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Effects of Disodium Octaborate Tetrahydrate (DOT) on Seed Germination and
Development in Rocket (Eruca sativa Mill.) and Cress (Lepidium sativum L.)

ibrahim Ertan Erkan”, Ozlem Aras Asc1®”

Abstract: Rocket (Eruca sativa Mill.) is cultivated throughout the year. Thanks to the rich
metabolites of its leaves, it has a wide usage area in pharmacy. Cress (Lepidium sativum) is
in the group of annual vegetables and has a herbaceous structure. Due to its fragrant and
slightly spicy structure, it is a vegetable that is used as an appetizer. Its seeds and green
parts are very beneficial for health. Rocket is a short-day plant whose leaves are considered
to be rich in many minerals and vitamins. The present research was conducted to
investigate the effects of doses of Disodium octaborate tetrahydrate (DOT) (0 (control), 15,
30, 45, 60 mg L™ on the germination and development of seeds of rocket and cress plants
grown in pot experiments. In order to determine the effect of DOT on the development and
yield of rocket and cress plants, the percentage of germinated seeds, cotyledon length and
dry matter amounts were determined. ANOVA test was used to analyze the data obtained in
the present study. Tukey test was used to determine which groups were in significant
differences between the groups. Overall, it was seen that there were significant growth
differences between the doses used statistically, the particularly 45 mg L-* application DOT
positively affected the germination and dry matter content of rocket and cress seeds.

Keywords: Rocket, Cress, Disodium octaborate tetrahydrate (DOT), seed germination.
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1. INTRODUCTION

In recent years, vegetable consumption has increased
considerably with its beneficial effects on human health and
nutritive contents (Chang et al. 2013). Rocket (Eruca
sativa Mill.) and cress (Lepidium sativumL.) both
cruciferous plants have rich sulforaphane ingredients that
provide to induce NRF2-HO-1 antioxidant pathway (Bell et
al. 2015). In usual, it is beneficial to eat brassicaceous
greens that reduce cancer, cardiovascular issues and
diabetes (Podsedek 2007; Tounsi et al. 2019).

Rocket is classified into Brassicaceae family. In general,
rocket are harvested from nature as well as cultivated edible
plants. Leaves are highly nutritive in terms of vitamins and
minerals (Moussa 2006). Rocket is a plant rich in nutrients
and has been reported to contain 5.13% K, 4.32% N, 0.25%
P, 0.58% Mg, 2.95% Ca, 799.88 mg kg™ Na, 64.86 mg kg
1Zn, 5.36 mg kg* Cu, 350 mg kg* Fe, and 40.58 mg kg
1 Mn (Barlas et al. 2011). Rocket has health promoting
beneficial properties (Guijarro-Real et al. 2020). It is
known that rocket cultivation dates back to ancient times as
a source of food, oilseeds crop and medicinal plants

(Padulosi and Pignone 1996; Hall et al. 2012). Rocket is
used as a salad vegetable because of low-calorie content, it
is as well beneficial for health-promoting nutraceutical and
anticancer properties (Higdon et al. 2007; Bell and
Wagstaff 2014). Rocket essential oil is an important
precursor for triazoles synthesis which creates a-
glucosidase inhibitors. Therefore could be an important
oppress for postprandial hyperglycemia in diabetic patients
(Hichri et al. 2019). Seeds of rocket have been used in folk
medicine since ancient times for their diuretic,
antimicrobial, lactagogue, aphrodisiac, and many other
effects (Hussain et al. 2020). It was determined that rocket
was used as a garden crop and spice in studies dating back
to the middle ages, and special attention was paid to its
biological diversity (Yaniv et al. 1998). Cruciferous plants
have some phytochemicals protective against DNA damage
such as sulforaphane erusine and erysoline. Rocket diet
could increase hepatic ABC transporters’ expression which
reduces the risk of toxic compounds (Roma et al. 2019).
Rocket is widely spread all over the world (Barillari et al.
2005).
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Cress belongs to the Brassicaceae family has been
cultivated in Europe, the US and India. The seeds are edible
and beneficial with medicinal properties (Gokavi et al.
2004; Mali et al. 2007; Karazhiyan et al. 2009; Diwakar et
al. 2010). Cress is a fast-growing herb with a tangy flavour
and aroma (Manohar et al. 2012). Cress could grow up to
50 ¢cm as annual plants and rich in some minerals also
vitamins A and C (Ajdanian et al. 2019). Besides, it is
included an important amount of folic acid, iron and
calcium. (Sharma and Agarwal, 2011). Previous studies
have shown that cress seeds are used for nutritional food or
dietary purposes (Gokavi et al. 2004; Karazhiyan et al.
2009). In addition, seeds were traditionally used for diet
breastfeeding woman’s milk secretion (Diwakar et al. 2008;
Datta et al. 2011). In addition, leaves have antibacterial
properties, also helpful in cure hepatopathy and scurvy
(Karazhiyan et al. 2011a). The performed studies on cress
hepatoprotective effect were indicated that CCl4 (carbon
tetrachloride) liver damage avoided in rats (Wadhwa et al.
2012). Cress seed has the potential to be used as a thickener
in the food industry due to its hydrocolloid property
(Karazhiyan et al. 2009; Karazhiyan et al. 2011 b;
Behrouzian et al. 2014). Another study conducted by Naji
et al. (2012) was stated that cress seed gum stands higher
thermal treatments increase viscosity as desirable. In
oppositely refrigeration conditions, cress seed gum was also
functional with increased viscosity (Naji and Razavi, 2014).
Leaves are generally used for salad, sandwiches, garnish
and animal forage (Mali et al. 2007; Karazhiyan et al.
2009). Nehdi et al. (2012) was stated that cress seed oil has
potential for biodiesel production due to be atomized
readily and finer droplets.

Plants are important to drug research even though desired
substances can be obtained as synthetic molecules
(Eddouks et al. 2005). One of the medicinal plants is cress.
Cress seed mucilage was used as a natural ingredient in
pharmaceuticals (Behrouzian et al. 2014). Studies
conducted by Paranjape and Mehta (2006) signify that cress
was highly effective against bronchial asthma, 4 weeks
treatment cress seed powder to 30 patients without any
other cure medication. There were important beneficial
improve clinical symptoms and asthmatic attacks. Another
study performed by Maghrani et al. (2005) stated that
aqueous extract of cress demonstrated antihypertensive and
diuretic activities. Furthermore, cress seed oil was
beneficial in albino rats due to the dietary source of alpha-
linolenic acid (Diwakar et al. 2008). Cress leaves and seeds
were suggested to rheumatism and muscular pain.
Moreover, it has aperient, aphrodisiac properties (Sharma
and Agarwal 2011; Doke and Guha 2014; Hadi and
Hameed 2017). Aqueous extract of cress seed stimulates
apoptosis and necrosis in human breast cancer cell line
MCF-7 (Mahassni and Al-Reemi 2013).

The main fatty acids in cress oil were linoleic and oleic
acid. In addition to its high viscosity, cress oil has excellent
lubricating properties (Moser et al. 2009). It was stated that
cress seed oil is highly steady at cold temperatures. Cress
seed oil is contained carotenoids and tocopherol as natural
antioxidants. Therefore it maintains oil quality; cress seed
oil is very helpful for the treatment of skin disease, leprosy,
lumbago, dysentery (Kirthikar 1952; Diwakar et al. 2010).

Investigation performed by Kasabe et al. (2012) expressed
that cress seed has medicinal and nutritional properties also
antioxidant activities. Attia et al. (2019) reported that cress
methanol extract was anti-diabetic and anti-oxidant
properties. It was stated that cress has fracture healing
properties in rabbits (bin Abdullah 2007). Chemo protective
effects of cress investigation were performed by Kassie et
al. (2002) signify that cress provides an important decrease
to DNA damage in colon and liver cells. Conducted
investigation along 14 weeks by Datta et al. (2011)
emphasizes that cress seeds were none-toxic and
trustworthy for feeding to rats in both genders. Cress seed
has plenty of rich protein content and fat (Sharma and
Agarwal 2011; Doke and Guha 2014).

Macro and micronutrients are very important in the
agricultural ecosystem, but the insufficient knowledge of
the use of micronutrients in agricultural lands and their
limited availability in the soil cause microelement
deficiency in agricultural plants. Boron is a micronutrient
element that is rapidly depleted in the soil (Tahir et al.
2009). Boron is an essential element required for optimum
growth and development in advanced plants (Marschner,
1995). It is known that boron plays an important role in
nutrient transport by plant membranes (Tanada, 1983).
Studies show that boron can affect the accumulation and
utilization of other plant nutrients as a regulator or inhibitor
(Alvarez- Tinaut et al., 1979). In plant cell walls, boron is
an important component to crosslink pectic polysaccharides
rhamnogalacturonan-I1 (RG-11) complex (Onuh and Miwa
2021).

We have done extensive research on the benefits and
different uses purpose of both herbs. Cress and rocket are
used in the treatment of various diseases. It is also rich in
vitamins and minerals and especially consumed as a salad.
Therefore it is important to rapid growth to meet the
demand. In this research, we investigated germination
percentage (%), cotyledon length (mm), Dry weight per
plant (mg) under boron fertilizer in the 4th, 8th, 12th days.

2. MATERIAL AND METHODS
2.1. Materials and Treatments

Standard seeds of rocket (Rota variety) and cress (Helen
variety) were used as plant material in the study. Pot soil
with properties of pH 5.5-6.8, EC (us cm™) 220, organic
matter 54-60%, humidity 53.43%, water holding capacity
575.03, and purity 95% was used as the growing medium.
Seeds were planted in 1.5 L (15x15 cm) pots with 40 seeds
each. The study was set up according to a randomized plot
trial pattern with three replicates and 3 pots for each repeat.
The seeds were grown in pots at 22+1°C in a growth
chamber under controlled conditions, 12 hours dark and 12
hours light (400 pmol m st) photo-cycle. The seeds in the
pot were irrigated with different doses of sodium
borohydride dissolved in distilled water at regular intervals
during the application. Sodium borohydride
(NazBg013.4H,0 disodium octaborate tetrahydrate) (DOT)
(Brand name: ETIDOT-67, water soluble boron 20.8%)
administration doses were determined as O (control), 15, 30,
45, 60 mg L. The harvest time was determined according
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to the preliminary studies we carried out before.
Accordingly, the cotyledon samples were harvested on the
4th, 8th, and 12th days. Generally, after the seeds of
arugula and cress are planted, they begin to absorb water
into their bodies. On the fourth day after planting, the
cotyledon grows upward while its roots move through the
soil. These properties were effective in the selection of the
first harvest time.

2.1. Methods
Determination of the germination percentage

While determining the germination percentage; The seeds
germinated on the 4th, 8th, and 12th days of pots in each
application were counted and calculated according to the
formula below.

Germination (%)= (Number of seeds that germinated /
Number of seeds on the pot) x 100

Determination of average cotyledon length

In determining the average cotyledon length; On days 4, 8,
and 12, the above-soil part of five plants randomly selected
from each pot was measured with a digital caliper and their
average was calculated in mm.

Determination of cotyledons dry weight per plant

On the harvest days, the parts above the root node of 5
plants randomly selected from each pot were dried in the
oven at 45 ° C until they reached constant weight. It was
then weighed on an analytical balance and divided by the
number of plants and expressed in mg.

Data analysis

Experiments were conducted with 3 replicates per analysis.
The importance of the implementation effect was
determined at the 5 % prospect level by utilizing the Tukey
test of one-way ANOVA with the assistance of SPSS 15
(Statistical Package for Social Sciences, SPSS Inc., IL,
USA).

3. RESULTS AND DISCUSSION

The increasing polycyclic aromatic hydrocarbons were
decreased to L. sativum germination rate in polluted

artificial soil (Maila and Cloete 2002). Pavel et al. (2013)
stated that metal ions were inhibiting to seed germination of
L. sativum. Another investigation indicated that Myrigalone
A was impeded seed germination of L. sativum. (Oracz et
al. 2012). The imidazolium ionic liquids were decreased to
seed and root germination (Studzinska and Buszewski
2009). Research clarifies that volatile organic compounds
(VOC) affected seed germination. It was expressed that
high-VOC biochar causes total inhibition (Buss and Masek
2014). Another study revealed that microplastics can cause
a delay of germination and root growth to L. sativum
(Bosker et al. 2019). Therefore it is important to understand
negative factors to prevent seed germination. As a result of
our research, it has been determined that DOT promotes
seed germination of both two plants (Table 1). We applied
plants to DOT and harvested to 4th, 8th,12th days of
growth.

Results indicated that treatments of 0 mg L™, 15 mg L%, 30
mg L%, 45 mg L%, 60 mg L DOT affect seed germination
in cress. It is seen that the germination percentage is quite
low in control plants that have never been applied DOT by
examined in table 1. Control (0 mg L) plants germination
percentage 4th days 30%, 8th days 42.5%, and 43.3% in the
end of 12th days of growth in cress (Table 1). The 45 mg L
1 DOT treatments have the best results in seed germination.
In the cress, treatments of 45 mg L? sodium borahydride
demonstrated germination rate in a row 4th days 50%, 8th
days 75% and 76.66% at the end of 12th day of growth.
According to other concentrations, 45 mg L' DOT
treatments are showed the fastest germination rate at the
end of the 8th and 12th day in cress (Table 1). In similar to
our research, the effect of 0, 0.1, 0.2, 0.4 and 0.8 kg da-1
DOT doses in vetch (Vicia ervilia (1) willd), Kili¢ (2019)
was found that 0.4 kg da-1 DOT application increased seed
yield compared to all applications.

Rocket is normally a fast-growing plant in nature.
However, many factors can affect germination and growth
(Garg and Sharma 2014; Shariatinia et al. 2021). Rocket
germination results are similar to cress plants, control plants
(0 mg L) have minimum germination 70.83 %, the best
germination rate 92.5 % in 45 mg L™ DOT treatments.
Germination rate in both cress and rocket, 60 mg L* DOT
treatment shows similarly less germination than 45 mg L.
Therefore we suggest 45 mg L DOT fertilizer in both cress
and rocket (Table 1).
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Table 1. Cress and rocket germination percentage (%)

Days (cress seed germination percentage) 4. day 8. day 12. day
OmgL! 30.00+1.44% 42.50+1.44° 43.33+0.83¢
15mg Lt 37.50+1.44° 45.00+0.00° 45.00+1.44

([T)gﬁtme’:_ti) 30mg L 37.5040.00° 50.00+1.44° 55.00+1.44°

g 45mg L1 50.00£0.00° 75.00+1.44°  76.66:0.832

60mgL? 62.50+2.88% 68.33+2.20° 68.33+2.20°

Days (rocket seed germination percentage) 4. day 8. day 12. day

OmgL' 6250+1.44° 70.00+2.88° 70.83+2.20¢

Treatments 15mg Lt 74.16+0.83° 78.33£1.66™ 78.33+1.66%

(DOT mg LY 30mg Lt 82.50+1.44% 82.50+1.44° 82.50+1.44"

45mg Lt 87.33+2.33% 92.50+1.44%  92.50+1.44°

60mg Lt 83.33+0.83% 86.66+1.66® 86.66+1.66%

a.b.¢.d The values designated by different letters on the same column are significantly different on 5 % significance level.

Note: (***) means 99.9% confidence level, (**) means 99% confidence level, (*) means 95% confidence level (ns) is statistical ly insignificantand (a, b, c, d,
e) means homogeneous groups

Pandey (2012) investigated the effects of different
concentrations of boron (0, 0,33, 3.3, 33, 330 mM)
applications on flaxseed (Linum usitatissimum L. var
R552) on seed germination and cotyledon length. It was
stated that low doses of boron applications affected the
cotyledon length positively, but with the increase of boron
concentration, seed germination and vitality index
decreased and percent phytotoxicity increased. Cress and
rocket DOT treatment is importantly effective to cotyledon
length (Table 2). On the one hand, cress control treatments

maximum cotyledon length 20.05 mm, on the other hand,
45 mg L boron fertilizer were positively increased to
50.42 mm at the end of the 12th growth. Rocket control
plants cotyledon length 26.07 mm in 12th growth.
However, this results up to 49.64 mm when the 45 mg L
boron fertilizer was applied to plants (Table 2). Both two
plants growing regularly, according to our observation 45
mg L boron fertilizer quite effective over cotyledon
length.

Table 2 Cress and rocket cotyledon length (mm)

Days (Cress cotyledon length mm) 4.day 8.day 12.day
OmgL? 6.54£0.55°  8.86+0.22° 20.05+1.12¢
Treatments 15mgL? 7.46£0.91° 9.80+0.224° 30.41+0.97°
(DOT mg L) 30mgL? 29.73+0.21° 36.30+1.47° 39.91+1.89°
45mgLt 30.40+0.34% 40.19+1.07° 50.42+0.83%
60mg Lt 28.15+£0.94% 38.68+0.17 40.07+2.03°
Days (Rocket cotyledon length mm) 4.day 8.day 12.day
OmgL? 5.29+028% 21.94+1.30° 26.07+1.75°
Treatments 15mg Lt 20.19£0.72° 38.12+0.81* 40.31+0.61°
(DOT mg L) 30mgL! 24.43+0.76° 38.04+0.54* 40.80+1.17°
45mgLt 29.90+0.31* 39.97+1.81° 49.64+1.02?
60mg Lt 26.24+0.18° 38.11+0.53% 42.47+0.24

a.b.¢.d The values designated by different letters on the same column are significantly different on 5 % significance level.

Although boron is generally considered immobile, plays an
important role in the transport of sugars. It also helps
carbohydrate, RNA (ribonucleic acid) and I1AA
(indoleacetic acid) metabolisms (Kacar et al. 2020).

Cress and Rocket dry weight per plant were analyzed in
presence of various concentrations of boron fertilizer (Table
3). There were no negative effects of DOT fertilizers. All
other concentrations were higher than control treatments. In
the parallel of our investigation, Besheit et al. (1992)
applied 40 ppm doses of B, Zn, Mn and Fe separately to
sugar beet seeds before planting. In the same study, they
reported that the dry weight was increased by 40 ppm
Boron application compared to the control and other
applications.

Cress and Rocket’s dry weight per plant (mg) were more
raised at 45 mg L* DOT fertilizers (Table 3). In the 4th day
of growth dry weight per plant was 2.23 fold and 1.42 fold
more at cress and rocket respectively in the 45 mg Lt DOT
treatments when compared to control plants.

In the parallel of our investigation, Besheit et al. (1992)
applied 40 ppm doses of B, Zn, Mn and Fe separately to
sugar beet seeds before planting. In the same study, they
reported that the dry weight was increased by 40 ppm
Boron application compared to the control and other
applications.
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Table 3 Cress and rocket dry weight per plant (mg)

Days (Cress Dry weight per plant mg) 4.day 8.day 12.day
OmgL? 0.59+0.04° 0.78+0.07° 0.99+0.08"
15mg LT 0.92+0.04° 1.08+0.05° 1.16+0.04°

([T)gﬁtmerl‘_ti) 30mg Lt 1.21£0.03 1.45:0.03% 1.48+0.05°

g 45mg Lt 1.32+£0.06° 1.58+0.03* 1.67+0.04?

60mg L1 1.28+0.02% 1.48+0.04% 1.54+0.05%

Days (Rocket Dry weight per plant mg) 4.day 8.day 12.day

OmgL' 1.01£0.01° 1.16+0.02° 1.20+0.01¢

15mg Lt 1.13£0.00° 1.60+0.03% 1.64+0.02°

Treatments 30mg Lt 1.48+0.02% 1.63£0.07%° 1.85+0.02%®

(DOT mg L) 45mg Lt 1.44£0.03% 1.69+0.04% 1.92+0.02°

60mg Lt 1.41+0.06% 1.56+0.02° 1.77+0.01°

a.b.¢d The values designated by different letters on the same column are significantly different on 5 %
significance level.

4. CONCLUSION

It is important that DOT fertilizer has not been studied
before to stimulate the germination of cress and rocket
seeds and subsequent growth. Cress, at the end of the 12th
day 45 mg L DOT treatments 1.76 fold more germination
rate than control plants. Rocket, at the end of the 12th day
45 mg L DOT treatments 1.30 fold more germination rate
than control plants. Cress and rocket, boron fertilizer was
increased to cotyledon length according to control
treatments. In both two plants, 45 mg L boron fertilizer
was the highest cotyledon length. When comparing control
plants to 45 mg L™ boron fertilizer, cress 2.51 fold rocket
1.90 fold have more cotyledon length. Cress and rocket dry
weight per plant 45 mg L boron fertilizer were 1.68 fold
and 1.60 fold more than control plants respectively.
Overall, we proposed that 45 mg L DOT treatments have a
quite good improvement at germination %, cotyledon
length, dry weight per plant both cress and rocket.
Therefore it shortens the period to deliver products from
field to market. We think that the determination of the
appropriate dose with our research will shed light on future
studies and guide the growers in terms of product yield.
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1. INTRODUCTION

The substantial reliance on wood, wood products, and paper
in spite of a shortage of cellulosic and forestry resources
has prompted wood and paper researchers to study in more
detail the appropriate use of resources (Nemati and
Samariha, 2011).

Cellulose, hemicelluloses, and lignin are the main chemical
components of wood. Cellulose and hemicelluloses are the
polysaccharides of the plant world; cellulose can comprise
between 40% and 50% of wood, with hemicellulose making
up another 15%-35%. Cellulose is constituted of glucose
units that offer a linear and homopolymeric structure. In
contrast, hemicelluloses present a branched
heteropolymeric structure; in wood, they arise from
pentoses, hexoses, and uronic acids. In softwood species,
O-acetylgalactoglucomannan is the dominant hemicellulose
polymer, comprising between 12% and 18%, depending on
species. The main  molecular chain of O-
acetylgalactoglucomannan consists of f—D-glucopyranosyl
and B—D-mannopyranosyl units that are linked linearly with
one another by B-(1,4) bonds, with acetyl groups bonded to
the -OH groups of the C2 and C3 atoms of B-D-
mannopyranosyl. This main chain is then branched with o—

D-galactopyranose units linked by a-(1,6) bonds. Another
common  softwood hemicellulose is arabino-4-O-
methylglucoronoxylan, which makes up between 8% and
10%, depending on species. The main molecular chain of
arabino-4-O-methylglucoronoxylan is constituted of B-D-
xylopyranose units that are linked linearly with one another
by B-(1,4) bonds; to this chain, a—L-arabinofuranose and 4-
O-methyl-a-D-glucopyranosyluronic acid units are bonded
by o-(1,3) and a-(1,2) bonds. The third major chemical
component of wood, lignin, is a natural biopolymer
complex constituted of phenylpropane units. Softwood
lignins appear to consist primarily of guaiacyl units with
small quantities of syringyl and p-hydroxyphenylpropane,
while hardwood lignins appear to consist of guaiacyl and
syringyl units with a small portion of p-
hydroxyphenylpropane. After cellulose, lignin is the second
most abundant biopolymer in the plant world, comprising
between 20% and 32% of wood content (Fengel and
Wegener, 1984; Krassig, 1993; Sjostrom, 1993; Teleman et
al., 2009; Kapu and Trajano, 2014; Persson and Jonsson,
2017).

In addition to being the main component in the production
of paper, rayon, or cellulose derivatives, cellulose is an
important raw material when converted into glucose units


https://orcid.org/0000-0002-4742-3348
https://orcid.org/0000-0001-6205-3851

Bilge International Journal of Science and Technology Research, 2022, 6(1), 9-15

(Fengel and Wegener, 1984; Sjostrom, 1993). Like
cellulose, hemicelluloses have attracted interest in recent
years as raw materials for the production of derivatives,
with hydrolysis of different hemicelluloses yielding
different monosaccharide units (Sun et al., 1999, 2000,
2004; Yasar, 2018; Yasar and Kiling, 2018). Most recently,
a partial pre-extraction of hemicelluloses has been proposed
that can be carried out without affecting the quality or yield
of pulp produced for use in the pulp and paper industry
(Van Heiningen, 2006). This provides a source of
hemicelluloses for diverse industrial processes. For wood
monosaccharides, including glucose, mannose, xylose,
galactose, arabinose, rhamnose, and uronic acids, the main
utilization is to produce other industrial chemicals. The
third main component of wood, lignin, can be utilized in a
wide range of applications, from fuels to advanced
chemicals and materials. However, about 85% of the
world's total lignin production consists of kraft lignin,
which is a kind of industrial lignin recovered from kraft
pulp. About 630,000 tons of kraft lignin is produced
annually, and is primarily used for heat recovery in the
form of combustion, which is a low-value use (Wegener,
1982a, 1982b; Fengel and Wegener, 1984; Sjostrom, 1993;
Yoon and Van Heiningen, 2008; Vila et al., 2011;
Hongzhang, 2015).

Brutian pine (Pinus brutia Ten.) is distributed extensively
throughout the Mediterranean, Aegean, and Marmara
regions, and also in some localities of the western Black
Sea region. In Turkey, the total growing area of Brutian
pine is approximately 5.8 million hectares, which is 25.11%
of the nation’s forests (OGM, 2015). Brutian pine is the
leading species for Turkish wood production, with 5140007
m® being used as industrial wood and 1055335 m3 as
fuelwood (OGM, 2016). The wood is used in the
production of construction materials, packing cases,
agricultural tools, telegraph poles, mine poles, palings, and
watercraft (Bozkurt, 1971, 1982). In addition, it is a useful
source for paper production using the kraft (sulfate) process
(Erten and Taskin, 1985; Oktem, 1987). Moreover, Brutian
pine wood is one of the most important sources of raw
material for use in the production of particle board and
fiberboard (Ozdemir and Ucar, 2016). Finally, Brutian pine
bark can be used in tannin production (Erten and Taskin,
1985; Oktem and Sézen, 1995).

Recently, an integrated bio-refinery that can extract a
portion of hemicellulose content while retaining cellulose
for the production of pulp has come into prominence (Van
Heiningen, 2006). As kraft lignin obtained from kraft pulp
comprises 85% of the total lignin production of the world
(Hongzhang, 2015), this study investigated the chemical
composition of Brutian pine woods harvested from different
altitudes and of kraft pulps produced from the same woods.
Moreover, the effect of harvesting altitude on the chemical
composition of wood and pulp was evaluated.

2. MATERIAL AND METHODS
2.1. Material

Wood samples were obtained from Aglasun-Burdur in
Turkey. Three trees were harvested, one each from 800 m,

10

900 m, and 1000 m above sea level. A disk with a thickness
of 50 cm was taken from a height of 1.30 m on the trunk of
each tree. The disks were separately debarked, chipped, and
dried naturally in an air-conditioned room for a month.

2.2. Method
Kraft pulping

Kraft pulping was performed to cook the Brutian pine wood
chips. Each trial used 500 g Brutian pine chips (on an oven-
dry basis). Pulping was carried out automatically in a
controlled way in the laboratory with a 15 L stainless steel
reactor rotating at four rotations per minute and heated by
electricity. The conditions of kraft pulping were as follows
(Giilsoy et al., 2015): The active alkali concentration of the
pulping liquor was 20%, with equal sulfidity of 25%.
Cooking was carried out for 75 minutes at a maximum
temperature of 170 °C. The ratio of liquor to wood was 4:1.
After cooking, the treated chips were washed with water to
remove the black liquor, and then disintegrated. To
determine the effect of kraft cooking on the entire sample,
the pulp was used directly for chemical analysis, without
any separation of rejected or screened pulp. For this reason,
the total yield of each sample was used in the study,
expressed as a percentage of oven-dried material weight.

Chemical analyses

For chemical analyses, wood chips were milled in a Retsch
SK-1 mill so as to pass through 40 to 100 mesh. To remove
extractives, the milled wood and pulp samples were
extracted with cyclohexane:ethanol (2:1 v/v) and then
ethanol in a Buchi Extraction System B-811. To determine
holocellulose and a-cellulose contents in extract-free wood
and pulp samples, the acid chlorite method developed by
Browning (1967) and the ASTM D 1103 method (1980)
were applied. Holocellulose and a-cellulose contents were
calculated as percentages of oven-dried material weight.
The lignin contents of the wood and pulp samples were
determined on a Perkin Elmer Lambda 20 UV/visible
Spectrometer using the acetyl bromide procedure
introduced by Liyama and Wallis (1990). Lignin content
was reported as a percentage of oven-dried material weight.
Extract-free wood and pulp samples were hydrolyzed using
the acid hydrolysis method developed by Dill et al. (1984)
with a slight modification (Yasar et al., 2010). The
monosaccharides in the acid hydrolysates of the extract-free
wood and pulp samples were analyzed using a Perkin Elmer
Autosystem XL gas chromatograph according to the
method developed by Cao et al. (1997). Monosaccharide
contents were calculated as percentages of oven-dried
material weight. Finally, uronic acid content was analyzed
on a Perkin Elmer Lambda 20 UV/visible Spectrometer
using the method described by Filisetti-Cozzi and Carpita
(1991) and expressed as a percentage of oven-dried
material weight.

Statistical analysis

Statistical analyses were done using Minitab 16 software. If
a significant difference between the mean values of the
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samples was found by ANOVA, then Duncan’s test was
performed to determine the different groups.

3. RESULTS AND DISCUSSION

The main chemical components of Brutian pine wood and
pulp samples are listed in Table 1. The holocellulose
contents of wood samples were in agreement with the
values of 70.8%, 72.57%, 72.07%, 72.64%, and 72.09%
reported for Brutian pine wood by Kirc1 (1991), Kilig et al.
(2010), Giiler and Yasar (2018), Beram and Yasar (2020),
and Giiler and Yasar (2020). Similarly, the a-cellulose
contents of wood samples were consistent with the values
of 48.56%, 46.5%, 48.16%, 48.23%, and 48.24% observed
by Tutus et al. (2012), Tas (2017), Giiler and Yasar (2018),
Beram and Yasar (2020), and Giiler and Yasar (2020).
Lignin contents of wood samples in this study were higher
than the previously reported klason lignin contents of
27.4%, 27.34%, 27.60%, 27.16%, 27.98%, and 27.33%
demonstrated by Kirci (1991), Kili¢ et al. (2010), Tutus et
al. (2012), Giiler and Yasar (2018), Beram and Yasar
(2020), and Giiler and Yasar (2020). However, klason
lignin content reflects only the acid-insoluble part of the
total lignin content of wood (Rodrigues et al., 1999). For
Brutian pine pulp, Tas (2017) reported holocellulose and
klason lignin contents of 94.86% and 5.77%, respectively.
The holocellulose contents of pulp samples in this study
were consistent with the result of Tas (2017), while the
lignin contents were higher; as with the wood samples, this
is because klason lignin in the pulp represents the acid-
insoluble part of total lignin content (Koljonen et al., 2004;
Shin et al., 2004).

Table 1. Main chemical components of Brutian pine wood
and pulp samples.

Sample Holocellulose (%) a-cellulose (%) | Lignin (%)
Wo00d-800 m 71.82 (0.09)! a2 47.36 (0.08) a 30.83(0.08) a
Wo00d-900 m 72.04 (0.16) a 47.91(0.09) b 30.02 (0.07) b
Wo0d-1000m | 72.82(0.18) b 48.33(0.11)c 29.75 (0.09) b
Pulp-800 m 94.41 (0.02) a 84.01 (0.03) a 5.34 (0.04) a
Pulp-900 m 94.42 (0.02) a 84.07 (0.01) a 5.13(0.08) b
Pulp-1000m | 94.67 (0.10) b 84.34 (0.23)b | 4.27(0.03) ¢

! Standard deviation, 2 Homogenous groups by Duncan test:
p < 0.001 for wood holocellulose, wood a-cellulose, and
wood lignin; p < 0.01 for pulp holocellulose; p < 0.05 for
pulp a-cellulose; and p < 0.001 for pulp lignin.

The holocellulose and a-cellulose contents of pulp samples
produced from Brutian pine wood samples using kraft
pulping increased slightly with increasing altitude, whereas
lignin contents were reduced (Table 1). The same trends
were observed in wood samples. Generally, the wood
sample findings here are consistent with observations by
Doénmez et al. (2013) in Scots pine wood samples, for
which a continuous increase in altitude from 822 m to 1031
m led to continuous increase in holocellulose and a-
cellulose contents and decrease in klason lignin contents.
However, Musule et al. (2016) reported continuous increase
in cellulose and klason lignin contents of oyamel fir wood
samples with increasing altitude from 3000 m to 3500 m.

After kraft pulping, the total yield of pulp obtained was
43.77%, 43.99%, and 44.01% for samples of Brutian pine
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harvested from 800 m, 900 m, and 1000 m altitudes,
respectively. This corresponded to 218.85 g, 219.95 g, and
220.05 g of pulp (on an oven-dry basis) being obtained
from 500 g of dry chips (the starting material for cooking).
In the starting materials, holocellulose contents were
359.10 g, 360.20 g, and 364.10 g for samples from 800 m,
900 m, and 1000 m, respectively. After kraft pulping,
206.62 g, 207.68 g, and 208.32 g holocellulose was
recovered in the pulp samples (Figure 1). Thus, kraft
cooking reduced the holocellulose content by 42.46%,
42.34%, and 42.79% respectively for samples harvested
from 800 m, 900 m, and 1000 m. The decrease in
holocellulose content is explained by polysaccharide
degradation during the cooking process due to peeling
reactions and alkaline hydrolysis (Fengel and Wegener,
1984; Krassig, 1993; Sjostrom, 1993).

Figure 1. Change in Brutian pine holocellulose content
during kraft pulping

Brutian pine wood (500 g dry chips) had a-cellulose
contents of 236.80 g, 239.55 ¢, and 241.65 g for samples
collected at 800 m, 900 m, and 1000 m, respectively. In the
pulps produced by cooking, the corresponding contents
were 183.86 g, 184.91 g, and 185.59 g (Figure 2),
representing decreases of 22.36%, 22.81%, and 23.20%,
respectively.

Figure 2. Change in Brutian pine a-cellulose content
during kraft pulping
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Meanwhile, lignin contents of the starting materials were
154.15 g, 150.10 g, and 148.75 g respectively for samples
collected at 800 m, 900 m, and 1000 m. In pulp samples,
the cooking process decreased lignin content to 11.69 g,
11.28 g, and 9.37 g (Figure 3), corresponding to losses of
92.42%, 92.48%, and 93.68% during cooking. The
findings for lignin content are in agreement with Huang et
al. (2015), who reported that 93.9%-95.5% of lignin could
be removed from wood with the use of 22% effective alkali
and 20% sulfidity and cooking at a temperature of 160 °C
for 70 minutes. Similarly, Yuan et al. (2017) removed
97.54% of lignin from wood chips during kraft pulping
(170 °C, effective alkali 22%, sulfidity 25%).
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Figure 3. Change in Brutian pine lignin content during
kraft pulping

The monosaccharide units that constituted Brutian pine
polysaccharides are presented in Figure 4, and consisted of
glucose, galactose, mannose, xylose, and arabinose in both
wood and pulp.
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Figure 4. GC chromatograms of Brutian pine wood (A) and
pulp (B) samples

Monosaccharide and uronic acid contents of Brutian pine
wood and pulp samples are indicated in Table 2. The
monosaccharide composition of Brutian pine wood samples
was in agreement with observations by Yasar (2014), Yasar
and Giiler (2018), and Giiler and Yasar (2020). Glucuronic
acid was not found in the pulp samples, as that this unit is
more prone to decomposition in kraft pulping than other
monosaccharide units (Fengel and Wegener, 1984).

Table 2. Monosaccharide and uronic acid composition of Brutian wood and pulp samples.

Sample Glu (%) Man (%) Xyl (%) Gal (%) Ara (%) UA (%)
Wo0d-800 m 47.61

(0.03) 10.78 (0.01) | 7.82(0.02) [2.13(0.01) [1.07(0.01) |1.56(0.01)
Wo0d-900 m 48.16 (0.02) [11.02(0.02) {7.99(0.01) |2.18(0.02) [1.09(0.01) |1.60(0.01)
Wo0d-1000 m 48.89 (0.04) [11.24(0.02) |8.15(0.02) |2.22(0.01) [1.12(0.01) [1.63(0.01)
Pulp-800 m 87.85(0.01) |4.40(0.01) [2.70(0.01) |0.51(0.01) |0.48(0.01) |-
Pulp-900 m 87.91 (0.03) |4.53(0.01) [2.90(0.01) ]0.55(0.01) |0.52(0.01) |-
Pulp-1000 m 88.20(0.02) |5.17(0.01) [3.17(0.01) |0.60(0.01) |0.56(0.01) |-

Glu: Glucose, Man: Mannose, Xyl: Xylose, Gal: Galactose, Ara: Arabinose, UA: Uronic acid, 1: Standard deviation.

The determined glucose contents were related to the
cellulose and O-acetylgalactoglucomannan contents of
Brutian pine wood. For softwoods, the reported
mannose:glucose ratio in O-acetylgalactoglucomannan is
3:1 (Timell and Mian, 1960; Fengel and Wegener, 1984).
Using this ratio, the glucose content of each wood and pulp
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sample was calculated and then combined with mannose
and galactose contents to indicate the galactoglucomannan
content. The remainder of the determined glucose content
was attributed to cellulose and used to calculate the
cellulose content of each sample. Pekgozli et al. (2020)
similarly determined the rhamnose and galacturonic acid
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contents of Brutian pine samples, which compose the pectin
in wood, but rhamnose was not found in the samples in this

study.

In addition, the xylose:methylglucuronic acid:arabinose
ratio of arabino-4-O-methylglucoronoxylan in softwoods
was reported to be 8:1.6:1 (Fengel and Wegener, 1984).
Here, the determined ratios for Brutian wood samples were
7.82:1.56:1.07, 7.99:1.60:1,09, and 8.15:1.63:1.12, which
are consistent with observations by Fengel and Wegener
(1984). This is meaningful as the uronic acids determined

in the present study can be ascribed to glucuronic acids.
Xylose, uronic acid, and arabinose contents were therefore
used to calculate the arabinoglucoronoxylan content of each
sample. However, when composing the polymeric structure
of polysaccharides in wood, the monosaccharide and uronic
acid units lose 1 mol H,O (Fengel and Wegener, 1984;
Krassig, 1993; Sjostrom, 1993). Therefore, we used a
conversion factor of 0.9 when determining the cellulose and
hemicellulose (galactoglucomannan +
arabinoglucoronoxylan) contents of each sample (Table 3).

Table 3. Polysaccharide composition of Brutian wood and pulp samples.

Arabinoglucoronoxylan (%) | Hemicellulose (%)

Sample Cellulose (%) | Galactoglucomannan (%)

Wo0d-800 m 3962 14.85 9.41 24.26
Wo0d-900 m 40.04 15.19 9.61 24.80
Wood-1000 m 40.63 15.49 9.81 25.30
Pulp-800 m 77.75 5.74 2.86 8.60
Pulp-900 m 77.76 5.93 3.08 9.01
Pulp-1000 m 77.83 6.74 3.36 10.10

Brutian pine wood (500 g of chips) had cellulose contents
of 198.1 g, 200.20 g, and 203.15 g for samples collected at
800 m, 900 m, and 1000 m, respectively. In the produced
pulp samples, the corresponding contents were 170.16 g,
171.03 g, and 171.26 g (Figure 5), representing decreases of
14.10%, 14.57%, and 15.70% due to the kraft cooking. The
findings here are supported by Huang et al. (2015) and
Yuan et al. (2017). Huang et al. (2015) indicated that over
80% of glucan could be retained in pulped wood with
milder sulfidity conditions (i.e. 14 to 24%). Similarly, Yuan
et al. (2017) reported the extraction of 20.80% of glucan
from original wood chips during kraft pulping (170 °C,
effective alkali 22%, sulfidity 25%).

Celluppse @

Figure 5. Change in Brutian pine cellulose content during
kraft pulping
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The hemicellulose contents of the wood samples were
121.30 ¢, 124.00 g, and 126.50 g respectively when
harvested at 800 m, 900 m, and 100 m altitude. Meanwhile,
the corresponding pulp contents were 18.82 g, 19.82 g, and
22.23 g (Figure 6), indicating respective degradation of
84.48%, 84.02%, and 82.43% of hemicelluloses during
kraft pulping. The findings here are compatible with
observations by Yuan et al. (2017), who reported that over
75% of hemicelluloses were extracted from original wood
chips during kraft pulping (170 °C, effective alkali 22%,
sulfidity 25%).

109
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Figure 6. Change in Brutian pine hemicellulose content
during kraft pulping

Taken together, the wood sample collected at 1000 m
offered more cellulose and hemicellulose contents and less
lignin content than did the wood samples collected at 800 m
and 900 m. Similarly, the pulp produced from the wood
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sample collected at 1000 m yielded the highest cellulose
and hemicellulose contents, but the lowest lignin content.

4. CONLUSION

In this study, the chemical properties of Brutian pine wood
samples, which are used for pulp production by kraft
pulping, were investigated in the context of harvesting
altitude (800 m, 900 m, and 1000 m). Moreover, the
chemical composition of produced pulps was determined.
Proximate analysis showed that increasing the harvest
altitude of Brutian pine wood could raise the holocellulose
and o-cellulose contents of wood and pulp, while
decreasing the lignin content. GC analysis indicated a
continuous increase in cellulose and hemicellulose contents
with increasing altitude. Kraft pulping was determined to
degrade 14.10-15.70% of cellulose, 56.49-61.35% of
galactoglucomannan, 65.75-69.61% of
arabinoglucoronoxylan, and 92.42-93.48% of lignin. After
pulping, a considerable quantity of extracted polysaccharide
was obtained that could be used in the food, pharmacology,
and bio-refinery industries. The lignin content, which is
generally considered an energy resource for heat recovery
in the form of combustion, was remarkably degraded during
kraft pulping.
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1. INTRODUCTION

Metal oxide nanomaterials are known to exhibit improved
optical, electrical and chemical reactivity properties
compared to bulk counterparts (Pavia-Santos vd., 2021).
Amog them, as an anode or cathode material (tungsten
trioxide) WQO; film is so preferable layer in electrochromic
device applications due to its high coloration efficiency,
transparent in oxidation state, deep blue in the reduction state
and has a large number of coloration (Pooyodying vd., 2021).
It exhibits a colour change according to this reaction;

WO3 + xLi* + xe- »Lix\WO3 (l)

where WO;3; and LixWO;3; are transparent and absorbing,
respectively. However WO; can not meet the color neutrality
required for many smart window applications due to its blue
color in the spectrum (Lagier vd., 2021). Therefore,
controlled growth is targeted so that the optical properties of
WO; films are improved to achieve high performance from
them. At the same time, fast and efficient production is
targeted
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There are a lot of study including WOs; films and their optical
properties with using different techniques such as sol-gel,
electrospinning and magnetron sputtering etc. (Hariharan
vd., 2019). Recently, chemical bath deposition is very
interesting among chemical film production methods
because it is simple, allows large area application,
inexpensive and does not need vacuum pump.

In this work, our goal is to investigate the growth process as
well as to determine the intrinsic defect states of WO3 films
with using cost-effective chemical bath.

2. MATERIAL AND METHOD

ITO substrates were cleaned by detergent, alcohol and n-
hexzane in ultrasonic bath along one hour. All chemicals
were purchased from Sigma-Aldrich without further
purification. Sodium tungsten dihydrate (Na;WO4.2H,0)(
>% 99) was used as a tungsten source and HCI was used as
a complex agent to adjust pH of the solution. In 100 ml.
distilled water, 0.1 M W-source was dissolved and mixed on
the magnetic stirrer. ITO substrates were immersed in
aqueous solution and WOs; films were grown into acidic bath
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solution (pH=2). Along the film synthesis process, working
temperature and immersion time were 70«5 °C and 15 min.
Finally, WO film annealed at 500 ° C for 2 h in the furnace.
The crystal structure and measured structural parameters of
the sample were determined by X-ray powder diffraction
(XRD; Rigaku Smart Lab x-ray diffractometer; CuK,
radiation; 45 kV; 40 mA, step size 0.013°) with powder
method. Nanostructural investigation was done using
scanning electron microscopy (SEM; JEOL JSM- 7100F;
Au-Pd (80-20 %) coating) and atomic force microscopy
(AFM;Witec Alpha 300 RA; non-contact mode). Surface
elemental composition was determined by using energy-
dispersive x-ray spectrometer (EDX; OXFORD Instruments
X-Max) which was attached to SEM. UV-Vis spectra of the
samples was investigated between 300-900 nm range.
Optical parameters (T and A) was investigated by Analytic
Jena Uv-Vis spectroscopy in the 300-900 nm. range.
Photoluminescence emission measurements were realized by
ANDOR SR500i-BL with excitation wavelength of 349 nm.
Raman spectrophotometer (Thermo DXR) was used to
confirm the degree of microstructural disorder.

3. RESULTS

Figure 1 shows the x-ray patterns of the produced film. The
sharp peaks indicate that the as-synthesized products are
well-crystallized. ITO-based peak and W-related peak are
observed in the 20= 65°-70° and 206= 45°-50°range,
respectively due to less crystal nuclei at pH value of 2.0
(Lu vd., 2014). According to JCPDS Card No: 43-1035,
characteristic three monoclinic WO3 phase peaks of (001),
(020) and (200) are detected between 20= 25°-30°and
(220) peak is observed in the 26= 30°-35"range. From
these results, retention level of WO; film onto I1TO
substrate is high.

T T T T
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—ITO 1
El
S =
P (001) (020) (200) (220) &
z I
g N\ N 1
E | l (420) o
A A 1
¥ T v T v T v T v T v
20 30 40 50 60 70 80
20 (degree)

Figure 1. X-ray patterns of WOj3 film in the 20= 20°-80°
range

In Figure 2., surface image of the WOs film is shown.
Relatively homogeneous and smooth surface is observed
with mixed nanorod/nano-tooth forms due to some
particles are growing fast, but others are growing slowly.

Nanorod forms are associated with the crystal planes are
parallel to the ¢ axis WO, crystal nucleus. Observed nano-

tooth forms can provide porosity on the surface, thus
increasing the surface/volume ratio. It may be useful due
to functionality of material is strongly depends on surface
morphology.
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Figure 2. Surface morphology of WOs films

Elemental analysis results are given as below in Figure 3.
It is proof that tungsten and oxygen peaks are recorded.
Sodium and sulphur peaks are shown due to low solubility
of W-source aqueous solution whereas annealing process
is applied to remove surface impurities.
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Figure 3. Elemental analysis results WO; films

Figure 4 shows that two dimension (2D) and three
dimension (3D) AFM images of WOs film. It is kown that
surface roughness is so important for optical studies
(Ramkumar vd., 2016). Surface roughness values of SA
and SQ are 16.02 nm and 19.29 nm, respectively. From this
result, surface roughness of the synthesized sample is
lower than compared to literatiire (Babu, 2016). When
looking at both 2D and 3D AFM images, the particle
distribution is relatively uniform and agglomeration of
atoms on the surface can cause the formation of large
grains which correlated to SEM images.

Figure 4. 3D (a) and 2D (b) surface topography of WO;
films
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Figure 5 exhibit the PL emission spectra of WO3 film 0.6 —— T
which measuring between 350 to 800 nm with 349 nm
excitation wavelength of Nd—-YLFQ laser. A series of peak
are detected at 432, 522, 574 and 700 nm which may be
attributed to surface defect related peaks. Emission peaks
of surface defects are often associated with oxygen

(0]
vacancies and tungsten interstitial sites, as generalized in = gi
metal oxides. o
8
75 < 1 ; N
1 WO, ’ 2 Egi2.76 eV :
70 - W\ . 1 — g |
s 654 M/ W ‘ //A\ ]
= 0.0 T ¥ T T T i T y T T
% 1 M 300 400 500 600 700 800
£ 604 ‘lr" \"/’ x(nm)
| j' Figure 7. Uv-Vis spectrum and optical band of WOs film
55
/ In Figure 7, Uv-Vis spectra in the 300-900 nm range and
50 : . ‘ ‘ . ‘ 1 . opitcal band gap of WOg film is shown. The wide optical
400 500 600 700 800 absorption band in the optical transmittance spectra of the
wavelength (nm) deposited WOs film is attributed to the presence of tungsten
Figure 5. PL spectrum of WQ; films ions with the W®* states (Zou, 2014). Low optical band gap
value of 2.7 eV is proper for opto-electronic device
In Figure 6, Raman spectra of WOjz films, which is sited at applications.
range 200-1200 cm. Symmetric streching mode of W=0 is
observed in the 950-1050 ¢cm™ range (Diaz-Reyes, 2008). 4. DISCUSSION AND CONCLUSIONS
Crystalline WO3 phase is determined in 806 cm™ which
corresponds to stretching vibrations of the bridging oxygen Herein, WO; film was deposited by chemical bath
(Tagtstrom, 1999). J6(O-W-0O) bending modes are deposition and structural, morphological and optical
determined in the 200-400 nm range (Ou, 2011). Impurity properties of the WO; film were investigated in detail.
based peaks are determined in in the 400-700 cm™ range. Monoclinic WOs3 crystal phase from XRD, W and O
indexed peaks from elemental analysis and optical phonon
modes of W-O from Raman spectrum are evidence of the
——Wwos WOQs film production. Nanorod and nano-tooth forms are
500 exhibited whn investigated surface images. Oxygen

vacancy correlated defect energy states are determined at
522, 574 and 700 700 nm. According to the obtained
5400 results, the aggregation—deposition mechanism can be
explain the WOs; film growth process under film deposition
parameters (complex agent was HCI, W-source was
sodium tungsten dihydrate, pH=2, T=70 °C, t=15 min.)
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Tiibitak 2237-A Doga Bilimlerinde Istatistiksel Modelleme Yontemleri
ve Uygulamalar1 Egitiminin Degerlendirilmesi

Gamze Ozel 1, Semra Tiirkan'”' |, Ceren Unal*”

Ozet: Giiniimiizde teknolojik ve bilimsel gelismeler sonucunda yiginlar halindeki ham veri
ve bilgi trafigi nedeniyle meydana gelen karmasa verilerin analizi ve yorumlanmasini daha
da Oonemli hale getirmistir. Bu yiizden, 6gretim programlarinda istatistiksel yontem ve
araglara daha ¢ok ihtiya¢ duyulmaktadir. Ekolojik c¢alismalarda hedef tiirlerin yetisme
ortamina uygunlugunun, tiir ¢esitliliginin/ verimliliginin ve jeolojik arastirmalarda heyelan,
deprem ve taskin gibi doga olaylarimin modellenmesinde genel olarak lojistik ve ¢oklu
regresyon analizleri gibi klasik olan yontemlerden yararlanilmaktadir. Ayn1 zamanda doga
bilimlerindeki c¢alismalarda ampirik, kural tabanli ve olasiliksal temellere dayanan
yontemlerin kullanilmasinda 6zellikle son yillarda hizli bir artis goriilmektedir. Bu
calismada, TUBITAK 2237-A Bilimsel Egitim Etkinliklerini Destekleme Programi
kapsaminda gergeklestirilen “Doga Bilimlerinde Istatistiksel Modelleme Teknikleri ve
Uygulamalar1” projesinin doga bilimlerinde istatistiksel modelleme teknikleri ve yazilimlarin
sagladig1 ve saglayacag faydalar lizerinde durulmustur.

Aragtirmanin 6rneklemini etkinliklere katilan lisansiistii programlara kayitli 90 lisansiistii
ogrenci olusturmaktadir. Proje kapsaminda, istatistigin doga bilimlerindeki uygulama
orneklerinin istatistiksel yazilimlar ile aktarildigi etkinlikler gerceklestirilmistir. Bu
etkinliklerin katilimcilar iizerindeki etkisini 6lgmek icin proje arastirmacilar tarafindan
olusturulan etkinlik degerlendirme formlari kullanilmustir. Projedeki RStudio ve Python
temelli doga bilimlerinden uygulama 6rnekleri ile istatistiksel modelleme analizlerinin
aktarilmasinin katilimcilar1 pozitif yonde etkiledigi, 6grenme ve arastirma isteklerini
arttirdigi gézlenmistir.

Anahtar Kelimeler: Doga bilimleri, istatistik kaygisi, istatistiksel modelleme, RStudio,
Python.

Tiibitak 2237-A Evaluation of Statistical Modeling Methods and
Applications Training In Natural Sciences

Abstract: Today, the complexity of raw data and information traffic as a result of
technological and scientific developments has made the analysis and interpretation of data
even more important. Therefore, statistical methods and tools are needed more in curricula.
Classical methods such as multiple and logistic regression analysis are generally used in
modeling the suitability of target species to the habitat, productivity/species diversity in
ecological studies, and natural events such as earthquakes, landslides, and floods in
geological studies. However, especially in recent years, there has been a rapid increase in the
use of rule-based, empirical, and probabilistic-based methods in studies in natural sciences.
In this study, the benefits of statistical modeling techniques and software in natural sciences
and the benefits of the "Statistical Modeling Techniques and Applications in Natural
Sciences" project carried out within the scope of TUBITAK 2237-A Scientific Education
Activities Support Program are emphasized.

The sample of the research consists of 90 graduate students enrolled in graduate programs
participating in the activities. Within the scope of the project, activities in which the
application examples of statistics in natural sciences were transferred with statistical software
were carried out. Activity evaluation forms created by the project researchers were used to
measure the impact of these activities on the participating students. It was observed that the
transfer of statistical modeling analyzes and application examples from RStudio and Python-
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based natural sciences in the project affected the participants positively and increased their

desire for learning and research.

Keywords: Natural sciences, statistical anxiety, statistical modelling, RStudio, Python..
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1. GiRiS

Geemisi  anlamak, bugilini  yonetmek ve gelecegi
planlamakta istatistik ile birlikte son yillarda popiiler hale
gelen veri bilimi anahtar olmaktadir. Bu sebeple, istatistik ile
veri biliminden sosyal bilimler ve doga bilimlerine, fen
bilimlerinden miihendislie kadar pek ¢ok alanda
faydalanilmaktadir. Biiyiik veri ¢ag1 olarak da adlandirilan
giinliimiizde, doga bilimlerinde de istatistiksel yontemlere ve
istatistiksel yazilimlar yardimiyla yapilan analizlere olan
ihtiyag giin gectikce daha da artmaktadir.

Belirli bir sistemdeki degisime dair siiregleri yakalamakta
olan doga bilimciler, ileri siirdiikleri hipotezlerini kanitlamak
icin deneyler ile gozlemlerle verilerini toplamaktadirlar.
Diger birgok bilimlerde oldugu gibi veri doga bilimlerinde
de olduk¢a onemlidir. Hatta bazi ¢evre politikalarinin
uygulanmasinda bilimsel olarak kritik bir kanittir.
Giiniimiizde hemen hemen her alanda veri ve bilgi patlamasi,
doga bilimlerinde de istatistiksel modelleme yontemlerinin
kullanimina olan ihtiyaci daha da artirmistir. Bunun
sonucunda da istatistik ve veri ile alakali dersler pek ¢ok
iniversitenin ~ dgretim  programlarinda yer almaya
baglamistir. Fakat carpik veya basik, sifir-yigmali, eksik veri
gibi 6zel durumlan igeren doga bilimlerine ait verilerin
analizinde {iniversitelerde istatistik Ogretimi yetersiz
kalmaktadir. Bu durum, lisansiistii 6grencilerin tez hazirlama
siireglerinde zorlanmasina ve ¢Oziimsel olarak diisiinme
becerisinde giiclii olmayan temele sahip olmalarina neden
olmaktadir.

TUBITAK, kamu ¢alisanlarindan dgrencilere kadar genis bir
hedef kitlenin bilime dokunmalar1 amaciyla BIDEB 2237A-
Bilimsel Egitim Etkinlikleri Destegi isimli programini
uygulamaya koymustur. Bu program dahilinde yurt i¢inde
¢evrimici olarak yapilacak olanlar da dahil olmak iizere
seminer ve kurs gibi uygulamali/teorik bilimsel egitim
etkinliklerinin diizenlenmesi desteklenmektedir. On lisans,
lisans ve lisansiistii Ogrenciler ile arastirmacilara kendi
alanlarinda ¢aligma yapmaya tesvik ederek yonlendirmek ve

bilimsel olarak  gelismelerine  katki  amagclartyla
diizenlenecek  olan  bilimsel egitim etkinliklerini
igermektedir. TUBITAK 2237A- Bilimsel Egitim

Etkinlikleri Destegi kapsamindaki projelerin sonuglarina
dair yapilan c¢aligmalar incelendiginde, yetersiz sayida
degerlendirme c¢alismasi oldugu sonucuna ulagilmistir.
Kirikkale Universitesi'nde 16-21 Eyliil 2019 tarihleri
arasinda TUBITAK BIDEB 2237A Bilimsel Egitim
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Etkinlikleri Destek Programi kapsaminda &gretmenlere
yonelik olarak gergeklestirilen “STEM Egitimi ve Arduino
ile Fiziksel Programlama” etkinliginin degerlendirilmesini
igeren Sart ve Yazict (2020) tarafindan yapilmig ¢alisma
haricinde herhangi bir caligma bulunmamaktadir. Bu
nedenle, bu calismanin bir amaci da TUBITAK 2237A-
Bilimsel Egitim Etkinlikleri Destegi programinin
katitlimcilar tizerindeki etkilerinin analiz edilmesi ve
degerlendirilmesidir.

TUBITAK 2237-A kapsaminda 2019 yilindan 2021 yilina
dek dort kez diizenlenen, “Doga Bilimlerinde Istatistiksel
Modelleme Teknikleri ve Uygulamalar1” adli bu egitim
kapsaminda katilimcilara doga bilimlerinde 6nemli bir yeri
olan regresyon modellerinden lojistik, kosullu lojistik,
negatif binom, Poisson, sifir yigmali negatif binom ve sifir
yigmali Poisson regresyon modelleri; kural tabanlh
yontemlerden smiflama ve regresyon agaglari (SRAT);
ampirik yontemlerden ise yapay sinir aglart (YSA) ve
olasiliksal yontemlerden istatistiksel dagilimlar, Poisson
stiregleri ve Markov zinciri katilimcilara anlatilmaktadir. Bu
belirtilen yontemlerin  doga bilimlerinde yer alan
uygulamalari gergek veriler kullanilarak sinirli siireli ve agik
kodlu yazilimlardan yararlanilarak gdsterilmekte ve
devaminda elde edilen sonuglarin yorumlamalari alaninda
uzman egitmenler tarafindan gerceklestirilmektedir.

Literatiir incelendiginde doga bilimlerinde istatistiksel
yontemlerin  6neminin iizerinde duruldugu herhangi bir
bilimsel calismaya ulagilmamstir. Ancak TUBITAK 4004
kapsaminda 6nerilen “Istatistigi Dogada Ogren” adli etkinlik
incelenmis ve bu egitime katilmak isteyen Ogretmen
sayisinin oldukca fazla oldugu goriilmiistir (TUBITAK,
2021). Ancak bu egitim ogretmenlere doga egitimi tabanlt
olarak uygulanmistir. Ayrica TUBITAK 2237A kapsaminda
“Analitik Doga: Kiimeleme ve Ordinasyon Teknikleri”,
“Arazi Cesitliliginin Entropi Temelli Algoritmalar ile
Hesaplanmas1 ve Haritalanmas1”, “Biyolojik Cesitliligin
Tiir, Taksonomik, Fonksiyonel ve Yapisal Ozelliklere
Dayal1 Tespiti”, “Dogal Ekosistemler i¢in CBS ve Uydu
Goriintiileri Kullanarak Cevresel Altliklarin Hazirlanmasi”
adli dort farkl projede istatistik ve doga temelli igerigi ile
egitim etkinliklerine temel olugturmaktadir.

Bu caligmanin amact TUBITAK 2237-A kapsamli “Doga
Bilimlerinde istatistiksel ~Modelleme Teknikleri ve
Uygulamalar1” isimli projenin sonuglarim degerlendirmek
ve lisansiistii 6grenciler i¢in agik kodlu ve smurlt siireli
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yazilimlar ile istatistiksel modelleme tekniklerinin
aktarilmasinin faydalarma yer vermektir. Bolim 2’de
istatistik kaygisi, lisansiistii egitimde istatistik derslerinin
yeri iizerinde durulmustur. Béliim 3’te “Istatistigi Dogada
Ogren” projesinde yer alan etkinliklere, katilimcilara
uygulanan proje degerlendirme anketi sonuglarina,
roportajlara, kurgusal ve uygulamali egitim igeriklerine yer
verilmistir. Boliim 4’te ise ¢aligmalarin sonug ve tartismalart
iizerinde durulmustur.

2. iS:l“ATiSTiK BILIMININ LISANSUSTU
EGITIMDEKI YERI

[statistik tiim bilim dallarina yardimc1 oldugundan lisansiistii
ogretimdeki tiim branglarda faydalanilabilecek bir bilim
dalidir. Bilimsel arastirmalarin 6nemli asamalarindan biri,
toplanan verilerin istatistik biliminden faydalanarak uygun
olan yontemler ile analizinin yapilmasidir. Analizde
kullanilacak olan ydntem, yanit aranan probleme ve verinin
elde edilme bigimine gore farklilik gdstermektedir. Istatistik
bilgisi, literatiir takibi ve yapilan ¢alismalarin anlagilmasinin
yani sira kendi verilerini de analiz edebilmesidir. Bu sebeple,
istatistik bilimsel aragtirmalarda biitiinleyici bir ara¢ olmakta
(Sutarso, 1992) ve arastirmacilarin istatistiksel teknikler
hakkinda da yetismis olmast beklenir. Dolayisiyla, egitim,
doga bilimleri, sosyal ve saglik vb. alanlarda yer alan
lisansiistii programlarinda en az bir istatistik dersine yer
verilmektedir. Fakat lisansiistii egitimde olan dgrenciler igin
bu dersi almak kimi zaman olumsuz deneyim olmaktadir
(Collins ve Onwuegbuzie, 2007). Istatistik kaygis1 sebebiyle
Ogrencilerin  bu derse karsi olumsuz davraniglar
sergilemektedirler.

Istatistik dersi sirasinda ya da verileri toplama, analiz ve
yorumlama gibi istatistiksel islemler sirasinda ortaya
cikabilen kaygi istatistik kaygisi olarak ifade edilir
(Onwuegbuzie vd. 1997).

Lisaniistii egitim 6grencilerinin yaklasik olarak %80’inin bu
kaygiy1 yasadigi Onwuegbuzie (2004) tarafindan yapilan
calismada rapor edilmistir. Istatistige kars1 tasidig1 kaygi,
makaleleri anlama, verileri analiz edip yorumlama ve
dolayisiyla da istatistik ve arastirma yontemleri derslerindeki
basarisini ve uzun vadede kayith oldugu programdan mezun
olup olmamasini ve tez asamasindaki lisansiistii 6grencilerin
tezlerini tamamlamasini dahi etkileyebilmektedir (Rodarte
Luna ve Sherry, 2008; Onwuegbuzie, 1997; Onwuegbuzie ve
Seaman, 1995; Lalonde ve Gardner, 1993; Fitzgerald vd.,
1996; Onwuegbuzie vd., 2000). Literatiirde istatistige kars1
olan kaygi ile alakali bircok ¢aligma yapilmistir. Bu
calismalardan matematiksel alt yapisinin zayif ve egitiminin
simirli olan O6grencilerin kaygisinin daha yogun oldugu
goriilmektedir (Baloglu, 2004; Primi, Donati ve Chiesi,
2018; Baloglu ve Zelhart, 2004). Ayn1 zamanda, lisanstistii
O0devlerinin ertelenmesi ve kaygi arasinda pozitif iligki
olduguna ulagilmistir (Onwuegbuzie, 2004). Lisansiistii
ogrencileri, akademik kariyer yapmada istatistik bilimini bir
engel olarak gérmektedir (Rodarte-Luna ve Sherry, 2008;
Collins ve Onwuegbuzie, 2007). Yas, cinsiyet gibi
demografik degiskenlerin istatistik kaygist {iizerindeki
etkisini belirlemeye yonelik arastirmalarda farkli sonuglar
elde edilmistir. Bu ¢alismalardan, Baloglu (2004), Benson
(1989) ile Rodarte-Luna ve Sherry (2008) kadinlarin
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erkeklere kiyasla kargilarinin anlamli derecede daha yiiksek
oldugu; Sutarso’nun (1992) ¢caligmasinda ise anlaml1 bir fark
olmadig1 goriilmistiir. Beurze vd. (2013) tarafindan yapilan
calismada, yas degiskenine gore kayginin farklilasmadigi;
Baloglu (2004) calismasinda ise yasla birlikte istatistik
kaygisinda artis oldugu sonucuna ulagilmistir. Genel olarak,
iilkemizde de istatistik 6gretimi {izerine yapilan ¢aligmalar,
lisansiistli 6grencilerin ¢ogunlukla istatistik kaygisina sahip
oldugunu kanitlamaktadir (Akkog ve Yesildere, 2015). Bu
sonuglar g6z Oniinde bulunduruldugunda, istatistik
Ogretiminin saglanmasmda Kullanilabilecek geleneksel sinif
ici O0gretim yontemlerinden farkli teknik ve yazilimlarin
kullanilarak gercek veriler ile yapilan istatistiksel modelleme
calismalar1 biiyiik 6nem arz etmektedir.

Istatistik egitimi, veri biiyiikliigii ve hacminin artmasi ve
kullanimi nedeniyle lisansiistii egitimde her gecen giin deger
kazanmaktadir. Bu nedenle, istatistik 6gretiminin kalitesinin
de yiiksek olmasin1 gerekmektedir (Ozdemir, 2014). Ancak,
bir¢ok lisansiistii Ogrenci tarafindan istatistik halen
6grenilmesi zor ve sevilmeyen bir alan olarak goriilmektedir
(Garfield ve Ben-Zvi, 2008). Istatistik biliminde yer alan
temel kavramlar, grafik ve tablolarin okunmasi ve ayni
zamanda yorumlanmasi, betimsel istatistiklerin, basit
korelasyon katsayilarinin  hesaplanmasi ile  birlikte
yorumlanmast  gibi  konular lisans diizeyinde ele
almmaktadir. Lisansiistii diizeyde ise, bilimsel bir aragtirma
planlayarak istatistiksel siireci bagindan sonuna kadar
mezunun kendisi tarafindan beklenmekte ve kapsam
genislemektedir. Diger bir ifadeyle ise, birey lisansiistii
egitimi sonunda artik ilgili alaninda uzman kabul
edilmektedir. Bu nedenle, lisansiistii egitim &grencilerine
yonelik olan istatistik egitimi tez ve yaym kalitesinin
arttirilmast amaciyla tiim branslarda calismalar yapan
lisansiistii 6grenciler i¢in dnemlidir.

TUBITAK 2237-A kapsamimda onerilen ve dort kez
gergeklestirilen “Doga Bilimlerinde Istatistiksel Modelleme
Teknikleri ve Uygulamalari” adli proje kapsaminda doga
bilimleri alaninda ¢alisan lisansiistii 6grencilerin bilgisayar
ve doga ve yer bilimlerinden elde edilen gergek verilerin ele
almdig1 uygulamali bir istatistik 6gretiminin aktarilmasi ve
lisansiistii  6grencilerin istatistik kaygisinin azaltilmasi
amaglanmustir. Bu etkinler ile bilgilendirme, bilinglendirme,
gelistirme, uyarma, dengeleme, koruma vb. siirecler
saglanarak katilimer 90 katilimcida bu yonde olumlu
davraniglarin gelistirilmesi hedeflenmistir.

3. YONTEM

3.1. Etkinligin Uygulama Bi¢imi

Bu calismada, katilimcilar bir hafta siiresince toplamda 51
ders saati boyunca istatistiksel modelleme egitimi ve bu

egitimin bir parcast olarak RStudio, Python, sinirlt siireli
SPSS ve WEKA ile fiziksel programlama kapsaminda 16

adet farkli etkinlik gergeklestirmislerdir. Katilimeilar
etkinlikleri genel olarak bireysel olarak
gerceklestirmektedir.  Uygulama  siirecine  dair  dort

etkinlikten goriintiiler Sekil 1°de verilmistir.
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Sekil 1. Dort Etkinlik doneminden uygulama siirecine ait
goriintiiler

3.2. Orneklem

Calismanin 6rneklemini, TUBITAK 2237A Bilimsel Egitim
Etkinliklerini Destekleme Programi kapsammda TUBITAK
tarafindan dort kez desteklenen “Doga Bilimlerinde
Istatistiksel Modelleme Teknikleri ve Uygulamalari”
projesine katilan, farkli il ve tiniversitelerde 6grenim goren
90 katilimer olusturmaktadir. 1250 basvuru arasindan
projeye ilgi, bagvurularin ve cinsiyetin agirlikli oldugu
gruplar dikkate alinarak her egitim doneminde 22 kisinin
secimi gergeklestirilmistir. Katilimcilara ait cinsiyet ve
medeni durum dagilimlar1 sirasiyla Sekil 2.a ve 2.b’de
gosterilmigtir. Sekil 2.a’ya gore katilimcilarin %70.6’smin
kadin ve %29.4’tiniin erkek, Sekil 2.b’ye gore %58.8’inin
bekar ve %41.2°sinin evli oldugu gorilmektedir.
Katilimcilar arasinda medeni durum olarak bosanmis ya da
dul bulunmamaktadir.

® Kadin
@ Erkek

Sekil 2.a. Katilimeilarin cinsiyet dagilimlarn

® Evii

@ Bekar
Dul

@ Bosanmis

Sekil 2.b. Katilimcilarin medeni durum dagilimlar

Egitime beslenme ve diyetetik uzmani, biyoloji, orman
miihendisi, gida miihendisi, cografya mezunu, ziraat
mithendisi, peyzaj mithendisi, jeoloji mithendisi, bilgisayar
mithendisi vb. meslek gruplarindan katilim saglanmistir.
Egitime katilanlarin %59’u daha 6nce TUBITAK 2237A
tiirti etkinlige katilmadigini, %35°1 1 kez katildigini ve %6’s1
2 kez katildigim belirtmistir. Sekil 2.c’de 6gretmenlerin
egitim diizeylerinin dagilimlar1 gosterilmistir. Buna gore,
ogretmenlerin %70.6’s1 yiiksek lisans egitimi ve %29.4’l
doktora egitimi gormektedir. Lisans egitimi gdren 6gretmen
bulunmamaktadir.

@ Lisans
@ Yiksek Lisans
Doktora

70,6%

SeKkil 2.c. Katilimcilarin egitim diizeylerinin dagilimlar:

3.3. On Test ve Son Test Degerlendirme Anketlerine ait
Sonuglar

Ekim 2019, 3-9 Mart 2020, 10-16 Mart 2021, 27 Ekim- 2
Kasim 2021 egitim donemlerine katilan ve goniillii
katilimcilara uygulanan isimsiz degerlendirme anketinden
elde edilen goriisler analiz edilmistir. Katilimcilarin
egitmenler, egitim igerigi ve egitimin katkisi ile ilgili
sorulara iliskin verilen cevaplarin 5°1i likert 6lgegi lizerinden
puan ortalamasi Tablo 1’deki gibi elde edilmistir.

Genel olarak egitim ile ilgili sorulara verilen cevaplarin
ortalamalari incelendiginde, egitim ile ilgili sorulara verilen
cevaplarm genel ortalamasi 4,91 olarak bulunmustur. Buna
gore, katilimcilarin egitim ile ilgili tim olumlu gortslere
kesinlikle katildiklar1 goriilmektedir.

Anket calismasinda ayrica katilimeilara egitim baslamadan
once egitimde yer alan konu basliklar1 ile ilgili bilgi
diizeyleri ve egitim bittikten sonra belirtilen konu bagliklart
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hakkinda egitim sonu bilgi diizeylerinin ne oldugu tekrar
sorulmustur.

Katilimcilarin konulara iligkin egitim Oncesi ve egitim
sonrast bilgi diizeylerine iligkin ortalama degerleri arasinda
fark olup olmadigini aragtirmadan &nce normallik testi
yapilmustir. Test sonucu Tablo 2’deki gibi elde edilmistir.

Tablo 2 incelendiginde, verilerin normal dagilima uydugu
goriilmektedir. Verilerin dagilimi normal dagilima uygun
oldugundan egitim 6ncesi ve sonraki katilimcilarin egitimde
verilen konular hakkindaki bilgi diizeyleri arasinda fark olup
olmadigr bagiml drneklem t testi ile arastirilmis ve Tablo
4°deki sonuglar elde edilmistir.

Tablo 4 incelendiginde egitim Oncesi ve sonrasinda egitimde
anlatilan konular hakkindaki bilgi diizeyleri arasinda
istatistiksel olarak anlamli bir farkliligin bulundugu
goriilmektedir. Sorulara verilen puanlar incelendiginde
egitim sonrast puanlarin daha yiiksek oldugu dolayisiyla
egitime katilan katilimcilarin egitimde anlatilan konular
hakkinda bilgi diizeylerini arttigi goriilmektedir Sorulara
verilen cevaplarin ortalama degerleri incelendiginde egitim
oncesinde anlatilacak konular hakkinda bilgileri olmadigim
ifade eden katilimcilarin egitim sonrasinda anlatilan konular
hakkinda orta diizeyde bilgi sahibi olduklar1 goriillmektedir.
Bu nedenle TUBITAK 2237A etkinliklerinin katilimcilar
iizerinde olumlu etkiye sahip oldugu, egitimlerden elde
ettikleri kazanimlarmin fazla oldugu sonucuna ulagilmistir.

Tablo 1. Etkinlige ait verilen cevaplarin puan ortalamalari

Egitmenler ile ilgili Sorular Ortalama
1 Egitmenlerin konu ile ilgili bilgisi yeterliydi. 5.00
2 Egitmenlerin konu ile ilgili tecriibeleri yeterliydi. 5.00
3 Egitmenlerin kullandig: dil agik ve anlagilirdi. 5.00
4 Egitmenler egitimin icerigini katilimeilarin gorev alani ile iliskilendirdi. 4,71
5 Egitmenler zamani etkin ve verimli kullandi. 4.94
6 Egitmenler konu ile ilgili kaynaklar konusunda bilgiler verdi.. 4.82
4.91
Egitim icerigi ile ilgili Sorular
7 Dokiimanlar ve etkinlikler yeterliydi. 4.88
8 Icerik konuya iliskin temel kavramlari kapsiyordu. 4.94
9 Kullanilan materyaller 6grenmeyi kolaylastirdi. 4.88
10 Egitimin igerigi agik ve anlagilirdi. 4.88
11 Egitim amacina uygun olarak tasarlanmist1. 5.00
4.92
Egitimin Katksi ile lgili Sorular
12 Egitim mesleki gelisimime olumlu katki sagladi. 4.94
13 Egitim kisisel gelisimime olumlu katki sagladi. 4.88
14 Egitim istatistige ve dogaya olan ilgimi artirdi. 471
15 Egitimi diger ¢calisma arkadaslarima da 6neririm. 5.00
16 Egitimden hedeflerime ulagmus bir sekilde ayriliyorum. 4.88
17 Egitim yeni bilgi ve beceriler kazandirdi. 4.94
18 Egitim meslektaglarimla paylasabilecegim yeni mesleki bilgi ve beceriler kazandirdi. 5.00
Ortalama Etkinlik Puam 491
Tablo 2. Normallik testi sonuglar
Kolmogorov-Smirnov? Shapiro-Wilk
Istatistik sd p-degeri | Istatistik | sd p-degeri
On test- Son test | 0.133 14 0.200" 0.942 14 0.451
0.207 14 0.105 0.927 14 0.276

Tablo 3. Ankete verilen cevaplarin 6n ve son test puanlarina ait ortalama ve standart sapma degerleri

Ortalama n Standart Sapma Ortalama Standart Hata
On test 2.12643 14 0.600777 0.160564
Son test 3.20500 14 0.770781 0.206000
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Tablo 4. Bagimli 6reklem t-testi sonuglart

Bagimh 6rneklem Farklar
Ortalama % 95 Giiven Sinirlar Iki yanh
t sd N
Ortalama Standart Standart p-degeri
Sapma ..
Hata Alt Stur Ust Sinir
On test — Son test -1.078571 0.880112 0.235220 -1.586733 |-0.570410 -4.585 |13 |0.001
3.4. Katihme1 Goriis Yazilari e K7: Bu egitimin devami olan bir egitim daha
L . diizenlenirse bizlere ¢ok faydali olacaktir.
TUBITAK 223 7A “Doga Blhmlerlnde IStatiStiksel Emeklerinize Saghk

Modelleme Teknikleri ve Uygulamalar1” etkinligine katilan
katilimeilarin etkinlik bitiminde uygulanan anket formunda
ayrica kigisel goriis ve Onerilerini dile getirmeleri, en
begenilen etkinlikleri belirtmeleri istenmistir. Calismada etik
acidan katilimcilarin isimlerini kullanmak yerine K1, K2,
K3... seklinde isimlendirmeler kullanilmistir.

25-31 Ekim 2019, 3-9 Mart 2020, 10-16 Mart 2021, 27
Ekim-2 Kasim 2021 egitim donemlerinde katilimeilarin
etkinlikler hakkindaki bazi goriigleri asagida dzetlenmistir:

e K1: Oncelikle bdyle bir etkinlik diizenlediginiz igin
cok tesekkiir ederim. Okudugum ve gorev aldigim
tiniversitenin bulundugu sehirde imkanlarimiz ¢ok
sinirhl - oldugu i¢in ve bu tarz egitimlerin
gerceklesme sikligi cok az oldugu i¢in kendi adima
cok faydali bir egitim oldu. Egitimde bir ¢ok
programin temel bilgileri verildigi i¢in yorumlama
kismi daha cok tekrar edilmis oldu. Egitime
gelmeden oOnce Ozellikle yorum kisminda
eksiklerim vardi. Su an o kadar biiyiik eksiklik
hissetmiyorum. Tim hocalarimiza emeklerinden
otiirii ve vakit ayirip bu organizasyonu planladiklar
icin gok tesekkiir ederim.

e K2: Egitime katkisi olan herkese ¢ok tesekkiir
ederim. Egitim bana hangi konular detayli
aragtirmam gerektigi konusunda ¢ok yardimer oldu.
Emegi gecen herkese ¢ok tesekkiir ederim.

e K3: Multi-disipliner konularin entegre edilmesi
konusunda ufuk agici bir egitim. Ilginiz ve
egitiminiz i¢in ¢ok tesekkiir ederim. Sizleri
tanidigima ¢ok memnun oldum. Sevgi ve
saygilarimla,

e K4: Egitimden oOnce sadece SPSS programi
hakkinda bilgim vardi ancak sinirli alanda. Bu
egitimden {izerine yeni yOntem ve programlar
ekleyerek ayriliyorum.

e Kb5: Gelirken tedirgin oldugum o6lgiide giderken
iizgiin ayriliyorum. Projem i¢in harika bir fikrim
var.

e KG6: Kurs bekledigimden daha faydali oldu. Giiler
yliziinliz ve sabriniz i¢in tesekkiir ederim. Ayrica
dagilimlarin da anlatilacagi bir kurs diizenlenirse
mutlu olurum. Sevgi ve saygilarimla,
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e KB8: Bu projenin devami niteliginde ileri egitimleri
verilmeli, projenin diger etaplarinin olusturulmasi
ve  desteklenmesinin  bilim  dilinin  ortak
kullanilmasini katki saglayacagina inancim biiyiik

e KO9: Hocalarima vermis oldugu emek ve cabalari
icin ¢ok tesekkiir ederim. Calisma alanlarimiz ilgili
verimli bir egitim oldu.

e K10: Gergekten doga bilimlerinde uzmanlagmak
isteyenlerin almas1 gereken bir etkinlik oldugunu
belirtmek isterim.

e K11: Egitimin genel igerigi ve hocalarimizin
katkilarindan ¢ok memnunum. Tesekkiirler,
emeginize saglk.

e K12: Fenni pozitif bilimler iizerine caligan ve
genelde ekolojik verileri inceleyen aragtirmacilar
icin Spss haricinde programlarin da var oldugu ve
bu programlarla daha amaca uygun analizlerin
gerceklestirilebilecegi bilgisi olduk¢a onemliydi.
Gergekten cok cok faydali bir egitim oldu.
Egitmenler olaganiistii ilgilendiler ve gerektiginde
tek tek bireysel olarak adeta hizmet ettiler. RStudio,
Weka ve Python gibi programlarin c¢aligma
prensipleri ve birbirinden farkli oldugu konular
vurgulandi. Temel diizeyde kodlar araciligiyla bol
ornekli bol verili bir analiz haftas1 gecti. Emegi
gecenlere cok cok tesekkiir eder bu tip projelerin
yaygin hale gelerek her bir arastirmacinin
faydalanmasini tavsiye ederim.

e K13: Egitimde ogretilen programlardan sadece
SPSS bilen biri olarak diger programlar hakkinda
bilgi edinmis olduk. Ancak biitiin programlarda
aynt islemleri yapabilecegimizi gordik ve
edindigim  izlenimle RStudio  programinin
digerlerine nazaran daha kapsamli oldugunu
diisiinmekteyim.

3.5. Etkinliklerin Yaygin Etkilerinin Incelenmesi

25-31 Ekim 2019, 3-9 Mart 2020, 10-16 Mart 2021, 27
Ekim- 2 Kasim 2021 etkinlik dénemlerinde katilimcilarin
etkinlik sonrasi bu projelerden yararlanarak gergeklestirdigi
yayin ¢alismalarinda TUBITAK 2237A “Doga Bilimlerinde
Istatistiksel Modelleme Teknikleri ve Uygulamalari” adli
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etkinlige yer verdikleri yaynlarinda bulunan atif ve
tesekkiirler agagida listelenmistir:

Atif ve TesekKkiirler

e Turgut, S. S., Feyissa, A. H., Kii¢iikéner, E.,
Karacabey, E. (2021). Uncertainty and sensitivity
analysis by Monte Carlo simulation: Recovery of
trans-resveratrol from grape cane by pressurised
low polarity water system.Journal of Food
Engineering, 292, 110366. (SCI kapsaminda)

e Cekim, H. O., Giiney, C. O., Sentiirk, O., Ozel,
G.,Ozkan, K. (2021). A novel approach for
predicting burned forest area. Natural
Hazards, 105(2), 2187-2201. (SCI kapsaminda)

e Yesil, P, Giizel, M. (2021). Giresun Kent
Merkezi’'nde Konut Fiyatlarina Etki Eden Yapisal
ve Cevresel Etkenlerin Belirlenmesi, Akademik
Ziraat Dergisi, 10(2), 305-316.

e Unal, C., Kadilar, C. (2021). Improved Estimators
using Exponential Function for the Population
Mean in Simple and Stratified Random
Samplings. Pakistan Journal of Statistics and
Operation Research, 17(2), 333-342. (ESCI
kapsaminda)

e Cekim, H. O., Kadilar, C. (2020). In-Type Variance
Estimators in Simple Random Sampling. Pakistan
Journal of Statistics and Operation Research, 16(4),
689-696. (ESCI kapsaminda)

e Ozel, G., Unal, C., Diiz, Y. N., Ozkan, K. (2021).
Istatistik Ogretiminde Yeni Bir Yaklasim: Dogada
Uygulamali Istatistik. Bilge International Journal of
Science and Technology Research, 5(2), 124-138.
(Google Scholar kapsaminda)

Projelerde Yer Verilen Atif ve Tesekkiirler

25-31 Ekim 2019, 3-9 Mart 2020, 10-16 Mart 2021, 27
Ekim- 2 Kasim 2021 etkinlik dénemlerinde katilimcilarin
etkinlik sonrasi bu projelerden yararlanarak gerceklestirdigi
yayin ¢alismalarinda TUBITAK 2237A “Doga Bilimlerinde
Istatistiksel Modelleme Teknikleri ve Uygulamalar” adli
etkinliklerde projede yer alan egitmenler veya katilimcilart
arasinda igbirlikleri de gelistirilmistir. Bu kapsamda 6nerilen
ve TUBITAK tarafindan 2020 ve 2021 yillarinda
desteklenen diger TUBITAK projeleri asagidaki gibidir:

e TUBITAK 4004 “Istatistigi Dogada Ogren 17,
“Istatistigi Dogada Ogren 2”

e TUBITAK 4005 “Egitimde Yenilikci
Yaklagim: Veri Gorsellestirme Teknikleri
Uygulamalar1”

e TUBITAK 2204C “Antartika’min Gelecegi Igin
Ekolojik Nis Modelleme”- Lise Ogrencileri Kutup
Aragtirma Projeleri Yarigmasi Birincisi

Bir
ve
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e TUBITAK 1001 Deprem Ozel Cagrisi “Yapay
Zeka ve Olasiliksal Model Tabanli Deprem Tehlike
Haritas1”

4. TARTISMA VE SONUCLAR

Gilinlimiizde, veriye ulagsma kisminin kolay olmasina kargilik
dogru veriyi segme ile toplama ve yorumlama kisimlarinin
daha zor ve 6nemli oldugu Istatistik egitiminin lisansiistii
egitimdeki yeri ve 6nemi giderek artmaktadir. Bu nedenle
lisansiistii egitimde Istatistik ogretiminde kavramlarin
anlamlari, veriden yararlanarak tahmin ve ¢ikarimlar elde
etme, Oneri, tartigma ve yorum kisimlari, hesaplamalar,
matematiksel beceriler ve grafik ¢izimleri kisimlarma gore
daha ¢ok {izerinde durulmalidir.

Doga bilimleri alaminda istatistik dgretiminde RStudio ve
Python gibi acik kodlu yazilimlardan yararlaniimali ve
Ogretim aract olarak kullanmilmalidir. Giinliik hayattan
karsimiza ¢ikan durumlar 6rneklenerek istatistikle gercek
yasam ortakligindan bahsedilmelidir. Ayn1 zamanda
teknoloji sayesinde, 6grenciler hesaplamalara harcayacaklari
zamanlar1 ¢ikarsama, yorum ve tartisma kisimlarinda
kullanmalidir.

Lisansiistii  0grencilerin tamami proje etkinliklerinde
yasadiklart  deneyimler  dogrultusunda  istatistiksel
modelleme tekniklerine gelecekteki meslek hayatlarinda
istatistik  kaygis1 olmadan kullanacagim belirtmistir.
TUBITAK 2237-A tarz1 uygulamal egitimler ilgi ve merak
uyandirici olmasi ile birlikte 6grencilerde kariyer bilinci
olusturarak kalici 6grenme saglamasi, problem ¢6zme
becerisini gelistirmesi ile tez caligmalarinda yaraticiligi
ortaya c¢ikarmasi, 6grencide dzgiiven saglamasi ve giinlikk
yasamla iliskilendirmesi gibi sagladigi getirileri acisindan
onemlilik tagimaktadir. Ayrica bu etkinlikler yardimiyla
proje egitmen ve yiiriitliciileri arasinda olusturulan akademik
isbirlikleri  ile  birgok  proje, yaymm  c¢aligmasi
gerceklestirilmistir. Bu baglamda genel olarak oncelikle
lisansiistli 6grencilere bu tarz uygulamalara yoénelik bilginin
yani sira deneyim ve beceri kazanmalarina imkéan saglayacak
egitimlere uygulamali bir sekilde yer verilmesi ve bu tarz
egitimlere katilimlar1 hakkinda tesvik edilmelidir.
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Abstract: In this study, the evaluability of chickpea stalks generated after harvest in chickpea
production was investigated in pulp and paper production. Also, paper production was carried
out by blending the chickpea stalk fibers with primary and secondary fibers in certain
proportions and the effects of chickpea stalk fibers on the paper properties were determined.
The modified kraft method was used in the pulping of chickpea stalks and anthraquinone
(AQ) was added to the cooking liquor as a catalyst. Some chemical, mechanical and optical
properties of the pulps produced with the addition of different AQ charges were compared
and the 0.7% AQ added cooking experiment gave the best results. The yield and viscosity
values of the chickpea stalk pulps increased by 12.6% and 34.2%, respectively and the kappa
number decreased by 46.7% with the addition of 0.7% AQ to cooking liquor. Paper
production was carried out by blending the fibers obtained from an optimum cooking
condition with primary and secondary fibers at certain rates and the effects of chickpea stalk
fibers on the paper properties were examined. Depending on the amount of chickpea stalk
fibers, the mechanical properties of the papers produced with secondary fibers and the optical
properties of the papers produced with primary fibers improved. The strength losses that
occur during the recycling of waste paper could be reduced by blending the chickpea stalk
fibers with secondary fibers and it is possible to produce various paper types such as writing-
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1. INTRODUCTION

Cellulose is one of the most available polymers on the planet.
Wood, cotton, and other lignocellulosic materials like
agricultural waste and annual plants contain cellulose (Akgiil
etal., 2018; Giindiiz et al., 2014; Moon et al., 2011). Natural
cellulose fibers retain their strength even when wet. It is the
combination of these properties, as well as strength and
flexibility, which distinguishes cellulose as a valuable
material for paper manufacturing. By far, the most common
source of papermaking fiber is wood (Yasar et al., 2017).
Wood is primarily made up of fibers with only a few
nonfibrous elements such as pith and parenchyma cells.
However, due to forest resource protection laws, difficulties
in obtaining wood raw materials have arisen. Many
organizations advocate the agricultural wastes and residuals
used as cellulose sources in the paper industry, owing to
rising environmental concerns (Ates et al., 2014; Camarero
et al., 2004; Giiler and Beram, 2018).
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Agricultural waste is unwanted or non-sellable material that
is entirely produced from agricultural activities which are
directly related to the cultivation or breeding of animals with
the main purpose of generating profits or livelihoods (Dai et
al., 2018; Viets, 1975). Agricultural wastes, whose annual
production amounts are quite high, are one of the most
abundant renewable resources in the world (Bian et al., 2019;
Jordan et al., 2021; Mancera et al., 2012). The reuse of
agricultural wastes has gained great importance in terms of
both environmental and commercial aspects. In terms of the
environment, leaving agricultural wastes to rot or burned on
the land causes soil, water, and air pollution. It is
economically important to transform agricultural wastes into
products with high added value such as pulp, paper,
fiberboard, particleboard and composites. It is important to
note that in most cases, non-wood raw materials have a low
density, a porous structure, and a low lignin content, which
requires less energy and chemicals for fiber separation
during the pulping process. Due to the restrictions on non-
reusable resources, the demand for renewable materials,
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especially cellulose-based, has been increasing (Hapani et
al., 2020; Mohanty et al., 2005).

Chickpea is the world's second most significant legume and
is cultivated in at least 33 countries in South Asia, East
Africa, West Asia, North Africa, Australia and Southern
Europe (Singh, 1997). In 2019, approximately 14.2 million
tons of chickpeas were produced in the world (FAO, 2022).
Cicer arietinum L. is one of the earliest legumes to be
produced around the globe, and it is thought to have
originated in an area near Syria in present-day Turkey.
Chickpea is in atribe of its own, Cicereae Alef and 43 species
have been reported: 33 perennial, 9 annuals (including the
cultivated one), and one unspecified (Van der Maesen,
1987). As a result of the interviews with the farmers
producing chickpea, it was determined that 1 kg of chickpea
stalk is obtained from one kilogram of chickpea production.
In line with these data, approximately 14.2 million tons of
chickpea stalks are produced annually in the world. These
stalks are either used in animal feed production or left in the
soil and rotted. It has become extremely important to obtain
products with high added value from lignocellulosic
material, which is found in such a large amount.

Wood, annual plants and waste paper are used as raw
materials in the production of paper and pulp in the world.
Considering some laws and regulations, it has become
difficult to obtain wood raw materials as mentioned before,
and papermakers have focused on using waste paper and
annual plants as raw materials. The most widely used pulp
production method in the world is chemical pulping.
Chemical pulping gives higher quality fibers than
mechanical and semi-chemical pulping methods. The sulfate
(kraft) method, one of the chemical pulping methods, gives
the strongest fibers and is one of the most widely used
chemical pulping methods in the world. Pulping methods are
modified to improve some optical, chemical and mechanical
pulp and paper properties. These modifications, it is aimed
to slow down or stop the peeling reactions that occur in
alkaline cooking processes. Therefore, some chemical
additives such as anthraquinone (AQ) and boron compounds
are added to the cooking liquor. These additives protect the
shortening of cellulose chains by reducing end-groups of
hemicellulose and cellulose so it modifies keto and the
aldehyde groups to the hydroxyl group by reducing easily
(Cigekler & Tutus, 2021; Saragbasi et al., 2016; Tutus et al.,
2015). Anthraquinone (AQ), a redox catalyst, oxidizes the
reducing ends of cellulose and hemicelluloses in pulp and
protects against alkaline degradation such as peeling reaction
(Samp, 2008; Tutus et al., 2016).

In this study, pulps were produced from chickpea stalks by
the kraft-AQ cooking method, and some chemical,
mechanical and optical properties of these pulps were
characterized, then their usability with primary and
secondary fibers was investigated.

2. MATERIAL AND METHODS
2.1. Material

The chickpea stalks used in the study were obtained from the
experimental fields of Kahramanmaras Siitcii Imam
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University, Faculty of Agriculture (Turkey). The chemical
components and fiber dimensions and parameters of the
chickpea stalks determined by (Ozdemir et al., 2020) were
given in Table 1.

Table 1. The chickpea stalks chemical components and fiber
dimensions

Chemical Components Elber Dimensions - and
arameters
Holocellulose Fiber  length
content (%) 88 (mm) 0.89
Cellulose content | 55 6 | Eiper width (1) | 18.3
(%)
Alpha cellulose Lumen
content (%) 4738 diameter (1) 117
A Cell wall
0,
Lignin content (%) 17.1 thickness (1) 3.27
Ash content (%) 4.70 | Felting rate 50.2
Extractive (%) 440 | Elasticity 62.6
coefficient
5 —
1% NaOH solubility 39.7 | Runkel ratio 0.68
(%)
Cold water solubility Rigidity
(%) 16.0 coefficient 18.7
Hot water solubility 128 | E factor 2795
(%)

Chemicals used in cooking processes were purchased from
Merck Inc. (Germany). In the study, fibers obtained from red
pine chips by the kraft method were used as primary fibers
and fibers recycled from old corrugated cardboard (OCC)
were used as secondary fibers.

2.2 Pulp Production

Chickpea stalks were chipped in 6-8 cm dimensions after
being purified from their impurities and non-lignocellulosic
structures. To be used in each cooking, 500 g oven-dried
samples, whose water content was determined, were kept in
polyethylene bags and made ready for cooking processes.
Four different cooking trials were applied to chickpea stalks,
using the kraft-AQ pulping method and the cooking
conditions were presented in Table 2.

Table 2. Cooking conditions applied to the chickpea stalks

Conditions Value

Active alkali (%) 20

Sulfidity (%) 25

AQ charge (%) 0,0.3,0.5,0.7
Cooking temperature (°C) 160

Time to max. temp. (min) 40

Time at max. temp. (min) 100

Liguor to stalk ratio (I/kg) 5/1

Cooking processes were carried out in an electrically-heated
rotary digester resistant to high temperature (350 °C) and
pressure (25 bar), and the digester rotates 4 revolutions per
minute. The pulps obtained after the cooking processes were
washed with plenty of tap water on a 200-mesh screen to
remove the black liquor. Then, the pulps were transposed to
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a slotted (0.15 mm) screen in order to separate the uncooked
parts (screen rejects). After the screening processes were
completed, pulp yields (screened and screen rejects) were
determined according to the amount of raw material used at
the beginning of the cooking process. The viscosity values
and kappa numbers as chemical properties of pulps were
determined according to 1SO 5351 and ISO 302 standards,
respectively.

2.3 Paper Production

The pulp that gave optimum properties under the conditions
given in Table 2 was used in the paper production. Test
papers were produced by blending chickpea stalk fibers,
primary (virgin) and secondary (recycled) fibers. The fibers
were gradually beaten to 35+2 SR° freeness level in a
laboratory-type Hollander device before paper production.
According to 1SO 5269-2 standard, ten test papers with 80+3
(g.m) grammages were manufactured from each blend by
using Rapid Kothen (RK-21) semi-automatic paper
machine. Then, the papers were conditioned in a
conditioning room for 24 hours at 23+1 °C and 50+2%
relative humidity in accordance with the 1ISO 187 standard.

2.4, Analysis of Mechanical Properties

yellowness values of papers are the prominent parameters in
optical properties. These values were measured by Datacolor
Elrepho 450x spectrometer according to 1SO 2470
(whiteness), ISO 11475 (brightness) and 1SO 17223
(yellowness).

2.6. Statistical Analysis

One-way analysis of variance (SPSS for Windows, Version
16.0) was used to test whether there is a statistically
significant difference between the means of independent
groups. Then, the Duncan test which indicates the effects of
chickpea stalk fiber content on the mechanical and optical
properties of papers was applied.

3. RESULTS AND DISCUSSION

3.1 Chickpea Stalk Pulp Properties and Effects of
Anthraquinone

The yield and some chemical properties of the pulps obtained
from chickpea stalks by the modified kraft method were
given in Table 3.

Table 3. Yield and chemical properties of chickpea stalk
pulps produced by the kraft-AQ cooking method

Printability and runnability depend on the mechanical AQ Screened | Screen Total =\ aopa | Viscosity
properties of papers. Breaking length, burst and tear indices, (Co/t‘);’“ge Yield (%) | Reject (%) 22/':;"’ No |(mlg?) |PP
which are main indicators of the mechanical properties of 0 27 ¢ Lo7 3000|5350 |2z p—
papers, were determined according to 1SO 1924-2 (breaking
length-50 mm/min), 1SO 2759 (burst index) and 1SO 1974 03 40.4° 0.17¢ 40.1° | 37.5° | 446° 615°
(tear index) standards. Fig. 1 indicates where the breaking 05 40.7° 0.12b 40.9° | 3450 |511b 715b
Lear;:)%trhs, burst and tear test samples were taken from the 07 13.9° 0.07° 139|285 |56 800"
' Sig .000 .000 .000 .000 | .000 .000

* According to Duncan's mean separation test, mean values
with the same lower-case letters are not significantly
different at the 95 % level of confidence.

AQ addition in cooking liquor enhanced the pulp yield,
viscosity and degree of polymerization (DP) values of the
chickpea stalk pulps. AQ oxidizes the reducing end of the
polysaccharide in the pulp, preserving it from alkaline
deterioration (Liu et al., 2017; Masrol et al., 2018; Shao et
al., 2017). Peeling reactions that cause yield loss are reduced
and pulp yields increase (Fig. 2).

Breaking Length

Tear

g
(o]
k4
2 _ 60 600
o <}
g Qo 500
= £ 50 400 2
Z 40 300 §
[5] [&]
(o8 wn
: : . : =3 200
Figure 1. Parts used in determining the mechanical < 30 100
properties of papers. g 20 0
. . . . 0 0.3 0.5 0.7
The mentioned mechanical tests were replicated 10 times on E .
the papers obtained from each fiber blend. > AQ Charge (%)
Total Yield Kappa No Viscosity

2.5. Analysis of Optical Properties
The optical properties of the papers are a kind of indicator of

the printing quality of the paper. Whiteness, brightness and Figure 2. Effects of AQ on yield, kappa number and

viscosity of the chickpea stalk pulps
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Besides, the viscosity and DP values of the pulps were also
increased by the addition of AQ into the cooking liquor.
According to statistical analyzes, 0.7% AQ added cooking
experiment gave the best results in pulp yield and chemical
properties. With the addition of 0.7% AQ, the total pulp
yield, viscosity and DP values of the chickpea stalk pulps
were increased by about 12.6%, 34.2% and 38.6%,
respectively. Kappa numbers, which are indicators of the

remaining lignin content in the pulp, decreased by about 47%
with the addition of 0.7% AQ (Fig. 2). AQ is an important
catalyst that has been used widely in alkaline wood pulping
for its effectiveness in an acceleration of delignification
(Fiserova et al., 2006; Masrol et al., 2018). Table 4 shows
some mechanical and optical properties of chickpea stalk

pulps.

Table 4. Mechanical and optical properties of chickpea stalk pulps produced by kraft-AQ cooking method

AQ Charge Breaking Burst Index Tear Index Whiteness Brightness Yellowness
(%) Length (km) (kPa.m?.g?) (mN.m2.g%) (1ISO%) (1ISO%)
0 4.10° 1.84° 2.91° 34.4° 26.3° 34.8
0.3 4.26¢ 1.89¢ 2.942 36.1° 27.7° 33.8°
0.5 4.44v 1.972 2.93? 36.6° 28.0° 34.4®
0.7 4.622 1.942 2.952 39.8° 29.5 36.9°
Sig .000 .000 154 .000 .000 .000
. -, . . 45
According to Table 4, AQ addition to the cooking liquor had
a positive effect on both mechanical and optical properties of 8 40
the pulps. The breaking length and burst index of the pulp 5
obtained from the 0.7% AQ-added cooking trial increased by 235
approximately 12.7% and 5.4% compared to the AQ-free E
cooking trial (Fig. 3). g %0
S
é 45 20
Eg_ 0 0.3 0.5 0.7
£ 35 AQ Charge (%)
s Whiteness Brightness Yellowness
‘= 25
©
<
3
= 15 Figure 4. Effects of AQ on the optical properties of chickpea
0 0.3 0.5 0.7 stalk pulps
AQ Charge (%)
As mentioned before, due to the effectiveness of AQ in
Breaking Length Burst Index Tear Index accelerating delignification, the amount of lignin that

Figure 3. Effects of AQ on the mechanical properties of
chickpea stalk pulps

It was observed that AQ had no impact on the tear strength
of the pulps. Since AQ slows down or stops the peeling
reactions occurring in the cellulose chains, pulps with a high
degree of polymerization (DP) are obtained. Thus, the
strength properties of pulps with high DP are better (Hassan
etal., 2013; Khristova et al., 2006; Sarwar Jahan et al., 2012;
Tutus et al., 2016). Whiteness and brightness values of the
AQ-added pulps were found to be higher than AQ-free pulps.
On the contrary, the yellowness values of the pulps were
negatively affected by using AQ (Fig. 4).
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adversely affects the optical properties of the paper is less. In
addition, when the kappa numbers of the pulps in Table 4 are
examined, it is clearly understood that AQ reduces the
amount of lignin remaining in the pulps (FiSerova et al.,
2006; Masrol et al., 2018).

As a result of the analysis of the data in Tables 3 and 4,
optimum conditions for pulp production from chickpea
stalks were obtained with the addition of 0.7% AQ. Fibers
obtained from 0.7% AQ-added cooking trial were used in
paper production with primary and secondary fibers.

3.2 Properties of Papers Produced with Chickpea Stalk
and Primary Fibers Blends

Table 5 indicates some mechanical and optical
characteristics of papers made with chickpea stalk (CF) and
primary (PF) fiber blends.
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Table 5. Some mechanical and optical characteristics of the papers made with CF and PF blends

Blending Bl_rzik't?]g Burst Index Tear Index Whiteness Brightness Yellowness
ratios (%) (krg) (kPam2gl) | (mN.m2g?) (1SO%) (1SO%)

100°F 6.35° 3.26° 9.69° 28.53¢ 20.46° 43.41
50°F+50PF 5.43° 2.64° 5.78° 32.92f 23.99f 39.85°
60°F+40PF 5.38¢ 2.66" 5.43¢ 34.18° 24.95¢ 39.16¢
70°F+30PF 5.13¢ 2.73% 4.85° 35.61¢ 26.30¢ 37.65¢
80°F+20PF 4.95° 2.76¢ 4.25¢ 36.80° 27.25° 37.43
90°F+10PF 4.89 2.81° 3.93 38.69° 29.04° 37.11®
100¢F 4.619 2.94f 2.94¢ 39.78° 29.512 36.96°
Sig. .000 .000 .000 .000 .000 .000

As it is known, fibers produced from softwood by the kraft
method are quite strong compared to annual plant and
hardwood fibers. One of the main reasons for this is that
softwood fibers are longer than others (Madakadze et al.,
1999; Przybysz Buzata et al., 2018; Schonberg et al., 2001;
Wan Rosli et al., 2009). Many paper qualities are influenced
by fiber dimensions, especially strength, and fiber
dimensions contribute to the optical and surface properties
of paper (Hiltunen & Paulapuro, 2011; Larsson et al., 2018).
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Figure 5. The mechanical and optical properties of the
papers produced with CF and PF blends
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The effect of fiber properties on paper strength led to the
common consensus that paper with the desirable mechanical
properties could only be produced from long fiber (Hiltunen
& Paulapuro, 2011; Li & Kim, 2018; Watson & Dadswell,
2017). While the long fibers generally improve the
mechanical of the paper, the short fibers mostly increase the
surface and printing properties (Ozdemir et al., 2020; Wan
Rosli et al., 2009). As can be seen from Fig. 5, decreases in
mechanical properties occurred in parallel with

the addition rate of CF to PF. As indicated in Table 1, the
fibers obtained from chickpea stalks were classified as short
fiber (0.89 mm). Accordingly, the strength properties of the
papers produced by blending with CF decrease.

However, when the optical properties were examined,
whiteness, brightness and yellowness values were positively
affected by the addition of CF. As can be seen from Figure
4, the whiteness and brightness values increased with the
addition of AQ to the cooking liquor. Besides, since chickpea
stalk fibers have thin-walled (3.27 micron) fibers, they
reflect light better than thick-walled fibers (Hubbe et al.,
2008; Scallan & Borch, 1974). For these reasons, the optical
properties improve as the CF ratio increases in papers
produced from CF and PF blends.

3.3 Properties of Papers Produced with Chickpea Stalk
and Secondary Fibers Blends

In Table 6, some mechanical and optical characteristics of
papers manufactured with CF and secondary fibers (SF)
blends were presented.
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Table 6. Some mechanical and optical characteristics of papers manufactured with CF and SF blends

Blgnding Breaking Burst Index Tear Index Whiteness Brightness Yellowness
ratios (%) Length (km) (kPa.m2.g%) (mN.m2.g%) (ISO%) (1ISO%)

1005F 3.80° 2.39° 5.46° 35.25 26.47° 37.15¢
50CF+505F 4.11¢ 2.41¢ 4.73° 36.82° 27.84° 36.51%
60CF+4057 4,26% 2.45¢ 4.97° 37.10¢ 28.05¢ 36.53®
70°F+305F 4.33° 2.76" 3.97¢ 37.80° 28.64° 36.252
80°F+205F 4.39h° 2.81° 3.97¢ 38.13° 28.84° 36.26%
90°F+105F 4.45° 2.89%® 3.39¢ 38.19° 28.95° 36.82b¢
100¢F 4.61° 2.942 2.94f 39.782 29.512 36.96°
Sig. .000 .000 .000 .000 .000 .000

Corrugated cardboard papers production in the world is
generally carried out by using the pulp obtained from the
recycling of waste papers (Barbash & Yashchenko, 2020;
Pereira et al., 2020). Fibers recovered from waste paper are
called secondary fibers in the literature, and typically the
hornified fibers shorten in length and lose their flexibility
and take on a rigid structure (Yin et al., 2016; Zhang et al.,
2017). At the same time, the surface areas of the fibers
become narrower and they lose their fiber-fiber bonding
potential (Biermann, 1993; Clark, 1978; Mckee, 1971;
Minor, 1994).
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Figure 6. The mechanical and optical properties of the
papers produced with CF and SF blends
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The mechanical properties of old corrugated cardboard
(OCC) pulps consisting of secondary fibers were lower than
that of CF (Fig. 6). The fiber lengths and surface areas of SF
pulps are lower than virgin pulps as mentioned above. Since
the optical properties of CF are higher than that of SF, there
has been an increase in optical properties in parallel with the
CF addition ratio. This variation is caused mostly by
differences in the fibers themselves, as well as the existence
of different pollutants that have been properly eliminated
from the pulp during processing (Obradovic & Mishra,
2020). The presence of pollution in paper made from
secondary fibers can influence the optical properties as well
as mechanical properties, though the effect of the changing
characteristics of the fibers themselves is considerably more
substantial in this case (Yin et al., 2016).

4. CONCLUSION

Optimum results in pulp production from chickpea stalks
with a modified kraft method were obtained by adding 0.7%
AQ to the cooking liquor. The breaking length and burst
index of the pulp obtained by AQ added to the cooking liquor
increased from 4.10 km to 4.62 km, and 1.84 kPa.m?.g™* to
1.94 kPa.m?.g?, respectively. The total pulp yield was
enhanced by 15.8% with the addition of 0.7% AQ. The
utilization of chickpea stalks in pulp production would
increase fiber availability in countries with limited wood
resources. The mechanical and optical properties of the
papers obtained by mixing the chickpea stalk with primary
and secondary fibers in certain proportions were not
significantly affected. The strength properties of the papers
produced with the mixture of the fibers recovered from the
old corrugated cardboards and the chickpea stalk fibers
increased in parallel with the chickpea stalk fiber content. It
was observed that the optical properties of the produced
papers increased when the primary and chickpea stalk fibers
were blended. Short fiber chickpea stalk pulps can be used
in the production of many kinds of paper by blending it with
long fibers in certain proportions. Besides, the losses in the
strength properties of the paper produced in waste paper
recycling can be eliminated by adding chickpea stalk fibers.
Correspondingly, the possibility of using chickpea stalk
fibers in the production of different papers is quite high.
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1. INTRODUCTION

Sustainability is a kind of institutional operating practices
and physical development that meet the needs of users
without compromising the ability of future generations to
provide their own requirements with the waste of natural
resources (Anonymous, 2019). Therefore, sustainable
practices must enhance a health environment for all livings
and support the economic activities (Hart, 1997; Norton,
1992; Sikdar, 2003). Economic activities that vital to meet
the human being needs extensive amount of energy to be
used, and therefore significant amount of greenhouse gas is
emerged beside of waste generation (Tonelli et al., 2013).
Greenhouse gases released into the air and the energy used
by human and industrial facilities may be possible to be
reduced using advance technology. But wastes arising from
vital activities and increasing population remains constant
(Singh et al., 2012; Tseng et al., 2018). Fortunately, the
wastes can be recycled instead of natural resource and can be
used for different purposes (LaGrega et al., 2010; Reed et al.,
1995).

Wastes are valuable materials in today world and significant
economic gains can be provided with their recovery.
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Moreover, certain benefits can be obtained by means of
environmental, health and aesthetic aspects. Waste resources
might be residential, industrial, commercial, institutional,
constructional, clinical, agricultural etc. based. They might
in the form of solid, liquid and gas (Awoyera and Adesina,
2020; Chung and Lo, 2003; Oliveira et al., 2008; Reed et al.,
1995; Thomas and Rahman, 2006). In the scope of the study,
one of waste generally in occurs in solid form is evaluated to
its feasibility to be recycled as a bitumen modifier. The waste
utilized in this paper is of styrofoam, which is also known as
expanded polystyrene (EPS). It is oil-originated synthetic
polymer such as plastic consisting of styrene monomers
(Ramadan et al., 2020).

Pandemic of coronavirus disease 2019 (COVID-19)
increases dramatically usage of styrofoam based materials.
Not only being widely used in packing jobs but also used in
building and construction works, marketing, and some
domestic applications, significant amount of post-use waste
is generated during the period (Dev and Sengupta, 2020).
Styrofoam can be destroyed if it is exposed to extremely high
temperatures. It is known that heating it with fire releases
toxins such as carbon black and carbon monoxide, which are
hazardous product and effect the human and the other livings
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health (LaGrega et al., 2010; Ramadan et al., 2020). The
degradation of styrofoam material after usage is possible
even if it is thrown into nature without any precautions.
However, the time for degradation may be at least 500 years
up to 4500 years (Awoyera and Adesina, 2020). Rapid rate
in urbanization and technological development has increased
the generation of waste material. It is possible to recycle such
kind of wastes and make them valuable and versatile raw
source for different engineering applications (Kaya and Kar,
2016; Grinnell, 1996; Nciri et al., 2020; Ngugi et al., 2017;
Thakur et al., 2018).

Using waste styrofoam (WS) as a modifier in bitumen to
improve their certain engineering properties has been a
subject being attractive since the beginning of the 21
century with development polymer technology. However,
the studies on this subject has been mostly restricted with
comparisons of the effect of WS on bitumen characteristics
including physical, and rheological ones beside of
performance of hot mix asphalt produced bitumen with WS
modification. Numerous examples from earlier studies are
presented at the following to highlight in those manners.

Nassar et al. (2012) reported the effect of WS contribution
on bitumen is significant in mechanical properties,
particularly on viscosity. Baker et al. (2016) did an
experimental study on physical properties of bitumen
modified with WS three different rate from 5% to 15% with
5% increments by weight of bitumen. Researcher pointed
out: decrease in ductility and penetration and increase
flashing and fire points are significant. Al-Haydari and
Masued (2017) investigated the potential benefits of WS
usage in HMA properties. One of the results indicated by the
authors is that adding WS into bitumen did not produce a
modified bitumen. The other is introducing WS to bitumen
and making a homogeneous mixture enhancing the
mechanical performance of HMA. Nciri et al. (2020)
investigated the potential usage of WS as modifier for hot
mix asphalt (HMA) to produce flexible road pavements. The
scope of the study is limited with the chemical and
microscopic analysis. The authors found that WS addition
increases the resin concentration in asphalt matrix, but does
not affect the crystalline phase structure of asphalt.
Microscopy base analysis shows asphalt and WS are
compatible. Ramadan et al. (2020) investigate the
mechanical properties of bitumen modified with different
rate of WS. They reported that addition of WS into bitumen
for modification purpose improve the stiffness of the
bitumen. Moreover, there is significant improvement in
high-temperature performance of bitumen modified with
WS. This result associated with rutting resistance of the
pavement produced using WS modified bitumen. Yildiz et
al. (2021) investigated the usability of waste EPS foam in
asphalt modification at the rate of 2%, 4%, 6%, and 8% by
weight. The bitumen used in the study has 50/70 penetration
grade and the conventional test methods were implemented
for evaluation of the changes with modification, which were
found significantly in certain contribution rate. They showed
the feasibility of using EPS foam additive to be used in
bitumen modification for hot regions, where low penetration
is required.
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1.1. Motivation and Objective

Together these studies provide important insights into the
effect of WS addition on bitumen properties, but do not give
extensive scientific understanding the effective or optimum
rate of WS. According to the presented study, different
contribution of WS rate change the grade of bitumen by
means of either penetration or viscosity, in other words, new-
graded bitumen was produced with WS maodification.
Although the changes in bitumen properties were determined
with the available studies, there was not any study evaluating
the optimum contribution rate of WS used for producing new
bitumen, especially, according to test methods, bitumen type,
modification processes (Vinodhkumar and Vinodhkumar,
2022, Porot, et al., 2021, Pérez-Lepe, et al. 2003). Therefore,
it can be said that it is a little-known subject focused on the
feasibility of usage for modification purpose and effect of it
on bitumen properties. These cases indicate that there is a
need to investigate the usage of WS in bitumen various
perceptions.

In this respect, this study was established to investigate
engineering properties WS modified bitumen based on
penetration, softening point, flashing point, and viscosity test
results and to make a comparison between the base and the
WS modified ones. Determination the changes in
temperature  susceptibility compression and mixing
temperature of bitumen modified with WS being used in hot
mix asphalt, and the optimum rate of WS included in 100-
150 penetration grade bitumen to reflect the properties of 70-
100 and 50/70 on the basis of test methods in order for
producing new graded bitumen are the other objectives.

2. MATERIAL AND METHOD

Three type of bitumen were used. These bitumen binders are
in grade of 100/150, 70/100 and 50/70 penetration rate. All
bitumen samples were supplied from Kirikkale Refinery
with deputy of Adana Bitumen Chief of General Directorate
of Highways located in Republic of Turkey. The basic
properties of bitumen are given in Table 1. The WS samples
are supplied from waste collection and recycling containers
located on the university campus. Some physical and
chemical properties of WS are presented in the light of the
study done by Nciri et al., 2020 (Table 2). It is worth to
describe an acronym or abbreviation for each sample type
used throughout the study for each bitumen form to
distinguish the sample results from each other in figure or
table bases. In this respect, Table 3 is prepared to notify the
sample ID in which bitumen in 100/150 penetration grade is
used for modification purpose, 70/100 and 50/70 penetrate
grade are the reference ones used for optimization to
determine the rate of WS that reflects the same
characteristics for the modified bitumen for each case.



Table 1. Fundamental properties of bitumen samples
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Tests Unit Standard T:st resuItBof bitumgn
Penetration | dmm | EN 1426 56 74 129
gg{:ﬁ”i”g °c  |EN1427 | 47 44 39

Fshing o | BOEN | 315 | 305 | 285
([;L;cgicli)ty cm i\lssg >108 | 102 | 58

S\Eggz}}z - gﬂgg 698.3 | 563.3 | 3075
e 180.0 | 160.0 | 95.8

Where, A: PG:50/70, B: PG:70/100, C: PG:100/150

Table 2. Fundamental properties of WS

Chemical Parameter Unit (%) Result
Carbon wi. 92.34
Hydrogen wit. 6.93
Nitrogen wit. 0.51
Sulfur wit. 0.00
Oxygen Wit. 0.22
Physical Parameter Unit Result
Molecular Weight g/mol ~300,000
Density Kg/m3 17
Thermal Conductivity W/ mK) 0.040
Flexural Strength N/cm? 24
Compressive Strength N/cm? 10

Table 3. Identification form for bitumen samples

Sample ID | Bitumen Composition Form of Bitumen
BB Base Bitumen PG:100/150

CB-1 Base Bitumen PG:50/70

CB-2 Base Bitumen PG:70/100

WS-1 Base Bitumen + 1% WS

WS-2 Base Bitumen + 2% WS

W53 Base Bitumen + 3% WS ‘,(Avgztﬁlséygﬁﬂgn
WS-4 Base Bitumen + 4% WS

WS-5 Base Bitumen + 5% WS

Where, PG is penetration grade
2.1. Production of WS Modified Bitumen

In order to prepare the WS modified bitumen, the recent
literature linked with the polymer modification processes
were analyzed (Gokalp, et al., 2019, Lin t. al. 2019, Anwar
et al., 2020, Yildiz et al. 2021). In the light of the cited
studies, production processes of WS modified bitumen were
determined. The followed processes is presented step by step
at bellow.

o Initially, WS samples are collected from waste storage
area. Because WS samples are in different and big size,
it is needed to break them in small sizes, approximately,
2-3 cm particles. The broken WS samples are stored in
a bag and weighted for the studied rates ranging from
1% to 5% with 1% increment by weight of bitumen.

o During size reduction of WS, the bitumen is heated at
140 °C for one and half hour. 500 gram of heated
bitumen transferred to a metal box. The box with
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bitumen is located on a heater works at 170 °C for the
next half hour.

e  After the heat of the bitumen samples reaches to 170 °C,
the prepared WS samples was placed one by one in a
container filled with hot bitumen.

e  Subsequently, mixing phase is started for WS and
bitumen with a propeller mixer that works at 200
revolutions per minute (rpm). The weighted for the
specified contribution rate WS samples are introduces in
bitumen while the mixer works.

e After all WS samples are introduced and coated with
bitumen and the mixer is worked at 1000 rpm for 30
minutes for soften and penetration of the WS throughout
the bitumen sample.

e The last step for the mixing is that arrangement mixing
the mixture at 100 rpm for 15 minutes to provide
homogeneity of WS modified bitumen. The other
reference base bitumen samples are also subjected to the
same mixing processes to provide the same aging level
for the modified ones.

2.2. Test and Analyzing Methods

Some basic properties of bitumen were planned to determine,
and the test methods categorized as conventional were
performed. These are penetration, softening point, flashing
point, viscosity at 135 °C and 165 °C. To observe the effect
of WS contribution rate on thermal susceptibility,
penetration indexes for each bitumen sample are calculated
with internationally accepted formulation. The test methods
are briefly summarized at the following.

Penetration test: The test is applied on the bitumen samples
to determine their consistency or hardness under a certain
load, temperature by utilizing a specific needle for certain
time. In this study, EN 1426 standard was followed to
conduct the test on samples. The three test results are
considered acceptable if the range of the results does not
exceed the relevant value given in the standard. Finally, the
arithmetic mean of the acceptable results is reported (Gokalp
etal., 2019).

Softening point test: Similar to penetration test, this test
method is also one of conventional test used mostly to
determine the softening point of the bitumen. EN 1427 was
followed to apply the test. If the difference between the two
temperatures, that the bitumen samples fall down does not
exceed 1 °C for softening points, the test results is taken as
acceptable. Finally, the mean of the temperatures is
expressed to the nearest 0.2 °C (Gokalp et al., 2019).

Viscosity: Bitumen is a visco-elastic material and its
viscosity changes with heating. To make the bitumen
workable in HMA production and application it on the field,
bitumen should be heated, sufficiently. Viscosity test is used
to determine the sufficient heat. Brookfield rotational
viscometer test is implemented on the samples according to
ASTM 4402 standard under two specific temperatures: 135
°C and 165 °C (Mirsepahi et. al, 2020) within the scope of
the study.

Flashing Point: Bitumen has certain volatile component and
this component evaporates as exposed a fire source.
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Following to heating, flashing can occur, temporarily. The
temperature at this point is called flashing point. The flashing
point for each bitumen samples may change due to their
origin, chemical composition and the additive used to modify
them. In this regard, flashing point test is implemented on
each samples according to EN 22592 standard (Yasar, 2015)

Penetration index: Bitumen is a thermal susceptible
construction material. Thermal activities effect bitumen state
and therefore its physical and mechanical properties. To
identify the level of sensitiveness of bitumen, penetration
index is developed on basis of penetration and softening
point test results. To determine the index value, the following
equation is used.

_ 1952 — 500logPen — 20SP
"~ 50logPen — SP — 120

@

where,

Pl refers to penetration index,

Pen refers to penetration value obtained at 25 °C, and
SP refers to softening point value.

As the bitumen PI index increases the thermal susceptibility
is decreases. The range of Pl value for the bitumen to be used
in HMA production is (+) 2 and (-) 2. However, evaluation
of the thermal susceptibility of bitumen with Pl is made with
(-) 2. PI values below the (-) 2 indicates that the bitumen
more resistant to thermal activity than those above (-) 2
(Firoozifar, et al. 2011, Sengoz and Isikyakar, 2008).

Modification index: Bitumen modification change the
bitumen characteristics. To determine the change in
properties and make a comparison between the modified and
base bitumen, an index called modification index value is
established in the light of the earlier studies (Gokalp and Uz,
2019, Gokalp, et al.,, 2019). The index value can be
calculated with the following equation.

VR-VMi
VR

M1 = ( )x100) @
Where,

MI refers to modification index,

VR refers to test results for reference bitumen, and

VM refers to test results for modified bitumen,

i WS rate indicator.

Optimization rate analysis: Modification index results are
used to predict the optimum rate of WS for the new bitumen
that stimulate the properties of reference bitumen used
throughout the study. This analysis is done for all test
methods studied in this paper, individually. As the
modification index reaches to zero, the rate remarks it is
considered as the optimum rate for the reference bitumen
(Gokalp and Uz, 2019, Gokalp, et al., 2019). To do the
analysis, best fit curve method is used. There are three main
objectives to do this analysis. These are describing the trend
of change in bitumen properties, predicting the rate of WS
that provide studied reference bitumen, which are in 70/100
and 50/70 grade, and highlighting the effect of test methods
on optimum rate.

3. RESULTS AND DISCUSSION

This section is presented in two parts. The first is test and
analysis results and the second one is on the optimization
analyses of WS contribution rates that reflect the 70/100 and
50/70 bitumen properties studied within this study.

3.1. Test and Analysis Results

The current study was established on evaluation of the effect
of different rate of WS on the bitumen properties as being
used modifier. To examine the change in bitumen properties,
conventional test methods and thermal susceptibility
analysis were performed. Table 4 indicates the results of test
and analysis for each type of sample.

Table 4. Test and analysis results

Test Methods Samples and Test Results

CB-1 CB-2 BB WS-1 WS-2 WS-3 WS-4 WS-5

Penetration (dmm) 56.0 74.0 129.0 105.6 85.7 69.4 54.0 48.2
Softening Point (°C) 47.0 44.0 39.0 43.0 46.9 52.5 57.6 59.4
Flashing Point (°C) 315 305 285 290 310.0 320.0 329.0 335.0

Penetration Index -1,72 -1,94 -2.17 -1.29 -0.67 0.24 0.73 0.82
Viscosity at 135 °C (cP) 698.3 563.3 307.5 3375 424.1 703.3 791.1 1417.0
Viscosity at 165 °C (cP) 180.0 | 160.0 95.8 141.8 152.7 171.8 224.9 263.3

The data presented in Table 4 shows that the significant
effect of addition of WS to the bitumen. Similar conclusions
were highlighted in earlier studies done by Yildiz et al.,
2021, Ramadan et al., 2020, Baker et al., 2016, Nassar et al.,
2012. But, the level of changes are different due to material
origin and/or test methods. Therefore, the general result in
the current study and the earlier studies complied with each
other. To indicate the results presented in Table 4, briefly, it
can be indicated that bitumen penetration rate decreases, the
softening point as the WS contribution rate increases.
Moreover, flashing point of the bitumen also increases with
increasing rate of WS and this case provides that the bitumen
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may be safer as heating against explosion caused by a source
of flame. However, the change is lower than the other test
results. On the other hand, the findings for PI results show
that the WS modified bitumen exhibits better thermal
susceptibility, because Pl decreases while WS rate increases.
Moreover, looking for the viscosity, as can be easily
expected from penetration and softening point results,
viscosity of the bitumen samples increases with WS
modification.

It is possible to determine the temperature of the bitumen
being used in HMA production in mixing and compaction
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phases with viscosity test. To evaluate it, the related
standard, which is ASTM D4402 recommends mixing and
compaction as the viscosity of bitumen matches 170+20 cP
and 280+30 cP, respectively (Oner, 2018). This criterion
make the bitumen and the HMA workable both in plant and
in site. The compression and mixing temperature results
gathered from viscosity test is presented in Table 5.

It can be seen from the data presented in Table 5 that the
mixing and compression temperatures of bitumen increases
with addition of the WS modified bitumen. Comparing with
the base bitumen, BB, the increase in temperature is
approximately 15 °C in mixing and 25 °C in compression as
the WS rate is 5%.

Table 5. Compression and mixing temperature results

Temperature Limits Samples and Test Results
(°O) (cP) CB-1 CB-2 BB WS-1 WS-2 WS-3 WS-4 WS-5
Mixing 170£20 | 167-164 | 166-163 | 157-152 | 164-158 | 165-161 | 166-164 | 169-167 | 168-167
Compression 280+30 | 161-157 | 158-153 | 143-135 | 148-139 | 154-148 | 161-157 | 164-161 | 165-164

Overall, all the results presented in Table 4 and Table 5
showed that modifying the base bitumen in 100/150
penetration grade with different rate changes significantly
the studied properties of bitumen. The properties of modified
bitumen approach to the reference bitumen in 70/100 and
50/70 penetration grades. This finding as mentioned before
that is the motivation of the current research, which was
rarely studied before for WS modified bitumen.

3.2. Optimization Analysis Results

The optimization analyses are established on best line
analysis corresponding to the highest accuracy coefficients
This case is done for the two, 70/100 and 50/70, grade
bitumen. To start the analyses, best-fit line graphs in linear
basement are given in Figure 1.
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Analysis on basis of viscosity at 165 °C of 50/70 base
bitumen
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Where, x is WS rate and y is the referenced test or analysis results

Figure 1. Optimization analysis for 50/70 and 70/100 reference bitumen

It is obvious from the optimization analysis presented in Fig.
1 that there are high root square values that more than 0.95
except of the ones occurred for the viscosity at 135 °C found
for the drawn best-fit line. As zero value of modification
index gives optimum rate of WS that different WS rates are
required for providing different bitumen in grade. As
expected, optimization analysis corresponding to different
test results gives different optimum WS rate. Similar results
were found in recent studies used similar optimization
approach (Gokalp and Uz, 2019, Uz and Gokalp, 2020,
Gokalp and Uz, 2021) to determine optimum rate of additive
to be used in modification of bitumen. To summary the
optimum WS based on the test method for the two reference
bitumen cases, Table 6 is presented.

Table 6. Optimum WS rate based on the test method for the
reference bitumen samples

Optimum Difference in rate
0, -

Test Methods WS rate (%) betweecn: é:lé% 1land
CB-1 | CB-2 (%)
Penetration 4.08 2.99 26.7
Softening Point 1.87 1.17 37.4
Flashing Point 2.82 1.90 32.6
Viscosity at 135°C | 2.67 2.01 24.7
Viscosity at 165 °C | 2.66 2.02 24.1

The results of optimum rate analysis presented in Table 6
indicate that higher rate of WS requires to make the studied
bitumen in 100/150 penetration grade properties similar to
CB-1 due to lower penetration grade and vice-versa.
Moreover, it can be highlighted that the optimum rate of WS
changes depend on the result of test method, which are
different in numerous points. Looking for the differences
between the optimum rate required to enhance properties of
CB-1 and CB-2, the highest one is considered for softening
point results as 37.4%, while the lowest one for viscosity at
165 °C as 24.1%. Similar conclusions were highlighted in
numerous studies done by Gokalp and Uz, (2019), Uz and
Gokalp,(2020), and Gokalp and Uz, (2021), which all
investigate the subject on basis of both rheological and
conventional test methods.

4. CONCLUSIONS

The studied waste material in the current study is that of
styrofoam emerged mainly from packing and construction
demolition activities. Although, great number of studies
carried out on different waste to improve the bitumen
characteristics, investigation done on the feasibility WS for
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use modifier in bitumen take limited place in the literature.
Therefore, some uncertainties existed about the relation
between the waste and bitumen. To make an original
contribution to the current literature, an investigation on
optimum contribution rate being used for producing new-
grade bitumen in addition to highlight the effect of WS
contribution on studied bitumen properties. Therefore, the
current study is thought to be one of preliminary study, and
the research methodology was stand on the conventional test
to show main characteristics of bitumen. To achieve the aim,
bitumen in 100/150 penetration graded bitumen was used to
modify the bitumen with WS with 1% to 5% with 1%
increment by weight of bitumen in rate. 70/100 and 50/70
penetration graded bitumen were used as reference that
constructing the optimum rate analyses of WS as used in the
studied bitumen. Best-fit line analysis is done for each test
results to make optimization analysis. Consequently, it can
highlighted that sustainable recovering of WS is reasonable
with bitumen modification, WS maodification improves the
bitumen engineering characteristics, using certain rate of WS
can change the grade of bitumen, different WS rate is
required while optimization analysis done based on different
test methods, higher WS rate is necessary for producing
lower penetration graded bitumen.

Since it is a kind of preliminary study, some additional
analyses are regired to make a clear sense about the usage of
WS in bitumen as modifier. Some are may be exemplified as
following. Different bitumen types, either in origin or in
grade should be studied since only one type of bitumen
performance was evaluated in the current study. The effect
of environment can be studied in detail due to the
temperature-sensitivity ~ characteristics  of  bitumen.
Investigation should be expanded with the analysis based on
rheological test methods to bring deep scientific
understanding of the subject. Finally, the effect of WS
modified bitumen on asphalt mixture performance, which is
not included in this study should be investigated.
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Abstract: The effect of deep fat frying temperatures, ranging from 160 to 190 °C, on frying
parameters including the heat transfer coefficient (he), mass transfer coefficient (ke) and
effective moisture diffusivity (De) were investigated during deep fat frying of churro that
was fried as dough pastry. Therefore experimental studies were conducted for both heat and
mass transfer phenomena and mathematical model was developed for simultaneous transfer
by using Newman technique for churro actual geometry (3-D cylindrical shape). Fourier’s
and Fick’s laws were applied for the computation of coefficients of heat and mass transfer.
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transfer coefficients followed the first order kinetic model with high R? and low root mean
square error (RMSE) values. The Arrhenius equation was applied to describe the
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1. INTRODUCTION

Churro, the traditional Spanish dessert, is a kind of sweet
snack and it is very popular in Spain and Mexico. It is
prepared from soft dough which was formed strips by a
simple extruder and generally fried between 185-200 °C at
3-4 minutes until golden color and the crispy product is
obtained (Morales et al., 2008; de Oliveira Silva et al.,
2022). After the frying process is completed, Spanish
churros are generally coated in sugar or cinnamon powder
and served with thick dipping chocolate (Moolwong, 2020).
Deep-fat frying or immersion frying is an important process
for the preparation of churro in which heat and mass
transfer occur simultaneously (Safari et al., 2018). Heat is
transferred from the oil to the food surface by convection
and then to the core by conduction, and at the same time,
water loss by evaporation and absorption of oil by the
churro is a complex process (Oke et al., 2018). This
complex operation brings about desirable physical,
chemical, structural and nutritional changes such as
gelatinization of starch, the denaturalization of proteins,
inactivation of enzymes, destruction of microorganisms,
Maillard reaction, aromatization, shrinkage, etc. (Dourado
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et al., 2019; Manjunatha et al., 2019). Thanks to the
beneficial effect of these physicochemical changes, the
most acceptable properties of churro such as golden color,
crispy and crunchy crust, soft and moist interior, cylindrical
shape, and fine texture are obtained. Moreover, suitable
design, control, and optimization of the frying operation are
essential to obtain a high-quality product (Dehghannya and
Ngadi, 2021). For this reason, knowledge of the frying
parameters including he, ke, and D are necessary to predict
the quality of product and standardize and optimize
processing conditions. Several researches of determining
heat and mass transfer parameters by different techniques
for model foods are presented in the literature. For example,
Neethu et al. (2016), developed a simple model to
calculation of heat and mass transfer parameters for fried
pantoa (Indian dairy dessert), at 125-145°C. When the
frying temperature increased from 125 to 145 °C, the he
parameter increased from 101.77 to 237.10 W/m?K, while
the ke parameters increased from 7.79x107¢ to
9.05x10°m/s. Sandhu et al., (2016), determined the he
coefficient for a fried-potato disc with one-dimensional
methodology. The he parameters were 3617, 4517, and
7307 W/m?2°C at frying temperatures of 150, 170, and 190
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°C, respectively. Another investigation was carried out to
examine mass transfer parameters for fried green peas
(Manjunatha et al., 2019). The Kkinetic rate constant for
moisture loss and as the oil uptake was increasing with
increasing the frying temperature.

The reported results showed that there is a lack of
knowledge on the calculation of coefficients of heat and
mass transfer, accurately. Because heat transfer was
evaluated without mass transfer and also the actual
dimensions of the food product (3-D) were not taken into
account in the modeling studies. Since heat and mass
transfer during frying are interrelated, they both need to be
considered when investigating the frying process. In
addition, using simple geometry rather than the real food
geometry may confuse the calculation of kinetic boundary
conditions.

In this research, therefore, the kinetics of heat and mass
transfer coefficients of the churro with actual geometry
during the frying process at four different temperatures
(160, 170, 180, and 190 °C) were investigated. There is no
scientific literature about the frying kinetic parameters of
the churro. For this reason, the aim of this research was to
determine the Kinetics of convective heat transfer, mass
transfer, and effective moisture diffusivity parameters
during the frying process. To reach this aim, the plots of
dimensionless temperature and concentration ratios against
frying time were used to define the parameters with churro
geometry (3-D cylindrical shape). Another objective of the
present investigation is modeling the frying Kkinetic
parameters. Thus, the kinetic model helps to establish the
connections between phases and processing time.

2. MATERIAL AND METHOD
2.1. Preparation of Churro Dough

The main ingredients of churro dough were water 250 g,
butter 47 g (Torku), salt 0.5 g (Billur) and wheat flour 300
g (Type 850, Yiiksel) (de Oliveira Silva et al., 2022).

When all the ingredients were ready, water, butter, and salt
were mixed and boiled and wheat flour was added to the
water. After cooling, the dough was filled into the piping
bag and squeezed into the hot oil using a star-shaped piping
nozzle which is a symbol of churro. Acylindrical shape was
given to dough (10 cm in length, 1 cm in diameter) and then
fried (Moolwong, 2020).

2.2. Deep Fat Frying of Churro

Deep fat frying of churro was carried out using a deep fryer
(Angelo Po, Italy). The frying temperatures and times were
selected as 160, 170, 180 and, 190 °C at 420, 360, 300 and
180 s, respectively. Fried samples were filtered for 1 minute
and placed on an adsorbent paper to remove surface oil.

2.3. Proximate
Properties

Composition for Thermophysical

Thermophysical properties of churro such as thermal
conductivity (k), density (p) and specific heat (c,) are
necessary to determine the h. parameter. For this, there are
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certain improved equations (Eg.1-3) (Cemeroglu, 2017) and
it is necessary to know the proximate composition of churro
in using these equations. The moisture, protein, crude fat
and ash of churro dough were determined by AACC
methods (AACC, 1999). The total carbohydrate content
was calculated via subtraction of the sum of moisture,
protein, crude fat and ash from 100. These thermophysical
parameters assumed constant during the frying.

k =Y k; x Xyj (D)
Xi 1
P = X X X KA W @
1600 1320 920 2401000

2.4. Experimental Study and Kinetic Modeling for Heat
Transfer

The inner temperatures of the churro doughs during frying
at different temperature-time combinations and also the
temperature of the frying oil were measured by a K type
thermocouple, for 1 s time interval. These thermocouple
sensors were connected to a data logger (Sper Scientific,
Scottsdale) and obtain temperature-time graphs with using
software program of data logger.

The Fourier’s equation for an infinite plane wall (Eq. 4) and
the Fourier’s equation for an infinite cylinder shape (Eq.5)
provides a simplified description of the heat transfer during
frying. According to Newman technique, the Eq. (4) and
Eqg. (5) can be used together to obtain the solution of
experimental heat transfer data for the churro geometry
(finite cylindirical shape) by making use of the
superimposition technique (Eqg. 6).
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The first order exponential kinetic model was used to
describe the he parameters for different frying temperatures.
he = he + (hg — h,)e ¥nt (M)

where hg, h;, he are the heat transfer parameters of initial, at
time t and at equilibrium respectively and k is kinetic
coefficient and t is frying time.
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2.5. Experimental Study and Kinetic Modeling for Mass
Transfer

Experimental study was conducted of mass transfer with
the calculation of moisture contents for fried churro
samples by dry matter analysis at 135 °C (AACC, 1999).
Fick’s second law equation for an infinite plane wall (Eq. 8)
and an infinite cylinder shape (Eg. 9) provide a description
of the moisture loss during frying. Eg. (8) and Eqg. (9) can
be used together to obtain the solution of the experimental
moisture content data for the churro geometry with the
superimposition technique (Eqg. 10).
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The first-order reaction kinetic model describe the ke and
D. values for different frying temperatures (Eq. 11 and
Eq.12).

Xe=Xo + (Xo — Xp)e *xt (11)

Y, =Y, + (hDey — De,)eknt (12)

3. RESULTS AND DISCUSSION
3.1. Kinetic Model of Heat Transfer Phenomena

The chemical composition and thermophysical properties of
the churro dough are given in Table 1. In order to determine
the convective heat transfer coefficients for all frying
temperatures, firstly, the time-temperature profiles of the
churros were obtained experimentally (Fig. 1). In Figure 1,
the experimental study resulted in a slight increase in
temperatures towards the boiling point of the water in the
center of the churros during approximately the first 100 s of
the frying process and then remained constant. The he
parameters were 437.36, 301.679, 123.256, and 93.535
W/m? K at 160, 170, 180 and 190 °C, respectively. It is
evident that the heat transfer coefficient and Biot numbers
decreased with an increase in frying temperature. This
result indicates that a higher temperature frying
environment results in higher water loss from the product.
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Table 1. Chemical
properties of churro

composition and thermophysical

Nutrient Amount(%) Property Value
. Thermal 0.497
Moisture 60425 conductivity, k W/m °C
Protein 5.252 Specific heat, ¢, 3.038 kj/kg °C
Fat 0.101 Density, p 1173.014 kg/m3
Thermal 1.394x107m?/s
Ash 0.351 diffusivity ,a
Carbohydrate 33.871

The greater the rate of water loss, the greater the amount
extracted from the incoming energy. This will reduce the
amount of energy available for the internal energy increase
and consequently the effective heat transfer coefficient will
decrease (Yildiz et al., 2007; Erim K&se and Dogan, 2018).
These results were in agreement with the findings of Yildiz
et al. (2007) for french fries, Erim Kose and Dogan (2018)
for tulumba dough, and Franklin et al. (2014) for gulab
jamun. On the other hand, the data obtained in the study
contradict most of the other studies in the literature, which
found that the convection heat transfer coefficient increased
with the increase in frying oil temperature (Seruga and
Budzaki, 2004; Neethu et al., 2016; Sandhu et al., 2016;
Koerten et al., 2017;, Asefi and Roufegarinejad, 2021). This
difference could be attributed to the heat transfer was not
evaluated with mass transfer simultaneously, product shape
and porosity were not actual dimensions of the food product
(3-D), and different frying conditions used in these studies.
In addition, the changes in the h. parameters were best
represented by the first-order kinetic model with a good fit
obtained by nonlinear regression (R?=0.9576 and
RMSE=0.082). The kinetic rate constant (k) was also
calculated for all the frying parameters (Table 3). The
negative k value (-0.0552) showed no strong frying
temperature dependence, which greater values measured at
increased with decreasing the frying temperature.

120 -
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]l W
8 80 » / ¢ 160 °C
[ I‘.. °
8 60 T .‘.. u 170 C
2 40 Lob 180 °C
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()
|_
0 . . .
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Figure 1. Experimental values for the temperature profiles
of churro
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Figure 2. Dimensionless temperature ratio versus time
3.2. Kinetic Model of Mass Transfer Phenomena

Moisture loss is the major mass transfer phenomena during
frying operation. The speed of frying operation is closely
interested in the combination of frying time and
temperature (Ngadi et al., 2006; Nasiri et al., 2011). The
data of moisture contents were fitted to Fick’s second law
of diffusion and the first-order kinetic model, respectively,
and the obtained model parameters are shown in Table 2.

Table 2. Biot numbers and frying parameters of churro

Biot Biot
T “L;]r:abter he number | kel0® | D10
(°C) transfer | W/ m?°C mass m/s m?/s

transfer

Bi,=44.00 Bi,=0.09
160 Bi=8.80 437.36 Bi:=0.018 0.75 1.350

Bi,=30.35 Bi,=0.245
170 | picgoy | 301679 | pZot,e | 111 | 5439

Biz:12.40 Biz:0.275
180 | gisoag | 123256 | gi—o0sa | 140 | 7:700

Blz:941 Blz:94l
190 | T gg | 93535 | pisigg | 248 | 17.360

In order to obtain the model parameters, first, experimental
studies were carried out. The experimental results of
moisture contents at different frying temperatures have
been reported in Fig 3. According to Figure 3, there was a
fast decrease in all frying temperatures even in the first
minutes due to the loss of water in surfaces of churros. The
initial moisture content of churros was about 60.425 % (on
wet basis, wb), and it was reduced to 35.43, 30.43, 28.73,
and 27 % wb at temperatures 160, 170, 180, and 190 °C
respectively. Similar results for different fried foods were
reported by many researchers in the literature (Mariscal and
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Bouchon, 2008, Manjunatha et al., 2019, Adedeji et al.,
2009, Zhang et al., 2020).
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Figure 3. Moisture contents of churro for different frying
temperatures

The Kkinetic data were obtained with the plots of
dimensionless concentration ratio against frying times for
different frying temperatures. De , ke, and Biot numbers for
mass transfer were determined from Figure 4.
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Figure 4. Dimensionless concentration ratio versus time

The D. values of the frying processes at 160, 170, 180 and
190 °C were 0.75x10%, 1.11x10°, 1.40x10° ,2.48x10°
m?/s, respectively. This result revealed that the frying
temperature had a favorable effect on the moisture
diffusivities due to accelerating the moisture loss of the
product. As deep-fat frying temperature increased, the
moisture transfer coefficients also increased linearly from
1.35x107 to 17.36x107° m/s, indicating that maximum
diffusion of moisture occurred at 190 °C. Similar results
were reported on frying of the breaded fish nuggets (Zhang
et al., 2020), krostula dough (Budzaki and Seruga, 2005),
tulumba dough (Erim Kése and Dogan, 2008), green peas
(Manjunatha et al., 2019), chicken nuggets (Adedeji et al.,
2009). Torres-Gonzalez et al., (2018), reported that
difusivity and mass transfer coefficients of Arepa Con
Huevo increased with the increasing temperatures and its
activation energy was calculated at 63.96 kJ/mol. Kinetic
modeling for mass transfer of breaded and battered of fish
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nuggets during deep-fat frying was performed by Fick's
second law and first order kinetic model (Yuan et al.,2018).
Catillo et al. (2021), determined the kinetics of moisture
loss for chorizo during atmospheric and vacuum frying with
Fick’s second law for cylinder geometry. The diffusion
coefficient increased from 3.50x108 to 4.28x108 with
increasing temperature for vacuum frying.

The linear relationship between In (C/Co) and frying time
showed that the changes of effective mass transfer
coefficient and moisture diffusivity followed first-order
kinetics with high R? (0.9417-0.9726) and low RMSE
(0.048-0.059) values (Table 3). An Arrhenius equation was
used for described of the relationship between the frying
temperature and moisture diffusivity (Fig 5). As shown in
Fig.5, the slope was equal to the ratio of the activation
energy and the universal gas constant and so activation
energy was calculated as 63.546 kJ/mol. This result is in
agreement with those reported by Mondal and Dash
(2017), who found similar activation energy was 67.163
kJ/mol of fried Chhena Jhili, which is a popular deep fat
frying dessert in India.

Table 3. Kinetic parameters of frying coefficients

Parameter | Model k (s1) R? RMSE
First-
he order | -0.0552+0.026 | 0.9576 | 0.0821
Kinetic
First-
Ke order 0.0801+0.104 | 0.9417 | 0.0480
Kinetic
First-
De order | 0.0382+0.051 | 0.9726 | 0.0590
Kinetic
1/T
-10.4 . . )
_108.0_321 ‘0.0022 0.0023 0.0024
-10.8 -
y = -7645.2x + 5.8226
° -11 - R2=0.9682
o
< -11.2 -
-11.4 -
-11.6 -
-11.8
-12 J

Figure 5. An Arrhenius relationship between temperature
and moisture diffusivity

4. CONCLUSIONS
The frying process of churro was investigated for different

time-temperature combinations on heat and mass transfer
parameters in this study. An experimental study was
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conducted in the laboratory and the obtained data were
analyzed kinetically. For this reason, analysis of the
experimental data using the Fourier’s and Fick’s second
law equations for churro geometry shape revealed that the
heat transfer coefficient decreased, while the moisture
diffusivity and moisture transfer coefficient increased
linearly with frying temperature. The first-order Kinetic
models gave a good fit for all off frying parameters and the
Arrhenius plot showed the temperature dependency of mass
diffusion in the product. Thanks to this study, knowledge of
heat and mass transfer parameters during the frying process
accurately will assist in the equipment and process design
of churros and similar fried foods. At the same time, thanks
to the data obtained as a result of the study, the connection
between the phases and the processing time can be
established.
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Abstract: The Remote Sensing processing analysis has become a directing and hopeful
instrument for mineral Exploration and lithological mapping. Mineral exploration in general
and bearing chromites associated with ultrabasic and basic rocks of the ophiolite complex in
particular has been successfully carried out in recent years using Remote Sensing techniques.
Yazihan-Hekimhan (Malatya) region of the East Taurus mountain belt, ranks second in terms
of iron mineralization in Turkey are accepted. The area is characterized by high grade iron
ore deposits in use, development and exploration. Lithological mapping and chromite ore
exploration of this area is challenging owing to difficult access (High Mountain 2243 m)
using the traditional method of exploration. The main objective of this research is to evaluate
the capacity of Landsat-8 OLI and Advanced Spaceborne Thermal Emission and Reflection
Radiometer (ASTER) satellite imagery to discriminate and detect the potential zone of
chromites bearing mineralized in Malatya (Yazihan). Several images processing techniques,
Vegetation Mask, Band Ratio (BR), Band Ratio Color Composite (BRCC), Principal
Component Analysis (PCA), Decorrelation Stretch, Minimum Noise Fraction and Supervised
classification using Spectral Angle Mapper (SAM) exist in previous studies have been
performed for lithological mapping. The obtained results show that BR, PCA and
Decorrelation Stretch methods applied on NVIR-SWIR bands of Landsat-8 and ASTER were
clearly discriminate the ophiolite rocks at a regional scale. In Addition, SAM classification
was applied on a spectral signature of different ultrabasic and basic rocks extracted from
ASTER data. The results are promising in identifying the potential zones of chromite ore
mineralization zones within the ophiolite region. Thus, the techniques used in this research
are suitable to detect or identify the high-potential chromite bearing areas in the ophiolite
complex rocks using Landsat-8 OLI and ASTER data.

Keywords: Remote Sensing, Yazihan - Hekimhan (Malatya) region, iron ore deposits,
Vegetation Mask, Band Ratio Color Composite, Principal Component Analysis.

!Address: Adiyaman University, School of Technical Sciences, TR-02040, Adiyaman,

Turkey.

2Address: Bangui University, Faculty of Sciences, Departmen of Earth Sciences, Bangui,

Central African Republic.

*Corresponding author: senemtekin@adiyaman.edu.tr

Citation: Toprak, Y., Traore, M., Sevimli, U, 1., Tekin, S. (2021). Mineral Exploration and
Lithological Mapping Using Remote Sensing Approaches In Between Yazihan-
Hekimhan (Malatya) Turkey. Bilge International Journal of Science and
Technology Research, 6(1): 52-61.

1. INTRODUCTION

Recently, remote sensing is among the most powerful tools
in geological research and mineral mapping (Rowan et al.,
2006; Rajendran 2011; Pour et al. 2014 Zoheir et al., 2018;
Noori et al., 2019; Pour et al., 2019a; Sekandari et al., 2020;
Cardoso-Fernandes et al., 2020). However, it is possible to
distinguish many alteration minerals and map them with
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more accuracy to understand the difference Furthermore, the
development of new remote sensing methods, a few image
processing methods have been discovered to map geological
formations and they are also used in minerals research
(Zhang et al., 2007; Hassan and Ramadan, 2015). Mineral
exploration and geological mapping using remote sensing
have been made effectively in arid, semi-arid and in other
regions with little or high vegetation cover (Hellman and
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Ramsey 2004; Pour et al., 2018a,b; Sheikhrahimi et al.,
2019). several researchers have used spectral signatures
(Rowan et al., 2006; Pour and Hashim, 2012; Pour et al.,
2018b) for lithological mapping and mineral exploration
based on remote sensing techniques. Minerals such as iron,
hydroxyl, sulphate, dolomite, clay and carbonate have
spectral characteristics in the Visible and Near-Infrared
(VNIR) and Shortwave-Infrared (SWIR) domains, for the
electromagnetic spectrum, whereas silicate minerals exhibit
a spectral characteristic in the Thermal Infrared (TIR) region
(Nimoyima 2005; Rowan et al., 2006).

Hydrothermal mineral mapping; which are most common
indicators of mineralization is basic to reconnaissance and
play an essential role in mineral exploration (Abdelsalam et
al., 2000; Crosta et al. 2003; Loughlin 1991; Gabr et al. 2010;
Kusky and Ramadan, 2002; Zhang et al., 2007; Madani,
2009; Gabr et al., 2015; Pour et al. 2018c, 20193, b; Bolouki
et al., 2020). The mineral assemblage found in the host rocks
by Abrams et al. (1983) contained at least one mineral with
diagnostic spectral absorption characteristics according to
their study. Lithology describes the physical characteristics
of rock units visible in the field, such as color, texture, grain
size or composition. Lithological maps include the spatial
distribution of rock units on the surface. Digital database
produced from surface lithology provides support for the
determination of land features such as geological mapping,
mineral exploration and environmental characterization
(Laake and Insley 2007; Laake, 2011, Rajendran et al., 2017,
Ozkan et al., 2017; Traore et al., 2020 a, b). Satellite images
provide advantages in interpreting lithology the surface and
near-surface structures (Laake and Insley 2007; Laake,
2011).

This study uses Aster and Landsat images of 174-033 rows
and columns . The most important advantages of these
images are that the images of the satellites are provided free
of charge, they offer multi-band images to the users, they are
suitable for medium-scale geological map production in
spatial resolution, and they allow studies that cover large
areas. This study aimed to investigate the use of geometric
and radiometric corrected images in defining rock types and
making maps for different lithological units within the scope
of this study. In this context; Vegetation Mask, Band Ratio
(BR), Band Ratio Color Composite (BRCC), Principal
Component Analysis (PCA) analysis has been made in an
area of approximately 1415 km? between Yazihan and
Hekimhan districts of Malatya province (Fig. 1).
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2.GEOLOGICAL SETTING

According to the study and examined in the chapter, two
different second rows of transgressive stages can be
mentioned. First state; In the late Maastrichtian, with the
emplacement of the Hocalikova ophiolite in the region, the
encrustation increased, the advancing region increased and
some parts of the marine basin turned into land. In this phase,
a basin was opened behind the Yuksekova- Baskil arc
(ensialic) in the Late Campanian due to the effect of the
stress forces; this basin matured in the Late Maastrichtian
period and the basin closed in the Middle Eocene, and
became terrestrial in the Upper Eocene period.) the first
transgressive phase has been the most beautiful. Towards the
end of the closure phase of the basin, during the Oligocene
period, the region has completely transformed into a
terrestrial environment and includes pebbles of Stork
volcanics at its base. At the end of the Oligocene, the second
period transgressive phase started and the region became the
place where lake environments are located in the region. The
impact of the Malatya Fault has been observed on young
sediments. Soft-deformation structures were developed in
the Late Miocene and Pliocene units. Depressions and uplift
areas of the Malatya Fault have developed due to
transtensional and transpressional movements. Volcanic
rocks outcropping around Yazihan (Malatya) are represented
by basalt and basalts with olivine. Volcanics show
microlithic, flow, hypocrystalline porphyritic and texture,
and geochemically alkaline and subalkali. In the rare earth
element (REE) diagram of volcanic rocks normalized to the
primary mantle, it is seen that they present a significant
enrichment of light rare earth elements (LREE). In the spider
diagram normalized to the primary mantle, they present
enrichment with lithophile elements (LILE) with coarse
cations such as Rb, Ba and K and consumption in terms of
high valence cations (HFS). In the tectonomagmatic
environment separation diagrams based on trace elements
stable against alteration, it is seen that volcanic rocks fall in
the direction of intracontinental basalt (Fig. 2).

Goological maps of study arca
Alluvium Tohrma formation
B Medik formation
I Hekimban formation (Kunldag member)
B Hckimban formation (Karstepe mober)

B Ophiolitic melange

Yazihan formation
Pargikan farmation
Yamadag volcanide

Yegilpen

BE Loviek voleanae

Figure 2. lithology map of the study area (Akbas et al., 2002;
Sevimli, 2009)
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3.MATERIAL AND METHOD
3.1. Material and Preprocessing

Used in this study Visible near infrared and short-
INFRAROUGE (VNR-SWIR) bands of Landsat-8 OLI and
ASTER (Fig.3) the satellite satellite image of the US
Geological Service (USGS) it is available as made of
geometric and radiometric correction from the website. This
image is in the Universal Transverse Mercator (UTM)
coordinate system zone 37 and WGS84 datum. Satellite
images processing, interpretation and data visualization
processes, while field studies include controlling lithological
units and contact boundaries detected by satellite images in
the field. The contact relations, structural and textural
properties of rocks belonging to different lithologies includes
the comparison of the results obtained with the geological
map and satellite images. The Aster image plays an
important role in lithological discrimination. Table 4 gives a
clear idea of the use of the Aster bands to explore mineral
substances. The ASTER image was acquired in August 2001
during the dry period, with minimal green vegetation
coverage These images correspond to images corrected
radiometrically and geometrically. ASTER is composed of
14 strategically distributed spectral bands. The spatial
resolution varies according to the wavelength, 15 m in the
VNIR region (3 bands), 30 m in the SWIR region (6 bands),
and 90 m for the three bands in the TIR region (Abrams and
Hook, 2002) (Fig. 4).
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Figure 3. Aster (a) and Landsat-8 OLI (b) data of the study
area.
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Cross-talk correction does not apply in this research because
the ASTER L1T SWIR bands had already been processed
this correction. The atmospheric correction using Fast Line-
of-sight Atmospheric Analysis of Spectral Hypercubes
(FLAASH) algorithm was performed Aster image's VNIR
and SWIR bands.

The variance of water vapor associated with different climate
models is an important problem for the same bands of
satellite data such as band 8 and band 9 of SWIR-ASTER
image (Hewson, et al., 2005). Atmospheric correction
reduces the influence of these factors (Moore et al., 2008,
Pour et al., 2014).

This correction process requires the luminance image and
therefore generates a reflectance corrected image. These
effects were compensated for using the FLAASH tool of the
ENVI software which uses the radiative transfer model
MODTRANA.

Atmospheric transmission (%) 8

Figure 4. The spectral range and spatial resolution
comparison for Landsat-8 (OLI), Landsat 7 (ETM +) and
ASTER from USGS documents.

3.2. Methods

3.2.1. Band Raion Color Composite (BRCC)

Band rationing is an image enhancement analysis method in
which new pixel values are obtained by dividing the gray
color value of a pixel in one band by the value of the same
pixel in another band or by applying other mathematical
operations (Khan et al., 2007). In addition, by using this
image enhancement method, the spectral differences
between the bands are enriched and the effect of the terrain
roughness on the images is reduced (Gupta et al.2005). The
enriched images obtained from band proportions may not
give the same results and interpretability in different
geological and mineralogical environments and different
topographies (Van der Wielen et al., 2004). Therefore, for
this study, RGB (Red-Green-Blue) color composites of
enriched bands obtained as a result of band proportioning
applied to Landsat-8 OLI and ASTER bands were used to
separate rock groups from each other and provide areal data.
The steps of the working method are presented in Fig. 5.
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Remote sensing data

Landsat-8 OLI

Preprocessing

Radiometric calibration and Atmorpheric
correction

Processing

Lithological
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Field study

Update lithological
mapping

Ophiolite melange
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Figure 5. flowchart in this study.

3.2.2.  Principal component analysis (PCA)

The principal component analysis is an effective technique
for emphasizing a multispectral image for geological
interpretation. Principal Component Analysis (PCA) is a
mathematical processing method that minimizes information
redundancy on different bands by translations and rotations.
New axes are thus obtained and the different bands are
“decorrelated” in the new reference marks established along
these axes. The spatial resolutions of the different bands
having been previously homogenized. The PCA was applied
on nine bands of ASTER and Sven bands of Landsat-8 OLI
in order to discriminate the lithological formations in this
research.
3.2.3. Decorrelated stretching

Decorrelated stretching is a method used to interpret thermal
infrared spectral data and enhances emissivity values
between bands (Hook, et al., 2005). In this same procedure
the effects of fringes between images are also eliminated
(Guillespi, et al, 1987). Decorrelated stretching was used to
determine the distribution of lithologies based on the
increase in variations between spectral signature of bands
related to differents lithogical formation and particullary in
ophiolite melange rocks of the study area.

3.2.4. Supervised Classification

The following procedure replaces the methodology for using
pure spectral signatures from fieldwork. This procedure
includes extracting pure spectral signatures from ASTER
bands in order to obtain a reference for ophiolite rocks of the
study area. The first step was to calculate an Minimum Noise
Fraction (MNF) on the emissivity bands to reduce noise.
MNF is a transformation used to determine the inherent
dimensionality of spectral data and to isolate noise
(Boardman and Kruse, 1994). The second step was to
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establish the PPI purity index from the results of the MNF in
order to isolate the pure members, and their respective
spectral signatures were performed using Spectral Angle
Mapper (SVM).

The SAM supervised classification method was applied in
this study to map the lithology formations. SAM determines
the similarity between a reference (r) and the unknown
spectrum of the pixel (t) by calculating the vector angle (a)
between the two in n-dimensions (Kruse, et al, 1993). SAM
made it possible to determine the similarity between the
spectral signature of emissivity of the lithologies extracted
by the PPI purity index (reference spectrum) and the pixels
of the rest of the image (unknown spectra) from the
calculation of the angles between the 2 vectors.

4. RESULTS AND DISCUSSION

4.1. Vegetation Mask

The presence of vegetation and water masks a significant
percentage of our study area although we have an acquisition
date where water and vegetation are at their weakest cover.
To eliminate the vegetation, we produced a mask from using
Normalized Difference Vegetation Index (NDVI) and using
the ratio of High reflectance (NIR) and high absorption (Red)
spectrum carhacterized by the bands 4 and 5 for Landsat-8
OLI, and bands 2 and 3 for ASTER image equation 1.
However, To mask the water body, the Normalized
Difference Water Index (NDW!I). This index uses the near
infrared (NIR) and the Short-Wave infrared (SWIR) bands
correspond to the bands 5 and 6 for Landsat-8 OLI , and
bands 3 and 4 for ASTER image. NDWI can be calculated
by following equation 2. Figure 5 shows the water and
vegetation masks obtained.

NDVI = (NIR — Red) / (NIR + Red)
NDWI = (NIR — SWIR) / (NIR + SWIR)
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Figure 6. Vegetation and water mask in the study area.

4.2. BRCC

Previous studies have shown the ability of Landsat and
ASTER VNIR-SWIR bands to map lithology formations and
ophiolitic complexes (Amer et al., 2010; Rajendran et al.,
2011; Ramadan 2013; Ozkan et al., 2017; Traore et al.,
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2020a). Based on the characteristics of the spectral bands of
Landsat-8 OLI and ASTER image data, specialized band
ratios of (7/4, 6/3, 5/7) and (7/6, 6/5 and 4/2) in RGB (Red,
Green and blue) of the Landsat-8 OL I satellite image, and ((2
+4)/3,(5+7)/6, (7+9)/8), and a new band ratio (3/5,
4/6, 7/6) in RGB from ASTER image acquired in the dry
season, and after different corrections applied in these data,
allowed the map the geological formation and distinguished
especially the ophiolite rocks of the study area. Its notes that
the boundaries of the ophiolitic complexes have been clearly
distinguished using these colored BRCC (Fig. 7).
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Figure 7. Band ratio (a) (7/4, 6/3, 5/7) and (b) (7/6, 6/5 and
4/2) in RGB from The Landsat-8 OLI, and (¢c) ((2+4)/3, (6
+7)/6,(7+9)/8)and (d) new 3/5 4/ 6 7/6 in RGB from
ASTER image.
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43.PCA

In order to differentiate the ophiolitic complex from other
lithological formations in our study area, we used the PCA
analysis technique. This technique has been used
successfully in recent years by several researchers for the
exploration of weathering minerals but especially for the
mapping of geological formations (Crosta, et al., 2003, Pour
etal., 2014, Rajendran et al., 2017, Ozkan et al., 2017, Traore
et al., 2020 a, b). The visible and near infrared bands of
Landsat-8 Oll and ASTER data were selected and a PCA
analysis was applied. The statistics related to the loading of
each of the bands for each of the components (eigenvectors)
were analyzed. The results allowed us to make a good
lithological discrimination between the formations in our
study region. Consequently, the band (PC1, PC2, PC3) and
(PC1, PC3, PC5) in RGB for Landsat-8 OLI, and the band
(PC1, PC5, PC6) and (PC4, PC2, PC1) in RGB for ASTER
data were selected for good discrimination of ophiolites
rocks among the other lithological formation in the study
area (Figure 8). The results of visual image interpretation
show that, the high ophiolites rocks are discriminated by
yellow color in (PC1, PC2, PC3) and light pink-yellow color
in (PC1, PC3, PC5) from Lansat-8 OLI (Fig. 8 a, b).
According to the result from ASTER, the potential ophiolites
rocks are distinguished by pink and yellow color in (PC1,
PC5, PC6), and orange-yellow and light green-yellow color
in (PC4, PC2, PC1) (Fig. 8 c,d).
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Figure 8. RGB color composites of (&) PCA (1, 2,3), (b)
PCA (1, 3,5) extracted from Landsat-8 OLI image, and RGB
color composites of (c) PCA (1, 5,6) and (d) PCA (4, 2, 1)
from ASTER data of the study area.
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4.4, Decorrelation stretching

Recently, decorrelated stretching is one of the most
important methods used in remote sensing research to map
the lithology formations. Usually, the data from the spectral
VNIR and SWIR bands are used and analyses the effect of
enhancing the emissivity values between the bands (Hook, et
al., 2005). In this same procedure, the impact of fringes
between images are also eliminated (Guillespi et al, 1987).
In this study, decorrelated stretching was used only from
VNIR-SWIR bands of Landsat-8 OLI to map the distribution
of lithological rocks. Based on the spectral signature of
rocks in the study area, the (2, 4, 6) and (7, 6, 5) bands were
selected (Hubbard et al., 2007; Rajendran et al., 2011). The
results of this method are presented in figure 9. to better
appreciate the results and distinguish the ophiolite rocks
from other lithology formations, the spatial observation of
the results obtained was superimposed on the contour of the
ophiolitic complexes of the reference geological mapping of
our area. The dark blue and red colored areas correspond to
ophiolitic rocks when using bands (2, 4 and 6) in RGB. On
the other hand, these same formations appear in light green
and yellow color in the bands (7, 6, 5) in RGB (Fig. 9).
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Figure 9. Landsat-8 OLI RGB (a) (2, 4, 6) and (b) (7, 6, 5)
bands decorrelated image of study area.
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4.5. Minimum Noise Fraction (MNF)

The ability to map rocks using multispectral satellite data is
enhanced by the different bands, which are sensitive to
differences in rock mineralogy. The calculation of MNF is
likely to provide the maximum lithological information. The
importance to use the MNF technique is to distinguish all
possible color combinations of Landsat-8 OLI and ASTER
data bands for lithological mapping. The MNF technique
was applied to VNIR-SWIR Landsat-8 OLI and ASTER
bands. Table 1 shows the statistical results for MNF
components of the seven bands of Landsat-8 OLI and nine
band of ASTER SWIR bands. The MNF shown in RGB
allowed us to distinguish the colors that correspond to the
different rocks in our study area (figure 10). The result of
band 1,2 and 3, and 4,3 and 2 in RGB of Landsat-8 OLI
showed that ophiolite melange rocks appear as a melange of
color characterized by green to yellow and dark blue color in
North of the study area (Fig. 10 a,b). However, the result of
band 1, 2 and 3, and 4,2 and 3 in RGB of ASTER data
showed that ophiolite complexes rock manifest as dark pink
and light-yellow color in this research (Fig. 10 c,d).
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Figure 10. RGB color composites of (a) MNF (1, 2,3), (b)
MNF (4, 2, 1) extracted from Landsat-8 OLI image, and
RGB color composites of (c) MNF (1, 2,3) and (d) MNF (4,
3, 2) from ASTER data.
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4.6.Supervised classification

MNF is a transformation used to determine spectral data's
inherent dimensionality and isolate noise (Boardman and
Kruse, 1994). The second step was to establish the PPI purity
index from the results of the MNF to isolate the pure
members, the Identification of Endmembers was applied,
their respective spectral signatures of ophilites complex
rocks (Fig.11b) were  selected and finally, themap
distribution and abundance were performed using Spectral
Angle Mapper (SVM) (Fig.11 a).
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Figure 11. (a) Standardized ASTER analysis scheme for
ophiolite mapping using the spectral hourglass approach and
(b) the selected n-D classes (end-member spectra) extracted
from ASTER data of ophiolite melange rock.

The analysis of the results of Decorrelation stretching (DS)
and PCA allows us to makes the interpretations and
comparation of map ophiolite melange rock with the
available geological of study area. The result of DS such as
(7, 6, 5) (Fig. 12a) display to the RGB color showed
Ophiolite melange rocks were clearly in light to maroon
color. However, the ophiolites melange rocks were also
differentiatedin light green-yellow color using PCA (4, 2, 1)
in RGB (Fig. 12 b). Based on the result of DS and PCA
bands, It is important to note.

The result of this classification is illustrated in figure 12 c.
The reference vector is constructed to perform the SAM
classification.The angle between the reference vector and the
pixel vector is calculated to compare with the determined
threshold angle value. In total, the pure spectral signatures
were determined to correspond to the lithologhy of the
ophiolitic complex rocks. These signatures were compared
to the USGS spectral library to associate a lithology name
with the calculated signature. The ophiolitic rocks were
mapped with the SAM method using the references obtained
from the previous step. A visual representation of the SAM
results is shown in Figure 12¢ where these rocks have been
identified in green color. The comparison of the result of this
classification with an old delineation of the ophiolitic rocks
of our study area, showed an excellent correspondence.
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Figure 12. Ophiolite melange zone extracted from (a)
Decorrrelated stretch (7, 6, 5), (b) PCA (4, 2, 1) in RGB and
Ophiolite mapping using SAM in the study area.

5. FIELD INVESTIGATION

The ophiolite unit, which crops out in large areas in the study
area, consists of dunite, harzburgite, pyroxenite, gabbro and
spilite. The images of the formations that are common in the
region in the field studies carried out in the study area are
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shown in Figure 13. Most of the ultramaphic and mafic rocks
are serpentinized in the ophiolite regions. Volcanites are
generally of Spilitic type and red pelagic deposits are located
in the uppermost levels of the ophiolite. Sediments; consists
mainly of calcitic dolostone, radiolarite and mudstone. It is
easily distinguished from other rocks of ophiolite with its
red, brown and pink colors. (Fig. 13 a, b and c).

Ophiolite

 Medik formation |

: I Boztepe
s Yesilpinar formation

(©)
Figure 13. Field photographs of the study area.

6. CONCLUSION

The study illustrates the capability and how RS and GIS
techniques can be used to correlate the previous lithological
and mineral, between the integration multispectral data
(ASTER, Landsat-8 OLI and ASTER, fieldwork,
Geochemistry and Petrographic analysis. In this study,
ASTER and Landsat-8 OLI satellite image data for Malatya
were processed and tested for detected the potential zones for
chromite bearing mineral and updating lithological map of
the study area. The special distribution of ophiolite melange
rocks were mapped using band combinations, BR, PCA, DS,
MNF and SAM image processing techniques. The result
indicates that, the different methods performed on spectral
bands (VNIR-SWIR) of Landsat-8 OLI and ASTER data
demonstrates successful in discrimination of ophiolite
melange rocks and depiction of the zone of chromite ore
bearing zone within ophiolites in this region. The results
obtained from SAM showed high ability of this techniques
for in ophiolite differentiations. It shows also a good virtual
correlation with the previous geological map of the study
area. The statistical results derived from virtual verification,
the previous geological map and geological formations in the
field shows that the overall accuracy and Kappa Coefficient
82.51% and 0.86 for SAM respectively. This research
suggests that, the discrimination of ophiolitic complexes and
exploration of potential of chromite ore deposits zone can be
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performed using the processing techniques applied in this
study.
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Abstract: Quantitative RT-PCR (g-RT-PCR) is a powerful tool that allows large-scale
analysis of very small changes in gene expression. For the calculation of gene expression,
such as the delta-delta Ct method, different PCR primer efficiencies (E) may affect the result,
as PCR primer yields are assumed to be comparable for the gene of interest and housekeeping
gene. Therefore, identification of a suitable reference gene for data normalization is an
important step in the development of gPCR assays. Furthermore, accurate and reliable results
depend on the use of stable reference genes for normalization. The aim of the current study
is the identification and validation of a set of six housekeeping genes (GADPH, RPS1S, a-
TUB, EFla, ArgK, and ACTB) in cockroach species Nauphoeta cinerea adults using five
different algorithms (ACt method, Bestkeeper, geNorm, Normfinder and RefFinder) to
evaluate the stability of selected reference genes expression. Our results show that a-Tub use
provides accurate normalization of gene expression levels in N. cinerea adults. In addition,
since the GADPH is selected as the second most stable reference gene, GADPH can be also
used for transcript analysis N. cinerea adults. Our study also showed that ACTB (8-actin)
should not be used for normalizing transcript levels when examining N. cinerea adults.
Additionally, validation studies for reference genes in cockroaches are very few (only one)
in the literature. Therefore, the results highlight the need for validation of reference genes
under biotic and abiotic conditions in g-RT-PCR studies in cockroaches.
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1. INTRODUCTION

Cockroaches are a highly diverse insect with ~4000
described species (Velez et al., 2006), most of which live
in terrestrial habitats and have good adaptations to
survive in extreme conditions (Bohn et al., 2010). A
Blaberidae, ovoviviparous cockroach, the Nauphoeta
cinerea (Olivier) is known as the gray cockroach and is
the only representative of its genus. In addition, N.
cinerea is a model species for sexual selection
(Bouchebti et al., 2016) and correlations between
metabolic rate and fitness studies (Schimpf et al., 2012).
Because cockroaches can live in habitats with varying
amounts of toxic substances such as insecticides,
environmental pollutants, microbial toxins and other
xenobiotics, they can be a good experimental model for
studying the stress response and detoxification abilities
(Bell et al., 2007; Zhang et al., 2016). Among
cockroaches, the lobster cockroach N. cinerea has been
used as an experimental model for toxicology (Adedara
etal., 2016; Adedara et al., 2015; Rodrigues et al., 2013)
and has been proposed to be a valid alternative model
for basic toxicological studies. N. cinerea is more
advantageous to other cockroach species in scientific
studies because it is easy to care for and does not fly.

Gene expression studies are essential for molecular
biology research. Knowledge about gene expression
helps us better understand its regulation and functions.
Massive sequence data in the form of transcriptomes and
genomes of several organisms can be used to understand
the transcription of genes (Heid et al., 1996). However,
these analyses became more accurate and robust after
the development of reverse transcriptase quantitative
PCR (RT-gPCR), a gene expression quantification
method. This method is highly sensitive, reproducible,
and accurate enough to detect even minute changes that
are not often detected. RT-gPCR data is influenced by
many factors, including the quality and quantity of
starting material, RNA extraction, cDNA synthesis, and
other laboratory procedures. Even pipetting errors and
reverse transcription efficiency can significantly affect
Ct values (Bustin et al., 2005; Yeung et al., 2004).

The use of reference genes with stable expression as
internal control has become one of the most common
methods of data normalization (Feuer et al., 2015;
Huggett et al.,, 2005; Pabinger et al., 2014).
Normalization becomes necessary when one wants to
express results as relative quantities by application of
the well-known 2-44¢T method (Livak and Schmittgen,
2001) or modified versions this method (Hellemans et
al., 2007; Pfaffl, 2001; Schmittgen and Livak, 2008;
Vandesompele et al., 2002). In order to analyze the
results accurately, it is necessary to calculate the PCR
primer yields. For the calculation of gene expression,
such as the delta-delta Ct method, different PCR primer
efficiencies (E) may affect the result, as PCR primer
yields are assumed to be comparable for the gene of
interest and  housekeeping  gene.  Therefore,
identification of a suitable reference gene for data
normalization is an important step in the development of
gPCR assays. It is very important that the reference gene
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is not affected by experimental conditions like changing
in developmental stages, tissues. Since correct
normalization is considered an important part of gene
expression analysis, it has been recommended to verify
the expression stability of the reference gene prior to
each RT-gPCR experiment. (Huggett et al., 2005;
Vandesompele et al., 2002). Therefore, normalization
has been a precondition in gene expression studies as it
limits the variability by comparing target gene
expression  with  housekeeping genes (HKGS).
Normalization recognizes that expression of HKGs is
stable across various biotic and abiotic stresses and
treatments. Recent studies highlight the need to identify
a condition-specific reference gene for accurate
measurements of gene expression (Ponton et al., 2011b).
Furthermore, it is also not recommended to use a single
reference gene in gene expression studies (Chandna et
al., 2012; Koramutla et al., 2016), as the use of a single
reference gene may produce up to 20-fold errors in
expression data (Vandesompele et al., 2002). In most
expression studies, actin is chosen as a universal HKG
(Li et al., 2010), or HKGs approved for particular
systems are administered directly without proper
verification of their stability in that particular system.
Stability of gene expression is defined as the smallest
variation in successive levels of stability of the samples
analyzed. Therefore, different software programs have
been developed to identify many of these stable genes
(Galiveti et al., 2010). These programs include GeNorm
(Vandesompele et al., 2002), BestKeeper (Pfaffl et al.,
2004), NormFinder (Andersen et al., 2004), ACt Method
(Silver et al., 2006), and RefFinder
(http://www.leonxie.com/referencegene.php).

Molecular tools, particularly RT-qPCR, have been
frequently used in insect systems to quantify differences
in gene expression. RT-gPCR has speed up research
progress in biomedicine and has gained equal
importance in entomology Gene expression analysis is
increasingly important in the field of insect molecular
biology as it can be used to examine changes in gene
expression between insect developmental stages,
tissues, and other samples from various assays. Studies
to evaluate the selection and validity of reference genes
in various biotic and abiotic conditions in insects are
summarized in reviews by Lii et al. and Shakkel et al.
(Li et al., 2018; Shakeel et al., 2018). In studies in the
literature, different types of housekeeping genes,
including traditional and novel genes, were selected for
gene expression stability analysis in different insect
species. Although RT-gPCR is widely used for the
detection of gene expression in insects, there is not yet a
suitable HKG and stable gene quantification system for
N. cinerea. Our current study aims to identify suitable
reference genes and evaluate their expression stability in
N. cinerea before they are used as internal controls in
functional genomic studies of six reference genes
commonly used to normalize qRT-PCR data in N.
cinerea.
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2. MATERIAL AND METHODS
2.1. Sample and ethics statement

The Nauphoeta cinerea (Blattodea, Blaberidae) species
included in the study were purchased commercially in
Antalya/Turkey (Antalya Cekirge,
https://www.antalyacekirge.net/). Adults of N. cinerea
(n=10) were transported to the laboratory, preserved in
the RNA stabilization reagent RNAlater® (Qiagen, Cat.
No: 76106) and stored at -20°C for use in further studies.

2.2. Total RNA extraction and cDNA synthesis

Total RNA was isolated using the commercially
purchased GeneAll® Hybrid-R™ kit (GeneAll
Biotechnology, Seoul, Korea) according to the
manufacturer's recommendations. cDNA synthesis was
performed using The GeneAll® HyperScript™ first
chain synthesis kit (GeneAll Biotechnology, Seoul,
Korea) to obtain the cDNA product containing 1500
ng/uL of RNA in accordance with the manufacturer's
protocol.

2.3. Candidate reference genes selection

In the current study, six candidate housekeeping genes
(GADPH, RPS18, a-TUB, EF1a, ArgK and ACTB) were
selected among the most preferred reference genes in
insects by taking the studies in the literature as reference.
The specification information of each primer included in
the study is given in Table 1. PCR amplification
efficiencies (E) and correlation coefficients (R?) were
determined to validate the primers. Standard curves
were generated using serial dilutions of cDNA (1, 1/5,
1/25, 1/125 and 1/625) for each primer pair.

2.4. Quantitative real-time PCR (RT-gPCR)

gPCR experiments were performed according to the
previously reported protocol (Berk and Pektas, 2020).
Briefly, a 5-fold dilution series of 1:625 from an
undiluted cDNA of N. cinerea adult cDNA samples was
analysed to determine the amplification specificity and
efficiencies of each primer pair used in the gPCR
analysis. For expression analysis of six candidate
reference genes, all experimental samples for N. cinerea
were analysed simultaneously in the same reverse
transcription process.

RT-qPCR analyses in a 96-well plate (ABI-Type) using
commercial gPCR Master Mix (iGreen, 2X, Biomatik,
Canada) were performed using the StepOnePlusTM
Real-Time PCR system (Applied Biosystems, USA).
With a final volume of 20 pL, the reaction conditions
are as follows: [10 uL Master Mix (2X), 0.7 uL forward
and reverse primers (10 uM), 2 uL cDNA, and 6.6 uL
nuclease-free water].

The RT-gPCR schedule is as follows: initial
denaturation at 95°C for 3 minutes, followed by 40
cycles of denaturation at 95°C for 10 seconds, annealing
at 58°C for 30 seconds, and extension at 72°C for 15
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seconds. For melting curve analysis, it is as follows: a
cycle of decomposition steps (58°C -1 minute- followed
by 0.5°C up to 95°C for 10 seconds). A melting curve
was composed at per PCR reaction final to confirm a
single peak and remove the primer-dimer possibility and
formation of non-specific product. Efficiency of PCR
amplification (E) was determined in terms of the
equalization: E = (100%/stopel-1) x 100.

2.5. Data analysis

The Cq values of six housekeeping genes were
exanimated using the statistical analysis statistical
software GraphPad Prisim 6.0 (GraphPad software, San
Diego, C), and a boxplot of these Cq values was
generated. The stability of these six housekeeping genes
was determined by GeNorm (Vandesompele et al.,
2002), BestKeeper (Pfaffl et al., 2004), NormFinder
(Andersen et al., 2004), ACt (Silver et al., 2006) and the
comprehensive web-based analysis tool integrating all
four software algorithms
(https://www.heartcure.com.au/reffinder/?type=referen
ce). BestKeeper evaluates the coefficient of variance
(CV) and standard deviation (SD) of the Cq values of
each housekeeping gene, and the gene with the lowest
CV and SD is defined as the most constant gene (Pfaffl
et al., 2004). GeNorm reveals the mean expression
stability value (M2) of each candidate (M value) to
demonstrate expression stability. The gene with the
lowest M2 value is determined as the most stable gene
(Vandesompele et al., 2002). In NormFinder, expression
stability (M1) is revealed by the Cq values obtained by
RT-gPCR analysis of candidate genes and are ranked.
The gene with the lowest M1 value is the most stable
(Andersen et al., 2004). RefFinder appoints a relevant
weight to each gene and evaluates the geometric mean
of these weights to make an overall final ranking
(https://www.heartcure.com.au/reffinder/?type=referen
ce).
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Table 1. Overview of the six candidate housekeeping genes evaluated in RT-gPCR analysis.

Symbo GenBank Lengt
Y Gene name Description Primer sequence (5°—3’) accession 9 R? Reference
I number h (bp)
. F: TCCATCATGAAGTGCGATGT | NM_001172 (Sang et
ACTB p-actin Cytoskeleton R: CCACATCTGTTGGAATGTCG 372 228 | 08721 4 Ho15)
. . F: XM_045615
Ribonucleoprotein; -
Ribosomal Ribosomal protein; TACACCTTTGA_TCGCTGTGAG 265
RPS18 protein S18 RNA-binding; R: 108 0,914 (Yang et
rRNA-binding GGCTCTGGTCéTTCCAGATAA al., 2015c)
Elongation Translation F: ACCAGATTTGATGGCTTTGG XM_300023705 (Rodrigues
EFla P tgrl elongation factor R: 194 0,957 ot alg
actor fa activity: GTPase CACCCAGAGGAGCTTCAGAC 2014
E NT_037436
ArgK Aé?r:’;'s’;e Phosphotransferase | CTCGTGTGGTGCAACGAAGA 130 | 0972 (Fe(;?;ZIZt
activity R: GGTGGCTGAACGGGACTCT al., 2018)
F: NC_007420
Oxidoreductase in GCCAAGGTGATCCATGACAA
GAHDP G_I%/f:er:zlsdigge glycolysis & R: 80 0,965 | (Panetal.,
phosp Gluconeogenesis GTCTTCTGAGTGGCAGTTGTA 2015)
G
F: TCAAATGCGACCCACGTCAT | XM_970811 (Altincicek
a- TUB | Alpha-tubulin Microtubule R: 191 0,978 etal.,
GGCAATAGCCGCGTTGACAT 2008)
3. RESULTS slope-1 - Al primers in the study were found to have a

3.1. The quality of total RNA

In the current study, the A260/A280 ratio of total RNA
from N. cinerea adults ranged from 1.90 to 2.12, while
the A260/A230 ratio was found to be over 1.90. It shows
that the product does not contain organic salts and
protein contamination. The total RNA concentration
was between 1218ng/uL and 2000ng/uL, and this value
range was considered suitable for expression of the
cDNA template.

3.2. Primer specificity and efficiency

All PCR amplification of each primer used in the present
study was confirmed by the presence of a single peak in
melting curve analyses and specific band of expected
size based on 1.5% agarose gel electrophoresis (data not
shown). Initial screening of six potential reference genes
showed that all genes were expressed in N. cinerea
adults. The primer efficiency (E) for each of the six
candidate genes was calculated using the slope obtained
when measuring fluorescence at 5-fold cDNA dilutions
of a calibrator cDNA sample using the formula: E=10Y"
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correlation coefficient (R?) varying between 0.87 and
0.98. In addition, a primer efficiency value of between
98.6% and 110.05% was obtained, and the specificity of
each primer was verified by the BLAST program (Table
1). No fluorescent signal amplification was detected in
the negative control samples (—RT); this demonstrated
that RNA extraction methods and DNase treatment
procedures effectively removed genomic DNA from
RNA samples.

3.3. Expression profiling of candidate reference
genes

The expression profiles of all RT-gPCR products for all
primers and both experiments are shown in Figure 1.
Cycle threshold (Cq) values obtained amplifying the six
putative housekeeping genes from N cinerea adult were
plotted (Figure 1). Cq values for the six genes ranged
from 21.29 to 36,67 in N. cinerea. GADPH showed the
lowest Cqg values in N. cinerea (24,72 +2,238, mean
Cq=std. dev.). Amplification of a-TUB, RPS18, ArgK,
EFla and ACTB showed mean Cgs of 28,96 +2,056,
30,36 1,418, 31,78+3,633, 31,96+1418 and
33,36 £4,081, respectively.
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Figure 1. Amplification profiles of candidate housekeeping genes. Box plot of gPCR cycle threshold values (Cq) for

housekeeping genes in Nauphoeta cinerea.
3.4. Expression stability of selected reference genes

Four statistical Excel macro programs (geNorm,
NormFinder, BestKeeper, and A-Ct method) were used
to evaluate the stability of six candidate genes, in order
to find optimal reference genes in N. cinerea for RT-

gPCR normalization. Additionally, six reference genes
were compared and ranked by web-based analysis tool
RefFinder (Table 2 and Figure 2).

Table 2. Expression stability of the putative housekeeping genes in Nauphoeta cinerea adults.

Genorm Bestkeeper Delta Ct Normfinder RefFinder
Reference gene

M Rank sD R Rank SD Rank sV Rank Stability Rank
ACTB 1.957 6 3.40 0.973* 6 2.59 6 2.262 6 6.00 6
RPS18 0.992 4 1.12 0.957* 1 1.73 4 1.046 2 2.38 2
EFla 0.841 3 1.50 0.902* 2 1.72 3 1.123 3 271 4
ArgK 1.639 5 2.92 0.903* 5 2.52 5 2.146 5 5.00 5
GADPH 0.699 1 1.76 0.902* 4 1.70 2 1.133 4 2.38 1
a-TUB 0.699 1 1.68 0.977* 3 1.48 1 0.401 1 1.32 3
SD, standard deviation; SV, stability value; r, Pearson correlation coefficient; *p<0.001.

The geNorm algorithm assumes that the candidate genes genes: a-TUB, GADPH >EFla  >RPS18

are not co-regulated. For each reference gene tested, the
gene expression stability value M is normally calculated
as the mean pairwise variation for that gene with all
other reference genes. Genes characterized by low M
have stable expression, while the gene with the highest
M value is eliminated, and this process continues until
the two most stable genes are identified. This last gene
pair is recommended as the optimal reference gene pair.
It is recommended to use at least two reference genes to
ensure correct normalization in geNorm. In N. cinerea
adults, geNorm ranked the set of candidate reference
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>ArgK>ACTB. a-TUB and GADPH were found to be
the most stable genes with an expression stability value
M of 0.699. The gene with the least stable expression
was ACTB with an M-value of 1.957 (Table 2 and Figure
2A).

Normfinder analysis is based on an ANOVA (analysis
of variance) model that identifies genes with the least
variation in expression over the entire sample set.
Analyzes taking into account systematic differences
between sample subgroups. In N. cinerea adults,
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Normfinder ranked the six reference genes as follows:
o-TUB >RPS18> EFla> GADPH> ACTB> ArgK >
ACTB with a stability value SV of 0.401, 1.046, 1.123,
1.133, 2.146, 2.262, respectively. a-TUB was found to
be the most stable with a stability value of 0.401 and
ACTB the least stable with a stability value of 2.262
(Table 2 and Figure 2B).

The stability of the candidate genes was analyzed with
BestKeeper, which can calculate the standard deviation
(SD) based on the Cq values of all candidate reference
genes. Reference genes exhibiting the lowest standard
deviation (SD) were taken as the most stable genes.
Also, values exceeding the cut-off value (SD < 1) are
considered unstable across all samples. According to
this analysis, all housekeeping genes [RPS18 (SD: 1.12),
EFla (SD:1.50), o-TUB (SD: 1.68), GADPH, (SD:
1.76), ArgK (SD: 2.92), ACTB (SD: 3.40)] exceeded the
threshold in N. cinerea adults (Table 2 and Figure 2C).
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Based on relative pairwise comparisons, the ACt method
calculates the mean SD of each gene set using raw Ct
values, and this SD value is inversely proportional to the
expression stability of the gene. Standard deviation
below 1 indicates appropriate stability. As the mean SD
of each gene set was over 1, none of the available
reference genes were found to be stable enough for N.
cinerea adults according to the ACT method. The
overall ranking based on the AC t method of reference
genes was. a-TUB, GADPH, EFla, RPS18,
ArgK, ACTB (Table 2 and Figure 2D).

RefFinder is a comprehensive algorithm that combines
all the above-mentioned software tools (geNorm,
NormFinder, BestKeeper and A-Ct method) to rank
candidate reference genes according to their stability.
The overall ranking based on RefFinder of reference
genes in N. cinerea was: GADPH, RPSI8, a-TUB,
EFla, ArgK, and ACTB (Table 2 and Figure 2E).
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Figure 2. Expression stability and ranking of the six housekeeping genes evaluated by Genorm (A), Normfinder (B),

Bestkeeper (C), ACt metod (D), RefFinder (E).
4. DISCUSSION AND CONCLUSIONS
Housekeeping genes structurally expressed to maintain

essential cellular functions are the traditional choice for a
standard reference (Vandesompele et al., 2002). However,

68

there are no "universal" reference genes that are stably
expressed and applicable for all cell and tissue types under
various experimental conditions (Fu et al., 2013b; Li et al.,
2013; Liang et al., 2014; Pan et al., 2015; Yang et al., 2014;
Yang et al., 2015a; Zhu et al., 2014). Especially in studies on
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the selection of reference genes in various biotic and abiotic
conditions in insects, different stability of different reference
genes may vary under each condition. In insect studies, actin
has been identified as the most frequently used reference
genes, including ACTB, RPL, Tubulin, GAPDH, RPS, 18S,
EF1A, TATA, HSP, and SDHA (Li et al., 2018). ACTB,
which encodes a large structural protein, is expressed at
various levels in many cell types and is considered the ideal
reference gene for RT-gPCR analysis and is the most
frequently investigated reference gene. Many studies
evaluating the stability of reference genes in insects have
shown that ACTB expression is the most stable among other
reference genes at different developmental stages of many
insects, including Apis mellifera, Chortoicetes terminifera,
Schistocerca gregaria, Plutella xylostella, Drosophila
melanogaster, Liriomyza trifolii, Chilo suppressalis, and
Diuraphis noxia (Chang et al., 2017; Chapuis et al., 2011;
Ponton et al., 2011a; Scharlaken et al., 2008; Sinha and
Smith, 2014; Teng et al., 2012; Van Hiel et al., 2009). On the
other hand, ACTB expression in some insect species was
reported to be less stable (Pan etal., 2015; Yang et al., 2015d;
Yang et al., 2016). Ribosomal protein (RP), an essential
component of ribosomes, is among the highest conserved
proteins in all life forms, and RPL and RPS family genes
have been the most preferred reference genes for expression
studies, especially in insects (Li et al., 2018). RPS24 and
RPS18 were identified as the two most stable reference genes
across different developmental stages and sex treatments of
C. maculate (Yang et al., 2016); RPS13 and RPS23 have
been reported as stable reference genes at different
developmental stages of P. xylostella (Fu et al., 2013a); the
three most stable reference genes RPL11, RPS8 and RPL14
at different developmental stages and different temperature
conditions of Aphis craccivora were identified (Yang et al.,
2015b). Tubulin (a-tubulin, B-tubulin and y-tubulin), which
encodes cytoskeletal structure proteins, another most studied
reference gene, has been found to have variable stability
under different treatments for the same species in many
studies. For example, a-tubulin exhibited stable expression
in different tissues and sexes of C. maculata, while its
expression was found to be unstable throughout different
developmental stages and following dsRNA treatments
(Yang et al.,, 2015d). Similarly, the stability of GAPDH
expression has also been found to be variable under different
treatments within the same species. For example, GAPDH
expression was not affected by tissue type, sex, photoperiod,
or dsRNA treatment in H. convergens, but was found to vary
at different developmental stages and at different
temperatures (Pan et al., 2015). Furthermore, the EF1A gene
was selected as the least stable reference gene in A.
craccivora during different developmental stages and at
different temperatures (Yang et al., 2015b). On the other
hand, EF1A expression level in H. convergens was not
affected by three biological factors (developmental stage,
tissue type, and sex) and three abiotic conditions
(temperature, photoperiod, and dietary RNAI), and EF1A
was chosen as the most stable gene H. convergens (Pan et al.,
2015). In summary, the expression of some commonly used
housekeeping genes may vary under different experimental
setups. Genes that play important roles during insect
metamorphosis and affect different tissues serve as target
genes for manipulations that kill the insect or retard its
growth. Therefore, gene expression profiles should be
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widely evaluated in different developmental stages and in
different tissues, and gene stability should be determined (An
et al., 2016; Chang et al., 2017; Garcia-Reina et al., 2018;
Pan et al., 2015; Ponton et al., 2011a; Rodrigues et al., 2014;
Sang et al., 2015; Yang et al., 2015c).

To our knowledge, only one validation study has been
reported for reference genes in cockroaches (Marchal et al.,
2013). They aimed to identify and validate a set of eight
housekeeping genes (S-actin, EFla, GAPDH, Arm, RpL32,
SDHa, AnnlX and a-Tub) during the first gonadotropic cycle
of the cockroach Diploptera punctata. They used two
different algorithms (geNorm and Normfinder) to evaluate
the stability of its expression. a-Tub concluded that the
combined use of EFla and RpL32 resulted in an accurate
normalization of gene expression levels in the D. punctata
ovary. They found that Actin and AnnlX should not be used
to normalize transcript levels when examining the first
gonadotropic cycle in the corpora allata or the ovary of D.
punctata.

In the current study, a validation study was performed for
reference genes (GADPH, RPS18, a-TUB, EFla, ArgK, and
ACTB) in cockroach species N. cinerea adults using five
different algorithms (ACt method, Bestkeeper, geNorm,
Normfinder and RefFinder) to evaluate the stability of
selected reference genes expression. The six possible
reference genes included in our current study were selected
based on their traditional use and stability as described in
validation studies reported in other insects. Our results show
that o-Tub use provides accurate normalization of gene
expression levels in N. cinerea adults. In addition, since the
GADPH gene is selected as the second most stable reference
gene, we can suggest that it can be used for transcript
analysis. As Marchal et al. (2013) suggested, our study also
showed that actin should not be used for normalizing
transcript levels when examining N. cinerea adults.
Additionally, validation studies for reference genes in
cockroaches are very few (only one) in the literature. In the
continuation of this study, as in other insect species, it is
planned to investigate especially cockroaches under the
conditions of many experimental factors such as the stability
of reference genes, developmental stage, tissue, temperature,
pesticide, diet, population, virus, sex, photoperiod and
starvation. The result of the present study and existing
studies in the literature highlights the need for validation of
reference genes under biotic and abiotic conditions in g-RT-
PCR studies in cockroaches.
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