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TURK DOGA VE FEN DERGISI

Amag

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanan Bing6l Universitesi Fen Bilimleri Enstitiisiine ait ulusal ve
hakemli bir dergidir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin her
alaninda Ozgiin, yayimlanmamus, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi ¢aligmalarin bilim alemine sunulmasi amaciyla kurulmustur.

Kapsam

Tiirk Doga ve Fen Dergisinde Miihendislik, Ziraat, Veterinerlik, Fen ve Doga Bilimleri alanlarindan olmak iizere Tiirkce
ve Ingilizce hazirlanms orijinal makale, derleme ve sempozyum degerlendirmesi gibi galismalar yayimlanir. Tiirk Doga
ve Fen Dergisi sadece online sistemde yaymlanmakta olup ayrica kagit baskis: bulunmamaktadir.

Merhaba...

Tiirk Doga ve Fen Dergisi, Dergipark tarafindan yaymlanmakta olup Bingl Universitesi Fen Bilimleri Enstitiisiine
aittir. Bahar ve giiz donemi olmak {izere yilda iki defa ¢ikarilan ulusal hakemli bir dergi olarak ilk sayisin1 2012 bahar
doneminde yayimlamistir. Tiirk Doga ve Fen Dergisi, Tiirkiye ve diinyanin her yerinden gelen doga ve fen bilimlerinin
her alaninda 6zgilin, yayimlanmamis, yayimlanmak {izere baska yere gonderilmemis makale, derleme ve sempozyum
degerlendirmesi gibi caligmalarm bilim alemine sunulmasi amacityla kurulmustur. {lk sayisindan bugiine kesintisiz olarak
faaliyetlerini siirdiirmektedir.

Tiirk Doga ve Fen Dergisi sadece online sistemde yayinlanmakta olup ayrica kagit baskist bulunmamaktadir. Dergimize
gelen her ¢aligma 6ncelikle Turnitin intihal programinda taranmaktadir. Dergimizde editorlerin, hakemlerin ve yazarlarin,
uluslararasi yayim etik kurallarina uymasi ve makalelerin yazim kurallarina uyumlu olmasi zorunlulugu vardir.

Yazarlar yayimlanmak tizere dergimize gonderdikleri c¢alismalari ile ilgili telif haklarin1 zorunlu olarak Bing6l
Universitesi Tiirk Doga ve Fen Dergisi’ne devretmis sayilirlar. Yazarlardan herhangi bir iicret talep edilmemektedir.
Yazarlarin degerlendirmeleri, dergimizin resmi goriisii olarak kabul edilemez. Calismalarin her tiirli sorumlulugu
yazarlarina aittir. Arastirma {irlinleri igin etik kurul raporu gerekli ise, ¢alisma {izerinde bu raporun alinmig oldugu
belirtilmeli ve kurul raporu sisteme kaydedilmelidir. Arastirma ile ilgili intihal, atif manipiilasyonu, sahte veri uydurma
vb. suistimallerin tespit edilmesi halinde yayim ve etik ilkelerine gére davranilir. Bu durumda ¢alismanin yayimlanmasini
onlemek, yayimdan kaldirmak ya da bagka islemler yapmak i¢in gerekli igslemler takip edilmektedir.

Dergimizde, kaynak gosteriminde uluslararasi Vancouver sistemine gegilmistir. Ayrica dergimiz, Creative Commons ile
lisanslanmak suretiyle dergimizde yayimlanan makalelerin paylasimi, kaynak gdsterimi ve yayimlanmasinda dergi ve
yazar haklarim1 korumaya almistir. 2018 yili giiz doneminden itibaren makaleler, uluslararas1 yazar kimlik numarasi
ORCID No’su ile yayimlanmaktadir.

Dergi ekibi, dergimizin ulusal ve uluslararasi indekslerce taranan bir dergi olmasi yoniinde ¢aligmalarimi titizlikle
stirdiirmektedir. Dergimize gosterilen ilgi bu yonde bizleri tesvik etmeye devam edecektir.

Bing6l Universitesi Fen Bilimleri Enstitiisii tarafindan yayimlanmaktadir
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Abstract: Oat is one of the important cereal crops due to its high nutritional content and versatile usage in human
diet and animal feed. Therefore, it was aimed to examine some nutritional values in grain (groat and husk) and, some
quality traits of five commercial oat varieties and six advanced oat lines under Kahramanmaras conditions in 2016-
2017 cropping year. The experiments were arranged in a randomized complete block design with four replications.
According to the results, thousand seeds (groat + husk) weight was found as 26.17 to 45.51 g, test weight (groat +
husk) was 47.80 to 54.30 kg, crude protein ratio of grain was 13.97 to 16.55%, groat percentage was 66.31% to
73.33%, husk ratio was 26.67% to 33.68%, iron content of groat was 22.75 to 39.44 mg kg™', iron content of husk
was 54.06 to 90.27 mg kg™!, zinc content in groat was 28.09 to 66.21 mg kg™!, zinc content of husk was 14.04 to
36.59 mg kg, calcium content in groat was 83.30 to 191.50 mg kg™', the calcium content of husk was 313.7 to
442.30 mg kg'. When genotypes were evaluated according to the examined characteristics, it was noted that TL137
genotype was the best in terms of both thousand grain weight and test weight, but it was low in protein ratio was
low. TL576, Fetih, Kirk-lar and Kahraman genotypes were determined to be the highest genotypes in terms of groat
percent-age. It was observed that the iron content in groat of Sari, TL139 and TL452 genotypes was high, but the
iron content of Kahraman and TL42 genotypes was low in both groat and husk. It was noted that TL452 genotype
had low both zinc and calcium content in groat.

Yulaf Genotiplerinin Kabuk ve i¢ Tanelerindeki Bazi Mikro Besin Degerleri ve Baz1 Kalite

Ozellikleri

Anahtar
Kelimeler
Yulaf,
Tohum,
Kabuk,
Tane
karakterleri,
Elementler

Oz: Yulaf, yiiksek besin igerigi ve insan beslenmesinde ve hayvan yemlerinde ¢ok yonlii kullanimi nedeniyle 6nemli
tahil bitkilerinden biridir. Bu nedenle, 2016-2017 {iretim y1linda Kahramanmaras kosullarinda bes ticari yulaf ¢esidi
ve alt1 ileri yulaf hattinin tanelerinde (dane ve kavuz) bazi besin degerleri ile bazi kalite 6zelliklerinin incelenmesi
amaclanmustir. Deneme tesadiif bloklar1 deneme desenine gore dort tekerriirlii olarak diizenlenmistir. Sonuglara gére
bin tane (danetkavuz) agirligi 26.170 ile 45.510 g, hektolitre agirligt (dane+kavuz) 47.80 ile 54.30 kg, tanede ham
protein orani 13.97% ile 16.55%, kavuzsuz tane orani 66.31% ile 73.33%, kavuz oran1 26.67 ila 33.68 mg kg,
danede demir icerigi 22.75 ila 39.44 mg kg!, kavuzda demir igerigi 54.06 ila 90.27 mg kg™', danede ¢inko igerigi
28.09 ila 66.21 mg kg', kavuzda ¢inko igerigi 14.04 ila 36.59 mg kg, danede kalsiyum igerigi 83.30 ila 192.50 mg
kg™, kavuzda kalsiyum igerigi 313.7 ila 442.30 mg kg olarak bulunmustur. Incelenen dzelliklere gore genotipler
degerlendirildiginde TL137 genotipinin hem bin tane agirligi hem de test agirligi bakimindan en iyi oldugu ancak
protein oranlarinin diisiik oldugu dikkat ¢ekmistir. TL576, Fetih, Kirklar ve Kahraman genotiplerinin dane orant
bakimindan en yiiksek genotipler oldugu belirlenmistir. Sari, TL139 ve TL452 genotiplerinin danede demir
iceriginin yiiksek oldugu, Kahraman ve TL42 genotiplerinin ise hem dane hem de kavuzda demir igeriginin diisiik
oldugu goriilmiistiir. TL452 genotipinin danede hem cinko hem de kalsiyum iceriginin diisiik oldugu kaydedilmistir.
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1. INTRODUCTION

Oat (Avena sativa L.) is an important cereal crop. It is
used as grain and forage crop. The characters of covering
and protecting on soil of oat create diversification for
sustainable agriculture. Oat is known as a rich plant in
terms of protein, fat, starch, vitamins (especially vitamin
E) and nutrients. Also, it has the soluble fibers that has
hypocholesterolemic properties. The high nutritional
value of the oat plant is due to the high amount of
mineral substances (2.90-3.40%) [1]. Oat contains high
protein (12.40- 24.40%), fat (2-12%), vitamins and
mineral (54 mg Ca, 4.7 mg Fe, 117 mg Mg, 523 mg P,
429 mg K, 2 mg Na, 4 mg Zn in 100 grams,) substances
[2; 3]. Although oat grains used for animal feed, it is
recently uses as a multipurpose crop in human nutrition
and industry has made it possible for oat to be among the
prominent plants in the grain group [4]. Decker et al. [5]
stated that husks of cereals as significant quantity of
agricultural by-products represent with low digestibility
and a high lignocellulose content. And also husks that
finely milled could be used as a human food source.
Additionally, it could be used in animal bedding and
feeding purposes [6]. Barbieri et al. [7] stated that wheat
husks were produced 10 million tons in Europe. When
the husk currently re-searched potential utilization
options, it is hoped that it will take place in many
different composite material in the future [6]. Thereby
oat husks will be improving the circular economy of
agricultural as by-products so a lignocellulose material
that have the potential for assessment. Although oat is
consumed as whole grain cereal, it is used as breakfast
products, oat-cookies, beverages and granola bars across
the world, due to the health benefits. It is also a very
good source of energy due to high rate of fat than other
grains [8]. However, it has a well-balanced amino-acid
composition, compared to other cereal grains [9]. In
general, the unsaturation oil ratio of cereal lipids are
range between 70-86% [10].

Oat has high protein content and the avenin seed storage
protein in their seeds formed an important raw material
source for alternative feed production in animal nutrition
due to their high composition of lipids, unsaturated fatty
acids, soluble fiber, essential amino acids, minerals,
vitamins [11]. Oat grains are considered beneficial for
health in terms of human nutrition [12]. It is an
important plant due to its properties such as lowering
cholesterol, decreasing heart disease, high fiber and iron
con-tent, and lowering blood sugar levels in terms of
human health [4].

Since oat products are used in the industry, it has an
important cultivation area in the world. Oat crops might
be grown in cool and rainy climates [12]. According to
the data of 2021, oats yielded 23.6 million tons of which
9.6 million hectares were cultivated in the world. It was
recorded that 208 thousand tons of product was obtained
by planting 132.9 thousand ha in Turkey [13]. Over time,
the richness of seed properties (protein, oil, vitamins and
minerals) has increased the interest in oats [14]. In this
study, it was aimed to determine some groat and husk

characteristics of 11 oat genotypes and to determine the
oat genotypes showing superiority in terms of the
examined charac-teristics.

2. MATERIAL AND METHOD

In the study, 5 oat varieties (Kirklar, Fetih, Sari and
Kahraman were belong to Avena sativa L. species and
Arslanbey was belongs to Avena byzantina C. Koch
species) and six local oat genotypes (TL38, TL137,
TL139, TL576, TL42 and TL452 belongs to Avena
sativa L.) were used as the material in the experiment.
The trial was carried out in the 2016-2017 growing
season under the conditions of Kahramanmaras
province. Kahramanmaras region, where the experiment
was conducted is located in the Eastern Mediterranean
Region between the coordinates of 37°35'4.92" North
latitude and 36°55'35.08" East longitude of Turkey. The
sowing date was on 19.01.2017. It was planted late, due
to the climatic conditions. The reason for this was the
lack of sufficient rainfall in November and the excess of
precipitation in December. Genotypes were planted with
a drill between 20 cm row space, 5 m row length, 400
seed m?, as 6 rows in per plot. The experiment was
arranged in a randomized complete block design with
four replications. The fertilizer was applied 7 kg da -!
nitrogen and phosphorus with planting (20-20-0: N; P;
K). In addition, 7 kg da-! nitrogen was applied as top
dressing at the beginning of the jointing stage. Herbicide
(2,4-D amin) was applied for weed control. The relative
humidity value varied between 65.9% and 42.9%, the
average temperature values were the lowest 3.8 °C and
the highest 26.4 °C, and the total precipitation was 408.7
mm.

Some climatic values of the months in which the
research was carried out are given in the Table 1 [14].
Soil of the test area was clay-loam. It was determined
that the soil was slightly alkaline (7.76), excessively lime
(24.48%), slightly salty (0.32%), less in terms of
phosphorus (3.2 kg da™), sufficient in potassium (98.64
kg da'), medium level in organic matter (2.28%) [15].
In the study, the thousand seeds (groat+husk) weight,
crude protein ratios, test weight (groat+husk), groat
percentage, husk ratio, iron content in groat, zinc content
in groat, calcium content in groat, iron content of husk,
zinc content of husk and calcium content of husk
characters of oat genotypes were investigated. The
weight of one thousand seeds was calculated by counting
100 grains four times and then dividing by four and
multiplying by ten. The test weight was determined by
measuring with the test pot and then weighing. After
milling oat groats into flour, the crude protein ratios
from samples taken as flour was made using the WINISI
package program on the FOSS 6500 NIR system device.
Groat percentage was measured with weighing the de-
hulled grains. The husk ratio was calculated using the
husk to groat+husk ratio. Determinations of the iron,
zinc, calcium were realized by atomic absorption
spectrometry (AAS) after microwave digestion.
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Table 1. Some important climatic data of trial site in 2016-2017

Months Average Relative  Average Precipitation (mm) Maximum Minimum
Humidity (%) Temperature (°C) Temperature (°C) Temperature (°C)

October 40.1 20.5 10.7 325 9.2
November 49.5 111 36.8 23.7 0.3
December 67.9 45 105.0 15.2 -4.5
January 65.9 3.8 126.7 7.9 1.9
February 44.0 7.4 3.7 13.0 22
March 55.4 12.2 74.5 17.7 74

April 49.0 15.8 67.8 21.8 10.0

May 55.0 19.6 105.0 26.0 145

June 42.9 26.4 3.1 333 19.9

The variance analysis and the average of the data
obtained in the experiment were analysed in the SAS
statistical package program. Mean data belong to the
cultivars were grouped by Duncan's multiple comparison
test [17].

3. RESULTS AND DISCUSSION

The thousand seeds weight, test weight, crude protein
ratio were showed in the Table 2. The groat percentage,
ratio of husk, iron content in groat, iron content of husk
were given in the Table 3. The zinc and calcium content
of groat, zinc and calcium content of husk were given in
the Table 4.

In the study, the differences among oat genotypes were
found statistically insignificant in terms of thousand
seeds weight. The average thousand seeds weight was
found to be 34.92 g. The highest thousand seeds weight
was obtained on TL137 genotype with 45.51 g, and the
lowest thousand seeds weight was obtained on TL139
genotype with 26.17 g (Table 2).

As a result of the study, the weight of thousand seeds of
oat genotypes varied among 26.17 to 45.51 g. It was
noted that TL 137 line had a higher thousand seeds
weight than the registered cultivars. Other lines had a
lower thousand seeds weight than registered cultivars
(Figure 1). Previously, many researchers reported that
thousand seeds weight in oat genotypes ranged from
16.32 g to 42.62 g (Sahin et al. [18, 19, 20, 21]. The
cited thousand seeds weights were found to be largely
consistent with our research findings.

As seen in the Table 2, the variation among the
genotypes was for significantly different for test weight
(p<0.01). The average test weight was determined as
50.30 kg. The highest test weight was recorded in
Kirklar genotype with 54.30 kg and the lowest test
weight was recorded in TL576 genotype with 47.80 kg.

In the study, the test weight of oat genotypes was
observed between 47.80 - 54.30 kg. Test weight is an

important factor determining the quality of oat grain
[22]. It was noted that TL 42, TL 137 and TL139 lines
showed close values to Kahraman, Sari, Aslanbey
cultivars and did not differ statistically (Figure 1). This
shows that oat lines performed as successful as
registered varieties. Test weights in previous studies
were found by Sari et al. [4] 50.3- 57.7 kg in lines and
45.4 - 51.4 kg in standard varieties, Erbas [23] 34.5 -
51.0 kg, Sahin [24] 36.6 - 49.7 kg. As stated by many
researchers, growing conditions, genetic factors, grain
fullness, climate, environment, soil and relationships
between these factors are the properties that affect the
test weight [19; 24; 22; 14].

It is determined that oat genotypes are statistically
significant in terms of crude protein ratio (p<0.01). The
average crude protein ratio among genotypes was found
15.34%. It was noted that the highest protein rate was on
TL38 genotype with 16.55%, and the lowest protein rate
was on Arslanbey genotype with 13.97% (Table 2).

The grain crude protein ratio among oat genotypes
ranged from 13.97% to 16.55%. In terms of protein in
grain, TL38 and TL42 lines were not significantly
different from Kahraman cultivar with the highest crude
protein ratio among registered cultivars, and they were in
the same group. Crude protein ratio in previous studies
were determined 12.60% [18], and by Topkara [26] the
average of genotypes as 14.98% and the average of
varieties as 14.60%, 11.9-15.8% for landrace and
improved oats varieties [27]. In earlier works, the crude
protein ratio was determined in Triticale 10.80% to
19.20% [28; 29], 19.40% in barley, 8.8% in millet and
13.3% in rye [30]. It has been reported that the crude
protein ratio depends on the environment and genotype
[14; 29]. Exclusively, there was negative relationship
between grain yield and crude protein ratio of cereals
[29]. Generally, higher protein content in grain of oat is
desired. It is determined that the protein content of oat
grain is high and therefore it is an important plant in
terms of human nutrition [18].
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Table 2. Mean data of the oat genotypes for thousand seeds weight, test weight, crude protein ratio

Genotypes Thousand Seeds Weight (g) Test Weight (kg) Crude Protein Ratios (%)
TL38 31.18 48.80 cd 16.55a
TL42 29.10 50.20 b-d 16.43 a
TL137 4551 51.60 a-c 14.15cd
TL139 26.17 50.20 b-d 14.67 b-d
TL452 33.98 48.30 cd 15.00 bc
TL576 27.26 47.80d 15.45b
Fetih 35.74 48.70 cd 15.52b
Sari 38.71 50.80 b-d 15.47b
Arslanbey 39.84 49.60 b-d 13.97d
Kirklar 38.39 5430 a 14.95 cb
Kahraman 38.24 53.00 ab 16.52a
General Means 34.92 50,30 15.34
C.V. (%) 7.06 4.24 4.01
P<0.001 ns *x *x

** significant at 0.01 level, ns: not significant, C.V. : Coefficient of Variation.
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Figure 1. Thousand seeds weight, test weight, crude protein ratio, groat percentage and husk ratio of oat genotypes. TWG; thousand seeds weight,

TW; test weight, PR; crude protein ratio, GP; groat percentage, HR; husk ratio

It was observed that oat genotypes had a statistically
significant (p<0.01) variation for the groat percentage.
The means of groat percentage of oat genotypes was
found as 70.39%. The highest was recorded on the
Kahraman genotype with 73.33%, and the lowest groat
percentage was recorded on the TL42 genotype with
66.31% (Table 3).

The groat percentage of oat genotypes were determined
to be among 66.31% to 73.33%. It was seen that TL 576
line, Kahraman and Kirklar varieties had the highest
grain/groat+ husk ratio and were statistically in the same
group. In previous studies, it found that the mean of the
groat percentage of genotypes varied between 67.4% and
81.1% [23].

It has been determined that the husk ratios of oat
genotypes are statistically significant (p<0.01). As can
be seen in the Table 3, among the genotypes, the average
of husk ratio was recorded to be 29.85%. It was
determined that the highest of husk ratio was on TL42
genotype with 33.68%, while the lowest of husk ratio
was on Kahraman genotype with 26.67%.

In this study, the husk ratio of oat genotypes varies
between 26.67% and 33.68%. Average husk ratio of oat
genotypes, Sahin et al. [18] found it to be 27.1%.
Kahraman et al. [21] found 20.6-39.2% in Kirklareli
location and 17.0-39.5% in Edirne location. Bedoic et
al. [31] were determined that after the grain harvested
was obtained 25-32% husks of oat seed. Our findings
were showed that the ratio of groat and husk varied as
depending on the variety and growing conditions. The
similar findings in previous studies were also recorded.

It was observed that the differences among genotypes for
the iron content of groat and iron content of husk were
statistically significant (p<0.01). It was determined that
the average iron content in groat was 34.05 mg kg and
the average iron content of husk was 71.82 mg kg™'. It
was observed that the highest groat iron content was on
the Sari genotype with 39.44 mg kg™', while the lowest
iron content was on the TL38 genotype with 22.75 mg
kg™'. The highest iron content of husk was determined on
the Arslanbey genotype with 90.25 mg kg™!, while the
lowest iron content of husk was determined on the TL42
genotype with 54.06 mg kg™! (Table 3).

Iron content in groat of oat genotypes was found
between 22.75 - 39.44 mg kg™ and iron ratio of husk
between 54.06 and 90.25 mg kg'. It has been
determined that the iron content in the oat grain is
significantly lower than that in the husk. It was seen that
TL 139 and TL 452 lines used in the research had higher
values than other varieties in terms of iron content in
groat, except for the Sari variety. TL 38, TL 137 and TL
139 lines used in the research were found to have higher
values than other varieties, except for Arslanbey variety,
in terms of iron content in husk (Figure 2). Li et al. [32]
found that the rate of Fe in grain content of oat plants in
3 different locations of China was between 27.6-66.52
mg kg'. In another study, the Fe content in oat seeds
was found to be 58.00 mg kg™ [33], and 26.7 mg kg™
[34]. The finding of Yilmaz and Koyuncu [35] was
stated that Fe content of oat husk was as 26 ug g
Yalcin [1] cited iron ratio to be variety according to year
and location, it reported that it had a value between 32.6
- 123.3 mg kg™ at the Kirklareli location and 30.4 - 52.4
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mg kg™ at the Karacabey location. Alemayehu et al. [26]
noted that iron ratio of oat groat was 2.5-3 mg 100 g'.

The Fe content in dry matter related to cereals in
previous studies was found 35 mg kg™ for wheat, 27 mg
kg™ for corn, 54 mg kg™ for sorghum, 128.40 mg kg!
for barley, 199.80 mg kg™ for millet, 44.00 mg kg™ for
rye, 10.6 mg kg for broom millet [36; 35; 30]. These
results show that the iron content among cereals may
vary depending on species. It is understood from the

studies that the Fe content in the groat and the husk of
the oat plant is higher than that of some grain plants. The
human body needs Fe element too much. A person's
daily need for Fe is 12 mg [38]. The daily Fe
requirement of farm animals was recorded between in
cattle 150-250 mg, in pig 10- 30 mg, in sheep 7-15 mg,
in horse 90-100 mg [39]. Considering the daily Fe levels
of humans and some farm animals, in this respect, the
iron content in the oat groat and husk is of important.

Table 3. Mean data of oat genotypes for groat percentage, husk ratio, iron content in groat and iron content in husk

Genotypes Groat percentage Husk ratio Iron (Fe) Iron (Fe)
(%) (%) content in groat (mg kg™')  content of husk
(mg kg™
TL38 69.40 bc 30.60 bc 22.75e 87.38b
TL42 66.31c 33.68a 31.65d 54.06 j
TL137 68.88 bc 32.10 ab 3459 ¢ 88.31b
TL139 69.15 be 30.85 be 38.58 ab 82.68¢c
TL452 69.17 be 32.52ab 38.79 ab 72.67b
TL576 73.30a 26.70d 36.26 bc 55.59 i
Fetih 72.97 a 27.03d 34.44c 59.42 g
Sari 67.58 ¢c 32.42ab 39.44a 77.13d
Arslanbey 71.05 ab 28.95cd 31.00d 90.25a
Kirklar 73.19a 26.80d 36.69 bc 65.13 f
Kahraman 73.33a 26.67d 30.35d 57.44h
General Means 70.39 29.85 34.05 71.82
C.V. (%) 2.74 4.94 4.84 1.34
P<001 *x ** *% **%

** significant at 0.01 level, C.V. : Coefficient of Variation

In the study, it was determined that the zinc content in
groat and the zinc content o of husk of the genotypes are
statistically significant (p<0.01). The average zinc
content in groat was 40.66 mg kg', while the average
content of zinc of husk was 25.70 mg kg™'. It was noted
that the highest groat zinc content was found on the
TL576 genotype with 66.21 mg kg™, while the lowest
one was on the TL137 genotype with 28.09 mg kg™'. The
highest content of zinc of husk was recorded on the
TL137 genotype with 36.59 mg kg, while the lowest
content of zinc of husk was recorded in the TL576
genotype with 14.04 mg kg! (Table 4).
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In previous study by Singh et al. [31] determined the
content of Zn in oat seeds as 45 mg kg™'. The content of
Zn in oat husk was found as 12 pug g! in researches of
Yilmaz and Koyuncu [35]. Li et al. [32] were reported
that different oat varieties in 3 different locations of
China the amount of Zn were 18.70 - 30.50 mg kg™'.
Yalcin [1] cited that the zinc content of oat lines and
varieties were between 17.6 - 82.7 mg kg™! for first year
and 21.4 - 654 mg kg for the second year in the
Karacabey location. The same researcher observed the

Toa - Y LT ,’//
30 AT e Szzzgf

TL576 Fetih Sar
Figure 2. Iron content in groat, iron content of husk, zinc content in groat, zinc content of husk of oat genotypes. Fe in G; iron ratio in groat, F in H;
iron ratio of husk, Zn in G; zinc ratio in groat, Zn in H; zinc ratio of husk

It was observed that the zinc content in groat was
between 28.09 and 66.21 mg kg, and the content of
zinc of husk was between 14.04 and 36.59 mg kg™'. It
was determined that the zinc content of the oat groat was
higher than the husk, and the zinc content of the TL 38
and TL 576 lines was significantly higher than the
registered varieties. Except for the TL 576 line, it was
noted that the lines were superior than registered
varieties in terms of zinc content in husk the exception of
Avrslanbey (Figure 2).
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zinc content of oat lines and varieties were between 17.4
-45.9 mg kg™! for first year and 18.6 - 107.1 mg kg™ for
second year in the Kirklareli Location [21]. It was
emphasized by Alemayehu et al. [27] that the zinc
content in oats ranged from 1.6 to 2.1 mg 100 g~
Ragaee et al. [30] found that the content of Zn was 74.20
mg kg! in barley, 65.90 mg kg in millet and 30.60 mg
kg™ in rye. In the other study conducted on barley
plants, the Zn content in the seed was found to be 24.16
mg kg [40]. Ozcan et al. [41] stated that zinc contents
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of oats were 1.5 - 3.8 mg 100 g, which is in close
agreement with our result. It has been noted that the
amount of Zn in the human body is 2 - 4 g and the daily
Zn need of a person varies between 3 and 5 mg [38].

Zinc was a vital component of a number of enzymes
participating in the synthesis and degradation of proteins,
carbohydrates, lipids and nucleic acids, so it was
required for the accurate growth and maintenance of the
human body [42]. It is seen that the content of Zn in the
seed and husk of oats is enough to meet the daily Zn
need of an adult.

The differences amoung the oat genotypes were found to
be statistically significant (p<<0.01) in terms of calcium
content in the groat and calcium content of husk. As can
be seen in the Table 4, it was noted that the average
calcium content in the groat was 140.97 mg kg™ and the
average calcium content of husk was 390.14 mg kg™'.
The highest calcium content in the groat was found on

the TL139 genotype with 193.10 mg kg™ and the lowest
calcium content in groat was found on the TL576
genotype with 83.30 mg kg'. The highest calcium
content of husk was found on the Arslanbey genotype
with 442.30 mg kg, and the lowest calcium content of
husk was found in the TL576 genotype with 313.70 mg
kg™

In the research, it is determined that oat genotypes had
calcium content in the seed between 83.30 and 193.10
mg kg and calcium content of husk between 313.70 and
442.30 mg kg'. It was observed that the calcium content
in the husk of the oat grain is much higher than the grain,
and the difference is still 2-3 times higher in some
genotypes (Figure 3). TL139 line had a higher value than
Fetih variety in terms of calcium content of groat. TL42
line showed higher value than other varieties except
Fetih variety in calcium content of groat. In terms of
calcium content in oat husk, TL42 line showed a higher
value than other varieties, except for Arslanbey.

Table 4. Mean data of oat genotypes for Zinc content in groat, zinc content of husk, calcium content in groat and the calcium content of husk

Genotypes Zinc (Zn) content in  Zinc (Zn) content of husk  Calcium (Ca) content in Calcium (Ca) content
groat (mg kg™) (mg kg™) groat (mg kg™) of husk (mg kg™)

TL38 57.11b 24.50 cde 128.50 f 420.70 ¢

TL42 33.411fg 26.83 cd 162.80 b 430.10b

TL137 28.09 h 36.59a 131.70 e 403.10d

TL139 34.98 ef 30.85b 193.10 a 34530 g

TL452 29.85h 27.96 bc 116.50 h 379.60 f

TL576 66.21a 14.04 f 83.30i 313.70h

Fetih 33.88 fg 2176 e 19150 a 348.70 ¢

Sari 36.20e 24.42 cd 14470 d 405.70d

Arslanbey 45.56 d 3453 a 117.40 h 44230 a

Kirklar 4950 ¢ 1751 f 124109 41740 c

Kahraman 32469 23.79 de 150.80 ¢ 385.00 e

General Means 40.66 25.70 140.97 390.14

C.V. (%) 3.17 9.67 0.99 0.69

P<001 *% *%k *%x *x

** significant at 0.01 level, C.V. Coefficient of Variation.

—®—CainG

CainH

200
10 "’4\’/\\/\\.—0’"—‘

> 2 QN o 2
> & 35 5 &3
Y R & & o~

x> o A 3 .
& < 59% & &\‘ﬁb@
PG & N
X

Figure 3. Graph of oat genotypes relative to calcium content in groat, calcium content of husk. Ca in G; calcium content in groat, Ca in H; calcium

content of husk

The Ca Content in oat seeds by Singh et al. [31] was
found as 796.00 mg kg™. Li et al. [30] were noted that
the content of Ca in oats was between 480 - 600 mg kg™
for 3 different regions of China. Mut et al. [22] found
that the calcium content for oat were between 300 and
520 mg kg. Sahin [24] observed that the ratio of
calcium in oats were 0.418 - 0.466% in autumn
application and 0.386-0.444% in spring application. It
was stated by Alemayehu et al. [27] that the calcium
content in oats varies between 44 - 102.7 mg 100 g
Yilmaz and Koyuncu [33] indicated that the crude
protein content of oat husk was 960 pg g™'. The Ca ratio

in previous studies was reported as 300 mg kg in
wheat, 260 mg kg™ in corn, 250 mg kg- in sorghum,
736.20 mg kg in barley, 508.60 mg kg™ in millet,
348.70 mg kg' in rye, and 27.30 mg kg!' in
broomsorghum [36; 30]. These findings showed that the
content of Ca of the oat plant was higher than that of
some cereals. The daily Ca requirement of farm animals
was found 20-30 g in cattle, 3-10 g in pigs, 2-3 g in
sheep, horse 20 g [39]. The daily need of Ca element in
the human body varied between 0.8 and 0.9 g [38].
Considering the amount of Ca in the nutritional values,
the oat seed shell is quite good when mixed with other
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cereal crops, therefore, the low oat production cost and
high nutritional value will cause it to be among the
plants sought today [1].

4. CONCLUSION

Compared to other plants cultivated in the same period
as the oat plant itself, such as wheat, barley, lentils and
broad beans, it is a plant to be cultivated in adverse field
conditions. Knowing the nutritional values will
contribute to the industrial field due to its use in human
nutrion and animal feed. The highest values for
agronomic traits and micronutrient contents in the study
conducted out with 11 oat genotypes in Kahramanmaras
province was obtained from TL137 genotype for
thousand seeds weight (45.51 g) and Zn ratio (36.59 mg
kg™) of husk, Kirklar for test weight (54.30 kg) value,
TL38 genotype for crude protein ratio (16.55%),
Kahraman variety for seed ratio (73.33%), TL42
genotype for husk ratio ( 33.68%), Sar1 variety for iron
ratio in seed (39.44 mg kg™'), Arslanbey variety for iron
ratio of husk (90.25 mg kg™) , TL576 genotype for zinc
ratio in seed (66.21 mg kg™'), TL139 genotype for Ca
ratio in seed (193.10 mg kg™) and Arslanbey variety for
calcium ratio of husk (442.30 mg kg™). It has been
concluded that the oat lines used in the research can
compete with the registered varieties and the researchers
should be continued in the breeding programs to develop
superior oat genotypes with better traits.
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Abstract: One of the crucial components of the brake system is the brake pads. Due to its
importance in the sector, researchers have carried out many recent studies on this subject. In this
study, two different brake pad samples were developed from alumina material and micronized
quartz material as friction modifiers. Samples containing 12% alumina and micronized quartz were
produced by hot molding method. The friction coefficient and wear rates were established in the
brake pad tester in order to assess the performance of the created brake pad samples. Density,
hardness, and microscopic analyses of the samples, which are other important parameters, were
performed with Scanning electron microscopy. The average coefficient of friction was 0.35 in
samples containing micronized quartz and 0.34 in samples containing alumina. The wear rates in
both samples were obtained below the maximum desired wear rate from the brake pads. The
experiments produced brake pad performance values with the desired characteristics, and it was
found that micronized quartz material may be employed as an alternative to alumina in the
composition of brake pads.

Fren Balatalarinda Mikronize Kuvars ve Aliimina Kullaniminin Karsilastirilmasi ile ilgili

Deneysel Bir Vaka Calismasi

Anahtar
Kelimeler
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Oz: Fren sisteminin en 6nemli bilesenlerinden biri fren balatalaridir. Sektordeki 6neminden dolay:
aragtirmacilar tarafindan son yillarda bu konu ile ilgili ¢ok fazla ¢alisma yapilmaktadir. Yapilan
bu c¢alismada siirtinme diizenleyici olarak aliimina malzemesi ve mikronize kuvars
malzemesinden iki farkli fren balata numunesi gelistirilmistir. %12 oraninda aliimina ve mikronize
kuvars iceren numuneler sicak kaliplama yontemi ile iretilmistir. Olusturulan fren balatasi
numunelerinin performansini degerlendirmek igin fren balatasi test cihazinda siirtiinme katsayist
ve aginma oranlar1 belirlenmistir. Numunelerin diger 6nemli parametreleri olan yogunluk, sertlik
ve mikroskobik analizleri taramali elektron mikroskobu ile gergeklestirilmistir. Mikronize kuvars
igeren numunelerde ortalama siirtiinme katsayist 0.35 aliimina i¢eren numunelerde ise 0.34 olarak
elde edilmistir. Her iki numunedeki asinma oranlari ise fren balatalarindan istenilen azami aginma
oraninin altinda elde edilmistir. Yapilan deneyler sonucunda fren balatalarindan istenilen
ozelliklerde performans degerleri elde edilmis olup, mikronize kuvars malzemesinin aliimina
yerine ikame olarak fren balatasi igeriginde kullanilabilecegi belirlenmistir.

1. INTRODUCTION

For people to continue their lives, they meet their food,
drink, fuel, or energy needs by moving or transportation.
They use different tools to meet these needs. Internal
combustion engines working with different fuels or
electric motors are used for these vehicles. The motion
provided by the internal combustion engines is converted

into kinetic energy at the wheels at different torques and
speeds by the driveline. While vehicles are driven by
various sources for acceleration, disc or drum-type brake
systems have been developed for use in vehicles such as
cars, trucks, or buses for safe deceleration. The brake
pads, a crucial component of the brake system, transform
kinetic energy into thermal energy that radiates to the
environment, allowing the vehicle to be stopped or slowed
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down. The friction between the rotating disc or the brake
lining pressing the drum determines how well the brake
system works [1-4].

Besides the importance of moving the vehicle, stopping is
also very important. Pads are important for the brake
system to achieve the desired performance. Pads have a
particular life due to their structure [5]. High temperatures
occur due to the contact between the brake pad and the
disc or drum. Under the resulting high temperature,
minimum brake pad wear by transferring heat is desired
[6]. One of the most crucial components of the brake
system is the brake pads, which transfer the braking
energy needed to slow down and stop the vehicle to the
tires via a disc or drum. The brake pad wears down more
quickly than the disc since it is the softer brake system
component. Due to the characteristics of the components
that make up the brake pad, the working environment, and
environmental concerns, researchers are doing serious
research. At the same time, the content and nature of the
particles and the braking efficiency, should be controlled
to ensure passenger safety. All these factors push
scientists into a challenging and complex endeavor [7].
Although there are many options in the studies on brake
pads, vehicle manufacturers should carefully select the
appropriate pad material to ensure safety and optimum
operation. This careful selection should also contribute to
a stable coefficient of friction and less wear [8].

Brake pads, a vital component of the automobile brake
system, are fixed to the steel support pieces facing the
brake disc. When it is desired to reduce or stop the
vehicle's speed, the pads are brought into contact with the
disc with an outward force when the brake is applied.
Safety and comfort in cars are of great importance for
passengers and drivers. Brake pads produced from
unsuitable materials do not meet the desired performance
criteria. The heat generated during braking causes
deterioration of the structural integrity of the components
that make up the lining composite, which is called fading,
and causes losses during friction. In addition, these
conditions cause an increase in the wear rate and cause
malfunctions. All of these elements may have a
detrimental effect on the performance and longevity of
brake pads. It is essential to create materials with the
mechanical, tribological, thermal, and physical
characteristics anticipated of brake pads. The use of
locally available materials is often encouraged. In
addition, they do not contain environmentally friendly
asbestos-type substances harmful to health, as well as
provide the desired functional properties [9,10].

Working conditions are another factor that is expected to
be known or estimated in order to be able to produce brake
pads at the desired criteria [2]. High temperatures occur
due to the interaction of the contact surface between the
lining and the disc or drum. For the brake pad to perform
its duty without being worn, it must absorb the heat
rapidly. Brake pad friction materials are generally
developed by combining different materials to provide the
desired performance and appropriate wear criteria [6]. A
new composition content and production parameters in

brake pad development significantly impact performance
improvement [1,11].

Because brake friction materials for vehicles fulfill
complex requirements, selecting ingredients and
optimizing the recipe are essential to improve the
performance of the materials [12]. Brake pads, called
polymeric composites, are considered a good choice in
terms of cost and performance [13]. With dozens of
different materials used in the brake pad, braking
performance, environmentally friendly and stable friction
coefficient, and high wear resistance are provided
[14]. Developed countries also prohibit the use of
asbestos-causing lining ingredients [15-17]. The
developed brake pad content consists of the following
ingredients [18]:

e  Abrasives,
e  Friction modifiers,
o Fillers,

o  Fiber-like reinforcements,
e Phenolic resins, mainly used as binders

Materials that affect the thermal resistance, which
prevents the heat generated by braking from damaging the
brake pad composite, are also added to the brake pad
content [19]. In addition to the materials employed, the
production of composite materials using various
production techniques is very effective in aspects
affecting the tribological performance of the brake
friction material, such as density, hardness, surface
roughness, braking performance, strength, and brake pad
service life [20,21]. In order to allow the driver to brake
comfortably, a perfect brake pad should have a consistent
coefficient of friction and low wear rate unaffected by
speed, pressure, or environmental conditions
[22,23]. Determining the tribological behavior of brake
pads in the automotive industry is very important.[24]. In
order to determine the tribological behavior of brake pads,
disc wear tests are usually performed on the pin in a
laboratory setting [7,25].

Two separate brake pad samples were developed for this
study. The effects of micronized quartz on the brake pad
content and the tribological performance of automobile
brake pad samples produced from alumina material used
extensively as a friction modifier were investigated
comparatively.

2. MATERIAL AND METHOD

Table 1 gives the composition ratios by weight of the
materials that make up the brake pad composites and the
production method. Brake pad samples were produced in
mixtures containing 12% alumina and 12% micronized
quartz. AL12 code refers to brake pad sample containing
alumina, and MQ12 code refers to brake pad sample
containing micronized quartz. Brake pad samples were
produced in three stages according to the production
method specified in Table 1 [26]. In the first stage, the
materials that make up the brake pad samples were
weighed on a precision scale. In the second stage, they
were mixed at 60 I/min for 15 minutes. In the third step,
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the mixture was hot pressed under the pressing conditions
given in the third step of Table 1. The lining samples taken
out of the mold after hot pressing have a diameter of 25
mm and a height of approximately 11 mm.

Using the Archimedes principle, the density measuring kit
calculated the densities of the brake pad sample

Table 1. Brake pad sample content (% by weight) and production method

productions. The samples were tested in the brake pad
testing apparatus under the conditions listed in Table 2 to
ascertain the friction coefficient and wear rate. Using the
equations in Table 2, the brake pads' friction coefficient
and wear rate were computed.

Material
sample Resin Steel fiber Brass powder Graphite Barite Cashew Alumina Micronize quartz

AL12 19 15 7 7 35 5 12 -

MQ12 19 15 7 7 35 5 - 12

Production Method

Step 1 Weighing of materials with an accuracy of 0.001 g

Step 2 60 1/min, 15 min kinetic type mixing

Step 3 25 MPa, 20 min. 150 °C hot molding

The hardness values of the brake pad samples for each
sample were carried out in the Shore D durometer
hardness measuring device, which is used for hardness
measurement in ASTM D2240 [29] standard.

Table 2. Test method of brake pad samples and formulas used

Scanning electron microscopy (SEM) microscopic
analyses (LEO 1430 VP) were performed at 1000X
magnification.

Test Method and formulas

The friction coefficient and wear rate test conditions

Six m/s disc speed, 1 MPa loading pressure, and 1800 min. test duration

Coefficient of friction

f u = Coefficient of friction
U = =1 f = Frictional force [N]
F F = Sample pressing force [N]

Wear rate

Wa

Wa = Wear rate [cm®/Nm]
AG = Mass loss [g]
S = Sliding distance [m]
M = Loading weight [N]
d = Sample density [g/cm®]

= 86 e
= sma 28

3. RESULTS AND DISCUSSION

Determined characteristic values of brake lining samples
are given in Table 3. The density value of the brake lining
sample containing micronized quartz was lower than the
sample containing alumina due to the high density of the
alumina material. (Alumina density: 3.92 g/cm® [30],
Quartz density: 2.65 g/cm®[31])

Table 3. Characteristics of brake pad samples

The hardness of the micronized quartz sample was higher
than that of alumina. The hardness values are similar to
the studies in the literature [32,33]. Although the average
friction coefficient is close to one another, the sample
containing micronized quartz has a friction coefficient of
0.35.

Property _
. The average coefficient of Wear rate
Density (g/cm?®) Hardness (Shore D) frigtion W (X107 cm¥Nm)
Brake pad .
AL12 2.602 91.6 0.34 0.144
MQ12 2.598 94.9 0.35 0.242

The coefficient of friction and wear rate are significant
factors in determining the adequacy of the brake system
when evaluating the performance of developed brake pad
samples. The structure of the components that make up
the brake pad, the test circumstances, and the pressure
applied to the brake pad samples all affect these numbers
[6]. The friction coefficient and wear rate graphs of the
brake pad samples, depending on the test period, are
shown in Figure 1 for the AL12 sample and Figure 2 for
the MQ12 sample. In Figure 1 and Figure 2, friction

coefficient and temperature values are increasing during
100 min. slip from the first stage of the test in both brake
pad samples. At the same time, the friction coefficient
decreased for both samples from approximately 100 min.
to 400 min. sliding time, the temperature values became
more stable. After 400 min. of sliding time, the friction
coefficient values of the brake pad samples showed a
more stable state. When comparing the samples, the
micronized quartz sample showed a slightly more
unstable state than the alumina sample. The reason why
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the Micronized Quartz sample is more unstable maybe
because it is harder than the samples formed with alumina.

However, both samples provided the desired performance

criteria for brake pad samples.
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Figure 1. Time-dependent coefficient of friction and wear rate of AL12 brake pad sample
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Figure 2. Time-dependent coefficient of friction and wear rate of MQ12 brake pad sample

The composite brake disc and brake pad wear
characteristics are identical. The material of the brake disc
is abrasively affected by brake pad wear [34]. Brake pad
wear is a complicated phenomenon resulting from
numerous interactions and friction mechanisms. As a
result of plastic deformation, the temperature rise brought
on by the friction between the brake pad and the disc
during braking leads to wear. Mass loss of brake pad
composites also happens due to the development of pits
and cracks brought on by loading and vibration
[8]. According to the lining standard used in the friction

R i ] \
f brake pad samples

F

Figure 3. Microscope images 0

In Figure 3, the smooth surfaces in the brake pad samples
are contact plateaus. Contact plateaus consist of heat-
resistant fibers, other friction modifiers, and thermally
stable compounds. These plateaus are first covered with
tribo film during braking, which resists high temperatures
by cutting the atoms in the graphite structure. The light-
colored parts on the edges of the contact surfaces are back
transfer patches. Retransfer patches are less stable

brakes of TS555 road vehicles, the average friction
coefficient should be between 0.20-0.70 up to an
operating temperature of 200 °C, and the wear rate should
be 1X107 cm®/Nm or less [27]. The produced brake pad
samples' average friction coefficient and wear rate fall
within these bounds.

SEM microscopic images of brake pad samples are given
in Figure 3. For brake pad samples, microscopic images
of worn surfaces are seen as an essential tool in evaluating
surface morphology [11].

components that degrade during braking. Back transfer
patches are caused by a hot spot on the contact surface or
adhesion in the fading cycle. The contact surfaces that
resist the wear movement contribute to forming a back-
transfer patch by ensuring the adhesion of the wearing
parts [8,23].
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4. CONCLUSIONS

In this study, samples containing 12% alumina and 12%
micronized quartz were produced as friction modifiers.
The produced brake pad sample density, hardness, and
tribological ~ performance were assessed. SEM
microscopic examinations were done on the worn
surfaces of the brake pad samples whose tribological
performance was assessed. The following results were
obtained from the experiments.

e The density of the samples containing
micronized quartz in brake lining samples was
lower.

e The micronized quartz brake pad samples had a
higher wear rate than the alumina brake pad
samples. For both samples, the wear rate is at its
best.

e The average friction coefficient, one of the
essential properties sought for brake pads, was
obtained at an optimum value of 0.34 in the
sample containing alumina and 0.35 in the
sample containing micronized quartz.

e The hardness of the brake pad samples was
found to be 91.6 Shore D in the sample
containing alumina and 94.9 Shore D in the
sample containing micronized quartz, similar to
the studies in the literature.

e In the SEM analysis of brake pad samples,
contact surfaces, and back transfer patches,
which are the light-colored parts on the edges of
these surfaces, were determined.

When all the results were evaluated, it was determined
that the use of micronized quartz material instead of
alumina material, which is often used as a friction-
regulating material in brake pads by the researchers,
meets the desired performance parameters of the brake
pads.
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Abstract: Tafel analysis is a widely accepted electrochemical technique for corrosion studies.
A general literature search for one of the electronegative metals, zinc, revealed serious
deviations in corrosion results. In order to understand the reasons behind these deviations,
zinc metal was investigated at macro and micro levels during and after the Tafel corrosion
analysis. In-situ macro surface investigation during the open circuit potential period and Tafel
analysis were performed, and it was found that the zinc surface undergoes proceeding
corrosion attack following the immersion in 3.5 wt.% NaCl solution. In-situ macro surface
analysis exhibited that the pre-oxidation of the surface proceeds as nonuniform at local
regions. SEM-EDS and XRD analysis proved that the particular crystal planes of the zinc
form ZnO with increasing immersion time. A linear sweep voltammetry (LSV) technique was
applied to detect the oxygen removal and starting hydrogen evolution potentials. Three
identical Tafel experiments were performed on samples without any treatment, and another
three consecutive Tafel experiments were performed on the samples which applied pre-
reduction potential. Obtained results revealed that in-situ pre-applied reduction potential just
before the Tafel analysis cleaned the surface and allowed uniform oxide formation, resulting
in the lowest standard deviation of the calculated Tafel elements.

Cinko Metalinin Korozyon Analizinde OCP Sirasinda Uzun Bekleme Siiresinin ve Onceden

Uygulanan Temizleme Potansiyelinin Etkisi

Anahtar Kelimeler
Cinko metal,
SEM-EDS ve

XRD
karakterizasyonu,
Tafel korozyon
analizi,

Yerinde makro
yiizey analizi

Oz: Tafel analizi korozyon calismalari igin yaygi olarak kabul edilen bir elektrokimyasal
tekniktir. Elektronegatif metallerden biri olan ¢inko i¢in genel bir literatiir arastirmasi sonucu
korozyon parametrelerinde ciddi sapmalar oldugu gozlemlenmistir. Bu sapmalarin
arkasindaki nedenleri anlamak icin Tafel korozyon analizi sirasinda ve sonrasinda g¢inko
metali makro ve mikro seviyelerde incelenmistir. Agik devre potansiyel siiresi boyunca
yerinde makro yiizey arastirmasi ve Tafel analizi yapilmis ve ¢inko yiizeyinin agirlik¢a %3.5
NaCl ¢ozeltisine daldirildiktan sonra devam eden korozyon ataklarina ugradigi tespit
edilmistir. Yerinde makro yiizey analizi, ylizeyin 6n oksidasyonunun yerel bolgelerde
tekdiize olmayan bir sekilde ilerledigini gostermistir. SEM-EDS ve XRD analizi, ¢inkonun
belirli kristal diizlemlerinin artan daldirma siiresi ile ZnO olusturdugunu géstermistir. Oksijen
giderimi ve hidrojen olusum potansiyellerini tespit etmek igin lineer tarama voltametresi
(LSV) teknigi uygulanmistir. Herhangi bir islem uygulanmadan numuneler iizerinde i 6zdes
Tafel deneyi yapilmis ve 6n indirgeme potansiyeli uygulan numuneler iizerinde ardisik iig
Tafel deneyi daha yapildi. Elde edilen sonuglar Tafel analizinin yiizeyi temizlemesinden
hemen 6nce yerinde onceden uygulanan numunelerde indirgeme potansiyeli ile homojen
oksit olusumuna saglanmig ve hesaplanan Tafel elementlerinin oldukga diigiik standart sapma
ile tekrar edilebilir oldugu bulunmustur.
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1. INTRODUCTION

Zinc (Zn) is one of the most attractive materials in the
literature. Zn alone was mentioned in the titles of
approximately 4500 papers in 2022 and over 1300 papers
in just the first quarter of 2023. While Zn is used in
medical research for its effect on organisms [1], energy
research for long-life metal batteries [2], and solar
perovskite cells [3], micro-electronics research for
semiconductors [4], Zn is also commonly used for
anticorrosive surface preparation as standalone or in alloy
structures [5-8]. Regardless of the main research focus of
Zn-related  studies,  potentiodynamic  corrosion
investigations are widely employed. In the performed
literature search, it was found a serious fluctuation of
obtained corrosion parameters for especially zinc metal.
For example, corrosion current densities in various Tafel
studies (one of the most critical parameters in corrosion
analysis) are reported as low as a few milliamperes per
square to a few thousand milliamperes per centimeter
square in various studies for Zn surfaces tested in 3.5
wt.% NaCl solution at 25°C is presented in Table 1.

Table 1. Obtained corrosion current densities of Zn metal in various
studies.

The Method of Obtaining Zinc Metal Used Jeorr! pA em’?
for Corrosion Analysis

Electrodeposition [9] 10.60
Electrodeposition [10] 89.98
Pure Zn Sheet [11] 266.5
Pure Zn Sheet [12] 115
Electrodeposition [13] 11.23
Electrodeposition [14] 54.4
Electrodeposition [15] 28

Pure Zn Sheet [16] ~ 60
Pure Zn Sheet [17] 8442
Electrodeposition [18] 42
Electrodeposition [19] 8.91
Electrodeposition [20] 270
Electrodeposition (three different potentials) 181.85 - 401.89
[21]

Electrodeposition (three different temperatures) 8.94 - 182
[22]

It is a rather interesting outcome for a standardized
corrosion measurement technique with quite fluctuated
results. In fact, in corrosion measurements, the type of the
surface phase also plays a critical role during the
passivation in the anodic scan. However, there is an
obvious pinpoint to explore for a better understanding and
correct application of corrosion measurement. The reason
behind this claim is the applied cleaning procedures of the
surfaces before performing the corrosion experiment. In
the literature, before corrosion, samples are polished with
sandpapers by starting from 400 grids up to 3000- 5000
grids to get a finer polished surface. While it is practically
impossible to reach two-dimensional (2D) flatness at the
close or sub-micron level, the main purpose here is to
assume the existence of a surface as possible as 2D
because  mathematical models  developed  for
electrochemical processes are based on 2D space. In one
aspect, if the surface energetics and the roughness of the
metal count into account, it may likely be possible that
corrosion attack only interacts outer layer (not with the
sub or close micron holes) of the rough surfaces. While
no direct study is encountered to support this claim, it is

declared that there are two states called Cassie-Baxter and
Wengzel for the surfaces subject to liquid contact [23]. The
Cassie-Baxter state for rough surfaces is observed for
most high-surface tension liquids, such as salty water (73
mN m™[24]). The Cassie-Baxter state supports that dry
spaces are air-filled on rough surfaces in relatively higher
surface tension liquids [25]. However, the dry locations
in holes of rough surfaces do not tend to form when using
low surface tension liquids, such as hexane (0.013 mN m-
1126]). Therefore, it is undoubtedly expected to get more
reliable results from well-polished surfaces. As discussed
in the zinc case, reliable results are not always the case for
even the corrosion tests of the same sample. In
potentiodynamic scan (Tafel) analysis, the 15% deviation
is declared as good reliability of the setup by leading
potentiostat manufacturers because the contamination of
the surface and the air-formed oxide, or even dissolved
oxygen in the solution are expected to deviate the
outcome. Moreover, the possibility of three-dimensional
(3D) interaction of the corrosive solution with the surface
is always in question, especially in insufficient polishing
cases. In order to eliminate as possible as inflictive
parameters on Tafel results, researchers mentioned
applying pre-cleaning potential vs. reference or open
circuit potential of the sample prior to the Tafel scan [27,
28]. Although sample preparation and cleaning processes
were discussed, another important; unfortunately not as
much considered parameter, the scan rate, is rather critical
in corrosion experiments. While the most applied scan
rate in the literature for Tafel corrosion experiments is
between 0.1 mV s and 1 mV s, ASTM G5 (Standard
Reference Test Method for Making Potentiodynamic
Anodic Polarization Measurements) strongly
recommends using 0.1667 mV s as it allows sufficient
time to protect the stable-state of the ongoing reactions
still minimizing the capacitive current contribution [29].
Faster scan rate may be useful in particular cases, such as
rather thin samples (less than a few microns), rapid
dissolution and accumulation of the corroded species on
the surface, or fast dealloying of the investigated alloy in
question, to prevent the rapid degradation. In fact, the
Tafel technique is based on the potential scan as applied
in cyclic voltammetry (CV) and linear sweep
voltammetry techniques (LSV), and it is known that
higher scan rates always tend to decrease diffusion layer
size and reveal higher current outputs [30, 31].

This study aims to investigate the effect of a long waiting
time to reach the steady state condition (OCP) condition
and applied pre-oxidation potential on corrosion
parameters of Zn metal. In this approach, it will be
observable if there are possible deviations in the Tafel
parameters. Additionally, surfaces will also be examined
at various stages for further understanding. Consequently,
the study will be useful to the researchers for their Tafel
corrosion experiments.
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2. MATERIAL AND METHOD

All the chemicals were used as received. 3.5% wt. NaCl
solution was prepared by a simple mixture of double-
distilled water and NaCl salt (MERC). Employed
potentiodynamic and potentiostatic experiments were
carried out at room temperature with a three-electrode
electrochemical ~ workstation  (Biologic,  SP240)
potentiostat. A pure zinc sheet (%99.9 pure, Alfa Aesar)
was a working electrode. Standard Ag/AgCl (3.5M KClI,
Gamry) glass frit-tip electrode was a reference electrode.
The counter electrode was Ruthenium/Iridium coated Ti
(40 cm? mesh electrode). A 3D-printed jacketed corrosion
cell was used to standardize the Tafel experiments. Figure
1. Shows the photograph of the employed cell system in
corrosion experiments. Before the corrosion experiment,
samples were cleaned with 3000-4000 and 5000 grids
polishing pads, washed with alcohol, and cleaned in
ultrasound cleaner at 40 Hz for 2 minutes. The
morphology and chemical composition of the deposited
films were analyzed by scanning electron microscope
(HITACHI SU3500, SEM) equipped with electron
dispersive spectroscopy (EDS, Oxford Aztech) for
elemental analysis. Energy dispersive X-ray (EDX,
Oxford Inca) was used to analyze the crystal planes. XRD
analysis was carried out using RIGAKU Miniflex 600
equipped with Cu Ka (A = 1.788965 A) radiation operated
at 40 kV and 30 mA in 0,02° step size at 10-90°. In
corrosion experiments, the Zn sheet served as a working
electrode; Ag/AgCI (3.5 M KCI) electrode was used as the
reference electrode; 25 cm? Ruthenium/Iridium coated Ti
was used as a counter electrode. Stable open circuit
potential (OCP) was observed before starting the Tafel
analysis. For Tafel corrosion tests, a potentiodynamic
voltammetric scan from -0.25 Vocp to 0.25 Vocp Was
performed at 0.166 mV s scan rate.

Ag/AgCl ref. elec.l

>
Ir/Ti coated 5

Iy

Figure 1. A (3D printed cell, PETG) is the topmost part, B (O-ring) is
placed under the hole of A, and C (polished Zn substrate) is placed under
B. Then, 1.5 mm thick, white electric tape-insulated SS-316 support
(labeled as E) is placed under C. Binder clips (labeled as F) apply
adequate pressure to support (E) and two side paddles of cell A. This
way, the O-ring (B) and the main cell (A) are ready for a watertight
operation. Reference and counter electrodes are placed inside the square
corrosion chamber (A).

During corrosion experiments, a computer-controlled
USB microscope was used for in situ observation of
surface change to distinguish the macro surface changes
depending on the applied potential. The images of the
surfaces before the applied potential states and after the

applied potential states were taken with a high-resolution
material microscope equipped with a SONY-1MX485
camera and Mitutoyo optic lenses.

3. RESULTS AND DISCUSSION

If Tafel calculation is examined from obtained
logarithmic current vs. potential graph, slopes for
cathodic and anodic regions start from close points of the
Ecorr, @s shown in Figure 2. As it is known, the sample does
not corrode at the cathodic region in which hydrogen
evolution reaction (HER) at the very negative potentials
of starting cathodic slope takes place, but also Zn surface
may reduce the oxygen by 0,4+ H,0+ 2e”
— HO; + OH~ in saline media [32]. At close points of
the Ecr Sample may initiate a weak nano/micro
passivation region (usually rapidly breaks down) just
before the anodic scan.
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Figure 2. Anodic and cathodic lines are shown in a standard Tafel graph.

As mentioned, the mathematical models produced for
initially heterogeneous electrochemical-based reactions
(homogenous chemical redox transformation reactions
may also occur) are usually based on 2D space. In order
to properly fit the 2D mathematical approximation, it is
important to evaluate the data that the surface does not
significantly deviate from its initial geometrical state (tens
of microns deep and wide cracking/pitting does not yet
occur). Therefore, Tafel analysis generally uses the
anodic and cathodic slopes of the region close to the Ecorr
value because the samples may undergo severe corrosion
attack at far potential values of Ecor, especially in the
anodic region. At more positive values from the Ecorrat the
anodic region, micro-cracks and holes are expected to
occur for most surfaces. In this case, the surface moves
away from its two-dimensional form, to which the
mathematical model can be applied.

3.1 Investigation of Repetitive Open Circuit Potential
Scan

OCP determination is applied for both Tafel and EIS
corrosion studies, and various approaches are employed
in different studies for stable OCP determination. In some
studies, less than 20 mV deviation in 30 minutes is
accepted as a sign of equilibrium before starting the
corrosion analysis [33], and in a typical application, 30
minutes waiting time is declared as stable OCP deviation,
usually without quantitative support of OCP deviation as
a function of time [34-36]. Some groups also follow an
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hour waiting time rule [37-39] because ASTM (American
Society for Testing and Materials) states that an hour
immersion time is required to reach the equilibrium state
with an expected 10 mV h* or lower deviation [40]. In the
former approach, the 20 mV s? deviation is a slightly
higher value to accept as an equilibrium point or stable
OCP because it corresponds to 40 mV hL, Still, the latter
approach may also be detrimental to thin, less corrosion-
resistant materials because chloride will continuously
attack the surface once the sample is immersed in a
corrosion solution. Then, the surface phase is eventually
changed and prevents proper Tafel analysis. It is known
that the reactions on the electrode surface take forever to
reach a perfect equilibrium of infinite steady condition,
but the point that these ongoing reactions proceed quite
slowly and in near balance is accepted as equilibrium
potential.

In order to overcome these issues, new-generation
potentiostat devices provide an option for time-dependent
potential change. In this option, even determined time is
2h for OCP, a limit function of time-dependent potential
change (mV s?) is applied. If a limit function, for
example, <0.1mV s, the deviation is fulfilled before the
2h time condition, the Tafel scan starts. This way, good
equilibrium (<10 mV h?') can be obtained, with
unnecessary waiting time, and possible or further surface
damage is prevented. In this study, three identical well-
polished surfaces were prepared for OCP determination.
The reference surface image of the prepared samples is
shown in Figure 3. Then, samples were placed in the
corrosion cell at room temperature for over 25 minutes
until the observation of negligible deviation at OCP. This
experiment was performed with two different approaches.
The first approach was time-dependent, as mostly applied
in the literature in which the sample was kept for a
prolonged time (generally over 1000 s) to get stable OCP.
The second approach was kinetic-based, as suggested by
leading potentiostat manufacturers and in some literature
studies. In the kinetic dependence, having <10 mV s in
the OCP measurement is strongly suggested.

Figure 3. Before corrosion tests, the optical images of polished samples
(presented in Figure 1. C) were taken. Scratches are expected to occur
after polishing and were detected under a micron size.

In the first experiment, samples were observed for about
1800 s to reach a stable OCP value. Obtained OCP
graphics are presented in Figure 4. In each performed
OCP experiment, especially the last 300 s were more
focused, and the deviation in the last 300 s was
specifically sought for 10 mV h or less.

-1020 A /

1st OCP
—— 2nd OCP
——3rd OCP

0 300 600 900 1200 1500
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Figure 4. Three identical well-polished surfaces are placed in the
corrosion cell and left for over 25 minutes until the observation of stable
OCP behavior.

In the 1%t OCP experiment, OCP was detected as -1002
MVagagel, and the deviation in the last 300 s was
calculated as 6 mV h%. In the 2" OCP experiment, OCP
was detected as -1009 mV agagcl, and the deviation in the
last 300 s was calculated as 11 mV h. In the 3@ OCP
experiment, OCP was detected as -998mV agiagc1, and the
deviation in the last 300 s was calculated as 1.2 mV h?,
During the OCP experiments, a USB microscope camera
system was set to observe macro surface changes, such as
color alterations, bubble formations, etc. It was found
interesting that the surface is expected to form ZnO with
increasing immersion time during open circuit potential,
as shown in Figure 5. because it is already reported in a
comprehensive study that Zn initially tends to form ZnO
at the early time of immersion along with the expected
formation of Zn(OH), for a prolonged time (over >10
hours) [32]. When obtained images at minutes 6 and 12
are compared, a clear color change is seen, and this color
difference becomes more apparent at longer times, with a
predominance at the edges. Initial surface corrosion
products are formed following the immersion without any
applied potential. In fact, formed oxide and hydroxide
corrosion products creates a surface film resistant to
further zinc corrosion, and thus, it is a protective result of
the metal in corrosion media [32]. SEM-EDS and XRD
carried out morphological and crystal plane investigations
for the initial state and after the OCP state of the surfaces.

Figure 5. Macro surface images taken at various stages of the OCP
period (as exhibited in Figure 4.) are presented.

In the SEM-EDS analysis, clean samples were first
investigated. Then the sample employed OCP
determination experiments for 1500 s and then examined
with the SEM-EDS technique, as shown in Figure 6.
When the pure Zn surface was investigated, it can be seen
that the air-formed oxygen was equally distributed. EDS
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analysis revealed 2.2% oxygen content. However, in the
case of OCP-employed Zn surface, local blemishes were
observed, oxygens were accumulated locally on the
surface, and EDS analysis revealed a three-fold increase
in oxygen content. An increase in oxygen content is
expected due to the formation of ZnO and Zn(OH).. In the
EDS analysis of OCP employed Zn, the right part of the
sample, which, out of local blemished spot, more oxygen
was detected.

Munzur Uni 15.0kV 10.1mm x500 SE oum |15 E = P 3
Figure 6. The electrochemically non-treated clean polished surface and
the surface after the 1500 s OCP stage are investigated with SEM-EDS
analysis.

In order to collect more data for the phenomenon of the
initial formation of ZnO, XRD analysis was performed, as
presented in Figure 7. The XRD data for pure ZnO powder
was also presented in the XRD data graph. It is found that
while all the peak intensities of the Zn (COD 1D:9008522)
decreased after the OCP stage, abrupt decreases in the
intensity of (002) and (004) crystal planes were observed.
Indeed, crystal planes analyzed after the OCP state
became similar to that of (101) and (202) ZnO crystal
planes (COD 1D:2300112). In other words, the behavior
at around 36° and 77° for OCP employed Zn started to
resemble the (101) and (202) crystal planes of ZnO.
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Figure 7. XRD analysis of Zn without treatment, after the OCP stage,
and ZnO powder are presented.

When collected data in the optic microscope, SEM, EDS-
mapping, and XRD are evaluated, it can be seen that the
surface of the Zn starts to oxidize following the immersion
and increases with immersion time. It was observed that
the oxidation of the employed sample specifically
preferred to occur in (004) and (101) crystal planes which
are the most depressed crystal planes after OCP.

Following the OCP investigation, three identical Tafel
experiments were performed on identical Zn surfaces. The
Tafel polarization data with OCP graphs are presented in
Figure 8. In the OCP analysis part, the potentiostat was
adjusted to seek <10 mV h%,
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Figure 8. Three identical cleaned polished Zn sheets were observed for
1500 s in the OCP stage, and then the Tafel measurements were
performed.

Biologic’s advanced Tafel corrosion fit analysis program
was used to obtain fitting parameters. Table 2 shows the
obtained fitting parameters with mean and standard
deviation values. Obtained Ecor and leor values match
literature but deviate from each other. Normally, OCP and
Ecorr Values are expected to be as possible as a match, but
the 10% difference is still within the acceptable limit. The
reason for the 10% deviation in Ecor values is explained in
the OCP macro surface investigation section, given in
Figure 5, in which the 3.5 wt.% NaCl medium caused
changes on the surface with increasing immersion time
before the actual Tafel scan took place.

Table 2. Tafel elements and the OCP data for performed experiments
in Figure 8 are presented with mean and standard deviation values.

Samples OCP/  Econd Jeor! PA Bal Bcl/

mV mv cm? mV mv
1st sample -998 -1189 2.667 164.7 345
2nd sample -994 -1051 5.509 28.9 111
3rd sample -1011  -1101 2.979 49 162
Mean -1001  -1114 3.72 81 206
Standard 8.89 68.87 1.56 7343  123.05
Dev.

When Tafel polarization curves are examined, it can be
seen that the cathodic curves deviate more than the anodic
curves. Following the immersion and at the end of the
cathodic part (close points to starting anodic region), the
reaction (1) take place, as observed in the OCP stages and
examined in XRD analysis. In other words, Zn already
starts to oxidize with increasing immersion time.

In — In*t + 2e” )

In the Tafel analysis of the samples, before -1.2 Vagal, -
1.05 Vagal, and -1.15 Vagcr for the 1%, 2" and, 3 Tafel
samples, respectively, hydrogen evolution given in
reaction (2) takes place.

2H,0 + 2e~ - 20H + H, )
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While potential is scanning to more positive values in the
cathodic region, oxygen consumption reactions (3) and
(4) occur.

0, + H,0 + 2e~ - HO5 + OH™ ?)
HO; + H,0 + 2e™ — 30H™ 4)

If the surface is already oxidized, as observed in OCP
experiments, and thus, the deviation at the cathodic region
is expected to occur. In the final experiment, the surface
of each sample is planned to be applied to a pre-potential
for in-situ cleaning, and the OCP waiting times are kept
under 600 s. In macro surface recorded OCP experiments,
as discussed in Figure 5 and Figure 6 sections, the Zn
surfaces were found to change at around 500 s. Moreover,
in the OCP stage, the potentials at 500 s and 1500 s, given
in Figure 8, were analyzed, and 1 mV difference for 1st
Tafel sample (500 s: -997 mV and 1500 s: 997 mV), 3 mV
difference for 2nd Tafel sample (500 s: -997 mV and 1500
s: 994 mV), and 2 mV difference for the 3rd Tafel sample
(500 s: -1013 mV and 1500 s: 1011 mV) were detected.
In other words, the potential values at 500 s, in which
macro surface change does not evolve, were very close to
the final OCP values at 1500 s. If the big picture is this,
applied pre-potential along with shorter waiting time at
the OCP stage may bring much more reliable results in
Tafel corrosion tests.

In order to determine the correct potential which does not
vigorously decompose the H,O and damage the solution
dynamics, a linear sweep voltammetry (LSV) experiment
was performed at 0.2 mV s scan rate after the OCP stage,
as shown in Figure 9. Scan rate chosen as close as Tafel
scan rate of 0.166 mV s1. Before the LSV scan, the OCP
of the sample was determined, and then the linear
voltammetry scan was started from 0 Vocp to -500 mVoce.
OCP of the samples was determined as -1034 mV, similar
to those found in the Tafel experiments. The conspicuous
thing is that the OCP value at 500 s was -1024 mV, which
was acceptable to start the Tafel scan rather than waiting
for an extra 1000 s to get -1034 mV. OCP and LSV curves
of the Zn metal, along with macro surface images, are
presented in Figure 9. The emerged peak at -300 mVocp
(at-1.33 V) in LSV occurs mostly in reactions (3) and (4).
However, the observed torsion after -1.4 Vocp (more
negative potentials) shows the starting of hydrogen
evolution given in reaction (2).

1,01
o
o
<
5 -1,02
<
r
>
> 1,03
s A
-1,04 j
0 500 1.000 1.50

Time/ sec.

: /\ :

-0,1

I/ mA

0,15 W/

EweN vs. Ag!AgCI 2
OCP at 240 s. OCP at 600 s.

. . ". .LSV.‘ 3

1 | mm 1 | mm

1 mm

Figure 9. OCP and LSV graphs for the Zn working electrode are
presented. The red line represents the zero-time baseline for OCP and
the zero potential baselines for LSV.

If the macro surface images are investigated, it can be seen
that the OCP image gets much darker through the end of
the OCP (at 1800 seconds), forming shades on the surface.
The observed darkness of the surface at the end of OCP
started to disappear and became indistinct at -1.32 V of
LSV, from which the peak emerged. Then, small
hydrogen gas bubbles occurred at -1.5 V of the LSV scan.

In the next experiment, the sample was decided to be kept
at OCP for 500 s because both performed experiments
given Figure 5 and Figure 9 showed that longer waiting
time causes oxide products that are not easy to dissolve.
Moreover, 500 s and 1800 s of OCP have only a 1%
difference. Following the OCP stage, samples are aimed
to be applied a -600 mV potential difference (vs. Vocp) to
remove any air-formed oxide or reducible impurities.
Then, after another 500 s OCP stage, the Tafel test was
employed. In this way, it is aimed to obtain a more reliable
and repeatable corrosion testing procedure. Pre-applied
potential-based Tafel analysis is presented in Figure 10
with relevant macro surface images at the end of each
stage.
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Figure 10. a represents the polished zinc surface in the corrosion
solution, b represents the 500 s OCP stage, ¢ represents the -600 mV vs.
EOCP potential, d represents the OCP stage before Tafel, and e
represents the surface in the corrosion solution following the Tafel.

One of the interesting findings in pre-applied potential-
based Tafel analysis was observed in the OCP stage
shown in Figure 10d. There was no locally formed
blemished area with 500 s OCP stage, as it was observed
in the OCP stage for 1800 s in Figure 9. The surface was
quite uniform, and any possible impurities were removed
during the applied -600 mV potential, given in Figure 10c.
A clear white blemishing shade, normally, appeared in
Figure 10b., was disappeared in Figure 10c. It was, in fact,
an expected result because applied reduction potential
removed the formed oxide layer along with any other
impurities during hydrogen evolution. Moreover, nearly a
perfectly uniform surface behavior at OCP before Tafel in
Figure 10d emerged as a great improvement. If pre-
applied potential-based Tafel analysis and Tafel analysis
without pre-applied reduction potential are compared, it
can be said that no other surface cleaning procedure, such
as polishing, ultrasound cleaning, or alcohol cleaning, is
effective as the in-situ surface cleaning procedure. In
order to understand the effect of in-situ surface cleaning
on the Tafel analysis, three repetitive experiments were
performed in the given order in Figure 10, and it is
presented in Figure 11.
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Figure 11. Three repetitive experiments at stage b and stage d for OCP,
given in Figure 10, are presented with repetitive Tafel polarization
curves.

Obtained curves are rather consistent when compared
with the direct Tafel analysis in Figure 8. The calculated
mean and standard deviation analysis in Table 2 shows a
significant match between repetitive experiments.

Table 3. Tafel fitting elements for each sample are presented for
performed repetitive experiments given in Figure 11.

Samples OCP/ Ecorr/ Jeorr! Bal Bel
mv mV pA em? mVv mVv
1 st Tafel -1027 -1106 194 37.2 84
2 nd Tafel -1025  -1105 2.32 35.6 99
3 rd Tafel -1020 -1107 2.77 47 103
Mean -1024  -1106 2.34 39.93 9533
Standard Dev. 3.60 1 041 6.17 10.01

If each component of the pre-applied potential-based
Tafel analysis given in Table 2 and the direct Tafel
analysis given in Table 1 are compared, a slight deviation
in each parameter is seen as contrary to Table 1. However,
two of the most important kinetic parameters, Sa, and Sc,
are consistent because providing similar results in Sa and
Bc is normally difficult compared to the Ecorr and Jcorr
values. Almost every experiment revealed identical
results. As mentioned, the obtained consistent results
likely emerge from equalizing the starting conditions of
each surface in in-situ via applied moderate reduction
potential. This way, a uniform oxidation process at the
relaxed OCP state while reaching the steady state
condition and during the potentiodynamic scan is
provided.

4. CONCLUSIONS

The study questioned the deviation for Tafel corrosion
analysis results of Zinc metal in various reports. Also,
rarely applied in-situ surface cleaning potential before
Tafel analysis was investigated in detail. This study has
shown that pre-applied surface cleaning reduction
potential before Tafel can improve the consistency and
repeatability of the experiments. Macro surface
investigation and EDS/XRD analysis prove that surface
oxidation is initiated upon immersion and increases in
time, and the oxidation of the surface does not proceed at
the same rate through the surface. This non-uniform
behavior is likely the result of surface impurities, such as
air oxidation of the surface and other pre-existed
impurities. However, after determining the correct
cleaning potential via LSV and applying the determined
potential prior to Tafel to clean the surface revealed
remarkable results in terms of repeatability and
consistency of the Tafel parameters. A few general trends
can be written if the performed study is translated to other
metals investigated for Tafel analysis.

e As the corrosion medium starts to change the
surface with increasing immersion time, the
optimum OCP period can be decided after a few
consecutive OCP experiments, and the optimum
time can be chosen as the shortest time, which is
the closest time to the long OCP analysis.
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e  Prior to Tafel analysis, LSV analysis following
the OCP analysis can be performed to detect the
oxide removal potential and starting potential for
hydrogen evolution.

e The sample can be applied in-situ reduction
potential to remove the oxide layer and other
uncounted impurities to obtain a standardized
surface before Tafel analysis.
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Abstract: In this study, the aim is to inspect the effects of silica aerogel produced from boron
waster to compressive strength and thermal performance of bricks. Firstly, silica aerogel was
produced by using boron waste obtained from Tiirkiye/Eskisehir/Kirka region. After, silica aerogel
produced was mixed into the brick in different proportions (%0 (REF), %15 (AB1), %25 (AB2),
%35 (AB3), %45 (AB4)), and was baked in 900 °C and 1000 °C to create mixed brick samples.
Finally, samples produced was experimented with compressive strength and thermal conductivity
coefficient and SEM (Scanning Electron Microscopy) images were taken. As a result, the increase
of aerogel amount caused decrease in compressive strength and thermal conductivity coefficient
values in both temperatures. It was observed that amorphous structure increased with the increase
of silica aerogel and partial holes and cracks emerged in SEM images. Additionally, when
compressive strength was used as basis, it was determined that AB1 sample could be used as load
bearing material, while AB2, AB3 and AB4 samples could be used as coating or back filling
material in traditional structures. Use of wastes which contain silica such as boron waste in aerogel
production is thought to be an appropriate solution for waste disposal.

Bor Atiklarindan Uretilen Silika Aerojelin Cevre Dostu Tuglalarin Basing Dayamimina ve

Isil Performansina Etkileri

Anahtar
Kelimeler
Bor atig1,
Aerojel,
Tugla

Oz: Bu calismada, bor atiklarindan iiretilen silika aerojelin tuglanmn basing dayanimi ve 1sil
performansina etkisinin incelenmesi amaglanmgtir. Calisma ii¢ asamada gerceklestirilmistir. {1k
asamada Tiirkiye/Eskisehir/Kirka bolgesinden temin edilen bor atigi kullanilarak silika aerojel
iiretimi yapilmistir. ikinci asamada, iiretilen silika aerojel hacimce farkli oranlarda (%0 (REF),
%15 (AB1), %25 (AB2), %35 (AB3), %45 (AB4)) tugla biinyesine ikame edilmis, 900 oC ve 1000
oC pisirilerek katkili tugla numuneleri iiretilmistir. Uciincii ve son asamada ise, iiretilen
numunelere basing dayanimi ve 1s1 iletim katsayisi tayini deneyleri uygulanmustir. Ayrica
numunelerin igyapisinin incelenmesi amaciyla SEM goriintiileri alinmigtir. Sonug olarak; her iki
sicaklikta da aerojel miktarinin artmasi ile basing dayanimi ve 1s1 iletim katsayis1 degerinde azalma
meydana gelmistir. SEM goriintiilerinde silika aerojel miktarinin artmasiyla amorf yapinin artigi
ve yer yer bosluklar ve catlaklar olustugu goriilmiistiir. Ayrica basing dayanimi baz alindiginda;
iretilen numunelerden AB1 numunesi tastyict olarak kullanilabilecegi, AB2, AB3 ve AB4
numunelerinin ise kaplama veya geleneksel yapilarda duvar dolgu malzemesi olarak
kullanilabilecegi tespit edilmistir. Bor atig1 gibi silis igeren atiklarin aerojel iretiminde
kullanilmalar1 atiklarin bertaraf edilmesi igin uygun bir ¢6ziim yolu olacag diisiiniilmektedir.

1. INTRODUCTION

Energy crisis, which encourage development of new
materials aiming to establish thermal comfort for users
and energy efficiency of buildings have been occurring
more frequently around the world [1]. Energy demand has
been increasing for the last thirty years with industrial

improvement and increase of population [2]. The
construction industry has been using 42% of the total
consumed energy and 50% of the natural resources from
earth [3].

A large part of the structures built in the construction
sector consists of buildings. Energy consumption in
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buildings has increased massively in the last ten years due
to population growth, necessary interior quality, increase
in time spent inside and demand for building functions
etc. [4]. While buildings with building envelopes that
have less thermal conduction achieve up to 80% energy
saving and provide better living and working conditions
to inhabitants and users [5]. Additionally, it could be
beneficial to extend thermal comfort periods with-out
relying on heating and cooling systems, especially during
the period between seasons [6].

It has been stated in the literature that depending on the
country, approximately 20%-40% of the total energy
consumption and globally one in three of greenhouse gas
emission consists of buildings [7]. Heat loss in the
buildings generally occur through exterior walls, ceiling,
floor, windows and air leak [8]. It is also known that
building envelope is an important cause of energy loss in
constructed area [9]. Generally, the biggest thermal losses
related to buildings occur as heat conduction through
opaque building envelope [10]. Since materials used in
most building constructions have low isolation levels and
high heat losses, decreasing energy consumption of
buildings is one of the most important requirements [11].
The heat loss through exterior walls are generally
recognized as between 10% and 45% [12]. The best way
of ensuring energy saving is applying heat insulation to
building or using materials with heat insulation features
during construction. Brick is one of the construction
materials consisting building envelope. Bricks are
universal construction materials which have emerged
independently in various cultures, evolved through ages
and continued its existence through centuries. It is still
widely popular around the globe and symbolizes
characteristic atmosphere of many different places [9].
Increase of standards such as fire safety, sustainability,
heat insulation features etc. has limited the use of
traditional bricks as a construction component carrying
weight. Today, bricks are used mostly as coating because
of their aesthetic look, ease of use and low maintenance
surfaces. But if their heat insulation properties improves,
bricks will have the potential to be-come desired
structural materials one again.

Bricks have been objected to improvement by mixing
with various organic (rice husk ash, rice hull etc.) or
industrial wastes (silica fume, fly ash, boron waste etc)
[13-18, 79-81]. Recently, use of aerogel instead of these
wastes gained popularity. The word aerogel consists of
two words, air and gel, and contains of nanoparticles that
are located in a three-dimensional network with a high
porosity (containing 99-95% of the empty volume) [82].
Aerogel was discovered in 1931 [19-22]. Aerogel, which
is produced by removing fluids from gels, is a dry gel with
high porosity (more than 90%) [23] and less heat
conductivity than air [19, 23, 24]. It has a transparent,
highly porous, ultra lightweight, low density (bulk density
3-20 kg/m®) and wide exterior surface area. Porous
compound of nano material makes it hard for heat to pass
through structure [19, 78].

It decreases high energy demand compared to other
materials with same width because of its low heat
conduction [26]: It is widely used in aerogels [27], spare

parts catalyzator support [28, 29], heat insulation [23],
nanoparticle filtration from air [30-33], medicine delivery
[34] and aviation industries [35].

The most used type of aerogels, which have different
types, is silica aerogels [36]. Silica aerogel, which is a
nano structured material is a unique construction material
with high porosity, ultra-low density and highly cross-
bound three dimensional webs, and consists of silica [37-
38]. Silica aerogel consists of amorphous silica structure
with air more than 90% and is considered as the most
lightweight solid material of the world. Its porous
structure enables it to breathe with the clean air passing
through [5]. It also has the lowest thermal conduction
(0.015 W m-1K-1) among all solid insulation materials on
the world [39-40].

Research on silica aerogel, which has lower heat
conduction [23-41] when compared to other materials
produced through complicated and expensive procedures
[23-41], has proved that it has higher potential for thermal
and acoustic insulation. Adding silica aerogel into
construction materials can decrease their thermal
conductivity or k-value significantly and result in thermal
performance which was not previously possible [5].

It was observed that aerogels are used intensely in cement
[43-45], mortar [1, 46], coating [36,39,42,47-49,50,51],
concrete [41,52-56], self-conpacting concrete [57] and
light concrete production. But it was determined that
aerogel is not used in brick production frequently. Based
on this gap, silica aerogel was produced using boron
wastes taken from Eskisehir /Kirka region for this study
with the aim of mixing silica aerogel product into brick in
different percentages and inspect compressive strength
and thermal performance. SEM images were used to
confirm compressive strength rest results and thermal
properties.

2. MATERIAL AND METHOD
2.1. Material

Clay: Clay, which is the main raw material used in the
production of brick building material and used in the
study, was obtained from Taskoprii district of Kastamonu
province. The mineralogy of the clay used is presented in
Table 1.

It was observed that there is mostly element silicium (Si)
found in blend brick clay examined in Kastamonu
University Central Research Laboratory Implementation
and Research Center. There were aliminium (Al) calcium
(Ca), oxygen (O), iron (Fe) and magnesium (Mg)
elements found in clay as well. Raw clay material was
grounded in rotary squeezer into a 1mm undersize
material before entering production. All additives were
subjected to same procedures.
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Table 1. Clay mineralogy

Element [¢] Mg Al Si Nb K Ca Fe Others
Weight % 22,53 1.98 8.74 42.12 5.38 0.94 15,41 6,83 36,07
Table 2. Chemical properties of boron waste
Compound B,0; CaO MgO Sio2 Na20 AI203 Fe203 K20 Ignition Loss
Boron Waste, % 25.5 10.20 14.28 13.60 5. 66 0.98 0.41 0.78 28.59
Table 3. Chemical Analysis of Seyitomer Fly Ash
Compound SiO, CaO MgO | Fe)Os Al,O5 Na,O K20 SO, Na,O (eq) Free CaO
% 52.23 7.85 5.92 9.10 19.03 0.92 1.98 2.52 2.02 0.27

Boron Waste: The boron waste used in the study is
chemical properties are provided in Table 2. It was
observed that it consists of 25.5% boron and silica 13,60
% after examination of the Table 2.

Fly Ash: Fly ash which was used in the study anc chemical
compounds of which are provided on Table 3 was
obtained from Seyitomer Thermal Power Plant. Type F
fly ash with 0,88 g/cm?® bulk density, 1,58 g/cm? specific
weight, 0,115 m? /g specific surface area and 8,3 pH was
used in the experiments.

Mixture water: Kastamonu province city water was used
as the mixture water in sample production.

2.1. Medhod
2.1.1. Aerogel production from boron wastes
Sol-gel method was used in production of silica aerogel

from boron waste (Figure 1). Production was carried out
in three stages: preparation, aging and drying.

Aging in mother 4—]

liquor

' : Seperernca

Washing and
solvent exchange

t

Supercritical Drying Q

T¢C

Aerogel

Figure 1. Schematic image of the sol-gel process which was used to
prepare aerogels [77].

Preparation of the gel

250 ml distilled water, 15 g KOH and 40 gr borax slime
was put in 500 ml beaker. Mixed for 4 hour in mixing
device with heater, with settings 150 °C, 5 cycles/mins.

After mixing, it was filtered using filter paper. Mixture
that passed through filter paper was used in borosilicate
aerogel.

Aging the gel

pH value of the mixture that passed through the filter
paper was determined. Since the solution was acidic, a
mixture of 10 g NaOH and 250 ml distilled water was
added slowly and mixed with a stick (Figure 2a) Solution
was gelled when it became neutralized (pH:7) (Figure 2b)
Mixture was closed with a plastic wrap for the aging
process and waited for 4 weeks.

After 2 weeks, in order to rid of salt inside the gel, gel was
washed with hot distilled water. Water on the gel was
taken with a syringe and mixed again after adding hot dis-
tilled water. After waiting for the gel to collapse after
mixing, and water on the surface was taken once again.
This process was repeated 3 times. Afterwards, beaker
was wrapped with wrap once again and waited in 60 °C
drying oven for 24 hours. Gel phase filtered once again
and mixed with 20% ethanol and 80% distilled water
solution. Beaker was re-wrapped with wrap and waited in
60 °C drying oven for 24 hours. This process was repeated
two times. Afterwards, 100% ethanol was added and
waited in 60 °C drying oven for 24 hours. In order to get
the desired chemical mixture of gel, after carrying out a
filtering process, 70% Ethanol/TEOS was added and the
mixture waited in 60 °C drying oven for 24 hours. After
filtering, it was kept inside 100& n-heptane for 24 hours.

Figure 2. a: Before gelling, b: After gelling
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Drying the gel

After filtering the solution, gel was closed and kept in
room temperature for 24 hours. Afterwards it was
subjected to drying process in 90 °C for 4 hours and 125
°C for 24 hours. Silica aerogel powder produces after the
drying process was packaged using leak proof packs and
stored to be used in brick production.

2.2.2 Production of aerogel mixed brick

Clay material which was obtained through quartation
method was grounded in rotary squeezer into a 1mm
undersize material before entering production. Fly ash,
which was to be used as additive in experiment was also
subjected to the same procedures. Fly ash was added into
brick to increase its compressive strength [60]. Formula
of the mixture is shown in Table 4. Mixing water was
added in 20% of the total weight of the materials in
samples to each mixtures. Within the scope of the
experiment, a total of 12 samples, 6 for each experiment,
were produced.

Table 4. Mixture formula

Aerojel Fly Ash Clay (%) Mixed Water
(%) (%) (%)
REF 100 20
AB1 15 5 80 20
AB2 25 5 70 20
AB3 35 5 60 20
AB4 45 5 50 20

During sample production, first, aerogel, fly ash and clay,
which are dry materials, were mixed with a mixer with
200 rpm speed for 5 minutes. Then the bonding substance
water was added and mixed for 10 minutes. After the
mixing process, the mixture was pressed with 50 MPa
pressure and 40 x 40 x 160 mm samples were produces.
Samples waited 24 hours to easily detach from the mold.
Afterwards, the samples were dried in drying oven with
105 °C for 24 hours. Dried samples, which are given in
Figure 3 were baked progressively in electric oven which
had 3°C/s heating feature with 900 °C and 1000 °C. In
case of deviations, the six samples were produced for each
series. The samples produced were experimented with
compressive strength and solid thermal conductivity
coefficient experiments.

Figure 3. Silica aerogel mixed brick samples

2.2.3 Experiments on samples

The compressive strength values of the aerogel mixed
brick products were calculated in accordance with TS EN
771-1, (2012) [61] standard. Thermal conduction device

was used to determine the heat conduction constant.
Probes of the conduction device were contacted with
sample surface, heat conduction value of which were to
be determined, and constant was determined by
measuring heat change of the material depending on the
energy given. SEM images were taken to inspect internal
structures of the samples.

3. RESULTS AND DISCUSSIONS
3.1 Compressive Strength

Compressive strength, which is the basis of all structural
materials, is the best measurement method to determine
the suitability of the material [60].

A material needs to have high compressive strength to be
used in a structure. That is why one of the main aims of
the studies is to improve compressive strength of the
structural materials such as cement [62, 66], concrete
[63], mortar, coating, brick [60] etc.

Aerogel is a material with low mechanic properties and
high thermal conduction [64]. That is why, aerogel is used
in heat insulation generally. In many studies, aerogel is
reported to lower the compressive strength [65, 66, 42]. In
this study, fly ash has been mixed in order to increase
compressive strength.

Compressive strength values of aerogel mixed brick
samples are displayed in Figure 4. It was observed that
compressive strengths of samples change between 6,8-
14,2 MPa in image. It was observed that in both
temperatures the highest compressive strength be-longed
to reference sample, and lowest compressive strength
belonged to AB4 sample. According to TS EN 771-1,
(2012), the average compressive strength value is 10 MPa.
In this case, among silica aerogel mixed brick samples
that baked in both temperatures, AB1 value was above
average, and AB2, AB3 and AB4 values were below
average. AB1 can be used in residence buildings and
restoration works as holder brick, AB2, AB3 and AB4 can
be used for coating and decoration purposes. Also, AB2,
AB3 and AB4 samples can be used as filling material in
traditional residence construction.

In this study, it was determined that compressive strength
lowers with the increase of silica aerogel amount. In other
words, changing natural aggregates with aerogel caused
lower compressive strength. According to this, fragile
nature and low resistance of aerogel aggregates as well as
their low compound effects result in low mechanic
resistance in construction material mixtures with aerogel
materials. They effect mechanical properties of AB
samples negatively because of their fragile structure as
well.
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MPa Compressive Strength (MPa)

EEF AB1 AB2 AB3 AB4

w— D00°C 1000 °C

W/mK Heat Conduction Coefficient Appointment(W/mK)

——0900 9¢ 1000 oc

Figure 4. Compressive strength of samples

Moreover, in Table 5, the ratios of decreasing
compressive strength values as a result of aerogel
substitution are given. It is seen that the highest decrease
rate at 900 and 1000 °C belongs to the AB4 sample with
47.18% and 44.71%, respectively. It is thought that the
reason for this is that the aerogel additive creates a void in
the brick sample. Studies on compressive strength of
silica aerogel support our study [41, 45, 55-56].

Table 5. Value of Compressive strength and reduction rate

900 °C 1000 °C
Compressive Reduction Compressive Reduction
Strength (MPa) Rate (%) Strength Rate (%)
(MPa)
REF 14,2 12,3
ABl1 13,0 8,45 11,2 8,94
AB2 9,9 30,28 8,5 30,90
AB3 8,2 42,25 73 40,65
AB4 7,5 47,18 6,8 4471

3.2 Determination of Heat Conduction Coefficient

Aerogel is a porous material with low thermal
conductivity because of its small pores. Thermal
conductivity of aerogel mixed brick samples in different
temperatures are displayed in Figure 5. It was determined
that thermal conductivity coefficient of samples change
between 0,52 and 1,7 W/mK. It was observed that thermal
conductivity improved with increase of baking
temperature. Among all samples, AT4 sample with
baking temperature of 1000 °C (0,52 w/mK) had the
lowest, reference sample with baking temperature of 900
°C (1,07 W/mK) had the highest heat conduction
coefficient.  Additionally, higher aerogel in mixtures
resulted in lower thermal conductivity. In other words,
significant amount of air holes in aerogel pores isolate
heat and result lower thermal conductivity in samples.
Other studies in literature support data we acquired during
our study. Silica aerogel addition was observed to
improve thermal conductivity property of structural
materials such as concrete, cement, coating etc. as well as
brick [6,41,42,45,51,52, 56, 68-72].

Figure 5. Heat conduction coefficient appointment of samples

The decrease in the heat conductivity coefficients of the
airgel-added brick samples at 900 and 1000 °C is given in
Table 6. The lowest heat transfer coefficient reduction
rate was obtained from the AB4 sample at both
temperatures. The reason for this is thought to be that the
airgel creates a void in the brick, as in the compressive
strength. These voids keep the heat within the brick.

Table 6. Heat conduction coefficient of samples and reduction rate

900 °C 1000 °C
Heat Conduction | Reducttion Heat Reducttion
Coefficient Rate (%) Conduction Rate (%)
(W/mK) Coefficient
(W/mK)
REF 1,07 1,05 ---
AB1 0,91 14,95 0,86 18,09
AB2 0,83 22,42 0,78 2571
AB3 0,71 33,64 0,66 37,14
AB4 0,65 39,25 0,52 50,47

3.3 SEM Images

Reference and SEM images of silica aerogel mixed brick
samples are displayed in Figure 6. It was observed in
Figure 6a belonging to reference sample that the amount
of crystal structure was higher. This means that sample
have high compressive strength. It is a proof that
compressive strength test results of reference sample
supports SEM images. SEM images of AB1 sample are
displayed in Figure 6b. In image, reference sample with
crystal structure had partially turned into amorphous
structure with silica aerogel mixture. Amount of
amorphous structure had increased in Figure 6¢
displaying SEM image of AB2 and became irregular.
Fragile nature of amorphous structure and aerogel [41]
lowered compressive strength of the sample. Decrease in
compressive strength experiment values of AB2 sample
supports SEM images. In Figure 6d (AB3), crystal
structure had de-creased significantly and amorphous
structure increased. Additionally, partial globule and
cavitied structures were observed. In some areas, cracks
were observed. In Image 6e (AB4) which had the highest
amount of silica aerogel almost all crystal structures were
gone and amount of amorphous and cavitied structure
were increased. Water/air can be transferred or thicken
with these cavities and thermal insulation and mechanical
performance of brick can be affected. The fact that AB4
samples, which have the highest amount of silica aerogel
have the lowest compressive strength and lowest heat
conduction coefficient proves this fact. With the increase
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of aerogel, which is a fragile material, surface cracks were
increased as well.

Literature studies proved that aerogel makes construction
materials more fragile [41-42, 73-76]. Research results
prove that aerogel is a highly fragile material, it can be
crushed easily and have cracks on its surface. It was also
stated that cavitied structure de-crease compressive
strength of brick and improved thermal properties.

Figure 6. a: Reference sample, b: AB1 sample c: AB2 sample, d: AB3
sample, e: AB4 sample aerogel mixed brick samples

4. CONCLUSION

Energy crisis, In this study, aerogel was produced using
boron waste and produced aerogel was mixed into prick
in different ratios as additional material. According to the
data obtained from experiments;

e Compressive strength decreased with the
increasing amount of aerogel.

e AB1l sample had the highest compressive
strength in both temperatures among mixed
samples.

e Heat conduction coefficient value decreased
with the increasing amount of aerogel. Lowest
heat conduction coefficient belonged to AB4
sample with 0,52 W/mK.

e It was observed that with the increasing amount
of aerogel, the crystal structure of the samples
turned into amorphous structure and AB3 and
AB4 samples developed gaps and cavities in
SEM images of samples.

e Use of boron waste in aerogel production is an
appropriate solution to dispose of wastes in
environment. With boron waste, all wastes with

silica must be encouraged to be used during
aerogel production.

e Studies in the future should not focus on
academy, on the contrary, their aim should be
determination of the properties of aerogel and
application.
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Keywords Abstract: The most well-known bee products are honey, pollen and propolis. The most consumed
Bingol, bee product is honey among these. It is of great importance to investigate and follow the
Moisture, physicochemical properties of honey in terms of food safety. Therefore, it was aimed to determine
Free acidity, some quality parameters for filtered blossom honey harvested from the center and 7 districts of
Electrical Bingol Province in 2021. The moisture, free acidity, electrical conductivity, pH and color
conductivity, parameters of the supplied filtered blossom honey samples were investigated. The average values
pH, of 22 honey samples collected from the center and districts of Bingdl were determined as; humidity
Color 15.43+0.06, free acidity 14.584+0.427 meq kg, electrical conductivity 0.228+0.001 (mS cm™), pH

3.48+0.015 and color parameters L*, a* b* values 58.404+0.275, 3.906+0.033, 38.552,
respectively. According to these results, it was observed that the investigated filtered blossom
honeys were within the limit values specified in the Turkish Food Codex Honey Communiqué.

Bingol ve Iicelerinden Elde Edilen Siizme Cicek Ballarinin Baz1 Kalite Parametrelerinin
Belirlenmesi

Anahtar Oz: Aricilik iiriinleri arasinda en bilinen ari iiriinleri bal, polen ve propolistir. Bunlar arasinda en
Kelimeler fazla tiiketilen ar1 {iriinii ise baldir. Gida giivenligi acisindan balda fizikokimyasal &zelliklerin
Bingdl, incelenmesi ve takip edilmesi biiyiik énem tagimaktadir. Bu baglamda, Bingdl ili merkez ve 7
Nem, ilgesinden 2021 yilinda hasat edilen siizme ¢icek ballart igin bazi kalite parametrelerinin
Serbest belirlenmesi amaglanmistir. Temin edilen siizme ¢igek bal Orneklerinin nem, serbest asitlik,
asitlik, elektriksel iletkenlik, pH ve renk parametreleri incelenmistir. Bingdl merkez ve ilgelerinden
Elektriksel toplanan 22 adet bal 6rneginin ortalama degerleri; nem 15.43+0.06, serbest asitlik 14.584+0.427
iletkenlik, meq kg, elektriksel iletkenlik 0.228+0.001 (mS cm™), pH 3.48+0.015 ve renk parametreleri L*,
pH, a*, b* degerleri sirasiyla 58.404+0.275, 3.906+0.033, 38.552+0.217 olarak belirlenmistir. Bu
Renk sonuglara gore incelenen siizme ¢igek ballarinin Tiirk Gida Kodeksi Bal Tebligi'nde belirtilen sinir

degerler igerisinde oldugu gorilmistiir.

1. INTRODUCTION

In addition to honey, honeybees (Apis mellifera L.) can
also produce beeswax, royal jelly, bee pollen, propolis,
and bee bread. Even while ancient civilizations have
been aware of the medical benefits of these substances
for thousands of years, they are mostly employed as
dietary supplements or health products today. However,
these natural products are great sources of macro- and
micronutrients known as bioactive compounds, which
work synergistically to provide these by products

numerous biological actions, such as, for example,
antibacterial,  antioxidant, and  anti-inflammatory
qualities [1-3].

In the Turkish Food Codex (TGK) Honey Communique
No. 2020/7, honey is defined as “plant nectars, the
secretions of living parts of plants or the secretions of
plant-sucking insects living on the living parts of plants,
after being collected by the honey bee, combine with
their own specific substances, reducing the water
content, matured by storing in honeycomb and a natural
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product that can be crystallized according to its nature

[4].

Bing6! province, which is located in the Iran-Turan flora
region, is a very suitable region for beekeeping activities
with its rich flora, differences in flowering times, clean
nature and climatic conditions. According to Tirkiye
Statistical Institute (TURKSTAT) 2022 data, Bingdl has
1033 beekeeping enterprises, 2043 old-style beehives
and 158.966 new-type beehives, in total 161.009
beehives. In 2022, 1.488.937 tons of honey was
produced from 161.009 beehives. Bing6l province ranks
20th in Tirkiye's honey ranking [5].

In the present study, moisture, free acidity, electrical
conductivity, pH and color parameters were determined
in strained blossom honey samples. Humidity is a
parameter that affects the color, taste, aroma, solubility
and specific gravity of honey, as well as its physical
properties such as viscosity, crystallization, and the shelf
life of honey [6]. The high moisture content in honey
allows for crystallization and the development of
osmotolerant (resistant to high sugar concentration)
yeasts. When osmotolerant yeasts use the sugar in the
environment, ethyl alcohol and carbon dioxide are
released, which causes the honey to ferment. Alcohol
formed as a result of fermentation transforms into acetic
acid and water in the presence of oxygen and creates a
sour taste in honey [7]. According to the Turkish Food
Codex Honey Communiqué (2020/7) and the European
Union Honey Directive, the moisture content of honey
should not be more than 20% in blossom honey,
secretory honey, blossom and secretory honey mixtures,
23% in puree (Calluna vulgaris), heather (Erica spp), and
bakery honeys and 25% in heather based bakery honeys.
The electrical conductivity of honey is a method used
both to determine the botanical origin of honey and to
distinguish between floral and secretory honeys. The
electrical conductivity of secretory honey is higher than
blossom honey [8,9]. The electrical conductivity value
varies in proportion to the mineral content of honey [10].

One of the quality parameters of honey is free acidity.
Free acidity creates the aroma of honey and increases the
antioxidant activity of honey. It also gives information
about the origin of honey. Acetic acid, butyric acid,
formic acid, gluconic acid, lactic acid, malic acid, citric
acid, succinic acid and oxalic acid are the acids found in
honey [11]. According to the Turkish Food Codex
Honey Communiqué (2020/7), the free acidity value in
honey should not be more than 50 meq kg™ in blossom
honey, secretory honey, blossom honey and secretory
honey mixture and 80 meq kg in bakery honey.

The pH value affects the enzymatic activity,
microorganism growth, shelf life, stability and texture of
honey [12]. The pH value of honey is determined by the
amount of mineral substances and organic acids in its
content. The pH values of honeys rich in mineral
substances are mostly high [13]. There is no regulation
in the Turkish Food Codex Honey Communiqué on the
pH value of honey.

In addition to taste and aroma, color which is one of the
quality standards of honey, it is a parameter used to
determine the origin of honey [14]. According to clause
5/d of the Turkish Food Codex Honey Communiqué
(2020/7), there is the phrase “The color of honey can
vary from water white to dark amber”.

With this study, the determination of the quality
parameters of the honey obtained from the center and
districts of Bingdl and its compliance with the standard
were investigated. For this purpose, moisture, free
acidity, pH, electrical conductivity and color parameters
of 22 filtered blossom honey samples produced in the
center and seven districts of Bingdl in 2021 were
determined and their compliance with the standard was
investigated.

2. MATERIAL AND METHOD

Bingdl, which is located in the Upper Euphrates section
of the Eastern Anatolia Region, is at an altitude of 1151
m from the sea, and is located between 41°-20' and 39°-
56' east longitudes and 39°-31' and 36°-28' north
latitudes. Bingol province has 7 districts in total, namely
Yedisu, Geng, Karliova, Yayladere, Solhan, Kig1 and
Adakli. In 2021, 22 honey samples were obtained from 8
different regions of Bingdl province. After the honey
samples were coded, they were stored in glass jars at
room temperature, dry, out of direct light, until analysis.
Honey samples were homogenized before each analysis.

2.1. Determination of the Moisture

Abbe type refractometer was used for moisture analysis
of honey samples. This method, which uses the
refractive index, was proposed by Bogdanov [15].
Firstly, 1 g of the honey samples, which were mixed
thoroughly with the help of glass baguette and became
homogeneous, was weighed. The weighed honey
samples were evenly spread on the prism section of the
refractometer and the moisture content of the honey was
measured by the ruler on the lens part. The
measurements were repeated three times for each honey.

2.2. Determination of the Electrical Conductivity

For the measurement of the conductivity of the honey
samples, taking into account the moisture value of each
honey, honey containing 20 g of dry matter was weighed
into 50 mL falcon tubes and dissolved in some ultrapure
water. Each of the dissolved honeys was taken into 100
mL balloon joe and the solution volume was completed
to 100 mL with ultrapure water. The ambient
temperature was set to 20 °C and the solutions were
transferred to 40 mL beakers. The measurement of the
solutions was recorded with the Consort Brand C3010
model conductor, which was calibrated [15].

2.3. Determination of the pH
After calibration of Thermo Scientific brand ORION 3

STAR model pH meter with buffer solutions (pH:4.01,
pH:7.00 and pH:10.01), the electrode of the pH meter

34




Tr. J. Nature Sci. Volume 12, Issue 3, Page 33-40, 2023

was immersed in honey samples dissolved in ultrapure
water and the pH values of the samples were read [15].

2.4. Determination of the Free Acidity

10 g of honey from each honey sample was weighed in
250 mL beakers and thoroughly dissolved with 75 mL
ultrapure water using a magnetic stirrer. 5 drops of
phenolphthalein were added to the dissolved honey
samples and while the electrode of the pH meter
remained in the solution and stirring with the magnetic
stirrer, the samples were titrated within 60 seconds with
0.05 N NaOH solution poured in a controlled manner
from the burette until the color change turned pink
(pH=8.3). The amount of solution used in the titration
was recorded and calculations were made with the help
of the following equation [15].

_50.a
T om

SA (1

In the equation, SA is the amount of free acidity (meq
kg-1), a is the amount of used NaOH solution (mL), and
m is the amount of measured honey sample (g).

2.5. Determination of the Color

Before the analysis process, honey samples were kept in
a water bath set at 50°C for 30 minutes [16]. Honey
samples taken from the water bath were mixed for 3
minutes until homogeneity was achieved. Honey
samples taken from the water bath were mixed for 3
minutes until provided homogeneity. Then, the samples
were taken into 4 mL spectrophotometer cuvettes for
color analysis and measured in a Konica Minolta, CR-5
model colorimeter device. Thus, L*, a* and b* color
parameters of honey samples were determined. Then,
Hue angle (h°) was calculated by using a* and b*
parameters in Equation 2.

he = tan' (P */q ) @

L, darkness/lightness (0: darkness; 100: lightness); a (-a,
greenness; +a, redness); and b (-b, blueness; +b,
yellowness) values are defined. Experiments were
repeated three times and the results were averaged.

3. RESULTS AND DISCUSSION

In the present study, quality standards were determined
by investigating the moisture, electrical conductivity,
free acidity, pH and color parameters of 22 filtered
blossom honey harvested in 2021 from the center and
seven districts of Bing6l province. The experimental
results of humidity are presented in Table 1 and Figure
1. The maximum relative standard deviation of the
humidity parameter was determined as 1.61%. As can be
seen from Table 1 and Figure 1, coded as A2 and KA2
honey samples have the lowest moisture content with a
value of 14.00%, while the coded as LAV honey sample
has the highest moisture content with a value of 16.93%.
There is 21% difference between the lowest and highest
humidity levels. Since the maximum amount of moisture

that can be found in blossom honeys is 20% according to
the Turkish Food Codex Honey Communiqué (2020/7),
it has been observed that investigated all honey samples
comply with this Communiqué.
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Figure 1. The graph for moisture results of the investigated honey

samples

Table 1. The moisture, electrical conductivity, pH and free acidity
results of the investigated honey samples

Sample Moisture Electrical Free
Coc?e (%) Conductivity pH Acidity
(mS cm) (meq ko)
Al 14.33£023  0.178+0.001  3.43£0.009  12.161+0.286

A2 14.00£0.00  0.495+0.003 4.17£0.029  20.825+0.767
Gl 15.20+0.00  0.195+0.001 3.38+£0.016  14.326+0.766
G2 14.13+0.12  0.162+ 0.001 3.43£0.056  11.163+1.041
G3 16.47+0.12  0.216+0.001 3.27£0.012  16.491+0.500
KA1 15.80+0.00  0.137+0.001 3.43£0.009  7.496+0.499
KA2 14.00£0.00  0.385+0.002 3.61£0.009  22.322+0.283
KA3 15.00£0.00  0.249+0.001 3.29+0.005  17.157+0.287
KI1 14.60+0.00  0.226+ 0.001 3.34+£0.009  16.991+0.004
Kl2 15.00+£0.00  0.267+0.001 3.58+0.019  14.658+0.288
LAV  16.93+0.12  0.199+0.001 3.29+0.025  14.493+0.499
M1 15.20+0.00  0.263+ 0.002 3.39+£0.012  18.323+0.580
M2 14.60+0.00  0.196+ 0.001 3.26+0.009  14.659+0.288
M3 15.80+0.00  0.329+ 0.004 3.57£0.005  19.324+0.285
S1 15.53+0.12  0.165+ 0.001 3.38+0.008  11.328+0.287
S2 16.40+0.00  0.196+ 0.001 3.43£0.012  14.159+0.288
S3 16.73+0.12  0.184+0.001 3.31£0.012  13.658+0.287
YAl 15.20+0.00  0.175+0.001 3.39+0.008  12.328+0.287
YA2 16.27+0.12  0.188+0.001 3.69+£0.005  10.495+0.501
YE1 15.40+0.00  0.222+0.001 3.57£0.009  13.164+0.290
YE2 16.40+0.20  0.216+0.001 3.44+£0.016  13.327+0.574
YE3 16.47+0.12  0.180+ 0.001 3.42+£0.024  11.995+0.499

Zaitoun et al. [17] found the highest moisture value of
16.78% in their study on Jordan honey, and Sopade et al.
[18] found the highest moisture value of 18% in their
study on Australian honey, while the lowest moisture
value was found to be 15.8%. Escriche et al. [19] found
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the moisture value was the lowest 16.63% and the
highest 23.3% in Mozambique honey; Cift¢i [20] found
the moisture content in the range of 15.48-17.63%;
Kalafat Kul [21] reported that the humidity values are in
the range of 15.6%-20.3%. In previous studies, moisture
values for blossom honey in Bing6l province were
determined as 15.70% [22], 15.39% [23], and 15.43%
[24]. Considering the results of these studies, it is seen
that there is a general agreement between the moisture
content of the honey samples in the present study and the
studies in the literature.

Another investigated quality parameter is the electrical
conductivity of honey. The experimental results of this
parameter are presented comparatively in Table 1 and
Figure 2. It was determined that the relative standard
deviation in the electrical conductivity results of the
investigated honey samples was between 0.37% and
1.22%. The average electrical conductivity of the
investigated 22 filtered blossom honeys was determined
as 0.228 mS cm™. Among the honey samples, it was
determined that the coded as A2 sample had the highest
electrical conductivity with value of 0.495 mS cm and
the coded as KAl sample had the lowest electrical
conductivity with value of 0.137 mS cm™. There is a
261% difference between the lowest and highest
electrical conductivity values. Since the electrical
conductivity of blossom honey is reported to be
maximum 0.8 mS cm according to the Turkish Food
Codex Honey Communiqué, it has been observed that all
the studied honey samples are in compliance with this
Communiqué.
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Figure 2. The graph for electrical conductivity results of the
investigated honey samples

It has been reported that the electrical conductivity value
for 46 secretion and nectar honeys obtained from
different regions of Madrid, the capital of Spain, is
between 0.119 -1.515 mS cm™[25]. Again, in a study on
monofloral honeys in Spain, it was reported that the
electrical conductivity values for honeys ranged from
0.30-0.99 mS cm[26]. In 50 honey samples produced
and offered for sale in Tirkiye, the electrical
conductivity value was 0.14-0.95 mS cm™[27]; In the
study conducted on blossom honey obtained from
Eastern Anatolia and Eastern Black Sea regions, the
electrical conductivity values were recorded to be
between 0.18 mS cm™ and 0.47 mS cm™[28]. In the
study on the physicochemical properties of different
honeys, the electrical conductivity values for blossom

honeys were found to be in the range of 0.11-0.89 mS
cmi[29]. Simsek et al. [22] found the electrical
conductivity values of 2 different honey samples
belonging to the province of Bingél as 0.19 mS cm™ and
0.35 mS cm%. Since the electrical conductivity values of
the investigated blossom honeys in the present study
vary in the range of 0.137 to 0.495 mS cm, it can be
said that the electrical conductivity of these honey
samples is generally compatible with the electrical
conductivity of other honeys in the literature.

Free acidity, which is related to the aroma and
antioxidant activity of honey, is another investigated
parameter. The experimental results of this parameter are
presented in Table 1 and Figure 3, and the maximum
relative standard deviation of this parameter was
determined as 9.33%. It was determined that the average
free acidity value of the investigated honey samples was
14.584 meq kg?. It was observed that the free acidity
values of the coded as A2 and KA2 samples were the
highest, while the coded as KA1 sample had the lowest
free acidity values. The highest free acid value was
determined to be approximately 3 times greater than the
lowest. When Table 1 and Figure 3 are examined, it is
obvious that all studied honey samples are in compliance
with the Turkish Food Codex Honey Communiqué
(2020/7).

T
Limit s 50 meg/kg

Free Acidity (meq kg™')
i
&
v

Al A2 G1 G2 G3 KA1KA2KA3 KI1 KI2 LAV M1 M2 M3 S1 S2 S3 YA1YA2YE1YE2YE3
Sample Code

Figure 3. The graph for free acidity results of the investigated honey
samples

In the study conducted in Eastern and Southeastern
Anatolia, the average free acidity value of honey
samples was 22.3 meq kg?*[30], the average free acidity
value in the honey obtained in Argentina was 20.6 meq
kg*[31], the acidity value of highland honey in a study
conducted in Hatay region was 32.3 meq kg?'[32], the
acidity value in sunflower honey from Tekirdag region
was 30.75 meq kg-1[33] and in a study conducted on
Brazilian honeys, free acidity values have been reported
to vary between 24.66-59.66 meq kg* [34]. In studies
conducted in Madrid, the free acidity value of blossom
and secretory honeys was between 13.1-51.2 meq kg
![25] and in a study conducted in Tunisia with honeys of
different origins, the free acidity values were reported
between 8.15 meq kg* and 27.77 meq kg*(35]. Unal and
Kiipliilii [36] reported the free acidity values were 8.23-
33.21 meq kg* for some honey samples, Finola et al.
[31] obtained the average free acidity value as 2.6 meq
kg™ for some Argentina honeys. Aydin et al. [37] was
reported that the acidity level was between 6-24 meq kg
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for filtered honey offered for consumption in Kars
province. Yasar and Sogiitlii [38] determined the average
free acidity was determined as 10.675 meq kg for 8
blossom honeys in Bing6l and its districts. It has been
observed that there is a parallelism between the free
acidity values of the honey samples in the present study
and those in the literature.

The pH indicator, which generally varies according to
the minerals and organic acids in honey, is another
determined parameter. The experimental results of the
pH parameter are presented in Table 1 and Figure 4. The
maximum relative standard deviation of this parameter
was determined as 1.63%. While the average pH values
of 22 investigated blossom honeys were determined as
3.48, it was observed that the pH value of the coded as
A2 sample was the highest (4.17) and the pH value of
the coded as M2 sample was the lowest (3.26). It was
determined that there was difference of approximately
28% between the lowest and highest pH values.
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Figure 4. The graph for pH results of the investigated honey samples

pH values in the studies has been reported as; the
average pH value is 3.8 in honeys in the Eastern and
Southeastern Anatolia regions [30], 3.33-6.30 for
Pakistan honey [39], 3.62-5.46 for Indian honeys [16],
3.65 for Brazilian honey [40]. It has been reported that
the pH value is in the range of 3.63-5.01 [25] for honeys
from Madrid, and in the range of 3.7-4.5 [41] for
highland honey from the Ordu region. The pH values of
blossom honey produced in Argentina are between 3.00
and 3.88 [42] and pH values were found to be in the
range of 3.37-3.89 for Hatay region of blossom honey,
[43]. The average pH value for 200 honey samples from
Tirkiye was reported as 3.30 [44] and the average pH
value for 7 honey samples in Bingdl was reported as
2.81 [24]. When the literature studies are examined, the
pH values for the honey samples of the present study are
similar to those in the literature.

The last parameter that determines honey quality in the
present study is color. The color of honey can be
affected by the vitamins it contains, the total ash amount,
the plant flora from which the nectar is taken, the
application of heat treatment, the storage period, the
harvest method, and the amount of phenolic substances
[45]. L*, a*, b* and h°® parameters were obtained to
determine the colors of the investigated honey samples
in the present study. Experimental results of these
parameters are presented in Table 2 and Figure 5.

Table 2. L*, a*, b* and h® values for the investigated honey samples

e e w
Al 60.02+0.32 3.27+0.01 36.57+0.14 84.89+0.002
A2 63.96+0.15 10.90+0.03 61.94+0.09 80.02+0.001
Gl 75.58+0.21 3.01+0.03 44.21+0.09 86.11+0.009
G2 66.94+0.18 1.924+0.02 31.21+0.03 86.49+0.010
G3 78.76+0.26 2.69+0.03 46.50+0.23 86.69+0.011
KAl 37.99+0.17 0.63+0.03 15.554+0.17 87.67+0.149
KA2 35.24+0.06 8.27+0.05 41.14+0.06 78.63+0.003
KA3 46.14+0.24 5.76+0.02 42.94+0.39 82.35+0.008
KI1 28.85+0.15 4.56+0.07 29.58+0.05 81.2440.021
KI2 32.95+0.13 2.49+0.05 27.554+0.08 84.84+0.029

LAV 70.14+0.03 4.08+0.01 37.86+0.02 83.85+0.001
M1 65.46+0.12 7.10+0.03 58.08+0.37 83.03+0.004
M2 63.58+0.71 2.93+0.02 37.75+0.31 85.56+0.008
M3 59.00£1.02 9.58+0.19 54.54+1.46 80.04+0.089
S1 48.84+0.40 0.19+0.02 21.33+0.01 89.50+0.599
S2 61.45+0.08 1.504+0.02 34.95+0.22 87.54+0.013
S3 69.69+0.11 2.57+0.01 39.88+0.06 86.32+0.001

YAl 52.54+0.23 3.04+0.01 31.80+0.20 84.55+0.003

YA2 74.58+0.11 1.64+0.02 37.08+0.03 87.46+0.008

YE1 54.46+0.27 3.93+0.06 37.1840.12 83.97+0.018

YE2 65.64+0.93 3.00+0.03 38.93+0.56 85.59+0.027

YE3 73.07+0.17 2.88+0.02 41.55+0.12 86.04+0.004

Evaluation of the obtained results of L*, a* b* and h°®
parameters can be done with the help of Figure 6. The
maximum relative standard deviations of L*, a*, b* and
h° parameters were determined as 1.74%, 8.18%, 2.67%
and 0.67%, respectively. As seen in Table 2 and Figure
5, L* a* b* and h° values vary between 78.76-28.85,
10.90-0.19, 61.94-15.55 and 89.50-78.63, respectively.
The sample coded as G3 has the highest L* value,
sample coded as A2 has a* and b* values, the sample
coded as KI1 has the lowest L* value, sample coded as
S1 has a* value and sample coded as KA1 has b* value.
When the L*, a*, b* and h° values are examined by
considering Figure 6, it can be said that the studied
honey samples have generally extra light amber color.
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Figure 5. The graph for L*, a* and b* results of the investigated honey
samples

Figure 6. Color space notationé [46]

In the study on Aegean Region honeys, the color values
were found as L* 7.03-39.26; a* 1.23-13.32 and b* 2.34-
17.27 [47]; in the color analysis for 80 honeys obtained
from different regions in Brazil, it was determined that
the L* value was between 43.02-81.21, a* value was
between 2.91-63.40, and b* value was between 25.44-
43.47 [48]. For the Mediterranean, Aegean, Southeastern
Anatolia and Central Anatolia regions of Tilirkiye, it was
reported that the L* values of the honey samples were
between 24.56-41.21, a* values were between 0.11-1.00
and b* values were between 0.87-9.84 [49]. In another
study, it was determined that the L* value was between
as 19.75-28.00, a* value was between as -0.56 and 0.07
and b* value was between as 0.45-2.85 for blossom
honey obtained from various regions of Tiirkiye [50].
When the studies in the literature are examined, the
honey samples in the study present in terms of L* and b*
parameters are generally similar to the honey samples
from Brazil and the honey samples from the Aegean
region in terms of a* parameter.

4. CONCLUSION

The moisture, electrical conductivity, free acidity, pH
and color parameters of filtered blossom honey collected
from the center and seven districts of Bingdl province
were determined and their quality was revealed. While
the humidity parameter was observed in the lowest
samples coded as A2 and KA2, the highest sample coded
as LAV, the highest electrical conductivity was observed
in the A2 coded sample and the lowest KA1l coded
sample. The highest free acidity value was observed in
the A2 and KA2 coded samples, the lowest in the KAl
coded sample, while the highest pH value was observed
in the A2 coded sample and the lowest in the M2 coded
sample. When the L*, a* b* and h° parameters of the
investigated honey samples are taken into consideration,
it was determined that they generally have an extra light
amber color.

According to the analyzed parameters, 22 honey samples
collected from the center and districts of Bingdl were
found to be in compliance with the Turkish Food Codex
Honey Communiqué (2020/7). There is no standard set
in pH analysis, but the results found are in line with
previous studies. Honey is extremely important because
it is a healthy food and contributes to the country's
economy. Therefore, in order to produce quality honey
that supports the country's economy, the determined
standards should not be ignored. In order to increase the
quality and production capacity of Bingdl honey, whose
place and recognition in the international market are
increasing day by day, it is necessary to increase the
awareness of producers and consumers in line with the
findings of such studies.
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Abstract: This study aims to evaluate glucose, AST, ALT, urea and albumin parameters in patients
diagnosed with rotavirus. Children who applied to Sirnak State Hospital Pediatrics Polyclinics (6
months to 18 years of age), whose fecal samples were sent to the laboratory by the pediatrician
considering the diagnosis of rotavirus, and whose microbiological examinations were confirmed by
immunochromatographic methods (6 months to 18 years), were included in the study by scanning
the system. When the mean ages of glucose, ALT, AST, urea, and albumin data of the rotavirus
negative group were evaluated, they were found to be 1.82+2.66, 1.77£2.72, 1.76+2.72, 1.69+2.68,
1.87+2.88, respectively. and in rotavirus positives, respectively; It was found to be 1.16£1.35,
1.09£1.31, 1.09£1.31, 1.10+1.32, 1.11+1.30. While the median values of glucose, AST, ALT, urea
and albumin in rotavirus negatives were 84 mg/dl, 36 U/L, 19 U/L, 14 mg/dL, 3.79 g/dL,
respectively, the median values in rotavirus positives were 75 mg, respectively. /dL, 45 U/L, 26
U/L, 18 mg/dL, 3.98 g/dL were detected. All parameters were statistically significant (p<0.01). We
think that laboratory parameters (glucose, AST, ALT, urea and albumin) in gastroenteritis due to
rotavirus should definitely be evaluated in determining the prognosis of patients with rotavirus
diagnosis.

Rotaviriis Tanih Cocuklarda Glukoz, AST, ALT, Ure ve Albiimin Parametrelerin

Degerlendirilmesi

Anahtar Oz: Bu caligma rotaviriis tanili hastalarda glukoz, AST, ALT, iire ve albiimin parametrelerinin
Kelimeler degerlendirilmesini amaglamaktadir. Sirnak Devlet Hastanesi Cocuk Hastaliklar1 Polikliniklerine
Rotaviriis, basvuran gocuklardan, pediatrist tarafindan rotaviriis tanisi diisiiniilerek laboratuvara fekal 6rnekleri
Glukoz, gonderilen ve mikrobiyolojik tetkikleri immiinokromatografik yontemler ile Rotaviriis tanisi
AST, dogrulanmis (6 aylik-18 yas arasi) ¢ocuklar sistemden taranarak ¢aligmaya dahil edildi. Rotaviriis
ALT, negatif grubun glukoz, ALT, AST, iire, albumin verilerilerinin ortalama yaslari1 degerlendirildiginde
Ure, sirastyla 1.8242.66, 1.77+£2.72, 1,76+2,72, 1,694+2,68, 1,87+2,88 yas ortalamasina, rotaviriis
Albiimin pozitiflerde ise sirasiyla; 1.16+1.35, 1.09+1.31, 1.09+1.31, 1.10+1.32, 1,11+1,30 oldugu tespit
edildi. Glukoz, AST, ALT, iire ve albiiminin rotaviriis negatiflerde medyan degerleri sirasiyla 84
mg/dl, 36 U/L, 19 U/L, 14 mg/dL, 3,79 g/dL iken, rotaviriis pozitiflerde ise medyan degerleri
sirastyla 75 mg/dL, 45 U/L, 26 U/L, 18 mg/dL, 3,98 g/dL tespit edildi. Tim parametreler
istatistiksel olarak anlamli bulundu (p<0.01). Rotaviruse bagli gastroenteritlerde laboratuvar
parametrelerinden (glukoz, AST, ALT, iire ve albiiminin) rotaviriis tanil1 hastalarin prognozunun
tespitinde mutlaka degerlendirilmesi gerektigini diisiinmekteyiz.
and non-enveloped double-stranded RNA (dsRNA).
1. INTRODUCTION dsRNA segments encode 12 viral proteins, six of which
are structural viral proteins (SVP1, SVP2, SVP3, SVP4,
Rotavirus has been reported as the most important cause SVP6, SVP7) and six nonstructural viral proteins

of mortality and morbidity related to acute gastroenteritis (NSVP1, NSVP2, NSVP3, NSVP4, NSVP5, NSVP6)
in children worldwide [1]. Rotaviruses have 11 segments [5]. Rotavirus infection is a major cause of acute
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gastroenteritis in children under 5 years of age, mostly in
the first 2 years of life. While infection is usually
asymptomatic or mild depending on the presence of
maternal antibodies, it can cause death in infants aged 3-
24 months as a result of rapid dehydration due to severe
diarrhea, malaise, fever and vomiting [2, 3, 4]. Globally,
114 million cases of rotavirus infection were reported in
children under 5 years of age in 2003, while an estimated
more than 200,000 cases of rotavirus diagnosis were
associated with death in 2013 [5]. It has been reported
that with diarrhea caused by rotavirus in children under
the age of 5 in the USA, seventy thousand cases are
admitted to home care, two hundred thousand cases are
admitted to the emergency departments, and an average
of four hundred thousand patients are hospitalized each
year, resulting in death in an average of 60 cases per year
[6]. In studies conducted in our country, it has been
reported that rotavirus causes 15-40% of diarrhea in
children under the age of 5 [7]. Rotavirus is the most
important pathogen causing gastroenteritis in children in
Turkey as in the world [8]. Studies reporting the results
of laboratory markers in the clinical management of
patients are limited. In this study, it is aimed to
retrospectively evaluate the relationship between various
biochemical parameters (glucose, aspartate
aminotransferase  (AST), alanine aminotransferase
(ALT), urea and albumin) in rotavirus-positive patients
with gastroenteritis symptoms in the years 2020-2022.

2. MATERIAL AND METHOD

The study was approved by Sirnak University Ethics
Committee  (decision no: 2023/56246-1, date:
06.01.2023). Children (6 months-18 years old) who
applied to Sirnak State Hospital Pediatrics Outpatient
Clinic between 2020-2022, whose stool samples were
sent to the laboratory on suspicion of rotavirus diagnosis
and whose microbiological examinations  were
performed, were included in the study. Age, gender,
detection of rotavirus and biochemical parameters of the
patients  were evaluated  retrospectively.  Each
biochemical parameter (Glucose, AST, ALT, Urea,
Albumin) was evaluated according to gender, and
rotavirus positive patients were statistically compared
with rotavirus negative patients.

2.1. Statistical Analysis

Statistical analysis of the data was performed using the
SPSS 25.0 package program. Data were expressed as

median [min-max value], qualitative data as percentage
and non-normally distributed data as Median (IQR, Inter
QuntifierRatio, 25%-75%). In data analysis, the
distribution of continuous variables was determined by
Kolmogorov-Smirnov and Shapiro-Wilk normality tests.
Since the data were not normally distributed, the Mann-
Whitney U test was used to determine the relationship
between the paired groups. Frequency distributions,
number, median, minimum and maximum values were
given in descriptive statistics. A p value of <0.05 was
considered significant.

3. RESULTS

Gender distribution and mean age by groups are given in
Table 1. According to the table, when the sex
distribution of glucose, ALT, AST, Urea and Albumin
data in rotavirus negatives is examined, 56.4%, 57.1,
59.6, 56.6 and 60.5 percent of them were males,
respectively; It was determined that 43.6, 42.9, 43.1,
43.4, 39.5 were girls. On the other hand, when the sex
distribution of the glucose, ALT, AST, Urea and
Albumin data of the rotavirus positive patients was
examined, it was determined that 61.3, 62.8, 62.8, 63.1,
60.4 were boys, 38.7, 37.2, 37.2, 36.9, 39.6 were girls,
respectively. When the mean ages of rotavirus negative
glucose, ALT, AST, urea, and albumin data are
evaluated according to the table, 1.82+£2.66, 1.77+£2.72,
1.76£2.72, 1.69+2.68, 1.87+2.88 years, respectively.
average, in rotavirus positive, respectively; It was found
to be 1.16+1.35, 1.09+1.31, 1.09+1.31, 1.10+1.32,
1.11£1.30. The evaluation of glucose, AST, ALT, urea
and albumin parameters are given in Table 2.
Accordingly, the median value of glucose was 84 mg/dL
in rotavirus negatives, and 75 mg/dL in rotavirus
positives, and it was found to be statistically significant
(p<0.01). While the median value was 36 U/L in AST
rotavirus negatives, the median value was 45 U/L in
rotavirus positives, which was statistically significant
(p<0.01). While the median value was 19 U/L in ALT
rotavirus negatives and 26 U/L in rotavirus positives, it
was found to be statistically significant (p<0.01). It was
revealed that the median value of urea was 14 mg/dL in
rotavirus negatives, and 18 mg/dL in rotavirus positives,
which was statistically significant (p<0.01). The median
value of the urea negative group was 3.79 g/dL, and the
median value of the positive group was 3.98 g/dL, and it
was statistically significant (p<0.01).
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Table 1. Gender Distribution and Average Age of the Parameters by Groups

Rotavirus negative Rotavirus positive
Gender Age Gender Age Total
Parameters Female Male Female
(0)
Male n(%0) n(%) Mean £SD n (%) n (%) Mean +=SD
Glucose 181(56,4) 140(43,6) 1,82+2,66 46 (61,3) 29 (38,7) 1,16+1,35 396
AST 224(57,1) 168(42,9) 1,7742,72 54 (62,8) 32(37,2) 1,09+1,31 478
ALT 219(56,9) 166(43,1) 1,76+2,72 54 (62,8) 32(37,2 1,09+1,31 471
Urea 194(56,6) 149(43,4,) 1,69+2,68 53 (63,1) 31(36,9) 1,10+1,32 427
Albumin 193(60,5) 126(39,5) 1,87+2,88 65 (60,4) 43 (39,6) 1,11+1,30 427
Table 2. Glucose, AST, ALT, Urea and Albumin parameters in groups
Parameters Rotaviriis N Median Min-Max 1IQR P value
Negative 321 84 54-115 17
Glucose (mg/dL) Positive 75 75 42-105 17 <001
Negative 392 36 11-69 16
AST(UL) Positive 86 45 2470 15 <001
Negative 385 19 6-44 12
ALT (UIL) Positive 86 26 1059 17 <001
Negative 343 14 2-33 13
Urea (mg/dL) Positive 84 18 254 17 <001
. Negative 208 3,79 3-4 1
Albumin (g/dL) Positive 66 398 35 1 <001

4. DISCUSSION AND CONCLUSION

In our study, we aimed to evaluate the glucose, AST,
ALT, urea and albumin of rotavirus positive patients
diagnosed with immunochromatographic methods in the
microbiology laboratory and registered in the automation
system. Rotavirus infection creates a serious financial
burden on the economy every year, especially in
developing countries. Although the hospitalization rates
differ according to the countries, the average cost of
rotavirus-infected patients to the country every year; It is
estimated to be 7 million New Zealand dollars in New
Zealand, 890 million dollars in the USA, 27 million
dollars in Italy and 40-70 million dollars in India [9-12].
For Turkey, this rate covers the whole country for
children under the age of 5; A comprehensive cost
analysis cannot be performed because there are no
reliable records regarding outpatient admission, rotavirus
positivity, and hospitalization [13]. 70% of rotavirus
diarrhea in Turkey is seen in children under the age of
two [14]. In our study, we found that those diagnosed
with rotavirus were under the age of two. It is known
that adequate fluids containing  physiological
concentrations of glucose and electrolytes should be
provided to compensate for gastrointestinal losses and to
meet maintenance needs [15]. Karsligil et al. In a study
on rotavirus gastroenteritis and its effect on lactose
intolerance in children aged 0-6 years, they reported that
patients with low glucose were also diagnosed with
rotavirus [16]. In our study, we found that the positive
group had a lower glucose level than the negative group
and it was statistically significant. A 2-fold increase in
liver enzymes is observed in approximately 2/3 of the
patients hospitalized with the diagnosis of rotavirus [17].
Isik et al. reported that AST and ALT were higher in
patients diagnosed with rotavirus compared to the
negative group [18]. In our study, we found that both
AST and ALT were higher in positive patients compared
to the literature, and we found it statistically significant.
The reason for this may have varied depending on the
electrolyte abnormality or the severity of the infection.
Cubuk et al. reported that no significant difference was
found between CRP, hematological and biochemical

parameters in their study [19]. Qadori et al. in a study
evaluating sodium, potassium, urea, creatinine and
glucose in gastroenteritis, stated that they did not detect
major electrolyte disturbances other than hypoglycemia
in gastroenteritis [20]. Asena et al. In a study evaluating
laboratory parameters, it was found that no difference
was found between the control group and the group
positive  for  Rotavirus, hemoglobin, platelets,
eosinophils, basophils, glucose, creatinine, total protein,
albumin, sodium, potassium, calcium, chlorine, and
CRP, but it was higher in the white blood cell and
neutrophil control group. While they were found to be
higher in lymphocyte, urea, AST and ALT positive
groups, they were found to be slightly higher, but they
reported that they could not find it statistically
significant [21]. In our study, we found that both urea
and albumin positive groups were higher and statistically
significant compared to the negative group.

Rotavirus gastroenteritis is an important health problem
that is common in Turkey as well as in almost every
country in the world, causing hospitalizations and
morbidity. Considering the results of the study, it is
thought that laboratory parameters (glucose, AST, ALT,
urea and albumin) in gastroenteritis due to rotavirus
should definitely be evaluated in determining the
prognosis of patients with rotavirus, and detailed
analyzes should be performed in larger populations,
since there are few studies on the subject in our country.

Limitations of the Research

The main limitation of the study is that it is a
retrospective study. However, the fact that the
vaccination status of the patients was not recorded is an
important limitation.
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Abstract: Casting is a major manufacturing process in various industries, and the elimination of its flaws is of
great importance. Traditional casting flaw detection processes are usually performed manually, which is both
time-consuming and prone to human errors. In this paper, we will validate whether the bottleneck of "manual
inspection” can be eliminated by automating the inspection process of casting products in the manufacturing
process using transfer learning. The motivation is to enhance the accuracy and efficiency values in manual
examination processes. The need to reduce production errors and increase overall production efficiency are
key goals of Industry 4.0. This paper could represent a significant step towards achieving these goals and aims
to automate casting defect detection using deep learning and transfer learning, thereby eliminating the time-
consuming and error-prone nature of the manual inspection. Using deep learning architectures and transfer
learning techniques, we divide casting images into two separate classes, achieving a level of accuracy never
before achieved in this process. The innovative aspect is that it's among the first to apply transfer learning and
deep learning techniques to casting defect detection. This presents a great potential for automating defect
detection in casting and increasing overall production efficiency. Furthermore, this paper demonstrates how
these technologies could be used to improve production processes more broadly in line with the goals of
Industry 4.0.

The benefits of this approach include the ability to automate manual inspection processes, thereby speeding up
the production process, increasing accuracy, and reducing human errors. This is proposed as a more efficient
way of controlling the quality of end products under Industry 4.0. The application of transfer learning and deep
learning techniques to casting defect detection enables a great leap forward in this field.

Endiistri 4.0 Kapsaminda Dokiim Hatalarinin Tespiti I¢cin Transfer Ogrenme Modeli

Anahtar
Kelimeler
Transfer
ogrenme,

Derin 6grenme,
Tahmin,

Dokiim kusurlari,
Endiistri 4.0

Oz: Dokiim, gesitli endiistrilerin ana iiretim siireglerinden biridir ve hatalarmin ortadan kaldirilmas: biiyiik
onem tasir. Geleneksel dokiim kusur tespiti siiregleri genellikle manuel olarak gergeklestirilir, bu da hem
zaman alict hem de insan hatalarina agiktir. Bu c¢alismada, dokiim iiriinlerinin imalat siirecinde transfer
O0grenme ile muayene silirecini otomatiklestirerek "manuel muayene" darbogazinin ortadan kaldirilip
kaldirilamayacagin1 dogrulayacagiz.Motivasyon, manuel inceleme siireclerinde dogruluk ve verimlilik
degerlerini arttirmaktir. Uretim hatalarin1 azaltma ve genel iiretim verimliligini artirma ihtiyaci, Endiistri 4.0'm
temel hedefleridir.Bu ¢alisma, bu hedeflere ulasma yolunda 6nemli bir adimi temsil edebilir ve derin 6grenme
ve transfer 6grenmeyi kullanarak dokiim hatasi tespitini otomatiklestirmeyi ve bdylece manuel incelemenin
zaman alici ve hataya egilimli dogasini ortadan kaldirmayi hedeflemektedir. Derin 6grenme mimarilerini ve
transfer 6grenme tekniklerini kullanarak, dokiim goriintiilerini iki ayri sinifa ayirarak, bu siirecte daha 6nce hig
ulagilmamis bir dogruluk diizeyine ulasiyoruz. Bu caligmanin yenilik¢i yonii, transfer 6grenme ve derin
ogrenme tekniklerini dokiim kusur tespitine uygulayan ilk ¢alismalardan biri olmasidir. Bu, doékiim
stirecindeki kusur tespitinin otomatiklesmesi ve genel iiretim verimliliginin artirilmasinda biiyiik bir potansiyel
sunmaktadir. Dahasi, bu ¢alisma, bu teknolojilerin Endiistri 4.0'm hedefleri dogrultusunda iiretim siireglerinin
daha genis bir ¢cergevede nasil iyilestirilebilecegini gosterir.

Bu yaklasimin faydalari, manuel muayene siireclerini otomatiklestirebilme ve bu sayede iiretim siirecini
hizlandirabilme, dogrulugu artirabilme ve insan hatalarin1 azaltabilme yetenegidir. Bu, nihai iriinlerin
kalitesini kontrol etmenin daha verimli bir yolu olarak Endiistri 4.0 kapsaminda Onerilmektedir. Transfer
o0grenme ve derin 6grenme tekniklerinin dokiim kusur tespitine uygulamasi, endiistrinin bu alanda biiyiik bir
adim atmasini saglar.
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1. INTRODUCTION

In casting products, it is very important to distinguish
faulty products from defect-free products. While visual
inspection of castings is slow and inefficient in mass
production, automatic and reliable defect detection
improves and positively affects the quality control
process. However, casting defect detection is a challenge
due to the diversity and variability in the appearance of
defects. It is quite easy to achieve this work, which is
normally done manually, with deep learning networks.
Overall, using deep learning for this purpose has the
potential to be more accurate and efficient than
traditional audit methods and can help reduce the cost of
quality control. Casting defects can have a significant
impact on the quality and performance of the final
product, so it is important to detect and correct these
defects as early in the manufacturing process as possible.
Deep learning algorithms can analyze castings images
and identify defects such as voids, porosity, and
inclusions. These algorithms can be trained on large
image datasets labeled with various types of defects, and
once trained, they can be used to classify new images
and detect defects in real-time. Using deep learning to
detect casting defects is a promising approach that can
improve the accuracy and efficiency of defect detection
in casting processes.

For error detection in casting, convolutional neural
networks (CNNSs), recurrent neural networks (RNNSs),
and autoencoders are used. There are several types of
deep learning architectures that can be used. A
convolutional neural network (CNN) was used in the
study [1] to classify casting defects in aluminum alloy
casting images. The study found that CNN was able to
achieve an accuracy of 93.33% in the classification task,
outstripping other machine learning algorithms such as
support vector machines and k-nearest neighbors. The
study [2] used a CNN to classify casting images into four
different categories: good, surface defect, internal defect,
and other. The model was trained on a dataset of more
than 7,000 images and was able to achieve an accuracy
of 92.3% on a test set of 1,000 images. The study [3]
have proposed a two-stage convolution model with
DenseNet to classify casting products using defective
and non-defective casting image dataset. At the end of
the study, they achieved 99% accuracy. In the study [4]
four powerful CNN-based models (VGG16, ResNet50,
DenseNet121, and InceptionResNetV2) were applied to
the dataset and produced the feature maps. The extracted
features were classified into various classifiers. Error
detection was performed on the cast images using a
neural network model. The model has been trained to
detect errors in the given images and high accuracy rates
have been achieved. In the study [5] the best model was
selected by applying three different models from CNN-
based models to the feature maps obtained from different
casting materials, by comparing the three types of CNN
algorithms, the accuracy can be obtained as follows.
Basic Architecture (Accuracy - 98%), Alex Net
(Accuracy - 51%), Le Net (Accuracy - 99%). At the end
of this project model. They were able to obtain the best
determined maximum accuracy from the Le Net

Algorithm. In [13], an enhanced domain adaptive Faster
R-CNN model was introduced with its superior
capability to detect void and inclusion defects in
spacecraft composite structures (SCSs). In [14], different
pre-trained and custom-built architectures were
compared and contrasted with model size, performance
In [13], an enhanced domain adaptive Faster R-CNN
model was introduced with its superior capability to
detect void and inclusion defects in spacecraft composite
structures (SCSs). In [14], different pre-trained and
custom-built architectures were compared and contrasted
with model size, performance, and CPU latency in
detecting defective casting products. In [15], the problem
of identifying small defects during an industrial
inspection was defined. The current study investigated
complex transfer learning (TL) strategies, allowing for
the automatic detection and categorization of product
defects in the production process using industrial product
specimens. This study suggested a multitype damage
detection model for containers on the basis of transfer
learning and MobileNetV2 [16].

The current work makes the
contributions:

following  main

v The study creates a deep learning-based
detection system for classifying casting defects
for industry 4.0 products.

v' A framework is proposed, improving the
detection capability of supervised learning
approaches based on ResNet50, MobilnetV2,
and InceptionV3, hybrid architectures for
learning casting errors effectively.

v" The current work presented a new framework
where the learning and combination of features
are carried out. The features chosen are
employed to predict error detection in casting.

v" We studied how to use Deep Neural Network
(DNN) models for the purpose of predicting
defects with high accuracy rates.

The rest of this paper is organized as follows. Section 2
explains the proposed method. The results and
discussions are shown in Section 3. Section 4 describes
the discussion. The conclusion and future studies are
presented in Section 5.

2. THE PROPOSED METHOD
2.1. Methodology

This research suggested a hybrid model classify images
of industrial casting products. Before creating the hybrid
model, classification was made with various deep
learning architectures, and the three highest ones were
used in the hybrid model. In this study, out of 1300
images taken from the impellers of submersible pumps,
781 of them are faulty and 519 of them are normal, and
feature mapping was created with 2-class image set deep
learning models. The classification was made with the
proposed hybrid model. The feature maps extracted from
the deep learning models used for the hybrid model were
combined. The newly formed feature map o dimension
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1300*3001. The classification of the obtained feature
map was performed with three various machine learning

classifiers. Figure 1 shows the suggested model’s block
diagram.

Feature Fusion

Feature Extraction

DataSet

A 4 \ InceptionV3
o™
2|2
5|3

> ResNet50 z 2

o
gl
=

Q MobilNetv2

Figure 1: Architecture of the Proposed Model.

Deep neural networks are commonly utilized in
numerous artificial intelligence applications, such as
speech recognition, computer vision, and robotics. A
frequently preferred form of the deep neural network is a
convolutional neural network consisting of multiple
convolutional layers [7]. In this study, Deep learning
architectures were used effectively to detect casting
errors. Three different models were used as a basis while
creating the hybrid model we proposed. These models
are  ResNet50, MobilnetV2, and InceptionV3,
architectures.

MobileNetV2 networks are developed for mobile, 10T,
or devices with low hardware specifications. While
maintaining the classification performance, these
networks offer a significant improvement in the number
of parameters and processing complexity. Its architecture
consists of linear bottleneck and inverted residual blocks.
The convolution layer consists of deep access and point
access layers [8].

Resnet50 is a specific type of neural network introduced
in [12] to facilitate the training of networks that are
significantly deeper. ImageNet represents a 50-layer
network that is trained on the dataset. Instead of utilizing
2 (3x3) convolutions, the ResNet model utilizes
convolution layers (1x1), (3x3), and (1x1) [9]. In the
study [10] development of the InceptionV3 architecture
was performed. The said model comprises roughly three
sections: the first block, the convolution block, and the
classifier block. Comprising 315 layers, the architecture
in question takes 299x299 input images. SVM, a
supervised machine learning method, classifies the
feature map created from the developed hybrid model.
[6, 11]. In addition, to measure the performance values
of other classifiers, k-Nearest Neighbors (KNN) [12],
Neural Networks, and Logistic Regression were also
classified.

M obilNetV 2

Classes

—( Classsifiers

=

3. RESULTS AND DISCUSSION
3.1. Datasets

This dataset contains images of impellers of submersible
pumps. Our casting product data includes top-view JPEG
images of cast submersible pump impellers provided by
Pilot Technocast. Images were taken with a Canon EOS
1300D DSLR camera. Each image is 300%300 pixels in
size and is already labeled def front (defective dumps)
or ok_front (non-perfect). There are 1300 images in
total. When making the classification model, we have
already divided the data into two parts for training and
testing. Defected production images total 781, and
Normal production images are 519.

Feature mapping was done using MobilnetV2,
InceptionV3, and Resnet architectures. Later, these
feature maps were combined to create a new feature map
with the size of 1300x3001. The features extracted from
the proposed hybrid model were classified by smart
classification methods with different supervision which
is shown in Table 1. Cubic SVM achieved the highest
accuracy with 100%. Linear Discriminant followed, with
99.7%, while Naive Bayes achieved the lowest result
with 81.1%. The performances of these methods were
compared using Precision, F1-Score, Accuracy, and
specificity metrics.
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Table 1. Performance results of deep learning algorithms

Model Accuracy Precision Specificity F1-Score
CNN+ CUBIC SVM 100 100 100 100
CNN+KNN 98,46 97,70 96,64 98,71
CNN+NEURAL NETWORK 99,46 99,10 98,67 99,55
CNN+LINEAR DISCRIMANT 99,7 99,62 99,43 99,81
CNN+ENSEBLE 99,6 99,49 99,24 99.74
CNN+NAIVE BAYES 81,17 80,79 74,23 84.19
CNN+LOGISTIC REGRESYON KERNEL 98,53 98,72 98,06 98.53
CNN+BOOSTED TREE 98.14 97.70 96,61 98,45
CNN+SVM CNN+LINEAR DISCRIMANT CNN+KNN
1 781 1 778 3 1 776 5
2 519 2 519 2 2 517
1 2 1 2 1 2
CNN+NEURAL NETWORK CNN+ENSEBLE CNN+LOGISTiIC REGRESSION
1 780 1 1 777 4 1 682 99
2 1 518 2 519 2 87 432
1 2 1 2 1 2
CNN+NAIVE BAYES CNN +LOGISTiC REGRESYON KERNEL CNN+BOOSTED TREE
1 631 150 1 771 10 1 763 18
2 87 432 2 13 506 2 6 513
1 2 1 2 1 2

Figure 3: Confusion Matrix of the Proposed Model

In the current research, constant coefficients were
employed in all experiments. Furthermore, in the
experiments, the cross-validation coefficient was found
to be 5. The experiments were conducted on a computer
having an i5 processor, 16 GB RAM, 5 GB graphics
card, and Windows 10 operating system. Confusion
matrices were utilized with the objective of measuring

Table 2. Paramaters of of deep learning algorithms

the performance of the deep and hybrid models. The
Error and Normal classes are represented as 1 and 2,
respectively, in confusion matrices. In this study, 5
different pre-trained state-of-the-art models were used.
The same parameters were used in the whole study. The
parameters used in these architectures are shown in
Table 2.

Environment Max Epochs

Mini Batch Size

Learn Rate Optimization

Matlab 2022b 5

le-4 Sgdm

3.2. Results and Discussion

The data set was divided into two as 30% testing and
70% training. The accuracy rates obtained from the

Table 3. Performance of Deep Learning algorithms

architectures were MobileNetVV2 98.97%, InceptionV3
98.46, Resnet50 97.95%, and Efficientnetb0 84.10%.
The truth table obtained from deep learning architectures
is shown in Table 3

Model Accuracy (%)
Efficientnetb0 85.00%
InceptionV3 98.08%
MobilenetV2 99.62%
Resnet50 97.85%
Alexnet 94.62%
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In this study, Mobilnetv2 architecture achieved the
highest accuracy with 99.62%. It was followed by
InceptionVV3 with 98.08%, Resnet50 with 97.85%,
Alexnet with 94.62%, and efficient in the last place with
85.00%. Confusion matrices obtained from deep learning
architectures are shown in Table 5. When these matrices
are examined; While MobilnetV2 architecture classified
153 of the incorrect images correctly, it showed 3

Table 4. Performance of proposed algorithms

incorrect images as error-free. Likewise, it classified 102
of 104 error-free images as error-free and misclassified 1
of them as error-free. We see that different deep learning
networks can give different results even if the same
parameters are used.

Softmax(%6) LD(%) BT(%) KNN(%) NN(%) SVM(%) ENS(%) LG(%)
Proposed Model 99.70 83.90 97.40 97.60 98.20 98.00
Table 5. Confusion Matrix of Deep Learning algorithms
InceptionV3 MobilenetV2 Resnet50 Alexnet Efficententb0
1 153 3 1 155 1 1 154 2 1 142 14 1 138 18
2 2 102 2 104 2 1 103 2 104 2 21 83
1 2 1 2 1 2 1 2 1 2
Table 6. Performance of relative studies
Ref. Methos Accuracy(%)
[5] AlexNet 51
Lenet 95.72
[1] CNN 93.33
[12] Resnet34 83.80
[3] DenseNet 99
[14] Custom Model 99.44
[16] InceptionV3 92.92
MolileNetV2 89.41
Proposed Model (MobilNetV2+ Resnet50+ InceptionV3) +SVM (Cubic) 100

In order to compare the success of the method, the
methods and success rates of previous studies using deep
learning methods for casting defect detection are given
in Table 6. We emphasize that the proposed hybrid
model can detect more defective production images
compared with other methods represented in Table 6.
We can see that (MobilNetV2+ Resnet50+ InceptionV/3)
+SVM (Cubic) outperforms the other models in six
recent studies conducted in analyzing images of castings
defects using deep learning.

4. DISCUSSION

When compared with the models and accuracy rates
presented in the studies discussed earlier, the proposed
model that integrates  MobilNetV2, Resnet50,
InceptionV3, and a Support Vector Machine (SVM) with
a cubic kernel, demonstrates superior performance with
an extraordinary accuracy of 100%.

In the study [1], a CNN achieved an accuracy of 93.33%.
This suggests that while the CNN performed admirably,
the proposed hybrid model outperforms it by a
significant margin. Similarly, the CNN model in the
study [2], which achieved 92.3% accuracy, is outstripped
by the hybrid model's performance.

Study [3] employed a two-stage convolution model with
DenseNet, reporting a remarkable accuracy of 99%. Yet,

the proposed model still slightly outperforms it with an
additional 0.7% in accuracy.

In the study [4], where four powerful CNN-based
models were used, the accuracy achieved is not
explicitly stated, but it's clear that the proposed hybrid
model's performance likely surpasses any achieved in
that study.

Lastly, the three different CNN-based models used in the
study [5] vyielded varied accuracy rates: Basic
Architecture (98%), Alex Net (51%), and Le Net (99%).
Here, the proposed model equals or surpasses these
results, particularly outdoing the relatively low accuracy
achieved by the Alex Net model.

In summary, the hybrid architecture that integrates
MobilNetV2, Resnet50, InceptionV3, and an SVM with
a cubic kernel showcases the excellent performance,
surpassing or equaling those reported in the referenced
studies. This indicates the effectiveness and robustness
of combining different deep learning models with
classical machine learning methods. It also underscores
the potential of such combinations in improving the
accuracy of defect detection in casting processes.
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5. CONCLUSION

This research paper has presented a novel hybrid method
that harnesses the power of Convolutional Neural
Networks (CNN) and transfers learning architectures to
detect defects in the casting manufacturing process using
advanced deep learning techniques. Leveraging the
proficiency of cutting-edge deep learning models such as
Resnet50, MobilnetV2, and InceptionV3, this work
proposes an innovative approach with the potential to
significantly boost the precision and efficiency of defect
identification within casting procedures.

Our approach effectively combines CNN and supervised
learning architectures to enable accurate defect detection
as well as the automated categorization of images from
the casting process. The method has been designed to
analyze dump images in order to identify anomalies and
errors that may occur during the casting process. This
not only ensures a high level of quality control but also
minimizes human intervention, thus reducing the
likelihood of user errors and increasing the overall
efficiency of the casting process. The performance
metrics of our method reveal a promising success rate,
indicating its potential to be a practical tool for
determining general casting efficiency. By identifying
and rectifying defects early in the process, our method
could facilitate faster turnaround times and improve
overall manufacturing outcomes.

In terms of future work, our goal is to further enhance
the detection of errors and defects. We plan to work with
newer and potentially more effective deep learning
architectures and expand our datasets to be more
comprehensive. The prospect of harnessing more diverse
and extensive data could enable our system to learn from
a broader range of defects and improve its capability to
generalize across different casting scenarios. It is our
expectation that, with these improvements, the
effectiveness and accuracy of defect detection in the
casting process will be substantially increased
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Abstract: Rice is known to be one of the most essential crops in Tiirkiye, as well as many other countries
especially in Asia, whereas paddy rice cropping systems have a key role in many processes ranging from
human nutrition to environment-related perspectives. Therefore, determination of cultivation area is still a hot
topic among researchers from various disciplines, planners, and decision makers. In present study, it was
aimed to evaluate performances of three classifications algorithms among most widely used ones, namely,
maximum likelihood (ML), random forest (RF), and k-nearest neighborhood (KNN), for paddy rice mapping
in a mixed cultivation area located in Biga District of Canakkale Province, Tiirkiye. Visual, near-infrared, and
shortwave-infrared bands of Landsat 9 acquired on July 04, 2022 was utilized. The classification scheme
included six classes as dense vegetation (D), sparse vegetation (S), agricultural field (A), water surface (W),
residential area — base soil (RB), and paddy rice (PR). The performances were tested using the same training
samples and accuracy control points. The reliability of each classification was evaluated through accuracy
assessments considering 150 equalized randomized control points. Accordingly, RF algorithm could identify
PR areas with over 96.0% accuracy, and it was followed by KNN with 92.0%. Using one-date Landsat 9
imagery seemed to have potential for PR area determination at high accuracy levels. In conclusion, RF
algorithm is strongly suggested for reliable distinction of PR areas from neighbor classes under similar
climate, soil and terrain conditions with comparable cultivation patterns, whereas Landsat 9 presents valuable
data set for similar studies by being free of charge.

Landsat 9 Kullanmilarak Celtik Alanlarinin Haritalanmasi icin Farkh Kontrollii Siniflandirma

Algoritmalarinin Karsilastirilmasi

Anahtar
Kelimeler
Canakkale,
Landsat 9,
Celtik,
Performans
karsilastirma,
Kontrolli
siniflama
algoritmalari

Oz: Asya’ da bulunan bircok iilkede oldugu gibi Tiirkiye’ de de celtik esansiyel bitkilerden biri olup, tava
iiretim sistemleri insan beslenmesinden gevresel perspektifte bir ¢cok siire¢ i¢in kilit role sahiptir. Bu nedenle,
diretim alanlarinin belirlenmesi farkli disiplinlerden birgok arastirmaci, planlayici ve karar vericiler yoniinden
hala 6nemli bir konu teskil etmektedir. Calismada Canakkale ili Biga ilgesinde konumlanan karigik iiretim
alanlarin igerisindeki ¢eltik alanlarinin belirlenmesinde en ¢ok kullanilan siniflama algoritmalar1 arasindan en
biiyiik olabilirlik (ML), rastsal orman (RF) ve k-en yakin komsu (KNN)’ nun performans degerlendirilmesi
amaclanmistir. 04 Haziran 2022 tarihinde ¢ekilen Landsat 9 goriintiisiiniin goriiniir, yakin kizilotesi ve kisa
dalgaboylu kizilotesi bantlarindan yararlanilmistir. Siniflama, yogun vejetasyon (D), seyrek vejetasyon (S),
tarim alanlar1 (A), su yiizeyi (W), yerlesim alan1 — ¢iplak toprak (RB) ve celtik (PR) olmak iizere 6 sinifi
icermektedir. Performanslar, ayni egitim ornekleri ve ayn1 dogruluk kontrol noktalart ile test edilmistir. Her
bir smiflamanin giivenilirligi dogruluk analizleri ile 150 rastgele esit dagilimli noktanin kontrolii ile
yapilmustir. Buna gore RF algoritmasi geltik alanlarini %96.0° nin tizerinde dogrulukla ve ardindan gelen KNN
ise %92.0 dogrulukla belirleyebilmistir. PR alanlarinin yiiksek dogrulukta belirlenmesinde tek tarihli Landsat
9 gorintiisiiniin kullanim potansiyeli oldugu goriilmiistiir. Sonug olarak, benzer iklim, toprak ve arazi kosullart
ile kiyaslanabilir {irlin deseni kosullar1 altinda PR alanlarinin komsu siniflardan giivenilir sekilde ayrigtirilmast
icin RF algoritmas1 kuvvetle onerilmekte olup, iicretsiz olmasi sebebiyle benzer ¢aligmalar i¢in Landsat 9
onemli bir veri seti teskil etmektedir.
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1. INTRODUCTION

Paddy rice (PR) production has a vital role in food
security, and it is a significant crop for over half of
global population, whereby almost 20% of energy per
capita sourced from rice consumption [1-3]. A great
majority is growing in Asian countries, and the produced
amount corresponds to 80% of world’s total production
and consumption rates [4-5]. However, many countries
import rice due to their supply amount is not sufficient to
meet the demands of the living population [6]. As it was
cited by Semerci and Everest [7], rice production meets
80% of rice demand in Tiirkiye according to latest
reports, whereby the gaps in the supply is met by import
of approximately 150 thousand tons. Thence, prediction
of rice production before harvest became an important
point for forecasting the gap between production and
expected consumption. On the other hand, identification
of paddy rice cultivation areas is not important only in
terms of nutrition or economic views, but also for
controlling cropping system related environmental
issues. The primary effect of paddy rice cultivation on
the environment comprises from the large amount of
irrigation water requirement since it is the main water
intensive crop, and reported to consume almost one-
fourth of world’s freshwater resources [8]. In another
point of view, it is one of the major contributors of
anthropogenic greenhouse gas emissions, in particular,
methane, whereby it is declared to be responsible for the
11% of methane emissions [9]. Therefore, up-to-date and
reliable monitoring of rice planting areas has great
importance in policies of food and environmental
sustainability. In this context, remotely sensing data
provides rapid, accurate, and relatively economic
analysis of rice plantation.

Several studies have been conducted for paddy rice
determination starting from 80s through different
sensors, ranging from Landsat series to synthetic
aperture radar data. Different techniques have developed
for PR mapping in different regions of the world
including particularly Asia [10], Mediterranean countries
[11] and Australia [12], within the last decades [13].
Recent studies have dealt with comparison of varietal
machine learning algorithms for classification of various
LULC classes, as well as PR [14]. For instance, Mishra
et al. [15] used knowledge-based decision tree approach,
Onojeghuo et al. [16] considered support vector
machines (SVM) and random forest (RF) algorithms,
and Karkee et al. [17] utilized artificial neural networks.
Present study focused on evaluation of different
classification algorithms for paddy rice distinction using
Landsat 9 imagery. Performances of three most widely
used algorithms; maximum likelihood (ML), RF, and k-
nearest neighborhood (KNN) were evaluated in the test

site located within Biga District of Canakkale Province,
Tirkiye. Although there are studies on comparison of
different classifiers in the literature for different LULC
types or a specific crop, they mostly based on at least a
set of imageries or time series that covering different
phenological stages of plants. However, it usually
presents a limitation for many Landsat-based studies due
to relatively low temporal resolution, whereas cloud

cover may reduce the number of imageries within the
growing season. Therefore, the study aimed to compare
the performances of ML, RF and KNN algorithms, and
investigate the potential of using one-date Landsat 9
imagery instead of multi-temporal imageries acquired in
certain intervals during the growth period, for distinction
of PR from other land use/land cover (LULC) classes. .
To achieve this aim, the area was separated into six main
LULC class including PR, the same training samples
from each class were used in ML, RF, and classification
steps, and accuracy of the same reference points were
controlled to ensure that different performances are
sourced from the properties of used algorithms.

2. MATERIAL AND METHOD
2.1. Study Area

The study was conducted within the specified area in
Biga District of Canakkale Province (40°20°12" N -
27°17°24”’ E). Figure 1 represents the location of the
study area within Biga, Canakkale and Tiirkiye. The
2021 year reports of Turkish Statistical Institute have
revealed that Canakkale Province includes 9.35% of
Tirkiye’ s paddy rice cultivation areas with 121091
hectares (ha), while Biga takes the first place among 12
districts with 96341 ha, corresponding to 79.7% of
whole province paddy rice areas [18]. The specified area
was selected due to its complex surface properties,
which represents a mixture of different LULC types that
can give similar signatures with each other especially for
irrigated fields, and covers an area of approximately
16380 ha.

i

Figure 1. Location of study area

2.2. Data Collection,
Supervised Classification

Image Processing, and

Landsat 9 imagery has 11 bands covering different
channels in between visible and thermal infrared regions
of electromagnetic spectrum. Even though the band
properties of Landsat 8 and Landsat 9 are near-identical
to each other, enhancements in radiometric resolution led
to better identification of dark surfaces, such as; water
bodies. In present study, Landsat 9 imagery acquired on
04 June, 2022 is downloaded freely from United States
Geological Survey website [19], and the path/row
number of the imagery is 181/32 to determine paddy rice
fields in the area. Level-2 production that has been
geometrically, radiometrically, and atmospherically
corrected was used (UTM Zone 35). The imagery was A
total of six bands (6B) visible, near-infrared and
shortwave-infrared bands were stacked prior to subset of
the study area.
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A classification scheme was composed depending on the
variations in LULC types in the specified area.
Accordingly, six main LULC class determined including
dense vegetation (D), sparse vegetation (S), agricultural
field (A), water surface (W), residential area — base soil
(RB), and paddy rice (PR). The D class was consisted of
dense tree cover. The S class included all types of
shrubs, bushes, and harvested crop residues. The A class
covered all types of agricultural production fields, except
paddy rice. The W class represents water surfaces of sea
or stream or open channels. The RB class covered
residential areas together with bare lands, which were
spectrally similar. The PR class includes the paddy rice
within the specified area.

Training sample polygons from each LULC class were
collected manually for the classification process
depending on visual interpretation of high-resolution
images from closest date of Google Earth. Supervised
classification procedures were applied using three
different algorithms of ML [20], RF [21], and KNN [22].
The ML algorithm calculates the likelihood allocations
of classes [23]. The RF known to be a common machine
learning algorithm for classification studies [24], and it’s
capable of increasing classification accuracy by creating
multiple decision trees. The KNN classifies the unknown
data by finding K-closest data from the image with the
help of Euclidean distance [25]. Different parameters
have tested and the most appropriate LULC maps were
selected to be exposed to accuracy assessment
procedures.

2.3. Accuracy Assessment

Finally, accuracy assessments were conducted
subsequent to image classification to evaluate
reliabilities of the LULC maps (LULCmi, LULCRgg, and
LULCknn). High-resolution Google Earth imagery with
closest date was used as the reference image. In this
process, accuracies of 150 randomized control points,
with 25 points for each LULC class were assessed by
transferring on Google Earth application (Figure 2). The
well-known measures for accuracy assessment, overall
accuracy (OA, %) (1), overall kappa (K) coefficient ( 2),
user’s accuracy (UA, %) (3), and producer’s accuracy
(PA, %) (4), that obtained from error matrices were
evaluated for each LULC map to state the classification
performances  of  considered algorithms.  The
methodological workflow is given in Figure 3.

S NoCCp

04 = E X 100 1)
UA = %ﬂ x 100 @)
PA = % 100 3)

K="¢ )

Where, ZNoCCp represents total number of correctly
classified pixels, XNoRp total number of reference pixels,
2NoCCpLuLc total number of correctly classified pixels
in a certain LULC class, XNoRpLuLc total number of
reference pixels in the same class, *NoCpLuic total
number of classified pixels in the same class, Po
probability of correct classification, Pc probability of
change agreement.
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Figure 3. Flowchart for the supervise classification and performance
comparison

3. RESULTS AND DISCUSSION
3.1. LULC Classifications

Classification of LULC is known to be one of the most
widely used analyses within the frame of remote sensing,
whereas Landsat imageries have long been used in
several studies particularly for identification of various
plants [26]. One of the main challenges for obtaining
confidential LULC maps is the duration of processing
time especially dealing with medium resolution
imageries likewise Landsat series, which are available
free of charge [27-28]. The produced maps of LULCwy,
LULCgr, LULCknn are given in Figure 4, Figure 5, and
Figure 6, respectively. Areas of the LULC classes were
calculated in hectares (ha) and percentages (%) (Table
1), and compared to each other. Accordingly, the area
was predominantly covered by A and PR class in all
classifications, whereby total area of mentioned classes
corresponds to at least 55% of whole study area.
Furthermore, water surface area differed slightly due to
discrimination capabilities of considered algorithms for
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the limited number of wet pixels on stream lines.
Depending on LULCwi, A areas seemed to cover major
part of the area (29.3%), and it was followed by PR class
(27.9%). Other vegetation types including dense and
sparse vegetation were found as 3.5% and 19.0%,
respectively, whereby the proportion of RB class was
9.6%. In comparison with LULCwy, investigation of the
class areas obtained from LULCgr has shown that PR
class areas were quite higher than A class areas with a
difference of 6.6%. Moreover, sparse and dense
vegetation coverages calculated as 20.7 and 4.3%, which
were both higher than LULCwm. classification.
Conversely, classification of RB areas through RF
resulted in 4% lower coverage than ML. On the other
hand, the class area coverages were more consistent for
LULCrr and LULCknn when compared with LULCw.
Based on LULCknn, it was seen that majority of the
study area was classified as PR (31.2%), while A class
has the lowest share within all classifications (24.7%).
The coverage of sparse vegetation showed highest value
with 22.8% among all classifications. Dense vegetation
was slightly lower than LULCge and calculated as
(4.9%). It was denoted that most effective components
of supervised classification of LULC are training
samples and classifiers, as well as ancillary of
supplementary datasets when they are available [29]. In
present study, the same training samples were utilized
for all classifications for a systematic assessment of
performances by avoiding the differences sourced from
use of variant datasets. Therefore, the differences
between LULC maps are only resulted from the
discrimination  properties of different classifiers,
whereby the performances were determined through
accuracy assessment procedures. Visual interpretations
have revealed that, the RB area was overestimated
especially for LULCwm, and led to underestimation of PR
class area, as well as A class. Similar situation was seen
in LULCknn for the misclassifications between RB and
A classes, but the PR classification seemed more
accurate in comparison with LULCwmL. Conversely, the
LULCgre gave more precise results in all LULC types.
Moreover, it was noticed that there were observable
confusions between S and A classes in all classifiers in
different rates.

»

3 - LS AL S SRR
Figure 5. The distribution of classes from LULCge

Table 1. Areas (ha, %) of LULC classes based on LULCy, LULCkg,
and LULCunn

LULCu LUL Cge LUL Cknn

CLliJ kSCS Area Area Area

ha % ha % ha %
D 569.3 35 706.2 4.3 680.6 4.2
S 3106.0 19.0 3388.5 20.7 3732.3 22.8
A 4805.0 29.3 4265.0 26.0 4053.2 24.7
W 1754.6 10.7 1760.5 10.7 1768.4 10.8
RB 1565.5 9.6 919.3 5.6 1041.3 6.4
PR 4577.4 27.9 5338.3 32.6 5102.0 31.2
Total 16377.8 | 100.0 | 16377.8 | 100.0 | 16377.8 | 100.0

3.2. Accuracy Assessments

The performances of different algorithms were identified
through accuracy assessments. Using random sampling,
the randomized points from each class were distributed
over the study area to guarantee the uniform and
appropriate  representation of the classes [30].
Determination of rice via using satellite images usually
face with difficulties due to the confusions between
plantations with similar color and texture [31]. The error
matrices representing confusions between the classes are
given in Table 2, Table 3 and Table 4 for LULCw,
LULCrr, and LULCknn classifications, respectively.
Due to the fact that the study area was composed of
different types of agricultural fields, the spectral
signatures were highly mixed. Furthermore, relatively
small sizes of the mentioned fields were also present a
handicap for the study against relatively low resolution
of imagery. Thus, there were confusions between in all
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LULC maps in different rates. The overall accuracies
(OA) of LULCmy, LULCRgr, and LULCknn wWere 84.7%,
93.3% and 88.0%, respectively. Furthermore the overall
kappa (OK) values were calculated as 0.816, 0.920, and
0.856 with the same order. Even though all the
classifications seemed reliable since they were over the
threshold kappa coefficient value, it can be clearly seen
that the lowest classification performance was obtained
from LULCmL not only for PR, but also for A
classification based on the tables. The UA and PA were
calculated as 80.0% and 86.9% for PR class, whereas the
values were found to be 72.0% and 75.0% for A class.
The confusions were occurred particularly between PR
and RB class, where the water level, the height and
coverage of the plants were considerably low. Moreover,
there were also misclassifications in A and S classes, as
well as A and RB classes. The confusions may seem
relatively low due small size of study area, and thus,
limited number of control points. However, greater size
of test areas together with higher number of considered
LULC types expected to reduce the accuracy of ML
classifications in areas with similar properties.

The LULCge classification gave the most reliable results
for all LULC types, and accuracy indicators have shown
that the distribution of classes was strongly close to real
situation (93.3%). However, the most observable finding
among the selected LULC types was the near-perfect
classification of PR class, which was correctly classified
(100%), one out of twenty six reference points was
accurate, which means that and only one control point
from W class was misclassified as PR. Depending on the
finding, in can be confidently said that the RF can be
used for PR classifications within complex areas due to
considerably low error rates, which may not be
significantly affected from increase of the sampling size
dependent to its discrimination capability.

The investigation of error matrices for LULCknn has
revealed that, although the general classification were
highly accurate with high OA and OK values (88.0% and
0.856), some misclassifications in PR class, in addition
to low performance of classifying complex structured A
class areas. Nevertheless, the use of the algorithm
instead of ML is probable to give more satisfactory
results in the further studies, but seemed to be less
confident in comparison with RF algorithm for such
purposes with 92.0 % UA and PA values for PR, and
76.0% UA and PA for A classes, respectively.

Previous studies conducted in different locations have
shown that paddy rice phenology mapping is the most
effective method for optical remote sensing related PR
mapping with high OA [32]. Different machine learning
algorithms were utilized for PR mapping, namely SVM,
decision trees (DT), and RF, while advanced algorithms
were also developed for obtaining classifications with
higher accuracies, as it is mentioned by Zhang et al. [33]
In present study, the PR determination through RF and
was also prosperous with high UA and PA. In fact, as it
was cited by Phan et al. [34], Mahdianpari et al. [35] and
Xia et al. [36] have declared that various studies have
agreed on the view of RF is considered as one of the

most preferred LULC classifier over the last 20 years
due to many capabilities of such as performance of
higher accuracy in comparison with SVM, KNN or MLC
[37-38], and rapid processing by selection of significant
variables [339]. On the other hand, Zhu et al. [40]
proposed a combination method consisting of phenology
and machine learning approaches for determination of
PR areas, and succeed with 88.8% OA, which was quite
lower from the RF and KNN accuracies of present study.
Furthermore, crops were identified through RF algorithm
by Yao et al. [41] with OA and K values of 87.0% and
0.82, respectively, whereby the accuracies were
significantly improved by combining RF and deep neural
networks. In the lights of above mentioned situations,
findings of the study were coherent with the literature,
and believed to present a basis for further researches.

Table 2. Error matrix of LULCy

Class | D S A W | RB | PR | Total | UA PA
() | (%)

D 24 | 0 1 0 0 0 25 96.0 | 100.0

S 0 21 | 2 0 2 0 25 84.0 | 91.3

A 0 2 18 | 0 4 1 25 72.0 | 75.0

W 0 0 0 21 | 2 2 25 84.0 | 100.0

RB 0 0 2 0 23 |0 25 92.0 | 66.1

PR 0 0 1 0 4 20 | 25 80.0 | 86.9

Total | 24 |23 |24 |21 |35 |23 | 150

OA 84.7%

OK 0.816

Table 3. Error matrix of LULCge

Class [ D [S [A W [RB[PR | Total | UA | PA
%) | (%)

D 24 | 0 1 0 0 0 25 96.0 | 96.0

s 0 1222 [0 [1 [0 |25 880 |90 | °©

A 1 1 20 | O 3 0 25 80.0 | 87.0

W 0 0 0 24 | 0 1 25 96.0 100

RB 0 0 0 0 25 | 0 25 100.0 | 86.2

PR 0 0 0 0 0 25 | 25 100.0 | 96.0

Total | 25 | 23 | 23 |24 |29 |26 | 150

OA 93.3%

OK 0.920

Table 4. Error matrix LULCyxnn

Class | D S A W | RB | PR | Total | UA PA
(%) | (%)

D 23 | 0 2 0 0 0 25 92.0 | 85.2

S 3 20 | 2 0 0 0 25 80.0 | 95.2

A 1 1 19 |0 3 1 25 76.0 | 76.0

W 0 0 0 24 | 0 1 25 96.0 | 92.0

RB 0 0 2 0 23 |0 25 92.0 | 885

PR 0 0 0 2 0 23 | 25 92.0 | 92.0

Total | 27 | 21 | 25 | 26 | 26 | 25 | 150

OA 88.0%

OK 0.856
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4. CONCLUSIONS

Determination of PR areas has great importance in
various terms, such as, yield forecast, maintenance of
resources, water management, and reducing gas
emissions for mitigation of climate change effects. In
comparison with traditional methods, remote sensing is
known to be a valuable tool for gathering information on
land surface properties, whereby generation of LULC
maps including different classes, comprises rapid and
reliable assessment of PR areas and their effects within
the concepts agricultural or environmental perspectives.
On this account, along with the properties of utilized
remotely sensed data; collection of training dataset,
selection of appropriate classifier, and implementation of
validation procedures are the most essential points of
supervised classification techniques. Thereby, the major
objective of present study was to compare some of the
most widely used classification algorithms, namely, ML,
RF, and KNN, for identifying the best performing
classifier for PR detection in specified area with complex
spectral structure due to spatial characteristics. Accuracy
assessment procedures were conducted through the same
randomized control points for LULCwm., LULCkr, and
LULCknn that collected equally from each LULC
classes. Depending on the magnitude of area, a total of
150 points from the six classes were concluded to
adequate and representative for evaluation of the
reliability. Using the same control points in comparison
step of the actual statuses with classified ones have
enabled identification of best performed classification
since the control points were mutual, as well as training
samples, for all LULC maps. Thence, the differences
between accuracies guaranteed to source from the
algorithms. Findings have revealed that the most
successful classification was obtained from LULCkr in
terms of OA, K, UA, and PA with values of 93.3%,
0.920, 100.0%, and 96.0%, respectively. It was followed
by KNN classifier 88.0%, 0.856, 92.0% and 92.0% with
the same order, whereby the ML algorithm gave the less
accurate results in all categories. The use of ML
classifier in larger areas seemed probable to led reduced
level of accuracy with the increment in control points
and complexity level of the LULC. In present study only
six LULC classes were taken into account. On the other
hand, the classification scheme can be modified in
different locations depending on climatic and geographic
circumstances in respect to properties of land surface
within the studied areas, data quality, and availability of
supplementary satellite-based, aerial or ground truth
data. Therefore, a further study is planned for exploring
the accuracy of classification considering more LULC
classes with higher number of training samples in a
wider area of interest by using high-resolution datasets
and derived vegetation indices. In conclusion, findings
of the study findings believed to serve as a basis for
future researchs by designating appropriate algorithm for
the most recent Landsat data.
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Abstract: The economic dispatch problem has received increasing attention with the
development of modern power systems. It is an optimization problem that aims to find
the most economical schedule of generating units while satisfying load demand and
operational constraints. In this paper, the application of the Artificial Bee Colony (ABC)
algorithm to the economic dispatch problem is presented. The proposed method is
demonstrated using a six-unit system. Additionally, the results obtained from the
proposed method are compared with those from other optimization methods applied to
the same problem.

Yapay Ar1 Kolonisi Algoritmasi Yaklasimi ile Ekonomik Yiik Dagitiminin Gii¢ Sistemlerine

Uygulanmasi

Anahtar Kelimeler
Ekonomik yiik
dagitim,

Gig sistemleri,
Optimizasyon

Oz: Modern giic sistemlerindeki gelismelerle birlikte ekonomik yiik dagitimi
aragtirmacilarin ilgisini ¢gekmeye baslamistir. Ekonomik yiik dagitimi ise yiik talebi ve
diger isletme kisitlarini saglama kosullar1 altinda {iretim {initeleri arasinda en ekonomik
dagitim1 yapan bir optimizasyon problemidir. Bu ¢aligmada kayiplart olan iletim hatti
sebekesini besleyen 6 iiniteli sistemin optimum ¢alisma noktalar1 Yapay Ar1 Kolonisi
(YAK) algoritmasi yardimiyla belirlenmistir. Elde edilen sonuglar ayn1 problemin farkl
optimizasyon problemleri sonuglartyla karsilagtirilmigtir.

1. INTRODUCTION

With the increase in industrialization and the development
of technology, the need for energy is increasing day by
day. Moreover, the spread of urbanization and the
acceleration of migration from villages to cities have
increased energy usage in daily life. In fact, Turkey's
national energy plan envisages a 39.5% increase in
primary energy consumption in 2035 compared to 2020
[1]. This situation creates an additional burden for
countries to meet the demand. Therefore, the efficient use
of the energy produced, the reduction of losses, and
energy consumption with minimum cost have become
crucial issues.

Since Economic Load Dispatch (ELD) is made to dispatch
the energy demanded by consumers among generators
with the lowest possible cost, finding a solution to this

problem has strategic importance for the power system.
Therefore, ELD conditions can be met by minimizing
generation and transmission costs. The power generation
cost function is obtained by combining fuel, idle, and
start-up costs. When minimizing the fuel costs of
generators in power systems, it is desired to produce
power at the most appropriate value between the
maximum and minimum values. Recently, heuristic
methods, which are reliable, fast, and effective
optimization algorithms, have been used as an alternative
to the mathematical approaches used in solving the
Economic Dispatch (ED) problem [2].

Bouzeboudja et al. solved the economic dispatch problem
in IEEE's 25 busbar system by using a real coded genetic
algorithm with different methods [3]. Abido dealt with the
environmental/economic dispatch problem with the
genetic algorithm, pareto genetic algorithm and pareto
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evolution algorithm in nonlinear optimization solutions in
IEEE's 30 busbar system [4]. Tiirkay examined the ELD
problem with a genetic algorithm to feed generators at
minimum cost [5]. Alrashidi and El-Hawary solved the
environmental/economic dispatch problem of particle
swarm optimization in IEEE's 30 busbar power system
and compared the results with different methods [6].
Wang and Singh [7] studied the ED problem in a four-
zone power system. It is used a modified particle swarm
optimization  algorithm,  taking into  account
environmental effects in IEEE's 30-bus power system.
Bouktir et al. investigated the environmental and
economic load dispatch problem using the multi-particle
swarm optimization algorithm. Vishwakarma et al. have
studied the solution to the ELD problem by using
Simulation Annealing Algorithm [8]. Cai et al. [9] solved
the ED problem using the chaotic ant swarm optimization
algorithm.

Ozyon et al. addressed the environmental power dispatch
problem on an IEEE 6 generator 30 busbar test system.
The multi-objective  optimization  problem  was
transformed into a single-objective optimization problem
with the weighting process, and its solution was provided
by the Artificial Bee Colony (ABC) algorithm. The results
were examined by evaluating whether losses were
included or not on the test system [10].

Oztiirk et al. have realized an ELD problem that
minimizes the energy cost for the load provided by a
three-unit thermal power plant with the ABC algorithm.
The results showed that the ABC algorithm produces
economic results in determining the output power of the
generator units [11].

Eminoglu and Karahan developed an interface to solve the
ELD problem in their study. Through this interface, the
study solved the ELD problem with Differential
Improvement Algorithm (DGA) and Particle Swarm
Optimization (PSO) and compared the performances of
the algorithms. The results revealed that the PSO
algorithm performs better in the ELD problem [12].

Ozyon discussed the environmental and economic load
dispatch problem by adding wind and solar energy
generation resources to the thermal power plants in the
IEEE 30-bus-6 generator power system. The optimization
results of the system were obtained by using the Charged
System Search (CSS) algorithm, including both
renewable energy sources and only thermal power [13].
Andic et al. solved the ELD problem with the Crow
Search Algorithm (CAA) by incorporating the valve point
effects of steam turbines. However, it is emphasized that
the solution they developed was more successful
compared with Genetic Algorithm (GA) and Symbiotic
Organisms Search (SOS) [14].

Dixit et al. examined the generation system consisting of
18 thermal units with a second-order (Convex) cost
function, a standard IEEE 30 bus system, and 15 power
generation units with emission restrictions in the island of
Crete the ABC method they proposed. They compared the
obtained results with different algorithms and revealed

that the ABC method is easy to integrate, has fast
convergence, and has a high ability to perform searches
close to the optimum solution [15].

Turgut and Demir addressed the ELD problem by
applying Artificial Cooperative Search (ACS) to two
different test power generation systems. They showed
lower operating costs with LFS compared to other
algorithms [16].

Ozyon investigated the effects of wind power plants on
the ELD problem using DGA. The results were compared
with other studies in the literature, which was carried out
on two separate test systems by considering and
neglecting the transmission losses [17].

ABC is an algorithm with very few control parameters
based on swarm intelligence, which can be used for
solving numerical and discrete problems. In this study, the
ELD problem, one of the optimization problems, is solved
using the heuristic method ABC. The problem is based on
the data of the study conducted in Turkey. The obtained
results are compared with the results of different
optimization problems of the same problem. In this study,
it has been seen that heuristic methods give more reliable
and better results than traditional methods and can
successfully solve the economic dispatch problem in a
power system used in Turkey. Furthermore, the proposed
method is applied to a system with six generators, and the
results are obtained and compared with the results
obtained from other available studies. As a result, it has
been shown how the ABC algorithm and program can be
successfully applied in solving the economic load
dispatch problem.

2. MATERIAL AND METHOD

The solution to the ELD problem involves operating the
generators in power systems within specific limit values
in response to increasing load demand while minimizing
the overall system cost. The economic dispatch aims to
determine the optimal allocation for each unit at intervals
of 3 to 5 minutes based on the load requirements [2].
Figure 1 depicts the connection diagram of thermal power
plants on a transmission line in relation to the load
demand.

Yk

Figure 1. Connection diagram of thermal power plants to the
transmission line
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The ELD problem in energy systems is a power allocation
problem characterized by large-scale linear and nonlinear
constraints. The input of the fossil fuel generator is
defined as a function of the output power, which can be
represented by linear, piecewise, exponential, or
polynomial functions. In this study, the input-output
characteristic is modeled using a quadratic equation. The
objective of ELD is to minimize the operating cost of the
entire group of generators. Mathematically, the operating
cost of the total generators can be expressed as follows.

N N
Minz F,(P) = Minz a; + b;P; + ¢; P} Q)

i=1 =1

The objective function (cost function) given by Equation
1 is solved depending on the following constraints. The
output power of the generators must be greater than or
equal to the minimum active power value or less than or
equal to the maximum active power value within the limit
values determined as shown in Equation 2.

Power balance constraint :

N
=1
Here, the loss of the transmission line is found as follows.
N
= . — p2
P, = Z B; — P; 3)
=1

Output power capacity of generators: The generator's
output power must be greater than or equal to the
minimum allowable power value or less than or equal to
the maximum allowable power value.

Pmin,i < Pi < Pmax,i (4)

The cost function of the ED problem, as indicated in
Equation 1, serves as the objective function in ABC and
chaotic ABC (CABC). The variables utilized in the
objective function are assigned randomly within the limit
values specified in Equation 2. Equation 3 represents the
total active power loss of the transmission line, while
Equation 4 presents the active power balance equation of
the transmission line. In ED problems, the constraints
described in Equations 3 and 4 are also taken into account
and employed as penalty functions in ABC and CABC.

N N N
P, = Z Z PiBijPj + Z BiOPi + By, ©)
i=1

i=1j=1

N
D=ZPGi_PD_PL=O (6)
i=1
In the above equations:
Pg; : Output power of the i™" generator

a;, b;, ¢; : Price coefficients of the i generator

F;(Pgi) : The price required for the generator to
produce P; power

N : Number of groups

pmin : Minimum output power of i
generator

Pl : Maximum output power of the it"
generator

P, : Loss of transmission line

Bj; : Transmission line loss coefficient
matrix

Byi : The vector of the same length as P
By : Constant

Py : The demanded power

3. ARTIFICIAL BEE COLONY ALGORITHM
(ABC)

ABC was initially developed by Dervis Karaboga in 2005
as an optimization algorithm based on the behavior of bee
colonies for real parameter optimization [18]. In a bee
colony's natural life, there is a division of tasks among
bees collecting honey. Worker bees, observer bees, and
scout bees carry out distinct roles within the colony.
Worker bees are responsible for visiting honey sources,
collecting flower essences, and depositing the honey they
gather into the hive. Additionally, worker bees have the
task of communicating the quality of the honey source
they collect to the observer bees. Observer bees, in turn,
identify new honey sources and guide the worker bees
towards them. To identify new sources, observer bees rely
on the previous observations made by worker bees, which
are then analyzed. Scout bees, on the other hand, wander
randomly and search for new honey sources solely based
on their own observations. In the algorithm, the process
of determining the address of the nectar source is
presented as a solution to the optimization problem. The
size of the nectar source is considered as the degree of
suitability in the relevant solution. According to the
algorithm, each honey source is collected by a single
worker bee, thus the number of solutions in the population
is equal to the number of employed bees [18].

The algorithm operates through the following five
fundamental steps:

1. Determining the initial values of honey source regions,
2. Directing the worker bees to the designated honey
sources,

3. Conducting probability calculations for candidate
regions that could become honey sources,

4. Observer bees determining new honey sources based on
the information conveyed by the worker bees,

5. Decision-making regarding decommissioning existing
honey sources.
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In the algorithm, the initial values of the honey source
regions are assigned using Equation 7 [18].

Xij = xjmi" + rand(0,1) (x"** — xjm"")

U]

In the equation, j represents the number of produced
resources, while i represents the number of optimization
parameters.

During the second step, the worker bee gathers nectar
from the designated honey source. Additionally, it
assesses the quality of a new source by analyzing a nearby
honey source. The calculation for the exploration of the
new honey source is provided in Equation 8, where ¢ is a
random real number within the range of [-1, 1] [18].

vij = xi5 + i (i) — xig) ®)

If the value of ij v exceeds the pre-defined parameter
limits during the evaluation process, the translation is
performed based on Equation 9. Subsequently, the
suitability of the solution cost is calculated using Equation
10 [18].

x]-mi" , vy < xjmi"
VU vi]' ,xjmin < vij < x}"ax (9)
N T
1/(1+f;, i =0
fitness; = { /A Ji
1+ abs(f;), fi<O0 (10)

The observer bees evaluate the cost/availability ratios of
the hive, and a probability-based selection is made based
on the amount of nectar. In the basic ABC algorithm, the
roulette wheel method is used for probability-based
selection. Consequently, the size of each slice depends on
the fitness value it represents. The final stage of the
algorithm involves determining the depleted honey
source. After completing the search process of the worker
and observer bees, the algorithm can identify a honey
source that has been depleted. Counters that are updated
during the search process are utilized for this purpose. If
the counter for any honey source exceeds the control
parameter, referred to as the limit and determined by the
algorithm, that particular source is deemed exhausted and
abandoned. As a result, the worker bee associated with the
abandoned region is removed from the algorithm. The
scout bee that discovers a new source transform into a
worker bee, collecting honey from the newfound source,
and the limit value for that source is reset. Only one scout
bee is allowed to emerge per cycle. There are two criteria
for terminating the algorithm. These conditions can be
defined as either reaching the maximum number of cycles
or exceeding a specified fault tolerance value, as
determined by the user [18].

4. APPLICATION OF ABC ALGORITHM TO ELD
SYSTEM

When searching for a solution to an optimization problem,
general optimization techniques are employed to
minimize or maximize objective functions based on
available data. In the case of a classical economic load
dispatch problem, the objective is to achieve maximum
power output at the lowest cost while maintaining power
balance. However, traditional optimization methods may
not be adequate for solving such problems. Therefore, in
this article, the economic load dispatch problem is
addressed using the ABC method. The ABC algorithm,
known for its minimal control parameters and reliance on
swarm intelligence, can effectively tackle numerical and
discrete problems. The economic load dispatch problem
is implemented using the ABC method in the Matlab
environment, and the problem-solving process is depicted
in Figure 2, illustrating the flow diagram designed for this
purpose.

The algorithm begins by creating a random colony with a
size determined by the number of variables and bees. Half
of the colony consists of worker bees, while the other half
represents observer bees. Worker bees select random
sources, calculate their positions, and store them in
temporary memory. In each cycle, a worker bee discards
the data in its memory if it achieves better results in the
subsequent cycle, retaining only the best result. Nectar
amounts are calculated by the bees based on the best
source positions, and these amounts are stored in memory
throughout the cycles, with the best solution determined
at the end of the maximum cycle.

Observer bees visit sources and calculate nectar amounts
based on information received from the worker bees.
Worker bees, in search of better nectar around a selected
source, visit neighboring sources up to a defined limit and
compare the nectar amounts. If a newly found source is
superior, the worker bee discards the previous nectar
amount and considers the new source as the center for the
next cycle. If no improvement is found, one of the worker
bees becomes a scout bee and searches for a new source.

This study addresses the economic load dispatch problem
using the ABC method. A test system with 6 generators is
employed to evaluate the proposed method's performance.
The obtained results are compared with those from
different methods. The details and limitations of the test
system can be found in Table 1.

Table 1. The data and limitations of the test system

Unit A B C Pmin Pmax
1 0.007 7 240 100 500
2 0.0095 10 200 50 200
3 0.0090 8.5 220 80 300
4 0.0090 11 200 50 150
5 0.0080 10.5 220 50 200
6 0.0075 12 190 50 120
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Figure 2. Flow diagram of ABC algorithm for ELD problem

The program worked in 1001 steps; the objective value
was found to be 15445.9011. The output power values to
be produced for each generator are presented in Table 2.

Table 2. The output power for each generator

Generator ABC CABC

Pg: 444.1615 441.7425
Pg, 162.0570 180.9894
Pgs 258.2421 257.4831
Pg. 150.0000 149.9746
Pgs 175.7886 159.3187
Pgs 85.1814 85.68010

Total loss 12.4250 12.1885

Total cost 15453.0979 15445.9011

The Chaotic Artificial Bee Colony (CABC) algorithm
utilizes chaotic maps in comparison to the traditional
Artificial Bee Colony (ABC) algorithm, providing several
advantages such as enhanced convergence speed,
improved solution distribution, sensitivity to initial
values, and adaptability. The utilization of chaotic maps
based on chaos theory equips the CABC algorithm with
stronger search and exploration capabilities. Chaos theory
focuses on randomness and irregularity in dynamic
systems, allowing for better dispersion of solutions. This
enables the algorithm to approach global optima more

swiftly and effectively. Additionally, the impact of
chaotic maps facilitates faster convergence and aids in
solving complex problems more expeditiously in CABC.
The sensitivity to initial values allows CABC to yield
better results in a shorter time, enhancing its
responsiveness to initial conditions. Furthermore, its
adaptability enables the algorithm to perform better in
specific problems and may prove more effective for
diverse types of optimization problems.

Considering factors such as problem size, complexity,
computational power, and initial values in the context of
the addressed ELD problem, it is evident that the results
obtained through the CABC algorithm are more
successful compared to those achieved using ABC.

5. DISCUSSION AND CONCLUSION

To solve the ELD problem using the ABC algorithm,
multiple attempts were made within the algorithm, and the
best result obtained was considered as the solution for the
ELD problem. The ABC algorithm was executed multiple
times until the stopping criterion was satisfied, and the
values that yielded the optimal solution were recorded as
the final result. In this study, the number of cycles was
adopted as the stopping criterion. By running the
algorithm "i" times, it was observed that the de5|red result
could be achieved within approximately "n" cycles. To
ensure reliability, a total of 1001 cycles were selected.

The CABC algorithm, through the utilization of chaotic
maps based on chaos theory, exhibits improved
convergence speed, better solution distribution,
sensitivity to initial values, and adaptability. As
demonstrated in Table 2, these capabilities enable the
algorithm to yield more successful cost function
responses and lower loss values.

In future works, the integration of renewable energy
resources into the existing thermal power units will be
explored, and the impact of renewable energy sources on
the system's operation will be investigated.
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Keywords Abstract: Honeybees are one of the most important pollinators of agricultural products Especially
Honey bee the worker bees, which make up the majority of the honey bee population, produce products with
viruses, high economic value such as honey, pollen, propolis, royal jelly, bee venom, and beeswax. Mass
Black queen deaths are observed in honey bees grown in Erzurum province, where beekeeping activities are
cell virus, carried out intensively in the Eastern Anatolia region of Tiirkiye. Epidemic diseases seen in honey
Deformed wing  bees in Erzurum have a very negative effect on the development and progress of beekeeping
virus, activities. Most of the diseases that cause epidemics in bees and cause sudden death and colony loss
Colony are of viral origin. In this study, viral pathogens that cause death in honey bees in Erzurum province
collapse were investigated and it was determined that two honeybee viruses, the black queen cell virus

(BQCV), and the deformed wing virus, caused intense epidemics. In addition, phylogenetic
analyzes revealed that all BQCV isolates found in this study clustered quite far from BQCV isolates
previously isolated from Tiirkiye, while DWV isolates clustered close to Hakkari and Lithuania
isolates.

Erzurum, Tiirkiye Bal Arilarinda Karisik Viriis Enfeksiyonunun Belirlenmesi

Anahtar Oz: Bal arilar1 tarimsal iiriinlerin en 6nemli tozlastiricilaridir. Ozellikle bal aris1 popiilasyonunun
Kelimeler biiyiik bir gogunlugunu olusturan is¢i arilar bal, polen, propolis, ar1 siitii, ar1 zehri ve bal mumu gibi
Bal arist oldukga ¢esitli ve ekonomik degeri yiiksek iriinler liretmektedir. Tiirkiye’nin Dogu Anadolu
virisleri, bolgesindeki aricilik faaliyetlerinin yogun olarak gergeklestirildigi Erzurum ilinde yetistirilen bal
Siyah kralice arilarinda toplu 6liimler goriilmektedir. Erzurum ili bal arilarinda gériilen salgin hastaliklar aricilik

hiicre viriist,
Deforme kanat
virist,

Koloni ¢okiisii

faaliyetlerinin gelisimini ve ilerlemesini olduk¢a olumsuz etkilemektedir. Arilarda salgin
olusturarak ani 6lim ve koloni kayiplarina yol acan hastaliklarin biiyiik bir ¢ogunlugu viral
kaynaklidir. Bu galismada Erzurum ili bal arilarinda 6liime neden olan viral patojenler aragtirtlmis
ve siyah kralige hiicre viriisii ve deforme kanat viriisii olmak iizere iki adet bal arisi1 viriisiiniin
yogun salgina neden oldugu belirlenmistir. Ayrica filogenetik analizler bu ¢aligmada bulunan tim
BQCV izolatlarinin daha o6nce Tiirkiye’den izole edilen BQCV izolatlarina olduk¢a uzak
kiimelendigini, DWV izolatlarimin ise Hakkari ve Lithuania izolatlarina yakin kiimelendigini ortaya
koymustur.

occur due to diseases frequently seen in colonies.
Beekeeping producers often use broad-spectrum
chemical drugs without knowing the origin or the cause

1. INTRODUCTION

Tirkiye is known as one of the 12 bee gene centers in
the world due to its geographical location and rich flora
diversity. It also contains 20% of the honey bee species
found in the world [1]. Since the products obtained from
bees have a high commercial value, beekeeping has been
an important source of income in Anatolia since ancient
times. However, sudden bee deaths and colony losses

of the disease. Toxic drugs used leave residues in bee
products and cause resistance development in vectors
(Varroa destructor) [2]. The most common factors
causing colony collapse and disease in bees are viral
pathogens [3, 4]. While some of the viral pathogens seen
in honey bees continue to exist silently without showing
any specific symptoms, some of them cause important
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diseases such as deformation in the wings of bees,
paralysis in their legs, death, and even colony destruction
[5, 6]. These viruses are pathogenic for all life stages of
bees and are frequently seen in mixed infections in
which an individual is infected with more than one virus
at the same time [6]. Although conventional PCR
methods using specific primers were used commonly for
the determination of honeybee viruses, new-generation
sequencing technologies developed in recent years have
increased the number of known honeybee viruses.
Thanks to this method, which is particularly suitable for
the detection of asymptomatic viruses, the number of
known honeybee viruses exceeded 30 [7-9]. The
majority of these viruses have an RNA genome and are
found in the Dicistroviridae and Iflaviridae families [10,
11]. The viral diseases that cause the most important
problems in honey bee breeding, are DWV and BQCV.
The viral pathogens in question can be transmitted to
bees by the varroa mite, as well as the bee trade [12].
These two viruses are also very common in Turkish
honey bees. DWV and BQCYV viruses were detected for
the first time in the Black Sea region in studies
conducted in 2009-2010 in Tirkiye [13, 14]. Although
viral diseases of honey bees grown in many localities of
Tiirkiye were detected, there are no studies on diseases
and pathogens of honey bees in Erzurum, which has
honey forests in the Eastern Anatolia region and is one
of the attraction centers of beekeeping. This study, it was
aimed to determine viral diseases to be obtained from
apiaries located at different points in Erzurum province.

2. MATERIAL AND METHOD
2.1. Sample Source and RNA Isolation

A total of 37 queens and 279 worker bee samples were
collected from 48 apiaries in Erzurum city center and its
districts (Table 1).

The collected samples were brought to the laboratory on
ice. It was stored at -80 °C until RNA isolation.
Indispin/Cador pathogen kit was used to isolate RNA
from samples (Indical Bioscience Cat. No: SP54104).
Before proceeding to the manufacturer's instructions,
every bee, 1 ml of PBS, and sterile steel balls were
placed in each microcentrifuge tube and waited in the
tissue lyser (Qiagen) device until the bees were

Table 2. Primers set data used in virus screening of honey bees

completely disintegrated. Afterward, the tissue pieces
were precipitated by centrifugation at 6000 rcf at 4°C for
3 minutes and the supernatant was taken into a clean
tube. After this stage, the kit was used. Nanodrop was
used to determine the quality and density of RNA.
Samples with good quality and density were stored at -
80 °C until used in the next step.

Table 1. Sample numbers collected from localities

Locality Apiaries Sample (Queen/worker)
Askale 1 0/10
Aziziye 2 1/14
Cat 2 4/19
Hinis 2 0/10
Horasan 2 1/10
Ispir 3 2/14
Kopriikoy 3 2/16
Narman 1 0/10
Palandoken 4 3/21
Pasinler 5 4/17
Pazaryolu 5 3/15
Olur 1 1/10
Oltu 2 1/20
Senkaya 4 6/12
Tekman 1 0/13
Tortum 2 2/20
Uzundere 4 4/26
Yakutiye 4 3/22

Total 48 37/279

2.2. One-step Reaction and Phylogenetic Analysis

One-step reaction kit (EURx Cat. No: E0803-02) was
used to synthesize the isolated RNAs into
complementary DNA (cDNA) and to perform the
polymerase chain reaction. The reaction prepared
according to the kit procedure is as follows: in 25 pL of
reaction volume with 60 ng of RNA, 1 pL of 10 uM
sense and reverse primers, 12.5 pL of 2x master buffer
mix, 1 pL of Master Enzyme mix, and up to 25 puL of
nuclease-free water. The PCR condition was as follows:
94 °C for 5 min. for pre-denaturation, 35 cycles of 94 °C
for 30 s, 55 °C for 30 s, 72 °C for 30 s, and a final
extension at 72 °C for 5 min. The information of the
primers used in the reaction is given in Table 2. After the
reaction was finished, the banded samples were loaded
onto a 1% agarose gel treated with ethidium bromide and
run at 75 V for 45 min. Afterward, the gel was visualized
in the imaging system under ultraviolet light.

Primers and target genes Sequences tm References

CBPV F: GCAAACTGCCCACCAATAGT

(RdRP) R: TGGTACGGAAGGTGTGTCAA
SBV F: TATTCAGGGGGACGCTACAC

(cp gene) R: AGTGCTGCTTGAAACCCTGT
I1APV F: TTGGCGTGCAACTATGTGTT

(cp gene) R: TCTTCTGCCCACTTCCAAAC [15]
BQCV F: GACAGCGTGCCAAAGAGAG 55°C

(cp gene) R: GCGAACCCGTCCAATACTTA
KBV F: CACATTCCGAACAATAA

(cp gene) R: GCGATAGGAATTTTGCGGTA
DWV F: TTGGTATGCTCCGTTGACTG

(Non-structural protein) R: ATTCCTCAGAAGTTGGTTTCG
ABPV F: GTATGGAAGTGGGCTGAGGA [16]
(cp gene) R: CGCGGTACTAAAAAGCTACGA
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The samples obtained from the band were sent to
Sentebiolab (Ankara, Tiirkiye) for sequence analysis.
The name of the isolates was confirmed using the
nucleotide blast program after trimming the head and
end parts of the sequence results with low quality. In
addition, access numbers were obtained for each isolate
and recorded in the National Center for Biotechnology
Information (NCBI) database. For phylogenetic analysis,
the samples in the database and detailed information in
Table 3 were used. In addition, Israel acute bee paralysis
virus (IAPV) in the same family (Dicistroviridae) was
used as the outgroup for BQCV, and Sacbrood virus
(SBV) in the same family (Iflaviridae) with it was used
as the outgroup for DWV. The nucleotide sequences of
polyprotein for DWV and BQCYV isolates were aligned
using the program BioEdit (7.1.3.0). For phylogenetic
relationship  analysis, the Maximum Composite
Likelihood model with 1000 bootstrap in the Neighbor-
joining method was used to generate a phylogenetic tree
using the MEGA 11 program.

Table 3. Information of the viruses used in phylogenetic analyzes

3. RESULTS
3.1. PCR Reactions

The samples in which BQCV and DWV diseases were
determined were found in 7 apiaries in 4 different
localities of Erzurum (Cat, Pasinler, Pazaryolu,
Uzundere). As a result of the PCR reactions performed
for virus screening, DWV was detected in 10 samples
(3%) and BQCV was detected in 5 samples (1.6%)
(Figure 1). Besides, samples collected from the Cat yolu
locality were found to have mixed infections with both
DWYV and BQCV (Table 3). However, the presence of
other bee viruses (CBPV, SBV, KBV, ABPV, and
IAPV) was not detected in Erzurum.

Virus Origin Acces;ion References Figure 1. Samples with virus-positive band detected in PCR analysis
number
bWV '[_:gl'(ﬁ::a igggg;ij Eg The nucleotide sequencing samples were deposited in
Tiirkiye the database with the accession numbers indicated in
Erzincan, MW962981 [18] Table 3. In addition, it was determined that the
Turkiye MW962982 sequences showed 98% BQCV and 99% for DWV
Van, Tiirkiye Egggi%g 119] similarity with the samples in the database, respectively
Erzurum, 0Q475006 This study (Table 4).
Tiirkiye 0Q475007
0Q475005 Table 4. Informations about samples with virus detected
0Q475004 District Sample Virus Accession Similarity
0Q475003 code number rate
0Q475002 El 0Q475002 99%
0Q475011 Catyolu E2 DWV 0Q475003 99%
0Q475012 E3 0Q475004 99%
0Q475013 E4 DWV 0Q475005 99%
0Q475014 BQCV 0Q475008 98%
Italy KF311109 [20] E5 DWV 0Q475006 99%
Switzerland JF346617 [21] BQCV 0Q475009 98%
Sweden JF346611 E6 DWV 0Q475007 99%
Yugoslavia JF346630 BQCV 0Q475010 98%
China JF346640 Uzundere E7 BQCV 00Q475015 98%
SBV (outgroup) France AH012541 unpublished ES 0Q475016 98%
BQCV Tasmania MF004373 [22] E9 0Q475011 99%
Belgium HG764797 [23] Pasinler E10 0Q475012 99%
Italy MK?238795 [24] E11 DWV 0Q475013 99%
Syria LT844588 [25] Pazaryolu E12 0Q475014 99%
Japan KT717337 [26] *Samples with mixed infections are indicated in bold.
China MF092814 [27]
USA KY627847 [28] P
France MH133351 | unpublished 3.2. Phylogenetic analyses
Isparta, Tiirkiye MW433904 [29] . o
Karaman. MW433911 Phylogenetic similarity tree results Erzurum DWV
Tiirkiye isolates clustered close to Hakkari, Tirkiye and
Konya, Turkiye | MW433906 Lithuania isolates (Figure 2a). Erzurum BQCV isolates
Nigde, Turkiye | MW433915 ; ; ;
clustered quite far from all BQCV isolates previously
Aksaray, MW433916 . .o .
Tiirkiye isolated from Tiirkiye (Figure 2b).
Bingdl, Tirkiye | MZ357974 [30]
Van, Tirkiye KU521775 [19]
Erzurum, 0Q475008 This study
Tirkiye 0Q475009
0Q475010
00Q475015
0Q475016
IAPV Russia OL314256 unpublished
(outgroup)
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4. DISCUSSION AND CONCLUSION

BQCV, which is in the family of Dicistroviridae, has
taken this name because it was first detected in queen
bees in Australia [31]. However, later studies in France
and Austria reported that this virus was seen in the larval
stages [6, 32]. DWV in the Iflaviridae family was first
isolated from Apis cerena, a honey bee species found in
the fareast [33]. Subsequently, this virus has spread to
regions of Europe, North America, South America,
Africa, Asia, and the Middle East [34, 35]. The most
important findings of the disease are shrinkage and
wrinkling of the wings caused by wear and tear. In the
advanced stages of infection, deterioration in the body
size of the bee and color change is also observed. This
virus causes infection not only in the honey bee, but also
in Bombus bees, which are known as important
pollinators of tomatoes [36-38].

It is known that BQCV and DWV have a high
prevalence worldwide. Choe et al. (2012) reported that
BQCV virus is the most common pathogen in Korean
honey bees [39]. Wang et al. (2016) declared that the
prevalence of BQCV is high in the Yunnan region of
China [40]. Ghorani et al. (2017) found that DWV is the
most common honeybee virus in Iran (Mazandaran,
Hormozgan, Kurdistan and Khorasan Razavi) [41].
Truong et al. (2023) reported that the three most
common viruses were DWV (52.63%), BQCV (55.26%),
and SBV (52.63%) as a result of their study on the
prevalence of honeybee pathogens and parasites in South
Korea between 2017-2021 [42].

Studies on the detection of viral pathogens that cause
disease in honey bees have been carried out in our
country for the last 15 years. Within the scope of these
studies, Giilmez et al. (2009) detected DWYV for the first
time in Tirkiye as a result of their study on honey bees
in Ordu province [13]. Muz and Muz (2009) identified
DWYV in Hatay province [43]. Giimiisova et al. (2010)
reported the presence of BQCV and CBPV in honey
bees for the first time in Tiirkiye in their study in the
Black Sea regions [14]. Riistemoglu and Sipahioglu
(2016) defined ABPV from honey bees in Hakkari
province [16]. Muz and Muz (2018) detected BQCV in
honey bees collected from different cities in Tiirkiye
[44]. Oguz et al. (2017) determined the prevalence of
Nosema and BQCV in honey bees reared in Van [45].
Karapinar et al. (2018) detected four viruses (ABPC,
CBPV, DWV, BQCV) in Van honey bees [19]. Kalayc1
et al. (2019) detected SBV in honey bees from Mugla
province [46]. Riistemoglu and Sipahioglu (2019)

defined 6 viruses (BQCV, DWV, SBV, CBPV, KBV,
IAPV) in honey bees in Hakkari province [15]. Cagirgan
et al. (2020) detected BQCV, DWV and ABPV disease
in Burdur honey bees [47]. Kalayct et al. (2020) reported
that the DWV pathogen was the most common in honey
bee samples from Adana, Aydin, Bursa, Izmir, Kiitahya,
Mugla, and Manisa, while the CBPV pathogen was less
common [48]. Aydin (2020) determined that the honey
bees of Malatya and Elaz1g provinces were infected with
DWYV and BQCV [45]. Avcr et al. (2022) determined
BQCV, DWV, and ABPV in honey bees in Konya,
Karaman, Aksaray, Nigde, and Isparta [29]. Giiller et al.
(2022) detected SBV and BQCV pathogens in their
study with honey bees in Bing6l province [30]. Utkan
and Eroglu (2023) declared that 2 different viruses
(DWV, CBPV) in honey bees in Amasya province [50].
In addition, Eroglu (2023) determined that honey bee
viruses (BQCV and KBV) were found in some wasps
(Vespula germanica) found collectively dead in Erzurum
[51].

Considering the literature studies, it was seen that viral
pathogens are common in many beekeeping provinces in
our country, and mainly DWV and BQCV pathogens
were determined in these studies. In this study conducted
in Erzurum, 7 bee viruses common worldwide were
scanned by PCR in 316 healthy bees and dead/sick in
front of the hive, and two viruses (DWV and BQCV)
were detected. When the phylogenetic relationship of
these viruses with other isolates in the NCBI database
was examined, it was determined that BQCV isolates
clustered quite far from BQCYV isolates isolated from
Tiirkiye. In addition, it was determined that DWV
isolates clustered close to Hakkari and Lithuania isolates.
Mixed infection of honeybee viruses has been known
since the 1990s and is a frequent occurrence both in the
world and in our country [52]. In mixed infection, more
than one virus can be present in the same bee individual
at the same time. Chen et al. (2004) reported for the first
time that four bee viruses (BQCV, DWV, KBV, and
SBV) were found in the same sample [53]. In our
country, it has been declared in various studies that
double, triple, quadruple and quintuple virus infections
are seen [15, 48]. In this study, it was determined that
both DWV and BQCV were found in the samples taken
from Cat locality. The mixed infection will undoubtedly
cause bees to die and diseases to spread faster. For this
reason, in order to protect bees from viral infections,
there is a need for careful hive cleaning and transported
beekeeping, as well as vaccine production studies.

The results obtained showed that two viruses (BQCV
and DWYV) caused an epidemic in Erzurum honey bees
and even mixed infections were observed in some
samples at the same time. Thus, this study will shed light
on the studies planned to prevent viral bee diseases that
are common in the region and to protect bee health.
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Abstract: In this study, titanium dioxide (TiO2) nanotubes were produced by anodization method
using glycerol-based electrolyte. Structural characterization was investigated with SEM images
and XRD pattern. The rectifying properties of n-type semiconductor TiO, nanotubes were
investigated. Current-voltage (I-V) measurements of the Pt/TiO, nanotubes/Ti device were made
at room temperature, in the dark and under different illumination conditions. The basic diode
parameters were calculated by using thermionic emission (TE), Cheung and Norde functions from
the 1-V measurements of the devices in dark conditions. The ideality factors and barrier height of
the Pt/TiO2 nanotubes/Ti device were calculated 1.25 and 0.91 eV, respectively by the TE method.
According to the results obtained, the Pt/TiO, nanotubes contact has a rectifying feature. In
addition, the photovoltaic properties of the devices were examined by making 1-V measurements
at illumination intensities between 30 and 100 mW/cm?. As a result, it has been evaluated that the
device can also be used as a photodiode.

TiO2 Nanotiiplerin Sentezi ve Fotodiyot Aygit Ozelliklerinin incelenmesi

Anahtar
Kelimeler
TiOy,
Nanotiipler,
Fotodiyotlar,
Elektriksel
karakterizasyon

Oz: Bu calismada, gliserol bazl elektrolit kullanilarak anotlama yontemi ile titanyum dioksit
(TiO2) nanotiipler iiretilmistir. Yapisal karakterizasyon, SEM goriintiileri ve XRD deseni ile
incelenmigtir. N-tipi yar1 iletken oOzellik gosteren TiO, nanotiiplerin dogrultucu o6zellikleri
incelenmistir. Pt/TiO2 nanotiipler/Ti cihazinin akim-voltaj (I-V) olgiimleri oda sicakliginda,
karanlikta ve farkli aydinlatma kosullarinda yapilmistir. Cihazlarin karanlik kosullarda I-V
Olciimlerinden termiyonik emisyon (TE), Cheung ve Norde fonksiyonlar: kullanilarak temel diyot
parametreleri hesaplanmigtir. TE ydntemi ile Pt/TiO2 nanotiip/Ti cihazinin idealite faktorleri ve
bariyer yiiksekligi sirasiyla 1,25 ve 0,91 eV olarak hesaplanmistir. Elde edilen sonuglara gore
Pt/TiO; nanotiip kontagi dogrultucu 6zellige sahiptir. Ayrica 30 ile 100 mW/cm? arasindaki
aydinlatma siddetlerinde I-V 6lgiimleri yapilarak cihazlarin fotovoltaik 6zellikleri incelenmistir.
Sonug olarak cihazin fotodiyot olarak da kullanilabilecegi degerlendirilmistir.

1. INTRODUCTION

Metal oxides are used as interface layer to improve the
electrical parameters of photodiodes. Photodiodes are
sensitive to high-energy particles and photons. Thus, they
convert light into electric current and find a wide place in
optoelectronic technology. If the Iluminous energy
exceeds the band gap energy of the semiconductor layer,
electron-hole pairs are formed. When these pairs drift in
opposite directions, a photocurrent is formed [1].
Titanium dioxide (TiOy) thin films are widely used in
solar cells [2], gas sensors [3], photocatalysis [4], etc.,
due to their electrical and optical properties. It is an n-type
semiconductor suitable for various applications such as
TiO, has three different crystal structures as rutile, anatase

and brookite, with an indirect band gap of 3.0-3.2 eV.
Thanks to this feature, its chemical, electrical and optical
properties can be adapted for various applications [5]. In
addition, TiO; is non-toxic and has a high dielectric
constant and photocatalytic activity, increasing research
opportunities.

Due to their properties, photodiodes have been
investigated by many researchers to improve their
performance [6], [7]. The electrical parameters of diodes
using metal oxide nanostructures at their interfaces can be
affected by the oxide layer [8]. Research has been carried
out on diodes using TiO; as an interfacial [9].
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While the values of the ideality factor and barrier height
of the structure in dark conditions have been investigated,
they have not been sufficiently investigated in illuminated
conditions.

Despite many studies on TiO, the development of new
materials for high-efficiency optoelectronic structures and
their modeling remain hot research topics for current
technologies. Thanks to their porous structure, TiO;
nanoparticles provide large contact areas to adsorb dye
molecules. This provides fast electron transfer and a large
number of electrons [10]. Grain boundaries can cause
photocurrent loss and lead to electron recombination in
the near infrared region, which can result in loss of light
absorption [11]. As an alternative to TiO> nanoparticles,
TiO2 nanotubes have been recognized as a promising
option for photovoltaic applications. TiO, nanotubes
attract attention with their features such as high
surface/volume ratio, low cost and easy synthesis. The
tubular porous structure of nanotubes provides a wide
range of applications for light adsorption [12]. For
photovoltaic  applications, TiO, nanotubes offer
advantages such as increased light scattering, fast electron
transport and reduction of trap zones [13].

Rectifying contacts formed between metal and
semiconductor have been a subject of extensive research
in electronics for decades. Depending on the metal used
as the contact, a Schottky barrier may form at the metal-
metal oxide nanotube interface. Thus, the Fermi level may
decrease [5]. Liu and Chen calculated the barrier height
for Ag/TiO. nanoparticle contacts in their study [14]. Ling
et al. [15] and Kwon et al. [16] examined the hydrogen
sensor application of Au/TiO, and Pt/TiO, Schottky
barrier diodes respectively. Mao et al. reported increased
hydrogen sensor sensitivity of Pd decorated Ag/TiO;
nanotube Schottky barrier diodes [17].

In our study, TiO2 nanotubes were synthesized by
anodization method using glycerol-based electrolyte and
their morphological properties were determined. The
electrical properties of the Schottky contact were
investigated by making current-voltage  (I-V)
measurements and using different methods. Recently,
nanostructures have been more intensively investigated in
the fields of photovoltaic applications. Therefore, TiO;
nanotubes are expected to contribute to the literature in
photodetectors and photosensing devices. Finally, TiO;
will be recommended to possible future research areas for
the development of nanotube-based photovoltaic
applications. In this way, it will be ensured that new
nanotubes will be the subject of research such as this one.

2. MATERIAL AND METHOD

Glycerol electrolyte-based anodization method was
applied to produce TiO; nanotubes. The cleaning
procedure of commercial pure Ti foil (99%) with a size of
10x25 mm? and a thickness of 0.1 mm was applied for 15
minutes in an ultrasonic bath in acetone, isopropyl alcohol
and deionized (DI) water, respectively. After each step of
the cleaning procedure, the Ti foils were dried with high
purity nitrogen (N2) gas. 0.5 wt% NH4F was added to the

glycerol solution containing 15 wt% H,0O and mixed with
a magnetic stirrer for 15 minutes at 20 °C. The solution
prepared in a teflon beaker was placed in a thermostat bath
at 20 °C Pt mesh (99.9%, Sigma-Aldrich) as anode and Ti
foil as cathode were placed in the solution at a distance of
2 cm from each other and 40 V voltage was applied for 2
hours with DC power supply. After the anodization
process, the removed foil was washed with DI water and
dried with Nz gas. Thus, the synthesis of TiO, nanotubes,
which will serve as the interface in the device design, was
completed.

Finally, TiO. nanotubes were coated with 100 nm thick Pt
metal by DC magnetron sputtering method with shadow
mask to take 1-V measurements. Pt electrodes help to
conduct electric current. The schematic representation of
the produced Pt/TiO, nanotubes/Ti devices and the
measurement system is shown in Figure 1.

Tio2
nanotubes

Tifoll |

Figure 1. Schematic representation of Pt/TiO, nanotubes/Ti devices
and measurement system

3. RESULTS

In Figure 2(A), the characteristic peaks of TiO; in x-ray
difraction (XRD) pattern are 26=35.06° (100), 38.46°
(002), 40.18° (101), 53.02° (102), 62.96° (110), 70.66°
(103), 76.2° (112), 76.46° (201) seen [18]-[20]. After
anodization, the surface morphology of the TiO;
nanotubes was characterized by scanning electron
microscopy (SEM). Nanotubes were formed on the entire
surface of the Ti foil. It is clear that there is a difference
between the diameters of the nanotubes in the SEM
images and the nanotubes show a slight contraction in
Figure 2 (B) and (C). The average nanotube diameters are
between 160-170 nm. It shows that there is still some
irregularity in the pore formation process. Some pores do
not appear to have grown completely straight and some
abrasion marks are visible on the surface. There are also
undulations on the walls of the tubes that are not very
rough, but not very rough. This is due to the self-
organization of the nanotubes and diffusion through the
pores. In addition, some anodization parameters need to
be optimized [21], [22]. As seen from the SEM images,
the nanotubes are homogeneously formed. However, the
diameters of the tubes were not formed in the same
dimensions. In order for the tube diameters to be the same,
parameters such as anodization temperature, application
voltage, application time can be optimized [23].
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Figure 2. (A) XRD pattern and (B-C) SEM images of TiO, nanotubes

Thermionic emission theory (TE) in the linear region of
the forward biased semi-logarithmic I-V plot (at low
voltage) was used at both dark and illumination
[24]-26];

10" |-

10" | | | | |

-1 -0.5 0 0.5 1
Voltage (V)
Figure 3. Semi-logarithmic I-V characteristic of Pt/TiO, nanotubes/Ti
device at room tempeature

In order to understand the electrical characteristics of the
Pt/TiO; nanotubes contact, it is not sufficient to examine
only the linear region of the 1-V graph in Figure 3. The Rs
effect is seen, where the graph moves away from linearity
in forward bias. One of the methods used to investigate
the Rs effect is the Cheung functions [31]. The Cheung

a(V—IRs) ; D . -
I'=1, [exp ( - ) - 1] 1 functions applied in the high voltage region are as follows;
where | is the saturation current found given by;
av nkT
AL (q% 1) ) aann e + IR, (5)
= exp|— —

0 P Ui~ o HOD =V = (D) in(13) = no, + IR, (6)
The following equation is used to calculate the ideality q T

factor (n) and the barrier height (®v);

The n value is calculated from the point where the

_q _av 3 dVv/d(Inl )-1 slope intersects the vertical axis and the @&y
= ramn ) value is calculated from the point where the H(l)-1 slope
q®, = KT In (AAI*TZ) (4) intersects the vertical axis in Figure 4. The Rs values are

0

In the above equations; q is the charge of the electron, k
Boltzmann constant (8.625x107° eVK™1), A is the effective
diode field (0.00785 cm?), A* Richardson constant
(A*~1200 Acm2K2 for TiOy) [27] and T is temperature
in Kelvin.

The n value (for ideal diodes, n=1) is calculated from the
slope of the linear portion in the low voltage region in the
forward direction of the semi-logarithmic -V
characteristic. For the Pt/TiO, nanotubes/Ti device, the n
value calculated using the curve in Figure 3 is 1.25 and
the @y value is 0.95 eV at room temperature. The n value
greater than one can be explained by the inhomogeneity
of the barrier, the properties of the interface layer and the
effect of series resistance (Rs) [28]-[30].

also calculated from the slopes of these graphs. The n
value calculated from the dV/d(Inl )-I slope is 2.69 and
the R value is 1867 kQ. The &y value calculated from the
H(I)-I slope is 1.02 eV, and the Rs value is 1650 kQ.
Electrical parameters calculated by Cheung method were
higher than those calculated by TE method. This is due to
the fact that the 1-V regions where the calculation is made
are different. In addition, the Rs effect between Pt/TiO;
nanotubes can be attributed to the increase in charge flow
at high voltage and the inhomogeneity of the barrier
height [32], [33].
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Figure 4. The graphs of of Pt/TiO, nanotubes/Ti device using Cheung
functions at room temperature

Another method used to examine the Rs effect is the Norde
functions [34]-[36] The linear and sloped region of the I-V
graph in forward bias is used together to calculate the Norde
functions and &y and Rs values. Norde functions are given
below;

_V kT (V)
FV) =2 =i (52;) ™
B, = F(V) + 2~ ®)
_kT(y—n)
RS - qlmin (9)

where v is an integer greater than the ideality factor, I(V) is
the current from the forward slope of the 1-V curve, F(\V0),
V0 and Imin correspond to the minimum value of F(V). R
=31332 kQ and & =0.98 eV obtained with the help of
Norde functions from the F(V)-V graphs shown in Figure 5
of Pt/TiO nanotubes/Ti device. The results are generally in
agreement with those obtained in previous methods. The
main reason for the difference in the calculated values is
that the Norde functions are applied to the entire forward-
voltage region. It may also be due to the free carrier
concentration caused by carriers at the interface between
Pt/TiO2 nanotubes [37]-[39].

1.4

F(V) (V)

oob— 1 o 1
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Figure 5. The graphs of of Pt/TiO, nanotubes/Ti device using Norde
functions at room temperature

Figures 6 and 7 show the I-V characteristic of the Pt/TiO;
nanotubes/Ti device at room temperature under 30, 40, 60,
80 and 100 mW/cm? light, respectively, in the dark. The n
and @y, values at 100 mW/cm? illumination were calculated
as 2.04 and 0.89 eV by using the 1-V characteristic with TE
method. The departure of the I-V plots under illumination
from the linear region is attributed to the series resistance
effect in the bending region . It is not fully linear as it is
affected by the series resistance in the contact region [8]. It
is understood from the graphs that they show rectifying
properties. The saturation current (lg) has small values
(10=8.22 x 101t A). According to the reverse 1-V graph, the
increase in the current with the increase of the illumination
intensity is explained by the photovoltaic behavior of the
device. The movement of electron-hole pairs in the Pt/TiO,
nanotubes contact is more pronounced in reverse bias than
in forward bias. The energy of the photons is greater than
the band gap energy, which can lead to the formation of
electron-hole fences. The movement of these pairs can give
useful information about the contact structure. The electron-
hole pairs released along the contact can be separated by the
electric field and move across the barrier [8], [40]-[42].

4x10°

Current (A)
Current (A)

2x10°

100 mW/em? 0

-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Voltage (V) Voltage (V)
Figure 6. (a) Semi-logarithmic (b) lineer I-V grap of the Pt/TiO,

nanotubes/Ti device in dark and different illuminations

el 30 mW/cm?
el 40 mW/cm?
O 60 mW/cm?
O 80 mW/cm?

e[l 100 mW/cm?

3x10° |-

2x10°* |-

Current (A)

0 0.04 0.08 0.12
Voltage (V)
Figure 7. I-V grap of the Pt/TiO, nanotubes/Ti device in different
illuminations

4. DISCUSSION AND CONCLUSION

In this study, TiO, nanotubes were produced by
anodization method using glycerol-based electrolyte.
XRD pattern and SEM images were examined to see the
structural properties of TiO, nanotubes. The electrical
characterization of TiO, nanotubes from the
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nanostructured metal oxide group was investigated by
three different methods (TE, Cheung and Norde
functions). Photodiode performance and optical
characterization were investigated under different lighting
conditions. Then, @y, n and Rs parameters were calculated
from the I-V properties of the Pt/TiO, nanotubes contact.
The n and @y, values of the Pt/TiO, nanotubes contact was
measured as 1.25 and 0.91 eV, respectively by the TE
method,. The results of I-V calculations by various
methods were consistent. As a result, Pt/TiO, nanotubes
showed rectifying properties. Photocurrent evaluation
gave positive results for photodiode applications.
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Abstract: The optimum design for effective and economical use of agricultural sprayer
machinery is becoming increasingly important. In order to reduce weight of agricultural
sprayer machinery, safe designing has been continuously developed on chassis and sprayer
boom by related engineers. The purpose of study aim is to determine how much boom and
tank weights the mounted type chassis can carry. By the way, the stress strain analyses of the
developed mounted type chassis design for agricultural sprayer machine were carried out
with finite elements analyses (FEA) after doing related literature survey. The Taguchi
orthogonal array design (L16, 24) for eight FEA is done. After doing FEA according to
Taguchi experimental design, von-Mises stress and shear stress together with displacements
on mounted type chassis were obtained. As a result, the effect of the weights of pesticide
tank and sprayer boom on stresses and displacement determined. The effect on equivalent
von-Mises stress of pesticide tank and boom weights obtained as 5.89% and 87.38%
sequentially from variance analyses. Moreover, the boom width, tank capacity and safety
factor on the developed chassis were predicted via FEA before manufacturing.

Tarimsal flaclama Makinelerinde Kullanilan Asihr Tip Saside Gerilme ve Yerdegistirme

Analizi Uzerine Taguchi Yaklagim

Anahtar Kelimeler
Tarimsal ilaglama
makinesi,

Asilir tip sasi,
Gerilme ve yer
degistirme analizi

Oz: Tarmsal ilaglama makinelerinin performansl ve ekonomik kullanimi igin optimum
tasarimin Onemi giderek artmaktadir. Bu baglamda, konuyla ilgili miihendisler tarimsal
ilaglama makinelerinin agirhigimi azaltmak icin sasi ve ilag piskiirtlicli kanatlarin emniyetli
tasarimini gelistirmeye devam etmektedirler. Bu ¢aligmanin amaci, yeni asilir tip sasinin
tagiyabilecegi tarimsal ilag piiskiirtiicii ve ilag deposu agirliklarini belirmektir. Bu baglamda,
gerekli literatiir arastirmasindan sonra asilir tip tarimsal ilaglama makinesinin sasiSi i¢in
statik gerilme-yer degistirme analizi sonlu elemanlar yontemi kullanilarak
gerceklestirilmistir. Sistematik sonlu elemanlar analizi i¢in Taguchi ortogonal dizin deney
tasarmmu (L16, 2#) yapilmus ve neticede gelistirilen asilir tip saside olusan bileske gerilme ve
kayma gerilmesi ile birlikte yer degistirme degerleri elde edilmistir. Varyans analizinden,
piskiirtiicii ve ilag tanki agirliklarinin bileske gerilme lizerine etkisi sirasiyla 87.38% ve
5.89% elde edilmistir. Sonlu elemanlar analizleri sonucunda, imalat oncesi ilag piiskiirtiicii
kanadin ve ilag¢ tank agirliklarinin gerilme ve yer degistirme iizerine etkisi ve piiskiirtiicii
kanat genisligi, ilag tank kapasitesi ve giivenlik faktdrii tahmin edilmistir.

1. INTRODUCTION

machinery sector. Agricultural spraying machine is one
of the agricultural machines affecting agricultural yield.
Moreover, with the adaptation of the automation and

Today agricultural machine and its equipment sector has controlling systems to the agricultural spraying machine,
turned into a unique sector rather than a sub-branch of the conventional spraying machines have been
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transformed into high value-added technology. For
example; Akgiil et al [1] developed the GPS aided
proportional controller unit used in agricultural spraying.
In their study, they declared that the amount of pesticide
per unit agricultural area with low margin error and
commercialization of this technology. Ilica and Boz [2]
developed an agricultural nozzle-height control test
system using a permanent magnet tubular linear
synchronous motor. They experimentally tested this
control system that the developed system keeps the
distance between differently sized plants and the nozzle
at the set point with minimum error. It was mentioned in
another study [3] that the automatic boom control
systems were developed to check dynamic and static
behaviour of spray boom and its suspension. Besides, it
was reported [4] that the artificial intelligent and image
processing technologies started to be used to detect and
separate weeds from plants and also autonomous
agricultural aircraft spraying system in the pesticide
control. The opportunity to improve the control of the
suspended center frame and boom system has
dramatically increased using the hydraulic cylinders,
spring-damper systems, sensor instrumentation and
programmable controllers increase the potential for
better management and control of a suspended boom
system [5].

The sprayer boom system has four main mechanical
components: the fixed center frame, suspended center
frame, right and left boom wing. Agricultural spraying
quality depends on a stability these mechanical
components together with operation and land conditions,
control and suspension systems. All mechanical
components, suspended and control systems are
assembled to the chassis of sprayer. Researcher and
engineer have interested to understand a stability and
stress-strains behaviours of mechanical components in
agricultural sprayer machine in order to develop new
suspension and control systems [6-12]. For example,
Erdogan et al [6], an increase in sprayer boom length
caused increasing the stress on the connection of boom
elements due to wing beat and cross displacements
obtained from finite element analyses for sprayer boom.
Therefore, they preferred to support the boom with
swing bearing and chain link to sprayer chassis and
center section in the booms wider than 15 meter. Miles
2018 [13] reported that it is important to control the
boom height due to maintaining problem a level boom as
when driving over uneven terrain with a wider boom and
at faster speeds. Also, the related manufacturer started to
manufacture agricultural spraying machining having
larger pesticide tank, wider booms, faster drive and more
acres spraying [13] to meet consumer demands and to

improve this technology. Therefore, various boom and
frame designs have been developed to control the boom
height in the sector. For example, in one study [14]
emphasized that the stability and level of the boom
greatly depend on the chassis and suspension of the
sprayer to maintain the optimum nozzle height. There
are different methods to mount the boom to allow the
boom rotate around pivot location on the machine
chassis. These are known as rigid, fixed, pendulum,
trapeze, inverted trapeze, and a combination of

pendulum and trapeze of boom center designs. It is
claimed that the fixed boom center mounted chassis may
be useful to carry extra load on the boom and to attach
some auto height-control system study [14]. Another
study gives information on the structural analyses result
about transport chassis of sprayer machine that safety
factor calculated as between 0.33 and 1.34. [15]. Kog
2015 [16] studied on the structural analyses of field
sprayer boom that he emphasized using aluminium for
active boom suspension system for field sprayer boom
produced more favourable structural results than steel.

In this study, the main aim is to investigate stress and
displacement analyses in mounted type chassis of
agricultural sprayer machinery by static finite elements
analyses (FEA) before manufacturing. FEA sets were
planned to simulate real condition by Taguchi
orthogonal array design (L16 2%). Total eight FEA were
realized by using ANSYS programme under different
loads occurred with different the pesticide tank
capacities and sprayer boom length. After doing
literature survey, the mounted type chassis construction
were designed to carry the fixed boom center with Solid
program and then were transferred to ANSY'S structural
analyses, and also material constant and other finite
elements modelling arrangement such as element type,
element size, support type and locations, the calculated
all loads and its locations. After 16 trials of FEA
analyses, von-Mises stress, shear stress and displacement
results for each FEA trial were obtained and then these
results were used to analyze of Taguchi to predict the
stress and displacements consecration in the chassis at
the design stage. According to FEA results and Taguchi
analyses, important information for design and
manufacturing to mounted chassis were obtained.

2. MATERIAL AND METHOD

The mounted type chasses was modelled in real size
which can be seen in Figure 1. Figure 1a shows the front
left side view of chasses including upper and lower
connecting points, points of mass. Mass points are the
surfaces where the spraying tank is placed and carries
the tank. Chassis is mounted with upper and lower
connection point on the tractor suspension arms. After
modelling the chasses, the optimum and homogeneous
meshing were carried out which was given in Figure 1c.
FEA were conducted with Ansys program after
reviewing structural analyses workings, and also the
meshing was realized by selection quadrilateral triangle
elements in optimum condition.

The mesh sizes, which will negligible affect the stress
and strain results, was determined as 8 mm. To improve
the mesh quality, standard mechanical and high
smooting modes on automatic method used. The steel
material of St37 for the mounted chassis was selected.
Afterwards, the homogenous mesh structure was
obtained by preliminary preparing of finite elements
which was given in Figure 1c.
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Figure 1. a) Front left side view of the mounted chasses, b) Back right side view of it, ¢) Mesh structure.

Total elements of 135064 elements and nodes of 137855
were produced after doing FEA of spraying machine
with mounted chassis. Later, the cylindrical support was
applied to the lower and upper connection points of
chassis model. FEA was systematically done with L16
(2% Taguchi orthogonal array design (Table 1).

Tank and boom construction weights, which may be
possible mounting to the chassis, have been determined
by taking into account the application information.
Taguchi orthogonal array design is a practical method to
determine the effect of main input parameters on target
outputs of analyse and experiment research, to determine
the sub-level of main input variables.

Table 1. Taguchi orthogonal array design for FEA, input variables and
levels.

Force (kgf) Levels
Input STW (kgf) 1200 | 1500 | 2400 | 3000
Variables SBW (kgf) 450 600 900 1200
FEA Trials
FEA No STW (kgf) SBW (kgf)
1 1200 450
2 1200 600
3 1200 900
4 1200 1200
5 1500 450
6 1500 600
7 1500 900
8 1500 1200
9 2400 450
10 2400 600
11 2400 900
12 2400 1200
13 3000 450
14 3000 600
15 3000 900
16 3000 1200

It is well known that traditional experiment and analyze
design plan is time-consuming and cause the high costs
and complexity while determining the cause-effect
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relationship [17].In the Taguchi orthogonal design, two
input parameters of spraying tank weight (STW) with
levels of 1200, 1500, 2400, 3000 kgf and sprayer boom
weight (SBW) with levels of 450, 600, 900, 1200 kgf
were selected. Spraying tank weigh is the full weight
with pesticide. Boom weights of 450, 600, 900, 1200 kgf
vary with length of 12, 16, 20, 24 m, respectively.
Thereby, the pesticide capacity and spraying width of the
mounted chassis planned to be manufacture have been
determined. As can be seen Table 1, total 16 analyses
were conducted to determining the effect of input
variables on output variables of von-Mises stress, shear
stress and displacements for the mounted spraying
machine chassis. According to Table 1, Taguchi analyse
was performed by using the stress and displacement
values obtained from FEA. The relationship between
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Unit: MPa
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Figure 2. FEA result screens for minimum loading condition (1st FEA).
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input variables with stress and displacement on sprayer
chassis tried to determine.

3. RESULTS

After doing FEA, the total 80 values about shear stress,
von-Mises stress and displacement results for each FEA
trial were obtained. Firstly, the screen samples of
stresses and displacements distributions were given in
Figure 2 for the obtained minimum loading condition of
1st and 16th trials, respectively. According to 1st FEA
results which was conducted under 450 kgf of boom
weight and 12 m of its width and 1200 kgf of pesticide
tank weight; 178.44 MPa of maximum von-Mises stress,
58.87 MPa of shear stress and 7.6727 mm of total
displacement were occurred on the chassis construction,
respectively.

I: Copy of 1200-450
Shear Stress

Type: Shear Stress(XY Component) - Top/Bottom
Unit: MPa

Global Coordinate System
Time: 1
23.06.2023 14:32

1 19,919

(b

) 0,00 500,00 1000,00 (mm)
| 1

I
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While the stresses concentrated on surfaces where the
pesticide tank is placed, displacements occurred in
vertical profile close to the sliding mechanism that
adjusts the spraying level. In this situation, Taguchi
analyse is performed to determine the effect of pesticide
tank and boom weights on stress and displacement. The
contributions values on equivalent von-Mises stress of
pesticide tank and boom weights obtained as 87.38% and
5.89% sequentially from variance analyses realized
using results of FEA analyses (Table 2). The effect of
sprayer boom weight on von-Mises stress is seen more
and this can be understood from the P-values of 0.0002
and 0.114770, respectively. R-Sq values of 93.26%,
error of 6.74%, R-Sq (adj) of 88.77 and R-Sq (pred.) of
78.71% were obtained from variance analyses which are
within the acceptable values [18]. As can be seen in
Figure 3, the sprayer boom weight is more effective than
pesticide tank weight in the Taguchi analyses by
adopting “smaller is better”. The reason interpreted that
sprayer boom caused especially bending stress together
with shear stress on the chassis of sprayer machine since
the boom is mounted behind the chassis. Mises stresses
relatively increased with increasing from 450 kgf to 600

Main Effects Plot for von-Mises Stress (MPa)

Spraying Tank Weight (kgf) Sprayer Boom Weight (kgf)
500 /7
g (a) /
£ 450 /
Z /
e /
o 400 /
ki . /
< ]
§ 350 . /
> /
k] «— @ 7
c /
T 300 //
= /
250 -

kgf, on the other hand, the boom weight above 600 kgf
increased von-Mises stresses dramatically.

Table 2. The contributions values on equivalent von-Mises stress of
pesticide tank and boom weights.

Adj F- P-
Source DF|Seq SS|Contribution|Adj SS| MS| Value| Value
Pesticide 3| 11185 5.89%| 11185| 3728| 2.62|0.11470
Tank
Weight (kgf)
Sprayer 3165989 87.38%|165989| 55330| 38.92|0.00002
Boom
Weight (kgf)
Error 9| 12796 6.74%| 12796| 1422
Total 15(189970 100.00%

This state can be seen in Figure 3a. 1200 kgf and 1500
kgf of pesticide tank weight caused smiliar von-Mises
stress values, and also the pesticide tank weight above
1500 kgf relatively increased. Thereby, the boom widht
and boom weight to be monted on the agricaltural
spraying machine should be evaluated more in terms of
safe chassis design and rigidty.

Main Effects Plot for SN ratios
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Figure 3. The curves of main effect and SN ratios for von-Mises stresses.
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Figure 4. The curves of main effect and SN ratios for shear stresses obtained from Taguchi analyses.

Figure 4 shows the main effect and SN curves for shear
stress occured on the chassis obtained from FEA
analyses. In contrast to the von-Mises stress situation,
the pesticide spraying tank weight is more effective on
shear stresses. Because, sprayer thank is mounted on the
chassis of agricultural sprayer. The shear stresses
increased and bending stresses less than the effect of
boom due to loading on the chassis. The shear stress
increased dramatically when more than 1500 kgf of
spraying tank is placed on the chassis. As similar, the

boom weight above 600 kgf increased dramatically shear
stresses. The effect of main input parameters on
displacement of chassis is shown in Figure 5. According
to Figure 5, sprayer boom weight has more influence on
displacement of chassis. The effect of pesticide spraying
tank weight between 1200 kgf and 2400 kgf on
displacement of chassis is almost the same, and also,
after loading 2400 kgf, the displacement tends to
increase. On the other hand, in case of increasing the
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sprayer boom weight depending on its width, chassis
displacement dramatically increase.

Main Effects Plot for Displacement (mm)
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Figure 5. The main effect and SN ratio of main input parameters on
displacement of chassis.
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As can be seen in Figure 6, the lowest displacements
(7.6727 mm and 7.9685 mm) of chassis were
respectively obtained from 1st and 5th FEA trials, which
are 1200 kgf of tank weight, 450 kgf of boom weight and
1500 kgf of tank weight, 450 kgf of boom weight,
respectively. The highest displacement values of 22.862
mm and 22.857 mm occurred in 4th and 8th of FEA
trials, which are 1200 kgf of tank weight, 1200 kgf of
boom weight and 1500 kgf of tank weight, 1200 kgf of
boom weight, respectively. Indeed, the displacement
values in sprayer chassis are found to be between 8 mm
and 16 mm.

The combined effect of two input parameters on von-
Mises stress, shear stress and displacement can be seen
in Figure 7. When 600 kfg of sprayer boom and around
2200 kgf of tank capacity is mounted on the sprayer
chassis, the obtained von-Mises stresses was found to be
lower than the yield strengt (around 230 MPa) of chassis
materials St37 steel which can be seen in Figure 7a. The
chassis construction has been forced with around 80
MPa of shear stress under same loading for 600 kfg of
sprayer boom and around 2200 kgf of tank capacity.
Over these loads caused the stresses above yield strenght
(YS) of sprayer chassis. Figure 8 shows stresses for 16
FEA trials and in can be interpretted the safety factor of
sprayer chassis.
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Figure 6. Displacement values in sprayer chassis for 16" FEA trials.
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Figure 8. Von-Mises stress and shear stress values obtained from FEA
of sprayer chassis.

4. CONCLUSION

In this study, which was performed to estimate the
stress-displacement occurring in the designed mounted

type agricultural

spraying machine chassis before

manufacturing, the following results were obtained:

>

Firstly, safe the pesticide tank capacity and sprayer
boom width of new one designed mounted type
spraying chassis is determined by obtained FEA. The
lowest displacements (7.6727 mm and 7.9685 mm)
of chassis are respectively obtained from 1st and 5th
FEA trials, which are 1200 kgf of tank weight, 450
kgf of boom weight and 1500 kgf of tank weight, 450
kgf of boom weight, respectively.

While the stresses concentrated on surfaces where the
pesticide tank is placed, displacements occurred in
vertical profile close to the sliding mechanism that
adjusts the spraying level.

The effect on equivalent von-Mises stress of
pesticide tank and boom weights obtained as 5.89%
and 87.38% sequentially from variance analyses. The
combined effect of sprayer boom and sprayer tank
weights has the most influence on shear stress in
sprayer chassis, secondly von-Mises stress and
finally displacement values.

Finally, the safety factors for new design of mounted
type agricultural spraying machine chassis has been
determined as 1.35 and 1.3 from 1st and 5th of finite
elements analyses according to the obtained
maximum von-Mises stress. It is alleged that the
value of required safety factor of 1.3 —1.35 was
adopted as a mean value from the range of factors for
very accurate calculations, uniform material and fine
design [19].
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Keywords Abstract: In this study, it was aimed to examine the knowledge and protection levels of healthcare
COVID-19, workers against COVID-19 disease. The study population consisted of 203 healthcare workers
Healthcare (Doctor: 30, Nurse: 104, Janitor: 21, Midwife: 48) who accepted to participate in the study in the
workers, Emergency Department of Malatya Training and Research Hospital between August 06 and
Personal December 31, 2020. According to the current findings of the study, it was observed that there may
protective be a relationship between COVID-19 and the method used to protect healthcare workers and
equipment, personal protective equipment. We believe that the findings of the study will help to develop
Protection protection strategies for workers in the event of a COVID-19 pandemic. In light of the ongoing
methods global impact of the COVID-19 pandemic, it is imperative to proactively devise interventions and

implement well-considered strategies aimed at safeguarding the health and well-being of
healthcare professionals.

Saghk Calhisanlarinin Yeni Tip Koronaviriisten (SARS-Cov-2) Korunmak i¢in
Kullandiklar1 Yontemler, Ekipmanlar ve Diger Yontemler

Anahtar Oz: Bu ¢alismada saglik ¢alisanlarinin COVID-19 hastaligina kars: bilgi ve korunma diizeylerinin
Kelimeler incelenmesi amaglanmistir. Caligma evrenini 06 Agustos - 31 Aralik 2020 tarihleri arasinda
COVID-19, Malatya Egitim ve Arastirma Hastanesi Acil Servisinde ¢alismaya katilmay1 kabul eden 203 saglik
Saglik calisan1 (Doktor: 30, Hemsire: 104, Hizmetli: 21, Ebe: 48) olugturmustur. Caligmanin mevcut
calisanlari, bulgularina gére COVID-19 ile saglik ¢alisanlarini korumak i¢in kullanilan yontem ve kisisel
Kigisel koruyucu ekipman arasinda bir iligki olabilecegi gozlemlenmistir. Calismanin bulgularinin, bir
koruyucu COVID-19 pandemisi durumunda c¢alisanlar igin koruma stratejileri gelistirilmesine yardimct
ekipman, olacagina inaniyoruz. COVID-19 pandemisinin devam eden kiiresel etkisi 1siginda, saglik
Korunma calisanlarinin saghigini ve refahini korumayi amaglayan miidahalelerin proaktif olarak
yontemleri tasarlanmasi ve iyi diisiiniilmiis stratejilerin uygulanmasi zorunludur.

1. INTRODUCTION

Pneumonia cases first appeared in Wuhan, China in
December 2019, and were later discovered to be caused
by a new form of coronavirus (SARS-CoV-2) agent [1].
SARS-CoV-2, which is believed to be the first cause of
infection in wild animals, can be spread easily from
person to person and can be carried asymptomatically [2].
COVID-19 is the name of the virus-caused disease table.
Fever, cough, and shortness of breath are the most

common symptoms, but gastrointestinal symptoms can
also occur [3]. The virus has spread from China to the rest
of the world due to the possibility of human-to-human
transmission during the asymptomatic period [4]. The
World Health Organization (WHO), in its statement on
March 11, 2020, claimed that more than 118 thousand
cases and 4291 deaths were seen in 114 countries, and
Covid described 19 as a pandemic [5]. The first case was
detected in Turkey reported on 11 March 2020 [6]. The
number of cases continues to increase.
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Healthcare workers have also started to be infected with
SARS-CoV-2 since the outbreak had started. It was stated
that 2055 healthcare workers were infected in China on
February 20, 2020 [7]. As of 8 April 2020, the World
Health Organization reported that a total of 22.073
healthcare workers from 52 different countries were
infected [8]. It is predicted that the number in the world is
much higher than this number. It has been announced that
15 thousand 315 healthcare workers were infected in Italy
on April 10, 2020, and this number corresponds to 11% of
the total infected patients [8,9]. In Turkey, on April 29
2020, according to the statement of the minister of health,
7 thousand 428 health care workers were recorded to be
infected [6].

The duration of contact and the amount of virus found to
be correlated with infection rates in studies conducted on
infected healthcare workers [10]. Caring for a large
number of infected patients over a long period of time
increases the risk of infection [11]. Departments operating
at the frontline and conducting processes that produce
aerosols are especially vulnerable during the pandemic
[12]. In a research conducted in the United States of
America and England, it was presented that healthcare
workers working in the front phase are at least 3 times
more likely to be infected than the rest of the population.
Although the use of personal protective equipment
reduced the risk, it did not reduce the likelihood of
infection to the same level as in the general population
[13].

During the pandemic, healthcare workers' daily working
patterns had to be fully altered. Prior to COVID-19,
healthcare professionals who deal with patients in
respiratory distress did not use routine personal protective
equipment (PPE). As shown by COVID-19 patients with
atypical presentations, the use of personal protective
equipment (PPE) by healthcare professionals has become
routine, depending on the risks of the department in which
they work. The methods of triage used in hospital
applications have changed. Patients with high fever and
COVID-19-like complaints like shortness of breath and
cough were quickly evaluated separately from other
patients and began to be taken into isolated environments
[14,15].

During this period, healthcare professionals are advised to
use personal protective equipment such as masks,
goggles, gloves, visors, and aprons during their working
periods [16]. It is thought that the insufficiency of PPE
increases the incidence of infection in healthcare workers
[17]. In addition to protective equipment, hand hygiene is
regarded as one of the most vital steps to prevent
infection. Healthcare workers with insufficient hand
hygiene after contact with patients have been found to
have a higher risk of contracting COVID-19 disease [18].

Due to a rise in the number of infected patients, healthcare
professionals from each department have been assigned to
identify and treat COVID-19 patients that are outside of
their area of expertise. One of the reasons for the high
infection rates among healthcare workers in China is a
failure to provide sufficient information and training to

front-line healthcare workers, as well as an inability to
provide infection controls due to emergency situations
[19].

The asymptomatic carriage has been found to have a
significant place in SARS-CoV-2 transmission (20).
Since healthcare workers are at higher risk of infection, it
has been shown that they can become contagious with
asymptomatic carriage [21]. This situation has yielded
many healthcare professionals to distance themselves
from their families and relatives. In Turkey, together with
the world's health workers in many countries, thinking
that they pose a risk in their homes, they left or were
forced to isolate themselves from the vicinity of their
homes in the pandemic period.

COVID-19 can be spread by droplets and interaction with
polluted surfaces, putting healthcare workers at risk [22].
They must wear personal protective equipment such as
masks, goggles, visors, and overalls to stay safe [23]. This
condition raises the possibility of psychological issues in
healthcare workers. Healthcare workers in hospitals,
especially those diagnosed with COVID-19 and caring for
suspected patients, may experience mental health
problems as a result of their fear of infecting the virus and
spreading it to others [24].

In order to carry out all strategies in epidemic
management, it is critical to protect healthcare workers
from the factor. Infection among healthcare workers
would have a negative impact on the delivery of
healthcare facilities, resulting in a reduction in the health
system'’s response to the epidemic and an uncontrolled rise
in the incidence rate [20]. Healthcare professionals in
hospitals and pre-hospital areas, in particular, have no
way of knowing if the patient or injured they are in close
contact with has COVID-19, and they are competing with
time, so they are more likely to become infected [25].
Based on this context, the purpose of the study is to
examine the knowledge and protection levels of
healthcare professionals against COVID-19 disease.

2. MATERIAL AND METHOD

This study was approved by the ethics committee of
Malatya Training and Research Hospital (approval
number: 23536505-000-13874). All the study subjects
were assured that participation in the study was voluntary
and that all information provided would remain
confidential.

2.1. Design

One of the quantitative research techniques used in this
study was the relational scanning model. The aim of
relational scanning is to find the levels of variance in two
or more variables. The relational screening model is
described as “a research model that aims to determine
whether there is a shift between two or more variables
and, if there is, the degree of this change” [26]. The study
population consisted of 203 healtycare professionals
(Doctor: 30, Nurse: 104, Janitor: 21, Midwife: 48)

87




Tr. J. Nature Sci. Volume 12, Issue 3, Page 86-92, 2023

between 06 August and 31 December, 2020 who agreed
to participate in the study.

2.2. Data Collection Tools

The literature on healthcare personnel's knowledge and
protection levels against COVID 19 was scanned as the
research's data collection tool, and appropriate
modifications were made based on the opinions of field
experts.

A questionnaire with 17 questions was utilized to assess
the duties of the healthcare professionals who made up the
study's sample, as well as their knowledge and protection
levels against COVID-19.

The questions in the questionnaire form used within the
scope of the research include whether or not healthcare
professionals have received COVID-19 training, the
country and year in which COVID-19 spread, the risk of
transmission of COVID-19, is about their self-protection
status (social distance, frequency of cleaning their hands
with disinfectant during working hours, protective
equipment they use) in hospital work areas, the status of
passing and passing COVID-19 disease.

2.3. Statistical Analysis

In this study, various analyses were conducted using
SPSS 25 statistical analysis software. First, the
demographic characteristics of the participants were
analyzed using frequency analysis and percentage
calculations. Then, the Chi-square test was used to assess
the associations between having COVID-19 disease and
variables such as hand hygiene, compliance with social
distancing rules and changing work clothes, and use of
protective equipment.

3. RESULTS

The distribution of demographic characteristics of the
healthcare professionals included in the study is given in
Table 1.

Table 1. The distribution of demographic characteristics of the
healthcare professionals

n %
Doctor 30 14.8%
Profession Nur_se 104 S51.2%
Janitor 21 10.3%
Midwife 48 23.6%
Online 49 24.5%
Face to face 60 30.0%
Training on COVID-19 disease Online and 17 8.5%
face to face
None 74 37.0%
With the emergence of COVID-  Yes 196 96.6%
19 disease; Did you change
yourself in terms of protection in
the working area in the hospital
in the periogd before the P No ! 3.4%
appearance of COVID-19
disease?
. 5> 3 1.5%
How many times do you wash o
your hands with soap during 5-10 48 23.6%
10-15 51 25.1%

your working hours?

15< 101 49.8%

How many times do you clean 5> 27 13.3%
your hands with disinfectants 5-10 45 22.2%
during your working hours? 10-15 56 27.6%
15< 75  36.9%
Do you obey the social distance Yes 174  85.7%
: e
rule with the patients? No 29 14.3%
Do you obey the social distance Yes 137 67.5%
i ?
rule with the employees? No 66 32.5%
| come to the
hospital inmy 43 21.2%
workwear
| come to the
hospital with
Do you change the clothes you my regular 148 72.9%

wear while coming to work in clothes. | wear

the hospital or do you work with ~ work clothes

the clothes you come from at the hospital

home? | come to the
hospital in
normal clothes
and work with 12 5.9%
these clothes

without
changing.
Have you had a PCR test for Yes 115 56.7%
-19 di 2
COVID-19 disease? No 88 43.3%
Do you currently have COVID- Yes 3 1.5%
i ?
19 disease’ No 200 98.5%
Have you had COVID-19 Yes 10 4.9%
i 2
disease’ No 193 951%
0,
Mask Yes 203  100%
No - -
Apron Yes 48 23.6%
P No 155 76.4%
Gloves Yes 39 19.2%
No 164 80.8%
Using Protective Shoe Yes 39 19.2%
Equipment Cover No 164 80.8%
Bonnet Yes 115  57.5%
No 85  42.5%
Visor Yes 91 44.8%
No 112 55.2%
Overalls Yes 39 19.2%
No 164 80.8%
Total 203  100%

The distribution of the answers given according to the
condition of having COVID-19 disease was examined by
Chi-square analysis in Table 2. According to Table 2.,
there is a significant correlation between the distribution
of the answers given according to the conditions and
having COVID-19 disease (p <0.05).
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Table 2. The distribution of the answers given according to the condition
of having COVID-19 disease

Table 3. Relationship between healthcare professionals' status of having
COVID-19 disease and using protective equipment

Had a COVID-19 Disease

Had a COVID-19 Disease

Yes No p Using Protective Equipment Yes No p
n % n % n % n %
How many 5> 0 0.0% 3 1.6% Mask No 0O 00% 0 00%
times  do 1 100.0 19.7 Yes 10 100.0% 193 100.0%
you wash °10 0 % B g No 4 400% 44 228%
Apron ' ' 0.188
your hands 26.4 0.00 Yes 6 60.0% 149 77.2%
with soap 10-15 0 00% 51 0 Gloves No 4 400% 35 181% .0
during your 10 523 Yes 6 60.0% 158 81.9% '
working 15< 0 0.0% : No 10 100.0% 154 79.8%
hours? 1 % Shoe Cover Yes 0 00% 39 2020 0?2
How many 12.4 No 6 60.0% 79 41.6%
times do > 3 300% 24 o Bonnet Yes 4 400% 111 584% 2%
you clean 23.3 - No 4  40.0% 108 56.0%
your hands 210 0 00% 45 Visor Yes 6 600% 85 4400 023
with 254  0.00 No 10 100.0% 154 79.8%
disinfectant ~ 10-15 7 700% 49 o 2 Overalls Yes 0 00% 39 2020 012
S during
m‘erg 15< 0 00% 75 ff'g Table 4. shows the association between healthcare
hours? professionals' COVID-19 disease training and their level
Do YU o 1 1000 16 850 of knowledge and protection against COVID-19 disease.
obey  the 0 % 4 % According to Table 4., a statistically significant
social 0.20 relationship has been found between whether healthcare
distance rule
with  the No 0 0.0% o9 150 6 personnel receives training for COVID-19 disease and
atients? % their knowledge and protection levels against COVID-19
p
disease. Furthermore, whether or not healthcare personnel
Do, YU Yes 3 a0m 0 ot received COVID-19 disease training and used protective
socé, 001 equipment such as an apron, gloves, shoe cover, bonnet,
distancerule 2 7004 59 06 5 visor, and overalls (p<0.05) was found to have a
with  the : % statistically significant relationship.
employees?
I come to Table 4. Relationship between healthcare professionals' knowledge and
the . protection against COVID-19 disease and whether or not they receive
hospital training on COVID-19 disease
W'thk my 223 Having training of COVID-19 Disease
wor 9 : Face ;
clothes 0 0.0% 43 % Online to fOnllnef and No_ ) p
such as face ace to face training
apron n % n % n_ % n_ %
and How 5> 0 00% 0 00% 0 00% 3 4.1%
H man 14.3 2 35.3 1 16.2
uniform. time)s/ do 10 Ty g 383% 6 o 2 %
Do you | come to
you wash 1 204 1 17.6 2 311
change the the your 1015 5 o 250% 3 p
. 65 % 3 % g
clothes you hospital hands o
wear while in my with soap
coming to regular during 3 653 2 471 3 486
work in the clothes, | L 1000 13 715 your 18 5 7 g ALT% 8 5 %
. .0 % 8 % 0.14 working
hospital or change it 2 hours?
do youwork  with H‘;‘i\rf' e T %
with  the uniform many 5> 4 82% 7 ALT% 3 o7 5 g
clothes you at the times do 184 2 1 176
come from hospital. you clean 510 9 % 0 833% 0 0.0% 3 %
?
home? :hceome to z(a)rl:cris 10-15 i 04/3'9 4 67% 6 03/05.3 g 03/;5.8
; with 0.00
?r? iFg:s: al disinfect 1*
t
clothes Zﬂﬁng e 1306 2 . o 471 2 311
andwork o 0005 12 62% your 5% 9 7T % 3 %
with working
these hours?
clothes D 3 755 4 1 1000 6 919
ith 0 you . . .
without obey the "% 7 o g BLT% 5 o g g
changing
social
: distance 0.13
) ] , [r‘]‘ée with o ; 5/4'5 1 183% 0 0.0% 6 81% °
The relationship between the health personnel's status of patients? 0
having COVID-19 disease and using protective
equipment is given in Table 3. According to Table 3., Do you 3 612 4 1 824 4 649
quipm given I ! 9 . obey the "S5 0 o 2 00% 4 o g g
there is no significant correlation between using social 0.00
protective equipment and having COVID-19 disease (p> distance 1 388 1 o0 o 176 2 351 0
rule with 9 % 8 % 6 %

0.05).

the
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employe
es?

| come

to the
hospita
I with
my
work 1 388 176 1 176
clothes 9 % 5 83% 3 % 3 %
such as
apron
and
unifor
m.
1 come
Do you to the
change hospita
the I in my
clothes regular
you wear clothes
while . |
coming change 3 612 5 91.7% 1 824 4 662
to work the 0 % 5 ' 4 % 9 % 0.00
in  the unifor 0'*
hospital m to
or do you work
work clothes
with the at the
clothes hospita
youcome |
from I come
home? to the
hospita
| in
normal
clothes
and
wok 0 00% 0 00% 0 00% . 162
with 2 %
these
clothes
withou
t
changi
ng.
No 0 00% 0 00% 0 00% 0 0.0%
Mask Yes 4 1000 6 1000 1 1000 7 100.0
9 % 0 % 7 % 4 %
14.3 1 176 2 351
Apron No 7 % 2 20.0% 3 % 6 % 0.03
Yes 4 857 4 80.0% 1 824 4 649 7%
2 % 8 ) 4 % 8 %
2 1 257
loves No 0 0.0% 0 333% 0 0.0% 9 % 0.00
Yes 4 1000 4 66.7% 1 1000 5 743 0O*
9 % 0 ) 7 % 5 %
4 878 3 1 1000 6 851
Shoe No 3 w8 B 7 % 3 % 000
cover 122 2 1 149 0*
Yes 6 % 9 36.7% 0 0.0% 1%
19.6 1 353 4 649
Bonnet No 9 % 9 31.7% 6 % 8 % 0.00
Yes 3 804 4 68.3% 1 647 2 351 0O*
7 % 1 ) 1 % 6 %
1 224 3 1 647 4 649
Visor No 1 % 9 0% ¢ g g 8400
3 776 2 353 2 351
Yes 8 % 1 35.0% 6 % 6 %
4 939 3 1 1000 6 851
overalls 06 % 5 B 7 % 3 % 0.00
Yes 3 6.1% é 41.7% 0 0.0% i ;4'9 0
0

4. DISCUSSION AND CONCLUSION

First of all, life must be maintained in order to protect
human existence. It is critical to protect his health in order
to accomplish this. While healthcare workers provide
services to benefit patients and enhance their health, they
must first protect their own health because the work
environment and nature of their employment expose them
to numerous risks and dangers [27]. Hospitals are high-
risk workplaces for infectious diseases, and the likelihood

of healthcare workers being exposed to occupational risks
varies depending on the occupational group they work in,
the job they do, and the department in which they work.
Considering the working areas of healthcare
professionals, the health risks of those who are in a
position to directly care for the sick person are quite high
[28,29]. When healthcare personnel comes into touch
with percutaneous (piercing-cutting) injuries, mucous
membranes, blood, tissues, or other contagious body
fluids, they are exposed to infectious diseases [30].
Although the virus is most commonly found in blood, it
can also be found in saliva, semen, and feces. A
contaminated needle or another sharp instrument, a
percutaneous stick, splashing on the skin or mucous
membranes, or being swallowed are all possible routes of
infection [31]. During the 2014-2015 Ebola pandemic in
West Africa, almost 28,000 people were infected with the
virus, with over 11,000 deaths. Most of the deaths have
occurred among healthcare professionals with a high risk
of infection [32]. In the COVID-19 pandemic, which is
the subject of our study, which affects the whole world,
the risk of respiratory transmission has affected many
healthcare workers.

The careful use of personal protective equipment (PPE)
by all healthcare professionals is very significant both for
the patient and for his own health [33]. A recent study
reported approximately 50% of hand or neck
contamination during the removal of gloves, masks, and
clothing. The amount of spontaneous contamination may
vary depending on the type of PPE and the insertion
technique, as well as other factors [34,35,36].

Points that were significantly associated with the method
used to protect healthcare workers and personal protective
equipment in the COVID-19 outbreak were observed,
based on the present findings of our study. We believe that
our findings will support the development of employee
protection strategies in the event of a COVID-19
pandemic. Measures that can be taken during this time
include providing a safe and healthy working
environment, detecting risks and taking precautions,
providing personal protection equipment, training,
supporting, and promoting employee awareness.

A limitation of this study was its focus on healthcare
professionals in hospitals in a single setting (Turkey).
Thus, the results cannot be generalized to other settings.
As the global COVID-19 pandemic continues, it is vital to
plan early intervention and appropriate strategies to
protect healthcare workers' health, as well as to provide
them with adequate working environments and protective
equipment. With the modifications and interventions
made, healthcare staff will be able to go through this tough
process with the least damage. We think that conducting
similar studies on bigger samples in order to offer ideal
settings for healthcare professionals to be less affected by
possible similar conditions will have extremely
significant outcomes.
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Abstract:

Patients with a lumbar catheter become prone to infection due to the outflow of CSF. This research
aimed to investigate how tunneled lumbar drainage affected infection in patients undergoing
lumbar drainage.This study was conducted on patients with lumbar drainage who were
hospitalized for various clinical reasons. Subcutaneous drain length was measured by post-
procedural lumbar tomography. The length of the lumbar drainage catheter, the duration of lumbar
drainage, fever monitoring, CSF leaking, and biochemical blood tests, the length of
hospitalization, infection were recorded.This study comprised a total of 93 cases with external
lumbar drainage. 51 (54.8%) of the 93 cases were inserted using the classic technique, 42 (45.2%)
were inserted using the tunneled technique. The rate of CSF leakage was decreased using the
tunneling approach (p = 0.003). A significant correlation was established between,CSF leakage
around the drain and subcutaneous drain length. CSF culture was negative in 78@%_01‘_;1&@05
with subcutaneous drain lengths between 0 cm and 3 cm, and 100% of patients with subcutaneous
drain lengths of 5 cm or more. Seven days or less was the cutoff value for negative CSF
culture.External lumbar draining can lead to issues such as infection and CSF leakage. The
tunneling procedure is straightforward, affordable, and successfully prevents these complications.

Subkutan Tiinellemenin Eksternal Lomber Drenaj Komplikasyonlarina Etkisi

Anahtar
Kelimeler

Lomber drenaj,
Lomber ponksiyon,
Beyin omurilik
stvisi, Menenjit

Bel bolgesinde uzun siire kateter bulunan hastalar, BOS sivisinin dis ortama ¢ikisi nedeniyle
enfeksiyona yatkin hale gelebilir. Bu arastirma, tiinelli lomber drenajin lomber drenaj uygulanan
hastalarda enfeksiyonu nasil etkiledigini arastirmayr amagladi. Bu c¢alisma, g¢esitli klinik
nedenlerle hastaneye yatirilan lomber drenajli hastalar tizerinde yapilmistir. Subkutan dren
uzunlugu islem sonrasi lomber tomografi ile 6l¢iildii. Lomber drenaj kateterinin uzunlugu, lomber
drenaj siiresi, ardindan ates izlemi, lomber drenaj cevresinden BOS sizintist ve giinliik
biyokimyasal kan testleri, hastanede kalis siiresi, enfeksiyon ve antibiyotik ihtiyac1 kaydedildi. Bu
caligma eksternal lomber drenaji olan toplam 93 olguyu igermektedir. Doksan {i¢ olgunun 51'i
(%54.8) Klasik teknikle, 42'si (%45.2) ise tiinelli teknikle yerlestirildi. BOS kagagi orani,
tiinelleme yaklasimi kullanilarak azaltildi (p = 0.003). Hastanede kalis siiresi agisindan iki islem
arasinda fark yoktu. Dren etrafindaki BOS sizintis1 ile subkutan dren uzunlugu arasinda
istatistiksel olarak anlamli bir iligki saptandi. Subkutan dren uzunlugu 0-3 c¢m arasinda olan
hastalarin %78.8'inde, 5 cm ve lizeri dren uzunlugu olan hastalarin ise %100'inde BOS kiiltiirii
negatifti. Negatif BOS kiiltiirii igin cut-Off degeri yedi giin olarak belirlendi. Dis lomber drenaj,
enfeksiyon ve BOS sizintisi gibi sorunlara yol agabilir. Tiinel agma prosediirii basittir, ekonomiktir
ve bu komplikasyonlar1 bagarili bir sekilde onler.
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1. INTRODUCTION

CSF (Cerebrospinal Fluid) diversion methods are
commonly used in neurosurgery. External lumbar
drainage was first introduced in 1963 as a technique to
alleviate cerebral tension during surgical procedures and
it has been widely adopted as a method of cerebrospinal
fluid (CSF) diversion in various clinical contexts [1].
These include the management of post-traumatic CSF
leaks, evaluation of normal pressure hydrocephalus,
and skull base surgery. It can be utilized to treat CSF
fistulas as well as traumatic or non-traumatic cases of high
intracranial pressure [2,3]. It allows for the evacuation of
cerebrospinal fluid from the lumbar area to the external
environment, relieving intracranial pressure and CSF
pressure. Because of the length of the treatment
procedure, it may be necessary to remain attached to the
patient for a longer amount of time. Although external
lumbar drainage is an easy method, it has complications
such as infection or CSF leakage due to contact with the
external environment [4]. Patients with a catheter in the
lumbar area for an extended period may become prone to
infection due to the outflow of CSF fluid to the external
environment. Because of retrograde infection, lumbar
drains may result in the colonization of bacteria [5]. This
research aimed to investigate how tunneled lumbar
drainage, a previously suggested method, affected
infection in patients undergoing lumbar drainage [6].

2. MATERIAL AND METHOD
2.1. Study Design

Our study adheres to the ethical principles outlined in the
Helsinki Declaration of the World Medical Association
and is approved by the Clinical Research Ethics
Committee decision for Clinical Research at Istanbul
Prof. Dr. Cemil Tascioglu City Hospital dated 06.03.2022
and numbered 38. This study was conducted on patients
with lumbar drainage who were hospitalized at the
neurosurgery clinic for various clinical reasons between
2019 and 2022. Only patients with lumbar drainage were
included in our study. Patients with ventricular drainage,
those with previous infection, those under antibiotics,
those under immunosuppressants, and those with a known
cancer history were excluded from our study. In 2021, due
to a policy shift, the tunneled lumbar drainage method
began to replace the traditional method, which had been
in use since 2019. The acquired data for the study were
retrospectively assessed. Sociodemographic information
and causes of lumbar drainage in patients were recorded.
Patients having infection prior to insertion of lumbar
drainage, using immunosuppressants or antibiotics, and
infection from another region following lumbar drainage
were excluded from our study. The length of the lumbar
drainage catheter was measured using post-procedure
lumbar tomography and lumbar radiography. 0 cm
indicates classic technique. The duration of lumbar
drainage, subsequent fever monitoring, CSF leaking
surrounding the lumbar drain, and daily biochemical
blood tests were recorded. Meanwhile, CSF samples
collected from the lumbar drainage catheter every two
days as part of a standard drainage process were analyzed
and documented. In the case of elevated infection

parameters in CSF samples, lumbar drainage catheter
CSF culture samples were also received. The length of
hospitalization related to lumbar drainage and infection
and the requirement for antibiotics were also evaluated.
The patient's diagnosis determined the duration of lumbar
drainage, and lumbar drainage was ended after the
patient's therapy concluded.

2.2. CSF infection Criteria

A positive CSF culture, a CSF/blood glucose ratio of less
than 0.5, a neutrophilic CSF pleocytosis (> 5 cells/L), and
fever (body temperature of greater than 38°C) [3].

2.3. External Lumbar Drainage Placement Procedure

Before performing the surgery on any patient, informed
consent was obtained. The procedure was conducted in an
operating room by a neurosurgeon or a neurosurgical
assistant with considerable experience. Before the
procedure, patients received intravenous cefazolin as a
prophylactic (vancomycin if allergic to penicillin).
Patients were placed in the lateral decubitus or sitting
position to measure distance. After the appropriate
sterilizing, lidocaine was administered as a local
anesthetic. Between L3 and L4, the subarachnoid region
was reached with a spinal needle (Tuohy needle). A 10 to
15-cm catheter was inserted into the subarachnoid area
when CSF was observed. After removing the drainage
catheter from the area of the skin where the needle was
directly implanted, fixation sutures were used to secure it
to the skin. In patients who underwent tunneling, the drain
was removed after it had been advanced laterally in the
subcutaneous tissue for a while [6].

2.4. Statistical Examination

The statistical analysis was conducted with SPSS 15.0 for
Windows. Descriptive statistics; number and percentage
for categorical variables, and mean, standard deviation,
median, minimum, and maximum for numerical
variables. The Chi-Square Test was used to compare the
group rates. The Mann-Whitney U test was used to
compare numerical data between two independent groups
since the assumption of a normal distribution was met.
Since the parametric test condition was unsatisfied, the
relationships  between numerical variables were
investigated using Spearman correlation. Cut-off value
analysis was evaluated via ROC Curve Analysis. The
significance level regarding statistical alpha was accepted
as p<0.05.

3. RESULTS

This study comprised a total of 93 cases with external
lumbar drainage. There were 32 (34.4%) females and 61
(65.6%) males, averaging 53,214.3. (20-87). 51 (54.8%)
of the 93 cases were inserted using the classic technique,
whereas 42 (45.2%) were inserted using the tunneled
technique. The duration of the drainage varied from 5 to
8 days, with an average of 6.33 days. In 10 (10,8) cases,
CSF was detected leaking around the drain. In 16 (17.2%)
cases, infection was observed correlated with fever, CSF
culture, CSF/blood glucose, and elevated CSF
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neutrophils. All infected patients required antibiotics
(17.2%). Hospital stays ranged from 7 to 23, with a mean
of 9,65 days. The length of the subcutaneous drain ranged
from 0 to 8 (Table 1).

Table 1. A breakdown of the demographics of the 93 patients
Age Mean £SD (Min-Max) 53.2+14.3 (20-87)

Gender n (%) F 32(34.4)

M 61 (65.6)

Duration of drain Mean+ SD (Min-Max) 6.33+1.15 (5-8)

Technque n (%) Classic 51 (54.8)
Tunneled 42 (45.2)
Fever n (%) No 77 (82.8)
Yes 16 (17.2)
(Cg/f)F leakage around drain n No 83 (89.2)
Yes 10 (10.8)
CSF culture n (%) Negative 77 (82.8)
Positive 16 (17.2)

CSF/Blood Glucose Meant SD (Min-Max) ~ 081#017 (0.2-

0.8)
CSF Neutrophil >5 n (%) No 77 (82.8)
Yes 16 (17.2)

Hospital Stay Mean +SD (Min-Max) 9.65+4.17 (7-23)

Plus antibiotic need n (%) No 77 (82.8)

Yes 16 (17.2)

Subcutaneous drain length Mean+ SD (Min-

Max) 2.74+3.27 (0-8)

When comparing the classical and tunnel lumbar drainage
techniques, it was found that the classical approach
resulted in CSF leakage in 10 cases (19.6%) (Table 2). No
CSF leakage was reported among individuals who utilized
the tunnel approach. The rate of CSF leakage was
statistically significantly decreased using the tunneling
approach (p = 0.003). Regarding fever, CSF culture,
CSF/blood glucose, and CSF neutrophil > 5, no
statistically significant differences were detected between
the approaches. There was no difference between the two
procedures in terms of hospital stay.

Table 2. Comparison of classic and tunneled external lumbar drainage
technique

Technique

Classic Tunneled p
Fever n (%) 11(216)  5(11.9) 0.219
CSF leakage around drain n (%) 10 (19.6) 0(0.0) 0.002
CSF culture n (%) 11(216)  5(11.9) 0.219

0.59+0.19  0.63+0.15
CSF/Blood Glucose* 0.6 (0.2- 0.7 (0.2- 0.359

0.8) 0.8)
CSF Neutrophil >5 n (%) 11(216)  5(11.9) 0.219
Plus antibiotic need n (%) 11 (21.6) 5(11.9) 0.219
Hospital Stay* éo(fj;‘a)g 2?7*223) 0.334

* Mean.=SD (Median) Min-Max

Comparing the duration of the subcutaneous drain with
infection parameters such as fever, CSF culture, and CSF
neutrophil count >5 (p=0.037) showed significant
differences (p=0.05) (Table 3). It was also discovered that
decreasing the length of the subcutaneous drain increased
the likelihood of cerebrospinal fluid (CSF) leakage from
the edge of the drain (p=0.005). There was no statistically
significant association between CSF/blood glucose levels
and drain duration (p=0.329).

Table 3. The comparison of subcutaneous drain length on other
parameters

Subcutaneous drain

length
Mean Median
+SD (Min-Max)
Fever n (%) No 3.14+3.42 0 (0-8)
0.037
Yes 0.81+1.28 0 (0-3)
CSF leakage
around drainn (%) No SR D) 0.005
Yes 0.00+0.00 0 (0-0)
CSF culture n (%) Negative 3.14+3.42 0 (0-8)
0.037
Positive  0.81+1.28 0 (0-3)
CéSF Neutrofil >5 n 314342 0(0-8)
b No 0.037
Yes 0.81+1.28 0 (0-3)

CSF/Blood Glucose r:0.102 p=0.329

There was a statistically significant difference between
the subcutaneous drain length levels and CSF culture rates
(p<0.001) (Table 4). The length of subcutaneous drains
for classical procedures was assumed to be 0 cm. CSF
culture was negative in 78.8% of patients with
subcutaneous drain lengths between 0 and 3 cm, and
100% of patients with subcutaneous drain lengths of >5
cm.
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Table 4. The comparison of subcutaneous drain lengths with CSF

CSF culture

Negative Positive

n % n % p

0 41 788 11 212 <0.001

2 0 0 2 100

3 0 0 3 100
Subcutaneous 2 100 0 0

drain length (cm)
6 11 100 O 0

7 18 100 O 0

8 5 100 O 0

As the duration of the drainage increases, there is a
statistically significant increase in the likelihood of
experiencing fever (p=0.001), CSF leaking around the
drain (p=0.002), CSF culture (p=0.001), and CSF
neutrophil >5 (p=0.001). There was a statistically
significant inverse connection (p=0.001) between the
duration of draining and the CSF/blood glucose level
(Table 5).

Table 5. Comparison of the duration of external lumbar drainage and its
effect on other parameters

Duration of drainage

Median (Min-

Mean £SD Max)

Table 6. The assessment of CSF culture positive based on the duration
of external lumbar draining.

CSF culture
Days  Negative Positive
n % n % p
Drainage duration (day) 5 29 9.7 1 33 0.002
6 19 864 3 136
7 18 857 3 143
8 11 550 9 450

With 85.7% sensitivity and 56.7% specificity, seven days
or less was established to be the cut-off value for negative
CSF culture. Positive predictive value (PPV) was 90.4%,
whilst negative predictive value (NPV) was 45% (Figure
1) (Table 7).

ROC Curve

Sensitivity

0.0~ T T T T T
0.0 0.2 0.4 0.6 0.8 10
1 - specificity

Figure 1. The ROC analyses for CSF culture negativity of <7 days of
duration of the drainage

Fever n (%) No 6.14£1.09  (6) 5-8
0.001 Table 7.Test Result Variable(s): Drainage duration
Yes 7.25£1.00  (8)5-8 AreaUnderthe Curve SE  p 95% Confidence Interval
dCfaI?n nlt(a&l;age around o 6205110  (6)5-8 0.233 0.064 0.001 0.108 0.359
0.002
Yes 7.40£0.97  (8)5-8 CSF culture Positive rate was 19.2 times greater among
patients with CSF leakage around the drain (p<0.001
CSF culture n (%) Negative  6.14£1.09  (6) 5-8 OR:19.2 95% CI 4.2-87.7) (Table 8).
0.001
Positive 7255100 ()58 Table 8. Comparison of CSF cultures according to the CSF leakage
CSF Neutrofil >5n (%) No 6.14£1.09  (6)5-8 around the drain
0.001 CSF leakage around drain

Yes 7.25£1.00  (8)5-8

CSF/Blood Glucose r:-0.341 p=0.001

There is a statistically significant association between the
duration of drainage and the positive CSF culture
(p=0.001). While the CSF culture negatives rate is high in
patients with a length of 5 days (96.7%), it is low in
patients with a duration of 8 days (55%) (Table 6).

No Yes

n % n % p

CSF culture  Negative 74 89.2 3 300 <0.001

Positive 9 10.8 7 700

96



Tr. J. Nature Sci. Volume 12, Issue 3, Page 93-98, 2023

4. DISCUSSION AND CONCLUSION

Continuous lumbar drainage systems are employed in the
treatment of cerebrospinal fluid leaks [7]. These
techniques also diagnose patients with hydrocephalus at
standard pressure and benign intracranial hypertension [8,
9]. After inserting a needle into the lumbar area, typically
at the L3-4 or L4-5 level, a catheter is advanced into the
subarachnoid space. This catheter transports CSF to the
external environment, and its pressure decreases [10].
Local infections, nerve root irritations, headaches,
meningitis, retained catheter, symptomatic intracranial
subdural collections, and symptomatic intracranial
traumatic pattern subarachnoid hemorrhage may develop
regardless of the straightforwardness of the procedure
[11]. Meningitis, an infection of the central nervous
system, is a severe problem requiring treatment. Our
investigation determined that the infection detection rate
among patients who were followed up with external
lumbar drainage was 17.2%. These patients all needed
further antibiotics. The observed infection rate was more
significant than that reported in the literature. The high
infection rate is associated with the sociodemographic
composition and personal cleanliness.

Moreover, the drain can produce a permanent CSF fistula
at the exact location of its implantation. Mainly, it is vital
to take precautions against infection, such as prophylactic
antibiotic use [12], revision of lumbar drainage at 5-day
intervals [13], tunneled catheters [10], and antibiotic-
impregnated lumbar catheters [14].

The long-tunneled approach was initially applied to the
external ventricular catheter, another catheter constantly
in contact with CSF. Khanna et al. were the initial group
to describe this technique by extending the standard 5 cm
subcutaneous tunnel [15]. While some research indicated
that extended tunneling in EVD lowered the risk of
infection [16], other studies did not detect a significant
difference in infection risk [17, 18].

After that, its technical application in external lumbar
drainage systems in contact with another CSF is described
[6]. They reported that the eventual effectiveness of this
tunneling approach in reducing infectious problems is
debatable. However, it decreases CSF leakage at the exit
site and raises the patient's tolerance for the indwelling
catheter. In our series, we examined the infection rates of
the classical and tunneling procedures. In this study, it
was observed that the infection rate resulting from
external lumbar drainage decreased from 21.6% to 11.6%
through the implementation of the tunnelling technique.
This result is also important in light of the literature's
disagreements. Further and exhaustive research is
required.

The tunneling procedure considerably  impacts
minimizing CSF leakage around the drain. There was no
CSF leakage around the drain in catheters implanted using
the tunneling technique. CSF leaks around the catheter
considerably increased the risk of infection. In our study,
the tunneling method avoids CSF leaks, hence
minimizing infection rates. Comparing the lengths of
subcutaneous drains revealed a substantial difference in
infection formation and CSF leakage prevention
surrounding the drain. There was no infection in those
with at least 5 cm of tunneling. This threshold value
demonstrates that 3 cm tunneling is equal to the

conventional method and is insufficient to prevent
infection. At least 5 cm of tunneling should reduce the
incidence of infection.

Examining the effects of catheter duration on infection
rates and CSF leakage around the catheter reveals that this
period is statistically significant. The greater the danger
of infection increases, the longer a catheter is left in place.
Moreover, presumably due to epithelialization, CSF
circumvents the catheter and causes leakage. Negative
rates were increased in those with less than seven days of
CSF culture. This indicates that catheterization for no
more than seven days can lower the risk of infection. The
infection rate increases dramatically when catheters are
retained for longer than seven days.

External lumbar draining can lead to issues such as
infection and CSF leakage. The tunneling procedure is
straightforward, affordable, and successfully prevents
these complications.
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Keywords Abstract: Alzheimer's disease affects all tissues negatively. In this study, it was aimed to
Alzheimer, determine the effects of TQ on testicular toxicity in rats with experimental Alzheimer's disease. In
AICI3+D- the study, 33 Wistar Albino rats weighing 190-230 gr were used. Rats were 11 rats in each group;
Galactose, were divided into 3 equal groups as control, ALZ and ALZ+TQ. The control group was given
Oxidative saline by IP route for 28 days daily. The ALZ group was given 60 mg/kg D-gal + 40 mg/kg AICl;
Stress, IP for 28 days daily. The ALZ+TQ group was given 60 mg/kg D-gal + 40 mg/kg AICI; for 28 days
Rat, by IP + 20 mg/kg TQ by oral gavage for last 14 days daily. According to the findings of our study,
Sperm, a decrease in SOD, CAT, GPx activity and GSH levels and an increase in MDA levels were

Thymogquinone  determined in the ALZ group. In the ALZ+TQ group, while SOD, GPx, CAT activities and GSH
levels increased, MDA levels decreased. There was a decrease in sperm motility and sperm density
in the ALZ group, and an increase in the rate of abnormal sperm and dead spermatozoa. In the
ALZ+TQ group, sperm motility, abnormal sperm rate and dead spermatozon rate improved. As a
result, it was determined that the decrease in semen quality and increase in oxidative stress induced
by AICls+D-Gal were suppressed by TQ, protecting the testicular tissue from oxidative damage
and increasing semen quality.

Sicanlarda D-Galaktoz ve Aliiminyum Kloriiriin Neden Oldugu Testis Fonksiyon
Bozukluguna Karsi Timokinonun Etkileri

Anahtar Oz: Alzheimer hastalig1 tiim dokular1 olumsuz etkilemektedir. Bu ¢alismada deneysel alzheimer
Kelimeler hastaligt modeli olusturulan ratlarda testis toksisitesi tizerine TQ etkileri belirlenmesi
Alzheimer, amaglanmistir. Calismada agirliklart 190-230 gr arasinda degisen 33 adet Wistar Albino cinsi rat
AICI3+D- kullanild1. Siganlar, her grupta 11 sigan olmak iizere kontrol, ALZ ve ALZ+TQ olarak 3 esit gruba
Galaktoz, ayrildi. Kontrol grubuna, 28 giin boyunca IP yoluyla serum fizyolojik giinliik olarak verildi. ALZ
Oksidatif stres,  grubuna 28 giin boyunca giinliik olarak 60 mg/kg D-gal+40 mg/kg AICl3 IP verildi. ALZ+TQ
Rat, grubuna 28 giin 60 mg/kg D-gal +40 mg/kg AICIl3 IP+20 mg/kg TQ son 14 giin oral sonda ile
Sperm, giinliik olarak verildi. Caligma bulgularina gére ALZ grubunda SOD, CAT, GPx aktivitesi ve GSH
Timokinon diizeylerinde azalma, MDA diizeylerinde ise artig saptanmistir. ALZ+TQ grubunda SOD, GPx,

CAT aktiviteleri ve GSH seviyeleri artarken MDA seviyeleri azaldi. ALZ grubunda sperm motilite
ve sperm yogunlugunda azalma, anormal sperm ve 6li canli spermatozoa oraninda artig oldugunu
gostermigtir. ALZ+TQ tedavi grubunda sperm hareketliligi, anormal sperm orani ve 6lii sperm
orani1 diizeldi. Sonug olarak, AlICIl3+D-Gal'in neden oldugu semen kalitesindeki azalma ve
oksidatif stres artisinin TQ tarafindan baskilandigi, testis dokusunu oksidatif hasardan korudugu
ve semen kalitesini arttirdig1 belirlendi.
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1. INTRODUCTION

Alzheimer's disease is characterized by memory loss and
behavioral disorders [1]. Aluminum chloride (AICIs) and
D-galactose (D-Gal) are administred to create
Alzheimer's disease model [2]. Aluminum (Al) is one of
the most toxic of these heavy metals [3]. Al compounds
are used in many medical applications, such as antacids,
phosphate binders, buffered aspirins, and vaccines [4].
Recent animal and clinical studies have reported that Al
causes neuropathological changes in the central nervous
system [5]. Al can accumulate in the liver and kidneys,
causing hepatorenal toxicity [6]. Al also has pro-
oxidative, excitotoxic, immunogenic, proinflammatory,
and mutagenic effects [7]. Oral Al exposure causes a
decrease in glutathione peroxidase (GPx), catalase (CAT)
activities, glutathione (GSH) levels and an increase in
malondialdehyde (MDA) content in rats [8]. Considered
as a systemic toxic substance, AICl; accumulates in target
organs including the testicles and causes dysfunction [9].
In another study, AICI; causes a decrease in sperm
motility and density in rats, and an increase in the ratio of
dead live sperm and abnormal spermatozoa [10]. D-Gal
can cause aging in tissues such as the brain, kidney, and
liver [11]. Moreover, D-Gal induces oxidative stress by
increasing lipid peroxidation [12]. In addition AICI3z and
D-Gal administration causes oxidative damage in
testicular tissue of rats [13].

Medicinal plants and phytochemicals are used against
neurodegenerative diseases [14]. Herbal substances are
used because of their therapeutic properties against
various toxicants [15-17]. One of the bioactive
components of the Nigella sativa plant, from which black
seed oil is obtained, is thymoquinone (TQ) [18]. TQ is
known as an antioxidant, anti-neoplastic and anti-
inflammatory agent [19]. In addition, TQ is one of the
anti-cancer bioactive compounds [20]. TQ protects the
histopathological structure of the testis by preventing
oxidative damage from experimentally induced testicular
damage in male rats [21]. In another study, it was reported
that it improved sperm motility, density, abnormal
spermatozoa rate and dead spermatozoa rate in male rats
with TQ varicocele [22]. Similarly, TQ regulated the
pituitary testis axis, adjusted oxidant balance, decreased
apoptosis and improved sperm quality in rats with lead
toxicity [23]. In line with these data, the aim of this study
was to determine the effect of TQ against AlCls+ D-Gal
on testicular toxicity, which was applied to create an
experimental Alzheimer's model in rats.

2. MATERIAL AND METHOD
2.1. Animals and Ethical Permission

All chemicals used in the study were obtained from Sigma
Chemical Co. (St. Louis, MO) unless otherwise stated.
Ethical permission was obtained from the Erciyes
University Animal Experiments Local Ethics Committee
for the study (Protocol no:23/037). Thirty three Wistar
Albino rats weighing 190-230 g were used in the study.
Rats were housed in standard laboratory conditions (2542
°C temperature, a relative humidity of %6045 and, a 12-h

light-dark rhythm) throughout the study. Rats were fed
commercial pellet feed ad libitum water throughout the
study. Rats were divided into 3 groups: the control group,
the ALZ group, and the ALZ+TQ group, with 11 rats in
each group.

The control group received saline (0.9%) intraperitoneally
(IP) daily for 28 days.

ALZ group received D-galactose at 60 mg/kg dose +
AICI; at 40mg/kg by IP daily for 28 days [24].

ALZ+TQ group received 60 mg/kg D-galactose + 40
mg/kg dose AICI; by IP daily for 28 days + 20 mg/kg TQ
by oral gavage for last 14 days daily [24].

After the end of the experimental phase, the rats were
sacrificed under xylazine-ketamine anesthesia. The
testicular tissue of each rat was removed and separated
from the epididymis. Then, the cauda epididymis was
taken into a petri dish containing 5 ml of saline and
trimmed at 35°C. Trimmed semen was used for semen
analysis [25].

2.2. Oxidative Stress Analysis

To determine the oxidant antioxidant status in testis
tissue, SOD, CAT, GPx activities, GSH levels and MDA
contents were analyzed. SOD activity was measured
according to the Sun et al. [26] method. CAT activity was
determined using Aebi's [27] method. GPx activity was
determined by the method developed by Lawrence and
Burk [28]. GSH levels were measured by the method of
Sedlak and Lindsay [29]. Testicular tissue MDA content
was measured by the method described by Goth [30].

2.3. Reproductive Parameters Analysis

Testicular tissues separated from the epididymis were
weighed using a precision balance (Radwag PS 750 R2,
Poland). Results are presented in mg [31]. A light
microscope with a heating plate was used to evaluate
sperm motility. A small amount of semen was dropped on
the slide and covered with a coverslip. Motility estimates
were calculated as % with the average of three different
microscope fields [32].

For the rate of dead sperm and sperm abnormalities, 10 pul
of eosin and nigrosin dye were dropped on 10 uL of
semen and dried on a slide, mixed with a coverslip and
smeared. 200 sperm cells were examined on each slide
with a light microscope. Sperm cells whose heads were
stained were considered dead [33, 34]. To determine the
rate of dead spermatozoa for abnormalities in sperm cells,
a total of 200 sperm cells were evaluated on the prepared
slide and the abnormality rates were calculated as a
percentage [35].

2.4, Statistical Analysis

Biochemical and spermatological data were analyzed by
one-way ANOVA using the SPSS (version 26.0; Chicago,
IL) program. Differences between groups were made
using the Tukey multiple comparison test. Results were
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presented as mean + standard error (S.E.M). P<0.05
values and below were considered statistically significant.

3. RESULTS
3.1. Oxidant/Antioxidant Assessment

The oxidative stress results of the experimental groups
were presented in Figure 1-5. The highest MDA levels
was seen in the ALZ group. ALZ+TQ treatment group
partially decreased MDA level (P<0.05). While GPx,
CAT, SOD activity and GSH levels were generally
highest in the control group, these parameters were found
to decrease in the ALZ group. TQ treatment was found to
improve these parameters.

3.2. Spermatological Evaluation

The epididymal sperm parameters of the rats in the
experimental groups are presented in Table 1.
Accordingly, while the highest total motility value was
seen in the control group, a statistical difference was
found between the other experimental groups (P<0.05).
There was no difference between the groups in terms of
epididymal semen density. While the rate of dead and
abnormal sperm rate were found to be at the highest in the
ALZ group, a statistically significant difference was
observed between the other experimental groups
(P<0.05). There was no difference between the groups in
terms of testicular weight.
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Figure 1. The malondialdehyde (MDA) levels results. Different
superscript letters in the same column (a, b, c) indicate significant
inter-group differences (p < 0.05)
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Figure 2. The superoxide dismutase (SOD) levels results. Different
superscript letters in the same column (a, b) indicate significant inter-
group differences (p < 0.05)
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Figure 3. The glutathione (GSH) levels results. Different superscript
letters in the same column (a, b) indicate significant inter-group
differences (p < 0.05)
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Figure 4. The glutathione peroxidase (GPx) levels results. Different
superscript letters in the same column (a, b, c) indicate significant
inter-group differences (p < 0.05)
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Figure 5. The catalase (CAT) levels results. Different superscript
letters in the same column (a, b, c) indicate significant inter-group
differences (p< 0.05)

Table 1. Sperm analysis results of the experimental groups

Control ALZ ALZ+TQ
TOta'((',\/’:;)t"'ty 81.9243 307 52.66:15.51° 59.413.13b
Density (%) 78,258 30 74.50£8 21 71,42+3,99
Dead sperm 15.4241.83 22,5842,57° 19,08+2,42°
rate%
Abnormal sperm 7,831,03% 11,6742,27° 9,3340,65°
rate (%)
Right testis 1459,66+63,14 | 1413,75£33,75 | 1419,92450,74
weight (mg)
Left te(srf:;;’ve'ght 1435586325 | 1394,62439.45 | 1383,67£57,45

4. DISCUSSION AND CONCLUSION

Heavy metal pollution has significant adverse effects on
the reproductive functions of both animals and humans
[36-38]. Humans and animals are acutely or chronically
exposed to heavy metals through food and water intake
[39]. These toxic substances cause deterioration in
endocrine mechanism and testicular functions [40]. D-Gal
causes aging progression and nephropathy in the brain,
kidney, and liver. It also induces oxidative stress by
increasing lipid peroxidation [41]. In the present study,
the effects of TQ on the changes caused by AICI;+D-Gal
in the testicular tissue of rats, which were administried to
create an experimental Alzheimer's model, were
investigated.

Oxidative stress occurs when the balance between the
antioxidant defense system and reactive oxygen species
(ROS) is disrupted [42]. Oxidative stress at physiological
limits is required for physiological interactions of sperm
cells such as fertilization and sperm hyperactivation.
However, excessive ROS induces lipid peroxidation [43].
Testis are one of the target organs for oxidative stress due
to the high composition of polyunsaturated lipids in the
membrane  structure [44]. Antioxidant defense
mechanisms protect mammalian germ cells against
oxidative stress [45]. Enzymes such as SOD, CAT and
GPx are the first defense mechanism against oxidative
stress. GSH binds free radicals formed as a result of
oxidative metabolism [46]. MDA is an important oxidant

parameter for testicles [47]. In previous studies, it has
been stated that AICI; weakens the antioxidant system in
rats by increasing the MDA content [48, 49]. It is stated
that D-Gal induces oxidative stress by increasing lipid
peroxidation [11]. Presented study, the oxidant activity
induced by AICIls+D-Gal was significantly reduced in the
ALZ+TQ group. Parallel to this GSH level, CAT, GPx
and SOD activity decreased. This confirms the TQ
antioxidant property of this condition and exhibits lipid
peroxidation-reducing antioxidant properties.

Environmental pollution adversely affects the structural
and physiological integrity of the testicles and may cause
infertility [36, 50]. Testicular oxidative stress is one of the
main factors causing infertility [51]. It is reported that
oxidative damage causes spermatozoal dysfunction [52].
It has been reported that Al-induced oxidative damage and
Al cross the blood-testis barrier, induce lipid
peroxidation, damage the sperm membrane [53] and cause
inactivation of antioxidant enzymes [54]. It has been
reported that oxidative damage in spermatozoa plays an
important role in the deterioration of sperm function and
infertility [45]. AICI; increases oxidative stress in
testicular tissue and thus has a negative effect on testicular
physiology and sperm parameters [8, 55]. It is stated that
AICI; reduces sperm motility and increases the rate of
abnormal sperm [56]. Consistent with previous studies,
AICIl; administration decreased spermatozoa motility,
increased dead sperm ratio and abnormal spermatozoa
ratio in our study. The reason for this may be that AICI;
crosses the blood testicular barrier and impairs sperm
metabolism and also increases lipid peroxidation due to
the increase of free radicals. It can also be shown in the
deficiency in the antioxidant defense system, which is
necessary for sperm functions.

As a result, AICI;+D-Gal administration in rats caused an
increase in oxidative stress in testis tissue, and decrease in
sperm quality. TQ treatment, strengthened the antioxidant
defense system in the testis, partially prevented oxidative
damage and improved sperm quality.
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Abstract: This study was carried out in Pazaryolu, Pasinler and Ilica districts of Erzurum from
February to March 2009, and included 461 lambs (253 with diarrhea and 208 healthy, varying up
to 1 month of age) and 397 sheeps (9 with diarrhea and 388 healthy), from 28 pens located in 11
focuses on the region. The fresh fecal samples taken from lambs and sheeps was examined
microscopically. Of the 858 fecal samples examined, Cryptosporidium species were found in 397
(46.3%), Eimeria species in 313 (36.5%) and gastrointestinal helminth eggs were found in 21
(2.4%). Ten Eimeria species: Eimeria ovinoidalis, E. parva, E. pallida, E. faurei, E. bakuensis,
E. crandalis, E. ahsata, E. weybridgensis, E. intricata and E. granulosa were detected in lamb and
sheep feces. Additionally, in the samples examined, Strongyloides papillosus, Nematodirus spp.
and Trichuris spp. eggs were found.

Erzurum Yoresinde Kuzu ve Koyunlarda Cryptosporidium, Eimeria Tiirleri ve

Gastrointestinal Helmintlerin Prevalansi

Anahtar
Kelimeler
Cryptosporidium
Eimeria,
Gastrointestinal
helminths,
Yayginlik,
Erzurum

Oz: Bu calisma 2009 yilimin Subat ve Mart aylarinda Erzurum’un Pazaryolu, Pasinler ve Ilica
ilgelerinde yiiriitiilmiis olup, yoéredeki 11 odakta bulunan 28 agildan yaslar1 1 ayliga kadar degisen
461 kuzu (253 ishalli, 208 saglikli) ve 397 (9 ishalli, 388 saglikli) koyundan alian digki Srnegi
mikroskobik olarak incelenmistir. Incelenen 858 diski 6rneginin 397 sinde (%46.3) Cryptosporidium
tirlerine, 313’tinde (%36.5) Eimeria tiirlerine ve 21’inde ise (%2.4) gastrointestinal helmint
yumurtalarma rastlanmistir. Kuzu ve koyun diskilarinda Eimeria ovinoidalis, E. parva, E. pallida, E.
faurei, E. bakuensis, E. crandalis, E. ahsata, E.weybridgensis, E. intricata ve E. granulosa olmak tizere
10 Eimeria tiirii tespit edilmistir. Ayrica incelenen 6rneklerde Strongyloides papillosus, Nematodirus
spp. ve Trichuris spp. yumurtalarma rastlanilmustir.

1. INTRODUCTION

through
contaminated with oocysts [1].

increased consumption of water or food

Cryptosporidiosis is a zoonotic protozoan disease that is
common all over the world. Disease-causing agents are
Apicomplexa  subphylum, protozoa  of  the
Cryptosporidium genus, which is in the Sporozoa class. It
can affect a wide variety of animal species, including
reptiles, birds, fish, and mammals. Transmission occurs

Cryptosporidiosis is considered to be an important
disease, leading to important economic losses in calves
and lambs. Mild or severe yellowish, malodorous,
diarrhea, and weight loss, depression, abdominal pain are
seen clinically in sheep, and in general, it can cause death
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in animals in one month old animals [2, 3]. The clinical
course of the disease in lambs is similar to that in calves,
and the agent development takes 3-4 days. Outbreaks are
generally seen in 7-10 day old lambs. Risk factors such as
farm management, herd size, farm type and hygiene,
bedding type, colostrum feeding, season, age and
contamination sources (e.g. water) play a role in the
spread of Cryptosporidium spp [4-6].

Due to the small size of Cryptosporidium spp. oocysts, it
is difficult to be noticed by inexperienced people. The
most widely used diagnostic test is acid-fast staining of
smears prepared from feces. The most used are the
modified Ziehl-Neelsen (mZN) or modified Kinyoun
staining technique. Recently, ELISA and PCR diagnostic
methods have been widely used in diagnosis [7-9].

Cryptosporidium parvum, C. xiaoi and C. ubiquitum are
the most common of the Cryptosporidium species found
in sheep, whereas C. hominis, C. andersoni, C. bovis, C.
scrofarum, C. suis, C. fayeri and C. canis are seen as
sporadic [10-12]. C. parvum is the main species found in
humans and animals. Anthroponotic C. parvum type I (C.
hominis) is observed in humans, while C. parvum type Il
(C. bovis) is found zoonatically in humans and animals
(especially ruminants). C. parvum type Il causes infection
in lambs [2, 10-12].

Ovine cryptosporidiosis was first described in diarrheic
lambs 1-3 weeks olds in Australia in 1974 [13]. However,
its role as the primary etiological agent of diarrhea in
lambs was defined by different studies in the early 1980
[14]. In subsequent studies, infection has also been
reported from different geographical regions; Its
prevalence varies between 4% and 85% in the USA,
Canada, Iran, Trinidad Tobago, Spain and Italy [15].

Studies performed in Turkey have reported the prevalence
of Cryptosporidium agents in diarrheic and nondiarrheic
lambs as follows: 38.8% in Kars, 79.1% in Aydin, 2.97%
in Konya, 12% in Elaz13, , 23.3% in {zmir, and 13.17% in
Van regions [6, 16-20].

Coccidiosis is a protozoan disease caused by protozoans
belonging to the Eimeridae family [21, 22]. Coccidiosis,
which is very common in many region of the world, is
primarily seen in poultry, cattle, sheep, goats, dogs, cats,
pigs and rabbits. Although it causes economic losses as it
cause death in young animals, especially those who
survived the disease play a carrier role because they
become preimmune. Clinically, it may result in
hemorrhagic diarrhea, depression, weight loss, and
sometimes death, especially in young animals [21-23].

For the diagnosis of coccidiosis, the age of the animal,
treatment and housing conditions and clinical findings are
taken into consideration. Definitive diagnosis is made by
detecting the presence of oocysts in fecal samples in line
with clinical symptoms. For the diagnosis of Eimeria
oocysts, simple flotation method is used for qualitative
detection in fecal samples and Modified McMaster
method is used for quantitative detection, while
serological and molecular methods are also used for

diagnosis. The treatment phase in coccidiosis is based on
killing the causative agent or preventing its development,
eliminating fluid loss in animals and treating secondary
infections. The most important factors in the prevention
of coccidiosis are good business management, care-
feeding and hygiene. Basic protection factors such as the
number of animals in the barn or farm, the temperature in
the barn, the presence of animals of different age groups
in the same compartments, the diet and feed contents
should be taken into account [21-25].

In the previous studies, it was detected that Eimeria ovina,
E. ahsata, E. crandalis, E. faurei, E. intricata, E.
ovinoidalis, E. parva, E. granulosa, E. pallida, E.
punctata, E. weybridgensis, and E. marsica species
caused coccidiosis in sheep [21-25]. It is commonly seen
in sheep and 3-8 weeks old lambs almost all over the
world. The prevalence of the disease in Turkey was
detected between 12.6-100% (Kars, Aegean region,
Elazig, Bursa, Antakya, Van, Bitlis) [25-31]. Different
prevalence rates have been reported in various studies
conducted in Kenya, Australia, Spain, and Iran it has been
found to be widespread all over the world. [32-35].

Gastrointestinal helminths in sheep cause a decrease in
meat, milk, skin, and wool products and even death.
Gastrointestinal nematodes are also neglected in terms of
a treatment since it usually progresses subclinically
without causing sudden deaths. Mixed infections with
other helminths have also been reported to have worsened
the disease and increased the death rates [21, 36-38].

In the studies performed to determine the nematodiasis-
causing species and their prevalence rates in the
gastrointestinal system in sheep in Turkey were
determined: Trichostrongylus, Ostertagia, Teladorsagia,
Marshallagia, Haemonchus, Nematodirus, Cooperia,
Strongyloides, Bunostomum, Oesopagostomum,
Gonglonema, Chabertia, Trichuris species at the
prevalence rate of 0.2-89.3%. The parasitological
examination revealed that the most prevalent species was
Ostertagia spp., followed by Nematodirus spp. and
Trichostrongylus spp. [39, 40-43].

This study was carried out to determine the prevalence of
Cryptosporidium, Eimeria Species and Gastrointestinal
Helminths in Lambs and Sheeps in Erzurum Region.

2. MATERIAL AND METHOD

This study was carried out in Erzurum province during the
birthing season in February and March 2009. Fresh fecal
samples were collected from the rectums of 461 lambs
(253 with diarrhea, 208 healthy, ages varying up to 1
month) and 397 (9 with diarrhea, 388 healthy) sheep from
28 sheep pens in 11 foci in the Erzurum region.

Fecal samples were examined using the zinc sulfate
flotation method. Gastrointestinal helminth eggs and
Eimeria oocysts were detected using this method. Fecal
samples containing detected Eimeria oocysts were placed
in petri dishes and allowed to sporulate in a laboratory
oven after being treated with 2.5% potassium dichromate
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[22, 24]. Sporulated oocysts were examined using
centrifugal flotation under a 10-40 lens microscope. The
shape, color, size, and state of the wall of the oocysts
reported in the literature, as well as the shape and size of
sporocysts and sporozoites, sporocyst and oocyst residue,
stidea body, polar granule, micropyle, and cap, were
examined under the immersion lens [22, 24, 44].

Identification of Cryptosporidium oocysts was made as
follows: The portioned fecal samples were first
homogenized with tap water at 3000 rpm for 5 minutes,
then centrifuged, and smears were prepared from the
sediment obtained at the end of the centrifuge, stained
with the modified acid-fast method (MAF), and examined
under a microscope with a 40 lens [45].

3. RESULTS

In the Erzurum region, 397 (46.3%) Cryptosporidium spp.
oocyst, 313 (36.5%) Eimeria spp. oocyst, and 21 (2.4%)
gastrointestinal helminth eggs were found in 858 fecal
samples.

Cryptosporidium was found in 34.8% (88/253) of lambs
with diarrhea. When the relationship between the
appearance of oocysts in the fecal is evaluated,
Cryptosporidium sp. oocysts were found at a higher rate.
In lambs with normal fecals, this rate was determined to
be 19.2% (40/208). Cryptosporidium was found in 55.6%
(5/9) of diarrheal sheep and 68% (264/388) of healthy
sheep during the periparturient period.

Eimeria species identified in lambs and sheep and their
prevalence are as follows; Eimeria ovinoidalis (22%), E.
parva (12.2%), E. pallida (11.9%), E. faurei (10.7%), E.
bakuensis (9.7%), E. crandalis (3.0%), E. ahsata (0.7%),
E. weybridgensis (0.3%), E. intricata (0.2%) and E.
granulosa (0.1%). Eimeria was detected in 41/78 (52.6%)
of sheep during the periparturient period. Strongyloides
papillosus 12/21 (57.1%), Nematodirus spp. 7/21
(33.3%), and Trichuris spp. 2/21 (9.5%) species were
detected in sheep, and no gastrointestinal helminth eggs
were found in lambs.

Prevalence rates in lambs and sheep and their distribution
according to age groups are given in Tables 1-4.

Table 1. Prevalence of Cryptosporidium, Eimeria and
Gastrointestinal helminths in lambs.

Table 2. Prevalence of Cryptosporidium, Eimeria and
Gastrointestinal helminths in sheep.
Preparturient

Postparturient

Sheep Sheep

Cryptosporidium ~ 74/78 (94.9%)  195/319 (61.1%)
spp.
Eimeria spp. 41/78 (52.6%)  103/319 (32.3%)
Gastrointestinal 12/78 (15.4%)  9/319 (2.8%)
helmint
Table 3. According to age groups in lambs
Cryptosporidium spp. prevalence.

Diarrheic lamb Healthy lamb Total
1 Week 12/45(26.7%) 1/7 (14.3%) 13/52 (25%)
2Week 14/46(30.4%) 8/55(14.5%) 22/101(21.8%)

3 Week 23/75(30.7%) 16/72(22.2%) 39/147 (26.5%)
4 Week 39/87(44.8%) 15/74(20.3%) 54/161 (33.5%)

Table 4 According to age groups in lambs Eimeria spp.

prevalence.
Diarrheic Healthy Total
lamb lamb
0-2 10/91 24/62 34/153 (22.2%)
Week  (11%) (38.7%)
3-4 66/162 70/146 136/308(44.2%)
Week  (40.7%) 47.9%)

Diarrheic Healthy lamb
lamb
Cryptosporidium spp.  88/253 40/208
(34.8%) (19.2%)
Eimeria spp. 751253 94/208
(29.6%) (45.29%)
Gastrointestinal 0/253 0/208
helmint

4. DISCUSSION AND CONCLUSION

Cryptosporidium species are highly important in domestic
animals and are recognized as the principal etiological
agent in the diarrhea cases of newborn lambs. It
progresses with high morbidity and mortality in
inadequate care and feeding. The postpartum period is the
time when animals are most susceptible to natural
infection [46]. The disease is controlled by the immune
system, and it can be self-limiting in those with a
developed immune system. It has been reported that risk
factors such as herd size, rearing type, birth time and
weaning are effective in the occurrence of oocysts. Farm
management and hygiene are important in the prevention
of infection [5, 6].

In a study performed on lamb diseases in the neonatal
period in Turkey, it was reported that diarrhea cases
ranked top with 15.4%. It has been observed that
Cryptosporidium infections are one of the most important
causes of neonatal lamb diarrhea. It has been reported that
Cryptosporidium oocyst excretion has been observed to
be high in animals affected with diarrhea [47].

In a study performed on the prevalence of
Cryptosporidium was found a rate of 17.2% in sheep and
lambs in Iran [5]. In studies performed in Spain,
prevalence rates ranging from 14.7% to 45% in lambs
with diarrhea and 59% in sheep were reported [48].
Another research revealed a prevalence of 2.6% with
microscopic testing and 26.2% with PCR in lambs in
Australia [49]. Other studies found that the prevalence of
Cryptosporidium infection in lambs was 12.5% in
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Zambia, 3.7% in Brazil, 10.1% in Poland, 42.1% in
Serbia, 11.2% in Tunisia, and 23% in Canada [50-55].

According to studies done in various geographical and
climatic regions of Turkey, the prevalance of
Cryptosporidium agents in lambs with diarrhea is as
follows: 12% in Elazi1g, 23.3% in Izmir, 2.97% in Konya,
79.1% in Aydin and 3.63 percent in Van area, while in
Kars region 21.05% and 38.8% were found in two
different studies [6, 16-20]. In this study, the prevalence
was found to be 46.3%. The difference in prevalence
between studies is assumed to be caused by the number of
materials used, the number of animals with diarrhea, and
the age of the animals. The prevalence of
Cryptosporidium infection has been reported to be
between 4% and 85% in sheep worldwide [56]. Studies on
the prevalence of Cryptosporidium have found
prevalences ranging from 13.6% to 46.5% in Turkey [16,
57]. These studies indicate that Cryptosporidium
infections in sheep and lambs are common in many areas
across the world, including Turkey.

The age of the host animals is the most important risk
factor  influencing  Cryptosporidium  prevalence.
Cryptosporidiosis is widespread in companies that keep a
high number of calves, lambs, and kids, and the clinical
picture is most common in lambs under one month old.
Cryptosporidium oocysts are more common in 1-3 week
old animals. It has been reported that the incidence of
oocysts decreases with age [6, 18]. In this study, however,
the prevalence was higher (33.5%) in 4-week-old lambs.
The reason is based on the fact that the number of 4-week-
old animals used is higher than the animals of other
species.

The prevalence of Eimeria in sheep is high in all age
groups. However, the disease is important in lambs from
two weeks to three months old. It shows a latent course in
the elderly. Among the key risk factors for the disease are
hygiene, care, and feding [24-25, 30].

Coccidiosis in sheep and lambs is common infection in
Turkey and many other countries across the world. The
prevalence of coccidiosis in Turkey ranged from 12.6 to
100% (Antakya, Bitlis, Aegean region, Bursa, Elazig,
Kars, Van). It was determined that nine different Eimeria
species infect 29.9% of the sheep in Bursa. Nine Eimeria
species of 94.8% of lambs in Elazig, seven different
Eimeria species of 37.26% of sheep in Elazig, nine
different Eimeria species of 100% of sheep in Van and 10
different Eimeria species of 93.9% of lambs and sheep in
Kars province were detected [25-31]. In this study, the
prevalence of Eimeria was found to be 36.5%, and it was
determined that the animals were infected with 10
different Eimeria species. In the world, this rate was found
to be between 12.7% and 97% [32-35]. The differences
and prevalences among Eimeria species vary depending
on climate, vegetation, immunity, age, species, farm
management, other diseases and stress factors [29-30, 34].

Periparturient period is very important because of
parasitic diseases. The immune system is suppressed
during this period due to an increase in glucocorticoid and

estrogen levels. Hormonal changes and stress increase the
prevalence of parasite factors. Therefore, there is an
increase in the excretion of Cryptosporidium and Eimeria
oocysts in the periparturient period [46, 58]. In this study,
the infection rate in sheep during the periparturient period,
also known as the transition time in animals, was
determined to be higher than in those during the
postparturient period.

A prevalence of 0.2-89.3% was observed in studies done
in Turkey to investigate the species causing gastro-
intestinal nematodiosis and their prevalence rates in sheep
[39-43]. This rate was determined to be 2.5% in present
study. The prevalence of helminth infections varies
according to several factors, including parasite (biological
characteristics), host  (genetic  resistance, age,
physiological state), and environmental factors (climate,
altitude, breeding system). Factors such as pasture
composition, animal diversity, the proportion of herds or
herds in the same pasture, and pasture pollution play a
very important role in the spread of helminths. In addition,
antiparasitic drug usage, sample size, and coinfections
impact the prevalence of parasitic infections. Age is
another factor that affects the prevalence of
gastrointestinal parasites. In general, adults are more
resistant to parasitic infections than young animals due to
age-related changes in host immunity [59-61]. However,
infection was observed in sheep in this study.

The increased infection rate in adults can be attributed to
the disease spreading across large areas during grazing,
overfeeding in contaminated grassland, and exposure to
stress factors [32, 59, 61].

In this study, Cryptosporidium spp. was found in 397
(46.3%) of 461 lambs (253 with diarrhea, 208 healthy)
and 397 (9 with diarrhea, 388 healthy) sheep feces
samples ranging from 28 sheep pens up to 1 month old in
11 foci in Erzurum region. Eimeria spp. (36.5%) and
gastrointestinal helminth eggs (2.4%) were found. The
prevalence of Cryptosporidium was determined as 34.8%
(88/253) in lambs with diarrhea and 19.2% (40/208) in
healthy lambs, and the prevalence of Cryptosporidium in
sheep was 55.6% (5/9) in diarrheal lambs and 68%
(264/388) in healthy ones. Furthermore, different Eimeria
species were identified in this study. These species are as
follows; Eimeria ovinoidalis, E. parva, E. pallida, E.
faurei, E. bakuensis, E. crandalis, E. ahsata, E.
weybridgensis, E. intricata and E. granulosa.
Strongyloides  papillosus, Nematodirus spp., and
Trichuris spp. were found among the gastro-intestinal
nematod eggs. These nematod eggs were not detected in
lambs.

Care-hygiene, rearing type, pen condition, season, water
resources, breeding season, long winter conditions, and
prolonged stay of young animals in the barn were
determineted as risk factors that determine the frequency
of parasites in the region (Field Observations). Parasite
density was reported especially in areas where the
physical conditions of the pen were poor.
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As a result, Cryptosporidium and Eimeria species have
been identified as common in local lambs. It was
determined that gastrointestinal helminth eggs were found
at a low rate. The reason for this is the use of drugs against
helminths to sheep following the return from grassland in
the area.

It has been determined that Cryptosporidium and Eimeria
species have been found to be common in asymptomatic
sheep, and Cryptosporidium oocyst is excreted at least as
much as diarrheal lambs with sheep feces throughout the
periparturient period. For this reason, separating the
lambs from their mothers and keeping them in separate
compartments after birth will limit diarrhea cases and
hence clinical cryptosporidiosis, preventing the disease
from spreading.
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In this research, we aimed to investigate the effect of lumbar corsets on the postoperative pain
of single and multiple-level lumbar disc herniations by the Visual analog scale (VAS) and the
health outcomes via the Oswestry Disability Index (ODI). Patients (n=101) with a single or
double-level unilateral lumbar disc hernia with no history of lumbar surgery were included in
this study. All patients decided for operation have been administered non-steroidal NSAIDs
and muscle relaxants for 4 — 6 weeks before the operation. All patients were recommended to
use a lumbar corset in the postoperative period. A VAS and ODI were utilized to measure the
clinical outcomes of corset usage. The first-week and first-month average VAS scores in the
corsets group were statistically significantly lower than those who did not use corsets
(p<0.001, p=0.002). No statistically significant difference was found in the first-week and
first-month VAS changes of the patients who did not use corsets (p=0.059). The first-week
and first-month average ODI scores in the corsets group were statistically significantly lower
than those who did not use (p=0.012, p<0.001). The change in ODI scores from the first week
to the first month was statistically significantly higher in patients wearing corsets (p<0.001).
Early adoption of the corset in the postoperative period can help rest and promote the dynamic
healing of aching back muscles. Our findings indicated that the use of corsets promoted early
recovery from rehabilitation and returns to daily activities.

Lomber Disk Hernisinde Postoperatif Agrilarda Korsenin Etkisi

Anahtar Kelimeler
Lomber disk hernisi,
Korse,
Mikrodiskektomi,
Viziiel analog
skalasi,

Oswestry disabilite
indeksi

Bu arastirmada, tek ve ¢ok seviyeli lomber disk hernilerinde bel korselerinin postoperatif agri
iizerine etkisini Visual analog skala (VAS) ile ve Oswestry Disabilite Indeksi (ODI) ile saglik
sonuglarina etkisini arastirmayr amagladik. Bu ¢alismaya lomber cerrahi 6ykiisii olmayan, tek
veya ¢ift seviyeli unilateral lomber disk hernisi olan hastalar (n=101) dahil edildi. Operasyona
karar verilen tiim hastalara operasyondan 4 — 6 hafta nce non-steroidal NSAII ve kas
gevsetici verildi. Tiim hastalara postoperatif donemde lomber korse kullanmalart 6nerildi.
Korse kullaniminin klinik sonuglarini 6lgmek igin bir VAS ve ODI kullanildi. Korse grubunda
1. hafta ve 1. ay ortalama VAS skorlar1 korse kullanmayanlara gore istatistiksel olarak anlamli
derecede diisiiktii (p<0.001, p=0.002). Korse kullanmayan hastalarin 1. hafta ve 1. ay VAS
degisimlerinde istatistiksel olarak anlamli fark bulunmadi (p=0.059). Korse grubunda 1. hafta
ve 1. ay ortalama ODI skorlar1 kullanmayanlara gore istatistiksel olarak anlamli derecede
diisiiktii (p=0.012, p<0.001). ODI puanlarinin birinci haftadan birinci aya gore degisimi korse
kullanan hastalarda istatistiksel olarak anlamli derecede yiiksekti (p<0,001). Postoperatif
donemde korsenin erken donemde benimsenmesi, dinlenmeye yardimci olabilir ve agriyan sirt
kaslarmin  dinamik iyilesmesini destekleyebilir. Bulgularimiz, korse kullaniminin
rehabilitasyondan erken iyilesmeyi ve giinliik aktivitelere doniigii destekledigini gostermistir.
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1. INTRODUCTION

Lombar back pain is one of the most common
musculoskeletal problems today. Approximately 70 —
85% of the adult population suffers from low back pain
at some point in their lives. Low back pain has many
causes. One of the most important causes is lumbar disc
herniation (LDH). LDH is the displacement of material
inside the intervertebral disc from the edges of the disc
[1]. L4 — L5 and L5 — S1 segments are the most common
levels of disc herniation. Typical symptoms are radiating
pain, felting sensation, numbness, loss of sensation, loss
of muscle strength, and functional limitation caused by
all these symptoms [2].

Long-term low back pain causes activity restriction in
individuals, causing atrophy, especially in the muscles in
the waist region. This atrophy condition causes
insufficiency in spinal stabilization activity in
individuals. Studies have shown that individuals with
chronic low back pain have fatigue in the posterior trunk
muscles and weakness in the abdominal muscles [3].
Low back pain and sciatica can bring considerable
consequences to human daily life, such as impairment of
social and work abilities. Spinal degeneration, trauma,
inflammation, and infection can be counted as the source
of lumbar back pain [4]. LDH is a kind of spinal
degeneration that can lead to sciatica or low back pain.
Even if low back pain can be observed more frequently,
the annual incidence of LDH can reach 2% [5].

Conservative and surgical methods treat LDH. Surgical
methods are preferred in individuals with progressive
neurological symptoms or cauda equina syndrome who
cannot be successful with conservative methods. Among
the surgical methods used, microdiscectomy is accepted
as the gold standard for shorter operation time and faster
return to working life [6]. The intervertebral disc is the
largest aneural tissue in the body, so the pain does not
occur due to problems in the disc in the early period. The
presence of pain is an important parameter for
determining the degree of degeneration, and the
reduction of pain is an important parameter for recovery

[71.

Almost 70% of patients with LDH experience an
outstanding decrease in pain after four weeks of
conservative medical treatment. Even though pain
reduction can be achieved to 80% with the prolongation
of conservative treatment, LDH may end up with surgery
[6-8]. The decision of the surgery may be attached to
many indefinite factors such as a positive leg raising test
and long duration of symptoms. Once the surgery is
performed, the fundamental purpose should be reducing
the pain, at least in the first postoperative week.
Although sciatica can usually decrease or even disappear
after surgery, the low back pain may persist for a while
and proceed to affect the patient’s life [9].

Non-steroid anti-inflammatory drugs (NSAIDs) are
preferred in these situations; however, opioids may cause
undesirable side effects [10]. Even though they have
been claimed not to affect spinal stabilization, lumbar

corsets (braces) have been used long to reduce back pain,
and indications have been discussed since then [11].

In the present study, we aimed to investigate the effect of
lumbar corsets on the postoperative pain of single and
multiple-level LDH by using the Visual analog scale
(VAS) scores and the health outcomes via the Oswestry
Disability Index (ODI) scores.

2. MATERIAL AND METHOD

A total of 101 patients who were operated on for LDH in
our institution between June 2019 to July 2022 have
been enrolled in this retrospective analysis. All
procedures followed were in accordance with the ethical
standards of the responsible committee on human
experimentation (institutional and national) and with the
Helsinki Declaration of 1975, as revised in 2008. Ethics
committee approval has been granted from Istanbul
Medeniyet University on 10.05.2023 with protocol
number 0308.

Patients with a single or double-level unilateral LDH
with no history of lumbar surgery were included in this
study. Individuals were diagnosed via MRI. All patients
decided for operation have been administered NSAIDs
and muscle relaxants for 4 — 6 weeks before the
operation. Persistent radiculopathy was the main driver
in the surgery decision. The operations were performed
by one neurosurgeon with the standard unilateral
microdiscectomy procedure. The patients were divided
into two groups according to the disc levels operated as
single-level or double-level. All patients were
recommended to use a lumbar corset in the postoperative
period. A VAS was utilized to investigate low back pain
in the first week and the first month after the operation.
ODI was administered to measure the clinical outcomes
of corset usage.

Individuals with other reasons for back pain, such as
lumbar stenosis, lumbar listhesis, rheumatic diseases,
osteoclasis, or joint inflammation, and patients on
antipsychotics or other medication that could affect pain
were excluded from the analysis.

2.1. Statistical Analysis

The statistical analysis was conducted using SPSS 15.0
for Windows. Numbers and percentages for categorical
variables, and mean, standard deviation, minimum,
maximum, and median for numerical variables. The
Wilcoxon Test was used to analyze the differences in the
dependent group because the normal distribution
assumption was not met. The Mann-Whitney U test was
used to compare numerical variables between two
independent groups because the assumption of normal
distribution was unmet. The acceptable significance
level for alpha was p<0.05.

3. RESULTS
A total of 101 patients who underwent LDH have been

enrolled in this research. The mean age of the
participants was 49.6+13.3 years (range 22 — 71). There

113




Tr. J. Nature Sci. Volume 12, Issue 3, Page 112-117, 2023

was no difference regarding gender; 48.5% (n=49) of the
patients were female, and 51.5% (n=52) were male. The
distribution of herniation was 47.5% (n=48) double level
and 52.5% (n=53) single level. Approximately half of
the subjects, 46.5% (n=47), wore corsets, while 53.5%
(n=54) did not.

The first-week and first-month average VAS scores in
the corsets group were statistically significantly lower
than those who did not use corsets (p<0.001, p=0.002,
respectively). No statistically significant difference was
found in the first week and first-month VAS changes of
the patients who did not use corsets (p=0.059) (Table 1,
Table 2, Figure 1).

Table 1. Baseline demographics, VAS and ODI scores in the first week
and month

respectively). The change in ODI scores from the first
week to the first month was statistically significantly
higher in patients wearing corsets (p<0.001) (Table 1,
Table 2, Figure 2).

Table 2. The change in VAS and ODI scores regarding corset use

No Corset Wearing Corset

Age Mean+SD (Min-Max) 49.6+13.3 (22-71)

Min-Max Min-Max p-
Rlep el (Median) Rl (Median) value#

1stweek VAS  5.1740.77 46 (5) 3.96+155 26 (5) <0.001
%f;;mmh 250£1.08 14 (25) 183:0.89 14 (2) 0.002
VAS
e 267+112 15 (25) 213+1.30 044 (2) 0.059
1stweek ODI  42.2+10.4  30-60 (40) 3624101 20-50 (40) 0.012
gltjl month 5751190 10-60 (30) 9476 0-20 (10) <0.001
opI

) 1504127 0-40 (10) 26.8:7.8  10-40 (30) <0.001
difference

#Mann Whitney U Testi. VAS: Visual Analog Scale, ODI: Oswestry Disability Index

Gender n (%) Female 49 (48.5)
Male 52 (51.5)
Level n (%) Double 48 (47.5)

Single 53 (52.5)

Corset n (%) No 54 (53.5)
Yes 47 (46.5)

m}%iaﬂ) MearSDIMIN-Max 1 el 4.60+1.33/2-6 (5)
Istmonth  2.19+1.05/1-4 (2)
difference  2.42+1.23/0-5 (2)
p-value*  <0.001

ODI_ Mean+SD/Min- Max ik 39.4+10.7 / 20-60

(Median) (40)
1st month  18.9+13.6 / 0-60 (20)

Difference 20.5+12.2 / 0-40 (20)

p-value* <0.001

*Wilcoxon Test. VAS: Visual analog scale, ODI: Oswestry Disability
Index

4 Corset NO
% Corset YES

o |
VAS

Figure 1: The first-week and first-month average VAS scores in the
corsets group were statistically significantly lower than those who did
not use corsets (p<0.001, p=0.002, respectively). No statistically
significant difference was found in the first-week and first-month VAS
changes of the patients who did not use corsets (p=0.059). VAS: Visual
analog scale, ODI: Oswestry Disability Index

The first-week and first-month average ODI scores in the
corsets group were statistically significantly lower than
those who did not use corsets (p=0.012, p<0.001,

50

38

4 Corset NO

25 1 % Corset YES

0 !
ODI

Figure 2: The first-week and first-month average ODI scores in the
corsets group were statistically significantly lower than those who did
not use corsets (p=0.012, p<0.001, respectively). The change of ODI
scores from the first week to the first month was statistically
significantly higher in patients wearing corsets (p<0.001). VAS: Visual
Analog Scale, ODI: Oswestry Disability Index

In patients aged <65, the first-week average VAS score
of patients wearing corsets was statistically significantly
lower (p=0.002). There was no statistically significant
difference in the first-week and first-month VAS
changes of the patients who did and did not use corsets
(p=0.142). The first-week average ODI scores of the
patients wearing corsets were statistically significantly
lower than those who did not (p=0.020). The change in
ODI scores from the first week to the first month was
statistically significantly higher in patients wearing
corsets (p<0.001) (Table 3).

In patients aged >65 years, the first-week average VAS
scores of patients wearing corsets were statistically
significantly lower (p=0.048). There was no statistically
significant difference in the first-week and first-month
VAS changes of the patients who did and did not use
corsets (p=0.533). There was no statistically significant
difference in the first week’s average ODI scores of the
patients who did and did not use corsets (p=0.235). The
first-week and first-month changes in ODI scores were
statistically significantly higher in patients using corsets
(p=0.001) (Table 3).
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Table 3. The change in VAS and ODI scores regarding age

VAS

VAS

difference 2.22+1.15  1-5(2) 3.00£1.10 1-4 (3) 0.012
Ist  week 30-60

oDl 46.7+10.7 (50) 44.29+5.07 40-50 (40) 0.196
ODI

13.3+12.7  0-30 (10) 28.6+6.5 20-40 (30)  <0.001

difference

No Corset Wearing Corset
Min-Max Min-Max -
Age Group Mean+SD (Median) Mean+SD (Median) Calue#
1st week
<65 VAS 5.20+0.79 4-6 (5) 4.00+1.63 2-6 (5) 0.002
VAS
difforence  2-71+1.06 1-5 (3) 2.18+1.36  0-4(2) 0.142
1st week 30-60
oDl 42.0+10.6 (40) 35.6+10.5 20-50 (40) 0.020
OoDI
| 15.56+13.24 0-40 (10) 26.2+8.2 10-40 (30) <0.001
difference
>65 \1/5}_'\5""“" 500:071  4-6(5)  3.85+1.34 2-6(3) 0.048
VAS
difference 2.44+1.42 1-5(2) 2.00+£1.15 0-4(2) 0.533
1st week 30-60
oDl 43.3+10.0 (40) 37.749.3  20-50 (40) 0.235
opl 122697  0-30(10) 28569  20-40(30) 0.001
difference R R '

* Mann Whitney U Testi. VAS: Visual Analog Scale, ODI: Oswestry
Disability Index

In single-level patients, the first-week average VAS
scores of those who used corsets were statistically
significantly lower than those who did not (p<0.001).
The first-week and first-month changes in VAS scores
were statistically significantly lower in patients who
used corsets (p<0.001). The first week average ODI
scores of the patients who used corsets were statistically
significantly lower than those who did not (p=0.002).
The first-week and first-month changes in ODI scores
were statistically significantly higher in patients who
used corsets (p=0.006) (Table 4).

There was no statistically significant difference in the
first-week average VAS scores of the double-level
patients who did and did not use corsets (p=0.752). The
first-week and first-month changes in VAS scores were
statistically significantly higher in patients using corsets
(p=0.012). There was no statistically significant
difference in the first-week average ODI scores of the
patients who did and did not use corsets (p=0.196). The
first-week and first-month changes in ODI scores were
statistically significantly higher in patients wearing
corsets (p<0.001) (Table 4).

Table 4. The change in VAS and ODI scores regarding corset use and
type of hernia

No Corset Wearing Corset

Min-Max Min-Max p-
Level Mean+SD (Median) Mean+SD (Median) valuet
Single \1/?5 week 5001083 4-6 (5) 2774095  2-5(3) <0.001
VAS
difference 3.11+0.89 2-5(3) 1.42+0.99 0-3 (2) <0.001
1st  week 30-50
oDl 37.8+8.0 (40) 29.6+8.2 20-40 (30) 0.002
ODI
5 16.7+12.7 0-40(20) 25.4+8.6 10-40 (30) 0.006
difference
Double 1st week 5.33+0.68 4-6 (5) 5.43+0.51 5-6 (5) 0.752

* Mann Whitney U Testi. VAS: Visual Analog scale,
ODI: Oswestry Disability Index

4. DISCUSSION AND CONCLUSION

LDH is a serious disease, as surgical treatment could
cause complications and reduce the patient’s quality of
life. Studies conducted in LDH surgery; demonstrated to
improve patients' quality of life [12]. Complications
seen after LDH surgery can be elaborated as infection,
increased motor deficit, disruption of the mechanical
integrity of the wvertebral column, spinal cord
compression, bleeding, urinary retention, and paralytic
ileus. Surgery-originated iatrogenic complications such
as nerve root, dura mater, spinal cord, or other adjacent
structure injuries may also occur [13]. Among the
complications that may develop, the most important one
is the recurrence of the disease due to reasons such as the
technique applied, herniation level, patient selection
unsuitable for surgery, and the patient's failure to act in
accordance with post-operative body mechanics [14].
Patients with LDH surgery may also experience
problems such as pain-related personal care,
inadequacies in physical movements such as walking,
standing, and lifting, and changes in their social lives.
These deficiencies negatively affect the patient’s daily
activities and quality of life. In the previous literature,
most studies on non-operative treatments in LDHSs
evaluated methods such as manipulation, epidural
injections, nerve root blocks, corset, traction, lumbar
school, or non-operative treatments published
retrospectively [15].

The resorption process significantly improved clinical
parameters by adding muscle relaxants, analgesics, and
anti-inflammatory medications. However, there is no
correlation between clinical improvement and disc size,
and clinical improvement may occur before significant
morphological changes are observed in the disc prior to
radiological amelioration. This could be explained by the
progressive decrease of pressure in the herniated disc
and especially by the regression of the inflammation
process accompanying the herniation [16].

In LDH, the effect of the treatment program, including
physical therapy modalities, rest, drug therapy, and
exercise on clinical parameters, starts in the early period.
Later on, this treatment program may be effective in the
natural course of herniation and can lead to
morphological changes with the contribution of the
process [17].

There are many studies in which lumbar corsets are used
in postoperative care. Several studies have used a corset
or waist corset following arthrodesis  with
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instrumentation [18-20]. However, the type, duration,
and corset regime varied in these studies. The rationale
for using a corset or corset depends on the goals of the
treatment. Such goals may include limiting mobility,
helping to relieve post-operative pain, improving fusion
rates, or improving patient-reported functional outcomes
[19]. Numerous authors have reported using corsets or
splints following lumbar arthrodesis. In our study,
regarding the pain and patient improvement parameters,
the first-week and first-month average VAS scores in
patients wearing corsets were statistically significantly
lower. At the same time, no difference was found
between patients who did not use corsets. Additionally,
the first-week and first-month average ODI scores in the
corsets group were statistically significantly lower than
those who did not use corsets. The change in ODI scores
from the first week to the first month was statistically
significantly higher in patients wearing corsets.

As for the factors against using corsets, the main
question is the muscular response to the corset. There are
conflicting data in the literature because different reports
indicate that the corset can strengthen or weaken the
lumbar muscles or has no effect. However, none of these
studies were specifically designed to study the effect of
the corset in patients undergoing spinal surgery [21]. In
previous articles by Yee et al. (2008) and Zoia et al.
(2018), no significant benefit of the corset has been
shown, contradicting our findings [22, 23]. Takasaki and
Miki (2017) conducted a systematic review with a meta-
analysis on lumbosacral orthoses and elaborated that no
negative effect has been observed in 1 to 6 months.
However, they also admitted that the quality of evidence
was low, and quality trials were required to draw a
definitive conclusion [24]. Our study obtained similar
outcomes in the first-week average VAS scores of
patients wearing corsets in patients aged >65 and <65
with single-level LDH. The first-week and first-month
changes in VAS scores were significantly higher in
patients using corsets with double-layer LDH.

Last but not least, we also assumed that the patient-
reported benefit from corset utilization might be related
to behavioral aspects of the study population. Turkish
people use corsets, braces and similar traditional
equipment in painful situations.

Early adoption of the corset in the postoperative period
can help rest and promote the dynamic healing of aching
back muscles. In addition, our findings indicated that the
use of corsets promoted early recovery from
rehabilitation and returns to daily activities.
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Keywords Abstract: In this study, the effect of alumina (Al>O3) addition, varying between 1-10% by weight,
Sheep on the properties of hydroxyapatite obtained from sheep femur bones (SHA) was investigated.
hydroxyapatite, ~SHA decomposed at all sintering temperatures and the total decomposition rate increased from
Alumina, 1.4% to 4.1% with increasing temperature. The decomposition rate of SHAs with Al,O3; added
Sintering, increased to 60.1% with increasing Al,Os and sintering temperature. Density (from 2.16+0.03 to
Property 2.98+0.02 g/cm®) and hardness (from 0.93+0.15 GPa to 3.90+0.27 GPa) of SHA increased with
increasing temperatures, however; the highest compression strength (82+5.05 MPa) and fracture
toughness (0.70+0.11 MPam"?) were obtained at a temperature of 1200°C. Additions at amount
of 1% and 2.5% Al,Os; to SHA contributed to obtaining better properties than 5% and 10%,
however; the optimum Al,Os ratio is 2.5% and the sintering temperature is 1200°C. With the
addition of AlO3; at amount of 2.5%, the fracture toughness value of SHA increased from
0.70£0.11 MPam'? to 1.70+0.15 MPam'?, and the compression strength increased from 82+5.05 118
MPa to 207.85+5.85 MPa. The brittleness index of SHA increased from 1.70+£0.27 to 7.10+0.50
w2 with increasing temperature. It increased to 3.56+0.18 u*? as the maximum value by the
addition of Al,O3 to SHA. At the end of the 28-day immersion period, it was determined that, most
of the SHA surface and the entire surface of the SHA-2.5Al,03 composite were covered with
apatite layer.
Alumina flavesinin Koyun Hidroksiapatitin Ozelliklerine Etkisi
Anahtar Oz: Bu calismada agirlikga %1-10 arasinda degismekte olan alumina (Al,O3) ilavesinin koyun
Kelimeler femur kemiklerinden elde edilmis olan hidroksiapatitin (SHA) &zelliklerine etkisi incelenmistir.
Koyun SHA tiim sinterleme sicakliklarinda dekompoze olmus ve toplam dekompoze olma orani artan
hidroksiapatit, sicaklikla %1.4" ten %4.1' e ¢itkmistir. Al,Oj ilaveli SHA' lerde dekompoze olma orani ise artan
Alumina, Al,03 ve sinterleme sicakligi ile %60.1' e artmustir. SHA' nin yogunlugu (2,16+0,03" ten 2,98+0,02
Sinterleme, g/cm® e) ve sertligi (0,93+0,15 GPa' dan 3,90+0,27 GPa' ya) artan sicaklik arttik¢a artmus, ancak;
Ozellik en yiiksek basma dayanimi (82+5,05 MPa) ve kirilma toklugu (0,70+0,11 MPam®?) 1200°C

sicaklikta elde edilmistir. SHA' ya %1 ve %2.5 oraninda Al,Os ilavesi, %5 ve %10' dan daha iyi
Ozelliklerin elde edilmesine katki sagladi; optimum Al;Oz orant %2.5 ve sinterleme sicaklig
1200°C” dir. %2.5 oraninda Al,Oj ilavesi ile SHA' nin kirtlma toklugu degeri 0,70+0,11 MPam?
den 1,70+0,15 MPam®' ye, basma dayanimi 82.48+5.05 MPa' dan 207.85+5.85 MPa' ya
yiikselmistir. SHA' nin kirilganlik indeksi artan sicaklikla 1.70+0.27'den 7.10+£0.50 p*?'ye
yiikseldi. SHA' ya Al,O3 ilavesiyle maksimum deger olarak 3,56+0,18 p ' ye yiikseldi. 28 giinliik
daldirma siiresi sonunda SHA ylizeyinin biiyiik bir kismimin, SHA-2.5Al,03 kompozitinin
ylizeyinin ise tamaminin apatit tabakasi ile kaplandigi belirlendi.

1. INTRODUCTION minimize the environmental impact of WMT is to
transform their into useful and valuable substances
through ecofriendly processes [2]. WMT, such as bone,

teeth, antler and horn, are important elemental storage

Waste mineralized tissues (WMT) create an undesirable
environmental impact [1]. The most effective method for
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sites in animals. These tissues contain necessary elements,
both major, such as calcium (Ca), phosphorus (P),
magnesium (Mg) and sulphur (S), and trace elements,
such as iron (Fe), zinc (Zn), manganese (Mn) and
cadmium (Cd). [3]. These ingredients serve as catalytic,
structural, and electrochemical components in numerous
applications. Furthermore, bones are utilized in food and
biomedical sector due to their rich component. Waste
bone derived hydroxyapatite (HA) has further usage in
drug delivery agents, adsorbents, chemical sensors, bio-
ceramics, chromatographic lighting materials, and
powder carriers [4]. Waste bone of animals such as
chicken [5], turkey [6], bovine [7], goat [8], and pork [9]
can be used in the production of HA. Sheep bones are also
suitable for medical research [10], because they have
similar macrostructure to human bone [11]. Sheep bones
can be also used as HA production resource [12]. HA is
one of the non-toxic bioceramics that has biocompatibility
and similarity in composition with human bones. Besides
having advantages, HA has poor mechanical properties
such as low values of hardness and fracture toughness and
is brittle [13]. It has been stated by Demirkol, N., et al.[14]
that SHA has the sintered density of 2.59 g/cm?, the
hardness of 189 HV and the compression strength of 69
MPa. These values restrict the use of SHA in the human
body. The weak characteristic properties of SHA could be
improved when it was reinforced with a material, which
has higher mechanical reability than that of SHA [15].
Many studies have demonstrated that the addition of
ceramics to SHA tends to enhance its mechanical
performance and/or its biological properties [16]. For this
purpose some ceramics such as niobium oxide [17],
magnesium oxide [18], perlite [19] and bioactive glass
[20] were used as reinforcement agent.

Alumina (Al,03) is an advanced ceramics industry
because of three key advantages: (i) it has an industrially
high usable combination of mechanical, tribological,
dielectric properties and chemical inertness; (ii) It is an
inexpensive and easily available material [21]. Moreover,
it has excellent properties, such as low thermal expansion
coefficient, high chemical stability, and good high-
temperature performance [22]. It has been declared that
Al,O5 additive contributes the improvement of properties
of dental [23] and femoral head of hip joint replacement
materials [24]. Although Al;Oz has been used as a
reinforcement agent for synthetic [25-27] and/or
biologically derived HAs [28,29], its effect on SHA has
not been investigated.

In the present study, the effect of alumina additive on the
sinterability —and properties of sheep derived
hydroxyapatite was investigated using microstructural
characterization techniques and mechanical testings.

2. MATERIAL AND METHOD

In the present study, hydroxyapatite was derived from
sheep femur bones as shown in Figure 1. Sheep femur
bones purchased from Migros (Kadikdy, Istanbul) were
firstly cleaned to remove visible substances and then head
parts of the bones were cut off and marrow in shafts
removed via boiling within water in a pressure cooker for

4 h. After the boiling process, the retained shafts were
deproteinized with sodium hidroxide (NaOH) for 1 h,
washed with distilled water and then dried at 105°C for
4h. before calcination treatment. Finally bones were
calcinated at 800°C for 2 h and then obtaining of HA was
checked by XRD analysis. It is in good agreement with
the ICDD Card No: 98-009-0247 for HA. The calcinated
samples were firstly ground and then crushed in a mortar
to between -63 pm to +45 pm to prepare the composites
as shown in Figure 2.

HA: 98-009-0247

1k o

Figure 1. Schematic presentation of the production of SHA powder

Intensity

Figure 2 shows the processing steps of production of SHA
with and without Al,O; additives. Four different
composites were prepared by adding Al,O3 to SHA, at
amount of 1wt%, 2.5wt%, 5wt% and 10wt%
respectively. The prepared mixtures were homogenized
with zirconia balls and ethyl alcohol at 180 rpm for 2
hours, with a powder/ball ratio of 1/7. SHA and composite
powders were pelleted in accordance with British
standard 7253 [30] using zinc stearate, and then dried at
105°C. The green bodies were heated up to 300°C to
remove zinc stearate and sintered at the temperatures of
1100, 1150, 1200, 1250 and 1300°C for 4 h.

powies

3 s
o \ £ 1 ikl P
210 l H )
Wl 1el

Bty skl

HO0C-1300C @

= Ih 4h
Figure 2 Processing steps of production of SHA with and without Al,O4
additive

Density, porosity and relative densities of the sintered
samples were measured using a Precisa XB 320 M
precision balance according to the Archimedes principle.
The theoretical density of SHA was taken as 3.156 g.cm™®
[31] and the theoretical density of Al,O; was taken as
3.970 g.cm-3 [32] to calculate the relative density of
samples. Hardness of the samples were determined in the
Future Tech FM301 device by using the Vickers (HVo.>)
method because it provided the formation of hardness
indent without cracking. The sintered samples were
ground with SiC papers (between 800 and 5000 mesh) and
then polished with diamond paste up to 0.5 p to obtain

119




Tr. J. Nature Sci. Volume 12, Issue 3, Page 118-127, 2023

mirror-like surfaces. Fracture toughness measurements
were performed under a load of 2,943 N with a dwell time
of 10 s and calculated according to Equation 1 [33].

Kic = 0.203(c/a)*5(Hy)(a)%® (ED)

Here; Kic is the fracture toughness (MPa.m'?), ¢ is the
radial crack dimension measured from the center of the
indent impression (m), Hy is the hardness (MPa), and a is
the half diagonal of the indentation (m). The brittleness
index of the sintered samples was calculated by Equation
2 [34].

Bl = (HV/K,) (E2)

Here; B is brittleness index, HV is the hardness, and Kic
is the fracture toughness.

Compression strength of the sintered samples was
calculated by Devotrans FU 50kN testing device under a
loading rate of 2 mm.min . The surface morphology and
grain size measurements of the samples were performed
using the FEI Sirion XL30 scanning electron microscope
(SEM). The phases in the SHAs with and without Al,O3
additive were analyzed using a Philips X’Pert X-ray
diffraction (XRD, Netherlands) device in the range of 260
values between 20° and 50°. Rietvield analysis was
performed to calculate the phase ratios in the samples.

3. RESULTS & DISCUSSION

Figure 3 shows the XRD analysis of the pure SHA
depending on the sintering temperature. It is seen that ,
a-TCP and CaO phases are formed when pure SHA is
sintered at 1300°C. The same regime had also confirmed
in a previous study [35]. Thermal stability of biologically
derived HAs depends on a number of factors, such as Ca/P
ratio of HA [36], calcination temperature and time [37]
and sintering atmosphere [38], cause its decomposition
[39]. Thermal stability of synthetic HA is around 1100-
1150°C; above this temperature, it is possible to see phase
transformations [40]. Bovine HA has been reported to
decompose into B-TCP at approximately 1100°C [41].
The termal decomposition of HA is attributed to the
vacancies formed by release of structural water [42], and
it can be explained as shown in Reaction 1 [38] when
sintering is performed at 1300°C.

Caio(PO.4)s(OH), —® 3Ca3(P0s), + CasP,0g + CaO +
H20 (R.1)
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Figure 3. XRD analysis of the pure SHA depending on the sintering
temperature.

A study mentioned that HA at the sintering treatment of
1200°C has occurred with B-TCP [43]. Breaking of the
bond between the calcium ion and the hydroxyl ion leads
to removal of the hydroxyl ion from the crystal, and HA
eventually decompose to generate B-TCP [44]. The
formation of OH- vacancies accelerates the cation
transport in the HA lattice and it increase the
decomposition ratio of HA matrix material [45]. As
shown in Table 1, the decomposition ratio of 1.4% of
SHA at 1100°C increased with ascent of sintering
temperature and it was calculated as 4.1% at the sintering
temperature of 1300°C. It was declared by Lim, et al. [46]
that the decomposition ratio of HA had 56% at the same
temperature. However, a material produced to the human
body applications should have a decomposition ratio
lower than that of 10% according to 1SO 13779-3:2018
standart [47]. There are several reasons for such a
restriction: B-TCP existing in HA with low content helps
for the rapid bonding of artificial bones to natural ones via
rapid dissolution. Biphasic HA/B-TCP structures are
being considered for filling periodontal osseous defects.
The presence of a more bioactive phase (B-TCP) in the
biphasic ~composite promotes a much faster
osseointegration without complete implant resorption
[48]. Too high content of B-TCP seriously deteriorates the
mechanical properties and chemical stability of artificial
bones. Thus, the precise control of B-TCP content in HAp
is a critical issue in biomedical applications [49]. More
than 10% of a-TCP in the HA matrix causes an increase
in the number of nanopores, which severely reduces the
strength of the sintered samples [50]. Moreover, the
formation of a very high amount of highly soluble phase
in HA ceramics, i.e. a-TCP, reduces the formation of an
apatite-like layer in HA ceramics [51]. The presence of
CaO in HA-based implants designed for medical
applications is unacceptable for the following reasons. In
contact with water molecules CaO converts into calcium
hydroxide. That results in gradual tension and hair cracks
in the ceramic material, its swelling and breaking and
even some disintegration into individual particles and also
generates strong alcalinity in the implant environment.
The problem of the presence of CaO in the HA of animal
origin is significant in respect of its applications as
biomaterial [52].
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Table 1 Rietvield analysis of pure SHA depending on the sintering
temperatures

Temperature Chemical composition (%) Total decomposition
Q) HA B-TCP «TCP Ca0 ratio (%)
1100 086 14 - - 14
1150 980 an - - an
1200 078 22 - - 22
1250 074 10 16 - 16
1300 959 13 14 0.2 4.1

XRD patterns of Al,O3 added SHAs are presented in
Figure 4. For the SHA/1Al,O3; composite, HA
decomposed to B-TCP at 1100°C; and at 1200°C HA
started to decompose the mixture of - and a-TCP. After
sintering at 1300°C, 5.0% of the HA tranformed into B-
TCP and 3.0% of the HA tranformed into a-TCP in this
composite as shown in Table 2. In the composites of
SHA/2.5A1,03 and SHA/5AI;03, HA transformed to P-
TCP. A transformation at about 8.1% for SHA/2.5Al,03,
and 17.6% for SHA/5AI,0;3 after sintering at 1300°C was
calculated. However; in the SHA/10AI,O3 composite,
19.2% of HA transformed into B-TCP and 1.0% of HA to
a-TCP, after sintering was carried out at 1100°C. When it
was sintered at 1300°C, the transformation rate of HA into
B-TCP and o-TCP increased to 43.4% and 16.7%,
respectively. In addition to B- and/ a-TCP, calcium
aluminates (CaAl,O4 and CasAls013) were detected in the
SHAJ/AI,O3; composites. No CaO peak was observed in
the SHAJ/AI,O; composites. CaO in free form has
observed in HA/ZrO, [53] and HA/TiO; [54] composites.
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Figure 4. XRD patterns of Al,O; added SHAs

Table 2. Rietvield analysis of SHA-AI,O5; composites depending on the
sintering temperatures

Temperature | Composite Chemical composition (%) Total

0 HA | [ | o | CashlOny | CaAkOy | decomposifion
TCP | TC tatio (%)

1100 M1] 28| - il - 18
1130 01y 31| - L] - 32
1200 SHALARD: (905 | 37 | L7 41 - 34
1250 87 41 | 14 43 - i
1300 870 30 | 30 i - 80
1100 9291 31 | - i3 02 il
1130 M1 45| - 41 04 45
1200 SHA (W3] 30| - 41 03 3
1250 LTI i 14 il
1300 B8 81 | - 34 17 il
1100 m4 | 48 - il 14 48
1130 g4 32 - i3 19 il
1200 SHASARD: (336 | 73 | - 49 40 13
1250 1T - 41 50 137
1300 My - 33 £a 174
1100 TA 192 ] 10 11 0 02
1130 613 ] 158 | 29 14 4 #7
1200 SHA (339 304 | 42 L g0 344
1250 0800s | 438 | 376 | &3 L4 g5 41
1300 8] 434 | 167 0 123 i1

Figure 5 (a-c) shows the density, porosity and relative
density of SHA and SHA/AILO3; composites depending on
the sintering temperatures, respectively. The density of
pure SHA calculated as 2.16+0.03 g/cm® at 1100°C
increased with increasing temperature and reached
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2.9840.02 g/cm® at 1300°C. However, the highest
densities in Al,O3; added SHAs could be obtained at
different temperatures depending on the amount of Al;O3
additives. The highest density in composites was
calculated as 2.95+0.00 g/cm®, and it belongs to SHA-
1Al;0s. In general, a decrease in the densities of the
composites was determined with the increase of the Al>O3
ratio. Similar behavior had also confirmed in Al,O3 added
bovine HA [55] and synthetic HA [56]. The relative
density of SHA at 1100°C calculated as 68.58+0.74%
increased to 94.48+0.64% when sintering temperature is
1300°C. A maximum relative density value of
94.29+0.12% could be achieved in Al,O3 added SHAS
and it belongs to SHA-2.5Al>03 composite sintered at
1200°C. However, the relative density of this composite
decreased to 90.96+0.54% with increasing temperature. A
similar situation has been observed in SHA-5AI,03
composites, and its relative density decreased from
%89.49+£1.10 to %82.61+1.71 with the temperature
increasing from 1200°C to 1300°C. The highest relative
densities for SHA-1Al>03; and SHA-10AIl>O3 composites
could be obtained at 1250°C, and they were calculated as
93.65+0.14% and 82.08+0.96%, respectively. As can be
seen from these values, the density and partial density of
Al>,O3 added SHAs are affected by several factors. First,
the increased Al,Os ratio caused the decomposition rate
of HA to increase from 2.8% to 60.1%, as seen in Table
2. The increase in the decomposition ratio resulted in the
formation of B-TCP (3.07 g/cm? [57]), and a-TCP (2.866
g/cm3 [58]) phases, which have lower theoretical density
values than that of HA (3.156 g/cm®). Secondly,
increasing Al>Os ratio increases the formation of CaAl;O4
phase, which is one of the two detected calcium aluminate
phases in SHA-AI>O3 composites. Because CaAl,04 (2.98
g/cm?® [59]) has a lower theoretical density than HA, just
like B-TCP and a-TCP phases, the densification behavior
of the composites has decreased. Moreover, it has an
increasing effect on the decomposition of HA in HA-
Al>O3 binary composites as seen in Reaction 2 [60].

Calo(PO4)6(OH)2 + A|203—>3C&3(PO4)2 + CaAl,O4 +
H20 (R.2)

SHA-1AI,0; and SHA-2.5Al,03; composites have higher
densification behavior than SHA-5Al;03 and SHA-
10Al,03 composites because these composites contain
higher amount of CasAlsO13 as shown in Table 2.
CasAlsO13 has a higher theoretical density (3.548 g/cm?®
[61]) than CaAl;Os. The increase in CaAl,Os ratio
increases the release of OH™ ions and causes a more
porous structure [62]. Therefore, SHA-5AI,03; and SHA-
10Al,03; composites are more porous than SHA-1AI,O3
and SHA-2.5Al,03. The lowest porosity in SHA-5A1,03
and SHA-10Al,O3 composites were calculated as
7.20£0.37%, and 11.15£1.19%, respectively. It was
calculated as 2.45+0.60% for SHA-1Al,O3;, and
2.53+0.42% for SHA-2.5Al,03 composites.
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Figure 5. (a) Density, (b) porosity, and (c) relative density of SHA and
SHA/AI,O3; composites depending on the sintering temperatures

Figure 6 shows the compression strength of SHA and
SHA-AI,O; composites. The compression strength of
SHA calculated as 35.14+2.51 MPa at 1100°C increased
to 82.48+5.50 MPa at 1200°C, but decreased to
73.55+4.04 and 64.27+3.05 MPa when sintering was
carried out 1250 and 1300°C. There are two reasons why
the compression strength of SHA decreases at
temperatures above 1200°C: First is the decomposition of
SHA into a-TCP and CaO phases, which have lower
compression strength than B-TCP, as shown in Table 3.
Second is the average grain size of 1.404 at 1200°C
showed a great deal with increasing temperature, and
reached to 3.632+0.716 p, as shown in Figure 7.
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Figure 6. Compression strength of SHA and SHA-AI,O; composites.

Table 3. The mechanical properties of B-TCP, a-TCP and CaO
Property B-TCP o TCP Cal

Compression strength (WFPa) 436 [63] 42 [64] 38.6 [65]
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In line with previously reported study, it has been
observed that with increase in grain size such as from 1.3
pto 3.5 n [66], compression strength of HA decrease.

Figure 7. SEM images of SHA sintered at 1200°C, 1250°C and 1300°C.

Figure 8 shows the SEM images of SHA-1Al,O3 and
SHA-2.5A1,0; composites sintered between 1200 and
1300°C. It was determined that with the addition of 2.5%
Al,O; to SHA, the grain growth in SHA could be
prevented at a higher rate than %21Al,0s. This can be
attributed to the CasAlsO13. As seen in Reaction 3, the
CasAlgO13 phase occurs in HA-AILOs composites from
900°C to 1300°C [59] and it has an inhibitory effect on
grain growth.

4Ca0 + 3Al,03 —» CasAl¢O13 (R.3)

KHA-1ALO3z

KHA-2.5A103

Figure 8. SEM images of SHA-1Al,O; and SHA-2.5A1,05 composites

For HA compacts mechanical properties are enhanced
with decrease in grain size in sintered microstructure.
With decrease in grain size, the inherent flaw size in
sintered microstructure is reduced which leads to the
enhancement of compressive strength. Again as the
number of grain boundaries per unit volume is increased
with decrease in grain size, finer grain sized compacts
offer more resistance to crack propagation and dislocation
motion resulting in higher hardness and fracture
toughness [67]. The highest compression strength of SHA
of 82.48+5.50 MPa could be increased to 147.29+7.50
MPa, 207.85+5.85 MPa, 114.50+6.16 MPa and
95.454+3.53 MPa by increase in Al,Os ratio in the present
study. The highest compression strength belongs to SHA-
2.5Al,03 composite and it is about 2.5 times higher than
Bovine HA-AI,O3 composite [55]. Figure 9 a-c show the
hardness, fracture tougness and brittleness index of SHA
with and without Al,O3 additives. The hardness of SHA
at 1100°C calculated as 0.93+0.15 GPa increased to the
highest value of 3.90+0.27 GPa when sintering was
performed at 1300°C. However, the highest fracture
toughness for SHA was obtained by sintering at 1200°C
and it was calculated as 0.70+0.11 MPam'?2. The highest

fracture toughness values were obtained at 1200°C in
Al>,O3 added SHASs and they were calculated as 1.32+0.06,
1.70£0.15, 1.41£0.27 and 1.11+0.24 MPam? depending
on the increasing Al,Os ratio. As can be seen from these
values, an increase in the fracture toughness of SHA
between 1.5 and 2.5 times was achieved with the addition
of Al,Os. There are several reasons for this: First is the
Al,03(3.72 MPam'2 [68]) used as reinforcement material
has higher fracture toughness than HA. Second, the
calcium aluminate phases formed between HA and Al;O3
particles limit the propagation of post-indentation cracks
[69]. Third is because the ratio of B-TCP in the composites
is higher than that of pure SHA, the fracture toughness of
B-TCP (1.28 MPam*2[70]) is approximately 80% higher
than HA, contributing to the increase in fracture
toughness. The brittleness index of SHA without Al;O3
increased from 1.70+0.27 to 7.10£0.50 p? with
increasing temperature. The brittleness index of SHA at
1200°C, where the highest fracture toughness and
compressive strength is obtained, is 4.26+0.50 p**?, and it
is compatible with 4.85 found by Shaly et al. [71].
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Figure 9. (a) Hardness, (b) fracture toughness, and (c) brittleness index
of SHA with and without Al,O; additives

The brittleness index of SHA-AI,O3 composites increased
with increasing temperature, just as in pure SHA.
However, it increased to 3.56+0.18 u/2 as the maximum
value. As can be seen from this value, the maximum
brittleness index of SHA was reduced by about 1/2. It is
also compatible with MgO added synthetic HA calculated
as 3.72 w2 [72].
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Figure 10 shows the SEM and EDS analysis of pure SHA
and SHA-2.5A1,0; composite subjected to SBF testing
during immersion periods of 14 and 28 days, respectively.
At the end of the 14 days immersion, the apatite layer with
a Ca/P ratio of 1.77 was crystallized on the SHA surface.
After 28 days, the Ca/P ratio decreased to 1.76 and most
of the SHA surface was covered with apatite layer.
However, the surface of SHA-2.5Al,03 composite was
mostly covered with apatite layer in both 14 and 28-day
immersion times. While the Ca/P ratio of the apatite layer
formed on the surface of the SHA-2.5Al,0; composite
after 14 days was 1.87, it was calculated as 1.69 at the end
of 28 days. It has a Ca/P ratio closer to the ideal value of
1.67 [73]. It has been concluded that there may be several
reasons why SHA with 2.5% Al,O; addition exhibits
better bioactivity than pure SHA. As stated by Sainz et al.,
average grain size and phases contained in the samples
subjected to the SBF test affect the precipitation of apatite
layers [74]. The smaller the average grain size, the higher
the apatite layer precipitation on the surface of the
samples subjected to the SBF testing [75]. The average
grain sizes of SHA and SHA-2.5Al,03 subjected to the
SBF test in this study are 1.404+0.212 p and 1.194+0.132
p. As mentioned earlier, there are two phases that
contribute to the formation of a lower grain size in the
SHA-AI,O3 composite than in SHA: CasAlsO13. As noted
by Garcia-Alvarez et al. [76] that CaAl,O4 exhibits a
triggering effect on the apatite precipitation from the SBF
solution.
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Figure 10. SEM and EDS analysis of pure SHA and SHA-2.5Al,0,

composite subjected to SBF testing during immersion periods of 14 and

28 days

4. CONCLUSIONS

In this study, the effects of Al,O3 addition at 4 different
rates on the properties of SHA were examined and the
following results were obtained:

1- SHA decomposed into B-TCP between 1100°C-
1200°C, B- and a-TCP at 1250°C and B- and o-TCP +
CaO phases at 1300°C, and the decomposition rate
increased from 1.4% to 4.1% with increasing sintering
temperature.

2- With increasing Al,O3; and sintering temperature,
60.1% of HA in the SHA-AIl,O3 composites
decomposed into - and a-TCP phases.

3- Density, hardness and brittleness index properties of
SHA without Al,O3 additive increased with increasing
temperature, however; the highest compression
strength and fracture toughness were obtained at
1200°C.

4- With the addition of Al,Os; at amount of 2.5%, the
highest fracture toughness and compression strength
values of SHA were increased approximately 2.5
times.

5- The amount of apatite layer formed on the surface of
SHA-2.5Al,05 composite is higher than SHA due to
its lower grain size and the phases it contains.
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Abstract: Solid electrolytes containing sulfur are gaining increasing traction among researchers
and are growing in popularity with each passing day. Recently, LizP3Si1, Li1oGeP2Si2, and
Li11SioPS12 solid electrolytes have been of great interest in literature. The ionic conductivity of
these electrolytes can attain a value as high as 102 S/cm. For this purpose, this study employed the
mechanical alloying method to synthesize the Li;P3S11 solid electrolyte for use in all-solid-state
lithium-sulfur batteries. To accomplish this, Li»S and P»Ss ingredients were mixed in a ball mill at
certain stoichiometric ratios. The crystallization temperatures of the obtained powders were
determined by the DSC thermal analysis method, and they were crystallized under a protective
atmosphere at the appropriate crystallization temperature. Subsequently, the acquired powders,
known for their high sensitivity to ambient conditions, underwent XRD and Raman analysis within
a specially designed enclosure to prevent exposure to open atmosphere. Powders that underwent
structural characterization were subjected to electrochemical testing through electrochemical
impedance spectroscopy and cyclic voltammetry analyses in a special solid-state cell. Notably, the
cyclic voltammetry analysis unveiled an impressive electrochemical window extending to a
minimum of 5 V. Additionally, the total conductivity of the Li;P3sS11 pellet was quantified at 1.1 mS
cm™! at room temperature, further emphasizing its favorable electrochemical properties. The results
exhibited compatibility with existing literature, confirming the synthesized electrolyte's viability as
a fitting candidate for lithium-sulfur batteries.

Tam Kati Hal Lityum-Siilfiir Piller icin LizPsS11 Kat1 Elektrolit Sentezi

Anahtar
Kelimeler
Enerji
depolama,
Lityum-Silfiir
pil,

Li;P3S11 Kat1
elektrolit

Oz: Siilfiir iceren kat1 elektrolitler, bilim insanlar1 igin oldukca caziptir ve her gecen giin cazibesi
artmaktadir. Son zamanlarda LizP3Si1, LiigGeP2Si2 ve Li1SioPSiz kati elektrolitleri literatiirde
bilyiik ilgi gdrmektedir. Bu elektrolitlerin iyonik iletkenligi 102 S/cm seviyelerine bile
ulagabilmektedir. Bu amagla, bu ¢alismada tamamen kati hal Lityum Siilfiir piller i¢cin mekanik
alasimlama yontemi ile Li;P3S1; kati elektroliti sentezlenmistir. Bunun i¢in Li>S ve P,Ss bilegenleri
bir bilyali degirmende belirli stokiyometrik oranlarda karistirilmistir. Elde edilen tozlarin
kristallesme sicakliklari DSC termal analiz yontemi ile belirlenmis ve uygun kristallesme
sicakliginda koruyucu atmosfer altinda kristallendirilmistir. Daha sonra elde edilen ve agik
atmosfere karsi oldukg¢a hassas olan tozlar 6zel yapim bir tutucu ile XRD ve Raman analizine tabi
tutulmustur. Yapisal olarak karakterize edilen tozlar, 6zel bir kat1 hal hiicresinde elektrokimyasal
empedans spektroskopisi ve ¢evrimsel voltammetri analizleri ile elektrokimyasal olarak test
edilmistir. Sonuglarin literatiirle uyumlu oldugu goriilmiis ve sentezlenen elektrolitin lityum siilfiir
piller i¢in uygun bir aday olarak kullanilabilecegi belirlenmistir.
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1. INTRODUCTION

Elemental sulfur (S) is emerging as a captivating
contender for the cathode component of batteries,
exhibiting promising outcomes in the realm of next-
generation battery technologies. The non-toxic and
environmentally benign nature of sulfur, coupled with its
abundant presence in nature and cost-effectiveness,
amplifies its allure for next-generation technologies and
further clears the path ahead. With a theoretical capacity
of 1675 mAh g* and an impressive energy density of
2567 Wh kg?, lithium-sulfur batteries outshine today's
established commercial Li-ion batteries by a factor of
five in terms of specific energy density [1]. Hence,
lithium-sulfur batteries stand as a remarkable substitute
for lithium-ion batteries in the future, with their
operational mechanisms closely resembling those of
conventional battery technologies [2].

Nevertheless, the commercial implementation of lithium-
sulfur continues to face challenges when incorporating
their active materials within liquid electrolyte
environments. Primarily, the shuttle effect which stems
from the dissolution of undesired lithium polysulfide
intermediates into the lithium anode through the
electrolyte and separator. This occurrence leads to
diminished capacity and swift capacity deterioration [3-
5].

In recent years, solid-state batteries (SSBs) have
emerged as a compelling solution to address the
enduring challenges in energy storage [6]. What sets
solid-state lithium-sulfur batteries apart from their
traditional counterparts is their reliance on a singular,
robust sulfide electrolyte characterized by an
exceptionally high ionic conductivity, effectively
supplanting the conventional combination of liquid
electrolytes and separators.

Among these sulfide electrolytes, the "simple" Li,S —
P,S binary system, collectively known as the Li;P3S11
family, has garnered significant attention due to its
remarkable properties [6]. These LisPsS11 materials
exhibit extraordinary conductivity levels (> 10* Scm™)
without the need for additional elements like Si, Ge, or
Al [7]. Various crystalline and amorphous materials
within the LizP3S1; family have been synthesized using
diverse techniques, including the ball milling method,
heat treatment, hot pressing, wet chemical treatment [8,
9], and more [10-12]. The key advantages of solid
electrolytes lie in their capacity to dramatically enhance
the power density of electrochemical cells, primarily due
to their exceptional ionic conductivity. Additionally,
they offer a heightened level of safety. Moreover, solid
electrolytes present a promising solution to mitigate the
shuttle effect, a persistent issue in lithium-sulfur batteries
[6, 13].

Nevertheless, certain challenges persist, particularly
related to lithium-ion diffusion kinetics, the electrode-
electrolyte interface, and overall electrochemical
performance. The adoption of solid electrolytes may
introduce interface challenges between the electrolyte

and electrodes, potentially impacting both ionic and
electrical conductivity, and thereby potentially affecting
the cell's capacity and stability [14].

In the context of this study, we synthesized a high-ionic-
conductivity solid electrolyte, Li7P3S11, using the
meticulous blending of specific quantities of Li.S and
P,Ss constituents through the ball milling method.
Subsequent comprehensive structural and
electrochemical assessments revealed highly promising
results. These findings make a substantial and
meaningful contribution to the scientific literature,
underscoring the significant potential of Li;P3Siy for
applications in all-solid-state lithium-sulfur batteries.

2. EXPERIMENTAL STUDIES

The production of triclinic sulfur-based solid electrolyte
LizP3S1; was carried out in two stages. Li2S and P,Ss
powders were mixed into the ball mill at specific ratios
(3:7 according to their atomic weights) in a special
atmosphere-controlled mortar (in the glovebox) without
exposure to air. The synthesis of the triclinic sulfur-
based solid electrolyte LizP3S11 was carried out in a dual-
stage process. Li>S and P,Ss powders were meticulously
combined in a ball mill, following specific ratios (3:7
based on their atomic weights), within a controlled
atmosphere (inside a glovebox) to prevent air exposure.
Subsequently, the mechanical activation process was
conducted at 600 rpm for a duration of 15 hours. This
procedure resulted in the formation of amorphous
LizP3S11. The ball-milled glassy powders were then
placed within a sealed quartz tube and subjected to
sintering at 265°C for a span of 2 hours. Finally, the
result was the successful production of a crystalline solid
electrolyte, Li7P3S1:.  Structural analysis of the
synthesized glass-ceramic powders was carried out by
X-ray diffraction (RigakuD/MAX2000) and Raman with
custom-made kapton band-sealed apparatus. DSC
analysis was conducted before crystallization heat
treatment to characterize the possible exo (endo) thermic
reactions during synthesis. Electrochemical tests were
conducted at the GAMRY workstation. 100 mg of
optimized solid electrolyte powders were put into a
PEEK-insulated die with a 10 mm diameter and pressed
under 400 Mpa. Solid state cell was then assembled by
loading indium on both sides of the Li;P3S1: pellet and
pressing again for the electrochemical impedance test
(symmetrical In/LizP3S11/In) at a frequency between 1
MHz - 1 Hz with 10 mV amplitude. Cyclic Voltammetry
(CV) tests were conducted by asymmetrical Li/
Li;P3S11/Stainless Steel cell between -0.01 V and 4.5 V
(vs. Li/Li*) with 1 mV/s step size to evaluate the
electrochemical window of the synthesized solid
electrolyte.

3. RESULTS AND DISCUSSIONS

To investigate the crystallographic properties of the
obtained powders, XRD analysis was conducted, shown
in Figure 1. Scanning was carried out between 10° and
40° with a scan rate of 1°/min. Compared to the other
Li;P3S11 structures from the reported studies, narrower

129




Tr. J. Nature Sci. Volume 12, Issue 3, Page 128-133, 2023

peaks were observed in the XRD analyses in this study
instead of the wide peaks. The main peak for Li;P3S;1 at
30° after the sintering process, also in agreement with
the literature [9, 15]. The phase formation of obtained
powder shows crystalline character due to the milling
energy of the phase in the (211) plane [16].
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Figure 1. XRD analysis of Li;P3S;; glass ceramic.

To characterize particle morphology and size, SEM
analysis was employed, as depicted in Figure 2,
providing SEM image of the Li;P3S1; solid electrolyte.
The particle size of LizP3S11 was found to exceed 700
nm, indicating that small particles of Li,S and P,Ss are
incorporated into the larger LisP3S1; structure and
undergo crystalline transformation, consistent with the
XRD results. This observation also suggests a
homogeneous mixing of solid electrolyte composites.
Thus, the results confirm the uniformity in the blending
of Li,S and P2Ss materials.
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DSC analysis was carried out in order to determine the
crystallization temperature of amorphous Li7P3S1:
powders, as shown in Figure 3. DSC can measure the
amount of absorbed or released energy while the sample
is heated, cooled, or kept at a constant temperature [17,
18]. In this technique, the temperature difference
between the reference and the sample is shown
depending on temperature or time [18]. Amorphous or
irregular undesirable structures may occur below or

above the crystallization temperature. Therefore, it is an
important step to determine the transition temperature
from amorphous to crystalline structure [19, 20]. As a
result of the DSC analysis, two peaks are raised between
250 °C and 350 °C, which indicates the existence of two
exothermic reactions that characterize the crystallization
of the LizP3S11 and LisP,Se phases [21]. It is extremely
important to define these peaks in order to know what
kind of compounds can be obtained at certain
temperatures. The peak of the targeted appropriate
structure of Li7PsS1; formed at about 260 °C.
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Figure 3. DSC analysis of amorphous Li-P3S;; powders.

Differences in the wavelength of the light interacting
with the molecule create Raman shifts [22]. These
differences give information about the chemical
properties of the molecules. Raman analyses of Li7P3S11
powders are given in Figure 4. The atomic local
environment in the Li;PsSy; structure consists of PS,3
tetrahedra and P,S;* ditetrahedra. As is known, P2S7# is
a metastable phase and tends to transform into P,Sg*
[23].

P2S7* = P;Se™ + 1/8 Sg @)

PS8t =

Intensity

T 1
300 320 340 360 380 400 420 440 460 480 500

Raman Shift (em™)
Figure 4. Raman analysis of solid electrolyte.
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Glass-ceramics in P;Sg* form in the low ionic
conductivity phase appear to be 385 cm™. These peaks
are formed as a result of exothermic reactions. The
atomic local environment was determined by Raman
analysis. The Raman peaks at 405 cm™ and 420 cm?
confirm the formation of LizP3S11 [9].

Electrochemical impedance spectroscopy (EIS) study
was done to measure the ionic conductivity of the
obtained solid electrolytes. The molds act as an
electrochemical cell at the same time. To avoid air
exposure of the materials inside the cell, it is strongly
sealed and protected from oxygen or humidity.
Impedance measurements were carried out in a
symmetrical cell with a solid electrolyte positioned
between the two indium (In) electrodes to assess the
intrinsic impedance properties of the solid-state
electrolyte, unencumbered by the complexities
introduced by varying electrode materials or interfaces.

When the impedance curve in Figure 5 is carefully
examined, a semicircle and a linear line are clearly seen.
Starting point of the semicircle in the X-axis represents
the impedance of the solid electrolyte (Rpuk). The
diameter of the semicircular represents the grain
boundary (Rg) and interface resistance (Rif) arises
between the electrode and electrolyte. The obtainer
linear line in the low-frequency region represents the
Warburg element (W,). The ionic conductivity is
calculated by finding the total resistance (Eq. 2).
LizPsS11 powders always have some inclusions that can
disrupt the interface and lower the impedance. This
resistance is well observed at the intersection at the
highest point [9].

Total Resistance Riotal = Rpuik + Rgb + Rit (2)
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Figure 5. EIS analysis of Li-P3S;; contained symmetrical cell.

Values of Ruuik, Rgb, Rif calculated using Nova software,
were found to be 121.04 Q, 36.47 Q, and 27.94 Q,
recpectively. Consequently, the Ry Was determined to
be 185.45 Q.

The formula for calculating ionic conductivity (o), as
indicated in Eq. 3, is as follows:

o=d/ (S % Riotal) (3)

Where: d represents the thickness of the solid electrolyte
(in this study, 0.2 cm), and S denotes the contact area (1
cm? in this study). Based on these calculations, the total
conductivity of the Li;P3S11 pellet was determined to be
1.1 mS cm™ at room temperature.

The electrochemical stability of LizPsS11 was determined
by Cyclic Voltammetry (CV) at a scanning rate of 0.1
mV s, Electrochemical measurements were carried out
in the voltage range of -0.01 V to 4.5 V (Li/Li*). Cyclic
voltammetry curves of Li / Li;P3S11/ steel asymmetrical
cell are shown in Figure 6. It can be easily observed
large oxidation and reduction (redox) reactions peaks.
The reduction peak, which corresponds to the metallic
lithium deposition process (Li* + e — Li), is
prominently observed at approximately 0 V. Conversely,
the oxidation peak linked to lithium dissolution (Li —
Li* + ¢7) is evident in the voltage range between 0 V and
1 V, and this peak is attributed to the presence of S*” ions
[15]. The positions of these peaks closely align with
those observed in LizP3S11[9, 24]. The CV analysis also
shows that the obtained structure has a wide
electrochemical window up to at least 5 V.
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-
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0.6
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Voltage (V)
Figure 6. CV analysis of asymmetrical solid-state cell.

When compared to previously documented synthesis
methods of LisPsSi: solid electrolyte, our approach
utilizing ball milling, as illustrated in Table 1, exhibits
sufficient ionic conductivity and electrochemical
window.

Table 1. Comparison for the electrochemical performance of prepared
Li;P3S1; by ball milling method with other synthesized methods.

. Electrochemical| lonic Conductivity
Preparation Method Window (V) (mS cm?) Ref
s This
Ball milling 5 11 Work
dlssolutlgn- 5 0.97 [25]
evaporation
liquid phase
process-ultrasonic 5 1 [26]
irradiation
optimal laser - 0.7 [27]
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4. CONCLUSIONS

The LisP3sS11 solid electrolyte intended for use in all-
solid-state lithium-sulfur batteries have been effectively
synthesized through the mechanical alloying method.
Structural analyses were conducted on the acquired
powders, revealing that their distinctive properties were
consistent with those reported in the literature.
Furthermore, the use of thermal analysis methods
allowed for accurate determination of crystallization
temperatures. Subsequently, the structurally
characterized powders were subjected to ionic
conductivity testing through impedance measurements
within an electrochemical cell. The obtained results have
been found to fall within the acceptable thresholds for
all-solid-state batteries. Finally, the cell subjected to
cyclic voltammetry (CV) testing exhibited reversible
oxidation and reduction reactions, maintaining stability
across a broad potential range. These findings are
anticipated to make a valuable contribution to advancing
the commercialization of all-solid-state lithium-sulfur
batteries.
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Abstract: In recent years, there has been an increase in vitamin D tests in order to determine the
prevalence and definition of vitamin D deficiency, which is clinically recognized to be associated
with many diseases. The increase in vitamin-supported supplements is also related to this. This
deficiency, which is tried to be prevented by taking precautions such as sun exposure, food and diet
in local conditions, is tried to be prevented by health professionals with guidance, supervision and
drug supplementation. This study covers the period between 2015 and 2022. All patient data were
randomly obtained from hospital automation (Géle state hospital) and then 1,25-dihydroxyvitamin
D (25(0OH)D) levels were retropectively analyzed. The findings of the study showed that vitamin D
levels were insufficient (<20ng ml) in male and female populations, there was no significant
difference between gender and age groups, and there was a significant seasonal change in vitamin
D levels in both genders in summer and winter periods. As a result, it is important to evaluate the
prevalence of vitamin D deficiency in Ardahan province and to expand the screening in the whole
population and the experience of health professionals.

D Vitamini Diizeylerinin Yas, Cinsiyet ve Mevsimsel Ozelliklerine Gore Retrospektif

Degerlendirilmesi: Ardahan- Gole

Anahtar
Kelimeler
D vitamini,
25(0H)D,
D vitamini
eksikligi

Oz: Klinik olarak birgok hastalikla iliskili oldugu kabul edilen D vitamini eksikliginin prevalansini
belirlemek ve tanimini yapabilmek amaciyla son yillarda D vitamin testlerinde artis
gozlenmektedir. Vitamin destekli takviyelerin artmasi da bununla iligkilidir. Yerel kosullarda
giinese maruziyet, gida, diyet gibi onlemlerin alinmasi ile Oniine gegilmeye calisilan bu eksiklik
saglik profesyonelleri tarafindan yonlendirme, denetleme ve takviye ile engellenmeye ¢alisilir. Bu
galigsma, 2015- 2022 arasi donemi kapsamaktadir. Tim hasta verileri rastgele olarak hastane
otomasyonundan (Gole devlet hastanesi) elde edildi ve ardindan 1,25-dihidroksi vitamin D
(25(CH)D) seviyeleri retrospektif olarak analiz edildi. Calisgma bulgulart kadin ve erkek
popiilasyonunda D vitamini seviyelerinin yetersiz diizeyde oldugunu (<20ng ml™?), cinsiyet ve yas
gruplari arasinda anlami bir farkin olmadigini ve her iki cinste de mevsimsel olarak yaz ve kis
periyotlarinda D vitamini seviyelerinde anlamli bir degisimin oldugunu gostermistir. Sonug olarak
Ardahan ili D vitamini eksikliginin prevalansinin degerlendirilip tiim popiilasyonda taramalarin
yayginlastirilmasi ve saglik profesyonellerin deneyimi 6nemlidir

1. INTRODUCTION

Vitamin D is an essential fat-soluble vitamin obtained

sources, while D3 can be obtained from animal foods
and synthesized by the body through exposure to
sunlight[1]. Although there are structural chain
differences in these forms of vitamin D, their

from animal and plant food sources, as well as being
synthesized by the body from sunlight. There are 2 main
forms of vitamin D. These are the vitamin D
prohormones, D2 (ergocalciferol) and D3
(cholecalciferol). D2 can be obtained from plant food

metabolism and functions within the body are not
different. As a result of D2 and D3 metabolizations, they
are converted to calcitriol (1,25-dihydroxyvitamin D or
1,25[0OH] 2D), which is the active form of vitamin D[2].
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1,25(0H)2D is the active metabolite and stimulates
calcium absorption in target organs. The active
metabolite enters the target cell and then binds to the
vitamin D receptor to form a complex. This complex
activates the synthesis of proteins such as calcium-
binding protein or osteocalcin in the target cell. As a
result, calcium is taken into the cell through the proteins
in the membrane. This calcium in the target cell is
transported to the extracellular fluid by an ATP-
dependent mechanism, and then to the blood. Thus, the
calcium level in the blood is increased. Target organs for
1,25(0OH)2D are bone tissue, intestinal and kidney cells.
1,25(0OH)2D acts by stimulating calcium transport from
these tissues to the blood. Calcium in the blood functions
as the basic component of the functioning mechanism of
many systems and tissues in the body, especially bone
mineralization and muscle activities [3].

Vitamin D is assessed by determination of 25(0OH)D
levels in serum. A 25(0OH)D level between 20-60 ng
mL" is considered normal in individuals under 65 years
of age. Below 20 ng mL* is defined as ‘vitamin D
deficiency’, and below 12 ng mL? is defined as ‘severe
deficiency’. If it is over 100 ng mL™, it may cause
hypercalcemia [4, 5].

Vitamin D synthesis begins rapidly when ultraviolet
rays (UVB) reach the skin. However, some
environmental factors such as different latitude regions
of countries, seasonal differences and air pollution also
affect the synthesis of vitamin D as they affect UVB
wavelengths and exposure times. Age of the individual,
clothing, pigment status of the skin, use of sunscreen
will also affect the synthesis. On the other hand, the
inability to take foods rich in vitamin D into the body
disrupts the continuity of homeostasis[6].

Vitamin D is an important component of the endocrine
system that regulates calcium homeostasis and
stimulates bone development. In addition, vitamin D is
effective on immune functions[7, 8].

Additionally, some vitamins, such as vitamin C, vitamin
E, and beta-carotene (a form of vitamin A), act as
antioxidants in the body. And these antioxidants are
molecules that help protect the body's cells from
damage caused by harmful molecules called free
radicals. Vitamin D is not typically considered an
antioxidant in the same way as vitamins C or E, which
are well-known antioxidants. However, there is some
evidence to suggest that vitamin D may have
antioxidant-like properties and play a role in reducing
oxidative stress in the body[9-11].

Severe deficiency of vitamin D increases the risk of
serious bone and muscle diseases such as rickets and
osteomalacia. It has been reported that vitamin D
deficiency can also lead to the development of
autoimmune diseases. For example, studies have shown
that it reduces the risk of multiple sclerosis in cases
where they benefit more from sunlight at the age of 6-
15 years. Various studies on ecology have also shown

that less exposure to sunlight may be associated with
higher cancer prevalence and cancer deaths[3].
Considering this information, vitamin D deficiency is
accepted as a general health problem because it can
affect all periods of life and individuals in different
continents and cause health problems such as serious
diseases[12, 13].

Vitamin D synthesis is considered sufficient in
individuals living in low latitude regions due to the
appropriate wavelength of UVB rays throughout the
year, but studies have shown that vitamin D deficiency
is high even in these tropical countries[12, 14] . For this
reason, a population-based retrospective study was
conducted showing the vitamin D levels of individuals
living in our region (Ardahan-Gole), taking into account
the seasonal periods.

2. MATERIAL AND METHOD
2.1. Working Order

This retrospective study was conducted with the
approval of Ardahan University Scientific Research and
Publication Ethics Committee (Protocol No: 2022-
20NP-0102, Approval Date: 14.12.2022- Issue: E-
67796128-000-2200037489).

This study covers the period between 2015 and 2022.
All patient data were obtained from Gole state hospital
automation, and then 25(OH)D levels were analyzed
retrospectively. The 25(OH)D levels of the individuals
were determined by the electrochemiluminescence
method, and the values were measured with the Cobas
6000-E601 device. Data from patients with conditions
that may affect vitamin D levels, such as metabolic
diseases, were not included in the study. Results of the
same patient at different times were included. All
patients included in the study (n:349) were classified
according to age groups, season, gender and vitamin
levels.

In the study, 25(OH)D levels obtained from a total of
349 people, 223 women and 126 men, were evaluated.
The data were grouped by gender as male and female,
by age as (10-19), (20-45), (46-65) and (66+) and by
season as autumn, winter, spring and summer.

2.2. Statistical Analysis

SPSS 26 and MS-Excel were used for all analyses,
calculations and evaluations in this study. Statistical
results were evaluated at 95% confidence interval,
significance level at p<0.05, and p<0.01 and p<0.001
level of forward significance. In the evaluation of the
data, Kruskal Wallis test was used for the comparison of
the descriptive statistical methods (mean, standard
deviation, median) as well as the non-normally
distributed parameters. Mann Whitney U test was used
in the evaluations between the two groups.
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3. RESULTS

The effect of gender difference on serum 25(0OH)D
levels was not found statistically significant (Table 1).

Table 1. 25(0OH)D levels by gender

Table 3. Serum 25(0OH)D levels in different seasons.

25(0OH)D
(ng mL™) N Mean S.E. p
Female 223 15,92 0,65

> 0.05
Male 126 15,61 0,96

25(0OH)D (ng mL™?) Season Mean | N| S.E. p
autumn 17,3546 54 [1,06 0.01
Female |n_ter 12,8826 |61 [0,91
Spring 14,1970 |67 (1,09 0.01
Summer 21,3727 41 (02,06 )
autumn 20,6132 |28 [3,16 0.01
Male meer 12,6862 |45 [1,2
Spring 11,8357 (30 [1,02 0.01
Summer 20,1757 |23 [1,57 )

When the effects of different age groups on 25(OH)D
levels were examined by looking at the gender
differences, no statistically significant difference was
found (Table 2).

Table 2. 25(0OH)D levels in different ages and genders.

25(0OH)D (ng mL™?) Grup | N Mean | S.E. p
Female |26 [15,0915 |1,64

10-19 >0.05
Male 3 |15,7433 |1,62
Female |83 [14,8461 (0,93

20-45 >0.05

Male 62 (13,8047 0,89

Female |78 |16,2818 |1,11
46-65 >0.05
Male 42 117,9083 2,30

Female (36 |18,2189 (2,01
>66 > 0.05
Male 19 |16,4153 (2,36

The effect of seasonal changes on the 25(OH)D levels
of the population was investigated by taking gender
differences into account. When vitamin levels were
examined across seasonal periods, no difference was
observed between genders. However, seasonal
differences caused significant changes in vitamin levels
in both genders (p<0.01), (Table 3).

When the 25(OH)D levels in individuals were
compared in autumn and winter seasons, it was
determined that vitamin values decreased in both male
and female groups in a statistically significant way
compared to autumn in winter (p<0.01).

When the winter and spring periods were compared in
both female and male groups, there was no significant
change in vitamin levels.

A significant difference was found in the vitamin levels
in the spring and summer seasons (p<0.01). According
to this, vitamin levels increase in both men and women
in summer compared to spring.

When the summer and autumn periods were compared,
although a decrease was observed in the female group,
the change in vitamin levels between the groups in both
males and females was not statistically significant.

According to the analysis, it was determined that the
period with the highest serum vitamin value in women
was summer (although there was no significant
difference between autumn and summer). In men, this
period is the summer-autumn period.

4. DISCUSSION AND CONCLUSION

25(0OH)D deficiency is shown as a social problem by
researchers[15]. It has been reported that there is a
strong connection between this condition, which is
common in society, and the development of the immune
system, endocrine system, and acute and chronic
diseases[16]. In addition, Karin et al reported that
25(0OH)D deficiency is closely related to bone loss,
infection and many diseases[17]. There are also studies
talking about the relationship between vitamin D
deficiency and muscle weakness, cardiovascular
diseases, autoimmune diseases and cancer[18].

In this study, it was determined that there was no
difference in 25(0OH)D values between men and
women, but the average 25(OH)D levels in both groups
were below 20 ng mL* (15.92 ng mL* women; 15.61).
ng mL? male). Clinically, serum 25(OH)D
concentrations below 20 ng mL-* have been reported as
vitamin D deficiency, and levels below 12 ng mL™* have
been reported as severe deficiency. Accordingly, it can
be said that individuals in the Ardahan-Gole region
have vitamin D deficiency[4, 5].

A study similar to ours was conducted in the
Mediterranean region. According to the study, they
stated that 24.65% of individuals in the region had
25(0OH)D deficiency. In the study, they reported that the
mean 25(0OH)D for men was approximately 15 ng mL*
(52.9540.92 nmol L) and the mean 25(OH)D for
women was about 14ng mL™? (48.42+0.54 nmol LY).
They also showed that men's 25(OH)D average was
higher than women's[15]. In our study, no difference
was found between genders.

In another study, they showed that 25(OH)D levels
were sufficient in only 8.6% of people. The study also
stated that there was no age-related difference as in our
study[19].

Serum 25(0OH)D levels increase as a result of sun
exposure, as 7-dihydrocholesterol in the skin converts to
vitamin D. Therefore, 25(OH)D level is affected by
many parameters such as skin pigmentation, altitude,
latitude and season [20, 21]. In the study by Samefors et
al., where they investigated the 25(OH)D level in
adults, it was shown that the vitamin level increased
significantly in the summer months. According to the
study, the average 25(OH)D level of all participants
before summer was 45 nmol L. Participants were
encouraged to go outside for half an hour between 11-
15:00 every day and As a result, it was shown that
25(0H)D values reached 64 nmol L at the end of
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summer.[22]. In another study, they stated that
25(0OH)D deficiency was highly prevalent in high
latitude regions [23]. As a result, levels can change with
the season, and this variability may differ from
population to population[24]. Our study showed that
vitamin D levels of both genders are affected by
seasonal differences and that this level may be highest
in summer in women and in autumn-summer months in
men. In addition, it was determined that there was a
significant change in autumn and spring months and
25(0OH)D levels were higher in autumn. Winter for
women, winter-spring for men is the period when the
decrease in vitamin D values is highest. According to
the results, it was determined that 25(OH)D levels
reached normal levels for both genders towards the
summer period. In addition, it can be said that the
increase in 25(OH)D levels in the summer months
continues in the autumn period and the levels that
decrease in the winter tend to decrease in the spring as
well. This suggests that it is related to seasonal
transition processes.

When the effect of age on 25(OH)D levels was
examined in the literature, it was reported that there was
a significant difference in vitamin levels between age
groups and lower 25(0OH)D levels were found in those
under 65 years of age[19]. However, in the study of the
Australian population, the researchers noted that they
did not find a significant difference between the age
groups[24]. The data obtained in our study were
classified according to 4 different age groups, and
25(0OH)D levels were evaluated between the groups,
and it was determined that the age parameter did not
create a significant difference in 25(OH)D levels. As
mentioned above, different from our study, some
studies reported a significant difference in 25(OH)D
levels depending on age[19]. This may be due to the
low vitamin D levels of the individuals in our study.
Although many factors affect the 25(OH)D level,
according to the results obtained, the vitamin D level of
the population living in the province of Ardahan-Gole,
which is at high latitude, is generally insufficient. In
addition, it can be thought that the 25(OH)D level is
low in winter and spring because sun exposure is
insufficient, and the 25(OH)D level is high in summer
and autumn months because sun exposure is high.

As a result, the reasons for the low 25(OH)D levels in
this region should be carefully investigated. It is
important that this situation is recognized as a public
health problem and that studies are carried out on the
whole population. It is also important to make the
necessary interventions.

Limitations of the Study

Due to the insufficient sample and research conducted
in the region, the study cannot reflect the entire
population. Therefore, further studies are needed.
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Abstract: Today, the consumption of water obtained from cereals, which is very important in
human nutrition, for health purposes is becoming increasingly common. Various plant extracts are
used for this purpose. Soilless farming techniques have long been used as a plant growing medium.
In the substrate culture of soilless farming systems, plants are grown in organic (peat, paper, etc.),
inorganic (sand, vermiculite, etc.) or synthetic (polyurethane foam, etc.) materials. In our study,
The grass juices obtained from barley, wheat and oat were used to determine the effects on seed
physiology of medicinal and aromatic plants grown in hydroponic conditions. Medicinal and
aromatic plant seeds placed in petri dishes were germinated in vitro. 10 ml of water (control),
barley grass juice, wheatgrass juice and oat grass juice were applied to the seeds. The experiment
was carried out according to the randomized plots factorial design. In the experiment, the
germination physiology and root and stem lengths of the seeds were determined. As a result of the
research, it was determined that cereal grass juices applications negatively affected germination
physiology, root and stem lengths. It was determined that coriander seeds gave better results than
others, and barley grass juice was more effective on germination physiology than wheat grass juice.

Hidrofonik Ortamda Yetistirilen Tahillarin Cim Sularimin Tibbi ve Aromatik Bitkilerin

Cimlenmesi Uzerine Etkileri

Oz: Giiniimiizde insan beslenmesinde olduk¢a 6nemli olan tahillardan elde edilen ekstraktlarin
Bu amagla c¢esitli bitki ekstraktlar
Topraksiz tarim teknikleri uzun siiredir bitki yetistirme ortamu olarak

Anahtar

Kelimeler saglik amacgh tiiketimi giderek yayginlasmaktadir.

Arpa, kullanilmaktadir.

Bugday, kullanilmaktadir. Topraksiz tarim sistemlerinden substrat kiiltiiriinde bitkiler organik (turba, kagit
Yulaf, vb.), inorganik (kum, vermikiilit vb.) veya sentetik (poliliretan kopiikk vb.) materyallerde
Hidroponik yetistirilmektedir. Calismamizda hidroponik ortamda yetistirilen arpa, bugday ve yulaf ¢im
ortam, sularinin tibbi ve aromatik bitkilerin tohum fizyolojisi tizerine etkileri arastirilmistir. Petri kaplarina
Kok ve govde konulan tibbi ve aromatik bitki tohumlart in vitro kosullarda ¢imlendirilmistir. Tohumlara 10 ml su
uzunlugu, (kontrol), arpa ¢im suyu, bugday ¢im suyu ve yulaf ¢im suyu uygulanmistir. Deneme tesadiif
Cim suyu parselleri faktoryel deneme desenine gore yiiriitiilmistir. Denemede tohumlarin ¢imlenme

fizyolojisi ile kok ve govde uzunluklart belirlenmistir. Arastirma sonucunda ¢im suyu
uygulamalarinin ¢imlenme fizyolojisi ile kok ve govde uzunluklarini olumsuz etkiledigi
belirlenmistir. Kisnis tohumlarinin digerlerine goére daha iyi sonug verdigi, arpa ¢im suyunun
¢imlenme fizyolojisi lizerine bugday ¢im suyuna gore daha etkili oldugu belirlenmistir.

cereal grasses [1]. The young leaves of the cereal grass,

1. INTRODUCTION

For many years, cereal grass has been used as food due
to its beneficial properties for health. In the last two
decades, there has been an increasing trends in
laboratory research on the human health benefits of

which is very rich in antioxidants, are very healthy. For
this reason, it has recently received more attention as a
natural medicine and scientific studies [2].

Wheat grass, which contains all nutrients, is called a
whole food. It has been stated that wheat grass juice has
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many benefits such as facilitating digestion, cleansing
the blood, strengthening the immune system [3]. It has
been reported that wheat grass juice has antioxidant and
anti-carcinogenic effects and reduces the destructive
effect of chemotherapy in breast cancer patients [4].
Barley, which has B-glucon content, contains a high
amount of protein and is used as malt and grass juice [5].
It has been stated that barley grass extracts, which are an
important source of antioxidants, are beneficial in the
treatment of many diseases such as obesity, diabetes,
blood circulation system disorders, anemia, joint
inflammation, high cholesterol level, kidney diseases and
cancer [6]. Oat grass juice is very rich in amino acids,
vitamins, minerals, antioxidants and enzymes [7]. In a
study in which oat grass juice was applied, it was stated
that oat grass water extended the germination period of
oil plant seeds and negatively affected seedling growth

8.

Hydroponic system is a method of growing plants using
mineral nutrient solutions in water without using soil. In
the study, the germination process of barley, wheat and
oat seeds was provided by hydroponic system. The roots
of the germinating plant interlock and take the
appearance of a carpet. On average, the green part can
reach 20-25 cm in seven days [9]. Much less water is
needed in hydroponic farming therefore the contol of
diseases and pests becomes easier. The hydroponic
system provides high efficiency and reduces
environmental pollution [10]. The vyield in the
hydroponic system varies depending on the type of seed
used, water quality, pH, irrigation duration, presence of
plant nutrients, temperature, and light intensity [11].

In the study carried out; It was aimed to determine the
effect of barley, wheat and oat grass juices grown in
hydroponic environment on the germination physiology
and root and stem length of some medicinal and
aromatic plants in hydroponic environment.

2. MATERIAL AND METHOD

The research was carried out under in vitro conditions
(25+1°C) in 2023. In the study sage, fennel, coriander,
linen, fenugreek, quinoa and mustard seeds were used.
The study was carried out in a total of 140 petri dishes as
7 varieties x 4 applications x 5 replications according to
the randomized plots factorial experimental design. To
ensure surface sterilization of the seeds, the seeds were
sterilized in 5% sodium hypochlorite solution for 10
minutes. Sterilized seeds; It was sown in petri dishes
with a diameter of 9 cm and a height of 1.5 cm, 50 seeds
in each petri dish, on 2 layers of filter paper (Whatman
No: 2) placed on the bottom of the dishes. Grasses were
obtained by sowing barley, wheat and oat seeds in
30x50x7 cm plastic tubs in a soilless environment.
Harvesting was done with scissors ten days later. Grass
juice was obtained by passing the grass through a juice
extractor [12]. 10 ml of water (control), barley grass
juice (bgj), wheat grass juice (wgj) and oat grass juice
(ogj) were added to each petri dish [13]. In the
experiment, the seeds were considered as germinated
when they had 2 mm rootlets [14]. In the study,

germination rate (%), germination speed (days), mean
daily germination (%), peak value (%) and germination
value (%) root and stem length were determined based
on ISTA rules [12; 15].

Germination percentage: n/Xn x 100 1)

n = Number of germinated seeds
¥n= Total number of seeds

Germination rate: nl/t1+n2/t2 +...... 2)
nl, n2, ... number of germinated seeds t1, t2, ...days

Mean daily germination: Total number of germinated
seeds / total number of days 3)

Peak value: Highest seed count/highest seeding day (4)

Germination value: Mean daily germination x peak value

®)

Root and Stem Length: At the end of the germination
period of the seeds, the roots and stems of the seedlings
were cut with a razor blade from their junctions and their
lengths were measured with the help of a millimetric
ruler. The average root/stem length was calculated as
cm/plant by dividing the sum of root and stem lengths in
a nymph by the number of seeds.

Differences between analysis of variance and means
were performed in the LSD multiple comparison test by
using JMP 5.0.1 program.

3. RESULTS
3.1 Germination Rate (GP %)

In the germination rate parameter, it was determined that
the species and grass juice applications (gja) were
important at 1%, and the interaction of species x grass
juice application was insignificant. It was determined
that coriander seeds (81.11) gave better results than the
others (except GJAO-Control). It was determined that the
applications had a negative effect on the germination rate
compared to the control, and in the species x gja
interaction, coriander seed had the highest value with
93.3 in wheat grass juice application (Figure 1).

Figure 1. The effect of species x grass juice applications on GP

GJAO= control, GJAl= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage X bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJA10= sage X wgj, GJAL1l= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa X wgj, GJAl4= mustard x wgj, GJA1l5=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJA17= sage x
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek x bgj+wgj,
GJA20= quinoa x bgj+wgj, GJA21 = mustard x bgj+wgj
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3.2 Germination Speed (GS days)

It was determined that species, grass juice applications
and species X gja interaction were important at 1%
during the germination period. It has been found that
mustard seeds, whose germination speed has a negative
effect on the species, are more sensitive. It was
determined that grass juice applications decreased GS
compared to the control. It was determined that ogj
application got the lowest value with 2.78. Mustard
seeds were found in barley grass juice with the lowest
value of 0.78 in the species x gja interaction during the
germination period (Figure 2).

A A

CE DE
FH 6 oy
1Y §85s:
H *‘H
g0: SS8Ssss

° © o 9 > S o .
P A g R g &
FIFFFFS FFFF TS

Figure 2. The effect of species x grass juice applications on GS

GJAO= control, GJA1= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage X bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJAL10= sage x wgj, GJA11= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa X wgj, GJAl4= mustard x wgj, GJA15=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJA1l7= sage x
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek x bgj+wgj,
GJA20= quinoa x bgj+wgj, GJA21 = mustard x bgj+wgj

3.3. Mean Daily Germination (MDG days)

When the mean daily germination parameter was
examined, it was determined that the grass juice
applications and species X gja interaction was
insignificant, and it was significant in 1% of the species.
Among the species, coriander seeds had the highest
value with 7.04% and mustard seeds had the lowest
value with 0.35. In the study, although the application of
wgj (2.90) on the mean daily germination was more
effective, it was not found to be statistically significant
(Flgure 3).
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Figure 3. The effect of species x grass juice applications on MDG
GJAO= control, GJAl= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage X bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJA10= sage x wgj, GJA11= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa x wgj, GJAl4= mustard x wgj, GJALl5=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJA17= sage X
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek x bgj+wgj,
GJA20= quinoa x hgj+wgj, GJA21 = mustard x bgj+wgj

3.4. Peak Value (PV %)

When the peak value was examined, it was determined
that the species and grass juice applications were
important at 1%. Species X gja interaction was
determined to be significant at 5%. In the study, it was
determined that there were differences between the

species, and sage seeds had the highest peak value with
1.67. It was determined that it was followed by fennel
seeds with 1.55, coriander with 1.45, linen seeds with
1.42, fenugreek with 0.76, quinoa with 0.61 and mustard
seeds with 0.35, respectively. In the grass juice
application, the ogj application got the lowest value with
0.91. Coriander seeds had the highest value with 2.4 in
the species x gja interaction in barley grass juice. It was
determined that grass juice applications affected the
investigated parameter negatively (Figure 4).
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Figure 4. The effect of species x grass juice applications on PV

GJAO= control, GJA1= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage X bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJAL10= sage x wgj, GJA11l= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa X wgj, GJAl4= mustard x wgj, GJA15=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJAl7= sage X
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek x bgj+wgj,
GJA20= quinoa x bgj+wgj, GJA21 = mustard x bgj+wgj

3.5 Germination Value (GV %)

In the GV value, the species, gja and species x gja
interaction was found to be significant at 1%. Among the
species, coriander (7.52) had the best values barley grass
juice with 4.98 compared to control in grass juice
applications. It was determined that the coriander X
barley grass juice interaction gave the best result with
13.71 in the species x gja interaction (Figure 5).
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Figure 5. The effect of species x grass juice applications on GV
GJAO= control, GJA1= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage X bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJAL10= sage x wgj, GJA11= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa x wgj, GJA14= mustard x wgj, GJA15=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJA17= sage x
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek x bgj+wgj,
GJA20= quinoa x bgj+wgj, GJA21 = mustard x bgj+wgj

3.6 Root and Stem Length (cm/plant)

In our study, in which we investigated the effect of grass
juices on sage, fennel, coriander, linen, fenugreek,
quinoa and mustard seeds, it was determined that the
species, gja and species x gja interaction in root length
was significant at 1%. In stem length, while the species
and species x gja interaction was significant at 1%, grass
juice applications were found to be insignificant.
Fenugreek (0.61) got the best value in root length
parameter. The barley grass juice with 0.51 and
fenugreek x bgj interaction with 1.31 had the best values
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compared to the control (Figure 6a). When we examine
the stem length, mustard has the lowest value with 1.93.
It was determined that quinoa x barley grass juice had
the highest value with 3.33 in the species x gja
interaction (Figure 6b).
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Figure 6. The effect of species x grass juice applications on root and
stem length

GJAO= control, GJA1= coriander x bgj, GJA2= fennel x bgj, GJA3=
sage x bgj, GJA4= linen x bgj,GJA5= fenugreek x bgj, GJA6= quinoa
x bgj, GJA7= mustard x bgj, GJA8= coriander x wgj, GJA9= fennel x
wgj, GJA10= sage x wgj, GJA11= linen x wgj, GJA12= fenugreek x
wgj, GJA13= quinoa x wgj, GJAl4= mustard x wgj, GJA15=
coriander x bgj+wgj, GJA16= fennel x bgj+wgj, GJA1l7= sage x
bgj+wgj, GJA18= linen x bgj+wgj, GJA19= enugreek X bgj+wgj,
GJA20= quinoa x bgj+wgj, GJA21 = mustard x bgj+wgj

4. DISCUSSION AND CONCLUSION

Today, the consumption of plants for health purposes is
increasing and cereals and cereal products are also
consumed for this purpose. More grass juices are
consumed for health purposes. Grass juices are very rich
in terms of nutrients and vitamins [12]. Different studies
are carried out such as the nutritional values of grass
juices, their effects on health and other plants. In the
study in which different doses (25, 50, 75 and 100%) of
oat grass juice were applied, the germination of barley,
wheat, oats, beans, lentils, sugar beet, sunflower, Italian
grass, red clover, clover, cockscomb and wild mustard
seeds rate, germination index, average germination time,
shoot and root length were examined and it was stated
that the effects of oat grass juice application and grass
juice doses on germination and seedling development
were negative [16]. In the study in which wheat grass
juice was applied, barley (Hordeum vulgare), corn (Zea
mays), wheat (Tritucum aestivum), beans (Phaseolus
vulgaris), clover (Medicago sativa), perennial grass
(Lolium perene), sheep's ball (Festuca ovina) and the
germination index, germination rate, and root and stem
length of sugar beet (Beta vulgaris) seeds were examined
and it was stated that wheat grass juice reduced the
investigated properties [12]. According to the results we
obtained from our research in parallel, it was determined
that barley, wheat and oat grass juice applications had a
negative effect on germination physiology, root and stem
development. Grain juice contains alkaloid, saponin,
gum, mucilage, protein and amino acid [17]. Because it
contains these substances, it is thought to have an
allelopathic effect on the germination and development
of other plant species. The allelopathic effect can affect
plant growth by affecting metabolic events such as

photosynthesis, respiration and ion uptake mechanisms
in plants [18]. In the study where the effects of different
doses of carbon dioxide applications on turf water yield
and nutritional values in hydroponic wheat (Triticum
aestivum L.) grass juice production were determined,
three different carbon dioxide doses (Control; 0, D1;
750, D2; 1500 and D3; 2000 ppm) were applied to the
growing medium. The effects on plant yield, seed rate,
plant and grass yield, grass juice yield and pH, plant
height and root length were investigated. It was stated
that the highest plant, grass and grass juice yields and
plant height values were obtained from D1 application,
while the highest root length values were obtained from
D1 and D3 applications [19]. In our study, the highest
root and plant length were obtained from the barley grass
juice application, and the lowest values were obtained
from the wheat grass juice application. In another study
conducted in hydroponic environment, the yield and
nutritional values of barley, wheat and corn grass juice
were examined, plant height and root length were
examined and it was determined that the highest root
length belonged to the corn plant [20]. Karaman et al.
[21] investigated the effects of essential oil doses
obtained from lavender plant on culture and foreign
plants and reported that with the increase of lavender oil
doses, germination and seedling properties decreased. In
a study examining the effects of 6% plant extract doses
(20, 40, 80 and 100%) of vinegar weed on germination
and abnormal grass formation characteristics of rapeseed
seeds, it was stated that 100% vinegar plant extract
caused the lowest germination and the highest abnormal
seedling percentage [22]. In our study, it has been
determined that the mustard species, in which the
responses of plant species to grass juice are different, are
more sensitive to grass juice applications. In the study in
which the effect of plant extracts on the germination and
seedling growth of pepper was determined, it was stated
that the inhibition effect and rate of plant extracts
changed depending on the species and doses [23]. In a
study in which the plant extract doses obtained from
radish species and turnip plants were applied to
cockscomb, barren wild oats, purslane, wild mustard, it
was reported that there was a significant decrease in
germination and shoot and root lengths in parallel with
increasing doses [24]. In another study, it was
determined that the sap obtained from squash shoots
applied to cockscomb and vinegar weed seeds inhibited
germination [25]. In another study, it was reported that
the extract obtained from the leaves of salvia and celery
plant had a negative effect on lentil seed germination and
seedling growth, and inhibited root development [26].

The young leaves of cereal grass juices are very
beneficial for human health, as they are rich in
antioxidants. There has been an increasing interest in the
use of grain juices, which contain all nutrients, as a
natural medicine. Plant growing technique without using
soil is called soilless farming technique. Media and
water culture are used in soilless agriculture. In the study
used in two cultures, it was determined that medicinal
and aromatic plant seeds using barley, wheat and oat
grass juices grown in hydroponic conditions have a
negative effect on germination physiology and root and
stem lengths. It was determined that coriander seeds
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gave better results than others, and barley grass juice was
more effective on germination physiology than wheat
grass juice. The effects of different plant extracts on
different plants should be determined in the future
studies.
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Abstract: The main goal of brain extraction is to separate the brain from non-brain parts, which
enables accurate detection or classification of abnormalities within the brain region. The precise
brain extraction process significantly influences the quality of successive neuroimaging
analyses. Brain extraction is a challenging task mainly due to the similarity of intensity values
between brain and non-brain structure. In this study, a UNet model improved with ResNet50 or
DenseNet121 feature extraction layers was proposed for brain extraction from Magnetic
Resonance Imaging (MRI) images. Three publicly available datasets (IBSR, NFBS and CC-
359) were used for training the deep learning models. The findings of a comparison between
different feature extraction layer types added to UNet shows that residual connections taken
from ResNet50 is more successful across all datasets. The ResNet50 connections proved
effective in enhancing the distinction of weak but significant gradient values in brain boundary
regions. In addition, the best results were obtained for CC-359. The improvement achieved with
CC-359 can be attributed to its larger number of samples with more slices, indicating that the
model learned better. The performance of our proposed model, evaluated using test data, is
found to be comparable to the results obtained in the literature.
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Artik ve Yogun Katmanlarla Degistirilmis UNet Kullamilarak Manyetik Rezonans

Gorintiilerinden Beyin Cikarim

Anahtar Kelimeler
Beyin ¢ikarimi,
Kafatasi soyma,
Derin 6grenme,
Y1gin baglant,
Artik baglanti,
UNet

Oz: Beyin ¢ikariminin temel amaci, beyni beyin dis1 kisimlardan ayirarak beyin bolgesi igindeki
anormalliklerin dogru tespitini veya smiflandirilmasimi miimkiin kilmaktir. Hassas beyin
¢ikarma islemi, ardisik nérogoriintiileme analizlerinin kalitesini 6nemli 6l¢iide etkiler. Beyin
¢ikarimi, beyin ve beyin dis1 yapilar arasindaki yogunluk degerlerinin benzerligi nedeniyle zorlu
bir gorevdir. Bu calismada, Manyetik Rezonans Goriintilleme (MRG) goriintiilerinden beyin
¢ikarimi i¢in ResNetS0 veya DenseNet121 6zellik ¢ikarma katmanlari ile gelistirilmis bir UNet
modeli dnerilmistir. Derin 6grenme modellerini egitmek i¢in IBSR, NFBS ve CC-359 adl ii¢
halka ac¢ik veri kiimesi kullanilmistir. UNet’e eklenen Oznitelik ¢ikarma katman tiirleri
arasindaki karsilastirma sonuglari, ResNet50’den alinan artik baglantilarin tiim veri kiimelerinde
daha basarili oldugunu gostermektedir. ResNet50 baglantilarinin, beyin sinir bolgelerindeki
zaylf ancak Onemli gradyan degerlerinin ayrimim artirmada etkili oldugu anlagilmaktadir.
Ayrica, en iyi sonuglar CC-359 i¢in elde edilmistir. CC-359 ile elde edilen gelisme, verisetinin
daha fazla kesit ve 6rnek igermesinden dolayt modelin daha iyi 6grenmesinden kaynaklanmustir.
Onerilen modelin performansi, test verileri kullanilarak degerlendirildiginde, literatiirde elde
edilen sonugclarla karsilastirilabilir bulunmustur.
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1. INTRODUCTION

The non-invasive Magnetic Resonance Imaging (MRI)
technique provides rich information about the examined
anatomical structure due to its high spatial resolution. It is
widely used in the early diagnosis and assessment of
many diseases, since it provides the detection of changes
in brain structures that may develop even in micro
dimensions over time. However, due to its high
resolution, it also causes the detailed presence of non-
brain structures such as skull, scalp and eyeballs in the
MRI scans [1]. The removal of non-brain structures may
have a significant impact on the subsequent analyses
related to the brain.

Brain extraction, also known as skull stripping, is the
initial step in analyzing MRI and other neuroimaging
data, involving the separation of the brain from non-brain
parts [2-3]. Its primary goal is to remove the skull and
provide leverage in obtaining high accuracy for the
detection or classification of any abnormalities within the
relevant brain region [3, 4]. Accurate brain extraction
significantly impacts the quality of neuroimaging studies,
including image registration, brain tumor or lesion
segmentation, measurement of brain regions of interest
for global and neurodegenerative diseases, detection of
cortical ~ thickness, and planning neurosurgical
interventions [2].

Brain extraction is a challenging task mainly due to the
similarity of intensity values between brain and non-brain
structure [3]. The partial volume effect blurs the
boundaries between two tissues, making it difficult to
distinguish structures especially in low contrast brain
images. Interpreting brain structures that lack sharp edges
in brain images, and the presence of unwanted signals
(artifacts) at air/tissue boundaries in brain images, further
adds to the complexity. Moreover, motion artifacts from
the patient and noise from the imaging environment can
reduce image quality and increase the difficulty of brain
extraction [1].

In the literature, manual segmentation is considered the
“gold standard” for brain extraction [5-6]. However, this
method is not only labor intensive and time consuming,
but also exhibits significant inter-individual variability,
potentially introducing analysis bias and thus impeding
the reproducibility of clinical studies [2]. Therefore, in
recent years, many semi-automatic or fully automatic
brain extraction techniques have been proposed with the
aim of overcoming the drawbacks encountered in manual
segmentation [1].

In the morphological and intensity-based initial brain
extraction methods, selecting the most appropriate
threshold value(s) to separate foreground and background
is often challenging [1, 3]. Brain Extraction Tool (BET)
and BET2 techniques developed by Smith [5] and
Jenkinson et al. [7], define an initial sphere by
determining the center of gravity of the head and
deforming it until it reaches the brain edge. Brain Surface
Extraction (BSE) technique developed by Shattuck et al.
[8] uses an edge-based approach with anisotropic

diffusion filtering. It has been reported that BET works
poorly on neck-intense images and BSE has lower
performance on low-resolution images [1]. Moreover,
BET and BSE techniques require parameters to be
optimized for each image, making them challenging to
use in large-scale studies [1, 6].

Atlas/template-based brain extraction methods involve
adapting an atlas/template MRI brain image to reveal
relationships between brain regions, thereby separating
structures with no relationship into brain and non-brain.
The widely used atlas-based Brain Extraction using
Nonlocal Segmentation Technique (BEaST) is fast and
achieved successful performance on T1-weighted MRI
images of both healthy individuals and Alzheimer's
patients [9]. However, this method requires parameter
optimization depending on the dataset used.

Hybrid techniques for brain extraction involve combining
the results of multiple methods. Souza et al. [6] prepared
a dataset called Calgary-Campinas-359 (CC-359), which
contains 359 T1-weighted MRI images of healthy
individuals. In their study, the images were segmented
with eight different methods, and the segmentation error
was reduced by evaluating the results of multiple methods
using the expectation-maximization technique. However,
the hybrid technique benefits from results of techniques
like BEaST, BET, and BSE, which require parameter
optimization [6].

Recently, deep learning (DL) techniques, which have
achieved successful results in medical image analysis and
imaging, have demonstrated the potential to outperform
medical experts in solving specific problems [4, 10-12].
DL models proposed for brain extraction are also
available in the literature [13]. Kleesiek et al. [14]
developed a deep convolutional neural network (CNN)
model for brain extraction from MRI images in three
different open datasets and achieved high-performance
results. Isensee et al. [2] developed a 3D-UNet-based
method called HD-BET, which performed brain
extraction by examining brain images of healthy
individuals as well as those with various pathologies,
apart from MRI images of healthy individuals. They
trained the DL model with images obtained from different
sequences (T1, T2, and FLAIR) and MRI devices, and
tested it on open brain image datasets, achieving
successful results. Similarly, Hwang et al. [15] used a
modified 3D-UNet model from a 2D-UNet model for
brain extraction from T1-weighted MRI images. The
developed DL model achieved high performance
compared to traditional models, but its performance on
MRI images obtained from different devices is uncertain.
Zhang et al. [16] modified the 3D-UNet model and
developed the FRNET model, in which residual layers
were added between encoder and decoder blocks, and a
new boundary loss function was used during model
training. FRNET was tested only on infant MRI dataset
and achieved high dice score values for brain extraction.
Similarly, Dasgin and Gurkahraman [17] showed the
effectiveness of the 3D-UNet model modified with
residual connections in brain extraction. Hoopes et al. [18]
used generative DL model to synthesize medical images
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and then generalized real brain images from these
synthesized images using a 3D-UNet model, which they
called SynthStrip. SynthStrip significantly improved
performance values obtained by traditional methods for
different datasets.

In summary, DL-based automatic brain extraction
techniques are faster than traditional methods and do not
require parameter optimization. However, the selection of
the brain extraction method depends on the problem and
is influenced by the characteristics of MRI images.
Therefore, when choosing a brain extraction technique,
factors such as the model of the MRI scanner and
magnetic field intensity (Tesla) should be taken into
account. In image segmentation studies, previous studies
have shown that the 3D- UNet model outperformed CNN
models and that enriching the latent layer of the 3D- UNet
model with residual and dense connections between
encoder and decoder blocks improved accuracy
performance. Therefore, this study aims to perform brain
extraction on MRI images obtained from different MRI
scanners with different magnetic field intensity values by
adding feature extraction layers of ResNet and DenseNet
architectures to the UNet model.

2. MATERIAL AND METHOD

In this study, a UNet model improved with residual and
dense connections was proposed for brain extraction from
MRI images. In the following subsections, the details of
the datasets used and the developed method are presented.

2.1. Datasets

In this study, three different publicly available datasets,
The Internet Brain Segmentation Repository (IBSR) [19],
The Neurofeedback Skull-stripped (NFBS) [20], and CC-
359 [6], were utilized for training and testing the 3D-DL
model.

The IBSR dataset [19] includes 3D-T1 weighted gray
images acquired from 18 healthy subjects using a 1.5
Tesla Siemens Magnetom MRI scanner, along with
manually segmented brain mask images by experts.

The NFBS dataset [20] consists of images from 125
participants with various clinical and psychiatric histories,
acquired using a 3T Siemens Magnetom TIM Trio
scanner with a resolution of 1 x 1 x 1 mm?3. The brain
mask images were also manually segmented by experts.

The CC-359 dataset [6] includes brain images with a slice
thickness of 1 x 1 x 1 mm?® from 359 healthy individuals
aged between 29 and 80 years, acquired using 1.5/3.0

Tesla Philips, Siemens, and GE MRI scanners. In this
study, the images were saved in NIfTI (.nii) format
without data loss, and both gray and mask images were
created. Note that not all images in the dataset have
manual segmentations available. Thus, the brain mask
images recommended as the silver standard by Souza et
al. [6], using the Simultaneous Truth and Performance
Level Estimation (STAPLE) technique, were used as
ground truth in this study.

2.2. UNet-based 3D Deep Learning Model

Autoencoder is a data compression algorithm that
automatically perform compression and decompression
functions specific to the data, and the autoencoder in the
DL model implements these functions using neural
networks. To create an autoencoder, a coding function, a
decoding function, and an error function showing the
information loss between the compressed and
uncompressed representations of the data are required
[21]. The UNet model, fundamentally an autoencoder,
consists of an encoder that encodes the input image into
low-level features at multiple levels and a decoder that
reflects these features into pixel space. With its
symmetrical structure, UNet uses skip connections
between the encoder and decoder to preserve image
information in greater detail [22, 23].

Figure 1 shows the 3D UNet model modified with the
feature extraction layers of the ResNet50 [24] and
DenseNet121 [25] models proposed for ImageNet. The
model consists of two different blocks, encoder, and
decoder, each containing convolution and deconvolution
layers. In the middle part of this general structure, the
residual/dense blocks of ResNet50 and DenseNet121
models were adapted to achieve better compression of
information, and the brain extraction results were
compared.

In the encoder blocks, four convolution blocks with filter

sizes of 8, 32, 64, and 64 were used, respectively. Each
block consists of a 3x3x3 convolution operation, followed
by batch normalization (BN) and ReLU activation. This
process is repeated twice, and finally, the feature maps'
dimensions are reduced using max pooling. In the decoder
blocks, there are four upsampling blocks with filter sizes
of 64, 64, 32, and 8, respectively. The operations in the
decoder blocks consist of upsampling (transposed
convolution), followed by two repetitions of Convolution,
BN, and ReLU. The activation function used in the final
block is sigmoid.
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Figure 1. 3D-UNet model modified with feature layers of the DenseNet121 and ResNet50.

For the experiments, due to the limited number of samples
in the IBSR dataset (only 18 samples), the datasets were
split into 80% for training and 20% for testing, with the
test set also serving as the validation set. A dataset’s
optimal train-test split ratio for DL applications is not
clearly defined. In this study, we adopted the widely
favored experimental train-test ratio of 80%-20%, as
commonly seen in the DL medical image analysis
literature [26-27]. The optimization technique used during
training was ADAM, with a learning rate of 0.0002 and a
momentum coefficient of 0.8. The number of epochs was
set to 500 for IBSR and 100 for the other datasets, with
early stopping as an option. The batch size was set to 4
due to hardware limitations for training the 3D model. The
3D-UNet model was implemented using the Keras library
in Python 3.9 based on Tensorflow. The experiments were
conducted on a PC with a NVIDIA RTX A6000 48 GB
GPU, Intel i9 12900 KS @ 3.40 Hz CPU, and 64 GB
RAM.

To compare the performances of the dense and residual
blocks in the latent layer of the model under the same
conditions, the rest of the architecture was designed to be
the same, and the traditional loss function, binary-cross
entropy, was used.

2.3. Performance Metrics

The segmentation performance of the UNet model was
assessed using the Dice coefficient, sensitivity, and
specificity metrics. The Dice coefficient, as given in
Equation 1, is calculated by dividing twice the
intersection of the real (R) and predicted (P) masks by the
sum of the areas of both masks.

2|PNR| 2TP
|P|+|R| ~ 2TP+FP+FN

Dice =

1)

where TP, FP, and FN represent True Positive, False
Positive, and False Negative, respectively.

Sensitivity, also known as recall, assesses the proportion of
brain tissue that is successfully included in the
segmentation. Specificity gauges the proportion of non-
brain tissue that is accurately excluded from the
segmentation (Equation 2).

Sensitivity = TI\TFFP (2)
Specificity = e~ )

3. EXPERIMENTAL RESULTS AND DISCUSSION

The experiments were performed by training and testing
two separate UNet architectures modified with
DenseNet121 and ResNet50 feature extraction layers.
Both architectures were trained and tested on the IBSR,
NFBS, and CC359 datasets. The training and testing
datasets were randomly split to ensure the model was
tested on data it had not seen during the training process.
The training and testing procedures were repeated five
times, and the average performance values were
computed.

The results of all experiments are presented in Table 1.
Each cell in the table shows the average and standard
deviation of five test results. When comparing the
different feature extraction layer types added to the UNet
architecture, the most successful results were achieved
with ResNet50 across all datasets. However, when
considering individual datasets, the most successful
outcomes were obtained with CC-359. The residual
connections in the ResNet50 architecture particularly
improved the distinction of weak but important gradient
values in the brain boundary regions. On the other hand,
according to the datasets, the improvement can be
attributed to the larger number of samples and more slices
in the CC-359 dataset, indicating that the model learned
better.
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Table 1. Average performance values of modified UNet models.

Dataset Models Dice Coefficient Sensitivity Specificity
IBSR ResNet50 0.9613 (£0.0036) 0.9590 (+0.0017) 0.9931 (£0.0010)
DenseNet121 0.9473 (+0.0063) 0.9211 (£0.0230) 0.9955 (+0.0016)
NEBS ResNet50 0.9875 (+0.0018) 0.9840 (+0.0048) 0.9990 (+0.0005)
DenseNet121 0.9838 (+0.0067) 0.9812 (+0.0146) 0.9985 (+0.0010)
CC-359 ResNet50 0.9887 (+0.0028) 0.9899 (+0.0058) 0.9985 (+0.0009)
DenseNet121 0.9872 (+0.0025) 0.9874 (+0.0069) 0.9985 (0.0011)

The sample results obtained with the IBSR, NFBS, and
CC-359 datasets are presented in Figure 2-4. Upon
examining the generated binary segmentation masks, they
demonstrate consistency with the Dice scores given in
Table 1. It is evident that the key factor influencing the
segmentation performance is how well the model has
learned the boundary regions. Across all cases, the most
successful segmentation masks are produced by the model
with residual connections. Comparing the results from all
figures, the most promising outcomes are achieved for the
CC-359 dataset, as shown in Figure 4. Our observation
that the model learned better with the CC-359 dataset due
to more samples and more slices is also supported by the
segmentation results.

Figure 2. IBSR results, a) original gray, b) binary ground-truth, c)
UNet with ResNet binary result, d) UNet with DenseNet binary result

Figure 3. NFBS results, a) original gray, b) binary ground-truth, c) UNet
with ResNet binary result, d) UNet with DenseNet binary result

Figure 4. CC-359 results, a) original gray, b) binary ground-truth, c)
UNet with ResNet binary result, d) UNet with DenseNet binary result
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Table 2 provides a comparison of our model with the
studies from the literature which used DL architecture and
the same datasets. The comparisons were performed using
the results of the 3D-UNet model based on ResNet50,
which yielded better results than the DenseNet-based
architecture. Kleesiek et al. [14] achieved Dice scores,
sensitivity, and specificity values of 0.9632, 0.9501, and
0.9961, respectively, for the IBSR dataset using their
proposed CNN model. Hwang et al. [15] compared their
3D-UNet architecture results, obtained for the NFBS
dataset, with traditional techniques such as BSE [8],
Robust Brain Extraction (ROBEX) [28], and CNN
model’s results [14], demonstrating superior performance

Table 2. Literature comparison

values. As evident from Table 2, the performance values
obtained in this study for the IBSR dataset are competitive
with Kleesiek et al.’s [14] results. For the NFBS dataset,
the average Dice and sensitivity values are comparable to
those of Hwang et al. [15], while our specificity value is
higher. Moreover, the Dice values obtained for the NFBS
and CC-359 datasets are higher than those achieved by
Isensee et al.’s [2] HD-BET method, which reported Dice
coefficient values of 0.9820 for NFBS and 0.9690 for CC-
359 datasets. Although this study exclusively used NFBS
and CC-359 datasets for testing, the model was trained on
a large dataset consisting of 6586 samples collected from
25 different institutions.

Study Model

Dataset Dice

Sensitivity Specificity

Kleesiek et al. [14] CNN IBSR

0.9632 (+0.0100)

0.9501 (+0.0200) 0.9961 (+0.0030)

Hwang et al. [15] 3D-UNet NFBS 0.9903 (+0.0016) 0.9853 (+0.0040) 0.9953 (+0.0022)
Isensee et al. [2] HD-BET NFBS 0.9820(+0.0020) - -
(3D-UNet) CC-359 0.9690(£0.0020) - -

This study ResNet-based IBSR 0.9613 (+0.0036) 0.9590 (+0.0017) 0.9931 (+0.0010)

3D-UNet NFBS 0.9875 (x0.0018) 0.9840 (+0.0048) 0.9990 (+0.0005)

CC-359 0.9887 (£0.0028) 0.9899 (£0.0058) 0.9985 (£0.0009)

The process of refining brain images by eliminating non-
brain regions is crucial for improving the performance of
artificial intelligence (Al) algorithms, particularly in
medical applications like classification and disease
analysis. It offers several advantages: Firstly, it enhances
accuracy by ensuring Al algorithms focus exclusively on
pertinent brain structures, minimizing diagnostic errors.
Secondly, it boosts efficiency by simplifying data,
enabling faster processing, which is vital for real-time
healthcare applications. Additionally, it promotes better
generalization, helping Al models perform well on new
cases without being affected by irrelevant data. Its clinical
value lies in facilitating precise and timely diagnoses,
aiding healthcare professionals in informed decision-
making. Lastly, purified brain data advances neuroscience
and medical research, allowing for a deeper understanding
of neurological conditions. In essence, the purification of
brain images by excluding non-brain regions is a critical
preprocessing step that enhances Al algorithms’
performance in medical fields, benefiting clinical practice
and scientific research.

DL-based brain extraction has potential to improve the
accuracy and efficiency of clinical applications
significantly. It not only saves time but also reduces the
risk of human error, making it a valuable tool in modern
healthcare for diagnosing, monitoring, and researching
neurological conditions and brain function. As DL
algorithms continue to evolve, we can expect even greater
advancements in the field of brain image analysis such as
disease diagnosis and monitoring, functional brain
imaging, and treatment planning. Disease diagnosis and
monitoring includes such as tumor detection and analysis,
stroke assessment, and neurodegenerative diseases.
Accurate brain extraction helps in identifying and
characterizing brain tumors. It can aid in tumor volume
measurement and tracking changes over time, which is
crucial for treatment planning and monitoring. In stroke
diagnosis, it's important to accurately segment the brain to
identify regions affected by ischemia or hemorrhage. This
information assists in determining the extent of brain

damage and guiding treatment decisions. DL-based brain
extraction can improve the accuracy of identifying brain
regions affected by neurodegenerative diseases like
Alzheimer's and Parkinson's. It can facilitate early
diagnosis and disease progression monitoring. For the
treatment planning, in both neurosurgery and radiation
therapy for brain tumors, accurate brain segmentation
plays a pivotal role. Precise brain segmentation provides
surgeons with a clear view of the brain’s structure,
enabling them to plan the safest and most effective
approach for tumor removal or other procedures in
neurosurgical interventions. In radiation therapy,
knowing the exact boundaries of the brain is essential to
prevent damage to healthy tissue, and accurate brain
extraction helps define the treatment target.

4. CONCLUSION

This study proposed an improved UNet architecture
including residual and dense feature extraction layers to
address the challenging problem of extracting brain from
surrounding structures, primarily due to pixel intensity
similarities. The obtained results demonstrate that the
model's performance is particularly dependent on its
ability to accurately segment the boundary regions of the
brain and other structures. The superior performance of
the architecture with residual connections can be
attributed to its capability to preserve weak gradient
values in deep layers. The findings also emphasize the
importance of large-scale training data, as evidenced by
the best results obtained for the CC-359 dataset. It
highlights the significance of extensive training data for
achieving improved performance. Comparing our
proposed model to relevant literature studies utilizing the
same dataset and UNet-based models, it vyields
comparable performance results.

In conclusion, for future research in this domain, focusing
on architectures and loss function selection that target the
distinguishing ability of boundary regions could be a
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realistic approach, given its significant impact on the
model's performance.
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