur. Bu denemelerin sonucunda ise sistemin
basarist %99 olarak 6l¢iilmiistiir.

Miizik aletlerinden g¢ikan seslerin analiz edilmesi, bunlarin hangi frekanslarda oldugunun belirlenmesi ve
nota degerlerinin bulunmasi1 miizikten uzak insanlar i¢in biiylik bir dnem arz etmektedir. Ses analizlerinin
gergeklestirilmesi ile bilgisayar ortaminda miizik notalar1 olusturulabilecek ve besteler icra edilebilecektir.
Bunlarin yani sira, dis ortamda bulunan seslerin bilgisayar ortamina tasinarak analiz edilmesi ve bunlarin
frekanslarinin bilinmesi sesli kontrol sistemlerinde de kullanimlara olanak saglayacaktir.

Gergeklestirilen bu galisma bir miizik aletinden ¢ikan notalarin bir bilgisayara kaydedilerek nota degerlerinin
belirlemesini amaglamistir. Bu yazilim sayesinde MATLAB Grafik Kullanici Arayiizii (GUI - Graphical
User Interface) ile notalar rahatlikla belirlenebilmigtir. Calismanin ilk béliimiinde konunun genel bir tanitimi
yapildiktan sonra, diger boliimde gelistirilen yazilim sunulmustur. Arastirma bulgulart ve tartisma
boliimiinde de yapilan ¢aligmadan elde edilen neticeler verilmistir. Son olarak da sonu¢ ve Oneriler
sunulmustur.

2. Gelistirilen Yazilim
MATLAB GUI ekrani hazirlarken, ilk olarak gergeklestirilecek bir algoritma belirlenmistir. Bu algoritma

grafiksel diizenin belirlenmesi, program ciktilarinin alinmasi ve ¢iktilarin GUI aktarimi seklinde {i¢ ana
pargadan olusturulmustur.
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Grafiksel diizenleme boliimiinde, once analiz ve veri ¢iktilari igin 'Analysis' adinda bir panel olusturulmustur.
Bu panelin igerisinde ses spektrumu igin bir adet ‘axes’ grafigi, veri ciktilari igin {i¢ adet static text, kayit
analiz ve veri girisi islemleri igin bes adet buton yerlestirilmistir. Renk degisiklikleri ve boyutlari
ayarlanmustir. Manisa Celal Bayar Universitesi logosu i¢in yeni bir axes grafigi eklenmis ve 'imshow' komutu
ile logonun ekranda goriintiilenmesi saglanmistir. Proje Ogrencilerinin isimlerinin yazilacagi baska bir
'Project Pupils' adinda panel olusturulmus ve isimler igin iki adet ‘edit text” blogu yerlestirilmistir. Son olarak
da, danisman akademisyenin ismi i¢in 'Supervizor' adi altinda bir panel olusturup igerisine bir adet ‘text’
blogu konulmustur.

Program ¢iktilarini belirleme kisminda, yapilmasi amaglanan programin vermesi gereken bilgiler ve grafikler
diistiniilerek bu verilerin GUI ekranina aktarimini yapacak olan program kiimelerinin algoritmalar
yazilmistir. Oncelikli olarak sesin dis ortamdan alinmasi veya bilgisayar dizin sisteminde kayitli olan sesin
okunmasi gerekmektedir. Sesin dis ortamdan aktarimimi saglamak amaciyla alt bir program daha
gelistirilmistir.

Olusturulan buton ile global degiskenler yani programin tamaminda gecerli olacak degisken terimler
tanimlanmis ve 'audiorecorder' komutu ile bilgisayar mikrofonundan ses istenilen parametrelerde kayit altina
almmast bagarilmigtir. Kaydi durdurmak igin diger bir buton {izerinden 'stop' komutuyla kayit
sonlandirilmistir. Yine 'stop' butonu igerisine gomiilmiis olan 'getaudiodata' komutu ile kaydedilen ses
sinyalinin sayisal parametrelerinin matris sistemine aktarimi saglanmigtir. Bu sekilde alinan ses verilerinin
dis ortamdan kayit ortamina alinmasi sorunsuz ve giiriiltiisiiz bir sekilde gerceklestirilmistir.

Programa aktarilan sesin analizi i¢in, bir buton daha olusturulmustur. Nota sistemi 50-1000 Hz arasinda
frekanslara sahiptir. Bu nedenle, olusturulan frekans skalasi 50-1000 Hz araliginda tutulmustur. Butona
basildig1 anda matris sistemine aktarilmis olan sesin FFT’si ile frekansi belirlenmigtir. Fakat dis ortamdan
alimmis olan alt sesler alman frekans bilgisinin tam dogru olmasina engel olmustur ve bu durum frekans
cakigmas1 yasanmasina sebebiyet vermistir.

Yukarida ifade edilen sorunun giderilmesi igin, Cepstrum Analizi ile baskin temel frekansin bulunmasini
saglanmigtir. Bu durumda ortaya cikan frekans degeri ondalikli sayilardan olugmustur. Nota frekans
sisteminde keskin ¢izgiler oldugu i¢in frekans degeri olusturulacak veri havuzunda yanlis eslesmeye sebep
olabilecektir. Bu sebeple 'floor' komutuyla bu frekans degeri tam sayiya doniistiirilmiistiir. Boylelikle
sinirlart belli olan nota degerlerinin frekans karsiliklarmin her biri ig¢in ayri bir matris sistemine girisi
saglanmigtir. Frekans ve nota eslestirmesi dongiilerle yapilmistir. Burada her notanin igerisinde bulunan
birim deger sayisit farkli oldugu icin degisken atanmasi imkansiz hale gelmistir. Bu sebeple en ¢ok sayida
veri bulunan notanin birim frekans sayisi temel alinarak diger notalarin frekans degerlerinin matris esitlemesi
yapilmis ve '0' ile doldurulmustur. Boylelikle elde edilen degisken degeri tanimlatilip eslestirme islemi
bagarilabilmigtir.

Analizi yapilmis sesin istenilirse bilgisayar sistemine kaydi miimkiin olmasi igin bir buton daha
kullanilmustir. Bu buton altinda ise 'uipufile' komutu ile kullanicidan nereye kayit yapilmasi gerektigi bilgisi
almip 'audiowrite' komutu ile kayit gergeklestirilmistir.

Bilgisayar dizin sistemine kayitli ses dosyasini okumak i¢in ise farkli bir buton kullanilmigtir. Bu buton
islevinde ise yine global degiskenleri tanimlayip dizin sisteminin agilmasi gerekmektedir. Dizin sistemine
giris i¢in 'uigetfile' komutu ile sesin bulundugu konumun belirlenip iki degiskenli bir matrise kaydedilmesi
saglanmigtir. Degiskenler belirlendikten sonra 'audioread' komutuyla ses i¢indeki belirleyici verilerinin bagka
bir degisken iizerine aktarimi saglanmistir. Ayni sekilde otomatik olarak analiz islemi i¢in de gereken kodlar
buton altma yapistirilmigtir. Sonug olarak, analiz edilmesi gereken sesin analizi sonucu bir adet frekans
degeri ve bu degere karsilik gelen nota degeri elde edilmistir.

Ciktilarin GUI aktarimi igin bir adet axes grafik boliimii ve {i¢ adet static text boliimii olusturulmustur. Axes
grafik paneline analiz edilen sesin spektrum grafigi yerlestirilmistir. Bunun igin sesin 'plot' komutuyla grafigi
cikartilip, bu grafik 'axes(handles.axes1) komutuyla GUI aktarimi saglanmigtir. Static text boliimlerinde
frekans degeri, nota degeri ve bilgisayar lizerinden alinan sesin dizin bilgisinin verilmesi amaglanmigtir. Bu
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islem i¢in 'set(handles.statictextl, 'String', veri)' komutu kullanilarak her veri i¢in ayri bir aktarim yapilip
GUI ¢iktisinin alinmasi basarilmistir. Elde edilen ve sonuglarin ¢ikti olarak sunuldugu GUI arayiizii Sekil
1’de verilmistir.

Program yapisi li¢ program parcasindan olusturulmustur. Bunlar; nota frekanslarinin bulunmasi igin
‘frekansbul.m’, bulunan frekanslarin notaya doniistiiriilmesi i¢in ‘nota.m’ ve g¢iktilarinin gdsterilmesi i¢in
‘gui.m’. Olusturulan programin algoritmasi Sekil 2’de verilmistir.

& TUNER - X

Analyss Panel

MANISA

CELAL BAYAR

UNIVERSITESI

Proect Pupis

Supervizor
Yrd. Dog. Dr. Hayati MAMUR

Sekil 1. Olugturulan GUI.

‘frekansbul.m' program pargasinin temel islevlerindeki asamalar; giris sinyalinin algilanmasi, 6rneklenmesi,
FFT uygulanmasi, en biiyiik genlige sahip harmonigin frekansinin belirlenmesi (cepstrum) ve frekansin
ekrana verilmesidir. Giris sinyalinin algilanmasi icin
[x,fs]=audioread('C:\Users\KUZEY\Desktop\Ses\do.m4a'); kodu MATLAB’da yazilmigtir. Bu islemde,
MATLAB iizerinden ses dosyasinin okunabilmesi igin ‘audioread’ komutu kullanilmistir. MATLAB’1n eski
stirimlerinde bu komut yerine ‘wavread’ komutu ile yapilmaktaydi. Fakat bu komutta sadece wav formatinda
kaydedilmis ses dosyalarinin analizi gergeklestirilebiliyordu. Yenilenen bu komutla birlikte ‘audioread’
komutu bir¢ok dosya uzantisini analiz edebilmektedir. Bilgisayar iizerinde kayith olan ses dosyasinin dizini
‘audioread’ komutuyla ses dosyasinin analizi saglanmis ve [x,fs] tanimiyla bir matris diizeninde sisteme
girilmisgtir.

Giris sinyalinin 6rneklenmesi veya FFT sinin alinabilmesi ayrik sinyal diizeninde olmalidir. Fakat kaydedilen
ses sinyali siirekli sinyaldir. Dijital ortamda analizinin saglanabilmesi i¢in ayrik zaman bilgilerinin alinmasi
gerekir. Bunun i¢in sinyal drneklenir. Kaydedilmis olan ses dosyasinin igeresinde olugmus olan giiriiltii gibi
etkenlerin analizi etkilemesini g6z dniinde bulundurarak en ideal 6rneklemeler segilir.

FFT uygulanmas1 Y=fft(x); komutu ile MATLAB ortaminda gergeklestirilir. FFT titresimlerin belirlenmesi

icin yayginca bagvurulan istatistigi temel alan bir matematik yoludur. Bu karisik sinyallerin ayristirilmasim
saglar ve titresim degerlerini gosterir.
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Sekil 2. Olusturulan programin algoritmasi.

Ozetle, FFT sinyallerin zaman alanindan frekans alanina gegirirken kullanilan bir déniisiimdiir. FFT tekrar
etmeyen sinyalleri yok sayar. Karmasik sinyaller iginde tekrarlayan sinyalleri bulur ve bunlar1 harmonik
bilesenlerine ayirir (Richards ve Attenborough, 1986).

Cepstrum ile sinyallerin belirlenmesinde temel baskin frekanslar ele alinir. Burada konugmanin veya sinyalin
belirli bir siireyi kapsamasi, parazitsiz olmasi ve sabit konugma sinyalleri olmasi gerekir. Cepstrum, sinyalin
logaritmik genlik spektrumu olan Fourier analizidir (Noll, 1967). Eger logaritmik genlik spektrumu diizenli
aralikli harmonikler igeriyorsa, o zaman spektrumu Fourier analizli harmonikler arasindaki bosluga karsilik
gelen bir tepe noktasi gosterir. Bu da temel frekansi tanmimlar. Spektrumun kendisi i¢in periyodiklik
araniyorsa, baska bir sinyali sinyal spektrumu olarak doniistiiriir (Athreyas vd, 2017).

3. Bulgular ve Tartisma

Gergeklestirilen ¢aligmanin dogruluk testi i¢in Android ve 10S platformlari igin tasarlanmig olan, miizik
diinyasinda aletlerin akort ayarlar1 i¢in en yaygin olarak kullanilan 'gStrings' adli program referans olarak
almmustir. Burada yapilan karsilastirma iglemi yazilan programin GUI ekraninda verilen frekans degeri ve bu

frekans degerinin hangi notaya karsilik geldigidir.

Program yazildiktan sonra yapilan karsilagtirmalarda kullandigimiz Android programi olan gStrings ile ayni
sonuclart verdigi gozlemlenmistir. Testler sonucunda programin eksiksiz calistigi goriilmiigtiir. Yazilan
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programda GUI ciktis1 olarak verilen nota degeri ile referans program olarak kullanilan program verileri tam
olarak uyusmustur.

Karsilastirma olarak kullanilan program ve yazilan programin arayiizii Sekil 3’de verilmistir. Istege bagh
olarak kayit altina alinan seslerin dizin kontrolleri yapilmis ve dogru yerlere dogru sekilde ses sinyallerinin
yazildig1 ispatlanmustir.

Matlab GUI ortaminda tasarlanan calismanin benzetim testlerinde elde edilen sonuglar g¢ergevesinde
problemler de saptanmistir. Bu problemlerden en belirgin ve giderilmesi gerekeni dis ortamdan alinan dip ses
ve giiriiltiilerin ayiklanmasi iglemi olmustur. Cilinkii dis ortamdan alinan saf sesin i¢ine karigan giiriiltiiler
referans alinmasi gereken frekans degerinin degisiklige ugramasina sebep olmaktadir. Bu sebeple baslatilan
aragtirmalar sonucu Cepstrum doniisiimiine ulastlmistir. FFT uygulanmig ses sinyali dogrusal olmayan bir
sinyal dizisi elde edilmesini saglamistir. Bu dogrusal olmayan sinyalin Cepstrum Doniistimii ile {izerinde
bulunan en baskin frekansi elde edilmistir.

Ses sinyali bir temel frekans ve onun iizerinde olusan harmoniklerden meydana gelmektedir. Bu sayede
kulaga hos gelen giizel gelen nota sesleri ortaya ¢ikmaktadir. Bu temel frekans degerini bulmak igin ise
oncelikli olarak FFT ve sonrasinda Cepstrum doéniisiimiiniin kullanilmasi olumlu neticeler vermistir. Bu
nedenle ortaya ¢ikan temel frekans ise kabul edilen frekans degerlerinden olusturulan veri tabani {izerinden
kargilagtirma yapilarak ses sinyalinin nota degerine ulasilmistir. Referans karsilastirma programi ile elde
edilen veriler kiyaslandiginda bulgularin ger¢ek degerleri yansittigi goriilmiistiir.
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Sekil 3. Yazilan programin karsilagtirilmasi, (a) karsilastirma arayiizii ve (b) yazilan arayiiz.
4. Sonuclar

Gergeklestirilen bu ¢alismada, MATLAB ortaminda sesin analizi ile nota degerinin belirlenmesi basarili bir
sekilde gerceklestirilmistir. Ses analizlerinin nasil yapilacagi detaylari ile sunulmustur. Analizi yapilacak
miizik aletinin ¢ikarmis oldugu ses sinyali igerisinde baskin olarak bulunan frekans degeri belirlenmistir.
Algoritmasi yazilan program ile kayitli sesler veya canli olarak ¢ikan seslerin spektrumu ve frekans degeri
belirlenmistir. Bu frekans degeri de kabul edilmis olan nota frekans degerleriyle karsilastirip yapilan
yazilimimn dogrulugu ispatlanmigtir. GUI aktarimini saglamak i¢in de gerekli program parcaciklart yazilmistir.
Tiim bunlarim sonucunda, ses sinyallerinin GUI ger¢ek zaman analizi, kayith ses analizi ve ses kaydmin
yapilmasi, ortaya c¢ikan frekans, nota ve spektrum bilgilerini aktarma iglemleri basarili bir sekilde
uygulanmistir.

114



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 109-115

Bu ¢aligmanin ilerleyen safhalarinda, elektrik-elektronik cihazlarin ¢aligma seslerinin sisteme 6gretilmesi ve
bunlarda meydana gelecek ses degisiklerinin algilanip kullanicilara iletilmesi hedeflenmektedir. Boylelikle
ses degisikligi ile arizalanan veya arizalanma ihtimali olan cihazlarin tespit edilmesi saglanacaktir.
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Aliiminyum Siilfat’in Poliiiretan Vernik Uygulamalarindaki
Etkilerinin Incelenmesi

Sinan Sar1'", Murat Ozalp!

Ozet: Bu calismada, ahsap malzemelerin iist yiizey islemlerinde kullanilan poliiiretan vernige farkl
miktarda aliiminyum siilfat eklenmistir. Onceden hazirlanmis poliiiretan vernik, kayin (Fagus orientalis L.)
ve sarigam (Pinus sylvestris L.) odunlarmin {ist yiizeylerine uygulanmistir. Vernikleme isleminden sonra,
vernik tabakalar1 iizerinde parlaklik, sertlik ve yiizey yapisma direnci deneyleri yapilmis ve poliiiretan
vernigine eklenen aliiminyum stilfatin etkileri belirlenmistir. Sonug olarak, vernige eklenen aliiminyum
stlfatin, her iki agag tiiriinde sertligi 6nemli 6l¢lide arttirdig1 tespit edilmistir; Bununla birlikte, vernigin
parlakligini ve yapigma direncini biiyiik 6l¢iide azaltmustir.

Keywords: Aliiminyum siilfat, Yapigma direnci, Sertlik, Parlaklik, Poliiiretan vernik.

The Investigation of Aluminium Sulphate Influences in
Polyurethane Varnish Applications

Abstract: In this study, a different amount of aluminium sulphate is added into polyurethane varnish, which
is used for upper surface treatments of wood materials. The pre-prepared polyurethane varnish is
implemented on upper surfaces of beech wood (Fagus orientalis L.) and scotch pine (Pinus sylvestris L.)
for wood materials. After that toughness, brightness and surface sticking resistance experiments are
conducted over these varnish stratums. The effect of the aluminium sulphate added into the polyurethane
varnish is determined. Consequently, it is determined that the aluminium sulphate added into the varnish
increased the toughness on both wood types substantially; however, it also decreased the brightness and
sticking resistance values of the varnish greatly.

Keywords: Aluminium sulphate, resistance of stick, hardness, brilliance, polyurethane varnish.

1. Giris

Giliniimiizde odun hammaddesinin bina yapimi, mobilya ve dekorasyon isleri, parke, miizik aleti, tel diregi,
travers olarak masif halde, kaplama levha, kontrplak, yonga levha, lif levha, kagit ve karton tiretimi gibi 10.000
civarinda kullanim yeri bulundugu bilinmektedir. Ayrica, suni ipek, fotograf filmleri, patlayict maddeler,
sentetik stinger, etil alkol, asetik asit, hayvan yemi, sentetik vanilin gibi bircok maddenin iiretilmesinde de
odun hammaddesinden yararlanilmaktadir (Colak vd., 2006).

Ust yiizey islemleri “Aga¢ malzemeden iiretilen mobilya ve dekorasyon elemanlarini korumak ve estetik
degerini arttirmak i¢in yapilan renklendirme, renk agma ve koruyucu katman olusturma isleridir’> seklinde

! Kiitahya Dumlupinar University, Faculty of Simav Technology, 43500, Citation (Atif): Sari, S., Ozalp, M. (2018). Aliiminyum Siilfat’in
Simav- Kiitahya, TURKEY Poliiiretan Vernik Uygulamalarindaki Etkilerinin Incelenmesi. Bilge
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tanimlanabilir. Aga¢c malzeme her ne kadar harici etkilere kars1 kendisini koruyacak dogal dayanikliliga sahip
ise de bazi etkilere karsi korumasiz olarak uzun siire dayanikli kalamaz. Mekanik etkiler, siirtiinme, aginma,
darbe, ¢izilmeye zorlama vb. etkilerdir. Fiziksel etkiler, tozlanma, kirlenme, yaglanma gibi aga¢ malzemenin
dogal organik yapisina zarar vermeyen ve uygun bir temizleme yontemiyle giderilebilen etkiler olup, 1s1 ve
nem etkisi de bu gruba dahil edilebilir. D1s hava sartlarinin etkisi, harici kisimlarda (bahge, park vb.) kullanilan
ve aga¢ malzemeyi deformasyona zorlayan, ayn1 zamanda kimyasal yapisini olumsuz yonde etkileyen dis hava
sartlar1 etkisi, daha once verilen etkilerden bir kismini da kapsamakla birlikte daha ¢ok 1s1, 151k, nem, su,
¢ig,etkilerinin yani sira gece ile giindiiz arasindaki sicaklik farkliliklarini da igine alacak sekilde bir biitiin
olarak diistiniilmesi gerekir (Sonmez, 2000).

Katman yapma ozelligindeki, kat1 veya jel kivamindaki dogal ya da yapay recinelerin uygun ¢oziiciilerle
eritilmis haline vernik, bunlarin renk pigmentleriyle renklendirilmis haline de boya denir. VVernikler ve boyalar
yapisal 6zellikleri g6z oniine alindiginda ¢ok ¢esitli hazirlanabilmektedir (Yakin, 2001).

Ust yiizey islemleri, agac esyay1 korumak ve estetik degerini yiikseltmek gibi iki temel amacin yani sira hijyen
ve temizlikte kolaylik saglar. Mobilya iiretiminde farkli yapida agac tiirleri ve st yiizey geregleri
kullanilmaktadir. Ust yiizey geregleri arasindaki yapisal farkliliklar katman 6zelliklerine de etki etmektedir.
Sonugta hem yapisal ozelliklerinde hem de katman o6zelliklerindeki bu farklilasma vernik sistemlerinin

uygulama alanlarini, uygulama yerlerini belirleyen ve siirlayan 6nemli bir etken haline gelmektedir (Sanivar,
2001).

Ozalp (2008) tarafindan yapilan ¢alismada seliiloz parlak vernige farkli oranlarda boraks pentahidrat ilave
edilmistir. Hazirlanmis seliiloz vernik karagam ve kayin odununun yiizeylerine uygulanmistir. Sonra sertlik,
ylizey yapisma ve parlaklik deneyleri yapilmistir. Vernige ilave edilen boraks pentahidrat’in etkileri
belirlenmistir. Sonug¢ olarak, vernige pentahidrat ilavesi her iki agac tiirlinde de sertlik ve yiizey yapigma
direncini 6nemli oranda artirmis; ancak, parlaklik degerini 6nemli oranda diisiirmiistiir (Ozalp, 2008).

Ozalp ve Korkut (2011) tarafindan yapilan ¢alismada aga¢ malzeme (sarigam ve kestane) iist yiizey
uygulamalarinda kullanilan su bazli vernige ¢esitli oranlarda boraks pentahidrat ilave edilmistir. Vernik
uygulamalarindan sonra sertlik, yiizey yapisma ve parlaklik deneyleri yapilmigtir. Su bazli vernige boraks
pentahidrat ilavesi her iki agag tiiriinde de sertlik ve ylizey yapigsma direncini 6nemli oranda artirmig; Ancak,
parlaklik degerini 6nemli oranda diisiirmiistiir (Ozalp ve Korkut, 2011).

Ust yiizey islerinde kullanilan koruyucu 6rtii geregleri iki temel elemandan meydana gelmektedir. Birincisi
katman yapma 6zelligindeki katt madde ikincisi ise bu kat1 maddeyi ¢6zen ve ylizeye siiriilmesini saglayan
¢Oziicl sivilardir.

Bu ¢aligmada; iist ylizey islemlerinde vernigin yiizeye yapisma, yiizey sertligi ve ytizey parlakligi ile ilgileri
konular1 ele alarak iist yiizey islemleri gereglerinden biri olan poliiiretan vernigi baz alinarak bu vernigin
igerisine sanayinin ¢esitli alanlarinda kullanilan aliiminyum siilfati belli oranlarda ilave ederek, vernigin yiizeye
yapisma, sertlik ve parlakligma ne gibi etkileri olacagini belirleyerek ¢ikan sonucun ne tiir mobilyalarda
kullanilabileceginin arastirilmasi amaglanmustir.

2. Materyal ve Yontem

2.1. Agac malzeme

Bu aragtirmada, iilkemizde mobilya ve dekorasyon endiistrisinde yaygin olarak kullanilan, igne yaprakli
agaglardan Sarigam (Pinus silvestris L.) ve yaprakli agaglardan Dogu Kaymi (Fagus orientalis L.)
kullanilmistir. Deney 6rnekleri, ASTM-D 358 ve TS 801 esaslarina gore hazirlanmigtir (ASTM D 358, 1998).

2.2. Aliiminyum siilfat

Verniklerin modifikasyonunda aliiminyum siilfat kullamilmistir. Aliminyum siilfatin fiziksel ve kimyasal
ozellikleri Cizelge 1’de verilmistir.
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Cizelge 1. Aliiminyum Siilfatin Fiziksel ve Kimyasal Ozellikleri

Kimyasal ozellikleri Fiziksel ozellikleri
Kimyasal Formiilii AL>(S04)3H20 Renk Beyaz
% Al,O3 16-17 Mutlak Yogunluk 1,7 gr/cm?
% Serbest H, SO, 0,00% Yigilma Yogunlugu 0,96 gr/cm? (parga)
% Serbest Al,O3 0,23% 1 gr/em? (graniil)
% Suda Cozlinmeyen 0,30% 1,08 gr/cm® (pudra)
% Fe 03 0,02% Suda Coziinme 0 °C ’de 100 cc de 75 gr”
% 2 ‘lik PH 30-32 100 °C “de 100 cc de 430 gr
Arsenik 0,3 mg/ kg Al Par¢a 20 - 50 (mm)
Kadmiyum 0,7 mg / kg Al Graniil 0 -12 (mm)
Krom 18 mg / kg Al Pudra 0-1 (mm)
Civa 0,7 mg / kg Al
Nikel 7,36 mg / kg Al
Kursun 0,34 mg / kg Al
Antimon 5,83 mg/ kg Al
Selenyum 0,07 mg / kg Al
2.3. Vernik

Deney orneklerinin verniklenmesinde; ¢ift kompenantli poliiiretan vernikler kullanilmistir. Orneklerin
verniklenmesinde ASTM D-3023 esaslarina uyulmustur.

2.4. Yiizeye yapisma testi
Aragtirmada, vernik katmanlarinin ylizeye yapigsma direnci ASTM D-4541 ve TS EN 24624 esaslarina
uyularak, pinomatik sistemle ¢alisan adezyon test cihazinda belirlenmistir (ASTM D 4541, 1995; TS EN
24624,1996). Cekme silindiri yapistirilan yiizeylerdeki katman, malzeme yiizeyine kadar kesici yardimiyla
kesilmistir. islemle yalnizca yapistirilan alanin kopartilmasina olanak saglanmistir.
Yapigma direnci asagidaki formiil yardimiyla hesaplanmustir.

X=4F/n.d? ®

Burada;

F=Kopma anindaki kuvvet (Newton),

d= Cekme silindirinin ¢ap1 (mm)

X= Yapisma direnci (MPa).
2.5. Pandiillii sertlik testi

Vernik katmanmin dis etkenlere dayamikliligimi belirleyen sertlik degerleri ANS/ISO 1522°de belirtilen
esaslara uyularak, pandiillii sertlik 6l¢tim cihazi ile koning yontemine gore yapilmistir (ANS/ISO 1522, 1998).

2.6. Yiizey parlakhk ol¢iimii

Vernikli ylizeylerin 15181 yansitma kabiliyetlerinden yararlanilarak TS 4318 EN ISO 2813’de belirtilen esaslar
cercevesinde Olglimleri parlaklik 6l¢iim cihazi (Gloss-metre) ile yapilmistir (TS 4318 EN 1SO 28139,2002).
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3.Bulgular
3.1. Sertlik direnci dl¢iimleri (salinim)
Sarigam ve kayin agacina ait elde edilen sertlik direnci degerleri Cizelge 2’de verilmistir (Sar1, 2012).

Cizelge 2. Sertlik direnci (salinim) degerleri

Sertlik direnci (salinim) degerleri
Agac Tiirii Saricam Kayin
Ornekler Aliiminyum siilfat orani (%) Aliiminyum siilfat orani (%)
0 10 20 30 0 10 20 30
1 110 152 150 165 82 90 100 140
2 108 126 153 167 85 95 110 143
3 103 130 149 162 87 92 105 138
4 111 135 144 158 80 89 101 135
5 115 124 152 160 79 87 99 140
Ortalama 109.4 128 149.6 162.4 82.6 90.6 103 139.2

Sarigam agacinda yapilan sertlik direnci uygulamalarinda gozle goriilebilen bir artis meydana gelmistir.
Aliminyum siilfat kullanilmadan yapilan uygulamada ortalama sertlik degeri 109.4 olurken bu oran %10, %,20
ve %30 oraninda aliiminyum siilfat eklendiginde sirasiyla 128, 149.6, ve 162.4°¢ kadar ¢ikmistir. Saricam
odununda aliiminyum siilfat oranina bagli olarak sertlik degerlerinde meydana gelen degisim Sekil 1°de
verilmistir.

180 L
149 S
160 P

1612,4

140 128
120 10,4
100
80
60
40
20

KATKISIZ %10 AL. %20 AL. %30 AL.
sUL. sUL. sUL.

Sekil 1. Saricam odunu sertlik direnci (salinim) degerleri
Kaym agacinda yapilan sertlik direnci uygulamalarinda ise ¢cam agacinda oldugu gibi sertlik degerleri artis

gostermistir. Kayin odununda aliiminyum siilfat oranina bagl olarak sertlik degerlerinde meydana gelen
degisim Sekil 2’de verilmistir.
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Sekil 2. Kayin odunu sertlik direnci (salinim) degerleri
Baglangigta aliiminyum siilfat kullanilmadan yapilan deneyde ortalama sertlik direnci degeri 82.6 ¢ikarken bu
oran %10, %,20 ve %30 oraninda aliiminyum siilfat eklendiginde sirastyla 90.6, 103, 139.2°ye kadar
yiikselmistir.
3.2. Yapisma direnci dl¢iimleri (MPa)

Sarigam ve kayin agacina ait elde edilen vernik yapigma direnci degerleri Cizelge 3’°te verilmistir (Sar1, 2012).

Cizelge 3. Yapisma direnci (MPa) degerleri

Yapisma direnci (MPa) degerleri

Agac Tiirii Saricam Kayin
Ornekler Aliiminyum siilfat orani (%) Aliiminyum siilfat orani (%)
0 10 20 30 0 10 20 30

1 1.20 1.00 1.09 0.93 1.23 1.07 1.08 0.93
2 1.15 0.97 1.00 0.87 1.20 0.97 0.99 0.92
3 1.23 1.03 1.03 0.91 1.25 1.03 1.01 0.89
4 1.13 1.05 0.96 0.85 1.28 1.08 1.04 0.95
5 1.19 1.11 1.11 0.88 1.19 1.05 0.93 0.97

Ortalama 1.18 1.03 1.03 0.88 1.23 1.04 1.01 0.93

Sarigam odununda aliiminyum siilfat kullanilmadan yapilan vernik yapisma direnci (MPa) deneyinde yapisma
direnci degeri 1.18 iken vernige %10,%,20 ve %30 oraninda aliminyum siilfat eklendiginde degerlerin
sirastyla 1.032, 1, 0.888 oldugu goriilmistiir. Bu durum da aliiminyum siilfat artirilinca vernigin yiizeye
yapisma direncinin azaldig1 goriilmiistiir. Saricam odununda aliiminyum siilfat oranina bagl olarak yapigsma
direnci degerlerinde meydana gelen degisim Sekil 3’te verilmistir.

120



Kayinda ise baglangi¢ yani vernige aliiminyum siilfat eklenmeden ortaya ¢ikan degerler 1.23 iken %10, %,20
ve %30 oraninda aliiminyum siilfat eklendiginde degerler sirasiyla 1.04, 1,01, 0.932 oldugu goriilmektedir.
Kaym odununda vernige eklenen aliiminyum siilfat oranina bagl olarak yapisma direnci degerlerinde meydana
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Sekil 3. Saricam odunu yapigma direnci (MPa) degerleri

gelen degisim Sekil 4’te verilmistir.

Baslangi¢ degerine gore kiyasladigimizda vernigin yilizeye yapisma direnci degerlerinde bir miktar diisiis

1.4
1,2

0,8
0,6
0,4
0,2

1.23
T,0&
1.1 0.932
KATKISIZ %10 AL. %20 AL. %30 AL.
sSUL. sSUL. sSUL.

|= ORTALAMA |

yasandig1 goriilmektedir.

3.3. Parlaklik degerleri

Sekil 4. Kayin odunu yapisma direnci (MPa) degerleri

Sarigam ve kayin agacina ait elde edilen parlaklik 6l¢tim degerleri Cizelge 4’te verilmistir (Sar1, 2012).

Cizelge 4. Parlaklik 6l¢tim degerleri (60°)

Parlaklik 6l¢iim degerleri (60°)
Agac Tiirii Saricam Kaymn
Ornekler Aliiminyum siilfat oram1 (%) Aliiminyum siilfat orani (%)
0 10 20 30 0 10 20 30

1 92.5 87.2 89.8 71.6 82.0 84.5 83.4 39.8
2 96.1 92.3 83.1 53.5 85.8 82.7 77.2 31.2
3 98.7 97.8 91.3 50.2 85.8 86.4 80.1 35.8
4 914 97.8 94.7 40.4 83.3 84.2 79.3 21.7
5 81.5 80.2 89.8 45.7 76.2 90.3 88.3 19.8

Ortalama 92.04 91.06 89.74 52.24 82.62 85.62 81.66 29.66
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Saricam odununun parlaklik degerleri baglangigta 92.04 iken vernige %10, %,20 ve %30 oraninda aliiminyum
stilfat eklenerek deneye tabi tutuldugunda bu degerlerin sirasiyla 91.06, 87.74 ve 52.24 oldugu belirlenmistir.
Cikan sonuglara bakildiginda baslangi¢ degeri ile %10 ve %20 oranlar1 arasindaki farkin gokta degismedigi
goriilmiistiir. Bunun yaninda oran %30’a ¢ikarildiginda degerde ciddi bir diigiis meydana gelmistir. Sarigam
odununda aliiminyum siilfat oranina bagli olarak parlaklik 6l¢iim degerlerinde meydana gelen degisim Sekil
5’te verilmistir.

100 94,|u4 91,06 89{74
90
80
70
60 sofos
50
40
30
20
10

KATKISIZ %10 AL. %20 AL. %30 AL.
suUL. suUL. suUL.

Sekil 5. Saricam odunu parlaklik degerleri

Kayim odununda baslangicta parlaklik degeri 82,62 iken, vernige %10, %,20 ve %30 oraninda aliiminyum
siilfat eklendiginde degerlerin sirasiyla 85.62, 81.66, ve 29.66 distiigii goriilmiistiir. Kaym odununda
aliminyum siilfat oranina bagli olarak parlaklik 6l¢iim degerlerinde meydana gelen degisim Sekil 6°da
verilmistir.

90 82,62 85.62 8T,66
80
70
60
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40
30
20
10

29,66

KATKISIZ %10 AL. %20 AL. %30 AL.
sUL. sSUL. sSUL.

Sekil 6. Kayin odunu parlaklik degerleri
Veriler incelendiginde, baslangi¢ degerleri ile %10 ve %20 oranlarina bakildiginda degerlerde ciddi degisme
goriilmemektedir. Fakat oran %30’a ¢ikarildiginda degerlerde ciddi bir diislis oldugu bariz bir sekilde
goriilmektedir.
4. Tartisma ve Sonuglar
Bu caligmada, poliiiretan vernigin iistiin 6zelliklerini artirmak ve kullanimini daha da yayginlastirmak amaciyla

poliiiretan vernige %10,%20,%30’u oraninda aliiminyum siilfat ekleyerek hazirlanan vernik sarigam ve kayin
odunu 6rneklerine uygulanmis ve elde edilen sonuglar degerlendirilmistir.
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Yapilan deney sonuglarina gore, kullanilan ahsap malzemelerin yiizey parlaklik testinde ilk etapta bariz bir
degisim gozlenmezken oran %30’a ¢ikarildiginda degerde yiiksek bir diisiis goriilmiistiir. Her iki agac tiiriinde
de benzer sonuglar goriilmiistiir.

Kullanilan her iki agag tiriinde de sertlik direnci degerlerinde ise yiiksek bir artis gozlenmis ve bu sonug
aliiminyum siilfatin sertlestirici 6zelliginin olmasina baglanabilir.

Kullanilan her iki agag tiiriinde de yapisma direnci degerlerinde diisiisler meydana gézlenmis, aliiminyum
stilfatin bilesenleriyle vernik bilesenlerinin tepkimesi sonucu vernik yapisinda bozulmalara sebep
olabileceginden, ¢ikan sonucun diisiik olmasini bu olasiliga baglanabilir.

Sonug olarak, aliiminyum siilfatin poliliretanin vernik uygulamalarinda kullanimi her iki agag tiirtinde sertlik
degerlerini artirirken, yapisma ve parlaklik degerlerini diistirmiistiir.
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Senaturk Akademisi Gogiis Saghg Izleme Uygulamasinin
Kullanilabilirlik Degerlendirmesi

Fidan Kaya Giilagiz: Hikmetcan Ozcan Suhap Sahin'™ Serta¢ Ata Giiler?

Ozet: Hasta saghgi izleme uygulamalari halk saghigmin ¢ok 6nemli bir parasini olusturmaktadir. Bu
uygulamalar araciligiyla hastalarin kimlik bilgileri, hastalik bilgileri, tedavi ve tedavi takip bilgileri
saklanmaktadir. Bu sistemler tibbi birimlerin tamamini1 kapsayacak sekilde tasarlanabildigi gibi farkli
birimlere 6zgii olarak da tasarlanabilmektedir. Bu ¢alismada senoloji alaninda uzun zamandir ¢aligmalar
gerceklestiren Senaturk Akademisi igin gelistirilmis olan goglis saglhiglr izleme uygulamasinin
kullanilabilirlik degerlendirmesi gergeklestirilmistir. Kullanilabilirlik degerlendirmesi i¢in ilk olarak saglik
izleme uygulamasinin amacina uygun olarak on farkli gérevden olusan bir gérev listesi olusturulmustur ve
farkli egitim diizeylerindeki toplam on {i¢ katilimcr ile analizler gergeklestirilmistir. Katilimcilar verilen
gorevleri tamamladiktan sonra, gelistirilen hasta bilgi sisteminin genel olarak degerlendirilmesini
saglamak amactyla Bilgisayar Sistemleri Kullanilabilirlik anketinin, Tiirk¢e kisa siiriimii kullanilmistir.
Veriler elde edildikten sonra kullanicilarin iglem siireleri géz oniinde bulundurularak gdérev tamamlama
oranlar1 ve tiklama sayilar1 analiz edilmistir. Son olarak uygulanan anket iizerinden uygulamaya ait sistem
kullanishiligs, bilgi kalitesi, ara yiiz kalitesi ve genel memnuniyet degerleri elde edilmistir ve bu degerler
ile kullanicilara ait demografik veriler arasindaki iliski Kruskal Wallis H Testi ve Mann Whitney U testleri
kullanilarak tespit edilmistir. Kullanicilarin genel olarak uygulamayi kullanmaktan memnun olduklar
gozlenmistir ancak sistemdeki hata mesajlarinin daha agiklayici olmasi gerektigi tespit edilmistir. Bunun
yaninda bilgisayar kullanimi siiresiyle, sistem verimliligi ve ara yiiz kalitesi agisindan anlamli bir iligki
oldugu tespit edilmistir.

Anahtar Kelimeler: Kullanilabilirlik, Kullanilabilirlik Testi, Saglik izleme Uygulamalari, T-CSUQ-SV.

Usability Evaluation of Senaturk Academy Breast Health
Monitoring Application

Abstract: Health monitoring applications are an important part of public healthcare. Through these
applications, patients' identity information, disease information, treatment and treatment follow-up
information are kept. These systems can either be designed to cover all of the medical units, or they can be
designed specifically for different units. In this study, the usability evaluation of the developed breast
health monitoring application for the Senaturk Academy, which has carried out long time studies in the
field of senology, has been carried out. For usability evaluation, a task list consisting of ten different tasks
was first created for the purpose of health monitoring and a total of thirteen participants at different levels
of education were analyzed. After the participants completed the assigned tasks, a Turkish short version of
the Computer Systems Usability Questionnaire was used in order to ensure that the developed health

1Kocaeli University, Faculty of Engineering, Department of Computer Citation (Atif): Kaya Giilagiz, F., Ozcan, H., Sahin, S., Giiler, S. A.,
Engineering, 41380, Umuttepe, TURKEY 2018. Senaturk Akademisi Gogiis Saghigi Izleme Uygulamasinin
2Kocaeli University, School of Medicine, Department of Surgery, 41380, Kl{llanllabﬂirlik Degerlendirmesi. Bllgg I_nternatlonal Journal of
Umuttepe, TURKEY Science and Technology Research, 2(special issue), 124-131.
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monitoring application was evaluated in general. After obtaining the data, task completion rates and click
counts were analyzed considering the processing time of the participants on tasks. Finally, through the
applied questionnaire, the system usefulness, information quality, interface quality and overall satisfaction
values of the developed application were obtained. The relationship between these values and the
demographic data of the participants was determined using the Kruskal Wallis H Test and Mann Whitney
U tests.

Keywords: Usability, Usability Test, Health Monitoring Applications, T-CSUQ-SV.

1. Giris

Hasta sagliginin takibi icin hasta ve hastalik verileri cok dikkatli ve hizli bir sekilde toplanmali, yonetilmeli
ve analiz edilmelidir. Kaydedilmemis tibbi veriler ilerleyen zamanlarda daha ciddi hastaliklara sebep
olabilirler. Teknolojideki gelismeler ile birlikte hastalara ait bu 6nemli verileri toplamak i¢in elektronik
kisisellestirilmis saglik izleme uygulamalar1 yaygin olarak kullanilmaktadir. Bu uygulamalar araciligiyla
veriler merkezi olarak uzak bir sunucu iizerinde saklanir ve web lizerinden hastalar, doktorlar ve saglik
personelleri tarafindan yetkileri diizeyinde erisilebilirdir. Gelistirilen kayit sistemleri iizerinde tibbi verilerin
paylasilmasiyla tibbi hatalar da 6nemli dl¢iide azaltilabilmektedir (Song ve ark., 2015).

Hasta takibini saglamak igin gelistirilen uygulamalar temelde iki kategoriye ayrilmaktadir. Bunlar elektronik
saglik kaydi (EHR) yapan sistemler ve kisisel saglik kaydi yapan sistemler (PHR) olarak listelenebilir.
Elektronik saglik kaydi yapan sistemlerin olusturulmasi ve yonetimi daha ¢ok hastane personelleri tarafindan
gerceklestirilirken, kigisel saglik kaydi sistemlerinin yonetimi ve kullanimi daha ¢ok kronik hastaliklar1 olan
hastalarin kendileri tarafindan gerceklestirilmektedir. Literatiirde hasta sagligini izleme amaciyla gelistirilmis
her iki kategoriye de ait pek cok farkli hasta saglig1 izleme uygulamasi (Dogan ve Kayikg¢ioglu, 2016; Moore
ve ark., 2014; Okagaki ve ark., 2007; Tadvi ve ark., 2017; Hong ve ark., 2017) mevcuttur.

Lakovidis tarafindan 1998 yilinda hasta takibi sistemlerinin sahip olmasi gereken 6zelliklere ait bir ¢aligma
yapilmistir (Song ve ark., 2015; Lakovidis, 1998). Yapilan ¢aligmaya gore kayitlar agagida listelenen temel
ozelliklere sahip olmalidirlar;

» Erisilebilirlik ve gegerlilik: Hastalara ait tibbi kayitlar siirekli erigilebilir olmalidir.

+ Kullanilabilirlik ve esneklik: Birden ¢ok kullaniciy1 desteklemeli ve kullanici dostu bir arayiize sahip
olmalidir.

* Entegrasyon: Farkli idari ve klinik sistemlere entegrasyonu destekleyecek sekilde gelistirilmelidir.

* Performans: Kullanicilara yeterince hizli olarak cevap vermelidir.

» Gizlilik ve denetlenebilirlik: Bilgilere erisim ve bilgilerin saklanmasi konusunda giivenlik &nlemleri
igermelidir. (Kimlik dogrulamasi ya da dijital gibi uygulamalar.)

* Giivenilirlik: Veri biitiinliiglini ve orijinal bilginin belirlenen bir zaman dilimi icerisinde kaliciligini
saglamalidir.

Hasta saghg: takibi i¢in gelistirilen sistemlerin yukarida listelenen isterleri karsilamasi durumunda daha
kullanici dostu uygulamalarin gelistirilmesi saglanacaktir. Literatiirdeki ¢alismalarin bazilarinda gelistirilen
hasta saglig1 izleme sistemlerinin kullanilabilirligi konusu {izerinde de durulmustur (Salman ve ark., 2010;
Salman ve ark., 2012). Bu ¢aligmalarda daha ¢ok mevcut uygulamalarin ara yiizleri ile ilgili problemlerden
bahsedilmistir ve bu amagla tibbi bilgi sistemleri i¢in ikon temelli ara yiizler gelistirilmistir. Gelistirilen
sistemler farkli saglik caliganlar1 araciligryla test edildiginde ikon temelli ara yiize sahip tibbi uygulamalarin
daha kullanici dostu oldugu tespit edilmistir. Literatiirdeki ¢aligmalar incelendiginde tip alaninda gelistirilen
hasta sagligi takibi / tibbi bilgi sistemleri uygulamalarinin kullanilabilirligini ele alan fazla sayida ¢alismanin
mevcut olmadig1 gézlemlenmistir.

Bu ¢aligmada Senaturk Akademisi i¢in gelistirilmis olan gogiis sagligi takibi uygulamasinin kullanilabilirlik

analizi yapilmistir. Senaturk Akademisi senoloji alaninda calismalar gerceklestiren bir merkezdir ve bu
alanda elde edilen hasta ve hastalik verilerinin analizi / takibi i¢in web tabanli bir hasta sagligi takibi
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uygulamasi kullanmaktadir. Gergeklestirilen c¢aligma ile hem Senaturk Akademisi igin gelistirilen
uygulamanin eksiklikleri tespit edilmis hem de farkli birimler i¢in gelistirilecek saglik takibi uygulamalarinin
tasarlanmasi siirecinde goz 6niinde bulundurulmasi gereken faktorlerin tespiti agisindan literatiire katkida
bulunulmustur.

Calismanin  bundan sonraki boliimii su sekilde organize edilmistir. Ikinci boliimde galismanin
gergeklestirildigi katilimc1 grubu ve veri toplama yontemlerinden bahsedilmistir. Ugiincii boliimde elde
edilen bulgular detaylh sekilde agiklanmustir. Dordiincii boliimde ise elde edilen sonuglar tartigilmigtir.

2. Materyal ve Yontem

Kullanilabilirlik ¢aligmalart maliyetli ¢alismalar olmalarina ragmen az sayida kullanicilar ile de basaril
sonuglar elde edilebilecegi daha 6nce yapilan ¢alismalarda gosterilmistir. Katilimer sayisi igin bes ile on bes
araliginda kullanicinin segilmesi yeterlidir (Nielsen ve Landauer, 1993; Ugak ve Cakmak, 2009; Kili¢c ve
Gilingoér, 2006). Literatiirdeki g¢alismalara uygun olarak bu calisma da toplam on {i¢ katilimer ile
gerceklestirilmigtir.  Bu katilimcilarin altis1 kadin, yedisi erkek olarak se¢ilmistir. Uygulamanin kullanim
amacma uygun olarak calisma grubu arasinda saglik alaninda g¢alisanlarin da bulunmasi saglanmistir.
Bilgisayar kullaniminin uygulamanin kullanilabilirligine olan etkisini belirleyebilmek adina internet ve
bilgisayar tecriibesi farkli diizeylerdeki kullanicilarin da teste katilimi saglanmistir. Arastirmanin ¢alisma
grubuna ait detayli demografik bilgiler Tablo 1’de gdsterilmistir.

Tablo 1. Katilimcilarin demografik 6zellikleri

Ozellikler Katilimel Sayisi Katilimer Sayisi

Cinsiyet

Kadin 6 Erkek 7

Yas Arahig Egitim Diizeyi

18-25 Yas 3 Ogrenci (Lisans) 3

25-35 Yasg 7 Lisans 3

35-50 Yas 3 Yiiksek Lisans 4
Doktora 3

Bilgisayar Kullanim Deneyimi Giinliik Bilgisayar Kullaninm

1-10 Y1l 4 1-5 Saat 6

11-20 Y1l 9 6-10 Saat 7

Gergeklestirilen bu g¢alismada deneysel arastirma yonteminden faydalanilmigtir. Bu amagla ilk olarak
kullanilabilirligi test edilecek gogiis saghgi takibi uygulamasinin kullanim amaglar1 tespit edilmistir.
Kullanim amaglarma uygun olarak on farkli gdrevden olusan bir gorev listesi tanmimlanmistir. Gorev
listesindeki gorevler katilimcilara uygulanmadan 6nce olusturulan bir kullanici bilgi anketi araciligiyla,
kullanicilara ait yas, egitim diizeyi, cinsiyet, bilgisayar kullamimi gibi demografik verilerin alinmasi
saglanmigtir. Bunlara ek olarak kullanicilar gorevleri gergeklestirirken her bir gorev igin harcadiklar: siireler
ve tiklama sayilari olugturulan bir gézlem formu araciligryla kaydedilmistir. Gorev basinda gegirilen siireler
literatiirde mevcut olan ¢alismalar (Ozmen Colak, 2014) referans alinarak besli olarak derecelendirilmistir.
Derecelendirmenin nasil yapildigi Tablo 2’de gosterilmistir.
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Tablo 2. Goreyv siirelerinin derecelendirilmesi

Siire Derece
1 0-24 sn Cok iyi
2 25-49 sn Iyi
3 50-74 sn Orta
4 75-99 sn Zorland1
5 100 sn Basarisiz

Gorev listesindeki gorevler tamamlandiktan sonra katilimcilarin  uygulamanin  kullamilabilirligini
degerlendirmeleri i¢in, Bilgisayar Sistemleri Kullanilabilirlik anketinin, (T-CSUQ-SV)13 soruluk Tiirkce
kisa siirtimii (Erding ve Lewis, 2013) kullanilmistir. Anket araciligiyla uygulamaya ait sistem kullanishiligi,
bilgi kalitesi, ara yiiz kalitesi ve genel memnuniyet degerleri elde edilmistir. Ankette yer alan sorularin alt
Olgeklerle iliskilendirilmis hali Tablo 3’te gosterilmistir. Ankette yer alan her soru I(Kesinlikle
Katiliyorum)’den 7(Kesinlikle Katilmiyorum)’ye kadar puanlandirilmistir.

Tablo 3. T-CSUQ-SV anketi alt 6lgekleri (Erding ve Lewis, 2013)

Madde Alt Olgek

1-6 Sistem Kullanighligi
7-9 Bilgi Kalitesi

10-12 Arayiiz Kalitesi

13 Genel Memnuniyet

3.Bulgular

Calisma kapsaminda katilimcilara on farkli gérevden olusan bir gorev listesi verilmistir. Gorev listesinde
bulunan gorevler Tablo 4’te gosterilmistir. Katilimeilar gorevleri gerceklestirirken her bir gorev igin
harcamig olduklar1 siireler dikkate alinarak performanslari derecelendirilmistir. Her goreve ait basari
yiizdeleri tablonun son siitununda gosterilmistir. Elde edilen sonuglara gore kullanicilarin ikinci ve besinci
gorevleri gerceklestirirken zorlandiklar: diger gorevlerde ise basarili olduklar1 gozlemlenmistir.

Tablo 4. Gorev listesinde tanimlanan gorevlerin tamamlanma oranlari

# Gorev Tanim Cok lyi iyi Orta Zorland1 | Basarisiz | Yiizde (%)

1 Senaturk Uygulamasina sizinle paylasilan kullanici ad1 | 12 1 100
ve sifre bilgilerini kullanarak giris yapiniz.

2 Yeni bir hasta kaydi olusturunuz. 1 2 10 7.69

3 Olusturulan hastanin  kaydini, hasta adi bilgisini | 9 4 100
kullanarak arama sayfasi araciligiyla listeleyiniz

4 Arama sayfasinda ¢ikan sonuglardan ilgili hasta | 6 6 1 100
kaydina erisiniz ve hastaya ait telefon bilgisini
giincelleyiniz.

5 Bilgileri giincellenen hastaya ait hastalik bilgisi ve | 1 5 5 2 84.6
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tedavi girisi yapiniz.

6 Hastaya ait patoloji sonuglarmi ve takip bilgisi | 1 10 2 100
girislerini yaparak hastalik bilgilerini kaydediniz.

7 | Kaydettiginiz hastanin hastalik bilgilerini | 9 4 100
giincelleyiniz.

8 Kaydedilen hastanin bilgilerini uygulamadan siliniz. 7 4 2 100

9 Uygulamada kayith olan hasta bilgilerine ait | 12 1 100

istatistiksel excel verisini masaiistiiniize kaydediniz

10 | Cikis ikonunu kullanarak uygulamadan ¢ikis yapiniz. 12 1 100

Gorevlerin basarili olarak tamamlanma yiizdelerine ek olarak her bir goérev igin katilimcilar tarafindan
harcanan ortalama siireler ve her bir gorev icin ortalama tiklama sayilart da verimliligi 6lgmek igin
kullanilabilir. Bu amagla gorevleri gergeklestirirken her bir gorev icin elde edilen degerler Tablo 5’te
gosterilmistir. On gorevden sekizini gerceklestirmek i¢in ihtiya¢ duyulan tiklama sayist yedi ve altinda, islem
siiresi ise yirmi bes sn. ve altindayken ikinci, besinci ve altinci gorevler i¢in daha fazla siire ve tiklama
sayisina gerek olmustur. Bu gorevleri gerceklestirmek i¢in tamamlanmasi gereken adim sayisi daha fazla
oldugu icin bu sekilde bir sonug elde edilmistir.

Tablo 5. Gorevlere ait ortalama tiklanma sayisi ve islem siiresi degerleri

Tiklama Sayisi islem Siiresi

Gorev Numarasi Ort. Standart Sapma Ort. Standart Sapma
Gl 2,92 1,04 13,38 8,38
G2 28,84 8,38 158,92 63,94
G3 4,15 1,46 20,46 9,19
G4 7,69 4,13 25,77 13,04
G5 15,77 8,82 53 19,71
G6 13,69 4,05 40,08 15,34
G7 6,23 2,68 21,08 8,42
G8 6,38 2,81 25,62 19,10
G9 4,23 2,31 12,23 6,57
G10 1,54 0,97 7 7,69

Katilimeilar  goérevlerin  tamamin1  gergeklestirdikten sonra, katilimcilarin = sistemi  genel olarak
degerlendirmeleri i¢in uygulanan ankete verdikleri cevaplar Tablo 6’da gosterilmistir. Tablodaki degerler
incelendiginde kullanicilarin genel olarak sistemden memnun olduklari goriilmektedir. Ancak katilimeilar
(anketin yedinci ve sekizinci sorularina verilen cevaplara gore) hata mesajlarinin daha agiklayic1 olmasi
gerektigini diisinmektedirler.

128



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 124-131

Tablo 6. T-CSUQ-SV anketi alt 6l¢ek puanlari ortalama ve standart sapma degerleri

Agiklama Ortalama Std. Sapma
1 Genel olarak sistemin kullanim kolayligindan memnunum. 2,46 1,27
2 Sistemi kullanmak basittir. 2,15 1,07
3 Sistemi kullanarak islerimi etkin bir sekilde yapabiliyorum. 2,08 0,86
4 Sistemi rahatlikla kullanabiliyorum. 2,08 1,26
5 Sistemi kullanmay1 6grenmem kolay oldu. 1,92 1,26
6 Sistemi kullanarak kisa siirede tiretken hale geldigime inaniyorum. 1,77 0,93
7 Sistemin  verdigi hata mesajlari, problemleri nasil giderecegimi agik¢a

anlatmaktadir. 415 2,30
8 Sistemin Ve.rdigi bilgiler (¢evrim-i¢i yardim, ekran mesajlari, diger bilgiler, vb.) 4.00 242

acik ve nettir. ' !
9 Sistemin verdigi bilgiler kolayca anlasilmaktadir. 2,92 1,85
10 Sistemin ara yiiziinii begendim. 2,54 1,51
11 | Sistemin ara yiiziinii kullanmak hogsuma gidiyor. 2,69 1,49
12 Sistem, bekledigim biitiin islevlere sahip ve yeterlidir. 2,31 1,38
13 | Genel olarak sistem tatmin edicidir. 2 1

Anketteki verilerin tamami degerlendirildiginde genel memnuniyet degerinin 2 oldugu, alt 6l¢eklere gore
degerlendirildiginde ise sistem kullanislilig1, bilgi kalitesi ve ara yiiz kalitesi degerlerinin sirasiyla 2,07, 2,02
ve 1,19 oldugu goriilmektedir. Katilimcilar sistemi bilgi kalitesi bakimindan diger iki alt dlgiite gore daha
olumsuz degerlendirmislerdir ancak elde edilen alt 6lgiit degerlerinin tamami kullanicilarin yiiksek diizeyde

sistemden memnun olduklarini1 géstermektedir.

Demografik veriler ile memnuniyet parametleri arasindaki iligki incelendiginde yalnizca bilgisayar kullanimi
stiresiyle, sistem verimliligi (p=0,028<0,05) ve ara yiiz kalitesi (p=0,016<0,05) agisindan anlamli bir iliski
oldugu tespit edilmistir. Veriler arasindaki iligkinin tespiti i¢in Kruskal Wallis H Testi ve Mann Whitney U

Tablo 7. T-CSUQ-SV anketi alt 6l¢ek puanlari ortalama ve standart sapma degerleri

Ortalama Standart Sapma
Sistem Kullamshhg 2,07 0,93
Bilgi Kalitesi 3,69 2,02
Ara yiiz Kalitesi 2,513 1,19
Genel Memnuniyet 2 1

testleri kullanilmstir.
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4.Tartisma ve Sonug¢

Hastalarin saglik durumu ge¢misleri, mevcut saglik sistemlerinde en zayif noktalardan biri olarak kabul
edilir. Bu nedenle hastalarin hastalik verilerini saklayarak, takibini saglayacak saglik izleme / kayit
sistemlerine ihtiyag vardir (Song ve ark., 2015). Bu amagla gelistirilen uygulamalarin etkili, verimli ve
anlasilabilir olmas1 gerekmektedir.

Bu galismada Senaturk Akademisi igin gelistirilen gogiis sagligi izleme uygulamasinin kullanilabilirlik
aragtirmas1 gergeklestirilmistir. Arastirma sonucunda kullanicilarin genel olarak uygulamadan memnun
olduklar1 gozlemlenmistir. Ancak sistemdeki uyart mesajlarinin yetersiz oldugu tespit edilmistir. Ayni
zamanda katilimeilarin bilgisayar kullanim siirelerinin uygulamanin kullanilabilirligi izerinde etkili oldugu
tespit edilmistir.
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Orman Koylilerinin Odun Disi Orman Uriinlerini Kullanim
Olanaklan (Egirdir Yoresi Ornegi)

Ramazan Raimov!, Hiiseyin Fakir >

Ozet: Son yillarda orman kaynaklarindan iiretilen odun hammaddesinin yaninda odun dis1 orman
tiriinlerine yonelik talep gittikge artmaktadir. Bu talep artis1 yalniz ticari kazanglarin degil; 6zellikle orman
koyliileri basta olmak {izere yerel ihtiyaclarin karsilanmasinda da onemli bir rol oynamaktadir. Bu
baglamda gerek iilkemizde gerekse Egirdir Yoresi’nde var olan odun digi orman {iriinleri potansiyelinin ve
degerlendirme olanaklarinin belirlenmesi ekonomik, sosyal ve c¢evresel yonden pek c¢ok yarar
saglayacaktir.

Egirdir Yoresi’ndeki orman koyliilerinin demografik ve sosyoekonomik yapisi, koylillerin Odun Disi
Bitkisel Uriinlerini tiiketim amaglari, tiiketim zamam, tiiketim siklig1, temin sekilleri, tiiketilen bitkisel
iiriinlerden goriilen faydalar ve yan etkileri, tliketim aligkanlifinin olusumunda etkili olan faktorlere
iliskin degerlendirmeler bu tez c¢alismasi ile ortaya konulmustur. Calismada tiiketici ozelliklerinin
belirlenmesi amaciyla 25 sorudan olusan bir anket formu kullanilmistir.

Calismada, 26 familyanin 44 cinsine ait toplam 53 odun disi bitkisel orman iiriinii degerlendirmeye
almmustir. Bu bitki taksonlarinin bilimsel adlari, familyalari, odun dig1 orman iriinii olarak kullanilan
kisimlar1, yo6resel kullanim alanlari, endemik olanlarinin belirlenmeleri ve yerel halka ve ekonomiye
katkilar1 konularinda bir veri tabani olusturulmustur.

Aragtirma sonuglarina gore; Tiiketiciler, genel saglik, tedavi ve keyif amaciyla bu bitkileri kullanmaktadir,
Tiketim bigimi biiyiik oranda infiizyon ve dekoksiyon seklindedir. Alinacak dozaj ve yan etkiler
konusunda 6nemli bir bilgi eksikligi bulunmaktadir. Dogadan toplanan bitkilerin, toplandigi haliyle
tilketimi tercih edilmektedir. Tiiketim aliskanliginin olugmasinda etkili olan faktorler arasinda ilk sirada
aile ve yakin c¢evrenin tavsiyeleri yer almaktadir. Bu agidan tiiketim aligkanligmmin olusmasinda
geleneksellik hakimdir.

Anahtar Kelimeler: Orman Kéyliileri, Odun Dis1 Orman Uriinleri, Egirdir, Isparta

Usage Possibilities of Non-wood Forest Products of Forest
Villagers (Egirdir Province Case)

Abstract: Recently, there has been increasing on demand for non-wood forest products. This demand
increasing plays an important role in both commercial benefits and regional economic developments. For
this reason, it is important to determine the availability and the usability of these non-wood products which
are exist in Egirdir province for economic, social and environmental aspects.

LIsparta University of Applied Science, Faculty of Forestry, 32260, Citation (Auf): Raimov, R., Fakir, H. (2018). Orman Kéyliilerinin
LsParta’ Turks_ay . . . Odun Dist Orman Uriinlerini Kullanim Olanaklart (Egirdir Yoresi
Correspondingauthor: huseyinfakir@isparta.edu.tr Ornegi). Bilge International Journal of Science and Technology
Research, 2(special issue), 132-144.
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Demographic and socio-economic structure of forest villagers in Egirdir, consumption purposes of non-
wood forest products of the peasants consumption time, frequency of consumption, supply forms,
consumed seen from vegetable products, benefits, and side effects, evaluations of influential factors in the
consumption habits were put forwarded by this thesis study. A questionnaire which consist 25 questions
was used for determining to consumer features.

In this study, 53 specimens belonging to 44 genera of 26 families were evaluated. In addition, a database
includes scientific name, family, usable parts, usage of regional and determination of endemics, regional
and national benefits were designed.

According to the results of this research; the consumers use these plants for general health, therapy and for
pleasure. Consuming type is as infusion and decoction on large scale and also there is a big deficiency by
means of using dose and side effect. Consuming of native plants is preferred as in form naturally collected
from nature. Among the factors that affect consumption behaviors, recommendations of family and
relatives are first place. In this regard, traditionalism dominates the formation of consumption habits.

Keywords: Forest Villagers, Non-Wood Forest Products, Egirdir, Isparta

1. Giris

Insanin varolusundan itibaren bitkilerle olan iliskisi, giiniimiizde de aynen devam etmektedir. ilk caglardan
kalan arkeolojik bulgulara gore insanlar, besin elde etmek ve saglik sorunlarini gidermek icin oncelikle
bitkilerden faydalanmislardir (Kogyigit, 2005; Faydaoglu ve Siiriictioglu, 2011). insanlik tarihi boyunca
O6nemini hi¢cbir zaman yitirmeyen tibbi ve aromatik bitkiler, glinlimiizde de gida, cesni, ila¢ ve sifa amagh
kullanmaktadir.

Ulkemiz zengin bitki ortiisii ve etnobotanik bilgi birikimi ile gelisen tibbi ve aromatik bitkiler sektoriinde
ontimiizdeki dénemde yildiz1 parlayacak iilkeler arasinda goriilmektedir. Son zamanlarda sektérde yasanan
gelismeler, tarihi Ipek ve Baharat Yollarimin giizergahinda olan iilkemizin dogunun bitkisel ve kiiltiirel
zenginliklerini batiya aktarma konusunda gelecekte de Onemli bir rol oynayacagimi gostermektedir.
Tiirkiye’nin yillar itibariyle tibbi ve aromatik bitkiler ihracati yillar itibariyle dis satim miktarini 6nemli
oOl¢tide artirdig1 ve elde edilen gelirin ise yiikseldigi goriilmektedir (Arslan vd., 2015).

Bu caligma ile Egirdir Yoresinde® ki orman kdyliilerinin demografik ve sosyoekonomik yapisi, koyliilerin
odun dis1 bitkisel iiriinleri (ODBU) (tibbi bitkiler basta olmak iizere) tilketim amaclari, tilketim zamany,
tiketim sikligi, temin sekilleri, tiiketilen bitkisel iirlinlerden goriilen faydalar ve yan etkileri, tiiketim
aligkanliginin  olusumunda etkili olan faktorlere iliskin degerlendirmeler ortaya konulmustur. Egirdir
yoresindeki gida, tip ve eczacilik basta olmak iizere kimya, boya, kozmetik gibi degisik sanayi alanlarinda
odun dis1 orman iriinii olarak kullanilan bitki taksonlar1 belirlenmistir. Calismada, 26 familyanin 44 cinsine
ait toplam 53 odun dis1 bitkisel orman {triinii degerlendirmeye alinmigtir. Bu bitki taksonlarmin bilimsel
adlari, familyalari, odun dist orman {irinii olarak kullanilan kisimlari, yoresel kullanim alanlari, endemik
olanlarinin belirlenmeleri ve yerel halka ve ekonomiye katkilar1 konularinda bir veri tabani olusturulmustur.

2. Materyal ve Yontem

Aragtirma alan1 30° 39” 17° - 38° 30° 30”* kuzey enlemleri arasinda yer almaktadir. Arastirma alaninin sinirt
dogu, bati ve kuzeyde Egirdir Golii Su Toplama Havzasi sinirindan, giineyde ise Davras Dagi-Asacak Dagi—
Yarpuz Sivrisi Tepe—Kizildag Tepe-Simgirli Tepe—Dedegiil Dag1 hattindan gegmektedir. Havzanin kuzeyinde
Sultan Daglar1 ve Karakus Daglari, batisinda Gelincik, Sinap ve Kaymaz Dagi, dogusunda ise Anamas
Daglar yer almaktadir (Sekil 1).
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Sekil 1. Arastirma alani

Calismadaki bitkiler basta Tiirkiye florasi (Davis, 1965-1985; Davis vd., 1988; Giiner vd., 2000 ) olmak
iizere gesitli kaynaklardan (Heywood ve Tutin, 1964) yararlanilarak teshis edilmistir. Tanilar1 yapilan bitki
ornekleri S.D.U. Orman Fakiiltesi Herbaryumu’na yerlestirilmistir. Endemik taksonlarin Tiirkiye Bitkileri
Kirmizi Kitabi (Ekim vd., 2000)’na gore tehlike kategorileri verilmistir.

Calismada (Korkmaz vd., 2011) tarafindan gelistirilen ve 25 sorudan olusan anket formu kullanilmistir.
Anket formlarinda yer verilen sorular ve cevap siklari ile dgrenilmesi istenilen konular: (1) Tiketicilerin
demografik ve sosyo-ekonomik yapisi, (2) Tiiketicilerin ODBU’yii (tibbi bitkiler basta olmak iizere) tiiketim
amaglari, (4) Tiketim zamani, (5) Tiketim sikligi, (6) Temin sekilleri, (7) Tiiketilen bitkisel iiriinlerden
goriilen faydalar ve yan etkileri, (8) Tiiketim aligkanliinin olusumunda etkili olan faktérler ve (9) Satig
noktalarina iligkin degerlendirmeler seklinde siralanmaktadir.

Anket uygulanmasi esnasinda deneklerin anket sorularini bir etki altinda kalmadan yanitlamasini saglamak
amactyla anket formlarini yalniz bagina cevaplandirmasi tercih edilmistir.

Ornek biiyiikliigiiniin belirlenmesinde, simrli toplumlarda kullanilan ve asagida aciklanan esitlikten
faydalanilmigtir (Karasar, 2005);

Burada;

n : Ornek biiyiikliigiinii,

z : Giiven katsayisini (%95°1ik giiven diizeyi igin Z=1.96),

N : Ana kiitle biiyiikliigiini

p ve q : Olgiilmek istenilen biiyiikliigiin, ana kiitlede bulunma olasiligin1 (0,5),
D : Kabul edilen 6rnekleme hatasini (% 10) gostermektedir.
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Yukarida belirtilen formiile gére yapilan hesaplama sonucunda 6rnek biiyiikliigii 96 bulunmus, ¢alismada her
kirsal yerlesim birimden en az 10 olmak {izere toplam 100 kisi ile yapilan anketler degerlendirmeye
alinmistir (Cizelge 3.3). Anket formlarmin degerlendirilmesi, yanitlanan cevap siklarinin sayisal degerlerinin
yiizdelik oranlara doniistiiriilmesi seklinde yapilmistir. Ayrica bazi degiskenler arasinda iliski olup olmadigi,
kikare (y2) testi ile belirlenmistir. Analizlerde Statistical Package for Social Science (SPSS) 20.0 programi
kullanilmustir.

Cizelge 1. Anket yapilan yerlesim birimleri

Yerlesim Yeri Ad1 Anket Sayis1
Sorkuncak 10
Bagilli 15
Gokeehdyiik 10
Pazarkoy 10
Agilkoy 10
Yukarigokdere 25
Barla 10
Caykoy 10
Toplam 100

3.Bulgular
3.1. Deneklerin Demografik ve Sosyo-Ekonomik Ozellikleri

Egirdir‘de ankete katilan tiiketicilerin % 62’sini erkek, % 38’ini bayanlar olusturmaktadir. Ankete katilan
deneklerin bazi sosyo-ekonomik ve demografik Ozellikleri c¢izelge 2’de gosterilmistir. Yas gruplari,
iilkemizde benimsenen faal niifus olgiitleri bazinda degerlendirilmistir. Buna gore, ankete katilan denekler
arasinda 26-45 yag grubu agirliktadir. Deneklerin biiyiik boliimii ilkokul ve lise mezunu kisilerdir. Ankete
katilan deneklerin gelir diizeyleri genis bir aralikta incelenmistir. Deneklerin biiyiikk ¢ogunlugunu diisiik ve
orta gelir grubu olusturmaktadir.

Meslek gruplar agisindan bir degerlendirme yapildiginda, deneklerin %281 ev hanimi, %8’1 memur, %26’s1
is¢i, %8’1 serbest meslek, %1371 ¢iftei, %17’si emekli oldugu ortaya ¢ikmaktadir.

Cizelge 2. Katilimcilarin bazi sosyo-ekonomik ve demografik 6zellikleri

Yas Gruplari Say1 %
18-25 10 10,0
26-45 40 40,0
46-65 27 27,0
>65 23 23,0
Toplam 100 100,0
Egitim diizeyi Say1 %
[kogretim 68 68,00
Lise 23 23,00
Universite 8 8,0
Lisanstuisti 1 1,0
Toplam 100 100,0
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Gelir Diizeyi Say1 %
0-500 36 36,0
501-1000 23 23,0
1001-2000 28 28,0
>2000 13 13,0
Toplam 100 100,0

3.2. Tiiketim Ozellikleri

Tiiketicilerin ODBU’yii tiiketim amaglar1 incelendiginde genel saglik igin kullanimm yogun oldugu Sekil
2’de goriilmektedir. Bunun yaninda tedavi ve keyif amagli kullanimlar da bulunmaktadir. Deneklerin %80°1
genel saglik igin, %12’si tedavi i¢in, %8’1 keyif i¢in bu bitkileri kullanmaktadir.

keyf I
Tedavi [N
Genel sagiik - |

0 10 20 30 40 50 60 70 80 %0

%
Sekil 2. Tiiketim amaglari

Zaman agisindan tiiketiciler arasinda diizenli bir tiiketim aligkanligina sahip olanlarinin orani asagidaki
sekilde verilmistir. Sekil 3’de deneklerin %5°i gilinde, %581 haftada, %26’s1 ayda bir olmak iizere bu
iriinleri diizenli olarak kullanirken, %5 nin diizenli bir kullanim1 bulunmamaktadir.

Dizenli olarak kullanmiyorum [
Diger NI
Ayda I
Haftada I

Giinde N

0 10 20 30 40 50 60 70

%
Sekil 3. Bitkilerin tiiketim siklig1

Devamli olarak veya degistirerek bitkilerin kullanma oraninda, tiiketiciler tarafindan bitkilerin biyiik bir
bolimii ara ara degistirerek kullanmstir. Sekil 4’de goriildiigi izere deneklerin %10’u devamli ayn1 bitkileri
kullandigini, %68’1 ara ara degistirdigini, %22’si farkli bitkiler kullandigini belirtmektedir. Yapilan kikare
testi bulgularina gore kadinlar erkeklere oranla daha fazla farkli bitki kullanmaktadir (X?=11,752, sd: 2, p=
0,03).
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Her defasinda farkh bitki | NGNGB
Ara ara defistijorum |

Devamli kullancigim bitki [N

0 10 20 30 0 50 60 70 80

%
Sekil 4. Bitki tercihleri

Tiiketiciler bu trlinleri farkli kaynaklardan temin etmektedir. Sekil 5’de goriildiigii {izere deneklerin biiyiik
bir boliimii (%90) kullandig1 bitkileri dogadan temin etmektedir. Pazar - aktar veya marketlerden temin ¢ok
diisiik diizeydedir. Bu durum kdoylerin ¢evresinde dogal olarak yetisen tiirlerin ge¢cmisten beri toplanarak
tiiketilmesinden kaynaklanmaktadir.

Dogadan |

Marketlerden [l

Pazardan [l

0 10 20 30 40 50 60 70 80 %0 100

%
Sekil 5. Bitkilerin nasil temin edilmesi

Sekil 6’da goriildiigii gibi tliketiciler tarafindan iriinlerin biiyiik bir boliimii infiizyon ve dekoksiyon
haglayarak demleme (%76) seklinde tiiketilmektedir. Bunun yaninda tiiketicilerin %4’dii gidalara
karigtirarak, %2’si yag olarak, %3’li merhem olarak, %?2’si soguk suda bekleterek, %13’ 6z suyunu
cikararak kullanmaktadir. Yapilan kikare testi sonuglarina gore tiiketim bigimleri katilimcilarin egitim ve
gelir diizeylerine istatistiksel olarak anlamli farkliliklar igermektedir (Egitim i¢in X?= 38,836; sd= 15; p=
0,001, Gelir igin X?= 25,672; sd= 15, p= 0,042).

0z suyunu cikararak  IEEE——
Soguk suda bekleterek M
Merhem olarak
Yag olarak M
Gidalara kangtirarak .

Haglayarak demle me: |

0 10 20 30 40 50 60 70 80

Sekil 6. Nasil/ne sekilde tiikketilme oran1
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Tiiketicilerin %831 bu bitkilerden yarar gordiigiinii, %16’s1 biraz, %1°de hayir hi¢ gérmedigini belirtmistir
(Sekil 7)

Hayir hic gbrmilyorum 1
Biraz |
Evet I

0 10 20 30 4 5 6 0 8 N
Sekil 7. Kullanilan bitkilerden yarar gérme orani

Sekil 8’de tiiketicilerin %77’si bitkileri kullanmadan 6nce bilgi aldigini, %6°s1 bazi bitkiler i¢in belirtirken
%16’i kendim biliyorum, %1°1 bilgi almiyorum, bilgim var seklinde bu bitkileri kullandiklari ortaya
¢ikmaktadir.

yeterli diizeyde bilgivar 1
Almiyorum 11
kendim biliyorum I
Baz bitkiler igin - =
Evet aliyorum I

0 10 20 30 40 50 60 70 80 %0

%
Sekil 8. Kullanilan bitkiler hakkinda bilgi alma orani

Satin Alinan Uriinlerin Fiyatlar1 Konusundaki Diisiincelerin Yiizdesel Dagilimi Sekil 9°da Bunun yaninda
tiiketicilerin %15’1 pahali, %41°i normal, %16’s1 ucuz, %28’1 fikrim yok seklinde yiizdesel dagilimi ortaya
¢ikmaktadir. Kikare testi sonuglarina gore iiriin fiyatlari hakkindaki goriisler katilimcilarin cinsiyet (X?=
11,006; sd=3; p=0,012), egitim (X?>= 17,875; sd=9; p=0,037) ve gelir diizeylerine (X?= 19,991; sd=9;
p=0,018) gore istatistiksel olarak farklilasmaktadir (p<0,05). Bu bulguya gore, erkekler, egitim diizeyi goreli
olarak yiiksek olanlar ile gelir diizeyi yiiksek olanlar fiyatlar1 uygun bulmaktadir.

Fikrim Yok I
Ucuz I
Normal |
Pahall I

0 5 10 15 20 25 30 35 40 45

%
Sekil 9. Fiyatlar1 konusundaki diisiincelerin yiizdesel dagilimi
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Tiiketicilerin biiyiik cogunlugu (%96) kullandiklar: bitkileri yakin gevre- arkadaslarina 6nermektedir. (Sekil
10)

Hayr [l
Evetneriyorum
0 20 40 60 80 100 120

%
Sekil 10. Cevre ve yakin arkadaslara 6nerme orant

Tiiketicilerin %89’u dogrudan dogal olan bitkileri kullanmay1 tercih ederken %6’s1 hazir hale getirilmis
olanlari, %5°de her iki sekilde de kullanmaktadir (Sekil 11). Kikare testi sonuglarina gore hazir hale
getirilmis olan {iriinleri tercih edenler, egitim diizeyi yiiksek olan katilimeilardir (X?= 20,696; sd=6;
p=0,002).

Her ikisekilde de [l
Haarr hale getirilmis olani [l
Dogrudan dogal olan: |
0 10 20 30 a0 50 60 70 80 90 100

%
Sekil 11. Bitkilerin dogrudan kullanilmasi veya hazir hale getirilmis orani

Tiketicilerin %66’s1 kullanarak dozaj hakkinda bilgi edindigini, %25’i ise sadece bazi bitkiler igin bilgi
aldigini belirtmektedir (Sekil 12)

Diger 1N
Hayr
Bazilarticin ediniyorum I
Evet edindim/Ediniyorum I

0 10 20 30 40 50 60 70

%
Sekil 12. Bitkilerin dozaj1 hakkinda bilgi alma orant

139



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 132-144

Tiiketicilerin sadece %2’si kullandiklar1 bitkilerden yan etki gordiiglinii belirtmistir. Bu bulgu, kullanilan
miktar konusundaki bilgi diizeyi ile de uyumludur. (Sekil 13) evet yan etkisini gordiim, %96’s1 hayir
gormedim, %2’si de duydum ama bir yan etki gérmedim seklinde ortaya ¢ikmaktadir. Kullanilan bitkilerin
zehirli olup olmadigi hakkinda deneklerin tamami bilgi sahibidir.

Duydum ama bir yan etki gérmedim I

Hayrr gormedim |
Evetyan etkisini gordim ||
0 20 40 60 80 100 120

%
Sekil 13. Bitkilerin yan etkisi hakkinda tiiketicilerin goriisleri

Kullanim aligkanliginin olusumunda etkili olan en onemli faktdr, yakin ¢evremin tavsiyeleridir. Bu
geleneksel olarak gegmisten gelen bilginin aktarilmis seklindedir. Bunu, doktor tavsiyeleri ve merak
izlemektedir (Sekil 14). Kikare testi sonuglarma gore kullanim aligkanliklarinin olusumunda etkili olan
faktorler, katilimeilarin egitim (X?= 39,041; sd=6; p=0,000) ve gelir diizeylerine (X°?= 16,835; sd=6;
p=0,010)istatistiksel olarak anlamli diizeyde farklilagmaktadir (p<0,05). Yani egitim ve gelir diizeyi arttikca,
doktor tavsiyelerinin kullanim aligkanliginin olusumunda etkili oldugu goriilmektedir.

Merak tizerine [l
Doktorum araciligyla [l
Yakin cevremin |
0 10 20 30 40 50 60 70 80 90 100

%
Sekil 14. Bitkilerin nasil kullanmaya basladig1 hakkinda tiiketicilerin goriisleri

3.3. OBDU’niin Elde Edildigi Bitkiler ve Goriilen Faydalar

Tiiketicilerin % 69,82’si tiiketilen iiriinlerden belirgin bir fayda gordiiklerini belirtirken % 23,12’si bu soruya
biraz cevabimi vermistir. Tiketicilerin % 1,02’si bu konuda fikir belirtmemis ve % 6,04’ ise hi¢ yarar
gormedigini ifade etmistir. Tiiketicilere yararlandiklar1 bitkilerin ydresel adlarinin yaninda familya ve
bilimsel adlar1 da belirlenmistir. Bitkilerin kullanimi1 daha ¢ok genel saglik i¢in kullanilmaktadir. Bunun
tedavi ve keyf icin kullanimlar izlemektedir. OBDU’niin elde edildigi bitkiler ve kullanim alanlar1 Cizelge
3’de verilmistir.
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Cizelge 3. OBDU’niin Elde Edildigi Bitkiler ve Kullanim Alanlar

Bilimsel Ad1 Familyasi Yoresel Endemik Kullanmilan Yoredeki Kullanimi
Ad1 Tehlike Kisim
Durumu
Pistacia terebinthus L. subsp. | Anacardiaceae Cithik - Meyve Gida ve yem
palaestina (Boiss.) Engler
Rhus coriaria L. Anacardiaceae Sumak - Meyve Baharat
Anthemis tinctoria L. var. | Asteraceae Papatya - Cicek Yatistiric1 ve gaz soktiricii,
Tinctoria infiizyon
Bellis perennis L. Asteraceae Cay1r - Cigek Idrar arttirici, Infiizyon
Papatyasi
Cichorium intybus L. Asteraceae Hindiba - Cigek dal, | Kabizlig giderici,
yaprak ve kok | dekoksiyon
Helichrysum arenarium (L.) | Asteraceae Altin Otu LR (Ic) Cicek Ulser ve gastrit, infiizyon
Moench subsp. aucheri (Boiss.)
Davis & Kupicha (Endemik)
Sonchus asper (L.) Hill. Asteraceae Esek Marulu - Taze vyaprak | Gida, bitkiden elde edilen
ve siirgiin siit bocek sokmalari
Taraxacum syriacum Boiss. Asteraceae Kopek Marulu | - Cigek dal ve | Gida, seker diigiiriicii, mide
yaprak agris1 giderici, infiizyon
Berberis crataegina DC. Berberidaceae Karamuk - Meyve Regel ve marmelat
Capsella bursa-pastoris (L.) | Brassicaceae Kuskus Otu - Yaprak, ¢icek | Dis ve bogaz agrilar
Medik Ve meyve giderici ve gida, infiizyon
Chenopodium album L. Chenopodiaceae | Yabani - Yaprak Gida
Ispanak
Convolvulus arvensis L. Convolvulaceae | Tarla - Yaprak, ¢icek | Yara iyilestirici, kabizlik
Sarmasig1 ve kok giderici, inflizyon
Cornus mas L. Cornaceae Kizileik - Meyve Gida ve ishal kesici
Juniperus oxycedrus L. subsp. | Cupressaceae Katran Ardict - Kozalak Kirik ve ¢ikik ve yara
Oxycedrus (Yag) tedavisinde
Juglans regia L. Juglandaceae Ceviz - Yaprak, Gida, kan sekeri distriici,
kabuk, meyve | infiizyon, dekoksiyon
Equisetum arvense L. Equisetaceae At Kuyrugu - Yaprak ve | Romatizma agrilarimi
slirgiin giderici
Glycyrrhiza glabra L. var. | Fabaceae Meyan Kok - Kok Gogsii yumusatict
glandulifera (Waldst. & Kit.)
Boiss.
Vicia sativa subsp nigra (L.) | Fabaceae Burgak - Meyve Hayvan yemi
Ehrh. var. nigra,
Quercus cerris L. var. cerris Fagaceae Sagh Megesi - Meyve Hayvanlarda ishal kesici
Hypericum perforatum L. Hypericaceae Kantoron - Cigekli dal ve | Mide ve bagirsak gazlarini
yaprak giderici
Hypericum scabrum L. Hypericaceae Kantoron - Cigekli dal ve | Mide ve bagirsak gazlarin
yaprak giderici
Ajuga chamaepitys (L.) | Lamiaceae Yer Cami - Cicekli dal ve | Kadn hastaliklari, infiizyon
Schreber subsp. chia (Schreber) yaprak
Arcangeli var. chia
Melisa officinalis L. subsp. | Lamiaceae Limon Otu - Cigekli dal ve | Gaz soktiiriict,
altissima (Sm.) Arcangeli yaprak sakinlestirici, ates disiiriict,
infiizyon
Mentha longifolia (L.) Hudson | Lamiaceae Su Nanesi - Cigekli dal ve | Baharat, soguk alginlhig,
subsp. typhoides (Briq.) Harley yaprak hazimsizlik, inflizyon
Micromeria cristata (Hampe) | Lamiaceae Tas nanesi LR (Ic) Cicekli dal ve | Soguk algmhgi, infiizyon
Griseb. subsp. phrygia P.H. yaprak
Davis (Endemik)
Origanum  minutiflorum O. | Lamiaceae Siitciiler VU Cicekli dal ve | Baharat, soguk alginhg,
Schwarz & P. H. Davis Kekigi yaprak bogaz enfeksiyonlari,
(Endemik) inflizyon
Origanum onites L. Lamiaceae Bilyal: Kekik - Cicekli dal ve | Baharat, soguk algmligi,
yaprak bogaz enfeksiyonlari,
inflizyon
Origanum sipyleum L. | Lamiaceae Bayir Kekigi Cicekli dal ve | Soguk algiligi, bogaz
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(Endemik) yaprak enfeksiyonlari, infiizyon
Origanum vulgare L. subsp. | Lamiaceae Keklik Otu - Cicekli dal ve | Soguk alginhg, bogaz
viride (Boiss.) Hayek yaprak enfeksiyonlari, infiizyon
Phlomis armeniaca Willd. | Lamiaceae Salba LR (Ic) Yaprak, ve | Soguk algmliklari, mide
(Endemik) cicek agrilari, Infiizyon
Salvia sclarea L. Lamiaceae Misk Adagay1r | - Cicekli dal ve | Soguk  alginligi, mide
yaprak usiitmeleri, infiizyon
Salvia tomentosa Miller Lamiaceae Biiyiik Cigekli | - Cigekli dal ve | Soguk alginhgi, bogaz
Ada Cay1 yaprak agrilari, mide dsiitmeleri,
infiizyon
Satureja thymbra L. Lamiaceae Corba Kekigi - Cigekli dal ve | Baharat, soguk algmnligi,
yaprak bogaz enfeksiyonlari,
infiizyon
Sideritis condensata Boiss. & | Lamiaceae Dag Ada Cay1 | LR (cd) Cigekli dal ve | Mide agrilari, agr kesici,
Heldr. Apud Bentham yaprak istah agici, infiizyon
(Endemik)
Sideritis erythrantha Boiss. & | Lamiaceae Tiyli Dag Cicekli dal ve | Mide agrlari, agr kesici,
Heldr. var. erythrantha Ada Cay1 yaprak istah agici, inflizyon
(Endemik)
Sideritis  libanotica  Labill. | Lamiaceae Tiyli Dag | LR (Ic) Cicekli dal ve | Mide agrlari, agr kesici,
subsp.  linearis  (Bentham) Ada Cay1 yaprak istah agici inflizyon
Bornm. (Endemik)
Thymbra spicata L. var. spicata | Lamiaceae Esek Kekigi - Cicekli dal ve | Baharat, soguk algmligi,
yaprak nefes agicl, inflizyon
Thymus zygioides Griseb. var. | Lamiaceae Kekik LR (Ic) Cigekli dal ve | Baharat, soguk alginligi,
lycaonicus (Celak.) Ronniger yaprak bogaz enfeksiyonlari, nefes
(Endemik) acic, inflizyon
Asparagus acutifolius L. Liliaceae Kuskonmaz - Toprak {istii | Seker hastalig, inflizyon
kisim
Malva sylvestris L. Malvaceae Ebe Giimeci - Yaprak Gida
Orchis anatolica L. Orchidaceae Salep - Yumru Gida, dondurma
Papaver rhoeas L. Papaveraceae Gelincik - Cicek ve | Gida, oksiiriik kesici
meyve
Plantago  major L. subsp. | Plantaginaceae | Sinir Otu - Yaprak ve | Bocek sokmalarinda
major slirgiin kasintiy1 giderici
Rumex acetosella L. Polygononaceae | Eksi Kulak - Yaprak Gida, kabizlik giderici
Clematis vitalba L. Ranunculaceae Ak Asma - Yaprak Zehirli, sinir hastaliklari,
infiizyon
Rhamnus nitudus Davis | Rhamnaceae Boyaci Dikeni Kabuk ve | Boya ve kusturucu,
(Endemik) meyve infiizyon
Crataegus monogyna Jacg. | Rosaceae Kirmizi Alig - Yaprak, ¢icek | Gida, tansiyon disiiriici,
subsp. monogyna ve meyve prostat rahatsilziklari,
infiizyon
Crataegus orientalis Pallas ex | Rosaceae Sar1 alig - Yaprak, ¢icek | Gida, tansiyon disiriici,
Bieb. var. orientalis ve meyve prostat rahatsiliklari,
infiizyon
Rosa canina L. Rosaceae it Burnu - Meyve ve tag | Regel, marmelat, meyve
yaprak suyu, infiizyon
Sorbus  umbellata  (Desf.) | Rosaceae Geyik Elmast - Yaprak ve | Seker hastaligi, infiizyon
Fritsch var. cretica (Lindley) meyve
Schneider
Tilia platyphyllos Scop. Tiliaceae Ihlamur - Cicek Gogiis  yumusatict, idrar
soktiirtici, soguk algmligi,
uykusuzluk, infiizyon
Celtis glabrata Steven ex | Ulmaceae Citemik - Meyve Gida, hazmi kolaylastirict
Planchon sar1 renk elde edilmesi
Urtica dioica L. Urticaceae Isirgan Otu - Yaprak ve | Gida, ates disiiriici, agr
stirgiin kesici, inflizyon,
dekoksiyon
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4.Tartisma ve Sonug¢

Yapilan c¢alisma ile Egirdir Yoresinde odun dis1 bitkisel degeri olan bitki taksonlarinin bilimsel ve yoresel
adlari, endemiklik durumu, odun dis1 orman {iriinii olarak kullanilan kisimlari ve kullanim alanlar1 ve yerel
halka ve ekonomiye katkilar1 konularinda bir veri tabani olusturulmustur.

Bitki tiirleri agisindan bir tiikketim aliskanligina sahip olan tiiketiciler, tiiketim big¢imi olarak ¢ogunlukla
inflizyon ve dekoksiyon seklinde, geleneksel bir kullanim bi¢imini tercih etmektedir. Bunun yaninda diger
gida tirlinlerine karistirilarak yemeklerde lezzet arttiric1 olarak da kullanimlar bulunmaktadir.

Egirdir Yoresinde ODBU’niin en yaygin tiikketim amaglari; genel saglik, tedavi ve keyf seklindedir. Uriinlerin
en yogun tiikketim donemleri sirastyla kis ve sonbahar mevsimleridir. Tiiketim amaglari ile tiikketim donemleri
arasindaki siki bir iligki bulunmaktadir. Ciinkii alt ve iist solunum yolu enfeksiyonlarinin en fazla goriildiigii
kis ve sonbahar mevsimlerinde tiiketicilerin dogal bitkilerin daha ¢ok koruyucu ve bagisiklik sistemini
giiclendirici 6zelliklerinden faydalanmay1 amagladigi icin yogun kullanimlari oldugu goriilmektedir

Tiiketim aligkanliginda etkili olan faktorler incelendiginde aile ve yakin ¢evrenin tavsiyeleri ilk siradadir. Bu
acidan Egirdir Yéresi’'nde ODBU niin tiiketiminde ge¢misten gelen geleneksel bir tiiketim aliskanlig1 devam
etmektedir. Bu aligkanlik, bitki tiirii, tiiketim alan1 ve bi¢imini betimlemektedir.

Tiiketicilerin biiyiik bir boliimii tiiketilen tirlinlerden fayda gérmektedir. Ancak kullanilacak dozaj konusunda
onemli bir bilgi eksikligi bulunmaktadir. Tiiketicilerin sadece yaklagik {i¢te birlik bir boliimiiniin alinacak
dozaj konusunda bilgisi vardir. Bunun yaninda iiriinlerin tiiketiminde ortaya ¢ikabilecek yan etkiler ile hangi
bitkilerin zehirli oldugu konusunda da bilgi diizeyi diisiiktiir.

Tiiketiciler {irtinleri biiylik bir kismi dogadan izinsiz toplayicilik yoluyla temin etmektedir. Aktar, market ve
semt pazarlarindaki perakendecilerden temin diisiik diizeyde de olsa vardir.

Egirdir Yéresi’nde yerel halk ODBU’den iilkemizin birgok bdlgesine gore iyi ekonomik girdi saglamaktadir.
Ancak, baz1 yanhs bilgi ve uygulamalar ODBU’den faydalanmay1 azalmaktadir. Yerel halk ODBU’yii
dogadan toplarken toplama zamani ve seklinde, kurutma ve depolamada bazi hatalar yapmaktadir. Ornegin
Origanum spp. tiirleri %50 ¢iceklenme doneminde bigilerek hasat edilmesi gerekir. Ugucu yag liretimi igin
ciceklenme devresi en uygun bigim zamanidir. Toprak yiizeyinin 10—15 cm yukarisindan bi¢im yapilmalidir.
Bigilen kekigin ugucu yag kayiplarinin minimumda tutulabilmesi igin kurutma islemi gdlgede (35 °C’yi
asmayan sicaklikta) yapilmali, saplardan ayrilan yapraklarin nem igerigi en fazla %12 olmamalidir. Bolgede
calismamiz boyunca bu kurallara pek dikkat edilmedigi goriilmistiir. Genelde Origanum spp. tiirleri yorede
meyveye durunca toplandigi, topraktan sokiilerek veya dipten bicildigi, giines altinda kurutuldugu,
yapraklarin saplardan ayrilmasinda ilkel yontemlerin kullanildig1 (traktor ile iizerinden gegilerek saplardan
yapraklarin ayrilmasi vb.) ve biiyiik ¢uvallarda ve rutubetli depolarda muhafaza edildigi tarafimizca tespit
edilmistir. Buna benzer uygulamalar diger ODBU iginde gegerlidir. Bolgedeki bu uygulamalar iriin kalitesini
diisiirmekte ve ODBU daha diisiik fiyatlara satilmaktadar.

Bolgede tehlike altinda olan endemik tiirler de ODBU olarak toplanmaktadir. Ornegin Origanum
minutiflorum, Sideritis libanotica subsp. linearis, Phlomis armeniaca vb. tehlike altindaki endemik tiirlerinin
dogadan bir plan dahilinde toplatilmasi en dnemli konulardan biridir. Orman Genel Midiirliigii’niin (OGM)
yorede bu tiirleri tantyacak ve toplama planini ve denetimini yapacak egitimli personeli ¢ok azdir. Bununla
birlikte, son yillarda ODBU’niin rotasyonlu olarak dogadan toplanmasina izin verilmektedir. Bu uygulama
tehlike altindaki endemik tiirlerin nesli i¢in olumlu bir uygulamadir.

Bu tiirlerin sadece dogadan toplanmasi yerine kiiltiire alma ¢alismalarinin da hizlandirilmasi gerekmektedir.
Kiiltiire alma ¢aligmalar1 ¢ok disiplinli olarak ele alinmalidir. Ciinkii geemiste bu tir girisimler basarisizlikla
sonuclanmis ve yerel halk iizerinde bir isteksizlik olusmustur. Ornegin Isparta ydresinde yapilan bir
caligmada, kiiltir kekik yetistiriciliginin mevcut durumu incelendiginde, yetistiriciligin bitme noktasina
geldigi, bunun da en Onemli nedenlerinin {retim teknigi yanlislarni ve pazarlama sorunlar1 oldugu
belirtilmektedir (Alkan vd., 2006).
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Yérede, son yillarda ODBU’ni dogadan yasadisi toplamalar artmistir. Bunun baslica nedeni bolgedeki
ODBU’ye artan agsir1 taleptir. Bu konuda bazi caydirici yasal diizenlemelerin yapilmasi zorunlu hale
gelmistir.

Yérede ODBU’niin halk arasinda kullanimi olduk¢a yaygindir. Ancak, bilgi yetersizliginden bazi yanls
kullanimlarda vardir. Her ne kadar yapilan anketlerde tiiketiciler bitkilerin zehirli olup olmadigini bildiklerini
belirtseler de Ornegin bazi zehirli bitkiler bolge insani tarafindan (Plantago major subsp. major vb.)
bilingsizce kullanilmaktadir. Bazen bu bilingsiz kullanimlar ¢ok ciddi saglik problemlerine yol
acabilmektedir.

Sonug olarak, Egirdir Yoresi ODBU bakiminda oldukga zengin bir bdlge oldugu bu galisma ile ortaya
konulmustur. Caligsma sonunda anlagilmistir ki, bolge insanina, 6zellikle de yoredeki orman kdyliilerine ve
OGM calisanlarina ve ODBU tiiketicilerine egitim verilerek ODBU hakkinda bilinglendirilme saglanmalidir.
Bunun i¢in, igerisinde botanik uzmani, eczaci, gida miihendisi, ziraat miihendisi, isletme ve pazarlama
uzmani vb. uzmanlarin egitimci olarak yer aldig1 bir egitim projesi hazirlanarak faaliyete gecirilmelidir.
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Tirkmen Dagr’nda Farkh Mescerelerde Yayihs Gosteren
Toprak Solucanlan (Clitellata, Megadrili) Hakkinda Bir On
Arastirma

Ibrahim Tavuc!, Mete Misirhoglu?,
Aliye Sepken Kaptanoglu®, Nejat Celik®

Ozet: Toprak solucanlari, topragin fiziksel, kimyasal ve biyolojik ozellikleri iizerindeki olumlu
etkilerinden dolay1 ekosistem miihendisleri olarak tanimlanmaktadir. Diinya genelinde bu canlilara olan
ilgi ve yapilan ¢aligmalarin sayisi giderek artmakta iken, iilkemizde bu canlilarin ekolojileri hakkinda
yeterince ¢aligma yapilmamigtir. Calisma, Eskisehir ve Kiitahya il sinirlar igerisinde yer alan Tiirkmen
Daginda, farkli mesgerelerde yayilis gosteren (Karagam, Kayin, Sarigam, Mera, Karagam+Sarigam) toprak
solucani tiirlerinin durumunu belirlemek ve mesgereler arasinda tiir zenginligi bakimindan fark olup
olmadigini tespit etmek amact ile bir 6n arastirma olarak gerceklestirilmistir. Bunun igin bes farkli
mescerede 30x30x20 cm boyutlarindaki alt 6rnek alanlarda toprak solucani envanteri yapilmistir.
Solucanlarin toplanmasinda ticari hardal metodu ile kazma ve elle ayiklama metodu birlestirilerek
kullanilmustir. Cikartilan solucanlar igerisinde %70 etil alkol bulunan plastik kaplar igerisine konulmus ve
laboratuvar ortamina getirilmistir. Laboratuvar ortaminda stereo mikroskop yardimu ile tiirleri ve birey
sayilar1 belirlenmistir. Elde edilen veriler ile her bir mescerenin toprak solucani bakimindan tiir zenginligi
hesaplanmigtir. Calisma sonucunda toplam 4 cinse ait (Aporrectodea, Dendrobaena, Lumbricus,
Octolasion) 10 tiir ve 74 birey bulunmustur. En fazla tiirlin mera, en az tiiriin ise karagam mesceresinde
oldugu tespit edilmistir. Her bir Oornek alanin bolluk degeri hesaplandiginda en fazla bireyin
saricam+karacam, en az bireyin ise karagcam mesceresinde oldugu belirlenmistir. Iki metodun
birlestirilerek kullanilmasinin olduk¢a zaman aldigr goriilmiistiir. Ancak verimlilik bakimindan
degerlendirildiginde ticari hardal metodunun etkili olmadigi, kazma-elle ayirma metodunun oldukga etkili
ve hizli bir metot oldugu sonucuna varilmistir.

Anahtar Kelimeler: Toprak Solucanlari, Biyolojik Cesitlilik, EKoloji, Tiir Zenginligi, Shannon

A Preliminary Investigation on the Earthworm (Clitellata,
Megadrili) distribution in Different stands on Turkmen
Mountain

Abstract Earthworms are defined as ecosystem engineer due to their possitive effects on the physical,
chemical and biological properties of the soil. While the number of studies and interest in these
organisms has been increasing all over the World, there have not been enough studies about the ecology
of these organisms in our country. This study was carried out as a preliminary study to determine the
status of different earthworm species on different stands in Turkmen mountain and to determine

1- Siileyman Demirel Universitesi, Fen Bilimleri Enstitiisii, Orman Citation (Atif): Tavug, 1., Misirlioglu, M., Kaptanoglu A. S., Celik N.,
Miihendisligi Anabilim Dali, Isparta 2018. Tirkmen Dagi’'nda Farkli Mescerelerde Yayilis Gosteren
2-Eskisehir Osmangazi Universitesi, Fen-Edebiyat Fakiiltesi, Biyoloji Toprak Solucanlari (Clitellata, Megadrili) Hakkinda Bir On Arastirma.
Boliimii, F-5 Blok 26480 Eskisehir. Bilge International Journal of Science and Technology Research, 2
3- Orman Toprak Ve Ekoloji Aragtirmalari Enstitiisit Mudiirligii, (Special issue), 145-154.
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whether there is any difference in species richness between stands. The earthworms were gathered from
the areas of 30x30x20 cm (Black Pine, Yellow Pine, Beech, Grassland, Black Pine + Yellow Pine) in 5
different stands in Turkmen Mountain located in the borders of Eskisehir and Kiitahya. The earthworms
were collected by combining the commercial mustard method with the hand sorting method. The
earthworms were placed in plastic containers with % 70 ethyl alcohol and were taken to laboratory.
Species and numbers were determined by stereo microscope in laboratory. With the data obtained, the
species richness of each stand was calculated using Shannon Weiner diversity index in terms of
earthworm. In the result of the study, 10 species and 74 individuals belonging to 4 genuses
(Aporrectodea, Dendrobaena, Lumbricus, Octolasion) were found. The species with the highest
frequency value is Dendrobaena persimilis (Omedeo & Rota, 1989). The area with the highest species
richness was determined as grassland and the area with the least species was identified as Black Pine
stands. When the earthworm abundance value is calculated for each stand in terms of earthworm, most
individuals in yellowpine+blackpine, least individuals blackpine stands have been found. It has been
observed that the combination of commercial mustard with handsorting method takes too much time.
When eveluated in terms of yield, the commercial mustard method was not effective. Hand sorting
method is effective and quick a method in terms of yield, but it requires intensive workload. In addition,
there are not enough studies about this organism in our country. Therefore, there is a need for studies on
relationships between vegetation and environmental factors with earthworms, their ecology and
earthworms.

Keywords: Earthworms, Biodiversity, Ecology, Species Richness, Shannon index

1.Giris

Toprak solucanlar1 19. yiizyilda toprak zararlisi olarak diisiiniiliirken (FIBL, 2017), giinliimiizde topragin
fiziksel, kimyasal ve biyolojik oOzellikleri iizerine olan etkilerinin anlagilmasi sonucunda ekosistem
mithendisleri olarak tanimlanmaktadirlar. Diinyada gerek ormancilik gerekse tarimsal acgidan bu canlilara
verilen 6nem ve canlilar hakkinda yapilan g¢alismalarin sayist giin gectikce artmaktadir (De Wandeler vd.,
2016). 150 yildan daha uzun siiredir toprak solucanlar1 hakkinda ¢alismalar yapilmasina ragmen, ekolojileri
habitatlari, ekosistem iizerine olan etkileri hakkinda hala bilgi eksikliklerimiz vardir (Gutierrez-Lopez vd.,
2016). Toprak solucanlari, toprak altinda ve toprak tistinde gergeklestirdikleri faaliyetler ile orman
ekosistemlerinin olusumu ve fonksiyonu iizerinde olduk¢a 6nemli etkilere sahiptirler (Tavug, 2017) ve orman
ekosistemi {izerine olan bu etkileri géz ardi edilemeyecek kadar bilyiiktiir (De Wandeler vd., 2016). Toprak
solucanlari, topragin kalitesi hakkinda fikir veren miikemmel biyoindikatorlerdir (Steffen vd., 2013). Toprak
solucani digkilari, bitkilerin gelisimi i¢in gerekli olan ¢oziilebilir karbon, potasyum, kalsiyum, magnezyum,
polisakkaritler ve iz elementler igerdigi i¢in bitki gelisimini olumlu yonde etkilemektedir (Jouquet vd., 2008;
Birkas vd., 2010). Toprak solucanlariin vejetasyon ve ekosistem iizerine olan olumlu etkilerinin bilinmesine
ragmen ilkemizde tarim ve ormancilik alanlarinda toprak solucanlarina gereken dnem verilmemis ve toprak
solucanlar1 hakkinda yeterince bilimsel ¢alisma yapilmamustir (Tavug, 2017).

Ulkemizde dogal ekosistemlerde bulunan canlilar igin habitat uygunluk haritalamas1 ve potansiyel dagilim
haritalamas1 (Mert ve Kirag, 2017; Orug vd., 2017; Sentiirk vd., 2010, 2012; Giilsoy vd., 2016; Ertugrul vd.,
2017; Siiel vd., 2018), vejetasyon gelisimi ile yetisme ortami 6zellikleri arasindaki iligkilerin arastirilmasi
(Ulusan, 2016; Kuzugiidenli, 2014; Ozkan, 2004; Ozkan ve Kuzugiidenli, 2010; Ozkan vd., 2007; Giiner ve
ark., 2011) tiiriin ekolojik dzelliklerinin belirlenmesi (Ozdemir, 2016) ve canli tiirlerinin indikatér tiirlerinin
belirlenmesi (Siiel vd., 2017; Siiel vd., 2018) konularinda ¢aligmalar yapilmistir. Ancak iilkemizde toprak
solucanlar1 ile ilgili bu yénde calismalar yapilmamistir. Ulkemizde toprak solucanlari hakkindaki bilgi
eksikligimizi giderebilmek, literatiire yeni bilgiler, yeni veriler kazandirabilmek ve gelecekte toprak
solucanlar1 hakkinda yapilabilecek olan ¢alismalara 1s1k tutmak ya da yon vermek i¢in bu kapsamdaki
calismalara toprak solucanlarinin da entegre edildigi bilimsel ¢aligmalarin yapilmasina ihtiyag vardir.

Yukarida bahsedilen tiim ¢aligmalarin gergeklestirilebilmesi i¢in 6ncelikle ¢alisma alanindaki toprak solucani
tirlerinin belirlenmesi gerekmektedir. Literatiir c¢alismasinda Tirkmen Dagi’nda daha oOnce toprak
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solucanlarinin varligma dair bir ¢aligma yapilmadigi tespit edilmis ve hem ¢aligsma eksikligini gidermek hem
de toprak solucanlarinin durumu hakkinda bir 6n bilgi edinebilmek icin ¢alisma gergeklestirilmistir.

2. Materyal ve Yontem
2.1 Calisma Alam Ozellikleri

Bu ¢alisma I¢ Anadolu bolgesinde yer alan Tiirkmen Dagi’nda gerceklestirilmistir. Tiirkmen Dag1 39°16'—
39°38" kuzey enlemleri ile 30°06'-30°36" dogu boylamlari arasinda, Eskisehir ve Kiitahya illeri sinirinda yer
almaktadir. Tlirkmen Dagi, kuzeyde Siindiken Daglari, doguda Sivrihisar Daglari, batida Egrigéz Dag,
kuzeybatida Uludag ve giineydoguda ise Emir Daglari ile cevrilidir. Arastirma alaninda dasit, dasidik tif,
riyolit ve riyodasit anakaya tipleri yaygin olarak bulunmaktadir. Toprak boz esmer orman toprag: tipindedir
(Giiner vd., 2011). Orman ve Su Isleri Bakanligi, Meteroloji Genel Miidiirliigii illere ait istatistiki genel
sicaklik ve yagis verilerine gore bolgede, yillik sicaklik ortalamasi 11 °C olup en sicak aylar Temmuz ve
Agustos, en soguk aylar ise Aralik ve Ocak aylaridir. Bolgede yillik ortalama yagis miktart 367.1 mm
(MGM, 2017).

2.2 Toprak Solucanlarim1 Toplama Ve Saklama Metodu

Toprak solucanlart Mayis aymda Tiirkmen Dagi’nin farkli bdlgelerinde yer alan sarigam (Pinus sylvestris),
karacam (Pinus nigra), karagam ve sarigam karigik orman, kayimn (Fagus sp.) mescereleri altindan ve orman
acikliginda yer alan meradan toplanmustir.

Toprak solucanlar1 2017 yili mayis ayinda her bir mescereden bir tane olmak iizere 30x30x20 cm
boyutlarindaki érnekleme alanlarindan toplanmugtir. Orneklerin toplanmasinda ticari hardal metodu (Pelosi
vd., 2014) ile kazma ve elle ayiklama metodu (Gutiérrez-Lopez vd., 2016; Gholami vd., 2016) birlestirilerek
birlikte kullanilmaistir.

Bunun i¢in 30x30x20 c¢cm Ornekleme alani igerisinde kalan Olii ortli, topragin mineral tabakasina kadar
igerisinde toprak solucani olabilme ihtimaline karsi dikkatli bir sekilde temizlenmis ve 6lii Ortii igerisinde
bulunan toprak solucanlar1 toplanmistir. Daha sonra ticari hardal metoduna gore hazirlanan 10 It solisyonun
once yaris1 ornekleme alanina dokiilmiis 10 dk beklendikten sonra kalan yarist da dokiilerek toplam 20 dk
toprak solucanlarinin yiizeye ¢ikmasi beklenmistir. Yiizeye ¢ikan toprak solucanlari elle toplanmistir. Daha
sonra 30x30x20 cm Ornekleme alani kiirek yardimiyla miimkiin oldugunca tek parca halinde ¢ikartilmis ve
temiz bir zemin {izerine koyularak ¢ikartilan toprak parcasi icerisindeki toprak solucanlari elle segilmis,
ekolojik gruplarina (epijeik, endojeik, anesik) gore ayirilarak 3 ayri kapta toplanmistir.

Fiksatif olarak kaplar igerisine Orneklerin iizerini Ortecek seviyede % 80’lik etil alkol koyulmustur
(Misirlioglu, 2011). Laboratuvara getirildikten sonra ise toprak solucanlarinin iizerlerindeki toprak
partikiilleri temizlenmis ve yine ekolojik gruplarina gore ayrilarak, icerisinde % 96’lik etil alkol bulunan
kaplar igerisine almmustir.

2.3 Orneklerin Teshis Edilmesi

Toprak solucanlarinin tiirleri laboratuvar ortaminda incelenerek belirlenmistir. Burada toprak solucanlart,
¢Ozinlrligl ve biliylitme giicii yiiksek olan ve okiilerdeki goriintiiyii bilgisayar ortamina aktarabilen stereo
mikroskop yardimi ile detayli bir sekilde incelenmis ve taksonomik o&zelliklerine gore tiir teshisleri
gerceklestirilmistir.

2.4 istatistiksel Analizler

Ornekleme yapilan alanlarda dogrudan tiir zenginligi ve Shannnon-Wiener cesitlilik indisi kullanilarak érnek
alanlarin tiir cesitliligi ve tiir zenginlikleri hesaplanmistir (Ozkan, 2016).

Tiir zenginligi asagidaki esitlik kullanilarak, bir baska deyisle alanda kag¢ farkli tiir var ise onlarin toplami
olarak belirlenmistir. Esitlikteki Si degeri 6rnek alanlardaki farkli olan her bir tiirii ifade etmektedir.

S=Y73S, (Peet, 1974).

Tiir ¢esitliligin hesaplanmasinda Shannnon-Wiener ¢esitlilik indisi (H) kullanilmstir.

147



Bilge International Journal of Science and Technology Research 2018, 2(Special Issue): 145-154.

H = —}p,Inp, (Shannon, 1948).

Formiilde bulunan pi ifadesi tiirlerin oransal degerlerini ifade etmektedir.

Tiirlin frekans degeri, tiim Ornek alanlar igerisinde tiiriin bulundugu 6rnek alan sayismi ifade etmektedir.
Frekans degerleri tiiriin bulundugu 6rnek alan sayisinin toplam 6rnek alan sayisina oranlanmasi ile asagidaki
formiil kullanilarak hesaplanmistir.

__ Tirin bulundugu 6rnek alan sayisi

Toplam 6rnek alan sayisi
3. Bulgular
Calisma sonucunda 4 cinse ait 10 tiir (Dendrobaena 5 tiir, Aporrectodea 3 tiir, Lumbricus 1 tiir ve Octolasion
1 tiir) ve toplam 74 birey tespit edilmistir. Tespit edilen tiirler ve birey sayilarin yani sira hangi tiiriin hangi
lokalitede bulundugu ve tiirlerin kdkenleri Ek-1 de tablo halinde verilmistir.
Bulunan tiirlerin 5’1 Peregrin, 3°li Kafkas—Anadolu, 1’1 Trans-Ege ve 1°1 iilkemize endemiktir.
Ornekleme yapilan alanlarm her birisinin birbirinden farkli sayida tiire sahip oldugu gériilmiistiir. Yapilan

dogrudan tiir zenginligi hesabina gore en fazla tiirin 6 tiir ile merada, en az tiiriin de 1 tiirle karacam
mesceresinde oldugu tespit edilmistir (Sekil 1).

10

Tiir savis1

K.cam+S.cam

Sekil 1. Alanlara gore tiir sayilarinin dagilimi

Calisma sonucunda elde edilen bir diger bulgu 6rnekleme alanlarindan ¢ikan birey sayilarinin birbirinden
farkli oldugudur. Her bir 6rnekleme alanindan ¢ikan toplam birey sayilari kullanilarak drnekleme yapilan her
bir alanin bolluk degeri hesaplanmistir. Bu hesaplamaya gore en fazla bireyin 21 birey sayist ile
karagam+sarigam mesceresinde, en az bireyin ise 1 birey sayisi ile karagam mesceresinde oldugu tespit
edilmistir (Sekil 2).
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Birey sayis1

Kavin
Karacam
Mera
Saricam

K.cam+S.cam

Sekil 2. Alanlara gore birey sayilarinin dagilimi

Ornekleme yapilan alanlarin alfa gesitlilik degerlerinin hesaplanmasinda bolluk verilerinin oransal veya
sayisal degerlerine dayali indisler kullanilmistir (Ozkan, 2016). Yapilan analiz sonucunda tiir zenginligi
bakimindan en zengin alan mera, en fakir alan ise karagam mesceresi olarak tespit edilmistir. Bu durum
ornekleme alanlarinin sahip oldugu Shannon degerlerini gosteren bir grafik ile belirtilmistir. (Sekil 3).

2.0
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1.4-
1.2

T 1.0
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Kavin
Karacam
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Saricam

K.cam+S.cam

Sekil 3. Alanlara ait shannon degerleri

Calisma alaninda her bir 6rnekleme alanindan elde edilen veriler ile toprak solucanlarmin frekanslar
hesaplanmigtir. Hesaplanan frekans degerleri yiizde cinsinden belirtilmistir (Cizelge 1).

Cizelge 1. Tirlerin frekans degerleri
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Tiir isimleri Frekans degerleri (%)
Aporrectodea caliginosa(Savigny, 1826) 40
Aporrectodea rosea (Savigny, 1826) 60
Aporrectodea trapezoides (Duges, 1828) 40
Dendrobaena alpina armeniaca (Rosa, 1893) 60
Dendrobaena attemsi (Michaelsen, 1902) 20
Dendrobaena pentheri (Rosa, 1905) 20
Dendrobaena decipiens (Michaelsen, 1910) 20
Dendrobaena persimilis (Omodeo & Rota, 1989) | 80
Lumbricus rubellus (Hoffmeister, 1843) 40
Octolasion lacteum (Orley, 1881) 20

4. Tartisma ve Sonug¢

Dendrobaena cinsine ait tiirler daha ¢ok daglik bolgelerde yasarlar. Dendrobaena hortensis, D. byblica, D.
veneta gibi her yerde bulunabilen bazi peregrin tiirler disinda daha ¢ok daglarin orta ve yiiksek kesimlerinde
yaygindirlar. Genellikle epijeik ya da endojeiktirler. Bu cinse ait tiirler, igne yaprakli ve karisik ormanlarda,
yaprak doken ormanlara gore daha sik bulunurlar (Perel, 1997; Sims ve Gerard, 1999).

Aragtirma alanindaki en yiiksek nokta 1826 m yiiksekligi ile Tirkmenbaba Tepe’dir (Giiner vd., 2011).
Ornekleme yapilan alanlar dagim orta kesimlerinde olup, yiikseltileri 1082 m ile 1575 m arasinda degisiklik
gostermektedir. Ornekleme alanlarindan toplanan tiirlerin biiyiik kismin1 Dendrobaena cinsine ait tiirler olup
toplanan tiirlerin geneli epijeik ve endojeik tiirlerdir. Dendrobaena cinsine ait olan tiirler genellikle igne
yaprakli ve karagam+sarigam karisik ormanindan toplanilmistir. Elde edilen tiim bu veriler literatiir verileri
ile kiyaslandig1 zaman uyumlu olduklar1 goriilmiistiir.

Aporrectodea cinsine ait tiirler, daglarin daha diisiik rakimli kesimlerinde ¢ok yaygindir. Ozellikle daglarin
cayirlik bolgelerinde goriiliirler. Bu cinse ait tiirlerin ¢ogu peregrindir, diinyanin bir¢ok bolgesine ve farklh
habitatlara yayilmiglardir. Ozellikle Aporrectodea caliginosa, A. trapezoides ve A. rosea tiirleri ¢ok
yaygindir. Bu tiirler tipik sinantropik (insanlarla bir arada yasayan, insan yerlesim yerlerinde bulunan)
endojeik tiirlerdir. Bahgelerde, ekili alanlarda, meralarda goriiliirler. Bunun yaninda A. rosea digerlerine gore
daha adaptif bir tiir oldugu i¢in bu tiire bircok yerde rastlanabilir (Csuzdi ve Zicsi, 2003; Perel, 1997;
Valchovski, 2016). Calisgma sonucunda elde edilen verilere gore Aporrectodea cinsine ait olan tiirler (A.
rosea hari¢) meradan ancak orta yiikseltideki rakimlardan toplanilmigtir. Bu nedenle literatiirde verilen
yiikselti verisi ile ornekleri topladigimiz yiikselti verisi uyum gostermemektedir. Bu durum tiiriin orta
yiikseltilerde de var olabildiginin bir gdstergesidir.

Caligmada toplanan Aporrectodea cinsine ait tiirlerin tamami peregrin tiirler olup bu 6zellik bakimindan elde
ettigimiz veriler ile literatiir verileri uyum gostermektedir. A. rosea tiirii dagm algak kesimlerinde ancak
meranin yani sira kaym mesceresi altindan da 6rneklenmistir. Bu 6zellik bakimindan elde ettigimiz veri ile
literatiir verisi ortlismektedir.

A. rosea tiiriine ovalarda ve daglarin diisiik ve orta rakiml kesimlerinde de sikga rastlanir. A. caliginosa ve A.
trapezoides tiirleri daha ¢ok diisiik rakimlarda goriilirken orta yiikseklikte nadiren goriiliirler (Sims ve
Gerard, 1999). Calismamizda A. caliginosa ve A. trapezoides tiirleri dagin orta rakima sahip hatta ortanin
biraz daha iistii sayilabilecek rakimlardan 6rneklenmistir. Bu bakimdan bilgilerimiz literatiir bilgileri ile
kismen Ortiismekte olup, bu durum tiirlerin yiiksek rakimlarda da yayilis gésterdiginin bir gostergesidir.

Octolasion lacteum mineral toprak horizonunda yasayan endojeik bir tiirdiir. Cogunlukla yaprak doken ve
karigik ormanlarda yaygindir. Nehir ya da diger su kaynaklarmin yakiminda daha yogun olarak goriiliir.
Ovalarda ve daglarda da bulunabilir (Csuzdi ve Zicsi, 2003). Calismamizda 6rneklenen O. lacteum tiirii
karigik ormandan (Karagam+Saricam) orneklenmistir. Daglik alanda yapilan 6rnekleme sonucunda tiiriin
elde edilmesi, tiiriin daglik alanlarda da yayilis gosterdiginin bir gostergesi olup verilerimiz literatiir verileri
ile ortiismektedir.
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Lumbricus rubellus, yaprak ortiisii ve giibre yigmlari gibi yiiksek organik madde iceren yerleri tercih eden
peregrin bir tlrdir (Valchovski, 2016). Nehirlerin yakininda yaygm olmalarinin yanisira daglarda ve
ovalarda da bulunabilirler (Perel, 1997; Csuzdi ve Zicsi, 2003). Calismamizda L. rubellus tiirii daglik alanda
karagam+sarigam karisik ormaninda yapilan drnekleme islemi sonucunda elde edilmistir. Bu veri s6z konusu
tiirlin igne yaprakli orman altinda da yayilis gosterebildiginin bir gostergesidir.

Toprak solucanlarini toprak ylizeyine ¢ikartmak i¢in kullanilan ¢ok sayida metot vardir. Bu metotlardan birisi
de ac1 hardal ya da ticari hardal metodu olarak bilinen hardal metodudur. Hardal metodu toprak solucanlarim
topraktan ¢ikartmada kullanilan kimyasal metotlara alternatif bir metottur, ancak uygulamasi olduk¢a zaman
almaktadir. Yapilan ¢ogu c¢alismada hardal metodu ile kazma ve elle ayirma metodu birlikte kullanilmig ve
oldukca basarili sonuglar elde edilmistir (Nxele vd., 2015; Pelosi vd., 2014; Szlavecvd., 2013; Smith vd.,
2008; Duriez vd., 2006; Chan ve Munro, 2001). Calismamizin sonucunda bu iki metodun birlestirilerek
kullanilmasinin olduk¢a zaman aldig1 gortilmistiir. Ancak verimlilik bakimindan degerlendirildiginde ticari
hardal metodunun etkili olmadigi, kazma-elle ayirma metodunun oldukga etkili ve hizli bir metot oldugu
kanaatine varilmigtir. Toprak solucani envanter ¢alismalarinda birlestirilmis birka¢ metot kullanmak yerine
kazma-elle ayirma metodunun tek bagina kullanilmasinin daha etkili ve daha az zaman aldigi ancak yogun is
giicli gerektirdigi gorilmiistiir.

Sonug olarak toprak solucani envanter ¢aligmalarinda birkag metodu birlestirerek kullanmak yerine, kazma
ve elle ayirma metodunun tek basina kullanilmasinin daha etkili ve verimli oldugu kanaatine varilmistir.

Tiirkmen Dagi’nda kapsamli bir toprak solucani envanter ¢aligmasi yapilmasi gerekmektedir. Ciinkii toprak
solucanlar1 hakkinda daha ¢ok bilgiye ihtiyacimiz vardir. Ulkemizde toprak solucanlari hakkinda yapilan
calismalarin biiyiik kismi toprak solucanlarinin taksonomileri ve bugiine kadar teshis edilen tiirlerin
lokasyonlart hakkindadir (Csuzdi vd., 2007; Csuzdi vd., 2006; Misirlioglu, 2008, 2012, 2017a, 2017b;
Misirhioglu ve Szederjesi, 2015; Szederjesi ve Misirlioglu, 2017; Misirhioglu ve Valchovski, 2017). Ancak
toprak solucanlar1 hakkinda daha fazla bilgi edinebilmemiz i¢in bu canlilarin orman ekosisteminde
vejetasyon-gevre ile olan iliskileri, tir-habitat dagilim modellemeleri, tiirlerin birbirleri ile olan iliskileri
konularinda toprak solucanlart ya da toplumlart hedef tiir alinarak g¢alismalar yapilmasi gerekmektedir
(Tavug, 2017).
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