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Improving the Physical Stability of Virgin Olive Oil Mayonnaise

Melis Coskun?, Sinem Argun?, Emrah Kirtil*"

Food Engineering Department, Engineering Faculty, Yeditepe University, Istanbul, Tiirkiye

Article History Abstract — Mayonnaise is a popular solid like sauce obtained typically from the ingredients; vegetable oil, vinegar,
Received:  03.04.2022 egg yolk, and salt. For mayonnaise production, vegetable oils with low costs are preferred. Extra virgin olive oil

(EVOO), despite its high cost, is unique in that it has some very exceptional nutritional and sensorial properties and
Accepted:  01.06.2022 positive health promoting effects. However, EVOO mayonnaises pose some challenges in preparation and particu-
Published:  15.12.2022 larly in maintaining their stability for elevated periods. This study explored some options that could extend the shelf

life of mayonnaise prepared from EVOO. For this purpose, two different stabilizer sodium alginate and gellan gum
Research Article at two different concentrations (0.1% and 0.2%) were added to mayonnaise formulations, additionally ultrasound was

applied at two different powers (40% and 70%) for 2 min. Rheological characterization revealed that all mayonnaise
samples displayed a pseudoplastic behaviour which is desirable in condiments like mayonnaise. Particle size meas-
urements revealed that oil particle diameters ranged between 2.1-25.5 pm. Real time and accelerated emulsion sta-
bility measurement were in line with each other. According to these, sodium alginate resulted in mayonnaise with the
highest physical stability. Real time emulsion stability measurements revealed that all samples except control main-
tained their physical stability up to 20 days after preparation.

Keywords — Emulsion stabilization, EVOO, mayonnaise, olive oil, sodium alginate

1. Introduction

Mayonnaise is a popular solid like sauce obtained typically from the ingredients; vegetable oil, vinegar, egg
yolk, and salt. The sensorial properties of this condiment is very much affected by the mouth feel of the product
as well as taste. Thus, properties like appearance, structure, creaminess, and rheological properties are
exceptionally important for mayonnaise. For condiments like mayonnaise, customer satisfaction is shaped by
these parameters that make up the texture of the final product along with the product's physical stability
(Giacintucci et al., 2016).

From a colloidal standpoint, mayonnaise is an emulsion, and like all emulsions, it is thermodynamically
unstable. It is a low-pH oil-in-water emulsion characterized by high oil content, varying between 65 to 85%
based on the formulation. The high oil content makes it particularly hard to maintain stability with the major
component, oil being the dispersed phase an d the minor component, water being the continuous phase. The
final texture and stability of the emulsion are modified by the distribution of the oil phase, the overall size of
oil droplets, and the interaction between different components in the formulation. The micro-sized oil particles
are stabilized by a layer of egg phospholipids present in egg yolk. These small surface-active molecules
position themselves spontaneously at the interface and prevent the droplets from coalescence (Kiosseoglou &
Sherman, 1983; Langton et al., 1999).

As the type of oil, mayonnaise formulations typically contain worldwide spread vegetable oils with low cost.
Most used oils for this purpose are rapeseed, corn, soybean, sunflower, and canola oil. Olive oil, with its higher
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cost is not particularly preferred for mayonnaise preparation. However, extra virgin olive oil (EVOO) is unique
in that it has some very exceptional nutritional and sensorial properties and positive health-promoting effects.
EVOO makes up a very crucial part of dietary lipids acquired from olive tree crops especially in Mediterranean
region countries such as Greece, Italy, Turkey, and Spain (Bendini et al., 2007; Boskou et al., 2006;
Zampounis, 2006).

However, despite being a very nutritious oil, the use of EVOO oils as an ingredient in complex crafted foods
is quite rare. This has a few different reasons. One of them is the high cost of this oil with respect to other
vegetable oils, and the other reason is its unique sensorial properties. The consumers from Mediterranean
regions where olive oil consumption is high are more familiar with the taste of olive oil, and mayonnaise and
other sauces from olive oil could be a preference for many individuals in these regions not only because of its
health benefit but also for its sensorial attributes (Bendini et al., 2007; Zampounis, 2006).

Nevertheless, replacing another vegetable oil with olive oil in complicated formulated systems like a low
stability food emulsion such as mayonnaise could introduce many problems. The high dispersion degree could
pose a problem in maintaining the physical stability of the product throughout its whole shelf life. The intrinsic
features of an emulsion, like the main ingredients, define the colloidal attributes like the kinetic and
thermodynamic stability. The existence of some components that can either negatively or positively affect
emulsion stability by changing the composition of the bulk phase and especially the interface (Freer et al.,
2004; Kontogiorgos, 2019).

Olive oil, particularly extra virgin olive oil, contains bioactive molecules that also have a surface affinity.
These bioactive molecules are of diverse nature, but a major portion of these is made up of phenolic compounds
that show powerful antioxidant activity (Bendini et al., 2007; Giacintucci et al., 2016). Recently, researchers
have focused on exploring the emulsification properties of emulsions prepared with EVOO and investigating
the role of surface-active compounds in it like phospholipids, free fatty acids, and phenolics. The results of
these studies indicated that olive oil is unique in that the abundance of these surface-active endogenous
amphiphilic molecules greatly differentiates the dynamics of emulsions prepared by it. This was related to the
difference in the composition of the olive oil-water interfaces compared to other vegetable oils (C. D. Di Mattia
et al., 2009; Carla D. Di Mattia et al., 2011).

To the best of our knowledge, there currently are very few studies to investigate the effect of polyphenols on
the structure of real food emulsions such as mayonnaise, presumably owing to the sophistication of their
formulation that could restrict the interpretation of the role of these surface-active bioactive compounds that
are very low in concentration. The objective of this work was to explore the physical and structural attributes
of mayonnaise prepared by extra virgin olive oils (EVOO) and go one step further than previous research on
the subject; this study also aims to come up with ways to improve the physical stability of virgin olive oil
mayonnaise. Mayonnaise samples were produced by using a single recipe, only differentiating in the type and
amount of hydrocolloids (incorporated as a stabilizer). For this purpose, guar gum and sodium alginate was
used. In addition to a standardized homogenization procedure, some samples were further homogenized via
ultrasonication. Produced mayonnaise samples were then characterized by physical stability, droplet size
distribution, and rheological properties.

2. Materials and Methods
2.1. Materials

Eggs (Jumbo, Large, Keskinoglu, Turkey), apple cider vinegar (Gurme Elma Sirkesi, Kemal Kiikrer,
Turkey), salt (Iyotlu tuz, Billur Tuz, Turkey), extra virgin olive oil (Ege Soguk Lezzetler Naturel Sizma

Zeytinyag1, Komili, Turkey) was purchased from a local grocery store in Istanbul, Turkey. Gellan Gum (CP
Kelco UK Ltd, UK), Sodium Alginate (FMC Biopolymer Ltd., UK) was purchased from Sigma Aldrich.

2.2. Methods
2.2.1. Sample Preparation

Mayonnaises were prepared following a recipe studied in Giacintucci et al. (2016). Mayonnaise ingredients
were used in the relative amounts of; oil (500 g), eggs (120 g), vinegar (30 g), salt (1 g). To this mixture,
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depending on formulation, either 0.1 and 0.2% of gellan gum or sodium alginate were added. Mayonnaises
were prepared with a two-step procedure. Initially, egg yolk, vinegar, salt, and gum were mixed with a kitchen-
type mixer. Then to this mixture, oil is added slowly by vigorous mixing with a lab-style high-speed
homogenizer (Ultraturrax, WiseTis HG-15D,Wertheim, Germany) at 5000 rpm for 10 min. For ultrasound
applied samples, the mayonnaise was later subjected to an ultrasound treatment (UW 2200, Bandelin,
Sonopuls, Berlin) at either 40% or 70% max power for 2 minutes. Samples treated with ultrasound at 70% of
the instrument's maximum power did not provide stable emulsions and thus were excluded from some of the
measurements.

2.2.2. Experimental Design

The experimental design is given in Table 1.

Table 1

Experimental Design
Formulation  Control GO0.1 G0.2 S0.1 S0.2 uSs70 US40
Olive ail + + + + + +
Vinegar + + + + + + +
Eggs + + + + + + +
Salt + + + + + + +
Ultrasound - - - - - + +
Treatment
Gum 01 % 02 % 01 % 02 %

wiv wiv wiv wiv

Gellan Gellan Sodium  Sodium
Gum Gum Alginate  Alginate

2.2.3. Real-time emulsion Stability

Real-time emulsion studies were conducted by monitoring of the physical stability of emulsions by taking
pictures of the samples. Mayonnaises, after preparation, were placed into cylindrical sealed tubes, and these
samples were put to rest at either 25°C or 40 °C. Photos were taken every 2-3 days over the course of 40 days.

2.2.4. Accelerated Emulsion Stability

Accelerated Emulsion Stability measurements were performed to mimic real-time emulsion stability results.
Since we had limited time to observe the emulsions, it might not be possible to see the destabilization of some
of the metastable mayonnaise formulations. For this, following preparation, mayonnaises were centrifuged
(Sartorius, Sigma 1-14, Germany) at 6000 rpm for 20 min at 25 °C. In case of a visible phase separation, the
upper layer was identified as the oil portion, and the lower layer was identified as the serum layer. Percent
creaming index (%Cl) values were calculated by measuring the height of each layer and taking the ratio as
shown in the following equation;

He
%CI = —< x 100 (2.1)
Hr

where H. is the height of the cream layer and H is the total height.

2.2.5. Rheological Characterization
To characterize the flow behaviour and viscoelastic properties of mayonnaises, shear rate ramp and

amplitude and frequency sweep tests were conducted. For the measurements, a cone-and-plate (40 mm
diameter and 4° cone angle, 0.1425 mm gap) dynamic rheometer (Malvern, Kinexus Pro Rheometer, UK) was
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employed. Shear rate ramp measurements give shear stress values for changing shear rate values. For this
purpose shear rate was changed between 0.1 st to 100 s> and shear stress values were recorded for 20
sampling points for a total measurement time of 2 min. The results were found to be suitable to be defined
with a power-law model;

T=Ky" (2.2)
where 1 (Pa) is shear stress, K (Pa. s") is the consistency index, y (s?) is shear rate, n is flow behavior index.

2.2.6. Particle Size Measurement

Light diffraction method was utilized for the measurement of the sizes of oil droplets. For this, a particle
size analyzer (Mastersizer 3000, Malvern, UK) was employed. The reported droplet sizes are volume-moment
mean diameter, calculated from the following equation;

% nid?
dyz =—0——= 2.3
where n; is the number of particles in emulsion with diameter d;. For olive oil droplets, a refractive index of
1.46 and absorption of 0.01, and for water, a refractive index of 1.33 was used (Kirtil & Oztop, 2016). To
prevent potential multi-scattering effects, emulsions were diluted approximately 10 to 107 of their initial
concentration. Particle size measurements were conducted within 24 h of sample preparation.

2.2.7. Statistical Analysis

All measurements were carried out in at least three replicates. Statistical analysis software Minitab (Version
16, State College, PA, USA) was used for the analysis of variance (ANOVA) and Tukey's multiple comparison
tests. Differences were considered significant for p<0.05.

3. Results and Discussion
3.1. Real-time Emulsion Stability

Results of real-time emulsion stability can be seen in Figure 1 and Figure 2. As evident from the figures,
emulsions kept at 40 °C were much quicker to destabilize that emulsions kept at 25 °C. It was possible to see
the first signs of creaming 5 days after preparation for 40 °C samples, whereas 25 °C samples were relatively
stable up until the 25 day mark. Temperature increases the rate of molecular movement by increasing the
kinetic energy of the molecules. Viscosity is also known to be negatively correlated with temperature.

546



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 543-554

==l

Figure 1. Real time emulsion stability measurement results at 25 °C
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Day 1 Day 5

Figure 2. Real-time emulsion stability measurement results at 40 °C

The increased molecular mobility coupled with the decreasing viscosity accelerates the rate of movement of
the oil droplets. Mayonnaises are a kinetically stable system; hence they are stabilized by retardation of particle
movement and collisions. However, oil particles are always under the effect of gravitational and buoyancy
forces, and despite being slow they always try to move against gravity and form a cream layer at the top (Berg,
2010; Kirtil et al., 2022; Kontogiorgos, 2019). This movement is expectedly much faster at 40 °C. At 25 °C,
mayonnaises were mostly stable for the first 20 days. After 20 days, all samples showed signs of phase
separation. The control sample phase-separated before the others and had a final cream layer thicker than the
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other samples. This is in line with our expectation that extra virgin olive oil mayonnaises destabilize quickly
and have a shorter shelf life than other plant oil-based mayonnaises. All other samples destabilized at similar
rates and showed similar sizes of cream layers. At 40 °C, the control sample was again the first to destabilize
at around 5 days after preparation. This is followed by the other samples, all of which showed signs of phase
separation at varying degrees at the end of 35 days.

3.2. Accelerated Emulsion Stability

Creaming index (%CI) results indicate the extent of destabilization that the mayonnaise sample went through
by the vigorous centrifugal force. If there was a phase separation, it was easy to recognize it. Some of the olive
oil separates itself from the rest of the emulsion and forms a clear layer on top. %CI data can be seen in Table
2. The photos of samples taken after accelerated emulsion experiments are given in Figure 3.

Table 2

Creaming index (%CI) results gathered from accelerated emulsion stability experiments
Samples Cl %
Control 7.61+0.68¢

G0.1 5.88+0.71¢
G0.2 17.9+£1.83¢
S0.1 0
S0.2 0
US40 38.6x1.11°
us70 54.3+0.98?

Means within the same column, followed by the different letters are significantly different (p<0.05).

i § ©
T § € 3 =s

4t 3

Figure 3. Results of accelerated emulsion measurements

As evident from both the photos and the %CI data, samples prepared with sodium alginate showed no phase
separation. These were the only samples that didn't show any phase separation. Mayonnaises prepared with
sodium alginate were found to be the most stable samples. Sodium alginate is a hydrocolloid with a high
molecular weight and is commercially used as a stabilizer in many food products (Rosell et al., 2001; Vélez-
Erazo et al., 2020; Yang et al., 2012). Alginate increased the viscosity of the continuous phase thereby retarded
particle collisions and upward movement of particles under the effect of buoyancy force (Berg, 2010;
Kontogiorgos, 2019). The accelerated emulsion studies show that alginate at both concentrations (0.1 and
0.2%) was a successful emulsion stabilizer for extra virgin olive oil mayonnaise. However, other methods were
not as effective. Gellan gum was not successful in preventing phase separation. At %0.1 concentration gellan
gum sample's %CI was not significantly different (p>0.05) than control samples. Interestingly when the
amount of gellan gum increased to 0.2%, this introduced a further instability to emulsions. This could be related
to the complex interactions between gellan gum and other mayonnaise ingredients and requires further
analysis. Ultrasound samples showed the highest %CI values. As US power increased, %CI values also
increased (up to 54.3%).

Ultrasound application was not suitable for this type of emulsion. We had observed this even right after US
treatment, as there were visible signs of instability on the samples. It is a known phenomenon that if, during
emulsification, samples are subjected to a homogenization method for too long after sample formation, this
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could break the emulsion (Berg, 2010; Dickinson, 2009). Ultrasound homogenizes emulsions by sending sound
waves that can help disperse oil particles by separating large particles into smaller ones. However, if it is over-
applied to an already homogenized emulsion, it can act inversely and can cause the droplets to flocculate and
even merge (Dickinson, 1998, 2008). Ultrasound most likely caused the particles to merge and increase in size,
which greatly accelerated the rates of creaming, and this is observed as higher %Cl values. The 70% US sample
was visibly unstable. Thus, it was removed from some of the analyses.

3.3. Rheological Characterization

4 shows the change of shear viscosities (Pa.s) with shear stress (s*) for all samples, including US70. As seen
from the figure, shear viscosities decrease with increasing shear rate. This behavior is characteristic of
pseudoplastic materials. The hydrocolloids that cause this behavior in such fluids, during flow, align
themselves with the direction of flow and ease the movement of other molecules over one another. With
increasing shear, this alignment is even more and more complete; thus, molecular mobility increases, which
decreases viscosity (Dickinson, 2011; Vogt et al., 2015).

Shear Viscosity (Pa.s)
w
o
o
o

000000000 0 0 @ 0 0 O o o (e} o o} ©)
0 1 2 3 4 5 6 7 8 9 10

Shear Rate (s1)

©Control ©G0.1 ©G0.2 ©S0.1 ©S0.2 ©US70 @US40

10000
(0]
> o
< © Control
e
2 0G0.1
8 G0.2
2
> ©S0.1
S
@
Qo S0.2
[7p]
us70
QUS40
1
0,001 0,01 0,1 1 10

Shear Rate (s1)

Figure 4. Change of shear viscosity with shear stress for mayonnaise samples

Shear-thinning behavior is especially essential and desirable in sauces because these condiments have to stay
solid like at rest but should act more fluid-like under stress, such as during pumping or consumption (Marcotte
etal., 2001). With the addition of sodium alginate and gellan gum, the shear-thinning behavior is not restricted,
which is a positive result. The strong negative correlation between shear rate and viscosities was linear on a
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logarithmic scale. Hence, a power model fit was found to be suitable for fitting the data. This assumption was
confirmed with correlation coefficients of R2>0.90 for power-law fitting of shear rate ramp experiment results.

Table 0
Power-law fitting results of shear rate and shear stress data
K n R?

Control 91.7+2.7¢  0.813+0.07° 0,90
G0.1 138.64+3.3¢  0.709+0.08¢ 0,90
G0.2 66.7+2.1f 0.957+0.05% 0.93
S0.1 118.6+4.1% 0.752+0.03¢ 0.90
S0.2 154.1+44.7° 0.768+0.07¢ 0.95
us40 124.5+5.3%¢  0.768+0.09° 0.98
us70 193.5+4.8%  0.754+0.03° 0.95

Means within the same column, followed by the different letters, are significantly different (p<0.05).

Table shows the coefficients of the power-law equation for each of the mayonnaise samples. US70 displayed
the highest consistency index values. All mayonnaises displayed a shear-thinning behaviour as identified with
n values lower than 1. Consistency index values are correlated with the system's resistance against the flow
(Chakraborty et al., 2018; Krstonosi¢ et al., 2020; Nikzade et al., 2012). A higher consistency index (K)
indicates a more viscous structure. Considering this, US70 mayonnaise was thicker in terms of texture than
others. This could be related to an abundance of oil particles of large particle sizes. It is known that in
emulsions, as the particle size of the dispersed phase increases, the solution becomes more viscous (Berg,
2010; Wilde et al., 2004). The addition of sodium alginate seemed to result in higher K values than control,
and K also increased with an increase in the concentration of the gum, whereas shear thinning behavior was
not affected by gum concentration. One interesting finding worth noting here is that G0.2 had lower K and
higher n values than GO0.1. Increasing gellan gum concentration seemed to decrease mayonnaise consistency.
This is in line with the accelerated emulsion stability results that showed higher %CI values in G0.2 compared
to GO.1.

3.4. Particle Size Measurements

Table 4
Volume-moment mean diameter results of mayonnaise samples
Samples dsz (um)

Control 8.21+1.1°

S0.1 6.39+1.2°
S0.2 25.42+2.17
GO0.1 2.11+0.4°
G0.2 2.59+0.2°
us40 3.76+0.3°

Means within the same column, followed by the different letters are significantly different (p<0.05).

The size of oil particles ranged between 2.1-25.5 um. Other studies have also reported oil particle diameters
of similar sizes (Gavahian et al., 2018; Hong et al., 2018; Laca et al., 2010; Langton et al., 1999). The sample
was subjected to a minimum of 1000-fold dilution procedure before measurements, and US70 sample phase-
separated during this pretreatment. Hence it was not measured. Another sample that also phase-separated was
S0.2. Still, we measured the particle size of this sample as, unlike US70, it was a very stable sample before
dilution. However, the much larger particle sizes of this sample compared to others shows that this result could
be unreliable and will be disregarded during interpretation. There was no statistical difference between the
particle size results of control mayonnaise and S0.1 mayonnaise (p<0.05). This shows that alginate addition
did not significantly favor emulsion formation. However, the particle sizes of G0.1, G0.2, and US40 ranged
between 2.11-3.76 and were lower than the other samples. The presence of gellan gum might have provided a
more efficient energy distribution in the continuous phase that resulted in better dispersion of oil particles in
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the aqueous phase. US40, on the other hand, despite being easily destabilized with accelerated stabilization
measurements, actually displayed smaller droplet sizes than the control. This shows that US40 was mildly
successful in decreasing the overall mean droplet diameter. The destabilization introduced by US could be
associated with a more heterogeneous particle distribution after US application. Other studies have reported
similar results where over-application of US might increase particle size heterogeneity (Dickinson et al., 1994;
Kaltsa et al., 2013; Kentish & Feng, 2014; Li et al., 2019). Thus, despite an overall decrease in mean droplet
sizes, the presence of large particles could have accelerated Oswalt ripening (which is one of the primary
mechanisms of destabilization for mayonnaise), resulting in an overall unstable emulsion.

4. Conclusion

Mayonnaise is a popular solid-like sauce typically obtained from the ingredients; vegetable oil, vinegar, egg
yolk, and salt. As the type of oil, mayonnaise formulations typically contain worldwide spread vegetable oils
with low cost. Olive oil, with its higher cost, is not particularly preferred for mayonnaise preparation. However,
extra virgin olive oil (EVOO) is unique in that it has some very exceptional nutritional and sensorial properties
and positive health-promoting effects. EVOO is rich in surface-active compounds such as phenolics and free
fatty acids. These surface-active molecules can prevent the adsorption of lecithin on oil droplets and result in
emulsion destabilization. That is why it is particularly challenging to prepare mayonnaise from EVOO that has
a long shelf life. This study explored some options that could extend the shelf life of mayonnaise prepared
from EVOO.

Rheological characterization revealed that all mayonnaise samples displayed a pseudoplastic behaviour which
is desirable in condiments like mayonnaise. None of the additives substantially changed the flow behaviour or
increased the sauce thickness to levels that would be unacceptable for the consumer. Particle size
measurements revealed that oil particle diameters ranged between 2,1-25.5 um. The addition of gellan gum
favored the dispersion of oil by decreasing particle sizes down to around 2 um from 8.5 um of control. Real-
time and accelerated emulsion stability measurements were in line with each other. According to these, sodium
alginate resulted in mayonnaise with the highest physical stability. These emulsions did not show any phase
separation upon centrifugation at 6000 rpm for 20 min. Real-time emulsion stability measurements revealed
that all samples except control maintained their physical stability up to 20 days after preparation.

In conclusion, with this study, it was possible to observe the physical stability of mayonnaise formulations
prepared with different stabilizers and the incorporation of ultrasound as an additional homogenization method
for mayonnaise formation. Especially with sodium alginate addition, improvements in the physical stability of
EVOO mayonnaise could be achieved.
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Oz- Bu makalede egitici icerige sahip dijital video oyunlari ele ahnms olup Elektrik-Elektronik Miihendisligine
entegrasyonu i¢in STEM (Bilim, Teknoloji, Miihendislik, Matematik) felsefesi iginde bazi degerlendirilmeler yapilmustir.
STEM kavramina daha sonradan sanat kavrami da eklenerek genisletilen STEAM (Bilim, Teknoloji, Mithendislik, Sanat,
Matematik) felsefesiyle ayni ismi tastyan STEAM dijital oyun dagitim platform 30.000°1 gegen sayida oyun sunmaktadir.
Bu platform ayrica en fazla egitici igerikli dijital video oyunu sunan platform olarak dikkat ¢gekmektedir. Egitici icerige
sahip dijital oyunlar 6grencilerin derse daha fazla katilimini saglayarak motivasyonun arttirilmasina, alan yeterliligine ve
takim ¢alismasina olumlu katki sunmaktadir. Egitici igerikli oyunlarin belirlenmesi icin STEAM oyun platformu i¢inde
100°den fazla oyun degerlendirmeye alinmus ve egitici igerige sahip olanlar belirlenmistir. Ornek olarak segilen bazi
oyunlar i¢in incelemeler sunulduktan sonra en fazla indirilme ve olumlu yorum alma durumlarina gére degerlendirilmistir.
Literatiirde segilen egitici igerikli oyunlar igin bir smiflandirma yapilmadigr ig¢in Oneride bulunulmustur. Yapilan
incelemeler sonunda belirtilen oyunlarin Elektrik-Elektronik Miihendisligi bolimii miifredatina eklenebilecegi ancak
dikkate alinmasi gereken eksiklikler bulundugu belirtilmis ve 6neriler sunulmustur.
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1. Giris

Kiiresel anlamda egitimin daha iyi hale getirilmesi icin problem ¢dzme becerileri yiiksek, elestirel
diistinebilen, ekip ¢aligmasina yatkin insan giicliniin yetistirilmesinde modern egitim yaklagimlarma ihtiyag
duyulmaktadir (Cinar ve Ciftgi, 2016). Bu noktada ‘STEM (Bilim, Teknoloji, Miithendislik, Matematik)
Yaklasimi’ yenilikei bir egitim yontemi olarak 2000’1i yillardan beri tizerinde ¢cokga calisilan konulardan birisi
olarak dikkat ¢ekmektedir. Art, yani sanatin da eklenmesiyle birlikte STEAM olarak genisletilen bu yeni
egitim felsefesini benimseyen egitimciler, STEAM’in 6grencilerin yaraticilifini ve diisiinme becerilerini
gelistirdigini belirtmislerdir (Perignat ve Katz-Buonincontro, 2019).

Oyunlar ile ilgili geleneksel, dijital ve sanal oyunlar olmak iizere ¢esitli siniflandirma yontemleri
bulunmaktadir. Geleneksel oyunlar kovalamaca, saklambag gibi fiziksel ¢abaya dayanirken dijital oyunlar
bilgisayar, oyun konsollar1 ve mobil cihazlarda oynanabilen oyunlar olarak tanimlanmaktadir (Saglam ve
Topsiimer, 2019). Son yillarda teknolojik imkénlarin gelismesiyle birlikte sanal gerceklik oyunlari da
yayginlik kazanmaya baslamistir (Bayram ve Caliskan, 2019). Ozellikle evren &tesi kavrami (metaverse)
hayatimiza girdik¢e sanal gerceklik oyunlari ve bu oyunlara yonelik olarak verilen egitimlerin hayatimizda
cok daha fazla yer kaplayacagi disiiniilmektedir (Collins, 2008). Oyunlari egitsel, dijital egitsel ve ciddi
oyunlar olarak amaglarina gore de siniflandirmak miimkiindiir. Egitsel ve dijital egitsel oyunlarda, oyunun
oncelikli amac1 6gretim olmamakla birlikte, ciddi oyunlarda oyun, belirli bir 6gretim hedefine yonelik olarak
tasarlanir veya kullanilir (Sezgin, 2016).

Oyun sayilarinin ve oyunu oynayanlarin sayisindaki artisa paralel olarak bu alanda hizmet saglayan dijital
video oyun dagitim sektorli de hizla biiyiimektedir. Dijital oyun dagitim platformlar i¢inde Steam, Epic
Games, Humble Store, Itch.io, GOG (Green Man Gaming), Uplay, Fanatical vd. gibi ¢cok fazla sayida olmasa
da oyun dagitim platformlar1 bulunmaktadir. Bu platformlar arasinda sektor lideri olan STEAM oyun dagitim
platformu, 2003 yilindan beri hizla biiyiimektedir. Steam {izerinden alinan verilerde giinliik es zamanli oyuncu
sayist 25 milyon rakamini gegerek bu alanda rekor kirmistir. Hatta bu platformda ayni giin iginde 7,4 milyon
oyuncuya online oyun hizmeti sunulmustur (Valve, 2001a). Online olarak biiyiik bir insan toplulugunu bir
araya getirip biitiin tiirlerde oyunlari, oyun severlere sunan dijital oyun dagitim platformlar1 yorumlar, yorum
istatistikleri, oyun tiirii vb. birgok 6zelligi blinyesinde barindirmakta ve kullanicilara sunmaktadir. STEAM
dagitim platformu iizerinde farkli tiirde oyunlar kullanicilara sunulmaktadir.

STEAM dijjital oyun dagitim platformu, en fazla egitici igerige sahip oyun sunan platform olma 6zelligine
sahiptir. Bu platformda yapilan arastirmalarda STEAM felsefesi g¢ergevesinde sinif i¢inde Ogrencilere
oynatilabilecek ¢esitli oyunlar tespit edilmistir. Se¢ilen oyunlar 6grencilerin yaraticilik becerilerini, konu ile
ilgili bilgilerini ve farkindaliklarin1 arttirabilecek niteliktedir. Bu oyunlardan bazilar1 Car Mechanic Simulator,
Hacknet, TI1S-100, Infinifactory, Shenzen-10, EXAPUNKS, Opus-Magnum, While True Learn, Factorio,
LogicBots, Hardware Engineers, 911 Operator, Hardware Engineering, Silicon Zeroes, Project Hospital, PC
Building Simulator, Kerbal Space Program, Poly Bridge, Diesel Brothers, comet 64, Rover Mechanic
Simulator, Main Assembly vb. oyunlardir. Bu oyunlar incelendiginde oldukg¢a egitici olmanin yaninda
STEAM felsefesine uygun bir sekilde ele alinabilecegi belirlenmistir. Bu sebeple alt boliimlerde 6rnegi verilen
oyunlardan bazilarinin igeriginden bahsedilmistir.

Srinivasan ve arkadaglari, 13 lisans 6grencisine dijital elektronik temellerini 6gretmek i¢in kullanilan bir dijital
3B bulmaca oyununu oynatarak sonuclari agikladilar. Katilimeilar video oyununun dijital elektronik
kavramlarimi 6grenmede geleneksel yontemlerden daha etkili bir yol olduguna ve ayrica video oyunlarinin
genel olarak elektrik miihendisligi konularin1 6gretmek igin iyi araglar olduguna inandiklarii bildirdiler
(Srinivasan ve dig., 2011). Oyunlar, iyi bir mithendis olmaya katkida bulunabilecek kisisel 6zellikleri gelistirir.
Oyun ve simiilasyon ortamlari, gercek baglamlari kopyalayabildikleri i¢in miitkemmel 6grenme araglaridir.
Oyun tabanli 6grenme Ozellikle mithendisler i¢in gerekli olan yeterlilikleri ve becerileri gelistirdigini
gostermektedir (Carvalho, 2012). Topalli ve Cagitay, Bilgisayar Miihendisligi, Yazilim Miihendisligi ve
Bilisim Sistemleri Miihendisligi 6grencileri tizerinde oyun temelli bir arastirma projesi gergeklestirmislerdir.
Bu ii¢ boliimde ortak ders olan bilgisayar programlamaya giris dersi pilot ders olarak se¢ilmis olup 6grencilerin
bir kismu klasik dersi alirken diger kism oyun tabanl zenginlestirilmis bilgisayar programlamaya giris dersini
aldilar. Yapilan ¢alismada oyun temelli projenin 6grencilerin dersi daha iyi anlamalarina vesile oldugu ortaya
konmustur (Topalli ve Cagitay, 2018). Velaora ve Kakarountas, Elektrik-Elektronik ve Bilgisayar
mithendisligi boliimlerinde verilen sayisal tasarim dersi i¢in oyun temelli uzaktan egitimin miimkiin oldugu
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bir calisma onermislerdir. Bu yeni 6grenme yaklasimi dgrencilerin dikkatini ¢ekmeyi basarmis olup daha
odakl1 calismalarini saglanmustir. Ogrenciler tarafindan iyi tasarlanmis bir model olarak kabul edilen bu yeni
egitim materyali dgrencilerin dzgiivenini artirmugtir. Onerilen yéntemle dgrencilerin devrelerle siirekli tasarim
yapmast saglanarak dersi daha iyi anlamalar1 saglandi (Velaora ve Kakarountas, 2021).

Ulkemiz miihendislik fakiiltelerinde, dzellikle son donemlerde agilan béliimlerde, gretim kalitesindeki seviye
farkliliklari, laboratuvar yetersizlikleri, malzeme eksikligi, ekipmanlarin giincel olmayis1 vb. 6nemli sorunlar
bulunmaktadir (EMO, 2020). Bununla birlikte pek ¢ok 6grenci, ilgi ¢cekici olarak algilamadiklari derslere giicli
bir sekilde katilim gostermemektedir. Ogrencilerin ilgisini cekmeye yardime1 olacak bir yontem olarak dijital
oyunlarin miifredat i¢ine yerlestirilmesi genel olarak daha motive edici olabilir. Egitsel oyunlar, 6grencilere
ogrenmeyi tesvik etmek i¢in aninda geri bildirim saglarken; bunun yaninda motive ve tesvik edici bir ortam
saglayabilir (Bodnar vd., 2016). Bu baglamda, egitici igerikli dijital oyunlarin, Elektrik-Elektronik
Miihendisliginde bazi laboratuvar derslerine entegre edilmesinin, 6grenmenin arttirilmasi ile birlikte daha
nitelikli zaman gecirilmesini saglayacagi disiinilmektedir (Marston ve Kowert, 2020).

Miihendislik fakiiltelerinde karsilagilan problemler Elektrik-Elektronik Miihendisligi gibi yogun laboratuar
uygulamalar1 yapan béliimlerde daha biiyiik sorunlara neden olmaktadir. Ozellikle algoritmalar, programlama,
dijital elektronik, programlanabilir lojik kontroldrler ve mikrodenetleyiciler derslerinde uygulama gelistirmeye
baglamadan 6nce yogun soyut diisiinme, problemin iyi tanimlanmasi ve problem ¢6ziimiiniin sistematik olarak
yapilmast gerekmektedir. Bu siirecte laboratuar eksikligi yaninda Ogretim elemanin gercek hayat
uygulamalarin1 aktarmasindaki deneyimsizligi, derslerin yogun igerige sahip olmasi derslerin anlagilmasinda
problemi daha biiylitmekte ve nitelikli bir egitimin olugsmasina engel olmaktadir.

Omek verilecek olursa; laboratuvar eksiklikleri olan iiniversite bolimlerinde dijital elektronik ve
mikrodenetleyiciler dersleri ¢gogunlukla sadece kagit lizerinde ¢6ziim yaparak gegistirilmektedir. Bazen de
ogretim elemani yeterliyse bilgisayar kullanilarak benzetim uygulamalar1 yapilmaktadir. Bilgisayarda
benzetim programlarinin kullanilmasi durumunda aslinda bir benzetim programu gibi niteliklere sahip ancak
dijital oyunlarda bulunan ekstra 6zellikler ile birlikte bir 6ykii ¢cercevesinde sunulan Silicon Zeroes, Shenhzen-
10 gibi dijital oyunlar bu benzetim programlarinin yerini kolaylikla alabilir. Boylelikle STEM felsefesi
dahilinde ele alinan egitici i¢erikli dijital oyunlar ders i¢erigine haftalik bir saatlik uygulama olarak eklenebilir
ve egitim silireci daha kalici, kaliteli hale getirilebilir. Elbette ki dijital oyunlar gercek laboratuvar
uygulamasinin yerini alamayacaktir ancak soyut becerilerin gelistirilmesi ve ders iceriginde sunulan biitiin
elemanlarin fonksiyonlarma ait dzellikler ¢ok kolay bir sekilde 6grenilebilir. Bu ¢alismanin amaci, oyun
dagitim platformlarinda sunulan bazi dijital video oyunlarin 6gretim amagli kullanilabilecegi lizerinde
durularak oyunlarin STEM felsefesine uygunlugunun degerlendirilmesi ve bu dogrultuda literatiire katkida
bulunmaktir.

2. Materyal ve Yontem
2.1. Dijital Oyun Tabanh Ogrenme Yaklasimi

Son yillarda STEAM ile ilgili aragtirma yapan akademisyenler dijital teknolojilerin egitim alanina daha
fazla entegre edilmesi i¢in ¢aligmalar yapmaktadir. Bunun yaninda bugiiniin dgrencileri yasamlarinin her
alaninda bilgisayar, video oyunlari, akill telefonlar ve diger tiim dijital araglarla kusatilmis bir ortamla karst
karsiya kalmaktadir. Bu 6grencilerin klasik ve duragan egitim yaklagimlar1 karsisinda dikkat ve odaklanma
problemleri yasadiklari ifade edilmektedir. Bu olumsuzluklart ortadan kaldirmanin bir yolu 6grencilerin
motivasyonlarini artiracak, egitimi daha eglenceli ve dikkat g¢ekici hale getirecek 6grenme deneyimleri
saglamaktir (Prensky, 2001). Bu baglamda oyun diisiincesini temel alan yaklagimlar 6nemli goriilmektedir.

Iyi bir bilgisayar ya da video oyunu, insanlarin kendilerini yeni bir diinyada yeniden giincellemelerinin yaninda
eglence ve 0grenme imkanlarina ulagmalari bakimindan énemli goriilmektedir. Bu baglamda oyun tabanl
Ogrenme yaklasiminin giiclii bir 6grenme yaklagimi olduguna dikkat g¢ekilebilir. Bu oyunlarin &grenciyi
ogrenmenin merkezi haline getirmesi bakimmdan STEAM felsefesine uygunlugu degerlendirilerek sistemin
igerisine entegre edilmesi, 6grenmeyi daha eglenceli ve katilimli bir siire¢ haline getirebilir (Gee, 2003). Bu
da dgrenme siirecinin daha kolay, ilging ve etkili olmasina imkéan saglamaktadir.

Genel olarak oyunlar, aninda geri bildirim vermesi, katilimcilarin ilerlemelerini gézlemleyebilmesi ve onlari
oyun boyunca ilerlemeleri igin 6diillerle motive etmede basarilidir. Bu 6diiller, gergek fiziksel odiiller gibi
somut olanlardan, zafer duygusu gibi soyut olana kadar degisebilir. Bu nedenle, oyunlarda ortak olan bir¢ok
yon, 6rnegin 6grenmeye yonelik deneme-yanilma yaklagimi ve hizli geri bildirim, dogrudan bir¢ok 6grencinin
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tercihlerine hitap eder ve bu 6zellikler onlarin 6grenme siirecine daha fazla ilgi duymalarini ve mesgul
olmalarmi saglar. Bu sekilde ilgi duyma ve derse katilim, bugiin birgok Ogrencinin igerigine ilgi
duymayabilecegi derslere katilimi artirarak miihendislik egitimine katki saglayabilecegi ongoriilmektedir
(Joiner vd., 2011; Morelock ve Matusovich, 2018).

Dijital oyun platformlarinda oyunlar siniflandirilirken genellikle bulmaca, platform, simiilasyon, rol yapma
vb. kavramlar kullanilmaktadir. Oyun incelemeleri i¢inde oyunlarin bu siniflandirmalardan hangisi ya da
hangilerine dahil oldugu belirtilmistir. Bunun yaninda ¢aligmanin amacina da uygun olmasi agisindan egitim
amagli bir simiflandirma yapilmasinin da 6nemli oldugu diisiiniilmektedir. Elektrik-Elektronik Miihendisligi
bolimiinde mikroislemciler/mikrodenetleyiciler, sayisal/dijital elektronik, programlama vb. dersler, 6grenciler
tarafindan kavranmasi nispeten daha zor olmaktadir. Hatta 6grenciler tarafindan bu soyut kavramli dersler
bazen hi¢ anlagilamamakta ve bu dersleri gegmek i¢in genel olarak ezber yontemi tercih edilmektedir. Uzun
siiren ders saatleri takip etmesi zor olmakla birlikte hizli tiiketim kiiltiiriine alismis Z kusagi igin takip etmesi
daha zor olmaktadir. Ancak Z kusagi nesli igin dijital oyunlar hem eglenceli hem de motive edicidir. Bu sebeple
dijital oyun oynayarak ders anlatmak 6nemli bir firsat olarak gortilmelidir. Oyun platformlarinda halihazirda
sunulan bazi oyunlar eglendirmenin G6tesinde bu alanda calisan ya da calisacak olan kisilere soyut olan bazi
kavramlar1 algilamalar1 noktasinda yardimei oldugu ¢alismalarla ortaya konulmustur (Kuk vd., 2012). Dijital
oyunlarin Elektrik-Elektronik Miihendisligi egitiminde yardimci yaklasim olarak kullanilmasiyla ders
miifredatlarindaki esitsizlik, altyapr ve laboratuvar eksikligi gibi olumsuz etkenlerin minimum seviyelere
indirilmesi noktasinda alana katkida bulunulacag ongériilmektedir. Ozellikle yeni agilan iiniversitelerde
labaratuvar noktasinda ciddi altyap1 eksikligi goze ¢arpmaktadir. Eski {iniversitelerde dahi bazi labaratuvarlar
tam degildir ya da labaratuvarlar giincel malzemelerle donatilmamistir. Sayet labaratuvarlar eksiksiz ve giincel
malzemelerden olugsa bile dersin saati hem teorik hem de uygulama yapmaya yetmemektedir. Cogu deney
yapilamamaktadir. Bu anlamda ders saati disinda derslerle ilgili egitsel dijital oyunlar, konunun anlasilmasi ve
bazi deneyler sonucunda ulasilabilecek neticeyi kazandirabilir. Elektrik Elektronik ve Bilgisayar Mithendisligi
bolimii 6grencileri igin Mikroislemciler ve CPU (Central Process Unit) tasarimi gibi konular soyut kalmakta
bazen labaratuvar imkanlar1 da yukarida yazilan nedenlerden dolayl tam degerlendirilememektedir. Tam bu
noktadan hareketle Ozellikle cep telefonu ile ¢ok zaman gegiren ve oyun oynamaya merakli Z kusag
ogrencileri igin dijital oyunlar derslerin anlagilmasinda yardimei olabilir. Ornegin asagida detayli agiklanan
Silicon Zeroes oyununu kullanarak toplayicilar, mandallar ve ¢oklayicilar gibi ¢esitli basit bilesenlerden
karmasik elektronikler olusturulabiliyor. S6z konusu oyunda isin mantigin1 6gretmeye yonelik basit
devrelerden baglayip karmasik devre olusturmaya kadar cesitli seviyeler bulunmaktadir. Bu durum bu
calismada onerilen diger oyunlar igin de gegerlidir. Asagida Elektrik-Elektronik Miihendisligi alaninda bu
amagla kullanilabilecek oyunlara yonelik bazi uygulamalar 6rnek olarak sunulacaktir.

2.2. Elektrik-Elektronik Miihendisligi Ogretim Miifredatinda Kullamlabilecek Bazi1 Oyunlarin
Incelenmesi

Yeni agilan tiniversitelerde Elektrik-Elektronik Miihendisligi boliimlerinin laboratuvar imkanlar1 nispeten
kisithdir. Teknik bilimlere odaklanan meslek yiiksekokullari ise laboratuvar noktasinda ¢ok daha eksiktir. Bu
eksiklikleri gidermek icin derslerde ¢ogu zaman giris seviyesinde benzetim uygulamalar1 yapilmaktadir.
Ancak bazi durumlarda ders sadece teorik olarak verilmekte ve ¢ok kisith problemler ¢6zmenin 6tesine
gecilememektedir. Laboratuvar olanaklari eksik olunca agirlikli olarak teorik islenen derslerde &grenciler
motive olmakta zorlanmaktadir. Eglendirici igerige sahip egitici dijital oyunlar bu problemleri agsmak igin
kullanilabilir. Bu ¢aligma belirtilen problemleri agmak i¢in dnerilebilecek oyunlara odaklanmaktadir.

Bu o6neri biitiin mithendislik béliimlerin miifredatlar i¢in yapilabilecegi gibi Bilgisayar mithendisligi igin de
cok uygundur. Elektrik-Elektronik Miihendisligi miifredatindaki bazi dersler Bilgisayar miihendisligi
miifredatinda da okutulmaktadir. Bu makalede hem elektrik elektronik miihendisligi hem de bilgisayar
mithendisligi bolimii 6grencileri i¢in Silicon Zeroes, Shenhzen-10 ve benzeri oyunlar dnerilmis olup asagida
detayli incelenmistir. Bu oyunlar vasitasiyla hem CPU tasarim mantigi hem de Assembly yazilim dili
Ogrenilmis olacaktir.

STEAM platformunda, STEAM felsefesi c¢ercevesinde degerlendirilebilecek ve Elektrik-Elektronik
Miihendisligi egitiminde yardimci materyal olarak kullanilabilecek oyunlar bulunmaktadir. Ancak 6ncelikle
bu oyunlarin belirlenmesi ve niteliginin incelenmesi gerekmektedir. Oyunlar belirlenirken temel olarak
Elektrik-Elektronik Miihendisliginde bulunan bazi derslerin igerigine yakinlig1 goz 6niine alinmistir. Ornegin

558



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say: 4, Sayfa: 555-568

dijital elektronik dersinde ve (and), veya (or) gibi lojik kapilar en temel konulardir. Bu sebeple arastirilan
oyunlar i¢inde lojik kapilarin kullanildig1 Silicon Zeroes oyunu belirlenmistir. Oyun belirlendikten sonra oyun
ile iligkili gercek yorumlar incelenmis ve derslere ek materyal olarak sunmak igin gergekten faydali olup
olmayacag arastirilmistir. Temel aliman bu yonteme uygun olarak belirlenen oyunlarin bir kismui alt
boéliimlerde sunulmustur.

2.2.1. Silicon Zeroes

Silicon Zeroes oyunu, sayisal elektronik dersi i¢eriginde bulunan temel bilesenler, kapilar, toplayict vb.
elemanlari i¢eren karmasgik elektronik devreleri tasarlamay1 amaglayan bir oyundur. Oyun igerigi su sekildedir.
Kullanicilar oyuna 60’11 yillarda Silikon Vadi ’sinde bir start-up firmasi olarak baslamaktadir. Sonrasinda
miisterilerden gelen gesitli projeler yapilarak oyunda ilerlenmektedir. Oyunun belli seviyelerinden sonra CPU
tasarimi gibi ¢ok daha karmasik goérevler yapilmaktadir. Egitimde Elektrik-Elektronik veya bilgisayar ile
alakali bolimlerde bu oyun laboratuvar eksikligi olmas1 durumunda ek bir ders materyali gosterilebilir veya
tamamlanmasi gereken bir 6dev olarak 6grencilere sunulabilir. Fikir vermesi agisindan Silicon Zeroes oyun
goriiniimii (Sekil 1)’de sunulmustur. Bu sekil biraz incelenecek olursa sayisal elektronik dersinde temeli
olusturan lojik kapilar, kaydirma islemleri, aritmetik islem bloklari, hafiza okuma/yazma blogu vb.
bulunmaktadir.

» Silicon Zeroes

Cur. Memory ,
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TICK LIMIT: 64

Sekil 1. Silicon Zeroes oyun goriiniimii
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Reader: Belirlenen bir hafiza
alanindan okuma yapmay1
saglar.

Writer: Belirlenen bir hafiza
alanina yazma yapmay1 saglar.

Latch Blogu : Hafiza elemani
olarak kullanilan bir modjiildiir.

Latch 1

Sekil 2. Silicon Zeroes oyununa iliskin baz1 modiillerin tanitimi

(Sekil 2)’de Silicon Zeroes oyununa iliskin bazi modiiller daha detayli olarak sunulmustur. Daha baska bir¢ok
modiil iceren bu oyun incelendiginde aslinda bir senaryoya oturtulmus sayisal elektronik uygulamalarinin
puzzle seklinde sunuldugu goriillmektedir.

Silicon Zeroes oyunu, Pleasing Fungus Games tarafindan 29 Eyliil 2016 yilinda yaynlanmistir. STEAM
iizerinden alinan fiyatlar incelendiginde 3 dolar civar bir etikete sahip olan bu oyun 12+ yas sinirlamast ile
sunulmustur. Oyun ile ilgili olarak yaklagik olarak 185 adet yorum tespit edilmis ve %95’inin olumlu oldugu
goriilmiistlir. Olumsuz yorumlar ise ¢ogunlukla optimizasyon veya zorlukla ilgilidir. Egitici igerige sahip olan
bu oyun lise, 6n lisans hatta lisans doneminde bile dgrencilere oynatilabilir. STEAM f{izerinde yapilan
yorumlara bakildiginda oyunun oldukga sevildigi ve egitici bulundugu degerlendirmeleri dikkat ¢gekmektedir.
Ayrica ilgili alanda profesyonel olmayan oyuncularin bile dijital tasarima doniik birgok sey 6grendikleri ile
ilgili geri doniisler olmustur. SpaceChem ve T1S-100 oyunlarinin gelistiricisi Zach Barth, Silicon Zeroes oyunu
icin "CPU tasarimi hakkinda hayal edebilecegim en iyi oyun" seklinde yorum yapmustir. (Steam, 2017a).

2.2.2. PC Building Simulator

E-posta {izerinden gelen siparigler dogrultusunda, ekran kart1 yanan, giic kaynagi arizalanan, ana karti
sorunlu bilgisayarlar tamir etme gibi gérevleri yerine getirme iizerine gelistirilmis bir oyundur. Oyunda
gosterilen her bir ekipmanin lisansli olmasi oyuncunun hem motivasyonunu hem de bilgisayar donanim
piyasasinda bulunan ekipmanlarla ilgili bilgisini olduk¢a arttirmaktadir. PC Building Simulator oyunu,
Elektrik-Elektronik ve bilgisayar temelli boliimler i¢in uygun olmasinin tesinde ilgisi olan birgok kisiye bilgi
kazandirabilecek bir yapiya sahip olmasi tam olarak STEM oyun felsefesine uygunlugunu goéstermektedir.
(Sekil 3)’de STEAM fizerinden alinan PC Building Simiilatér oyununun ¢alisma ortami gériiniimii verilmistir.

29 Ocak 2019 yilinda piyasaya sunulan PC Building Simiilatér oyunu, STEAM magazasi {izerinden alinan
verilerde 24912 adet kullanici yorumunun %94°l olumlu geri doniis bildirmistir. Satig rakamlar1 bilinmese de
yorumlarin genellikle olumlu olmasi ve oyun begenme oraninin yiiksek olmasi, sunulan igerigin sunum
bigiminin sevildigi anlamina gelmektedir. Yorumlara bakildiginda ise oyunun egitici oldugu birgok pargayi ve
kavrami oyun lizerinden 6grenmenin miimkiin oldugu anlasilmaktadir (Steam, 2019a).
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Sekil 3. PC Building Simiilatdr oyununda ¢alisma ortami goriiniimii

(Sekil 4)’te tasarlanmig bir PC’nin (Personal Computer) daha detayl bir goriinimii verilmistir. Detaylara
dikkat edilirse bir ¢alisma alani, 3 boyutlu tasarlanmig PC kasasi, fan vb. gibi 6zellikleri aslinda bir PC tamir
atolyesinin benzeri ortam mevcuttur. Oyun vasitasiyla bilgisayar pargalarini montajlama, tamirat ve
miisterilerden gelen siparis iizerine istenilen teknik 6zellikte bir kasa tasarlama dgrenilmektedir. Oyunun ileri
seviyelerinde igler biraz daha zorlagmaktadir. Tasarlanan bilgisayar kasasinin performansi oyun vasitasiyla test
edilebilmekte ve deneme yanilmayla birgok tecriibe kazanilmaktadir. Yaptikca kisilerin tasarim performansi
gelisiyor ve 3 boyutlu goriiniimiiyle gercek ortami aratmayan bir ortam sunuyor. Ozellikle laboratuvar
eksikliginin oldugu durumlar i¢in ¢ok iyi bir ortam sagladig1 anlagilmaktadir.

Sekil 4. PC Building Simiilatér oyununda tasarlanmig bir PC’nin gériiniimii

2.2.3. Shenhzen-10

Shenhzen-I0 oyununda mikrodenetleyiciler, bellek, mantik kapilari ve LCD (liquid-crystal display)
ekranlar gibi farkli {ireticilerin gesitli bilesenlerini kullanarak devreler olusturulabilmektedir. Oyunda her
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komutun kosullu olarak yiiriitiilebilecegi kompakt ve giiclii bir Assembly dilinde kod yazilabilir. Assembly
yazilhm dili, Elektrik-Elektronik Miihendisligi ve bilgisayar miihendisligi 6grencileri tarafindan zorlayici
olarak belirtilen bir programlama dilidir. Shenhzen-I1O oyunu sayesinde geleneksel 6gretim yontemleri yerine
yenilik¢i ve eglendirici bir 6grenme yontemi sunulmaktadir. Oyun ile ilgili yorumlarda biraz bilgi altyapisi
gerektigi, her oyuncuya hitap etmedigi, tasarim ve belge okumanin olduk¢a 6nemli oldugu belirtilmistir (West,
2016). (Sekil 5)’de STEAM fizerinden alinan Shenhzen-IO oyununun genel goriiniimii verilmistir. 17 Kasim
2016 yilinda Zachtronix sirketi tarafindan yayimnlanan Shenhzen-10 oyunu hakkinda STEAM dijital oyun
platformu tizerinde 3109 adet inceleme belirlenmistir ve oyun hakkinda oldukga egitici oldugu, derslerde tam
olarak 6grenilemeyen bilgilerin 6grenilebildigi hakkinda yorumlar yapilmistir (West, 2016).

Sekil 5. Shenhzen-I0 oyununun genel gériintimii

(Sekil 5) klasik olarak bilinen Tetris oyununun Shenhzen-1O iginde tasarimi verilmistir. Sekle bakildiginda
farkl: tetris semalarinin oyun vasitasiyla tasarlanip bu semalarin saga,sola ve agagi hareket etmesi ve bu sayede
Assemly yazilim dilinin kavranmasi amaglanmstir. Goriildiigii iizere 6nerilen oyunlarin sadece eglence amaclh
veya basit olmadigi ileri tasarimin miimkiin oldugu anlasilmaktadir. Hatta mikrodenetleyici/mikroislemci
konularini temel alan derslerin laboratuvarlarinin tam oldugu durumlarda bile bu derece ileri bir tasarim
yapmak oldukg¢a zordur. Bu noktada bdyle bir oyunun 6grenciye ¢ok dnemli bilgiler katacagi agiktir.

Sekil 6’da Shenhzen-10 oyunuyla Assembly yazilim dili ve mikrodenetleyiciler, bellek, mantik kapilar1 ve
LCD ekranlar kullanilarak trafik oyunu tasarlanmistir. Bu oyunda 4 seritli bir yol var. Oyunda minibiis’iin
karsidan gelen arabalara carpmamak igin siirekli serit degistirmesi amaglanmistir. Ogrenciler, Shenhzen-10
oyunuyla bu sekilde c¢esitli oyunlar tasarlayarak hem Assembly yazilim diline hakim olma hem de
mikrodenetleyici ve mantik kapilarmi sanal ortamda uygulamali olarak 6grenebilme imkanina sahip
olacaklardir.

Shenhzen-10 oyunu, Elektrik-Elektronik Miihendisligi ve bilgisayar mithendisligi 6grencilerini mesleki olarak
gelistirmek i¢in 6nemli bir oyundur.
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Sekil 6. Shenhzen-10 ile gelistirilmis Trafik Oyunu

2.2.4. While True Learn

While True Learn oyunu ile ilgili STEAM platformundaki oyun agiklamasinda “Sinir aglari {ireten bir
makine 6grenimi uzmanisin ama kedin bu konuda senden daha iyi. Kedinin daha neler yapabilecegini
o0grenmek amaciyla bulmacalar1 ¢ozerek kedinin dilini anlamak i¢in bir ¢eviri sistemi kur. Biiyiik bir servet
kazan, kedi kiyafetleri al ve makine 6greniminin gergekte nasil ¢alistigini 6gren!” denilmistir (Steam, 2019b).
Oyun, makine 6grenimi ve ilgili teknolojilerin nasil ¢alistigim 6grenmek isteyenler i¢in neredeyse benzersiz
durumdadir. Oyun, uzman sistemlerden, tekrarlanan sinir aglarina kadar gercek hayattaki makine 6grenimi
teknolojilerini temel almaktadir. Olduk¢a olumlu yorumlar alan bu oyun, makine 6grenme konularini tam
olarak igslemese de genel konseptin anlasiimasinda oldukga orijinal bir igerik sunmaktadir. (Sekil 7)’da While
True Learn oyununun goriiniimii verilmistir.

Luden.io sirketi tarafindan 17 Ocak 2019 yilinda yayinlanan bu oyun yaklagik 6 dolar fiyat etiketine sahiptir.
13+ yas simirlamasi sahip olan oyun bazi zihinsel becerilerin gelismesinin ardindan rahatlikla oynanabilir
durumdadir. Oyun hakkinda 4460 adet yoruma incelenmis ve %92 oraninda olumlu geri doniise sahip oldugu
goriilmiistir (Steam, 2019b). (Sekil 7)’de Karar Agact (Decision Tree) metodu ile nesne siniflandirmaya bir
ornek olmasi agisindan 6nemlidir. Bu oyun Silicon Zeroes, Shenhzen-1O gibi laboratuvar eksigini giderme
potansiyeli olan oyunlardan farkli olarak daha soyut kavramlar1 6gretmektedir. Giris seviyesinde makine
o0grenme kavramlarimi 6gretme potansiyeli olan bu oyun ileri seviyede bir bulmaca oyunudur. Tasarimin bir
puzzle seklinde olmasi 6grencilerin kendini zihinsel olarak gelistirmesi i¢in 6nemli firsatlar sunmaktadir.
Ayrica oyun i¢inde makine 6grenmesi konularinin gelisim tarihi, ¢calisma mantigini anlatan egitici igerikler de
bulunmaktadir.
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Sekil 7. While True Learn oyunu ile nesne siniflandirma

2.2.5. Comet 64

Comet 64, piyasada muadili olan ‘Software Puzzle’ oyunlarina kiyasla gorsellik ve anlasilabilirlik agisindan
en dikkat ¢ekici olan ve 2021 yili itibari ile yayma alinan programlama amacli bulmaca oyunu olarak
tanimlanmaktadir. (Sekil 8)’te Comet 64 oyununa ait bir gorsel sunulmustur. Gorselden goriilecegi iizere
yazilimin bir kismi1 verilmekte ve bosluk kismi oyunu oynayan kisi tarafindan tamamlanmasi beklenmektedir.

Sekil 8. Comet 64 oyunundan bir kesit

[k olarak 1984 yilinda yayinlanan ve daha sonra gelistiriciler tarafindan revize edilen ve mevcut 51 yorumu
bulunan oyunun olumlu geri doniis orani ise %90°dir. Ozellikle temel programlama becerisi gereken
boliimlerde okuyan 6grenciler igin comet 64 oyununu énermek miimkiindiir. Sadece dersi gegmenin Gtesinde
oyun i¢i senaryodaki gizemleri ¢ozerek ve seviyeleri teker teker gegerek lider tablosuna girmek, motivasyon
icin onemlidir (Steam, 2021a).
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3. Bulgular ve Tartisma

Calisma kapsaminda STEAM platformu {izerinde yapilan aragtirmalarda tamami incelenmemis olsa bile,
incelenen oyunlar arasindan egitici igerige sahip olabilecek nitelikte olan ve Elektrik-Elektronik meslegi ile
iligkilendirilebilecek oyunlarin bir kismi (Tablo 1)’de verilmistir. (Tablo 1)’de oyunlarin adi, yorum sayisi,
olumlu geri doniis ylizdesi ve oyun smniflandirmasini gosteren bilgiler verilmistir. Oyun dagitim
platformlarinda oyunlar siiflandirilirken genellikle bulmaca, platform, benzetim, rol yapma vb. kavramlar
kullanilmaktadir. Bunun yaninda c¢alismanin amacina da uygun olmasi agisindan egitim amagh bir
siniflandirma yapilmasinin da énemli oldugu belirlenmistir. Buna gore oyunlar, elektronik tasarim tabanli,
fabrika kurulum ve optimizasyon tabanli, yazilim gelistirme tabanli, tabanli, yonetim tabanli olmak iizere 4
gruba ayrilmistir. Yazilim gelistirme tabanli olarak siniflandirilan oyunlar temel olarak oyun iginde kod yazma,
komut satir1 kullanimi gibi kodlamaya dayali becerileri gelistirmektedir. Fabrika kurulum ve optimizasyon
tabanlt oyunlar seri {iretim, fabrika kurulumu, otomasyon tasarimi gibi igeriklere sahip olan oyunlari
tanimlamaktadir. Y 8netim tabanli oyunlar kaynak yonetimi, strateji gelistirme, maliyeti minimize etme, iiretim
optimizasyonu gibi igeriklere sahip oyunlari tanimlamaktadir. Son olarak Elektronik tasarim tabanli oyunlar
devre tasarimi yapilabilen ve olusturulan devrelerin calisma sirasini test edebileceginiz nitelikte oyunlardir.
Bdyle bir siniflandirma sayesinde segilen oyunlarin hangi boliimlere ve derslere uygun oldugunu kolayca ayirt
etmek miimkiin olacaktir. Ornegin; elektronik tasarim tabanli bir oyun, devre tasarimu ile ilgili olan dijital
elektronik dersi ile ilgilidir.

Tablo 1
Oyun adi, yorum sayisi, olumlu yorum yiizdesi, oyun siniflandirmasi ve 6grenim tiirii bilgileri

Oyun Adi Yorum Olumlu Yorum Ovyun Smiflandirmasi

Hacknet 10863 %93 Yazilim gelistirme tabanl

TI1S-100 2564 %97 Yazilim gelistirme tabanl

Infinifactory 1459 %95 Fabrika Kurulum ve Optimizasyon tabanl
Shenzen-10 2324 %96 Elektronik tasarim tabanl

EXAPUNKS 838 %96 Yazilim gelistirme tabanl

While True Learn 4460 %92 Yazilim gelistirme tabanl

Factorio 88822 %98 Fabrika Kurulum ve Optimizasyon tabanlt
Hardware Engineers 267 %86 Y 6netim tabanli

Hardware Engineering 166 %55 Elektronik tasarim tabanl

Silicon Zeroes 185 %95 Elektronik tasarim tabanli

PC Building Simulator 24912 %94 Elektronik tasarim tabanl

Comet 64 51 %90 Yazilim gelistirme tabanl

(Tablo 1)’de goriildiigii gibi bu kissmda STEAM Platformu {izerinden oynanan egitici i¢erikli dijital grenme
oyunlarmin hélihazirdaki yorum sayilari ve bu yorumlarin olumlu geri doniis oranlar1 verilmistir. Bu oyunlarin
hangi siniflandirmaya dahil olacagi, hem oyun agiklamalarindan hem de oyunu oynayanlarin yorumlari tek tek
incelenerek karar verilmistir. Ancak bu noktada dikkat edilmesi gereken bir diger husus, 6rnegin bir oyunun
yazilim gelistirme tabanli olmasi diger alanlarda kullanilamayacagi anlamina gelmemektedir. Bu baglamda
calisma kapsaminda degerlendirilen Elektrik-Elektronik alaninda egitim géren arastirmaci ve Ogrenciler
platform igerisinde ylizlerce oyunun egitim amacli olarak kullanabilecegi ongoriilmektedir. Tablo 1°de
Hardware Engineers oyunu ve Hardware Engineering oyunlari isim olarak birbirine olduk¢a benzemekle
birlikte Hardware Engineers oyunu bir IT (Information Technologies) sirketini y6nettiginiz yonetim tabanlt
bir oyun, Hardware Engineering ise elektronik devre tasarimi yapabildiginiz bir benzetim igerikli oyundur.

4. Sonuc ve Oneriler

Dijjitallesmenin giderek yayginlastigi gbz oniinde bulunduruldugunda dijital oyunlarin egitim amagl
kullanilmasinin egitime destek amacli degerlendirilmesi agisindan 6nemli oldugu diisiiniilmektedir. Bu
caligmada egitici igerige sahip oyunlarin bir kismi 6rnek olarak ele alinarak degerlendirilmis ve dgretim
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miifredatina entegrasyonu hakkinda onerilerde bulunulmustur. Oyunlarin dagitimi gérevini iistlenen cesitli
platformlar bulunmakla birlikte STEAM bu alanda sektor lideri olmasi agisindan 6nemlidir. STEAM
platformunun tasarimi incelendiginde bireysel kullanim i¢in tasarlandig1 ancak egitim kurumlarina doniik 6zel
bir tasariminin bulunmadigi goriilmektedir.

STEAM oyun platform {izerinde egitici igerige sahip olarak belirlenen oyunlarin yorumlari incelendiginde
yorum yapanlardan bazilarinin “derslerden ¢ok daha egitici ve eglenceli” yorumu dikkate alindiginda
oyunlarin 6grenmeyi daha nitelikli hale getirebilecegi iddia edilmektedir. Bu sebeple egitim iginde bu tiir
oyunlarin kullanilip kullanilamayacagi degerlendirilmeli ancak 6neriler kisminda belirtilen hususlar {izerinde
calistimalidir. EEM miifredatinin yogun matematik, teorik ve laboratuvar egitimine dayandigi hususunun -
pedagojik yaklagimin yaninda- degerlendirilmesi 6nem arz etmektedir.

Ornek olarak sunulan Silicon Zeroes, PC Building Simulator, Shenhzen-10 ve While True Learn gibi oyunlari
bir siire oynayan arastirma ekibi Elektrik-Elektronik Miihendisligi 6grencilerine ders iginde bu oyunlari
oynatarak egitim verilebilecegine kanaat getirmiglerdir. Belirtilen oyunlar disinda diger bdoliimlerde
oynatilmaya miisait oyunlar bulunmaktadir ancak bununla ilgili ¢aligmalar yapilmasi 6nerilmektedir.

Belirtilen Oneriler sonraki ¢aligmalara yon vermek ve dijital oyunlarin egitime entegrasyonunu saglamak
acisinda onemlidir. Bu noktada caligmada ortaya ¢ikan sonuglar 1s18inda getirilen Oneriler asagidaki gibi
siralanabilir:

e (ok fazla dikkat dagitici icerige sahip oyun platformlari egitim kurumlari i¢in 6zellestirilmelidir.
e Dijital oyunlar1 incelemeye odaklanmis akademik ¢aligmalarin sayist azdir. Bu sebeple oyunlar ve
egitime entegrasyonu hakkinda mevcut problemleri ¢6zecek akademik calismalar yapilmalidir.

e Egitici oyunlarin egitime entegrasyonu caligsmalarimi yiiriitecek dijital oyun inceleme komisyonu
kurulmalidir.

e Egitsel icerige sahip dijital oyunlar belirlenmeli, icerigi incelenmeli ve STEAM felsefesi iginde
uygulanabilirligi arastirilmalidir.

e Dijital oyunlarin dil se¢eneklerinin arttirilmasi farkli dillerin konusuldugu iilkelerde egitimde firsat
esitligi saglanmasi bakimindan 6nemlidir.

e Dijital oyunlarin derslerde oynatilabilmesi igin egitim ydneticilerine ve egitmenlere farkindalik
egitimleri verilmelidir.

e Belirlenen oyunlar siirekli gilincellenmekte ve yeni versiyonlar1i ¢ikmaktadir. Yapilacak
caligmalarla oyun iireticilerinin gelistirdikleri oyunlarin, derslerde oynanabilir hale getirilmesi i¢in
nasil giincelleme yapacaklarina doniik olarak énerilerde bulunulmalidir.

e Opyunlar sadece oyun olmanin &tesinde gorsellikleri ve miizikleri ile de bir sanat ¢aligmasi olarak
disiiniilmelidir. Belirlenen oyunlarin sanatsal agidan degerlendirilerek STEAM yaklagiminda
Ogrenmenin daha iyi olacag1 bir doniisiime girmesi saglanabilir.

e Basar degerlendirme kriterlerinin nasil olacagina doniik ¢alismalar yapilmalidir.

e Opyunlarin siddet igerigi ve gayri ahlaki 6geleri igermesi incelenmelidir.

e Opyunlara iliskin yas sinirlamasi1 kavram olarak siddet 6geleri hakkinda bilgi vermektedir. Ancak
oyunun zihinsel olarak hangi yastan itibaren oynanmasi gerektigi ile ilgili ¢alisma yapilmalidir.

e Opyunlarin okullarda oynatilmasi durumda lisanslama ile ilgili problemler ortaya ¢ikmaktadir. Bu
problemler ilgili mevzuatlar ¢cergevesinde tekrar degerlendirilerek alandaki yasal engellerin ortadan
kaldirilmasi gerektigi diigiiniilmektedir.
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resources through data encryption, eventually requiring a higher amount of power and more time. Therefore, an AES
lightweight algorithm is proposed, which is one of the complicated encryption algorithms. This algorithm will be
modified to improve the security as well as reduce the amount of time and energy consumed in comparison with the
original algorithm. The enhanced version is based on the outputs of sub byte and shift row, in addition to an exclusive
X-OR operator between them, whereby the output of the X-OR operator is added to the round key layer. The results
confirm that this enhanced algorithm is efficient, accurate, and robust against multiple types of attacks related to ad
hoc networks.

Research Article

Keywords — Ad-hoc network, advanced encryption standard (aes), lightweight cryptography (LWC)

1. Introduction

Throughout the last few decades, an exponential development is observed regarding the wireless areas. Great
advances have been achieved in network infrastructures, which in turn increase the provision of wireless
applications, and the appearance of omnipresent wireless devices like portable or handled computers, PDAs,
and mobile phones. These devices are remarkably increasing in terms of their capabilities and tend to play a
significant role in human life at the present time (Basangi et al., 2004).

Ad hoc networks consist of a set of wireless nodes which communicate in a direct way through common
wireless channels(Rani et al., 2013). Ad-Hoc networks do not need any extra infrastructure like base stations
or wired access points. The created network can be independent from the infrastructure network. On the other
hand, these nodes are able to build their own networks. Additionally, communication among nodes only takes
place whenever they are located within their transmission range. Security is an important problem in ad hoc
networks, as it produces integrity, confidentiality, and availability (Elmahdi et al., 2018). Providing security
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affects the power management in ad hoc networks, as the consumption of power occurs within the nodes
whenever the packet is transmitted or received.

One of the efficient mechanisms which could be used for solving the security challenges in Ad Hoc networks
is cryptography (Costa et al., 2017). It seems to have a major role in protecting data from opponents through
converting it into a form of data that is unintelligible for unauthorized access. Lightweight cryptography is a
novel sub-field designed to deal with more developed technologies (Alyas and Abdullah, 2021). Applying
traditional cryptography within constrained devices is not sufficiently practical because of the mathematical
complexity of cryptographic primitives (Vanda et al. 2021). Traditional cryptography requires a large memory
space and relatively more power for processing. Thus, the motive behind using Lightweight algorithms is the
speed of execution, the comparatively less energy and time consumed, and the need for less memory use
(Abdullah and Obeid, 2021). Lightweight algorithms consist of two parts: Symmetric figures and Asymmetric
figures. The symmetric ciphers consist of Block and Stream Ciphers.

Lightweight cryptography has many effective algorithms, one of which is the Advanced Encryption Standard
(AES), a commonly used method in wireless environments. AES has a high security with low complexity
(Agwa et al., 2017), and it has become more attractive to researchers for modification and enhancement.
Several researchers have proposed different techniques to enhance the security in many networks, as outlined
in the related literature reviews below.

Usman et al. (2017) present a lightweight encryption algorithm for securing IoT. A 64-bit block cipher model
is proposed, requiring a 64-bit key for data encryption. It represents a hybrid between festal and uniform
substituting-permutating networks. Kunchok et al. (2018) proposed three ways of security to encryption data.
It combines the advantages of different encryption algorithms, so that the process of transmitting data through
the network is encrypted. Aziz and Singh. (2018) proposed a compressive sensing for providing lightweight
cryptographic security for 1oT. They made use of compressive sensing to encrypt data, which in turn
contributed to the protection of power consumption. Abdullah et al. (2018) introduced a super-encryption
cryptography using international data and word auto key encryption algorithms. It combines several
cryptographic algorithms for providing higher data security. Mohanty et al. (2020) introduced a lightweight
algorithm with distributed throughput management in blockchain, which is applicable to 10T networks to
enhance security and reduce the consumption of resources like time and power. Keshav Kumar et al. (2020)
proposed AES lightweight algorithm to encrypt voice signal on peer-to-peer communication. And it is applied
on Field Programmable Gate Array (FPGA) simulation. Fadhil et al. (2021) proposed Lightweight AES
encryption algorithm to provide security when the data received from physical environment in 10T system. It
is worked on Raspberry. Hussein M. et al. (2022) proposed AES lightweight algorithm in IoT systems to
provide security and delay in time. It is implementation on Asp net.

In this paper, the AES lightweight algorithm will be used in Ad-hoc networks to provide security for data that
is sent across such kinds of networks, as well as to reduce the time and power consumption required for
encrypting data and transmitting packets among nodes.

The research paper could be outlined as follows. Section Il describes the AES algorithm adopted in this work.
Section 111 states the experiment and discussion result. A comparison with other previous works is drawn in
Section IV, and Section V states the conclusions drawn.

2. Materials and Methods

This section discusses the modified AES lightweight algorithm that is used in this paper to reduce the power
and time consumption in ad hoc networks. In the standard AES algorithm, there are four steps to encrypt and
decrypt data, namely: Sub Byte, Shift Row, Mix Column and Add Round Key. In the modified form of AES
lightweight algorithm, the output of both the Sub byte and Shift row are taken to create an exclusive OR (XOR)
to be used instead of the MixColumns.
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2.1. Encryption Process

The process of encrypting in the AES algorithm (Daemen et al, 1999) consists of a set of steps or
transformations that are carried out onto the data. There are also additional steps which are iterative and fixed,
also known as rounds. The number of rounds in cryptocurrencies is determined by the key length. If the
available one consists of 128 bits, then the number of rounds is 10. The key lengths 192 and 256 are
accompanied with 12 and 14 rounds respectively (NIST, 2001). The encryption process is shown in Figure 1.

2.2. Decryption Process

The decryption process takes place through reversing the encryption process. However, the sequence of
conversions is different from the encryption process. In decryption processes, the InvSubBytes and the
InvShiftRows are interchangeable with no effect on the decryption processes. 128 bit used in our work. The
decrypting and encryption (William S. 2000) procedure is illustrated in Figure 1.

Plaintext Key Plaintext
| Addround key |[#——1— w0, 3] —————»] Add round key |
‘ . -
| Sub bvtes Expand key | | Inverse sub bytes | 2
-
- 1 Shift rows | Inverse shift rows | ==
E ________________________________________________
= L|_Newsub ﬁ | Add round kev I
| Addround key |j4——1— wi4. 7] New sub |
- =
. | Toverse sub bytes | E
2
=
Inverse shift rows |
| Sub bytes I—-I o
- I Shift rows s
E 1
£ | New sub | ﬁ | Add round kev |
| Addround key |[4———— w36, 39] New sub |
I Sub bytes I I—-| Inverse sub bytes I oy
= E
= I Shift rows I j Inverse shift rows I :s.
=
2 - 1
I Add round key F_ w40, 43] _-I Add round key I
Ciphertext Ciphertext
Encryption Decryption

Figure 1. Encrypting and decrypting processes in the modified AES lightweight
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Algorithm (1) below outlines the steps of the proposed AES lightweight

Input: Flain Text
Output: Cipher Text.

Stepl: Divide the plain text to groups, each groug contains (4*4) byte. Than, parform the 3{OF opera-
tion with the key (This operation is called Imitial key).

Step 2: Take the initial key and perform the X OF. operation with 5-Boox (This step iz called Sub Byte).

Step 3: The results of the Sub Byte are shifted. Evary byte in the row shifts to the left with a certain
indent. The first row undergoses ne change. The second row makes a shift to the left, and the third row
makes two shifts to the left (This step iz called Shift Fow).

Step 4: This step iz called New Sub:

if (hpxBits == 128) {
for (53 4
temp = gk[3];
Ek[4]=gk[0] *

(Ted[ftemp >> 16) & 0xff] & OxFAOO0000) ~
(Ted[ftemp >> %) & Oxf] & 0x00f0000) ~
(Ted[(temp ) & Oxfl] & Ox0000FF00)
(Ted[(temp >> 24) ] & 0x000000F) ~

Step 5: Add-Foound Key

Figure 2.The steps of the proposed AES lightweight

In Figure 2 above the steps of proposed algorithm in step 4, the key is 128-bit. The term temp refers to the
cipher text. Thus, Round 1 takes the Te4, representing the data in the algorithm which is determined by the
bytes. Each byte has a different data, for example the data of 16 differs from the data in 8. Thus, this step
(Ted[(temp >> 16) & Oxff] represents the Sub Byte and will make XOR operation with Shift Row
(Oxff000000). This operation reduces the New Sub to be used instead of the Mix Column. These steps will be
represented in every round.

2.3. Sub Byte and Inverse Sub Byte Transformations

Each byte within the array will be replaced with an 8-byte Sub Byte taken from the S-Box. The benefit of
using the Sub Byte is the non-linearity that is provided in the cipher. The S-Box is obtained through the inverse
over the Galois Field (2"8) (Shastry et al. 2011). As for the Inverse Sub Byte, all bytes in the matrix are
replaced by the Inverse Sub Byte that corresponds with it.

For example, if S1,1 ={1a}, then the substitution value determined by the intersected the column with index
‘1’ and the row with index ‘a’. So, the result of S1,1 will be{A2}. as shown in Figure 3.

/ The row is ‘@’

S1,1={A2} (s D T Y SO e AR TAC I O S (O

- 63 7C 77 7B F2 6B 6F C5 30 01 67 2B FE D7 AB 76

CA 82 C9 7D FA 59 47 FO AD D4 A2—AF 9C A4 72 C0
The COlumn is v

B? FD 93 26 36 3F F7 CC 34 A5 E5 F1 71 D8 31 15
04 C7 23 C3 18 96 05 9A 07 12 80 E2 EB 27 B2 75
09 83 2C 1A 1B 6E 5A A0 52 3B D6 B3 29 E3 2F 84
53 D1 00 ED 20 FC B1 5B 6A CB BE 39 4A 4 58 CF
DO EF AA FB 43 4D 33 85 45 F9 02 7F 50 3C 9F A8
51 A3 40 8F 92 9D 38 F5 BC B6 DA 21 10 FF F3 D2
CD OC 13 EC 5F 97 44 17 C4 A7 7€ 3D 64 5D 19 73
60 81 4F DC 22 2A 90 88 46 EE B8 14 DE SE 0B DB
EO 32 3A OA 49 06 24 5C C2 D3 AC 62 91 95 E4 79
E7 C8 37 6D 8D D5 4 A9 6C 56 F4 EA 65 7A AE 08
BA 78 25 2E 1C A6 B4 C6 E8 DD 74 1F 4B BD 8B B8A
70 3E B5 66 48 03 F6 OE 61 35 57 B9 86 C1 1D 9%E
E1 F8 98 11 69 D9 8 94 9B 1E 87 E9 CE 55 28 DF
8C A1 89 OD BF E6 42 68 41 99 20 OF BO 54 BB 16

Figure 3. Sub Byte Operation

-0 O N TB V®NOoUMAEWN O
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2.4. Shift Row and Inverse Shift Row Transformations

In the shift row, each byte in the row undergoes a certain indent to the left. In AES, the first row remains
with no changes whereas the second one makes a single shift to the left and the thirft one makes two left shifts.
Meanwhile, the inverse shift row is the opposite of the forward shift row. The first row remains with no changes
whereas the second shifts once to the right, and the third shifts two bytes to the right as well. The shifts are
determined by the adopted matrix in (Scheier, 2015).

For example, if we have this data 85, 01, A2, ed, a4, 21, 30, b2, d2, €6, 97, 44, 53, fc, 3fand 59. So, each 4
bytes will be in row as shown in Figure 4.

85 |01 |A2 |ed | Not Shifted » |85 |01 A2 |ed

a4 | 21130 | b2 | shited1bytetotheler —»| 21 |30 b2 |ad

d2 |e6 |97 |44 |__ shifted2bytetotheleft —»| 97 |44 |d2 |e6

53 |fc |3f |59 (— shifted3bytetotheleft —*| 59 |53 |fc |3f

Figure 4. Shift Row Operation

2.5. New Sub

The new sub is the result of merging the Sub byte with the Shift row by using the XOR operation. The
output is to be used instead of the Mix column. This operation aims to reduce time and energy consumption.
Figure 5 shows the result of this step

: l
o
x

Sub byte’s result Shift row’s result ( \
85 |01 |A2 |ed 85 |01 |A2 |ed 00 |00 {00 |00
ad [21(30 |b2 21 [30|b2 |a4 85 [b |82 |16 | Newsub
d2 |e6 |97 |44 ® 97 |44 |d2 |e6 ] 45 |A2|45 A2
53 [fc [3f |59 59 |53 |fc |3f e |AF|C3 |66

Figure 5. The New Sub

2.6. Add Round Key

Next, the round key is added to the state through the X-OR operation. The round keys are composed of
several words taken from the key table. The round key undergoes the X0OR operation for every byte in the
state matrix, generating a new round key for each round through altering the cipher key.
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2b 28 ab | 09
Te ae 7 |ef
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cf 41 84 Te 00 (fa |
WO = 4f‘ BotWord 3‘: Subb'ﬂﬂﬁ Eh @ 15 @ ﬂ[} = fE
3¢ 09 01 16 00 17
Reon

Figure 6. Add Round Key Operation

2.7. Key Schedule

The key schedule takes the original key ( the length of 128 bit , 192 bit, and 256 bit) then the subkeys will
derive in AES. The subkeys number is equal to the number of rounds plus one. So, the key length of 128 bit is
nr =10 and there are 11 subkeys beacuse the plus one

3. Results and Discussion

After designing the Ad-Hoc network, it is used within this simulation after which the connection between
the clients and server is observed. Figure 7 shows this Ad-Hoc network. To prove the enhancement of the AES
lightweight algorithm, the implementation of the Ad-Hoc network in the cooja simulator is shown and
discussed. Cooja is used for the reduction of power and time consumption.
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Figure 7. Ad-hoc network implementation.
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In Figure 8 below presents the output of the network. It shows the time that is consumed when the message
sent between motes as sender and receiver.
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Figure 8. The output of ad hoc network implementation.

In power trace, a loss in power is observed when using the Standard AES algorithm to send data between
sender (Radio TX) and receiver (Radio RX), as shown in Table 1. Therefore, the lost power in Radio TX and
RX for 55 mote (node) for a lot of nodes. The total loss in power for Radio TX is 0.32% and for Radio RX is

0.03%.
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Table 1

The power trace for Standard AES algorithm

Mote Radio on (%) Radio TX (%) Radio RX (%)
Skyl 0.00% 0.00% 0.00%
Sky 2 1.34% 0.48% 0.02%
Sky 3 1.28% 0.49% 0.00%
Sky 4 0.80% 0.00% 0.07%
Sky 5 1.39% 0.48% 0.06%
Sky 6 141% 0.48% 0.03%
Sky 7 0.73% 0.00% 0.03%
Sky 8 0.73% 0.00% 0.02%
Sky 9 1.37% 0.48% 0.03%
Sky 10 1.37% 0.49% 0.02%
Sky 11 0.81% 0.00% 0.04%
Sky 12 0.78% 0.00% 0.04%
Sky 13 1.37% 0.49% 0.02%
Sky 14 1.32% 0.48% 0.01%
Sky 15 0.85% 0.00% 0.09%
Sky 16 1.46% 0.48% 0.05%
Sky 17 1.35% 0.49% 0.02%
Sky 18 1.48% 0.48% 0.07%
Sky 19 0.68% 0.00% 0.02%
Sky 20 1.36% 0.48% 0.03%
Sky 21 1.33% 0.49% 0.02%
Sky 22 1.34% 0.49% 0.03%
Sky 23 0.74% 0.00% 0.03%
Sky 24 1.38% 0.49% 0.03%
Sky 25 1.39% 0.48% 0.05%
Sky 26 1.39% 0.48% 0.03%
Sky 27 0.79% 0.00% 0.05%
Sky 28 1.49% 0.49% 0.09%
Sky 29 1.29% 0.49% 0.00%
Sky 30 0.77% 0.00% 0.03%
Sky 31 0.82% 0.00% 0.06%
Sky 32 1.41% 0.48% 0.03%
Sky 34 1.47% 0.48% 0.04%
Sky 35 0.71% 0.00% 0.03%
Sky 36 1.31% 0.48% 0.00%
Sky 37 1.32% 0.49% 0.02%
Sky 38 1.33% 0.48% 0.03%
Sky 39 0.73% 0.00% 0.05%
Sky 40 1.38% 0.49% 0.01%
Sky 41 1.38% 0.49% 0.02%
Sky 42 1.30% 0.49% 0.00%
Sky 43 0.75% 0.00% 0.03%
Sky 45 1.36% 0.48% 0.03%
Sky 46 1.47% 0.48% 0.06%
Sky 47 1.38% 0.48% 0.01%
Sky 48 0.85% 0.00% 0.07%
Sky 49 1.40% 0.49% 0.03%
Sky 50 0.81% 0.00% 0.08%
Sky 51 1.35% 0.48% 0.03%
Sky 52 1.34% 0.48% 0.03%
Sky 53 0.81% 0.00% 0.06%
Sky 54 1.47% 0.48% 0.03%
Sky 55 1.35% 0.49% 0.02%
Average 1.16% 0.32% 0.03%
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In proposed AES lightweight algorithm, the power loss for sender and receiver is better than the standard
algorithm. Table 2 presents the power trace for the proposed algorithm.

Table 2
The power trace for the proposed AES algorithm
Mote Radio on (%) Radio TX (%) Radio RX (%)
Skyl 0.00% 0.00% 0.00%
Sky 2 1.48% 0.48% 0.06%
Sky 3 1.39% 0.48% 0.00%
Sky 4 0.76% 0.00% 0.07%
Sky 5 1.43% 0.48% 0.06%
Sky 6 1.38% 0.48% 0.03%
Sky 7 0.75% 0.00% 0.03%
Sky 8 0.74% 0.00% 0.02%
Sky 9 1.34% 0.48% 0.03%
Sky 10 1.36% 0.48% 0.03%
Sky 11 0.00% 0.00% 0.00%
Sky 12 0.00% 0.00% 0.00%
Sky 13 0.00% 0.00% 0.00%
Sky 14 0.00% 0.00% 0.00%
Sky 15 0.00% 0.00% 0.00%
Sky 16 0.00% 0.00% 0.00%
Sky 17 0.00% 0.00% 0.00%
Sky 18 0.00% 0.00% 0.00%
Sky 19 0.00% 0.00% 0.00%
Sky 20 0.00% 0.00% 0.00%
Sky 21 0.00% 0.00% 0.00%
Sky 22 0.00% 0.00% 0.00%
Sky 23 0.00% 0.00% 0.00%
Sky 24 0.00% 0.00% 0.00%
Sky 25 0.00% 0.00% 0.00%
Sky 26 0.00% 0.00% 0.00%
Sky 27 0.00% 0.00% 0.00%
Sky 28 0.00% 0.00% 0.00%
Sky 29 0.00% 0.00% 0.00%
Sky 30 0.00% 0.00% 0.00%
Sky 31 0.00% 0.00% 0.00%
Sky 32 0.00% 0.00% 0.00%
Sky 34 0.00% 0.00% 0.00%
Sky 35 0.00% 0.00% 0.00%
Sky 36 1.37% 0.48% 0.03%
Sky 37 1.33% 0.48% 0.02%
Sky 38 0.80% 0.00% 0.05%
Sky 39 1.35% 0.48% 0.02%
Sky 40 1.35% 0.48% 0.04%
Sky 41 1.46% 0.48% 0.07%
Sky 42 0.82% 0.00% 0.02%
Sky 43 1.35% 0.48% 0.04%
Sky 45 1.34% 0.48% 0.01%
Sky 46 0.75% 0.00% 0.05%
Sky 47 1.36% 0.48% 0.03%
Sky 48 1.38% 0.48% 0.01%
Sky 49 0.72% 0.00% 0.03%
Sky 50 0.73% 0.00% 0.00%
Sky 51 1.35% 0.48% 0.02%
Sky 52 1.36% 0.48% 0.01%
Sky 53 0.76% 0.00% 0.03%
Sky 54 1.43% 0.48% 0.05%
Sky 55 1.34% 0.48% 0.02%
Average 0.69% 0.19% 0.02%
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As shown in tables above, the power loss for the sender (Radio Tx) is better than the Standard in many motes
(nodes), as the power lost in Radio TX and Radio RX is relatively low. The total loss in power is 0.19% for
Radio TX and 0.02% for Radio RX. This is an improvement by merging Sub Byte and Shift Row, which results
in the formation of a new sub instead of Mix Column. This leads to less consumption of time and power in the
proposed algorithm. Additionally, these values are presented as charts below to show the difference between
algorithms:

Figure 9 below shows the motes, Radio TX and Radio RX in proposed algorithm. The motes from 11 to 35
show no power lost for Radio TX and Radio RX, being 0. Meanwhile, other motes have values that represent
the loss of power.

Power Trace

Radio TX (%) m Radio RX (%)

Figure 9. The power trace for the proposed algorithm

In addition, Figure 10 shows the motes, Radio TX and Radio RX in the standard algorithm. A large amount of
power is lost in a lot of motes in Radio TX and Radio RX as compared to the proposed algorithm

Power Trace

W Radio TX (%) m Radio RX (%)

Figure 10. The power trace for the Standard algorithm
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The result of the work analysis is presented using the Wireshark, Figure 11 represents the captured packet
using the proposed AES lightweight algorithm for clients and servers, Ip Address for the source and
destination, clarification of the throughput and packet Ioss of Ad-Hoc network.
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According to the simulation and Wireshark analysis, it is concluded that the time used in the proposed AES
lightweight algorithm is less than that of the standard AES algorithm by 8 seconds and some milliseconds, as
shown in Figure 12.
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Figure 12. A. Arrival time for the proposed algorithm, B. Arrival time for the Standard algorithm.
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4. Comparison of Previous Works

The present work is considered an extension of previous works, with the main objective of solving security
problems in Ad-hoc networks. This section draws a comparison between this work and earlier related
researches, as summarized in Table 3.

Table 3
Comparison of previous works

Enhance Enhance time

Ref No. Algorithm used Technology used Environment Imple;ner;tatlon security and power
work 00 consuming
Usman et al mix of feistel and uniform , N
(2017) Secure 10T (SIT). substituting-permutating 0T MATLAB
networks.
ECDH key exchange mechanism to
Kunchok and nghtwglght hybrid generate keys z?m_d est_abllsh
Kirunbanand encryption system connections, digital signatures for v x
(2018) with ECDH and authenticating, followed by the 10T 10T
AES. AES algorithm to encrypt and
decrypt user data files.
. . . . 10T Intel Berkeley
Aziz and efficient lightweight  CS method used to solve security research lab , N
Singh (2019) security scheme issue and energy.
g (LSS).
Mohanty et al. :Lgtz;vr\;et:e%ht ELIB with public blockchain for o7 Block chain v x
(2018) Blockchain (ELIB) enhancing security and privacy.
Keshav AES lightweight algorithm to 0 G
Kumar et al. AES lightweight encr ?voicegsi na? on peer-to- o e v x
(2020) algorithm P sStgnal on p
peer communication.
Fadhil et al. . . Lightweight AES encryption
(2021) Igr']ghtwt?;%h;IA;?thm algorithm to provide in 10T oT Respherry v x
P g system. It is worked on Raspberry
Lightweight AES encryption
Hussein M. et AES lightweight algorithm to provide security in 10T Asp.net v v
al. (2022) algorithm 10T system. However, enhance the
delay in time
Using the outputs of Sub byte and
The proposed AES lightweight Shift row to make an exclusive or . v v
work algorithm (XOR) to be used instead of the Ad-Hoc Cooja
MixColumns

580


file:///C:/Users/COMU/Downloads/Table%203:%20Comparison%20of%20Previous%20Works
file:///C:/Users/COMU/Desktop/regerrrrrnce/1704.08688-----usman.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/1704.08688-----usman.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/IJET-10776---kunchok.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/IJET-10776---kunchok.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/IJET-10776---kunchok.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/1565024849-----aziz.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/1565024849-----aziz.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/j.future.2019.09.050----mohnaty.pdf
file:///C:/Users/COMU/Desktop/regerrrrrnce/j.future.2019.09.050----mohnaty.pdf
file:///C:/Users/HP/Desktop/NEW%20PAPER/j.jksuci.2020.08.005.pdf
file:///C:/Users/HP/Desktop/NEW%20PAPER/j.jksuci.2020.08.005.pdf
file:///C:/Users/HP/Desktop/NEW%20PAPER/j.jksuci.2020.08.005.pdf
file:///C:/Users/COMU/Downloads/NEW%20PAPER/Fadhil%20et%20al.%202021.pdf
file:///C:/Users/COMU/Downloads/NEW%20PAPER/Fadhil%20et%20al.%202021.pdf
file:///C:/Users/HP/Desktop/NEW%20PAPER/1652436445646304.pdf
file:///C:/Users/HP/Desktop/NEW%20PAPER/1652436445646304.pdf

Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 569-582

5. Comparison of Standard AES and Enhanced AES Lightweight Algorithm

Table 4
Comparison between standard AES and enhanced AES lightweight algorithm

Item Standard AES Enhanced AES lightweight
Security High High

Time Using a lot of time Using a little time

Key Exchange Algorithm Classical Algorithms Lightweight algorithms
Packet loss More Less

Power saving Less More

5. Conclusion

Lightweight cryptography is a technique used for securing information in a developed manner that uses
low assets and gives high throughput while consuming less power. This paper proposed an AES lightweight
algorithm for reducing the amount of time and power that is consumed in ad hoc network. An XOR operation
is conducted between the Sub byte and the Shift row, resulting in a new sub. This sub is used as a replacement
of the Mix Column, thereby eventually resulting in the reduction of overall time and power consumption. The
results for the proposed AES lightweight algorithm are found to be better than the standard AES algorithm in
power and time consumption when transmitting the packets between nodes.
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Article History Abstract — Algae are plant organisms that produce organic molecules in the aquatic environment and absorb carbon.

- Since algae are photosynthetic organisms, they give oxygen to the environment. Algae, one of the most important
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living resources of the seas, are used in many fields such as food, agriculture, cosmetics, medicine,

Accepted:  16.06.2022 pharmacy, industry and also as a biofuel source thanks to the metabolites they store in the cell. In the study carried

Published:  15.12.2022 out to determine the effects of nitrogen and phosphorus limitations at different salinity rates on the chlorophyll a, dry
. weight, optical density, protein, lipid and fatty acid contents of the microalgae Tetraselmis suecica from the class
Research Article Chlorodendrophyceae cultured in the laboratory conditions, at %015, 30 and 45 salinity rates 50% N and 50% P
reductions were applied. The lowest growth was detected in the culture containing 50% N(-). The highest lipid ratio
was determined as 39.8+1% in the 50% N(-) group, while the closest ratio was 34.6% in the 50% P(-) group. The
highest polyunsaturated fatty acids were determined in the group containing 50% P(-) at all salinity values. The

protein value was determined as 22.3% in the 50% P(-) group and 15.7% in the 50% N(-) group at %030 salinity.

Keywords — Fatty acids, growth, lipid, protein, N limitation, P limitation, salinity, tetraselmis suecica.

1. Introduction

Various factors affect the development of algae; In addition to factors such as light, temperature, pH,
salinity is one of the most important environmental factors affecting phytoplankton development, metabolism
and distribution (Alsull et al., 2012). Marine phytoplanktonic organisms have a very good tolerance to salinity
changes. According to the salinity in the natural environment, many algae species also grow well at lower or
higher salinities. Although many algae grow in the %012-44 salinity range, they prefer the optimum %020-24
salinity. However, there are algae species that can survive even at %0140 salinity, where most of them cannot
survive (Ben-Amotz, & Avron, 1983; Borowitzka, & Borowitzka, 1988). E.g; While Isochrysis galbana shows
maximum growth at %015, Tetraselmis suecica prefers %025-35 salinity (Vonshak, & Tomaselli, 2000).
Microalgae, like land plants, require light, carbon dioxide, water and inorganic salts for growth. Although their
production seems to be costlier when compared to agricultural crops, it is more advantageous in that they can
be divided within hours and produced throughout the year (Siaut et al, 2007; Grobbelaar, 2004). Reducing the
cost of algae production is possible with the use of sunlight, seawater and carbon dioxide from greenhouse
gases. The main elements used in algae production are nitrogen (N), phosphorus (P), sodium (Na), iron (Fe).
Since most of these elements are in seawater, it can reduce the cost of the culture medium in the production of
marine microalgae (Miron et al., 2003). After carbon, the most important nutrient for living mass production
is N. In general, N constitutes between 1% and 10% of their dry weight (Gokpinar and Cirik, 1991). N is one
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of the most important factors affecting growth and biochemical composition in algae cultures. The lack of N
in the culture medium causes a decrease in the amount of dry matter and chl a, and an increase in carotene and
lipids (Sukenik et al., 1989). Chemical and physical factors in the culture medium can also affect the content
of fatty acids. Increased lipid content has been observed in many microalgae species grown with N restriction.
In the late 1940s, N starvation was found to be effective on fat storage and a lipid level of 70-85% in dry
weight was reported. Dunaliella sp. and some algae species, such as T. suecica, contain low lipids and
generally produce carbohydrates rather than lipids. Besides N, some other nutritional deficiencies can also
cause an increase in lipid content (Piorreck and Pohl, 1984). P is an important nutrient for algae and a
component of molecules such as phospholipids and nucleic acids. In plants, P plays an important role in many
critical metabolic processes, especially photosynthesis and respiration (Plaxton and Tran, 2011). The presence
of P in the aguatic environment is especially important for algae and other aquatic organisms. The use of P in
seawater not only affects cell volume, nutritional status, photosynthetic activity, and other biochemical and
physiological properties of algal cells, but also affects the composition and quantity of the marine
phytoplankton community (Benitez-Nelson, 2000; Paytan and McLaughlin, 2007). Two of the most important
problems in our world today are undoubtedly environmental pollution and increasing energy needs.
Environmentally-friendly production, sustainable environment and sustainable green economy have started to
form the agenda of countries. The use of microalgae in environmental applications is increasing and microalgae
technology is developing rapidly. The use of microalgae in preventing water pollution and in bioenergy is seen
as an important ecological investment for the future. For this purpose, many studies need to investigate the
environmental uses of rapidly developing microalgae technology and its potential in meeting energy needs
(Sisman-Aydin, 2019). In this study, the effects of 3 different salinity (%015, 30 and 45) and nutrient
deficiencies (50% N(-) and 50% P(-)) on growth, protein, lipid and fatty acid changes in T. suecica were
investigated.

2. Materials and Methods

2.1. Inoculum source and cultivation conditions

T. suecica (UTEX LB 2286) used in the study was obtained from UTEX Culture Laboratory. The study was
carried out in Cukurova University Fisheries Faculty Algal Biotechnology laboratory. T. suecica belonging to
the class Chlorodendrophyceae was used in the study. T. suecica is a green, four flagellated and motile marine
microalgae. It is usually 10 um long by 14 um wide. Tetraselmis is a promising microalgae species for biofuel
use due to its rapid growth rate and high lipid content (Alonso et al., 2012).

In the experiment, the F/2 culture medium (Guillard, 1973) was used as the medium. The experiment was
carried out in a laboratory environment. Cultures were replicated first in flasks and then in balloons and
sufficient amount of inoculum was prepared. In the experiment, N and P deficiency were tested at 3 different
salinity ratios. Salinity ratios were adjusted to be %015, 30 and 45 and a control group for each salt
concentration was formed. In other groups, experiments were established by making 50% N and 50% P
deficiency. The inoculation rate to be used in the trial was adjusted to be 20% and the trial was set up in 5L
volumes. From the beginning of the experiment to the last day of the experiment, samples were taken from the
trial dishes in order to determine the optical density (OD), biomass and chl a value.

2.2. Biomass (Dry weight), Chlorophyll a (Chl a) and Optical Density (OD)

Dry weight amount was determined according to Vonshak, 1997. To determine the amount of Chl a throughout
the experiment, 5 ml samples were taken from the balloons of each treatment group. The samples taken were
filtered through GFC filter. 10 ml of 95% ethanol was added to the samples. Samples were left in the
refrigerator (+4°C) for 24 hours in the dark after shaking. At the end of the extraction period, the upper clear
part was taken and the absorption values were measured at 649 and 665 nm in the visible spectrophotometer.
The results were calculated using the following formulas (Eg. 2.1.) (Kulkarni, & Nikolov, 2018).

Chla %) = 13.36 * Abs665nm — 5.19 * Abs649nm (2.1)
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In order to measure OD, after the cultures were mixed homogeneously daily, 3 ml of sample was taken with
the help of a pipette. The samples taken from the tubes were placed in quartz cuvettes and the visible
spectrophotometer was read at a wavelength of 680 nm (Wong, & Franz, 2013).

2.3. Lipid, fatty acids and protein analysis

Lipid analysis was performed according to the method applied by Bligh and Dyer (1959). 0.2g homogenized
sample was mixed with a Warring blender after adding 120 ml of methanol/chloroform (1/2). Then, these
samples were added to 20 ml of 0.4% CaCl; solution and filtered through filter paper (Scleicher & Schuell,
5951/2 185 mm) and kept in an oven at 105 “C for 2 hours and then filtered into flasks that were tared. These
balloons were closed in such a way that their mouths were not airtight and kept in a dark environment for 1
night, and the next day, the top layer consisting of methanol-water was removed with the help of a separating
funnel. Chloroform from the chloroform-lipid part remaining in the balloons was evaporated using a rotary
evaporator in a water bath at 60 °C. Then, the balloons were kept in the oven at 90 “C for 1 hour, allowing all
the chloroform in them to evaporate, and cooled to room temperature in a desiccator and weighed on a precision
balance with 0.1 mg sensitivity. The following formula was used to calculate the lipid ratio (Eqg. 2.2).

Lipid% = (Ballon tare(g)+Lipid(g))—(Ballon tare(g))*100 (2.2)

amount of sample(g)

From the extracted lipid, fatty acid methyl esters were made according to the method of Ichihara et al. (1996).
4mL of 2M KOH and 2mL of n-heptane were added to 25 mg of extracted lipid sample. Then, it was vortexed
for 2 minutes at room temperature and centrifuged at 4000 rpm for 10 minutes, and the heptane layer was
analyzed by gas chromatography (GC).

2.3.1. Gas chromatographic conditions

Fatty acid content was analyzed using a GC Clarus 500 instrument (Perkin—Elmer, USA), a flame ionization
detector (FID) and an SGE (60mx0.32mm ID BPX70x0.25 um, USA) column. Injector and detector
temperatures were adjusted as 260°C and 230°C, respectively. In the meantime, the oven temperature was kept
at 140°C for 8 minutes, then it was increased by 4°C every minute until 220°C, from 220°C to 230°C by 4°C
every minute and kept at 230°C for 15 minutes, the analysis was completed after a total of 45.5 minutes. By
controlling the sample size at 1 pl and the carrier gas at 16ps, the split current ratio of 40.0mL/min (1:40) was
used. Fatty acids were determined depending on the arrival times of the FAME mixture consisting of standard
37 components (Supelco 37 F.A.M.E. Mix C4-C24 Component, Catalogue No. 18919).

Total crude protein was made in the Kjeldahl apparatus according to the Kjeldahl method (AOAC, 1998). The
amount of protein was calculated according to the formula in the following equation (Eg. 2.3)

1401« (A—B)*M
*
g *10

%Protein = %N * 6.25 (2.3)

%N = 100

A: The amount of HCI consumed for the sample
B: The amount of HCI consumed for the blind
M: Acid molarity

g: Sample quantity
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3. Result and Discussion

In this study, which was carried out to determine the effect of nutrient deficiency on the growth and
biochemical structure of T. suecica in the Cukurova University Fisheries and Algal Biotechnology Laboratory,
at %015, 30 and 45 salinities; 50% N and 50% P deficiencies were tried and the trial was completed on different
days. In the experiment, chl a, dry weight analysis, OD, protein, lipid and fatty acid analyzes were performed.

3.1. Optical Density (OD)

Optical densities were determined in order to monitor the growth of T. suecica, which was cultured in
environments where salt concentrations of %015, 30 and 45 were applied and N and P were reduced by 50%.
When the growth curve of T. suecica cultures at %045 salt concentration is examined, it is seen that the
logarithmic phase starts with 50% N(-), 50% P(-) with inoculation, and a lag phase lasting approximately one
day in the control group (Figure 1). While the OD values were lower in the 50% P-reduced culture than in the
control group, the lowest OD values were determined in the 50% N-reduced culture. The highest OD values
in cultures treated with 50% P(-) and 50% N(-) were determined as 0.376+0.01 and 0.269+0.02, respectively.

%045 salinity
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=== 50%N(-)
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Figure 1. OD values of T. suecica groups at %045 salinity.

When the growth curve of T. suecica cultures at %030 salt concentration is examined, it is seen that the
logarithmic phase begins with the inoculation in 50% N(-), 50% P(-) and control groups (Figure 2). As seen in
the growth curve, OD values in 50% N(-), 50% P(-) and control groups show a similar increase until the 4"
day, and after the 4" day, the OD values in 50% N(-), 50% P(-) cultures decrease is observed. After the 6" day
of growth, the growth was lower in the culture containing 50% N(-). The highest OD values in cultures treated
with 50% P(-) and 50% N(-) were determined as 0.377+0.02 and 0.291+0.007, respectively.
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Figure 2. OD values of T. suecica groups at %030 salinity.
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When the growth curve of T. suecica cultures at %015 salt concentration is examined, 50% N(-), 50% P(-) and
in the control group, the logarithmic phase started with inoculation and as seen in the growth curve, 50% N(-
), 50% P(-) ) and the control group showed a similar increase in OD values until the 3™ day. From the 3™ day
of growth, a decrease in OD values was observed in 50% P(-) cultures compared to the control group, and the
lowest OD values were recorded in 50% N(-) cultures (Figure 3). While the highest determined OD value was
0.402+0.01 in the control group, the highest OD values were determined as 0.350+0.01 and 0.311£0.03 in
cultures treated with 50% P(-) and 50% N(-), respectively.

%015 salinity

==@==Control
a=@==50%N(-)
50%P(-)

1 2 3 4 5 6 7 8 9 10 11 12 13
Days

Figure 3. OD values of T. suecica groups at 15%o salinity.

At %015, 30 and 45 salt concentrations, OD values were higher in cultures treated with 50% P(-) compared to
50% N(-) cultures. It is observed that the salinity ratios applied in cultures treated with N and P deficiency
have no effect.

3.2. Dry Weight

The amounts of dry weight in the groups applied 50% N(-) and 50% P(-) at %045, 30 and 15 salt
concentrations are as summarized in the table below (Table 1). As seen in the table, the lowest dry weight
values at all three salinity concentrations were determined in the culture applied with 50% N(-). The amount
of dry weight in the culture treated with 50% P(-) was higher than the group treated with 50% N(-) and lower
than the control group.

Table 1
Dry weight (dw) of groups (gL ™)
Salinity (%o) Control 50% N(-) 50% P(-)
dWrirst 0.045+0.004 0.042+0.01 0.403+0.002
45 AWiast 0.218+0.0012 0.128+0.01°¢ 0.164+0.001°
dWiax. 0.223+0.012 0.128+0.01°¢ 0.184+0.004°
dWrirst 0.043+0.007 0.045+0.008 0.044+0.002
30 AWiast 0.229+0.0052 0.134+0.02° 0.173+0.02°
OWmax. 0.240+0.006? 0.139+0.01° 0.185+0.03°
dWrirst 0.040+0.001 0.042+0.001 0.039+0.003
15 AWiast 0.178+0.0032 0.139+0.006° 0.163+0.003°
dWiax 0.197+0.008* 0.150+0.01° 0.170+0.007°

There is a statistical difference between the means of lines symbolized by the letters a, b, ¢ (p<0.05).
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3.3. Chlorophyll a

Consistent with the OD measurements and dry weight amounts in the treatment groups, it was determined
that chl a values were higher in the 50% P(-) applied group at %015, 30 and 45 salt concentrations than in the
50% N(-) applied group and lower than the control group. %0The chl a value of the group administered 50%
P(-) at 30 salt concentration was 0.198 mgL™, the chl a value of the group with 50% N deficiency was higher
than 0.121 mgL ™, and the chl a value of the control group was lower than 0.261 mgL ™ has been. %030 salinity
was the salt concentration with the highest chl a values in all three groups (Table 2).

Table 2
Chl a amounts of all groups (mgL™?)

Salinity(%o) Control 509 N(-) 50% P(-)
Chlasis 0.064+0.001 0.067+0.01 0.062+0.002
45 Chlaas 0.148+0.002° 0.089+0.01° 0.111+0.001°
Chlasirs 0.063+0.007 0.067+0.008 0.064+0.002
30 Chlas 0.261+0.0052 0.121+0.02° 0.198+0.0°
Chlasist 0.068+0.001 0.061=0.001 0.065+0.003
15 Chlaas 0.138+0.003 0.09::0.006° 0.114+0.003

There is a statistical difference between the means of lines symbolized by the letters a, b, ¢ (p<0.05).

3.4. Protein Values

A significant effect of 50% N(-) and 50% P(-) treatments on protein content were found at %015, 30 and 45
salt concentrations applied in the experiment (p<0.05). The highest protein value was determined in %030
salinity groups, while the lowest values were determined in %045 salinity groups. While the high protein rate
at %030 salinity was determined as 22.3% in the 50% P(-) applied group, the protein rate was determined as
20.1% at %030 salinity in the 50% N(-) applied group. The highest protein content was recorded at 26.8%,
%030 salinity in the control group (Table 3).

Table 3

Protein amounts of the groups (%)
Salinity(%o) Control 50%N(-) 50%P(-)
45 20.6+2°¢ 10.3+1° 16.4+2°
30 26.8+12 15.7+12 22.3+12
15 25.3%1° 12.8+2° 20.1+2°

There is a statistical difference between the means of lines symbolized by the letters a, b, ¢ (p<0.05).

3.5. Lipid Amount

Salinity, N(-) and P(-) treatments applied in the experiment were found to have a significant effect on lipid
content (p<0.05). The highest lipid value was found to be 39.8% in the group treated with %030 salinity and
50% N(-) (Table 4).
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Table 4

Lipid amounts of the groups (%)
Salinity(%o) Control 509%N(-) 50%P(-)
45 21.6+2° 33.242P 30.4+2°
30 23.7+3¢2 39.8+12 34.6+1°
15 22.9+1P 31.1£2°¢ 29.3+1P

There is a statistical difference between the means of lines symbolized by the letters a, b, ¢ (p<0.05).

3.6. Fatty acids

The fatty acid changes of the groups treated with nutrient deficiencies at different salinities are given in
Tables 5, 6 and 7. Among the saturated fatty acids (SFA) C16:0 (palmitic acid) in the groups cultured at %045
salinity, the highest N(-) group was determined. Monounsaturated fatty acids (EMUFA) were higher in the
50% P(-) group compared to the control group, while it was lower in the 50% N(-) group and this group was
statistically different from the other groups (p<0.05). C16:1 (palmitoleic acid) from MUFA was found in the
group with the highest P (-), while C18:109 (Oleic acid) showed similar values and lower in both groups
compared to the control group. Polyunsaturated fatty acids (XPUFA) were found in the group with the highest
P(-) and the lowest N(-), and differences were determined between the groups (p<0.05). C18:3w3 (a- Linoleic
acid) was the most dominant fatty acids within the PUFA group. While C18:2w6c¢ (linoleic acid) from PUFA
was found to be similar in both groups, C18:3®3 (a- Linoleic acid) was determined as 11.155% in the group
with the highest P(-). In the phosphorus deficient group, EPA was determined as the highest group with
4.425%. Accordingly, total unsaturated fatty (£UFA) acids with 45.41% were highest in the group with 50%
P(-) and the lowest in the group with 50% N(-) (Table 5).
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Table 5
Fatty acid profile of T. suecica (at %045 salinity)
Fatty Acids Name Control(%045) %50N(-) %50 P(-)
C6:0 Caproic acid 1.125+0.075 0.23+0.03 0.34
C8:0 Caprilic acid 1.26+0.01 1.37 1.25
C10:0 Capric acid 1.86+0.05 2.86+0.02 2.055+0.05
C11:.0 Undecylic acid 0 0.03 0
C12:.0 Lauric acid 2.035+0.045 3.34 2.31+0.01
C14:0 Myristic acid 1.77+0.06 2.945+0.015 1.995+0.005
C16:0 Palmitic acid 29.24+0.68 24.124+0.04 22.2+0.05
C17:0 Margaric acid 0.51+0.01 0.72 0.65
C18:0 Stearic acid 4.41+0.1 4.925+0.005 7.61+0.01
C20:0 Arachidic acid 2.055+0.045 1.655+0.005 3.565+0.075
C22:0 Behenic acid 0.35+0.01 0.525+0.005 0.06
C24:0 Lignoceric acid 0.03 0.04 0.05
ISFA 44.64+1.085° 42.76+0.12° 42.08+0.2°
Cl4:1 Myristoleic acid 1.15+0.03 1.1 1.07
C15:1 Ginkgolic acid 0.115+0.005 0 0.185+0.005
Cil6:1 Palmitoleic acid 2.13+0.05 2.385+0.025 2.805+0.015
Cl7:1 1.725+0.045 1.35+1.3 1.835+0.015
Cl8:109 Oleic acid 14.79+0.27 12.42+0.01 12.685+0.055
Cl8:107 Vacsenic acid 3.805+0.045 5.79+0.011 4.9+0.08
C20:109 Gondoic acid 0.21+0.01 0.23 0.25540.025
C22:109 Erucic acid 0.055+0.005 0.06 0.595+0.005
C24:1m9 Nervonic acid 0.15+0.06 0.305+0.005 0.13+0.01
XMUFA 24.13+0.52° 23.64+1.351° 24.46+0.212
C18:2mw6¢ Linoleic acid 5.02+0.12 4.44+0.02 4.39+0.01
Cl18:3w6 y- Linoleic acid 0.71+0.02 1.22+0.01 0.245+0.012
C18:3w3 a- Linoleic acid 7.85+0.11 8.34+0.05 11.155+0.03
C20:2 Eicosadienoic acid 0.04 0.06 0.045+0.005
C20:406 Arachidonic acid 0.14 0.225+0.005 0.135+0.005
C20:306 Dihomo-y-linolenic 0.03 0.05 0.485+0.005
acid
C20:503 Eicosapentaenoic acid ~ 3+0.07 4.05£0.03 4.425+0.005
(EPA)
C22:6m3 Docosahexaenoic acid  0.07 0.11 0.07
(DHA)
YPUFA 16.68+0.32° 15.13+0.11¢ 20.95+0.0722
YUFA 40.81 38.77 4541
Defined 85.45+0.65 81.53+0.52 87.49+0.16

There is a statistical difference between the means of the columns symbolized by the letters a, b, ¢ (p<0.05).

Among the groups cultured at %030 salinity, SFA was the opposite of that at %045 salinity and was determined
in the group with the highest N reduction. In the other two groups, the results were similar (p>0.05). EMUFA,
on the other hand, was found to be the highest in the P(-) group and the lowest in the N(-) group, and all three
groups differed statistically (p<0.05). Oleic acid is the predominant fatty acid in MUFA and it was determined
the highest in the N(-) group with 15.72%, while it was found in the control group with 11.595%. In the PUFA
group, the dominant fatty acid was a-Linoleic acid, as at %045 salinity. At this salinity, a- Linoleic acid was
determined as 10.93% in the group with the highest P(-). EPA was determined in the group with the lowest
control and the highest P(-). While XPUFA was 21.35% in the group with the highest P(-), total UFA acids
were determined with the highest 48% in the control group (Table 6).
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Table 6

Fatty acid profile of T. suecica (at 30%o salinity)
Fatty Acids Name Control(%030) 50% N(-) 50% P(-)
C6:0 Caproic acid 0 1.69+0.04 1.88
C8:0 Caprilic acid 1.45+0.01 1.52 1.47+0.02
C10:0 Capric acid 3.33+0.01 2.42+0.01 2.37+0.015
C12:0 Lauric acid 3.9+0.01 2.675+0.005 2.57+0.025
C14:0 Muyristic acid 3.41+0.02 2.3+0.01 2.24+0.01
C16:0 Palmitic acid 21.885+0.035 24.425+0.025 22.24+0.285
C17:0 Margaric acid 0.21 0.465+0.005 0.88+0.015
C18:0 Stearic acid 6.6+0.02 5.64+0.01 8.33+0.09
C20:0 Arachidic acid 2.765+0.005 2.15 3.27+0.06
C22:0 Behenic acid 0.08+0.001 0.65+0.005 0.05
C24:0 Lignoceric acid 0.06 0.065+0.005 0.06
ISFA 43.85+0.121° 44+0.115° 45.46+0.522
Cl4:1 Myristoleic acid 1.23540.005 0.85 0.69+0.005
C15:1 Ginkgolic acid 0.175+0.005 0 0.18+0.005
Cil6:1 Palmitoleic acid 4.915+0.015 1.565+0.005 1.76+0.02
Cl7:1 3.13+0.01 2.045+0.015 2.04+0.02
C18:109 Oleic acid 11.5954+0.005 15.72+0.03 13.69+£0.0165
Cl8:107 Vacsenic acid 6.015+0.105 4.92+0.06 4.340.11
C20:109 Gondoic acid 0.245+0.005 0.15 0.17
C22:109 Erucic acid 0.295+0.005 0.69+0.02 0.6+£0.01
C24:109 Nervonic acid 0.225+0.005 0.365+0.005 0
YXMUFA 27.83+0.162 26.30+0.135° 23.43+0.7°
C18:2m6¢ Linoleic acid 3.76+0.02 4.56+0.04 4.45+0.06
C18:3w6 y- Linoleic acid 0.235+0.015 0.125+0.005 0.13
Cl18:3w3 a- Linoleic acid 8.7+0.02 9.59 10.9340.125
C20:2 Eicosadienoic acid 0 0.05 0.06
C20:406 Arachidonic acid 0.8340.01 0.805+0.005 0.14
C20:3w6 Dihomo-y-linolenic 0.29 0.065 0.72+0.01

acid Eicosapentaenoic
C20:503 acid (EPA) 3.11£0.01 4.39 4.87+0.08
Docosahexaenoic acid

C22:6m3 (DHA) 0.1+0.04 0.06 0.05
YPUFA 20.23+0.115° 19.64+0.05° 21.35+0.275°
YUFA 48.06 45.95 44,78
Defined 91.91+0.132 89.95+0.1 90.34+0.49

There is a statistical difference between the means of the columns symbolized by the letters a, b, ¢ (p<0.05).

YSFA at %015 salinity was determined as 46.615% in the N(-) group and all groups differed from each other
(p<0.05). The most dominant fatty acid in the SFA group was palmitic acid, and the highest N(-) was
determined in the group applied. MUFA group fatty acids were the most in the N(-) group (24.29%), and oleic
acid was the most dominant fatty acid in all groups. Oleic acid was found to be 10.335% in the group with the
lowest P(-). The most dominant fatty acid in XPUFA was a- Linoleic acid as in the other groups, and it was
determined as 7.235% in the group with the lowest P(-). Linoleic acid (7.47%) and EPA (5.425) were also
determined in the group with the highest P(-). ZPUFA was determined with the highest rate of 21.335% in the
P(-) group, and there was a difference between the groups (p<0.05). Total UFA were found to be 41.44% in
the control group and 41.49% in the P group, while it was 44.125% in the N group (Table 7).
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Table 7
Fatty acid profile of T. suecica (at %015 salinity)
Fatty Acids  Name Control(%o015) 50% N(-) 50% P(-)
C6:0 Caproic acid 0.26+0.04 2.34+0.042 2.02+0.32
C8:0 Caprilic acid 1.51£0.02 2.375+0.005 1.865+0.035
C10:0 Capric acid 3.58+0.04 3.56+0.03 3.43+0.04
C12:0 Lauric acid 4.205+0.045 3.94+0.05 3.89+0.01
C14:0 Myristic acid 3.71+0.05 3.4+0.07 3.415+0.025
C16:0 Palmitic acid 18.315+0.215 23.335+0.095 20.04+0.04
C17:0 Margaric acid 0.39+0.01 0.185+0.005 0.74
C18:0 Stearic acid 7.645+0.085 4.705+0.065 5.69+0.01
C20:0 Arachidic acid 3.88+0.07 2.02+0.01 3.95+0.01
C22:0 Behenic acid 0.06+0.03 0.7 0.06
C24:0 Lignoceric acid 0.03 0.045+0.005 0.04
> SFA 43.71+0.605° 46.61+0.3772 45.31+0.49°
Cl4:1 Myristoleic acid 0.73£0.01 0.795+0.025 0.745+0.005
C15:1 Ginkgolic acid 0 0 0
Cl6:1 Palmitoleic acid 2.44+0.02 1.955+0.005 2.29
Cir:1 3.295+0.025 3.065+0.045 2.985+0.005
Cl18:1m9 Oleic acid 11.34+0.11 11.9+0.12 10.335+0.035
Cl8:1m7 Vacsenic acid 3.44+0.06 3.315+0.135 3.505+0.065
C20:1m9 Gondoic acid 0.325+0.045 2.21+0.01 0.15+0.01
C22:1m9 Erucic acid 0.305+0.225 0.6+£0.01 0.06
C24:109 Nervonic acid 0.515+0.115 0.45+0.07 0.385+0.005
> MUFA 22.39+0.6° 24.29+0.422 20.45+0.125°
C18:2w6¢ Linoleic acid 4.055+0.065 4.53£0.05 7.47
C18:3w6 v- Linoleic acid 0.84+0.069 1.46+0.02 0.175£0.025
Cl18:3m3 a- Linoleic acid 9.095+0.225 8.665+0.075 7.235+0.015
C20:2 Eicosadienoic acid 0.05 0.05 0.09
C20:406 Arachidonic acid 0.088+0.05 0.145+0.005 0.215£0.005
C20:306 Dihomo-y-linolenic 0.335+0.005 0.445+0.005 0.52
acid
C20:503 Eicosapentaenoic acid  4.56+0.05 4.49+0.03 5.42540.005
(EPA)
C22:603 Docosahexaenoic acid  0.03 0.05 0.205+0.005
(DHA)
> PUFA 19.05+0.464° 19.83+0.185° 21.33+0.052
YUFA 41.44 44,12 41.79
Defined 85.15+0.55 90.74+0.32 87.10+0.22

There is a statistical difference between the means of the columns symbolized by the letters a, b, ¢ (p<0.05).

As aresult, among all three salinity groups, total UFA were determined highest in %030 salinity N(-) and lowest
in %045 salinity N(-) group. While MUFA fatty acids were found at %030 salt concentration in the group made
with 50% N(-) the highest, PUFA fatty acids were found in the groups made with P(-) at %030 and %015 salinity
the highest. The lowest PUFA values were determined at %045 salinity N(-), and the highest values were
determined in all salinity groups in the groups with P(-) (Table 8).
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Table 8
Fatty acid values of all groups (%)
Control 50% N(-) 50% P(-)
%045 %030 %015 %045 %030 %015 %045 %030 %015
SFA 44.645°  43.859  43.71%  42.76° 449 46.61% 42.08" 45.46°  45.31°

MUFA 24.13° 27.83%  22.39° 23.64%  26.30°  24.29° 24.46° 23.43%  20.45f
PUFA  16.68 20.23"  19.05° 15.13°  19.64° 19.83"  20.95®  21.35* 21.33%

UFA 40.81¢ 48.06°  41.44¢ 38.77f 4595°  44.12° 45.41° 44.78°  41.79¢
There is a statistical difference between the means of the columns symbolized by the letters a, b, c, d, e, f (p<0.05).

4. Discussion

N and P deficiency and different salt concentration treatments, which are stress conditions that stimulate
the increase of lipid content of T. suecica from the green microalgae group, have been studied in vitro. In this
study, the effects of 3 different salinity (%015, 30 and 45) and nutrient deficiencies (50% N(-) and 50% P(-))
on growth, protein, lipid and fatty acid changes in T. suecica were investigated. Environmental factors are
effective in the growth and biochemical structure of algae, as well as the type and density of nutrient elements
in the culture medium (Brown et al, 1989). It is known that the change in N sources (such as ammonium,
nitrate, and nitrite) and their concentrations are effective in the growth and biochemical structure of algae
(Gokpinar, 1991; Fidalgo et al, 1995). In general, F/2 medium is used for the growth of marine microalgae in
the laboratory environment. NaNOs is used as N source and NaH,PQO4.H,0 is used as P source in the nutrient
medium. This study is based on NOs-N 882 pmol/l and PO4 36.3 umol/l (Guillard, 1973). N limitation by 50%
(441 umol/l) reduction in N source and P limitation by 50% (18.15 umol/l) reduction in P source. N and P
addition rates were among the parameters affecting growth in T. suecica. It was observed that there were
decreases in OD and biomass amounts in T. suecica cultured at all three salinity values where 50% N and P
restriction were applied. In a study, it was stated that low N concentration reduced growth in N. oculata, but
did not affect it in C. vulgaris (Converti et al, 2009). It has been reported that when cultured in different N
sources and N-free media, the growth of Ellipsoidion sp. slows down in N-free media (Xu et al, 2001). Khozin-
Goldberg,& Cohen (2006) reported that when the freshwater species Monodus subterraneus was cultured in
an environment with P restriction, the amount of dry weight decreased with P restriction. Salinity is the most
important environmental factor affecting the development, biochemical structure and distribution of algae. It
is known that with the decrease in photosynthesis rate of algae cells due to the increase in salinity, protein
synthesis from their biochemical content also decreases. At the same time, it has been reported that with the
increase in salinity, the growth slows down and there is a significant decrease in production (Zhang et al, 2010).
Marine algae have a very high tolerance to salinity changes. It has been stated that many species show good
growth at salinities lower than the optimum salinity values. While most of the marine algae prefer %o012-44,
optimum %020-24 salinity, some algae species can continue their photosynthetic activities for a while even if
the growth rate decreases very much at %0140 salinity (Ben-Amotz, & Avron, 1983; Borowitzka, &
Borowitzka, 1988). While T. suecica prefers %025-35 salinity, . galbana %15, S. platensis shows good growth
at %ol salinity (Vonshak, & Tomaselli, 2000). In this study, the best growth was obtained in the group
containing %030 salinity. The closest to this was determined at %045 salinity. The lowest growth was found at
%015. T. suecica showed good growth in a wide salinity range of 15-45 ppt. It is in agreement with the results
reported in previous studies. According to Alsull, & Maznah Omar (2012); At different salinity concentrations
(%020, %025, %030, %033, %035 and %038), Tetraselmis sp. and Nannochloropsis sp. achieved the best growth
at %033 salinity concentration. Durmaz, & Piring (2017) reported in their study that the highest cell number of
T. chuii species was obtained in cultures with a salinity concentration of %040, the highest amount of dry weight
in culture media adjusted at %030 and %040 salinity. They stated that T. suecica developed in the range of 15-
60 ppt (Venckus et al, 2021), 20-60ppt (Pugkaew et al, 2019), 25-35 ppt (Fabregas et al, 1986). In the studies,
T. suecica was cultured in four different salinity values (15, 30, 60 and 90 ppt). They reported that the highest
growth was achieved at 15 ppt salinity, while growth slowed down at other salinity values. They also stated
that the highest protein content (56.9%) was found in this group, while the highest lipid ratio was 27.7% at
30ppt salinity. They reported that the protein and lipid content decreased as the salt content increased (Venckus
et al, 2021). Pugkaew et al. (2019) also found that when T. suecica is cultured under 6 different salinities (10,
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20, 30, 40, 50 and 60 ppt), the species can be cultured between 20 and 60 ppt values, but 10ppt is essential for
the development of the species. They reported that there is no suitable salinity and that the growth is lower
than other salinity rates. At the same time, they reported that the highest growth was at 30 ppt, and the growth
at 20, 40, 50 and 60 ppt values was similar to each other. They reported that while the protein content was
found at the highest 10 ppt, this ratio decreased as the salinity increased, and the highest lipid content was at
60 ppt. Gu et al. (2012) reported that N. oculata had the highest lipid content at %025 and 35 salinity, and the
lowest at %015 salinity. At the same time, they determined that the protein content decreased with salinity. In
our study, the highest protein was found in the control group with %030 salinity, while the closest value was
obtained in the control group at %015 salinity. In this study, highest lipid content was found as 39.8% in the
group with the %030 salinity and 50% N(-). Salinity is the most important factor affecting microalgal
production yield, especially in uncontrolled environments of growing systems. Uncovering the optimal salinity
range and high-value biochemical production pathways for algal biomass helps increase production potential
and reduce cost (Pugkaew et al, 2018). In our study, it was observed that salinity variations caused a decrease
or increase in the amount of biomass by affecting the biochemical structure of T. suecica. Elements such as N,
P, S, Ca, Mg, Si are essential elements in algae, and these elements are significantly needed in the environment.
N (-) and P (-) caused decreases in OD and dry weight values. The highest OD and dry weight amounts obtained
in the culture were determined in the control groups at all three salinity values, while the lowest values were
determined in the N(-) groups. In their study, Bondiolli et al. (2012) determined that while the dry weight
efficiency was 7.8 g m2day* at the end of the first week in cultures with N restriction in T. suecica, this value
was 2.2 g m2day! in the second week of the experiment.

The application of N and P deficiency, which is effective in the growth of algae, among the elements used in
the nutrient medium, increases the lipid ratio in many algae species and causes a decrease in the protein ratio.
In the late 1940s, N starvation in algae was found to be effective on lipid storage, and a lipid level of 70-85%
in dry weight was reported. Dunaliella sp. or T. suecica species, on the other hand, contain low lipid and
generally produce carbohydrates rather than lipids (Piorreck et al., 1984). Uslu et al. (2011) cultured S.
platensis in media containing different amounts of N and obtained the highest lipid content in media containing
100%N(-). They also determined the highest protein ratio in the control group. Mutlu et al. (2011) found the
highest lipid in C. vulgaris as 35.6% in the 100% N(-) group in their study. In their study, Gouveia et al. (2009)
found the maximum total lipid ratio of 56% in N. oleabundans species cultured with N limitation. In their
study, Roopnarain et al. (2014) determined that the highest lipid contents were obtained in cultures containing
25%P and lower levels of P in I. galbana, which they cultured with different levels of P restriction.
Nephrochlamys yushanlensis control was cultured with N, N-P and P deficiency and lipid contents were
determined. Total lipid contents were found to be 31% control, 58.6% N(-), 34% P(-), and 49% N-P(-),
respectively (Maltsev et al, 2021). In this study, both N and P deficiencies caused an increase in lipid ratios
and a decrease in protein ratios in all salinity groups. It shows that applied N deficiency increases the amount
of lipid more than P deficiency. Nutritional and environmental factors can affect the ratio of fatty acids relative
to each other as well as the total lipid content. Many studies have reported that fatty acids or total lipid
productivity can be increased when salinity is higher (Takagi and Karseno 2006; Xia et al, 2013; Ho et al,
2014) or lower (Kim et al. 2016a). The main role of fatty acids in algae is related to cell membrane functions
and metabolic processes (Guschina and Harwood, 2006). The degree of unsaturation of fatty acids is also an
important parameter in the adaptation of algae to environmental conditions. Changes in the lipid fatty acid
profile in response to the high salinity of the environment are necessary to retain membrane fluid and prevent
its degradation. However, data on the effect of sodium chloride on the fatty acid composition of algal lipids
are scarce and conflicting. Isochrysis cells grown under high concentrations of NaCl in medium contain
increasing proportions of the PUFA C18 and C22 (Ben-Amotz et al. 1985), whereas Renaud, & Parry (1994)
found C18:5 in high-salinity Isochrysis sp. and reported a reduction in C22:6. It has been reported that
Dunaliella, Nannochloropsis and N. frustulum contain less UFA at high NaCl concentrations (Renaud and
Parry 1994; Xu and Beardall 1997; Hu and Gao 2006). In our study, total SFA were highest in the %015 salinity
N and P deficiency groups (46% and 45%) and in the %030 P deficiency group (45%); Total UFA were highest
in the %030 salinity control group (48%), and the lowest in the %045 salinity N(-) group (38.77%). In their
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study, Kim et al. (2016) determined that the UFA values of Tetraselmis sp. (35-22ppt) at 2 different salinities
were higher at 35 ppt (58%) and SFA values at 22ppt. In our study, the most dominant fatty acids in all groups
were palmitic acid (C16:0), oleic acid (C18:1®9), a- Linoleic acid (C18:3w3) and EPA (C20:5w3). The
predominant presence of these fatty acids in Tetraselmis members has also been reported previously (Griffiths
et al, 2012; Adarme-Vega et al, 2014; Kim et al, 2016). Our results indicate that salinity levels have an effect
on fatty acids. EPA, which is an important fatty acid in terms of human health, constituted 3-5.425% of fatty
acids. Similar but slightly higher EPA levels of 6% to 7% have been reported in Tetraselmis sp. (Adarme-
Vega et al, 2014). The main fatty acids Palmitic acid (C16:0) and oleic acid (C18:1) found in vegetable lipids
are widely used in biodiesel production and are important determinants of biodiesel quality (Kaur et al.2012;
Knothe 2008) and in high amounts in T. suecica. found. It seems possible that the lipid obtained from
Tetraselmis can be used as a biodiesel raw material. However, linoleic acid (C18:3) and PUFAs, which greatly
reduce the oxidation stability of biodiesel, may require the addition or blending of antioxidants to improve
biodiesel quality (Griffiths et al, 2012). Huang et al. (2013) determined in their study that T. subcordiformis
contains a high amount of 18:3w3 (17.68-22.22%) at different N concentrations. In our study, 18:3@3 (a-
Linoleic acid) fatty acid (7.235-11.155%) was the most dominant among PUFAs. Reducing the amount of N
and P in the microalgae medium causes a decrease in the cell density and protein amount, and due to the
inability to produce the energy molecules (ATP and NADPH) that provide chlorophyll synthesis, the amount
of chl a decreases. (Shifrin, & Chisholm, 1981; Sukenik et al, 1989; Roopnarain et al, 2014). In this study,
decreases in the amount of chl a and protein in the groups treated with N and P deficiency; Increases in lipid
content were observed.

One of the factors affecting the growth and biochemical structure of algae is the period of illumination. As the
illumination period gets longer, the growth rate of the algae increases and the cell numbers increase. Studies
have reported that there is not much difference in terms of algal development between the 18-hour illumination
period and the 12-hour illumination period (Oh et al, 2009). In this study, 16:8 light-dark period and 80 pmolm
%51 light intensity were applied to the cultures. In a study, P. cruentum species were grown in growth media
(12:12 light-dark period and CO; carbon source, 6:18 light-dark period and CO- carbon source, 18:6 light-dark
and CO; carbon source, 24 hours dark and glucose. carbon source, 24 hours dark and glycerol carbon source)
were cultured and the highest lipid content was found with 19.3% in the 12:12 light-dark period group (Oh et
al, 2009). In another study, I. galbana was cultured with 24 hours of continuous light and 8 hours of continuous
light, and the highest PUFA was obtained in cultures with 8 hours of illumination (Bandarra et al, 2003). It is
concluded that these studies and the light-dark period applied in our study positively affect the lipid increase.
The biochemical content of the biomass obtained in different phases of the growth period in microalgae
cultures also differs. The amount of lipid is related to the age of the algae culture, and the amount of lipid
obtained increases as the culture ages. The total amount of lipid obtained in the stationary phase of the culture
is higher than that obtained from other phases (Ying et al, 2002). In this study, the culture was harvested after
entering the stationary phase and the lipid amounts were examined in this phase. In a study in which nitrate,
nitrite and urea were used as N sources in the medium, I. galbana was cultured and no difference was found
between them in terms of growth. However, the highest lipid ratio was found with urea (42.05%) and nitrite
(41.61%) at the end of the stationary phase in the culture harvested at the beginning of the stationary phase of
the study. Fatty acids PUFA (62.27%), EPA (27.66%) and DHA (14.13%) were found in the group cultured
with the highest urea and at the beginning of the stationary phase. In the group cultured with urea, the protein
was found to be the highest (44.96%) in the phase where the logarithmic stage increased (Fidalgo et al, 1998).

5. Conclusion

In the study, different salinity and nutrient deficiencies caused changes in cell densities, chl a, dry weight,
protein, lipid and fatty acids of microalgae. It was determined that the most suitable salinity value in terms of
growth dynamics of T. suecica was %030. Protein and lipid values were determined at high values at %030
salinity, followed by %015 salt concentration. In the nutrient deficiency studies, it was determined that the
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control groups still had the highest growth dynamics, and the closest group was the 50% P(-) group. The growth
was lowest in the N(-) treated groups. When the protein values were examined, the lowest was found in this
group. On the contrary, lipid values were found at the highest level in this group, while the lowest was
determined in the control group. When lipid enhancement studies are desired, it can be said that the most
suitable salinity for this species is %030 and it is appropriate to use a medium whose N is reduced by half. UFA
were highest in the control group with %030 salinity and lowest in the group with high salinity and N(-). PUFA
group fatty acids, which we have to take from outside in terms of the health of living things, were at the highest
levels in all salinity groups made with P(-). EPA, which is included in PUFA, was also higher in P(-) made
groups. Accordingly, it can be said that the reduction of phosphorus in the medium at different levels may
cause an increase in PUFA.
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Article History Abstract — An aerodynamic technique to calculating lift and drag coefficients is one of the required instruments in
Received:  07.02.2022 the wing design process. During the last decades, several tools and software have been developed according to aero-
’ A dynamics and numerical methods. Nowadays, aeronautical architecture requires many calculations. Today’s techno-
Accepted:  22.06.2022 logists use a variety of simulation techniques to avoid a expensive model testing. This paper explains how wing
Published:  15.12.2022 profiles can be modelled using ANSYS Fluent and tested by low-speed tests considering experimental literature re-
sults. With the selected wing profile, the geometry is shaped in two dimensions and designed in three dimensions.
Research Article Computational fluid dynamics (CFD) was adopted as the method for studying wing profiles. Wing profiles created
at 0 to 20-degree attack angles are calculated in the simulation area equal to the actual wind tunnel scale, and equations
are solved using the RNG k-Epsilon turbulence model. The process of developing the grids was realized with Ansys
Mesher software. The solution stage and the result show operations were carried out with the CFD Post software. The
study of the low velocity and high transport wing profiles, the drag coefficient, the lift coefficient, and the effect on
the lift-drag ratio were studied using a numerical procedure. After determining the high efficiency of wing profi-

les, production of a selected profile began with a static examination.
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1. Introduction

A wing represents a surface used to travel in an air medium perpendicular to the direction of motion to
produce aerodynamic forces. A wing is a device used for producing lift with distinct contour structures. The
aerodynamic efficiency of some gliders will exceed 60 or higher when expressed by the ratio of lift to drag
coefficient. To achieve lift (Chitte, Jadhav, & Bansode, 2013), this means that less thrust is necessary. To
obtain the limits, we require, there are two methods (lift, drag, moment coefficient, etc.). These are simulation
and experiment. The item or object is inserted in the air stream for the study, and a few holes are opened on it
and pressure calculation is performed. The pressure can be determined ahead of the time at each stage, and the
drag rise, etc. It is used in coefficient estimation. Be it as it might, this procedure takes time, and the error
margin is high. Then again, more developed PC (Personal Computer) simulations allow one to achieve the
ideal characteristics in a much more limited period. The most widespread programming of PC programs is
CFD (computational fluid dynamics). Inside the measurement field, the point is to illustrate. During simulation,
with the assistance of the software, stream conditions are discussed in the ideal process. Simulation gives us
the most rational yield characteristics. In this review, CFD programming, which provides faster performance,
was preferred because the wind tunnel experiments were expensive and lengthy.
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Carbon fibre reinforced polymers (CFRP) have commonly been used for about forty years in various
applications. For e.g., their boss features, low weight, and high efficiency make them an enticing opportunity
for certain products in different fields, including aircraft, automobile, and sea applications. In the aviation
industry, the early use of composites was essentially for auxiliary non-basic applications, such as coatings and
flight control surfaces (Kumara, Raghavendra, Venkata, & Ramachandra, 2012). Given the strict logistical
nature of the aviation sector, various subtleties of accreditation and continuity should have appeared to precede
the expanded use of these products over the airframe, recognizing that these guidelines are continuously
evolving to ensure the general population's well-being (Schmid, Kruse, Korwien, & Geistbeck, 2015). The use
of composites in both industrial and military airframes currently approach 40% and is used for critical load
manner elements. The change was possible because of the company's dedication to this creation and the steady
growth as the manufacturing approaches in the test, material, and cycle strategies. The modelling network
gained the certainty of dealing with composites from such tests with numerous wins, numerous misfortunes,
and exercises learned (Davies, Choqueuse, & Devaux, 2012). Despite the specialized angle, the conservative
hand primarily influenced grasping composites. Compared to metal, the use of lighter-weight fabrics meant
that airlines and operators could get a decent deal during operation on fuel prices. It was found that with every
pound saved of weight; a saving of $46 can be made, accepting $3.44 per gallon of jet fuel (Aviation Outlook,
2021).

With respect to composites, the basic cost factors are the crude material, tooling, function, amount of manu-
facturing, the scale of output, and machinery. In such areas, any changes will theoretically bring down the
prices. With the developments in these fields over the next few decades, the cost of constructing plastic prod-
ucts is agreed to be extreme for metallic materials, which would make them a substantially greater candidate
for potential items (Shama, Simha, Rao, & Kumar, 2020). By combining two separate materials that have
properties that are obtained by consolidating multiple elements, composite materials are produced. Composite
materials are often referred to as composition materials, which are the materials created using at least two
constituent materials with various physical and synthetic properties, which coat a substance with different
characteristics from its constituents when consolidated. In addition, the constituent components for composites
are referred to as 'Reinforcement material and matrix material' that are correctly mixed to achieve the optimal
properties, such as dimensional protection, electrical opposition, etc. To obtain adequate consistency in the
composite material, the re-enforcement material, and the matrix material must be joined in suitable places. In
general, the efficiency of the composite materials depends on the ratio of the reinforcement material and the
matrix material. There is a big overview of composite materials, including polymer matrix, ceramic matrix,
and metal matrix composites, which are commonly used in the industry. Current research and engineering
involve a completely different category of cutting-edge materials, particularly in the areas related to shipping,
aviation, and military architecture (Choubey et al., 2018, Lee et al., 2017, Delogu et al., 2017, Karthigeyan et
al., 2017, Yadav et al., 2017). For aircraft frames, exceptional corrosion, and fatigue-damage tolerance, com-
posites have demonstrated weight savings. Applications for commercial aircraft have gone from limited flight
control surfaces to an ever-increasing number of critical structures (Schwartz, 1992).

Onour (2011) conducted the hypothetical study of AG24, AG35, AG455ct, CAL1215j, CAL2263m, and
CAL4041I profiles. Using MATLAB tools at low Reynold’s coefficients, test estimations were obtained. As
per the results, in the low Reynolds number, the maximum value for the angle of attack and drag coefficient
was achieved, and in the high Reynolds number, the minimum value was reached. A high Reynolds number
and a minimum value for a low Reynolds number were obtained for the highest lift coefficient/angle of attack.
The comparative results show the AG35 airfoil is the most acceptable profile for the design.

Parashar (2015) planned the study of NACA2415, NACA23012, and NACA23105 airfoils, using the GAM-
BIT and Fluent commercial CFD systems. For flow, using the regular k-¢ disruption model, momentum con-
tinuity equations are studied. With CATIA’s guidance, 2D wing geometries were obtained at a chord ratio of
0.5 C. At differing attack angles at -15 and +15 degrees, the two streamlined limits were calculated. In deter-
mining aerodynamic efficiency, these two limits are of prime importance. Contrary to NACA2415,
NACA23015 and NACA23012, at the extreme angle of attack, NACA23012 airfoil produced the least drag at
= 0. If the limit is NACA23012 (at the lift coefficient), the lowest drag has been reached.

In this study, Syamsuar, et al., (2016) proficient low-speed airfoil determination and optimization was con-
ducted using multi-directional analysis for unmanned aerial vehicles. The enhancement period involves low-
speed airfoil details and design optimization measures as shown by the design needs provided. In unmanned
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aerial vehicles, the stability criteria are of high importance due to low clutter and poor stability. Using compu-
tational fluid dynamics (CFD), tests were conducted. In XFOIL and ANSYS, studies were conducted using
the model of Navier strokes. In selecting the required airfoil for the design criteria, the weighting technique
was used to find the greatest weight value. When the calculations of lift, drag, moment coefficient, and angle
of attack were compared with 29 wing profiles as a database, the TL54 wing profile got the highest score.

In the Jony (2014), The drag lift force and overall pressure distributions affecting the NACA6409 and
NACA4412 profile profiles were also considered, and flow analysis was analysed. Different variables were
obtained by adjusting the angle of attack. In the analysis, the ANSYS Workbench 14.5 programming finite
element approach and computational fluid dynamics (CFD) were used to render connections. On the top sur-
face of the NACA4412 airfoil; there is less negative pressure than on the top surface of the NACA6409 airfoil.
Separately, the lift/drag ratios for NACA4412 are 3.365 and 5.382 for 0 and 5 degrees. Then again, for the
NACAG6409 profile, the lift/drag proportions are 0.39 and 0.66 at the attack angle between 0 and 5 degrees,
individually. The optimal profile should regularly have a high proportion of lift/drag. The NACA4412 profile
is more suitable for aerodynamic applications by comparing the results.

Based on the examples above, the wing profiles, which are widely used today, were analysed at varying angles
of attack, and the targeted optimum profile was tried to be obtained. Fuel consumption is of high importance
for operator companies and developers in today's aircraft. The way to increase fuel consumption on an aircraft
or airfoil is to have the best efficiency that can be requested from its profile. Considering these interests, our
aim in our study is to compare 4 different wing profiles in terms of their specific characteristics (carrying, drag
coefficient, aerodynamic efficiency) and to produce the most efficient profile in order to set an example for
later studies. Creation from composite material was chosen as a new technique in the production of the wing
profile, which was examined using simulation software. It has been determined that the application potential
of composite material wings and load-bearing parts in wing structures of the proposed size is high. Because of
their complex geometry, load-bearing parts inside the wing are challenging to produce from composite mate-
rial. Precision molding and surface smoothing procedures were used to ensure that the tolerances and dimen-
sions of the composite load-bearing parts were met throughout the manufacturing phase. During assembly, a
holistic structure was built by using unique processes to each piece manufactured as a composite part in order
to construct a full wing structure.

2. Design and Analysis

The main feature in determining the consistency of acceptance is finite element mesh since the nodes
generated characterized the performance parameters for the analysis (Kanesan, Mansor, & Abdul-Latif, 2014).
The primary motive behind any configuration of the airfoil is to create an airfoil that offers a more notable lift
calculation without drag expansion. Even, without stalling, the airfoil should have the option of operating at
high angles of attack (Fertis, 1994). The philosophies of airfoil and wing design have taken huge strides
forward with the accessibility of fast computing resources that consider precise aerodynamic efficiency targets.
These aims are mainly to improve an efficiency measurement, such as the proportion of lift over drag, or its
item with flight Mach number in higher-speed systems. The need for extended lift at higher flight levels, with
drag held low has prompted the creation of information bases for streamlined design (Sobieczky, 1999).
Currently, wing prototypes are not made by hand, but with the aid of PCs. Two classes of methods are usually
based on these new computerized modelling techniques. They either use quasi-experimental equations or use
lower-fidelity mathematical devices to help determine the appropriate limits, such as streamlined properties,
flight efficiency, applied loads (Jaroslaw, & Raphael, 1996, Cm Erep, 1986). There are several steps toward
developing a wing and carrying it to the testing level. The importance of the demand opportunity and the needs
of analysis and the area of use (Anderson, 1999, Anderson, 2001) form it. It is important that before the design
can begin, the task needs to be characterized. The corresponding stage is to create a concrete design following
the design proposal. For another aircraft, the conceptual architecture constructs the main general scale and
structure. It requires the load evaluations and the determination of simplified qualities that would be most
relevant to the prerequisites of the mission expressed in the proposal for a design. The iterative circle in the
flow map demonstrates this. The design transitions to the following level, which is the preliminary design
(Meganathan, 2014), at the point where the mission prerequisites are met. It is important to distinguish and
address conflicts of need and to place the required measure of focus on specifications that arise as the concept
matures. The visible proof and regulation of significant performance attributes (Henne, 1990), are the key
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challenge in airfoil configuration. During the wing design process, 18 boundaries must be resolved. They are
as per the following:

Wing reference (or planform) area (S, , S, or S).

Number of wings.

Vertical position relative to the fuselage (high, mid-, or low wing).
Horizontal position relative to the fuselage.

Cross-section (or airfoil).

Aspect ratio (AR).

Taper ratio ().

Tip chord (C,).

Root chord (C, ).

. Mean aerodynamic chord (MAC or C).
. Span (b).

. Twist angle (or washout) ( a, ).

13. Sweep angle (A).

14. Dihedral angle (I").

15. Incidence (i, ) (or setting angle, o, ).
16. High-lifting devices such as flap.

17. Aileron.

18. Other wing accessories.

© ®ONogOR~ON P

ol
[N =)
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N

Of the above considerable rundown, until this point (during the preliminary design step), only the first (i.e.,
planform region) has been determined. An iterative period is the wing configuration, and the
determinations/computations are normally repeated a few times (Sadraey, 2013). In a wing structure, where
the airflow first meets, the leading edge is known, and the trailing edge is known when the airflow leaves. The
wing cross-section beamline (veter) is called the line joining these two points. The arc that goes around the
middle of the upper and lower surfaces and joins the leading edge and the chord is known as the trailing edge.
If analysing, there are two variables that we consider thickness and chord. The highest curvature of the
NACA23012 airfoil is 2% of the beam length and 12% of the beam length is the maximum thickness. In low-
speed airplane wings, the wing area of NACA23012 is commonly used. The proportion of thickness in the
NACAA4412 profile is 12% and the proportion of curvature is 4%. Airfoil NACA4412 has a large range of
aircraft applications, from wind turbines to air cushion aircraft. The TL54 is usually favoured because, like Rc
Motors, it creates lower profile drag at low speeds. The proportion of thickness in the TL54 profile is 9.99%
and the proportion of curvature is 2.41% like hovering boats, miniature quad copters etc. The AG35 profile
used in low speed unmanned aerial vehicles has an 8.7% thickness and a 2.3% curvature proportion. It was
only developed when the aerodynamic efficiency 4412 wing profile achieved the highest score. The design
process must be undergone before a component can be made. Two major steps are performed in this step, to
be specific to the drawing and examination of the component. A specification is rendered during the section's
drawing time in conjunction with the role where it will be used. In this design, things are mulled over, for
example, function and aesthetics. Nonetheless, it is not clear if the operational conditions of the design carried
out would accomplish the purpose here. Significant engineering measurements and observations should be
made to address this question.

Aerodynamic coefficients depend on attack angle, geometry (geometry of the profile, geometry of the wing,
configuration of the airplane), number of Reynolds, and number of Mach. The airfoil lift and drag coefficients
are experimentally acquired or applications that can be used during profile selection causes estimated values
to be used. A PC with a 3.5 GHz 4-core AMD Ryzen 5 1500X CPU, 16 GB RAM, and a 64-bit Windows 10
operating system was used for the simulation. To evaluate the fluid streaming over the profiles, the program
ANSYS Fluent (version-16) was used. To maximize outcomes, an organized mesh is used. The angle of attack
is defined as the angle on the plane or wing between the air and relative wind over the wing and a reference
line (veter). This angle determines the aerodynamic powers of drag that exist.
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Table 1
Specification of input parameters
Parameters Magnitude
Solver Type Pressure-based
Time Steady
Velocity of flow 22.22 m/s
Operating temperature 300 K
Operating pressure 1 atm
Viscous model K-epsilon (2 egn)
Density of fluid 1.225 kg/m3
A0A of airfoil Steady
Kinematic viscosity 1.79E-05
Reynolds number Vary with air velocity
Number of iterations 1000
Angle of attack 0to 20
Solution method Second order upwind
Length 1m

The k-¢ realizable turbulence model was used to assess the aerodynamic efficiency of the two-dimensional
flow on the wing profiles in computational fluid dynamics. The input values are specified in Table 1 above.
2.1. Realizable k-e turbulence Model

The most well-known model used in Computational Fluid Dynamics (CFD) to simulate average flow
properties under turbulent flow conditions is the K-epsilon turbulence model. To view turbulence flow, it has
two additional transport equations. These two models of equations, for instance, convection and diffusion, help
to understand the impacts of turbulent energy.

* The first variable is turbulent kinetic energy, k
« The second variable is the turbulent distribution, ¢

The variable determines the turbulence scale, while the primary variable k determines the energy in turbulence
(Jones, & Launder, 1972, Launder, & Sharma, 1974). The K-epsilon model can be derived as follows:

0 o ) ut ) ok o 0
—(pk)+—(pku;)=— — = —pe-Y Sk, — —(peuj )=
at(p )+6Xj (p J) 6Xj {[MJrckjan}ijkijn PETTM + 3k 6t(p8)+6Xj (pg J)
(2.1)
2
0 ut | oe € €
— || p+L | = |+pC1Se—pCo ————+C1 —~C +S
axj{[“ cgJale R AN A LI 3eFb +S¢
Turbulent viscosity is modeled as follows,
2
pC Kk
p=—= (2.2)
&
K generation can be written as,
T@Uj 23)
=puUjuj — :
R =py; J@Xi
S is the modulus of the average strain rate tensor defined as:
S=25,S, (2.4)
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The model constants used for these equations are:

C, =144, C, =1.92,C, =-0.33, C, =0.09, 5, =1.0, 5, =1.3 (2.5)

2.2. Lift to-drag ratio

The lift-to-drag ratio, or L/D ratio, in aerodynamics is the division of the lift produced by a wing or vehicle
by the aerodynamic drag it creates by flying. One of the key targets of wing/airplane architecture is a higher
or greater L/D proportion. Low drag offers fuel savings and improved climbing performance, as the required
lift is acclimatized to the weight. Lift/drag is the speed vector that shows in the 2D map. The image produces
a U shape in almost all situations since the drag has two main components. Wind tunnel flight simulation,
measurements, or testing (Wu, Sun, Luo, Sun, Chen, & Sun, 2018), can calculate lift-to-drag ratios. The ob-
tained aerodynamic efficiency values are shown in Table 2.

Table 2

Aerodynamic efficiency comparison
AoA 4412 AG35 23012 TL54
0 16.94 19.3 7.28 8.33
5 12.54 13.85 15.52 13.78
10 8.78 8.87 10.27 9.1
15 6.5 6.19 7.25 5.91
20 5.09 3.45 5.47 2.82

2.3. Drag and L.ift Coefficient

The drag coefficient in fluid dynamics is a dimensionless quantity in a fluid medium, such as air or water
that is used to measure an item's drag or opposition. A low drag coefficient allows an object to have less
aerodynamic drag. The drag coefficient is continuously bound to a particular region of the surface (Stollery,
2017). In the drag coefficient condition, the drag coefficient utilizes the wing region as the reference region.
The drag coefficient is an unfathomable value that is used to determine the fluid opposition of moving objects.
The lift force (coefficient) is a mechanical aerodynamic force generated by the fluid flowing through a rigid
body, and this force opposes and maintains the weight of the moving mass in the air. A vector acts against the
flying item's centre of pressure. The lift is obtained from the fluid velocity differential around the flying object.
If the object is flowing through or fluid, streaming through an object does not make a difference. Usually, the
lift coefficient is determined without dimensions (Sharma, 2016).

2F, 2F
pu-A pu-A

Table 3
Lift coefficients
A0A 4412 AG35 23012 TL54

0 0.192 0.1467  0.043 0.08

5 0.439 0.3866  0.2795 0.3142
10 0.685 0.6342  0.527 0.5411
15 0.936 0.8713  0.775 0.722
20 1.171 0.7433 1 0.7615
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Table 4
Drag coefficients
AOA 4412 AG35 23012 TL54

0 0.011 0.0076  0.0059  0.0096
5 0.035 0.0279  0.018 0.0228
10 0.078 0.0715 0.0513  0.0594
15 0.144 0.1407  0.1068  0.122
20 0.23 0.2151 0.1827 0.27

The above Table 3 and 4 shows the lift and drag coefficients. The data obtained are calculated depending on
the lift coefficient (c_), drag coefficient (c, ), free flow velocity (u), free flow density (p) and profile veter

length. For the NACA23012 and NACA4412 profile, the lift coefficient reached the threshold of 1 value.

3. Manufacturing

After the review and saved in phase format our NACA4412 airfoil was modelled in the SolidWorks
software. Then, by running an output in ANSYS Mechanical, the material properties of the profile (ribs and
stringers) to be used are allocated. The manufacturing process eventually began. In our research, we chose
EPIKOTETM Resin MGS ® L285 (Epoksi hexion, 2021), which are used with extremely strong mechanical
and thermal properties in aviation and model aircraft. For the mold, polystyrene material (white foam) was
used. The use of polystyrene is effective, so it will be useful for airfoil model growth. Only the NACA4412
airfoil with a 2750 mm chord and a 2300 mm span width was planned. There are nine ribs and five stringers
of skin in the wing system. As seen in Figure 2, the wing structure is shaped.

Define fabric, A fail
—| material and it's > sSSP anre
cntena

thickness

Define reference
direction of fiber
direction

+

Create composite
layup in modelling
groups

Geometrical modelling of

airfoils in ANSYS 16.0 Solve the solution

[Malenal as&gnatnon]

Evaluate the result

Assign boundary
condition ‘

Generate mesh

Figure 1. Design parameters

In Figure 2 above, the steps to be taken to build a wing profile are given. First, the wing profile was modelled
with Ansys package program. After the material assignment, the meshing process is performed to determine
the thickness and fabric of the material. After modelling, fault assignment is made and the results are evaluated,
and the design is completed. The method proceeds in the event of a potential mistake by returning to the
previous stage. Airfoil structure and construction phase are given in figure 3 and 4.
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Figure 2. Wing structure

Two carrier aluminum spars were used in the production of the blade shown in Figure 3. Ribs are primarily
produced with XPS polyurethane and covered in 3 layers with epoxy and glass fiber fabric. Ribs are connected
at different points with stringers produced with glass fiber fabric and epoxy. Finally, as can be seen in Figure
4, the wing skeleton formed is covered with glass fiber fabric and epoxy, thus creating a very light and strong
wing.

Figure 3. Construction of NACA4412 profile

4. Results and Discussion

Using a denser mesh of the wing area, 727946 Elements and 167323 Nodes were made for a performance
that is more accurate. As the leading and trailing edges are the focuses that first take the air and leave the air,
in these regions the solved equations should be more sensible. These regions are, however, filled with a mesh
of 0.002 units. To define the boundary region of the flow, an extra zone has been inserted along with the wing
profile. The air's inlet and exit points are overcome. The chord was picked to be 1 meter and the flow area
behind the wing was 10 meters of laminar flow. The goal of this analysis is to use the ANSY'S Fluent software
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to generate a virtual model of the external flow across the wing profiles AG35, NACA4412, NACA23012,
and TL54 and to validate it by measuring it at a low speed (22.22 m/s) in the light of the experimental data
acquired from the literature. Changing the airfoil’s attack angle indicates important speed changes. There is a
greater value for the velocity on the top surface of the wing than on the lower surface. As a result, the friction
on the upper surface is minimal relative to the wing's lower surface. The entity would shift from the higher-
pressure zone to the lower pressure region, as per Bernoulli's theorem. Therefore, on the wing, lift exists. The
turbulence grows, as in the writing, as the angle of attack increases at the end of the study. The velocity or
AOA must be altered to keep up the laminar flow. The wing angle and velocity of the incoming fluid (air) we
held steady throughout the simulation. As a working setting, 15°C 1 ATM pressure and 22.22 m/s speed were
used. The methodology of the Coupled Scheme approach was used, which is time-dependent and can arrive at
a fast solution. Since our geometries are large, long and there are various regions with pressure variations over
them, the Realizable model was picked.

In the rest of the study, the pressure, and velocity-dependent behaviours of all airfoils at 0 and 20 degrees were
envisioned. The high-pressure zone at the leading edge and the low-pressure zone on the lower surface of the
airfoil system can be seen from the contours. The photos in the figures demonstrate simulation effects of static
pressure and velocity changes with the K-epsilon turbulence model at an angle of attack of 0° to 20°. The
profile of NACA4412 reached 28.8 m/s on the upper surface of the wing at the maximum velocity. At the same
time, as the velocity-pressure is equal to the opposite, the NACA4412 profile with ~ (-250) Pa. was the least
pressure on the wing. This makes us the most notable lift at 0° on the NACA4412 profile. While the profiles
tend to display smooth flow, the maximum speed of the NACA4412 profile was 48.4 m/s and the maximum
speed of the NACA23012 profile was 48.2 m/s. At the leading edges, the NACA4412 and NACA23012
profiles are somewhat stalled, and the entire profile has dropped into stall by decreasing the speed at the trailing
edges to 0 m/s. The analysis provides improved results in all profiles below 16 degrees of attack angle for
22.22 m/s velocity. The results show that the predicted drag coefficient in the K-epsilon turbulence model is
in good accordance with the experimental evidence. The findings obtained from the simulations demonstrate
that lift and drag coefficients for the wings are not greatly influenced by the free flow velocity. Compared to
low speeds, the airfoil experiences an increase in lift coefficient and a decrease in drag coefficient at high
altitudes. The disparity between airfoil lift and drag coefficients can be explained by the existence of low-
velocity separation at a lower attack angle as opposed to high velocity. In different scenarios during the cycle,
the simulation provided incredibly interesting results for pressure distribution. Compared to the root, the lower
static pressure distribution near the wing tip affirms the three-dimensional movement across the wing. As the
angle of attack increased, it was observed, and values increased. The stall happened after 15 degrees because
the speed diminished to 0 m/s. With the flow rate, the pressure on the lower and upper surfaces of the profile
grew. This result revealed that when in the air, a wing profile or airplane needed to exceed a certain speed to
take off and fall below a specific speed. The literature has stated that the pressure differential increases with
the effect of the lift on the wing, the difference of pressure below or more with the speed and angle of attack
on the wing. The analysis of four airfoils indicates that in applications where the theory is attempted, the
NACAA4412 airfoil configuration should be preferred as it achieves greater lift force with the least drag force.

4.1. Structural Static Analysis of NACA4412 Airfoil in Ansys

An airfoil was previously developed and stored in the Solid Works program. In Ansys Workbench, stage
format is entered. In the engineering details in the Ansys library, the content properties are entered. In Figure
5 below, the material properties are added. The body (fixed support) has one end of the wing fixed to it. The
wing's other end is open. In this manner, deformation and stress values added to the wing can be obtained by
correcting one foot. Analysis of stress is essential to structural architecture. Wing construction geometry, with
the most optimal range of structural parameters such as material and width, should be light and robust to critical
loads.
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Figure 4. Total deformation on NACA4412

The cumulative displacement of the wing at the pressure and speeds applied to the NACA4412 airfoil is 0.221
m, as can be seen in the visuals above. These values give us knowledge about the changes in the angle of the
base and the wings' deformation.

Figure 5. Von-mises stress

In Figure 6 above, Von-mises stress is observed. The stress distribution on the airfoil decreases from the wing
root to the wing tip. The stress on the wing is observed from the root of the wing. It is colored lighter at the
root of the wing and with a darker color chart as it moves away from the root of the wing.

4.2. Modal Analysis of NACA4412

To perform modal analysis to determine the wing model's normal frequency and mode shape. The wing
subjected to unpredictable aerodynamic loads will easily fail due to resonance if the normal frequency of the
wing coincides with the frequency of the load. For detailed dynamic analysis of wing models in the future,
modal analysis is a prerequisite. A classic problem of self-value is modal analysis. The kinematic equation is
the basic harmonic vibration of the free vibration of the structure, which means that the displacement meets
the function of the sinus.

X = Xsin(wt) (4.1)
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([K]- o’ [MD{x}={0} (4.2)

Equation (8) is a classic eigenvalue problem, the equation eigenvalue is, the extraction of a root is auto
oscillation circular frequency, and the natural vibration frequency is. Vector related to is mode of vibration
related to natural vibration frequency (Yongchang, Zhang, Li, Wang, & Tang, 2017).

Table 5
Mode Frequencies
Mode Frequency [Hz]

1.2 0

3 2.8184e-005
4 6.6268e-005
5 1.4164e-004
6 2.8383e-004

The consequence of the modal analysis is that, under these frequencies, the frequencies of 6 distinct modes
and the deformation values are obtained. In the typical free frequency, the profile does not vibrate, but due to
self-weight, certain timeline vibrations occur. Each natural frequency has a distinctive mode shape comparable
to different amplitudes. Different modes can be seen in the Figure 7 below (deformed and unreformed).

Figure 6. Modal analysis

The most appealing thing is to select an adequate airfoil profile in an airplane configuration. In this way, under
the boundary conditions indicated for that airplane, the ideal measure of lift can be made. The most important
values to be considered for the best possible aerodynamic configuration of the wing are lift-drag ratio, lift and
drag coefficient. CFD simulation was used in this analysis to analyse the flow area and aerodynamic properties
of airfoils AG35, NACA4412, NACA23012, and TL54, and numerical simulation was conducted at different
attack angles (0°, 5°, 10°, 15°, and 20°). Using a realizable k-epsilon turbulence model and finite volume
diagrams, flow properties were roughly analysed. It has been shown that the drag coefficient also increases as
A0A increases. This rise is due to the increasing separation zone on the airfoil's upper surface and the increased
pressure drag becoming greater than that under the airfoil. The lift generated by the wing profile increases as
the angle of attack increases. The lift force decreased after the stall angle (15°). The discrepancy in the flow
characteristics of the wing profiles can be deduced as follows, according to this study:
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Max:

* 0°-5° AoA, AG35,

* 5°-15°-20° AoA, in the NACA23012 profile
Max:

* 0°-5°-15°-20° AoA, in the NACA4412 profile
Max:

* 0°-5°-10°-15° AoA, NACA4412

* 15°-20° AoA, in the TL54 profile

Even though the NACA4412 profile has the second-best performance among the profiles in terms of
aerodynamic efficiency at reference values, the maximum drag and lift coefficient at all attack angles (0°, 5°,
10°, 15°, 20°) has been identified. Accordingly, considering these values under different circumstances, the
NACAA4412 airfoil should be selected for the specified conditions from among these four airfoils. In the 'static
structure’ portion of the Ansys workbench, pick the content first. A network of solutions, called meshes, was
generated on the wings after choosing the materials. In addition, the values of deformation and VVon-Mises
stress were obtained. The contrary was not found, given the characteristics of the products we picked
depending on the findings of the study. The consequence of the equation is that the final load does not surpass
the safe value. The maximum value of the corresponding stress is 2.8348e9 Pa., with a gross wing displacement
of 0.221 m at the pressure and speeds applied to the NACA4412 airfoil. These values give us knowledge about
the changes in the angle of the base and the wings' deformation.

5. Conclusion

A plane wing construction is developed and constructed in this examination using Solid Works, a 3D
modelling tool. The Rib and Spars provided structure for the wing. Typically, aluminium composites are
components that are used for aircraft wings. Anyway, we used polystyrene for ribs, the spars, the skeleton, and
the fibreglass composite for exterior coating in our own review. In the Ansys programme, a structural static
analysis was carried out, which prevented the cost of experience. The deflection and strain on the wing were
acquired through static analysis. The module was analysed to determine the normal wing frequency, which
was subjected to continuous vibration during the flight. There is a possibility that the composite structure will
resonate and fail to accomplish its mission. Today, the use of air vehicles for recreational, military and
commercial purposes is becoming more frequent. Manufacturers require the design of the blades to satisfy the
desired criteria. This includes developing blade geometries in response to needs, modifications, etc. Our study
aims to lead the way for future studies by comparing wing profiles, which have different uses in aviation, with
each other. Consequently, among the AG35, NACA 4412, NACA 23012, and TL54 airfoils that are commonly
used in various aviation applications, the NACA 4412 airfoil with the best efficiency should be preferred Since
the study's conclusions were not validated in actual tests, outcomes will vary among designs. Afterwards,
inside a larger flow volume and a more continuous arrangement organization, flow analysis may be presented
within the work of this approach. Attacks, hyper-extends, and heated responses should be noted for further
investigation. Landing gear, engine, and other analyses should be verified later in the construction stage.
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Oz - Hiyerarsik yapimn oldugu kurum ve kuruluslarda ast-iist iliskisinin oldugu bilinmektedir. Hiyerarsinin oldugu
kurum ve kuruluslarda hayatinin belirli bir kismini gegiren bireyler hem bireysel hem de gruplar halinde psikolojik
olarak olumlu veya olumsuz etkiler yasamaktadirlar. Bu galismada, hiyerarsik yapimin Deniz Ulastirma Isletme
Mithendisligi Boliimlerinde (DUIM) 6grenim goren 6grencilerin psikolojilerine yonelik olumlu veya olumsuz etkileri
SPSS 23 paket programiyla kapsamh olarak analiz edilmistir. Uzman gériisleri almarak DUIM 6grencilerine
uygulanmak i¢in anket hazirlanmistir. Uygulanan ankete verilen 218 cevaptan 195’1 gegerli sayilmistir. Gegerli
anketler lizerinden betimsel istatistikler yapilmis ve &grencilerin sif diizeyleri ve cinsiyetleri tespit edilmistir.
Analizler gergeklestirilirken hipotezlere ve kullanilacak veriye gore kararlar verilmistir. Analiz i¢in Bagimsiz t-Testi,
Tek Yonli Varyans Analizi (ANOVA), Cok Faktorlii Varyans Analizi (MANOVA), Pearson’in Ki-Kare testi,
korelasyon analizleri yapilmistir. Pearson’in Ki-Kare testi ve Cok Y6nlii Varyans Analizi i¢in sonuglarin derecelerini
tespiti iginde ayrica testler uygulanmistir. Ankete verilen cevaplar analiz edildiginde Ogrenciler Arasindaki Hiyerarsik
Yapmin (OAHY), ogrenciler tarafindan desteklenmekte oldugunun ve oOgrencilere katki sagladigmin tespiti
yapilmugtir. Ayrica o6gretim iiyelerinin OAHY’ye olan desteklerinin 6grenciler arasinda negatif unsurlarin
olusmasinda etki ettikleri ortaya ¢ikmistir. DUIM &grencileri arasinda OAHY’yi olusturan degerlerin korunmasima
destek verilmesi 6nerilmektedir. OAHY nin saghkli isleyebilmesi igin ogretim {iyelerinin etkilerinin gdzden
gecirilmesi onerilmekte ve nedenleri bir baska aragtirma konusu olarak goriilmektedir.
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Abstract — It is known that there is a subordinate-superior relationship in institutions and organizations with a
hierarchical structure. Individuals who spend a part of their lives in institutions and organizations where there are a
hierarchy experience positive or negative psychological effects both individual and in groups. In this study, the effects
of the hierarchical structure on the psychology of the students studying in the Maritime Transportation and
Management Engineering Departments (MTME) have been analysed with the SPSS 23 package program. A
questionnaire was prepared to be applied to MTME students by taking expert opinions. Of the 218 answers given to
the questionnaire, 195 were considered valid. Descriptive statistics were made through valid questionnaires and the
class levels and genders of the students were determined. The analyses to be made were determined according to the
hypotheses and the available data. Independent t-Test, One-Way and Multivariate Analysis of Variance, Pearson's
Chi-Square test, and correlation analysis were used for analysis. For Pearson's Chi-Square test and Multivariate
Analysis of Variance, additional tests were applied to determine the degrees of the results. According to the results, it
was determined that the Hierarchical Structure Among Students (HSAS) was supported by the students and
contributed to the students. In addition, it has been revealed that the support of the faculty members to HSAS influences
the formation of negative elements among the students. It is recommended to support the preservation of the values
that make up the HSAS among MTME students and review the effects of faculty members for the HSAS to function
properly and its causes are seen as another research topic.
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1. Giris

Deniz Ulastirma Isletme Miihendisligi Béliimii (DUIM) lisans egitimi Tiirkiye’de 10 farkli iiniversite
tarafindan verilmektedir (Goniilalgak, 2016; URL-1). Boliim Ogrencilerine verilen egitim miifredati,
Gemiadamlarimin Egitim Belgelendirmesi ve Vardiya Tutma Standartlar1 Sézlesmesi’ne (STCW) gore
uygulanmaktadir. Béliimde 6grenim géren 6grencilerin uymasi gereken bazi kurallar vardir. Bu kurallardan
bazilar iiniforma giymek, denizcilik &rf adetlerine uymak ve Yiiksek Ogretim Kurumu (YOK) miifredatina
uygun sekilde ders almaktir (Yildirim vd., 2019; URL-2). Orf, Tiirkgede “yasalarla belirlenmeyen, halkin
kendiliginden uydugu gelenek’’ anlamina gelmektedir. Adet, Tiirkcede “gorenek, aligkanlik, topluluk iginde
eskiden beri uyulan kural’’ anlamina gelmektedir. Orf ve adet kavramlar1 yazili olmayan sdzlii kurallari
tanimlamaktadir (URL-3).

Denizcilik egitiminde ve gemi yasantisinda Orf ve adetlerin yani sira gemiadamlarinin c¢alisma ortaminda
bulunan organizasyon yapisinda diger isyerlerine nazaran farkli olarak hiyerarsik zincire dayali bir iletisim
sistemi yer almaktadir (Demir ve Colak Giirkan, 2020). Uygulanan hiyerarsik yapinin sektor i¢in gerekli
oldugu diisiiniilmektedir. Hiyerarsi, emir-komuta zincirinden olusmus iistiin asta emir vermesi ile kurum ici
diizenin saglanmasinda etkili yapiya denilmektedir. Kurum veya topluluklarda astin, iist tarafindan
denetlenmesini saglayan ve kurum igindeki biitiinliigii saglikli iletisim kurarak korumanin temeli hiyerarsik
yapilanma olmaktadir (Tirk, 2019). Hiyerarsik orgiit kiiltiirii, organik bir yapida yukaridan daralarak asagiya
dogru genisleyen, her kademedeki personelin, goérevlerinin belli oldugu, calisanlarin orgiitsel bir cevre
igerisinde davramslarii gézlemleyen ydnetim silsilesi olarak tanimlanmaktadir (\Var, 2016; Hasirc1 ve Oriicii,
2021). Hiyerarsik yapi, gemi adamlarinin derece olarak tistiinde bulunan personelden aldigi gorevleri yerine
getirmesi gerekliligini meydana getirmektedir (Demir ve Colak Giirkan, 2020). Marume ve Chikasha
(2016)’ya gore hiyerarsi “Bir kurum veya kurulus igerisinde basamak seklinde ve birbirlerine bagli olarak en
iist birimden en alt birime dogru aralarinda emir komuta zinciri olacak sekilde diizenlenmesidir.” Hiyerarside
her ast bir iiste baghdir. Astlik ve iistliik iligkisinde, amir, emrinde bulunan astin memuriyet durumuna iliskin
islem yapma, asta emir ve yonerge verme, astin islemlerini hem hukukilik hem de yerindelik agisindan
denetleme yetkisine sahiptir. Ayrica hiyerarsi olagan bir yetkidir ve Anayasada yer almamaktadir (Gozler ve
Kaplan, 2017).

Hiyerarsik yapiya sahip kurum ve topluluklarda bir veya birden fazla kisiyi psikolojik olarak olumlu veya
olumsuz etkileyen unsurlar ast-iist iligkisinin igerisinde barinmaktadir. Bu unsurlar iletisim, motivasyon,
giiven, psikolojik taciz gibi bireyleri duygusal ve psikolojik olarak etkilemektedir (Giilver vd., 2014). Ayrica,
gemi organizasyonundaki hiyerarsik yapida zayif iletisimin denizcilerin is yeri yalnmzlik diizeyini etkiledigi
sOylenebilir (Demir ve Colak Giirkan, 2020). Yiiksel (2005) ast-iist iligskisinin oldugu yerlerde iletisim ve is
tatmini lizerindeki etkilerini arastirmis ve analiz ettigi caligmasinda; ast ve iistler arasindaki iletisimin is
tatmininin olumlu ¢ikmasi sonucunda calisanlarin ise bagliliklari, personel baglarinin kuvvetlendigi ve
calisanlarin motive oldugunu tespit etmistir. Bu baglamda hiyerarsik yapiya sahip kurum ve topluluklarda
olumlu psikolojik etkileri belirlemek igin ast ve iist konumundaki kisilerin baglarinin, is tatmini ve motive
olma gibi duygularin tespiti ile hiyerarsinin dgrenciler lizerindeki olumlu psikolojik etkilerini tespit etmekte
yardimci baslik olarak kullanilmasi gerekecegi ileri siiriilmiistiir (Timuroglu ve Balkaya, 2016).

Kurum veya topluluklarin igerisindeki hiyerarsik yapi bireyler arasinda giiven, motivasyon, is tatminligi, inang
gibi pozitif duygusal etkiler goriilmektedir. Pozitif duygusal etkiler bireylerin psikolojik olarak giiglenmesini
saglar, orgiit igerisindeki baglilig1 kuvvetlendirir ve ¢alisanlarin yaraticiligina katkida bulunur (Kanbur, 2018;
Zhao, Kessel ve Kratzer, 2014). Ozler ve Yildirim (2015), 6rgiitsel giiven ve psikolojik sermaye arasinda bag
olup olmadigi ile ilgili yaptig1 arastirmada isveren ile ¢alisan ve ¢alisma arkadaslar1 arasindaki giivenin olumlu
psikolojik etkileri tespit etmislerdir. Yapilan tespitte orgiitsel giliven arttikca kurum igerisindeki baglarin ve
kuruma bagliligin gelistigi ayn1 zamanda insan psikolojisini destek olma, motive olma, 6zgiliven gibi olumlu
duygusal psikolojik etki sagladig1 goriilmiistiir. Ogretim iiyelerinin dahil edildigi doniisiimcii liderligin ise
katilima etkisinin arastirildig1 ¢alismada, psikolojik giivenlik doniisiimeii liderlik ve ise baglilik arasindaki
iliskiye arac1 oldugu belirlenmistir. Ayn1 zamanda &gretim {iiyelerinin geleneksel olmalar1 psikolojik
giivenligin ise baglilik tizerindeki etkisini giiclendirmekte oldugu anlasilmustir (Xu, Zeng, Wang vd., 2022).

Bireyler arasindaki bagliligi giiven ve iletisimin saglamasi ile bireylerde birlik, beraberlik, Ozgiiven,
Oonemsenme gibi duygularin ortaya ¢ikmasi olumlu psikoloji olarak gdriinmektedir (Baloglu ve Karadag,
2008). Kurumlardaki ¢alisma ortamlarinda ast-iist iliskisi veya ayn1 mertebeye sahip personeller arasindaki

615



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say: 4, Sayfa: 614-623

iliski her zaman bireyin psikolojisini olumlu etkilememektedir. Psikolojik tacize (mobbing) maruz kalan
kisilerde tiikkenmislik, stres gibi olumsuz durumlara yol agmaktadir. (Albar ve Ofluoglu, 2017). Denizcilik
Fakiiltelerinin DUIM Béliimlerinde, ast-iist iliskisi yani hiyerarsik yap1 uygulanmaktadir. Ozdemir (2018)’in
aragtirmasinda hiyerarsik yap1 6grencilerin sosyal hayatlarin1 ve psikolojilerini olumsuz yonde etkiledigi
seklinde belirtilmistir. Calisma ortaminda bireyin psikolojisini olumsuz etkileyen en 6nemli etmen psikolojik
taciz olmaktadir. Yapilan calismada psikolojik tacizin magdur {izerinde ekonomik, sosyal, ruhsal ve fiziksel
sagliga olumsuz sonuglara sebep oldugu belirtmistir (Erdirengelebi ve Yazgan, 2017). Mobbingin Tiirkge
karsilig1 olarak; psikolojik taciz, psikolojik terdr, duygusal taciz, yildirma, psikolojik siddet, manevi taciz
kavramlar1 yaygimn olarak kullanimina rastlanan terimlerdir (Goktiirk ve Bulut, 2012). Insan yapis1 geregi
sosyal bir varlik oldugundan sevme, sevilme, deger gérme, 6nemsenme gibi duygusal ve psikolojik ihtiyaglara
gereksinim duyar. Bu ihtiyaglara karsilik alamadiginda kizginlik, yalnizlik, i¢ine kapaniklik ve kendini yetersiz
gorme gibi psikolojisini olumsuz etkileyen hislerle tanigmaktadir (Demirel ve Yiicel, 2017).

Bu calisma, Deniz Ulastirma Isletme Miihendisligi Boliimii’'nde 6grenim gormekte olan dgrencilerin hiyerarsik
yapidan kaynakli olarak olumlu ve olumsuz psikolojik etkilerine, olusturulan hipotezler ger¢evesinde cevap
aramaktadir. Bu aragtirma 7 iiniversitenin Denizcilik Fakiiltelerinin DUIM béliimii dgrencilerine uzman
kisilerin goriigleri alinarak hazirlanan anket uygulanarak yapilmistir. Analizler SPSS 23 paket programi ile
kapsaml1 sekilde yapilmistir. Aragtirma sonucunda egitim kurumlarindaki hiyerarsik uygulamanin 6grenciler
iizerindeki olumlu veya olumsuz etkilerinin tespiti ve ¢dzlim Onerilerinin sunulmasi amaglanmastir.

2. Materyal ve Yontem

Bu ¢alismanin amaci, 7 iiniversitenin Denizcilik Fakiiltelerinin DUIM béliimii dgrencilerinin Ogrenciler
Arasinda Hiyerarsik Yapilanma (OAHY)) hakkindaki diisiince ve fikirlerinin degerlendirilmesine yonelik, ayni
zamanda 6grencilerin diisiince ve fikirlerini etkileyen faktorlerin tespitine yonelik istatistiksel analizler uzman
kisilerin yardimiyla yapilmistir. Caligmada, SPSS 23 paket programi kullanilmistir. Toplanan veriler igin
tanimlayici istatistikler ve frekans analizinden sonra verilerin tiirii ve dagilim tipine uygun olan testler
uygulanmustir. Onceden belirlenen hipotezlere gére gerekli karsilastirma ve iliski testleri ile analizler yapilmis
ve sonuglar1 yorumlanmustir.

2.1. Veri Toplama

Arastirmanin konusu itibariyle Denizcilik Fakiiltelerinin DUIM béliimii 6grencilerinin degerlendirilmesine
yonelik yapilacak istatistiksel analiz i¢in uzman kisilerin goriisleri alinarak anket formu tasarlanmustir. Anket
formlari, Istanbul Teknik Universitesi, Piri Reis Universitesi, Dokuz Eyliil Universitesi, Ordu Universitesi,
Recep Tayyip Erdogan Universitesi, Iskenderun Teknik Universitesi ve Karadeniz Teknik Universitesi
Denizcilik Fakiiltesi DUIM 6grencilerine online olarak génderilmistir. Toplamda 218 yanit alinmustir.
Bunlardan 23 tane dgrencinin okullarinda OAHY olmadigimi belirtmelerinden dolay1 cevaplar1 anketten
cikartilmis ve 195 ornek ile analizler gergeklestirilmistir.

2.2. Veri Analizi

Toplanan verilerle betimsel istatistikler gerceklestirilmis, grafik ve tablolarla degerlendirilmistir. Uygun
analizlerin belirlenebilmesi i¢in verinin istatistiksel varsayimlari saglamasi gerekmektedir. Bu varsayimlar veri
sayisinin 30’dan biiyiik olmasi ve normal dagilim gostermesidir. Toplanilan veri sayis1 30’dan biiytiktiir.
Normal dagilim gosterip gostermedikleri ise Skewness (Carpiklik) ve Kurtosis (Yigilma) testleri ile
kararlastirilmistir. Toplanan verilerin normal dagilim géstermeleri ve kategorik degiskenlerin skor hesabi
yapilarak nicel veri tipine doniistiiriilmesi nedeniyle Bagimsiz degiskenlerde t-Testi ve regresyon testleri
uygulanmstir.

Bu islemi uygulayabilmek i¢in dncelikle SPSS 23 paket programinda gerekli veri kolonlar1 se¢ildikten sonra
skor hesab1 yapilmistir. Hipotezlere uygun olarak karsilastirmalar1 daha net gérebilmek icin ¢apraz gizelgeler
olusturulmustur. Normallik analizlerinde g¢arpiklik ve basiklik degerlerine gére normal dagilim gosterip
gostermediklerine karar verilmistir. Hipotezlere uygun olarak skorlastirilmis kolonlar secilerek uygun testler
uygulanmustir. Kategorik degiskenlerin faktor oldugu ve bagimsiz degiskenlerin siirekli oldugu durumlarda ise
Cok Faktorlii Varyans Analizi (MANOVA) yapilmistir. Test sonuglariin anlamli olup olmadigimin kararina
anlamlilik diizeyine yani p degerine bakilarak karar verilmistir. p degeri, anlaml bir farkliligin var olmasinin
ve kanit seviyesinin belirlenmesi amaci ile kullanilmistir. p degerini 0.05 (p < 0.05) olarak baz alip analizlere
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karar verilmistir (Bhattacharya ve Habtzghi, 2002; Kul, 2014). p degerinin yorumlanmasi Tablo 1’e goére
yapilmistir (Rosner, 2010).

Tablo 1
p deger araliklarinin yorumlanmasi
p degeri Yorumu
p <0.001 Cok yiiksek diizeyde istatistiksel anlamlilik
0.001<p<0.01 Yiiksek diizeyde istatistiksel anlamlilik
0.01<p<0.05 Istatistiksel anlamlilik
0.05<p<0.10 Anlamlilik egilimi (sinirda anlamlilik)
p >0.10 Fark tesadiifen ileri gitmistir (istatistiksel olarak anlamli farklilik saptanmamustir)
Tablo 2
[ligkinin giiciinii tanimlama
Cramer’in V Katsayis1 Yorumu
>0.5 Yiiksek iligki
0.3’ten 0.5’¢ Orta dereceli iligki
0.1’den 0.3’¢ Diistik iligki
0’dan 0.1’¢ Eger varsa ¢ok az iligki

p degerinin yorumlanmasindan ve istatistiksel olarak anlamli bir sonuca erisildikten sonra iligkinin derecesini
yani kuvvetini lgmek icin gesitli testler yapilmustir. Simetrik Olgiimler, Korelasyon analizi gibi. Kullanilan
veri tipinin kategorik oldugu durumlarda Simetrik Olciimler cizelgesinde Cramer’in V katsayisina gore karar
alinmistir (Cramer, 1946). Elde edilen degerlerin yorumlanmasi Tablo 2’ye gore yapilmistir (URL-4).

3. Bulgular

Faktor analizi ile veri setinin iki faktor oldugu tespit edilmistir. Faktor analizine uygun olup olmadigit KMO
ve Bartlett test sonuglaria gore belirlenmistir. KMO sonucu 0.937 ve Bartlett test sonucu ise 0.05’ten diisiik
cikarak anlamli bir sonug¢ elde edilmistir. Boylece faktor analizi yapmaya uygun bir seti oldugu tespit
edilmistir. Bu faktdrlerden birisi OAHY nedeniyle olumsuz olgularin oldugu digeri ise OAHY nin olumlu
katkilariin oldugunun 6l¢iimiinii yapacak ifadeler olarak faktorlestikleri goriilmiistiir. Belirlenen iki faktoriin
kiimiilatif degeri %73.417 olarak elde edilmistir.

Ankette OAHY nin olumlu ve olumsuz diisiincelere sahip ifadeler Cochran’in Alpha katsayisina gore
giivenilirlik analizi yapilmigtir. OAHY nin olumlu etkilerini arastiran ifadeler %95 giivenilirlik, olumsuz
etkilerini i¢eren ifadeler %90 giivenilirlik ile ¢ok yiiksek giivenilirlik seviyelerinde 6l¢iilmiistiir.

Giivenilirlik analizinin artmasi icin ¢ikartilabilecek ifadelere bakildiginda OAHY’nin olumlu etkilerini
arastiran ifadelerde bir artis olmadig tespit edilmistir. OAHY ’nin olumsuz etkilerini arastiran ifadelerde ise
OAHY nin 6grenciler arasinda yaptirrma yol agip agmadigini Slgen ifade ¢ikartildiginda giivenilirligin
%90°dan %91’e ¢iktig1 tespit edilmistir. Ancak giivenilirlik seviyesinin ¢ok yiiksek olmasi ve ¢ok biiyiik bir
artig saglamadig igin tespit edilen ifade analizden ¢ikartilmamustir.

Bu calismadaki amacin ¢dziimiine yonelik analiz ve inceleme yapilmasi i¢in; eldeki veriler, uzman goriisleri
ve literatiir taramasi nihayetinde literatiire katki sunabilecegi diisiiniilen 4 hipotez belirlenmistir.

Hi: OAHY ’ya destek veren veya vermeyen dgrenciler arasinda simf diizeyleri arasinda fark vardir.
H.: Ogrencilerin siif diizeylerine gére OAHY y1 pozitif veya negatif algilamalari arasinda fark vardir.
Hs: OAHY nin pozitif degerlendirilmesinde 6gretim iiyeleri ve dgrencilerin desteklemelerinin etkisi vardir.

Hs: OAHY nin negatif degerlendirilmesinde 6gretim iiyeleri ve dgrencilerin desteklemelerinin etkisi vardir.
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3.1. Ogrencilerin Simf Diizeylerine Gore OAHY Farkliig

Katilimcilarin cogunlugunu erkeklerin olusturdugu ankette Sekil 1’e bakarak 174 erkek ve 21 kadin 6grenci
ile anket gergeklestirilmistir. Tablo 3’te siniflara gore cinsiyetlerin dagilimi gdsterilmistir. Erkek 6grencilerden
birinci siniftakiler 68 kisi ile cogunlugu olusturmaktadirlar. 4. siniftan 54 kisi ile erkek 6grencilerde ikinci en
cok katilimin oldugu sinif olmustur. Erkek 6grenci katilimeilarin 2. siniftan 40, 3. smiftan 8 erkek dgrenci
ankete katilmistir. Mezun olan erkek 6grencilerden 4 kisi katilmistir. Kadin 6grencilerden mezun olup ankete
katilan kimse olmamustir.

Tablo 3
Cinsiyet ve Sinif bilgilerini olusturan ¢apraz tablo
Cinsiyet Toplam
Erkek Kadin
1. Sif 68 8 76
2. Simif 40 6 46
Simf 3. Simf 8 1 9
4. Siif 54 6 60
Mezun 4 0 4
Toplam 174 21 195

Kadin 6grencilerden 1. smiftan 8, 2. siniftan 6, 3. smiftan 1, 4. siniftan 6 kisi ankete katilim gostermistir.
Hazirlanan ankette 6grencilerin goriisleri 1-10 arasinda degerlendirmeleri istenmistir.

Sekil 2 incelendiginde az destekleyenler OAHY ’ye 1°den 5’e kadar degerlendirmede bulunan &grencileri ifade
ederken cok destekleyenler OAHY’ye 6’dan 10’a kadar destek veren dgrencileri ifade etmektedir. Genel
itibariyle sinif seviyelerinde destekleyenlerin sayisi, az destekleyenlere gore daha fazla oldugu gorilmiistiir.
Frekansi ¢ok diisiik olan 3. smiftakilerde ise durum terse donmektedir. Frekansi diisiik olmasinin bir etki
olusturup olusturmadigi test edilmistir. Tablo 4’teki sonuclarda OAHY’yi destekleyip desteklememe
noktasinda sinif diizeyleri arasinda bir fark olup olmadig arastirilmistir. Pearson’in Ki-Kare testi sonucu 0.05
degerine cok yakin ¢ikmasia ragmen biiyiik ¢ikmustir. Istatistiksel olarak anlamli bir fark olusturmadig
belirlenmistir. Tablo 4’teki Cramer’in V katsayisi sonucu Tablo 2’ye gore degerlendirildiginde aralarindaki
iliskinin diistik oldugu ¢ikarimi yapilmaktadir. Sekil 2°de 195 katilimeidan %74 liniin destek verdigi bilgisine
gore sinif diizeylerinde fark etmeksizin OAHY ’nin desteklendigi sonucuna varilmuistir.

Tablo 4

Sinif diizeylerine gore OAHY’sim destekleyip desteklemeyenlerdeki ayrimim &lgiisii
Pearson’in Ki-kare Testi 0.052
Cramer’in V katsayisi 0.198

3.2. Ogrencilerin Smif Diizeylerine Goére OAHY’y1 Pozitif ve Negatif Algillamalar1 Arasindaki
Farkhhklar

Faktor analizi sonucunda psikolojik baski, ¢atisma ortami, ego, mutsuzluk, stres olgulari negatif
degerlendirmeler olarak skorlagtirilmis, saygi, liderlik, motivasyon, Ozgiiven gibi olgular pozitif
degerlendirmeler olarak skorlagtirilmistir. Bu iki degiskenin simif diizeylerine gore bir fark olusturup
olusturmadigi analiz edilmistir. Bir bagimsiz degiskenin iki bagimli degisken tizerindeki etkisini incelemek
icin MANOVA analizi yapilmistir. Oncesinde degiskenlerin varsayimlar1 saglayip saglamadigi kontrol
edilmistir. Box'in kovaryans matrislerinin esitligi testinin dnemlilik (significant) degeri 0.682 olarak elde
edilmistir. Bu sonuca gore verinin MANOVA i¢in uygun oldugu belirlenmistir. Tablo 5’e bakildiginda yigilma
ve carpiklik +/-2 arasinda deger almis olmasi test edilen iki degiskenin normal dagildigini gostermistir.
Varsayimlardan bir digeri varyanslarin esitligidir. Bunun i¢in Levene’nin varyans esitligi sonuglarina bakilmig
ve sonuglar her iki bagimli degisken i¢inde 0.05’ten biiylik ¢cikmistir. Tablo 5°te ifade edildigi gibi olumlu
ifadeler 0.476, olumsuz ifadelerin test sonucu 0.935 olarak hesaplanmustir.
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Tablo 5
Hipotezlerdeki degiskenlerin y1gilma ve carpiklik degerleri
Yigilma Carpiklik Levene’nin varyans esitligi testi
OAHY porzitif degerlendirme -0.117 0.763 0.476
OAHY negatif degerlendirme -0.783 0.092 0.935

Varsayimlarin saglanmasi ile MANOVA analizine gegilmistir. Tablo 6’da MANOVA analizi sonuglart
verilmistir. Sonuglarin 0.05 degerinden daha diisiik olmasina ragmen gruplar arasi etkilerinin yapildig Tablo
7’de smuf diizeylerine gore pozitif ve negatif degerlendirmeler arasinda farklilik olmadigr goriilmiistiir. Post
Hoc testleri olarak Tukey, LSD, Bonferroni ve Gabriel yapilmistir. Yapilan Post Hoc testleri ile de pozitif ve
negatif degerlendirmelerin sinif diizeylerinde 6nemlilik (significant) degerleri 0.05’ten daha biiyiik ¢ikmistir.
Boylece gruplar arasi farlilik gostermedikleri belirlenmistir. Ho hipotezinin reddedilemeyecegi anlasilmistir.
Tablo 6’da ifade edilen Kismi Eta kareleri, korelasyon analizindeki r degeri olarak kabul edilir. Simif
diizeylerinin bagimli degiskenlerdeki degisimin ne kadarmi agikladigini gostermektedir. 0.04 gibi diisiik bir
deger tespit edilmistir.

Cinsiyet

M Eskek
M Kadin

Sekil 1. Ankete katilim gésteren DUIM dgrencilerinin cinsiyetlerine gore pasta grafigi

OAHYYi Destekleyen
Ogrenciler

B Az destekleyenler

M Cok destekleyenler

Frekans

1. Sinif 2. Sinif 3. Sinif 4. Sinif
Sinif

Sekil 2. OAHY ’ya destek veren ve desteklemeyen gruplarin siniflarina gére cubuk grafigi
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Tablo 6
Pozitif ve negatif olgularin sinif diizeylerine gore farklilagtiginin MANOVA tablosu
Onemlilik Kismi Eta Kareleri
Sinif Degiskeni Pillai's Trace .040 041
Wilks' Lambda 041 041
Tablo 7
Gruplar aras etki testi (Test of Between-Subjects Effects)
Bagimli Degiskenler Onemlilik
OAHY pozitif degerlendirme 342
Smif OAHY negatif degerlendirme .096

3.3. OAHY’nin Pozitif Degerlendirilmesinde Ogretim Uyeleri ve Ogrencilerin Desteklemelerinin Etkisi

Ogretim iiyeleri ve dgrencilerin OAHY’y1 destekleme durumlarinin OAHY *nin pozitif olgulara etKisi
arastirlmistir. ki siirekli degisken icermesinden coklu regresyon analizi yapilmistir. Coklu regresyon
analizinde bagimsiz degiskenlerin birbirleri ile ¢ok fazla korelasyon igerisinde olmamalar1 gerekmektedir.
Tablo 8’de korelasyon degerlerinin ¢ok diisiik oldugu goriilmektedir. VIF degerlerinin 2.5 veya 4 degerinin
altinda olmasi da ¢oklu dogrusallik sorununun olmadigini gostermektedir (Hair, Black, Babin ve Anderson,
2010; Allison, 1999).

Diizeltilmis R? istatistiksel olarak modeldeki bagimsiz degiskenlerin bagimli degiskeni yilizde olarak ne kadar
acikladigini ifade etmektedir. Tablo 9’da, olusturulan modelin bagimsiz degiskenleri bagiml degiskeni R?
degerine gore %25 oraninda acgikladig: tespit edilmistir. Tek Yonli Varyans Analizi (ANOVA) anlamlilik
degerinin 0.05 degerinden diisiikk olmasi modeldeki bagimsiz degiskenlerden en az bir tanesinin modeli
acikladigim ifade etmektedir. Ogretim iiyelerinin ve grencilerin anlamhilik degerlerinin 0.05°ten diisiik
olmalar1 her iki degiskeninde pozitif olgulari etkiledigi, acikladigi sonucuna varilmistir. Katsayilarina
bakildiginda 6gretim iiyelerinin negatif yonde bir etkiye sahip olduklari, 6grencilerin ise pozitif yonde etki
olusturduklar tespit edilmistir.

Tablo 8
Hipotez 3 igin korelasyon tablosu
OAHY pozitif Ogretim iiyeleri Ogrencilerin VIF
olgularin skorlar destekleri destekleri
OAHY pozitif olgularin skorlar 1000 .090 496
Ogretim iiyeleri destekleri 1090 1.000 433 1.231
Ogrencilerin destekleri 496 433 1.000 1.231
Tablo 9
Modelin R> ve ANOVA degerleri
Diizeltilmis R? ANOVA Ogretim  iiyeleri Ogrencilerin
anlamlilik degeri anlamlilik degeri anlamlilik degeri
Katsayilar 0.258 0.00 0.027 0.00
-0.188 0.677

3.4. OAHY’nin Negatif Degerlendirilmesinde Ogretim Uyeleri ve Ogrencilerin Desteklemelerinin Etkisi

Hipotez 3’teki bagimsiz degiskenlerle kurulan modelin pozitif olgular1 aciklamakta kullanilacag: tespit
edilmisti. Ayn1 sekilde negatif olgular i¢in kurulacak bir modeldeki etkileri ne ol¢iide olacagi hipotez 4 ile
aragtirilmistir. OAHY ’nin pozitif olgularin disinda negatif olgular1 olusturan etkenlerin analizi igin dgretim
iiyelerinin desteklemeleri ile 6grencilerin desteklemelerinin etkisi olup olmadigi aragtirilmigtir. Tablo 10°da
korelasyon degerlerinin ¢ok diisiik oldugu gorilmiistiir. VIF degerlerinin 2.5 veya 4 degerinin altinda olmasi
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da ¢oklu dogrusallik sorununun olmadigini gostermistir. Boylece bagimsiz degiskenlerin bagimli degiskeni
aciklayabildigi gérilmistiir.

Tablo 11°deki ANOVA anlamlilik degerinin 0.05’ten diisiik olmas1 degiskenlerden en az birinin negatif
olgular1 etkiledigi anlamma gelmektedir. Iki bagimsiz degiskenin anlamlilik degerlerinin 0.05‘en diisiik
olmasi ise her iki degiskeninde bagimsiz degiskeni etkiledigini gostermektedir. Bu iki bagimsiz degisken ile
olusturulan modelin istatistiksel olarak anlamli oldugu sonucuna varilmistir. Katsayilarinin ise hipotez 3’e gore
farkl sekillendigi goriilmektedir. Ogretim iiyelerinin negatif degerlendirmelere olan etkilerinin pozitif yonde
oldugu goriilmektedir. Yani dgretim iiyelerinin OAHYyi desteklemeleri dgrenciler iizerinde negatif etkisi
oldugu belirlenmistir. Hipotez 3 ile beraber uyumlu oldugu anlasilmistir.

Tablo 10
Hipotez 4 i¢in korelasyon tablosu
OAHY pozitif Ogretim iiyeleri Ogrencilerin VIF
olgularin skorlari destekleri destekleri
OAHY negatif olgularin skorlar 1.000 0.118 -0.274
Ogretim iiyeleri destekleri 0.118 1.000 0.433 1.231
Ogrencilerin destekleri -0.274 0.433 1.000 1.231
Tablo 11
Modelin R? ve ANOVA degerleri
ANOVA anlamlilik Ogretim iiyeleri Ogrencilerin
Diizeltilmis R? degeri anlamlilik degeri anlamlilik degeri
0.144 0.00 0.00 0.00
Katsayilar 0.300 -0.405

4. Sonuglar

Bu ¢alismada, OAHY uygulanan iiniversitelerin DUIM béliimlerinde hiyerarsik yapinin égrenciler arasindaki
karsiligi, sinif diizeylerindeki farkliliklari, 6grenciler ve 6gretim iiyelerinin olumlu ve olumsuz etkileri SPSS
23 paket programi kullanilarak arastirilmistir. Toplanan veriler igin tanimlayici istatistikler ve frekans
analizinden sonra verilerin tiirli ve dagilim tipine uygun olan testler yapilmistir. Bu calismadaki anket 21 kadin
ve 174 erkek 6grenciye uygulanmistir. Ankete katilanlarin 76’s1 1. sinif, 46°s1 2. sinif, 9’u 3. siif, 60’1 4. sinif,
4’ mezun Sgrencidir. OAHY ’nin stres, ego, psikolojik baski, dgrenciler arasi yaptirim, gatisma ortamu,
mutsuzluk, dgrencilerin psikolojilerine etkileri ve OAHY nin liderlik, saygi, ast iist iliskisi, motivasyon,
Ozgiiven, derslere katkisi, Ogrencilik hayatina katkisi, Ogrenciler arasi iletisime katkist ve gemiye
hazirlamadaki etkileri 1-10 aras1 degerlendirilmistir. Ogrencilerin simif diizeylerine gére OAHY ’y1 pozitif ve
negatif algilamalar1 arasindaki farkliliklar incelenmistir. Box'in kovaryans matrislerinin esitligi testinin
onemlilik (Significant) degeri 0.682 olarak elde edilmistir. Levene’nin varyans esitligi sonuglarina bakilmis
ve sonuglar her iki bagimli degisken iginde 0.05°ten biiyiik ¢ikmistir. Sonuglara gore verinin MANOVA testi
i¢in uygun oldugu belirlenmistir. Yapilan analizler neticesinde OAHY *nin &grenciler arasinda deger gordiigii
ve dgrencilere katki sagladigi sonucuna varilmistir. OAHY *nin pozitif ve negatif degerlendirilmesinde 6gretim
iiyeleri ve 6grencilerin desteklemelerinin etkisi incelenmis ve katsayilarina bakildiginda 6gretim iiyelerinin
negatif yonde bir etkiye sahip olduklari, 6grencilerin ise pozitif yonde etki olusturduklari tespit edilmistir. 195
katilimcidan %74’iiniin destek verdigi ve smf diizeylerinde fark etmeksizin OAHY nin desteklendigi
sonucuna varilmistir.

Ozdemir (2018)’in denizcilik egitiminde {iniforma giyme zorunlulugu, ilgili ynetmelikler, hiyerarsik sistemin
neden oldugu sorunlari belirledigi ¢alismasiin aksine yapilan bu ¢alisma ile 6grencilerin OAHYyi smiflar
arasinda fark gostermeksizin destekledikleri ve olumlu olgularin olusumunda kaynak olarak gordiikleri
belirlenmistir. Ogretim iiyelerinin OAHY’ye olan desteklerinin &grenciler arasinda negatif unsurlarin
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olusmasinda etki ettikleri ortaya c¢ikmustir. DUIM 6grencileri arasinda OAHY’yi olusturan degerlerin
korunmasina destek verilmesi onerilmektedir. OAHY nin saghkli isleyebilmesi igin 6gretim iiyelerinin
etkilerinin “islemsel liderlik” yerine “doniisimciil liderlik” ile gbzden gegirilmesi Onerilmekte ve bir bagka
arastirma konusu olarak goriilmektedir (Ulukdy, 2014; Xu vd., 2022). Literatiirde 6grenciler ve dgretim
iiyelerinin goriisleri alinarak hiyerarsik diizen ve hiyerarsik yap1 {izerine yapilan calisma sayist oldukca
kisithdir. Yapilan bu ¢alisma gelecekte bu konuda yapilacak c¢aligmalar1 destekleyecek ve kaynak olarak
gosterilebilecektir.
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1. Introduction

As a result of the advances in communication and transportation technologies, today’s supply chains have
geographically expanded. This fact drives inter-firm competition into global scale. Consequently, supply
chains adopt lean principles, and partners in supply chain become more connected to gain cost advantage.
However, these strategies make supply chains vulnerable in terms of supply chain risks. Today, an adverse
event affected a supply chain partner can influence the entire chain. Therefore, supply chain risk management
(SCRM) has gained importance in both industry and academia. Nowadays, firms must evaluate interdepend-
encies in their supply chain, identify their risks and measure likelihoods, effects and severities of the identified
risks. Firms should develop risk management plans to avoid, mitigate or control the identified risks (Tummala
and Schoenherr 2011).

In global supply chains, SCRM is challenging due to the complex supply chain structures and interrelation-
ships. In fact, global supply chains can be investigated by decomposing them into sub-systems under several
scales by using different viewpoints such as a geographical zone, a hazard level, a supplier group or a particular
type of product. Then, risk management activities can proceed conveniently for the pre-specified critical sub-
systems. In addition, risk management in global supply chains should be flexible so that it can be adapted
easily to rapid changes in supply chain environment and competition strategy. Furthermore, SCRM should
mainly rely on quantitative data to perform more realistic and reliable risk analysis.
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This study proposes an integrated SCRM framework for operational supply chain risk management in global
scale. The proposed framework covers all phases of risk management, namely, risk identification, risk mitiga-
tion, risk monitoring and control phases. Particularly, the framework involves a risk identification phase in
which the supply chain is decomposed into material-level or product-level sub-networks according to the de-
cision maker’s preference. Afterwards, risk mitigation strategies are simulated for the specified critical sub-
network, and the best factor levels for risk mitigation strategies are determined by an experimental design
approach. In particular, redundancy and flexibility strategies are considered for risk mitigation. In this study,
holding safety stock and excess production which is more than forecasted demand size are considered as re-
dundancy strategies. Additionally, supplier’s quantity flexibility is the flexibility strategy. These strategies are
considered in combined manner and evaluated in terms of both efficiency and effectiveness. Herein, the annual
holding cost of the supply chain is employed as a measure of efficiency. In addition, the ratio of premium
freights to regular orders is used to measure the effectiveness of the strategies. Specifically, in case of a short-
age or delay risk, requesting a premium freight is an effective contingency strategy. However, premium freight
is a type of last-minute shipment transported by airlines. It incurs very high costs to the responsible agent in a
short time frame due to its setup cost and transportation mode. Additionally, it is an indicator of vulnerability
of the supply chain. Hence, premium freight is used as an additional performance measure in this study to
measure the effectiveness of the strategies.

The proposed framework consisting of all phases of SCRM provides a comprehensive decision support for
SCRM unlike the majority of the studies in this field. The proposed framework is a reliable and realistic tool
as it uses quantitative data and employs statistical risk models relying on real historical data. Additionally, it
is flexible in determining the focus of risk management and can be easily adapted to any changes in supply
chain management strategy or environment. Furthermore, to our knowledge, premium freight is used as an
effectiveness measure for the first time for risk mitigation strategies in SCRM field.

The rest of the paper is organized as in the following. In Section 2, related studies in literature are overviewed.
In Section 3, the proposed framework is presented. Section 4 presents an application of the proposed frame-
work to an automotive supply chain. In Section 5, results of the application are discussed, and managerial
implications are provided. Section 6 concludes the study.

2. The Related Literature

As SCRM is still an emerging research field, definition of risk concepts and risk mitigating strategies are
still unclear. Therefore, several review studies such as (Singhal, Agarwal, and Mittal 2011), (Tang and
Nurmaya Musa 2011), (Colicchia and Strozzi 2012), (Sodhi, Son, and Tang 2012), (Rangel, de Oliveira, and
Leite 2014), (Heckmann, Comes, and Nickel 2015), (Ho et al. 2015) and Pournader et al. (2020) have been
published with the aim of classifying the studies on SCRM. Additionally, the reader can find broad descriptions
of risk concepts and risk management strategies in (Chopra and Sodhi 2004), (Christopher and Peck 2004),
and (Sheffi 2005). In this section, recent quantitative studies related to SCRM field are presented.

The majority of the recent studies in the related field deal with the risk assessment phase of SCRM. In recent
studies, multi-criteria decision making techniques, mathematical programming approaches, system analysis
and simulation are utilized to assess supply chain risks. Among these approaches, multi-criteria decision
making techniques are the most widely used tools in risk assessment. Wang et al. (2012) utilize a fuzzy
analytical hierarchy process (AHP) model for risk assessment of implementing green initiatives in a fashion
supply chain. Chaudhuri, Mohanty, and Singh (2013) utilize Failure Mode and Effects Analysis (FMEA) to
prioritize the failure modes of vulnerable suppliers in new product development process. Chen and Wu (2013)
propose an FMEA to categorize existing suppliers and select new suppliers by considering risk. Samvedi, Jain,
and Chan (2013) utilize fuzzy AHP and fuzzy TOPSIS methods to obtain a supply chain risk index. Aglan and
Lam (2015a) propose a risk assessment framework which employs Bow-Tie analysis and fuzzy inference
system for supply chains. In another study, Aglan and Lam (2015b) quantify supply chain risks by Bow-Tie
analysis, and select mitigation strategy by an optimization model. Govindan and Jepsen (2015) model supply
chain uncertainties as intuitionistic fuzzy numbers and assess them via ELECTRE-C. Oliveira et al. (2022)
identify and assess the supply chain risks of a home-care service provider via FMEA.
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There exist a few mathematical programming applications in risk assessment context. Cardoso et al. (2015)
develop a mathematical model for supply chain design and planning to assess resilience of alternative supply
chain structures under different disruption types. Klibi and Martel (2012) propose a risk modelling approach
considering random, hazardous and deeply uncertain events causing supply chain disruptions. They utilize a
Monte-Carlo approach to assess the disruption impact based on the descriptive models.

Recently, system analysis and simulation approaches have become popular in risk assessment. Ghadge et al.
(2013) develop a risk management framework by using systems approach to capture the dynamic
characteristics of supply chain risks. Bueno-Solano and Cedillo-Campos (2014) investigate the impact of
disruptions originated from terrorist acts via a system dynamics model. Wagner, Mizgier, and Arnez (2014)
propose Monte-Carlo approach to evaluate possible losses due to disruptions in the US offshore oil industry.
Guertler and Spinler (2015) demonstrate the criticality of the operational risks by using a system dynamics
model that assesses the intra-organizational dynamics of risks.

In view of the related body of knowledge, it can be stated that the number of studies building comprehensive
SCRM frameworks considering all phases of SCRM is limited. Among them, Giannakis and Louis (2011)
propose a multi-agent based decision support system for supply chain disruption management. Schmitt and
Singh (2012) analyse inventory placement and back-up strategies against supply chain risks by a simulation
model. Carvalho et al. (2012) use a supply chain simulation model to evaluate the effects of mitigation
strategies on performance of each supply chain entity under a set of scenarios. Rajesh and Ravi (2015) employ
a grey-DEMATEL approach to investigate cause-effect relationships between supply chain risk mitigation
strategies. Simchi-Levi et al. (2015) develop a SCRM framework for Ford Motor Company to identify new
risks, evaluate proactive risk mitigation plans, and derive optimal contingency plans. Oliveira et al. (2019)
propose hybrid and flexible simulation-based optimization models for SCRM. However, they do not present a
real world application of their model. Kara et al. (2020) present an integrated SCRM framework which
employs data mining algorithms. Talukder et al. (2021) propose a multi-indicator supply chain management
framework that provides leanness, agility, sustainability, and resilience in the dairy business.

In this study, supply chain risks related to the physical flow in global supply chain networks are considered.
In related literature, there exist a few study considering such large supply chain networks ((Chaudhuri,
Mohanty, and Singh 2013), (Klibi and Martel 2012), (Wagner, Mizgier, and Arnez 2014), (Simchi-Levi et al.
2015)). As global supply chains consist of several facilities spread on several countries, risk management in
these supply chains is challenging. A possible solution to overcome this challenge may be decomposition of
the supply chain network into sub-networks by a risk assessment procedure as Chaudhuri, Mohanty, and Singh
(2013) and Klibi and Martel (2012) do. Hence, in this study, the supply chain network is decomposed into
critical sub-networks to according to their risk level. Unlike the previous studies, the proposed framework has
a more comprehensive risk identification phase in which the supply chain can be decomposed into the single-
product level or single-material level sub-networks. Therefore, the risks can be assessed at material or product-
level by considering the preference of supply chain managers. Consequently, the proposed framework enables
the flexibility essential for the real-world SCRM practices.

As stated previously, the proposed framework consists of a risk mitigation phase in addition to risk
identification phase. In risk mitigation phase, redundancy and flexibility strategies are investigated to the aim
of effective and efficient SCRM. In particular, holding safety stock and excess production which is more than
forecasted demand size are considered as redundancy strategies. Additionally, supplier’s quantity flexibility is
considered as the flexibility strategy. These strategies have been utilized in previous studies. However, they
have not been evaluated from effectiveness and efficiency perspectives simultaneously. Effectiveness is the
ability to achieve a predefined goal in case of adverse conditions. Efficiency is to ensure minimal spending of
resources to reach the goal (Heckmann, Comes, and Nickel 2015). In this study, premium freight ratio and
annual holding cost are utilized as effectiveness and efficiency measures, respectively. To the best of our
knowledge, there exists no study in related literature considering premium freight as a SCRM performance
measure.
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3. The Proposed Supply Chain Risk Management Framework

In this study, an integrated SCRM framework is developed to support SCRM decisions by considering
holding costs and premium freights. The proposed framework considers not only premium freights but also
supply chain costs to ensure both effectiveness and efficiency objectives in SCRM. Moreover, the proposed
framework covers all commonly acknowledged phases of SCRM namely, risk identification, risk mitigation
and risk monitoring and control. Furthermore, the proposed framework has the flexibility in executing material
or product-level risk analyses according to preference of the decision maker. The process flow diagram sum-
marizing the phases of the proposed framework is illustrated in Figure 1. In subsequent sections, general pro-
cess of the framework is explained through risk management phases.

3.1. Risk Identification

Firstly, the risks affecting supply and delivery processes of the supply chain are identified. Basically, supply
chain risks can be classified into inbound and outbound risks by considering physical flow direction. The
inbound risks are related to the supply-side adverse events such as supplier delivery delay, delivery quantity
loss and supplier disruptions. The outbound risks are arisen from customer-side adverse events such as
customer demand variability, product delivery delay and shifting customer demand. As stated previously, the
proposed framework has the flexibility in focusing on the inbound or outbound risks. In this context, inbound
and/or outbound risks are quantified according to the preference of the manager. In particular, the supply chain
risks are quantified through statistical models developed by using past order, premium freight and customer
sales data. The risk models are obtained by fitting the historical data to probability distributions.

Once the supply chain risks related to each agent are quantified, the most critical sub-network in terms of risk
is identified. The critical sub-network may be related to a material or a product type. To identify the critical
sub-network, the most critical material or product is determined. In this context, the criteria for critical sub-
network identification should be specified. In criteria determination, the adverse effects of risks related to the
focal material or product and criticality of them should be considered. Hence, the critical sub-network
identification stage involves multi-criteria decision making. Therefore, utilization of a multi-criteria decision
making technique in this stage is appropriate. TOPSIS (Hwang & Yoon, 1981) is a suitable technique for this
stage as it ranks the alternatives according to their criticality.

Assume that a multi-criteria decision making problem has m alternatives, A4, 4,,...,A,, and n criteria,
Ci, Cy, ..., C,,. The ratings associated with the alternatives with respect to each criterion is included in a decision
matrix, D = (X;j)mxn- Then, the ratings are normalized to form the normalized decision matrix.

In particular, in identification of material or product-level sub-networks, more than one decision matrices may
come into consideration. As the suppliers and customers may be connected with more than one plant in the
supply chain, more than one assessment for a criterion may come out. In this case, group decision making
approaches can be used to merge the decision matrices into single decision matrix.

The criteria weights are determined by using entropy weighting method (Deng, Yeh, & Willis, 2000). Entropy
weighting method considers intrinsic information in each criterion, and does not require decision maker's
judgment. In this sense, entropy weighting method is utilized to determine criteria weights to reduce human
effort in decision making.

The entropy value indicating the amount of information contained in each criterion is calculated as follows.

1 m
ej = —m; xijln(xij) (31)

The degree of divergence (d;) of the average intrinsic information related to each criterion is calculated as
follows.
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Figure 1. Process flow diagram of the proposed framework

As the degree of divergence represents divergence of the ratings in terms of criterion j, higher degree of
divergence leads to higher criterion weight. In this sense, criteria weights are calculated as follows.
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4 (3.3)

w; =
] n .
j=1 d]

Aggregation procedure of TOPSIS is based on weighted Euclidian distances to negative and positive ideal
solution.

n
dif = ij(xij —pj)? (3.4)
=1
n
=

where d; is the distance of the alternative i to positive ideal solution, d; is the distance of alternative i to
negative ideal solution, p; is the positive ideal value for criterion j, and n; is the negative ideal value for
criterion j.

The overall criticality index for alternative i is calculated as follows.

d; (3.6)
¢ti= di +d}
In the proposed framework, the overall criticality index obtained by TOPSIS present the criticality of material
or product in terms of risk. The material (or product) with the highest level of overall criticality is identified
as the most critical material (or product). The network related to the most critical material or product is
specified as the critical sub-network. Afterwards, the critical sub-network is modelled to develop and evaluate
risk mitigation strategies. Concept of the critical sub-network identification is illustrated with an example in
Figure 2. An example supply chain system is demonstrated in Figure 2. In case of material-level analysis, the
most critical material is identified as the material consumed by P1, P2, P3, and supplied by S2. Hence, the sub-
network consisting of S2, P1, P2, and P3 is identified as the critical sub-network. Alternatively, in case of
product-level analysis, the most critical product is identified as the product demanded by C3. Therefore, the
critical sub-network consists of the customer demanding the product (C3), the plant producing the product (P3)
and the suppliers supplying the materials required for production of the product (S2 and S4).

3.2 Risk Mitigation

In this stage, a discrete event system simulation model of the critical sub-network is developed. By utilizing
the simulation model, a number of risk mitigation strategies are evaluated in terms of their effectiveness and
efficiency. In evaluation of the risk mitigation strategies, interrelationships between the strategies must be
taken into account. For example, there is a strong relationship between redundancy and flexibility strategies.
These strategies are effective in mitigating supply chain risks. However, combinations of these strategies often
yield more effective and efficient risk mitigation due to their systemic effects. Herein, we cannot conclude that
one strategy is superior to another strategy in terms of both effectiveness and efficiency. Therefore, in this
study, these strategies are quantitatively described and evaluated by simulation experiments. The best
combination of these strategies is determined in terms of effectiveness and efficiency. To evaluate the
effectiveness and efficiency together, a multi-objective evaluation is required. Hence, both cost and premium
freight performance are considered to measure efficiency and effectiveness together. To observe the effects of
risk mitigation parameter levels a full factorial experiment is designed. Minitab Response Optimizer Tool is
used to obtain the best parameter levels that give minimum annual holding cost and premium freight ratio.
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Figure 2. An example to critical sub-network identification

3.3 Risk Monitoring and Control

After the risk mitigation strategies are determined, outcomes of these strategies are continually monitored
and reviewed. To ensure the continuous improvement in supply chain competitiveness, the management take
actions in cases of any change in supply chain environment and risk levels. In particular, costs and premium
freights related to the critical sub-network are continuously monitored. The supply chain manager can revise
the mitigation plan according to the changes in critical sub-network performance. In a stationary supply chain
environment, the manager will mainly focus on supply chain efficiency. In this case, the effects of low safety
stock levels or low supplier flexibility on supply chain performance should be analysed. In turbulent
environments, the manager will focus on keeping premium freights under control. Moreover, risk identification
and mitigation phases can be reiterated in case of a major change in supply chain environment. Furthermore,
the criteria for critical sub-network identification can be reconsidered.
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4. Application of the Proposed Framework

The proposed framework is applied to a supply chain of a European automotive company. The supply chain
consists of 752 suppliers, 12 plants and 55 customers. The plants assemble the materials into a semi-finished
product specialized to the customer. The customers are just-in-time automobile manufacturers. Therefore,
backlogging is not allowed in the supply chain. In case of a shortage risk, a premium freight is requested.

The supply chain under concern operates six days in a week and 48 weeks in a year. Customers share their
demand forecast with the plants in weekly basis. The plants adjust the customer demand forecast information
by a demand forecast adjustment factor. In particular, customer demand forecast information is adjusted by
multiplying it with demand forecast adjustment factor. The plants use the adjusted demand forecast information
in developing their production plan and determining the order sizes to be placed to their suppliers.

The plants use a periodic order-up-to policy for the materials’ inventory. At the beginning of each week, the
weekly requirements for each material are calculated. Then, if it is needed, an order is placed. The order
guantities are determined by considering safety stock level, transportation lead time and average daily
consumption of material, as well as, quantity flexibility limits of the suppliers. The orders are processed by
suppliers immediately and are delivered after a transportation lead time. Shipments and deliveries are made
only in working days. Production and storage processes of the suppliers are not considered in this study.

Inventory position of each plant is reviewed on daily basis. If inventory position of a material is below of the
safety stock level and it is not the regular ordering day, an inbound premium freight must be requested from
the supplier of the material. At the end of each week, customer demand is realized and filled from the inventory.
The customer demand cannot be backordered. If it is not possible to deliver on time, final products are delivered
to the customer by an outbound premium freight. The premium freights are delivered at the next day of the
shipment.

The required data for the analysis are obtained from the plan for every part spreadsheets which are used by the
plants for production planning. The demand forecast adjustment factor for each plant is 1.07. The plants holds
3.5 days of safety stock for each material. Supplier flexibility is presented as a percentage in the quantity
flexibility contracts. In these contracts, FI1% flexibility means that the order quantity of a plant can be Fi%
below or above of the contracted quantity. Currently, quantity flexibility of the suppliers is 50%. The quantity
flexibility can be increased by making a new contract. However, the contracted unit price will be higher in
case of a higher quantity flexibility. By consulting a supply chain manager, we model the relationship between
supplier flexibility and unit price as in the following.

100 + 20(FImew — Fleurm)

100 unit price¥” (4.1)

unit price™" =

where unit price™" is the current unit price under current quantity flexibility (FI¢“'™), and
unit price™®" is the new unit price which is specified for FI"¢" quantity flexibility.

In subsequent sections, identification and modeling of the critical sub-networks through material-level and
product level risk management considerations are presented.

4.1 Material-Level Risk Management

This section focuses on the supply chain risks related to materials. Hence, the materials are investigated in
terms of their criticality by the proposed risk identification procedure. As the inbound supply chain inventory
consists of 7300 materials consumed by 12 plants, it is unreasonable to assess the risks related to all materials.
Therefore, the materials that have a considerable share on annual inbound premium freight costs are identified
by using Pareto principle. As a result, 37 out of 7300 materials presenting 80% of annual inbound premium
cost are selected for risk identification.

631



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 624-640

4.1.1 Risk ldentification

The inbound risks of the focal supply chain are identified as supplier delivery delay and delivery quantity
loss. The inbound risks are modelled by their occurrence and severity values. The fractions of late and under-
shipped deliveries are obtained by historical data and used as the occurrence values of delivery delay and
delivery quantity loss, respectively. To quantify the severity values of inbound risks, delivery lateness and
guantity loss data are obtained from historical order records. The historical data are fitted to a number of
probability distributions such as normal, lognormal, exponential, Weibull and gamma distributions to obtain
the risk models.

The outbound risk is identified as variability in the material consumption. However, since a material type can
be used in production of hundreds of different product types, it is impractical to model material consumption
variability based on customer demand variability. Therefore, material consumption variability is assumed to
follow a uniform distribution varying between 50% and 150% of average daily consumption in parallel with
the supply chain manager’s opinion.

Afterwards, the focal supply chain is decomposed into a critical sub-network by considering inbound supply
chain risk performance. The criteria for critical sub-network identification are determined by the supply chain
manager as number of inbound premium freights in previous year, monetary value of inbound premium
freights in previous year and average weekly consumption of materials. However, these criteria are assessed
by the plants with different ratings. Therefore, multiple decision matrices are formed. As stated previously,
these decision matrices should be merged into unique decision matrix by using a group decision making
approach. In this study, the decision matrices are merged by averaging the ratings of the plants. In the TOPSIS,
the decision matrices are normalized into [0,1]. Hence, the positive ideal solution (p;) is one while the negative
ideal solution (n;) is zero for all criteria. In the calculation of overall criticality index, the criteria weights are
obtained as 0.33, 0.33, and 0.34 for the number of premium freights, the monetary value of premium freights
and the average weekly consumption, respectively. The overall criticality indices calculated by using TOPSIS
are presented in Table 1. As it can be seen from the table, the most critical material is M1. The critical sub-
network related to material M1 is presented in Figure 3.

Table 1

Overall criticality indices for materials
Material  CC; Material  CC; Material  CC; Material CG;
M1 0.14 M9 0.03 M8 0.02 M21 0.01
M5 0.11 M24 0.03 M36 0.02 M31 0.01
M16 0.08 M34 0.03 M18 0.02 M12 0.01
M2 0.05 M6 0.03 M32 0.02 M28 0.01
M3 0.05 M29 0.03 M33 0.02 M20 0.01
M14 0.05 M17 0.02 M30 0.02 M26 0.00
M11 0.04 M19 0.02 M10 0.01 M35 0.00
M7 0.04 M22 0.02 M27 0.01
M13 0.04 M4 0.02 M23 0.01
M25 0.03 M15 0.02 M37 0.01

4.1.2 Risk Mitigation

In this phase, a simulation model of the critical sub-network is developed. The inbound risks affecting the
critical sub-network are modelled by the aforementioned risk quantification approach. The delivery loss
probability is calculated as 0.05. To determine the probability distribution of the delivery loss quantity, the
historical delivery loss data are fitted to a number of distributions in MINITAB statistical software. The best
fitted distribution is a lognormal distribution with parameters 0.52 and 0.23. The delivery delay probability is
0.06. The delivery delay time distribution is specified as a lognormal (1.43, 0.46). By consulting the supply
chain manager, material consumption variability distribution is specified as a uniform distribution varying
between 50% and 150% of average daily consumption.
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The performance measures are annual holding cost of supply chain and inbound premium freight ratio. Annual
holding cost of supply chain involves annual holding costs of the plants associated with the critical material.
Inbound premium ratio is the ratio of total amount of premium freights to total amount of orders associated
with the critical material in the supply chain.

Figure 3. The critical sub-network identified in case of material-level risk management

The critical sub-network model is simulated for 104 weeks. The warm-up period is determined as two weeks
by inspecting the variability in orders. Furthermore, required number of replications are determined by
analysing the simulation outputs. In particular, a number of confidence intervals are calculated for annual
holding cost and inbound premium freight ratio at the end of each replication. Until the confidence intervals
become narrow enough, the replications proceed. The required half-length for the confidence intervals are
0.15. As a result, 15 replications are found to be sufficient to predict the performance measures within the
predefined error rate.

To analyse the effects of risk mitigation strategies, a full factorial experimental design (Montgomery, 2008) is
developed by considering five factor levels for safety stock and supplier flexibility (see Table 2). The response
variables of the design are the annual holding cost and the premium freight ratio. The values for the response
variables are obtained by the simulation model. According to the results of ANOVA, the effects of safety stock
and supplier flexibility are significant on both annual holding cost and premium freight performances. To
determine the best factor levels yielding minimum annual holding cost and premium freight ratio, MINITAB
Response Optimizer tool is used. The best factor levels are determined as 4.5 days for safety stock and 30%
for supplier flexibility. Comparison of the performances corresponding to the best factor levels and current
factor levels is presented in Table 3. As one can see from the table, the new factor levels reduce the annual
holding cost by 8% and the premium freight ratio by 3%.

Table 2
Factor levels considered in case of material-level risk management
Factors Levels

Safety stock 2.5 3 3.5* 4 4.5
Flexibility = 30% 40% 50%* 60% 70%
*The current levels used in the supply chain
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Table 3
Performance comparison in case of material-level risk management
Safety  Supplier Annual Inbound Premium
Stock  Flexibility Holding Cost Freight Ratio
New factor levels 45 30% €4015 0.19
Current factor levels 3.5 50% €4349 0.20

4.2 Product-Level Risk Management

In this section, the products are investigated in terms of their criticality by the proposed risk assessment
procedure. Since there exist 2700 different types of products produced by the plants, it is unreasonable to deal
with the risks associated with all products. Hence, the products that have a considerable share on annual
outbound premium freight costs are identified by using Pareto principle. As a result, 13 out of 2700 products
presenting 80% of annual outbound premium cost are selected for risk identification.

4.2.1 Risk ldentification

In the product-level risk management case, the inbound risks are identified as supplier delivery delay and
delivery loss. The occurrence and severity values are quantified by the probability distributions derived from
past order data as the in material-level risk management case. Outbound risks are identified as the customer
demand variability and the deviation of actual customer demand from the shared demand information. These
risks are modelled as ordinary variabilities that occur every week and only severity values of them are
modelled. To model outbound risks, the demand data are obtained from the historical customer demand
records.

Then, the focal supply chain is decomposed into a critical sub-network by considering outbound supply chain
risk performance. By consulting the supply chain manager, the criteria for critical sub-network identification
are determined as the number of outbound premium freights in previous year, monetary value of the outbound
premium freights in previous year and average annual sales of the products. As in the material-level risk
management case, the decision matrices are normalized into [0,1]. Therefore, the positive ideal solution is one
and the negative ideal solution is zero for all criteria. The entropy weights are obtained as 0.34, 0.34, and 0.32
for the number of outbound premium freights, the monetary value of premium freights and the average annual
sales, respectively. The overall criticality indices calculated by using TOPSIS method are presented in Table
4. As can be inferred from the table, the most critical product is PR1. The critical sub-network related to PR1
is presented in Figure 4.

4.2.2 Risk Mitigation

In this phase, a simulation model of the critical sub-network is developed. The bill of material information
related to PR1 is reported in Table 5.

The inbound risks affecting the critical sub-network are modelled by the aforementioned risk quantification
approach. The probability distributions that are best fitted to historical data are given in Table 6. The best fitted
distributions are normal and Weibull distributions for delivery loss quantity and delivery delay, respectively.
The customer demand is modelled by the demand forecast and the deviation of actual customer demand from
the demand forecast. The best fitted probability distributions for the demand forecast and the deviation are
Lognormal(6.27, 0.51) and Lognormal(0.07, 0.21), respectively.

The performance measures are annual holding cost of supply chain, inbound premium freight ratio, and
outbound premium freight ratio. Annual holding cost and inbound premium freight ratio are calculated as in
Section 4.1.2. Outbound premium freight ratio is the ratio of total amount of the premium freights related to
the products to the total amount of products sold.
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Table 4
Overall criticality indices for the products
Products  CC;

PR1 0.18
PR11 0.14
PR6 0.14
PR2 0.12
PR3 0.10
PR5 0.10
PR4 0.08
PR12 0.07
PR7 0.05
PR13 0.05
PR8 0.04
PR10 0.03
PR9 0.03

Figure 4. The critical sub-network identified in case of product-level risk management

Table 5
Bill of material for PR1
Material ~Supplier  Quantity

M2 S2 1
M22 S2 3
M71 S7 3
M73 S7 3
M76 S7 1
M79 S7 3
Table 6
The inbound risk model in case of product-level risk management
Delivery Loss Delivery Delay
Suppliers Probability Quantity distribution ~ Probability Time distribution
S2 0.05 Normal(0.45,0.17) 0.09 Weibull(1.65,1.61)
S7 0.03 Normal(0.51,0.25) 0.07 Weibull(1.20,2.30)

The warm-up period length and the number of replications are determined in the same manner described in
Section 4.1.2. The critical sub-network model is simulated for 104 weeks and 15 replications. The warm-up
period is specified as one week. To analyse the effects of risk mitigation strategies, a full factorial experimental
design is developed for five factor levels for demand forecast adjustment factor, safety stock and supplier
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flexibility. (see Table 7). The response variables are the annual holding cost, inbound and outbound premium
freight ratios. The response values are obtained from the simulation model.

Table 7
Factor levels considered in the experiment
Factors Levels

Demand adj. 1 103 1.07* 111 115
Safety stock 2.5 3 35* 4 45
Flexibility 30% 40% 50%* 60% 70%
*The current levels used in the supply chain

According to the ANOVA results, all the factors have significant effect on the holding cost and the outbound
premium freight ratio. However, only the supplier flexibility affects the inbound premium freight ratio
significantly. The best factor levels yielding minimum annual holding cost, inbound and outbound premium
freight ratios are determined via MINITAB Response Optimizer Tool. The best factor levels are 1.15, 2.5 and
30% for demand forecast adjustment factor, safety stock and supplier flexibility, respectively. Comparison of
the performances corresponding to these factor levels and current factor levels is presented in Table 8. The
results reveal that the new factor levels reduce annual holding cost by 10%, inbound premium freight ratio by
26%, and outbound premium freight ratio by 28%.

Table 8
Performance comparison of in case of product-level risk management
Demand Safet Suoolier Annual Inbound Pre- Outbound Pre-
Adj. Fac. Y Ppe ) mium Freight mium Freight
Stock  Flexibility Holding Cost . .
Ratio Ratio
New factor levels 1.15 25 30% €20254 0.07 0.04
Current factor levels 1.07 35 50% €22425 0.10 0.06

5. Discussion and Managerial Implications

According to the results, the proposed framework is capable of ensuring a substantial improvement in terms
of holding cost and premium freight performances. In this application, emphasizing on redundancy strategies
improves the supply chain risk performance in both holding cost and premium freight aspects. In Figure 5, the
main effects of safety stock and supplier flexibility levels on holding cost and premium freight ratio are given
for the material-level risk management case. The ANOVA results shows that the effects of supplier flexibility
on annual holding cost and premium freight ratio are significant. Moreover, safety stock level has a significant
effect on premium freight ratio. In this case, higher supplier flexibility levels yield lower premium freight ratio,
but increase holding cost. On the other hand, main effects of safety stock levels on premium freight ratio is
nonlinear where the current safety stock level (3.5 days) incurs the worst premium freight performance. Thus,
a compromise solution can be obtained among two objectives by decreasing supplier flexibility level and
increasing safety stock level. In accordance with this result, the proposed framework improves both holding
cost and premium freight ratio by reducing supplier flexibility and increasing safety stock levels (see Table 3).

In Figure 6, main effects of demand forecast adjustment factor, safety stock, and supplier flexibility levels on
supply chain performance are illustrated for product-level risk management case. According to the ANOVA
results, demand forecast adjustment factor, safety stock and supplier flexibility have significant effect on
annual holding cost and outbound premium freight ratio. Moreover, supplier flexibility has a significant effect
on inbound premium freight ratio. As one can infer from the figure, demand forecast adjustment factor has
lower effect on holding cost and higher effect on outbound premium freight ratio than the other parameters.
Therefore, to reduce outbound premium freight ratio, demand forecast adjustment factor can be increased.
Moreover, to reduce holding cost supplier flexibility can be reduced by considering its significant relationship
with demand forecast adjustment factor in terms of outbound premium freight ratio. Furthermore, we can infer
from the figure that safety stock has relatively low effect on outbound premium freight ratio. Accordingly, the
proposed framework ensures better supply chain performance in three objectives by increasing demand
forecast adjustment factor and decreasing safety stock and supplier flexibility levels (Table 8).
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Main Effects Plot for Holding cost Main Effects Plot for PF ratio
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Figure 5. Main effects of parameter levels on supply chain performance in material-level risk management
case

In both cases, the framework suggests lower supplier flexibility levels than the current levels. In material-level
risk management case, safety stock levels are increased. In the product-level risk management case, demand
forecast adjustment factor is increased. Consequently, redundancy strategies are preferred rather than
flexibility strategy in this application. Therefore, the managers of the focal supply chain should put more
emphasis on redundancy strategies (high demand forecast adjustment factor and safety stock levels).
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Figure 6. Main effects of parameter levels on supply chain performance in product-level risk management case

Supply chain managers can use the proposed framework in cases of any changes in supply chain environment,
competition strategy, and new supplier contracts. Although the objectives have equal importance in this
application, the proposed framework provides the flexibility in evaluating risk mitigation plans by considering
different weights for the objectives. In a stable supply chain environment, the manager can give more
importance to holding costs. In turbulent supply chain environment, the manager will mainly focus on supply
chain risks and reduce premium freights. Moreover, in case of a change in competition strategy, the manager

637



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 624-640

may consider reducing holding costs to gain cost advantage, or focus on supply chain risks to ensure customer
satisfaction. Furthermore, the proposed framework will be beneficial in making new supplier contracts, since
it considers both cost and resilience objectives.

The proposed framework provides a comprehensive decision support since it involves both material and
product-level risk analyses through the preference of the decision maker. Additionally, it considers redundancy
and flexibility strategies in combined manner to improve supply chain risk performance efficiently and
effectively. Moreover, it measures the supply chain vulnerability by premium freight ratio. Furthermore, due
to its flexible and convenient structure, it can be applied to various supply chain structures.

6. Conclusion

This study proposes an integrated risk management framework for global supply chains. In the risk
identification phase of the proposed framework, global supply chain is decomposed into material-level or
product-level critical sub-networks according to preference of the manager. Consequently, the proposed
framework is applicable for both material and product-level risk analyses. This provides the flexibility in
choosing the focus of SCRM through the manager’s performance objectives. Additionally, the proposed
framework enables managers in combining redundancy and flexibility strategies to ensure both effectiveness
and efficiency objectives in SCRM. In this study, an application of the proposed framework to an automobile
supply chain is presented. The results of both material and product level analyses show that the proposed
framework improves the supply chain performance.

A limitation of this study is the assumption of the identical safety stock and supplier flexibility levels
throughout the supply chain. These parameters may take different values for each material and supplier.
However, this increases the complexity of the problem. Consequently, finding the best parameter levels by
using an experimental design approach become challenging. Furthermore, analysis of supply chain risk drivers,
and considering rare and severe adverse events in the proposed framework are possible future research
directions.
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total of 22 bacterial isolates were obtained from different instar larvae of the insect and were identified. Among the
identified bacterial species, Staphylococcus, Micrococcus and Bacillus species were dominant. In addition, some
potential slug, human and plant pathogenic bacteria (Moraxella osloensis, Kocuria rosea and Clavibacter michi-
ganensis) were isolated. The results were discussed with respect to the bacterial composition of S. irrosea regarding
effects of bacterial diversity on the larval development of the insect. Results obtained from this study should be
beneficial for future studies to understand roles of bacteria in the larval development of Lepidopteran insects.
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1. Introduction

Bacteria are prokaryotic microorganisms which have different shapes, metabolism and lifestyle and they
can survive in different environments from soil to water. They can also live with different organisms such as
plants and animals in symbiotic and parasitic relations (Madigan, Martinko & Parker, 2003). They have also
some genes and enzymes to sensitize some essential vitamins (such as cobalamin) which are necessary for
nearly all animal life (Moore & Warren, 2012). Most of the bacteria in the human and various animal bodies
including insects are in the intestinal (gut) system. Many of these bacteria are symbiotically related with their
hosts and beneficial (Scudder, 2009; Engel & Moran, 2013). Insects are the biggest animal group on earth,
including more than approximately 2 million species. They can be found almost in every ecosystem in the
world and can sometimes be seen in very intense populations (Basset et al., 2012; Novotny et al., 2002). These
creatures which have a large amount of species and are found in large quantities have been successful in their
evolutionary histories partly by dint of beneficial microorganisms living with them (Engel & Moran, 2013).
Based on today’s information, it can be said that these symbiotic microorganisms are responsible for various
functions (making useful nutrient-poor diet, aiding digestion of insect’s food compounds, protecting against
their enemies and determining mating and reproductive systems) in insects (Douglas, 2015). Especially, some
studies showed that bacterial communities within insects can affect the developments stages of insects (Souza
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et al., 2019; Peterkova-Koci, Robles-Murguia, Ramalho-Ortigao & Zurek, 2012). Therefore, it is important to
study insect-microbial relations to clarify roles of these microorganisms in insect’s life.

Therewithal, some microorganisms such as viruses, bacteria, hematodes, fungi, and protozoans can cause
infection diseases in various insects (Lacey et al., 2015). These insect pathogenic microorganisms are
sometimes harmful in terms of beneficial insects such honeybee and silkworm and sometimes useful for
harmful insects (also called pests) in agriculture and forestry. Within these microbial control agents, bacteria
(especially Bacillus thrungiensis) have special importance since they are the most commercially used and
produced in terms of controlling of important pest species (Ben-Dov, 2014). Apart from B. thuringiensis, there
are many bacterial species (such as Lysinibacillus sphaericus, Brevibacillus laterosporus, Serratia spp. and,
Pseudomonas entomophila) which are pathogenic to insects (Ruiu, 2015).

The first step is to isolate and characterize bacterial species in insect’s gut to elucidate their functions in host’s
development and biology. In accordance with this purpose, up to now, many studies have been carried out to
isolate and identify various bacteria from various insect species (Sevim, Celebi & Sevim, 2012; Liu et al.,
2016; Anand et al., 2010). According to many studies, molecular characterization techniques (especially 16S
rRNA sequencing) are the most reliable techniques for identifying bacterial species (Janda & Abbott, 2007).
In this study, we purposed to isolate and identify bacterial species from different development stages of Sanys
irrosea, which was selected as model organism, based on the culture-dependent technique and to characterize
them by 16S rRNA gene sequence analysis. This insect was selected as model organism for moths to study the
bacterial diversity since it has a wide and intense distribution in the study region. The attained results from
here could be beneficial for future and further studies to elucidate the roles of these bacteria in the insect
biology, especially Lepidopteran insects.

2. Materials and Methods
2.1. Collection of Sanys irrosea larvae

Sanys irrosea larvae were collected from Kirsehir city (steppe fields) in Turkey between May-June 2019.
The collected larvae were put into plastic boxes (30 x 25 cm) with leaves of the plant on which they feed and
brought to the laboratory. After that, the larvae were separated based on their sizes into different developments
stages from first to fifth instar. They were fed with the collected plant leaves in the laboratory for two days
and healthy larvae without disease were selected and used for bacterial isolation.

2.2. Molecular identification of larvae

Recently, molecular identification techniques such as DNA sequencing are being frequently used for many
insects due to difficulties and limitations in morphological taxonomy (Campbell, Lawrence, Hudspath & Gru-
well, 2014). Also, one of the most important parts for solution in growing problems with many pest species
and the studying of insect-microbe relations require complete and accurate species identification. Therefore,
in this study, we used the partial sequence of cytochrome oxidase (subunit I) (COI) gene (598 bp long) for
identification of the collected larvae samples. Total genomic DNA from larvae were extracted using QIAGEN
DNeasy Blood & Tissue kit (Hilden, Germany) based on the manufacturer’s recommendations. For isolation,
head parts of the larvae were used. The isolated DNAs were stored at -20 °C until use in PCR amplification.
After that, approximately 620 bp fragment of COI gene was amplified by PCR. The primer pair of LCO1490-
5’-GGTCAACAAATCATAAAGATATTGG-3’ as forward and HCO2198-5’-TAAACTTCAGGGTGAC-
CAAAAAATCA-3’ as reverse were used in PCR (Folmer, Black, Hoeh, Lutz & Vrijenhoek, 1994). The PCR
was performed in 50 pl reaction volume as follow: 1 pl genomic DNA, 5 ul 10 x PCR buffer, 1.5 mM MgCl.,
1.25 U Taq DNA Polymerase enzyme, 0.25 mM opposing primers and 200 mM of each dNTP. The final
volume was completed to 50 ul by sterile ddH,O. Thermal cycles were as follow; after first denaturation at 96
°C for 5 min, 95°C for 1 min, 56 °C for 45 s and 72 °C for 1 min as 36 cycles and 72 °C for 10 min for final
extension. After PCR, the obtained products were run on 1 % agarose gel containing ethidium bromide for 15
min at 90 V and viewed under UV light. After the correct PCR bands were seen on the gel, one of them was
purified, quantified, and sent to Macrogen (the Netherlands) for sequencing. Amplification primers for COI
gene were also used for sequencing.
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2.3. Bacterial isolation

The field collected larvae of S. irrosea were firstly separated into different development stages (instar) from
first to fifth instar and waited for 2-3 days in the laboratory to select healthy larvae for the bacterial isolation.
After selection of the healthy larvae, ten larvae for each instar were used for bacterial isolation. Firstly, the
larvae were separately immersed in 70% ethanol for 3 min for surface sterilization and then, washed twice
with sterile dH20. The surface sterilized larvae were separately (based on different instar) homogenized in 3
ml nutrient broth using a tissue grinder and filtered through two layers of sterile cheese cloth to remove insect
debris. After that, five homogenates (for each instar) were diluted with sterile nutrient broth from 10 to 108,
100 ul from each dilution was taken and spread on nutrient agar (NA) by the spread plate method and incubated
at 30 °C for two days in dark. After this, the total colony on each countable petri was counted by eye and the
number of bacteria for per larva was calculated as colony forming unit (cfu). Later, each different colony was
selected according to their shape, type, color, and morphology. The selected colonies were purified and stored
in 20% glycerol at - 20°C for further identification studies.

2.4. 16S rRNA gene sequencing

The stock cultures for each bacterial strain were plated on nutrient agar by the streak plate method to obtain
a single colony. A single colony for each strain was inoculated into 3 ml of nutrient broth (NB) and incubated
in a rotary shaker at 200 rpm overnight. Later, genomic DNA extraction was done using these cultures. Ge-
nomic DNAs were extracted using PureLink™ Genomic DNA Mini Kit (Invitrogen). 16S rRNA gene regions
belonging to each bacterial strain were amplified by the universal primer pair of 27F (5’- AGAGTTT-
GATCMTGGCTCAG-3’) as forward and 1492R (5’-TACGGYTACCTTGTTACGACTT-3") as reverse
(Macrogen). The PCR was performed in 50 pl reaction volume including 1 pl genomic DNA, 5 ul 10 x PCR
buffer, 1.5 mM MgCI2, 1.25 U Taq DNA Polymerase, 0.25 mM forward and reverse primer for each and 200
mM of each dNTP. The final volume was completed by sterile ddH,O to 50 pl. Thermal cycles were as follow;
after first denaturation at 96 °C for 5 min, 95°C for 1 min, 55 °C for 1 min and 72 °C for 1,5 min as 36 cycles
and 72 °C for 10 min for final extension. After PCR, the obtained products were run on 1 % agarose gel
containing ethidium bromide for 15 min at 90 V and viewed under UV light. After the correct PCR bands were
seen on the gel, all were sent to Macrogen (the Netherlands) for sequencing. The primer pair 518F (5'-CCAGC
AGCCGCGGTAATACG-3") and 800R (5'-TACCAGG GTATCTAATCC-3") were used for sequencing
(Macrogen).

2.5. Data analysis

The gene sequences were edited and aligned with BioEdit version 7.2.5 (Hall, 1999). The edited sequences
were used for Blast search in GenBank to compare each sequence with their closely related insect or bacterial
species and percent (%) similarity values were calculated (Altschul, Gish, Miler, Myers & Lipman, 1990;
Benson et al., 2012). In addition, these gene sequences were used for phylogenetic analysis using MEGA-X
software (Kumar, Stecher, Li, Knyaz & Tamura, 2018). For larvae, the partial sequence of COI gene (approx-
imately 598 bp) was used to compare reference species in the study of (Mutanen, Wahlberg & Kaila, 2010).
For bacterial strains, the 16S rRNA gene sequences were compared with their most closely related bacterial
species based on Blast search in GenBank. For phylogenetic relationships, the neighbor-joining method with
p-distance analysis packed in MEGA-X was used. The strength of the internal branches in the final tree was
statistically evaluated by bootstrap analysis based on 1.000 pseudoreplicates using MEGA-X.

2.6. GenBank accession numbers of the bacterial isolates

GenBank accession numbers for 16S rRNA gene sequences belonging to the bacterial isolates are from
MT537942 to MT537963.

3. Results and Discussion
The collected larvae were identified by the partial sequence of COI gene (approximately 598 bp). Based on

the Blast search, COI sequence (598 bp) of the collected larvae was found to be similar with Peactes fuscescens
voucher 11-SRNP-23183 with 90.62 % and S. irrosea DHJ04 with 90.10%. Since this similarity was very low
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for species identification, we performed a phylogenetic analysis using reference species mentioned in the study
of (Mutanen et al., 2010) to perform more correct species identification. Based on the phylogenetic analysis,
the larva was identified as Sanys irrosea (Guenee, 1852) (Lepidoptera: Noctuidae) (Figure 1).
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Figure 1. The dendrogram generated using Neighbor Joining (N-J) algorithm with p-distance analysis.

The tree was generated using the partial sequence (598 bp) of COI gene. Sanys irrosea sample which is marked
with solid black dot was compared with the reference insect samples used in the study of Mutanen et al. (2010).
The statistical accuracy of the tree was evaluated by bootstrap confidence analysis according to 1.000 repeti-
tions and bootstrap values of 70% or higher were specified in the tree. The scale located under the tree shows
the degree of dissimilarity.

Bacteria grown in petri dishes, where bacterial colonies can be evaluated separately, were counted and the
number of culturable bacteria per larva was calculated as follows. The numbers of total bacteria in first, second,
third, fourth and fifth instar larvae were determined as 1.2 x 107 bacteria/larva, 1.9 x 107 bacteria/larva, 2.1 x
108 bacteria/larva, 3.6 x 108 bacteria/larva, and 0.6 x 10° bacteria/larva, respectively.

A total of 22 culturable bacterial isolates were obtained from different development stages of S. irrosea.
Among them, six isolates from first instar, six isolates from second instar, two isolates from third instar, three
isolates from forth instar, and five isolates from fifth instar larvae were isolated. All bacterial isolates were
identified at species or genus level using 16S rRNA sequence analysis. Blast results of 16S rRNA genes are
given in Table 1.
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Table 1.
Percentage identities of S. irrosea bacterial isolates with their the most closely associated bacteria in GenBank
according to the Blast search of 16S rRNA gene sequences

Query o
Instar  Strain Species GenBank ID  coverage Percent (%)

(%) Similarity
Micrococcus yunnanensis SJU9 MN511766 99% 99.57%
KT11 Micrococcus sp. NJS11 MN833053 99% 99.64%
' Micrococcus yunnanensis 190306H2421 MT225720 99% 99.50%
Staphylococcus haemolyticus B-16 KC139451 99% 99.57%
KT12 Staphylococcus haemolyticus N15 KX507089 99% 99.57%
' Staphylococcus sp. CLC-F26 MH518208 100% 99.50%
Micrococcus sp. 185 EU714334 98% 99.71%
KT13 Micrococcus luteus 10240 CP041689 99% 99.71%
3 ' Micrococcus luteus NCCP 16831 CP043842 99% 99.71%
[%2)
[
B Acinetobacter Iwoffii 027 MG594818 99% 99.57%
i KT14 Acinetobacter sp. NMS3 MN515076 99% 99.57%
' Acinetobacter Iwoffii WST 5 DQ289068 99% 99.57%
Bacillus anthracis 7-6 JX867748 99% 99.93%
KTL5 Bacillus sp. SRG13 MK743992 99% 99.93%
' Bacillus albus XM4 MT023381 99% 99.93%
Arthrobacter agilis AU D4.2 KY775493 100% 97.94%
KTL6 Arthrobacter sp. ITT16 FR667186 100% 97.94%
' Arthrobacter agilis UMCV2 CP024915 100% 97.80%
Staphylococcus capitis IAE36 MK414980 100% 99.19%
KT2.1 Staphylococcus capitis BQEN3-03 FJ380955 100% 99.19%
' Staphylococcus capitis BBN3T-04d FJ357614 100% 99.19%
Staphylococcus sp. PaD1.45b1 GQ406605 99% 99.79%
KT2.2 Staphylococcus sp. PaH2.43b GQ391961 99% 99.79%
' Staphylococcus epidermidis BBEN-01d FJ357583 99% 99.79%
Staphylococcus capitis BBN3T-04d FJ357614 99% 99.86%
- KT23 Staphylococcus capitis BBN3P-01d FJ357608 99% 99.79%
I ' Staphylococcus epidermidis BQN1N-02d FJ380964 99% 99.79%
I Bacillus simplex EH12 MN750767 99% 100%
3] KT2.4 Bacillus thuringiensis EG194 MN704417 99% 100%
@ * Bacillus simplex EGI87 MN704413 99% 100%
Micrococcus sp. N36(2010) HQ188562 99% 98.12%
KT25 Micrococcus yunnanensis KA-20 KX108873 99% 98.12%
' Micrococcus sp. Actino-13 MH671510 99% 98.05%
Clavibacter sp. PDD-59b-50 KR922173 99% 98.77%
KT26 Clavibacter michiganensis PDD-57b-26 KR922121 100% 98.70%
' Clavibacter michiganensis Cmm VT3 HQ144242 100% 98.70%
_ Staphylococcus hominis CU1-6 MT373476 99% 98.75%
s KT3.1 Staphylococcus hominis K23 KU922442 99% 98.75%
£ ' Staphylococcus hominis H45 KU922315 99% 98.75%
o
E KT3.2 Uncultured Staphylococcus sp. clone TJ-3 JQ858218 99% 99.93%
' Staphylococcus haemolyticus SR4-27 MN421506 99% 99.86%
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Staphylococcus haemolyticus M2 KC182061 99% 99.86%

Moraxella sp. CRE4 MT380814 100% 99.64%

KT41 Moraxella osloensis NT4 MK571189 100% 99.64%

' Moraxella osloensis NT4 MK571171 100% 99.64%

§ Micrococcus yunnanensis SJU9 MN511766 99% 99.86%

= KT4.2 Micrococcus yunnanensis L7-617 JQ659453 99% 99.86%

§ ' Micrococcus sp. T7 MNO049740 99% 99.86%
o

- Kocuria rosea RR75 MK532258 100% 98.22%

KT4.3 Kocuria rosea PGRS5 MH489032 100% 98.22%

' Kocuria sp. H200-662 MG754440 100% 98.22%

Micrococcus sp. DMO-7 MT?294696 100% 99.49%

KT5.1 Micrococcus luteus 19101CU142 MT225650 100% 99.49%

' Micrococcus yunnanensis QT410 MT033093 100% 99.49%

Uncultured Staphylococcus sp. TJ-3 JQ858218 100% 99.72%

KT5.2 Staphylococcus haemolyticus SR4-27 MN421506 100% 99.65%

' Staphylococcus haemolyticus BQN1L-01d FJ380961 100% 99.65%

3 Bacillus aerius CILT JN852814 99% 99.29%

2z KT5.3 Bacillus licheniformis YC1-A HQ634208 99% 99.29%

£ ' Bacillus licheniformis SIITMB5 MG892780 99% 99.22%
=

Staphylococcus sp. PGT-LC KY490691 100% 99.79%

KT5.4 Staphylococcus hominis OsEnb_ALM_C9 MN889343 99% 99.79%

' Staphylococcus sp. CIFRI PTSB-29 JF784037 100% 99.72%

Staphylococcus sp. ST5-08 KF891400 100% 99.79%

KT55 Staphylococcus hominis OsEnb_ALM_C9 MNB889343 99% 99.79%

' Bacterium MTL7-24 MH151280 99% 100%

According to the BLAST search and phylogenetic analysis, the bacterial isolates were identified as
Micrococcus yunnanensis KT1.1, Staphylococcus haemolyticus KT1.2, Micrococcus luteus KT1.3,
Acinetobacter Iwoffii KT1.4, Bacillus sp. KT1.5, Arthrobacter agilis KT1.6, Staphylococcus capitis KT2.1,
Staphylococcus sp. KT2.2, Staphylococcus capitis KT2.3, Bacillus sp. KT2.4, Micrococcus sp. KT2.5,
Clavibacter michiganensis KT2.6, Staphylococcus hominis KT3.1, Staphylococcus hemolytic KT3.2,
Moraxella osloensis KT4.1, Micrococcus yunnanensis KT4.2, Kocuria rosea KT4.3, Micrococcus sp. KT5.1,
Staphylococcus haemolyticus KT5.2, Bacillus sp. KT5.3, Staphylococcus sp. KT5.4 and Staphylococcus sp.

KT5.5 (Figure 2).
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Figure 2. The dendrogram generated using Neighbor Joining (N-J) algorithm with p-distance analysis.

The tree was generated using the partial sequence (approximately 1.500 bp) of 16S rRNA gene. The bacterial
isolates used in this study which are marked with solid black dot were compared with the reference species or
strains taken from GenBank based on their percent identities with the bacterial isolates. The statistical accuracy
of the tree was evaluated by bootstrap confidence analysis according to 1.000 repetitions and bootstrap values
of 70% or higher were specified in the tree. The scale located under the tree shows the degree of dissimilarity.

Insects are the most crowded animal group in Arthropoda phylum in terms of class, taxon and species number
and they have the biggest number of species in the world. Their evolutionary success partly depends on their
interaction with many prokaryotic and eukaryotic microorganisms (Scudder, 2009). These microorganisms
which live inside insects are responsible for many important features in insect’s life cycle such as enzymatic
degradation of nutrients, synthesis of essential metabolites like vitamins, protection of the hosts against biotic
and abiotic factors and regulation of development and reproduction of insects (Douglas, 2014). For Lepidop-
teran insects, there are some evidence that instar-specific bacterial communities should be available for some
insects (Chen et al., 2016). Moreover, insect symbiotic bacteria are good candidate for manipulating them
using genetic engineering techniques to protect beneficial insects against their enemies and to combat with
harmful insects (pests). Based on all this, it is important to study and identify bacterial species that live in
insects.
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In this study, we found that the gut bacteria (or microbiome) of S. irrosea showed great variability consisting
of different members of Bacillaceae, Staphylococcaceae, Micrococcaceae, Moraxellaceae and Microbacteri-
aceae families. Many of the isolated bacteria in this study such as Staphylococcus, Micrococcus, Bacillus,
Acinetobacter and Arthrobacter have been isolated from many insects including Lepidopteran pests (Sevim et
al., 2012; Minard et al., 2013). Within these bacteria, Bacillus species (Bacillus sp. KT1.5, KT2.4 and KT5.3)
draw an attention since bacterium B. thuringiensis (Bt) is located in this genus and widely used as biological
insecticides against many pest’s species worldwide (de Maagd, Bravo & Crickmore, 2001). However, it is very
hard to distinguish this species from other Bacillus members based on 16S rRNA sequence analysis. Therefore,
it should be interesting to identify these isolates at species level, to search crystal proteins (if there is) and to
test them against a numbers of insect pests to determine their biocontrol potential.

We isolated two interesting bacteria (Moraxella osloensis KT4.1 and Kocuria rosea KT4.3) regarding insect-
bacterium relation. Both species were isolated from fourth instar larvae. M. osloensis is known as a bacterial
symbiont of Phasmarhabditis hermaphrodita which is a slug-parasitic nematode, and this bacterium is trans-
ported to the shell cavity of the slug via the nematode and kills the host (Crawford, Hutton & Chapman, 1975).
The members of Kocuria genus includes gram-positive bacteria that normally inhabit skin and mucous mem-
brane of human and many animals. But there are some evidences that these bacteria might be related to human
infections with weakened immune systems (Kandi et al., 2016). In terms of insect-bacteria associations, these
two bacteria seem to be novel for further investigations. Especially, due to pathogenic properties of these
bacteria, it should be interesting to study a potential transmission of these bacteria to other animals or humans.

In this study, we also isolated a Clavibacter michiganensis subsp. michiganensis KT2.6 which is a plant path-
ogenic bacterium causing a bacterial wilt and canker in tomatoes (Gartemann et al., 2003). It has been known
that some bacterial pathogens colonizing and living in the vascular systems of plants (phloem or xylem) can
be transmitted by several insects such as whiteflies, aphids, and leafhoppers (Perilla-Henao & Casteel, 2016).
That means some insects can serve a vector of important plant pathogenic bacteria. Therefore, studying vector-
pathogen-host (etc. insects) is a crucial issue to understand the epidemiology of plant diseases. There are some
evidences that some plant pathogenic subspecies of Clavibacter michiganensis can be transmitted from plant
to plant via insect vectors such as Colorado potato beetles and the green peach aphid (Christie, Sumalde, Schulz
& Gudmestad, 1991). In addition, nematodes Dylenchus dipsaci can serve a vector of C. michiganensis causing
bacterial wilt in alfalfa (Hawn, 1971). Therefore, it should be interesting to study a vector potential of S. irrosea
with respect to C. michiganensis, at least for non-agricultural plants.

We isolated different bacterial species from different development stages (instars) of S. irrosea. Based on our
results, we did not determine a clear pattern regarding changes in gut microbiota diversity for different instars.
In the literature, it has been demonstrated that although development stages do not affect the bacterial commu-
nity in some insect species, bacterial diversity or communities can change in other insects such as Spodoptera
littoralis (Boisduval, 1833) according to the developmental stages (Chen et al., 2016; Mereghetti, Chouaia &
Mantagna, 2017). Based on these, it can be said that there is no general rule regarding bacterial diversity or
composition could be changed according to the developmental stages of insects.

4. Conclusion
We determined a bacterial diversity in different developmental stages (instars) of S. irrosea using the culture-
dependent technique and showed that there is no specific pattern with respect to the bacterial diversity in

different instars.
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Oz - Giiniimiizde ¢imento iiretimi, kullanim ve bertarafi sirasinda sosyal konularn degerlendirilmesi, sirketlerin
stirdiiriilebilir kalkinmaya yonelik sosyal sorumluluklar agisindan giderek daha 6nemli hale gelmektedir. Sosyal Ya-
sam Dongiisii Degerlendirmesi (S-LCA), bir iirtiniin veya hizmetin yasam dongiisiindeki faaliyetlerin ¢esitli paydaslar
tizerindeki olasi sosyal etkilerini belirleyerek, sirketlerin sosyal olarak sorumlu bir sekilde ¢alismalarini kolaylagtir-
may1 saglayan bir tekniktir. Bu ¢aligmada ¢imento {iretimi gergeklestirilen bir isletmede sosyal yasam dongiisii, Bir-
lesmis Milletler Cevre Programi/Cevresel Toksikoloji ve Kimya Dernegi (UNEP/SETAC) tarafindan onerilen paydas
kategorileri dikkate alinarak ¢alisan paydasi agisindan incelenmistir. Calisan paydasmnn alt kategorileri i sagligi ve
giivenligi (ISG), firsat esitligi/ayrimcilik, adil maas, gocuk isci, sosyal yardim/sosyal giivenlik, ¢alisma saatleri, zorla
calistirma, sendikalagma ve toplu pazarlik dzgiirligiidiir. Cimento liretim siire¢lerinde mavi ve beyaz yaka ¢alisanlarin
sosyal ve sosyo-ekonomik yonlerinin ve bunlarin sosyal yasam dongiisiinii kapsayan olumlu ve olumsuz etkileri kar-
silagtirmali olarak degerlendirilmistir. Envanter analizi agamasinda, ¢aligsanlarla gerceklestirilen anketler aracilig ile
sahaya 6zgii veriler toplanmistir. Belirlenen alt kategorilerin etki degerlendirmesinde, 0 ile 4 arasinda puanlama yon-
temi kullanilmistir. Calisma sonucunda mavi yaka ¢alisanlar agisindan en olumsuz sosyal etkiye sahip alt kategoriler
2 puan ile sosyal yardim/sosyal giivenlik ve sendikalasma ile toplu pazarlik 6zgiirliigii olmustur. Beyaz yaka calisanlar
acisindan sosyal etkiler ise olumlu sonuglanmig ve tiim alt kategoriler 4’er puan olarak hesaplanmustir.

Anahtar Kelimeler — Beyaz Yaka, ¢alisan paydasi, ¢cimento, mavi yaka, sosyal yasam dongiisii degerlendirmesi.
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Abstract — Nowadays, the analysis of social issues during the production, use and disposal of cement becomes im-
portant for companies in terms of their social responsibilities for sustainable development. Social life cycle assessment
(S-LCA) is a method that facilitates companies to work in a socially responsible manner, by providing information
about the social impact of products or services, activities in the life cycle, worker, society, consumers, local commu-
nity, value chain actors on their stakeholders. In this study, the S-LCA of an enterprise whose main activity is cement
production has been examined in terms of worker stakeholder among the stakeholder categories proposed by
UNEP/SETAC. Social and socio-economic aspects of blue- and white-collar employees working in cement production
stages and their positive and negative impacts covering the S-LCA were evaluated comparatively. In inventory anal-
ysis, site-specific data were collected through questionnaires conducted with employees, and a scoring method be-
tween 0- 4 was used in the impact assessment of the determined subcategories. As a result of the study, the subcate-
gories which have the most negative social impact were social assistance/social security and freedom of association
and collective bargaining (2 score) for blue-collar employees. Considering white collar employees, social impacts
were positive, and all subcategories were calculated as 4 score.
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1. Giris

Stirdiirtilebilir kalkinma tartigmasi ¢evresel, sosyal ve ekonomik etkileri degerlendirme yoOntemleri
konusunda girisimleri tesvik etmistir. Bu gelisme ile son yillarda {iriin ve sistemlerin ¢evresel yasam dongiisii
degerlendirmesine, sosyal yonlerin dahil edilmesine yonelik artan bir ilgi olmustur (Hunkeler, 2006).
Uriinlerin iiretimi, kullanim ve bertarafi sirasinda sosyal konularin degerlendirilmesi, sirketlerin siirdiiriilebilir
kalkinmaya yonelik sosyal sorumluluklari agisindan giderek daha énemli hale gelmektedir (Karlewski ve dig
2019).

Sagladigi i giicii ve yarattig1 katma degerle iilke ekonomimize dogrudan katki saglayan ve sanayinin 6nemli
yapi taslar1 arasinda yer alan ¢imento iireticisi firmalar, siirdiiriilebilirlik stratejileri ve politikalar1 belirlemis
ve cesitli siirdiiriilebilirlik projeleri gelistirmeye baslamustir (Uysal, 2019). Ulkemizdeki entegre ¢imento
tesislerinin birgogunda her yil yayinlanan entegre faaliyet raporlarinda siirdiiriilebilirlik performans alt
bagliginda kurulusun sosyal performanslar1 degerlendirilmektedir.

Sosyal yasam dongiisii degerlendirmesi (S-LCA), bir iirlinliin veya hizmetin tiim yasam dongiisii boyunca
sosyal ve sosyo-eckonomik etkilerinin degerlendirildigi bir tekniktir (UNEP/SETAC, 2009). Bu sosyal etki
degerlendirme teknigi ile hammaddenin temininden, iiriin/hizmetin tiretimi, kullanim 6mrii sonunda islenmesi,
geri doniisiimil ve nihai bertarafina (besikten mezara) kadar iiriinliin/hizmetin tiim yagsam dongiisiinii kapsayan
olasi olumlu ve olumsuz sosyal etkilerinin degerlendirmesi amaglanmaktadir. Literatiirde ¢imento iiretim
sektorli ile benzer oOzellikler gdsteren beton iiretimi sektoriinde uygulanmig S-LCA ile ilgili ¢alismalar
bulunmakla birlikte (Hosseinijou ve dig. 2014; Navarro ve dig. 2018; Roh ve dig. 2018); bilgimiz dahilinde,
cimento iiretim sektdriinde olasi sosyal etkilerin degerlendirildigi bir S-LCA ¢alismas1 bulunmamaktadir.

Bu calismada, iilkemizde ana faaliyeti ¢gimento {iretimi olan bir isletmede UNEP/SETAC (2009) tarafindan
yayinlanan kilavuz temel alinarak sosyal yasam dongiisii degerlendirmesi gergeklestirilmigtir. Caligma
kapsaminda UNEP/SETAC (2009) tarafindan onerilen paydas kategorileri iginden ¢alisan paydasi segilmis;
beyaz ve mavi yaka c¢aligsanlarin sosyal yasam dongiisii degerlendirmesi karsilagtirmali olarak incelenmistir.
S6z konusu ¢aligmada, ¢imentonun yasam dongiisiindeki ¢alisanlarini etkileyen faaliyetlerine odaklanilmugtir.
Gergeklestirilen bu S-LCA c¢alismasmin sonuglari, se¢ilen ¢imento tesisinin entegre faaliyet raporunda
yayinlanmistir.

2. Materyal ve Yontem

Bu ¢alismada, ¢imento sektdriine uygulanan sosyal yasam dongiisii degerlendirmesi dort asamadan
olusmaktadir: (1) Amag ve kapsam tanimlanmasi, (2) envanter analizi, (3) etki degerlendirme, (4) yorumlama
asamalaridir (UNEP/SETAC, 2009).

2.1. Amag ve Kapsam Tanimlanmasi

Sosyal yasam dongiisii degerlendirmesinin ilk agamasinda, ¢aligmanin amag ve kapsami agikc¢a tanimlan-
maktadir. Bu S-LCA c¢alismasinin amaci, ¢imento iiretim sektoriindeki mavi yaka ve beyaz yaka c¢alisanlarin
sosyal ve sosyo-ekonomik yonlerinin ve bunlarin yasam dongiisiinii kapsayan olasi olumlu ve olumsuz etkile-
rinin degerlendirilmesidir. Mevcut ¢aligma ile secilen entegre ¢imento iiretim tesisinde galisan mavi ve beyaz
yakanin sosyal ve sosyo-ekonomik agidan olumlu ve olumsuz etkilerinin ortaya konmasi ve olumsuz etkileri-
nin iyilestirilmesinin saglanmasi hedeflenmektedir. Bu sayede isletmenin sosyal performansi da olumlu yonde
artacaktir.

Calisgmanin kapsami, hammadde temini ve hazirlanmasi, farin tretimi, klinker tiretimi, ¢imento Uretimi, ¢i-
mento Ogiitiilmesi ve {iretilen ¢cimentonun nakliyesi siireglerinde ¢alisanlarin olasi sosyal kosullarinin deger-
lendirilmesini kapsayan “besikten kapiya” olarak belirlenmistir. Sekil 1’de galismanin sistem sinirlart sunul-
maktadir.

Calisma kapsaminda UNEP/SETAC tarafindan yaymlanan kilavuzdaki paydas kategorilerinden is sagligi ve
giivenligi konularini da igeren alt kategorilerden olusan (cocuk iscilik, adil maas, ¢calisma saatleri, zorla calig-
tirma, firsat esitligi/ayrimeilik, is sagligi ve giivenligi, sosyal giivenlik/sosyal yardim, sendikalasma ve toplu

652



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say: 4, Sayfa: 651-661

pazarlik 6zgiirliigii) calisan paydas kategorisi se¢ilmistir. Calisan paydas kategorisinin etki kategorisi olan in-
san haklar1 ve ¢alisma kosullar1 degerlendirilmistir.

Sosyal yasam dongiisii degerlendirmesi ¢alismalarinda nitel ve yari nitel gostergeler kullanilmasi halinde etki
sonuglarinin fonksiyonel birim ile iligskilendirilmesi zor oldugundan, S-LCA ¢alismalarinda fonksiyonel birim
kullanimu ilk gelistirildigi yillardan itibaren tartisilan bir konudur (Jergensen ve dig. 2008, Y1ildiz-Geyhan ve
dig. 2017; Hossain ve dig. 2018, Haryati ve dig. 2022). Bu ¢alismada yar1 nitel yaklasim kullanildigindan,
calisma kapsaminda incelenen beyaz ve mavi yaka calisanlarin sosyal yasam dongiisii degerlendirmesi fonk-
siyonel birim ile iligkilendirilmeden gergeklestirilmistir.

2.2. Yasam Dongiisii Envanter Analizi

Bu asamada, ¢imento kurulusunda ¢aliganlar ile ilgili sosyal konular1 igeren daha d6nceden belirlenen sekiz
alt kategorinin sahaya 0zgii verileri, kurumdaki mavi ve beyaz yaka caligsanlara 6zel olarak gelistirilen anketler
aracilig1 ile toplanmistir. Anket sorular1 UNEP/SETAC tarafindan yayinlanan “S-LCA’nin Alt Kategorileri
i¢in Metodolojik Tablolar” rehberi ve literatiirde gergeklestirilen calismalardan yararlanilarak olusturulmustur.

l Beyaz ve Mavi yaka ¢alisanlar

Hammaddenin ocaktan Ocaktan gikarilan hammaddelerin Kinllan hammaddelerin
cikarilmasi kinada boyutlarinin kiigiiltiilmesi stoklanmasi

Paketleme Cimento retimi Klinker Gretimi

is saghgi ve giivenligi

Firsat esitligi/ Ayrimcihk

Cocuk isci

Sosyal yardim/Sosyal giivenlik

Caligma saatleri

Zorla galistirma

Adil maag

Sendikalasma ve toplu pazarlik 6zgiirlugi

Sekil 1. Calismanin sistem sinirlari

Literatiirde yapilan galigmalarda anket sorulart agik uglu veya evet/hayir tipi sorulari igermektedir (Petti ve
dig. 2018; Sining ve dig. 2022). Calisanlarin evet/hayir tipi sorulara verdikleri yanitlarin ac¢ik uglu sorulara
verdikleri yanitlara gére daha kolay degerlendirilmesi nedeniyle, bu calismada anket sorularinda evet/hayir
tipi sorular tercih edilmistir. Calisanlarin sorulan soru hakkinda fikrinin olmamasi da gbz Oniinde
bulundurularak ankette yanit kismina fikrim yok segenegi eklenmistir. Ayrica anket sorulari olusturulurken
yoruma dayali sorular yerine uluslararasi s6zlesmeler ve anlagmalar ile karsilagtirma yapilabilecek sorular
tercih edilmistir. Calismada kullanilan anketler icin Kocaeli Universitesi Fen ve Miihendislik Bilimleri Etik
Kurulundan onay alinmstir.

Anketler, calisanlarla yiiz ylize goriismeler yapilarak uygulanmistir. Beyaz yaka ve mavi yaka calisanlar i¢in
0zel anket sorulari olusturulmustur. Tablo 1’ de ¢alismada uygulanan anket sorularinin alt kategori dagilimi
yer almaktadir.
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Gergeklestirilen anket ¢alismasinda mavi yaka calisanlara toplam otuz yedi, beyaz yaka calisanlara ise yirmi
yedi soru sorulmustur. Calisma kapsaminda uygulanan anket sorular1 beyaz yaka calisanlar i¢in yedi alt
kategoriyi, mavi yaka ¢alisanlar i¢in ise sekiz alt kategoriyi igermektedir. Beyaz yaka calisanlar sendikaya tliye
olmadiklari i¢in sendikalagma ve toplu pazarlik 6zgiirliigii alt kategorisi anket sorularina dahil edilmemistir.
Secilen ¢imento liretim tesisinde toplam 674 c¢alisan bulunmakta; bunlarin 193’1 beyaz yaka, 481’1 ise mavi
yakadan olusmaktadir. Calisma kapsaminda 120 beyaz yaka, 180 mavi yaka olmak {izere toplam 300 calisana
anket uygulanmistir.

Tablo 1

Caligmada segilen anket soru sayilar1 dagilinm
Alt kategoriler Beyaz Yaka Mavi Yaka
Is saglig1 ve giivenligi

Firsat esitligi/ayrimcilik

Cocuk iscilik

Sosyal yardim/Sosyal giivenlik

Calisma saatleri

Zorla ¢alistirma

Adil maas

Sendikalagma ve toplu pazarlik 6zgiirligii
Toplam 27

AW bAOIH, O101

WO ow oM~ oo

2.3. Yasam Dongiisii Etki Degerlendirme

Literatiirde S-LCA c¢alismalarinda uluslararast kabul goren herhangi bir etki degerlendirme ydntemine
rastlanmamigtir. Dolayisiyla bu ¢alismada, envanter sonuglarini degerlendirmek igin Foolmaun ve
Ramjeeawon (2013) tarafindan onerilen yontem kullanilmistir. UNEP/SETAC S-LCA kilavuzuna uygun
olarak Onerilen bu ydntem ii¢ adimdan olusmaktadir. Ilk adimda, tiim gdsterge sonuglar1 yiizdelere
doniistirilmistir. Bu déniisiim igin Denklem (2.1) ve (2.2) kullanilmusgtir:

Ankete katilan ¢alisanlarin evet yaniti veren sayisi

Evet yiizdesel dagilim (%)= x 100 (2.1)

Ankete katilan sayisi-Fikrim yok yanit1 veren sayisi

Ankete katilan ¢aliganlarin hayir yaniti veren sayist

Hayir yiizdesel dagilim (%)= x 100 (2.2)

Ankete katilan sayisi-Fikrim yok yanit1 veren sayisi

Ikinci adimda, sekiz alt kategorinin anket sonuglarmin kendi i¢inde yiizdesel ortalamasi alinmis ve her bir alt
kategoriye bulunduklarn yiizde araligina gore (%0-20, %21-40, %41-60, %61-80 ve %81-100) O ile 4 arasinda
puan verilmigtir (Tablo 2). En diisiik puan (0) en olumsuz sosyal etkileri, en yiiksek puan (4) ise en olumlu
sosyal etkileri temsil etmektedir. Son adimda ise daha &nce siralanan puanlar herhangi bir agirhik faktorii ile
carpilmadan toplanmistir ve UNEP/SETAC’da sunulan sosyal konular igin verilen kriterlere gore
degerlendirilmistir.

2.4. Yorumlama

Sosyal yasam dongiisii degerlendirme caligmasinin son agamasi olan yorumlama asamasinda, envanter
analizi ve etki degerlendirmesi asamalarindaki bulgular g6z 6niinde bulundurularak, ¢alismanin amaci ve
kapsami dogrultusunda sonuglar ortaya konmus, kisitlar agiklanmig ve tavsiyelerde bulunularak seffaf bir
sekilde sunulmustur.

3. Bulgular ve Tartisma

3.1. Cimento Uretim Tesisinde Cahsanlara Ait Demografik Bilgiler

Secilen ¢imento iiretim tesisinde, gerceklestirilen S-LCA ¢aligmasi sistem sinirlart kapsaminda bulunan 180
mavi yaka ve 120 beyaz yaka calisan ile yapilan anket ¢alismasinda ilk boliimde kisisel bilgiler kisminda
cinsiyet, yas, 6grenim durumu ve hizmet siiresi olmak iizere demografik sorular yoneltilmistir.

654



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say: 4, Sayfa: 651-661

Anket sonuglarina gore, ¢cimento iiretim tesisindeki mavi yaka ¢alisanlarin %98°1 erkek, %2’si ise kadindir.
Mavi yaka galisanlar %67’si kirk yas {istii, %33ii kirk yas alt1 araligindadir. Ogrenim durumu %24 ilkokul,
%359 lise, %15 6n lisans, %1 lisans ve %1 yiiksek lisans mezunu mavi yaka ¢alisan olarak verilmistir. Hizmet
stiresi ile ilgili soruyu ise ¢alisanlarin %44’ 0-5 yil, %20’si 5-10 yil, %19°u 10-15 y1l, %5°1 15-20 y1l ve
%12’si 20 ve iistii y1l seklinde cevaplamistir.

Ankete katilim saglayan beyaz yaka ¢alisanlarin %21°1 kadin, %79’u ise erkektir. Beyaz yaka ¢alisanlarin
%59°u kirk yas alt1 ve %41°i kirk yas iistiidiir. Ogrenim durumu %16 lise, %7 6n lisans, %54 lisans ve %23
yiiksek lisans mezunu olan beyaz yaka calisan ankete katilmistir. Beyaz yaka calisanlar arasinda ilkokul
mezunu yoktur. Hizmet siiresi ile ilgili soru ise %32’si 0-5 y1l, %25°1 5-10 y1l, %11°1 10-15 y1l, %13 15-20 y1l
ve %19’u 20 ve istii yil seklinde cevaplanmustir.

Tablo 2
Caligmada kullanilan puanlama sistemi (Foolmaun ve Ramjeeawon, 2013’den uyarlandi.)
Alt kategori gostergeleri Yiizdeler Puan
0-20 0
21-40 1
Cocuk iscilik 41-60 2
61-80 3
81-100 4
0-20 0
21-40 1
Adil maas 41-60 2
61-80 3
81-100 4
0-20 0
21-40 1
Zorla ¢alistirma 41-60 2
61-80 3
81-100 4
0-20 0
21-40 1
Sosyal yardim/Sosyal giivenlik 41-60 2
61-80 3
4
0
1
2
3
4
0
1
2
3
4
0
1
2
3
4

81-100
0-20
21-40
Firsat esitligi/ayrimcilik 41-60
61-80
81-100
0-20
21-40
Is saghg1 ve giivenligi 41-60
61-80
81-100
0-20
21-40
Sendikalagma ve toplu pazarlik 6zgiirligii 41-60
61-80
81-100

3.2. Sosyal Yasam Dongiisii Degerlendirme Sonuclari

Mavi ve beyaz yaka ¢aliganlara uygulanan tiim anket sorularimin sonuglart Sekil 2’de sunulmustur. Mavi
yaka anket sonuglarmin evet oranlariin yiizdesi; is sagligi ve giivenligi %81, sosyal yardim/sosyal giivenlik
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%57, calisma saatleri %61, adil maas %89, sendikalasma ve toplu pazarlik Ozgiirligi %57 olarak
hesaplanmigtir. Beyaz yaka anket sonuglarinin evet oranlarinin yiizdesi ise; i sagligi ve giivenligi %92, sosyal
yardim/sosyal giivenlik %81, calisma saatleri %83, adil maas %97 olarak hesaplanmistir. Firsat
esitligi/ayrimecilik alt kategorisinin degerlendirilmesi i¢in, kurulusta calisanlara esit firsatlarin verildigi ve
ayrimcilik yapilmadigina dair dort soru yoneltilmistir (Ek 1 ve EK 2). Mavi yaka ¢alisanlarin %80’1, beyaz
yaka calisanlarin ise %86’s1 ¢alisanlara esit firsatlarin verildigi ve ayrimcilik yapilmadigi seklinde cevap
vermistir. Kurulusta cocuk is¢i ¢alistirilmadigina yonelik, ¢alisanlara ankette tek bir soru yoneltilmistir (Ek 1
ve Ek 2). Anket sonuglarina gére mavi yaka calisanlarin %84°{i; beyaz yaka calisanlarin ise %95’i kurulusta
cocuk isci calistirilmadigint belirtmistir. Zorla calistirma alt kategorisine yonelik ise anketlerde ii¢ soru
sorulmus (Ek 1 ve Ek 2); mavi yaka calisanlarin %82’si, beyaz yaka ¢alisanlarin ise %97’si zorla ¢alistirma
yapilmadig1 seklinde cevaplandirmustir.

Mavi Yaka Beyaz Yaka

mEvet mHayr B Evet mHayr

Sendikalagma ve toplu pazarhk Szgiirliigii

Adil maas

Zorla calistirma

Caligma saatleri

Sosyal yardim fSosyal giivenlik
Cocuk iscilik

Firsat esitligi/aynmalk

issagh@ ve giivenligi

0

+F

20% 40% 60% 30% 100% 0% 20% 40% 60% 80% 100%

Sekil 2. Mavi ve beyaz yaka anket ylizdelerinin dagilimi

Tablo 3’ de ise ¢imento sektoriindeki mavi yaka ve beyaz yaka c¢alisanlarin sosyal yasam dongiisii
degerlendirmesi sonuglar1 yer almaktadir. Anketlere evet/hayir olarak verilen yanitlar puanlama sistemi
kullanilarak nitel envanter verilerinden nicel envanter verilerine doniistiirilmiistiir. Bu puanlama sisteminde
beyaz yaka caliganlarin verdikleri evet yanitlarinin tiimii %80°nin iizerinde bulundugu i¢in en yiiksek olumlu
sosyal etkiyi gosteren 4 puan verilmistir. Mavi yaka calisanlarda ise ayni durum séz konusu degildir.
Degerlendirilen alt kategorilerin puanlarinda farkliliklar goriilmektedir. Is saglig1 ve giivenligi, cocuk iscilik,
zorla calistirma ve adil maag alt kategorilerine 4’er puan verilmistir. Firsat esitligi/ayrimcilik ve ¢aligma
saatleri alt kategorileri ise 3’er puan almistir. Sosyal yardim/sosyal giivenlik ve sendikalasma ve toplu pazarlik
ozgirliigii alt kategorisi ise alt kategoriler arasinda en diislik puana (2) sahiptir. Mavi yaka calisanlar igin
degerlendirme kapsamindaki tiim alt kategoriler toplamda 26 puan olarak hesaplamirken, beyaz yaka
calisanlarin tiim alt kategoriler toplami 28 puan olarak hesaplanmistir. Mavi yaka ¢alisanlarla gergeklestirilen
ankette 8, beyaz yaka calisanlarla gerceklestirilen ankette 7 sosyal alt kategori olmasina ragmen mavi yaka ve
beyaz yaka caliganlar arasinda 2 puanlik bir fark goriilmektedir. Bu durumun nedeni, mavi yaka c¢aliganlarin
calisma kapsamindaki sosyal alt kategorilerinde beyaz yaka calisanlara gore daha olumsuz etkilere sahip
olmasidir.

Caligma sonucunda Is Saghig: ve Giivenligi alt kategorisinde ankete katilan mavi yaka galisanlarin %81’
kurulusun sosyal performansini olumlu gériirken %19 unun olumsuz gordiigii sonucuna varilmistir. Mavi yaka
calisanlarin %29’u bu alt kategorideki en olumsuz yaniti ¢alisan sagligimi ve is gilivenligini saglama
konusundaki verilen egitimler ve programlar ile ilgili soruya vermislerdir. Caliganlarin Is Saghig ve Giivenligi
Egitimlerinin Usul ve Esaslar1 Hakkindaki Yo6netmelikte “gok tehlikeli isyerlerinde her ¢alisan i¢in en az on
alti saat ISG egitiminin verilmesinin gerektigi” yer almaktadir (28.06.2018 tarih ve 30430 sayili Resmi
Gazete). Kurulusun 2019 yilinda kisi basina diisen ISG egitimi siiresinin yaklasik otuz saat olmasina ragmen
mavi yaka calisanlari %29 nun verilen ISG egitimini yetersiz buldugu anlasiimaktadir. Mavi yaka ¢alisanlar
s0z konusu egitimi yetersiz bulma nedenlerini egitim siirelerinin kisaligi, egitim iceriginde kaza kdk neden,
5S, Kaizen gibi konularin eksikligi olarak agiklamuslardir. Ayrica kurulusta genel Is Sagligi ve Giivenligi

656



Journal of Advanced Research in Natural and Applied Sciences 2022, Cilt 8, Say: 4, Sayfa: 651-661

onlemlerini artirmak icin yapilan ISG Koglar1 Uygulamasi, Is izin Sistemi, iISG Miihendisleri Projesi, saha
denetimleri gibi uygulamalarin mavi yaka calisanlarin %29’u i¢in yetersiz oldugu sdylenilebilir. Ankete
katilan beyaz yaka calisanlarin %92’si kurulusun bu alt kategorideki sosyal performansini yeterli, %8’1 yetersiz
bulmaktadir. Anket sonuglarina bakildiginda beyaz yaka calisanlarin %22’sinin c¢alisma kosullarinin
ergonomik olmadigini belirtmeleri dikkat ¢ekmistir. ISG egitimleri ve ¢alisma kosullar1 konularinda yapilacak
iyilestirmeler ile calisanlar goziinde kurulusun ISG alt kategorisindeki sosyal performansinin olumlu ydnde
daha da artacag diistiniilmektedir.

Tablo 3
Mavi ve beyaz yaka calisanlarin alt kategori puanlarinin 6zeti
Puan
Alt kategoriler Mavi  Beyaz
' Yaka  Yaka
Is saglig1 ve giivenligi 4 4
Firsat esitligi/ayrimcilik 3 4
Cocuk iscilik 4 4
Sosyal yardim/Sosyal giivenlik 2 4
Caligma saatleri 3 4
Zorla ¢alistirma 4 4
Adil maas 4 4
Sendikalagma ve toplu pazarlik 6zgiirliigii 2 -
Toplam 26 28

Firsat esitligi ve ayrimcilik alt kategorisinde ankete katilan mavi yaka caliganlarin %801 kurulusun sosyal
performansint olumlu gordiigii igin bu alt kategori degerlendirme sonucunda 3 puan; beyaz yaka ¢alisanlarin
ise %86’s1 kurulusun bu kategorideki sosyal performansini olumlu gordiigii igin 4 puan almistir. Anket
sonuglari incelendiginde mavi yaka (%35) ve beyaz yaka (%27) calisanlarin bu alt kategorideki en olumsuz
yanit1 ise alim ve uygun ise yerlestirme stirecleriyle ilgili soruya verdikleri dikkat ¢ekmistir. Beyaz yaka
calisanlar anketlerin agiklama boliimlerine ¢alisan bireyler arasinda performans degerlendirmesinin yapilarak
pozisyon ve maas artiglariin yapilmasinin gerektigini belirtmislerdir. Kurulusta liderlik pozisyonunda calisan
kadin sayis1 6, erkek sayisi ise 62°dir. Liderlik pozisyonunda calisan kadin sayisinda artig saglanirsa galiganlar
icin bu alt kategorinin sonuglariin olumlu yonde artacagi diisiiniilmektedir.

Cocuk iscilik alt kategorisinde mavi yaka (%84) ve beyaz yaka ¢alisanlar (%95) kurulusta ¢ocuk is¢inin
calistirilmadigini belirtmistir. Caligmanin gergeklestirildigi siirecte kurulusta cocuk is¢iye rastlanmamistir ve
kurulus yetkilileri ile yapilan goriismelerden alinan bilgiye gore ¢ocuk isci ¢alistirilmamaktadir. Ayrica 4857
sayili Is Kanunu’nun 71. Maddesine gore agir ve tehlikeli islerde ¢ocuk isci ¢alistirilmasi yasaktir.

Sosyal yardim/sosyal giivenlik alt kategorisinde ankete katilan mavi yaka ¢alisanlarin %57’si, kurulugun
sosyal performansini yeterli buldugu igin bu alt kategori degerlendirme sonucunda 2 puan almistir. Bu alt
kategori diger alt kategorilerle kiyaslandiginda, mavi yaka ¢alisanlar i¢in daha diisiik olumlu sosyal performans
gosterdigi géze carpmustir. Mavi yaka calisanlarla yiiz yiize gergeklestirilen anketler esnasinda beyaz yaka
caliganlara saglanan sosyal yardimlar arasinda 6zel saglik sigortasinin da oldugu ancak bu sosyal yardimin
mavi yaka calisanlara saglanmadigini belirtilmistir. Ayrica, anketlerin agiklama bdliimlerinde de 6zel saglik
sigortasinin sadece beyaz yaka caligsanlara yapildigimi belirtmislerdir. Bu bilgilere dayanarak, ankete katilan
mavi yaka ¢alisanlarin kurulusun sosyal performansini olumsuz gérme nedeninin 6zel saglik sigortasindan
faydalanmamalarindan kaynakli olabilecegi diisiiniilmektedir. Beyaz yaka g¢alisanlarin ise %81°1 kurulusun
sosyal yardim/sosyal giivenlik alt kategorisindeki performansinin olumlu oldugunu belirtmistir. Bu alt
kategorideki en olumsuz yanitlar incelendiginde ise beyaz yaka calisanlarin %281 kigisel gelisim imkanlarinin
yeterli olmadigin1 belirtmistir.

Caligma saatleri alt kategorisinde ankete katilan mavi yaka calisanlarin %61’inin kurulusun sosyal
performansini olumlu gérmesi nedeniyle bu alt kategori 3 olarak puanlandirilmistir. Bu kategorinin olumsuz
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etkiye sahip olmasinin nedeninin bakim bdliimlerindeki mavi yaka calisanlarin mesaiye kalma durumunda
giinliik calisma saatlerinin 11 saatten fazla olmasindan kaynaklandigi diisiiniilmektedir. Beyaz yaka
calisanlarin %83’1 calisma saatleri alt kategorisinde kurulusun sosyal performansinin olumlu oldugunu
diistintirken, %17’si olumsuz gérmektedir. Bu alt kategorideki en olumsuz yanit incelendiginde, ankete katilan
beyaz yaka calisanlarin %31°1 resmi tatil ve bayramlarda calistiklart giin i¢in ayrica izin kullanamadiklarini
belirtmistir.

Zorla calistirma alt kategorisinde ankete katilan mavi yaka calisanlarin %82’si, beyaz yaka calisanlarin ise
%97’si kurulusun sosyal performansini olumlu gormektedir. Bu alt kategorideki en olumsuz yanitlar
incelendiginde mavi yaka ¢alisanlarin %21°1 ve beyaz yaka c¢alisanlarin %5’1 yliksekte calisma, siklon agma,
silo temizligi gibi zorunlu ¢alisma durumunda alinan 6nemlerin yeterli olmadigini belirtmistir.

Adil maas alt kategorisinde ankete katilan mavi yaka c¢alisanlarin %89’u; beyaz yaka ¢aliganlarin ise %97’si
kurulusun sosyal performansini olumlu gérmektedir. Bu alt kategorideki en olumsuz yanitlara bakildiginda
mavi yaka calisanlarin %16’s1 ve beyaz yaka calisanlarin %5°1 kadin calisanlar ile erkek ¢alisanlar arasinda
esit maag politikasi uygulanmadigini belirtmistir.

Sendikalagma ve toplu pazarlik 6zgiirliigii alt kategorisinde sadece mavi yaka ¢alisanlara anket uygulanmustir.
Anket sonuglar1 degerlendirildiginde mavi yaka g¢aliganlarin anket sorularinin geneline olumsuz yanitlar
verdigi goze carpmis ve bu alt kategori 2 olarak puanlandirilmistir. Mavi yaka calisanlarin %56’s1 sendika
temsilcisinin sirketteki biiylik degisikliklerin planlanmasinda katkisinin olmadigini belirtmistir. Sendikali
calisanlarin %52’si fikir ve Onerilerini {ist yonetimle paylasabilecekleri iletisim kanallarinin yeterli olmadigim
belirtmistir. Ankete katilan mavi yaka g¢aliganlarin %50’si toplu sendika toplantilarina katilamadiklarini
belirtmistir. Sendikalasma ve toplu pazarlik 6zgiirliigli alt kategorisinde sendikanin kurulusta etkin bir rol
oynamadig1 diisiiniilmektedir.

Literatiirde ¢imento iiretiminin sosyal yasam dongiisiiniin degerlendirilmesi konusunda yapilan bir ¢alismaya
rastlanmamis olmakla birlikte, diger sektorler i¢in yapilan S-LCA ¢alismalarinin ¢alisan paydas kategorisi
acisindan sonuglar incelendiginde; iilke, sektor, isletme sartlar1 ve sosyal yapi farkliliklart nedeniyle
beklenebilecek farkli etkilerin 6ne ¢ikmasinin yaninda bu ¢alismanin sonuglari ile benzer etkiler de tespit
edilmistir. Hosseinijou ve dig. (2014) tarafindan iki farkli yap1 malzemesinin (gelik ve beton) karsilastirmali
sosyal yasam dongisii degerlendirmesi gerceklestirilmistir. S6z konusu c¢alismanin “galisan” paydas
kategorisine ait sonuglari incelendiginde ¢alisan paydasimin alt kategorileri olan adil maas ve is sagligi
kategorilerinde beton yap1 malzemesinin ¢elige gore daha olumlu sosyal etkiye sahip oldugu belirlenmistir.
Bizim ¢alismamizda da bu alt kategorilerdeki sosyal etkiler olumlu olarak degerlendirilmistir. Buna karsilik,
beton ve ¢imento endiistrisinin sosyal profilinin ¢gimento iiretiminin yerel topluluk paydas kategorisinin bir alt
kategorisi olan “giivenli ve saglikli yasam kosullar1” {izerindeki olumsuz etkisi nedeniyle zarar gordiigii ortaya
konmustur. Ayni ¢alismada, ¢imento iiretim alanlarina yakin yasayan insanlar tarafindan gesitli sikayetlerde
(yuksek seviyede hava ve girilti kirliligi, kaynak tiikenmesi vb. nedenlerden dolay1) bulunuldugu
belirtilmistir. Bununla birlikte, bizim ¢alismamizda sadece “calisan” paydas kategorisi ve buna bagli alt
kategorilere gore degerlendirme gergeklestirilmis; yerel topluluk paydas kategorisi ile ilgili bir ¢alisma ve
degerlendirme gergeklestirilmemistir. Roh ve dig (2018), Giiney Kore’de farkli isletim sistemlerine sahip
(dogrudan isletilen, 6zel beton iireticileri tarafindan isletilen, ¢cimento tedarikgileri tarafindan isletilen) {i¢ tip
beton santralinin sosyal etkilerini degerlendirmek i¢in S-LCA teknigini kullanmiglardir. Bu ¢alismada; galisan
paydas kategorisi agisindan gocuk iscilik, adil maas, ¢caligma saatleri, zorla ¢alistirma, firsat esitligi/ayrimcilik,
is saghig1 ve giivenligi, sosyal giivenlik/sosyal yardim, sendikalasma ve toplu pazarlik 6zgiirligii, egitim ve
Ogretim, istihdam iligkileri ve is memnuniyeti olmak iizere 11 sosyal konu iizerine odaklanmiglardir.
Degerlendirme sonucunda en yiiksek pozitif sosyal etkinin ¢imento tedarikgileri tarafindan isletilen beton
santralinde, daha sonra sirasiyla 6zel beton ireticileri tarafindan igletilen ve dogrudan igletilen beton
santralinde oldugu ortaya konmustur. Bu pozitif sosyal etkinin en énemli bileseninin adil maas alt kategorisi
oldugu ve beton santralleri arasinda bu farklilifi yaratan durumun dogrudan isletilen beton santrali
calisanlarina sadece yasal asgari iicret 6denirken diger santrallerde asgari licrete ek olarak fabrika 6denekleri,
yeterlilik 6denekleri, iletisim maliyeti ve 6grenim ticretleri gibi ¢esitli ek ddeneklerin saglanmasi oldugu tespit
edilmistir.
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Petti ve dig. (2011) yapmus olduklar1 S-LCA ¢alismasinda “Cuore di Bu” adi verilen bir Italyan domates
cesidinde alt kategori degerlendirme yontemi kullanarak bitkilerin yetistirilmesinden piyasaya striiliip
tiiketicilere ulasana kadar olan siireglerin sosyal performanslarini degerlendirmeyi amaglamiglardir. S-LCA
caligmas1 sonucunda ¢aligan paydas kategorisinin tiim alt kategorilerine (¢cocuk is¢i, adil maas, ¢alisma saatleri,
zorla calistirma, firsat esitligi ve ayrimeilik, is saghgi ve giivenligi, sosyal yardim ve sosyal giivenlik,
sendikalasma ve toplu pazarlik 6zgiirliigii) 3’er puan verilmistir. En diisiik puan 1 ve en yiiksek puan 4’tiir.
Degerlendirme yapilirken calisanlarla gergeklestirilen anketin sonuglar1 ve ILO (Uluslararas: Caligma Orgiitii)
Sozlesmeleri goz 6nlinde bulundurulmustur. Calisanlar herhangi bir sendikaya iiye degildir ama sendikalagma
Ozgirliighi haklarina saygi gosterilerek bir kooperatif halinde gruplandirilmistir. 15 yasindan kiigiikler
calistirilmamaktadir ve gocuk isci calistirilmamasi igin politika olusturulmustur. En diisiik maas Italyan tarim
sektoriiniin asgari iicretine esit veya daha yiiksektir. Haftalik ¢alisma siireleri sektér kanunlarina uygundur.
Zorla caligtirmanin Oniine ge¢mek icin politika olusturulmustur. Kurulus, calisanlar igin esit firsatlar
desteklemektedir. Kazalar1 Onlemek i¢in programlar hazirlanmis ve calisanlara egitimler verilmistir.
Caliganlara temel gereksinimler listesindeki ikiden fazla sosyal yardim saglanmistir. Calisma sonucunda,
secilen domates tiretim sektoriiniin, calisan paydas kategorisindeki ¢ogu alt kategorinin ilgili ILO s6zlesmeleri
tarafindan tanimlanan asgari standartlari karsiladig1 anlagilmaktadir.

Foolmaun ve Ramjeeawon (2013) tarafindan gergeklestirilen bir ¢alismada, kullanilmis polietilen tereftalat
(PET) siselerin segilen alternatif dort bertaraf yontemi senaryolari ile (%100 diizenli depolama, %40 flake
iiretimi ve %60 diizenli depolama, %75 yakma ve %25 diizenli depolama, %75 flake tiretimi ve %25 diizenli
depolama) ¢evresel ve sosyal etkileri arastirtlmis ve kargilastirilmigtir. Envanter sonuglarina gore, flake tiretim
endiistrisinde ve yakma tesisinde ¢ocuk is¢inin ¢alistirilmadigi, zorla calistirma vakalarinin olmadig: ve tiim
caligsanlarin sosyal yardimlardan faydalandigi ¢aliganlar tarafindan onaylanmistir. Diizenli depolama tesisinde
zorla calistirmanin %21,45 oldugu hesaplanmistir; diizenli depolama tesisinde isgilerin %63,75’i, yakma
tesisindeki iscilerin ise %30’u mevcut maaslarindan memnun degilken, flake iiretim endiistrisinde ¢alisan
is¢ilerin %80’1 mevcut maaglarindan memnun oldugunu belirtmislerdir. Ayrica, diizenli depolama tesisinde
calisan isgilerin %51,25' higbir zaman is saglig1 ve giivenligi konularinda bilgilendirilmezken, flake {iretim
endiistrisinde ¢alisan isgilerin sadece %8'i ve yakma tesisinde calisanlarin %10'u bu konuda bilgilerinin
olmadigimi soéylemislerdir. Yaralanma orani diizenli depolama tesisinde %7,5 ile %10 arasinda degisirken,
yakma tesisinde ¢aligan isgiler icin herhangi bir yaralanma vakasi bildirilmemistir. Sonuglar ayrica tiim
calisanlara caligtiklar1 kuruluglar tarafindan koruyucu ekipman saglandigini gostermistir. Flake {iretim
endiistrisinde ve yakma tesisinde calisan isgiler, acil durum/kaza durumunda izlenecek prosediirlerin tam
olarak farkindayken, diizenli depolama tesisindeki is¢ilerin sadece %25'1 bu prosediirlerin farkindadir. Her bir
alt kategoriye, bir 6nceki adimda hesaplanan yiizdelerin bulundugu bes araliga (%0-20, %21-40, %41-60,
%61-80 ve %81-100) gore 0 ile 4 arasinda puan verilmistir. Onerilen puanlama sistemi Ve envanter sonuglarina
gore, flake tiretim endiistrisinde ve yakma tesisinde ¢ocuk is¢ilik, sosyal yardim/sosyal giivenlik, ayrimeilik
alt kategorilerine 4 puan verilmistir. Adil maas alt kategorisi flake {liretim enddistrisinde 3, diizenli depolama
tesisinde 1 ve yakma tesisinde ise 3 puan almistir. Zorla ¢alistirma ve is sagligi ve giivenligi alt kategorisi flake
iiretim endiistrisinde ve yakma tesisinde 4 puan olarak hesaplanmistir. Zorla ¢alistirma alt kategorisi diizenli
depolama tesisinde 3 puan ve is saghigi ve giivenligi alt kategorisi ise 3,5 puan almistir. Ug tesis i¢in puanlar
toplandiginda, en az puan diizenli depolama tesisi ve en yiiksek puan flake {iretim endiistrisi tarafindan elde
edilmistir.

Prasara-A ve Gheewala (2018) tarafindan gergeklestirilen bir ¢alismada, S-LCA tekniginin Tayland seker
endiistrisi sektoriine uygulanabilirligi test edilmistir. Se¢ilen paydaslar; ¢alisanlar, tiiketiciler, yerel toplum ve
deger zinciri aktorleridir. Kullanilan gostergeler, her bir sosyal alt kategori i¢in tasarlanan sorulara evet / hayir
cevabi veren paydaslarin yiizdesi olarak hesaplanmistir. Calisanlar tarafindan en 6nemli goriilen sosyal alt
kategorilerin yiizdeleri: %53 adil maas, %27 is sagligi ve giivenligi, %10 ayrimcilik, %7 ile zorla ¢alistirma
olmustur. Paydaslar tarafindan belirlenen sosyal alt kategoriler dikkate alindiginda, en 6nemli alt kategorilerin
adil dcretler ile i sagligr ve giivenligi (calisanlar, yerel tiiketici ve yerel topluluk i¢in) oldugu goriilmektedir.
Iscilerin %30’u seker kamusi ciftliklerinin koruyucu ekipman saglamadig yanitin1 vermistir. Buna ek olarak,
calisanlarin %20’si igverenlerin kisisel koruyucu ekipmani tedarik ettigini ancak c¢alisanlar tarafindan
kullanilmadigini belirtmistir. Adil iicret alt kategorisinde, hiikiimet tarafindan belirlenen asgari iicretten daha
diisiik {icretlere galistigini belirten %93 isci olmasina ragmen, iscilerin %90 adil iicret aldiklarin1 bildirmesi
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ilgingtir. Bu calismada adil iicret alt kategorisi i¢in elde edilen sonuglara gore, seker endiistrisinin bu alt
kategoride olumsuz performanslara neden olup olmadigi konusunda net bir cevap bulunmamaktadir.
Ayrimcilik alt kategorisi icin kullanilan iki gosterge vardir, farkl cinsiyetlere gore ticret ayrimciligr ve erkek
ve kadm calisanlarin yiizdesi. ilk gostergenin sonucu hicbir etki gdstermezken ikinci gosterge negatif
performans (-%80) goOstermistir. Bunun nedeni, bu alanda c¢alisan kadin is¢ilerin yiizdesinin erkek
is¢ilerinkinden daha yiiksek olmasidir. Bununla birlikte, is¢ilerle yapilan goriismelerde elde edilen bilgilere
gore, iscileri ise alma konusunda cinsiyet ayrimciliginin olmadig belirtilmistir. Erkek iscilerin daha yiiksek
iicret 6deyen diger sektorleri tercih ettiklerini sdzlerine eklemislerdir. Sosyal yardimlar alt kategorisi de negatif
performans gostermektedir. Bu alt kategori i¢in kullanilan gosterge, ¢alisanlarin igverenlerden sosyal yardim
alip almadigidir. Tiim calisanlar, isverenlerden hicbir sosyal yardim almadigini bildirmistir (-%100). Cocuk
is¢ilik, caligma saatleri, zorla ¢alistirma, sendikalagma ve toplu pazarlik 6zgiirligii alt kategorileri olumlu ya
da olumsuz bir etki gostermemistir.

Literatiirde S-LCA ile ilgili yapilan calismalar genel olarak degerlendirildiginde, farkli paydas gruplarinin
dahil edildigi ¢alismalarda, kuruluslarin sosyal performansini olumlu/olumsuz olarak degistiren faktorlerin
oncelikle galigan paydas grubunu dogrudan etkileyen adil maas ve is sagligi ve giivenligi gibi faktorler oldugu
tespit edilmistir. Bu durum dikkate alindiginda, Kuruluslarin sosyal performanslarini artirmak igin 6ncelikle
calisan paydas grubunun alt kategorilerindeki sorunlari tespit edip, bu sorunlari azaltmaya ve/veya tamamen
gidermeye odaklanmalarinin 6nemli oldugu sdylenebilir.

4. Sonuclar

Bu calismada, ¢imento iiretim siireci kapsaminda mavi ve beyaz yaka caligsanlarin sosyal kosullar1 ve genel
sosyo-ekonomik performansi yasam dongiisli yaklasimiyla karsilastirmali olarak degerlendirilmistir. Calisan
paydasinin alt kategorileri olan sendikalasma ve toplu pazarlik Ozgiirligi, is saghigi giivenligi, firsat
esitligi/ayrimeilik, ¢ocuk iscilik, sosyal yardim/sosyal giivenlik, calisma saatleri, zorla ¢alistirma ve adil maas
0 ile 4 arasinda puanlandirilarak etki degerlendirilmesi gergeklestirilmistir. Caligmanin sonucunda mavi yaka
caliganlarinin sosyal yardim/sosyal giivenlik (2), sendikalagma ve toplu pazarlik 6zgiirliigii (2), ¢alisma saatleri
(3) ve firsat esitligi/ayrimcilik (3) sosyal konularmin iyilestirilmesi halinde kurulugun sosyal performansinin
artacagl sonucuna varilmigtir. Beyaz yaka calisanlarin verdikleri yanitlar dogrultusunda tiim alt kategorilere 4
puan verilmistir. Bu yiizden alt kategori yerine en olumsuz sosyal etkiye sahip anket sorularinin degindigi
konulara ydnelik iyilestirmeler yapilmasi gerektigi sonucuna varilmistir. Ulkemizde sosyal yasam dongiisii
degerlendirilmesi ¢aligmalar1 oldukga sinirli sayidadir. Bu ¢alisma ile ortaya konan sonuglarin, ¢imento tiretimi
gergeklestirilen kurulusta galisanlarin sosyal ve sosyo-ekonomik yonlerinin olumlu ve olumsuz etkileri
konusunda fikir sahibi olunmas1 ve buna gore karar vericilere kurulusun sosyal performansinin gelistirilmesi
icin farkli bir bakig acis1 saglayacagi, ayrica ileride yapilacak caligmalar i¢in referans noktasi olusturacagi
distiniilmektedir. S-LCA calismalarinin en 6nemli kisitlarindan biri, halen uluslararasi anlamda kabul edilmis
bir standart bir yontemin bulunmamasidir. Cesitli 6zel yazilimlar araciligiyla S-LCA ¢alismalart
uygulamalarinda kullanilabilecek Social Hot-Spot Database, Product Social Impact Life Cycle Assessment
Database gibi veri tabanlari mevcut olmakla birlikte; hem mevcut veri tabanlarina erisimde kolayligin
saglanmas1 hem de S-LCA i¢in uluslararasi diizeyde kabul goren standart yontemlerin gelistirilmesi; iirtin,
hizmet ve servislerin yasam dongiisii sirdirilebilirlik degerlendirmelerinin tam ve giivenilir olarak
gergeklestirilebilmesi agisindan 6nem tagimaktadir.
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Oz — Covid-19 iginde bulundugumuz yiizyilm ilk pandemisidir ve bundan énceki pandemilere kiyasla siiresi, neden
oldugu can kayb, yarattig1 psikolojik, sosyolojik ve ekonomik etkileri dolayisiyla farklilik gostermektedir. Bu siiregte
viriis pek ¢ok varyant tiretmistir ve liretmeye de devam etmektedir. Diinya tizerindeki hareketliligin siklig1 ve miktar
diistiniildiigiinde, bu durumun yakin gelecekte degismesi miimkiin géziikmemektedir. Pandeminin gidigatini anlamak,
bundan sonraki olasi pandemiler i¢in hazirlikli olmak konusunda faydali olacaktir. Bu amagla, T.C. Saglik Bakanlig
tarafindan yayinlanan giinliik veri incelenmis, farkli veri gruplari tizerinde gerek 6zelliklerini anlama gerekse gelecege
yonelik tahmin ger¢eklestirme amaciyla, giincel bir yaklagim olan makine 6grenmesi yontemleri kullanilmistir. Kul-
lanilan veri gruplari oldukga karmasik birer zaman serisi yapisindadir ve giinliik vaka sayisi, agir hasta sayisi, giinliik
vefat sayisi ve giinliik iyilesen sayisi olarak secilmistir. Polinom regresyon, en kiigiik kareler polinom uyumu ve kiibik
egri uyumu sonuglari ile tahminler bu makalede incelenmistir. Sonuglar gerek grafikler yoluyla gerekse zaman serisi
tahmininde kabul gormiis bir performans kriteri olan Canberra uzakliginin ortalama, medyan, standart sapma ve top-
lam degerleriyle, sayisal olarak belirtilmistir. Yukarida belirtilen dort zaman serisi igin en iyi sonuglarin, kiibik egri
uyumu yontemiyle alindig1 goriilmektedir. Tahminlerde kullanilan egrilerin dereceleri, zaman serisine gore degisiklik
gostermektedir. Elde edilen tahmin sonuglari, zaman serisine bagli olarak degisen yiiksek dogruluk orani saglamustir.
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Abstract — Covid-19 is the first pandemic of the century and differs from previous pandemics due to its duration, loss
of life, and psychological, sociological and economic effects. In this process, the virus has produced and continues to
produce many variants. Considering the frequency and amount of mobility on Earth, this situation does not seem likely
to change soon. Understanding the course of the pandemic will be helpful in being prepared for the next possible
pandemics. To this end, the daily data published by the Turkish Ministry of Health was examined, and machine learn-
ing methods, which is an up-to-date approach, were used to understand the features and make predictions for the future
on different data groups. The data groups used are in a very complex time series structure and were chosen as the
number of daily cases, severe patients, deaths, and recoveries per day. The results of polynomial regression, least
squares polynomial fit, and cubic spline fit, and estimations are shown in this article. The results are presented graph-
ically, and by means of an accepted performance criterion in time series estimation, namely by the mean, median,
standard deviation, and total values of the Canberra distance. It is seen that the best results for the time series mentioned
above are obtained by the cubic spline fit method. The degrees of the curves used in the estimations vary according to
the time series. The estimation results obtained provided a high accuracy rate that varies depending on the time series.
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1. Giris

Diinya Saglik Orgiitii tarafindan aciklanan rakamlara gore, 29 Temmuz 2022 itibartyla 572.239.451
dogrulanmis vaka ve 6.390.401 6lii sayisiyla, yirmi birinci yiizyilin su ana dek en biiyiik pandemisi olan Covid-
19,2020 yilimn ilk aylarindan itibaren iilkemizde de etkili olmustur. Diinya Saglik Orgiitii’niin istatistiklerinde
29 Temmuz 2022 tarihinde Tirkiye i¢in dogrulanmis vaka sayist 15.524.071, vefat sayis1 ise 99.184 olarak
verilmigtir. Bu rakamlarla, Tiirkiye, vaka sayisi bakimindan diinyada 10. sirada, vefat sayisi bakimindan ise
19. sirada yer almaktadir. Tiirkiye’de her 100 kisiye diisen ag1 dozu 25 Temmuz 2022 itibartyla 177,3 olmustur
ve bu oranla, Tirkiye ortalama as1 dozu bakimindan 81. siradadir. 25 Temmuz 2022 tarihine dek uygulanan
toplam as1 dozu sayis1 12.248.795.623’tir. Diinya ortalamasi 25 Temmuz 2022 tarihinde 157,15 olarak
gerceklesmistir (World Health Organization, 2022). Tahminlere goére Covid-19 yayilimini ve ondan
kaynaklanan 6liimleri yakin bir tarihte durdurmak miimkiin goriinmemektedir.

Tiirkiye’de pandemi ile ilgili bilgiyi T.C. Saglik Bakanligi’nin web sitesinden takip etmek miimkiindiir.
Bakanligin verisi incelendiginde, biitiin veri gesitlerinin ayni tarihte baslamadigi ve esit sayida bilgiye
ulagmanin miimkiin olmadigi goriilmektedir. Ayrica, siire¢ boyunca Tirkiye’de ve diinyada veri ilan
standartlarin degisime ugradigi gozlenmektedir. Baglarda giinliikk verinin diizenli olarak yayinlandigi
goriiliirken, siire uzadik¢a, ayrintili olarak ilan edilen tablolarin daha az veri ¢esidi i¢in diizenlendigi
goriilmektedir (T.C. Saglik Bakanligi, 2022).

Covid-19 salgminin baslamasindan bu yana gerek zaman serisi bilgisinden yola ¢ikarak, gerekse goriintii
isleme yontemleriyle pandeminin gelecegi hakkinda ¢esitli tahminler yiiriitiilmeye ¢alisilmistir. Bu ¢aligmanin
konusu zaman serisi analizi ve tahmini oldugundan, asagida zaman serisi iizerine yapilan ¢aligmalara 6rnekler
verilmistir.

1.1. Covid-19 Zaman Serisi Konusunda Yapilan Calismalar

Gambhir, Jain, Gupta ve Tomer 154 giinliik veriyle Hindistan’da hastaligin seyrini polinom regresyonu ile
analiz ederek, 3 haftalik gelecegi tahminde %93 basar1 elde etmislerdir (Gambhir vd., 2020). Mandayam,
Rakhshith, Siddesha ve Niranjan John Hopkins Universitesi tarafindan yaymlanan veriyle ve dogrusal
regresyon ve destek vektdr regresyonu ile tahmin yaptiklarinda, dogrusal regresyonun daha iyi sonug verdigine
karar vermislerdir. Bunun, verinin dogrusal yapisindan kaynaklandigini belirtmiglerdir (Mandayam vd., 2020).

Kurniawan vd. Worldometers verisi ile 200 iilkeyi pandemilerinin benzerligi bazinda kiimelere ayirmiglardir
(Kurniawan vd., 2020). Rustam vd. John Hopkins Universitesi tarafindan yayinlanan veriyle, dogrusal
regresyon, LASSO algoritmasi, destek vektor makineleri ve iistel yumusatma yontemlerini kullanarak, 10 giin
icinde yeni vaka, vefat ve iyilesen sayilarini tahmin etmislerdir. En iyi sonucun iistel yumusatma algoritmasiyla
elde edildigini bildirmislerdir (Rustam vd., 2020).

Ramchandani, Fan ve Mostafavi derin 6grenme yoluyla yaptiklari tahminde kullanilan 6zniteliklerin analizini
yapmuglardir (Ramchandani vd., 2020). Yang ve Chen, ABD’de sinirli sayida eyaletin Twitter verisini
kullanarak, tilkenin tamamindaki vaka sayisini regresyon modelleri ile tahmin etmeye ¢alismislardir (Yang ve
Chen, 2020).

Singh ve Dalmia Hindistan i¢in dogrusal regresyon ile vaka sayis1 verildiginde vefat sayisini tahmin etmislerdir
(Singh ve Dalmia, 2020). Bhadana, Jalal ve Pathak, Hindistan i¢in sonraki 5 giinde vaka, vefat ve iyilegen
sayisini dogrusal regresyon, karar agaci, LASSO, destek vektor makineleri ve rastgele orman algoritmalar ile
hesaplamislardir. Polinom regresyonunun en iyi sonucu verdigini belirtmislerdir (Bhadana vd., 2020).

Hazarika ve Gupta Brezilya, Hindistan, Peru, Rusya ve ABD verisini kullanarak, dalgacik baglasimli rastgele
vektdr fonksiyonel baglanti ag1 ile Covid 19 yayilimi tahmin edilmistir (Hazarika ve Gupta, 2020). Sevli ve
Baser, John Hopkins Universitesi verisiyle ve Facebook Prophet modeliyle vaka, vefat ve iyilesen sayilarini
tahmin etmislerdir (Sevli ve Baser, 2020). Leon, Igbal, Azim ve Mamun, Banglades verisini kullanarak
polinom regresyon, destek vektor regresyonu, Holt Winter, ARIMA ve Facebook Prophet modelleriyle vaka
ve vefat sayilarim1 tahmin etmislerdir, En yakin sonucun Facebook Prophet modeliyle elde edildigini
belirtmislerdir (Leon vd., 2021).

Kumari vd. Hindistan verisini kullanarak ¢oklu regresyon ve otoregresyon ile 30 giin sonrasi i¢in vaka, vefat
ve iyilesen sayisini tahmin etmislerdir (Kumari vd., 2021).
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Gupta, Gupta, Kumar ve Sardana, Hindistan i¢in rastgele orman, destek vektor makineleri, karar agaci ve
yapay sinir ag1 modelleriyle vaka, vefat ve iyilesen sayisini tahmin etmislerdir. En yakin sonuglar1 rastgele
orman modeliyle aldiklarini belirtmislerdir (Gupta vd., 2021). Yudistra, Sumitro, Nahas ve Riama Covid 19
yayilimina etki eden unsurlari evrisimli uzun kisa siire bellekli model ile incelemislerdir (Yudistira vd., 2021).

ArunKumar vd. pandemiden cokga etkilenen 16 iilkeyi secerek 60 giinliik vaka, vefat ve iyilesen sayisini
ARIMA ve SARIMA modelleriyle tahmin etmiglerdir. SARIMA model tahminlerinin daha ger¢ekei oldugunu
belirtmislerdir (ArunKumar vd., 2021). Kumar ve Susan, parcacik siirli optimizasyonu ve bulanik zaman serisi
tahminini birlestirerek 10 iilke i¢in vaka sayisi tahminini gerg¢eklestirmislerdir (Kumar ve Susan, 2021).

Yukaridaki calismalar, yapildigi iilke icin gecerlidir ve basarilidir. Ancak her {ilkenin pandemi yanit1 kendine
0zgii bir yap1 gostermektedir. Bu nedenle, tek bir model olusturup, her iilke i¢in bir agiklama getirmek miimkiin
degildir. Tiirkiye’deki durumu inceleyen ¢alismalara iligskin 6rnekler arasinda (Kogak, 2020), (Ergiil, Yavuz,
Asik ve Kalay, 2020), (Tasdelen ve Yildirim, 2020), (Akay ve Akay, 2021), (Karcioglu vd., 2021) yer
almaktadir. Kogak, ¢esitli AR (otoregresif) modelleri kiyaslamig ve sonuglarini 7 Nisan 2020 tarihinde varolan
veri igin belirtmistir (Kogak, 2020). Ergiil vd., 10 Nisan 2020 tarihine dek varolan veri ile Tiirkiye’deki
pandemi seyrini 22 iilke ile karsilastirmislar ve en iyi zaman serisi modellemesini Box-Cox yontemiyle elde
ettiklerini ifade etmislerdir (Ergiil, Yavuz, Asik ve Kalay, 2020). Tasdelen ve Yildirim, ilk iki ayin verisini
kullanarak Poisson regresyon yontemiyle ¢aligmiglar ve bazi donemlerde tahminlerin daha basarili sonuglar
verdigini belirtmislerdir (Tasdelen ve Yildirim, 2020). Akay ve Akay, 11 Mart-24 Agustos 2020 araliginda
ARIMA modeliyle ¢aligmislar, iki haftalik tahmin modeli olusturduklarini belirtmislerdir (Akay ve Akay,
2021). Karcioglu, Tanisman ve Bulut, giinliik vaka ve vefat sayilarinda ARIMA modelinin, gilinliik iyilesen
sayilarinda LSTM modelinin daha iyi sonug verdigini belirtmislerdir (Karcioglu vd., 2021).

Sozii gecen caligmalarda kullanilan veri, pandemi hala siirmekte oldugundan, kisithidir ve ote yandan
pandemiye iliskin zaman serisi, ¢esitli toplumsal gelismelerin de etkisiyle giinden giine degisim
gostermektedir. Dolayisiyla, daha giincel veriyle yapilan ¢alismalara ihtiya¢ bulunmaktadir.

Bu calisma, Tirkiye’deki Covid-19 salgininin seyrini, T.C. Saglik Bakanlig: tarafindan yayinlanan giinliik
veriyi baz alarak incelemek ve giinliikk vaka, agir hasta, vefat ve iyilesen sayilar1 konusunda gidisati tahmin
etmek ve buna ek olarak veri karakteristigini incelemek igin yapilmistir. Yukarida belirtilen ve Tiirkiye verisi
icin gerceklestirilen ¢alismalardaki verinin zaman kisiti nedeniyle, hem Covid-19 pandemisinin nasil
gelistigine, hem de gelecekteki olasi pandemilerin seyrinin nasil olabilecegine dair bilgi ve fikir vermesi
acisindan bdyle bir caligmanin fayda saglayacag diisiiniilmektedir.

Yukarida verilen 6rneklerde kullanilan yontemlerin basit regresyon modellerinden baglayip LSTM gibi daha
karmasik olanlarma dek genis bir skalada bulundugu goriilmektedir. Bu calismada, Tiirkiye’ye ait pandemi
verisini mimkiin oldugunca basit ve agiklanabilir modellerle ifade etmek amaci giidiilmiistiir. Kullanilan
yontemler, makine 6grenmesi yontemlerinden polinom regresyon, en kiigiik kareler polinom uyumu ve kiibik
egri uyumudur. Bu yontemler, karmagik yapidaki veriyi miimkiin oldugunca basit ve bilgisayar yardimiyla
hizl1 bir sekilde ifade edebilmek ve bu konuda yapilan diger caligmalara bir alternatif sunmak i¢in tercih
edilmistir. Daha karmasik yontemler kullanilarak elde edilen Sonuglarda agiklanabilirlik problemiyle
karsilagilmaktadir. Ikinci boliimde, ¢alismada kullanilan yontemler agiklanmaktadir.

2. Materyal ve Yontem

Bu ¢alisma, Tiirkiye’de Covid-19 hastaliginin seyrini izlemek igin, T.C. Saglik Bakanlhig: tarafindan
yayinlanan veri baz alinarak gerceklestirilmistir (T.C. Saglik Bakanligi, 2022). Bu veriyi anlamli bir sekilde
ifade ve tahmin edebilmek amaciyla, c¢esitli makine Ogrenmesi yontemleri kullanilmistir. Kullanilan
yontemlerin gecerliligi gerek gorsel gerekse sayisal yontemlerle incelenmis ve karsilastirilmigtir.

Bu calismada incelenen veri kiimelerinin gergek ve tahmini degerlerini karsilastirmak amaciyla, makine
Ogrenmesi yontemleri simiilasyon yoluyla uygulanmistir ve gesitli tahmin yontemleri denenmistir. Ancak
gerek sayisal performans kriterleri gerekse gorsel olarak, grafikler yardimiyla ulasilan sonuglarin
incelenmesiyle, ii¢ yontemin daha anlamli sonug verdigi goriilmiistiir. Bunlar polinom regresyon, en kiigiik
kareler polinom uyumu ve kiibik egri uyumudur.

Performansin degerlendirilmesi i¢in baz1 caligmalarda yapildigi gibi normalizasyona bagvurulmamis ve gergek
0l¢ek lizerinden g¢alisilmustir. Literatiirde toplam sayilarin tahminine yonelik ¢esitli ¢alismalar bulunmaktadir
ancak toplam sayilar yiiksek oldugu ve tanim geregi artis trendinde oldugu i¢in buralarda yapilan makul
seviyeli hatalar, sonugta bir problem olarak goriilmeyebilir. Ote yandan giinliik verideki dalgali ve degisken
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yapt ile ilgili calisma yapildiginda, daha kiigiik hatalarda bile performans diislisii gozle goriiliir hale
gelmektedir. Bu tiir bir yaklasim, daha gergeke¢i bir sonu¢ dogurdugu icin bu calismanin verisi giinliik
secilmistir.

Izleyen paragraflarda, polinom regresyon, en kiigiik kareler uyumu ve kiibik egri uyumu yontemleri hakkinda
bilgi verilmekte, bir sonraki boliimde ise alinan sonuglar detaylandirilmaktadir. Zaman serisi verisi igin daha
farkli yontemler de kullanmak miimkiindiir, bu ¢alisma i¢in dogrusal regresyon, Bayes regresyonu, siniizoidal
uyum fonksiyonlar1 ile de c¢aligilmistir, ancak Covid-19 veri seti igin anlamli sonug¢ lretemedikleri
goriilmiistiir. Bu yaklagimlardan olumlu sonug¢ alinamamasi, verinin olduk¢a nonlineer yapida olmasindan ve
sozii gecen uyum fonksiyonlarinin bu tiir nonlineer yapilar1 ifade etmekte zayif kalmasindan
kaynaklanmaktadir.

2.1. Polinom Regresyon

Polinom regresyon metodu, veri noktalarini en iyi sekilde modelleyebilecek bir polinom ifadesi bulmay1
amagclar. Ancak, incelenen veri setine benzer durumlarda ¢6ziimiin bulunmasi pek kolay degildir. Bunun ne-
deni, hem ¢ok sayida veri noktas1 kullanilmasi, hem de karakteristigin zaman iginde, varyantlar, kapanmalar
dolayisiyla kisiler arasi temasin azalmasi, kontrollii normallesme, asilarin sisteme dahil edilmesi gibi etkenler
yuiziinden sik sik dramatik degisikliklere ugramasidir. Bu tiir etkilerin yapiy1 degistirmedigi durumlarda, veri
kiimesi n noktadan olusuyorsa, n — 1 dereceli bir polinomla biitiin noktalar1 i¢eren bir ifadeye ulasilabilir
(Ertel, 2017). Ancak bu yaklasim gereksiz karmasiklikta bir sonu¢ doguracaktir. Bunun yerine, miimkiin ol-
dugunca diisiik dereceli bir polinom kullanilmalidir.

Genel olarak, polinom regresyon kullanilarak yapilan bir tahmin, Esitlik 2.1’deki modelle ifade edilebilir:
F() = wy + wix(n) + wox?(n) + -+ wgx¢(n), n=1,2,3, (2.1)

Modelde {wg,, wy, ---, wg} olmak tizere, d+1 agirlik parametresi kullanilmaktadir. Denklemde x(n), n anindaki
veriyi, ¥(n), n anindaki tahmin degerini, d ise kullanilan modelin derecesini simgelemektedir (Aggarwal,
2018). Veri noktasi sayisindan daha az dereceli bir polinom kullanildiginda, hata olmasi kaginilmazdir.
Dolayistyla, gergek deger y(n) ile tahmin edilen deger $(n) arasinda fark olusur. Onemli olan, bunun kabul
edilebilir sinirlar iginde tutulmasidir.

Polinom regresyon uygulamalarinda verinin {isleri kullanilmakta ve goriiniirde dogrusal olmayan bir yaklagim
izlenimi uyandirmaktadir. Ancak probleme hesaplanmasi gereken katsayilar agisindan bakildiginda, polinom
regresyonun dogrusal bir regresyon oldugu anlasilmaktadir. Zaman serisi probleminin bu sekilde ¢oziimii,
dogrusal tahmin ile gercek deger arasindaki karesel hatayr minimize eden bir ¢éziimdiir ve Esitlik 2.2°de
gosterilen ifadeyi kiiciiltmeyi amaglar:

YL i — 9)? (2.2)

Burada y; gergek degeri, ; tahmin edilen degeri, N ise veri setindeki toplam veri sayisini simgelemektedir.
Gergeklestirilen minimizasyon iglemi, Esitlik 2.1’deki agirliklan glincellemek igindir.

2.2. En Kiiciik Kareler Polinom Uyumu

Bu yontem, Esitlik 2.2’yi kii¢iiltmeyi amaglar, ancak kullandig1 yaklagim Esitlik 2.1’den farklidir ve Esitlik
2.3 ile ifade edilmektedir:

ym) =wogx(n—d) +wix(n—d+ 1) +-wyx(n), n=1,2,3,- (2.3)

Burada x(n), n anindaki veriyi, y(n), n anindaki tahmin degerini, d ise kullanilan modelin derecesini
simgelemektedir (Theodoridis ve Koutroumbas, 2009).
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2.3. Kiibik Egri Uyumu

Bu yoéntem, verilen noktalarin aralarindaki iligkileri iiclincli dereceden kiibik egriler kullanarak ifade et-
meye yarar. Parcali siireklilik icerir, veriyi ¢esitli pargalara ayirarak inceler. Pargalara iliskin sinir degerler
diigiim noktalar1 adin1 alir ve kiibik egriler arasindaki gecisleri yumusatmak i¢in bu degerlerde ikinci tiirevler
sifira esitlenir. Modelin karmagikligi, kullanilan diigiim noktalarinin sayisiyla artar. Esitlik 2.4’te tahmin de-
gerinin hesaplanis1 gosterilmektedir:

F(n) = wy + wix(n) + wyx?(n) + wix3(n) + wy[x(n) — a113 + ws[x(n) —ay]3 +-+-,n=1,2,-- (2.4)

Burada «;, i. diigim noktasini simgelemektedir (Harrell Jr., 2015). Esitlik 2.4’te kullanilan notasyonun
aciklamasi Esitlik 2.5’tedir:

x(n) — a;, x(n)—a; >0

o) - ail, = {7y oy <o (25)

Eger kullanilan diigiim sayis1 m ise, m + 4 adet regresyon katsayis1 hesaplanmalidir. Agirlik parametrelerini
simgeleyen {wg,, wy, -+, wy} ¢esitli optimizasyon yontemleri kullanilarak hesaplanabilir. Diigiim noktalarinin
yerleri, incelenen egrideki degisimlerle uyumlu olacak sekilde, optimizasyon algoritmalariyla belirlenebilir.
Ancak bu tiir bir yaklagim, anlik veriyi tahmine dahil etmek konusunda iyi bir yaklasim degildir. Bu nedenle,
daha sik kullanilan yontem, belli sayida diigiim noktas1 kullanmak seklindedir.

2.4. Canberra Uzakhgi

Zaman serilerinin tahmininde basariy1 lgmek icin kullanilan bir yontemdir. Oklid uzakliginin tekilliklere
olan hassasiyetini yenmek i¢in tercih edilmektedir (Zhao vd., 2021). Burada Covid-19 verisinde bulunan te-
killikler dolayisiyla tercih edilmistir. Canberra uzakligi, gergek veriye ne kadar yaklasildigini 6l¢mek icin Esit-
lik 2.6°daki hata kriterini kullanir:

_ ym-ym)|
(M) = sl (2.6)

Burada y(n), n anindaki gergek degeri,j(n) ise tahmin edilen degeri simgelemektedir. Uzaklik formiilii, yapisi
geregi bir normalizasyon icermekte ve degerler 0 ve 1 arasinda degigsmektedir. Bu nedenle yorumlanmasi
kolaydir. Canberra uzakliginin ortalamasini, standart sapmasini hesaplamak, tahminin basarisi1 hakkinda bilgi
verir. Canberra uzakligi, ¢esitli calismalarda kullanilmigtir (Al-wakeel, Wu ve Jenkins, 2017), (Saxena, Kaur
ve Bhatnagar, 2019), (Badre ve Thepade, 2016), (Phiri vd., 2021).

3. Bulgular ve Tartisma

Giinliik vaka, agir hasta, vefat ve iyilesen veri kiimelerinin karakteristikleri birbirinden farkli oldugundan,
ulasilan sonuglarin da spesifik veri kiimesi kosullarinda degerlendirmesi gerekmektedir. Incelenen zaman
zarfinda Covid-19 i¢in alfa, beta ve delta varyantlarinin etkilerini gérmek miimkiindiir. Kullanilan verinin son
zamanlarinda en baskin olan varyantin delta oldugu bilinmektedir. Yayimlanan istatistik bilgileri her zaman
biitiin veriyi icermediginden, farkli tarih araliklar1 kullanmak gerekmistir.

Bu boéliimde yer alan ve tahmin igeren biitiin grafiklerde kirmizi noktalar gergcek degerleri, mavi gizgiler ise
tahmini degerlerin egrisini temsil etmektedir.
3.1. Giinliik Vaka Sayis1 Bulgular:

Gergeklesen gilinliik vaka sayisi verisinin grafigi Sekil 1’de gosterilmistir. Degerlerin genis bir skalada
olustugu ve 60.000 sinirinin da Gtesine gegebildigi gézlemlenmektedir. Glnliik vaka verisi toplam 244 giin
icin degerlendirilmistir. Burada hem zaman zaman uygulanan sokaga ¢ikma kisitlamalarinin, hem de verinin
son donemlerine denk gelen as1 uygulamalarinin etkilerini gézlemlemek miimkiindiir.
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Sekil 1. Giinliik vaka sayis1

Giinliik vaka sayisinin tahmini degerlerine ulagsmak igin kullanilan ilk yontem polinom regresyondur. Elde
edilen sonu¢ Sekil 2°de gosterilmistir. Polinom regresyon igin kullanilan derece 10’dur. Kiigiik degerler
kullanildiginda son derece karmasik bir karakteristige sahip olan egriyi gercekei bicimde tahmin edebilmek
miimkiin degildir, ¢ok yiiksek degerler kullanildiginda ise benzer sekilde karakteristikten uzaklagilmaktadir.
Ikinci tahmin ydntemi olarak en kiigiik kareler polinom uyumu kullanilmistir. Sonugta elde edilen grafik, Sekil
3’te gosterilmistir. Burada model derecesi 18 se¢ilmistir ve polinom regresyon tahmininden daha iyi sonug
elde edilmistir. En biiyiik farkin pik noktas1 civarinda oldugu goriilmektedir. Bunun yaninda ani diistislerde de
tahmin polinom regresyona gore daha isabetlidir. Tahmin i¢in kullanilan son yontem, kiibik egri uyumudur.
Sonug Sekil 4’te gosterilmistir. 244 veriden olusan kiime, Esitlik 2.4 ve 2.5’te belirtildigi bicimde, 20 esit
parcaya ayrilarak, her parca lizerinde {igiincii dereceden egri kullanimryla bir uyum olusturulmaya calisilmistir.
Sonucun hem pik hem de dip noktalar dahil, 6nceki iki tahminden daha iyi oldugu gériilmektedir.
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Sekil 3. En kiigiik kareler polinom uyumu ile tahmin
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Sekil 4. Kiibik egri uyumu ile giinliik vaka tahmini

Yapilan tahmin ¢aligmalarini sayisal agidan karsilastirmak i¢in Canberra uzakligi kullanilmustir. Tablo 1°de
her ii¢ yontem i¢in hesaplanan ortalama, medyan, toplam Canberra uzakliklar1 ve standart sapma degerleri
verilmistir. Toplam uzaklik rakami en diisiik olan kiibik egri uyumu yaklagimidir ve bu durum, Sekil 4 ile
gorsel agidan da desteklenmektedir.

Tablo 1

Giinliik vaka tahmini sayisal performans karsilagtirmasi
Yontem Ortalama Medyan Standart Sapma Toplam
Polinom regresyon 0.38 0.42 0.19 92.47
En kiiciik kareler polinom uyumu 0.05 0.04 0.04 12.69
Kiibik egri uyumu 0.41 0.47 0.23 8.25

3.2. Agir Hasta Sayis1 Bulgular:

Gergeklesen giinliik agir hasta sayis1 verisinin grafigi Sekil 5’te gosterilmistir. Degerlerin genis bir skalada
olustugu ve 6.000 sinirimt zorladigi gozlemlenmektedir. Giinliik agir hasta verisi, toplam 340 giin igin
degerlendirilmistir. Buradaki veri setinin vaka sayisina iligskin veri setinden daha yumusak bir yapisi oldugu
gbzlemlenmektedir.
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Sekil 5. Giinliik agir hasta sayis1

Polinom regresyon yontemiyle tahminde ulagilan sonug Sekil 6’da gosterilmistir. Kullanilan derece 8dir. Sekil
1 ve 5 karsilastirildiginda, agir hasta sayisinin daha yumusak bir egri ¢izdigi ve daha diisiik dereceyle tahmin
yapilabilecegi goriilmektedir. En kiigiik kareler polinom uyumu ile elde edilen grafik, Sekil 7°de gosterilmistir.
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Burada model derecesi, giinliik vaka sayisinin tahminine benzer sekilde, 18 se¢ilmistir ve paralel bigimde,
polinom regresyon tahmininden daha iyi sonug elde edilmistir. En biiyiik fark, iki pik noktasindan daha yiiksek
olani civarindadir, ani diislislerde tahmin daha isabetlidir. Kiibik egri uyumunun sonucu Sekil 8’de
gosterilmistir. 340 veriden olusan kiime 34 esit parcaya ayrilarak, her parga {izerinde bir uyum olusturmaya
calisilmistir. Sonucun hem pik hem de dip noktalar dahil, 6nceki iki tahminden daha iyi oldugu goriilmektedir.
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Sekil 6. Polinom regresyon ile giinliik agir hasta tahmini
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Sekil 7. En kiigiik kareler polinom uyumu ile tahmin
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Sekil 8. Kiibik egri uyumu ile giinliik agir hasta tahmini

Agir hasta tahmin ¢alismalarini karsilastirmak i¢in, Canberra uzakligi degerleri Tablo 2’de verilmistir. Toplam
uzaklik rakami en diisiik olan kiibik egri uyumu yaklagimdir.
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Tablo 2

Agir hasta tahmini sayisal performans karsilastirmasi
Yontem Ortalama  Medyan Standart Sapma Toplam
Polinom regresyon 0.38 0.34 0.22 129.96
En kiiciik kareler polinom uyumu 0.02 0.02 0.02 7.53
Kiibik egri uyumu 0.01 0.01 0.01 0.45

3.3. Vefat Sayisi Bulgulan

Gergeklesen giinliik vefat sayisi verisinin grafigi Sekil 9°da gosterilmistir. Degerlerin en yiliksek oldugu
giinlerde 400 sinirin1 zorladig1 ve egrinin diizensiz bir karakteristige sahip oldugu gézlemlenmektedir. Giinliik
vefat verisi, toplam 487 giin i¢in degerlendirilmistir.
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Sekil 9. Giinliik vefat sayist

Polinom regresyon yontemiyle tahminde ulasilan sonug Sekil 10’da gosterilmistir. Kullanilan derece 15’tir.
Gergege yakin bir tahmin yapmak miimkiin olmamigtir. Bunu karakteristigin asir1 degiskenligine baglamak
miimkiindiir. En kii¢iik kareler polinom uyumu ile elde edilen grafik, Sekil 11°de gosterilmistir. Burada model
derecesi, 17 segilmistir ve diger calismalarla ayni1 sekilde, polinom regresyon tahmininden daha iyi sonug elde
edilmistir. En biyiik fark, iki en yiiksek pik noktasi civarindadir, ani diisiislerde tahminde gecikme
gozlenmektedir. Kiibik egri uyumunun sonucu Sekil 12°de gosterilmistir. 487 veriden olusan kiime, 40 esit
parcaya ayrilarak, her parca iizerinde bir uyum olusturmaya ¢alisilmistir. Sonucun hem pik hem de dip noktalar
dahil, dnceki iki tahminden daha iyi oldugu goriilmektedir, ayrica gecikme sorunu ortadan kalkmuistir.
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Sekil 10. Polinom regresyon ile glinliik vefat tahmini
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Sekil 11. En kii¢iik kareler polinom uyumu ile tahmin

Kubik Egri Uyumu

400 A

350 A

300 A

250 A

200 A

150

100 -

Gergek ve Tahmini Gunlik Vefat Sayisi

0 100 200 300 400 500
Gun Sayisi

Sekil 12. Kiibik egri uyumu ile giinliik vefat tahmini

Vefat tahmin ¢aligmalarini karsilagtirmak igin, Canberra uzakligi degerleri Tablo 3’te verilmistir. Toplam
uzaklik rakami en diisiik olan kiibik egri uyumu yaklasimidir ve bu durum, Sekil 12 ile uyum i¢indedir.

Tablo 3

Vefat tahmini sayisal performans karsilastirmasi
Yontem Ortalama Medyan Standart Sapma Toplam
Polinom regresyon 0.33 0.35 0.22 160.44
En kiiciik kareler polinom uyumu 0.07 0.06 0.06 35.55
Kiibik egri uyumu 0.31 0.25 0.22 12.27

3.4. lyilesen Sayis1 Bulgular

Gergeklesen giinliik iyilesen sayisi verisinin grafigi Sekil 13’te gosterilmistir. Degerlerin en yiiksek oldugu
giinlerde 400 sinirimi zorladigi ve egrinin diizensiz bir karakteristige sahip oldugu gézlemlenmektedir. Giinliik
vefat verisi, toplam 479 giin i¢in degerlendirilmistir.
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Sekil 13. Giinliik iyilesen sayis1

Polinom regresyon yontemiyle tahminde ulasilan sonug Sekil 14°te gdsterilmistir. Kullanilan derece 15°tir,
ancak tipki vefat sayisinda oldugu gibi, ger¢cege yakin bir tahmin yapmak miimkiin olmamigtir. Bunu, benzer
sekilde, karakteristigin asir1 degiskenligine baglamak miimkiindiir. En kii¢iik kareler polinom uyumu ile elde
edilen grafik, Sekil 15°te gosterilmistir. Burada model derecesi, agir hasta tahmininde oldugu gibi, 17
secilmistir ve polinom regresyon tahmininden daha iyi sonug¢ elde edilmekle beraber, tatminkar olmaktan
uzaktir. En biiyilik fark, pik noktalari civarindadir. Kiibik egri uyumunun sonucu Sekil 16°da gosterilmistir.
479 veriden olusan kiime, 40 esit pargaya ayrilarak, her par¢a {izerinde bir uyum olusturmaya c¢aligilmstir.
Sonucun hem pik hem de dik noktalar dahil, 6nceki iki tahminden daha iyi oldugu goriilmektedir.
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Sekil 16. Kiibik egri uyumu ile giinliik iyilesen tahmini

Iyilesen tahmin galismalarini karsilastirmak icin, Canberra uzakhig: degerleri Tablo 4’te verilmistir. Toplam
uzaklik rakami en diisiik olan, kiibik egri uyumu yaklasimidir ve sonug, Sekil 16 ile uyum igindedir.

Tablo 4

Iyilesen tahmini sayisal performans karsilagtirmasi
Yontem Ortalama  Medyan Standart Sapma Toplam
Polinom regresyon 0.45 0.44 0.22 215.74
En kii¢iik kareler polinom uyumu 0.20 0.16 0.17 96.27
Kiibik egri uyumu 0.39 0.33 0.28 15.79

Incelenen zaman serilerinin birbirinden farkli yapisi dolayisiyla kullanilan modellerin dereceleri farkliliklar
gostermektedir. Parametreler, karsilastirma i¢in kolaylik saglamasi agisindan Tablo 5°te toplu halde
gosterilmistir. Tabloda gorillen parametreler, benzetim ¢alismalar1 sirasinda optimize edilerek
kararlastirilmigtir,

Tablo 5
Kullanilan modellerin dereceleri
Zaman Serisi Veri sayisi Yontem Model Derecesi
Polinom regresyon 10
Vaka sayisi 244 En kiiciik kareler polinom uyumu 18
Kiibik egri uyumu 20
Polinom regresyon 8
Agir hasta sayisi 340 En kii¢iik kareler polinom uyumu 18
Kiibik egri uyumu 34
Polinom regresyon 15
Vefat sayist 487 En kiigtik kareler polinom uyumu 17
Kiibik egri uyumu 40
Polinom regresyon 15
Iyilesen sayis1 479 En kii¢iik kareler polinom uyumu 17
Kiibik egri uyumu 40
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Bu ¢alismada, Tiirkiye’de meydana gelen Covid-19 vakalarinin karakteristik yapisi anlagilmaya caligilmistir.
Zaman serilerinin incelenmesiyle, zaman igerisinde yayilimin olduk¢a karmasik bir yapiyr takip ettigi
anlagilmistir. Hi¢ kuskusuz, gerek varyantlarin gesitliligi, gerekse alinan donlemlerin etkisi, karakteristiklerin
karmasik yapisina katkida bulunmaktadir. Karantina uygulamasi, nispeten baslarda giindeme gelmistir. Maske
kullanimu ilk vakanin gériilmesinden bir siire sonra baglamistir. As1 uygulamasi, bundan aylar sonra giindeme
gelmistir. Ayrica zaman zaman ger¢eklesen tam ve kismen kapanmalarin etkisi de s6z konusudur. Dolayisiyla,
caligmaya konu olan karakteristikler, sadece basit birer zaman egrisi olmaktan 6te, ¢gok yonlii tibbi ve sosyal
olgular1 da temsil etmektedir. Degerlendirme bu disiincelerin 1s1ginda yapilmalidir. Elbette ki, etki eden
unsurlar ayristirilamaz ve birbirini dogrusal olmayan bigimlerde etkileyen 6zelliktedir.

Giinliik vaka, agir hasta, vefat ve iyilesen karakteristikleri birbirine benzememektedir. Bunlari, 1, 5, 9 ve 13
numarali sekillerden gérmek miimkiindiir. Calismada kullanilan yontemlerden kiibik egri uyumunun en iyi
sonuclar1 verdigi goriilmiistiir. Bu calisma veri karakteristikleri ile ilgili olarak gerceklestirilmistir, ancak
karakteristiklere etki eden maske kullaniminin zorunlu hale gelmesi, sokaga ¢ikma kisitlamalar1 gibi unsurlar
birer parametreye doniistiirilmemistir. Bu konularin Ergiil vd.’nin ¢alismasinda oldugu gibi (Ergiil vd., 2020)
ayrica incelenmesi gerekmektedir.

4. Sonuglar

Bu ¢alismada, Tiirkiye’de Covid-19 vakalarinin karakteristik yapisi anlagilmaya galisilmistir. T.C. Saglik
Bakanlig1 tarafindan yayinlanan giinliik veri 1s18inda giinliik vaka, agir hasta, vefat ve iyilesen sayilariin veri
karakteristigi incelenmis, polinom regresyon, en kiiciik kareler polinom uyumu ve kiibik egri uyumu
yontemleri ile tahmin yapilmistir. En iyi sonug, uyum esnekligi ve verideki degisimleri takip etmeye yonelik
olarak daha fazla sayida parametre kullanmasi, dolayisiyla daha fazla serbesti derecesine sahip olmasi
sebebiyle kiibik egri uyumu yaklagimiyla elde edilmistir. Canberra uzakliginin bu c¢alismada anlamli olup
olmadigini saptayabilmek amaciyla, gorsel olarak performansin yakin oldugu izlenimini yaratan giinliik agir
hasta sayisina iliskin ortalama mutlak yilizde hata hesaplanmistir. Bu deger, en kiiciik kareler polinom uyumu
icin %4.37, kiibik egri uyumu i¢in ise %2.20 olmustur. Dolayisiyla agir hasta giinliik verisi i¢in en iyi sonucun
%97.8 basar1 oraniyla kiibik egri uyumu tarafindan elde edildigi sonucuna varilmistir. Bu kiyaslama, Canberra
uzaklig1 hesaplariyla uyum i¢indedir. Bundan sonraki ¢caligmada, bu ¢alismaya konu olan donemde gergeklesen
farkli sosyal olgularin zaman serilerine etkileri incelenmeye galisilacaktir. Bu sekilde daha az hata igeren
tahminler yapilabilir. Bu yaklagimda, hesaplama zamaninin artacagi géz o6niinde bulundurulmalidir. Sonugta,
benzer uygulamalarda harcanan ¢aba ve programin ¢aligsmasi i¢in gereken zamanin da elde edilen dogruluga
ek olarak, birer kritere doniistiigli bilinmektedir. Ayrica bir sonraki asamada, baska tilkelerden Grnekler
secilerek karsilastirmalar yapilmasi hedeflenmektedir.
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Figen Ozen: Arastirmay1 yapmus, veriyi ayiklamig, gerekli analizi, programlarin yazilmasini, degerlendirme-
lerin yapilmasini1 ve makalenin yazilmasini gergeklestirmistir.
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1. Introduction

The internet of things (IoT) is a new network structure in which all devices are connected and may
communicate with each other via the internet. 10T can be relevant for numerous application fields such as
smart transportation, tourism service, medical treatment, energy management, and education (Su, Wong, &
Chen, 2016). In addition to these, smart homes, smart cities, and smart production stand out as other important
application areas. IEEE defines this notion as “A network of items - each embedded with sensors - which are
connected to the Internet” (Define 10T, 2015).

The Gartner research business shows the current and near-future situation of the Internet of Things through
several studies. A study done in 2019 anticipated that the number of terminal units utilized in the corporate
and automobile industries would reach 5.81 billion in 2020. That number translates to an increase of 21 percent
compared to the previous year. Also, it is noted in the report that the sector where the tremendous increase will
be in-building automation with 42 percent (Gartner, Inc., 2019). In another study by research company Gartner
done in 2018, 20 percent of institutions surveyed stated that 2015 to 2018 be exposed to at least one loT-based
cyberattack. Researchers believe that the expenditure made in 2018 to assure security in the loT will reach 1.5
billion dollars, and by 2021 this amount will climb to 3.5 billion dollars (Gartner, Inc., 2018). The analysis
conducted by the loT analytics research organization published in November 2020 indicated similar results
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with Gartner's investigations. The analysis found that despite the COVID-19 global pandemic's detrimental
consequences, the 10T market continues to flourish and grow in 2020. The most interesting information re-
vealed by the study was that for the first time in 2020, the number of 10T devices surpassed the number of
devices that can typically connect to the Internet (computers, phones, tablets, etc.). At the end of 2020, it was
anticipated that 11.7 billion of 21.7 billion active internet-connected devices world-wide, about 54 percent,
will be 10T devices. It was also projected that the number of 10T devices would climb to 30 billion in 2025,
and 4 10T devices will be used per person according to the world population (10T Analytics, 2020). In the study
published by 10T Analytics in May 2022 and explaining the status of 10T in 2022, it was stated that terminal
devices will increase by 18 percent and reach 14.4 billion end devices globally. While this supports the results
of previous studies, it shows that the recovery in the 10T markets, where the chip shortage continues. In 2021,
the number of global 10T connections increased by 8% to 12.2 billion active endpoints, a significantly lower
rate than in previous years. Despite a surge in demand for loT solutions and good attitude in the 10T community
and most 10T end markets, 10T Analytics anticipates the chip shortage to have a long-term impact on the
number of connected 10T devices. The ongoing COVID-19 pandemic and general supply chain interruptions
are also challenges for 10T industries. The Internet of Things industry is estimated to expand 18% to 14.4
billion active connections by 2022. It is predicted that there will be around 27 billion linked 10T devices by
2025, as supply restrictions ease and demand increases (loT Analytics, 2022).

The participation of so many IoT devices in the ecosystem poses numerous issues. In the study conducted by
AIOTI, it was revealed that there are more than 100 protocol recommendations in 9 key categories (The
Alliance for Internet of Things Innovation, 2019). The large amount of study and development on classical
authentication and key agreement (AKA) and group-based AKA. The key objective of these research carried
out is to perform mutual authentication and key exchange between end devices; It has been noticed as
guaranteeing confidentiality and data integrity, and minimizing bandwidth usage, and defining the most
efficient and uncompromising AKA method.

The earliest proposal of the group-based authentication and authorization strategy is the G-AKA technique
(Chen, Wang, Chi & Tseng, 2010). In this protocol, a mobility management entity (MME) can authenticate
additional end devices in the group using information comprising of authentication of the first end device.
Thus, bandwidth usage for authentication for other end devices in the group has greatly lowered. However, it
does not give a solution to the signal traffic that arises when several end devices wish to do authentication
synchronously, which is vulnerable to the widely used man-in-the-middle (MitM) and denial-of-service (DoS)
attacks. SE-AKA (Lai, Li, Lu & Shen, 2013) and EG-AKA (Jiang, Lai, Luo, Wang & Wang, 2013) have been
presented, which are based on G-AKA and provide safety standards not found in G-AKA. Thus, the high
computational burden due to asymmetric key operations attracts attention as the weak point of both protocols.
The NOVEL-AKA protocol employs symmetric keys to lessen the computational cost, however it raises
security difficulties (Lai, Li, Li & Cao, 2013). The GBAAM-AKA protocol proposes that to strengthen security
in group-based AKA protocols (Cao, Ma & Li, 2015). However, the usage of asymmetric keys produces a high
transaction burden and cannot secure privacy. PRIVACY-AKA employs asymmetric cryptography to provide
secrecy (Fu, Song, Li, Zhang & Zhang, 2016). Although the protocol is robust to assaults, it creates a
significant processing burden and does not offer forward and backward privacy. GLARM-AKA protocol has
been designed to decrease the computational and communication overhead; protocol beneficial for resource-
constrained end devices; It is not effective in terms of impersonation attack and privacy protection (Lai, Lu,
Zheng, Li & (Sherman) Shen, 2016). The GR-AKA protocol has been suggested to assure security and privacy
(Li, Wen & Zheng, 2016).). The sophisticated and time-consuming Lagrange Multiplier (LC) is employed in
the GR-AKA protocol. GBS-AKA protocol, which is resistant to assaults and lowers the communication
burden (Yao, Wang, Chen, Wang & Chen, 2016). However, the technique is subject to preserving secrecy,
impersonation, and DoS attacks. The SEGB-AKA method has been suggested to strengthen the security of
group-based protocols (Parne, Gupta & Chaudhari, 2018). However, the protocol cannot give protection
against DoS assaults. GSL-AKA protocol, which has the same structure as GBS-AKA and SEGB-AKA, has
been suggested by developing features (Modiri, Mohajeri & Salmasizadeh, 2018). It is noted that it
successfully overcomes recognized security and non-security challenges while protecting the secrecy of end
devices and groups.

The study, published in 2019 by Sahinaslan, looked at encryption technologies for protocols used on the
internet of things. The article explains the Markov Chain and RSA asymmetric encryption approach for
wireless 10T devices. The MAC session key provides cryptographic control over the information while also
providing security against potential attacks. The paper also explains how to avoid the KRACK vulnerability
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that happens during the key exchange phase by employing the DragonFly key exchange mechanism
(Sahinaslan, 2019). Aydin et al. propose a lightweight Group authentication system (GAS) that significantly
reduces device energy consumption, saving more than 80% when compared to state-of-the-art alternatives.
Their approach is also resistant to replay and man-in-the-middle attacks. In mMTC situations, the proposed
approach also tackles key agreement and key distribution concerns. That solution is also useful in both
centralized and decentralized group authentication scenarios. The proposed solution can meet the rapid
authentication requirements of the envisioned agile 6G networks, which will be supported by aerial networking
nodes (Aydin et al, 2020). Padmashree et al. suggested Group Key Exchange and Authentication with Elliptic
Curve Cryptography (ECC), or GKEAE for short, on the Internet of Things to establish safe key distribution
and improve security. When an 10T device joins or leaves a group, ECC is used for authentication. Integrating
access authentication and data transfer improves the serviceability of 10T devices. The GKEAE delivers a
faster group key distribution computation time than the quick authentication system (Padmashree et al, 2022).

Suggesting different protocols for each application area and not settling on one protocol produces a highly
undesirable standardization situation. To define technical standards for architectural structure, API, and
security solutions in M2M and loT technologies, in 2012, the world's main standardization authorities joined
together to form an organization named OneM2M. OneM2M foundation represents nearly 200 enterprises and
universities. The OneM2M standard offers a basic horizontal platform design based on a three-tier paradigm
of applications, services, and networks (OneM2M, 2012).

Mobius, an open-source loT service platform, was created by the Korean Electronic Technologies Institute
(KETI, 1991), a member of the OneM2M organization, as part of an open alliance for 10T standard (OCEAN)
investigations. Mobius loT service platform gains notice by becoming the first application to acquire a
oneM2M compliance certificate. It is also used as a gold sample to evaluate test cases and test systems. Mobius
presents common service functions (CSF) as middleware for multiple service areas to 10T applications (loT
OCEAN, 2017).

In this study, based on the Mobius IoT service platform, a “auth” mechanism has been designed that executes
group-based authentication and authorization operations from the moment the loT devices in the loT
environment joined the ecosystem until they exit the system. The “auth” process has been evaluated in three
separate test contexts: simulation, physical, and cloud environments. In the test scenarios, the benefit of the
“auth” method with the group-based authentication procedure was examined. According to the results obtained
by testing the “auth” mechanism using five different test scenarios in three different test environments, the
computational overhead on the nodes and the signal traffic in the 10T environment have been significantly
reduced by running the mechanism together with the group management module provided by the loT service
platform. It has been established that the proposed “auth” method contributes 1ms computational overhead to
the 10T service platform, delivering an optimal benefit between 2 and 25 10T devices and providing up to 4
times efficiency.

2. Materials and Methods

This section outlines the tools and apps utilized in the study. The environment produced by the introduction
of open-source software and the enhancements made to it is presented in the architectural design. In addition,
information about the methods used in the test scenarios on the generated environment is presented.

2.1. Open-Source Applications

2.1.1. Mobius loT Server Platform

Mobius is an open-source 10T server platform based on the oneM2M standards developed by KETI as part
of OCEAN studies. Mobius provides CSFs (enrollment, data management, subscription/notification, security)
middleware for loT applications of different service domains. Mobius can successfully connect oneM2M-
compatible and non-oneM2M-compatible devices. Within the global oneM2M organization, Mobius has been
awarded the “oneM2M compliance certificate” by Telecommunications Technology Association (TTA). This
certification guarantees that Mobius meets the oneM2M specifications and testing requirements that ensure
interoperability with oneM2M products. As it is the first application to receive oneM2M certification, it is used
as a gold example for validating test scenarios and test systems (loT OCEAN, 2017).
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Functional Architecture of the Server Platform

The Mobius loT server platform created by KETI is architecturally based on the OneM2M functional
reference architecture stated in the document named “TR-0025 Application Developer Guide” issued with
version 2A of the OneM2M global organization (TR-0025 Technical Report, 2018).

Field Domain Infrastructure Domain

ADN-AE Mca

IN from another M2M
service pl’OVIdEI’

ASN-AE Méc'

Mca

IN-AE
ADN-CSE Mce

o IN-CSE Mca IN-AE
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MN: Middle Node AE: A lication Entity Mcc: Reference point between two CSEs

ASN: Application Service Node NSE' pNthork Services Entity Mcn: Reference point between a CSE and the underlyting NSE
ADN: Application Dedicated Node . Mcc': Interface point between two M2M service providers

Figure 1. Functional architecture of the 10T server platform (Kim, Choi, Yun & Lee, 2016).

As shown in Figure 1, the oneM2M architecture divides M2M and 10T environments into two different
domains (Field Domain and Infrastructure Domain). It defines four different node types for use in these
domains. An IN (infrastructure node) can exist in the infrastructure domain of any M2M (machine-to-machine)
service provider, while any oneM2M node group, including MN (middle node), ASN (application server node),
and ADN (application dedicated node), even non-oneM2M nodes can exist in the field domain.

Improvements on the 10T server platform

The Mobius loT server platform created by KETI is architecturally based on the OneM2M functional
reference architecture stated in the document named “TR-0025 Application Developer Guide” issued with
version 2A of the OneM2M global organization (TR-0025 Technical Report, 2018).

The loT service platform leverages access control policies (ACP) under oneM2M standards for authorization
processes in security operations (TS-0001 Technical Specification, 2016). However, it does not give a solution
for authentication processes. In this method, when a common service entity (CSE) seeks to access a resource
in a working structure, it is sufficient to conduct merely ACP's. The fact that the element that attempts to get
access during the creation of a new resource or accessing an existing resource does not perform the
authentication process puts the system open to possible attacks.

Within the scope of the study, the “auth” mechanism, which will conduct the operations of two fundamental
categories (Identification and Authentication, Authorization) for the “Security Functions Layer” of the
oneM2M security architecture, has been created (TS-0003 Technical Specification, 2018). Passport.js
(Passport.js) and jsonwebtoken (RFC7519) libraries are used for authentication and authorization operations
as it is suitable with the 10T service platform created in the Node.js working environment using the JavaScript
dynamic programming language. In the created “auth” method, MongoDB is used independently from the
MySQL database used by the 10T service platform (MongoDB). The usage of a distinct database management
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system permitted flexibility in the 10T network structure to be established. It was also feasible to establish a
separate server that could execute authentication and authorization operations.

The “auth” method was created with group-based authentication and authorization operations in mind.
Accordingly, when a group administrator initially authenticates, the system creates a token value that other
members of the group can use for a limited period. By using this token value, which is specified as a Group
Common Key (GCK), other members of the group can be added to the system avoiding the authentication
stage if the GCK information is valid. After the validity of the produced token value expires, the group
administrator must execute an authentication procedure again. The jsonwebtoken (RFC7519) library is used
to construct the token structure that executes the GCK job.

Table 1
Comparison of OneM2M Token Structure and Generated Token Structure
OneM2M Token Structure Generated Token Structure Description

version keylD Token version

tokenlD jwtID Token unique id

holder subject The ID of the token holder

issuer issuer The 1D of the token issuer
notBefore notBefore The token is valid from this moment
notAfter expiresin The token expires after this moment
tokenName header Token name (optional)

audience audience CSE’s ID list (optional)

permissions - Associated permissions

extension - Application-specific information

The generated token value is supplied in the header named “authorization” which is appended to HTTP
requests according to the format provided in the document named oneM2M “TS-0009 Protocol Binding” (TS-
0009 Technical Specification, 2016).

Table 1 explains the token structure specified in the technical specification of oneM2M TS-0003 and the
attributes used in the generated token structure. The generated token value is for sending in HTTPS requests.

Mobius loT Server Platform

Application Dedicated Node
(ADN-AE) nCube Thyme

Express.js
Application Server

SSL/TLS Certification
Check

Register_Authentication_Req HTTPS Middleware: app.js Control Access Policy (ACP)
- - Request
body-parser
Register_Authentication_Res s crypto Check Mongo DB
Response hiips
Result_Authentication security Check is Authenticated ? Connect,
auth Use
Authentication Module (Auth.js)
SSL/ TLS Certification export.check function
Create Object Use passport-local
Use Use mongoose

Account.js (Model)
Use

Use

Verify or Sign
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Connect,
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passport-local-mongoose

Jjsonwebtoken

Figure 2. The architectural design of the IoT service platform after the inclusion of the auth mechanism.
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To increase security, all sent and received HT TP requests must be transmitted over a secure channel. Therefore,
the HTTPS protocol is for communication between the nodes in the field domain and IN. The architectural
design formed after the operations performed on Mobius is shown in Figure 2.

The established “auth” method must not compromise the IoT platform's compliance with oneM2M require-
ments. For this reason, the token structure developed must also conform with the criteria described in the paper
published by the worldwide oneM2M organization, named “TS-0003 Security Solutions”. Accordingly, a to-
ken is for carrying authorization information, which can be roles given to the owner or ACPs valid for the
owner (TS-0003 Technical Specification, 2018).

2.1.2. nCube

The nCube is specified as the general name of the nodes in the field domain, based on the oneM2M
standards created by KETI within the framework of OCEAN research. Developed as open source, the nCube
program contains five different versions (Rosemary, Thyme Node.js, Lavender, Thyme Arduino, Thyme Java)
that may operate as three separate oneM2M node structures. Within the scope of this investigation, the first
three node types were employed. The nCube Rosemary is an open-source 10T gateway platform based on
oneM2M standards.

The nCube Rosemary application, used to deliver proximity based loT services, gives CSFs to oneM2M apps
and other oneM2M devices. Serving as the MN-CSE, nCube Rosemary also supports interoperability services
using interworking proxy application entity (IPE), as stated in the oneM2M standards. It links to IN-CSE
utilizing CSEs in ASN and ADNs, which are additional nodes in the field domain (nCube-Rosemary, 2018).
The nCube Thyme is an open-source 10T device application element based on oneM2M standards. Thyme has
three separate versions: node.js, java, and android. Node.js version is employed within the scope of this study.
The nCube Thyme application may be linked to MN-CSE or IN-CSE (nCube-Thyme, 2018). The nCube
Lavender is also an open-source 10T device platform based on oneM2M standards. The nCube Lavender, one
of the oneM2M platforms, delivers CSFs to oneM2M device apps operating on the same device (nCube-
Lavender, 2018). In this sense, although it is comparable to the nCube Rosemary application, nCube Rosemary
acts as an MN in the oneM2M domain, whereas the nCube Lavender application serves as an ASN.

Improvements on the nCube application

Several provisions have been made for the nCube application to function in harmony with the “auth” mech-
anism created on the 10T service platform. These arrangements are based on the nCube Thyme application and
the “auth_usr” and “auth_pwd” headers have been added to the HTTPS request submitted for registration to
the “auth” mechanism. In addition, the IoT service platform is alerted that the “auth” mechanism established
by the title “use auth” has the value of “enable”. If the title “auth_useprotocol” is provided as “local”, the
system applies the authentication processes using the information on the MongoDB. If a group header also
known as administrator will establish a connection with the “auth” mechanism for the first time, while trans-
mitting the above-mentioned “auth_usr” and “auth_pwd” headers, the other members of the group will use to
token value created by the “auth” mechanism, which is used as GCK, by the TS-0009 technical specification
under the “authorization” heading (TS-0009 Technical Specification, 2016).

2.2. Test Environments
In the study, three distinct environments are built by employing the IoT service platform, in which the “auth”
method is integrated. Performance measurements were done on equipment with varying technical parameters.

2.2.1. Simulation Environment

A simulation environment has been constructed to assess the performance of the “auth” method on hardware
with restricted resources. Oracle VM VirtualBox program, a free and open-source hypervisor created by
Oracle, was used to construct the virtual environment used. The technical parameters of the virtual machines
utilized instead of the nodes in the oneM2M loT ecosystem in the simulation environment are provided in
Table 2.
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Table 2

Technical Specifications of Machines in the Simulation Environment
Machine Name CPU RAM Storage Operating System
IN-Mobius 2 Virtual Cores 2048 MB 20 GB SSD Ubuntu 20.04 (64-bit)
MN-Rosemary 2 Virtual Cores 2048 MB 20 GB SSD Ubuntu 20.04 (64-bit)
ASN-Lavender 1 Virtual Core 2048 MB 20 GB SSD Ubuntu 20.04 (64-bit)
ADN-AE-Thyme 1 Virtual Core 1024 MB 20 GB SSD Ubuntu 20.04 (64-bit)
JMeter Xubuntu 2 Virtual Cores 2048 MB 20 GB SSD Ubuntu 20.04 (64-bit)

The technical specifications of the computer, which runs virtual machines throughout the development phase,
include Intel Core i7-5600U 2.60 GHz CPU, 8 GB RAM, 64-bit Windows 10 Pro operating system, and 500
GB SSD. While developing the “auth” method, the Postman program was used to transmit HTTPS requests
from the host system to virtual machines and to execute unit tests. A NAT network has been setup in the Oracle

VM VirtualBox program to correctly conduct HTTPS requests.

2.2.2. Physical Environment

In the simulation environment, test scenarios were achieved by allocating restricted resources to virtual
computers with nodes and 10T service platforms. In the physical environment experiments, a laptop computer
with technical characteristics that can function as an MN in the oneM2M loT ecosystem and a desktop com-
puter with technical capabilities that can work as an IN was utilized. The technical parameters of the physical
devices utilized instead of the nodes in the oneM2M ecosystem in the physical environment are presented in
Table 3.

Table 3

Technical Specifications of Machines in the Physical Environment
Machine Name CPU RAM Storage Operating System
MN-Windows Intel i7 5600U 8 GB 500 GB SSD Windows 10 (64-bit)
IN-Mobius AMD FX-8320 32 GB 256 GB SSD Ubuntu 20.04 (64-bit)

The machine named MN-Windows is in Lapseki, Canakkale, whereas the machine called IN-Mobius is located
in Kepez, Canakkale. There is around 40 KM between the two mentioned locations. To perform the test sce-
narios, a test program named Postman was installed on the MN-Windows machine and the tests were run.

2.2.3. Cloud Environment

To test the established “auth” technique in the cloud context, an EC2 is built on Amazon Web Services
(AWS). The built EC2 machine is picked in t2.large type, us-east-1e region, and North-ern Virginia location,
and the 10T service platform is deployed and served. The technical parameters of the physical and virtual
computers utilized instead of the nodes in the oneM2M ecosystem in the cloud environment are provided in
Table 4.

Table 4

Technical Specifications of Machines in the Cloud Environment
Machine Name CPU RAM Storage Operating System
MN-Windows Intel i7 5600U 8GB 500 GB SSD  Windows 10 (64-bit)
IN-Mobius-EC2 Intel Xeon 2 vCPU 8 GB 20 GB EBS Ubuntu 20.04 (64-bit)

HTTPS requests are made to the 10T service platform on the virtual machine name IN-Mobius-EC2 with IP
number 54.227.195.58 utilizing the virtual private cloud (VPC) on the physical machined called MN-Win-
dows. The HTTPS requests made from the MN-Windows computer is moved to the VPC when it reaches the
internet gateway on AWS. Considering the security information, the HTTPS requests are sent to the EC2
machine with the t2.large type 10T service platform in the private subnet via the NAT gateway.
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2.3. Testing Tools

2.3.1. Postman

During the creation of the “auth” mechanism, the Postman program was utilized to execute unit tests (Post-
man API Platform). During the testing utilizing Postman version 7.27.0, nCube open-source apps were emu-
lated and operations were carried out on the loT service platform. A collection of all HTTPS requests per-
formed for unit testing of the “auth” method has been built.

2.3.2. Apache JMeter

In the study, Apache JMeter v5.3 application was utilized to assess the efficiency offered by the developed
“auth” method (Apache JMeter). The test application was executed on the virtual machine named “JMeter
Xubuntu” defined in the simulation environment section. The test application took part in various test scenarios
as a group administrator or group member, which formed the foundations of the group-based authentication
and authorization framework.

3. Results and Discussion

In this part, five distinct test situations in which we tested the “auth” method will be explained. Then, three
distinct test methods that we devised utilizing these situations will be discussed. Finally, the outcomes seen in
the test situations will be compared and assessed using the defined test methodologies.

3.1. Test Scenarios

3.1.1. Test Scenario 1: Determination of Core Values

In the technical standard named TS-0003 issued by oneM2M, the methods to be given for authentication
and authorization are outlined. In addition, the 10T service platform, which is described as the golden example
by oneM2M and produced by KET], has been built by TS-0003 and other technical specifications released by
oneM2M. In the technical specification designated TS-0003, it is recommended to employ ACPs for security
and authorization processes (TS-0003 Technical Specification, 2018).

Since the 10T service platform is established by the given technical standards, no separate authentication and
authorization module has been developed on the platform. In circumstances when ACP and the “auth” method
are not employed, there is no security mechanism on the IoT service platform. The “auth” mechanism has been
designed as a module that is meant to be used together with the ACP mechanism, not as a substitute for the
ACP mechanism.

To estimate the contribution of the “auth” mechanism, which provides group-based authentication and author-
ization, the default results should be calculated as fundamental values. At this point, fundamental values were
measured by deactivating the group feature of the “auth” mechanism produced owing to the absence of an
authentication and authorization module operating on the 10T service platform.

In the test scenario carried out, the application entity (AE) registration request of the node units was issued,
rising in floating slices between 100 up to 1000. The “auth” method, designed with each HTTPS request de-
livered independently, is offered to execute authentication and authorization. The outcomes when test case 1
is executed in the simulation, physical, and cloud settings are presented in Table 5, accordingly.

Table 5
Results of Test Scenario 1
Simulation Environment Physical Environment Cloud Environment

# Of Avg. Min. Max. Avg. Min. Max. Avg. Min. Max.
nodes (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms)
100 975 844 2104 504 468 2382 1029 982 1649
200 897 822 2157 486 457 2335 1047 980 1605
300 909 832 2049 495 466 2933 1105 982 2797
400 1088 834 2020 483 459 2120 1115 981 2957
500 1021 818 2565 492 467 2756 1048 979 1723
600 1111 826 2530 481 455 2395 1072 978 2612
700 1115 838 2315 478 457 2266 1142 979 6336
800 1120 926 2581 480 458 2555 1078 988 4568
900 1138 929 2338 478 458 2279 1017 978 2154
1000 1111 821 2318 477 455 2248 1036 983 1463
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According to the results of test scenario 1, where the core values were determined, the operation of the “auth”
mechanism for the first HTTPS request sent when the loT service platform wat started for the first time and
the response time of the platform to the request create the maximum value for each test. It is shown that the
number of nodes employed in the functional design of the oneM2M ecosystem is directly related to the hard-
ware on which the 10T service platform is operating and will cease to be stable if it is more than a specific
quantity.

3.1.2. Test Scenario 2: Single Retrieve of CIN Source

A key benefit of group-based authentication and authorization procedures with the group management mod-
ule is that activities may be conducted on many resources by submitting a single HTTPS request. To notice
this benefit, a core data set should be constructed identical to the prior test case. In this test scenario, it is
targeted to provide the <ContentInstance> resources described with the abbreviation CIN in the oneM2M eco-
system to the nodes that make the request from the loT service platform. The CIN resource represents the
resources containing application-specific data generated in cooperation with the oneM2M ecosystem.

There are varied numbers of sensors and nodes in apps created to function in the 10T ecosystem. In the research
done to examine the performance gain offered by group-based authentication and authorization procedures in
the 10T ecosystem, it was established that the most ideal outcome was the construction of 100 groups in an loT
ecosystem with 500 nodes (Su, Wong & Chen, 2016).

Considering the findings of the research indicated in the previous paragraph, the fact that the number of nodes
creating a group is between 100 and 1000, rather than between 1 and 100, is in keeping with the applications
created for the 10T environment. Considering this information, the number of nodes in the test scenario was
determined as 1, 2, 3, 5, 10, 25, 50, 70, 90, and 100. The outcomes when test case 6 is executed in the simula-
tion, physical, and cloud settings are presented in Table 6, correspondingly.

According to the results of test scenario 2, which was carried out in the simulation environment and where the
CIN resource was retrieved individually without using group management, an irregular increase was observed
in the maximum values obtained after the test using 25 nodes, as indicated by the column representing the
maximum value. Although the average and minimum values do not reach the ideal values more than 25 nodes
submit single HTTPS requests to result in the 10T service platform delivering irregular results.

Table 6
Results of Test Scenario 2
Simulation Environment Physical Environment Cloud Environment

# Of Avg. Min. Max. Avg. Min. Max. Avg. Min. Max.
nodes (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms)
1 100 100 100 282 282 282 712 712 712
2 84 66 102 147 66 229 459 186 733
3 89 43 170 111 62 210 357 180 711
5 75 34 144 91 58 216 292 184 723
10 50 30 124 75 57 212 248 190 752
25 49 30 103 62 52 200 207 183 730
50 53 15 342 57 49 197 203 190 755
70 45 20 126 54 49 185 196 183 730
90 44 16 248 55 46 204 196 185 738
100 36 15 102 54 50 205 189 182 743

In the test scenario established in the physical environment, it is apparent that there is an increase owing to
network latency when the results are analyzed despite the increase in CPU power. When the average values of
the results achieved in the simulation environment and the results obtained in the practical environment are
compared, an increase in the range of 15-20ms was seen in the test cluster with more than 5 nodes. Considering
that these values are caused by network delay, it has been proved that the 10T service platform operates reliably
in both scenarios. When the findings are reviewed independently of the network latency, irregular results have
been created after the test in which the number of 25 nodes is employed when the values acquired are executed
on a virtual machine with restricted processing capacity in the simulation environment. However, it has been
noticed that the results produced by operating the 10T service platform on hardware that is used in the actual
world and has higher processing power, continue to be stable up to 100 nodes. In the test scenario done in the
cloud environment, it was found that the efficiency fell, and the results rose owing to the variables such as
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shared EC2 usage and network latency. When the data were evaluated, it was revealed that the efficiency
reduced by 4 times compared to the results in the physical environment. The findings acquired in the minimum
column coincide with the values in the maximum column obtained in the test scenario in the physical environ-
ment. Considering this condition, it should be recognized that the technical characteristics of the EC2 machine
used in the cloud environment are raised and the efficiency will rise if it approaches the test machine that hosts
the 10T service platform in the test scenario used in the physical environment.

3.1.3. Test Scenario 3: Group-Based Authentication and Authorization

The group feature of the “auth” mechanism produced in this test scenario has been enabled to measure the
benefit offered by the “auth” mechanism designed for group-based authentication and authorization procedures
and to compare it with the findings in test scenario 1. The test scenario 3 carried out is based on the G-AKA
research, which is considered as the beginning of group-based authentication and authorization processes. Ac-
cording to the G-AKA research, a group authentication key (GAK) information is created when the adminis-
trator knew the header of the group enrolled in the system completes a full authentication and authorization
procedure. After the GAK information is established is shared with the other members of the group through
the group header. Other members of the group can be located and processed on the system utilizing this infor-
mation (Chen et al., 2012).

The GAK information produced as a result of a full authentication authorization process of the group header
was sent to the 10T service platform by the group members under the "authorization" heading of the HTTPS
package transmitted over a secure channel, as specified in the TS-0009 technical specification published by
oneM2M, in the test, based on the number of nodes specified in test scenario 1 (TS-0009 Technical Specifica-
tion, 2016).

Table 7
Results of Test Scenario 3
Simulation Environment Physical Environment Cloud Environment

# Of Avg. Min. Max. Avg. Min. Max. Avg. Min. Max.
nodes (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms) (ms)
100 30 15 165 69 59 250 204 195 749
200 26 13 139 62 50 332 206 197 749
300 22 11 113 78 61 277 205 195 779
400 21 10 103 64 59 264 209 192 809
500 20 9 98 67 61 263 205 193 856
600 19 9 81 68 59 301 197 189 758
700 19 7 98 66 60 231 204 189 798
800 19 9 101 69 59 363 203 189 832
900 20 8 150 66 59 364 200 191 774
1000 22 8 307 66 58 377 203 189 842

In the executed test scenario, AE registration requests were issued utilizing the group resources produced by
the nodes, increasing in floating slices between 100 and 1000. The findings when test case 3 is executed in the
simulation, physical, and cloud settings are presented in Table 7, accordingly.

In the executed test scenario, AE registration requests were issued utilizing the group resources produced by
the nodes, increasing in floating slices between 100 and 1000. The results reported in Table 7 do not contain
the values of the HTTPS request, in which full authentication and authorization are made by the group header.
As noted in Table 7, optimal values have been attained in the operations performed over the group resource
consisting of 600, 700, and 800 nodes. According to the findings of the test scenario established in the physical
environment, which is described in detail in Table 7 and indicates the maximum values, is examined, it is seen
that the maximum value occurs in the initial HTTPS request issued for each test owing to network delay. When
the results in the physical environment and the results in the simulation environment are compared, it is notable
that the average values created in the physical environment and the average values formed in the simulation
environment rise by two or three times. Considering that the 10T service platform tries to minimize the differ-
ence between the processing power and the processing power of the hardware on which it works in the physical
environment, and the distance between the client and server pair in the physical is approximately 40 KM, it is
thought that the difference is due to network latency. Likewise, the findings of the test scenario performed in
the cloud environment agree with the results of the actual environment. In the test scenario outlined in Table
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7, average values were measured in the range of 197-209ms. In addition, the average and lowest values estab-
lished created a 10 percent gap between themselves, comparable to those in the actual world.

3.1.4. Test Scenario 4: Retrieving CIN Resource Using Group Resource

The group management CSF is responsible for group-related operations. HTTP or HTTPS request is issued
for batch actions such as reading, writing, subscribing, notification, device management enabled by the group,
as well as controlling a group or its member. Group administration is responsible for gathering group answers
and alerts when a request or subscription is made through the group (TS-0001 Technical Specification, 2016).

The designed ““auth” mechanism provides authentication and authorization processes in all operations done on
the 10T service platform, starting from the time the nodes are included in the system and during the full process,
they are in system. In the test scenario where the group management module offered by the 10T platform,
which was developed by the group management features specified in the technical specification named TS-
0001 published by oneM2M, is used, it is aimed to call the previously created daemon resources using a single
HTTPS request.

To assess the benefit offered by the group management and the “auth” mechanism, test scenario 4 was carried
out based on the identical node counts as the previous test scenario 2. Accordingly, the efficiency offered by
the “auth” method and group management was seen in the test scenario employing group resources consisting
of 1, 2, 3, 5, 10, 25, 50, 70, 90, and 100 nodes, respectively.

Table 8
Results of Test Scenario 4
# Of Simulation Environment, Physical Environment, Cloud Environment,
nodes Time Elapsed (ms) Time Elapsed (ms) Time Elapsed (ms)
1 122 118 217
2 107 161 242
3 200 204 247
5 280 232 278
10 579 353 341
25 840 681 532
50 2120 1185 1006
70 2662 1450 1142
90 3590 1876 1445
100 3554 2033 1476

The results when test case 4 is run in the simulation, physical, and cloud environments are shown in Table 8,
respectively.

According to the findings of test scenario 4, when the CIN resource is obtained collectively utilizing group
management, the most efficient results were reached in the test phase carried out on a single group re-source
in which 25 nodes were included as indicated in Table 8. The findings obtained in instances where group
resources with more than 25 nodes are included offer efficiency compared to the case where the group man-
agement module is not employed, but the efficiency supplied by the growth in the number of nodes is seen to
be inversely proportional. According to the findings of test scenario 4 performed in the simulation environ-
ment, efficiency cannot be attained in the test set if a group resource consisting of one node is employed. The
lowest number of nodes that a group resource is efficient is determined to be 2. It has been observed that the
optimum conditions in the results obtained with the growth in the processing capacity of the hardware em-
ployed in the physical environment compared to the simulation environment have altered. As the processing
power of the actual hardware rises, the efficiency given by the established “auth” mechanism increases in
direct proportion. When the column, which is presented in Table 8 and represents the time taken for the process,
is inspected, it is apparent that the benefit offered by the mechanism starts with the test set consisting of 2
nodes and gives the optimal level of efficiency up to the test cluster in which 50 nodes are employed. However,
although the efficiency given by the “auth” mechanism is de-creasing, it remains to be evident in the test set
consisting of 100 nodes. In the fulfillment of the test scenario, which was produced utilizing the group man-
agement of the previously constructed CIN resources, on the cloud environment, the results were acquired in
a way that verifies the values received from the prior two settings.

As observed in the test results performed in the physical environment, it has been observed that the “auth”
mechanism and the group management module developed from the group resource using 2 nodes to the group
resource with 50 nodes, and the group management module, are similarly efficient at the optimum level in the
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test conducted in the cloud environment. However, the benefit given declines when more than 50 nodes are
employed, as in the actual environment. According to the data provided in Table 8, the resultant times rise in
direct proportion to the number of nodes. In group resources where more than 50 nodes are employed, forming
more than one group by splitting the nodes that make up the groups allows the efficiency offered by the group
module and the “auth” method to be delivered at the optimal level.

3.1.5. Test Scenario 5: Computational Overhead of Auth Mechanism

It is of considerable importance that the established “auth” mechanism maintains its compliance with the
technical standards given by oneM2M, as well as maintaining security by successfully completing AKA
transactions on the loT service platform.

Table 9
Creation of group administrator resources in the simulation environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 816 764 985
200 809 764 954
300 824 764 3276
400 823 764 1035
500 834 764 1120
600 1115 767 6516
700 904 776 3810
800 1098 795 2120
900 1161 999 1704
1000 1198 788 2051
Table 10
AKA transactions performed by the group header and members in the simulation environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 1,12 0 985
200 1,2 0 967
300 1,18 0 1032
400 1,09 0 1032
500 1,03 0 1071
600 1,08 0 988
700 1,11 0 1028
800 1,08 0 1081
900 1,24 0 1068
1000 1,18 0 1044
Table 11
Creation of group administrator resources in the physical environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 282 264 387
200 278 264 351
300 277 265 378
400 277 264 359
500 277 264 361
600 279 264 383
700 282 264 440
800 276 261 357
900 277 261 378
1000 277 263 374

688



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 677-694

Table 12
AKA transactions performed by the group header and members in the physical environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 3,92 0 356
200 2,19 0 361
300 1,63 0 358
400 1,34 0 355
500 1,1 0 354
600 1,04 0 356
700 0,95 0 348
800 0,87 0 358
900 0,8 0 354
1000 0,76 0 340
Table 13
Creation of group administrator resources in the cloud environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 273 268 383
200 272 268 357
300 271 268 356
400 272 268 367
500 271 268 413
600 271 267 426
700 271 268 360
800 271 267 360
900 270 267 386
1000 272 267 36
Table 14
AKA transactions performed by the group header and members in the cloud environment
# Of nodes Average (ms) Minimum (ms) Maximum (ms)
100 3,82 0 362
200 2 0 357
300 1,61 0 398
400 1,27 0 392
500 0,98 0 363
600 0,92 0 391
700 0,78 0 356
800 0,73 0 360
900 0,76 0 452
1000 0,59 0 360

However, the small computational overhead of the “auth” process is vital for the system to be accepted and
employed in subsequent investigations. In group-based AKA procedures, only the group leader also known as
an administrator executes a full AKA process. However, for each HTTPS request sent independently, a
complete AKA process must be executed. In addition, the computational cost while completing AKA
transactions by other members of the group using the token value described as GCK, which happens after a
full AKA transaction of the group header was assessed.

While creating the group header resource of the developed “auth” mechanism, an average set of values in the
range of 800-1200ms was produced in the test scenario 5 made in the simulation environment, as shown in
Table 9. Table 10 shows the results of AKA transactions made by the group header and its members using the
“auth” mechanism in the simulation environment. According to the results shown in Table 10, the computa-
tional overload of the “auth” mechanism on the system was measured as 1ms on average. The column showing
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the maximum values shows the values resulting from a full AKA operation of the group header. When test
scenario 5 is performed in the physical environment, the results obtained decreased with the increase of the
processor power, as determined in the results of the previous tests. The average values obtained according to
the results indicated in Table 11 were measured in the range of 276-282ms. According to these results, effi-
ciency between two and three times is provided in the test performed in the physical environment compared
to the simulation environment. In addition, the computational overhead of the “auth” mechanism on the hard-
ware used in the physical environment and running the IoT service platform was measured as 1.4ms on aver-
age. When the column showing the average values in test scenario 5 performed in the physical environment is
examined, the average of the values formed is like the simulation environment. In addition, when the maximum
values specified in Table 12 are examined, it is observed that the results are 3 times less than in the simulation
environment. In the tests carried out in the cloud environment, it has been revealed once again that the com-
putational overhead brought to the system by the “auth” mechanism is the lowest level. It has been observed
that the values obtained as a result of AKA operations performed in the AWS environment and performed by
the header of the group in Table 13 are 3 times more efficient than in the simulation environment. When
columns showing the minimum and average values in Table 13 are examined, EC2 and network structure used
in the AWS environment stand out as another result that was found to have the most efficient and stable band-
width among the three different test environments.

As with other findings, the maximum numbers always indicate the time taken for the delivered value in re-
sponse to the initial HTTPS request at the start of the tests. As in the previous results, the “auth” mechanism
maintains the level of efficiency it provided, as the GCK value of the developed “auth” mechanism is used by
other members of the group as a result of the request made by the group header, and the results obtained from
the structure forming the second part of the test. Also, the average of the column showing the aver-age values
in Table 14, the value is determined as 1.34ms.

According to the numbers obtained with test scenario 5 executed in three separate test settings, the additional
computational overload given to the system by the “auth” mechanism, which carries out group-based authen-
tication and authorization operations, is 1.13, 1.46, and 1.34 accordingly.

3.2. Test Methods

3.2.1. Test Method 1: Group-Based and Non-Group-Based AE Enrollment Process

The results of test scenarios 1 and 3 are compared to measure the efficiency of the created “auth” method,
which leverages the authentication and authorization module of more than one AE resource during the regis-
tration phase of the 10T service platform. While making this comparison, instead of making the system secure
using just ACPs, the mechanism was controlled by performing AKA actions at the position where the group
feature was switched off in the “auth” mechanism.

As indicated in the part where test scenarios 1 and 3 are presented, the comparison was done based on the G-
AKA study in addition to the relevant measures (Chen et al., 2012). In Table 15, the efficiency given by the
“auth” method established in the place where the group feature is active is noticed.

Table 15

Test Method 1: Group-Based and Non-Group-Based AE Enrolment Process
# Of nodes Average with Group Feature Off (ms) Average with Group Feature On (ms)

Simulation Physical Cloud Simulation ~ Physical Cloud

100 975 504 1029 30 69 204
200 897 486 1047 26 62 206
300 909 495 1105 22 78 205
400 1088 483 1115 21 64 209
500 1021 492 1048 20 67 205
600 1111 481 1072 19 68 197
700 1115 478 1142 19 66 204
800 1120 480 1078 19 69 203
900 1138 478 1017 20 66 200
1000 1111 477 1036 22 66 203

According to the findings presented in Table 15, by integrating the built “auth” mechanism with the IoT service
platform, the outcomes in the off and on group feature were compared. In tests done in simulation, physical
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and cloud settings, 897-1138, 477-504, and 1017-1142ms intervals were measured while the group feature
turned off, accordingly. However, when the group feature was active, 19-30, 64,78, and 197-209ms intervals
were recorded, respectively.

According to these data, the “auth” method created to execute group-based authentication and authorization
operations give 4 times efficiency in the worst-case situation. In the oneM2M IoT environment, signal traffic
is decreased by employing the created “auth” method, while AKA transactions between the nodes in the field
and IN are carried out in a secure environment.

3.2.2. Test Method 2: HTTPS Requests Made with Single and Group Resource

It is of vital importance that the identities of the nodes registered to the system using the “auth” method be
validated from the minute they join the system to the moment they exit the system and that they may only do
the transactions they are permitted to accomplish. Working with the group management module of the “auth”
mechanism built in HTTPS requests utilizing CSFs offered by the IoT service platform, it has become feasible
to make transactions on the system in a safe, efficient, and collective method.

In this manner, the test results acquired in test scenarios 2 and 4, in which the group-based AKA transactions
of the previously developed CIN sources are active, but the group management module is tested in both active
and passive positions, are compared. In test scenario 4, one HTTPS request was issued to get numerous CIN
resources utilizing only one group resource. However, in test scenario 2, distinct HTTPS requests are issued
for each CIN resource. Therefore, to directly compare test cases 2 and 4, the real average value of test case 2
is computed using equation 3.2.2a.

Unique, Real Average = Number of Nodes * Average Value (3.2.28)
Efficiency = Unique, Real Average | Average with Group (ms) (3.2.2b)

For a group to be efficient, as shown in Table 16, at least two nodes must be included in the group. However,
the efficiency value was calculated for each test set as shown in equation 3.2.2b.

Calculated efficiency values were carried out for three separate test scenarios: simulation, physical, and cloud
environments. In the simulation scenario, the greatest efficiency is assessed as 1,570ms, which happens when
a group resource consists of 2 nodes. However, when the administrative efficiency of the IoT environment is
taken into consideration, this number is estimated to be 1,458ms which happens when a group resource with
25 nodes is deployed.

Table 16

Test Method 2: HTTPS Requests Made with Single and Group Resource
# Of nodes Single Average (ms) Average with Group (ms) Efficiency

Simulation Physical Cloud Simulation Physical Cloud Simulation  Physical Cloud

1 100 282 712 122 118 217 0,819 2,39 3,281
2 168 294 918 107 161 242 1,57 1,826 3,793
3 267 333 1071 200 204 247 1,335 1,632 4,336
5 375 455 1460 280 232 278 1,339 1,961 5,252
10 500 750 2480 579 353 341 0,863 2,125 7,273
25 1225 1550 5175 840 681 532 1,458 2,276 9,727
50 2650 2850 10150 2120 1185 1006 1,25 2,405 10,089
70 3150 3780 13720 2662 1450 1142 1,183 2,607 12,014
90 3960 4950 17640 3590 1876 1445 1,103 2,639 12,208
100 3600 5400 18900 3554 2033 1476 1,012 2,656 12,808

When the results of the values acquired in the physical and cloud environments are analyzed, the first aspect
to be noted is that the network latency in the tests done in these two settings affected all HTTPS requests.
According to the calculation done in 3.2.2a, it is shown that the most efficient condition in the cloud environ-
ment is 2,656 efficiency values created by a group resource consisting of 100 nodes. However, in the cloud
environment, this number appeared with an efficiency value of 12,808 in the test set when a resource consisting
of 100 nodes was utilized.

According to these results, the effectiveness of the “auth” mechanism created in small, medium, and large-
scale application regions for 10T settings that are meant to be constructed as oneM2M-based differs. If the
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hardware with the IN utilized in the 10T environment to be constructed has restricted technological character-
istics, the outcomes will mirror the simulated environment. As the technological qualities of the hardware with
the IN in-crease, the efficiency will grow accordingly.

3.2.3. Test Method 3: Computational Overhead of the Designed Auth Mechanism

The computational overhead that the “auth” mechanism established within the scope of the study provides
to the system during the AKA activities done on the 10T service platform must be at a low level for the mech-
anism to be utilized and accepted in further studies. As indicated before, there is no module supplied on the
IoT service platform that executes AKA transactions. For this reason, to assess the computational cost of the
created “auth” mechanism to the system, the results of the AKA transactions performed by the group header
and other members of the group acquired in test scenario 5 are compared.

Table 17

Test Method 3: Computational Overhead of the Designed Auth Mechanism
# Of Single Average (ms) Average with Group (ms)
nodes

Simulation ~ Physical Cloud Simulation  Physical Cloud

100 816 282 273 1,12 3,92 3,82
200 809 278 272 1,2 2,19 2
300 824 277 271 1,18 1,63 1,61
400 823 277 272 1,09 1,34 1,27
500 834 277 271 1,03 1,1 0,98
600 1115 279 271 1,08 1,04 0,92
700 904 282 271 1,11 0,95 0,78
800 1098 276 271 1,08 0,87 0,73
900 1161 277 270 1,24 0,8 0,76
1000 1198 277 272 1,18 0,76 0,59

When the group management module offered by the IoT service platform is not used, each result will be the
same as the result a group header would obtain after a full AKA operation. As noted in Table 17, conducting
a full AKA operation by a group header was measured, on average, in simulated, physical, and cloud settings,
and it was observed that it took a time in the range of 800-1198, 276-282, and 270-273ms, respectively. As
shown in Table 17, when the members of the group using the “auth” mechanism designed to perform AKA
operations transmit the GCK value, the computational overhead imposed by the mechanism on the system is
measured 1.13, 1.46, and 1.34ms on average in simulated, physical and cloud environments, respectively.

4. Conclusion

Within the scope of the study, the “auth” mechanism that executes group-based authentication and author-
ization procedures were established based on the Mobius 10T service platform, which was issued a oneM2M
compliance certificate by the oneM2M worldwide organization and produced as open source by KETI. By
combining the “auth” method and the group management module supplied by the IoT service platform to-
gether, the computational overload and signal traffic on the nodes in the field domain are greatly decreased.
According to the findings of the test scenarios carried out, the computational overhead of the “auth” mecha-
nism on the 10T service platform is in the range of 800-1198, 276-282, and 270-273ms for single transactions
in simulation, physical, and cloud environments, respectively. It was assessed as 1.13 — 1.46 and 1.34ms on
average for processes using the source. In the testing for accessing CIN resources, it is noticed that HTTPS
requests with the group feature enabled give up to 4 times efficiency, starting from 2 nodes to the test cluster
employing 50 nodes. For an loT environment to be developed utilizing restricted resources in the OneM2M
ecosystem, it is advised to form groups of 25 nodes, provided that one of them is the group header.

The signal traffic on the internet of things environment has dropped as a result of the deployment of group-
based authentication systems. It is anticipated that the nodes energy usage will go down as a result of the nodes'
effective communication with one another. In this study, group-based transactions, particularly authentication
and authorization procedures, maintain a high level of security on the Internet of Things contexts while main-
taining a measurably low overhead in computing and communication. In future studies, the “auth” mechanism
built based on this study can execute group-based AKA transactions on a standalone server. Developing a
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structure that can interact with more than one 10T service platform in the oneM2M ecosystem would boost the
possibilities of interoperability across 10T service platforms.
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1. Introduction

The pyrin protein is responsible for producing fever symptoms in people with Familial Mediterranean Fever
(FMF). Mutations in the MEFV gene can lead to this disease (Cerquaglia et al., 2005). Colchicine (COL;
C2H2sNOg) reduces the frequency of attacks in FMF patients and is effective in preventing and arresting renal
amyloidosis in most patients (Niel &Scherrmann, 2006; Cocco, Chu & Pandolfi, 2010). COL is a neutral,
lipophilic alkaloid derived from the plant Colchicum Autumnale. In oral administration, it is rapidly and easily
absorbed from the gastrointestinal tract. The maximum peak plasma concentration of COL, after oral admi-
nistration, is reached within 0.5-2 hours (Tateishi et al., 1997). It is mainly absorbed in the ileum. Liver Cy-
tochrome P450 (CYP) enzymes are effective in COL biotransformation (Angelidis et al., 2018). COL is meta-
bolized to inactive metabolites which are 2-demetyl colchicine and 3-demetyl colchicine by CYP3A4 within
48 hours (Lidar et al., 2004; Wason, Di Giacinto & Davis, 2012). COL is eliminated by biliary excretion, 20
% of an oral dose is recovered unchanged in the urine. Elimination half time of COL (T1») is about 23-41
hours. COL has a narrow therapeutic window because the therapeutic level of COL is 0.5-3 ng/ml and the
toxic level of COL is 5 ng/ml (Niel & Scherrmann, 2006). It can lead to acute, subacute, and chronic toxicity.
To achieve therapeutic effects and avoid toxic effects, drug blood concentration analysis is widely used in
Therapeutic Drug Monitoring (TDM). Knowing the monitoring of the drug's blood level by physicians incre-
ases the benefits of rational drug therapy. The use of TDM has become the norm to optimize the prescribed
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dose for a large number of drugs. However, the use of selective and sensitive analytical methods is necessary
for achieving success with TDM. The purpose of this study is to develop and validate a new method for quan-
titative assay of COL in human plasma samples. In this way, a successful TDM follow-up for COL can be
performed using the validated method.

2. Materials and Methods

2.1. Standards and Reagents

Colchicine (COL), and the deuterated compounds used as an internal standard colchicine-d3 (COL-d3)
were purchased from Sigma (Sigma-Aldrich, St. Louis, Missouri, USA). Also, all HPLC solvents and orga-
nic solvents were purchased from Merck (Merck, Kenilworth, New Jersey, USA).

2.2. Preparation of Calibration Standards and Quality Control Samples (QCs)

The stock standard solution was prepared by dissolving COL in methanol (c: 0.1 mg/ml). The diluted stan-
dard solution (100 ng/ml) was obtained by diluting the stock standard solution of COL with methanol: water
[30:70, v/v]. Calibration standards and quality control samples (QCs) were prepared using this diluted standard
solution. The COL-d3 internal stock standard solution was prepared by dissolving COL-d3 (as internal stan-
dard) in methanol (c: 0.01 mg/mL). The diluted internal standard solution (c: 10 ng/mL) was obtained by
diluting the internal stock standard solution of COL-d3 with methanol: water [30:70, v/v]. All solutions were
stored at 4°C until required. Diluted standard solution of COL was added to different volumes of blank plasma
to prepare seven calibration standards and five QCs. The calibration standards included concentrations of 0.25,
0.5, 1.0, 2.0, 4.0, 6.0, 8.0 ng/mL for COL. QCs included concentrations of 0.25, 0.75, 4.0, 6.0, 8.0 ng/mL for
COL.

2.3.LC-MS/MS Conditions

HPLC was performed on an Agilent 1200 HPLC system. COL was performed using an X Terra RP18
analytical column (3mm*150mm; 3.5mm). Chromatographic separation was performed using the gradient mo-
bile phase system. Mobil phase A was deionized water with formic acid [250:1, v/v], and mobile phase B
methanol. The flow rate was 0.5 mL/min under the following conditions: 10% B held 1 min, then increased to
80 % B up to 6 min, and re-equilibrated for 2 min at initial conditions. The column was held at 38°C. MS/MS
was performed on an Agilent 6410 B triple-quadrupole LC-MS/MS. Quantitative analysis was performed using
multiple reaction modes with electrospray positive ionization (ES+) for COL and COL-d3. Quantification was
based on monitoring the parent and product ions of COL m/z 400.2 > 310.3 and COL-d3 m/z 403.3 > 359.2,
as shown in Table 1.

Table 1
Quantitation parameters for COL and COL-d3
Compound  Reten- Parent Quanti- Fragment Quant Cell Ac- Pola-
name tiontime  (m/z) fier pro-  voltage colli- celerator  rity
(RT, duct mass (V) sion voltage
min) (m/z) energy (V)
(eV)
COoL 3.05 403.3 359.2 80 20 7 +
COL-d3 3.05 400.2 310.3 85 25

COL; Colchicine, COL-d3; Colchicine-d3 (as internal standard)

2.4. Extraction Method of COL from Plasma Sample

To 1ml plasma sample, 0.25 ml internal standard solution (COL-d3; (10 ng/ml)) was added. The solution
was extracted with 8 ml ether: dichloromethane [70:30; v/v] and mixed by vortex for 15 min. The phases were
centrifuged for 1 min, 4000 rpm. The organic phase was then evaporated to dryness under a stream of nitrogen
at 40°C. The residue dissolved in 250 pl methanol was injected 30 ul into the system.
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2.5.Validation of COL Method

The method was validated for selectivity, calibration curve range, accuracy and precision, matrix effect,
stability, and lower limit of quantification (LLOQ) according to the European Medicines Agency (EMEA)
guidelines for bioanalytical methods validation and other literature that has done bioanalytical method valida-
tion studies (Jones, Singer & Bannach, 2002; Chéze, Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014). In
the selectivity study, the blank plasma sample and the lowest level of calibration standard sample were com-
pared at COL and internal standard retention time. In the calibration curve study, seven calibration standards
were analyzed by using the extraction method of COL from the plasma sample. In the accuracy and precision
study, five QCs were analyzed by using the extraction method of COL from a plasma sample. The QC1 level
(0.25 ng/mL) was the same as the level of the lowest calibration standard (0.25 ng/mL). The QC2 level (0.75
ng/mL) was three times the lowest calibration standard (0.25 ng/mL). The QC3 level (4 n/mL) was the middle
level of the calibration curve range. The QC4 level (6 ng/mL) was about 80% of the highest calibration stan-
dard (8 ng/mL). The QCS5 level (8 ng/mL) was the same as the level of the highest calibration standard (8
ng/mL). Six samples were prepared from each QC sample for intraday (within) batch analysis. 18 samples
were prepared for between-batch (batch to batch) analysis. In the matrix effect study, QC2 and QC4 prepared
in plasma were compared with QC2 and QC4 prepared in methanol. In the stability analysis, QC2 and QC4
samples kept at room temperature for 72 hours were compared with fresh prepared QC2 and QC4 samples.
For the LLOQ analysis, it was noted that the signal-to-noise ratio was about 10 and was higher than the inter-
ference area in the blank sample.

2.6. Using The Validated Method for TDM Analysis

In our previous studies (2015a, 2015b), the plasma samples of 40 FMF patients treated at the Marmara
University Training and Research Hospital Rheumatology Unit have been analyzed by this developed method
(Canbolat et al., 2015a; Canbolat et al., 2015b). We have applied to the Ethics Committee of Marmara Uni-
versity and this study has been approved by the Ethics Committee of Marmara University. We have applied to
Marmara University Ethics Committee to analyze patient blood samples. Our ethics committee application
was approved by protocol no MAR-YC-2013.0179. To determine TDM, 2 mL blood samples were drawn from
each patient 30 minutes before the next COL dose. All plasma samples were stored at -20° C until required.

3. Results and Discussion
3.1. Validation of COL Assay Method

Selectivity

A good analytical method should be able to separate the analytes from the endogenous components in the
matrix. Selectivity should be proven by using at least six different plasma sources to find the appropriate
sample of blank plasma to be used in the analysis. The criteria of the selectivity study are that the interference
area in the blank sample is less than 20% of the LLOQ area and 5% of the internal standard area (EMEA,
2011). In our study, blank plasma and LLOQ samples were analyzed by using the extraction method of COL
from a plasma sample. As a result of the analysis, it was determined that there was no peak in the blank sample
and methanol at the retention time (RT) of approximately 3.05 minutes for both COL and internal standard as
seen in Figure 1. It was seen that the method with good selectivity has been developed since the results of the
analysis meet the EMEA selectivity criteria (Jones, Singer & Bannach, 2002; Chéze , Deveaux & Pépin,2006;
EMEA, 2011; Gowda, 2014).
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Figure 1. Chromatograms of the analysis samples. Chromatogram of methanol (as a solvent) (A); Chromatog-
ram of blank sample (B); Chromatogram of COL (LLOQ) m/z: 400.2 > 310.3, RT: 3.05 min. (C); Chromatog-
ram of COL-d3 m/z: 403.3 > 359.2, RT: 3.05 min. (as an internal standard) (D).

Calibration curve range

Before performing the validation of the analytical method, it should be known in which concentration range
it will be studied. This calibration curve should be covered by the lowest calibration standard and the highest
calibration standard. Calibration standards with at least six different concentrations should be used. Along with
the standard samples, blank and zero samples should also be analyzed. According to EMEA criteria, the cal-
culated LLOQ level must be within + 20% of the nominal value of LLOQ. The calculation of the other calib-
ration standard level must be within + 15 % of the nominal value of standards. At least 75% of the calibration
standards must meet this criterion.

In our study, the method has been validated over the 0.25 - 8.0 ng/mL calibration range for COL. The calibra-
tion range was established with seven calibration standards and five QCs. The calibration curve was calculated
by a least-squares linear regression model. Out of seven standards, only one standard was out of the nominal
value. Since the calculated standards and QC values were close to the nominal values, the calibration curve
was accepted. The calibration curve are given in Figure 2. It was seen that the method with a good calibration
curve has been developed since the results of the analysis meet the EMEA criteria (Jones, Singer & Bannach,
2002; Chéze , Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014).
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Figure 2. Calibration curve. Small circles represent the calibration standard, and small arrows represent
QCs. Calibration standards and QC values were accepted when they were close to nominal values: £15%
for the high and middle levels and £20% for both the LLOQ and lowest QC level.

Accuracy and Precision

The accuracy of an analytical method is that the calculated analyte value is close to the nominal concentra-
tion of the analyte. It should be assessed on QCs. The QCs are analyzed according to the calibration curve and
the calculated QC levels are compared with the nominal value. Accuracy is assessed among QCs obtained
within the batch and between batches. According to EMEA criteria, the calculated QC1 level must be within
+ 20% of the nominal value of QC1. The calculation of the other QC levels must be within + 15 % of the
nominal value of QCs.

In our study, within-batch accuracy was determined by analyzing in a single run six samples per level at five
QC levels. Also, between-batch accuracy was determined by analyzing in different three runs. The mean con-
centration was within + 15% of the nominal values for the QCs in the intra- day (within batch) and inter-day
(between batch or batch to batch). The results are given in Table 2.

The precision of the analytical method is determined by the close of the repeated analyte measurements to each
other. It is the random error of accuracy (coefficient of variation; % CV). Precision is assessed among to QCs
obtained within the batch and between batches. We have found that the CV value was lesser than 15% for the
QCs in intra-day (within batch) and inter-day (between batch or batch to batch) (Table 2). It was seen that the
method with good accuracy and precision has been developed since the results of the analysis meet the EMEA
criteria (Jones, Singer & Bannach, 2002; Chéze , Deveaux & Pépin,2006; EMEA, 2011; Gowda, 2014).

Table 2.
Intra-day and Inter-day statistics of precision and accuracy for QCs of COL
Correlation Mean % Accuracy Range (QCs) Precision (% CV) Range (QCs)
('j’;;a (Crg)efﬁciem 025 075 4 5 8 025 075 4 5 8
ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
Batch1 0.99597 95.85 100.09 104.71 104.18 104.51 5.88 6.82 1.28 3.57 2.65
Batch2  0.99792 94.85 102.64  96.74 93.68 96.17 5.16 4.17 1.12 3.65 381
Batch3  0.99956 99.49 108.14  95.82 93.35 94.05 4.49 3.98 2.56 2.16 2.54
Inter-day analysis results
Mean % Accuracy Range (QCs) Precision (% CV) Range (QCs)
Batch to batch 0.25 0.75 4 6 8 0.25 0.75 4 6 8

ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL ng/mL
96.78 103.62  99.09 97.07 98.25 5.26 5.95 455 5.99 5.46

Matrix Effect

Matrix effects should be determined when using mass spectrometric methods. The internal standard nor-
malized matrix factor (IS normalized MF) is used to determine the matrix effect. The CV of IS normalized MF
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calculated for the QCs should not be greater than 15%. The matrix factor was calculated according to the
calculation specified in the EMEA guideline (EMEA, 2011).Firstly, the matrix factor (MF) is calculated for
the analyte as seen in Equation 3.1 and IS as seen in Equation 3.2. Then, The IS normalized MF is calculated
by dividing the MF of the analyte by the MF of the IS (EMEA, 2011).

MF anayie=peak area of analyte in blank/ peak area of analyte in methanol (3.1)
MF s=peak area of IS in blank/ peak area of IS in methanol (3.2

In our study, this calculation was done at a low and at a high level of QC. The CV of the 1S-normalised MF
was calculated lesser than 15 %. It was seen that the method with a good matrix effect has been developed
since the results of the analysis meet the EMEA criteria (Jones, Singer & Bannach, 2002; Cheze, Deveaux &
Pépin,2006; EMEA, 2011; Gowda, 2014).

Stability

The QCs prepared stability study was analyzed against a calibration curve. Room temperature stability was
performed at low QC and high QC levels, and the CV values were within +15 %. The stability results in our
study were compared with the EMEA criteria. It has been shown that the samples prepared are stable at room
temperature for over 72 hours.

LLOQ

LLOQ of the method is the lowest concentration level with suitable precision and accuracy. LLOQ for COL
in human plasma was set at 0.25 ng/mL. The chromatograms are given in Figure 1.

When we look at the studies conducted in the last 30 years, there are studies on the plasma level of COL. In
the Tracqui et al. (1996) study, the LLOQ of COL in plasma was 0.6 ng/ml (Tracqui et al., 1996). In the
Bourgogne et al. (2013) study, the run time of COL analysis was 9.5 minutes and the LLOQ level was 0.3
ng/ml (Bourgone et al., 2013). In the Fabresse et al. (2017) study, the LLOQ of COL level was determined as
0.5 ng/ml (Fabresse et al., 2017). In our study, the LLOQ of COL level was 0.25 ng/ml, and run time was 8
minutes. Considering the short run time of COL analysis and LLOQ of COL level of the validated method, a
fast and sensitive analysis method has been developed compared to other studies. Even though COL has a
narrow therapeutic window, analytical research on this drug is limited. The research mostly includes toxic case
reports. In the Goldbart et al. study, a case report of poisoning with the use of 2 mg of COL was included. It
has been shown that the cause of intoxication was the interaction of the drug with nutrients, as a result of which
the level of COL was higher than expected (Goldbart, Press, Sofer &Kapelushnik, 2000). In our previous
studies, COL plasma levels were found to be approximately 1.097+0.42ng/ml in 40 FMF patients using an
oral dose of 1.5-2 mg/day (Canbolat et al., 2015a; Canbolat et al., 2015b). Since the therapeutic plasma con-
centration of COL is relatively low (0.5-3 ng/ml), many analytical studies (non-specific radioimmunoassay,
chromatography methods) for the determination of COL to date have lagged behind expectations for measu-
rements at the therapeutic level. Physicians need to determine the levels of COL in the patient's plasma to
ensure an appropriate and safe therapeutic dose. The fact that the plasma level of COL can be analyzed with a
rapid and sensitive method becomes important to achieving the therapeutic effect of COL. Considering the
superiority of the validated method over other COL analysis methods in the literature, it is thought that the
validated method can be easily used in TDM analysis.

4, Conclusion

Current studies show the importance of plasma drug monitoring both to evaluate the clinical response and
to prevent drug toxicity. We, therefore, decided to develop a highly specific and sensitive LC-MS/MS method
for the determination and quantitation of COL in plasma. A validated, rapid, simple, cost-effective, and accu-
rate LC-MS/MS method was developed and optimized for the quantitation of COL in plasma. It is also a
practical and easy method for pharmacokinetic studies involving the evaluation of TDM of COL.
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produced with the organic farming method have become products that are preferred by conscious and high-
income consumers in the world and have a wide market potential (Aktiirk, 2012).While organic agriculture
had an agricultural production philosophy in which ecology was completely addressed at the beginning, it has
transformed into a marketing structure that has been reduced to the level of "brand" in order to take part in the
globalizing world trade and has been registered with the name "organic".

Since 1980, organic agriculture has gained a commercial dimension by being removed from family business
with the increasing demand of consumers and has started to be applied in the USA and EU countries (Turhan,
2005). Organic agricultural production is carried out without harming people and the environment. It aims to
improve the natural balance in the natural environment, which has been damaged by the wrong application of
chemical substances and these chemical substances. In other words, it is expressed as an agricultural method
that is guaranteed by a certain control and certification process and is carried out without the use of synthetic
chemical inputs and pesticides (Eti, 2014).

An organic product is all kinds of products produced, processed, packaged, labelled and put on the market as
certified by the entrepreneur with the organic farming method. Organic products are defined as foodstuffs
containing plant and animal foods in which genetic engineering, artificial and similar fertilizers, protectors,
colorants, additives, chemicals, brightening agents and chemical packaging materials are not used in their cul-
tivation and processing (Akin, Cigek, Inal & Toksari, 2010).

The consumption of organic products is increasing in Turkey as well as in the world, depending on the aware-
ness of the consumers and the increase in the income level. Due to the increasing consumer awareness in recent
years, consumers are faced with the risk of encountering health problems and safety of foodstuffs and as their
concerns increase, they tend to organic products instead of products grown with pesticides, hormones and
various chemicals (Ozer, 2008). Organic agriculture activities in Turkey started not due to the increase in
domestic demand, but to the demands of consumers in developed countries, and the main purpose was to
increase exports of Turkey's basic agricultural products and enter new markets (Ataseven & Giines, 2008).

Consumers in Turkey as well as all over the world; show more and more sensitivity about the environment,
health and safe nutrition. This sensitivity increases the interest and demand of consumers for organic foods,
and enables the domestic market in organic food products. In Turkey, it is necessary to increase the knowledge
level of consumers about organic foods and their benefits, and in the marketing process of organic foods, the
consumer trends and the demographic information of the consumers should be investigated, and this is also
important for the growth of the domestic market. It is not possible to keep organic food products in stocks, and
the production amounts of organic food products are determined in line with the demands in the domestic and
foreign markets (Sarikaya, 2007). In this direction, it is important for both implementers and researchers to
learn organic food purchasing motivations in order to increase the purchasing potential of consumers. Consid-
ering the importance of organic food consumption in terms of human health, this state will have positive effects
on consumers (Cengiz & Senel, 2017).

While 150 kinds of organic products were produced by 12,428 producers on 89,827 hectares of land in 2002,
278 kinds of organic products were produced by 52,600 producers in 346,767.40 hectares of land in 2020. In
terms of organic animal production, the number of farmers, which was 10 in 2004, increased to 114 in 2020;
and the number of animals increased from 26,500 to 1,130,165. The number of farmers engaged in organic
beekeeping, which was 256 in 2004, increased to 494 in 2020 and the number of hives, which was 38,792,
increased to 89,128 (Anonymous, 2022).

In order for the enterprises to continue their existence in the organic food market, it is necessary to determine
the purchasing behaviors of consumers, to develop products and marketing strategies suitable for the needs of
the target market. Encountering the needs of consumers and consumer satisfaction is extremely important in
the development of marketing strategies. In this study attitudes and behaviors of the consumers about purchas-
ing organic food in Turkey were determined. The research was conducted in six regions determined according
to the socio-economic development index and the regions were compared. When the studies on the subject are
examined, it is striking that the studies are generally carried out on a provincial basis. This study is a first in
terms of being carried out throughout Turkey and making regional comparisons.
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2. Materials and Methods

The research was conducted in 2018 in six regions in Turkey classified in terms of development levels
according to socio-economic development index values, and 32 provinces were selected by taking into account
the index values. The target group of the study consisted of consumers selected by sampling. The primary data
of the research consisted of data collected from these consumers by face-to-face interview technique. Survey
forms prepared in accordance with the purpose of the research were filled by the researchers through face-to-
face surveys. Thus, the primary data were obtained directly from the consumers. Secondary data, on the other
hand, were obtained by using the relevant literature and statistics.

Provinces in Turkey are classified in six levels in terms of their development levels according to their socio-
economic development index values. The index values of the provinces in the first level are greater than 1, the
index values of the provinces in the 2nd, 3rd, 4th and 5th levels are between 1 and -1, and the index values of
the provinces in the 6th level are less than -1. There are 8 provinces in the first level, 13 provinces in the second
level, 12 provinces in the third level, 17 provinces in the fourth level, 16 provinces in the fifth level and 15
provinces in the sixth level. Approximately 25% of the number of provinces at each level was selected pur-
posefully, taking into account the index values, and the population numbers of the provinces were obtained.
The population of the selected provinces corresponds to 68% of the total population of Turkey (79,814,871).
The total population of the provinces of Istanbul, Ankara and izmir, which are in the first level, corresponds
30.53% of the total population of Turkey. Considering the total population of the provinces at each level, the
number of consumers to be surveyed was determined by the proportional sampling formula (2.1.) given below
(Newbold, 1995). The number of surveys was distributed proportionally to the provinces. Sampling was done
separately for the provinces of Istanbul, Ankara and Izmir. Since the characteristics of the consumers consti-
tuting the main population were not known at the beginning, p=0.5 was taken to maximize the sample size.

_ N.p(1-p)
(N-1)a?p+p(1-p)

2.1)

In the formula;

n = sample size

N = Population size (total population size)

p = Estimation ratio (consumption rate of organic products) (based on 50% assumption)

o2, = Variance of the ratio (calculated according to a certain confidence interval and margin of error)
According to 99% confidence interval and 0.10 margin of error;

Z[x/Zcrp =T

2.58 5, =10.10

op = 0.03876.

As a result of the sampling, the number of consumers surveyed was determined as 1494. The provinces where
the survey was conducted and the number of consumers are given in Table 1.
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Table 1

The provinces where the survey was conducted and the number of surveys
Region Provinces Number of surveys Region  Provinces Number of surveys
1 Istanbul 166 4 Kirikkale 12
1 Ankara 166 4 Malatya 35
1 Izmir 166 4 Hatay 69
1 Kocaeli 38 4 Kastamonu 17
1 Antalya 49 4 Bartin 9
1 Bursa 61 4 Corum 24
1 Eskisehir 18 5 Cankir1 9
2 Bolu 8 5 Erzurum 39
2 Adana 61 5 Kahramanmaras 57
2 Kayseri 37 5 Ordu 39
2 Konya 60 5 Yozgat 22
3 Burdur 10 6 Diyarbakir 59
3 Karabiik 9 6 [gdir 7
3 Zonguldak 23 6 Batman 21
3 Gaziantep 75 6 Bingol 10
3 Samsun 49 6 Sanliurfa 69

In the analysis of the obtained data, by using descriptive statistics such as mean, percentage and cross tables;
some socio-economic characteristics of the surveyed consumers were determined. The chi-square test was used
in discrete data whether there was a difference between the groups that consumed organic products and those
that did not. In continuous data, firstly, the variables with and without normal distribution were determined by
using Kolmogorov-Smirnov test. As the number of groups was 2, t-test was used for normally distributed
variables, and the Mann-Whitney U test for non-normally distributed variables.

Factor analysis was used to evaluate the judgments of producers consuming organic products about organic
products. Factor analysis is a multivariate analysis technique used by the researcher to understand the relation-
ships between the concepts in the data set more easily by revealing the main factors belonging to a data set
consisting of many variables that are related to each other. In other words, it is a technique that makes many
variables related to each other less meaningful and completely independent from each other (Kleinbaum, Law-
rence & Keith, 1998).

Factor analysis is carried out in four basic stages. First, the evaluation of the suitability of the data for factor
analysis, obtaining the factors, rotation of the factors and naming the factors. Three methods are used to eval-
uate whether the data set is appropriate. These are the creation of the correlation matrix, Kaiser-Meyer-Olkin
(KMO) and Bartlett tests (Akgiil & Cevik, 2003). In the calculation of the correlation matrix, a high correlation
relationship between the variables is searched. Variables with very strong correlations will generally be in the
same factor.

Another indicator of the relationship between variables is the partial correlation coefficient. The Kaiser-Meyer-
Olkin (KMO) test is an index that compares the size of the observed correlation coefficients. KMO value is
considered as excellent if it is above 0.90, very good between 0.80-0.90, good between 0.70-0.80, moderate
between 0.60-0.70, weak between 0.50-0.60 and unacceptable below 0.50 is considered (Sharma, 1996).

The Bartlett Test of Sphericity is used to test whether the correlation matrix is a unit matrix with all diagonal
terms 1 and non-diagonal terms 0. This test requires that the data originate from multiple normal distributions
(Hair, Anderson, Tahtam & Black, 1998). In determining the number of factors, the eigenvalue and scree test
chart are mostly used. In determining according to eigenvalues, factors with eigenvalues greater than 1 are
derived. In the scatter diagram (Screet test) method, the graph of the eigenvalues is examined and the factors
up to the point where the vertical line becomes horizontal are included in the solution (Lewis, 1994). Vertical
rotation techniques such as VVarimax, Quartimax, Orthomax, Biquartimax, Equamax, and obligque rotation tech-
niques such as Oblimax, Quartimin, Oblimin are used for better interpretation of the factors. In the most widely
used Varimax method, some factor loadings in each column are approached to 1, while many of the remaining
values are approached to 0. In this method proposed by Kaiser, rotation is performed to ensure that the factor
variances are maximized (Cokluk, Sekercioglu & Biiyiikoztiirk, 2010).
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Factors related to considerations on organic food products were subjected to cluster analysis based on the factor
scores obtained. Cluster analysis has taken its place among the multivariate statistical methods that are fre-
guently used in classifying grouped data according to their similarities. Cluster analysis focuses on the clusters
or groups that will emerge by calculating the values of individuals or objects observed in the research on all
measured variables. In order to determine the similarities between individuals or objects, distance measures,
correlation measures or similarity measures of qualification data are used (Kalayci, 2009).

3. Results and Discussion

Organic product consumption status by regions is given in Table 2. 25.60% of the consumers in the first
region, 47.59% of the consumers in the second region, 31.33% of the consumers in the third region, 20.48%
of the consumers in the fourth region, 27.11% of the consumers in the fifth region, 13.86% of the consumers
in the sixth region stated that they consume organic products. It was determined that the region where organic
products were consumed the most was the second region. The fact that the production of vegetables and fruits
is quite common in most of the provinces in the second region, the majority of the provinces are located in the
Marmara and Aegean regions, and the awareness level of the consumers in these regions is higher, can be
shown among the reasons for the higher consumption of organic products in this region.

As a result of the chi-square test performed to determine whether or not the difference in organic product
consumption status was statistically significant between the regions, it was determined that there was a differ-
ence at 1% (p=0.000) significance level.

Table 2
Consumption of organic products by regions
Organic Region1l  Region 2 Region 3 Region 4 Region 5 Region 6 Total

product No. % No. % No. % No. % No. % No. % No. %
consumption "2 70 - N . N . % . % . % . %

Yes 170 25,60 79 4759 52 3133 34 2048 45 2711 23  13.86 403 26.97
No 494 7440 87 52.41 114 68.67 132 7952 121 7289 143 86.14 1,091 73.03
Total 664 100.00 166 100.00 166 100.00 166 100.00 166 100.00 166 100.00 1,494 100.00
Chi-square: 56.104 p: 0.000

While the average age of consumers consuming organic products was 34.67, the average age of consumers
who did not consume organic products was 37.79. The monthly average food expenditure of consumers con-
suming organic products was determined as 1,323.33 TL whereas the monthly average food expenditure of
consumers who did not consume organic products was determined as 1,149.87 TL. The education period of
the consumers consuming and not consuming organic products were found as 12.89 and 11.60 years. As a
result of the Mann-Whitney U test carried out to determine whether or not the difference in age, monthly food
expenditure and education period of consumers was statistically significant between the groups, it was deter-
mined that there was a difference at 1% (p=0.000) significance level (Table 3).

Table 3
Some socio-cultural indicators of consumers
i fo i Age Monthly food expenditure Education period
Socio-cultural indicators
Average P Average P Average P
Consuming organic products 34.67 1,323.33 12.89
g organic pre 0.002 0.000 0.000
Non-consuming organic products 37.79 1,149.87 11.60

3.1. Consumers' Level of Knowledge about Organic Products

The opinions of consumers about organic products are given in Table 4. 68.61% of the consumers in both
groups stated that organic products were products or foods that were not produced by using chemicals, 60.78%
were products or foods from natural production, 60.51% were products or foods that were not produced by
using hormones. 27.51% of the consumers stated that organic products were products or foods coming from

707



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol. 8, Issue 4, Pages: 703-721

production that did not harm nature and the environment. In addition, 11.38% of the consumers stated that
organic products were certified products or foods, while very few of the consumers declared that organic
products were traceable and highly efficient products or foods. Organic foods are considered reliable because
they do not use artificial chemical inputs in their production, the use of genetically modified organisms is
prohibited, they are produced with methods that do not harm the environment, and they are controlled and
certified at every stage of production. As a result of the study, it was seen that the most important judgment of
the consumer about organic foods was being healthy.

In the study conducted by Dogan & Giirel (2016), it was determined that 64.86% of the consumers described
organic products as products for which the use of drugs, hormones and chemicals was prohibited or limited.

Table 4
Consumers' considerations on organic products
Consuming organic Non-consuming or-

. . . Total*
What is an organic product? products ganic products
Number % Number % Number %

Chemical-free products/food 294 72.95 731 67.00 1025 68.61
Products/foods from natural production 275 68.24 633 58.02 908 60.78
Hormone-free products/foods 278 68.98 626 57.38 904 60.51
Certified products/foods 81 20.10 89 8.16 170 11.38
Traceable products/food 43 10.67 42 3.85 85 5.69
High yield products/ foods 18 4.47 32 293 50 3.35

*Multiple options marked

Consumers were asked about their considerations on products produced with traditional methods (Table 5).
The ratio of consumers who stated that there were drugs, hormones and antibiotics in products produced by
traditional methods was almost the same in both groups, and it was determined as 76%. Chi-square test results
showed that consumers' considerations on products produced by traditional methods did not change according
to consumer groups.

Table 5
Consumers' considerations on products produced with traditional methods
Consuming organic Non-consuming or-

Are there drugs, hormonr_e; antibiotics in products ganic products Total

products produced by traditional methods? Number % Number % Number %

Yes 309 76.67 832 76.26 1141 76.37
No 65 16.13 149 13.66 214 14.32
No idea 29 7.20 110 10.08 139 9.30
Total 403 100.00 1,091 100.00 1,494 100.00

Chi-square: 3.897 p: 0.142

Consumers were asked whether organic products had a certified and controlled production process (Table 6).
While 63.28% of consumers consuming organic products stated that organic products had a certified and con-
trolled production process, this ratio was determined as 41.70% in the consumer group who did not consume
organic products. It was observed that consumers who consumed organic products had a higher level of
knowledge about organic agricultural products. As a result of the chi-square test carried out to determine
whether the difference in the opinions of consumers about the certified and controlled production process of
organic products was statistically significant between the groups, it was determined that there was a difference
at 1% (p=0.000) significance level.
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Table 6
Consumers' considerations on the certified and controlled production process of organic products
Consuming organic Non-consuming  or-

' Number % Number % Number %
Yes 255 63.28 455 41.70 710 47.52
No 64 15.88 423 38.77 487 32.60
No idea 84 20.84 213 19.52 297 19.88
Total 403 100.00 1,091 100.00 1,494 100.00

Chi-square: 76.379 p: 0.000

Consumers were asked about their considerations on the effect of certified organic products on consumption
(Table 7). 63.52% of the consumers consuming organic products and 59.12% of the non-consumers stated that
certified organic products had an impact on consumption. While 10.67% of consumers consuming organic
products stated that they were undecided on this issue, this ratio was determined as 24.01% in the consumer
group that did not consume organic products. As a result of the chi-square test conducted to determine whether
the difference in the opinions of consumers regarding the effect of certified organic products on consumption
was statistically significant between the groups, it was determined that there was a difference at 1% (p=0.000)
significance level.

Table 7
Consumers' considerations on the effect of certified organic products on consumption
Consuming organic prod-  Non-consuming  or-

The effect of cer_tified organic prod- |,cts ganic products Total
ucts on consumption Number % Number % Number %
Not effective 5 1.24 22 2.02 27 1.81
Not very effective 26 6.45 89 8.16 115 7.70
I'm undecided 43 10.67 262 24.01 305 2041
Effective 256 63.52 645 59.12 901 60.31
Very effective 73 18.11 73 6.69 146 9.77
Total 403 100.00 1,001 100.00 1,494 100.00
Chi-square: 68.006 p: 0.000
Average Star}da_lrd Average Standa}rd Average Staqda}rd
deviation deviation deviation
391 0.807 3.60 0.811 3.69 0.821

1: not effective, 2: not very effective, 3: Undecided, 4: effective, 5: very effective

Information sources of the consumers about organic products were investigated within the scope of the research
(Table 8). 51.67% of the consumers in both groups stated that they obtained information about organic products
from the internet and social media, 46.92% from television, and 46.12% from the friends. In addition, 11.85%
of consumers stated that they obtained information from printed publications, 11.18% from doctors, 9.77%
from the Ministry of Agriculture and Forestry, and 9.44% from fairs. It was observed that the sources of
information that consumers obtained the most information about organic products were the internet, social
media and television. Published publications and institutions, which were thought to be among other sources
of information, had little impact. It is thought that the studies on creating the education process and awareness
from the producer to the consumer will be effective on organic product consumption. The trainings provided
by the Ministry of Agriculture and Forestry, the Ministry of Health, the Ministry of National Education for
producers, consumers and students should be increased.

In the study conducted by Giilgér (2017), it was determined that the primary sources of information about
organic products of the consumers were friend advice and the internet whereas the most important information
sources of the consumers about organic products were visual media and the internet in Dogan & Giirel (2016)
literature.
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Table 8
Information resources of consumers about organic products
Consuming or-  Non-consuming

Information sources of consumers about organic prod- ganic products organic products Total*

uet Number % Number % Number %
Internet, social media 257 63.77 515 47.20 772 51.67
TV 191 47.39 510 46.75 701 46.92
Friends 187 46.40 502 46.01 689 46.12
Magazine-newspaper (printed publications) 59 1464 118 10.82 177 11.85
Doctors 82 20.35 85 779 167 11.18
Ministry of Agriculture and Forestry 35 8.68 111 10.17 146 9.77
Fairs 49 12.16 92 8.43 141 9.44

*Multiple options marked

The required criteria to be applied for more consumption of organic products were asked to the consumers and
their answers are given in Table 9. Consumers were asked to rank the answers according to their status of
finding it important, and the answers were scored from the most important to the least important. Organic
product consumers stated that access to organic food should be easy in order to consume more organic prod-
ucts, while consumers who did not consume organic products stated that organic products should primarily be
reliable. Consumers in both consumer groups stated that more promotion of organic products would have less
impact on organic product consumption. It is possible to say that the easy access to organic products and the
high prices of organic products were highly effective on consumption. The fact that organic product prices are
at a more reasonable level will be very effective in the tendency of all individuals to consume organic products.

In the study carried out by Shepherd, Magnusson & Sjodén (2005), it was determined that health benefits were
demonstrated to be more strongly related to attitudes and behavior toward organic foods than were perceived
environmental benefits. Unal, Gorgiin Deveci & Yildiz (2019) determined in their study that consumptions
motives of healthiness, easiness, mood, and convenience-price of organic foods motivated consumers to buy
organic foods. Eyinade, Mushunje & Gbolahan Yusuf (2021) determined that the health and safety of organic
products was important for consumers' consumption of organic products. In the study carried out by Cavite,
Mankeb, Kerdsriserm, Joedsak, Direksri & Suwanmaneepong (2022), it was revealed that subjective norms,
perceived behavioral control, health, consciousness, and knowledge of product traceability significantly af-
fected consumers' intention to purchase traceable organic rice. In the study carried out by Ben Khadda, Ezrari,
Radouane, Boutagayout, EI Housni, Lahmamsi, Zahri, Houssaini, EI Ghadraoui, Elamine & Guiné, Raquel
(2022), it was revealed that the price was very important for the majority of consumers in terms of organic
product consumption.

Table 9
Criteria to be applied for more consumption of organic products

What should be/should be done to  con- Consuming organic products Non-consuming organic - prod-

sume more organic products? ucts

Total score Order Total score Order
Organic food should be easy to access 1,486 1 3,214 4
Must be reliable 1,470 2 4,447 1
Prices should be lower 1,288 3 3,670 2
Income should be more 1,119 4 3,370 3
More promotion should be done 721 5 1,675 5

Consumers were asked about their considerations on purchasing organic products for children (Table 10).
98.51% of consumers consuming organic products and 91.02% of non-consumers stated that organic products
should be purchased for children. As a result of the chi-square test, which was conducted to determine whether
the difference in consumers' considerations about purchasing organic products for children was statistically
significant between groups, it was determined that there was a difference at 1% (p=0.000) significance level.
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Table 10
Consumers' considerations on buying organic products for children
Should organic products be pur- Consuming organic Non-consuming organic Total
chased for children? products products
' Number % Number % Number %
Yes 397 98.51 993 91.02 1390 93.04
No 6 1.49 98 8.98 104 6.96
Total 403 100.00 1,091 100.00 1,494 100.00

Chi-square: 25.517 p: 0.000

Consumers were also asked about their considerations on whether organic product preference was important
in baby care and growth or not (Table 11). 36.97% of the consumers consuming organic products and 31.81%
of non-consumers stated that they fully agreed with the importance of choosing organic products in baby care
and growth. While 2.98% of the consumers consuming organic products stated that they were undecided on
this issue, this ratio was determined as 8.07% in the non-consumer group. As a result of the chi-square test, it
was determined that there was a difference at 1% (p=0.000) significance level on the considerations of the
consumers about whether or not organic product preference was important in baby care and growth.

Table 11
Consumers' thoughts on organic product preference in baby care and growth
Is organic product preference  im- Consuming organic Non-consuming or- .o
portant in baby care and growth? products ganic products
) Number % Number % Number %
| never agree 2 0.50 2 0.18 4 0.27
I do not agree 5 1.24 39 3,57 44 2.95
No idea 12 2.98 88 8.07 10 0.67
I agree 235 58.31 615 56.37 850 56.89
I totally agree 149 36.97 347 31.81 496 33.20
Total 403 100.00 1,091 100.00 1,494 100.00
Chi-square: 22.515 p: 0.000
Average Standard Average Standard Average Standard
deviation deviation deviation
4.30 0.636 4.16 0.730 4.20 0.708

3.2. Findings Concerning Consumers Consuming Organic Products

The time for consumers to start consuming organic products was determined within the scope of the study
(Table 12). It was determined that consumers in all regions mostly started to consume organic products for
more than 5 years. This result was similar to the findings of Gtilgor (2017).

It was observed that the consumer group, whose time to start consuming organic products was between 3-5
years, had the highest rate in the sixth region and the lowest rate in the fourth region. The consumer group,
whose time to start consuming organic products was between 1-3 years, resided in the third region with the
highest ratio. The ratios of the consumers who stated that they started to consume organic products in the last
year and in the last six months were quite low in all regions, and 13.04% of the consumers residing only in the
sixth region stated that they started consuming organic products a year ago. When Table 12 was examined, it
was possible to say that consumers were mostly experienced in organic product consumption.

Table 12

Start time of consuming organic products

Organic product Region 1 Region2  Region3  Region4  Region5 Region6  Total
consumption time No. %  No.%  No.% No. % No. % No. %  No %
More than 5 years 106 62.35 49 62.03 28 53.85 27 7941 30 66.67 10 43.48 250 62.03
3-5 years 37 2176 17 2152 14 2692 2 588 7 1556 8 3478 85 21.09
1-3 years 21 1235 8 1013 9 1731 1 294 6 1333 2 870 47 11.66
Last year 5 294 2 253 0 000 1 58 1 222 3 1304 13 3.23
In the last 6 months 1 059 3 380 1 192 2 588 1 222 0 000 8 1.99
Total 170 100.00 79 100.00 52 100.00 34 100.00 45 100.00 23 100.00 403 100.00
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Organic agricultural products consumed by regions are given in Table 13. Although it varied according to the
regions, it was determined that the most consumed organic products were eggs, fruits, milk and vegetables,
respectively. These were followed by chicken meat, honey, red meat, dairy products, legumes and meat prod-
ucts, respectively.

The three most consumed organic products in the first region were eggs, milk, fruit, respectively; vegetables,
fruits, eggs in the second region; fruit, vegetables, eggs in the third region; milk, eggs, vegetables in the fourth
region; fruit, egg, milk in the fifth region and milk, egg and fruit in the sixth region.

It was determined that organic egg consumption was highest in the first and sixth regions, fruit consumption
was highest in the fifth region, milk consumption was the highest in the fourth and sixth regions, and vegetable
consumption was the highest in the second and fourth regions.

It was determined that the consumption of organic chicken meat, honey, red meat, dairy products and meat
products of consumers residing in the fourth region, and organic legumes consumption of consumers residing
in the second region were higher than the consumers in other regions.

According to the average of the regions, consumption of legumes, meat products, organic jam, fruit and vege-
table juices, canned food, flour/macaroni, tea/coffee, dried fruit/vegetables was determined to be below 5%.

When the Table was examined, it was seen that organic vegetable consumption was higher in the second re-
gion. It was considered that the higher production of vegetables and fruits in most of the provinces in this
region can be a factor in this situation. In the study conducted by Ilter & Yilmaz (2016), it was determined that
the most consumed organic products by consumers were eggs, fruits, vegetables and milk, which was similar
to the research result.

Table 13
Consumed organic agricultural products
Region1l Region2 Region3 Region4 Region5 Region6 Total

No. % No. % No. % No. % No. % No. % No. %

Consumed organic products

Egg 114 67.06 44 55.70 25 48.08 21 61.76 27 60.00 16 69.57 247 61.29
Fruit 99 5824 49 62.03 29 55.77 20 58.82 33 73.33 12 52.17 242 60.05
Milk 109 64.12 36 45.57 24 46.15 24 7059 25 5556 17 73.91 235 58.31
Vegetable 83 48.82 50 63.29 26 50.00 21 61.76 22 48.89 11 47.83 213 52.85
Chicken meat 42 2471 17 2152 7 1346 11 3235 10 2222 4 17.39 91 2258
Honey 26 1529 11 1392 14 26.92 12 3529 6 1333 4 17.39 73 1811
Meat 12 7.06 13 16.46 12 23.08 10 29.41 7 1556 3 13.04 57 14.14
Dairy products 7 412 15 1899 5 962 7 2059 7 1556 4 17.39 45 11.17
Legumes 10 588 13 1646 2 385 3 882 3 667 3 13.04 34 8.44
Meat products 7 412 7 88 2 38 6 17655 11111 435 28 6.95
Jam 9 529 5 633 1 192 4 1176 0 0.00 O 0.00 19 471
Fruit/vegetable juice 7 412 2 253 1 192 1 294 0 0.00 0 0.00 11 273
Canned foods 3 176 3 380 2 38 2 58 0 000 0O 000 10 248
Flour/macaroni 5 29 1 127 1 192 2 58 0 000 0 000 9 223
Tea, coffee 4 23 2 253 1 192 2 588 0 000 O 000 9 223
Dried fruit/vegetable 3 176 3 380 1 192 2 58 0 000 0O 000 9 223

*Multiple options marked

Consumers were asked about the criteria they paid attention to when purchasing organic products (Table 14).
Consumers were asked to rank the answers according to their status of finding it important, and the answers
were scored from the most important to the least important. While the consumers in the first region stated that
they primarily paid attention to the appearance, taste and smell while purchasing organic products, the con-
sumers in the other regions stated that they primarily paid attention to the expiration date when purchasing
organic products. It was determined that the second important issue for the consumers in the first region was
the expiration date, the second important issue for the consumers in the fifth region was the price, and the
second important issue for the consumers in the other regions was the appearance, taste and smell of the prod-
uct.
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Table 14
Criteria to consider when purchasing organic products
Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Criteria
Total Order Total Order Total Order Total Order Total Order Total Order
score score score score score score
Appearance- 4,5 4 349 2 212 2 147 2 182 3 97 2
taste-smell
E:tg"a“on 729 2 368 1 248 1 164 1 204 1 102 1
Price 590 3 225 5 165 4 110 3 183 2 90 3
Packaging 543 4 208 6 130 6 88 6 104 6 60 6
Certification 5, ¢ 261 4 165 5 100 5 115 5 67 5
institution
Label 478 6 269 3 175 3 107 4 161 4 69 4

Consumers were also asked whether they paid attention to the logo of the organic product they purchased
(Table 15). While 77.65% of consumers in the first region, 67.31% of the consumers in the third region, 70.59%
of the consumers in the fourth region, 66.67% of the consumers in the fifth region, 69.57% of the consumers
in the sixth region stated that they paid attention to the logo of the organic product they purchased, this ratio
was below 50% (46.84%) among the consumers in the second region. Considering the high consumption of
organic products in the second region, it is possible to say that consumers living in this region were more
conscious about organic product consumption.

Table 15

Consumers' attention to the logo of the organic products

Regionl  Region2 Region3  Region4  Region5 Region6  Total
No. % No. % No. % No. % No. % No. % No. %

Attention to the logo

Yes 132 7765 37 4684 35 6731 24 7059 30 66.67 16 69.57 274 67.99
No 28 1647 31 3924 15 2885 7 2059 11 2444 7 3043 99 2457
No idea 10 588 11 1392 2 38 3 882 4 889 0 000 30 7.44

Total 170 100.00 79 100.00 52 100.00 34 100.00 45 100.00 23 100.00 403 100.00

Consumers were also asked whether they made certification inquiries for organic products (Table 16). While
24.05% of consumers in the second region, 30.77% of the consumers in the third region, 35.29% of the con-
sumers in the fourth region, 31.11% of the consumers in the fifth region, 30.43% of the consumers in the sixth
region stated that they made certification inquiries for products, this ratio was very low for the consumers in
the first region (12.94%).

Table 16

Status of consumers making certification inquiries of organic products

Making Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Total
certification inquiry No. % No. % No. % No. % No. % No. % No. %
Yes 22 1294 19 2405 16 30.77 12 3529 14 3111 7 3043 90 2233
No 139 81.76 56 70.89 34 6538 21 6176 26 57.78 16 69.57 292 72.46
No idea 9 529 4 5.06 2 385 1 29 5 1111 0 0.00 21 521
Total 170 100.00 79 100.00 52 100.00 34 100.00 45 100.00 23 100.00 403 100.00

Consumers were asked to list their reasons for choosing organic products, and their answers are given in Table
17. Consumers were asked to rank the answers according to their status of finding it important, and the answers
were scored from the most important to the least important. While consumers in the sixth region stated that
they preferred organic products primarily as they were healthy, the primary reason for consumers in other
regions was the absence of drugs and harmful substances in organic products. The last time consumers in all
regions prefer organic products. It was determined that the last criterion of the consumers for preferring organic
products was the environmental friendliness of organic products in all regions.
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In the research conducted by Armagan & Ozdogan (2005), the fact that 75.8% of consumers stated their
preference for being healthy and safe supported the findings of this study. In the study conducted by Karabas
& Giirler (2012), health and trust factors were found to be important by consumers. Ben Khadda, Ezrari,
Radouane, Boutagayout, El Housni, Lahmamsi, Zahri, Houssaini, El Ghadraoui, Elamine & Guiné, Raquel
(2022), determined in their study that the majority of consumers consumed organic products because they were
healthy.

Table 17

Reasons for choosing organic products

Reasons for Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
choosing organic

gorg Total Order Total Order Total Order Total Order Total Order Total Order

products score score score score score score

No drug-harmful 2,54 323 1 233 1 141 1 180 1 90 2
substance

Healthy 670 2 317 2 201 2 129 2 173 2 100 1
Rich in nutrients 385 4 230 3 135 3 93 3 127 3 64 3
Taste-smell-image 444 3 211 4 131 4 93 4 127 4 57 4
Environmentally 555 5 131 5 89 5 54 5 80 5 34 5

friendly

It was also determined how consumers distinguished organic products from non-organic products (Table 18).
While 52.94% of the consumers in the first region and 55.88% of the consumers in the fourth region distin-
guished the organic products by the certificate and logo, 49.37% of the consumers in the second region, 65.38%
of the consumers in the third region, 57.78% of the consumers in the fifth region and 47.83% of the consumers
in the sixth region stated that they distinguished the organic products with their appearance.

When all regions were evaluated together, it was concluded that consumers distinguished organic products
from non-organic products with their images, certificate-logo, label, taste and smell, respectively. Giilgor
(2017), on the other hand, emphasized that the most important factors in distinguishing organic products from
non-organic products were certificate-logo, taste, image and label information, respectively.

Table 18

Criteria for consumers to distinguish organic products from non-organic products

Criteria Region 1 Region 2 Region 3 Region 4 Region 5 Region 6 Total*

% No. % No. % No. % No. % No. % No. %

Image 90 5294 39 4937 34 6538 19 5588 26 57.78 11 4783 219 54.34
ﬁ)zr:f'cate' 100 5882 32 4051 29 5577 19 5588 14 3111 10 4348 204 50.62
Label 4882 31 3924 27 5192 9 26.47 19 4222 10 43.48 179 44.42
information

Taste 51 30.00 32 4051 17 3269 20 5882 16 3556 8 34.78 144 35.73
Smell 34 2000 25 3165 22 4231 19 5583 16 3556 4 17.39 120 29.78

*Multiple options marked

3.3. Evaluation of the Considerations of Organic Food Consuming Consumers about Organic Food
Product by Factor Analysis

Consumers consuming organic products were also asked about their considerations on the organic food
product (Table 19).
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Table 19
Considerations of the consumers about organic food product
Statements on organic food product Significance Av Std.
1 2 3 4 s 9 geviation
Organic food products are beneficial for my health. 5 5 7 243 143 428 0.68

Consuming organic food products protects me against diseases. 7 20 15 240 121 411 0.83
Organic food products are reliable because they are strictly 13 30 48 230 82 384 094

inspected.

%rﬁg?éﬁ_fmd products are beneficial for the development of 3 5 17 242 136 425 066
S;gz:g:::yp.)roducts are of higher quality because they are grown 5 14 19 265 103 412 069
Organic products are hormone-free. 2 32 14 251 104 4.05 081
;rn:]r?qun evvsr;ostec:]r;sume organic food products have stronger 5 19 29 250 103 4.07 0.75
Consuming organic food products protects against cancer. 2 24 37 243 97 401 0.79
Organic food products do not contain GMOs. 6 29 32 247 89 395 085
Organic food products are tastier. 2 15 28 253 105 4.10 0.72
While growing organic products, nature is not harmed. 4 18 37 241 103 4.04 0.78
Organic food products do not contain chemicals. 6 28 17 258 94 4.01 0.83
Organic food products are easy to cook. 27 104 58 161 53 3.27 1.18
The products | buy from the village are organic. 62 118 32 147 44 2.98 1.31
g)?pn:r:(sjievrg.]g the cost of producing organic food, it is not 20 90 23 210 60 350 114
Organic food products must be certified. 4 15 19 256 109 4.12 0.74
Organic food products are expensive. 10 35 16 262 80 391 0.90
-rg;/ehzglctﬁ.l pay for organic food products is not too much for 8 62 33 297 73 373 0.99
Organic food products smell good. 2 17 39 259 86 4.02 0.72
Organic food products are beneficial to sick people. 4 13 42 268 76 3.99 0.72
If the fruit is wormy, it is organic. 30 105 61 165 42 3.21 1.16
All organic products on the market are organic. 86 212 39 49 17 2.25 1.06

1. Strongly disagree 2. Disagree 3. Undecided 4. Agree 5. Strongly agree

Consumers agreed with the statements that organic food products were beneficial to health, protected against
diseases, were beneficial for the development of children, were of high quality as they were grown naturally,
were hormone-free, immune systems of those who consumed organic food products were stronger, consuming
organic food protected against cancer and organic food products were more delicious. In addition, it was seen
that they agreed with the statements that nature was not harmed while growing organic products, organic prod-
ucts did not contain chemicals, organic products must be certified, organic food products smelled good and
organic products were beneficial for sick people. It was determined that they tended to agree with the judg-
ments that organic food products were reliable as they were strictly inspected, there are no GMOs in organic
food products, organic products were expensive, but the price paid for organic food products was not high for
health. It was determined that they were undecided about the judgments that the products obtained from the
village were organic, organic food products were easily cooked, organic food was not expensive considering
the production cost, and the fruit was organic if it was wormy. In addition, it was determined that consumers
did not agree with the statement that all organic products in the market were organic (Table 19).

Factor analysis was performed using 22 variables. The 22 variables in Table 19 were reduced to 4 factors
according to their degree of relationship. The communality was taken into account in testing the applicability
of the factor analysis method. The communalities of the variables were found to be high and the average was
0.610. This indicated that the variables used were applicable for factor analysis.

First, the correlation matrix was created. Then, the KMO criterion expressed in Table 20, which compares the
magnitudes of the correlation coefficients with the magnitudes of the partial correlation coefficients, was
examined, and since the significance of the test was found to be significant according to this criterion, factor
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analysis was considered appropriate. In other words, the KMO coefficient was found as 0.932, so the result
was very good. For this reason, the sample size was sufficient for the study. According to Table 20, it was seen
that the Bartlett test significance level value was 0.000. Since this value was less than 5% margin of error, the
HO hypothesis was rejected. In other words, the Bartlett test of Sphericity was found significant (chi-square =
4,741.934, p = 0.000).

Table 20
Suitability test for factor analysis (KMO and Bartlett test)
KMO and Bartlett test

Kaiser-Meyer-Olkin fitness measure 0.932
Approximate chi-square 4,741.934

Bartlett sphericity test Degree of freedom (df) 231
Significance 0.000

As seen in Table 21, 61.043% of the total variance was explained with 4 factors instead of 22 variables at the
beginning. Whether the factors were significant or not was determined by examining the correlation matrix's
eigenvalues greater than 1. The variance explanation percentages of these factors gave the total variance ex-
plained, the eigenvalues before and after the transformation and showed that there were 4 factors. The first
factor explained 32.942% of the total variance, the second factor explained 10.989% of the total variance, the
third factor explained 9.063% of the total variance, and the fourth factor explained 8.049% of the total variance.
The cumulative amount of variance explained by the eigenvalues was 61.043% of the total variance.

Table 21
Total variance and variance explanation percentages of factors
Initial eigenvalues Sum of translated squared weights
Factors Total Variance (%) Cumulative (%) Total Variance (%) Cumulative (%)
1 9.091 41.324 41.324 7.247 32.942 32.942
2 1.981 9.003 50.327 2418 10.989 43.931
3 1.297 5.896 56.223 1.994 9.063 52.994
4 1.060 4.820 61.043 1.771 8.049 61.043
5 0.965 4.385 65.428
6 0.845 3.842 69.270
7 0.763 3.469 72.739
8 0.711 3.230 75.970
9 0.611 2.778 78.747
10 0.552 2.510 81.257
11 0.487 2.212 83.469
12 0.474 2.156 85.625
13 0.444 2.019 87.644
14 0.420 1.908 89.552
15 0.376 1.711 91.263
16 0.368 1.672 92.936
17 0.321 1.458 94.394
18 0.307 1.397 95.791
19 0.295 1.343 97.134
20 0.234 1.066 98.199
21 0.202 0.917 99.117
22 0.194 0.883 100.000

In order to interpret the factors, factor rotation was performed. Varimax method was preferred while perform-
ing factor rotation. As a result, the transformative factor loading matrix obtained from 22 variables and 4
factors is shown in Table 22.
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When the criteria that constituted the F1 factor were examined, it was seen that these criteria were related to
the benefits of organic food products to the health and environment. When the criteria constituting this factor
were examined, it was seen that the criteria of "The immune systems of those who consume organic food
products are stronger" was the variable with the highest factor loading with a factor load of 0.840, the average
factor load of all criteria was 0.695, and the percentage of variance that can be explained was 32.942%. This
factor was named as “Health and Environmental Benefits” because it included consumers' statements about
the health and environmental benefits of organic products.

When the criteria that constituted the F2 factor were examined, it was seen that these criteria were related to
the prices of organic products. While the criteria constituting this factor were examined, it was seen that "Or-
ganic food is not expensive considering the cost of production™ had the loading of 0.816, "The price | pay for
organic food products is not too much for my health" had factor loadings of 0.551, the average factor loading
of these criteria was 0.684, and the variance percentage that can be explained was 10.989%. This factor was
named as “Price” because it consisted of criteria that included the considerations of the consumers about the
prices of organic products.

The average factor loadings of the criteria which were effective on F3 factor such as "All organic products in
the market are organic", "The products | buy from the village are organic" and "Organic food products are easy
to cook” was found as 0.640 and the explained variance percentage was 9.063%. This factor was defined as
“Trust” because it consisted of criteria that included the trust of the consumers to the organic products.

It was seen that the criteria of "Organic food products are expensive (0.818)" and "Organic food products must
be certified (0.654)" represented the awareness level of consumers about organic products. For this reason, it
was considered appropriate to call this factor “Level of Consciousness”. The mean factor loadings of these
criteria was found as 0.736 and the percentage of variance explained was 8.049%.

Table 22
Rotating factor loads matrix

. Factors
Variables
1 2 3 4

Those who consume organic food products have stronger immune systems.  0.840 0.076 0.111 -0.003
Organic food products are beneficial for the development of children. 0.776 -0.009 -0.049 0.263
Organic products are hormone-free. 0.767 0.204 0.073 0.058
Consuming organic food products protects me against diseases. 0.764 0.021 -0.021  0.103
Consuming organic food products protects against cancer. 0.754 0.245 0.206 -0.032
Organic products are of higher quality because they are grown naturally. 0.745 0.269 -0.038 0.251
While growing organic products, nature is not harmed. 0.697 0.390 0.092 0.169
Organic food products do not contain GMOs. 0.691 0.194 0.211 -0.125
Organic food products do not contain chemicals. 0.664 0.452 0.073 0.073
Organic food products are beneficial for my health. 0.656 0.037 -0.063  0.461
Organic food products smell good. 0.610 0.483 0.161 0.130
Organic food products are tastier. 0.608 0.357 0.047 0.230
Organic food products are beneficial to sick people. 0.595 0.361 0.104 0.301
Organic food products are reliable because they are strictly inspected. 0.566 0.361 0.104 0.301
Considering the cost of producing organic food, it is not expensive. 0.153 0.816 0.095 0.028
The price | pay for organic food products is not too much for my health. 0.412 0.551 0.096 0.246
All organic products on the market are organic. -0.073  -0.033  0.797 0.002
If the fruit is wormy, it is organic. 0.190 -0.006  0.729 0.090
The products | buy from the village are organic. -0.047  0.290 0.673 0.129
Organic food products are easy to cook. 0.225 0.345 0.360 -0.089
Organic food products are expensive. 0.037 -0.029  0.198 0.818
Organic food products must be certified. 0.324 0.334 -0.042  0.654

Factors related to the considerations on organic food products were subjected to cluster analysis based on the
factor scores obtained (Table 23). Producers at different scales were gathered in different numbers of clusters,
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and it was determined that producers at a scale of 10 units gathered in seven clusters. The obtained factors
were analysed as seven clusters with the K-means cluster method. The first cluster comprised 0.25% of the
main population, the second cluster 23.82%, the third cluster 4.47%, the fourth cluster 41.44%, the fifth cluster
2.48%, the sixth cluster %4.71 and the seventh cluster constituted 22.83% of the population. "Trust" in the
first and fourth clusters, "Health and Environmental Benefits" in the second and seventh clusters, "Level of
Consciousness™ in the third cluster, and "Price" in the sixth cluster were determined as the most prominent
factors.

Table 23

Cluster analysis results on judgments about organic food product

) Clusters

Main Factors

2 3 4 5 6 7
Health and i
Environmental -1.30435  0.60774 -1.79852  -0.16621 -1.29139  0.58547

X 2.62353

Benefits (F1)
Price (F2) -3.02319  0.69681 -1.27002  0.37420 054921 0.87286 124559
Trust (F3) 3.51773 -0.92572  -1.11556  0.75092 0.93211 -0.48062 0.01652
Consciousness - -
Level (F) -5.03680  -0.18086  1.78902 0.04722 217442 0.76856 0.11465
Number_ of 1 9% 18 167 10 19 92
observations
Ratio i the g 23.82 4.47 41.44 248 471 22.83

population (%)

3.4. Findings Concerning Consumers Not Consuming Organic Products

Consumers who did not consume organic products were also asked whether they wanted to consume
organic products (Table 24). It was determined that 91.30% of consumers in the first region, 94.74% of the
consumers in the third region, 92.42% of the consumers in the fourth region, 94.21% of the consumers in the
fifth region, 95.80% of the consumers in the sixth region expressed a positive opinion about consuming organic
products while this ratio was slightly lower in the second region (78.16%). In the study conducted by
Sandallioglu (2014) in Adana province, 56.3% of the consumers who did not consume organic products stated
that they were considering purchasing organic products in the future.

Table 24
Consumers' considerations on organic product consumption
Would you like to Regionl Region2 Region3 Region4 Region5 Region6  Total*

consume organic
No. % No. % No. % No. % No. % No. % No. %

products?

Yes 451 91.30 68 78.16 108 94.74 122 9242 114 94.21 137 95.80 1,000 91.66
No 43 870 19 2184 6 526 10 758 7 579 6 420 91 834
Total 494 100.00 87 100.00 114 100.00 132 100.00 121 100.00 143 100.00 1,091 100.00

Consumers who stated that they wanted to consume organic products were also asked in which situations they
would buy organic products (Table 25). 66.52% of consumers in the first region, 86.76% of the consumers in
the second region, 76.85% of the consumers in the third region, 72.95% of the consumers in the fourth region,
82.46% of the consumers in the fifth region, 70.80% of consumers in the sixth region stated that they would
consume organic products if they truly believed that they were organic. 66.30% of consumers in the first re-
gion, 60.29% of the consumers in the second region, 71.30% of the consumers in the third region, 72.95% of
the consumers in the fourth region, 62.28% of the consumers in the fifth region, 81.75% of consumers stated
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that they would consume organic products if they were cheaper. According to the average of the regions,
26.70% of consumers stated that they would consume organic products if their income was higher, and 24.10%
of them stated that they would consume more organic products if they could find more in the market. In the
study conducted by Gtilgor (2017), it was concluded that consumers would consume organic products if they
were cheaper, more available in the market, and if they truly believed that they were produced organically.

It was striking that most of the consumers in all regions would buy organic products if they relied on organic
products and the products were sold at more affordable prices. Organic products should be included more in
the written and visual media.

Table 25
Organic product purchasing criteria of consumers

Region1l Region2 Region3 Region4 Region5 Region6 Total*

Criteria

No. % No. % No. % No. % No. % No. % No. %
If I really believe it's organic 300 66.52 59 86.76 83 76.85 89 72.95 94 82.46 97 70.80 722 72.20
If it's cheaper 299 66.30 41 60.29 77 71.30 89 7295 71 62.28 112 81.75 689 68.90
If I have a higher income 120 26.61 6 882 36 33.33 33 27.05 21 1842 51 37.23 267 26.70

If I can find more in the market 114 25.28 23 33.82 19 17.59 28 2295 26 22.81 31 22.63 241 24.10
If there are more products from my

area 23 510 10 1471 11 10.19 18 14759 789 16 11.68 87 8.70
If there are more seasonal products 32 7.10 8 11.76 8 741 6 492 8 702 16 11.68 78 7.80
If | have a small child 51 11312 294 6 556 2 164 4 351 4 292 69 6.90
If | know organic productlogo 45 333 9 13245 463 8 656 11 965 15 1095 63 6.30
If there is more product variety 17 377 4 58 3 278 5 410 4 351 5 365 38 3.80
If only there is more information in

the media. 14 310 3 441 2 18 3 246 4 351 10 730 36 3.60
If it has better/shorter cookingtime 6 133 3 441 4 370 1 082 1 088 6 438 21 210
If they last longer 8 177 4 588 1 093 0 000 5 439 2 146 20 200
If they are better lookingandtasty 9 200 1 147 2 18 3 246 4 351 1 073 20 200
If 1 have more time to look for 7 155 5 594 0 000 1 082 1 088 3 219 14 140
organic products.

If it contains less packaging 3 067 1 147 3 278 1 082 0 000 5 365 13 1.30

*Multiple options marked

4, Conclusion

With this study, the attitudes and behaviours of consumers in Turkey about purchasing organic food were
analysed. The research was conducted in six regions determined according to the socio-economic development
index and the regions were compared. Increasing the awareness of consumers about organic foods and their
benefits and determining consumer trends in the marketing process of organic foods is also very important for
the growth of the domestic market. Since there will be no consumption without production, steps should be
taken to enable producers to pass to organic agriculture within the scope of projects. In particular, local
governments should identify regions that are suitable for organic farming, with very low or no chemical use,
and work for the producers to pass to organic farming. The increase in the number of public markets may
contribute to the spread of organic foods and make the organic products easily available to consumers. Besides,
the public markets make possible for the producer to sell their goods directly to the consumer and contributes
the more reasonable prices of organic products over time by increasing the awareness of organic products.
Studies such as creating a healthy database, working to improve consumer awareness, giving priority to
advertising activities, teaching the concept of organic products in schools, increasing the specialty stores and
making sales by raising the awareness of the consumers in these stores, contributing to the market by increasing
and developing the producer unions, can be suggested for the development of the organic market.
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Makale Tarihgcesi Oz — Dekoratif amagli olarak kullanilan, seramik sirlarm émriinii belirleyen faktérlerin baginda sirm agmma ve kim-
Génderim:  23.06.2022 yasallara kars1 direnci yer almaktadir. Sirin aginma direnci, sir sertliginin arttirilmasiyla iyilestirilebilmektedir. Sirin
sertligini arttirmanin yollarindan biri; cams1 matristen daha sert kristal faz ya da fazlarin gelistirildigi uygun cam
Kabul: 13.08.2022 L . o . R .
seramik sistemlerin olusturulmasidir. Gelistirilen metalik sirli tiriinlerin diisiik konsantrasyonlu kimyasallara maruz
Yayim: 15.12.2022 birakilmasindan sonra yiizeylerinde leke tutma ve aginma gibi yiizey hatalarinin meydana geldigi tespit edilmistir. Bu
caligmada, tiretilen metalik yiizeyli Uriinlerin ylizey hatalarina karst dayanimlarini arttirmak icin regeteler gelistiril-
Arastirma Makalesi mesi amaglanmigtir. Kullanilacak olan hammaddelerin kimyasal analizleri X-Ray fliioresans spektroskopisi ile analiz

edilerek bilesenleri tespit edilmis olup regeteler bu bilgiler 1s181nda olusturulmustur. Olusturulan sir regetesinin karak-
teristik ergime davraniglari, 1s1 mikroskobu analizi yapilarak tespit edilmistir. Ticari firmalardan alinan metal oksit
tozlarmin (demir oksit, bakir oksit, mangan oksit) farkli oranlarda kullanilmasiyla olusturulan regetelerin aginmaya ve
metalik/artistik yiizey elde etmek iizerine davranislar arastirilmistir. Elde edilen metalik sir recetelerin asit/alkali da-
yanimlarim gelistigi ve buna ek olarak sitrik asit, ev kimyasallar1 ve yiizme havuzu tuzlarina dayanim sonuglarinin ise
iyilestirildigi tespit edilmistir. Ayni zamanda endiistriyel hizli pisirim kosullarina uyumlu metalik gériiniimlii, benek
efektli ve aginmaya direngli, duvar karosu mat sirlar da gelistirilmistir.
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1. Giris

Ogiitiilmiis uygun bilesimli seramik hammaddelerden elde edilen ve seramik biinye iizerinde pisirme
neticesinde cam yapiya benzer bir tabaka olusturabilen harmanlara sir denilmektedir. Sir, terim anlami olarak
da malzemenin yiizeyini dis etkenlerden korumak veya dayanikli bir boya ile kaplamak amaciyla yilizeye
stirilen saydam veya mat camsi tabaka olarak da tanimlanabilmektedir (Trinitat Pradell, 2020; Kurt Strecker,
2014). Endiistriyel uygulamalarda kullanilmak {izere seramik sektoriinde daha biiyiik boyutlar kazanmaktadir
(Karmakar, 2017).

Giiniimiiz seramiklerinde kullanilan modern sirlar birtakim niteliklere sahip olmak zorundadirlar (Karmakar,
2017; Hongjun Huang, 2020). Bu nitelikler; i) kullanim boyunca asit ve sularla temasinda aginmamak, ii) su
gecirgenliginin bulunmamasi, iii) kilcal sir ¢atlamalarinin olmamasi, iv) pullanmalar ve diger sir hatalarina
kars1 dayanikli olmak, v) dekoratif uygulamalarda kristal sirlar gibi artistik sirlarin elde edilmesine yatkin
olmak ve vi) isletme sartlarinda belirlenen 1silarda ergimek, endiistriyel olarak sirlarin sahip olmasi gereken
ozelliklerdendir (Richard A. Eppler, 2000; Encarna Bou, 2006; Gizem Ustunel, 2021).

Artistik sirlar, endiistriyel {iretimlerde kullanilmasi daha kisith olmasi ile dekoratif uygulamalarda sanatsal
seramik ¢alismalarinda renk ve doku elde etmek amaciyla kullanilarak gelistirilen sirlardir (Casasola, 2011;
Leidy Johana Jaramillo Nievesa, 2020). Kullanildiklar1 seramik formlara sanatsal deger kazandiran bu sirlar
detayli aragtirmalar sonucu olusturulurlar. Bazen rastlant1 eseri meydana gelen sir hatalar1 seramik yiizeylere
sanatsal etki vermektedir (Leidy Johana Jaramillo Nievesa, 2020). Bu etkiyi bir kez daha elde etmek kimi
zaman miimkiin olmamaktadir. Kullanildig1 seramiklere sanatsal deger katan artistik sirlara &rnek olarak
krakle, toplanmali, seladon sir, metalik, aventiirin, kristal, bitkisel kokenli kiil, temmoku, liister ve raku
sayilabilir (Brummel, 2020; Hamdzun Haron, 2014; --Pradell, 2006). Metalik sirlar seramik yiizeylerde metal
etkisi gdsteren mat/parlak yiizeyli sirlar olarak tanimlanmaktadir. Metalik sirlar genelde normal parlak bir sirin
icerisine renklendirici oksitlerin katkilanmasi sonucunda elde edilirler (Trinitat Pradell, 2020; Nergis Kiling
Mirdali, 2019) Renk verici oksitler sirlar i¢erisinde ¢6ziinerek sira renk verirler. C6ziinme, renk verici oksidin
sir1 olusturan ¢oziicli maddelerle birlesmesi sonucunda gerceklesir ve oksidin cinsine ya da kullanim oranina
gore degismektedir. Sirdaki kullanim miktari arttik¢a ¢6ziinme hizi azalir ve sirin 6zelligi etkilenir. Buna 6rnek
olarak, bakir oksit, demir oksit verilebilir. Bu oksitler, sir igerisinde ¢6ziinmezse metalik siyah renkleri
olustururlar (Pradell, 2006; Olga Opuchovic, 2015; Hongjun Huang, 2020).

Literatiirde oksitlerin kullanim ile cesitli artistik sir calismalar1 yapilmistir (Kamuran Ozlem Sarnig, 2007;
Ozgu Gundeslioglu, 2016; Serap Unal, 2020). Divitcioglu ve ark (Giilsah Divitcioglu, 2021), zeytinden elde
ettikleri kiilii kullanarak sir elde etmislerdir. Gelistirdikleri sir receteleri icerisine renklendirici oksitleri (demir
oksit, mangan oksit, krom oksit ve bakir oksit) ilave ederek renkli sirlar gelistirmislerdir. Bu oksit tiirlerinden
demir oksit, sirlarinda en yaygin kullanilan oksit tiiriidiir. Yiksek sicakliklarda pisen ve demir oksit ile
renklendirilen sirlarda olduk¢a yumusak renk gegislerinin oldugu gézlenmistir (Giilsah Divitgioglu, 2021). Bu
renk gegisleri, sirlarda ylikseltgen ortamda acgik saridan koyu kahverengiye kadar degisen renk tonlarim
meydana getirmistir (Zaide Bayer Ozturk, 2010; Gultekin, 2017). Kubat (Kubat, 2020), kestane kabugu kiiliinii
kullanarak gelistirilen sir igerisine bakir oksit ve kobalt oksit ilavesi ile renklendirme yapmiglardir. Sonuglari
degerlendirildiginde, kiiliin cam olusturucu etkisini kullanarak ve oksit ilavesi ile doku olusumlarinmi tespit
etmislerdir. Giines (Giines, 2015), renk veren oksit katkilarinin ¢esitli renk ve ylizey etkilerini arastirmak
amaciyla stoneware biinyeler iizerine farkli oranlarda uygulama yaparak stoneware sir gelistirmislerdir. Kobalt
oksit, sirlara ¢ok kiiciik miktarlarda ilave edilse bile olduk¢a gii¢lii bir renklendirici olmasi sebebiyle
renklendirme i¢in yeterli olmustur. Recetede farkli oranlarda kullanimi farkli mavi tonlarim elde etmek
miimkiindiir. Regetelere %0,2 kobalt oksit katkisi ile lacivert renk elde edilirken, recetedeki eritici miktari
azaltildiginda gok mavisine kadar degisen renk tonlar1 elde edilebilmistir (Glines, 2015). Kobalt oksidin
verdigi giiclii renk tonlarimi diger oksitleri de beraber kullanarak siddetini azaltmak miimkiindiir. Trinitat ve
ark (Pradell, 2006), sirlarin teknik 6zelliklerini, tarih boyunca siiregelen kesifleri ve kullanimlari ve dekoratif
tekniklerin bir 6zetini sunmuslardir. Bakir oksit, sirlarda 6zellikle yesil tonlarini elde etmek en fazla kullanilan
oksittir. Regetelerde, %2- 5 oranlarinda bakir oksit katkisi ile yesil renk olusurken, %0,2-0,5 bakir oksit katkis1
ile su yesilleri elde edilmektedir. Yiiksek oranlarda kullanildiginda ise, (kullanim oranit %8’in iizerine
ciktiginda) renk siyaha dogru degismektedir. Mangan dioksit katkili sirlar ile krem/kahverengi tonlar: elde
edilebilmektedir. Diisiik sicakliklarda pisirilen sirlara %2 oraninda mangan oksit ilavesi ile kahverengi tonlari
elde edilirken, yliksek sicakliklarda pisirilen sirlara %5 ve iizerindeki mangan oksit katkis1 ile bu renkler elde
edilebilmektedir. Ayni zamanda, diisiik oranlarda %0,5-0,8 mangan oksit katkisi ile krem rengi elde
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edilebilmektedir. Nikel oksit, yiiksek sicakliklarda pisirilen sirlarda kullanildiginda (%1 ile %4 oraninda)
pembe rengini meydana getirmektedir (Trinitat Pradell, 2020; Olivier Bobin, 2003). Harmanlanarak kullanim1
(nikel oksit, kobalt oksit ve bakir oksit) sonrasinda, gri rengi elde edilebilmektedir. Bunun yani sira, nikel oksit
katkil1 sirlari uygulanma miktarina (kalin ve ince uygulamalarla) gore farkli tonlar elde etmek miimkiindiir.
Kalin uygulama yapilmasi halinde pembe renk meydana gelirken ince uygulanan yerlerde gri rengin olustugu
goriilmistiir (Giines, 2015; Bakanligi, 2007).

Bu calismada, literatiirde indirgen atmosfer veya elektrikli firinlarda gelistirilebilen artistik sirlarn
olusturulmas1 amaglanmistir. Boylece tirlinlere katma deger saglayacak endiistriyel hizli pisirim kosullarina
uyumlu metalik sirlar gelistirilmistir. Bunun yani sira, metalik sirli ylizeylerin aginma davranist incelenecek
olup ayn1 zamanda sirli yiizeylerin asinmasini etkileyen parametreler agiklanmigtir. Bu kapsamda ¢esitli metal
oksitler kullanilarak; aginma dayanimi yiiksek duvar karosu sirlarinin gelistirilmesi amaglanmastir.

2. Materyal ve Yontem
2.1. Sir Formiilasyonunun Gelistirilmesi

Endiistriyel olarak kullanimi yap1 ve teknik 6zellikler bakimindan uygun olan, metalik 6zellikte, sir gelis-
tirilmesi igin regetelerde kullanilacak malzemelerin segimi gergeklestirilmistir. Uretimi planlanan metalik sir
recetesinde kullanilacak hammaddelerden, kaolin (Smalticeram Unicer S.P.A.), aliimina (Industrie Bitossi Mi-
neral San.A.S.), Nefelin (Industrie Bitossi Mineral San.A.S.) ve dolomit (Kizildag Madencilik Hafriyat
Nak.Ist.San.Ve Tic.Ltd Sti.) farkli mevki/ocaklardan temin edilmistir. Esan Eczacibas1 Endiistriyel Hammad-
deler San. ve Tic. A.S firmasindan kuvars, zirkon ve potasyum feldspat hammaddeleri tedarik edilmistir. Ham-
maddeler kullanilarak, farkli oranlarda olmak tizere 64 adet deneme yapilmustir. Gelistirilen ve uygun bulunan
regete oranlar1 Tablo 1°de verilmistir. Regetenin biiyiik bir boliimiinii olusturan frit, Torrecid S.A firmasindan
temin edilmistir. Gelistirilen sir regetelerinin reolojik 6zelliklerinin kontrol altinda tutulmasini saglayan reolo-
jik ajanlardan STTP (Sodyum Tripolifosfat) Esan Eczacibasi Endiistriyel Hammaddeler San. ve Tic. A.S. fir-
masindan, karboksimetil seliilloz (CMC) Lamberti Kimya San. ve Tic. firmasindan tedarik edilmistir. Metalik
Ozellikte sir elde etmek icin gerekli oksit numuneleri (Demir oksit, mangan oksit, bakir oksit) Akcoat firma-
sindan tedarik edilmistir.

Tablo 1
Metalik sir elde etmek i¢in gelistirilen sir kompozisyonu

Frit Nefelin Kaolin Feldspat Zirkon Kuvars Alimina Dolomit Bentonit
R2609 58 9 9 7-10 3-5 4-6 4-5 4-6 0,5-1
(%)

2.2. Kimyasal Analiz

Hammaddelerin kimyasal analizleri Rigaku ZSX Primus marka ve model XRF cihaz ile eritis yontemi
kullanilarak ger¢eklestirilmistir. Platin kroze icerisinden ¢ikarilan camlagtirilmis numuneler XRF cihazina yer-
lestirilerek analizleri gergeklestirilmistir. Bor’dan Uranyum’a kadar olan elementler i¢in tarama yapilmustir.

2.3. Is1 Mikroskobu

Atik numunenin ergime davranislari Misura ODHT HSM 1600-80 marka 1s1 mikroskobuyla belirlenmistir.
Atik numune toz halde oldugu i¢in dogrudan sekillendirme islemine gecilmistir. Numune hazirlama aparatiyla
yaklasik 2x3 mm? (¢ap x yiikseklik) ebatlarinda preslenen silindirik numuneler aliimina altlik iizerinde cihaza
yerlestirilip analizleri yapilmistir. Numunenin karakteristik sicaklik noktalar1 tespit edilmistir. Sinterleme si-
caklig1, numunenin belirgin bir akiskan camsi faza sahip olana kadar boyutunun degismedigi sicaklik araligi-
dir. Bu sinterleme sicakliginin degeri, cihaz tarafindan numunenin belirli oranda (genelde %6) boyut degistir-
digi nokta olarak belirlenmektedir. Ilk gériintii %100 diisiiniildiigiinde, buna gére %6 boyut degisimi bu ilk
karakteristik sicaklig1 vermektedir. Yumugsama noktasi s1vi fazin numune yiizeyinde goriildiigli noktadir. Kiire
sicakliginda numune tamamen s1vi fazdan olusur ve numunenin sekli yiizey gerilimi tarafindan kontrol edil-
mektedir. Yari kiire sicakligi, numunenin yiiksekliginin, genisligin yarisi oldugu duruma denilmektedir. Er-
gime sicakligi ise, numune ilk yiiksekliginin Gigte birinin altina diistiigiindeki noktadir (Paganelli & Sighinolfi,
2008; Z.Bayer Ozturk, 2020).
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2.4. Otoklav Test

Bu test TS EN ISO 10545/11 numarali standarda uygun olarak yapilmistir. Testi yapilacak pismis numu-
nelerin yiizeylerine malahit yesili siiriilerek yiizeylerinde catlak, kopuk olup olmadigi kontrol edilmistir. Nu-
muneler otoklav icerisine yerlestirilerek ¢aligtirilmistir. Cihaz otomatik olarak 5 atm basingta 2 saat bekledik-
ten sonra durarak kendini sogutmak icin su sirkiilasyonu yapmaktadir. 15 dakika sogutulmasindan sonra ciha-
zin buhar bosaltma vanasi agilarak i¢erideki buhar bosaltilmigtir. Cihaz Kapagi agilarak numuneler alinmig ve
sirh ylizeylerine malahit yesili siiriilerek ¢atlak olup olmadig1 kontrol edilmistir. Yiizeylerinde catlak olanlar
¢-¢ catlak olmayanlar ‘+’ isareti ile kontrol raporuna kaydedilmistir.

2.5. Spektrofotometrik Analiz

Konica Minolta (CM-26dG) markali spektrofotometre kullanilarak gelistirilen metalik sirlarin renk ve par-
laklik 6l¢iimleri yapilmistir. Spektrofotometre vasitasi ile 6rnege 151 gonderilerek yiizeyden yansiyan 151k
spektral mod ile dl¢iilmiistiir. Olgiim degerleri L, a, b degerleri olarak kaydedilmistir. ‘L’; aciklik (L*=100) ve
koyuluk (L*=0) arasindaki farki, ‘a’; yesillik (-a*) ve kirmizilik (+a*) arasindaki farki ve ‘b’; mavilik (-b*) ve
sarilik (+b*) arasindaki farki tanimlamaktadir.

2.6. Asinma Direnci ve Yiizey Sertligi Kontrolii

Asindirma testlerinde Ceramic Instruments Abrasimeter PEI 300/C markali agindirma cihazi kullanilarak
TS EN ISO 10545/7 numarali standart referans alinarak yapilmistir. Asinma testi kapsaminda, numuneler
10x10 cm ebadinda kesilmistir. Kesilen numuneler cihaza yerlestirilerek kapak {izerindeki deliklerden her goze
20 ml saf su konulmustur. Kapak tizerindeki deliklerden her goze 3’er gram korund ve aginmada kullanilan
bilyeler konularak kapak delikleri kapatilmistir. Yiizey agindirma cihazi sirasi ile 600-1500-2100 devir sayila-
rina ayarlanarak calistirilmistir. Her kademede devir sayisi tamamlandiktan sonra numune yiizeyleri kontrol
edilmistir. Ayni1 devir sayisinda birden fazla numunede asinma goriiliir ise ondan bir 6nceki devir sayist tirliniin
asinma direncini ve siifini belirlemektedir.

Yiizey sertliginin 6l¢iimii i¢in; Sekil 1°de verilen Mohs sertlik setinde verilen mineraller numunenin sirli yii-
zeyine hafifce bastirilarak siiriilmiistiir. Uygulamaya kii¢iik numarali mineralden baslanarak, yiiksek numaraya
dogru devam etmistir. Burada gosterilen 1 numarali mineral ‘Talk’, 2 numarali mineral ‘jips’, 3 numarali mi-
neral ‘kalsit’, 4 numarali mineral ise ‘florit’ mineralleridir. Bu mineraller ile ¢izilen yiizeyler ¢aki ya da igne
ile gizilebilecek ¢izilme derecesine sahip numuneler olarak adlandirilir. Bunlarin yani sira, ‘Apatit’ minerali
5, feldspat minerali ise ‘6’ sertlik derecesine sahip olup bu degere sahip numuneler, sert ¢elikle ¢izilebilir
yiizeyler olarak tanimlanirlar. Sertlik derecesi 7, 8 ve 9 olan mineraller ise sirasiyla; kuvars, beril ve korundum
minerallerini gostermektedir. Bu sertlik derecesine sahip numuneler cam yiizeyini kuvvet ile ¢izebilir tanim-
lamasina uyan numuneler olarak adlandirilmistir.

Sekil 1. Sertlik testinde kullanilan mineraller (The minerals using in the hardness test)
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2.7. Lekelenmeye Dayanikhilik Kontrolii

Bu test TS EN ISO 10545/14 numarali standarda uygun olarak yapilmistir. Bu kontrolde 4 cesit lekelendi-
rici kullanilmaktadir. Kullanilan bu lekelendiriciler; ince yag ic¢inde yesil renklendirici madde (%40 m/m
Cr,03, %60 m/m Myritol 318), ince yag i¢inde kirmizi renklendirici madde (%40 m/m Fe20s, %60 m/m My-
ritol 318), iyot (alkol icerisinde 13 g/It’ lik ¢ozelti), zeytinyagidir. Bu lekelendirici malzemelerden numune
yiizeyine 3-4 damla damlatilarak yayilmasi saglanmistir. Lekelendirici malzeme numune yiizeyinde 24 saat
bekletilmistir. 24 saat bekleyen lekelendiricilere temizleyici maddeler islem sirasiyla uygulanmustir. islem si-
rast; sicak su (55+5) °C sicaklikta uygulanmasindan sonra zayif temizleme maddesi (asindirici icermeyen PH
6,5-7,5 araliginda ticari temizlik maddesi) sonrasinda gii¢lii temizleme maddesi (asindirici igeren PH 9-10
araliginda) ve uygun ¢oziiciiler (hidroklorik asit ¢ozeltisi (%3’1iik), potasyum hidroksit ¢ozeltisi (200g/1t), ase-
ton) uygulanmustir. Her islem uygulandiginda yiizey kurulanarak kontrolii yapilmustir.

2.8. Kimyasal Maddelere Diren¢ Kontrolii

Bu test TS EN ISO 10545/13 numarali standarda uygun olarak yapilmistir. Nihai sir regetelerinden elde
edilen numuneler alinarak ytizeyleri temizlenmistir. 8 cm ¢apinda lastik contanin bir yiizii gres yagi ile hafifce
yaglanarak test edilecek numunenin temizlenen kismina yapistirilmistir. Contanin i¢ kismina 5 ml ¢ézelti ko-
nularak yabanci maddeler giremeyecek sekilde contanin iistii kapatilmistir. Kimyasal maddelerde direng kont-
roliinde kullanilan ¢6zelti cinsi ve kullanim konsantrasyonlar1 Tablo 2’de verilmistir. Numuneler, ev kimya-
sallari, yiizme havuzu tuzlar1 ve diisiik konsantrasyonlu ¢ozeltiler icinde 24 saat bekletilmistir. Siiresi dolan
test numunelerinin yiizeyleri temizlenerek, incelenmistir.

Tablo 2
Kullanilan ¢6zelti cinsi ve konsantrasyonlari
Ev kimyasallar1/ Yiizme havuzu tuzlari Amonyum kloriir 100 g/1t
Sodyum hipoklorit 20 mg/It
Asit ve alkaliler %3 (VIV)
Diusiik Konsantrasyonlu Cozeltiler Hidroklorik asit %3 (VIV)
Sitrik asit 100 g/It
Potasyum hidroksit 30 g/lt

2.9. Optik Mikroskop

Yiizeyin makro goriiniimlerinin tespiti igin Novel NSZ-606 Binocular Zoom stereo mikroskop
kullanilmistir. Mikroskop incelemeleri 50x biiyiitmede gergeklestirilmistir. Yiizeyde olusan beneklerin
boyutunun tespiti i¢in Image-j programi kullanilmistir. Beneklerin eninden ve boyundan olmak iizere 6l¢limler
yapilmistir. Bu 6l¢im degerlerinin ortalamasi hesaplamustir.

3. Bulgular ve Tartisma

3.1. Hammaddelerin Kimyasal Analizi

Kimyasal dayanima sahip sir regete olusturulurken oksitlerin kimyasal analizi biiyiik 6nem tagimaktadir.
Hammaddelerin yapisinda bulunan bilesenler sir bazinin fiziksel ve mekaniksel 6zelliklerine etki etmistir. Re-
cetede %58 oraninda kullanilan frit, recete icerisinde bulunmasi planlanan fakat suda ¢éziinmeleri sebebiyle
kullanilamayan veya zararli malzemelerin, camlastirilip yapida ¢oziinmez hale getirilerek homojen bir yapinin
olusturulmasi i¢in kullanilmistir. Diger hammaddelerden farkli olarak BaO, CaO, ZnO igeren frit, metalik
renklerin ortaya ¢ikmasina avantaj saglamak i¢in kullanilmigtir. Sir baz1 olustururken kullanilan en 6nemli
bilesen kimyasal dayanima katkisiyla silisyum oksittir. Tablo 3’te goriildiigii gibi, silisyum oksit, frit ve kuvars
igerisinde yliksek oranda bulunmasiyla SiO2 bileseninin kaynagini olusturmustur. Silisyum oksit, bazik oksit-
ler ile uygun oranda karigtiginda yapida cam olusumunu saglamaktadir. Bu sayede sirin mekanik dayanimi
arttirmigtir. Kimyasal analiz sonucunda belirlenen, diger bir 6nemli oksit bileseni ise Al>O3 (aliiminyum ok-
sit)’tlir. Aliiminanin yani sira, kaolin hammaddesi de aliiminyum oksit kaynagi olarak kullanilmistir. Isil gen-
lesmeyi azaltmas1 sayesinde sirin sicaklik karsisinda dayanimimi arttirir ve sirin mekanik direncinin artmasini
saglar. Bunun yani sira, sir bazinin igerisinde kullanilan diger bir ergitici hammadde ise feldspattir. Feldspat
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hammaddesi, yliksek silisyum oksit, aliiminyum oksit ve sodyum oksit igerigiyle dikkat cekmektedir. Sirin
ergimesini saglamistir. Genlesme katsayisini yiikseltmesi sebebiyle aliiminyum oksidin termal genlesmeyi
azaltma 6zeligini dengelemek i¢in kullanmilmistir. Alkali oranina katki saglayan diger bir hammadde nefelindir.
Regetede, nefelin hammaddesi sodyum oksit (Na,QO) ve potasyum oksit (K20) igerigiyle diger hammaddeler-
den ayrilmistir. Dolomit hammaddesi recetede magnezyum oksit (MgO) ve kalsiyum oksit (CaO) kaynagi
olarak kullanilmistir. Dolomit kullanim ile sirin termal sok g¢atlaklarinin dnlenmesini saglanmistir. Zirkon
hammaddesinin recetedeki en 6nemli gérevi yapiya zirkonyum dioksit (ZrO>) bilesenini kazandirmasidir. Yiik-
sek asinma dayanimina ve korozyon direncine sahip olmasi recetede kullanimini kaginilmaz kilmistir. Kirilma
toklugunu arttirmasinin yani sira, sirin fiziko-mekanik 6zeliklerinin gelismesine katki saglamistir. Diger ham-
maddelerden farkli olarak, kimyasal analizinde, %1,37 oraninda Hafniyum (IV) oksit tespit edilmistir. Oksit
0zelligi agisindan hafniyumun rolii elektriksel olarak yalitkan oldugundan, yapiya da bu 6zelligi kazandirabilir.
Bentonit hammaddesi sirin plastisitesini saglayarak, sirin yiizeye yayilmasina yardim etmistir. Boylece, sirda
meydana gelebilecek yiizey hatalarinin 6niine gegilmistir. Sirin reolojisini yiiksek oranda etkilemesi sebebiyle
regetede diisiik miktarda kullanilmistir.

Tablo 3

Regeteyi olugturan hammaddelerin kimyasal analiz sonuglari

Kimya- NaO MgO  AlLO;  SiO, P,0s  SO; K,0 Ca0O TiO,  Fe,0; BaO Zno Zr0, Hfo, A.Z
sal Bile-

sen (%)

Frit 1,97 1,86 1820 46,04 0,70 2,32 7,82 - 0,34 4,86 7,95 4,06 0,10 3,78
Nefelin 10,02 0,01 2310 60,60 0,02 - 5,20 0,38 0,07 0,12 - - - - 0,48
Kaolin - 0,19 37,14 47,66 0,08 0,02 1,37 0,06 0,18 1,05 12,25
Feldspa 10,69 0,03 17,92 7068 0,01 - 0,09 0,42 0,08 0,07 0,01
t

Zirkon 1,43 37,40 - 0,03 0,09 0,28 59,03 137 0,36
Kuvars 0,40 1,73 96,56 0,02 0,15 0,26 0,66 - - 0,16
Alii- 99,39 0,31 - - 0,03 0,14 0,13
mina

Dolo- 0,10 16,87 0,51 0,01 37,68 0,10 44,72
mit

Bento- 0,97 4,16 1443 69,85 0,03 0,03 0,83 1,91 1,28 6,51
nit

3.2. Sir Regetesinin Hazirlanmasi

Farkli mevki ve ocaklardan alinan hammaddeler ve fritler ile denemeler yapilmistir. Elde edilen kompoze
sirlarda kursun, bor ve alkalilik oranina gore oksitlerin meydana getirdigi renkler farklilik gostermistir. Ayni
zamanda gelistirilen bir¢ok sirda, sirin ergimesinin diisiik sicaklikta gerceklesmesi nedeniyle sirin yiizeyinde
koplirme gibi yiizey hatalarinin meydana geldigi goriilmiistiir. Bu sebeple R2609 kodlu regete se¢ilmistir.
Hammaddeler, 500 gram olacak sekilde tartilarak jet degirmenler icerisine %45 oraninda su ile ilave edilmis-
lerdir. Sir reolojisini dengede tutmak igin CMC ve STPP; sirasiyla %0,18 ve %0,25 oranlarinda ilave edilmis-
tir. Aliimina bilyeli degirmenler 45 dakika boyunca 300 rpm’ de karismasi saglannustir. Ogiitiilen kompoze
sirin elek bakiyesi 0-0,5 deger araliginda hesaplanmistir. Sir bazi hazirlandiktan sonra demir oksit, bakir oksit
ve mangan oksit farkli oranlarda (%0,5-1-2-5-10) ilave edilerek 5 dakika boyunca tekrar ayni sartlarda karis-
tirilmigtir. Hazirlanan metalik sir 15x30 cm? engoplu duvar karosu iizerine 20-25 gram olacak sekilde uygu-
lanmustir.

3.3. Sinterleme Prosesi

Gelistirilen sir regetesi 15x30 ¢cm? boyutlarinda karo iizerine uygulandiktan sonra duvar karosu firin reji-
minde (1120°C-45dK) pisirilmistir. Duvar karosu, sinterleme egrisi Sekil 2’de verilmistir. Sekilde verilen firi-
nin igerisinde bulunan bdlimler; kurutma (0-1), 6n 1sitma (1-6), ates bolgesi (6-9), kritik sogutma (9-10), do-
layli sogutma (10-11) ve son sogutma (11-12) olarak adlandirilmistir. Kurutma bolgesinde, biinyede bulunan
fiziksel olarak bagli su uzaklastirilmis ve malzemelerin suyun buharlagma sicakliginin tizerindeki bir sicakliga
1s1tilmast saglanmustir. Kurutma bélgesinden gikan karo 6n 1sitmaya girmistir. On 1sitmada, karodaki kimyasal
sular ve biinyedeki CO3 ve SO4’ler atilmistir. Bu boliimde gergeklesen en 6nemli olaylardan biri de a-f kuvars
doniisiimiidiir. Ates bolgesi, firnin ortasinda bulunmaktadir. Firmin altinda ve {istiinde briilérler vardir. Brii-
l6rlerden her tarafa dengeli sicaklik dagilimi olmalidir. Sir bu asamada en yiiksek sicakliga eriserek pismistir.
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Ates bolgesinden cikan iiriin kritik sogutma bolgesine gelerek, delikli borular ile sogutulmustur. Dolayl1 so-
gutma asamasinda ise biinye icerisinde f-a kuvars doniistimii gergeklesmistir. Bu kisimda hacimce genlesme
meydana geldiginden dolay1 doniisiimiin yavas olmas1 gerekmektedir. Eger hizli bir sogutma saglanirsa sir ve
bilinyenin genlesme farkindan kaynakli olarak sok catlaklar1 olusacaktir. Son sogutma agsamasinda karolar, so-
gutma fanlar1 yardimu ile sogutularak firindan ¢ikarilmistir.

1250

~ 1000

Sicaklik (°C

750

500
0 1 2 3 4 5 6 7 8 9 10 11 12 13
Firin Bolgeleri

Sekil 2. Duvar karosu firin rejiminin sicaklik egrisi

3.4. Is1 Mikroskobu

Sir bazi numunesinin ergime davranigi 6l¢lim sonrasinda grafik tizerinde incelenmis olup ergime davranist
ve karakteristik sicaklik noktalari (sinterleme, yumusama, tam kiire, yari kiire ve akma sicaklig) belirlenmistir.
Sir bazina ait 1s1 mikroskobu ile yapilan ergime davranisi analizinin sonucu agagidaki Tablo 4’te sunulmustur.

Tablo 4
Sir bazinin karakteristik sicakliklari
Numune Sinterleme Sicak- Yumusama Sicak- Tam Kiire Sicak- Yar1 Kiire Sicak- Akma

lig1 lig1 lig1 lig1 Sicakligt
(°C) 0 0 O 0
Sicaklik 840 1092 - - 1132

Sinterlenme sicakliginda sicaklik artisiyla sirin, viskoz akis aktivasyon bariyeri asilmis ve malzeme sinterleme
fazina gecmistir. Tablo 4’te gosterildigi gibi sinterleme sicakligi 840°C sicakligindadir. Bu siirecte numunenin
boyutu azalmis, ancak gercek seklinde degisme olmamistir. Malzemenin sinterlenmesi tamamlanincaya kadar,
yiizey geriliminin etkisiyle cam taneleri birbirine yaklagsmis ve deforme olmuslardir. Sekil 3’te numunenin
sinterlenme sicakligina ulagtigindaki deforme hali gosterilmistir. Numune maksimum yogunluga ulastigi igin
bu sicaklikta sinterleme agamasi sona ermistir. Yumusama sicakligi olan 1092°C ‘den itibaren Sekil 3’ten de
goriildigi gibi, s1ivi fazin ylizey geriliminden dolay1 numunenin sekli belirgin bir sekilde degismistir. Bu nok-
tay1 belirlemek i¢in kdgelerin yuvarlakligi ve numune duvarinin iist kisimlarinin piiriizsiizliigii goz oniinde
bulundurulmustur. Kiire ve yar1 kiire sicaklig1 tespit edilememistir. Bunun sebebi, ylizey gerilimi yiizeyi kiire-
sel hale getirmeye calisirken, s1v1 fazin yogunluguna bagl olarak olusan hidrostatik basing sekli diizlestirmeye
calismistir. Bu nedenle numunenin yiiksek yogunluklu ve diisiik yiizey gerilimine sahip oldugu diistiniilmiistir.
Sicaklik degeri 1132 °C’ye ulastiginda ise numune tamamen sivi faza gegmis ve erime noktasina ulagmustir.
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Sinterleme \ Yumusama Kiire

l

840% 221

Yari-Kiire ] Erime

\ 1132°C 367

Sekil 3. R2609 kodlu sir bazinin 1s1 mikroskobu ile ergime davranislari

3.5. Otoklav Test

Farkli oranlarda oksit iceren R2609 metalik sir recetesinin uygulandigi karolar, otoklav icerisinde yiiksek
basingtaki buhara maruz birakildiktan sonra (5 atm-2 saat) sirli ylizeylerinde catlak olusup olusmadigini tespit
etmek i¢in malahit boyasi siirilmiistiir. Karolarin sirh ylizeylerinde kilcal catlaklar olusup olmadigi kontrol
edildiginde oksitlerin kullanim oraninin (%0,5-1-2-5-10) ve oksit bileseninin kilcal ¢atlak olusumunu etkile-
medigi gorilmiigtiir. Tiim denemelerin sonuglari ‘+” olarak kaydedilmistir.

3.6. Spektrofotometrik Analiz

Temin edilen her bir oksit numunesi %0,5-1-2-5-10 oranlarinda R2609 sir bazi igerisine katkilanarak renk
degisimleri ve metalik etkileri gézlenmistir. Denemelerin spektrofotometrik degerleri, parlakliklar ve gorsel-
leri Tablo 5 ve Tablo 6’da verilmistir. Demir oksit numunesi igeren sir bazinin renginde artan oranlarla birlikte
krem renginden kahverengiye gecis oldugu gézlenmistir. Sir bazi igerisine %0,5-1-2 oraninda demir oksit ila-
vesi ile sir lizerinde metalik etki meydana gelmemistir. Artan oranlarla numunelerin beyazliginda azalma ve
parlakliginda artis meydana gelmistir. Yiizeyde sir bazindaki oksit miktarinin artmasi ile pinol ad1 verilen de-
liklenme meydana gelmistir. Bu yiizey hatasinin meydana gelmesinin sebebi; demir oksidin, sirin ergime nok-
tasini diisiirmesi ve bdylece sinterlenmenin daha erken olmasina neden oldugu diistiniilmiistiir (Giines, 2015).
Bakir oksidin diger oksit tiirlerine kiyasla yiizey hatalarina neden olmadig1 goriilmiistiir. Bakir oksit katkili
(%0,5-1-2) sir bazlarinin pisirim sonrasi renkleri artan oranlarla agik turkuaz renginden maviye doniigmiistiir.
%?2 oraninda bakir oksit ilavesi ile metalik etki artmis ve yiizeyde benek efektinin olusumlart gozlenmistir.
Bakir oksit oraninin artmasi ile ‘L’ degeri olan beyazlikta azalma parlaklikta ise artis goriilmiistiir. Kirmizi-
lik/yesillik (+a; -a) degerleri arasindaki fark olduk¢a azken sarilik/mavilik degeri, oksit oraninin artmasi ile
sararma (+b) yoniinde degismistir. Sir bazi icerisine mangan oksit katkisi ile artan oranlarla sir renginde toz-
pembeden mor rengine dogru koyulasma oldugu tespit edilmistir. Bunu sebebi, mangan oksidin, kursun orani
yiiksek olan sirlarda kahverengi, bor igerikli sirlarda kahve-mor, alkalilik oran1 yiiksek sirlarda ise mor renk-
lerinin olugsmasina katki saglamasidir. Bunun yani sira, mangan oksit oranin artmasi ile sirin matlastigi tespit
edilmistir. Bu sonug, mangan oksidin diger oksitlere kiyasla sir bazinin ergimesini yiikselterek pisirim sicaklig
arttirdigin1 gostermistir. Renginin pembe mor tonlarinda olmasi sebebiyle ‘a’ degerinde diger oksitlere kiyasla
daha fazla artig gozlenmistir. Metalik etki gézlenmemistir. Oksit numunelerinin, %0,5-1 ve %2 oranlarinda sir
bazi igerisine ilavesinin ylizeylerdeki metalik etkinin olugsmasina yeterli katkiy1 saglayamadigi bu sebeple bu
oranin artmasi gerekliligine karar verilmistir. Tablo 6’da sir bazi igerisine %35-10 oranlarinda oksit ilavesinin
ylizey rengine, metalik ve benek efektine etkisi incelenmistir.
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T&E;?t ?(atklh sirlarin spektrofotometre degerleri ve farkli oksit katkili sirlarin yiizey goriintiisii
Numune L a b Parlaklik Goriintiisii
R2609/0,5Fe 74,72 7,59 17,01 12,44
R2609/1Fe 69,39 8,79 20,39 14,48
R2609/2Fe 65,05 8,55 16,82 16,95
R2609/0,5Cu 84,64 -10,99 -0,78 10,99
R2609/1Cu 77,39 -12,96 0,37 12,09
R2609/2Cu 67,41 -12,12 2,36 14,11
R2609/0,5Mn 82,21 3,97 4,47 23,42
R2609/1Mn 74,93 5,60 4,92 14,24
R2609/2Mn 67,36 6,35 5,19 12,43

Tablo 6°da gorildigii gibi, %5 ve %10 oraninda demir oksit ilavesi ile sirin rengi kahverengi tonunda koyu-
lasarak ‘43,56’ degerine gerilemistir. Ayn1 zamanda, parlaklik degeri de artan oranlarla artmistir. ‘a’ degerleri
karsilagtirildiginda R2069/5Fe ve R2069/10Fe numuneleri arasinda fark gézlenmemistir. Metalik etki bu oran
bandinda da demir oksit numunesi i¢in tespit edilmemistir. Bunlara ek olarak, R2609/2Cu numunesinde ortaya
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cikan kiiciik beneklenme goriintiileri ve metalik efektler, oksit oraninin %5 ve %10’a arttirilmasi ile daha be-
lirgin benek olusumlarinin meydana gelmesine neden olmustur. Tablo 6’da sir goriintiilerinde gozlendigi gibi
%S5 oraninda bakir oksit ilavesi ile sir koyu yesil renginde iken, %10 oraninda ilave edildiginde siyah rengin
almuistir. Bunun yani sira, bakir oksit ilavesi ile sirm parlaklii artmustir. Iki oran sonucunda da metalik etki
gbzlenmistir. Mangan oksit miktarinin artmasi ile sirin ergime noktasi diismiis bu sebeple pisirim sicakliginda
yiizeyde kopilirme meydana gelmistir. Oranin artmasi ile ylizey matlagarak koyulasmis ve metalik etki gbzlen-
mistir.

Tablo 6
%5 ve %10 oraninda demir, bakir ve mangan oksit katkili sirlarin spektrofotometrik sonuglar1 ve bu sirlarin
ylizey goriiniimleri

Numune L a b Parlaklik Goriintiisii

R2609/5Fe 53,86 10,78 26,73 17,44
R2609/10Fe 43,56 10,17 18,51 18,91
R2609/5Cu 49,91 -5,45 5,42 16,29
R2609/10Cu 43,46 0,72 3,82 19,11
R2609/5Mn 53,15 6,36 5,02 15,45
R2609/10Mn 45,11 5,28 4,29 13,07

Bu caligmalara ek olarak, mangan oksit iceren sirlarda meydana gelen kdpilirme probleminin 6niine gegebilmek
icin kurumanin, sir kalinligin ve recete icerisine ergime sicakligini arttiracak hammadde ilavesinin etkisi ince-
lenmistir. Mangan oksit katkili sirlarda goriilen kopiirme problemi kurutulan karolarda da devam etmektedir.
Bunun yam sira sirlari uygulama yiizeyindeki kaliniginin etkisini incelemek igin 15x30 ¢cm? yiizey iizerine
15-20 gram sir uygulanarak pisirilmistir. Bunun sonucunda; kopilirme probleminin azaldigi goriilmiistiir. Fakat
sir kalinliginin azaltilmasi ile elde edilen denemelerde karo yiizeylerindeki metalik etkinin de azaldig: tespit
edilmistir. Metalik 6zellik gosteren R2609/10Mn sir1 igerisine sirin sinterlenme sicakligini arttirmak igin %2
oraninda aliimina ilave edilerek yiizey kopiirmesine etkisi incelenmistir. Ilave sonrasi yiizeyde kdpiirme hata-
siin azaldig1 fakat ylizeyin yiliksek oranda matlastigi ve metalik etkisini kaybettigi goriilmiistiir.
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3.7. Lekelenme ve Kimyasal Diren¢ Kontrolii

Yiizeylerinde metalik etki ve beneklenme efekti goriilen numuneler lekelenme ve kimyasal dayanim test-
lerine tabi tutulmuslardir. Elde edilen sonuglar Tablo 7°de verilmistir. Asit alkali ve ev kimyasallari testleri sir
baz1 ve igerisinde bakir oksit katkisi olan sirlar i¢in ‘LA’ ve ‘A’ olarak tespit edilmistir. Bu ifadeler, yiizeyin
asit alkalilere ve kimyasallara kars1 yiiksek diizeyde dayanimi olugunu gdstermektedir. Oksit miktarinin art-
mast1 yiizeyin lekelenme ve kimyasal maddelere kars1 dayanimini degistirmemistir. Bakir oksit katkisi, sir ba-
zimin erime noktasi yiikselttigi ve sinterleme sicakligini arttirdigi i¢in ylizeyler diger oksit katkili sirlara gore
daha mattir. Bu da katkili sirlarin daha yiiksek sicaklikta sinterlenebildigi anlamina gelmektedir. Yiiksek si-
caklikta sinterlenen sirlar genellikle diisiik sicaklikta elde edilen sirlara gére daha sert, dayanikli ve asitlere
kars1 dayanikli olma 6zelliklerine sahiptirler (Encarna Bou, 2006). Elde edilen sonuglarda bu bilgiyi dogrular
niteliktedir.

Tablo 7

Bakir oksit katkili sirlarin lekelenme ve kimyasal maddelere dayanim sonuglart
Testler Asit Alkali Ev Kimyasallar1 Lekelenme

HCI KOH Sitrik Asit NH4CI NaClO Yesil Zeytin  Iyot
Leke Yagi

R2609 LA LA LA A A 5 5 5
R2609/2Cu LA LA LA A A 5 5 5
R2609/5Cu LA LA LA A A 5 5 5
R2609/10Cu LA LA LA A A 5 5 5

3.8. Asinma Direnci ve Yiizey Sertligi Kontrolii

Yiizeyinde metalik ve benek efekti goriilen sirlarin (R20609/2Cu, R20609/5Cu, R20609/10Cu) ylizey
asinma dayanimlarinin siniflandirilmasi, TS EN 10545-17 standardinda belirtilen teste gore yapilmis olup so-
nuglar Tablo 8’de verilmistir. Asinma dayanimlar1 PEI siifinca degerlendirilmistir. Tiim numunelerin PEI
degeri ‘5’ olarak tespit edilmistir. Bu deger, yaya trafiginin yogun oldugu ve asindirict maddelerin ¢cok oldugu
zeminlerde kullaniminin uygun oldugunu gostermektedir. Asinma degeri sirlarin yiizeylerinde yeterli camsi
faz meydana gelmesi sebebiyle dayanimi yiiksek dlciilmiistiir. Camsi faz yiizeyde bulunan gézenekleri doldu-
rarak, gozenekli yapidan kaynakli meydana gelen mikro ¢atlak olusumunu engeller. Boylece, ¢atlaklarin ¢o-
galmalarini Onler. Yiizey sertlik degerleri sir bazi igin ‘6’ olarak tespit edilirken, bakir oksit katkili numuneler
icin ‘8’ olarak tespit edilmistir. Bakir oksit katkis1t numunenin yiizeyde mekanik direncin olugmasini yiizeyi
sertlestirmistir. Bu sayede yiizeyin ¢izilmesini 6nlemistir.

Tablo 8
Bakir oksit katkili sirlarin aginma ve yiizey sertligi degerleri
Test Asinma Degeri (PEI) Yiizey Sertligi (Mohs)
R2609 5 6
R2609/2Cu 5 8
R2609/5Cu 5 8
R2609/10Cu 5 8

3.9. Optik Mikroskop

Yiizey morfolojisinin analiz edilmesi i¢in optik mikroskop goriintiileri incelenmistir. Sekil 4’de yiizeyle-
rinde beneklenme ortaya ¢ikmis olan, R2609/2Cu, R2609/5Cu ve R2609/10Cu numunelerinin yiizey goriin-
tiisli verilmistir. Optik mikroskop goriintiileri incelendiginde, %10-5 ve 2 oranlarinda bakir oksit igeren numu-
nelerin hepsinde beneklenme gozlenmistir. Benek olusumu %2 bakir oksit ilavesinden sonra meydana gelmis-
tir. R2609/2Cu numunesinde digerlerine oranla daha kiigiik ve sik miktarlarda benek olusumu goriilmiistiir.
Bakir oksit miktarinin artmasi ile benekler bir araya gelerek daha biiyiik boyutlarda beneklerin olusumuna
neden olmuslardir.
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Sekil 4. Bakir oksit katkili sirlarda olusan metalik ve benek efektli yiizeylerin optik mikroskop goriintiileri a)
%10, b) %5 ve ¢) %2 bakir oksit ilaveli sir

Optik mikroskop ile tespit edilen benek boyutlarinin karsilastirilmasi Sekil 5°te verilmistir. Bakir oksit ilaveli
sirlarda %2 oranina kadar benek olusumu gézlenmezken %?2 oraninda beneklerin meydana geldigi goriilmiis-
tiir. %2 oraninda bakir oksit ilaveli R2609/2Cu kodlu sirin benek boyutu 80,546 pm olarak hesaplanmistir.
Bunun yani sira, bakir oksit ilave edilmesi ile beneklerin boyutunun biiyiidiigii gdzlenmistir. %5 oraninda bakir
oksit katkilanmasi ile benek boyutunun 174,244 um boyutuna ulastigi hesaplanmigtir. Bu sonuglardan yola
cikarak bakir oksitin sir i¢inde ¢oziinmeye devam ettigi belirlenmistir. Sir igerisindeki bakir oksit oraninin
%10’a ulagmasi ile benek boyutu 143,6+7 um olarak 6l¢iilmiis olup benek boyutu kiiciilmeye baslamustir.
Bunun sebebinin sirin bakir oksit doygunluguna ulagmasi ve artik ¢dziinemediginden kaynaklandigi tespit
edilmistir. Bakir oksidin ¢oziinmedigine dair diger bir gosterge ise sirin renginin siyaha donmesidir. Buradan
yola ¢ikarak, sir yiizeyinde meydana gelen beneklerin %2 bakir oksit ilavesi ile 6nce arttig1 daha sonra bakir
oksit oraninin artmasi ile dnce biiyiiyiip sonra kii¢clilmeye bagladigi tespit edilmistir.

R2609/5Cu R2609/10Cu
200

180

160

140

120

100

80

Benek Boyutu (um)

60

40

20
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Sekil 5. Bakir oksit ilavesinin benek boyutuna etkisi
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4. Sonuglar

Calismanin en 6nemli sonucu, oksitlerin sir igerisinde kullanimi ile meydana gelen seramik yiizeyler {izerinde
olusan dokusal etkilerdir. Endiistriyel duvar karosu firin kosullarinda meydana gelen benek goriintiisii oldukca
ilgi ¢ekicidir. Demir oksit ve mangan oksit kullaniminin %5 oranindan diisiik oldugu denemelerde metalik etki
gbzlenmemistir. Bakir oksit katkisinin artmasi ile sir yiizeyinin metalik 6zelliginin arttig1 ve benek efektinin
ortaya ciktig1 tespit edilmistir. Bakir oksit ilavesinin artmasi ile beneklerin 6nce biiyiidiigii sonra oksidin sir
icinde ¢oziinmesinden kaynakli olarak kiiciildigii gozlenmistir. Bu nedenle ozellikle artistik ylizey
gorlinlimleri i¢in bakir oksit kullanimi Onerilmektedir. Sir denemelerinin biitiiniine bakildiginda catlama,
kavlama, toplanma vb. yiizeysel hatalara rastlanmamistir. Bunun yan1 sira, farkli metalik renklerde olmak
iizere elde edilen sirlarin, ylizey 6zellikleri incelendiginde asit alkali ve kimyasallara kars1 dayaniminin arttig1
gorlilmiistiir. Uluslararast TS EN 14411 standartlarinin sonuglarina gore sir ylizeylerinin kimyasal dayanimi
gelistirilerek {irlinlere katma deger saglanmistir. Bir diger dnemli sonug ise, sir kalinliginin efekt olusuma
etkisidir. Sir uygulama kalinliginin biiyiik 6nem tasidig tespit edilmistir. Uygulama kalinliginin artmasi ile
yiizeyde benek olusumlarinin meydana geldigi gézlenmistir. Bir diger dikkat ¢ekici 6zellik ise sir uygulama
kalinliginin ayn1 zamanda benek olusumunu da etkilemis olmasidir. Bakir oksit ile iiretilen metalik-benek
efektli sirlar seri iiretim i¢in uygun olup endiistriyel seramik firmlarinda iiretilebilirdir. Bu sayede hem yeni,
ticari ve katma degerli bir yiizey elde edilmis hem de gelistirilen sir bazi ile aginma ve kimyasal dayanim
arttirilmastir.
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- Implementing this work in software have some benefits for us. For example, analysis of mood in group photos
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is an interesting instance in this regard. The perception of people’s facial expressions in photographs taken

Accepted: 13.08.2022 during an event can provide quantitative data on how much fun these people have in general. Another example

Published: 15.12.2022 is context-aware image access, where only photos of people who are surprised can be accessed from a database.

Seven different emotions related to facial expressions were classified in this context; these are listed as
happiness, sadness, surprise, disgust, anger, fear and neutral. With the application written in Python
programming language, classical machine learning methods such as k-Nearest Neighborhood and Support
Vector Machines and deep learning methods such as AlexNet, ResNet, DenseNet, Inception architectures were
applied to FER2013, JAFFE and CK+ datasets. In this study, while comparing classical machine learning
methods and deep learning architectures, real-time and non-real-time applications were also compared with
two different applications. This study conducted to demonstrate that real-time expression recognition systems
based on deep learning techniques with the most appropriate architecture can be implemented with high
accuracy via computer hardware with only one software. In addition, it is shown that high accuracy rate is
achieved in real-time applications when Histograms of Oriented Gradients (HOG) is used as a feature extraction
method and ResNet architecture is used for classification.
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Keywords — Classification, convolutional neural network, deep learning, emotion analysis, image processing

1. Introduction

One of the biggest problems encountered within the scope of face based, computer-generated image
applications are the variety of expressions in facial images (Yang & Kriegman, 2002). Although many
system suggestions have been put forward, regarding the resistance to facial expressions, the problem
could not be resolved (Frank, 2019). The face, which is easy to access and has a high distinctiveness,
has been the subject of researchers for many years. Facial diagnosis and recognition studies have
contributed not only to the development of security surveillance systems, but also to the development
of neurology and psychology sciences (Yang & Kriegman, 2002). Negative aspects of the examination
of facial images are mainly related to head posture, lighting conditions and facial expressions. Today,
accessing and processing three-dimensional (3D) facial information has become extremely easy. This
situation contributed significantly to the solution due to the pose and illumination, which does not
change due to the nature of the data. Similar developments are also observed in facial expression
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recognition (Gongor & Tutsoy, 2018; Tutsoy et al., 2017; Zhao et al., 2015; Kuo et al., 2018; Jung et
al., 2015; Abdullah, et al., 2021). Géngor & Tutsoy proposed a facial emotion recognition system to
use in humanoid robot. They used eigenface method to extract the features. Then these features were
classified by using Artificial Neural Network (ANN). They achieved promising results as a result of this
study (Gongor & Tutsoy, 2018) . The results appear to be open to improvement. With the widespread
use of deep learning, Zhao et al. analysed a deep learning method for facial emotion recognition in 2015
(Zhao et al., 2015). But they didn’t examine the real time applications in facial emotion recognition.
Kuo et. al. analysed deep learning methods both real time and non-real time applications. The results
showed that the accuracy rate decrease for the real time applications (Kuo et al., 2018).

The recognition of facial expressions is used in wide area such as, the fields of security and visual
surveillance and security, medical diagnosis, emotional research, law enforcement, and education (Li et
al., 2020).

Facial expressions that provide important clues about people's emotional states, cognitive activities, and
interest orientations; is also among the main factors affecting face-to-face communication. This makes
machine-human interaction as important as expressions. Classification of facial expressions is also very
important in terms of precautions that can be taken against these changes (Li & Liam, 2021). If the
subject is handled in terms of security applications, it will be possible for face detection and recognition
systems to give higher accuracy results by classifying two-dimensional (2D) face images according to
the expressions they contain (Bhattacharya, 2021).

Facial expressions can be considered as concrete indications of individuals' feelings, understanding,
characters and psychological states, and they are also an important tool in people's relations with each
other. Mehrabian states that listeners are significantly influenced by their facial expressions (Mehrabian,
2016). Darwin argued that humans and animals contain some innate emotions in their nature and that
these emotions are reflected as facial expressions. After this first study on facial expression analysis, it
was revealed by Ekman and Friesen in 1971 that there are 6 basic emotions and each of them is reflected
with different facial expressions; these are listed as anger, disgust, fear, happiness, sadness and surprise
(Karaboyaci, 2009).

The use of still images and sequences of images has enabled facial expression analysis to cease to be a
research topic that remains only within the boundaries of psychology. Developments in this area such
as face detection, face tracking and face recognition in images have led to an increase in the number of
studies on facial expression analysis. Facial expressions are formally determined by the deformation of
certain regions on the face. By contractions of the facial muscles, especially the eyebrows, eyelids, lips,
facial skin, facial features such as nose and temporary undergo changes because of the location of these
temporary changes to a few seconds, the intensity and determination of the dynamics, in terms of
detection and classification of facial expressions is of major importance. The extent and duration of such
changes; it can change in line with the person, age, race, and gender, making the problem very stratified
and difficult to solve. Pantic and Rothkrantz identified 3 main problems that emerged in studies on
facial expression analysis. These are detection of facial parts in the image, extracting the features of
facial expressions and facial expressions classification (Pantic & Rothkrantz, 2001).

It is seen that the studies in the literature also focus on solving the three main problems mentioned above.
Kotsia and Pitas used support vector machines (SVM) for facial expression analysis over image
sequences (Kotsia & Pitas, 2005). Within the scope of the study, they carried out, expression
classification is made according to the displacement with the following images by referring to the points
placed in the first image in the image sequence. Classify six different facial expressions, Otsuka used
classifiers based on the Hidden Markov Model (HMM) (Pantic & Rothkrantz, 2001). Within the scope
of their studies using Gabor features in expression analysis, suggested the AdaSVM method developed
by them (Islam & Al-Murad, 2017); Cohn and Kanade achieved extremely high success rates in the
facial expression dataset (Lucey et al., 2010). "Feature selection™, which is one of the three main
problems defined by Pantic and Rothkrantz, is a part of the extraction of features of facial expressions,
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and it is a research topic in which studies on classification of expressions are carried out continuously
(Pantic & Rothkrantz, 2001).

In Donato's approach, techniques for facial recognition were initially used (Yang & Kriegman, 2002).
In the face image, there is also the identity information along with the expression; to perform a detailed
expression analysis, it is useful to remove the identity information from the image. By taking sequences
of images from the video, a difference image is created, and expressions were classified according to
different spatial analyzes with optical flow estimation. Again, in Pantic and Rothkrantz's approach,
facial movement units (Action Units) were determined by fitting point-based face models to the image;
These movements have been used to classify emotional expressions (Pantic & Rothkrantz, 2001). In
Colmenarez's work, feature points are also used for face modeling (Colmenarez et al., 1999). On the
other hand, it should be said that the excessive dependence on the accuracy of the feature points is a
disadvantage for such approaches. Numerous studies have been conducted on facial expression tracking
and expression classification. These studies generally consist of three basic steps: face detection, facial
feature extraction and facial expression recognition (Dhavaliker and Kulkarni, 2014). In determining
the facial region, features such as skin color and the geometric structure of the face are considered. The
fact that the real world is 3D in computer vision and 2D image processing brings with it some difficulties.
It is extremely difficult to solve the face detection problem with a computer model. Therefore, face
detection must also be accurate for an accurate and reliable facial expression recognition system. In the
studies, two feature selection approaches are used to determine the ones that carry the most information
about the expression analysis of the selected features (Giines & Polat, 2009). The common features of
the approaches can be listed as transforming the multiple classification problem into a binary
classification problem, applying the feature selection, and then combining the selected features and
using them for classification. For the real time facial expression recognition system, various studies have
been done by using deep learning algorithms (Buhari et al., 2022; Umer et al., 2022; Bisogni et al.,
2022). Umer et al. examined the effects of data augmentation methods to classify facial emotions for
different database (Umer et al., 2022). Also they obtained successful accuracy results but they didn’t
examine the results of real time application. Similarly, Bisogni et al analyzed deep learning approaches
for the facial emotion recognition problem. As a result of these approaches, successful results were
obtained for different data sets (Bisogni et al., 2022). However, they did not calculate accuracy for real-
time systems as in the study of Umer et al.. Buhari et al. proposed a new method to recognize real-time
facial emotion. In their studies, the accuracy rate was obtained as 87% in SMIC dataset (Buhari et al.,
2022). Although good results have been obtained for the real-time application, it seems that there are
results that are open to improvement. Saurav et al. improved dual integrated Convolutional Neural
Network (CNN) architectures and they obtained the accuracy results for the different database (Saurav
etal., 2022). Their study didn’t include real time face emotion recognition. All these studies indicate the
need to increase accuracy for real-time systems in facial expression recognition. It seems that it is
difficult to achieve high classification success in real-time systems due to various environmental (light,
camera) factors (Buhari et al., 2022; Devrim et al., 2019, Engin etal., 2017 ). The classification accuracy
in this regard needs to be improved. For these reasons, the aim of this study is to increase the success of
facial emotion recognition for real-time systems.

In this study, different algorithms were evaluated to find best method for real-time facial recognition
system. In this context, detailed analyzes are included in this study. After feature extraction in image
processing, successful results can be obtained with traditional machine learning methods (Nagaraj &
Banala, 2021). For this reason, in this study traditional machine learning algorithms and convolutional
neural networks were compared. Also different databases were used to compare the effects of the
databases in the algorithms. In addition to these, two practices were applied to all databases and
algorithms to compare real-time and non-real time applications. The rest of this study is organized as
follows: the dataset, deep learning models, methods, and techniques are given in Sect. 2. The results of
real time applications are reported in Section 3. Also the discussion of the results is given in Section3.
Section 4 consist of conclusion.
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2. Materials and Methods

Facial recognition system is an integrated system consisting of software and the best deep learning
facial system recognition. In this study, we have analyzed the different machine learning algorithms to
understand which method is proper for the real time emotion recognition system. While the public
datasets were used in the creation of the models, the test phase was carried out with 2 different practices
to objectively test the success of these algorithms. In practice 1, all models were tested using images
consisting of 70 image data (Mena-Chalco et al., 2009) not used in the training set. In practice 2, images
captured from webcam were used to test the models.

The aim of this study is to create a real-time face recognition system with the Python programming
language. Since it worked with the three different databases, a laptop computer with powerful hardware
was chosen to run the software. To obtain the best results, the application and different parameters and
tests were repeated several times on the Spyder and Anaconda development environment using Python
language on an 8-core Intel Core i7 processor HP laptop. Python is an object-oriented, interpretative,
modular, and interactive high-level programming language. Simple syntax based on indentations makes
the language easy to learn and remember. This gives it the feature of being a language where
programming can be started without wasting time with the details of syntax (Python Software
Foundation, 2012). It is using only CPU cores for all other phases except the face recognition phase.
The laptop's GPU is not used because, as mentioned above, the goal is to develop a system that can run
with very few computational resources. Also, Logitech C270 720p webcam was used externally from
the laptop to capture images and videos to test the system on a standard laptop. In this study, the camera
was set to be directly opposite and this program was run in a bright environment to obtain more accurate
results.

TensorFlow is an open-sourced end-to-end platform, a library for multiple machine learning tasks, while
Keras is a high-level neural network library that runs on top of TensorFlow, whereas OpenCV is a
computer vision library (Terra, 2022). OpenCV is library developed specifically for computer vision
algorithms. Tensorflow is framework for machine learning problems. Though it is suited for more
general problems as well, such as: classification, clustering and regression, you can do image recognition
with TensorFlow. Keras is a high-level neural networks API, written in Python and capable of running
on top of Tensorflow. It concludes that Tensorflow being a machine learning framework is widely
adapted for deep learning tasks in research and industrial community. (Mokhtari, 2021) Most of the
open-sourced deep learning models are written in either Tensorflow. With OpenCV, you can test simple
face detection techniques like SVM and Histograms of Oriented Gradients (HOG).

In this study, three different public databases were used to train the model. These are FER2013, JAFFE
and CK+ databases. These datasets were chosen because they are widely used public datasets. Chen et
al. analyze and compare facial expression recognition methods. In this study, they propose some
evaluation dimensions and discuss possible directions for future research by using CK+ database (Chen
& Wu, 2018). Feature extraction is important issue in real-time application in terms of processing time.
To extract the feature, HOG method was used. Different machine learning algorithms were used to
classify these extracted features. These are k-Nearest Neighbor (k-NN), SVM and CNN methods. Also
transfer learning was used in CNN architecture to improve the performance of the network.

2.1 FER?2013 Database

The FER2013 dataset used to create the model in this study includes 35,887 face images. These
images are in gray format with 48x48 pixels. Label parts of these photos are included in this data set.
The photographs that contain 7 different emotions -happiness, sadness, surprise, disgust, anger, fear and
neutral - described in the previous sections are a data set is open source. Some images used in the
FER2013 data set are given in Figure 1.
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Figure 1. FER2013 dataset (Verma & Verma 2020)

2.2 JAFFE Database

The JAFFE database is a publicly available dataset of 213 facial expression images of 10 Japanese
women, called the Japanese Female Facial Expression (JAFFE). Each subject displayed 7 basic
emotions, and each expression included 3 - 4 images per subject. This database, which contains 30
angry, 29 disgust, 33 fear, 30 happiness, 31 sad, 30 surprise and 30 neutral expressions and it is a
grayscale and has a resolution of 256 x 256 pixels. All facial images were created under similar, highly
controlled lighting conditions, without any environmental factors such as hair or glasses. Some images
used in the JAFFE data set are given in Figure 2.

Flgure 2. JAFFE dataset (Akmrotlml 2018)

2.3 CK+ Database

The expanded Cohn-Kanade (CK+) dataset includes 593 images from a total of 123 different subjects
aged 18 to 50 years, of various genders. Each image is in 640x480 pixel resolution and mostly in gray
format. 327 of these images were tagged with one of the seven expressions. The CK+ database is
considered the most widely used laboratory-controlled facial expression classification database
available and is used in most facial expression classification methods. Some images used in the CK+
data set are given in Figure 3.

Figure 3. CK+ dataset (Lucey et al., 2010)
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2.4 Feature Selection Method Used in the Application

In this study, a real-time facial expression recognition software was studied. Different models were
composed by using different machine learning methods. These models are basically based on
recognizing 7 basic emotions. This software is based on the determination of facial expressions and their
classification through decision mechanisms. For the classification of facial expressions, the main
features expressing emotions should be extracted. In this study, these processes are carried out with the
method named HOG. An example image with the HOG method is given in Figure 4. The histogram of
directed gradients is a feature selection method used in computer vision and image processing for object
detection, a feature descriptor often used for object detection. It relies on the property of objects within
an image to have the distribution of density gradients or edge directions. Gradients are calculated within
one image per block. A block is considered a pixel grid from which gradients are created from the
magnitude and direction of the change in pixel intensities within the block.
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§F 0 = = = # # = = 11
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Figure 4. HOG sample face photo (Islam & Al-Murad, 2017)

A window size of 128 x 128 pixel was used for face images because it covers human faces (Yang &
Kriegman, 2002). In HOG methods, identifiers are calculated on blocks of 8 x 8 pixels. For each pixel
on the 8 x 8 block, these descriptive values are quantized into 9 bins, where each bin represents a
directional gradient angle and the value in that bin, which is the sum of the magnitudes of all pixels with
the same angle. Also, the histogram is then normalized to a block size of 16 x 16, which means four 8 x
8 blocks are normalized together to minimize light conditions. This mechanism reduces the accuracy
drop due to a change in light.

In this study, one of the deep learning libraries of the Python programming language, Keras -
TensorFlow was used in this software. The block diagram of the proposed method is shown in Figure 5.
When the program is run, it takes face images from the webcam and after a preprocessing called
preprocessing, face detection is made. Then, features are extracted with the HOG method. The features
are performed automatically with the designed convolutional neural network. By extracting features of
face, seven universal emotions can be classified as happiness, sadness, anger, disgust, surprise, neutral
and fear.
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Figure 5. The proposed emotion recognition system from facial expression based on image processing

2.5 Methods

In this study, 3 different machine learning methods were used to classified. SVM and k-NN are
traditional machine learning algorithms. CNN is one of the deep learning algorithm. Thus, in this study,
traditional methods and deep learning can be compared for emotion recognition application.

SVM is a supervised machine learning algorithm used in classification and regression problems. In
classification applications, SVM method is a binary classifier. In the SVM algorithm, each data is
represented as a point in n-dimensional space, with the value of a particular coordinate. It then finds the
hyperplane that best separates the two classes. The algorithm classifies the data according to which side
of this hyperplane it is (Khoong, 2021).

k-NN is one of the supervised machine learning algorithms. So the algorithm uses the labeled dataset.
The class of the new observation is determined according to the classes of the k nearest observations.
The new observation is classified according to the class with the highest votes among its k nearest
neighbors (Srivastava,2018).

CNN is a deep learning network that is very successful in image processing. It is developed by analogy
from the visual cortex. CNN architecture processes the image by passing it through various layers. The
commonly used layers are convolution layer, pooling layer, flattened layer, fully connected layer and
softmax layer. Different architectures can be obtained stacking of these layers (Verma &Verma, 2020)
Alexnet is the first large-scale CNN architecture to succeed in the Imagenet competition (Cinar, 2018).
Alexnet architecture composes of 5 convolution layers and 3 fully connected layers. It was trained with
approximately 1.3 million images with 1000 classes. Residual Network (ResNet) is another CNN
architecture. The main basic element of the Resnet architecture is residual blocks. To prevent vanish
gradient problem, residual links are used in this architecture (Ozdemir et al., 2019). There are different
ResNet architectures with different number of layers. In this study, Resnet50 consisting of 50 layers was
preferred. While training neural networks, losses occur in the feature map due to convolution and
pooling operations. Dense net architecture has been proposed to prevent this. It is a CNN architecture
consisting of dense blocks. The layers within the blocks are densely interconnected (Ozdemir et al.,
2019). And lastly, InceptionVV3 CNN architecture was used. This architecture proposes an initial model
that combines multiple different sized convolutional filters into a new filter (Islam & Al-Murad, 2017).
This model reduces the number of parameters to be trained. This also reduces the computational
complexity of the model.

2.6 Transfer Learning

Reuse of a previously trained model on a new problem is defined as transfer learning in machine
learning. Transfer learning is the reuse of information learned by one network in another dataset to
improve the performance of another network (Sharma, 2021).
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A machine uses knowledge learned from a previous assignment to increase insight into a new task in
transfer learning. When training a classifier to predict whether an image contains anything, information
acquired during training can be used to distinguish faces. If a simple classifier is trained to predict
whether an image contains a smiling human face, the model's training information can be used to identify
other facial expressions.

Transfer learning is commonly applied in sentiment analysis (Li & Lima,2021). Neural networks
typically aim to detect edges in the first layer, forms in the middle layer, and task-specific features in
the later layers(Cinar, 2018). The early and central layers are used in transfer learning, and the later
layers are only retrained. As the newly created model is trained to recognize facial expressions at earlier
levels, subsequent layers are retrained to understand what distinguishes a smiley from other expressions
(Akinrotimi, 2018).

This information learned by a deep network is used by adapting the model to improve the performance
of another network and to develop a network that is not suitable for the training set. The situations where
the model trained and used for a different data set is called model adaptation. The purpose of this method,;
the knowledge of the previous model is used by creating a new model on top of the models at a certain
level that have learned the subject well (Goodfellow et al., 2017)

3. Results and Discussion

JAFFE, FER2013 and CK+ databases as facial expression databases are applied to observe the
difference between the management applied in this study and the methods in the literature. OpenCV
library for face reading and face recognition processes were used. Studies were carried out with k-NN
and SVM classifiers and AlexNet, ResNet, DenseNet and Inception learning algorithms. All the results
are given in Table 1.

Table 1
The comparison of accuracy rate and performances of different algorithms for practice 1
Database Practice-1 Practice-2 Ttl?i'r?];ng
Accuracy Accuracy (sec)
SVM JAFFE 73,08% 74,80% 11
FER2013 71,88% 73,22% 12
CK+ 72,74% 74,45% 11
KNN JAFFE 72,58% 74,98% 12
FER2013 77,39% 78,92% 14
CK+ 73,94% 76,71% 13
AlexNet JAFFE 81,67% 83,48% 30
FER2013 83,42% 84,70% 34
CK+ 82,26% 84,11% 32
ResNet50 JAFFE 90,34% 91,64% 22
FER2013 93,85% 94,51% 26
CK+ 92,11% 93,12% 25
DenseNet121 JAFFE 89,82% 90,26% 28
FER2013 92,04% 92,30% 31
CK+ 90,79% 91,54% 30
InceptionV3 JAFFE 84,58% 87,52% 16
FER2013 86,73% 89,30% 19
CK+ 85,07% 87,85% 17

In this study, accuracy and time analyzes of two different applications were carried out. In practice
1, facial expressions belonging to 10 different people (Mena-Chalco, 2009) were shown the model to
test. In practice 2, it was tried to perform the emotion recognition function from facial expression in real
time by using web-cam image. The accuracy rates obtained during these applications and the time spent
in each training round in machine / deep learning methods are given in seconds. All transfer learnings
were performed in 100 rounds to get the best results. The epoch, batch size, momentum and learning
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rate are selected as 100, 32, 0.9 and 0.01 respectively in all transfer learning architectures. Adam
optimization algorithm was used to update network weights. To obtain overfitting problem dropout
was applied and dropout rate was selected as 0,2. In terms of accuracy, it is observed that deep learning
networks have a very high accuracy rate.

In the first application, all methods, and their effects on three different databases (JAFFE - FER2013 -
CK+) were tested with a total of 70 images of 10 different people. The expressions shown in Figure 6
shows the emotions detected by the application.

neutral e neutral

£2)

neutral

e
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neutral

suprise

(b)
Figure 6. The faces images used in the practice-1 for test a) first five-person b) last five person (Mena-
Chalco, 2009)

In second practice, the webcam images shown in Figure 7 classified for the facial expression in real —
time. When the model was trained with the FER2013 database and classified by using SVM method,
the confusion matrix shown in Figure 8 is obtained for practice 2. The color bar in Figure 8 indicates
that if the color in the confusion matrix is approaching red, the value is approaching 100%. If it is going
towards the dark blue color, it indicates that it is approaching 0%. The model achieved the highest
success in recognizing the "neutral” expression. The lowest accuracy rate was recorded in the facial
expressions of "surprise”.
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Figure 7. Screenshot images (angry, sad, fear, disgust and happy) from real-time face emotion
recognition application

True Class

Neutral Happy  Sad  Surprise Anger Disgust Fear

Neutral

Happy

Sad

Surprise m

Anger

Predicted Class

Disgust
Fear

Figure 8. The confusion matrix when the model is trained with FER2013 database and the SVM
algorithm is used for classification in practice 2

In another model, the highest accuracy rate was obtained for the practice 2 when the model was
trained with FER2013 database in ResNet architecture, which is one of the transfer learning methods.
In this model, the lowest accuracy rate was observed in the expressions "disgust™ and "surprise™, while
the highest accuracy rate was observed in the expression "neutral”. The confusion matrix of this study
is also given in Figure 9.
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Figure 9. The confusion matrix when the model is trained with FER2013 database and ResNet
architecture is used for classification in practice 2.

The confusion matrix, which includes the accuracy rates according to the seven different expressions
that are considered as a basis. Neutral expression was mostly observed as the expression with the highest
accuracy rate. The main reason for this is that a neutral facial expression can be created on the face
without activating any facial muscles. Many different muscles of the face must be activated and
contracted at the same time in the other facial expression. These contractions occur differently on each
face. These differences detected better as the dataset gets larger and random. Thus, as the data set grows,
the expression detection rate also increases. The FER2013 dataset contains the most data from the
datasets used in this study. As can be seen from Figure 10, the highest success was achieved in all
methods except SVM when FER2013 data was used in training stage. SVM is a method that is successful
even when the number of features is high and the number of measurements is low (Giines & Polat, 2009)
For this reason, this study also achieves a certain success in data sets with a small number of data such
as JAFFE dataset.

In practice 2, tests were carried out in real time and the expressions taken by the webcam The results of
our application show that the tests were more successful in real-time application. The reason for this is
that preprocessing, and feature extraction processes are successful in real-time applications when
suitable conditions are created.
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Figure 10. The comparison of accuracy rates of different algorithms for practice 1 and 2.

In the Figure 10, which method gives better results in which application and which method achieves
higher accuracy are detailed. ResNet50 was observed in the FER2013 dataset with an accuracy rate of
94.51%. Also classification successes given in Table 2 are analyzed according to each facial expression.
Neutral expression is mostly observed as the expression with the highest accuracy rate like the practice
1. For the same reason as in application 1, it is thought that the success obtained in neutral expression is
high.

Table 2
Classification accuracies of each facial expression for practice 2.
Neutral Happy Sad Suprise Anger Disgust Fear

Method Dataset

(%) (%) (%) (%) (%) (%) (%)

JAFFE 73,63 7387 7124 7192 72,94 71,63 73,36

SVM FER2013 73,45 71,39 7075 69,83 72,22 72,98 72,46
CK+ 73,15 7348 71,13 7126 71,91 71,56 72,54

JAFFE 73,46 7343 7291 7182 72,67 71,83 71,92

KNN FER2013 78,64 7784 7697 7658 77,42 76,24 76,43
CK+ 74,65 7418 7481 7226 75,27 72,74 73,36

JAFFE 82,29 8245 8091 79,83 80,19 80,13 81,59

AlexNet FER2013 83,86 8389 8356 8176 83,47 83,61 83,72
CK+ 82,93 8279 8165 8126 82,73 81,88 82,46

JAFFE 90,83 90,61 90,14 90,50 89,73 89,84 90,89

ResNetsO ~ FER2013 94,83 9342 9284 9176 92,51 91,79 92,23
CK+ 92,61 9217 91,68 9113 92,09 91,49 91,88

JAFFE 89,42 89,35 89,07 8859 89,29 89,12 89,20
DenseNet12l FER2013 92,18 91,28 91,07 90,69 91,68 90,83 92,05
CK+ 90,12 90,25 90,92 90,87 91,26 90,45 91,62

JAFFE 86,17 8597 8557 84,74 85,21 85,15 85,23
InceptionvV3 FER2013 88,59 8821 8665 8641 86,26 85,42 85,33
CK+ 86,13 8570 8542 84,69 84,57 84,12 84,24

When the results obtained in this study are compared with the results of the literature, it seems that
successful results have been obtained with the proposed method. The results are given in Table 3.
Feature extraction with the HOG method and then classification of the obtained feature extracted image
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with the resnet50 architecture has been successful in all datasets. When the literature results are
examined, there are higher successful results. However, since these results do not include real-time
application, a full comparison cannot be made. The results show that the overall success of the proposed
method is high for all data sets.

3. 2 Application Restrictions

For software to achieve higher accuracy and to work with better performance, some of the
restriction steps we encountered in our system are listed below.

o Real-time recognition becomes very difficult for 720p and higher images. This is because the
time it takes to execute the face position step is also significantly extended on the platform.
Therefore, our system's real-time recognition is limited to images in sizes from 180p to 720p.

e The system can detect and recognize faces from about 50 to 100 cm from the webcam. Outside
of this range, the system will perform poorly.

e Since no extra flash or lighting system is used in the system, the angle of the camera and the
amount of light in the environment also affect the performance of the system. For best
performance, the camera should be positioned so that it does not reflect overhead lighting or

daylight.
Table 3
The comparison of accuracy rates with literature for each dataset

Study Dataset Featumefﬁ;gaction Clal\s/ls(i;[irclzgéion '?i?ﬁ:: AC((:;I)(;lcy
Saxena, A., 2020 JAFFE MLP ANN X 73
Saxena, A., 2020 JAFFE Haar ADABOOST X 92
Saxena, A., 2020 GWI Spectral Embedding GABOR X 62.3
Chen, Y., 2018 CK+ - SVM X 79
Sebe, N., 2004 - Optical Flow K-NN v 86
Devrim, M., O., 2019 JAFFE Viola Jones DenseNet 4 90,18
Devrim, M., O., 2019 JAFFE Viola Jones InceptionV3 v 87,50
Devrim, M., O., 2019 JAFFE Viola Jones ResNet v 91,52
Ozdemir, M., A., 2019 FER2013 BPSO ResNet X 83,40
Engin, D., 2017 CK+ LBP ResNet v 93,21
Engin, D., 2017 CK+ LBP InceptionV3 v 85,77
Zhao, X. 2015 JAFFE CNN RELM* X 96,8
Zhao, X. 2015 CK+ CNN RELM* X 86,5
Zhao, X. 2015 FER2013 CNN RELM* X 62,5
This Study JAFFE HOG Resnet50 v 91,64
This Study FER2013 HOG Resnet50 4 94,51
This Study CK+ HOG Resnet50 v 93,12

*Regularized Extreme Learning Machine

4. Conclusion

Computer-based expression recognition models have a wide range of uses in daily life. In this study,
a facial expression recognition system was developed to detect seven facial expressions based on facial
mimics in real time. Different classification methods, were compared in terms of accuracy rates and
training times with training images in databases which have different number images. Spyder software,
Keras, Tensorflow and OpenCyv libraries have been installed in the computer environment. Among the
classification methods, k-NN, SVM, AlexNet, ResNet, DenseNet and Inception were preferred. JAFFE,
FER2013 and CK+ were preferred as databases because these are open source. A comprehensive
analysis was performed for the different datasets and different methods. According to the results of the
applications made in these different methods and databases, the highest accuracy rate was observed in
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the model using the FER2013 dataset and the ResNet. With CNN architectures, much more successful
results have been obtained in this application compared to traditional methods. It was observed that the
accuracy rate increased as the amount of data in the data set increased. When the feature is extracted
with HOG and then classified with ResNet, good results have been obtained with this proposed method.
The highest accuracy rate was obtained as 95,1% with the proposed method in real time application.
By using this application on different datasets, using with different classifiers during training, and
increasing the training data, the system can be improved for the future studies. The results of the
performance analysis carried out within the scope of this study can be improved by testing more
classification methods on different data sets.
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with different demand patterns in terms of variation. In this paper, we propose two algorithms, one based on statistical
Research Article analysis and the other an unsupervised machine learning algorithm using K-means clustering, both of which differ-

entiate seasonal and non-seasonal products where an item’s variation is evaluated with respect to seasonality of the
product group it belongs to. We then calculate the efficiency of two proposed approaches by standard deviation within
each cluster and absolute difference of percentage of volume and item numbers. We also compare the outputs of two
algorithms with the methodology which is based on coefficient of variance and is currently in use at the company
which is a leading major domestic appliance manufacturer. The results show that the statistical method we propose
generates superior outputs than the other two for both seasonal and non-seasonal demand patterns.
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1. Introduction

Effective inventory management is one of the major area of studies in supply chain management. Optimi-
sation of service levels with respect to inventory carrying and operating costs enables companies to determine
their supply chain strategies in terms of customer and product-specific policies. It is almost a necessity to
differentiate service levels since obtaining a high service for all product and customer combinations becomes
infeasible in terms of cost and working capital management.

A well-known approach to differentiate products for service level differentiation is grouping items based on
their volume and one can easily deduce that the well-known ABC classification of items has a great area of
use for its validity and simplicity. ABC classification takes Vilfredo Pareto’s rule as a basis where the majority
of the consequences are determined by a small portion of the items or causes which affect them. Hence, clas-
sification of items in order to generate effective inventory policies does not only depend on volume but other
features as well. These features may depend on the dynamics of the related industry and production and distri-
bution requirements of the items and thus, some of the various studies and applications will be mentioned
afterwards. However, one of the most important features for item classification is taken as the variability of
the items’ consumption, since variability is also a major feature in terms of inventory management, such as
determining the safety stock levels.
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We have conducted this study in one of the leading major domestic appliance manufacturers in the world,
which started its industrial life in 1950s and has been producing a wide range of products under various brands
at its factories and exports to more than 130 countries since then. The company’s supply chain faces challenges
in effective planning, especially in terms of inventory management due to high complexity of channel
requirements, products, and different demand patterns. The company has the well-known periodically
reviewed order-up-to inventory control policy in use, and in order to establish a robust supply chain planning
infrastructure, their major area of focus is differentiating the service levels among the high number of product
portfolio.
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Figure 1. Distribution network of the company's supply chain

As determining the differentiated service levels in such a complex supply chain structure becomes a prerequi-
site for inventory planning, our study focuses on clustering the products for the abovementioned service level
differentiation within a single market, the distribution network of which is shown in Figure 1. Within the order-
up-to policy for inventory control, the company uses a classical ABC-XYZ classification of items where ABC
classes are determined by volume and XYZ classes by demand variation, and we take the same two dimensions
of clustering methodology focusing on variation sub-clusters.

Currently, the company uses the coefficient of variance (CoV) parameter for the XYZ clustering in which the
CoV value for SKU i is calculated by (1.1);

cov; = 2
= (1.1)
where;
oi. standard deviation of sales of SKU i
ui: average of sales of SKU i
and

X ifCoV;<a
i€LY ifa<ColV;<b
Z ;if b < CoV;

Hence, this classification has two major lacking points. First, the outcome of this methodology is highly
dependent on the chosen a and b parameters. The company uses 0.7 and 1.1 values respectively for threshold
values but there is no scientific methodology nor an optimisation algorithm for determining the mentioned
parameters. Selecting the best-fit parameters will require deep industrial knowledge but will also be open to
challenges related to dynamic environmental changes in the industry and will demonstrate a weak argument
for deployment. The second lacking point lies in the nature of the demand pattern of different products. The
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clustering methodology is on SKU level by nature, but the company uses same threshold values as well as
classifying the products with the same criteria of standard deviation where the product portfolio includes highly
seasonal products together with non-seasonable ones. One can easily guess that the standard deviation of
seasonal and non-seasonal products will show difference on the basics, and it would neither be theoretically
nor practically correct to evaluate these two groups in the same manner.

2. Literature Review

Researchers and practitioners have conducted numerous studies for item classification in inventory control.
(Raja et al., 2016) used hierarchical clustering in which they have converted non-metric variables to metric for
improving inventory performance in inventory management of spare parts. (Pujiarto et al., 2021) developed a
method based on Partitioning Around Medoids algorithm for locating optimal picking points based on cluster
classifications. (Razavi Hajiagha et al., 2021) proposes a hybrid fuzzy-stochastic multi-criteria method using
possibilistic chance-constrained programming. They have considered demand information as stochastic due to
its time-varying nature and cost information as fuzzy due to its cognitive ambiguity and classified items into
three groups naming their level of importance. (Lopez-Soto et al., 2017) designed a multi-start constructive
algorithm to train a discrete artificial neural network in order to classify new units based on their attributes.
Another multi-criteria framework for inventory classification is developed by (Lolli et al., 2017) and applied
to intermittent demand. They emphasize the importance of inventory classification with respect to its effect
on ordering and replenishment policies. (Rezaei & Dowlatshahi, 2010) also proposed a rule-based multi-crite-
ria approach to inventory classification in which they have taken into account the inherent ambiguities that
exist in the reasoning process of the classification system. They have also compared their results with analytic
hierarchy process (AHP) method. (Cakir & Canbolat, 2008) proposed multi-criteria decision support system
using fuzzy analytic hierarchy process. (Bacchetti et al., 2013) developed a hierarchical multi-criteria classifi-
cation method and applied it in a spare parts inventory management case study. (Ladhari et al., 2016) developed
a hybrid model to overcome the conflicts of various multiple criteria inventory classification model and eval-
uated the efficiency of consensus outputs.

(Ernst & Cohen, 1990) developed a statistical clustering method using operations related groups (ORGS). The
groups they used took into consideration all the related product characteristics that have impact on operations
management. They also included an application of the mentioned methodology in spare parts distribution in
automotive industry with substantial advantages of outputs. (Ramanathan, 2006) built a weighted linear opti-
misation model scheme with illustrated application. (Russo, 2019) conducted widespread research and pro-
posed alternative method for ABC-XYZ classification of items in multi-echelon structures, identifying the
most important features for classification. (Chu et al., 2008) combined ABC analysis and fuzzy classification
to handle variables with both nominal and non-nominal attitudes and implemented their approach on the data
of Keelung Port with satisfactory outcomes. (Park et al., 2014) suggested a cross-evaluation-based linear op-
timisation for multiple criteria inventory clustering which incorporates the cross-efficiency for ranking of in-
ventory items. They also conducted a comparative experiment with the previous related investigations by sim-
ulation. (Rossetti & Achlerkar, 2011) evaluated multi-item group policies and grouped multi-item individual
policies and compared them to ABC analysis via a set of experiments. (Yang et al., 2017) investigated the
dynamic integration and optimisation of inventory classification to maximise the net present value of profit
over the planning horizon using mixed-integer linear programming. (Tavassoli et al., 2014) used data envel-
opment analysis (DEA) to classify inventory items into three groups with weight restrictions in order to allow
managerial preferences. Another model simultaneously optimises the number of inventory groups, correspond-
ing service levels and assignment of SKUs within the group (Millstein et al., 2014). (Narkhede & Rajhans,
2022) discusses an integrated approach where they use rank order clustering (ROC) technique to redesign
inventory management strategies for small and medium-sized enterprises.

While the use of multi-criteria decision making, linear optimisation, fuzzy systems and analytic hierarchy
process is widespread, methodologies for item clustering is not limited to them, especially with the increasing
application of machine learning techniques. Many studies take into account k-means algorithm, which is an
incremental approach and dynamically adds one cluster centre through a deterministic global search procedure
consisting of executions with the number of data points (Likas et al., 2003). (Balugani et al., 2018) used k-
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means and Ward’s method algorithms to cluster items into homogenous groups with uniform inventory control
policies. (T. Kanungo et al., 2002) proposed an efficient k-means algorithm together with its analysis and
implementation. (Mohamad & Usman, 2013) analysed the performances of three standardization methods on
conventional k-means algorithm on dataset of infectious diseases. They conclude that the z-score
standardization method is more effective and efficient than min-max and decimal scaling methods. (Bellini et
al., 2022) proposed a recommendation system based on a multi-clustering approach of items and users in
fashion retail, where their proposed solution relies on mining techniques. (Liu et al., 2022) uses dynamic
clustering scheduling for optimisation of big data parallel scheduling tasks. Their approach can also be adapted
to item scheduling for inventory management where multiple criteria are used. Another strong technique which
can be adapted to inventory management is linear programming (LP)-rounding to be used in machine learning
and used for facility location clusters (Negahbani, 2022).

3. Methodology

Within the light of listed studies with various methods, we have generated a statistical and a k-means based
methodologies to overcome the lacking features of current clustering technigue which is based on simple sort-
ing of CoV values for each SKU. To do so, we start by determining each SKUs variability relative to the
variation of the product group it belongs to, and therefore we first define the coefficient of variance of product

group p by (3.1);

Cov, = 2P
ot = (3.1)
where;

op: standard deviation of sales of product group p

p: average of sales of product group p

Hence, we would like to obtain the relative variability of a single SKU with respect to variability of the product
group it belongs to, and combining (1) and (2), we define the ratio of variability ¢ as in (3.2):

p_ COVi
i COVp (32)

Generating the @; values for each SKU, we apply two approaches for clustering -a statistical approach where
the classes are formed by the distance of @; to the median of the @&; values within that product group, and an
unsupervised machine learning algorithm using k-means clustering. For the statistical modelling that is based
on median values, we first determine the range of @ values by the difference of maximum and minimum of
the parameter within each product group (3.3a) and obtain the quartiles with respect to the median of @ data
set (3.3b and 3.3c). The XYZ clusters are formed based on comparing the @ value of the SKU with obtained
quartiles:

Rg)p = Maxq.’)lp - Min(;bip (3.3a)
Q?,, =med(¢?) — (R, /4) (3.3b)
Q?, 5 = med(¢:7) + (R, /4) (3.3c)

(x sifeP <P,
i€ ! Yo5if Qfyy <of < Qs
LZ ; lf szp,3 = ¢Lp

In addition to the statistical method we have developed, we have also used a k-means clustering algorithm. K-
means methodology requires the number of clusters to be obtained as the initial step and this parameter is
usually generated by additional techniques such as elbow method. Since the number of clusters we need is
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already three, we pre-set this parameter. Then each @; within the product group p is iteratively grouped based
on the cluster of nearest data point and the XYZ clusters are iteratively finalized.

4. Results and Discussion

As stated above, our methodology fundamentally aims to differentiate seasonal and non-seasonal products
and generates a new parameter of SKU variation with respect to product groups’ variation. We therefore ana-
lyse the outputs of the two algorithms based on this new parameter of relative coefficient of variation and
compare the results with the current sorting method as well as with each other both for seasonal and non-
seasonal product groups. We start with visualising the distribution of relative coefficient of variation, where
the distribution of obtained @i points is given in Figure 2.

Distribution of ®i among XYZ classes Distribution of ®i among XYZ classes
in non-seasonal products in seasonal products
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Figure 2. Distribution of @i data points in non-seasonal and seasonal product groups

In order to determine the efficiency of the three methods, we first analyse the correspondence of each cluster
with respect to volume. We obtain this efficiency by calculating the absolute value of the difference of per-
centage of volume and percentage of number of items within that cluster as in (4.1).

871 = et = x| (4.0)

where;

x2®: Percentage of volume of cluster g within product group p

x%: Percentage of number of SKUs in cluster g within product group p
5P9: Absolute value of difference of percentages

The outputs of this calculation are shown in Figure 3. Both for seasonal and non-seasonal products, statistical
method gives the biggest sum of absolute values with 41.7% and 55.2% of values respectively. K-means algo-
rithm has 35.8% for seasonal and 3.6% for non-seasonal products while sorting method has 10.1% and 1.0%
values with the same order. Considering these values statistical method gives the best output, however for
seasonal products, 21 points of 41.7% arises from cluster X in reverse side, which means 25.5% of number of
items in cluster X corresponds to only 4.6% turnover. These numbers enable to question the absolute efficiency
of the algorithm, leading to carry out further analysis.
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Figure 3. Correspondence of items within clusters to volume (Bnumber of items, " volume)

Our second analysis is based on the standard deviation of @i values within each cluster. It can easily be con-
cluded that the smaller the standard deviation within each cluster, the more efficient the clustering algorithm
would be. However, since the main parameter for clustering is coefficient of variation for sorting method, we
have taken standard deviation of CoV values for it. Standard deviation values of CoV; and ®i within each
cluster for both type of product groups is given in Table 1.

Table 1
Analysis of standard deviation of clusters for seasonal and non-seasonal items
Seasonal Non-seasonal
X Y Z X Y Z
Sorting 3159 .1649 - 1935 .3879 -

Statistical .1202 .0877 .0726 .0151 .0359 .1467
K-means .0321 .0694 .0808 .0186 .0699 .3022

Since sorting method yields to only one data point in cluster Z, we do not have any calculated standard devia-
tion figure for that cluster. Deep-diving into the calculated values, we again observe statistical algorithm out-
performing both sorting and k-means algorithms. The exceptional figure is again cluster X of seasonal products
where the standard deviation value of k-means algorithm is less than statistical algorithm. These outputs lead
us to conclude that the analysis of standard deviation is in line with our first figure namely correspondence of
percentages in terms of items and volume. Therefore, the statistical algorithm based on median value and
defining quartiles as the threshold values outperforms simple sorting and k-means algorithms, except cluster
X of seasonal products.

5. Conclusion

This study is conducted in major domestic appliances industry which has a highly complex supply chain
structure in terms of demand and distribution characteristics, and therefore requires a sophisticated inventory
management policy. The base of effective inventory management lies on setting differentiated service levels
for different types of products, which brings item clustering as a prerequisite. The company where this study
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is conducted uses a simple sorting method for clustering in which they use coefficient of variation parameter
as the indicator for all product range. This paper analyses the clustering methodology of items based on their
sales (consumption) variation with the fundamental aim of differentiating seasonal and non-seasonal product
groups. In order to execute this idea of differentiation, we have generated a new relative variation indicator in
which an item’s variation is measured with respect to the product group’s variation that the item belongs to.
Having generated this indicator, we have developed two algorithms in order to form XYZ clusters. The first
algorithm is based on a statistical analysis, where the quartiles are obtained around the median of the relative
variation data set and clusters are formed based on these quartile threshold values. The second algorithm uses
the classical k-means machine learning techniques where the number of clusters is set to three and data points
are assigned to each cluster iteratively.

We have analysed the results of the three algorithms in terms of two main perspectives: correspondence of
percentage of items in each cluster to the percentage of volume, and standard deviation of data points within
each cluster. The result of the analysis demonstrates that both statistical and k-means algorithms overperform
the simple sorting method which is currently used by the company and proves our idea of differentiating sea-
sonal and non-seasonal products would provide better results for effective inventory management. In addition,
the statistical method we have developed provides better results rather than k-means algorithm both in seasonal
and non-seasonal product groups, except the X cluster of seasonal products. Considering the higher computa-
tional effort of k-means algorithm as well, it is more advantageous for the company to apply the statistical
method based on quartiles around the median value.

However, deep-dived data analysis might provide additional insights for the performance of the two algo-
rithms, especially for product groups with higher seasonality. Also, our study is limited to one industry only
and takes into account only historic sales variation. Especially for highly seasonal products, future demand
variation may differ from historic data. Therefore, further studies would be much more enlightening especially
in different industries with both seasonal and non-seasonal products, focusing on the features that affect the
demand pattern and variation. We have only tried to establish a base for differentiation of products, and various
techniques can be added in order to enrich the study.
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Accepted:  16.08.2022 mean effective pressures and smoke emissions. Dynamic light scattering was utilized to examine the nanoparticle
Published:  15.12.2022 dispersion in the lubricant. Thermo-gravimetric analysis on nanoparticles was conducted to examine the thermal

endurance during abrasion tests. The samples directly cut from the spare piston ring of the test engine underwent
Research Article severe friction and wear tests via linear friction module. Coefficient of friction was considered as comparison param-

eter to understand the tribological behavior of friction pairs submerged in two different lubricants. Scanning electron
microscopy analysis was conducted to observe morphology of the nanoparticle and to analyze the surface structure
of the samples before and after the abrasion tests. Atomic force microscopy analysis was done to obtain the 3D images
of the worn surfaces and to make a comprehensive comparison of tribological performance between engine lubricant
and nanolubricant. The results depicted that, TiO, is effective in reducing coefficient of friction by an average of
10.37% and wear rate by 33.58% as well as improving brake mean effective pressure by an average of 4.95% and
reducing friction mean effective pressure by an average of 9.34% when compared to those of the engine oil. In parallel
with reduced friction, TiO, incorporation in engine oil yielded an average reduction of 9.11% in smoke opacity. The
experiments suggest promising results in terms of utilization of low friction, fuel efficient and environmental friendly
internal combustion engines fulfilling strict emission regulations.

Keywords — Diesel engine, mean effective pressure, smoke emission, tribology, TiO, nanoparticle;

1. Introduction

Friction between solid surfaces in relative motion is a complex process due to wide variation in the magni-
tude of forces exerted onto the contact surfaces. Thus, various lubrication regimes occur in the piston ring-
cylinder liner (PRCL) of a running engine. Basically, three regimes are observed in PRCL system: (i) Boundary
lubrication generally occurs when the piston is at top dead center (TDC) and bottom dead center (BDC). The
oil film is only formed by squeeze effect as the piston velocity is zero at these dead points. This causes thinner
oil film at TDC and BDC, where fretting effects reach maximum. (ii) Hydrodynamic lubrication is expected
to be seen at mid-strokes where higher piston velocity values are observed. As the piston moves, the lubrication
ring distributes the lubricant on the cylinder liner. The oil film is thicker and metal-metal contact is minimum
within mid-stroke region. (iii) Mixed lubrication represents the transition from boundary regime to hydrody-
namic regime (Yin, Li, Fu, & Yun, 2012). Stribeck diagram is used to define lubrication regimes in which the
Hersey number (HN) (1.1) is plotted against coefficient of friction. “f” can be expressed in terms of dry and
hydrodynamic friction as depicted in 1.2 (Heywood, 2018):
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HN=nN/T (1.1)
f=ofy+(1-0) fh (1.2)
where;

n: dynamic viscosity of the lubricant (Pa.s)

N: entrainment speed of the lubricant (m/s)

I': loading force per length of the tribological contact (N/m)
o: metal-metal contact constant (0<c<l1)

fa: dry friction coefficient

fn: hydrodynamic friction coefficient

As 6—1 and f—fy, boundary friction occurs, that is, solid surfaces are nearly in contact (very thin oil layer in
between). On the other hand, as 6—0 and f—fy, hydrodynamic friction occurs where the thickness of the oil
layer is adequate to fully separate the solid surfaces (Heywood, 2018).

In reciprocating engines, fretting pairs become deteriorated in time and piston ring assembly is responsible for
45% of total friction (Taylor, 1998). Thus, tribological characteristic of PRCL system is directly related to the
lubrication performance of the engine (Dimkovski, Anderberg, Ohlsson, & Rosén, 2011; Guo, Yuan, Liu,
Peng, & Yan, 2013).

Intriguing studies have been carried out by several researchers focusing on reducing frictional using various
methods such as coating of contact surfaces (Kovalchenko, Ajayi, Erdemir, Fenske, & Etsion, 2005; Kumar,
Sinha, & Agarwal, 2019; K. Y. Li, Zhou, Bello, Lee, & Lee, 2005; Lin, Wei, Bitsis, & Lee, 2016; Tung &
Gao, 2003; Wroblewski & Koszalka, 2021), surface texturing (Kovalchenko et al., 2005; Podgornik, Vilhena,
Sedladek, Rek, & Zun, 2012; Ronen, Etsion, & Kligerman, 2001), organic friction modifiers as engine lubri-
cant additives (Fry, Chui, Moody, & Wong, 2020; Guegan, Southby, & Spikes, 2019; Ratoi, Niste, Alghawel,
Suen, & Nelson, 2014). Though undisputable advantageous features of these techniques in terms of reducing
frictional losses within PRCL system, they may bring a huge cost burden to the researcher or his/her institution
as they require expensive experimental set-ups. In this context, incorporation of nanoparticle additives in en-
gine oil steps forward to improve the tribological behavior of PRCL pair, little amount of nanoparticle intro-
duction into the engine oil is generally sufficient and very effective as well as requiring no special and high
cost experimental set-ups. Furthermore, one does not need to make modifications on the test engine. Nanopar-
ticles are characterized by their specific features that manipulate the lubrication mechanisms such as polishing
(K. Lee et al., 2009), rolling (Liu et al., 2004), mending (Tao, Jiazheng, & Kang, 1996) and third body
(Padgurskas, Rukuiza, Prosycevas, & Kreivaitis, 2013) effects. Therefore, recently, metallic nanoparticles in
elemental form such as Ag (Ghaednia, Babaei, Jackson, Bozack, & Khodadadi, 2013; J. Ma, Mo, & Bai, 2009),
Cu (Hu, Peng, & Ding, 2013; Pan & Zhang, 2010; Wang, Yin, Zhang, Wang, & Zhao, 2013; Yang, Zhang,
Zhang, Yu, & Zhang, 2013; Yu et al., 2008), Fe (Chen et al., 2015; S. Ma, Zheng, Cao, & Guo, 2010; Nabhan,
Ghazaly, Mousa, & Rashed, 2020; Song et al., 2012; Yilmaz, 2020b, 2020a), Ni (Chou et al., 2010), Pd (Abad
& Sanchez-Lopez, 2013) or in compound form (Chen et al., 2015; Hernandez Battez et al., 2006; S. Ma et al.,
2010; Nabhan et al., 2020; Song et al., 2012) have been studied by several researchers. Among nanoparticles
as engine oil additives, TiO2 nanoparticles have been attracting attention due to its higher corrosion endurance,
wear resistance and thermal stability as well as entrainment ability onto the metal surface crevices (higher
viscosity of nano-oil) to reduce friction (Cao et al., 2018; Curkovi¢, Curkovi¢, Salopek, Renjo, & Segota, 2013;
Dhiflaoui, Kaouther, & Larbi, 2018; Langlet et al., 2001; Wan, Chao, Liu, & Zhang, 2011).

Indicated mean effective pressure (IMEP) and brake mean effective pressure (BMEP) are useful parameters
for comparison of engine performance. Researchers have been implementing valuable studies related to IMEP
improvement such as developing fuel adjustment systems for ClI engines (Shi, Sun, & Deng, 2016; Kokjohn,
Hanson, Splitter, & Reitz, 2011; Bedoya, Saxena, Cadavid, Dibble, & Wissink, 2012), observation of fuel
injection timing (Agarwal et al., 2013; Su, Ji, Wang, Shi, Yang, & Cong, 2017) and establishment of duel-fuel
spark ignition engines running on various fuels (Liu, Wang, Long, & Wang, 2015). IMEP directly relates to
the work done by engine and can be measured via optical pressure sensors (Nagashima, Kawa, & Tsuchiya,
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2003) or it can be estimated as an area in a closed curve under P-V indication diagram using numerical inte-
gration. The average pressures in the engine cylinders are referred to as BMEP and it defines the work done
by the crankshaft per swept volume as shown in 1.3 (Heywood, 2018; Pahmi et al., 2019):

BMEP=2*1*n*T/V (1.3)

BMEP: brake mean effective pressure (Pa)

n: number of revolutions per power stroke (n=2 for 4-stroke engines)
T: brake torque (Nm)

Vq: displacement volume (m?)

Friction mean effective pressure (FMEP) is another parameter defining the pressure loss between IMEP and
BMEP due to friction occurring in the PRCL system. It is the mean effective pressure to overcome engine
friction (Heywood, 2018). Thus, it is related to the lubrication conditions between contact surfaces and can be
approximated by using 1.4:

FMEP=IMEP-BMEP (1.4)

Smoke emissions (soot formation) are of great concern especially in diesel engines. Diesel engines are prone
to emit smoke from the exhaust pipe under high loads due to lack of adequate oxygen to oxidize the most of
the fuel (Abdullah, Abdullah, & Bhatia, 2008; Mishra & Prasad, 2014). Furthermore, at high loads, short ig-
nition delay period (short time for mixing of air-fuel) at high fuel injection pressures deteriorate formation of
homogeneous mixture, that is, increased smoke emissions (Celikten, 2003). Diesel particulate filter (DPF) has
been a compulsory equipment in recent years to fulfill the strict emission regulations. DPFs are effective in
reducing particulate matter (Nguyen, Sung, Lee, & Kim, 2011) and may be more effective with a reduction in
frictional losses. Reducing frictional losses in PRCL system will make the engine deliver the same power with
lesser fuel or more power with the same fuel amount yielding lower smoke emissions.

The goal of this study is to observe the tribological effects of TiO, nanolubricant on performance (IMEP,
BMEP, FMEP) and smoke emissions of a diesel engine by conducting comprehensive friction and wear anal-
yses on the samples made up of same material with the piston ring-cylinder liner components. Though there
are several studies on tribological enhancement effects of TiO, nanoparticles as engine oil additive, literature
review shows that no study has been conducted to investigate the performance and smoke emissions of a diesel
engine running on TiO; nanolubricant. Furthermore, to the author’s knowledge, no studies have been estab-
lished related to the combination of tribological improvement of TiO2 nanoparticles and in-cylinder mean ef-
fective pressure parameters as well as smoke emissions.

2. Experimental Procedure

In the first step of the study, scanning electron microscopy (SEM) analysis was carried out to observe the
morphology of TiO nanoparticles (~20 nm, >99.5% trace metals basis). In the next step, thermal stability (TG)
analysis was carried out to investigate the thermal endurance of TiO, nanoparticles during friction tests under
harsh conditions to determine any decomposition and/or deterioration at high temperatures. In the subsequent
step, before friction tests, SEM image of sample surface (unworn cast iron sample directly cut from the spare
piston ring of the test engine) was taken. Then, the sample was submerged in the engine oil and TiO2 nano-oil
ambients to undergo friction tests under the same experimental conditions (oil temperature, sliding distance,
normal friction load exerted on the samples). Nanoparticle dispersion in engine oil has substantial effects on
tribological performance as nanoparticle clusters formed in the oil are highly responsible for agglomeration
between the contact surfaces. Therefore, it is essential to prepare a nano-oil in which the nanoparticles suspend
homogeneously. Firstly, the nanoparticle incorporated lubricant was ultrasonicated for 1 h to make a
homogeneous dispersion of the nanoparticles. Dynamic light scattering (DLS) technique was utilized to
confirm the homogenous dispersion of the nanoparticles in the oil. DLS is one of the most widely used
techniques for detecting size distributions, dispersion, and morphologies of dry and powdered nanoparticles in
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liquids. It uses a He—Ne laser operating at a certain wavelength (651 nm for this study) and a detection angle
(174 for this study) (Murdock, Braydich-Stolle, Schrand, Schlager, & Hussain, 2008; Pecora, 2000). The beam
coming out of the laser source is focused on the nano-oil suspension via a lens and scattered beams from the
nanoparticles are detected by a high speed camera. A software computes the zeta potential ({-p) value from
the beam data detected by the camera and processed by a data acquisition system (Figure 1). Zeta potential
defines the particle agglomeration, sedimentation, contact and complexation of nanoparticles with other media
elements in suspension and this value must be higher than 30 mV for a stable and homogeneous nano-oil
(Krishna Sabareesh, Gobinath, Sajith, Das, & Sobhan, 2012; J. H. Lee et al., 2008; Strenge, 1995). Average
{—p value of nanolubricant was over 30 mV even 10 days after its preparation. Technical specifications of the
DLS device is tabulated in Table 1. Experiments showed that TiO- incorporation in engine oil above 0.5 wt.%
causes sedimentation on the sample surface and coefficient of friction (CoF) tends to depict a sharp increase.
Thus, 0.5 wt.% was considered as the nanoparticle amount in the engine oil during experiments. Subsequent
to friction tests, worn sample surfaces were SEM analysed to compare the surface images before and after the
fretting trials. Atomic force microscopy (AFM) analyses were also implemented on sample surfaces before
and after the abrasion tests to observe wear characteristics. At the beginning of the friction tests, samples were
cleaned in diluted HCI bath to get rid of contaminations. Then, the surfaces were washed with pure water and
blown by nitrogen gas (drying process). The normal force during abrasion tests was maintained at 40 N due to
excessive damage formed on the sample surface. The specifications of the friction test conditions are given in
Table 2.

Laser source

ol Nano-oil

Camera

Figure 1. lllustration of DLS technique

Table 1
DLS device technical specifications
Diameter measurement range  3.8-100 um

Mobility range +20 pem/Vs

Zeta potential range >+500 mV

Measurement sensitivity +2 mV

Beam He-Ne laser

Motion capture CCD camera

Minimum sample volume 12 uL

Maximum conductivity 200 mS/cm

Zeta potential measurement 15 days after its preparation
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Table 2

Friction test specifications
Sample material Cast iron
Sample size (LXWxH) 20x20x4 mm
Module motion Reciprocating
Scratcher Steel ball (@5 mm)
Scratcher linear speed 2000 mm/min
Scratcher distance travelled 200 m
TiO2 mass fraction 0.5 wt.%
Oil bath temperature 25°C
Normal load 40N
Oil vessel volume 150 mL

The final stage of the study includes the single cylinder 4-stroke diesel engine tests with normal 5W-30 engine
oil and TiO2 incorporated (0.5 wt.%) engine oil (nano-oil). The comparison of these two lubricants in terms of
in-cylinder mean effective pressures and smoke emissions was also conducted. The technical specifications of
the test engine are shown in Table 3.

Table 3

Technical data of the single cylinder water cooled diesel test engine
Air induction Naturally aspirated
Fuel feeding system Direct injection
Bore 85 mm
Stroke 78 mm
Displacement 481 cc
Compression ratio 18:1
Lubrication Pump in oil sump
Max. rev. 3200 rpm
Max. power 7.8 kW@2800 rpm
Max. torque 29.5 Nm@1850 rpm
Mass 55 kg

During running of the engine, each instantaneous pressure value was measured via a piezoelectric pressure
sensor (Table 4) and transferred to the software by a data acquisition system. The crank angle corresponding
to instantaneous volume values was also measured utilizing a crank sensor which is connected to the same data
acquisition system. Thus, each instantaneous pressure datum subtending to each instantaneous crank angle was
recorded. Then, crank angle values were approximately converted to the corresponding volume data. The area
under the closed loop P-V diagram gives the net indicated work which is computed via cyclic integration of
the piston work (P.dV). In other words, IMEP can be defined as the net indicated work per swept volume (Vs)
as presented in 2.1:

IMEP=[1/V][$P.dV] (2.1)
Table 4
Technical data of the piezoelectric pressure sensor

Measuring range 0-300 bar

Sensitivity -30 pC/bar

Natural frequency >65 kHz

Operating temp. range -20-1560°C

Capacitance (no cables) 12 pF

Connector 10-32 UNF

The test engine was loaded via electromagnetic forces utilizing an eddy current dynamometer with arm length
of 185 mm. Each engine test was carried out at normal engine operating temperature, same ambient
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temperature (25°C) and relative humidity (55%) under wide open pumping (max. rpm at 0% load) conditions.
The loading process was done gradually until the engine starts to stammer. A digital smokemeter with £1%
precision was used to measure the smoke opacity. The device was initially calibrated with checks at 0% and
100% smoke opacity. General schematic of the test rig is demonstrated in Figure 2.

Data logger 2

Data logger 3

N
Phaustiyalve Smokemeter

\
PRCL component

Figure 2. Schematic of the test rig

3. Results and Discussion
3.1. Morphology and thermo-gravimetric (TG) analysis

Nanoparticle geometry highly affects the friction and wear characteristics between contact surfaces (Zhang,
Hu, Feng, & Wang, 2013). In general, the geometry is spherical throughout the structure (Figure 3) and rolling
effect is expected to be dominant in reducing friction between solid pairs at moderate lubricant temperatures.

e e

. —s0nm—y |

Figure 3. SEM image of TiO nanoparticles

Thermo-gravimetric methods reveal the changes in the structure of nanoparticles as a result of temperature
variations. Chemical reactions, polymerization, and crystallization processes are commonly represented by
exothermic peaks, while phase shifts, dehydration, degradation, and reduction reactions are represented by
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endothermic peaks. The lack of peaks suggests that the sample's thermal stability is high, implying that no
degradation during the work performed at that temperature range (Ali et al., 2016; Peng, Hu, & Wang, 2007;
Zin et al., 2014). As can be seen in Figure 4, TiO; nanoparticles were able to perform high resistance to harsh
thermal conditions even above 600°C (no sharp peaks). Mass increase with the increase in temperature is
related to the oxidation of metals on the surface during the heating process in an oxygen-rich environment.

Mass loss with increased temperature, on the other hand, may signal a possible breakdown response (S. Li &
Bhushan, 2016).
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Figure 4. Thermo-gravimetric behavior of the TiO, nanoparticles

3.2. Friction and wear analysis

Friction between two solid surfaces can be reduced by either lowering the contact surface area (rolling
effect) or decreasing the surface roughness (polishing effect). The CoF data procured from the linear friction
module are depicted in Figure 5. For both lubricant modes, mixed lubrication (transition from boundary to
hydrodynamic) can be observed until approximately sliding distance of 200 m. As of 200 m, hydrodynamic
friction occurs due to increase in shear stress in oil film arising from high scratcher velocity at mid-strokes
(mid-sliding distance). The average CoF in TiO; nano-oil is 10.37% lower than that of neat 5W-30 engine oil.
The reduction in CoF is due to: (i) the spherical shape of TiO, nanoparticles which reveals the rolling effect
and extra separation influence on fretting pairs, (ii) average zeta potential of 85 mV of the nano-oil that con-
firms the homogeneous dispersion of nanoparticles in the engine oil, ensuring smoother operation, (iii) filling
of asperities with nano size TiO, particles yielding polishing effect and smoother contact regions, (iv) higher

viscosity of nano-oil that provides more stable tribofilm between friction pairs and increase in load bearing
capacity.
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Figure 5. CoF with respect to sliding distance

Wear analysis on friction pairs is based on SEM (Figure 6) and AFM (Figure 7) images of surfaces before and
after abrasion tests. The wear rate and surface roughness data (Table 5) were also collected to make a compre-
hensive wear study. It is clearly seen from both SEM and AFM results that the surface of the specimen sub-
merged in the nano-oil is smoother than the one in the engine oil. The average surface roughness (Ra) experi-
ments were conducted in triplicate and average of these values were taken into account. The SEM image of
the unworn surface was shown to make a before-after comparison. For nano-oil ambient, average reductions
of 33.58% and 15.85% were determined in wear rate and average R, respectively. Higher viscosity of nano-
oil yields a slight increase in pressure of oil film and thus, separation of contact surfaces. Lower average CoF
values for nano-oil also confirm this phenomenon. Reduced wear tracks on the surface submerged in nano-oil
ambient may also be explained based on TG results (no melting at even high temperatures). High thermal
endurance of TiO. nanoparticles provides maintenance of spherical geometry and rolling effect. Furthermore,
polishing effect of nano size particles favors reduced wear tracks.

Table 5
Wear and average surface roughness test results
Lubricant Wear rate Ra(um) Average
(mm3/Nm) Test 1 Test 2 Test 3 Ra
(pm)
5W-30 32.28x 10° 0.92 0.81 0.73 0.82
5W-30+TiO: 21.44 x 10° 0.84 0.72 0.51 0.69
Reduction 33.58% 15.85%

M % & % i i “
— 10 ym —

exfoliation
— 10 pym —

(b)

Figure 6. SEM images of (a) unworn raw sample surface, (b) worn sample surface in engine oil, (c) worn
sample surface in TiO, nano-oil
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3D-AFM images of the unworn and worn surfaces also clearly confirm that wear rate (mass loss) is higher in
engine oil than that of nano-oil according to the average surface roughness height shown in vertical axis.
Smoother surface is clearly observed on the sample underwent friction tests in nano-oil than that of engine oil.
The “plains” are dominant compared to "hills” on the surface processed in nano-oil. The small amount of sharp
points on the images are due to AFM gain oscillation measurement errors.

100

-100

Figure 7. 3D-AFM images of (a) unworn raw sample surface, (b) worn sample surface in engine oil, (¢) worn
sample surface in TiO, nano-oil

3.3. Mean effective pressure and smoke emission analyses

In-cylinder IMEP is a good comparison parameter in terms of combustion efficiency and work done by
combustion force exerted onto the piston head. This study includes the indirect determination of IMEP using
P-V indicator diagram (Figure 8) plotted by means of the data taken from the pressure and crank sensors. Each
volume datum subtending to each crank angle was recorded as mentioned in the previous section. The area
integration of the closed loop gives the net indicated work delivered by the engine and IMEP is calculated
using 2.1 as depicted above.

770



Journal of Advanced Research in Natural and Applied Sciences 2020, Vol. 8, Issue 4, Pages: 762-776

Net indicated
work

=9

P

In-eylinder pressure (bar)
]

20 70 120 170 220 270 320 370 420
Cylinder volume (cc)
Figure 8. P-V indicator diagram of the engine

BMEP was used as another performance comparison parameter for the test engine running on two lubricant
modes. Dynamometer load cell provides the torque values corresponding to each engine speed via data logger
and a software. BMEP data were obtained substituting in 1.3. To observe the effects of fretting behavior on
mean pressure drops due to frictions, FMEP data were also computed considering the difference between IMEP
and BMEP (1.4). Mean effective pressure values were plotted against engine speed as seen in Figure 9. Torque
is prone to increase until mid-revs and reaches maximum at about 2000 rpm due to development of mixture
(more time for fuel to participate combustion). As approaching mid-revs, developed mixture unites with lower
heat loss, thus maximum torque is achieved. Above 2000 rpm, torque tends to decrease as there was very
insufficient time for combustion due to short opening time of intake valve. Recalling the direct proportion
between torque and BMEP, the same trend is expected for BMEP. FMEP stands for the mean pressure loss
and, hence, is inversely proportional to BMEP. Minimum FMEP is expected where the BMEP reaches its
maximum and vice versa. Especially at high revs, an escalation in FMEP increase rate was observed which
can be ascribed to elevated shear stress in tribofilm between fretting pairs.

[ —e—IMEP

B—BMEP (NL)

MEP (bar)

4 FMEP (NL)
= BMEP (PL)

—m—FMEP (PL)

NL: Nano lubricant
PL: Pure lubricant

1

700 1200 1700 2200 2700 3200
Engine speed (rpm)}

Figure 9. Mean effective pressures vs. engine speed for both lubrication modes

Smoke emission is one of the biggest problem of diesel engines due to its environmental and health hazards.
Figure 10 demonstrates the variation of smoke opacity with respect to engine speed. As the load increases (rpm
decreases), more fuel is to be injected into the combustion chamber to overcome the inverse forces exerted by
the dynamometer. If there is no adequate time for sufficient air to enter the cylinder, some of the fuel will not
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find air for oxidation and combustion will remain incomplete causing unburned solid fuel particles in the ex-
haust system. Reducing fretting forces entails smooth engine operation in which the injectors will spray lesser
fuel to overcome the decreased frictional forces and thus, lower smoke emissions. Improved tribological fea-
tures of the TiO; nanolubricant is the main reason in reducing smoke in comparison to that of the neat engine
oil.

40 - B =5W-30+Ti02 =——@=— 5W-30

Smoke opacity (%)
N w
o o

=
o

0
700 1200 1700 2200 2700 3200

Engine speed (rpm)

Figure 10. Variation of smoke opacity with respect to engine speed

4. Conclusions

This experimental study reveals the tribological improvement features of TiO, nanoparticle incorporation
in commercial engine oil in the context of reducing frictional losses between PRCL components of a single
cylinder diesel engine via comprehensive analyses. The results prove the effectiveness of TiO, nanoparticles
in engine oil in terms of reducing frictional losses, enhancing performance and decreasing smoke emissions.
The results seem to be promising due to attainment of 10.37% reduction in CoF, 4.95% improvement in BMEP,
9.34% and 9.11% reductions in FMEP and smoke emissions, respectively. Furthermore, TiO2 nanolubricant
provides reductions of 15.85% and 33.58% in surface roughness and wear rate, respectively. High thermal
resistance of TiO2 nanoparticles also facilitates its usage in engine oil, as very severe conditions may exist in
the PRCL system of an internal combustion engine especially at the end of compression and at the time of
combustion in which pressure and temperature reach very high levels.
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Oz - Kocaavsar Deresinden Mayis 2020 ve Ekim 2020 tarihlerinde iki istasyondan su érnekleri alinip suyun bazi
fiziksel ve kimyasal parametreleri ile fitoplanktonik alg florasi incelenmistir. Yapilan analizlerde, su sicakligi (T) 10-
27°C, pH 8.77-14.70, elektriksel kondiiktivite (EK) 322-712 pScm, nitrat azotu (NOs-N) 1.8-2.5 mgl?, toplam azot
(TN) 2.8-4 mgl?, fosfat (PO,-P) 0.2-0.34 mgl? ve toplam fosfor (TP) 0.26-0.4 mgl? araliklarinda 6lgiilmiistiir.
Fitoplankton orneklerinin analizi sonucu, Bacillariophytadan 9, Chlorophytadan 17, Cyanobacteriadan 5 ve
Euglenozoadan 1 olmak tzere toplam 32 tiir tespit edilmistir. Bacillariophytadan Fragilaria capucina,
Cyclotella glabriuscula, Cymbella affinis , Diatoma vulgaris, Pinnularia major,
Ulnaria ulna var. Oxyrhynchus, Navicula minuta, Nitzschia amphibia, Chlorophytadan Pandorina morum ve
Euglenozoadan Phacus pleuronectes baskin tiirler olarak belirlenmistir. Korelasyon analizleri, Bacillariophyta
grubundan baskinlik gosteren F. capucina ‘nin elektriksel kondiiktivite (EK) ve toplam azot (TN) ile, P. majér pH
ile, N. amphibia TP ile, C. affinis NOs-N ve TN ile, D. vulgaris ve U.ulna fosfat (PO4-P) ve TP ile yiiksek korelasyon
gostermislerdir. Chlorophyta grubunda baskin olan P. morum pH ve EK ile, Euglenozoa grubundan P. pleuronectes
sadece EK ile yiiksek korelasyon gostermistir. Su Kirliligi Kontrolii Y6netmeligi, kitaici su kiitleleri kalite kriterleri
1s1ginda degerlendirildiginde toplam fosfora gore Kocaavsar Deresinin III. smnif, nitrat azotuna gore ise 1. sinif su
kalitesinde oldugunu gostermistir. Baskin fitoplankton tiirlerine gore ise otrofik karakterli bir su kiitlesidir.

Anahtar Kelimeler — Ekoloji, fitoplankton, Kocaavsar Deresi, otrofikasyon, su kalitesi

Phytoplankton Ecology of Kocaavsar Stream (Balikesir)

Article History

Received: 12.03.2022
Accepted:  01.07.2022
Published:  15.12.2022

Research Avrticle

!Department of Biology, Faculty of Science and Arts, Balikesir University, Balikesir, Turkey

Abstract- Some physical and chemical parameters and planktonic algal flora of the water were examined by taking
water samples from two stations from Kocaavsar Stream in May 2020 and October 2020. In the analysis, water
temperature (T) ranged from 10 to 27°C, pH from 8.77 to14.70, electrical conductivity (EC) from 322 to 712 pSem™,
nitrate nitrogen (NOs-N) from 1.8 to 2.5 mgl™, total nitrogen (TN) from 2.8 to 4 mgl?, phosphate (PO,-P) from 0.2 to
0.34 mgl* and total phosphorus (TP) from 0.26 to 0.4 mgl™. Analysis of phytoplankton samples showed that a total
of 32 species were identified, 9 from Bacillariophyta, 17 from Chlorophyta, 5 from Cyanobacteria and 1 from
Euglenozoa. Fragilaria capucina, Cyclotella glabriuscula, Cymbella affinis, Diatoma vulgaris, Pinnularia major,
Ulnaria ulna var. Oxyrhynchus, Navicula minuta, Nitzschia amphibia from Bacillariophyta, Pandorina morum from
Chlorophyta and Phacus pleuronectes from Euglenozoa were determined as dominant species. Correlation analysis
showed that F. capucina was correlated with electrical conductivity (EC) and total nitrogen (TN), P. major with pH,
N. amphibia with TP, C. affinis with NOs-N and TN, D. vulgaris and U. ulna with phosphate (PO,-P) and TP, P.
morum with pH and EC, and P. pleuronectes with EC. According to the Water Pollution Control Regulation, inland
water resources quality criteria, based on nitrate- nitrogen values, Kocaavsar Stream is classified as first class, but
based on total phosphorus values it is classified as 3" class water quality. According to the dominant phytoplankton
species, it is a eutrophic water body.
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1.Giris

Akuatik sistemlerde besin zincirinin ilk halkasini olusturan algler, s6z konusu sistemlerde ekolojik
durumun belirlenmesi amaciyla incelenen 6nemli canli topluluklarindan biridir. Ciinkii algler yayilis
gosterdikleri ortamin ekolojik durumunu gdsteren gosterge tiirler igermektedir (Wang vd., 2021).

Ulkemizde akarsulardaki pelajik alg komunitelerinin tiir icerigi ve zamansal dinamikleri {izerine arastirmalara
Manavgat Nehri nehiragzi bolgesi fitoplanktonu (Erdogan vd., 2012), Kopriicay Nehri Nehiragz1 Bolgesi
Fitoplanktonu (Erdogan vd., 2016) , Karasu (Firat) Nehri fitoplankton ve epipelik alg floras1 (Altuner ve
Giirbiiz, 1990) ve Coruh nehri diyatomlar1 (Atict ve Obali, 1999) 6rnek verilebilir.

Akarsular ¢esitli tiir ve sayida alg tiirleri barindirirlar. Ulkemizde son zamanlarda alglerin gdsterge olarak
kullanildig1 aragtirmalar artmaktadir (Atic1 ve Ahiska, 2005; Sen ve Varol, 2014;Tezel Ersanli ve Oztiirk, 2017;
Morkoyunlu Yiice, vd., 2018).

Kocaavsar Deresinin fitoplanktonik organizmalari iizerinde simdiye kadar yapilmis herhangi bir ¢aligma
bulunmamaktadir. Dolayistyla, bu ¢alisma Kocaavsar Deresinin fitoplanktonu {izerinde yapilan ilk kapsamli
caligma niteligindedir.

Bu c¢alismanin amaci, Susurluk havzasi igerisinde yer alan Kocaavsar Deresi’nde planktonik alglerin
mevsimsel degisimini ve buna bagl olarak derenin ekolojik durumunun tespit edilip Tiirkiye akarsu alglerinin
envanter olusturulmasina katki saglamaktir.

2. Materyal ve Yontem

Balikesir merkez Karesi ilgesinde yer alan Kocaavsar Deresi, Madra Daglari’nin kuzeye meyilli yiizii ile
Musluk, Uzuncabayir ve Siilarya Daglarinin sularinin toplanmasindan olusup, giineybatidan Kuzeydogu'ya
dogru akarak Kocagayla birlesip Manyas Gélii'ne dokiiliir (Sekil 1). Ornekleme icin iki istasyon secilmistir.
1. 1stasyon, Kocaavsar mesire alaninin ist tarafindan, 2. 1stasyon, Kocaavsar mesire alaninin alt tarafindan
secilmistir.
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Sekil 1. Kocaavsar Deresi ve 6rnekleme istasyonlari

Fitoplankton 6rnekleri 2020 yili Mayis (ilkbahar) ve Ekim (sonbahar) aylarinda iki istasyondan alinip analiz
edilip baz1 fizikokimyasal degiskenlerle olan bagintilari tespit edilmistir.

Fiziksel ve kimyasal parametrelerden su sicakligi (S), pH ve elektriksel kondiiktivite (EK) 6rnek alma aninda,
arazi tipi bir YSI marka 6600 model cihazla 6l¢iilmiistiir. Nitrat azotu (NO3-N), toplam azot (TN), fosfat (PO4-
P) ve toplam fosfor (TP) analizleri ise laboratuvarda standart metotlara gére (Baird vd., 2017) spektrofotometrik
olarak Ol¢iilmiistiir.

Ornekler yiizeyin altindan almip 0.5 litrelik plastik siselerle direkt olarak alintp Lugol soliisyonu ile tespit
edilmistir. Laboratuvarda, 50 ml’lik cam silindirlere konularak 24 saat bekletilmistir. Daha sonra iistte biriken
45 ml’lik su pipet ile bosaltildiktan sonra kalan 5 ml incelenme i¢in bir flakona aktarilmigtir. Tiir anlizleri 0.1
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ml’lik alt 6rnekleme ile bir Palmer-Maloney laminda bir Olympus BX51 mikroskobu (60’lik biiyiitme)
kullanilarak yapilmstir.

Fitoplankton tiirlerinin teshisleri i¢in (Huber-Pestalozzi, 1982; John vd., 2003; Round vd., 1990; Sims, 1996)
tayin anahtarlarindan yararlanilmistir. Tespit edilen dominant tiirlerin bolluklar1 ve fizikokimyasal degiskenler
arasindaki Pearson korelasyon (iliskiler) SAS paket programi kullanilarak tespit edilmistir (SAS, 2001).

3. Bulgular

Kocaavsar Deresinde 6lgiilen fiziksel ve kimyasal degiskenlerin en yiiksek, en diisiik, ortalama ve standart
sapma degerleri Tablo 1 de verilmistir. Tespit edilen degerler Su Kirliligi Yonetmeligine gore
degerlendirildiginde toplam fosfora gore Kocaavsar Deresinin III. sinif, nitrat azotuna gore ise I. sinif su
kalitesinde oldugunu gostermistir.

Tablo 1
Olgiilen fiziksel ve kimyasal parametrelerin en diisiik, en yiiksek, ortalama ve standart sapma degerleri
En En Standart Ortalama Kita i¢i Su Kaynaklar Kalite
Diisiik Yiiksek Sapma Kriterleri
LSmif ILSimf [LSmf IV.Smf
Su Sicakhigi ( °C) 10.00 27.00 7.36 18.25 25 25 30 >30
pH 8.77 14.70 2.20 11.30 6.5- 6.5-85 6.0-9.0 6.0-9.0
8.5 disinda
Elektriksel 322.00 712.00 132.86 414.25 - - - -
Konduktivite (uScm™)
Fosfat (mgl) 0.20 0.34 0.05 0.27 - - - -
Toplam Fosfor (mgl?) 0.26 0.40 0.05 0.32 0.02 0.16 0.65 >0.65
Nitrat Azotu (mgl?) 1.80 2.50 0.23 2.12 5 10 20 >20
Toplam Azot (mgl?) 2.80 4.00 0.38 3.21 - - - -

Kocaavsar Deresinde yapilan bu arastirmada, Bacillariophytadan 9, Chlrophytadan 17, Cyanobacteriadan 5
ve Euglenozoadan 1 olmak {izere 32 fitoplankton tiirii tespit edilmistir (Tablo 2). Tespit edilen fitoplankton
tiirlerinin %28’sini Bacillariophyta, %53 tinii Chlorophyta, %16’sin1 Cyanobacteria ve %3’{inii Euglenozoa
gruplart olusturmustur.
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Tablo 2
Kocaavsar Deresinde tespit edilen fitoplankton tiirleri
Grup Mayis 2020 Ekim 2020
Ist.1 Ist.2 Ist.1 Ist.2

Bacillariophyta + + + +
Cyclotella glabriuscula (Grunow) Hékansson + - - +
Cyclotella stylorum Brightwell + + - +
Cymbella affinis Kiitzing + + - +
Diatoma vulgaris Bory + + + +
Fragilaria capucina Desmaziéres + + + +
Fragilaria pinnata Ehrenberg + + + +
Navicula minuta Skvortsov - + + -
Nitzschia amphibia Grunow + + + +
Pinnularia major (Kiitzing) Rabenhorst - + + +
Ulnaria ulna var. oxyrhynchus (Kiitzing) Aboal + + - +
Chlorophyta + + N +
Ankistrodesmus falcatus (Corda) Ralfs + - + -
Closterium acutum Brébisson - + + +
Crucigenia quadrata Morren + + - +
Golenkinia radiata Chodat + + - +
Lagerheimia subsalsa Lemmermann 1 + + + +
Lagerheimia wratislawiensis Schroder + + + +
Monoraphidium contortum (Thuret) Komarkova-Legnerova + + + +
Pandorina morum (O.F.Miiller) Bory - + - -
Pediastrum tetras (Ehrenberg) Ralfs + + + +
Scenedesmus arcuatus (Lemmermann) Lemmermann + + + +
Scenedesmus communis E.Hegewald + + + +
Scenedesmus longispina Chodat - + - R
Staurastrum paradoxum Meyen ex Ralfs + - + +
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Tetraédron caudatum (Corda) Hansgirg - + + +
Tetraédron minimum (A.Braun) Hansgirg - + + +
Tetrabaena socialis (Dujardin) H.Nozaki & M.Itoh + - + +
Tetrastrum staurogeniiforme var. longispinum G.M.Smith + + + +

Cyanobacteria

Anabaena spiroides Klebahn - + - +
phanocapsa elachista West & G.S.West - - +
Gomphosphaeria aponina Kiitzing - + + +
Merismopedia glauca (Ehrenberg) Kiitzing + - - +
Pseudanabaena catenata Lauterborn + + + +
Euglenozoa

Phacus pleuronectes (O.F.Miiller) Nitzsch ex Dujardin - - - +

Korelasyon analizleri sonuglarina gore, Kocaavsar Deresinde Bacillariophyta grubundan baskinlik gdsteren
F.capucina elektriksel kondiiktivite (EK) ve toplam azot (TN) ile, P. major pH ile, N. amphibia TP ile, C.
affinis NOs-N ve TN ile, D. vulgaris ve U. ulna fosfat fosforu (PO4s-P) ve toplam fosfor (TP) ile yiiksek
korelasyon gostermiglerdir. Chlorophyta grubunda baskin olan P. morum, pH ve EK ile, Euglenozoa
grubundan P. pleuronectes sadece EK ile yiiksek korelasyon gostermislerdir (Tablo 3).

Tablo 3

Kocaavsar Deresinde baskin fitoplankton tiirleri ile fiziksel ve kimyasal parametreler (Su Sicakligi=S, °C;
pH; Elektriksel Konduktivite=EK, uScm; Fosfat=PO,-P, mgl; Toplam Fosfor=TP, mgl; Nitrat Azotu=
NOs-N, mgl?; Toplam azot=TN, mgl?) arasindaki korelasyon degerleri

F.cap U.uln N.amp C.aff P.maj D.vul P.ple P.mor

T -0.223 -0.163 -0.213 0.340 0.368 0.472 0.347 0.305
pH 0.194 0.322 -0.328 -0.124 0.476 0.745 0.464 0.872™
EK 0.585 0.291 -0.016 0.437 0.413 0.547 0.159 0.703
PO4+-P -0.447 0.704 0.093 -0.044 -0.304 0.739" 0.078 0.485
TP -0.453 0.662 -0.435 0.015 -0.029 0.800" 0.126 0.537
NOs-N 0.504 -0.517 0.278 0.826" 0.093 -0.240 -0.072 -0.093
TN 0.591 -0.521 0.291 0.712" -0.015 -0.314 -0.097 -0.029

*0.05 diizeyinde istatistiksel olarak énemli

**0.01 diizeyinde istatistiksel olarak 6nemli

Cymbella affinis: C.aff, Diatome vulgaris: D.vul, Fragilaria capucina: F.cap, Nitzschia amphibia: N.amp, Pinnularia major: P.maj, Phacus
pleuronectes: P.ple, Pandorina morum: P. mor, Ulnaria ulna: U.uln,

4.Tartisma ve Sonuc

Kocaavsar Deresi’nin planktonik alglerinin mevsimsel degisimi ve buna bagli olarak derenin ekolojik
durumunu belirlemek amaciyla yapilan bu ¢aligmada, Bacillariophyta’dan 9, Chlorophyta’dan 17,
Cyanobacteria’dan 5 ve Euglenozoa’dan 1 olmak iizere toplamda 32 fitoplankton tiirii tespit edilmistir.
Chlorophyta toplam tiirlerin %353’iinii olusturarak baskin grup olmustur. Bacillariophyta’dan P. major, N.
amphibia, C. affinis, D. vulgaris, U. ulna, Chlorophyta’dan P. morum, Euglenozoa’dan P. pleuronectes tiirleri
baskin olup s6z konusu tiirler diger akarsularda da yaygin olarak bulunmuslardir (Aysel, 2005; Kalyoncu vd.,
2009).
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Bere ve Tundisi (2011) Brazilyadaki Monjolinho nehrinde yaptiklari ¢alismada Pinnularia tiirlerinin
otrofikasyonla iliskili odluklarini bilermislerdir. Lebkuecher vd. (2014) N. amphibia 'min Amerika Birlesik
Devletlerindeki Sulphur Fork Deresinin 6trofik kisminda yogun olarak bulundugunu tespit etmislerdir.

Fakioglu vd. (2013) 6trofik karakterli Tortum Deresinde yaptiklar1 ¢aligmada C. affinis en sik rastlanan
tiirlerden biri olmustur. Holmes ve Taylor (2013) Giiney Afrikadaki Great Fish Nehrinde yaptiklar1 galismada
D. vulgarisin diigiikk debi ve yliksek fosfor seviyelerini tercih eden Gtrofikasyon indikatorii bir tiir oldugunu
belirtmiglerdir.

Yilmaz (2012) Riva Deresi fitoplanktonu iizerine yaptig1 calismada derenin yogun olarak kirletildigi ve U.
ulna da derede siklikla rastlanan tiirlerden biri olugunu belirtmistir. Piirsoo (2003) P. morum’un Estonia
akarsularda fitoplanktonu olusturan tiirlerden biri oldugunu belirtmistir. Chen vd. (2016) P. morum’un besin
tuzlarinca zengin derelerde siklikla rastlanan tiirlerden biri olugunu belirtmislerdir.

Trang vd. (2018) Vietnamdaki 6trofik karakterli Nhu Y Nehri fitoplanktonu tizerinde yaptiklari ¢alismada P.
pleuronectes’in 6trof akarsularda bulunabilen kozmopolit bir tiir olduklarini belirtmiglerdir.

Bu tiirlerden bazilar1 planktonik tiir degildir, ancak sediman ve taslar tizerindeki alglerin dalga hareketleri ile
fitoplanktona karistig1 birgok arastirmada belirtilmistir (Solak vd., 2012; Varol ve Sen, 2014; Cicek ve Ertan,
2015).

Kocaavsar Deresinde Chlorophyta, Cyanobacteria ve Euglenozoa gruplarina ait tiirlerin akis nedeni ile diger
gruplarin tiirlerine nazaran daha az yogunlukta gelistigi ancak mevsim sicakliginin yiikseldigi, suyun akis
devinim hizinin azaldig1 sonbahar déneminde gelistikleri tespit edilmistir. Ozellikle, P. morum, P.
pleuronectes ve G. aponina diger akarsularinda yapilan arastirmalarda rapor edilmislerdir (Yildiz, 1987).

Sonug olarak, Su Kirliligi Kontrolii Y6netmeliginde, toplam fosfora gore Kocaavsar Deresinin III. sinif, nitrat
azotuna gore ise 1. smif su kalitesinde oldugunu gostermistir. Otrof sularda yayilis gosteren tiirler
(Bacillariophytadan F. capucina, C. glabriuscula, C. affinis , D. vulgaris, P. major ,
U. ulna var. oxyrhynchus, N. minuta N.amphibia, Chlorophytadan P.morum ve Euglenozoadan
P. pleuronectes) 6zellikle sonbahar doneminde yaygin olarak kaydedilmislerdir (Tezel Ersanl ve Oztiirk,
2017; Memis, 2019).
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Article History Abstract — In this study, microbial production of L-Dopa and Dopamine which is an important substrance for the
R treatment of Parkinson's disease were investigated by using Citrobacter freundii (NRRL B-2643). The effects of
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carbon source (sucrose) and, salt concentrations (NaCl, CaCl,), initial pH, temperature, inoculum level and shaking

Accepted:  22.08.2022 speed on L-Dopa and dopamine production were investigated. The amounts of extracellular L-dopa and dopamine
Published:  15.12.2022 were determined by using HPLC. Maximum L-dopa and dopamine production, under optimized conditions (sucrose:

2.5 g/L, NaCl and CaCl,: 1.0 g/L, inoculum level: 1.0% (v/v), initial pH: 6.5, temperature: 33°C, shaking speed: 200
Research Article rpm) were found to be 458 and 592 mg/L, respectively. Although the experiments were carried out for 60 hours, but

the maximum production of L-Dopa and Dopamine was realized at around the 30" hour of the experiments.

Keywords — Citrobacter, dopamine, fermentation, freundii (NRRL B-2643), L-Dopa, HPLC

1. Introduction

Although there are millions of living species in nature, there are common structures and characters among
living things is divers. Microorganisms have many genes that humans have, as well as some genes that are not
to be found in humans.

Bacteria use cheap carbon sources to reproduce, have the ability to reproduce quickly, and can be modified
due to their relatively simple structure. Bacteria are used in the natural synthesis of many drugs used in the
health industry, as they provide cheap cost due to these properties (Demain & Vaishnav, 2009). Bacteria is a
microscopic single-cell species that prosper in a number of medium, such as soil, water, and can be grouped
on the basis of cell structure, cell metabolism or cell component variations such as DNA, fatty acids, pigments,
antigens and quinones. C. freundii is a member of the Enterobacteriaceae family of anaerobic gram-negative
bacteria (O'Hara et al. 1997; Fang et al. 2017).

L-Dopa (3,4-dihydroxy-L-phenylalanine or 2-amino-3-(3,4 dihydroxyphenyl)-propanoic acid) is an amino
acid naturally synthesized in the human body from L-tyrosine. L-Dopa is formed as a result of hydroxylation
of tyrosine by the tyrosine hydroxylase (TOH) and leads to the biosynthesis of catecholamines such as
dopamine, norepinephrine and epinephrine, which have an important biological functions (Nagatsu & Sawada,
2009; Kurt et al. 2009).
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L-Dopa is used as a primary drug in the treatment of Parkinson's disease and neurogenic injury following the
myocardium (heart muscle) (Raju & Ayyanna, 1993). Unlike dopamine, the chirality of L-Dopa enables it to
selectively cross the blood-brain barrier to the brain. Therefore, L-Dopa is used as the most effective drug in
the treatment of Parkinson's patients (Montgomer, 1992). In recent years, in addition to being a dopamine
precursor, L-Dopa has been reported to act as a neuromodulator or neurotransmitter in the central nervous
system (Misu et al. 2002). Dopamine is the precursor of the mammalian central nervous system
neurotransmitters norepinephrine and epinephrine (Kruk & Pycock, 1991). Dopamine is synthesized from L-
Dopa by the enzyme dopa decarboxylase (DDC; aromatic L-amino acid decarboxylase, EC 4.1.1.28).
Dopamine is a neurotransmitter that is the starting material for the formation of important catecholamines
(such as norepinephrine and epinephrine) and also activates dopamine receptors in the brain (Hoffman
&Lefkowitz, 1996; Lisbon, 2003). Dopamine synthesis takes place in two stages. In the first stage, L-Dopa is
synthesized from substrates such as tyrosine and catechol, while Dopamine is synthesized from L-Dopa in the
second stage. While a bacterium (Symbiobacterium sp) was needed for the synthesis of L-Dopa, another
bacteria was needed for the synthesis of Dopamine (Streptoccus faecalis) from L-Dopa (Lee et al. 1999).

Bacteria can reach large masses in suitable nutrient media due to the the highest reproduction rate, the lowest
generation time, and they show a logarithmic growth. Many products with high potential for use in various
industries are obtained from microorganisms using recombinant techniques. Especially the use of bacteria for
the production of drugs used in the treatment of many diseases is of great importance for the pharmaceutical
industry.

In this study, simultaneous production of Dopa and dopamine was carried out by using the Citrobacter freundii
(NRRL B-2643) bacteria. Aimed was to optimize the fermentation conditions (such as sucrose concentration,
pH, temperature) for the production of L-Dopa and dopamine.

2. Materials and Methods

2.1. Material

C. freundii (NRRL B-2643) microorganism was obtained from the Biotechnology Laboratory of the Chemical
Engineering Department of Firat University. Double distilled (dd H.O) water was used throughout the work.
All the chemical used are reagent or analytical grade and obtained from Merck or Sigma-Aldrich.

2.2. Method

Luria-Bertani (LB) medium was used for the storage and development of C. freundii microorganism used in
experiments (Bertani, 1951). The prepared stock cultures were cultivated in solid nutrient medium (10.0 g
peptone, 5.0 g yeast extract, 10.0 g NaCl and 15 g agar, per liter) and incubated at 37 °C for 18 hours. The
culture obtained after incubation was kept at +4 °C as it was used in a short time. Before the bacteria required
for the production of L-Dopa and Dopamine are inoculated into the prepared fermentation medium, they are
inoculated from the culture storage medium to the development medium and then inoculated into the main
fermentation medium. Thus, the fermentation medium is inoculated with fresh culture.

50 ml of the nutrient media (LB) prepared for the experiments were taken and production was carried out in
250 mL erlen mayer after sterilization. The erlen mayers, in which the cultures were inoculated, were placed
in an orbital shaker (Selecta Rotabit) with the shaking speed of 150 rpm at 37 °C and incubated for 18 hours
to ensure bacterial growth. At the end of the incubation, the microorganisms whose growth was completed
were transferred to the L-Dopa and Dopamine production medium at a different amount. L-Dopa and dopamine
analysis were performed by taking a sample one erlen mayer from orbital shaker for every 6 hours, and
centrifuged at 6000 rpm for 5 minutes then supernatant is separated. Experiments were carried out in three
parallels.
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2.3. L-Dopa and Dopamine Analysis

The amounts of extracellular L-Dopa and Dopamine in the supernatant were determined by HPLC (Shimadzu
LC20). L-Dopa and Dopamine were determined at 290 nm by using a mixture of 97/3 (v/v) 25 mM Phosphate
Buffer (pH:3.0) and Methanol as the mobile phase in an Inertsil ODS-4 column at a flow rate of 1.0 mL/min.
(Aytan E. 2009)

3. Results and Discussion

The effects of sucrose concentration, initial pH, temperature, shake speed and salt concentration (NaCl vs.
CaCly) on L-Dopa and Dopamine production by C. freundii (NRRL B-2643) were investigated. The composi-
tion of the medium is the most important parameter affecting the growth of microorganisms and the production
of various metabolites. The carbon source is very important as it participates in the synthesis of basic sub-
stances that form the building blocks of the microorganism cell, such as polysaccharides, lipids and proteins,
and is also used as an energy source (Rehm et al. 1987). Different concentrations of sucrose (1-10 g/L) were
used to investigate the effect of carbon source on L-Dopa and Dopamine production. The results obtained are
given in Figures 1 and 2.
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Figure 1. The effect of sucrose concentration on the L-Dopa production
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Figure 2. The effect of sucrose concentration on the Dopamine production
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As seen in Figures 1 and 2, the highest L-Dopa and Dopamine concentrations were reached at 2.5 g/L sucrose
concentration, 141 and 209 mg/L respectively.

It is seen that high sucrose concentration has a negative effect on L-Dopa and Dopamine production and de-
creases the production level of these metabolites. The reason for this is that the presence of some carbon
sources in high concentrations in the nutrient medium reduces the amount of substances produced by making
a repression effect on the metabolites secreted by microorganisms (Prudende et al. 1989; Yun & Ryu, 2001,
Geckil et al. 2004).

Towards the end of the logarithmic phase, it is seen that the production amount L-dopa and dopamine’s are
almost fixed, indicating that the production is accompanied by growth. In other words, growth associated
products are produced simultaneously with microbial growth.

The decrease in the amount of products towards the end of the incubation period indicates that the products
started to deteriorate due to the environmental conditions. Production of L-dopa and dopamine is stopped at
the 30 th hour to prevent product loss. Since L-Dopa is the precursor of Dopamine, the variation of product
concentrations over time is expected to be parallel (Figures 1 and 2).

Optimum nitrogen source for the production of L-Dopa and Dopamine with the C. fruendii microorganism
were used according to Cakmak, (2016), 10.0 g/L peptone, 5.0 g/L yeast extract, 10.0 g/L NaCl, initial pH:
medium pH, inoculum level: 1.0 % v/v, shaking speed: 150 rpm, T: 37 °C. In addition to carbon and nitrogen
sources, microorganism needs elements such as Na, Ca, Mg, Fe, Mn, Cu, Zn in order to grow and produce
products. Trace elements are sometimes especially added to the growth medium, but it is generally obtained
through impurities in water and other media components. These cations are usually obtained from inorganic
salts. In addition to their nutritional role, these salts also have a stimulating role on development of microor-
ganism and activate enzymes, in some cases it is a component of some enzymes (Shuler & Kargi, 2002). In
order to investigate the effect of Sodium and Calcium, chloride salts were added to the fermentation medium.
It was observed that concentrations of NaCl had no effect on the amount of product, but CaCl, concentrations
had a slightly positive effect on the production of L-dopa and dopamine concentration. It is known that NaCl
creates an isotonic balance in fermentation environments (Halkman, 2005). In the continuation of the study,
NaCl was added to the fermentation medium at a concentration of 1.0 g/L. In order to investigate the effect of
calcium, CaCl, was added to the fermentation medium at five different concentrations, 1, 2.5, 5, 7.5 and 10
g/L. The effect of CaCl, on L-Dopa and dopamine production is given in Figures 3 and 4.
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Figure 3. The effect of CaCl, concentration on the L-Dopa production
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Figure 4. The effect of CaCl, concentration on the Dopamine production

As seen in Figures 3 and 4, the highest L-Dopa and Dopamine amounts were obtained at 1.0 g/L CaCl; con-
centration. At this concentration, the amounts of L-Dopa and dopamine were found to be 363 and 471 mg/L,
respectively. Since the isotonic balance in the medium is largely achieved with NaCl, the amount of CaCl;
should be well adjusted. Calcium, helps to regulate the ionic balance, and it also acts to activate some enzymes
in the medium (Halkman, 2005).

In the microbial production processes, the pH of the medium changes over time due to the conversion of the
carbon sources used into different products, the formation of some intermediate organic acids and their reuse
to produce other compounds. pH is very important for microorganism growth and production product (Shuler
& Kargi, 2002). The results obtained from the experiments carried out to investigate the effect of initial pH on
L-dopa and dopamine production are given in Figures 5 and 6.
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Figure 5. Effect of initial pH on L-Dopa production
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Figure 6. Effect of initial pH on Dopamine production

Maximum production of L-Dopa and Dopamine occurred at the natural pH of the medium (approximately 6.5).
The amounts of L-Dopa and dopamine formed at this pH were found to be 363 and 471 mg/L, respectively
(Figures 5 and 6). At low pH values, production of L-dopa and dopamine might be reduced, because of low
microorganism production at this pH. Apart from natural and near-nature pH values, L-Dopa and dopamine
production are adversely affected. Elibol and Ozer (2000) reported in their study that the amount of lipase
produced varies depending on the initial pH. Our findings are compatible with the literature.

It is reported that the amount of inoculum affects microbial processes (Elibol et al. 1995). The results obtained
in the study conducted to investigate the effect of different inoculum level on L-Dopa and Dopamine produc-

tion are given in Figures 7 and 8.
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Figure 7. Effect of inoculum level on L-Dopa production
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Figure 8. Effect of inoculum level on Dopamine production

As seen in Figures 7 and 8, although the increase in inoculum concentration did not affect L-Dopa and Dopa-
mine production much, the highest production level was reached in the medium where microorganisms were
cultivated at a ratio of 2.5% by volume. These values are 382 and 511 mg/L, respectively. Elibol and Ozer
(2000) reported in their study that the amount of inoculum had no effect on the amount of lipase produced.

Mixing is a very important parameter for microbial growth and production, as it facilitates the microorganism's
access to oxygen and nutrients (McDaniel & Bailey, 1969).

The effect of shaking speed on L-dopa and dopamine production is given in Figures 9 and 10.
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Figure 9. Effect of shaking speed on L-Dopa production
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Figure 10. Effect of shaking speed on Dopamine production

It is seen that the amount of product increases depending on the shaking speed. As the film layer around the
microorganism cells will be thinned with mixing, the oxygen and nutrient transfer to the cells will increase. If
the shaking speed is too high, this create a disadvantage for microorganisms, the speed must be adjusted well.
Charm and Wong (1970) reported that high mixing speeds negatively affect the activity of enzymes. Temper-
ature is an important parameter in fermentation processes and needs to be adjusted well. Higher temperature
increases cell denaturation and has a negative effect on cell formation. In addition, at high temperature values,
the structure of the formed products may deteriorate with the deterioration of microorganism proteins. Since
the diffusion of nutrients to the microorganism is reduced at low temperature values, the microorganism cannot
develop sufficiently and the production amount decreases (Sodhi et al. 2005; Prakasham et al. 2005).

In order to investigate the effect of temperature on L-Dopa and Dopamine production, the results of experi-
ments performed at different temperatures are given in Figures 11 and 12.
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Figure 11. Effect of temperature on L- Dopa production
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Figure 12. Effect of temperature on Dopamine production

The highest production of L-Dopa and Dopamine occurred at 33 °C. The amounts of L-Dopa and dopamine
formed at this temperature are 428 and 553 mg/L, respectively. It is observed that at higher temperatures the
amount of L-dopa and dopamine concentration are decreased (Figures 11 and 12). Tanyildizi et al. (2007)
reported that amylase production decreased at high temperatures.

4. Conclusion

It has been determined that especially sucrose concentration, temperature, initial pH and mixing speed are very
effective on the production of L-Dopa and Dopamine by fermentation. It has been observed that the production
of L-Dopa and dopamine reaches its maximum in approximately 30 hours. Extending the fermentation time
caused a slight decrease in the amount of both products. Maximum production conditions for L-Dopa and
Dopamine were determined to be 2.5 g/L sucrose, 1.0 g/L CaCl,, 2.5% (v/v) inoculum, 33 °C temperature and
initial natural pH. To increase the production of dopa and dopamine at these conditions, different genetically
modified microorganism could be used for further studies. In addition, L-dopa and dopamine production could
be investigated by batch and continuous reactors.
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Abstract —In present study, biochemical compositions (ash, lipid and protein) of five different macroalgae ((Green
Macroalgae-GMA (Chaetomorpha linum and Caulerpa prolifera), Red Macroalgae-RMA (Pterocladiella  capi-
lacea), Brown Macroalgae-BMA (Sargassum vulgare and Ericaria amentacea)) and Angiosperm/Seagrass (Hal-
ophila stipulacea) collected from Iskenderun Bay were investigated. The differences observed between biochemical
compositions such as ash, lipid and protein of five macroalgae species and Angiosperm/Seagrass  (Halophila stip-
ulacea) were statistically significant (p<0.05). The lowest and highest ash, lipid and protein values of five macroalgae
were 12.19£1.15% (Caulerpa prolifera)- 21.38+1.53% (Ericaria amentacea), 1.74+0.19% (Caulerpa prolifera)-
5.83+0.68% (Ericaria amentacea), 5.56+0.06% (Chaetomorpha linum)- 11.45+0.53% (Sargassum vulgare), respec-
tively. Ash, lipid and protein values of Angiosperms/Seagrass (Halophila stipulacea) were determined as
14.56+2.08%, 3.16+0.48% and 8.11+0.07%, respectively. Protein value of Angiosperms/Seagrass
(Halophila stipulacea) was higher than those of (GMA (Chaetomorpha linum and Caulerpa prolifera) but not
RMA(Pterocladiella capillacea) and BMA (Sargassum vulgare and Ericaria amentacea)). Lipid value of Angio-
sperms/Seagrass (Halophila stipulacea) was similar to RMA(Pterocladiella capillacea). In conclusion, the
information of the biochemical compositions of five different macroalgae and Angiosperms/Seagrass
(Halophila stipulacea) are important for the evaluation of potential sources for commercial and human consumption.
In addition, biochemical compositions of tested macroalgae and seagrass could make important contributions to feed
formulations and functional foods in future.
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1. Introduction

Macroalgae known as primary producers are important for the ocean ecosystem. They include nutritional
compounds used different industries such as food, agriculture, feed, cosmetic, medicine, pharmacy. Ak (2015)
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showed that macroalgae have contain different photosynthetic pigments such as Chlorophyta (Green Macroal-
gae-GMA), Rhodophyta (Red Macroalgae-RMA), Ochrophyta (Brown Macroalgae-BMA). Researchers reve-
aled that biological activity potentials, fatty acids, protein and mineral substances of macroalgae were high
levels (Dawczynski, Schubert & Jahreis 2007; Wells et al., 2017). Burtin (2003) and Benjama & Mashiyom
(2011) reported that GMA and RMA have higher protein levels (10-30%) than BMA species (5-15%).
Dawczynski et al. (2007) showed that proximate compositions of the mentioned GMA, RMA and BMA change
according to the geographical distribution, species, season, water temperature, salinity, light and nutrients and
mineral availability.

Caulerpa is GMA genera belonging to Caulerpaceae family. Invasive algae have important effects on the
ecosystems. Caulerpa taxifolia is an invasive alga found in the Mediterranean Sea.

Seagrasses provide an important habitat for fish and crustaceans as well as ecological contribution (Fourgqurean
etal., 2012). It is known that, seagrasses represent to two families, Potamogetonaceae and Hydrocharitaceae,
(Hemminga & Duarte, 2000). Halophila stipulacea is seagrass species belonging to the family Hydrocharita-
ceae. There are 10 species of the genus Halophila. Halophila stipulacea was first observed in the Mediterra-
nean in 1894 (Lipkin, 1975). Due to its invasive nature, there is increasing interest in understanding the ability
to tolerate various environmental conditions. (Malm, 2006).

Biochemical compositions (ash, lipid, protein) of macroalgae and seagrasses are important to determine for
industrial potentials. There is need to knowledge about analysis of proximate compositions of macroalgae and
seagrasses belonging to different regions. Studies about nutritional composition macroalgae and seagrass tes-
ted in this study is not adequate in Iskenderun Bay. Therefore, we aimed to investigate the biochemical com-
positions (ash, lipid and protein) of five different macroalgae ((GMA (Chaetomorpha linumand  Caulerpa
prolifera), RMA(Pterocladiella capillacea), BMA (Sargassum vulgare and Ericaria amentacea) and Angio-
sperms/Seagrass (Halophila stipulacea) gathered from Iskenderun Bay.

2. Materials and Methods

Macroalgae and Seagrass were gathered from the coasts of Iskenderun Bay (Kale and Arsuz regions in July
2019). Five macroalgae species ((GMA (Chaetomorpha linum (O.F.Miiller) Kiitzing 1845 and Caulerpa
prolifera (Forsskal) J.V.Lamouroux 1809), RMA(Pterocladiella capillacea (S.G.Gmelin) Santelices &
Hommersand 1997), BMA (Sargassum vulgare C.Agardh, 1820 and Ericaria amentacea (C.Agardh)
Molinari & Guiry 2020)) and Angiosperms/Seagrass (Halophila stipulacea (Forsskal) Ascherson 1867) were
identified. The identification studies of macroalgae and seagrass were carried out with Olympus brand SZX16
model stereo zoom and BX51 model binocular light microscopes (Taskin & Oztiirk, 2013; Rodriguez-Prieto,
Ballesteros, Boisset & Afonso-Carrillo, 2013; Cormaci, Furnari & Alongi, 2014)

2.1. Preparation of the samples

Five macroalgae and Angiosperms/Seagrass (Halophila stipulacea) collected from the coasts of Isken-
derun Bay were rinsed in distilled water and then drained. Thus, sand and other unwanted objects were  re-
moved. The next step was to dry the samples at 60°C for 3 hours using a laboratory oven (Pradana, Prabowo,
Hastuti, Djaeni & Prasetyaningrum, 2019). Thoroughly dried samples were ground with a laboratory type
mixer and then, stored at —20°C until analyses.

2.2. Biochemical compositions

Biochemical analyses of five macroalgae species ((GMA (Chaetomorpha linum and Caulerpa prolifera),
RMA(Pterocladiella capillacea), BMA (Sargassum vulgare and Ericaria amentacea)) and
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Angiosperms/Seagrass (Halophila stipulacea) gathered from the coasts of Iskenderun Bay were made
according to the AOAC (2005) and Bligh & Dyer (1959) procedures.

2.3. Statistical analysis

Ash, lipid and protein results of five macroalgae species ((GMA (Chaetomorpha linum and Caulerpa
prolifera), RMA(Pterocladiella capillacea), BMA (Sargassum vulgare and Ericaria amentacea)) and
Angiosperms/Seagrass (Halophila stipulacea) were submitted as mean + standard error (SE). Statistical
comparisons were were made by OneWay Analysis (ANOVA) using SPSS 12. Differences were considered
statistically significant when p<0.05.

3. Results and Discussion

The purpose of study was to reveal biochemical compositions (ash, lipid and protein) of five different
macroalgae ((GMA (Chaetomorpha linum and Caulerpa prolifera), RMA(Pterocladiella capillacea), BMA
(Sargassum vulgare and Ericaria amentacea)) and Angiosperms/Seagrass (Halophila stipulacea). The
biochemical compositions of five macroalgae and Angiosperms/Seagrass (Halophila stipulacea) are
summarized in Table 1.

Table 1
Biochemical compositions of macroalgae and seagrass (mean+SE)
Proximate Compositions

GMA* Ash (%) Lipid (%) Protein (%)
Chaetomorpha linum 17,68+ 0,33 4,8441,68P 5,56+0,06°
Caulerpa prolifera 12,19£1,152 1,74+0,192 6,70+0,07°
RMA™

Pterocladiella capillacea 20,31+ 0,63°¢ 3,11+0,532 9,62+0,354
BMA™"

Sargassum vulgare 13,19+ 0,152 4,31+0,422 11,45+0,53¢
Ericaria amentacea 21,38+1,53¢ 5,83+0,68° 9,75+0,074
Angiosperms/Seagrass Ash (%) Lipid (%) Protein (%)
Halophila stipulacea 14,56+2,082 3,16+0,482 8,11+0,07°

Different letters between the columns indicate significant difference at 5% by Duncan multiple range test.

hkk

* Green Macroalgae; ™ Red Macroalgae; *** Brown Macroalgae

The values found between biochemical compositions such as ash, lipid and protein of five macroalgae  spe-
cies and Angiosperms/Seagrass (Halophila stipulacea) were statistically significant (p<0.05). The lowest and
highest ash, lipid and protein values of five macroalgae were 12.19+1.15% (Caulerpa prolifera)- 21.38+1.53%
(Ericaria amentacea), 1.74+0.19% (Caulerpa prolifera)- 5.83+0.68% (Ericaria amentacea), 5.56+0.06%
(Chaetomorpha linum)- 11.45+0.53% (Sargassum vulgare), respectively. Ash, lipid and protein values of An-
giosperms/Seagrass (Halophila stipulacea) were determined as 14.56 +2.08%, 3.16+0.48% and 8.11+0.07%,
respectively. Ash, lipid and protein values of Ericaria amentacea were the highest except for protein value of
BMA Sargassum vulgare. Protein values of BMA were higher than those of GMA  (Chaetomorpha linum
and Caulerpa prolifera), RMA(Pterocladiella capillacea) and Angiosperms/Seagrass (Halophila stipulacea).
Protein value of Angiosperms/Seagrass (Halophila stipulacea) was higher than those of GMA (Chaetomorpha
linum and Caulerpa prolifera) but not RMA (Pterocladiella capillacea) and BMA (Sargassum vulgare and
Ericaria amentacea)). Lipid value of Angiosperms/Seagrass (Halophila stipulacea) was similar to RMA
(Pterocladiella capillacea). Ash and lipid values of Caulerpa prolifera except for protein value were lower
than that of Chaetomorpha linum. Ash and lipid values of Ericaria amentacea except for protein value were
lower than that of Sargassum vulgare. Ash and protein values of RMA (Pterocladiella capillacea) except for
lipid value were higher than those of GMA (Chaetomorpha linum and Caulerpa prolifera) and Angio-
sperms/Seagrass (Halophila stipulacea).

798



Journal of Advanced Research in Natural and Applied Sciences 2022, Vol.8, Issue 4, Pages:796-804

According to the results of our study, protein levels of RMA(Pterocladiella capillacea), BMA (Sargassum
vulgare and Ericaria amentacea)) were higher than those of GMA (Chaetomorpha linum and Caulerpa pro-
lifera). Protein value of RMA(Pterocladiella capillacea) were similar to Ericaria amentacea but lower than
that of BA (Sargassum vulgare).

It is known that, GMA and RMA contain higher protein contents (10-30%) than BMA (5-15%) (Burtin, 2003;
Benjama & Masniyom, 2011). Dawczynski et al. (2007) revealed that protein levels of RMA was higher than
those of BMA. However, Aras & Sayin (2020) showed that the protein ratio of Ellisolandia elongata, which
is the only RMA species is similar to Sargassum vulgare and lower than Dictyota dichotoma from BMA.

Wahbeh (1997) showed that the protein content of the macroalgae Padina pavonica collected at the beach in
Agaba, Jordan was 17.4%. Tabarsa et al. (2012) founda protein content of 11.83% in Padina pavonica, which
they collected in April in southern Iran (Persian Gulf). Ozgun & Turan (2015) showed that the protein levels
of eight brown macroalgae collected from Iskenderun Bay was varied from 2.897+0.373% to 6.519+0.432%.
Giir (2015) determined that protein value of Dictyota dichotoma was between 4.42-6.15%. Pakawan, Suriyan,
Kriengkrai, & Jintana, (2015) biochemical compositions of 9 macroalgae species belonging to the GMA and
RMA Chaetomorpha crassa, Chaetomorpha linum, Ulva rigida, Caulerpa racemosa, Caulerpa brachypus,
Caulerpa lentillifera, Caulerpa taxifolia, Gracilaria tenuistipitata and Gracilaria fisheri showed as 12.68—
33.83% protein. Uslu et al. (2021) determined that the protein amounts of the macroalgae Sargassum vulgare
and Cystoseira compressa were 6.29+0.12% and 9.50+0.3%, respectively. Protein levels of Sargassum vulgare
and Cystoseira compressa revealed by Uslu et al. (2021) were lower and similar to report from current study,
respectively.

Protein levels of BMA (Sargassum vulgare and Ericaria amentacea)) tested in current study was lower than
those of protein levels revealed by Wahbeh (1997) and similar to Tabarsa et al. (2012). However, protein
levels of BMA tested were higher than those of Ozgun & Turan (2015), Giir (2015) and Aras & Sayin (2020).

Khairy & El-Shafay (2013) revealed that the highest protein of Pterocladia capillacea in the different seasons
was 23.7240.03% Mazlum, Yazici, Saym, Habiboglu & Ugur, ( 2021) and Aras & Sayin (2020) revealed that
protein level of Jania rubens and Ellisolandia elongata from red macroalgae was 5.99+0.773% and
6.05+0.03%, respectively. Protein level of RMA(Pterocladiella capillacea) tested were higher than those of
the levels determined by Mazlum et al. ( 2021) and Aras & Sayin (2020) but not Khairy & El-Shafay (2013)
and Pakawan et al. (2015).

Burtin (2003) revealed that protein levels of GMA were generally between 10-30%. Firat, Oztiirk, Taskin &
Kurt (2007) showed that protein value of Caulerpa racemosa were 12.94-20.18%. Manivannan, Thirumaran,
Devi, Hemalatha & Anantharaman (2008) found that protein value of Ulva intestinalis was 16-17%. Manas et
al. (2017) showed that protein value of Caulerpa species were 9.21-17.19%. Magdugo et al. (2020) showed
that protein of Caulerpa racemosa was 19.9%.Protein level of Ulva intestinalis by Aras & Sayin (2020) de-
termined as 15.77+0.16%. Protein value of Ulva lactuca belonging to GMA was determined as 16.89+0.12%
by Mazlum et al. (2021). The protein values observed for GMA (Chaetomorpha linum and Caulerpa prolifera)
in present study were lower than the values mentioned by Burtin, (2003); Firat, et al. (2007); Manivannan et
al. (2008); Pakawan et al. (2015); Manas et al. (2017); Magdugo et al. (2020); Aras & Sayin (2020) and Maz-
lum et al. (2021).

McDermid & Stuercke (2003) reported that lipid content of macroalgae was less than 4%. Polat & Ozogul
(2008) showed that lipid levels of RMA and BMA were between 1.10-11.53%. Lipid level is generally low in
macroalgae, between 1-5% (Peng et al., 2015).

Wahbeh (1997) revealed that the lipid content of the macroalgae Padina pavonica collected at the beach in
Agaba, Jordan was 4.4%. Giir (2015) and Sultana, Ambreen, & Tariq (2012) showed that lipid levels of
Dictyota dichotoma from BMA was 0.9-5.13% and 6.8%. Aras & Sayin (2020) revealed that lipid values of
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Dictyota dichotoma and Sargassum vulgare were 5.43+0.23% and 12.21+0.52%, respectively. Ahmad, Sulai-
man, Saimon, Yee, & Matanjun, (2012) stated that BMA species have higher lipid content than RMA and
GMA species. Lipid levels in our study were between 1.74+0.19% (Caulerpa prolifera)-5,83+0,68% (Ericaria
amentacea) levels stated by Peng et al. (2015) . Uslu et al. (2021) determined that the lipid amounts of the
macroalgae Sargassum vulgare and Cystoseira compressa were 2.58+0.4% and 2.00+0.5%, respectively. Lipid
levels of Sargassum vulgare and Cystoseira compressa revealed by Uslu et al. (2021) were lower than present
study. The results of our study were supported by Ahmad et al. (2012), Polat & Ozogul (2008), Peng et al.
(2015), Giir (2015) but not Aras & Sayin (2020).

Mazlum et al. ( 2021) and Aras & Sayin (2020) revealed that lipid level of Jania rubens and Ellisolandia
elongata from RMA were 0.39+0.103% and 0.43+0.09%, respectively. Lipid level of RMA(Pterocladiella
capillacea) tested was higher than those of Mazlum et al. (2021) and Aras & Sayin (2020).

Khairy & El-Shafay (2013) showed that Ulva lactuca (4.09 + 0.2%) contained more lipids than Jania rubens
and Pterocladia capillacea. Manas et al. (2017) showed that lipid value of Caulerpa species were 1.29-2.44%.
Magdugo et al. (2020) determined that lipid value of Caulerpa racemosa was 4.5%. Mazlum et al.  (2021)
and Aras & Sayin (2020) revealed that lipid levels of Ulva lactuca and Ulva intestinalis were 1.08+0.33% and
1.04+0.37%, respectively. Lipid levels of GMA (Chaetomorpha linum and Caulerpa prolifera) tested were
higher than those of Mazlum et al. ( 2021) and Aras & Sayin (2020). Results were supported by Polat &
Ozogul (2008) and Peng et al (2015) and similiar to Khairy & EI-Shafay (2013) except for Caulerpa prolifera.

According to the literatures, macroalgae have low lipid potential (Ratana- arporn & Chirapart, 2006). Chakra-
borty & Bhattacharya (2012) mentioned that lipid contents of macroalgae may vary depending on the type and
amount of nutritive elements in the environment. Also, Peng et al. (2015) indicated that low lipid contents of
macroalgae depends on light intensity, salinity and temperature conditions. Studies have shown that seasonal
changes have caused changes in the biochemical compositions of macroalgae.

Tabarsa et al. (2012) revealed that the ash content of macroalgae varies between 8-40% of their dry weight.
Polat & Ozogul (2013) determined that the ash levels varies between 2.28-51.63%. On the other hand, Liu
(2017) showed that algae can contain as high as 70% dry matter ash in different locations.

Wahbeh (1997) indicated that the ash content of the macroalgae Padina pavonica collected at the beach in
Agaba, Jordan was 23.1%. Ozgun & Turan (2015) showed that the ash levels of 8 BMA gathered from Isken-
derun Bay was varied from 1.66+0.29% to 18.19+2.66%. Uslu et al. (2021) determined that the ash amounts
of the macroalgae Sargassum vulgare and Cystoseira compressa were 27.05+0.5% and 21+0.1%, respectively.
Aras & Saym (2020) found that the ash levels of BMA (Dictyota dichotoma and Sargassum vulgare) were
27.34+0.72% and 14.79+0.19%, respectively. BMA (Sargassum vulgare and Ericaria  amentacea)) results
were similar to the values determined by Wahbeh (1997), Ozgun & Turan (2015), and Aras & Sayin (2020)
and Uslu et al. (2021) except for Sargassum vulgare.

Frratetal. (2007) revealed that ash value of Caulerpa racemosa were 8.02-19.50%. Manas et al. (2017) showed
that ash value of Caulerpa species were 23.90-40.27%. Magdugo et al. (2020) revealed that ash value of Ca-
ulerpa racemosa was 29,4%. Aras & Sayin (2020) and Mazlum et al. ( 2021) revealed that the ash levels of
GMA (Ulva intstinalis) and Ulva lactuca) were 27.49+0.43% and 26.47+0.20%. Aras & Sayin (2020) and
Mazlum et al. ( 2021) determined that the ash levels of RMA (Ellisolandia elongata and Janie rubens) were
76.75+0.20% and 78.740+0.066%, respectively. Khairy & El-Shafay (2013) indicated that ash content of Jania
Rubens species were quite high (50.54%). Liu (2017) reveal that algae can contain as high as 70% dry matter
ash in different locations. Results belonging to GMA (Chaetomorpha linum and Caulerpa prolifera) and
RMA(Pterocladiella capillacea) were lower than those of Khairy & El-Shafay (2013), Liu (2017), Manas et
al. (2017), Magdugo et al. (2020), Aras & Sayin (2020) and Mazlum et al. ( 2021). Factors such as geographical
location and season might be important factors in change the ash content of macroalgae (Renaud and Luong-
Van, 2006; Mohamed, Hashim & Rahman, 2012; Cabrita et al., 2016)
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Aketa & Kawamura (2001) found that protein values of Halophila ovalis was 6,2%. Coria-Monter & Duran-
Campos (2015) showed that the protein, lipid and ash values of three seagrass species (Thalassia testudinum,
Halodule wrightii, and Syringodium filiforme) were 8.47%-8.10%-10.43%; 0.83%,-2.33%-2.13%; 38.77%-
27.23%-23.43%, respectively. Protein level of Angiosperms/Seagrass (Halophila stipulacea) was similar to
Aketa & Kawamura, (2001), Kannan, Arumugam & Anantharaman, (2010) and Coria-Monter & Duran-Cam-
pos (2015). However, lipid and ash values of Halophila stipulacea were higher and lower than those of
seagrasses species reported by Kannan et al. (2010) and Kannan, Arumugam, lyapparaj, Thangaradjou &
Anantharaman (2013), respectively. Renaud & Luong-Van (2006) indicated that geographic location, envi-
ronmental conditions, seasons, and sampling conditions changed the biochemical composition of seagrass.

4. Conclusion

In conclusion, the information of the biochemical compositions of five different macroalgae ((GMA (Chae-
tomorpha linum and Caulerpa prolifera), RMA (Pterocladiella capillacea), BMA (Sargassum vulgare. and
Ericaria amentacea)) and Angiosperms/Seagrass (Halophila stipulacea) are important for the evaluation of
potential sources for commercial and human consumption. Biochemical compositions of tested macroal-
gae and seagrass could make important contributions to feed formulations and fuctional foods in future.
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Oz — Koprii yapilarimin saglik durumlarimin ve yapilarin yasam dongiisii baglaminda durumun degerlendirilmesi mii-
hendisler i¢in hayati oneme sahiptir. Kuskusuz, yikilmis kopriilerdeki yapisal kusurlarin 6nceden tespit edilmesi, 6zel-
likle yap1 elamanlarindaki ¢atlaklar, donatilarin agiga ¢ikmasi ve korozyonun tespiti, mithendislerin gerekli 6nlemleri
almasi ve yapinin daha uzun siire kullanilabilirligini saglamaktadir. GPR uygulamalariim dogru kullanildig: takdirde,
bu gibi kusurlarin tespitinde etkili oldugu kanitlanmistir. GPR yontemi baska yapilar igerisinde de kullanilmaktadir.
GPR verileri islendikten sonra iki boyutlu goriintiiler ayr1 ayr1 incelenerek ve goriintiilere ait radargramlar iizerinde
yansimig/sagilmig elektromanyetik (EM) dalga alanlar1 da irdelenmistir. Sonug olarak, islenmis veriler {izerindeki
kopriiye ait yansimig/sagilmis dalga alan1 konumlari, yapisal elamanlarm konumlarini ve derinliklerini tanimlamakta-
dir. Elde edilen GPR hiperbollerin tepe genisligi yapisal elamanlar: belirlemektedir. Bu ¢aligma, Nisan 2012'de bir
nehir tizerindeki kopriide meydana gelen kismi ¢okiisti incelemektedir. Bu ¢okiisiin yeterli bir yapisal saglik izleme
programu ile 6nlenebilecegi tespit edilmistir. Incelenen kopriiniin kismi yikilmasini dogrudan etkileyen faktorler ara-
sinda yapisal elamanlarin demir korozyonu, temellerin asinmasi ve zayiflamig bir koprii dosemesi bulunmaktadir. Bu
calismada uygulanan yontem, korozyondan etkilenen kopriilerin GPR uygulamast ile ilgili yapt mithendislerinin ve /
veya sorumlularin karar vermelerini gelistirmek i¢in kullanilabilir.
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Abstract — Condition assessment of bridge structures within the context of health monitoring of structures, as well as
the life cycle of structures, is of vital significance for engineers. Undoubtedly, the detection of bridge structural defects
in the collapsed bridge in particular internal structural elements such as bridge deck delamination, the formation of
cracks and corrosion of rebar will enable engineers to take necessary action, and prolong the serviceability of the
structure. Applications of GPR have proved to be effective in detecting such imperfections if utilised correctly. GPR
is also used in other structures. Since the GPR data was obtained in the form of two dimensional images after pro-
cessing, the sections were examined in two dimensions and the reflected/scattered electromagnetic (EM) wave fields
on the radargrams of the three dimensional images were examined. According to the results, the reflected/scattered
wave field locations of the bridge on the processed data define the locations and depths of the structural elements. The
apex width of the resulting GPR hyperbolas determines the structural elements. This paper reviews the collapse in
April 2012 of a case study bridge over a creek, examining the possibility that this collapse could have been anticipated,
and therefore, prevented with an adequate structural health monitoring programme. This paper also presents the results
of the application of GPR. Factors which have been identified as having directly contributed to the failure of the case
study bridge include the corrosion of rebar, scour of the foundations and a weakened bridge deck. The methodology
implemented in this paper can be used to enhance the decision making of structural engineers and/or asset managers
relating to the Ground Penetrating Radar application of corrosion affected bridges.
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1. Giris

Tetkik edilen koprii 1951 yilinda trafige agilmis, dokuz koprii ayagi tarafindan desteklenen on agiklikli
betonarme bir yapidir. 252 metre uzunlugundaki kopriiniin yaklagik 48 metresi 6 Nisan 2012 tarihinde saat
04.00'te aniden ¢O6kmiistiir ve 15 dliimle sonuc¢lanmustir.

Bu ¢alismada; koprii ¢okiisiine neden olan sebepler, bu sebepleri inceleyen raporlar araciligiyla belirlenmistir.
Incelememiz sonucu, koprii demirlerinin hava kosullar1 ve dalgalar sonucu siiriiklenen taslar dolayisiyla
asindig1 ancak kapsamli bakim ve onarim g¢alismasi yapilmadigi tespit edilmistir. (KGM, 2012) tarafindan
derlenen bir rapora gore, kopriiniin genel yap1 sagligi incelemesi yapilmamistir. Bazi onarim ¢aligmalari
Karayollar1 Genel Miidiirligii (KGM) tarafindan yapilmistir ancak ¢ok ihtiya¢ duyulan koprii yapisina yonelik
onarimlar yapilmamigtir (DeNoto, 2022; Cao ve dig., 2021, Li ve dig., 2021). Ek olarak; képrii statigine uygun,
tasiyict sistemine destek proje caligmalari yapilmadan, kopriiye ekstra yiik olan asfalt tabakalar1 eklenmistir.
Kopriide alt, iist ve etriye donatilarinin yerleri bilinmediginden bu bilgileri elde etmek i¢in GPR kullanilmistir.
Bu calisma, insaat miithendisligi kusurlarinin yap1 araciligiyla incelenmesi yoluyla tahribata dayanikli farkl
yontemleri tespit ederek koprii ¢okmesini Onleyebilecek tedbirler konusunda oneriler sunmaktadir. Bu
kapsamda, GPR yontemi, koprii yapisinin alt ve tist donatisinin konumunu, donatinin korozyana ugramasi veya
nem mevcudiyetini belirlemede, donati disindaki betonda ¢atlak, ¢6kme ve bosluklar1 belirlemede kullanilir
(Parrillo ve Roberts, 2006; Kilic ve Caner, 2021; Benmokrane ve dig., 2004; Kilic, 2016; Rhazi ve dig., 2003).

S6z konusu yontemle tetkik edilen koprii betonunun ciddi sekilde hasar aldig1 ve bircok noktada donatilarin
korozyona ugradigi tespit edilmistir. Ayrica, dere yatagmin tasidigt malzeme zaman iginde su debisini
degistirmis ve bu nedenle koprii ayaklarinin altinda bulunan ahsap kaziklar ortaya ¢ikmig, betonarme yapi1 ve
tastyici sistem bozulmustur. Bu sebeplerin kopriiniin ¢okmesinde 6nemli bir faktor oldugu belirlenmistir. Bu
caligmanin ilk boliimiinde kopriiniin yapisal bilgileri, yikilan alaninin detayli bir incelemesi, bulgular, tarihsel
veriler ve tavsiyeler bulunmaktadir. Tkinci béliimiinde ise kdpriiniin dosemesinde kullanilan donatilarin alt ve
iist konumlarini belirlemek ve GPR uygulamasina odaklanilmaktadir.

Bu aragtirma, mevcut kopriilerin yikilma riski altina girmeden, sadece miihendislik gozlem yolu ile degil, diger
tahribatsiz ve kazisiz teknolojiler yardimi ile kdpriiniin saglik durumunu belirlemeyi, yikilma risklerini ortadan
kaldirmay1, diizenli kontrol saglandigi zaman mevcut iist yapilarin kullanim Omiirlerini uzatmayi
hedeflemektedir.

1.1.Incelenen Koprii

Koprii, Tiirkiye'de 1951 yilinda Caycuma deresi iizerinde uzanan 225 m'lik bir agikliktan olusan, betonarme /
on gerdirmeli beton bir yapidan olusmaktadir (Sekil 1-a). 6 Nisan 2012 tarihinde, yapimindan 61 y1l sonra,
kopriiniin belli bir boliimii ¢okmiis, bu yikim 15 kisinin hayatin1 kaybetmesi ile sonuglanmustir (Sekil 1-b).

A
masra

Bﬂl'tlh0
“Merkez .
Caycuma
Zunuulcako - 1
Merkez - ‘:_F y
Eregl” : Safranboly
 Devrek
T Venir:eu Karabik
Herlg :_Jméum
akoca
Sekil 1.a Caycuma Kopriisii'niin Tirkiye'deki ko- Sekil 1.b Incelenen kdpriiniin kismi ¢oken goriin-
numu (KGM, 2012) tiisii (KGM, 2012)
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Koprii yapilari, suyun akim sartlarina gére hem dogrusal akarsularda hem de kivrimli akarsularda dayanikli
olmalidir. Bunun yaninda kdprii yapilarin mukavemeti, hem statik kuvvetlere karst hem de suyun dinamik
etkisine karst dayanikli olmalidir. Yapilarinin temeli, su kuvveti tarafindan oyulma riskine ve taban
oyulmalarina direngli olacak sekilde tasarlanmalidir.

Incelenen képriiniin temeli, akarsuyun debisine ve zemin parametrelerine bakilmaksizin, oyulma riskine karst
herhangi bir 6nlem alinmadan tasarlanmistir. Kpriiniin yikilmindan sonraki incelemelerde 6n degerlendirme
olarak, dere boyunca dere yatagindan toprak dolgunun alinmasindan dolayi, kdprii ayaklar1 ve ahsap temel
kaziklar1 olmasi gereken seviyenin altina diigmektedir. Bu ylizden dere yatagi erozyonuna karsi temel tagima
kapasitesi diismiis, bu da statik gerginlikten 6tiirti koprii dédsemesinin ¢dkmesine neden olmustur (Sekil 2-a ve
2-b).

sagi Dogru Debi — -\\

A
Debi

To——l ] Girdap izi
% 00 il
H === : A
, = :
=

Oyulma Cukuru

cokelti

Atmali Seklinde Girdap
Yatagi

Sekil 2.a Oyma deliginde girdap olusumu (Brandimarte ve dig., 2012)
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Oyulma Cukuru \ ‘
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Sekil 2.b K&priiniin ayaklarindaki oyulma gukuru (Deng ve Cai, 2010).

Bu gibi ¢okmelerin 6nlenmesi i¢in kendi agirliklar, trafik yiikleri ve ayrica nehirler ve diger su kiitlelerinin
empoze ettigi hidrolik kuvvetlerin birlesimine dayanacak su yollarim1 kapsayan kopriiler tasarlamak
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gerekmektedir. Bu arastirmadaki kopriintin yikilmasi, sadece yetersiz bakim ve onarimdan otiiri degil, ayni
zamanda erozyonu Onleyen Setlerin kontrol ve bakiminin énemini de ortaya koymaktadir.

1.2. Incelenen Képriiniin Yikilmas: Sebebi Uzerine Arastirmalar

Tetkik edilen kopriiniin yikilmasinin 6ncesi bir kanit bulunmadigindan, bu arastirma makalesi, ingaat ve
tasarim hatalarinin ana nedenlerini vurgulamayi amaglamaktadir. Gelismekte olan iilkelerdeki kpriilerin hasar
gormelerinin ana nedenlerinden biri hidrolik faktorlerin yanlis kalibrasyonudur. Amerika Birlesik
Devletleri'nde 1989-2000 yillari arasinda, 503 kopriiniin yikilis nedenlerini belirlemek igin yapilan
aragtirmalar, vakalarin % 53' inden fazlasindan sellerin sorumlu oldugunu ortaya koymaktadir. Kopriilerin
yikilmasinin diger ortak nedenleri arasinda arag¢ kazalari, depremler ve asir1 yiikklemeler vardir (Yanmaz ve
Caner., 2012; Melville ve Coleman., 2000). (Wolforst ve Annandale., 1998; Yanmaz 2002)'e goére nehir
akarsulari, koprii ayaklarinin etrafindaki fazla ¢okeltileri temizleyerek yapinin saglamligini ve giivenilirligini
onemli ol¢tide artirir. Sekil 3’°te goriildiigi gibi 10 km uzakliktaki bagka bir kopriiniin tasiyici ayaklarmin dere
yatagindan kum alinmasi1 sonucu, temellerinin seviyesinin 4-5 metre altinda oldugunu tespit edilmistir.

Sekil 3. Kopriiniin 10 km yukarisinda bulunan baska bir kprii (resim Gokhan Kilic tarafindan ¢ekildi, 2012)

Koprii ayaklarinin etrafindaki kirilmig beton pargalar1 yiiziinden su akis hizi artmakta ve tasiyici ayaklarda
oyulmalar daha fazla oranda goriilmektedir (Sekil 4 ve 5). Ayrica tasiyici ayaklarda onarim gerektiren bolgeler
acik¢a Sekil 4’de goriilmektedir.
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Sekil 4. Kopriiniin tagtyici ayaklar1 ve temelleri (KGM, 2012)

Koprii tasiyici ayaklart ve ahgap temellerinin lizerinde goriinen derin ¢atlaklar ve agiga ¢ikmis donatilar Sekil
5’te goriinmektedir.

Sekil 5. Kopriiniin tagiyict ayaklari ve ahsap temelleri (resim Gokhan Kilic tarafindan ¢ekildi, 2012)

Dere yatag tizerinden izinsiz ve kontrolsiiz kum alinmasi dere akisinin seviyesinin degismesine ve bunun
neticesinde kopriiniin hemen sonrasinda bulunan kaya dolgu bariyerinin hasar gérmesine sebep olmustur (Sekil
6).
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Sekil 6. Kopriiniin kaya dolgulu bariyerinin yikilmas1 (KGM, 2012)

Aragtirilan kopriiniin  yikilmasimin ardindan, istanbul Teknik Universitesi tarafindan yapilan gorsel bir
inceleme sonucunda; kalan koprii tabliyesi tizerinde derin ¢atlaklar, beton kalitesinin bozulmasi, donati
korozyonu, tastyici ayaklar lizerindeki 6nemli catlaklar gibi birtakim kusurlar tespit edilmistir (Sekil 7). Bu
ayrintili raporda ayrica, insaat demiri korozyonunun, tagima kapasitesi zayiflamis koprii ayaklarmin ve
dosemesinin de kopriiniin yikilmasinda etkili oldugu belirtilmistir.

Sekil 7. Kopriiniin yikilmasinin ardindan kopri tabliyesi (KGM, 2012)

Bu kopriiniin yikilmasinin bircok nedeni raporda belirtilmektedir. ilk olarak, koprii temelindeki oyulmadan
dolay1 temel kaziklarin ortaya c¢ikmasi, Karablik Hidroelektrik Santrali Baraj1 tagkinlarindan (yaklasik 50
kilometre uzakta) meydana gelen hidrodinamik yiiklemedeki artigtan olabilecegi de belirtilmektedir. Artan su
akisi, temellerin Onlerindeki kaya dolgu bariyerinin ortadan kaldirmasi (Sekil 6), kopriiniin yapisal
biitlinligiiniin, 6zellikle de tasiyici ayaklarinin tagima kapasitesinin zayiflamasina neden olmustur. Bu su akis
glicli ayn1 zamanda kopriniin temellerinin aginmasina neden olmustur. Ayrica diger faktorlerden birisi de
eriyen karin neden oldugu su akisindaki yillik artiglar suyun debisini artirarak tasidigi ilave molozlar ayni
zamanda beton ayaklarina verilen hasari artirarak kopriideki donatinin agiga ¢ikmasina ve bu sebeple
korozyonun artigina sebep olmustur.

Kopriiniin yapisi ile ilgili olarak, uzun yillar siiren yogun trafik yiikleri ve malzemelerdeki dogal sartlar
altindaki yipranmalara ek olarak, kopriiniin proje disindaki dosemesi {izerine yapilan ekstra asfalt ¢aligmasidir.
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Eklenen asfalt kalinlig1 yaklasik 70 cm kalinligindadir, bu da kopriiye 70 cm' ye (Sekil 8), yaklasik olarak
0.25x0.70x2, 5 = 0.44 t/m bir 6lii yiik ile ekstra eklenmektedir.

Sekil 8. Vaka calismas1 kopriisiiniin ve genisletilmis kaldirimin ¢okiisti (KGM, 2012)

Koprii yapisi {izerinde bir biitiin olarak diizenli standart degerlendirmeler yapilmamigtir. Kopriiniin bazi
boliimlerinde cesitli iyilestirme ve yenileme c¢alismalar1 yapilmis olmasina ragmen, gerekli ciddi onarim ve
bakimlarin hicbiri yapilmamistir. Kopriide meydana gelen ciddi hasar belirtilerine ragmen hasarli kopriiye
bitisik yeni bir kdprii agilmig, tetkik edilen kopriiniin hizmette kalmasina izin verilmistir. Ek trafik yiikiiniin
stresi ve ilave eklenen asfalt agirligi, kopriiniin tagima kapasitesinin zayiflamasina sebep olmustur.

Kilic, 2013 tarafindan ayrintili olarak agiklanan boyle bir yaklasim, tahribatsiz tekniklerin bir kombinasyonunu
aciklamaktadir: gorsel inceleme, GPR, IBIS-S (interferometrik 6zelliklere sahip gelismis temassiz bir radar
tabanli sensor sistemidir) ve Sonlu Elemanlar Modellemesi. Tam ve kapsaml1 bir gorsel inceleme de goriiniir
donati, koprii ayaklar1 ve dosemesindeki onemli ¢atlaklar ve anormallikler gibi 6nemli dis yapisal bozulmayi
tanimlamis ve yapisal kusurlarin yeri hakkinda 6n bilgi saglamistir. IBIS-S incelemesinde koprii sagligini
belirlemede, yiik altinda olusan titresimleri en dogru sekilde aktarmaktadir. Bu incelemede asir1 titresimler ve
yer degistirmeler, kopriiniin saglik durumunun ¢ok 6nemli bir gostergesidir ve ayrica bir yapinin sagliginin bir
risk olusturup olusturmadigini tahmin edebilecek bir ol¢iidiir. Bagka bir arastirmada, incelenen kopriiniin
kapsaml1 bir saglik degerlendirmesinde herhangi bir tam incelemede oldugu gibi, 6zellikle yogun olarak
kullanilan bir kopriiniin, her zaman gozle inceleme sonucunda bilgilerine ulasilmamistir (Hao, 2010). Bu
nedenle, yapinin saglik durumunu belirlemek igin, koprii govdesinin i¢ yapisini, yani nem/su giriginin ve i¢
catlaklarin ve 6zelliklerin dogru ayrintilarini belirlemek icin bir GPR aragtirmasi yapilmistir. Hao, 2010 aym
zamanda donat1 korozyonunun dogru bir agiklamasini saglayan bir veri analizi sunar.

Sonug olarak, tetkik edilen kopriiniin tiim temel bilesenlerinin bozulmasi sonucunda yikilmasina yol agtigidir.
Sistematik olarak bir kdprii sagligi izleme yaklagimi uygulandiginda, yikilmasinin 6nlenebilecegi de agiktir.
Boyle bir yaklasim, yapinin bir boliimii ile sinirli olmadigr igin, birgok tahribatsiz teknik kombinasyonu
yardimiyla olmalidir.

2. Yontem

Betonda donati korozyonunun, arastirma kopriisinde oldugu gibi, nihayetinde yapisal bozulma ile
sonuclanabilecek betonarme yapilarin erken bozulmasindaki ana faktér oldugu yaygin olarak bilinmektedir
(Peng Han ve dig., 2022; Li ve dig.,2011). Bu korozyon, kloriir iyonlarinin girmesiyle ¢oktiiriiliir. Boylece
hizl1 akan nehirler gibi zorlu ¢evre kosullarinda bulunan yapilar icin risk artar. Catlak veya hasar gérmiis
yapilarda, kloriir iyonlar1 yapisal korumadan gegerek iyon konsantrasyonunun esik degere ulagsmasina neden
olarak, takviye donatilar ¢evreleyen alanda kloriir kaynakli korozyona neden olabilir. Korozyonun betonarme
yapilari tizerindeki etkilerinin analizi esastir ¢linkii beton genellikle i¢ korozyona ragmen ¢atlama gibi herhangi
bir dis hasar belirtisi géstermez. Betonarme donati demirlerinin korozyon orani da artan streslerle daha da
artmaktadir (Enright ve Frangopol,1998).
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Pek ¢ok arastirmada, sirasiyla, betonarme koprii kiriglerinin dayaniminin bozulmasini ve bir betonarme
dosemesinin giivenilirligini inceleyen (Stewart ve Rosowsky, 1998; Darmawan ve Stewart, 2007;Dogan 2008)
tarafindan gelistirilenler gibi korozyon modelleri iizerinde detayli ¢aligmalar yapmstir. Ongermeli donatilarin
hacimsel ve zamansal maksimum derinlik verilerini belirlemek igin hizlandirilmig bosluk korozyonu (Haasl
ve dig.,1981) tarafindan da incelenmistir. (LeBeau ve dig.,2007) biikiilme ve kayma donatilarinin bosluk
korozyonunun mekanik davraniginin ve yapisal giivenilirlik {izerindeki etkisinin daha ileri analizlerini
yapmustir. Korozyon islemleriyle ilgili daha fazla bilgi i¢in bu ayrintili incelemelere bagvurulmalidir. incelenen
kopriiniin korozyonunu etkileyen ana faktorlerin daha iyi anlagilmasini kolaylastirmak icin burada sunulan
model bilingli olarak basitlestirilmistir.

2.1. Yer Radari incelemesi ve Donanimi

GPR yontemi Oncelikle yapilarin saglik durumlarini belirlemede, zemin yapisinin ¢ikarilmasinda, yiizeye
yakin zemin birimlerin belirlenmesinde, deprem fay haritasin1 belirlemede, karstik bosluklarimin
bulunmasinda, yeralt1 su seviyesinin belirlenmesinde kullanilir (Li ve dig., 2022; Asadi ve dig., 2022).

Kopriiniin aragtirmasi, GPR''n kopriiniin belirli bdlgelerinde bir kilavuz kagidi {izerine uygulanmasina
dayanmaktadir. GPR ekipmaninin kilavuz kagidinda yatay ve dikey ¢izgileri boyunca asamali olarak hareket
ettirerek, incelenen alan hem uzunlamasia hem de enlemesine olarak incelenmistir. . Ekipman biiyiikk GPR
sistemlerinden olusmadig icin, arastirmanin tim yonlerini tek bir bdlgeyi inceleyerek ele almak miimkiin
degildir. Bu nedenle, kdpriiniin daha saglikli bir analizini gerceklestirmek i¢in birkag kiiciik alanda arastirma
yapilmistir (Sekil 9).

Sekil 9. TR HF (2 GHz) Anteni kullanilarak koprii tizerinde GPR arastirmasi

Elde edilen verileri almak, izlemek ve kontrol etmek i¢in K2 Fast-Wave yazilimi kullanilmustir. Yazilim
normal bir dizistii bilgisayarla da uyumludur veyiiksek kaliteli goriintiiler ve tomografi haritalar: elde etmek
icin 2 GHz frekansh bir Tomography Resistivity High Frequency (TR HF) anteni kullanilmstir. (Sekil 10).
Bu GPR ekipmani, koprii hasarlarindan sorumlu tiim faktorleri belirleme firsatlar sunmaktadir.
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Kontrol bm§

Sekil 10. TR HF (2 GHz) Anteni

Kopriiniin analizi, veri analizi yazilimi olan IDS GRED kullanilarak yapilmistir. Analiz incelemesinin tamami,
veri toplama, siralama ve secilen verilerin analizini igeren birka¢ adimdan olusur. IDS GRED, donatinin derin
ve s1g konumlarmi otomatik olarak toplayan ve kaydedilen verileri islemeden ve bir b-taramasi
gerceklestirmeden Once geriye sacilan dalgalar1 analiz eden akilli bir sistemdir. Fakat yeterli degildir, bu
sebeple incelenen alanin dikey bir bolimiinii drneklemek igin sinir agi tasarimi yardimiyla b-taramasi
azaltilmigtir. Sistem ayrica kaydedilen verileri yatay ve dikey eksenlerden bir yiiksek kaliteli tomografi
haritasina toplayabilmektedir.

2.2.Sinir Ag1 Tasarimi

Bu arastirmada ayrica, Sinir Aglarin sagilma elektro manyetik dalga giirtiltiisii i¢indeki tespitini yapmak i¢in
geri yayllma 0grenme algoritmasini uygulayarak nemi tespit edebilen Sinir Aglar i¢in tasarim teknikleri yer
almaktadir. Giris, gizli ve ¢ikis katmanlarindan olusan ii¢ katmanli Sinir Aglar, Sekil 11'de goriilebilir.
Tartigilan teknikler, elektro manyetik dalgalardaki giiriiltii icerisindeki belirli alan1 belirlemeden 6nce nemi
tespit etme potansiyeline sahiptir. Ek avantajlar gercek zamanli isleme, uyarlanabilirlik ve Sinir Ag1 egitimi
igerir.
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Sekil 11. Giris, gizli ve ¢ikis katmanlarindan olusan basit bir Sinir Ag1

Bu ag tamamen baglantili, ileri beslemeli bir Sinir Agidir. Uygulamadan 6nce, en uygun boyuttaki Sinir
Aginin, gizli katman sayisi ve her gizli katmandaki gizli noronlarin sayist konusunda kararlar alinmalidir. Bu
tartismada (Chen ve dig.,2010; Frein ve Richard, 2011), tek bir gizli katmanin ve 20 gizli nronun gerekli olan
maksimum deger oldugunu diisiinmektedir. Dogrulama amaciyla, Sinir Ag1 egitilmistir ve ortaya ¢ikan ag test
edilmektedir. Tatminkar olmayan sonuglarin yetersiz bir egitim seti veya oyundaki asir1 sayida néron olmasi
nedeniyle oldugu diisliniilmektedir. Daha sonra gerekli ayarlamalar yapilir ve test tekrarlanir. Bu diizen tatmin
edici bir dogrulama seti elde edilinceye kadar devam eder.
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Sekil 12. Sinir Agi'nin blok semasi

Kopriiniin incelenen ¢esitli bolgelerinde boliimlere ayrilan GPR taramasindan elde edilen veriler Sinir Agina
dahil edilmistir (Sekil 12). Sinir Agina giris sinyali olusturmak igin ham bir veri kullanilmustir; veriler 64 6rnek
ve iki ardisik set arasinda bir 6rnektir. ilk set, GPR verilerinin baslangicindan elde edilmistir ve bir sonraki
adim, ilk setin sagindaki bir 6rnektir. Bu kalip, setteki 1.700 GPR verisinin tim 6rneklerini kaplayana kadar
kopyalanmustir.

GPR verileri Sinir Agina girdi ve ¢ikt1 olarak tespit edilmistir (hatalr) veya tespit edilememistir (saglikli) olarak
ikili bir karardir. Her 10 metrede bir veri toplayarak kopriiye GPR anketi uygulanmistir. Gorsel inceleme

tarafindan hatali olarak etiketlenmis dort konum vardir ve bunlarin {i¢ii Sinir Agin1 egitmek i¢in kullanilmigtir.
Kalan on altidan yedisi egitim igin saglikli veriler olarak secilmistir. Dérdiincii hatali durum ve kalan dokuz
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ornek test icin kullanilmistir. Sinir Ag1, dordiincii hatali durumda ve bir baska numunede (gorsel olarak kontrol
edilemeyen baska bir yerde) bosluk / nem tespit edilmistir.

GPRGPR verileri Sinir Agina dahil edildiginde, gizli néronlarin her ¢iktisi girig diiglimlerinin agirlikli bir top-
lamidir ve yanlilik digiimi bir hiperbolik teget fonksiyonundan geger (Sekil 11). Gizli néron’un y;, j=1---L,

Sinir Ag1’nin sonucu,
M h j
Yj =¢(_21X(|)Wji +6°) (2.2)
i=

¢ (yanlilik), L 20, M 64'tiir ve gizli ve ¢ikis katmani icin aktivasyon fonksiyonu, ¢ (yanlilik), olarak
tanimlanmis, ¢(), bir teget hiperbolik fonksiyondur.

ey _e_y

o) =——— (2.2)

e +e”Y

X(i) terim, GPR verisini igeren girisi Wjih temsil ederken, j"gizli nérondan i" giris néronuna olan
agirhiktir. Sinir Agimin gergek ¢iktisi, tiim gizli néronlarin ve dnylikleme diiglimiiniin agirlikli toplamidir; bu,
daha sonra her bir girdi degeri seti i¢in istenen ¢ikt1 ile zitlik olusturur. Bu ¢ikislar arasindaki herhangi bir

tutarsizlik bir Sinir Ag1 hatas1 olarak tanimlanir, bu durumda Sinir Aginin agirliklari bu ¢ikis hatasinin gradyan
kullanilarak giincellenir (Shi ve dig.,2011; Li ve dig.,2010).

3. Bulgular ve Tartisma

3.1. Yer Radar1 Sonuclan

Kopriiniin incelemesi yalnizca GPR incelemesine dayanmakla kalmiyor, ayn1 zamanda gorsel analizleri de
yapilmistir. GPR sonuglari, somut bozulma, su sizintisi, tasiyici sistemlerde biiyiik catlaklar ve donati
korozyonu dahil olmak lizere birtakim nedenlerini ortaya koymustur. Gorsel inceleme ayrica koprii govdesi
ylizeyinde bozulma oldugunu da gésterilmektedir.

Ham GPR profil verisinden islenmis radar profiline gecis yapilirken Sinir Ag1, diisiik frekansh veya yiiksek
frekansli GPR verilerini alacak sekilde tasarlanmistir. Burada, diisiik frekansli veriler ylizeyde diigiik
¢oziiniirliikk saglar, ancak daha fazla derinlik bilgisi saglarken yliksek frekansl veriler yiizeyde daha yiiksek
¢oziiniirliikk saglar ancak daha diisiik derinlik bilgisi verir. Farkli frekanslar i¢in, bosluklarin / nemin sagilma
ozellikleri oldukga farkli olsa da, test durumlarinda ayrim belirgin olarak gézlenmistir (Sekil 13).
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Sekil 13. Ham radar profil verisinden islenmis radar profiline gecis yapilirken uygulanan islem
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Incelemede ayrica kdpriiniin 70 cm 6lgiimiin altindaki 5-10 cm arasindaki iist donati, 30 cm altinda alt donati
konumlarinin da agir1 nem penetrasyonundan etkilendigini ortaya ¢ikarilmistir. Bu sonuglar veri toplamadan
ve koprii ve kompozisyonun tiim yonlerinin analizinden elde edildiklerinden (son derece) giivenilir olarak

kabul edilir (Sekil 14).

max penetrasyon

L .|

Sekil 14. islenmis 2GHz veri ve daha derin penetrasyonlu kdpriiniin arastirilmasindan elde edilen muhtemel

aciklamalar (yorumlama)

Yukarida bahsedildigi gibi, kopriiniin ¢esitli yapisal o6zelliklerini incelemek i¢in bir TR HF anteni
kullanilmistir. Migrasyon yontemine dayali olarak, beton i¢indeki tahmini yayilma hiz1 (V), yaklagik olarak
0.12 m/ns olmustur ve buna karsilik gelen nispi dielektrik sabiti 6,3'tlir. Anten ayrica 70 cm altindaki alt yiizey
katmanlarinin kompozisyonunun arastirilmasina da izin vermistir (Sek. 13). GPR gorintiileri analiz ederek,
donati ¢ubugunun tam boyut ve konumunu belirlemek miimkiin olmustur. GPR taramasindan elde edilen
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veriler, alt ve {ist donati konumlandirmalarini analiz etmek i¢in de kullanilmistir (Sekil 15) (Kosaroglu vd.
2016 ve Tastan vd. 2017).

Boyuna Donati Enine Donati

Sekil 15. GPR radargramindan insaat demiri konumu (Kilic 2013)

Her ne kadar beton kaplama kalinliginin ingaat demiri korozyonu iizerinde minimum etkiye sahip oldugu dii-
stiniilse de, artan kalinlik nehir sedimentinin aginmasina kars1 etkili oldugu ve bu nedenle dalgalanmaya maruz
kalan korozyon akimi yogunlugunu azaltmistir. Beton kaplama kalligi zamanla asinirken, korozyon akimi
yogunluk degeri artmistir ve bu da etkili izleme ve bakimin asir1 6nemini gosterir. Bu ¢alisma, koprii dosemesi
iizerine eklenen asfalt kalinligini belirlemede (6lii yiikiin artmasi), alt ve {ist donatilarin konumlarini belirle-
mede, ve donatilarda korozyon olup olmadigini saptama da arastirma yapilmadiginin altin1 ¢izen betonarme
koprii ¢okiisii hakkinda ¢ok az sayida rapordan biridir.

4. Sonuclar

Inceleme neticesinde, kdpriiniin yikilmasinin iki ana nedeninin kontrolsiiz asfalt kalinliginin artmasi ve dere
yatagi seviyesindeki dogal degisiklikler oldugu sonucuna varilmigtir. Bunun yaninda, koprii yatag: silt ve
kumdan olusan yiiksek yogunluktaki su akiminin yatak katmaninin i¢inden yayilmasina maruz kalmustir.

GPR'ye dayali incelemede, donatinin konumlar1 tam olarak belirlenmistir. GPR aragtirmasinin bulgular ve
gorsel analiz, kapsayici sonuglari ¢ikarmak igin birlestirilmistir. inceleme sadece kopriiniin yikilmasinin
sebeplerini degil, ayn1 zamanda yap1 kusurlarin1 gdstermek i¢in miihendislerin hibrid analiz tekniklerini
benimseme ihtiyacim1 da vurgulamaktadir. Sadece GPR verileri kopriiniin mevcut saglik durumunu ortaya
koymaya yeterli degildir. Yikilan kopriniin incelenmesi neticesinde, mega yapi tasarimi igin mithendislerin
GPR gibi ileri teknikler kullanmalarinin yikilma faktorlerini bityiik 6l¢iide azaltacagi sonucuna varilabilir.

Calismamiz, kopriiniin yikilmasinda rol oynayan iki énemli noktay1 ortaya ¢ikarmaktadir: Bunlardan biri uy-
gun muayene tekniklerinin énemidir. Otekisi ise yapilarin yaslanmadan 6nce derin incelemelerinin yapilmasi
geregidir. Bu aragtirmada her iki yon de incelenmistir. Saha incelemesi sirasinda, dnemli yapisal bozukluklarin
¢okmeye neden oldugu tespit edilmistir. Yapidaki temelleri agindiran su kaymalari, yapiya eklenen fazla yiik-
lenmeden dolay1 koprii tastyiciliginin zayiflamasi ve donatilarin kprii ayaklariin temelindeki aginmasidir.
Yazar, bu yapisal basarisizliklar1 belirlemede potansiyeli olan basit bir metodoloji dnererek, gézle inceleme
(ylizeysel ve gozlemle erisebilecek hatalari tanimlamak i¢in) ve GPR taramasi (gozle inceleme ile eriseleme-
yen kopriiniin i¢ yapisinda bulunan yapisal elamanlari veya kusurlari ortaya ¢ikarmak i¢in) kapsamli bir saglik
degerlendirmesi sistemi dnermektedir. Bu nedenle, bu ¢alisma, tetkik edilen kopriiniin degerlendirmesini ve
hizmet dmrii tahmini icin basit, karmasik olmayan bir giivenilirlik analiz sistemi sunmaktadir. Bu ydntem,
bliyiik olasilikla saha arastirmasi tarafindan belirlenen yapisal bozulma nedeniyle, ¢oken koprii i¢in diisiik
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giivenilirlik indeksini tanimlamigtir. Ayrica, kopriilerin yikilma olasiligini etkileyen iki 6nemli faktoriin 6n-
germeli betonarmede kaplama kalinlig1 ve hareketli yiikiin yogunlugu oldugu tespit edilmistir. Bu 6zel durum-
larda, mevcut trafik yogunluk orani, ek takviye, iyilestirici etki ile azaltilabilirdi. Bu makalede, incelenen kop-
riiniin yikilmasinin sadece bir 6n degerlendirmesi yapilmistir fakat yine de bazi temel nedenleri tanimlayama-
maktadir. Diinyada binlerce betonarme koprii vardir, Tiirkiye'de 6765 koprii (KGM, 2012; Hao, 2010'a gore)
ve bircogunun bu yazida tartisilan yikilmaya maruz kalma ihtimalleri vardir. Bu nedenle bu c¢alisma, koprii
yapilarinin daha fazla arastirilmasini ve analiz edilmesini tesvik etmeyi amaglamaktadir.

Tesekkiir:

Yazar, 6nemli 6neri, kapsamli inceleme, destek, rehberlik, biiyiik ilham ve bu yazi i¢in 6nemli katkilar igin
Karayollar1 Genel Miidiirliigiinden emekli, rahmetli babas1 Cemil Kilig¢'a minnettardir.

Cikar Catismasi:

Yazar ¢ikar catigmasi bildirmemistir.
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