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Abstract — About 5100 aphid (Hemiptera: Aphidoidea) species that feed on different host plants have spread
all over the world. About 5000 aphid taxon feed on different plant species. Aphids are small, soft-bodied and
one of the sap-feeding insect groups and also can damage almost all plants. Some aphid species are specific to
Received: 19.05.2020 only one host plant, while some feed on numerous host plants. In this study, aphid fauna and host plants of
Accepted: 23.12.2020 aphids were determined in Biiyiikada islands of Istanbul was determined in this study. Aphid species were
distributed from cultivated plants, wild trees and shrubs in the area. During these study, 150 aphid samples
were collected in the area. Apterae and alatae individuals of aphid samples were collected as much as possible
. from aphid colonies on cultivated and ornamental plants. 43 aphid taxa including two new records Turkey
Research Article aphid fauna (1 family, 6 subfamilya, 6 tribus ve 23 genus) were determined on 46 different plant species at the
end of the study. Malva neglecta, Nerium oleander, and Pinus spp. are the most sampled plant species. Aphis
craccivora, Aphis fabae, and A. spiracola are the most determined aphid species in the area. All defined aphid
species are the first records for the Biiyiikada island. Findings of the presented study and other recent studies
showed that with the detailed studies, Turkey aphid fauna will be substantially increased thanks to the more
detailed local studies.
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1. Introduction

Aphids are considered remarkable pest that feeds on plant sap and damages them directly by sucking their
phloem sap, indirectly by transmitting pathogens around the world. About 5100 aphid species have been
identified around the world, and 1600 aphid species are present in Europe (Favret, 2020; Blackman and
Eastop, 2020). Preliminary studies related to Turkey aphid fauna date back to twentieth-century (Fahringer,

1922).

Canakeioglu (1975) summarised all studies on aphids and published nearly about 260 aphid species.
Remaudiére Toros, & Ozdemir (2006) listed 417 species and then Toper Kaygin, Goriir & Cota (2008), Eser,
Goriir, Tepecik & Akyildirnm (2008), Goriir, Zeybekoglu, Akyiirek, Isik & Akyildirim (2009), Akyiirek,
Zeybekoglu & Goriir (2010, 2011), Goriir, Akyildirim Begen, Olcabey & Akyurek (2012) published 480
aphid taxa including 2 new records from our study area which were Acyrthosiphon kondoi Shinji, 1938 and
Eulachnus pumilae Inouye, 1939. Barjadze, Ozdemir & Blackman. (2014) published Aphis matricariae
Barjadze & Ozdemir, 2014 and Protaphis kvavadzei Barjadze & Ozdemir, 2014 as new records. Moreover,
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2 (% ggorur@ohu.edu.tr
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Barjadze, Blackman & Ozdemir (2015) was defined Aphis polii on Teucrium sp. from Turkey. Goriir, Toper
Kaygin, Senol & Akyildirim Begen (2015) shown that Cinara curvipes (Patch, 1912) was invasive and a
new addition for Turkey. Senol, Akyildirim Begen, Goriir & Demirtas (2015a,b) described new records (26
species) and increased the number of the aphid fauna to 532. K&k, Kasap & Ozdemir (2016) and Kok &
Kasap (2019) added 2 aphid species and the number reached to 534. Goriir, Senol & Akyildirim Begen
(2019) listed 40 new aphid records to the aphidofauna. Recent reanalysis of the aphid species and determined
host plants clearly showed that the number of the aphid taxa in Turkey reached more than 570 (Gériir Senol
& Akyildirim Begen, 2019; Goriir, Senol, Akyildirim Begen & Akyiirek, 2020).

2. Materials and Methods
2.1. Field Introduction

The Princes Islands include nine islands, four of them are large (Biiyiikada, Heybeliada, Burgazada, and
Kinaliada) and 5 of them are smaller (Yassiada, Sivriada, Kasik Adasi, Sedef Adasi and Tavsan Adasi),
placed in the southeast part of the Marmara Sea of Istanbul. Biiyiikada, the area of this study is the biggest
island among them (Figure 1).

Tiirkiye

Figure 1. Location of Biiyiikada Island

The annual average temperature of these Islands is 14.4C, generally above 25 during May-September. The
annual average precipitation is about 823.0 mm. The relative humidity is between 73- 77% that decreases to
around 65-68% during summer (MGM, 2020). Biiyiikada island has natural and exotic plant species due to
location and climatic types of the area. Blacksea and Mediterranian climatic types are observed in the area
(Kaya & Aladag, 2009). Exotic plants grown throughout the island, especially in the gardens, parks, and
even roadsides in residential areas.

2.2. Methods

The field studies were conducted in Biiyiikada Islands from April to October 2010 (Figure 1). Focused on
the sample possible higher amount of all forms (apterae and alatae individuals) on host plants. Specimens
were preserved in an eppendorf tube containing 96% alcohol. Samples were picked up from almost all
naturally grown and agricultural plants. Collection and preparation of the aphid samples have been carried
out in accordance with the methods of Martin (1983). Species were described based on Blackman & Eastop
(2020) and Canakeioglu (1975). Systematic status and host plants of the identified aphids were determined
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from Blackman and Eastop (2020) and Holman (2009). When defining all aphid samples, all books and
papers published about diagnostic characters, determined plant species, origination and recent dispersal area
were examined carefully. Definition, taxonomic status and distribution informations controlled by related
literature (Holman, 2009; Favret, 2020; Blackman & Eastop, 2020). All collected aphid specimens were kept
in the Aphid laboratory of Faculty of Arts and Sciences, Nigde Omer Halis Demir University.

3. Results and Discussion

150 aphid population were sampled and 43 aphid species (23 genera, 6 tribe) belonging to 6 subfamilies
were determined from the study area (Figure 1). Identified taxa were edited alphabetically and listed (Table
1). Photos of some important species were given (Figure 2,3).

Among these identified species, two new records were determined for Turkey and added to a recent checklist
of the Turkey aphid fauna (Goriir et al., 2012). The first of these is Acyrthosiphon kondoi Shinji, 1938 and
collected on Malva sp. (Malvaceae) second one is Eulachnus pumilae Inouye, 1939 and collected on Pinus
brutia (Pinaceae). All taxonomical name lists, host plants and dates of the determined species from study
area were given. Determined species are listed alphabetically.

Figure 2. Aphid species on host plants (a- Cinara brauni on Pinus sp.; b- Cinara tujafilina on Platycladus
orientalis;c- Cinara maghrebica on Pinus sp. ;d- Panaphis juglandis on Juglans regia ;e- Patchiella
reaumuri on Tilia sp. ;f- Chaitophorus populialbae on Populus nigra; g- Eucallipterus tiliae on Tilia sp.)
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Acyrthosiphon euphorbiae Borner, 1940.
Examined specimen: Collected on
Euphorbia sp.on 11.05.2010.

A. kondoi Shinji, 1938

Examined specimen: Collected on Lathyrus
sp.on 21.05.2010

A. malvae (Mosley, 1841)

Examined specimen: Collected on Senecio
pseudo-orientalis on 11.05.2010; Malva sp.
on 14.05.2010.

Aphis craccivora Koch 1854

Examined specimen: Collected on Citrus
sp. (Family) on 11.V.2010, Acacia sp. on
22.06.2010; Portulacca oleracea, Wistera
sp. on 28.06.2010-02.07.2010.

A. fabae Scopoli 1763

Examined specimen: Sampled on Hibiscus
syriacus (agag hatmi); Hedera helix on
10.05.2010 Polygonum sp.(¢obandegnegi);
Urtica sp.(isirgan otu); Anthemis sp. on
11.05.2010;

Nerium oleander on 12.05.2010; Hedera
sp.

Polygonum sp.on 14.05.2010;

A. gossypii Glover 1877

Examined specimen: Collected on Punica
granatum on 26.05.2010.

A. hederae Kaltenbach, 1843

Examined specimen: Collected on Hedera
helix 07.07.2010.

A. molluginis (Borner, 1950)

Examined specimen: Collected on Galium
aparine on 10-11.05.2010.

A. nasturtii Kaltenbach, 1843

Examined specimen: Collected on Rumex
sp. on 28.06.2010.

A. nerii Boyer de Fonscolombe, 1841
Examined specimen: Found on Nerium
oleander on 10.05.2010; 11.05.2010;
27.06.2010

A. pomi de Geer, 1773

Examined specimen: Collected on Pyrus
sp. on 26.05.2010

A. ruborum (Borner, 1932)

Examined specimen: Found on Rubus sp.
on 27.06.2010.

A. spiraecola Patch, 1914

Examined specimen: Collected on
Cotoneaster franchetti on 10.05.2010;

Chenopodium sp. on 11.05.2010;
12.05.2010; Nerium oleander on
21.05.2010; Trifolium sp. on 22.06.2010;
28.06.2010.

A. umbrella (Borner, 1950)

Examined specimen: Collected on Malva
sp.on 07.07.2010.

Aulocorthum solani (Kaltenbach, 1843)
Examined specimen: Collected on Ulmus
sp. on 10.05.2010.

Brachycaudus cardui (Linnaeus, 1758)
Examined specimen: Collected on Carduus
sp.on 14.05.2010; Carthamus sp. on
21.05.2010;

Carduus acanthoides on 26.05.2010.

B. helichrysi (Kaltenbach, 1843)
Examined specimen: Collected on
Cynoglossum sp.on 12.05.2010 ;
14.05.2010; 21.05.2010;

Lycopersicum esculentum on 02.07.2010.
Brevicoryne brassicae (Linnaeus, 1758)
Examined specimen: Collected on Bunias
orientalis on 17.05.2010.

Chaitophorus populialbae (Boyer de
Fonscolombe, 1841)

Examined specimen: Collected on Populus
nigra on 21.05.2010.

Cinara tujafilina del Guercio, 1909
Examined specimen:: Collected on
Platycladus orientalis on 10.05.2010;
21.05.2010.

C. brauni Borner , 1940

Examined specimen: Collected on Pinus
sp. on 28.06.2010.

C. maghrebica Mimeur, 1934

Examined specimen: Collected on Pinus
sp. on 26.05.2010 ; 27.06.2010.

C. pilicornis (Hartig, 1841)

Examined specimen: Collected on Picea
sp. on 27.06.2010.

C. pruinosa (Hartig, 1841)

Examined specimen: Collected on Picea
sp. on 28.06.2010.

Drepanosiphum oregonensis Granovsky,
1939

Examined specimen:: Collected on Acer
trautvetteri on 26.05.2010

Eucallipterus tiliae (Linnaeaus, 1758)
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Examined specimen: Collected on Tilia sp.
on 12.05.2010 ; 26.05.2010 28.06.2010.
*Eulachnus pumilae Inouye, 1939
Examined specimen: Collected on Pinus
sp. on 27.06.2010.

Hyalopterus pruni (Geoffroy, 1762)
Examined specimen: Collected on Prunus
domestica on 12.05.2010.

Liosomaphis berberidis (Kaltenbach, 1843)
Examined specimen: Collected on Berberis
thunbergii on 12.05.2010.

Lipaphis erysimi (Kaltenbach, 1843)
Examined specimen: Collected on

Brassica nigra on 21.05.2010.
Macrosiphum euphorbia (Thomas, 1878)
Examined specimen: Collected on Urtica
sp. on 10.05.2010.

M. impatientis Williams, 1911.

Examined specimen: Collected on Rosa
caninaon 14.05.2010.

M. rosae (Linnaeus, 1758)

Examined specimen: Collected on Rosa sp.
on 11.05.2010; 12.05.2010; 02.07.2010
;07.07.2010

Myzus persicae (Sulzer, 1776)

Examined specimen: Collected on Malva
sp.on 21.V.2010.

Ovatomyzus chamaedrysi (Passerini,1879)
Examined specimen: Collected on Mentha
sp. on 14.05.2010.

Panaphis juglandis (Goeze, 1778)
Examined specimen: Collected on Juglans
regia on 07.07.2010.

Patchiella reaumuri (Kaltenbach, 1843)
Examined specimen: Collected on Tilia sp.
on 10.05.2010.

Rhopalosiphum padi (Linnaeus, 1758)
Examined specimen: Collected on
Hordeum murinumon 02.07.2010.
Schizaphis rotundiventris (Signoret, 1860)
Examined specimen: Sampled on Palm
sp.on 22.06.2010; 27.06.2010.

Sitobion avenae (Fabricius, 1775)
Examined specimen: Collected on
Cynodon

dactylon on 07.07.2010.

S. fragariae (Walker, 1848)

Examined specimen: Collected on
Hordeum sp. on 14.05.2010; Poa sp. on
21.05.2010; Bromus sp. on 26.05.2010.

Uroleucon sonchi (Linnaeus, 1767)
Examined specimen: Collected on
Chondrilla junce on 10.05.2010.
Wabhlgreniella nervata (Gillette, 1908)
Examined specimen: Collected on Sonchus
sp. on 07.07.2010.
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Figure 3. Determined species on host (a- Aphis fabae on Nerium oleander;b- A. molluginis on Gallium
aparine;c- A. nerii on Nerium oleander;d- Aphis spiraecola on Cotoneaster sp.;e- Brachycaudus cardui on
Carduus sp.;f- Hyalopterus pruni on Prunus domestica)
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Table 1

Determined aphid species and host plants

APHID SPECIES HOST PLANTS APHID SPECIES HOST
PLANTS
Acyrthosiphon euphorbiae  Euphorbia sp. C. pilicornis (Hartig, Picea sp.
Borner, 1949 1841)
A. kondoi Shinji, 1938* Lathyrus sp. C. pruinosa (Hartig, Picea sp.
1841)
A. malvae (Mosley, 1841) Malva neglecta. Drepanosiphum Acer trautvetteri
Senecio pseudo- oregonensis
orientalis Granovsky, 1939
Aphis craccivora Koch, Robinia Eucallipterus tiliae Tilia sp.
1854 pseudoacacia (Linnaeaus, 1758)
Wistera floribunda
Lycopersicum
esculentum
Portulaca oleracea
A. fabae Scopoli, 1763 Hibiscus syriacus Eulachnus pumilae Pinus sp.
Hedera helix Inouye, 1939*
Polygonum sp.
Urtica dioica
Anthemis sp.
Nerium oleander
A. gossypii Glover, 1877 Punica granatum Hyalopterus pruni Prunus
Senecio sp. (Geoffroy, 1762) domestica
A. hederae Kaltenbach, Hedera helix Liosomaphis berberidis ~ Berberis
1843 (Kaltenbach, 1843) thunbergii
'Atropurpurea’
A. molluginis (Borner, Gallium aparine Lipaphis erysimi Brassica sp.
1950) (Kaltenbach, 1843)
A. nasturtii Kaltenbach, Rumex sp. Macrosiphum Urtica sp.
1843 euphorbiae (Thomas,
1878)
A. nerii Boyer de Nerium oleander M. impatientis Rosa canina
Fonscolombe, 1843 Williams, 1911
A. pomi de Geer, 1773 Pyrus sp. M. rosae (Linnaeus, Rosa sp.
1758)
A. ruborum (Borner, Rubus sp. Myzus persicae Malva sp.
1932) (Sulzer, 1776)
A. spiraecola Patch, 1914 Trifolium pratense Ovatomyzus Mentha sp.
Cotoneaster chamaedrysi
franchetti (Passerini,1879)

A. umbrella (Borner,
1950)

Aulocorthum solani
(Kaltenbach, 1843)
Brachycaudus cardui
(Linnaeus, 1758)

B. helichrysi (Kaltenbach,
1843)

Brevicoryne brassicae

Chenopodium sp.
Nerium oleander
Malva neglecta

Ulmus sp.
Carthamus sp.

Carduus acanthoides
Cynoglossum sp.

Brassica sp.

Panaphis juglandis
(Goeze, 1778)
Patchiella reaumuri
(Kaltenbach, 1843)
Rhopalosiphum padi
(Linnaeus,1758)
Schizaphis
rotundiventris
(Signoret, 1860)
Sitobion avenae

Juglans regia
Tilia sp.
Hordeum

murinum
Palm sp.

Cynodon




Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 1-11

(Linnaeus, 1758) (Fabricius, 1775) dactylon

Chaitophorus populialbae  Populus alba S. fragariae (Walker, Hordeum sp.

(Boyer de Fonscolombe, 1848) Poa sp.

1841) Bromus sp.

Cinara tujafilina del Platycladus Uroleucon sonchi Chondrilla

Guercio, 1909 orientalis (Linnaeus, 1767) junce

C. brauni Borner , 1940 Pinus sp. Wabhlgreniella nervata Sonchus sp.
(Gilette, 1908)

C. maghrebica Mimeur, Pinus sp.

1934

*These new records were listed in the checklist (Goriir et al., 2012)

Aphid species and related host plants of Biiyiikada island are reported here for the first time. 43 species of
aphids belonging to 23 genera from 46 different host plants only in Biiyiikada were recorded. Eulachnus
pumilae Inouye, 1939 and Acyrthosiphon kondoi Shinji, 1938 were described as new additions to
aphidofauna of Turkey. In Yalova, southern province of Biiyiikada, 21 aphid taxa placed in 13 genera were
identified. Aphis fabae Scopoli 1763 and A. gossypii Glover, 1854 are the most common species, like our
study (Kuloglu & Ozder, 2017). Among aphid population collected host plants Malva neglecta, Nerium
oleander and Pinus spp. are the most sampled plant species. Aphis craccivora, Aphis fabae and A. spiracola
are the most common and important pests for several plant species. This aphid species affects plants by
direct or indirect damage. Therefore, the determining of t these species and their distribution areas are crucial
for the control of aphids in Biiyiikada islands.

The determination of the aphid fauna and host plants of aphids from the study area are clearly indicated how
it is important to conduct such detailed study to find out aphid-host plant relations in Turkey. Biiyiikada
(istanbul) has plant richness and different microclimatic areas and is isolated from the mainland. Number of
the determined aphid species and collected host plants and new records are in accordance with the findings in
neighboring areas and countries near to the study area (Kuloglu & Ozder, 2017; K&k & Kasap, 2019). Goriir
et al. (2020) pointed out that even listing about 570 aphid species on about 1100 plant species by analyzing
13.000 samples, findings do not adequately figure out real composition of Turkey aphid fauna. Turkey has its
own particular features (floristic and faunistic richness) that directly impact aphid diversity and distributions.
In the neighboring countries, number of aphid fauna (Greece, 335; Iran, 328; Georgia, 320) is close to
Turkey aphid composition but host plant diversity in Turkey is more (Barjadze, Japoshvili, & Bakhtadze,
2010; Alikhani, Rezwani, Rakhshani & Madani, 2010; Margaritopoulos, Papapanagiotou, VVoudouris, Kati &
Blackman, 2013; Giiner, Aslan, Ekim, Vural & Babag, 2012).

4. Conclusion

Due to their reproduction style, invading new areas and resulting in considerable amount of decrease in
agricultural production, aphids fascinate researchers. Despite these facts, there are still many places that their
aphid fauna has not been observed yet in Turkey. This study is the first detailed scientific effort dealing with
the aphid species and collected host plants of Biiyiikada island of Istanbul region. Furthermore, because of
global climate change, tourism, agricultural activities, increasing international trades and transport over the
last two decades, introduction of non-native species, including aphids has increased (Kollar & Barta, 2016).
Biiyiikada is one of the most important tourism center of Istanbul. So non-native host plants and aphid
species are easily introduced and distributed in all parts of the island (Kantarci, 1984). Biiyiikada has
impressive natural and exotic plant species so this introduction can be damage to them. Because Turkey has
several natural areas such as Biiyiikada Island, the findings of the presented study strongly encourage
researchers to carry out similar studies.
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1. Introduction

Most of the advances in artificial intelligence are based on statistical models. The majority that provides
the most comprehensive advances in statistical models is artificial neural networks. The artificial neural
network is the model in which the learning mechanics of the human brain is applied roughly in the computer
environment. The artificial neural network has computational units called neurons as in the human brain.
Neurons are connected by structures called synapses with weights. The calculation in neurons is provided by
multiplying the information in the neuron with the weight in the synapse. In artificial neural networks, with
the bond of synapses between neurons and the formation of layers of neurons, it creates network models as in
the human brain. With the study of McCulloch & Pitts (1943) first artificial neuron proposed mathematically.
Acrtificial neurons also called as Threshold Logic Units. With the development of artificial neurons, a base
mathematical method for neural network models has been prepared, and the artificial neural network era has
been started. With the study of Rosenblatt (1958) first artificial neural networks were founded. The first
artificial neural network called as Perceptron. Perceptron algorithm learning is linear. In not linear separable
data space, Perceptron can’t learn the classes of data space. Perceptron learning is based on Hebb (1949)
study. By saying that information is stored in the links between neurons, Hebb (1949) suggested that the
actions that stimulate or inhibit the neuron are in the information between the inputs and the bonds. The basic
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principle of Hebb theory is to strengthen the bond between two neurons if they are active at the same time
and weaken the bond if they are not active at the same time.

Minsky & Papert (1969) showed that in response to the misconception that Perceptrons, formed by the
widespread use of Perceptrons, can solve all kinds of problems, artificial neural networks can only solve
linear problems. In their work, they aimed to learn the XOR logic gate as an example. With the failure of the
model in the example, they caused the era of artificial neural networks to pass into stagnation. After 10 years
of recession, when Kohonen (1982) offered a method for self-organizing neural networks, artificial neural
networks began to gain popularity again. At the same time, Hopfield (1982) and Hopfield (1984) also
contributed to popularization by laying the foundations of new models with his contributions to the
mathematical foundations of artificial neural networks in his studies. Thus, Hopfield has shown that artificial
neural networks can be generalized and solutions can be produced to problems that are difficult to solve with
computer software. Hopfield solved the difficult to solve the Travelling Salesman Problem with the artificial
neural network he established. Rumelhart, Hinton & Williams (1985) developed the capabilities of artificial
neural networks by introducing the concept of error backpropagation in artificial neural networks. Modern
neural networks are divided into input, hidden and output layers based on multilayer perceptrons with
backpropagation (Rumelhart et al., 1986). These models are also called recurrent neural networks.

While modern artificial neural networks perform learning, they multiply the weights in the connections
between neurons by the input and achieve results by adding the bias value on it. The bias value can be a
fixed value or a dynamically changing value. To choose a fixed value, the researcher must know the data
space well. Even if the data space is well known, the designed ANN may not achieve the desired result. It is
also called the learning rate instead of bias. The part of summing these results and writing them to the neuron
is called the summation function. Although there are different types of sum functions, the most common is
the summation of all calculated inputs in links. With this calculated result, activation functions decide
whether the neuron will be active or not and what kind of output it will produce for the input. The most
important feature of the activation function is to ensure the nonlinearity of the artificial neural network.
While activation functions take on this important task, besides the selection of nonlinear functions, their
derivatives should be calculated with low computational costs. Binary Step, Linear, Sigmoid (Cybenko,
1989), Tanh, ReLU (Nair & Hinton, 2010), Leaky ReLU (Maas, Hannun & Ng, 2013), SoftMax
(Goodfellow, Courville, Bengio, 2016) activation functions are the most commonly used activating
functions. The activation functions vary according to the data types and output types in the data space, as
well as the architecture of the ANN model, established. While using the Linear function while solving linear
data space problems, the Binary Step function is used for the neuron output that needs to be binary. It is often
used because the sigmoid function is nonlinear and its continuous derivative is available. For example,
Sigmoid function is frequently used in multilayer perceptron models. The sigmoid function produces outputs
between zero and one. When calculations are made with extreme input values in sigmoid functions,
obtaining outputs converging to zero causes gradient loss problem. This approach provides slow learning and
prevents getting closer to the desired global minimum point by ensuring that the local minimum points are
stuck. Unlike the Sigmoid function, Tanh function obtains output between -1 and +1 values. Although a
larger output area is obtained compared to the Sigmoid function, still the disappearing gradient problem
cannot be avoided with Tanh function. The ReLU function takes inputs between 0 and infinite values, and its
output is either 0 or 1. The calculation cost of ReLU is less than the Sigmoid and Tanh functions. While
ReLU accelerates the calculations with inputs in the zero value region, it may cause the learning not to occur
because the derivative values in the region are zero. This problem is called the dying neuron or dying ReLU
problem. In response to this problem of ReL U, Leaky ReLU function is revealed to ensure that the outputs
are not zero. In Leaky ReLU, values between negative infinity and positive infinity are obtained. In Leaky
ReLU, it is ensured that a zero result is not obtained by adding the leakage value. Thus, it is ensured that
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neurons do not die. Softmax preferred in multi-class ANNs that have more than two class such as Sigmoid
function. Softmax gives the probability of its result between 0 and 1 with other classes.

There are three main types of learning in artificial neural networks, depending on the problem to be solved
and the data set. Each type of learning has advantages as well as disadvantages. With supervised learning,
the researcher must have a command of the problem and know the intended outcomes after the solution of
the problem (Oztanir, 2018). The desired outputs and the inputs of these outputs must be marked by the
researcher. While supervised learning is being executed, the marked data sets are divided into two parts as
training and testing (Tosun, 2007). Generally, the training data set covers a bigger part than testing data set.
It aims to reveal a pattern by making error calculations with its proximity to the targeted outcomes by
learning with the artificial neural network training data set. The test data set is used to understand the
performance of models that are thought to have a high enough performance in data they have never seen. It is
a frequently used and generally accepted learning model in classification and estimation problems when the
problem space is known. The unsupervised learning method is used in the solution of clustering problems
where the problem space is not known and cannot be marked. It aims for the neural network to self-organize
to identify clusters and split data (Cuhadar & Kayacan, 2005). Researchers become able to classify results
obtained in unsupervised learning by comparing them with real-world problems. The main purpose is to
separate the data rather than the solution to the problem. In reinforcement learning, a model in the training
process presents the outputs to the researcher and waits for the markup. It is used in situations where marking
could not be done before. Model learning takes place in a long time as it needs expert support for each
output. It is used in fields such as medicine where critical decisions are made. For example, when it is
desired to determine the disease with the test results of a patient, the model examines the data and decides
then shows the doctor. The doctor examines the detection and provides feedback to mark it as true or false.
This model, which has been learned with support over a long time, can obtain more accurate outputs.

Until now, not all problems have been solved with a single artificial neural network type. For this reason,
many different models with proven problem-specific advantages have been developed and continue to be
developed. Widrow & Hoff (1960) revealed the learning method of feed-forward adaptive neural neuron
with their study. Adaline as known as the adaptive linear neuron is the simplest of all neural networks and
uses reinforcement for learning. It is insufficient to solve complex problems due to its linear operation. The
multi-layered form of Adaline is called Madaline. Madaline consists of three layers as input, hidden and
output layer. Madaline consists of a combination of many Adaline neurons. Madaline has been used for a
wide variety of applications such as voice recognition, character recognition, weather prediction, and
adaptive control (Widrow & Lehr, 1990). Due to the inability to backpropagation, its use has not become
widespread after its first release. Tank & Hopfield (1986) applied the logic of showing the state of the brain
in a box in artificial neural networks with their study. The Hopfield model, with its single layer and fully
connected neurons, enables the system to converge to a state with its current inputs. With this method, which
is self-organized and mimics the state of the brain during learning, solutions are sought for optimization
problems. Carpenter & Grossberg (1990) conduct unsupervised learning for classification problems with the
adaptive resonance theory they developed. With the adaptive resonance theory, it is aimed not to lose the
previously learned information on neural networks. It contains two layers as input and output, but the
number of neural networks in the layers changes dynamically. Ackley, Hinton & Sejnowski (1985)
introduced the concept of the energy function network with the Boltzmann machine they developed. The
Boltzmann machine, which differs from the Hopfield network that it contains hidden layers, works by aiming
at minimizing the energy function. It contains a layer to which all neurons are fully connected. The restricted
Boltzmann machine model introduced by Smolensky (1986) as Harmonium. Unlike the Boltzmann machine,
the restricted Boltzmann machine does not contain links within each layer and contains hidden layers with
feedback input. With these restrictions, more effective learning has been achieved. Moody & Darken (1989)
presented a generalizable convergence model with their study. The model is called a radial basis function.
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The difference from the feed-forward network is that it has a fast learning speed and can only give true or
false values. It is used in time series problems and system control areas. Unlike other neural networks,
Kohonen (1990) does not keep neurons in the system by keeping the connection weights in vectors. Thus,
new neurons can be included in the system and dynamism is given to the network. The proximity of the
weight vectors in neuron bonds to the winning vector is calculated by the dot product. This method is called
the learning vector quantization. Hochreiter & Schmidhuber (1997) carried recurrent neural networks
forward by working on a long short-term memory model. LSTM tries to obtain meaningful outputs with data
in old and new times by including input, output and memory layers. They have proven successful in speech
recognition and writing recognition. In their study, Cho et al. (2014) add a forgetting layer to LSTM models
and determine how much past data will be remembered and when it will be forgotten. Thus, they developed
LSTMs and brought an important model to the literature that will work with high performance in subjects
such as music modelling and natural language processing. Goodfellow et al. (2014) are trying to generate
new data with patterns learned through their generative adversarial networks study. It gives outputs to use the
learning from the problem data to generate synthetic new data that cannot be understood by human beings. It
works with performance on subjects such as ageing human face images, generating new photographs, and
generating paintings. The widespread use of multi-layer networks and the increase in computing power in
computers led to the emergence of artificial neural networks, which consisted of several layers, to be
networks of hundreds of layers. These artificial neural networks, which can contain dozens of layers and
artificial neural networks that serve different purposes of learning, are called deep artificial neural networks.
Nowadays, it is seen that deep neural networks work intensely with visual data. Learning in deep networks is
provided by methods under the title of deep learning. LeCun, Bottou, Bengio & Haffner (1998) made the
most developed study of deep learning with convolutional neural networks. Convolutional neural network
name comes from the convolution process on the data by the network.

Acrtificial neural networks are simply divided into three main different layers. These are the input layer, the
hidden layer, and the output layer. The structures where data and relationships are kept and processed as in
the human brain and artificial neural networks coincide exactly with the functioning of graphs. With Euler
(1741) study the graph theory came out with the famous Seven Bridges of Konigsberg problem. It is created
by the nodes that define the model objects and the relationships between them. The graph is a mathematical
model created to describe the relationship between objects with each other.

The problem data to be learned while performing the learning must be entered from the neurons in the input
layer. Calculations should be made in hidden layers and results should be transferred to the output layer. If
the results are not performing well in the output layer, the same steps should be repeated according to the
type of ANN model. As the model to be learned becomes more complex, one hidden layer is not sufficient
and models that need more than one layer are formed. When learning is done with traditional methods, it
cannot be observed by the researcher, who makes model training due to the black box structure of the neuron
and synapse data in the hidden layer (Touretzky & Pomerleau, 1989). Model design is carried out based on
outputs and error rates and parameters. This approach causes researchers to work on artificial neural net-
works to create the model based on the output parameters and not to follow them visually.

2. Materials and Methods

Today, in various applications, data can be displayed naturally in graph structures. Graph structures can
be sequential, tree, one-way, bidirectional. In artificial neural networks, nerve cells can be expressed with
nodes in graph databases, and links between artificial nerve cells can be expressed in relationships in graph
databases. Various studies have been conducted in the literature that deals with the subject of artificial neural
networks and graph.

Nekhaev & Demin (2017) visualized the neural network and its hidden layers to solve the problem of the
incomprehensibility of the operation of deep artificial neural networks. Liu (2017) significantly reduced the
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search time by performing the searches on the neural network they dealt with in the article they published on
the graph structure. Wang (2018) have realized better learning compared to other models in the field of
reinforcement learning with the learning structure policy in graphical neural networks developed for
multilayer neural networks. Muhammad & Halim (2016) examined the graphs in artificial neural networks
and data representation in machine learning methods in the best visualization methods and showed them as
one of the successful methods. Olden & Jackson (2002) investigated the black-box structure in artificial
neural networks with their study and drew attention to the problem of finding out which nerve cell and its
relationship is more valuable due to the black-box status of models in studies conducted in the environmental
science of artificial neural networks. To solve the problem, they created a randomness procedure to test the
statistical significance of neurons in terms of individual link weights and the overall effect of each input
variable. They provided removal of link weights that did not significantly contribute to the performance of
the artificial neural network and facilitated the interpretation of the direct-acting model of the input variables
on the response. With the randomization procedure, they provided weightless neuron bonds and removal of
insignificant input variables, thus attempting to make sense of the black box structure by reducing the
complexity of the neural network. Witt, Bux, Gusew & Leser (2019) states that the black box structure is
formed in artificial neural networks due to the development of the model with performance metric patterns
instead of tracking the internal dynamics and working densities. Battaglia, Hamrick, Bapst, Alvaro & Razvan
(2018) investigated the question of which structural representations can artificial intelligence be provided
with human skills. In their study, they concluded that artificial intelligence and human skills will be achieved
through gains in the rich assets, relationships and combined generalization areas in graph networks. Uwents,
Monfardini, Blockeel, Gori & Scarselli (2010) made a comparison between relational neural networks and
graphical neural networks, which are graphical neural network approaches, and concluded that graphical
neural networks perform higher in relational data in the training of biological datasets. Studies show that the
representation of artificial neural network nodes and relationships is crucial to understand how models work
efficiently as a solution to the problems. In this study, presented a new method which enriches representation
and working collaboratively on ANN models.

Armenta & Jodoin (2020) has mathematically examined the subject of representation of artificial neural
networks in their study. They represented artificial neural networks with quivers with their work and brought
a new form of representation to the literature. The mentioned studies indicate that known methods lack the
representation of artificial neural networks. In their work, Choromanska, Henaff, Mathieu, Arous & LeCun
(2015) cited an example of lack of representation by referring to his study. Buhrmester, Miinch & Arens
(2019) examined the black-box structure of artificial neural networks in deep learning and compared the
studies that break black-box structures in the field of computer vision.

There are studies in the literature aiming to run artificial neural networks in databases. However, there is no
artificial neural network study implemented in graph databases. It is suggested in the studies that the artificial
neural networks will be expressed better by realizing them in databases. In his study, Schikuta (2008)
presented an exemplary approach to implement the object-oriented method and artificial neural networks in
relational databases. Using the Iris database system as a database, suggesting that all kinds of artificial neural
networks can be expressed and flexibility can be added to networks with the object-oriented approach. Iris
database is Knowledge-based. He separated the learning of neural networks from the architecture of the
model and kept them in the database as knowledge rule sets. In the method we propose, an environment
where theoretical artificial neural networks can be implemented exactly without the need for these
transformations and separations is presented. Cvitkovic (2020) showed that by implementing artificial neural
networks in relational databases, data extraction and feature engineering efforts in artificial neural networks
will be overcome. It performs calculations on graphs by converting neural networks in relational databases
into graphs. In our study, calculations can be performed directly on graphs without conversion from
relational databases. It came out for the same purposes as our work and a mathematical basis of artificial
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neural networks in databases is explained. Lam, Minh, Sinn, Buesser & Wistuba (2018) achieved successful
results by presenting a method that performs feature extractions in artificial neural networks that they keep in
relational databases. The similarities with our work are the unique key requirement for each entity in the
neural network and the requirement to declare a model schema. It is difficult to determine a schema in
relational databases. It focuses on static schemes. In the study we present, a model diagram can be created
visually and all kinds of data can be kept. It is possible for each entity to hold different schemas dynamically
in graph databases.

In their study, Yahia & Elsawi (2003) realized by keeping the neurons and connections in the ANN
architecture in the relational database tables. All functions such as activation functions learning rules are also
kept in the database. They realized the learning processes of ANN models by writing 4GL procedures. They
wrote a static sample frontend program and created a prototype that learned OR gate in relational databases.
In our work, dynamic graphs can be created with the dynamic interface. In relational databases, the
relationships with entities are kept in tables and they are not the exact representation of artificial neural
networks. The need for an intermediate table in many-to-many relationships will make it difficult to keep
more complex models such as deep learning models in the database. In the table operations to be made in
relational databases, for example, when a change is desired to be made in a table that holds the many-to-
many relationship between two entities, corruption may occur in the already held data. Relational databases
are not suitable for this type of dynamic and generalizable ANN representation, as their columns tend to be
static and not update by their nature. There are very few studies in the literature to implement artificial neural
networks in databases. Therefore, the presented study creates new areas of thinking about artificial neural
networks.

Scarselli, Gori, Tsoi, Hagenbuchner & Monfardini (2008) have mathematically expressed computational
processes such as learning and activation functions in the graphical representation of neural networks with
their graph neural networks study. They supported the graph neural network model they presented with
examples on subgraph matching, the mutagenesis, and the web page ranking. In our study, generalizable
methods can be obtained by using the mathematical approaches they suggest. The point they focus on in their
study is about the learning status of the data in the graph architecture. For this reason, it does not exactly
coincide with our work. In our study, neural network models are defined and data input is made to neurons.
In our study, there is no mention of learning on the data already in the form of graphs.

In this study, a new approach is aimed to propose to overcome current problems of traditional systems. It is
the first study to implement artificial neural networks in graph databases. The study aims to increase the rep-
resentation of the artificial neural networks and to enable them to develop new types of artificial neural net-
work models by increasing their representation rather than making the processes in the most efficient neural
network models. A comparison with a widely accepted library is made in Section 2.6. The developed frame-
work is the solution to the problem that a group of researchers cannot work on the same model. The case
study made offers a solution to the lack of representation in traditional methods used in artificial neural net-
works. With the effect of expressing artificial neural networks entirely with graphs, researchers can visually
develop their models on the website. It has been shown that the black box problem can be overcome by
graph representation. With the methods used in the study, the need to constantly convert the models into
different formats in commonly used software frameworks has been eliminated. The developed method has
been created based on these problems. For this purpose, an internet service server was established and soft-
ware was designed for researchers to log in and continue joint research. To monitor and keep every moment
of the artificial neural networks in the model training process, the structure where the models will be stored
has been designed with the graph database. Structures were created to visualize the model and follow it live.
A structure in which an artificial neural network structure can be created and transferred to the graph data-
base has been designed. The process of transferring h5 models to the developed system, which are the model
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output of artificial neural networks realized in the popular Keras framework, was designed. It has been
shown that the output model of software that is accepted as Keras models can be transferred to the system
can be represented in graph-based artificial neural networks. The h5 file is a data file saved in a hierarchical
data format also known as HDF. It contains multi-dimensional scientific data series. H5 files are widely used
in aviation, physics, engineering, finance, academic research, genomics, astronomy, electronic tools, and
medicine. In the H5 file, the data are divided into two as homogeneous multi-dimensional arrays of data sets
and container structures that hold data sets and other groups, making data retention simple.

2.1. Methodologies and technologies applied for the solution

Modelling of a neuron and synapse structure of artificial neural networks is exactly compatible with graph
structure. In the study, neurons were used to express the node in a graph structure, and synapses to express
relationships. In the study, a graph-based database system and web tool have been developed for visualizing
artificial neural networks, creating them visually and solving the problem of collaboration with other
researchers.

The web server has been developed so that users can access the graph database and user interface. The web
interface has been developed to implement user inputs and outputs. Neo4j (2007) has been preferred as the
graph database because it has the widest usage in its field, it is open to development. Since the framework
created in the study is designed as an online service, a system is required to log in and register so that users
sharing the same group with the user login can view the artificial neural network they have created. To log in
and address the models that users work on, an interface has been created for users to log in.

As a methodology, the webserver that forms the basis of the framework was created in the study. The
Angular framework was connected to the server to enable dynamic frontend operations. Researchers can
create and edit ANN models with drag and drop nodes and relationships. Intuitive actions that come into our
lives with touch screens are designed to make researchers think and work on model creation step easily. A
database was created and connected to the server on the Neo4j server where graph database services will be
used. Thus, an environment was created to make graph-based neural networks. In Figure 1, the relationships
between the layers in the system architecture are shown. Neo4j database stores ANN models and serves
ANNs for display. Web server executes ANN model actions which triggered from the user interface. Also,
the webserver does authorization to match researchers and their ANN models. User interface handles
researcher actions over ANN models and shows ANNSs with graphs dynamically.
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Figure 1. Software system architecture diagram shows layers of software and its relations

The software designed in the presented method works with the individual responsibility of each main part.
For this purpose dynamic user interactions, backend service and graph database can work standalone. It
makes the developed framework scalable. Designed system optimized to distribute heavy works, such as
frontend service users’ browsers is responsible for rendering large neural network models on graphs.
Visually created ANN models’ cypher queries are the responsibility of frontend service. Backend service is
responsible to serve queries to the graph database. Also, the backend is responsible for the authentication of
users. Socket communication used to dynamically serve data that is responsible for all three layers of the
system.

To express, representation power of ANN models on graphs, a popular neural network Keras framework is
selected. Trained Keras models are imported into the system. Also, an approach is developed to import Keras
models to the system. Keras models are trained and created to show design approach. In Keras, researchers
can access layers, not on the nodes. In developed model researchers that import their models to a system, can
see every node on model and parameters also can see the layers if they want abstraction. Visualization of
ANN models is the same one to one match as to how they are stored in the graph database. The study aims to
make ANN modelling one to one representation and storing it like that. The model creation process is also.

Two different ways of representation are explained to do such storing possible. The first way is every matrix
cell in multi-dimensional matrices of models are expressed as nodes. The second way is every matrix should
be expressed as a node or relationship of nodes. In the study, the ways to be followed while realizing
artificial neural networks in the Neo4j graph database were examined. There are also two different methods
followed in Figure 12 and Figure 14.
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Complex artificial neural network model results of the Keras (2017) realized in the study and transferred to
graph database with the developed approach. Training of the artificial neural network model created and
demonstration of the training results was realized. Technical problems encountered while creating, testing,
visually observing, transferring popular ANN models are explained in the study. The estimation result of the
handwritten number recognition model, which is an example problem of the convolutional neural network, in
the developed system was compared with Keras. The study showed that the method developed works faster
than the estimation made in Keras. A solution to problems is explained, also. The developed approach and
system are shared as open-source (Graph Based Neural Network 2019).

2.2. Creating an artificial neural network model on graph database

In this section, the creation of artificial neural networks on graph databases using the proposed approach
is explained. The actions that the researcher can take and the ANN creation process steps were examined.
After the user logs in to the system from the home page, by selecting the “Create New Model” option on the
left menu, they are directed to the model creation page and visually creates the artificial neural network
model. Login section is shown in Figure 2. As an example, a NAND logic gate learner ANN is created on the
system and the main screen is shown in Figure 3.

Login

Username

test

Password
Login
Register
Figure 2. Researcher login screen

In Figure 3, an artificial neural network model is created to learn the NAND logic gate with a three-input
model as an example over the system.

+ Add Node | Cypher Query Markup Scalc el

CNN Model workspace: 4 workspace: 4 workspace: 4
> data: 0 2
data: 1 data: 0

¥ Import H5 MNIST Model

Workspace List > ) < workspace: 4

>4 input input input learningrate: 0.1 > setting
threshold: 0.5

weight: 0
S~

> 99
L weight: 0 \
» 101

>

>

pajelal

workspace: 4 L_|
data: 0 hidden

peleral
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output

workspace: 4
data: 0
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Figure 3. Visually created NAND feed-forward perceptron model
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When the “Add Node” button is pressed on the interface and a node is created. To add a new node the "Add
Node" button is clicked, the new nodes are displayed on the screen, and the nodes are connected by hovering
over the node and dragging and dropping it on the other node. The researcher can design the entire artificial
neural network by dragging and dropping with the cursor on the website, double-clicking on the node or
relationship and clicking the "Add Node" button. When the created node is double-clicked, the “Edit Node”
screen appears as shown in Figure 4. “Edit Node” screen is the editor for node data. A created node
corresponds to the node in the graph database and also expresses a neuron in the neural network. The label
must be entered to indicate that the neuron is in the input, hidden, or output layer. By writing the model's
workspace, it tells the model which name will be recognized when testing and training follow-ups by the
researchers. The data property indicates what data the neuron contains in its initial state.

Edit Node

‘workspace' property must be declared in every node.

Label input

Properties workspace: 4
data: 0

Figure 4. Node editing screen
At the same time, neurons can be dynamically created and linked, and editing screens can be opened and

deleted. Relationships in the graph database are created as the equivalent of synapses to connect the neurons
after the interface is created, as shown in Figure 5a.

Edit relationship

Reverse

Type  related

Properties weight: 0

Cancel Save

Figure 5a. Relationship editing screen

The type of relationship is used for naming. The "weight" value written in the property of the relationship
corresponds to kernel, bias or weight values according to the type of model to be created. During model
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training, when switching between neurons, multiply the properties in the relationship, sum, etc. transactions
are made. In addition to the nodes and relationships, the setting node appears on the site, this node was
created to hold the settings to be used while training, the node is displayed in Figure 3. In the model that
learns the NAND gate with three inputs, the “learningrate” value expressed as the step interval is selected as
0.1, the “threshold” value of activation is selected as 0.5 and can be displayed in Figure 3. After the
researcher creates the artificial neural network model, it can make it easier to display the model on the screen
by changing the scale of the model. The visually created model is ready to be transferred to the graph
database.

2.3. Transfering artificial neural network models into the graph database

After creating the artificial neural network, the researcher should display the screen with the model output
written in the query language named Cypher for the transfer to the graph database. The output of the cypher
guery that will be run in the database of the model created on the site is displayed in Figure 5b. The data
created in the query is kept to send neuron and synapse data to the graph database.

The query contains two different structures. After the “CREATE” command, neuron data is created with
virtual id numbers, and then, while expressing relationships, these virtual id numbers connect neurons as
they are created in the model. Using the open command on the console, how the query will be displayed in
the graph database can be displayed n the new tab, and it is provided to register to the graph database with
the “Create New Model” button. After the model is created, in the menu on the left, under the “Workspace
List”, a line with 4 is written for the model whose workspace is created and identified as 4. 4 under the
workspace list represents a model environment where the status of the model can be monitored. Model
registered in graph database via the system.

Before the three input NAND perceptron model diagram is imported into the database, the Cypher query is
shown to the researcher. The query appears in Figure 5b. In Figure 6, the neural network created by the
researcher on the system is shown in the Neo4j Browser. The query consists of two parts. The first of these
sections is the node definitions, and the second is the relation definitions. From the lines used to create a
node, for example, the leading 0 in the line "('0": input {workspace: '4', data: '0'})," indicates that the first
node will be created virtually. Tags are given to the nodes in the query, for example “: input” plays a role in
indicating that the node is an input node. The workspace variable was created to understand the fact that it
will be used in the training and test sections, which are given to the node when creating the model, and to
provide ease of query. The data is used to express the data to be stored in the node. After six nodes are
defined in the query, relationship definitions are made. When defining a relationship in the query for
example, the line “("0 ") - [:' related ‘{weight:' 0.0 '}] -> (" 1")," has a relationship between which node and
which node. The direction of the relationship expressed with “->” arrow. The label of the relationship. and its
weight has been defined in the weight field. In the example given in Figure 5b, in the query that creates the
relationship there is a command to establish a relation between the zeroth node and first in the query between
zero and one, with a weight of 0.0, with the relationship name called as related. For example without node
definitions, the relations of the first input node without '0' cannot be identified in the query. “Create New
Model” button should be clicked if the researcher wants to create a model in the graph database. After the
researcher created the model, Figure 6 shows the ANN generated in the Neo4j database.
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Figure 5b. NAND logic gate learner neural model Cypher query output screen
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Figure 6. NAND logic gate learner ANN model representation on Neo4j browser

2.4. Transfering trained artificial neural models

A structure has been developed to transfer and visualize artificial neural network models and perform
predictions on Tensorflow (2015) and Keras (2017) frameworks models. Models trained in Keras can be
transferred to the developed system if they are exported with their configurations and weights in h5 file

format.

An exemplary feed-forward neural network model for transferring the H5 format to the system was created
on the Keras software framework. The model is trained to learn whether someone will play football
depending on the weather, humidity, wind variables. Table 1 shows the data used in the feed-forward
network model and whether or not football is played as a result. It is used in the ANN model if the weather
condition is sunny, 0 if it is overcast and -1 if it is rainy. Moisture value is evaluated as 0 if normal and 1 if
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high. It is evaluated as 0 if the wind value is weak and 1 if it is strong. If the value of playing the game is yes,
it’s evaluated as 1, if no it is evaluated as 0.

The sample data set is shown in Table 1. The feed-forward Keras ANN model which decided to play football
was created with the sequential definition of Keras. Tanh is used as the activation function in the input layer
of the model since it must receive inputs in the range from -1 to 1. In the output layer, the sigmoid activation
function is used because the outputs must be 0 or 1. Mean squared error was used for stochastic gradient
descent and loss or cost function for optimization. The model training stopped when it produces values close
to the desired results after the five thousand epochs have been trained and took its final form. The h5 output
of the model was taken under the name “demo_model.h5” which is provided in project codes.

Table 1

Data set of the feed-forward model

Weather condition Moisture Wind Play
Sunny High Weak No
Sunny High Strong No
Overcast High Weak Yes
Rainy High Weak Yes
Rainy Normal Weak Yes
Rainy Normal Strong No
Overcast Normal Strong Yes
Sunny High Weak No
Sunny Normal Weak Yes
Rainy Normal Weak Yes
Sunny Normal Strong Yes
Overcast High Strong Yes
Overcast Normal Weak Yes
Rainy High Strong No

Using the “demo_model.h5” example model in framework content files, with the “Import H5 Model” option
on the site, firstly the “h5tojson.py” python code is converted from the hS model to the JSON data format
where the layers and neurons are easily processed. Lastly, the JSON model data converted to the graph
database query with the developed framework. An example of an artificial neural network converted to a
guery can be seen in Figure 3. The status of the model mentioned in the study after the transfer from h5
format to the study project is shown in Figure 7. The model has been successfully transferred to show the
three weather inputs via data, kernel, bias values in the feature fields on their relationship, and to show in the
output node as the output whether it will play football. In Figure 7, data in all relationships and nodes are not
shown, only relationships in one path are shown.
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Figure 7. Representation of the transferred feed-forward h5 model

By transferring and visualizing the model into the study, which input node has the highest priority, its
working structure can be observed more clearly and it enables us to watch the training and test process live
with the socket connection. By transferring the model to the system and running the graph database on the
server, it is prevented to have H5 output to move the model as in Keras. The view of the feed-forward model
completed and transferred over Neod4j is as in Figure 8, all data and relations are made and kept on the graph
database. Thus the transferred ANN which is now in the graph database can be used by researchers as
desired and can be accessed online. ANN is implemented in an ecosystem that will not need the cycle again
for transmission. While the model cannot be monitored visually while in Keras, all processes can be
monitored visually with the proposed system. While the researchers cannot work together on the model with
the method offered by Keras, they can perform collaborative studies with the method presented.

[ ~(7) ] hidden(3)  output(1)

output <id>:737 data: 6824 45955912 workspace:

Figure 8. Query representation of the transferred h5 model in Neo4j
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2.5. Testing the artificial neural network model on the graph database

In the widely used software frameworks such as Keras and Tensorflow, researchers observe model
training and testing courses with an error rate, learning rate, etc. Model creation and testing processes are
monitored from the parameters and the inference that if the model trained enough or not. While training or
testing, researchers have no chance to view the visual status of the model. To eliminate this problem, the test
parameters were entered into artificial neural network models on the Neo4j graph database and the status of
the test was queried live with its socket communication structure. In Figure 9, a researcher is watching the
test process live. By clicking on the workspace name on the left menu, the screen where the models are
displayed. In the upper right menu, there is a stop button for ending live tracking, the screen where the test
parameters can be entered, and the training button where the training can be started.

W Stop Live Display = A Transfer A Clear Model A Delete Model A Edit Mode

ate New Mode e y imeal 0 0 0

» Import H5 MNIST Mode
Workspace List
>4

hidden

vVVYVYVVYTVYTYVYTVYY

data: 0.625600397586823
( workspace: 99
output

Figure 9. The screen of the researcher conducting the prediction in the feed-forward model

When the parameter input is tested with sample data such as overcast weather, normal humidity, weak wind,
i.e. 0,0,0 inputs, the prediction results are calculated and stored in the database, as shown in Figure 9. In
Figure 9, researcher trigger prediction process of displayed ANN. Figure 9 shows that the ANN model
predicts play football with 62% probability. Another researcher can display test process at the same time and
can see the prediction results. Between hidden and input layers Tanh activation function used. Between
output and hidden layers, Sigmoid activation function is used.

The figure shows the current status of neurons or relationships over the site. Also, the size of the nodes refers
to the size of the data. If the output data is between 0.5 and 1 it means that football will be played, if its
between 0.5 and 0 football will not be played. In this case, the result of the test indicates that football will be
played. It matches according to the test result and dataset. While performing the test, the data in the node is
obtained by multiplying the kernel of the relationship with the previous node and adding bias on it. This
continues in the same way until it reaches the output and ends when the output is achieved.

In this study, a NAND logic gate learner perceptron with three inputs was created to perform the training. As
seen in Figure 10, input neurons are given [1,0,0]. The value of 1 was given as expected output. Activation
will work at values above 0.5 and weights will be increased by increasing 0.1 steps.
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Figure 10. The image after the creation of a model that learns the NAND logic gate created by the researcher
on the system.

While performing the training in Figure 11, the process can be observed live, and the result is presented to
the researcher in green notification popup. The expected result was obtained in two steps and model weights
were assigned. Relationship weights that increase as much as the value of learning rate in each step for
learning continue to increase if not equal to expected output. All the processes in the estimation and learning
stages were made in the graph database using graph theories. In the perceptron learning performed in Figure
11, the value in each input neuron was transferred by adding the weight in the relationship while passing to
the next neuron. When the data value in neurons exceeds the threshold value, the activation is triggered and
the outputs are found and the expected output is checked for equality. As can be seen in Figure 11, learning
was stopped by providing equality to expected output in 2 steps.
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Figure 11. The panel where artificial neural network training is observed

The developed framework was also made to strengthen the representation of convolutional neural network
models. The imported convolutional neural network model keeps all its data and structure in the graph
database and allows it to be processed and observed. Figure 12 shows a part of the CNN model stored in the
system. MobileNet version 2 (Howard et al., 2017) is used to show the import of convolutional neural
models into the system. Model matrices are stored as every single matrix as a node. The way is not efficient
to store big blob data in node properties as the Neo4j graph database framework suggests. Layer
representation is developed to simplify visualization on large models. CNN model layer representation is
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shown in Figure 13. The way of model representation on the browser can be zoomed in or out. Also, drag
actions can be done on nodes, to observe better. WebGL technology has been used to facilitate the render
process in the browser in networks containing many neurons and layers such as CNN.
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Figure 12. Imported MobileNet convolutional neural network representation
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Well known handwritten digit dataset MNIST (LeCun, Cortes & Burges 2010) trained with Keras framework
and imported to the system from hd5 file format of the trained model. The model predicts 28x28 handwritten
digits. MNIST data set was a performance criterion of early computer vision machine learning times. Since
the MNIST data set is an important toy case, it was preferred in this study. With the importing of the model,
every single cell in matrices represents a node to show different ways of holding data in the graph database.
The model is shown in Figure 14 with every node represents a cell in the kernel, bias matrices and their
output matrices. In Figure 14, nodes in the graph stores matrix cell data on properties. Relationships between
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nodes represent connections of nodes and these connections can be virtualized as layer nodes as seen in
Figure 15. In Figure 15, the grouping feature of the system executed then the same label nodes of ANN
shown as layers to the researchers. Any kind of parameter of ANNs in the system which node or relationship
has can be shown with node representation on the web site in case the researcher wants to see. Researchers
see the model life cycle and how it's stored and processed. Nodes standing apart on the left represent the
input and first matrix multiplier, respectively. Large nodes on the of the nodes forming the ring represent the
output of the bias layer. The right side of the nodes forming the ring represents the output of the kernel layer.
Nodes that form the ring shape are holding big matrices cell data on nodes. While testing the model every
node is used to calculate outputs.

Menu | Stop Render + Show Labels 4 Test Parameters « Train » Group A Transfer A Clear Model A Delete Model A Edit Mode!

¥ Create New Model

» Import H5 Model

9 Import H5 CNN

¥ Import H5 MNIST Mode

Workspace List

>4

o | .
);( e "
>

» 10

> 2

> xor

% nan

¥ akta

> Logo

Figure 14. Imported MNIST handwritten digit dataset trained ANN model display in graph form on web site

W Stop Render + Show Labels 4 Test Parameters « Train » Group A Transfer A Clear Model A Delete Model A Edit Model

-
input
B
middleoutput_bias_0

Bemel_0

1iasio

"
Middleoutput_kemel_0

Figure 15. Imported MNIST handwritten digit dataset trained ANN model display on web site with only
layer representations

Neo4j does not support multi-dimensional matrices in property values by default. For this reason, in the
model described Figure 12 the artificial neural network is represented exactly, but the calculation costs
increase. On the other hand, in the Mnist model shown in Figure 14, each cell of the matrices in the layers
was expressed as a neuron. Thus, Neo4j directly supported the model data structure used. Although it makes
the observation power of the model difficult, it reduces the computational costs. Both methods were
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implemented in the proposed system and the difference was examined in this way. In the next section, a
sample prediction is made and a comparison of Keras and performance is made. In the next section, a sample
prediction is made and performance comparison of Keras and the proposed system is made.

2.6. MNIST handwritten digit artificial neural network model prediction comparison

With the Tensorflow 2.0, Keras is officially used to perform high-level operations. Keras is widely
accepted by researchers and industry for deep learning and convolutional neural network focused work. In
this section, the model prediction has been performed with both Keras and the proposed graph database
based neural network study. For comparison, the 2.3.0 version of Keras and the Tensorflow library that
supports graphics cards are used. Using the version of Tensorflow that performs calculations on the GPU, the
library with the highest performance has been selected for comparison. Comparisons were made on a laptop
with Intel i7-7700HQ processor, 16 GB DDR4 memory and Nvidia 1050Ti graphics card.

The Mnist dataset includes 28 by 28-pixel hand-drawn figure images. In this data set, the learning was done
on the convolutional neural network. ReLU activation function is used in convolution layers and SoftMax
activation function in the output layer. Grayscale visual matrices of the picture take values between 0 and
255. The number drawing with the prediction test is shown in Figure 16. While the estimation is performed
in the proposed system, the researcher is expected to upload the image to the system. After selecting the file,
the image is transformed into a 1 by 784 matrix with the code running in the browser of the researcher who
starts the prediction. Converting the image to a matrix will not incur computational costs on the backend
server. As a result of multiplication and sum operations performed with calculation matrices, a 1 by 10
matrix is obtained and the matrix index containing the highest number shows the estimated number. After the
prediction is concluded, the researcher is shown the estimated number in the green popup. The researcher
can see the data in the neural network layers on the site, as well as the results of each neuron.

Figure 16. 28 by 28 pixel hand-drawn number 9 to be predicted in the Mnist model

In every attempt made with Keras, there is a cost of distributing the input and the model to the GPU, as
all computing is done on the GPU. The data needs to be transformed every time. This can cause slow
running. As the Neo4j graph database runs, it caches and returns queries quickly. Therefore, in the graph
database based neural network the initial slowness seen in Table 2 is gradually decreasing. In Table 2,
the return of model estimation results in Keras and the proposed system is given in seconds. The propo-
sed system can give 125 milliseconds faster estimation output on the arithmetic average than Keras based
on the graphics card. Because the proposed system is online, network status, server density can change
the calculation times. The ability of the proposed system to calculate faster than the accepted libraries
shows the power of graph database-based artificial neural networks. All calculation results are kept in
artificial neural network cells and links in the graph database.
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Table 2

Comparison of the recommended system and GPU supported Keras prediction times
. Graph database based neural network Keras

Trial (sec) (sec)

1 3.34 341

2 3.37 3.18

3 3.34 3.15

4 3.28 2.97

5 3.31 3.19

6 3.32 3.19

7 3.26 3.76

8 3.29 3.18

9 3.66 3.09

10 3.36 3.16

Arithmetic 3.353 3.228

Mean

As can be inferred from the comparison, although the main focus of this new study in the field is to express
artificial neural networks better and enable the development of new types of networks, its performance is
also acceptable.

3. Conclusion

In this study, a completely new method has been developed and artificial neural networks are processed in
graph databases. With this study, artificial neural networks implemented in graph databases can be designed
visually by researchers. Researchers can edit the artificial neural network graph shown on the developed
software without the need for a code. It is ensured that researchers can operate processes on the same ANN
models together. With its infrastructure, researchers can share artificial neural network models without
transforming. The one-to-one representation of artificial neural networks in the theory was realized in the
graph database. The black box problem is illuminated by observing every element and flow in artificial
neural networks kept in the graph database. By comparing the estimation with Keras, it is concluded that the
calculation speed of the proposed system is acceptable and makes predictions faster in the example. Since it
is shared with open-source code, the first steps of the graph database-based neural network ecosystem have
been taken.

In subsequent studies, apart from the artificial neural networks suggested in the study, it can be provided to
operate different artificial neural networks. Generalizable prediction and training phases can be designed for
graph database-based neural networks. Performance optimizations for training and testing of convolutional
neural network models for performing transactions on the graphics card can be developed. In industrial
projects, it can be proved that the presented method can work at industry standards by realizing artificial
neural networks where data is kept in graph databases.

Acknowledgement

This work was supported by the Hepsiburada. I would like to thank Hepsiburada for the opportunities it
has given.

Author Contributions

Doga Baris OZDEMIR: Developed the software platform, generated models for proof of concept.

31



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 12-34

Ahmet Cumhur KINACI: Designed and analyzed the artificial neural network processes on graphs approach.

Conflicts of Interest

The authors declare no conflict of interest.

References

Ackley, D. H., Hinton, G. E., & Sejnowski, T. J. (1985). A learning algorithm for Boltzmann machines.
Cognitive science, 9(1), 147-169.

Armenta, M. A., & Jodoin, P. M. (2020). The Representation Theory of Neural Networks. arXiv preprint
arXiv:2007.12213.

Battaglia, W., P., Hamrick, B., J., Bapst, Alvaro, ... Razvan. (2018, October 17). Relational inductive biases,
deep learning, and graph networks. Retrieved from https://arxiv.org/abs/1806.01261.

Buhrmester, V., Miinch, D., & Arens, M. (2019). Analysis of explainers of black box deep neural networks
for computer vision: A survey. arXiv preprint arXiv:1911.12116.

Carpenter, G. A., & Grossberg, S. (1990). ART 3: Hierarchical search using chemical transmitters in self-
organizing pattern recognition architectures. Neural networks, 3(2), 129-152.

Cho, K., Van Merriénboer, B., Gulcehre, C., Bahdanau, D., Bougares, F., Schwenk, H., & Bengio, Y. (2014).
Learning phrase representations using RNN encoder-decoder for statistical machine translation. arXiv
preprint arXiv:1406.1078.

Choromanska, A., Henaff, M., Mathieu, M., Arous, G. B., & LeCun, Y. (2015). The loss surfaces of multila-
yer networks. In Artificial intelligence and statistics (pp. 192-204).

Cvitkovic, M. (2020). Supervised Learning on Relational Databases with Graph Neural Networks. arXiv
preprint arXiv:2002.02046.

Cybenko, G. (1989). Approximation by superpositions of a sigmoidal function. Mathematics of control, sig-
nals and systems, 2(4), 303-314.

Cuhadar, M., & Kayacan, C. (2005). Yapay Sinir Aglar1 Kullanilarak Konaklama Isletmelerinde Doluluk
Orani Tahmini: Tiirkiye'deki Konaklama Isletmeleri Uzerine Bir Deneme. Anatolia: Turizm Arastir-
malari Dergisi, 16(1).

Euler, L. (1741). Solutio problematis ad geometriam situs pertinentis. Commentarii academiae scientiarum
Petropolitanae, 128-140. Goodfellow, 1. J., Pouget-Abadie, J., Mirza, M., Xu, B., Warde-Farley, D.,
Ozair, S., ... & Bengio, Y. (2014). Generative adversarial networks. arXiv preprint arXiv:1406.2661,

4(5), 6.

Goodfellow, 1., Bengio, Y., Courville, A., & Bengio, Y. (2016). Deep learning (\VVol. 1, No. 2). Cambridge:
MIT press.

Graph Based Neural Network (2019). Retrieved from

https://github.com/dogabaris/GraphBasedNeuralNetwork.

Hebb, D. O. (1949). The organization of behavior: a neuropsychological theory. J. Wiley; Chapman & Hall.
Hochreiter, S., & Schmidhuber, J. (1997). Long short-term memory. Neural computation, 9(8), 1735-1780.

Hopfield, J. J. (1982). Neural networks and physical systems with emergent collective computational abili-
ties. Proceedings of the national academy of sciences, 79(8), 2554-2558.

Hopfield, J. J. (1984). Neurons with graded response have collective computational properties like those of
two-state neurons. Proceedings of the national academy of sciences, 81(10), 3088-3092.

32



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 12-34

Howard, A. G., Zhu, M., Chen, B., Kalenichenko, D., Wang, W., Weyand, T., ... & Adam, H. (2017). Mobi-
lenets: Efficient convolutional neural networks for mobile vision applications. arXiv preprint
arXiv:1704.04861.

Keras: The Python Deep Learning library. (2017). Retrieved from https://keras.io.

Kohonen, T. (1982). Self-organized Formation of Topologically Correct Feature Maps. Biological Cyberne-
tics, 43, 59-69.

Kohonen, T. (1990). The self-organizing map. Proceedings of the IEEE, 78(9), 1464-1480.

Lam, H. T., Minh, T. N., Sinn, M., Buesser, B., & Wistuba, M. (2018). Neural feature learning from relatio-
nal database. arXiv preprint arXiv:1801.05372.

LeCun, Y., Bottou, L., Bengio, Y., & Haffner, P. (1998). Gradient-based learning applied to document re-
cognition. Proceedings of the IEEE, 86(11), 2278-2324.

LeCun, Y., Cortes, C., & Burges, C. J. (2010). MNIST handwritten digit database.

Liu, H. (2017, November 1). Hierarchical Representations for Efficient Architecture Search. Retrieved from
https://arxiv.org/abs/1711.00436v2.

Maas, A. L., Hannun, A. Y., & Ng, A. Y. (2013, June). Rectifier nonlinearities improve neural network
acoustic models. In Proc. icml (Vol. 30, No. 1, p. 3).

Mcculloch, W. & Pitts, W. (1943). A Logical Calculus of Ideas Immanent in Nervous Activity. Bulletin of
Mathematical Biophysics, 5, 127--147.

Minsky, M., Papert, S. (1969). Perceptrons: An Introduction to Computational Geometry. Cambridge, MA,
USA: MIT Press.

Moody, J., & Darken, C. J. (1989). Fast learning in networks of locally-tuned processing units. Neural com-
putation, 1(2), 281-294.

Muhammad, T., & Halim, Z. (2016). Employing artificial neural networks for constructing metadata-based
model to automatically select an appropriate data visualization technique. Applied Soft Computing,
49, 365-384. DOI: 10.1016/j.as0c.2016.08.039.

Nair, V., & Hinton, G. E. (2010, January). Rectified linear units improve restricted boltzmann machines. In
ICML.

Nekhaev, D., & Demin, V. (2017). Visualization of maximizing images with deconvolutional optimization
method for neurons in deep neural networks. Procedia Computer Science, 119, 174-181. DOI:
10.1016/j.procs.2017.11.174.

Neo4j. (2007). Retrieved from https://neo4j.com.

Olden, J. D., & Jackson, D. A. (2002). Illuminating the “black box”: a randomization approach for unders-
tanding variable contributions in artificial neural networks. Ecological Modelling, 154(1-2), 135-150.
DOI: 10.1016/s0304-3800(02)00064-9.

Oztanir, O. (2018). Makine Ogrenmesi Kullanilarak Kestirimci Bakim (Master's thesis, Fen Bilimleri Ensti-
tiisii).

Rosenblatt, F. (1958). The perceptron: A probabilistic model for information storage and organization in the
brain. Psychological Review, 65(6), 386—408. https://doi.org/10.1037/h0042519

Rumelhart, D. E., Hinton, G. E., & Williams, R. J. (1986). Learning representations by back-propagating
errors. nature, 323(6088), 533-536.

33



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 12-34

Rumelhart, D. E., Hinton, G. E. & Williams, R. J. (1985). Learning Internal Representations by Error Propa-
gation. In D. E. Rumelhart & J. L. Mcclelland (ed.), Parallel Distributed Processing: Explorations in
the Microstructure of Cognition, Volume 1: Foundations (pp. 318--362). MIT Press.

Scarselli, F., Gori, M., Tsoi, A. C., Hagenbuchner, M., & Monfardini, G. (2008). The graph neural network
model. IEEE Transactions on Neural Networks, 20(1), 61-80.

Schikuta, E. (2008). Neural networks and database systems. arXiv preprint arXiv:0802.3582.

Smolensky, P. (1986). Information processing in dynamical systems: Foundations of harmony theory. Colo-
rado Univ at Boulder Dept of Computer Science.

Tank, D., & Hopfield, J. (1986). Simple 'neural' optimization networks: An A/D converter, signal decision
circuit, and a linear programming circuit. IEEE transactions on circuits and systems, 33(5), 533-541.

TensorFlow. (2015). Retrieved from https://tensorflow.org.

Tosun, S. (2007). Smiflandirmada yapay sinir aglari ve karar agaclar1 karsilastirmas1: Ogrenci basarilar1 iize-
rine bir uygulama (Doctoral dissertation, Fen Bilimleri Enstitiisii).

Touretzky, D. S., & Pomerleau, D. A. (1989). What’s hidden in the hidden layers. Byte, 14(8), 227-233.

Uwents, W., Monfardini, G., Blockeel, H., Gori, M., & Scarselli, F. (2010). Neural networks for relational
learning: an experimental comparison. Machine Learning, 82(3), 315-349. DOI: 10.1007/s10994-010-
5196-5.

Wang, T. (2018, February 15). NerveNet: Learning Structured Policy with Graph Neural Networks. Retrie-
ved from https://openreview.net/forum?id=S1sqHMZCb

Widrow, B. & Hoff, M. E. (1960). Adaptive Switching Circuits. 1960 IRE WESCON Convention Record,
Part 4 (p./pp. 96--104), New York: IRE.

Widrow, B., & Lehr, M. A. (1990). 30 years of adaptive neural networks: perceptron, madaline, and
backpropagation. Proceedings of the IEEE, 78(9), 1415-1442.

Witt, C., Bux, M., Gusew, W., & Leser, U. (2019). Predictive performance modeling for distributed batch
processing using black box monitoring and machine learning. Information Systems, 82, 33-52. DOI:
10.1016/j.is.2019.01.006.

Yahia, M. E., & Elsawi, A. M. (2003). Neural Database Model.

34



e-ISSN 2757-5195

Canakkale Onsekiz Mart University
Journal of Advanced Research in Natural and Applied Sciences

Open Access

doi.org/ 10.28979/jarnas.890343 2021, Vol. 7, Issue 1, Pages: 35-47 dergipark.org.tr/tr/pub/jarnas

Novel Benchtop '"H NMR and High Field "H NMR spectroscopy as
practical tools for characterization of chemically exchanging systems in
Ascorbic acid

Sevil Cikriker™”

!Department of Food Engineering, Faculty of Engineering and Architecture, Konya Food and Agriculture University, 42080 Konya,
Turkey

Article History Abstract — Nuclear magnetic resonance (NMR) spectra and its action on characterization of pH dependent systems
04.09.2020 are among the most useful tools in spectroscopic techniques. Nevertheless, practical considerations often restrict the

application of High field NMR owing to its huge dimensions, expense and time-consuming property. On the other
Accepted:  24.11.2020 hand, benchtop devices could be another option with transportable permanent magnet systems (1-2 T) but with

Received:

Published:  20.03.2021 several disadvantages such as reduced sensitivity and low resolution. In this study, proton exchange rates depending
on pH of a selected molecule, were monitored by both 800 MHz High-Field and 60 MHz Benchtop H* NMR to be
Research Article compared. L-Ascorbic acid (AA) which is an important substrate for body and biological reactions was chosen as a

target model molecule. This study supported the use of NMR for pH dependent chemical changes due to
protonation. According to spectrum results and previous literature studies, shifting behaviour of Peak 1 (assigned to
H13) towards lower frequencies upon pH increase, gave us its feasibility for pKa determination. While High-field
NMR spectroscopy demonstrated the compositional analysis of AA and proton exchanges showing couplings
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1. Introduction

Nuclear magnetic resonance (NMR) is among the most powerful spectroscopic techniques for analysis of
molecular structure and detection of chemical species (M. P. Ledbetter et al., 2009). In polymer chemistry,
the peak intensities and chemical shifts in NMR spectra enable some structural quantities such as polymer
composition, branching, sequence distribution and crosslinking to be measured or characterized (Park, Kim,
Seok, Kim, & Kim, 2015; Shapiro, 2011). On the other hand, spectral sensing of local pH changes in vivo
has been of long-standing interest for characterization of metabolites, pathological conditions, substrates etc.
(Shchepin et al., 2016). Depending on exchange regime and reaction rate constant, spectral lineshapes show
unique pattern in NMR spectroscopy. Labelled pyruvic acid and ascorbic acid are among the substrates that
are widely used as biomarker probes for differentiation of healthy and cancer cells by analyzing their
chemical transformation into their other forms (pyruvate, dehydroascorbic acid, etc.).

Ascorbic acid also called as Vitamin C, is one of the most outstanding members of antioxidants (reducing
agent) by donating electrons to many enzymatic / nonenzymatic reactions. It is converted into oxidized state

L sevil.cikrikci@gidatarim.edu.tr

“Corresponding Author

35



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 35-47

mainly as dehydroascorbic acid (DHA) and DHA could be used as a probe for redox chemistry in biological
systems (Keshari et al., 2019). Injection of hyperpolarized form of DHA and its rapid conversion to Vitamin
C in tissues having high oxidative stress including kidney, liver highlights its biochemical role. These
reactions like reduction-oxidation are also affected by pH variations. Chemical exchange like proton
exchange due to such kind of changes in media is important phenomena to be considered in so many areas
from biochemistry to medical applications. These concepts could be characterized and studied by several
techniques. One of them, NMR, allows to differentiate chemical species through their resonance frequencies
(chemical shifts and J couplings) (Barskiy et al., 2019). In addition to other features, one of the strongest
aspect of NMR is its ability for detection of chemical exchange phenomena even in case where system is in
equilibrium (Levitt, 2000). It is a non-invasive and non-destructive method probing the chemical
composition of samples. Although there are past studies related to ascorbic acid spectra (Paukstelis J.V.,
Mueller D.D., Seib P.A., 1982; Reid, 1989; Singh, Mohanty, & Saini, 2016), the use of recent, new-
generation instruments with different settings were proposed in this study. In this work, the utility of NMR
spectra was presented to show pH-dependency of metabolic substrates. For this aim, L-Ascorbic acid (AA)
was chosen as a model substrate.

Especially, traditional high field NMR has a tremendous utility with high resolution, high signal to noise
ratio and high sensitivity. Nevertheless, the use of high magnetic fields requires high cost, immobile and
large superconducting magnets with constant cryogenic temperature setup making sometimes conventional
NMR as a limited tool (Micah P. Ledbetter & Budker, 2013). Nowadays, Benchtop NMR instruments
(frequencies varying up to 100 MHz) with permanent magnets have opened the ways to access several
applications such as pharmaceutical and biotechnology. They are built in a way that is cheaper and highly
portable compared to high field equipment but limited devices due to low resolution, low signal to noise
ratio, etc. (Heerah, Waclawek, Konzuk, & Longstaffe, 2020). To achieve better results such as better signal
to noise ratio (SNR) in Benchtop NMR, it is required to manipulate several parameters like number of scans
(Dopona, 2015). In this study, 60 MHz Benchtop NMR spectra was demonstrated to analyze its efficiency in
chemical exchange analysis and its use in pH- pKj relationship. The objective of the study was to show the
application of Benchtop NMR spectroscopy as a practical tool for analysis of pH dependent exchange system
in a biological molecule.

2. Materials and Methods
2.1. Sample preparation

A stock solution of L-Ascorbic acid (AA) (99% Sigma Aldrich, St. Louis, Missouri, USA) was prepared
in a 200 mM concentration by dissolving AA in deuterium oxide (D,O) for signal locking. Some samples
were prepared in DMSO_d6 (Sigma-Aldrich, USA), as well. Sodium hydroxide (Fisher Chemical, USA),
hydrochloric acid (Macron Fine Chemicals, Avantor, USA) or acetic acid (Macron Fine Chemicals, Avantor,
USA) at different molarities were used to adjust pH. Sample pH values were measured at room temperature
using benchtop pH/ORP meter (HI 2211, Hanna Instruments, Rhode Island, USA) with micro pH
combination electrode, glass body (Sigma Aldrich, St Louis, MO). Then, NMR measurements were
performed immediately.

2.2. NMR methods

Each sample of 600 puL was pipetted into a standard 5 mm NMR tube. High-field 1H NMR measurements
were performed at room temperature using an 800 MHz Avance Il Bruker NMR spectrometer. High field
spectrum of each solution was acquired using 4 scans and 35 s of delay time. Benchtop NMR measurements
were conducted at room temperature using a 60 MHz Benchtop NMR (NMReady-60PRO, Calgary, Alberta,
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Canada). The optimization of setting parameters of Benchtop NMR was discussed in detail at the next
section.

3. Results and Discussion
3.1. pH-dependent chemical exchange in L-Ascorbic acid

Ascorbic acid (AA) (shown as AscH, in chemical structure), an essential nutrient for human health, plays a
significant role in so many pH dependent biological functions acting as enzymatic cofactor, reducing agent,
substrate, etc. There exist several spectrum studies of ascorbic acid by different techniques such as Raman
spectroscopy , *C NMR, *H NMR at different conditions in the literature (Karakurt, Aydogdu, Cikrike,
Orozco, & Lin, 2020; Paukstelis J.V., Mueller D.D., Seib P.A., 1982; Singh et al., 2016). As given in Figure
1, structurally it is a water-soluble ketolactone with two ionizable hydroxyl groups in which y-lactone makes
it highly reactive (J. Du, J. J. Cullen, 2013). It has two pK,’s, pK; is 4.2 and pK; is 11.6; so, the ascorbate
monoanion, AscH—, is the dominant form at physiological pH (approximately 7.4) (J. Du, J. J. Cullen, 2013).
To quantify pH dependent exchange behaviour, we performed 800 MHz High-Field NMR spectra by
studying aqueous solutions of L-Ascorbic acid (AA) under varying pH conditions from 0.37 to 12.07. Firstly,
the recorded 'H NMR spectra for AA, 200 mM stock solution in D,O adjusting pH to 2.3 was shown in
Figure 2. Since -OH hydroxy protons undergo rapid exchange with solvent, they are not seen as separate
resonances. Similar to the study of Reid (1989) (Reid, 1989), the stable system could be defined as “ABMX”
system as figured out in Figure la. A and B, two methylene protons have an adjacent chiral center causing
their environments to become different. Although they are similar, they are not exactly chemically equivalent
and do not have exact coupling constants, as well. J coupling constants belonging to system at specific pH
values were listed on Table 1. Geminal coupling in -10 to -20 Hz range was ignored.

As given in Figure 2, AA gave peaks at around 4.94 ppm assigned to H13 (X proton); a triplet peak at around
4.06 ppm (M proton) and a doublet peak at around 3.74 ppm (A and B proton). Peak 1 (X proton) at around
4.94 ppm assigned to C4-H13 is expected to be a doublet due to the presence of M proton. However, most
probably due to low coupling constant value, it was seen as a doublet just in stock solution at pH 2.3. Proton
X was magnified to see peak splittings in detail in Figure 2a. Peak 2 as a solvent peak was observed at
around 4.8 ppm similar to the literature (Reid, 1989; Singh et al., 2016). Figure 3 was obtained at around
4.06 ppm as a triplet peak due to M proton assigned to H14 bond coupling with C6-H,. Peak 4, another
splitting pattern as doublet peak, at around 3.74 ppm rose due to two freely rotating protons of C6-H, having
a three bond coupling with H14 (Reid, 1989).
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Figure 1. a) AA structure in acidic solution showing “ABMX” system (J. Du, J. J. Cullen, 2013) and b) AA
structures representing pK values associated with AA.

In addition to determined hydrogens, there are four in hydroxyl groups, as well. However, they can not be
observed in aqueous solution owing to D,O which could exchange OH with O?H (Singh et al., 2016).
Therefore, NMR spectrum of AA in DMSO_d6 solution was also figured out to show peaks belonging to
H17 and H18 protons at around 5 ppm (Figure 3).
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Figure 2. The 800 MHz proton NMR spectrum of ascorbic acid, 200 Mm in D,O (pH was adjusted to 2.3) a)

as overview b) between 3 and 4 ppm.

Table 1. Coupling constants for AA at certain pH values

Compound pH Jvx  Jam Jem  Jas Adpp

L-ascorbic acid ~2 1.8 5.8 7.3 -11.5 6.48

~7 19 5.6 76  -11.6 14.77

Note: The data was taken from (Paukstelis J.V., Mueller D.D., Seib P.A., 1982) measured at 600.2 MHz NMR in D,0.

pH dependence of chemical shifts was evaluated to see the ability of High Field *H NMR in chemical
exchange phenomena. Owing to complex nature of AA, it is not easy to interpret its spectra. The long-range
coupling patterns of those resonances could be complex and probably unclear. However, in this study it was
aimed to refresh the potential of NMR spectroscopy for vitamins to investigate exchange mechanism.
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Figure 3. 200 mM AA in DMSO_d6 without TSP in 800 MHz High Field NMR

Figure 4, produced an observable chemical shift change between the substrate and its proton exchanged
forms, to allow spectroscopic imaging of both metabolites (Bohndiek et al., 2011). According to the results,
three main findings were reached upon increasing pH level. Firstly, Peak 1 shifted to lower frequency at
higher pH values. Secondly, splittings at Peak 3 merged into one peak. As a final result, Peak 4 started to
split into two main peaks as pH increased.

40



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 35-47

Peak 1 WE
a) \ Peak 3  Peak4 pH 13.07
A A
Peak|2 pH 11.94 |
._
H 10.86 El
K JL A M P g
pH5.52 | -
: ]
H 5.09
J | A M P
'l
H4.12 |«
M A P
8
B
[ 3
Peak 1 L pH 2.3 .
| A A '

T T T
45 40 35 30 [ppm]

8.0 55
Chemical shift (ppm)
Peal 1 TE
" \_ NN .

ak 2 JL

]

Iy

Peak 1

%% NS
-

5.0 48 48 44 [ppm]

Chemical shift (ppm)

41



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 35-47

L5

C) Pea% JJ\/\/\’\‘Peak 4 =
JJ\L M |

[i é

ol

7 3
M I

T T T _)'\/\J'L' T T T T T T T
42 40 38 36 [ppm]

Chemical shiﬁ (ppm)
Figure 4. The 800 MHz proton NMR spectrum of AA 200 Mm in D,0O at varying pH values a) as overview
b) belonging to only peak 1 and peak 2 ¢) belonging to only peak 3 and peak 4.

There might be several senarios for these findings. One of them might be related to shielding effect of
oxygen especially on X proton. As given in Figure 1, the first donated hydrogen is the closest one (belonging
to -OH group) to X proton. Electronegativity effect of adjacent oxygen might have caused X proton to shield
and to show its signal at upfield. Clearly, at basic conditions higher than pK, of AA, the splitting in proton M
vanished with the increase of pH dependent proton dissociation rates. Electronegative substituents modify
the magnitude of vicinal coupling constants. Moreover, different orientations of a coupled proton with
respect to adjacent OH group in cyclic compounds is attributed to difference in coupling constants
(Paukstelis J.V., Mueller D.D., Seib P.A., 1982). Upon ionization of AA, conformational changes in AA
structure such as different rotamers might also have led changes in J constants and hereby variation in NMR
spectral lines.

5
a) ® —~--- o

49 =~
48

47 ‘\ pKal pKaZ
'S \

B 46 .-
45 -9,
44 Cee
43
42

Figure 5. ppm-pH relationship for peak 1 at High Field NMR.
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Another reason could be explained by dissociation / association mechanism with corresponding conjugates.
As pH value showed an increase, it might have been resulted in higher ky (dissociation constant) values
indicating decrease in mean life time of protons. Thus, NMR peaks could lose some splitting patterns and
give much more wider line shapes at high pH conditions. Here, relationship between pH and pK, is an
important event. Another relationship between pK, and shifting of Peak 1 was found as given in Figure 5.
Two sharp decreases in chemical shift points of Peak 1 were observed around pH values (~4 and ~11.5)
corresponding to two pK, values of AA. It was expected from our basic chemistry knowledge, the
populations of acids and base change fastest around the pKj in a titration.

Finally, Peak 4 gave different patterns depending on pH. Since Proton A and B are close enough, they can
affect each other hereby coupled together. Coupled protons moved to each other and this geminal coupling
led to a root effect in the presence of strong couplings. Upon increase in pH, this root effect began to change
by overlapping weak coupled protons and eventually showing a separation between two.

In the light of findings, it has been proposed that proton exchange, in other words, pH dependency of NMR
spectra could be featured for a variety of molecules such as ascorbic acid which is valuable substrate for
biomedical applications.

3.2. Benchtop 60 MHz NMR detection of L-Ascorbic acid

In order to investigate the performance of NMR system working with permanent magnet, similar analyses
were also conducted at 60 MHz Benchtop *H NMR which has a user friendly, cost effective and portable
design. In order to increase sensitivity and signal to noise ratio, we conducted preliminary experiments to
optimize parameters. For this purpose, firstly relaxation time constants (T,) of AA molecule were considered
and found as 3.61 s (for Peak 1), 3.11 s (for Peak 3) and 1.09 s (for Peak 4), to reach equilibrium and to
determine scan delays. Then, different sample concentrations and different number of scans were performed
as given in Figure 6. While Figure 6a represented the effect of sample concentration, Figure 6b displayed the
effect of number of scans on device efficiency.
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Figure 7. The 60 MHz Benchtop NMR spectrum of AA, 1.5 M in D,0 at varying pH values a) as overview
b) magnified version

Similar to previous part, pH dependency of proton chemical shift of AA in 60 MHz NMR in D,0O was
figured out in Figure 7. Similarly, shifting in Peak 1 regarding to pH was observed at Benchtop results, as
well. However, couplings of the protons could not have clearly seen at low field NMR. Splitting of NMR
peaks was overlapped and disappeared due to low resolution and low sensitivity. Thus, Peak 1 was mainly
considered in Benchtop NMR analysis. Another relationship between pK, and shifting of Peak 1 was also
given for benchtop measurement results (Figure 8). These results pointed out that Benchtop NMR
spectroscopy could be still challenging for some molecules like vitamins if you aim to identify changes in
conformational side chains.
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Figure 8. Observed 60 MHz Benchtop *H NMR chemical shift (ppm) of Peak 1 relative to sample pH
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4. Conclusion

In this study, 60 MHz Benchtop NMR and 800 MHz High-Field NMR were performed to verify proton
peaks in ascorbic acid as model vitamin, successfully. The obtained figures could also be used in
undergraduate student laboratory experiments to show chemical shift dependence on pH. According to the
results, the sensitivity of Benchtop NMR limited the detection of peak splitting and multiplets in 60 MHz,
but it still showed shifting behaviour of Peak 1 which was assigned to H13 and gave us its feasibility for pK,
determination. Overall, Benchtop NMR could be a promising and a useful tool to test the vitamins exposed
to chemical exchange when conventional NMR spectroscopy is used for detailed characterization. The latest
higher performance, 100 MHz Benchtop NMR devices could be more promising for future studies, as well.
Overall, Benchtop NMR could be of interest as a low-cost alternative method for characterization of pH
dependent chemical exchange regimes for complex molecules.
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0Oz — Dogal yenilebilir mantarlarin Diinya’nin bircok iilkesinde geleneksel anlamda besin ve ilag olarak kullanildig
uzun zamandan beri bilinen bir konudur. Morchella esculenta (L.) Pers (Kuzu Ggbegi) tibbi kullanim ve besin
degeri agisindan son derece degerlidir. Giiniimiize kadar yapilan birgok bilimsel ¢alismaya goére makro funguslarin
antiviral, antibakteriyal, antiprotozoal ve antifungal ozellik gdsteren gesitli kimyasal bilesiklere sahip oldugu
bilinmektedir. Gergeklestirilen bu ¢aliymada Kirsehir ili ve ilgelerinden toplanan Kuzu Gébegi mantarlarinin 18S
rRNA ve ITS gen bolgeleri ¢ogaltilarak molekiiler olarak tanimlamalar gergeklestirilmistir. Ayrica, bu
mantarlarinin etanol, metanol ve sulu ekstraklarinin antimikrobiyal etkileri ¢esitli mikroorganizmalar {izerinde agar
kuyucuk yéntemi ile arastirilmigtir. Son olarak, etkili bulunan ekstraktlarin Minimal Inhibisyon Konsantrasyon
(MIC, MIK) degerleri Broth Diliisyon metodu kullanilarak belirlenmistir. Yapilan ¢aligmalar sonucunda en etkili
ekstraktin etanol ekstrakt: oldugu ve Pseudomonas aeruginosa ATCC43288 iizerine oldukga etkili oldugu tespit
edilmigtir. Ayn1 zamanda etanol ve metanol ekstraktlarmin Candida albicans ATCC60193 iizerinde de etkili oldugu
belirlenmistir. Sonug olarak, M. esculenta mantarinin antibakteriyel ve antifungal potansiyeli bakimindan dikkate
deger oldugu goriilmektedir.
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Abstract —It has been known for a long time that natural edible mushrooms have been used traditionally as food and
medicine in many countries of the world. Morchella esculenta (L.) Pers (morel) is extremely valuable in terms of
medicinal use and nutritional value. According to many scientific studies performed to date, macro fungi are known
to have various chemical compounds showing antiviral, antibacterial, antiprotozoal, and antifungal properties. In this
study, morel mushrooms collected from Kirsehir province and its districts were molecularly identified using
amplification of 18S rRNA and ITS gene regions. In addition, the antimicrobial effects of ethanol, methanol and
aqueous extracts of these mushrooms were investigated by using the agar well method against various
microorganisms. Finally, Minimal Inhibition Concentration (MIC) values of the effective extracts were determined
using the Broth Dilution method. As a result of the studies, it has been determined that the most effective extract is
ethanol extract and it is highly effective against Pseudomonas aeruginosa ATCC43288. It has also been determined
that ethanol and methanol extracts are effective against Candida albicans ATCC60193. According to the data
obtained, it was determined that the ethanol and methanol extracts of Morchella esculenta mushrooms collected
from Kirsehir province were effective against gram positive, gram negative and yeast. Consequently, M. esculenta
mushroom appears to be notable for its antibacterial and antifungal potential.
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1. Giris

Biiyiime ve lireme fazi olarak iki evreye boliinmiis bir yasam dongiisii olan funguslar 6karyotik ve spor
olusturan mikroorganizmalardir. Makrofunguslar goriilebilecek kadar biiyiik veya yeraltinda biiyiiyebilen
dogal bir meyve govdesine sahip tiirlerdir. Bugiine kadar yaklagik 14.000 kadar makrofungus tiirii bildirilmis
ve bunlarin arasindan 2000’1 yenilebilir olarak rapor edilmistir. Yenilebilir mantarlar, 6zellikle f-glukanlar
gibi ¢ok zengin polisakkarit icerigi nedeniyle tibbi 6zelliklere sahiptirler (Roman vd., 2020). Funguslarin
tibbi kullanim1 Asya iilkelerinde ¢ok uzun bir gelenege sahipken, Bati yarimkiirede kullanimlar1 sadece son
yillarda artig gostermistir (Lindequist, Niedermeyer ve Jiilich, 2005).

Ulkemizde bir¢ok ¢ografi bolgede gozlenebilen ve halk arasinda "Kuzu gobegi" mantari olarak bilinen
Morchella tiirleri, tim Diinya’da yenilebilir mantarlar arasinda yer almaktadir (Acar ve Uzun, 2017). Kuzu
gbbegi mantar1 Fungi aleminde, Ascomycota subesinde, Pezizomycotina alt subesinde, Pezizomycetes
smifinda, Morchellaceae familyasinda ve Morchella (gergek kuzu gbbegi mantar1) cinsi igerisinde yer
almaktadir (Taskin ve Biiyilikalaca, 2012). Morchella esculenta (L.) Pers silindirik yapidan olusan ve ist
kismi toplam fungus agirliginin %70-80'ine sahip olan bir pileus’as ahiptir. Bu pileus yaklagik 3-9 cm
uzunlugunda, 2-5 cm genisliginde, yuvarlak veya diizensiz ¢ukurlara sahip olup kahverengi, sari, siyah veya
soluk renkte olabilmektedir. Fungusun alt kismi ise toplam fungus agirhiginin % 20-30'una sahip olan sap
veya stipe olarak bilinen organdan olusmaktadir. Stipe ise yaklasik 1-4 ¢m uzunlugunda, 0,5 — 3,0 cm
kalinliginda ve oyuk yapidadir. Olgunlagmanin ilk evrelerinde soluk gri beyazimsi olup olgunlukta ise rengi
grimsi kahverengiye doniismektedir (Hamayun, Khan ve Begum, 2003).

M. esculenta’nin sapka yapisi, tokoferolleri, karotenoidleri, organik asitleri ve fenolik bilesikleri igeren ¢ok
cesitli aktif bilesenlere sahiptir. Organik asitler oksalik asit, malik asit, sitrik asit, fumarik asit ve kinik asit
icermekte olup protokatekuik asit, para-hidroksibenzoik asit ve para-kumarik asit fenolik bilesikler arasinda
yer almaktadir. Kuzu gébeginin igerdigi bu bilesikler tibbi agidan oldukga dénemlidirler (Ajmal, Akram, Ara,
Akhund ve Nayyar, 2015). Bir¢ok arastirmacit kuzu gobegi mantarinda yer alan bu aktif bilesiklerin
antioksidan, antimikrobiyal, antialerjenik, antiinflamatuar, antitiimor, bagisiklik uyarici ve néroprotektif gibi
muazzam Ozelliklere sahip oldugunu bildirmistir (Duncan, Pugh, Pasco ve Ross, 2002; Meng vd., 2010;
Baati, Horcajada, Gref, Couvreur ve Serre, 2011; Halliwell, 2011; Halliwell, 2012; Heleno vd., 2013).

Enfeksiyon hastaliklari, Diinya ¢apinda insan sagligina yonelik en biiyiik tehditlerden biri olmus ve olmaya
devam etmektedir. Patojenlere karsi ¢ok sayida antimikrobiyal kullanilmasina ragmen, bu patojenlerde
goriilen antimikrobiyal diren¢ artan bir halk sagligi sorunu haline gelmistir (Shameem, Kamili, Ahmad,
Masoodi ve Parray, 2017). Artan antimikrobiyal diren¢ sorunu arastirmacilari ¢oklu ila¢ direncine sahip
patojenlere karsi savagmak ve cesitli yeni antimikrobiyal maddeleri gelistirmek icin alternatif kaynaklar
bulmaya tesvik etmistir (Roman vd., 2020).

Gergeklestirilen bu calismanin amaci; Kirsehir ili ve ilgelerinden toplanan Kuzu gobegi (Morchella
esculanta (L.) Pers) mantarinin molekiiler karakterizasyonu ve g¢esitli mikroorganizmalara karsi in vitro
antimikrobiyal aktivitesinin belirlenmesi’dir.

2. Materyal ve Yontem

2.1. Morchella esculenta Mantarlarimin Toplanmasi

Caligmada kullanilan kuzu gdbegi mantarlar1 2019 yili Nisan-Haziran aylan igerisinde Kirsehir ili ve
ilgelerinden toplanmustir. Ik olarak mantarin daha onceden bulundugu belirtilen alanlar tespit edilmistir.
Daha sonra suyun bol oldugu dere kenarlar1 ve baraj gevreleri gibi sulak alanlar tespit edilmistir. Tespit
edilen bu bolgelerde kuzu gObegi mantar1 aranmis ve toplanmustir. Tespit edilen kuzu gobegi
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mantarlarlarinin toprak {iistii yapilarina zarar verilmeden bir bigak yardimi ile topraktan ¢ikarilmig, kilitli
buzdolabi poseti icerisine konularaken kisa zamanda laboratuvara getirilmistir.

2.2.Morchella esculenta Mantarlarimin Molekiiler Tanimlanmasi

Kuzu gobegi mantarlarindan total DNA izolasyonu Plant DNA Extraction Kit (Thermo Fisher Scientific,
USA) kullanilarak ve iiretici firmanin onerileri dogrultusunda gerceklestirilmistir. izole edilen DNA’lar
etidyum bromiir igeren %1°lik agaroz jel elektroforezinde 1xTAE tamponunda yiiriitiilmiis (90 V), UV 15181
altinda goriintiilenmis ve sonraki ¢alismalar i¢in -20°C’de saklanmustir.

18S ve ITS1-5.8S-ITS2 rRNA gen bolgelerinin ¢ogaltilmasi igin gereken primerler Tablo 1’de verilmistir.
PCR reaksiyonlar1 50 ul son hacimde olacak sekilde ger¢eklestirilmistir. Reaksiyon karisiminda son hacimde
1xTag DNA polimeraz tamponu, 1.5 mM MgCl,, 250 pM dNTPmix (dATP, dCTP, dTTP, dGTP), 10
pmol/ul ileri ve geri primerler, 2U Tag DNA polimeraz ve 100 ng (yaklasik 1 pl) kalip DNA olacak sekilde
hazirlanmigtir. Son hacim ise steril dH,O ile 50 pl’ye tamamlanmistir.

Tablo 1
Caligmada kullanilan primerler
. T Uzunluk
Bolge Primerler Diziler (5°-3° m Kaynak
NS3 GCAAGTCTGGTGCCAGCAGCC .
185 Nss GCATCACAGACCTGTTATTGCCTe 8 907 I\_’\Q'\t/‘;’gulgsr'
ITS ITS1 TCCGTAGGTGAACCTGCGG 53 620 1990y '
ITS4 TCCTCCGCTTATTGATATGC

PCR dongii parametreleri baslangi¢ denatiirasyonundan sonra (95°C’de, 3 dk) 35 dongii 95°C’de 30 sn, 55
°C’de 30 sn ve 72°C’de 1,5 dk olacak sekilde gerceklestirilmistir. Son uzama ise 72°C’de 5 dk olacak
sekilde yapilmigtir. Dongii sonunda PCR iiriinleri etidyum bromiir igeren %1°lik agaroz jelde yiiriitiilmiis (90
V) ve UV 15181 altinda goriintiilenmistir. Ornekler dizin analizi i¢in Macrogen (Hollanda) firmasina
gonderilmistir.

Elde edilen 18S ve ITS gen dizileri BioEdit programu ile diizenlenmis ve NCBI GenBank’ta blastlanarak
diger 18S ve ITS dizileri ile yiizde benzerlikleri belirlenmistir (Hall, 1999; Sayers vd., 2020). Benzerlik
oranlar1 %97 ve iizerinde olan drnekler ayni tiir kabul edilmistir.

2.3. Morchella esculenta Ekstraktlarimin Hazirlamisi

Tiir tayinleri yapilan kuzu gébegi mantarlar kiigiik parcalar seklinde dilimlenerek, 40°C’de gece boyu
kurutulmustur . Daha sonra kuruyan mantar parcalart homojenizatér yardimi ile toz haline getirilmistir. Toz
haline getirilen materyalden 10 gr tartilip, 100 ml etanol, metanol ve su igeren erlenlere ayr1 ayr1 eklenmis
ve, manyetik karistiricida 24 saat karistirilmigtir. Bu siire sonunda elde edilen ekstraktlar Whatman No 1
kagidi ile siiziilmiis ve evaporatdr (Heidolph, Almanya) yardimi ile basing altinda konsantre edilmistir.
Antimikrobiyal aktivite belirlemesi i¢in 0,5 gr konsantre edilmis ekstraktlardan tartilmig ve 10 ml %5 DMSO
igerisinde ¢oziilerek 50 mg/ml olacak sekilde test soliisyonlar1 hazirlanmistir.

2.4.In-vitro Antibakteriyal ve Antifungal Aktivitenin Belirlenmesi

Cesitli ¢oziciiler ile elde edilen kuzu gdobegi ekstratklarinin antimikrobiyal 6zelligi g¢esitli bakteri ve
mantar suslarina karsi agar kuyucuk yontemi ile test edilmistir (Magaldi vd., 2004). Bakteri ve mantar suslar
Refik Saydam Hifzissihha Saglik Merkezinden temin edilmistir. Calismada kullanilacak mikroorganizmalar
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Escherichia coli ATCC 25922, Yersinia pseudotuberculosis ATCC 911, Pseudomonas aeruginosa ATCC
43288, Enterococcus faecalis ATCC 29212, Listeria monocytogenes ATCC 43251, Staphyloccus aureus
ATCC 25923, Bacillus cereus 709 Roma, B. subtilis subs. spizizenii ATCC 6633, Candida albicans ATCC
60193 ve Saccharomyces cerevisiae RSKK 251 olarak belirlenmistir.

Bakteri suglarinin TSA (Triptic Soy Agar) besiyerine ¢izgi ekimleri yapilmig ve gece boyunca 37°C’de
inkiibasyona birakilmistir. Ertesi giin lireyen tek kolonilerden steril serum fizyoloji (% 0,9 NaCl) igerisine
Mc-Farland 0,5 bulanik degerine sahip olacak sekilde eklenmis ve bu sekilde hiicre silispansiyonlari
hazirlanmistir. Elde edilen hiicre siispansiyonlarinin steril ekiivyon ¢ubugu ile MHA (Miiller Hinton Agar)
besiyeri lizerine yayma ekimleri yapilmistir. Ardindan besiyerleri tizerine 4 mm ¢apinda kuyucuklar steril
cork-borer ile agilmustir. Agilan kuyucuklarin igerisine 50 pl (2500 pg/ml her bir kuyucuk igin) test
soliisyonlar1 eklenmis ve petri kaplar1 37°C’de 1 gece inkiibasyona birakilmistir. Inkiibasyon sonunda olusan
inhibisyon zon caplar 6lgiilerek antibakteriyal aktivite degerlendirilmistir. Ampisilin (1 mg/ml) antibiyotigi
pozitif kontrol olarak kullanilirken, %5 DMSO soliisyonu negatif kontrol olarak kullamilmistir. Ttim testler
3 tekrar olacak sekilde gerceklestirilmistir.

Candida suslarinin biiyiitiilmesi ve antifungal aktivitelerin belirlenmesi yukarida anlatilan sekilde
gerceklestirilmis olup besiyeri olarak PDA (Potato Dextrose Agar) ve YPD (Yeast Peptone Dextrose)
besiyerleri kullanilmustir. Inkiibasyon kosullar1 ise 25 °C’de 48 saat olacak sekilde gerceklestirilmistir.
Pozitif kontrol olarak Fluconazole (1 mg/ml), negatif kontrol olarak %5 DMSO soliisyonu kullanilmustir.
Tiim testler 3 tekrarli olarak gergeklestirilmistir.

Agar kuyucuk ydntemi ile etkili bulunan ekstraklarin minimal inhibisyon konsantrasyon (MIiK) (MIC,
Minimal Inhibition Concentration) degerleri Broth mikrodiliisyon metodu ile 96 kuyucuklu playtlerde
gergeklestirilmistir. Kuzu gobegi etanol, metanol ve sulu ekstraktlarinin farkli konsantrasyonlar1 bakteriler
icin MHB (Miiller Hinton Broth) ve funguslar i¢in YPD (Yeast Peptone Dextrose) sivi besiyeri kullanilarak
2000 pg/ml-15.625 pg/ml (2000, 1500, 1000, 500, 250, 125, 62,5, 31,25, 15,625) olacak sekilde
hazirlanmistir. Kuyucuklarin igerisine 0,5 Mc-Farland bulanikliga sahip hiicre stispansiyonlarindan 20 ul
ilave edilmistir. Mikroplaytler bakteriler i¢in 37°C’de 1 gece, funguslar i¢in ise 25°C'de 2 giin inkiibe
edilerek ve MIC degerleri mikrobiyal iiremenin olmadig1 en diisiik konsantrasyon olarak belirlenmistir. MIC
deneylerinde ampisilin ve flucozanol pozitif kontrol olarak kullanilmistir.

2.5.GenBank Kayit Numaralan

Calismada kullanilan M. esculenta EEA-1mantarmin 18S rRNA ve ITS gen bolgelerine ait gen dizilerinin
kayit numaralari siras1 ile MT453111 ve MT457418 olarak elde edilmistir. Tiim gen dizileri NCBI GenBank
veri tabaninda depolanmistir.

2.6. istatistiksel Analiz

Calismada gergeklestirilen agar kuyucuk ve MIK degerlerinin karsilastirilmasinda tek yonlii varyans
analizi (ANOVA) kullanilmistir. Test edilen bakteri tiirlerinin birbiri ile karsilagtirilmasinda ise LSD ¢oklu
karsilagtirma testi kullanmilmistir. Yine ekstraktlarin birbirleri ile karsilagtirlmasinda tek yonlii varyans
analizi (ANOVA) ve LSD c¢oklu karsilastirma testi kullanilmigtir. Test edilen maya tiirlerinin birbiri ile
karsilagtirllmasinda ise (x2) testi kullanilmustir. Anlamlilik derecesi p<0,05 olarak alinmigtir. Varyans
analizlerini gergeklestirmeden Once biitlin veriler Levene istatistigi kullanilarak varyans homojenligi
agisindan degerlendirilmistir. Elde edilen biitiin veriler SPSS 16.0 istatistik programi kullanilarak analiz
edilmistir.
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3. Bulgular ve Tartisma

Kuzu gobegi mantarlart Kirgehir ili, Ak¢akent ilgesi ve ilgeye bagh kdylerden toplanmustir. Akgakent
ilgesi ilin en yagis alan ve sulak arazilerinin bulundugu bir il¢edir. Yapilan ¢aligmalar sonucunda burada
kuzu gobegi mantarinin daha onceden bulundugu tespit edilmis ve bu bdlgeden toplama islemi
gergeklestirilmistir. Kuzu gobegi mantar1 bal petegini andiran sapkali goriintiiye sahip olmasi ile kolay bir
sekilde ayirt edilmistir (Sekil 1). Tespit edilen bolgelerden dikkatlice kazilarak ¢ikarilan mantarlar kilitli
buzdolab1r poseti igerisine konularak laboratuvara getirilmistir. Yaklasik olarak 0,5 gr taze kuzu gobegi
mantart DNA izolasyonu i¢in kullamilmis ve diger Orneklerde antimikrobiyal aktivite testleri igin
kullanilmugtir.

Sekil 1. Kirsehir ilinden toplanan Kuzu Gobegi mantarmin goriintisii

Genomik DNA’s1 izole edilen kuzu gobegi mantarindan, 18S rRNA ve ITS gen bdlgeleri PCR yardimu ile
cogaltilmistir. PCR islemi sonunda 18S rRNA icin 907 bp ve ITS bdlgesi i¢in ise 620 bp amplifikasyon
riinii agaroz jel elektroforezinde goriintiilenmistir (Sekil 2).

Sekil 2. Kuzu gobegi mantarinin ¢ogaltilmis 18S rRNA ve ITS gen bolgeleri. Sira 1: ITS gen bolgesi (620
bp), Sira 2: DNA markir (Vivantis, 100 bp DNA ladder), Sira 3: 18S rRNA gen bolgesi (907 bp).

PCR fiiriinleri dizin analizi i¢in Macrogen firmasina gonderilmis ve gelen sekans sonuglar1 Bioedit programi
ile diizenlenmigtir. Dizin analizleri sonucunda sekanslar GenBank’ta var olan diger gen sekanslari ile
karsilagtirilarak yiizde benzerlikler tespit edilmistir (Tablo 2).

Yapilan 18S rRNA (%98 ve lizeri benzerlik) ve ITS gen dizin analizlerine (%99 ve iizeri benzerlik) gore
toplanan mantarlarin M. esculenta oldugu tespit edilmistir (Tablo 2).
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Tablo 2
Kuzu gobegi mantarinin 18S rRNA ve ITS gen boélgelerinin GenBank Veri Bankasinda bulunandiger genler
ile ylizde (%) benzerlikleri

Gen . Ortiisme 20
bélgesi Benzer bulunan tiir GenBank No (%) Benzerlik(%0)
M. cf. esculenta OSC 100041 AY544708 100 98,55
18SIRNA M1 esculenta U42642 100 98,40
M. esculenta isolate VUL641 MH718237 100 99.26
ITS M. esculenta isolate HAI-C-787 JQ691478 100 99.26
M. esculenta isolate HAI-C-917 JQ691476 100 99.07

Ozellikle mantarlari tammlamayr amagclayan molekiiler calismalarin ¢ogu ITS gen bodlgesinin RFLP
modellerini ve ITS gen dizilerinin karsilastirilmasina dayandigi bilinen bir konudur. Kuzu gobegi ile ilgili
bir¢cok filogenetik calisma da bu bolgeler kullanilarak gergeklestirilmistir. Diger molekiiler filogenetik
caligmalar ise 18S ve 28S (LSU) rRNA genlerinden alinan dizilere dayanmaktadir. ITS gen bolgeleri
genomda ¢oklu kopyalar halinde bulunurlar ve mantar tiirleri arasinda benzer ve degisken olma
egilimindedirler (Taskin ve Biiyiikalaca, 2012). Bu ¢alismada da kuzu gobegi mantarimin molekiiler tiir
tayinleri 18S rRNA ve ITS gen bolgelerine ait DNA dizileri kullanilarak gerceklestirilmistir. Bu gen
bolgelerinin dizin analizine gore toplanan mantarlarin yiiksek dogrulukta tiir tayinlerinin yapilmasi saglamis
ve bu da elde edilen verilerin kaynagina dair 6nemli bilgiler sunmustur.

M. esculenta EEA-1 izolatinin etanol, metanol ve sulu ekstraktlarin Gram pozitif ve Gram negatif
bakteriler iizerindeki antibakteriyal etkileri agar kuyucuk yontemi ile belirlenmistir. Yapilan calisma
sonucunda, kuzu gobegi mantarimin sulu ekstraktlarmin 8 bakterinin 4’ {lizerinde etkili oldugu (L.
monocytogenes, S. aureus, B. cereus ve B. subtilis) (p<0,05, df=7, F=55,32) tespit edilmistir. Test edilen
sekiz bakteriye karsi etanol ekstraktlarmin 7°si iizerine etkili oldugu (E. coli, P. aeruginosa, L.
monocytogenes, E. faecalis, S. aureus, B. cereus ve B. subtilis) (p<0,05, df=7, F=24,15) bulunmustur.
Metanol ekstraktlarinin ise 5 bakteri iizerinde etkili oldugu (P. aeruginosa, L. monocytogenes, S. aureus, B.
cereus ve B. subtilis) tespit edilmistir (p<0,05, df=7, F=93,52). Yapilan istatistik analiz sonucunda etanoliin
en etkili ekstrakt oldugu belirlenmistir (p<0,05, df=7, F=93,52).

Bakteri suslan iizerinde etkili oldugu tespit edilen ekstraktlarin minimal inhibisyon konsantrasyon degerleri
broth mikrodiliisyon teknigi kullanilarak belirlenmistir. Kuzu gbébegi mantarmin etanol, metanol ve sulu
ekstraktlarinin MIiK degerlerinin 125-750 pg/ml arasinda oldugu bulunmustur. istatistiksel analiz sonuglarina
gore; en etkili ekstraktlarin etanol ve metanol ekstraktlari oldugu tespit edilmistir (p<0,05, df=2, F=17,08).
Etanol ekstraktinin en diisiik 125 pg/ml konsantrasyonda P. aeruginosa susu tlizerine metanol ekstraktinin ise
en diisiik 250 pg/ml konsantrasyonda P. aeruginosa, S. aureus, B. subtilis suslari iizerine etkili oldugu tespit
edilmigtir (Tablo 3).

M. esculenta EEA-1 mantarimin etanol, metanol ve sulu ekstraktlarmin C. albicans ve S. cerevisiae
iizerindeki antifungal etkileri agar kuyucuk yontemi ile belirlenmistir. Sonug olarak, kuzu gébegi mantarmin
etanol ve metanol ekstraktlarinin sadece C. albicans iizerinde antifungal etkisinin oldugu tespit edilmistir
(p<0,05). Maya suslar1 iizerinde etkili oldugu tespit edilen etanol ve metanol ekstraktlarinin minimal
inhibisyon konsantrasyon degerleri ise broth mikrodiliisyon teknigi yardimiyla 250-500 pg/ml arasinda
degisen degerlerde oldugu tespit edilmistir (Tablo 4).
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Tablo 3

M. esculenta EEA-1 ekstraktlarinin antibakteriyel etkisi

Inhibisyon zonu (mm)

Minimum Inhibisyon Konsantrasyonu (pg/ml)

Bakteriler o o
Sulu Etanol Metanol Ampisilin Sulu Etanol Metanol Ampisilin
Gram negatif bakteriler
E. coli ATCC25922 - 11,66+1,54 - 20,66+0,57 - 250+0 - 26,04+9,02
P. aeruginosa ATCC43288 - 11+1 9,66+1,52 20+1 - 12540 25040 31,2540
Y. pseudotuberculosis ATCC911 - - - 21,66+2,08 - - - -
Gram pozitif bakteriler
E. faecalis ATCC 29212 - 6,66+0,57 - 18,66+1,52 - 750+0 - 21,16+8,74
S. aureus ATCC 25923 6,66+1,52 10+1 11,33+0,57  18,66+0,57 750+0 250+0 250+0 26,0449,02
B. cereus 709 Roma 7+1 10,33+1,52 9+1 15,33+0,57 750+0 250+0 750+0 41,66+18,04
B. subtilis ATCC 6633 7+1 10,33+2,51 9,66+1,52 19+1,73 750+0 250+0 25040 41,66+18,04
L. monocytogenes ATCC 43251 6,33+1,15 8,66+0,57 8,66+0,57 201 750+0 50040 750+0 26,04+9,02
Tablo 4
M. esculenta EEA-1 ekstraktlarinin antifungal etkisi
Funguslar Inhibisyon zonu (mm) Minimum Inhibisyon Konsantrasyonu (pg/ml)
Sulu Etanol Metanol Flucozanole Sulu Etanol Metanol Flucozanole
C. albicans ATCC60193 - 14,33+0,57 10,66+0,57  18,33+1,52 - 25040 500+0 23,43+11,05

S. cerevisiae RSKK 251 - - -
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Mantarlarin dogal ortamlarinda hayatta kalabilmeleri ve ekolojik rekabet agisindan antibakteriyel ve
antifungal bilesikler iiretirler. Bu nedenle, az ya da ¢ok giicli aktiviteye sahip antimikrobiyal bilesiklerin
bircok mantardan izole edilebilmesi ve bunlarin insanlara faydali olabilecegi hi¢ de sasirtici degildir
(Lindequist vd., 2005). Fungal organizmalarin sahip olduklar1 bazi sekonder metabolitlerin antimikrobiyal
aktiviteye sahip oldugu bilinen bir 6zelliktir. Farmakolojik agidan aktif makrofungus bilesiklerinin biiyiik bir
kismu genellikle polisakkaritler ya da peptidoglikanlardan olusmaktadir. Bu tiir bilesiklerin in vitro ve in vivo
ortamda izolasyonlar1 ve kimyasal yapilarinin aydinlatilmasina yonelik caligmalar hizla artmaktadir. 182
cinse dahil 651 hetero- ve homobasidiomycetes sinifina ait makrofungus tiiriinde antitumoral ya da bagisiklik
sistemini gii¢lendirici farkli polisakkaritler bulundugu belirtilmektedir. Daha onceki ¢alismalarda Lentinus
(Lentinula) edodes, Schizophyllum commune, Grifola frondosa ve Sclerotinia sclerotiorum
makrofunguslarinda 6zellikle B- glukanlar, lentinan, schizophyllan (sonifilan ya da sizofiran) ve grifola’in
varhigi tespit edilmistir (Kalyoncu, Oskay ve Kalmig, 2010). Bu ¢alismada ise M. esculenta olarak molekiiler
tanimlamas1 yapilan kuzu gobegi mantarimin antimikrobiyal aktivitesi belirlenmistir. Bu anlamda bazi
ekstraktlarin hem antibakteriyel hem de antifungal aktivite gosterdigi tespit edilmistir. Gergeklestirilen bu
calisma ile kuzu gobeginden elde edilecek ve tanimlamalart yapilacak etken maddelerin antibiyotik ve
antifungal ilaglara alternatif bir tedavi olarak kullanilabilirligine dair 6n ¢alisma niteliginde énemli bilgiler
elde edilmistir.

Makrofunguslarin sahip olabilecekleri antimikrobiyal aktivetiyi belirlemek ic¢in degisik c¢oziiciilerde
hazirlanan ekstraktlar bircok ¢alismada kullanilmistir. Degisik ¢oziiciilerde hazirlanan ekstraktlarin gesitli
mikroorganizmalarina karsi olusturduklart antagonistik etki diizeyleri ile makrofunguslarin antimikrobiyal
aktiviteleri belirlenmektedir. Antimikrobiyal aktivite arastirmalarinda ¢ok cesitli test yontemlerinin ve test
mikroorganizmalarinin kullanilmakta oldugu bilinmektedir (Bekgi, Altinsoy, Sarikaya, Onbasili ve Yuvali
Celik, 2011). Calismamizda da M. esculenta EEA-1 mantarinin etanol, metanol ve sulu ekstraktlarinin
antibakteriyel ve antifungal aktiviteleri ilk olarak agar kuyucuk yontemi ve daha sonra broth diliisyon teknigi
ile en etkili ekstraktlarin MiK degerleri belirlenmistir. M. esculenta’dan elde edilen sekonder metabolitlerin
gosterdigi antimikrobiyal 6zellikler ile ilgili literatiirde birkag ¢alisma bulunmaktadir. Venturini, Rivera,
Gonzales ve Blanco (2008) yaptiklar1 ¢alisgmada M. esculata’ya ait metanol, hekzan, etil asetat ve sulu
ekstraktlarin antimikrobiyal aktivitesini E. coli, Salmonella enteritidis, Shigella sonnei, Vibrio
parahaemolyticus ve Yersinia enterocolitica olmak tizere 5 bakteri lizerinde agar kuyucuk yontemi ile
belirlemeye c¢alismislardir. Calismada sadece M. esculata’nin sulu ekstraktinin Y. enterocolitica’ya karsi
etkili oldugu tespit edilmistir. Bizim ¢alismamizda da E.coli ve Y. pseudotuberculosis bakterileri
kullanilmigtir. Fakat M. esculata EEA-1’in higbir ekstrakti Yersinia’ya kars1 aktivite gostermemistir. Sadece
metanol ekstraktinin E.coli tizerinde etkili oldugu bulunmustur. Bu iki ¢alisma arasindaki sonuglarin farkl
olmasinin nedeninin kullanilan bakteri suslarmin ve fungus orneklerinin toplanma lokasyonlarinin farkli
olmasindan kaynaklandig: diisiiniilmektedir.

Heleno vd. (2013) yaptiklari ¢alismada Sirbistan ve Portekiz’den toplanan M. esculenta mantarlarinin
kimyasal igerigini, antioksidan ve antimikrobiyal aktivitelerini arastirmislardir. Mantarlarin metanol
ekstraktlarinin gram negatif (Escherichia coli ATCC 35210, Salmonella typhimurium ATCC 13311,
Enterobacter cloacae (insandan izole edilen)) ve gram pozitif (Listeria monocytogenes NCTC 7973,
Staphylococcus aureus ATCC 6538) mikroorganizmalara karsi gosterdikleri antimikrobiyal aktivite disk
difiizyon ve mikrodiliisyon deneyleri ile test edilmistir. Yapilan mikrodiliisyon testleri sonucunda Portekiz ve
Sirbistan’dan toplanan mantarlarin metanol ekstraktlarinin sirasiyla 600 pg/ml ve 50 pg/ml konsantrasyonda
L. monocytogenes NCTC 7973 bakterisine karsi, 300 pg/ml ve 20 pg/ml konsantrasyonda S. aureus ATCC
6538 bakterisine kars1 etkili oldugu tespit edilmistir. Bizim gergeklestirdigimiz ¢alismada ise kuzu gobegi
mantarlarindan elde edilen 3 ekstraktinda (sulu, etanol, metanol) L. monocytogenes ve S. aureus bakterileri
iizerine etkili oldugu belirlenmis. Calismamizdaki metanol ekstraktinin MiK degeri L. monocytogenes ve S.
aureus bakterilerine karst sirastyla 750 pg/ml ve 250 pg/ml olarak tespit edilmistir. Calismamiz ile
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karsilagtirildiginda Portekiz’den toplanan ve metanol ekstrakti gergeklestirilen kuzu gébegi mantarinin
antimikrobiyal sonuglar1 bizim calismamizdaki veriler ile benzerlik géstermektedir.

Shameem vd. (2017), Kiizey Bati Himalaya bdlgesinde yenilebilir mantarlarin antimikrobiyal aktivitesi
tizerine yaptiklart bir ¢alismada, M. esculenta’ya ait etil asetat ve biitanol ekstratlarinin disk diffiizyon
metodu ile cesitli patojenlere karsi etkinliklerini test etmisler ve etkili olan ekstraktlarn MIK ve MBC
(minimal bakterisidal konsantrasyonu) degerlerini belirlemislerdir. Yapilan ¢alisma sonucunda M.
esculenta’nin biitanol ekstraktlarinin test edilen P. aureginosa CD0012 kars1 750 ug/ml, E.coli CD002 kars1
250 pug/ml ve S.aureus CD003’e kars1 250 pg/ml konsantrasyonda etkili MIK degerlerine sahip oldugu tespit
edilmis. Etil asetat ekstraktinin ise 750 pg/ml konsantrasyondaki MIK degerinde E. coli CD002’ye karsi
etkili oldugu gosterilmistir. Bizim gerceklestirdigimiz caligmada etil asetat ve biitanol ekstraktlarinin
olmamasina kars1 etanol ekstraktlarimin E. coli ve S. aureus bakterilerine karsi gosterdikleri MIK degerleri
Shamemm vd. (2017)’nin biitanol ekstraktlar1 ile aynidir (250 pg/ml). Bu sonug bize antimikrobiyal etkisi
olan kimyasal bilesigin aymi olabilecegini ve hatta biitanol, etanol ve metanol igerisinde ekstrakte
edilebilecegini diigiindiirmiistiir. Shanem vd. (2017)’nin ¢alismasinda antifungal aktivite i¢in birkag fungus
kullanilmig ve biitanol ekstraktinin C. albicans MRD3212’¢ 18 mm zon gapi ile etkili oldugu gosterilmistir.
Gergeklestirdigimiz galigmada ise kuzu gobegi mantarinin etanol ve metanol ekstraktlarinin agar kuyucuk
metodu ile 14,33 mm ve 10,66 mm zon ¢apinda C. albicans’a kars: etkili oldugu belirlenmistir.

Ulkemizdede M. esculenta’nin antimikrobiyal aktivitesi {izerine yapilan calismalar cok olmamakla birlikte
birkag ¢alisma mevcuttur. Kalyoncu vd. (2010) yaptiklar1 bir ¢alismada Akdeniz bolgesinden 21 degisik
yabani mantar 6rnegi toplamislar ve misellerin etanol ekstraksiyonunu gergeklestirmislerdir. M. esculenta
var. vulgaris’inde aralarinda bulundugu bu yabani funguslarin etanol ekstraklarinin toplamda 11 Gram
pozitif ve Gram negatif bakteriye karsi gosterdikleri antimikrobiyal aktiviteleri agar kuyucuk metodu ile
aragtirilmistir. Calismanin sonucunda M. esculata var. vulgaris’in agar kuyucuk metodu ile olusturdugu
antimikrobiyal zon ¢apinin S. aureus ATCC 6538P ve C. albicans ATCC 10231°de sirasiyla 8 ve 10 mm
oldugu gosterilmistir. Bizim ¢alismamizda ise Kirsehir ilinden toplanan M. esculanta EEA-1 mantarinin
etanol ekstraktlarinin S. aureus ve C.abicans’a karsi sirasiyla 10,66 ve 14,33 mm ¢apinda aktivite zonuna
sahip oldugu belirlenmistir. Bu sonuglar Kalyoncu vd. (2010)’nin yaptigi c¢aligma ile benzerlik
gostermektedir. Fakat bizim ¢alismamizda kuzu gébegi mantarinin etanol ekstraktlarinin E. coli, E. fecalis,
B. subtilis ve B. cereus bakterilerine karsi da etkili oldugu tespit edilmistir. Ayni tiir bakteri suslar1 Kalyoncu
vd. (2010)’nin yaptig1 ¢alismada da kullanilmasina karsin herhangi bir etki zonu gézlemlenmemistir. Bu
sonuglar bize etkili olan kimyasal bilesigin farkli ¢ografi bolgeden toplanan kuzu gébegi mantarlarinda farkl
olabilecegini diislindiirmtistiir.

Acay (2018) yaptigi bir ¢alisgmada Mardin’den topladigi M. esculenta orneklerinin ¢esitli kimyasal
Ozelliklerini, bazi bakteri ve funguslara karsi antimikrobiyal aktivitesini disk difiisyon metodu ile
incelemistir. Etanol, metanol ve hekzan ekstraktlarinin P. aeruginosa ATCC 27853, S. aureus ATCC 25923
ve C. albicans ATCC 10231 mikroorganizmalarina kars1 aktivite gosterdigini tespit etmistir. Calismada kuzu
gbbegi metanol ekstraktlarinin olusturdugu zon caplar1 P. aeruginosa ATCC 27853’de 5 mm, S. aureus
ATCC 25923’de 8 mm ve C. albicans ATCC 10231’de 9 mm olarak ol¢iilmistiir. Calismada kullanilan
ekstraktlarin E. coli ATCC 25922 ve B. subtilis ATCC 11774 bakterilerine karsi etkinliklerinin olmadigi
tespit edilmistir. Caligmamizda ise EEA-1 izolatinin metanol ekstraktlarimin P. aeruginosa’da 9,66 mm, S.
aureus’da 11,33 mm, C. albicans’da 10,66 mm ve B. subtilis’de 9,66 mm inhibisyon zon ¢apinda aktivite
gosterdigi ve E. coli bakterisine kars1 aktiviteye sahip olmadigi belirlenmistir. Bu bilgiler dogrultusunda iki
caligmadan elde edilen verilerin birbiri ile benzer olduklar1 goriilmektedir.

Canli, Benek, Senturan, Akata ve Altuner, (2019) yaptiklar1 ¢alismada Bolu, Abant bolgesinden M. esculenta
ve Trametes versicolor mantar &rneklerini toplamislardir. Orneklerinin etanol ekstraktlarimin Gram pozitif,
Gram negatif bakterilere ve mantarlara karsi gosterdikleri antimikrobiyal aktivite incelenmistir. M.
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esculenta'nin etanol ekstraklarinin test edilen B. subtilis DSMZ 1971°de 7 mm, C. albicans DSMZ 1386°da 8
mm, E. coli ATCC 25922’de 7 mm, L. monocytogens ATCC 7644’de 7 mm, P. aeruginosa DSMZ 5071°de
7mm, S. aureus ATCC 25923’de 7 mm zon ¢api olusturdugu tespit edilmistir. Elde edilen bu sonuglar bizim
calismamiz ile biiylik oranda benzerlik gdstermektedir.

Bugiine kadar yapilan c¢alismalar incelendiginde M. esculenta ekstraktlarinin farkli veya ayni grup
mikroorganizmalar iizerinde farkli aktiviteler gosterdigi goriilmektedir. Calismamiz ile literatiirde yer alan
bu c¢alismalar arasindaki bazi farkliliklarin fungus o6rneklerinin toplanma lokasyonlarnin ve kullanilan
suslarin farkli olmasindan dolayr meydana geldigi diisiiniilmektedir. Funguslarin gelismesinde ve
metabolizmalarinda bulunduklar1 ¢evrenin ¢ok biiylik etkisi bulunmaktadir. Sentezlenecek olan biyoaktif
molekiiller ve sekonder metabolitler su, hava, sicaklik ve topragin besin miktar1 gibi bir¢ok g¢evresel
faktorden etkilenmektedir. Ayni zamanda organizma yasadigi ortamda varligmi siirdiirebilmek ve
cevresindeki rekabetci tiirlere listlinliik saglayabilmek i¢in sentezledigi bu kimyasallara ihtiya¢ duymaktadir.
Bu kimyasallarin etki diizeyleri miktara ve tiire gore zayif veya kuvvetli olabilmektedir (Kalyoncu vd.,
2010). Bu biyotik ve abiyotik faktorlerin de calismalar arasindaki farkliligi agiklayabilecegi
diisiiniilmektedir.

4. Sonug¢

Giiniimiizde yaklasik 14.000 makrofungus tanimlanmis ve bunlarin yaklasik %15 nin yenilebilir 6zellikte
oldugu bilinmektedir. Yenilebilir makrofunguslar yiiksek tibbi 6zelliklere sahiptirler (Roman vd., 2020).
Enfeksiyon hastaliklarinin tedavisinde kullanilan antibiyotiklerin pek c¢ogu mikrofunguslardan ve
aktinomisetlerden izole edilerek hazirlanmaktadir (Kalyoncu vd., 2010). Makrofunguslarin antimikrobiyal
etkileri funguslar tarafindan sentezlenen ve bazi fenolik bilesikler, kinonlar, terpenoidler, piirinler,
primidinler ve fenil proponoid tiirevleri gibi cogunlukla fungusa 0zgii olan antagonistik maddelerden
kaynaklanmaktadir (Roman vd., 2020). Ulkemizde makrofunguslarmn tespitine ve tiir tayinlerine yonelik
bircok caligma yapilmaktadir. Bunun yani sira yiiksek bir antimikrobiyal rezerve sahip olan bu funguslarin
farmakolojik, endiistriyel ve tibbi Ozelliklerinin de ortaya ¢ikarilmasi kaginilmaz bir konudur. Giiniimiizde
bakteri ve mantarlarin siirekli olarak gelistirdikleri antimikrobiyal diren¢ halk saglig1 agisindan biiyiik bir
tehdit olusturmaktadir. Makrofunguslarin sahip olduklar1 bu rezervler gz 6niine alindiginda, bunlardan yeni
antibiyotiklerin arastirilmasi ve kesfinin énemi de acikga ortaya ¢ikmaktadir. Calismamizda kullanilan M.
esculenta makrofungusununda bir¢ok bakteri ve Candida fungusuna kars1 gii¢lii bir antimikrobiyal aktivite
gosterdigi tespit edilmistir. Sonug¢ olarak kuzu gobegi mantarinin mikroorganizmalarin neden oldugu
enfeksiyonlardan korunmak igin alternatif bir tip yontemi olarak kullanilabilecegi diisiiniilmektedir.
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Oz- Bitkisel iiretimde iiriin kayiplarma neden olan bitki koruma etmenleri dogasi geregi ekolojik faktorlerin
etkisinde olup, dinamiktir. Agro-ekosistemde uygun miicadele programini gergeklestirmek bitki koruma sorunlarinin
iyi analiz edilmesine baglidir. Sorunlar hakkinda iireticilerin yeterli bilgi diizeyine sahip olmasi zirai miicadele
uygulamalarin basarisini arttirmaktadir. Bu baglamda Manisa Ovasi (Sehzadeler ve Saruhanli ilgeleri) pamuk
tireticilerinin bitki koruma uygulamalarinda karsilastiklari sorunlari belirlemek amaciyla 2019 yilinda bir anket
uygulanmustir. Hazirlanan 20 soruluk anket, basit rastgele 6rnekleme yontemine gore segilen 35 yerlesim yerinin
%65 inde ve 471 iireticinin %21.23’1i ile yiiz yiize goriisiilerek yapilmustir. Ureticilerin %30°unun tarla ve %70’inin
ise bag bahge tarimi yaptiklar ve tarla tarimi yapanlarin %21’inin pamuk ektikleri gériilmiistiir. Pamuk iiretiminde,
pazarlama, en 6nemli sorun olarak bildirilmistir. Bitki koruma problemleri ise ikinci sirada yer almistir. Ciftciler
pamuktaki 6nemli yabanciot tiirleri olarak Sorghum halepense (%42), Cynodon dactylon (%30) ve Solanum nigrum
(%14) ve zararhlar olarak da Helicoverpa armigera (%40), Empoasca spp (%35) ve Tetranychus spp (%15)’yi
bildirmislerdir. Ureticilerin %72’sinin bitki koruma konusundaki tavsiyeleri bayilerden aldiklar1 ve teknik teskilattan
yeterince yararlanmadiklar belirlenmistir. Ureticiler kimyasal miicadele disindaki diger yontemleri de bildiklerini
soylemelerine ragmen, bu yontemler hakkinda yeterince bilgi sahibi olmadiklari gorilmiistiir. Ciftgilerin bitki
koruma konularinda egitime ihtiya¢ duyduklari; bu egitimi %54’ bayilerden ve %10’u ise tarim teskilatinda almak
istemistir.

Anahtar Kelimeler — Anket, Bitki koruma problemleri, Manisa, Pamuk

Plant Protection Problems of Cotton Producers in Manisa Provinces

"Department of Plant Protection, Faculty of Agriculture, Canakkale Onsekiz Mart University, Canakkale, Turkey

Article History

Received: 04.11.2020
Accepted:  24.02.2021
Published: ~ 20.03.2021

Research Article

Abstract- As a nature, plant protection agents that cause crop losses in crop production are dynamic under the
influence of ecological factors. To carry out the appropriate control program depends on a good analysis of the plant
protection problems in the agricultural ecosystem. Farmers have sufficient knowledge on the subject increases the
success of the application of pest control. For this purpose, a survey was conducted in 2019 to determine the plant
protection practices in cotton agriculture and the knowledge level of the producers of (districts Sehzadeler and
Saruhanli) Manisa Plain. Prepared 20-question survey was conducted by interviewing face to face with 65% of 35
cotton producing settlements and 21.23% of 471 farmers. It has been observed that 30% of the producers cultivate
fields and 70% of them cultivate orchards. It was found that produced the cotton of 21% field crop growers. In
cotton production, marketing is the most important problem, and the crop protection problem is reported as the
second. Farmers were reported Sorghum halepense (42%), Cynodon dactylon (30%) and Solanum nigrum (14%), as
weeds and Helicoverpa armigera (40%), Empoasca spp. (35%) and Tetranychus spp. (15%) as pests in cotton
cultivation area. It was determined that 72% of the producers received the advices on pesticides from pesticide
markets but, they did not make enough use of provincial directorate of agriculture to decide pesticides selection.
Although they said that they knew other methods other than chemical control, it was observed that they did not
know enough about these methods. It has been observed that farmers need training on plant protection, this training
wanted to receive 54% of the farmers from pesticide markets and 10% from the agricultural organization
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1.Giris

Tiirkiye’deki bitkisel iiretimin yaklasik %3 nii gerceklestiren Manisa Ili, tarimsal iiretim potansiyeli
bakiminda 7. sirada yer almaktadir. Gediz nehrinin sagladigi sulama olanaklartyla topraklarin %52’sinde
yogun tarimsal faaliyetler siirdiiriilmektedir. Toplam 5 140 691 dekar tarim alanin 2 307 057 dekarinda
tahillar ve diger bitkiler ekilmektedir. Geriye kalan, 2 175 058 dekarin %40’1nda bag ve %47,4’linde zeytin
yetistirilmekte olup, bu iiriinlerle Manisa ili Tiirkiye genelinde ilk siralarda yer almaktadir (TUIK, 2019).

Calismanin yiiriitiildiigi Manisa ili Sehzadeler ve Saruhanli ilgelerinde ise sirastyla 179 119 ve 141 096
dekar alanda tarla tarimi yapilmaktadir. Son yillarda bu yorede pamuk {iiretim alanlarinda énemli bir artis
goriilmiis ve pamuk ekim alanlar1 90 360 dekara ulasmistir (Anonim, 2018a). Pamuk iiretiminin agirhikta
oldugu Miitevelli (Saruhanl ilgesi), Karaagacli, Yenimahmudiye, Veziroglu ve Selimsahlar (Sehzadeler
ilgesi) mahallerindeki toplam {iretim alaninin %35.52’inde bag-bah¢e ve %63.28’ninde tarla tarimi
yapilmaktadir. Tarla tariminin ise %51.18’i misir, %15.28’i pamuk ve %9.57°1 bugday seklindedir (Anonim
2020). Girdi maliyetinin yiiksek oldugu pamuk tariminda bitki koruma sorunlart 6ne ¢ikmis olup, toplam
girdilerin %40’m ilag ve ilaglama maliyeti olusturmustur (Anonim, 2018a). Ozellikle polifag zararh
tirlerden Aphis gossypii (Glower), Bemisia tabaci (Gmell.), Tetranychus urticeae (Koch), Empoasca spp.
vegetasyon doneminde yiiksek popiilasyon yogunluguna ulasarak miicadelesine ihtiyag duyulmaktadir. Yani
sira donemsel olarak bazi yillar {iriin kayiplarina neden olan Yesilkurt (Helicoverpa armigera Hiibner

(Lepidoptera; Noctuidae) ile miicadele, girdi maliyetini attirmaktadir.

S6z konusu zararlilarin varligi, polikiiltiir tarimin yapildigi bu yoérede, bitki koruma sorunlarinin 6nemini
ortaya koymaktadir. Pestisitlerin yaridan fazlasinin Ege ve Akdeniz bolgelerinde kullanilmasinda bu
zararlilarin 6nemli paya sahip oldugu da bilenen bir gercektir. Diger taraftan bitkisel iiretimde zararlilarla
miicadele yapilmadigi durumlarda da iiriin kayiplarmin %45-65 diizeyine ulastig1 tespit edilmistir (Altikat
vd., 2013). Giiniimiizde Tiirkiye’de bitkisel iiretimde bitki koruma sorunlarindaki artisa paralel olarak pestisit
kullanimi da 6nemli oranda artmaktadir. Gereginden fazla kullamilan pestisitlerin dogal yollarla tolere
edilemedigi zaman havaya, yer alt1 ve yer {istili sulara ve topraga karisarak ¢evre kirliligine neden olmaktadir.
Bu durum dogada yasayan diger canlilarin Ve insan yasamini olumsuz etkilemektedir (Tosun vd., 2001). Bu
tiir sorunlart minimize etmek, hedef zararliy1 iyi tamimakla ve ireticilerin giivenli pestisit kullanimi igin
biling diizeylerinin artmasiyla miimkiindiir. Akar ve Tiryaki (2018) yaptiklar1 bir ¢alismada treticilerin

pestisit kullanim biling diizeylerinin %13.5’nin diisiik, %28.3’niin orta ve %58.2°sinin yliksek seviyede
oldugu tespit edilmistir. Delen vd., (2015) iireticilerin egitim ve biling diizeylerinin tarim ilact se¢iminde ve

kullaniminda 6nemli oldugunu bildirmislerdir.

Farkl1 tirtinlerde dreticilerin mevcut bilgi diizeyleri, genellikle anketlerle ortaya ¢ikarilmaktadir (Erdogan ve
Gokdogan, 2017; Erdogan vd., 2017). Tirkiye’de yapilan ¢alismalarin ¢ogu farkli iirtinlerde ve bolgelerde
tireticilerin tarim ilaglarinin kullanimi konusundaki bilgi diizeylerinin belirlenmesi ile ilgilidir (Peker, 2012).
Bu baglamda GAP boélgesi pamuk tarimindaki bitki koruma sorunlar1 ve iireticilerin bilgi diizeyleri
belirlenmistir (Bayhan vd., 2015). izmir-Menemen y&resi pamuklarinda ise yabanci ot tiirleri ve miicadelesi

konularinda veri toplanmistir (Demirkan ve Uysal, 2011). Benzer ¢alismalarla farkli iirlinlerde degisik

konularda tireticilerin bilgi diizeyleri tespit edilmeye ¢alisilmustir.

Bu kapsamda sulama olanagi nedeniyle iiriin deseninde hizl bir degisim yasayan Gediz sulama havzasinda
yer alan Manisa Ovasi (Sehzadeler ve Saruhanli ilgeleri)’nda pamuk iireticilerinin bitki koruma sorunlart ile
ilgili bilgi diizeylerinin belirlenmesi igin bir anket caligmas1 yapilmistir.
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2.Materyal ve Yontem

Aragtirma alani, Tirkiye’nin batisinda Ege Deniz’ine dikey olarak uzanan Bati Anadolu Daglan ile
cevrili Manisa Ili Sehzadeler ve Saruhanh Ilge ve mahallerinden olusmustur (bkz. Sekil 1). Bitki koruma
sorunlarinin yogun olarak yasandigi pamuk tarimi esas alinarak toplam 20 soru igeren bir liretici anketi
hazirlanmistir. 2019 yilinda kasim ve aralik aylarinda yiiriitiilen bu anket ¢alismasinda, Manisa Ovasi’ndaki
trtin deseni, pamuk iretiminde karsilasilan genel sorunlar, bitki koruma sorunlar1 ve ¢6ziim yollari, bitki
koruma sorunlariyla miicadelede iireticilerin bilgi diizeylerinin belirlenmesine yonelik sorular igermistir.

Uretici anketi, Tablo 1’de gériildiigii iizere Ciftci Kayit Sistemi (CKS) esas alinarak toplam 14 710.84 dekar
pamuk alanina sahip 368 isletmenin yer aldig1 Saruhanl Ilgesi ve 3 766.5 dekar alanda pamuk iireten 103
isletmenin yer aldign Sehzadeler Ilgesi’nde uygulanmistir (Anonim, 2020). Isletmelerin yerleri, birbirine
yakilig1 ve iiretim sekillerinin benzerligi gdz dniine aliarak homojen olarak kabul edilmistir. Ornek secimi
mevcut {ireticilerin listesinde “Basit Tesadiifii Ornekleme Yontemine” gore yapilmistir. Alanda pamuk
tireten toplam 35 yerlesim yerinin 23 (%65)’tinde ve 471 isletmenin 100 (%21.23) adetinde treticiler ile yiiz
yiize goriisiilmiistiir. Anketlerden elde edilen veriler Microsoft Excel paket programina aktarilmis ve alinan
cevaplara gore degerlendirme yapilmustir.

MARMARA BOLGESI
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Sekil 1. Ege Bolgesi’nde tarimsal faaliyetlerin yapildigi ovalar ve Manisa Ovasi’nin yer aldigi Gediz Havzasi

(Anonim, 2018b)
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Tablo 1
Manisa ili Saruhanli ve Sehzadeler ilgelerinde pamuk {iretiminin yapildigi mahalleler, isletme sayilari,
tiretim miktar1 (dekar) ve oranlar1 (%) (Anonim, 2020)

Saruhanlt Isetme Orani Orant .. Isletme Orani Orani
flcesi s$aylsl (%) Alan (da) (%) Sehzadeler Ilgesi iaym %) Alan (da) (%)

Adiloba 2 0.5 20.8 0.1 Asagigobanisa 10 9.7 4248 11.3
Alibeyli 41 111 843.9 5.7 Camkoy 3 2.9 170.6 4.5
Cinaroba 2 0.5 16.8 0.1 Glizelkoy 15 14.6 8329 221
Develi 1 0.3 143 0.1 Hacihaliller 2 1.9 51.7 1.4
Hacirahmanl 1 0.3 37.1 0.3 Hamzabeyli 7 6.8 258.4 6.9
Halitpasa 62 16.8 31420 21.4 Karaagach 18 17.5 687.6  18.3
Kayislar 1 0.3 42.2 0.3 Yenikdy 4 3.9 45.2 1.2
Kemiklidere 45 122 1348.0 9.2 Sancaklbozkoy 1 1.0 1.6 0.0
Koldere 68 185  1893.7 129 Selimsahlar 14 13.6 5248 139
Kumkuyucak 42 114  3527.1 24.0 Sehitler 1 1.0 29.8 0.8
Liitfiye 1 0.3 8.8 0.1 Tekeliler 2 1.9 46.7 1.2
Miitevelli 19 5.2 726.6 4.9 Tilkisiileymaniye 3 2.9 41.7 1.1
Nuriye 29 7.9 838.3 5.7 Veziroglu 6 5.8 172.9 4.6
Pagakoy 7 1.9 2914 2.0 Yeniharmandali 8 7.8 301.5 8.0
Sarigam 2 0.5 199.1 1.4 Yenimahmudiye 4 3.9 89.4 2.4
Saruhanl 36 9.8 1469.9 10.0 Yesilkoy 2 1.9 12.4 0.3
Tirkes 5 14 94.7 0.6  Yukarigobanisa 3 2.9 74.5 2.0
Yeniosmaniye 4 1.1 196.3 13 - - - - -
Toplam 368 100.0 14710.8 100.0 Toplam 103 100.0 3766.5 100.0

3. Bulgular ve Tartisma
3.1.Manisa Ovasu iiriin deseninde pamugun 6nemi

Anket sonuglarina gore, Manisa Ovasi’ndaki (Sehzadeler ve Saruhanli ilgeleri) ireticilerin %70’inin ilk
sirada bag-bahce ve geriye kalan ise %30’nunda tarla tarimi yaptiklar1 belirlenmistir. Tarla tarim yapan
iireticilerin ise %63’ liniin birinci 6nceligi misir ve %21’inin ise pamuk bitkisi oldugu goriilmiistiir. Geriye
kalan iireticilerin %4’ bugday, %3’li domates ve bir bolimii ise goriis belirtmeyen iireticilerden olusmustur.

Tarimsal faaliyetlerin yiiksek oldugu ve 6rnek olarak secilen 17 iiretici ile goriigiilen Karaagacli (Sehzadeler
Ilgesi) Mahallesi’nde bag ve bahge tarimi yapanlarm orani %52 iken, tarla tariminin oran1 %41 oldugu
goriilmiistiir. Tarla tarimi yapan isletmelerin %58’inin musir, %30’unun pamuk ve %12’sinin bugday
yetistirdikleri tespit edilmistir. CKS verilerine gore ise Karaagacli Mahallesi’ndeki tireticilerin %46.18’1 bag-
bahge ve %53.82’si tarla tarimu yaptiklari, tarla tarimi yapanlarin ise %34.11°1 musir, %38.55’1 pamuk ve
%7.19’nun ise bugday ektikleri kaydedilmistir (Anonim, 2020). Goriildiigii tizere CKS verilerine gére pamuk
iretim orami (%38.55) anketlere gore daha yiiksek ¢ikmistir. Bu bulgular iireticilerin siire¢ ig¢inde fikir

degistirdikleri veya anketlerde sinirlt bilgi aktardiklar1 seklinde yorumlanmistir. Diger taraftan Karaagacli
Mahallesi’nde elde edilen bulgular Manisa Ovasi genelindeki degerlerden farkli olup, tarla tarimi ve
baglantili olarak pamuk iiretiminin pay1 (%30) yiiksek ¢ikmis ve pamuk iiretiminin yogunlastigi bir yer
olarak dikkati ¢ekmistir.

Yine 12 iireticiyle goriisiilen Miitevelli (Saruhanli flgesi) Mahallesi’nde ise iireticilerin %331 ilk sirada tarla
tarimin1 yapiyor iken %60°1" bag ve bahge tarimi yaptiklarini bildirmistir. Tarla tarimi yapanlarin ise %63’i
musir ve %27’ ise pamuk ektikleri goriilmiistiir. 2019 yili CKS verilerine gore ise tireticilerin %40.46’s1 bag-
bahge ve %59.54’niin tarla tarim yaptiklar, tarla tarimi yapanlarm ise %57.77°si misir, %8.28’1 pamuk ve
%13.53’niin bugday ektikleri kaydedilmistir (Anonim, 2020). Miitevelli Mahallesi’ndeki sonug¢lar Manisa
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Ovasi’ndaki ¢iftgilerin bildirdigi ortalama degerlere yakin ¢ikmustir. Ancak CKS verileri ile tamamen
ortismedigi gorlilmiistir. Her iki ornekleme yerinde de goriildiigii ilizere iireticilerin siire¢ icinde fikir
degisikligi yasadiklari gibi, anketlerde net rakamlar1 bildirmekten kacindiklari izlenimi vermistir.

Sonu¢ olarak bu iki 6rnekte de goriildigi tizere treticilerin verdigi bilgiler esas alindiginda, Manisa
Ovasi’nda Sehzadeler Ilgesi’nde iiriin deseni iginde tarla tarim dncelikli iken, i¢ bolgelere dogru gidildikge
Saruhanh Ilgesi'nde bag ve bahge tarimi agirlik kazanmustir. Tarla tariminda ise pamuk yerine musir
bitkisinde artig goriilmiis ve birlikte domates tarimi da iiriin deseni i¢inde yer bulmustur. Tiim bunlarla
birlikte Manisa Ovasi’nda pamuk alanlarindaki daralmaya ragmen, iireticilerin %32’sinin 3-30 yildir pamuk
ektiklerini bildirmeleri pamuk bitkisinin 6nemini teyit etmistir. Pamuk bitkisinin bitki koruma sorunlarina
duyarli olmasi ve 6zellikle biyotik potansiyeli yiiksek olan polifag zararlilarin varligi nedeniyle, bu alandaki
ziral miicadele uygulamalarinin yogunlugu ve {ireticilerin bu iiriindeki deneyimleri siiphesiz ki diger iiretim
alanlarinda 6nemli kolayliklar saglayacaktir.

3.2.Pamuk iiretiminde bitki koruma sorunlari ve ¢éziimii

Pamuk tarimi yapan iireticilerin %56’1 Progen (BA-440, Carisma ve Lima) %27’si May (MAY 455)
firmasinin tohumlarini1 kullandiklar1 ve bir tireticinin ise Nazilli 87 ¢esidini tercih ettigi goriilmiistiir. Memis
ve Ozpmar (2020) tarafindan Manisa ili pamuklarinda yapilan ¢alismada, Carisma gesidine gore yapraklari
daha tiiylii olan BA-440 ¢esidinin bazi zararlilar i¢in uygun olabilecegini bildirmistir. Atakan vd., (2004)
tiysiiz pamuk cesitleri Yaprak pireler (Empoasca spp)’ine karsi duyarli iken, Bemisia tabaci’ye karsi
dayanikli oldugu bildirilmistir. Pamuk tohumu segiminde fireticilerin aligkanliklarinin 6ne ¢iktigi ve zararli
konukgu bitki arasindaki iliskiler konusunda bilgi sahibi olmadiklar1 goriilmistiir. Zira Yaprak pirelerinin
zararllar i¢indeki payimnin %35 diizeyinde olmasi da bu kaniy1 desteklemistir.

Pamuk iiretiminde karsilastiginiz en 6nemli soruna ireticilerin %80’i pazarlama ve zirai miicadele olarak
belirtmeleriyle birlikte %12’si ilave olarak sadece pazarlama seklinde ifade etmistir. Dolayisiyla pazarlama
en Onemli sorun olarak ortaya ¢ikmustir.

Pamuk iiretiminde karsilastiginiz en 6nemli hastalik, zararli ve yabanci ot seklindeki soruya ise ireticiler
yabanci ot ve zararlilar isaret etmistir. Hastaliklarla ilgili ise herhangi bir bildirimde bulunmamuslardir.
Anket sonuglarina gore Ureticilerin pamuk alanlarinda karsilastigi en dnemli yabanci ot tiirleri ve oranlari
Sekil 2’de verilmistir.

Goruldugi tizere Kanyas (Sorghum halepense) %42, Ayrik (Cynodon dactylon) %30, Kopekiiziimi
(Solanum nigrum) %14, Domuzpitragi (Xanthium strumarium) %6, Sirken (Chenopodium album),
Horozibigi (Amaranthus albus), Topalak (Cyperus rodontus) ve Semizotu (Portulaca oleracea)’nun
bulunma orani ise %2 olarak bildirilmistir. ilk sirada miicadelesi sorunlu olan Kanyas ve onu Ayrik otu takip
etmistir. Demirkan ve Uysal (2011) ‘m Menemen Ilgesi pamuk iireticileri ile yaptiklar1 anket ¢alismasinda
ayn1 yabanct ot tiirlerini bildirmis olup, ilk sirada Kopekiiziimii ve Domuzpitragi’nin yer almasiyla bulunma

oranlarinin farkli oldugu goriilmiistiir. Calisma alanmi birbirine yakin olmakla birlikte belirtilen yabanci ot
tiirlerin bulunma oranmt %14 ve %6 seviyesinde kalmstir. Tarla iginde yapilan iiretim faaliyetleri ve diger
kiiltirel uygulamalarin bu tiir farklar1 doguracagi gibi, ayni parselde yabanci ot dagiliminin homojen
olmadig1 da g6z 6niine alindiginda s6z konusu durumun dogal oldugu gériisiine varilmistir.

Ureticilerin pamuk tariminda karsilastiklar: en 6nemli zararh tiirler seklindeki soruya, ise %40°1 Yesilkurt
(Helicoverpa armigera), %35’ Yaprak pireleri (Empoasca spp), %151 Kirmiz1 6riimcek (Tetranychus spp),
%7’si Beyaz sinek (Bemisia tabaci) ve %3’ Yaprakbitleri (Aphididae) olarak bildirmistir (bkz.Sekil 3).
Geriye kalan ireticilerin %9’u ise goriis belirtmemistir. Ankette katilan tireticiler Yesilkurt’'un en énemli
zararli oldugunu bildirmistir. Manisa Il Tarim ve Orman Miidiirliigii verilerine gore ise bu zararllar iginde en
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fazla 44.577 da alan ile Yesilkurt miicadelesi yapilmistir (Anonim, 2020). Sonuglar birbiriyle ortiismiis ve
areticilerin 2019 yil1 verilerini yansitmis olmasi da mevcut durumun tespiti bakiminda 6nemli bulunmustur.

Yabanc ot tiirlerin yogunlugu (%)
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Sekil 2. Manisa Ovasi (Saruhanli ve Sehzadeler ilgeleri) pamuk alanlarinda ireticiler tarafindan bildirilen
yabanci ot tiirleri ve bulunma oranlar1 (%).
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Sekil 3. Manisa Ovasi (Saruhanli ve Sehzadeler ilgeleri) pamuk alanlarinda treticilerin bildirdikleri zararli
tiirler ve bulunma oranlar1 (%).

Diger taraftan iireticilerin 2. derece dnemli olarak bildirilen Yaprak pireleri ile miicadele alan1 (29.377 da)
Yaprakbiti ile miicadele alanlarinin (35.370 da) gerisinde kalmustir. Bu bir zararli igin kullanilan kimyasal
preparatlarin diger zararliy1 da baski altina alabilecegi seklinde degerlendirilmistir. Nitekim farkli bolgelerde
pamukta emgi yaparak zararli olan bu tiirler il ilgili yapilan ¢aligmalarda da benzer bulgular tespit edilmistir
(Gengsoylu, 2009; Ozpinar vd., 2017).
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Ureticiler, pamuk hastaliklar1 konusunda gériis bildirmemis olmasina ragmen, tohum ilaglamasi yaptiklarini;
hastaliklarla birlikte Bozkurtlar (Agrotis spp) ile Telkurtlar1 (Agriotes spp) hedeflediklerini bildirmislerdir.
Bu uygulamalarla Manisa ili pamuk iireticilerinin bitkinin ¢ikis &ncesi donemlerine ait hastalik ve zararlilarla
miicadelede yeterli bilgiye sahip olduklar1 goriilmiistiir.

Pamugun hangi gelisme doneminde zararl: tiirlerin yogunluk kazandiklari seklindeki soruya ise bir fenolojik
donem yerine birden fazla donem seklinde bildirilmistir. Pamugun cicek ve elma doneminde diyen
iireticilerin orani sirastyla %77 ve %79’a yakin c¢ikmustir. Ureticilerin %59’u ise fide dénemi olarak
bildirmistir. Memis ve Ozpinar, (2020) bu yérede yaptiklar1 ¢calismada pamuk alanlarindaki sokucu emici
ag1z yapisia sahip tiirlerden Yaprak pirelerinin hakim oldugu bildirilmistir. Ureticiler de ifadelerinde de
Yaprak pirelerinin 6ne ¢ikarmigtir. Yaprak pirelerinin Cukurova’da pamugun temel gelisme déneminden
itibaren gorildiiginii ve haziran sonu ile temmuz ortalarinda en yiiksek seviyeye ulastigi bildirilmistir
(Olgiilii ve Atakan, 2008). Kahramanmaras’ta ise ayni zararl tiiriin yogunlugu pamugun koza olusturma
doénemi boyunca ve olgunlagsma doneminin baglangicinda en st diizeye ulastigi seklinde tespit edilmistir
(Sunulu , 2010). Goriildiigi tizere zararlinin bitki fenolojisi ile iliskisi bolgelere gore degisiklik gostermistir.
Ayn1 zamanda zararli popiilasyon yogunlugunun pamuk yetistirme déneminin uzun bir periyodu kapsamasi
da ireticilerin ifadelerini teyit etmistir.

Manisa Ili pamuklarinda ise Yaprak piresi ve diger sokucu emici agiz yapisina sahip zararlilarm varlig
nedeniyle toplam tiretimdeki girdilerin %40°n1 ilag ve ilaglama maliyeti olusturmustur (Anonim, 2018a). Bu
zararhlarla miicadelede Manisa Ili pamuklarida 2019 yilinda 5 uygulama yapilmis ve pamugun tiim
vejetasyon doneminde bu zararlilarla miicadeleye ihtiyag duyulmustur (Memis ve Ozpinar, 2020).

Bitki koruma sorunlarini nasil ¢6zdiiklerine iligkin soruya ise treticilerin %6’s1 teknik teskilat, %21’
bayi+teknik teskilat ve %72’si ilag bayisi seklinde bildirmistir. Anketlerde komsudan yardim alanlarin orani
ise oldukga diisiik olup, %1 ile sinirli kalmustir (bkz. Sekil 4). Benzer sekildeki bir¢ok anket sonuglarinda da
aligilageldigi tizere higbir tiretici kendi sorunumu kendim ¢ozerim beyaninda bulunmamustir.

H H . 0,
Komsudan destek ; |Tekn|k teskilat; 6%

1%

Bayi+ Teknik
teskilat; 21%

Bitki koruma sorunlarinin ¢6zim sekli

Sekil 4. Manisa Ovasi (Saruhanli ve Sehzadeler ilgeleri) pamuk alanlarinda freticilerin bitki koruma
sorunlarini ¢6ziim sekilleri ve katki oranlari (%).

Erdogan ve Gokdogan (2017) Nevsehir ili'nde patates iireticilerini bitki koruma etmenlerine karsi ilag
seciminde %88.9’nun ila¢ satan bayilerden ve %7.9’nun ise kendi deneyimlerinden yararlandiklarini
bildirmisler. Kadioglu (2003) bayilerin katkisin1 %36 ve tarim teskilatini %59 olarak bildirirken, Emeli
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(2006) Adana’da bayilere bagvuran iireticilerin oranin1 %78.6 ve tarim teskilatina basvuranlar ise %12.5
olarak belirlemistir. Karatas ve Aloglu (2011) Manisa’da ilag se¢iminde iireticilerin %68’nin bayilerden
destek aldiklarmni tespit etmistir. Bayhan vd., (2015) GAP bolgesinde pamuk {ireticileri ile yaptiklar1 anket
calismasinda treticilerin %52 nin bayilerde ve %35’nin ise teknik teskilattan yardim aldiklarini bildirmistir.
Canakkale ili domates iireticilerinin ise bayi tercihi %70 olarak tespit edilmistir. Goriildiigii iizere {ilkemizin
farkl1 bolgelerinde yapilan ¢alismalardan da anlasildigr {izere, zirai miicadelede, bayilerin katkisi ¢ok yiiksek
degerlere ulasmistir. Ayrica bayi memnuniyeti ile ilgili soruya ise iireticilerin %51 yetersiz olarak belirtse
de %95 gibi biiyiik ¢cogunlugun memnun oldugu goriilmiistiir. Su ana kadar yapilan calismalardan da
anlasildig1 {lizere bayi sisteminin zirai miicadelenin uygulanmasinda biiyliik Onem tasidigin1 ortaya
koymustur.

Bu gergegi gbz Oniine alarak zirai miicadele uygulamalarinin yiriitiilmesinde bayilerin 6nemli bir yer tutugu
gerceginin farkli yonleriyle irdelenmesi gerektigini diisiinmekteyiz.

Zirai miicadele uygulamalarinin denetimi ve uygulanmasinda teknik teskilattan yararlanma sekli ile ilgili
soruya ise treticilerin %39’u ornek gotiirme, %34’1 araziyi ziyaret etme ve %27’si arazi ziyareti + ornek
gotiirme seklinde yuritildigiini bildirmistir. Bu durum ireticilerin olumlu yonde bir aligkanlik edindikleri
izlenimini vermistir.

Ankette elde edilen sonuglara gore pamukta bitki koruma sorunlarmi gidermek icin kullanilan ilag
maliyetinin toplam girdilerin %10-25"ni olusturdugu ancak Tarim ve Orman Il Miidiirliigii verilerine gore bu
oranin %40’a ulastig1 belirtilmistir (Anonim, 2018a). Ureticilerin beyanlariyla resmi kayitlardaki degerler
arasinda onemli bir maliyet farkinin oldugu dikkati ¢ekmistir.

3.3.Bitki koruma konusunda iireticilerin bilgi diizeyleri

Tiim treticilerin %4.55 gibi disiik bir boliimii disinda digerlerinin tarlasinda gordiigii her bocegin zararl
olmadigini, ilacin rafta bekleme siiresi ve son kullanim tarihi gibi kavramlar bildikleri ve bekleme siiresine
dikkat ettikleri anlasilmistir. Bu bulgular zirai miicadelenin yiritiilmesinde pamuk {ireticilerinin belli bir
biling diizeyinde oldugunu gostermistir.

Ureticilerin zararlilarla miicadelede kimyasal preparatlar1 kullanmalarmin disinda bildikleri diger yontemler
seklindeki soruya; %3’i biyolojik miicadeleyi ve %52’si biyoteknik miicadeleyi bildiklerini geriye kalan
%45°nin ise bagka yontemler hakkinda bilgi sahibi olmadiklari gériilmiistiir. Biyolojik miicadele konusunda
bilgi diizeylerini belirlemek amaciyla sorulan soruya ise %61’inin bilgi sahibi olmadiklari, %11 inin ise
genel olarak ¢ogu kisi tarafindan taninan Yedi noktali gelinboceklerini (Coccinella septempunctata L.) 6rnek
verdikleri ve %4’i ise 6rnek vermeksizin bildigini ifade etmistir. Her ne kadar tireticilerin alternatif
miicadele yontemleri hakkindaki bilgi diizeyleri simirl da olsa zirai miicadelenin yiiriitiilmesinde kullanilan
kimyasallarin yarattigi sorunlarin azaltilmasinda alternatif uygulamalarin varligindan haberdar olmalari
olduk¢a onemli ve lizerinde durulmaya degerdir. Bayhan vd (2015) GAP bolgesi pamuk iireticilerinin
%52’sinin biyolojik miicadele yontemi hakkinda bilgi sahibi olduklari, ancak %60’nin Gelin boceklerini

tamimadiklarini bildirmistir. Ureticilere ait soz konusu bildirimler esas alindiginda; bu yonde ¢abanin var
oldugu ve iireticilerin bu konularda egitime ihtiyagl olduklar1 kanaatine varmigtir.

[lac1 giiniin hangi saatinde uygularsiniz seklindeki soruya, iireticilerin %31°i sabah ve aksam saatlerinde,
%17’si sadece sabah ve %352’ise sadece aksam saatlerinde seklinde cevap vermistir. Bu sonuclardan
anlagildig: iizere iireticilerin uygun donemlerde uygulama yaptiklar goriilmiistiir.

Ureticilerin egitime ve yeni teknikleri 6grenmeye ihtiyag duyduklarini ve egitimi kimden almak istedikleri
seklindeki soruya ise %54’1 bayiden, %36’s1 danigman (mithendis) ve %10’u tarim kuruluslar1 seklinde
ifade edilmistir. Bayi tercihi bu cevaptan da 6ne ¢ikmistir. Bu agidan bakildiginda dogru bilgilerin iireticiye
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ulagmasi igin bayi egitimi ve denetiminin 6nem kazandigi ortaya ¢ikmustir. Birgok {iiretici anketinde de
onerildigi iizere Erdil ve Tiryaki (2020) Manisa ili’nde yaptiklar1 bir ¢aliymada da iireticilerin pestisit
kullanimi konusunda da egitime ihtiya¢ duyduklarina vurgu yapilmistir.

4.Sonuclar

Pamuk {iretiminde girdi maliyetinin yiiksek olmasi Manisa Ovasi’nda iiriin deseni i¢inde musir ekim
alanlarinda bir artis olmustur. Pamuk ekim alanlarn daralmis da olsa treticiler nezdinde halen Gnemini
korudugu goriilmiistiir. Ureticilerin pamuk iiretimi konusundaki deneyimleri de bu kaniyr desteklemektedir.
Ureticiler, pamuk alanlarindaki yabanci otlar1 ve zararlilar1 6ne ¢ikararak bitki koruma sorunlarina vurgu
yapmustir. Yabanci otlardan miicadelesi zor olan Kanyas ve Ayrik en yaygin yabanci otlar olarak
bildirilmistir. Zararlilar olarak bitkide emgi yapan tiirlerin yaninda doénemsel olarak popiilasyonu artan
Yesilkurt’un iriinde kayiplara neden oldugu ve miicadele maliyetini arttirdigi ifade edilmistir. Zirai
miicadelenin yiiriitilmesinde treticilerin biiyilk oranda bayilerden tavsiye aldiklari ve egitime ihtiyag
duyanlarin da bu egitimi bayilerden almak istedikleri goriilmistiir. Bilgi diizeyleri yeterli olmasa da
tireticilerin kimyasal miicadele disinda biyolojik ve biyoteknik miicadele yontemlerinin varligimi bildikleri
tespit edilmistir. Yapilacak egitimde bu konulara agirlik verilmesi geregi ortaya ¢ikmistir. Diger taraftan
bekleme siiresi, raf siiresi gibi teknik bilgiler yaninda pamuk tohum ilaglamasinin 6nemini kavradiklar
gOrilmistir.

Sonug olarak Manisa ili pamuk {reticilerinin bitki koruma uygulamalar1 ve bilgi diizeyleri diger iretim
alanlar1 icin de dnemli bir deneyimdir. Ulkemizin diger bolgelerinde yapilan ¢aligmalardan da goriildiigii
tizere ireticilerin biiyiik oranda ilag bayilerinde tavsiyeler aldiklari ve yapilacak egitim ¢aligmalarinin bu
ihtiyaci karsilayacak sekilde ele alinmasi gerektigi ortaya ¢ikmustir.
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1. Introduction

Titanium dioxide (TiO2) is utilized in the range of electronic material applications, environmental and
energy-related uses. Due to its high chemical stability, high availability and low cost, different usage areas are
still being investigated by scientists (Haider, Jameel, & Al-Hussaini, 2019). Especially in the last decade,
hydrogen (Sinhamahapatra, Jong-Pil Jeon & Yu, 2015) and hydrocarbon production processes (Suprun,
Lutecki, Haber, & Papp, 2009), wastewater treatment by degradation of organic pollutants (Kerkez-Kuyumcu
et. al., 2015) and removal of bacteria and pollutants from air and water (Zhu, Cai, & Sun, 2018; Leon-Rios et.
al. 2016), carbon dioxide removal (Nikokavoura & Trapalis, 2017) have become very important processes.

The most important feature of TiO; as a photocatalyst is that it forms electron-hole pairs when excited by an
external energy. The incoming beam causes excitation on the TiO; surface, thus enabling oxidation and
reduction reactions to occur with the surrounded environment of TiO.. If the mechanism of photoreactions is
examined in detail, it can be seen that it takes place in three steps. 1) the semiconductor photocatalyst absorbs
the beam to form an electron-hole pair. 2) These electron-hole pairs are separated from the bulk and migrate
to the surface of the photocatalyst to form the active centers of the photocatalyst. 3) Oxidation and reduction
reactions take place in these surface regions. UV light is the source of energy for the formation of the specified
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mechanism, but since only 4% of solar energy is UV light, this situation plays a limiting role in TiO excitation
efficiency. Although many advantages are given above, the inability of TiO- to be used efficiently in daylight
appears as a disadvantage. The low energy of daylight beam is not able to excite the electrons of TiO, phases
where the bandgap of anatase and rutile are 3.0 eV and 3.5 eV, respectively. In addition, excited electrons
want to quickly return to their low energy orbits, this process called recombination that causes the photoactivity
to decrease. In the presence of these information, two main issues have been focused on to increase the
photocatalytic activity of TiO.. The first one is the development of methods to reduce the disadvantage of
broad band gap and the second is to slow down the recombination rate (Liu et. al. 2016). In order to increase
the photocatalytic activity of TiO; in the visible region, it has great importance to improve its optical absorption
capacity (Ariyanti, Mills, Dong, Yao, & Gao, 2017, Quingli et. al., 2015, Matsunami, Yamanaka, Mizoguchi,
& Kojima, 2019). There are some methods to increase the visible region activity of TiO,. Traditionally, metal,
nonmetal or oxidized forms of metal/nonmetal species are loaded to TiO,. Thus, these dopants in the bulk
photocatalyst take place in the band gap energy level and partially reduce the band gap value. The beam
response of TiO can be increased in visible light region (Li et. al., 2016) . Another method is coloring of TiO-
in order to increase the beam absorption capacity. As it is known that, if a substance absorbs 100% of the light
coming in the visible region, the substance appears in black color. In partial absorption, the visible color
becomes in the gray-black range. If there is no absorption of light the material will be white and while the
absorption at different wavelengths creates different colors of the color scale such as yellow, brown, green and
blue. The blackening mechanism of TiO; can be summarized by structural changes such as defect formation,
formation of Ti**/oxygen hole and loading of hydrogen. With the realization of this mechanism, the surface
functionality of TiO, evidently changes according to the electronical structures (Ren et. al., 2015). There are
various studies in the literature in which sunlight absorption capacity is increased such as hydrogenated black
TiO; (Chen, Liu, Yu, & Mao 2011), black nanotube TiO- in high pressure hydrogen environment (Liu et. al.,
2014), blue rutile at 40 bar hydrogen pressure and 450 °C (Qiu et. al., 2014), hydrogenated blue-gray anatase
TiO; at atmospheric pressure and 700 °C (Yu, Kim & Kim, 2013), gray microspheres (Li, Zhang, Peng, &
Chen, 2013), and TiO; in the form of green-black nanowires (Wang et. al., 2011). Black TiO, preparation
methods can be categorized by hydrogenated heat treatments (high-pressure hydrogen, atmospheric or low-
pressure hydrogen, atmospheric pressure hydrogen-argon, atmospheric pressure hydrogen-nitrogen,
atmospheric argon), hydrogen plasma, chemical reduction (aluminum (Al), zinc (Zn), imidazole (CsHiNy),
sodium borohydride (NaBH4), calcium hydride (CaH,)), chemical oxidation, electrochemical reduction, and
anode-annealing (Ullattil, Narendranath, Pillai, & Periyat, 2018). While NaBH, thermally decomposed, the
generated hydrogen reacts with the lattice oxygen of TiO,. The removed oxygen makes vacancies in the
structure where the vacancies are called defects. The formation of Ti%* is also possible by transferring excess
electrons to the vacancies of removed oxygen. According to this reduction procedure the white TiO, turns
black. Apart from traditional methods, surface morphology of TiO: is also a factor involved in photoactivity,
such as in the oxidation and reduction reactions by facilitating the electron transfer to the surface of the catalyst.
The amount of active electrons and holes on the surface of the photocatalyst is directly proportional to the
crystalline phase, crystallinity, surface structure and defects on the surface. For instance, the source of the
super hydrophilic property of TiO; is related with the chemical conformation changes that occurs on the
surface. For this reason, tube, fiber, nano-rod, sphere, sheet forms of TiO, have become very attractive in
photoactivity that these forms can be produced at the nano or micro levels. Different forms of TiO- inherently
have different properties such as size, surface area, pore volume, pore structure, phase of crystals that are
directly related to the photoactivity of TiO, (Chen et. al., 2010).

In this study, the coloring of TiO, was achieved by thermal decomposition of NaBH, to enhance the activity
of the catalyst by improving the absorption capacity of daylight energy. During the thermal decomposition of
NaBHj4, defects were formed in TiO, at the same time chemical reduction was achieved and black TiO, was
prepared. Also, where the surface morphology is an important parameter, the photocatalysts were prepared in
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nanotube form from commercial TiO, and colored. The process of decolorization depending on the degradation
of methylene blue was investigated with the prepared colored catalysts.

2. Materials and Methods

2.1. Preparation of Nanotubes

1 gram of commercial TiO. (Acros, Thermo Fisher Scientific, USA) mixed with 150 mL of 10 M NaOH
(Merck, Germany) solution and kept in ultrasonic bath (Bandelin, Sonorex RK106, Germany) for 30 min. After
ultrasonic treatment, the suspension of TiO; taken into the homemade hydrothermal reactor with teflon liner
and treated at 130 °C for 24 hours. After filtration of the suspension, the solid washed with 0.1 M, 150 mL
HCI (Merck, Germany) solution for 15 min on a magnetic stirrer (Heidolph, 3001K, Germany). This procedure
repeated four times according to the pH value of the residue. After acid treatment the solid washed with
distilled water until the pH of the residue was 7. The remaining nanotube catalyst dried in a furnace (Niive,
FN500, Turkey) for 24 hours at 105 °C and calcined at 500 °C for 2 hours in a muffle furnace (Protherm, PLF
120/5, Turkey).

2.2. Coloring with NaBH4

The commercial TiO, mixed with NaBH,4 at a molar ratio of 1.25 (nTioz/nNaBHz :1.25(mo|/mo|)) and
was subjected to heat treatment at 400 °C under argon flow rate of 100 mL / min. To determine the coloring
potential of NaBH4, the time dependency of thermal decomposition was also studied. At the first part of the
studies, TiO.-NaBH4 mixture was heated to 400 °C with a ramp rate 50 °C/min. After 60 min treatment the
power of the tubular furnace turned off and let the catalyst cool down under argon flow for 24 hours. This
catalyst was named TB1. Similar conditions applied to TB2 except ramp rate and cooling time, the ramp rate
of TB2 was 10 °C/min and cooling time was 120 min. The last study with commercial TiO, was named TB3
with the cooling time parameter was 24 hours. According to the changes in color, TiO»/NaBH, molar ratios
were also carried out as 1.2-0.6 and 0.3 (mol/mol). The studies with nanotubes were named as nTB1, nTB2
and nTB3 related to the similar conditions of commercial TiO, counterparts. The parameters and working
conditions were given in Table 1. After heat treatment the catalysts washed with ethanol/water mixture (1/2
v/v) for three times and then dried at 105 °C for 24 hours.

Table 1
Experimental design and naming of the catalysts

TiO2/NaBH4 molar ratio Heating rate Heat treatment Cooling time

Catalyst  (mol/mol) (°C/min) (min) (h)
TB1 1.25 50 60 24
TB2 1.25 10 60 2

TB3 1.25 10 60 24
nTB1 1.20 10 60 24
nTB2 0.60 10 60 24
nTB3 0.30 10 60 24

2.3. Activity Tests

Activity tests were carried out for decolorization of 30 ppm methylene blue solutions with 100 mL. In each
experiment, 0.1 g of photocatalyst was used and the concentration value of the solution obtained by filtering
the catalyst after the reaction. Since the catalysts are porous materials the adsorption of methylene blue on the
surface has to be considered. To determine the methylene blue adsorption capacity of the catalysts, the reaction
conditions were performed in the dark. To obtain the real reaction yield the desorption of adsorbed methylene
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blue on the catalysts was conducted with the distilled water in an ultrasonic bath. The removal yield of the
reaction calculated related to difference between reaction conversion and adsorbed-unreacted parts. Blank
experiments in daylight and in the ultraviolet C (UV-C, 254 nm) region were also conducted with both
commercial and prepared nanotube TiO,s for comparison.

2.4. Characterization

X-ray diffractometer (XRD) (Miniflex 2; Rigakku, Japan) used to determine the crystaline phases of
catalysts. 20 values determined in the range of 10°- 80° with Cu Ka radiation (A = 0.1541 nm) and a Step size
of 0.02. Standard BET method used to evaluate the data for total surface area and BJH method was used to
evaluate the pore size distribution plot in nitrogen adsorption (Micromeritics, ASAP 2020, USA). To
emphasize the morphology of the samples FEI Quanta 250 environmental scanning electron microscopy
(ESEM) and JEOL 6060 scanning electron microscopy (SEM) were used. The absorbance values obtained
with UV-spectrophotometer (Hach Lange, DR5000, Germany).

3. Results and Discussion

Although there are many different methods to synthesize nanoscale TiO, the frequently used method is the
hydrothermal method. Factors affecting nanotube synthesis by hydrothermal method can be examined under
five categories. First, the choice of titanium source (anatase, rutile, alkoxide salt, etc.), second, ultrasonic
pretreatment (dispersion of nanoparticles, growth of crystals, etc.), third, hydrothermal reaction time and
temperature, fourth, the washing process (water, acid, etc.) and the fifth is the calcination conditions
(temperature, time etc.). For instance, the hydrothermal reaction temperature determines the formation
nanosphere or nanotube form of TiO,. The SEM images of commercial and nanotube TiO, were given in
Figure 1.

"

y b. I;lanotl]‘be TiO,

g

e .
§25 kvl 50kX 1500 nm @ 25 kV 50kX

Figure 1. SEM images of a) commercial and b) prepared nanotube TiO;

As seen in Figure 1., the nanotubes were produced successfully by chemical treatment of commercial TiO,. At
the end of the process, partially agglomerated nanotubes with diameters between 10 to 20 nm, not
homogeneous in length (100-500 nm) but compatible with the literature (Guo, Wang, & He, 2016) were
obtained. In Figure 2., the change in pore distribution and consequently the total surface area of commercial
and nanotubes are shown.

74



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 71-81

BET Surface Area: 9.4 m*/g
25 05
2 20 E 04
s . s
: *  TiO £ o3
% 10 2 E 0.2 Mesoporous macroporous
_‘:‘; w — —_—
[]
& 5 Z 0.1
5 - B
2 0 © 00
0 0.2 0.4 /00 0-6 0.8 1 0 20 40 60 80 100
Pore Diameter (nm
BET Surface Area: 113.8 m¥/ (nm)
500 12
— 400 - 10
8 S =
£ 300 =
E ° E 6 mesoporous macroporous
i»  NT-TIO, =
o
g 10 S \
° o]
g 0 0
0 0.2 0.4 0.6 0.8 1 0 20 40 60 80 100
p/p° Pore Diameter (nm)

Figure 2. Adsorption-desorption isotherms, pore volume distribution and total surface area values of
commercial and prepared NanoTube-TiO;

According to Figure 2., nanotubes with a high surface area of 113.8 m?/g were produced by modifying the
morphological properties. At the same time, the synthesis parameters allowed the formation of a mesoporous
structure from the macroporous structure. Adsorption-desorption isotherms of nanotubes are typically Type Il
with H3 hysteresis loop. Thus, as expected, nanotubes with a morphological property of plate like were
obtained by chemical methods. As a result, mesoporous nanotubes with increased surface area were efficiently
prepared to be used for decoloring of methylene blue solution. As mentioned before, TiO; is active in ultra
violet region. The use of colored TiO- is important to overcome this limitation that the catalyst can absorb
energy including the visible region and increase the efficiency of electron transfer. Due to the obtained results,
major problems in providing homogeneous coloration revealed the need to investigate alternative methods of
coloring TiO.. It has been observed that the most prominent method among the possible methods in the
literature also given is the use of NaBH4 according to its high reduction capacity. In Figure 3., the photographs
of colored commercial TiO, were given for 1.25 (mol/mol) molar ratio with different heating rates and cooling
time.
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Figure 3. Coloring of commercial TiO; at 400 °C by thermal decomposition of NaBH4

As seen in Figure 3.a., heterogeneously colored catalyst was obtained while the heating rate was high. Coloring
efficiency was also very low and mostly the catalyst was white. It was observed that commercial TiO> turned
into a very high amount of black color by decreasing the heating rate, but in this sample with limited cooling
time, homogeneity (Figure 3.b.) could not be achieved completely. Also, this catalyst started to burn while it
was taken out from the reactor by the contact with oxygen. Therefore, it has been concluded that besides the
cooling time, it is necessary to remove the hydrogen from the environment, which is released by thermal
decomposition of sodium borohydride that was not used for reduction of TiO,. The homogeneous and black
TiO, was obtained where the heating rate was slow, cooling and sweeping period was long (Figure 3.c.).
Coloring studies have been done with the optimized conditions on nanotube TiO catalysts, and in Figure 4,
photographs of catalysts prepared with different nanotube-TiO, / NaBH4 (mol / mol) ratios are given.

nTB2 nTB3

Figure 4. Effect of NaBH4 amount on nanotube TiO2 coloring

As given in Figure 4.a and 4.b, the catalysts were homogeneous and the color of them were dark gray. While
the maximum amount of NaBH4 was used to prepare the catalyst, black and homogeneous catalyst was
obtained (Figure 4.c.). Thus, by means of NaBHa, the heterogeneity in the reduction process with hydrogen
was prevented and homogeneous catalysts in the gray-black color range were prepared.

In Figure 5, XRD spectra of commercial, nanotube and black nanotube of TiO, were given.

76



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 71-81

ok J L Commercial Tio,

Intensity (cps)

nTB3
(Black nanotube TiO,)

k‘__/} Nanotube TiO,
[0} 20

30 40 50 60 70 80
2 0 (degree)

1

Figure 5. XRD spectra of commercial, nanotube and black nanotube TiO; catalysts

XRD spectra of the catalysts exhibit that the crystalline phase is anatase for all with PDF No. 99-101-0957.
Additional peaks were observed for nTB3 (black nanotube TiO,) at the angles 27° and 28° which was attributed
to the deformation of the lattice due to hydrogen atoms from NaBH. and which is also used for the reduction
of Ti**to Ti*® (Ariyanti, Mills, Dong, Yao, & Gao, 2017). To observe the effects of blackening process on total
surface area and pore size distribution, the results are given in Figure 6.
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Figure 6. Adsorption-desorption isotherms, pore size distribution and total surface area values of black
NanoTube-TiO>
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After blackening the nanotube TiO,, total surface area of the sample is almost constant. A little increase on
total surface area is probably due to creation of some pores during the thermal degradation of NaBH4 where
some pore formations are observed at narrower pore ranges from pore size distribution results compared to the
white nanotubes. Adsorption-desorption isotherms of black nanotubes exhibit typically Type Il with H3
hysteresis loop as obtained for prepared nanotubes TiO,. In Figure 7., the ESEM results are given to investigate
the microstructure of the of black TiOx.

Figure 7. ESEM images of black TiO; a) 4um, b) 2um and ¢) 500 nm

Although agglomeration was observed, the similar shapes and size of nanotubes were obtained after blackening
process. This result shows that the role of NaBH, is to lead the formation of oxygen vacancies in the nanotubes
by keeping the morphology similar that overlap with the XRD results.

The prepared photocatalysts were performed on degradation of methylene blue and in Table 2., the removal
yields were given for methylene blue where the energy source was daylight.

Table 2

Color removal efficiency
Catalyst Catalyst color and appearance Removal Yield (%)
Commercial TiO> White-Homogeneous 83.7
*Commercial TiO; White-Homogeneous 88.6
TB1 White-Black-Heterogeneous 91.2
TB2 White-Black-Heterogeneous 93.1
TB3 Black- Homogeneous 93.7
Nanotube TiO» White- Homogeneous 95.6
*Nanotube TiO, White- Homogeneous 96.8
nTB1 Dark Gray- Homogeneous 97.9
nTB2 Dark Gray- Homogeneous 97.9
nTB3 Black- Homogeneous 98.4

*: Blank experiments at UV-C (254 nm)

When the activity test results are examined, the superiority of the prepared nanotubes over the commercial one
is revealed. Although homogeneity was not achieved in commercial TiO, the coloring process worked and a
catalyst with increased activity under visible light was prepared. The high performance of colored catalysts are
the result of enhancement of daylight absorption capacity of the catalysts. Colored catalysts used the low
energy from daylight to excite the electrons in the structure. Photocatalysts were obtained homogeneously in
all nanotube coloring studies. When the amount of NaBHy. is limited, gray catalysts were prepared. Under all
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conditions, the simultaneous coloration of nanotubes and color removal where the sign of methylene blue
degradation have ensured that the process is completed with high efficiency. Maximum removal yield, 98.4%,
was obtained with black nanotube TiO; catalyst.

4, Conclusion

In the nanotube preparation process, the transition from macroporous structure to mesoporous structure has
increased the retention of solar energy on the surface and act as a trap for the energy absorption. Thus, the
beam hitting the surface was refracted many times, the distance it traveled was extended and the retention time
of the beam was increased. Photocatalysts could not be colored homogeneously with the hydrogen reduction
process but efficient reduction and coloration obtained with sodium borohydride. In addition to coloring, it has
been observed that the surface structure has an important role in activity and the nanotube structure has an
important place in the preparation of photocatalysts. The photoactivity in the visible area is increased with
colored photocatalysts with increased sunlight absorption capacity. As a result highly active photocatalysts
were prepared by thermal decomposition of sodium borohydride with increased beam absorption capacity.
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Oz — Kuzeybat1 Ege bolgesinin en karmasik tektonik unsurlarin1 barindiran Biga Yarimadasi olduk¢a yogun bir
depremsellik gosterir. Bu yarimada ve yakin ¢evresi i¢in farkli donemlerde meydana gelen orta ve biiyiik depremlerin
deprem tehlikesi analizi, ¢aligmanin temelini olusturmaktadir. Temel deprem parametreleri olarak da bilinen a ve b-
degerleri bu c¢aliyjmanm veri tabani olan aletsel donem deprem katalogundaki M>2 i¢in belirlenmis ve
degerlendirilmistir. Bu galismada, COMU ve KRDAE tarafindan isletilen deprem istasyonlari ve buna bagl yiiksek
kaliteli faz okumalar1 sonucuna dayali ortak bir deprem katalogu kullanilmistir. Ayvacik basta olmak iizere ve yakin
¢evresinde 6 Subat 2017°de meydana gelen Mw=5.4 biiyiikliigiindeki deprem ile baslayan ve siireklilik gosteren
deprem sonrasi aktivitenin Tuzla deformasyon zonu ¢evresinde yaklagik 25x10 km’lik bir alanda kiimelendigi
gozlenmistir. Bu deprem 6ncesi ve sonrasi yerel tektonik yapilar ve gerilme durumlar ile iliskilendirilebilecek basta
b-degeri olmak tizere olasiliksal parametreler de degerlendirilmistir. Kisa ve uzun dénemde bu parametrelerin ana
deprem Oncesi ve sonrast azalim ve artis egilimleri yerel ve bolgesel hakim gerilmelerin yaninda iist kabuktaki
heterojenite ve jeotermal kaynaklar da g6z 6niinde bulundurularak sismisite ve sismotektonik yapiya katkis1 ve iligkisi
uzaysal ve zamansal olarak incelenmistir. Saroz-Ayvacik-Edremit dogrultusunda alansal olarak deprem verisi
yogunlugu dikkate alindiginda b-degerlerinin gerilmelerle ters orantili olarak deprem Oncesi artigi ve akabinde de bu
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Abstract — The Biga Peninsula, which has the most complex tectonic segments of the northwestern Aegean region,
shows a remarkable dense seismicity. The earthquake hazard analysis of medium and large earthquakes occurred at
different periods for the peninsula and its vicinity is the basis of this study. The basic earthquake parameters those are
generally known as a and b-values, were determined, and evaluated for the earthquakes M> 2 during the instrumental
period earthquake catalog, which is the database of this study. A homogenous earthquake catalog combined of two
institutions COMU and KOERI data, which are quite dense and have high solution quality, play a remarkable role in
this study. It was observed that the dense seismic activity after the earthquake that initiated in the event of Mw = 5.4
on February 6, 2017, especially in Ayvacik and its close vicinity, and which has been continuing, was clustered around
Tuzla deformation zone in an area of approximately 25x10 km. Probabilistic parameters including b-value which can
be related with local tectonic structures and stress states before and after this earthquake were also evaluated. In the
short and long term, the decreasing and increasing tendencies of these parameters before and after the main shock
were examined spatially and temporally in addition to local and regional dominant stresses, heterogeneity in the upper
crust and the contribution of the geothermal resources to the seismicity and seism tectonic structure. Considering the
spatial density of earthquakes towards to Saroz-Ayvacik-Edremit, the pre-earthquake b-values increased inversely
with the stresses, and then this decline in behavior was distinguished in the 2014 and 2017 earthquake sequences.
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1. Giris

Olasiliksal deprem tehlike analizi yaklagimlarinda Gutenberg-Richter bagintisindaki (LogN=a-bM) temel
iki regresyon parametresi depremsellik ¢aligmalarinda 6nemli rol oynamaktadir (Gutenberg ve Richter, 1944).
Kisaca belirtmek gerekirse bu bagintida 'a' ve 'b' pozitif gercek sabit oldugu yerlerde deprem sayist ve
biiytikliigii tarafindan kontrol edilmektedir. Burada; a-degeri olay (deprem) orani tarafindan belirlenmekte ve
belirli bir bolge i¢in dikkate alinan yogunluk ve zaman araligina baglidir. Diger yandan b-degeri tektonizma
ile iligskilendirilen bir parametre olarak literatiirde bir¢ok arastirmaci (Wyss, 1973) tarafindan
degerlendirilmistir. Yer igi heterojen yapisi ve gerilmeler, gézenek basinci gibi fiziksel oryantasyonlar ile b-
degeri arasindaki korelasyonlar yaninda b-degerinin zaman ve mekansal degisimleri bu alandaki gelismelerin
incelenmesine konu olmustur. Ozellikle b-degerinin farkli 6lcekteki degisimleri yerel ve global sismisite ile
olan iligkisine bagli olarak a¢iklanmaktadir. Gutenberg ve Richter (1954), global 6l¢ekte b-degerinin 1.0-1.6
arasinda, McNally ve James (1989) b-degerinin 0.8-1.2 arasinda, Udias ve Mezcua (1997) kiiresel sismisite
igin b-degerinin 0.6-1.6 arasinda degisim gosterdigini ifade etmislerdir. Monterroso ve Kulhanek (2003), Orta
Amerika sismisitesi i¢in b-degerlerinin kitasal ¢ergevede 0.6 ile 1.6 arasinda oldugunu bulmuslardir.

Tiirkiye’nin giiney bolgesi i¢in yapilan sismik tehlike ¢alismasinda, b-degeri 0.33 ile 1.13 arasinda degisim
gostermistir (Yilmaztiirk ve Burton, 1999). Marmara Bolgesi’nin depremselliginin incelendigi Sayil ve
Osmansahin (2005)’in ¢alismasinda, Tekirdag Bolgesi (Saroz-Gazikdy fayi) igin a=3.38, b=0.47; Saroz
Bolgesi (Saroz Korfezi) igin a=3.66, b=0.52; Bandirma Bolgesi (Can- Biga fay kusagi, Sarikdy fay1 ve Yenice-
Gonen fay1) icin a=4.05, b=0.56 hesaplanmistir. Sismik aktivitenin yogun oldugu, diinyadaki belli bash etkin
faylari igeren bolgeler igin yapilan ¢alismalarda, b-degeri tektonizmanin karakterine ve deprem sayisina da
bagli olarak 0.55-1.19 arasinda hesaplanmistir (Bayrak vd., 2008). Poisson dagilimi uygulanarak, 100 yil
icerisinde biiyiikliigii Ms>7.0 olan bir depremin olma olasilig1, Tekirdag ve ¢evresi i¢in %60.3, Saroz Bolgesi
icin %50.9, Bandirma Bolgesi i¢in ise %57.3 oraninda bulunmustur. Depremlerin istatistiksel hesaplamalara
bagl olarak olusum ve tektonizma ile birlikte degerlendirilmelerinde sikga kullanilan Gutenberg-Richter
parametresi olan b-degeri ile ilgili literatiirde oldukga fazla galisma olmakla beraber bu ¢alismalarin birgogu
bu degerin diisiik oldugu alanlarin yiiksek gerilme alanlari ile iliskilendirilebilecegini savunmaktadir (Bridges
ve Gao, 2006). Dolayisiyla b-degeri alansal degisimlerini deprem olusma tehlikesinin daha fazla oldugu
seklinde degerlendirmek miimkiindiir. Orta ve biiyiik ol¢ekli depremlerin olus mekanizmalari bu yaklagim ile
bir¢ok tektonik bolgede uyumludur. Kuzeybati Ege ve Biga Yarimadasi’nda Saroz-Gazikdy ve Yenice-Gonen
kiriklarinin iirettigi depremlerin oldugu yerellerde diisiik b-degeri elde edilmistir. Tarihsel ve aletsel donemde
de bu deformasyon alanlarinda yikici depremler oldugu goriilmektedir. Bolgesel b-degerlerinin giincel
teknonizma ile olan iligkilendirilmesi bu ¢alismada yerel olgekte ve daha sik giincel 6rnekleme verisi ile
calisiimistir.

Bu calismada, 6 Subat 2017 Ayvacik depremi (Mw=5.4) dncesi ve sonras1 deprem parametrelerinin uzaysal
ve zamansal degisimleri incelenmistir. Ayvacik merkez olmak iizere 100 km? lik alanda yikic olarak kabul
edilebilecek bir depremin, 5 Subat 2017 tarihine kadar olmamasi bu bdlgede yerel Slgekte deprem tehlike
analizi yapilmasina imkan vermemistir. Bunun yaninda yerel fay sistemlerine bagli ¢ok sayida deprem
iretilmemis olmast da bu ve benzer deprem tehlike analizi kapsaminda parametrelerinin de
hesaplanamamasia neden olmustur. Ik defa 6 Subat 2017 Mw>5.4 olarak meydana gelen depremlerin
olasiliksal parametrelerine bagli tehlike analizi bu ¢alisma ile tartigilmigtir.

2. Materyal ve Yontem
Kuzey Anadolu Fay kusagi, deprem iiretkenligi agisindan diinyadaki bilinen en 6nemli fay kusaklarindan
birisidir. Biga yarimadasi ve ¢evresinde genel olarak bu fay kusaginin uzantilar1 goriilmektedir. Gelibolu ve

Biga yarimadalarindaki Saroz-Gazikdy fayi, Etili fay1, Can-Biga fay kusagi, Sarikdy fay1 ve Yenice-Gonen
faylar1 meydana getirdikleri depremler nedeni ile diri olduklar1 bilinen faylardir. Sag yanal dogrultu atim
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karakterine sahip Saroz-Gazikdy fay1 1912 Miirefte-Sarkdy (Tekirdag) depremi (Ms=7.3, KRDAE) olarak
bolgesel etkisi oldukea biiyiik yikici bir depreme neden olmustur. 1935 tarihinde 6.3 biiyiikliigiindeki depremin
yasandig1 Can-Biga fay kusagi, kuzeydogu-giineybati yonelimli bir¢ok fay pargasindan olusmaktadir. Biga
yarimadast 1935 depreminden sonra yikici etkisi olan bir deprem de bolgedeki yanal atim faylanma
karakterinin baskin oldugu Yenice-Gonen fayinin yirtilmasi ile sonuglanan 18 Mart 1953 Goénen depremidir
(Ms=7.2, KRDAE). Bolgesel faylanmalarin genellikle jeotermal sahalarini sinirlayan alanlarda aktif oldugu,
bu faylarin da Biga yarimadasi kuzeybati kesiminde Kuzey Anadolu Fay1 baskin yanal atim karakterli temel
ozelliklerini yansitmakla beraber, Ayvacik giineybati (KB-GD dogrultulu Tuzla fayi, Babakale ve Giilpinar
fay1) ve Edremit Korfezi kuzey kesimlerinde (Edremit, Havran Balya faylari, KD-GB ve KB-GD dogrultulu
Midilli-Ege Denizi faylar1) Batt Anadolu agilma rejimi unsurlarinin temsilcisi olan diisey atimli faylarin baskin
oldugu goriilmektedir (Sozbilir vd., 2018).

o8 o = b /
400 L ] . .G» & /
mEm I“.i.u.::‘.i l.l...l:l.

‘A 40sM<5.0
2> V 50sM<6.0

39.5°

Derinlik (km)

Sekil 1. Biga yarimadasi sismisitesi ve deprem kaynak bolgeleri ile deprem odaklarinin A-B ve C-D kesitleri
boyunca dagilimlari. Kesit boyunca ¢izgiler derinliklerin ortalama deprem yogunlugu 6lgegindeki degisiminin
standart sapmasini gostermektedir.

3. Bulgular ve Tartisma

39°-41° K enlemleri ve 25°-28° D boylamlari, Ayvacik ve cevresi igin ¢alisma alaninin siirlarim
olusturmaktadir (Sekil 1). Calismada kullanilan deprem katalog bilgisi Canakkale Onsekiz Mart Universitesi
(COMU) Deprem Arastirmalar1 Uygulama ve Arastirma Merkezi (DAUM) ile Kandilli Rasathanesi ve
Deprem Arastirma Enstitiisii Bolgesel Deprem ve Tsunami Izleme Merkezi (KRDAE-BDTIM) veri taban
kullanilarak olusturulmustur. Ayvacik depremi sonrasinda basta depremin en ¢ok etkiledigi Yukarikdy’e yakin
olan Ayvacik, Ezine, Edremit ¢evresi olmak lizere 15 adet gecici deprem istasyonu belirli siireler i¢inde
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kurulmus ve kaydedilen stirekli veri seti iginde depremler ayiklanmistir. Bu istasyonlara ek olarak KRDAE
istasyonlar1 tarafindan kaydedilen depremler de degerlendirmelere katilmigtir. Kullanilan istasyonlarin
dagilimi Sekil 2’de verilmistir.

26°00’ 26°30’ 27°00° 27°30°

41°00’ 41°00

40°30’ 40°30°

40°00°

40°00’

39°30’ 39°30°

“m cOMU

.=x-|/A COMU/KRDAE

39°00° 39°00°

26°00° 26°30’ 27°00° 27°30°

Sekil 2. Biga yarimadasi, Ayvacik ve Edremit bolgesi deprem istasyonlar1 (genis peryod). KRDAE istasyonlari
yildiz, COMU istasyonlari kare ve hem KRDAE hem de COMU tarafindan ortak galistirilan istasyonlar iiggen
ile temsil edilmistir.

Bu istasyonlar arasinda deprem dalgasi formunda olan olaya ait toplam 32,922 P ve S dalga faz1 varis zamanlar1
okunmak sureti ile bu depremlerin ¢dziimleri yapilarak katalog olusturulmustur. Depremlerin ¢éziimiinde
Kalafat vd., (1987) kabuk modeli kullanilmistir. Yerel ve bolgesel aktif faylarin kinematigi ve deprem episantr
dagilimi da dikkate alinarak 4 ayr sismik alt bolge olusturulmustur. 2017 Ayvacik depremleri 6ncesi katalog
bilgisi 1912 yilindan itibaren olmak iizere KRDAE veri tabanina gore se¢ilmis 2017 ve sonrasi depremlere ait
COMU Kkatalogu ile birlestirilerek M>0.1 olan toplam 20,300 deprem g¢aligmanin veri setini olusgturmustur.
Depremlerin dagilimlar1 ve segilen sismik alt bolgeler Sekil 1’ de verilmistir.
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3.1. Gumbel Ug¢ Degerler ve Poisson Dagilimiyla Deprem Tehlikesinin incelenmesi

Gumbel u¢ degerler dagiliminda, yillik en biiyiik deprem biiyiikliikleri kullanilarak, depremlerin olma
olasiliklart ve geri doniis peryodlar1 hesaplanmaktadir (Bagci 2000). Poisson dagilim modeli ile
karsilastirildiginda Gumbel u¢ degerler yaklasimi olasilik modelinin olusturulmasinda daha esnektir; deprem
olusumlarinin istatistiksel analizinde veri kiimesinin eksik olmas1 durumunda da kullanilabilmektedir. Genelde
Gumbel teorisi, tanimli bir zaman araliginda, en biiyiik deprem biiyiikliik degerleri kullanilarak deprem katalog
kiimesinde olaylarin siralamasinda kullanilmaktadir. Ayvacik ve Biga yarimadasini da kapsayan alan i¢inde 1
yildan 100 yila kadar beklenen biiyiikliiklere gore risk egrilerine bakildiginda 30 yil igerisinde biiytikliigii 6.0
olan bir depremin olusma olasilig1 %91 olarak degerlendirilmistir. Bolgesel olarak ise 100 y1l igerisinde M>7.0
olan bir depremin olusma olasilig1 %90, tekrarlanma peryodu ise 42 yil olarak elde edilmistir (Sekil 3).

Genellikle depremlerin zamansal olusumlari Poisson ve Poisson olmayan bir modele gore degerlendirilir.
Poisson modeli depremlerin Poisson siirecine gore basit bir degerlendirme imkani sunarken Poisson siirecine
uygun olmayan model, elastik yenilme (rebound) teorisi tizerine kuruludur. Poisson siirecini takip eden olaylar
zaman, boyut ve depremin yerine gore rastgele ve bagimsizdir. Poisson olmayan model ise belirli bir fay veya
segmentin iizerinde meydana gelen depremler gecmis depremsellikle iligkilendirildigi kabullenmesini yapar.
Bu ylizden depremlerin olusumu; olaylarin zamanlari, etki alanlari, konumlar1 ve Onceki depremler ile
iligkilidir. Bu modelin fiziksel esas1 da elastik yenilme teorisidir. Deprem olusum modelleri agirlikli olarak
Poisson dagilimini igerir. Deprem biiylikliikleri ve olusum sayilan ile ilgili temel regresyon bagintisi
Gutenberg ve Richter (1944) tarafindan 6nerilen "LogNc(M)=a-bM" olarak verilen ifadedir. Bu, tiim siirecin
bir esik biiyiikliigiiniin {izerinde oldugunu varsayar; Nc M'den daha biiyiik veya esit birikimli deprem sayisidir.
Uygulamada ise modelin zayif tarafi dogruluk, 6zellikle de diisiik biiyiikliik araliklarinda analiz edilen veri
kiimelerinin tekdiizeligi ve tamamliligin (Mc) eksik olmasidir. Bu tiirde bir diizensizligi etkileyen en 6nemli
faktorlerin basinda sismik agin, depremselligin gdzlenmesindeki hassasiyeti ve zamansal olarak diizenli kayitta
olmamasi sayilabilir. Bu ¢alismada kullanilan deprem istasyonlarinin sayisi ve algilama kapasitesinin niteligi,
Poisson siirecinin bu asamadaki olumsuzluklar1 minimize etmistir. Poisson modeline gore, Biga yarimadasi
genelinde 30 yil igerisinde M> 6.0 olan bir depremin olusma olasilig1 %84 olarak degerlendirilirken, yaklasik
16 y1l da tekrarlanma periyodu olarak hesaplanmistir. 100 yil i¢erisinde biiyiikliigii 7.0 olan bir depremin olma
olasilig1 %80, 105 y1l da tekrarlanma aralig1 olarak elde edilmistir (Sekil 3)
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Sekil 3. Gumbel ug degerler ve Poisson dagilimina gére deprem risk analizi egrileri
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3.2. Modal Degerin (a/b) Dagilimi

Son yillarda yapilan bazi ¢alismalar (Yilmaztiirk ve Burton, 1999; Bayrak vd., 2008) ise, tek basina a ve b
parametrelerine karsin a/b-degerinin sismisite ile tektonik unsurlarin uyumunu daha ¢ok 6n plana ¢ikarmasi
ve bir 6l¢ek olmasi agisindan bu ¢alismada da kullanilmistir. a/b-degerlerinin yiiksek oldugu bolgelerde biiyiik
ve yikict depremlerin oldugu gozlemlenmistir. 1912 Miirefte-Sarkdy (Ms=7.3, KRDAE), 1944 Edremit
Korfezi (Ms=6.8, KRDAE) ve 1953 Yenice-Gonen (Ms=7.2, KRDAE) depremleri bu nitelikte depremlerdir.
1912-2018 yillar1 arasinda meydana gelen biiyiikliigi M>Mc (Mc=2.2) olan deprem verileri kullanilarak,
caligma alani i¢in 0.05°x 0.05° ’lik bir grid ag1 olusturularak hesaplanan a/b-degerleri goriintiilenmistir (Sekil
4). Bolgesel deprem kataloglarina bagli deprem parametrelerinin yiiksek hassasiyette elde edilmesinde Mc
degerinin degerlendirilmesi Cambaz vd., (2019) tarafindan ele alinmis olup Ayvacik i¢cin Mc=2.0, b-degeri de
1.0 £ 0.08 hesaplanmigtir. Mevcut ¢alisma ile bu degerlerin olduk¢a uyumlu oldugu goriilmektedir.
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Sekil 4. Calisma alanindaki a/b-degerlerinin basitlestirilmis tektonik harita (Emre vd., 2013) tizerindeki
dagilim1. Yildizlar M>5 olan depremlerin yerlerini gostermektedir.

3.3. b-degerinin Zamana Bagh Degisimi

b-degerindeki gecici degisimlerin potansiyelini incelemek i¢in kisa, orta ve uzun vadeli olarak, deprem
onciisii calismalar1 son yillarda 6zellikle depremlerin zamansal dagiliminin gerilme birikimi olan iligkisinin
arastirtlmasinda 6n plana ¢ikmaktadir. Sonuglar biiyiik depremlerin genellikle b-degerindeki artisin orta
vadede gergeklestigini ardindan depremden Onceki haftalarda/aylarda bir azalis oldugunu gostermektedir
(Sammonds, Meredith ve Main, 1992). Molchan ve Dmitrieve (1990)’1in ana soktan onceki giinler-saatlerde
oncii depremler i¢in gecici b-degerleri ¢alismalar1 vardir. Monterroso (2003)’iin Orta Amerika i¢in deprem
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kataloglarinda b-degerinin biiylik depremlerden 6nce 6nemli 6l¢iide azaldigi hipotezini destekleyen ¢aligmasi
vardir. Biiylik magnitiidlii depremlerle Kkarsilastirildiginda kiigiik depremlerin  olusumu, b-degerleri
kullanilarak diisiik b-degerlerinin oldugu bir alandan itibaren basladigini gostermektedir. Bu durum biiyiik
gerilmelerin bir gostergesi olarak da diigiiniilebilir. 2017 Ayvacik depremi sonrasi b-degerinin diistiigii, kirilan
alanin Tuzla fayi ile ilintili oldugu sonucu ortaya konulmaktadir. Benzer sonuglar her ne kadar yiiksek frekansl
da olsa Abdikan vd., (2019) tarafindan yapilan Ayvacik depremi Insar analizlerinde de goriilmektedir.

Coulomb gerilme diisiimiindeki maksimum degisim fay diizleminde olugmaktadir. Bu yiizden ana sokun
olustugu, esas kayma diizlemini meydana getiren kirilmalarin ¢evresindeki kiigiik fay segmentlerinde artci
mekanizmalarin meydana gelmesi beklenir. 12 Kasim 1999 Diizce depremi (Mw=7.2, KRDAE) ana sokun
oldugu bolgede diisiik b-degerlerinin yiiksek Columb gerilme artisi ile iskili oldugu degerlendirilmistir. Bu
diisiik b-degerinin nedeni asperite yakinindaki gerilme durumudur Gorgiin vd., (2009) ve yirtilma sonrasi b-
degerinde yiikselme egilimi olmaktadir. Sekil 5 ve Sekil 6’daki b-degeri degisimi, artg1 olaylarin faylanma
bolgesindeki ana gerilme alanlarindaki dagilimi ile uyumludur. Calisma alaninda b-degerleri her alt bolge icin
hesaplanmistir; en yiiksek b-degeri Alan 4’te (b= 1.100), en diisiik b-degeri ise Alan 3’te (b= 0.5844)
hesaplanmistir. Bu bolgelerde meydana gelen deprem biiytikliikleri dikkate alindiginda Alan 4’te meydana
gelen en biiylik deprem biiyiikliigliniin 5.9 oldugu, Alan 3’te ise 6.3, 6.4, 7.2 ve 7.3 biiyikliigiindeki
depremlerin iiretildigi goriilmektedir.

Yerel ve bolgesel tektonizma ile fay topluluklarinin farkli geometrilerde yirtilma mekanizmalariin
istatistiksel davraniginin incelenmesinde b-degeri oldukga etkin bir parametre olmakla beraber sayisal veya
yiginsal farklilik gostermesi sebebi ile ampirik bir baginti iiyesidir. Bolgesel ve yerel gerilme kosullari ile b-
degeri arasindaki ters oranti bu konuda yapilan bir¢ok ¢alisma ile de ortaya konulmustur. Yirtilma 6ncesi
gerilmenin arttigi bolgelerde b-degerindeki goreceli diigiis yine ko-sismik davranig sonrasi b-degerindeki
artisin  olmas1 ¢oklu kirlma veya deformasyonun yiiksek seyrettigi yerlerde belirgin anomali
gosterebilmektedir. Bu bakimdan Sekil 4’teki b-degerinin zamana bagli uzun peryod degisimleri Biga ve
Ayvacik yarimadalari i¢in tipik belirtectir denilebilir.

Orta ve biiyiik depremler oncesi depremsellik yogunlagmasi olan bdlgeler, ana sok oncesi gerilme artisi
potansiyel alanlar ile iligkilendirilebilecek bolgeler olarak da degerlendirilebilir. Diger yandan ozellikle
Ayvacik ve Biga yarimadalarinda jeotermal kaynaklarin olduk¢a yogun oldugu diisiiniiliirse, boylesi hizli
metamorfizmay1 kontrol eden arka plan depremlerin de yine tektonik yiiklenmeler ile yoksa tersi bu arka plan
depremlerin yerel gerilmelere neden olacagi konusunda hipotezler vardir. Buna gére b-degerleri bir sonraki
gerilme bosalim alanlar1 hakkinda bir fikir verecektir.

Zamana bagli b-degerinin degisimlerini incelemek i¢in kayan bir zaman-pencere yontemi kullanilmaktadir.
Bunun igin, bir deprem katalogundan bir grup deprem segcilir, b-degeri ilk N olay1 i¢in hesaplanir. Ardindan,
pencere belirli sayida olaya karsilik gelen bir zamana gore kaydirilir, drn. N/10 olay. Yeni veri grubu igin b-
degeri hesaplanir ve son olaya ulasilana kadar islem tekrarlanir.

Hesaplanan her b-degeri, ilgili pencerenin orta noktasina atanir. Sekil 5’te ¢alisma alanindaki b-degeri zamana
bagli degisimi hesaplanmistir. Buradaki degisimin {ist ve alt sapma degerleri (kesikli ¢izgi), KRDAE
kataloguna ek olarak ve COMU katalogundaki (Subat, 2017-Aralik 2018) deprem verisinde 50 olay ve 5 olay
kaymasi iceren zaman penceresi kullanilarak hesaplanmaktadir.

Calisma alanindaki b-degerinin %95 giliven araliginda kaldigini ortaya koymak, b-degeri degisimindeki
kararliligi dogrulamak igin farkli zaman pencereleri test edilmistir. Pencere igindeki deprem sayisinin se¢imi
zamandaki segilebilirlik ile daha genis pencerelilerin yuvarlatma etkisi arasinda uyumu agisindan énemlidir
(detaylar1 igin Wiemer, 2001). Pencere i¢inde kullanilan farkli sayida (50 -150) deprem kullanilmasi yaninda
her pencerenin kaydirma miktarinin (5-10 adimda bir) ¢ézliniirliigii degistirmedigi goriilmiistiir.
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Sekil 5. Ayvacik, Biga yarimadasi, Saros ve Edemit Korfezlerini de kapsayan alanda b-degerinin yillara gore

degisimi ve biiyiikliigii M>5.4 olan depremlerin dagilimi. Grafikte, 24 Mayis 2014 ve 6 Subat 2017 depremleri

oncesi b-degerinde belirgin artigin oldugu goriilmektedir

Sekil 5’te Ayvacik-Biga yarimadasi ve yakin ¢evresinde 1980’ den 2018 yilinin sonuna kadar b-degerinin
degisimi verilmistir. Bu tarihten once aletsel doneme ait b-degerinin elde edilmesi igin yeterli sayida veri
olmadigindan regresyon katsayilar1 belirlenememistir. Bu grafikte en ¢arpici olan, 24 Mayis 2014 Gokgeada
depremi (Mw=6.8) oncesi b-degerinde artis ve ardindan yaklasik 3 yil sonra 6 Subat 2017 depremi (Mw=5.4)
oncesi b-degerindeki agresif diististiir. b-degerindeki bu artis, bir sessizlik (quiescence) anomalisinin ayni
zamanda “belirgin bir anomali” (daha kii¢iik boyutlu olaylarin sayisindaki nispi bir artis, daha biiyiik olanlarin
sayisindaki nispi diisiis) oldugunu gostermektedir. 6 Subat 2017 Ayvacik depremi (Mw=5.4) oncesi b-degeri
yerel olarak yiiksek olmakla beraber, diisme egilimi gosterdigi 24 Mayis 2014 Gokgeada depremi (Mw=6.8)
sonrast izlenebilmektedir. Ana depremden yaklasik 2.5 ile 3 yil dncesinden baslayan b-degerindeki artis
oldukea belirgindir.

Yiiksek b-degerieri biiylik heterojenitenin ve diisiik dayanimli bolgelerde beklendigi gibi ¢ok sayida kiigiik
depremler ile iliskilendirilmektedir. Buna karsin, diisiikk b-degerleri ise yiiksek direng ve diisiik heterojenlik
gOsteren alanlara tekabiil etmektedir. Bolgesel b-degerlerinin kiiresel Olgekte yiliksek seyrettigi ve bu
konumlardan diisiis gosteren b-degerlerinin de yiiksek gerilme birikimi ve gelecekte biiyiik yirtilma olasiligi
olan faylanma alanlari ile ortiistiigli seklinde yorumlamak miimkiindjir.
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Sekil 6. Ayvacik ve Biga yarimadalarini kapsayan Kuzeybat1 Ege Bolgesi depremleri kullanilarak elde edilen

Mc ve b-degerlerinin tiim ve alt bolgeler bazinda zamana bagh degisimleri. Kesikli ¢izgi standart sapmayi
gostermektedir.

Depremsellik ¢alismalar1 agisindan en 6nemli istatistiksel parametrelerden biri magnitiid tamamlilik (Mc)
analizidir. Mc i¢in dogru bir tahmin ¢ok 6nemlidir, kullanilabilir verinin goz ardi edilmesi durumunda oldukga
yiiksek degerler olmasi nedeni ile veri 6rnekleme kalitesi de diisiik olacaktir. Bu durumda depremsellik
parametrelerinin sezgisel olmayan bir analizini yapmak da oldukga gii¢lesecektir. Mc degerine baglh yerel ve
bolgesel depremselligin degerlendirilmesinde Mc’nin zamana bagli degisimleri sismik agin kalitesi ve
stirdiiriilebilirligi ile dogrudan ilintilidir. Sekil 6’da b-degerinin 1. bolge i¢in belirli bir monotonlukta degisim
sergiledigi, 2010 yilindan sonra da hafif bir diisme egiliminde oldugu goriilmektedir. Bu degisimi takip eden
4 y1l sonrasinda 2014 depremi ana sokunun meydana gelmis olmasi yerel gerilme yiiklemelerinin de artmasi
sonucu ile bagdastirilmistir. Depremsellik ¢aligmalarinda 6nemli 6lgiide gilivenilir sonuglar elde edilebilmesi
icin ¢ok sayida deprem verisi kullanmak gerekir. Bu ¢alismada Ayvacik ve yakin ¢evresi i¢in ortalama Mc
degerinin zamanla degisimini ortaya koyabilmek i¢in 21,000 adet depremi igeren katalog verisi olusturularak
gozlemlenen degisim, standart sapmas ile birlikte Sekil 6’da verilmistir.

Depremin kaynak bolgesi tektonik gerilimlerle yavas yavas yiiklenirken, odak bolge er ya da geg kritik bir
duruma gelecek ve faylanma ile sonuglanacak olan yirtilma olusacaktir. b-degerlerinin hesaplanmasinda daha
genis alanlar ve uzun zaman araligi, depremin olugsmasinda odak bolgesindeki 6n plana ¢ikmayan 6ncii nitelikli
olaylar1 maskeleyecektir. Aslinda, b-degeri Gutenberg-Richter (Gutenberg ve Richter, 1944) iliskisinde
istatistiksel bir l¢lidiir. Fakat aynm1 zamanda, b-degerinin sanki bir gerilim metre veya gerilim gostergesi
seklinde kabul edilen mekanik temelleri vardir. Baz1 deneylerde b-degeri ile diferansiyel gerilmenin ters
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orantili oldugu ifade edilmistir (Lei 2003). Diger yandan b-degerinin hem kitasal kabukta hem de dalma-batma
zonu ortamlarinda gerilme ile dogrusal azaldigi belirtilmistir. Dolayisiyla, biiylik bir depremin farkl
siireglerinde odak bolgesindeki gerilme rejimi de farklilik gosterecektir. Buna bagli olarak kaynak
bolgesindeki b-degeri ana sok 6ncesi belirteglerin olusmasina ve bu sekilde yorumlanabilmesine yonelik
gerilmelerdeki farklilikla degisiklik gosterecektir. Ana sok oncesi b-degerinde her zaman istikrarl bir degisim
s6z konusu olmayabilir. Bunun baglica nedenleri arasinda; ortam ve gerilmelerin heterojenitesi, faylanma
tiirleri, kabuk yapis1 ve reolojisi, kayag tiirleri ve gevrekligi ve siinek davranisi, akiskanlik ve yapisal etkilesim
sayilabilir. Bu durumda biiyiik depremler 6ncesi b-degeri oldukga karmasik olabilir. 17 Agustos 1999 Kocaeli
depreminden (Mw=7.4, KRDAE) 1 yil 6nce ana sokun bulundugu lokasyondan 10km uzakta diisiik bir b-
degeri tammlanmustir (Kalafat ve Gorgiin, 2019). Bu 6rnekte asperite bolgesinin tektonik karmasasi ile b-
degerinin biiyiik ve kiiciik depremler arasinda bir iliski kurulabilecegi gosterilmektedir. Tiim bu faktorler goz
oniinde bulundurularak, b-degerinin zamansal degisimini farkli durumlar icin 6zetlenebilir. Ornegin biiyiik bir
deprem meydana gelmeden once b-degerinin birkag yil veya daha fazla arttig1 ve ana sokun ardindan diistiigi
durumdur. 24 Mayis 2014 ve 6 Subat 2017 depremlerinde bu patern sergilenmektedir (Sekil 5 ve Sekil 6°da 1
ve 3. Bolge). Diger bir durum ise b-degerinin ana depremden uzun bir siire 6nce artis egilimi gosterdigi, ana
depremden cok kisa bir siire i¢inde de diisiis gosterdigidir. Calisma alaninda da 2 ve 4. alt bolgelerindeki
degisimin bu yaklagimi sergiler bir patern gosterdigi izlenimi olmakla beraber bolgesel tektonizmanin bunu
dogrulayacak biiyiik bir yirtilmanin bu zaman siirecinde olmadig1 anlagilmaktadir.

Mc degeri 2010 yilina kadar biiyiik degerlere sahiptir ve 2.5 - 3.5 arasinda bir degisim gostermektedir. Sismik
kaynaklarin karakterine ve episantral dagilima gore farkli bolgelere ayirdigimiz ¢alisma alanindaki 1. ve 2.
bolgelerde 24 Mayis 2014 Gokgeada depremi (Mw=6.8) ve 3. Bolgede ise 6 Subat 2017 Ayvacik depremi
(Mw=5.9) bagl olarak Mc degerinde artislar dikkati cekmektedir. Bir diger dikkat ¢ekici nokta bazi yiiksek
Mc degerleri artg1 sok dizilerinin ilk kisimlarindan yiiksek olabilir, ¢iinkii kiigiik depremler kaydedilmeyebilir.
2017 yilindan sonra ¢aligma bolgesinde kurulan ek istasyonlar sayesinde Mc degerinde 6nemli dlgiide bir diisis
gobzlenir ve ortalama 0.5 — 1.5 arasinda degisim gosterir. Artan istasyon sayisi ile biiyiik depremlerin yaninda
mikro depremlerin de kaydedilmesiyle birlikte magnitiid tamamlilik degeri diisiis gostermistir. b-degerinde
gozlemlenen degisimler, bolgesel gerilme artisi, jeolojik yap1 ve heterojenite derecesi gibi bir cok faktérden
kaynaklanabilir. Ayrica meydana gelen biiyiik bir deprem, b-degerindeki degisimleri etkileyebilmektedir. Bu
durum biiyiik bir depremden 6nce b-degerinde azalma veya biiyiik bir depremin hemen 6ncesinde b-degerinde
art1g ve sonra keskin bir sekilde azalma olarak izlenebilmektedir. Diger yandan b-degeri artg1 deprem silsilesi
stiresince stokastik bir degisim gostermektedir. Dolayisi ile b-degeri belirgin olarak kiigiik veya biiyiik
olaylarla iligkili degildir ve biiyiik alanlar ile uzun zaman araliklarinda degisimler gosterir (Wyss, Klein,
Nagamine ve Wiemer, 2001). Bu ¢alismada hesaplana b-degerindeki, zaman grafigine baktigimizda 2010
yilindan sonraki keskin azalis ve artiglarinin bu dénemlerde meydana gelen 2014 Gokgeada ve 2017 Ayvacik
depremlerine bagh oldugunu gérmek miimkiindiir. 6 Subat 2017 depremi Oncesinde Ayvacik ve yakin
cevresinde ulusal sismik aglara (KRDAE ve AFAD) ait istasyon sayisinin az olmasindan dolayr Mc=2.10
olarak elde edilmistir. Ancak bdlgede meydana gelen mikro deprem aktivitesini gézlemlemek amaci ile ana
deprem sonras1 mevcut deprem istasyonlarmin sayisini arttirmak iizere bolgedeki deprem algilama esiginin
artmasi ile Mc degerinin de az da olsa diistigl gorilmistir (Mc=2.0). Gerek istasyon sayisindaki artisa bagli
tanimlanabilir kii¢lik magnitiidlii depremlerin artmasi gerekse kisa donem araliginda veri tabani ile ¢aligilmasi
bu farkin olugsmasina neden olabilmektedir. Diger yandan deprem biiyiikliiklerinin tayinindeki ve ¢6ziilen
deprem sayilarindaki ¢oziiniirliik yaninda 6zellikle 6 Subat 2017 Ayvacik depremi hemen sonrasi yakin donem
icinde sismik agin ana sokun oldugu déonemde olmamas1 ve oldukca az sayida istasyon olmasi, bu farkin da
diisiik olmasina neden olacaktir.
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Sekil 7. Kuzeybat1 Anadolu’da biiytikligi M>1 olan 1912 — 2018 (Aralik 31) yillar1 arasinda meydana gelen
depremlerin episantr dagilimi (istte) ve GB-KD (A-A") ve KB-GD (B-B') episantr uzakligi — derinlik kesitleri

b-degeri dagilimi
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Sekil 8. Kuzeybati Anadolu’da biiyiikliigii M>1 olan 1912 — 2017 (Ocak 5) yillar1 arasinda meydana gelen
depremlerin episantr dagilimu (iistte) ve GB-KD (C-C') ve KB-GD (D-D") episantr uzakligi — derinlik kesitleri
b-degeri dagilimi
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Sekil 9. Kuzeybat1 Anadolu’da meydana gelen biiyiikliigii M>1 olan 2017 (Ocak 5) — 2018 (Aralik 31) yillar
arasinda meydana gelen depremlerin episantr dagilim (iistte) ve GB-KD (C-C') ve KB-GD (D-D') episantr
uzakligi — derinlik kesitleri b-degeri dagilimi

Kabuk i¢inde depremlerin olus derinlikleri, kayag heterojenitesi, gerilme ve kirilganlik ile b-degerleri arasinda
bir iliski oldugu son yillarda bu alanda yapilan arastirmalara da konu olmustur. Gutenberg ve Richter (1954),
s1g, orta ve derin depremler igin b-degerlerinin sirastyla 0.90 + 0.02, 1.2 + 0.2 ve 1.2 = 0.2 oldugunu
bulmuslardir. b-degerlerinin derinlik ile olan iliskisi, kabuktaki heterojenitesinin derecesini ve gerilme
kosullarini yansitabilir. Bazi arastirmacilar (Wiemer ve Wyss, 2002) derinlikteki basingla gerilme kosullarinin
kirik sistemlerini ve zayiflik bolgelerini olusturacagini ve b- degerinin azalacagimi belirtmislerdir. Farkli
dénemleri i¢eren b-degeri dagilimlar1 Sekil 8 ve Sekil 9°da verilmektedir. Kesit genelinde yogun tektonizma
gecirmis Saroz korfezi, Ayvacik ve Biga yarimadasi sismojenik zonlarinda yukaridaki yaklasimlar
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dogrulanirken, Ayvacik depremlerini de igeren kisimda tam tersi bir patern goze carpmaktadir. Gerilme
diistimii, yiiksek b-degerinin diismesi ile de desteklenmektedir. Diger yandan, ana deprem sonrasi takip eden
art¢c1 depremlerin fazlaligi ve olusum siklig1 birbirine yakin tektonik unsurlarin gerilme serbestliginin
stirekliligi ve yiiksek b-degeri ile kendini gostermektedir (Sekil 9). Sismik aktivitenin basladigi ve uzaklikla
b-degerinin azaldigi fay alanindaki yiiksek b-degerlerinin Ayvacik depremleri artgilari ile uyumlu oldugu
goriilmiistiir. Dikkati ¢eken bir bagka karsilastirma b-degeri dagilimi ile ¢alisma alanindaki 1s1 kaynaklarinin
ortistigiidiir. Jeotermal sahalarda yerel yiiksek sicaklik ve basincin oldugu derinliklerde de genelde b-
degerinde artis gozlenmektedir (Wyss, Mcnutt ve Wyss, 1998).

Singh ve Chadha (2010) g¢alismalarinda Hindistan’da (Koyna-Warna fay alani) b-degerinin 8 km derinlige
kadar sistematik diistiigiinii, daha derinlerde ise arttigini ve artisin sivi varlhigi ile iligskilendirilebilecegini
belirtmistir. Calismanin dikkat ¢eken bir sonucu da 5 km derinlikte diisiik b-degerinin bir sonraki muhtemel
yirtitlmanin olacagi yerel yiiksek gerilme alanini isaret etmesidir. Benzerlik ve karsilagtirma yapildiginda, Biga
yarimadas1 genelinde 0zellikle Ayvacik basta olmak iizere (Tuzla) Ayvacik kuzeydogusu (Kiilciiler, Can,
Evciler, Kirkgegit) aktif hidrotermal veya jeotermal sahalara sahiptir. Biga yarimadasindaki diisiik b-degerleri,
gerilmelerin jeotermal aktivite ile daha diisiik seviyede kalmasinin bir gostergesidir.

Kabuktaki heterojenitenin ve gerilmenin diisiik oldugu bolgeler 1.0’dan daha biiyiik bir b-degeri ile 1.0’dan
daha diisiik degerler ise yiiksek diferansiyel gerilmeler ile iliskilendirilir (Wiemer ve Wyss, 2002). Bu durum
belirli bir dogrultuda etkin levha hareketlerinin neden oldugu kuvvetlerin yiiklemelerinden kaynaklanmaktadir
ki bu genellikle daha biiyiik gerilmelere neden olur. Fiziksel olarak kayacin maruz kalabilecegi en biiyiik ve
en diisiik gerilme farki olarak adlandirilan bu farklilik (diferansiyel gerilme) deformasyona ugramis
metamorfik kayaclarin dogasindaki gerilmelerden de sorumludur. Kayag, biiyiik diferansiyel gerilmelere
maruz kaldiginda, 6zellikle derin fay zonlar1 boyunca taneler ezilecek ve siirekli kirilmalar ve pargalanmalar
olusacaktir. Bazen fay bolgeleri boyunca deformasyon, sanki bir modelleme kili deformasyonu gibi plastik
davranis gosterecektir. Bu durum Ayvacik depremlerinde oldugu gibi ani yirtilmalar yerine kiiciik ve orta
biiyiikliikkte depremlerin olugsmasina neden olacaktir. Cogu zaman bu ani ve biiyiikk fay zonlarinin da
yirtilmasinin Oniine gegecektir. Bagka bir deyisle, yiiksek bir b-degeri kii¢iik depremlerin baskin oldugu
anlamina gelir; tersi durumda da, diistik b-degeri, biiylik depremlerin daha kii¢iikk depremleri baskiladig
sonucudur. Dolayisi ile kitasal kabukta diferansiyel gerilme ile deprem b-degerilerinin ters orantili oldugu
dogrulanmistir. Bolgesel yiiksek gerilmeyi isaret eden disiik b-degeri ile ilgili farkli bir goris ise ergimis
kayaglarin olusturacagi asir1 basingli gaz ihtiva eden formasyonlarin varligidir.

Ayvacik yarimadast ve Biga yarimadasi olarak farkli bolgedeki depremlerin mekanizmalari ile de
karsilastirilabilecek bir durum olarak da degerlendirmek miimkiindiir. Ozellikle Ayvacik ve Biga
yarimadalarindaki jeotermal sahalarin 1s1 kaynaklar1 olan derinlik kayaglarinin fizikokimyasal yapilarinin bu
yoruma bagli zayiflik zonlar1 olusturmas1 miimkiindiir. Bu diisiik b-degeri bolgeleri, ayn1 zamanda asperite
gibi davranabilir (Wiemer ve Wyss, 2002) ve gerilme altinda biiyiik yapisal siireksizlikler bulunan kayma
bolgelerinde kirilma gerceklesmezse gelecekte meydana gelecek depremler seklinde sonuglanabilir. Bu
ylizden b-degerinin zamana bagli degisimlerini izlemek ve buna altlik olusturacak olan katalogun ortaya
cikmasi tektonizmanin ve yerel sismik kaynaklarin etkilerinin arastirilmasinda dnemli bir rol oynar. Farkli
sismik kaynak Ozelliklerine gore ayrilan bolgelerde alinan ve birbirini kesen profillerde yiiksek b-degeri
degisimi (Sekil 7 ve Sekil 8), diisiik b-degeri bélgelerine kiyasla nispeten azdir. Bu durum tiim bélgenin kritik
olarak yiiksek stres altinda oldugunu gosterir ve artg1 deprem aktivitesi olusma yogunlugu daha fazla gevrek
(brittle) yapinin baskin oldugu zonlar isaret ettigi seklinde degerlendirilebilir. Mori ve Abercrobie (1997)
Kaliforniya’da b-degerinin derinlige gore degisimini arastirmis ve artan deprem derinligi ile b-degerinde
sistematik bir diisiis oldugunu tespit etmislerdir. Gozlemleri agiklamak ig¢in, s1g kabuktaki (0-6 km) kabul
edilen uygun yiikseklikteki malzeme heterojenitesi ve diisiik litostatik gerilme nedeniyle kirilma girisimlerinin
daha biiyiik depremlerden 6nce durmasi ve daha kiigiik depremler olusturmasi olasidir. Zhu vd. (2005) deprem

95



Journal of Advanced Research in Natural and Applied Sciences 2021, Cilt 7, Say: 1, Sayfa: 82-99

odak derinlikleri arttikca b-degerinde de sistematik bir azalma oldugunu agiklamustir. S1g derinlikte (h<8 km)
daha kiiciik depremler oldugunu gosterirken, daha derinlerde (8-25 km) daha biiyiikk depremler meydana
geldigini gostermektedir. Ayvacik yarimadasinda meydana gelen 6 Subat 2017 tarihli Mw=5.3 Yukarikdy-
Avacik depreminin episantr bolgesinde b-degerleri 0.4 — 1.4 araliginda hesaplanmistir (Sekil 9). Kesit boyunca
b-degerinin derinlige bagh diisiik ve yiiksek degerlerde bir diizende davrandigi gézlenmektedir. Deprem iireten
sismik kaynaklarin bu bélgede diisiik b-degerleri ilk 10 km de tekdiize bir dagilima sahipken, daha derinlerde
yiiksek b-degerleri baskindir. Ozellikle 5-10 km derinliklerde bu iki farkli degisimin diizgiin dagilimi dikkat
cekicidir. Bu patern, iist kabukta ortalama 7 km sismojenik zonun yiiksek diferansiyel strese sahip ve hala
sismik olarak aktif oldugunu, bu derinliklerin altindaki orta kabugun ise nispeten diisiik gerilmeye ve yiiksek
kabuk heterojenitesine sahip oldugunu ve kisa zaman aralikli olusma davranisi gosteren artgt deprem
aktivitesinin sik goriilmesi nedeniyle enerjinin serbest birakildigini gostermektedir. Yerel ve bolgesel
depremlerin ¢éziimiinde GB-KD dogrultusunda da derin odakli depremlerin olmadigi buna karsin orta
biiytikliikteki depremlerin odak mekanizmas1 ¢ozlimleri ortalama 10 km derinliklerde yogunlagtigi
gOriilmistiir.

Tektonik karmagiklik yaninda deprem kaynaklarinin derinligi ile b-degeri arasinda ters bir iliski oldugunu
Wiemer ve Wyss (2002) San-Andreas fay1 igin 6ne siirmiistiir. Parkfield yakinlarinda ve Hindu-Kush’taki
deprem odaklarinin uzaysal dagilimi ile b-degerleri incelendiginde diisiik b-degerlerinin daha derinlerde
gozlendigi Dbelirtilmektedir. Bu goriis, gerilmelerin derinlikle sinirlandirilmasindaki genel artistan
kaynaklandigi seklinde yorumlanabilir. Tektonizma iginde farkli faylanma karakterlerine gore de b-degeri
dagiliminin sistematik olarak patern farkliklar1 gosterdigi Schorlemmer, Wiemer ve Wyys (2005) tarafindan
ortaya atilmigtir. Normal faylanma bdlgelerinin yiiksek b-degerlerine sahip oldugu bulunurken, ters ve
dogrultu atimh faylanmalarin sirastyla orta ve diisiik b-degerleriyle iliskili oldugu goriilmiistiir. Bunun nedeni
ters faylanma dinamigi i¢in gereken yiiksek gerilmelerdir. Tiim bu goriislerin aksine Aden korfezi ve Bati
Anadolu’daki hakim normal faylanma alanlarinda gézlenen diisiik b-degerleri veya ters faylanma ile iligkili
Zagros, kuzey Kafkasya ve Pamir-Hindu-Kush'taki yiiksek b-degerleri yukarida belirtilen ilk varsayim
modelle tutarsizdir (Schorlemmer, Wiemer ve Wyys, 2005). Ayvacik ve Biga depremlerinin mekanizmalart
olus derinlikleri ve sismik kaynaklarin kinematik 6zellikleri ile b-degerleri karsilastirildiginda bu goris ile
uyumlu bir durum olmadig1 anlagilmaktadir.

4. Sonuglar

Bu ¢alisma, basta 2017 Subat ayinda meydana gelen Ayvacik depremi sonrasi, yerel ve bolgesel sismik ag
verisi ele alinarak depremlerin olasiliksal tehlike analizi ve agirlikli olarak b-degeri dagilimmin tektonik
anlamlandirilmasi tizerine yapilmistir. Ayvacik-Biga yarimadasi ve Edremit Korfezini igine alan bir kesimin
inceleme alanina ait b-degeri, tektonik parametresinin ve a/b modal degerinin dagilim haritalarin
inceledigimizde goreceli olarak b-degerinin diistigii yerlerde, daha yiiksek a/b-degerleri goriilmektedir. Bu
alanlar genel olarak kirilma bdlgelerinin oldugu ve biiyiilk depremlerin gozlemlendigi alanlari isaret
etmektedir. Ayvacik kuzeybatisinda ve Canakkale Ezine civarinda diisiik a/b-degerleri elde edilmistir. Gerek
Gumbel ve gerekse Poisson dagilimlar1 kullanilarak biiytlikligi 7 ve tizeri biiylik depremlerin olugma
olasiliklar1 ve tekrarlanma peryodlar1 bu bolge ve bu bdlgeyi de igine alan ¢alismalart destekler niteliktedir.
100 y1l i¢inde 7 ve daha biiyiik bir depremin olusma olasilig1 %90 iken tekrarlanma peryodu ise ortalama 50
yildir. Poisson dagilimi ile degerlendirmede %65 olma olasiligina karsilik tekrarlanma peryodu da 100 yil
hesaplanmistir. Tektonizma ve sismisite uyumlu a, b ve a/b degerlerinin dagilimlar incelendiginde biiyiik
depremler ve zayiflik zonlart ile iligkili bolgelerin ortaya ¢iktigi goriilmektedir. Buna gore, Edremit Korfezi
kuzeyi, Yenice arasinda kalan KB-GD uzanimli bir alan ve Saroz korfezi batisi yiiksek deprem tehlikesi
gosteren yerlerdir.
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Disiik b-degerleri, sismik olarak genis bir alanda Biga yarimadasinin giineybati, kuzeybati ve
kuzeydogusunda agirlikli goriintiilenmektedir. Bu durum bdélgesel olarak magmatik ortamin etkisini kaybetmis
gercegi ile iliskilidir denebilir. Ote yandan a-degeri bolgesel yillik veya toplam sismik aktiviteyi isaret
etmektedir ve b-degeri kadar yorum yapilabilecek, fiziksel agidan anlami olduk¢a siirhidir. Dolayist ile
tektonik dontistimiin disiik b-degeri olarak yansimasi olacaktir. Aslinda ¢ok sayida havzayr da barindiran
Ayvacik ve kuzeydogu kesiminde meydana gelen depremler, makaslamay1 veya etkili gerilmeyi arttiran ve b-
degerini azaltan normal faylanmaya karsilik gelir.

Diger yandan 6zellikle mevcut calismada da oldugu gibi yerel ve nispeten daha kiigiik bolgesel faylanma
alanlarinda bu goriisler arasinda bir uyum gdézlenirken daha makro 6lg¢ekteki ¢alismalarda veri niteligi ve
¢oziim kalitesine bagli olarak uyumsuzluk olabilmektedir. Bunun bir nedeni olarak da bdlgenin genel jeolojisi
ele alindiginda Kestanbol granitleri olarak bilinen ve daha saglam bir litoloji gosteren birimler diigtiniilebilir.
Deprem iireten fay sistemlerinin bulundugu yerlerdeki jeotermal sahalarin dagilimi ile b-degeri parametresi
arasindaki uyum dikkat ¢ekmektedir. Saroz-Ayvacik-Edremit dogrultusunda alansal olarak deprem verisi
yogunlugu dikkate alindiginda b-degerlerinin gerilmelerle ters orantili olarak deprem oncesi artis1 ve akabinde
de bu davranis azalimi 2014 ve 2017 depremleri ile kendisini gdstermistir.
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Oz — Gida endiistrisi ve tiiketiciler siirekli yenilige ve daha kaliteli iiriine ihtiyag duymaktadir. Yalnizca sicak su
ilavesi ile kolay bir sekilde tiiketime hazir hale gelen instant gidalar, zaman tasarrufu agisindan son zamanlarda
popiilerlik kazanmistir. Instant gidalar, genellikle 6nce pisirilip daha sonra geleneksel kurutma yontemi ile
kurutularak tretilmektedir. Bu ¢alismada, geleneksel kurutma yontemlerine alternatif olarak kizilotesi teknolojisi
kullanilarak fasulye, bulgur, kahverengi ve beyaz piringten instant iiriin {iretilmesi ve fizikokimyasal 6zelliklerinin
arastirilmasi amaglanmustir. Bu amagla, tirlinler pisirilmis ve farkl giiclerde (300, 400, 500 W) orta dalga kiziltesi
yayici ile kurutulmustur. Kurutulmus tiriinlerde kuruma siiresi, su aktivitesi, hidroksimetilfurfural (HMF) miktart,
renk, tekstiir ve rehidrasyon yetenegi olgiilerek kizildtesi kurutmanin iriinlere olan etkisi aragtirilmistir. Kizilotesi
yayici giiciiniin artmastyla kuruma siirelerinin beklenen sekilde azaldigi ve kuruma sonrasi tim 6rneklerin muhafaza
acisindan giivenli su aktivitelerine (0.29- 0.49) ulastig1 belirlenmistir. Uygulanan islemler sonucu kahverengi ve
beyaz piringte HMF olusumu goriilmemekle birlikte bulgur ve fasulye ornekleri i¢in HMF olusumunda kuruma
stiresinin etkili oldugu saptanmustir (p< 0.05). Bununla birlikte yiiksek rehidrasyon yetenekleri sergileyen 6rneklerin
sertlik degerlerinin daha az oldugu g6zlenmistir. Ayrica, bulgur ve fasulye 6rneklerinin rehidrasyon yetenekleri
kizilotesi yayicr giiclerinden etkilenmemistir (p> 0.05). Sonug olarak, piyasadaki instant gida yelpazesine yeni
iirinler ekleme ve instant gida tiretiminde kizilotesi kurutmanin kullanilabilme potansiyeli ortaya konmustur.
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Abstract — The food industry and consumers need constant innovation and higher quality products. Instant foods,
which are ready to consume only with addition of hot water, have recently gained popularity from the standpoint of
time saving. Generally, instant foods are manufactured by cooking and drying with a conventional method,
sequentially. In this study, it was aimed to produce instant products by using infrared technology, which is an
alternative to conventional drying methods, from beans, bulgur, brown and white rice and to investigate
physicochemical of properties. For this purpose, the noted materials were cooked and dried with medium-wave
infrared emitters at the power of 300, 400, and 500 W. The effect of infrared drying on drying time, water activity,
hydroxymethylfurfural (HMF), color, texture and rehydration ability of the products were investigated. It was
determined that drying time decreased with the increase of infrared power, as expected and the water activity of the
products decreased to safe levels (0.29-0.49). Although HMF was not formed in brown and white rice, it was
determined in bulgur and bean and drying time was effective in HMF levels found in bulgur and bean (p< 0.05).
Additionally, it was observed that hardness levels of samples which exhibited higher rehydration abilities were
lower. Moreover, rehydration ability of bulgur and bean samples was not affected by the power of infrared emitter
(p> 0.05). In conclusion, the potential of adding new products to the instant food category in the market and using
infrared drying in instant food production have been demonstrated.
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1. Giris

Insanlarin varolusundan bu yana gelisen ekipmanlar ve imkanlar dogrultusunda yemek aliskanliklari
degismis ve gelismistir (Ramasamy, Kalaivanan ve Sukumar, 2005). Ayrica, giiniimiizde diinya niifusunun
artig1 ve buna karsilik kaynaklarin sinirhi olmasiyla birlikte insanlar gida tiiketiminde zaman tasarrufuna da

yonelmistir. Bu nedenlerden dolay, instant gidalar diinya ¢apinda popiilerlik kazanmistir. Ornegin, sadece
sicak su ilavesi ile tiiketilebilir forma doniisen instant gidalar grubunda bulunan, eriste (noodle) iiriinlerinin
2018 yil1 verilerine gore, 42.2 milyar ABD Dolar1 degerinde bir pazar payina sahip oldugu ve 2024 yilina
kadar pazar paymnin 57.5 milyar ABD Dolarina ulasacagi tahmin edilmektedir (Research And Markets,
2019). Bu talepler dogrultusunda instant iiriin yelpazesine yeni gidalarin eklenebilmesi i¢in Ar-Ge

caligmalarina ihtiya¢ duyulmaktadir.

Instant gida iiretimi kisaca; dnce pisirme daha sonra uygun kurutma ydntemi ile kurutmaya dayanmaktadir
(Sripinyowanich ve Noomhorm, 2013). Instant gidanin kalitesi, ham maddeye ve kurutma kosullarmna
baghdir. Bununla birlikte kurutma islemi, instant gida hazirlanmasinda en kritik adim olarak kabul
edilmektedir (Ramesh ve Rao, 1996). Diger yandan sadece sicak suyla tiiketilebilir forma gelen instant gida
icin aranan en Onemli parametre ise rehidrasyon yetenegidir ve instant gidaya sicak suyun verilmesinin
ardindan pismis haline geri doniisebilme oranini ifade etmektedir (Ismail, 2017).

Kurutma yontemi ve kosullarma bagli olarak degisen yapi (biiziisme, hiicre yapilariin bozulmasi vb.)
kurutulmus iiriinlerin rehidrasyon yetenegini olumsuz etkilemektedir (Cemeroglu, Karadeniz ve Ozkan,
2003). Yapilan caligmalarda, instant pirincin kurutulmasinda farkli kurutma yontemleri kullanilmistir.
Ozellikle sicak hava ile kurutma, gidalari korumak igin kullanilan eski bir prosestir ve instant piring

endiistrisinde yaygin olarak kullanilmaktadir (Ratti, 2001). Ancak yukarida bahsedilen dezavantajlarin yani
sira kuruma siiresi uzun ve enerji verimliligi diisiiktiir (Mayor ve Sereno, 2004). Bu kisitlamalar, instant gida
iretiminde kizil6tesi (IR) enerji ile kurutma gibi yeni teknolojilerin kullanim olanaklarinin arastirilmasina
yol agmustir.

Kizilétesi (IR), 1s1l enerjiyi elektromanyetik dalga olarak ileten ve elektromanyetik spektrumda mikrodalga
ile goriiniir 151k bolgelerinin arasinda bulunan bir 1s1nim tiirtidiir. Ayn1 zamanda giinesin 1sitma etkisinden de
IR enerji bliyiikk oranda sorumludur (Jun vd., 2010). IR yoluyla termal enerji, ¢cevredeki havay1 1sitmadan
direkt olarak iiriine aktarilmakta ve dolayisiyla daha hizli bir 1s1 transferi saglanmaktadir (Das ve Das, 2010;
Nowak ve Lewicki, 2004). Mongpreneet, Abe ve Tsurusaki (2002) ve Chua ve Chuo (2003), IR enerji ile
kurutmanin geleneksel yontemlere (sicak hava ile kurutma) kiyasla; hizli, basit, ekonomik ve yiiksek kaliteli

son iriin iiretimi gibi pek cok avantaja sahip oldugunu belirtmislerdir. Bununla birlikte IR enerji diger
kullanim alanlarindaki tekniklere (kizartma, kavurma, 1sitma, ¢ozdiirme ve enzim inaktivasyonu) gore en
¢ok kurutma teknigi olarak kullanilmaktadir (Tuncel ve Tuncel 2016; Krishnamurthy, 2008; Nowak ve
Lewicki, 2004).

Jiao, Xu ve Jin (2014), mikrodalga enerjisini, geleneksel sicak hava yontemini ve kombinasyonlarini instant

beyaz piring iiretiminde, Le ve Jittanit (2015) ise instant kahverengi piring liretiminde kurutma agamasinda
kullanmiglardir. Literatiir incelendiginde kuru fasulye ve bulgur kullanilarak yapilan instant gida iiretimine

yonelik bir ¢aligmaya rastlanmamistir. Bununla birlikte instant kahverengi ve beyaz piring hakkinda bilimsel
caligmalar olsa da kurutmada IR enerjinin kullanildig1 bir ¢alismaya ulagilamamuistir.

Gidalarda uygulanan 1sil islemler sonucu, insan sagligina zararli bir bilesik olarak kabul edilen ve Maillard
reaksiyonunun bir ara {iriinii olan 5-hidroksimetilfurfural (HMF)’1n olustugu birgok arastirmaci tarafindan
rapor edilmistir. Ayn1 zamanda bu reaksiyon sonucu gidalarda aminoasit ve seker miktarlarinda azalma
meydana geldiginden, HMF miktarinin belirlenmesi bir kalite gostergesi olarak kabul edilmektedir (Kayacan
vd., 2020; Giiray vd., 2019). Karbonhidrat ve protein bakimindan zengin olan instant gidalara, tiretimi
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esnasinda uygulanan 1sil islemlerin HMF olusumunu tetikleyebilecegi disiintilmiistiir. Bu nedenle tirtinlerin
HMF miktarlarinin belirlenmesi gerekliligi ortaya ¢ikmistir. Bu ¢alismada, kuru fasulye, bulgur, kahverengi
ve beyaz piring pilavindan instant iiriin tiretiminde kizil6tesi kurutma teknolojisinin kullanilma potansiyeli
ve kurutmanin {iriin kalitesine ve bazi1 6zelliklere etkisi incelenmesi amaclanmistir.

2. Materyal ve Yontem
2.1. Materyal

Materyal olarak kullanilan kuru fasulye (Sira), kahverengi piring (Osmancik), pilavlik bulgur ve
piring (baldo) piyasadan temin edilmistir.

2.2. Yontem
2.2.1. Hazirlik ve IR Kurutma islemi

Yalnizca kuru fasulye 6rneklerinde oda sicakliginda (25 °C), 18 saat 6n 1slatma islemi uygulanmusgtir.
Ardindan materyaller yikanarak pisirme (haglama) islemine tabi tutulmustur. Atmosfer basincinda
uygulanan bu asamada kuru fasulye, kahverengi piring, bulgur ve beyaz piring 6rneklerinde kaynatma iglemi
strastyla 50, 45, 20 ve 8 dakika boyunca gerceklestirilmistir. Pigmis {iriinlerde tanelerin birbirine yapigmasi
sorununun giderilmesi ve pisme nemlerinin standardizasyonunu saglamak amaciyla drnekler 25 °C su
banyosunda 2 dakika bekletilmistir. Bu islemlerden sonra yiizey nemlerini uzaklastirmak amaciyla 6rnekler
stiziilmiistiir. Hazirlik asamasindaki siire parametreleri 6n denemeler neticesinde belirlenmistir.

Kurutma islemi 70 x 40 x 50 cm boyutlarinda paslanmaz celik sactan olusan kurutma kabini icerisinde 1250
W giiciindeki altin reflektorlii orta dalga kizildtesi (IR) yayict (Heraeus Noblelight, Hanau, Almanya) ile
gerceklestirilmistir. IR enerji kaynag ile iirlin yiizeyi arasindaki mesafe ve hava hizi tim kurutma
islemlerinde sirastyla 20 cm ve 1 m/s olacak sekilde sabit tutulmustur. Uriinler 30 x 40 cm boyutlarindaki
teflon kapli tel 6rgii bigimindeki kurutma tepsisi lizerine 15 x 30 cm’lik alana serilmistir. Deneyler boyunca
her bir iriin i¢in 300 W, 400 W ve 500 W giiciinde IR enerji ile kurutma islemleri gerceklestirilmistir
(Kocabiyik vd., 2014).

Kuruma siirelerini tespit etmek amaciyla kuruma egrilerini izlemek i¢in bilgisayar ile baglantis1 yapilmis
+£0.01 g hassasiyete sahip dijital terazi (Precisa XB 3200C, Ziirih, Isvigre) kullanilmustir. Bu islem icin
Balint Interface yaziliminin (Precisa Instruments AG, Ziirih, Isvigre) yardimiyla 3 dakika araliklarla
orneklerin agirlik (su) kayiplart kaydedilmistir.

2.2.2. Nem Tayini

Pigmis ve kuru triinlerin nem igerigi gravimetrik olarak AACC standartlarinda (44-15A) yer alan
yonteme gore belirlenmistir (AACC, 2000).

2.2.3. Su Aktivitesi (a,) Analizi

Ogiitiiliip 212 mikron elekte elek altina gegen drnekler numune kabima 2.00 £ 0.05 g tartilarak Aqua
Lab - 4 TE model su aktivitesi cihazinda (Decagon Devices, Pullman, ABD) analize tabi tutulmustur. Olgiim
sicakligr 25 °C olmak iizere su aktivitesi degerleri iki tekerriirlii olarak elde edilmistir.

2.2.4. Rehidrasyon Yetenegi

Rehidrasyon yetenegi analizi Jiao vd. (2014)’nin kullandiklar1 yontem modifiye edilerek
uygulanmigtir. IR enerji ile kurutulmus tiriinlerin rehidrasyon yetenegini belirlemek i¢in 5 ayri behere 4.0 +
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0.1 g numune tartilarak iizerine 85 °C sicakliginda 40 mL saf su eklenmistir. Ardindan 85 °C su banyosunda
rehidre edilen iriinler 3 dk araliklarla almarak siiziiliip hassas terazide tartilmistir. Boylelikle instant
tiriinlerin siire¢ boyunca biinyelerine aldiklar1 nem miktar1 (kuru madde bazinda) gravimetrik olarak
hesaplanmistir. Elde edilen sonugclarla birlikte, 3., 6., 9., 12. ve 15. dakikalardaki rehidrasyon yetenekleri
(RY, %), kurutmadan 6nceki pismis lirinlerin ilk nem miktarlar1 da dikkate alinarak, asagidaki denklem 2.1
ile hesaplanmistir. Analiz iki tekerriirli olacak sekilde gerceklestirilmistir.

rRY = 100 21

RY  :Rehidrasyon yetenegi (%)

Mr : Rehidre edilen 6rneklerin nem igerigi (g / g KM)

Mp  : Kurutmadan 6nceki pismis iiriinlerin nem icerigi (g / g KM)
2.2.5. Renk Analizi

Pisirilmemis kontrol drnekleri (k) ve IR enerji ile kurutulmus iiriinler (i) 6giitiildiikten sonra 212
mikron elekte elenmis ve renk analizleri Minolta Cr-220 cihazi (Minolta Co., Osaka, Japonya) kullanilarak
gerceklestirilmistir. CIE Lab renk uzayinda olgiilen L (parlaklik), a (kirmizi-yesil) ve b (sari-mavi)
degerlerinden yararlanilarak toplam renk degisimi (AE) asagidaki denklem 2.2 ile hesaplanmigtir.
Numuneler 4 tekerriirlii olacak sekilde 6l¢tilmiistiir.

AE = \/(L; — Ly)? + (a; — ai)? + (b; — by)? (2.2)

2.2.6. Rehidrasyon Sonrasi Tekstiirel Analiz

Instant gidalarin rehidre edilerek tiiketilecegi goz oniinde bulunduruldugunda, tekstiirel analizin
rehidrasyon sonrasi yapilmasina karar verilmistir. Bunun i¢in duyusal agidan tiiketilebilir forma gelebildigi
ilk rehidrasyon siiresinin temel alinmasi hedeflenmistir. Calisma siiresince yapilan 6n denemelerde elde
edilen tekstiir sonuglarmin yeterli tekrar edilebilirligi rehidrasyon uygulamasinin 9. dakikasinda
belirlenmistir. 15. dakikada 6rnekler dagilmig, 6. dakikadan kisa siirede de tiiketilemez diizeyde sert iiriin
elde edilmistir. Gorsel agidan incelendiginde de 9 dakikalik rehidrasyon siiresinin yeterli oldugu
goriilmektedir (bkz. Sekil 1).

Beyaz Piring Kahverengi Kuru Fasulye Bulgur Pilavi
Pilavi Piring Pilavi

instant Uriin

Rehidrasyon
Sonrasi
Instant Uriin

Sekil 1. 400 W IR yayic giiclinde kurutulan 6rneklerin rehidrasyon dncesi ve sonrast durumlari (9. dakika)
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Tekstiir profil analizi i¢in IR yayici ile kurutulmus {irtinlerin her birinden beher igerisine 10 g 6rnek alinarak
rehidrasyon yonteminde (bkz. Baslik 2.2.4.) de belirtildigi gibi tizerine 85 °C sicakliginda 40 mL saf su
eklenmigtir. Ardindan beherler 85 °C su banyosunda 9 dk boyunca rehidre edilmistir. Rehidrasyonu
tamamlanan iiriinler Brookfield marka CT3-4500 model tekstiir analiz cihazinda (Massachusetts, ABD)
analiz edilmistir. Ottawa cell (TA-OC) tabla diizeneginde, tekstiir probu (TA3/100) kullanilarak, 50 g baski
ile Tekstiir Profil Analizleri (TPA) gergeklestirilmistir. Sikistirma islemi sonucunda iiriinlerin, sertlik (g), dis
yapiskanlik (mJ), elastikiyet, baglilik, esneklik (mm), sakizlilik (g) ve ¢ignenebilirlik (mJ) 6zellikleri tespit
edilmistir. Tekstiir analizi iki tekerriirlii olarak gerceklestirilmistir.

2.2.7. HMF Analizi

Hidroksimetilfurfural (HMF) analizi Giiray vd. (2019) kullandiklari yontem kismen modifiye
edilerek uygulanmustir. Ogiitiilmiis iiriinler santrifiij tiiplerine 1 g (kuru agirlik) tartilmus, iizerine 10 mL
deiyonize su eklenerek 2 dk vorteks uygulanmis, sonrasinda oda sicakliginda calkalayici yardimryla 200
rpm’de 10 dk ¢alkalanmistir. Ardindan 5 dk 9000 rpm santrifiij uygulandiktan sonra kaba filtre kagidindan
gegirilerek aliiminyum folyo ile kaplanmig santrifiij tiiplerine dokelti toplanmustir. Santrifiij tiiplerine 250 pL
Carrez I ve 250 pL Carrez II eklenerek 2 dk vortex edilmis ve tekrar 200 rpm’de 10 dk calkalanmustir.
Ardindan 5 °C’de 10 dk santrifiij (9000 rpm) uygulanmustir. islem sonunda dékelti 45 pm filtreden
gecirilerek amber renkli viallere alinarak HPLC’de analiz edilmistir. Kromatografik analiz Agilent Zorbax
C18 kolonu (250 x 4.6 mm 5 pum) kullanilarak isokratik akista % 0.1’lik formik asitli su ve asetonitril (7:93)
mobil fazinda, akis hiz1 1 mL / dk olacak sekilde ve 30 °C kolon sicakliginda gergeklestirilmistir. Enjeksiyon
hacmi 20 pL olup ve 285 nm dalga boyunda 2 tekerriir ve 2 paralelli olacak sekilde uygulanan analiz
isleminin sonuglart HMF kalibrasyon egrisi yardimiyla “mg / 100 g (KM)” olarak hesaplanmistir. Kullanilan
kimyasallar Sigma-Aldrich (St. Louis, ABD)’den temin edilmistir.

2.2.8. istatistiksel Analizler

Verilerin istatistiksel degerlendirilmesinde MINITAB 17v (StatSoft Inc., Tulsa, OK., ABD) yazilimi
kullanilmistir. Kurutma islemi kosullarinin (IR yayici giiglerinin) bulgur, fasulye, kahverengi ve beyaz piring
numuneleri i¢in incelenen 6zelliklerine etkisi tek yonlii varyans analizi (ANOVA) ile Tukey testine gore
incelenmistir (p< 0.05). Analiz sonuglar1 “ortalama =+ standart hata” olarak ifade edilmistir.

3. Bulgular ve Tartisma

Instant bulgur, fasulye, kahverengi ve beyaz piring 6rneklerinin iiretimi esnasinda uygulanan IR
yayict gilicleri, kuruma siireleri, son nem igerikleri, su aktivitesi degerleri ve HMF miktarlar1 Tablo 1’de
verilmisgtir.
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;:31;)1 %R yayici giiclerinde iiretilen instant tirlinlerin bazi fizikokimyasal 6zellikleri
Instant - HME
Uriin E\l}\/) o SK;rreliﬂzk) sontem e e (mg/100 g)
Bulgur 300 102.0 + 0.1% 7.09 +0.02° 0.41 +0.01 0.107 + 0.002*
400 79.5+1.5° 7.38 +0.09% 0.41+0.01 0.050 + 0.001®
500 61.5+ 1.5° 6.32 + 0.09° 0.40 + 0.01 0.048 + 0.001®
p=0.000 p=0.005 p=0.000
Fasulye 300 117.0+ 6.0* 6.99 + 0.26" 0.42 +0.01 0.163 + 0.0048
400 97.5+ 1.5 5.79 + 0.01° 0.37 +0.01 0.205 + 0.003"
500 84.0 +3.0° 4.64 +0.07° 0.33+£0.01 0.146 + 0.001®
p=0.022 p=0.004 p=0.002
Kahverengi 300 78.0 +0.1% 8.00 + 0.07° 0.44 +0.01 T.E.
Piring
400 70.5+1.5° 10.52+0.09"  0.49+0.01 TE.
500 61.5+ 1.5° 10.36 £0.07"  0.49+0.01 TE.
p=0.006 p=0.000
Piring 300 99.0 +0.1* 7.82 £0.04" 0.37 +0.01 T.E.
400 91.5+1.5° 7.87 +0.02% 0.38 +0.01 TE.
500 84.0 +0.1° 5.80 + 0.14° 0.29 +0.01 TE.
p=0.003 p=0.001

AC Her bir iriin satir1 6zelinde, aym siitunda farkli biiyiik harflerle gosterilen ortalamalar birbirinden
farklidir (p< 0.05). (T.E.: tespit edilmedi)

Uriinlerin son nem igerikleri yaklasik %7 — 8 olacak sekilde kurutma islemi uygulanmustir. Ancak kuruma
sonrasinda yapilan gravimetrik nem tayini sonuglarinda farkliliklar belirlenmistir. Bulgur, fasulye,
kahverengi piring ve piring i¢in sirasiyla %6.32 — 7.38, %4.64 — 6.99, %8.00 — 10.52, %5.80 — 7.82
araligindaki degiskenligin sebebinin ortam kosullarinin sicaklik ve nem diizeyinin, islem sonrasinda nem
kaybina/kazanimina neden olmas1 gosterilebilir. Diger yandan kurutma kabini altinda bulunan terazi ile
agirlik kaybina bagli rutubet degeri hesaplayan yazilimin verdigi degerler ile gravimetrik sonuglar arasinda
farkliliklar olabilmektedir. Su aktivitesi (a,) degerleri ise genel olarak 0.29 — 0.49 araliginda belirlenmis
olup her bir {iriin i¢in ayr1 ayr incelendiginde son nem igerikleri ile dogrusal bir iligki bulunmustur (p<
0.05). Ayrica, ay< 0.60 olan diisik nemli gidalarda genel olarak mikrobiyel faaliyetlerin durdugu
bilinmektedir (Erkmen ve Bozoglu, 2016). Nitekim instant {iriinlerin muhafazasi i¢in kuruma sonrasi giivenli
aw degerlerine ulasildig1 sdylenebilir.
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IR yayicit giiclinlin artmasiyla kuruma siirelerinin beklenen sekilde azaldigi, bu durumun istatistiksel
sonuglara yansidig: tespit edilmistir (p< 0.05). IR yayic1 giiciiniin artmast ile cm? bagina diisen radyasyon
yogunlugunun artmasi kuruma siirelerinin kisalmasiin ana sebebidir. Nitekim bu durum, bulgur (Savas ve
Basman, 2016), instant ¢imlenmis kahverengi piring (Nachaisin, Jamradloedluk ve Niamnuy, 2016), instant
eriste (noodle) (Basman ve Yalcin, 2011) ve soya fasulyesi (Wiriyaumpaiwong, Soponronnarit ve
Prachayawarakorn, 2004) gibi hububat {iriinleri ile yapilan galigmalarda rapor edilen sonuglarla benzerlik
gostermektedir.

Instant iiriinler incelendiginde bulgur ve fasulye drneklerinde HMF tespit edilmis ancak kahverengi ve beyaz
piringte belirlenememistir. Piring grubundaki 6rneklerin tespit edilememesinin nedeni diger 6rneklere gore
protein ve indirgen seker miktarinin az olmasindan kaynaklandigi diisiiniilmektedir. (Rufian-Henares,
Delgado-Andrade ve Morales, 2009). Fasulye 6rneklerinde, uzun kuruma siirelerinde diisiik IR giiciiniin,
yiiksek IR giiciinde de kisa kuruma siiresinin HMF olusumuna olumsuz etkide bulundugu sdylenebilir (p<
0.05). Ara deger olan 400 W IR giiciinde yapilan kurutma isleminde ise HMF degerinin az da olsa yiiksek
¢ikmasi, kuruma siiresinin 500 W’a maruz kalmis 6rnege gore biraz daha fazla olmasina ayn1 zamanda IR
giictiniin 300 W’a goére daha yiiksek olmasina baglanmigtir. Bulgur 6rneklerinde kuruma stiresi dolayisiyla
da IR enerjiye maruz kalma siiresi arttikca HMF miktarinin arttig1 belirlenmistir (p< 0.05). Bdylelikle bulgur
orneklerinde HMF olusumunda IR giiciine kiyasla kuruma siiresinin daha ¢ok etkili oldugu sdylenebilir.
Nitekim, Kayacan vd. (2020), hurmanin kurutulmasinda farkli kurutma yontemlerini karsilastirdiklar: bir
caligmada, 1stya maruz kalma siiresinin HMF olusumunun ana nedeni olabilecegini rapor etmislerdir. Sonug
olarak 500 W IR giiciiniin kullanilmas: {irlinde hizli kurumanin yani sira HMF olusumunu da azaltmas1 bir
avantaj olarak diisiiniilebilir.

Instant iiriinlerin CIE Lab renk uzayinda &lgiilen degerleri ve kuruma islemi ile meydana gelen toplam renk
degisimleri Tablo 2’de verilmistir. Tiim instant {iriinler i¢in L, a ve b degerlerinin pisirilmemis kontrol
orneklerinden farkli oldugu istatistiksel olarak énemli bulunmustur (p< 0.05). Bu fark toplam renk degisimi
(AE) olarak ifade edildiginde IR gii¢leri arasinda bulgur ve piring igin farkin 6nemli olmadigi (p> 0.05),
fasulye ve kahverengi piring igin ise farkin 6nemli oldugu tespit edilmistir (p< 0.05).
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Tablo 2
Farkli IR gii¢lerinde iiretilen instant iiriinlerin, CIE Lab renk uzayinda 6l¢iilen L (parlaklik), a (kirmizi-
yesil), b (sari-mavi) ve AE (toplam renk degisimi) degerleri

IR Giicii L a b Toplam Renk
(W) Degisimi (AE)
Bulgur K 87.3+0.2" -2.86+0.04°  252+0.2° -
300 85.5+0.18 -2.57 +0.02" 27.2+£0.3"® 2.71+0.21
400 86.1 +0.3° -3.03 +0.098 28.4+0.9" 3.45+0.95
500 85.4 + (.35 -2.90 + 1.088 28.4+0.5" 3.67+0.57
p=0.000 p=0.002 p=0.005 p=0.567
Fasulye K 92.0 +0.1% -0.10+0.04*  10.0+0.3° -
300 90.2 +0.1° -0.08 + 0.02" 132 +0.1% 3.69 +0.08"
400 90.6 +0.18 -0.26 + 0.02° 12.7+0.1° 3.06 + 0.04°
500 91.6+0.1" -0.17+0.02"®  11.5+0.18 1.65 +0.12°
p=0.000 p=0.003 p=0.000 p=0.000
Kahverengi K 85.4 +0.3° -2.90+0.08°  28.4+05" -
Piring 300 87.2+0.1% -0.19+0.11*  13.1+0.1° 1.48 +0.11*
400 87.3+0.3° -0.04 + 0.01° 13.2+0.28 1.46 + 0.15*
500 88.2+0.1° -0.17 £ 0.03" 12.5+0.18 0.71 +0.058
p=0.000 p=0.000 p=0.000 p=0.001
Piring K 94.1+0.1* -0.43+0.02"  6.4+0.1° -
300 92.6 +0.3% -1.29+0.035¢  9.0+0.2"® 3.16+0.3
400 92.4+0.18 -1.21 +0.028 8.4 +0.2° 2.77+0.1
500 92.5+0.28 -1.37+0.01° 9.5+0.2" 3.62+0.3
p=0.000 p=0.000 p=0.000 p=0.104

AC Her bir iiriin satir1 6zelinde, aym siitunda farkli biiyiik harflerle gosterilen ortalamalar birbirinden
farklidir (p< 0.05).

Fasulye ve kahverengi piringte IR giicliniin yiiksek oldugu durumlarda renk degisiminin en az oldugu
goriilmekle beraber IR enerjiye maruz kalma siiresinin toplam renk degisimi (AE) {izerine daha etkin oldugu
tespit edilmistir. Benzer sekilde, Le ve Jannit (2015), mikrodalga ile kurutma yonteminde uzun kurutma
siresi uygulandik¢a numunelerde parlakligin azaldiginm1 ifade etmislerdir. Sonuglar genel olarak

degerlendirildiginde, yapilan islemin renk degerlerinde istatistiksel agidan 6nemli degisikliklere neden
oldugu, ancak bu degisimin pratikte nemli olmadig1 sonucu ortaya ¢ikmigtir.

Sekil 2 incelendiginde bulgur ve fasulye 6rneklerinin rehidrasyon yeteneklerinin farkli IR yayici gliglerinden
etkilenmedigi gortilmektedir (p> 0.05). Diisiik IR yayic1 giiciinde (300 W) kurutulan kahverengi piringlerin
rehidrasyon yetenekleri (6zellikle 12. dakikadan sonra), diger IR yayici gliglerine kiyasla daha yiiksek
degerler kaydetmistir (p< 0.05). Buna karsin, piring 6rneklerinin en yliksek rehidrasyon yetenegi (6zellikle
9. dakikadan sonra) yiiksek IR yayici giiciinde (500 W) tespit edilmistir (p< 0.05).
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Sekil 2. Farkli IR yayici gliglerinde kurutulan 6rneklerin, siirelere karsi rehidrasyon yetenekleri

Instant iiriinlerin rehidrasyon sonrasi tekstiir sonuglar1 ve tekstiir analizinin gerceklestirildigi siiredeki
rehidrasyon yetenekleri Tablo 3’de sunulmustur. Tekstiir analizinde kullanilan rehidrasyon siiresi (9. dk),
materyal metot kisminda da deginildigi lizere, yapilan 6n denemeler neticesinde belirlenmistir. Yapilan
tekstiir profil analizi sonucunda piring 6rneklerinin islem parametrelerinden istatistiksel olarak etkilenmedigi
goriilmistiir (p> 0.05). Bununla beraber yapigkanlik ve elastikiyet 6zellikleri IR yayici giiciine gore bir fark
olusturmamistir (p> 0.05). Esneklik 6zelligi igin yalnizca bulgur 6rneklerinde, baglilik 6zelligi igin ise
yalnizca fasulye 6rneklerinde IR yayici giiciiniin etkisi anlamli bir fark yaratmigtir (p< 0.05).
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Bulgur 6rneklerinde farkli IR yayici giicleri i¢in sertlik, esneklik, sakizimsilik ve ¢ignenebilirlik 6zellikleri
arasinda istatistiksel olarak 6nemli farkliliklar goriilmiistiir (p< 0.05). Bununla beraber IR enerjiye maruz
kalma siiresi arttikgca (veya IR yayici gilicii azaldikga) bu oOzelliklerin azalma egiliminde oldugu
belirlenmistir.

Fasulye orneklerinde ise en yiiksek sertlik, baglilik, sakizimsilik ve ¢ignenebilirlik 6zelliklerinin degerleri
300 W IR yayict giiclinde goriilmiistiir (p< 0.05). Kurutmanin yapildigi 300 W IR yayict giiciinde
kahverengi piring 6rneklerinde ise sertlik, sakizimsilik ve ¢ignenebilirlik 6zellikleri, 400 ve 500 W degerlere
gore istatistiksel olarak farkli ve onemli derecede diisiikk oldugu belirlenmistir (p< 0.05). Ayrica tim
orneklerde sertlik degerlerinin yiiksek oldugu kosullarda, ¢ignenebilirlik degerlerinin de yiiksek oldugu
goriilmiistiir. Bulgulara uyumlu olarak, Park, Kim ve Kim (2001), enstriimantal tekstiir analizlerinde
cignenebilirlik ve sertlik arasinda 6nemli derecede bir iliski oldugunu bildirmislerdir.

Kepek tabakasina sahip kahverengi piringlerin diisiik IR giici ve uzun kuruma siiresi ile rehidrasyon
yeteneklerinin iyilestigi ve sertlik degerlerinin azaldigi; aksine kepek tabakasina sahip olmayan piring
orneklerinin ayni egilimi, yiiksek IR giicii ve kisa kuruma siiresi ile sergiledigi goriilmiistiir (Tablo 3).

Yapilan calismalarda IR enerjiye maruz kalma siirelerinin artmasiyla tanelerde i¢ stresin artmasi sonucu
endosperm ¢atlaklarinin olusumunun tesvik edildigi rapor edilmistir (Timm vd., 2020; Wu, Zhang ve Li,
2017). Bununla birlikte kahverengi piring 6rneklerinde IR yayict giicii ile rehidrasyon yetenegi ortalamalari
arasinda negatif bir iligkinin oldugu tespit edilmistir. Bu durumda, IR enerjiye maruz kalma siiresinin
artmasiyla kahverengi pirincin sahip oldugu kepek tabakasi ile beraber endosperm ¢atlaklarinin artmasi,
sicak suyun taneye daha kolay niifuz etmesini saglamig olabilir (Timm vd., 2020). Béylelikle tanenin
rehidrasyon yeteneginin artmasi ile daha yumusak bir yapi sergiledigi disiiniilebilir. Nitekim, tiim
orneklerde en diisiik sertlik degerleri karsihiginda yiiksek rehidrasyon yetenekleri goriilmistiir (Tablo 3).

Ayrica kahverengi pirincin kepek tabakasinin dogasi geregi su baglama yeteneginin olmasi, piring
orneklerine kiyasla bu durumu ayrica tesvik etmis olabilir (Malekian vd., 2000).

Piring 6rneklerinde ise IR yayici giiciiniin yiiksek oldugu durumda sertlik degerinin nispeten azaldig1 ve
rehidrasyon yeteneginin 6nemli 6lgiide arttigi (p< 0.05) saptanmistir. Bu durumun, hizli kuruma ile birlikte
tane yapisindaki biiziilmelerin minimum diizeyde olmasiyla gozenekli yapi olusturmasinin bir sonucu
oldugu disiiniilmektedir (Le ve Jittanit, 2015). Benzer sekilde Jiao vd. (2014) instant pirincin
kurutulmasinda hava sicakligit ve mikrodalga giiclerinin artmasiyla rehidrasyon hizinin arttigini

bildirmislerdir. Nitekim bir¢ok arastirmaci, uzun kuruma stireleri ile birlikte numunenin rehidrasyon
kapasitesi ve mikro yapisi lizerinde olumsuzluklara neden oldugunu rapor etmislerdir (Chen vd., 2014;
Vadivambal ve Javas, 2007).

4. Sonuclar

Instant gida iiretimi 6nce pisirme daha sonra uygun kurutma teknigi ile kurutmaya dayanan bir
prosestir. Bu ¢alismada geleneksel kurutmaya alternatif, orta dalga IR yayici gii¢lerinin (300, 400, 500 W)
bulgur, fasulye, kahverengi ve beyaz piring numuneleri i¢in incelenen 6zelliklerine etkisi belirlenmistir. IR
yayict giliciiniin artmasiyla kuruma siirelerinin beklenen sekilde azaldigi ve kuruma sonrasi tiim instant
irlinlerin muhafaza agisindan giivenli a, degerlerine (0.29-0.49) ulastig1 belirlenmistir. HMF sonuglari
incelendiginde kahverengi ve beyaz piringte tespit edilememis ancak bulgur ve fasulye orneklerinde tespit
edilmistir. Bununla birlikte, bulgur ve fasulye ornekleri igin HMF olusumunda IR enerjiye maruz kalma
stiresinin etkin oldugu saptanmstir. Ayrica kurutma isleminin renk degerlerindeki degisimin pratikte dnemli
olmadig1 sonucu ortaya ¢ikmustir. instant gidalarin 6nemli bir diger 6zelligi, sicak su ilavesi ile pismis haline
geri doniisebilme (rehidrasyon) yetenekleridir. Nitekim yiiksek rehidrasyon yetenekleri sergileyen 6rneklerin
sertlik degerlerinde azalma egilimi gorillmiistiir. Bulgur ve fasulye 6rnekleri i¢in IR yayici giicti rehidrasyon
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yeteneklerini etkilemediginden, HMF olusumunu da minimuma indirmesinden dolay1 hizli kurutma (500 W)
onerilmektedir. Kahverengi piringlerin uzun kuruma siiresi ile rehidrasyon yeteneklerinin iyilestigi ve sertlik
degerlerinin azaldigi; aksine beyaz piring orneklerinin ayni egilimi kisa kuruma siiresi ile sergiledigi
gorlilmistiir. Yavas kurutmanin (300 W) kahverengi piring tanelerinin i¢ stresini arttirarak kepek tabakasi ile
birlikte catlaklara neden olmasi; kepek tabakasina sahip olmayan pirincin hizli kurutmayla (500 W) tane
yapisinin biiziilmesinin minimuma inmesi ve gozeneklerin olusmasiyla rehidrasyon yeteneklerinin iyilestigi
diisiiniilmektedir. Ek olarak, s6z konusu mekanizmalarin daha iyi agiklanabilmesi adina ileriki ¢alismalarda
tanenin mikro yapisinin incelenmesi dnerilmektedir.
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1. Introduction

Quality improvement is a systemic approach aims to improve the performance of systems. It makes
controllable and measurable changes that lead to better outcomes and can be applied to any area.
Understanding and improving quality are the main factors for a company or organization to achieve its goals
such as increasing profit, efficiency, market share, growth ...etc. Quality of production processes can be
improved by the reducing the variability of products. Quality and variability are inversely proportional.
Having low variability is the main way of reducing waste, production time and costs, and improving the
performance and quality of processes.

Monitoring is the first step of quality improvement methods. In 1924 Walter A. Shewhart who is often
considered the pioneer of statistical process control, developed quality control charts. Shewhart control
charts are the most commonly referred statistical quality control tools used to monitor processes. These
charts are graphical displays of quality characteristics that have been measured or observed over time. If
sample values fall within the control limits which are two horizontal lines calculated by the sample data, with
a random pattern, the process is said to be in control, otherwise the process is out of control and necessary
actions should be taken.

nilufer.alakoc@aum.edu.kw
“Corresponding Author

114



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 114-131

These traditional control charts are based on random precise data of the quality characteristics. However,
uncertainty is the nature of the real life problems, systems, and ignored by the traditional control charts.
Sources of uncertainty arise from lack of precise information, such as not fully reliable information due to
measurement error, incomplete data, instrument noise or environmental factors. These sources can occur at
any point of data collection. For example, a measurement of 0.01 might necessitate a greater precision such
as 0.01008. Lack of calibration of measuring instruments or calibration which is not suitable for the
production environment might cause inaccurate measurements. Classification of products such as defective
non-defective, conforming non-conforming might not be appropriate in some situations. Intermediate states
might be required. Judgement of human inspectors might be another reason for uncertainty: a defective
product might be non-defective for another person.

Since fuzzy set theory was introduced by Zadeh in 1965 it has been integrated with statistical process control
to handle uncertainty in data or human subjectivity. Combination of fuzzy theory and statistical quality
control has been studied by many researchers. Various different approaches, methods and applications have
been proposed. These studies have been developed from many different points of view but the main
objective is same: dealing with uncertainty and fuzziness in process control.

The previous studies were mainly developed on linguistic data. Raz & Wang (1990), Wang & Raz (1990),
Kanagawa Tamaki & Ohta (1993) and Gulbay, Kahraman & Ruan (2004) proposed approaches for
monitoring attribute data which are in linguistic forms. Chen & Yeh (2004) developed a two stages fuzzy
approach for variable sampling interval. In another study, Cheng (2005) developed fuzzy control charts for
attributes and generated the fuzzy data by combining the experts’ opinion and measurements. Gulbay &
Kahraman (2007) introduced direct fuzzy approach (DFA) for ¢ control chart and compared with the
previous approaches using defuzzification methods. Hsieh, Tong & Wang, (2007) proposed a fuzzy control
chart which is based on engineering experiences and fuzzy theory. A fuzzy approach for constructing
attributes control chart in multistage process was presented by Engin, Elik & Kaya (2008). The approach is
based on acceptance sampling and solved by genetic algorithms. Amirzadeh, Mashinchi & Parchami (2009)
proposed an approach for attributes. Although the approach was proposed for constructing fuzzy p control
charts; as data represents the degree of nonconformity of items, the technique of the fuzzy chart is similar to
traditional X and s control charts. Shu & Wu (2010) emphasized the critical role of fuzzy data in
measurements of quality characteristics and they proposed a fuzzy p chart with permissibly function. Beside
these, Wang, Li & Yasuda (2014) introduced fuzzy c¢ chart monitored with weighted possibilistic mean and
weighted interval valued possibilistic mean of fuzzy numbers. Thaga & Sivasamy (2015) developed
transition probability approach based on markov chain theory for linguistic data. Senturk & Antucheviciene
(2017) proposed an interval type-2 fuzzy c-control chart with an application to a food company. Recently,
Aslam, Bantan & Khan (2020) developed a neutrosophic NEWNA np chart.

Applications of fuzzy set theory have been investigated in the field of fuzzy variable control charts by many
other authors. The former study on monitoring variable control charts for uncertain observations was
developed by Fazel Zarandi, Turksen & Kashanet, (2006). They proposed plotting control charts by
considering uncertain process parameters for both variables and attributes. Another fuzzy chart approach for
variables includes a warning line besides its upper control limit (Faraz & Moghadam, 2007). The shifts
between the subgroups of the fuzzy control chart for variables are designed with Pearson goodness of fit
statistic. Use of o - cut midrange transformation technique for fuzzy X, R and S control charts are proposed
by Senturk & Erginel (2009).

Faraz & Shapiro (2010) developed an approach for fuzzy X and S charts by considering the assumptions of
the Shewhart control charts. The approach is based on a fuzzy region and a graded exclusion measure which
defines the degree of a sample out of the in-control region by the percentage area of under fuzzy sets. Shu &
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Wu (2011) proposed dominance approach for constructing fuzzy X and R control charts. Dominance results
of the resolution identity are used to calculate the control limits of the fuzzy chart. Studies have been carried
out in the field of fuzzy control charts in which transformation methods are not used. A Fuzzy mean and
range control charts are proposed by Mojtaba Zabihinpour, Ariffin, Tang & Azfanizam, (2014). Observations
and control limits are in the form of triangular fuzzy numbers and the processes are defined by percentage of
area of the sample mean which remains outside the control limits. They extended their study for a fuzzy X
and S charts (Mojtaba Zabihinpour, Arif, Tang & Azfanizam, 2015). Another variable control chart is
proposed for non-crisp data by Panthong & Pongpullponsak, (2016). Shu, Dang, Nguyen, Hsu & Phan
(2017) proposed fuzzy control limits based on results of the resolution identity in fuzzy set theory.
Soleymani & Amiri, (2017) proposed a fuzzy cause selecting control chart to monitor the second stage of a
two-stage process where the quality characteristic of the second stage belongs to fuzzy sets in Phase |
analysis. Ercan Teksen & Anagun, (2018) considered interval type-2 fuzzy sets based on different methods
for X-R control charts. Recently, Mendes, Machado & Rizol, (2019) compared fuzzy control charts and
traditional control charts and presented that fuzzy control chart has greater efficiency than the traditional
control charts. Al-Refaie, Obaidat, Fouad & Hanayneh, (2019) proposed fuzzy variables control charts under
linguistic data and development process capability analysis.

Many other researchers have contributed to fuzzy process control works from different point of view
including skewed data in fuzzy control charts (Atta, Shoraim, Yahaya, Zain & Ali, 2016; Yimnak &
Intaramo, 2020), nonparametric fuzzy charts (Momeni & Shokri, 2019; Wang & Hryniewicz, 2015), flexible
control charts (Pekin Alakoc & Apaydin, 2018), economic design of individual control chart (Wang & Chen,
1995; Chen, Chang & Chiu, 2008), fuzzy inference control system (Saricicek & Cimen, 2011), charts for
auto correlated fuzzy observations (Sadeghpour Gildeh & Shafiee, 2015), performance of FEV theory
control charts with a — cut level fuzzy midrange method for three skewed distributions (Intaramo, 2012),
nonrandom patterns of fuzzy control charts and fuzzy run rules (Hsu & Chen, 2001; Tannock, 2003; Gulbay
& Kahraman, 2006; Chih & Kuo, 2007; Fazel Zarandi, Alaeddini & Turksen 2008; Demirli & Vijayakumar,
2010; Pekin Alakoc & Apaydin, 2013), detecting mean and variance shifts of a process (Chang & Aw, 1996;
Moameni, Saghaei, & Ghorbani Salnghooch, 2012; Salnghooch, 2015; Kaya, Erdogan & Yildiz, 2017),
fuzzy multivariate control charts (Taleb Limam & Hirota, 2006; Moheb Alizadeh, Arshadi Khamseh &
Fatemi Ghomi, 2010; Pastuizaca Fernandez, Carrion Garcia, A. & Ruiz Barzola, 2015), multi objective
design of control charts (Morabi, Owlia, Bashiri & Doroudyan, 2015), fuzzy CUSUM and EWMA control
charts (Senturk, Erginel, Kaya, & Kahraman, 2014; Akhundjanov & Pascual, 2015).

Although there are many studies in literature, only a few of them focused on using fuzzy statistics. Fuzzy
statistical theory is based on both probability theory and fuzzy set theory. The major contribution of this
study is to use fuzzy statistical theory to express uncertain data in quality control charts. Therefore, fuzzy
control chart values are thoroughly determined in accordance with the uncertain measurements and the
probability theory. The main difficulty of designing a fuzzy control chart is to develop appropriate fuzzy
control limits and to present uncertain data. The selection of the limits may lead to different judgments on the
process state. In order to overcome this issue, in some existing works it is suggested to use transformation
methods, but it is known that these methods cause loss of information. On the other hand, using crisp values
directly causes a strict classification and may lead to a wrong decision. In this study, we propose an approach
for constructing fuzzy X and S control charts, based on confidence interval estimation and fuzzy sets. We
conduct a computational simulation study and compare the proposed fuzzy control charts with Shewhart
control charts for various mean and variance shifts. The average run length statistics present that the fuzzy
control chart is more sensitive to variance shifts than the Shewhart control chart.
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2. Materials and Methods

2.1. Statistical Background

Let X;, Xy,..., X, be a random sample with probability density function N(p, 62) and mean and standard
deviation of the sample are crisp numbers. If all of the 100(1-a)% confidence intervals on p for different
significance levels are placed, one on top of the other, then a triangular shaped fuzzy number is produced as
fuzzy estimator of p (Buckley, 2006). For this estimator, the confidence limits are continuous nonlinear
functions of the significance level and a 100(1-a)% confidence interval equals to o - cut set of a fuzzy

number denoted by i = [#1(0‘)'#2 (0()] where i is a crisp set of elements whose membership degrees are

greater than or equal to the specified value of a.. An example triangular fuzzy estimator when 0.001< a <1 is
displayed in Figure 1 where 0.001 is an arbitrary value.

v

=i

Figure 1. An example: Fuzzy estimator of u

The concept of confidence interval estimation on a single parameter can be extended to several parameters.
Let Xy, Xa,..., X, be a random sample from a normal distribution with mean p and variance o then
simultaneous confidence region for the mean and the variance is estimated by a parameter space, which
includes all possible combinations of the parameters. A joint confidence region for the mean and variance of

_ _ 2

a normal distribution is formed by the independence property of x and s Since, ;Nt_z and & 012)5 are each
pivotal quantities, we may find numbers q,, g5 and g5 such that 2.1 and 2.2.

X—pu
P|—q < < =1- 2.1

< q1 o/ CI1> Y1 (2.1)
! (n - 1)52 n
P(QZS?SCIZ =1-v; (2.2)
v _ 2

Also since, ;‘N‘% and & 012)5 are independent (Mood, Graybill & Boes 2001) we have joint probability which
given in 2.3:

X— ! ( _1) 2 n
P~ ST <aua <535 <qf) = 1 -vDA-v2) (23)

117



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 114-131

where 100(1-y,)% and 100(1—y,)% are confidence levels. The inequalities in 2.3 present a region in the
parameter space, which can be drawn by plotting its boundaries where the x axis and y axis are p and o°,
respectively. Figure 2 presents simultaneous confidence region of mean and variance (Mood, Graybill &
Boes 2001).

=l
-~
=

Figure 2. Simultaneous confidence region of p and o°

2.2. Design of Fuzzy X Control Chart

Let m samples with size n are selected (randomly) from a normal distribution with mean p and variance
o’ then; i™ sample mean is estimated by fuzzy estimation method. Based on fuzzy estimation method,
100(1-a)% confidence intervals on the mean of each sample can be calculated for all significance levels.
Then, the fuzzy estimate of each sample’s mean is a triangular fuzzy number whose o - cut is defined by 2.4.

_ _ _ S; S:
[, 740e] = [%i = taans TRt a1 (24)

where ¥} [a] and X*[a] are the lower and the upper limits of 100(1-o)% interval.

Triangular fuzzy control limits are based on the confidence interval estimations on p + 3% and p— 3\%

which are obtained by modifying the simultaneous confidence region of mean and variance approach. In
order to have a simultaneous confidence region for p and variance o, the parabola given in Figure 2 is

replaced by the straight lines p = % + ¢, \/% and u=%—gq %

Z 2 / - z . . . _ .
o= /% and o = (n;#. Figure 3 shows the simultaneous confidence region which is confined
2 2

by these lines.

which intersect with the horizontal lines
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Figure 3. Simultaneous confidence region of pand

Derivation of confidence intervals for the limits is an optimization problem in which the simultaneous
confidence region is the feasible region. The lower and upper bound values of the confidence interval on the

upper fuzzy control limit are obtained by minimizing and maximizing p + Sin, respectively. Confidence
interval estimation on the lower control limit is derived by a similar calculation; minimizing and maximizing

H— 3%. The corner points of the confidence region are the optimum points, which give the required

confidence limits. A 100(1-y;)(1-y,)% confidence interval estimators of the upper and lower limits are
defined in 2.5 and 2.6:

n—1)Y s? z o _ n—1Ys? /z
+ (2 LS, (3— “/2)<u+3—<x+ (2 DLsi <y1/2+3) (2.5)
n Xyz/Z,m(n—l) \/ﬁ \/ﬁ n Xl—yz/z,m(n—l) \/ﬁ
n—-1)Ys? /z o _ n—1)Ys? z
— (2 » i <V1/2+3><u_3_<2_ ( _ )X i <3_ V1/2> (2.6)
N Xi-y,/2mm-1) \ VM vn nX2 2mm-1) vm

where X is the mean of m sample means, z, ,, is the upper 100(y,/2)% point of the standard normal

&l

&l

distribution and Xi—yz /2.m(n-1)and Xf,z /2,m(n—1) are the lower and upper 100(y»/2)% points of the chi-square
distribution with m(n-1) degrees of freedom, respectively.

Similarly, we estimate the process mean by the same approach. 2.7 gives a 100(1-o)% confidence interval on
the mean, which is used to define fuzzy centre number of the fuzzy X control chart.

- ’ZS'Z - Y st
X—Zg/2 n—mlz<,u<x+za/2 n_mlz 2.7)

Consequently, we use the confidence intervals given in 2.5, 2.6 and 2.7 to plot fuzzy X control chart. We
define the three sigma o - cut of control limits and center number by 2.8, 2.9 and 2.10:
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-1 2 -1 2
(n2 )Xsi (3 _Zyl/z)’ N (12 )Xs; (Zyl/z N 3)
M Xy, /2mmn-1) vm N Xi—y,/2mm-1) \ VM
__ ~ _ Y s? _ Y s?
[CLelad, CL o] = |2~ 22 /W"f + a2 |7 (29)
g |- DIs (ZV1/2+3) g [(m-DIst <3—Z“/2) (2.10)
nXi-y,/2mm-1) \ VM ' Xy, 2mn-1) vm '

wherea =1— (1 —y)(1 —y,).

+
Xl

(2.8)

[Ile,E[a], Ifu,g[a]] -

o - cut triangular fuzzy numbers are used to graph the fuzzy chart. If UCLY[a] < &} [a] or x¥*[a] < LCLY[af,
then a. - cut of the i" fuzzy number is beyond the control limits and the process is out of control. Similarly, if
x*[a] < UCL4[a] and LCLY[a] < x![a], then the o - cut of the i™ fuzzy number is completely between the
fuzzy limits. Otherwise, the fuzzy number intersects with fuzzy limits, that is UCLL[a] < xM[a] < UCLL[a]
or UCLL[a] < x![a] < UCLL[a] or LCL:[a] < x}[a] < LCLL[a] or LCL:[a] < x![a] < LCLY[a], and the
state of the process is not as certain. In this study, the proposed approach defines the process by a decision
function, which is developed by considering all possible situations of fuzzy control limits and fuzzy
numbers. The process is defined as in control as long as the fuzzy numbers fall within the fuzzy limits under
some specified conditions. 2.11 gives the decision criterion.

in control, if fiz,[alfiy,[a] = 0

i (2.11)
out of control, otherwise

Process = {

where f_ [a] = UC‘LE[a] —%}[a] and f;_,[a] = x![a] — ﬂ;[a]. If any o - cut of a fuzzy number is
completely or partially beyond the fuzzy control limits, then f;__ [a] or f;_,[a] is negative and the process is

out of control, otherwise the process is in control. In addition to the decision function, we propose a
membership function to increase the functionality of the control chart. The function shows degree of being
out of control of a fuzzy number. In other words, the degree of deviation from in control state is given by this
function. The membership function of the i" fuzzy number is given in 2.12.

1 = —~

_ ez fi Lol ] + 2(%F [o] = &{[a]) — (UCL%[a] + UCL%[a] — LCLY[a] — LCLE[o])
) 2 min{Skeolfigzera ], T for ]} 212)

Diy [a]

where f;__[o] = [FJ(TE;[O(] — %[l and fi_,[a] = %! [a] — If(‘?fi[a]. If ¢;_[a] < 1 forall i, then the process
is in control. If ¢;_[a] = 0 then, this denotes that fuzzy number is in desired location: the number lies
completely between the fuzzy limits. When ¢;_[a] > 1, then this is considered as an indication of out of
control. The membership degree is not ranged in interval [0, 1], which means sup((pij_c[(x]) > 1. This is

because of the possible locations of fuzzy numbers on the chart. Although, the membership degree is not
limited, a value which is greater than 1 is rarely observed. This situation is observed when the sample is
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completely out of the limits with a high variability. In addition, warning state criteria which increases
sensitivity of the fuzzy control chart, is defined as follows: 0 < ¢;_[a] < 1.

The value of o affects all the statistics and tightness of the control charts. In other words, o operates like
sensitizing rules; selecting a small o means having a more sensitive control chart. If we increase a, both of
the significance levels (y, and y,) increase, and this yields to a narrower center number and a smaller joint
confidence region. In other words, as o approaches to 1, the joint confidence region and center number
approach to a point. Consequently, when a is 1, the fuzzy numbers, fuzzy control limits and the fuzzy center
number become crisp numbers and the fuzzy control chart approach is simplified to Shewhart control chart.

2.3. Design of Fuzzy S Control Chart

Similar to the previous part, fuzzy S control chart is based on fuzzy estimation method: The triangular
fuzzy control limits and center number are obtained by adding 100(1-a)% confidence intervals for the
standard deviation on top of the others. Let Xy, X,,..., X, be a random sample from a normal distribution with

—1)s? . . )
mean p and variance o, then the random variable % has a chi-square distribution with n-1 degrees of

freedom. Accordingly, a - cut of fuzzy estimate of i"" sample standard deviation is formulated by a 100(1-
)% confidence interval for ¢ which is given in 2.13.

—1)s? —1)s?
[§f [a], 5} [a]] = (Z )si ) (Zn )si (2.13)
Xa/2,(n-1) JX1-a/2,n-1)

is distributed

with chi-square distribution with m(n-1) degrees of freedom which leads to a 100(1-a,)% confidence interval
givenin 2.14.

-1 2 -1 2
MoDAsi 5o [RoDIsE (2.14)
Xa/z,m(n—l) Xl—(x/z,m(n—l)

Fuzzy upper and lower control limits are the fuzzy estimates of B6c and B5c, where B5 and B6 are the

Shewhart control chart constants. So, we define 3o a - cut fuzzy center number and control limits by 2.15,
2.16 and 2.17.

—1)ys?
If data consists of m samples each have n measurements, then the random variable %

— — n—1)Y s? n—1)Ys?
|UCL [a], UTLE[a]| = | B %,Bs (2# (2.15)
Xoc/z,m(n—l) Xl—oc/z,m(n—l)
— — m-1DYs? [(n—-1)Ys?
[CT [, T[] = | |5 e l (2.16)
Xo(/z,m(n—l) Xl—oc/z,m(n—l)
— — n—1)Y s? n—1)Ys?
|LCLL [a], LCLY[od] = [Bs (Zi Bs (2# (2.17)
Xot/z,m(n—l) Xl—a/z,m(n—l)
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We develop the decision and membership functions by the same idea. If fisa [a] fiss [a] < 0, then the process
variability is higher than the specified limits and the process is out of control. Similarly, the membership
function which is denoted by ¢; [a], shows deviation from the in control state, and the process is out of
control, if ¢; [a] = 1. The decision and the membership functions of fuzzy S control chart are given in 2.18
and 2.19.

in control, if fi, [adfi;,[a] = 0

. (2.18)
out of control, otherwise

Process = {

B £=1|fis,k [a]| + 2(s¥[a] — st[a]) — (UCL¥[a] + UCLY[a] — LCLY[a] — LCLy[a])

#iled T S A T B [ T

(2.19)

where f;_,[o = OCL"[a] — s¥[cl, f;,,[] = si[a] = LCL. [o], fi,,[od = OCL. [o] - s[a] and f;,,[o] =
sHo] — LCL [af].

2.4. A Numerical Example

In this section, we demonstrate the fuzzy control chart approach on a well-known example from
Montgomery, 2019. The data present the inside diameter measurements of forged automobile engine piston
rings of 25 samples. Each consists of five piston rings and data follow normal distribution.

First, triangular fuzzy number estimates of mean and standard deviation are calculated for each sample. o -
cut of the fuzzy numbers are given in Table 1. Second, triangular fuzzy control limits and center numbers are
computed by 2.8, 2.9 and 2.10, and 2.15, 2.16 and 2.17:

[U(:‘Lﬁ;[O.é],UC‘L;f[o.6]] = [74.0126,74.0171], [C“L;[a],C“L;[a]] = [74.0007,74.0016], [LC’TQ[O.@I@E}‘[O@] =
[73.9852,73.9898], [{7(12[0.6],17(1?[0.6]] = [0.0190,0.0205], [C“Li[a],C“LL‘[a]] =[0.0099,0.0102],

[féti [0.6],?(‘:?5[0.6]] = [0.0000,0.0000]. Then, decision function and membership degrees of the fuzzy numbers

are calculated for both of the control charts (see Table 1). Finally, the fuzzy control charts are plotted:
Figures 4 and 5 show fuzzy X control chart and S chart, respectively.
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Table 1

Fuzzy X and S control chart example summary statistics.

Sample Mean Stdev  %[0.6] %“[0.6] fu.l06)fi,[06] @ _[0.6] s/[0.6] s%[0.6] fulos.lo6) ¢, [0.6]

Iy

1 74.0100 0.0148 74.0064 74.0140 0.0001 0.3032 0.0134 0.0199 0.0000 0.6107
2 74.0010 0.0075 73.9987 74.0025 0.0002 0.0000 0.0068 0.0101 0.0001 0.0000
3 74.0080 0.0147 74.0042 74.0118 0.0001 0.0000 0.0134 0.0199 0.0000 0.5889
4 74.0030 0.0091 74.0007 74.0053 0.0002 0.0000 0.0082 0.0123 0.0001 0.0000
5 74.0030 0.0122 74.0003 74.0065 0.0002 0.0000 0.0111 0.0165 0.0000 0.0000
6 73.9960 0.0087 73.9934 73.9978 0.0002 0.0000 0.0079 0.0118 0.0001 0.0000
7 74.0000 0.0055 73.9986 74.0014 0.0002 0.0000 0.0050 0.0075 0.0001 0.0000
8 73.9970 0.0123 73.9937 73.9999 0.0001 0.0000 0.0111 0.0165 0.0000 0.0000
9 74.0040 0.0055 74.0028 74.0056 0.0002 0.0000 0.0050 0.0075 0.0001 0.0000
10 73.9980 0.0063 73.9964 73.9996 0.0002 0.0000 0.0057 0.0085 0.0001 0.0000
11 73.9940 0.0029 73.9935 73.9949 0.0002 0.0000 0.0026 0.0039 0.0000 0.0000
12 74.0010 0.0042 74.0003 74.0025 0.0002 0.0000 0.0038 0.0057 0.0001 0.0000
13 73.9980 0.0105 73.9957 74.0011 0.0002 0.0000 0.0095 0.0141 0.0001 0.0000
14 73.9900 0.0153 73.9863 73.9941 0.0000 0.7645 0.0139 0.0207 0.0000 1.0000
15 74.0060 0.0073 74.0041 74.0079 0.0002 0.0000 0.0066 0.0099 0.0001 0.0000
16 73.9970 0.0078 73.9946 73.9986 0.0002 0.0000 0.0071 0.0105 0.0001 0.0000
17 74.0010 0.0106 73.9981 74.0035 0.0002 0.0000 0.0096 0.0143 0.0001 0.0000
18 74.0070 0.0070 74.0056 74.0092 0.0002 0.0000 0.0063 0.0094 0.0001 0.0000
19 73.9980 0.0085 73.9960 74.0004 0.0002 0.0000 0.0077 0.0114 0.0001 0.0000
20 74.0090 0.0080 74.0072 74.0112 0.0001 0.0000 0.0072 0.0108 0.0001 0.0000
21 74.0000 0.0122 73.9967 74.0029 0.0002 0.0000 0.0110 0.0164 0.0000 0.0000
22 74.0020 0.0074 73.9997 74.0035 0.0002 0.0000 0.0067 0.0100 0.0001 0.0000
23 74.0020 0.0119 73.9994 74.0054 0.0002 0.0000 0.0108 0.0161 0.0000 0.0000
24 74.0050 0.0087 74.0030 74.0074 0.0002 0.0000 0.0079 0.0117 0.0001 0.0000
25 73.9980 0.0162 73.9941 74.0023 0.0001 0.0000 0.0146 0.0218 0.0000 1.0000
740171
74.0126 ‘ |

| |

i I ; | { | | | |

| | | ‘

o
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Figure 4. Fuzzy X control chart
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Figure 5. Fuzzy S control chart

Figure 4 shows that except the 1 and the 14™ samples all the o - cut of fuzzy numbers are completely
between the fuzzy limits. Accordingly, we conclude that based on the X chart there is no indication that the
process is out of control. The membership degrees denote the same decision since, all function values are
less than 1. In addition, 1% sample which has ¢,_[a] = 0.3032 and the 14" sample with ¢,,_[a] = 0.7645
indicate warning state which means the process may not be operating properly.

The pattern of fuzzy X control chart also gives signals about the result of the fuzzy S control chart since, o -
cut set of a high variation sample is greater than the set of the low variation. Figure 4 shows greater variation
for the 1%, 3", 14™ and 25™ samples. The details are presented in fuzzy S control chart. Figure 5 shows that
upper limit of 14™ and 25" a - cut fuzzy numbers are out of the upper fuzzy control limit with the
membership degree 1.000. Consequently, the process is out of control by the 14™ and 25™ samples.

In this example, we use o =0.6. If we want to have more sensitive control charts, the value should be
decreased. That is the main difference between the proposed fuzzy charts and Shewhart control charts. As we
increase a, we would have the same results with Shewhart charts.

3. Results and Discussion

Throughout the section, all ARL statistics are provided from 100,000 replications of computer simulation
and the random variables are generated from standard normal distribution. The simulations are performed for
various combinations of in control ARL, o - cut level and sample size. ARL, is fixed at 370 and 500, and
three values of a: 0.4, 0.6 and 0.8, and two values of sample size: 10 and 15 are considered. Process mean
shifts with magnitudes of 8, € {0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 1.75, 2.00, 3.00} and changes in variability
with magnitudes of &, € {0.25, 0.50, 0.75, 1.00, 1.25, 1.50, 2.00} are investigated. The samples are
generated from N(u+8,0, o) and N(u, 6+8,5). Fuzzy X control chart and Shewhart X control chart
simulation results and are given in Tables 2 and 3, and Figures 6, 7, 8 and 9.
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Table 2
ARL of fuzzy X chart and Shewhart X chart for the shift of mean when o = 0.4, 0.6, 0.8, ARL,=370, 500
and n = 10.
Shewhart . % ch Shewhart . % ch
% chart uzzy X chart X chart uzzy X chart
S(h(g)ts @=04 =06 =08 @=04 =06 =08
0 370.3983 369.2675 369.3401 370.5864 499.6091 500.9779 499.0698 500.0169
0.25 73.2735 76.5974 74.1125 73.4780 92.6582 96.7288 94.0668 93.0119
0.50 12.8251 13.6806 13.1365 12.8663 15.2280 16.2006 15.5751 15.2960
0.75 3.7749 4,0319 3.8593 3.7992 42321 45206 4.3360 4.25100
1.00 1.7716 1.8590 1.7987 1.7761 1.8910 1.9959 1.9259 1.8982
1.25 1.2053 1.2392 1.2169 1.2079 1.2409 1.2790 1.2547 1.2436
1.50 1.0424 1.0525 1.0458 1.0433 1.0517 1.0634 1.0559 1.0526
1.75 1.0057 1.0078 1.0063 1.0059 1.0073 1.0099 1.0083 1.0076
2.00 1.0004 1.0007 1.0005 1.0005 1.0006 1.0009 1.0007 1.0007
3.00 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
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Figure 6. Plot of ARL versus mean shifts for Shewhart X chart and fuzzy X charts, ARL,=370
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Figure 7. Plot of ARL versus mean shifts for Shewhart X chart and fuzzy X charts, ARL,=500
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Table 3

ARL of fuzzy X chart and Shewhart X chart for the changes in variability when o. = 0.4, 0.6, 0.8, ARL, =
370, 500 and n = 10.

ARLy;=370 ARLq, =500
Shewhart . 7 ch Shewhart . 7 ch
X Chart uzzy chart X Chart uzzy chart
Ch(ag?es =04 =06 =08 =04 =06 =08

0.25 60.9939  38.8686  45.9998  53.1343  74.4272  47.0730  55.7550  64.6926
0.50 219779  11.7383  14.6946  18.0115  25.3817 13.3060  16.8254  20.7548
0.75 11.5639 5.7343 7.3219 9.2302 12.9126 6.2558 8.0971 10.2481
1.00 7.4842 3.5648 4.6290 5.8863 8.1735 3.8262 5.0134 6.4022
1.25 5.4818 2.5890 3.3635 4.2862 5.8945 2.7451 3.5822 4.6007
1.50 4.3452 2.0600 2.6635 3.3918 4.6198 2.1642 2.7980 3.5944

2.00 3.1515 15177 1.9386 2.4658 3.3002 1.5660 2.0165 2.5698
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Figure 8. Plot of ARL versus variance changes for Shewhart X chart and fuzzy X charts, ARL=370
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A summary of the conclusions is listed as follows:

When the process mean shifts are considered, the performance of the fuzzy chart is competitive to Shewhart
control chart. Table 2 and Figures 6, 7 show that there are no significant differences between the ARL of
Shewhart and fuzzy X control charts. Moreover, the fuzzy X chart performance is not affected by the
change of o and ARL,. That is, as o or ARL, increases the ARL of the fuzzy charts decrease slightly.

Table 2 and Figures 8, 9 show that the fuzzy chart is significantly better than the Shewhart chart for all
magnitudes of variation changes. All ARL; of the fuzzy chart are smaller than the Shewhart chart results.

The fuzzy X chart performs better for the lower values of o.. The difference increases as a. decreases.

The fuzzy control chart performance approaches to Shewhart control chart performance as o increases.
When o = 1, the fuzzy chart is simplified to Shewhart control chart.

The effect of sample size is also investigated for n = 15 by reiterating the simulations and similar tables are
observed which give the same conclusions.

4. Conclusion

In this study, we propose a fuzzy control chart approach. The approach effectively combines traditional
control chart concept and fuzzy set theory. Based on fuzzy estimation model of population mean and the
theory of joint confidence regions for two parameters, the approach is proposed as an extension of Shewhart
X and S control charts. The approach uses o - cut of fuzzy numbers and can be reduced to Shewhart control
chart. A sensitivity study is conducted in which the proposed fuzzy chart and the Shewhart control chart are
compared by the performance measure average run length. The results show that the proposed fuzzy control
charts detect even small shifts of process mean and changes of variance effectively. Moreover, the fuzzy
chart performs significantly better than Shewhart chart, when a change exists in the variance. As there exist a
research gap in integrating the fuzzy statistics in quality control, there can be several extensions of the
approach; the most noteworthy is to extend the approach for the other traditional control charts. Moreover,
sensitizing rules may be adapted or new rules may be proposed for detecting and interpreting the systemic or
nonrandom patterns of the fuzzy charts.
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1. Introduction

Biogas is one of the most important renewable energy in the world. In biogas production plants, organic
wastes have been processed and produced electrical energy. The European Biomass Association evaluates that
Biomass-based energy in Europe can be increased from 72 million tons in 2004 to 220 Million tons in 2020
(Kotek et al. 2015). The Biogas production amount from animal fertilizer in Turkey is around 3.5 billion
m3/year (Arikan, 2008; Kose, 2017). Today, Turkey has eighty-five build biogas plants, however, only thirty-
six of them are in-service in several geographical locations. Some of these power plants having higher energy
productions are Odayeri Landfill Gas Plant (Istanbul, 34 MW), Mutlular Biomass Energy Plant (Balikesir, 30
MW), Mamak Landfill Biogas Plant (Ankara, 25 MW), Cadirtepe Biomass Plant (Ankara, 23MW), Sofulu
Landfill Biogas Plant (Adana, 16MW), ITC Antalya Biomass Plant, (Antalya, 14MW), Kémiirciioda Landfill
Biogas Plant (Istanbul, 14MW) (Bilici, 2019).
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As the number of biogas stations increases, the number of accidents increases in biogas units. More than 800
accidents occurred after 2005 among 13,171 European biogas stations (Kotek et al. 2015). Casson et al., (2016)
created a database of 169 biogas accidents and the study showed that almost 12% of the past accident analysed
can be classified as major accidents. According to the geographical distribution of 169 accidents, 96% of the
accidents happened in Europe (163 over 169), most of the events took place in Germany (76%), while a lower
amount were documented in France (11%), Italy (6%), and UK (2%) (Casson et al., 2016).

Generally, chemical accidents can be divided into toxic chemical leaks and explosions caused by fires (Davis,
2014; Krentowski, 2019; Lee, 2019; Okho, 2013). The reasons of biogas plant accidents are identified as five
categories: a) leakage in the storage tank and/or in the distribution pipes of the biogas plant, b) fire and
explosion as a result of CH,4 leakage, c) release of H2S from septic waste, d) high pressure inside the digester
due to overflow or freezing of valves, €) environmental contamination by the release of effluent discharge
(Kotek et al. 2015). Wang (2017) establishes a leakage risk monitoring and early-warning model for an
anaerobic reactor of a biogas station by using modelling software. When an accident happens, its consequences
are considered by its destructive force, as well as direct and indirect losses (Zhang.2019). To reveal and reduce
the consequences and the potential damage of explosions, researchers have focused on the flammable gas
explosions (Amyotte, 2017; Lv, 2017). Several studies are modelling the consequences of fire, explosion and
toxic dispersion by using different tools like PHAST (Process, Hazard, Analysis, Software Tool), ALOHA
(Areal Locations of Hazardous Atmospheres, U.S. Protection Agency) and FLACS (Flame Acceleration
Software) modelling programs (Dadashzadeh, 2013; Dasgotra, 2018; Hasani, 2016; Inanloo, 2015; Zareei,
2016). PHAST is one of the mostly used process hazard analysis software for process safety management in
both design and operation parts. This software is outstanding with its wide applicability of process hazard
analysis tool including various release types such as from leaks, pipework, pipelines, ruptures etc. The models
in the software are extensively validated especially for process industry hazards. It is also possible to define
different hazard types as explosions, fires, toxics and flammable, consider directional environmental effects
such as wind or surface roughness. By using this software, exclusion zones and safe distances can be easily
defined. ALOHA is another hazard modelling software which is widely used to get an insight on
chemical/hazardous material emergencies. It is an open source program and available from the internet site
(EPA, 2017). Properties of real or potential chemical/hazardous materials are given as an input to the software
and threat zone estimates for different scenarios of hazards can be estimated. Toxic gas clouds, flammable gas
clouds, jet fires, pool fires and vapour cloud explosions can be modelled. In the given results, the red threat
zone indicates the worst hazard level while the orange and yellow threat zones show the decreasing hazard
zones.

In this study, the findings from the PHAST and ALOHA software are compared and combined to get an insight
on health and safety problems occurred due to an explosion in a biogas station. In the literature, there are
various studies including consequences analysis of hazardous chemicals by using PHAST and ALOHA
software. Pandya et al. (2008) studied by the Fourier Amplitude Sensitivity Test to carry out a parametric
sensitivity analysis of PHAST atmospheric dispersion modelling for an accidental toxic gas dispersion
scenario. They studied the relative influence of uncertainty in independent input parameters on the variation
of the model outputs. Several studies are also carried out by using ALOHA to be able to understand the threat
of a chemical leakage to the residents in neighbouring area, air quality and occupational safety (Tseng et al.,
2012). Tseng and co-workers (2012) investigated the dispersion of three important substances (chlorine,
epichlorohydrin and phosgene) due to their critical threat to safety. By using ALOHA software, they were able
to discover the threat zones, which demonstrate the scales of a toxic chemical release impact, in three different
production plants in Taiwan. In another research, Cetinyokus (2017) studied consequences analysis of
hazardous chemicals which were flammable substance (methane), toxic liquid (ethylene diamine) and toxic
gas (methyl chloride) by ALOHA software, and found that atmospheric options, especially wind speed,
atmospheric stability class and ground roughness, had significant effects on the effect distances within the
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threat zones for the selected three hazardous chemicals. Moreover, Travnicek et al. (2018) examined flare
stacks on agricultural biogas plants by ALOHA software, and they found that the methane gas will be diluted
more quickly at higher levels than ground level. Recently, Dou and co-workers (2020) evaluate the methane
fraction on explosion characteristics of biogas/air mixture in a duct, and found that the PVC film thickness
affected the explosion overpressure more, whereas the methane fraction in biogas affected the flame velocity.

Comparison of findings from both ALOHA and PHAST software and additionally Computational Fluid
Dynamics (CFD) method is also carried out by various studies. Similarly, to the publications mentioned above,
a consequence analysis is carried out for the storage tank of n-Butanol and its release from the tank by ALOHA
(Bhattacharya & Kumar, 2015). In this work, the results are also compared with the PHAST software findings.
It is suggested that PHAST results seem to be more realistic but the difference between the results are in an
acceptable range as £10%. It is also possible to evaluate flammability and explosiveness of a stored chemical
compound by ALOHA. Derychova and Bernatik carried out a study based on the risk assessment of biogas
plants and designed accident scenarios including fire and explosion of biogas mixture in which methane is the
major compound (Derychova & Bernatik, 2016). The first scenario is the pipeline leaking from the tank and
methane is burning as a jet fire. The results indicate that the affected area is 35 m2 including lethal zone, zone
of 2nd degree burns and zone of injuries. In the second scenario, methane leakage occurs by the leak pipe and
leaking methane is not ignited. These two scenarios are mentioned as possible leaks from a biogas tank and
the results are critical to diminish the rate of accidents. Carboni and co-workers are investigated the accidental
release of several biogas mixtures resulting in flash fire and toxic cloud dispersion and modelled by PHAST
and CFD software ANSYS Fluent (Carboni et al., 2020). Here, PHAST software and CFD approach are
compared. Even the findings of CFD calculations are reliable by including a much more realistic approach,
implementation of plant geometry brings higher computational cost than PHAST.

Biogas is a general term of gas produced by anaerobic fermentation in an organic waste. It is necessary to
know the percentage of biogas in a station to model the explosion limits. Although the composition of biogas
depends on the introduced organic materials and the process conditions on the biogas station, raw biogas
mainly consists of methane (50 mol% to 80 mol%), carbon dioxide (20 mol% to 50 mol%), water vapour (0
mol% to 12 mol%), nitrogen (0 mol% to 5 mol%), oxygen (0 mol% to 2 mol%), hydrogen sulfide (0.01 mol%
to 0.04 mol%) and traces of ammonia, hydrogen and higher hydrocarbons (Schoder et al. 2014). The design
and technology of biogas plants differ according to the size, function, location, and feedstock of biomass. The
biogas stations can be classified as a) family-scale biogas plants (very small scale), b) farm-scale biogas plants
(small or medium to large scale), c) centralized/ joint co-digestion plants (medium to large scale) (Al Seadi
2008). Biogas production is expected to be stable and constant. However, inside the digester, biogas is formed
in fluctuating quantities and the demand for biogas can vary during the day. To ensure stable biogas utilization,
various types of storage facilities are available. Generally, for industrial type, larger biogas plants, separate
external biogas storage tanks are established, and these types of pressurized tanks are made of steel and have
pressures between 5 and 250 bar (Al Seadi, 2008). The hazards that may occur as a result of a possible accident
and explosion in a biogas plant will change according to its technology and design.

The aim of this study is to analyse the explosion and toxic effects due to potential accidents in a large-scale
industrial type biogas station. A large-scale biogas station is chosen to be modelled, since the explosion of
such a station will be more destructive than the others. For this purpose, two different modelling programs as
ALOHA and PHAST software tools are used to simulate two different scenarios in a biogas plant; a leakage
scenario from a biogas tank and flammable chemicals escaping directly into the atmosphere. The properties of
a biogas storage tank and its environment are given as inputs to the software. Since major component of a
biogas mixture is methane, the calculations are carried out assuming the only component is methane in the
tank. Afterward, the explosion hazards of a methane storage tank in a large-scale biogas station are examined.
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2. Materials and Methods

In this research, the explosion hazards of an external methane storage tank in a large-scale biogas station
are demonstrated by two different modelling programs. ALOHA version 5.4.7 Software and PHAST version
7.2 are used to predict different explosion scenarios and thus to estimate the effects of a methane gas explosion.

2.1. ALOHA Software

ALOHA is a computer modelling tool to estimate the movement and dispersion of hazardous chemical
gases, and to predict the rates at which gases may escape into the atmosphere from broken gas pipes, leaking
tanks, and evaporating puddles, and hazardous gas cloud dispersion to the atmosphere after an accidental
chemical release (EPA, 2017). ALOHA can also be used to predict the area where a flammable gas may
explode by using the physical characteristics of the released chemical and the real-time circumstances of the
release scenario to predict the dispersion of a hazardous gas cloud.

ALOHA software can evaluate the consequences of explosion and atmospheric releases of chemical species
parameters by selection of meteorological conditions, rural and urban areas etc. Graphical outputs include a
"threat zone" that can be plotted on maps with MARPLOT to display the location of other facilities storing
hazardous materials and vulnerable locations (EPA, 2017).

ALOHA provides for the source options as direct, puddle, tank, or pipe. Puddle option is selected when the
source is a liquid puddle of constant radius. The liquid can be either a normal evaporating liquid, or a boiling
liquid. Tank option is selected when the source is a horizontal or vertical cylinder, or a spherical tank at ground
level with a single hole. The tank initially contains a gas, a liquid, or a liquefied gas. The contents can change
phase as a result of temperature and/or pressure changes. Pipe option is selected when the source is a
pressurized pipe containing gas with a single hole at ground level. The direct source is a point release and can
be either a continuous emission of rate or an instantaneous release of total mass. For a direct release type as
instantaneous or continuous release, total mass, mass flow rate, and source height must be provided
(Bhattacharya and Kumar, 2015).

As mentioned above, very detailed description of input properties are given to the software. However, there
are some limitations of the software: i. It assumes that the chemical compound is mixed with air as an
immediate process, ii. It has no capability to detect the end products, i.e. smoke, particulate matter, radioactive
particles. iii. It assumes that the wind speed and wind direction are constant during the simulation run (Yadav
et al., 2020).

2.2. PHAST Software

PHAST is a comprehensive hazard analysis package and investigate a chemical process incident from initial
release through formation of a cloud or pool to final dispersion calculating concentration, fire radiation, toxicity
and explosion overpressure, and catastrophic rapture regions in 3D (Naemnezhad et al., 2017).

PHAST software can consider the interaction of the flammable cloud and identified of congestion by using
TNT equivalency model (Mannan, 2012), or the Multi-Energy model (VVan den Berg, 1985) or Baker Strehlow
Tang model (Baker et al., 1996).

PHAST generates blast parameters for overpressure and display as contours or in tabular reports and develop
combined hazard contours in the explosion modelling software for a range scenarios and hazard types as
explosions, fires, toxics and flammable clouds. The program takes into account the directional aspects that can
influence the explosion modelling outcome like wind or surface roughness (DNV GL, 2018).
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In PHAST there are limitations in the handling of dispersion modelling for an instantaneous leak. In this
case, the vapour dispersed from the tank would be added into the very small instantaneous cloud and the
dispersion results would demonstrate the properties of an instantaneous cloud. In order to model a continuous
leak, the series of representative vaporization segments are used (DNV GL., 2018).

2.3. Case Study

ALOHA and PHAST software programs are used as risk modelling tools and designed to assess the
development of potential accidents, from the initial leak point, the spread of the hazardous substance, to analyse
the explosion and toxic effects. Two different scenarios are evaluated by the Gaussian model for predictions
by using ALOHA Software: a) a leakage scenario from biogas tank, b) flammable chemical escaping directly
into the atmosphere. In addition to that, two different explosion scenarios are run by PHAST Software Tool a)
a leakage scenario from a biogas storage tank, b) a catastrophic rupture scenario.

These software contain several important critical input items to analyse the outcome modelling of accident
scenarios. One of the most critical input parameters is represented by weather conditions. Meteorological
stability, seasonal temperatures, humidity, wind speed and direction play a very important role in modelling
such accidents. In case of ALOHA program, wind speed is selected as 2 meters/second and from South to
West. Cloud cover is partly cloudy. The air temperature is 25°C. Stability class selected as B. In case of PHAST
program, three different weather conditions are chosen as 2F, 2B and 2D. 2F indicates that wind speed is 2
m/s, and stability class is F means night-time conditions moderate cloudiness and light/moderate wind. 2B
shows that wind speed is 2 m/s, and stability class is B means solar insolation is moderate and windy. 2D
displays that wind speed is 2 m/s, and stability class is D shows a little sun and high wind overcast or windy
night.

Additionally, risk assessment is largely influenced by the amount and type of material involved, which is
also an important factor in the calculation of accidents. As shown in Table 1, in both Software, the biogas
storage tank contains methane gas at a pressure of 15 bar and a temperature of 25 °C. The tank is made of steel
with a 10 m diameter and 12.70 m length. The results of the three modelling programs are presented in
graphical forms.
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Table 1

Input Data of ALOHA and PHAST Programs
Parameters ALOHA Data PHAST Data
Local Information Turkey, Istanbul Turkey, Istanbul
Building type / Type of terrain for Single storage, unsheltered Land

dispersion

Material

Tank type

Tank diameter
Tank length

Tank Volume
Mass of compound

Wind speed, direction / Stability
Class

Measurement height
Ambient Temperature
Humidity

Temperature inside tank
Tank Pressure

Leak type, dimension

surroundings

Methane gas

Pressurized cylindrical vessel
10m

12.73m

1000 m?® (700 m2, 70% full)
437 kg (70% full)

2 m/s South to West / B

3 m above ground

25°C

% 50

25°C

15 bar

Circular opening 25 mm

Methane gas

Pressurized cylindrical vessel
10m

12.73 m

1000 m3 (700 m?, 70% full)
437 kg (70% full)

2F, 2B and 2F

3 m above ground

25°C

% 50

25°C

15 bar

Circular opening 25 mm

3. Results and Discussion
3.1. ALOHA Results

In the ALOHA program, local information for a biogas tank source is chosen as Istanbul, Turkey. Building
type is selected as single stored and unsheltered surroundings. Even though biogas is a mixture of gases,
methane is selected as a pure chemical due to the limitations of the ALOHA program. ALOHA is designed to
model the release and dispersion of pure chemicals and a few select solutions; the property information in its
chemical library is not valid for mixtures of chemicals. Since the methane percentage in large scale biogas
plants can reach up to 80%, it was decided to use the ALOHA program.

Most of the biogas production plants are of small or medium scale, however the major accidents happened in
large scale industrial type biogas stations. For this reason, a tank volume of 1000 m?has been chosen. The
region of this study was chosen as Istanbul because there are large-scale biogas power plants in Istanbul. In
PHAST program, different wind speeds were selected in the study in order to analyse the results of toxic
distribution and effects in more detail. Since the region was not selected in PHAST program, the results would
not change if a different region was selected. However, in the ALOHA program, a region and city selection
are made, and since ALOHA takes the wind situation of that region into account, the result would have changed
if another location was selected.

Two different scenarios are run by the Gaussian model for predictions. The first one is a leakage scenario from
a biogas tank. The second one is flammable chemicals escaping directly into the atmosphere. The atmospheric
conditions envisaged for two of the scenarios are the same. Wind speed is selected as 2 meters/second and
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from South to West. Measurement height is 3 m above ground. Ground roughness is an open country. Cloud
cover is partly cloudy. The air temperature is 25°C. Stability class is automatically chosen according to date,
time, weather conditions, and cloud cover and in these scenarios, it is selected as B. Inversion height option is
selected as no inversion. Humidity is chosen 50% as a medium.

Scenario 1 is the leakage of gas from a biogas storage tank containing methane as a flammable gas. During the
selection of tank type, the following parameters are given as output. The tank type is a vertical cylinder with
10 m diameter, 12.70 m length, 1000 m* by volume. The tank contains methane gas-only and is 70 % full. The
temperature of the tank is at 25 °C. The internal tank pressure is 15 bar. Tank pressure unusually high alert is
given. Release duration is limited at 1 hour and the maximum average sustained release rate is 45.9
kilograms/minute. The gas is leaking from the tank through a circular hole with a 25 mm diameter and the
chemical is not burning as it escapes to the atmosphere. There are three major potential hazards from flammable
chemical as it leaks from the tank; a.) Downwind toxic effects, b.) Vapour cloud flash fire, c.) Overpressure
(blast force) from a vapour cloud explosion.

In case of the toxic effect area of the vapour cloud, the threat zone is not drawn because the effects of near-
field patch lines make dispersion predictions less reliable for short distances. In case of the flammable area of
vapour cloud, Figure 1la shows that local areas of flame can occur even though the average concentration is
below the lower explosion level (LEL). ALOHA finds the flammable area by using 60% and %10 of the LEL
25m and 62m, respectively. Figure 1b shows the blast area of vapour cloud explosion. The time of vapour
cloud ignition is selected as unknown and the vapour cloud is ignited by detonation. The level of congestion
is chosen as difficult to walk through (e.g. pipe rack, dense forest). When the overpressure is greater than 8.0
psi, the (red) area with 74 meters’ diameter is affected by the destruction of buildings. As the overpressure is
greater than 3.5 psi, the (orange) area with 97 meters’ diameter is caused by serious injury likely. At the time
the overpressure is greater than 1.0 psi, the (yellow) area with 184 meters is affected like shattering glasses.
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Figure 1. a) Flammable Threat Zone Overpressure, b) Overpressure (Blast Force) Threat Zone for Scenario 1
by ALOHA

Scenario 2 is flammable chemical (methane gas) escaping directly into the atmosphere and the chemical is not
on fire. The source height is zero. Release duration is limited at 1 hour and the maximum average sustained
release rate is 45.9 kilograms/minute. There are three major potential hazard scenarios; a.) Toxic area of the
vapour cloud, b.) Flammable area of the vapour cloud, c.) Blast area of vapour cloud explosion. Figure 2a
shows the toxic threat zone in terms of public exposure guideline system like PAC. The maximum distance
for PAC-1, PAC-2 and PAC-3 is 52 m., 69m., and 130m., respectively. Figure 2b presents the flammable threat

138



Journal of Advanced Research in Natural and Applied Sciences 2021, Vol. 7, Issue 1, Pages: 132-144

zone. Local areas of flame can occur even though the average concentration is below the LEL. The simulation
finds the flammable area of vapour cloud by using 60% of the LEL as red 271 meters (30000 ppm = 60% LEL
= Flame Pockets) and %10 of the LEL as yellow 600 meters (5000 ppm = 10% LEL). Figure 2c demonstrates
the blast force threat zone ignited by spark or flame. The LOC values on red and orange regions do not exceed,
so the destruction of buildings or serious injury likely will not happen in this scenario. However, the yellow
region shows that an effect like shattering glasses observed in an area of 22 meters’ diameter.
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Figure 2. a) Toxic Threat Zone; b) Flammable Treat Zone; c) Overpressure (Blast Force) Treat Zone for
Scenario 2 by ALOHA

3.1.1. Effect of Ambient Temperature and Wind Speed Analysis

The extreme weather conditions are also considered by ALOHA software in order to understand the effect
of these conditions on the explosion results. For this purpose, the worst weather conditions in the last 90 years
are gathered from Turkish State Meteorological Service. The investigated weather conditions are given in
Supplementary Materials.

The wind speed is taken as about 32 m/s as a worst case of wind speed found in the reference of Turkish State
Meteorological Service. In all calculations tank temperature are given as 25°C. The findings indicated that
threat zone of vapour cloud is less than 10 m. Flammable area of vapour cloud seems to be depended on the
ambient weather condition and ranging between 11 m (30000 ppm) — 31 m (5000 ppm). In all four lowest
temperature values no explosion is predicted. However, for the highest temperature conditions the explosion
might cause to shatter glasses less than 10 meters of the tank. The findings show that a change in the extreme
ambient temperature values might not cause significant difference in the threat zone and flammable area.

3.2. PHAST Results

In this study, two different explosion scenarios are designed by PHAST Software Tool. The first one is a
leakage scenario from the biogas storage tank. The second one is a catastrophic rupture scenario. The biogas
storage tank is chosen as a pressurized vessel filled by methane gas. Three different weather conditions are
chosen as 2F, 2B and 2D.

Scenario one is a leakage scenario from the biogas storage tank. Figure 3a demonstrates the maximum radiation
at 8.04 m with an intensity of 44.64 kW/m?. Figure 3b shows the explosion worst-case radii for dispersion at
downwind distance as 29.50m, 28.41m and 28.78m at category 2F, category 2B and category 2D respectively.
Even the category 2F has the worst case, the values are very close to each other.
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Radiation vs Distance for Jet Fire Explosion Worst Case Radii
Leak Leak

Radiation Level )kW/m
Distance Crrosswind (m)

Distance downwind (m) Distance downwind (m)

Figure 3. a) Radiation distance for fireball; b) the explosion worst-case radii for dispersion at downwind

distance

Scenario two is a catastrophic rupture scenario. Figure 4a displays a maximum cloud footprint in case of
catastrophic rupture at three different categories as category 2F (5.072 m?), category 2B (4.926 m?) and
category 2D (5.014 m?). Figure 4b shows radiation distance for fireball and maximum radiation is 388k\W/m?
at 8.66m. Figure 4c displays explosion worst-case radii at downwind distance in category 2F (721 m), category
2B (674 m), category 2D (711 m). In this scenario, the worst-case radius is at category 2F.
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Figure 4. a) Maximum cloud footprint in case of catastrophic rupture; b) radiation distance for fireball; c)

Distance downwind (m)

explosion worst-case radii

Combining the findings from ALOHA and PHAST provided us to analyse the location, layout and impact
range of explosion and dispersion comprehensively. In case of the toxic effect area of vapour cloud in 2B
weather conditions, the explosion's worst influence range is approximately 25m by ALOHA and 28m by
PHAST Software. The catastrophic rupture scenario is a model in which the tank is destroyed by a quick
impact. According to the second scenario of PHAST, a large amount of energy (388 kW/m?) is produced at
8.66m for fireball case.
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4, Conclusion

Safety in biogas plants is very significant (Molnarne and Schroeder, 2019). The biogas production plants
are known to be responsible for several accidents (Moreno and Cozzani, 2015; Schroder et al., 2014; Sasso,
2012). The European Commission has assessed the regions of the world that primarily use bioenergy and
considers biogas to be a highly flammable mixture (Casson et al., 2016; Travnicek et al., 2018). The role of
safety regulations should be revised and improved since there is a need for the statistical investigation of
accidents, consequence modelling and analysis of explosions (Kotek et al. 2015). Although biogas tank
explosions are not common, the results of such kind of explosions are very hazardous. (Boscolo et al., 2019;
Casson et al., 2018; Travnicek et al., 2018). Pietrangeli et al. (2013) stated that the risk of explosion is
particularly high close to overpressure safety devices like digesters and gasholders in a biogas plant. Therefore,
in this study, preliminary calculations are carried out to explore effects of possible explosions in a large-scale
industrial type biogas station.

According to the ALOHA software results of the leakage scenario from the biogas tank; the explosions may
cause dangers like demolition of buildings at 74 m limit, serious injuries at 97 m limit and shattering of glasses
at 184 m limit. In the examination of the flammable chemical spreading directly into the atmosphere, the
destruction of buildings or serious injury likely will not happen but shattering of glasses will occur within the
22 m limit. Locations where the flammable chemical vapour lower explosion limit is 60% and 10% are
observed in the range of 271 and 600 m respectively. In the first scenario of the PHAST software (leakage
from the biogas storage tank), the studies performed in three different weather conditions give very close
results and it is observed that the danger zone limits are lower than the first scenario of ALOHA. The second
scenario of PHAST software belongs to a more serious catastrophic rupture, and the hazard zone limits are
observed to be wider than all scenarios. When all the results are examined together, it has been observed that
the use of software based on different models will be useful in estimating the impact areas of dangerous
explosions that may be encountered in a biogas station.

The explosion modelling programs like ALOHA and PHAST will foresee the consequences of accidents
(Hasani, 2016; Inanloo, 2015; Zareei, 2016). Several difficulties come out during the comparison of the models
due to the differences in output values of different software. The geometrical effects of the programs contribute
to differences between simulation tools. Buildings, terrain and geometry, in general, will have recirculation
zones that will influence the local air movements. Despite the differences, the results of the programs used in
this study will be useful for companies in emergency plans, fire departments, civil defence units of
municipalities and governments. The explosion modelling software can be used for accident investigations.
Another application area of these software could be the determination of dangerous and safe areas in biogas
power plants. Thus in emergency drills, the workers could be informed about the determined dangerous areas
and how to behave in case of an explosion. Several possible scenarios could be modelled without doing
hazardous experiments.
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Supplementary Materials

The worst weather conditions in the last 90 years are considered for the calculations carried
out by ALOHA software. The weather conditions are given in Table S.1. The weather
conditions were taken from the official site of the government
(https://mww.mgm.gov.tr/veridegerlendirme/il-ve-ilceler-istatistik.aspx?m=ISTANBUL).

Table S.1. Input Data for the worst weather conditions in the last 90 years

Parameters

ALOHA Data

Local Information

Building type / Type of terrain for dispersion
Material

Tank type

Tank diameter

Tank length

Tank Volume

Mass of compound

Wind speed, direction / Stability Class
Measurement height

Ambient Temperature

Humidity
Temperature inside tank
Tank Pressure

Leak type, dimension

Turkey, Istanbul

Single storage, unsheltered surroundings
Methane gas

Pressurized cylindrical vessel

10m

12,73 m

1000 m3 (700 m3, 70% full)

437 kg (70% full)

~ 32 m/s South to West/ B

3 m above ground

Spring: 36.4 °C (Highest), -11.1 °C (Lowest)
Summer: 41.5 °C (Highest), 7.1 °C (Lowest)
Autumn: 39.6 °C (Highest), -7.2 °C (Lowest)
Winter: 25.5 °C (Highest), -16.1 °C (Lowest)
% 50

25°C

15 bar

Circular opening 25 mm

Table S.2. Threat zone information for the worst weather conditions in the last 90 years.

Condition Threat Zone of Vapor Flammable Area of

Cloud Vapor Cloud

Overpressure




36.4 °C (Highest in
Spring)

-11.1 (Lowest in
Spring)

41.5°C (Highest in
Summer)

7.1°C (Lowest in
Summer)

39.6 °C (Highest in
Autumn)

-7.2 °C (Lowest in
Autumn)

25.5 °C (Highest in
Autumn)

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)
Note: Threat zone was
not drawn because
effects of near-field
patchiness make
dispersion predictions
less reliable for short
distances.

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)
less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)

less than 10 meters
(400000 ppm = PAC-3)
less than 10 meters
(230000 ppm = PAC-2)
less than 10 meters
(65000 ppm = PAC-1)

13 meters

(30000 ppm =60% LEL
= Flame Pockets)

31 meters

(5000 ppm = 10% LEL)

11 meters

(30000 ppm =60% LEL
= Flame Pockets)

28 meters

(5000 ppm = 10% LEL)

13 meters

(30000 ppm = 60% LEL
= Flame Pockets)

31 meters

(5000 ppm = 10% LEL)

12 meters

(30000 ppm = 60% LEL
= Flame Pockets)

29 meters

(5000 ppm = 10% LEL)

13 meters

(30000 ppm =60% LEL
= Flame Pockets)

31 meters

(5000 ppm = 10% LEL)

11 meters

(30000 ppm =60% LEL
= Flame Pockets)

28 meters

(5000 ppm = 10% LEL)

13 meters

(30000 ppm =60% LEL
= Flame Pockets)

30 meters

(5000 ppm = 10% LEL)

LOC (Level of congestion)
was never exceeded (8.0 psi
= destruction of buildings)
LOC was never exceeded
(3.5 psi = serious injury
likely)

less than 10 meters

(1.0 psi = shatters glass)

No explosion: no part of the
cloud is above the LEL at
any time

LOC (Level of congestion)
was never exceeded (8.0 psi
= destruction of buildings)
LOC was never exceeded
(3.5 psi = serious injury
likely)

less than 10 meters

(1.0 psi = shatters glass)

No explosion: no part of the
cloud is above the LEL at
any time

LOC (Level of congestion)
was never exceeded (8.0 psi
= destruction of buildings)
LOC was never exceeded
(3.5 psi = serious injury
likely)

less than 10 meters

(1.0 psi = shatters glass)

No explosion: no part of the
cloud is above the LEL at
any time

LOC (Level of congestion)
was never exceeded (8.0 psi
= destruction of buildings)
LOC was never exceeded
(3.5 psi = serious injury
likely)

less than 10 meters

(1.0 psi = shatters glass)




-16.1 (Lowest in less than 10 meters 11 meters No explosion: no part of the

Autumn) (400000 ppm = PAC-3) (30000 ppm =60% LEL  cloud is above the LEL at
less than 10 meters = Flame Pockets) any time
(230000 ppm = PAC-2) 28 meters
less than 10 meters (5000 ppm = 10% LEL)

(65000 ppm = PAC-1)
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Oz--Ginkgo biloba bitkisi antioksidan, antimikrobiyal ve antialerjenik 6zellige sahip oldugu icin tip ve gida alaminda
kullanimi yayginlasmaktadir. Ulkemiz igin dnemli ihracat iiriinlerinden kayismin kurutulmasinda kiikiirtleme islemi
yapilmaktadir. Bu galismada kayisi kurutulmasinda kullanilan kiikiirt yerine alternatif bir yontem olarak Ginkgo biloba
bitki ekstraktinin uygulanmasi amaglanmustir. Bu amagla Ginkgo biloba yapraklart farkli derisimdeki ¢ozgenlerle
ultrases destekli ekstraksiyon yontemi kullanilarak ekstrakte edilmistir. Ginkgo biloba ekstaksiyonu i¢in ii¢ farkli
¢ozgen (%75 metanol, %75 etanol ve ultra saf su) ve iki farkli zaman parametresinde (15 ve 30 dakika) ekstraksiyon
islemi gergeklestirilmistir. Toplam flavonoid madde miktar1 %75 etanol ve 30 dakikalik ektraksiyon sonucu en yiiksek
(756.78 mgQE/L) bulunmustur. Elde edilen ekstrakttan hazirlanan 2000 ppmlik ¢ozelti iki farkli grup (Izmir ve Igdir)
kayisilara piiskiirtiilmiis ve kayisilar tepsili kurutucuda kurutulmustur. 21 giin depolama siiresince 7 giinde bir fiziksel
ve mikrobiyolojik analizler yapilmistir. Mikrobiyolojik analizler sonucu her iki grupta da kiif ve maya gelisimi
gozlemlenmemigtir. Depolama sonunda renk (L* 37.70, a* 13.33, b* 23.82), su aktivitesi (ay 0.50-0.59) ve nem
degerleri (%7-14) en iyi korunan grubun izmir grubu oldugu sonucuna varlmistir. Igdir grubu 6rneklerde ise depolama
boyunca ¢ignenebilirlik, sertlik, dayamklilik gibi tekstiirel dzellikler Izmir grubu orneklere kiyasla daha yiiksek
bulunmustur. Sonug¢ olarak kayisi kurutulmasinda kiikiirt dioksit yerine antioksidan 6zelligi yiiksek, dogal ve bitkisel
kaynak olan Ginkgo biloba ekstratinin kayisilarda kullaniminin sanayide uygulanabilecegi diistiniilmektedir.
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Abstract--Ginkgo biloba plant is becoming widespread in medicine and food industry because of its antioxidant,
antimicrobial and antiallergenic properties. Apricot which is an important export product for our country, the
sulfurization process is carried out in the drying process. In this study, it was aimed to apply the extract of Ginkgo
biloba plant as an alternative to the sulfur in drying. For this purpose, Ginkgo biloba leaves were extracted with
solvents of different concentrations using ultrasound assisted extraction method. Three different solvents (75%
methanol, 75% ethanol and ultrapure water) and two different times (15 and 30 minutes) were applied. Total
flavonoids were the highest after 75% ethanol and 30 minutes extraction (756.78 mgQE / L). 2000 ppm solution
from the extract was sprayed to samples in two different types (Izmir and Igdir) before drying in a tray dryer.
Physical and microbiological analyses were made during 21 days of storage. As a result mold and yeast growth was
not observed in both groups. At the end of storage, Izmir group protected the quality properties better via the color
(L *37.70, a * 13.33, b * 23.82), water activity (aw 0.50-0.59) and moisture (7-14%). 1gdir group preserved its
textural properties such as chewiness, hardness and resilience better than Izmir group during storage. As a result, it is
thought that the use of Ginkgo biloba extract, which is a natural and herbal source with high antioxidant properties,
in apricots instead of sulfur dioxide, can be applied in the industry.
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1. Giris

Kayisi, Prunus armeniaca L. olarak bilinen botanik adi ile Rosaceae familyasinin Prunaidea alt
familyasinin Prunus tiirii altinda siniflandirilmis olup sert ¢ekirdekli meyveler grubuna dahil klimakterik bir
meyve tiiriidiir (Gezer, Haciseferogullar: ve Demir, 2002; Cengiz, 2011). Tiirkiye’de, kayisi yetistiriciligi ve
kurutulmasi 6nemlidir. Ancak kayisinin hasat donemi ve yas olarak kayisi tiikketimi siiresi kisadir (Asma,
Kan, Birhanli, Abaci ve Erdogan, 2007). Meyve hasat doneminin sinirli olmasi, meyve solunumunun orta
diizeyde olmasi, meyvelerin uygun depolama kosullarinda en fazla 1-4 haftalik bir zaman diliminde
depolanabilmesi, meyvelerin dayaniksiz ve kolay bozulabilir olmasi yas halde tiiketimi sinirlandirmaktadir
(Calhan, 2010). Depolama siiresini uzatmak, kayisiy1 mekanik ve mikrobiyolojik hasarlardan korumak
amactyla kurutma islemi uygulanmaktadir (Karacali, 2006).

Altin saris1 renk, kuru kayisi tretiminde en 6nemli asamadir. Kurutma yardimci maddesi olarak siilfit
formunda kiikiirt kullanilmaktadir. Kiikiirtleme islemi sirasinda kullanilan kiikiirt; kayisilarda kurutma ve
depolama sirasinda meydana gelen enzimatik ve enzimatik olmayan esmerlesme reaksiyonlarini
onlemektedir (Ugur, 2015). Ayrica antioksidan 6zelligi sayesinde oksidatif bozulmalari 6nlemekte ve {iriin
kalitesini olumsuz yonde etkileyen bazi enzimleri (oksidaz, proteaz ve peroksidaz) inhibe etmektedir.
Antimikrobiyel 6zelligi sayesinde de 6zellikle maya ve kiiflerin gelisimini engellemede ¢ok 6nemli katkilara
sahiptir. Kuru kayisilarda, izin verilen SO, miktar1 genelde maksimum 2000 ppm olarak kabul edilmistir
(Anonim, 2013; Codex Alimentarius Commission, 2019). Bu deger iilkelere gore farklilik gostermektedir.
Ancak SO, miktar1 artik¢a, trline ve kiikiirtleme iglemini yapan isgiye zarar verdigi yapilan literatiir
arastirmalarinca kanitlanmigtir. Tip alaninda gogiis hastaliklari anabilim dalinda yapilan bir arastirmada
kiikkiirtleme islemi yapan isgiler lizerinde yaptigi ¢alismada, kayist kurutmasinda yardimcit madde olarak
kullanilan kikiirtiin etkisi incelenmistir. Bu inceleme sonucunda; SO, ye maruz kalan is¢ilerde, bir takim
saglik sorunlari (gozlerde kasinti, nefes darligi, oksiiriik, burun akintisi, burun tikanikligi, bogazda kasinti ve
ates hissi) gozlemlenmistir (Koksal, Gokirmak, Hasanoglu, Yildirim ve Giiltek, 2001). Son yillarda kiikiirtiin
bazi saglik sorunlarina yol agmasi ve alerjik reaksiyonlara neden olmasi, diinyada gidalarda kiikiirt ve kiikiirt
tuzlarinin kullaniminin azaltilmasi ya da yerlerine alternatif koruyucu maddelerinin kullanilmasi yoniinde
egilimler olugsmustur (Tirkyilmaz, 2011).

Ginkgo biloba, diger bir adiyla mabet agaci; kokenleri Cin’e dayanan ve sagliga faydali 6zellikleri sebebiyle
baska bir¢ok bolgede de yetistirilen tarihi bir agagtir (Smith, Maclennan ve Darlington, 1996). Ginkgo biloba
L., “yasayan fosil” olarak bilinen Ginkgoaceae familyasindaki diinyanin en eski canli bitkilerinden ve
hayatta kalan essiz tiirlerden biridir (Diamond vd., 2000).

Sekil 1. Ginkgo biloba bitkisi yapraklar: (Karahan, 2017)

Ginkgo yapragi (Sekil 1), flavonol ve flavon glikozitler, diterpen laktonlar, ginkgolidler, seskiterpenler,
demir bazli siiperoksit dismutaz, p-hidroksibenzoik asit, askorbik asit ve katesin dahil olmak {izere birgok
biyolojik aktif madde icerir. Biyoaktif bilesenler, aktif maddeleri ekstrakte etmek, konsantre etmek ve
ginkgolik asitler gibi toksik metabolitleri uzaklastirmak i¢in bir aseton su karigimi kullanan kimyasal bir
yontem ile elde edilir (Rojas, Rojas-Castaneda ve Rojas, 2016).
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Ginkgo biloba ekstraktlart (EGB), Ginkgo biloba agacinin farkli bolgelerinden elde edilebilir. Ginkgo
biloba’nin ¢esitli béliimlerde bir¢cok hastalik tizerinde aktif etkiler saglayan bir¢ok biyoaktif bilesik i¢erdigi
belirtilmistir (Pereira, Barros ve Ferreira, 2013).

Bu biyoaktif bilesikler sayesinde G. biloba ekstratlari (EGB) ¢esitli farmakolojik aktiviteleri nedeniyle dogal
ilag olarak biiyiik ilgi gormiistiir (Chen vd., 2017). Ayrica, insanlarda biligsel islevi optimize etmede yetenegi
ve kullanimu ile bilinmektedir. Diizenli olarak tiiketildiginde bronslar1 agan bitki, hatirlamay1 kolaylastirip,
ayn1 zamanda odak sorununa da ¢dziim olmaktadir (Rojas vd., 2016). Ozellikle Alzheimer hastalig1 icin
onerilen bitki hastaliga yakalanma riskini ciddi oranda azaltmaktadir. Yapilan ¢alismalarla G. biloba’nin anti
diyabetik, anti kanser, anti hipertansif, antimikrobiyal, hepato-koruyucu ve immiinestimiilatif olarak da etkili
oldugunu dogrulamistir (Mei, Khan, Zeng ve Fu, 2014). Ayrica Ginkgo biloba’nin yapisinda bulunan birgok
etken maddeden dolay1 antioksidan, antiapoptotik, noroprotektif, antienflamatuar, antialerjik, etkilerinin
oldugu kanitlanmakla birlikte kalp ve beyin gibi organlarin, dokularindaki dolasimi arttirdigindan dolay1
giiniimiizde yaygin olarak vaskiiler ve serebral hastaliklarda ilag olarak kullanilmaktadir. Ginkgo biloba
bitkisinin gida tizerine yapilan g¢alismalari sinmirlidir. Ginkgo biloba ekstrakti daha ¢ok saglik alaninda
kullanilmigtir (Yagmurca vd., 2007).

Gida alaninda kullanimina dair sinirli sayida ¢alisma bulunmaktadir. Ornegin; dondurularak depolanan et
uygulamalarinda Ginkgo biloba ekstraklarinin antioksidan aktivitesi incelenmistir. Uriiniin vakumlu ambalaj
ile birlestirildiginde oksidasyon {iirinlerinin olusumunu yavaslatmada etkili oldugu gorilmistiir (Yavuz,
2018). Ginkgo biloba etanol ekstreleri triin igindeki kati yaglarin oksidasyon hizimi sinirlamstir.
Ekstraktlarin eklenmesi diger duyusal faktorlerin yani sira, koftelerin kokusunu ve tadin1 6nemli 6lgiide
degistirmemistir (Kobus-Cisowska, Flaczyk ve Jeszka, 2010).

Yapilan bir diger ¢calismada buzda depolanan cipura, levrek ve sardalyanin kalitesi iizerine lizozim ve
Ginkgo biloba bitki ekstraktinin etkisi degerlendirilmistir. Cipura ve levrekte lizozim ve Ginkgo biloba
ekstrakti raf Omrinid iki giin arttirmigtir. Lizozim ve Ginkgo biloba ekstrakti, Escherichia coli,
Staphylococcus aureus ve Listeria monocytogenes'e karsi antimikrobiyal aktivite gostermistir (Yavuz, 2018).

Malatya kayisisinin ii¢ farkli ¢esidinin kiikiirtlenerek ve kiikiirtlenmeden kurutulan ornekleri ile Aydin
incirinin giineste kurutulmus 6rneklerinin antioksidan kapasiteleri arastirilmistir. Genel olarak kayisi ve incir
orneklerinin indirgeme giicii standart olarak kullanilan Ginkgo biloba’dan yiiksek, askorbik asit ve
melatoninden diisiik ¢ikmistir (Goriinmezoglu, 2008).

Bir baska c¢alismada ise Malatya yoresinde kayisi kiikiirtleme islemi sirasinda ¢ok yiiksek konsantrasyonda
SO, gazina maruz kalinmasi durumunda beyin ve plazmadaki oksidan-antioksidan parametrelerde yaptig
degisiklikler incelenmistir. Buna bagli olarak Ginkgo biloba ekstraktinin etkisi sigan modelinde
arastirllmistir. Kontrol grubu hari¢ bir grup sican, kayisi is¢ilerine benzer sekilde 25 giin siireyle giinde
ortalama bir saat SO, gazina maruz birakilmistir. Diger grup siganlarda ise Ginkgo biloba ile ilag tedavisi
baglanmis ve bu uygulamaya kayisi1 islimleme (25 giin) siiresi boyunca devam edilmistir. Sonug olarak bu
calismada elde edilen bilgiler 1s181inda giiglii bir oksidan-antioksidan kaynagi olan Ginkgo biloba ekstresinin
olusan oksidatif hasar1 belirgin diizeyde onledigi gozlemlenmistir (Altunisik, 2005).

Bu nedenlerden dolay1 bu calismada, kiikiirtlii kayisi kurutulmasina alternatif bir yontem uygulanmasi
amaglanmistir. Bu amagla ytiksek antioksidan igerigi ile dikkat ¢eken Ginkgo biloba bitkisi yapraklar kiikiirt
yerine alternatif olarak kullanilmigtir. Kurutma igleminden 6nce Ginkgo biloba yapraklari i¢in uygun ¢ézgen
secimi yapilmis, ekstraksiyon yontemi saptanmis, ekstrakt elde edilmis ve kayisilara piskirtiilerek
uygulanmus, tepsili kurutucuda kurutulan kayis1 drneklerinde fiziksel (nem, su aktivitesi, renk, tekstiir) ve
mikrobiyolojik analizler (kiif ve maya) gerceklestirilmistir. Iki farkli grup kayis1 ornekleri igin 21 giin
depolama sonucunda kalite dzellikleri istatistiksel olarak kiyaslanmustir.
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2. Materyal ve Yontem
2.1. Materyal

Bu ¢alismada materyal olarak kurutulmus Ginkgo biloba yapraklari (Arpas Arifoglu Pazarlama Dagitim
ve Ticaret A.S.) Izmir’de yerel bir marketten temin edilmistir. Kayisilar (Prunus armeniaca L.) yerel bir
saticidan (Izmir ve Igdir’da yetistirilen kayisi cesitleri) Eyliil ayinda dondurulmus olarak tedarik edilmistir.
Kayisilar, kurutma islemi uygulanana kadar Ege Universitesi Miihendislik Fakiiltesi, Gida Miihendisligi
Boliimii, Meyve ve Sebze isleme Pilot Tesisinde -18 °C sicaklikta %90 bagil neme sahip depoda muhafaza
edilmistir. Kurutulmus Ginkgo biloba yapraklarinda bulunan fenolik ve flavonoid madde miktarinin
tanimlanmasi ve miktarlarinin hesaplanmasinda kullanilan folin, sodyum karbonat, gallik asit, kuarsetin,
sodyum nitrit, sodyum hidroksit, etanol ve ekstraksiyon islemlerinde kullanilan tiim ¢6zgenler (etanol,
metanol) TEKKIM Kimya (Tiirkiye) dan temin edilmistir. Kullanilan diger tiim kimyasallar ve reaktifler
ticari olarak temin edilebilen yiiksek safliktadir. Mikrobiyolojik analizlerde ise petrifilmler (3M™
Petrifilm™ Maya ve Kiif Sayim Plakalar1, ABD) ve peptonlu su (Peptone water OXOID-CMO0009, Ingiltere)
kullanilmustir.

2.2.Yontem
2.2.1. Ginkgo biloba Bitki Ekstratinin Hazirlanmasi

Kurutulmus olarak aliman Ginkgo biloba yapraklart laboratuvar tipi bir &giitiicii (Sinbo-SCM 2934,
Tiirkiye) ile ogiitilmiistiir. Ekstraksiyon igin ¢6zgen se¢imi toplam flavonoid ve fenolik madde miktarina
gore yapilmistir. Fenolik ve flavonoid madde miktarini belirlemek i¢in ti¢ farkli ¢6zgen (%75’lik etanol
%75’lik metanol ve ultra saf su) ve iki farkli ekstraksiyon (15 ve 30 dakika) siiresinde ¢alisilmigtir (Karahan,
2017). Sonug olarak, ogiitilen Ginkgo biloba yapraklari, %75’lik etanol ¢ozeltisi ile ultrasonik banyo
(Everest Ultrasonic, Tiirkiye) igerisinde 30 dakika boyunca ekstrakte edilmistir. Bu iglem i¢in 1 gr 6giitiilmiis
Ginkgo biloba yapragina 50 ml ¢ozgen eklenmistir. Elde edilen ekstraktlarin sivi kismu santrifiij (Hettich
Universal 320, Almanya) edilmistir. Santrifiij edilen ornekler tek katli siizge¢ kagidindan gegirilmistir.
Ornekler analiz edilene kadar buzdolabinda +4 °C’de 24 saat saklannstir. Cozeltideki etanolii ugurmak igin
doner evaporatdr (Heisenborg, Almanya) kullanilmistir. Etanol tamamen ucurulduktan sonra c¢ozelti
liyofilizatore konulmadan 6nce -40 °C” de depolanmustir. Son olarak santrifiij tiipleri liyofilizatore (Armfield,
FT 33 Vacuum Freeze Drier, ingiltere) konularak icindeki su uzaklastirilmistir. Bu islem ekstrakt toz haline
gelene kadar devam etmistir. 2000 ppm’lik Ginkgo biloba soliisyonu saf su ile hazirlanmis, kayisilarin
iizerine piiskiirtiilmeye hazir hale getirilmistir.

2.2.2. Kayisilarin Kurutulmasi

Kurutma isleminden bir giin 6énce +4 °C ye konulup, ¢dziindiirme islemi baglatilmistir. Coziindiirme
islemi tamamlandiktan sonra kayisilar icilebilir kalitedeki suda yikanmis, hafif nemi alinan kayisilar ortadan
ikiye bolliniip ¢ekirdekleri ¢ikartilip ¢ekirdek evi yukar1 gelecek sekilde esit araliklarla tepsilere dizilmistir.
Dizilen kayisilarin iizerine hazirlanan Ginkgo biloba soliisyonu 2000 ppm olacak sekilde ayarlanmis ve
piiskiirtme islemi gergeklestirilmistir. Kurutma islemi igin tepsili kurutucu (Eksis TK, Tiirkiye)
kullanilmigtir. Kayisi tiretimi akis semasi Sekil 2°de gosterilmektedir.
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Kayisi
——
Igdir [zmir

| [

Yikama
[
Ayiklama
[
Ikiye ayirma (gekirdek ¢ikarma)

Kayaisilar tepsilere yerlestirme (30 x 30 cm)

[
Ginkgo biloba soliisyonunun piiskiirtme metoduyla
kayisilara muamelesi

[
Tepsili kurutucuda 70 °C de 8 saat kurutma
|
0-4 °C %55-60 bagil nemde 21 giin depolama

Sekil 2. Kayisi tiretimi akis semasi

2.2.3. Analiz yontemleri

Ekstraksiyon yonteminin secilmesi, flavonoid ve fenolik madde miktarina gore yapilmistir. Fenolik ve
flavonoid madde miktarini belirlemek i¢in ti¢ farkli ¢ozgen (%75’lik etanol %75’lik metanol ve ultra saf su)
ve iki farkli ekstraksiyon siiresinde (15 ve 30 dakika) caligilmistir. Ayrica tiim analizler 3 tekrar olacak
sekilde yapilmstir.

Toplam Fenolik Madde Tayini

Toplam fenolik madde tayini Folin-Ciocaltaeu metoduna gore yapilmistir. Gallik asidin kalibrasyon egrisi
icin stok cozeltiden gerekli seyreltmeler yapilarak 50-250 ppm konsantrasyon araliginda bir seri ¢ozelti
hazirlanarak kalibrasyon egrisi ¢izilmistir. Her bir ekstraktin absorbansi ¢izilen gallik asit kalibrasyon
egrisinin denkleminde yerine konularak gallik aside esdegeri olarak toplam fenolik madde miktari
hesaplanmistir (\VVasco, Ruales ve Kamal-Eldin, 2008).

Gallik Asit Standarti Hazirlama

500 ppm’lik 100 ml stok ¢dzelti hazirlamak i¢in 0.05 gr gallik asit tartilip balon jojede 100 ml ye kadar
etanol ile tamamlanmigtir. Stok ¢ozeltisinden, kor ¢ozelti ve 50, 100, 150, 200, 250 ppm’lik 10 ml’lik
¢ozeltiler hazirlanmigtir. Hazirlanan 6rnekler vorteks ile homojen hale getirilerek (WiseMix VM-10) 50
ml’lik santrifiij tiiplerine 0.5 ml konulmustur. Uzerlerine 2.5 ml (0.2N) folin eklendi. Ornekler 5 dakika
karanlikta bekletilmistir. 5 dakika beklemenin ardindan iizerlerine 2.5 ml %7.5’lik Na,CO; c¢ozeltisi
eklenmigtir. Santrifiij tiipleri 25 ml ye kadar ultra saf su ile tamamlandi. Karigim 2 saat karanlikta
bekletilerek 760 nm’de spektrofotometre absorbans degerleri okunmustur. Flde edilen degerler ile
absorbansa kars1 konsantrasyona grafigi ¢izilmistir (Muzaffar, Dar ve Kumar, 2017).
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Toplam Flavonoid Bilesik Miktarinin Belirlenmesi

Toplam flavonoid madde tayini aliiminyum selatlama metoduna gore yapilmigtir. Bu metotta toplam
flavonoid madde miktar1 500 ppm’lik 100 ml stok ¢ozelti yardimi ¢izilen kuersetin standart egrisinden
kuersetine esdeger olarak hesaplanmustir (Ebrahimzadeh, Pourmorad ve Hafezi, 2008).

Kuersetin Standarti Hazirlama

500 ppm’lik 100 ml stok ¢ozelti hazirlamak igin 0.05 gr kuersetin tartilip balonjojede 100 ml ye kadar
etanol ile tamamlanmistir. Stok ¢ozeltisinden; kor ¢ozelti ve 50, 100, 150, 200, 250 ppm’lik 10 ml’lik
¢ozeltiler hazirlanmistir. Hazirlanan ornekler karistirilarak vorteks (WiseMix VM-10) 10 ml’lik santrifiij
tiiplerine 1 ml eklenmistir. Uzerine 4 ml lik ultra saf su ve 0.3 ml %5°lik NaNO, eklenip 5 dakika karanlikta
bekletilmistir. 6. dakikada 0.3 ml AICI; eklenip tizerine 2ml NaOH eklenmistir. Karisim 10 ml ye kadar ultra
saf su ile tamamlandi. Ornekler vortekse konularak turuncu-sarimsi bir renk elde edilmistir. Elde edilen
ornekler spektrofotometrede 510 nm de 6l¢iilmiistiir (Ebrahimzadeh vd., 2008).

Kurutma islemi sonrasinda, kayisilarin depolama boyunca fiziksel ve mikrobiyolojik analizleri
gerceklestirilmistir. Fiziksel analiz olarak renk, tekstiir, su aktivitesi ve nem tayinleri; mikrobiyolojik analiz
olarak kiif ve maya sayimi gergeklestirilmistir.

Renk Analizi

Kurutulmus kayisilar, Konica Minolta Chroma Meter (CR- 400, Japonya) renk olgiim cihazi ile renk
Olgtimleri yapilmistir. Cihaz standart beyaz ¢izgiye (Y=93.9, x=0.313, y=0.321), L* (aydinlik), a* (kirmizi-
yesil) ve b* (mavi-sar1) degerlerine gore kalibre edilmis, toplam renk farki ve hue agis1 hesaplanmistir
(Denklem 1,2, 3) (Rayman, 2010).

88 = [[(1 = Lioy)* + (@ = Giep)” + (b = biey)] ®
sc= [[(@ ~aie)’ + (5" =iy )'] @)
Hue angle = tan™! (Z—) 3)

Renk analizinde izmir grubu igin 0. giin renk analizi sonuclar1 referans olarak belirlenmistir. Ayn1 durum
Igdir grubu icin de gegerlidir.

Tekstiir Analizi

Dokusal 6zellikler TA-XT doku analizorii (Stable Micro System Co. Ltd., Surrey, Ingiltere) ile
olgiilmiistiir. Uriiniin sertligini belirlemek igin 0.25 mm ¢apinda ve sikigtirma testi moduna sahip kiiresel
paslanmaz gelik test probu kullanilmistir (Su, Zhang, Zhang, Adhikari, Yang, 2016). Test parametreleri ise
su sekildedir: 0.80 mm/s 6n hiz, ardindan 0.80 mm/s test hiz1 ve 4 mm/s test sonrast hiz ve test mesafesi 6n
testlerle 3 mm olarak belirlenmistir. Sertlik (N), elastikiyet (mm), yapiskanlik (birimsiz), sakizimsilik (N),
cignenebilirlik (Nmm) ve esneklik (mm) dlgiilmiistiir (Tiirkmen, 2019). Ug 6rnek, her grup igin iig kez test
edilmistir. Parametreler, maksimum sikistirmada gézlemlenen tepe kuvveti olarak tamimlanmustir.
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Su Aktivitesi ve Nem Tayini

Tepsili kurutucuda kurutulmus kayisilarin su aktivitesi degerleri, £0.001 hassasiyete sahip su aktivitesi
6lciim cihazi (Testo AG 400, Almanya) kullanilarak belirlenmistir. Ayn1 zamanda 6rneklerin nem miktarlari
infrared nem cihazinda (MOC63u, Shimadzu Inc., Japonya) dl¢lilmiistiir.

Kiif ve Maya Sayim

Mikrobiyolojik analizler depolama siiresi boyunca haftalik olarak tekrarlanmistir. Ornekler analize
alinmadan once buzdolabinda depolanmistir. Analize almacak ornekler steril ortamda yaklagik 10 gram
olacak sekilde tartilmistir. Ornekler, homojen tartim isleminden sonra karistiric1 posetlerine aktarilmis ve
tizerine 90 mL peptonlu su (Peptone water, OXOID-CMO0009) eklenerek karistiricida (Stomacher, 400,
Ingiltere) homojenize edilmistir (Unliitiirk ve Turantas, 2015).

Hazirlanan ornekler 107, 102 ve 10™liik diliisyonlardan iki paralel olacak sekilde plaklara (3MT™
Petrifilm™ Maya ve Kif Sayim Plakalar1) ekimi gergeklestirilmistir. Plakalar, 25 °C’de 3-5 giin
inkiibasyona birakilmistir. Inkiibasyon siiresi sonunda sayim alinmustir. Hazirlanan &rneklerin bir gramindaki
kiif ve maya sayis1 (kob/g) hesaplanmistir (Unliitiirk ve Turantas, 2015; Anonim, 2019b).

istatistiksel analiz

Istatistiksel degerlendirmeler %95 giiven araliginda varyans analizinden (ANOVA) yararlanilarak SPSS
paket programi kullanilarak (SPSS, 2011, 20.0 for Windows Version; SPSS Inc., Chicago, I11) Duncan ¢oklu
testi ile yapilmugtir.

3. Bulgular ve Tartisma

Toz haline getirilen Ginkgo biloba bitkisinin fenolik madde miktarin1 belirlemek i¢in, yapilan
analizlerden elde edilen bulgular, gallik asit cinsinden Sekil 3° de, flavonoid madde miktari i¢in ise kuersetin
cinsinden Sekil 4’ de verilmistir.

Gallik Asit Standart Egrisi

o
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Sekil 3. Gallik asit standardi egrisi

Ayni islemler Ginkgo biloba’nin metanol, etanol ve ultra saf su ekstraktlarmna uygulanmistir. Her bir
ekstraktin absorbansi, ¢izilen egri denkleminde yerine konularak kuersetine esdeger toplam flavonoid madde
miktarlart hesaplanmigtir. Hazirlanan gallik asit standart egrisinde y= 0.1206x — 0.1587 denklemi
bulunmustur. Kullamlan denklemin R* degeri 0.9754’tiir. Etanol, metanol ve ultra saf su ile hazirlanan
ekstratlarin absorbans degerleri bulunan denklemde y degeri yerine konulup Ginkgo biloba’ nin gallik asit
cinsinden toplam fenolik madde miktar1 belirlenmistir. Bir diger hazirlanan kuersetin standart egrisinden ise
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y=0.0236x-0.0112 denklemi bulunmustur. Kullanilan denklemin R? degeri 0.9466’dir. Etanol, metanol ve
ultra saf su ile hazirlanan ekstratlarin absorbans degerleri bulunan denklemde y degeri yerine konulup
Ginkgo biloba’ nin kuersetin cinsinden toplam flavonoid madde miktar1 belirlenmistir.

Kuersetin standart egrisi
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Sekil 4. Kuarsetin standard1 egrisi

Toplam fenolik madde ve flavonoid madde miktar1 belirlemek igin ti¢ farkli ¢ozgen (%75 etanol, %75
metanol ve ultra saf su) ve iki farkli ekstraksiyon zaman parametresi (15 dk ve 30 dk) denenmistir.
Caligmada metanolle ekstraksiyon sonucunda en yiiksek fenolik madde degerine ulasilmustir. Ancak
flavonoid madde miktarinin en yiiksek ¢iktigi parametere %75 etanol ile ekstraksiyondur. Insan sagligi i¢in
de daha uygun olan etanol ile ultrases destekli ekstraksiyon yontemi secilmistir (Karahan, 2017). Toplam
flavonoid madde miktar1 en yiiksek olan %75 lik etanol ile 30 dk ekstraksiyon iglemi optimum olarak
secilmistir ve ekstraksiyon bu parametrelerde gerceklestirilmistir. Ekstraksiyon sonucuna ait bulgular Tablo
1’de verilmistir.

Tablo 1
Ekstrakt drneklerinin farkli denemelerle toplam flavonoid ve fenolik madde bilesen degerleri
. . Toplam Fenolik Topl
. Ekstraksiyon  Ekstraksiyon optam Fenotl op a”_‘
Céziiciiler Ekstraksiyon Baslama Biti Madde Flavonoid
Siiresi (dak) Slcakil,l O Slcakll'f ccy Miktari(mg  Madde Miktan
5 £ GAE/L) (mg QE/L)
%75 Etanol 15 dak 30°C 34°C 545.36+10.36° 688.98+11.25"
%75 Etanol 30 dak 30.5°C 39°C 571.06+10.46° 756.78+10.24°
%75 Metanol 15 dak 30 °C 34°C 585.99+10.30" 530.09+9.36°
%75 Metanol 30 dak 30.5°C 39°C 611.90+7.22° 574.57+8.26°
Ultra Saf Su 15 dak 30 °C 34°C 434.24+8.45° 318.22+9.55"
Ultra Saf Su 30 dak 30.5°C 39°C 433.42+5.65° 373.31£10.47°

* Ayni siitunda farkli harflerle (a'f) ifade edilen degerler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.

Su aktivitesi degerinin, izmir grubu kayisilarda 0.50-0.59 arasinda, Igdir grubu kayisilarin ise 0.70-0.80

degerleri arasinda degistigi goriilmiistiir. Kurutma iglemi sonrasindaki orneklerin su aktivitesi degerleri
arasinda istatistiksel agidan anlamli fark bulunmustur (P<0.05). Nem degerleri ise Izmir grubu kayisilarda
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%7 ile %14 arasinda, Igdir grubu kayisilarda ise %21 ile %36 arasinda degistigi gozlemlenmistir. 8 saat
kuruma sonunda izmir grubu kayis1 &rneklerinden daha fazla suyun uzaklastigi belirlenmistir. Kurutma
isleminde iki 6nemli parametre vardir. Bunlardan biri siire digeri ise nem degeridir. Yapilan ¢alismada siire
sabit alimip farkli grup kayisilarda kurutma islemi gerceklestirilmistir. Bu sebeple iki grup aym siirede
kurutulmus ve farkli nem degeri gozlemlenmistir. Bu durum farkli grubun farkli kalite ozelliginden
kaynaklanmaktadir.

Tiiketiciler, meyve ve sebzeleri ilk olarak gorselliklerine gore degerlendirmektedirler. Renk, tiiketiciye
tirtinlerin kalitesi hakkinda bilgi verir ve tirin hakkinda olumlu ilk izlenim olusturmaktadir. Bu sebeple renk
{iriin agisindan énemlidir (Biiyiikcan, 2016). Tablo 2 ve Tablo 3° e gore Izmir grubu kayisilarin L* degerleri
Igdir grubuna gore daha yiiksektir. L* degeri depolama siiresi boyunca Igdir grubunda azalma gostermistir.
En az degisime ugrayan grup ise Izmir grubu olmustur. L* degerinin giderek artmasi aydinlik degerin
arttigini, karanlik degerinin ise azaldigini gostermektedir. Igdir grubu renk degerlerinde dalgalanmaya sebep
olan faktoriin, grup ve deneysel hatalardan (yetersiz piiskiirtme gibi) kaynaklandigi diisiiniilmektedir.
Bununla birlikte depolama boyunca fenolik bilesenler renk degisimlerine sebep olmaktadir. Aydinlik
degerleri arasindaki fark istatistiksel olarak anlamli bulunmustur (P<0.05). Depolama boyunca Igdir grubu
orneklerin aydinlik degerleri azalirken, Izmir grubu drneklerin aydinlik degerlerinin arttig1 gdzlemlenmistir.
Depolamanin renk degisime ilizerine etkisi istatistiksel olarak anlamli bulunmustur (P<0.05). Ayni zamanda
0. glin analizlerinde disaridan temin edilmis kiikiirtli kayisilarin renk Ol¢iimii yapilmistir. Bu 6lglimler
sonucunda 0. giin Izmir grubu renk degerleri (L* 37.57, a* 12.60, b* 29.06) kiikiirtlii kayisilarm renk
degerlerine yakin bulunmustur (L* 37.97, a* 5.95, b* 19.98). Yapilan literatiir calismalarinda; farkli kayisi
gruplart ve kurutma yontemleriyle yaptig1 calismasinda elde edilen sonuglara gore, kayisi cesitlerinin L*
degerlerinin giineste kurutmada 31.40-60.80, kiikiirtleyerek kurutmada 35.25-49.89, dondurarak kurutmada
46.04-65.5 ve mikrodalga kurutmada ise 39.19- 46.68 arasinda degistigi goriilmektedir (Karatas, 2014).
Ginkgo biloba ekstrakti ile kurutulmus Izmir grubu kayisilarda gézlemlenen L* degeri literatiir
caligmalarinda elde edilen kiikiirtlii kayis1 renk sonuglarina yakin ¢ikmugtir (L* 36.45+2.76) (Ozkan, 2001).

Tablo 2

[zmir grubu kaysilar icin renk analiz sonuglar

GUN L* a* b* AC AE *Hue agis1
0  37.57+0.90° 12.6 0+0.10° 29.06+1.10° - - -
7 35.12+0.20° 14.51+0.40° 290.29+0.10°  1.93+0.39° 3.12+0.42*  63.64+0.70"
14 37.70+0.10° 13.33+1.90° 23.8243.00° 5.41+4.08* 5.41+4.08°  60.42+0.60°
21  38.24+1.20° 12.7740.40° 31.38+2.10°  3.33+2.08" 2.50+2.28°  67.83+0.67°

*Ayni siitunda farkl harflerle (a'd) ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.

Tablo 3
[gdir grubu kayisilar i¢in renk analizi sonuglari
GUN L* a* b* AC AE °Hue acis1

0 28.08+0.80°  16.13£1.80°  13.37+1.70° - - -

7 31.51+£0.01°  19.08+0.20°  19.87+0.70° 7.14+0.54°  7.93+0.49°  46.15+1.32°
14 34.90+0.02*°  18.76+1.10°  21.75+5.00° 8.80+1.92 11.45+1.57%  48.68+2.06°
21 26.98+0.38°  13.73+0.20°  19.64+2.40° 6.73£2.38°  6.844226°  54.9043.82°

* Ayni siitunda farkli harflerle (a'd) ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.

a* kirmizilik-yesillik degeri, b* ise mavilik-sarilik degeri olup (Altug- Onogur, Elmact ve Demirag, 2017),
[zmir grubu kayisilarin a* degeri 12.60-14.51 arasinda degisirken, Igdir grubu kayisilarin a* degeri 13.73-
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19.08 arasinda oldugu saptanmistir. Bu degerlere gore Igdir grubunun a* degeri depolama siiresi boyunca,
[zmir grubuna gore daha yiiksektir. TS- 485’e gore kuru kayisilar agik sari, sar1, sar1 portakal, portakal ve
koyu portakal seklinde renk siralamasi normal kabul edilir (Anonim, 2013). Sonug olarak Igdir grubunun
renk Ozelligi TS-485’in belirttigi renk tamimmina gore istenen kirmizilik degerine daha az yakindir.
Kiikiirtlenerek kurutulan kayisi gesitleri lizerine yapilan bir ¢aligmada gozlenen a* degerlerinin 4.15-17.32
arasinda degistigi bulunmustur. Diger kurutma yontemlerinden elde edilen veriler ise; giineste kurutmada
5.48-20.77, dondurarak kurutmada 5.59-22.01, mikrodalga kurutmada ise 6.76-21.24 arasinda degistigi
saptanmustir (Karatas, 2014).

b* degeri kayisilarin depolama boyunca sar1 renginin degisimini gostermektedir. Kayisilarin b* degerleri ise;
[zmir grubu igin 23.82-31.38, Igdir grubu igin degerler 13.37- 21.75 arasinda oldugu saptanmustir. 21 giinliik
depolama siiresi sonunda en fazla sarilik degisiminin Igdir grubunda oldugu ve Izmir grubunun b* degerinin
daha yiliksek oldugu dolayisiyla daha sar1 oldugu, TS-485’in belirttigi renk tamimina yakin oldugu
gbzlemlenmistir. Kiikiirtlenerek kurutulan kayisi ¢esitlerinde saptanan b* degerleri 15.70-31.88 arasindadir.
Diger kurutma yontemlerinden elde edilen veriler ise; giineste kurutmada 9.40-36.93, dondurarak kurutmada
18.50-45.84, mikrodalga kurutmada ise 18.78-38.72 arasinda degismektedir (Karatas, 2014).

Toplam renk farki ve kroma degerleri her iki grup icin de 0. giin renk degerleri referans alinarak hesaplanmig
ve L*, a*, b* degerleri degistikce artmustir. Toplam renk farki (AE) depolama siiresince Izmir grubu kayisi
ornekleri i¢in daha diisiik bulunmustur. Bu da 0. giine gére depolama siiresince rengin bu grup érneklerde
daha iyi korundugunu gostermektedir. a* ve b* degerlerindeki farkliligin, kurutulan kayisilarin dondurulmus
olarak temin edilmesi ve kayisilarda ¢oziindiirme kaynakli bazi bolgelerinde renk bozulmalarinin sebep
oldugu diisiiniilmektedir. Sonug olarak; Izmir grubu icin 0. giinden sonra aydinlik degerinin diistiigii,
sonrasinda aydinlik degerinin korundugu diisiiniilmektedir. a* degerinin diistiigii, b* sarilik degerinin arttig1
gozlemlenmistir. Bu durum sar1 kayisi renginin korundugunu gostermektedir. Igdir grubunda ise 0. giinden
itibaren aydinlik degerinde once bir miktar artis oldugu, daha sonra aydinlik degerinin diislise gectigi
goriilmiistiir. Igdir grubunun aydinlik degerini koruyamadigi gézlemlenmistir. a* ve b* degerlerinde ise bir
miktar artig olduktan sonra azaldig1 gézlenmistir (P<0.05).

Gidalarin duyusal 6zellikleri, hissetme veya dokunma algilari ile ilgilidir. Dokusal karakteristikler gidalarin
temel Ozellikleri olarak 6nem tagimaktadir. Dokunun duyusal yonden algilanmasi tiiketicinin giday1 eline
almasiyla baglar ve satin alip almamasi konusundaki kararla sonuglanir (Altug vd., 2017). Tekstiir
analizlerinde trtiniin mekaniksel ve duyusal 6zellikleri degerlendirilir (Biiyiikcan, 2016). Ginkgo biloba
ekstrakt1 ile kurutulmus kayisilara ait tekstiir degerleri Tablo 4 ve 5° de gosterilmistir.

Tablo 4

[zmir grubu kayisilarin tekstiir analizi sonuglari

izmir 0.Giin 7.Giin 14.Giin 21.Giin

Sertlik (Hardness; N) 9804.463+445.00°  8183.330+323.320*° 4183.556+249.200°  10828.75+170.630°
Elastikiyet (Springiness; mm) 0.761+0.05¢ 0.758+0.087¢ 0.778+0.011¢ 0.569+0.208¢
Yapiskanlik (Cohesiveness; 0.662+0.157° 0.655+0.121° 0.642+0.040° 0.595+0.027°
birimsiz)

Sakizimsihik (Gumminess; N) 6465.651+287.200°  6315.80+254.300°  2690.46+328.600°  6441.692+192.750°
Cignenebilirlik (Chewiness; Nmm)  4887.385+253.890°  3864.25+247.500°  2090.674+244.900°  3685.489+148.930°
Esneklik (Resilience; mm) 0.257 2 £0.064" 0.245+0.036 0.223+0.021° 0.228+0.019"

*Ayni siitunda farkli harflerle (a'f) ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.
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Sertlik (hardness) degeri, depolama boyunca izmir ve Igdir grubunda kontrol gruplarma gore (0.giin)
istatistiksel olarak 6nemli diizeyde farklilik géstermektedir (P <0.05). Igdir grubunda depolama siiresi
boyunca sertlik degeri artmaktadir. Bunun sebebi yiiksek solunum, ambalajin tam olarak {iriini
koruyamamasi ve hiicre duvarinin daha kolay par¢alanmasi olarak belirtilmistir (Biiyiikcan, 2016). TS- 485°¢
gore kuru kayisinin genel 6zellikleri; etli olmali, {iriin elastiki veya yumusak etli ve ¢ekirdek yatagi ¢ok az
rutubetli olmalidir (Anonim, 2013). Yapilan tekstiir analizleri sonucunda, Igdir grubu kayisilarin TS-485’in
belirledigi tekstiirel 6zellikleri sagladig: diisiiniilmektedir. Yapilan bagka bir ¢alismaya (Horuz ve ark., 2018)
gore kayisilar konveksiyonel ve mikrodalga kurutucu ile kurutulmustur ve Igdir grubu 70 °C’de
konveksiyonel kurutmada sertlik bakimindan (1826.34+25.73) bu ¢alismadaki Igdir grubuna yakin sonuclar
elde edilmistir. Mikrodalga ile kurutmada ise 120 W 70 °C’de bulunan sertlik degerinin ¢aligmaya benzer
sonuglar (1769.95+110.07) gosterdigi sonucuna varilmigtir. Elastikiyet (springiness), gidaya uygulanan
kuvvet kaldinldiktan sonra gidanin Onceki haline donme kapasitesini agiklamakta, yapiskanlk
(cohesiveness) ise gidanin igeriginde bulunan baglarin saglamhigini gostermektedir (Biiyiikcan, 2016).
Depolama siiresi arttik¢a her iki tekstiirel 6zellik de azalmaktadir (Tablo 4 ve 5). Elastikiyet ve yapisiklilik
degerlerinin ise Izmir grubunda 21 giinde diger giinlere gore istatistiksel olarak anlamli bir fark bulunmustur
(P <0.05). Depolama sonras1 yapilan tekstiir analizlerine gore 1gdir grubunun ¢ignenebilmeye gosterdigi
direng Izmir grubuna gore daha fazladir. Depolamanin cignenebilirlik (chewiness) iizerine etkisi istatistiksel
acidan 6nemli bir fark yaratmistir (P <0.05). Salur Can (2018), yaptig1 bir ¢alismada nem degeri en yiiksek
(%26.04) olan kiikiirtlenmis kuru kayisinin en yumusak olarak, en diisiik nem igerigine sahip olanin ise
(%20.53) en sert olarak panelistler tarafindan degerlendirildigini bildirmistir. Bu ¢ikarima gore yapilan nem
analizinden elde edilen sonuglar da Igdir gurubu igin (%21-%36) ayni c¢ignenebilme 6zelligini
gostermektedir. Esneklik (resilience), depolama boyunca Izmir grubunda azalirken, Igdir grubu esnekligini
depolama boyunca korumustur. Bu durumun grubun kalite 6zelliginden kaynaklandigi disiiniilmektedir.
Mikrodalga ve konveksiyonel kurutucuda kurutulan kayisilar hakkinda yapilan bir ¢alismaya (Horuz ve ark.,
2018) gore 150 W 70 °C’de esneklik degeri (0.225+0.007), Igdir grubu 7. Giin dayaniklilik degeri ile paralel
bir sonug gostermektedir (Tablo 5).

Tablo 5

[gdir grubu kayisilarin tekstiir analizi sonuglar

Igdir 0.Giin 7.Giin 14.Giin 21.Giin

Sertlik (Hardness; N) 1065.059+268.412°  1268.58+273.178%  1842.3187398.300°  8756.42:111.7027
Elastikiyet (Springiness; mm) 0.853+0.053¢ 0.798+0.057¢ 0.761+0.040° 0.595+0.047¢
Yapiskanlik (Cohesiveness; birimsiz) ~ 0.703+0.034° 0.687+0.0541° 0.618+0.044° 0.550+ 0.034°
Sakizimsilik (Gumminess; N) 748.514+£211.287°  2256.48+126.809°  1146.435+326.300°  4812.667+235.000°
Cignenebilirlik (Chewiness; Nmm) 638.185+£93.270° 796.32£155.915° 879.188+294.609° 2860.15+287.520°
Esneklik (Resilience; mm) 0.239+0.038" 0.225+0.0270 0.203+0.0140 0.247+0.031°

* Ay siitundaki farkl harflerle (*") ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.

Ginkgo biloba ekstrakti ile yapay kurutucuda kurutulan kayisi ornekleri 21giin boyunca depolanmis ve
haftalik olarak maya-kiif analizi yapilmistir. inkiibasyon islem kosullar1 25 °C ve 7 giin olarak belirlenmistir.
Sonuglar dkme plak ydntemine gére hesaplanmustir (Unliitiirk ve Turantas, 2015). Elde edilen sonuglar
Tablo 6 ve Tablo 7°de gosterilmistir. Kullanilan sayim plakasinda mayalar plaka tizerinde kiiflere gore daha
kolay ayirt edilebilmektedir. Mayalar tipik olarak kenarlari tanimli ve odagi olmayan kiiglik, mavi-yesil
koloniler ile gosterilir. Kiifler, dagilan kenarlar1 ve merkez odak noktasi olan genis, degisken renkli koloniler
ile gosterilir (Anonim, 2019a).
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Tablo 6

[zmir grubu kayisilarmn kiif ve maya sayrmi sonuglari

IZMIR 107 dilisyonunda kiif maya analizi sonuglari (kob/ml)
0.Giin 2.9 x10°°

7.Giin 3.5x10'*

14.Giin 1.0 x10*°

21.Giin 1.0 x10*¢

*Aym siitundaki farkli harflerle (*°) ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel fark1 géstermektedir.

Tablo 7
[gdir grubu kayisilarn kiif ve maya sayimi sonuglar

IGDIR 107 dilisyonunda kiif maya analizi sonuglari (kob/ml)
0.Giin 1.7x10%°
7.Giin 1.6 x10%¢
14.Giin 8.5 x10%*
21.Giin 8.0 x10%°

* Ayni siitundaki farkli harflerle (a'd) ifade edilen degerler giinler arasinda P<0.05 diizeyindeki istatistiksel farki gostermektedir.

Tirk Gida Kodeksi (TGK) Mikrobiyolojik Kriterler Yonetmeligi’'ne gore kurutulmus veya dondurulmus
meyveler i¢in verilen limit degerleri 10* ile 10> dir (Anonim, 2011). Depolama boyunca yapilan kiif ve maya
sayimlarinda diliisyon faktérleri 10?2 10, 10 ve 107° olacak sekilde belirlenmistir. Belirlenen degerler TGK
Mikrobiyolojik Ktirterler Y6netmeligi’nden referans alinmustir. Yapilan 0. giin analizinde 10 ve 10 olacak
sekilde hazirlan diltisyonlarda kiif ve maya gézlemlenmemistir. Bu sebeple daha sonraki giinlerde yapilacak
analizlerde diliisyon faktdrii diisiiriilmiistiir. izmir grubunda depolama boyunca kiif ve maya sayiminda
Ginkgo biloba ekstrakti ile yapay yolla kurutulmus kayisi 6rneklerinde 2.8 x10° log kob/ml azalma
gozlemlenmistir. Genel olarak Igdir grubunda 1.6x 10* log kob/ml azalma gozlemlenmistir. Ginkgo biloba
bitki ekstrakti uygulamasi ile 0. giin sonrasinda her iki grup kuru kayisi 6rnekleri i¢in kiif ve maya sayisinda
azalma gozlemlenmistir.

Sonug olarak, yapilan mikrobiyolojik analizlerden alinan sayimlara gore bulunan kiif maya sayisi kabul
edilen limit dahilindedir. Uygulanan ekstraktin antimikrobiyal o0zellige sahip oldugu goz Oniinde
bulundurulursa depolama boyunca (+4 °C’de) iriiniin mikrobiyolojik bozulmaya karst korundugu
diistiniilmektedir.

Literatiirde de benzer sonuglara rastlanilmistir. Ornegin, Yavuz (2018), buzda depolanan ticari degeri yiiksek
balik tiirlerin mevcut kalitesini lizozim ve Ginkgo biloba bitki ekstrakti ile iyilestirilmesi ve deniz kaynakli
salgin hastaliklara sebep olabilecek patojenlerin (Listeria monocytogenes, Salmonella spp., Escherichia coli,
Staphylococcus aureus) ve bozulmaya neden olan diger bakterilerin inhibisyonu {izerine bir ¢alisma
yapmistir. Bu ¢alismadan elde edilen sonuglarda toplam aerobik mezofilik bakteri sayimi sonuglarina gore,
Ginkgo biloba ekstrakti ile islem gérmiis biitiin ¢ipuranin raf omrii 8 giin olarak belirlenmistir. Cipura ve
levrekte lizozim ve Ginkgo biloba ekstrakti raf dmriinii iki glin arttirmistir. Ayni zamanda lizozim ve Ginkgo
biloba ekstraktinin, salgin hastaliklara sebep olabilecek patojenlere karst antimikrobiyal aktivite gosterdigi
kanitlanmigtir

4. Sonuglar

Bu calismada kiikiirde alternatif olarak bitkisel bir ektrakt olan Ginkgo biloba’nin iki farkli grup kayisinin
yapay vyolla kurutulmasi isleminde depolama boyunca fiziksel ve mikrobiyolojik kalite 6zellikleri
incelenmistir. Fiziksel analiz sonuglarina gére, depolama boyunca izmir grubu kayisilar kalite 6zelliklerini
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(nem, su aktivitesi ve renk) daha iyi korumustur. Mikrobiyolojik analizlerde ise depolama boyunca her iki
grupta da kiif ve maya gézlemlenmemistir. Yapilan literatiir aragtirmalarinda Ginkgo biloba bitkisi bu alanda
daha 6nce kullanilmamis olmasi ile ¢alisma bu konuda oncii niteliktedir. Ginkgo biloba uzun yillardan beri
saglik alaninda kullanilmaktadir fakat gida sanayinde kullanim alani daha genislememistir. Calismanin bu
konuda yapilan ilk caligma olmasi nedeniyle literatiire katki saglayacagi ve Ginkgo biloba bitkisi ile
yapilacak calismalara yol gosterici olacagi diisiiniilmektedir. Ayrica calisma giiniimiiz teknolojileriyle
uygulanabilir diizeydedir. Tiiketicinin bitkisel kaynakli {irin talebi dogrultusunda kayisi kurutulmasinda
kimyasal kullanimini azaltilarak Ginkgo biloba ile kalite 6zellikleri yiiksek kurutulmus kayisi tiretiminin
gergeklestirilmesi miimkiindiir.
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Cikar Catismasi

Yazarlar arasinda herhangi bir ¢ikar ¢atismasi bulunmadig bildirilmistir.
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system. The distribution of yeast species on the raspberry fruits was determined as Hanseniaspora uvarum,
Metschnikowia viticola, Aureobasidium pullulans, and Metschnikowia pulcherrima. It was observed that yeast
strains belong to Metschnikowia genus were dominant on raspberry fruits. All yeast strains in Metschnikowia genus
showed different enzyme profiles against seven extracellular enzymes. These enzymes may be the discriminatory
enzymes for the yeast strains in the Metschnikowia genus. When the phylogenetic relationships among all yeast
strains were investigated, all strains were divided into two main clades. While the first clade consists of only
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1. Introduction

Raspberry fruit (Rubus idaeus L.) belongs to Rosacea family, naturally distributed in Canada, the USA,
and Europe (Wang, Laamanen, Uosukainen, & Valkonen, 2005). Raspberry plants can grow about 1000 m
altitude and humid regions throughout in northern line of Turkey (Goktas, 2011). Raspberry fruits contain a
great amount of valuable nutrients such as (poly)phenolic compounds, flavones, flavonoids, and vitamins.
The phytochemicals and antioxidants contents of raspberry berries are important for diminishing biological
oxidative stress in mammalian cells (K&hkonen et al., 1999; Halvorsen et al., 2001; Weber and Liu, 2002).
Glycosylated phenol salidroside, one of the bioactive compounds of raspberry fruits, has therapeutic
potential as it shows activity against the pathological processes of Huntington's disease (HD) (Kallscheuer et
al., 2019). HD is a neurodegenerative disorder caused by the loss of striatal neurons due to the aggregation of
huntingtin proteins encoded by the HTT gene (The Huntington's Disease Collaborative Research Group,
1993). Many studies were conducted antimicrobial potential of different parts of raspberry fruits
(Puupponen-Pimia et al., 2005; Krisch, Galgoczy, Papp, & Vagvolgi, 2009; Riaz, Ahmad, & Rahman, 2011;
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Velicanski, Cvetkovi¢, & Markov, 2012). In addition, raspberry fruits are used for wine production, due to
having different acids and anthocyanin pigment as well as fructose (Duarte et al., 2010).

Microbial enzymes are utilized in many fields such as biofuel production, animal feeds and, the medical
industry. In the food industry, these enzymes are used in mainly dairy products, wine production, and bakery.
Microbial enzymes are effective in enhancing the flavor and nutrient values of the products during the
fermentation process (Wang, Li, Yang, Yang, & Zhu, 2012). Yeasts are a significant microorganism for
determining food microbial quality and producing fermented products. Most of the microbial enzymes were
obtained from different yeast species such as Saccharomyces cerevisiae, Kluyveromyces lactis, Geotrichum
candidum, Yarrowia lipolytica, Rhodotorula spp., Kluyveromyces marxianus, Komagataella pastoris,
Debaryomyces hansenii, Cryptococcus spp., Cryptococcus laurentii, Sporobolomyces salmonicolor
(Johnson, 2013a, 2013b).

Microbial diversity on raspberry fruits was limited on molds and bacteria in different researches (Tournas &
Katsoudas, 2005; Leff & Fierer, 2013). The yeasts associated with raspberry fruits have not been identified
and characterized with molecular techniques yet. Therefore, in this research yeast strains were isolated from
raspberry fruits collected from Gallipoli, Canakkale-Province, and identified by using analysis of PCR-RFLP
and ITS1-5.8S-1TS2 gene sequences. The phylogenetic analysis of all yeast strains was carried out by using
the MEGA-X phylogenetic analysis tool. The extracellular enzyme profiles of yeast strains were determined
with the API-ZYM kit system. Hanseniaspora uvarum, Aureobasidium pullulans, Metschnikowia viticola
and Metschnikowia pulcherrima were identified on raspberry fruits. Metschnikowia genus was dominated
more than half of yeast microbiota on raspberry fruit. All identified H. uvarum and A. pullulans yeast strains
and nine of the isolated M. pulcherrima yeast strains were displayed a high level industrially important -
glucosidase activity.

2. Materials and Methods
2.1. Yeast Strains

Raspberry fruits were collected aseptically from Gelibolu-Turkey (40°51'50" North Latitude, 26°37'20"
East longitude) taking into account of ripening period. Raspberry fruits were weighed and homogenized in
2% sodium citrate solution, were spread onto YGC-Agar medium (40 gr/l Yeast Extract Glucose
Chloramphenicol Agar) including 0.1% sodium propionate. Plates were incubated at 30 °C for 2-3 days, the
growing yeast colonies were counted to determine the colony forming units (CFU/gr). Yeast strains, having
different colony morphology, were selected randomly and transferred to YEPD medium (10 gr/l Yeast
Extract, 20 gr/l Bacto-peptone, 20 gr/l Agar, 2 % Dextrose). After incubation of plates at 30 °C for 2-3 days,
the isolated yeast strains were stored at -80°C for further use.

2.2. PCR-RFLP Analysis

Genomic DNA extraction of yeast strains was carried out by a previously developed DNA extraction
procedure (Sherman, Fink, & Hicks, 1986). ITS1-5.8S-ITS2 rDNA gene regions of all strains were amplified
by wusing universal primers, ITS1 (5-TCCGTAGGTGAACCTGCGG-3) and ITS4 (5-
TCCTCCGCTTATTGATATGC-3"), for yeast strains and amplification was studied by previously reported
conditions (White et al., 1990). PCR products were electrophoresed and the length of PCR amplicons was
calculated by Gel-Pro Analyzer v4.0 software. PCR products of ITS1-5.8S-1TS2 rDNA gene regions were
purified GeneJet PCR Purification Kit (Thermo Scientific — KO0702) and were digested with Hae 111, Hinf I,
Msp I, Hha I, and Alu I restriction endonucleases, according to supplier’s instructions. The length of
restriction fragments was calculated by using Gel-Pro Analyzer v4.0 software The yeast strains were
classified with respect to restriction patterns.
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2.3. Sequencing and Phylogenetic Analysis

PCR products of all yeast strains were sequenced by utilizing the Applied Biotechnologies 3500xl
Genetic Analyzer. The attained ITS1-5.8S-ITS2 rDNA gene sequences were analyzed using the BLAST
(Basic Local Alignment Search Tool) online tool on NCBI (National Center for Biotechnology Information)
webserver. All sequences of 1TS1-5.8S-1TS2 region were uploaded to GenBank with the accession numbers
MN556577-MN556603. 1TS1-5.8S-ITS2 rDNA sequences of all yeast strains were studied by using
MEGA-X (Molecular Evolutionary Genetics Analysis) software (Kumar et al., 2018). The nucleotide
sequences of the ITS1-5.8S-ITS2 gene region of all yeast strains and two outgroups (Saccharomyces
cerevisiae and Pichia guilliermondii) were aligned with ClustalW (v1.6) algorithm in MEGA-X. Maximum
parsimony tree was constructed by using a bootstrap method and Subtree-Pruning-Regrafting (SPR)
parameters for the determination of phylogenetic relationships of yeast strains. 1000 bootstrap replicates
were used to defined branch support and bootstrap values above 50% were given.

2.4. Extracellular Enzyme Profiles

Extracellular enzyme profiles of identified yeast strains were determined by using the API-ZYM kit
system (Bio-Mérieux, France). API-ZYM kit system is a minimized and semi-quantitative test system and
utilized for screening 19 different enzyme activities (Alkaline phosphatase, Esterase (C 4), Esterase Lipase
(C 8), Lipase (C 14), Leucine arylamidase, Valine arylamidase, Cysteine arylamidase, Trypsin, o-
chymotrypsin, Acid phosphatase, Naphthol-AS-Bl-phosphohydrolase, a-galactosidase, B-galactosidase, B-
glucuronidase, a-glucosidase, B-glucosidase, N-acetyl-B-glucosaminidase, a-mannosidase, a-fucosidase). All
yeast strains were grown in YEPD medium at 30 °C for 12 hours with constant shaking (120 rpm/rev). The
65 pL from the saturated yeast culture were transferred to each microwells of the API-ZYM strip. The API-
ZYM strips were incubated at 37 °C for 4 hours. After that, ZYM A and ZYM B reagents were added to each
cupule and all the strips were incubated at room temperature for 5 minutes. Enzyme profiles of yeast strains
were defined by a color scalar of API-ZYM kit system (0-5 scalar).

3. Results and Discussion
3.1. Identification of Yeast Strains

In our study, the diversity of yeasts species on raspberry fruits has been investigated and the total yeast
counts were calculated as 1.2X10° CFU/gr. Depending on the colony morphology differences twenty-seven
yeast strains were selected randomly for further identifications. Yeast strains were classified into five groups
according to their colony morphology features such as colony color, colony margin, colony top, etc. (Table
1). The amplification of 1TS1-5.85-ITS2 rDNA gene region of yeast strains resulted in three PCR groups
with the length of ~400bp (18 yeast strains) ~650bp (2 yeast strains) and ~800bp (7 yeast strains) (Table 2).
When the yeast strains present in PCR groups and the colony morphology groups were compared, the yeast
strains (R-3, R-6, R-23, and R-25) having different colony morphologies localized within the same PCR

group.
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Table 1
Grouping of yeast strains according to colony morphologies.

Group No  Yeast Strains

1 R-1, R-2, R-4, R-5, R-7, R-8, R-9, R-10, R-12a, R-13, R-14, R-15, R-24, R-26
2 R-3, R-25

3 R-6

4 R-11, R-12b, R-16, R-17, R-18, R-19, R-20, R-22, R-23

5 R-21

The analysis of the restriction profile of ITS1-5.8S-1TS2 gene region has been used to identify yeast strains
isolated from natural sources and to determine strains discrepancy (Carvalho, Meirinho, Estevinho, &
Choupina, 2010). Therefore, all yeast strains were cleaved with five restriction enzymes (Hinf I, Hae IlI,
Msp I, Alu I, and Hha I) and were grouped again for the PCR-RFLP analysis (Table 2). The yeast strains in
the first PCR group displayed two different restriction profiles. The PCR products of all yeast strains in the
first group were not digested with Alu I, and three yeast strains (R-3, R-6, and R-25) were not digested with
Msp 1 restriction enzyme. The yeast strains present in the second PCR groups showed similar restriction
patterns with the group members. By means of PCR-RFLP analysis, four different restriction profiles were
attained. We assumed that each restriction profile may represent to different yeast strains.

As indicated in previous reports, the colony morphology and/or PCR size alone is not sufficient for
distinguishing yeast strains and, the RFLP analysis was essential for discrimination of yeast strains. The
PCR-RFLP results of ITS1-5.8S-1TS2 gene region are similar to previous studies which are especially used
Hae 11, Hinf | and Hha | (Cfo 1) restriction endonucleases (Guillamon, Sabate, Barrio, Cano, & Querol,
1998; Rodriguez-Vico, Clemente-Jimenez, Mingorance-Cazorla, Martinez-Rodriguez, & Las Heras-
Vazquez, 2003; Romano, Capece, Siesto, & Romaniello, 2009; Gibson et al., 2011). The Hae IlI, Hinf I, and
Hha | restriction pattern of second group members was similar to M. pulcherrima yeast species recorded in
previous studies (Esteve-Zarzoso, Belloch, Uruburu, & Querol, 1999; Rodriguez-Vico et al., 2003).

Table 2
PCR-RFLP results of yeast strains

PCR Length Restriction Restriction Product Length (~bp)

Yeast Strains

(~bp) Profiles Hae I11 Hinf | Msp | Alu Hhal
1 R-3, R-6, R-25 289-120  215-186 - - 217-99-90
R-1, R-2, R-4, R-5, R-7,
~400
9 R-8, R-9, R-10, R-123, 585 109 192188  224-120-60 ; 208-96-90
R-13, R-14, R-15, R-23,
R-24, R-26
~650 3 R-20, R-22 441-150  978-168-129 270-184-141  387-207 183-179-108-94

R-11, R-12/b, R-16,
~800 4 R-17, R-18, R-19, R— 750  353.184-164 743 353-184-164 331-324
21

In this research, the 1TS1-5.8S-1TS2 rDNA gene region of all yeast strains was sequenced. The obtained
sequences were analyzed by the BLAST tool on the NCBI web server. The nucleotide sequences of the
ITS1-5.85-1TS2 rDNA gene region were submitted to the GenBank Database on NCBI and attained acces-
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sion number for all sequences (Accession Number: MN556577-MN55603) (Table 3). According to the
BLAST analysis of ITS1-5.8S-ITS2 rDNA gene region, all yeast strains displayed 95-100% similarity with
their reference yeast strains except the R-4 yeast strain. It was determined that all yeast strains in the first
PCR group (~400 bp) were the member of Metschnikowia genus. Three yeast strains (R-3, R-6, and R-25)
showed 98-99% sequence similarity with M. viticola reference yeast strain (KY104213.1). M. viticola was
firstly isolated from wild grapes (Peter, Tornai-Lehoczki, Suzuki, & Dlauchy, 2005). In our research, M.
viticola yeast species was recorded first time on raspberry fruits. Also, RFLP profile of M. viticola was dis-
played for the first time in our research. Restriction digestion with Msp | can be used for distinguishing the
M. viticola species from M. pulcherrima yeast species.

All other yeast strains in the first PCR group showed nearly 95% similarity with M. pulcherrima reference
yeast strain (NR_164379.1) except R-4 (91% similarity). The taxonomic identification of M. pulcherrima
yeast strains by comparing their rDNA sequences with those deposited in databases can easily lead to false
results. Because of the sequences of M. pulcherrima yeast strains were deposited in the database without an
expert taxonomic verification. Because of the non-homogenized rDNA repeats and the frequent heterozy-
gosity of barcode genes, the type strains of the species of the M. pulcherrima clade are not separated by clear
barcode gaps (reviewed in Sipiczki, 2020). The colony morphologies, pigment secretion pattern, and RFLP
profile of all identified M. pulcherrima yeast species were similar in our research. However, the yeast species
defined as M. pulcherrima should be analyzed taxonomically, as indicated in Sipiczki’s review.

Table 3
Blast analysis of ITS1-5.8S-1TS2 rDNA gene region.
Yeast Strains Similarity Identified Yeast Strains GenBar_1k
(%) (Ref. Acc. Number) Accession Number
R-1 97.92% M. pulcherrima (NR_164379.1) MN556577
R-2 97.33% M. pulcherrima (NR_164379.1) MN556578
R-3 98.75% M. viticola (NR_077083.1) MN556579
R-4 91.20% M. pulcherrima (NR_164379.1) MN556580
R-5 97.80% M. pulcherrima (NR_164379.1) MN556581
R-6 97.11% M. viticola (KY104213.1) MN556582
R-7 97.31% M. pulcherrima (NR_164379.1) MN556583
R-8 97.04% M. pulcherrima (NR_164379.1) MN556584
R-9 95.54% M. pulcherrima (NR_164379.1) MN556585
R-10 95.25% M. pulcherrima (NR_164379.1) MN556586
R-11 99.02% H. uvarum (KY103569.1) MN556587
R-12a 96.47% M. pulcherrima (NR_164379.1) MN556588
R-12b 98.88% H. uvarum (KY103569.1) MN556589
R-13 97.33% M. pulcherrima (NR_164379.1) MN556590
R-14 96.75% M. pulcherrima (NR_164379.1) MN556591
R-15 96.75% M. pulcherrima (NR_164379.1) MN556592
R-16 100.00% H. uvarum (KY1035671.1) MN556593
R-17 99.25% H. uvarum (KY1035671.1) MNb556594
R-18 100.00% H. uvarum (KY1035671.1) MN556595
R-19 100.00% H. uvarum (KY1035671.1) MN556596
R-20 99.42% A. pullulans (MG890282.1) MN556597
R-21 95.68% H. uvarum (KY103569.1) MN556598
R-22 98.90% A. pullulans (KY552634.1) MN556599
R-23 96.44% M. pulcherrima (JN229413.1) MN556600
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R-24 96.78% M. pulcherrima (NR_164379.1) MN556601
R-25 98.56% M. viticola (NR_077083.1) MN556602
R-26 94.97% M. pulcherrima (NR_164379.1) MN556603

R-20 and R-22 yeast strains present in the second PCR group showed 98-99% sequence similarity with A.
pullulans yeast species. There is no reference type strain for A. pullulans in the GenBank Database on NCBI.
Therefore, the highest percent sequence similarity results were given in Table 3 for A. pullulans yeast spe-
cies. Seven yeast strains (R-11, R-12b, R-16, R-17, R-18, R-19, and R-21) in the third PCR group dis-
played 96-99% sequence similarity with H. uvarum reference yeast species (KY103569.1). These results
revealed that the restriction endonucleases utilized for RFLP analysis were suitable for the discrimination of
yeast strains from each other. The percent distribution of yeast species on the raspberry fruits was determined
as 55.6% M. pulcherrima, 25.9% H. uvarum, 11.1% M. viticola, and 7.4% A. pullulans (Figure 1). It is ob-
served that yeast strains belong to the Metschnikowia genus were dominant on raspberry fruits collected from
Gelibolu.
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M. viticola A. pullulans H. uvarum M. pulcherrima
Yeast Strains

Figure 1. The percent distribution of yeast species on raspberry fruits.

The phylogenetic analysis of all yeast strains was carried out by using the MEGA-X phylogenetic analysis
tool. ITS1-5.8S-ITS2 rDNA gene sequences of yeast strains were aligned by the ClustalX v1.6 algorithm and
the Maximum parsimony tree was constructed by using default parameters. 1000 bootstrap replicates were
used to defined branch support. The percentage of trees is shown next to the branch and frequencies under
50% are not given. S. cerevisiae and P. guilliermondii yeast species were selected as outgroup. According to
the maximum parsimony tree, 27 yeast strains were separated into two main clades. It was determined that
the first clade consisted of Metschnikowia genus (M. pulcherrima and M. viticola), the second clade con-
tained H. uvarum and A. pullulans yeast species (Figure 2). As shown in the MP tree, all M. pulcherrima
yeast species localized in the first sub-clade. The second sub-clade includes M. viticola yeast species that
were also discriminated as a different group with RFLP results. The second main clade is divided into two
sub-clades. All H. uvarum and A. pullulans yeast species localized in the third and fourth sub-clades, respec-
tively. These yeast strains also showed two different restriction patterns in the RFLP results. All these results
indicated that, RFLP results and MP analysis consistent with each other.
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The non-Saccharomyces yeast strains are frequently utilized for biotechnological research along with their
industrially importance. Yeast strains are generally used for various research, such as biomedical studies,
biocontrol agents, bioremediation and fermentation process (Johnson & Echavarri-Erasun, 2011). M. pul-
cherrima, H. uvarum, and A. pullulans are good antagonists for post-harvest diseases in many fruits. It was
reported that these yeast strains have protective features for Botrytis cinerea-based diseases (Spadaro, Vola,
Piano, & Gullino, 2002; Vero, Garmendia, Gonzalez, Garat, & Wisniewski, 2010; Liu et al., 2010). A. pullu-
lans yeast species are used as an indicator for environmental pollutions. The pullulan polysaccharide, pro-
duced by A. pullulans, have been utilized for different applications, such as the production of commercial
capsules for applying diet of diabetic patients (Deshpande, Rale, & Lynch, 1992; Sena, Costelli, Gibson, &
Coughlin, 2006; Cheng, Demirci, & Catchmark, 2011). Therefore, the identified yeast species, M. pulcher-
rima, H. uvarum and A. pullulans could be used for various commercial applications in the future.
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Figure 2. Maximum parsimony tree of yeast strains isolated from raspberry. Maximum parsimony tree of
yeast strains isolated from raspberry. MP tree was constructed by using the bootstrap method and Subtree-
Prunning-Regrafting (SPR) parameters in the MEGA-X software. 1000 bootstrap replicates were used to
define branch support and above 50% bootstrap values were given. S. cerevisiae and P. guilliermondii yeast
strains were selected as outgroup.
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3.2. Extracellular Enzyme Profiles

The extracellular enzymes produced by yeast strains were used to obtain various fermented products.
Therefore, the extracellular enzyme activities of all identified yeast strains were investigated. The
extracellular enzyme profile of yeast strains was analyzed by using the API-ZYM kit system and the results
were given in Table 4. The lipase (C-14), trypsin, a-chymotrypsin, a-galactosidase, B-galactosidase, P-
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glucuronidase, N-acetyl-glucosaminidase, a-mannosidase, and a-fucosidase activities were not recorded in
all yeast strains, so, these results were not given in Table 4. All yeast strains showed high leucine
arylamidase activity.

It was shown that M. viticola, H. uvarum and A. pullulans yeast strains have high leucine arylamidase and p-
glucosidase enzyme activity. Interestingly, M. pulcherrima yeast strains showed two different extracellular
enzyme profiles. In the first profile, six M. pulcherrima yeast strains (R-1, R-4, R-5, R-7, R-12a, R-26) ex-
hibit moderate levels of enzyme activities given in the table. In the second enzyme profile, M. pulcherrima
yeast strains (R-2, R-8, R-9, R-10, R-13, R-14, R-15, R-23, R-24) showed a low level of esterase, esterase
lipase, acid phosphatase, and naphthol-AS-Bl-phosphohydrolase activity and, high level of B-glucosidase
activity. No activity was recorded for the alkaline phosphatase, valine arylamidase, cystine arylamidase, and
a-glucosidase enzymes. The extracellular enzyme profiles are utilized to define and discriminate yeast strains
(Garcia-Martos et al., 2001). In our results, M. pulcherrima yeast strains have different enzyme activities
even if they were identified as the same species.

Table 4
Extracellular enzyme profile of yeast strains determined with APl ZYM test
Yeast Strains Cc 1 2 3 4 5 6 7 8 9 10

M. pulcherrima

(R-1, R-4, R-5, R-7, R-12a, R-26)
M. pulcherrima

(R-2, R-8, R-9, R-10, R-13, R-14, R-15,R- 0 0 1 1 4 0 0 1 1 0 5
23, R-24)

M. viticola
(R-3, R-6, R-25)
H. uvarum
(R-11, R-12/b, R-16, R-17, R-18, R-19 0 0 1 1 4 1 0 1 0 0 5
ve R-21)

A. pullulans
(R-20, R-22)

0 3 3 2 4 4 2 3 2 3 2

0 0 1 0 4 0 0 0 0O 0 4

C, Control; 1: Alkaline Phosphatase; 2: Esterase (C4); 3: Esterase Lipase (C8); 4: Leucine arylamidase; 5:
Valine arylamidase; 6: Cystine arylamidase; 7: Acid Phosphatase; 8: Naphthol-AS-Bl-phosphohydrolase; 9:
a-glucosidase; 10: B-glucosidase. Results were expressed on a scale from no activity (0) to maximum activity

(5)-

A. pullulans, H. uvarum and some of M. pulcherrima yeast strains have -glucosidase activity. f-glucosidase
(EC 3.2.1.21) breaks the f-1-4 glycosidic bond in oligosaccharides. The B-glucosidase enzyme produced by
microorganisms contributes to increasing flavor, aroma, and quality of the wine (Esen, 2003). Another en-
zyme, leucine arylamidase, is used to increase wine quality of aroma and taste (Dodor & Tabatabai, 2007;
Delfini & Formica, 2001; Nikolaou, Andrighetto, Lombardi, & Nikolaos, 2007; Nikolaou, Soufleros, Bou-
lompasi, & Tzanetakis, 2006; Fleet, Charoenchai, Henschke, & Todd, 1997). The leucine arylamidase (EC
3.4.11.2), belongs to the aminopeptidase enzyme family, hydrolyzes N-terminal ends of amino acids and, all
isolated yeast strains have high leucine arylamidase activity in our research.

4, Conclusion

Yeast strains have generally used for biotechnological surveys, such as pharmacology, medicine, drug,
enzyme, and food industry. Therefore, the isolation and identification of yeast species from natural habitats
are more significant for manufacturers. In this study, the isolated and identified M. pulcherrima, A. pullulans,
and H. uvarum yeast strains are good candidates for different industrial applications. M. pulcherrima yeast
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species can be used as biocontrol agents to pathogenic microorganisms because of their strong antimicrobial
activity. Many antagonistic strains of Metschnikowia have been patented and also some Metschnikowia-
based commercial products were used as fermentation additives and biocontrol agents against plant patho-
gens and post-harvest diseases (reviewed in Sipiczki, 2020). Similarly, A. pullulans yeast species known as
black yeast were commercially used for the production of different enzymes (amylase, xylanase, pectinase,
etc), and pullulan is the important polysaccharide for the production of biodegradable plastics (reviewed in
Gaur et al., 2015). The apiculate yeast species H. uvarum (anamorph Kloeckera apiculata) are also commer-
cialized as oenological starter cultures for the production of volatile compounds in wine (Masneuf-Pomarede
et al., 2016). The identified yeast species in our research, M. pulcherrima, H. uvarum, and A. pullulans could
be used for different commercial purposes in the future.
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